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[Ipenuciosue

B cOopHuke npencTaBieHbl JOKIAAbl, BKIIOUYCHHBIE B IPOrpaMMy KOH(EPEHIHH, 10 CIeIYIOUNM
paszenam:

1. O6bemMHBIEe MOJYNPOBOAHUKH: DIIEKTPUIECKHE U ONITHIECKIIE CBOWCTBA, PETaKCaIlis HOCUTENeH
3apsizia, CBEpXOBICTPBIC SBJICHUS, SIKCUTOHBI, (POHOHBI, (ha30BbIe TIEPEXO/b, YIIOPSAOUYEHHE TBEPIBIX pac-
TBOPOB.

2. IloBepXHOCTD, IVIEHKH, CJIOM: SIIUTAKCUS, AaTOMHAS U 3JICKTPOHHAsI CTPYKTypa IIOBEPXHOCTH, ajl-
copO1us, mporieccs popMupoBanwms (camoopranu3arun ) HaHoxractepoB, CTM u ACM, onTudeckast MUAK-
pocKonHs OIMKHETO TOJISL.

3. JIByMepHbIe W OJHOMEpPHbIe CHCTEeMBbI, reTePOCTPYKTYPbI, CBepXpelleTKH: CTPYKTYpHBIE,
3JIEKTPOHHBIE, MATHUTHBIE M OIITUYECKHE CBOMCTBA, 3JIEKTPOHHBIN TPAHCIIOPT, TYHHEIMPOBAHUE, JTOKAJIU-
3aITusl, TIa3MOHBI, KBAHTOBBIN 3P ekt Xoira, KoppelsIIHOHHbIE YD (PEKTHI.

4. HyabMepHbIe cUCTeMbl (KBAHTOBbIE TOUYKH, HAHOKPUCTAJLIbI, HAHOIUIATEETHI): SHEPreTH-
YeCKHi CIIEKTp, ONTUYECKUE CBONCTBA, TYHHEIbHBIN TPaHCIIOPT.

5. CnuH-3aBMcHMbI€ SIBJIEHHS, CIUHTPOHMKA, HAHOMATrHeTH3M, KBAHTOBbIE TEXHOJIOTHH.

6. Ilpumecu u nedexTsl (00beMHBIE MOJIYNPOBOJHUKHA H KBAHTOBO-Pa3MepHbIe CTPYKTYPHI):
MPUMECH C MEJIKHMH M TTTyOOKMMH YPOBHSIMU, MarHUTHBIE TPUMECH, CTPYKTYpHBIE e(eKThl, Heymopsa0-
YCHHBIC IMMOJTYIIPOBOAHUKH, OJUHOYHBIC ITPUMECHU U LICHTPBI OKPACKHU.

7. BbICOKO4YaCTOTHBIE siBJIeHUS B 0JynpoBoaHuKkax (CBY u TeparepuoBblii 1ManasoH).

8.AToMapHO-TOHKHME TOJYNPOBOAHUKH: TpadeHOmom00HbIe HAaHOMAaTepHalbl, BaH-IEp-Baallb-
COBBI MOHOCJIOU U I'€TCPOCTPYKTYPHI. HepOBCKI/ITBI, OpTaHNYCCKUE MOJTYIIPOBOJHUKHU, MOJICKYJIAPHBIC CHU-
creMbl. KBaHTOBEBIE MaTcpualbl.

9. ®oTOHHBbIE KPUCTALIbI, MUKPOPE30HATOPbI U MeTamaTepuaabl. HaHopoToOHUKA, KBaHTO-
Basi ONITHKA.

10. ITonynpoBoAHNKOBBIE MPUOOPHI M YCTPOICTBA, CEHCOPBI: TEXHOJOTHUS, METOBI UCCIIEIOBA-
HUSI, HAHOTIPUOOPBI, apXUTEKTYPa TPAH3UCTOPOB.

11. HaHo- 1 onTOMeXaHMKA.

12. Tonmosorusi. TonmoJsioruveckne U30J51TOPHI, OeciiesieBble MaTEPHAJIbI.

Ha nneHapHsIx 3acenaHusix KoH(GepeHIK OyAyT MIPEICTABICHBI JBa JOKJIa/a, TE3UChl KOTOPHIX BbI-
JIEJICHbI B OTAEJbHBIN pa3ze.

[pyrue npuriamenHsie JOKIaasl U paboThl, OTOOpaHHbIE MPOrPAMMHBIM KOMUTETOM JUIsl YCTHOT'O
NPEACTABICHUS, PACIPEAEICHBI 10 TEMAaTHUECKUM 3aCeIaHHSIM.

CreHioBbIe cOOOMIEHHS OYAyT MPECTABIICHBI Ha TPEX CECCUSX, PA3HECEHHBIX 10 JTHSM, KaXK/1as u3
KOTOPBIX BKJIHOYACT pa6OTBI 10 HECKOJIBKUM pasacjiaM, U3 4ucjia JBCHAaAIAaTH, YIIOMAHYTBIX BBILIC. Hep-
BbI€ CJIOBA ONMCAHUs Pa3lesioB (BBLACICHHBIC IOMYXHPHBIM MIPUPTOM) BBIHECEHBI B KOJIOHTUTYJIBI
M OTJIABJICHHE.
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Computing with Quantum Fluids of Light

Lagoudakis P.!

ISkolkovo Institute of Science and Technology, 121205, Moscow, Russia

Modern digital computers have changed our lives in a variety of ways, but the technology on which
they are built is rapidly reaching a hard limit due to inherent quantum effects. Two of the main pillars of
our modern digital computers are the electronic transistor and the von-Neumann computer architecture.
While the von-Neumann architecture established the physical separation of computing tasks like storage
and processing, transistors are the fundamental building blocks in digital computers. The drive for faster
and more powerful computers can be realised by increasing the number of transistors in a processor and the
clock frequency. However, Moore’s law will soon come to an end, whilst the breakdown of Dennard’s
scaling law means that clock frequencies have remain unchanged since 2006. This leads to the pressing
quest to develop new kinds of transistors and alternative computing architectures that could one day allow

us to solve currently intractable problems.

In our labs, we combine state-of-the-art photonic
structures and light emitting semiconductor materials in
which light and matter fuse to form new types of particles
called polaritons. In a sense, polaritons bridge the fields
of electronics and photonics by controlling the amount of
light vs matter in these hybrid particles. At high densities,
polaritons undergo ‘Bose Einstein condensation’ form-
ing micron scale droplets of quantum fluids of light, with
all particles within the droplet being indistinguishable
from one another. In this talk, I will describe the funda-
mental properties of polariton condensates, and their ap-
plications both in analogue (simulators/optimizers) [1-
10] and digital (logic) computing [11-15].

Fig.1. — Schematics of (a) a liquid light
analogue simulators, (b) liquid light circuit
for digital computing.

[1] S. Alyatkin et al., Phys. Rev. Lett. 124, 207402 (2020).

[2] L. Pickup et al., Nature Comm 11, 4431 (2020)

[3] T. Cookson et al., Nature Comm 12, 2120 (2021)
[4] S. Alyatkin et al., Nature Comm. 12, 5571 (2021).

[5] S. Baryshev et al., Phys. Rev. Lett. 128, 087402 (2022)
[6] K. A. Sitnik et al., Phys. Rev. Lett. 128, 237402 (2022)
[7] H. Sigurdsson et al., Phys. Rev.Lett.129, 155301 (2022)
[8] I. Gnusov et al., Science Advances 9, eadd1299 (2023)
[9] 4. V. Zasedatelev et al., Nature Photonics 13, 378 (2019)

[10] 4. V. Zasedatelev et al., Nature 597, 493 (2021)

[11] K £Zempicka-Mirek et al., Science Advances 8 (40), eabq7533 (2022)
[12] V.Y. Shishkov et al., Phys. Rev. Lett. 128 (6) 065031 (2022)

[13] A.D Putintsev et al., Phys. Rev. Lett. 131, 186902 (2023)

[14] D.A. Sannikov et al., Nature Comm. 15, 5362 (2024)

[15] A. Kavokin et al., Nature Reviews Physics, 4(7) 435 (2022).
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HOHYHpOBO)IHHKOBBIC HaHOKPHUCTAJJIbI U KBAHTOBBIC TOYKHU:
OT OTKPBITHUA OO0 HAIIKUX I[Heﬁ

Pomuna A.B.
DOTU um. A. @. Hoghghe, 194021, Canxm-Ilemepoype, llonumexnuueckas yu., 26

[TonynpoBoJHUKOBBIE HAHOKPUCTAIIIBI — MEPBBIE B MUPE HU3KOpPa3MEpPHBIE MOTYTPOBOJHUKOBHIE
HaHOCHCTEMBI, 00eCIeUNBAaOIIUe MMPOCTPAHCTBEHHOE OTPaHWYCHUE HOCHUTENEH 3apsiia BO BCEX Tpex
HampaBieHUIX. IDPeKT pasMepHOTO KBAaHTOBAHUS MPUBOIUT K (DOPMUPOBAHHMIO TUCKPETHOTO CIIEKTpa
3JIEKTPOHHBIX COCTOSTHUM, KOTOPBIA U ONpEEseT 3aBUCUMOCTh UX CBOMCTB OT pa3mepa.

HccnenoBanus ONTHYECKUX CBOMCTB MOMYIPOBOJHUKOBBIX HAHOKPHCTAIUIOB B CTEKISIHHOM Mat-
puue A.W. ExkumoBeiM u cotpynnukamu B 'OU nm. C. M. BaBunosa B JIeHunrpase, 1 BOAHOM pacTBOpe
JI. bprocom u cotpynaukamu B naboparopuu bemma (CILIA), B Hagare BOCBMUAECATHIX TOJOB MPOIIIOTO
BEKa IOJIOKWJIM HayaJo HOBOW 00JacTH — (PU3MKM MOJIyNPOBOIHUKOBBIX HYJIBMEPHBIX CTPYKTYP HIIH
KBaHTOBBIX TOUeK. OCHOBBI TEOPUHU ONTUYECKUX CBOUCTB CHEPUUCCKUX HAHOKPUCTAIUIOB OBbLIN 3aJI03KEHBI
teopetukamu u3 OTU um. A.®@. Hodde An. JI u A.JI. Dppocamu. CoBpeMeHHAsT TEXHOJIOTUSI XUMHYE-
CKOTO CHHTE3a, OCHOBBI KOTOPOH OBLIH 3a70KeHbI B paboTax M. baBenan B MaccaqyceTckoM TeXHOJIOTH-
YEeCKOM HMHCTUTYTE B Hayalle JIEBSHOCTHIX T'OJOB, MO3BOJISIET MOJIyYaTh HMOJIYHNPOBOAHUKOBBIC HAHOKPH-
CTaJUIBbI C 33JJaHHBIM «IIBETOM» Pa3IMYHOTO COCTaBa, (OpMBbI U pazMepa. B HacTosiee BpeMsl KBAHTOBBIE
TOYKH IIMUPOKO MPUMEHSIOTCS B ONITOJIEKTPOHUKE (MCTOUHUKH OEJIOT0 CBETa, CBETOIMO b, UCILICH U Te-
JIEBU30PHI), POTOBOIBTANKE (IJIEMEHTHI COTHEYHBIX OaTapeil), MeAUIIMHE 1 ONOJIOTUH (CEHCOPHI K METKH),
pa3pabaThIBatOTCS HOBBIE METO/IBI MX KOHTPOIUPYEMOTO CHHTE3a B pa3nnyHbIX MaTpuiax. B 2023 roxy 3a
«OTKpBITHE U CHHTE3 KBAaHTOBBIX TOUEK» AJiekceto ExumMoBy, Jlyucy bprocy u Mynru baBenau Obuia npu-
cyxnaeHa HobOeneBckas mpeMust o XUMHH.

[Inenapuelii noKIan OyAET MOCBSIIEH UCTOPHUH OTKPBITHS M UCCIEAOBAHUIN IOIYyIPOBOAHUKOBBIX
HaHOKpucTawioB [1,2], aTakxke 0030py aKTyalnbHBIX HAIPaBIEHUH WX HCCIEJOBAHWN B HACTOSIIEE
BpeMs — Kak ()yHIaMCHTAJIbHBIX, TAK U HATPABJICHHBIX HA PACIIMPEHUE 00JIaCTH UX npuMeHeHui [3-8].
BynyT npencrasiieHbl pe3yJIbTaThl HEJABHUX SKCIIEPUMEHTAIbHBIX M TEOPETUUECKUX UCCIIEJOBAHUMN OIITH-
YECKHX M MAarHUTOOIITHYECKHX SIBJICHUH B aHCAMOJISX MOJIYNPOBOAHUKOBBIX HAHOKPHCTAILIIOB, O0YCIIOB-
JIEHHBIX 3P PEeKTaMu Pa3MEPHOr0 KBAHTOBAHMS, B3aUMOJICHCTBUEM HOCHUTEINIEH 3apsiia U 3KCUTOHOB C I10-
BEPXHOCTBIO, @ TAK)Ke HEOJHOPOTHBIM paclpe/ielicHHEM CBOMCTB HAHOKPHUCTAJUIOB B aHCaMOJIe.

[1] ALL. Efros, L. E. Brus, ACS Nano, 15, 6192 (2021).

[2] A. B. Poouna, [Ipupooa, 12, 48 (2023).

[3] F. P. Garcia de Arquer et al., Science 373, 640 (2021).

[4] C.R. Kagan et al., Chem. Rev. 121, 3186 (2021).

[5] N. Ahn, C. Livache, V. Pinchetti, and V. I. Klimov, Chem. Rev., 123, 8251 (2023).

[6] D. R. Yakovlev, A. V. Rodina, E. V. Shornikova, A. A. Golovatenko, and M. Bayer, Coherent Spin Dy-
namics of Colloidal Nanocrystals, Chapter 15, pp. 351-376 in book “Photonic Quantum Technolo-
gies: Science and Applications”, Ed. M. Benyoucef, ISBN. 978-3-527-41412-3 (Wiley-VCH, 2023).

[7] B. I1. Ilonomapenxo, B.C. Ilonos, U.A. lllyxknos, B. B. Heanos, B. . Pazymos, Ycnexu xumuu,
93, RCR5113 (2024).

[8] A. A. Pemnens u op., Yenexu xumuu, 93, RCR5114 (2024).
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Obvemmubie noaynposoOHUKU
MonoxkpucTamibl repMaHust st GOTOHUKU

Kponoros I'. 1.}, Poramun B.E.2, Kamtynos U.A.3

Y000 «Tuoexc»,194292, Canxm Ilemepbype, yn. Kasanepeapockas, 0. 6

2UDD PAH, 191186, Canxm Ilemep6ype, leopyoeas nab. 18

STel’Y, 170100, Teepw, ya. Kenabosa, 0. 33

I'epmanuii (Ge) siBisieTcst IEPBBIM MaTEPUAIOM, B KOTOPOM OBUTH OOHAPYIKECHBI MOIYIPOBOIHUKOBBIC
cBo¥icTBa. J1Jish 3TOr0 MPUIIIOCH Pa3padoTaTh TEXHOJIOTHUIO OUYUCTKU CHIPhS OT MPUMECEH M BHIPACTUTH Kade-
CTBEHHBIE MOHOKPHUCTAJUTBI, YTO MPUBEJIO K AKTUBHOMY ITPOLIECCY Pa3HOOOPA3HEHIIINX HCCICIOBaHUIA eTo (hu-
3UKO-XMMHUYECKUX CBOUCTB. CBOMCTBA OKa3aMHCh KpaliHEe YyBCTBUTENBHBI K COAEPYKAHUIO TayKe HE3HAUUTEb-
HBIX KOHIIEHTPALUH IpUMeceid, 0cOOEHHO AIIEKTPOAKTUBHBIX. 3HAYUTEIHHOE BIUSHIE HAa IKCILTyaTaI[MOHHBIC
CBOICTBA KPUCTAIJIOB, OKa3bIBACT CTPYKTYPHOE COBEpIeHCTBO. Ha cienyromiem atarne BBISIBHIACH, 00YCIIOB-
JICHHAsI TPAKTHYCCKUMU MTPUMEHEHHUSIMH, a TAK)KE SKOHOMUYESCKUMHU (haKTOpaMH, HEOOXOUMOCTh TIOTYYCHUSI
MOHOKPHCTAJUIOB MAaKCUMAIILHO OOJIBIIIOTO pa3Mepa. B urore, B HacTosmiee BpeMst CyIECTBYET IPOMBIIIIIICH-
Hasl TEXHOJIOTHSA TOY4IeHUs Oe3ANCIOKAIIMOHHBIX MOHOKPHUCTAIIOB repManus. CoaepikaHne IeKTPOAKTHB-
HBIX TIpuMeceii noseaeno 10 yposHs 1071 cm3, u naxe menee.

Korna 0b110 HaJIaXKeHO TaKOE MPOMBINUICHHOE MPOU3BOJICTBO, TO BBIICHHIIOCH, YTO YHACTHIA TepMaHHit
N-THIA SBISLETCSA OAHUM W3 JIYUIIUX ONTHIecKuX MaTepuanoB st MK obnactu ciektpa. OH ipo3padeH B ua-
nazone 1,8-23 mxwM, mpuyeM B o0nactu 2 — 11 MKM mOTepH Ha MOTJIOIICHHE YAAJIOCh CHU3HUTH JI0 YPOBHS ~
0.015-0.02 cm™. Onnako B o6mactu 11-23 MKM IIPUCYTCTBYET psit (POHOHHBIX TIOJIOC MOTJIOIIEHHS, KOTOPBIE
PE3KO OrpaHUYMBAIOT €70 MPUMEHEHHUE B TOM JIMAINla30He; TaKXKe UMeeTcs OKHO Mpo3payHocTy B T 1-nuamna-
30HE (~100-300 MKM).

s okoH mipo3padHocTy atMocheps! (auanazoHs! 3-5 MkM u 8-14 MKM), B TOCIIEBOCHHBIE TOIBI ObLIA
HayaTa pa3paboTKa pa3zHOOOpa3HBIX ONTHYECKUX YCTPOWCTB, HAMOOJIEE MACCOBBIMU M3 KOTOPBIX SIBIISIOTCS
TEIJIOBU3MOHHBIE IPUOOPHI; 0fHaKO pa3BuThe MK TeXHUKH BO MHOIOM CACPKUBAIOCH JS(PHUIIMTOM MPO3pad-
HBIX ONTHYECKUX MaTepHalloB. B 5TuX nruamazoHax 0OJbIIIast 9acTh MPO3PAYHBIX MaTEPHAIIOB, 3TO KPUCTAILIEI,
o0J1aaromire KoIoCccalTbHBIMU 3KCILTyaTallMOHHBIMA HetocTaTkaMu. Cpeiil HUX €CTh BOJIOPACTBOPUMBIE TIIe-
JIOYHO-TAJIONTHBIE KPUCTAJUIBI, MATKHE, TUIaCTUYHBIE KpucTaiuiel Tpynsl KPC (Ha OcCHOBE SITOBUTHIX COJEH
Tajuns) u Ap. OKa3anock, 4To M0 KOMILICKCY (u3nuko-xumuueckux Ge okasaics s psija npuMmenenui B MK
TEXHHKE HanOoJiee MpeAOvTUTENBHEIM MaTepuaiioM. Breicokas TBepaocts Ge (6.0, mo Moocy) mo3Bossiet
(hopMHPOBATH BRICOKOTOYHBIE ONITHYECKHE JICTAIN, XOPOIIIO MTPOCBETIISIEMBIE 1aXKe OTHOCIOMHBIMH MOKPBITH-
sMu. M3 Ge U3roTaBnuBaroOT MOIYyMpo3padHble 3epKalla, BRICOKOTOUHBIE dTanoHbl @adpu-Ilepo, akycroonTu-
YyecKue 1eMeHThI U 1p. Jlonst pazHooOpa3Hbix npuMmeHeHnid repmanus B UK onTrke cocTaBisieT B HacTosIIee
Bpemsi okosio 25-30% oT obmiero moTpedieHus 3Toro Marepuana. luamMerp moiydaeMbIX MOHOKPHCTAILIOB
BITOJTHE TIPMJIMYHOTO KadecTBa JoBeeH 10 BenuarHbl S00 MM (TTomuKprcTaimioB — 70 620 Mm).

Ceituac Ge sBisieTcst cucremooOpasyromum Marepuaniom WK ¢oroHuku s okHa armocdepsl
8-14 mxM. OH UCHOJB3YETCS JJIsi M3TOTOBJICHHMS JCTAICH PO3PAvuHON ONTHUKK TEIIOBU3UOHHBIX MPUOOPOB.
[Momumo 3toro, neranmu u3 Ge npuMeHseTcs B OOJIBIIOM YHCIIE ONTUYECKUX MPUOOPOB TaM, IIe TPeOyroTcs
MEXaHWYEeCKasi MPOYHOCTh, XOPOIINe TeIUIO(U3NIECKHEe CBOWCTBA U KIMMAaTH4YecKas yCTOWYMBOCTh. O4eHb
Ba)XHBI IpuMeHeHMs1 Ge B HENMHEIHOM ONTHKE, B IIEPBYIO o4yepenb B akycroonTruke. M3 Ge u3roraBimBaioT
00JIBbIIIOE KOJUYECTBO Pa3HOOOPa3HbIX (DOTOMPHUEMHUKOB. ABTOpaMu pa3paboTaHa COOCTBEHHAS TEXHOJIOTHUS
BBIpAIUBaHUs KPYITHOTa0apUTHBIX MOHOKpUCTAILIOB. [101po0OHO paccMOTpeHBI 0COOEHHOCTH BIIASIHUS JICTH-
pYIOLIUX MpUMeced U TeMIepaTypbl Ha MPOIyCKaHue U paccesHue uznydyeHus B UK cnexrpanbHoM auamna-
30HE, U3yYeHBI onTudeckue cBoicTBa B TI'1 obmactu. MccmenoBanbl ONTHYECKHAE CBOMCTBA BCEX M30TOIIOB.
Paccmotpen BnepBbie 00HAPYKEHHBIN aBTOpAMU W30TOMMMYECKUH cIBHUT TIoJ10c moriomenus B UK obmacTu.
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PexoMOMHAITMOHHBIE MPOIIECCHI U ONITHYECKOE YCUIICHUE
B JIa3epHBIX CTpyKTypax OnmxHero MK auanazona Ha ocHose InGaN

KynpsisueB K.E., Jlo6anos /I.H., Kanuaaukos M. A., AanpeeB b. A., HoBukor A.B.
‘oM PAH, 603950, Husicnuii Hoseopoo, I'CIT-105

I'erepoctpykTypsl Ha ocHOBe InGaN/GaN sBIAIOTCS OCHOBOHM AJIsl COBPEMEHHBIX JIa3epHBIX HCTOYHH-
KOB B ()MOJICTOBOM M CHHE-3eIEHOM obnacTax cnekrpa [1]. 3amaua npoasmwkenus |ll-HUTpUAHBIX CTPYKTYp
B OoJiee ITMHHBIE BOIIHBI, B CTOPOHY KpacHoro u uHdppakpacHoro (MK) nuama3oHoB, 0e3yCIIOBHO MpUBIIEKa-
TeNbHA ¥ IPAKTHYECKH 3HaYMMa [2], HO moKa TpyAHO JOCTHKHUMA, TAK KaK TpeOyeT MOTyueHHUs COBEPIICHHBIX
rerepocTpykTyp InN/InGaN c BeicokuM copepkaHueM uHAMA. [1og0GHBIE CTPYKTYpHI TEXHOJIOTHYECKH
CIJIO’KHBI B U3TOTOBJICHUH 1 XapaKTEPHU3YIOTCS BBICOKMM YPOBHEM Ae(heKTOB, UTO B CYIIECTBEHHOH Mepe ompe-
JeTsieT UX SMUCCHOHHBIE cBoicTBa. [ledexTsl u npuMecu B INGaN HampsMyio OKa3bIBalOT BIMSHUE HA MEX-
30HHYIO AMHAMHMKY HOCHUTEJEH 3a CUeT BKJIIOYEHHUS O€3bI3NIydaTelIbHOM peKoMOMHAIMU (B TOM YHCIE OXKe-
MPOIIECCOB, OTHOCUTENIBHO c71a00 BBIPAKEHHBIX B «KOPOTKOBOJIHOBBIX» InGaN-cTpykTypax) U criocoOCTBYIOT
BO3HHKHOBCHHIO B ITOMYYa€MBIX CTPYKTYpax HEOAHOPOJHOTO MOTCHUUAIBHOTO penbeda, B KOTOPOM MOTYT
MPOSIBIIATECS APQEKTHI JTOKAIN3ALNH HOCUTENEH, BHOCS IIONPABKH B PacHpeaeeHue HEpaBHOBECHBIX HOCH-
Tenelt no 3Heprun. [locpencTBoM 3THX MEXaHU3MOB, [IO-BUANMOMY, IPEUMYLIECTBEHHO (POPMUPYETCS CBSI3b
MEX]y YCIOBUSMH dMUTaKcHaNbHOro pocta INGaN-cTpyKTyp U JOCTHXKUMOCTBIO B TAKUX CTPYKTYpax OMNTH-
YEeCKOTO YCHJICHHUSI i CTUMYJIUPOBAHHOTO U3ITy4YCHHSL.

B nannoii pabote Ha npumepe 00beMHBIX cioeB InGaN c Bbicokoii (~60-100%) noneii nuaus pa3BuBa-
FOTCSI TTOJIXO/TBI K IETATbHOMY aHAJIM3Y MPOIIECCOB CIIOHTAHHOM U cTUMY IHpoBanHO# [3,4] amuccuu B INnGaN-
cTpykrypax B ommkHer UK obmactu cnextpa (1.0-1.7 Mxm). C MOMOIIBIO CTAIMOHAPHOW U BpeMsIpa3penicH-
HOM CIIEKTPOCKONHH (POTOMOMUHECIIEHIINM KOCBEHHO M HAMPSMYIO U3y4al0TCsI MEXK30HHBIE TIPOIIECCHI, TOMHU-
HUpYyoIUe B BeIpokaeHHOM N-INGaN — oxe-pekomOnHanus u pekomOunanus loknu-Puna, n nepexioye-
HUE MEXIy dTHMH MPOLECCaMU B 3aBUCUMOCTH OT TEMIIEPaTypbl M HHTEHCUBHOCTH HAaKauyku AJsl 0Opa3ioB
C pa3IMYHON IIMPUHOM 3aNpenieHHOM 30HbI ¥ Pa3IMYHBIMU SHEPTeTUISCKUMH MaciiTabaMu c1y4aifHOro To-
TEHIIMaNa, ONPeIeJIIOLIEr0 XapaKTep JOKAIN3alii HEPaBHOBECHBIX HocuTeIeld. Ha ocHoBaHMM 3KCcTIEpUMEH-
TaNbHBIX JAHHBIX, JAOTIOJHEHHBIX PE3yIbTaTaMH MOAEIbHBIX PACUETOB, BBIABISIIOTCS YCJIOBUS AOCTHKEHUS
OINITHYECKOI'0 YCHJICHUSI Ha NIEPEX0Aax TUIA «CBOOOIHBIN 3JIEKTPOH — JIOKAIN30BaHHAs! IbIPKa», THIIMYHO pe-
IM3yeMBbIX B CTPYKTypax Ha 0Oaze InN, oOcyxknaroTcs mpezenbHble pabouue mapaMeTpbl WHPpPaKpacHBIX
InGaN na3epoB — Temreparypbl 1 IIOpOru reHepaiuu [5], a Takxke BO3MOKHOCTH UX YJIY4IICHHUS B CTOPOHY
MPAKTUYECKN 3HAYMMBIX BEJIMUYMH KaK JJISI XOPOIIO OTPaOOTaHHBIX CTPYKTYpP C aKTUBHBIM CJIOEM HA OCHOBE
oobemHoro InGaN, Tak u Al IePCIEKTUBHBIX T€TEPOCTPYKTYP ¢ KBAHTOBBIMHU SIMAMH M KBAHTOBBIMH TOY-
kamu InN/InGaN.

Pabora nognepxxana Poccuiickum HaydHbsIM GoHmoM, TpanT Ne24-22-00320.

[1] S. Nakamura. Rev. Mod. Phys., 87, 1139 (2015); doi: 10.1103/RevModPhys.87.1139
[2] J. Wu. J. Appl. Phys., 106, 011101 (2009); doi: 10.1063/1.3155798

[3] B.A. Andreev et al. Sci. Reports, 8, 9454 (2018); doi: 0.1038/s41598-018-27911-2
[4] D.N. Lobanov et al. Appl. Phys. Lett., 118, 151902 (2021); doi: 10.1063/5.0047674
[5] K.E. Kudryavtsev et al. J. Appl. Phys., 134, 215701 (2023); doi: 10.1063/5.0178131
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HoBoe nokoJieHne KBaHTOBBIX ONTHYECKUX CEHCOPOB MAarHUTHOTO TOJIS
Ha aTOMHBIX U aTOMOTIOJIOOHBIX CIIMHOBBIX CTPYKTYpax: YCTPOUCTBO
Y IPUMEHEHUE

Bepmosekumii A. K., JiImurpues A.K.}, JImurpues C.I1., ITasranés A.C., ITerpenxo M.B.!
‘\OTH um. A. . Hogpgpe

KganroBsie omrrrdaeckne patunku MarauTHoro nonst (OAMII) — ato ycrpoiicTBa, ocHOBaHHEIE Ha d(dexTe
ONTHYECKH JETEKTUPYEMOI0 MAarHUTHOIO PE30HAHCa: aHCaMOJb OOJAJAIOMX MArHUTHBIMM MOMEHTaMH aTOMOB
(HarmprMep, aTOMOB IIETIOYHOT0 METaJljIa) WK aTOMOTIOOOHBIX CTPYKTYp (HamprMep, IIEHTPOB OKPACKH B ajiMase)
MOZIBEPracTCs YIOPAA0IHBAOIIEMY BO3ICHCTBHIO ONITUUECKOTO M3ITyIEHHUS]; 3aTEM COCTOSIHUE KOJUIEKTHMBHOTO Mar-
HUTHOTO MOMEHTA (CIIMHAa) aHCaMOJIsl CUMTHIBAETCS TEM XK€ MM APYTHM OITUYECKHM H3IIy4YCHHUSIM, M U3 Pe3ysIbTaTa
n3BJIeKaeTcsl MHGopMaLus o 1oJe, B KOTOPOM 3TOT CIUH 3Boimormonuposat. O/IMII nosBunucs ele B poLuioM
BEKE, M YCIEIIHO NPUMEHSUINCh KaK (DYHIAMEHTAJIbHBIX HCCIECAOBAHMSX, TaK U B NPUKIAAHBIX AUCLUIUIMHAX,
TIPEKIIE BCETO — B T€OJIOTHH M Teodmsuke. B Mupe pazpadoTkoit dhmsmdeckux nmpurimoB OJIMII no HemaBHero Bpe-
MEHH 3aHUMAJIMCh BCEI0 HECKOJIBKO HUCCIIE0BATENILCKUX TPYILI, B TOM uucie — rpyma akagemuka PAH E.b. Anek-
caunposa cHadana B 'OU nm. C. 1. BaBmiosa, 3atem — B @TU M. A.D. Hode.

B Teuyenne mocnenHUX ECATH JET, OTHAKO, B MUPE HaOIIIoIaeTCsl TaBUHHBIN pocT nHTepeca Kk OJMII,
CBSI3aHHBIHM C X IPOPHIBOM B HOBBIE 00JAaCTH — @ HIMEHHO, B OMOJIOTHIO U MEULIMHY. DTO CBSI3aHO, MPEXKIE
BCErOo, C pa3pabOTKOI HOBBIX UCTOYHHUKOB onTH4eckoil Hakauku — DBR n DFB nmazepoB u mazepoB ¢ BepTH-
KalbHO M3Mydaromumu pezonatopamu (BUJI). UmenHo Gxaronapst mossnenuto BIJI crano BozMoxxHO mpH-
menenne OJIMII mis Takux 3amad, Kak perucTpalusi MarHUTHON aKTHBHOCTH cep/a (MarHUTOKapIuorpa-
¢us, MKI') 1 MarHuTHO#M aKTUBHOCTH TOJIOBHOTO Mo3ra (MarHuTosHIedanorpadus, MII'). Cuctemsr MKI®
u ocoberHo MOI™ npencTapnsaoT co0ol MaCCHUBBI CBEPXUYBCTBUTEILHBIX KOMITAKTHBIX CEHCOPOB, B Hcale
PACTIONIOKEHHBIX MPAMO Ha MOBEPXHOCTH 00BbEKTa (MArHUTHOE TIOJIE JIUMOJIS CHaaeT, Kak KyO pacCTOsHUS,
3TO OTpaHUYMBACT UCToIp30BaHue B MOI ceepxmnpoBomsamux garunkoB CKBU /I, koTopsie Bcerna oTaeaeHb
0T 00BEKTA TOJICTOM CTEHKOM JbI0apa).

Hogsele 3a1aun moTpeboBaiu pa3paboTKH CXeM CEHCOPOB, KOTOPHIE MOTIIH ObI COXPaHHUTh YyBCTBUTEb-
HOCTB TIPH YMEHBIIEHUHN 00beMa B ThICSIUM pa3. Takas 3aiava Obuia BrepBbie penieHa B [IpuHcTOHE, TIe ObLT
paspabotan matuuk HysneBoro noyis SERF (Spin-Exchange Relaxation Free). [Ipumenenne narunkos SERF
OTpaHUYeHO MarHUTOM30JHPOBAHHBIMA KOMHATAMHU — 3TO MPEJIENIbHO TOPOTHE CTallMOHAPHBIE OOBEKTHI, CY-
HIECTBYIOIINE JIUIIb B HECKOJILKUX MUPOBBIX [IEHTPAX.

[Toatomy B 2018 roay nama rpymmna Ksanrosoit Maruuromerprn @TH B coTpyaHNYECTBE C MOTEHIIUATb-
HBIM 3aKa349MKOM Hamel npoaykuun — Learpom ouonntepdeiicos HUY BILD — B3siach 3a pa3paboTKy KOMITAKT-
HBIX JaT4ukoB HEHyIIEBOro MarHuTHOrO 1MoJjist, ¥ K HACTOSIIEMY BPEMEHH pa3padoTaia W UCIIbITala Ha YPOBHE
71a00paTOPHBIX IPOTOTHUIIOB LENBIHN PsI TaKUX yCTpoicTB. Cpenn HUX — YHUKanbHast oHoy4eBas cxema OJIMIT
HeHyneBoro ot [1], cxema TpexkommnonentHoro OJAMII [2], cxema OJIMII moneit mpomexyTodHoro (TpaHud-
HOro ¢ obnacteto 3¢ pekra SERF) nuanazona [3]; B HacTosiee BpeMst MBI pa3pabaTbiBacM COOCTBEHHYIO BEPCHUIO
OJIMIT nynesoro nonst SERF. Ml Takke pazpabarbiBacM CyOMIJUTHMETPOBBIN CEHCOP Ha a30THO-BAKAHCHOHHBIX
(NV) nienTpax okpacku B ajiMase Juisl ipuMeHeHns B nHBasuBHOH MOI [4].

Oo6nacts npumenenust OJ/IMII He orpaHnYMBaeTCsS MEAUIIMHOM U Onosiorueii. Hamu npenoxena cxema
MarHuTomerpa-kommaca Ha NV LeHTpax OKpacKH B anMase, NPEIoKeH M MPOBEPEeH METO| CTaOMIH3aluu
nazepa 1o 3¢ exTy JInHeHHOro TMXpou3Ma B aTOMHOI cpene. B noknazne Oyner nan kpatkuii 0030p Bcex yIio-
MSIHYTBIX BBIIIE CXEM U MEPCIEKTHB UX NPUMEHEHHUSL.

[1] M.V. Petrenko, A4.S. Pazgalev, and A. K. Vershovskii, Phys. Rev. Appl. 15, 064072 (2021).
[2] M.V. Petrenko, 4.S. Pazgalev, and 4. K. Vershovskii, Phys. Rev. Appl. 20, 024001 (2023).
[3] M.V. Petrenko, 4.S. Pazgalev, and 4. K. Vershovskii, Phys. Rev. Appl. 20, 034074 (2023).
[4] A.K. Dmitriev, 4. K. Vershovskii, Phys. Rev. A. 105, 043509 (2022).
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beccasuroBoe poTOAETEKTUPOBAHUE C TIOMOIIBIO T€OMETPHUIECKOTO
MaTTEPHUPOBAHUSI KOHTAKTOB

Cemkun B.A.,! llladanos A.B.,' Meusaukos JI. A.,! Kamenko M. A.,! lomapanknii U.K.,! Xyxkos C.C.,}
Caunnos JI. AL

Lenmp gpomonuru u 08ymepuuvix mamepuanos, Mockoeckuii Pusuxo-Texnuueckuii Huemumym,

Honeonpyonwuii 141700, Poccusi,

CTpyKTypHasi WM KPUCTAJUTUYECKAsT aCHMMETPHUsST — HEOOXOMMOE YCIOBHE JIJIsl IOSIBJICHUST HEHYJIe-
Boro (otoTtoka B Jerekropax. CTPYKTYpHas acCHMMETPHS OOBIYHO JOCTHIAETCS ¢ IOMOIIBIO P-N JOMUPOBaA-
HUS1, KOTOPOE SIBJISETCS JOCTATOYHO CJIOKHBIM TEXHOJOTHYSCKUM IMpoiieccoM. B TaHHOM JTOKJIa/ie Mbl Ipe-
JlaraeM aJbTePHATHUBHEIN MMOAXO0/]] K MOTyUYESHUIO OECCABUTOBOTO JIETCKTUPOBAHMS B IBYMEPHBIX MaTepHaliax,
WCTIONB3Ysl TEOMETPHUECKIE OTIIMYHS B KOHTAKTaX CTOKA M UCTOKA. B kadecTBe MpOTOTHIA YCTPOHCTBA MBI
WCTIOJIb3YeM KBaJ[paTHbIH Kprictail PdSe; ¢ opTOroHa bHO MOMKIFOUYEHHBIMHA METATHYECKIMU KOHTAKTAMHU.
[Ipu paBHOMEPHOM OCBEIICHUH JTUHEWHO MOJIIPU30BAHHBIM CBETOM, YCTPOMCTBO IEMOHCTPUPYET HEHYJICBOU
(hOTOTOK, MEHSIOIIUIN 3HAK MPH MTOBOPOTE MOJIApU3aImu u3inydeHus Ha 90 rpaaycoB. VcTouHMK OeccIBUTO-
BOTO (hOTOJICTCKTUPOBAHHUS JICKUT B TIOJSPH3AIMOHHO 3aBUCHMOM 3((dekTe rpoMOOTBO/Ia, KOTOPBIN yCHITH-
BaeT I0JIe, MaJarollee OPTOrOHAIFHO K TPaHHUIIE pa3zielia MeTaII-IBYMEPHBIH MaTeprall i BEIOOPOYHO yCHITH-
BaeT BHyTpeHHu GoTosddekr, Bozuukaroumii B koutakre [llortku B PdSe,. TIpeaioxkenHast TEXHOIOTHS AH-
3aifHa KOHTAKTOB HE 3aBUCHUT OT KOHKPETHOH MPUPOJIbI BO3HUKHOBEHUS (PoT03(hdekTa 1 MOKET OBITH UCIIOIb-
30BaHa B JIIOOOM JIBYMEPHOM MaTepHale.

a b
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Pucynox 1. @omodemexmuposanue 6 ACUMMEMPULUHOM Y2OIKOBOM U CUMMEMPUUHOM Wene80M 0emeKmopax. d,
Hnniocmpayus npunyuna pabomsi y20iKo8020 0emekmopa: naarowee JUHeHo NoIapUu308aHHoe noje YCuiuad-
emcs 80371e NEPREHOUKVIAPHO20 NIOCKOCIU NOJAPUSAYUU DTIEKMPULECKO20 NOJis KOHMAKMA U 0ciaousemcs y npo-
musononodichoeo. Konmaxm Lllommku Ha “axmuerHom” Kparo 08yMepHO20 mamepuaia 2eHepupyem (omomox,
KOMOPbILL He OKA3bIBAEMCSi KOMNEHCUPOBAH (homomokom Ha “‘naccuenom” Kparo. b, 3asucumocmu conpomueie-
HULL YCMPOUCMSE OM HANPAXCEHUs Ha 3ameope. Britouenue: Mukpogomozpagus ycmpolicmes u HanpasieHue, om
Komopoeo éedemcsi omcuem yena noaspuzayuu 6. [lonocka macuwmaba pasna 10 mxm. c¢,d, [Ipocmparncmeennvie
Kapmul homomoxa npu 0oyueruu yempocmea Ha onuHe 60aHbl AQ = 8.6 um u omcymcemeuu cO8ue08020 Hanpsi-
gicenust. ¢, Kapma ons yeonxkogsozo demexmopa #1 npu nanpsicenuu na sameope Vg = 20 B u yene noaspusayuu 6
= +45° (cnesa) u 8 = —45° (cnpasa). Cosue pomoomxnuxa o6ycioeien epaujeHuem noaapusamopa. Bruovenus:
B0HHbBIE OUASPAMMbL CO CXEMOLL NOOKTIOUEHUs. YCMPOUCmea U HanpasieHusmu homomoxos. d, Kapma ona peghe-
peHmuo2o demexmopa #2 npu nanpsicenuu Ha sameope Vg = 10 B u yene nonapuzayuu 6 = 0°.
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Oco0eHHOCTH MOJISIPU30BAHHOMN JTIOMUHECIICHIIUA HEOTHOPOHOTO
aHCaMOJISI JIOKAJIN30BAHHBIX DKCUTOHOB

B.II. Kouepemko, JI.B. KoroBa

Qusuro-Texnuueckuu uncmumym um. A. @. Hoghgpe Poccuiickoii akademuu nayx 194021,

Canxm-Ilemep6bype, Poccus

TeopeTtmueckn uccieaoBasach HHIYIMPOBAHHAS MAarHUTHBIM IIOJIEM MOJIIPH30BAHHAS JTIOMHUHECIICH-
LSl HEOTHOPOAHOTO aHCAMOJIS IOKAJTM30BaHHBIX AKCUTOHOB.

Bruto oOHapyxeHo:

1). Pacmeruienne MakCHMyMOB TIOJIOC JTFOMHUHECLIEHITMH HEOJHOPOIHOTO aHCAMOJIS JIOKAITN30BaHHBIX
9KCHTOHOB B MarHWTHOM ITOJIE B IBYX KPYTOBBIX MOJIAPHU3AIMIX HA HECKOIBKO MOPSAKOB MPEBBIIIAET 3eeMa-
HOBCKOE pacIllelNIeHHe Ka)XIO0To OTIACIFHOIO SKCUTOHA B aHCaMOie. BenuunHa pacuieniieHus: mpomopLuo-
HaJIbHA BEJTMYMHE HEOAHOPOJHOTO YIIMPEHHUS MOJIOCH TFIOMUHECIICHIIMN aHCaMOJIsl.

2) HuskosHepreTuieckass KOMIOHEHTA MOJIOCHI MOJISIPU30BAHHOM JTFOMUHECIICHIIMH B MATHUTHOM I10J1€
MMeeT MEHBIITYI0 MHTEHCHBHOCTb, Y€M BBEICOKOIHEpreTHIecKas. TO, Ha MIEPBBIN B3I, IPOTUBOPEUHUT OOIIb-
LIMaHOBCKOMY pacHpeesIeHHIO 3KCUTOHOB 0 36€MaHOBCKUM IOIYPOBHSIM.

3) DddexTs, onucanublie B myHkTax (1) u (2), IMEIOT MECTO TOJBKO B TOM CIydYae, €CIH SKCUTOHHBIN
0-(hakTop 3aBHCHT OT YHEPTUH JIOKATH3AINHA U MEHSIET 3HAK ITPH HEKOTOPOI SHEPTUH.

4) Eciiu u3MeHeHne 3HaKa g-(hakropa MPOUCXOMT MPH SHEPTHSIX BBIIIIE MAKCHMYyMa MOJI0C U3ITyUCHUS,
TO OTHOLIEHHE WHTEHCUBHOCTEN OJIOC OKAa3bIBA€TCS COOTBETCTBYIOUINM pactpeseierno boibimana.

14
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PL intensity, arb. un.
o
g - factor
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Pllcyll()k‘ 1. Cnezcmpbl DKCUMOHHOU JIIOMUHeCcyeHyuu, CHs-

' _
mole 6 08YX KPY208blX NOJAPUAYUAX O U O . (CniouHbie
Kpusvle). 3asucumocmsv IKCUMOHHO20 g-hakmopa om
oHepeul T0KAIU3AyUY (NyHKmup).

PeSy.IIBTaTLI 9TOM pa6OTBI HE OrpaHUYMBarOTCAd TOJIBKO HCOJHOPOJIHBIM ancaMOJIeM KBAaHTOBEIX TOYEK.
JInaun H3JIIYUYCHHA DKCUTOHOB U ITPUMCCHBIX ICHTPOB B KPUCTAJJIaX BCECr/ia HCOAHOPOAHO YIITHUPCHBI. BOHpOC
JIMIIb B COOTHOIICHHUH OI[HOpOHHOﬁ n HeOI[HOpO,I[HOfI HIPUH JIMHUN H3JIIyUYCHHHA. W3menenune 3Haka g—(baK—
TOpa B afpcaMOJIe KBAaHTOBBIX TOYEK MOYKET CHILHO ITOBIUATH Ha 3(1)(1)GKTBI 6_HOKI/Ip0BKI/I MO, CIIMHOBOI'O 3Xa

¥ CIIMHOBOM KOI€pE€HTHOCTHU B a"caMOJie KBAaHTOBBIX TOYEK.

[1] JI. B. Komosa, B. I1. Kouepeuiko «Ocobennocmu noasapuz08anHoil THIOMUHECYEHYUU HEOOHOPOOHO20
ancamons 10KAnU308anublx dIKCumonoey XITD, mom 165, svin. 6, cmp. 818-826 (2024)
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HuskoremneparypHbie 0COOEHHOCTH MAarHUTHBIX CBOMCTB

CBEPXIPOBOJALIETO MOJIYIIPOBOJIHUKOBOIO TBEPAOIO pacTBOpa
(szsnl-z)l-xlnxTe

Henncos J.B.}, Muxaiinun H.10.%, Ilammyp J1.B.% Mapdenses P.B.L, 3r03un A.10.%, Illapenkosa H.B.!
Y\@OTH um. A. @. Hoghghe, 194021, INonumexnuueckas yn., 26, 2. Canxm-ITemep6ype, Poccus

[ToynpoBOAHUKOBBII TBep kIl pacTBOP (Pb,SN1.;)1xINkTe, ABIAIONIINIACS TONOIOTHYECKAM KPUCTAIITH-
YEeCKUM H30JIATOPOM, XapakTepu3yeTcs mepexoaoM B ceepxmpoBosiiee (CIT) cocrosiHue B reaneBo 0daacTu
Temrmeparyp. B paboTe viccie0BaNnuch MOTUKpUCTaLTHUecKre 00pasiisl (PboaSngs)1xInkTe (x =0.16, 0.2), ux
temmeparypusie 2 K < T <300 K u marauronosnessie H < 19 k3 3aBucumoctu HamaramaeHHoctd m(T, H).

Panee Hamu ObLT 0OHApYXeH U uccnenoBad muk 3¢ ekt B (Pb,Sniz)1xInTe [1, 2] — nononHuTenbHbIH
9KCTpeMyM Ha 3aBucuMocTsX m(H), BO3HUKAIOMIKI PH MPHOIMKEHUH KO BTOPOMY KPUTHUECKOMY MarHHT-
HOMY 1OJTI0 Hep, XapaKTepHU3yIOIMUIACS 0COOBIMY TOUKAMH: MAKCUMYM THK-3(hekTa — Hpeak, HEOOpAaTUMOCTH
sapucumoct m(H) — Hir, Hauama nmuk-3¢dexra Ha m(H) — Honset [1].

(Pby (Sny 5) gIn, , Te (Pby ,Sny ¢y gIn ,Te

: Hezm(m(H))
20x10° {1/ 14 kOe ZFC e
—~— 14kOe FCC sk —o— Hy(m(H))
s 14 kOe FCW Normal state Hyea(m(H))
1.0x10° —*— Honee(M(H))
2 Py —*— Trin(m(T)
2 N o T (M)
o
= 0.0 X 151
I
6 10F Vortex glass
-1.0x10° -
X \A\
T N
-2.0x10°® + . i i . Bragg gla‘ss | ‘ ;
2.0 25 3.0 35 4.0 %0 22 28 32 75
T(K) TK
Puc. la, 6. — Temnepamypuvie 3agucumocmu HamacHuwennocmu 6 pedscumax ZFC, FCC uFCW

6 (Pbo.4Snog)oslno2Te 6o enewnem macnumnom none H = 14 k3 (a). @azoesvie ouazpammpl 6UXpe6oll peuiemxi
6 oopasye (Pbo4Snos)oslno2Te 6 koopounamax H(T) (6).

Ha puc. 1a nokasansi 3aBucumoctd m(T) B (Pb,Sn1,)1xINcTe B pexxnme oxiaxkieHus B HYJICBOM MATHUTHOM
noinie (ZFC), oxnaxnenust (FCC) u Harpesa (FCW) Bo BHerHeM MarauTHOM Tioie H = 14 k3. C ymenbiieHnem T
Ha JramMarHuTHO# 3aBucumoct m(T) HaOrojaeTcsl mapaMarHUTHBIA BKIIAJI, XapaKTepH3YIOIIMICS TOYKaMH JIO-
KaJIbHOTO MaKCUMYMa Tmax ¥ JTOKAJIBHOTO MUHUMYMa Tmin HaMarHuueHHOCTH. Kak moka3piBaeT 3KcriepiuMeHT, Ia-
pamarauTHbIi BKiaza B m(T) yBenmunBaeTcs ¢ pocToM BHenHero MmarautHoro moist H =1 k0 — 19 k0.

Ha puc. 16 B xoopaunatax H-T mpencTaBiieHbl 3aBUCHMOCTH XapaKTEPHBIX Touek 3aBucumocterd m(T,
H). MoxHo npenmonoxxuts [3], 9To Ipy U3MEHEHUH NTapaMeTpOB BUXpEBas pelieTka npeTepreBaeTr psj mo-
clleZIoBaTeNbHBIX ()a30BbIX Mepexo10B. B o0mactu Huke Honset HA prc. 10 BUXpeBast pelieTka HaXoJUTcs B KBa-
3uynopsnodeHHon ¢aze oparrosckoro crexina. [Ipu H > Honset mpoucxoaut pasymnopsiioueHre BUXPEBOH pe-
LIETKU U €€ mepexo] B (pa3y BUXpEBOro CTEKJa, Haxomsmytocst Mex1y Honset U Hirr 11 XapakTepusyromnrytocs
HaJIMYUeM OJIMKHET0 TopsijiKa U BO3HUKHOBeHHEM nuk-3¢dexra [3]. B obmacTu Beime Hir HaOt01aeTCS BUX-
peBast )kuaKas $haza, B KOTOPOU OTCYTCTBYET OJFMKHUIN MOPs0K, 3apucuMocTh m(T, H) siBnsieTcst oOpaTHMO.
Touxa MakcumyMma napamarHuTHOro oTkiIuKa B ZFC Tmax pacnonoxena B o0iacti Mexay Hpeak 1 Hirr, TaKHM
o6pazom mapamaraeTusm B 3aBucuMocTax ZFC (T, H) MoxxeT OBbITh CBsI3aH ¢ EpEX0/I0M BUXPEBOM PEIIETKH
13 (ha3sl BUXPEBOTO CTEKJIA B KUAKYIO (hazy.

[1] D. V. Denisov et al., Physica C 579, 1353755 (2020)
[2] N. Yu. Mikhailin et al., Low Temperature Physics, 45, 2 (2019)
[3] J. Hecher et al., Supercond. Sci. Technol. 27, 075004 (2014)
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[TocnenoBaTenbHBINA XapakTep JIOrapuPMUUECKON peslakcaiuu
(OTONPOBOANMOCTH KBa3UOTHOMEPHOTO CJIOMCTOrO MOMyNpoBOiHUKA T1S3

T'opaiosa U.T'., 3ei6ues C.I'.% Tlokposekuii B. 5.1, Huxonos C. A%, 3aiines-3otos C.B., Turos A.H.?

YUPD um. B. A. Komenvnuxosa PAH, 125009 Mockea, yn. Moxoeas, 11, cmp. 7

2HUDM um. M. H. Muxeesa YPO PAH, 620108, Examepunoype, ya. Cogpou Kosanesckoii 18

HHTepec K HMCCICIOBAHHIO CIOUCTOrO KBa3HOJAHOMEPHOIO MONYNPOBOIHMKA N-THIA TiS3 CBs3aH
C IPEIoIaraéMoil BO3MOXKHOCTBIO O0pa30BaHHs B 3TOM COCIMHEHHH KOJUICKTHBHBIX cocTosHud [1,2],
a TaKKe ¢ MePCIeKTUBAMHU MPAKTUYECKOTO UCTIONb30BaHMs BUCKEPOB T1S3 B HAHOAJIEKTPOHUKE, B YaCTHOCTH,
JUTSL CO371aHusT POTOCTEKTOPOB HOBOTO MOKOIeHus [3].

B HacTosmeit paboTe SKCIepUMEHTAILHO HCCIIeIOBaHa pelakcaus GOTONPOBOAUMOCTH, 0G, MOHO-
KPHCTAJUTMYECKUX BHCKepoB T1S3 B muanazone Temneparyp 78 — 300 K npu 06nydeHnn ux npsiMoyrojibHbBIMU
HUMITyJIbCaMH CBeTa B 00sacTh JAiH BoiH A = 405 — 940 HM 1pu pa3HbIX HHTEHCHBHOCTSX 3aCBETKH.

[lepexonHbiii iporiece, HAOIOAaEMBbIil TIoCe sraroueHUs: cBetoaunona pu A < 500 HM 3aBUCHT OT A!
C YMEHBLICHUEM JITMHBI BOJIHBI BpeMsI BO3pacTaHus (POTONMPOBOANMOCTH JI0 IOCTHKEHUS CTAllHOHAPHOTO 3HA-
yeHus yBenuuuBaetcs. [locie BimoueHus yibTpaduosaeroBoro usnyueHus (A = 405 HM) IPOUCXOAUT MeI-
JICHHBIII HEOOPAaTUMBIH POCT MPOBOJMMOCTH, KOTOPBIH HE NMpEeKpaniaeTcs B TEUEHHE HECKOJIbKUX MUHYT H,
CKOpee BCero, O0BSICHACTCS BO3/ICHCTBHEM KOPOTKOBOJIHOBOT'O M3ITyYCHHUS HA MEKaTOMHBIC CBSI3U WMIIM Ha Te-
HEpaLUIO BAKAHCUH CEPBI.

[pouecc penakcanyu, HAOIIOAAEMBIN MTOCIIE BbIKIIOYEHLUSs CBETA, HE 3aBUCUT OT A. OOHApPYKEHO, YTO Ccriajl
(horompoBomuMoOcTH TIpH Temriepatypax ot 180 mo 78 K ommceiBaeTcs HE SKCIIOHEHIIMAIBHBIM, a JIOTapUPMH-
4eCKUM 3aKoHOM, 86 oc In(t), mpu n3Menenuu Bpemenu Ha 5 mopsakos B uatepsaie or 107 1o 102 c. D1o o3Ha-
YaeT, YTO KUHETHKA (POTOMPOBOIUMOCTH XapaKTePHU3yeTCs HE OTHUM BPEMEHEM pellakCallii, TO €CTh, 0aphepoM
onpeeTEHHON BBICOTHI, @ BpeMEHaMH, PACcTIPEACIEHHBIMHA B IAIIa30HE OT IECATKOB MUKPOCEKYH/I JI0 JIECATKOB
munyT. C poctom Temmeparypsl oT 70 10 100 K pemakcarms yckopsiercst (HakimoH kpuBbix 0c(In(t)) pacrer),
anpu Harpese Bbime 100 K 3amemnsercs, 4To 00yCIOBJIEHO TeMIICpaTyPHOW 3aBHCUMOCTBIO MOJBHKHOCTH
ANIEKTPOHOB B TiS3, MakcuMyM KOTOpOit Habmromaercst mpu ~ 100 K [4].

CpaBHEHHE ITEPEXOTHBIX MTPOLIECCOB NP Pa3HBIX HHTEHCHBHOCTSX 3aCBETKH MOKA3aJIo, 4To craja GpoTo-
MPOBOIMMOCTH TTOCJIE BBIKITIOYEHHS CBETOIMO/IA UAET TeM ObICTpee, YeM BBIIIE MOITHOCTh M3Ty4eHHs CBETO-
JMOJIa; TIPU 3TOM 3aBUCHMOCTH 00 (t) coBMeIaroTes cABUroM no BpeMmeHH. Takoe MoBeACHHE yKa3blBaeT Ha
TO, 4TO JorapudMuUecKas penakcaiys B TiSz UMeeT, NPEUMYILECTBEHHO, MOCISI0BATEIbHBIN (KaCKa HBIM)
xapakrep [5]. Beicota Oapbsepa 11t peKOMOMHAIMN TIOBBIIIAECTCS 10 Mepe MPUOIMKEHHS TPOBOIMMOCTH K
paBHOBECHOMY 3HaueHHI0. Bpemst pekomOuHaimu B TiS3, HONTyPOBOAHUKE N-THIIA, OMIPEACIISACTCS BpeMEHEM
XKHU3HH JBIPOK, KOTOPOE, KaK MoKa3all Halll SKCIIEPUMEHT, SKCIIOHEHITUATFHO MA/IaeT C MOBBIIICHUEM MX KOH-
HEeHTpaIMU. DTO MOXET IPOUCXOANTh, HAIPUMED, B CITydae 3aXBaTa JABIPOK Ha JIOBYIIKH, YHEPTHs OCBOOOXK-
JEHUSI KOTOPBIX, IT0 MEPE UX 3arOJHEHHS, CHIKAETCS BCIIEICTBHE KYJIOHOBCKOTO OTTAIKUBAHUSI.

Pa6ota Beimonnena npu noanepkke PH®, npoext Ne 22-12-00319.

[1] M. D. Randle et al., Appl. Phys. Lett., 118, 210502 (2021).

[2] M. Abdel-Hafiez et al., Nano Lett., 18, 5562 (2024).

[3]1J.0O. Island et al., 2D Mater., 4, 022003 (2017).

[4] 1. G. Gorlova et al., Appl. Phys. Lett., 120, 153102 (2022).

[5] R. G. Palmer et al., Phys. Rev. Lett. 53, 958 (1984); Erratum Phys. Rev. Lett. 54, 1965 (1985).
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[IposiBnenue peppomarHuTHbIX cBOMCTB Si:P B 06sactu azoBoro
nepexo/1a U30JsATOP-MeTasll

3adponcknii A.T'.%, Beiinrep A. 1.2, Cemenuxun I1.B.1, A6pocumos H.B.3, Kosnosckuii B.B.*

‘\OTU um. A. @.Hoghghe, Canxm Ilemepbype, Poccus

?Zikhron Yaakov, Israel

3Leibniz-Institut fiir Kristallziichtung, Berlin, Germany

*CII6ITY um. Ilempa Benuxozo, Canxkm-Ilemp6ype, Poccus

Coobmraercst 00 OTKPBITHU U HccieoBaHnu heppoMarHuTHbeIX (OM) cBoiicTs Si:P B obnactu hazoBoro
nepexoja uzonarop — metat (MM). Mcnonp3oBanuck pesynabTarel uamepennoit CKBU/lom nonHo# Hamar-
HUYEHHOCTH 00pa3LoB, U3 KOTOPOH BHIYMTAaHUEM JMHEHHOT'O 10 IOJII0 AUAMarHUTHOTO BKJIaJa ONpeaessiiach
Y U3y4anach CIMHOBas cocTasnsdmomas. [Ipossienue @M cBONCTB XapakTepu3yeTcs €€ CHIIbHOM HelMMHENHHO-
CTBIO, HACBHILICHHEM B IMOJISIX OpsaKa Heckonbkux kOe u neTnei rucrepesuca.

1. Kak oka3zanoch, criocOOHOCTh K HAMArHWYMBAHUIO MAJIA€T IIPU YMEHBIIEHUH YPOBHS JIETHPOBAHUS
U y#aneHuu oT nepexona MIM B CTOpoHY M30/14TOpa, HO CHIIBHO BO3pacTaeT Mpy OIM3KOM K IOJIOBUHE KOMIICH-
cauun Si:P akuentopueimu npumecsivu (B), korna yposens depmu pacrionaraercst B O1M3U cepeHbl JOHOP-
HOH 30HBL. B TakoM ONTHMU3UPOBAHHOM T10 YPOBHIO JISTUPOBAHUS U CTETICHN KomIieHcaluu marepuaie Si:P(B),
MTONTYYEHHOM U3 JABIpOYHOTO Si:B OecTHrensHON 30HHOM TUIABKOM ¢ BBEIGHHEM BJIBOE OOJBIIEH MO0 CPaBHEHHIO
¢ 6opom koHuentparmu pocdopa (= 3-10'® cm?), B o6paszopann @M (asbl IpU TeNTHEBBIX TEMIIEPATYpax
y4acTBYeT 3HaunTeNbHasd 4acTh (10 14%) OT MIIOTHOCTH HECKOMITEHCUPOBAaHHBIX 3JIEKTPOHOB [1].

2. Ha aToM MaTepuare nu3ydainch TakKe TeMIepaTrypHoe rmoBeseHue u npupoga @M cBOKUCTB Ha OCHOBE
M3MEPEHMsI MarHUTOIOJIEBBIX 3aBrucUMOcTeld @M nmapaMeTpoB U aHaJIM3a YyBCTBUTEIBHON K JIOKAJIW3ALUU HO-
cHUTeNnel 3apsaa akTHBAMOHHON ek TporpoBoaHocTH [2]. Ecnu Beimre 8 K Habmoganock crannapTHoe ocimao-
JieHue QeppoMarHeTU3Ma ¢ TEMIIEPaTypoid, 4TO MO3BOJIMIIO OLEHUTH Temreparypy Kropw, paBayio 37 K, To
Hiwke 8 K on anomansHO ycuuBaiics. Kak mokazano, B OCHOBE HaOJII01aeMOT0 MPUMECHOTO (peppoMaraeTu3Ma
JIKUT OOMEH B CHCTEMeE 00JIa IAfOIIX MATHUTHBIM MOMEHTOM COCTOSIHUI HEHTPabHBIX JOHOPOB, KOTOPBIE 00-
PasyroTCs IIPU «BBIMOPAXKUBAHUI HJIEKTPOHOB U3 30HBI IPOBOAMMOCTH B PUMECHYI0. TemmnepaTypHoe mposiB-
JIEHUE OCTATOYHOI HAMarHM4eHHOCTH, KO3PLUTUBHON CHJIbl, HAMArHUYEHHOCTH HACBIIIEHNS U LIUPHUHBI KPUBOH
CIHMHOBOI BOCTIPUMMYHMBOCTH KOPPEIUPYET CO CTENEHBIO MPOCTPAHCTBEHHO-I)HEPTETUYECKOH JTOKaIU3aIluHl HO-
cuTelIel 3apsiia — MIEKTPOHOB U UX BaKaHCHM. Tak, yCKOpEHUE 3JIEKTPOHHO-CIIMHOBOM MUIPAallMU B IOHOPHOM
30HE C POCTOM TEMIIEPATYPHI CHIKAET, XOTh M HENIPOIIOPLIMOHAIBHO ¢11a00, 3 (eKTUBHOCTH CIIMHOBOI'O OOMEHa
u rotHOCTh @M (hasbl, a B ocHOBe aHOMaJbHOTO ycrieHus: M cBoiicTB Hmke 8 K exut oOpazoBaHue KyIo-
HOBCKOH 111esTi Ha ypoBHEe DepMu U (a30BbIil IEPEX0]T JICKTPOHHO-CITMHOBOH CUCTEMbI B COCTOSIHHE KYJIOHOB-
CKOT'O CIIMHOBOT'O CTEKIIa.

3. Briepsele coobmaercst o ¢peppomarnerusme Si:P ¢ pagnanmonHbiMy AedeKkTamMu, KOTOpbIe, ¢ OJHON
CTOPOHBI, KOMIIEHCUPYIOT IOHOPHI P, a ¢ npyroii, yuacTByioT B oOpa3oBannu @M da3 co 3HaunTensHo Oonee
BBICOKMMHM TemnepaTypamu Kropu.

[1] Betineep A.H., 3abpoocrui A.T", Jlaxoepanma 3., Cemenuxun I1.B., [Tucoma 6 JKOTD 115, 11, 730-735 (2022).
[2] Zabrodskii 4. G., Veinger A.1., Semenihin P. V., Abrosimov N. V. Journal of Magnetism and Magnetic
Materials (2024).
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anaBneHHe (bYHKI_H/IOHaJ'IBHBIMI/I XApaKTCPUCTHUKAMU KOMITIOHCHT
HaHO(l)OTOHI/IKI/I N HAHOSJICKTPOHHUKHW HAa OCHOBC KPCMHUS, COIPAKCHHBIX
C MCTaMaTcpuailaMu

NBypeuenckmii A.B.1?, SIxkumos A. .1, 3unosseBa A.®.>% 3unosses B.A. !, Kupuenko B.B. 1,
Bromkun A.A.M?

YUdIT CO PAH, 630090, Hosocubupck, np. Ax. Jlagpenmuesa, 13

2HI'Y, 630090, Hosocubupck, yi. Iupozosa, 2

Pabora nampaBneHa Ha pemieHMe NpoOIEMBbl HHU3KOH KBaHTOBOW 3((EKTHBHOCTH KPEMHHEBBIX
JIETEKTOPOB | M3NydaTeneii cBeta ommknaero MK-muanazona (1.3—-1.55 mxm). Kpemanii sBnseTcsi OCHOBHBIM
MaTepuagoM >JIeMEHTHON 0a3bl MOIYNPOBOJHUKOBOH 3JIEKTPOHUKH C HEMPEB3OWACHHBIM, MO CPAaBHEHHIO
C IpyTMMH MaTepHajaMH, YPOBHEM MOHOJHTHOW MHTETPAllMUd B KOMMEPYECKUX MHTETPATbHBIX CXeMax s
MpUMEHEHHUS! B MHPOPMAIIHOHHO-BBIYUCIUTEIbHBIX U YIPABJISIOIUX CUCTEMaX, CUCTEMax CBS3H, HUPPOBOM
TeJIeBUICHNH, CHIIOBOM dNIeKTpoHUKe. PacTymiit o0pem oOpadaTsiBaeMoit MH(GOPMAIIUY BBISIBUJ MTPEIENbHEIE
OTPaHMYEHHs] METATMYECKUX MPOBOJHHUKOB B KAUYeCTBE MEKCOCAMHEHUI B MUKpOCXEMax ISl YaCTOTHOTO
JIMaIa3oHa, MoTpeOIeHUs SHEPTHN U B3aMMHOTO BIIMSHHSI SJIEMEHTOB CXEMBI. PellieHre BO3HUKIINX po0iieM
CBSI3BIBAETCSI C PA3BUTHEM ONTHUECKUX MEKCOSAMHEHUH Ha OCHOBE TEXHOJOTHI KPEMHUEBOH ()OTOHUKH IS
OyAymHX CUCTEM Mepeaadyd JaHHBIX. B KauecTBe aKTUBHOW Cpejabl Mpeaiaraercss HCIOIb30BaTh
rerepocTpyktypbl ¢ GeSi kBantoBeiMu Toukamu (KT). OcHoBHas mpoOiieMa CBsi3aHa C KITFOYEBBIMH
ONTHYECKUMH CBOMCTBAMHU KPEMHHS M T€PMaHHs, TAKUMU KaK HETpsIMbIE ONTHYECKUE TIEPEXObl He TOIBKO
B IIPOCTPAHCTBE BOJIHOBBIX BEKTOPOB, HO M B peajlbHOM MPOCTpaHCTBe KoopAuHAT. [IpeanaraeMplii moaxon K
PEILICHUIO TPOOJIEMBI COCTOMT B MCIIOJIB30BAaHUH pe3oHaHCHOro B3aumoseiictBust GeSi KT ¢ dhortoHHbIMU
MOJIaMH B Pa3JIMYHBIX (POTOHHBIX CTPYKTYpax Ha OCHOBE KPEMHHSI.

B Hacrosmieii paboTe nccieoBanbl ClieKTpalibHbIe XapaKTepUCTHKH (OTOTOKA B OMKHEH HH(ppakpac-
HOM oOnact B BepTHKainbHbIX Ge/Si pin-poromuonax ¢ GeSi KT, BcTpoeHHbIMU B IByMEpHbIi (pOTOHHBII
Kpucta. M3 3aBucuMocTell OTOTOKA OT yIila MaJieHus CBETa OIMpeeNeHbl AUCIIEPCHOHHbBIC COOTHOMICHHSI
1151 0710XOBCKUX (DOTOHHBIX MOJI, B3aUMOJIEHCTBHE C KOTOPBIMH ITPUBOIHUT K PE30HAHCHOMY YBEITHYECHHIO YYB-
CTBUTEIBHOCTH (POTOMOA0B. Ha nucniepcnoHHBIX XapaKTepUCTUKaX B 00JIACTH JUTHH BOJH 2.2-2.5 MKM 00Ha-
PYXEHBI yYaCTKH, XapaKTepU3YIOIIHecs: TPYyNIIOBON CKOPOCTBIO (POTOHOB, CTPEMSIICHCS K HYJIO. Y CTaHOB-
JIEHO, YTO MakCHMalbHOE ycuieHue (GoToToka, nocruratomee 3HadueHnii 60 oTHocuTenbHO (hoToanoaa 6e3
(OTOHHOTO KpUCTAILIA, SBISETCS PE3YJIbTATOM B3aMMOACHCTBUS KBAaHTOBBIX TOYEK C MEICHHBIMU OJIOXOB-
ckuMu Mojamu. [1].

Jiist THOPUIHBIX METaJUIOIUAIICKTPUUECKUX CTPYKTYP C KBaJpaTHBIMH pernieTkamu Al HaHOIMCKOB,
PAcIIONIOKEHHBIX Ha BOJIHOBOJHOM ciioe Si, Obli HcciieioBaHbl 3 (ekThl pe30HaHCHOTO B3aMMOJICHCTBUS
IUIa3MOHHBIX 1 (POTOHHBIX MOJ Ha u3nydeHue GeSi KT. Teopernyeckue UCCIeIOBAHMS AUCTIEPCHOHHBIX 3a-
BUCHMOCTEH COOCTBEHHBIX MOJI B MICCIIEYEMOH CTPYKType MOKa3as, 4To B criekrpax ®JI ctpykTyp qaHHOTO
THTIA MOTYT TPOSIBIISITHCS CBSI3aHHBIE COCTOSIHUSL B KOHTHHYYME B 3 QEKTHI IIIOCKUX 30H (MEIICHHBIN CBET).
JlaHHBIE TEOPETHYECKUX PACUETOB OBUIN ITOATBEPKICHBI pe3yIbTaTaMH YKCIIEPUMEHTOB, TJIe OBIJIO MOTyueHO
MHOTOKpaTHOE yBelIn4YeHHe MHTeHCHBHOCTH (oromomuuectenmn ot GeSi KT, BcTpoeHHBIX B Takue T'H-
OpuIHbIE CTPYKTYpHI [2].

PaboTta BbINONHEHa B paMKax TOCYJapCTBEHHOTO 3ajaHusi MUHHCTEPCTBA HAYKH W BBICIIETO
obpasoBanus Poccuiickoit deneparun (tema Ne FWGW-2022-0011).

[1] A. A. Axumos u Op. [Tucoma ¢ JKITD 118, 240 (2023).
[2] V. A. Zinovyev et al. Nanomaterials 13, 2422 (2023).
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WNHaynupoBaHHas 3JIEKTPUISCKUM TOJIEM MOJIIPU3aAMOHHAS aHU30TPOTIHUS
MeK30HHOH (poTomomunectieHnu B GaAS

Bunnuvenxo M. 5., ansrun B. AL, Maxos U.C.%, XBoctukos B.I1.3, ®upcos . AL

L Canxm-Ilemepbypackuii nonumexnuyveckuii ynusepcumem Ilempa Benuxozo, 195251, Canxm-

[lemepoype, yn. llorumexuuueckas, 29

2HHUY BIIID, 190008, Canxm-ITemep6ype, ya. Cowsa ITevamnuxos, 16

SOTH um. A. @. Hoppe, 194021, Canxm-ITemepbype, yn. Honumexnuveckas, 26

Msuorue ontuueckue 3h¢eKThl, Ha KOTOPBIX OCHOBaHA pab0Ta MOIYIIPOBOHIUKOBBIX OMTOAIEKTPOHHBIX
IPUOOPOB, B CHIIBHBIX 3JEKTPUUECKHX MOJISIX MPOSABILIIOT 0c00yIo crienuduky. B yacTHOCTH, MEX30HHAS JIIO-
MUHECLEHIIMS OKa3bIBAETCSl YyBCTBUTEJILHON K pa3orpeBy U Ipel(y cBOOOIHBIX HOCHUTENIEH 3apsiia B 3JIEK-
TPUYECKOM MoJe. MccrnenoBanus 3IeKTPOIFOMUHECICHIIMN B Y3K030HHOM TIONynpoBoanuke INSh mpu mex-
30HHBIX MEPex0/1aX HEPaBHOBECHBIX ANEKTPOHOB U JBIPOK, TEHEPUPYEMBIX B YCIOBHSIX yIapHOW MOHU3AINY,
HPOAEMOHCTPHPOBAIN 3aMETHYIO MOJSIPU3ALUOHHYIO aHU30TPOIHIO UCITyckaeMoro uanydenus [1, 2]. Bouio
YCTaHOBJICHO, 4TO 3TOT 3 deKT 00yCIOBIEH aHU30TPONHEH (PyHKINN pacipeaesieHus] HepaBHOBECHBIX JJIEK-
TPOHOB B AJIEKTPUYECKOM TI0JIC, @ TAKXKE YTIIOBOH 3aBHCUMOCTHIO MEK30HHOTO ONTUYECKOTO MATPUYHOTO dJIe-
MEHTa B UMITYJIbCHOM ITPOCTPAHCTBE.

Lenp nanaO# paboThl — HCCIen0BaTh aHATOTUYHBIN YD (EKT B wupokozonrom nomynpoBogHuke GaAs,
KOI'Jla HEpPaBHOBECHBIE HOCUTENH 3apsa TeHepUPYIOTCS HE 3a CUeT yIapHoW noHuzauuu (s aroro B GaAs
MOTPeOOBATHCH OBl CIIUIIKOM OOJIBIIIUE AIEKTPUIECKHUE T0JIS1), & 32 CYET MEK30HHOTO (POTOBO3OYKIICHHS.

HccnenoBanust IpoBOAMINCH Ha STIUTAKCHATILHOM cJI0e HelerupoBaHHOro GaAs, BeIpallieHHOM Ha Io-
myn3onupytomed momioxkke GaAs. Dnucnoit umen tommuHy 10 MKM, KOHIIGHTPAIUs OCTaTOYHBIX MEITKHAX
IOHOPOB cocTapisna ~ 4-10% cm™, Jns co3nanns narepaabHOro >I€KTPUYECKOro Mo F Ha MOBEpXHOCTH
AMHCI0s OBUTH CO37aHbl OMUYECKHE KOHTaKThl. O0pa3el] MOHTUPOBAJICS Ha MEIHOMN TIACTUHE M MOTPYKAJICS
B KBapueBblid cocyn Jlptoapa c xxuakum azotoM. PoToBo30yxkIeHHe 00pas3ia OCyIIeCTBISUIOCh Ha JUTHHE
BOJIHBI 428 HM na3zepHbIMU uMITysibcamu (200 He). CnekTpbl Mexx30HHOH (oTomomunectienimu (DOJI) uccre-
JOBAJIMCH MIPHU BAPbPOBAHUH JICKTPUUECKOTO TOJIS, @ TAKXKE B €T0 OTCYTCTBUE C IIOMOILBI0 MOHOXpOMAaTopa
u kpemaneBoit CCD kamepsl. J{ns ananmza monsipuzanuonHoi 3aBucumocty OJI ucmonb30Baics JIMHEHHBIN
nossipuzatop. CpeHsis MOIIHOCTh OTOBO30YKICHHUS BhIOMpanack MeHee 50 MKBT, a anexTpudueckoe mose
MPUKIIAIIBATIOCH B BUJIE UMITYJIBCOB JUTUTEIBHOCTHIO 250 HC, CHHXPOHU30BaHHBIX C HMITyJIbcaMu (POTOBO3-
Oyxnenus. Kpome Toro, Oputn ricciaeoBaHbl BOJIbT-aMIIepHbIe XapakrepucTuku (BAX) o6pa3nos.

Br1o npoBeneHo Teopetnyeckoe Moaenuposanue crektpoB OJI ais nonsipuszanuy Boas noist F u mep-
NEHIUKYISIpHO eMy. DYHKIMK paciipeielieHHss HEPaBHOBECHBIX AJIEKTPOHOB M JIBIPOK OMHCBHIBAIUCH CMEIIIEH-
HBIMH pactipeienieHusIMi MakcBeuia—bonbiMana ¢ 3pQeKTHBHBIMU TeMIiepaTtypaMu Te U Th. i1t onpenenenus
3THX TEMIIEPATYp, a TAKKE CKOpOcTer Apeiida 3IeKTPOHOB U ABIPOK OBLIN UCIIOIb30BaHbI HE TOJIBKO CIIEKTPHI
@JI, Ho Taxke BAX 1 TeopeTueckuil pacyeT CKOPOCTU HOTEPh SHEPTUH HEPABHOBECHBIMH JIEKTPOHAMHU NPU
MX PacCEessHUH Ha TOJISIPHBIX ONTHYECKUX (DOHOHAX ¢ yueToM (P (PEKTOB SKPAHUPOBAHUS U HAKOIUICHUST HEpaB-
HOBECHBIX ()OHOHOB. Pe3ynbrar MozeMpoBaHusl OTHOIICHUSI UHTeHCUBHOCTeH m3nmydenns DJI mis nByx yka-
3aHHBIX NOJIIPU3ALMH MPEICKA3bIBACT JIMHEWHYIO 3aBUCHMOCTD 3TOr0 OTHOILIEHHUS OT 3Hepruu ¢oToHa (Ipu
hw > Eg) 1 KBaJpaTH4HYIO 3aBUCUMOCTB OT F/Te (311€CH 44— NIOJIBHKHOCTB 3JIEKTPOHOB B 3a/1aHHOM roe F),

YTO XOPOLIO COTJAaCyeTCsl C HKCIIEPUMEHTAIBHBIMH pe3ylibTatamu. B anextprueckom nose F = 1650 B/cm cre-
TIeHb MOJISIPU3AIMOHHON aHU30Tporny Mexx30HHOU DJI nocturaer ~8%.
Pabora mogepskana rpanrom PH® Ne 23-12-00036.

[1] M.A. Vasil'eva, L. E. Vorob'ev, V. 1. Stafeev, Soviet Physics Semiconductors 3, 1374 (1969).
[2] 1.S. Makhov et al., Journal of Physics: Conference Series, 993, 012001 (2018).
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Tpanchopmarus ¢a3 yriaepoaHbIX MaTEpPUAIOB MO ACHCTBUEM BBICOKHUX
JaBJICHUU

Tuxomupona I'.B., Ilerpocsa T.K., Bonkosa S1.10., Te6enrkoB A.B., Coxomosckwuit /. H.
Yp@V, 620000, Examepunodype, np. Jlenuna, 51

HccnenoBansl siBeHHs epeHoca B yriepoJHbix MaTepranax (pymnepenax Ceo (B pasubix dazax), Cro
BTIK (haze, OTHOCTCHHBIX U IByCTEHHBIX yriepoaubix HanotpyOkax (OYHT u AYHT), B rpadene u rpadure
pasHbIX THTOB) ipH AaBieHusax 10 50 I'Tla. M3ydena kuHeTHKA pellakcaliy STHX MaTepHUaIoB IPU W3MEHEHUHN
naBieHus. M3MepeHus: NpoBOAMIIMCH B KAMEPE BBICOKOTO AABJICHUS C aJIMa3HBIMH HaKOBaJIbHSMH U3 CHHTE-
THUYECKHX alMa30B «KapOoHaao» [1]. MeToanka mo3BosisieT MpOBOAUTH UCCIICAOBAHUE OJTHOTO U TOTO K€ 00-
paslia HeCKOJIBKUMH IIMKJIAMH YBEJIHMYCHUS — CHIKCHHS IaBJIeHHs Ha oOpasen [2].

B mporecce o6pabotku naBneHneM u temneparypoid ¢ymiepeH Cep HCIBITBIBAET TOCIEA0BATEIHPHOCTh
(hazoBBIX TpeBpameHuit. OTH (Ha3bl CHIFHO OTINYAIOTCS KaK 10 BEIMYMHE COMPOTHUBICHHS (0T coteH OM 1o
coteH MOM), Tak U 10 €ro TemMrepaTypHOi 3aBUCUMOCTH. VneHTuguImupoBaHsl 0COOEHHOCTH, COOTBETCTBYIO-
e U3BECTHBIM M3 JIUTEPaTypbl (Pa3oBbIM MpeBpalleHusM dyuiepena. [Ipeanoxena cxema nocienoBaTeIbHO-
ctr (Pa3oBBIX TpeBpaIeHnil (yuiepeHa moj AeWCTBHEM BBICOKMX MaBieHud. OnpeeeHo BpeMs pellaKkcarui
COnpoTHBJIEeHUS BeexX (a3 ymnepura nocie N3MEHEHHS JaBICHHS: OHO COCTAaBIIET OojIee IBYX 4acOoB.

Oopasen pymiepena Cro mpoxoauT uepes psa (ha3oBbIX IPeoOpa30BaHUit, 00YCIOBICHHBIX OPUCHTAITH-
OHHBIM TIEPEXOJIOM, TpolieccaMu amopdu3anyu, 1 HeOOpaTHMBIM pa3pylIeHHEeM CTPYKTyphl. [Ipeobpasosa-
HUs cTpYKTYphI Cro, IpoHCXOsIIHE TIpH AaBieHusx mopsaaka S0 I'Tla, apnstorcs HeOOpaTUMBIMHU.

Hccnenyemble 00pasiibl OJHOCIOWHBIX YIJIEPOAHBIX HAHOTPYOOK OBUIM MOJIyYeHBI METOAOM XHUMHUYE-
ckoro napodasznoro ocaxaenuss CVD u ountuensr Mmerogom HiPCO (High pressure CO). Iuamerp OYHT
OBLI OLIEHEH TP MOMOIIIY MPOCBEYHBAIOIIETO 3JIEKTPOHHOTO MUKpockona u coctaBui 0,8 — 1,2 am. OGHapy-
JKEHa CHJIbHAs 3aBUCUMOCTH compotuBieHus XryToB OYHT ot maBnenns. OOHapyskeHa CIOXHAS 3aBUCH-
MOCTb CONPOTHUBIICHHS )KI'YTOB IBYCTEHHBIX YIiIepoaHbIX HaHOTPYOOK (JAYHT) ot naBneHus, kotopast CBSI3bI-
BaeTcs ¢ mpoleccamu IeOpMaIiK KX yTIIEPOAHON CTPYKTYpHI. M3-3a GobIIoro AuamMmerpa BHEUTHEH TPYyOKH,
M, COOTBETCTBEHHO, OOJBIIEr0 KOJMYECTBa Je(EeKTOB, IBYCTEHHAs CTPYKTypa paspyllacTcs MpU ropasio
MEHBIINX JaBICHHUAX, YeM OAHOCTEHHAasA. TeM He MeHee, IIOJHOro pa3pylleHHss HAHOTPYOOK HE IPOUCXOAUT
BIL10TH 10 30 I'Tla.

HccnemoBanbl MPOBOIUMOCTh, MarHeTOCONPOTUBIIGHUE U TEPMO3JIC TpaduTa u rpadeHa B 3aBUCHMO-
CTH OT JIaBJICHUS [TPU KOMHATHOW TEMITepaType, a TaKkKe KMHETHKA UX peakcaiun. Habmomasimecs ocobeH-
HOCTH CBSI3BIBAIOTCS C (ha30BBIMHM IIEPEXOAaMU B TpaduTe IpH 3TUX JaBiieHUsX. MccnenoBanacs BO3SMOXXHOCTh
BO3HHKHOBEHUs HOBBIX (ha3 yrieposa u3 rpadura npH JUIMTENBHOM (CYTKH) BBIJICPXKKE MO IaBieHHeM [2].
OO6HapyxeHbl 0COOEHHOCTH CONPOTUBIICHUS, TEPMOJJIC U BPEMEH peJlaKcalliyl CONPOTHUBIICHUS B 00nacTu 27-
35 I'Tla, mo-BUIUMOMY, CBSI3aHHBIC C 3apOJIbIIIIAMU HOBOH (ha3bl, COXPAHSIONIMMUCS MOCTIE CHATHS HArpy3KH.
U3 pesynbraros uccnenoBanus 0apuueckoii 3asucumoctd TOC mis nuponutrueckoro rpadura MOKHO cle-
JIaTh BBIBOJ, YTO BO3MO>KHO ITOJyYEHHUE OTHOCUTEIBHO CTAOMIBLHON YIJIepOAHON (pa3bl BEICOKOTIO AAaBIICHHUS.
s ’'M3 OCY u npupoHoro rpadura JaHHOTO Uuara30Ha JaBJICHUH U BpeMEHH 00pa00TKU JaBlIcCHUEM He-
JOCTaTOYHO JJIsl OKOHYATeNbHOTO (hopMHUpoBaHue HOBOH (a3bl. T.e. Ppa3oBeiil mepexoy B rpaduTe Mpu BHICO-
KOM JIaBJICHHH 3aBUCHT OT BHJa HCXOAHOTO 00pasia.

[1] Bepewaeun JI. @., Hxosnes E. H. u op. Il ITucoma ¢ KOT®. 1972. T. 16. C. 240.
[2] T. K. Petrosyan, G. V. Tikhomirova, D. K. Kuznetsov J. Phys.: Conf. Ser. 653 012096 (2015)
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Pacuer Temniepatypsl Kropu—Beiicca pist mosrynpoBOJHUKOB
C BOJIOPOJIOTIOIOOHBIMU IIPUMECSIMU Ha nipumMepe N-Si:P

Ioxaonckuii H.A.Y, Beipko C.A.%, 3a6poncknii A.T.2

Y Benopyccruii 2ocyoapcmesennviii ynusepcumem, 220030, Munck, np. Hezagucumocmu, 4
2 -
OTU um. A. @. Hopgpe, 194021, Canxm-Ilemepbype, ya. [lonumexnuueckas, 26

ITonHbIN AIEKTPOHHBIN CIUHOBBI MarHUTHBIA MOMEHT 3JIEKTPUYECKHA HEUTPaJIbHBIX JJOHOPOB:

M = ngB(N;T —Ngy) ’ (1)

rae ga — g-(baKTOp 9JICKTPOHA Ha JOHOPE, Up — MAarHe€ToH Bopa, NOT u NOl — KOHIICHTpAllM JOHOPOB CO
CIIMHaMH BBCPX U BHU3 B MAarHMTHOM II0JIC:

N OqHeB N JakeBo | |.
N =—9|1+th| 2¢B=0 N., =—0[1—th| 2dB0
T2 { ’ { 2kgT ﬂ 2 { ( 2koT H @

3nech No = (1 — K)N — koHIeHTpalus HeWTpalbHBIX JOHOPOB IPH MOJIHON KOHIIEHTpaIu 10HOpoB N u cte-
ey komnexncanuu K; gaus/2 — MOIyJIb MArHUTHOTO MOMEHTA 3JIEKTPOHA Ha JIoHOpe, Bo — WHayKIKs BHEIII-
HEro MarHuTHOTO nouisi, K — moctosinHast bonmbimana, T — abcouoTHas TemMeparypa.

Cornacho [ 1], remnepatypa Kropu—Beiicca Ocw = 2J/2Kg, r1e Z = 1 — 9nci0 HanOIMmKaWImX cocee,
J — oOMEHHBIH HHTErpall MeX1y Napoil HanOIKaWIINX HEHTPaTBHBIX JOHOPOB:

1
1= [(NZ + N2, )E) + 2Nga Ny (EQI; 3
0

sneck (Et) u (Es) — cpeanue 3HaueHHs SHEPTHid TPUILIETHOTO () M CHHIJIETHOTO (S) COCTOSIHUI JBYX JICK-
TPOHOB Ha TNape OJIMKANIINX 10 PaCCTOSHHUIO IOHOPOB. 3HaueHHe TeMiieparypsl Kiopu—Beticca Ocw > 0 co-
OTBETCTBYET (heppoMarHuTHOMY, Ocw = 0 — mapamarautHomy, a Ocw < 0 — aHTHEPPOMArHUHOMY COCTO-
SIHUFO CHCTEMBI CIIMHOB JIEKTPOHOB HEUTPAIIBHBIX JOHOPOB.

Yucnennsle pacyeTsl Ocw BBIMOIHUTUCH st cucTeMbl N-Si:P (ga = 1.999) co 3HaYeHUsIMU KOHIIEHTpa-
uii U1 epexozia u3oaaTop—MeTann (nepexona Morra) Nm = 4.7-10%, 1.0-10°, 9.6-10%° cm 3 npu cTenensx
kommencarmu K = 0.15 (kpusas 1), 0.5 (2), 0.85 (3), coracHo 3KcIiepuMeHTaIbHBIM JIaHHBIM [2], TIpH UHIYK-
MU BHEITHETo MarHUTHOTO 1oi1st Bg = 600 mT, B uaTepBane remmneparyp 2—20 K.

(@ (b)
30+
v « 20
2 =
@ ® 10
IEem——m—— oo eeeee ]
200 o T N . ‘* . *
2 4 6 8 10 12 14 16 18 20 1018 10%° 102
T, K N, cm™

Puc.1. — 3asucumocms memnepamypwr Kiopu—Beiicca om memnepamypur ona K =0.5; N=3-10® cm™ (a)
u noanou konyenmpayuu gpocgopa ons T =5 K (b) 6 kpucmanne n-Si: P npu unoykyuu Bo = 600 mT, cmpenxamu
Ha pucynxe (b) noxazamvi Konyernmpayuu 0na nepexooa uzonsmop—memant Ny = 4.7-10%; 1.0-10"°; 9.6-10"°
cm ™~ npu komnencayusx K = 0.15 (kpusas 1), 0.5 (2), 0.85 (3) coomeemcmsenno, coanacto [2]

[1] N.A. Poklonski et al., AIP Adv., 11, 055016 (2021).
[2] Thomanschefsky U., Holcomb D. F. Phys. Rev. B, 45, 13356 (1992).
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HureBuansie Hanokpuctawibl INGaN: poct, pusnueckue cBoiicTBa
U IPUMEHEHUE

I'pumgunn B.O.13, Kotap K. 1113, [iparynosa A.C.%, Pesauk P.P.23 pipmun I'.D.13
YCII6AY PAH um. JK.U. A, 1peposa, 194021, yn. Xnonuna, 0. 8/3

2CHery, 199034, Canxkm-Ilemepbype, Ynueepcumemcras nab. o. 136

SUAIT PAH, 198095, Canxm-Ilemep6ype, yn. Heana Yepnvix, 0. 31-33

B HacTosimee BpeMsl 3HaUUTENbHOE BHUMAaHHUE HCCIIEI0BATENENH COCPEJOTOUEHO Ha MOIyIPOBOIHUKO-
BBIX HUTeBUIHBIX HaHOKpucTamiax (HHK). CtpemuTenpHOE pa3BUTHE 3TOH 00JIACTH CBSI3aHO C TEM, YTO II0-
JTYIIPOBOJHHUKOBBIE MaTtepuanbl B Mopdonorun HHK MoryT ObITh cHHTE3UPOBAHBI C KPUCTAIIMYECKIM Kade-
CTBOM, Ha TIOPSJOK MPEBBIIAIOIINM Ka4eCTBO COOTBETCTBYIOIINX SMUTAKCUAIBHBIX CIIOEB M MTPH STOM Ha pac-
COIJIACOBAaHHBIX 10 OTHOLIEHHUIO K PAcTyIIEMy MaTepually MOJUIOKKaX, B YaCTHOCTH Ha KpeMHUHU. B To xe
BpeMs aKTHBHO HCCIeytoTcs Tpoitable coequuerns INGaN — mpsMo30HHBIE TOTYTIPOBOAHUKOBEIE MaTEpH-
aJIbl, IIMPUHY 3allPelIeHHON 30HBI KOTOPBIX MOXKHO BapbHpoBaTh B quamazone ot 0.7 no 3.4 5B myTtem n3me-
HEHUs MOJIbHOM nonu uHaus. Ha ceromusiauii neHs INGaN HaxomuT cBOE MPUMEHEHHE B COBPEMEHHBIX
OIITO3NIEKTPOHHBIX YCTPOUCTBAX, TAKMX KaK MUKPO- U HAHO- CBETOJHOABI U YCTPOMCTBA Pa3JIOKCHHS BOJBI.
OpHako, B CBS3H C CYIIECTBEHHBIM PaccoriiacOBaHueM MOCTOSHHBIX perneTok Mexay INN u GaN, InGaN mox-
BepkeH (a30oBOMY pacnany MpakTHYECKH BO BCEM JMAa3oHE XUM. COCTABOB. B cilyyae SMUTaKCHAIBHBIX
CIIOEB 3Ta TPYIHOCTh 3a4acCTyIO0 MPHUBOAUT K HEKOHTPOJUpYyeMOMY (HOpPMHPOBaHUIO OOJIACTEH BBICOKOTO
1 HU3KOTO COAEP)KaHMsI MHAWS U UX HHU3KOMY KadecTBY. lIpu 3TOM B cilyyae pocTa HUTEBHIHBIX HAaHOKPH-
CTaJUIOB BO3MOXKHO ()OPMHUPOBAaHHE HOBBIX HAHOPA3MEPHBIX reTepOoCcTpyKTYp, Takux kak HHK co contanHo-
cOPMHUPOBAHHOW CTPYKTYPOH «sIap0-000JI0UKa» C BBICOKMM copaepxanueM In B «impe» [1], usyuenue
CBOMCTB KOTOPBIX IIPEACTABIISIECT HAYYHbII U IPAKTHYECKUI HHTEPEC.

Hacrosimas paboTa mocssiiieHa SKCIEPUMEHTAILHOMY HCCIEIOBAHUIO POCTa HUTEBUIHBIX HAHOKPH-
crauioB INGaN mMeTonoM MOJIEKyIApHO-IyYKOBON SMUTAKCUU C IUIA3MEHHOM aKTHBAaLMEH a30Ta, CO3aHUIO
HaHO-CBETOM3ITYUAIOIINX JTUOIOB Ha ocHOBe noiydeHHbXx HHK u uccnenoBanuio Gpu3ndeckux CBONCTB BbI-
pallleHHBIX HAHOCTPYKTYp. YCTAaHOBJICHO, YTO HUTEBUAHBIC HaHOKpHcTauTbl INGaN co cTpykTypol «sapo-
000J104Ka» U BBICOKUM cofep:kaHueM IN ¢popMHUPYIOTCS IPH OTHOCUTEIBHO BBICOKMX POCTOBBIX TeMIIEpaTy-
pax, MPeBbILIAIIINX TeMIepaTypbl pasnoxerus INN B Bakyyme [2]. [Ipu aTom coaepxanue In B HUTEBHIHBIX
HaHOKpUCTAJIJIaX MOXKHO BapbUpPOBaTh B auarna3zoHe 30-45 % rmyTeM CHIKEHHs TeMIepaTypbl pocta Ha 5-10
°C, 4TO 00BACHSIETCS yMEHbIIIEHHEM JiecopOumu In ¢ pocToBoii moBepxHOCcTH. MccaenoBano BIMsSHIE COOT-
HOIIIEHHS TIOTOKOB maarorux snementos 1/V rpynm va popmuposanne HHK u mokaszano, uto s ux ¢op-
MHPOBAHHUS B CTPYKTYPE «SIAPO-000JI09Ka» HEOOXO0AUMO MOIEPKUBATH COOTHOIIEeHHE TOTOKOB |11/V BOH3H
1 ¢ yuérom necopObuun In ¢ pocToBoi moBepxHOCTH. BhIsIBICHA B3aMMOCBSI3b MEXAY colepxkanueM In, pocto-
BBIMH ycIoBHSIMHU U ontudeckumu cBoiictBamu HHK. IIponemoncTprpoBana BO3MOXXHOCTh CO3/1aHUS HAaHO-
CBETOM3ITYUAIOIIHX JHOTHBIX CTPYKTYP CHHE-3€JICHOTO CIIEKTpa U3JTyueHHUsI Ha OCHOBE P-i-N CTPYKTYp, COCTO-
smx n3 HHK GaN/InGaN ¢ o6bemuabsiMu BctaBkamu InGaN.

[lonmy4eHHsIe pe3ysbTaThl MOTYT OBITH HCIIOJIB30BaHbI IpU pa3padboTke RGB HaHO-cBeTOM3MyUarOmMuUX
JIMOI0B Ha KPEMHHUHM M M3YyYEHHH IPOIECCOB POCTa CIOHTAHHO-(GOPMHUPYIOMIUXCS HAaHOT'CTEPOCTPYKTYP
B HHK Ha ocHOBE TpOWHBIX COEAMHEHUN.

Pabora BemoHeHa npu (hrHAaHCOBO#H noepskke Poccutickoro HayuHoro ¢onza (mpoekt Ne 23-79-00012).

[1] Gridchin V. O. et al., Nanotechnology., 3(33), 707 (2021).
[2] KobImiiller G. et al., J. Appl. Phys., 101(8), 083516 (2007).
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HccnenoBanue npsamoro kpast GyHIaMEHTATbHOTO MOTJIOMICHHS
o0bEMHOTO KpucTaiia EUS; mo criekrpam ropsiueit (hOTOTIOMUHECIICHIIUU
U MUKPOOTPKECHUS

Exumos E.A L, Yemanos U. .23 Hukonaes C.H.?, Kougpun M. B.}, Kpuso6oxk B.C.?3

‘UDBII PAH, 108840, Tpouyx, Kanyocckoe wi., 14

2OUAH, 119991, Mockea, Jlenunckuil np., 53

SMaTH, 117303, Mockea, Kepuencras yn., la k.1

JuxanbpKoreHu bl IEPEX0AHBIX METAIJIOB, aKTUBHO H3Y-
YyaeMble B TIOCIIETHUE TOJIbI, MPEICTABISIOT OONBIION WHTEpEC
JUTSL HAYKH OJ1arosiapsi CBOMM YHUKAILHBIM CBOMCTBAaM, KOTOPBIC
HaXOJSIT MPUMEHEHHE B Pa3IM4HBIX obnacTsx [ 1-3]. bnarogapst
UX YHUKAJIBHBIM CBOWCTBAM BEIETCS IOUCK APYTUX Y3KO30HHBIX
CIIOUCTBIX MaTEPUAIIOB.

B nannoit paboTte 00CyXIArOTCS ONTHYECKUE CBOHCTBA
cioucto (asel aucynbduma eBponus. OCHOBHOS BHUMaHHE
yIIeJIEHO OTIPEENICHHIO TIOJI0KEHUS PSIMOTO Kpast hyHIaMeH-
TaJBHOTO TOTJIOMICHUSI 00BbEMHBIX KPUCTAJUIOB TIO CHEKTpam
ropstueit HOTOMOMUHECIICHITUN U MUKPOOTPAKEHHUSL.

Iporiecc monmydyeHus oOpa3ioB W MX MEPEHOC HA MOJI-
noxku Si/SiO; mpexacrasieHsl B [4]. TlogpoOHOe omucaHue
SKCIIEpUMEHTAIBHON ycTaHOBKH JaHo B [5]. Ha puc. la moka-
3aHbl OCHWIISAIHMU KO(h(DUIMEHTa OTPaKEHHS I TUIEHOK
EuS; Tommunoi 1.15 1 1.59 MxM. C TOMOIIBIO CIIEKTPaTBFHOTO
MOJIOKEHUSI WHTEPPEPEHIMOHHBIX MHHUMYMOB M MaKCHUMY-
MOB OBUIM pacCUMTaHBl MOKAa3aTeNId IMPEJIOMIICHUS TUIEHOK
B 3aBHCHMOCTH OT JUTHHEI BOJHEI (puc. 1b). Taxke ObutH n3Me-
PEHBI CHEKTPBI Tropsiueii MHUKPO(POTOIFOMHHECIICHIIMN TPH
temneparype 5 K (puc. 1c). 3 npeacraBieHHbIX JaHHBIX Clie-
IyeT, 4ro y o0bEéMHBIX 00pa3ioB EuS; koMOuHHMpOBaHHas
IUIOTHOCTh COCTOSTHUU COJICPXKUT OCOOCHHOCTh, OTBETCTBCH-
HYIO 32 meperud B CHEKTpe MOKa3aTells MPETOMIICHUS U MUK
JIFOMUHECIICHIIUY, Ha0JroqaeMble B ooactu 690—700 um. [lan-
Hasi 0COOEHHOCTh JIEMOHCTPUPYET XapaKTEPHbIC YEPThI CHHTY-
JISIPHOCTH TUIOTHOCTH COCTOSIHUM, TUIWYHON I MPSIMOTO
Kpasi pyHIaMEHTAILHOTO MOTJIOIICHHS.

Pabota BeImonHeHa mpu nmoazepkke Poccuiickoro Hayd-
Horo (onpa (rpant 3-22-00444).

[1] A. Splendiani et al., Nano Letters, 10, 1271 (2010).
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HUS, 3aNUCanmble nPU KOMHAMHOU memne-
pamype 015 NIEHKU MOJMUHOU = 1.15 mkm
(3enenas kpueas) u~ 1.59 mxm (Kpacuas
Kpu6as), HOPMUPOBAHHbIE HA CHNEKMp
MUukpoompaicenust noonodicku. (b) 3asu-
CUMOCb NOKA3amMesi NPELOMIeHUS Nilé-
HOK om OnuHbl 60aHbL. (¢) Omuowenue
CNeKmpo8 MUKpOGDOmMOonoMUHecyeH YUY

6 oonacmsx ¢ nienxoul EuS» u 6e3 nee sa-
nucanuwle npu memnepamype 5 K [6].

[2] B. Radisavljevic et al., Nature Nanotechnology, 6, 147 (2011).
[3] O. Lopez-Sanchez et al., Nature Nanotechnology, 8, 497 (2013).

[4] E. A. EKimov et al., CrystEngComm, 25, 2966 (0223).

[5] S.N. Nikolaev et al., Progr. J. Lumin. 231, 117812 (2021).

[6] E.A. EKimov et al., JETP Letters, 118, 266 (2023).
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Teopus anekTpruUecKOr MArHUTOKUPAIBHON aHU30TPOIIHH B TEILTYPE

Hpuenko E.JI.Y, Tony6 JI.E.?, CimBak B5.3.2

'\OTH um. A. @. Hogpghe PAH, 194021, Canxm-ITemepbype, ITorumexnuyeckas yi., 26

“Terahertz Center, University of Regensburg, 93040 Regensburg, Germany

3University of Washington, Seattle, WA 98195, USA

ITo onpenencHuIo KHpaTbHBIA, I YHAHTHOMOPQHBIA, 00BEKT — 3TO 00BEKT, KOTOPHIH OTINYIACTCS OT
CBOETO OTPaXXCHUS B 3epKaje. DJICKTPHUUECKONH MarHUTOKHpalbHOH ann3oTponueit (OMKA) HaspiBaercs mo-
SIBJICHHE B CONMPOTHUBIICHUU KHpajbHOrO MaTepuasia R = Ro (1 + v B |) monosiHuTENBHOTO BKIaaa, KOTOPBINA
MIPOIOPITMOHAJICH TTPOU3BEICHUIO AIIEKTPHUECKOro Toka | u MarauTHOTO monst B 1 B KOTOpoM KOHCTaHTa 7y
MMeeT pa3HbIe 3HAKH JJIS JICBOH W MPaBO¥ dHAHTHOMOPQHBIX MOAUGUKANMMA, cM. Hamp. 0030p [1]. DTOoT 3h-
(eKT KUpaNIbHOCTH B MATHUTOTPAHCIIOPTE HAOMIOAaCs B PAAe TBEPIBIX TEN U, B YACTHOCTH, B KPHCTaJLIaX
temnypa [2]. B nanHo# pabote moctpoena teopuss DMKA B KMpalbHBIX KpUCTaIaX, KOHKPETHBIA pacyeT
MIPOBE/IeH LTS TeJuTypa P-Trma [3].

Makpockonmdecku IMKA onuchIBaeTCS TPETHHUM CIIaTa€MBbIM B Pa3IOKCHHUH TIOTHOCTH JJICKTPHYC-

CKOTO TOKA 10 CTENEHAM 3JIEKTPUYECKOTO M MATHUTHOTO MOJIEH
Ji = cijEj + cijk Ej Bk + Gijxi Ej ExBI. Q)

[lepBrie qBa claraeMbIX ONMPEICIISTIOT OMUYECKHN M XOJUTOBCKUH TOKH. TeH30p Gij BKIIOYAET KaK KH-
pasibHBIC, TAaK U HEKHPaJIbHbIE KOMIIOHEHTHI. TakK, B TeIype KOMIOHEHTHI Gzxxy MIIN Gyxy; ONMHAKOBBI B ABYX
MOM(UKALUAX STOTO KPUCTAILIA C MPOCTPaHCTBeHHBIMH Tpymnamu Ds* (P312) u D3® (P3;1), Toraa xak kom-
MOHEHTHI Gzzz; WM Gyox = Gyyyy pa3iuyaroTcs 3HakaMH B 3THX SHaHTHOMopdax. Hamr ananus mokasan, 4Tto
JaHHbIe 10 HaOmoaeHuIo 3¢ dexta IMKA B padote [2] mpoTuBOpedaT cooOpakeHUSIM CUMMETPUH U ITa pa-
0oTa TpedyeT KpUTHIECKO IMepeOIeHKH.

IIpu moctpoennn mukpockonuueckod Teopun IMKA mnokazaHo, YTO YNPOILIEHHOE PacCMOTpPEHHUE
C BKJIIOYCHHEM B 3()(peKTUBHBII TaMUIITOHUAH CIaraeMoro, MPONOPIHOHATBHOTO TPOU3BEICHUIO BOTHOBOTO
BekTOpa JbIpkH K Ha 1ose B, He puBoauT K 3ddekTy, 1 TpedyeTcs yueT no Kpaiinei Mepe cinaraembix ki®Bj.
PaccmoTpens! nBa He3aBUcHMBIX MexaHn3Ma OMKA, 00yclOBICHHBIX CIIMH-OpPOMTANBHBIM B3aUMOZCH-
CTBHEM JBIPOK B BaJICHTHOM 30HE Tesutypa. IlepBrlii 3 HUX BO3HHKAET MPHU yUeTe TOIBKO YIPYTHX IIPOLECCOB
paccesiHUs, TOrJa Kak BO BTOPOM MeXaHU3Me MarHUTOKUPAIBHBIA TOK (opMHUpYyeTCsl B pe3yJIbTaTe HarpeBa
JBIPOYHOTO Ta3a AIEKTPHYSCKHM TOJEM U MOCIEAYIOIeH acHMMETPUYHON SHEPreTUYecKOW peakCallyy.
Bxiagpl 000MX MEXaHU3MOB B TOK COBIA/IAIOT I10 MOPSAKY BETHYHHBI.

HccnenoBanue BBITIOIHEHO 3a c4eT rpaHTa Poccuiickoro HayuHoro ¢ouaa (mpoekt Ne22-12-00211).

[1] M. Atzori et al., Chirality 33, 844 (2021).
[2] G. L. J. A. Rikken, N. Avarvari, Phys. Rev. B 99, 245153 (2019).

[3] L.E. Golub, E. L. Ivchenko, B. Spivak, Electrical magnetochiral current in tellurium, Phys. Rev. B
108, 245202 (2023).
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Komnebanus Toka B ABYXIOJIMHHBIX ITOJIYIIPOBOAHUKAX B 3dBUCUMOCTH OT
OpHUCHTALIMH BHCIIHCTO SJICKTPHUYCCKOI'O U MAIrHUTHOI'O oJieu

Tacanos D.P.12, Xaamuosa III.T'.2, Mycradaesa P.K.!

Bry, AZ-1148, baxy, Azepbaiiosicanckasn Pecnyonuxa, ya. 3. Xarunosa,23

2Uncmumym Puzuxu, AZ-1143, Baxy, Azepbaiioscanckas Pecnybnuxa, np. I Jicasuoa, 131

Korna x kpucTamury mpuiIoKeHO JOCTATOYHO OOJBINOE AIEKTPHUECKOE TIOJIE, DIIEKTPOHBI YCKOPSIFOTCS
1 ux 3 pekTrBHAS TEMIIEpaTypa MOJHUMACTCS BBIIIC TEMIIEPATYPhI PEIICTKH, a B 00IIEM ClTydyae JOJDKHA yBe-
JIMYUTHCS. U TeMIlepaTypa pelmieTku. B pe3ynbraTte U3MEHSIETCSl HE TOJMBKO MOJBUXKHOCTH, HO U TUIOTHOCTHU
3IIEKTPOHOB B 30Hax [1-4]. BenuuuHy npupocTa IpOBOJMMOCTH C YBEIUYECHHEM TT0JISI MOYKHO 3aIHCaTh B BUJIE

dG e(ya%+ dnb)+e(nad‘ua+nb%j

aF \egE TR dF P gF

/ua_lub _id& _p >1
Ha + f:ub N, dF
_idna ——qT—edna
n, dF n, dT,

Konuentpanus snexktporoB B GaAS sBIsieTCS TOCTOSHHBIM, TO3TOMY

!

Ny =N, + N, = const n, =-n,

VYpaBHeHHs HEPa3pHIBHOCTH B JOJUHAX «@» U «D» MMEIOT BUII:

! !

na Y na ony .= n
— +divj, =—= b r—_b
ot Ja s ot + divj; -
2 3
y®+ b e y+ _2 L]0
3 27 3
woza)a(bo_l)
w, =b

IIyTem TeopeTndeckoro pacyera IOJyYEHbl AHAIUTUYECKHAE BBIPAKEHUS U1 4aCTOTHI U MHKPEMEHTA
KoJIeOaHus TOKa B IBYXIOJMHHBIX NONMynpoBoaHuKax Tuna GaAs. JlokazaHo, 4yTo, BpeMs Ilepexoa 3JIeKTpo-
HOB U3 HIDKHETO YHEPreTHYECKOr0 MUHUMYMa B BEPXHUI 3HEPTeTUYECKU MUHUMYM HaMHOT'O MEHBIIIE, YEM
BpeMs IIepeXoa 3IEKTPOHOB U3 BEPXHET0 SHEPreTUYECKOTO0 MUHUMYMa Ha HU>KHUM MMHMMYM. B Teopetuye-
CKOM pacyere ObUIM MCIIOIB30BaHbI YHCICHHBIE JAaHHBIC JJIS AJIEKTPHUYECKOTO IMOJIS B dKCIiepuMeHTe ['aHHa
JBYXJIOJMHHBIX MOJIyIPOBOIHUKaX THIIa GaAs.

[1] Yamashita J., Watanabe M., Progr. Theor. Phys., 12, 443 (1954).

[2] Stratton R., Proc. Roy. Soc., A 242, 355 (1957).

[3] Conwell E.M., Brown A. L., Journ. Phys. Chem. Solid, 15, 208 (1960).

[4] Hasanov E.R., Islamzade A.V., Hasanov H.Sh.Thermomagnetic Waves In Anisotropic Conductors
International Journal On Technical And Physical Problems Of Engineering,.8, N1, 50-54 (2016).

25



Obvemmubie noaynposoOHUKU

DKCUTOHHBIN BKJIaJ B TUAJIEKTPUYECKYIO IPOHULIAEMOCTD
(oTO0OTYyUaEMbIX TOJIYITPOBOJHUKOB: OT MUKPOBOJIH 0 ONTUKHU

Byrbuikun B.C.Y, Kpagrmaxep I'. A.Y, ®umep I1.C.1
YoUP? um. B.A. Komenvnuxosa PAH, 141190, 2. Dpszuno Mockoeckoti 0on., na. ax. b.A. Beedenckoeo, |

[IpoBoauTCS CpaBHUTENBHBIN aHATU3 PE3yIbTaTOB SKCIIEPUMEHTAIBHBIX U TEOPETUYECKUX HUCCIIEA0Ba-
HUM MOBEICHUS IUAJIEKTPUYECKONW MPOHUIAEMOCTH & (OTOOOIy4aeMbIX IMOIYIPOBOAHUKOB Kak (YHKLUH
MOIITHOCTH OOJy4eHHs U 30HAUPYIOLICH YacTOThl @ . PaccmaTpuBaroTcsi MEXaHU3MBI, CBSI3aHHBIE C AKCHTO-
Hamu [1] 1 cBOOOIHBIMH HOCUTEISIMH 3apsiioB [2]; COOTBETCTBEHHO, CM. (OPMYJIbI ISl (POTOMHIYLIHPOBAH-

memH ,

HBIX HO6aBOK K TEMHOBOM I[PIC-)HCKTPI/I‘IGCKO?I MNPOHUIIAEMOCTH & .

‘(dw))rr- 2

2 2 H -1
Zwrr.(a)”. -+ 2Ia)r”.)

A IKC — 47ZN IKC =
T ) G ok ©
Ag”””‘)(a)) =— 47zq2 N Bap”(’/m*a)(a) +1 z"l)l (2)

B (1) N’ - koHueHTpalus 3KCHTOHOB, IPONOPLMOHATBHAS MOIIHOCTH BO30YXKNAIOMIEr0 CBeTa; I
. . 1
U O, — WHIEKCHI ¥ HACEICHHOCTH SKCUTOHHBIX ypoBHeii ¢ sueprusamu E, (E, > E.); @, = (Er - Er.)h -

4acToTa Iepexo/ia MeXIy YPOBHAMU I U I (d(w))r'r - IPOEKLUS] MAaTPUYHOI'0 AJIEMEHTA JAUIMOILHOTO MOMEHTA

AJI1 3TOTO TIEPEX0/ia Ha HAIIPABJICHUC IOJBIpU3allMid 30HANPYIOMICTO U3JIyICHMS, 7. — BPCM: pCJIaKCallMh HC-

JMArOHANBHOTO 3IEMEHTA MaTPHIL! INIOTHOCTH. B (2) 1 M” — 3apsz u 2 deKTHBHAS Macca HOCUTENS 3apsia,

7— BpeMsl penakcauy ero ummynbsea, N 7"’ — KoHIeHTpaLys HOCHTENeCH.

OmnpITaMy B TepareprioBoM Auarna3oHe (Hampumep, B [3]), Kak u B onTuke [2], 00HApYKEHO YMEHBIIICHNE
Re & monynposomuuka (GaAs, [3]) npu yBeIMYSHUH MOIIHOCTH JIa3€PHOT0 M3Iy4eHus. IToT 3QdekT Haxo-
JITCS B COTJIACHH HE TOJIEKO C TEOPHEH CBOOOIHBIX 3apsioB (2), HO U, Kak ciemyeT u3 (1), ¢ SKCUTOHHBIM MeXa-
HHM3MOM, T.K. YaCTOTA (@ IPEBBIIIAET YACTOTHI IEPEXOJIOB C y4acTHEM HanboJIee 3aceNeHHbIX ypoBHEH. B ombitax
TUTarepIioBOro Auana3oHa yBeJIMYeHHEe MOITHOCTH CBETa IPHBO/IMIIO K YBEIMUCHNIO Re & MoIynpoBOIHUKOB
CdS, CdSe, Si, GaAs [4, 5], ¢ 4eM pacxo/sTcst BBIBOIbI TEOPHU CBOOOIHBIX 3apsiIOB, HO COTJIACYFOTCS Pe3yJlb-
TaThl SKCUTOHHOH (ITOCKOJIBKY 30HAMPYIOIINE YacTOTHI 3aMETHO MEHBIIIE YaCTOT ITHUX MepexooB). B ombitax
[6] mponopumoHaNEHEI 1M & KO QUIMEHT TOTIIONIeHHsT Ha YacTOTE 30HANPOBAHUS PACTET C YBEINUYCHUEM
MOIITHOCTH 00ITydeHwms1, uTo coriacyercs u ¢ (1), u ¢ (2). B Teparepiiax nmpu HeM3MEeHHOI MOIITHOCTH OOTyYeHHUS
OH BO3pacTaeT C MOHWKEHHWEM 4acTOThl @, 4To cooTBeTcTBYeT (1) 1 (2). [Ipu mepexone oT Teparepi| B rura-
repus! IM & npeoyoneBaeT MaKCUMyM; € TAJIbHEHUIIINM TIOHM)KEHHEM JacToThl IMe&  yObiBaeT. Takoe mosene-
Hue cornacyercs ¢ (1) u He coneprkurcs B (2).

TaxuMm 00pa3oMm, BKIIaJI, CBS3bIBAEMBI OOBIYHO CO CBOOOIHBIMH 3apsaMu, SIBIISIETCS] BHICOKOYACTOTHBIM
KPBUIOM SKCUTOHHOTO OTKJIMKA.

[1] B.C. Bymouikun, IT.C. Duep, I A. Kpagpmmaxep u op., Paouomexnuxa u snexmponuxa, 67, 1185 (2022).

[2] T1.K. Kawrkapos, B.IO. Tumowenxo, Onmuxa meepoo2o meid u CUCEeM NOHUNCCHHOU PA3MEPHOCIU,
Qusuueckuii paxyromem MI'Y, M. (2009).

[3] W.J. Padilla et al., Phys. Rev. Lett., 96, 107401 (2006).

[4] " A. Kpagpmmaxep, B. C. Bymouikun, IO. H. Kazanyes u op., Iucoma ¢ JKOTD, 114, 586 (2021).

[5] B.C. Bymounxun, I. A. Kpagpmmaxep, I1. C. @uwep, Ilosepxnocms. Penmeenosckue, cuHXxpompoHHble
u HetimpouHble uccredosanus, Nel, 41 (2024).

[6] S. Busch et al., Optics letters, 37, 1391 (2012).
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DJICKTPOHHAS CTPYKTYpa U YIPYIHe CBOMCTBA YABOCHHBIX IIOJTY-
["eiicnepoBbix cruraBoB MgXY2Z, (X=Zr/Hf, Y=Pd/Pt, Z=Bi/Sb)

®unanosny A.H.2?, Jlykosnos A.B.}? Tlos3umep A. AL

YVpanvcxuii pedepanvubiii yuusepcumem, 620002, Examepunéype, Mupa, 19

2HDM YpO PAH um. M. H. Muxeega, 620108, Examepunéype, Cogpou Kosanescroii, 18

YaBoenusie craBsl [ eiicnepa — coemuHenus ¢ xummdeckoil ¢opmynon X'X"Y2Z72, X2Y'Y"Z2 umn
X2Y2Z'Z", tne X u Y — nepexoansie Metaiuibl, a Z — p-aneMedT XIII-XV rpynnel. DTH cruiaBel 001aaaioT
PSIOM CBOWCTB, OOYCIaBIMBAIOLIMX MOTEHIHMAT MX IIUPOKO MPAKTHYECKOTO MPUMEHEHHUS, B YACTHOCTH,
B TEPMODRJIEKTPHUECKUX TIpeoOpa3oBaTeisIX SJHEPTruH (B MEPBYIO Odepelb, Omaromaps HU3KOH TETUIOIPOBOTHO-
ctH). HegaBHO ¢ MOMOIIIBIO CKPUHUHTA Ha OCHOBE MAIIMHHOTO 00y4YeHwsI ObliIa TpecKa3aHa pemeToYHast TeT-
JIOTPOBOAHOCTH 118 Takux cruiaBoB [1], B 4aCTHOCTH ObUIM MIACHTH()HUIIMPOBAHBI MSITh COCTABOB C HAUMEHbB-
LIl TeIIonpOBOAHOCTHI0. B HacTosIIeM qOKIaAe MPEeCTaBICHbl Pe3yIbTaThl IEPBONPUHIMITHEIX PACUETOB
3IEKTPOHHBIX U YIIPYTHX CBOMCTB STHX IIATH COCTABOB C YYETOM JIBYX BO3MOYKHBIX KPHUCTAIUTHYECKAX MOMIH-
bukanuii — ¢ npoctpaHcTBeHHbIME Tpyrmamu 1-42d u F-43m.

YcTaHoBIEHO, YTO B ciaydae CTpyKTypsl [-42d mmpuna 3anperinenHoi 3ous1 MgZrPd Bi, cocrasnsier
Becero 0.142 sB, mis MgZrPt;Bi; emie menbiie — 0.083 3B, a B ciayuae MgHfPd,Bi» miens moaHoCcThIO Hicye3aeT
(cwm. puc. 1). IlpuBeneHHbIe 3HaAYSHS ITUPUHBI IENTA MEHbBIIE, YeM Y APYTUX COeNUHEHHH ATOTO Kilacca, YTo
YKa3bIBaeT Ha TO, YTO PacCMaTpHUBaeMbIe COCTABEI MOTYT MPOSBIATH OTINYHBIE SJICKTPOHHBIE TEPMOAIICKTPH-
YECKHUE CBOMCTBA.

4 <=
e x4l

e N Zts S oe
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| w\%y

~DHEY %5@%{%

N~ ’d L2

-3/ 1IN ORI\

XY 5 T Z3 N P Y?zc|x P

Wave Vector
Puc.1. — 3ounas cmpyxmypa MgHfPd;Bi»

W3 pacyeToB ympyrux MHOCTOSIHHBIX YCTAQHOBJICHO, YTO PacCMaTPHBAEMbIC CIUIABBI MEXaHWYECKH
CTaOMIIbHBI B KPUCTAIUIMYECKOM CTPYKTYpe C MPOCTpaHCTBEHHOH rpynmoii [-42d. PaccunTannbie 3HaueHUs
OTHOUICHHUSI 0OBEMHOTO MOJYJISI K MOJTYJIIO C/IBHT'a CBUJIETEILCTBYIOT O TOM, YTO BCE IISTh CIIJIABOB SIBIISIOTCSI
IUTACTUYHBIMH, a CIJIaBBl C MEHEEe M30TPOIHBIMU YIIPYTHMMHU CBOWCTBAMHU COJEPIKAT B CBOEM cocTaBe Sb, T.e.
3TO CIUIaBbI ¢ OoJbLICH MMPHHOH 3anperieHHoi 3061 MgHfPd Sb, 1 MgTiPd,Sh,.

HccnenoBanre BBIMOMHEHO B paMKaxX rOCYIapCTBEHHOTO 3aJiaHiss MHUHUCTEPCTBA HAYKH M BBICHIETO
obpazoBanus Poccuiickoit @emeparun (TeMsl «aekTpon» Nel22021000039-4 u FEUZ-2023-0015).

[1] A.N. Filanovich, A.A. Povzner, A. V. Lukoyanov, Mater. Chem. Phys. 306, 128030 (2023).
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OnTHyeckas IPOBOJIUMOCTh M ONITHYCCKHUE XapaKTCPUCTHKU MAarHUTHBIX
nosynpoBoaHukoB TIFeS; u TIFeSe;

Bananosa 3.W.%, [xxaxanrupmu 3.A.Y2, Anmmszane D.T.%, A6mynmae H. A2
YUnemumym ¢usuxu MHO Aszepbaiioscana, AZ1143, Baxy, np. Joacasuoda, 131

2Bbaxunckuii F'ocyoapcmeennwiii Yuueepcumem, AZ1148, ya. 3. Xanunuea, 23

JI71s1 MArHUTHBIX TIOJTYTIPOBOJJTHUKOB XapaKTepHA CUIIbHAS B3aUMOCBSI3b MATHUTHBIX, SJICKTPHUYCSCKHUX H OTI-
THYECKUX CBOWCTB, © MATHUTHOE B3aHMMOJICHCTBHE OCYILIECTBIISICTCS C y4aCTHEM JIEKTPOHOB IIPOBOMMOCTH. Me-
TOJIOM CHEKTPATBLHON JUTAIICOMETPUN HAMH SKCIICPUMEHTAILHO OIPe/IeIeHbI CIIEKTPAIbHBIC 3aBHCHMOCTH JICHi-
CTBUTEJBHBIX I MHUMBIX YaCTEH TUDIIEKTPUIECKON (DYHKIMH U ONITHYECKOH TPOBOANMOCTH, a TAKXKe IToKazaTeen
MPETIOMIICHHS ¥ SKCTHHKIMK KpuctawioB TIFeS; u TIFeSe,. TTpoBeneH cpaBHUTENBHBIN aHAM3 TTOTYYEHHBIX IKC-
MEPUMEHTAIBHBIX JaHHBIX C TCOPETHYCCKUMH PacuéTaMy U3 MEPBBIX MPUHIMIIOB. AD initio pacyeTsl SJIEKTPOHHBIX
Y ONITUYECKHUX CBOMCTB MPOBOIWINCH Ha ocHOBe DFT ¢ Mcronp30BaHHeM METO/a MOJHONOTEHIHAIBHBIX JIMHE-
ApHM30BaHHBIX JOIMOJHEHHEBIX IOCKUX BOIH (FP-LAPW), peammsoBannoro B kome Wien2K.

Hwxe, Ha pucyHke | mpuBeIeHBI JaHHBIE CIICKTPATILHBIX 3aBUCUMOCTEH KO PHUIIMEHTOB MPEIIOMICHUS
(a u d) uskcruakuuu (b u e) kpucramioB TIFeS; u TIFeSe,, coOTBEeTCTBEHHO, BEIYMCIEHHBIX TCOPETHUECKH
BJIOJIb KpHCTAIOrpaduuecKux HampaBieHHH X (N, Kx) U Z (N2, Kzz), @ Takke onpenenéHHbIX IKCIEPUMEH-
TaJIBHO Nexp M Kexp. Ha pucynke 1 € u f npuBeeHb! TaHHBIC TEOPETHYECKUX BBIYMCIICHHI IeiiCTBUTENIbHOM Rec
Y MHAMOU 4YacTd |Moc onTHYECKON MPOBOJMMOCTH, a TAKIKE SKCIICPUMEHTAILHO ONpeAeéHHas ONTHYCCKas
IPOBOAMMOCTb G=01+i07, TIe 61=we0e2=2nkweo — NEHCTBUTEIbHAS YacTh, a 62=weo(N>-K2) — MEMMast yacTh
ONTHYECKOW TPOBOAMMOCTH, COOTBETCTBEHHO, Ut KpuctawioB TIFeS; (c) u TIFeSe; (f).
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Pucynox 1. Cnexmpanvuvie 3aeucumocmu ons kpucmannos TIFeS; u TIFeSez: noxazameneii npenomnenus
(a u d), koagppuyuenmos sxcmunxyuu (b u e), onmuueckoil nposooumocmu (¢ u f), coomsemcemeenmo.

N3 cnekTpanbHON 3aBUCUMOCTH JAEHCTBUTENIBHBIX YAaCTE ONTUYECKOW MPOBOJAMMOCTH OLICHEHA IIU-
puHa 3anpeménnoi 30Hb1 kpuctayuioB TIFeS; u TIFeSe; (puc.1 ¢ u f).
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Jln3nekTpuueckue CBOMCTBA U ONTUYECKAs! TPOBOAUMOCTD
MOJTYTIPOBOIHUKOBBIX KpUCTALIOB ZNINxSes

Mawmenosa U.A.L, Jlxxaxanrupmu 3.A.22, Ammsane D.1.1, Tacanosa P. AL, Mamenos T.T'.}, AGnynnaes
H.A1?

YUnemumym ¢uzuxu MHO Aszepbaiioncana, AZ1143, Baky, np. [ixncasuoa, 131

2Baxunckuii F'ocyoapcmeennviii Yuusepcumem, AZ1148, yn. 3. Xanunuea, 23

Kpucrammst Znin,Se; 06nanaroT 0ocoObIMU CBOWCTBAMH, TAKUMHU KaK ONITHIECKAs aHU30TPOIIHUS, ABYITyde-
[IPEeJIOMJIEHHE, 3HAUUTEIbHbIE BETNYMHBI KO3((QUIMEeHTOB HEMMHEHHON BOCTIPUUMYUBOCTH, BBICOKas (POTOUYB-
CTBUTEJBHOCTD, SIPKask JTIOMHUHECIICHIIMS, YTO MPEJONPEAENIseT X B POJH MEPCIEKTUBHBIX MaTEPHAIIIOB IS
OIITORJICKTPOHUKHU ¥ HETIMHEHHON ONTHKU. MEeTOJ0M CIIEKTPaIbHON SJUTMIICOMETPHN HAMH SKCTIEPUMEHTAIILHO
OIIPEAENIEHBl CIIEKTPAIbHbIE 3aBUCUMOCTH JEHCTBUTENIBHBIX M MHUMBIX YacTel IU3JIEKTPUYECKOH (QYyHKIUH
Y ONITHYECKOH MMPOBOIMMOCTH KpHCTAIIoB ZNnIN,Ses. [IpoBeneH cpaBHUTETBHBIN aHATIM3 TTOTYYSHHBIX YKCIIEPH-
MEHTAJBHBIX JaHHBIX C TECOPETHYECKUMH PacYETaMu U3 MEPBBIX MPUHIMIOB. Ab initio pacyeTsl AIEKTPOHHBIX
1 ONITUYECKUX CBOWCTB NpoBoAMiIKCh Ha ocHOBe DFT ¢ ncnonb30BaHuEM METOA MTOJHONOTEHIMATIBHBIX JIMHE-
apM30BaHHBIX JIOMOIHEHHBIX IOCKUX BOJH (FP-LAPW), peanuzoBantoro B koge Wien2K.

Ha pucynke 1 a u b nmpuBeneHb! qaHHbIe CIIEKTPATIBHBIX 3aBUCUMOCTEH ACHCTBUTENBHBIX (&) 1 MHUMBIX
(b) wacteit mudIEKTPUUECKOI (PYHKIINH, OMIPEACIEHHBIX SKCICPUMEHTAILHO (EXP) U BHIYMCICHHBIX TEOPETH-
YeCKH BJIOJIb TETPArOHAIBHOM OCH (ZZ) U MepneHIUKYISIpHO et (XX) i kpuctamwioB ZnlnySes, Ha pucynke 1
NPUBEICHBl JaHHBIC AKCICPUMEHTAIBHO ONPEACIEHHOW ONTHYECKOW TMPOBOJMMOCTH G=C1+iGy TIe
o1=2nKaneo, 02=weo(N>-k?) (prc.lc), a TaKke TEOPETHUECKN BBIYHMCIICHHBIX M3 IEPBBIX MPUHIMIIOB IEHCTBH-

TenpHOI Rec u MHMMOI yacTi IMo onTudeckoii mpoBoauMocTH (prc.1 d) kpucTtamioB ZnlnySes.

: 12_. I"1 b)

1+ Im &xx
2+ Imeéz
«Im € exp.

E, eV
810"
d M\
610° i Reo
E
€ 410% i
© yImo
240° e
Rec':
. / Eg2.1eV \
7 0 1 2 3 4 5 6 7

Pucynox 1. Cnexmpanvhwie 3asucumocmu oeticmeumenvhou Ree () u muumoti Ime (D) uacmeti ousnexmpuue-
cKoll (hynryuu kpucmanios ZnlnaSes, a maxoice onmuueckou nposooumocmu kpucmaiios ZnlnSes, onpeoe-
JIEHHBIX IKCNEPUMEHMATLHO (C) U 8bIHUCIEHHBIX U3 nepsbix npunyunos (d).

XopoIIo 3aMETHO YJIOBJIETBOPUTEIBHOE COBITAJICHHE CIIEKTPAIBHBIX 3aBUCUMOCTEH JMANEKTPHICCKUX
¢bynkmi (puc.1 a u b). M3 sxcnepumenTanbHo onpenenéHnol (puc. 1 ¢) 1 TeopeTHuecKr BEIYUCICHHOM (puc. 1
d) cnekTpaibpHOW 3aBHCUMOCTH JICUCTBUTEIBHBIX YaCTEH ONTHYECKOH MPOBOJUMOCTH OIICHEHA LIMPHHA 3a-
MpeIEHHON 30HbI KpUCTaLioB Znln,Ses.
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DHeprus CBA3U SKCUTOHA U IPUPOJA KEITOU SIMUCCUU B CIIEKTPAX
¢doToroMuHecHIeHIInE B MOHOKpHUcTauiax neposckuta CH3NH3PbBr3

Kencroseknx U.B.L, Apepkues H.C.2, Caprrues M. H.3, Cemenosa O.1.% Tepemenko O.E.*

Ynemumym ¢usuxu memannoe YpO PAH, 620137, Examepunéype, ya. C. Koeanesckoil, 18

2OTU um. A. @. Hoghgpe, 194021, Canxm-ITemepbype, ya. Honumexuuueckas, 26

3Vpanvckuii pedepanvuuviii yuusepcumem, 620002, Examepunbype, yi. Mupa, 19

*Uncmumym ¢uzuxu norynposoonuxos CO PAH, 630090, Hosocubupck, np. ax. Jlaspenmovesa, 13

B nocneanee necstunerre TMOpuAHBIE (METaUI-OpraHUYECKHUE) NMEPOBCKUTHI MHTEHCUBHO HCCIELY-
IOTCSI M3-3a2 UX TOTCHLUUAIBHOIO IIPUMEHEHUS B PA3JIMYHBIX ONTONIEKTPOHHBIX MPHUIOKEHUsX. bospiine
YCIEXH JOCTUTHYTHI B pa3pabOoTKe BHICOKONPON3BOAUTEIbHBIX COTHEYHBIX 3JIEMEHTOB Ha 0a3e IIEPOBCKUTOB,
3¢ PEKTHBHOCTH MPe0oOpa30BaHMsl SHEPTUU B KOTOPHIX AocTUTIa 25% ¥ MpHOIMKaeTcs K MOKa3aTeNo KpeM-
HHEBBIX COJHEYHBIX AJIEMEHTOB [1]. DHeprus CBsI3M SKCHTOHA SIBJSIETCS BaYKHBIM MapaMeTPOM, TOCKOJIBKY
00pa3oBaHKE 3KCUTOHOB OTCHIUAIBHO MOXET IPEMSATCTBOBATh Pa3/ACICHUIO 3aps10B B COTHEUHBIX AJIEMEH-
tax. OHAKO ocTaeTcsi MpobaeMa 3KCIIEPUMEHTAIBHOTO ONIPEACeICHHS YHEPTUH CBSI3U SKCUTOHOB B TMOpUA-
ueix mepoBckutax CH3NHsPbBrs, tak kak mojgydeHHBIE K HACTOSINEMY BPEMEHH 3HAYCHUS BapbUPYIOTCS
B OonbioM uHTepBae oT 15 M3B 10 150 MaB. MBI BriepBbie OKa3ajH, YTO, HCIOIb3Ysl BBICOKYIO HHTCHCHB-
HOCTB BO30Y KIIAIOILEro jlazepa MpH UCCIeI0BaHUH (POTOTIOMUHECLEHLIMHI, MOXHO BBIIIOJIHUTD IPSMOE H3Me-
peHHe SHEPTUH CBSI3U SKCHTOHA [2].

B noxnane MMPEACTABJICHO ACTAJIBHOC UCCICAOBAHNUEC q)OTO-

momunecteHnun (OJI) BBICOKOKaYeCTBEHHBIX MOHOKPHCTAIIJIOB
CH3sNH3PbBr3 B6sin3u kpast ONTHYECKOTO TOTIIONICHUS B HHU3KO-
TEMIIEPATypPHON OPTOPOMOMUIECKOM (ha3e MPH Pa3INIHBIX TEMITEe-
paTypax 1 MOIIHOCTSAX BO30Yy>KAAIOIIEro Ja3epa ¢ JUIMHOM BOJIHBI
405 HM. MBI O0HapYXHIH Y3KYIO0 SKCHUTOHHYIO JIMHHIO C DHEp-
rueit 2.252 3B u mmpokyto xentyto OJI smuccuio BOnM3M 3Ha4e-

PL Intensity (a.u.)

Hus 2.16 3B (Puc.1), MakcuMyM KOTOpOW COBUTAJICS B MEHBIITHE

SHEPIUU C POCTOM TEMIIEPATYPHI U B OONBIINE SHEPTUHU C POCTOM

1.8 19 20 21 22 23 24
Energy (eV)

6 N Puc.l. — Cnexmpuvr @DJI 6 monoxkpu-
KOMOUWHaIWeH CBA3aHHBIX 3KCUTOHOB U IIEPEX0J0M JOHOPHO-aK-
H PEXOJIOM JIOHOP cmanne CH3NH3PbBrs.

WHTEHCUBHOCTH B030y’KAaromiero jazepa. JleTanbHblil aHau3
CIIEKTPOB MoKa3a, uTo xenrtas OJI smuccust 00ycioBjieHa pe-

uentopHoit mapel (JAIl). PexomOunamms J{AIl Be3BaHa mpu-

poaHBIMHE JieheKTaMH — BaKaHCHSAMHU Opoma u cBUHIIA, 0Opaszyromumu Aedekt [lortku. [Tpu BeICOKHX MOTII-
HocTax nasepa (1.92 Br/cm?) u temneparype 8 K B ciexrpe ®JI Mbl HabII01aIM paciienieHle SKCUTOHHOM
suauu. [lonaras, 4ro 370 BO30YXICHHOE COCTOSIHNE 3KCUTOHA Banbe-MoTTa, MBI ONPEAEINIIN €70 SHEPTUI0
CBSI3M B PaMKax MOJIEJIM BOAOPOJA, OHA OKa3zajach paBHa 12 M3B. Paguyc ocCHOBHOTO COCTOSIHUSI SKCUTOHA
oKa3zajics paBeH 5.22 HM, epBOro Bo30YKACHHOTO cocTostHus — 20.87 HM, 3HaUCHHUE TUAIICKTPUUSCKON KOH-
ctanTel — 11.52. [lomyueHHOE 3HAa4YeHHE SHEPTUH CBS3M HKCUTOHA OKA3aJOCh HIDKE paHee ONpeeNIEHHBIX
3HAYEeHUI B THOPUAHBIX MEPOBCKUTAX, YTO YKA3bIBAET HA MPEAIOYTEHHE ITOT0 cocTaBa [yl (POTOBOJIBTAUKH.
Pabora BbImoNHEHa B paMKax roCy1apCTBEHHOTO 3a1aHus 110 Teme “Drnektponr” Ne 122021000039-4.

[1] Jianhui Fu, Sankaran Ramesh, Jia Wei Melvin Lim, and Tze Chien Sum., Chemical Reviews, 123, 8154 (2023).
[2] 1. V. Zhevstovskikh, N.S. Averkiev, M. N. Sarychev, O.1. Semenova, O. E. Tereshchenko, Phys. Rev. Ma-
ter. 8, 034601 (2024).
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BrnusiHue mokanu3anuy HOCUTENIeH Ha CTIOHTAHHY O
U CTUMYJIHMPOBaHHYIO dMHuccHrio INN

Angpees B.A.L, Kyapssues K.E.}, Kpacunsrukosa JI.B.Y, Jlo6aros JI. H.!, Kanurnukos M. A%,
Hosuxos A.B.}, Kpacuibauk 3.®.12

‘UoM PAH, 603950, Huxcnuii Hoszopoo, I'CIT-105

2HHT'Y um. H. 1. Jlo6auesckozo, 603950, Huocnuii Hoszopoo, np. I'acapuna, 23

Xopo1ro u3BecTHO, 4To B |l |-HUTpHAHBIX CTPYKTYpax MOTYT OBITH CHIIBHO BBIpaKEHBI 3(h(PEeKTHI JToKa-
JU3alUU HOCUTENEH BO (UIyKTyalUsX 30HHOTO IMOTEHIMAaja, IPUBOIAIINE KaK K YACTUYHOMY I1O/IaBJICHUIO
0e3bI3Ty4aTeNbHBIX MPOLIECCOB Yepe3 AedeKThl/mucaokanu [ 1], Tak U K yBETUUEHHUIO TEMITa U3TydaTeIbHON
PEKOMOMHAIINHM 33 CYET JYYLIETO MEPEKPBITHS BOIHOBBIX (DYHKIMI U BO3pACTaHHS POJHM HEMPAMBIX TIEpexo-
TIOB JUTS JIOKaJTM30BaHHBIX HOCUTENEH [2]. DTH qBa (pakTOpa OMpPeAeSIOT BHICOKYIO 3((EeKTUBHOCTh YMUCCHU
B I11-N m3nmygarensx Bugumoro n Y@ nrana3oHOB, HECMOTPS Ha B IIEJIOM 3HAYUTEIHHYIO 1e(hDeKTHOCTh TaKUX
CTpYKTYp. B nmanHoil paboTre mccineoBaHO BIMSHHUE JOKAIU3aLlUN HOCUTENCH Ha M3NMy4aTelbHble CBOWCTBA
rerepocTpyktyp InGaN/GaN ¢ BBICOKUM COJICpPIKaHUEM MHJIUS, IEPCIIEKTUBHBIX IS CO3JaHMsI CBETOAMO0B
u nazepoB 6mmwkHero UK nuamasona [3,4], a IMEHHO Ha BHJ CHEKTPOB U KWHETHKY CHIOHTAHHOM SYMUCCHUH N-
INN u Ha ycroBus mepexoaa K CTUMyIHpoBaHHO smuccun (CD).

Hns  snurakcuanbHbiX — retepocTpykTyp  InN/GaN/AIN/ALOs ¢ KOHIEHTpanuei  3JIEKTPOHOB
(0,3-20)-10"cm 1 mnotHOCTEIO AMcToKarmii ND=(0.5-6)-10'%m? [4,5] nccie10BaHbI TeMIIEPaTypHBIE 3aBHCH-
MocTH crieKTpoB (oromomuHecteHmy (DJI), kuaernka DJI, 3aBUCUMOCTH TIOPOTa CTUMYITHPOBHHON SMUCCHA
(CD) ot KoHIIEHTpaIY PAaBHOBECHBIX HOCUTEJEH, ITIOTHOCTH AUCIOKAIMIA ¥ YHEPTUU KBAHTA HAKAYKH.

HaGmomaempie ans pspa ciio€B INN HEMOHOTOHHBIC TEMIIEPATyPHBIC 3aBHCUMOCTH TOJIOKEHUS
MakcumyMa U mupuHbl nosockl OJI (mpu T=4.2-100 K 1 HU3KHUX ypOBHSX BO30YKICHHS), a TAKKE POCT
BpemenH criafa OJI mo Mepe yMeHbIIEH!US SHEPIH KBaHTa U3Iy4EHHs B ITpeesiax CIeKTPa 3IMUCCHH, CBSI3aHbI
C mmpoleccaMy  JIOKaIW3alUl T€HEPUPYEMbIX JABIPOK B ABYXMACIITAaOHBIX (IyKTyauusx HOTeHLHana
BaJICHTHOH 30HHI [6] ¢ XapakrepHoi riryonHo#t <10 M3B u ~30 M3B. ®opma criektpoB PJI cBUIETENECTBYET
0 3HAUMTENFHOM BKJIaJ€ HENPSAMBIX PEKOMOMHAILMOHHBIX IEPEXOJOB C YIaCTHEM CBOOOIHBIX 3JICKTPOHOB
U JIOKAJTM30BAHHBIX JBIPOK.

UccnenoBarnre COD B BOTHOBOAHBIX ciosx INN mokazamo yMeHBIIEHHE IOPOTOBOM ILIOTHOCTH
MOIITHOCTH HaKauku P mpy BO30YKIEHUH CTPYKTYP KBAHTaMH C DHEPTUEH HIDKE Kpasl MOJIBUKHOCTH JIBIPOK,
U CHIKEHHUE Pt Ipy yMEHBIIEHUH IUIOTHOCTHU AUCIIOKALUI B CEPUU HCCIIEAYEMBIX CTPYKTYp. MUHUMAIIbHBIN
nopor CD P4=0.3 u 4 kBr/cm? npu T=8 u 77 K, cooTseTcTBEHHO, ObLT MOMTyYeH st ciiost INN ¢ HaubGonee
HHU3KOH IUIOTHOCTBIO AucioKauid [5]. DTu pe3ynbTaThl MOKa3bIBAIOT, YTO JOMUHHPOBAHUE W3ITydaTeIbHON
pexoMOnHaNK (10 KpaHEed Mepe JUIs WHTEHCHUBHOCTH BO30YKJeHHs BONMM3M mepexoga k CD) cBs3aHo
C JIOKaJM3aureil HEepaBHOBECHBIX JBIPOK B BBIPOXkKAEHHOM N-INN, a MOMCK BO3MOXXHOCTEH yHpaBIECHUS
LEHTpaM{ JIOKAJIM3alUK SBJIAETCS, IO BUAMMOMY, B@KHOW 3a7aueldl TEXHOJIOTMH (HOPMHUPOBAHUS
WHQPAKPACHBIX CBETOM3IYYAIONINX CTPYKTYp Ha 6aze InN.

Pa6ota BeImonHena npu noaaepkke rpanta PH® Ne24-22-00320

[1] S. Nakamura. Science, 281, 956 (1998)

[2] M. Strassburg et al., Phys. Stat. Sol.(c), 0(6), 1835 (2003)
[3] P. Bhattacharya et al., Proc. SPIE, 10553, 1055302 (2018)
[4] B.A. Andreev et al., Sci. Reports, 8, 9454(2018)

[5] H. Liu et al., Fund. Research, 2, 794(2022)

[6] K. Kazlauskas et al., Appl. Phys. Lett., 83, 3722 (2003)
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Bnusinue ycnosuit popmupoBanus ctpyktyp ¢ InGaN cnosiMmu Ha noporu
CTUMYJIUPOBAaHHOIO M3ny4yeHus B UK nuanasone

Jlo6anos JI.H.!, Kanunnukos M. AL, Kynpssues K.E.}, Augpees b. A%, JOuun I1. AL,
Hosuxos A.B.}, Ckopoxomos E.B.}, Kpacunbauk 3. ®.?

‘HWdoM PAH, 603950, Husicruil Hoszopoo, I'CII-105

2HHI'Y um. H. 1. Jlo6auesckozo, 603950, Huocnuii Hoseopoo, np. Iacapuna, 23

[HomynpoBogHUKOBBIE TeTEPOCTPYKTYpHl Ha ocHoBe InGaN marepuanoB (GaN c HEOONBIION moyel
INN) 3aHMMAIOT NTUAUPYIONIHE MO3UINK B CBETOAMOHBIX H JIA3EPHBIX MPUMEHEHHSX B KOPOTKOBOJIHOBOIA,
CHHE-3eJIEHOW YacTH BUIUMOrO crekTpa. [IpoJBrikeHHne B CTOPOHY JJMHHBIX BOJIH, B KPACHO-OPaHKEBBIN
Iuana3oH 1 ganee k uHppakpacuoit (MK) obnactu cniekTpa caepKuBaeTcst TEXHOJIOTHUECKUMHU CIIOKHOCTAMHU
noiryaenus InN u Tpoitabrx pactBopoB InGaN (¢ BeicOkuM copeprkanreM [n) ¢ HU3KUM ypoBHEM Ie(heKTHOCTH
1 (OHOBOTO JIETHPOBaHUA. TeM HEe MeHee, paHee aBTOpaMH HACTOAIIEH padOoThl OBLIO BHEPBHIE MOIYUYECHO
CTUMYJHPOBaHHOE M3NIyueHHE B IIaHapHbXx cTpykTypax c INN u InGaN (c gonerr In > 75%) ciosmu,
BhIpamieHHbIME MeTogoM MIID ITA [1]. beuto oOHapyXeHO, 4TO MOPOT CTUMYJIHUPOBAHHOTO HM3ITyUCHUS
HEMOHOTOHHO 3aBHCHT OT cojiepxkanus In B cnoax InGaN [1]. Ilpu ymenpmennu conepxkanus In B InGaN go
~ 80-90% wnabmomanocs cHmwkeHue nopora CU, 4to cBA3BIBaIOCH C yMEHbIIEHHEM K03((uUIMeHTa oxe-
pexomOuHaIuu. B Toxxe BpeMs najibHelIiee cHbkeHue coaepikanus In B InGaN no 75% npuBerno k pe3koMmy
BO3PAaCTaHUIO IIOPOTOBOM MOLIHOCTH, YTO OBUIO CBS3aHO C YXYALIGHHEM OOIIEr0 KPHCTALTHYECKOTO
KadecTBa. 3agaya nonaydeHus InGaN cio€B BBICOKOTO KPHCTAJUIMYECKOIO KAYECTBA YCIOMKHSETCS XOPOIIO
M3BECTHOM mpobiieMoii pasoBoro pacnana pactsopoB InGaN.

B nmanHOW paboTe uccienoBaHO BIMSHHE COOTHOMICHWsI MOTOKOB 3neMmeHtoB III mV rpynn Ha
ocoOeHHOCTH (HOPMHUPOBAHUS, CTPYKTYPHBIE, ONTHYECKHWE CBOWCTBA, a TAK)KE BO3MOXKHOCTH TOJTYYCHHS
CTUMYJIHPOBaHHOTO M3nydeHns B K auamnazone B muiaHapHBIX CTPYKTypax co ciosmu InGaN ¢ coaep:xanneM
In ~ 50 — 100%. O6HapyxeHo, uTo mnpu Temreparype pocta 470°C amst mosryuyeHus OTHOPOAHBIX 10 COCTAaBY
cioés InGaN coortHomenue notokos I11/V HE0OX0AMMO yMEHBIIAT IO CPABHEHUIO CO CTEXHOMETPHUYECKIM
(III/V <1) uTo0BI MOIABUTH MPOLIECCHI pa3ioKeHus U pa3zoBoro pacnazaa. [lo Mepe cHmKeHus conepxanus In
no ~ 80% xkpurudeckoe 3HadeHue III/V, HeoOxomumoe i MOydeHUs] OJHOPOIHBIX pacTBopoB InGaN,
nosbimaercs ¢ 0.75 no 0.85, uro oOycnosneno crabunuzanuei pactsopa InGaN, mOCKOJIBKY CBS3U aTOMOB
Ga-N cunbHee cBszeit In-N. [Ipu nanbHeleM yMmeHblieHun coaepikanus In 10 ~ 50% coornomenue I111/V
HEOOXOJIMMO CHIDKATh JUIS TIO/aBJICHUSI MPOIECCOB pasiokeHus H (azoBoro pacnana. OntumanbHOe
cootHomerne III/V, ¢ Touku 3peHHMs HAMMEHBIIMX IIOPOTOB CTUMYJIHMPOBAHHOTO H3Iy4YeHHs, OJIHM3KO K
Kputnideckomy cootHomenuto III/V msa nomydenus ogaoponHoro InGaN nannoro coctasa. [Ipu 3HaueHnsx
[II/V 6onbiie kputnyeckux B pactBopax InGaN HabmomaroTcsi mpoueccsl pas3yioxkeHus U (pa3zoBoro pacnaga
W CTUMYJIMPOBaHHOE U3IYUYEeHHUE B TAKMX CTPYKTYypax He HabOmronaercs. B ciryuae yMeHbIIEHHsI COOTHOLIICHHUS
III/V cymecTBeHHO HIKE KPUTHYECKOTO 3HAYCHHUSI B pe3yJbTaTe Pa3BUTHs IIEPOXOBATOCTH TOBEPXHOCTH
U poCTa ONTHYECKUX MTOTEPh CYIIECTBEHHO YBEIUUMBAIOTCA IOPOTY CTUMYJIHMPOBAHHOTO H3ITyUCHHUS.

Pabora Beimonnena npu nogaepxkke HIIMY  «llentp ¢oToHukm», npu (HUHAHCUPOBAHUHU
MWUHHCTEPCTBOM HayKH U BbICIIero oopazoBanus PO, cornamenne Ne 075-15-2022-316.

[1] D.N. Lobanov et al., Appl. Phys. Lett., 118, 151902 (2021).
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Bausiaue I[I/ICJ'IOKaHI/Iﬁ Ha TCINIOIMPOBOAHOCTH MOHOKPHUCTAJIJIOB I'CPpMaHU

Mansnukuna O.B.!, Kanmynos U.A.%, Poramun B.E.?, Kponoros I'. 1.3

'TeI'Y, 170100, Tsepw, yn. Kensboea, 0. 33

2UDD PAH, 191186, Canxm Ilemep6ype, leopyoeas nab. 18

3000 «Tuodexc»,194292, Canxm ITemep6ype, yi. Kasanepeapockas, 0. 6

Jlo HeJJaBHETO BPEMEHHU CUUTAIOCH, YTO TEILIONPOBOIHOCTD SIBJISICTCS KOHCTAHTOW MaTepHana, 3aBHcs-
IIeH OT MapaMeTPOB OKPY KAFOIIEH CPEebl, TPEXK/IE BCErO OT TEMIIEPaTypbl. B HH)KEHEPHBIX pacyeTax 0ObIYHO
MCIIOJIb30BAJIOCH CIIPABOYHOE 3HAYCHHE, OTYYCHHOE MPU MEPBOHAYAILHOM UCCIICOBAHUHN MaTepuaia, 4To
B pSJIC CITy4acB HE COOTBETCTBOBAJIO JICHCTBUTEIHHOCTH. Pa3BUTHE CHITOBOM SIIEKTPOHHUKH M OTITHKY BBISIBUAJIO
HEOOXOIUMOCTb MOTYUEHHS MATEPUATIOB C BEICOKOW TETUIONPOBOIHOCTHIO U 3TO MPHUBENO K OoJiee TIaTeb-
HOMY M3YYCHHIO 3TOTO MapameTpa ¢ IEIbI0 BBISBICHUS BO3MOKHOCTEH €r0 YBEITHUYCHHUS.

OCHOBHO# BKJIaJI B TIIONPOBOAHOCTh G BHOCUT (hOHOHHAsI cocTamisiroias. CBoicTBa ()OHOHOB 3a-
METHO 3aBHCAT OT Pa3IHYHBIX CTPYKTYPHBIX NE(PEKTOB, OJHAKO JTO Yalle BCETO MPOSBISETCS MPH HU3KUX
Temneparypax. M3BecTHO BIMSHHE U30TOMUYECKOro OECHOpsIKa Ha TeIUIONPOBOAHOCTh (Ge; M30TOMUIECKU
qucThIii Ge MPU HU3KUX TEMIIEpaTypax UMEeT TeIUIONPOBOAHOCTh B 8.5 pa3a Bbiiie Ge MPUPOTHOTrO COCTaBa.
W3 061mux cooOpakeHHi HOHATHO, YTO JUCIOKALUH, Oy1ydH 1e()eKTOM KPUCTAJUTMYECKOM PELIETKH, TOTKHBI
OKa3bIBaTh BIMSHUE HA (OHOHHBIE MPOIECCHI, YACITY KOTOPBIX OTHOCUTCS TEIIOMPOBOTHOCTb.

Uzmepenust TemnohU3NYEeCKUX XapaKTEPUCTHK MPOBOJMINCH C MCHOJb30BaHHMEeM Meroma TSW
(Thermal square wave method at single-frequency). B ummysabcHOM peskume ObUTM U3MEPEHBI 3HAUCHHUS KO-
3 PUIMEHTOB TEIIIONPOBOTHOCTH U TEILI0BOM A dy3un. HarpeB 00pa3iioB OCyIIECTBISIICS HEPEPhIBHBIM
UK nazepom mummHOM BostHEL 940 HM ¢ MOIITHOCTEIO Ha 00pasie 74 MBT. 3mydeHne MogymupoBaIoch IpsMo-
YTOJILHBIMH UMITYJIGCAMH C TIOMOIIBIO TIPeoOpa3oBaTessi MOIIHOCTH. YacToTa MOMYJISIMH B SKCIIEPUMEHTAaX
cocranisuia 0,1 T'1, ¥ B 3TOM cilyyae OTKIOHEHHS OT CTAMOHAPHOTO CIIyYast SIBISIFOTCS HE3HAYUTEIIbHBIMHU.

BbiH comocTaBiieHbl TEIUIOBbIC XapaKTEPUCTUKH KpUCTAIIOB (Ge, OpUCHTHPOBAHHBIX B HAIPABICHUH
<111> — nucnokamuonnoro (Nd=10* cm?; p = 0.75 Om-cM, kKoHneHTpanus npumecu 2.5-10% ecm®) u 6e3nuc-
nokanuonnoro (BJI, p = 0.01 Om-cM, konnentpanus npumecu 4.1-101 em?®) (Tabmuma 1).

Taomuua 1 — Tennodusuueckue xapakrepuctuku Ge
Ge Kosdpuuuent remonposojanoctu, Br/m K | Kosduuuent temwiosoii auddysuu, m%/c
JMCIIOKALMOHHBIi 50 5.0-10
B 230 6.0-10°

Bo3HrkHOBeHHE HEpaBHOBECHBIX HOCHUTENEH 3apsaa MPH BO3IEHCTBUH JIA3€PHOTO U3ITYUCHHUS U UX He-
BBICOKAs! KOHIIEHTPALMSI HE OKa3bIBAIOT CYLIECTBEHHOT'O BO3JIEHCTBUS Ha TEIUIONPOBOIHOCTh. BKiIaa B Temo-
MIPOBOJHOCTH (JOHOHHON COCTABIISAIOLICH B ITOJYIIPOBOJHUKAX CYLIECTBEHHO BhIIIE, YeM BKJIaJl HOCUTENEH 3a-
psina (COOCTBEHHBIX MM MPUMECHBIX); B Ge 3TO paziuyme COCTaBIsSET HECKOIBKO MOPSIKOB.

TemnonpoBoIHOCTH HCCEAyeMOro AuciokanrnoHHoro Ge B 4.6 pa3a MeHbIIIe, YeM U3MEPEHHEIC 3HAYe-
HUs 1aHHoro napaMetpa B bJ] Ge, u npu 3TOM TeIUI0OBOH MOTOK B MPOLIECCe U3MEPEHUI COBIagall C MpeuMy-
LIECTBEHHBIM HAIIPABJICHUEM IMCIIOKAlMK B KpUCTaJUIE. BhIMOIHEHHBIE SKCIIEPUMEHTAJIbHBIE UCCIIEIOBAHUS
MOJITBEPIKJAIOT CYIIECTBEHHOE BIMSHUE CTPYKTYPHI (B YACTHOCTH, HAJTHMYUSI AUCITOKAIHii) Ha (POHOHHBIE IPO-
[IECCHI B KPUCTAJUIMIECKIX MaTepHaiax.

PaboTa BeINOJIHEHA B paMKax TOCYyAapCTBEHHBIX 3aJaHUi 10 HayuHo nesitenbHocTd Ne FFGR-2022-
0007, Ne 0817-2023-0006 ¢ ucnons3zoanuem pecypcoB LIKIT TBI'Y u OO0 «Tunekcy.
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CHUHTE3 U TEPMOIJIEKTPUYECKHE CBOKMCTBA BHICIIECTO CHIMIM/Ia MapraHiia

Kysnenos FO.M.?, [lopoxun M.B.12, [lemuna I1.5.2, Epodeesa U.B.2, 3noposeiimes A.B.?,
Tpymun B.H.12, Bonaun M. C.?

‘HU®TH HHT'Y um. H. 1. Jlo6auesckozo, 603022, Huxcnuii Hoezopoo, np. I'acapuna, 23

2HHI'Y um. H. 1. Jlo6auesckozo, 603022, Huscnuii Hoseopoo, np. I'acapuna, 23

Beicmmii cunmurug mapranna MnSii 71,75 SBISETCS OMHUM W3 KaHAWAATOB HAa POJIb BBHICOKOTEMITEpa-
TypHOH TEPMOIJIEKTPHUECKON BETBU p-THIA MPOBOAUMOCTHU B mape ¢ N-GeSi. OCHOBHON MPUYMHON MOUCKa
MaTepuana-zamenutens p-GeSi ABsieTcs OTHOCUTENBHO HU3Kas TepModJieKTpruueckas 3¢ pexTuBHOCTh (ZT)
nocneanero. Mssectno, uro ZT = a?T/p-A, rae o — kodduiment 3eebeka, p — yAeTbHOE CONPOTUBICHHE,
T — cpenHsist TeMIepaTypa MEXIy TOPSIYUMU U XOJOAHBIMU KpasMHi MaTeprana, A — KOOQQUIMEHT TeIIonpo-
BOJIHOCTH.

[opommok Mn-Si ObLT IOTy4eH U3MENBYEHUEM CIUTKOB B CITHP-
0.8

TOBO¥ cpefie B TeUeHHE 6 9acoB MpH ckopocTh 250 06/MuH B TUTaHETAp-
071

Hoit menpHUIE Fritsch Pulverisette. ®a30BbIil cocTaB KOHTPOIMPOBAIH osl

METOJIOM PEHTICHOBCKOH audpakiuu. COCTaB UCXOAHBIX KOMIIOHEHT ost
. o4l
cootBeTcTBOBaN (MnSi) 75:), TAC 0 — MOXYIAIMS COCTaBa Marepuaia Nm

(BemmuuHa mopsinka 0,02), mpu KOTOPOH COXpaHsSeTcsl CTPYKTypHas o2l

YIOPSAOYSHHOCTh THIIA BBICIIETO criuimaa mMapradna [1]. Crexanue o1y
0.0
MOPOIIKOB MPOBOAWIOCH Ha YCTAHOBKE IUIa3MEHHOro crekanus DR 0
SINTER monenu SPS-625 (Anonwmst) mpu nasnenuu 70 Mlla. ITocne

CIEKaHUsl TOPOILKU MOABEPTANINCH BBICOKOTEMIIEPATYPHOMY OTKHUTY.

100 200 300 400 500 600 700 800
Rle

Puc.l. — Temnepamypnas 3aeu-
CUMOCTb TNEPMOINEKMPULECKOT

Ha ocHOBe aHamM3a KPUBbIX CIIEKaHHs 00pa3loB (3aBUCUMOCTH yCauku | OQdexmusrocmu 0opasyos

MOpOLIKAa OT BPEMEHH) YCTAaHOBJIEHO, YTO B OCHOBE 00pa30BaHUS BBIC-
LIeT0 COSAMHEHHS CHIIMIMIA MapraHia JIOKHUT TBepaodasHas XUMHUUECKas peakmus, OOyCIOBICHHAs pPeak-
TUBHOH muddy3uei.

Jiia aHamm3a TEPMOIJIEKTPUIECKIX CBOMCTB ObLIa MOATOTOBIICHA CEPUS U3 TPEX 00pa3oB, B KOTOPOH
BapbUPOBAIACH CKOPOCTH CIIEKaHMSI MTOPOIIKA V U MPOJIOKUTEIBHOCTh BEICOKOTEMITEPATYPHOH BBIICPIKKY t.
[MapameTpsl 00pa3oB NpUBeAEHBI B TA0IUIIE 1.

Tabnuma 1 — Ciucok uccliegyeMbIX 00pasIoB
Ne T, °C v, °C/MuH t, MUH o, MKB/K p, MKOM'M A, Br/m'K (ZT)maxe
1 700 25 0 228 £ 11 38,5+0,2 2,97+0,24 0,44 + 0,05
2 630 50 20 161 +8 12,1+0,1 2,94 +0,24 0,66 + 0,08
3 650 25 20 155+ 8 12,2+0,1 2,92 +0.23 0,63+ 0,08

Ha pucynke 1 mokazana TeMmepaTtypHas 3aBUCUMOCTh ZT. HoMepa KpUBBIX COOTBETCTBYIOT HOMEpaM 00-
pasioB. MeToIMKN H3MEPEHHI TEPMOAIICKTPUYECKUX XapaKTePUCTHK NpeacTaBieHbl B [2, 3]. Haubosnpiue mo-
nydeHnblie 3HaUeHUSA (ZT)vaxe ¥ COOTBETCTBYIOIIHE UM KOI(DPUITHEHTHI ¢, p U A IPHUBEAEHBI B Tabmuie 1 s
Ka)X10r0 00pasiia ¢ yKazaHHeM CpeIHel TemMreparypsl 1. Y CTaHOBJICHO, YTO 00pas3ibl, MOABEPTHYTHIE BBICOKO-
TEMIepaTypHOMY OTXKHTY, JIeMOHCTPHUPYIOT 3HAYUTENHLHO OoJiee BhIcokHe ZT. MakcnmalibHOE 3HAaUeHUE TEPMO-
anexTpuueckoit a3pdexruBroct ZT = 0,66 mosryyeno y obpasua 2 npu 7' = 630°C.

Pabora nmogiepxana rpantom PH® (Ne21-79-20186).

[1] D. Saleemi et al., J. Alloys Compd., 619, 31 (2015).
[2] L.A. Mochalov et al., Thin Solid Films, 752, 139244 (2022).
[3] M. V. Dorokhin et al., Tech. Phys., 67, 2402 (2022).
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HccnenoBanue tTeMnepaTtypHOM 3aBUCUMOCTH JIEKTPOITPOBOAHOCTH
Y KOHIICHTPAIIMU HOCUTEJIEH 3apsijla MOHOKPHCTAJLIA TBEPIOTO PacTBOpa
Bio.sSh1.4Tes

UBanoB M.C.!, Crenanos H.I1.2

3a6MKT gpunuan UpI'VIIC, 672040, Yuma, yn. Macucmpansnas, 11

23a6I'Y, 672039, Yuma, yr. Anexcandpo-3asoockas, 30

N3ydenue TemmepaTypHOH 3aBHCMMOCTH KOHLIGHTpAalMM HOCUTENEH 3apsfa U 3JIEKTPOIIPOBOJHOCTH
MOHOKPHUCTAIIOB TBEPABIX PACTBOPOB BUCMYTA U CYpPbMBI, ITHPOKO HCIOJB3YIOIIUXCS B TEPMOIIICKTPHISCKOM
MAaTepUAIOBE/ICHUH, T03BOJISET MONYYUTh HMH(OPMALMIO O MPOIEccax, MPOUCXOISIINX B Ero 3JICKTPOHOM
cucreme. Mcenenoascst MOHOKpHCTAILT BiosSh1.4T€s, st koToporo panee ObLIM W3ydYeHBI TEMIIEpaTypHBIE 3aBH-
CHMOCTH ONITUYECKUX ¥ MATHUTHBIX CBOHCTB.

OnTHYecKuiA SKCIIEPAMEHT, Pe3yIbTaThl KOTOPOTO IIPUBE-
JeHbl B pabote [1], moATBEpI CBSI3b MEXKIY OCOOCHHOCTSIMHU,
HaOJTFOIAFOIIMIMHUCS B TEMITCPATYPHOM 3aBUCHMOCTH MarHUTHOM 80
BOCHPHMMYHMBOCTH 3TOTO KPHCTAIUIA, W CONDKEHHUEM YHEpPrui

@
=

TUIA3MOHA U BIIEKTPOHHOTO Tiepexoza [2]. DTo MOCITy 0 OCHO-
BaHMEM [ OoJiee JEeTaIbHOTO MCCIIEI0OBAaHUs TeMIIepaTypHBIX

s
=

3aBHCUMOCTEH Y/IENBHON 3JIEKTPOIPOBOAHOCTH | KO HUIIHU-

|da/dT], (S/cmeK)

enra Xoswia kpuctamia BiogSbi4Tes, B muanasone temreparyp,

n
o

B KOTOPOM HaOJFOIAF0TCsI OCOOSHHOCTH B TEMITEPATYPHOH 3aBH-

CHUMOCTH MarHUTHOM BOCIIPUUMYNBOCTH.

. .
100 200 300 400 500 €
T, ()

CTH U B NOBECACHUM YNCILHOW SJICKTPONPOBOAHOCTH KPH- | Pyc. |. — Temnepamyphas 3a8ucumocmo
cramuia Bi0.6Sb1.4Te3 npossnstomuecs B uatepBane oT 120 | modyua nepeoil npouzeoonoil yoeivHoll

B xone uccnenosanus, ObUTH 00HAPYKEHBI OCOOCHHO-

1o 145 K, B koTopoM HabmrogaeTcss MaKkCUMallbHasi CKOPOCTh INEKMPONPOBOOHOCIU. NO MeMnepamype

yMeHbIeHHs a0COTIOTHEIX 3HAY€HNH MATHUTHOH Bocipuum- | PHCamid BiogSbyaTes.

YUBOCTH [2]. DTH 0COOCHHOCTH CBSI3aHBI C M3MEHEHUEM CKO-
POCTH poCTa yIEeTbHOW IIEKTPOIPOBOJHOCTH NMPH YMEHBIICHH TeMIieparypbl. TemiieparypHas 3aBUCHMOCTh
TIEPBO MTPOU3BOTHOM OT YACITBHOM AIIEKTPOIPOBOIHOCTH 110 Temreparype |dd/dT|, mpencrapnena Ha puc. 1, u3
KOTOpOTO BUJICH XapaKTep HAOIIOJAIONINXCS U3MEHEHUH. Heo0X0uMo OTMETHTh, YTO B TEMIIEpaTypHOM WH-
tepsaite ot 78 10 200 K xoahdunment Xosmre kpucramia BigsShi4Tes muneitHo yBeIMInBaeTcsi ¢ pOCTOM TEM-
nepatypsl. Hanbosee BeposSTHOI PUYHMHOM STOTO SIBISIETCS IEPEXOJT AIEKTPOHOB M3 TTOI30HBI TSHKEIBIX JIBIPOK
B [10/I30HY JIETKHX. BBINOJIHEHO MOEIMPOBaHUE ITOTO MPOLIecca, KOTOPOE YKa3bIBaeT Ha OIpeIeNIeHHOE HEeCo-
OTBETCTBHE MEX]Y SKCIEPHMEHTAILHBIMU JTAHHBIMH, ¥ TEOPETUIECCKONW KPUBOM, OMMCHIBAIONIEICS KCIIOHEH-
IUAJIBHON 3aBHCUMOCTBIO. [ToTyueHHBIE pe3ynbTaThl MOTYT OBITh HCIOB30BAHbI IS U3YUCHHS BIIUSHUS 3JIeK-
TPOH-TUIA3MOHHOT'O B3aWMO/ICHCTBHUS Ha (PM3NYECKHE CBOMCTBA MaTEPUAJIOB, B KOTOPBIX BO3MOXKHO COJIIKEHHE
SHEPIUil IIa3MOHA M 3JIEKTPOHHOTO MEPEX0/1a.

[1] H.I1. Cmenanos. Onm. u cnexmpock., 131 (9),1219 (2023).
[2] H.I1. Cmenanos, M. C. Hsanos. ®@TII, 56 (12), 1103 (2022).
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Moaudukaius CBOMCTB CBEPIIUPOKO30HHOTO MOTYyNpoBogHUKA — -Ga,03
METOJIOM MOHHOW MMILJIAHTAI[UU

Huxkoanckasn A.A.L Kopones JI.C.1, Mationnna K.C.}, benos A. .Y, Kynpun A.B.L, Tpymmn B.H.2,
Jposnos M.H.2 IOnun I1.A.2, 3noposeiimes A.B.%, Terens6aym JI. 1.1

YHHI'Y um. H. 1. Jlo6auesckozo, 603022, Huowcnuii Hoseopoo, np. I'acapuna, 23

2U®M PAH, 603950, Huxcnuii Hoseopoo, I'CIT1-105

BypHoe pa3BuTHE NOITYIPOBOAHUKOBOM 3JIEKTPOHUKH OEpPeT CBOE HA4ajo C MIPOILIOTO BEKa, C KaXKIbIM
rOZIOM IOSIBJISIFOTCSI BCE HOBBIE M HOBBIE ITOJXO0/IBI AT €€ coBepIIeHCTBOBaHNUS. Celiuac 4yenoBeyecTBO OAX0-
JUT K IPUHLIMIHAIBHO HOBOMY 3TaIly Pa3BUTHUS, KOTZIa OTPOMHYIO POJIb UTPAIOT BEICOKOMOIIHEIE 3JICKTPOH-
HBIC YCTpOHCTBA. TpaANIMOHHBII MaTepuan MoIyIpPOBOJHIUKOBOM 3JIEKTPOHUKH KPEMHUH, XOTs U 00aaaeT
IIUPOKUM HAaOOPOM MPEUMYIIIECTB, YK€ He CTIOCOOEH YIOBIETBOPATH TOTPEOHOCTSIM, HEOOXOAUMBIM IS Ta-
KHUX YCTPOWCTB. B CBsI3U ¢ 3THMM BeqyTCsl HHTCHCHBHBIE IOUCKHU aJIbTEPHATUBHBIX MAaTEpHalIOB, B YACTHOCTH,
00JIaJaloINX JAOCTATOYHO BBHICOKUM NPOOMBHBIM HANpSHKEHUEM. JTOMY KPUTEPHIO YAOBIETBOPSIOT HIMPO-
KO30HHBIE TIOJTyTIPOBOIHUKY, TaKKE KaK KapOu KpeMHHS, HUTPUJ TajlTusl, OKCHJ Fajutns, anMas u 1p. Oxcup
TaJTAS — CBEPXIITUPOKO30HHBIN moynpoBoaHuK (Eg =~ 5 3B), B mociemnue roapl 3aBoeBall Cpeid HUX JIAIH-
pytoutue nosuunu. Kpucrannuueckas u anekrponHas ctpykrypa Ga20s pagukaibHO 3aBUCHT OT YCIIOBHUN CHH-
Te3a, ONPECIIIEMbIX ero Je)eKTHO-IPUMECHBIH cocTaB. JlaHHBINH (BaKT AenaeT 3TOT MaTeprall YHUKAIbHBIM
JUIS1 DIIEKTPOHUKH, HO B TO YK€ BpEMsI 3aTPYyTHSET €ro UCIIOIb30BaHKe Oe3 MPOBEICHHUs MHOTOYHCIICHHBIX (DyH-
JTaMEHTaJbHBIX MCCIe0BaHNi. B HacTosmeil paboTe OCBEIIEHBI Pe3yIbTaThl OPUTHHAIBHBIX UCCIIEIOBAHUN
CTPYKTYPHBIX, ONITUYECKUX U INEKTPUUECKUX CBOMCTB MOHOKPUCTAIIJIOB OKCHIA rayuius -¢a3bl, IOABEPrHY-
THIX HOHHOM WMILTAHTAI[MH, KaK OJHOMY M3 BaXKHBIX METOJIOB MOJTU(HKAIINN CBOMCTB.

IMonyuzonupyrome MoHOKpucTamibl B-Ga,0s; (Tamura Corp.), TerupoBaHHbIE JKEJIE30M, C OPHEHTA-
et moBepxHocTH (-201) UCTIOIH30BAMCEH B KAUECTBE MCXOAHBIX 00pas3roB. MoHHAS MMILIaHTAIHS TIPOBO-
IUITach Ha oTedecTBeHHBIX uMIutanTepax MJIY-200 u MJTY-3. [lns uccnenoBanus BIUSHAS XUMUYECKOH MTPH-
poIbl BHEApsIEMBIX aTOMOB Ha cBoicTBa [-Ga,Oz MCMONB30BAINCH KAK XMMHUYECKH AKTHBHBIC HOHBI, TaK
Y MOHBI HHEPTHBIX T'a30B. [[0CTUMITIIaHTAIIMOHHBIH OTKUT MPOBOJIUIICS C BapHalMeil TeMIlepaTyphl B Auarna-
3oHe 600 — 1000 °C. MccnenoBaHue CTPYKTYpbI 00pa3IioB IPOBOIMIOCH METOJOM PEHTTEHOBCKON MU PAKITHH
(P). XumMuueckuil coctas 1o IIyOWHE aHAJTU3UPOBAICA METOJIOM BTOPUYHO-HOHHOW Macc-CIIEKTPOMETPUH
(BUMC), a anexTpuyeckue cBOMcTBa — MeToJ0M 3Mepenus 3¢ dekra Xona.

YcTaHOBIIEHO, UTO NIPU OTIPEIENICHHBIX MapaMeTpax O0MyUYeH s MPOUCXOANT (ha30BbIH mepexo 00iy-
YEHHOTO CJI0Sl U3 TEPMOANHAMUYECKH CTaOMIbHOM [-(a3sl B MeTacTabuinbHyI0 y-(haszy. CTeneHs npesparie-
HUS B Y-(a3y 3aBHCUT OT J03bl U THIIA UMIUIAHTUPYEMbIX HOHOB. [Ipy OTHUX U TeX ke PacCUMTAHHBIX Mapa-
MeTpax, ONpPEACIIIONIMX KOHIICHTPAIMIO PaJHalliOHHBIX 1e(eKToB 1pr HoHHON nmiutantauuu (DPA — den-
Sity per atom), /uis pasHBIX HOHOB B OJHOM ciydae hopmupyercs y-asa, a B Apyrom He dopmupyercs. Pe-
3yJbTaThl 00CYXKIAIOTCS C TOUYKW 3pSHHS BIUSHHUS XUMHUYECKON MPUPOABI BHEAPSIEMbIX aToMoB. J{is oOpas-
1IOB, 0OJTy4YEeHHBIX HOHAMU Oopa, 00HapykeH 3PPEeKT pa3aBoeHHS MPODUIIS pacTpeIeIeHUs] aTOMOB TP BBI-
COKOTEMIIEpAaTYpPHOM OTXKHI'€, IPUUEM CYLIECTBYET IOPOTOBasi 103a MMILIAHTALMH, BBIIIE KOTOPOH Habmroaa-
eTcs gaHHbIi 3¢ dexT. MccneqoBaHmst dIEKTPUIECKUX CBOHCTB, O0JyYeHHBIX HOHAMH KPEMHUS 00pa3IloB BbI-
SIBUJIA aHOMAJTBHBIH 3()(EKT NPEBBIIICHNUS CIIOEBON KOHIIEHTPAIIMHU JIEKTPOHOB KOJINYECTBA UMITJIAHTUPOBAH-
HBIX aToMOB. Kpome Toro, oO0Hapy»eHo (GOopMHUpOBaHHE MTPOBOSILETO CI0A N-TUIA MPH UMIUIaHTaluu Oopa
— M30BAJICHTHOHU Trajuinio npuMmecH. [lomydeHHbIe pe3ynbTaTsl AEMOHCTPUPYIOT CIIOXKHBIN XapakTep Mmpouec-
COB Tipu WOHHOM nMmIanTanuu Ga,Os, uTo TpedyeT AanbHEHIINX UCCIIeIOBAHUH.

HccnenoBanne BBIMOJHEHO 3a cdeT rpaHta Poccwiickoro Hayunoro ¢onma Ne 23-79-00052,
https://rscf.ru/project/23-79-00052/.
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[TuposnekTpudecKnii TOK B CEICHU I MapraHiia, 3aMeIIEHHOTO TYJHeM

CurtnuxoB M. H., XapbkoB A.M.
Cubl'V um. M. @. Pewwemnesa, 660037, Kpacnosapck, np. Kpacnospckuil pabouuii 31

XabKOreHH bl MapraHila ¥ CHHTE3UPOBAHHBIE HA UX OCHOBE TBEPIBIE PACTBOPHI SBJISIOTCS MEPCIIEK-
THBHBIMHA MaTepHaJaMH ISl HAKOMUTENCH DIICKTPUYECKOW SHEPIHH, KOTOPHIE B OCHOBHOM HCIIOJIB3YIOTCS
B aKKYMYJIATOPHBIX 0aTapesx U CylepKoHaeHcaTopax. JlaHHbIe TOMYTPOBOAHUKH HAXOIAT IUNPOKOE MPAKTH-
4eCKoe MPUMEHEHHE B MHTEHCHBHO PA3BUBAONIENCS CIIMHTPOHUKE U MUKPOIJIEKTPOHHMKE ISl H3TOTOBIICHHS,
KOTOPBIX HEOOXOJNUMO HCIIOJIb30BaTh MAaTEPUAIbI C OOJIBIION MUAIEKTPUUECKON MPOHHUIIAEMOCTBIO0, KOTOPas
3aBHCHUT OT DIIEKTPUIECKOM Tojisipu3ammu [1].

, , , 2,0 , , ,

00212 | b
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Puc. 1. Teunepamypnas 3agucumocms nupomoxa () u omuocumenvroe usmenenue noaapuzayuu (0)
onst TMo.0aMnggsSe. Bemaska: Temnepamyphas 3asucumocms nupomoka 071 TMo.oaMnNg gsSe.

XanbKOreHH/IbI C IEPEMEHHOM BaJICHTHOCTBIO 00J1a1al0T YHUKATbHBIMU CBOMCTBAMH, TPAHCTIOPTHBIMH,
MarHUTHBIMU M TEPMOIJIEKTpHIecKuMHE [2]. Mi3MeHeHHe BaICHTHOCTH HOHA MEHSIET JICKTPOHHYIO CTPYKTYPY
Y IPUBOJINT K Je(hOpMaIiK peIIeTKH. BalleHTHOCTh MEHSETCS KaK [0 TEMIIEpaType, Tak U C POCTOM JaBICHUSL.
KomrieHcanusi n30bITOYHOTO AJICKTPHYESCKOTO 3apsiia MPUBEICT K JOKAIBHON AIEKTPHYESCKON MOJSIPU3ALUH
[3]. YacTtuuHas nrekoMIeHCaIsl BBI30BET 00pa30BaHUE JICKTPUIECKOTO MOJIsl B 00pasiie U AUTIONbHYO OIS
pu3anuio. Vi3sMeHeH#e 3IeKTPHIECKOil MOISIpU3aiy 0 TEMIIEPaType BHI30BET MUPOIIEKTPUIECKUI TOK jp =
(dP/dT)(dT/dt). Tok B HyJIEBOM BIICKTPHYECKOM TI0JIC HMEET BUJIL:

. dpP
=oE, t—
J n 5t )

rZie G — IPOBOJUMOCTD 00pasia, Ein — BHyTpeHHee 3JIeKTpUIeCcKoe MoJIe.

Tok B HyJIEBOM BJICKTPHYECKOM TI0JIe U3MEpeH Ha siekTpomerpe 6517B/E u npescrasnen Ha Puc. la mist
TmooaMnggsSe. [pu HarpeBanuu Tok MeHsieT 3Hak 1pu 110 K ¢ oTpuiaTensHOro Ha MojioKuTe IbHbINA. TOK Ipo-
xoauT dyepe3 MakcumyM nipu 220 K, gocturaer munrmyma rpu 285 K 1 pe3ko Bo3pacTaeT BbIIIE KOMHATHON TEM-

nepatypsl. MIHTerpupoBanie ToKa JacT mosipusariio P ~ j jdT , oTHOCHTENBHOE 3Ha4YEHHE KOTOPOIl M300pa-
eHo Ha Puc. 1b. Drexkrprdeckast nossipusanus B 5ToM o0pasiie ucyesaer B narepsaie 220-240 K.

Pabora nognepkana Poccuiickum HayunbsiM don0M, [IpaBuTenscTBoM KpacHospckoro kpasi v mpoek-
ToM KpacHosipckoro Hayunoro ¢ounaa Ne 23-22-10016.

[1] S.S. Aplesnin et. al., J. Mater. Sci.: Mater. Electron., 34, 284 (2023).
[2] S.S. Aplesnin et. al., Phys. Status Solidi B, 257, 1900637 (2020).
[3] S.S. Aplesnin et. al., Eur. Phys. J. Plus, 139, 247 (2024).
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BSaHMOI[eﬁCTBHC H3JIYYCHUS OIITUYCCKOTO U PaarO04YaCTOTHOT'O
AUAITa30HOB C JJICKTPOHAMH B OKCHUAC MHANA—0JI0BA

Baccapa6 B.B.}, Illanerun B.A L, laxmun A. A.2, Cokxonos B.C.% Kponoros I'. 1.2
YCanxm-Ilemepbypeckuii nonumexnuueckuti yuusepcumem Ilempa Benukozo, 195251, Canxm-Ilemepbype
2000 «THIJEKCy, 194292, Canxm-Ilemepbype, yr. Jomocmpoumenvhas, 16
Cpenu MHOXECTBA TpUMEHEHHH okcua HHAsI—o10Ba (OMO) B 37IeKTPOHUKE, ONITHKE U OMTOAJICKTPO-

HUKE 0C000€ MECTO 3aHUMACT MCIOJIBb30BAaHUE ATOTO MaTepuaa JIsl IIOAaBICHUS 3JICKTPOMArHUTHBIX TIOMEX
B PaIMOYaCcTOTHOM Juana3oHe. Pa3paboTka OECKOHTAKTHBIX METOJOB OINPEICICHUS MapaMeTPOB MOKPHITHI
n3 OMO, obmanaronyx moIynpoBOIHIKOBEIMH CBOWCTBAMH, SBIISIETCS BaXKHOH 3amadeii. OIMH U3 TaKuX Me-
TOMOB OBUT HEeAAaBHO mpensioxed B [1]. B manHON paboTe MBI HcciemyeM B3auMOJISHCTBIE U3ITYUIESHUS OITH-
YECKOT0 U PaJuodYacTOTHOTO JIUANAa30HOB co CBOOOAHBIMHU AtekTpoHamMu B OO u npejyiaraeM HOBBINA METOJ
HEPa3pyIIAIOIIETO KOHTPOJIS TOHKOTUICHOYHBIX MOKPBITHH M3 3TOTO MarepHaia. DKCICPUMEHTAIBHO HCCIIe-
TOBAaHBI OTpaXEHHNE W Mpomyckanne npoBomanux wieHok OO paznmyaHoi TommuHb (69—445 HM) Ha 1H-
ANEKTPUIECKOH MOI0KKE (OOPOCHIINKATHOE CTEKIIO) B ONTHYECKOM CIIEKTPaIbHOM JHara3oHe, a TAKkKe B pa-
JINOYacTOTHOM Juana3zoHe. [IpoBeneHo TeopeTuueckoe MOACTUPOBAHUE UCCICAOBAHHEBIX CIIEKTPOB C ITOMO-
IIbI0 METO/a MaTpHIl IepeHoca. [[isi onucaHus BRICOKOYACTOTHOM 3JICKTPOIIPOBOJIHOCTH CBOOOIHBIX 3JICK-
TpoHOB B OMO ucnons3oBanace Mozens Apyne.

B ontudeckom auanazoHe 3KCIEPUMEHTATBHBIC UCCIICOBAHUS OXBATHIBAJIM JUAMA30H JJIMH BOJH A =
0.24.5 MkM. BpiOupanoch CrekTpajibHOE pa3pelieHrue, YTOObI MOJaBUTh MHOTOIYYCBYIO MHTEP(PEPEHIIUIO
B MOJiI0XkKe. [lyTeM MOJArOHKH MOJIENBHBIX CIEKTPOB MOJ YKCIEPUMEHTAIBHBIC OMPESISUIUCH TapaMeTPhI
mwierok OMO. Bricokas TOYHOCTH B ONpeeNIeHHH TONIINHBI TUICHKH 00ECIIeYrBaeTCsl aHAIN30M CIEKTPOB
B 00nacTu mpo3paqHoCcTH (IpU A < Amin, TJI€ Amin— MOJIOKEHUE TNIA3MEHHOTO MUHUMYMA). JlocTUrHYTas TOY-
HOCTh MHOTOKPATHO MPEBHIIIAET TOYHOCTh, 00CCIICYMBACMYIO METOAOM CKaHUPYIOIICH JICKTPOHHON MUKPO-
CKONMH. BRICOKast TOYHOCTD B OIMPEIEICHNH KOHIIEHTPAIUH AJIEKTPOHOB U TIOJBMYKHOCTH JOCTHUTAETCS B Pe-
3yJIbTaTe aHaJIN3a CIIEKTPOB B 00JIaCTH Kpast INIa3MEHHOT0 oTpakeHust (TpH A > Amin). JlocTuraemasi TO4HOCTb
CYIIECTBEHHO BBIIIE, YeM JIaloT u3MepeHus dhpdexra Xoiia 1 3JIeKTPONPOBOAHOCTH IJICHOK HA MOCTOSHHOM
TOKe. BakHBIM TOCTOMHCTBOM pa3pabOTaHHOTO METO/Ia SABJISCTCS €ro OECKOHTAKTHOCTb.

HccrenoBanust OTpaKeHUsI U IIPOITYCKaHKsl PaJHOBOJIH MPOBOIMIKMCH B Auamnasone yacror f = 2.8-23
I'T. MakcumainbHas 3¢ peKTHBHOCTH MToaBIeHus paauoBoiH (Oomee 26 nb) Habmoganacek B meHke OMO
TONMUHOM 445 HM ¢ KOHIeHTpauueii 35ektpoHoB 9.9-10% c¢m3, Teopernueckoe MOAETMPOBAHKME CIIEKTPOB
B PaIMOYaCcTOTHOM JIMAaIia30He MPOBOAMUIIOCH C HCMIOIB30BaHUEM TOU JK€ MOJICINH, UYTO M B OTITHYECKOM JTaria-
30He. MoJIeNbHBIE CIIEKTPHI XOPOIIO COTIACYIOTCS C AKCIIEPUMEHTAILHBIMH. JTO €Ille OJIWH apryMeHT, MOJI-
TBEPKIAIOIIHI BBICOKYIO TOYHOCTh Pa3pab0TaHHOIO HAMHU METO/Ia OIpeieicHus nmapameTpoB mieHok OO,
AHaM3 CIEKTPOB MOKa3bIBAET, YTO BBICOKAS CTEIEHB MOJABJICHHS PaliOYaCTOTHOIO U3JIYYCHHS TUICHKAMU
OHO o0ycnoBiieHa X BBICOKOW OTpayKaTeIbHOM CIIOCOOHOCTHIO, B TO BPEMs Kak MOTEPH Ha MOTIIOIICHHUE TIpe-
HeOpeXMMO Manbl. B ncciieioBaHHOM JTMana3oHe 4YacTOT CTETIeHb MOJIaBICHUS PaJNOBOIH yKa3aHHOM TIJICH-
KOW MEHSIETCS € 4aCcTOTOH OT 26 110 34 1b, 4TO CBsI3aHO C MHOTOJIyYEBOM HMHTEP(PEPEHIUEH B CTEKIITHHOM 1O/~
soxkke. [Ipu 3TOM B BUIMMOM JHara3oHe, aKTyaJIbHOM ISl MHOTHX ONTO3JIEKTPOHHBIX MPUOOPOB, MPOITyCKa-
HHE TUICHKU JI0CTaTo4YHO Bhicokoe (~ 80%).

B pe3synbrate uccnenoBaHuil yCTaHOBICHA KOPPEISIAS MY 3P (HEKTUBHOCTHIO ITOIaBIECHUS Paro-
YaCTOTHOTO M3IYUEHUS U OTpaKaTeIHbHOU cIocOOHOCTRIO TUIeHOK B K-nmnamnazone. HalimenHas 3aBUCHMOCTh
TTO3BOJISIET TIPOTHO3UPOBATEH XapakTeprucTuku mieHkn OO B pagnodacTOTHOM AWana3oHe, UCIIOIb3Ys OTHO-

KpaTHoe uaMepenue kodddunmenta orpaxenus B onmxaem UK-auamnazone (mpu A = 2 MKM).

[1] D. Ananthanarayanan, et al., Solar Energy, 209, 424 (2020).
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HccnenoBanue CBOMCTB IPaHUL] pa3iesa MEexKIy
MUKpOKpUucTaimnueckumu ciosiMmu GaP u InP, BeipameHHbIMu METO10M
IJIa3MOXUMHUYECKOTO aTOMHO-CIIOEBOT0 OCAXKICHUS HA KDEMHHUU

C'ynosekux A.C.Y, Veapos A.B.}, Bapanos A.1.}, Bsuecnasosa E. A}, Makcumosa A.A.1?,
Sxosnes I'.E. 2, Kupunenko JI. A2

Y\CII6AY PAH um. K. 1. Angpeposa, 194021, Canxm-Ilemep6ype, yn. Xnonuna, 83

2CII6IITY «JIPTHy» um. B. 1. Yavanosa ([lenuna), 197376, Cankm-ITemep6ype, yi. Ipog. Ilonosa,

SOTU um. Hoppe PAH, 194021, Canxm-ITemep6ype, [lonumexnuuecxas yr. 26

Muxkpokpucramraeckue ciou InP, o6manaromye 10cTaToYHO BRICOKUME 3HAYSHUSAMA BPEMEHH KU3HU
HOCHUTeNeH 3apaaa, B coctaBe MHOTOCIOWHBIX InP/GaP rerepocTpykTyp, cPOpMUPOBaHHBIX HA KDEMHHWH C UC-
MOJIb30BaHUEM TOHKOIIJICHOUYHOW TEXHOJIOTHH, MPENCTABISIOT HHTEpeC A (YOPMUPOBAaHUS MHOTOMEPEXO.I-
HBIX (DOTORJIEKTPUIECKUX MpeoOpazoBarenieli CoMHEYHON dHEpruu [1-2]. DOTOIIEKTpHUIECKHE XapaKTepH-
CTHKH TaKUX T€TEPOCTPYKTYP ONPEIEISIOTCS CBOMCTBaMU TpanwIl pasaena InP/GaP.

B nanHoii padote ciou GaP u InP dopmupopanuce MmeTogom
TUTa3MOXUMHYECKOTO aTOMHO-CJIOEBOTO OCAXICHUS Ha MOJIOKKaX
MOHOKpHUCTauIIeckoro Si ¢ opuenTtanuii (100). beutn BbIpamieHs!
kak nByxcrnoiHeie GaP/InP  cTpykTypel, Tak ¥ MHOTOCIIOWHBIC
B BUAC KOPOTKONECPHOAHBIX CBECPXPCIICTOK MU OJUHOYHBIX KBAaHTO-
BbIX siM. CTpyKTypHBIE CBOWCTBA T'€TEPOCTPYKTYpP HCCIEI0BAINCH
C IOMOILIBI0  MPOCBEUMBAIOLICH  3JEKTPOHHOH  MUKPOCKOIUU
(IT9M), aTaxke CHEKTPOCKONHAN KOMOWHAITMOHHOTO DPACCEsTHUSI.

OJeKTpOHHBIE CBOMCTBA IpaHUIl pasjesia MCCIEIOBAIUCH C TIOMO-
IIBI0 U3MEPEHHI TeMIIepaTypHbIX 3aBucuMocTeii BAX u meTomoB Feiiss . :

Puc.1. — IIOM cevenus GaP/InP
cmpykmypbl Ha Si, usobpadicenue ou-
@pakyuu 21eKmpoHo8 U Kapmsl pac-
npeoeneHuss OCHOGHBIX JJIeMEHINO08,
HaYaJILHBIN DIIUTaKCUAILHBIN POCT C NEPEXOAOM B MUKPOKPHUCTAJI- NnoJy4eHHoe C NOMOUblo g][gpg()duc-

CIEKTPOCKONUHN EMKOCTH MPOCTPAHCTBEHHOTO 3apsiia.
Cornacno [I9M (puc.1) cmon GaP, cormacoBaHHbIE TIO Ma-
pamMeTpy KPUCTAJUIMYECKOW peIeTKH ¢ Si, JEeMOHCTPHUPYIOT

JIMYECKYI0 CTPYKTYpy. Bolpamennsie Ha GaP crmou InP umeror | 7€pPCUOHHOU  PEHMZEHOBCKOU  CNEK-
MPOCKONUU.

MUKPOKPHCTAIUIMYECKYIO CTPYKTYPY CO ciIaOOBBIpaKEHHOH Ipe-

umyniectBeHHo# opuenTtanmei (111). Kontpact Ha m3o0pakennu [1OM u xapThl pactpe/ieIeHus 3JIeMEHTOB
JEMOHCTPHPYET HAINYKE Pe3KOi rpaHuibl Mexay ciosmMu GaP u InP. Msmepenus npodueii KoHIEHTpamuu
HOCUTENeH 3apsiia ¢ moMouipio anekTpoxumudeckoro CV nmpoduaupoBanust sl CTPYKTYPhl € KBAHTOBOM
smoit InP, pacnonoxenHoi Mexay OapbepHbIMU cinosivu GaP, MO3BOJISIIOT MPOBECTH OLIEHKY pa3pblBa 30H
npoBoaumMocTh (AEc) Ha rparune GaP/InP, cocrasusromieii 0.58+0.02 3B. bonbmmoe 3nauenne AEc cozmaer
MOTECHIMATBbHBIN Oapbep /IS 3JICKTPOHOB Ha rpanuiie pa3aena n-GaP/n-InP u, cienosarenbHO, OKa3bIBaET Cy-
LIECTBEHHOE BIMSHUE HA UX TPAHCIIOPT, YTO MOATBEPKIACTCS pe3yIbTaTaMi H3MEPEHUH TeMIIepaTyPHBIX 3a-
BucuMocteld BAX s nByXClnodHBIX CTPYKTYp. [aHHBI (QakT mommkeH ObITh YyYTE€H NpH pa3paboTKe KOH-
CTPYKIIUHU POTO MPeoOpa3oBaTeNIbHBIX CTPYKTYP, COJICpIKAIIUX rpaHullsl pa3aeia GaP/InP.

[1] R.Kapadia et al.,. Sci. Rep. 3, 2275 (2013).
[2] F. Hatami et al, Nanotechnology 17, 3703 (2006).
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ITporecchl PE30HAHCHOTO PACCESHUS CBETA MPHU ABYX(POTOHHOM
BO30Yy>k1eHnn B kpuctaiuie CdS

Cemenona JILE.
HUnuemumym obweti pusuxu um. A. M. [Ipoxoposa PAH, 119991, Mockea, yn. Basunosa, 38

HccnenoBanre morynpoBOJHUKOB C MIOMOMIBIO CHEKTPOCKONUU PE30HAHCHOTO THIIEPKOMOHMHAIIMOH-
Horo paccestaust (I'KP) cBera nmo3BossieT mony4ars HHGOPMAIHIO KaK 0 KOJeOaTeIbHON cucTeMe, TaK U AJIeK-
TpoHHOH. Heckonbko myOsimkanuii ObUIO MOCBSILIEHO SKCIIEPUMEHTAIBHBIM HCCIEIOBAHUSAM PE30HAHCHOTO
I'KP B xpuctamie CdS [1, 2]. B pabote [2] coobrmanocs 0 HabI01aeMOM yBenueHUH HHTeHCHBHOCTH [ KP
Ha nponoibHbIX onTHyeckux (LO) dpononax B CAS npu npubnmkeHnn K 1ByX(OTOHHOMY pE30HAHCY C HUX-
HUM 5KCUTOHHBIM YPOBHEM, KOTOPOE MO3KE OOBSCHSIIOCH MTPOIIECCAaMH PACCesIHUS, BKIIOYAIOIIUMH ABYX(O-
TOHHBIE TIEPEXO/IbI B 3KCUTOHBI S-THMA [3]. AHanmu3 pesoHancHoro ['KP B pamkax 3KCHTOHHOU MOJETH C y4e-
TOM BOJIHOBBIX (DYHKI[HMIi BaJIEHTHOU 30HBI, OITPE/ICIICHHBIX B paboTe [4], oka3ai, 4To Mpu TeOMETPUH pacce-
SIHUSI, UCTIOJIB3YEMOH B 3KcTiepuMenTe [2], Bo3MoxkHbI mponeccsl I'KP, Britovaromye AByx(OoTOHHBIE TIepe-
XOZBI B cocTOsTHUS cuMMeTpun [ 1 ['1. B mepBom cityyae 3T0 OC/Ie0BaTeIbHOCTD MPOMEKYTOUHBIX IKCH-
TOHHBIX COCTOSIHUH S-P-S, KOTOpasi 0OBIYHO JOMUHHpYeET B pe3oHancHOM ['KP, u mporiecc paccesHus, BKITIO-
YA JBYX(OTOHHBIE IEPEXO0bl B AUMOIBHO-3aIIPELICHHBIE S-3KCUTOHHBIE cocTOsiHMA ['s cepuu A, KOTO-
PpbIil BO3MOJKEH MPH HAJTWYUH CMEUINBaHUS P- U -TI0I00HBIX COCTOSHHUH, T.€. COCTOSIHUIA, TPe00pa3yoInXCcs
B COOTBETCTBHHU C HETIPHBOAWMBIMHU TIPEACTABICHUSIMU TpymIibl cumMmetpun ['s u I's, B mog3one A u Gosee
riy6okoi BaeHTHOU 30He V' (I'o) [5]. IIpuuem BKIaa 3THX MPOIECCOB 3aBUCUT MOJSIPH3AIIHMH BO30YKIai0-
LIETO W3Ty4YEHUs U HalpaBJIeHUs BOJIHOBOTO BEKTOPA PacCestHHOro cBeTa. OLEeHKH MOKa3ajiH, YTO YacTOTHAs
3aBUCUMOCTH ceueHus peonancHoro I'KP Ha LO ¢oHoHax, paccunTanHas ¢ yueToM ABYX(QOTOHHBIX TIEpexo-
JIOB B A 9KCHTOHBI S- U P-THIIA, HE COOTBETCTBYET HaOmogaeMomy pocty unteHcuBaoctu ['KP [5].

B npexacraBnenHoit pabote paccMOTPEHBI MPOLIECCHl PACCESIHUS, BKIIIOYAIOLINE ABYX(OTOHHBIE MEpe-
XOZbI B COCTOSIHUSA |1, KOTOpBIE MOTYT OBITh, B yacTHOCTH, B 1 C sxcutonamu S-tumna. [lepexonsr u3 HUX B oc-
HOBHOE COCTOSIHHE MOTYT IIPOMCXOJIUTH C OTHOBpEMEHHBIM poskaeHueMm LO ¢oHOHa B pe3ynbTare Kak «pas-
PEIICHHOT0Y (T.€. B MPHOIMKEHUH HYJIEBOTO BOJIHOBOTO BekTopa hoHoHa (=0) hpenxoBCKOro 3KCUTOH-(O-
HOHHOTO B3aMMOJeHCcTBHUS, Tak U 3anpemenHoro ((=0). Kpome Toro, Boamosxus! nporeccel I'KP, Bkitogaro-
Me IBYX(pOTOHHBIC MEPEXO/Ibl B SKCUTOHBI 0-THIIA, KOTOPBIM COOTBETCTBYIOT IOCIIEIOBATEILHOCTH MPOME-
KYTOUHBIX 3KCUTOHHBIX COCTOsIHUIT P-d-P.

JAByx(OTOHHBII AUMONBHBIH Mepexo/ B S-okcuToHHOE coctosHue (I'1), otHocsmeecs k B miu C cepun,
MOJKET IPOUCXOAUTH Yepe3 MPOMEKYTOUHBIE P-3KCUTOHBI TOM K€ CEPUU WIIM S-IKCUTOHBI, CBSI3aHHBIE C BbI-
Ienexanieil 30Ho! IMPOBOAMMOCTH I OoJiee TITyOoKol BasieHTHOH 30HOU V' (I'9) mpy Hanmumu B Hell cMme-
mmBaHus P- u d-mogo0HBIX coctosuuit [6]. Kak u B ciydae «3amperenHoroy» MexaHu3Ma pacCesHus, pac-
CMOTPEHHOT'0 B paboTe [6], y4eT mepexo0oB B 30HY V' MOXKET 0Ka3aTh 3aMETHOE BJIMSIHME Ha BKJIAJ «pa3pe-
mweHHoro» npouecca I'KP. K coxanenuro, ananu3z yacrorHor 3aBucumoctu ceuenus ' KP ¢ yuerom stux npo-
LIECCOB PACCESHUS CYLIECTBEHHO OCJIOXKHAETCS TEM, YTO IJISl 3TOr0 HEIOCTAaTOYHO AaHHBIX. Jlomyckas BO3-
MOJKHBIE JIUIOJIbHBIE MTEPEXO/IbI B 30HY V', OBUIO MOKa3aHO, YTO MPH HEKOTOPBIX YCIOBUSIX Ooliee OBICTPBIT
poct ceuenust [ KP Mmoxer HauaThcst ipu ABYX(OTOHHOM BO30YKJICHUH HHXKE SKCUTOHHBIX YPOBHEH.

[1] /I E. 3y6rosa u op., I[Tucoma ¢ JKOTD, 57, 334 (1993).

[2] V.A. Maslov et al., Laser Phys., 6, 132 (1996).

[3] L.E. Semenova, K. A. Prokhorov, Laser Phys. Lett., 1, 253 (2004).
[4] E. Gutsche, E. Jahne, Phys. Stat. Sol., 19, 823 (1967).

[5] L.E. Semenova, J. Russ. Laser Res., 42, 721 (2021).

[6] L.E. Semenova, Laser Phys., 32, 084004 (2022).
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CamocBeTsmuiics anMas, akTHBUPOBaHHbIA *4C, cCMHTE3 M XapaKTepu3aiys

Bouapos C.H.%, Bypakos B.E.2, Opexosa K.H.?, Bamopsnckas M.B.2, [lementses I1. A2, Bep b.51.2,
Kazannes /1.10.2, Tokapes M.B.?

Y000 «HUL] Iepedosvie cunmemueckue uccredosarusy, 199034, Canxm-Ilemepbype, 17 munua BO, 0.4-6

2OTH um. A. @. Hoghghe, 194021, Canxm-ITemepbype, Ilonumexnuuecxas, 26

Pa3paboTka smepHBIX JIeKTpUIecKux OaTapeii Ha ocHOBe (poTo- 1 GeTa-BosbTandeckux 3(h(exToB yxe
MHOTHE TOJBI SIBIISIETCA IPEIMETOM WHTEHCUBHBIX MCcenoBaHui. Mcnonp3oBanue anbda- 1 Oeta-u3myyare-
neit, Takux kak 2®Pu, 99Tc, C, ®Ni, *H, **’Pm u np., 00ycnaBnuBaer xecTkue TpeOOBaHuUs K paJualldOHHOMN
0e301MmacHOCTH SAEPHBIX OaTapel u TpeOyeT MpUMEHEHHS MPOYHBIX (XMMHYECKH, MEXaHUYECKH U Pagraliv-
OHHO CTOWKHX) KPUCTAJUIMIECKUX MaTpHIl. B (poToanekTpuiecknx OaTapesx 3HEPTUs paAHOaKTUBHOTO pac-
najia paIuoHyKIUAOB MPeo0pa3yeTcs B ONTHUYECKOE U3TyUCHHE 3a CUeT BO30YKACHUS IEHTPOB JIIOMUHECIICH-
uun. Takoi MaTepral CTAHOBUTCS CAMOCBETSIIUMCS M B COYETaHUH C (POTOTUOZOM MOXKET OBITh HCIIOTIH30BaH
B Ka4eCTBE MaJIOMOIIIHOTO NCTOYHUKA TIOCTOSTHHOTO TOKa.

HckyccTBeHHBIN aiMa3 — U3BECTHBII POYHBIN MaTepuai, KOTOPbI XapaKTEepU3yeTCsl APKOU paguoiIto-
MUHECIICHIIUCH 1 MOXKET 00J1aJIaTh MOJYNPOBOAHUKOBEIMHM CBOMCTBAMH B 3aBUCUMOCTH OT npumeceid (B, N,
P 1 T.1.) W/Win CTPYKTYpHBIX Ae(peKToB. MCKYCCTBEHHBIN aiMa3 MOXKET ObITh JIETMPOBaH U30TonoM *C uium
Ja’ke HOIHOCTBIO COCTOATH M3 *4C. DTOT H30TON yTriIeposia ABJIAETCs OeTa-U3IydaTeIeM ¢ IIEPHOIOM IoTypac-
naga 5730 £+ 40 ner u sHeprueit pacnana 0,156 MaB. CamocBeTsmascst anMa3Hasi MaTpULA, JETHPOBAaHHAS
14C, sBisieTcs BecbMa MEPCHICKTUBHOM JIJIsl (POTOICKTPUUCSCKUX OaTapeil.

B pesynbrate paboThl OBLUT BIIEPBBIE YCIECITHO CHHTE3UPOBAH CAMOCBETAINNACSI MOHOKPHCTAIUT aJIMa3a
(maccoii 0,14 1), aktuBuposannsiii 1*C (0,008 mac.% umm 1,8 MBk B cymme mwm okosto 13 MBx/r). C 6wt
3arpykeH B MCXOIHBIH npekypcop B Buge BaCOs. Comepxanue uzorona “C GbUIO ONpPENENeHO METOAOM
BUMC. bbut nmosydeH CIeKTp CaMOCBEYCHHsSI M KaTOJOJIOMUHECIICHITHS aliMasa. Y CTAHOBJICHO, UYTO CIICKTP
CaMOCBEUCHHS aMa3a aHAJIOTHUEH CHEKTPY PaAHOTIOMHUHECICHIIMY HEepaAHMOaKTUBHOIO aMasa MpH BHEII-
HeM GeTa-00mydennn *°TC u crekTaM KaTOI0MIOMUHECHIEHIIMH. JTO HAOIIOICHHE MO3BOJISET IIPOBOIUTH UC-
CIIETOBAaHHUSA PA3NUYHBIX THIIOB alIMa30B C HHTEHCHBHOW PaIMOIIOMHHECIEHIIUEH W KaTOIOTIOMUHECIICH-
MEN, MCTIONB3Ys HEPAIMOAKTHBHBIE 00pPa3Ibl 10 aKTUBALKMHU anMasa “C.

BBUI10 yCTaHOBIIEHO, YTO JaXKe CTOJL HU3KOE coepkanue *C oGecrieunBaeT OTHOCUTELHO MHTEHCHB-
HOE CaMOCBEYEHHE, KOTOPOE BHIHO B TEMHOTE T1a3aMu. DJIEKTPUIECKH TOK, U3MEPEHHBIN B pe3yIbTaTe mpe-
00pa30BaHus CBETA KDEMHUEBBIM (OTONETEKTOPOM, cocTaBui 14 HA. Veennuenue *C B anMasHol MaTpwuIle,
KaK IpeJnoiaraercsi, 0yJeT COnpoBOKAATLCS YBEIMICHUEM caMOCBeTsIerocs ninydenus. OJHako HeoOxo-
JIMMBI ANIBHEMIINE UCCIIEN0BAHMS IS BBIACHEHHS ONTHMAIIBLHOTO cojiepxkanus “*C v LIEHTPOB JIIOMUHECIIEH-
1Y, a TaKkxke HanOosee 3 (EeKTUBHOTO THTIA POTOIETEKTOPA.

Taxoxe OBIIIO TIOATBEPXkKICHO, UTO anMa3 tuma [Ib BechMma mepcreKkThBeH s MOMyYeH!sT KPUCTAILIOB
C MHTEHCUBHON COOCTBEHHOH paMOIIOMUHECIICHIINEH (CAaMOBEUYEHUEM) JIaXKe MMPH OTHOCHTEIEHO HEOOJIBIIIOM
conepxanuu “C B Matpuie anmasa. Takue KPUCTAILIBI MOTYT OBITH HCIOJB30BAHbI B KAYECTBE MPOYHOTO
Y DKOJIOTHYECKH YHCTOTO s/ipa (POTOrallbBAaHUIECKUX SIIEPHBIX ANMEKTPUIECKHUX OaTapei ¢ 4pe3BhIYaitHO JIITH-
TEBHBIM CPOKOM IKCIUTyaTalnu (JIECATKU U JTa)Ke COTHH JIET).
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dopMHUpOBaHKE PA3OPUCHTUPOBAHHBIX MUKPOCTPYKTYP PpTOpUIa
ATIOMUHUS

HaytoB.A.M.12 Jlenpamosa B.B.2 Korap K.I1. 2, Cubupés H.B.!

Y\CrIBry, ®usuveckuii gpaxynomem, 198504, Canxm-Ilemep6ype, Yavanosckas yu., 0. 3

2CITBAY um. K. U. Angpéposa, 194021, Canxkm-Ilemepbype, yr. Xnonuna, 0. 8 k.3 iumepa

®dropun amromuaus (AlF3) obnagaeT GU3NKO-XUMUUECKUMH MTAPAMETPAMHU, TO3BOJIIFOIIUMU HCITOH30-
BaTh €T0 B Ka4ecTBe (PYHKIHOHAIBLHOTO MaTepHaia Mpy pelieHHH psia MPakTHIecKux 3aaad. dropun amo-
MUHHS UCIIONB3YETCs, KaK KaTaln3aTop B OPraHMYeCKOM CHHTE3€ U B ONTHYECKUX MpHOopax yisTpaduoie-
ToBOrO AmamazoHa [1]. OqHako TEXHOIOTHS CHHTE3a (PTOPH/IA aTFOMUHUS OCTAeTCsl HE 0 KOHIIA Pa3BUTOM,
B CBSI3M C OTCYTCTBHEM JIOCTaTOYHON SKCIIEPUMEHTAIBLHON 0a3bl, HA OCHOBE KOTOPOH MOYKHO TOBOPHUTH O Pas-
paboTKe BOCTIPOM3BOIMMON TEXHOJIOTUH. B naHHOI paboTe BIEpBBIE MONYyUYEHB KyOMUECKHE MUKPOCTPYK-
TypBI Ha OCHOBE (hTOpHIA ATFOMHUHUSL.

bria mpoBezniena cepust skcriepuMeHToB 1o cuuTe3y AlF3 U3 BomHOTO pacTBOpa MIIaBUKOBOM KHCIOTHI
IPY HOPMAJIBHBIX YCJIOBHSAX B MIPHCYTCTBUH ZN C HENbI0 M3Y4YEeHHUs BO3MOXKHBIX H3MEHEeHHH (popMm cuHTE3H-
PYEMBIX MUKPOCTPYKTYp. PaHee HaM ynanoch yCTaHOBUTb, YTO MPH MPOTEKAHUU peakiuu Al ¢ BOJHBIM pac-
TBOPOM IUIABUKOBOM KHCJIOTHI B IPUCYTCTBUH ZN U3MEHSIOTCSI CKOPOCTh PEaKIfH, a TAaK)Ke TeOMETPHS MOITy-
qamuxcsi CTpykryp. aHHble 00pa3noB mnpexacrtaBieHbl B Tabmuue 1. O0beM KaXIOro M3 pacTBOPOB
Vpacrsopa=15 Mi1. IlnaBukoBas xucnora coorBerctByeT 'OCT 10484-78. B xauecTBe HCXOIHBIX MaTepHAIOB
HCTIONB30BANINCH 0c000 YnCThIi Al pupmbl «Sanyinghe» B rpanynax u ocoboit uncteiii Zn gupmel «HeaPe-
aktuB». OOpa3ubl MCCIeNOBAINCH CKAaHUPYIOUIMM 3IeKTpOHHBIM MukpockonioM SUPRA 25 (I'epmanus),
OCHAIIIEHHBIM YHEPTOIUCIIEPCHOHHBIM peHTreHOBCKMM aHanmu3aropom Ultima 100 (Oxford Instruments).

Tab6ymma 1 — [TapameTpbl 00pa3oB
Obpaszen 1 2 3
mZn, T 0.0027 0.0035 0.0034
mALr 0.44 0.88 1.32

PactBops! Obuin ipurotoBiens! B cootHomeHnd HF:H20 1:10. B rorosbie pacTBops! 100aBIsuIUCh Ipa-
HyJbl Al 1 Zn B cootBeTcTBUM € Tabmuuel 1. Cryctst cyTku Bo Bcex o0pasiax Ha rpaHyJjiax allOMHHUS 00pa3o-
BaJIach YepHas TuieHKa. [I7eHka npu 3ToM He JlaBajia IPOXOAUTh PEAKIMU PACTBOPEHUS ATFOMHUHUS B pACTBOPE,

B CBSI3M C 4YeM (hopMa BCeX TpaHyll OCTajach MPHOIU3UTEIHLHO
0e3 U3MEHEHUI. AHAN3 COCTaBa IJIEHKH MOKa3aJl CTEXHOMET-
puueckuil ¢propua amomunus. [Ipu paccMOTpeHNH CTPYKTYpHI
00pa3oB ObLIO YCTAHOBJICHO, YTO B IIEPBOM M BTOPOM 00pa3-
1ax c()opMUpPOBAJICS MACCUB HUTEBUIHBIX KPUCTAILIOB, a B Tpe-
TheM c(hOPMHUPOBATICH MUKPOCTPYKTYPHI cep U KyOoB, n300-
pakeHHBIX Ha pucyHke 1. Kak BUOHO Ha n300pakeHHH, CTPYyK-

TYPBI XapaKTepH3YIOTCsl Pa3ylopsI0UYCHHOCTBIO OTHOCUTEIBHO
: ot 1
Puc.1. — Cmpyxkmypa na ocnoge AlF3

HarpaBJIeHHs POCTa, a TAKKE HET YETKOTO MPOCTPaHCTBEHHOTO
paszenieHust Ha rpymisl KyooB u cdep. CpenHuil pasmep CTo-
PoHBI KyOoB nopsaaka 1.5 mxm, a auametp chep 300 HM.

Mgl BBIpakaeM 0JIaroJapHOCTh 32 (PMHAHCOBYIO TIOJJIEPXKKY HccieaoBaTebckoMy rpanTy Cankr-Ile-
TepOyprckoro rocynapctseHHoro yausepeuteta (ID 95440344).

[1] Lee Y. et al. Atomic layer deposition of AIF3 using trimethylaluminum and hydrogen fluoride //The
Journal of Physical Chemistry C. —2015. — T. 1719. — Ne. 25. — C. 14185-14194.
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OCOOCHHOCTH HEKOTOPBIX TEIIO()HU3MUECKUX CBOWCTB
IOJTYTIPOBOTHUKOBBIX TBEPABIX pacTBOpoB (CoSb)1-x(CoSny)y

AodunoB Y.U., I'acanoa M.I11., Caapirosa C.I"., Kacymona 3.K., I'yceitnosa H.T.
Aszepoatiodcanckuil mexnuyeckull yHugepcumem

[Ipu BeIIBNEHMU XapakTepa (PU3NKO-XMMUYECKOro B3auMmojeiicTBus mexay CoSb u CoSn, ycraHoB-
JICHO CYILIECTBOBaHME 00JAaCTH TBEPABIX PACTBOPOB HA OCHOBE aHTUMOHMA KOOAIbTa, TPaHUIla KOTOPO pH
300 K goxomut mo ~1mone% CoSny [1]. YuutsiBas, uro CoSb siBisieTcsi mepCcreKTHBHBIM MaTepUalioM TBEp-
JIOTEITHON DJJIEKTPOHUWKHN [2], HWCCIeAOBaHHME TEIIOPU3NISCKUX CBOWCTB TBEepABIX pacTBopoB (CoSb)i-
x(CoSNn2)x MOXKET BBISIBUTH MIPUTOTHOCTh IIPUMEHEHHSI MX B AT TCPHATHBHBIX IPEOOPA30BaTEIISIX JHEPIUH.

B aByx coctaBax TBepasix pacTBOpoB (CoSb)i(CoSny)x (mpu x=0.005 u 0.01) B urTepBane 300-800 K
MCCJICIOBaHbl TEMIIEpaTypHbIC 3aBUCUMOCTH YJCIBHOW 3JICKTPOIPOBOTHOCTH (G), KOAP(UIIMEHTOB TepMO-
3.1.¢ (o) 1 Xomta (Rx), a Takxke 0o0IIeit TemIonpOBOTHOCTH (&oswm). TEMIIEPATYPHBIA X0 KPUBBIX 000UX CO-
CTaBOB MOYTH OJWHAKOBBIN C pa3HHUIEH B UX a0COJIIOTHBIX 3HAUCHUSIX.

TemMmepaTypHbIil X014 KPUBBIX YIAEIbHOU 3JEKTPONPOBOIHOCTH UMEET MOIYIPOBOAHUKOBBIN XapakTep
C IUPOKOI 06JacThi0 MpUMecHO# mpoBoauMocT. [Ipu ~500 K B 00pa3max HacTymaeT 061acTh cCOOCTBEHHON
MPOBOJMMOCTH, OTKYyJla OBLTO OTpE/AeIeHO 3HAYCHUE TEPMHUYECCKON IIUPUHBI 3anpelieHHol 30HbL. s co-
craBa (CoSh)o.095(C0SN2)0.005 3HaueHHE AEg paBHO ~0.18 5B, a a5t coctaa (CoSb)o.99(C0OSN2)0.01 AEg=0.13 3B.

Xon kpuBbIX K03 (pduimmenHTa TepMo-3./1.Cc. BHaYalle ¢ POCTOM TEMIIEpaTyphl IMEET MPSMOJIMHEHHBIHN Xa-
PaKTep, IpOXOad 3aTEM UC€PE3 MAKCUMYM, JAJIE€C ITPU BBICOKUX TEMIICPATYpax NPOABIACT TCHACHIIUIO K YMCHb-
menuio. Ipeaen nameHenust kodgduumenta TepmMo-3.1.¢. coctaBa (CoSb)oge(COSN2)o.01 ¢ M3MEHEHHEM TEM-
neparypsl konebnercs B obnactu 3HaueHnit 90+150 mxB/K.

Ha 3aBrucumocTsax XommoBcKoi MOABMXKHOCTH HOCHTENEH 3apsiia 000X COCTABOB TBEPJBIX PACTBOPOB
C pOCTOM TeMIepaTypsl HabMoAaeTcs yMeHbleHue. OIHAKO, €CIIH PH OTHOCUTEIBHO HU3KUX TeMIepaTypax
YMEHBIIEHHE MPOUCXOAUT 110 3aKoHy Ux~T5, To BhIe ~653 K Takoe yMeHbLIEHHE IPHMHAMAET GOJIEe CHITh-
HBII XapakTep, rae npesaaupyeT 3akoH Ux~T3°. CuibHOE n3MeHEeHNE MOBUKHOCTH HOCHTEINEH 3apsaa Mo-
KET OBITh CBS3aHO C HECKOJIBKUMU (akTopamu. [lepBoe — 3TO HepaBHOMEPHOE pacmpeziesieHue MMOTeHIHaIa
B HcclielyeMbIx oOpasiax. Co3aaHHble B 00beMe M0JOOHBIE HEOJHOPOIHOCTH MOTYT CO3/[aBaTh CTATHYECKOE
pacnpeziec/ieHue W KOMIICHCAIIMM TPUMECeil BHYTPU MOJUKPUCTAUIMYECKOro oOpasia. Bropoi npuunHoi
CHWJIBHOTO U3MEHEHHS TIOABMKHOCTH MOXKET OBITh TO, UTO B DIIEMEHTAPHOW SUeiKe KPUCTATUIMIECKON CTPYK-
TYpbI 00pa3IoB MO MaJIbIM YTJIOM 00pa3yeTcs YABOSHHE, BIUSIOIIEe Ha IBIKEHIE HocuTenel [3].

TemnepaTtypHas 3aBHCHMOCTB O0IIIeH TEeIIONPOBOIHOCTH 00EHX COCTABOB HCCIIETyEeMBIX TBEPIBIX pac-
TBOPOB MOJAYHHSACTCS OTPUIATSIILHOMY CTEIICHHOMY 3aKOHY. AHAJM3 3aBUCHMOCTH &o6u~T(T) yKa3piBaeT Ha
CMENIaHHBIA MEXaHWU3M NnepeHoca TEIJia, rA€ IpPU BBICOKUX TEMIICpaTypax HMEET MECTO BIIMAHUC u-

mpoucccoB.

[1] C.I. Caovicosa, M. P. Annaszos, 9. H. Abunos, 3. K. Kacymosa, Céop. mesucoe 33-il pecnybaurkan-
ckotl xumuueckotl kongepenyuu. Typyus, Texupoae, 189 (2021).

[2] I. B. Camconos, M. H. A6oyacansimosa, Anmumonuowi, Jywanbée, H30. Jonuw (1977).

[3] H. @. I'axpamanos, B. . Tacupos, U. U. Hcmaunos, Tezucvt 00k1a008 pecnybiuKancko20 CUMRO3U-
YMa no usuyeckumM Cc8OUCMBAM CILONCHBIX NOIYNPosooHuKxos. baxy, Tunoep. AIIU, 23 (1978)
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ToHKas CTPYKTypa SJHEPTETUUECKUX PACIPENEIICHUN TOPAYNX JJIEKTPOHOB,
smutupoBaHHBIX U3 NaaKSbh/CsxSbh dportokaTona

Poxkos C.A.'2, Bakun B.B.}, Pycenxuii B.C.%%, Tonsamos B.A.?, Muponos A.B.}, Kycros JI.A.%
Hemun A.10.3, ait6nep I'.2.1%3, Anpneposuu B.J1.12, Tepemenko O.E.123

‘U@II CO PAH, 630090, Hosocubupck, np. Ax. Jlaspenmuesa, 13

2HT'Y, 630090, Hosocubupck, yi. ITupozosa, 2

3340 «DKPAH ®DII1», 630060, Hoesocubupck, yn. 3enenas I opxa, 1

B nacrosiee Bpemst Na,KSh/CsxSh-dhoTokaTo bl HCMOMB3YIOTCS B AIEKTPOHHO-ONTUICCKHUX MTPpeodpa-
30BaTesiX M (DOTOAIEKTPOHHBIX YMHOXKHTENsAX. B pabdote [1] 6put0 mokaszano, uro Na:KSh/CsxSb doroka-
TOJIBI MOT'YT TIPEACTABIISATh HHTEPEC I (PU3UKH BHICOKUX SHEPTHi B KAYECTBE MCTOYHHMKA CITHH-TIONISPU30-
BaHHBIX 3JICKTPOHOB. OJJHAKO, HECMOTPS Ha JTMTEIBHY IO UCTOPHIO uctonb3oBanus Na;KSb ¢orokaronos, Ha
CETOHSIIHHUN ICHb OTCYTCTBYIOT ITOJPOOHBIC KCIICPUMEHTAIBHBIC JAHHBIC 0 30HHOH cTpykType NaKSh. B
JaHHO# PaboTe MbI U3MEPIIIH YHEPTETHUCCKUE pacipeiesicHus: POTOIIEKTPOHOB, IMUTHPOBAHHBIX B BAKyyM
u3 NaKSh u Na;KSh/CsxSh ¢orokaromos. AHamu3 3BOIIONMH pacupeneaeHnii (hOTOIEKTPOHOB IIPH H3Me-
HCHUH SHEPTUH BO30YKIAOIINX (OTOHOB h MO3BOJIMIT OMPEACTUTH MApaMeTPhl 30HbI TPOBOJAUMOCTH U Ba-
neHTHoH 30HBI NaKSh.

JInst uM3MepeHuil HCIOIb30BATUCh BakyyMHbIe (hoToauomsl ¢ mosyrpo3padasiMu  Na:KSh/CsxSh
n NaKSb doTtokaronamu Ha crekie. B ¢poronnonax rockue GoToOKaTox M aHOI, ¢ PaOOYUMH JHAMETPAMU
18 MM, OBLTH TePMETHUYHO 3aKPEIUICHBI MapayIeNbHO APYT ApYyry Ha pacctosHur ~ 1 mm. ['eomerpus ¢oto-
JIMOJIa TIO3BOJISLIA UCTIOIB30BATh €0 B KQUECTBE SHEPrOaHAIM3aTOPa C OMHOPOIHBIM 33CPIKHBAIOIINM JJICK-
TpU4ecKuM mojieM. J{iist pa3nuuHbIX 3HaueHUH ho BO30YKIaroIIero cBera, ObUIM U3MEPEHBI paclpeie/iCHUs
IO MTPOIOJIEHON SHEPTHH JJIEKTPOHOB, SMUTHPOBAHHBIX B BakyyM u3 Na,KSb u Na;KSh/Cs,Sb dhotokatomnos
(ne(€mon)), a Taxke mpousBoaHBIE OT 3HepropacipeneneHuii (N'e(€ion)). Ha prcyHke mokasanbl 0COOEHHOCTH,

OOHapy)KCHHBIC HaMH B 3aBUCUMOCTSIX N'e(€ion). Kak BHIHO M3 pHCYHKa, SHEPTETUYECKOE TOJIOKEHUE ITHUX

0COOCHHOCTEW MEHSAETCS ¢ M3MeHeHneM hm Bo30yxmaromiero ceera. Mbl

CBSI3aJIM 3TH OCOOCHHOCTH C JJICKTPOHAMH, BO30YKIEHHBIMH U3 30HBI Ts-
KEMbIX ¥ JIErkux AbIpok NaKSb ciost u 6aIMCTHYECKH BBIIIEAITMMA
B BaKyyM. AHaJIN3 3aBUCHMOCTH CIIBUTA 3TUX 0coOeHHOCTel oT hm mo3Bo-
JIMJT OTIPENISNTUTh OTHOIIEHHUS 3()(HEKTUBHBIX MacC 3JIEKTPOHOB H JBIPOK. B
3aBUCUMOCTSIX N'e(€lon) TaK e ObUTH OOHAPYIKEHBI OCOOCHHOCTH, 00YCIIOB-
JICHHBIC JIEKTPOHAMHU, BO30YKIEHHBIMU M3 CIHH-OTINCIUICHHON 30HBI.
AHaIN3 MOyYEHHBIX JTAHHBIX TO3BOJIHII OTPEAEINTD, YTO BEIMINHA CITHH-
opbutansHoro pacrernienns B Na;KSb cocrasmster 0.6 + 0.05 aB. TIpu BoI-
COKHX DHEPrusx (JOTOHOB B CIIEKTpax Obla 0OHApYkeHa 0COOCHHOCTb, MO-

- n' (g,,,,) (arb.units)

JIOKCHUEC KOTOpOﬁ HC 3aBHUCUT OT SHCPIrun CI)OTOHa. Anamms OBOJIFOIITMHU aM-

TUIUTYy AL OANTHCTUYECKUX OCOOCHHOCTEH CIICKTPOB IIPU U3MCHCHUN ho mos-

BOJIMJI TIPEJITIONIOKUTh, YTO 9Ta OCOOCHHOCTB CBSI3aHa C IMUCCHEH (POTOIEKTPOHOB U3 OOKOBOM JOJIMHBI 30HBI
npoBoguMocti NapKSh. 3 Hammx skcreprMeHTa bHbIX IaHHBIX CICAYET, YTO PACCTOSHUE MEXK/TY THOM 30HbBI
nposoaumocti Na,KSb u nHom Osmmkaitiieit 6okoBoit gomuHb! coctaisier 0.35 = 0.05 3B.

PaGora BeimonHeHa npu nojaepikke Poccuiickoro Hayunoro ¢onga 22-12-20024.

[1] V.S. Rusetsky et al., Phys. Rev. Lett., 129, 166802 (2022).
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TpancriopTHbIE SBICHUS B C1a00 JIETUPOBAHHOM
MOHOKPHCTAJUIMYECKOM aJIMa3e

Karan M.C.%, ITanpouxwuii C. K.}, Xpanskosckuit H.A.,! Anryxos U.B.}, Poguonos H.B.2,
Bonbsmakos A.I1.3 Panpuenko B.I'.3, Xmenpuuuknii P. A 4, Tappunenko JI.B.°

YUPS um. B. A. Komenvnuxosa PAH, 125009, Mocksa, Moxosas, 11-7

2TPUHUTH, 108840, Mockea, Tpouyx, yi. IIywxoevix, 61. 12

SUO® um. A. M. IIpoxoposa PAH, 119991, Mockea, yn. Basunosa, 38

*OU um. I1. H. Jlebeoesa PAH, 119991, Mockea, Jlenunckuii np., 53

*UDM PAH, 603950, Huxcnuii Hoszopoo, I'CIT-105

HccnenoBanuch 3NuTakcHaIbHBIE aIMa3Hble INIEHKU TOIMMHOM 10-12 MKM, BBIpallieHHbIE METOIOM I'a-
30(aznoro xumudeckoro ocaxaeHus (CVD) Ha momrokkax W3 KpUCTALIOB anMasza ¢ opueHTarmeit (100),
CUJILHO JIETUPOBAaHHBIX 60poM (~2x10° cm3). TTo1oskKy 0TyueHbl METOJIOM BBICOKOTO JIaBIE€HHS/BBICOKOI
temneparypsl (HPHT). OmMudeckue koHTakThl U3 cruiaBa Ni-W TonmmHoNi ~35 HM HAaHOCHIIM METOJIOM Mar-
HETPOHHOI'O HallblJIeHUs. M3ydanuce TeMiepaTypHbIE U 3JIEKTPOIOIEBbIE 3aBUCMOCTH IIPOBOAUMOCTH B UH-
Tepsasie Temnepatyp 74-580 K u B snextpuueckux nossx g0 5*10° B/em. K o6pasuam npukiagsBany 160
MOCTOSTHHOE HaNpsHKCHUE — B JIMHEHHOMN 00J1acTH BOJIbTaMIiepHO# xapaktepuctuku (BAX), mubo Tpeyrob-
HbIe UMITYJIbCHI HanpshkeHus ¢ BpemeneM HapacTanus 0.5-100 mkc u yactoTtoi nosropenus 1-100 I'x (Bo uz-
OexaHue HKOyJIeBa HarpeBa o0pasioB MpHu OONBIINX HAaNpsDKeHMsX). B mocieqnem cimygae BAX BoccTanas-
JIMBAJIM U3 3aBUCUMOCTEN HAPSHKEHUS M TOKA OT BPEMEHH.

OmnpeneneHsl MEXaHU3Mbl HOHH3ALUH aKIENTOPHON MpuMecH 0opa 3JIEKTPUUECKUM TI0JIeM. Y CTaHOB-
JICHO, YTO TIPH KOMHATHOW TeMIIEpaType U BBIIIE U3-32 MajOi KOHIEHTPALUH CBOOOTHBIX JBIPOK U OOJBIION
9HEPIUu CBA3U 0Opa B ajMa3e MOHM3ALUS MPOUCXOAMT 3a cueT 3dexra Ppenkensa-Ilyna — moHWKEHUS Ky-
JIOHOBCKOTO Oapbepa mpuMecH B dntekTpudeckoMm modie [1]. [Ipu moHmkeHHBIX TeMIepaTypax HOHU3aIus Oopa
MPOMCXOJNT 32 CYET MPSMOTO TYHHEIHPOBAHHS ABIPOK B BaJICHTHYIO 30HY (3MHEpOBCKas moHu3auus). [Ipu
TemrepaTypax ot KoMHaTHO#H 10 ~500 K TemnepatypHast 3aBucuMOocTh poBoguMocTr 6(1/T) anmasza ¢ 6opom
MOJYMHSETCS aKTUBALMOHHOMY 3aKOHY, OJHAKO SHEPrus aKTHUBALMM 3HAYMTENHHO MPEBBIIIACT HHEPTUI0
noHu3anuu 6opa. C pocToM HanpsbKEHHS YHEPTUsl aKTUBAIIMK YMEHbIaeTcsi. [Ipy BEICOKMX TeMIlepaTypax
3aBucuMocTh (1) HackIaeTcs U3-3a UCTOIEHUS IPUMECH 3a CUEeT TepMHUecKoil noHn3anuu. [1o 3aBucumo-
ctsim o(T) onpeneneHpl KOHIEHTPAIUK CBOOOTHBIX ABIPOK M MIPUMeECeH, a TakKe cTeneHb KoMieHcaun. O0-
Hapy>KEHO, YTO TIPUMECH CHIILHO KOMIIEHCUPOBAHBI; CTENEHb KoMneHcanuu coctasisia 10°+10* npu kou-
nenTparuu npumeceii ~ 10 cm3, BeposaTHo, B pesynbrare camokomnencanuu B nponecce CVD pocra. Ipes-
JIOXKEHO O0BSICHEHHE TAKOW CAaMOKOMITEHCAIIMH 32 CUET PEKOMOHMHAIMH PaIiKaIoB O0pa 1 a30Ta Ha MOBepX-
HOCTH pOcCTa KpucTaiia u3 razosoii cmecu CBY paspsna.

Bosnbiias sHeprus akTuBayuy MPOBOJUMOCTH CBA3BIBAETCS CO CIy4aliHBIM KyJIOHOBCKHM ITOTEHIIHATIOM
3HAYUTENbHON aMIUTUTYAbI, BOSHUKAIOIINM M3-32 IPAKTUYECKH MOJTHOW KOMITEHCAIIUY TPUMeceid. AMIUTUTY1a
CIIy4aifHOTO MTOTEHLIMAIa OLlEHEeHa M0 SKCIIEPUMEHTAIbHBIM 3HaYeHUAM KOHIIEHTPALUH 1 CTENIeHH KOMIIeHCa-
[IMK ¥ TIOJTyYEeHO Xopoiliiee coryacue ¢ Teopueit [2], (cm. taxke [3]).

Pabota BbInonHeHa B paMKaXx Toc3alaHus.

[1] J. Frenkel, Phys. Rev. 54, 647 (1938).
[2] B. 1. Iknosckuii, A.JI. Dppoc, KOTD 60, 867 (1971)
[3] Z.S. Shlimak, V. V. Emtzev, Phys. Stat. Sol. (b) 47, 325 (1971)
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DnexkTpudeckue cBoicTBa K-(hasel Gax0s

Bapobirun I'.B.}, basnos H.B.}, Beisenko O.® ., llanenkos C.B.12, Hukonaes B. 1.2

‘criery, 199034, Canxm-Ilemepbype, Yuusepcumemckas nao., 7/9

2OTH um. A. @. Hoppe, Canxm-Ilemepbype, 194021, Canxm-Ilemep6ype, Honumexnuueckas yi., 26

Oxcup rajuys — MUPOKO30HHKIN MOTYTIPOBOIHUK, KOTOPBIHA B HACTOSIIIIEE BPEMSI HHTEHCHBHO MCCIEY-
€TCsl B CBSA3U C MEPCIIEKTHBAMH €TI0 HCIIOIb30BaHUS B CUIIOBOM 3JIEKTPOHHUKE U AETEKTOPOB cpenHero Y@ nua-
nasoHa. Cpeau 5 CTpYKTYpHBIX MOAN(HKALUM, B KOTOPBIX OH MOKET KpUCTaJUIN30BaThes, K-(haza ¢ opTopom-
OHvecKol HEIEHTPOCUMMETPUYHON CTPYKTYPOI IPEICTaBIAET OCOOBI HHTEPEC B CBSI3H C TEOPETUIECKH Tpe-
CKa3bIBaeMOH OOJBIION BEIMIMHON CIIOHTAHHOM MOJSIPU3aLUH, KOTOPask MOXKET IIPUBOJUTE HA TPaHUILIE C APY-
UM TOJIYTPOBOIHUKOM K IIOTHOCTH 2D 3JIeKTPOHHOT0 Ta3a, MpeBbIIIaoIei ee Ha MOpsIoK B cTpykTypax Al-
GaN/GaN [1]. DkcriepuMeHTaIbHbIC JaHHbIE 00 AJIEKTPUYECKUX CBOWCTBAX — CKY/HBI TaK, YTO W3MEPEHUSIM
TRJIEKTPHYECKOM MTPOHUIIAEMOCTH W CIIOHTAaHHOM TMOJISIPHU3aINN TIOCBAIIECHO BCETO 1O OgHOM padote [2,3].

B nacrosmeit pabote rccinenoBanuch ciou K-(pa3sl OKCHAa rajius,

TOJIIUHOMN OKOJIO 2.5 MKM, BhIpallleHHbIE Ha Oy(QepHOM CJ10€ HU3KOOMHOTO Tou oceelieHym cBeTom 350 Hi

—— B TemHote

GaN na nomnoxkke puduenoro camngpupa. Ha moBepxnocts Ga03; 6bum 10} i e
HaHECEHBI 30JI0TBIC IMOJIYIPO3pavHble KOHTaKThI quamerpoM 0.8 MM, a Ha .

norepeyHoe ceueHue cTpykTyp — In-Ga aBrektuka, oOecredmBaromias

I (nA)
o

2
™

KOHTaKT C HU3KOOMHBIM OydepoM. DIIeKTpUiecKue W3MEpeHUs MPOBOIH-

JIMCh B MHTEPBaJIe HANpsuKeHui +/-8B (asekTpuueckux moseii +/-30 kB/cm).

0,001
*

BY npoBoaumocTs ccie yeMbIX CTPYKTYpP HE 3aBHCENa OT HarpsiKe- 3 2 1 0 1z 3

HUS ¥ YaCTOTHI IpU YacToTax MeHbie 1 MI'1 u B TeMHOTE ObLIa mOpsiKa
Puc.1.— BAX npu 300K npu

108 Cm. BAX xapaKTepu30BalIMCh TMCTEPE3MCOM U UMENM HECKOIBKO
oceewjeHuU u 6 memHome.

HECUMMETPHUYHBIN BHUII IS ABYX MOJISIpHOCTEH HanpspkeHus (puc.l). Bemu-

YHHA U3MEPsIeMOoil eMKocTH c1abo (B mpenenax 5%) U3MEHsIach IPU BapH-
aIUK TIPUIOKCHHOTO HAMPSKCHHS ¢ BUJIOM, XapaKTEPHBIM JIJIsi OOBIYHOTO IIOTTKHU-IHOA, YTO O0YCIOBICHO
M3MEHEHHUEM TOJIIHUHBI 00eaHeHHOTro ciosi B GaN Ha ero unrepdeiice ¢ k-Ga03. CpeHee 3HaUCHUE EMKOCTH
MIPUBEINIO K BEIMYUHE OTHOCUTEIHHOUW MUAIIEKTPHUUECKON MPOHUIIAEMOCTH OKOJIo 11, KOTOpoe 3HAYUTENHHO
HIDKE 3HaYeHust 0KoJ10 30, coobieHHoro panee B pabote [3] s miieHOK TonuHOK 0kos10 100 HM, BBIpaIeH-
ueix Ha 1TO. Bo3MOXHON TPUUHNHON PacXOoKICHUS TaHHBIX, SBISETCSA TO, YTO aBTOPHI [3] He yduTHIBAIH
BKJIJ] 1be303(heKTa B OOIIYIO MOJIIPU3yeMOoCTbh, Tak Kak 1TO ¢ k-Ga,O3 uMeroT OrpOMHYIO pa3HHUILY B IO-
crostHHbIX permeTku (—15.9% u 12.7% Bronb a- u b-oceit opropoMOUYECKO# CTPYKTYPHI).

Kak u BAX, BOX (puc.2) Taxke IposBISsLIA TUCTEPE3NC TIPH H3Me-

HEHUM HaIpaBJeHHs CKaHMPOBAHMS 110 HANpPsHKEHHIO. V3 moiydeHHBIX 2

JaHHBIX OBl MOJy4YeHA OLICHKA BEJIMYMHBI CIIOHTAHHOW IMOJSPU3ALUM K- o

Ga,03, KOTOpast XOPOIIIO COBIAJA C OIMyOINKOBAHHBIMH B [2] HaHHBIMU. EZE / ;" \ -
H3mepenust poTouyBCTBHTEIHHOCTH IEPEYNCICHHBIX CBOHCTB MO- 32‘; /7

Ka3aJy HAJIMYMEe 3HAYUTEILHOTo (Q@deKTa Mpu yAaleHHOM OT KOHTaKTa o

(h0TOBO30YKIEHIH, KOTOPBIH CBUIETENLCTBYET O HATMYUH BHICOKOIIPOBO- el

. 10 8 6 4 2 0 2 4 6 8 10
JSIIero cios Ha uarepdetice [4]. v

HccnenoBanue BbINOIHEHO 3a cueT rpanta PH® Ne 23-23-00202. Puc.2. — BOX npu 300K na

[1] J. Wang et al., IEEE Electron Device Letters, 41, 1052 (2020). wacmome IMTy.
[2] F. Mezzadri et al., Inorganic Chemistry, 55, 12079 (2016).

[3] S. Yusa et al., CrystEngComm, 22, 381 (2020).

[4] E. Yakimov et al., Nanomaterials, 13, 1214 (2023).
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Onpenenenre ONTUYECKON aHU30TPOIUU TOTYITPOBOJHUKOBBIX
BaH-JI€P-BaAJIbCOBBIX KPUCTAJJIOB METOAAMHU MOAYJIIUMOHHON UK
bypbe-CEKTPOCKONUU OTPaKEHUS

Xaxymun C.A., Gupcos /1. ., Komxos O.C.
CHIOI OTY «JIDTHy, 197022, Canxkm-Ilemepbype, yn. Ilpogeccopa Ilonosa, 5, num. @

[IpuBeneHs! pe3ysbTaThl UCCIENOBAHMS AaHU30TPOIIMHM ONTHYECKUX IIEPEXOJOB B CIOUCTHIX (BaH-AEp-
BaaJIbCOBBIX) TOJIYIIPOBOJAHUKOBBIX Kpuctaiuiax uépHoro docdopa (b-P), GeSe u ReSe; merogamu ontude-
CKOM CHEKTPOCKONHNU aHU30TPOIHOTO OTPAKEHHS, U PA3HOCTHOTO OTPAXKECHUS MPH Pa3InIHOM HANPABICHUH
JTUHEHHOH TOJSIpU3aly 30HINPYIONIero n3nydeHns. Heooxoanmocts nmpoBeneHws n3mepenuit B UK nuamna-
30He NoTpeboBana peain3aliy JaHHBIX METOA0B Ha OCHOBE (ypbe-CIIEKTPOMETPA.

B crekTpockonuu aHM30TPOITHOTO OTpaxkeHHs [1] IMHEeHHO-TIONSAPH30BaHHOE 30HAMPYIOIIEE HU3ITydeHHEe
HaIpaBIsieTcsl Ha UCCIeAyeMblid 0Opasel Mo yriioM, Onu3kuM K Hopmaiu. [Ipu momomy poToynpyroro MomyJisi-
TOpa IJIOCKOCTh JINHEHHOM MOJISIPU3alii U3 TyYSHHsI BPAIAeTCs MEXKTY JBYMS OPTOrOHAIBHBIMHU HAIIPABICHUAMHU
X ¥ Y B IJIOCKOCTH MOBEPXHOCTH 00pasia. B pe3yiprare Ha 4acToTe MOLYIISALMU U3MEPSAETCS] HOPMUPOBAHHAS pa3-
HocTh K03 puimentoB otpaxkenus AR/R = 2(Rx — Ry)/(Rx + Ry). B MeToze pa3HocTHOro oTpaskenus [2] 30Haupy-
IolIIee M3TyUYeHHE TaK e HAMPaBIIseTCs Ha UCCIeAyeMblii 00pa3el o/l yIiioM, OJIM3KUM K HOPMAITH, B TO e MECTO
o0pasiia HampapiseTCsl HEMPEPHIBHOE JIa3epHOE M3TydeHHe ¢ dHeprueit (hotoHoB /v > Ey. B pesymbrare msmepsi-
FOTCSI KO3((QUIMEHTHI OTPAYKEHNST MATEPHAIIOB TIPH BKITFOYEHHOM Ron ¥ BEIKITFOUEHHOM Roff Ta3epHOM M3ITydeHNH,
nocJie 4ero onpenessercst utorosblit ciekTp AR’/R’ = (Ron — Rof)/Rofr.

[onynpoBOJHUKOBBIE KPUCTAJIIBI C OPTOPOMONYIECKOI KPUCTAIUTHYECKOH PeIETKOM MMEIOT B IIIIOCKO-
CTH HOBEPXHOCTH OPTOTOHAJIbHBIE HEIKBUBAJIEHTHBIE KPUCTAIUIOrpad)iuecKre HAlPaBICHUs, U3-3a Yero B Ta-
KHMX MaTepraiax Ko GHUIUEHTHI OTJIOMIEHUS CBETA C Pa3IMYHON HOIApU3aLuel OTIANYHBI IpyT oT apyra. K
TaKUM MaTepHaaM oTHocsTcs kpuctaiwibl b-P u GeSe ¢ cootBercTByromumu Hanpasnenusmu armchair (AC)
u zigzag (ZZ) [3]. 1o criekTpaM aHU30TPOITHOTO OTPAKEHHS ITUX KPUCTAIUIOB HAMHU ObUI ONpENENEH CIIeK-
TPaJIbHBIN AMANa3oH MX JIMHEHHOro aumxpousma. [lomumo 3TOro, B Ciiydae MpsIMO30HHOrO Kpucraiia b-P
B CIIEKTPE aHU30TPOITHOI'O OTPAKEHUSI HAOJIoAaeTCs MOJsprU3alMOHHO-3aBIUCcHMBbIN curHai rpu 0.33 3B, co-
OTBETCTBYIOIINI SHEPIHU 3aNpEIIEHHON 30HBI. DTO MOATBEPKIACTCS CIEKTPaMU Pa3HOCTHOTO OTPa)KEeHUS,
B KOTOPBIX MPH HANpaBlIeHUH JTUHEHHON MOJIIPU3alluK 30HIUPYIOIIET0 U3Ty4YeHUs BJ0ib HamnpasieHus AC
Ha0JroMaeTCsa CUrHA IPU TOM e HEPTUH, B TO BpeMsl KaK BJIOJIb HampaBiieHus ZZ CUTHall OTCyTCTByeT. B
CIEKTPax Pa3HOCTHOTO OTpaxkeHus HempsiMo30HHOTo GeSe Bnons Hanpasnenwiit AC u ZZ moiydeHbl CUTHAITBI,
COOTBETCTBYIOIIME DHEPTUSAM HEMpSAMBIX KpaéB morjomenus mpu 1.15 u 1.2 3B, cooTBercTBeHHO. Broms
HanpasieHust AC Taxke HaONIOAAIOTCS ONTHYECKUE TEePEXO0/Ibl BBINIE Kpasi TMOTJOMICHUsS ¢ SHeprusiMu 1.5
u 1.7 3B, 4T0 B HOCTYIHOM HAy4YHOU JIMTEpPaType He onuchiBaeTcs. B kpucramie ReSe;, 6marogaps TpukivuH-
HO# KPHCTAUTMYECKOH PEIIETKE, 03KUIATaCh aHH30TPOITHs rorsonieHus [4]. OnHako B M3MEPEHHBIX CIIEKTpax
AQHM30TPOITHOTO OTPAXKEHUS CUTHAJIBI OTCYTCTBYIOT. CIIEKTPBI Pa3HOCTHOrO OTpaxkeHus1 ReSe; comeprkat niaTh
OINITHYECKUX MEPEX0/I0B B uana3oHe or 1.2 3B (sHeprus HenpsiMoro Kpas noriomieHus ) 1o 2.8 3B, nabro-
nasuuxcs npu temrmeparypax 11-300 K. [IpoBeaénnas naTepnpeTains HabIOAaeMBIX B CIIEKTPE MEPEX0I0B
C CYIIECTBYIOLIMM PacyETOM 30HHOH CTPYKTYpBI KpucTtaiuia [4] rana xopoliee coriacue IKCIepHUMEHTaTbHBIX
SHEPIUil ¢ TEOPETUUECKIUMHU 3HAUYCHUSAMHU.

[1] D.D. Firsov, S.A. Khakhulin, O.S. Komkov, Appl. Spec., 77(5), 470 (2023).
[2] M. Motyka, J. Misiewicz, Appl. Phys. Express, 3, 112401 (2010).

[3] X. Wang, S. Lan, Advances in Optics and photonics. 8(4), 618 (2016).

[4] J. P. Echeverry, et al. Phys. Rev. B. 97, 075123 (2018).
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CIEKTPOCKOMUS IFOMHUHECIIEHTHOTO ieHTpa Tm3* B SnSp,
CUHTE3UPOBAHHOM IIPHU BHICOKOM JIaBJICHUU

Huxonaes C. H.}, Exumos E. A.}? Vemanos U. .2, 3aseivkuna J1. A, UepHomuncknii M. AL
Kpugodok B. C.!

‘@oUAH, 119991, Mockea, Jlenunckuii npocn. 53

2H®BJT PAH, 108840, 2.Mockea, 2. Tpouyx, Kanysicckoe wocce, cmp. 14

B Hacrosiiee BpeMs UAET aKTUBHBIN IIOMCK BO3MOXHBIX IPUMEHEHHH CIIOMCTBIX MaTEPHAJIOB B COBPE-
MEHHOH MOJIyIPOBOIHUKOBOM TEXHOJIOTHH, IIPU MIPOEKTHPOBAHUH AKKyMYJISITOPOB, COJHEYHBIX JIEMEHTOB
u 1p. Jns paciimpeHusi IPUMEHUMOCTHU CIIOUCTBIX MOTYMPOBOJHUKOB U pa3padOTKH ONTOJIEKTPOHHBIX MPH-
0OpOB Ha UX OCHOBE HEOOXOJMMO OCBOEHHME TEXHOJOTHWH HX JiernpoBaHus. CHUHTE3 CIIOMCTBIX MaTepHalioB
IIPY BBICOKOM JaBJICHUH CYILECTBEHHO PACIIMPSIET BO3MOXKHOCTH I10 JIETHPOBAHUIO JIEMEHTaMH, IUI0OXO pac-
TBOPUMBIMH IIPY HOPMAJIBHOM JIaBJICHHUH, & TAKKE MIO3BOJISIET JOCTUYb CTEXHOMETPHH NOJIyYCHHBIX MaTepHra-
JIOB TIPU POCTe B M30BITKE XalbKOTeHOB. B naHHO# paboTe mpuBeneHbl pPe3ysbTaThl CEKTPOCKOIHMYECKOTO
U CTPYKTYPHOT'O UCCIIEZI0BaHUS SnSp, IErMpoBaHHOr0 Tm.

Cuntes B cucteme Sn-S-Tm nposogwics npu gasienun 8-9 ['ma u temmeparype okono 1600 °C. Hus-
Kasg pacTBOpUMOCTh Tm B SN u pocT Temmeparypsl IUiaBieHUs Tm ¢ yBeIWYeHHEM AABJICHUS OCIIOXKHSIIN
HETIOCPEACTBEHHBIN CHHTE3 U3 3JIEMEHTApHBIN COCTUHEHUH, TOATOMY MPEABAPUTENBHO W3TOTABIUBAIICS HX
craB. B pesynasrate HTHP cunTtesa Opuin monyueHa moquKpucTajuindeckas (aza, KoTopasi ucclieioBaiach
ONTUYECKUMH U PEHTT€HOBCKMMHU METOJaMH.

J71s mepBUYHOM XapakTepr3aluu CTPYKTYPHBIX CBOIMCTB IOJIyYEHHBIX MaTE€pHaIoOB HCIIOIb30BaAJIOCH CO-
YeTaHWe PEHTTEHOBCKOW AU(PPAKIMK U CIIEKTPOCKONMH KoMOnHanonHoro paccesaus csera (KPC). O6a me-
TOJa TOKa3ajk HaIWYME KPHCTAUIOB SnS; BBHICOKOTO CTPYKTYPHOTO COBEPIICHCTBA. DHEPrOAWCIICPCHOHHAS
pertrenoBckas cnekrpockonus (EDX) nokasana HeogHOpoIHOE pactpeneneHie Tm no oOpasiry.

J7s1 onipeniesieHus MeXaHU3Ma BXOXKICHUS IPUMecH Tm B KpUCTAIIIMYIECKYIO MaTPHILy ObUTH IPOBEACHBI
uccnenoBanus Gortonmomunectenipn (DJI) BeiparieHHbIx 00pa3ios. s yacTu KpUCTa/UIOB SNS, TPH KOMHAT-
HOH TemIieparype ObUTo OOHapyskeHo u3nedeHue B oonactu 800 HM. C oxnakaeHreM 00pa3oB HAOIOAAIICS
poct uarencuBHocTH DJI 1 cykeHne JMHUM, a TaKKe MOsIBJICHUE U3ITydeHust B o6macti 650 HM. OOBIYHO U3ITY-
yenue B o6actu 650 u 800 HM MPUIUCHIBAIOT NepexoaaM Mexay Tepmamu Tm® 3F,—Fg u *Hs—Hs cootser-
cTBeHHO. boraras cTpykTypa HU3KOTeMIepaTypHoro crekrpa (cM. Puc. 1) yka3plBaeT Ha CHSATHE BBIPOXKICHUSI
3THX NEPEX0/10B. BbUT POBE/IEH pacyeT SHEPreTHUECKOM CTPYKTYphl TepMoB Tm3* ¢ y4eToM KpHCTaIIMYeCKOro
1oJ1st. XOpolIlee COriacue ¢ HKCIEPUMEHTOM HOATBEPXKIAET, YTO aTOMBI TYJUIMS BXOJST B PELIETKY, KaK IPH-
MECh 3aMeLICHHUSI.

Takum 00pa3oM, MpH BEICO-

KOM JIaBIIEHWM TIPOBEJECH CHHTE3 . . . . . . . .
SnS,, meruposannoro Tm. OOHa-
PY’KEHO M3IIy4eHHE JBYX IEpexo-
108 Mexk Ty Tepmamu Tm*. Uccie-
JIOBaHa TOHKasi CTPYKTypa 3TOrO

Intensity, arb. units.

CIIEKTpa, TMOKa3aBilas, 4ro Tm

BXOJIUT B MaTpuiry SnSz, KaK IpH- — T T T T — T T T T

1,48 1,48 1,50 1,52 1,54 1,70 1,72 1,74 1,76 1,78
MECH 3aMCIICHUSA. Photon energy, eV

Puc.1. — Cnexmp gpomonomunecyenyuu SnS:Tm** npu T=5K. Ha
PUCYHKE 0003HAUEHbl NEepexodbl MelCOy MepMamu, KOmopwle coom-
6emMCmayIom HabAI00AeMbIM TUHUAM.

PaGora BbIMONHEHa MpH
noxaepxke rpanta PH® No 23-
22-00444.

48



Obvemmvie noIynpoBoOHUKY

MaFHeTOCOHPOTI/IBJIeHI/Ie OIITUYECKUAU OpHGHTHpOBaHHbIX BHCKTpOHOB
B N-GaAs

Paro3a M. /I., Ko3bipes H.B., Hexpacos C.B., Hamo30B b.P., Pakurkuit M. A., Asepkues H.C., Kycpaes 1O.T".
OTU um. A. . Hoppe, 194021, Canxm-Ilemepoype, llonumexnuueckas ya., 26
B Hacroseit pabote MBI coob1aeM 00 3 eKTe MarHeTOCONPOTURICHUS B 00bEeMHBIX TIeHKaX GaAs
C IOHOpHBIM JerupoBaHueM (atomamu Si). HabOmomaembiii 3¢dexT 00ycloBIeH CHUH-3aBUCUMBIM

paccesiHIEM ONTHYECKH OPHUEHTHPOBAHHBIX II0 CIWHY CBOOOJHBIX 3JEKTPOHOB HAa JIOKAJTM30BAHHBIX
JOHOPHBIX AJIEKTPOHAX TaK)Ke€ OPHUEHTHPOBAHHBIX MO chuHy. [Ipm mpummoskeHn#n ciaboro mo BeTMYHHE

MarHuTHOTO nons B reomerpun Porrta (~1 I'c) cnmuHbl HOCHTENEH

JETOISAPU3YIOTCS, YTO MPUBOJUT K YMEHBIICHUIO 3JICKTPHYSCKOTO 6.26
COTIPOTHUBJICHHUS MaTepHaa. —~6.258

s mabmonenus 3ddexra, odpaserr moMemancs B KpHOCTaT = 6.256
¢ temneparypoit 1.5K. Brernee MarauTHoe 1oJie, Jenoisapu3yeliee e 6.254

CIIMHBl HOCUTEJEH, NPHUKIAABIBAJIOCH MapajuIeJIbHO HAalpaBlICHUIO 6.252

-1 05 0 0.5 1
Magnetic field (G)

Puc. 1. Macnumononesas

IMPOTECKAaHUA TOKa IJId TOIO YTOOBI MCKJIFOYUTH BIHSHUE CHIBI Jlo- T

penua. IlomyueHHass MarHUTONoOJIEBasl 3aBUCUMOCTb COIPOTUBICHUS
(Puc.1) onuceiBaerca koHtypoM Jlopenna c mupunoit 1 I'c, uro xo-

POIIIO COTJIACYETCS C Pe3yJIbTaTaMU TOJTYYCHHBIMH U3 U3MEPEHUH (-
3A6UCUMOCTIL CONPOMUBTEHUS

(exta Xanne B onTHKe. XapaKTEpPHOH 0COOEHHOCTHIO 3aBUCHMOCTH P i
00pazya npu YupKyJiApHo-

ABISETCA TO, 4TO (hOpMa KPUBOM HE 3aBHCUT OT XHUpaIbHOCTH (07 /07) NOIAPUZ08AHHOU HAKAUKE.
TUPKYJISPHO-TIONSIPU30BAHHON TOJICTBETKH, NMPU BO30YKICHHUU 00- Cunue moyku — sKcnepumenmn,
pasma JIMHEHHO-TIOAPU30BaHHBIM CBETOM 3(peKT He HabIromaeTcs. KpAacHas TuHUA —

annpoxkcumayusl KOHmypom

Awmmumntyna 3¢ dexra, mpencTaBisromas N3MeHEHNE COPOTHUBIICHHS

o0pasia B MarHUTHOM TIOJI€, IOCTUTAeT MaKCUMyMa TIPH SHEPTHU ONTHYECKOTO BO30YKIACHHUS COOTBETCBYIO-
el cBOOOAHOMY SKCUTOHY. [IpH M3MEHEHUH SHEPTUK BO30YKACHHS, aMILUTUTY/]a YMEHbBILIAETCSI, B COOTBECT-
BHH C TEM, YTO IIPH PE30OHAHCHOM BO30Y KICHHH IOCTUTACTCSI HAMOOIbIIIasi CITMHOBAsI OPUECHTALIHSI HOCUTEIIEHH.
Poct Temmeparypbl ¥ IPOXOASAIIETO Yepe3 00pasell TOKa TaKKe MPHUBOJUT K YMEHBIICHUIO aMILTUTY/IbI d¢-
(ekra, CBA3aHHOMY C HOHH3AIUEH JOHOPOB.

Jst 0OBSICHEHHSI SKCIIEPUMEHTAIBHBIX 3aBUCUMOCTEH OblIa MpeioKeHa MOJENTb CIUH-3aBUCUMOTO
paccesius [1] B cucteMe OpHEHTHPOBAHHBIX 10 CIIUHY CBOOOAHBIX U JJOHOPHBIX AJIEKTPOHOB. AHAIOrUYHAs
3aja4a W3BECTHA W3 aTOMHOW (HM3MKM Kak paccessHue Metepa. CedeHue paccesHUs B TEpMHHaX
NOJISIPU3ALMKA  COOOZHBIX M JIOKAJIN30BAHHBIX Ha IPUMECSIX OJIEKTPOHOB OINpPEAENSeTCS — CleayIomen
dbopmynoii:

0=C(54.3-32.6P,F)) (1)

rae C — KOHCTaHTa, BO3HUKAIOMIAS MIPU MEPexo/ie K MOJIENIN HEHTPaJIbHOTO JOHOpa OT aroMa Bojopoja. Pe
n Pg-monsipu3anusi cBOOOIHBIX U IOHOPHBIX 3JEKTPOHOB COOTBETCTBEHHO. MarHMTHOE IOJIE, ACTOISAPH3YS
CIIMHBI HOCHTEJICH, U3MEHSET CEYCHUE PAcCesHUS HOCHTENICH YTO NMPHUBOJUT K M3MEHEHHUIO IMOJBHKHOCTH
Y pe3yIbTHPYIIEMY YMEHBIIICHHIO JIEKTPUIECKOTO COMpoTHBIeHns MaTepuana (~0.16%).

Pa6ota BeimonHena npu noazepikke npoekra PH® Ne 23-12-00205.

[1] M. D. Ragoza, et al., Phys. Rev. B 109, L121203 (2024).
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BnusiHre KyJ10HOBCKOM OJIOKabl HA SJIEKTPOHHBIE U CTMHOBBIE CBOMCTBA
kommeHcupoBaHHoro Ge:As(Ga) B obnactu ga3zoBoro mnepexo;ia
U30JITOP—ME T

3abponckuii A.T.}, Beiinrep A. 1.2, IToknonckuii H. A3, Cemennxun I1.B.!

‘\OTH um. A. @.Hogpgpe, Canxm Ilemepbype, Poccus

27ikhron Yaakov, Israel

3Benopycckuii 2ocydapcmeennviil ynusepcumem, Munck, Pecny6nuxa benapyco

KommneHcanus 1erupoBaHHOTO 10 METALTHYECKOH AIIEKTPONPOBOIHOCTH TOIYIPOBOIHUKA (HAIIPUMED,
BBEJIEHHUEM aKIICTITOPHBIX MPUMECEN B NIEKTPOHHBIN TOIYITPOBOIHUK) IPUBOAUT K (pa30BOMY IIEPEXOTY BTO-
poro poaa MeTa—u30isTop. OOpa3yromuecs Ipy 3TOM Mapbl PA3HONMEHHO 3apsHKEHHBIX JOHOPOB U aKIIel-
TOpOB, 0OYCIIOBIMBAIOT KyJOHOBCKYIO OJIOKaay HOCUTEJEH 3apsaa B 30HE OCHOBHBIX COCTOSHUH MPUMECEH.
3toT 3((eKT oKa3pIBaeT CYNICCTBEHHOE BIMSAHUE HA HU3KOTEMIICpaTYPHBIC JEKTPHUUECKHE W MarHUTHBIE
CBOWCTBa KOMIIEHCHPOBAHHOTO MOYyIpOoBOHIUKA [1,2].

BrusiHue koMIteHCaMy akenTopaMy Ha CTUHOBEI 0OMeH OBLITO UCCIIEIOBAHO C TIOMOIIBIO JIEKTPOH-
HOTO MapaMarHUTHOTO pe3oHaHca Ha cucteMe Ge:As(Ga), modydeHHOU MyTeM HEUTPOHHOW TpaHCMYTAalluH
0JIM3Koro K mepexoay usoistop—Meramt Ge:As ¢ IpeuMyIeCTBeHHBIM BBeneHueM mpumecu Ga. KynoHos-
cKkasi 0JloKa/a KOMICHCHPYIONIMMHU aKIENTOpaMu ONMKaWIIMX K HAM JIOHOPHBIX COCTOSIHUH IPOSIBIISETCS
B BHJIE PE3KOT0 POCTa MapaMarHWTHOW BOCIIPHUMYHUBOCTH B oOnactu temrieparyp T < Tch, TIe TemrepaTrypa
Tcp BO3pacTaeT OT HECKOJBKUX KelbBHH A0 npumepHo 15 K ¢ poctom komnencanuu ot 0 1o 70%, uro cooT-
BETCTBYET MOJOKUTENbHON TeMnepaType Kiopu—Beiicca, cooTBeTCTBYIOIIEH TIepexoay K GeppoMarHUTHOMY
(®M) ynopsimouenuto. [loBenenue g-hakropa Ka4eCTBEHHO KOPPEIUPYET C ATOM OCOOSHHOCThIO ITapaMarHuT-
HOM BOCTIPHIMYHBOCTH H, TT0 aHAJIOTHH C ()epPOMArHUTHBIMU MaTepHUajaMy, B KOTOPBIX HAOI0JaeTCs I0100-
HBI pocT ¢-(hakTopa, MOXKET yKa3bIBaTh Ha BOZHWKHOBeHHEe PM THITA OpHEHTAIMH JTOKATN30BaHHBIX Ha JI0-
HOpax 3JEKTPOHHBIX CITMHOB.

TemmnepatypHoe MposIBICHNE CIIMHOBBIX CBONCTB KOPPEIUPYET C HalAGHHBIMHU U3 HCCIE0OBAHUS MTPbLK-
KOBOW 3JIEKTPOITPOBOJHOCTH METOJIOM aHAIM3a MPHUBEIECHHON TepMHUYECKON SHEPTHH aKTHUBAIlMA OCOOCHHO-
CTSIMU TIPOCTPAHCTBEHHO-IHEPI€THUECKON JIOKATM3AINN HOCUTETIeH 3apsiaa — 3JEKTPOHOB U AJIEKTPOHHBIX Ba-
KaHCHI B TpuMecHO 30He. Habmoqaemoe riposiiienrne @M CBONCTB Ipu Temrieparypax Huxe 7cp 00yCI0BICHO
0o0pa3oBaHKEM KyJIOHOBCKOH eI Ha ypoBHe DepMH, Pe3KUM YCHJIEHHEM JIOKaJIM3alui HOCHTENEeH 3apsjia
1 (a30BbIM NIEPEXOJIOM IIIEKTPOHHO-CITMHOBOM CUCTEMBI B COCTOSIHIE KYJIOHOBCKOTO CITMHOBOTO CTEKIJIA.

[Ipennoxena MoOJeNb TEMIIEPATYPHOTO TMOBEIEHUS MPUMECHOW MapaMarHUTHOW BOCHPHAMYHBOCTH
B oOyacTu mposiBieHus 3akoHa Kropu—Beiicca Ha ocHOBe pacueTa SHEprud OOMEHHOTO B3aWMOJICHCTBUS
MEX/1y 3JIEKTPOHAMH Ha COCETHUX 3JIEKTPOHEUTPAIbHBIX aTOMaX MBIIIbAKa, OCHOBaHHAs Ha MCIIOJIb30BaHUHU
monenu [aiitnepa—JloHmona s Monekynbsl Bogoposa [3]. Mojienb y9auTeIBaeT CABHT AHA C-30HBI JIN0O 3a
c4eT KoHpaitHMeHTa pajuyca OpOUTHI AIEKTPOHA HA TOHOPE, MO0 32 CUET SKPAHUPOBAHHS IEKTPOCTATHIEC-
CKOT'O T10JIsl HOHU3UPOBAHHOTO JIOHOPA MPBITAIOIIMMH MEKIY TOHOPaMH B 3apsiaoBbix coctostHUsx (0) u (+1)
aNeKTpoHaMu. Mojienb Mo3BONIET OOBSICHUTH HAOJIOaeMOe yBEIUUEHHE BEpOSTHOCTH oOpaszoBanuss OM
(haspl ¢ yBeIMYEHHEM CTETIEHH KOMIIEHCAIIUH BOJIOPOJIOTIOT00HBIX JOHOPOB.

[1] A. Zabrodskii et al., Appl. Magn. Reson., 51, 327 (2020).
[2] A. Zabrodskii et al., Phys. Status Solidi B, 257, 1900249 (2020).
[3] N. A. Poklonski et al., AIP Adv., 11, 055016 (2021).
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[TonmyueHrne HaHOCTPYKTYP C 3aJaHHOM XUPAJIBHOCTHO HA OCHOBE
METAJJIOB U MOJYIPOBOJHUKOB

MMynpouun ®. A., Hlepctuer 1. A., Kocuos /I.C., Hockona 1. JI., Macpakosa H.K., bonraes A.II.
Y @usueckuti unemumym um. I1. H. Jlebedesa PAH

B pabore mnpexacraBieHa HOBas KBAaHTOBas TEXHOJOTHS TMOJYYEHUS CTPYKTYp C 3aJaHHOU
XUpanbHOCThI0. OCHOBOM JaHHOW TEXHOJIOTHH SBISETCS PACHbUICHHE METAUIOB M MOJYMPOBOJHUKOB
B MarHUTHOM noje. Ha mpumepe MHOTOCIONHBIX MEPUOJUMUECKUX CTPYKTYP METaJUI-NOIYIPOBOJHUK OBLIO
[IOKa3aHO, YTO JAaHHAs TEXHOJIOTHSI I03BOJISIET CO34aBaTh HAHOCTPYKTYPBI C KEIaeMON XHUPaJbHOCTHIO.
OOHapy’keHO, YTO B 3aBUCHMOCTH OT B3aWMHON OpPHEHTAIMU TMOAJOXKH W BHEIIHEI'O MArHUTHOTO MOJIS
MO>KHO TOJIy4aTh B BBIPAIIMBAEMBIX CTPYKTYpPaX KeJaeMyr OpPUEHTAIMIO OJHOHANPABICHHON aHU30TPOIHH.
Hanpumep, 310 MOXeT OBITh MarHMTHas WIM ONTHYeCKass aHU30Tponusa. OTMETHM, YTO OpPHUEHTALUs
OJHOHANpPAaBJICHHON aHM30TPOIIMM ObUIa MPAKTUYECKH OJMHAKOBOM A BCEX HCCIEAYyEeMbIX METaJUIOB,
MOJYMETAJUIOB U MOJYPOBOJIHUKOB NPU YCIIOBHHM OJMHAKOBOW B3aMMHOW OPHEHTALMHM MAarHUTHOTO TOJIS
Y TIOJIOKKH BO BPEMsl BBIPAIIMBAaHUs CTPYKTYp. T.K. CTPYKTYpHI C OJHOHANPABICHHONW aHU30TpoNueld He
o0azaeT 3epKajibHOM CUMMETPHEH, TO 3TH CTPYKTYPBI ABIAIOTCS XUpalbHBIMU. bosiee Toro, MOXHO moIy4aTh
KeJaeMyl0 OpHEHTAlMI0 OAHOHAIIPABICHHOW aHU30TPONMH (XMPAJbHOCTBIO) B KaXXAOM M3 CIIOCB
MHOTOCJIOMHOM CTPYKTYpBbI IyTeM MOBOPOTa TOJJIOXKKHA BO BpEMs HANBUICHHS HAa JKETaeMBIH YTroi 0
OTHOUICHUIO K (PUKCHPOBAHHON OpPHEHTAIlMM MAarHUTHOTO mojs. Jisi MccienoBaHusl OJHOHANpPaBICHHOM
aHM30TpONUHU H3ydancs 3(P(EeKT ONTUIECKOH HEB3aMMHOCTH B MHOTOCIIOMHBIX CTPYKTYpPaxX, KOTOPBIHA OBLI
0o0HapyXeH BO BCEX MCCIENOBAHHBIX CTPYKTYPax, BBIPALICHHBIX C IIOMOIIBIO JAaHHON TeXHOJIOTUH. J|aHHbIHA
3G EKT MpOsBISIETCS B HEOMWHAKOBOHM BennuuHEe Koddduimenta oTpaxkeHus: cBera (WM yria moBOpOTa
IUIOCKOCTH TIOJIIPU3alliM CBETa) MpH IMOBOpOTE oOpasia BOKpyr cBoed ocu Ha 1800. Hampumep,
B MHOTOCIIOMHBIX CHCTEMAaX METAJUI (ITOJIyMETaLT)-TI0TyIPOBOTHUK CO CBEPXTOHKUMHU CIIOSIMH (MeHee 3-4 HM)
ObU1 OOHapykeH aHOManbHO OonbIIoON mo BenmuumHe d(dekt He3zammHOCTH]. BenmumHa 3ddexTa
CYILIECTBEHHO BO3pacTalla, €CIIM B MHOTOCIIOMHON CTPYKTYpE NIPUCYTCTBOBAJ «ILJIA3MOHHBIN» MaTepHall TUIIA
Ag, Cu uap. B Takux crpykTypax oOHapy>KEHO, 4TO BeJWYHMHA 3(PQPEKTa CYIIECTBEHHO 3aBUCHT OT
MEXXCJIOEBOIO M BHYTPUCIIOCBOTO B3aWMOJECHCTBUS IUIA3MOHOB B «IJIA3MOHHBIX» CJIOSIX B MHOT'OCJIOMHBIX
CTPYKTypaxX MW IOAABISIETCS MPU CHWIBHOM BHYTPH- U MEXKCJIOEBOM B3aMMOJICHCTBUEM ITAa3MEHHBIX
koseOanuit2. IlpeanoskeH MexaHH3M BO3HMKHOBEHHS OJHOHAIpPABIEHHOW aHM30TPONHUH (XMPATBHOCTH)
B TIOJIOOHBIX CTPYKTYPAaX, CBI3aHHBIN C KBAHTOBBIMHU 3 (PEeKTaMH1, BO3HHKAIOIIMMH B TIPOIIECCE BBIPALIIMBAHUS
cTpykryp. llpemnaraemasi TEXHOJIOTHMSI MOXKET OBITH MCIIONB30BaHA MAJISl TOJIyYEHHS HAHOCTPYKTYp H3
MarHUTHBIX TOJYIIPOBOJHUKOB C JK€JIa€MON OJZHOHAIPABICHHONW MarHUTHONW aHU30TPOITHEH.

[1] Boltaev, A. P.; Pudonin, F. A.; Sherstnev, I. A., Egorov D. A. «Anomalous optical nonreciprocity in
magnetic nanoisland arrays», JOURNAL OF PHYSICS-CONDENSED MATTER, v. 30 (29) Ne:
295804, JUL 25, 2018

[2] D. Noskova, F. Pudonin, I. Sherstnev, D. Kostsov and A. Boltaev, Optical nonreciprocity in multi-
layer nanoisland systems of [Ag—Al,O3]N, Journal of Physics: Condensed Matter, Volume 35, Num-
ber 42 (2023).
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AHU30TPOITHBIE HAHOKIACTEPHI AU Ha IIOBEPXHOCTH MOIYIIPOBOIHUKOB
A''BV: ¢husnueckue 0CHOBBI M IIIa3MOHUKA

Bepxosun B.JL.!, Kocobykun B.A.L, Yiun B.I1.Y, Anekcees I1.A.Y, Connarenkos @.10.}, Xaxymuu C.A.?

‘OTU um A. @. Hopgpe PAH, 194021, Canxm-Ilemepbype, yi. Ilonumexnuyeckas 26
2CII6IATY «JIPTHy, 197022, Canxm-Ilemepbype, ya. ITpogheccopa Ionoea, 5

B pabote npeacTaBieHbl CIOCOOBI CO3IAHMS aHU30TPOIHBIX HAHOKIIA-

CTEpOB 30510Ta Ha TMoBepxHOCTH momynpoBoxuukos Al'BY, mpewmmyiie- [001] [110]
cTBeHHO GaAs(001), aTtarke pe3ybTaThl HCCIACIOBAHHS HX CTPYKTYPHI ST
U IUIa3MOHHBIX CIIEKTPOB. HaHOKIAacTephl Au CO31aBalkCh IIyTEM TEPMHYE- \\\Q\

CKOI'0 OT’KHMI'a TOHKUX IIJICHOK 30JI0Tda, HAHCCCHHLIX Ha MOBCPXHOCTU (001) p ] K 0 o
uc.it. — UHOBUOHbBIU

nosynpoBoHuKa. ITpu 9ToM popma i OpHEHTAINS KIIACTEPOB ONPEICIAINCE | . - 0, ep

COCTOSHHUEM ITOBEPXHOCTH ITOAJIOKKH. Hcnonp30Banuch TpH THUIIA IIOBEPXHO-

creit GaAs(001): ecrectBenHO-0okucaeHHbIe P-Tumna (1), N-tuna (I1) 1 moBepXHOCTH, MaCCHBUPOBAHHBIC ATOMAMH
cepsl wiy a3ota (I1I). B cinyyasix |, |1 paznugnbie kinactepsl AU CO31aBATKCH C IIOMOIIBIO XUMUYECKON PEaKIIHUH:

Au+GaAs — Au-Ga +(1/4)Asa1. Q)

B neit B3aumoeiicTBre 3010Ta ¢ moanoxkkoi GaAs, mpoTekaroliee mpu Temmeparypax Boiiie 250°C, compo-
BOXJaeTcs ynanenueM As u3 cucremsl. [Iporece (1) 3akmrouaercs B auccouuaimu GaAs, 4to B KOHEYHOM
WTOTE, IPUBOAUT K 00pa30BaHUIO aHU3OTPOITHBIX HaHOKIACTepoB Au ninn Au-Ga BOIM3M MOBEPXHOCTH KPH-
cramia [1,2]. DTu KmacTepsl 001a1al0T aHU30TPOITHEIMH TUTA3MOHAMH. VX SHEPTUs U MONSIpHU3aIns onpeie-
nst0TCs (hOpMOH M OpHEHTANMEN KITacTepoB pa3HbIX B cirydasx I-111.

OrpaHu4uMCsl ONTUCAaHUEM PE3YJIbTATOB MCCIIOBaHM Ui moBepxHocteil I B cpaBuenuu ¢ I11. B [1]
mIeHKd AU ToamuHoH 10 HM HaHOCHIIKMCH Ha €CTECTBEHHO-OKHCIeHHBIe TomIoxKkn GaAs(001) p-tuma u ot1-
XKHUTAMCHh B Bakyyme mpu Temrepatypax 350°C. Ilpu 3ToMm, Ha MOBEpXHOCTH 00Pa3yIOTCsl MPOHUKAIOIINE
B MO/UIOKKY HaHOKiacTepbl AU (Au.Ga) kiMHOBHIHOW (opMbl, puc.l, 4To OBUIO YCTaHOBJIECHO METOJaMHU
aTOMHO-CHJIOBOM M CKaHUPYIOILEH 3JIeKTpOHHOU MuKpockomuu [1]. TIpsMoyrosbHble OCHOBaHUSI KIaCTEPOB,
JIeXKaIUe Ha TIOBEPXHOCTH MOIOKKH, OPHEHTHPOBAHBI JJIMHHOW CTOPOHO# B HanpasieHuu [110] kpucranna.
dopmMa W perMyIIeCTBEHHAs OPUEHTAIMS KIMHOBHIHBIX KJIACTEPOB AU ONpeAemnsioTcs y4acTBYIOMIMMHU
B peaknuu (1) atomamu Ga minockocreit {111}. Tlna3MoHsI, TOKaIU30BaHHbIC HA TAKUX KJIacTepax, UMEIOT
CUIIbHYI0 aHu3oTponuio. OHa HabmogaeTcs B cekTpax aHuzoTponHoro AR/R=2(R,-R;)/(R, +Rg) u mo-
JSIPU30BaHHOTO R, , oTpaskeHus, rae R,(w) — ko3 duuuent otpakeHus Mo HopMallu CBeTa, OJIsIPU30BaH-
HOro 1o ocu « . B cnektpe R, mis momsipusaimu o ocu [110] nabmromaercst nnppakpacHas 1mojaoca npu
sHeprun 0.9 5B, oOycioBieHHas Mia3MOHaMH C TOJIApPH3ANKEl B HANIPaBJICHUU BBITSHYTOCTH KJIACTEPOB.
Teoperuuecky MOKa3aHO, YTO HAOIIOAaEMBbIE CIEKTPHI TUIA3MOHOB HEOHOPOJHO YIIMPEHBI BCIEACTBUE CTa-
TUCTHYECKOTO pa3dpoca 4acTOT IIa3MOHOB HM3-3a paziuuuus (OpMbI OJMHAKOBO OPUEHTUPOBAHHBIX KJIACTE-

poB. Takum o0pa3om, B ciyuasx |, || HarpaBiieHueM BBITSAHYTOCTH KitacTepoB siBisieTcs [ 110]. st cpaBHeHus,
B ciryydae 11, T.e. Ha maccuBupoBanHo# moanoxkke GaAs(001), oOpasyroTcs aHM30TpOIHBIE KitacTepbl AU, BI-

TaHyTHIe B Hanpasienuu [110] kpucramia [3].

[1] V. L. Berkovits, et al., Surf. Sci., 742, 122437 (2024).
[2] V.L. Berkovits, et al., Appl. Surf. Sci., 507, 144982 (2020).
[3] V. L. Berkovits, et al., Phys. Status Solidi B 259, 2100394 (2022).
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DNEKTPOTIOMUHECIEHIIUS B CTPYKTYpax, COOPMUPOBAHHBIX METOJIOM
TBepaodazHoro 3amereHus B INSh

T'aruc I'.C., BacunbeB B. 1. HUucraxon . B., bep b. 4, Kazanues /[.}O. Tokapes B.M., /lroxenes B.B.,
Coxkonosckuii I'.C., Kyuunckuii B. 1.

Y\OTH um. A. @. Hoghghe, 194021, Canxm-ITemep6bype, Ionumexnuyuecxas yu., 26

Merton TBeproda3zHOTo 3aMelieHus dneMeHToB V rpynmsl B miactuHax coequaenuit 111-V, mogpobro
ONMCaHHBIN B [1], MOXKET CTaTh MPOCTHIM U HEOPOTUM CIIOCOOOM H3rOTOBJICHUSI CBETOIMOMOB C paboueii
JUIMHOW BOJHEI Oosiee 7 MKM. B maHHO# paboTe cBeTOAMOAHBIE CTPYKTYPbI H3TOTaBIMBAIKCH HA OCHOBE MO-
HOKPHUCTAJUTHUECKHUX IIacTHH INSh n-tuma 3a cuér tBepaodasznoro 3amemnienus atomoB Sb aromamu P wmmn As
C LEJTBIO TTOJTyYEeHUSI PUITOBEPXHOCTHOH 001acTh INPxSh1.y vt INASSDb1.x, 6ostee y3ko30uHO#H, yem INSh. st
CO3aHusl P-N-Tiepexo/ia OMHOBPEMEHHO OCYILeCTBIsUIOCH JierupoBanue Cd mwiu Zn. CornacHo HamM pacué-
TaM, BHIITOJHEHHBIM C HCIOJIb30BaHINEM PEKOMEHIOBaHHBIX ITapaMeTpoB u3 [2], TBEpabie pacTBOphI INASSD1«
1 INPxSb1.x nMeroT MHTEpBaBI 3HAYECHHI X, B KOTOPBIX HX IMHPUHA 3ampeniéHHOi 30HbI Eq MeHbIe, YeM y
InSb. Taxk, mst INASSb1x aToT HTepBan X = 0 — 0.73, u MuHuMansHOE 3HaueHue Eq = 0.09 5B mocturaercs
mpu X = 0.37, a qs INPxSbix - X = 0 — 0.38 u munumansnast Eq = 0.11 3B mocturaercs mpu X = 0.19. Panee
HaMH COOOINANIOCh O TodydeHun o0pasioB INPyShiy ¢ comepkannem ¢ochopa y moBepxHOCTH 00pasiia
X =0.15, uro, cormacuo pacuéram, cootBercTByeT Eq = 0.1 3B [3].

DJIEMEHTBI MATON TPYIIIBI U JETHPYIOIIEH MPUMECH MOCTaBISUTUCh K rutactuHaMm INSh B Buae mapos
u 1udGyHIUpOBaAIK Yepe3 MoBepXHOCTh mpu Temmeparypax 440+470 °C B reuenne 30+60 mun. Mcrounu-
KaMH TapoB OBLTHM PaCTBOPEHHEBIE B 0J10BE TpoiiHbie coenuHenus ABC,, roe A — Cd unm Zn, B — Ge wmu Sn,
C — P unn AS. B naHHBIX pacTBOpax-paciiiaBax JIEMEHTHI MSTON TPYIIbl UMEIOT JOCTATOYHO ITUPOKHUE Mpe-
JIeNTbl PACTBOPUMOCTH, YTO MO3BOJISIET TOA00paTh OJIaronpUsATHBIC ISl TEXHOJIOTHISCKOTo Mpoliecca 3Have-
HUS KOHICHTPAUi pacTBOPEHHBIX AIEMEHTOB U 3Q(QEKTUBHO YIIPABIATH JABICHUEM HX MApPOB.

DJISKTPOIFOMUHECLICHITUS TIOJYYCHHBIX B HACTOSIICH pabore
CTPYKTYp PETHCTPUPOBANIACH C TIOMOIIBIO BaKyYYMHUPOBAHHOTO (yphe-
cniektpometpa Bruker 70v mpu 300 K (puc. 1). I'myOuHa npoHHKHOBE-

o
©
!

HUA DJICMCHTOB IIPU YCJIOBUAX, PCAIM30BAHHBIX B paMKax HaCTOSIHIeﬁ

o
o
1

paboThI, ONpeesIaACh METOIOM BTOPHUYHON HOHHOH MacC-CIIEKTPOMET-

Intensity, a.u.
o
i

PHH U JUTS 3JIEMEHTOB MATO# rpytsl coctaBmia 200 — 400 um, st Cd —

o
Y
h

1o 300 M, ans Zn — mo 400 M. Panee Hamu OBLTO TIOKa3aHO, YTO TIPH

0,0

2 6 8 10 12 14 16 | TOJYYEHHH 00pa3loB TBEPIBIX pacTBOPoB INP,Sh1x, nerupoBannbix Cd,

Wavelength, um

BO3MOKHO 00€CIIeUnTh YCIIOBHUS, PU KOTOphIX Cd MpoHMKAaeT Ha MEHb-

Puc.1. — Cnexmp s1exkmponio-
MuHecyenyuu oopasya

INPySb1.x necuposannozo Cd.

myto TiyouHy, yem P, Ttakum oGpaszoMm, p-N-miepexoi GpopMHUpyeTcs
BHYTpH ciiosi TBEpAoro pacteopa [3]. Takue xe ycnoBus 6bu1H COOIIO-
JICHBI B HacTOsAIIEH paboTe Mpyu NOITy4eHUH 00pas1ia, AEKTPOITIOMUHEC-

[IEHIIMS KOTOPOTo MTOKa3aHa Ha puc. 1.

[Tonmy4eHHble pe3ynbTaThl HO3BOJISIOT OKUAATH, YTO METOA TBEPAO(A3HOr0 3aMELICHUS MO3BOJIUT CO-
31aBaTh NPUOOPHBIE CTPYKTYPhI Ha ocHOBE INPxShiy mimu INASSha 11t cBeToaM010B ¢ pabounmM auanaso-
HOM, ITPOJJICHHBIM B JJIMHHOBOJIHOBYIO 00J1aCTh BILIOTH 0 10+12 MKM.

Pabora BoinonHeHa npu noaepxkke PH® (mpoekt Ne 21-72-30020).

[1] Bacunves B. U. u op., @TII, 49, 984 (2015).
[2] Vurgaftman 1. at al. J. Appl. Phys. 89,11, 5815 (2001)
[3] Tacuc I'. C. u op. IDKT®, 49, 20, 20 (2023).
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TemneparypHo-3aBucuMas MOAU(PHUKALHS MOPGHOIIOTHH BUCMYTA
IpH dIUTakcHaaIbHOM pocte Ha CaF,/Si(111)

Kagees A.K.1** Anexcees E. A.l, Kupunenko JI. A}, Kpeikanosckas H.B.2, Manenun A.I1.3,
Munus [1.B.3, ®enopos B.B.>* Myxun U.C.3*

Y\OTH um. A. @. Hoghghe 194021, Canxm-Ilemepbype, yn. ITorumexnuueckas, 0. 26

2HUY BIIID, 194100, Canxm-ITemep6ype, Kanmemuposckas yn., 0.1, xopn. 3

3CII6AY um. XK. U. Angpeposa PAH, 194021, Canxm-Ilemepbype, yr. Xnonuna, 0.8 xopn. 3

*CII6ITY Iempa Benuxozo, 194021, Canxkm-Ilemep6ype, ya. ITorumexnuueckas, 0. 29

AHcaMO0nM HAHOYACTHUI] BUCMYTa KOHTPOIUPYEMOTO pa3Mepa SIBISIFOTCS HMPUBICKATENBHBIMU C TOUKH
3peHHsl NMpUMEHEeHus1 B obnactu kojopumerpuu [1]. Takke BbisBIeHa (DOTONIOMUHECLEHIMS IIaHAPHBIX
cnoes BucmyTa B MK n BUIMMOM JuanasoHe, CBA3aHHas ¢ HanuaueM uoHoB Bi** [2]. B mactosmeit pa6ote
WCCIIEIOBAHBI TPOIECCHI POCTa METOAOM MOJEKYJIsIpHO-TydeBoi smutakcuu (MJID) m xpucrammndeckas
CTPYKTypa HAaHOCTPYKTYp BUCMYTa, BhIpallleHHbIX Ha aHapHoi noBepxHoct CaF2(111)/Si(111). ITokazano,

YTO MO MEpe pocTa BHUCMYyTa C MOBBILIE-
HHEM TEMIIepaTypbl OT KOMHATHOH [0
150°C mopdonorus MmoBEepXHOCTH MEHs-
eTcsl C IepexoJioM OT IUIaHapHOH K aH-
caMOJII0 OrPaHEHHBIX OCTPOBKOB, C YBEIIH-
YCHHUEM HX BBICOTHI IIPU MOBBINICHUN TEM-
nepatrypsl pocra. Takke IMOKa3aHa BO3-
MOXHOCTb  (OPMHUPOBAHUS OCTPOBKOB

BUCMYTa C TEHJCHUMEW K HX CIUSHHIO N -
Puc.1. — Kapmuna cxanupyiowei 21eKmpoHHOU MUKPOCKO-

nuu ancamoas ocmposkos u omoenvioco HHK emopoeco
nosepxuoctr CaF2/Si(001). Briepsbie po- | mmuna, copmuposannvix npu memnepamype 100°C.

JIEeMOHCTPUPOBAaHA BO3MOXHOCTH IOJIyde-

B CIUIOIIHYIO IUICHKY Ha TO(GPHPOBAHHOM

HUs HUTeBHIHBIX HaHokpucTtauioB (HHK) BucmyTa Ha kpemHuu c ucnioibp3oBanueM nojcios CaF,. Beiss-
nensl 1Ba Tunia HHK: BepTHKanbsHO pactyiie HeOomblue 1Mo BeicoTe (He OoJiee MUKPOHA), THOO HAKIIOHHBIE
NPOTSHKEHHBIE, JUTHHOH /10 10 MUKPOH U 60JjIee, ¢ COXPaHSIFOMICHCS BETMIMHON TOMIIUHBI 0Kosto 70 HM (Puc.
1). Ilpu stom popmupoBarne HHK BTOpOro Tuma HOCHT CTAaTUCTHYECKU-BEPOSTHOCTHBIA XapaKTep, HEeKEIH
cTporo KoHTponupyembii. [Tokazano, uto HHK BTOpOro tumna o0pa3yrorcst myTem pa3zpacTaHusi U3 HAHOOCT-
poBkoB Bi. C moMomipi0 peHTIeHOBCKOTO KapTorpadupoBaHus 00paTHOTO MPOCTPAHCTBA BBISBICHBI SITUTAK-
CHaJIbHbIE COOTHOILEHHS KaK IJIAHAPHOTO CJIOSl BUCMYTA, TaK U aHCAMOJIsI OCTPOBKOB, a TAK)KE BCEX THUIIOB
HHK ¢ noanoxxoii. HHK nepBoro tumna uMeroT Te e 3MUTaKCUalIbHbIE COOTHOIIEHHUSI, 4YTO U OCTpOBKU. Crie-
siaH BeIBOA 00 opuenTariuun HHK BToporo Tuma oTHOCHTENBHO MIaHapHOTO Ciosi BucMmyTa: Aanubie HHK sB-
JIIFOTCS TIPOCTHIM MPOJIOJIKEHUEM KPUCTAJUINYECKON CTPYKTYPBI OCTPOBKOB B PE3yJIbTaTe X aHU30TPOITHOTO
paspactanus. IlokasaHo, YTO M3MEHEHHME TMOCTOSIHHBIX PELIETKH POMOO3IPHYECKON CTPYKTYphl BHCMYTa
B HHK oTHOCuTENBHO 00BEMHBIX 3HaUCHUN cocTaBisieT okono 0.6% B Oombiryto cropoHy. Takum oOpazom,
MIPOIEMOHCTPUPOBAaHA BOZMOXKHOCTh TEMIIEPATYPHOTO YIPABICHUS MOP(OJIOTHEH BUCMYTa MPH €TO BBIPAILH-
BaHUH MeToioM MJID Ha noBepxHOCTH (TOpHIA Kalblus Ha KpeMHHH. Takxke BhIsiBIIeHa (POTOTFOMHHECIICH-
LU KaK IUIaHapHBIX clloeB, Tak 1 oTaenbHbIX HHK npu xomuatHOM Temnepatype. [lonydeHHbIe HAHOCTPYK-
TYpBI MOTYT OBITH MCIIOJIB30BAHBI B KayecTBE (DOTOHHOrO Mareprana B 00JacTH MHOTOLBETHOW KOJIOPHUMET-

PYHU HAHOYACTHII, a TAKKE JJIs AaJIbHEHIIEro u3ydeHust POTOJIOMUHECIICHTHBIX CBOHCTR.

[1] Lijun Zhu et al., Photonics,10, 602, 1 (2023).
[2] L. Kumari et al., J. Phys. D: Appl. Phys. 41, 025405 (2008).
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HO)IXO)IBI K YIYHYIICHHUIO CBOMCTB MacCHBa KBaHTOBBIX TOUEK
B HUTCBU/IHBIX HAHOKPHUCTAJLJIaX

Pesuuk P.P.12, Kotmap K.I1.Y3, I'pumunn B. 013, Unekus . B.13, Radhakrishnan R.%, Akopian N.?,
Barettin D.®, Liprpymn .2.13

YCanxm-ITemepbypeckuii 2ocyoapcmeennuiii ynusepcumem, 199034, Canxm-Ilemep6ype,

Vuusepcumemcxas nabepesicrnas, -9

2Angpéposckuii ynusepcumem, 194021, Canxm-ITemepbype, yi. Xnonuna, 8/3

SUAIT PAH, 198095, Canxm-Ilemepbype, ya. Heana Yepuwix, 31-33

*Technical University of Denmark, 2800, Lyngby, Orsteds Plads, 343, Denmark

SUniversitd degli Studi Niccolo Cusano-Telematica, 00166, Rome, Via Don Carlo Gnocchi, 3, Italy

B nocnennue gecsaTuiieTs MOJIyIPOBOJHUKOBBIE HAHOCTPYKTYPBI Ha OCHOBE coeauHenul 11l u V rpynn
Tabauubl MeHaeneeBa MpUBJIEKa0T OBBIILIEHHOE BHUMAHHUE HCCIIE0BaTeNel O1aroaapsi CBOUM YHUKAJIbHBIM
ONTHUYECKUM, TPAHCIOPTHBIM AIEKTPOYUIMICCKHM M IpyruM cBoiictBaMm [1]. Takue coenHEHHUS SBISIOTCS
MOTEHIIMATBHBIMUA KOMIIOHEHTaMH JUISl CO3/IaHMsI TPUOOPOB B 00JIACTSAX HAHORJIEKTPOHUKH, JOTOHUKH, KBaH-
TOBBIX KOMMYHHKAIIUi, CHIIOBO AJIEKTPOHUKH, BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTHH, METUIMHBI U 1Ip. [2].
B nacrosiiee Bpemst 0co00oe BHUMaHHE NPUBJIEKAI0T KOMOMHAIIMY HAHOCTPYKTYP [IEPEMEHHON Pa3MEpPHOCTH.
CoBpeMeHHBIE METOBI CHHTE3a MOIYIIPOBOJHUKOBBIX HAHOCTPYKTYP, TAKHE KaK METO. MOJIEKYJISIPHO-ITYIKO-
Boit snurakcun (MIID), mo3BonsoT hopMUpoBaTh HyJIbMepHbIE 00beKTHl (kBaHTOBBIE TOUKH (KT)) B Teme
KBa3HOJHOMEPHBIX 00BbeKTOB (HUTeBUAHBIX HaHokpucTauioB (HHK)). B oTnuuune ot camoopraHn3oBaHHBIX
Ha nioBepxHOocTH KT, reomerprueckue napametpsl Takux KT B HHK MoryT OBITE CTpOT0 KOHTPOIHPYEMBIMH
BpeMeHeM pocta KT u nmamerpom HHK, a moBepXHOCTHas IJIOTHOCTH CTPOro 3aAaéTcsi MOBEPXHOCTHOM
miotHocthio HHK. Bosee Toro, mmpoko n3BecTHast Metoarka otpeiBa U nepenoca HHK Ha mo0yro moepx-
HOCTB IO3BOJISIET MPOBOJIUTH MaHUMYJISIIUU ¢ OAUHOUYHBIME KT — mepeHocHTs nX Ha JII00YI0 MIOBEPXHOCTH
U UHTETPUPOBATh UX, HAIIPUMEP, C TBEPAOTEIbHBIMU BOJIHOBOAaMHU. B cBOIO o4epens, yHUKaIbHAs MOP(OIIO-
rust HHK mo3Bomnsier hopmupoBats Takue THOpUIHBIE HAHOCTPYKTYPHI Ha MIOBEPXHOCTH KpeMHMs. Panee Hamu
BIEpBbIC OblIa MOKa3aHa Bo3MOXKHOCTH (hopmupoBanus GaAs KT B tene AlGaAs HHK u InGaAs KT B tene
AlGaAs HHK Ha rmoBepXHOCTH MOHOKPHUCTAJUTHYECKOTO KPEMHHS C HCIIOJIb30BAHHEM 30JI0Ta B KAYECTBE KaTa-
mu3aropa [3, 4]. Pe3ynbTarsl uccienoBaHui MoKas3aiu, 9To TaKue CTPYKTYPHI SBISFOTCS 3()(pEeKTHBHBIME UCTOY-
HUKaMH OJIMHOYHBIX (DOTOHOB B IIMPOKOM JHaria3one MuH BoiH oT 750 mo 1300 HM u SBISFOTCS KpaiiHe mep-
CIIEKTUBHBIMU OOBEKTaMH ISl CO3/IaHMS MPHIOKEHUH B 00JIACTH KBAaHTOBBIX KOMMYHHUKaluii. TeM He MeHee,
JUISL 3HAYUTENTLHO YBEIMUEeHUs! OHOpoaHoCTH Mopdonormdeckux napamerpoB HHK ¢ KT, a, coorBeTcTBEeHHO,
U UX CBOMCTB, HEOOXOAMMO (POPMHUPOBATH YIOPSAOYEHHBIE MACCHBBI HAHOCTPYKTYp. OAHAKO yIOPSAI0YEHHOE
PacroIoKeHNe 30JI0ThIX Kallelb-KaTaIu3aTopPOB C IIOMOIIBIO JTUTOrpaMIEeCKUX METOA0B MOXKET HapyIIaThCs
M3-3a UX HEKOHTPOJIUPYEMOM MHTPAIlH M0 TTOBEPXHOCTH MPH MOBBIIIEHUH TeMIIEpaTyphl IO POCTOBOM, a pe-
3ynbTarhl nccnepoBanuii pocra HHK Ha kpemHNuM U3 oTBepcTHil B Macke HE NMPECTaBIICHbI B JINTEpaType.

B nannoi1 paboTe BIepBble IpeACTaBIECHbl PE3YIbTAThl HKCIEPUMEHTAIBHBIX HcclenoBanuii mo MIID
cuntesy AlGaAs HHK c (In)GaAs KT ¢ ucrnonb30BaHHEM 30JI0Ta B KAUECTBE KaTalM3aTopa Ha IMOAr0TOBJICH-
HBIX TIoToXkKax Si/SiOx ¢ otBepcTrsimu B citoe SiOx, chOpMUPOBAHHBIMH C IIOMOIIBI0 HOHHOTO MUKPOCKOTIA.
Pe3ynbratel nccieoBaHui OTKPHIBAIOT HOBBIE MEPCTIEKTHUBHI JJIS CO3/IaHUS MPUIIOKEHUH B 001aCTH KBaHTO-
BBIX TEXHOJIOTHH U X MHTETPALUH ¢ KPEMHHEBOH I1aThOpMOii.

[1] M. P. Mikhailova et al., Semiconductors, 53, 273 (2019).

[2] V. G. Dubrovskii et al., Semiconductors, 43, 1539 (2009).

[3] L. Leandro et al., Nano Letters, 18, 7217 (2018).

[4] R.R. Reznik et al., Physica status solidi (RRL)-Rapid Research Letters, 16, 2200056 (2022).
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['ucrepesuc HuzkoTeMIiepatypHoro (azoBoro nepexona ' B renkax InpSez

Monomapes C.A.}, Poruno JI. 1.}, Tonsamos B.A.%, Kypycs H.H.!, Muponos A .O.!, Munexun A.I'.},
P ypy p
lernos JI.B., Jlatsimes A.B.1?

YUdIT CO PAH, 630090, Hosocubupck, np. akademuxa Jlaspenmvesa, 13

2HT'Y, 630090, Hosocubupck, yn. Ilupocosa, 2

Croucteie aBymepHble (2D) mMarepuaisl sSBISIOTCS TNEPCIEKTUBHBIME MaTepHalaMu sl MUKPO3JIeK-
TPOHUKH, POTOHMKH U (POTOBOIBTANKH, B YaCTHOCTH, IN2S€3 mpencTaBiseT nHTepec st CO3/1aHMs COTHEYHBIX
(hoTorreMeHTOB, (HOTONMPUEMHNKOB, paboTaromux B auanazoHe oT Y@ no UK, u ycrpoiicts mamstu [1]. On-
HAKO HCCIIeIOBaHKE YIIPaBIsIEeMOr0 BaH-IEp-BaabCOBOro pocTa InSes ¢ koHTponeM ¢as3sl U U3yUeHHE ero
3JIEKTPOHHBIX CBOMCTB SIBJISACTCS aKTyaJbHON TEMOH [Tl NPUMEHEHUs B COBPEMEHHOH 3JICKTPOHUKE.

Panee npu m3MepeHHn TeMIEPaTypHOH 3aBUCHMOCTH 3JICKTPHYECKOTO CONMPOTUBICHNUS TUICHKH [n2Ses
TonmuuHOU 8§ HM ObLTO 0OHapyxeH rucrepesuc B oonactu 140-180 K ¢ pe3kuM yMEHBIICHUEM COMPOTHBIIC-
Hus npu oxnaxaenuu B ~10% pas [2]. OGpaTHbIi nepexo MPOUCXOIUI PH MOBBILIEHMH TEMIIEPATYPHI BBILIE
180 K. B nanHoit paboTe meTozoM in Situ oTpakaTelbHOW 3JIEKTPOHHONH MHUKPOCKOIUHM Ha TOBEPXHOCTH
Si(111) nomyyena rureHka f3-1n2Ses TonmmHo#i oko1o 70 HM 1S MOCIIEAYIONINX U3MEPEHHH CIIEKTPOB KOMOH-
HanoHHoro paccessHusi cBeta (KPC) u GoTOIMHCCHOHHOM CHEKTPOCKONUHU C YIJIOBBIM pa3pelieHueM
(®2CVYP). Crnextprl KPC uzmepsiiuchk npu oxXJIaxaeHUU 0T KOMHATHOHM Temreparypsl Ao 77 K u nocnenyto-
meM oOpaTHOM HarpeBe 10 KOMHaTHOH Temriepatypsl ¢ marom 10 K. [Ipu oxnaxxaeHun 1o Temreparyp 0KoiIo
140 K nabmonanocs ncue3HoBeHue mika npu 175 cm™, u mocseayroniee nosBiaeHre Tpex MUKoB mpu 155, 170
u 188 cm?, coorercTByromux P'-In;Ses. bonee Toro, npu Harpese MIEHKH 10 Temmeparypsl okoio 180 K
HaOJII01aJI0Ch MOBTOPHOE MOsIBIIeHKE TuKa ripu 175 cm?, cootserctByromero B-1n,Ses.

(a) 80 K, paza p’ (6) 300 K, daza

505 0 05 -05 0  05-05 0 0.5
k. [A"] k. [A"] k. [A"] k. [A"]
Puc. 1. — Kapmunwi ducnepcuu cocmosinuil Ha nogepxHocmu naenku InaSes, noxyuennvie memooom
DICYP 6 ceuenuu M—I'-M npu memnepamype obpazya a) 80 K, 6) 300 K

[To nanapiM ®OCVYP (Puc.1) npu nepexoze B'-1n.Sez= B-In,Ses (B mporecce Harpesa 00pasiia 10 KOM-
HATHOM TeMIlepaTypbl) MOJIO’KEHHE ITOTOJIKA COCTOSIHUM BalleHTHOI 30HbI cMentaercs ¢ 0.9 3B B HanpaBienun
OONBIINX SHEPTUH CBA3M M HaXOAMTCs Ha ~1.5 5B Hinke ypoBHS DepMHu, 4TO COOTBETCTBYET MIMPUHE 3ampe-
mieHHo 30HbI B-1n2Ses. [Ipu aToMm daza ' obagaeT TPOBOAUMOCTBIO N-THIIA, YTO MOKET OOBSCHSTH PE3KOe
YMEHbBIIIEHHUE CONIPOTURIICHUS IUICHKHU Tpu niepexoze B'-In.Ses=p-1n,Ses.

Pabota Beimonnena Ha o6opyaoBanuu LIKIT «HanoctpykTypb» npu pruHaHcoBO# noaaep:xke Poccuii-
cKoro Hay4HOTro (oHza (Tpant Ne 22-72-10124).

[1] S. Vishwanath et al., J. Mater. Res., 31, 900 (2016).
[2] S. Ponomarev et al., 2021 IEEE 22nd International Conference of Young Professionals in Electron

Devices and Materials (EDM)., 21, 50 (2021)
[3] S. Rathi et al., Cryst. Growth Des., 14, 4617 (2014).
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Ckanupyromas 0e3anepTypHass MUKPOCKOIIHS OJTUKHET0 ONTUYECKOTO TOJIS
(ASNOM) — HHCTPYMEHT HCCIIC0BAHMUS TOTYTPOBOIHUKOBBIX CTPYKTY]P

Kazanues JI.B.>?

Y®U PAH, Mockea, 117218, Jlenunckuil npocn. 53

2HUY BIIID, 2. Mocksa, yn. Machuyxas, 0. 20

B nmoxmame OynyT paccMOTpeHBI MPHUHIHUIE pabOTHl CKaHHUPYIOMIETO Oe3armepTypHOTO MHUKPOCKOIa
ommxaero ontudeckoro noist (ASNOM) [1]. Meroayka npeaocTaBiseT BO3MOKHOCTh ONTHYECKOTO MCCIIe-
JOBaHUsI TBEPIOro oOpasiia ¢ paspemaromeii cnocooHocThio 1-30 HM B IIIOCKOCTH MMOBEPXHOCTH, HE3aBHCUMO
OT HCITONIb3yeMo JHEI BOJHBI (0T 0.5MkM 110 100MKM Wil HaXke 10 MAJUTMMETPOBOTO nuamna3ona). Onru-
YEeCKHUE TIOJISI B OCHOBHOM CKOHIIEHTPHUPOBAHBI B 00JIACTH MEXIY OCTPHUEM 30HAMPYIOIMIEH UTIbI (TIOH00HOM

UTJIe aTOMHO-CHIIOBOTO MUKpocKkoma, AFM), u pasmep 3Toi

INasep (MCTOYHMK

i dotopeTekTop/
KOrepeHTHOro caeTa)

00J1aCTH Kak pas3 " onpeacACT NPOCTPAHCTBECHHOC pa3pe-

MICHUC MCETOJa. HaprDKCHHOCTL QJICKTPUYCCKOI'0 II0JIA

B HAHOMETPOBOM 3a30pe Uriia-o0paser] BechMa Belnka, - Caeto-

pgenutens

o

(DEeKTUBHOCTh B3aUMOJICUCTBHS MPOTSHKEHHON METauIn3u-

POBaHHOM UIJIbI C TPAAULIMOHHBIMU JAJIBHETIONBHBIMU OITH- OnopHin:yM

CMI’HiJ'IbeIﬂ nyy ACM-nogobHas urna
-

YECKUMH MOJIaMU 3HAYUTEIIBHO BBIIIE, YEM Y OHHHOHHOP'I MO-

Ha kaHTunesepe
3epkano
©OnopHOro

nneya

JICKYJIbI, TMO3TOMY ONTUYECKasd YYBCTBUTCJIBHOCTH METOJA

BBIIIIE HA 5-8 MOPSAAKOB, YeM Y TPATUIIMOHHBIX METOHK. AZ= P2 (min)

“ Obpasey
MeTaJIJ'II/I?)I/IpOBaHHaSI IJid YBCIIMYCHHA OIITUYCCKOU

nossipusyeMoct uriia AFM npuUBOAXTCS B HAHO-KOHTAKT Puc.1. — Yempoiicmeo ASNOM
C 20MOOUHHbBIM ()emeKmupO(saHue.w

C UCCIIEyeMOil TTOBEPXHOCTBIO, W BHEUIHEE KOT€PEHTHOE N
ceemoBo2o cucnana 6 cxeme Maiikenvcona.

OIITHYECKOE T0JIe BO30YKJAeT B HEH JHUIOJIbHBIC AJIEKTPU-
Yyeckue KojieOaHus. DTOT TUMOIb, OCHUUIMPYIIUI HA YaCTOTE MaJaloIlero CBETa, U3Iy4aeT CBETOBbIC BOJTHEI
B OKpy’Karolee npocTpaHcTso. [Ipu 3Trom amMmuTyna u (aza paccessHHOM BOJIHBI ONPEAETSIETCS] AUIICKTPHU-
YEeCKOH MPOHMLIAEMOCTHIO MaTepraia o0paslia HENOCPEICTBEHHO MO OcTpueM urisl. MuTepdepomerpuye-
ckad (Puc.1) cxema 1eTeKTHpOBaHMS ONTHYECKOTO CUTHAJA TI03BOJISIET 3HAUNTENIHHO YBETTHUNUTH TyBCTBUTEIb-
HOCTbH IPUOOpa 1O OTHOIICHUIO K CJ1a0CHBKOH BOJIHE, PACCESHHOM 30HIupytoniei urinoi. [{udposoe nerek-
TUPOBAHKE MO3BOJISIET YBEPEHHO BBIACIHUTH B IPUHUMAEMOM CUTHAJIE aMIUTUTYAy U a3y OMMKHEmONbHON
KOMIIOHEHTBI OTITUYECKOT0 B3aMMOACHCTBHS UIJIBI  00pasLa.

Bynyt paccMoTpeHBl pe3ynbTaThl HCCIENOBAaHUM TMOJIYMPOBOJHUKOBBIX CTPYKTYpP C IOMOIIBIO
ASNOM: kapThl ONTHYECKOTO OTKJIMKA CTPYKTYp M3 pazHOpoAHBIX MarepuanoB (Si, Ge, GaAs, InP, InSb,
Si3N4, SiO2...), Ha KOTOPBIX 3T MaTe€pHajIbl XOPOLIO Pa3IMYMMBbI, KAPThl ONTHYECKOTO OTKJIHMKA OJHOTO
U TOTO e MaTrepuana (HanpuMmep, KpeMHHUS) Ha KOTOPBIX BUJHO pacipeesieHHe Ma3Mbl CBOOOIHBIX HOCHTE-
JIeH Ha TIOBEPXHOCTH.

BynyT paccMOTpeHbI pe3ynbTaThl UCCIIEAOBAaHUN MTOBEPXHOCTHBIX (DOHOH-MOJSIPUTOHHBIX BOJIH, BO3-
Oy’kIaeMbIX Ha MOJISIPHBIX KpucTauiax (Hanpumep SiC) KOrepeHTHBIM Jia3epHbIM J1ydoM. VccnenoBanus no-
BEPXHOCTHBIX IJIa3MOH-TIOJIIPUTOHHBIX BOJIH, BO30Y>KJa€MbIX KOT'€PEHTHBIM JIA3€PHBIM JIyYOM Ha CIIOSIX Ipa-
(ena, BaH-Iep-BaanbCcOBRIX MaTepHaIoOB M Ha TIOBEPXHOCTH MAaTEpUAIOB C THIEPOOINYECKON JUCTIEPCHEN,
OyayT YIOMSIHYTHI B JIOKJIAJIE TOXKE.

[1] F.Zenhausern, M. P. O'Boyle, H.K. Wickramasinghe, Appl. Phys. Lett., 65, 1623 (1994).
[2] 1. B. Kazanyes u op., Ycn. ¢us. nayk, 187, 277(2017)
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Bo30yxaenue Oerymnux ¢hOHOH-TIOISIPUTOHHBIX BOJH PE30HAHCHOM
AIEKTPOMATHUTHON BOJIHOM B MPUCYTCTBUU OPETTOBCKOM METAJNIMUECKON
Macku Ha moBepxHocTH SiC

HUsuenko B.C.1? Uesnesa B.A. 12, Kazanues JI.B.}?, Kynuesuu A.1O. 12

‘o PAH, Mockea, 117218, Jlenunckuii npocn. 53

2HUY BIILID, 2. Mockea, yi. Macuuykas, 0. 20

Hamu ¢ momomipio 0e3anepTypHOTO CKaHUPYIOIIETO MHKPOCKONA OJNIMMKHErO ONTHYECKOTO MO
(ASNOM) monyyeHbl KapThl aMILIATYAbI U (a3l Oeryineit (HOHOH-TOIAPUTOHHON BOJIHBI Ha MOBEPXHOCTH
nosspHoro kpuctaiia SiC, Bo30yk1aeMoil KOTepEHTHBIM CBETOM JIa3€PHOTO JIyya B MPUCYTCTBHU METAJLIH-
yeckoi (AU) MacKH, MOKPBIBAIOIICH 4acTh MOBEPXHOCTH oOpa3ua. Macka Obuia chopMHupoBaHa B BUJIE CHU-
CTEMBI MOJIOCOK, TIEPHOJT KOTOPBIX COOTBETCTBYET BOJIHOBOMY BEKTOPY (DOHOH-TTONISIPUTOHHON BOJHBI, MPEI-

CTaBIIAIONIEH COOOH pelIeHre 0 JHOPOJHOTO BOJTHOBOTO yPaBHEHHS, YIH-
TBHIBAIOILIETO OJHOBPEMEHHO JJICKTPOMATHUTHBIC TOJISI U MEXaHHUYECKUE
KOJIeOaHUs Pa3HOPOIHO 3apsKEHHBIX aTOMOB Si v C B KpHCTAIHUECKOI
pemretke. [Ipu oOGmydennn obpasiia MIOCKO BOIHOM MepecTpanBaeMoro
COz-na3zepa, magaromeld Ha odpazen mox yrioMm ~30° K IMIOCKOCTH TIO-
BCPXHOCTHU U HaHpaBJ’ICHHOﬁ CUMMETPHUYHO IO OTHOLICHUIO K CTOPOHaAM
OpErroBCKOM CTPYKTYpHI (45°, cTpenka Ha Puc.1), moBepxHOoCcTHBIE (o-
HOH-TIOJISIpUTOHHBIE BOHBI (SPhP) B030Y)XIaroTCst MpenMyIiecTBEHHO
B HaIIPaBJICHUU BOJTHOBOTO BEKTOpa 3TOU CTPYKTypbl. CMeHa paboyeit ya-

CTOThI J1a3€pa, a TAaKKC USMCHCHHUE IIEPpHUOIa HaHECEHHOH Ha IMOBCPXHOCTH

Puc. 1. — Kapma amnaumyost
JIOKAILHO20 NOJISL 8 8030VHCOa-

i emoti SPhP eonne. Ilogepx-
SPhP-BostHBI MOKHO BO30YAMTH Haj KprcTautnueckum SiC BOIM3H nocmo SiC, wacmoma nazepa

OpETTOBCKOM PEIIeTKH MPUBOAAT K OCIA0JICHHIO WM UCYE3HOBEHHUIO I1a-
keTa HabmonaeMbIx ¢ oMo bio ASNOM Gerymux SPhP-BoJTH.

YaCTOThI PEIICTOYHOTO PE30HAHCA B TIOJIOCE OCTATOUHBIX JIyue (mpubmu- | 935cm-1, Opeceosckas cmpyk-

3uTenbHo 796-960cm™), B KOTOPOI KOMIUIEKCHAS AUAJIEKTPUYECKAs TPO- mypa — Au norocku ¢ onmu-

: . MATLHBIM NEPUOOOM.
HuIaeMocTh SIC MEHbIIE TUISKTPUYCSCKOM IPOHUIIAEMOCTH CPEIbI (BO3- P

nyxa) Hazx oOpasnom. PemieHne HEOZHOPOIHOTO BOJHOBOTO YPaBHEHHS
npo SPhP-BosHbI, BO30YKaaeMble KOTEPEHTHBIM Ma/IAF0LIAM Ha MIOBEPXHOCTH JIYYOM B IPUCYTCTBUH HEMPO-
3pavyHOl METaJUTMYEeCKOW MACKU MPOU3BOJILHOW ()OPMBI, BOBMOXKHO ITyTEM YHCIEHHOTO WHTETPUPOBAHUSI
¢byukimy ['puHa, Koraa Kaxaas Touka OTKPITON moBepXxHOCTH SiC paccMaTpuBaeTcs Kak HCTOUYHHK PacXo-
Jsieiicss KpyroBoi 3JeMEHTapHOM BOJIHBI C aMIUIUTYAON M (a30ii, COOTBETCTBYIOLIMMH aMILIUTYy e U (aze
BO30Y>KJAIOILEr0 BOJHY BHEIIHEro MO B 3TOH Touke. B kauectBe ¢pynkumii ['puHa ncnonb3oBaHbl KOM-
TUIeKCHbIe (pyHKIMK XaHKels ¢ mapaMeTpoM macmiTaba aprymenrta Kxy, COOTBETCTBYIOIIMM COOCTBEHHBIM
3HAYEHUSIM BOJHOBOT'O ypaBHEHUS (BOJHOBOW BEKTOp M 3aTyxaHue). Takue QyHKIMH SBISIOTCS PEIICHUSIMHU
BOJIHOBOTO YpaBHEHUS, U UX CyMMa JIOJDKHA OKa3aThCs pelIeHHueM Toxe. B o0cyxaemMoM ciydae ycrnexy cu-
MYJISIIHI CTOCOOCTBOBAIIO 3aMETHOE PACIIPOCTPAHEHHUE MOMOBEpXHOCTHOH SPhP-BosHEI o1 citoem Au. D10
e 00CTOSITENILCTBO SIBJISIETCS MPUYMHON OTCYTCTBUIO 3aMETHBIX oTpakeHui SPhP BosHBI OT KpaeB 3010TO#
MacCKH, KOTOPOE MOTJIO Obl CHJIBHO 3aTPYJHUTH BBIUYUCIICHHS HEOOXOJAMMOCTBIO y4eTa IPaHUYHBIX yCIOBUH
3aJa4uy JUI1 IOBEPXHOCTHOM (POHOH-TIOTSIPUTOHHOM BOJTHBI.

PesynbTarhl uccaeq0BaHUN IEMOHCTPUPYIOT BO3MOXKHOCTD CO3JIaHHS YCTPOWCTB MOBEPXHOCTHOH (o-
HOH-TIOJISIPUTOHHOM ONTHKH, paboTatomux B cpenaeM MK-aunanazone.

[1] D. L. Mills, E. Burstein, Reports on Progress in Physics. 37, 7, 817 (1974).
[2] /. B. Kasanyes, I[Tucvma ¢ JKOT®D, 83, 8, 380 (2006).
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Huskopa3mepnsie cTpykTypbl Ha ocHoBe HgCdTe nnsa ¢puznyeckux
UCCIICIOBAHUMN U MPUOOPHBIX TPUMEHEHU

Muxaiinos H.H.'3, Bapasun B.C.}, JIopenxnii C. A}, Menpmukos P.B.}, Pemecuuk B.T.2,
Vikakos M. H., IlIsen B. A, Moposos C.B.?

‘U@Il CO PAH, 630090, Hosocubupck, np. Jlaspenmvesa, 13

2U®dM PAH, 603950, Huscnuii Hoszopoo, I'CIT-105

STI'Y, Tomck, 634050, np. Jenuna, 36

IIpoBeneHO HcCIe0BAaHUE MPOIECCOB POCTa HHU3KOPasMepHbIX cTpyKTyp ¢ Hg1.xCdyxTe/Hg:,Cd,Te
KkBaHTOBBIMH siMamH (K1) BCTpOCHHBIMHE B CIIOXKHBIE TETEPOCTPYKTYPHI MeToaoM MJID Ha yHUKambHOU HAy4-
HOM ycraHoBke «O0b-M» (YHY 353512) c BbicOKOTOUHBIM KOHTpoJeM in-situ coctaBa X u'Y (~ 0.0005
MOJI.JTOJI.) | TOJITUHEI (~ 0.5 HM) BEICOKOCKOPOCTHBIM JIa3€PHBIM 3JUTHIICOMETPOM. PacmpemeneHus cocrana
0 TOJILIMHE €X-SitU IPOBOAMIIOCH C UCTIOIB30BaHHEM METO/1a «I(P(PEKTHBHO MOTOKKH.

PaccmoTpeHbl  0COOEHHOCTM pocTa CIPYKTYP C OAMHOYHBIMH, IBOWHBIMH M  MHO)KECTBEHHBIMU
Hg1xCdyxTe/Hg:.,Cd,Te K. Tonmmumna cnoes BapbrpoBasiack ot 4 uM 10 1000 um. Coctas cioeB B K51 m3mensiics
B quanazone Y = (0-0,18 MonsipHsIil noneii). Ha BeipalieHHBIX CTPYKTYpax MpOBEICHBI HCCIIEI0BAHS Mar HUTOJIEK-
TPUYECKUX CBOMCTB CTPYKTYp K5 ¢ psIMO30HHBIM M C HHBEPTUPOBAHHBIM 30HHBIMU cIIeKTpaMu. [1oTy4eHb! 1aHHbIe
mapametpoB 2D 1 3D tononorndeckux m3omstopos (TH), mrupakoBCKUX U TIA3MOHHBIX CTPYKTYP [1].

[IpoBeneHHbIE pacyeTsl 30HHON CTPYKTYPHI U MOJyYeHHbIE SKCIIEPUMEHTANBHBIC Pe3yIbTaThl dHEpPre-
THYECKHUE TIOJIOKEHUSI YPOBHEW pa3MEpPHOTO KBAHTOBAHUS, TIOTyUYEHHBIE H3 H3MEPEHUH CIIEKTPOB MOTIIOMICHHUS
Py KOMHATHOH TeMIiepatype u (poTormpoBOAMMOCTH B HHTEpBaie 77-298 K HaXomsaTcsi B XOpOIIIEM COTTIaCHH
apyr ¢ apyroMm [2]. JlaHHbIe pe3yabTaThl IIOKa3ald BO3MOXKHOCTB co31aHus aeTeKTopoB MK n3inydyeHus B uH-
TepBasie 2+18 MM, J{muHHOBOIHOBBIE PoTOCONPOTHBIEHUS (A2 = 14 MKM) Ha CTPYKTypaxX ¢ MHOXKECTBEH-
HbIMU K51, M3rOTOBIIEHHEIE IO 3aBOACKOH TEXHOJIOTHH, UMEIOT (POTOIIEKTPHUECKIE MTapaMeTPhbl, CPABHUMBIE
C aHaJIOTMYHBIMH Ha OCHOBE TBepaoro pacrsopa HgCdTe.

[IpoBeneHO n3yueHHE NPOLECCOB POCTA CIOKHBIX Ja3ePHBIX CTPYKTYP Pa3IMUHOrO AU3aiHa, BKIIOYa-
tormmu BostHoBoHbIe ciion HgCdTe u akTuBHY!0 30HY Ha ocHoBe Hg1.xCdxTe/Hg1,CdyTe K. Ycranopnena
3aBUCUMOCTD JUTMHBI BOJIHBI CTUMYJIMPOBAHHOTO M3ITYYECHHUs! OT TOJIIMHBI U cocTaBa Y cioes B KA. HaGuo-
nanochk crumynupoBanHoe MK u TT'L] u3nydenune ¢ [MHOM BOJTHBI 3-5 MKM IPHU TeMITepaTypax BOJIH3U KOM-
HatHO# 1 10 31 MM mipu 20 K, coorBercTBenHO [3,4].

[IpoBeneHs! uccnenoBanus MPoLEeccoB pocTa nBn cTpykTyp g aerekropoB MK criektpanbHOro nua-
ma3oHa C IMUPOKO30HHBIMU Gapbepamu (B) [5] u 6apsepamu Ha ocHoBe HYCdATe cBepxpemeTok. TeMHOBOM
TOK M€3a JHOAOB IJsl CHEKTPAIbHOIO AMAanasoHa 3-5 MKM JumuTupyercs Aup(y3HOHHBIM MEXaHH3MOM
B nuarmazone temmeparyp 180 -300 K u xopoiio cormacyercs ¢ sMmmupudeckoii Mojienbto «Rule 07» mis kimac-
CHUECKHUX P-N MIEPEXOJIOB C MPEACIIEHBIMHI XapaKTePHUCTUKAMH.

HccnenoBanre 4acTHYHO BHIMOJIHEHO 3a cueT rpanTta Poccuiickoro Hayunoro ¢onna Ne 24-62-00010,
https://rscf.ru/project/24-62-00010/

[1] 3./1. Keor u op., Y®H, 190, 673 (2020).

[2] N.N. Mikhailov, Dvoretsky S. 4. et al., Photonics, 10, 430 (2023).

[3] A.A. Razova, M. A. Fadeev et al., Appl. Phys. Lett., 123, 161105 (2023).
[4] V. V. Rumyantsev, et al. Appl. Phys. Lett. 121, 182103 (2022).

[5] H H. Muxatinosé u op. Onmuueckuit xcypran. 91, 76 (2024).

60



HO@erHOC'mb, NnJleHKU, ciaou
AtomubIe mporecchl Ha oBepxHocTH Si(111) mpu agcopOumu Sn

Ierpos A.C.1?, Poruno I.1.12, Illernos J.B.}, Jlareimes A.B.12

U1 CO PAH, 630090, Hosocubupck, np. Akademuxa Jlagpenmuesa, 13.

2HI'Y, 630090, Hosocubupck, ya. ITupozoea, 2.

OcaxaeHue MOKpeITHi SN Ha moBepxHOCTh Si(111) MPUBOAUT K MOSIBICHUIO HA0Opa MPUMECHBIX I10-
BEPXHOCTHBIX CTPYKTYP, CIIOCOOHBIX BBICTYIIaTh B KAUECTBE ABYMEPHBIX MATEPUAJIOB, WHTETPHUPOBAHHBIX
C KpEeMHHEBOM Tu1aHapHO# TexHostoruei [1]. KpoMe Toro, n3BeCTHO, 4TO MOKPHITHS SN BBICTYIAIOT B KAUECTBE
cypthakTanTa mpu snuTakcuu Ha mosepxHoctH Si(111) [2]. VMeHblIeHHe pa3MepOB MOIYNPOBOAHHUKOBBIX
CTPYKTYp TpeOyeT MOBBIIEHHOTO COBEPLICHCTBA OT MOP(OIOTUH POCTOBOM MOBEPXHOCTH U TPaHUIL Pa3lena,
B CBSI3U C Y€M aKTyaJbHBIMH CTAHOBSATCS BOMPOCHI, CBS3aHHBIE C B3aUMOJICWCTBHEM NPHUMECHBIX aTOMOB
C aTOMHBIMU CTYNEHSIMH U (JOPMUPOBAHUEM NPUMECHBIX ABYMEPHBIX IOBEPXHOCTHBIX.

B manmnoii pabote MeToaamu iN Situ cBEpXBBICOKOBAKYYMHO# OTpakaTeIbHON ICKTPOHHOH MHUKPOCKO-
muu (CBB OOM) u ex situ aromHO-cHt0BO# Mukpockomnuu (ACM) npoBeaéH aHaIu3 CTPYKTYPHBIX H MOPGhO-
JIOTMYECKUX M3MeHeHH Ha moBepxHocTu Si(111) ¢ teppacamu mmpuHoit 10 10 MKM UHIAYILHpYeMbIe pOpMH-
poBanmeM mpuMecHEIX (a3 Sn mpu T'= 200-800°C [3,4]. ®opmuposanue pekoHCTpyKiuu o-(N3xV3)-Sn
B xoze ocaxaenus 1/3 MC Sn (1 MC = 7.8x10' aromos/cm?) npu T < 650°C npHBOAMT K MOSBJIECHUIO HA TEP-
pacax nokpsiTust B 0.08 MC Si, oOpasyrolerocst mpu nepepacnpeaeieHul aTOMOB Si B IPUIIOBEPXHOCTHOM
cinoe noioxku. [Tpu mupune teppac < 1 MM agaTomsl Si u3 nokpeitus 0.08 MC nocturaroT B Xoae aug-
(y3un KpaéB aTOMHBIX CTYIIEHEH U BCTPAWBAIOTCS HUX, TOTAA KaK OOJIbIIEH IIMPHUHE Ha TEPpacax IPOUCXOAUT
3apoxaenne 2D octpoBkos Si. Ocaxxnenne Sn pu 7' > 650°C nmpuBouT K 00pa3oBaHUIO Y-(Pa3bl peKOHCTPYK-
wn (V3xV3)-Sn, popmupyroweiics 13 aroMoB Sn 1 Si (CyMMapHOE a1cOpGHPOBAHHOE OKPHITHE BCET/A CO-
otBercTByeT BennunHe ~ 1/3 MC), 4T0 MPUBOAUT K PE3KOMY YMEHBIICHHIO KOHIICHTPALUH aJaTOMOB Si Ha
MOBEPXHOCTH U BOSHUKHOBEHUIO IIOTOKA aTOMOB Si U3 CTYIEHEH C MOCIEAYIOUINMM UX CMELIEHUEM B CTOPOHY
BBILLIENIEKANX Teppac. PocT Temneparypsl IPUBOAUT K YBETUUYEHHIO JOJIM aTOMOB Si B PEKOHCTPYKIHH Y-
(V3x~/3)-Sn, a yBemueHIe BHELIHETO TOTOKA SN HA0GOPOT IPHBOIHT K COKPAIIEHHIO T0IH Si B Heil. DopMu-
poBamme peKoHCTPYKIH Y-(V3xV3)-Sn coxpaHseT H3HAYATbHYIO ATOMHYIO FIAAKOCTh TEPPAC TOBEPXHOCTH
Si(111). JanbHeiimee ocaxkaenne SN 10 mokpbiThii ~ 1 MC NpUBOAMT K 3apOKACHUIO M pa3pacTaHHIo pasy-
nopsioueHHOH (asel “1x17-Sn, mpeacrapustonme co00i KBa3mKUIKUE ToMeHbI SN. [Ipu HarpeBe moIoxKKe
MOCTOSIHHBIM 3JICKTPHUYECKHM TOKOM, JOMEHBI “1X1”-Sn mojBep»eHbl AIEKTPOMHUIPAlHOHHOMY Jpeidy
BJI0JIb AJIEKTPUYECKOTO TOJISI, YTO YKA3bIBAET HA HATMYHE TIOJIOXKUTENHHOTO 3(h(EKTHBHOTO 3apsijia y aTOMOB,
COCTaBJISIOMIMX AoMeH “1x17-Sn. DnexTpoMurpanuoHHsii Apetid romeHoB “1x17-Sn HHAYIHpyeT NOBBITICH-
HBI HepaBHOMEPHBIH MacconepeHoc Si Ha noBepxHoctu Si(111), Haubosnee Beipaskenusiid mpu 7 > 800°C:
MPOMCXOJUT CMEIIEHUE aTOMHBIX CTYIEHEeW B IIPOTHBOTIONOKEHHBIX HAIPaBJICHUSX, 38 CUET BCTpAMBAHUS
Y BBIXOJ[a U3 HUX aJ]aTOMOB Si; MOSIBJISIIOTCSI BAKAHCHOHHBIC M POCTOBBIE OCTPOBKH BOJIM3H CTYTIECHEH; IPOKC-
XOAMT KJacTepu3alysl CTylleHeH BHYTPH SLIEJIOHOB cTyneHed. B3anmopneicTBue nperd(yrommx JOMEHOB
“1x1”-SN ¢ BOCXOAAIUME CTYIEHSIMH HMPHUBOAUT K MOCTENEHHOMY TPABJICHHUIO OTAENBHBIX yYYaCTKOB ITHX
CTYIIEHEH, UTO BIEYET B JAJIbHEHIIIEM MTOSIBICHNE CTYIIEHEH BBICOTOM 0O0jee IBYX MEKIUTOCKOCTHBIX PaccTo-
STHUW (TIPOMCXOIUT KiIacTepu3alys MOHOATOMHBIX CTyIeHei). B xone TpaBieHus u ganpHeHero npeojoe-
HHS BOCXOJISIIIUX CTYNIEHEH JoMeHBI Ba3bl “1x17-Sn HauMHAIOT MpeACTaBIATh cO00H cMech aToMOB Sn U Si.

Pabora BeimonHena npu ¢unaHcoBoi noguepxke PH® (rpant Ne 19-72-30023) na obopynoBaHun
LKIT «HaHOCTpYKTYpBI».

[1] M. Zahedifar et al., Phys. Rev. B., 100, 1 (2019).
[2] S. Iwanari et al., Thin Solid Films, 119, 229 (1992).
[3] Petrov et al., Appl. Surf. Sci.,609, 155367 (2023).
[4] Petrov et al., Surf. Sci., 741, 122418 (2024).
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BaH-nep-BaanbCOBbIM M€TEPOIMUTAKCHATBHBIA POCT SnSey
Ha noBepxHOCTIX BixSe3(0001) m Si(111)

3axoxkes K.E.» 2 ITonomapes C.A.}2 Poruno JI. 1.}, Tonsmos B. A L, Kypycs H.H., I'yrakoscknii A.K.2,
Kox K. A3, Illernos JI.B.}, Munexun A.T'.%, Jlateimes A.B.12

YUDIT um. A. B. Pacanosa CO PAH, 630090, Hogocubupck, np. ax. Jlaepenmvesa, 13

2HI'Y, 630090, Hosocubupck, yi. ITupozosa, 2

SUT'M CO PAH, 630090, Hosocubupck, np. ax. Konmioza, 3

2D nuxanpKoreHU bl METaIoB 00pa3yloT KIlace CIOMCTHIX MaTepUaoB, 00JIaIal0IUX PSAIOM IEepCIeK-
TUBHBIX IJIsI IPUMEHEHHSI B COBPEMEHHOM 3JIEKTPOHHUKE ONTHYECKHUX, YICKTPOHHBIX M MEXaHUYECKUX CBOMCTB
[1]. B wactHOCTH, SnSe», cornacHo pacdeTaM [2], MeeT OABHMKHOCTE 31eKTpoHOB 436 cm? B~'c™! mpu Tem-
nepatype 300 K, uro siBiseTcs qyqiM nokazaTeneM cpean OOMbIINHCTBA H3BECTHBIX AUXATbKOTCHUIOB Me-
TayuioB. Takike, BEICOKOE AeKTpoHHOE cponacTBo SnSe: (5.2 3B) mpegocraBiisieT BO3SMOKHOCTb CO3IaHUs T'e-
teporepexoioB |1l Tama ¢ mpyruMu mOIYIIPOBOAHUKOBEIME MaTepuanaMu (Hampumep, WSe»), IepcrneKTHB-
HBIX [T IPUMEHEHHS B TPAH3UCTOPAX, pabOTAONINX Ha OCHOBE TYHHENbHOTO 3(hdexra [3]. OmHako, ocTaercs
aKTyanbHOW mpobieMa pa3paboTKH U ONTHMHU3AIMHA METOANK BBIpAIIMBAHHS SIIUTAKCHATBHBIX cioeB 2D au-
XaJIbKOTEeHUJIOB METAIIOB (B YACTHOCTH SNSE2) BEICOKOTO CTPYKTYPHOT'O COBEPILIEHCTBA KaK HA TIOBEPXHOCTH
KJIaCCUYECKUX (HampuMep, KpEMHHHN), TaK U BaH-AEP-BaalbCOBBIX HOIYIPOBOAHUKOBBIX MOAJIOXKEK (HampH-
Mep, Bi2Se3), npensTcTBytomas MpuMEHEHNIO0 JAHHOTO KJ1acca MaTepHalioOB B COBPEMEHHOM MOy TIPOBOTHU-
KOBOM 2JIEKTPOHUKE.

B koonHe in Situ oTpakaTebHOTO 3JEKTPOHHOIO MUKPOCKOIIA Peain30BaH POCT SNSe; Ha MOATI0KKaX
Bi»Se3(0001) u Si(111) mo meroaukam, Briaodaromum: (1) ocaxaenne amopdHOro ciost SnSez TOIIMHON
~1 HM ¢ cooTHOMIEHHEM TTOTOKOB Se:Sn ~10:1 mpu temmeparype ~100 °C u (2) ero KpuCTaAIUIH3AIHNIO TyTEM
MOBBIIIEHHUS TeMIepaTypsl 10 pocToBoil (~250 °C) ¢ oqHOBpEeMEHHBIM OCaKACHUEM aToOMOB Se u Sn. Meto-
nvka pocta SnSe; Ha Si(111) Taxke BKIIIOYAET ATl MPeaBapUTENFHON MacCHBAIMN TOBEPXHOCTH MOHOCTIOEM
Se nipu 100 °C. [TokazaHo, 4TO POCT IUIEHOK SNSE; MPOXOAMI MO JBYMEPHO-OCTPOBKOBOMY MexaHu3My. 1o
JaHHBIM aTOMHO-CHJIOBOM MUKPOCKONHH KOHLIEHTPALKs BHIXOJ0B Ha TIOBEPXHOCTh AUCIOKAIMKA ¢ BUHTOBOM
KOMIIOHEHTOM COCTaBWIa OT ~2 MKM > (tuieHka SnSez/BiSe3(0001)) mo ~18 mxm 2 (muenka SnSe,/Si(111)),
YTO CYIIECTBEHHO HIKE, YEM TOT K€ TIOKa3aTelb ISl INIEHOK, MOJYYEeHHBIX B paHee OMyOJIMKOBaHHBIX pabo-
tax (~30 Mxm 2 [4, 5]). BelcOTa MONEKYJISPHBIX CTYNEHEN HA MOBEPXHOCTAX TOJy4EHHBIX TUIEHOK COOTBET-
CTBYET JINTEPATyPHBIM JaHHBIM O BbicoTe ciiosi SnSe; (0.62 umM, [3]). Ananu3 cTpyKTypHO-MOP(OIOrHUECKUX
ocobOeHHocTel mieHkH SNSez/Si(111) meTomoM BbIcoKopaspelaroiield NpoCcBeYNBaIOLIeH IEKTPOHHON MHK-
POCKOTIHMH MMOKa3bIBAET FeKCarOHAIBHYIO CTPYKTYPY PEIIETKH POCTpaHCTBeHHOU rpynmbl P-3m1 ¢ mapamer-
pamu a = 0.38 um u ¢ = 0.62 1™, uyto cooTBeTcTBYET (hase 1T-SnSe; u moATBEepKIACTCS METOIOM KOMOUHA-
LUOHHOT'O paccesHusI CBETa.

Kpome Toro, mokazaHo, 4To MPH OCaKJAECHHH MOHOCJIOS aTOMOB OJIOBa Ha MOBepXHOCTh BiSe3(0001)
W TIoclieytolero omxura npu temrneparype 210°C B yctaHoBKe (OTOIIEKTPOHHON CIIEKTPOCKOIHH C YTIIO-
BBIM pa3pelleHreM, 30HHast CTPYKTypa MPHUIOBEpXHOCTHOTO ciios Bi»Ses3(0001) mpereprieBaeT kauecTBEeHHBIE
W3MEHEHUSs, CBA3aHHBIE C MOsBICHUEM (ha3 KpucTamumdeckoro Bi, a Takxe SnSez.

DKCIEepPUMEHTHI BBIIIOIHEHBI NpH Tojepkke Poccuiickoro Hayqnoro gonna (rpant Ne 22-72-10124).

[1] Yang Z. et al., Adv. Mater. Technol., 8, 1900108 (2019).

[2] Huang Z., Zhang W., Zhang W., Materials., 9, 716 (2016).

[3] Aretouli K. E. et al., ACS Appl. Mater. Interfaces., 8, 2322223229 (2016).
[4] Matetskiy A. V.et al., Appl. Phys. Lett., 109, 021606 (2016).

[5] Chang Wang et al., CrystEngComm, 22, 5296-5301 (2020).
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Poct cumnuiieHa MeTo10M MOJIEKYJISIPHO-TYYEBOM SMUTAKCUN HA MOJI0KKAX
CaF2/Si(111), monuduiupoBaHHBIX JIEKTPOHHBIM 00TyUYeHUEM

3unoBbeBa A.®.1?, 3unosres B. AL, Kamro6a A.B.L, Bonogun B. AL, [IBypeuenckuii A.B.1?

YUDIT CO PAH, 630090, Hosocubupck, np. Jlaspenmuesa 13

2HI'Y, 630090, Hogocubupck, yr. ITupozosa, 2

B nacTosmiee Bpemst AByMepHbIe IpadeHOmo100HbIe KPUCTAIUTEI Ha OCHOBE 37IeMeHTOB |V rpyrist pac-
CMaTpHBAIOTCS B KAYECTBE OJTHUX U3 CAMBIX MIEPCIEKTUBHBIX MAaTEPHAJIOB IJIs CO3AaHUs TPUOOPOB OyAyLIETO
nokoJsieHusl. Takue MaTepuansl, Kak CUJIMIIEH, Te€pMaHEH, MPUBJIEKAOT BHUMAaHHUE HUCCIIE0BaTeNe ¢ TOUKU
3peHus] YHUKAIBHBIX CBOHCTB, 00YCIOBIIEHHBIX UX CXOXKECTBIO C rpa)eHOM, a mpsiMasi COBMECTUMOCTH C CY-
LIECTBYIOUIEH KPEMHUEBOM TEXHOJIOTUEN JENIaeT pa3BUTHE METOJOB IOJYUYECHUS 3TUX MAaTEPUAIOB OUECHb aK-

TyaJIbHBIM. B oTianune ot rpa(beHa HpHMOﬁ METOJ OTCIIauBaHHA HE I'O-

AUTCS JJIA TOJIYUCHUA CUIIMIICHA U T€pMaHCHa, IOOTOMY Ha ,E[aHHLIﬁ MO- e
= (3) Difference

MEHT METOJ MOJEKYISIpHO-TTydeBoil anmTtakcuu (MJID) paccmarpusa-
eTCsl KaK OCHOBHOW METOJ| CO3[aHusl 3TuX MarepuanoB [1]. B mannoi

Intensity (arb. units)

paboTe pa3paboTaH METO/ MOJIyUYCHUSI TOBEPXHOCTH C TeKCAaroHaJIbHOU

If

ynakoBKkoit Ha momoxkax CaF2/Si(111). Ha Takux moBepxXHOCTSX HPO-

Silicene (~ 495 cm)

BEICHO OCAXJICHNUEC KPEMHHUA U METOAaMHU aTOMHO-CHJIOBOH MHUKPOCKO-

200 300 400 500 600 700

mu (ACM) © CIeKTPOCKOMA KOMOWHAIIMOHHOTO PacCesHus CBETa Ramershin (corc)
(KPC) monmyyeHo monTBepkIeHHE (QOPMUPOBAHHSA OCTPOBKOB CHIU- | Puc.l.— Cnexmpur KPC om 06-

neHa. Pa3paboTaHHBIN METOJT HEITOCPEACTBEHHO CBS3aH C MOJIyYCHUEM | Pdsyd ¢ KpemHueMm, ocaicoen-
HbIM nocjie 3J1eKMpPOHHO20 06-

reHok CaSiz ¢ UCIoIb30BaHUEM 3JIEKTPOHHOTO O0JTyYeHHUs B IpoLecce
JyUenust, U Om NoOJONCKU.

pocra cimoeB CaF, ma mommoxkkax Si(111) ¢ momomero MJID [2].

O6bruHO Tienka CaSia, copMupoBaHHas MOJ SICKTPOHHBIM ITydykoM Iipu ocaxxaeHun CaFa, mpeacrasinseT
co00# HEOJTHOPOIHBIN TPEXMEPHBI MaTepUall B BUJE TPEYTOIbHOM CETKU BBITSIHYTHIX KPUCTAIIIUTOB, BBICTY-
MAONINX U3 IOBEPXHOCTH IUIEHKH Ha JECSITKH HAHOMETPOB, YTO, ECTECTBEHHO, HE MMOAXOIUT JUIsl pOCTa CHIIH-
neHa. OgHaKo, IpU JOCTATOYHOM KOJMYECTBE KPEMHUS POCT TUIEHKH MOXKET HITH 4epe3 00pa3oBaHUE IBY-
MEPHBIX TE€KCAroHaJIbHBIX OCTpoBKOB CaSiy, mekamux B murockocTw (111). Jlns co3manus miaHapHoi tem-
plate-moIoKKy Mbl IPUMEHMIIA OCaXICHHE TONOIHUTENRHOTO Si B mporecce pocta CaF, u moctpocToBoe
anekTpoHHoe obiryueHue (~15 munyT). IlomyuuB Takum o0pa3oM TecTOBBIN 00pasell W MPOBEPUB HA HEM
HaJINYKE TeKCaroHAJIbHBIX JBYMEPHBIX OCTPOBKOB MeToZ10M ACM, MBI BBIPaCTHIIN BTOPOI 00pa3ell, TOBTOPUB
Ha HEM BCe MpOIEAYpHI At co3nanus template, u ocamunyu Ha Takyr HOBepXxHOCTH 10 MoHOCHOEB Si npu
BBIKJIFOUCHHOM JJIEKTPOHHOM Tryuke. Pesynbraret ACM nociie ocakaeHus Si moka3aiiu, 4To MOBEPXHOCTh CO-
XpaHseT reKkcaroHaJIbHYI0 CTpYKTypy. Ha moBepxHocTH yke cOpMHUPOBAaHHBIX Ha MPEABIIYIIEM 3Tare ABY-
MEpHBIX 0CTpOBKOB CaSiz MOSIBISIOTCS HOBBIE MIECTUYTOIbHBIE OCTpOBKU. [Ipodmine ACM Takux ocTpOBKOB
MOKA3bIBaeT HaNMW4YHe CTyneHed BbICOTOM 0.3 HM, YTO COBMAjaeT C BHICOTOW CTyNEHEW MEeXIy CIOSAMHU
B MYJIbTU-CHJIMIICHE U SIBIISIETCS BECOMBIM apI'yMEHTOM B I10JIb3Y BBIBOJA O (DOPMUPOBAHUH OCTPOBKOB CHJIH-
uena. Pesynsrarel KPC noka3zanu, uyTo B criekTpax 00pasioB ¢ OCaKAEHHBIM Si CJI0EM IPUCYTCTBYET CHUTHAI

1, COOTBQTCTBYIOH_II/Iﬁ CBOGOZ[HO-CTOHHIGMY CUIIMICHY, KOTOPOI'O HET B CIICKTPaxX TC-

B OKpecTHOCTH =~ 495 cM™
CTOBBIX 00pa3IoB.
PaboTa BeIMTONTHEHA B paMKax rOCyJapCTBEHHOTO 3a/laHuss MUHUCTEPCTBA HAYKH M BBICIIIETO 00pa3oBa-

uus Poccuiickoit @enepanun (tema Noe FWGW-2022-0011).

[1] K. A. Jlozosoti u Op. H3e. éy306. @usuxa. 63, 104 (2021).
[2] A.V. Kacyuba et al. Mater. Lett. 268, 127554 (2020).
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[Tpouecchl Ha moBepxHOcTH BiSe3(0001) mpu agcopOimu In

Poruso . U.%, Tlonomapes C.A.12, Hacumos JI.A.L, Kox K. A.2, Pa6umenkosa A.T'.2,
Tonsamos B.A.%, Ilernos JI.B.%, Jlateimes A.B.1?

YUDIT um. A. B. Pucanosa CO PAH, 630090, Hosocubupck, np. Ax. Jlagpenmvesa, 13

2HI'Y, 630090, Hogocubupck, ya. ITupozosa, 2

SUTM CO PAH, 630090, Hoesocubupck, np. ax. Konmioea, 3

Jst co3manmst BRICOKOKa4eCTBEHHBIX BaH-/Iep-BaabcoBhIX (B/IB) rerepoctpykTyp 1 cBEpXpenieTok Ha
OCHOBE XaJIbKOTCHHJOB METaJUIOB HWCHOJB3YEeTCS METOI MOJEKYIsIpHO-Ty4deBor smutakcuu (MJID) [1].
OpHako, Kak U Apyrue MeTonbl snurakcuu, MJID cromcTelXx MaTepualioB HE HMCKIIIOYaeT oOpa3oBaHUE
Je(eKTOB, YaCTh KOTOPHIX BO3HUKAET HA TPaHMLIE Pa3ielia MPH 3apOKACHUH U (POPMUPOBAHNH NIEPBBIX CIOEB.
B cBsi3u ¢ 3TUM, UCCIEeI0BaHUE IPOLIECCOB HA MOBEPXHOCTH UMEET penlatroniee 3HaueHue ais pazpurus BB
STHUTAKCUH U BBIPAIIUBAHHS T€TEPOCTPYKTYP Ha OCHOBE XaIbKOTCHHIOB METAIIOB B MacIiTabax IIaCTHH.

B nanHo# paboTe, UCMOiB3yst METOBI IN SitU OTpakaTelnbHOW AIIEKTPOHHOH MUKpockomuu (OOM),
ex situ aromHO-cuiioBoit MuKkpockonun (ACM), ckaHupyromel 3IeKTpoHHOW Mukpockonun (COM),
PEHTICHOBCKOH (oToIeKTpoHHO# crekTpockonun (PDDC) wu ab initio pacu€roB neTtanpHO HU3y4YCHBI
CTPYKTYpHO-MOp(hoaoruueckue Tpanchopmaru mosepxuoctu Bi-Se3(0001), Bei3BanHbIe afacopOiueii In mpu
TemIeparypax MOIIOXKKHA OT KOMHATHOH 10 TemiepaTyp cyOnumanuu kpuctamia Bi.Ses (oxomo 450°C).
Meroaom in situ OOM ob6HapyxeHo (HOPMUPOBAHHE MPUMECHO-UHIYIIMPOBAHHON MOBEPXHOCTHOM (a3bl,
BU3yanusupyoiieics takke Ha COM uzobpaxenusx (Puc.1) [2]. Meromom ACM moka3aHo, 4TO OCTPOBKH
JIaHHO# (a3el IMEIOT BbICOTY 0Ko0JIo 0,4 HM. Ha ocHOBe 3THX JaHHBIX, a Taroke in Situ PODC skcnepuMeHToB
u ab initio pacyéToB npeIokKEeHa MOIETb ATOMHOM CTPYKTYpPbI IPUMECHO-UHIYIMPOBHHOM (a3bl. [TokasaHo,
4TO OOHApY)XEHHBIE OCTPOBKH TMPHUMECHO-MHIYIUPOBAHHOH (ha3bl JOKANBHO MOJABISIOT CYOIUMAIIUIO
HIDKENIOKAIUX CIOEB CEeNICHWAAa BHCMYTa, YTO NPHBOIUT B IPOIECCEe JUIMTEIBHOW CyONMManiu K
(OpMHUPOBAaHUIO MHOTOCIIOMHBIX OCTPOBKOB )€ IPHU CyOMOHOCIOWHOM HOKPBITHH MHIUSL.

[ = PR Y, e —

Puc.1. —a) In situ OOM uzobpadicenus nosepxnocmu BiaSes(0001) 6 npoyecce ocaxcoenus unous. Yephuie
CMpenKU YKa3vlearom Ha amomHble CIyneHu, devle — Ha U3MeHeHue KOHmpacma meppac, 00YCiosienHoe
aocopoyueti unoust. 6) COM uzobpasicenue ocmpoera npumecHo-uHOYYUPOBAHHOU (Pa3bl HA NOBEPXHOCMU
BizSEs(OOOl).
Pabora BeimmonHena Ha obGopynoBannu LIKIT «HanocTpykTypbl» Tpu (DMHAHCOBOHM MOJIEpPIKKE
Poccwuiickoro Hayanoro gonma (rpant Ne 22-72-10124).

[1] Lasek K. et al., ACS Nano., 14, 8473-8484 (2020).
[2] Ponomarev S. 4. et al., J. Cryst. Growth, 628, 127545 (2024).
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HopmainbHoe 1 JaTepaibHOe BaH-/Iep-BaabCOBO B3aUMOJICHCTBUE CIIOCR
B rerepocTpykrypax AI/hBN/MoS,/ u AI/WSe,/ nnaBneHslii KBapIl

Kaokos A.10.}, ®ponos H.10.%, Illapkos A. 1.1, ITyraués M.B.}, Kynuesuu A.10.1
Ydusuuecrui HUuemumym um. 11. H.Jlebeoesa PAH, 119991, Mocksa, Jlenunckuil npocnexm, 53

PaboTocnocoOHOCTE aKyCTO- | ONTO3JIEKTPOHHBIX YCTPOHCTB Ha OCHOBE CIIOMCTBIX MAaTeHasioB,
OTpeAeNsAeTC s JIaTepaabHON OJHOPOAHOCTHIO T€TEPOrPaHUI], OT KOTOPOH 3aBUCUT KaK MEKCIOEBOE CHIIOBOE
B3aMMOJICHCTBHE, TaK M TPAHCIIOPT HOCHUTENEH 3apsma u Termia. B padotax [1-3], BBITOJIHEHHBIX METOIOM
MTUKOCEKYHIHON aKyCTHKH, I0JTy4eHbI JAHHBIE O CUIIOBOM B3aMMOJICHICTBUY B HOPMAJIBHOM K IPaHUIIAM CIOEB
HaTpaBJICHUH, YTO CBS3aHO C FeOMETpPHEH SKCIEPUMEHTa, KOrZa BO30Y)KIAIOTCS B OCHOBHOM MPOAOJIEHBIE
aKyCTHYeCKHe MOJbl. B Toxke BpeMs AaHHBIE O CHJIOBOM B3aWMOJICHCTBHH B JIATEpAIbHOM HAIlpPaBIICHUH,
HEO0XOIUMBIE AJIs1 aIeKBaTHOI'O ONMCAHUS YIPYIOoro KOHTAKTa MOTYT OBbITh IOJIyYEeHbI B SKCIIEPUMEHTAX CO
CIBUT'OBBIMU HMJIM [TIOBEPXHOCTHBIMH aKyCTHYECKUMH BOJIHAMHU.

B nmannoif paboTe METOAOM NHMKOCEKYHIHOW aKyCTHKH HCCIENOBAJINCh TI'€TEPOCTPYKTYphl Ha 0aze
rekcaronasibHoro Hutpuaa 6opa (hBN) Al/hBN/SiO,, yacTs U3 KOTOPBIX coaeprkalia MOHOCIION MoS; Ha rpaHuUIe
¢ SiO,, aTtak e cTpykTypbl Al/WSe/SiO,. Ympyrue WMITyIbChl T€HEPHPOBATUCH TPHU (HEMTOCCKYHIHOM
JIa3epHOM BO30YKICHUH CIIOS AITFOMHUHUS TOMIHON 30 HM.

1) [Ipu BO30OYXICHUU U 30HIAMPOBAHUU CO CTOPOHBI ATFOMUHHEBOW IUIEHKH PErHCTPUPOBAIHCH
COOCTBEHHBIE MOJBI KOJEOAHWH CTPYKTYpbl. MoOJETUpOBaHUE TEPMOYIPYTOro BO30YKICHUS OOBEMHBIX
aKyCTHYECKUX BOJIH U UX (OTOYNPYroro B3aMMOACHCTBUS C JIA3EPHBIMU UMITYJIbCAMH, TIO3BOJIMIIO HOIYYUTh
maHHBIE 0 cuioBoM B3ammojeiicteum cioéB hBN (500+50 HM) c kBaprieBoi MOIIOKKOW B HOPMAIHEHOM
HaTpaBJICHUH, 3aTyXaHWU TUIIEP3BYKa, a TAKXKE O BIMSIHUM MOHOciosi M0S, Ha akyctuueckyro cBs3bp hBN
u SiO» MOTOKKMY.

2) Ilpu BO30YXIIEHUN W 30HIUPOBAHWU CO CTOPOHBI KBApIIEBOW MOUIOKKH OBLIO OOHATYKEHO, UTO
pacmpocTpaHeHue yOpyroro wumimysnsca Bciaoe hBN  u nmoaiokke cOmpoBOXKAAJIOCh HHTECHCHBHBIM
BpuitrosHOBCKUM paccessHHEM, 4acToTa KOTOPOT'0 M3MEHSIACh NPH MPOXOXKACHUHM Yepe3 TPaHUIly Cios
¢ no10kKoi. BerpanBanue MoHOCTIOSE MOS2 IPUBOUIIO K CYIIECTBEHHOMY OCIa0JICHHIO BpHILIF03HOBCKOTO
paccesHUsl B IIOAJIOXKKE, YTO CBHUIETENbCTBYET O CHJIBHOM OTPAKCHHU YNPYTOro HMIIYJbCa HA IpaHHLE
¢ moANoXKoH. Takum 06pa3oM, BBEJIEHHE MOHOCIIOS MOXKET CYLIECTBEHHO U3MEHHUTD yCIIOBUS HPOXOKIECHHS
YIPYTUX UMITYJILCOB Yepe3 TPAHUILY.

3) Ilpu Bo3OyxAeHUH MOBEPXHOCTHBIX akyctudeckux BoiH ([TAB) B ctpykTypax co ciosimu hBN
Pa3IUYHON TONIIUHBI OBLTO 0OHAPYKEHO, YTO C YBEIMYSHHEM TOMIUHBI cTI0€B OT 50 10 500 HM CyIIIeCTBEHHO
n3Mensiercst yacrotHas aucnepcus IIAB, npu 3ToM npocTpaHcTBeHHAs aHU30TpONHs He 0OHapykuBaeTcs. Ha
obpasnax co cnosimu WSez, HAao0OpOT, OTMeUalach CHIIBHAsi MPOCTPAaHCTBEHHas aHu3oTporus [1AB,
COOTBETCTBYIOIIAas cummerpuu (6-ro mopsiaka) [TAB na oObemHom WSep, npu 3TOM OKa3ajioCh, 4TO
rpynnosas ckopocts [IAB Obla npuMepHO B 2 pa3a BbIIIe CKOPOCTH PIIISEBCKOI BOTHEI.

[lony4yeHHble aHHBIE MO3BOJIIOT OLEHUTH CHIIOBBIE MOCTOSIHHBIE, ONKCHIBAIOIINE B3aHMMOJEHCTBUE
B 2D retepocTpyKTypax Kak B HOpMaJbHOM, TaK M B JIaT€paIbHOM HAIIPABIICHNH, a TAKXKe OLEHUTh 3aTyXaHHe
rUnep3Byka U GoToyrpyroe B3anMoJIeicTBIE B TeKcaroHaabHOM HuTpujae 6opa (hBN).

Pabora BeImonHeHa npu nojyepxkke Poccuiickoro HayuHoro ¢onzaa (rpant 3-22-00444).

[1] D. Kovalyuk, et al., ACS Nano 13 (2019) 11530-11537.
[2] J.D.G. Greener, et al., Phys. Rev. B 98 (2018),075408.
[3] A. Yu. Klokov et al., NanoLett. 22 (2022) 2070-2076.
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HccnenoBanue popmupoBanus HaHOKIACTEpPOoB AJ 1 AU Ha MTOBEPXHOCTH
SiO7 B mporiecce HU3KOTEMITEPaTyPHOTO OT)KHTa

I'pumnn T.C.L, Bonkosa JI.C., I'pomos JI.T.2

YWHM?D PAH, 119991, Mockea, Jlenunckuii np-km, 0. 324

HUY MUDT, 124498, Mocksa, 2. 3enenoepao, na. lllokuna, 0. 1

brnarogapst cBouM yHUKaIBHBIM CBOMCTBAM, OTJIMYAIOIINXCSI OT CBOMCTB 00BEMHOTO MaTepraia, MeTal-
JINYECKHUE HAHOCTPYKTYPHI HA TOBEPXHOCTH TBEPAOIO TEJIa HAXOAST MIUPOKOE MPUMEHEHHUE, B YACTHOCTH Mac-
cuBbI HaHoYacTUll AQ 1 AU MOTYT UCTIONB30BATHCS B YCTPOHCTBaX CEHCOPUKH, COTHEYHBIX JIEMEHTAX, OTITH-
gecKuX QrIbTpax, GOTOKATATUTHIECKUX CTPYKTypax, B KaUeCTBE MOJIOKEK JJIS MOBEPXHOCTHO YCHUIIEHHOM
CIIEKTPOCKOTNH KOMOMHAIIMOHHOTO PACCESHHUSI U MHOXKECTBE Ipyrux npumeneruii [1]. CBoiicTBa Takux mac-
CHBOB B OCHOBHOM OIIPEACISIOTCS UX FCOMETPUUYECKUMU MapaMeTpaMyu — CPEIHUM pa3MepoOM HAHOYACTHII,
CPEIHUM PACCTOSHUEM MEXIy HUMH, CTCIICHBIO 3aII0JIHCHUS TTOJIOKKH, JUcTiepcueid u T.1. Takum o0pa3om,
CO37IaHNE MAaCCHBOB C PAaBHOMEPHBIM PACIPEICIICHHEM HAHOYACTHIT M ¢ Halepe 3aJaHHBIMH T'eOMETpHUe-
CKHMH MMapaMeTpaMu SIBJISIETCS aKTyalIbHOM TEXHOIOTHYECKOU 3a1auei.

dopmupoBanne MaccuBa HaHowacthn Ag u Au
MPOMCXOJINT B PE3YJIbTATE OTKUTA UCXOTHOTO ciiosi Ag,
MPECTABISIIOMIET0 COOOH  TOHKYIO OCTPOBKOBYIO
IIeHKY, pu TeMieparypax 1o 400 °C. Micxoxnbie cion
Pa3NUYHOM TONMIMHBI OBUTH CPOPMHUPOBAHHBIM TMO-
CPEJICTBOM MAarHeTpOHHOI'O HaIbLIEHMS, TOJIINHA UC-
XOJHBIX CJI0€B BapbUpoOBaoch ot 2,5 no 10 am. OTxur
MPOBOJMIICS B MHEPTHOH aTtMocdepe MpH pasIndHbIX
TeMmeparypax, ot 80 go 400 °C.

HccnenoBanust 3BOIOIMM MacCHBOB HaHOYa-

o T LIS >
CTUL] IPOBOANJIOCH C IMOMOLIBIO CKAaHUPYIOMICHU 3BJICK- "3 B (et | mode (WY |cur | WO

M 8.18¢-4Pa 300000x TLD SE  500kV 21pA 41mm 0.0°

OHHOM, MPOCBEUHMBAIOUICH 3IEKTPOHHON W aTOMHO- ,
P » P m p Puc.1. — COM-uzobpadicenue maccusa nanoua-

CHJIOBOM MHKPOCKOIHH. ONpPEAEICHO, YTO PasphIB KC- cmuy AQ noayuennoeo 6 pezyivbmanie Omicued
XOJIHOH IUIEHKH C (POPMHUPOBAHUEM MACCHBA HAHOYA- | uCx00H020 cos monwunoi 5 um npu 250°C,

ctur nmpoucxoaut yxe npu 80 — 100 °C, a ykpynHeHMe

HanouacTuil HaunHaeTcs pu 100°C u BeixonuT B Hackimenue mpu 300°C.

C noMoIIbI0 IPOCBEYHBAIOIIEH AIEKTPOHHON MUKPOCKOIINH OTIpeeieHo, uTo st AJ 1 AU XapakTepsl
pa3IUYHbIC MEXaHU3MbI O0bEIUHEHHS U YKPYITHCHUS YACTHIl — UePe3 «CKAaY0K» IBYX 4acTHll s AU U uepes
Maccoreperoc it AJ. Ha ocHOBaHWYM MaHHBIX CKaHUPYOIIEH AIEKTPOHHON W aTOMHO-CHIIOBOM MHUKPOCKO-
Y OBUTH TIONYyYeHBl 3aBUCUMOCTH CpefHero pazmepa yactuil Ag u AU B GopMHUpyeMOM MacCUBE U CTEIIEHH
3aOJTHEHUS TTO/JIOKKHU OT TEMITePaTypPhl OTKUTA ISl Pa3HBIX TOJIIIHMH UCXOMHOTO CJIO0SI, H3yUYeHO U3MEHEHNE
TIOJTHOTO 00beMa BelecTBa Ha TTOBEPXHOCTH B Tpollecce oTkura. [lokazaHo, 4To BaprUpPOBAHUE TOJIIIHMHBI
WCXOHOTO CJIOSl M TEMIIEPATyPhl OTHKUTA ITO3BOJISAET B IIMPOKKUX TpeieNiaX YIPaBJIsaTh T€OMETPHUSCKUMU Ta-
pameTpaMu MaccuBa.

[1] D. G. Gromov et al. App. Surface Science, 489, p. 701-707 (2019).
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dopmupoBaHKe U HCCICAOBAHNE CBOMCTB MacCHBOB HaHOCTOIOUKOB T1Ox
¢ Ha"Houvactumamu Ag u Cu

Boakosa JI.C.., T'pummn T.C.%, T'pomos J1.T.2

YWHMD PAH, 119991, Mocksa, Jlenunckuii np., 0. 324
HUY MUDT, 124498, Mocksa, 2. 3enenoepao, na. lllokuna, o. 1

B macrosmee BpeMs A JETEKTHPOBAHHS CBEPXMATBIX KOH-
LEHTPAIUH XUMHUYECKUX OOBEKTOB IIUPOKO MPUMEHSCTCS CIEKTPO-
CKONUSI YCHJICHHOTO Ha TMOBEPXHOCTH KOMOMHAITMOHHOTO PAaCCEsSHUS
(SERS). KiroueBbIM 3IIEMEHTOM JaHHONW TEXHHMKH SIBJISIETCS ITOJI-
JIOKKa C IJIa3MOHHOM TIOBEPXHOCTHIO, HA KOTOPYIO HAHOCHTCS aHa-
yuT. OOBIYHO B KAYE€CTBE TOJIOKEK HCIOJIB3YETCSI MACCUBBI HAHOYA-

CTHUI] MCTAJIJIOB Ha TBCp)lOTeJ'H:HOﬁ IMOBCPXHOCTH, IMOJYUCHHBIC pa3-

au4YHBIMU criocobamu [1]. M3-3a CBepXBBICOKO# YyBCTBUTEIBHOCTH | I
MeTO/1a, CIIOCOOHOCTH ITEKTHPOBATh JIaXke CIIeI0BbIe KOHIeHTparmn | uc.l. — C_3M-ugo6paofcenue HaHo-
BELIECTBA, TAKUE MOAJIOKKHU SBISIOTCS OJHOPa30BBIMHU. cmon6uros TiOx ¢ nanouacmuyam CU.

3a cuUeT coueTaHMs IUIA3MOHHBIX U (POTOKATATUTHICCKUX
CBOMCTB, MOMJIOKKH Ha OCHOBE HaHOCTONOMKOB TiOx ¢ MeTaminye-
CKAMH HAHOYACTHUIIAMH MOTYT UCTIOIH30BAThCS TTIOBTOPHO ITOCIIE CTIe-
IUATBFHON TOATOTOBKH C OOJMYYEHHUEM YIbTPA(PHOIECTOBBIM CBETOM.
[ToBepxHOCTH ¢ OOJIBIIICH YCIBHOM IJIONIAIBI0 O0ecieunBacT Ha 1-2

nopsiaka OoJblee yCUIEHHE CUIHajla KOMOMHAIIMOHHOTO PACCEesIHUS

.85

0 CpaBHECHUIO C ITOJIJTOKKOM ¢ MAaCCHBOM METaJUIMYSCKUX HaHOYa-

CTHI] aHAJIOTUYHOI'O pa3Mepa Ha IIOCKOM moBepxHocTH. [Tommumo Puc.2. — COM-usobpadicenue
Hanocmonouxos TiOx ¢ Hanoua-

TOT0, TaKas MMOJIOJKKAa MOXET OBITh MCIOJb30BaHa s in Situ KoH-
cmuyamu Ag.

TPOJIST XMMUYECKHUX peakinii HAHOOOHEMOB BEIIIECTBA.

MaccuB HanoctosnOukoB TiOx dopmupoBajics B pe3yibraTe
nByxcraguitnoro anomuposanus crpykrypsl Si/SiO2/TIN/AI, B koTopoii cioii anoaupoBanuoro Al Bei-
CTyIMaeT MacKoi MpH BTOPOM aHOAUpoBaHUH ci0s TiOx v moaHOCTRIO yaansercs. HanowacTtuiier Ag
1 CU pasHbIX pa3MepOB Ha MOBEPXHOCTH HAaHOCTOIOUKOB TiOx (hOPMHUPOBATUCH C TOMOIIBIO MarHe-
TPOHHOTO U BaKyyM-TEPMHUUYECKOTO HAMBUICHHS C MOCIEAYIOIUM OT)KUTOM B MHEPTHON aTMocdepe,
npuueM HaHovacTullbl CU popMUpPOBAINCH HA BEPUIMHAX HAHOCTOJIONKOB, 2 HAHOYACTHUIIBI AQ Ha UX
OOKOBBIX MMOBEPXHOCTAX (pHuc. 1, 2).

I'eomeTpuueckue mapaMeTpbl MacCHBa HAHOCTOJIOMKOB KOHTPOJIUPOBAIKCH C IMTOMOIIBIO CKa-
HUPYIOUIETO 3JIEKTPOHHOTO MUKPOCKOMa. CTPYKTYPHBIN aHaIU3 IPOBOJUIICS C TOMOIIIbIO POCBEYH-
BAIOIIIET0 AJIEKTPOHHOTO MUKPOCKOMa. [IJis 7TOro 0JIMHOYHBIM HAHOCTOJIOUK U3BIIEKAJICS U3 MacCHBa
C IOMOIIBI0 HAHOMAHHUITYJISITOPa B JBYXJIY4YEBOM CKaHUPYIOIIEM 3JEKTPOHHOM MHMKPOCKOIE U 3a-
Kperuisiiics Ha ceTouke. Takum o0pa3om, OblTa olTyueHa npsiMasi 3JIeKTpOHHas Tu(pakius ¢ OJJHOTO
HAHOCTOJIOWKA U OTpeeIeHo, 4To HaHOCTOOUKH TiOx nuMeror pasy anarasa. [Ipu perucrparuu ClieKTpoB
KOMOMHALMOHHOIO PAacCesHUs pacTBopa ¢ KoHueHTpanuei 108 M kpacurens ManaxuToBblii 3eJeHbIH Ha 110~
BEPXHOCTH JTAHHBIX CTPYKTYP Ha JTMHE BOJHBI BO3OYX)AeHUS 532 HM KOIPPHUIIMECHT YCUIICHUS CUT-
Hajia KOMOMHAITMOHHOTO PACCESTHUSI COCTABIISIT 6-7 MOPSIKOB.

[1] S. V. Dubkov et al. Optical Materials: X, 7, 100055 (2020).
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[ToBepxHocTh Alg3Gap7As (100): okucieHne Ha BO3ayXe
¥ BOCCTAHOBJICHUE CYJIb()HIHBIMU PACTBOPAMU

Jlebenes M.B.!, JIesosa T.B.}, Cenosa U.B.%, Koponépa A.B.2, XKwxun E.B.2, Jlebenes C.B.?

'\OTU um. A. @. Hoghghe, 194021, Canxm-Ilemepbype, yr. I[lonumexuuueckas, 26

2CI16I'Y, 199034, Canxm-ITemepbype, Yuusepcumemckas nab., 7-9.

BcenencTBre mpakTHYECKH TOJHOTO COOTBETCTBHS MEPHOIA KPUCTAITHIECKON PEIISTKH C TOII0KKOH
GaAs 1 BO3MOKHOCTH oOecTieueHus MpSIMOH 3amnpeleHHoi 30061 B Auana3one 1.42—-1.93 5B, TBepablie pac-
TBOpHI AlGaAS aKTHBHO HCIOJIB3YIOTCSI B COBPEMEHHBIX TPAH3UCTOPAX, JIa3epax M COJHEYHBIX JIEMEHTaX Ha
OCHOBE HAHOTeTEePOCTPYKTyp. OHAKO, N3-32 BEICOKOH XMMHYECKOH aKTHBHOCTH, TOBEPXHOCTH MTOIYIPOBOI-
HukoB A®B®, B 0COGEHHOCTH COMIEpKAIIMX ATIOMUHHUM, HA BO3IyXE TIOKPHIBAETCS HEYTIOPSIOUYEHHBIM CIOEM
OKCHJIOB, BBI3BIBAIOIIUM 00pa3oBaHue Ne(EKTOB M OKA3bIBAIOIINX HETATUBHOE BO3JICHCTBUE HA XapaKTEpH-
cTUKU npuOopoB. B maHHO# paboTe ¢ NOMOIIBIO PEHTTEHOBCKOW (DOTOINEKTPOHHOM CIIEKTPOCKOIUH HCCIIe-
JOBaJICA IIpoIiecc (hOPMHUPOBAHMS CIIOS ECTECTBEHHOTO OKHcia Ha moBepxuocta Al 3Gag 7As(100) pasmmuroro
THITa IPOBOIMMOCTH TIPH BBIJEPIKKE Ha BO3/IyXe, a TAKKe Pa3padaThIBAIICh XUMHUYECKUE METO/IBI Y IAJICHUS
CJI0S1 OKCHJIOB ¥ TACCHBAIIUH TIOBEPXHOCTHU C IOMOIIBIO Pa3IUUHbIX CYJIb(QHIHBIX PACTBOPOB.

Bb110 IOKa3aHo, YTO B MpOIIECCE XPAHCHHUS Ha BO3/IyX€ Ha IIOBEPXHOCTH TBEPIOTO pacTBOpa 00pasyercs
CIIOH, COCTOSIIIMI U3 OKCHIOB AIIOMHHUS, TAJUINSI U MBIIIBSKA, a TAK)KE JIEMEHTAPHOTO MBIIIbSIKA, KOIHYe-
CTBO KOTOPBIX CO BpeMeHeM yBenuuuBaeTcs. [Ipu aTom cioit okucia Ha moBepxHoctu AlGaAs:Be(100) (p-
THII TPOBOJIUMOCTH) pacTeT ObIcTpee, ueM Ha moBepxHoctd AlGaAs:Si (100) (n-tum). ITo Mepe BBIAECPKKH Ha
BO3ayXe pabota Beixoda kak N-AlGaAs(100), tak u p-AlGaAs(100) ymeHbIaeTcs.

JIst yanieHus1 ¢i1osi eCTECTBEHHOTO OKMCIa U maccuBanuu nmosepxuocteit Alo3sGao 7AS(100) ucmosb3o-
BastCh pasnuanbie pacTBopbl (NH4)2S 1 NaxS. PactBops! cyb(huaa aMMOHHMS TPUTOTABIMBAIHCH KaK M3 «CO-
CTapEHHOTO» pearcHTa, COAEPIKAIIEro MONUCYIbMOUIABI BCIACACTBHE HTUTeapHOTO B3auMoaeicTBus (NH4)2S
¢ Bo3nyxoM (oOo3Hagaemoro, B nanbheitmeM, (NH.)2Sy), Tak u «cBexero» pearenta (NHa)2S, dabpuunas
YIIaKOBKa KOTOPOTO OblIa HapyIIeHa HETTOCPEACTBEHHO Mepe I IPOBEICHHEM YKCIIEPUMEHTA.

HaubGonee a¢ppexTrBHOE ynaneHne ciaos eCTECTBEHHOTO OKHUCIIA W XMMHUYEeCKas MacCHBaus ObLTH J0-
CTUTHYTBI NIpU 00pabOTKe MOBEPXHOCTH pa3baBieHHBbIM BOAHBIM pacTBopoM (NHi):Sx ¢ koHIeHTparmeit
~ 4%. O0paboTaHHas IOBEPXHOCTh COJMEPIKUT HEOOJIBIIIOE KOJIMYSCTBO OCTATOYHBIX OKCH/IOB TaJUTUs U allto-
MHHUS (TIOPSIIKa MOHOCJIOS), ¥ TOKPBITA TACCHBUPYIOLIMM CIIOEM, COCTOSIIIUM U3 JIEMEHTAPHOTO MBIIIbSIKA
u ero cynbduaos. [Ipu 3tom crexuomerpus nosepxuoctu (otHomenune Al/Ga) mpakTuyeckn He H3MEHSIETCS.
B mporecce 06padotku BogHbiM pactBopoM (NH4)2S Toii ke KOHIIEHTpAIMK CTEXHOMETPHsI TIOBEPXHOCTH
TaKKe He U3MEHSETCS, HO (POPMUPOBAHHS CYJIb(UIOB MBIIIbIKA HA TIOBEPXHOCTH HE MPOUCXOJIUT M MPOLIECC
ylIaJieHus1 OKCHI0B MeHee ddektuseH. [lokazaHo, 4TO B pe3yabTaTe B3aMMOJICHCTBUS KaK KOHIIGHTPHPOBAH-
Horo (~44%) pactBopa (NH4)2Sx, Tak u 4% pactBopa (NHa)2Sx B H30IpONMIOBOM CITUPTE MIPOUCXOAUT HAPY-
HICHHE CTEXHMOMETPHHU MIPUITIOBEPXHOCTHON 00JIACTH 3@ CYET BEIMBIBAHHSI AaTOMOB TJIJTHSI C TIOBEPXHOCTH, B pe-
3yJIbTATe YEro MPOUCXOIUT 00pa30BaHUE CPABHUTEIILHO TOJCTOTO CJI0S OKCHIA ATFOMUHHS.

O6pabotka noBepxHocteit Alg3Gao7As(100) BoausiMu pacTBopamu NaxS MpUBOAUT K YAAICHHUIO CIIOS
€CTECTBEHHOT'O OKHMCJIA, HE BHI3BIBAas N3MEHEHHSI CTEXHOMETPHHU TIPHITOBEPXHOCTHOM 00JIaCTH TaK, YTO KOJIH-
YECTBO OCTATOYHBIX OKCHJIOB TAJUTHS M AIFOMHHUS HE PEBBIIIACT OJHOTO MOHOCO0s1. [IpH 3TOM (hopMupoBa-
HUS TACCUBHUPYIOIIETO CYIbGUIHOTO citost He mpoucxoaut. C mosepxuoctr P-Alg3Gaog7As(100) oxcuasr yaa-
JISIFOTCST HECKOJIBKO MeJUIeHHEe, 4eM ¢ moBepxHOocTH N-Alo3Gao7As(100). O6paboTka MOBEPXHOCTH BOJHBIMU
pactBopamu Na,S He IPUBOAUT K U3MEHEHHIO M3rH0a 30H, HO YMEHBIIAST SHEPTUI0 MOHHU3AIMN/CPOJICTBA K
ANIEKTPOHY ITOBEPXHOCTH.
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HccnenoBanue 3Boouu Mopdosoruu noaynoiasapasix AIN (10-11)
CJI0€B, BBIPAIIIEHHBIX Ha HAHOCTPYKTYypupoBaHnHoi nomioxke Si(100)

Becconos B.H.}, Konenkosa E.B.L, Opnosa T.A.!, Cokypa JI.A.}?, Conomuukosa A.B.3,
[apoduauuos I11.111.1

'\OTH um. A. . Hogpgpe, 194021, Canxm-Ilemepbype, yu. Illorumexnuyeckas, 26

2Vuusepcumem UTMO, 197101, Canxkm-ITemep6ype, np. Kponsepickuii, 49

3CII6IITY «JIPTHy, 197022, Canxm-ITemepbype, ya. Ilpogeccopa Ionosa, 5

[NonmynonsipHBIi HUTPHUI ATIOMUHHSA — 3TO IIUPOKO30HHBIA MOIYNPOBOIHUK, 00JIaIal0OMINN BHICOKON
TETIONPOBOTHOCTHIO U BBICOKOH IBE303JIEKTPUIECKON MOCTOSHHON, YTO JICNIAeT €ro MEepCIeKTHBHBIM UL
NPUMEHEHUI B MOIIHBIX JIEKTPOHHBIX M YIBTPa(pHOIETOBEIX (POTOHHBIX ycTpoicTBax. OIHAKO OTHON M3
(dbyHIaMeHTaIbHBIX poOiieM, cHKaromux 3@dekTuBHOCTH |11-N onTo3neKTpoHHBIX TPHOOPOB, B TOM YHUCIIE
npubopoB Ha AIN, sBisieTcs noisipHas OpUeHTALUS B C-TUNIOCKOCTH, YTO MPUBOAUT K BOSHUKHOBEHUIO JOTIOJI-
HHUTEJFHBIX MTBE30JICKTPHIECKUX MOJIeH, MHAYIIMPOBAHHBIX JeopManneil B CTpYKTypax, ¥ K HU3KOW KBaH-
TOBOH 3((EKTUBHOCTH ONITOAICKTPOHHBIX PHOOPOB. JIJIs IpeoaoIeH s 3TOI IPOOIIeMBI TIPS PHHIMAIOTCS
MOMBITKH CUHTE3UPOBATh TOJYIOJISIPHBIC HUTPHIBI AIIOMHHUSI Ha MUKPO- U HaHOCTPYKTypupoBaHHbIX (NP)
moroskkax Si(100), B KOTOPBIX MpejIaraeTcst A1 pocTa CI0EB MCITOIb30BaTh HAKIOHHYI0 Tpans Si(111).

Llenbro HacTosIEH pabOTHI siBIIsieTCs n3ydenue sposmoru Mopdostoruun AIN(10-11) cioes, BeiparieH-
ueix Merogamu MOCVD u HVPE na nHanoctpykrypupoBanuoii moamoxke NP-Si(100). B tabauie 1 npuse-
JICHbI PE3yJIbTaThl UCCIIEAOBAHUN METOJIaMH PEHTeHOIU(PPAKIIMOHHOTO aHAIN3a U aTOMHO-CHUIIOBO MHKPO-
CKOIIMH CTPYKTYPHBIX CBOHCTB ciioeB AIN, BhIpalieHHbIX Ha Pa3IUYHBIX MOUIOKKAX U TEMIUIANTAX.

Tabmuna 1 — CpennexBaaparunanoe 3HaueHue (RMS), cpennee 3HaueHne mepoxoBaroctd (RA) s mOMymoIsIpHBIX
cioeB AIN(10-11), Beipamennsix MerogoM HVPE 1 MOCVD na pasHbIX HOATI0KKAX U TEMILIEHTAX
IToamosxka/TeMIeiT l\pj[sgf; Caou AIN TomnuHa, MKM RMS, um RA, um
AIN/AIN (MOCVD)/
NP-Si(100) HVPE AIN(10-11) 5 49.156 36.956
NP-Si(100) HVPE AIN(10-11)/(0001) 5 123.098 96.787
Si(111) MOCVD AIN(0001) 0.4 1.996 1.470
NP-Si(100) MOCVD AIN(10-11)/(0001) 0.4 8.574 6.726
SiNX/NP-Si(100) MOCVD AIN(10-11)/(0001) 0.4 2.214 1.757

Ha6monaemas sBomronust mopdostorun cinoeB AIN(10-11), o KOTOpoii TOBOPHUT pa3iinuue B nmapamer-
pax, XapakTepH3yIOLIHX MOBEPXHOCTh, BEPOSITHO, CBsI3aHA C Pa3IMYHOM JUIMHON MOBEPXHOCTHOW I dy3un
aTOMOB Ha HaHOCTPYKTypupoBanHo# motoxkke NP-Si(100) u Temmuieiite AIN/NP-Si(100). JleficTBHTENBHO,
JUIMHY TTIOBEPXHOCTHOHN AU PY3un As MOKHO BBIPA3UTh Yepe3 IHEPreTHUSCKUN Oapbep aacopOruu Eag u mo-
TEHIHAJIbHBIN SHepreTrdeckuii 0apbep nuddysuu Eq crnemyronmm odpaszom:

Eqa—Eq
A = A€ EzlkBT ’ 1)

rae Ke — koaddunment bonpiumana, Ae — 3hGEeKTHBHAS AUCTAHIMS CKAYKa HA MOBEPXHOCTH I PACCTOSIHHE
MEKTy IBYMsI COCETHUMH y3JaMu perieTkd. PasHocts 3Hadenuii (Eag — Eq) a7t moBepxuocTu rpanu Si(111)
cocranisieT Benmuuny 0.55 eV/atom, a s rpaneit Si(111), mokpeiteix SisN4 i AIN, — 0.62-0.61 eV/atom,
YTO CYLIECTBEHHO OOJIBIIIE.

Takum 00pa3om nokazaHo, 4to BeipamuBanue cioeB AIN ¢ ncmonb3oBaHreM HAHOCTPYKTYPUPOBAHHOM
noanoxku NP-Si(100) wiu HUTpuAHBIX TeMIueHToB SiNy IPUBOASAT K MOIYyYSHHUIO OOJIee TIaJKUX SITHTaKCH-
anmpubIX citoeB AIN(10-11), mepcrieKTUBHBIX [ 1ejel HUTPU-TaINEBOM dIIEKTPOHUKH.

Bnarogapuoctu. Cokypa JI. A. u Illlapoduaunos L. 111. 6narogapst Poccuiickuii HayuHbIi GOHT 3a (-
HAHCOBYIO MOIJIEPXKKY HcciaemoBanuii (mpoekt No 24-22-00392).
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TpaHCrIOpT HOCHUTENEN 3apsijia B MOAUPOBAHHBIX IIJIEHKAX
cynb(duaa CBUHIIA

Yapuxosa T.B.}, [Tasnosa A. 102, ITosaun A.B. 2, Kopx }0.B. !, Kysuenosa T.B.}?, Boponun B.1.%,
Mapkos B.®.%3, Mackaesa JI.H.?3

‘UdM YpO PAH, 620108, Examepunbype, yi. C. Kosanesckoii, 18

2Vp®Y umenu nepeozo Ipesudenma Poccuu b. H. Envyuna, 620002, Examepun6ype, yr. Mupa, 0. 19e.

3Vpanvckuii uncmumym Iocydapemeennoii npomugonoscaproti caycour MUC Poccuu, 620002,

Examepunoype, yn.Mupa, 22

CoBpeMeHHas ONTOANEKTPOHHUKA M COTHEUHAs SHEPreTHKa TPEOYIOT pa3paboTKH BHICOKOA(P(PEKTUBHBIX
Heoporux (yHKUMOHAIBHBIX MaTepuaioB. [lomynpoBoguuku 1V-VI gBnsioTca nepcneKTUBHBIMU U JOCTa-
TOYHO H3yYEHHBIMH (DOTOBOJIBTAMUECKUMH MaTepHagaMH. 3HAUUTEIIbHBIA MHTEPEC COXPAaHSIETCs] K TOHKUM
wieakam y3ko3oHHOTO (AE = 0.41 3B) cynsduna ceunna (PbS). JlernpoBanune cynpbhuma cBUHIA TP XUMHA-
yeckoM ocaxaeHnu rajgorenamu (I, Br, C1), oOnagaromumMuy riry0oKuM JOHOPHBIM JACHCTBUEM SIBJISIETCSI MHO-
roo0emaInM MOAX0A0M [T MOTYYEeHHUs BHICOKOQYHKIIHOHATBHBIX INIEHOK PbS ¢ OTHOCHTENBHO BEICOKUM
YAEIbHBIM COIPOTHUBJICHNUEM, O0SCTICUHBAIOIINM HX MCIOJIb30BAaHUE B KaueCTBE (DOTOPE3UCTUBHBIX MaTepHa-
JIOB TSt HH(PaKPaCHBIX AETEKTOPOB [1].

B pabote nmpencraBieHsl pe3yIbTaThl M3MEPEHHI ANEKTPUIECKOTO U XOJUIOBCKOTO CONPOTHUBIICHUH Ha
MOJMKPUCTAIUTMIECKUX MJIeHKaxX PbS, nernpoBaHHBIX HOIOM, TOTYYEHHBIX METOIOM THIPOXUMHYECKOTO 0Ca-
XKACHUA. YBeNUYeHUE coiepKaHus Ho/la B TUIEHKaX NMPUBOIUT K YBEIMUEHHUIO SJHEPTUU HOHU3AIIUHN IPUMECH,
TeMIepaTypHasi 3aBUCUMOCTb YAEIbHOTO CONPOTHUBJICHHUS B IIMPOKOM AMANA30HE TEMIIEPATyp MOTUUHSIETCS
o0paTHOMY 3aKOHY AppeHHyca, XapaKTepHOMY /715l HEYHOPSIIOYEHHBIX MOIUKPUCTAIIIMUECKUX IIJIEHOK C pa3-
JIUYHOHN OpHeHTalueil KpUCTaNIMTOB OTHOCUTENBHO MOANOKKH. VI3MeHeHue pa3MepoB M OpHUEHTAllMH KpH-
CTaJUIMTOB OTHOCHUTEJBHO MOJIOKKH MOATBepkaeHO MeTogamu ACM-Tonorpadun, ciekTpamMu KOMOUHAIIU-
OHHOTO PacCesTHHsI CBETa, a TAK)Ke PEHTTEHOBCKOHN AU(paKInei.

B 3aBucuMoctu OT coep)kaHus JONMAHTa B CII0€ U3MEHSIETCS KaK THII HOCUTENEH 3apsaa, Tak U UX KOH-
neHrpauus. [Ipu 3ToM TeMrepaTypHble 3aBUCUMOCTH ITOCTOSIHHOM X0JIJ1a ¥ IOJBUKHOCTH HOCUTENIEH 3apsa
HUMEIOT JIOBOJIBHO CIIOXHBIN XapakTep, KOTOPbId 0OBICHSETCS HE TOJIBKO CBOMCTBAMH CAMUX KPUCTAJLTUTOB,
HO ¥ MEXKPHCTAJUINTHBIX CJIOEB, COCTAB U CBOICTBA KOTOPBIX 3aBUCAT OT HAJIMYMS MUKPOTIPUMECEH U BKIIIO-
YEeHUH, BRBIHOCHMBIX Ha MEX()a3HYI0 T'PaHUIly B IPOLECCE KPUCTATUIN3ALMH; MHOTO(a3HbIM COCTABOM IIIEHOK
Y BO3MOKHOCTBIO BO3HUKHOBEHHA P-N MEpexXo/I0B Ha TpaHHIax pasjena. [loBeiieHre yncia TOUeYHbIX JAe-
(EeKTOB U JAUCIOKAIHN, PA30PUECHTHPOBAHHOCTH 3€PEH B CJIOE TP BBEICHHH B PEaKIIMOHHBIN pacTBOp Hoauaa
aMMOHMS ¥ BKJIFOUCHHUS HO/1a B COCTaB IJICHOK CONPOBOXKIAETCS] N3MEHEHNEM HX THIa IIPOBOJAUMOCTH U KOH-
LEHTPalKH OCHOBHBIX HocuTene. OObSACHEHNE MOMYyUYEHHBIX PE3yJIbTATOB NpeACTaBiIseTCs Hanbonee apry-
MEHTHPOBAHHBIM C MO3UIMHA YCTaHOBIEHHOTO paHee /i XaJbKOTeHHI0B METAJJIOB MEXaHU3Ma CAMOKOMIICH-
Calliu JOHOPHOTO JCHCTBUS TaloTeHOB [2,3].

Pabota BbInonHeHa B paMKax rocyIapcTBEHHOTO 3aaHus 1o teme “Onexktpon” Ne 122021000039-4.

[1] Markov V. F., Maskaeva L. N., Mostovshchikova E. V. et al., Phys. Chem. Chem. Phys. 24, 16085 (2022).
[2] V.1. Kaidanov, S.A. Nemov and Yu.l. Ravich Phys. Tech. Semicond., 28, 369 (1994).
[3] L.N. Maskaeva, A.V. Pozdin, A.Yu. Pavlova et al., Phys. Chem. Chem. Phys. 26,10641 (2024).
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BrustHrEe CBOMCTB M CTPYKTYPBI IIOBEPXHOCTH TI0IJIOKKH
Ha MOP(}OJIOTHIO IAHAPHBIX HAHOTPOBOJIOK GaAS
(MonTte-Kapiio MosienrpoBaHue)

Crupuna A. A1, Manuyposa C.B.}?, IlIsapu H.JI.1?

‘uar co PAH, 630090, Hosocubupck, np. Ax. Jlaspenmuesa, 13

2HI'TY, 630073, Hogocubupck, np. K. Mapxca, 20

NuTepec x mranapapM HaHompoBoiokaM (ITHIT) — oqHOMEpHBIM KpHUCTAIIMYECKAM CTPYKTYpaMm, pac-
TYIIAM BIOJb ITOJIOKKH — 00YCIIOBJIEH BO3MOKHOCTBHIO X BCTPAWBAHUS B CTAH/IAPTHYIO TIAHAPHYIO TEXHO-
JIOTHIO CO3/1aHusI MPHOOPOB HAHOZIEKTPOHUKH [1]. OqHuM U3 cioco6oB opranmu3anuu pocta MaccuoB [THIT
GaAs sBisieTcs ceneKTuBHas dnuTakcus [2]. B aToM ciydae moBepXHOCTh MOAJIOKKH MOKPHIBACTCSI MAaCKOH,
CTPYKTypupOBaHHOH ¢ moMomkto mutorpaduun. Poct ITHII mporcxoaut HemocpecTBEHHO Ha TIOJITOXKKE B OT-
KPBITBIX OKHaX Macku. [Ipu aTom npsimoit koHTakT pacrymei [THII u moamoxxku orpannyamBaet BEIOOP MaTe-
puaina [THII, mockonbky moctossHHBIE KpucTauimueckux perrerok [THIT u moamoxku JomKHBL OBITh OJIM3KU
JUIS TIPEOTBpAILEHUs] HANpsOKEHUI Ha TpaHule paszenia JBYyX MaTepuajoB. YHTH OT 3TOro OrpaHUYeHHS
MOXKHO ¢ TToMoInbto Tpadosnutakcun, koraa [THIT ¢popmupyrores Ha moBepxHOCTH amMOpdhHON Macku — Oy-
dbeproro cnos mexay nomtoxkkoit u ITHIT [3]. Kak u B citydae ¢ CEJIEKTHBHOM SMHUTaKCHEH, Py rpadodru-
TAaKCUU IIOBEPXHOCTD IOUI0KKH IIOKPBIBACTCS CTPYKTYPUPOBAaHHOM Macko, ogHako poct ITHIT ocymectsis-
eTCsl C IIOMOIIBI0 MEXaHH3Ma Hap-KUIKOCTh-KPUCTAII C UCIIOJIb30BaHUEM Kallenb-kaTtanu3aTopa. Ha ceroqus
HET 3KCIepuMeHTanpHoN peanu3anuu rpadosnurakcun [THII Ha ocHOBe momynposoaaukos I11-V, B qacTHO-
cti Ha ocHOBe GaAS ¢ UCTIOIh30BaHUEM Kallellb TAJUTHS B KAYECTBE KaTaan3aTopa.

Jannas pabota mocesineHa mojenupoBanuto pocra [THIT GaAs
Ha moanoxkkax GaAS, MOKPHITBIX CTPYKTYPUPOBAHHOW IUIJICKTpHUE-
CKOM MAacKOM, 10 MeXaHH3My Map-KUIAKOCTh-KPUCTAJUT C UCIIOIH30Ba-
HHUEM Kanenb rajuis mMertonoM Monte-Kapmo. MoaenupoBaHue ocy-
IECTBISUIOCH B porpamMmmuoM komiuiekce SilSIim3D [4] ¢ ucnonb3oBa-
HUEM TPEXMEPHOI KHHETHYECKOH penieToYHoi Monenu. B pabote mpo-
BEJICH aHAIIU3 BJIMSHUS TEOMETPUH CTPYKTYPHUPOBAaHHON MOBEPXHOCTU

Ha Mopdosnoruto u Harpasnerue pocta [THIT GaAs. B kauectse ucxon-

Puc.1. — 3D 6uo mooenvhoii
HOM TIOJIOKKH HWCIIONIb30Banachk momnoxkka GaAs(111)A, moxpeiTas noonoxcku GaAs, nokpeimoti

cTpykTypupoBaHHbIM Si02, Kak mokazaHo Ha puc. 1. [TonyyeHo, 4To BO3- CMpPYKmMypuposannou
MACKOU, ¢ NIAHAPHOU

MOXHOCTb OZJHOHAIIpaBieHHOro pocra Maccusa [THII Bo3HukaeT, koraa 8
Haunonposonokou GaAs.

BbBICOTA 60pTI/IKOB 3aMCTHO IIPEBBIIACT pa3sMEp KallClib, a HIMPHUHA Ka-

HAaBKHU CpaBHHUMaA C pasMECpOM KallIu. HaﬁﬂeHBI ycCi0oBus, KOrjja CTaHO-
BUTCA BO3MOXXHBIM pPOCT ITHII BJ10JIb KaHAaBKH 0e3 Kariy, 4YTO MO3BOJIUT MOJYUYUTH HAHOIIPOBOJIOKU C HECU3-
MCHHBIM PasMEPOM IOMNCPEYHOI'0 CCUCHU .

PaGora BeIMONTHEHA TTpW TIOAIEPKKE MTporpamMmMbl MuHoOpHayku PO.

[1] C. Zhang et al., Nano Lett., 14, 6836 (2014).

[2] N. Morgan et al., Cryst. Growth Des., 23, 5083 (2023).

[3] R. Ben-Zvi et al., ACS Nano, 13, 5572 (2019).

[4] A. H. Kapnoe u Op., Boiu. mem. npoepammuposanus, 15, 388 (2014).
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Bnusiaue kucnopoaa u ¢gropa Ha IJIEKTPOHHYIO
CTpyKTYypy noBepxHoctu GaSb(111)

Kyabkosa C.E.}, Bakymun A.B.!
YUDIIM CO PAH, 634055, Tomck, np. Akademuyeckuii, 214

Hccnenosanue aTOMHOM U 3JIEKTPOHHOM CTPYKTYPhI OBEPXHOCTHU onynpoBoauukos A''BY umeer dyn-
JaMEHTAJILHOE 3HAUCHUE JUIS TEXHOJOTUUECKUX MPUIOKEHHUI B MUKPODJICKTPOHHUKE U Pa3pabdOTKU HOBBIX IO-
JyNPOBOJAHUKOB MaTepUaJIoOB Ha HX OcHOBE. KiroueBoii mpo6iaeMoii reTepoCTyKTyp MeTa—udIeKTPUK—TIONY-
MPOBOJTHUK, UCTIONB3YIOLIMXCS MPH TPOU3BOJICTBE MPUOOPOB ISl MUKPOIJICKTPOHHKH, SIBISIETCS] (POPMUPOBA-
HHE FPaHULIBI pa3/iesia H30JSTOP—IIOIYIIPOBOIHHUK C HU3KOM IIIOTHOCTBIO MHTEPdEiCHBIX cocTosiHINA. B Hammmx
paHHHX paboTax ObUIO TOKa-

3aHO, YTO TP ancopOImn

{3 3
(hTOpa KaKk Ha HEPEKOHCTPYHPO- 1,
BaHHBIX, TAK U HA PEKOHCTPYH-
{151
POBAaHHBIX KaTHOH-OOorameH- © [ % [ [ _F |5 _________ o
{oWo

HBIX oBepxHOCTsX InAs(111)A
n GaAs(111)A cocrosHus, wH-

JyLIPOBAHHBIE KUCIIOPOAOM, _ L 12 2

r M K ro 05 1.0 15 r M K ro 05 10 15
HOJIHOCTBIO WM YaCTUYHO yza- N(E), el./eV N(E), el./eV
JSICTCS. U3 BAlPCICHHOM 30HBL,  Pyc./. — Onexmponnsviii cnexmp u nokaisusie 119C  nosepxinocmu

ec rop obpasyer csizb co-  GaSb(111)B ¢ mpems adamomamu kucropooa ¢ Ga-B nosuyuu (cresa)
u GaSb(111)4 ¢ kucnopodom 6 Sb-B nosuyuu (cnpasa). Jlokanuzayus no-

BCPXHOCTHBIMU aTOMaMH KaTu- N
BEPDXHOCMHbBIX COCMOAHUU NOKA3AHA WaAPUKAMU.

oHa. [TockombKy ocTaercs Hesc-
HBIM, [IPUBEJIET JIM 3aMEHa aHHOHA K M3MEHEHUSIM OCOOCHHOCTEH BIMAHUS KUCIOPOAA Ha HIIEKTPOHHYIO CTPYK-
TypY MOBEPXHOCTH, TO Mbl M3YUMIH BIMSHHE aJCOPOLUH KUCIOpoJa U ropa Ha 3JEKTPOHHBIE CBOWCTBA I10-
BepxHocTH GaSb(111) B 3aBUCHMOCTH OT €€ OKOHYAHUSI.

PacdeTsl aTOMHOM 1 37IEKTPOHHOU CTPYKTYpbI oBepxHOocTH GaSb(111) mpoBoIuIIMCh METOIOM TPOEK-
IMOHHBIX TpucoequHeHHbXx BoH (PAW) ¢ GGA-PBE mnpubmmkenuem s 0OMEHHO-KOPPEISAIIMOHHOTO
byukimonana. Meroa DFT—1/2 ucnons3oBacs Ui pacyera 3JIEKTPOHHOTO CIIEKTpa 00bEMHOTO MOTYTIPO-
BOJIHMKA U MOBepxHOCTH. [loka3zaHo, YTO HE3aBHCHMO OT OKOHUAHUS TOBEPXHOCTH HanboJee IpeaoYTHTEb-
HBIM TIOJIOKEHUEM JIJIs aJICOPOIIMK KUCIOpoa sBisieTcs MmoctukoBas Ga(Sb)-B nmosuiius Mex 1y moBepXHOCT-
HBIMHU aTOMaMH rajutus (CypbMbl), TOrAa Kak Grop npeamnodntaeM Bepmnaayo Ga(Sb)-T no3unuio Ha STUMU
aToMaMHy. DHEprus cBsi3u Kucnopoa Ha Ga-oborameHHoi noBepxHocTH Ha ~0.4 3B BbImIe, yem gropa. boins-
1as pasHuIla B 3Heprusx cBszu (1.5 3B) nmosyueHa Ha MOBEPXHOCTH, OKAaHUMBAIOIICHCS CYpbMOU. A ICOpOLIns
¢dropa Ha moBepxHOcTH GaSb(111)A, kak u B cinyuae GaAs(111)A u InAs(111)A, npuBOAMT K yAAJICHHUIO TTO-
BEPXHOCTHBIX COCTOSIHUM, 00pa30BaHHbIX P;-OpOUTAIIIMU KATHOHOB, M OTKpeIieHn o ypoBHs Pepmu. OqHako
9Ta TEeHACHLM He BhINoiHsAeTcs Ha moBepxHocTty GaSb(111)B. B to xe Bpems agcopOuus KUCI0poaa NPUBO-
JIUT K aHAJIOTUYHBIM 3 PeKTaM He3aBUCUMO OT oKoH4YaHus noBepxHocTH GaSb(111) — B 3anpenieHHOM 30He
MOSIBIISIFOTCS JOTIOTHUTENBHBIE COCTOSIHUS. Y CTAHOBJICHO, UTO YBEJIMUEHIE KOHIICHTPAIUU KHCIopoaa Ha Sb-
oboramenHoi noBepxHoctu GaSb(111) cmocobcTBYET yMEHBIIEHHUIO IIIOTHOCTH MIOBEPXHOCTHBIX COCTOSIHUM
B 3ampenieHHo# 30He (puc. 1). B menom ycraHOBIEHHBIE TEHICHIMN B U3MEHEHUH aTOMHOH U 3JIEKTPOHHOMN
CTPYKTYPHI YKa3bIBAIOT Ha CIa00e BIMSIHIE KaK aHHOHOB, TaK M KATHOHOB Ha B3aWMO/ICHCTBHE IEKTPOOTPHU-
HaTeNbHBIX aacopbatos ¢ mosepxHocthio A''BY(111).

Pabota BeimonHeHa B pamkax rocyaapctBeHHoro 3aganus MPIIM CO PAH, tema FWRW-2022-0001.
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Camokatanutuueckuit poct InP u GalnP nHanoctpykTyp Ha KpeMHUU
U3 MapoBoil aswl

Kapauna JI.B.}, Bnacos A.C.%, Jlesun P.B.}, Manesckas A.B.%, Comnuxos 11113

‘\@TH um. A. @. Hoppe, Canxm-Ilemepbype, Poccus

2 ~ q . ~
CII6AY PAH um. K. 1. Angpéposa, Canxm-Ilemepodype, Poccus

SUAIT PAH, Canxm-ITemep6ype, Poccus

WuTerpanust cTpyKTyp Ha OCHOBE coeAwmHEHHH AsBs ¢ KpeMHHEM SIBISIETCS OJHOM W3 Ba)KHEHIIIHX

3a/a4, KOTopash Ha [IaHHOM OJTare pa3BUTHUS MHUKPORIEKTPOHUKH PEMIAeTCs Pa3IUIHBIMH CIIOCOOAMH,

TPeOYIOIMMH KaK MPaBHJIO CI0KHOTO 000pyI0BaHMs ¥ HEOE30MaCHBIX TOKCHYECKUX MaTepraioB [1].

Panee namu ObLI MPCAJIOKCH OpUr WHAJLHEIN CII0CO0 BbIpalllMBaHUd HUTCBUAHBLIX HAHOCTPYKTYP (1)0C-

cl)m[a HWHAYA Ha IOJIOXKKaX KPEMHHS B KBa3UPAaBHOBECHBIX YCIIOBHUAX IO MEXaHU3MY Map-KUAKOCTb-KPHUCTAJLI

C UCIIOJIb30BAHMEM B Ka4ECTBE KaTalU3aTopa 30JI0Ta U UCTOY-
HHUKOB 1apoB ¢ocopa ¥ UHIMS Ha OCHOBE PacTBOpa-paciiaBa
Sn-InP [2]. Pa3paboTaHHbIi METOJ OTIMYAETCS MPOCTOTOU U
JOCTYIHOCTBIO 000PYIOBAaHMS M CAMOT'0 IIPOLIECCa POCTa.

OnHako cyMTaercs, YTO 30JI0TO CO3AAET B BHIPAILCH-
HBIX CTPYKTYpax [OIMOJHHUTENbHBIE ACPEKTHl, YTO MOKET
OTpaHUYUBATh O0JIACTD UX IPUMECHEHHUS.

B nanHoi#1 paboTe rcciaenoBaHbl XapaKTep pocTa U MOp-
(hosorus camokaTamuTHYECKUX HAaHOCTPYKTYp InP u GalnP ¢
WCTIOJNb30BaHUEM MHIIUS ¥ TaJUIHsl B KAYECTBE KaTain3aTOpPOB
a TaKk)Ke UCTOYHUKOB MapoB (ocdopa, MHANS U raJuIHs Ha Oc-
HOBE pacTBOpOB —pacturaBoB Sn-INP u Sn-GaP.

B kadecTBe MOMIOKEK HCIOJNB30BATUCH IUIACTHHBI
kpemuus opuenraiuu (111) u (100) kak co c1oeM ecTeCTBEH-
HOT'0 OKHCJa TOJIMHOM 2-2.5 HM, Tak 0€3 HeTOo.

Kontpons Mopdonoruu noiay4eHHBIX CTPYKTYp OCY-
wecTBsuicss POM Meromamu. AHannu3 TECTOrpaMM IMOKa3all
oOpa3oBaHue HAaHOCTPYKTYp pasmepamu oT 10 10 200HM.

Hamm wnccnenoBanusi MpoJieMOHCTPHPOBAIH, YTO B BbI-
OpaHHOM TemrieparypHo-BpeMeHHOM wuHTepBaie (510+560°C;
30-70 MUHYT) Ha HaYaJbHOM 3Talle POCT HAHOCTPYKTYP OCY-
wecteisiercst no mexanusmy 1DKK, kotopelil B qanbHeiiem me-
PEXOUT B PEKUM IMapodaszHoi SMUTAKCHHU. YTO 00YCIIOBICHO H3-
MenenueM cooTtHotenus V/I11 B mapoBoti (haze B mporiecce pocTa.

Ha puc. 1 npencraBnens! cieKTpsl (OTONOMUHECICHINH
1 PaMaHOBCKOI'O PACCEsIHUS, JAEMOHCTpHUpytommue (GopMuposa-
HHE Ha IOBEPXHOCTH KpeMHUs HaHOCTpykTyp InP u GalnP.

[1] Siddharth Saurabh et.al, RSC Adv., 9878, 13, (2023)
[2] /1. b. Kapruna u op,. @TII, 530 57(7) (2023)
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Puc. 1. — Cnexmpul pomonmomunecyenyuu
GalnP (csepxy) u INP (cruusy) nanocmpyx-
myp Ha kpemuuu. Ha ecmaexe — cnexmp

pa.

uarnosckozo paccesnus INP nano-

cmpykmyp a maxace POM usobpasicenue

HAHOCMPYKMYP.
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Hanoxactepsl 30s10ta Ha opepxHoctr GaP(001): xumudeckoe
IPUTOTOBJICHUE, JIOKAJIN30JBAHHBIC TIA3MOHBI

Bepxosun B.J1.Y, KocoOykun B.A.L, Viun B.I1.Y, Xaxymun C.A.?

Y\@TH um A. @. Hogpgpe PAH, 194021, Canxm-ITemep6ype, ya. ITonumexnuueckas 26

2CII6IATY «JIPTHy, 197022, Canxm-ITemepbype, ya. IIpogheccopa Ionoea 5

dochun ramnust GaP akTUBHO HCIIONB3YETCs B CTPYKTYypax CBETOM3IIYyUarOIUX IPUOOPOB, AETEKTOPAX
yIbTpapHOIETOBOTO H3TyUeH s U T.4. OAHAKO M3-3a HATMYHS HENPSMOT0 MEK30HHOTO Iepexoa npu 2.26 5B
GaP obnanaeT HU3KOH M3ITyYaTeIbHOM CIIOCOOHOCTBIO M CIa0BbIM MOTJIOUICHHUEM. YITyUlIeHHE STHX XapaKTe-

PHCTHK BO3MOYKHO ITyTE€M HCIIOJIB30BAHHS HAHOYACTHUI] 30JI0TA, HAHECEHHBIX
Ha ToBepxXHOCTh GaP u 00iamarommx JIOKaIn30BaHHBIMU ILTa3MOHAMH
C DHEprueii, 6IM3KOM K SHEPIUHU HEMPSIMOTO Tepexoa. B Hamieii paboTe Ha-
HOKJIacTepbl AU CO3/1aBAIUCh C MOMOIIBI0 XUMUYECKOU 00pabOTKH MOBEpX-
Hoct GaP(001) B 1*10°*M pacTBOpe 3010 TOXIOPUCTOBOIOPOIHOM KHCIOTHI
HAuUCI, B oprodochoproit kuciore HsPO4. Ha moBepxHOCTH MOITYTIPOBO/I-
HHKa B TAKOM PAacTBOpPE MPOUCXOJUT BOCCTAHOBICHHUE 30J10Ta, KOTOPOE CO-
MPOBOXKAACTCS €€ TPaBJICHUEM. BbIJesstolieecss 30JI0TO acCOLUUPYETCS

B HaHOKJIAacTepbl AU, pasMepbl KOTOPBIX YBEIHUHBAIOTCS C yBEIHYCHHEM
JUTUTEILHOCTH 00pabOTKH HJIM TEMIIEpaTypbl pacTBopa. Kak ycTaHOBIEHO
METOJIOM CKaHUPYIOIICH 3IeKTPOHHON MUKpOCKomuy, hopma kiactepoB Au

ARIR

Oyn3Ka K CepUYEeCKOM, a Ha MOBEPXHOCTH KPUCTAIA, OHU PACIIOJIOKEHBI
cy4aiiHbIM oOpa3om puc.la. OTIMIUTETHHONH O0COOEHHOCTHI0 XUMUYECKH
CO3JIaHHBIX KJ1acTepoB AU SIBIIIETCS OTHOCUTEIIBHO MaJasi AUCIEPCHS UX pa3-

MEpOB IO CPABHEHUIO C KJIACTEPaMH, MOTy4aeMbIMHU IIPH BBICOKOTEMIIEpa- e =5 N
TYpHOM OTXKHUre rieHku Au [1]. Energy, eV

Puc.1. — COM uzobpadxice-
Hue u cnekmp AO xknacme-

pos Au.

Jlokanu3oBaHHBIE TUIA3MOHBI HAHOKJIACTEPOB AU HCCIEIOBAIHNCH
C TIOMOIIBI0 METOJUKU CHEKTPOCKONHH aHWU30TPOMHOTO oTpakeHus (AQO)

[2]. Ona usmepsier cniektp Benmmuunabl AR/R = 2(R,— Rg)/ Ry + Rp), rie R
1 Rg — ko3 GUIMEHTH OTpaXKeHHsI CBETA, MOJIIPU30BAHHOTO BJIOJIb OPTOTOHABHBIX HANPaBICHUH O U [,
COBIAJAIONMMMHE ¢ Hanpapierusimu oceii [110] u [110]. B crektpe AO nosepxuoctnGaP(001) moce ee 06-
pabotku B pactBope npu remneparype 50°C B TeueHue 15 MuH 0OHapyKMBaeTCs CUIIbHAS PE30HAHCHAS IMHUS
c sHeprueit BOnmu3m 2 5B, puc.16. Dta nuHuUs cBsi3aHa C aHU30TPOIHBIMH IIJIa3MOHaMu KiactepoB Au. Ycra-
HOBJICHHE TIIa3MOHON aHM30TPOIHHU CBUICTENLCTBYET O TOM, YTO aHCaMOJIb HAaHOKIAcTepoB AU Ha MOBepX-
noctu GaP(001) obmamaeT COOCTBEHHOM MaKpOAHU30TPONHEHN, KOTOPast MOKET OBITH CBsI3aHa JTHOO C aHU30-
TporHO# hopmoii kimactepoB AU, TMOO ¢ aHU30TPOITHEH WX PACTIONOKESHHS Ha IIOBEPXHOCTH KpHcTasa [2].

B 3akiroueHnH CTOMT OTMETHUTD, YTO MPEUIOKEHHAs XUMHYECKask TEXHOJIOTUS MTOJYyUYECHHUS KJIaCTEPOB
Au Ha noBepxHocTd GaP He TpeOyeT oTkura 00pasIoB. ITo MO3BOJISET H30ekKATh XUMHUUCCKOM PeaKIiuu, KO-
TOpas BOSHUKAET IIPH HAarpeBe IIeHOK AU M MOTyPOBOAHUKOBO# moaoxkkoii A®B® u npuBoaut k oGpaszosa-
HHIO KJIACTEPOB HHTEPMETAILTUIOB AU, IIPOHUKAIOIIUX B TOUTOKKY [1].

[1] V.L. Berkovits, et al., Surf. Sci., 742, 122437 (2024).
[2] V.L. Berkovits, et al., Surf. Sci., 632, L9 (2015).
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[Ipumenenue ObICTPOTO JHXKOYJIEBa HArpeBa JUIsl CUHTE3a YIJIEPOIHBIX

HAaHOIIJIICHOK

E.Il. Heycrpoes?!, A.P. ITpokonses?, H.H. Jlockun?, JI.H. INTomnos!

'CB®Y um. M.K. Ammocosa, Poccus, e. AIkymck, ya. beaunckozo, 58

VHUKaIbHBIC SJICKTPUUYCCKUEC U ONITUYCCKUMU CBOIicTBa YIJIICPOAHBIX HAHOIUICHOK BBI3BIBAKOT 3HAYM-

TCIbHBIA HUHTCPEC HCCHGHOBaTCHeﬁ CO BCCTO MHUpa J1s1 IPUMCHCHHA B OIITO3JICKTPOHUKE, CIMHTPOHUKE U CCH-

copuke [1]. B HacTosmiee BpeMs He pelIeHbI MOTHOCTHIO0 TPOOIEMBI TOTyYeHHUs] KOMMEPUYECKH BBITOHBIX YT-

JIEPOAHBIX TUIEHOK. [IpetoskeH b1 HeTaBHO METO]] BEICOKOTEMIIEPATYPHOTO HKOYJIeBa HarpeBa s OBICT-

poli KpucTaJUIM3alK aMOP(HBIX YTIEPOJHBIX CTPYKTYP [2] MOXKET CTaTh peIICHHEM STOH MPOOIIEMBI.

B paGore Oynmer paccMoTpeHa OBYXJTamHas METOAWKA (OPMUPOBAHMS MPOBOAALIMX YIIIEPOTHBIX

HaHoIUIeHOK. Ha mepBoM atane cuaTe3a popMupyroTcs aMmopgHbIe YIIepOoaHbIe TUIEHKH B HU3KOTEMIIepaTyp-

HOM mazMe MertaHa. OcaxIeHne aTOMOB yTIepojia POBOIIIIOCH B paguodactoTHoit (13,56 MI'm) naayk-

THUBHO CBSI3aHHOH Mia3zMe IIpHY YCTAHOBJICHHBIX MapaMeTpax 3KCHO3UIUU U JJIUTCIIbHOCTU INIa3MCHHOI'O BO3-

neicTBrs (MOITHOCTh UCTOYHMKA M1a3Mbl — 150-200 B, mmutensHocTh ocaxnenus — 1o 10 mun). Ha BTOpOM

atane OyAeT HCIIOIb30BaH METOX OBICT-
poro mxoyneBa narpea (bJH) mns
CBEpXOBICTPOH KpUCTATU3AINUN TOJY-
YEHHLIX IUIEHOK. Bo3elcTBrE CHIILHOI'O
kopoTkoro (o 100 mc) pa3psina Ha OKCH
rpadena (OI') mokaszano ycnemnrHoe Boc-
cranosnenne OI', yTo OBUIO yCTaHOB-
JICHO METOJIOM PaMaHOBCKOH CIIEKTpPO-
ckonmu (puc. 1). CompoTtwBneHHns Ha
KBajpaT noBepxHocTH (R) ruieHoK U3 To-
ny4ueHHbIX Ol ObUTH yCTaHOBJICHBI METO-
JIOM JIBYX30HJJOBOT'O HCCIIC/IOBaHHS BOJIb-
TaMIIEPHBIX XapaKTePUCTHK. 3HaueHust R
nexxamu B mpenenax ~300-700 Om/ks.,
YTO HAMHOI'O HIKE UCXOaHOM mieHku O
(~10-30 MOM/kB.) u obsamany CTadWITb-
HOCTBIO COXPAaHEHHSI JIEKTPUIECKOH MPO-
BoguMocTH. B jmokmame OymayT obcyx-
JICHBI TIOJTyYCHHBIE PE3yJIbTATHI.

1.0 4 G
208 b
£ : m
,—J‘" ' ' -’:P,L;‘-"r “*
2 o ; \w HNexomueit
Sosf || or
3 ; o
2 /
:_ '
0.4 1 Iocne
e aRITIT

Puc.1. — Cnexmpbl pamano8ckoeo paccesmus ceema OKCuoa
epaghena 0o unocie o3odeucmeuss ObLICMPO20 0AHCOYIEEA
Hazpesa.

Pabota BeImonHena npu noazepkke rpanta PH® 24-22-20087

[1] Mijit A. et al., Journal of Materials Science: Materials in Electronics, 35(12) 813 (2024).
[2] Sun Z., Hu Y. H.,, Angewandte Chemie International Edition, 59(24) 9232 (2020).
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HOJ’IY‘ICHI/IG SIINTAKCHUAJIBHBIX INICHOK OKCHA4d ITMHKA MECTOAO0OM
MAaraCTpOHHOI'O PACIIbIIICHHUA FOpH‘IGfI MUIIICHHU

HcvmanaoB A.M., Ymaxanos M. A., Pabamanos M. P., Pabamanos M. X.
DI'BOY BO «/I'Y», 367000, Maxauxana, ya. I'adscuesa, 43 a

Oxkcun nuHKa (ZNO) — nepcneKTUBHBII ITUPOKO30HHBIH MOTYIPOBOIHHUK C YHHKAJIBHBIM HabopoM du-
3UKO-XUMHMYECKHUX CBOMCTB. OHAKO €ro MOTEHIMAIbHbIE BO3MOKHOCTH BCE €1II€ HE PeaIn30BaHbl Ha IPOMBIII-
JICHHOM YPOBHE U3-3a psiia HEPEIICHHBIX IPO0IeM TEXHOJIIOTHYECKOro Xapakrepa. Hanpumep, Ha naHHBINA MO-
MEHT OTCYTCTBYET TEXHOJIOTHS MOTydeHUs 00BbEMHBIX KpUcTauioB ZnO, a, clieoBaTenbHO, U MOIOKEK JTHa-
METpoM 2 nioiimMa (TpeOyeMblli MHHUMAIBHBIN pa3Mep MOAJIOXKEK Il MacCOBOTO MPOM3BOACTBA). OnHUM U3

MOAXO0J0B K PELICHHIO JaHHOM MPOOJIEMBI SIBIISIETCS] OCAXKICHUE U3 Ia30-
BOM (ha3bl BHICOKOKAYECTBEHHBIX CJIOEB HA HHOPOIHOW MOATIOXKKE (KOM-
o3MTHAs moajI0xkKa Trma «ZNn0 Ha candupey). Eiie 6os1ee a3 dexTrBHO,
J0paboTaTh TEXHOJIOTHUIO 10 OTAETICHUIO OCAXKICHHOTOo cios ZnO oT oc-
HOBBI (TIOJIIOKKH) C IIENBIO OMYUYeHHUS pa3ieNbHbIX MOI0XKeK. B aToM
HampaBIICHUH Yke TpoBosTcst padboTs! anst GaN [1]u AIN [2], Beipamu-
BaHHE O0BEMHBIX KPUCTAIIIOB KOTOPBIX TAKXKE MPOOIEMATHIHO.

B nannol paboTe cooO0mAeTCs 0 HOBOM TEXHOJIOTHH SITUTAKCH-
AIBHOTO OcaxacHHs ciioeB ZNO ¢ BRICOKMMH CKopocTsAaMu pocra (50
MKM/9). I'TaBHass 0COOCHHOCTh TEXHOJIOTHH 3aKII0YacTCS B TOM, UTO
B OTJIMYKE OT KJIACCHYECKOTO MArHETPOHHOTO PACTIBUICHHSI, KepaMHue-

ckas muiieHb ZNO TEIIoU30JIMPOBaHa OT BOJAOOXJIAKIAEMOr0 MarHe- Puc.1. @omoepaghus muwieHu

TpoHa u MokeT HarpeBaTbes 10 800 °C u Gonee (puc.l.). B ycnosusx Zn0 6 momenm bIKIIOUCH1

. MazsHempoHHO20 pa3paod.
pacubUICHUs] TOPSAYEH MULLIEHHU B 30HE 3PO3HU BOZHUKAIOT 3a0CTPEHHBIE

CTPYKTYpbI (HapocTsl) [3], KoTopbie pa3pylasch B mwiazmMe GOpMHUPYIOT
MOTOK YaCTHIl MUKPOHHBIX Pa3MepOB, HAaIlPaBJICHHBIX HA MOJIOKKY C HApsAy aTOMHBIM OTOKOM. MUKpoMeT-
POBBIE YaCTHIIBI, TTOT3/1asi HA POCTOBYIO MOBEPXHOCTH OIUIABISIOTCS U GOPMHPYIOT OCATOK MO CXEME «OKHUJI-
KOCThb—KpHCTALD [4]. OTHOCHTEIPHO G0NbIIM pa3MepoM (1-3 MKM) KPHCTAILTUTOB (IIPH «XOJIOAHOMY pac-
nbuteHnd — 10-60 HM) 00ycCIIOBIICHA MHTCHCHBHAS JIIOMHHECHICHIIUS B coOCTBeHHOM oOnactu ZnO (382 uMm).
OTCcyTCTBHE JTIOMUHECIICHIINY B JKENITO-3€JICHHON oOnactu u Manas nomymmupuHa (0.038°) muka (0002) yka-
3BIBAIOT HAa BEICOKOE CTPYKTYPHOE COBEPILICHCTBO MOTydaeMbIX ciioeB ZnO.

Beicokne cKopocTH pocTa, CTPYKTypHOE COBEPIIEHCTBO, CPABHUMOE C COBEPIIEHCTBOM MOHOKpHCTAJI-
JIOB, a TAKXKe JANIbHEHIee pa3BUTHE MPEIUIOKEHHON HAMH TEXHOJIOTHH € YYETOM BO3MOKHOCTH MacllTaOH-
POBaHUs TEXHUKH MarHETPOHHOTO PACTIBUICHHS TOPSYUX MULICHEH st ocakeHus cioeB ZnO Ha MOATI0KKaX
OonpIoro nuamerpa (2 mroiiMa u Ooiee) JaeT OCHOBaHHE II0JlaraTh, YTO MpodieMa ¢ IMOUIOKKaMU OKCHIa
IIMHKA JUII MacCOBOTO ITPOM3BOJICTBA IPHOOPHBIX CTPYKTYP HAa MX OCHOBE MOXKET OBITH YCIICIIHO PeIleHa.

[1] M. Snure et al., J. Appl. Phys., 134, 025307 (2023).

[2] L.Wang et al., Appl. Phys. Lett., 124, 181602 (2024).

[3] A. M. HUcmaunos u op., Hpuknaonas ¢usuxa, 3, 33 (2016).
[4] A.M. Ismailov et al., Vacuum, 168, 108854 (2019).
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MoHoyuTHO HHTErpupoBaHHbIe ciion SIC C HAaHOTpyOKamMu

Bypasaes A.J1.1*, Kazakun A.H.5, Moxos JI.B.5, Hamexuna }O.A.’, Hamekun A.B.2, Y6siiBosk E.B.2°,
Actpaxannesa B.A.L, Kyspmun B. A Y, Ocunos A.B.%, Kykymkun C.A %8

‘crieraTy "JIDTH", 197022, Canxkm-Ilemepbype, yn. lpog. ITonosa, 5

2TU um. A. . Hoghhe PAH, 194021, Canxm-Ilemepbype, yn. Ionumexnuueckas, 26

3Vuusepcumem npu MIIA EspA32C, 194044, Canxm-Ilemep6ype, yr. Cmonsuxosa, 14

*UAIT PAH, 198095, Canxm-ITemep6ype, yn. Heana Yepnwix, 31-33

CII6ITY, 195251, Canxm-Ilemep6ype, yn. [lorumexnuuecxas, 29

CII6AY PAH um. JK. 1. Angpepoea,194021, Canxm-Ilemepbype, yr. Xnonuna, 8I3

"Unemumym yumonoeuu PAH, 194064, Canxm-Ilemep6ype, np. Tuxopeyxuii, 8

8CI16I°y, 198504, Ilemepeogh, yi. Yivanosckas, 3

SUIMaw PAH, 199178, Canxm-ITemep6ype, np. borvuoii BO, 61

B nacrosmiee BpemMs TEXHOIOTUYIECKHE [TOIXObI, HCIOIb3yeMbIe Ul (POPMUPOBAHUS HAHOCTPYKTYD,
(dbopmanbHO, €clii HEe 3aTparuBaTh METOJbl XMMHUYECKOTO CHHTE3d, MOXKHO pa3feiuTh Ha JIBE OOJbIIHE
TPYIIBL: «CBEPXy-BHHU3» (top-dOwn) u «cHu3y-BBepx» (bottom-up). McTopudecku, rpynna «CBEpXy-BHHU3)
ObLIa OCHOBaHA Ha MCIIOJIb30BaHUH TPATUIIMOHHBIX METOIMK ITAHAPHOW TEXHOJIOTUHU TaKUX, KaK JuTorpadus,
TpaBieHHue U T.A. TpeOyeMble HAHOCTPYKTYPBI 3a4aCTyIO «BBIPE3AIMCh» U3 BBIPALICHHBIX C IIOMOILBIO Pa3-
JIMYHBIX TEXHOJOIMYECKUX METOANK MOTYIPOBOAHUKOBBIX 00pa3LoB. 3a MOCIEAHUE ECATUICTHSI, albTepHa-
THUBHBIN NOJXO0X K (POPMHPOBAHHIO HAHOCTPYKTYP, Oa3UPYIOIMIHUICS Ha MX CaMOOPTaHU3alru, T0-CyTH, CTall
OCHOBHBIM METOJIOM HMX ()OPMHPOBaHUsL. XOPOIIO U3BECTHO, YTO MPU ONPEACICHHBIX TEXHOJIOTUYECKUX pe-
KHUMax MOXKHO PEaIM30BaTh HEOOXOAMMBIEC YCIOBHUS U CaMOYIIOPSIIOYEHHS aTOMOB Ha IMOJUIOKKE HIIH,
HWHauye roBops, A POCTa HAHOCTPYKTYp. IloaToMy naHHas rpymnia METOAOB U MONy4Yniia Ha3BaHUE «CHU3Y-
BBepx». CleyeT OTMETUTh, YTO IIPH UCIOIB30BAHUH CTAaHAAPTHBIX MOIX00B ""CHU3Y-BBEpX' 3a MOCieaHee
BpeMsi OBLIO CUHTE3MPOBAHO OOJIBIIIOE YUCIIO pa3HOOOpa3HbIX 1Mo ¢opMme SiC HUTCBUAHBIX HAHOKPUCTAIIIOB,
HAaHOMPOBOJIOK, HAHOUTI ¥ TIpod. [1]. OxHako nosrydeHne TOHKHX CIIOEB (TONIINHON 10 HECKOIBKUX MUKPO-
METPOB), B IIEPBYIO OUEPEb, HA OCHOBE IIMPOKO30HHBIX MOJIYHNPOBOAHUKOB, TAKUX, KaK, HAIPUMEp, KapOu
KPEMHUS1, MOHOJIUTHO MHTETPUPOBAHHBIX C MTOJAO0OHBIMU HAHOCTPYKTYPaMHU € IEIbI0 TIOBBIIICHUIO MX 3 dek-
THUBHOM TUIOIIA N MMOBEPXHOCTH JO CHUX IOp SIBISETCS TOCTATOYHO CIIOKHOM 3ajjauel, YTO HaKIIaJAbIBAET Cy-
LIECTBEHHbIE OTPAHMUYCHHS Ha MX NOTEHIUAIBHOE HCIIOJIb30BaHHUE.

B pesynbraTe npoBeaeHHs 3KCIIEPUMEHTOB 110 CUHTE3Y c1oeB SiC Ha MOHOKPHCTAIIIMYECKHUX TTOII0XK-
Kax KpEeMHHS C IIOMOIIBIO0 METO/1a COTIIACOBAHHOTO 3aMEIeHHsI AaTOMOB OBUIO OOHApPYKEHO, UYTO TPH ONpe/ie-
NEHHBIX TEXHOJOTHYECKHUX YCIIOBUSAX 00pa30BaHNe TOHKUX TIIEHOK SiC MOXKeT cCOnpoBOXaaThest popMupoBa-
HueM MaccuBOB SiC HaHOTPYOOK, MPOHUKAIOIUX BIIIyOb KpeMHHUEBBIX MOuIoKeK [1]. Takum oGpazom, Oblx
BIIEPBbIC MPOJEMOHCTPUPOBAH NPUHIUIINAILHO HOBBIH, paHee He HaOII0aBIIMICs, MEXaHU3M (HOPMHUPOBa-
HUSl HAHOTPYOOK — OOpaTHBIH «CHU3Y-BBepx» (inverse bottom-UpP) WK, IPYTMMH CIIOBaMH, HACTOSIIUN
«cBepxy-BHI3» (real top-down). b pa3paboTaHbl METOAMKN Ha OCHOBE KHUAKOCTHOTO XUMHUYECKOTO TPaB-
JICHHS AJIS1 OT/AEJICHUS ITOJIyYEHHBIX CJI0eB (MOHOIMTHBIN ToHKMH cinoit SiC ¢ maccuBoM SiC HaHOTPYOOK) OT
KPEMHUEBBIX ITOJIJIOKEK M IMTPOBEJIEHO MX JIeTAIbHOE HcciiefioBanre ¢ momortpio [I9M u COM. Usydenne 00-
pas3nos ¢ SiC HaHOTPYOKaMH ¢ KyJbTHBUPOBAHHBIMU Ha HUX KJIETKAMH YeJIOBEKa METOIaMHU CBETOBOH, (iry-
OpECIIEHTHOM, KOH(OKaIbHOM, a Takke COM 1Moka3aHo, 4To NOITy4YeHHbIE MaTepHaibl He 00J1a/Jaf0T TOKCHYe-
CKUM 3(P(EKTOM, YTO 3HAYUTEIHHO PACIIUPSAET BO3SMOXKHOCTH MOTEHIMAIBHOIO MCIIOJIb30BaHUs HOBBIX pa3-
paboTaHHBIX MaTEpPHAIIOB.

[1] S. Chen et.al., Prog. in Mat. Sci., 104, 138 (2019).
[2] A./]. Bypasnes u op., @TII, 57, 343 (2023).
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dakTOpHhI, OMPEACISIONINE HTHUIIMUPOBAHUE PA3BUTHS MTEPUOIUUECKOTO
penbeda Ha MOBEPXHOCTH KPEMHUS PU MIOHHOW OOMOapIMpOBKe

Cmupnosa M. A.*?, Jlo6308 K.H.}?, Bauypun B.1.1, Maszaneuxwuii JI. A.}?, ITyxos J1.2.%,
Pymeiii A.C.%?, Uypuios A.B.!

‘9D ®THAH um. K. A. Banuesa PAH, 150067, Apocnasnv, yi. Yuusepcumemckas, 21

ZH/)F Yum. I1.T. /lemuoosa, 150003, Apocnasns, yn. Cosemckas, 14

B mocmenaee BpeMst OOJIBITON MHTEpEC BBI3BIBACT (POPMHUPOBAHHE HOHHOW OOMOApIupOBKOM Ha TO-
BEPXHOCTH PA3IMYHBIX MAaTEPUAIOB NEPUOJUUECKUX CTPYKTYP HAHOMETPOBOI'O MaciTada, B TOM 4HCIE IIe-
puoanyeckoro BonHooOpasnoro penbeda (BP). K HacTosmemy BpeMeHr HakomieH OOBIION 00beM dKCIe-
PUMEHTATBHBIX M TEOPETUUECKUX MCCIIeOBAHHM, MTOCBALICHHBIX 00pa3oBaHmio BP Ha moBepxHOCTH TBEpIBIX
TNl HOHHBIM 00Jy4eHueM [1]. DKcrepruMeHTaIbHO YCTaHOBJIEHO, YTo (hopmupoBanne BP Haumnaercs: mpu
Habope onpezeneHHON (KpuTuiaeckoi) mo3sl 00myderus (D.p), KoTopast 3aBUCHT OT BRIOOpa MaTepualia, THIIa
MOHOB, SHEPTHH U yIJia MaJIeHUsl HOHHOTO Nydka. B wacTHocTH, 1u1s osiBnienns: BP Ha moBepxHocTu Si npu
obny4yenun nonamu uaeptaoro Ar® ¢ sueprueii 10-30 k3B tpebyercs Dy, Ha 1-2 mopsinka Goblie, 4eM mpu
6ombapaupoBke xuMuuecku akTuBHbIME HOoHaMu O2* 1 N2*. B mepBoii Teopetndeckoii Mmoaenu bpaaim u Xap-
nepa (BH) [2], paspaboranHoii Ha ocHOBe Teopuu pactbiienus [1. 3urmynna, Gopmuposanue BP o0bscHsieTcst
paclbUICHHEM TOBEPXHOCTH, KOTOPOE 3aBHCUT OT JIOKAJIBHOTO yIJila MaJeHUs HOHOB, U CTIIaKUBAIOLIIMMU (-
(dexTamu, 00yCIOBICHHBIMU caMou(Py3uei aTOMOB Ha IIOBEPXHOCTH, TepepacipeiclieHneM aTOMOB B Kac-
KaJle COyAapeHui o BO3ACHCTBHEM MaalomMu HoHaMmu U 1ip. HeoOxoaumeIM ycmoBueM 3apoxaeHust BP
SIBIISIETCS. HANWYME TOMOrpaduIeckux HEOAHOPOJHOCTEH Ha MOBEPXHOCTH. B pacmupenHoMm ypaBHenun BH
(hopMHpOBaHHUE 3TUX HEOTHOPOJAHOCTEH OOBACHIETCS BBEJICHUEM CIIAaraeMOro, KOTOpOE YUUTHIBAET CTOXACTH-
YECKUI XapakTep MaJicHUs MOHOB Ha IMOBEPXHOCTh. B psjme paboT moka3aHo, YTO B Cily4ae OOJydeHus Si
HMOHAMHM XUMHYECKH aKTHUBHBIX Ia30B B IPUIIOBEPXHOCTHOM Ci0€ ()OPMHUPYIOTCS MPELMITUTATEI COEINHEHUI
Si, CKOPOCTh PACIIBUICHHUS KOTOPBIX OTIMYACTCS OT CKOPOCTH PACIIbUICHUS Si, B MaTpHIe KOTOPOT'O OHH HaXO-
JSTCS. DTO MPUBOJIUT K MOSBICHUIO TOMOrpadUuecKUX HEOJHOPOAHOCTEH 1 00pa3zoBanuio BP Ha moBepxHo-
cru. [Ipu 6omOapaupoBke noHamu Al IPUYMHON BO3MYIIICHHS TOBEPXHOCTH SBIISICTCS] HAKOIUICHUE KPYITHBIX
neEeKTOB B MPUIIOBEPXHOCTHOM CJI0€, TpeOyroriee ropa3no 0ombmux Dy.

B Hacrosiiieit paboTe npeactaBieHbl pe3ysbTaThl Mo hopmupoBanio BP Ha nosepxHocTH Si HOHaMu
Ga* ¢ sueprueii 30 k3B, KOTOpBIE IBASIOTCS HHEPTHBIMH 10 OTHOIIEHHIO K Si. Y CTaHOBJIEHO, YTO 00pa30BaHUe
cunyconnansHoro BP naunnaercs npu Dy, ~10Y cm u yrie nagenus myuka 6=30°, a TeppacMpOBaHHOIO —
pu Dy, ~10%8 cm mpu 6>40°. Metomamu [TPOM u POM ycTaHOBIEHO, YTO MMILTAHTUPOBAHHBIN pu 6=30°
Ga npucyTCTBYeT B MPUIIOBEPXHOCTHOM cjioe Si B BUJIE MPELMIUTATOB pa3mMepoM ~10 HM, CKOPOCTh PacCIIbI-
JICHHsI KOTOPBIX MOYTH B 2 pa3a MPEBBIIAET CKOPOCTh PACcHbUICHUs Si, YTO HHUIMUPYeET 3apoxacHie BP Ha
Bcell o0irydaemoii mosepxuoctu. [Ipu 6>40° nporiecc oOpa3oBanus BP HaunHaeTcs y kpast kpaTepa paciblie-
HUS, U C POCTOM JI03bI MPOUCXOIUT IMOCTEIICHHOE 3anojiHeHue aHa kpatepa BP. Ilpenunurare Ga B npurio-
BEPXHOCTHOM CJIO€ MPUCYTCTBYIOT, HO MX IUIOTHOCTHh 3HAUYMTENBLHO MEHbIIE, yeM B ciiyyae 6=30° u oHH He
IpUBOAAT K 3aporkaeHuto BP. Oxnaxo npu D ~108 cm y kpast kpaTepa paciibuieHHs HAOIH01AETCs OSABIICHHE
SIMOK TPaBJICHHS, KOTOPBIE BBI3BIBAIOT HECTAOMILHOCTD MOBEPXHOCTH U TIPUBOJAT K (hopMupoBaHuio BP.

PaboTa BeImonHeHa ipy PUHAHCOBOM Nojiep)ke MuHOOpHaykn Poccuu B paMkax rocyapcTBEHHOTO
3aganus Spl'Y Ne FENZ-2024-0005 na obopynoBanuu LleHTpa KOJUIEKTUBHOT'O [TOJIb30BaHus «/lnarnoctuka
MHUKpPO- U HAHOCTPYKTYD».

[1] L. Vazquez et al., J. Phys.: Condens. Matter., 34, 333002 (2022)
[2] R. M. Bradley et al., J. Vac. Sci. Technol. A. 6, 2390 (1988)
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N300pakeHuss KBaHTOBBIX Touek InSb, monyyeHnnsie Ha ayuHE BOIHBI 10.6
MKM ¢ rtoMmo1si0 ASNOM

HMpuyenko B.C.1?, Knexoskun A.B.>?, Munaes 1.11.1?, Kazanues JI.B.>?, Kazannenpa E.A. 3

oU PAH, Mockea, 117218, Jlenunckuil npocn., 0.53.

2HUY BIIID, Mocksa, yi. Macnuykas, 0. 20.

SMTY MHPIA, Mockea, npocn. Bepuaockoeo, 0. 78.

[Monmy4eHs! M300pakeHUs OJJMHOYHBIX KBAHTOBBIX Touek [InSb, BriparieHHbIX Ha o utoxkke GaSb, ¢ mo-
MOIIIBI0 CKaHUPYOMIEro MHUKpockomna OnmwkHero ontudeckoro mosss (ASNOM [1,2]). Ha u3o0paxeHusx
C HECOMHEHHBIM YPOBHEM KOHTPACTA Pa3IMUMMbl MaTepralibl KBaHTOBOW Touku InSb u mognoxku GaSb (mo-
KpBITOW cMauynBatouuM cioeM InSb). M3mMepenus npoBoaunuce ¢ momouisio nepectpanBaemoro COz-nazepa
Ha JuinHe BOMHBI 10.6 MKM, JUIS KOTOpPOIl BCe MOIYMPOBOJHUKOBBIE MaTE€pHalbl, 00pa3ymomue CTPyKTYpY,

MPaKTHYECKU TPO3padHbL. 13 pacTpoBBIX N300paskeHMIT TOBEPXHOCTH,
MOJYYEHHBIX Ha pabouell anmuHe BOMHBL 10.6 MKM MOXXHO ONIPEeUTh
paspemanuyo cnocoOHOCTh HCIIONB30BAHHON 30HAWPYIOIMIEH HUTJIIbI
FMG-01/Pt, kotopas cocraBisier 10-15 M.

KBanTtoBbie TOukH INSD ObUIM BBIpAllleHBl METOJOM MOJIEKY-
JSIPHO-JTy4eBOM nMTakcuu Ha ycranoBke Compact-21t (Riber).

Juanexrpuyeckas nponuiiaemocts u INSh, u GaSb umeer B oc-
HOBHOM JICHCTBHTENIBHYIO KOMIIOHEHTY, ¥ OHa IIPEHMYIIECTBEHHO

OTIpEaeIISeT NeKTPOMArHUTHBIM OTKJIMK OBEPXHOCTH. MeXXay TeM, Ha
obnacTsaxX MoBepXHOCTH NoAN0KKku GaSb, HemocpeCTBEHHO Hpuiiera- Puc.1. — Amnaumyoa cuenana

IOIIUX K KBAHTOBOH Touke InSb, BusieH opeon curnana, CooTBETCTBYIO- ASNOM wao maccusom InSh
keanmoswix moyex. Jlunus CO;

mui 061aKy cBoOOAHBIX HocuTened B GaSb, NPUTSHYTHIX H30BITOY- o
nazepa 982cm™,

HBIM 3apsiIOM KBaHTOBOH TOYKHA. B 00beMHOM MOIYTIPOBOAHHKE TOJI-

JIOKKHU CBOOOTHBIE HOCHTEIIN UMEIOT BO3MOYKHOCTh OTKJIMKATHCS IBM)KEHUEM Ha IPUIIOKEHHOE Yepe3 30HM-
PYIOLIYIO HIITy 3JIEKTPOMAarHUTHOE TI0JIe, B YACTHOCTH, OTKJIMKAThCS JBWKCHHUEM B HAIIPaBJICHUU, HOPMaJlb-
HOM K noBepxHocTH. [11a3ma 3Tux cBOOOAHBIX HOCHUTENEH BHOCUT 3aMETHBIN BKJIAJ B MHUMYIO 4acCTh AUAJICK-
TPUYECKOH MPOHHUIIAEMOCTH 00pa3la Ha 4acToTe 00Mydaromero cBera (e€ BeNMYMHY M YaCTOTHYIO 3aBHUCH-
MOCTh YJ/IOBJIETBOPHTENILHO ONKMCHIBAET MOJEND Jlpyze), ¥ 9Ta MOJISPU3yeMOCTh JIETKO OOHapyKuMa MpuOo-
pom ASNOM [2]. U36BITOYHBIE HOCUTETH B CaMOM KBAHTOBOM TOYKE, MPUCYTCTBYIOIIHE TaM COOOPA3HO IM0-
JIOXKEHHUIO ypoBHEH DepMu U1 «Cllosh» U «Oapbepa», He MOTYT NIPHHATH Y4acTHs B (OPMUPOBAHUN JHUIJIEK-
TPUYECKOI'0 OTKJIMKA KBAHTOBOM TOYKHU Ha 3JIEKTPHUUECKOE TI0JI€ CBETOBOM YacTOTHI, IPHIIOKEHHOE U3 OCTPUSI
UTJIBl, TIOCKOJIBKY B HAIPABJICHUH, HOPMAJIbLHOM K ITOBEPXHOCTH, SHEPreTHUECKOE PACCTOSHUE MEXIy pas-
HBIMU YPOBHSIMH Pa3MEPHOTO KBAaHTOBAHUS CITUIIIKOM BEJIHKO. B CHITy 3TOT0 31€KTpOMarHUTHBINA OTKJIVK ca-
MHUX KBaHTOBBIX TOUEK COOTBETCTBYET MPEHUMYIIECTBEHHO NEHCTBUTEIHLHOMY 3HAYCHHUIO JMAJICKTPHYSCKON
MIPOHHULIAEMOCTH 00pa3La MoJ{ 0.

WHTeHCcHMBHOCTD Opeosia, 00pa3yeMoro Ha H300paKeHHUsIX M1a3MOi CBOOOTHBIX HOCUTENEH B MTOUIOKKE
BOKPYT CaMHUX KBAaHTOBBIX TOYEK, 3aBUCUT OT yCIOBUH BeIpamuBanus cTpyKTypbl. ASNOM-1300pakeHus BbI-
panMBaeMbIX 00pa3IOB MTO3BOJIAT CHIENATh CYXKACHHS O 3aps/e, HATEKAIOIEeM B KBAHTOBBIC TOUYKH B IIPOLIECCE
BBIPaBHMBaHUsS YpoBHEH DepMU B MOJIOKKE U CaMON KBAHTOBOM TOUKE.

[1] F. Zenhausern, M. P. O’Boyle,H. K. Wickramasinghe, Appl. Phys. Lett., 65, 1623 (1994).
[2] F. Keilmann and R. Hillenbrand, Philos. Trans. Royal Soc. A, 362, 787 (2004).
[3] A. Huber, et.al., Adv. Mat., 19, 2209 (2007).
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NccnenoBanue ToHKUX TieHOK NbN MeTogaMu 0Ke 3JIeKTPOHHOMN
CIIEKTpOCKOIUU U BpemsanposietHorn BUMC.

T'opsiueB A.B., Iynun A.A., Kupunenko E.II., Pygakos I'. A.
Hucmumym nanomexnonocuii Mukposaekmponuxku Poccutickou akademuu nayk, Mockea

[Inpokoe nprMeHeHNe TOHKHUX TIeHOK HuTpuaa HuoOust NDN B MUKpO3JIeKTpOHHKE 00YCIOBICHO €ro
W30JISIMOHHBIMH, TOJYIPOBOJIHUKOBBIMH, CBEPXIPOBOISIIUMH, ONTHYCCKHUMH H APYTUMH YHUKAIbHBIMU
cBoricTBamu. [Ipr yMEHBIICHUU TOJIMUHBI IJICHOK JIO HECKOJIBKUX JIECATKOB HM (DYHKIHOHAIBHBIC Mapa-
METPBI KOHEUHOW CTPYKTYphI CHJIBHO 3aBUCSIT OT TPaHUIl paszena. B paboTe mpencraBieHa METOIMKA KOJIH-
YEeCTBEHHOTO MPOPMIBLHOTO 0ke aHainm3a ieHOK NDN B pa3iMyHBIX TEXHOJOIMYECKUX Mpoleccax ¢ paspe-
mieHueM 1o riyoune ~ 0,5 M. [ 3Toro ObLIM MOMyYeHBI STAJOHHBIC 0Ke CIEKTphl MeTayumnueckoro Nb,
Nb2Os 1 NbN mist mpoBemerst pakTOpHOrO aHAIIM3a PEalbHBIX CIIEKTPOB, ONpeaeTeHbl KOd(DMOUIHEHTHI OT-
HOCHTEJIbHOM 3JIEMEHTHOW 4yBCTBUTEIBHOCTH TS 03ke MUKOB ND B 9THX COCTHHEHHUSX.

Ha puc.1 npuBeneHo pacnpeaeneHre KOHICHTPALMH 1 U3MEHEHUE XUMHUYECKOTO COCTOSHUSI 3JIEMEHTOB
npu Hanecenuu 1wieHkr NiO MeToz0M aTroMHO-citoeBoro ocaxaenus Ha NDN, moaydeHHsIii MeTOI0M MarHe-
TpoHHOTO pactbuieHus. [Ipu obie# TommuuHe cinost okuciaa B 15+20 um pasnokenne NiO npu B3aumoeii-
crBuu ¢ nomnoxkoit NN u o6paszoBanue Ha rpanuie cios ND2Os TONIHHON SHM MOKET OKa3bIBaTh CyIIle-
CTBEHHOE BIIMSIHUE HA CBOWCTBA CTPYKTYPHI.
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Puc. 1. 3menenue konyenmpayuu 31emMeHmos no eiyoune Puc. 2. SEM uzobpaosicenue obpa-
cmpykmypor NiO/NDN npu ananuze memooom O2C 306anus Ha nosepxrocmu NON

Bosneiictere mapos HF+CoHsOH B niporiecce razodasHoro tpasienust cioe SiO; Ha mienky NbN
NPUBOANT K 00pa30BaHHIO HA TIOBEPXHOCTH KPUCTAILIONONOOHBIX apTedakToB (puc.2). Oxe nuccieqoBaHus
nokasanu, 4to Bech ND B3TuX apredakraXx HaXOJUTCSI B OKUCICHHOM COCTOSIHUHM, HO KHCJIOpPOJa SIBHO
ooubine, uem B ND2Os, kpome Toro, oOHapysxeHbl ciesibl Gpropa. [Ipu nuccienoBanuu apredakToB METOIOM
BPEMSIIPOJIETHOW BTOPHYHO-MOHHOW MacC-CIIEKTPOMETPHUH B IOJIOKHUTEIBHBIX HOHAX OOHApYKEHBI TOJIBKO
MOHHBIE (pparMeHThl OKCHIa HHOOWS, a B OTPHUIATENILHBIX MOHAX — HOHHBIE (PparMeHTHl THAPOKCHIBHBIX
rpym, okcuaa Nb u okcudropumnos Nb (prc.3). DTo moarsepxaaeT 06pasoBaHue MEHTAHHOOHUEBOI KMCIOTHI
u okcuropunos [NbOFy, HO]>?Y npu B3aumoneiicteun Nb,Os ¢ HF B npucyTcTBum Boas [1].
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Puc. 3. Pactipenenenrie MOHHBIX ()parMeHTOB THAPOKCHIIBHBIX TPy, okcuaa Nb u okcudropu-
noB Nb 1o nmoBenxHoCTH 00Da311a MOJIVIeHHOE MeTonoM BnemsinnosieTHoi BUMC.

[1] A. Aspart, C.Z. Antoine. Applied Surface Science 227 (2004) 17-29.
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Hcnonb30BaHME MUKPOCKOIIMU CONIPOTUBIICHUS pACTEKaHUSI JJIs
UCCIICIOBAHUS SITUTAKCHAIILHBIX CTPYKTYp A3BS5 comepkamux Sb

Munaes U. 1.}, Kiexoskun A.B.L, Epomenko I'.H.}, Ceupunos JI.E.X, Casun K. A}, Kpuso6ok B.C.},
IMamxkees 1. A.Y, Huxonaes C.H..

1 - - .
Qusuueckuii uncmumym um. I1. M. Jlebedesa PAH, 119991, Mockea, Jlenunckuii np-m., 53

BricTpoe pa3BUTHE TEXHOJIOTHH 3MUTAKCHAIBHOTO pocTa MatepuanoB rpymmsl A3BS ¢ copepikanueM
Sb mpuBoauT k akTHBHOI KOoHKYpeHin ¢ A2B6 B obnactu UK ¢dorocencopuku [1]. B cBsi3u ¢ 3TM ocTpo
BCTaeT BOIIPOC O METOJax IMOCIOWHOTO KOHTPOJIS SJEKTpodu3niIeckux cBocTB B cucteMax A3B5, ocobenno
B YaCTH TETEPOCTPYKTYp C OApbepHO-IAUOIHOW apXUTEKTYpOil (HOTOUYBCTBUTEIBHBIX 3yeMeHTOB (XBn)
u cBepxpenietok 2-ro poxa (T2SL).

B nanHO# paboTe METOI0M 30HJ0BOH MUKPOCKOIHMHU CONpoTuBIeHUs pactekanus (MCP) uccrienosana
aNeKTpoHHas moacucteMa XBn rerepoctpykryp Ha ocHoBe InSbh u INAISh. Ha ckomne retepoctpykTyp Habmto0-

JaroTcs 00JacTH € pa3HOW WHTEHCUBHOCTBIO
CUTHajla, BBbI3BaHHBIC PA3HOW NPOBOAUMO-
CTBIO MaTepuajoB. AHaJlU3 COOTBETCTBYIO-
IIUX KapT MO3BOJSECT MOJITBEPAHUTH CTPYK-

TYpY BBIpAIIEHHOTO 00pas31ia, IPOJIEMOHCTPH-
poBaTh OTCYTCTBHE B HEM He(EKTOB U ucKa- | Puc.] — Jlgymepnas kapma MCP cuenana ons XBn cmpyx-

KeHuii naTepdeiicos, cM. puc. 1. B csoro oue- | 7per INSb ¢ dapvepor INAISD, usvepennas npu koymam-
HOUl memnepamype.

pean, JIOKaJIbHBIM aHaIu3 BOJIbTaMIICPHLIX

xapakrepuctuk (BAX) mo3BossieT OIeHUTs BBICOTY NOTEHIMATBEHOTO Oapbepa XBN cTpykTypax u OleHUThH
€ro OTHOPOAHOCTh. Pe3ynbTaT KONMMYEeCTBEHHO COBIIAAAET C OLICHKOM, TPOBEICHHON C TOMOIIBIO APYTOro Me-
TOJA B IAHHOM cHCTeMe MaTepHanos [2].

Taxxe ¢ momomrsto MCP uccnenoBana cepus cBepxpenierok 2-ro tumna InAs/GaSb. Ha asymepHoi
KapTe COMPOTHBIICHHUSI paCTEKaHUs HAOII0JaeTCsl KOHTPACT MEXKY OTICIBHBIME CIOSIMH, COOTBETCTBYIOIINHI
peanbHON MEPUOANYECKOM CTPYKType obpasua (noiaydeHHo# ¢ nmomousio COM). Kontpact MCP uzobpaxe-
HUH ompenesseTcs pa3iIuuusiMUi B IPOBOJAUMOCTH CJIOEB, ONPEAEISIOIINMUCS, TIIaBHBIM 00pa3oM, pa3inuiu-
SIMH B TIOJIBUYKHOCTH 3JICKTPOHOB B Cl10sX InAs 1 JpIpok B ciiosix GaSb.

J514 Bcex nccieI0BaHHBIX MaTEPHAJIOB, BOIIPEKH OKUAaHUAM, BAX HOCAT TMHEWHBINH XapaKTep 3a cueT
npenedpexxumo manoro 6aprepa Llortku. Kpome Toro, conpoTuBieHne KOHTaKTa MEXAY 30HIOM U TeTepo-
CTPYKTYpOH OKa3bIBAETCsI HECYIIECTBEHHBIM JIa’Ke JUIS JISTUPOBAHHBIX CiioeB. Takum ob6pazom, curaan MCP
OIMpeaACIACTCA JIOKAJIbHBIM 3HAYCHUEM IIPOU3BCACHUA KOHIICHTPAIlN HOCHUTENEH Ha UX IMMOABUKHOCTD LL* N g
Bcell rpymniel MarepuanoB A3B5 u3 cemelictBa «6.1A». Dta ocobeHHOCTH Mo3BoNIsAET paccMaTpuBath MCP
Kak 3((EKTUBHBIM METOA aHaIU3a 3JICKTPOHHOHN MMOACUCTEMBI IreTepocTpyKTyp A3B5, mo3Bonsomui KOH-
TPOIHUPOBATh 00N TM3alH CTPYKTYPHI U 3JEKTPO(YU3NIECKUE CBOMCTBA OTAEIBHBIX CIIOEB.

[1] Maimon S, Applied Physics Letters, 89, (2006).
[2] Evirgen, A., et al., Electronics Letters 50, 1472, (2014).

81



HO@erHOCWlb, njieHKu, ciou

JlokanbHas 3apsaKa u nojspusanus mieHok SiO2 kak HHCTPYMEHT
CO3/1aHUs U MOJU(UKALIMA MUKPOCTPYKTYP

3y6os J.H.!, SIxosnes B.B.!
YMHMD PAH, 115487, Mocksa

B nanHOli paboTe MpHBOIATCS pe3yibTaThl M aHATM3 JKCIIEPUMEHTOB, LENBI0 KOTOPBIX SIBISIETCS
OLIEHKA BO3MO)KHOCTEH YIpaBIeHHUs JIOKAIbHOM MONISIpU3alueil TUAEKTPUUIECKUX MJICHOK (B YaCTHOCTH -
OKCHJa KPeMHHMSI) KaK MHCTPYMEHTA AJIsl HAIIPABJICHHOTO H3MEHEHUSI MUKPOCTPYKTYP METOJaMH XMMUYIECKOTO
TpaBieHus. JJaHHbIE SKCTIEPUMEHTHI BHITIOIHIIACH Ha IUIeHKaxX SiO2, MOMYy4YEeHHOr0 METOIOM TEPMHYECKOTO
OKHCJICHUSI KPEMHHEBBIX M1acTiH. OCHOBHOH pe3yJbTaT MPOBEJACHHBIX OMBITOB 3aKII0YAETCSl B PETUCTPALUU
SIBHOTO BIJIMSTHUSI JIOKAJBHOH MOJSIpU3allMK U HANPSDKEHHOCTH AJIEKTPUYECKOTO TOJS B IJICHKE TUOKCHAA
KPEMHHS Ha JIOKAJIbHYI0 CKOPOCTh MPOLIECcca €0 paCTBOPEHHS 3a CUET XUMHUYECKHUX PEaKLIUi Ha IPaHULE pa3-
Jiena JU3JICKTPUK-3JIEKTPOIIUT.

B nuteparype mMeroTcs mpuMephl padoT, MOCBSIIEHHBIX BOMPOCY O BIUSHHUU 3IEKTPUYECKOTO IOJIS
Y BHEJIPEHHBIX B cI0 SiO2 2IEKTPHYESCKUX 3apsII0B HA KHHETHKY XUMHYECKUX MTPOLIECCHI, TPOUCXOIAIINX Ha
ee cBOOOIHO MOBepXHOCTH. Tak cpemu paboT HyKHO YIOMSIHYTh CTaThio [1], B KOTOpO#i MOKa3aHO 3HAYH-
TeNbHOE W3MEHeHue ckopocteil Tpasnenus (6onee 20 % npu 200 B/mMkM) as cimydast KBapLeBOTO CTEKIIA.
3aBHCUMOCTb CKOPOCTh OT HAIIPSHKEHHOCTH TIOJIsL OblIa ONpezesicHa Kak MoYTH JuHelHas. pyras pabora,
KOTOPYIO MOJKHO YIOMSIHYTh [2], mocBsiieHa 3hGeKTy CelleKTUBHOTO pocTa rpa)eHOMOJO0HBIX CTPYKTYp Ha
obnactax mieHku SiOz, KOTOpBIe OBUTM TOABEPTHYTHI BO3ACUCTBUIO ANEKTPOHHOTO JTyda. OTeHKa YyBCTBU-
TEJILHOCTH MO00HOT0 JINTOTrPadHUECKOTO MPOIIecca, KOTOPast CIICAyeT U3 MPUBOANMBIX B pabote [2] maHHBIX,
HAXOJMTCS Ha ypoBHE coTeH MKKi/cm?,

B pamkax npezncraBiseMoii paboThl HaMH OBbUT IPOBEACH PAJ] SKCIIEPUMEHTOB, KOTOPBIE MIOKA3aJIN BO3-
MO>KHOCTh 3HAYMTEJIBHOTO MO BenuurHe d(¢eKkTa mojs Ha CKOPOCTh MPOLEcca XUMHUYECKOTO TPaBJICHUS
wieHkd SiO; Ha KpeMHUH. JJaHHBIC SKCIEPUMEHTHI MOKA3bIBAIOT MPHHIUIHATBHYI0 BO3MOXKHOCT pealli3a-
UK aurorpaduyeckoro mpoiecca Ha mieHkax SiOz ¢ UCMOIb30BaHHEM HOBOTO MEXaHU3Ma Ha OCHOBE (op-
MUPOBaHHUsI 00JACTel JIOKAIBHOTO AJIEKTPHUYECKOTO 3apsiia B TUIJICKTPHUECKUX TUICHKAX MOJ| JACHCTBHEM
3JIEKTPOHHOTO Jiy4a. JJaHHBIM MEXaHHW3M HMeeT OTJIMYHMS KaueCTBEHHOTO XapaKTepa OT JAaBHO M3BECTHOI'O
U OomUcaHHOro B tuteparype [3] autorpadudeckoro mporecca Ha ocHoBe SiO2 Kak pe3ucra, a UMEHHO: IPYToi
3HaK () peKTa, KOTOPBIH OKa3bIBACT BO3/ICHCTBIE IICKTPOHHOTO Jiy4ya — 3ame yieHne TpasieHus SiO2 BMecTo
OIMCAHHOTO B JINTEpaType YCKOPEHHUs, a TAKKe KPaTHO OoJiee BHICOKAs 1030Basi 9yBCTBUTEIBLHOCTb. J|aHHBIHI
3¢ deKT BO3MOKEH, €CIIU MPEANOI0KUTh hopMupoBanue B rieHke SiO; obnacteit 00bEMHOIO OTPHIIATEIb-
HOTO 3apsaa. JlaHHOe MPeanoI0KeHHEe OCHOBBIBAETCS Ha Pe3yJIbTaTaxX 3KCIIEPUMEHTOB 0 TPABJICHUIO IJICHOK
SiO; mepeMeHHO TONIIHHBI IO/ IeHCTBUEM PUKIIaIBIBAEMOI Pa3sHOCTH moTeHInanoB. Tak myist ieHok SiO;
¢ TonmmuHamMu ot 65 10 170 M HabIr0IaI0Ch H3MEHEHHE CKOpOCTEi TpaBieHus B pactBopax HF (4 % wmac.)
¢ nobaskoil MetuieHoBoi cunu (0,7 % Mac) B yKCyCHOM kucioTe mopsiaka 1,5-2 kpaTHOro (Impu pa3HOCTH
noreHuuanoB B 20 B Mexay KpeMHHEBOH MOAJIOXKKON M rpadMTOBBIM aHOAOM MPSAMO KOHTAKTUPYIOIIUM
C PacTBOPOM).

Haunbonpmmii nHTEpEC C TOYKU 3pEHHsT MPUMEHEHHS IS 1eliel AJIeKTPOHHO-TY4YeBOl JHuTorpadu,
JaHHBIA MEXaHU3M MPEACTABISET C TOYKH 3PEHHUS] BO3SMOXKHOCTH MHOTOKPAaTHOTO YBEIHYECHHUSI YyBCTBUTEIb-
HOCTH TIporiecca (B npejiee 10 ypoBHel eaunui MKKi/cm?).

[1] R. B. S. Neto et al., Proc. R. Soc. A., 465, 3447 (2009).
[2] M. A. Knyazev et al., Mater. Res. Bull., 86, 322 (2017).
[3] A. Beaumont et al., J. of Vac. Sci. Technol. B., 28, 940 (2010).
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In-situ >IUIICOMETPUICCKHI MOHHUTOPHHT ITPOIIECCOB POCTA
rerepocTpyktyp HgCdTe

M.B. fkywes, C.B Peixnuukuit, B. A. IIIgen, E.B. Cnecusnes.
UDIT CO PAH um. A.B. Pacanosa, 630090, Hosocubupck, np. Axademuka Jlaspenmoesa, 13.

B nacrosimee Bpems: monynpoBogHuk HQ1«CdxTe (kagmuit-pryth-Temutyp, KPT) 3anumaer nuaupyto-
1iee TOoJIOKEHNEe CpeI MaTepUalioB, HA OCHOBE KOTOPBIX pa3padaThIBalOTCs WHPpaKpacHbie POTORIEKTpUYIe-
CKHe€ IETEKTOPHI U3IydeHHn. MoeKyIspHo-TTydeBas anutakcus (MJID) sBisercs Hanboiee mepceKTHBHBIM
MetoaoM BelpamuBanus cino€éB KPT. K mpeumyiiecteaM JaHHOIO METOAA OTHOCUTCSL BO3MOKHOCTh KOHTPO-
JIUPOBATh MapaMeTphl MOBEPXHOCTH PACTYILEH MJIEHKH HEMOCPEICTBEHHO B mpouecce pocta. B ciyuae KPT
Judpaxnust OBICTPHIX AIIEKTPOHOB, HCIONIb3yeMasi OOBIYHO JAJISI KOHTPOJI SIMHUTAKCHAIbHOTO POCTa, CTaHO-
BUTCS He(HEKTUBHOM U3-3a HCIIOIb30BAaHHS BHICOKOMHIECKCHBIX IIOBEPXHOCTEHN, O0JIBIIOr0 paccoriacoBaHus
MapaMeTPOB KPUCTAIUIMYECKUX PEIIETOK U KPUTHYECKOTO BO3JEHCTBHS Ha TPOLIECCHI POCTA.

B U®IT CO PAH npoBoauTcst KOMILIEKC padOT 1O CO3IaHUI0 MPOU3BOCTBa retepocTpykryp KPT Ha
noanoxkax Siu GaAs, BeIpaiiuBaeMbix MeTo10M MJID mpu HU3KO3HEPTreTHYHOM JUTUIICOMETPUYECKOM KOH-
TpOJE Ha BcexX cTanuax pocta. Co3qaHo YHUKAIBHOE aBTOMAaTU3UPOBAHHOE TEXHOJIOTHYECKOE U aHATUTHYE-
CKOE OTEeYEeCTBEeHHOE 000pymoBaHHUe s MOJeKyIsipHO-TydeBoi anurakcuu KPT. [Tnenkun KPT moryT xoH-
TPOJIMPYEMO BBIPAIIUBATHCS ¢ MOAYJIALIMEH cOCTaBa Mo TOJIIMHE OJaroaapsi HAIMYHIO BCTPOCHHOTO SJLTHII-
coMetpa. Ha 6a3e 3amaTeHTOBaHHOW CTaTHYECKOH CXEMBI pa3padOTaHbl BEICOKOCTAOMILHBIN OTHOBOJIIHOBOM
Y CHEKTPATBHBIN AILTUIICOMETPHI ISl KOHTpods miporieccoB MJID KPT, nzroroBneHsr 00pa3ibl ITHIICOMET-
POB, KOTOpBIE YCTAaHOBIIEHBI HA MOAYJU pocTa ciioéB KPT.

PazpaboraHbl 3/UIMTICOMETPHYECKHE METOAUKH,

MO3BOJISAIONIUE TPOBOUTH N Situ KOHTPOJIb MOBEPXHOCTH
pocta, coctaBa KPT, TeMmepaTtypsl Ha BCeX CTaUAX BbI-
pamuBanus rerepoctpykryp KPT. B ocHOBe 3THX MeTO-
JUK JEKUT 3aBUCUMOCTD OIITUYCCKUX ITOCTOSAHHBIX MaTe-
pHAIOB OT COCTaBa M TEMIIEpATyphl, a Tak)Ke BBICOKAs
YyBCTBHUTEIBHOCTh JJUIMIICOMETPHUUECKUX H3MEPEHHH K
Mopdosorun noBepxHocTd. Ha ocHOBE moiryueHHOro M-

NUPUYECKOr0 MaTepuaia pa3paboTaHbl HapaMeTpUUECKUe

MOZACIIH, ONHMCBIBAIONIUEC CIICKTPHLI ONITHYCCKHUX IMOCTOSH- - L o2

Hbeix KPT B3aBUCMMOCTH OT cOCTaBa M TEMIEPATypbI 400, 5000 BGO0 2700 800 200 1000
, UM

Puc.l. — Cnekmpbi noxazamerneii npenome-
HUs u noenoweHus. Tonxue auHuu — pacuém
pOBaHa B SKCIEPUMEHTAX, B XOJ€ KOTOPLIX ObUIM MONY- | 10 modenu O memnepamypusl pocmad, mo.l-
YeHBl IUIEHKU BBICOKOTO CTPYKTYPHOIO COBEPIIEHCTBa, | Crible skcnepumerm 0ns X=0.22.

(puc. 1), aTaxke cnektpsl CdTe or TemmnepaTtypsl. D¢-
(DEeKTUBHOCTH TPEJIOKEHHBIX METOJUK IMPOAEMOHCTPH-

NPUTOJHBIE 1 co3aHus MaTpuuHbIx OITY.

[penyiosxkeHHbIE METOTUKH TIOCIIE IOTIOTHUTENBHBIX KATHOPOBOYHBIX SKCIIEPUMEHTOB MOTYT OBITh pac-
POCTPAHEHBI U HA JPyrue MaTepuabl
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HccnepoBanue metogoM JIObBD HavyanbHBIX 3TAlOB AMUTAKCHAJIBHOTO
pocta MnsGes na Si(111)

SAxosaes U.A., JIykbsiHeHko A. B.
UD CO PAH, 660036, 2. Kpacrospck, Akademeopodok, d. 50, cmp. 38

Co3maHue HOBBIX MaTE€PUAIOB U TEXHOJOTHH, KOTOPBIE MO3BOJIAT pa3padaTbiBaTh yCTPOICTBA C MEHb-
LIMM DHEPromnoTpedieHueM, MO0 C HOBBIMH (DYHKIIMSMHU, SIBJISIETCS aKTyaJIbHOU 3a/1a4eld Hay4HOro cooOrie-
ctBa. Ilepexon kK ycTpoiicTBaM CIMHTPOHUKH, UCIIOIB3YIOLIMM B pa0OTEe CTENEHHU CBOOObI CIIMHOB 3JIEKTPO-
HOB, a TAK)X€ TPAHCIIOPT UX Yepe3 IOJIyIIPOBOIHUKOBBIE CIIOH, SIBJISICTCS OAHUM U3 BaXKHEHIINX HAIlPaBICHUI
Hay4YHBIX HCCIEI0BaHUI.

Teepaptii pactBop MnsGes sBsieTcsi OUeHb MEPCIEKTUBHBIM
MaTepHaIIOB [T 3a71ad TOyIIPOBOTHUKOBOM CITMHTPOHUKHU. JTO (ep-
poMarauTHEIN MeTamt ¢ Tc =296 K, o0mamaromnuii BEICOKOI CITMTHOBO#M
NoJIpU3alKeH, Asl KOTOPOTrO yKe MPOJIEMOHCTPHUPOBAHBI 3(P(EKThI
CIMHOBOM MHXEKIUU U JETEKTUPOBAHUS B MOTYIPOBOIHUK [1].

[Tnerxa MnsGes ObLTa TPUTOTOBIIEHA METOJIOM MOJIEKYIIIPHO-
Jy4eBO SMHUTAKCUH C OTHOBPEMEHHBIM OCakaeHHeM Mn (CKOpoCTh
0.35 am/mun) u Ge (ckopocth 0.32 HM/MUH) U3 TepMUYECKUX 3P Py-

3UOHHBIX UCTOYHUKOB IIPHU CTCXUOMECTPUICCKOM aTOMHOM COOTHOIIC-
aur MnsGes Ha Si(111) 7x7 npu 390 °C [2]. TonmuHa IEHKH CO-
crasmia 10 am. [Ipomecc ¢popmMupoBaHus IUIEHKH KOHTPOIUPOBANICA in situ MeTomoM Audpakiiui OTpakeH-

Puc.l. — Kapmuna JOBD npu

HBIX OBICTPBIX AMeKTpoHOB ([JOBJ). Ananmn3 manueix JJOBD ocymecTBIsicsS COBMEIIEHHEM SKCIEPHUMEH-
TaNbHOI U pacueTtHoit [3] kapTuH 11 3agaHHOrO Matepuana. Ha puc.1. mpeacrapiena kapruna JJOBD mocne
HanputeHus 0.5 HM MnsGes, Ha Hell HaOmoJar0TCs peIIeKCh B BUJE TSDKEH OT IUICHKH U cJa0ble TOUKHA — OT
Si(111). PacummdpoBka kapTHHEI TOKa3ana (GOpMUpOBaHKE TUIEHKH C KyOmdeckoi ctpykrypoii CP8 (a=0.45 am)
COOTBETCTBYIOLICH cumimay Mapranina MnSi. Crenad BbIBOJ O TOM, YTO Ha HA4aJbHOM 3Tarle MPOUCXOIUT
(hopMHpOBaHIe TPOHHOTO TBEPAOTo pacTBopa Mn-Si-Ge ¢ perreTkoit MOHOCHIHIIKMIAA Mapradna. [Ipu Hamsite-
HUH IJICHKY TOJIIMHON B AMANa30HE 1-5 HM MOSBISIOTCS OMOJIHUTENbHBIE PedIeKChl OT MOHOKPUCTAIIA Map-
ranna (158, a = 0.89 um). [IpennonoxxurensHo Takas AMHAMUKA BBI3BaHA TE€M, YTO YacTh MOCTYIAIOLIETO Iep-
MaHus UIeT Ha popmupoBanue Kyoudeckoro Mn-Si-Ge, a octaiibHasi 4acTh, MCXO/IS U3 PABHOBECHO# (ha30BOit
JauarpaMmel [4], npuBoauT K oOpasoBanmio uucTeiiioro Mn u MnsGe (t18, a= 0.38 um, ¢=0.36 um). [Tpu gaib-
HeHIIeM HaIlbUIEHUH OCTYIUICHNE KPEMHUSI M3 TIOJUIOKKH B IUIEHKY MpeKpariaercs ¥ GOpMHUpOBaHUE TPOMHOTO
TBEPAOro PAacTBOpa TOXKE — HAYMHAETCS AIUTAKCUATIBHBIM POCT MOHOKPHCTAJUTMUECKOH tuieHKH MnsGes.

Pabora BhImosiHeHa npu (UHAHCOBOM mojiepkke Poccuiickoro HayuHoro ¢onma u KpacHosipckoro
KpaeBoro (onna Hayku rpant 23-22-10033.

[1] J. Tang, et al. Nano Lett. 13 (9), 40364043 (2013).

[2] I.Yakovlev, I. Tarasov, A. Lukyanenko, et al. Nanomaterials 12, 4365 (2022).

[3] Akosnes U. A., I'oc. pee. npoep. ons IBM 2018611121. Ilpoepamma onsa pacuema Kapmum
oughpaxyuu snexkmporos om kyouueckoeo kpucmaina (2017).

[4] JIakuwesa H.I1., [Juacpammovl cocmosnus O80UHBIX MEMATUYECKUX CUCTNEM. CHPABOYHUK 8 3 MO-
max, Mawunocmpoenue, Mockea (1997).
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Mexanusm popmMupoBaHUS HAHOSMOK Ha roBepxHocTH INAIAS citos

Ha 1ou10xkke InP

I'ynses 1.B., Imutpues [.B., Munexun 1. A., [Tonomapen C.A., XKypasnes K.C.

UDII CO PAH, 630090, Hosocubupck, np. Jlaspenmovesa 13

Cunou InAlAS cornacoBaHHbIE TI0 TapaMeTpy PeHIeTKH ¢ INP MOATI0XKKO# SBISIOTCS OAHUMH U3 OCHOB-

HBIX MAaTCpUAJIOB IAJId CB4Y OJICKTPOHUKHU U OITOSJICKTPOHUKH Ha ommxuuit UK Juara3oH. CornacHo JIaTepa-

TYPHBIM JTaHHBIM, HedexThl Ha moBepxHOCTH INAIAS cit0eB CrIOCOOHBI OKa3bI-
BaTh BIWSHUE HA JJIEKTPOPUINUECKUE U ONTHYCCKHE CBOMCTBA MHOTHX 3JICK-
TPOHHBIX ycTpoicTB [1,2]. OAHUM HM3 OCHOBHBIX THIIOB IMOBEPXHOCTHBIX JIC-
¢dektoB Ha moBepxHOCTH INAIAS coeB, BBIpAlICHHBIX METOIOM MOJIEKY-
JISIpHO — JIy4eBo# anuTakcun (MJID) SBISIOTCS SMKH TITyOWHOM 10 HECKOIb-
kux HaHOMeTpOB (cMm. puc. 1) [3]. B manHoii paboTe poBeaeHO IETATBHOE HC-
cliefioBaHHEe MOP(OJIOTUN TOBEPXHOCTH, 3JIEMEHTHOTO U CTPYKTYpHOTO CO-
craBa INAIAS croeB ¢ 1enbio onpeaeeHUsl MeXaHu3Ma (OPMUPOBAHHS SIMOK
Ha oBepxHocTH INAIAS ciios, BeiparieHHbIx Metogom MJID Ha (001) InP moa-
JIOXKKE | OTIPEJICIICHHS YCIOBUI MOMYYCHUS aTOMAPHO-TJIAJKON TIOBEPXHOCTH.

YcTaHOBNIEHO, YTO JlaTepajbHBIC Pa3Mepbl/TIyOHMHAa HAaHOSMOK Ha TIO-
BepxHocTH INAIAS nponopiroHaiIbHbI TOJIIMHE BRIPAIICHHOTO cJ10s. B coBo-
KYIMHOCTH C BBICOKOW OJTHOPOJHOCTHIO Pa3MEPOB HAHOSMOK 3TO CBUJICTEIhb-
CTBYET O MPOPACTAIONIEM XapakTepe Ae(HEKTOB, 3apOXKIAFONIIXCS MPH ONpeie-
JICHHOM TONIIMHE cJ1051. MeToJ0M MUKPO-(OTOTIOMHHECIICHIINH YCTaHOBIICHO,
YTO TOJOKEHUE MK JIIoMUHECIIeHITHH ON INAIAS B 0671acTH IMKH CABHHYTO
B CTOPOHY 0o0Jiee BBICOKMX SHEPruUil MO CpaBHEHHIO C ocTaibHBIM INAIAS
CJIOEM, UTO CBUJICTEILCTBYET O CHIDKCHHH JIOJH HHJIMS B COCTABE TPOWHOTO CO-
enunenus INAIAS B o6macTu sMKH (CM. puc. 2).

[MpennoxeHa Mojieb popMUpOBaHuUs SMOK Ha oBepxHocTH INAIAS, oc-

¢

Y (um)

10

0 X(um)
Puc.2. — Kapma nonoosce-

HOBaHHas Ha 1) YMCHBIICHUU SHCPIrUr aKTHUBAIUU ,I[eCOpGLII/II/I afaToMa UHAUA C IIOBCPXHOCTU PACTYLICTO

CIIOSI B OKPECTHOCTSIX Jie(eKTa YIMaKOBKH, YTO MPUBOAUT K CHIDKEHUIO CKOPOCTH POCTa B OKPECTHOCTH Jie-
¢exra; 2) nogasnennu auddy3un aqaToMoB UHIUS U3-3a Oapbepa Dpnuxa-11IBo6ens chopMUpoBaHHOTO TEMU

Ke JleeKTaMu YIaKOBKH, YTO MPEMSATCTBYET 3apacTaHuio sIMKH. [IpesiokeHHas MOJIeTb OMUcaHa CHCTEMOM

KHHETHYCCKUX ypaBHeHHfI.

Pabora nognepxana PH®, npoekt Ne 23-22-10054 u [ Ipasutenscrom HoBocnbOupcekoii oomacta, npoekt Ne p-50.

[1] M.S. Aksenov et al,. Surfaces and Interfaces 39, 102920 (2023).
[2] Piotr Gutowski et al., Materials 12, 1621 (2019).
[3]1 . B. I'vasies u op., Asmomempusi 60, 49 (2024).
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Mist-CVD »nurakcus ¥ MaraHeTusM TOHKHUX c¢i1oeB a-CroOs

Ilanenkos C.B.}, Xapuronckwuii I1.B.}, Tumamos P.B.}, Crenanos A. 1.1, Cepruenxo E.C.2,
Hukonaes B.11.!

Y\OTH um. Hogpgpe, 194021, Canxm-Ilemepbype, Honumexnuueckas yn., 26
2Canxm-ITemepbypeckuii 2ocyoapcmeennviii ynusepcumem, 199034, Canxm-Ilemepoype,
Yuusepcumemckas nao., 7/9
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Puc.1. (@) — muxpocpamma ocmpoexogozo CroOs, nonyuennas ¢ CKanupyowem IAeKmpoHHOM MUKPOCKONE,
(b,c) — kpusvie macnumnozo eucmepesuca npu memnepamype 295 K 6 none, napaiieivHom niocKocmu
noonoscku: (D) — obwuii 6uod, (C) — 6 obracmu mManvix nonell, CNIOWHASL TUHUS — OAHHbIE C YY4emom Oud-
MACHUMHOU NOONOJNCKU; NPEPLIBUCAS TUHUSL — OAHHblE NOCTe GbIYemd CUSHANA NOOTIONHCKU.

Oxkcun xpoma (I11) — Cro03 — knaccuueckuii aHTUGEPPOMATHETHK, XapaKTEPU3YIOUIMHACS BBICOKOM
temneparypoit Heens (307 K), nmpu mepexojie kK CBEpXTOHKHM CJIOSIM CITOCOOCH MpHOOpeTaTh (heppruMarHuT-
HBIC CBOMCTBA. DKCIEPUMEHTHI MOCIICTHHX JIET MO €T JIETHPOBAHUIO MTPOASMOHCTPUPOBAITH TIEPCTIICKTUBBI HC-
MOJIb30BAHUS OKCUJIA XPOMa U KaK IMUPOKO30HHOTO MOTYIMPOBOJHHKA P-THIIA TIPOBOJAUMOCTH, OTHOCSIIETOCS
k rpymme TCO (transparent conductive oxides) marepuanoB. OCHOBHOM Mperpagoi Ajsi MPaKTHUIECKOTO HC-
nonb3oBanus CroOs rccnenoBaTeNd Ha3bIBAIOT OTCYTCTBHE METOJA TONYYEHHSI BHICOKOKaUYeCTBEHHBIX AITH-
TaKCHAIBHBIX CIT0eB. [1]

Hareit nabopaTtopueii 6bu1a papaboraHa cOOCTBEHHAS! TEXHOIOTHSL POCTA CIOEB OKCHIA XpPOMa, POA-
CTBEHHBIX €My ITOJYIIPOBOJHUKOBBIX OKCHJIOB M X TBEPJBIX PACTBOPOB Ha Car(pUPOBHIX MOITI0KKAX METO-
JIOM YJIbTPa3BYKOBO#I TapoBoit xumuueckoi snutakcun (Mist-CVD) [1,2]. B nanHoi paboTe B peakTope Mist-
CVD »snurakcun OBUTH BBIPAIEHBI TUIEHKH, COCTOAIINE U3 poMOo3apuyeckux octpoBkoB Cr.0z (puc. 1a, co-
CTaB HOATBEPKAEH METOJIOM SHEPTOIMCIIEPCUOHHOM PEHTTeHOBCKOH criekTpockonuu, Cr — 35.2 %, O — 64.8
%). BO3HHKHOBEHHE OCTPOBKOBOW CTPYKTYPBI O0YCIIOBIIEHO T€M, YTO HE 00ECIeUnBAIOCH JIAMUHAPHOE Teue-
HUE Ta3a HaJ| [OJUI0KKOH. Panee ObuIN monyyeHb! kauecTBeHHBIN ci10i 0-Cr,O3 TommuumHoN nopsiaka 1 um [2],
U CJIOW C OBTOPHOM 3mUTaKcued. bpuio nmpoBeneHo uccieJoBaHUE KPUBBIX HAMATHUYMBAHUS BBIPALICHHBIX
wieHok (puc. 1b u 1c). BeisiBneno, 4uro mieHkn o-Cr203 ¢ 0CTpOBKOBO# CTPYKTYpOil 10 HAMarHUYEHHOCTH
BeayT celst Kak Geppo- win heppuMarHeTuku. Bo3aMoKHO, 3TH 3HaUCHHS OOBSICHIIOTCS HATMYUEM BaKaHCHIMA
1 MEXaHWYECKUX HANpPSDKEHUH BHYTPU KPUCTALTUTOB. [loiyueHHbIE 3HAYEHUsI OCTATOYHOW HaMarHWYeHHO-
CTH JUIA CIUIOIIHBIX CJIOEB 00Jiee YeM Ha MOPSAAOK MEHbIIE, YeM JAJisl OCTPOBKOBOro obpasua. C npyroii cro-
POHBI, MAarHUTHBIE XaPAKTEPHUCTHKH CIUIOIIHBIX CJIOEB CTPOr0 HE COOTBETCTBYET aHTH()EPPOMAarHUTHOMY CO-
ctosiauio 0-Cr203, 4To MOXKeET 00BSACHATHCS BIUSHUEM MaJIbIX pa3MepOB KPUCTAIIUTOB B CJIOE.

TaxuMm o0pasom, paszpaboranHas TexHosorus pocta o-Cr203 metomom mist-CVD mno3Bonuia 00bek-
TUBHO CPaBHUTh MAarHUTHBIE CBOMCTBA YNUTAKCUANBHBIX clioeB 0-Cr203 pa3audHON TOIIIUHBI.

[1] V. 1. Nikolaev et al., J. Alloys Compd., 994, 174687 (2024).
[2] V.I. Nikolaev et al., Tech. Phys.Lett., 49, 81 (2023).
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ToHKkas cTpyKTypa B pacipeeIICHHH 110 SHEPTUHU JJICKTPOHOB,
smuthpoBaHHbIX U3 p-GaAs(Cs,0): pacuer

Kazanues JI.M.12, Baxun B.B.}, Poxkos C.A.12, Iaii6nep I'.D.12, Anpneposuu B.J1.1?,
Tonsimos B. A}, Tepemenko O.E.12

YU@II CO PAH, 630090, Hosocubupck, np. ax. Jlaspenmvesa, 13

2HI'Y. 630090, Hoesocubupck, ya. Ilupocosa, 1

N3BecTHO, uTO M3rHbd 30H BHOCUT CYIIECTBEHHBIN BKJIaa B (QOPMHUPOBAHNE COCTOSHUS C OTPHIIATENb-
HBIM 3(h(HEKTHBHBIM 3IIEKTPOHHBIM cpozicTBoM (ODC) Ha MOBEPXHOCTH CHIBLHOIETHPOBaHHOTO P-GaAS ¢ cy0-
HAaHOMETPOBBIMHU CIIOSIMU 11e3Hs U Kuciopoaa [1]. brnarogaps BBIcOKOMy KBaHTOBOMY BEIXOZY (POTOIMHUCCHH,
O3C-dorokaroast Ha ocHOBe P-GaAs(Cs,0) MIMPOKO UCTIONB3YIOTCA B (POTOAIEKTPOHHBIX PUOOPAX, OAHAKO
MHKPOCKOITMYECKHE MEXaHH3MBI MIEPEHOCA DJIEKTPOHOB depe3 00JacTh M3rnda 30H, paccesHus, 3aXxBaTa Ha
JIOKAJTM30BaHHBIE COCTOSHUS ¥ AMICCHH B BAKYYM JI0 CHX ITOP TIOHSATHI HEJOCTATOYHO M OCTAIOTCS TIPEAMETOM
nuckyccuid. B psie paboT B M3MEPEHHBIX PAaCIPEACTICHUAX IIEKTPOHOB 110 HOPMAaJIbHOM K TOBEPXHOCTH KOM-
MOHEHTE KWHETUYEeCKOW SHepruu, Ha QoHe MbenecTana ¢ IMUpUHOH, paBHO# BenmmunHe ODC, Habironanacs
TOHKAsl CTPYKTypa B BHJI€ MTUKOB, O0YCIOBICHHBIX, TIPEANOI0KUTEIFHO, YMIUCCHEH JIIEKTPOHOB CO JHA 30HBI
poBOAMMOCTH B 00BbemMe P-GaAS [2] wim u3 COCTOSHMIA JBYMEPHBIX ITOA30H Pa3MEPHOTO KBAHTOBAHUS B 00-
nacTu u3ruba 30H [3,4], a Tak)Ke SMUCCUEH M3 dTUX COCTOSHUH C HCITyCKaHUEM ONTHYeCKHX (POHOHOB B 007a-
CTH M3ruba 30H WM MPHU NEPECCUCHUH 3JISKTPOHOM ITOBEPXHOCTH. B 1aHHOM paboTe nmpoBenéH pacyér sHep-
TeTHYCCKUX PACTIPEICIICHUI IEKTPOHOB, SMUTHPOBaHHBIX U3 P-GaAS(Cs,0), ¢ 11es1bi0 BhISCHEHHS MEXaHU3-
MOB (pOPMHUPOBAHUSI TOHKOW CTPYKTYPBHI.

B pacuere npezmonaranock, 4To OCHOBHOM MEXaHH3M TEPMaJI3aIliH HJIEKTPOHOB COCTOUT B UCITYCKAaHHU
1 MOTJIONICHNHU IMTPOAOJBbHBIX OIITHYCCKUX (bOHOHOB. q)OpMy.HI)I JUIISL BCpOﬂTHOCTCﬁ OTHUX MPOLCCCOB 6I)IJ'II/I B3ATbI
u3 [6] ¥ aganTUPOBaHBI AJIST POU3BOIBHBIX BOJHOBBIX (DYHKIWIA HAYAIFHOTO M KOHEYHOTO COCTOSHHIA, B TOM
qrcye, Ui IepeX0/a Ha COCTOSIHUS B IBYMEPHBIX TIOA30HaX. BOTHOBEIE (DYHKITUH 3JIEKTPOHA MOTYYESHBI YHC-
JICHHBIM pelnieHreM ypasHeHus LLpénunrepa B moTeHIMaNe, BKIIOYAIOIEM TOBEPXHOCTHBIN U3rH0 30H B MOITY-
MPOBOJHKUKE W MOTEHIWAN CHJI 3apsiga-u300paskeHusi B Bakyyme. DyHKIUM pacnpeseneHus dJIEKTPOHOB TI0
SHEPIuu B IByMEPHBIX TO30HAX TMOTYYECHBI YHCICHHBIM PElIeHHEM CTallMOHAPHOTO ypaBHEHUs borbiMaHa.
[Ipo3payHOCTh TpaHUIIBI pa3ziena MOJYIPOBOAHUK-BAKYYM JUIS SJIEKTPOHOB PACCUUTHIBANACH B MIPUOIMKEHUH
a¢dexTrBHBIX Macc. AktuBupytommid Cs-O ¢iol npencTaBieH B BUE TYHHEIILHO-TIPo3padHoro 0apsrepa. Pac-
CMOTPEHO BIIMSHUE YIIPYTOro paccesiHus 31eKTpoHoB B CS-O ciioe Ha paciipeerneHue 1o MpoI0IbHOH SJHEPTHI
JUTSL U30TPOITHOTO PACCESTHUS DIIEKTPOHOB 10 a3UMYTAIEHOMY YTy O W [ BEPOATHOCTH paccestHus ~ cos 0.
Pacnpenenenuss SMUTHPOBAHHBIX AIIEKTPOHOB TIO MPOOIBHON HEPTHH, PACCUNTAHHBIE B MOJIENI SMUCCHU U3
COCTOSTHUIA Ha JTHE 30HBI IPOBOIMMOCTH U B MOJIEITA YMUCCHH M3 COCTOSTHHIA IByMEPHBIX MO[30H, COMTOCTABIICHBI
C IMEIOIIUMUCS SKCIIEPUMEHTAILHBIME NaHHBIMU [2-4]. ComocTaBieHne SKCIIEPUMEHTa C pacieTOM TOKa3bl-
BAaeT, YTO OCHOBHOM MUK COOTBETCTBYET B SMHUCCHHU JJIEKTPOHOB CO JIHA 30HBI MPOBOJMMOCTH B 00bEME TOITy-
MTPOBOJTHHKA, & JOTIOJHUTENbHBIE CNIa0bIe TIMKH SBISIFOTCS €r0 ((DOHOHHBIMHU PETUTUKAM.

[1] P.JI. Benn, Dmummepsi ¢ ompuyamensHulm d1eKmpornbim cpoocmeom, Duepeus, Mockea (1978).

[2] B.B. Bakum u 0p., Tezucwt 00knados Poccutickoil Konpeperyuu 1 wKobl MOIOObIX YHEeHbIX N0 AKIMYdlb-
HbLM BPOOIeMam ROTYNPOBOOHUKOBOU (homoanekmponuku « Domornuxa 2023y, Hosocubupck, 76 (2023).

[31 . A. Opnos u op., [Tucema 6 IKOTD, 71, 220 (2000).

[4] O.E. Tereshchenko et al., Phys. Rev. Lett., 7, 16154 (2017).

[5] B. Puonu, Keanmossie npoyeccwol 6 nonynpogoonuxax, Mup, Mockea (1986).
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Busiane pexoscTpyKimd (V3xV3)-SN Ha KHHETHKY CYOMOHOCIONHOTO
SMUTAKCHUAIBLHOTO pocTa Ha moBepxHocTh Si(111)

Ierpos A.C.?, Poruno I.1.12, Illernos J1.B.}, Jlareimes A.B.12

YUeIT CO PAH, 630090, Hosocubupck, np. Akademuxa Jlagpenmuesa, 13.

2HI'Y, 630090, Hosocubupck, yi. ITupozosa, 2.

[IpuMeHeHus: CTPYKTYp Ha OCHOBE TBEPABIX pacTBOpoB Si—Ge—Sn B 001aCTH ONTOAIIEKTPOHUKHU OTIpe-
JeTIsieT TOBBILICHHBIA HHTEepeC K JaHHbIM MaTepuanam [1]. s ¢popMupoBanus cOBepLICHHBIX TPAHUI] Pa3-
Jenia B JAaHHOW 3MUTAKCHAJIbHOW cHCcTeMe HEO0OXOIUMO ITyOOoKoe MOHMMaHue (yHIaMEHTaIbHBIX aTOMHBIX
IIPOLIECCOB, ONPENEIIAIONINX 3apOKACHUE U POCT TBEPIBIX PACTBOPOB U SMUTAKCHAIBHBIX IJIEHOK. B nanHOM
paboTe paccMOTpeHa pPa3HHUIA B HAYAIBHBIX CTaIUsX SMUTAKCHAIBHOIO POCTa HA YHCTONH MOBEPXHOCTU
Si(111)~(7x7) u ma mosepxuoctu Si(111)-(V3x\3)-Sn, rae croit SN BEICTyMaeT B KauecTBe CyphaKTaHTa.

Meroaamu in Situ CBEpXBBICOKOBAKYYMHOM OTpakaTEIbHOW 3JIEKTPOHHOM M €X SitU aTOMHO-CHIIOBOI
MUKPOCKOITHU HCCIEIOBAaHO JBYMEPHO-OCTPOBKOBOe (2D) 3apokneHre Ha Ha4albHBIX CTAIMSIX CyOMOHO-
CJIOHOTO 3MUTaKCcHABHOTO pocTa Si u Ge Ha moBepxHOcTH Si(11 1)-0-(\3xV3)-Sn npu T = 600°C u Ha no-
BepxuoctH Si(111)-y-(V3xV3)-Sn mpu T = 700°C [2]. Jlns pocTa Ha MOBEPXHOCTH C PEKOHCTPYKIIHCH 0
(V3x/3)-Sn mokazauo, uro KpeMHHEBBIE 2D-0CTPOBKH, MOSABISIIOIIKECS Ha IMIHPOKHUX TEPpacax MOBEPXHOCTH
Si(111) B xoae ocaxnenus Sn ipu T < 650°C [2,3], HuBenupyroT 3pdexT cost Sn kak cypdakTaHTa U BBICTY-
MAIOT B Ka4EeCTBE LIEHTPOB CTOKA M POCTa ISl OCAKIAEMOT0 MaTepruana. Y CTaHOBJIEHO, YTO CyOMOHOCIIOMHAs
romosmuTaKkcus Ha moepxaoctH Si(111)-y-(V3xV3)-SN ¢ mMHpoKUME ATOMHO-T/IaIKMMH TePPACaMH XapaKTe-
pusyercst 3apoxkaeHueM 2D ocTpoBKOB Si ¢ TnagkuMu KpasMu U GOpMOi OIM3KON K OKpYTIIBIM 2D ocTpoB-
KaM, 3apoXKJarolIuMcs Ha HepeKOHCTpyrpoBaHHON moBepxHoctr Si(111)-“1x1” mpu Temmepartypax Oonee
830°C [4], Torma kKak 3MUTaKCHABHBIA POCT HA PEKOHCTpyupoBaHHOU moBepxHOcTH Si(111)-(7%7) xapakre-
puU3yeTcs 3apoKIeHHEM TPeyroibHbIX 2D 0CTPOBKOB, OrpaHEHHBIX B HampabieHusx Tuna [112] [4,5]. dns
2D octposkoB Si Ha mosepxaocTH Si(111)-y-(N3%xV3)-Sn H3MepeHb! 3aBHCHMOCTH MX KOHLEHTPALMHI B [CH-
TPaJIbHBIX OOJIACTSIX Teppac U MUPUHBI 30H 00eTHEHNS BOJIM3M aTOMHBIX CTYIICHEH OT CKOPOCTH OCAXKICHHUS.
Ha ocHoBe aHanm3a MoMy4eHHBIX 3aBUCUMOCTEH ClIENIaHO 3aKJII0YCHHE, YTO Haliuue Ha moBepxHocTu Si(111)
HPUMECHON PEKOHCTPYKLIUU y-(\/3 ><\/3)-Sn, BBICTYTAIOIIEH B KauecTBE Cyp(paKTaHTHOTO CJI0s1, HE TPUBOJIUT K
MaCCHBALIMM HU KPa&B aTOMHBIX CTyIEeHEH, HU Kpa€s 2D ocTpOBKOB, UTO, BBU/1Y MOBBIICHHON KOHLIEHTPAUU
M3JI0MOB Ha MX KpasxX W, CIEI0BATENbHO, MPEHEOPEKHMO MaJbIX YIHEPreTHYECKUX Oapbepax Ha BCTpauBaHHUE
a/1aTOMOB Si B HUX, IPUBOJIMT K YCTAHOBJICHUIO JIMMUTHPOBAHHOMN HCKIFOUUTENHLHO TIOBEPXHOCTHOM quddy-
3ueil KHHETUKH 2D-0CTPOBKOBOTO 3apOXKIACHUS M POCTa C pa3MepOM KpUTHUecKoro 3apozsiia ~ 20—100 ato-
MOB Si. YCTaHOBIIEHO, YTO CypdaKTaHTHOE MOKPHITHE SN MPUBOAUT K ABYKPATHOMY YBEIHMUYCHMIO IIUPHUH 30H
o0enHeHHs BOIM3H CTYIIEHEH U XapaKTepHBIX paccTOsIHUE Mexkay 2D ocTpoBkaMu B IEHTpe Teppac, 4To odec-
MeYNBACTCS IOHKEHHBIMU TU(DGY3HOHHBIMU OapbepaMu U 0oJiee BHICOKOM 3HEprUer (hopMUPOBAHHS/THC-
COIIMAINMKU 3apojbliia KpeMHueBoro 2D octpoBka Ha moBepxHocTH Si(11 1)-y-(\/3 ><\/3)-Sn, 110 CPAaBHEHUIO
¢ poctoM Ha urcToit moBepxHocThO Si(111)-(7x7) mpu Tex ke TeMIepaTypax u CKOpocTsx ocaxaeHus [4,5].

Pabora BeimonHena npu ¢unaHcoBoi noguepxke PH® (rpant Ne 19-72-30023) na obopynoBaHuu
HKII «HaHOCTpYKTYPBI».

[1] S. Wirths et al., Prog. Cryst. Growth Charact. Mater, 62, 1-39, (2016).
[2] Petrov et al., Surf. Sci., 741, 122418 (2024).

[3] Petrov et al., Appl. Surf. Sci.,609, 155367 (2023).

[4] Rogilo et al., Surf. Sci., 667, 1 (2018).

[5] Petrov et al., J. Cryst. Growth.,531, 125347 (2020).
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WccnenoBanus npoueccoB aacopOuuun/aecopOunn METaAIIOB MPU POCTE
retepocTpykTyp (Al,Ga)N meronom mia3mMeHHOo-akTUBMpoBanHo MII2D

Heuaes /I.B., CemenoB A.H., Kmepuk B.H.
OTU um. A. . Hopgpe, 194021, Canxm-Ilemepoype, llonumexnuyeckas yi. 26

I'eTepocTpykTypsl Ha ocHOBe coennHenuit AlGaN, moydeHHbIe ¢ COb30BaHUEM I1Ia3MEHHO-aKTH-
BUPOBaHHOI MOJICKYJIIpHO-ITyuKoBOi#i snuTakcuu (ITA MITD) Ha moutoxkax C-Al2O3, akTHBHO HCTIONIB3YIOTCSI
JUTSL FI3TOTOBJICHHS OTITORJIEKTPOHHBIX MPUOOPOB YIBTPapHOIETOBOTO AnanazoHa. OqHOW U3 KPUTHYECKUX
Mpo0JIeM TaHHOW CHCTEMBI MaTEPHAJIOB SIBJSIETCS JTOCTIDKEHHE aTOMHO-TIIAAKOW MOP(OIOTHH TTOBEPXHOCTH

U pe3KHUX HHTEPEICOB B TETEPOCTPYKTYPAX, UTO CBSI3AHO C HU3KOH MMo-

0 O ® @ (a)

BEPXHOCTHOM MOABIKHOCTRIO anatoMoB Al. TTpu pocte (Al,Ga)N rere-

. 5001
poctpyktyp ¢ nmomortisio [TA MIID ans pemrenust 3Toi mpoOIeMbl uc-

TIOJIB3YIOTCSI METAJUT-000TaIlIeHHbIE YCIIOBUH pOCTa, 00ECTIeUNBAIOIIIIE 400,
¢dopmupoBanue Me-ancnos (6ucios) ¢ MOBBILIEHHOW MOJIBMKHOCTBIO 3001

RHEED intensity [arb units]

amatomos [1].

B noxmane aHanm3mpyetrcs KHHETHKA aICcopOIvH/Iecoponun

(b)

aromoB Ga u Al Ha moBepxHOCTH 3nUTakcHanbHbIX citoeB AIN/c-AlO3
C aTOMHO-TJIAJIKOM TIOBEPXHOCTHIO, BBIPAIICHHBIX C MoMoInisio [TA
MIID. Atomel Ga ocakaainuch NpH Pa3IMYHBIX 3HAUYCHHAX CKOPOCTU

ocaxaerns 0.03 —1 MC/c u temneparypsl motokku 650 — 730°C.

on off

CpaBHUBAIOTCS Pa3IMUHbIE METOIBI iN SitU AMATHOCTHKH M30BITOUHOTO

MCTaJllla Ha MOBEPXHOCTU C MCIIOJB30BAHHMECM KaK CTAaHAAPTHOr0 MeE-

ToAa MU(PAKIMU OTPaXKEHHBIX OBICTPbIX 3MekTpoHOoB (JOBD), Tak i ‘“’“ ()

Y MIPE/IOKEHHBIX HAMU [UIS TOW IEIH PETHCTPAIMU TOKA3aHUi HH-
¢dpakpacuoro (MK) mupometpa [1] 1 MHOTOIYYEBOTO ONTHIECKOTO H3-

meputens Hanpsokenud (MOUWH). Ha Puc.1 npeacTaBiensl moka3aHus

[00] [01] [02] [03] [04]
Time [min]
HasbHOM ToymuHO#K 65 MC. Ha Bcex rpadukax Bumubl tpu cramuu: (1) | Puc.l. — Wzmenenus noxazamnuil

Stress x thickness [GPa x um] Pyrometer temperature [°C]
3
N

BBIIIICICPCUUCIICHHBIX MCTOJO0B IMPU OCAXKJACHUHN aTOMOB Ga ¢ Homu-

HaKOIUICHHE Ha MmoBepxHocTH Oucios Ga, a takxe GpopmupoBanue Ga- | pasiuynblx Memooos 6 npoyecce
ocaoicoenusi amomos Ga monuju-

noti 6 65 MC: (a) JObD, (b) UK-
nupomempuu, u (C) MOHH.

nanokactepos, (I1) necopbums m3bsrrounoro Ga us kiaacrepos, (I11)
necopOuus oucios Ga. AHAIU3 TOCIEHEN CTa K TTO3BOJIHII OIpee-

JIUTBH TEMIEPATyPHYIO 3aBUCUMOCTh AecopOiun oucios Ga. Ananoruy-

HbIE M3MepeHHst ObUTH TIpoBeieHbl st agaroMoB Al. CyriecTBeHHbIM MpeumyiiecTBoM Metoga MOWH nax
crangapTHeiM MeToioM JIOBD siBisieTcst HenpephiBHAS PeruCcTpaliysl JaHHBIX BO BpEMs POCTa CJIOEB C 4acTo-
TO# BparieHus nouIoKKH 10 30 11, 4TO CYIIECTBEHHO MMOBBIIIACT TOYHOCTh U3MEPEHUH 110 CPAaBHEHHIO C Me-
togoM JIOBD ¢ oTHOCHTENEHO HU3KOW YacTOTON PErUCTpaIli U HEOOXOAMMOCTHIO CHHXPOHHU3AINHN H3Mepe-
HUH. XOTS METOJI MUPOMETPUH TAKIKE XapaKTEPU3YETCsl HEMTPEPHIBHBIM XapaKTepOM W3MEPEHHI, HO BIHSIHHAC
3aCBETKU Ha MTOKA3aHMSI MUPOMETPA 3aTPYIHSIET €ro MPUMEHEHHUE JIs1 KOHTPOJISI POCTa.

Taxum oOpa3oM, B paboTe MpojeMoHCTpupoBaHo dpdekTuBHoe npumeHerne MOWH ans uccnenosa-
HUI XapakTepucTuk jgecopounu metamioB Ga u Al ¢ mosepxuoctH cioeB AIN 1 TOYHOTO KOHTPOJISI KOHIICH-
Tpalyu U30BITOYHOTO METAJJIa Ha TOBEPXHOCTH BPAIAOIIEHCS MTOIJIOKKH C SIMTUTAKCHATLHBIM CIIOEM.

[1] V.N.Jmerik, D. V.Nechaev,S.V. lvanov, Chapter 8 in Molecular Beam Epitaxy, Elsevier (2018).
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HOGQPXHOCmb, njieHKu, ciou

Bnusuue pesuctuBHoro orxkura B yciaousix CBB Ha mopdomnoruto
U cTpykTypy noBepxuoctu 6H-SiC(0001)

Hypaxkos JI.E.*2 Tlerpos A.C.12, Poruno JI.U.}?, Makeesa A.A.}, Hukudopos JI. .2, Kypycs H.H.1,
Munexun A.T.%, Ilernos JI.B.Y, Jlateimes A.B.12

tHUeIT CO PAH, 630090, Hosocubupck, np. Axademuxa Jlaspenmoesa, 13.

2HT"Y, 630090, Hosocubupck, ya. ITupozosa, 2.

Hurepec k mognoxkam SiC 00ycIOBICH BO3MOXHOCTBIO (hopMupoBanus rpadeHa myTéM CyOIMMaIiy aTo-
MoB Si ¢ moBepxHocTy SiC B xo1e omkura. OgHAM U3 CIIOCO00B OTXHTa MOT0XKeK SiC SBISETCS pe3UCTUBHBINA
Harpes, 3aKII0YAIOIHMHCS B IPOMYCKaHUH 3JIEKTPUUYECKOT0 TOKA Yepe3 MOIOKKY. JJaHHbIH croco0 oTKura OT/Iu-
YaeTcsl BBICOKOH CKOPOCTBIO H3MEHEHUsI TEMITEpaTyphl U OBICTPOTOH NMPEAPOCTOBON MOATOTOBKH MOTIOKKH.

760) d
OO0 020 0:30F4R.0:5
X MKM 10002 04 06 0.8

"$

0.0 Hm

Puc.1. — ACM-uzobpasicenue nogepxnocmu o6pa3a SiC u eé npoguns nocne 5-mu murnymnozo omorcuea:
a) y nepsoeo konmaxma (1340°C); 6) nocepeoune obpaszya (1360°C); 8) y smopozo konmaxma (1400°C).

B nanHoii pabote ObLIM IPOBEAECHBI IKCIIEPUMEHTHI 110 BEICOKOTEMIIEPATYPHOMY PE3UCTUBHOMY OTXKHTY TIOA-
noxek 6H-N SiC(0001) (c = 0.02-0.1 Om/cMm) B ycimoBusx in SitU CBEPXBBICOKOBAKYYMHOM OTpaXkaTebHOM
anekTpoHHO# Mukpockonny (CBB OOM). Temneparypa 00pa3iioB u3Mepsuiach ¢ MOMOIIBI0 ONTHYECKOTO TTH-
poMeTpa, CTPYKTYPHBIE IIEPEX0 bl Ha ITOBEPXHOCTH PETUCTPUPOBATIMCH METOIOM AUDPAKINN OBICTPHIX IJIEK-
tpoHoB ([IBD). lis ex Situ aHanmu3a MOPGOIOrHH MOBEPXHOCTH MOJTYyUYCHHBIX B PE3yJIbTaTe OTIKUTA IICHOK
MPUMEHSIIaCh aTOMHO-CHIIOBast MUKpockonust (ACM). [lnis onpeesieHns: CTEXUHOMETPHYECKOTO cocTaBa Mo-
BEPXHOCTH TIEHOK U3MEPSLICS CIIEKTP KoMOuHaImonHoro paccesinus ceeta (KPC) ¢ moMoliipio criekTpomMerpa
(XploRa Plus, Horiba, A = 532 uwm).

Oco0EHHOCTBIO PE3UCTUBHOTO OTXKHTa Ha IOCTOSIHHOM TOKE SIBJISIETCS HAJIMYUE TPalUeHTa TEMIIEPATYP
BILI0Th 70 70°C y uccneayembix 00pasuos. B nuanaszone remneparyp 1120-1200°C Ha u3HaYaIbHO pa3yIio-
psamodeHHoi moBepxHocTH SiC HAYMHAIOT MOSBIATHCS IepoxoBatsie Teppackl (RMS = 180 mm) ¢ Hepeskumu
rpaHuuamu aToMHbIx crynenei. [Ipu 1250°C noBepXHOCTh CTAHOBUTCS BULIMHAIBHOW C HEMOJIHBIM 3aIl0JIHE-
HueM Oucnosmu SiC y3kux teppac muprHoi 500 HM, BRICOTa CTYIEHEH COCTaBISIET TOJOBHHY MOCTOSIHHON
pemérku SiC B Hanpasiienuu (0001) u paBusiercst 0.75 HM, 4T0 MoATBepKAaeTCs n3MepeHHbiMu ACM-1po-
¢wsimu (puc. 1a). ns momydeHust aTOMHO-TIIAIKUX Teppac U pe3KHMMH TPaHUIaMy CTyIeHel Tpedyercs oT-
XKUT IATETbHOCTRIO 5 MuHYT Tipu 1300°C. [Ipu nanpHeimemM yBeTUYeHNN TeMIepaTyphl pe3KO BO3pacTaeT
TeMI CyOJIMManuy KpEeMHUS, B pe3yJibTaTre 00pa3yloTcs SIMKU B BUAE MHOTOYTOJIbHUKOB BBICOTOH 1-3 Oucios
SiC (puc.16), mocse dero hopMuUpyrOTCsl OTACIbHBIE JOMEHbI Tpadena. Hammume rpadena Ha puc. 1B mon-
TBepxkaaercs nossinenreM B crekrpe KPC 2D nmka Ha wactore ~2700 cm L.

Pabora BeimonHena npu noanep:kke roczaganus (mpoekt Ne FWGW-2021-0007) na o6opynoBaHun
IKII «HarocTpyKTyphI».
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Hoeepxuocmb, njieHKu, ciou

HccnenoBanre 0COOEHHOCTEH MPOIIeCCOB HAHOPA3MEPHOU MOTUPUKALINH
nooxkek GaAs ¢ pa3IMyHON OpUeHTALIUEH

Yepuenxo H.E.!, Jlaxuna E. A%, Illapos B.A.2 3, Mensanaenxo U. A.4, Ilanaeioa H. A2, Banakupes C.B.1,
KpbkanoBckast H.B.%, Cononosuuk M.C.!

YODY, 347922, Tacanpoe, yn. Illeguenxo, 2

2CII6AY, 194021, Canxm-Ilemepbype, yr. Xnonuna, 8, kopn. 34

3OTU um. A. . Hopgpe, 194021, Canxm-ITemepbype, yn. Ilonumexnuueckas, 26

*HUY BIIID, 194100, Canxm-ITemep6ype, yi. Kanmemuposckas, 3, kopn. 14

Pa3BuTHE KBaHTOBBIX KOMMYHHUKAIMK M BBIYHCIEHUI TpeOyeT co3naHus 3()()EKTUBHBIX HCTOYHUKOB
OJMHOYHBIX U 3allyTaHHBIX (DOTOHOB, OCHOBAaHHBIX Ha AMHUTAKCHAIBHBIX T'€TEPOCTPYKTYpax C OJMHOUYHBIMHU
kBaHTOBBIMH ToukaMu (KT). Oqanm u3 Hanboiee MHOr000EMIAIONINX CITOCOO0B MOTyYEHUS TAKUX CTPYKTYP
SBIISIETCSL IIpeaBapuTenbHoe GopmupoBanue neHTpos Hykneanuu KT B Bume HaHOpasMepHbBIX yriayOiaeHMI
B 33JIaHHBIX TOYKaX MOBEPXHOCTH. KpoMme Mo3MInOHMPOBaHUS Ha MIOBEPXHOCTU AaHHBINA MOAXO TaKKe M03-
BOJISIET KOHTPOJHMPOBaTh pasMepsl U popmy KT, pacmmpsiss BO3SMOXKHOCTH yIpaBieHHs uxX cBoiicTBamu. [lo-
3TOMY pa3paboTKa METOJUK HAHOPa3MEPHOI'O CTPYKTYPHUPOBAHMS [TOBEPXHOCTH IOATIOKKH SIBIISICTCS aKTyaslb-
HO 3aaueil. B maHHO# paboTe mpeacTaBieHsl pe3yIbTaThl KOMITIEKCHBIX NCCIIEIOBAHNH BIMSTHISI KOMOMHAITIH
METOJI0B (POKYCHPOBaHHBIX HOHHBIX Iy4koB (DPUII) u nokansHoOro kanensuoro Tpasienus (JIKT) Ha coznanue
YIOPSIOYEHHBIX MACCHUBOB HAHOPa3MEPHBIX YIIyOIeHni Ha moanokkax GaAS pa3inuyHON OpUCHTALIUH.

PesynbTathl uccnenoBanuii mokasaiy CylIeCTBEHHOE BiMsHUE Kak pexkxuMos OUIT-00paboTku (Hamps-
KEHHE MOHHOTO ITy4Ka, J03bl HOHOB U TOIOJIOT'MH), TAK U OPUEHTALMH MOI0KKH Ha XapaKTEPUCTHKH MOy~
gaembIx yrayonenuii. B ciaygae GaAs (001) yBenmueHue 10361 HOHOB MPUBOIUT K BO3PACTAHUIO Pa3MEPOB
yrIyOJIeHUH U UX OAHOPOTHOCTH, B TO BPEMsI KaK YBEIMUEHHE HAMPSDKEHHS ITyYKa U PACCTOSTHUS MEXKITy TOY-
KaMH BO3ICUCTBHSI CHHKAET OJHOPOJHOCTD YIIyOJieHHH, yBeIHuuBas UX pazmepsl. [Ipu 3ToM, BHE 3aBHCH-
Moctu oT pexumMoB JIKT, yrimyOrennst umerot ¢popMy deThIpexrpaHHO# mupamus (puc. 1a). OqHako, B cirydae
opuenTamuu (111) 3aBUCHIMOCTH T€OMETPHUYECKIX XaPAKTEPUCTHUK YIITyOJICHUH OT MePEYHCICHHBIX TapaMETPOB

HUMCIOT CJ]O)i(HI)Iﬁ, HEMOHOTOHHBIM XapaxkTep. B 3aBucumMoctH ot PaCCTOAHUA MEKAY TOYKaMH YBEJIIMUCHUC 103bI

MOXKET IPUBOJUTH KaK K YMCHBIICHUIO Pa3MEpPOB
yIIIyOJIeHHH ¢ TTOBBIIICHUEM OTHOPOIHOCTH, TaK
U K MX YBEJIMYEHHIO, 9TO OOYCIIOBJICHO TIPOIIEC-
camu riepeocakaeHus Ha dtane OUI-monudu-
KallMyd. BiMsHHE yCKOPSIOIIETO HANPSHKCHUS

W pacCCTOSTHUSA MCIKAY yFJ'Iy6J'IeHI/I$IMI/I B IICJIOM

aHAJIOTUYHO TIpeblIyiemMy ciuyyaro. [Ipu atom, | Puc./. — POM-uzobpasicenuss maccusos manopaszmep-
B 3aBHCUMOCTH OT pexumoB JIKT, yrnybnenus | Holx yenyonenuil na nosepxrocmu GaAs ¢ opuenmayuer
(100) (@) u (111) (6). Kapma unmencusnocmu gomo-
nmomurnecyenyuu maccusa KT (8).

1um
—

MOTYT UMETh (JOPMY OCTPOKOHEUHOH WM yce-

YeHHOU TpexrpaHHou mupaMuasl (puc. 10). Io-

Ka3aHa BO3MOXKHOCTh TIOTYYEHUS YIIOPSA0YSHHBIX MACCUBOB yIITyOJIeHnH qruaMeTpoM 56 — 381 HM 1 roryOuHOU
33 — 211 um anst opuenranmii (001) u, coorBeTcTBeHHO, 52 — 704 HM 1 37 — 226 HM 111 opueHTtanuit (111).
Pe3ynbrarhl nccneoBaHuii 00pa3oB METOIaMH PAMaHOBCKOM CIIEKTPOCKONHMHK TOKa3biBatoT, uto JIKT mo3so-
JISIET MOJHOCTHIO BOCCTAHOBUTH KPUCTAJUIMYECKYIO CTPYKTYpY B obnactu OUII-momudukammu. Jxcnepumen-
TaJIFHO MPOAEMOHCTPUPOBaHa BO3MOXKHOCTH NOIydeHus perysipHbix MaccuBoB KT In(Ga)As ¢ ucrnosb3oBa-
HHEM TEeMITIEUTOB, IIOATOTOBIIEHHBIX B PAMKaX MPEIaraéMbIX MOIX0/10B (puc. 1B).

HUccnenoBanue BBITIONHEHO NpH (UHAHCOBOM mojiepxke Poccuiickoro HaydHoro ¢onaa (IIpoeKTHI
Ne22-79-10251 u Ne23-79-10313) B FOxHOM (henepaibHOM YHUBEPCUTETE.
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Tosepxnocms, naenku, ciou
bio4Has cTpykTypa romosnuTakcuanbHoro cios B-Ga;0s/B-Ga,03 (100)
Illapkos M.JI.}, Boiiko M.E.}, Byrenko I1.H.%, Boiiko A.M.}, 3apuunsni A.A.L, Kpeivos B.M.2,

[aresxor C.B.1, Aimmaer A.B.?, Hukomnaer B.1.!

Y\@TH um. A. @. Hoppe PAH, 194021, CIT6, [onumexnuueckas yi., 26

2HU TI'Y, 634050, Tomck, np. Jlenuna, 36

Metomom Yoxpaapckoro GBI BeIpallleH KpUcTaml 6era-okcuaa raumus [1]. BeipalneHHsIil KpucTasn
OBLI pa3JiesieH 0 MIIOCKOCTSIM CHIAHOCTH Ha psiji pparMEeHTOB, U3 YUCIIA KOTOPHIX OBLIN BhIACIECHBI 00pas3Iibl,
OPHEHTUPOBAaHHBIC BAOJB IIOCKOCTH $-Gaz03 (100), st ganpHEHIIMX UCCIIeIOBAHUIA.

@Da3oBBIf COCTAB U CTENEHb KPUCTAIMUECKOTO COBEPILICH-

CTBa 00pa310B OBLIM MCCIICAOBAHBI C IIOMOIIBIO PEHTITEHOCTPYK- 10%
TypHoro aHanuza (PCA). list kaxxaoro u3 u3ydaeMbix o0pa3ios i
Obun Tony4deHsl KpuBble audpakuuonnoro orpaxkenus (KJO)
B OKpecTHOCTsX peduiekcos B-Ga0sz 400, 600, 800, 12 0 0 8 6-20
pexuMe, a TakKe KPUBBIE (O-CKaHUPOBAaHHS I pediIeKcoB [3-
Ga>03 200 u 400. Uzmepenus PCA npoBoauiuck Ha 1abopaTop-
HoM nipubope JIPOH-7 (OTU um. A. . Hodde) mpu Cu Kq1 u3- , o ,
nyaennu (1.5406 A). 45,80 2*Trf:f§fldeg. 45,88
Taxoke 00pasLpl HCCIEAOBAINCH METOJAMH PACTPOBON 3MEK- | Pyc. [ — KJIO om obpasuya f-GaxO/p-
TpoHHON MuKpockoruu (POM) u aroMHO-cuimoBoi Mukpockoruu | Gax0s (100), 0-20 pesicum, pehnexc 600.

Intensity, a.u.
[
s

=
o
S

(ACM). Beio ompeneneHo, 4To cpeHEKBaIpaTHYHAs [IIEPOXOBa-

TOCTB 110 5 00pa3nam cocTaBisieT okoio 84 nm. Taxke 0Ka3aaock, YT0 TOBEPXHOCTH 00PA3IIOB COCTOUT U3 TPSI-
MOYTOJIBHBIX TEPPAC ¢ MPOAOIBbHBIME pazMepamu npuMepHo (100 X 25) wm, BHITSHYTHIX B OHOM HAIIPABICHUH;
IIpH 3TOM BBICOTa Teppac coctanisier ot 100 go 200 nm.

[Tonoxxenus peHTreHoBCKuX peduiekcos B-Ga.03z 400, 600, 800, 12 0 0 B cpenneM mo HabOpy 00pa3oB
okazanuch npumepto 30.05, 45.84, 62.52 u 102.20 deg, cOOTBETCTBEHHO. DTH TaHHBIE COTTIACYFOTCS C aHAJIO-
rugabiMU 3HaYeHusiMu 30.08, 45.82, 62.53 u 102.25 deg, B3ThIMHU B KAYECTBE CIIPABOYHBIX BEJTMIHUH M3 KAPThI
ICDD Ne 00-041-1103.

O6paboTtka pediiekcoB, n3MepeHHbIX B 0-20 pexume, mo MeToay Bumssmcona-Xosma [2] npusena
K orieHKe o0nactu korepentHoro paccesiuusi (OKP) B Hanpasienun [100] okono 900 nm u mukpoaedopma-
tuu npumepHo 1.1-1074

Kpussle o-ckannpoBanus ais pediekcos 200 u 400 He mokaszany IpUCyTCTBUS B 00pa3iax Kakux-m0o
(dpakuuii ¢ OTKJIOHEHHEM MPOCTPAHCTBEHHOM OPUEHTAIIMU OT OKPY)KAIOLIET0 MaTepuania.

[1] P.N. Butenko, M. E. Boiko, L.I. Guzilova, V.M. Krymov, S.V. Shapenkov, M. D. Sharkov, V.N. Ver-
bitskii, A.A. Zarichny, V. 1. Nikolaev. J. Cryst. Growth, 630 (12), 127597 (2024).
[2] G.K. Williamson, W.H. Hall. Acta Metallurgica, 1 (1), 22-31 (1953).
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Hoeepxuocmb, njieHKu, ciou

DnuTaKcHuaabHbBIC IICHKHM OKcua ramius Ha momtoxkax (0001)Al0s,
1oJjiyueHHble BU-MarHeTpOHHBIM PaCIbIIICHUEM

YmaxanoB M. A., Ucmannos A. M.
QI'BOY Jlacecmanckuii I ocyoapemeennvitl ynusepcumem, 367000, Maxauxana, M. I'adacuesa, 0. 43A.

Oxcup ramumms (Gaz03) — CBepXIIMPOKO30HHBI MOIYPOBOJIHUK TPETHETO MOKOJICHUS C IIMPUHOM 3a-
MpeIeHHON 30HbI OT 4.5 110 5.3 3B, 4t0 cooTBeTcTBYET 0OMAacTH TIyOOoKOoro yinbrpaduonera (200-280 um).
JlauHbrii MaTepran 06agaeT BRICOKOH TEPMUIECCKOM, pagrualliOHHON H XMMHUIECKOW CTaOMILHOCTBIO, BBICO-
KMMH 3HAUYEHHSAMH TUAJIeKTpHuecKoi mporunaemoctn (10.2-14.2), Hanpsuxenus mpobos (8 MBr/cM), koad-
¢unmenta nooporHoctu bamura (FOM) (3400), 6maromaps 4eMy OH BBI3BaJl OTPOMHBIN HCCIICIOBATEIbCKUI
WHTEpEeC A7 IPUMEHEHUS B COJTHEYHBIX 3JIEMEHTAaX, TMIOMUHO(Opax, MOJEBBIX TPaH3UCTOpaX, TUOAaX ¢ Oapb-
epom LIIOTTKH, BBICOKOTEMIIEPATYPHBIX Fa30BbIX CEHCOPaxX, COTHEYHO-cIenbIx horoaeTekTopax [1,2].

[Tosry4yenne MUTaKCHATBHBIX (MOHOKPHUCTAJUTMYECKHX) TUICHOK OKCHIA TaJUTHS OCYIIECTBISCTCS (HH3HU-
YECKMMH U XMMUYECKIMHU METOJAMHU OCAKACHUS U3 Fa30BOH (ha3bl, TAKUMHU KaK: MOJICKYJISIPHO-ITy4eBasi AUTAK-
cus (MBE), runpuanas snurtakcus u3 napooii ¢gazel (HVPE), Meramnopranndeckoe ocakaeHue U3 MapoBoi
¢azer (MOCVD), mmmynscHOe nazepHoe ocaxaenue (PLD), aromao-cnoeBoe ocaxnenus (ALD) [3]. [1o mammm
JaHHBIM OTCYTCTBYIOT COOOIICHHS O MOTyYEeHHH U TaKCHATBHBIX IIeHOK Ga20O3 METO10M MarHeTpOHHOTO pac-
npUIeHHS. V3-3a TI0X 0 MPOBOAMMOCTH KEPaMHYECKOW MUIIICHH OKCHIA TAJLTUS, TPUMEHSIOT BEICOKOYAaCTOTHOE
(BY) marnerponHoe pacnbuieHue. [lonydeHsl aMopgHbIe, TONMMKPUCTAIIIMYECKUE TJICHKH, a TAKXKE IJICHKU CO
CMEIIIaHHOH OpHeHTaMel pa3IMYHbIX KpHcTaumaeckux (a3 Ga0s. MakcumanpHasi TemMIieparypa o UIOKKH
~900 °C, mnsa ymydmieHus] KPUCTAIUIMIHOCTH TIPOBOSIT ITOCTPOCTOBON BBICOKOTEMMEpaTypHbIid oTxwr. [lox-
JIOXKKA pacrioyiaracTcs Ha paccTosHuU ~7-10 ¢cM OT MullieHH (BHE TUIa3Mbl MAarHETPOHHOTO paspsna) [4,5].

B nanHO# paboTe coobIIaeTcs 0 MOTYYeHHH SMHTAKCHANbHBIX mieHok (201)Ga;03; Ha TmomIokKKax
(0001)Al;03 meromom BU-MarHeTpOHHOTO PacIbICHUS ¥ UCCICIOBAHUN MX (POTOITESKTPUUSCKUX CBOUCTB.
KiroueBbie 0cOOEHHOCTH TEXHOJIOTHU: HCIIOJIL30BAHUE JIGHTOYHOTO HArpeBaTeliss U3 TaHTalla W HaIlbLIICHUE
IUICHKH TaHTajJa C THUILHOM CTOPOHBI TOUIOKKH C IIETI0 JOCTHKEHUS BBICOKOH TeMIepaTyphl ITOUIOKKH
(1200 °C); pacnonoxeHne MOATOKKH B 001aCTH I1a3Mbl MArHETPOHHOTO pa3psiia (Ha paccTOsHUH 3-4 CM OT
mutmiern). CTpyKkTypHOe co-

BCPIICHCTBO IUICHOK OIec- 180009

16000 4 I\|_.”|

HHUBaJIN peHTFeHOFpaCI)I/I‘Ie— B-Ga,05

14000 4 (3o1) (006)
CKUM u 3J‘IeKTpOHOFpa(1)I/I— 12000 4

10000 4

yeckuM MeToqioM (puc.l.).

8000 4

Intesity, a.u.

Pe3ynbrarel ucciaenoBaHui g
B-Ga,0, B-Ga,0,

(402) (603)

1|

HOK Ga203 IIOKa3bIBaKOT, 0 10 20 30 40 50 6 70 8 9%

(OTOPIEKTPUYECKUX 4000 ]

2000

CBOMCTB MOJIYYCHHBIX ILJIC-

20, deg
Puc.1. PeHlnzeH()epa.w,wa U 3J1eKmpoHozpamma DNUMAKCUATILHOU NJICHKU

TOTOBJICHUA COMHEIHO-CIE- | (201)Gay0s3 na nodroxucke (0001)Al;0s.
bIX (POTOETEKTOPOB.

YTO OHU NPUT'OJHBI IJId U3-

[1] M. Higashiwaki, AAPPS Bulletin, 32:3, 1-17 (2022).

[2] B. Li et al., Journal of Semiconductors, 44, 061801 (2023).

[3] A. Waseem et al., Phys. Status Solidi A, 220, 2200616 (2023).

[4] D. Pyngrope et al., Materials Science in Semiconductor Processing, 174, 108243 (2024).
[5] A. Waseem et al., Journal of Solid State Science and Technology, 8 (7), 3064-3078 (2019).
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HOGerHOCWlb, njieHKu, ciou

dopmMupoBaHKe B CBOMCTBA HU3KOIUIOTHBIX KBAHTOBBIX TOUEK B CHCTEME
GalnAlAs na crpykTypupoBaHHbIX moatoxkax GaAs(001)

Coaonosuuk M. C.}, Ueprenko H.E.}, Kupuuenko JI.B.}, Maxos U.C.2, Mensanuenko WU.A 2,
[lanaei6a H. A, Kpepkanosckas H.B.2, banakupes C.B.!

YODY, 347922, Tacanpoe, yn. Illesuenko, 2

2HHUY BIIID, 194100, Canxm-Ilemep6ype, yn. Kanmemuposckas, 3, kopn. 14

HuszkonnorHsle mMaccuBbl KBaHTOBBIX ToueK (KT) akTMBHO HCHONB3yrOTCS AL CO3AAHUSI MHKPO-
1 HAHOPa3MEPHBIX HCTOYHUKOB ONTHYECKOT'O M3IyYEHHs, B T.4. HEKJIACCUYECKOI0: NCTOYHUKU OJUHOYHBIX
U 3aIyTaHHBIX (POTOHOB, HU3KOMOPOTOBBIE JIazephl U T.1. Cpean CyIIeCTBYIONINX METOIOB MOMYUYCHHUS TAKHX
00BEKTOB BechbMa MEePCIEKTUBHBIM MPEICTABISIETCS IPEABAPUTEIBHOE CTPYKTYPUPOBaHHE POCTOBOM MOBEPX-
HOCTH IIyTEM IIE€JICHAIPABICHHOIO CO3JaHus YIiyOsIeHUH, BRICTYAIOIIMX B KA4eCTBE LIEHTPOB IPEANIOUYTH-
TEJNBbHOW HYKJICAIIMU U POCTa CaMOOPraHU3YIOIUXCS HAHOCTPYKTYp. B pamkax maHHOTOo monxona BO3MOXKHO
TakKe 00eCIeYnTh KaK MO3UIIMOHUPOBAaHHE HAHOCTPYKTYP Ha MOAJIOXKKe, Tak U nonydeHue KT B HeHampsi-
XKEHHBIX cucTeMax. OmHaKo, BOMPOCH B3aUMHOTO BIMSHUS MOP(OIOTHH TTOBEPXHOCTH M PEKUMOB SIUTAK-
CHaJIbHOTO pocTa Ha npoueccsl popmupoBanust KT 1 ux ontuueckue cBOWCTBA OCTAIOTCS MAIIOU3YYEHHBIMHU.

B nanHoi#t pabote mpeacraBieHbl pe3ynbTaThl HecaeqoBanuii popmuposanus KT B cucreme GalnAlAs
Ha notokkax GaAs(001), cTpyKTypUpOBaHHBIX ¢ MOMOLIBIO KaneabHoro tpaieHus (LDE), momuduiipo-
BaHHOTO ynanenus okucia (OX) u TpaBieHus poKyCHpOBaHHBIM HOHHBIM Iy4KkoM (FIB), kaxaplit 13 KOTOpBIX
obecriednBaeT cBOil HabOp MapaMeTpOB MAcCHBOB YITIyOJIGHHMH Ha MOBEPXHOCTU. BmepBble 3kcmepuMeH-
TaNbHO MPOJEMOHCTPUPOBAHO, YTO KPOME Pa3MEPOB U IJIOTHOCTH YITyOJCHHH, KPUTUUYECKOE BIMSHHUE HA
¢dopmupoBanue korepeHTHbIX KT okaspiBaeT hopma yriyonenuns. OOHapyKeHO, UTO B SIMKaX 4anieoOpa3Hoit
($opMBI C OUYeHb HU3KHM aCTeKTHBIM oTHolIeHueM (Menee 0.1), XapaKkTepHBIX Uil OONBIIMHCTBA PEKUMOB
LDE, poct KT mporekaeT mpeanoIoKUTENFHO O MONUIEHTPUIECKOMY MEXaHU3MYy, TIPUBOIAIIEMY K 00pa-
30BaHMIO HEM3JIYyUYAIOIIUX CTPYKTYp. YBEJIHMUEHHE aCEeKTHOIO OTHOLICHUS, KaK M MEPexoAa K yriayOJeHHsIM
C OTPaHKOH MO3BOJISIFOT 00ECIIEUnTh CeleKTUBHOE (hopMmupoBanue korepeHTHbIX KT B mupokoM auamnasoHe
YCIIOBUH B TOKpUTHUYECKHX JUIA MexaHn3Ma CtpaHnckoro-Kpacranoa pexxumax — BIUIOTH IO 9KBUBAJICHTHBIX
tonmuH ocaxaeHus 0.25 MC (B 3aBUCUMOCTH OT YCJIOBHI Ha MOBEPXHOCTH). DKCIEPUMEHTAILHO MTOKa3aHa
BO3MOXKHOCTh YBEIUYEHUS JUTMHBI BOJHBI u3nydenus cyokputndeckux KT mo 1050-1100 am npu 5 K (puc.
la) B cpaBHEHUH C allbTePHATUBHBIMHA METOAUKaMU. [Ipr 3TOM ObUIH YCTaHOBIJICHBI BaKHAS POJIb M CIIOKHBIN
XapakTep MPOIECCOB CETperanud aToMoB IN u MOBEPXHOCTHOTO MaccomepeHoca amaromMoB metamwioB |l
IPYIIBI HA CTPYKTYPUPOBAaHHBIX [TOUI0KKaX, HPUBOASAIINI K OTJIMYHBIM OT IJIaJIKUX MMOBEPXHOCTEH 3 hexTam.
Kpome Toro, sxcnepruMeHTaabHO NPOAEMOHCTPUPOBAHA BO3MOKHOCTD MOJYYEHHS YHIOPAIOUYEHHBIX MacCHBOB
omuHouHbIx KT In(Ga)As u Ga(Al)AS 1 KOMIUIEKCHBIX CTPYKTYp Ha UX OCHOBE 3a cueT Au(Py3HOHHOTO pac-
aJia TPOWHBIX PACTBOPOB B YIITYOJIEHUSX MUpaMUAAaIbHON (OPMEIL, IJTMHA BOJTHBI M3TYyYEeHHsI KOTOPBIX OIpee-
JISIETCSI TOJILKO COCTaBOM | (hopMoii yriyonenus (puc. 10, 1B).

HccienoBaHME BBIMOIHEHO [IPH
(uHaHCOBOM TOIEPKKE MHHHCTED- (CYR (Y (6) (8)
CTBa HAYKH M BBICIIEr0 OOpa3sOBaHMsI
P® (mpoekr NeFENW-2022-0034) ‘
u Poccuiickoro HayuHoro ¢onza (mpo- VML I l
ekt Ne22-79-10251) B lOxuHoM (ejie- ANV i s S : L UISRLH S

850 900 850 1000 1050 025 830 935 940 845 950 625 650 675 700

PL intensity, a.u.
PL intensity, a.u.
PL intensity, a.u.

Wavelength, nm Wavelength, nm Wavelength, nm

PAIBHOM YHUBCPCHTETE, & TAKKC UPO- | py 1. — Cnexmpor pomomomunecyenyuu (SK) maccusos KT: (a)

ekrta "3epkambHble saboparopun” | In(Ga)As ua Ox-cmpykmypuposannoi; (6) In(Ga)As u (s)
HUY BIID. Ga(ADAs na FIB-cmpyxkmypuposannoi nosepxrnocmu GaAs(001)
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UccnenoBaune Biusausa As- u Me-cradbuinsanuu Ha OABUKHOCTD
aJIaTOMOB TIPH KameJIbHOW dIUTaKCcuu Ha moiokkax AlGaAs

Hyxaun . ., banakupes C.B., ConogoBuuk M.C.
ODY, 347922, Tacaupoe, ya. Lllleguenxo, 2

[epepacnpenenenne MeTaNIMYECKOW KOMIIOHEHTHI B Ipoliecce KamenbHoi snutakcuu (KO) B 3Haun-
TEJIbHOM CTeNeHH onpeersieT pa3Mep, a ClIe10BaTeIbHO, U CBOUCTBA MOTy4aeMbIX 3THM METOJIOM HAHOCTPYK-
TYp, B T.4. KBaHTOBBIX To4eK (KT). MeTons! ynpaBieHus JaHHBIM IPOIIECCOM U yCIOBHS HX peaH3allii OCTa-
IOTCS TIPEIMETOM aKTHBHOT'O M3YyUYCHHS, U, IBAa U3 HHUX, HEOYECBHUIHBIM 00pa30M OKa3bIBAIOIINE BIMSHUE Ha
noBepxHocTHY0 noaBmwkHOCTD (I1I1) anatomoB In/Ga na momnoxkax AlGaAs nepeMeHHOro coctaBa, ObUTH
BIICPBBIC UCCIICIOBAHbI B IAHHOW paboTe C UCHoNb30BaHKeM Teopuu GyHKuuoHaia miotHoctd (DFT).

Conepxanre Al B IOITOXKKE HU3BECTHBHIM 00pa3soM OIPeIeNseT
MTOBEPXHOCTHYIO TTOJIBMKHOCTH B mporecce pocta KT metogom Crpan-
ckoro-Kpacranosa (C-K) — xumudeckast aktuBHOCTh Al mpuBoauT K 00-
pa3oBaHUIO OoJiee CHIIBHBIX CBSI3CH aJaTOMOB C MOAJIOKKOH, OrpaHUYH-
Basi MX JUTHHY cBoOogHOTO pobera [1]. Hamu sxkcniepumentst mo KD 06-
HApY>XKHUBAIOT 0OPATHYIO 3aBUCUMOCTD — YeM Ooutbiie Al, TeM BbIIIe mo-
JIBHKHOCTB a1aTOMOB MeTasua [2].

BropeiM uccnenyeMbiM (hpakTopoM, orpeensomnM pacipeaeie-
Hue KT npu kanenbHOW SMUTaKCUU, SBISETCS TUI TEPMUHUPOBAHUS PO-

CTOBOI MOBEPXHOCTU. DKCIEPUMEHTHI TOKA3BIBAIOT, YTO mepexo ot In-
Puc.1. — Ilosepxnocms nomern-

yuanonou suepeuu AlAS. Kpac-
Hote amomvl — AS, Cunue — Al.

Kk Ga-TepMUHHPOBAHUIO B CIIy4ae OCKICHUS IN MPUBOAUT K yBelnde-
HUIO TIOBEPXHOCTHOI IIIOTHOCTH KanelabHbIX cTpykTyp ¢ 0.49 MKM™ 10
53.4 MxM 2 1ipu 300 °C.

Pesynbrarel DFT-MonenupoBaHust cHCTEMBI "'aJaTOM-IOBEPXHOCTD" B Pa3TUYHBIX KOHOUTYPALUSX MO-
Ka3aJi KOPPEJSLHUI0 MEeXAy 00pa3oBaHHEM AMMEPOB B IPOLECCE PEKOHCTPYKLUMM CMadMBarouiero cios In
i Ga ¢ M3MEHEHHEM 3aBUCHMOCTH TIOBEPXHOCTHOM TMOJBIKHOCTH a1aTOMOB OT Al B MOIOXKKE C PSMOiA
Ha 00OpaTHYIO B CpaBHEHUH ¢ AS-TEpMHHUPOBAHHON TTOBEPXHOCTEHIO.

CpaBHUTENBHBIN aHAIM3 CUCTEM CO CMadyuBarolIMM cioeM |IN u Ga mokaspIBaeT, 4To MOJABHKHOCTh Ha
MOBEPXHOCTH ONPEAEISIETCSl B MEPBYIO OYEpEAb OCOOEHHOCTSIMM IMOTEHLMAJIBHOrO peliibeda MOBEPXHOCTH
(Puc. 1). MunuManbHasi 3HEpPrusi HeoOXoauMas Ul Iepexolia aToMa U3 OJHOTO CTAOMIIBHOTO COCTOSHHS
B JIpyroe oka3siBaeTcsi BTpoe Bbiiie Ha noBepxHocTr Ga (0.51 3B s cmaunBaromero ciost Ga u 0.16 3B mst
CMaYMBArOIIETo Ciios IN), HECMOTPSI Ha TO, YTO MakCUMaibHast dHeprust aacopouun (Eayc) B CTAOMIBHOM MO-
noxeHuu Ha nosepxHocTn Ga menbine (EqcHa Ga = 3.45 3B, EycHa IN =4.28 5B), 4T0 NIpHBOIUT K CHUKESHHIO
MOBEPXHOCTHOH MOJBMXHOCTH aJaTOMOB.

Mgl npeanonaraeM, uro 3aBucuMocth IIT ot Al MoskeT OBITH ClIeICTBHEM MEpepacpeaeIeHHs dIIeK-
TPOHHOH TNIOTHOCTH B CTOPOHY 0Opa30BaBIIMXCS HA MMOBEPXHOCTH TUMepoB. JlaHHBIN Tpoliecc He MPOUCXO-
ut B cirydae C-K pocra, T. k. Tam oOpazoBanue numepoB noxasisercss As. B ciyuae 6ydepnoro cios Ga,
3JIEKTPOHHAS IJIOTHOCTH MEHSETCA TakuM 00pa3oM, 4To oOpasyercsi Oonee CIOXHBIA, KaKk aTOMapHO, TaKk
W DHEPreTUYecKH, pebed, KOTOPEIH NPENsITCTBYET NepepacipeIeICHHI0 MaTepHaa mociie ero aJicoponnu Ha
TOJITOKKE.

HccnenoBanue BeIITOTHEHO NP GUHAHCOBOM noaaepkke Poccuiickoro Hayunoro gponpaa (mpoekt Ne22-
79-10251) B lOxHOM enepaabHOM YHHBEPCUTETE.

[1] Andrews A. M. et al., J Mater Sci: Mater Electron (2008) 19:714-719
[2] Balakirev S. V. et al., Nanotechnology 31 (2020) 485604
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Onrtuueckasi uarHoctuka rerepoctpykryp InAs/GaSb (001)

lopaeesa A.B.}, 3y6kosa M.B.»2, Jleun P.B.}, Mapuues A.E.}, Ilymmnsrii 5.B.!

'\OTU um. A. . Hogppe PAH, 194021, Canxm-Ilemepbype, Ilonumexnuueckas yi., 26

2CHIATY JIDTH um. B. U. Jlenuna, 197022, Canxm-Ilemepoype, Ipogpeccopa Ionosa yu., 5

B mocnennee BpeMs mpu co3JaHUU TPUOOPOB ONTO3JIEKTPOHUKHN HH(pakpacHoro auanazona (MK) ga-
CTO HCTIONB3YIOT CTPYKTYphI Ha ocHOBE INAS/Gash. ITpo6iiembl, BO3HUKAOMINE MPH PabOTe C STUMH Y3KO30H-
HBIMH MaTepHajaMH yAaeTCsl YaCTUIHO PEIINTh MPH UCTIONB30BaHNH cBepxpernreTok (CP), crmocobHbIx pabdo-
TaTh npu Temneparypax Boime 15 K B UK nuanazone ¢ anuHoit BoaHb! 10 15 MkM. OpHaKo, B 3TOM cilydae
Ka4yecTBO CTPYKTYP CHIIBHO 3aBHCHUT OT KauecTBa HHTep(eiicoB. HacTtosmas pabora Oblia BEIIONIHEHA B paM-
Kax pa3paboTKH ONTUMAIBHOU TeXHOIOTUHU pocta CP MeTo10M razoa3Hoi SMTaKCHU U3 METaJI0-OpraHnye-
cknx coenuaeHni (I'O@OMOC).

[Mpenpiayiiee uccienoBanue [1] mokasano, uro Ha uaTepdeiicax CP nmpoucxoaut GopMHUpOBaHHE TBEP-
neIx pactBopoB INGaAsSh. Jlist monyueHus JOMOMHUTENBLHON HH(DOpMAIMK OBLTO MTPOBEACHO UCCIIETOBAHNE
TaKUX CTPYKTYp C MOMOIIbI0 METOAMKH aHU30TponHoro oTpaxkenus (AO) cBera. OTa MOAYISIIIMOHHAST METO-
JMKa PErUCTPUPYET HOPMHUPOBAHHYIO Pa3HOCTh KO3(P(PULIHMEHTOB OTPaKEeHHs CBETA C B3aUMHO-OPTOTOHANb-
HBIMU JIMHEHHBIMH NOJISIPU3ALUAMH IPU HOPMAJIBHOM MaZieHuU. MeTol 03BOJISIET BBIACTATD cl1a0ble BKIIAbI
OT CJIOEB C MOHIKEHHOW cuMMeTpHel (ToBepXHOCTEH W MHTep(eiicoB) M3 OOIIEro ONTHYECKOTO OTKIIMKA.
[Ipu nmpoBeeHUN ONTHYECKUX UCCIICIOBAHUI HEOOXOAMMO YUHTBHIBATH TO, YTO ONTHYECKHH CUTHAN (OPMHU-
pyercs B mupokoi npunoBepxHocTHOUW obmactu (20-70 am mns amuH BomH 300-600 HM). Takum oOpazowm,
ONITUYECKUH OTKIIMK BCEra SIBIISICTCS CyNEpIo3ULMel HECKOIBKUX BKIAnoB. JlJs pa3aeneHns 3TUX BKIAJ0B
U ToNTydeHus Ooee AeTanbHON HH(OpMALUU O CTPYKTYPE, Mbl BBIPACTHIIN CEPHIO 00pa3IloB, COOTBETCTBYIO-
mWUX pasHbeIM dTamaM cosganus CP. B kauecTse momnoskek wmcmomb3oanuch P-10Y7 InAs(001) u n-10Y
GaSb(001), 3aparieHHbIE SMUTAKCHAIBHBIM CJIOEM HEJETMPOBaHHOTO MaTepuaia TommmHoi 0.5 MM INAS
u GaSb cootBeTcTBeHHO. BBUTH IPUTOTOBIEHBI Cileayomre 00pasis: cioi INAS Beipamnernas Ha GaSh(001);
cioit GaSb na INAs(001); o6pasibl ¢ AByMs HapaMu depeayromuxcs ciaoeB GaSh u INAS, BeIpallleHHBIX Ha
mooskke GaSh, moBepxHocTh epBOro 06pasia okaHuuBanack cioeMm GaSh, a sroporo — InAs; CP ¢ 10 ge-
PEAYIOLIMMHUCS CIIOSIMH, OJIHA U3 KOTOPhIX okaHuuBajiach INAS, a Bropas GaSh. Tomnmuuna cioeB Bo Bcex 00-
pasuax cocrasisia 4 HM. Msmepenus cnektpoB AO mpoBoawinch Ha Bo3ayxe B auanasone 250-800 um. B
SKCIIEPUMEHTE M3MepsUIach TOJIBKO BElIeCTBEHHAs 4acTh curHaina AQ. MHIMasl 4acTh CUTHAJIA PacCUUTHIBA-
nack meronoM Kpamepc-Kponur npeobpazoBanusi.

CpaBHUTeINbHBIN aHaH3 crieKTpoB rieHkH INAS Ha GaSh, mienku GaSh Ha INAS 1 CrieKTPOB MOTOKEK
C UCIIOJIb30BaHUEeM Tpex(azHoit Mozenu, mo3BomII BeiAeuTh curaan AO ot untepdeiica INAs/GaSh. Ocuos-
Hasl IPUYMHA OOHAPYKEHHOH aHM30TPONHY HHTepdeiica — AIEKTpUIECKOe M0JIe BBI3BAHHOE U3TMOOM 30H Ha
rereporepexoae. B oboux obpasmax mone HampasieHo oT GaSh k INAS, uTo cOOTBETCTBYET 30HHOW JHa-
rpamme rerepornepexozaa. Msyduenue crextpoB AO ¢ 4epelyroUMMHUCS CIOSMH MTOKa3bIBAET Pa3MbITHE OCO-
OCHHOCTE, CBA3aHHBIX C ONTHYECKUMH Tepexojamu Ei-Ei+Aj, 94TO MOXET CBHIETENBCTBOBATH O MPHCYT-
cTBUe Ha uHTepdeiicax TBepabix pacTBopoB INGaAsSSh. Ananu3 crieKTpoB TakKe MOKa3ajl MPUCYTCTBHE OJI-
HOOCHOTO HAaIpsDKEHHS B CHIEKTpax 00pas3loB C HECKOJIbKUMH UYEPEAYIOIUMHUCS CIOSMH. JTO HaIpPsKEHUE
MaKCUMaJIbHO JUIS ABYX Map CJIOEB, B CBEPXPELIETKE OHO MPOIAIaeT.

7151 yToUHEeHMS MOTyYeHHBIX JTaHHBIX IUIAHUPYETCsI HPOBECTH JOMOIHUTENBFHOE ONITHYECKOE UCCIIEA0BaA-
HUE C IPUBJICUCHUEM METOJIMKH OTOOTPAKEHHUS U CIIEKTPOCKOITHH aHU30TPOITHOTO oTpaxenus B UK obmacTw.

[1] P.B. Jlesun u op., KT®, 89, 1592 (2019) KTDS.
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Hccnenosanue aacopormm moneky NHiz u HCI va moBepxnoctu kpemuwust (100)

Ceunkun H.A.!, Kongparses B.M.}?, bonbmakos A. J[.123

Y\CII6AY PAH um. K. 1. Angpeposa, 194021, Canxm-Ilemep6ype, yr. Xnonuna, 8

M®TH, Dusmex, 141701, Joreonpyounwul, Uncmumymckuil nep., 9

3criery, 199034, Canxm-Ilemepbype, Yuusepcumemckas nab., 7-9

Jannas paboTa mocBsiieHa NOTyYeHHIO HOBBIX TaHHBIX 00 aIcOPOIIMOHHBIX CBOMCTBaX KPEMHUS B T€0-
metpun HHK 715t perenust Takux 3aay CEHCOPUKY, KaK JUArHOCTHKA 310poBba uenoseka [ 1]. [Tokazano, uto
KpeMHUH 0e3 Moan(pUKAIMA MOXKET OBITh MCIOJIB30BaH IS CEJICKTUBHOTO AETEKTHPOBAaHUS, KaK aMMUAKa,
TaK ¥ COJISTHOHM KHCIIOTHI, IPY 3TOM B Tiporiecce aacoporwm Mmonekyn NHz u HCI mpouncxonsar mpoueccs nepe-
pacnpezeneHus MeKTPOHHON TIOTHOCTH MEXIY aacopOaToM M KpeMHHEM C N3MEHEHUEM JIIEKTPHYECKOTO
COIPOTHBJICHUSI KPEMHHSI B CTOPOHY YMEHBIICHHUS M YBEJIMYCHHUS, COOTBETCTBEHHO.

Jiist uccnenoBaHus MPOLECCOB B3aUMOCHCTBISI aMMHUaKa M COJISTHOM KUCTOTHI ¢ moBepxHocThio HHK
Si 6p1T0 TpOBeAeHO MoaenpoBanue aacoporuu Monekyn NHs n HCl va moBepxuoctu xpemuns (100) ¢ mpu-
MeHeHneM nporpammuoro makera ORCA 4.2.1 [2, 3] meromom wB97X-D3/6-31G. MopeaupoBaHue moka-
3aJ10, YTO B pe3ysbTaTe ajcopOIuu MporucxoauT auccormaiist Mmoekyisl HCI Ha nonsr H* u Cl° ¢ npucoeaun-
HEHHUEM HX K aTOMaM COCEIHUX TuMepoB Ha oBepxHocty Si(100), 1100 kK aToMaM OJJHOTO JUMEpa C U3MEHE-
HHEM ero KOH(HUTypaluu Ha CAMMETPUYHYI0. MoJeKya aMMuaka MmpH afcopOIui COXPaHIET CBOIO CTPYK-
Typy. AHAIH3 pacrpene’eHns JIEKTPOHHOU TIOTHOCTH 1o Mammkeny (MPA) nokasan, uyto npu axcoponmn
MOJIeKyJia aMMHUaKa MpUoOpeTaeT MooKUTeNbHbIN 3aps (+0.3 e), a ruxpoxsopun — otpunateabhsii (-0.4 e).

Ha ocHoBe pe3ynibTaToB MOIETMPOBAHUS OBLIO MIPOBEACHO IKCIIEPUMEHTATEHOE UCCIIEIOBAHUE aJICOPOITH-
onubIx cBoricTB HHK Si mmuHoit 10 MKM 10 MeTOMKe, ONMMCAaHHOM B [4]. B kadecTBe OTKIIMKA OIICHUBAIIOCH H3-
MEHEHHEe aKTHBHOTO COMPOTHBJIEHUs ceHcopa Ha ocHoe HHK B mpucyTcTBIE MTapoB aMMuaka v TUAPOXJIOPHIA,
MOJTy4eHHBIX U3 BoAHbBIX pacTBopoB NH3 1 HCI ¢ koHueHTpanusmu B uanazose ot 0 1o 1 MMOIIB/JI, 10 OTHOIIIE-
HUIO K CPaBHUTEIBHOMN cpefie — IMapaM Bojbl. M3MepeHus mpoBOAMINCH MU oMo nmreaadcMerpa Z500P.

PesynbraThl nm3MepeHuid OIIEHUBAJIICH CIEIYIOIIAM 00pa3oM:

R ia — R
AR = media H,0

R -100 % (D),
H,0
r1ie Rmedia — compoTuBiieHre oOpasia B IPUCYTCTBUU aHAIHNTA, Ri20 — B mapax BOBL.

o pesynbraTam m3mepenuit AR nocrurano 133% u -63% B npucyrcreun mapoB HCl u NH3 cootBet-
CTBEHHO. B mpe/mnonokeHnu, 4To OCHOBHBIM UCTOYHUKOM U3MEHEHHSI COMTPOTHBIICHUS SBIISIETCS IEPEHOC HO-
CHTEIIeH 3apsiia — JIEKTPOHOB — OT MOJIEKYJI ajicop0ara WM K HUM, SKCIIEPUMEHTAIbHBIE JaHHbBIE COTJIacy-
I0TCS C Pe3yJIbTaTaMU MOJICTUPOBAHHSI.

[1] Y. Xu et al., Sensors, 19, 2908 (2019).

[2] F. Neese, Wiley Interdiscip. Rev.: Comput. Mol. Sci., 2, 73 (2012).
[3] F. Neese, Wiley Interdiscip. Rev.: Comput. Mol. Sci., 8, 73 (2017).
[4] V. M. Kondratev et al., J. Phys. Conf. Ser., 2015, 012068 (2021).
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Hanblimenne CBEpXTOHKHUX IUIEHOK 30J10Ta METOJIOM UMITYJIbCHOU
Ja3epHOM a0JISIIIUK PYU KOMHATHOU TeMIlepaType

Kounocosekmii JI. A%, 3ananos T.M.2, ITonomapes C.A.2 Illyxos 10.T".}, Moposzos A. A%,
Crapunckuii C.B.!

Ut Cco PAH um. C.C. Kymamenaose, 630090, Hosocubupck, np. Axkademurxa Jlaspenmoesa, 1

2U®II CO PAH um. A.B. Pacanosa, 630090, Hosocubupck, np. Axademuxa Jlaspenmvesa, 13

CBepXTOHKHE IUICHKH 30JI0Ta, TOJIIUHON MeHee 10 HM, aKTUBHO HCTIONB3YIOTCS B THOKUX IPO3PavyHbIX
3NEKTPOAAX Ul ONTOIEKTPOHHBIX NPUOOPOB, TOHKOIJICHOUHBIX COJIHEUHBIX 3JIEMEHTaX, JUCIUIESAX W CEH-
COPHBIX 9KpaHax, (poTomeTekTOpax u cBeToaroAax [1]. BeipammBanue CIJIONIHBIX U CBEPXTOHKUX TICHOK 30-
JIOTa Ha Pa3IMYHBIX MOJJIOKKAX, TAKHX KaK KBapll, OKCHJ KPEMHHUsI, HUTPHUJ KpeMHHS, TpadeH u T.1., KaK u3-
BECTHO, 3aTPYIHEHO M3-3a IUIOXOT0 CMauMBaHMA 30JI0TOM 3THX IIOJUIOXKEK, YTO MIPUBOAUT K (POPMHUPOBAHUIO
TPEXMEPHBIX OCTPOBKOB HA HAYAJIbHBIX JTanax pocTa IuleHKU. PopMHUpOBaHNE METAIUINYECKON IUIEHKU IPO-
HUCXOIUT MO CIEAYIOUIeMy MEXaHU3MY: 3apOXKICHHE OCTPOBKOB, POCT OCTPOBKOB, CIHSHHUE OCTPOBKOB, MeEp-
KOJISALIMS M 3alI0JTHEHUE KaHAIOB ¢ 00pa3oBaHUEM CIIONIHOM TOHKOM IUIeHKH. [l CHIKEeHHUsT TIOpoTra TepKo-
JSIMY CBEPXTOHKHX IJICHOK 30J10Ta OOBIYHO MCIIOJIB3YIOT ar€3MOHHBIE WIIH 3aTpaBouHbIe ciiou [1], a Taxoke
OXJIQXKICHHUE TOAJIOKKH 10 KPHOTEHHBIX TeMIiepaTyp [2]. OaHako, UCIOIb30BaHKE ar€3MOHHBIX CJIOEB MPH-
BOJUT K YBEJIWYCHUIO ONTHYECKUX IIOTEPh W HECOBMECTHMOCTBIO C TPEOOBAHUSIMH OINTOARIEKTPOHHBIX
YCTPOMCTB, a OXJIAXICHHE IIOJJI0KKH JO0 KPUOTEHHOM TEMIIEPATYPBI SIBISIETCS CIIO0KHOM TEXHOJIOTMYECKOM 3a-
nmadedd. B mamHO# paboTe mperaraeTcs WCIOIB30BaTh METOM UMITYJILCHOW Ja3epHo# abmsmuu (UJIA) s
HaNbUICHUS CBEPXTOHKHX IJICHOK 30JI0Ta.

Hanpuienne miieHOK OCYIIECTBISIIIOCH B BAKYYMHOH KaMepe B aTMocdepe KUCIopoia Ipu AasieHuu 10
[1a ¢ moMopto TBepaOTENbHOTO MMITYJIbcHOTO Nd: YAG nasepa ¢ aymHoi BoaHb (A) 532 HM. AHamu3 Mop-
(hostornu MOBEPXHOCTH IDICHOK MPOBOAMIICS METOAaMH aTOMHO-CHIIOBOI Mukpockonmu (ACM) Ha MUKpO-
ckone Bruker Multimode 8 u ckanupytomieit anekTporHo# Mukpockonuu (COM) Ha mukpockone JEOL JSM
6700F. 3MepeHne BONBT-aMIEPHBIX XapakTepucTuk (BAX) miieHOK MpOBOIWIOCH HAa 30HIIOBOW CTaHIIHMH,
OCHAIIICHHON MapaMeTPUYCCKUM aHAJIM3aTOPOM MOJIyIPOBOJHUKOBBIX mpubopoB Keithley 4200-SCS
Semiconductor ¢ moaynem u3Mepenus cBepxMaibix TOKoB 4210-SMU. AHanu3 ONTHYECKUX CBOWCTB IICHOK
ocymecTBisuics Ha criekTporpade CP-2000.

Pesynbrarel uamepenns BAX nokazanu, 4To ¢ yMeHbIIEHHEM TOJIIIMHBI INIEHOK 30510Ta ¢ 7,4 HM 710 3,9
HM conpoTuBieHue pacteT ¢ S0 Om 10 370 OM, 4TO TOBOPHUT O XOPOIIIEH IIEKTPOIPOBOJHOCTH TUICHOK. Y Be-
JIMYEHHUE JIEKTPUUECKOTO COMPOTUBIICHUS ¢ YMEHBLICHUEM TOJIIIUHBI CBA3AaHO C MEPKOJIALUEH IIEHOK, YTO
MOJTBEPIKIAETCS CIIEKTPAaMH MPOIYCKaHUs TUIEHOK. AHaIN3 MOP(OJIOTHH MMOBEPXHOCTH MOKAa3all, 4To Cpel-
HEKBaJpaTH4Has [IEPOX0OBaTOCTh MOBEPXHOCTH He npesbimaeT 0.7 HM, 4TO coBeTyeT 2-3 MoHocnosM. [lapa-
METp CIUIOIIHOCTH TUICHOK, OTHOIIIEHHE TUIONIAId MMOBEPXHOCTH, 3aHMMAaeMOH IUICEHKOH, K IJIOIAAH TTO/-
J0XKH, Bapeupyetca oT 1 1o 0,9 mist mieHok TommuHoN 10 — 5 HM, B TO BpeMs Kak B JIUTEpaType Takoi
napamMeTp JOCTUraeTCs JUILb MPU OXJIAKICHUU HOI0KKH 10 TeMiepaTypsl 153 K [2].

B pabore nokazano, uro MetogoM MJIA MOKHO HambUIATH MPOBOSIINE CBEPXTOHKUE TICHKH 30J10Ta,
TOJIIIMHOW MEHee 5 HM, Ha IMOJUIOKKH KPEMHHs M KBapia 0e3 MCIIONb30BaHUs aAre3UOHHBIX CIIOEB W/WIIN

OXJTAKACHUA IMMOJJIOXKKH 10 KPUOTCHHBIX TEMIIEPATYP.

[1] D. 1. Yakubovsky et al., Adv. Mat. Int. 6, 1900196 (2019).
[2] R. Lemasters et al., ACS Photonics 6, 2600-2606 (2019).
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HoBas meTouka onpenesieHusi BEpOSITHOCTH BBIXOa
(hOTORNEKTPOHOB U3 MOTYIPOBOJHUKOB B BAKYyM

Posxkos C.A.'2, Baxun B.B.!, aii6nep I'.D.1:23

‘U1 CO PAH, 630090, Hosocubupck, np. Ax. Jlagpenmuesa, 13

2HI'Y, 630090, Hogocubupck, yn. [Tupozosa, 2

SHI'TY, 630073, Hosocubupck, np. K.Mapxca, 20

@DOTOAIMUTTEPHI HA OCHOBE MOJYIPOBOJHHKOB C OTPHUIIATEIHHBIM 3(QQEKTHBHBIM IEKTPOHHBIM CPO/JI-
ctBoM (O3C) mupOKO MPUMEHSIOTCS B MIPAKTHUECKAX W HAYYHBIX PWIOKEHUAX. B paMKkax TpexcTyreHdva-
Toi Mozenu portoamuccu [1] s kBaHTOBO# Y dektuBHOCTH hoTokaTona (QE) cnpaBeyinBoO BeIpakeHHE:
QE = Paps Prans Pesc, /1€ Pabs-BeposTHOCTE moriionieHust (POTOHA, Pians-BEpOSITHOCTH cOOpa (HOTORIEKTPOHA
SMUTHUPYIOIIEH MOBEPXHOCTHIO U Pesc-BEPOSITHOCT BBIX0JIa B BAKYYM. TpaJHIIMOHHBIA METOJ ONpEACICHNUS
Pesc 3axmovaercst B uamepennu criektpa QE u pacuere Paps U Pyans, U 4ero Hy>KHBI 3HAYCHHUS NTAPAMETPOB
¢dorokarona: kKo3pPpUIHUEHTOB MOTIOMICHUS U OTPAKEHUsI CBeTa, AMUHBI AU((Y3UH (OTOIIEKTPOHOB U CKO-
pocTeit peKOMOMHAIIMHY DIIEKTPOHOB Ha IpaHHIIaX aKTUBHOTO cliod (hoTokaroma. OmHAKO HA MPAKTHKE 3HAYE-
HUSI MHOTHX TT1aPaMETPOB HEHU3BECTHBI, M JJOOUTHLCS YAOBIECTBOPUTEIILHOTO COTTIACHS TEOPUH U SKCIIEPUMEHTA
3aTpyaauTenabHo [2,3]. B nanHO# paboTe npeuiokeH MeTO ] He3aBUCUMOTO OTpeieieHHs Pesc.

MeTton ocHoBaH Ha siBiieHUH (oTo-D/IC: moToK GoTOo3IeK-

TPOHOB Ha MOBEPXHOCTH JICTIUTCS Ha JIBE YaCTH: TIEPBasi YaCThb C BE- {04k N B |
POSITHOCTBIO Pesc BBIXOIUT B BaKyyM, a BTOpast 4acTh C BEPOSITHO- l

CTbIO (1 - Pesc) 3aXBATHIBACTCS HA [IOBEPXHOCTh U YMEHBIIACT U3~ | ‘£ 1.02} l‘

ru6 30H, 4TO NpuBOAUT K maaeHuto QE [4]. B 3aBucumMocTH OT 1o- & ‘
JSIPHOCTH ¥ BEJIMYMHBI BHEIIHETO AJICKTPUYECKOTO IMOJS, MOXKET E 1.00F

IPOU30MTH BO3BPaT SMUTHPOBAHHEIX (DOTOZJIEKTPOHOB B HOMY- :go o N7
NPOBOJHUK, HX 3aXBaT Ha IIOBEPXHOCTh U JOMOIHUTEIBHOES SN iz
yMeHblieHue u3ruda 308 U QE. 3Has 3aBucumocts QE oT uHTEH- 0.96| l

CHBHOCTH CBETa M BEJIMYMHY TOMOJHUTEIBHOTO yMeHbIeHus QE ! . I :

B 3aIIMPAIOIIEM I10JIe, MOXXHO ONPENENUTh BEPOSITHOCTh BBIXOAA 0 2 4 t (MuH)
Pesc. [Ipsimoe mzmepenne Toka porosmuccun u QE B 3anmparoriem
Puc. 1. — Kunemuxa moxa ¢oomoamuc-

110JI€ HEBO3MOXXHO, IMOITOMY HGO6XO]II/IMO N3MEPCHNEC KUHETUKHN cuu 8 BaKyyM u3 p—GaN(CS) (f)()lﬂ()l\"(l—

BOCCTAHOBJICHHS TOKa (DOTOIMHCCHHU TIOCIIE CMEHBI 3aITUPAIOIIETO
ANIEKTPUYECKOTO OIS Ha TsHyIee noie. [lockonbky ckopocts penakcanuu (oro-2/1C yBenmmuuBaercs ¢ po-
CTOM TEMIIEpaTyphl, MPEANOYTUTENHHO MPOBEACHHE U3MEPEHUH NMPH HU3KHX Temreparypax. Ha pucynke 1
npe/crapieHa kuHetrka Toka poroamuccuu pu T = 90 K us p-GaN(Cs) porokaTosa B BaKyyM Ipu OCBEIIECHUH
CBETOM, BBI3BIBAIOIINM MEK30HHBIE mepexo bl B GaN, u pu nepekroueHnd MeXy TSHYIIMMHU H 3alHiparo-
IIUMH 3JIEKTPUIECKUMH MOJIsIMU. Kak BUIHO M3 PUCYHKA, TPUIIOKEHHE 3aITPAIOIETO MOJIsi TPUBOAUT K IOTION-
HHUTEJIBHOMY yMEHbIIeHHIO (oToToka. Vcromnb3ys 3aBucumocth QE p-GaN(Cs) doTokarona ot Temreparypbl
Y IHTEHCUBHOCTH cBeTa [4], OBUIO MONyYeHo, 4To st JaHHOTO (poTokaTona Pesc = 0.6 £ 0.1 mpu T = 300 K.
PabGota BeImonHeHa npu noazaepkke Poccuiickoro Hayunoro ¢onma 23-72-30003.

[1] R.L. Bell, Negative Electron Affinity Devices, Clarendon Press, Oxford (1973).
[2] W. Liu et al., J. Appl. Phys., 122, 035703 (2017).

[3] S. Uchiyama et al., Appl. Phys. Lett., 86, 103511 (2005).

[4] S.A. Rozhkov et al., J. Phys.: Conf. Ser., 1199, 012031 (2019).
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Bxkiag mOBEpXHOCTHBIX COCTOSIHUM B PE3UCTUBHBIC 3P (DEKTHI,
HaO0I10/1aeMbI€ B TOHKUX AMUTAKCUAIBHBIX CETHETORICKTPUUECKUX

TUICHKaX TUTaHaTa Oapus

Jlesnue M.B.!, Aunpeesa H.B.!, Bunkos O.10.2, ITeryxos A.E.2

L\CrI6raTy «JI2THy, 603950, Cankm-Ilemepbype, ya. Ipogeccopa ITonosa, 5
YHayunwiii napx CII6I'Y, 198504, Canxm-Ilemep6ype, bomanuyeckas yn., 17
‘criery, 199034, Canxm-Ilemepbype, Yuusepcumemckas nabepecnas, 7-9

TynHensHO-Ipo3paunble snutakcuanbable BaTiOz (BTO) mnéHku MCIonb3yroTcs B CETHETOIIEKTPH-
yeckuX TyHHENbHBIX mepexonax (CTII), B KOTOPBIX aCHMMETPUYIHOE paclpeesieHHue dIeKTPOCTATHIECKOTO
MOTEHIIHANa TIPUBOJUT K M3MEHEHHUIO BBICOTHI Oapbepa U pa3HBIX HAMPABICHUH MOSPU3AIIH, YIIPaBIsI
TYHHENBHBIM 3JieKTpoconpoTuBieHreM. Cocrosnue monspuzanun B CO-TUI€HKE A0KHA 00yCIaBIUBATh
HaJIMYUE BCETO JMBYX pe3ucTUBHBIX cocTosiHuil B CTII, omHako, B psge pabot [1] ObUTH 3KCTIEPUMEHTAIBHO

MIPOJIEMOHCTPHUPOBAHBI TPOMEKYTOYHBIE COCTOSHUS.

Bo3HrKHOBEHHNE ITHX COCTOSHHIA MOXKET ObITh O0YCJIOBIICHO SIB-
JIGHUSIMH, CBS3aHHBIMH C pellakcaliieil U peKOHCTPYKIMEH MOBEPXHO-
ctu BTO-mmnénku. C 11e1p10 MpOBEPKU JAHHOM THIIOTE3HI IPOBEICHO HC-
CJIeIOBaHUE KOPpEAIUU JOKadbHBIX COD U PE3UCTUBHBIX CBOMCTB
B TOHKMX OSmHTakcHanbHbIX BTO-mn€Hkax B cocTaBe KOMITO3UITHI
SrTiOs/Lao7SresMnO4/BTO (3 HM) ¢ HCIOIB30BaHHEM METOTUK CKaHH-
pyIoIleH TYHHEIBHONH MHKPOCKOIHH/CIIEKTPOCKOINH B CBEPXBBICOKOM
BaKyyM€ C MPUMEHEHHUEM PEXHMa MOHHOTO TPABICHHUS. JKCICPUMEH-
TaJbHO MPOJIEMOHCTPHPOBAHO U3MEHEHHE BEITUYHHBI TTIOBEPXHOCTHOTO
3apsifa mpu nepeoprueHTarmu CO-TIONSpU3aIiH, a TAKKE er0 BIUSHUE
Ha JIOKaJIbHBIC PE3UCTUBHBIE cBoMicTBa BTO-mnénku.

B pamkax Teopun QyHKIIMOHAJA IIOTHOCTHU MTPOBECHBI PACUEThI
ToHKMX BTO-mnénok TterparoHansHOH (as3pl ¢ pa3aMyHON TepMHHA-
LUed MOBEPXHOCTH. AHAIIN3 CTPYKTYPHOM penaKcayy o3B0JINI BblIe-
JUTH O0OBEMHYIO M IPUIIOBEPXHOCTHYIO 001acTH. Pe3ynbraTsl pacuéToB
MOKa3ajy, 4YTO IUIEHKHU C pa3HOW TepMHUHAIMEH 00JIaJaroT pa3IuIHON
MOBEPXHOCTHOM 3JIEKTPOHHOM IUIOTHOCTBIO: B CTPYyKType ¢ TiO2-Tep-
MuHamuen (puc. 1) MPUCYTCTBYIOT MHHAMYMBI TIOTEHIMANA, KOTOPHIE
MOTYT SIBIIITHCS TIOBEPXHOCTHBIMH JIOBYIIIKAMHU JIJIS HOCUTEIICH 3apsna;
MUHUMYMBI HE HaOJIOMArOTCS Uit CTPYKTypbl BaO-tepmunaiiun
(puc. 2). Kpome Toro, nnst TiOz-Tepmunaiuu o0pasyercs NpUIOBEpX-
HOCTHBIA «KapMaH», B KOTOPOM KOHUEHTPALHS AIEKTPOHOB MPUMEPHO
Ha 10° BhIIIIe, uem B 06BEMHOI 06MaCTH.

N3MeHeHne KOHUEHTPALMUA 3JIEKTPOHOB B IPUIIOBEPXHOCTHOU
obractn BTO-mn€HKM MOXKET OKa3bIBaTh BIHMSHHAE HA OCOOCHHOCTH
skpanupoBanus CI-TIONSApU3ALNH, TTO3BOJISSI MEHATh BEICOTY 00pa3o-

BaHHOTO IJIEHKOM TYHHEJIBHOIO 0aphepa, TeM CaMbIM yIpaBJisis €€ JOKaJbHBIMU PE3UCTUBHBIMUA CBOMCTBaMU

" IPUBOAA K IMOABJICHUIO ITPOMEKYTOYHBIX PE3UCTUBHBIX COCTOSTHUH.

HccnenoBanue BHIMOIHEHO Npu nojaepkke Poccuiickoro HayuHoro ¢onga B pamkax mpoekra Ne 21-

79-20073.

+0.0000
+0.0000
+0.0002
+0.0026
+0.0361
+0.4980
+6.8655

Puc.1 — Pacnpeoenenue snek-
MPOHHOU NAOMHOCMU 8 CHPYK-
mype ¢ TiO-mepmunayuei.

[Setlez An(o)]
+0.0000
+0.0000
+0.0001
+0.0015
+0.0166
+0.1885
+2.1399

Puc.2 — Pacnpeoenenue snex-
MPOHHOU NIOMHOCIU 8 CIPYK-
mype ¢ BaO-mepmunayueii

[1] Yamada H., Garcia V. Fusil S., Boyn S. et al., Giant electroresistance of super-tetragonal BiFeOs-
based ferroelectric tunnel junctions. ACS Nano, 7, 5385-5390 (2013).
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BrustHye oprieHTaImm moy10’KKy Ha TOMOSITMTaKCUATBbHBIN pocT ciioeB B-Ga03

Byrenxo I1.H., ITeunukos A. 1.1, boiiko M.E., I'yzunosa JI. 1.1, Kpeivos B.M.?,
[Ianenxos C.B.%, Illapkos M. J1.}, Comankos W.I1.%, 3apuunsii A.A.Y, Hukonaes B. 1.

Y\OTH um. A. @. Hogpghe, 194021, Canxm-ITemep6ype, ITonumexnuveckas yi., 26
2CII6AY PAH um. JK. H. Angeposa, 194021, Canxm-Ilemep6ype, Xnonuna ya., 8

Oxcun rammus (Ga20s) sBIsieTCS NEPCIEKTUBHBIM CBEPXITUPOKO30H-
HBIM nIoTynpoBoanukoM (Eg ~ 4.9 3B), koTopelii yke celidac mpuMeHSeTCsI
JUIs1 pa3paboTOK yCTPOMCTB CHIIOBOH 31eKTpoHuKH [1]. EnuncTBeHHas Tep-
MUYecKH cTabuibHas asa (f-Gar03), nMeromas MOHOKIIMHHYO CTPYKTYPY,
B OTJIMYUH OT OCTAIBHBIX MOJU(UKAINI, MOKET OBITH IMOJydeHa KpUCTall-
nu3anued U3 coOCTBEHHOro paciuiaBa. Takue oObEeMHBIE KPUCTAIBI MC-
MOJIB3YIOTCS B KAYECTBE TIOAJIOKEK, B TOM YUCIIE I TOMOAHUTAKCHH.

B pabGote mpencTaBieHbl pe3yNbTaThl POCTa METOIOM XJIOPHIHOM
razogasnoit anurakcuu (HVPE) roMmosnTakcnanbHBIX CIIOEB HA MOHOKPH-
CTAaIIMUecKuX momiokkax P-Ga,Os opmentammii (100), (201) u (010).
CBeeHHs O CJI0sX, BEIPAIIEHHBIX Ha mIockocTsx (100) u (201) my6muky-
I0TCS BIIEPBBIE.

INoBepxHOCTh TOMORMUTAKCHATTBHOTO closi B-Gax0s, ocaxkaeHHOTO Ha
MoJUI0XKKY ¢ opueHTanuei (100), koTopast ABISETCSA TUIOCKOCTHIO CIIAHHOCTH
(puc. 1a), conep>xuT HEOTHOPOTHOCTH B (hOpME NPSIMOYTOITBHUKOB (OTMEUEHBI
XKENTBIMUA LIBETOM). VICTOYHHKOM 3THX OOBEKTOB SIBJISIOTCS JOMEHHBIE Ipa-
HHULIBI, KOTOPBIE Pa3NelisifoT CoceTHHE OJIOKH, PACTIONOKEHHBIC Ha PA3HbIX BbI-
cotax B Iwiockoctd (100) [2]. JlaHHas ocoOeHHOCTH peiibedha Ha HaYaIbHBIX
CTaIUsX POCTA YaCTUYHO HACJIELYETCs] TOMORIIUTAKCUATIBHBIM CJIOEM, YTO SIB-
JsIeTCsl HPUYMHOM MOBBIIIIEHHOH I1epoxoBaTocTH. CKOPOCTh POCTa, PaCCUUTaH-
Has Ha OCHOBaHMH aHaIM3a CKOJIA MOJTyYeHHOH CTPYKTYPBI, COCTAaBISET OKOJIO
0,5 Mxm/a. CToIlb HU3KAsl CKOPOCTh pOCTa, PUKCHpyeMasi IPH SMUTAKCHU Ha
mwiockocty (100), cBsi3aHa ¢ HU3KOHM 3HEpPruei ajaresuu. JTO BbI3BAHO KpaiiHe

BBICOKO# CKOPOCTBIO COITYTCTBYIOILETO UCIIAPESHHUS aTOMOB, MOCTYIAOIINX HA
(100) B mporecce pocta [3]. MOKHO HpPEATIONOXKHUTb, YTO B JAHHOM Ciiydyae | Puc.l — HMzobpascenus no-
POCT SIHUTAKCHAITBHOTO CJIOSI HAYMHAETCS MPEUMYILECTBEHHO HA yYacTKax Jia- | BEPXHOCIU 2OMOINUMAKCU-
anvrovix croes -Gax0s, sbi-
PAWEHHBIX HA NOOTONCKAX

¢ opuenmayueu (100) (a),
rarorue K miockocty (100). Kak uzsectHo, miockocts (001) umeer camyro BbI- (201) (b) u (010) (c).

TepaJbHOM IIOCKOCTH NPSIMOYTOJIBHBIX HEOJHOPOIHOCTEH. DTOMY CIIOCO0-
cTBYIOT (parmeHTs! mwiockoctr (001), HOpMaNbHO PACTIONIOXKEHHBIE U IPHJIe-

COKYIO CIIOCOOHOCTD K 3IHUTaKCHAJIEHOMY POCTY CPEIH BCEX OpPUCHTAIMH MO-
HoksmHHOr0 Gaz0s [4].

Pucynok 1b, ¢ nemoHCTpHpyeT penbed MOBEPXHOCTEW CIIOEB, TIOTYYEHHBIX IIPH FOMOSMHUTAKCHAIEHOM
pocte Ha mockocTax (201) u (010) cooTBeTcTBeHHO. Panee momo6HAs IOCKYTOOOpas3HAs COHAIPABICHHAS
CTpYKTypa HabIroanach nuib npu romosnurakcuansioM HVPE pocrte Ha mnockoctu (010) B-GaxOs [5].
Onenka ckopocTeii pocta Ha mockocTsax (201) u (010) naer 3Hauenns nopsaka 10 Mkm/d u 1,5 MKM/4 COOTBET-
CTBEHHO, YTO BO BTOPOM CJTydac UMEET XOpOIIIee COBIAJICHHE C YK€ M3BECTHBIMHU Ha CETOJIHS IAHHBIMU [4].

HccrenoBanus BBIMOIHEHBI IPpH Moepkke Poccuiickoro Hayunoro ¢ouma (mpoekt 23-29-10196).

[1] Y. Qinetal., Jpn. J. Appl. Phys., 62, SF0801 (2023).

[2] P.N. Butenko et al., J. Crystal Growth, 630, 127597 (2024).
[3] K. Sasaki et al., Appl. Phys. Express, 5, 035502 (2012).

[4] K. Goto et al., Appl. Phys. Lett., 120, 102102 (2022).

[5] J.H. Leach et al., APL Mater., 7, 022504 (2019).
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TpubossieKkTpruyecKas reHepaus Mpyu TPEHUU BBICOKOJIETUPOBAHHOTO
aJIMa3HOTO 30HJa O MOBEPXHOCTHh KPEMHUSA

Aaexcees I1.A.Y, Caxno JI. 1.}, dynaesckuii M. C.!
YOTU um. A. @. Hoghghe, 194021, Canxm-Ilemepbype, [lonumexnuueckas 26

[Ipu TpeHuM MOITYIPOBOAHUKOBBIX MAaTEPUAJIOB C AJIEKTPUYECKUM KOHTAKTOM BO BHEIIHEW LIEIH MPO-
TekaeT TOK. [laHHoe sIBlieHHEe Ha3bIBAETCs TPUOODIEKTPHUUECKON reHepanuneil u Obl1o 0OHApyKEHO U UCCIen0-
BAHO JUIS Pa3JINYHBIX Tap HOIYTIPOBOAHUK — METAUTMYECKHUI SJICKTPO U MTOTYIPOBOIHUK — TTOTYTIPOBOIHUK
[1,2]. TIpu 3TOM B OTAHMYHE OT AUDICKTPUUECKUX TPHOODTICKTPHUESCKIX T€HEPATOPOB, B MOIYIIPOBOTHHKOBBIX
reHepaTopax HanpaBJeHHE TOKA MOCTOSHHO M IIOTHOCTh Toka gocturaer 107 A/m2. HecMOTpst Ha aKTHBHBIE
HCCIICIOBaHUS, MEXaHU3M BO3HHKHOBEHHSI TPUOODIIEKTPUUECKOTO TOKA IO CHUX IMOP OCTaéTCsl AUCKYCCHOH-
HBIM. Kpome Toro, 171 MpakTHYecKoro MpUMEHEHNST He00X0JMMO MaKCHMHU3HPOBATh BBIXOIHYIO MOIIHOCTB,
a TaKke YCTAaHOBHUTH CKOPOCTH JIETPaJalliyil MOBEPXHOCTH TTOYTIPOBOIHUKA IIPH TPEHHU.

YcTaHOBNIEHO, UTO HA BETMYMHY TPUOOIIEKTPHUECKOTO TOKA M Ha €T0 HAIIPABJICHUE BIUSET MHOKECTBO
(hakTOpoB (YpOBCHb U THII JISTUPOBAHHMS, pelibed MOBEPXHOCTH, pab0OTa BBIX0/1a, TOJIIIMHA TTOBEPXHOCTHOTO
OKCH/1a, OPUCHTAINS TIOBEPXHOCTH, MaTEPHAI ITOIBIDKHOTO KOHTAKTa, peasibHas IO b KOHTAKTa, BHEIIHEE
ocserenue, u ap.) [1,2]. HemocraTouHblii KOHTPOJIb AaHHBIX (HAKTOPOB 3aTPYIHSIET HHTEPIPETAIUIO IKCIIE-
PUMEHTAIBHBIX pe3ybTaToB. Tak, HanmpuMep, aTOMHO-CHAIOBAsI MUKPOCKOITUS JJ1sl KCCIIEAOBaHUS TPHOOIIEK-
TPUYECKOH T'eHepaIiH SBJSIETCSI MOLIHBIM H PaCcIpOCTPpaHEHHBIM HHCTpYMeHTOM. OIHaKO B OOJBIINHCTBE pa-
00T MPOMCXOAUT JOTIOIHUTEIbHAS TaPa3UTHAS 3aCBETKA MOJIYIPOBOJHUKA BCTPOSHHBIM B MHKPOCKOIT J1a3e-
poM (4TO MOXKET MPUBOAUTH K BOSHUKHOBEHHIO (POTOTOKA), TPH STOM (DaKT 3aCBETKH UTHOPUPYETCS.

Lenbto nanHO#R paboThI OBUIO HCCIIeAOBaHUE TPHOOIIEKTPHUECKON TeHepalliy PH TPEHUH BBICOKOJIE-
TUPOBAaHHBIX aJIMa3HBIX 30HJIOB O MMOBEPXHOCTh KpeMHUsl. MccnenoBanock HallpaBiIeHHUE U BeTUUUHA TPHOO-
AIIEKTPUYECKOTO TOKAa B 3aBHCUMOCTH OT THIIA JISTHPOBAHMS 30H/IA, THIA M YPOBHS JISTHPOBAHUS KPEMHUS,
OpHEHTAIMU MTOBEPXHOCTH KPEMHUS, BHEIIHETO OCBEIIeHH. Ba)kHO OTMETHTBh, YTO UCIIOIB3YEMBIH TIPH HC-
crefoBanusax aroMHO-cuitoBoit mukpockon (Ntegra AURA, NT-MDT), mo3Bosisin OTKIIIOYaTh BCTPOSHHBIH
Jla3€p U NpPOBOAUTHL HMCCJIICAOBAHHSA B YCIOBUAX MOJIHOMH TEMHOTEI. AJIMa3HbIE 30HbI, JICTUPOBAHHBIC 60pOM
M a30TOM, OBUIM BBIOpAHBI BCIICACTBHE X Pa3HOM pabOThI BBIXOJIA U BHICOKOH M3HOCOCTOMKOCTH.

KoMrutekcHbIe HccieoBaHus TO3BOJIMIIM YCTAaHOBHUTH, YTO HAIPABICHUE TPHOOIIIEKTPHYECKOTO TOKA
OTIpeJieNisieTCs Pa3HOCThI0 paboT BBIXOJIA 30HJA W MOBEPXHOCTH. [Ipy 3TOM HM3MEHEHWE THIIA JIETHPOBAHUSI
30HJa UJIM OPUCHTAIMU ITIOBEPXHOCTHU KPEMHUA MOXKET IMIPUBOANUTH K U3SMCHCHUIO MMOJIAPHOCTH TpI/I603J'IeKTpI/I-
Y4eCKOI'0 TOKa BCIIEJCTBUE M3MEHEHUsI paOOTHI BhIX0a. [ eHepalys TpuO03IeKTPUIECKOro TOKA MTPOUCXO IHIIa
3a cYeT TYHHEJIMPOBAHUS HEPABHOBECHBIX HOCUTEIIEH 3apsiia, BOSHUKAIOIINX BCIIEACTBHE pa3pyLICHHS XUMH-
4yeckux cBsseil mpu TpeHun [3]. B ycnoBusix ocBemieHUs] HAOMI0IaI0Ch YBEINYCHHE TPUO0IICKTPUIECKOTO
TOKa, a TAK)KE€ BO3HUKHOBEHHE (DOTOTOKA 3a CUET pa3JielieHHss HOCUTENIEH 3apsaa B 00JIacTH MPOCTPAHCTBEH-
Horo 3apsiga. [Ipu aToM HanpasieHrne (OTOTOKA B 3aBUCHMOCTH OT THIIA 30HJA W TIOBEPXHOCTH MOKET Kak
COBIAJIaTh, TAK U OBITH MPOTUBOIOJIOKHBIM TPUOOIICKTPHYECKOMY TOKY. Ba’kHO OTMETHTB, 4TO HaOIrOIe-
HUHA, HpOBeI[éHHBIe B YCIIOBUAX OCBCIUICHUS, COBIIAAAIOT C U3BECTHBIMU JIMTCPATYPHBIMHA TaHHBIMHA I TaKUX
e MaTepHaloB.

Taxum 00pazoM, yCTaHOBJIEH MEXaHU3M TpUOO3IeKTpruuecKoii reHepanuu. [lokasano, 4To npu renepa-
UM POUCXOTUT MOAN(HUKAINS CTPYKTYPbI MOBepXHOCTH. [lokazaHo, 4TO MpH MPSMOM TYHHEIIMPOBAHUHU U3
30H7a B BEICOKOJIETHPOBAHHBIN KPEMHUH, BETMYMHA TPHOOAIEKTPUIECKOTO TOKA BRIPACTAET Ha TPH MOPAIKA.

[1] R. Yang, et al., Nano Energy, 83, 105849 (2021).
[2] Z. Zhang, et al. Advanced Science, 11, 2305460 (2024).
[3] I1.A. Anexcees u op., @TII, 9, 725 (2023).
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Ontumuzaiys npoiiecca TpaBieHus: poTope3ncTa Ijis METo1a TBOMHOTO
MaTTEPHUPOBAHUS

Tuxonona E.J1.}?

Y40 «Hayuno-uccnedosamenvcxuii uncmumym monexynsaproii snexmponuxuy, 124460, Mockea,

3enenoepao, ya. Axademuxa Banuesa, 6/1

2Mockosckuil (puzuxo-mexHueckutl UHCmunym (HayUOHANbHLIL UCCIe006aMENbCKUL YHUGEPCUmMEenT),

141701, Mockosckas obracmo, 2. Jloneonpyousiti, Uncmumymcxuii nep., 9

B nocnennue roasl B Poccun akTHBHO pa3BUBaeTCs MMIIOPTO3aMellieHHe 000pyA0BaHUs 1 MaTEpHAaJIOB
IUIS TIPOM3BOACTBA MHTETPAIbHBIX cXeM. DOTOpE3nCT sBISETCS KIIOUEBBIM, HEOTHEMJIEMBIM MaTE€pHaIoM
B IPOM3BOACTBEHHOM TEXHOJIOTMYECKOM MapIIpyTe, B CBSA3U C UYE€M AKTYalbHBIM SBISIETCS HCCIIEAOBaHHE
W ONTHMHU3AIMs ONepaliyd TpaBicHUS (OTOPE3UCTUBHOTO MaTepHajla M aHTHOTPAXKAIOIIETO IOKPBITHSA,
a Takke pa3paboTKa ONTUMAJILHBIX YCIOBHI Mpoliecca TPaBICHHUS JKeNaeMbIX CTPYKTYp [1].

B kauecTBe ucciaegyeMoro 06beKTa Mbl B35UIN CTPYKTYPbI JIMHUIH

3atBOpa c pazmepamu 100 M. DoTonmuTorpadus MPOBOAMIACE Ha
ckanepe ASML, paborarorieM Ha AirHE BOJTHBI 193 HM ¢ pa3perieHueM o0 90
HM, B iporiecce ObuH 3aaeticTBoBaHbl 300-MM KpEMHHUEBBIE TJIACTHHEI.
TpaBnenue OblI0 IpoU3BENEHO Ha pa3paboTaHHOM Poccuiickoil Kom- 0

nanueit AO «HUUTM» knacrepe TM-300. brina mocraBneHa 3amagya

JIOCTUYb: TPEOYEeMbIil IPOGHIIb JIMHUH, CKOPOCTh TPABJICHHUS U PaBHO-

-200
-200 -150 -100 -50 O 50 100 150 200
X

MEPHOCTh TPABICHUS 1O IJIACTHHE.
Puc.1. — Kapma cxopo-

B Ka4yecTBE
cmu mpaenenus pomo-

KOPPEKLIMOHHOTO ~ METOAa  YIIy4YLICHUS

paspemaromieii crnocodHocTH (OTONMUTOTpaPUIECKOTo TMpolecca Uc-
MOJIb30BaJIOCh JBoiHOEe nmarrepHupoBanue LELE [2]. TTockonbKy naHHasi TEXHOJIOTHS TPEOYeT MPOBEICHUS
JBYX 3TanoB GoTonuTorpaduu 1 TpaBiIeHUs, HEOOXOAUMO OBLIO TIIATEIFHO KOHTPOJIUPOBATH KPUTUICCKHUIH
pasMep MONTYYMBIIMXCS TMHAN Ha Ka)KIOM M3 3TAIoB, B CBSI3M ¢ YeM OBUIO pelieHo A00aBUTh HOBOBBEICHHUS
B TEXHOJIOTHYECKUI MapIIpyT: ObLIa yMEHBIIIEHA TONIIIHA CJIOS aHTHOTPAXKAIOIIETO MOKPHITHS ¢ 82 HM 10 32
HM U J00aBjIeHa CTaus m1a3MeHHoi 0opadoTku B HBI/O; ¢ mocieyomum OTKUTOM JUTS CTIIaKHBAHUS 1I1e-
POXOBaTOCTEH 1O MUpUHE HOTOPE3UCTA.

Tabnuua 1 — [MapameTpsl TpaBiaeHUs POTOPEIUCTOPA B PEAKTOPE
Temnepar JaBne Bricota Bpems CKopocThb Hepagsno-
MouHocTh ypa Pacxon Pacxon TpaB-
HHE, rnoabLeMa TpaBJICHHUS, MEPHOCTH
UCII, Bt IO JIOK- Oy, n/uac | Na, n/gac JICHHS, A/ 0
it °C Ia CTOJIA, MM c MUH (36), %,
3000 280 360 270 27 80 20 22593 9,86

Ha cnenyromiem starne ObLH Mo100paHbl HY)KHbIE TApaMETPhI TPaBIeHHsT POTOPE3NUCTA, YUUTHIBAIOIINE

0CcOOEHHOCTH KOHCTPYKIIMH PEaKTopa, KaK MoKazaHo B Tabiwile cBepXy. [lomyunBIIMecs JTUHAN pa3MEpoM
~100 HM UMEIOT XOPOIIYIO OJTHOPOAHOCTH (<36), KOTOpast OKa3anach Ja)ke BBIIIE, YEM MOCIE IKCIIOHHPOBA-
HUS, YTO JIaeT HaM IOBOJ NIPEATOJIaraTh, YTO HHTErpauus TaKOro NoAaxoa crocoOHa yIyqlIUTh TEXHOIOTU-

yeckuil npoiecc GoroauTorpaduueckoro mporecca.

[1] Kpacnuxoe I'. 5. Bo3MOACHOCTIU MUKDOINEKMPOHHBIX MEXHOIO2UTL C MOROJO2UYECKUMU PAZMEPAMU
menee 5 um // Hanounoycmpus. 2020. T. 13. Ne S5-1(102). C.13-19.
[2] Tuxonosa E./I. Mooenuposanue npoguns pomopesucma 6 npoyecce camoCcoeMeujeHH020 080UH020
nammepHUpoOSanUs ¢ y4emom Koppexyuu npodremvt copsuux mouex / E. JI. Tuxonosa // Hanounoy-

cmpus. —2021. — T. 14, Ne S7(107). — C. 786-787.
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JIBYMEPHDBIE 1 OJJHOMEPHDLIE
CUCTEMDBI, TETEPOCTPYKTYPBI,
CBEPXPEIIETKHU
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JleymepHvle 4 00HOMEPHDBLE CUCMEMDbL, 2eMEPOCTIPYKIYPbL, CEEPXPEUUEIKU
[lceBnocnuHOBBIN (peppoMarHeTu3M B pexume KBaHToBoro s dexra Xosna

Ieneruanuukos A.B.!, Aunpeesa C. A%, Huxonaes I'. A.}®, Xucameesa A.P.!, Kykymxun U.B.!

YWDTT PAH um. Ocunvsana, 142432 Yepnozonosxa, Mockoeckas o6x., Poccus

’F {ayuonansHwill uccredosamenvckuil yuusepcumem ““‘Boicuias wikona sxonomuku”, 101000 Mockea, Poccus

SMockosckuii puzuxo-mexnuueckuii uncmuntym, Uncmumymckuil nep., 9, JJonzonpyouutil,

Mocxkosckas o6n., 141701, Poccus

HuskoremneparypHas ¢n3nka MHOTOKOMIOHEHTHBIX 3JIEKTPOHHBIX CHCTEM Ype3BhIYaiiHO Oorara Ha
KpacuBble (DM3WUYECKUE SBICHUS W XapaKTepU3yeTcs IEeNTbIM HaOOpOM YHUKAIBHBIX OCHOBHBIX COCTOSTHHA
W HETPUBUAIBHBIM CIEKTPOM Pa3IMUHBIX 3apSA0BBIX M CIIMHOBBIX BO30YXAeHHN. OOIIENPUHATHIN MOAX0A K
OIMHCAHUIO CII0KHOTO MOBEACHUS TaKUX CTPYKTYp MOJpPa3yMEBaeT BBEACHUE JOMNOIHUTEIbHON BHYTPEHHEH
CTeTIeHH CBOOOIBI AIEKTPOHA, KOTOPasi BO MHOTOM CX0Xa CO CIIMHOM M TTO3TOMY YacTO MO aHAJIOTUW Ha3bIBa-
eTcs TiceBAOCTUHOM. [IceBaoCnH ecTeCTBeHHBIM 00pa30M BO3HHKAET B MHOTOOJIMHHBIX CHCTEMaxX, I7Ie OH
“MapKHUpyeT”’ BBIPOXKJIEHHBIE AIEKTPOHHBIE TOJIMHBI, IPU 3TOM MEXaHUYECKOE HANPsKEHNE — BHYTPEHHEE WIIN
BHEIIIHEEe — OOBIYHO CHUMAET 3TO BHIPOXKICHHE U BBI3BIBAET KOHEYHOE YHEPTEeTHUECKOE PACILCTNICHHE MEKAY
JIOJINHAaMH, T.€. HEHYJIEBYIO SHEPruto "3eeMaHa’ MeXAy COCTOSHUSAMU IncepaocnuHa "Beepx" u "Buuz". Tec-
Hasl aHAJIOTHS MEX]Ty CIIMHOBBIMHU W TICEBIOCTIMHOBBIMHU CTETICHSIMH CBOOO/IBI TIPEATIONAraeT CyIeCTBOBAHNE
TaKWX SIBJICHUH, KaK MCEBAOCIHHOBEIN (heppoMarHeTn3M, KOTOPBI BOZHHKAET B PEKUME KBaHTOBOTO 3(-
¢exra Xomna u crabuiu3upyeTcs 3a CUET IIEKTPOH-3IIEKTPOHHOTO B3aUMO/ICHCTBUS, & TAKIKE COOTBETCTBYIO-
X (ha3oBEIX MEPEXO0J0B, CBA3AHHBIX B CIy4ae MHOTOIOJHMHHON 3JEKTPOHHON CHUCTEMBI C MaKpOCKOIIMYe-
CKHM IepepacHpeeICHUEM SJIECKTPOHOB MEXAY JOJIUHAMMU.

OnHoii n3 HanOoIee NEePCIEKTUBHBIX MaTePHATBHBIX CUCTEM JJISl H3YUEHUS TICEBAOCIIMHOBOM CTETIeH!
cBO0OO/BI B pexkrMe KBaHTOBOro 3dekra Xoiia siBisercs mmpokas AlAs KBaHTOBas siMa, BbIpalllCHHAs
B HanpaBneHnu [001]. M3-3a BCTpoeHHOTO MEXaHHMYECKOTO HAMPSDKEHUS B TAKOH CTPYKTYpE HIKANIIIUMU TI0
SHEPIHH OKa3bIBAKOTCS IBE SKBUBAJIECHTHBIC IJIOCKOCTHBIE TOINHBI, PACTIONOXKEHHBIE B X TOUKaX 30HbI bpui-
JodHa. bornbInas HUKIOTpOHHAs Macca B 3ToM Matepuaie (o4t 0.5 oT Macchl cBOOOIHOTO AIIEKTPOHA) 00ec-
MeYMBAET JOMUHUPOBAHUE IHEPTUH IJIEKTPOH-3JIEKTPOHHOTI'O B3aMOIEUCTBUS HAJl XapaKTepHBIM pacIlerie-
HHUEM MexAy ypoBHsMHU JlaHnay U, KaK CIEACTBUE, IPUBOAUT K CYIIECTBEHHOW POJIU pa3IMYHBIX MHOrOYa-
CTUYHBIX 3(pPeKTOB B perkuMe KBaHTOBOTO 3Pexra Xomra.

MB&I Hccre[oBali TICEBIOCITMHOBYIO CTENeHb CBOOOIBI B AIAS KBAaHTOBOM siME TIPH TIOMOIIU 3JICKTPOH-
HOT'O CITMHOBOT'O pe30HaHca. biaromaps aHHM30TpONMHU 3JIEKTPOHHOTO g-(hakropa B AlAS, IIpu ONpeCIICHHOM
OpPHEHTAIINH TUIOCKOCTHOW KOMIIOHEHTHI MATHUTHOTO TIOJISI MBI CMOTIIM HE3aBHCUMO HaOIFO/IaTh CITUHOBBIE pe-
30HAHCHI AJIEKTPOHOB, 3aCEIISIOIIUX KAKIYIO U3 DJIEKTPOHHBIX JTOJMH. AHAJIU3 aMIUIUTYbl 3TUX PE30HAHCOB
MO3BOJIMJI HEMOCPEJCTBEHHO OIEHHUTh HE TOJNBKO MX 3aCEJIEHHOCTh, HO W CIIMHOBOE COCTOSIHHE 3JIEKTPOHOB
B HUX. C IpUMEHEHHEM JIAHHOTO SKCIIEPHMEHTATLHOTO TIOIX0/12, MBI CMOTJIH OOHAPYKHUTh U IETATLHO U3yYHTh
P peppOMarHUTHBIX (ha30BbIX MEPEX0I0B, BOSHUKAIOIINX BOJIU3U IEIOYNCICHHBIX (DAKTOPOB 3aIIOIHEHUS CH-
CTEMbI B HAKJIOHHBIX MAarHUTHBIX MOJIAX U HPU MPUIOKEHUU BHEIIHETO MEXaHUUECKOTIO HAIIPSKEHUS, a TAKKe
SIBHO ITPOIEMOHCTPUPOBATD YTO YaCTh U3 HUX UMEET CITUHOBYIO, a YaCTh — IICEBAOCITMHOBYIO PHPO/TY.

OKCIepUMeHTaJIbHBIE HMCCIEIOBAHMS BBIMIOJIHEHBI NMPH TMOAJEpXKKE TrpaHTa POCCHICKOro HaydHOTO
¢donga (mpoekt Ne 20-72-10097-11).
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[Tepexoa MeTamI-U30JATOP B MapaJIeTIbHOM MarHUTHOM 1oJie ¥ 3 HEKThI
MEXAJICKTPOHHOTO B3aMMO/ICHCTBHUS B IBYMEPHOU DAICKTPOHHON CHUCTEME

IMamkun A.A.
UDTT PAH, 142432, Yepnozonoska, Mockosckas ooi.

Y cTaHOBNIEHO CYIIECTBOBAHUE MIEPEX0/1a METAJUI-H30JISITOP B OECCTUHOBOW IBYXAOJIMHHON JBYMEPHON
3JIEKTPOHHOH CHCTEME B YJIBTPAUYHCTBIX KBAHTOBBIX siMax SiGe/Si/SiGe B CHMH-TOISPU3YIOMINX MAarHUTHBIX
IOJISIX, YTO HAXOAUTCS B KOHTPACTE C pe3y/bTaTaMK Ha KPEeMHHMEBBIX 0o0pa3siax ¢ 0osee cuibHBIM Oecriopsia-
KOM, I'Zie TIOJIIPU3YIOIee MarHUTHOE T10JIE BBI3bIBAET ITOJHOE MOAABICHNE METAJUINYECKOTO TEMIIEPATYPHOTO
MOBEJICHUSI CONPOTUBICHUS. HU3KoTeMIIepaTypHOe MaieHue COMPOTHUBIICHHUS HA METAIUTMYECKOH CTOpPOHE Tie-
pexojia MOKET OBITh ONMKUCAHO TEOPHEH, HO HaOIIoJaeMoe YMEHBIICHHE TEMIIEPaTypPbl MAKCUMyMa COTIPOTHB-
JICHUS NIPH HOJSIPU3ALUN IEKTPOHHBIX CIIMHOB HE MOXKET OBITh OOBSICHEHO B paMKax CyLIECTBYIOLIUX TEO-
puil. OOHapy’>XeHO, YTO HPU YMEHBIICHUU 3JICKTPOHHOW IUIOTHOCTH B YJIBTPAUHCTBIX KBAHTOBBIX SIMax
SiGe/Si/SiGe adexTruBHas Macca Ha ypoBHe DepMU MOHOTOHHO PacTeT, a yCpeAHEHHasl 10 YHEPTHH Macca
HACBIIACTCS MPH HU3KUX MJIOTHOCTSIX. KauecTBEHHO pa3nnyHOEe MOBEJCHUE MAcC YKa3bIBacT Ha BHI3BAHHOE
B3aUMOJICHCTBUEM YIUIOIICHUE OAHOYACTUYHOIO CIeKTpa Ha ypoBHe Pepmu. Macca Ha ypoBHe depmu He
3aBUCUT OT CTENCHH CIIMHOBOW IMOJSPU3ALMM, YTO IPOTUBOpPEUUT Teopuu. HabntoneHbl AByXHOPOTrOBBIE
BOJIBT-aMIICPHBIC XAPAKTCPUCTUKHN U MK HIMPOKOIIOJIOCHOI'O TOKOBOI'o mryma MCEXIAy ABYMSA IMOPOrOBBIMHU
HaMpsOKCHUAMU B U30JIUPYIOMIEM COCTOAHUHN NIPHU HU3KHUX IUIOTHOCTAX B ILBYMCpHOf/'I 3HCKTpOHHOI71 CHUCTEMC
B YIIBTPAYUCTHIX TeTepocTpykTypax SiGe/Si/SiGe. Pe3ympTaTsl MOTYT OBITH ONHCAaHBI (HEHOMEHOIOTHIECKON
TEOpHEH KOJUIEKTUBHOTO JETIMHHUHTA YIIPYTUX CTPYKTYP, YTO CBUAETENBCTBYET O (HOPMUPOBAHUH HIIEKTPOH-
HOT'O TBEPJAOIO TENA B 3TOH JIEKTPOHHON CUCTEME.
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Jlazepsl ¢ onTrndeckon Hakaukou cpeanero MK nuamazona
Ha rerepocTpykrypax HgCdTe ¢ kBaHTOBBIMU sSIMaMH

Pymsinues B.B.!, Maxyxuna K. A.12, Yroukun B.B.}, Pazoa A.A.%, Jlyounos A.A.}?, [llenrypos 1.B.%,
Muxaitnos H.H.3, [Isopeuxuii C. A. 3, T'aspunenxo B.1.1?, Moposos C.B.1?

‘HWdoM PAH, 603950, Husicruil Hoszopoo, I'CII-105

2HHT'Y um. H. 1. Jlo6auesckozo, 603950, Huowcnuii Hoseopoo, np. Iacapuna, 23

SUncmumym ¢usuxu nonynpoeoonuxos um. A. B. Pacanosa, 630090, Hosocubupck

B nocnennee roasl kBanToBeie siMbl (KS) HgCdTe paccmaTtpuBaroTesi Kak MepCneKTHBHBIA MaTepral
IUISL CO3AaHUsl JJIMHHOBOJIHOBBIX MCTOUYHMKOB KOI'€PEHTHOI'O M3Iy4YeHHUs (Anana3oH IJIMH BOJIH A > 20 MKM)
[1]. KBazupenssTHBUCTCKHI SHEPTETHIECKAN CIIEKTp B KBaHTOBHIX siMax HgCdTe mpensTcTByeT 03ke-peKoM-
OMHAIMH, 3a CUET Yero yKe MPOAEMOHCTPUPOBAHO CTUMYTUpoBaHHoe n3nyueHue (CH) Ha MeK30HHBIX Nepe-
X0J1aX BILIOTH 10 31 MkM [2, 3], T.€. 3a Ipe/iesiaMu CIIEKTPAILHOTO TMana30Ha, JOCTYITHOTO JUIS CYIIECTBYIO-
X KBaHTOBO-KackaaHbIX 1a3zepoB (KKJI). Beicokoe kauecTBO KBAHTOBBIX SIM M HU3Kas (POHOBAsI KOHIIEHTpPA-
st Hocuteseit B K5 Ha ocnoBe HQCATe sIBIIsIIOTCS JOTOTHUTEIBHBIME ITPEANOCHUIKAMHE ISl CO3/IaHHUS JUTHH-
HOBOJIHOBBIX MCTOYHUKOB H3TYYCHHUS, MPEBOCXOMAMIMX M0 XapaKTEPUCTHKaM HHXKEKIMOHHBIC Jla3ephbl Ha
XaJIbKOTEHUJ]aX CBHHIA-0JIOBA, KOTOPHIE B HACTOSIIMI MOMEHT IepeKphiBaloT HegocTymHyko ans KKJI 06-
J1aCTh UIAH BOJIH 2850 MKM.

B nacrosmieii paboTe 3a cyeT mogaBIieHUs pa3orpeBa HOCUTENEH U ONITUMH3AINH TU3aHOB JUIIICKTPH-
YEeCKUX BOJHOBOJIOB B CTPYKTypax Ha ocHoBe HgCdTe moporoByio MmioTHOCTh MOIIHOCTH HAaKauKH yJIajloCh
CHM3UTB JI0 3Ha4YeHuii ~ 1 B1/cM? 1 T0OMTHCS reHepalyy B KBa3UHENPephIBHOM pexkume npu 8+20 K na amu-
Hax BOJH OT 14 1o 24 mxwm. [Ipu Takom ypoBHE BO30YKII€HHUS OKa3bIBAETCS CYIECTBEHHBIM BKIIAJ MEXaHU3Ma
pexombuHarmn loxmm-Puna-Xomna, 4To MOATBEpKIAETCS H3MEPEHUSIMH BPEMEH KU3HU HOCHUTEINIEH 10 KH-
Hetuke (otonpoBoauMoctu [4]. Kpome Toro, moHmkeHHe MOpOra reHEpaldd OKa3bIBAETCSl BO3MOXKHBIM
TOJILKO TIPY BO30Y>KJICHUM HOCUTENEH ¢ SHEprHel HUKE MOPOroBOM 3HEpruH oxe-pekomOuHanuu (Ew), uto
yKa3bIBaeT Ha 3HAYMTENILHYIO POJb «Topsunux» oxe-mponeccoB [3, 4]. [IpuBonsTcst camocoriacoBaHHbIE
oLeHKHU 3((EKTUBHON TeMIepaTypbl HOCUTEIEH U TEMIIOB 0XKe-PEKOMOMHALIMY B YCIOBHUIX CTAL[HOHAPHOTO
B030yxaeHus. [lokazano, 4ro noselimeHue Ew (B K5 ¢ MeHbImumM conepxanueM KaaMusi) IPUBOAUT KaK K MO-
BBILICHHIO MAaKCUMAaJIbHOU TeMIepaTypbl reHepaii Tmax (B ydmmx cTpykTypax Tmax ~ 110 K) u cHmkenuto
pasorpeBa HOCHTEIEH Jake MPH HaKauke KBAHTAMHU C OTHOCHTEILHO BEICOKOH sHeprueit ~ 600 maB [5].

Ha Ga3ze uccnenoBaHHBIX CTPYKTYP METOJOM HOHHOTO TpPaBJieHUS ObUIM CPOPMHUPOBAHBI AMCKOBBIE
MHUKPOPE30HATOPHI, B KOTOPBIX yJAJIOCh HAOMIOAATh Ja3epHYI0 TeHEPALUIO C XapaKTEPHOH INPUHON JTMHUN
0.2 cm(0.025 mB). [Toporu reHepanuy B TAKMX MUKPOPE3OHATOPAX TTO3BOJISAIOT OCYIIECTBIIATH UX ONTHYE-
CKYI0 HaKa4yKy KOMIAaKTHBIMU KBAaHTOBO-KaCKaJHBIMU Jlazepamu cpeanero MK-muamnazona.

Pabora nognepxana rpantom PH® Ne22-12-00310.

[1] G. Alymov et al., ACS Photonics. 7(1), 98-104 (2020).

[2] S. Morozov et al., ACS Photonics. 8(12), 3526-3535 (2021).

[3] V.V. Rumyantsev et al., Applied Physics Letters. 121(18), 182103 (2022).
[4] V.V. Rumyantsev et al., Applied Physics Letters. 124(16),161111 (2024).
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['erepoctpykTypsl AlGaN/GaN: ¢hyHIamMeHTalIbHbIE ONITHYECKUE CBOMCTBA
U TI0JIh3a JIJISI IPUIIOKEHU N

Coaosbes B.B., Kaiicun b. /1., Kykyumkun 1. B.
UDTT PAH, 142432, YepHnoeonosxa, ya. Axademuxa Ocunvsaua, 2

[TomMuMo OOIIMPHBIX ¥ B OyKBaJIbHOM CMBICHE SIPKUX MPUMEHEHHUH B ONITORIEKTPOHHUKE, MaTepUallbHast
napa AlGaN/GaN 3ansna kpaiiHe BakHyto HUIIY B o0nacti CBU-35eKTpoHUKH U CHITOBO# 31eKTpoHuKH. [1o-
JIEBBIE TPAH3UCTOPHI HA OCHOBE JBYMEPHOTO 3JIEKTPOHHOTO KaHana B rereponepexonax AlGaN/GaN pyTuHHO
UCTIONB3YIOTCS Ha IMIPAKTHKE, HO KIIFOYEBOH BOIPOC O MPOUCXOKICHHUH HIIEKTPOHOB OCTACTCSI IO CHX TIOP OTKPHI-

TBIM U LIMPOKO 00CykaaeMbIM. Taxke He A0 KOHIIA SICHBI (PaKTOPbI, OTpaHUYHU-
BaIOLIME XapaKTEPUCTUKH JIEKTPOHHOM MOJIBU)KHOCTH, — OJHOTO M3 OCHOBHBIX
napameTpoB I GyHIaMEHTAJIbHBIX UCCIIEIOBaHUI.

B noxnane ocBemaroTcs SKCIEpUMEHTAIbHbIEC JaHHbIE O CBOWCTBAX HU3-
KOTEeMIIEpaTypHO# (OTOMOMUHECHIEHIIMN U3 reTeporepexonoB AlGaN/GaN,
BbIpAlICHHBIX KaK Ha YJbTPACOBCPIICHHBLIX IMOMJIOKKaX HCTHHHO-00BEMHOIO
GaN MeTo0M MOJIEKYJISIPHO-ITYYKOBOM SMUTAKCUY, TAK U HA PYTUHHO UCIIOJIb-

3yeMBIX Ha TMpaKTHUKe carupoBBIX MOANOXKax merogoM MOC-rumpumHON

Puc.1. — ©omo nooas-
OIMTAaKCHH. JIeHUSL «HCENOTU TIOMU-
Y IMBUTEIBHBIM 00pa30M, HECMOTPS Ha PAMaTUUCCKOE OTIUYHE IUPUH | HecueHyuy Mamepuand

TuHUHA QoTomoMuHecieHInH 13 oobeMa GaN I STHX JABYX pealn3anunii, Ka-
YECTBO CIIEKTPOB PEKOMOMHAILMM IBYMEPHBIX 3JIEKTPOHOB C (DOTOBO30YKACHHBIM IBIPKAMH OKAa3bIBAETCS
BITOJTHE CPAaBHUMBIM KaK I10 IIUPUHAM JIMHUAH, TaK U MO MPOSBICHUAM 3()D(HEKTOB KBAHTYOIETO MarHUTHOTO
niosisi. [IponsBoasATCs CpaBHEHNUS TPAHCTIOPTHBIX CBOMCTB CTPYKTYP, M BIHSHUE Ha HUX YCIOBHUI (POTOBO30YXK-
JCHUS.

O6cy>kaaeTcst BOIPOC O NPOUCXOKICHUU ABYMEPHBIX 3IEKTPOHOB B FE€TEPOCTPYKTYPaX, a TAKKe MpPHU-
poJa «OKeNTo! IIOMUHECHEHIIMI» B 00beMe (GaN, — BBIIAIOMIErocsl CAMIITOMA OJJHOTO U3 1e(h)eKTOB MaTepH-
ajna, TakKe J10 CUX I0p JUCKYTHPYEMOIO Ha IMIPOTSKEHUH YK€ HECKOJIBKO JAECITUIICTUH.
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Bausaue JICTUPOBAHUA HA CIICKTP ONITHYCCKUX (1)OHOHOB H 3JICKTPOH-
dhononHoe paccesiniue B GaAS KBaHTOBBIX sIMax

Anemkun B. 5.2, Jly6uHoB A. A2
Yy

YUDM PAH, 603950, Huxcnuii Hoszopoo, I'CI1-105

2HHI'Y um. H. 1. Jlo6auesckozo, 603950, Huowcnuii Hoseopoo, np. I'acapuna, 23

PaccesiHne 31eKTpOHOB Ha ONITHYECKUX (DOHOHAX SIBJISICTCS OJJHUM M3 OCHOBHBIX MEXaHU3MOB peJlaKcaliin
SHEPTHH DJICKTPOHA B MOIYyNpOBOAHKKaX. OHO UrpaeT BaKHYIO pOjib B paboTe MHOTHX HONYTPOBOAHUKOBBIX
pruOOpOB, B TOM YKCIIe MPUOOPOB, B KOTOPHIX HCIONB3YIOTCS KBaHTOBBIE sIMBI (KS1). B kauecTBe mpumepa Takux
puOOpPOB MOXKHO IPUBECTH HMH)KEKIMOHHBIE Ja3epbl C KBAHTOBBIMHU SIMAMH, KBAaHTOBO-KaCKaIHBIE JIa3epbl
(KKJI), nerekTops! U3 mydeHus Ha KBaHTOBBIX siMaX. OcobeHHo BakHBI 3TH Tiporiecchl B KKJI, B koTophIx Hace-
JICHHOCTH pabOYMX ypOBHEW YacTO ONMPEAENISIOTCS pacCesTHUEM DIIEKTPOHOB HA ONTHYECKHUX (DOHOHAX.

B K41 cBoiicTBa onTnueckux (POHOHOB OTIUYAIOTCS OT CBOMCTB ()OHOHOB B OOBEMHBIX MOJIYTIPOBOTHH-
kax. Ha 310 06cTOosATEIHCTBO OBLIO BIIEPBBIE YKa3zaHo B pabote [1], B KoTOpoit H3ydannuch ontuueckue GOHOHbBI
B CJIO€ MOJISIPHOTO MOJIYIPOBOJHHUKA C H30TPOITHON AUDICKTPHUYCCKON MPOHUIIaeMOCThi0. M3BecTHO [2], uto
ontuueckue GhoHoHbl B K5 MOKHO pa3zfienuts Ha JBe TPYIIbI: 00bEMOIIOJO0HBIE U TIOBEPXHOCTHBIC. Y 00be-
MOTIOTOOHBIX ONITHUECKUX (POHOHOB KoJeOaHHs PEHIETKH cocpeioToueHbl BHYTpH K5 1 0TcyTCTBYIOT BHE €€.
VY HOBEpXHOCTHBIX ONTHYECKUX (POHOHOB KOJIEOAHUS PEIIETKH cocpenoToueHs! okouo rpanun KA. Ipu pac-
CMOTPEHHH paccesHUsl 3JIeKTPOHOB Ha onTHyeckux hoHoHax B KX 00bruHO nmpeHeOperarT BAUSHUEM 3JIeK-
TpoHHOTO Ta3a B KA Ha cnekTp onThueckux ()OHOHOB U BEPOSITHOCTH paccessHus. Pusnueckasi IpuuMHa Ta-
KOTO BJIMSTHUSI COCTOHT B TOM, YTO KaK ONTHYECKHE KOJICOAHUS PEIIETKH, TaK M KOJICOaHUs 3JIEKTPOHHOM TLIOT-
HOCTH CO3JAI0T JIEKTPUYECKOE IoJIe. DTO IOJ€ BIMIET KaK Ha KOJeOaHHs PEeIeTKH, TaK U Ha KoueOaHus
3NEeKTPOHHOM mnoTHocTH. K HacTosmeMy BpeMeHH UMEIOTCs ABE pabOoThl, 1€ 3TO BIHUSHUE YUUTHIBATIOCH: IPH
PacCMOTPEHUH PACCEsIHUS JIEKTPOHOB B MOHOCIIOWHOM MOS; [3] 1 npu paccMOTpeHHH paccesiHusl AIEKTPO-
HOB B y3Kk030HHBIX K5 HgTe [4].

B nacrosimeit pabote TeopeTHuecKH H3y4eHO BIHSHUE IBYMEPHOTO 3JIEKTPOHHOTO r'a3a Ha CIIEKTp OIl-
THYecKUX (DOHOHOB M Ha pacCesHUE JEKTPOHOB Ha onTHdecknx (hoHoHaX B GaAS KBaHTOBBIX siMaX. B kaue-
CTBE MIpUMeEpa NPOBEJICHBI PACYEThI CIEKTPOB ONTUYECKUX (POHOHOB, TEMITOB BHYTPHUIIOA30HHOTO M MEXKIIO/I-
30HHOTO 3JIEKTPOHHOTO paccesHusl ¢ yyactueM ontuieckux (poHoHOB B 10 HM GaAS KBaHTOBBIX sIMaX, OKpY-
xeHHbIx Alo3Gao7As 6apsepamu, pu AByXx Temieparypax 77 u 300 K. TToka3aHo, 4TO 9acTOTa BHYTPHIIOI-
30HHOTO 3JIEKTPOHHOI'O PACCESIHWS HEMOHOTOHHO M3MEHSETCS! C YBEIIMYEHHEM KOHIEHTPALMH 3JIEKTPOHOB.
HaiineHsl CKOpOCTH penakcaiyy BOJTHOBOTO BEKTOPA U SHEPTHH AJIEKTPOHA [T pacCesTHHS B TIEPBOM M BTOPOH
MOJI30HaX pa3MepHOro kBaHToBaHMsI. [lokazaHo, 4TO ¢ yBeTHYCHUEM KOHIIEHTPALIUH 3JIEKTPOHOB B KBAHTOBOM
SIME YaCTOTa MEXIOJ30HHOI'O PACCESHUS] YMEHBIIIACTCH.

PaGota BeinosnHeHa npu punancoBoi noaaepxkke PHD (mpoekt Ne 23-19-00436).

[1] F. Fuchs and K. L. Kliewer., Phys. Rev., 140, A2076 (1965).

[2] K. Huang and B. Zhu, Phys. Rev. B. 38, 13377 (1988).

[3] A. Hauber and S. Fahy., Phys. Rev. B., 95, 045210 (2017).

[4] V.Ya.Aleshkin, O.L.Domnina and M. S.Zholudev., Phys. Rev. B., 109, 075307 (2024)

109



JlgymepHvle u 00HOMEPHBIE CUCMEMBL, 2eMepPOCMPYKIYPbl, CEEPXPEUEmKU
OnTuYecKuil CeKTp 3KCUTOHHOTO OM(POHOHHOTO pe30HaHCa

Kyaunos A.B. !, Gopucos E.B.2 Illumko A.A. 2, Kuraes 10.D.1, Tpamepo-T'unep K.2, I'ynanos C.B.24

‘\@TH um. A. @.Hoppe, 194021, Canxm-ITemepbype, yi. Honumexnuyeckas, 26

2CII6rY, 198504, Canxm-ITemep6ype, PL] «Onmuyeckue u nazephoie Memoobl UCCICO06AHIUS BEUeCTBay
3Department of Theoretical Physics, Havana University, Havana 10400, Cuba

4Department of Physics, Jackson State University, Jackson, Mississippi 39217, USA

B psazge paboT B criekTpax KOMOMHAITMOHHOTO PACCESHUS IS
00BEMHBIX ITOJYIIPOBOJHUKOBBIX KPUCTAIIOB HAOIIONAINCH Y3KHE 60 <
aKyctuueckue catesuinTsl LO-moBTOpeHus nagaoiei MoOHOXpoMa- ey 9 L = = g
tuueckoit BomHbl [1,2]. Ilo ycioBusiM BO3OYXKICHHUS CHEKTPOB € wl ||II'\T 9 T T
1 HaOJIFOJICHNIO BBIPAKCHHOM IMCIICPCUM AKyCTUYECKUX CaTeIlIH- £ 4 l A
TOB OBLITO BBISICHEHO, YTO MEXAHW3M paccestHUsT 00yCIIOBIICH TTOJIS- = il ;,”I "\f '\/f \'\\
putoHamu. B Hamie# HemnaBHei#t crathe [3] B kBaHTOBBIX ssMax CdTe ggg ar /./ \
B paifone ocHoBHOro 1S 1elhh 3KcHTOHHOrO COCTOSIHHS BIEPBBIC = of T
Ha0Jr0AaICs ONTUYECKUH CIIEKTP, COCTOSILLINM U3 IIATEPKH Y3KHX JIU- . ‘
HUH: TeHTpanbHOi LO-perKky 1 4eThIpex ee CHMMETPHYHO pac- 1;2(:Omn Energy (;3(;2
HOJIOKEHHBIX caTe/utnToB. O0mmas MHUpUHA CeKTpa cocTaBisia ~1 | pc 7 Onnwveckuii cnekmp aKcu-
meV npu mupuHe Kaxaoi u3 muaui ~0.1 meV (puc.l). OueBugHoO, | monnozo  Gughononnozo  pesonanca
3/1eCh HEBO3MOXKEH YIOMSHYTBIM BBIIIE MEXAaHU3M, TaK KaKk HEBO3- BOMU3U MAKCUMYMA JIUHUU OCHOBHO2O
MOJKHBI TIONSPHTOHHbIE COCTOsHMA. Pesonanchoe mosenenue taike | (0ot (13 lelhh)  oxcumona

. 6 keanmoeoii sime 60 A CdTe. T=8 K.

OTJIMYAETCS OT Clydass OOBEMHBIX KPHCTAUIOB: PE30HAaHC Y3KHi (B

npenenax 3KCUTOHHOTO KOHTYpa), a CTOKCOB CIBHUT BCEX KOMIIOHEHT ONTHYECKOTO CIEKTpa (PMKCHPOBAHHBIM.
Hamu mokazano, 4To B KBaHTOBOI sIME CTPYKTypa ONTHYECKOIO CIIEKTpa paccestHus (JOPMHUPYETCsl IIPOLIECCOM
C TpeMsi pe30HaHCHBIMU 3HAMEHATEISIMU C BoBJIedeHHeM 2s 1e1hh 3KCHTOHHOTO COCTOSHUS:

S <O|\7‘1s><1s| M o [2s: K><23, K|\ ;jzs><2s[\7\o>
Ma e, = (@, —E,, +i0)hew, Fhegq — E, (K) +iT (2o, — E, +iT)

@

OTOT mpolecc MPUBOAUT, 32 CUET COXPAHEHUSI UMITYJIbCa B IUIOCKOCTH, K Y3KHUM aKyCTHYECKHM CaTeJUIUTaM
LO<£LA, LO+£TA uentpansHoro LO-nuka paccesnust. CaM LeHTpaIbHbINA UK (OPMUPYETCS APYTHM IPOLEeC-

COM: yIpyruM paccesHueM 25 —» 1s, K ¢ mociemyromum ucrnyckaanem LO dosona [4].

[1] Y. Oka, M. Cardona. Resonance Raman scattering of excitonic polaritons by LO and acoustic pho-
nons in ZnTe. Solid State Commun. 30, 447 (1979).

[2] E.S. Koteles, G. Winterling. Resonant scattering of exciton polaritons by LO and acoustic phonons.
Phys. Rev. B 20, 628 (1979).

[3] A.V. Koudinov, E.V. Borisov, A. A. Shimko, Yu.E. Kitaev, C. Trallero-Giner, T. Wojtowicz, G. Kar-
czewski, S.V. Goupalov. Ultranarrow lines in Raman spectra of quantum wells due to effective
acoustic phonon selection by in-plane wave vector. Phys. Rev. B 105, L121301 (2022).

[4] D.R. Yakovlev, W. Ossau, A. Waag, G. Landwehr, and E. L. Ivchenko. Double 2s-1s resonance in
LO-phonon-assisted secondary emission of quantum-well structures. Phys. Rev. B 52,5773 (1995).
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Brnusiaue Oecriopsiika Ha ONTHYECKUE CBOMCTBA PE30HAHCHBIX
OparroBCcKUx CTpyKTyp Ha ocHoBe [11-N

UBanos A.A.L, Yangeimes B.B.Y, 3asapun E.E.1, Caxapos A.B.}, Jlynaun B.B.}, Lanynsaukos A.®D.2

Y\OTH um.A.®.Hoggpe, 194021, Canxm-ITemepbype, yi. lorumexnuueckas, 26

2HTI] Muxposnexmponuxu PAH, 194021, Canxm-ITemep6ype, ya. Honumexuuveckas, 26

Pe3zonancusie 6parrosckue cTpykTypsl (PBC), B KOTOphIX KOHCTpYKTHBHAS WHTEp(EPEHIINS peann3y-
eTcs B CHCTEMe KBa3UIByMEPHBIX 9KCHTOHOB Ha UX PE30HAHCHOW YacTOTe, MO3BOJISAET 3HAUUTEIBHO YCHIIUTD
B3auMoieiicTBre cBeta ¢ BemecTBoM [1]. Koadduuuent orpaxenus ceera ot PBC u3 N kBanToBbix sam (K51):

(NZ)* 20 .
(@, — w)* + (I + NI,)? N

16 F

Ry (@) = g R

48
# 43

rae [ v lh — HepaAualuMOHHOE U PaAMallMOHHOE 3aTyXaHUE JKCH- 148

12F
TOHa, cooTBeTCTBeHHO; N — unciio Kf; wo — pe3onaHcHas 4acToTa; e

(0 — 9acTOTa IIaJal0IICH CBETOBOM BOJIHEIL. 08l

Konuenuus naeansuoit PBC npeanonaraer ctporyro nepu- 06

Standard deviation (%)

% 04 F
omnuHocTh K1 M MACHTHMYHOCTh SKCHUTOHHBIX COCTOSHHUM B HHUX.
0.2

B peanbpHOCTH HEN30EKHO PUCYTCTBYET MPOCTPAHCTBEHHBIN Oec- : \
385 390 395 400 405

Wavelength (nm)
B nannoit paboTte onpeneieHbl OrpaHHYeHIs Ha POEKTUPO- Puc.1. — Cnexmpur ompasgicenus

MOPSAZIOK Y HEOJTHOPOHOE YITUPEHUE SKCUTOHHBIX PE30HAHCOB.

BaHHWe U npaktuieckyto peanusauio PEC ¢ KA1 111-N, Ber3BanHbIC ceema om PBEC u3 100 KA
InGaN/GaN npu paszauunom omrio-

BJIIMAHUEM HNPOCTPAHCTBEHHOI'O U SHEPIETUYCCKOIO 6CCHOP)II[K3. »
HeHuu om cmpozou nL)leO()LﬂlHOCWlU.

Mp1 npoBenu sKcrepuMeHTanbHble uecienoBanust PbC Ha ocHoBe

InGaN/GaN u GaN/AlGaN ¢ pa3jiu4HbIM 9HUCIOM [IEPHOIOB M MTOCTPOUITH MOJIEIb, KOJTHYECTBEHHO OMUCHIBA-
IOLIYIO UX ONTHYECKHUE CBOWCTBA. bonblnas sHeprus cBsA3u U cujla ocuiuIsATOpa SKkcuToHoB B KA Ha ocHOBe
I11-N mo3BossiroT HaOMIOIaTh PE30HAHCHBIN SKCUTOHHBIN OTKIMK 0T PBC mpu koMHaTHO# Temmieparype [2].

Ha puc. 1 nmpuBeieHbI pac4eTHBIE CIIEKTPBI ONITUYECKOT0 OTPAKEHUSI TIPU HATUYWH IIPOCTPaHCTBEHHOTO
Oecropsika B MOJIEIH, dKCIIepuMenTa b0 Bepuduimpoantoi 1 PBC u3 100 K5I InGaN/GaN [3]. Busso,
YTO 7151 pe30HaHCHOTro ontryeckoro orpaxenus ot PBC ¢ 6onbmum unciom KA cymectByer xpumuyeckasn
6euyUHa POCTPaHCTBEHHOTO Oecniopsaka Ser. [Ipu Gecniopsiike cylmecTBeHHO MEHBIIE S¢r TApaMeTphl pe3o-
HAHCHOTO OTPaKEHUSI U3MEHSIOTCS OTHOCUTENBHO cnabo. [Ipu S > S¢r oTpakeHne cBeTa CTaHOBUTCS MHOTO-
MOJIOBBIM U 3HAYUTENIBHO OcialneHHbIM. Bennuanna Ser 06pammuo nponopyuonansua unciy nepuonos PBC N.
B pesynbrare 3TOr0 ycuieHne pe3oHaHCHbIX onTuueckux cBoictB PBC, onpenensembix Bennunnoi (N 77),
myTeM Oe3rpaHnYHOTO yBenuueHus yncia K5 oka3piBaeTcss HEBOZMOMKHBIM.

MBI npoaHanu3upoBalid BO3SMOXKHOCTH yBenudeHus napametpa /o B PbC Ha ocHOBe cucTeMbl MaTepu-
anos I11-N [4]. Onuum u3 Hanbosee BaxHbIX (hakTopoB, noHmkaroumx /o B K5 InGaN ssisitorest gaykryarmn
cocraBa. DTO sBJICHHE 3HAYUTENILHO yMmeHblieHO B ciydae K GaN c 6apsepamu AlGaN. s PBC ¢ KA
GaN/AlGaN M1 sxcnepumenmanbro HOAYUUIU PEKOPOHO 8bicoKue 3Hayenus apametpa I o= 0.4 maB.

[1] E.JI. Huenxo u op. @TT, 36, 2118 (1994).

[2] V.V. Chaldyshev et al., Appl. Phys. Lett., 99, 251103 (2011).
[3] A A. Ivanov et al., Appl. Phys. Lett., 121, 041101 (2022).
[4] A.A. Ivanov et al., Appl. Phys. Lett., 123, 121106 (2023).
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MarneTooHOHHBIE PE30HAHCHI B CTPYKTYpax ¢ KBaHTOBOU simoit GaAS
u 0apbepamu u3 cBepxpenieTok AlAS/GaAs<o-Si>

Hpuuxo U.JI1.Y, Cmupnos U.10.L, Caporunx M.O.2, Illaxos M.A., Bakapos A.K.2, Beikos A. A.2

‘\OTU um. A. @. Hoghghe PAH, 194021, Canxm-Ilemepbype, ya. Ilonumexuuueckas, 26

2UDIT um. A.B. Pocanosa CO PAH, 630090, Hogocubupck, np. ax. Jlaspenmvesa,13

OObekTaMu HCCIIeIoBaHust ObUTH 2 cTPYKTYphl ¢ kBaHTOBbIMU siMamu (KST) n-GaAs u 6apbepamu u3
KOpOTKONeproaHbIX cBepxperieTok AlAs/GaAs. B 1-om obpasiie mupruHa sMbl — 26 HM, C IByMs 30HaMH
IPOCTPaHCTBEHHOrO KBaHToBaHus (6.2 + 1.9)x10 cm?, o6mas konuentpamus 8.1x10 cm? u BTopoii 06pa-
3€Il C IMHUPOKOH sIMO¥ 46 HM C TaKol K€ KOHIIEHTpAIlMe W ABYMS dHEpPreTHIecKuMH mo3oHamu. [loaBmxk-
HOCTB B 00paszax Obuia ~10° cm?/Bcek. B 06oux o6pasiuax B UMITyJIbCHOM MarHuTHOM 11ojie a0 30 Tu mm-
TenbHOCTHIO 12 Mcek npu T~ (77-240) K Habm01a/TiCh OCIIIISIINN CONTPOTUBIICHNUS. MaKkcuMabHast aMITIH-
Tyna ocumisinui 6suta mpu 7~150 K. TlonoskeHre ocunisiuid B MAarHUTHOM TI0JIE COOTBETCTBYET yCIOBHIO:
NA® =hax, e Oc-UUKIOTPOHHAS 9acToTa, 0o=293 cm — wactora LO omtuueckoro ¢onona, (2w =36.5
MeB), N-HOMep ocummsiuu. DT0 03HAa4YaeT, YTO HAOIIOAAIOTCSI MarHeTOQOHOHHBIE OCHMIIISINN, 00yCIIOB-
JICHHBIE PE30HAHCHBIM B3aUMOICHCTBHEM DJIEKTPOHOB ¢ onTHUecKuMH (hoHoHaMu. Ecin aMrumuty et 4-X mo-
CIIETHUX OCHMIUISALMIA YMECHBIIAIOTCS B 3aBUCMOCTH OT POCTa MarHUTHOTO MOJIsI, Kak exXp(-ymo/®c), TIe mo—
yacToTa onT(hOHOHA, M IUKIOTPOHHAs 4YacToTa, y=1.1 u3 3kcnepumenta mist 7=150 K, To ocummisius
¢ N=1 (B=22 Tn) oueHs MaJa 1o aMILUTUTYE, 4TO, TIOBUINMOMY, CBS3aHO C IPeodIaJaHreM HEYIIPYTroro pac-
cestHUs HocuTeneil Ha ynpyruM [ 1] B mccnemyeMoit 00JIacTi TeMITepaTyp B 3TOH CTPYKTYpE.

B »THx ke oOpasnax, Ho B nuana3one temmepatyp ot 10 mo 25 K u ctanmoHapHOM MarHWTHOM TI0JIE 0
2 Tn, Takke HAOMIOJA0TCS OCIMIUISIIMA MarHeTOCOTIPOTHBIICHHS, TIEPHOANYHBIC TI0 00PaTHOMY MarHUTHOMY
noJto. Ecii mososkeHue ocMUTALIUEN Py MarHeTo()OHOHHOM pE30HaHCE Ha ONTHYECKUX (DOHOHAX B MarHUT-
HOM TIOJIe HE 3aBUCHT OT KOHIICHTPAI[MH HOCUTEJICH 3apsa, TO TPH HOBOM THIIC OCIIMIUISAIIA 3TO MOJIOXKECHUE
omnpexaenseTcss GepMUEBCKAM BOJIHOBBIM BEKTOPOM Kr. DTO mo3BoJIsIeT cuntarh [2], YTO OCHIIUIAIIMU 3TOTO
THTIa 00YCIIOBJICHBI MEPEX0AaMH AJIEKTPOHA C OHOTO YpoBHs JlaHaay Ha APYTo# ¢ N3MEHEHUEM HMITyJIbca Ha
Aky~2Kg, T.€. KaUECTBEHHO MX MOYKHO OOBSICHUTH PE30HAHCHBIM MOTJIOMICHUEM M HCITYCKAaHHEM aKyCTHYECKHX
¢dononos (PIRO). VcioBue, onpenensroniee MoI0KeHHE OCHMIISIIUAN B MATHUTHOM 110JI€ B 3TOM 3 dekTe
2kru=jmc, TI€ U=®/( — CKOPOCTh PACIIPOCTPAHECHUSI AKYyCTHYECKUX BOJIH, |-II€I0€ YUCIIO.

OueHb UHTEpECHast KApTHHA MarHeTO(hOHOHHBIX OCHUIUISIINE Ha aKyCTHYECKHUX (DOHOHAX HAaOJI0JaeTcst
Ha 00pas3Iiax ¢ AByMs 3alOHEHHBIMU 30HAMH MTPOCTPAHCTBEHHOTO KBaHTOBaHMS. J{eJ10 B TOM, B 3TOM cily4ae
(B Tex ke MarHUTHBIX ONIAX Er/A®w>>1 u npu Tex e TeMieparypax) HaOI0AaeTCsl pa3BUTas KAPTUHA MEK-
no30HHbIX ocumusinuit (MISO). Marsetoh)OHOHHbBIE OCHMUIAIMN Ha aKyCTHYeCKUX (OHOHAX HMHTepdepu-
pytot ¢ ociusanusamMu MISO. AHanu3 MooKEH!sI 3TUX OCHMJUISIHNA 110 MArHUTHOMY TIOJIO JIa€T BO3MOXK-
HOCTbH OLIEHMTh CKOPOCTh 3THX aKyCTHYECKHX BOIH, KOTOpas okaszamach U=(4.6-5.9) x10° cm/cexk, a ananus
TEMIIePaTyPHBIX 3aBUCUMOCTEH aMITIMTY T OCHMJIISIMN J]aeT BO3MOXKHOCTD OMPEACIISITh 3aBUCUMOCTH OT TEM-
nepaTypbl KBAHTOBOTO BPEMEHH pellaKCalliy M, COOTBETCTBEHHO, MEXaHU3MOB MIPOBOJMMOCTH.

CoBMecCTHBIN aHaN3 MarHeTO()OHOHHBIX OCHMJUISINI Ha aKyCTUUECKUX U ONTHYECKUX (POHOHAX PACIIIH-

PACT METOANYICCKUE BO3MOXKHOCTH UCCIICIOBAHNA MCXaHU3MOB PACCCAHMNS B IBYMCPHBIX 2JICKTPOHHBIX CUCTEMAX.

[1] Leadley D.R. et al, Phys.Rev.Lett., 73, 589 (1994).
[2] Dmitriev et al,. Rev. Mod. Phys., 84, 1709 (2012).
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MarseToconpoTUBIIEHHE CMECU OE3MACCOBBIX U MACCUBHBIX (JEPMUOHOB B
KBAaHTOBOM IIPEJEIIE

Kosanés B.M.!, ITapaduno A.I'.2, Casenko U.T".>4 Durun M.B.!

‘oIl Co PAH, 630090, Hosocubupck, np. ax. Jlaspenmovesa, 13

?Institute for Basic Science, Daejeon 34126, South Korea

3Guangdong Technion—Israel Institute of Technology, 241 Daxue Road, Shantou 515063, China

*Technion — Israel Institute of Technology, 32000, Haifa, Israel

B pab6ote [1] A.A. AGpUKOCOBBIM OBLTO TIPEACKA3aHO JIMHEHHOE MarHETOCOTIPOTHRIICHHE TPEXMEPHOTO
OecireeBoro MaTepraia (BEHIEBCKOTO MMOIyMeTasuia) B KBAHTOBOM IIpezesie, KOTAa IUKIOTPOHHAS YacToTa
TUPAKOBCKUX YaCTHUI] 3HAYMTENHHO TPEBBIIMIAET TEMIIEPATypy M 00paTHOE BpeMs pacCesHUs Ha MPHUMECSX.

AHanorn4HeIid moaxoxa ObUT HEeJaBHO MPUMEHEH K Ommca-
HHUIO JIBYMepHBIX cucteM [2]. CoBpeMeHHbIE HaHOCTPYK- N=2

Typsl Ha ocHoBe HgTe KBaHTOBBIX SIM MO3BOJISIIOT KCIEPH-
MEHTAIBHO PEAIN30BaTh PA3JIMYHbIC BUIBI SHEPTETHUECKOTO

CIIEKTpa IBYMEPHBIX HOCHUTEIICH 3apsya, BKIIIOYas TUPAKOB-

CKMIA CTIEKTp U CIIEKTp IByMEpHOTro nomymeTasna [3]. Ta uiu RN \ . R _E:Ii -
VHAs peaNu3alysl SHEPreTHYECKOro CIIEKTPa 3aBUCHT OT A
TOJIIIMHEI KBAHTOBOM SIMEI. N=-

Ienb HACTOSANIErO JOKIANA 3aKIOYaeTcs B 06CYK- Ne.2

JIEHUU MarHeTOCONPOTUBIICHMS IBYMEPHOU JUPAKOBCKOMN
CUCTeMBI, peanu3yemoii B HJTe KBaHTOBBIX sIMax CO CIIeK-
Puc.1. — Dunepeemuuecxuii cnexmp pepmu-
OHHOU cucmemvl, cooepicaueli OUPaKo8cKue
u msicenvie hepmuonvi. Unoexc N myme-
pyvem yposHu Jlanoay oupaxosckux yacmuy,

TpoMm, n300paxEHHRIM Ha Prc. 1. Cnenuduaeckoit ocodeH-
HOCTBIO TAKOI'O CIICKTpa ABJIACTCA HAJIUYUC 6OKOBI)IX H0-
JIUH TSOKEIBIX ABIPOK, AOIMOJHHUTEIBHO K IUPAKOBCKHUM

KBasuuactuiam. BenencTeue 0onbinnx 3HaueHui 3ddek- EF - nonoorcenue yposis Depmu cucmembi.

THUBHBIX MacC JIBIPOK U OOJNBIION (hepMHEBCKOW CKOPOCTH

JUPAaKOBCKHX YacTHI[ B CHCTEME BO3MOXKHO CYIIECTBOBAHUE MPOMEXKYTOUHOIO pPEXHMMa 10 MarHUTHOMY
TI0JII0, KOT/Ia JTUPAaKOBCKHUE YACTHIbI CHJILHO 3aKBAaHTOBAHbI MarHMUTHBIM IIOJIEM, B TO BpeMs Kak TsDKEJIbIe
JBIPKH OOKOBBIX JIOJTUH OCTAIOTCS TIOJTHOCTBIO B KIIACCHYECKOM PEKUME, T.K. HX IIMKJIOTPOHHASI YacTOTa MO-
XKeT ObITh 3HAYMTEJILHO MEHbLIEC TEMIIEPAaTyphl U BPEMEHHU paccesHusl IbIPOK Ha mpuMecsx. B pesyinbTare,
ecin ypoBeHb DepMu CUCTEMBI COBNAAAET C HYJIEBBIM YpOBHEM JlaHay TUPAaKOBCKUX YacTHUL, COPOTUBIIE-
HUE CHCTEMBI MOKET ONPEIENATHCSA KaK MPOIlecCaMu pacCestHUsI JUPAKOBCKUX YacTUIl Ha MPUMECHBIX IIEH-
Tpax, TaK ¥ Ha MaJIOTIOABIKHBIX (BCIIE/ICTBHE OOJIBIION MacChl) AbIPKaX OOKOBBIX JOJIMH.

Brimonnen pacder ymupenus ypoBHel Jlannay, o0ycinoBieHHOro 000MMHU YKa3aHHBIMH IPOLECCaMu
paccestHUsI ¥ BBIYMCIEHO MarHETOCOIIPOTUBIIEHUE, ONIPENEIEMOE JUPAKOBCKUMHU HOCUTENSIMH 3apsija HyJe-
Boro yposHs Jlannay. B noknazie miuanupyercst 00CYyIUTh MOBEIEHHE MPOJIOIBHON MPOBOJAUMOCTH CHCTEMBI
OT MarHUTHOTO TOJISl B Pa3IMYHBIX PEKUMaX JBIPOYHON MOJCHCTEMBI: IPH BBIpOKaeHHOH A>T>0 mnu 601b-
maHoBckoit 0>A,| A [>T crarucruke; Gammuctudeckom T 7 >1 (7 - Bpems penakcaly UMITyJIbca JbIPOK Ha

MPUMECHOM MoTeHImane) win JuddysnonHom T 7 <1 pexxumax IBHKEHHUS IBIPOK.

[1] A. A. Abrikosov, Quantum magnetoresistance, Phys. Rev. B 58, 2788 (1998).
[2] A. Kazantsev, et.al., On the origin of Abrikosov's quantum linear magnetoresistance,
arXiv:2208.06273

[3] 3. . Keon u op., @omo- u mepmosiekmpuyeckue sa61eHus 6 08YMEPHbIX MONOI0SULECKUX UZ0TAMOPAX
u nonymemaniax Ha ocnose HgTe keanmoswix sm, [ucoma 6 IKOTD, m.112, 6. 3, ¢.174 (2020)
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['enepanust BTOpOr rapMOHMKH 34 CUET MIPOCTPAHCTBEHHOM CTPYKTYPbI
W3JTy4YCHUS

I'ynsra A.A.L, [lypues M.B.%, Tapacenko C. A}
Y\OTH um A. . Hogpgpe, 194021, Canxm-Ilemepbype, [lonumexnuueckas yx., 26

Henuneiinpie TpaHcmopTHBIE M onTHYeckue 3()(EKThl B ABYMEPHBIX SJIEKTPOHHBIX CHUCTEMax Haxo-
JSTCS B LIGHTPE BHUMAHHS COBPEMEHHBIX HCCIeIOBaHUH B (pr3rKe KOHACHCHPOBAaHHOTO cocTosHus. Cpenu
HUX 0cOOBIN (yHIAMEHTAJBHBIN W MPUKIIATHOW WHTEpeC mpeacTaBisieT 3(h(GeKT reHepaiud BTOpoi rapMo-
HUKH. DTOT 3()(HeKT BO3HUKAET B CTPYKTypax 0e3 LEeHTpa MPOCTPAHCTBEHHONW HHBEPCHHU H IIUPOKO IPUMEHS-
eTCs JUIA UCCIEeA0BaHUI KPUCTAUIMYECKON CUMMETPHH, CTPYKTYPHBIX HEOJHOPOAHOCTEH, YITAKOBKH U 3aKpYy-
YEHHOCTH JIBYMEPHBIX KPUCTAJUTMUECKHUX CIOEB M T€TEPOCTPYKTYp Ha MX ocHoBe [1].

OcCHOBHbBIE MEXaHU3MBbI I'€HEpallui BTOPOH FAPMOHHUKH, KOTO-
pble U3Y4atoTCsl Ha JaHHBIA MOMEHT, CBA3aHBI C OTCYTCTBHEM LICHTPa
WHBEPCUH B JBYMEPHBIX KPUCTAJUIaX, BOJIHOBBIM BEKTOPOM (POTOHOB
P HAKJIOHHOM ITaJICHUW CBETa WJIM TeOMETpUel oOpas3ia — HamnpH-
Mep, HanmuaueM kpast [2, 3]. B Hacrosiieii pabore mokasaHo, 4To re-
Hepauusi BTOPOM FapMOHUKHA BO3MOXXKHA U B U30TPOIHON JABYMEPHOM
cpeJie IPH YCIIOBUH, YTO MPOCTPAHCTBEHHO HEOTHOPOIHBIM SIBIIIETCS
camo u3nydeHue. C TOYKH 3peHHs] CHMMETPHH Takoi 3 QeKT aHao-

rudeH 3(h(HeKTy TeHepaluy MOCTOSHHOTO JIEKTPHUECKOTO TOKA HEO -
Puc.1. — I'enepayusa emopou cap-
MOMUKU  3d CYEM  NPOCMPAH-
CMBEHHO HEeOOHOPOOHOU CMPYK-

HOPO/IHBIM IOJIEM CTPYKTYPUPOBAHHOTO M3nydeHus [4].
B pabote uccnenoBan 3QexT reHepaluy BTOPOi rapMOHHUKH,

WHAYUUPOBAaHHBIN IPOCTPAHCTBEHHOMN CTPYKTYpPOU MaaroIIero n3iy-
yenns. [lokazaHo, 4TO CTPYKTYpHPOBAHHOE U3ITyUEHUE C HEOTHOPO/I-
HOM B IJIOCKOCTH JIBYMEPHOTO 3JIEKTPOHHOTO Tra3a MHTEHCUBHOCTHIO,

mypsl uziyuenusi. Heoonopoonoe
QNEKMPOMASHUMHOE TNOIE 3aKPY-
YEeHHO20 NYYKA 8030YHcOaem eK-

mpudecKutl Mok, OCYUWLIUPYIOWULL
Ha yosoeunot uacmome. Omn,
8 C8010 ouepedb, U3Tyuaem 3aKpy-
YEHHYIO INEKMPOMASHUMHYIO
B0JIHY HA YOBOEHHOLL Yacmome.

noJsipuzanyeld win Ga3oi NPUBOIUT K TCHEPALIUH JIOKATBHBIX 3JIEK-
TPUUECKHUX TOKOB Ha yJIBOEHHOH 4acToTe. DTH TOKH, B CBOIO OYEPE]Ib,
CO3/1al0T BTOPUYHBIE BOJIHBI HAa YABOEHHOW YacToTe, cM. puc. 1. ITo-
CTpO€HA KMHETHUYECKasi TeOpHs 3TOro 3 deKTa I NaJarolero mos

TeparepioBoro CHEKTPAJIBHOIO JAMana3oHa C IPOU3BOJIBHBIM MpPO-
CTPaHCTBEHHBIM MPOMUIIEM, B TTOTYUIEHO 001Iee aHATUTHYECKOE BBIPAYKEHHE JIsl INIOTHOCTH TOKa. B kauecTse
IpUMepa pacCMOTPEHa TeHepalys BTOPOil FapMOHHUKH TOJIEM 3aKPYUYEeHHBIX (DOTOHOB, MEPEHOCAIINX OpOu-
TaJbHBIN YIJIIOBOW MOMEHT. [1oKka3aHO, 4TO BTOPUYHOE U3ITyUEHHE TAK)KE ABJISETCA 3aKPYUECHHBIM U XapaKTe-
pu3yeTcs yABOSHHBIM YIJIOBBIM MOMEHTOM.

Pabora BbInonHeHa npu nojepxkke Poccuiickoro HayuHoro ¢onza (rpant 22-12-00211).

[1] L. Zhou et al., Nonlinear optical characterization of 2D materials, Nanomaterials 10, 2263 (2020).

[2] M. M. Glazov and S. D. Ganichev, High frequency electric field induced nonlinear effects in gra-
phene, Physics Reports 535, 101 (2014).

[3] M. V. Durnev and S. 4. Tarasenko, Second harmonic generation at the edge of a two-dimensional
electron gas, Phys. Rev. B, 106, 125426 (2022).

[4] A.A. Gunyaga, M. V. Durnev, S. 4. Tarasenko, Photocurrents induced by structured light, Phys. Rev.
B, 108, 115402 (2023).
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JlaTepasibHOE SKpaHUPOBAHUE TIIA3MOHOB 3apsigaMu U300paxKeHUs
B MHOT03aTBOPHBIX 2D 35IeKTpOHHBIX cucTeMax

BoJaxos B.A.!
YUP3 um. B.A Komenvnuxosa PAH, 125009, Mockea, Moxosas 11-7

ITnasmonbl B 1ByMepHBIX (2D) 37€KTPOHHBIX CHCTEMAaxX UMEIOT BeChbMa HEOOBIYHbIC (PU3UUECKUE CBOM-
CTBa U TICPCIICKTUBHBI JIJIs IpuMeHeHui. OHH UCCIIeMyIOTCs yKe OoJiee MoTyBeKa, HO TeMaTHKa MPUHOCUT BCE
HOBEBIE CIOpIpU3bl. HelaBHO OBLTO TEOpETHUECKY MPEICKA3aHO H AKCIIEPUMEHTAIILHO 00HAPYKEHO CYIIECTBO-
BaHHE B MHKPOBOJIHOBOM [HAIIa30HE YaCTOT KAUYECTBEHHO HOBOM BETBM IUIa3MeHHBIX KoneOamuit [1], [2]
(«0KO0JI03aTBOPHBIEY IIA3MOHBI). DTH MOJBI BO3HHKAIOT B YACTUYHO 3KPaHUPOBAHHBIX 3aTBOpoM 2D arek-
TpoHHBIX cucTeMax. Tak, B pabote [1] paspaboTana uX Teopusi B paMKaxX KIaCCHYECKOTo IMOIX0/1a B CUCTEME
C METAJUTHYECKUM 3aTBOPOM B (hopMe MOJIOCHI OECKOHEYHOU JNTMHBI, HO KOHEYHO! mupHHbl. Hanpspkenue Ha
3aTBOp HE I0/IaBaNIOCh, TIOATOMY KOHIEHTpaus 2D 3yekTpoHOB Oblla OJHOPOAHON MO BCEH TUIOCKOCTH,
a mua3MeHHble Kosebanus 2D 31eKTpoHOB Mox U BOJIM3H 3aTBOPA COMPOBOXKIATICH COTIaCOBAHHBIMU KOJIe-
OaHMSMU 3aps0B U300pakeHUs Ha 3aTBope. CIIEKTP OKOJI03aTBOPHBIX MIa3MOHOB ObLT HalijieH B [ 1] aHanu-
THYECKHU C TIOMOIIBIO PEIICHHUS TOBOJIBHO CI0KHOTO HHTETPATLHOTO YPAaBHEHHUS (JUIS TUTOTHOCTH 3JICKTPOHOB
3aTBOpA) M JIMIIh B KOPOTKOBOJHOBOM Mpeseinie. HeoObMHOCThIO OMUCAHUSI TAKOW MOJBI MOXHO, BHIIUMO,
OOBSCHUTH TOT yIMBUTENBHBIN (DAaKT, 4TO 3Ta MOJIa ObLIa MPOIYIIEHA B JINTEPATypeE.

B Hacrosmieii paboTe B paMKax KJIACCHYECKOTO MOJXO7a BhiBeACHO auddepeHImansHoe ypaBHEHUE
THMNa crarroHapHoro ypaeHeHus Llpenunrepa mist 3¢(GEKTHBHON BOJHOBOH (YHKIMM MJIa3MOHA, KOTOpas
SIBIISICTCS KOMOWHAIIMEH SJIEKTPHUYECKOTO IOTSHIINAIIA DIIEKTPOHOB, 3JICKTPOHHOMN TITIOTHOCTH HAa 3aTBOPE U MO-
TEHIMaNa 3apsIoB M300paKeHHUA. DTO ypaBHEHHE B KOPOTKOBOJIHOBOM IIpeJelie peliacTcs dJIEMEHTapHO,
a pe3yJIbTaThl COBMAIAIOT C MoyydeHHbIMH B [1]. /lanee Mbl OTKa3aiuch OT YIOMSHYTOTO KOPOTKOBOJIHOBOTO
MPUOIMKEHUS, YTO TIO3BOJIMIIO YUECTh JIATCPALHYIO YacTh DKPAHUPOBAHUS MEXKIICKTPOHHOTO B3aUMO/ICH-
CTBHS 3apsJiaMy H300paXkeHMs, HO TIPUBEIIO K MOSBICHUIO HEJIOKAIBHOTO BKJIaJIa B IOTCHIMAIBLHYIO SHEPTHIO
a3mMona. Takum 00pa3oM, BKIIAJ 3apsiioB U300paKeHUsI YITEH TOUHO.

PaccmoTtpena cuctema, cosiepikaiasi napy 3aTBOpoB B pOopMe OJJMHAKOBBIX NapaJlUIeIbHBIX METaJUINYe-
ckux noinoc. [Ipodiema hopmMabHO aHAIOTHYHA KBAHTOBOMEXAHUYECKOW 3a/1aue 00 SHEPreTHUECKOM CIIeK-
Tpe DIIEKTPOHA B MOTEHIHAJIE JBYX MPSIMOYTOJIbHBIX KBAHTOBBIX SIM C YUETOM B3aMMOJICHCTBUS MEXK/Ty HUMH.
Penrenus BhIieyka3aHHOTO YpaBHEHHUS pa3JCIsIOTCS 10 YETHOCTH M UMEIOT JIOBOJIGHO TIPOCTOM BHJL B Mpe-
Jene y3Kux 3aTBOpoB. [1okazaHo, 4TO TIIa3MOHBI, 3apsiibl KOTOPBIX JIOKAIU30BaHbI MO/ pa3HBIMH 3aTBOpPaMHU
(a mons M TOKM BHE 3aTBOPOB), MOTYT B3aWMOJICWCTBOBATh KaK HAMPSIMYIO (KYJIOHOBCKOE B3aWMOJICHCTBHE
THTIA 3aTBOP-3aTBOP), TAK M KOCBEHHBIM 00pa30oM, 4epe3 MOCPEAHUKA, POJIb KOTOPOro urpaet 2D 3yieKTpoH-
HBIW Ta3. PaccMOTpeH TIIa3MOHHBIN aHANOr KBaHTOBOW MHTEP(EPEHIINH dTHX MEXaHU3MOB. AHAIUTHYECKU
HaliJIeH CIIEKTP OKOJIO3aTBOPHBIX IIa3MOHOB B BHIIIIEYKAa3aHHBIX yCIOBHUSX.

Astop Giarogapen A.A. 3a00JIOTHBIX 3a MOJIE3HbIC 00CYXIeHHs. PaboTa BBINIOJIHEHA B paMKax roc3a-
nmauug PO um. B. A. Koreapuukosa PAH.

[1] A A. Zabolotnykh, V. A. Volkov "Interaction of gated and ungated plasmons in two-dimensional elec-
tron systems", Phys. Rev. B 99, 165304 (2019).

[2] V.M. Muravev, P. A. Gusikhin, A.M. Zarezin, 1. V. Andreev, S.1. Gubarev, I.V. Kukushkin "Two-di-
mensional plasmon induced by metal proximity"”, Phys. Rev. B 99, 241406 (2019).
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2Hosocubupckuii 2ocyoapcmeennuiii yuugepcumem, 630090, Hosocubupck, ya. Iupozosa, 2

IToaBereHHbIE MOTYIPOBOIHUKOBBIE CTPYKTYPhI C ABYMEPHBIM 3JIeKTpOHHBIM TazoM (JIOT7), kotopbie
MOXHO CO3/1aTh IyTEM CEJIEKTUBHOTO TPABJICHUS >KEPTBEHHOTO CIIOS, PACIIOIIOKEHHOTO MEXAY CTPYKTYpPOH
Y TIOJJIOKKOM, HHTEPECHBI HE TOJIBKO HAJTMYUEM MEXAaHHUYECKUX CTETIICHEW CBOOOJIbI, HO M YCHIICHUEM 3JICK-
TPOH-DIIEKTPOHHOTO (€-€) B3aNMO/ICHCTBHUS. Y CHIIEHHUE €-€ B3aNMO/ICHCTBHUS BOSHUKAET M3-32 yIAJICHHUS 9aCTH
CpPeIBI U3-TI0J CTPYKTYPHI, B PE3yJIbTaTe YeT0 3aMETHO YMeHbIaeTcs 3(hheKTHBHAS TUIIEKTPUIecKast IPOHH-
naeMocTh. HecMOTpsi Ha Hamu4ue TEOPETHUECKUX

o - 3KCNEpPUMEHT — - Teopus
npenckazaHuii sToro ycunenus [1], nHabmronanuce va P P

(0]
o

JIMIIb HEKOTOPBIE €T0 KOCBEHHBIE SKCIIEPUMEHTAIb-
HBIE TOATBEPKAEHNS [2, 3], B TO BpeMst KaK IPSAMBIX

(o2}
o

SKCIIEPUMEHTOB, HANPABJICHHBIX HA KOJIMYECTBEH-
HOE CpaBHEHHE €-€ B3aUMOJICUCTBUS B MOABELICH-
HBIX U HETIOABEUICHHBIX CTPYKTYpax, 10 CUX MOpP HE
opu10. KommuecTBeHHOI XapaKTepUCTHUKOM B3aMO-
nercTBus 3nekTpoHoB B [IDIT sBnsercs nnuHa e-€

N
o

paccesHust lee. TIpAMBIM MeTOIOM OnpeaeacHus lee

HenokanbHoe
mMarHetoconpotusneHune (Om)
N
o

SBIISIETCSl TIOIEpeYHasi MarHuTHas (OKYyCHPOBKa

[4]. Mauublii MEeTOJ COCTOMT B aHAJHM3€ TEMIIepa- o, . . A . . il
TYPHBIX 3aBHCHMOCTEH aMIUTUTYAbl PE30HAHCHBIX 0 10 20 30 40 50 €0
Temnepatypa (K)
OaIIMCTHECKIX MUKOB, HAOMIONAIONKXCA B USME-  p 1 Temnepamypuas 3a6UCUMOCMb aAMNJIU-
PCHUAX HCJIOKAIBHOIO MarHCTOCONPOTHUBICHNA. MyOobl NUKA HEJIOKAILHO20 MACHEMOCONPOMUBIIEHUs.

B Hacrosimeit paboTe 3KcIiepUMEHTaIbHO 6 HenoogeuteHHoMm u noogewennom oopasye. COM-
M3ydeHbl CepUH MATHETONONEBbIX 3aBUCHMOCTENl uzobpadicerue NOOBEUEHHO20 XOI0BCKO20 MUKPO-
HEJOKAJIbHOI'O CONNPOTHUBJICHUS B XOJIJIOBCKHMX MMK- MOCHIURA.
poMocTuKax (cM. BCTaBKY K puc. 1), co3naHHbIX Ha ocHOBe rerepocTpyKTyp GaAs/AlGaAs ¢ 10T, uamepen-
HBIE B HIMPOKOM TeMIepaTypHOM auanazone. OOHapy>KeHbl PE30HAHCHBIC OAJUTUCTUYECKNE TUKH HEJIOKab-

HOTO MarHeTOCONPOTHUBJICHUS, COOTBETCTBYIOIINE YCIOBHIO MAarHUTHOW (DOKYCHPOBKH. AMIUIMTYAa PE30-

HAHCHBIX MUKOB 3KCIIOHEHIIMAJILHO MOAABIISETCS C POCTOM TEMIEPATYPHI, eXp(—a I/ Iee) , rne | — mamuHa Tpa-

eKTOpHH, 0. — reoMeTprdeckuil haktop. [IpoBenéH ananm3 TemrepaTypHOro IMoIaBJICHUS aMILTUTY 6! (POKy-
CHPOBOYHBIX MTHKOB (pHc. 1) B pamkax Mojesnu [5], KOTOPbIii TIO3BOJTIIT OMPEISIUTh TeMIIePaTyPHbIC 3aBUCH-
MocTH lee B mogBereHnoM u HenozserieHHoM 19T, CpaBHeHHE pe3ysbTaTOB B IMOJBEIICHHBIX M HEMOBE-
HICHHBIX CTPYKTYpax yKa3bplBaeT Ha 3aMeTHOE yMeHbIeH!e ) (HEeKTHBHOM AUANEKTPUIECKOI TPOHUTIAEMOCTH
B pe3yJbTaTe IMOIBEIINBAaHMS, IPUMEPHO B 1.5 pasza.

PaGota Beinosnnena npu noanaepxkke PHO (rpant Ne 22-12-00343).

[1] Pogosov A. G., et al., J. of Phys.: Cond. Matter 34, 263001 (2022).
[2] Zhdanov E. Yu., et al., Semiconductors 51, 8 (2017).

[3] Shevyrin A. A, et al., Appl. Phys. Lett. 104, 203102 (2014).

[4] Gupta, A., et al., Nat. Commun. 12, 5048 (2021).

[5] Giuliani G., et al., Physical Review B 26, 4421 (1982).
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TeMmepatypHas 3aBUCUMOCTb BSI3KOCTH 3JIEKTPOHOB
B cBepxOamucTuyeckux GaAS ToUeyHBIX KOHTAKTax

Ilorocos A.I'.}?, Capeimos JI.11.12, TToxa6os /1. A.}?, XKnanos E.10.12, Illepipun A. AL
Bakapos A.K.12, IlIknseB A.A.}?

YUDIT um. A.B. Pocanosa CO PAH, 630090, Hogocubupck, np. ax. Jlaspenmvesa, 13

2Hoeocubupckuii 2ocyoapcmeennviii ynugepcumem, 630090, Hosocubupck, yu. ITupozosa, 1

OJEeKTPOH-3JIEKTPOHHOE (€-€) B3aUMOAEHUCTBHE OKAa3bIBACT CYLIECTBEHHOE BIIMSHHUE Ha 3JICKTPOHHBIN
TPAHCHOPT B ME30CKOIMYECKUX IOIYIPOBOAHUKOBBIX cucteMax. OnHako, Oyay4u CI0>KHBIM, OHO OIHCHIBA-
eTcs TM00 KOMIUIEKCHBIMHU MPUOIMKEHHBIME MOJETISIMH, TUOO YHCICHHBIMU pacdéTaMy, HE AAlOLUIMMHU TOH
HaTJSIIHOCTH, KOTOpasi HeoOxoauMa Jiist 0oJiee yCIEeIHOro aHaln3a U MHXKUHUPUHTA 3TUX 3¢ dekros. Takyro
HarISIJHOCTh AA€T THAPOJUHAMHYECKOE ONTUCAHUE, OCHOBAHHOE HA aHAJIOTUH MEXIY DJIEKTPUYECKUM TOKOM
Y TeUYEHUEM BsI3KOil skuakocTH [1]. s MOTHOTHI TaKOTO OMHCAHUS HEOOXOAUMO MOAPOOHO M3YYHTH CBS3b
THAPOJIMHAMMYECKUX BEIHUUH C IapaMeTpaMH, XapaKTepU3yIOLUIMMU SBJIEHUS MepeHoca. Tak mpumep, BA3-
KOCTb 3JIEKTPOHOB V TPAAULHUOHHO CUUTAETCS MPOMOPLHOHATEHON BPEMEHH €-€ PacCesHus T, [1], KOTOpOE
B CJTydae JBYMEPHBIX CHCTEM 3aBHCHT OT TEMIEPATyphl, Kak 1/T,, o T2 In T [2]. OaHaKo moceHee COOTHO-
HICHHE TPUMEHHMO JIHIIb NpU HU3KuX Temrepatypax (kT <« Ef), Toraa Kak mpu YMEpeHHbBIX TeMIlepaTypax
3aBUCHUMOCTHU V(T) U To (T), BOOOLIE TOBOPSI, MOTYT OTAMYATHCs. Ha qaHHBI MOMEHT TeMIiepaTypHas 3aBH-
CUMOCTb 2JIEKTPOHHON BA3KOCTH HEOCTATOYHO M3yUY€HA IKCIIEPUMEHTAIIBHO.

B nacrosmier paboTe MpUBOAATCS Pe3yibTaThl U3MeEpe-
ko T/ E;
0.1 0.3

Hul Bszkoctr [I0I° B GaAS B MpoKoM Auarma3oHe TeMIeparyp,

BBIXOJAIIEM 3a I'paHUIBI IPUMCHUMOCTHU TCOPECTUIUCCKUX MPECI-

T T T TTT I| T T
ckasaHui. 13 TeMrepaTypHOM 3aBUCHMOCTH COIPOTHBIICHHS — 0 T IBeLBA
GaAs Toueunbix koHTakToB (TK) paszmuuHON mIMPUHBI H3BIIE- ! :‘\;\ = = =10¢/C TI0/BEHBAHHA

. o o ~ \ 4
4EH CBEpXOAUIMCTUYECKUH KOHIAKTaHC, MPOINOPLUOHAIBHBIN I ]
. . : 1
kBazapaty mupusasl TK u pactymmii ¢ Temneparypoit [3]. Bas- e
o I
KOCTbh, 00paTHO MPONOPLIMOHAIBHAS HAWACHHOMY CBEpX0auiu- e
14
2]
CTHYECKOMY KOHJIAKTaHCy, M3MeHseTcsl Kak 1/ T’ npu HU3KUX 2 (]
temneparypax KT < E.) n 1/T upu ymepenHsix temmepary-
pax (puc. 1). HuskoremmnepaTypHas 3aBUCHUMOCTb V COTJIacy-
) 9 2
eTcsi ¢ TeOpHel, mpecKkasbiBatonieil, uro v oc 1, oc /T [2],
Temmeparypa (K)
B TO BPEM: KaK PACXOXKACHUC C TCOPUCU IIPHU 0oJsiee BBICOKUX Puc. 1 T&Wﬂepalﬂypl—laﬂ 3A6UCUMOCITL
TeMIepaTypax MOXeT ObITh CB3aHO C TEMIIEPAaTYPHBIM Pa3Mbl- BA3KOCIL IEKMPOHOB

THeM (epMHEBCKOro pacnpeaeneHus. OnpeneneHo, 4To B HOA-
BEIIEHHBIX 00pasnax, T. €. o0pa3nax, OTACNEHHBIX OT MOJUIOKKH, TeMIepaTypHas 3aBUCHMOCTH BSI3KOCTH
HUMEET TOT JK€ XapaKTep, OJJHAKO BEIMYMHA BSI3KOCTH MEHBIIIEe TpuMepHO B 1,4 pa3a, 4eM B HEMoIBEIICHHBIX,
U3-32 YCUJICHHUS €-€ B3aUMOJICHCTBHS.

PaGota BbinonHeHa npu punancosoit nmoaepikke PHO (rpant Ne22-12-00343).

[1] Gurzhi, R. N., Sov. Phys. Usp. 11, 255 (1968).
[2] Giuliani, G. F. & Quinn, J. J., Phys. Rev. B 26, 44214428 (1982).
[3] Guo, H. et al., Proc. Natl. Acad. Sci. USA 114, 3068-3073 (2017).
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[[;1a3MOHHBIE MOJIBI CO CMEIIAHHOW YETHOCTBHIO B MIPSIMOYTOJIBHOU
JBYMEPHOM DJIEKTPOHHOU CUCTEME

ITonog B.B., [Tonumyk O.B., Mamunckuii K. B., ®arees /1. B.
Capamoscxuii punuan UPD um. B. A. Komenvnurxoea PAH, 410019, Capamos, ya. 3enenas, 38

U3 o6mmx coobpaskeHuid MOHATHO, YTO IUIa3MEHHbBIE KoJieOaHHs B IBYMEPHOH 3IIEKTPOHHON CHCTEMeE
(2M3C), momHOCTBIO OrpaHn4eHHON B IIockocTH 2MOC, NOKHBI UMETh Oosiee OOraThlii CIIEKTP MO IO
CpPaBHEHUIO KaK ¢ HEOTPaHHICHHOU, Tak M C OTPAaHMYCHHOHN TOJIBKO B ogHOM HampasieHun 2M3C. B pabote
[1] skcTIepUMEHTATIBHO M TEOPETUIECKH (C MCIOJIb30BAHMEM YHCIICHHOTO MOICTHPOBAHMUS U TIPHOIMKESHHOTO
MOX0/1a) OBUIM MCCIICIOBAaHbI OCHOBHBIE IIA3MOHHBIC MOJIbI B KBaapaTHoi 2MDC.

B nanHo# paboTe TeopeTHYeCKH HCCIeOBAaHO BO30OYXKAECHHE Pa3IHMYHBIX TUIA3MOHHBIX MOJ| B IPSIMO-
yronpHON 2M3OC HOpMaIbHO MaJaroIIel TMHEWHO MO pr30BaHHOM TepareprieBoi (T1'11) anekTpoMarHUTHOM
BOJIHOW B 3aBICHMOCTH OT aCIIEKTHOTO COOTHOIIEHUS IUTHH CTOPOH MpsIMOyToibHUKa [2]. Takast oOrmas mocra-
HOBKa 3aJlau¥l MO3BOJISIET MPOCIEANTh (HU3MIECKUI MEXaHN3M BO3HUKHOBEHHSI 1 OCOOCHHOCTH IOTIOJHUTEIb-
HbIX IIJIA3MOHHBIX MO/l B ITOJTHOCTBIO OI‘paHI/I‘ICHHOI\/'I 2M3C, a TaKXKC MPUYKUHBI UICYE3HOBCHUSA 3TUX MO/ B CIIy-
Yae MpeeNbHOTO Mepexo/ia K OTHOMEPHO orpaHrmdeHHOH monocke 2MOC. [l onpeneIeHHOCTH, pacCMOTPEH
MIPSIMOYTOJIBHUK W3 TpadeHa, pacloIOKeHHBI Ha TUTOCKOM TPaHHUIIE pa3liena IBYyX CPell C Pa3HbIMU TUAIIEKTPH-

YECKUMHU MPOHUIIAEMOCTAMU. 3aa4a pelieHa B CTPOroi caMmo-
CeueHune IIOITIOM CHUS

COIJIACOBAaHHOM 3JEKTPOAMHAMHYECKON IMOCTAaHOBKE METOI0M 10
HHTETPaJIbHOIO YpaBHEHUS, pa3paO0TaHHBIM aBTOPAMH. ]

IToxazaHo, YTO TpH NOIAPU3ALNU DIEKTPHUECKOTO 1
MOJIS MaAatoniel BOJIHBI BAOJb OJHOM U3 CTOPOH (ISt ompe- é 6
JICJICHHOCTH 00JIee KOPOTKOH ) Tpa)eHOBOTO MPSMOYTOJIbHUKA g’ . 0,1
Kakz1asi IpocTas AUNOJbHAS IUIA3MOHHAs MOAA (C AUTMIOIBHBIM §
MOMEHTOM, HalpPaBJIECHHBIM 110 BHEIIHEMY JJIEKTPUUECKOMY | 7 ’ 0,01
MOJII0) MOPOXKIAET IeNIoe ceMEHCTBO M'MOPUIHBIX TIa3MOH-
HBIX MOJI CO CMEIIIaHHOW 4eTHOCThI0. Pacmpenenenus komneo- 0 0,001

1 2 3 4 S
I/, MKM
Puc.1. — Cnexmp ceuenus TI'y nozrowe-

JIFIOINHUXCA 3aps0B B FI/I6pI/IIIHI>IX MOZax HMMCHKT HEYCTHOC
YHCJIO Y3JIOB BAOJIb HAIIPAaBJICHUS 3JICKTPUYCCKOI'O IIOJIA IIa-

JatoIIel BOJHBI (TaKkKe, KaK U B TMPOCTHIX JAMUIOJIBHBIX I1J1a3-
MOHHBIX MOJ[aX) ¥ YETHOE YHCIIO y3JIOB B MEPIEHIUKYIIIPHOM
HanpasiieHUH. YeTHbIe I1a3MEeHHbIE KoJleOaHus B THOPUIHBIX
MOJIaX caM¥ 10 cebe ONTUYECKU HEAKTUBHBI U BO30YKIAI0TCS
TOJILKO KaK BeJOMbIE KOJIeOaHUs, MOJYMHEHHBIE BEIyIHM
JUIOJILHBIM TIJIA3MEHHBIM  KOJICOaHUSIM, HETOCPEICTBEHHO
BO30Y)KJa€MbIM BHEIIHEW 3JeKTPOMAarHUTHOW BONHOH. ['m-
OpHUIHBIE MOJIBI CTAHOBSITCS BBIPOXKICHHBIMU C COOTBETCTBY-
OIIE MaTepUHCKOM JIUIMOJIBHOM IUIa3MOHHOM MOJOM Tpu
BO3PAaCTaHWU aclEKTHOTO COOTHOLICHHUS! TpadeHOBOTO mpsi-
MoyroJyibHUKa (puc. 1).

Pabora BhImoiHeHa mnpu mopuepxke Poccuiickoro
Hay4yHoro (onna, mpoekt Ne 22-19-00611.

[1] A. M. Zarezin et al., Phys. Rev. B, 107, 075414 (2023).

HUA 8 2PADeH080M NPAMOY20JbHUKE
¢ Onunot cmoponvl W = [ MKM 800.1b

HanpasaeHus NOAPU3AYUU SAeKmpuye-
CK020 noJia naoarouell 80JIHbl 8 3A6UCU-
Mocmu om OAuHblL OpY2oll CHOPOHbL NPsi-
moyeonvnuka |. Bocxoosuwue no ua-
cmome OUCnepcUOHHble KPUsble COOm-
8emMcmeyIom nPoCcmovlM OUNONbHBIM NAd3-
MOHHBIM MOOAM, @ HUCXOO5WUe No 4ad-
cmome Kpugvle — 2UOPUOHBIM NIA3MOH-
Holm mooam. Ceuenue no2noueHus: Hop-
MUPOBAHO HA 2e0MEeMPUYECcKYIo NIoua0b
epagpenoso2o npamoy2oIbHUKA.

[2] K. V. Mashinsky, V. V. Popov, D.V. Fateev, Scientific Reports, 14, 7546 (2024).
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Oco0eHHOCTH ME30CKOMMYECKUX (hITYyKTyalluid KOHJAAKTaHCa IBYMEPHOTO
noinymeraiuia B HgTe kBaHTOBOM siMe

Kson 3.J1.1%, Kypmaues JI. A.}?, Xynaii6epaues JI. A.,' Muxaiinos H.H.*

'UDIT CO PAH, 630090, Hosocubupck, np. Jlaépenmvesa, 13

2HI'Y, 630090, Hosocubupck, ya. ITupozoea, 2

YuusepcanpHble (aykryaruu koHgaktanca (Y PK) sBiIsMroTCsS 0OMHUMHI U3 CaMBIX SPKUX U QyHIaMEH-
TaNbHBIX SBJICHUH, OTPAXKAIOLINX KBAHTOBYIO IPUPO.LY 3JICKTPOHA IIPH €r0 IBWKEHUH B TIOJIE CIYYaliHOTO 10-
TeHIMana. IMEHHO € MX OTKpPBITHEM CBA3aHO pOXKIEHHE Me30CKomuKH. OIHO M3 CaMbIX 3amMeyaTelbHbIX
CBOMCTB 3THX (PIyKTyalnuii — OJM30CTh WX CpelHEel aMIUTMTYABI B pekuMe ciaboil ToKamnu3aluu K KBaHTY
nposoaumocth (SAG?>Y2= e?/h) s o6pasua ¢ anuHoii L < Lr. Ilpu koneuHoii Temneparype <AG?>Y2= (e?/h)
L+t/L, rae Lt= (Dh/T)Y? — nnuna temneparypuoii korepeataocts (D — kosdpuuuent nuddysun). B monas-
nstrorieM 6onbimHeTBe cutyanuid Lt = (0.1+1) mxm nipu T < 1 K, u cootBercTByrommm odpazom Y OK Bcerna
HaOII0JAIOTCS B MPOBOAHUKAX CYOMUKPOHHOTO pa3Mmepa. B manHoii paboTe mpUBOASATCS pe3yIbTaThl IETallb-
HOTO DKCIIEPUMEHTAIEHOTO HWCCIEOBaHUS Me30CKonmuuecknx (uykryanuil koHgaktanca (M®PK) cumpHO
Pa3ymnopsI04eHHOTO JBYMEPHOTO MOJIyMeTallla B peKUMe ClIa00il JTIOKaM3aiy Py U3MEHEHUH XapaKTep-
HOTO pa3Mepa MPOBOTHUKOB OT HECKOJIBKUX (110 3 MKM) IO COTEH MUKPOH (110 250 MKM). DKCIIepUMEHTaIbHbIC
00pasIpl MpeACTaBIsIIA cOO0H MOJIEBbIE XOUTOBCKUE TPAH3UCTOPHI, M3TOTOBIEHHBIE HA ocHOBe HgTe kBaH-
TOBBIX 5IM TONIMHON 14 HM ¢ opuenTarueit (013) u cHaOxkeHHBIe MeTaJUTHYecKUME T1/Au 3aTBOpaMm.

HauGosnee uaTepecHbie pe3ynbTaThl padOTHl MOKHO CHOPMYIUPOBATH CIICTYIOIIUM 00pa3oM.

1. Tloenenne M@K B cunbho pasdanancupoBanaoM (Ps/Ns > 102, Ps u Ns — KOHIICHTpAIUH! JBIPOK
Y 3IIEKTPOHOB) IBYMEPHOM IIOJIyMeTaJIe TPHHINITHAILHBIM 00pa30M 3aBUCHUT OT CTEIIEHU OeCIopsIKa, dKC-
MEPUMEHTAILHBIM KPUTEPUEM KOTOPOTO SIBJISICTCS BEIMYMHA YACIBHOTO COMPOTHBICHUS (Pxx) B TOUKE 3apsi-
nosoit HerrpanbHocTH (Ps = Ns) mpu T = 4.2 K.

2. YCTaHOBIIEHO, UTO B 00pasiax co ciabbiM GecropsaaxoM (px < h/e?) MOK BeayT cebs nogo0HO Kiac-
cudeckuMm YOK: npu T = 0. 1 K oHu uMeroT 3aMeTHYI0 aMmutyny (SAG*>Y2 = e?/h) Tonbko B 06pasuax cyo-
MHUKPOHHOTO pa3Mepa, IpudeM KakK IMPU U3MEHEHHUH 3aTBOPHOTO HAIIPSDKEHUS, TAK ¥ MATHUTHOTO TIOJIA, a UX
3aBUCUMOCTh OT TEMIIepaTyphl W pazMepa MPOBOJHHMKA XOPOIIO OIUCHIBACTCS KJIACCHYECKOH (opmysoi
<AG?>12= (e?/h) L+/L.

3. PagukanpHoe n3meHenne B xapakrepe MOK BozHMKaeT npu nepexojie K 00pasiaM ¢ CHIIbHBIM Oec-
nopsankoM (pxx >> h/e?). Bo-1iepBbIX, OHU HMEIOT 3aMETHYIO aMILIUTY/IbI yKe B 00pa3iiax MaKpOCKOIIUIECKOTO
pasmepa (o 250 MxM). Bo-BTOpBIX, TIPH MPMIOKEHUN MarHUTHOTO 1oist aMiututyaa M®OK caagana pacter
MOYTH Ha MOPAJOK, JOCTUTAsi aHOMAJIbHO BBICOKMX 3HAYEHUN CpeTHEN BEJTUUYMHBI (<AG2>1’2 ~ 10 e2/h) B Mar-
HUTHOM 1ntosie okoo 0.1 T, a npu nanpHEHIeM YBEIMUYEHUH I0JI1 HAUMHAET PE3KO Maath, U B nose Boie 0.5
T MO®K wucuezator. B-tpetbux, B iuanazone temnepatyp 1K+0.25K nabmtonaercs aHoMallbHBIH 3KCTIOHEHITH-
IbHO CHIIBHBIN pocT ammutyasl MOK, kotopslit Tonsko mpu T < 0.2 K cMensiercst cnabbiM CTETIEHHBIM
pOCTOM, XapaKTepHBIM J1J1s1 OObIIHBIX Y DK.

[lepeunciienHbIe BBIIE PE3yIBTATHI MMO3BOJIAIOT CAETIATh MPEAIOIOKEHHE, YTO PATUKAIBHOE U3MEHe-
Hue xapakTepa MOK B 1ByMepHOM HOJTyMeTaIIIe IIPH MTEPEXO0JIE OT CIA00T0 K CHIILHOMY OeCTOpSAKY CBUIIE-
TENBCTBYET 00 WHIYIIMPOBAHHOM OECTIOPSIKOM BOSHUKHOBEHUH KOJUIEKTUBHOTO COCTOSIHUS, B KOTOPOM WH-
TepdepeHIMOHHBII TPAaHCTIOPT OCYIIECTBIISETCS CETKOM OJJHOMEPHBIX JIEKTPOHHBIX TPOBOTHUKOB B MaTPHIIE

JBYMEPHOU JBIPOYHOM KUJIKOCTH.
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I'n6puansie 2D/3D retepocTpyKTyphl ¢ MOHOCIIOMHBIMU KBAHTOBBIMU
smamu GaN/AIN st ynbTpadroaeToBoi ONTOIICKTPOHUKH

Kmepux B.H.!, Heuaes JI.B.}, Cemenos A.H., Epponeiiues E.A.%, Illy6una T.B.%, SIrokuna M. A%,
Anexcees I1.A.Y, Caxno J1.}, Kynaruna M. M.}, Bepesuna JI.C.}, Konecnukosa JI. M.}, 3agupanos F0.M.%,
Tpomkos C.1.}, Enucees U. A%, laseinos B.1O.Y, Kupunenko /1. AL, Kosnosckuii B. 1.2, 3sepes M.M.2,

I'amos H. A2, Banr T.23, Banr X.3, A66ac A.C.* Toponos A.A.!

Y\®TH um.A. @. Hogpghe, ITorumexnuueckas, 26, 194021, Canxm-ITemep6ype, Poccus

2@usuueckuti uncmumym um. I1. H. Jlebedesa, Jlenunckuii npocn., 53, 119991, Mockea, Poccus

*ocyoapemeennas 1a6opamopus. Me30CKONUYECKoll (PU3UKU U HAYYHBLLL YeHmp

Hanoonmoanekmponuku, Ilexunckuii ynueepcumema, llexun 100871, Kumaii

*Llenmp nayxu u mexnonoauii umenu xopons A60ynvl Asuza (KACST), King Abdullah Rd, Al Raed, Dp-

Puso 12354, Cayoosckas Apasusi

J1a Moy npoBOTHUKOBOW ONTOAIEKTPOHUKH aKTYAIBHOM 3a/1a4ueil SBIsieTcs pa3BUTHE BHICOKOd(QeK-
TUBHBIX, KOMIIAKTHBIX M YKOJIOTHUECKH O€30MacHBIX SMUTTEPOB yibTpaduoneroBoro m3nydenus (YD) B C-
noaauana3one (¢ AmuHon BOTHBI A<280 HM), KOTOpBIE BOCTPEOOBAHBI ISl Pa3BUTHS CPEICTB ONTHUECKOM /1e3-
UHGEKIUH, CIEKTPOCKONUH M ITOMEXO03aIMIIEHHON HenpsiMoil cBs3u. LIIMpOKO30HHBIE COEIMHEHUS! B CH-
creme (Al,Ga)N C muprHO# 3anpenieHHo#i 30Hbl, BAPbUPYEMOM BILIOTH 10 6.1 3B, SIBIASIOTCS KITFOYEBBIM Ma-
TEPUAJIOM JUISl Pa3BUTHSI STOTO HAIPaBIICHUSI.

B noknane aHanu3upyOTCS MEXaHU3MBI SMUTAKCHATBHOTO POCTa C MOMOIIBIO TUIa3MEHHO-aKTUBHPO-
BaHHOW MOJIEKYISIpHO-TIy4uKoBo# snuTakcuu (ITA MIID) rerepocTpyKTyp ¢ MHOKECTBEHHBIMU KBAaHTOBBIMU
smamu (K51) 2D-GaN/AIN ¢ HOMUHATBHBIME JIPOOHBIME TOJIIUHAME B TOKPUTHYECKOM jauana3one ot 0.75
10 2 MC ¢ yuciom nepruonoB 110 400 u oOmieit Tonmmae 10 2 MkM. Ha ocHOBaHHMY UCCIIEIOBaHUH TTOBEPXHO-
CTH ¥ BHYTpPEHHEH MOP(OJIOrHU 3TUX CTPYKTYP aHANU3UpoBauCh ycioBus [TA MITD HeoOxomumble u1s TO-
TABJICHUS B HUX CErperanruoHHbIX 3G (eKToB, GOPMUPOBAHHUA PE3KUX MHTEPPEHCOB W aTOMHO-TIAAKON TTO-
BEepXHOCTH. [IpH M3yuyeHNH ONTUYECKUX CBOMCTB reTEPOCTPYKTYP OCHOBHOE BHHMAaHME YAEISUIOCH BBISBIIE-
HUIO SKCUTOHHOU MPUPO/IBI TIOMUHECIICHIINY B quama3oHe A = 228 — 270 HM Ha OCHOBE NU3MEPEHUH CIIEKTPOB
¢doromomunecuenuuu (DJI) ¢ BpeMeHHBIM pa3peleHreM B IIMPOKOM TEMIEPATypHOM AHMANa30He U aHaIU3a
B PaMKax JIByXypOBHEBOW MOJIENH € IPKMMHU U TEMHBIMH 3KCUTOHaMH. Ha OCHOBE 3THX reTepocTpyKTyp Ae-
MOHCTpUpYIoTcs Y DC-u3iydaTenu ¢ 3JIeKTPOHHO-TYYeBON HAKAYKOW ¢ MAKCUMAITbHBIMU 3HAYEHUSIMH TTHKO-
Bo# ontiaeckoit momHOoCcTH 71 1 32 BT ipu A = 267 1 238 HM COOTBETCTBEHHO.

Janee OyayT ONMKMCAHBI TETEPOCTPYKTYPBI C 0IMHOYHBIMU MoHOCTOMHBIME K5I 2D-GaN/AIN B HaHOKO-
nounax (HK) AIN, chopmMupoBaHHBIX ¢ HCIOIB30BAaHUEM JBYX MOAX00B. B mepsom (top-down) moaxome
ynopsimouennbie HK AIN ¢ MmunnMansibiM 1ramerpom ~50 HM (OPMUPOBAIHCH C UCTIONb30BAHUEM CTaH-
JapTHHIX (HOTOMUTOrpahuUeCKUX MaCOK U IBYXCTAANHHOTO TpaBIeHus miaHapHbix cioeB AIN/c-Al,Os ¢ oau-
HounbiMu K5I 2D-GaN, Bkio4as peakTHBHOE IUIa3MEHHOE TPaBJICHUE U MOCIEAYIOIIee aHU30TPOIIHOE JKU/-
KocTHOe TpasieHue B pactBope KOH. U3mepenust ciektpoB Mukpo-®dJI mokaszanu, 4To ¢ yMEHBIIEHUEM JTUa-
metrpa HK mpowncxoaut mepexos oT CeKTPOB ¢ MUPOKUM MTUKOM B 1uana3zoHe A = 235 — 245 HM k criekTpam
¢ Ha0OPOM Y3KHUX JIMHUH B 3TOM K€ JUara3oHe ¢ MOJyIIMPHHON OTMHOYHBIX MTMKOB MeHee 3 M3B. Bo BTopom
(bottom-up) moxxone ObuT pasBut HOBBIN st [TA MIID meton GopMHPOBaHHS YIOPSIOYCHHBIX MAaCCHBOB
HaHONPU3M U MUKpocTepxHeld AIN muamerpom ot ~400 HM J10 2 MKM € HCIIOJIb30BaAHUEM METAILI-MOLyTHPO-
BaHHOM SMMTAKCUH HA MHKPOTIPOPIITUPOBAHHBIX TIOTIOXKKaX c-canupa. MeTomamu MpoCcBEYHBAIOIIEH JJIeK-
TPOHHON MHUKPOCKOIINU M PAMAHOBCKOW CIIEKTPOCKOITUH MBI JISMOHCTpUpPYEM (opMHUpOBaHHE Oe3/ie(heKTHBIX
Y HEHANpPsDKEHHBIX HaHONpU3M u MuKpocTepxkHed AIN ¢ aToMHO-TTIankol BepXHEH MOBEpXHOCTBIO. boiee
Toro, BBeeHne MoHocoiHbIX 2D-GaN K4 B a1 AIN HaHOPU3MBI M MUKPOCTEPKHH ITO3BOJIMIIO HAOIIOIaTh

B HuX ®JI n karomomomuHecteHio B YPC-guamnasone A = 240 — 280 um.
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JlazepHast TeHepaIus B T€TEPOCTPYKTYPax ¢ KBAHTOBBIMU SIMAMU
Hg(Cd)Te/CdHgTe B cpennem uHppakpacHOM IHUara3oHe

PaszoBa A.A.'2 Yroukun B.B.1, ®anees M. AL, Maxykuna K. A%, SInuep A.A.L, Pymsanues B.B.%,
Jyounos A.A.1?, Anemkun B. 5112, Muxaiinos H.H.3, JIsopeuxuii C.A 3, lllenrypos J1.B.}, Mopo3osa
E.E.L, I'yces H.C.}, Moposos C.B.12, T'appunenko B. .12

YU DM PAH, 603950, Huxcnuii Hoszopoo, I'CI1-105

2HHI'Y um. H. 1. Jlo6auesckozo, 603950, Huocnuii Hoseopoo, np. Iacapuna, 23

SUDIT um. A. B. Pocanosa CO PAH, 630090, Hogocubupck, np. Axademuxa Jlaspenmuesa, 13

OnHUM U3 IEPCIEKTUBHBIX MAaTEPUAIIOB sl CO3AaHUS JIa3epOB B CPEAHEM MH(PPAKPaCHOM AHara3zoHe
SIBIISTIOTCS TETEPOCTPYKTYPHI ¢ y3kuMH kBaHTOBBIMU simamu (KS) Hg(Cd)Te/CdHgTe, B KOTOpBIX 3a cUET KBa-
3UrunepOOIMYECKOro 3aK0HA AUCIIEPCUH HOCUTEIEH MPOUCXOIUT 3aMETHOE MTOJIaBIeHIE Oe3bI3IydaTeIbHBIX
O0XE-TIPOIIECCOB M YBEJIIMYEHHWE WX IOPOTOBOW SHEPTHH IO CPAaBHEHUIO ¢ OOBEMHBIMH IUICHKaMH. Panee
B cTpykTypax ¢ K na ocHoBe HgCdTe Obuio nomyueno crumynupoBanHoe usnydenue (CH) B nnama3zone
JUTMH BOJIH OT 2 710 31 MKM, IIpu 5TOM MakcuMainbsHas Temiepatypa Haomoaeaus CU Tmax u3amensiiacs ot 300
K mpu 2.5 mxm x 10 K ipu 31 mMxwm.

B pa6ote mMb1 femMoHCTpUpyeM NtazepHoe uznyderne (JIN) npu onTryeckoil HaKayKe B TE€TEPOCTPYKTY-
pax ¢ K5 Hg(Cd)Te/CdHgTe B okHe mpo3pauHocTu atMocdepsl 3-5 MKM U 7-9 MKM, a TaKKe B AHAIa30HE
JUIMH BOJIH 22-25 MKM, 4TO B HacToOAIIce BpeMs SIBISICTCS PEKOPAHOHN UIMHON BoHbI JIW Asist TaHHBIX CTPYK-
Typ. C MOMOIIBI0 METOJIOB J1a3epHON WM B3pPBIBHOW JIUTOTpapUH U HOHHOTO TpaBJieHUs! ObLTH c(hOpMHUPO-
BaHBI II0JIOCKOBBIE, MUKPOANCKOBBIE U KOJIBIIEBBIE PE30HATOPEL. TpaBlieHne OCYIIECTBISUIOCH HOHAMHU aprOHA.
B kauecTBe MacKku UCIOIb30BaTKCH (poTopesuct u Metautnueckue Macku (Al wru Cr/V/Ni).

Ha puc.1 npeacrasien cnektp JIM ogHOro 13 uccieayeMbIX MUKPOJIUCKOB, AuaMeTpoM 50 MKM, MpH
MaKCUMaJIbHOH paboueii Temneparype. Ha criektpe BumHbI MOJIbI iemdyinei ranepen (ML), MmexxmomoBoe

paccTosiHAE KOTOPBIX XOPOIIO COTJIACYETCSI C TEOPETHYSCKUMHU

JLAHHA BOJTHBL, MEM

nauabpMu. Takoxke ML Habmronanuch U B APYTUX UCCIIEAYEMBIX T N R N LN

=

JIMCKOBBIX, a TAKXKE KOJBIIEBBHIX MHUKPOPE30HATOPAX, OCHOBHOM

£
£

£
=

MEK30HHBIH Mepexo KOTOPbIX ObLIT paccuuTaH Ha 3-5 MKkM 1 22-

s
=

25 MkM. B monockoBbIX pe3oHaTOpax ObUIM MOJyYEHBI MOJBI

JIH enrnan, oTn. en.

£
i

®abpu-Ilepo Ha mmHE BomHBI 7-9 MKkM. MakcumainbsHas TeMrie-

00 aan

patypa JIW B muanasone 3-5 MxMm coctasisia 230 K, npu miune TRl a6 e a0 o e %0

Ineprun, B

BostHBI 7 MKM — 120 K, a a5t cTpyKTYp, paccUuTaHHbIX Ha reHe- | Puc.l. — Cnexmp JIM 50 ymrcm mukpo-

paruro ripu 22-25 mxm — 65 K. Bo Bcex Me3a-cTpyKTypax HaOIo- Jucka  Ha  OCHOGe  CMPYKMypbl

A7T0Ch yMEHBIICHHE MAKCHMATbHON paGoueil Temmeparyps | © HoCdTe KA npu 230 X.

B cpearem Ha 30-40 K o cpaBHEHUIO € T max ICXOAHBIX HEMPOILIEC-

CHUPOBaHHBIX CTPYKTYD, YTO, TIO-BHMMOMY, CBS3aHO C YBEIHMUYCHHUEM IMOTEPh Ha 3epKajax, KOTOphle OTCYT-
CTBYIOT B UCXOJTHOH CTPYKTYpE, C YBEINICHHUEM BEPOSITHOCTH TOBEPXHOCTHOM PEKOMOUHAIIMH U MPOIECCAMH
HMOHHOTO TpaBlicHHs. Takke YMEHbIICHHE pabodel TeMiepaTypbl MUKpoJiazepoB cTpykTyp ¢ K5 Ha ocHoBe
HgCdTe nabiromanoch mpu yBeaIHYeHUH TyOUHbI TpaBiieHus. [Ipy 3TOM MPOMCXOIUIIO YBEIIUUSHHE TOPOT0-
BOIi MOIIIHOCTH HAKAYKH JIO JECATKOB KBT/CM?, 0/JHAKO MHTErpajibHask MOPOroBasi MOIIHOCTh, HAIPUMED, JUIS
50 MKM MUKpOAHCKA COOTBETCTBOBANA nopsiaka 1 BT, ToCcTIKUMOH 17151 KOMMEPUYECKHUX MTOTYTTPOBOJHUKOBBIX
JUOAHBIX JIa3€POB.

Takum 00pazoMm, MpeIoKEeHHbIE METO/IbI (POTOTUTOrpadUu U HOHHOTO TPABJICHUS TIOJXOIAT ISl U3-
roToBIIeHUsT MUKpoJta3epoB Ha ocHoBe K5 HYCdTe u cyiiecTBeHHO He yXY/AIIAOT UX CBOMCTBA, a JabHEe-
[IMEe YCOBEPILEHCTBOBAHUS TEXHOJIOTHH U PEXKMMOB HAKa4YKH OTKPBIBAIOT MEPCIEKTHUBBI U1 Pa0OTHI KaK MpU
KOMHATHOH TeMIlepaType, TaK 1 IPH AJTMHAX BOJIH BCErO CPEeIHEr0 HHPPAKPACHOTO Iuara3oHa.

Pa6ota BeimonHena npu nmouepkke rpanta PH® Ne 22-12-00310.

121



Jleymepnvie u 00HOMEPHBIE CUCTHEMDL, 2eMePOCTNPYKIMYPbL, CEEpXpeutemKu

[TonynpoBoauuk NDbS3 ¢ BoHaMU 3apsI0BO# INIOTHOCTH B CBETE
UCCJIENOBAHUI HA CUHXPOTPOHE

IMoxposckuii B. 5., 3p1601eB C.T'
UPD um. B.A. Komenvnuxosa PAH, 125009 Mockea, Moxosas, 11-1

Hpennonar acTCiA CACIaTh 0630p CBOMCTB MO-

HOKJIMHHO# (ha3bl NbS3 (NbS3-11) B cBere momyuen- | 450K

HBIX HEIABHO PEHTTCHOCTPYKTYPHBIX JaHHbIX. B | 360K

NbSs-11 mabmromaeTcst Tpu (a3oBEIX mepexoa ¢ 00- | 270K
pa3oBaHHEM BOJIH 3apsnoBoil miotHoctu (B3IT) —
mpu  Tpe=460 K (B3I1-0), Te1=360 K (B3II-1) 10 L

u Tp=150 K (B3I1-2) [1]. Mckakenns pemérkn, Puc.1. — Temnepamyprnas xapma pacnpeoenerust
sesBannbie B3II-1 (qi=(0.5 0.3 0)) uB3I-0 | uumencusnocmer CBEPXCMPYKMYPHBIX peiiexcos
(90=(0.5 0.35 0)), mabmomanuck panee meromamu | 6 ouanasone mevnepamyp 90-500K na ougpar-
mozpammax 6001 ekmopa C* obpamuou pe-
wemxu npu h=1.5u k=1.35. Buownwi nonocwt, coom-
semcemaeyiowue cameriumusvim peghaexcam o u o'

MPOCBEUMBAIOLIECH 3JIEKTPOHHOW M CKaHHUPYIOLIEH
TYHHEIbHOM MMKpOcKomuH. Eciau ucde3sHOBeHUE

B3II-1 Bemmme Tpi moaTBepkneHO AM(PaKIMOH-

HBIMHU TaHHBIMU [2], Temmiepatypa Tpo 0 CHX HOp ObLIa H3BECTHA TOJBKO U3 TPAHCIIOPTHBIX M3MepeHuid. [1e-
pexon pu Tp; HaGIIFOKAETCS TONBKO B HU3KOOMHBIX 06pasuax (p(300 K) < 107 Qcm) [3], npruém uckaxenus
pemérku, cBsizanubie ¢ B3I1-2, no cux mop He 0OHApYKEHEI.

HenasHaue peHTreHOCTpYKTYpHBIE HccienoBanns NbS3 Ha cuaxporpore ID28 (I'peHo6up) B tuana3one
90 K<T<500 K noarBepauiiv 1 AOTOJHUIN MTOTYUYCHHBIE paHee Pe3ybTaThl CTPYKTYPHBIX U TPAHCIIOPTHBIX
uccnenoBannii. Tak, HAOIIOAATHCH HCKAXECHUS C BEKTOpaMH (o U (1, TOATBEPXKIEHA TeMIiepaTypa Tpo Hcde3-
HoBenusi B3I1-0. Takke HaOIIOIATKCH TEMIIEPATYPHBIC 3aBUCUMOCTH D*-KOMITOHEHT BEKTOPOB (o U Q1 (Qo
1 (1); 0Ka3ajock, uTo (1 +2(o =const=1, xots B3II-1 ue sBnsercs 2-it rapmonukoii B3I1-0. D10 yka3siBaeT Ha
B3aumocss3b B3I1-0 u B3I1-1.

BwMmecTe ¢ Tem, MHOTHE pe3yJIbTaThl OKa3aTuCh HEOXKUAaHHBIMU. Tak, 0OHapy>KeH psiJl HEW3BECTHBIX pa-
Hee nckakeHui pemérku. KpoMe Toro, BBISICHIIOCH, 4TO HCKaxeHHe ¢ KoMnoHeHTo# 0.350* nmpu koMHaTHON
TemIneparype 1 Beliiie Tpy cBa3ano ¢ 1Byms pasHeiMu B3I1: B3I1-0 cymectByer nums npu T<360 K, a B o0na-
ctu 360 K<T<450 K, o ectb Mmexy Tp1 1 Tpo, HaOmomaeTcst apyras B3I1 ¢ qo'=(0.5 0.35 0.5). Dto BumHO U3
puc. 1, Ha KOTOPOM MOKa3aHO CeUCHHUE TUPPAKIIMOHHON KapTUHBI BJIOJIb C* B 00J1acTH Qo ¥ Jo'. 3aMETHM, 4TO
Tp1 — ocobas Temmnepatypa u i B3I1-0, uto Taxke moareepxnaet B3aumocsszb B3I1-0 u B3I1-1.

Jpyroii HOBBII pe3ynbTaT — oOHapyxkeHune ocoboit Toukn, T=270 K. Bremme 270 K peduekcer (o
1 (1'=200 cranoBsrcs auddy3HsIMH, a J2=201 — HCYe3aerT.

HauGosee HeOXUIaHHBIM PE3yJIbTaTOM CTao HabOmoacHue TUPQY3HBIX pedIeKCOB, COOTBETCTBYIO-
IUX yMeHbuleHuto napamerpa C pemérku gviue Tpp=150 K. HabmronaemMbie HCKa)KeHUST MOXKHO paccMaTpH-
BaTh Kak (UIyKTyallOHHOE nosiBiieHue (asbl |, nmeromnieil napameTp C IpUMEpHO B 4 pa3a MEHbIIE, YTO M03-
BOJISIET B3IJISIHYTh Ha Tp2 KaKk Ha TOUKY, BBIIIE KOTOPOH (uiyKTyaunu noaasisitor nposoaumocts B3I Ilpen-
MOJIOXKEHHE TIOATBEepIKAaeTCs U AononHsercs: nanusivu SIMP [4], cornacao kotopeiM Hike 150 K npoucxo-
JIT BBIMEP3aHUE OJHOW U3 POHOHHBIX MOJI.

Pabota BeimonHena B pamkax npoekra PH® 22-12-003109.

[1] S.G. Zybtsev et al., J. Alloys Compd. 854, 157098 (2021).
[2] Z. Z. Wang et al., Phys. Rev. B 40, 11589 (1989).

[3] S.G. Zybtsev et al., Phys. Rev. B 95, 035110 (2017)

[4] A. C. Cemakun u 0p, ucoma 6 JKOTD 119, 432 (2024)
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[151a3MOHBI B JJaT€pAIBHO OIPaHUYECHHBIX AHU30TPOITHBIX U CUIIBHO
SKPaHUPOBAHHBIX JIBYMEPHBIX 3JICKTPOHHBIX CUCTEMAaX

3aropoanes U.B.%, Ponuonos J[. A.12
YUPD um. B.A. Komenvnuxosa PAH, 125009, Mockea, y1. Moxoeas, 11 kopn. 7

M®TH, 141701, Mockosckas o6., 2. JJorconpyounsiii, Hucmumymckuii nep., 9

B mocnemnee BpeMs pacter WHTEpeC K aHU30TPOIHBIM JIByMEpHBIM (2D) 3JeKTpOHHBIM CHCTEMaM U K
TUIA3MEHHBIM KOJIeOaHusIM B HUX. B yacTHOCTH, 00Cy)maeTcsi yHUKaibHasi BO3MOXKHOCTD YIIPABJIEHHs HalpaB-
JICHWEM paclpOCTPaHEHUs IUIA3MOHOB B 2D 3EKTPOHHBIX CHCTEMax C aHM30TPOMHOM MPOBOIUMOCTHIO [1],
HaIpuMep, B KBAHTOBEIX sSiMaxX Ha OCHOBE HamnpspkeHHOTo Al(Ga)As, KOTopsIe, ¢ OTHOM CTOPOHBI, 00J1a/1af0T BBI-
COKOI TIOJBIDKHOCTBIO TIPU HU3KUX («TEIHEBBIX») TeMIIEpaTypax, a ¢ JPyrod CTOPOHBI, aHM3OTPOIHUS B HUX
JIETKO KOHTPOJIMPYEMa U OUYEHb UyBCTBUTENIbHA K BHY TPUIUIOCKOCTHOM AedopMaliiii KBAaHTOBOH SIMBI [2].

B nanHoii paborte, siBIsIOIICHCS TPOJOIDKEHHEM yOauKanuii [3-4], paccMOTpeHBb! M1a3MEeHHbBIE KOJe-
0aHMs, BOZHUKAIOIINE B JIATEPATbHO OTPaHUICHHBIX aHU30TPOITHBIX JBYMEPHBIX AJIEKTPOHHBIX CHCTEMax Ha
MIpUMEpPE ABYX TEOMETPHI — IOJIOCa B JJUCK — B TOM YHCIIE B CHTYAIlWH, KOT/[a BaKHBI 3(pPeKThI aneKTpomar-
HUTHOTO 3ama3asiBanus. [Ipenmonaraercs, 9to psgom ¢ 2D cuctemMoi HaXOAUTCS METAIUTMIECKUH HUeaIbHO
MIPOBOSIIIUH ANIEKTpo/ (3aTBOp). B mpenerne, korja ayekTpo/] pactoyiokeH Ha pacCTOSTHUM MHOTO MEHBIIINX
XapaKTEepHOH JTMHBI BOJIHBI TIA3MEHHBIX KOJIeOaHUH, BO3SMOXKHO TOYHOE PEIIeHUE, KaK B JHCKE, TaK U B I10-
noce (B paMKax IpUOIMKEeHHS JOKAITbHOW EMKOCTH). IHTepecHO, HallprMep, 9TO B TAKOM CITydae 3aTyXaHHe
MTa3MEHHBIX PE30HAHCOB B TAKMX CHCTEMax OOBIYHO MEHBIIIE, YeM TEeMII peslakcallid HOCUTENeH, T.e. obpar-
Hoe BpeMs paccestHust. OJTHaKo, B TEOPUHU B 3TOM NpeeIbHOM CIydae OTCYTCTBYET paJallMOHHOE 3aTyXaHue,
KOTOpPO€ MOXKET OBITh B)KHO B CUCTEMax C BHICOKOW MOJBMKHOCTHIO HOCHUTENEH 3apsaa, HalpuMep, B KBaH-
ToBeIX siMax GaAs/AlGaAs mpm HH3KHX TeMmmepaTypax. PaamanmoHHOe 3aTyXxaHHE MOXET OBITh YUTEHO,
HaInpuMep, B paMKax TEOPUH BO3MYILEHUI.

Pabota Beimonuena 3a cuer rpanta PH® 24-72-10114.

[1] S. Ahn, S. Das Sarma, Phys. Rev. B 103, L041303 (2021).

[2] A.R. Khisameeva, V.M. Muravev, 1. V. Kukushkin et al., Appl. Phys. Lett. 117, 093102 (2020).
[3] /. A. Poouonos, H.B. 3azopoones, IMucoma ¢ JKOTD 118, 90 (2023).

[4] 1. V. Zagorodnev, 4. A. Zabolotnykh, D. A. Rodionov, V. A. Volkov, Nanomaterials 13, 975
(2023).
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CaBuroBbie OEPHIITEHHOBCKHE MOJIbI B IBYMEPHOM AJIEKTPOHHOM
KUJIKOCTH

AdanacnseB A.H., Anekcees I1.C., I'peminoB A.A., Cemuna M. A.
OTU mu. A. . Hoppe, 194021, Canxm-Ilemepoype, ya. Honumexnuueckasi, 26

bepuureiinosckue mosl (BM) [1] popmupyroTcst B 3aMarHu4eHHOI 11a3Me B pe3yIbTaTe B3auMO/ICH-
CTBHSA JUTMHHOBOJTHOBBIX KOJIJIEKTUBHBIX BO30YKACHUH M HUKIOTPOHHBIX TAPMOHHK IPH BOJTHOBBIX BEKTOPAX,

CPaBHUMBIX C OOpPAaTHBIM HUKJIOTPOHHBIM paguycoM (R, ~1. Jlns BBIPOKICHHON 3JIEKTPOHHOM ILIa3MBbI

B TBEp/bIX Telax BM 00BIYHO acCOLMHUPYIOTCS C MArHUTOILIa3MOHaMH [2].

B nannoii pabote [3] u3ydeHa 3BOIIOIHS CIIEKTPa , ,
Po ~10 05 0 05 10 [p[—gg}] 10 107 ! 10°
L —

o ol

B KJIaCCUYCCKU CUJIBHOM MNEPINCHAUKYIAPHOM MAarHuT- il

KOJUIEKTUBHBIX MOJI IBYMEPHON IEKTPOHHOH YKUIKOCTH

HOM I10JIC C YBCJIMUCHHUEM CUJIbI KBA3UYAaCTUYHOI'O B3an-

mozeiictBusl Jlannay. Ha ocHoBe pelleHHsi KMHeTHYe-

ckoro ypaBHeHus Jlanmay-CrinHa MoKa3aHoO, YTO MpU

CYIIIECTBEHHON TEPEHOPMUPOBKE MAacChl KBa3HMYaCTHUIL

M™ B pe3ysbTaTe B3aUMOICHCTBHS CBUIOBOIO MarHH-

To3BYKa [4] ¢ KBa3WYACTHYHBIMH BO30OYKACHUSAMH TPH — Tt 16
(a) R (6) R,
=N, (rne o, =eH/m*c) nossuarorcs BM Ho- 4 %
Puc.1. — Cnexmp BM (a) u eco suzyanuzayus
BOTO THUIA, KOHTPOJIMPYEMbIE BA3KOYIPYIUMHU CBOH- | nocpedcmeom (yuxyuu dHepeemuyeckux no-

CTBaMHU 3JIEKTPOHHOMW kuiakoctu. biaromaps ueBepcun | 1€pb (6) 6 axpanuposannoli OsymepHoU neK-
MPOHHOU HCUOKOCTU C CUTbHBIM OUNOJIbHBIM

BTOPOA M OCHOBHOM TapMOHHMK LHKIOTPOHHOTO PE30- N
e3aumooeiicmeuem Jlanoay (M* =8.4mg ). 3e-

HaHCa Ha MNOpOre BO3HMKHOBEHHA CABUI'OBOI'O 3BYKa (
JE€HAsl Kpusdasl HA naneniu (Cl) omeeyaem Ouc-

m* > 2mg , rae My — 3bdexTuBHAsS Macca SJIEKTPOHOB
nepcuu COBU208020 MACHUMO36YKA.

MPOBOJMUMOCTH), CIIEKTP BOJH B CHIIBHOKOPPETHPOBAH-
HOM 2JIEKTPOHHOMN KUIKOCTH COCTOUT U3 JIByX HE3aBUCUMBIX cepuii BM, cm. Puc. 1a, KoTopble XapakTepu3yroTcs
OpPTOTOHAJIBLHBIMU NOJIIPU3ALIMSIMU IJIOTHOCTH TOKa B BoJIHE. BepxHsisa cepus TpaguunoHHbix bM, koTopsbie cBs-
3aHBI C MATHUTOIIA3MOHAMH, XapaKTePU3yeTCs OCIMILISIINAIME TPOIOIFHOTO TOKA (CTEeTeHb JTMHEHHOM Tos-

pmsarmu Toka Py, = —1 Ha Puc.1a), a nmxnss cepus casuroseix bBM — monepeunoro ( Py, =1). IIposenen-

o -1 o
HBI pacyeT KapThl GyHKIMH SHepreTudeckux noreps IM[—eyy (®,q)], cm. Puc. 16, muku kotopoii B mioc-

KOCTH (,q) OTBEYAIOT AUCIEPCUH U YIIMPEHUIO IPOJOIbHBIX KOJUIEKTUBHBIX MOJI, TIOKa3bIBAET, YTO CIABUIO-
Bble BM Xopo11o onpeneneHsl 1 HX MOXKHO IETEKTUPOBATh B OKCIIEPUMEHTAX 10 CIIEKTPOCKOIINH XapaKTepH-
CTUYECKHUX MOTEPH JHEPTUH IIEKTPOHAMH.

UyBCTBHTENBEHOCTE CIEKTpa BM K cuile KBa3H4acTUYHOTO B3aUMO/ICHCTBUSI MOXKET OBITh MCTIOJIE30BaHA

AJIs1 OOCHKHW aHU30TPOITHOU YaCTH CI)YHKI_II/II/I HaHL[ay JABYMCPHOM 3JICKTPOHHOU KUAKOCTHU IIPU PAZTTUIHBIX rs

Y MarHUTHBIX TOJIAX B SKCIIEPUMEHTaX M0 HECTAllMOHAPHOMY MarHeTOTPAHCIIOPTY MJIH C TIOMOIIBIO CIIEKTPO-
CKOIHMH XapaKTePUCTUYECKUX TTOTEPb.

A.H. Adanacwes u I1.C. Anekcee 6marogapaT 3a noguepxky @oHn pa3BuTus TeopeTHIeCKOl Qr3nKn
n matematuku «BA3UCy» (Ne 23-1-2-25-1).

[1] I. B. Bernstein, Phys. Rev., 109, 10 (1958).

[2] K. W. Chiu, J. J. Quinn, Phys. Rev. B, 9, 4724 (1974).

[3] A. N. Afanasiev, P. S. Alekseev, A. A. Greshnov, M. A. Semina, Phys. Rev. B, 108, 235124 (2023).
[4] P. S. Alekseev, A. P. Alekseeva, Phys. Rev. Lett., 123, 236801 (2019).

124



Jleymepnvie u 00HOMEpPHbIE CUCTHEMbL, 2eMePOCTNPYKMYPbL, C8EPXPEUIeKU

I[OJ'II/IHHBIG " CIIMHOBLIC PACIICINUICHUA B HAHOIIPOBOJIOKAX M3
XAJIBbKOI'€HHU 0B CBHMHIIA

AsaeeB U. 1., Hectoxmon M. O.
OTU um. A. . Hogpgpe PAH, 194021, Canxm-Ilemepoype, ya. Ilonumexnuueckas, 26

Hanomnpoonoku u3 xanpkoreHunoB cBuHIa (PbX, X=S,Se,Te) aBisroTcsi NEpCIEKTUBHBIMU KaHH1a-
TaMu JUI PU3NIECKOHN peanu3alii MaiiopaHOBCKUX (pepMUOHOB [ 1]. Boubias cTaTndyeckast AUAICKTpUIeCKast
MPOHHUIIAEMOCTh B HUX 3HAYUTEIHHO CHUKACT BIUSHHE 3aPSHKCHHBIX IE(PEKTOB Ha WX AJICKTPOHHBIC U TPaHC-
MOPTHEIE cBo¥icTBa. OJJHAKO, MHOTOJIOJIMHHAS 30HHAs cTPYKTypa PbX cyiecTBeHHO 3aTpyIHSIET TeopeTHye-
CKOE ONHMCAaHKNC HAHOIPOBOJIOK TaK KaK MPUBOJUT K aHU30TPOITHOMY U JOJIMHHOMY PACHICILICHUSIM TOHKOW
CTPYKTYPBI 3JICKTPOHHBIX H JBIPOYHBIX YPOBHEH. YUeT aHM30TPOIIMU MACChl B JIOJMHAX BO3MOXKEH B PaMKax
kp Teopuu [2], mOoTMHHBIC pacUICIIICHUS 9YYBCTBUTEIBHBI K POpMe MOBEPXHOCTH U TPEOYIOT ATOMUCTHISCKHUX
pacueroB [3, 4]. Kpome Toro, rnpu OTCYTCTBHM IIEHTPA WHBEPCHU CUJIBHOE CIIUH-OPOMTAIBLHOS B3aUMOJICH-
CTBHE Ha aTOMAaX CBHHI[A MOYKET IIPUBOIUTH K THTAHTCKUM (COTHH MIB-A) nuHEHHBIM 110 BOTHOBOMY BEKTOPY
CIIMHOBBIM pacuieryieHusM [3] MOA30H pa3MepHOro KBAHTOBAHUS BOJH3H TOYKH SKCTPEMyMa.

B pabote paccMOTpeHBI OTrpaHEHHBIC

TPUTOHANILHBIE U TeKCaroHaibHbIC (CM. Pucy-

HOK) HaHompoBosioku u3 PbS u PbhSe ¢ ockio
Bronb [111] u Toueunoit cummerpueit D3 (6e3
neHTpa naBepcun). C HCIOIb30BaHUEM MpOIIe-

IypHI pacIyThIBaHUS 0JIMH [5, 6] HaMu nomy- ‘ ‘ . . . .

YeHa sIBHAs NapaMeTpu3alus J0JHHHBIX U JIH- -0.40

HEHHbIX 10 Kk CIMHOBBIX pacUIeIUIeHUil u mo- | %4
L

cTpoeHa (eHOMeHoJOrMyeckas Mojenb ToH- | = o

W_p.52

KOW CTPYKTYpbl OCHOBHBIX YPOBHEU 3JIEKTPO-

-0.56

HOB U JBIPOK BOJIM3U TOUKH 3KCTPEMYyMa OHO-

o .00 O.bl 0.‘02 D‘IDB D‘ID4 D‘IDS D.IDG D.b? 0.;‘)8 D.IDB 0.
MEpHOH 30HBI bpriutro3Ha. Y CTaHOBJIEHO, YTO k(AT

- . y = » ~ A ”
CIIMHOBBLIE PACIIEILIEHUS BO3HMKAIOT 3a CYET Puc. 1. 0ucnepcwz JJIEKMPOHO6 U ()blp()K 601U3U MOYKU
IKCmMpemyma 6 ceKCA2OHAIbHOU HAHONPOBOJIOKE U3 PbS

JUHEMHBIX 1O kK BKJIaJJOB B IraMHJIbTOHHAH ~ o
0€e3 yenmpa uHeepcuu, 1/13061961.’”(’871710” Ha ecmaexe.

MCKIOJIMHHOT'O CMCIIIMBAHUA U OIIMCBIBAOTCA

MATHIO BEIIECTBEHHBIMH NapaMeTpaMy B KaXJIOW M3 30H. BHYTpUIOIMHHBIMU JIMHEHHBIMU 110 k BKIIagamMu
MOKHO TIpeHeOpeub. Pe3ynbpTaThl pacueToB MOKa3bIBAIOT, YTO JIMHEHHbIE 10 K BKIIa/Ibl 3HAYUTENLHO MEHEE
YyBCTBHUTENBHBI K ()OpME MOBEPXHOCTH HAHOIIPOBOJIOKM YE€M OCTAJIbHBIC CllaraeéMbleé B TAMUJIBTOHHAHE MEX-
JOJIMHHOTO CMEIINBAHUSL.

Ha PucyHke nokasan npumep pacuera JUCIIEPCHHU JIEKTPOHOB U JIBIPOK BOJIM3M TOUYKH dKcTpeMyma k=0
JUTS FeKCaroHaJIbHOW HAaHOIIPOBOJIOKH U3 PbS 0e3 enTpa uHBepcuu ¢ 0chio BA0Jb [111]. UepHBIMU CILIONTHBIME
JVHUSMU TIO0Ka3aH pacyeT METOJIOM CHIILHOHM CBSI3HM, KPACHBIMU ITyHKTHPHBIMH JIMHUSIMH — pacyeT B paMKax
(heHOMEHOIOTHYECKOI MoieNTi 0e3 yueTa BHYTPHAOIMHHBIX JJMHEHHBIX 10 K BKIIaJI0B B TAMIJIBTOHHAH.

HccnenoBanne BBIIOIHEHO 3a cyeT rpanTta Poccuiickoro Hayunoro ¢onma Ne23-12-00142.

[1] W. Song et al, Phys. Rev. B 108, 045426 (2023),

[2] A.C. Bartnik, Al. L. Efros, W.-K. Koh, C. B. Murray, F.W. Wise, Phys. Rev. B 82, 195313 (2010),
[3] I.D. Avdeev, A.N. Poddubny, S.V. Goupalov, M. O. Nestoklon, Phys. Rev. B 96, 085310 (2017),
[4] 1.D. Avdeev, Phys. Rev. B 99, 195303 (2019),

[5] I.D. Avdeev, M. O. Nestoklon, JETP, Vol. 166, No 8 (2024),

[6] I.D. Avdeev, M. O. Nestoklon, https://arxiv.org/abs/2405.07064.
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Dddext Keppa, naayrimpoBaHHbIN 0OMEHHBIM B3aMOACHCTBUEM
AIIEKTPOHOB, Pa3eICHHbBIX MOTEHIIMATBHBIM 0aphEPOM B JIBOMHBIX
KBaHTOBBIX sIMaX

Kanesuu B.K.!, Kasoxun K.B.?, Apanacse M. M.}, 'pubaxun B.®.2, Kycpaes 10.T.!
‘\OTH um. A. @. Hogpgpe PAH, Canxm-ITemep6ype

2Canxm-ITemep6ypeckuii I'ocyoapcmeennviii Yuusepcumem, Canxm-ITemep6ype

B TyHHETHHO-CBS3aHHBIX KBAHTOBBIX SIMaX Pa3HOM MIMPUHBI MBI HeTaBHO 00HApYX K [ 1], 9T0 crimHO-
BEIH ¢ ekt Keppa, BO3HUKAIONIHI B pe)KUMe HaKadKa-30HIUPOBaHHUE TP UMITYJIbCHOH (1.5 ps) onTrueckon
HaKa4yKe SKCUTOHA B Y3KOU sIME, BKJIFOUAET JUHAMUKY HAMAarHHYCHHOCTH 3JIEKTPOHOB B IIIMPOKOMU SIME, XOTS
3JICKTPOHHBIN YPOBEHB B IIMPOKOW siMe Ha 55 meV HWKe 3IEKTPOHHOTO YPOBHS B Y3KOH siMe (TOApOoOHOE
OIMCaHUE WCCIIEJOBAHHOW CTPYKTYpHI puBeAeHo B [2]). IIpu 3ToM criekTpanbHas 3aBHCHMOCTh HadaabHON
aMIUTATY Bl ocIunswid dhdekra Keppa, Bo3HHKaOMMX B MATHUTHOM Tiojie B reomerpun Doiirra, mMeer
SIPKO BBIPYKEHHBIH PE30HAHCHBIM XapaKTep B 00JIaCTH SKCUTOHA B y3Koi sime (Puc. 1, kpyxkn). AHanu3 mo-
JIy4EHHBIX PE3yJIbTATOB MO3BOJIMJI C/ICJIATh BHIBOJ, UTO HaO0AaBIIUiCcs 3Q(EKT BbI3BaH OOMEHHBIM B3aHMO-
JefiCTBHEM CITUH-TIOJIIPU30BAHHBIX 3JIEKTPOHOB B IITUPOKOH SIME C SKCUTOHAMH B y3KOU sIMe.

B nanHOi#1 paboTe MBI IpeICTaBIIsIEM TEOPETUIECKYIO MOAEIH d(-

¢exra Keppa, koTopast BKIrOUaeT 0OMEHHOE B3aMMOJICHCTBUE AIIEKTPO- 30
HOB B COCEIHUX AMax. 3HaAU€HHUs] MHTErpajoB NEePeKpBITUS KBAJPaToOB

BOJIHOBBIX (DYHKITHI 3IIEKTPOHA U ABIPKH C Y3Kor siMoit Pe = 0.71 u Py,

= 0.73 nony4eHsl MyTeM YHCICHHOTO pacyeTa SHEPreTHUECKON CTPYK-

TYpbl JBOWHOM SIMBI; PaCIICIUICHUE 3JICKTPOHHOTO YPOBHS B MarHMT- .‘
HoMm mosie 0.54 T 3a cyer S-d 0OMEHHOTO B3aUMOJAEHCTBUS C HOHAMH
Maprasiia B y3koi siMme Awn = 0.7 meV paccyuTaHo C KCII0JIb30BaHUEM

M3BECTHBIX MMAPaMETPOB ITOJYMAarHUTHBIX MTOJYTPOBOIHUKOB [3]; pamu- T=6

AlMOHHOE Y HEPAJUALMOHHOE YIIMPEHUS DKCUTOHHOW JIMHUM B Y3KOU -30 ‘ ‘ ‘ :
163 164 165 166 16

Energy (eV)
Puc. 1. — Cnexmpanvuas 3asucu-
MOCHIb CNUHOB8020 d¢hhexma
Keppa 6 keanmosotul sime

same [o =125 peV u I"'=5meV onpeneneHsl myTeM H3MEPEHUS Mar-
HUTO-oNTHYecKOro 3dexra Keppa B MarHuTHOH siMe B IPOJOIBHOM
MEpPEMEHHOM MarHUTHOM Tojie. MoJenbHbIN pacueT (CIUToNIHas KpuBast

Ha Puc. 1) kauecTBEHHO BEPHO OIMCHIBAET IKCIIEPUMEHTATBHYIO KPUBYIO
[P SHEPTUU SKCUTOHA B y3KoU siMe 1.6525 eV u ero paciuenyieHuu B pe-
3yJIbTaTeé OOMEHHOTO B3aWMOJAEHCTBHUS CO CIHH-TIOJSIPU30BAHHBIMH
ANIEKTPOHAMH B IIHPOKOit sive § = n(S)A = 11 peV, rae n — aBymep-
Hasi INIOTHOCTh HJIEKTPOHOB, a (S) — uX cpeqHuii crivH. TakoMy paciiern-
JIEHUIO COOTBETCTBYET KOHCTaHTa 0OMEHHOTO B3amMozecTBus A = 2 -
10715eV - cm?.

Agropsl Oaronapubl G. Karczewski 3a npegocrasienne odpasiia.
Pab6ota BemonHena npu noxazaepkke npoekra PH® Ne 23-12-00205.

[1] M. M. [Jezoes et al., @usuxa meepdozo mena 65 (1), 83 (2023).
[2] E. Kirstein et al., Phys. Rev. B, 101, 035301 (2020).

Cdo.gsMnoo2Te (8 nm), omoenen-
HOU om DoJiee WUPOKOUL sIMbl
CdTe (20nm) mynnenvro-npo-
3pauHbIM bapbepom
CdogsMgo.12Te (1.6 nm). 3anon-
HEHHbLE KPYIHCKU — IKCHEPUMEHM,
CHIIOWIHASL KPUBASL — PACYUEN.

[3] Introduction to the physics of diluted magnetic semiconductors, eds. J. Kossut, J. A. Gaj, (Springer, 2010).
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[Ipsimoe 30HAUpOBaHKHE KOPPEIAIIMOHHOM SHeprun Ha v = 1/3 depes
U3MEPEHHE PHEPTUHU CITIUH-3aPSA0BOT0 BO3OYKIACHUSI.

Bepesxnoii I1.C.1 2, Banskos A.B.% 2, Kopees! A.C., Kykymkun'? U.B.

1 .
HUncmumym ¢uzuxu meépooco mena PAH

ZIIGL[LIOHCI.'leI)ll} UCC1e0068amenbCKULl YHUsepcumem «Buvicuias wkona s3KOHOMUKUY

OTKpBITHE B MPOILIOM BEKE JPOOHOTO KBAHTOBOTO
adexra Xomra (IKOX) [1, 2] HaBcerna u3MeHmIO Gu-
3WKy KOHIEHCHPOBAaHHOTO COCTOSIHHA. biaromapst sTomy
OTKPBITHIO MBI 3HA€M O CYIICCTBOBAaHUHU KBA3MUYACTHII,
Ha3bIBAEMBIX KOMIIO3UTHBIMU (PEpMUOHAMH, TOBEICHHUE
KOTOPBIX TOJTHOCTBIO OIpENesieTcss KYJIOHOBCKOW IHEp-
rueil.

Tpamummonno JIKOX u3ydaercs Ha Te€TepOCTPYKTY-
pax tuna GaAs, OTIMYAIOIIUXCS BBICOKOHN MOJBUKHOCTBIO.
OnmHaKo OTHOCHTENEHO HEJABHO OBLTH CO3/IaHBI BHICOKOKA-
YeCTBEHHBIE 00pa3llbl Ha  OCHOBE TETEPOCTPYKTYP
Zn0/MgZn0 [3]. Onu omimyarotcst ot GaAs Oosiee BBICOKUM
napamerpoM 7, ~ 10. DTo OTKpBIBaET MPOCTOPHI IS U3yUe-
Hust [IKOX B cunmpHOKOppenpoBaHHOM pexuMe. [Ipr Takom
CHJILHOM B3aMMOJICHCTBUM Y)K€ HEJb3sI CUMTATh CMEIINBa-
HuUe ypoBHel JIaHay HECYIIIECTBEHHBIM.

Hecmotps Ha Toapl M3y4eHus, 10 CHX TOp HE TO-
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Puc.l. — Dnepeus cnun 3aps1008020 6030ydic-
OeHUsl 8 3a8UCUMOCU OM MASHUMHO20 NOJIA
NPU PA3HBIX YeNax HAKIOHA

HATHO, KaK YCTPOEGHO OCHOBHOE COCTOSIHHE C yYETOM CMEIIMBaHus ypoBHeil Jlannay naxe B caMbIX IPOCTBIX

cirydasix. UtoObl OTBETUTH Ha STOT BOIPOC MBI M3y4YaeM, KaK pa3Hble SHEpreTHUECKUe mapameTpsl Tpanchop-

MUPYIOTCS B CHIIBHOKOPPEIMPOBAaHHOM pexuMe. B maHHON paboTe MBI MpelncTaBisieM MpsIMbIe U3MEPEHUS

BIIEpBbIe OOHAPYKEHHON CIIMH-3apAJ0BOM MOBI METOAOM HEYNPYroro paccesHus cBeTa. bbuio ycTaHOBIIEHO,

YTO JaHHOC BO36y>K,I[eHI/Ie MO>KHO HMCIIOJIB30BaTh KaK 30H/I AJIA KOppeJ’IHHHOHHOﬁ OHCPIUHU. Tax e B pTOM pa-

00Te MBI B IIMPOKOM Juamna3one ¢paktopos 3anonHeHus 0.3 < v < 1.2 u3Mepuiii CIMHOBYIO JKECTKOCTb, Ty-

TEM U3MCPCHU SHCPIrUr CIIMHOBOTO SKCUTOHA. HOHy‘IeHHLIe PE3yJIbTaThl UHTCPIIPECTUPOBAHLLI B paMKax CO-

06pa)KeHPIﬁ 0 «ICPCHOPMHUPOBKE» KYJIOHOBCKOI'O B3aPIMO,I[€I>iCTBHH.

[1] K. v. Klitzing et al, Progr. Theor. Phys. Rev. Lett. 45, 494 (1980).

[2] D. C. Tsui, H. L. Stormer, and A. C. Gossard, Two-Dimensional Magnetotransport in the Ex-
treme Quantum Limit, Phys. Rev. Lett. 48, 1559 (1982).

[3] Falson, J., Kozuka, Y., Uchida, M. et al. MgZnO/ZnO heterostructures with electron mobil-
ity exceeding 1 x 10° cm?I\V's. Sci Rep 6, 26598 (2016)
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BnusiHue KyJIOHOBCKOTO B3aUMOJCUCTBUA HA JIMHEWUHBIN
dboToraibBaHn4eCKuil 3 PEKT B MOTYyIPOBOJHUKAX

Bbyakun I'.B., UBuenko E.JI.
OTU um. A. . Hoghgpe, 603950, 194021, Canxm-Ilemepbype, [lorumexnuuecxas yi., 26

[Ton BoO3nEHCTBHEM MEPEMEHHOIO JIEKTPOMArHUTHOIO MO B MAKPOCKOIMUYECKH OAHOPOAHBIX KpHU-
CTaJUlaX WK JIaTepajbHO OAHOPOJHBIX ABYMEPHBIX MOIYTIPOBOJAHUKOBBIX CTPYKTypax 0e3 IeHTpa NpOoCTpaH-
CTBEHHOH MHBEPCUHU MOTYT BO3HUKATh IIOCTOSIHHbIE ()OTOTOKH. Takue sBIeHNs IPUHATO HAa3bIBATh ()OTOralb-
BaHMUYECKUMH 3 dexramu. Mbl npeacTaBiseM pe3ynbTaThl TCOPETUIECKOTO UCCIEA0BAHUS JINHEHHOTO (OTO-
ranpBaHn4yeckoro ¢ dexra (JIOI'D) npu MEKIY30HHBIX MEPEXOAaX C TOYHBIM YYETOM KYJIOHOBCKOTO B3au-
MOJIeHCTBUS MKy (POTOBO30YKIESHHBIMH DJIEKTPOHOM U IBIPKOM.

Lesnp paboThl — B paMKax €JMHOM MOJETIH 30HHOM CTPYKTYPBI IIOJYIIPOBOJHUKA PACCUUTATh OaJUINCTH-
YecKUi 1 CABUTOBBIN BKIAHI B JIOI'D ¢ yuyeToM KyJIOHOBCKOTO B3aMMOJCHUCTBHUS M COTIOCTABUTH UX MEXKIY
cobOoii. IlepBrlil Bkilag 0oOyclIoBIeH acHMMETpUel pacipenencHus (OTOHOCHTENEH 3apsaa B MPOCTPAHCTBE
HMITYJIbCOB, @ BTOPOH BO3HUKACT 32 CUET CMEILCHHUS BOJIHOBBIX ITAKETOB OJIOXOBCKUX AJIEKTPOHOB B pealbHOM
MPOCTPAHCTBE MPHU KBaHTOBBIX repexonax [1]. BaxxHoit ocobentocThio JIDI™D sBisieTcst TO, 9TO MPHU MPSIMBIX
ONTHYECKHUX Nepexoaax Oammuctiueckuit JIOI'D He BO3HUKAET, U TpeOyeTCs yUeT JOIIOIHUTEEHOTO pacces-
HUS 3JIEKTPOHHO-ABIPOYHOM Mapbl, HAPUMEpP PAaCCesHUs NEKTPOHA U IBIPKU APYT Ha Jpyre (KyJIOHOBCKHUN
BKJIa/I) WM Ha KoJieOaHHWAX pemeTKH ((POHOHHBIA BKiIaM). MBI MOCTaBUIIM Tiepel cOO0OH 3a1auy YCTPaHUTh
UMeIoIIeeCs IPOTUBOPEUHE B OLIEHKAX OTHOCUTEIBHOM POJH OaTTMCTUYECKOTO U CABUTOBOTO (DOTOTOKOB, jhal
H Jshift COOTBETCTBEHHO, CHEPUPYEMBIX IPH ONTHYECCKHUX MEPEX0/iaX MKy BAJICHTHOM 30HOM M 30HOIT Mpo-
BogumMocTH. CornacHo [2] ¥ muTUpyeMbIX TaM paboT UMEETCsl HEPaBEHCTBO jbal » Jshift, TAK YTO CIABHTOBBIM
MEK/Ty30HHBIM (POTOTOKOM MOXKHO TpeHeOpeub. Harnpotus, cornacHo [3] KyJIOHOBCKHUiT OITUCTUYECKUIA TOK
10 KpaiiHel Mepe Ha JBa NOpsAAKa MEHbIIE CABUTOBOIO BKJIAA.

PasBuras namu Teopus JIOI'D ucnonp3oBana 11 pacdeTa HOTOTOKOB, HHIYIIMPOBAHHBIX TMHEHHO I10-
JISIPU30BaHHBIM H3IIyY€HHEM, B IBYX MOJEISNX, a UMCHHO: a) B 00bEMHOM IMOJYIIPOBOJHHUKE C TETpadIpuye-
CKOM cuMMeTpuelt T4 Uit mepexo10B MeX Ay BaJleHTHOM 30HOU ['7 1 30HO# ipoBoauMoOcTH [ 11 0) B AByMep-
HOI CTPYKTYype Ha OCHOBE MOHOCJIOEB JANXAIbKOTCHUIOB EPEXOJHBIX METAIIOB, Takux Kak MoXz (X = Se,
S, Te) u t.m. [TokazaHo, 4TO y4eT KyJIOHOBCKOTO B3aUMOJICHCTBHUSI IPHBOIHUT K YBEIHUSHHUIO CABUTOBOTO (o-
TOTOKA aHAJIOTHYHO TOMY, KaK 3TO UMEET MECTO JIJIsl BEPOSITHOCTH MEXKY30HHOTO MOTIIoIeHus cBeTa (pakrop
3ommepdensaa). CpaBHEHHE jbal C jshift TOKA3BIBAET, YTO KYJOHOBCKHMM OAUTMCTHYECKHH BKJIAI CYIMIECTBEHHO
HPEBOCXOIUT CABHUIOBBIN BKIIaL. B o6mactu yactor hw — Eq> Eg orieHKa 171st OTHOIICHUS jbal/jshift COCTABIISIET
(t/h)[Es(ho — Eg)]*2, rae Eq— mmpuna 3anpenieHHoi 30Hb1, Eg — S5KCUTOHHBI puabepr u T — BpeMs pelakca-
LIMH 110 UMITYJIbCY. 3aMETHUM, YTO B OTIMUYNE OT MEKIY30HHOTO MOTJIOMIEHHUS IPU MEKITOJI30HHBIX Mepexoaax
B OJTHOHM 30HE CJIBUTOBBIH 1 (DOHOHHBIH OAJUTHCTHUYECKHN (POTOTOKHU, pACCUUTAHHBIE B OJJTHOAIICKTPOHHOM IIPH-
O KeHNUHU, BHOCAT OTpeeNsromui Bkiaan B JIOID.

Pabora BbInosHEeHa pu mojyiepxkke Poccuiickoro Hayunoro donma (rpant 22-12-00211)

[1] B. 4. benunuuep, E.JI. Heuenxo, b. U. Cmypman, JKOTD 56, 359 (1982).
[2] B. 4. Cmypman, YOH 190, 441 (2020).
[3] Zhenbang Dai, A. M. Rappe, Chem. Phys. Rev. 4, 011303 (2023).
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DOTOTOKH, UHAYLIUPOBAHHBIE CTPYKTYPUPOBAHHBIM CBETOM

I'yusra A.A., Iypues M.B., Tapacenko C.A.
OTU um. A. . Hoppe, 194021, Canxm-Ilemepoype, ya. Honumexnuueckasi, 26

[IpencraBiensl pe3yabTaThl TEOPETUIECKOTO HccaenoBanus 3 dekra reHepanny HalmpaBIeHHbIX JIeK-
TPUYECKHUX TOKOB CTPYKTYPHPOBAHHBIM CBETOM — JJIEKTPOMArHUTHOW BOJIHOM C IPOCTPAHCTBEHHO HEOIHO-
poIHbIMH TlapameTpamu. [IpuMepoM CTPYKTYpPHPOBAHHOTO CBETA SIBIISIOTCS BEKTOPHBIC ONTHYSCKUE MTYYKH,
COCTaBJICHHBIC U3 TUIOCKUX BOJIH C Pa3jIMYHON MOJSApU3alUel, WIK 3aKpyYCHHBIC ONTHYCCKUE MYYKH, HECY-
1Iie OpOUTANBHBIN YTIIOBOM MOMEHT. B oTim4me oT TpaJuiMOHHBIX (DOTOAIEKTPHIECKHX SBIICHUI B HEOTHO-
POIHBIX TOTYTPOBOAHHUKAX, HAIpuUMep P-N mepexonax, win ¢ororaibBanmdeckux 3(dexToB B cpenax 6e3
LIEHTPa UHBEPCUH, U3yIaeMbIC TOKU BOSHHUKAIOT # B U30TPOITHBIX CPeJlaX U O0YCIIOBJICHBI POCTPAHCTBEHHOM
HEOIHOPOIHOCTBIO CAMOT'0 JIEKTPOMAarHuTHOro noJs [1,2].

B nokmazne o6cyxmaercst pusnka B3auMOJEHCTBHA IPOCTPAHCTBEHHO HEOTHOPOTHOTO AIIEKTPOMArHAT-
HOTO TIOJISI C IBYMEPHBIMH TTOTYTTPOBOTHUKOBBIMH CTPYKTypamu. OOCYX)Iat0TCI MEXaHU3MBI TeHepanuu ¢o-
TOTOKOB CTPYKTYPUPOBAHHBIM CBETOM B PA3JIMYHBIX CICKTPAJIbHBIX AJHUAlla30HaX, COOTBECTCTBYIOIIUX BHYTpPHU-
30HHBIM U MEK30HHBIM ONITUYCCKUM IIEPEXOJaM. HOKa3aHO, qTO q)OTOTOKI/I MOT'yT 6LITL BbI3BaHbI KaK Irpajau-
€HTOM WHTEHCHBHOCTH M3JIYYEHHS B IUIOCKOCTH AJIEKTPOHHOTO Ta3a, TAK U IPalueHTaMHU MOISIPU3AIUOHHBIX
napameTpoB CTOKCa ¥ TPagieHTOM (a3bl JIIEKTPOMATHUTHOTO TIOJIS.

B o0macti BHYTpH30HHBIX NEPEX0J0B, KOTOPas COOTBETCTBYET MHKPOBOIHOBOMY U TE€PareproBOMY
CIEKTPAJIbHBIM IHana30HaM, 3PQPEKT CBsI3aH ¢ HEJIOKATBHOCTBHIO OTKJIMKA JJBYMEPHOIO 3JIEKTPOHHOTO T'a3a Ha
BBICOKOYACTOTHOE MoJie. B paMKkax KMHETHYECKOTo Mmojaxojia boiibiiMaHa pa3paboTaHa MUKPOCKOIHYECKAs
TEeOpHUsl HETOKAIFHOTO HETMHEHHOTO TPAHCIOPTA AJIEKTPOHOB, TOMYUYEHB! aHANUTUYECKHE BBIPAKEHUS I
pa3nuuHbIX BKIaa0B B hoTtoTok [2]. [TokasaHo, 4To (OTOTOK, CBSI3aHHBIH ¢ HEOJHOPOJHOCTHIO HHTEHCHBHO-
CTH U3JTy4YCHHUs, 00YCIIOBJICH (OTOTEPMO3JIEKTPHUECKUM 3 ekToM. DOTOTOK, CBSI3aHHBIH C TPaJIUCHTaMHU T1a-
pameTpoB CToKca, BO3HUKACT, HAIPUMEP, Ha TPAHMIIC JOMEHOB, O0JIy4aeMbIX CBETOM C Pa3IUYHON MOJISIPH-
3a1ueil, HoO OAMHAKOBOM MHTEHCHUBHOCTBIO. MIHTErpallbHbIN TOK, BO3HUKAIOIINI HA IpaHULE AOMEHOB, BO3-
OyXTaeMbIX [MUPKYISPHO-TIOIAPU30BAHHBIM M3ITYYCHUEM C IIPOTHUBOIIOIOKHON CITUPATbHOCTHIO, HATIPABIICH
BJOJIb I'paHULBI JOMCHOB U HE 3aBUCUT HU OT CTPYKTYPhI 'PaHUIIbl, HA OT IOJABUXXHOCTHU SJICKTPOHHOI'O I'a3a
B BBICOKOYACTOTHOM TIpezieiic. DTO MO3BOJSET MHTEPIPETUPOBATh (POTOTOK KaK KHPAIbHBIM KPaeBOH TOK
Mex1y GOTOMHIIYIIMPOBAHHBIME TOTIOJIOTHYECKUMU (ha3aMU ¢ TIPOTHBOIOIOKHBIMU yrciiamu dioke-UepHa.
®DOTOTOK, 00YCIIOBICHHBIH HEOJHOPOIHOCTHIO (Pa3bl IEKTPOMArHUTHOTO TOJIS, SBISIETCS 0000IeHneM -
(hexta (hOTOHHOTO YBIICUCHUS JIJISl TUTIOCKOU BOJIHBI,

PasBuTast Teopusi npUMeHeHa TakxkKe U U3ydeHHst POTOTOKOB, HHAYIUPOBAHHBIX 3aKPyUYEHHBIMHU OII-
TUYECKUMH ydKkaMu. Bo3HuKaromme (OTOTOKM UMEIOT KaK palialbHYIO, TAK U a3UMYTaJIbHYIO (BUXPEBYIO)
COCTaBJISIONINE, KOTOPHIE KOHTPOIHMPYIOTCS MOJSpH3aUel MydKa U YIIIOBBIM MOMEHTOM (DOTOHOB.

Pa6ota BeImonHeHa npu noxzepkke rpanta PH® 22-12-00211.

[1] S. Z. Ji, W. Liu, S. Krylyuk et al., Photocurrent detection of the orbital angular momentum of light,
Science 368, 763 (2020).

[2] A.A. Gunyaga, M. V. Durnev, and S. A. Tarasenko, Photocurrents induced by structured light, Phys.
Rev. B 108, 115402 (2023).
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[TposiBnenue anuzorponuu uutepdeiica B kBaHToBbIX simax CdTe

JI.B. KoroBa, B.II. Kouepemiko
OTU um. A. . Hogpgpe, 194021, Canxm Ilemepbype, llonumexnuuecxas ya., 26

B pabote mpemcraBieHO dKCIIEPUMEHTAIBHOE HCCIIeIOBAaHUE CIEKTPOB (oTomoMmuHeceHnmn (DJI)
Y TIOJISIPHU3AIAN OTPAXEHHSI OT CTPYKTYP C KBAHTOBBIMHU SIMAMH C CHMMETPUYHBIMHI U aCHMMETPHYHBIMU Oa-
prepamu. B cTpykType ¢ acummeTpuyHbIMH OapbepaMu 0OHApYKEHO SIBICHHUE IBYIIyYETPEIOMIICHUS, BBI-
3BaHHOE MMOHW)KEHHON cUMMeTpueil narepdeiica B rerepocTpykrype. [loHmkenHas cuMMeTpust uHTepdetica
MIPOSIBIISIACH B AMDICKTPUIECKOM OTKIMKE CTPYKTYP TUTA-] BOIM3H SKCUTOHHBIX PE30HAHCOB.

Uccnenosanuce ctpykTypsl Ha ocHOBe CdTe/Cdo.9ZNo.1T€ ¢ OMMHOYHBIMI KBAHTOBBIMH SIMAMH IITUPH-
Holi 8 HM, BeIpamenHbie MeronoM MIID B nanpasienun [001]. Bbut n3roToBnen HAOOp TAKUX CTPYKTYP € CUM-
METPUYHBIMU M aCHMMETPUYHBIMH Oapbepamu. B mepBoM ciiydae KBaHTOBas siMa ObLla OKpPY>K€Ha CUMMETPHY-
HBIMHU Oapbepamu ¢ coctaBoM 10% Zn ¢ 060uX CTOPOH, a BO BTOPOM CIIy4ae OJMH U3 OaphepoB OBLIT TAKOM XKe,
KaK B CHMMETPUYHOU CTPYKTYpe, a Apyroi 0apbep — Ha ocHOBe CdosMgosTe. BricoTa aTHx GaprepoB oTimya-
nack Oosee yeM B JBa pa3a. O0a TUIa CTPYKTYp, ¢ CHAMMETPUYHBIMHA U aCHMMETPUYHBIMH OapbhepaMu, ObLITH BbI-
paiensl Ha mopiokkax CdZnsTe ¢ coctaBoM x=4% u x=20%. s OydepHOro cinost B 000uX Cliydasx Uc-
nonb3oBaticst CdogZNng.1Te Tommuaoi 1000 HM. Mcrions3oBanne CTPYKTYpP € OOIBIIAM COCTABOM Zn B TIOJUTOXKKE
TTO3BOJISIIO PETHCTPUPOBATH He TOMBKO ceKTpsl DJI 1 oTpakeHus1, HO M CIIEKTPHI IPOITYCKAHHUS.

B cTpykTypax ¢ ciMMeTpUYHBIME OapbepaMHu B CIIEKTPax OTPaKEHHS 0OHAPYKEHBI IKCUTOHHBIE PE30-

HAHCBI, He NposBIstomyecs B crekTpax @JI. D1y ocobeHHOCTh biie

MO>KHO OOBSICHUTB TPYAHOCTBIO 3acelieHHsS HEKOTOPBIX COCTO- p—
SSHAA TIpU HEPEe30HAaHCHOM ONTHYECKOM BO30yXxaeHnu. B

s
o
by

CTPYKTypE C aCUMMETPUYHBIMU OaphepaMH B 00JaCTH 3KCH-
TOHHOTO Pe30HaHca 0OHAPYKEHO SIBIICHHUE JIBYTyUeHpesIoMIIe-

Hus cBeTa (cM. Puc. 1), 00ycnoBiIeHHOE TOHIKEHHON CHMMET-
pueii uatepdeiico. ToT 3¢ deKT HaOMoIaNICs B OCHOBHOM Ha | -2-0.05

Ceircular polarization degree
(=3
(=3
<

1

e2-hh2

COCTOSAHMAX JICTKHUX SKCUTOHOB, YTO CBA3aHO C TEM, YTO BOJIHO-

BbI HKIINN TKHX ABIPOK HAXOOSATCA B HEII TBCHHOM -0,10 ) L . L : L
e(by 1 e ABIPO axomire CHOCPENCTBEHHO 1,59 1,60 1,61 1,62 1,63 1.64

KOHTaKTe ¢ MHTepdelicaMu, Tor/a Kak KBaHTOBAaHHE TSKEIBIX Photon energy (V)

Puc.l. — Cmenensb yupKynapHou noiapu-
3ayuu ceema, OMpAadNICeHHo20 om CmpyK-
Mypbl € ACUMMEMPUUHLIMU  Dapbepamu
Takass aHM30TPONMSI 3aTyXaHUSI 3KCUTOHHOTO H3JIyde- npuU HOPMATLHOM NAOCHUL.

JBIPOK TIOJHOCTBIO OMPEAETSIETCS] KYJIOHOBCKUM IIOJIEM 3JIEK-
TpOHa.

HUS 00YCJIOBJI€HA CMEIIEHUEM COCTOSHHM JIETKUX U TSDKEIIBIX
JBIPOK, 00YCIIOBICHHBIM HU3KOM cummeTtpueii ogHoro uarepgeiica (Czy) mo cpaBHEHHIO ¢ CUMMETpHUeEH Beel
KBaHTOBOH siMbI (D2d). AHM30Tpomusi uMHTEp(EHcOoB BO3ZHMKAET M3-32 OPHEHTALMM XUMHUYECKHX CBS3ei
B CTPYKTypax Ha OCHOBE IMHKOBOM 0OMaHKH. B cTpykTypax Tuma-II 31eKTpoH 1 AbIpKa HAXOJATCS B Pa3HBIX
closix. B aToM ciydae 3KCHTOH JIOKannu3yeTcsi HelOCPEICTBEHHO Ha caMOM HHTepdeiice, a aHU30TPOITHSI HH-
Tepdetica MposBIAETCS B JOKAIBHBIX CBOMCTBAX CTPYKTYpbl. B Hamem ciyvae aHuzoTpomusi uHTepdeiicon
MPOSABISIETCS. B aHU30TPONHMH JUIIEKTPHUECKOTO OTKJIMKA, TO €CTh B MaKPOCKONHMYECKOW XapaKTEpPHCTUKE
CTPYKTYPBHI.

SIBreHVe TBOMHOTO JIyYENPEIOMIICHHS CBSI3aHO C ATOMHBIM CTPOSHHEM WHTEP(EliCOB B IreTepOCTPYK-
Typax Ha OCHOBE IOJIyIPOBOJHUKOB CO CTPYKTYPOH LIUHKOBOW OOMaHKH, B KOTOPBIX KOBAJICHTHbIE XUMHYE-
CKHE CBSI3U MEXK/y aTOMaMM OpUEHTHPOBaHKI B HanpasieHusx [110] u [1-10]. 1o npuBOAMT K BBIICICHHOMY
HaIpaBJICHUIO Ha MHAUBUAyaibHOM uHTepdetice. ToT dakt, 4yTo MHTEpPEc OECKOHEYHO MaJION TOJIIHUHBI
MOXET OIPEeIISTh ONTHYECKHE CBOMCTBA BCeH MAaKPOCKOIIMYECKOW CTPYKTYPHI, BeCbMa yauBuTeneH [1].

[1] L. V. Kotova et al., Phys. Rev. B. 107, 235302 (2023).

130



Jleymepnvie u 00HOMEpPHbIE CUCTHEMbL, 2eMePOCTNPYKMYPbL, C8EPXPEUIeKU

WK }ypbe-CeKTpoCKONKs HAHOIETEPOCTPYKTYp Ha ocHoBe GeSiSn/Si
IUIs1 YCTPOUCTB (POTOHUKU

®dupcos JI. 1.}, Komspa 1.B.L, Uymanos U.B.L, Cksopuos U.B.2, Vrkun JI.E.2, Kupuenko B.B.2,
Mamanos B.1.%, Tumodees B. A.2, Komkos O.C.!

Y\CrI6raTy «JI2THy, 197022, Cankm-Ilemepbype, ya. Ipogpeccopa ITonosa, 0. 5 num. ¢

2U®IT CO PAH, 630090, 2. Hosocubupck, np. Axademuxa Jlagpenmvesa, 0. 13

[TonynpoBOAHUKOBBIE TBEPABIE pacTBOPHI dneMenToB |V rpymmber GeSiSn npencrapisitoT 60IbLION HH-
Tepec JUIA MOIYYEeHHS TeTePOCTPYKTYp, 00Taqal0MNX COBMECTUMOCTBIO ¢ KpeMHHEBOH TexHooruei. C mo-
BBIILICHUEM JIOJTH OJIOBA BO3MOXHO MOJIyuYeHHE MPSMO30HHBIX MaTepPHUaIOB, YTO OTKPHIBAET MEPCIIEKTUBBI CO-
3[IaHUS HA X OCHOBE U3ITy4YarouuX U GoTonpuéMHBIX ycTpoicTB OmmkHero u cpeanero MK nuanasona [1].

JanHast paboTa MOCBsIIIeHa UCCIICIOBAHHUIO ONTHYECKUX CBOMCTB HaHoreTepocTpykTyp GeSiSn/Si me-
tomamu UK dypse-cnexrpockonmu (ortomomunecueniun (PJI) u poroorpakenus (PO), obecrneunBaro-
IIMMH BBICOKYIO YyBCTBHTEIBHOCTD IPH U3YyYCHUH Y3KO30HHBIX MOJIYIPOBOJHUKOBBIX CTPYKTYp [2]. Uccie-
JyeMBbI€ CTPYKTYPBbI, BBIPAIIICHHBIC METOJIOM MOJICKYJIAPHO-ITY4YeBON 3MHUTAKCHUH, BKIFOYAIOT KaKk 00BEMHbBIC
SMUTAKCHAIIBHBIE CJIOU TBEPABIX pacTBopoB GeSn u GeSiSn Ha KpeMHHEBOH MOJTIOKKE, TaK H HAHOTETEPO-
CTPYKTYpbI C MHOXECTBeHHBIMH KBaHTOBBbIMH simamu (MKST) GeSiSn/Si. Ha ocuoBe manubix MKSI co3nmans
HAHOCTPYKTYPHI ¢ (POTOHHBIMHU KPHUCTAIUIAMH, IPEACTABIISIFOIINE COOOM MPOTOTHUITHI M3TYyUYaOIIUX H (OTOMPH-
EMHBIX YCTPOWCTB C MOBBIIICHHOH Y dexTrBHOCTBIO [3].

Ananms criektpoB VK hoTooTpaxeHus STUTaKCHATBHBIX TETEPOCTPYKTYP O3BOIIHI ONPEICIUT SHEP-
MU TPSAMBIX MEK30HHBIX TIEPEXO0I0B TS TBEPABIX pacTBOopoB GeSn u GeSiSn pasinuvHOro cocraBa, CoCTa-
BuBiue ot 0.56 3B 1o 0.77 3B. DkcnepuMeHTaIbHO HA0IIOANIOCH paciierieHne curaaia ®O Ha nepexosl
C Y4acCTUEM TSDKENBIX U JIETKUX JBIPOK, BEJIMYMHA KOTOPOTO U3MEHSETCS ¢ TEMIIEPATYPOMU, UTO IIO3BOJISIET OLie-
HHTh BIMSIHUEC MEXaHUYECKUX HAMPSDKCHHH HA MapaMeTpbl 30HHOHM CTPYKTYphI ciioéB GeSiSn.

B cmektpax ®JI MK GeSiSn/Si nabnromamuch cur-
HaJIbl, COOTBCTCTBYIOIIUEC NIEPEX0JaM C yHaCTUEM JIbIPOK, JIOKA- 111 09 08 0.7 Eo)g 0.5

JIU30BaHHEBIX B ci1osix GeSiSn, u anexkrpoHos B Si 6aprepax. ITo-

Pi=120MBT

WUcxonnas cTpykTypa
T=11K —— C ¢oTonHBIM KpHCTALTOM

w
o

Ka3aHo, 4T0 UHTeHCUBHOCTh DJI mannpix MKS MHOrokpaTtHo

N
(&)
1

MOBBIMIACTCA B PE3YJIbTATC OTXKUI'a CTPYKTYpP, NMPUBOAALICTO

N
o
1

OTKHT CTPYKTYPBI:
650°C 10 MunyT

TAaK¥XE K CYIICCTBEHHOMY CHWXCHUIO JIIOMUHECICHIIMMA BaKaH-

=3
o
L

croHHBIX jaedekToB. [locpeacTBoM BapbUpOBaHHS COCTaBa

-
o
L

n mwupuHsl MKS npoieMOHCTpUpPOBaHO HM3MEHEHHUE IT0JIOXKe-

Hurencusnocts DJI, 0.¢.

Hus uka GJI B quanazone ot 0.55 mo 0.95 3B (1.3-2.2 MkM).

Jlist HaHOCTPYKTYP C DOTOHHBIMH KPHCTaJIAMU B BUJIC 12 14 16 18 20 22 24 26 28 30
%, HM

Puc.1. — Yeunenue @J1 MKA GeSiSn/Si
gomonnot HaHocmpyKmypotl.

MaCCHBOB MEPUOIMYESCKUX OTBEPCTHIA, CHOPMUPOBAHHBIMH T10-
Bepx MK GeSiSn/Si, mpoieMOHCTPpUPOBAaHO MOBBIIICHHE WH-
TEHCHBHOCTH JIFOMUHECLICHI[MU Ha [UTHHE BOJHBI 1.8 MKM 1OuTH

Ha nopsaok (puc. 1). Micionp3oBanne mogo0HBIX POTOHHBIX KPUCTAILIOB ISl (POTOAMOJHBIX CTPYKTYP TTO3BO-
JIMJIO TaKKe TOOUTHCS MHOTOKPATHOTO moBbIiieHus porotoka [3]. Takum 00pa3oM, MOTyueHHBIE PE3YJIbTATHI
OTKPBIBAIOT BO3MOKHOCTH CO3[aHMsI Ha OCHOBE HaHorerepocTpykTyp ¢ MK GeSiSn/Si yerpoiicts K do-
TOHHKH C MOBBIIEHHOHN 3()EKTUBHOCTHIO

Pabota Obu1a BeIOIHEHA MTpH NoAAepxKKe rpanTa Poccuiickoro HayuHoro ¢gonna Ne20-79-10092.

[1] Griitzmacher D. et al., Appl. Phys. A, 129, 235 (2023).
[2] Firsov D.D. et al, JOSA B, 40, 381 (2023)
[3] Timofeev V. A. et al, Materials Today Physics, 33, 101052 (2023).
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Mopenp HU3KOTEMIIEPATYPHOT'O TPAHCIIOPTA B IBYMEPHBIX CUCTEMAX
Y KOPPEKLUsS KpUTEpUs KpUucTtain3anuu Buruepa

Yepemucun M.B.
Quszuxo-Texnuueckuti Uncmumym um. A. . Hogpghe, C-Ilemepbype, 194021, yn.[lonumexnuueckasn 26

B [1] naiineno, uto ycnoBue mepexoaa [2] aieKTpoHHOTO(ABIPOYHOr0) IBYMEPHOTO Ta3a B KPUCTAILT
Buraepa cofiep KUt OMMOKY ¥ JaeT 3aBBIMICHHBIE B 7T pa3 KPUTUYCCKYIO KOHIICHTPAIIHIO JBYMEPHBIX HOCHUTE-
Jiell ¥ TemIiepatypy nepexoja. Mcnonbsys pe3ynbrat pabotsl [3] 4s1st moporoBoro 3Ha4€HHsT OTHOIICHUS KY-
JIOHOBCKOM HEPTUH K KWHETHUECKOH I's = 37+/-5 Hamu nmokasano [1], uro ynopsimouennoe cocrosiuie Burnepa
He OBIJIO TOCTUTHYTO JUTS pealibHBIX ABYMEPHBIX cUCcTeM [4] ¢ 3aTBOpOM.

B pamkax momenu gpepmu raza ObLT IpeIoKeH moaxox [1], mo3Bosstomniuii 00bICHUTH U3MEHEHHUE IT0-
BEJICHHS COTIPOTUBIICHHS IBYMEPHBIX CHCTEM OT METAJUTHYECKOTO K H30soHHOMY [4]. C yueToM monpaBku
[lenpThe-3ee0cka TOMHOE H3MEPSIEMOE COIMPOTUBJICHHUE JIBYMEPHOIO ra3a WMEET YHHBEPCAIBbHBIN BHJ

p=p,(L+a’ /L), rne L — uucno Jlopenma. OMUYECKOE CONPOTHBIEHUE O B TEPMODJIC @ 3ABHCAT OT TEM-

nepaTtypsl 1 3Heprun Pepmu 4, KOTOpasi, B CBOIO O4Yepelb, ONPENENACTCs MPUIOKEHHBIM HAaNPSDKEHUEM Ha
3aTBOpE IBYMEPHOH CTPYKTYpbI. JlOKa3aTenbCcTBO yHHMBEPCAIBHOCTU

10°

MOJTy4eHHOT0 pe3ysbTara IpejacTaBieHo Ha puc.l. Ha Bkiaznke Bblne-

JICHA CepUsl IKCTICPUMEHTAIbHBIX KPUBBIX [4], Kaxkaast U3 KOTOPBIX MPH

3aJaHHOM 3HAUCHHWH MPWIOKEHHOTO HANPsDKEHHs (T.e. SHEPruH
depMn) UMeEET MAKCUMYM TIPH OTIPEACTICHHON TeMIepaType Tmax U, Ta- 10°

KiM 00pa3oM, MOXKET OBITh TIEPECTPOCHA B BUAE 3aBUCUMOCTH O max OT

T/Tmax. [IpeacTaBieHHbIe MOJOOHBIM 00Pa30M dKCIIEPUMEHTATBHBIE 3a-

2 04 06 0B 10 12
TK

BUCHUMOCTH JIOKaTcs[1] Ha yHUBEpCAIBbHYIO KPHBYIO, SIBIISIOLIYIOCS pe-
3yJBTaTOM MPEIOKEeHHOM Hamu Monenu. Takke, B [1] nmpoBeneHo wc-
CJIEIOBaHME CHJIBHO Pa3psHKEHHOTO JIBYMEPHOTrO ra3a M MOJyYeHO ak-

THBAILOHHOTO BH/Ia BEIpaxenne p/~Texp(-| | /KT) mns o6parHoii Be- 10° Theary

JIMYHUHBI UBMEPACMOTr'0 COIIPOTUBJICHUS. HpOBeI[eHO CpaBHCHUEC C UMC- 1 | . L

IONUMHCA SKCIICPUMCHTAJIbHBIMU JaHHBIMHU. /T

max

[1] M.V.Cheremisin, Physica E, 27, 151 (2005); Sol. State Puc.1. 3asucumocmv pTmax om
Comm.,253, 46 (2017). T/Mwax.0n1  cepuu  sKxCnepumen-
[2] P. M.Platzman, H.Fukuyama, Phys. Rev. B 10, 3150 (1974). manvwix[4] sasucumocmeri p(T),
[3] B. Tanatar, D.M.Ceperley, Phys Rev. B 39, 5005 (1989) UMEIOWUX MAKCUMYM ((nga()Ka)
[4] Y.Hanein et al., Phys. Rev. Lett. 80, 1288 (1998).

132



Jleymepnvie u 00HOMEpPHbIE CUCTHEMbL, 2eMePOCTNPYKMYPbL, C8EPXPEUIeKU

I/ICCHGHOBaHI/Ie TOKOBbLIX U AIMUTTAHCHBIX XaAPAKTCPUCTHUK
nB(SL)n- crpykryp Ha ocHoBe HgCdTe

Boiinexosckuii A.B.1, JIzaayx C.M.}, Topr JI. .Y, IBopeuxmnii C.A."2, Muxaiinos H.H.12,
Cunopos I'.10.12, SIkymes M.B.%, Cpexun B.T.2

YTomckuii 2ocyoapemeennviii ynueepcumem. Tomcek. Poccus

2Uncmumym ¢usuxu nonynpoeoonuxos CO PAH um. A. B. Pacanosa. Hosocubupck. Poccus

3Boennasn Axaoemus PBCH um. Ilempa Benuxozo

Pemenue 3agaun ¢popmupoBanus 3gpdexktrBHOrO Oapbepa B cTpykTypax nBn Ha ocHoBe MJID KPT nnst
OCHOBHBIX HOCHUTEJEH 3apsiAa B 30HE IPOBOAUMOCTH IIPH OJJTHOBPEMEHHOM YCTPaHEHHH YHEPreTHYecKoro Oa-
phepa i1 HEOCHOBHBIX HOCHUTEJEH B BaJICHTHOU 30HE MO3BONHT co3iath K- GoronpuemMank neficTByromumit
B CpeAHEH U JanbHed o0NacTsX OKHa MPO3PAaYHOCTH aTMOC(EPHl C BHICOKOW KBaHTOBOH 3((EKTHBHOCTBHIO
Y 4YBCTBUTEIBHOCTBIO 0€3 TiIy0oKoro oxnaxaenus [1, 2].

Hccnenosanneie 00pasibl H3rOTaBINBAINCH HA OCHOBE AIIMTAaKCHANbHBIX IIeHOK KPT BhIpamieHHbIX
Ha moanoxkkax GaAs B Hosocubupcke B MHCcTHTYTE przmku momynpoBogaukoB CO PAH. B mporiecce po-
CTa IUIEHKU MPOBOAMIOCH KOHTPOJIHPYEMOE U3MEHEHHE COCTaBa, B PE3yJIbTaTe Yero Oblla Co34aHa CTPYK-
Typa coliepiKalas: MOrIOMIAIIHNKA CJION TOJNIUHON 3.4 MKM U cofepkanueM Xcdre=0.32; GapbepHyIO 00-
JIACTh CO CBEPXPEIIETKOM cocTosme u3 15 am tommuHoi 1.6 HM, 1 16 GapbepoB TOMMHUHON 3 HM ¢ conmep-
xaHueM Xcgre=0.5; KOHTaKTHEIH cioit TommuHo# 0.5 MkM coneprkarneM Xcdre=0.30. B pesynprare mocie-
JYIOIUX TEXHOJIOTHYECKUX OTepaliii Ha OCHOBE MJICHKU (POPMHUPOBAINCH JIBA THIIA CTPYKTYP: HEMOCPE/I-
cTBeHHO nBn- cTpykTypsl 1 M/AI1-cTpykTyphl Ha ocHoBe mwiieHkH nBn (MINBn). [TaccuBamus Bcex cTpyKTyp
npoBoauiack HaHeceHueM TeHKH Al;O3 METOI0M aTOMHOTO CIIOEBOTO OCAXKACHHS, KOTOPast ISl CTPYKTYP
MInBn umena eme n GpyHKnHoHANBHOE 3HaUYeHKE. C IeNbI0 TPUMEHEHHS METOINKH BBIJCIICHNAS U3 00mIei
IUIOTHOCTH TOKa OOBEMHOW KOMITOHEHTHI M KOMIIOHEHTBI TOKa CBS3aHHOM C MOBEPXHOCTH yTEUKOH OT-
JeNIbHO cTosimKe NBN- CTpyKTYpBl H3TOTaBIMBAINCH Pa3IHYHBIX AuaMeTpoB [3]. KoHTaKTHI k cTpyKTypam
CO3/1aBaIMCh HANBUICHUEM WHIUS.

HccnenoBannsi TEMHOBBIX TOKOB Ui CTPYKTyp NBN
u agMuTTadca ;uig crpykryp MInBn npoBoaumuch B mupokom

nuarna3oHe Temreparyp. Ha pucynke 1 nmpuBeeHbl TeMiiepa- _a
TYpHBIE 3aBUCUMOCTHU IUIOTHOCTU TOKA JIJISi CTPYKTYPHI JHa-
metrpom 0.3 MM onmyuensslie B muana3one ot 150 K mo 300 K.
BuaHo, 4TO B HUCCIEIOBAHHOM TEMIIEPATypPHOM JHAMa30HE

IIJIOTHOCTHh TEMHOBOT'O TOKa IMPU JAHHBIX CMCIICHUAX CHHXKa-

MnoTHocTk Toka, Alcm?

1074 v
ercst 6oJiee yeM Ha 5 TOPSIKOB. i
o 1084
IIpoBesieH aHaIU3 3aBHCHUMOCTEN KOMIIOHEHT 00BEM- i
HOTO TOKAa M TOKAa IOBEPXHOCTHOH YTEUKH OT HaNpsHKEHUs L ,—————e—
160 180 200 220 240 260 280 300

u Temnepatypbl. CrenaH BBIBOA 00 YCJIOBHSX, B KOTOPBIX Temneparypa, K

BKJIaJ] TOBEPXHOCTHOW KOMIIOHEHTHI B OOIIYI0 IUIOTHOCTh Pucynok 1 — 3asucumocms niomuocmu
TOKa CHIKaeTcs. M3 TeMnepaTypHBIX U3MEPEHUN aqMUTTaHCca  moka om memnepamypel npu N = +0.4 B
oIpeesieHbl KOHLEHTpaul HocuTenel 3apsiaa. [Ipoananusu-
POBaHO BIMSIHAE TIOACBETKH HA JJIEMEHTHI SKBHUBAJICHTHOW
cxembl MINBN- ctpykTypsI.

HccnenoBanre BHINOIHEHO 3a cyeT rpanTta Poccuiickoro Hayunoro ¢onga Ne 23-62-10021

[1] Maimon S., G. W. Wicks // Appl. Phys. Lett. 89, 151109 (2006).
[2] Akhavan N.D., et al. // IEEE Trans. Electron. Dev. 63 (2016)
[3] Voitsekhovskii 4. V., et al. // J. Phys. D: Appl. Phys. 53, 055107 (2020)
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TemMHOBOI IJIa3MOH B YaCTUYHO 9KPAHUPOBAHHOM ABYMCPHOM I'a3c
IrcoOMCTpHUH JUCKA

Yepemucun M.B.
OTU um A.@.Uoghgpe PAH, 124021, Canxm-Ilemepbype, yi. [lonumexuuuecxas, 26
TemuoBo# mazmon (TII) B 1ByMepHOM rasze reoMeTpuu AUCKa 001agaeT HyIeBbIM YTIIOBBIM MOMEHTOM
U, KaK pe3yJbTaT, cJ1a00 CONPSHKEH C BHEITHUM AJICKTPOMAarHUTHBIM MOJIEM U TPYAHO HabmronaeM. B [1] Hamu
nccnenosan cuekTp TII B mBymepHOM amcke (BKiagka K prc.l) pagmyca R mpu Hanwm4gum 3aTBOpa IMepeMeH-
HOTO pajauyca I v 33JaHHO# TOJIIKHBI N T03aTBOPHOTO CJIOS AUAIICKTPHKA C MTPOHUIIAEMOCTHIO &. [lokasaHo,
410 C 5-mporeHTHOH TouHOCTHIO [1,2] pacuer TII Mop ¢ paananbHbIM HHIACKCaMu M=2,3.. CBOJMTCS K pelie-

HHUIO CHCTeMBbI TenerpadHbix ypaBHeHui [3] B ummuHapu-
YECKOW TEOMETPUHM C yUEeTOM pacHpelesieHHBIX E€MKOCTH

W UHOYKTUBHOCTH JAByMepHOro raza. CraHmapTHble Tpa-
HUYHBIC YCJIOBUS OTCYTCTBHS paIuallbHOTO TOKa Ha
OKPY)XHOCTH  JIBYMEPHOTO  Ta3a U HENPEPhIBHOCTH
TOKa(HAMPsHKEHUS) TI0 TPAHMIIEe 3aTBOPHOTO IIATHA TTPUBO-
OAT K HCTPUBHUAJIBLHOMY TPaHCUHCHACHTHOMY YPAaBHCHMUIO,
pelIeHre KOTOPOro n3o00paxkeHo Ha puc. 1. OxunaeMo, mpu
YBEIMYCHUM pajauyca IMATHA 3aTBopa Oe3pa3MepHas da-

crota (2 kaxnoit u3 TII mMon c paguanbHBIM HHAEKCOM

m=2,3.. yMeHbIIAeTCs] OT IEePBOHAYAIBLHOIO 3Haye-

v=r/R

HUSA o™ (om cyTs Hymu dyskumn Beccenst Ji(am)=0) ms
Puc.1 — Bespazmepuas ywacmoma TII moo

M=2..6 om npusedeHHo2o paouyca 3ameopda
ona napamempa sxpanuposku k=(R/2h)Y=18
poBKe(TOHKME MYHKTUPHbIE TMHUK Ha puc.1). Heoxunan- | cycmens GaAs/AlGaAs: e=12.8 Cmpen-
HBIM OKa3aJIUCh MIEPEXO0/IBI MEKIY MOJAMHE C OJMM3KUMHU pa- | Kavu 06osHayvenst 111 Moowvl 015 neskparii-

HEPKPAHUPOBAHHOTO NHCKa (cTpenkw Ha puc.l) u ganee,

CIIEIyeT 3aBUCUMOCTH (2 ~Qm/KV TIPU CHJIBHOW SKpaHH-

JIMATBHBIME HHIEKCaMH (ITOJIKH Ha CIUIOUIHBIX KPUBBIX Ha | PO6AHH020 casa. [lsemrvle cumeonvl- Skcne-
pumenm [4-6].

puc.1). Ilepexoapl 00ycIIOBIEHBI PE3KOH rpaHuUIel 00ia-

CTell IByMEPHOTO Ta3a ¢ SKPaHUPOBKOH 1 0€3 TAKOBOM 10T
msITHOM 3atBopa. Haiinenst [1] ycioBus epexo 0B MeX/1y MOJIaMH OIpe/iesisieMbIe IEPECeUeHUEM aCUMITTOT,
n300paKeHHBIX TOHKMMHU ¥ IPEPHIBUCTHIMU JIMHUAMH Ha puc. 1.

IIpennoxxeHHbIi [1] HaMH IOJAXO IO3BOJISIET I/Iz[eHTI/I(bI/IuMpOBaTL MO/bl, aCCOLIUUPYEMBIE C TEMHOBBIM
ia3MoHoM. Kak mpumep, BETHBIME CUMBOJIaMH Ha puc.| nzobpaxkensl yactotsl TI1, oOHapyxeHHbIe [4-6]
B IBYMEpHBIX cucteMax Ha ocHOBe GaAS/AlGaAS pa3inuHoii reOMeTpHH, KOHIIEHTPAIIMH HOCHUTEIEI.

[1] M.V.Cheremisin, Physica B: Cond. Mat., 669, 415292 (2023).
[2] M.V.Cheremisin, Arxiv.org/abs/2311.10120, (2023).

[3] G.C. Dyer and G.R. Aizin, Phys. Rev. B 86, 235316 (2012).
[4] V.M. Muravev et al, Phys. Rev. B 96, 045421 (2017).

[5] A.A. Zagitova et al, JETP Lett. 108, 446 (2018).

[6] A.M. Zarezin et al, Phys. Rev. B 107, 075414 (2023).
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Pa3noctsb IMOTCHIMAJIOB HCOKBUBAJICHTHBIX KOHTAKTOB B OTCYTCTBHUHU TOKaA
yepes oOpaszel] B pexkuMe KBaHTOBOTo 3¢ dexra Xoia

Hesepos B.H.}, 'ynuna C.B.Y, C. 1. ITonos?, Typyrkun K.B.}, Bacunsesckuii U.C .2,
Bunnuenko A.H.2

Y1 Unemumym @usuxu memannos YpO PAH, 620990 Examepunoype, ya. C. Kosanesckoti, 18

?Hayuonanvuwlii uccredosamensckuii aoepuuiii ynusepcumem "MUDH", 115409 Mockea, Kawwupckoe

wocce, 31

Lenouncnennslii kBaHTOBBIH 3Q ekt Xomna (KOX) MoxkeT ObITh HHTEPIPETUPOBAH Ha OCHOBE MOJEIN
KpaeBbIX COCTOSHMUIA [ 1 ]. DKCTIepuMeHTaIBHBIN 00pa3el] ¢ ABYMEPHBIM 3IIeKTpOHHBIM ra3zoMm ([317) nmeet rpa-
HUILY, 337]aBaeMYI0 JUTOTPAPUIECKAM KpaeM WIIF KpaeM OOJIACTH IO/ 3aTBOPOM.

HccnenoBanace MOIyNMpOBOAHUKOBAs TeTEPOCTPYKTypa ¢ kBaHTOBOW simoli InAlAs/InGaAs/InAlAs
u MetamopdueiM Oydepom InAly xAs, BbIpalieHHAss METOJOM MOJICKYJISIPHO-TY4eBOW IMUTAKCUHM HA YCTa-
HoBke RIBER Compact 21 (MUDN).

O6pa3mp! umenu GpopMy TBOWHOTO XO-

JIOBCKOTO MOCTHKA, H3TOTOBJICHHBIE KOH- 3
TaKTBl HECKOJIBKO OTIMYAJIMCH APYT OT APYyTa.
V3MepeHnsi CONPOTHBICHHS TPOBOIIIIHCEH
B MATHUTHBIX TOJISIX, TEPIEHIUKYIISPHBIX 1F
mwiockoctH [10I7, B = (0 -13)T, npu remnepa-
typax 4.2K u 1.8K (M®M YpO PAH).
OOHapyxeHHBI HaMU dPPEKT COCTOUT

U, mV

XV

R_, kOhm

B TOM, YTO B MAarHUTHBIX MOJISIX, OJIM3KUX K ce-
penune miato KOX, B oTCyTCTBUM BHEIIHETO 2r

TOKa dYepe3 o00pasel] 9SKCIECPUMEHTAIbHO sl

Ha6J]IO[IaJII/ICI) MUKW HAIIPSPKCHUA Ha IIOTCHIA-

AITbHBIX KOHTAKTaX B oOpasiie ¢ reoMeTpuei 4t 0
xojutoBckoro Moctuka (Puc.1) [2]. Bo3aukHo- BT

BCHHE TAKUX HANPSHKEHHH B IBYMEPHBIX CH- Puc.1. — 3asucumocmu HanpsaiceHuss HA NOMEHYUAILHBIX
creMax B paifone maato KDX Habmonanock | KOHMAKMAx 3-4 om macnumnoco nous (6 omcymemeuu
snewnezo moxka) npu 1T=4.2K u 1.8K. Bruzy npusedeno
xonnoeckoe conpomusierue Ry npu T=4.2K (usmepumens-
notti mox 1MxA). Hugpamu yrazanet nomepa niamo K3X.

paHee JPYTUMH UCCIIEIOBATEIISIMHU, HO TAHHBIC
10 HUM He ObUTH OMyOIMKOBaHHI [3].

B nByMepHOIl crucreMe B MarHUTHOM
noJie B o6nactu maro KOX Bo3HHMKaeT paBHOBECHBIH (MHOTIA €r0 HAa3bIBAIOT JHAMArHUTHBIN) KPaeBoH TOK,
KOTOPBII 0XBaTHIBAET 00JIACTh IBYMEPHOTO AJIIEKTPOHHOTO Ta3a [ 1] 1 cyliecTByeT Kak B MIPUCYTCTBUH BHETII-
HEro Toka 4yepe3 oOpaszel], Tak u 0e3 Hero.

MpI cuuTaem, 4TO HaJIM4YKe MUKOB B 00jacTu miato KOX cBsi3aHO ¢ pa3inyHON TeOMETpHUEH MpoTeKa-
HUS KPaceBBIX TOKOB B 00JIaCTH MOTEHIMAIBHBIX KOHTAKTOB. [IpeinioxkeHa Kiaccuieckasi MOJIeb BOSHUKHO-
BEHUS HATIPSDKEHUS, IIPU 3TOM BEITMYMHA JIEKTPUIECKHUX ITOTEHIIMAIOB OyIeT H3MEHATHCS MPOTIOPIINOHATHLHO
KBaJIpaTy PaBHOBECHOT'O KPaeBOro TOKa (aHAJIOT CHIIBI AMIepa JJIsl TPOBOJHUKOB C TOKOM) [2].

Pabora BbINOJIHEHA B paMKax roCyAapCTBEHHOrO 3aaaHuss MuHoOpHayku Poccun (Tema «DIeKTpoH»,
Ne 122021000039-4)

[1] R. J. Haug, Semicond. Sci. Technol. 8, 131 (1993)
[2] S.V. Gudina, V. N. Neverov et al., Physics of Metals and Metallography 125, 137 (2024)

[3] B. A. Kyavbauunckuii, neonybauxosamnvle oannvie, Heeepos, neonybnukosarvie oanHule.
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[lepnenauKkyasspHas MarHUTHAS aHU30TPOIUS B MAarHUTHBIX CTPYKTYpaX,
BKJTFOUaromux ciou MoS;

Kypxuna U.U.%, Bunokypos I1.B.}, Jlaseinenko A.B.2, Uepnoycos H.H.2, Typnak A.A.% Anekcees A.A.l

‘cBoYy, 677000, Axymcek, yn. benunckoeo, 58

2JIBDY, 690922, Ipumopckuii kpaii, 2. Braousocmoxk, o. Pycckuil, n. Aaxc, 10

2D-nuxanbpKoreHUIbI IEPEXOHBIX METAIUIOB PUBIICKIIN OOJIBIIOE BHUMAHHE HCCleioBaTeel B 00Ja-
CTH CIUHTPOHUKH OJaroapsi CBOMM HHTEPECHBIM CITMH-3aBUCHMBIM CBOMCTBaM. [lepcrieKTHBHBI KOMITAKTHBIE
1 3HeprodpPeKTUBHBIC yCTPOICTBA 3aucH HH(OPMALH, YIPaBIIeMbIe ¢ TOMOLIBIO IIepeJadu yrI0BOr0 MO-
MEHTa OT KPHCTAJUIMYECKOW PEIIETKH CJIOS TSDKEJIOro MeTalla JOKAJHM30BaHHBIM 3JEKTPOHAM MarHUTHOTO
CITOSI TIOCPENCTBOM DIEKTPOHOB ITpoBoauMocTH (Spin-orbit torque umu SOT-3¢ddekr). IIporucXoaUT MOCTOSH-
HBI{ [TOMCK CTPYKTYP M MaTepPHajIoB, B KOTOPHIX OJHOBPEMEHHO MPUCYTCTBYET CHUJIbHAS MEPIECHANKYIISIpHAs
marautHas anuzotponus (IIMA) u Beicokas SOT-3¢ddexkruBHOCTE. B nanHOl paboTe moka3zaHo, 4TO MarHUT-
HBIE CTPYKTYPBI TSDKETIBI MeTaut/(heppoMarHeTHK MepexoJHOro MeTaluia, BKiodatomue ciou MoS;, nemon-
ctpupytot Hanmaue [IMA 1 TOMEHHOU CTPYKTYPBI, Pa3INYNMON B ONITHYECKUI MUKPOCKOT. JTa padoTa oT-

KPBIBACT HOBLIC BO3SMOXKHOCTH AJ1d UHTETpalluu 2D-MaTepI/IaJ'IOB B IICPCIICKTUBHLIC yCTpOﬁCTBa CIIMHTPOHUKHU.

[Tnenkun MoS; ObUTH BBIPALICHBI METOJIOM XHMHYECKOTO 0Ca-

| MoSlez’t(Z HM)/Co{0.5 HM)/Pt(3 HM)
H || nnockocTH

onHoponHoil. Ilocnenyroniee ocaxacHUE CTPYKTYp TSDKENbId Me- T e

xpaeans u3 napooit gazer (CVD). Tommmuna mienok M0oS2 Orpuia He-

tamu(TM) 1/ dpeppomaraernk / TM2 nporcxouiio 1ByMs METOAaMH:

MOJIEKYJIIPHO-JIy4€BOM AIIUTAKCUEH U MarHETPOHHBIM PACIBIIICHUEM. > P

B xauecTse peppomarteTrka Bo Bcex CTpyKTypax BoicTynan Co, B Ka- = s

yecTBe Tspkenoro meramia: Pd, Pt, W. 4l
B mosydeHHBIX CTPYKTypax ObUIM W3MEPEHbI METIH MATHHT- 05 00 05

H (T.
HOTO THCTEpe3uca, WX TUIMHYHOE H300pa)keHUe MPEICTABICHO Ha Hot (T)

puc.l mus  crpykrypel  Si/SiO/M0S,/Pt(2um)/Co(0,5um)/Pt(3am). Puc.1. —Ilemmu maznumunozo 2u-
cmepesuca 6 MazHUMHbIX NOJsX,
OPUEHMUPOBAHHBIX NAPATNENLHO
(UKCHPOBATH 3apPOKICHHE JOMEHOB M CMEICHHE JOMEHHBIX TPAHHUIL, (Kpacnas) u nepnerouKyIspHo
(wepnas) niockocmu obpazya
Si/SiO2/MoS,/Pt/Co/Pt. Ha

6CMaAeKe cxema cmpyKniypebl.

B o0pa3uax naHHOW CTPYKTYpHI IPU IEpeMarHu4MBaHUU YAAJIOCh 3a-

KOTOPBIE PACHPOCTPAHSAIOTCS C yUYETOM 0COOEHHOCTEH Makpopenbeda
wieHku MoS;, 3akperisisich nim orudasi TOJICTHIE KJIACTEPHI.
Takum oOpa3om ObLIa yCHEIIHO NPOAEMOHCTPHPOBAaHA BO3-

MOXHOCTh MOJIyYCHHS] MarHUTHBIX CTPyKTyp THra MoS,/TM1/Co/TM2, obnanatoumx [IMA u noMeHHO#R
CTPYKTYPOM, pa3IM4uMOM B OITHYECKUI MUKPOCKOIL.

HccnenoBanue BbINONHEHO 3a cueT rpaHta Poccuiickoro HayuHoro ¢onma Ne 23-79-
00065, https://rscf.ru/project/23-79-00065/. B uccienoBannu KCHONIB30BaIOCH 00opyaoBanue IleHTpa KO-
JISKTUBHOTO 10JIb30BaHus J{anpHeBocTouHOTO (hepepanbHoro yausepcutera (LIKIT JIBDY).
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['nyookue nentpsl B rereporepexoae NiO/B-GaOs: cpaBHEeHME ¢ 110I0M
[IoTTKM

KouxoBa A.W.%, TTonsaxos A. 5., SIxkumos E.B.%2, Capanun JI.C.}, Uepnsix A.B.1, Bacunbsen A AL
Toctumes I1.A.Y, Anekcansn JI.A.L, Marpoc H.P.%, Illemepos U.B., IMupron C. JIx.3

YHUTY MUCHC, 1190049, Mocksa, Jlenunckuii np-xm, 0. 4, cmp. 1

2UIITM PAH, 142432, 2. Yepnozonoexa, Mockoeckas obnacms, ya. Axademuxa Ocunvana, 0. 6

2Vuusepcumem Dnopuowi, Ietinceunn, @nopuda 32611

Uccnenopanne rereponepexonoB NiO/B-Ga,Os BeI3biBaeT OOJBIION HHTEPEC, TAK KaK TAKOH Mepexo;y
MOJKET OBITh HCIIOJIb30BaH MPH CO3AHNH CUIIOBBIX BRIIIPSIMUTENEH, CIOCOOHBIX pab0TaTh B ANAIa30HE HAIIPSI-
KeHuit HeckoIbkuX KB []. B manHoit pabote OyayT 10I0KEHBI Pe3yJIbTaThl H3TOTOBICHHUS FETEPOIIEPEexo/ia p-
NiO/n-Ga0s, rae ocaxaenue mienku NiO Ha momoxky B-Ga,0z opuentarmu (001) ObI7I0 MPOBEACHO METO-
JIOM MOHHO-Ty4eBoro pacnblieHus. Pesynpratel n3mepenuit BAX, BOX, yacTOTHBIX XapaKTEpUCTUK €MKO-

ctd, agMUTTaHC cHekTpoB (AC), CHEKTPOB pellaKCcallnOHHOM
cnexTpockonuu riryookux yposuer (PCI'Y), Toka, mHIynmpo-
*
BAHHOT'O JJIEKTPOHHBIM ITy4KOM, Ul TAKOTO TETEPOIEpeEXona | _ ozl Schottky E2 (a)
. She
CpaBHHUBAIOTCS C pe3yJbTaTaMu, momydeHHbIMH Ha Ni quomax o -5V->-1V E2
IIoTTKM, M3rOTOBJIEHHBIX HA TOH ke cTpykType B-Gax0sz n | £0.00
HVPE / n* EGF. g NIO/Ga,0,
(]
. S0.05l -BV->1V
B rereponepexoae NiO/B-Ga;Os, B omimure oT auoma | o
5
[ottky, B ciekTpax AC HaOr01aeTCs HATMUME Habopa BhIpa- | o o1
KEHHBIX CTYICHEH/MIMKOB ¢ Hepruell aktuaiuu 0,17 3B, 50 100 150 200 250 300 350 400 450
o Temperature (K)
1 Apyroro Habopa CTyIMeHeH/TMKOB Ipr 0oJiee HU3KHUX TeMIIe-
parypax. B nuogax IIoTTku Takux IEHTPOB HE HAOIIOJANIOCH.
02l 013eV  NiO/Ga203,-1V->3V (b)
B cnekrpax PCI'Y, custThix Ha quoje LIoTTku, ObUTH TIMKH, OT- s e E2
< 0.0 s
HOCAIIHUECS K YaCTO BCTPEUAIOIIUMCS B TAKUX CTPYKTYpax IIIy- o [’
. g-02p ¢
6okuM rieatpam E2* u E2 (puc. 1a). B cniekrpe PCI'Y NiO/p- | = oal
@ -0.
Ga,03, curnan ot neHTpa E2* ObUT CHUITEHO TIOJIaBJIEH, YTO KOP- 5 06
2 o6l
penupyer ¢ Oonbiied AUPPy3MOHHON JITMHON HOCHTENEH 3a- E’-o.s
psiAa B TaKUX CTPYKTypax IO CPABHEHHIO C AUOAAMH IIOTTKH o4 , e e e
. EO 1nn 1!:0 2nn 2!:0 3nn 3!:0 4nn

(370 um u 240 HM, COOTBETCTBEHHO). TakKe B reTepOCTPYyK- Temperature (K)
Type IpPU HU3KHUX TEeMIIEpaTypax BOJIM3M CHHTana OT MEJIKUX 3JIEKTPOHHBIX JIOBYIIEK HaOIOJAeTCsl CUTHAI,
Mo I00HBIH ApIpouHOMy TIeHTpY (puc. 1) [2]. B mokiane Oyaet 06CyKaaThCsi BO3MOXKHAs IIPHUPOIA TPOIIECCOB,
NPUBOAALIMX K HaOII0aeMbIM 0coOeHHOCTsIM B criekTpax AC: cuibHOe BhIMOpakuBaHue JbIpok B P-NiO,
poib uHTepdecHbIX JOBYIIEK, paznuune ¢ cnekTpax PCI'Y aByx TumoB ctpyktyp. Taxke OymyT H0I0KEHBI
pe3yNbTaThl 00IyYeHus TpoTOHAMU dHeprueil 1 M»B.

Uccnenoanus B HUTY « MUCHUCy ObLTH BBITIONHEHBI 32 CUET CPEJCTB IpaHTa MUHUCTEPCTBA HAYKH

u BbIcIIero oopazosanust PO Ne 075-15-2022-1113.

[1] J. Zhang et al., Nature Communications, 13, 3900 (2022).
[2] A.Y. Polyakov et al., APL Materials, 6, 096102 (2018).
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JlBoiiHas kBaHToBas siMa P-HgTe/CdHgTe B mapamiesbHOM MarHUTHOM
oJje

SIkynun M.B.}, Anemxun B. 5.2, Hesepos B.H.%, TTonos M. P.1, Muxaiinos H.H.3, JIsopenkmuii C.A.3

YoM YpO PAH, 620108, Examepunéype, yi. C. Kosanescxoti, 18

2UDM PAH, 603950, Huxcnuii Hoszopoo, I'CIT-105

SU®DIT CO PAH, Hosocubupck, np. Jlaspenmuvesa, 13

JBoiinas xkBanTOoBas siMa (JKS1) — ymoOHbII 00BEKT A nccienoBannii 3¢ (HeKToB TYHHEIHHON CBAZH
B MHOTOCJIOWHBIX cHCTeMax. B wactHocTH, 310 aktyansHo it MK-npuemunkor B cucreme HgTe/CdHgTe.
D¢ exTUBHBIM HHCTPYMEHTOM TaKHX WCCIEeNIOBaHUH sBisieTcs MarauToconpoTtusieHue (MC) B MarHUTHOM
oJie, mapajieIbHOM CJIOSIM, 0COOEHHO B TEX Cly4asiX, KOoT/ia KapThHa ypoBHei JlaHaay B HepleHAUKYIIPHOM
TI0JIe 3HAYUTEIFHO pa3MbITa, U ociunisii MC BeipakeHbI ciabo b0 Boodie oTcyTcTBYIOT. [lapannens-
Hoe nosie By = By npuBoauT (i) K AHAMarHUTHOMY CIBHTY [TOJJ30H Pa3MEPHOTr0 KBaHTOBaHHs 110 dHepruu u (ii)
K VX CIBHTY IO BOJTHOBOMY BEKTOPY Ky, TaK)Ke — K CITMHOBBIM PaCIICIUICHUSM. B OZIMHOYHBIX CIIOSIX CIIBUT 10
SHEPTUHU MPUBOAMT K AUAMATHUTHBIM ociuinusiM MC, HO 5TO POSIBIISIETCSI IPU BECbMa BHICOKHUX KOHIICH-
TpalUsIX HOCHTEICH TOKa JUIsl 3alOJHEHUS] HECKOIBKHUX M0a30H. CIBUT 1O K B OJJMHOYHBIX CIOSX 3KCIEPHU-
MEHTAIBHO He mposiBisiercs, Ho B JIKS B TpaauimoHHbIx rerepocucteMax (Hampumep, B N-GaAs/AlGaAs),
HA000pOT, 0COOEHHO BaXKEH M3-3a B3aUMHOTO CJIBUra YHEPTETUUECKUX CIEKTPOB COCTABIISIONINX CIIOEB.

B pabore npencrasieHsl pe3yabTaThl uccienoBanuit MC B napaiutensHom nose JIKS p-HgTe/CdHgTe
[1] nnst Tpex BapuanToB mupunsl K HgTe, dyw = 6.5, 4.5 u 8.5 M, T.¢. BOIN3H KPUTHUYESCKOM ITUPUHBI (KOT/1a
B OZIMHOYHOM CJIO€ pealn3yeTcs TUpPaKoBCKas JIMHEHHAs TUCTIEPCHs), a TakKe — MeHbIe e€ u Oonbiue. Pas-
JETSIOMNI Oapbep Y BceX OJJUHAKOBBINA — 3 HM, HEJISTHPOBaHHEIE, P-THIIA, TEXHOJIOTUIECKH CTPEMUIIUCH CAIe-
nate cumMeTpuuHbiMU. B JIKS ¢ 4.5 HM (¢ HOpMaNbHBIM PAaCIONOKEHHEM 30H) HAOIIOAAIHCh MHHUMYM
n MakcuMyM MC B COOTBETCTBHU C TPAJULMOHHOW CXEMOW MPOXOKIACHUS KPaeB TYHHEJIBHOH ILENH depe3
ypoBeHb depmu EfF npu B3aMHOM CMEIEHHH CHEKTPOB OB 10 Kx. Ho B IByX apyrux BapuaHTax, ¢ Aupa-
KOBCKMM U MHBEPCHBIM CIIEKTPaMH, PEIIAIOIIUMH OKA3aJUCh JUaMarHUTHBIC CABUTH M0 YHEPTUH, TOCKOIIBKY
MOJI30HBI TIPOTHUBOIIONIOKHON KPHBU3HBI CMEIIAIOTCS B MPOTHBOMOJOXKHBIX HampaBieHusx. B KA
¢ dw= 6.5 um Habmonancst MakcumyM MC, COOTBETCTBYOLIMI MPOXOXKACHHIO Yepe3 Er aBuraromieiics BHI3
CeI0BO# TOUKH 30HBI TipoBoauMocTH. B JIKS ¢ dw = 8.5 um Habmronancs MuorokpatHsiii poct MC ¢ nociie-
JYIOIIUM CIIaJI0M U3-32 CJIO)KHBIX 1 HEMOHOTOHHBIX CMEIICHHI KCTPEMyMOB 0/130H (puc. 1).

| DQW150219P E?, HH1' & HH1® B=0 EV*), HH1'v & HH1'Y B=45T | B=9T

o
)

o .
S k)

Puc. 1. — Deomoyus cnexkmpa ¢ nonem By=0, 4.5,9 T ona JKA ¢ dw = 8.5 nm. Hzobpaosicen konmyp E.

[1] M. B. Axynun u op., [Mucoma 6 IKOTD, 118, 8§96 (2023).
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HcenenoBanue U NU3MEPEHNUE HANIPSIKEHUM B PTYThCOACPKALIMNX
reTepocTpykTypax Ha ocHoBe HgCdTe

Crynak M.®.}, Ieopeuxnii C.A.2, Muxaiinos H.H.?, Makapos C.H.!, Enecun A.T".!

YKTH HIT CO PAH, Hoesocubupck, 630058, Pycckas, 41

2UDIT CO PAH, Hosocubupck, 630090, np. Axao. Jlaspenmuesa, 13

IIpoBeneno uamepenue peructpanuu curHaia ['BI' B HeTMHEHOM KpUCTaIlJIe OT MIPUITOBEPXHOCTHBIX
croeB rerepoctpyktypbl (013)HgTe/HgCdTe/CdTe/ZnTe/GaAS ¢ moMOIIbI0 HYIh METOA «HA OTPaKCHHE
[1] npu Bpamienuu oopasma Ha 360 rpagycos. Jns cmoeB HgTe u HQCdTe (puc. 1) nabmomarorest 2 y3KuX
MakcumyMa curHana [ B, umerommx HecummeTpuanyto Gopmy (BcraBka kK puc.l). Habmogaemsie ocoben-
HOCTU MaKCUMYMOB H UX pa3JIn4ue 1Mo (opMe COOTBETCTBYIOT OPHEHTAIINU 00pa3iia B UCCIIEAyeMOi 00JIacTH,
MPU KOTOPOH B OTPAKEHHOM M3IyUCHHH TIOSBIISIETCS COCTABIISIONIAS

noJrsipyu3annu, NMEprneHAUKYJIIApHAaA K IMOJIApU3aluy MaJaromiero Jaasep-

Horo m3mydeHus. CurHanst I BI' B MakcMyMax COOTBETCTBYET C1a00i

AQHU30TPOINNH KPUCTATUTMYECKON CTPYKTYPBI IPUIIOBEPXHOCTHOIO CIIOS

. § 4 N R
o R e i

HgTe nnmn HgCdTe, obycnosientoii ciaboii aedopmarmeii. IIpuanna

Curuan, otH.eq,.
. 8 B EEEEEE

HaOJIro1TaeMol y3K0# HamparieHHocTH curdaia I'BIT o0ycnosneHa y3-

KOH YTIJIOBOM 3aBHCHMOCTEIO (pa3oBoro cuaxpoHm3Ma. [lomyuenHas 3a- % m m m m m w0

Yron, rpag
sucumocts I BI" ipu mosopote o6pasia a 360 ° BoctipousBomutess ipu | pyc 1. — Cucnan TBI om npu-
MOCTIEIYIONINX aHATOTHUYHBIX u3Mepenusx. st cmoeB HgTe tommu- | nosepxnocmmuozo cnos HQCdTe.

HO¥t Oosiee 5 HM HaOMOAaeTcs oTcyTcTBUE curHaoB ['BIY, uro cBume- Ha ecmaske: moHkas cmpyK-
mypa cuenana I'BI'.

TENbCTBYET O MPAKTHUYECKH HOJTHOM peylakcallui HalupsHKEHUH.

Ha ocHoBe mpoBeneHHbBIX pacueToB [1,2] onmpeeneHa BeTHIrMHA MEXaHUIECKUX HAIIPSDKEHUH B IIPUTIO-
BepxHOCTHBIX cosix HgTe u HgCdTe, 00yciioBIeHHBIX HECOOTBETCTBHEM MAapaMETPOB PELICTOK MPHU TEMIIe-
patype pocra 180 °C. PacueT MexaHMueCKHMX HanpshKeHuH nmokasan 3nadenue (-20.5+2.0) MIla ais Bapu3oH-
Horo ciost HgCdTe cocrara 0,47 monsipusix goneit CdTe crpykrypst (013)HgCdTe/CdTe/ZnTe/GaAs, uto
COOTBETCTBYET HANPSKEHUAM CKATHS M 3HAYEHHUIO TPWIOKEeHHOM cubl B 1.6x10° H. Jlna cnos HgTe Ton-
mmHoM 5 HM B ctpykType (013)HgTe/Hgo7CdosTe/CdTe/ZnTe/GaAs MexaHUUECKHE HAMPSKEHHMS COCTaB-
nsitoT + 123.5 Mlla, 4To COOTBETCTBYET HANPSKEHUIO PACTSKEHHSI M 3HAUCHUIO TIPUIIOKEHHOH crutbl B 9.6x10°
S H. [Ipu yBenmuuennn Tommuusl ciaoeB HgTe mo 80-90 um u nanee no 1300 HM HabmrOAaeTcs peraKcarys
HaIIpSDKEHUH, C YMEHBIIEHUEM OCTaTOYHBIX HAIIPSKEHUI.

CoOBOKYIHOCTB MTOTYYSHHON HHPOPMAITUH TO3BOJISIET YTBEP)KAATh, YTO IPUYNHON BO3HUKHOBECHUS CHUT-
Hasia I'BI" B Hynb-mMeToze siBisitoTCS ocTaTounble Aedopmarmn. Hynb-meTon «Ha oTpaxkeHHe» 03BOJIIET Ipo-
BOJUTH U3MEPEHUS CIa0BIX MEXaHMUECKUX HAIPSHKEHUH B JIOKAJIbHBIX 00J1aCTAX MaJIbIX 0OBEMOB U SBISIETCS
3¢ PEKTHBHBIM UHCTPYMEHTOM HCCIIEJOBAHUS UX XapaKTEPUCTUK U TTOBEICHUSI.

Pabora nojyiepikana B paMKkax rocyJaapcTBEHHOro 3aianus MunoOpHayku Poccun Ne FWGW-2022-
0002 1 AAAA-A20-120102190007-5

[1] M. Stupak et.al., J. Appl.Phys., 134, 185102 (2023).
[2] C.A. [leopeykuii u op., @TT, 66, 206 (2024).
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TyHHEIBHBIE TETEPOCTPYKTYPHI IS JA3EPOB U MPUEMHUKOB
Ha ocHoBe HQCdTe

Koaynes M.C.1?, Jlutosuenko O.M.2, Moposos C.B.12

‘HUdM PAH, 603950, Huxcnuii Hoseopoo, I'CIT-105

2HHI'Y um. H. 1. Jlo6auesckozo, 603950, Huowcnuii Hoseopoo, np. I'acapuna, 23

I'erepocTpykTypsl Ha OCHOBE TBEPABIX PACTBOPOB KaaMHUUA-PTYyTh-TeIuTyp (KPT), B KOTOPHIX mHpUHY
3arpenIEHHON 30HBl MOYKHO MEHATH B npeAenax ot 0 go 1.6 3B, npeactaBisroT uHTEpeC A CO3JaHus MpHU-
E€MHHKOB 1 ucTouyHUKOB cpeanero MK nuana3ona. ['aBHOIM mpoOieMoi Asis CO3aHuUs Ja3epHbIX THO0B C TO-
KOBO# HaKa4YKO# 0CcTaéTCs BOIPOC P-ierupoBanus cTpyktyp Ha ocaoBe CdHgTe [1]. eiictButensHo, P-N re-
pPEXO0JT UTpaeT BAKHEHUIIYIO POJIb B CO3JJAHUH WHBEPCHH HACEIEHHOCTEH, TIOCKOJBKY 00ECIeYrBaET MPUTOK
HOCHUTENeH 3apsaaa 000MX 3HAKOB (RJIIEKTPOHOB U JBIPOK) U MX JOKANM3AIMIO B aKTUBHOM oOnactu. B nanHoi
pabote npeanaraeTcsi albTEPHATUBHBIA MOJXO0/ K PEIICHHUIO STHX 3a]1a4.

Ucnone3ys 3¢ ekt pe30HaHCHOTO TYHHENIHPOBaHUS depe3 Oaphep ¢ KBAHTOBOW SIMOW BHYTpPH HETO,
MOJKHO CO3/IaTh CIIOU, KOTOPbIE OYAyT MPO3PaYHbI Il SJCKTPOHOB, HO HEMPO3PAYHbI JIsl TBIPOK C HH3KOH
KHHETUYECKOM 3Heprueii u Hao0opoT. [1o100HbIe CTPYKTYPBI MOTYT MPUMEHSTHLCS, B YaCTHOCTH, JIJISl OIPaHH-
YeHus apetiha OCHOBHBIX HOCUTENEH B MPUEMHHKAX C 1IETbIO MOBBIICHUS UX YyBCTBUTENbHOCTH. OHM 001a-
JAI0T JIYYIIMMH TPAHCIIOPTHBIMH XapaKTePUCTHKAMHK, YeM MpeIIoKeHHbIe B pabote [2] mis Tex ke meneit
CIUIOIIHBIC Oapbepsbl, U MPOIIE B H3rOTOBJICHHH, YeM paccMmarpuBaembie B pabore [3] cBepxpemérku. B uH-
’KEKLIMOHHBIX JIa3epax Ha ocHoBe CAHQTE ciiou ¢ ceNeKTUBHBIM TYHHETHPOBAaHUEM MOYKHO MCIIOIb30BATh IS
JIOKaJM3alii HOCUTENICH B aKTUBHON 00JacTy.
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Puc.1. — Pacnpedenenue niomrHocmu 8eposmHoCcmu 0Jis 31eKMPOHO8 8 2emePOCMPYKmMype ¢ MeHC30H-
HbIM K8AHMOBLIM myHHeaeM. Pacuémol nposedenvt memooom mampuybl paccesiHusl.

VYpoBHuu 3Hepruu B kBaHToBbIX simax HYCdTe/CdHgTe moryt pacnionaraTbesi B JIF0OOM MecTe BHYTPH
3anpenEHHON 30HBI 0aphEPOB B 3aBUCUMOCTH OT IITUPUHBI M COCTaBa MBI, VICIIOIB3ys 9TO CBOMCTBO TAHHOTO
MaTepraga MOXKHO CO34aTh CTPYKTYPbI, B KOTOPBIX MPH MPUIOKEHUH BHEIIHETO HANPSKEHUS, IEPIICHIUKY-
JISIPHO TJIOCKOCTHU TFeTEPOCIIOEB, YPOBHU Pa3MEPHOTI0 KBAHTOBAHUSI BEICTPAUBAIOTCS B LIEMIOUKY, 00pa3ys Mex-
30HHBII KBAaHTOBBIN TyHHEIH (pHC. 1). B Takoii ciucremMe 3eKTpOHBI MOTYT OECTIPENSITCTBEHHO TIEPEXOIUTH U3
BaJICHTHOH 30HBI B 30HY TIPOBOIMMOCTH, 2 00pa30BaBIIMECs] TAKUM 00pa3oM JIBIPKH OYIyT HHKEKTHPOBATHCS
B aKTHUBHYIO 00J1acTb.

Pabota BeimonHena npu noxaepkke rpanta PH® Ne 22-72-10111.

[1] W. Lei et al., Appl. Phys. Rev. 2, 041303 (2015).
[2] M. Kopytko et al., Opto-Electron. Rev. 23(2), 143 (2015).
[3] N. D. Akhavan et al., IEEE Trans. Electron Dev. 63(12), 4811 (2016).
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[I;ma3MeHHBIE COJIUTOHBI B SKPAHUPOBAHHOMN JBYMEPHOU
AJIEKTPOHHOM CUCTEME

3a6oaorHbix A.A.%, Py6an B.I1.2

YUP3 um. B. A. Komenvnuxosa PAH, 125009, Mocksa, ya. Moxosas, 11, xopn. 7

2Uncmumym meopemuueckoti pusuxu um. JIJ. Jlanoay PAH, 142432, Yepnozonoexa, npocn.

Axademurxa Cemernosa, 14

PaboTa nocssiiieHa TEOPETUUECKOMY HCCIEIOBAHUIO IJIA3MEHHBIX COJUTOHOB — HEJIMHEHHBIX yeIu-
HEHHBIX BOJIH, COXPaHIIOIMNX CBOM MPOQMIb TP PacIpOCTPaHEHUH — B ABYMEpHOH (2D) anexTpoHHOH CH-
cTeMe, MOMEIICHHON MeXIy JBYX METaJUIMYEeCKUX DIIEKTPOIOB (3aTBOPOB).

[Ina3smMeHHBIE CONMUTOHBI B Takoi 2D 37eKTpOHHOHN cucTeMe BIEpBbIe OBUIM aHATMTUYECKU W3yUYCHBI
B pabote [1]. B atoii paGoTe asst onucaHus MIa3MeHHBIX BOJIH ypaBHeHHe [lyaccoHa, CBsI3bIBaIoOIIee MOTEH-
M ¥ IJIOTHOCTH 3apsijia IUIa3MEHHOW BOJIHBI, pa3iaranoch B @ypee-npocTpaHcTBe 1o mapameTpy qd, rae
d — paccrosinne Mexay 2D cucremoii u 3aTBopamu, a  — npocTpaHcTBeHHAs Dypbe-rapMOHUKA, TIPH TTapa-
metp qd cuuracs ManbsiM. JJaHHOE pa3iokKeHUe B KOHEYHOM MTOT'e PUBOIIIO K ypaBHeHHI0 KopTeBera — nie
Bpusa 11 miioTHOCTH 3apsiia MIa3MEHHON BOJIHBI, MMEIOIETO N3BECTHBIE COJIMTOHHBIE pemeHus. Henocrat-
KOM JIAHHOTO IMOAXOJa SIBJISIETCS] TO, YTO M3-3a HCIOJIB30BAHUS PAa3IOKEHHUs M0 MaioMy napamerpy (d oH
MPUMEHHUM TOJIBKO JJIsl OTIMCAHUSI COJIUTOHOB ¢ MacIITabOM HEOAHOPOAHOCTH MHOTO OOJBIINM d ¥ aMILIUTY-
J0H (110 KOHIIEHTPAIMK) MHOTO MEHBIIIEH No — paBHOBECHOM ANEKTPOHHOM KoHIeHTpalmu B 2D cucteme.

B nanHo#t paboTe U1 aHATUTHYECKOTO OIMCAHUS TIIA3MEHHBIX COJTMTOHOB BMECTO Pa3iioKeHus 1o qd
HCTIONb3YeTCs MOAXO0, 3aKIIOYAIONINICS B 3aMEHe sipa B UHTErpaibHOU opme ypaBHeHus [lyaccona Ha nBa
BapHaHTa 0oJiee MPOCTHIX MOJEIBHBIX SJIEp, AOMYCKAIOIINX aHATUTHIECKOE pellieHne 3aaayun. aes cocTout
B TOM, YTO 3TH JIBa MOJICJILHBIX SI/Ipa BEIOMPAIOTCS TaKUM 00pa3oM, YTOOBI 3HAYEHHSI TOYHOTO Apa U, COOT-
BETCTBEHHO, TOYHOHN JUCIIEPCUH JIMHEHHBIX MJIAa3MEHHBIX BOJIH JICKAJIM MEXy 3HAUCHUSIMU MOJIEIbHBIX SAep
u pucnepcuid. B urore, ToyHas qucnepens 1a3MEeHHBIX BOJIH OKa3bIBACTCS «3aIEPTOI» MEXIy ABYX MOJEIb-
HBIX aucnepcuii. [TosToMy, pemnB 3aiaun B MOJENBHBIX TOAXOJAaX W CPABHHUB Pe3yJIbTaThl MEXIY cOOOi,
MOJKHO CZ€JaTh, 0 KpaifHell Mepe KaueCTBEHHBIE, BBIBOJBI O TIOBEJICHUH COJIMTOHOB B pealbHbIX 2D cucte-
Max 0e3 CHIIBHBIX OTPaHHYEHUN Ha BEIMYMHY [IPOCTPAHCTBEHHOW HEOAHOPOJHOCTH U aMIUIUTYIBI.

B nepBoM MoieIbHOM MOX0/I€ YKe ObLIO moy4eHo [2], uto ckopocth conuroHoB B 2D cucteme ¢ 3a-
TBOpaMH JIEKUT B HHTEpPBAJIE OT Vp O 2Vp, T/ Vp — CKOPOCTh JIMHEWHBIX IIa3MOHOB B JNTMHHOBOJIHOBOM
npenene qd<<1, mpyu 3TOM aMIUIATY/1a COTMTOHOB (hOPMATEHO MOYKET MMPUHUMATD JTF00bIe 3HaUeHus. Bo BTO-
POM MOIEIBHOM HOAX0/€ HAEHO, YTO CKOPOCTH COJTMTOHOB MPUHUMAET 3HAYECHUS OT Vp 10 puMepHO 1.3vp,
[IPY 3TOM UX aMIUIUTYy/1a KOHEYHA M JIEXHUT B HHTEpBaie oT Hyia 10 1.14no.

BrinonHeHo ynciieHHOe MOAETUPOBAaHUE AMHAMUKH TNIA3MEHHBIX COTMTOHOB 2D cucteme, KOTopoe mo-
Ka3aJio, 4TO HauboJIbIIIasi CKOPOCTh COJMTOHOB TIPUMEPHO paBHa 3Ha4YeHUO 1.45V, (ammunTyaa okoso 3.2No),
KOTOpOE JACHCTBUTENILHO JISKUT MEXIy 3HaueHUAMH 1.3V, U 2Vp, HaliIeHHBIMU B MOJIENIBHBIX MTOJIX0/1aX, KaK
U TIPEAIoJarajoch U3 KaueCTBEHHBIX paccyxaeHui. Takxke B paboTe MpOBeAEH YMCICHHBINH aHAIN3 IIOBEAe-
HUS COMMTOHOB B 2D crcTeMe ¢ KOHEUHBIM 3HAYCHUEM BPEMEHU pPelaKCalii SJICKTPOHOB U BSI3KOCTH.

A.A. 3abonoTHBIX Onarogaput 3a GUHAHCOBYIO MOJIEPKKY DOHI pa3BUTHS TEOPETUUECKOH (HUIUKU
n matematuku “BA3UC” (rpant Ne 23-1-3-42-1).

[1] A. O. I'osopos, B. M. Kosanes, A. B. Yanaux, [lucoma 6 KITD 70, 479 (1999).
[2] A. A. Zabolotnykh, Phys. Rev. B 105, L201403 (2022).
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MarauToTpaHCIOPTHBIC SIBJICHHUS B METAMOP(HBIX TETEPOCTPYKTYypax
¢ kBaHTOBOM amoun InGaAs

CanpaxoB H.C.., T'ymura C.B.1, Herepos B.H., Boromo6ckwmit A.C., Typyrkua K.B., SIkyana M.B.%,
Y p Ypy Yy
Bacunbesckuii U. C.%, Bunnuenko A.H. 2

‘UoM YpO PAH, 620108, Examepunbype, yr. C. Kosanesckoii, 18

2 Hayuonanbiwlii ucciedo8amenbckuti s0epHblil yuugepcumem « MUDUy, 115409, Mockea,

Kawupckoe wocce, 31

[IpoBenens! uccnenoBanus ocinsiui Lllyonukosa-ne ["aaza (olllnl’), kimaccnyeckoro u KBaHTOBOTO
sdpdexroB Xomra (KDX) B meramopdHbIx reTepocTpykTypax IngeGao1As/INogiAlo19AS ¢ 0MHOCTOPOHHUM
d-nerupoBaHueM Si 4epes creiicep mMpuHO 12 HM, mmpuHa KBaHTOBOM siMbl INGaAS cocraBisier 14 HM.
O6pa3iupl UMeT HOpMY XOJITOBCKOTO MOCTHKA, U3MEPEHUSI MArHUTOCOTIPOTUBIICHHSI IPOBOAMINCEH HAa TIOCTO-
STHHOM ToKe 3 MKA. B mepnenaukynsspHoM MarauTHOM 1one 70 9 T nmpoBeaeHa cepusi U3MEPEHUH B IIUPO-
KoM TemrepaTypHom auanaszone T= (1.8-50) K, Takxke n3mepenus ObUTH MPOBEICHBI B HAKIIOHHBIX MArHHT-
HBIX MMOJISIX MpH KoHeuHol Temnepatype T=1.8 K. XonnoBckue KoHIEHTpanus U moaBmxHOCTh ipu 1=1.8 K
COCTaBHJIM COOTBETCTBEHHO N = 6.8x10M cM?, un = 2x10° cM?/(BXc), Y4TO CBHIETENBCTBYET O BHICOKOM Ka-
YeCTBE BBIPAIICHHBIX TE€TEPOCTPYKTYP.

B neprienauKynsspHOM MarHUTHOM TI0J1€ OTHOIIEHUS aMIutiTy 1 olLal", B3ATHIX MpH pa3MTUIHBIX TEMITe-
parypax, IaloT BO3MOKHOCTB OTIPEIEIUTh HUKIOTPOHHYIO 3(h(HEeKTHBHYIO Maccy M* B MpHOIMKEHUH HE3aBH-
CHUMOCTH KBaHTOBOTO BPEMEHH >KU3HHU OT TEMIIepaTyphbl, B IUANa30HE MAarHUTHBIX MOJIEH, TJIe MOKHO MpEHe-
opeus ocrusinusamu yposas @epmu (YD), Cormacao popmyie Jludmmna-Kocesuua [1], onpenenennast Ta-
kuM oopazom M*=0.037mo, e Mo-macca cBoOoIHOTO 3MMeKkTpoHa. V3 momHONpodmipHOM moaronku olllal”
yCTaHOBJIEHO, uTo yimmpenue yposuedt Jlanmay (YJI) I' umeer rayccos tum [2]; onpeaeneHo, uto 3¢ heKTHB-
HBIH §-¢akTop 1ekTpoHOB §L*/=10. M3MepeHns B HAKIIOHHBIX MArHUTHBIX MOJISIX TIO3BOJISIOT OLIEHUThH aHH-
3otpornuio g-akropa |g||*/gL*|; monyuennas anuzorponus cocrasmia |g|*/gL*|=0.6.

[NoBenenne mpoOABHOM MPOBOAMMOCTH B IeHTpe miato KOX cBsizaHO ¢ cylecTBOBaHUEM LIETEH Mo-
JBIKHOCTH B KBaHTYHOIIEM MarHuTHOM moine. Korga Y@ oxasbiBaeTca Mexay YJI, TO NpoBOIUMOCTh CHU-
CTeMBbI 00YCIIOBJICHAa TEPMUIECKON aKTHBANAEH YIEKTPOHOB ¢ Y D B y3KYI0 MIOJIOCY Pa3pelIeHHBIX COCTOSHUAN
mmmpuHoi [" BOmm3u nenTpa YJI. 3aBUCMMOCTD IPOBOAUMOCTH OT TEMIIEPATYPHI B TAKOM CITydae MOXKET OBbITh
OIMcaHa aKTUBALIMOHHBIM ypaBHeHHeM AppeHuyca [4]. CTOUT OTMETHTh, YTO JaHHOE OMHCAHHE KOPPEKTHO
TOJIBKO TSI TIEJIOYHCIICHHBIX (PAKTOPOB 3aMOTHEHUS U JUII MaIIbIX HOMepoB YJI, HaYe NaHHBIA METOJI HE TaCT
JIOCTOBEPHOTO 3HAUEHUS SHEPTUU aKTUBAIMH BCIIEACTBUE MEPEKPBITHS TUIOTHOCTEH COCTOSHHUI C COCEIHUX
VJI [5]. s ciuHOBBIX 1ieneii oOHapykeHa 3aBUCMMOCTh §* ot (akTopa 3anonHenus V, g*=10.7-14.3 s
v=3-11. /lyis opOMTANIbHBIX I1IeJICH B 4eTHBIX V=4-10 HaOI101aeTCsl aKTUBALIMOHHAS 3aBUCUMOCTh KaK IPH HU3-
kux temrneparypax 1<5 K, tak u mpu Beicokux 1>17 K, ipu 3TOM ompeneneHo, 4To SHeprusi HU3KoTeMIiepa-
TYPHOH aKTHBAIUY JTMHEHHO 3aBUCHUT OT MATHUTHOTO ITOJIAA, JJI1 BBICOKOTEMITEPATyPHOU HAOII01aeTCsl HEeTH-
HEHHBIA POCT HEPTHH NPU POCTE MATHUTHOTO TOJIS, YTO CBS3aHO C rayCCOBBIM THUIIOM YHIMPEHHUS! YPOBHEH
1 OOMEHHBIM yCHJICHHEM J*.

PaOota BbImoIHEHA B paMKax roCyIapCTBEHHOr0 3aJaHus 1o Teme «nekTpon» I.p. Ne 122021000039-4.

[1] I. M. Lifshitz, A.M. Kosevich, JETP, 2, 636 (1956),

[2] [l enbepe, Macnumuoie ocyuinsyuu 6 memaniax, Mup, Mockea (1986),
[4] A. Usher, et. al, Phys Rev B, 41, 1129 (1990),

[5] M.T". I'asépunos, U.B. Kykywxun, Iucoma ¢ JKITD, 43, 79 (1986).
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HNHuTepdericHbie COCTOSIHUSA B CTPYKTYpax ¢ KBAaHTOBBIMH SIMAMU
ZnSe/BeTe B CUIbHOM MAarHUTHOM IIOJIC

Beaosa JI. 1., Koropa JI.B., I'ypeBuu A.C., Kouepemiko B.II.
Quzuxo-Texnuueckuti uncmumym um. A. . Hopgpe PAH, 194021, C. Ilemepbype, Poccus

Cnektpbl ¢potomomunecueHunu (OJI) crpykTyp ¢ kBaHToBbIMU simamu ZnSe/BeTe He umerommx 00-
LIeTo aToMa Ha uHTepdelicax uccineoBaHbl B MarHUTHBIX TOMAX 10 40 Tin. CTpyKTyphl ObUIH BBIpAIIEHBI Me-
TO/IOM MOJIEKYJISIPHO-TY9IeBOH SITUTAKCUH Ha moaoxkax GaAs tommuao# 0,5 MM ¢ opuenTarueii [001] u co-
CTOSUTH M3 JECSTH TIEPUOJIOB, KaXKIBIH M3 KOTOPHIX BKITIOYAET B ce0s cioi ZnSe TommuHoi 20 HM u cioi BeTe
tonuHor 10 HM CTpykTypbl ZnSe/BeTe oTHOCSITCS K TeTepocTpyKTypam Tuma-ll, B KOTOpPBIX AJIEKTPOHBI
U IBIPKU KBAaHTYIOTCSl B COCEJTHHUX CIOSIX.

Crou ZnSe u BeTe He nMmeroT 00X HOHOB. B pe3yibTarte, reTOpOrpaHHIlbl MEXIY dTUMHU CIOSIMHU
00pasyroT JApyroe XxuMudeckoe coequaenue: ZnTe uiam BeSe. B ciekrpax ®JI HaOr01aMMCh THHUY JTIOMU-
HECIIEHI[H, KOTOPBIE MBI CBA3bIBAEM C IPOCTPAHCTBEHHO MPSIMBIMH ONITHYECKHMU MIEPEX0AaMU B CIIOSIX ZNSe
Ha sHeprud 2.8 3B, HenpsMbIME iepexofaMu u3 ciiost BeTe B croit ZnSe Ha suepruu 1,89 3B u unrepdeticHoi
pexomOuHaimet Ha sHeprun 1,82 3B snexTpona u3 cios ZNSe ¢ ABIPKOH, TOKATN30BaHHOH B cioe ZnTe Ha
nnTepdeiice [1].

B MaruuTHOM nose Bce IMHUM B criekTpax PJI uecnbIThIBAIA KBaAPATUYHBIN I10 MO0 JUaMarHUTHBIN
C/IBUT B cTOpOHY Oomnbinux sHepruil. JInanu OJI HenpsAaMbIX epexoaoB U HHTepheicCHON peKOMOMHAITH CMe-
IATKCh B CTOPOHY OOJIBIINX DHEPrUH ¢ KOHCTAHTOM auamarHuTHOro capura O ~7 mxaB/Tn?. Jluaus ®JI
HPSIMOTO TIEPEXO0/IA TAKKE UCTIBITHIBANA IHAMATHUTHBIA ¢IBHT ¢ KoncranToi O ~3.5 mxaB. Ipocras onenka

IO KJIACCUYECKOH opMyJIe TTO3BOIISET OIEHUTh OOPOBCKHM paiiyC STUX COCTOSTHHM:

e

=——a’, 1
12uc® ® @

371eCh: 4 TIPUBEJEHHAs Macca PeKOMOMHUPYIOIIUX HocuTenel, a; 3(hpeKkTHBHBII 00poBCKuil paauyc 3Toro
COCTOSIHUSL.

3Hast 3()(heKTUBHBIC MACChI JIEKTPOHA U JIBIPKU, MOKEM OILICHUTh BEJIMYMHY OOPOBCKOTO paauyca. -
(exruBHas Macca anekrpona B ZnSe M, = 0.15m, u gerpxku M, = 0.8M, . Ioxy4daem, 1u1st mpsiMoOro 3KCHTOHA
OOpOBCKHIT paZiyC COCTaBIISIET MOPSAKA 6 HM; a JJIsl HEIPSIMOTO TTOPSi/IKa 8 HM.

U3 BeTMYMHBI 36€MaHOBCKOT'0 paclieruIeH st HaOII01aeMbIX JTMHUHA MPSIMOTO IKCHTOHA MO’KHO OLICHHUTh
seanunny g-¢pakropa: g = 0.88 uro coorBercTByeT Benmuune g-hakropa sKkCUTOHA B 06beMHOM ZNSe. Jleii-
CTBUTEJBHO, pa3MEPHOE KBAHTOBAHME CJIa00 BIMSET Ha MPSAMOI SKCHTOH B JJAHHOH T'eTepOCTPYKTYpe H IO-

MpaBKu K g-(hakTopy 3a CYeT KBAHTOBAHHS OKa3bIBAIOTCS HE CYIIICCTBEHHBIMHU.

[1] A. C. I'vpesuu, B.I1. Kouepewxo, A.B. I[lnamonos, b. A. 3axun, A. Baae, I'. Jlanosep “Tammosckue
unmepeticuvie coCmosiHus 8 nepuoouyeckux cemepocmpyxkmypax ZnSe/BeTe * @uszuxa Teepdoco

Tena T47, evin. 10, cmp. 1886-1893 (2005)
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[Tna3smenHbie KoyieOaHus B ABYMCPHBIX 3JICKTPOHHBIX CUCTCMAX
C MaCCHUBOM J3JICKTPOI0B

Huxonos A.B.>2, 3a6onoTabix A.A.L, Boakos B.A.!

YUP3 um. B. A. Komenvnuxosa PAH, 125009, Mocksa, va. Moxosas, 11, kopn. 7
2HUY «Bowicwas wxona sxonomuruy, 101 000, Mockea, yn. Macnuykas, 20

y
PaGoTa mocBsIeHa nccieI0BaHuI0 KOJUTEKTUBHBIX / / /
. o W, /4 W
KoJeOaHUI HOCHUTENEH 3apsiia — TUIa3MEHHBIX BOJH WIIH g
IJIa3MOHOB — B JIBYMEpHBIX (2D) 3JeKTpOHHBIX CHUCTE-
Max, BOJIM3H KOTOPBIX PaCIoIOKeH OCCKOHEUHBIN HITH T10-
gate gate gate
di

TTyOeCKOHEUHBI IEPHOANIECKUI MaCCHB METAIUTHIECKUX 2DES .

3MEKTPOAOB («peleTka» 3aTBOpoB) B hopme moroc. 2D )
Puc. 1. —Cxema 2D snexmponnoii cucmembl

€ MAccuBoOM 3ameopos, 0OpbI8AIOUUMCS
STHUE MEXKIY CUCTEMON U 3aTBOPAMHU CUUTAETCS MAJIBIM I10 sameopom wupunsl Wo

CHUCTEMa CUUTAeTCI OCCKOHEUHOMH 1 O,HHOpOHHOﬁ, paccTo-

CpaBHEHMIO C HMpHHON 3aTtBopoB W H paccTosiHHMEM
MEX]y COCeTHUMH 3aTBopamu b, cM. puc. 1.

B pamkax knaccuueckoro momaxona [1], u3ydeHsl ria3MeHHbBIC BOJIHBI, PACIIPOCTPAHSIOIINECS BIOJb
3aTBOPOB U, COOTBETCTBEHHO, UMEIOILIE KOHEUYHBIN BOTHOBOM BEKTOP (Jy, KaK NOKa3aHo Ha puc. 1. Cunuranocs,
YTO BOJIHBI B HE3KpaHUPOBaHHOH yactu 2D cucremsbl He BO30YKIAarOTCS, TAK KaK UX YaCTOTHI IPU TOM K€
3HAa4YCHHUU Qy 3HAYUTCIBbHO BBIIIC, YEM B 3KpaHHpOBaHHOI>'I qacTu. OTMGTI/IM, YTO B LICJIOM JaHHasA pa60Ta SAB-
nsietcst 00001eHneM padoThl [1], B KOTOpO# ObLIM pacCMOTPEHBI IIa3MOHBI B 0THOPO1HO# 2D cucreme ¢ 0ou-
HOYHbIM 3aTBOPOM, Ha CIIyyail NepUOJNYECKOI0 MacCHBa 3aTBOPOB.

~ 030 7 B pabote paccmarpuBaroTcs OECKOHEYHAs peIeTKa,
S s
K 0.25 P a TakKe MoayO0ecKoHeuHas penieTka ¢ «oopeiBom». B ciayuae 2D
§ 0.20 Plasmonic 7, ? famm CHCTEMBl ¢ OECKOHEUHON PElIeTKON MOJIyYeHO, YTO Ul 4acTOT
: s
> Band J plasmon | I1JJa3MOHOB BO3HUKAET 30HHASI CTPYKTYpa, COCTOSAIIAs U3 YepENy-
& 0.15 7 IOIUXCS pa3pelieHHBIX U 3alpeIeHHbIX 30H. B ciyyae momy6ec-
o ~ (%) v
£ 010 e KOHEYHOM peleTky Ipy mupuHe KpaitHero 3atBopa Wo oTiaruHOM
S b=08W orWsB 3aMMpCIICHHLIX 30HAX BO3HUKAIOT JIOKAJIM30BAHHBIC B ITOIIC-
£ 0.05 Wo=3W
& PEYHOM HampaBJIEHUH TaMMOBCKHE IUIa3MOHHBIE MOJAbl. [lpm
o
0.0 -
80 02 032 06 08~ Wo>W ocHoBHas TaMMOBCKast MO/ JIEKHT 10 9aCTOTE HHKE OC
l 1A/ HOBHOU pa3pemeHHoi 30HbI, cM. puc. 2. OxHaK0, OCHOBHAS TaMMOB-

Puc. 2. —Cnexmp naasmornos
6 2D cucmeme c nonybeckomneu-
HOU peuémKou 3ameopos.

CKasi MOJ[a IMEET KOHEUHYIO IIelb B CIIEKTPE, T.€. IPH KOHEYHOM 3Hadve-
HHUH YacTOTHI W) *™™ 1 BOTHOBOIO BEKTOPA MPOUCXOIMT €€ KaCaHHe pas-
peIIEéHHON TIa3MOHHOW 30HBI. B mpenensHoMm ciayuae bW u Wo W
mens wl ™™ crpeMuTCs K HyJIIO, 4 cCaMa MOJIa CTAHOBHUTCS OKOJI03aTBOPHOIL [ 1], TOKaIM30BaHHOM Ha Kpaii-
HeM 3aTBope. YacTOoThI Kak MJIa3MOHOB B pa3pellieHHON 30He, TaK ¥ TAMMOBCKHX TIa3MOHOB JIC)KAT BBIIIIE Ya-
CTOTHI TJIA3MOHOB B MIOJIHOCTBIO SKPAaHUPOBAaHHO# crcTeme [2].

ITpr Wo<W ocHOBHasi TAMMOBCKasi MOJIa JISKHT I10 YaCTOTE BBIIIE OCHOBHOMW pa3pelI€HHON 30HBI H,
COOTBETCTBEHHO, SIBISIETCSI BBICOKOYACTOTHBIM BO30YXKIeHHEM. HIKHUMH 10 YacTOTE BO30YKICHHAMH
B 3TOM CJIy4ae sSBJISIOTCS JICTOKAIM30BaHHbIC TUIA3MOHBI U3 OCHOBHOM Pa3perI€éHHOM 30HBI.

A.A. 3a0050THBIX OJaroAapuT 3a (PMHAHCOBYIO MOIEPKKY DOHI pa3BUTHS TEOPETUUECKON (DUUKH

n matematuku “BA3UC” (rpant Ne 23-1-3-42-1).

[1] A. A. Zabolotnykh, V. A. Volkov, Phys. Rev. B 99, 165304(2019)
[2] A. B. Yanaux, JKOTD62, 726(1972)
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CBepXnepruoAnvecKre MOAYJISIIUN B CBEPXMHOTOIIEPHUOTHBIX
cBepxpenietkax GaAs/AlGaAs, BbIpallliBa€MbIX METOJIOM MOJIEKYJISIPHO-
MTYYKOBOM SIUTAKCHUU

TCopaii JI.N.2?34° Tuporos E.B.2, Co6ones M. C.2, [lamkos A.C.?, Bopucos M.M.5, SIkynun C.H.5,
fOuun 1. A.7, Bypasnes A. J[.134>8

Y\CrI6raTy «JITHy, 197022, Canxm-ITemepbype, ya. Ilpogeccopa Ionosa, 5

2CIT6AY PAH um. XK. 1. Angpepoea,194021, Canxm-ITemepbype, yn. Xnonuna, 813, A

SUAII PAH, 198095, Canxm-Ilemep6ype, yr. Msana Yepnoix, 31-33, A

*Vuusepcumem npu MITA EepA39C, 199226, Canxm-Ilemep6ype, yn. Cmonsauxosa, 14/1

SM®THU, 141701, Mockoeckas obracmo, 2. Honeonpyonwui, Uncmumymckuii nep., 9

SHUI] «Kypuamosckuii Hucmumymy, 123182, Mockea, na. Axademuxa Kypuamosa, 1

"UdM PAH, 603950, Husicruil Hoszopoo, I'CII-105

SOTH um. A. @. Hoppe, 194021, Canxm-ITemepbype, ITonumexuuueckas yu., 26

Hudpakunonnsie HccleAoBaHMs pedieKToMeTpuss ¥ IUPPAKTOMETPHUS) CBEPXMHOTOIIEPHOIHBIX
(CMII) obpa3smos ceepxpemietok (CP) GaAs/AlGaAs pa3nu4HOTO cocTaBa (JISTHPOBAHHBIE W HEJIETHPOBAH-
Heie), co 100-800 mepruogamMu U pa3NTUYHBIMHU TONIHHAMH M U 0apbepoB, BHIPALICHHBIX HA YCTAHOBKE MO-
JICKYJISIPHO-TTy4K0oBO#M snurakcuu (MIID) Riber™ 49, npooawiauch Ha crauimu «Pa3ay CHHXPOTPOHHOTO
ucrounnka «KMCH-KypuaToBy», a Taxke B 1abopatopun. Pednexromerpuueckue nzmepenust na CU 6putn
BBIIIOJIHEHBI B PEXUME BBICOKOI'O YTIIOBOTO Pa3pElICHUs B JUANa30HE CKONb3AMuX yriaoB 0—10° npu sHepruu
ny4ka 4-12 k3B ¢ oTkioHeHHsMH 110 SHepruu He 6oree 0.7% [1, 2].

Ha uctounmke CU nmas OOJIBIIMHCTBA HCCIICAYEMBIX

10°

T measured B kev CMII CP BbICOKOTO KadecTBa ObUTH OOHAPYIKEHBI «TIIHTUM)

— XRR fit

— HEOCHOBHbIE OP3ITOBCKHE MHKH PEHTIEHOBCKOI'O OTpPaKe-
o HUSI, KOTOpPBIC 3aTeM HAOJIONANUCh U HAa TaOOPATOPHBIX M-
(pakToMeTpax. OHU CTAHOBSITCS 3aMETHBIMU MPH JJOCTATOYHO

10°

0OJIBIIMX YIJIaX CKOJIBLXKCHUs, HaunHas ¢ ~1.5°-2°, Bricoko-

Intensity, normalized units

TOYHBII (PUTHHT C UCTIOIB30BAHUEM METO/Ia TTTyOOKOM peHTIe-

HOBCKO#1 peduekromerpun [3] mokasain, 4To 3TH MUKH COOT-

10°

1 2 3 4 5 6 7
Grazing angle. deg BETCTBYIOT CBEPXIIEPUOJAUYHOCTU CTPYKTYPBI C IIEPUOAOM I10-
Puc. 1. — Koagpgpuyuenm ompaosicenuss CP

[GaAS (10l AloGaosAs(1. 5um)] <400 paaka 3—5 mepuonoB CP. VHTEHCHMBHOCTH JaHHBIX IHKOB

CpaBHHMa C MHTEHCHBHOCTHIO OPATTOBCKHMX IMHKOB, HaYMHAs
¢ Homepa ~10 u BbILIe, T. €. HCKAKEHUE CTPYKTYPBI JOCTATOYHO Majl0. DTO COOTBETCTBYET OCUMIIUISLIMAM TOJI-
IIMH CJIOEB W/MJIM COCTaBa MOPS/IKa HECKOIBKHUX MpOoIeHTOB. OnpeieieHue aMIUTMTYABI U TOJI0KEHUH TIUT-
Yell Ha BBICOKOYTJIOBBIX JU(PPAKTOrpaMMax MPOUCXOJUIO aHAIOTHYHBIM 00pa30M U MOATBEPIMIO Pe3yJb-
TaThl 00pabOTKH pedhIeKTOMETPUIESCKUX JaHHBIX.

[Ipn MozmenupoBaHUM CBEPXIEPHOAA OKA3aJIOCh, YTO TOJNBKO MoAyJsinus ciosi AlGaAs MOXeT AaTh
HaOJ01aeMbli pe3ynbTar. MccnenoBanus mokasanu, 4To AOMOJHUTEIbHAS MOAYJISIINS 00yCIIOBIEHa I10CTO-
STHHBIM BpallleHHEeM BOKPYT CBOEH OCH MaHHITYJISITOPA, TIO PaInyCcy KOTOPOTO pacroiaraetcs CTpyKTYpbl, U He
3aBUCUT OT CKOPOCTH OTKPBIBaHHUS 3aTBOpa MCTOYHMKA. [1s1 00pasua, pacroioKeHHOU B IIEHTPE MaHMITYIIS-
TOpa, NOJ00HBIE MaJible BO3MYILICHUH BUAHBI TOJIBKO Ha OOJBIIMX yIlaX CKOJbKeHUs (>4° — cM. puc. 1). Onun
MOTYT HE MpOSBIATBCS Ha aApyrux sueprusx CU [4]. PasHuia B nepuojax u BETHYMHAX JOTOJHUTEIBHBIX
KonebaHMi, ckopee Bcero, 00yCJIOBIIEHA Pa3HHULICH BPEMEH POCTA CIOEB CTPYKTYP, YTO OMPEesAeTcs] H3Me-
HEHHEM BPEMEHH BO3BpaTa MOJJIOKKH B HCXOAHYIO TOUKY OTHOCHUTEIBHO OTKPBITUS 3aTBOpa HCTOUHHKA Al.

[1] http://kesni.nrcki.ru/pages/main/sync/beamlines/phaza/index.shtml.
[2] L.1. Goray et al., Tech. Phys. Lett., 47(10), 757 (2021).

[3] L.I. Goray et al., J. Phys. Appl. Phys., 53(45), 455103 (2020).

[4] L.1. Goray et al., Mater. Scien. Semicon. Proc., 169, 107875 (2024).
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CrpykrypHbie u ontuyeckue cBorictBa T2SL InAs/GaSb ¢ komneHcanuei
YOPYTUX HAMPSDKEHUH, MOTYyYEHHBIX METOI0M MOJIEKYJIIPHO-TTy4eBOM
AMHUTAKCHH.

Epomenko I'.H.:, Kpuo6ok B.C.12 Yennos C. 1.}, Munaes 1. 1.}, Kinexoskun A. B}, Capun K. A L,
Tonuapos A.E.2, Myparos A.B.}, lly6osas A.P.13 Ceupunos /I.E.}, Hukonaes C.H. .

Y\dusuueckuii unemumym um. I1. H. Jle6edesa PAH, 119991, Mocxkea, Jlenunckuii np-m., 53

’r HIL] P® AO «HIIO «Opuony, 111538 Mockaa, yn. Kocunckas, 0.9,

$Mockosckuii puzuxo-mexnuueckuti uncmumym, 141701, Joneonpyousul, Hucmumymckuii nep., 9

[TomympoBogHIKOBBIE TIPUOOPHI, H3TOTOBIICHHEIE TSI cpenHero u nanpHero VK namamasona, Ha OCHOBE
coenunenuit A°B® coepaliix cypbMy BBI3BIBAIOT BCE OONbIIMI MHTEpEC. [I[perMyIIiecTBaMK TPy Il MaTe-
PHAIOB ¢ MOCTOSHHOMN pemeTku 6.1 A ABIsIOTCSA MpOYHbIE XMMHYECKUE CBSA3M, BHICOKAs MOIBUKHOCTD, CTa-
OMIBHOCTH M BO3MOXKHOCTH To1aBNIeHUsT Orke-peKOMOMHAIIHH 3a CUET HEMPAMBIX nepexooB [ 1,2]. Ilpumepom
TaKUX CTPYKTYp SABISAIOTCS cBepxpemerku 2 Tuma InAs/GaSb ¢ ynpyro HanpsokeHHBIME ciosimu InAs. B nan-
HOHM paboTe o0Ccykaaercs moaydeHue ceepxpemerok InAs/GaSh ¢ komneHcaleii ynpyrux HanpspKeHUi 3a
cuer BHeApeHUs uHTepdercHbIX ciaoeB In(As)Sb, a Takke HCCICIYIOTCS CTPYKTYpPHBIC U ONTHYCCKHUE CBOM-
CTBa MOAOOHBIX CUCTEM.

I'erepocTpykrypsl ¢ InAs/GaSb cBepxpemetkamu, conepsxanire 10 300 meprnomoB, ObIIH BBIPAICHEI
METOZOM MOJIEKYJISIPHO—ITy4eBOM SnUTakcui Ha ycraHoBke Compact-21T ¢upmsr Riber Ha noamoxkax GaSb
(100). Ucnonb3oBanuch Kak HU3KOJIETUPOBAHHBIC C ABIPOYHON MPOBOJUMOCTHIO, TaK M MOJUIOKKHU, BEICOKO-
JIETHPOBAHHBIE TIPUMECHIO TeJITypa. KoMrmeHcamus ynpyriux HalpspKeHHH, BO3HUKAIOMIAS 33 CYEeT OOJBIIOro
paccornacoBanus pewmeTok (~0.6%) mexay ciosmu InAs u GaSb gocturanack 3a cueT BHEIPEHUS IPOMEXKY-
TouHBIX cioeB InSb wim InAsSb 6onee moapoOHO onrcana B padote [3]. KauecTBo NOBEpXHOCTH, CTPYKTYP-
HOE COBEPUICHCTBO M ApaMETPHI CIIOEB MOMYUYCHHBIX cBepXpeneTok InAs/GaSb Obun HecieoBaHbl ¢ TOMO-
B0 PEHTTEHOCTPYKTYPHOTO aHAlIN3a, a TAKKe 30HIOBON M MPOCBEYHUBAOIIEH IEKTPOHHONH MUKPOCKOITHH.
Pe3ynbTaThl JaHHBIX UCCIIEAOBAHNH MTO3BOJIWIIA ONTHMHU3UPOBATH TN3aliH CBEPXPEIIETKH U TTapaMeTPhI POCTa.

DJIeKTPOHHBIN CHEKTP CBEPXPELIETOK OBUI MCCIIE0BAaH C TIOMOLIBIO U3MEPEHHH CIIEKTPOB MPOIYCKa-
HUs1/0TpaxkeHus mpu Temiiepatypax 77, 300K B coueranuu ¢ pacueramu B pamkax kp meroja. beiio ycranos-
JICHO CIIEKTPAJILHOE TOJIOKEHUE, TI0 KpaifHel Mepe, MATH OCHOBHBIX MEPEXOJI0B C YYaCTHUEM JIIEKTPOHHBIX
Y IBIPOYHBIX MUHU30H CBEPXPEIIETKH U OTPEIETICHO X MOJI0KEHHE TI0 OTHOIIEHUIO KO JTHY 30HBI IIPOBOH-
MocTH 00beMHOTO InAs. AHaH3 MOMYYEHHBIX JJAHHBIX YKa3bIBAET HA TO, YTO UCIIONIBb3YyeMast iporeaypa Gop-
MUPOBaHUs HHTEP(EHCOB, B LIEJIOM, TIO3BOJISIET [TOyYaTh CBEPXPEIIETKH MPUTOIHBIE IJIsl CO3/IaHUsI IETEKTO-
poB nanpHero UK muanazona. B Toxe BpeMs, Ipu pacyeTe KBAHTOBOTO JU3aifHa COOTBETCTBYIOIINX MAaTEPH-
aJIOB HEOOXOIMMO YUHUTHIBATh 3aMETHBIN HU3KOYACTOTHBIN CABHUT Kpas (PyHIaMEHTAIBHOTO MOTJIONICHHUS 110
CPaBHEHHIO C pe3yJIbTaTaMH CTaHJIAPTHBIX pacdeToB B pamkax kp merona. JlaHHast 0cOOEHHOCTD OIpees-
eTcsl, MPEIOJIOKUTEIHHO, HEMPUTOHOCTHIO CTAHAPTHRIX TPAHUYHBIX yCIOBUH bactapna ans TOYHOTO MO-
JIEIMPOBaHUS MaTePHAIIOB ¢ HHTeP(EHCHBIMU CIIOSIMHL.

[1] Rogalski A., Martyniuk P., Kopytko M. InAs/GaSb type-I1 superlattice infrared detectors: Future
prospect //Applied physics reviews. —2017. — T. 4. — No. 3.

[2] Grein C. H., Cruz H., Flatte M. E., Ehrenreich H. Theoretical performance of very long wavelength
InAs/In x Gal— x Sb superlattice based infrared detectors //Applied Physics Letters. —1994. — T. 65.
—Ne. 20. — C. 2530-2532.

[3] Krivobok V. S. et al. Interface Design Development for Growing Short-Period InAs/GaSh Superlat-
tices by Molecular-Beam Epitaxy //Bulletin of the Lebedev Physics Institute. — 2023. — 7. 50. — Me. 9.
—C. 396-402
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TemnepaTypHast 3aBUCUMOCTb CTPYKTYPbl MUHH30H KOPOTKOTICPHOTHOM
cBepxpenietku InAs/GaSb

Hy6osas A.P.1? Kpupo6ok B.C.23, Epomenko I'. H.2, Munaes U. 1.2, Knekoskun A. B.2, Casun K. A 2,
Tonuapos A.E.%, Myparos A.B.?, Hukonaes C.H.?

"Mockosckuii puzuxo-mexnuueckuii uncmumym, Jonzonpyonwiii, Poccus

2Puzuveckuti uncmumym um. I1. H. Jlebedesa PAH, Mockea, Poccus

STHI] P® AO «HIIO « OPHOH», Mockesa, Poccus

Hns potogerextopos, padoratommx B MWIR 1 LWIR auana3zonax, Xopouio H3BECTHBIM MaTEpUaIOM,
KOTOPBIH SIBIISICTCSI OCHOBHBIM KOHKypeHTOM crcteM Ha ocHoBe KPT (HgCdTe) i KBaHTOBBIX 5IM, SIBJISIFOTCSI
cBepxpemeTkn Broporo tuma (type-1l superlattice T2SL). O6mepacnpocTpaHeHHOM apoii MaTEPUAIOB IS
peammsanuu T2SL cucrem siBstercs InAs u GaSb, npunaiexamux K cemeiicty 6,1 A. TIpossnennbiii naTe-
pec K o1o0HBIM MaTepHaIaM 0ObsICHIETCSI BO3MOXKHOCTBIO MoAaBieHus Oke-peKoMOMHALNY U MEK30HHOTO
TyHHENUPOBaHHA B (hoToeTekTopax Ha T2SL, mo cpaBHEHUIO ¢ (POTOAETEKTOPAMU HA MOTYTIPOBOTHUKOBBIX
KBaHTOBBIX siMax u HgCdTe.

He cmorpst Ha BocTpeOoBaHHOCTH T2SL reTepocTpyKTyp, B IIEPBYIO OUepe/lb, IUIS HYXI (OTOCCH-
COPHKH, B COBPEMEHHON JIUTEPaType MPAaKTHUECKH HE 0O0CYKIAeTcsl MEPEeCTPOrKa OAHOIIEKTPOHHOIO CIEK-
Tpa CBEPXPELIETOK C TemIiepaTypoii. [Ipu pa3paboTke KBaHTOBOTO AM3aliHa OOBIYHO OMMPAIOTCS HA PacyeThl
B paMKax Kp MeTo/ia He yYHTBIBAIOIIME TEMIICPATYPHYIO 3aBUCUMOCTb KaK IUPHUH 3alpeiieHHO# 30HbI INAS,
GaSb rtax u ckaukoB notenimana Ha uHTepdeiicax INAs/GaSh. B toxe Bpemsi, COOTBETCTBYIOIIUE MOMPABKH
MOTYT IPUBOJIUTH K 3aMETHBIM CIOBUraM Kpasi (yHIaMEHTaJIbHOTO MOTJIOIIEHUS CBEPXPELIETOK, OIPEACISIO-
LIEr0 AJMHHOBOJIHOBYIO T'PaHMILy YyBCTBHUTEIBHOCTH IIOJYIPOBOIHUKOBOTO MPHOOpa M BIMSAIOUIYIO Ha €ro
LIYMOBBIEC XapaKTEPUCTUKH.

B nanHo# paboTe Ha OCHOBE U3MEPEHUH CIICKTPOB MOTJIOIICHHS/OTPpaXXSHHsI B cpeHeM H nanbHeM MK
JMaTia30Hax HMCCIeIoBaHa TEMIIepaTypHas MepecTpoiika MUHU30H cBepxpemeTku INAs/GaSh ¢ cooTHorre-
uueM toimud INAS/GaSh paBubIM 2 1 epuooM cBepxpemnieTku 7.5 HM. Vi3MepeHus MpoBOAWINCH B JAHAla-
3one Temmeparyp 77-300K c ucnons3oBanuem ®ypoe-criekrporpada Bruker IFS-125HR. s pocra cTpyk-
TYp HCIOJIb30BaIaCh MOJIEKYJISIPHO-ITyYKOBasi dnuTakcus Ha noaoxkax GaSh(100) nerupoBaHHBIX TEILTY-
poM. UTOOBI HCKITIOUUTH 3aMETHOE BIIMSIHUE HECBS3aHHBIX HOCUTENEH Ha ONITHYECKUE CIIEKTPHI CBEPXPEIIETOK
MBI HCTIOJIB30BAH MOJUIOKKH, KOMIIEHCUPOBaHHbIE TeJTypoM. st ctabmin3anuy CTpyKTyphl UCIIOIB30Ba-
nuck uatepdeiicusie cion IN(As)Sb [1]. KauecTBo cTpyKTyp ObUIO OATBEPIKICHO H3MEPEHHSIMH PEHTTEHOB-
CKMX KPMBBIX Ka4aHMs U NIEKTPOHHON MUKpOcKonuel. [ MoIeIMpOBaHUs JIEKTPOHHOTO CIIEKTPA CBEPX-
PEIIETOK MCIOJIb30BATUCH PAacueThl B PaMKaxX METOa Orudaroiell BOJTHOBON (YHKIIHU.

Ha ocHoBe comocTaBieHUs MOJyYEHHBIX YKCIEPUMEHTAIBHBIX JaHHBIX C pacyeTaMH ObLIO yCTaHOB-
JICHO, YTO MOJIOXKEHNE Kpast PyHAaMEHTaIbHOIO ITOTIOMECHHUS CBEPXPELIETKHU CJ1a00 3aBUCHUT OT TEMIIEPaTyphI.
JlaHHast 0COOEHHOCTh YKa3bIBACT HA TO, YTO Pa3phIB 30H Mexay ciioeM GaSh u HanpsukeHHBIM coeM INAS
MPaKTUYEeCKH HEe YYBCTBUTEJICH K TeMIieparype. B Toxxe Bpemsi, MUHM30HBI, COPMUPOBAHHBIE BEICOKOJIEKA-
IIMMH MHUHHU30HAMH, IEMOHCTPUPYIOT 3aMETHBII TeMIepaTypHBIA CABHI, NMPHOIM3UTEILHO COOTBETCTBYIO-
MK U3MEHEHMSAM LIMPHUHBI 3allpelieHHON 30HbI INAS ¢ TeMiepaTypoii, XapaKTepU3yoLecss KOMIUIEKCHON
JBJIEKTpHUecKOr (DYyHKIMEH, a TakkKe CIeUPUKOR WX MHUHU30HHOTO DHEPreTUYeCKOro CIeKTpa, B 4aCTHO-

CTHU MCXKIY30HHBIMHU IIEPEXOAAMMU.

[1] Krivobok V. S. et al. Interface Design Development for Growing Short-Period InAs/GaSb Superlat-
tices by Molecular-Beam Epitaxy //Bulletin of the Lebedev Physics Institute. — 2023. — 7. 50. — Me. 9.
— C. 396-402.
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JlgymepHvle u 00HOMEPHBIE CUCMEMBL, 2eMepPOCMPYKIYPbl, CEEPXPEUEmKU
OnTtuueckue GoHOHBI HAHOMIPOBOJIOK GaP co BctpoenHo# kameit Ga

Tapanenko A.B.'2 Bacanaesa JI.C.1, ®énopos B.B.%, Tymames B.C.}, Munéxun A.T'.!

YUDIT um. A. B. Pocanosa CO PAH, 630090, Hosocubupck, np. Ax. Jlaspenmuvesa, 13

2HI'Y, 630090, Hosocubupck, yi. Iupozosa, 1

3CIT6AY um XK. H. Angpeposa PAH, 197101, Canxkm-Ilemepbype, yr. Xnonuna, 8 k3

[TomynpoBOTHIKOBBIE HUTEBUAHBIE HAHOKPUCTAILTHI Wik HanompoBonoku (HII) obGmamaroT psimom wc-
KITIOUUTENBHBIX CBOWCTB: BBICOKUM KpPUCTAIOTPAapUUECKUM COBEPILICHCTBOM, BO3MOXKHOCTBIO KOHTPOJIS
CTPYKTYPHBIX M ONITUYECKUX MapaMeTPOB, YCTOHUUBOCTHIO K MEXaHUUECKUM AedopManusM U ap., MepcrekK-
TUBHBIX JUIS YCTPONUCTB HAHORJIEKTPOHHUKH, HAaHOPOTOHUKH U ceHcopuku. HIT GaP mpexacranstor ocoObii
uHTEpec 6iaroaapst 0JM30CTH MOCTOSHHBIX KPUCTATHIECKUX peieTok Si u GaP, 4To gemaeT 3T CTPYKTYpbI
COBMECTHMBIMHU C KDEMHHEBOH TexHosorue. OnHaKo n3yueHne ONTHYECKUX cBOMCTB onquHouHbix HIT orpa-
HUYEHO M3-32 UX MaJbIX pa3MepOB U, KaK CJIEICTBHE, MATIOTO ONITUYECKOr0 OTKINKA. CIIEeKTPOCKOIUS THTaHT-
ckoro koMOuHammoHHoro paccesHus cBera (I'KPC) mo3BossieT 3HaUNTENPHO YBEIHIUTh ONTHYECKUN OTBET
OJIMHOYHOM CTPYKTYPHI IIPU B3aUMO/ICHCTBHH C TJIA3MOHHON METAIUTMIECKON CTPYKTYpoii [1]. B kauecTse Ta-
KOH CTPYKTYpPBI MOKET BBICTYyTNaTh HaHO4acTHna Ga, yyacTByromias B ipouecce pocta HIT GaP.

B nannoit pabore nzyuenst HIT GaP nquamerpom 60 u 104

Opm 1 2 3 4 5 6

HM CO BCTpoeHHOH Karuteld Ga, CHHTe3WpOBaHHBIE Ha MOJIOKKE
Si (111) MeTo0M MOJICKYJIIPHO-JTYYEBOM IMUTAKCHH C TIOMOIIBIO
CaMOKATAJIMTUYECKOT0  MEXaHU3Ma  Map-)KUAKOCTh-KPHCTAILIL.
CrpykrypHble u onTuueckue cBoiicrBa HIT GaP Obutn n3ydeHb

C TIOMOIIBI0 aTOMHO-CHIIOBOH MuKpockoruu (ACM) u criekTpo-

12 “Id) AUIOHEHIHILHY

ckonnu kKomOuHaImoHHOTo paccesnus cseta (KPC). Usmepenus
HORIBA
XploRa Plus, cocrosiueit u3 KPC-criektpomerpa 1 Moxyast ACM.

MIpOBOJUIINCHL Ha E)KCHCpI/IMeHTaJII)HOﬁ YCTaHOBKE

Tunmunoe ACM wuszobpakenne HIT GaP c kamueit Ga (seBbrid 15001

kpaii HIT) npencrasieno Ha Puc. la. B cnektpax KPC HIT GaP 2 1200}

(Puc.1B) HaOII01aF0TCS OCHOBHBIC (DOHOHHBIE MOJIBI: MOJIA TOTIe- 5 900l

peunoro ontudeckux (TO), npononsHbix (LO) 1 MOBEpXHOCTHBIX é

(SO) bonoHOB. OGHAPYKEHO YCHICHHE HHTCHCUBHOCTH ONTHYE- £ 000

CKHMX (POHOHHBIX MO B 00nacTH Karu Ga OTHOCUTENBHO IIEHTpa 300

HIT 3a cuer sBieHUA JOKAJIW30BAHHOTO MOBEPXHOCTHOIO PE30- 3m20

HaHca (¢paktop 5 u 10 ansa guamerpa HIT 60 u 104 um). Kapra Raman shift / cm*

mukpo-KPC HII GaP npeacraBnena Ha Puc. 1 6. Ilomydens
kapThl ¥ cnekTpsl Mukpo-KPC HIT GaP npu pa3zinnyHbIX Hanpas-
JICHUSX TIOJISIPU3AIINY TIAJAI0IIETO U paccessHHOTo cBeta. O6Cyxk-
JaeTcs BIMSIHUE T€OMETPHUH PACcCesSHUS HAa MHTEHCUBHOCTh OCHOB-
HbIX (poHOHHBIX MO B ciektpax KPC u ['KPC.

Uccnenosanue nognep:xano Poccuiickum Hayunbim ®oH-
noM (rpaat Ne22-12-00302).

[1] 4. G. Milekhin et al., Physica E, 75, 210 (2016).
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Puc.1. — a) ACM uzobpasicenue
nanonpogonoku GaP ouamempom
104 um. Jluamemp eannuegoti kaniu
pasen 130 um,; 6) Kapma muxpo-
KPC nanonposonoxu GaP ouamem-
pom 104 nm 6 oonacmu TO mooul. 6)
Tunuunsie cnekmpwt KPC Hanonpo-
sonoxu GaP ebausu (kpusas 1)

u e0anu (kpusas 2) om kaniu Ga.




JleymepHvle 4 00HOMEPHDBLE CUCMEMDbL, 2eMEPOCTIPYKIYPbL, CEEPXPEUUEIKU
DnekTpryecKre U (POTOIICKTPHUUESCKUE CBOMCTRA IUICHKH HaHoIIacTiHOK CdSe

Cauros II.P.}, Caurupes I.O.1, Cmupros A.M.!, Mannesnu B. H.
MY um. M. B. Jlomonocosa, 119991, Mockea, Jlenunckue eopul, 1

W3sroroBieHne KBa3uOBYMEPHBIX CTPYKTyp, HaHomactuH (HII) ¢ momormipio METO0B KOJUIOMIHOTO
CHHTE3a [I03BOJISIET MTOJYYUTh OOJbIIYI0 KOHLEHTpauuto MoHoaucnepcHoix HII ¢ 3aganHbIMu napamerpaMu
UX CTPYKTYpBI, UTO AeJaeT 3TH CTPYKTYpbl HHTEPECHBIMHU [T CO3JaHusl (DOTOAETEKTOPOB Ha UX OCHOBE [1]
WJIM Ha OCHOBE KOMITO3UTHBIX MaTepPHaJIOB, COIEp AKX 3TH YacTullpl [2]. [Ipu aToM nccnenoBanue mporec-
COB Te€HEepaIny, IepeHoca U peKoMOMHAIINK HOCHTe el 3apsaaa B kinactepax HII octaercs akryanbHOI 3a7a-
yeil. B cuiy Toro, uto HII npu HaHeceHn# Ha MOBEPXHOCTH BMECTO OJJHOPOTHON TIEHKH 3a9aCTyI0 00pa3yroT
KJlacTepbl pazMepamu mopsaka 10 MKM, 3JIEKTPOABl IS IEKTPHUECKUX M3MEPEHUH ObUIN BBITOJHEHBI W3
CIIOEB THTaHA U 30J0Ta 10 40 HM KaXKIblii B BUJE BCTPEUHO-IUTHIPHEBOM CTPYKTYPHI C 3a30poM 7 MKM. Jli1st
uccienoBanus 6butH BeIOpans! HIT ¢ rerepocTpykTypoit Tuma simpo-o6onouka 3.5 monocsos CdSe B kauecTBe
sapa u 3 MoHocnos CdS ¢ kaxkmoit croponst HIT B kauecTBe 00010uky. MeTOANKA M3TOTOBIEHNS KOJLIOU/-
Horo pacteopa HII B xinopodopme npencrariena B padote [3]. PacrBop HII, mOKpHITHIX 0JIEHHOBOH KUCIOTOM
(OK) B xauecTBe nuranja, ObLJ1 HAHECEH Ha AJICKTPOJBI U BhICyIeH ipu Temmepatype 70 °C B cpene aprona
pu atMocepHOM AaBiieHUH. ToMIIMHA TOTYYHBIIECHCS HEOAHOPOAHOM IIEHKH COCTaBMIIA OKOJIO 80 HM.

Ha pucynke 1 (JieBast maHesIb) TpeICTABICHBI CIIEKTPATBHBIE 3aBUCUMOCTH (HOTOIPOBOAUMOCTH Adpn(Av) /N,
TMOTy4YeHHbIe TpH TotanHoM HarpspkeHnu V = 1 B, temmneparype T = 296 K u naBnennu ~3 Ila 1o u ocne omkura
o6pasia. Omxur nposomwics ipu T = 420 K u nasnennu 1072 I[a B Teuenune 1 MunyThL. B pe3ynbrate omkura 3Hade-
HEe (DOTOMPOBOMMOCTH BBIPOCIIO Ha 2.5 TIOpsIKa BEIMYMHBI Ha BCEM UCCIICIOBAHHOM JIaria30He SHEPTrUid KBaHTa
hv TaaroIero U3IMy4YeHwns, TIPH STOM (opMa 3aBUCHIMOCTH B o0macte /v > 1.8 5B n3MeHmach He3HAYUTEIBHO.

J1st uccneioBaHus MPOLIECCOB IIEpEeHOCca HOCUTENEH 3apsia B o0pasLie Oblia HccaeJoBaHa TEMIIepaTyp-
Hasl 3aBUCUMOCTh MPOBOAUMOCTH ¢(T) MPH HAIWYUHU ¥ B OTCYTCTBUHU OCBEIICHUs. [Ipr OCBELICHUH SHEPrusl
kBaHTa hv cocrasnsia 2.05 5B, a untencuHocTsh 10 cm?c?. TIpu u3MepeHnH MpeaCTaBIeHHBIX 3aBUCHMO-
CTe¥ CHavajia MPOWCXOIWII HarpeB (CBETIO-Cephle TOYKM) M OXJaxeHHe (ITyCThIe TOYKH) MPU OCBEUICHHH,
3aTeM HarpeB (UepHbIE TOYKH) U OXJIAXKIEHUE (TEMHO-CEphle TOYKH) B OTCYTCTBUE cBeTa. OcTaToduHast PoTo-
MIPOBOJMMOCTD HaboaeTes B obiactu Temmepatyp ot 142 K no 235 K u npu nansHeiieM HarpeBe HeMo-
HOTOHHO CIaJaeT 10 BEJIMYMH MEHBIINX TEMHOBOI MPOBOAMMOCTH. 3aBUCHUMOCTh o(T) TeMHOBOM MPOBOIU-

MOCTH COBIIAJacT C HpeHCTaBHeHHOﬁ Ha pUCYHKE TEMHOBOM 3aBUCUMOCTBIO, nonyquHoﬁ Ipyu OXJIAXKACHUU.

=
: 10°F e r 2.05 3B Harp.
E S 10tk °  2.05B oxa.
=) 10 s L *  TeMH. Harp.
T, ) o . *©  TeMH. OXIL
S 108} K e 10°F %“"“M
S ool S pe—————— g i _
9 o . & ] 220006,
- g 10°)
% S . 'é' k e
ESTiR . + 10 oTEura g 101}
E nocJIe OTKHIA| :
S 112 | " | L N T 1 " | ) " L
s 10

14 16 18 20 22 24 26 28 3 4 5 6 7

Sueprus kBaHra hv, 3B Temneparypa 10%/7, K

Puc.1. Jlesas nanenv.: Cnexmpanssie 3asucumocmu gpomonpogooumocmu Aoph(hv), Hopmuposamnmvie Ha YUCIO
naoarowux keanmos N, nojyuenHwle 00 (3anoiHeHHble MOYKY) U nOcie omoicued (nycmole mouku). Ilpasas nanens:
Puc.2. Temnepamypnsie 3aucumocmu nposooumocmu o(T), nonyuennvie npu oceéeujeHu MOHOXPOMAMUIECKUM
ceemom c snepeueti keanma 2.05 2B u unmencusrnocmoto 1015 cm-2c-1 (nacpes — ceemno-cepule, oxaadicoeHue —
Oenble MouKl) U MEeMHOBAS NPOBOOUMOCHID, NOJYHUEHHAS CPA3y nocie usmeperus o 1) npu Hanuuuu 0ceeuerus.

Pabora Beimonsena npu nogyuepxkke PH® (mpoext Ne 23-72-10008).

[1] Lhuillier E. et al. // Nano Lett. V. 14 (5). P. 2715-2719 (2014).
[2] Saitov S.R. et al. // Org. Electron. V. 112. P. 106693 (2023).
[3] Saidzhonov, et. al. // J. Lumin. 2019. V. 209. P. 170-178 (2019).
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DOTO- U INEKTPOTIOMUHECICHIIHS B TETEPOCTPYKTYPaxX C KBAHTOBBIMU
smamu HgCdTe/CdHgTe B cpeqnem MK nuanazone

Sunep A.A.12, Pymsannes B.B.!, Oxomenskos A.B.L, ®agees M. A L, Yroukun B.B.}, Pazosa A.A.12,
Maxyxkuna K. A2, Muxaiinos H.H.3, JIsopeuxuii C.A.%, Bapasun B.C.3, I'aspunenxo B.1.}?,
Mopo3os C.B.}?

‘HUdM PAH, 603950, Huxcnuii Hoseopoo, I'CIT-105

2HHT'Y um. H. 1. Jlo6auesckozo, 603950, Huowcrnuii Hoseopoo, np. Iacapuna, 23

SUncmumym ¢gusuxu nonynposoouuxos um. A. B. Pacanosa, 630090, Hosocubupck, np. Axademuxa

Jlaspenmvesa, 13

B nacrosmee Bpems pa3paboTka NOIYIPOBOJHUKOBBIX U3JIydaTeIel CpeaHero HHPpakpacHoro 1uarna-
3oHa (UK) sBnsieTcst 0HO# U3 MPHUOPUTETHRIX 337a4 NPUKIAAHON QU3UKHU. [ eTepoCcTpyKTyphI C KBAHTOBBIMH
smamu (K1) HgCdTe/CdHgTe obnanaroT psimoM CBOKMCTB, 00€CIEUNBAIOIINX BO3MOKHOCTh Pa3pabOTKH Ha
UX OCHOBE MEX30HHBIX J1azepoB cpegnero UK u TI'n nuamazonos. Tak, B KS MoKHO 3HaUMTENHHO YMEHb-
LIMTh BKJIAJ «IIOPOTOBOI 0Ke-pPEeKOMOMHAIMM 3a CYET 1ToA00pa onTuManbHbIX napamerpos K5 npu 3agan-
HOM SHEPrUH MEX30HHBIX niepexooB [1]. B paboTax [2-5] mpeacraBieHbl pe3yIbTaThl HCCIEAOBAHUS CTUMY-
JUPOBAHHOTO M3ITyYeHHUs IPpH onTryeckoi Hakauke rerepocTpykTyp HgCdTe (KPT) ¢ KA Ha anunax BomH oT
2.5 o 31 mxM. OHAKO IS Pa3padOTKU KOMITAKTHOTO IpHOOpa MPeIroYTUTEIbHA TOKOBAask HaKauka, KOTopast
3aTpynHeHa nonyderneM Matepuana KPT p-tuma, T.k. aneMeHTsI | rpynmsl odeHs Jerko U yHIupyIoT 3a
npenensl 001acTH JISTUPOBAHMS B MPOLIECCE POCTa U MOCIEIYIOLIET0 OTXKUIA, a B paboTe ¢ 3neMeHTaMu V
TPYMITBI TPEOYETCS TOTIOTHUTENbHBINA OTXKHT, U3-3a YETO 3TH 3JIEMEHTHI BCTPAaUBAIOTCsl BMeCTO Te, a He BMECTO
Cd wnu Hg. B nanHo# pabote uccienyercs ajlbTepHATUBHBIN METO/I TOKOBOW HAKAYKHU: yaapHas HOHU3AIUS
B CHJIBHOM JIEKTPUYIECKOM TI0JI€ JUIS ITOJTyYEHHsI HEPAaBHOBECHBIX BBIPOXKIICHHBIX paclpeaesIeHUH, B KOTOPBIX
BO3MOXHO YCHJICHHE Ha MEK30HHBIX Iepexoaax 6e3 chopMUpOBaHHOIO p-N Iepexoa.

CTpyKTYpBI, HCCIIeAyeMbIE B 3TOH paboTe, BEIpAIIEHBl METOIOM MOJEKYIISPHO-ITyUYeBON AMUTAKCHH HA
nostyuzonupytonmx moaoxkax GaAs (013) [3] ¢ Oydepamu ZnTe u CdTe. AkTuBHast 0071aCTh 3-X CTPYKTYP
mpencrasisier coooit KA HgCdTe B kommdaectse 1, 5 u 15. UeTBepTast CTpyKTypa IpeACTaBIsSeT OO0 00b-
émuyto mnéaky HgCdTe ¢ conepxanuem kaamus ~21%. st ocymiecTBiIeHNs TOKOBOM HAKaYKH Ha CTPYK-
TYpBI CBEPXY HAIBUIUTUCH O JIBA MPSIMOYTOJILHBIX MHOTOCIIOMHBIX KOHTaKTa Ti/Mo/Au ¢ TonmuHaMu cioes
20/30/100 am u menbio Mexay HuMu 200 nu 500 mxM. K koHTakTaM 4epe3 HHIMEBbBIH PUIION PUITanBaIach
MeJIHas WJIH cepeOpsiHast MPOBOJIOKA.

B xone paboTsl nccnenoBaiuch GOTo- U IIEKTPOIIOMUHECHIEHLIUS 4-X 00pa31oB. s kaxaoro oopasua
OBUIN 3aIlMCaHbl perepHbIe CIEKTPBI MEK30HHON (OTOTOMHUHECIICHIIUH TIPU PA3IHYHBIX TeMIlepaTypax, 3a-
TEM Ha KOHTAKTHI [TOJABAJICSI MOIHBIN MMITYJIbCHBIA CHUTHAN JJISl peai3aiii MeX30HHOTO Mpo0bos 3a cuér
yAapHOil HoHM3auuu. B pe3ynbraTe Bo BceX YeThIpeX CTPYKTYpax yaajloch HAOMOAATh CBEPXIMHEHHYIO BOJIb-
TaMIIEPHYIO XapaKTEPUCTUKY U CUT'HAJ AJIEKTPOJIIIOMHUHECLICHLIMH, TIPH 3TOM Ha0JIF01a10Ch JIMIIb CIIOHTaHHOE
nznydenue. Kak mokaspiBatoT MpoBeAEHHBIC OLCHKH, JUIsl HAOII0IeHUsI J1a3epHOro dddeKTa, He0OXOAUMO U3-
MEHHTH JM3aiH CTPYKTYP, & TAKXKE HCIIOJIH30BATh OOJIBIINE BETUIHHBI HAMPSHKEHHOCTH 3JIEKTPHUYECKOTO MOJIS
U IJIUTENBHOCTH UMITYJIbCOB BO30YKICHHUS,

Pabora nognepxana rpantom PH® Ne 22-12-00310.

[1] M. A. @aoees et al., Keanmosas snexmponuxa 49.6, 556-558 (2019).
[2] M. A. Fadeev et al., Optical Engineering 60.8, 082006-082006 (2021).
[3] V. V. Utochkin et al., Laser Physics 31.1, 015801 (2020).

[4] S.V. Morozov et al., ACS photonics 8.12, 3526-3535 (2021).

[5] V. V. Rumyantsev et al. Applied Physics Letters 121.18 (2022).
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AHanM3 ONTUYECKOTO OTKJIMKA NOITYITPOBOIHUKOBBIX T€TEPOCTPYKTYP
Ha OCHOBE KBAHTOBBIX SIM METOJAAMU KBAHTOBOW TEOPUHM 101

3axapuenko M.B., ['munckuii I". ©.
CIIOI OTY «JIDTHy, 197022, Canxm [lemepbype, yu. [Ipogh. [lonosa, 5

OnTuyeckrue CBOMCTBA MOIYNPOBOJHUKOBBIX T€TEPOCTPYKTYP AKTUBHO HCCIEAYIOTCS B MOCIICTHUE
TOJIbI B CBSI3U C BO3MOXKHOCTBIO CO3JaHMS Ha UX OCHOBE PA3JIMYHBIX YCTPOMCTB ONTHYECKON M KBAaHTOBOH
JNEKTPOHHUKH, TAKUX KaK KBAaHTOBO-KAaCKaJHBIE CTPYKTYPHI, pabOTafoIIne B TEPArepIioBOM JUAIO30HE, H T10-
JSIPUTOHHBIC MHUKPOpPE30HATOPHI [1]. Pa3BuTHE TEXHOIOTHH MOJIEKYJISIPHO-ITyYKOBOW STIUTAKCHHU B HACTOSIIIIEE
BpeMs MO3BOJISAET MOIYYaTh CTPYKTYPHI BBICOKOT'O KaueCTBa, MPEJACTABIISIONINE CYIIECTBEHHBIN HHTEPEC IS
AKCIIEPUMEHTAIBHBIX MCCenoBanuii [2]. B criekTpax oTpa)XeHusl U TOTJIONISHUS CBETa TAKMX CHCTEM HaOJI0-
JAIOTCS SIPKO BBIPAKEHHBIE PE30HAHCHI, COOTBETCTBYIOIINX SHEPTHSAM SKCUTOHHBIX BO30YKICHUH.

TeopeTmueckoe perienre 3aa4u 00 OTpaKeHUH CBETA OT CTPYKTYP ¢ KBAHTOBBIMU SIMaMH, KaK IIPABUIIO
(hopMyJIMpyeTCs B BUJIE TPOCTOM MOTyaHATUTHICCKON MOIenH [3, 4], B paMKaX KOTOPOU ONTHYESCKUN OTKITUK
onpexaenseTcs yepe3 pyHkuuu ['prHa HEB3aMMOACHCTBYIOIUX (POTOHOB M SKCUTOHOB. Takol METOM MO3BO-
JISIeT Ka4YeCTBEHHO BEPHO OMHCHIBATh SKCIIEPUMEHTAIBHO HAOIOJaeMble CIIEKTPBI OTPAKEHHUS DIIEKTPOMATr-
HUTHBIX BOJH. OTHAKO U 00ecrieueHus YAOBIETBOPUTEIHHOTO KOTMIECTBEHHOTO COOTBETCTBUS C TaHHOM
TeopHreH 3a4acTyr0 MPUXOANUTCS MPUOETaTh K MOATOHKE MapaMeTPOB UCCIICAYEMbIX KBAHTOBBIX M [2].

B Hacrosmeit pabote npeaaraercsi HOBbIH HanOoee OO MOIX0 K aHaIM3Y CIIEKTPOB OTPaKCHHUS
CBETa OT MOJYNPOBOIHUKOBEIX T€TEPOCTPYKTYp. B OCHOBE pa3BUTOrO MeTOoAa NeKUT QyHKIIMOHANBHAS (Hop-
MYJIMPOBKA KBAaHTOBO#M Teopuu mojist [5, 6], B paMkax KOTOPO# yAa&Tcs MOMyIUTh TOUYHBIC YPaBHEHHUS, CBA3bI-
BaIOIIUE MEX Ty cO00H (yHKIMK [ prHa B3aUMOIEHCTBYOIIUX (JOTOHOB U SKCUTOHOB. BEeKTOPHBIN MOTEHITHAIT
MOJTHOTO 3JIEKTPOMArHUTHOTO MoJist A OIpeeNseTcss yepe3 MOTCHIHA Maaoieil Ha CTPYKTYPY SJIEKTPO-

MarHMTHOH BOJIHBI A, CllelyIomuM o0pa3oM

rne Dy u K, — dynknun I'puna HeB3anMoecTByOmuX (JOTOHOB M MEXaHUYECKUX 3KCUTOHOB, 'y — Bep-

mMHHas QYHKINS, OTpeessiomas B3anmo eiictaue. Tounas ¢pyukmus I'puna sxkcutoHoB K 3mecs, o cyrie-
CTBY, yJIOBJIeTBOpseT ypaBHeHHI0 bere—Conmnurepa.

Pemenne maHHBIX YpaBHEHUH OCYIIECTBISETCS B paMKaX OMOPTOTOHAIBHOTO (hopMann3Ma KBAHTOBOM
TEOPUH, KOTOPBIM C YCIIEXOM MPUMEHSUICS MPU aHAIU3E PE30HAHCHOIO TYHHEJIMPOBAHMSI HOCUTENEH 3apsna
B CHCTEMax ¢ KBaHTOBbIMHU Oapbepamu [7]. [IpencTaBieHHbIl MATEeMaTHYECKU TTOIXO/] OTIINYACTCS YHUBEP-
CaITbHOCTBIO M IIPOCTOTOM C TOYKHW 3pEHHs BBIYMCIICHHN. B mpocTeiimem ciydae 3a1aqu 00 ONTHYECKOM OT-
KJIMKE OJJMHOYHOW KBAaHTOBOW SIMBI IIOCPEACTBOM psa YIPOIICHUM PEICHUE CBOAUTCS K U3BECTHBIM aHAIIU-
THYeCKUM pesysibTatam [4]. Jinst ananusa 6osiee CI0KHBIX (PU3HYECKHX CHCTEM pElIeHHe 3a1add 0e3 Tpyaa
peanu3yeTcs YUCICHHO U 00ecreunBacT JIydlliee CoTiacue ¢ pe3ysibTaTaMt SKCIIEpUMEHTAILHBIX UCCIIEI0Ba-
HUH, 110 CPABHEHUIO C YK€ CYIISCTBYIOUUMHI METOIaMHU pacyéra ClieKTpoB oTpaxkenus. [Ipu s3Tom He TpeOy-
eTcs npuberarh K MOATOHKE MMapaMeTPOB aHAIM3UPYEMBIX CTPYKTYP.

[1] P. Yu. Shapochkin et al., Phys. Rev. B, 99, 035431 (2019).

[2] P. Yu. Shapochkin et al., Phys. Rev. App., 12, 034034 (2019).

[3] F. Tassone, F. Bassani, L. Andreani, Il Nuovo Cimento D, 12, 1673 (1990).
[4] E. JI. Heuenxo, @TT, 33, 2388 (1991).

[5] G. F. Glinskii, Z. G. Koinov, Teor. Mat. Fiz., 70, 252 (1987).

[6] G. F. Glinskii, Z. G. Koinov, Phys. Stat. Sol., (b) 155, 501 (1989).

[7] M. B. 3axapuenxo, I'. @. Iunckuii, KT, 93, 1396 (2022).
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Oco0eHHOCTH KBAaHTOBAHUS KOHJAKTaHCca
MHOT'OKaHAJIbHBIX KBAHTOBBIX TOUEUYHBIX KOHTAKTOB

Capoinos JI. .12, Tloxa6os I.A.%2, ITorocos A.T".12,
Knanos E.10.12, Illepipun A. A.12, Bakapos A.K.}?

YU®IT CO PAH, 630090, Hosocubupck, np-m. ax. Jlaspenmvesa, 13

2Hoeocubupcxkuii 2ocyoapcmeennsiii ynusepcumem, 630090, Hosocubupck, yn. ITupozoea, 1

KsanroBsie Toueunpie koHTakTH (KTK) c GokoBbIME 3aTBOpamu, oTaeneHHbIMEH OT cyxeHwmss KTK
muTOrpadMIecKNMH TPAHIIEesIMA 00Ja1al0T IMUPOKUMH BO3MOXKHOCTSMU MOIM(HUKAIINH OTPAaHHIUBAIOIIETO
notenimana. B ommmune or KTK ¢ metamnuueckumu 3atBopamu, KTK TpaHmieiHoro Tuma mo3BOJISIIOT
MoJaBaTh Ha 3aTBOPHI KaK OTPUIIATENBHEIC, TAK U MOJIOXKUTEIbHBIC TOTCHIINAIBI, B TOM YHCIIE TPUKIAAbIBATH
00JIBIIIME PA3HOCTH 3aTBOPHBIX HANPSKEHUHA. BO3MOKHOCTD MTPHUITIOKEHHS 3aMETHBIX HANIPSHKEHHUH TTO3BOJIIIIA
BBISIBUTH 00pa3oBaHUE HECKOJIBKHX IapalIeNIbHBIX MPOBOISIINX KAHAJOB C KBAHTYIOIIUMCS KOHIAKTAHCOM
B oguHouHOM cyxeHuu KTK [1].

B nacrosimeit padote B KTK ¢ 60KOBBIMHU 3aTBOpaMH peain30BaH U U3YUYEH PEKUM MHOTOKaHAITBHOTO
3JIEKTPOHHOI'O TPAaHCIOPTa C HE3aBUCHUMbBIM KBaH-

TOBaHHEM KOHIAKTaHCA OTIAEIbHBIX KaHaloB [2].
MopenupoBanie KOHIAKTaHCAa CyMMON KBaHTYIO-
HIMXCS KOHJAKTAHCOB IO3BOJIMIIO BOCIIPOM3BECTH
CIIOXHYIO 3KCICPUMEHTAIBHYIO KapTHHY 3aBHCH-
MOCTH KOHIaKTaHCa OT CYyMMBbI M Pa3HOCTH 3aTBOP-
HBIX HaNpsKeHuil. PaccMoTpenHast MoJenb BOCIIPO-
M3BOJIMT CIIAYIOUINE 3KCICPHUMEHTAIBLHO HaOIIo-
JaeMble 0COOCHHOCTH KBaHTOBAHHs KOH/IAaKTaHCa:
OTCYTCTBHE HEKOTOPBIX IUIATO, MPBIKKA KOHIIAK-
tanca Ha 4e%/h u na BenmuuuHbl, He KpaTHble 262/h,

TMOABJIICHUC aHOMAJIBHBIX IJIATO MPH 3HAYCHUAX, HE

KkpaTHbIX 2€%/h, 5BOJIONNS aHOMAJIBEHBIX TUIATO TIPU
W3MEHCHUU PA3HOCTU 3aTBOPHBIX HAMPSIKCHUN V: (V)

Puc.l. — Cepusi 3amgopHbIX XAPAKMEPUCTNUK
Konoakmarca 0gyxkananvhoeo KTK npu paznuunvix
BHAYEHUSX PA3HOCMU 3AME8OPHLIX HanpsaiceHull. 11o-
IMYECKHH MEXaHU3M MHOrOKaHaNbHOCTH. IIoKa-  yis0i60 npumepor ocobennocmeii kondaxmanca: (i)
3aHO, 4TO mepepacipeneenue 3mektporoB B KTK,  omcymemeue naiamo npu snavenuu, kpamnuom 2¢°/h,
00yCIOBIGHHOE KX KYJIOHOBCKMM B3amMojeii- (/1) 1pbloicok KoHoakmanca na 4e%/h, (iii) npwioicox
Kondakmanca Ha senuuuny, e kpamuyio 2eh, (iv)
AHOMATIbHOE NIAMO NpU 3HAYEHUU, He KPAMHOM

2e%/h, (v) nnaemoe usmenenue KOHOAKMAHCA HA
K IOSIBICHUIO MHOTOKAHAIBHOCTH, HAOMIOMAEMOH  ,,,0m0 om KpUgoii K KpUeoil.

Y HU3Kas BUAHOCTh HEKOTOPHIX IUIATO (CM. puc. 1)
[3]. B pabote paccMaTpuBaeTcss TakiKe MHUKPOCKO-

CTBHUEM MCKIY C060ﬁ, a TaK¥XE C 3apsKCHHBIMU 10-

HOpaMH U X'I[OJ'II/IHHBIMI/I QJICKTPOHAaMH, IMPUBOAUT

9KCIIEPUMEHTAIBHO. Pe3ylabTaThl YMCIEHHOIO MO-
JEJIMPOBAaHUS TIEpEPACIIPE/ISIeHNs] 3JIEKTPOHOB M UX CPAaBHEHHE C IKCIIEPUMEHTAIBHBIMH H3MEPEHHSIMU
konnakranca KTK TpaHmieliHOro THma JeMOHCTPHPYIOT (GOPMHPOBAHHE MHOTOSIMHOTO OTPaHHUYHBAIOIIETO
noreHnuana [4].

Pabora Beimonnena npu noanepxkke PH® (rpant Ne 22-12-00343).

[1] D. A. Pokhabov, et al., Appl. Phys. Lett. 118, 012104 (2021).
[2] D. A. Pokhabov, et al., JETP Lett. 117, 299-305 (2023).

[3] D. A. Pokhabov, et al., JETP Lett., 119, 380-388 (2024).

[4] D. 1. Sarypov, et al., JETP Lett., 116, 360-366 (2022).
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Nmnenanc-cnexkrpockonus high-k UTBB SOI ctpykTyp
¢ BeicokooMHEIMU TR-HR crnosmu niis CBY UC

Kumunkuii B.E.L, Autonos B.Al, ITonos B.I1.}, Maxonskux A.B.2, Pynenko K.B.?

YUdIT CO PAH um. A.B. Pocanosa, 630090, Hosocubupck, np. ax. Jlagpenmvesa, 13

OTHAH PAH um. K. A. Banuesa, 117218, Mockea, Haxumoseckuii npocnexkm, 0.36 k.1

Cy06-28 um HOpMbI KpemHHeBOH KMOIT-TeXHOIOTHH O3BOJISIIOT AOCTUTaTh CBEPXBhICOKHX (>400 I'T'1r)
yactot nepexmouennii MOII-tpansuctopos [1], u Bemmyckats CBY unterpannubie cxemsl (MC) Ha cTpyKTy-
pax kpemHuii-Ha-u3ossirope (KHU mum anrn. SOI) C BBICOKOOMHBIMHU MTOJUIOKKAMU U MUKPOMETPOBBIMH CJIO-
smu nonukpemans TR-HR SOI® [2]. Hecmotps Ha yenemnoe BHeapenne 300 mm TR-HR SOI® BEicOKOOMHBIX
IUTACTHUH BBIPAIIEHHOTO B MarHUTHOM Tosie KpemHuus Yoxpansckoro (MCz Si), ¢ MEHBIIUM COepKaHHEM
MPUMECHOTO KUCIIOpOJa ¥ MEHBIIIEH CTOMMOCTBIO, 4eM y OecturensHoro kpemuus (FZ Si), Heo6xoauMocTh
(hopMHUPOBaHUSI TOTIOIHUTEIHHOTO BBICOKOOMHOTO IMTOJTMKPEMHHEBOTO CII0S JIOBYIIEK MO TOACTHIM (>100 HM)
cioeM BeTpoerHoro usosstopa (buried oxide — BOX) He TOJIBKO YBETHUUBAET CTOUMOCTD, HO M HE ITO3BOJISACT
coznaBath >HEproaddextusasie CBY MC Ha MHOTO3aTBOpHBIX FD MOS-Tpan3ucTopax c momHsiM o0eaHe-
HUEM U TUHAMUYECKH PEryJIMPyeMbIM CO CTOPOHBI MOIJIOKKH MTOPOTOBBIM HaIpsbKEHHEM TpaH3ucTopoB. Lle-
JIbI0 PaOOTHI SIBIISUIOCH CPaBHEHHUE DIIEKTPOPH3MUECKHX MapaMeTpoB, OMpPEesieMbIX METOJ0OM HMIICJaHC-
cnextpockonmn Ha KHU MOII crpykrypax u CPW nuHHAX B auarmna-

3oHe yactoT 1-5000 kI'm, ¢ TR-HR cnosimu, chopmupoBaHHBIME HM-

— Point1
v 1 | —— Point 2
manTaiueil nonoB CO* B moyioxke 1oJ 00JacThIO PacHOJIOKEHHS R R o
\\ % Theory
Cprobe

CBU snemenros, Ha cranaaptHbix KHU nmnactunax, na KHU nnactu-

Hax ¢ BOX cnoeM c BBICOKOM JUANEKTPUYECKOW HPOHULIAEMOCTHIO

Capacitance (F)

=
=)

(high-k BOX), aTakxke Ha MOBEPXHOCTh BBICOKOOMHBIX IOIJIOKEK

KPEMHHSI BMECTO NoJuKpeMHusi, HaHocumoro CVD ocaxneHnem.

®opmupoBanne TR-HR ciioeB HemocpeAcTBEHHO B MOAJIOKKE

2k 7k 20k 100k 500k 2000k

umitanTaiieil nonoB CO* obecrneunBaeT CHIKCHUE IPOXOIHON EMKO- Frequency (H2)

cru Cp u yBenuuenue 3pHEKTUBHOTO CONPOTUBIECHUS MOIOKKU Pefr, | Puc.]. — Yacmomuvie 3a6uci-
cpaBaumoe ¢ TR-HR SOI® sBnsercs >(peKTuBHBIM Grarogaps BO3- mocmu emxocmu KHH M1
KoHOencamopos ¢ 35 nm SiO;

MOKHOCTH JIOKAJTH3aIMH YYaCTKOB C PAJHOYACTOTHBIMH 3JIEMEHTAMH, '
u 12 nm HfO; crosimu BOX

unrerpupoBanHbiMUu ¢ KMOII-tpansucropamu UC [3]. Dnekrpodusu-

geckue cBoiictBa Me3acTpyktyp Ha TR-HR SOI crpykrypax onpenensuinck MeTOI0M UMITeIaHC-CIIEKTPOCKO-
MK B 3aBHCHMOCTH OT YacTOThl W HanpspkeHus cmenienust V. Jlanusie C-V (V, o) u G-V (V, ®) nemMoH-
CTPUPYIOT MUHHMAJIBHYIO EMKOCTh M3-32 00pa3oBaHus 2 MKM 00J1acTH MpocTpancTBeHHOTo 3apsiaa (SCR) 3a
TR cnoem npu 30c GeicTprix Tepmoodpadotkax (BTO) mo T < 900°C u HemsmenHoi Tonumnae SCR nocne
BTO ¢ T > 1000°C (Puc.1). Kak BugHO u3 pucynka, KHU cTpykTypbl, H3rOTOBJICHHBIC HA HU3KOOMHBIX Si
noanoxkax ¢ TR-HR crnosmu, 1eMOHCTpUpYIOT cBoiicTBa, moao6Hsie TR-HR SOI® cTpykTypam Ha BBICOKO-
OMHOM KPEMHHH C IOJIMKPEMHHEBBIM IIO/ICIIOEM, YTO JAomyckaeT ux npuMmeHenne B MW u mmWave CBY
muanazonax. [Ipu stom Hemocratkamu CVD TR-HR ciioeB monmukpemMHust IBISIFOTCSI MEHbBIIIAS TEPMOCTAOMITh-
HOCTB M Napa3uTHBII IpuMecHBIH (oH. B peanoxenHoii naee coznanus TR-HR cioes 3a cyer paznononsapHo
3apsHKEHHBIX MIMPOKO30HHBIX MO OTHOIICHHIO K KpeMHHUI0 u amdiekrpuky BOX wnanokpucramioB SiC
u amopdubIx mperunuraToB SiO2 GopmupyroTes nepekpoiBaronecss SCR ¢ MHHUMaIBHBIM COJCpIKaHUEM
MOJBMXKHBIX HOCUTENEH 3apsijia IPH ONTUMAaIbHON KOHIIEHTPAIMH BKIIOUESHHH.

[1]H.C. Linetal., IEEE EDL 43, 1017 (2022).
[2] M. Rack, J.-P. Raskin. ECS Trans. 92, 79 (2019).
[3] V.P. Popov et al., Materials Today Communications 28, 10249 (2021).
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Posib paccessHust Ha MaJible YTIJIbl B TOJAABJICHUU HEJIOKAIBHOTO
COMPOTUBJICHUS B METOJI€ MArHUTHOU (POKYCUPOBKHU

Eropos JI.A.1?, TToxa6os JI. A.}?, ITorocos A.T".}?, XKnanos E.10.12, Capemos J[. .22,
[leBsipun A. A%, Bakapos A. K2,

‘U@II CO PAH, 630090, Hosocubupck, np. Ax. Jlaspenmuesa, 13

2110(;0(?1/6111)01<m7 eocydapcmeennulil ynugepcumem, 630090, Hosocubupck, ya. Ilupocosa, 2

DNEeKTPOH-3JIEKTPOHHOE (€-€) B3aUMOJIEHCTBHE MOXKET CYIIIECTBEHHO BJIHTH Ha AJIEKTPOHHBIA TpaHC-
MOPT B ME30CKOIMYECKUX CTPYKTypaX, KOT/Ia JJINHA €-€ PACCEeSHUS CTAHOBUTCS CPAaBHUMOW C KaKUMHU-JIH00
XapaKTEpHBIMU pazMepamMu cucTteMbl. C OHON CTOPOHBI, €-€ B3aUMOJCUCTBHUE MPAKTUUYECKU HE BIUSET HA
OOBIYHBIC U3MEPCHHS COTIPOTHUBIICHUS, TaK KaK OHO COXPaHSCT OOIIUI MMITYJIbC 3JIEKTPOHHOM cucTembl. C
IPYTOH CTOPOHBI, BKJIA/ OTIEIHHBIX OATUCTHYECKUX TPACKTOPHIA B KOHAAKTAHC OKA3bIBAETCS UYBCTBUTEINb-
HBIM K HEMy. DKCIIEPUMEHTAIBHO BKJIAJ OTJEIBHBIX TPAGKTOPUI MOXKET OBITh 3apErHCTPHPOBAH B H3MEpe-
HUSX MTUKOB HEJIOKAIbHOTO MarHeTOCONPOTHBIICHUS B 3(h(pekTe MarHuTHON (POKYCUPOBKH. B mocTaTodHo 4yu-
CTBIX OAJUTMCTUUECKUX CHCTEMaX, B KOTOPBIX JJIMHA PACCESIHHUS Ha MIPUMECSX JOCTaTOYHO OoJibIas, e-¢ pac-
CestTHHe CTAaHOBUTCSI OCHOBHBIM MEXaHM3MOM, Pa3pyIIaoInM Takue (hOKycHpOBOYHEIE MUKH. 1 MOCKOIbKY €-
€ paccesiHie YyBCTBHUTEIIBHO K Temrepatype [1], u3mepenust TeMnepaTypHOro moaaBicHus HOKYCHPOBOYHBIX

IMUKOB HCJIOKAJIbHOI'O MarH€TOCONPOTUBIICHUA ABJIAIOTCA YI[O6HI>IM CHOCO6OM N3y4YCHUA €-€ BSaHMOﬂCﬁCTBHH.
l

AMIITUTY/Ia TTMKOB HEJIOKAILHOTO MarHETOCONPOTHBIICHHUS TOAABISETCS 110 3aKOHY eXp (—(x z_) [2], Tme «
ee

— reoMeTpuyecKkuii paxkTop, | — mIrHa Pe30HAHCHON TPACKTOPHH, Lo — IUTHHA €-€ pacCesHus.

B Hacrosimeit paboTe Mbl 9KCIIEPUMEHTAIILHO H3Y4aeM TeMIIepaTypHOe MoaBieHue HOKYCHPOBOYHBIX
UKOB (puc. 1), HaAOMOIaEMBIX B U3MEPEHHSIX HETOKAIBHOTO CO-

MPOTHUBIICHUS B XOJUIOBCKUX MHUKPOMOCTHKAX, CO3IaHHBIX Ha OC- 92, 15. ' ]

HoBe rerepocTpykTyp GaAs/AlGaAS ¢ 1ByMepHBIM 3IEKTPOHHBIM 2 %

ra3oM, BapbUPYs PACCTOSHUE MEK/Y HIDKEKTHDYIOIIHM U feTek- & & 10 1

THUPYIOIIAM KOHTaKTaMH, TEM CAMBIM M3MEHSIS [UIMHY PE30HaHC- § § A .

HOM OaJTHCTHYECKON TPASeKTOPHH. AHAJIN3 TEMIIEPATyPHBIX 3aBH- é §

CHMOCTEW aMIUTUTY bl PE30HAHCHOTO MHKa HEJIOKAJILHOTO COMPO- £ 0] 42Kp |

THUBJICHUS ISl TPAEKTOPUI C Pa3HBIMH JUTMHAMH, TTO3BOJISIET OTIpE- L 18K I

JIeTTUTh TEOMETPHUYECKHH (DAKTOP O U €T0 3aBUCUMOCTh OT JIJTHBI ® 200 -100 0 100 200

TPAaeKTOPUH ¥ IIUPUHBI HHXEKTUPYIOMINX M JACTEKTHPYIOIINX MartuTHoe none (MTn)
Puc.l. — Maenemononesas 3agucu-

KOHTAKTOB. MBI TIOKa3bIBaeM, 4TO (haKTOop O MO3BOJISET YUECTh d(h-
MOCMb  HENOKAIbHO20 CONPOmueIie-

HUS, U3BMEPEHHAs 6 XONN0BCKOM MUK-
JIBIA YTOJI, BJIEKTPOH MO-NPEKHEMY MMECT WIAHC OKA3aThCsl B A~ pouocmuke na 0CHOGE 2emepoCmpyK-

(exT paccesHUs Ha Manble yribl. [IperepnieBast paccesiHue Ha Ma-

TEKTUPYIOIEM KOHTaKTe. BepostHoCTh Takoro mcxona sapucut — mypol GaAs/AlGaAs npu pasnuunvix
OT YIJIOBOIO pa3Mepa ACTEKTUPYIOUICr0 KOHTAKTa, ompejelse- — /eMnepanypax.
MOT'O OTHOILICHHEM HIMPHHBI KOHTAKTA K JUTMHE TPACKTOPHHU. AHAIN3 YKCIIEPUMEHTAIbHBIX JIaHHBIX MOATBEP-
KJIaeT CIPaBEIIMBOCTh ATUX PACCYKICHUH. BpII0 TIOKa3aHO, YTO 0 IMHEHHO pacTET ¢ YBEIMUCHUEM JUTHHBI
TpaekTopun. [losydeHHbIE pe3ysIbTaThl HO3BOJISIOT CYIIECTBEHHO YTOYHUTH MOJIEIIb, OMUCHIBAIOIIYIO MO/IaB-
neHue HOKyCHPOBOYHBIX TTUKOB.

Pabora BoinonHeHa npu nojuepxkke PH® (rpant Ne 22-12-00343).

[1] Giuliani G., et al., Phys. Rev. B 26, 4421 (1982).
[2] Spector J., et al., Surface Science 228, 283 (1990).
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CesnextuBHOE (HOPMHUPOBAHNE BHICOKOIUIOTHBIX MACCUBOB BEPTHUKAIBHBIX
HHK GaAs ¢ nomoristo mokaiapHoi @UIT-00padoTku mommoxkek Si(111)

Ianaei6a H. AL, Epemenxo M.M.}, Illapos B.A.? 3, Maxos U.C.*, Uepuenko H.E.},
Kupuuenko J1.B.}, Banakupes C.B.!, Kpeokanosckas H.B.4, Cononoauk M.C.!

YO®DY, 347922, Tacanpoe, yx. lllesuenxo, 2

2CII6AY, 194021, Canxm-Ilemepbype, yr. Xnonuna, 8, kopn. 34

3SOTH um. A. @. Hoghghe, 194021, Canxm-Ilemepbype, yi. lonumexnuueckas, 26

*HUY BIIID, 194100, Canxm-ITemep6ype, yi. Kanmemuposckas, 3, kopn. 14

Ha ceromusmnnii nens HureBuansle HaHokpuctawiel (HHK) A3BS5 senstoTcs MmHOroo6emarommumMn
KaHAUJaTaMU 75l CO3JaHus IEPCIEKTUBHBIX IPUOOPOB B 007acTH (POTOHMKH U ONTORJIEKTPOHUKH. OTHAKO,
CO3/IaHNE YCTPOICTB Ha UX OCHOBE TPEOYeT pa3pabOTKH TEXHOJIOTHH, TO3BOJSAIONIHX 3(PPEKTHBHO YIIPABIATH
paznuyHbIMU cBoMicTBaMHU U XapaktepuctukamMu HHK. Jl11s1 3TOoro B kauecTBe aJlbTEpHATUBBI CYLIECTBYOIIUM
TuTOrpaUIeckuM METOIMKaM BCe Yallle pacCMaTpUBAETCS MOAX0, OCHOBAHHBIN Ha JIOKAaJIbHOM MPEapOCTo-
BOI1 00paboTke mookeK pokycupoBaHHBIM HOHHBIM IyukoM (DUIT) Ga ¢ mocnenyrommm poctom HHK. B
JaHHOW padoTe MBI IPEACTABIISIEM PE3YIbTaThl KOMIIEKCHBIX KCIIEPUMEHTAJIbHBIX UCCIIeIOBAHNH, HAIIPaB-
JICHHBIX Ha OIICHKY CTEIICHU BJIMSHHS Pa3IMYHBIX MapaMeTpOB HOHHO-ITy4deBoit 00pabotku Si(111), omkura
U pocra Ha xapakrepuctuku popmupyembix HHK GaAs.

MpI BriepBbIe TTOKA3aJIH, YTO OCHOBHOE BIMSHUE HA KIFOUEBBIC XapaKTEPUCTUKU U TIPOLIECCHI (POPMUPO-
Banust HHK B oOmactu OUII-00paboTKM oOKa3biBaeT 1032 HOHOB. V3MeHeHHWe MJ03bl B JUaIria3oHe
0.05 — 52 nKn/MKkM? 1103BONISIET YIIPaBJIATH IUIIOTHOCTBIO M BepTUKambHOCTEI0 HHK B MaccuBe B IIMPOKMX
mpenenax: oT MOJHOTO MOJABICHHUS POCTa B 00J1aCTH yIBTPAHU3KHX 103

J10 CTUMYJIMPOBAHHOTO ()OPMHUPOBAHMS BHICOKOILIOTHBIX (110 40 MKM?)

maccuBoB HHK c Beixonom Beptukansubix 10 100% (Puc.1). ITpu aTom

BeprukancHocTb

nnuHa 1 nuametrp HHK MoryT Takske BapbUpoOBaThCS B TUANIa30HAX OT

B Dosa (nKn/mi®)
Puc.1.— POM uzobpasicenue ce-

10— 30 xB | | rexmusno chopMUPOBaAHHO20
myuka (10 — 30 kB), a Takke ATUTEIBHOCTE MPEAPOCTOBOTO OTIKHTA ( saccusa HHK Gas (a). Sasi-

0.9+0.2MmkM 10 6+ 0.6 MKkM 1 oT 26 £ 2 M 10 95 £+ 14 HM, COOTBET-
CTBEHHO. BriepBbie MoKa3aHo, YTO YCKOPSIOIIEe HANPSHKCHUE HOHHOTO

¥ 2 4aca) UrpaloT BTOPOCTCNCHHYIO PONb W NPAKTUYCCKH HE OKA3Bl- | ciocme niommuocmu u eepmii-
BatoT BiusHUs Ha mapameTpsl HHK u xapakrep ux 3aBHUCUMOCTH OT | Kanvrocmu om 003bl u0HOE (0).

no3sl. B TO e Bpems, yBenmuueHue Temmeparypbl omxura ¢ 600 mo
750°C mo3BomsieT pacuIMpyUTh AUANa30H YCIOBUH, IPH KOTOPHIX GopMupyroTcs MaccuBbl co 100% BbIxomoM
BeptukanbHeIXx HHK, a Tarxoke mpakTHuecky MOJTHOCTBIO yCTPAHUTD BKJIa]l BIOPLUUTHOM (a3bl B KpUCTAIUINYE-
ckyto crpykrypy HHK B maccuse. Ontumuzanus pexumo ®OUII-06paboTkn 1 yBenudeHne TeMiepaTypbl
pocra ¢ 680 10 750°C 0GecneunBarOT CENeKTUBHOE (POPMUPOBAHHUE BBHICOKOILIOTHBIX (50 MKM™Z) MaccHMBOB
HHK GaAs co 100% moneii BeptukainpHo opueHTrpoBaHHBIX HHK co ctpykTypoii cdanepura, a Takke Mu-
HUMH3HPOBATH KOJIMYECTBO Ae(PEKTOB KPUCTATIMUECKON CTPYKTYPBbI, YTO MOATBEPKAACTCS PE3yIbTaTaMH HC-
CJIEZIOBAaHUH METOJaMM CIIEKTPOCKONUHU (DOTOIFOMUHECHECHINH U KOMOMHALMOHHOIO paccesHus cBeta. U3
aHaJM3a MOJyYeHHBIX TaHHBIX OBUIM MPEIIOKESHBI MEXaHU3MBbI, JISKAIIMEe B OCHOBE TAKOT'O YIPaBJICHUS pa3-
JUYHBIMH CcBoiicTBamMu M xapakrepuctukamu HHK, koToprie ocHOBaHBI Ha XMMHYECKOM B3aUMO/ICHCTBUH
TG PyHANPYIOIMX BHEAPEHHBIX HOHOB K IOBEPXHOCTH Ha 3Talre OTXKHUra C aTOMaMH €CTECTBEHHOTO OKCHIA
Si(111) u oOpa3oBaHKMEM Ha HU3KHUX JI03aX — MACKUPYIOIIETO CIIOsI, B 00JaCTH CPEIHUX /103 — MacCUBa HaHO-
Mop | B 00JIaCTH BBICOKHX — MaccHBa Karelns Ga.

HUccnenoBanne BHINIOIHEHO NPU (prHAHCOBOM TOAepkKe MUHHCTEPCTBA HAYKH M BBICIIET0 00pa3oBa-
Hus PO (rpant NeFENW-2022-0034) B FOxHOM (perepanbHOM YHUBEPCHTETE.
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CTpyKTypHBIC B ONITHUECKHUE CBOMCTBA TBEPBIX paCTBOPOB InAS1xShy 1tst
CPEIHEBOJIHOBBIX U JJIMHHOBOJIHOBBIX MH()PAKPACHBIX (DOTOAETEKTOPOB

Kpupo6ok B. C.12, Tlamkees JI. A.}, Knekokun A. B.!, Munaes U. M., Casun K. A L, Epomenxo I'. H.2,
Tonuapos A. E.2, Hukonaes C. H.!

Y dusuueckui uncmumym um. 11. H. Jlebeoesa PAH, 119991, Mockea, Jlenunckuii npocnexm, 53

40 "HIIO "Opuon", 143090, Mockosckas obnacme, 2.0. Kpacnosnamenck, yr. Okmsabpvcras, 7

B mocmemame TOmBI METEKTOPHI HA OCHOBE cBepxpemeTok InAs/GaSb paccmaTpuBaroTcs Kak
anpTepHaTrBa AetektopaM Ha ocHoBe HgCdTe (KPT), paboTaromwmM B cpefHEBOITHOBOM U IITHHHOBOIHOBOM
nHppakpacHoMm auanazone (5—12 mxm). Ho, HecMOTpst Ha LeNblid psii MPEUMYLIECTB JAHHOW CHUCTEMBI T10
cpaBHernto ¢ KPT pmerextopamu, nedektsr B crosx GaSb, BO3HHKaromMEe B MpOLECCEe pocTa, MPUBOIAT K
0oJjiee BEICOKOMY TEMHOBOMY TOKY, UTO 3HAYUTEIFHO OTPAHHYUBAET MMPOU3BOJUTEIHFHOCTS NeTEKTOPOB [1,2].

AnbrepHaTHBOM I cBepxpemieTok InAs/GaSb sBistorcs TBepable pacTBOpel InAsi«Sby, He
cogepxkamme Ga. DTH pacTBOpbl 00J7aJar0T CHOCOOHOCTBIO W3MEHEHHWS IIMPHHBI 3alpelicHHOW 30HBI
B 3aBHCUMOCTH OT coctaBa [3]. Kpome TOro, oHM XapakTepu3yrOTCS BBICOKOH IOJBM)KHOCTBIO Kak
9JIEKTPOHOB, TaK M ABIPOK, BBICOKOW MEXaHHMUYECKOH MPOYHOCTHIO, XHMHYECKOH CTaOMIIBHOCTBIO
¥ OTHOCHTEJIBHO HHU3KO# CTOMMOCTHIO. IMEHHO Oiarogapst STUM CBOWCTBaM TBepjbie pacTBOPhI InAsixShy
SBISIIOTCS  HanOoJiee TEpPCIEeKTHBHBIM —MaTepHajoM Uil CO3/aHusl CpeiHe- W JTUHHOBOJIHOBOBBIX
uH(ppakpacHbIX POTOACTEKTOPOB C OAPbEPHO TUOIHOM apXUTEKTYpOil. [4,5].

B pamkax naHHO# paGoThl OBUIM MPOBENCHBI SKCIIEPUMEHTHI MO BHIPAIIMBAHUIO TBEPABIX PACTBOPOB
INAS1.xSby ¢ pa3IHYHBIM COIEPIKAHUEM CYPbMBI METOIOM MOJICKYJIIPHO-JTy4eBOM 3MUTakcHu. Bee 0Opasiipt
Obutn BbIpamieHsl Ha mojtokkax GaSb (100), mpuyéM U1si TONMyYeHHUs] TBEPABIX PAacTBOPOB C BEICOKUM
coJiep)kKaHUEM CYpbMBl HCIIOJNB30BAJICSA CTyNeH4Yarblii Meramopdonbiii Oydepnerii cimoii. B xoze
9KCHEPUMEHTOB M3MEHSUIUCh TeMIepaTypa POCTa, COOTHOLICHHE MOTOKOB Sb U AS, a TakKe COOTHOLICHUE
notokoB mMatepuainoB Il u V rpynn, 4To mo3BoJMiIO OLEHUTH BIMSHHUE 3THX NApaMETPOB HA CTPYKTYpPHbIE
Y ONTUYCCKHE CBOWCTBA BBIPAILICHHBIX CIIOEB INAS1.xShy.

Jdnst  xapakTepu3alld  BBIPAILICHHBIX T'ETEPOCTPYKTYpP HCIONB30BAIUCH METOABI PEHTTEHOBCKas
I(PaKTOMETPUH, KOMOMHALIMOHHOT'O PacCestHHs CBETA, aTOMHO-CHIIOBOW MUKPOCKOIIMU 1 HU3KOTEMITEpaTypHOM
¢oromomuHecueHIMH. bbuio ycTaHoBI€HO, 4TO 00JIee BHICOKHE TEMIIEPAaTyPhl POCTa CIIOCOOCTBYIOT Cerperanuu
CYpbMBI 1 €€ ajbHelIIeil 1ecopOIMu ¢ MOBEPXHOCTH, 4TO BeieT K 00enHeHnto Sb ciost InAs1xSbx. Mi3menenune
cooTHoueHust marepuaiioB Il u V rpynm He oka3bIBaeT 3HAUYMTENILHOTO BIMSAHUAS HAa COCTAaB BBIPAILIEHHBIX CIIOEB
INAS1xShy, OIHAKO CyIIECTBEHHO BIMSICT Ha MOPQOJIOrui0 MOBepXHOCTH. CIEKTPbl HU3KOTEMIIEPATypHOM
(DOTONMIOMUHECIIEHIIMM ~ TBEPABIX  PAcTBOPOB  XapaKTEPH3YIOTCSI  BBICOKOW  MHTEHCHUBHOCTBIO  JIMHUH
PEKOMOMHAIIOHHOT'0 M3 Ty4eHHs B 00J1aCTH Kpasi (yHIaMEHTaIbHOT'O TIOTJIOICHHS, a aHaJIn3 (POPMBI 3TOH TMHUH
yKa3plBaeT Ha TIpeodiiaJaHue COOCTBEHHOTO HW3ITy4YEHHs, YTO TIO3BOJSIET ONPEACIUTh 3HAYCHHUE IIHPUHBI
3aIpeICHHON 30HBI.

CoBMecCTHBIH aHATTN3 HKCIEPUMEHTAIIBHBIX JAaHHBIX [TOKA3aJl, YTO HOIy4YEHHbIE T€TePO3MUTAKCUAIIEHBIE
CTPYKTYPBI 00J1a1a10T XOPOLINM CTPYKTYPHBIM KQ4€CTBOM U BBICOKOM OZJHOPOIHOCTBIO, YTO MO3BOJIMIIO HA UX
OCHOBE TOJIYYUTh CTPYKTYPY € 0aphepHO-THUOIHON apXUTEKTYPOH JUIsl TATbHUIINX UCCIICIOBAHUM.

[1] Satpati B. et al., Journal of Crystal Growth, 301, 889 (2007).

[2] Klin O. et al., Journal of Crystal Growth, 425, 54 (2015).

[3] Murawski K. et al. Progress in Natural Science: Materials International, 29, 472 (2019).
[4] Kim J. D. et al., Applied physics letters, 68, 99 (1996).

[5] Dixit V. K. et al., Journal of applied physics, 96, 4989 (2004).
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OcobenHocT (GOPMHUPOBAHUS HU3KOPA3MEPHBIX CTPYKTYP HA OCHOBE
INN/InGaN metomom [TA MIID.

Kaauunukos M. A., Jlo6anos /. H., Aanpees b. A., Kynpssues K. E., Ouun I1. A., Ckopoxomos E. B.,
Hosukos A. B., Kpacuibauk 3. .

UDM PAH, 603950, Huoicnuti Hoseopoo, I'CI1-105

B Hacrosiiee BpeMst TeTepocTpyKTypsl Ha ocHoBe HuTpuaa raums (GaN) ¢ kBantoBbiMu simamu (K5T)
InGaN (c comepxanuem In 5-25%) SBNIAIOTCS OCHOBHBIM MaTEPHAIOM TSI HCTOYHUKOB CBETA BUIUMOTO JHa-
na3zona. OHaKo, BEICOKAsl BHELTHSI KBaHTOBas 3(p(eKTUBHOCTD JOCTUraeTCs JIMIb B CHHE-3eEHON 00IacTu
crnekrpa. [IpoaBmkeHne B KpacHyl0 00JacTh CIIEKTpa MPUBOAUT K MaJEHHIO KBaHTOBOW 3¢ dexTuBHOCTH Ha
MOPSIJIOK, UTO CBSI3aHO ¢ HEOOXOMMOCTRIO MOBHIIATH coepxkanue In B K5 InGaN, npusosiiei k psty mpo-
OneM: BO3pacTaHUIO IUIOTHOCTU TUCIOKauui, ¢azoBomy pacmany InGaN, ycuineHuro KBaHTOBO Pa3MEpPHOTO
a¢dexra lllTapka, HEOOXOAUMOCTH CHIDKEHHS TEMIIEPaTyphl AMUTAKCHAIBHOTO POCTA U3-32 HU3KHUX TEMIIepa-
typ paznoxenus INN (~ 500 C) [1]. B pe3ynbraTe Bbiiiie yKa3aHHBIX TPOOJIEM Ja3epHOE U3TyUeHUE B OIMKHEH
UK o0nacti ObIIIO IPOIEMOHCTPUPOBAHO TOJBKO HAa CTPYKTYPax C HUTEBUIHBIMA HAHOKPHCTAJUIAMH THIIA
”touka B HaHomnpoBoioke  (INN/INnGaN) na muHax BonH 70 1.3 MKM C KBaHTOBO# 3((EKTUBHOCTHIO MEHEE
0.1% [2]. ITepexon k GOPMHPOBAHHIO CTPYKTYP C HUTEBUIHBIM HAHOKPHCTAJUIAMHU MO3BOJISICT B 3HAUUTEIIb-
HOW CTETNEeHU CHU3MUTH MPOOJIEMBI C PaCcCOINIACOBAHMEM PELIETOK U Ne(EKTHOCTHIO MOMYyYaeMbIX CTPYKTYP.
Cy1iecTBeHHBIMH HEJOCTATKaMHU AAHHOTO THUIA CTPYKTYpP IO CPAaBHEHHMIO C IUIAHAPHBIMH SIBIISIOTCS CIIOXK-
HOCTH (DOPMUPOBAHUS JA3ePHBIX CTPYKTYP W HHU3Kasi BBIXOAHAS MOIIHOCTH M3Iy4eHHs. HeqaBHO KOJIeKTH-
BOM aBTOPOB HACTOsIICH paOOTHI OBLIO BIEPBBIE MPOJIEMOHCTPHUPOBAHO CTUMYJIMpoBanHOe n3nydenue (CH)
oT TutaHapHbIX cTpyKTyp ¢ INGaN crosmu ¢ conepxkanuem In > 75% B MK nuanazone amuH BoiH 0.9-1.9 Mxm
npu temrnepatypax g0 ~200 K [3]. B Hacrosie#t pabore OyayT MpeaAcTaBiIeHbl pe3yIbTaThl HCCICIOBAHUS
poCTa TeTepoCTPYKTYp C KBaHTOBbIMHU siMamu U kBaHTOBbIMH Toukamu (KT) INN/InGaN. Ctpykrypsl Obuin
c(OpMHPOBaHBI METOJIOM MOJIEKYJISIPHO-TTYYKOBOM SMMTAKCUEH ¢ TNIa3MEHHOW akTuBanuei azora. [Ipu dop-
mupoBaruu ctpyktyp ¢ K5 InN/InGaN BapsupoBanacek Tommuaa K51 (1-5 M), BeicoTa 6apbepa, onpeesse-
mast conepkanrieM Ga B InGaN (15-30 %). Takxke HUCIOIB30BAIOCH JBA MMOAX0/a: POCT B METALIOOO0TAIIEH-
HBIX YCJIOBUSX, NPUBOJSIINN K HU3KOH IIEPOXOBATOCTH MOBEPXHOCTH M (POPMHPOBAHHUIO «KIIACCHYECKUX)
raHapHbeix KS; pocT B a30T000TaIEHHBIX YCIOBUSX, PH KOTOPBIX HIEPOXOBATOCTh TTOBEPXHOCTH COCTAB-
JISIeT HECKOJIBKO HM, OJJHAKO, CTPYKTYPHI ¢ 00bEMHBIMH citosiMu INGaN ciiosimu, mosTy4YeHHBIMU B TAKUX YCIIO-
BUSIX, IEMOHCTPUPOBAIIN CYLIECTBEHHO JIyUIIIE€ ONTUYECKUE CBOMCTBA 10 CPABHEHHIO C METAITIO00raliEHHBIM
pocrom. Ctpyktypsl ¢ KT INN/InGaN ¢opmupoBanich B a30TOOOTAEHHBIX YCAOBHUIX, coaepkanne Ga 6apb-
epe InGaN cocrassiio ~ 30 %, komuuectBo ocaxkaguuoro INN Bapsuposanocs ot 0.8 10 2 M. B moknaae Oyayt
MPOJIEMOHCTPHPOBAHbI PE3YJIbTAaThl PEHTI€HOAU(PAKLIMOHHOTO aHAIN3a, UCCIIEOBAaHNI METOIaMH CKaHUPYIO-
1Ieil SJIeKTPOHHONW MUKpOcKonuu U (oromomunecteHmu. st crpykryp ¢ K InN/InGaN 6yayt npezacras-
JIEHBI TEOPETUYECKOTO PACUETA 30HHOM CTPYKTYPBI M ONITUMM3ALINK JU3aiiHA JUI yCUIICHUSI H3JTy4aTelIbHOU pe-
KOMOHMHAIIMY TIPU KOMHATHOW TemriepaTtype. Pe3ynbratel pacu€ToB OyIyT COIMOCTABICHBI C DKCIIEPUMEHTANb-
HBIMH PE3yJIbTaTaMH.

Pabota BBIMOIHEHA NpU MOJAEPKKE npu noddepaicke Poccutickoeo nayunozo gonoa (epanm PHD Ne
24-22-00320).

[1] F. M. Roccaforte, Nitride Semiconductor Technology Power Electronics and Optoelectronic Devices,
John Wiley & Sons, (2020).

[2] P. Bhattacharya et al., Proc. SPIE, 10553,1055302 (2018).

[3] D.N. Lobanov et al., Appl. Phys. Lett., 118, 151902 (2021).
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TpuOHBI B aHU30TPOITHOM BaH-AEP-BaaIbCOBOM MarHeTuke CrSBr

Cemuna M. A.!, Tmazos M.M.!
Y\@TH um. A. @. Hoppe, 194021, Canxm-ITemepbype, ITorumexuuueckas yu., 26

OcoObIil MHTEpeC Cpelr DKCTPEMATbHO-IBYMEPHBIX MOIYIPOBOJIHUKOB TPHUBICKAIOT B MOCICIHEE
BpEMsI BaH-/IeP-BaaIbCOBBI CTPYKTYPBI, COJIepKalre HECKOILKO MOHOMOJIEKYISIPHBIX clioeB. HenaBHo criu-
COK TaKHMX CHUCTEM IOTIOTHHUJICS MarHUTHBIM TOJynpoBogHUKOM CrSBI, B KOTOpOM BHYTPH CJIOS pean3yeTcs
(heppoMarHUTHOE YIOPSII0UYCHHE CIIMHOB, & MEYKIY CIIOSIMUA HMEETCs aHTH(EPPOMArHUTHBIN mopsitok [1]. WH-
TepecHol ocobeHHocThI0 CrSBr sBisercs cuibHas aHM30TPOIUSA 3PQPEKTUBHBIX MAacC HOCHTEICH 3apsia

B IINIOCKOCTHU CJIOA: IJIA 3JICKTPOHOB OTHOIICHHE MaccC

BJIOJIb KPUCTAJUIMYECKUX OCEH COCTaBIIAE€T MPUMEPHO 1.0

50, a st apIpok — 6.3 [2]. Takum 0O6pa3oM, OTHOIIIEHHE

MPUBEACHHBIX MACC JJIsl 3KCUTOHA BJIOJb TIIABHBIX KPH- 08

craJummdeckux oceil cocrasiser B CrSBr okomo 20. ? [ ——u /=1
Ontuyeckuii otkimuk oucioeB CrSBr ompenens- E’: 0.6 - —o—ux/uy):z

eTCs IKCUTOHAMH, KOTOPBIE, KaK MOKA3bIBACT MPEIBapH- ;LH | —— /=5

TENBHBII AHAIW3, MOTYT OBITh OIMHCAHBI B pAMKAX MO- | [ 047 —— /p,;.:l()

nemu Banse — Mortra. [lpu Hamu4mu neruposanus ¢op- 0.2 L —— /=20

MHPYIOTCS 3apsDKEHHBIE SKCUTOHBI — TPUOHBI [3]. B pa- | —e— 1 /1, =50
00Te NpeACTaBICHbI Pe3yIbTaThl TEOPETHIECKOT0 UCCIIe- 0.0 . ] N . _
JOBaHMsl DKCUTOHOB M TPUOHOB B IIByXCIIOMHBIX CTPYK- 1E-5 1E-4 0.001 0.012D 0.1 1 10
TypaxX C CWJIBHO aHW30TPOMHOH 3((eKTUBHON Macco. d/ag

Puc.1. — 3asucumocmu ommuouienus dHepeuu

st onvicaHusl B3aMMOAEUCTBUS MEKY HOCUTEIISIMU 3a-
C6A3U HenpAmMoco nmpuoHa K 9SHepcuu npAmoco

Ppsilia UCTIONB30BAIMCH KaK KYJIOHOBCKUH TIOTEHIHAI, TaK
Y MOTEHIIMAJ, CaMOCOTJIACOBAHHO YYHTHIBAIOIIMNA JIU-
ANEKTPHUYECKYIO SKPaHUPOBKY [4,5]. PacueTs! BhIOMHS-
JIMCh KaK BapHAIIMOHHBIM METOJIOM, TaK M MPSIMON YHC-

MPUOHA OM MEHCCTI0e8020 PACCMOANHUA, HOPMU-
POBAHHO020 HA 08YMEPHbIU 6OPOSCKUU pAOUYC, npu
PA3IUYHBIX OMHOWEHUAX HPUBEOSHHBIX MACC L
U Ly 800JIb 2NAGHLIX KPUCMALIUYECKUX OCEll.

JICHHOM JriaroHaIn3aIueil raMuIbTOHHaHa, cp. ¢ [5].

[pu pa3HbIX MapameTpax aHU30TPONUH 3(HHEKTUBHON MaCChl MOTYUYECHBI 3aBUCUMOCTH DHEPTUH CBSI3U
MIPOCTPAHCTBEHHO-HENPSAMBIX SKCUTOHOB U TPHOHOB OT MEXKCJIOEBOI0 paccTossHUA. [lodydeHpl acHMITOTHKH
JUIS. BHEPTUH CBSA3HM U CTENCHU aHM30TPOIMHU BOJHOBOM (DYHKLMH Ul IPAMOTo 3KcuToHa. C yBeIMYeHHEM
AHU30TPONNH dPPEKTHBHBIX MACC SHEPTHH CBS3H MPOCTPAHCTBEHHO-HEPSIMBIX YKCUTOHOB X TPUOHOB CTaHO-
BATCS OoJiee Pe3KUMHU (QYHKITUSIMH MEKCIIOCBOTO PACCTOSIHUSL.

Ilokaszano, 4To, XOTSI KBa3HOJAHOMEPHAsI MOJIENb IOCTATOYHO XOPOIIO MOAXOAUT [UIsl OITMCAHUS 3aBUCH-
MOCTH DHEPrUH CBSI3U HKCUTOHOB OT MEXKCJIOEBOTO PACCTOSHUS B Cllyyae CHIILHON aHM30TpOnuu 3PQeKTrB-
HOW MaccChl, B CJTy4ae TPUOHOB OHA JIAeT HEPEeaTMCTUIHO ObICTPOE CHa/laHie SHEPTHU CBSI3H C POCTOM PaccTo-
STHUSL MEX Ty ciosiMu. [1ist iByciioitHo# cTpykTypsl ¢ mapamerpamu CrSBr paccuntaHnbl 3aBHCUMOCTH SHEPTHIA
CBSI3U IPOCTPAHCTBEHHO-HENPSMBIX SKCUTOHOB U TPHOHOB OT MEXKCJIOE€BOTO PACCTOSIHUS

HccnenoBanre BBIOIHEHO 3a cyeT rpanTta Poccuiickoro Hayunoro ¢onga Ne 23-12-00142

[1] N. P. Wilson, K. Lee, J. Cenker, et. al., Nat. Mater.20, 1657 (2021).

[2] J. Klein, B. Pingault, M. Florian, et. al., ACS Nano 2023, 17, 6, 5316 (2023).

[3] Farsane Tabataba-Vakili, et al., arXiv:2312.11041 (2023), Nature Communs., in press.

[4] N. A. Asriyan, I. L. Kurbakov, A. K. Fedorov, and Y. E. Lozovik, Phys. Rev. B 99, 085108(2019).
[5] M. A. Cemuna, @TT 61, 2234 (2019).
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Teopus TeMnepaTypHbIX MOMPABOK K KOHJAKTAHCY MOABEIIEHHON
KBAHTOBOM MPOBOJIOKHU

JI.C. Bparunckuiil?, M.B. Durun!
YU®IT COPAH, 630090, Hosocubupck, np. ax. Jlaspenmvesa, 13

2Hosocubupckuii 2ocynusepcumem, 630090, Hosocubupck, ITupozosa, 2

DKcnepruMeHTHI [1] moka3bIBaloT, 4TO KOHAAKTAHC TTOIBELICHHON KBAHTOBOM MPOBOJIOKH CYIIECTBEHHO
(TMHEWHO) 3aBUCHUT OT TeMIIepaTyphl. B HacTosIIeM OKIIae 3TO SIBICHUE HCCIIEAYETCS B IPEANOTI0KEHUH 00
YCUJIEHUH MEKIJIEKTPOHHOIO0 B3aUMOJIEHCTBH. I3BECTHO, UTO B KBAaHTOBON CHUCTEME, OTOPBAHHOM OT IOJIY-
IIPOBOJHMKA, KyJIOHOBCKOE B3aMMOJEHCTBHE 3JIEKTPOHOB 3HAYUTEJIBHO YCUIMBAETCS 110 CPABHEHHUIO TAaKUM
XKe B3aUMOJAEHCTBHEM B o0beMe. [IprunHa cocTOUT B OTCYTCTBUU JU3IEKTPHUUYECKOIO SKPAaHUPOBAHUS KYJIO-
HOBCKOT'O B3aUMOJICHCTBHsI. B MOMynpOBOAHMKE 3JIEKTPOHBI B3aUMOACHUCTBYIOT Kak 1/er, e e-audIeKTpu-
Yeckas MPOHHUIIAEMOCTh CPEJIbl, TOT/Ia KaK B ITyCTOM MPOCTpaHcTBe -Kak 1/r. [Ipu atom € >> 1, T.e. B3auMo-
JeCTBUE B ITyCTOM HPOCTPAaHCTBE (WJIM MOJABEHIEHHONH KBAaHTOBOM IMPOBOJIOKE) MOXKET OBITh 3HAUYMUTEIHLHO
cuiibHee, 4eM B o0beMe monynpoBoaHuka. C Ipyroil cTopoHsl, Ha MOBepXHOCTH DepMu MEKINIEKTPOHHOE
B3aMMOJCHCTBUE KBa3UUaCTHUI] OTCYTCTBYET, yCHIMBAsCh B TeMIiepaTypHoM cioe kT .

Wzyuaemas Mojenb mpencTaBisieT coOOH J1Ba 3JIEKTPOHHBIX 03epa, CBA3aHHBIC JTMHEHHONH KBAaHTOBOH
MpOBOJIOKOI. B o03epax e-e B3aumojeiicTBHE OTCYTCTBYET, a B IIPOBOJIOKE — IPUCYTCTBYET. DJIEKTPOHBI
B Ka)XJIOM U3 03€p KBa3UPaBHOBECHBI, TOT'1a KaK UX YPOBHU DepMH OTINYAIOTCS HA HPUIIOKEHHYIO K KOHTAKTy
pa3HoCTh noTeHuuanos eV. Pa3Bura auarpaMMHasi TEXHHUKA, IIO3BOJISIOINAS HAMTH TOK Yepe3 KBAHTOBYIO IIPO-
BoJIoKy. IlokaszaHo, 4To MpM HU3KOI TeMmmepaType koHaakTanc G MMeeT TeMIepaTypHYIO mompasky « T2,
VBenuuenue xe remrepatypsi Boiie KT = Avg /L, rae L — nmuHa mpoBosoky, 3apucuMoctsh G(T) mepexoaut

B JINHENHYO.

[1] Daniil I. Sarypov, Dmitriy A. Pokhabov, Arthur G. Pogosov, Evgeny Yu. Zhdanov, Andrey A.
Shevyrin, Askhat K. Bakarov, Alexander A. Shklyaev. Temperature Dependence of Electron Viscosity
in Superballistic GaAs Point Contacts. arxiv:2405.09097.
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HenuneliHOe SKpaHUPOBaHKE 3aPA0B B IEPUOIUICCKU
JIETUPOBAHHOM rpadeHe

Bapeimnukos K. AL T'epr A.B.}, Bacunbes 10.B.%, Jimutpues A.I1.1
‘\@TH um. A. @. Hoppe, 194021, Canxm-ITemepbype, ITorumexnuueckas yu., 26

OKpaHUPOBaHKUE KYJIOHOBCKOTO TOTCHIIMANIA TOUYSHYHOTO 3apsiyia, HaXoasIierocs: B [symepHoii (2D) cu-
CTeMe, UIMEET CTCTICHHOM XapaKTep MajJCHUs C PACCTOSIHUEM BJIOJIb IJIOCKOCTH CHUCTEMBI, YTO MPUHIUITHATIHLHO
oTim4aercsi oT TpexmepHoro (3D) ciaydast ¢ 0OBIMHBIM AKCTIOHEHITHAIFHBIM 3aKOHOM YMEHBIIIEHUS! KyJIOHOB-
ckoro noreHnmana [1-3]. 31o cBsA3aHO ¢ TEM, YTO BBIXOISIINE M3 TUIOCKOCTH CHCTEMBI JIMHUH 3JIEKTPHIECKOTO
TOJIS IPUBOJIAT K AJIbHOICHCTBHUIO TIOJIS HA paclpe/ieieHue 3apsa. B MaTepuanax ¢ KBaJpaTHYHBIM CIICKTPOM

3IIEKTPOHOB 3¢ deKTUBHAS JyIMHA SKpaHupoBaHus B 2D cucreme, pe-
TyJUpYOLIas CTEIEHHOM 3aKOH NajieHus MOTEHIMaaa BIaay OT 3a-

psida, OIpenessieTcss MaTepHATLHBIMHA TapaMeTpaMH CHCTEMBI [4]
(BBomuTCs 3 PeKTUBHBIN OOpoBCKHi paauyc). OMHAKO POIb TAKOH
3¢ PEKTUBHOM JUTUHBI SKpaHUpoBaHus B 2D cucremax OTIMYaeTcs OT

ponu AyuHBL 3KpaHupoBaHus B 3D ciyuae. Tak, Hanpumep, B ABy- | I o o

MEPHBIX MOTYIMPOBOTHUKOBBIX N+ — N0 — n+ CTPyKTypax Mpu MojHe- e —

CEeHHM MeTajula K OJHOW M3 MOBepxHOCTed 2D CTPYKTYphl MOXKET

HaOMI0JaThCS 3aTOIIICHHE SJICKTPOHAMH HU3KOJIETUPOBAaHHBIX 001a- Lz -2 0 12 L2

CTeW C TIOYTH TIOJIHBIM BBHIPAaBHUBAHHEM KOHIICHTPAIT CBOOOIHBIX Puc.l. — cxema nepuoouuecrozo
Jecupoesanust aucma epa(])eHa no-
aocamu OoabUIO20 U MAN020 KOJIU-

yecmea O0OHOPO8 (0MOOPAINCEHO
HEYHBIX pa3MepoB 001acT 0OBEMHOTO 3apsia. MeaHOPOM  KOHYEHMpayuu OOHO-

AMEKTPOHOB B HI3KO (n0) ¥ BHICOKOJETHPOBAHHBIX (N+) 00IaCTsIX
[5], uTo HEBO3MOXHO pean3oBath B 3D rerepornepexonax n3-3a Ko-

B rpadene u npyrux marepuanax c IMHEHHBIM 3HEPreTUYE- | p08), 6327150 COOKY.

CKUM CIIEKTPOM CBOOOAHBIX 3JICKTPOHOB CTEIIEHHOM 3aKOH YMEHb-
LICHUS SKPaHUPOBAHHOTO MOTEHIIMANA TAaK)Ke HMEET MECTO, HO A PEeKTHBHAS IJTMHA SKPAHUPOBAHHS B STOM
Cllydae 3aBHUCHT OT YPOBHS JISTUPOBaHMUs JicTa rpadena [6]. B manHol paboTe mpon3BeIeH caMOCOorIacoBaH-
HBIN pacueT 3JIEKTPOHHOTO MOTEHIMAIA U HEOJHOPOJHON KOHIIEHTPAIMH 3JIEKTPOHOB B IEPHUOJUYECKH JIETH-
POBaHHOM I0JIOCKaMH JOHOPOB JHcTe rpadena (cMm. cxemy Ha Puc. 1) ¢ yuerom Beex 3¢pdexros nanpuero 2D-
SKpaHUPOBAHUS U BIUSHUSA JIMHEHHOrO cnekTpa. IlokazaHo, 4To U3-3a TMHEMHOCTH CIIEKTpa TaKas 3aJ1a4ya pu-
BOJIUT K CYIIECTBEHHO HEIMHEHHOMY MHTETpO-IuddepeHnanbHoMy ypaBHeH 0. [Ipeanoxen MeTo yuc-
JIEHHOTO PEILIEHUS 3TOT0 yPaBHEHUS ¥ TPOAHAIM3UPOBaHbI KPUTHUECKUE YCIIOBHSI IS CYyLIECTBOBAHUS TAKOTO
peuenus. [lonoOHbIe HenMHeHBIE TPOOJIEMBl BOSHUKAIOT B MIMPOKOM AHMANA30HE JIETUPOBAHHBIX CTPYKTYP
C HCToNb30BaHNeM 2D-mMaTepuanoB ¢ JMHEWHBIM CIIEKTPOM.
Pabora nmognepkana rpantom PH® 22-12-00211.

[1]1 JI. B. Kenovuwu, [Tucvma 6 IKOTD, 29, 716 (1965).

[2] H. C. Pvimosa, Becmuux Mockosckoeo ynusepcumema, 3, 30 (1967).
[3] F. Stern, Phys. Rev. Lett., 18(14), 546 (1967).

[4] 4. 4. luk, @TII, 29(8), 1346 (1995).

[5] A. Dmitriev, M. Shur, Physica status solidi (B), 250(2), 318 (2013).
[6] M. I Katsnelson, Phys. Rev. B, 74(20), 201401 (2006).

[7] I".FO. Bacunvesa u op., @TII, 52(8), 949 (2018).
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YHUKaTbHOE MOBEJACHNE MAarHUTOAUCIIEpCHH (yHIaMEHTaILHOTO
KpaeBOIr0 MarHUTOILUIA3MOHA B CUJIBHO AKPAHUPOBAHHOM IIPSIMOYTOJIbHOM
JBYMEPHOM DJIEKTPOHHOM Ta3e

Poauonos JI.A.12, 3aroponues 1.B.!
YUP3 um. B.A. Komenvnuxosa PAH, 125009, Mockesa, yn. Moxosas, 11, xopn. 7

M®TH, 141701, Mockosckas obracm, 2. JJoneonpyouuvitl, Mucmumymckuii nepeynox, 9

HccnenoBanne CBOWCTB IIa3MEHHBIX KoJeOaHUH (IJIa3MOHOB) B JBYMEPHBIX 3JICKTPOHHBIX CHCTEMAax
SIBIIICTCS] aKTyaJIbHOM 3a7aueill, HaxoAIIe OTKINK B MPHUKIAOHBIX cepax. Tak B HemaBHEH IKCIiepUMeEH-
TanpHOM padoTte [1] u3ydanuch ria3MeHHbIe KoieOaHus B cucTeMe B popMe KBajpara, B YaCTHOCTH, 3aBUCH-
MOCTB X YacTOTBI OT BHEUIHET'O0 MAarHUTHOTO NOJsl (MarHuToAuciepcus). beuto o0HapykeHo «pacTaikuBa-
HHUE» MarHUTOUCIIEPCUH IIIa3MEHHBIX MOJI, KOTOpPOE HE HA0II0AAeTCsl, K IPUMEpPY, B TUCKaX.

B nameit Teopetndeckoii paboTe UCCIIEAYIOTCS CBOMCTBa COOCTBEHHBIX MarHUTOIUIA3MEHHBIX Koje0a-
HUH B IPSAMOYTOJILHOM JABYMEPHOM 3JICKTPOHHOM Ta3e, pacloN0KEHHOM BOJIM3H WACaIbHO MPOBOISIIEH Me-
TaJUIMYECKON MJIACTHUHBI (3aTBOPA) U MOMEIIEHHOM B IIOCTOSITHHOE OJJHOPOJHOE MarHUTHOE T0Je, BEKTOp MH-
OYKLIUU KOTOPOro HNEePHEHIUKYISIPEH INIOCKOCTH 3JIEKTPOHHOTO ra3a. 3ajada pelanach B peesie CHIIbHON
9KPaHUPOBKH, T.€. PACCMATPUBAJICA CIydail MaTOCTH PACCTOSIHUS MEXIY SIEKTPOHHBIM Ta30M U METAJLIOM IO
CPaBHEHHIO C pa3MepaMHt NPSMOYTOJIbHHUKA U JUIMHAMH BOJIH M3y4aeMbIX TIA3MEHHBIX KOJIeOaHNH.

Kak u B pabote [1], B MAarHUTOMUCTIICPCUH TUIA3MEHHBIX KOJICOaHUH HAOJIOMAaeTCsl «PacTaIKUBAHUCH.
Kpome 3Toro, 94acToTsl Bcex MIIa3MEHHBIX MOJ B CHUIBHBIX MarHUTHBIX IOJISIX CTPEMSATCS K HYJIIO, BKIIOYast
(dbyHIaMEHTaNbHYI0. DTO OTIMYAeTCs OT M3BECTHOTO IMOBEIEHHs MarHUTOAMCHEpCHH (YyHIaMEHTaJIbHOH
MO/IbI, SIBJISIFOIIENCS KpaeBbIM MAarHUTOINIA3MOHOM, B JPYTHUX F€OMETPUAX TaKUX KaK AMCK, T0J0Ca UIIH MOy~
IJIOCKOCTH [2,3], TJe 4acToTa MPUHUMAET HEHYJICBOSC aCHMIITOTHUECKOE 3HAUCHUE. B YacTHOM cilydae KBaj-
PaTHOI reOMETpHH, MOITYyYCHbl AaHAINTHYECKHE allIPOKCUMALMK MarHUTOJUCTIEPCUI TPEX HIDKAWIINX I10 Ya-
CTOTE IJIa3MEHHBIX MOA. Y CTaHOBJICHO, YTO B CHJIbHBIX MAarHUTHBIX MOJISIX YaCTOTHI BCEX MOJ 0OpaTHO Ipo-
NOPLHMOHATIBHBI HUKJIOTPOHHOU YacToTe. B ciiydae kBaapaTHOU reoMeTpUH HallIeHbl aHAIUTUYECKUE ANPOK-
CHUMAaIIUH YaCTOThI HIKAMIINX TJIAa3MEHHBIX MOJI, B TOM YHCJIE B 00J1aCTH OOJBIINX MAarHUTHBIX TOJIEH.

BwMmecrte ¢ 3THM MOKa3aHo, 4TO TMHAMHKA MarHUTOIIa3MEHHBIX KOJIeOaHWH B IaTepalbHO OTPaHHYEHHBIX
JBYMEPHBIX 3JICKTPOHHBIX CUCTEMAaX ONMCBHIBAETCS! CXOXKMMH YPAaBHEHHAMH JUIA TUHAMHMKH BOJH HA MEJIKOH
BoJIe B OacceifHe ToM e TeOMETPHH, TTOIBEPKEHHON Bo3AercTBIIO criibl Kopromica. TakuM oOpa3oM Bce CBOH-
CTBa IIa3MEHHBIX KOJIeOaHWI MOTYT OBITh MIEpEHECeHbI Ha THAPOJANHAMHUYECKHE BOJHBI, Ha3bIBAEMbIE B TOM
ClTydae pOTallOHHO-TPaBUTAIIIOHHBIMH. AHAJIOTOM UKIOTPOHHON YacTOTHI BBICTyMaeT yactota Kopronuca.

Paborta BeImosHEHa B pamKax rocyaapcrsenHoro 3aaanus PO um. B. A. Kotensuukosa PAH. Ponnonos
J. A. 6naropaput @oH pa3BuTHS TeopeTnueckoi ¢pusuku u MareMatiku «BA3UCy (rpant Ne 21-1-5-133-1).

[1] A.M. Zarezin, D. Mylnikov, A.S. Petrov, D. Svintsov, P. A. Gusikhin, 1. V. Kukushkin, V.M. Muravev,
Phys. Rev. B 107, 075414 (2023).

[2] I.V. Zagorodnev, A. A. Zabolotnykh, D. A. Rodionov, V. A. Volkov, Nanomaterials 13, 975 (2023).

[3] V. A. Volkov, S.A. Mikhailov, Sov. Phys. JETP 67, 1639 (1988).
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HuTtepdeiicHbie 3EKTPOHHBIE COCTOSHUS HA CTHIKE LIETIOYEK aTOMOB

IMonkparosa JI.B.12, 3aropoanes U.B.!

Y11P5 PAH, 603087, Mockea, y1. Moxoeas, 0.11x7

2HIY BIIID, 101000, Mocksa, vi. Macuuykasi, 0. 20

J1J1s1 aHA M THYECKOTO OMUCaHKsI COOCTBEHHBIX MOBEPXHOCTHBIX, & TAKXKE HHTEP(EHCHBIX AIEKTPOHHBIX CO-
CTOSTHHH, KaK TIPABUJIO, UCTIOJB3YIOT KaKy0-TO OJIHY TEOPETHUECKYIO MOJIEITh, HATIPUMED, MOJICITb CUITLHOW CBS3U
i meton dpdextuBroit Macchl Kona-Jlartumxkepa (kp-meton). Ilpu 3TOM pe3ynbraTsl pa3mudHBIX MOJIENeH

PEIKO CpaBHHUBAIOT MEK Ty cO00#. B nanHO# paboTe Ha

numerical solution
B right band

left band
—— analytical solution

npUMepe MpocTeiInei (0AHOMEPHOH) MOIENTH reTepo-

nepexofia TPeINpPUHATA TIOMBITKA CPAaBHUTH PE3yITh-

TaThl, TIOTyYaeMble B MOJIENIM CHJIBHOW CBSI3U M B kp- 101

METOJIe, YCTAHOBHTH UX MPE/IEIIbl MPUMEHUMOCTH. 16l
Bbi1  paccMOTpeH —reTeporepexos MEXAy
JBYMSI KOHCUHBIMH HITH T10JTyOECKOHEYHBIMU (OHO-

MEpPHBIMHU) LENIOYKaMH aTOMOB B OJIHO30HHOM IpH- -5

OJNIMKCHUU C 3aJ]aHHOM 3Heprued Ha y3ie (a, U q 6 2 = ) 3 3 3

B ITPABOH U JICBOH [ETIOYKE COOTBETCTBEHHO) M MHTE- ,g—]

rpajamu nepekpsitus (5, U §; B IpaBoi U JEBOH I1e- 02 = 04 v 20‘4' .
MOYKE COOTBETCTBEHHO). B MOeNu CHUIIbHON CBS3H "o "oz Moz

CHEKTp BCEX DJIEKTPOHHBIX COCTOSHUM IS Mmorydec- ey v i s T T S

KOHEYHBIX LIETIOYEK MOKHO HAWTH IMOJHOCTBIO aHa- n " n

Puc. 1. — Dnepeemuuecxuii cnekmp yenouex, 10Ka-
JIU308AHHOE COCMOSIHUE U €20 GOJIHOBble YHKYUU
8 0OHO30HHOM NPUOIUdNCEHUU, N — HOMED aAmomd
6 yenouxe. B UUCTEHHBIX GbIYUCACHUSX NOTHOE

nuTHYecKd, puc.l BepxHsas mnaHens. [lpu 3ToM
B OIIpEICNICHHO} 00J1acTH MapamMeTpoB MO WHTErpa-
JIaM TIEPEKPBITUS BOSHUKAIOT HHTEP(EHCHBIE COCTO-

SHUsI, BOJIHOBBIC (QYHKIMH KOTOPBIX JIOKATU30BAHBL | )00 amonos N = 200. = — o “L = ¢
J v/ ] B y .

v Br

Ha TreTeponepexo]e U MOKa3aHbl Ha HIDKHHX TPeX
rpadukax Ha puc.l.
DHeprus JOKATM30BaHHOT'O COCTOSHUS UMEET BH/I:

@B - apH + BB @
N A

WnTtepdeiicHoe cOCTOSIHUE CYIIECTBYET MIPHU CICAYIOINX 3HAUECHHUAX NTapaMETPOB:

; 267+ 3+ BE 1 4B )
1Bl € (VB + IAb’rI,\/ > ). )

HOKaSaHO, YTO JAaHHBIC COCTOSAHUA MOTYT OBLITHL ONUCAHLI B paMKax Q)GHOMGHOJIOFI/I‘-IGCKOI‘O nmoaxoaa

E =

e

JUTSL OTIMCAHUSI JIOKAJTM30BaHHBIX COCTOSHHUI C 3Hepruei BOIM3u JoHbeB 30H B Kp-meroze [1]. KauecTBeHHO
MPUMEHUMOCTh PE3YJIbTAaTOB BBIXOAMT 332 PAMKH O’KHAAaEeMON 00I1acTH MPUMEHUMOCTU Kp-mMerona, T.e. miaB-
HOCTH BOJTHOBBIX (DYHKIIMI HAa aTOMHOM MaciuTalde, XOTs KOJIMUYECTBEHHOE COBMAZeHue HaOII01aeTCs UMEHHO
B 3TOU OJKHIaeMOM 00J1aCTH. MBI TaKKe PACCMOTPEH JBYX30HHOE TPUOIIKEHHE U TIOKA3AJIH, 9TO NPH HAJHYHH MH-

BEPCHH 30H TIOMHUMO COCTOSIHUU THIIA BOHKOBa-HaHKpaTOBa MOT'YT BO3HUKATh PE3OHAHCHBIC COCTOSIHUSA.

Pabota Beimonnena B pamkax PH® 24-72-10015.

[1] B. 4. Boaxos, B. B. Enanoues, U. B.3acopoones "dnekmpormbvle nOGepXHOCMHbIE COCMOAHUSL 8 NOTLY-
nposoonuxax u noagymemannax". @usmamrnuea (2018).
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JleymepHvle 4 00HOMEPHDBLE CUCMEMDbL, 2eMEPOCTIPYKIYPbL, CEEPXPEUUEIKU
DKCnepuMEeHTalIbHOE UCCIIeIOBaHNE KoJie0aTeIbHbIX CBOMCTB IN2Ses

Tanbidabt A.D., X.B. Anurynuesa, Mamenzane H.®@., Cyneiimanos M. H.
Cl'y, AZ5008, 43-ii keapman, yn. baky,1, Cymeaum, Azepbaiiodican

IIpencraBieHsl pe3ynbTaThl UCCAENOBAHUS KOJIeOATEIbHBIX CBOMCTB HOJIYIPOBOAHUKOBOIO COEIUHE-
Hus [npSes: TeopeTHUEeCcKH ¢ UCIOIb30BaHUEM TeOpHH Bo3MyieHu GyHkironata motHocTH (TOBIT) u akc-
MEPUMEHTANBHO C UCIOJb30BAHUEM pPaMaHOBCKOM creKTpockonuu. CpaBHEHHE paMaHOBCKHMX H3MEpPEHHH
U pacyueToB MO3BOJIMIO UACHTU(OUIMPOBATH YETHIPE PAMAaHOBCKUE aKTHBHBIE MOJIbI, OOHAPYKEHHBIE TP -
Hamuke pemerku 91,28, 104,5, 182,68 u 193,6 cm*[1]. Onpenenenne GOHOHHBIX MO MPOBOIMIIOCE C yIETOM
TOUYCHHOW TPYIIBI CUMMETPHU. Pe3ybpTaTsl onpenenacHus (OHOHHBIX MOJ MOATBEPAMIN cuMMeTpuio R3m
¢assl a- IN2Ses. PesynbTaThl Takke CpaBHUBAINCH C IMEIOIIMMUCS B JINTEPAType SKCIEPUMEHTAILHBIMHU IaH-
HBIMH, TIOJTyY€HHBIMH METOAOM PaMaHOBCKOW CIEKTPOCKONHU. PaccunTaHHbBIE 4aCTOTHI M1 CHMMETpHUU (POHOH-
HBIX MOJI B IIEHTPE 30HbI BpHUIIIHOH XOPOIIO COTIacyr0TCs C 3KCIEPUMEHTAIbHBIMY JAHHBIMU.

[TomynpoBoaHnKOBOE coenuHeHHe In2Ses mprBIekaeT BHUMaHUe Kak MaTtepuai s (GoroamexTpuye-
CKMX COJIHEYHBIX 3JICMEHTOB, HOHHBIX OaTapeil, OTOJETEeKTOPOB, YCTPOUCTB (Pa30BOW MaMATH MPOU3BOIIb-
HOTO JIOCTYTIa U TEPMOAJIEKTPUIECKUX MaTepuanoB. OObeMHbIE KPUCTAIUTBI [n2Se3 XapakTepu3yroTes pa3ind-
HBIMH MOAM(MUKALMSIMU KPUCTAJUIMYECKON CTPYKTYpbI, HE OUY€Hb OJAHOPOIHBI M HE MMEIOT 3epKalIbHOM MO-
BEPXHOCTH. BbIpamuBaHne 3THX KPUCTAIUIOB TTOKA MaJIo U3yYeHO M3-3a TEXHOJIOTHIECKHUX TpyaHocTed [2]. B
3TOM HccleoBaHuy ¢ ucnonb3oBanneM DFPT u pamaHOBCKO# CIIeKTpOCKOTTHY OBLTH SKCIIEPUMEHTAITFHO HIC-
CIIEZIOBAHBI CTPYKTYPa IMHAMUKHU PEIIETKH, SJIEKTPOHHBIE, ONITUYECKUE U INHAMUYECKHE CBOIICTBA pOMOO0)/I-
PHYECKOTO MOTYIPOBOJHUKOBOI'O COSAMHEHHS O- IN2Ses, a cBoiicTBa TEOpETHUECKUX UCCIEeJOBaHUH Koteba-
HUH, ciekTpoB uHPpakpacHoro orpaxenus (MK), koropeie UrparoT BaXXHYIO POJib. POJb B HHTEPIIPETALUN
CIEKTPOB KOMOMHALIMOHHOTO PACCESIHUSA CBETA U BBIICHEHUH KPUCTAJUIMYECKUX CTPYKTYpP NMPAKTUUECCKU HE
cymiectBoBaia. CeKTpsl KOMOMHAIIMOHHOTO paccesiHus o- 1N2Ses ucceroBanbl SKCIEPUMEHTAITBHO, OHAKO
YETKHUX BBIBOJIOB O NMPOCTPAHCTBEHHON CUMMETPHH 0-(ha3bl U TEOPETHUECKUX PACUETOB TSI HHTEPIPETAINN
9KCHEPUMEHTAIIBHBIX JaHHBIX CIENaHo He Obu10. TeopeTnuecku KonebaTeIbHOe COCTOSHIE U3Y4aloCh TOJIBKO
JUTS TIeHTpa 30HbI bpummosna (36).

[MpumuTHBHAs pemerka cummeTpur o- IN;Ses R3m cocTouT M3 msaTH aToMoB, MOATOMY (OHOHHBIN
CHEKTp COCTOMT U3 15 HOpManbHBIX poHOHOB. TeopeTHKO-TPYMIIOBOIT aHATN3 MPUBOAMT K CIEAYIOIIEMY pa3-
noxxeHuto poHoHHOIM Monbl: I'= 5A1 + SE, akyctuaeckux mMof [Nacoustic = Al + E u ontraeckux mox [optic =
4A1 + 4E [3]. Cummerpuu ¢oHOHHBIX MOA E nBykpaTHO BBIpOKAEHBL. Bee onTHueckue MOabl aKTHBHBI Kak
MpyU HHPPAKPACHOM OTPKEHHH, TaK M IPH KOMOWHAIIMOHHOM PAacCesTHUH CBETA, SBISIFOTCS MOJSPHBIMU MO-
JaMH |, CJIE0BATEIBHO, IEMOHCTPUPYIOT MPOJOILHO-TIONEpeuHoe onTrueckoe pacuiemienne (LO-TO).

B nanHO# paboTe NpoOBEOEHO IKCIEPHUMEHTAIBHOE U TEOPETUUYECKOE HCCIIENOBAaHUE KOJeOaTeIbHbIX
CBOHCTB 0~ IN2Ses ¢ ncnosap30BaHNEM COBMEIEHHBIX U3MEPEHUH KOMOMHAIIMOHHOTO paccessHusI CBETa U pac-
YeTOB AMHAMHKH PelIeTKH ab initio. CpaBHeHHE pe3ybTaTOB KOMOWHAIIMOHHOTO PAcCesiHUs CBETa C pacye-
TaMH W3 TIEPBBIX MPHHIUIIOB, a TAKKE TEOPETUKO-TPYIMIIOBOM aHallM3 TO3BOJIMIIA ONpPEACTUTh (OHOHHBIE
Mozsl a- IN2Ses. Hame nccnenoBanue noarsepauio, uto cummetpust R3m ¢asel a- In2Ses siBnsiercst moxxomas-
el IPOCTPAHCTBEHHOW IPYIIION.

[1] 3. A.[Pcaxaneupnu, 2. M. 'ooxcaes, A. @. I'apubnu, T. O. Bavpamosa, @uzuxa meepdoeo mena, 64, 7,
843 (2022)

[2] H. A. A60ynnaes, H. T. Mameoos, E.B. Uyaxos u op., I[Tucoma ¢ JKOTD, 115, 12, 801, (2022).

[3] T.Murakami, Y.Nambu, H. Kageyama, et al., Phys. Rev. B.,. 100. 19. 195103, (2019)
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Teopus BurnepoBckoit xuakoctu (BJK) B moa3aTtBopHOM IHAJIEKTPUKE
daem-naMsTu

Maxmyauan Mexpaaa M.12 Maxmynnan M-M12, Durun M. B.!
YUdIT CO PAH, 630090, Hosocubupck, np. Ax. Jlagpenmvesa, 13

2Hosocubupckuii 2ocyoapcmeennuiii yuugepcumem, 630090, Hosocubupck, ya. Iupozosa, 1

OO6Br9HO MO BUTHEPOBCKHM KprcTamuioM (BK) moHnMaercs cucteMa OTTaNKUBAIOIIAXCS JICKTPOHOB.
Onem-nmamMaTs 6azupyeTcs Ha 3apsAKe AUANEKTPUKA OOJIBIINM KOJTMYECTBOM 3aXBaYSHHBIX 3JIeKTPOHOB. [Ipu
3TOM JUAJIEKTPHK IepecTaeT ObITh dIeKTprUecK HelTpanbHbIM. COOCTBEHHO, 3aXBaUeHHBIHN 3apsill U OIpee-
JIieT M3MEHEHHEe TIPOBOIMMOCTH KaHalla, KOTOPOE CUMUTHIBAETCS Kak coctosiHue «0» mimu «1» snemenTa ma-
MaTH. OTTaJIKMBaHHUE AJIEKTPOHOB JTUMHUTHPYET 3apsIKy dJeMenTa dueni-maMatu. B otimmane ot BK, smek-
TPOHBI 3aXBaTHIBAIOTCS Ha JIOBYIIKU B IUAJICKTPUKE, YHCIO KOTOPHIX OOBIYHO Ha [Ba MOPsAKa OONbLIe YHCia
3neKTpoHOB. [Ipu 3TOM y 37eKTpOoHOB MMeeTcs OoJbias CBOOOJa pa3MelleH s, KOTOpasi MO3BOJISIET UM MH-
HUMU3HUPOBATH KYJIOHOBCKYIO SHEPTHIO (OIHAKO, HE MOTHOCTHI0). B Takoif cutyanmu BK craHoBuTCs Heyro-
PAIOYEHHBIM, CKOpee HAIIOMUHAS CHITbHO-KOPPEIUPOBAHHYIO KUIKOCTb.

Llenbto HacToOsIIETO JOKIaAa ABJISAETCS U3YUYEHHE CBOMCTB TAKOM BUTHEPOBCKOM KUIKOCTU U UX BIUS-
HUE Ha TapaMeTpbl Quien-naMaty. J{Js uccae10BaHus UCTIONIB3YeTCs KOMIIBIOTEPHOE MOCTHPOBaHUE BMECTE
C aHATTUTHYECKUMH BBIYUCICHUSIMH.

Nzyueno mraBnenne BK ¢ mepexomom B BXK. BBonuTcs addexTrBHAsS TemMnepaTypa, 3aMeHsFoIIast BITU-
SIHUE Pa3ylopsI0YEHNUs JIOBYIIEK U OIUCBHIBACTCS IIJIaBICHUE KPUCTAJIA C IIOMOILBIO 3TOM aHanoruu. [[pyrou
MIPUYUHON Pa3yMoOpAI0UYECHHOCTH SBJSETCS KOHEYHOCTh CHCTEMBI.

Wzydena repMoiiHAMUKA CHCTEMBI, UCCIIEOBAHbBI KOPPEISIINOHHBIE (PYHKIINHU IIeKTPOHOB. [lomydeHst
KPUTHYECKHE 3HAYCHUS KOHIICHTPAIIMIA JIEKTPOHOB M JIOBYIIEK, TP KOTOPBIX MPOUCXOIUT IaBieHne BK.

[onmy4yeHHbIe pe3ynbTaThl UCTIONB3YIOTCS AJISl aHAIN3a KCIIEPUMEHTOB I10 3apsiike (IIenI-namsTy.
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Teopusa cun Kazumupa Mexny 1ByMs KBAHTOBBIMU IIEHKAMHU

Maxmyauan M.M., Dutra M. B 2

YUdIT CO PAH, 630090, Hosocubupck, np. Ax. Jlagpenmuesa, 13

2HI'Y, 603090, Hosocubupck, yi. Iupozosa, 1

W3BecTHO, YTO MEXKAY JIIOOBIME cpeaamu JercTByeT cuna Kasumupa [1-2], o0yciaoBieHHass KBAaHTO-
BBIMH (DIIYKTYAIHSIMA DJIEKTPOMArHUTHOTO Toyist. CunTaercs, 9To OHa 00yciIoBiIeHa GIyKTyalnusIMH MOJisl Ha
aTOMHBIX paccTosHUSIX. Ha camMoMm Jiene, Takue B3aMMOJICHCTBUS MOTYT OBITh 3HAYUTEIBHO YCHIICHBI B CH-
CTEME C TIOJIBUKHBIMU JJICKTPOHAMH.

B HacTosmem goknane B ka4eCcTBE MpUMepa pacCMOTPEHA CHJIa B3aMMOICHCTBUS MEKIY IBYMS OZMHA-
KOBBIMH MapaJijIeIbHBIMK pa3MepHO-KBAaHTOBAHHBIMH TIEHKAMH, pa3MEIICHHBIMU Ha paccTosiHuu d, 00ycimoB-
JICHHAS 3JICKTPOMATrHUTHBIMH (ITYKTYaIHsIMU.

PaccmatpuBaroTcsi 2 KBAHTOBBIX CJI0SI, Pa3e/ICHHBIX paccTostHUeM d, KOTOpOoe OOJIbIIe IUPUHBI CITOSL.
PaBHOBecHBIE (DIyKTyaIuK 3JEKTPOHHON IJIOTHOCTU BJIOJIb CJIOEB NMPUBOJIAT K YMEHBIIICHHUIO SHEPTUU B3aH-
MOJICHCTBUS 110 CPABHEHHIO C OAHOPOIHO 3apPsSHKCHHBIM CJIOEM, YTO MPUBOAMT K BOSHHUKHOBEHHUIO CUJIBI MTPH-
TSOHKCHHUS BO BTOPOM TMOPSIKE B TECOPUU BO3MYIICHUH.

[TokazaHo, 4TO B CiIydae OJHO30HHOTO 3aMOJIHeHHS JaBieHue Ka3suMupa umeet BuI

_ s |5 1pu xd <1,
Pl Z_Qi “ (1)
(27) e npu xd > 1.
K

3mece M -Macca  3NEKTPOHOB, & -AMAIICKTPHYECKash MPOHUIIAEMOCTh OKpY’Karomled — cpepl,

2732 .
K =2me* | h°& obpaTHsIii paguyc JByMEPHOTO SKPAaHUPOBAHHSI.

Cuna Kasumupa mMexay AByMs AMAJIEKTPUKaMu 00ycloBiIeHa (DIyKTyallusIMH TI0JIsI HA aTOMHBIX pac-
cToAHUAX. be3 yuera 3amazaeiBannd cwiia KazuMupa Mexay TOHKMMH IUJIEKTPUYECKHMH TUNIEHKAMHU BEJIET

ce6s kak 1/ d° . Haiinennas snece cuna pu k0 << 1 yMeHbIIaeTcst ¢ paccTOSHIEM MeUICHHEe, YeM 00bIYHas
cuna Kazumupa mexxay AByMs AMAJIEKTPUKAaMU, TIO3TOMY 3aBEA0MO CTAHOBHUTCS JOMHUHUPYIOIIEH Ha OOJIBIINX
paccrosiHusX. OKa3bIBaeTCs, YTO AayKe HEOOIbLIOE KOJIMYECTBO MOIBMYKHBIX 3JIEKTPOHOB CO3/1a€T CUITY, Ipe-
BHIIIAIOINTYO BKJIAJ BHYTpEeHHUX obostouek. C Apyroi cTOpoHbl, B3anMo ieiicTre (1) oka3piBaeTCs CHIIbHEE,
4eM B3aUMOJEHCTBHE IByX METAJIOB M3-3a OoJsee c1aboro 3KpaHUpPOBaHMS dJIeKTpuueckoro noist. Kpaiine
npoctoe BeipaskeHue (1) He 3aBUCUT OT KOHIIEHTPAIMH AJIEKTPOHOB U MTO3BOJISIET M3MEPSTh GyHIaMEHTAIbHbIC
napameTpbl KBAaHTOBOH TJICHKH.

[1] H.B.C. Casimir, D. Podler, Phys. Rev., 73, 360 (1948).
[2] 4 E. anowunckuil, E. M. Jlupwy, JI.IT. [Tumaesckui, YOH, 73, 381 (1961).
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MarnuTHbIi TPOOOH B CBEpXpeIIeTKaX ¢ OJHOMEPHOU U IBYMEPHOM
MOAYJALMEN: pacueTsl B moaxoje Jlannayspa-berorTrkepa

Tkauenko O.A.}, Tkayenko B.A .12, bakmees JI.T'.2, Cymkos O.P.3

‘UdIT CO PAH, 630090, Hosocubupck, np. Ax. Jlagpenmuvesa, 13

2Hoeocubupckuii 2ocyoapcmeennviii ynusepcumem, 630090, Hosocubupck, yn. ITupozoea, 2

SUniversity of New South Wales (UNSW), Sydney, 2052, Australia

B ¢usuke MeTangoB XOpoIIo U3BECTHBI OCHMIUIALMA MarHUTHOTO MPpo00st. OCIMIUIALIUY TOH )K€ MPH-
POIBI HAOIIOAATIKCH B CONIPOTUBIICHUN CBEPXPELIETOK B ITOJIYTIPOBOIHIUKOBOM ABYMEPHOM JIEKTPOHHOM T'a3e
(A30). DddexTsr MarHUTHOTO MPOOOST 0OCYKIAIUCH B CBSI3U C HEAABHUM IKCIIEPUMEHTOM C TPEYTOJILHOH pe-
LIETKOW aHTUTOUYEK B ME30CKOIMYECKONW CHCTEME Ha OCHOBE 3aTBOpHO-UHAyuupoBaHHoro JOI' [1,2]. B
dypbe-CreKTpe HEJTOKAIBLHOTO cOnpoTHUBiIeHHs Ryx(1/B) momMumo (GyHIaMEHTaIbHBIX YacTOT U 4acToThI fc
(octuIALMH COM3MEPHMOCTH LUKIOTPOHHOTO JHaMeTpa M IIEePUO/ia CBEPXPEIICTKH) ObLIM OOHApYIKEHBI
apobubie 4acToTsl fo/2 u 3fe/2 [1]. DT n3MepeHust CTUMYIMPOBAIH MOUCK 3()(PEKTOB MAaTHUTHOTO MPOOOS
B paMKaxX KBaHTOBO-MEXaHWYECKUX pacueToB U OJHOYACTHYHOTO nojaxoja Jlangayspa-beloTTukepa s ciry-
4aeB OJHOMEPHOU U ABYMEPHBIX Moayssiuuil noteHuuana B 2T, [lepuoanyeckas Moaysinus NOTEHLIMATIA
3a/laBajach Ha KBaapaTtHoi miomanke (pazmepoM 40-50 mepromoB), K yriaM KOTOPOH MOAXOIAT YEThIPE KBa-
3MOAHOMEPHBIX KaHajla C OAHOPOIHBIM MOTEHIMAIOM. Takasi CUCTeMa MO3BOJISET BHIYUCIATH YEThIpEX-Tep-
MUHAaJIbHBIE COMPOTHBIEHHS Ryy, Ryx, Rxx, Ryy. PaccmarpuBanuce pemetku ¢ nepuogom 40-80 HM U BapbHUpy-
MO MOAYJISIHEN MOTeHIMaa, KOTopas Opanachk Malloi o cpaBHeHHIO ¢ 3Heprueit ®epmu. K mepuoguye-
CKOMY MOTEHIMATY J00aBIsUICS 0€COPAIOK, KOTOPBIA ONpenessiicsa 3aJaHNeM CIyYaiHbIX YUCET B KAKIOM
caiiTe TUCKPETHOH ceTKu. becnopsaok mojasnseT WHTEPPEPSHIMOHHBIN MIYM, 00yCIOBICHHBIH KOHEYHBIM
pasMepoM perieTok. PacueTsl BEIMOMHSIIUCH ¢ ToMoIkio mporpamMmel KWANT [3], koTopast TO3BOJISIET BBI-
YHUCIATH IOTHOCTH COCTOSTHUN DoS 1 ko3¢ hUIIMEeHTHI TPOX0XKACHNS B MHOTOTEpMUHAIBHON cructeme. Co-
MIPOTHUBJICHUS ONIPENEIIUINCE Yepe3 Kod(hdUIMeHTsl npoxoxaeHus mo Gopmynam Jlannayspa-beroTTukepa.
st 3amaHHOM SHEpPTUM SJIEKTPOHOB (KoHIEHTparuu J[DI) BRUUCISINCH MarHUTOMOJEBHIE 3aBHCHUMOCTH
Rxx(1/B) u DoS(1/B), koTopble AEMOHCTPUPYIOT OCHMJLUISIIIMK B HEKOTOPOM Hana3oHe Mo 00paTHOMY Mar-
HUTHOMY I10J110. YacTOTHI OCHMIIJISIIMK ONpeAeIsUTICh B pe3yibrate Pypbe-ananuza. CornacHo Teopud, QyH-
JaMEHTaJIbHbIE YaCTOTHl MAaTHUTHOTO IIPO0O0SI ONPEASIAIOTCS IIOMIAIIMH 3aMKHYTHIX OHCAarepOBCKHUX TPAEK-
TOpUN B UMITYJICHOM IIPOCTPAHCTBE, KOTOPBIE 3aMETAIOT 3JIEKTPOHBI MO/ JIEHCTBUEM MTEPHOANYECKON MOY-
JSIAN Y TIEPIICHNKYJSIPHOrO MarHuTHOTOo 1ot Hamr pacuer nmokaseiBaeT, uto B @ypwe criektpe DoS(1/B)
MPUCYTCTBYIOT TOJIBKO ITUKH, OTBEYAIOIINE OKUIAeMbIM (YHAaMEHTAIbHBIM YaCTOTAM MJIM UX KOMOHWHAIIHSAM.
B 10 x%e Bpems B cniekTpe Ryx(1/B) ecTh ononHuTenbHBIE TMKH, OTBEYAIOIINE PA3HOCTSIM (YHAaMEHTANbHBIX
4acTOT, KOTOPBIM HeJb3sl NpUIHcaTh (GU3NUECKH OCMBICICHHYIO 3aMKHYTYIO TpaekTopuo. OKa3ajaoch, 4To
yK€ JUIsI OJHOMEpPHOM MOIYJSAIUU THpU €€ JOCTATOYHON aMmIuinTyne B Dypbe-ClieKTpe CONPOTHUBICHUS
Rxx(1/B) mpucyrctByrot yactotsi fc, fc/2, 3fc/2, kotopsix Het B criektpe DoS(1/B). st nBymMepHO MOy-
JSUU TOMUMO (yHIaMEHTAIBHBIX YaCTOT U UX KOMOMHAIIHH, B crieKTpe Ry (1/B) oOHapy:xeHa 30H-
Hasl 4acToTa, ornpenessemMas mIomaablo dIEMEHTapHON ssueiiku 30HbI bpummtoona. Obunue nuKos,
OTBEUAIONINX YacTOTaM MAarHUTHOTO Mpo00si, UX MHTEePPEPEHIIUs NPU CTOJIKHOBEHHSIX U 3aBHCH-
MOCTb BBIpaXX€HHOCTH Dypbe-CIeKTpa OT aMIUTUTYIbl MOJYJISLIUH, OCIIOKHSIOT IIOCTPOEHUE TIOJIHOU
KapThbl YaCTOT C U3BMEHEHUEM KOHILIEHTPAllUH.

Pabora nmogneprkana rpantom PH® Ne 19-72-30023. [lns pacdeToB UCIOIB30BAH JOCTYII K pecypcam
Me:xXBEeTOMCTBEHHOTO CyIIEpKOMIIBIOTEPHOTrO LieHTpa PAH.

[1] D.Q.Wang et al., Nano Letters, 23, 1705 (2023).
[2] Z.E.Krix et al., arXiv:2404.04592. (2024).
[3] C.W.Groth et al., New J. Phys. 16, 063065 (2014).
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[TonmapoHHas Macca HOCUTENEHN B IJIAHAPHBIX CTPYKTYpPaxX, COACPKALINX
CJIOM C Pa3JIMYHOM CTEIICHBIO HOHHOCTH

Macios A.1O.L, ITpomwuna O.B.!
Y\OTU um. A. @. Hoghghe, 194021, Canxm-Ilemepbype, ya. Honumexuuveckas, 26

B mocnennue roapl Ha4aJOCh MIMPOKOE HMCCIENOBAaHHE T'€TEPOCTPYKTYP, B KOTOPBIX HCIONB3YIOTCS
CJIOM U3 MaTepHaJIOB C Pa3JIMYHON CTENIEHbI0 HOHHOCTH, HAIIPUMEp, AUXaJIbKOTCHUIBI IEPEXOAHBIX METAILIOB
[1]. B Takux cTpyKTypax BO3HHKAET Psii HOBBIX 3((HEeKTOB, 00YCIOBICHHBIX EPEHOCOM (POHOHHOM MOJISIPH-
3aruu MeXIy ciaosimu. Hamu 6bu10 okazano [2], 4To B KBaHTOBOI siMe ¢ OapbepaMu U3 HOHHBIX MAaTePHAIIOB
MOJKET BO3HHMKATh CHJIBHOE B3aMMOJICHCTBUE 3apsSHKEHHBIX YaCTHIl C TIOJISIPHBIMH ONTHYECKUMH (DOHOHAMHU.
[Ipu 3TOM CTETeHh HOHHOCTH MaTepualia KBAHTOBOH sIMBI 3aMETHOM POJIM HE UTpaeT.

B HacTosmelt paboTe HccieaoBaHa MPOTHBOIOIOKHAS CHTYAaIlUsl, KOTJIa KBAaHTOBAs sIMa COCTOHT W3
HMOHHOTO MaTepuana, a 0apbepbl H3rOTOBIICHBI U3 KOBAJICHTHBIX MM c1ab0 HOHHBIX coenHeHui. [lokasaHo,
YTO B TAKUX CTPYKTYpax BO3HHKAaeT 3PQEKT MoJaBICHHS JIEKTPOH-(OHOHHOTO B3aUMOJCHCTBUSI BHYTPHU
simbl. [Ipu 3TOM (b GEKTUBHBIN TapaMeTp B3aUMOICHCTBHS Qefi= o f OKa3pIBacTCst MEHbIIIE COOCTBEHHOTO Ma-
pamMeTpa MaTepuaia o 3a cueT ociadistomero MHokutens f. Paccunrana Bennunna Maoxxutens f B 3aBucu-
MOCTH OT BBICOTHI 0apPbEpOB U IIMPUHBI KBAHTOBOH SIMBI. [ToKa3aHO, 4TO 7151 pa3IMYHbIX HEHOHHBIX 0apbepoB
P OJTHOM H TOM K€ COCTaBE KBAHTOBOH SIMBI HA OCHOBE HOHHOT'O MaTepualia, MOKHO TIOIY4UTh 3HAYUTENb-
HbIC U3MCHEHHSI B BEJIMYMHE IEKTPOH-(DOHOHHOTO B3aUMOJICHCTBUS. DTO AACT JOMOTHUTEILHBIC BO3MOXKHO-
CTH JJIS1 HCCIICJIOBAHUS COOCTBEHHBIX (DU3UUECKUX CBONCTB TOHKUX CJIIOCB HOHHBIX MaTepHAJIOB.

PaccmoTpenHslii 3G QeKT MPUBOAUT K MOSBICHUIO 3aBUCUMOCTH 3()(EKTUBHON MAacchl HOCHTENEH OT
LIMPUHBI KBAHTOBOH sIMbI. OCOOCHHO CHIIbHAS 3aBUCUMOCThH OXKHAETCS ISl COEJMHEHUM, I KOTOPBIX c00-
CTBEHHBIH MapaMeTp 3JIeKTPOH-(POHOHHOTO B3aUMOACHCTBHS O IPEBBIIACT EAUHUIYY. B 3TOM cityyae BbIpa-

XKeHue U1t 3PPEeKTUBHON Macchl Mpol MOXKET OBITh IPEACTABICHO B CICAYIOLIEM BUJE:
4
Mool =My £ TPH 0t >1 (1)

3/1ech Mmax COOTBETCTBYET 3HAYCHHIO 3()(DEKTUBHOM MacChl B KBAHTOBOH siMe ¢ OECKOHEUHO BBICOKUMU
Oapbepamu. 3HAYNTEIbHBIE H3MEHEHHSI MACChl 00YCIIOBJICHBI CHIBHOW 3aBUCHMOCTHIO MHOKHUTEIS f OT 11~
punbl smbl. [loaydeHo, uto 3¢ ¢ekTuBHAsS Macca HOCUTENIeH B BO30YKIECHHBIX COCTOSHUSX JOJ/DKHA OBITh
MEHBIIIE, YeM B OCHOBHOM, YTO 00YCJIOBJIEHO OOIIMMHU CBONCTBAMH BOJHOBBIX ()YHKIIHIA B SIME KOHEUHOM TJTy-
OWHBI ¥ HE 3aBHCHUT OT KOHKPETHOH ()OPMBI KBAHTOBOHU SIMBI. DKCIIEpUMEHTAIIbHOE 00HAPYKEHHE TaKOTO (-
(hekTa MOXKET CIY)KHTh JOMOJHUTEIHFHBIM CITIOCOOOM TPOBEPKH MPENIOKEHHOW KOHTHHYAIBHON MOJIEINH,
B KOTOPOU IIMPUHA KBAHTOBOM SIMbI pacCMaTPHBAJIACh KaK HEMPEPbIBHBIN napaMeTp. OIHAKO BCE CIC/IaHHBIC
HaMU TPUOJIMKCHUS MO3BOJISIOT MPUMEHHUTH MOJyUYEHHBIE PE3YNbTAaThl U K NPEICIIbHO Y3KMM KBaHTOBBIM
sIMaM, COCTOSIIINM U3 OJTHOTO MITH HECKOJIEKMX MOHOCJIOEB HOHHOTO COeIMHEeHUs. B ToM uncie, cnenyeT oxu-
JIaTh, 4YTO B PACCMOTPEHHBIX CTPYKTYpaX MpH HCIIOIF30BAHIH B KAUYECTBE KBAHTOBOU SIMBI CIIOEB JHXATBKOTE-
HUJIOB TIEPEXOHBIX METAUIOB JOJHKHA HAOIFOAaThCs 3aBUCUMOCTD 3 ()EKTUBHOM MacChl HOCUTENICH OT YuClia
cnoeB. 1)1 KOJIMYECTBEHHOTO OMKMCaHUs TaHHOTO 3 (heKTa, BOZMOXKHO, TOTpeOyeTcs 00jIee aKKypaTHOE OITH-
canue (hOpMbI U TapaMETPOB KBAaHTOBOH SIMBI, a TAK)XK€ BO3MOXKHBIX M3MEHEHUH 30HHOUW CTPYKTYpPhI MHOTO-
CJIOMHBIX MaTEPHUajIOB, HO KAYECTBEHHBIC 3aKOHOMEPHOCTH JIOJKHBI COXPaHUTHCSL.

[1] X. Hu et al. Coordination Chemistry Reviews, 499, 215504 (2024).
[2] A.FO. Macnos, O.B. IIpowuna. @TTI, 56, 101 (2022).
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[Tepenoc Bo30y:k1eHUS Yepe3 MUPOKUI Oapbep B CUCTEME KBAHTOBBIX SIM
GaAs/AlGaAS pa3muaHON MTUPHHBI

®uaocopon H.I'.Y, Arexsn B.®.}, Bepoun C.10.}, Pesanukuii A.H.2, Cepor A.10.%, IlItpom U.B.13 4,
Unekus . B> *, Pesnuk P.P.}, Upipmun .01 34

‘criery, 199034 Canxm-Ilemep6ype, Poccus

2OTH um. A. @. Hoppe PAH, Canxm-Ilemep6ype, 194021 Poccus

SCHUAY um. XK. U. Angpéposa PAH, 194021 Canxm-ITemep6ype, Poccus

*UAIT PAH, 198095 Canxm-Ilemepbype, Poccus

MHorue cBOHCTBa MHOTOCIIOMHBIX TETEPOCTPYKTYP ¢ KBaHTOBBIMH siMamu (K1) onpenenstorest crene-
HBIO CBSI3aHHOCTH DJICKTPOHHBIX COCTOSIHUM coceanux KS, kotopas 3aBucut ot napametpoB K5 u 6apnrepos.
B nacrosmieii pabote uccnenoBaHbl BO3MOXHOCTH ONTUYECKOH CIIEKTPOCKOININY JJIs1 XapaKTepU3aluy CBSI3aH-
Hoctu Kf, pa3neneHHbIx mupokumu 6apbepamu.

B untepane remneparyp T = 5-300 K uccrienosana ¢poromomunecuenuus (OJI) snurakcuansHoil rete-
poctpyktypbl GaAs/Alo4GaosAs, conepikareii Tpu K GaAs/AlGaAs QW32, QW16 u QWS mmpunoii 32, 16,

u 8 monocioeB GaAs (1 MC = 0.283 M), KOTOpbIe pa3-

nenenbl 6apbepamu Alo4GaosAS B 14 HM. 3akaH4unBaeTCs
BbIpalllcHHast CTpykTypa 50 HM OGapbepHbIM cioem Al- ;“f:‘ttg: A
GaAS 1 ToHKUM naccuBUpyroImM ciioeM GaAs. ey - ° ¢ : ® e .

IIpu T =5 K B cniextpe DJI npu HanbGapbepHOM 2 o .. °
BO30YXKICHUN HAOIIOAAOTCA TPHU TOJOCHI, COOTBET- ; - " ., '
cTByromue pekomomHanuu 3kcutoHoB B KA. Tlpu 5 K Z A "
nonocel @JI KS umeroT comocraBUMyl0 HHTEHCUB- é : ngv:?) A ’ !
HocTh. C POCTOM TeMIiepaTypbl MHTErpajibHas WUHTCH- - A _OWS | A [
CHUBHOCTh JIOMHUHECHEHIMN Kaxnoil K m3mensdercs — s,
HETpUBHAIBHBIM 00pa3oM (puc. 1). B pabote obcyxaa- o

| | L . 1

eTcsl MOJeNlb TEePMOCTHMYJIHPOBAHHOTO B3aUMO/IEH-
crBus K51 pazneneHHbIx mmpokumu 6apbepamu [ 1, 2].
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Puc. 1. — Temnepamypnas 3a6ucumocms unme-
2panbHOU UHMEHCUGHOCHIU IIOMUHECYEHYUU
mpex KA.

Mogens npearnoaraer, YTo ¢ poCTOM TeMIepa-
TypHl niepepacnpeneneHre nareHcuBHocTd PJI Mexay

K41, 00yciioBieHO epeHoCcoM BO30YKISHUS MEXKTY CO-

ceqaumu KS1. HanbGonee oTdemyinBO Takoe nepepacipesieieHre WHTCHCUBHOCTH HaOMIoaeTcs IS Mapsl
QW8-QW!16, uro nposiBiIsieTcst B ObICTPOM YMEHBIIIEHHH HHTErPasibHOM HHTeHCHBHOCTH M3nydenust lows(T)
C OJTHOBPEMEHHBIM 3aMeJUIeHHeM TemiepaTypHoro ramenus usnydeHus lowis(T). [Ipi 3TOM HHTEHCHBHOCTb
nznyuenus napbl K QW8-QW16 ynaercst onmcaTh B paMKax NpeasioKeHHONW Mojend. Mbl TIOKa3aiH, 4To
B OTOM cClly4yae mapiyaibHas 3aBUCHMOCTh MHTEHCHUBHOCTHU M3JTy4eHus U3 Oonee y3koi KA, csizanHas c me-
PEHOCOM BO30YKICHHS B COCEIHIO Oostee mMpoKyro K, mmeeT akTMBallMOHHBII XapakTep.

PaGota BemonHeHa npu noaaepxke rpanta CII0IY Ne 95440344 (B.d. Areksn, A.1O. Cepos, B.1. LItpom)

[1] A. H. Pesnuykuii, A. A. Knouuxun, M. B. Epemenxo, ®TII, 48, 345 (2014).
[2] H.I". ®unocoghos, I'. B. Byoxun, B. . Azexan, G. Karczewski, A. FO. Cepos, C.IO. Bep6un, 1. B.
LImpom, A. H. Pe3nuyxui, @TII, 57, c¢. 555 (2023).
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JleymepHvle 4 00HOMEPHDBLE CUCMEMDbL, 2eMEPOCTIPYKIYPbL, CEEPXPEUUEIKU
Bnusinue pactsokenus Ha da3oBbiit iepexon B TaS

Tiomenues M.M.!, ®enoros H. 1.}, Maprosuuknii B.11.2, 3aiines-3oros C.B.!

YUPD um. B. A. Komenvnuxosa PAH, 125009, Mockea, ya. Moxosas, 11, cmp. 7

2OUAH, 119991, Mocksa, Jlenunckuil npocnexm, 0.53

CTpeHHTpOHUKA SIBIISIETCSI HOBOM M MEPCIEKTHBHON 007acThi0 (PU3UKH KOHIACHCHPOBAHHOI'O COCTOS-
HUSI, B KOTOPO# yIpaBJieHUe 3JICKTPOHHBIMY CBOMCTBAMY MaTEpUANIOB OCYIICCTBISIETCS ¢ oMo 1D mimu
2D nedopmanuu U 4acTo MPUBOIUT K BOSHUKHOBEHUIO HOBBIX AJIEKTPOHHBIX CBOKCTB. Tak, mpejcKa3aH mepe-
xox B3II B nonocatyo ¢asy, BbI3BaHHBIN TBYOCHBIM H30TPONHBIM pacTsikennem 1H-NbSe; [1].

B croucrom kBasunBymepaom Matepuaie 1T-TaS, npu nmoBbIIeHUH TeMIIEPaTypsl 1 TPOUCXOAMT TIe-
pexon u3 ¢assl ¢ moutn comsmepumoii B3I1 B dazy ¢ necouzmepumoit B3I npu T = 350 K, npuuem mvpuna
TIETIIN THCTEpPE3rca ITOTO Mepexoaa TeM MEHBIIE, YeM TOHBIe oOpaserr [2]. Hamu Oblm BIpaIeHBI KpH-
CTaJUIBl TaS; METOIOM ra30TPaHCIIOPTHBIX peakuuii. PEHTTeHOBCKMIT aHaNN3 MOKa3aj, YTO KPUCTAJUIBI Mpe-
cTaBysOT coboit He unctyto 1T ¢asy, a 1T ¢a3y, yepenyromiyrocs ¢ pomooaapuyeckoii pazoit 6R. [MogoOHas
CTPYKTypa HaJeNseT KPUCTALTBI TAKOW e TeMIIepaTypHON 3aBUCHMOCTBIO COMPOTUBIICHUS, KAaK Y TOHKHX
(menee 6 am) kpuctawioB 1T ¢azer B quanazone temmneparyp ot 50-400 K. [Ipu gansHeiineM moHWKEHUH
TeMIIepaTypsl MeTaTHYecKuid BKiIaz 6R ¢a3el HaunHaeT npeobnaaats. B naHHo# paboTe ObUI0 N3yUYEHO BIIH-
SITHME OJTHOOCHOM U JIBYOCHOM nedopmalinu Ha ¢a3oBbiii nepexon npu T = 350 K nHameit dasbl.

OO0pasibl npeAcTaBIsIIH cO00H KPUCTAILTBI TOMIUHON OT 1 10 10 MKM, IPUKIIEEHHBIE STTOKCUIHON CMO-
JIOH K KPECTy U3 MOJIMAMHUA, KOTOPBIA PACTATHBAJICS C TOMOIIBIO yCTPOUCTBA IS IBYOCHOH JedopManu Ha
maroBbix aBuratensx [3]. [IpoBeaennbie HaMu uccnenoBanue oopasos ¢ momornbo CTM mpu T = 78 K mo-
Ka3aJI0 HaJIMYMe COCTOSIHHSI C HEYIIOPSIOUCHHON TTouTu cousmepumoit B3I

[Ipu pacTspkeHnu oOpasiia HaOMIOASTCs yYBeTHde-

. HUE CONPOTUBICHUS BIOIb OCH PACTSLKEHUS U YMEHbIIIE-
nodef
gert || HUE COIPOTUBIIEHUA BIOJIb OCH, NEPIECHIUKYIISIPHONH OCH
def3

pacTsbkeHus. [t u3ydeHus! BIUSHUS pacTsHKeHUs Ha (a-

30BBIN Tiepexon B TaS; OblIa CHATA 3aBHCHMOCTH COTIPO-

Resistivity (€2-cm)

THUBJICHUA OT TEMIICPATYPHI IIPU PA3JIMYHBIX BCINYUHAX

2 = & & & & nedopmaruu odpasiia. Ha puc. 1 nmoka3aHbl THITMYHBIC 3a-
Temperature ( C)

BUCUMOCTU CONPOTUBJICHUA OT TEMIICPATYpPhI AJIA JABYX

B3aMMHO MEPIEHANKYISPHBIX HaIIpaBIeHUH BOIM3H Hepe-
X0J1a. 3aBUCUMOCTH BOCIIPOU3BOJMMBI, HE 3aBUCST OT CKO-
pPOCTH pa3BEepPTKH TEMIIEPATYPhl U UMEIOT THCTEPE3UCHBIN

xapaktep. OOHapYKEeHO, YTO TPU paCTsDKEHHH oOpasia

Resistivity (€2-cm)

; ; ; BI0JIb OHHOﬁ nus3 Oceﬁ, HIMpPHUHA METIN TUCTEPE3nCa YBCIN-
50 55 60 65 70 5 80

Temperature (C) 9YMBaETCsI, KPOME TOTrO, CPEIHssl TEMIleparypa Nepexona
Puc.l. — 3asucumocms nposooumocmu om | Takxke yBeamduBaetcs. Dpdekts qocturarot 1K u 0.4K

MEMNEPAypbl npu. pasiuinplx 00HOOCHbIY | cooTBETCTBEHHO. OBGHAPYKEHHOE MOBENICHHE COOTBET-
PaACmANCEHUAX NO OCU paAcmsdiceHus (a), no
ocu, NepneHOUKVIAPHOU OCU PACMAINCCHUS
(b). Cmpenxkamu nokazano HanpagieHue uz-
MeHeHus. conpomueienus no mepe ygeauye- | HOOCHOH aedopMaLmy.

HUSL PACMAICEHUSL. PaboTa BeImonHeHna npu nojaaep:kke rpanta PHO Ne22-
42-09018.

[1] Fabrizio Cossu, Krisztian Palotds, Sagar Sarkaret, et.al., NPG Asia Materials, 12, 24 (2020).
[2] Yasushi Ishiguro, Kirill Bogdanov, Naoko Kodama, et.al., J. Phys. Chem. C, 124, 27176 (2020).
[3] S.V. Zaitsev-Zotov, arXiv:2311.18336.

CTBYCT OXHUAACMOMY PaCHIMPCHUIO IICTIIM THUCTCPE3nCa
C IMMOBBINICHUEM CTCIICHU YIMOPAAOUYCHHOCTHU BII3 Inpu oAa-
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JlgymepHvle u 00HOMEPHBIE CUCMEMBL, 2eMepPOCMPYKIYPbl, CEEPXPEUEmKU
DIEKTPOH-3JICKTPOHHOE B3auMo/IeicTBUE B cTpyKTypax INnGaAs/GaAs

I'ymuna C.B., Apanos FO.T'., Hesepos B.H., CasenbeB A.Il., Hlenymununa H.T'., Axynun M. B.

UDM VpO PAH, 620108, Examepunbdype. C. Kosanesckoii, 18

ITockonbKy AJst ABYMEPHBIX JEKTPOHHBIX CUCTEM 3PQEKThl MEKIACTHYHOTO B3aUMOACHUCTBYSI Oy IyT
CHITBHBIMH B PEXKHMe HU3KOH KOHIIGHTPAIINH HOCHTENeH 3apana, 1, = 1/(a*v/mn), rae N — KkoHueHTparms,
a" — 3(eKTUBHBIN GOPOBCKUI paguyc, a KOHIEHTPAIMER MOXKHO YIIPABIIATh, TO HAOIIONAETCS 3HAYUTENb-
HBIA MHTEpEeC K U3YyUYCHUIO CHIIBHBIX KYJOHOBCKHX B3aUMOJCWUCTBHI WM UX CBs3U C (ha30BBIMH MEPEXOJaMu
1 paspyuieHueM OepMu-KUIKOCTHBIX (a3 Ha MOMYIPOBOJHUKOBBIX TeTepOUHTEpQeiicax ¢ BRICOKOU IMOIBUK-
HocThI0. Tak, mpu 00CYKICHHU Mepexo/ia MeTaI-u30ATop B 2D-cucteMax ¢ BBICOKHM [s Oblia IocTaBIeHa
MOJi COMHEHHE NPUMEHUMOCTh OOBIYHOTO OOJBLIMAHOBCKOTO TepeHoca 3apsga B @epMu-KUAKOCTHOM pe-
JKUME U OBUTH TIPEI0KECHBI HOBBIE MEXaHU3MbI, TAKUE KaK TUAPOIMHAMUYCCKUN TpaHCopT. Eile oqHuM WH-
TepecHBIM 3()(PEKTOM DICKTPOH-IICKTPOHHOTO (€-€) B3aUMOACHCTBHS SIBIICTCS MHTEPEPEHITMOHHBIN 3(¢-
(eKT OT paccessHUS JICKTPOHOB Ha OCIMILIATMAX Dpuiests, Taronui THHeHHOE YMEHBIIICHUE COTIPOTHUBIICHUS
C POCTOM TEMIIEpaTyphl, B OCIEHEE BpeMs IIMPOKO M3ydaeMblii B CHCTEMaxX Ha OCHOBE HHU3KOPa3MEPHBIX
Mo UKanuil yriiepoa B Ka4eCTBE OJHOTO M3 MEXaHU3MOB, OIPEICIISIONINX TTepeHoc 3apsaa [1]. M3yuenue
KBa3WBYMEPHBIX CHCTEM JIACT HHCTPYMEHT JUIS UCCIICOBAHUS HEYIPYTOro JIEKTPOH-2JIEKTPOHHOTO pacce-
SIHUSI KaK OJIHOTO W3 BKJIAJIOB B KBAHTOBOE BPEMsl J)KU3HH HOCUTEICH 3apsia.

B mosympoBOIHUKOBBIX reTepocTpykrypax INGaAs/GaAs ¢ oAMHOYHBIMY U JBOMHBIMHA KBAaHTOBBIMHU
amamu (K1) ¢ Huskoit konnentpanueii (n= 2x10M cm?) B uarepsane remneparyp, 7= (10+70) K, o6Hapy:xen
JVBJICKTPHUCSCKIIA XapaKkTep TeMIepaTypHOl 3aBUCHMOCTH MPOBOIUMOCTH, 00YCIIOBICHHBIH CyIIECTBEHHBIM
(ua 20 — 40 %), nuHeiHBIM 110 7, POCTOM MOABHKHOCTH HOcHTeNel 3apsaaa [2]. Mbl monaraem, 9to Takoe
MOBEJICHHE OIpEeeNsieTCs MHTEPPEePEHIIMOHHBIM BKJIaJOM B IPOBOAUMOCTE OT MOJU(PHUIIMPOBAHHOTO Oectio-
PAIKOM e-e B3amMoJeicTBus B GammucTudeckoM pesxume, KgTt/ i >>1 (1 — Bpems cBoGoaHOrO mpobera,
h — nocrosinnas [nanka, ks — mocrostnaas BosbiMana), CBI3aHHOTO ¢ KOTEPEHTHBIM PACCEHUEM JJIEKTPO-
HOB Ha ocrmuisinusax @pumens [3].

3aBHCUMOCTH CONIPOTUBIICHUS OT MAPAJUIEIBHOTO TNIOCKOCTH CTPYKTYPbl MATHUTHOTO TIOJISE B 00pasiax
n-InGaAs/GaAs ¢ IBOHHBIMH CHIBHO-CBs3aHHBIMH K5I, m3MepeHHsle mpyu (HUKCHPOBAHHBIX TeMIEpaTypax
1.8<T<50 K, npoaHanu3npoBaHbl B paMKax 1Mojaxoa [4], 4To MO3BOIUIIO MOITYYHUTh 3aBUCUMOCTh KBAHTOBOTO

BpeMEHU KHU3HU OT Temrepatyphl 1q(7),rne yBenuuenue tq(7) npu kgTt/ i >>1 cBs3aHO CO BKIAIOM OT €-€

o int int
B3aUMOACUCTBUSA B OaJUIMCTUYECKOM PEXKUME [2, 3], ﬂl-T-'E,E, (T) . OcraBimascs mocje BLIYUTAHUS E"rsa 3aBU-

o
cumocth Tg(T), comepkaliias BKIa/ibl OT pa3jIMYHbIX MEXaHU3MOB YLIMPEHHUs YPOBHS, TAKUX KaK YIIPYroe pac-
CesTHHE Ha MPUMECSAX M HEYIIPYroe paccesHhe 3JIEKTPOHOB Ha 3JIEKTPOHAX, XOPOIIO OMUCHIBAETCS BBIpaKe-
HueM [5], COOTBETCTBYIOLIMM NPeEIETy «IpsisHOro» MeTamna KeTt//i <<1 ¢ yueToM JMHAMMYECKH SKPaHUPO-

BAHHOT'O KYJIOHOBCKOTO B3aUMOJCHCTBUSI.
PaGora BbINONIHEHA B paMKaxX rOCYAapCTBEHHOTO 3a/IaHus 110 TeME « DJIICKTPOH».

[1] Takumi Inaba et al., Nano Res., 15, 889 (2022).

[2] Gudina S. V., et al., Phys.E, 113. 14 (2019).

[3] Zala G., Narozhny B.N., Aleiner 1. L., Phys. Rev. B, 64, 214204 (2001).
[4] Berk Y., Kamenev A., Palevski A., et al., Phys. Rev. B, 51, 2604 (1995).
[5] Fukuyama H. and Abrahams E., Phys. Rev. B, 27, 5976 (1983).
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Jleymepnvie u 00HOMEpPHbIE CUCTHEMbL, 2eMePOCTNPYKMYPbL, C8EPXPEUIeKU

Poct GaAs HUTEBUIHBIX HAHOKPUCTAJIOB ¢ OoraTtoi Si Kariei
Ha BEPILIHMHE
Cubupes H.B.}, Mnpkus U.B.13, Yoenisosk E.B.!, IItpom U.B.13, Comnuxos U.11.4, Pesuuk P.P.2,
Bproxarnosa B.B.?, Lprpmun I.2.13

Y Canxm-ITemepbypeckuii 2ocyoapcmeennuiii yuusepcumem 198504, Canxm-Ilemep6ype
2Angheposciuii ynusepcumem 195220, Canxm-Ilemep6ype

*Uncmumym ananumuyeckozo npubopocmpoenus PAH 198095, Canxm-ITemep6ype, Poccus
*OTH um. A. @. Hogpgpe 194021, Canxm-ITemepbype

B pabote o0cyxaaercst HeoObIUHBIH pocT HUTeBUIHBIX HaHokprcTamuioB (HHK) apcenmna rammms (GaAs)

C YaCTHLIEH KaTanu3aTopa 00raToi KpeMHHEM, CMOTPH PUCYHOK 1.

GaAs HHK mnepcrnekTuBHBII MaTepual Ui HCIIOJB30BaHUS
B IpuOOpax ONTO- W HAaHOANEKTpoHUKH [1,2]. Yarmie Bcero mx pactsT
no mexaHm3Mmy map-xkuakocte-kpuctamn (IDKK). Mx mpaktuyeckoe
MpUMEHEHHE TpeOyeT aKKypaTHOTO W KOHTPOJIHPYEMOTO JIerHpOBa-
Hus. OOBIYHO MpOOJIeMy JIETUPOBAaHUS PEIlaloT, Ucronab3yst Ga B Ka-
YeCcTBE KaTan3aTopa, Mmjaoxo pactBopuMele B Ga snements! Il u VI
TpYMITBI B KA4ECTBE MPUMECEH.

B pab6ote o6cyxnaercs poct GaAs HHK, koraa uaummarop po-
cTa u uctouHuka npumecu ceunen (Pb). Poct ocymiectsisics meto- SR SR
JIOM MOJICKYJIIPHO-ITYYKOBOH ONHTAKCHH B CHIBHO HEPABHOBECHOM | Pyc [ — [[OM  usobpasicenue
pexuMe Ha KpemHHeBO# (Si) momtoxke. CubHas HEpaBHOBECHOCTh | GaAs HHK necuposannozo kpe-

pocTa ocTuranack HU3Kou TeMrieparypoit momioxku 350 °C, mpu Ta- | HUeM.

KOUi Temrieparype pacTBopumocth Si B xkuakom Ga, Pb i Pb-As me-
Hee 1%.

B cunbHO HEpaBHOBECHOM PEXXHMM BCTpaWBaHWE MPHUMECH OIpenessieTcs KMHETHKOM mporecca [2,3].
[Toatomy ecnu B karuie MHOTO Ga, TO 3JIEMEHTHI TPYMITLI yriiepoaa (KpeMHuii [2], ojioBo [1], CBHHEIT) BCTpa-
WBAIOTCSI HA MECTO MBIIIbSIKA U SIBIISIOTCS aKentopamMu. B oOpaTHOM citydae, Korja B Karie MHOTO MBIIIbsIKa
3JIEMEHTBI TPYMIIbI YIIIEPOAa BCTPAUBAIOTCA HA MECTO TaJIIHS U SIBISIIOTCS JOHOPAMH.

Koadduuuent BcrpanBanust Pb B GaAs otHocurensHo He 6ombmoii 0.01-0.1 [3], aTo no3BonseT Haze-
SIThCSI, YTO CBHHEIl MOXET JIOBOJIBHO JIOJITO coxXpaHsaThcs Ha BepinHe HHK u o0ecneunTs yCTOWYMBBINA POCT.
B cBunIe xoporio pactBopsiercd, kak Ga, Tak ¥ As, TO3TOMY MEHSSI pOCTOBBIE MTapaMeTphl MOXKHO TEePeXo-
IUTHh OT POCTa C MBIIIBSIK OOOTAIEHHON Karuled, K TaJiuil oOorameHHoN Karuie u oopatHo. [Ipu otHOCH-
TEJBHO BBICOKMX TeMIlepaTypax pocta, Beiie 400 °C, pe3yabTaT B LIEJIOM COOTBETCTBOBAN OKUIAEMOMY.

Opnaxo npu HU3KOM Temnepatype pocta 350 °C cBoiictBa HHK cribHO OTIMYAIUCH OT 0XKHIaEMBIX.
Becy HHK oxa3zancst cunbHO pazbaBiieH KpEMHHEM TaK YTO BHJIUMO CIIEyeT TOBOPUTH HE O JIETUPOBAHWUU
GaAs HHK Pb u Si, a o citabom pactope (2%) Si B GaAs. CuHerr paBHOMepHO pactBopricst BHyTpu HHK.
Ha Bepuinnae oOHapy>Kuiiach KpeMHHEBas IIAI0YKa, OTYETIIMBO BUAMMAS B IPOCBEUHMBAIOLIEM 3JIEKTPOHHOM
mukpockorie ([I19M). Bo3moxHo Heckonbko 00bsicHeHui nanHoro ¢ dekra, poct HHK ¢ TBepapiM karanu-
3aTOpPOM, TPaBIICHHE KPEMHHEBOM MOJIOKKH CBHHIIOM C rocienyomei auddysueii Ha BepimHy.

HUccnenoBanus BeimosHeHs! pu (uHaHcoBOM noanepxke rpanta CII6IY Ne 95440344, UccnenoBanus
3JIEMEHTHOTO cocTaBa BeioiHeHbl B MPLI o Hanpasnenuto "HanotexHnonorun" Hayunoro napka CIIOI'Y.

[1] W. Metaferia et al., Nanotechnology 29, 285601 (2018).
[2] V. G. Dubrovskii et al. J. Phys. Chem. C 124, 17299 (2020).
[3] A. Uepnos, Cospemennas Kpucmannoepagus m 3 (Mocksa, 1980).
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Jleymepnvie u 00HOMEPHBIE CUCTHEMDL, 2eMePOCTNPYKIMYPbL, CEEpXpeutemKu

JIFroMUHECUIEHIINSI HAHOCTPYKTYP C JJETUPOBAHHBIMU KBAHTOBBIMU SIMaMU
[IPU ONTUYECKOM U JJIEKTPUUECKON HAKAUKE

Anamos P.B.!, Menentses I'. A%, ITonockun A.A.%, Ciummaenxo C.0.% Cenosa U.B.2, Copokun C.B.2,
®upcos JI. AL, lanemrus B. A

YCanxm-ITemepbypeckuii nonumexnuueckuii ynusepcumem Iempa Benuxozo, 195251, Cankm-

Ilemepbype, ya. Ilonumexnuuecxas, 29

2OTH um. A. @. Hoppe, 194021, Canxm-ITemepbype, yn. Honumexnuveckas, 26

OnTHueckue nepexoibl HOCUTENEN 3apsi/ia ¢ y9acTHEM IPUMECHBIX COCTOSHUM B KBAHTOBBIX Max I03-
BOJISIFOT CO3/1aBaTh UCTOYHUKH Teparepuosoro (T1'm) uznydenus, BoctpeOoBaHHbIE B HAyKE U TeXHUKE. B nan-
HO# pabote mcciaenoBansl crekTpel dotomomubectieHnn (OJI) B TI'm u 6mmxaem UK (BUK) auamazonax
1Sl P—i—N CTPYKTYp C KOMIICHCUpOBaHHbIMU KBaHTOBbIMU siMaMu (K5T) GaAs/AlGaAs mupuHoii 7.7 HM, UMe-
IOLIMMU pa3InYHbIe TPOQUIH JIETHPOBAaHUS JOHOPAMHU U aKUIENTOpaMH. AHAIOTUYHBIC HCCIECA0BAHUS IPOBE-
JIeHbI TaKoKe Ha pepepeHCHBIX HAHOCTPYKTYPaX, HE COAEPKAIUX CUIBHO JIETMPOBAaHHBIX P- U N-cioeB. s
uccienoBanuii anekTpomomunectueHuuu (J1) u3 p—i—n cTpyktyp nsroraBinuBamuch 1uoabl (0.5x2 Mm).

Cnextpsl TT'y @JI pedepeHCHBIX CTPYKTYP BBISBUIIA 3MUCCHIO U3ITYYEHUsI B TI0JIOCE YHEPTUil (POTOHOB
622 M5B, KOTOPYIO MOXKHO CBS3aTh C IMEPEX0JaMH DIIEKTPOHOB M3 TIEPBO MOJ30HBI pa3MEPHOTr0 KBaHTOBA-
HUs €] Ha OCHOBHBIE TOHOPHBIE ypoBHU D1S, a Takke ¢ BHYTPUIICHTPOBEIMH NIEPEX0IaMu IIEKTPOHOB D2y, —
D1s. Iloka3aHo 4to cmpykmypa B, rne xomneHcanus 1oHopoB B KS npoBoaniace myTem akuenTOpHOTO Jie-
THpPOBaHUs 0aphepoB, 00ECIICUNBACT ABYKPATHBIA BHIMTPHIII B MHTEHCHUBHOCTH TIIl M3My4YeHHs IO CpaBHE-
HUIO co cmpykmypoti W, rie KoMIeHcanys TpoBOAMIIack HEMOCPEACTBEHHO B KBAaHTOBBIX sMax. Mccnenosa-
aue bBUK ®JI mokaszano, 9To MpUYUHON 3TOTO SABIsiETCS Hanmn4ue B cTpykrype W HekenmaTenmsHOro KaHaia
PEKOMOHMHAIIMH HEPAaBHOBECHBIX 3IeKTpoHOB €1-hhl (31eck hhl 06o3HauaeT OCHOBHYIO MOA30HY TSKEIBIX
neIpok). UnTerpanpHas uarencuBHocts BUK @JI pacrer nuHEWHO ¢ HHTEHCUBHOCTBIO J1a3epHOM HaKauku (B
nuanaszone 1 — 10 Br/cm?), B To BpeMsl Kak 3aBUCHMOCTb MHTErpajibHOM uHTeHcHBHOCTH T ®JI umeeT cy-
IIECTBEHHO CYOJNMHEWHBIN XapaKkTep W JeMOHCTPUPYET TEHACHIUIO K HACHIICHUIO. TeopeTHIecKuii aHan3
MIPOLIECCOB PEKOMOMHALMN HEPABHOBECHBIX HOCUTENEH 3apsia C IOMOILBI0 CKOPOCTHBIX YPaBHEHHUH ITOKa3al,
4TO HaOJIO/JaBIIMECS 3aKOHOMEPHOCTH MOXKHO OOBSCHUTH HATMYHEM 0€3bI3Ty4aTeNIbHBIX MPOIIECCOB TIPUMEC-
HOW O)ke-peKOMOWHAIINY C y4acTHEM JIOHOPOB.

IMpoBenens! uccnenoBanus BUK DJ1 B p—i—n auonax ¢ kommnencupoBanubivu K5 tuma B u W. TIpo-
aHAITM3UPOBAHO TTOBEICHHE IMHIK crIoHTaHHOU DJI, 00ycoBnenHo# nepexogamu D1s-hhl (koTopsie urparoT
MO3UTHBHYIO poJib [uisi amuccun TT'1 u3nydenus Ha nepexonax €1-D1s). Bo Bcex muomax mpu 10CTaATOYHO
CHIILHBIX TOKaX BO3HHKasa ctuMyiupoBanHas BUK smuccns Ha mepexomax D1s-hhl, uto compoBosxaaercs
yBennueHrneM 3G QeKTUBHOCTH OIycToleHus: ypoBHei D1s, 3anelicTBoBaHHBIX B mpoueccax smuccun 11y
(OTOHOB. YCTaHOBJIEHO, YTO CTPYKTypa THna W obecrieunBaeT NpH IEKTPUIECKON HaKauyke MATUKPATHBIA
BBIUTPBIII B HHTETPATbHON HHTEHCUBHOCTH cTUMYMpoBanHoro BUK u3nyuenus na nepexogax D1s—hhl, mo
CpaBHEHHIO cO CTpyKTypoi Tura B. Takum oOpazom, mis pazpadorku T usnydareneit ¢ 3JeKTpUYSCKON
Hakaykoi, paboraromux Ha nepexogax €1-D1s B ycnosusax crumynupoBanHoii BUK smuccun Ha nepexomax
D1s-hh1, nenecoobpa3HO HCMOIB30BATh CTPYKTYPbI ¢ KOMIEeHcHpoBaHHbIMEH K5I ©e3 mpocTpaHCTBEHHOTO
pa3aeneHus JOHOPOB U aKIETOPOB.

Bapeructpuposats Ty DJI ¢ TOpoB P—i—N AMOMOB HE yaaloch. B KadecTBe anbTepHATHBHI MIPEIIIO-
eHo codupars T u3TydeHne U3 Mo/1a Yepe3 BEPXHUI MOJTyIPO3padHblil KOHTAKT (ero mwiomaas B 10° pas
OosblIe, 4eM y Topla) U B Ka4eCTBE TAKOr0 KOHTAKTa MCII0JIb30BaTh METAIUIMYECKYIO PEIIETKY.

Pa6ora aBTopoB P.B.A., ' A.M. u B.A.Ill. noguepxana PH® (rpant Ne 22-22-00103). Pacora JI. A.D.
monep:kana Munoopuayku PO (rocsamanve FSEG-2023-0016).
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MO)IGJ'II/IpOBaHI/Ie BJIMAHHUC DJICKTPUYICCKOTO ITOJIAA HAd O9KCUTOHHBIC
COCTOSIHUHM B KBAHTOBOMU sIME

Yson Mumun®, Xpamnos E. C.1, Urnatses U. B!

‘crery, 198504, Cankm-Ilemep6ype, Yavanosckas ya., 1

BrusiHEE 3EKTPUYECKOrO MOJISl Ha SKCUTOHHBIE COCTOSIHUS [IIMPOKO MCIIOIB3YETCsl ISl UCCIICTOBAHMS
(byHIaMEHTAJIbHBIX CBOMCTB 3KCUTOHOB B PAa3IMYHBIX reTepocTpyKTypax [1-3]. B nannoli paboTte nmpoBeaeHO
CHCTEMATHIECKOE TEOPETUUECKOE UCCIIEMOBAHNE DKCUTOHHBIX COCTOSHMI B KBaHTOBBIX siMax (KST) GaAs/Al-
GaAs 1 3ppeKToB, 00YCIIOBICHHBIX MPUI0KEHHUEM BHEIITHETO SJIEKTPHUECKOTO Tos. TeopeTudeckue pe3yiib-
TaThl TOJIyYEHBI C TIOMOIILBIO YUCICHHOTO pelIeHHs: TpexMepHoro ypaBHenus Llpenunrepa B KA B mpubmu-
KSHUH IHJIMHAPHIECKONW CUMMETPHH 3a/1a4i. MeTO I YHCIICHHOTO PEIICHHUs ONMcaH B paboTte [4].

Mpe1 paccmatpuBaeM rerepoctpyktypy ¢ K GaAs/Aly3Gao7As mmpunoii L (L = 30 uM, 50 uM, 100 HM),
MMEIOIIEeH TIPSIMOYTOJIBHBIN MPO(MIIIH HOTEHIHATA. DIEKTPHIECKOE MOJIE IPUIIOKEHO BIOJb OCH POCTA TeTepo-
CTPYKTYpHI U Bapbupyetcs B quanasoHe ot 0 1o 6 kB/cm c marom 0.5 kB/cM. M3ydeHo noBeneHre 0CHOBHOTO
COCTOSTHUSI DKCUTOHA ¢ Tshkesoi apipkoit (Xhhl) u sxcurona ¢ nerkoit apipkoii (XIh1). Pesynbratsr pacuera mo-
Ka3bIBAOT IITAPKOBCKUH CIIBUT SKCHUTOHHBIX BCEX COCTOSIHHUI B KPacHYIO 00J1aCTh CIIEKTpa, KOTOPBIH JOCTUTaeT
pesmmunHbl AE = -40 M3B mst coctostaust Xhhl u -35 MaB st coctostaug Xlhl 8 KA L =100 am B mosne F = 6
kB/cM. BeinonHeH pacuet snepruu cBsizu Ep axcuronos Xhhl u Xlhl. Ycranosneno, uro Ep ymensIaercs ¢ po-
CTOM TIOJIsI, ipuieM TeM ObicTpee, uem mmpe KA. s KA L = 100 am Ep < 1 MB B mosie F > 3 xB/cm.

HccnenoBaHo CBETO-9KCUTOHHOE B3aUMOJICUCTBHE (I PaAMAllMOHHOE yIupeHue Al o) B aeKTpuye-

ckux nossax. OHO BBIYUCIISIETCS], 3HAS! BOJIHOBYIO (DYHKLIHIO

W wo (Xhhi), F=6kViem

6l 7 T
! L

U MoJIb3ysCch Gopmyoit u3 kuuru [1]. Ha puc. 1 npusenen

&

.4

npuMmep moneBoi 3aBucuMoctd Alo anms KA L=50 uwm.

]
=
T
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(Xhh1) 61m3ko k 0 yxe B anexTpudeckom mone F=1 kB/cwm. )
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BcetaBka Ha Puc. 1 Taxke mwutocTpupyeT mosiBIeHHE ekviem

CTaTUYECKOI'0 JUIIOJIHLHOI'O MOMEHTA D HYKCUTOHA. B H_H/IpO' PUC.]. — ;ga(fucll,‘ll()clnb hro IOKCUMOHHBIX
cocmosinuii Xhhl u XIh1 om osnexmpuue-

CKO2O noJii.

koit KA (L = 100 um) D mocturaer 3Hauenus D = -80 e*um

ng Xhhl skcutona B mone F = 6 kB/cM. B 6ompimmx mosistx

AJIEKTPOH M JbIpKa B 3KcUTOHHBIX cocTosiHusax Xhhl u Xlhl pactaruBatorcst k rpanuniam KA, u qumonbHbii
MOMEHT MPHUOJIMKACTCS K MOCTOSHHOMY 3Ha4YeHHI0. Enié oqun 3phekT — 3TO CABUT LIEHTPa MacC SKCUTOHA
B JICKTpUYECKUX NosiX. [IprumHoi sToro addekra spusercs pazmmune 3¢GexTuBHbIX Macc. [lomoxkenue
IEHTpa Macc C/BUTACTCS B HANpPAaBICHUM JABWKeHHs AbIpKH. J{ns skcmtoHa Xhhl caBur cymecTBeHHO
6oubire, ueM st skcuTona Xlhl.

Agtops! 6maromapsit mpoekT PH® Ne 19-72-20039. Usxon Llnmun 61aronaput China Scholarship Council.

[1] E. L. Ivchenko, Optical Spectroscopy of Semiconductor Nanostructures (Springer, Berlin, 2004).
[2] S. Tsintzos et al., Phys. Rev. Lett. 121, 037401 (2018).

[3] M. A. Yykeee u op., DTII 57, 461 (2023); M. A. Chukeev et al., Phys. Rev. B (submitted).

[4] E. S. Khramtsov, P. A. Belov, P. S. Grigoryev et al., J. Appl. Phys., 36, 184301 (2016).
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['enepanus nznyuenus npu remneparype 290K B rerepocTpykrype
¢ kBanToBbIMU siMamu HgCdTe/CdHgTe na niune BoJiHbI 3.55 MKM
3a CUET yIydIICHUS BOJTHOBOAA M aKTUBHOM 00JIaCcTH

®danee M.A.L, SIunep A.A.12, Pazosa A.A.12, Yroukun B.B., Kyapssues K.E.}, Pymsannes B.B.12,
Iy6unos A.A.12, Anemxun B. 5.2, Muxaiinos H.H.3, JIsopenxuii C.A.3, Moposos C.B.12

‘UdM PAH, 603950, Huxcnuii Hoseopoo, I'CIT-105

2HHT'Y um. H. 1. Jlo6auesckozo, 603950, Huowcrnuii Hoseopoo, np. Iacapuna, 23

SUncmumym @uzuxu nonynpoeoonuxos um. A. B. Pacanosa, 630090, Hosocubupck

Pa3paboTka momynpoBOIHUKOBHIX J1a3epoB cpenuero nHdppakpacHoro (UK) nuanasona mis mpumMeHe-
HUH B CIEKTPOCKOINH, KOMMYHHKALUSAX U JIP. SBIISIETCS OTHON U3 MPUOPUTETHBIX 33124 MPUKIaTHON QU3HKH.
B nanHoli paboTe akUeHT cAellaH Ha AWAana3oH 3 — 5 MKM, KOTOPBIH SIBISIETCS OKHOM MPO3PAaYHOCTH aTMO-
cepsl ¥ COAEPKUT OOJIBIIOE YUCIIO IMHUN OTJIOLIEHNUS CIIEOBBIX aTMOC(epHbIX ra30B. KoHLeHTpanus 3Tux
ra3oB B aTMoc(epe MOKET OBbITh C BHICOKOW TOYHOCTBIO H3MEPEHa C MOMOLIbI0 METOIUKH a0COPIIIMOHHON
CHEKTPOCKOIIHH C TIEPECTPANBAEMBIM HCTOYHHUKOM, YTO OTpPEeIsieT HHTEPEC K CO3IaHII0 KOMITAKTHBIX Tepe-
CTpanBaeMBbIX Ja3epOB B AUANa30He 3 5 MKM.

Jlydqmmmu XapakTepuCTHKaMU CpPely MOIYIIPOBOJHUKOBBIX MCTOUHUKOB cpeanero MK nuanasona Ha
JUTHHAX BOJH O0Jiee 5 MKM 0011a1aroT KBaHTOBO-Kackaaukle mazepsl (KKJI) [1]. Oxrako, mo Mepe yMEHBIIeHUS
JutnHBI BONTHBI 3 dextuBHOCTh KKJI cHMKaeTes v B Auana3one 3 5 MKM OCHOBHBIMU MCTOUYHHKAMHU U3TYYCHUS
SIBIISIIOTCS. TMOJHBIC J1a3epbl Ha ocHOBE retepocTpykTyp [ u Il Tnna. OCHOBHBIM MpemsATCTBHEM ISl pa3pa-
OOTKH JUIMHHOBOJIHOBBIX JMOAHBIX JIA3€POB SBISETCS 03Ke-PEKOMOHMHALINS, KOTOpasi IPUBOIUT K PE3KOMY PO-
CTy TIOpora Ja3epHO# reHepanuu ¢ reMreparypoii [2]. B rerepoctpykrypax ¢ kBanTtoBeiMU simamu (K51) Ha
ocHoBe CdHgTe nporiecchl, KOTOPBIC SBISIOTCSA aHAIOTOM 00BbEMHOM 0KE-PEKOMOUHAIIMS, YACTUYHO 0J1aB-
JICHBI, ¥ YK€ B IIEPBOI paboTe MO MCCIeJOBAHUIO CTUMYIUPOBAHHOTO M3IIyYeHHsI B TAKUX CTPYKTypax yza-
JIOCh JOCTUYh TeMIepaTypsl Tenepanuu o6omree 200 K.

B cratee [3] OputM wmcclemoBaHBI TOTEPH B reTEPOCTPYKTYpax C KBaHTOBbIMH sMamu (KST)
HgCdTe/CdHgTe ¢ anuHO#M BOTHBI H3AYYEeHHUS 3 4 MKM U OBLTO MIOKA3aHO, YTO YBEIUUEHHE YHCIIA SIM ¥ ONTH-
MU3aIHs BOJHOBOJA MOTYT TIO3BOJIUTh YBEIMUUTH TEMIIEPATYpy TeHEpalld CTUMYIHMPOBAHHOTO U3TYYEeHUsI
(CH) mpu ontuueckoii Hakauke. B cratbe [4] ObU1O MOKa3aHO, 4TO OECIIOPOrOBBIE MPOLIECCH MOTYT OKa3bIBAThH
OonbIIMIA BKJIaJ B OOLIYIO CKOPOCTh PEKOMOMHALIMH, YEM 3TO OKHIAJIOCH, U OBIJIO CHIEJIAHO MPEATIONIOKEHHUE,
YTO UCIOJIb30BAHUE CTPYKTYP C HU3KUM OapbepoM B JuanazoHe 55-75% MpeanouTUTeNbHO IS TOCTHKCHUS
BBICOKMX TEMIIEPaTyp FeHepallui H3IYyYeHHUs 3a CUET TOTO, YTO MAaKCUMYM CKOPOCTH OECTIOpOTOBBIX MpoIiec-
COB cMelnaeTcs B 001acTh HU3KUX Temrepatyp. [lonb3ysich BeIBogaMu 3THX paboT, Oblila HogoOpaHa CTpyK-
Typa ¢ 6ospmKM KoudecTBoM K51, B KOTOpOI MakcuMaibHast CKOPOCTh OECIIOPOroBOM 0Ke peyKOMOHWHAIINN
(onpezneneHHHAs [0 TEMIEPaTypHOH 3aBUCHMOCTH MHTEHCUBHOCTH (POTONIOMUHECHEHIINN ) JOCTUTAETCSl TIPU
temneparype meHee 50 K. 3a cyer aToif onTUMU3aIMM yaanock JOCTHYb CTUMYJIMPOBAHHOTO M3IYYEHHUS MPH
temreparype 280 K. JIomomHUTENbHOE YMEHBLIEHUE MOPOTa U YBEIMUYECHUE MAKCUMAJIBLHOW TeMmepaTypbl
TeHepalyy yAaloch MONYYUTh 3a CUET YBEIWYEHHs [UIMHBI BOJIHBI ONTHYECKONW HAKAYKH,, YTO ITO3BOJIMIO
nosryants CU Ha jyinae BomHBI 3.55 MkM nipu Temmepatype 290K.

Pa6ota BeImonHena npu nmouzepikke rpanta PH® Ne 22-72-10111.

1.Y. Yao et al., Nat. Photonics 6, 432 (2012).

2. J. R. Meyer et al., IEEE J. Quantum Electron. 57, 1 (2021).
3. M. A. Fadeev et al., Nanomaterials 12, 1 (2022).

4. K. E. Kudryavtsev et al., Appl. Phys. Lett. 123, 1 (2023).
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CBoiicTBa MHOTOCJIOWHBIX HAHOCTPYKTYP «CYOOKCH I KPEMHHUS/0JI0BOY,
MOJABEPTrHYTHIX OBICTPOMY U CTATUYECKOMY OTXKUTY

A.B. Epmos?, JI. A. IOmxos!, H.B. Baiinycs!, A.U. Benos!, A.B. 3noposeiimes?, P.H. Kprokos?
YHHTY um. H. 1. Jlobauesckozo, 603950, Huxcrnuii Hoseopoo, np. I'acapuna, 23

dopmupoBanue MHOTOCIONHBIX HaHOCTPYKTYp (MHC) SiOX/Sn siBnsieTcst akTyaabHBIM B CHITY HMEIO-
LIMXCsI DKCIIEPUMEHTAJIBHBIX JaHHBIX, YTO HAJTMYME 0JI0Ba B CyOOKCH/IE MOBBIIIACT MPH OTKHUI'e KPUCTAILIN3a-
o HaHokpuctautoB kpemuus (HK Si), yBenuduBas nateHcuBHOCTS (oTomomunecternun (PJI) [1]. Kom-
6unanus OeicTporo Tepmudeckoro okura (bTO) u mocneayromero ctarndeckoro orxura (CTO) Takxe cro-
cooctByet pocty uHTeHcuBHocTH DJI [2]. B moknane mpeacraBieHbl pe3ynbTaThl udydeHus BiausHus bTO
1 CTO u nmocT-ruJporeHn3anny Ha CBOMCTBAa MHOTOCTIOMHBIX CTPYKTYyp a-SiOX /Sn (1w SnOy).

O6pasiet MHC monyvanu moouyepenHbiM ocaxaeaneM cioeB SiOX u Sn Ha momtoxkky KJIB5-20 (100)
npu temneparype 120 °C MeTo10M 3JIeKTPOHHO-TY4€BOr0 UCIIapeHHs B BaKyyMe. by oydeHsl cTpyKTypbl
¢ tommmHoi SiOX— 20+1 HM, a TONIIIKMHA 0JI0Ba BaphbUpOBaNach B mocieaosatenpuoctu: 0, ~1, 1.5, 3, 5 um
TS pa3Hbix cepuit. O0pasusl MHC ObLau oTOMOKeHBI B Ieun ObicTporo orxura rnpu 900 °C B TeueHue 3 MUH
—u B TpyOuaroit meun mpu 900—1100 °C 60 mua (CTO). bputn BEIOTHEHBI SKCIIEPUMEHTHI 110 OTXKHUTY B MO-
JIEKYyJISIpHOM Bogopoze mpu temmnepatype 500 °C B TeueHue yaca.

[Nony4yeHHsle 00pa3lbl UCCIEAOBATM METOJIAMH PEHTICHOBCKOH (POTORIEKTPOHHOW CHEKTPOCKOIHU
(P®3C), poromomunecuenimu (OJI) u UK-cnekrpockonuu. Mccnenosanust merogqom POIC npoBoaumuch
Ha koMiuiekce Multiprobe RM (Omicron Nanotechnology GmbH). Criektpsr @ypre UK-miporryckanust cHU-
Manmch Ha criektpomerpe Varian 4100 Excalibur B nnanasone 400-1400 cmt. Msmepenus cnexrpos ®JI mpu
KOMHATHOH Temreparype B nuamnasone 650-1000 HM mpoBOIHIHCH ¢ TOMOIIBI0 yeTaHoBkr Nanometrics RPM
PL Wafer Mapping System mpu Bo30yxaenun Nd: Y AG-nazepom.

Cpennuii (3¢ ¢heKkTUBHBIN) KOAPDUITUEHT CTEXHOMETPUH B CIOAX cyOokcuma kpeMHust SiOX cocTaBuil
X = 1.65. binzkas BenuunHa X = 1.72+0.05 Obina HaiineHa s 3G HeKTUBHOrO KO PHUIMEHTa CTEXHOMETPUN
cioeB cybokcuaa kpemuus octanbaeix MHC SiOX/Sn. YcraHoBieHo, uTo oTAeabHbIe mieHkn SiOX mocie
oTXHra B TpyOuaToil meun B ctarnueckoM pexkume npu 1000-1100 °C nposiBisitor nHTeHCHBHYI0 DJI mpu
KOMHATHOH TeMmmepaType, B oomacTul auH BoaH 750-850 HM, CBSI3aHHYIO ¢ M3IMy4YaTebHONW peKoMOWHAIen
B HaHOKpHCTaJUIaX KpeMHUA, popmupyembix nocie CTO. O6pazosanue HK nmpu takoii repmoodpadoTke moa-
TBepaAuioch u3 nanHeix POOC u UK crniektpockonuu. BICTphIM TepMUYeCcKHil OTKUT, B KOMOWHAIIMH C T1O-
CIIETYIOIIMM CTaTHYECKUM OT)KUIOM, B pa3bl yBeinnduBaeT nHTeHcuBHOCTh DJI uieHok SiOX. DTo cBsi3biBa-
€Tcs ¢ YCWIICHHBIM 3apojsiiieodpasoBanreM npu bTO u mocienyomumM pocToM pa3MepoB HAHOKPUCTAJIIOB
npu npogomkutenbHoM CTO. I'maporenusanust NpUBOAUT K JOMOJHUTENIBHOMY pOCTY HHTEHCUBHOCTH DJI
00pasioB B ~2 pa3a 3a cueT naccuBaiyu Ae(eKToB THIIa 00OPBAHHOW CBSI3H.

OOHapy’keHO, YTO BBEACHUE MPOCIIOCK 0JI0OBA MIIH €ro Jnokcuaa B ctpykTypy MHC aiist Bcex Bapuan-
TOB yCJIOBUH OTKUIa MPUBOAMT K CHIKEHUIO MHTeHCUBHOCTH PJI B yKa3aHHOH CIIEKTpaibHON HOJIOCE.

B noknane obcysxaatoTcsi BO3MOXKHbBIE IPUYMHBI JaHHOTO 3ddekTa.

Pabota BeimonHeHa npu nojiepkke [IporpaMMbl cTpaTernuecKoro akaaeMudeckoro auaepetsa «lIpu-
oputet 2030» MuHUCTEpCTBA HAyKHW U BbICIIEro oOpa3oBanus Poccuiickoit depeparum.

[1] C. Ma, L. Bi, J.Y. Feng, J. Cryst. Growth. 305, 30-35 (2007).
[2] D. Hiller, S. Goetze, M. Zacharias, J. Appl. Phys. 109, 054308 (2011).
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Oco06eHHOCTH OCHMIUISIIUNA MAarHUTOCOTIPOTHUBIICHUSI B KOMITO3UTHBIX
KBaHTOBBIX siMaxX InAs/GaSbh ¢ nuBepTHPOBaHHBIM 30HHBIM CIIEKTPOM
B KBaHTYIOIIEM MAarHUTHOM I10JI€

Muxaiinosa M.I1. 1, Usanos D.B. 1, Ilapdennen P.B.}, Kanununa K. B.!, Cemennxun I1.B.
‘\@OTH um. A. @.Hogpghe, Canxm ITemepbype, Poccus

HccnenoBanbl MArHUTOTPAHCIIOPTHBIE CBOMCTBA HAHOTETEPOCTPYKTYP HA OCHOBE KOMITO3UTHBIX KBaH-
TOBBIX siM AlSb/InAs/GaSb ¢ mosyMeTa/sIM4eCKUM 30HHBIM CIIEKTPOM, BBIPAIICHHBIX METOAOM ra3oga3HOM
SMUTAKCUH U3 METAIUIOOPTaHMYECKUX COSTMHEHUI Ha TOIoKKax n-GaSh u n-INAs ¢ pa3znu4Hol KOHIIEHTpa-
el HocuTene 3apsia [1].

OKCIIepUMEHTAIBHBIE PE3YyJIbTAaThl MOIYYEHbl C IOMOLIbI0 OCCKOHTAKTHOM METOIMKHU 3JEKTPOHHOIO
napamaraHutHoro pezonanca (JOI1P). M3mepenus mpoBoaMINCH B IIMPOKOM HHTepBalie Temmepatyp (2.7-270
K) u xBaHTyrOIUX MarHUTHBIX noysix a0 1.4 T.

J1g reTepoCTpYKTYpPHI ¢ KOMIIO3UTHOM KBAHTOBOH SIMOMA, BRIpAIlIEHHOH Ha moaioxke n-GaSb: Te, 6puta
oOHapyXeHa HeoObIYHas YIJI0Basi 3aBUCUMOCTb aMIUIMTY bl ociuiuisinuii lyOnnkoBa-ne ['aa3a, ornmn4Has ot
¢dbynaxun H cosB. JlanHoii 3 exT aBiseTcs cieacTBueM 00beMHOM HHBEPCUOHHOM cuMMmeTpn — BIA 1 00y-
CJIOBJICH TOTJIOIEHHEM MUKPOBOJIHOBOTO M3IY4YeHHsS 00bEMHBIMU HOCUTEIISIMH B TTOUTOKKe n-GasSh.

B rerepoctpykrypax AlSb/InAs/GaSb, BeIparieHHbIX Ha momioxke n-INAs: Mn, B criekTpax morionie-
HUSI MUKPOBOJIHOBOT'O M3JIyY€HHSI B 3aBUCUMOCTBH OT MarHUTHOTO IOJIs1 ObUTH 3apEerHCTPUPOBAHbI OCLIMILIS-
uun [llyOoHnkoBa-ae ["aasa, A KOTOPBHIX XapaKTepHa YIIIoBas 3aBUCUMOCTD aMIUIUTYBI C IByMsI HA0OpaMu
4acToT, YTO CBHJIETEIHCTBOBAJIO O HATMYWH BKIIA/Ia IBYMEPHBIX HOCHTEIEH B OOIYIO0 IPOBOAMMOCTS.

B aBymMepHBIX CTPYKTypax ¢ KOMIIO3UTHOH KBaHTOBO# siMoif InAs/GaSb, BeIpaliieHHBIX Ha HEJIETUPOBAH-
HBIX NOIJIOKKaxX N-InAs MarHUTOQOHOHHBIE OCHMIIISIIUN MAarHUTOCOIIPOTUBIICHHS ABYMEPHOTO 3JIEKTPOHHOTO
ra3a HaOJIOJAIKCh B IIMPOKOM TeMIiepaTypHoM auanazone 2.7-270 K. [TokazaHo, 4TO OCHMIUISAIMUA OOYCIIOB-
JICHbl PE30HAHCHBIM PACCESHUEM JBYMEPHBIX 3JIEKTPOHOB Ha akyctudeckux ¢oHonax — phonon induced
resistance oscillations (PIRO) [2]. IIpu 3ToM ammmuTyna MarHiTO(OHOHHBIX OCIMJUISIIANA MarHATOCOTIPOTHB-
JICHHUS TOCTUTaeT MaKCUMAIIbHBIX 3HaueHUH npu temneparype 120 K, a nonoxenune nmukoB PIRO 3aBucut ot
ypoBHs @epmu B 00JIACTH MTEPEKPHITHS 30H MaTEPHAIOB, 00pa3yIOINX KOMIO3UTHYIO KBAHTOBYIO SIMY.

HanHas pa0oTa TOATBEPKAAaET BO3MOXKHOCTh MPUMEHEHUS CIIEKTPOCKONHHN IIEKTPOHHOTO IapamMar-
HUTHOT'O PE30HAHCA JJIs1 U3YUEHHsI CIIMH-3aBUCUMBIX SIBJICHUH B IByMEPHBIX T€TEPOCTPYKTYPaX C HHBEPTHPO-
BAHHBIM 30HHBIM CIIEKTpOM [3].

[1] A. Hospodkovad, E. Hulicius, J. Pangrdc, F. Dominec, M. P. Mikhailova, 4.I. Veinger, 1. V. Kochman.
J. Cryst. Growth 464, 206 (2017).
[2] A.T. Hatke, M. A. Zudov, L. N. Pfeiffer, K. W. West. Phys. Rev. Lett. 102, 8, 086808 (2009).

[3] M.I1. Muxatinosa, 3. B. Heanos, I1. B. Cemenuxun, P. B. [lapgenves, Qusuxa meepooco mena, 66,
323 (2024).
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Ocummsuu poBoauMoctH [1ly6HnKkoBa — e ["aa3za B KBa3uAByMEpHOM
IPOBOJHUKE C BOJIHAMU 3apsA0BoU 1i1oTHOCTH HoTes

Boponaes JI.M.12, TIpyakornsan B. A3, Xysarun WU.B.3, 3arun 1.3, Mopouo A.A.4 T'puropses I1. J1.4°,
Tromennes M.M.%8, Kon 1. A.18, 3aiiues-30tos C.B.15, E. Pachoud’, A. Hadj-Azzem’, P.Monceau’

YUPS um B. A. Komenvnuxosa PAH, 125009, Mockea, Moxosas ya., 11, cmp. 7
MOTU (HUY ), 141701, Mockogckas obn, [oneonpyonwiii, Uncmumymckuii nepeynox, 9
SOU um. I1. H. Jlebeoesa PAH, 119991 Mockea, Jlenunckuii npocnexm, 53

*HUTY « MHUCuCy, 119049, Mockea, Jlenunckuii np-km, 4

SUTD um. JI]T. Jlanoay, 142432, Mockosckas 06n., Yepnozconoska, np-km akademuxa Cemenosa, 1A.

SBIIID (HUY), 101000, Mocksa, yr. Macrhuyxas, 20

"Université Grenoble Alpes, CNRS, Grenoble INP, Institut NEEL, Grenoble, France

Bounner 3apsnosoii mmotHoctH (B3I1) Bo3HUKAIOT BClleACTBUE HApyLICHNS CHMMETPHHA OCHOBHBIX CO-
CTOAHUM B TBepAbIX Tenax. [lepexon B cocrostaue ¢ B3Il conmpoBoxaaeTcs M3MEHEHHEM MPAKTUYECKH BCEX

3JIEKTPOHHBIX CBOMCTB U3-32 BOSHUKHOBEHUS YHEPT€TUUECKOM IIEIU B TNIOTHOCTU COCTOSIHUM, BBI3BAHHOM T10-

SIBICHHEM MEePUOJMUECKOI0 HCKAKEHUSI KPUCTAUIMYECKOIN PEIIETKU U CBSI3aHHOW C HUM IPOCTPAaHCTBEHHON

MOJIYJISILIAY JICKTPOHHOM IIOTHOCTH P o cOS(Qcpw T + @), THe Q —
BonHOBO# Bektop B3II [1]. IIpu sToM Ha Bcell win 4acTH MOBEPXHOCTH
®depmu 0OpazyeTcs sHepreTrdeckas menb. K MaTepuanam ¢ HeTmoHo# au-
ANIEKTPU3ALIUEH IEKTPOHHOTO CIIEKTpa OTHOCUTCS KBa3UABYMEPHBIN TpHU-
tetypun HoTes, B kKoTopoM HaOiromaeTcsl JiBa INepexoja B COCTOSHHE
cB3Il, omma w3 Hux mpum Temmeparype Tp; = 283 K cQcpyw1 =
(0,0; ~ 2c¢*/7), a npyroii npu temnepatype Tp, = 110 K ¢ Qcpwo =
(~ 2a*/7;0; 0), nepneHIUKYISIpHBIM Q-py1- B Hactosimenr pabote
MpeICTaBIICHbl Pe3yJIbTaThl UccienoBanusi MarueroconpotusieHus (MC)
HoTes B MmarauTHbIX momsx 10 19 T.

Marnetoconportusienue HoTes B obmactu Temmeparyp aHmke 20 K
oKkazajyioch 0113K0 K JuHeiiHoMy. Ha puc. 1 nokazano MC npu Temmepa-
type 0.38 K (a), ero omuumpyroimas 4acth (b) U CIEKTPbI OCHMILISIIIAN
MpU JABYX BHIOOpax IWAana30HOB MarHUTHBIX mosiedl (c). Bumno, 4To
CHEKTP OCIHJUISALINI 3aBUCUT OT BIOOPA TMara3oHa MarHUTHBIX MOJICH —
TIPH €T0 PaCIIMPEHUH B CTIEKTPE MOSBIISIOTCS HOBbIE KOMITOHEHTHI. Takoe
MOBEJICHNE COOTBETCTBYET MArHUTHOMY IIPOOOI0, HAOIIOJaBIIEMYCS
B psine coenunennii RTes (R = Tm, Th, Er, Dy, Ho) B nossix o 63 T [3].
[NonoxeHnns MakKCUMYMOB TTUKOB octimunisiiui F1, F2 u F3 B obmactu cos-

& @ T=038K
S
L
i
0
-20 -10 0 10 20
pgH M
0.02
()
0
-0.02
0.05 0.1 0.15 0.2 0.25
VpgH (1/7)
© 410T
0.01; :Fy 4-19T
e F,S
0 50 100
Frequency (T)

Puc.1. — Onucanue 6 mexcme.

majiaeT ¢ omyOIIMKOBaHHBIMU paHee [3], a MX HMIMpHHA CYIIECTBEHHO MEHbIe, 4eM B [3], 4To, mo-BUANMOMY,

CBSI3aHO C 0oJiee BEICOKUM KayeCTBOM KPHCTAIUIOB M 00Jiee HU3KOH TeMIlepaTypoil H3MEepeHui.
OnuH u3 HanboJiee HHTEPECHBIX BOIPOCOB — YCTAaHOBJICHHE COOTBETCTBUS MEXKAY KapMaHaMH ITOBEPX-
Hoctu @epmu (I1D) u vactoramu F1, F2 u Fa. {ns pemenus 3toit 3agaun nzyuena nepecrporika [1d B HoTes,

BbI3BaHHas mmepBoi u Bropoit B3I1. [ToydeHs! onieHKH TI0maau morydaronmxcs kapmanos [1® u mposeaeHo

HUX CPAaBHCHHUC C UBMCPCHHBIMHA YaCTOTaMU Fl, Fz n F3 KBAaHTOBBIX OCL[I/IJ'IJ'IHI_[I/II\/’I.

[1] P. Monceau, Advances in Phys., 61, 325 (2012).
[2] A.Sinchenko et al., Phys. Rev. B., 96, 245129 (2017).
[3] P. Walmsley et al., Phys. Rev. B., 102, 045150 (2020).
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OKCHUTOHBI B HCIIPAMO30HHBIX KBAHTOBBIX TOYKAX: TOHKAA CTPYKTYpPaA
COCTOSIHUM M CIUHOBAs JUHaAMHUKa

Ilamup3aes T.C.!, Cvupnros JI.C.2 Hekpacos C.B.? Kycpaes 10.T".2, SIxosnes JI.P.2% Bayer M.2

YU®IT um. A. B. Pacanosa CO PAH, 630090, Hosocubupck, np. Jlagpenmovesa, 13

2DTH um. A. @ Hoppe PAH 194021, Cankm-Ilemepbype, ya. ITonumexnuueckas, 26

SExperimental Physics 2, TU Dortmund University, Dortmund, 44221, Germany

B orcyTrcTBHe BHEIIHMX BO3JEHCTBUM CIMHOBAas MOACHCTEMAa HEMAarHUTHBIX FE€TEPOCTPYKTYP, HaXo-
IUTCSL B COCTOSIHUM TEPMOIMHAMUYECKOT0 PABHOBECHS, T.€. CIIMHOBAsI MOJSIpU3alis B OTCYTCTBYeT. [ u3y-
YEeHUS! CIMHOBOM AMHAMHKH CIIMHOBYIO MOJCHCTEMY HEOOXOJMMO BBIBECTH M3 COCTOSHHS PAaBHOBECHS M 3TO
MO>KHO CZENAaTh MO0 TPaIUIIMOHHBIMUA METOAAMH — ONITHYECKOW OPHEHTAIMU WU BHICTPAUBAHUS U TETIIO-
BOM CNIMHOBOM HONSPHU3aLMU B MATHUTHOM I10JI€, TMOO HEAABHO NPEATIOKEHHOM HaMH METOJIOM JWHAMUYe-
CKOM TOJIAPU3ALIUHU CIIMHOB JIEKTPOHOB YePEe3 CBEPXTOHKOE B3aMMOAEHCTBHE B CI1a00M MAarHUTHOM I10JI€ IIPU
HE PE30HAHCOM, HE TOJIIPU30BAHHOM OINTHYECKOM BO30YXAECHUH, KOTOPOE HANPSAMYIO HE HOISIPH3YET HU
sAapa, HA 3JICKTPOHBI.

B noxnane Oyzner mpenctasieH 0030p COBPEMEHHOIO COCTOSHUS Je7 B 00JacTH W3yYeHHs CIIMHOBOM
JTUHAMHKH YKCUTOHOB B HEMPSMO30HHBIX KBaHTOBEIX ToUKax (KT). Ocoboe BHIMaHUE OyIeT yAeIeHo 00Cy K-
ACHUIO BIIMAHWA Ha CIMHOBYIO IUHAMUKY I'-X cMmemmBaHus QJICKTPOHHBIX COCTOSIHUH U CBCPXTOHKOI'O B3au-
MOHCﬁCTBHH CIIMHA 3JICKTPOHA C (I)HyKTyaHI/I}IMI/I AACPHBIX CIIMHOB B KBAHTOBBLIX TOYKaX.

Bynyrt mponemonctpupoBanst: (1) Brusaue ['-X cMmemmBaHus 3JMeKTPOHHBIX COCTOSHUI Ha ONTHYE-
CKYI0 OpPHEHTAIIMI0 M ONTHYECKOe BBICTpanBaHue B HeMpsAMo30HHBIX KT; (2) addext cnmHOBOM OroKamb!
B CJIa0OM MPOJOTBHOM MarHUTHOM II0JIE TIPH KBa3UPE30HAHCHOM ONTHYECKOM BO30YKIECHHUH, TIPETISITCTBYIO-
UK TOTJIOUICHUIO IUPKYJSPHO-TIOISIPHU30BaHHOTO (GoTOoHA B HenmpsiMo3oHHOU KT, yxe 3aHATOH TeMHBIM
CIUH-TIONIIPH30BaHHBIM 3KCUTOHOM; (3) [lmHamudeckas cnuHOBas moispu3anus 31ekTpoHoB B KT depes
CBEPXTOHKOE B3aMMOJICHCTBUE B CIAO0OM MarHUTHOM IIOJIE€ IPH HE PE30HAHCOM, HE TOJIIPU30BAaHHOM ONTHYE-
CKOM B030Y>KICHUH, KOTOPOE HAMPSMYIO He TOJISIPU3YEeT HU SIIpa, HA DIICKTPOHEL.

Pabora mognepxana PH® (npoekt Ne22-12-00022).
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OddekT 3eemana B BaJICHTHON 30HE MOTYTPOBOTHUKOBBIX
HAHOKPHUCTAJIJIOB: KyOHuecKasi aHU30TPOIHUS U CIUH-OPOUTAIBHOE
CMEIIIMBaHNUE

Cemuna M. A.%, TonoBatenko A.A.L, Poguna A.B.!
Y\@OTH um. A. @. Hoghghe, 194021, Canxm-ITemep6ype, [Torumexnuueckas ya., 26

C MOMeHTa CBOET0 OTKPBITHS ITOIYIIPOBOJHUKOBBIE HaHOKpucTaiuibl (HK) sBistrorest onHuMU 13 caMbix
HCCIIeyEeMbIX HaHOPa3MEPHBIX MOTYNPOBOAHUKOBBIX 00BEKTOB [1]. AHaIHM3 SKCIEPUMEHTOB IO MATHUTOOTI-
THUKE U CIIMHOBOH TMHAMUKE, a TAaK)Ke KOHTPOJIb CIIMHOBBIX COCTOSIHUM JIOKaJTIM30BaHHBIX HOCUTENEH 3apsaa,
HeoOxonuMmblil 1yt npumeneHust HK B cinHTpoHMKe 1 KBAaHTOBBIX TEXHOJIOTHSX, TpeOyeT 3HaHUs g-(haKTOpoB
HOCHUTENEH 3apsna, anum3otponun ddexra 3eeMana U MOHUMAHUSA GU3NIECKON MPUPOILI IEPEHOPMUPOBKU
0-(baKTOpOB O CPaBHEHUIO C UX 3HAYCHUSIMH B 00BbeMHBIX MaTepuanax. OcoOblii HHTEpec NpeacTaBIseT I¢-
¢exT 3eemMaHa B BaJICHTHOH 30HE M3-3a ONPEACIIAIOIIEH POIH CMEIIUBAHUS IBIPOYHBIX COCTOSHUN U CHMMET-
puu HK B popmupoBarny TOHKOH CTPYKTYPBI U TMOJISAPU3AIIH JTIOMUHECIICHITHH.

Hamu noctpoena nociegoBatenpHas Teopus dddexra 3eemana 1is ApIPOK, JTokanm3oBaHHEIX B HK Ha
ocHoge nonrynpoBoaHukoB II-VI u 111-V takux xak CdSe, GaAs u ap. KimtoueBast o0cobeHHOCTb paOOTHI B IPU-
MEHECHUH LIECTU30HHOW Kp-MOJIeNn, yUuThIBaIOIIEH KaK BEPXHIOIO YETHIPEXKPATHO BHIPOXKICHHYIO BaJICHT-
HYIO MOA30HY '8, TAK M CIUH-OPOUTAIHFHO OTIIETUIEHHY0 TTo130HY ['7. Takoit moaxom oOHapyKUBaeT psif HO-
BBIX KQUECTBEHHBIX U KOJMUYECTBEHHBIX 3PPEKTOB, OTCYTCTBYIOIIMX B IOAXOAAX, YUUTHIBAIOIIUX JIUIIb CO-
CTOsSTHUS cUMMeTpHH [ s (Hanmpumep, A5 4-X 30HHOM MoemH g-(hakTop He 3aBUCUT oT pazmepoB HK, a Tonbko
oT ero (hopMBbI ¥ TUIIAa IOTeHIIMAaNa) [2].

[TokazaHa cymecTBeHHAsI 3aBUCUMOCTh g-(pakTopa AbIpkH oT nuamerpa chepuaeckoro HK, ocobernno
B CJIy4yae, KOrJa BeJINUMHA CIIMH-OPOUTANIBHOTO PACLICIUICHHUS BAJICHTHOM 30HBI COTIOCTAaBUMA WM MEHbILEH
SHEPIUU pa3MepHOro KBaHTOBaHMs. VccienoBaH g-GpakTop ABIPKY B TUIAHAPHBIX HAHOKPUCTaUIaX (HaHOILIA-
Tenerax) ¢ KOHEYHBIMHU TOJIIIUHON W pa3MepoM B IJIOCKOCTH. [Ipeickasana cuiibHasi 1 HEMOTOHOTOHHAS 3a-
BHCHUMOCTH g-(haKTOPOB JABIPOK OT JIATEPAIHHOTO pa3Mepa HaHoruaTeneTa. PaspaboTan 3¢ ¢eKkTUBHBIN dric-
JICHHBIA MeToA Ui pacyera g-¢pakTopoB apipku B HK xyOudeckoii Gpopmbl. BrimoiaHeH pacdyer 3aBUCHMOCTH
KOMIIOHEHT TeH30pa g-pakTopoB AbIpok oT pasmepa HK. TTomyuena dpopmyna mist g-dpakropa AbIpKH U3 CIIMH-
OTIICTUIEHHON BaJICHTHOM MOJ[30HBI B OJIYIPOBOJIHUKAX C OTPUIIATEIILHON BEJITMYMHOW CIIMH-OPOUTAIHHOTO
pacIeruIeHUs BaJICHTHOM 30HbI, Takux kKak CUCl.

[ToctpoeHa Teopust 3 dekra 3eemana s JbIPKH B KyOHUECKH-CUMMETPHYIHBIX CTpYKTypax [3]. Beiae-
JIeHO 3 «UCTOYHUKA) KyOW4eCKOH aHM30TPOIHHU: KyOHUeCKU-CHMMETPHYHBIN KpUCTAIIIOrpapueCcKiid BKIa
B KHHETUYECKYIO SHEPruio (ropupoBKa BaJICHTHOW 30HBI) M CIIMHOBBIN AP QekT 3eeMana, a Takke Kyoude-
ckast popma HK. U3 cummMeTpuitHbIX cooOpaxkeHuit mocTpoeH d3PPEeKTUBHBIN TaMIIIbTOHHAH, ONTCHIBAFOIIHN
a¢dexT 3eemana 1Jisl AbIPOK, JIOKATU30BAHHBIX B KyOMYECKH-CUMMETPUYHON CTPYKTYpe (TOUYECUHBIE TPYIIIBI
Td u Oh). ITokazano, yro Bkaajsl ot popmbl HK 1 0T rodpupoBKE BaJeHTHOIH 30HBI COIOCTABUMBI MEXKIY
co0OH 1 C OCHOBHBIM, «M30TPOIHBIMY, BKIIaJIOM. Pa3BuThie METO/IbI ObUIM PUMEHEHBI K ONHCcaHUIo Y deKrTa
3eemana B HK Ha ocHOBE IEpOBCKHTOB, T7ie aHaJIOTn4YHbIe 3Q()EeKTh UMEIOT MECTO B 30He MpOoBOAMMOCTH. Ha
OCHOBE Pa3BUTOM TEOPUH JJaHO KOJMYECTBEHHOE 0OBSICHEHHE 3aBUCUMOCTH g-(PaKTOpOB 3JEKTPOHOB OT pas-
mepa HK CsPbX3 (X =1, Br, Cl) [4].

Hccnenoanue BHIMOIHEHO 3a c4eT rpanTa Poccuiickoro Hay4uHoro ¢onga Ne 23-12-00300

[1] Al. L. Efros and L. E. Brus, ACS Nano 15, 6192 (2021).

[2] M. A. Semina, A. A. Golovatenko, and A. V. Rodina, Phys. Rev. B 104, 205423 (2021).
[3] M. A. Semina, A. A. Golovatenko, and A. V. Rodina, Phys. Rev. B 108, 235310 (2023).
[4] M. O. Nestoklon, E. Kirstein, D. R. Yakovlev, et. al., Nano Lett.23 (17), 8218 (2023).
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VYrpaBieHre ONTHYSCKUMHU U HEJTMHEHHO-ONTHYCCKUMH CBONCTBAMMU
JIBYMEPHBIX IPaAUEHTHBIX HAaHOKpUCTAIIOB CdSe1.xSx

Kmmenko I. AL, Xacan A.A.% Sdxumos B.11.Y, Canmxonos b. M., Bacuibses P.B.2,
B.H. Mannesnd!, Cmupnos A.M. -3

MTY um. M. B. Jlomonocosa, 119991, Mockea, ya. Jlenunckue 'opot 1-2

2HUY BILID, Quszuueckui paxyromem, 101100, Mocksa, yr. Cm. bacmannas, 0. 21/4, cmp.5

HUPD um. B. A. Komenvnuxosa PAH, 125009, Mockea, Moxosas 11-7

JlanHast paboTa MOCBSIICHA SKCIIEPUMEHTATBHOMY HCCIICIOBAHUIO OCOOCHHOCTEH HETMHEHHOTO MOTJI0-
menust u poromomunecteniuu (OJI) B rpaIueHTHBIX KOUIONIHBIX HaHommacTuakax CdSe; xSy [1], mpu cra-
[IMOHAPHOM BO30Y)KI€HHU HAHOCEKYHIHBIMH JIa3€PHBIMH HWMITYJIECAMH, a TAK)KE CPAaBHEHUIO HEITMHEWHBIX
CBOMCTB 00pa3IOB Pa3IMYHOIO XUMHUYECKOTO COCTaBa U MOPQOJOruu. braromaps rpaiMeHTHOMY COCTaBY
HaHOKpuCcTaALI0B CdSe1xSy kommoHeHTsl CAS 3¢ ¢GeKTHBHO MOTIIOIIAIOT CBET HAMPABIIAS TeHEPUPYEMBbIE K-
cutonbl B KommoneHTtsl CdSe, rae onu pekoMOuHUpyIoT (Pucynok 1).

[lo cmextpam muddepeHnHaIBPHOTO TPOIYCKAHUS
495 nm

IPaJMEHTHBIX KOJUIOWAHBIX HaHOIUTaCTHHOK CdSe1xSx 0e3

oboouku (x = 0,34; 0,57; 0,68; 0,75) oOHapykeHO TpO- 3ML
CBETJICHHE SKCHTOHHBIX mepexonos lhh-le/llh-1e/lso-le | cuq

B komnonente CdSe u 1hh-1e B kommonente CdS npwu 3a- 3;9ML
MoJIHEHUH (Ha30BOr0 MPOCTPAHCTBA 3KCUTOHOB. OOHapy-

KCEHHOC HU3MCHCHHUC IIOJIOKCHUA ITMKOB IIO JJIMHC BOJIHBI Nk

B 3aBHCHMOCTH OT COCTaBa TBEPOTO PacTBOPa OOBSICHEHO

BIMsSHUEM 0oJiee NIMPOKO30HHON 1Mo cpaBHeHHio ¢ CdSe le-1hh

koMmnoHeHTsl CdS, moBbIIeHNE BKIIaa KOTOPOi MPUBOIUT

K YBEJIMYEHUIO IMPUHBI 3aIIPEIIEHHON 30HbI I'PAaJUEHTHBIX

495

HaHOILIACTHHOK. nm
555 nm
B cnexrpax @JI rpaIueHTHBIX KOJUIOWIHBIX HAHO-

G
mactuHOK CdSerxSx 6e3 obomouku (x = 0,34; 0,57; 0,68; Cds Cas Cds
0,75) OGHAPY>KEH MK, COOTBETCTBYIOIIMH M3TyHeHHIO cBo- | %5CdS  CdienSy 33CHSe  Cdfens, 9.3
OOJHBIX IKCUTOHOB, M IIUPOKas MOJIOCA B JIMHHOBOJIHO- Puc. 1. — Cxemamuunoe uszobpasicenue eene-

BOIi 00J1aCTH, COOTBETCTBYIONIAS H3TYUECHHIO JIOKAIM30BAH- | POCPYKIMYPHOU  2PAOUCHIHOU  HAHONIIA-
cmunxu CdSe1xSy/CAS  u snepeemuueckas
ouazpamma ¢ uzobpadicenuem nymeil peiax-
cayuu sxcumornos 6 oomernax CdSe u CdS.

HBIX Ha Ae(peKTax HaHOCTPYKTYPbl SKCUTOHOB. Y CTaHOB-

JICHa 3aBHCHMOCTH OTHOIICHHS HMHTCHCHUBHOCTEH ABYX

CIEKTpaJIbHBIX cOCTaBIAOMMNX PJI OT MHTEHCUBHOCTH BO3-

Oyxxaenus. Kpome 3Toro, npy yBeIHMYSHUH JOJIH CEPhl B IPAJANCHTHBIX HAHOIUIACTHHKAX YCTAaHOBJICHO CHU-
*eHne nHTeHCHBHOCTH PJI cBOOOIHBIX SKCUTOHOB M pocT joiu PJI TOKaIM30BaHHBIX 3KCUTOHOB, YTO yKa-
3BIBACT HA CBSI3bIBAHHME DKCUTOHOB Ha Ae(deKTax B CTPYKType. Y BeIWYeHHUE MOJBHOM J0JH cephbl B TBEPAOM
pacTBope NpUBOJUT K (POPMHUPOBAHHIO 1e(PEKTOB, MPOBOIUPYIOIINX B CBOIO OYEPE/Ib POCT OE3bI3TyaTeIbHON
pexomOunarmu. Ha ocHoBe nanubix @JI rpaineHTHBIX KOJUTOMAHBIX HaHOTUIACTHHOK CdSe1xSx 06e3 00010ukn
(x = 0,34; 0,57; 0,68; 0,75) u ¢ obomnoukoit 3CdS (x = 0,68; 0,75) ObLT onpenenéH xapakrep 00pa3oBaHUSA
nedeKToB B UccelyeMbIX o0pasnax. OTMeueHO MpenMyIeCTBEHHOEe IPUCYTCTBUE Je(EKTOB HA MOBEPXHO-
CTH JJpa HAHOTUIACTUHKH, YTO OOOCHOBBIBAJIOCH MPAKTHYECKH MOJHBIM To1aBieHneM DJI SKCUTOHOB, JIOKa-
JM30BaHHBIX Ha Ae(EKTaX B reTEPOCTPYKTYPHBIX HAHOKPUCTAILIAX.

HccnenoBanue BBIMONHEHO 3a cueT Tpanta Poccuiickoro Hayunoro ¢onma Ne 23-72-10008,
https://rscf.ru/project/23-72-10008/

[1] B. M. Saidzhonov et al., ACS Photonics, 7, 3188-3198 (2020).
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[TomaBiieHHE MOJIEKYJISIPHBIX COCTOSIHUMA TUPAKOBCKUX SHUOHOB
B CIIEKTPaX MarHuTO-()OTOJIOMUHECIICHIIMN KBaHTOBLIX Touek INP/GalnP;

Munrtaunpos A.M.}? Akcenos B.10., Jle6enes J1.B. 1, Bracos A.C.}, Blundell S.3

Y\OTH um. A. @. Hoggpe, 194021, Canxm Iemepbype, yi. [onumexnuueckas 26

EE Department, University of Notre Dame, 46556, IN, USA

3University Grenoble Alpes, CEA, CNRS, IRIG, SYMMES, F-38000 Grenoble, France

DJeKTPOHBI B ABYMEPHBIX (2D) KBaHTOBBIX CTPYKYTpax ¢ BUTHEPOBCKOM JIOKAIH3AIUCH MOTYT FeHEPH-
poBaTh BUXPU KBAaHTOB MarHUTHOTO MOTOKA B HYJIEBOM MarHUTHOM I10JIe ¢ 00pa30BaHNEM KOMIO3UTHBIX da-
CTHL — SHUOHOB UMEIOIINX APOOHBIN 3apsili, YTO MOKET OBITh UCIIOIB30BAHO ISl peaii3alii IOMEX03allu-
IICHHBIX TOIOJIOTMYECKUX KBAaHTOBBIX BbluncieHuil [1-3]. Buxpu renepupyror marautaoe mnoie (Bpa) 1 Mo-
T'yT pacCMaTPHUBATHCS KaK H30JIMPOBAaHHBIE MarHUTHBIE TIOJTIOCA, YTO MTO3BOJISIET pacCMaTpUBATh SHUOHEI B Ta-
KHX CTPYKYTpaxX KaK MarHUTO-3JICKTPOHHbBIE KOMIIO3UTHI, yOBJIETBOPSIOIINE JUPAKOBCKOMY YCIOBUIO KBaH-
ToBaHU 3apsaioB [4-6]. Takue nupakoBckue 3HUOHBI (/]D) HAOMIOJAINCH B CIIEKTPAaX MarHUTO(POTOIFOMUHEC-
nernuu (Marauto-®JI) kBasu 2D octposkos/kBanToBbIX Touek (KT) InP/GalnP; pasmepom 70-150 uMm ¢ ox-
HHM, TIATHIO M CEMBIO 3JIEKTPOHAMH U pamuycoMm Buruepa-3eiitua rs~4, 2.5 u 1.5, coorBercBenno [1-3]. B
atux KT 1D umeror Bpa=£(2—15) T u npoOHbIit 3apsn 1=1/9-5/2, KoTopbie IETEKTUPOBAIUCH C TIOMOIIBIO
nusmepenuii cnekrpa ®oka-/lapsuna B cnekrpax OJI [3]. dusa KT ¢ nsaTeio 31eKkTpoHaMu, HAOIF01aIMCh MOJIe-
KyJSpHBIE KOHQUTYpaluud M UX MepecTporka mpu (HOoTOBO30YXKAESHHH, COOTBETCTBYIOIIAS 3JIEMEHTapHBIM
OIeparysIM TOTTOJOTHIECKHX KBAHTOBBIX BhIUMCICHUH [2]. ViccenoBaHue MOTEKYSIPHBIX KOH(MUTyparuii /19
(MK-ID) B 3aBHCHMOCTH OT YKCJIa 3JIEKTPOHOB U pa3mepoB KT kpaiiHe BaKHO IS PAKTUIECKON peasti3a-
IIUM KBAaHTOBBIX BEHTUIICH.

B Hacroseli padboTe MbI rccaenoBanu Gpopmupopanue u nepectpoiiky MK-J1D Bo BHEIIIHEM MarHTHT-
HoM rioiie (Be =0—10 Ta) B ciektpax @JI werbipex-snekrponHoit KT pazmepom ~120 um u rs=3.4. smepenus
MIPOBOJMITUCH TIPH «TIOBBITIEHHO!» Temneparype T=30 K (B otnuuune ot T=5-10 K npeapinymmx usmMepenuii).
B cnextpax npu Be=0 T Habmonaercs oaun ctokcoBbiii UK (CIT) cOOTBETCTBYIONIHI KOeOaTeIbHOM MOIe
anektpoHoB B KT ¢ sneprueii Aan=3.5 M3B u uetbipe antucrokcopa (ACII) muka c pacmerienuem AEsp~2.5
M3B 1 nonymmpuHoii ¥~1.5 M3B, cOOTBETCBYOIINX JIOKaN30BaHHBIM JIJ pombuueckoit MK-/19 ¢ auarona-
asimu 50 x 70 uM, Bpa=—3 Ta u v=1/3. Tlpu Be=4 Tn Habnronatorcs asa ACII u yBenuuenue AEsy 1 y noutn
B /IBa pa3a, 4TO COOTBETCTBYET (POPMHUPOBAHNH «IykHOW» KoHpurypauuu (JIK-9) pasmepom ~100 uM, B KO-
Topoii /I3 ¢ 3apsaom v=2/3 ocTaeTcs TONBKO B Px COCTOSTHHH, YTO paHee Habmromanoch 1t KT ¢ ceMbio a1ek-
tponamu [3]. TIpu Be >6 Tn nabmromaercst yBenmuerue AEsp 10 7 MaB u fiay 10 5 MaB, uTO yKasbiBaeT Ha
cxkarue JIK-JID mo 70 um. Cxxarue conpoBokaaercs: hopmupoBanueM B Px 1D ¢ v=1/2. Hamm pe3ynbTaThl
JIEMOHCTPHPYIOT HOBBIE BOZMOYKHOCTH JJIsl KOHTOPOJISI MOJICKYJISIPHBIX cOCTOsTHHH 1.

[1] M. Mintairov et al, Nanomaterilas, 11, 493 (2021).

[2] M. Mintairov et al Sci. Rep. 11, 21440 (2021).

[3] M. Mintairov et al, Nanomaterilas, 12, 1016 (2022).

[4] P. A. M. Dirac, Proc. Roy. Soc. A133, 60(1931); Phys. Rev. 64, 7, 817 (1948).
[5] M. N. Saha, Indian J. Phys. 10,141 (1936).

[6] N. A. Wilson, Phys. Rev., 75, 309 (1949).
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Crabunm3zanus 3apsiJ0BOTO COCTOSHUS OJUHOYHON KBAHTOBOM TOUKH TIPHU
PE30HAHCHOM BO30YXJIECHUU

TI'anumos A. ., Paxnun M. B., Knumko I'. B., Copokun C. B., Cegora U. B., Kynaruna M. M.,
3aaupanoB FO.M., Toponos A.A.

OTU um. A. . Hoggpe, 194021, Canxm-Ilemepobype, ya. [lonumexnuueckas 26.

[TonmynpoBogHUKOBBIE SNIMTaKCHaIbHBIE KBaHTOBBIE TOUKH (KT) paccMaTpuBaroTcss Kak OCHOBA AJISL pa3-
BUTHSI ONTHYECKUX KBAHTOBBIX TEXHOJIOTUH OJ1aroaps cliocoOHOCTH T€HEPUPOBATH 10 TPEOOBAHHIOY» HEpa3-
JUYUMBIE (OTOHBI, KOTOPHIE MOTYT OBITH IEMYJIBTUILNICKCUPOBAHBI [0 HECKOJIBKUM MMapaileIbHbIM KaHaiaM
[1]. OmHO¥M 13 HEpPEIIEHHBIX ITPOOIIEM TIPH ATOM SIBISIETCS] MepIlaHue 3apsaoBoro coctosaust KT, cHmkaromee
SIPKOCTh UCTOYHHKA ()OTOHOB. BO3MOXXHBIM pelIeHneM sIBISETCS UCTIOIb30BaHue 3 (PpeKTa KyTOHOBCKOH 0I10-
KaJbl B MUKpOpe30HaTOpHOU p-n rerepoctpykType ¢ KT [2], omHako peanusaiusi 3TOro METO/a UCKIHOUH-
TENBHO CJIO0XKHA, T.K. MPEAnojaracT U3rOTOBIEHUE BBICOKOJIOOPOTHOTO MHKPOpPE30HATOPa, BKIIOYAIOMICTO
CHJIBHO JIETHPOBAaHHYIO aKTUBHYIO 00JIaCTh C 3aMETHBIM IIOIVIOIIEHUEM CBETA Ha CBOOOAHBIX HOCHUTEINISX Ha
JUIMHE BOJIHBI n3nmyuenust KT.

B HacToseit paboTe mpeacTaBlieH CYIIECTBEHHO 0o0Jiee MPOCTOM Croco0 CTaOWIHM3aluy 3apsiioBOro
coctosiaust KT, cBOAsIIMiACS K peann3aluyl ONTHMAaIbHOTO MPO(MIIst IErMpOBaHU MHUKPOPE30HATOPHOM Te-
tepoctpykTypbl ¢ INAS/GaAs KT u GaAs/AlGaAS MHOTOCTIOWHBIME OPATTOBCKUMHE OTPasKATEIISIMH TIPH POCTE
METOAOM MOJICKYJISIPHO-IIYYKOBOH 3MUTAKCHH, a TAKXKE K ONTHUMHU3ALMHY IapaMETPOB PE30HAHCHON KOTepeHT-
HOW HaKa4yKu OAHO(POTOHHOTO U3MydeHus. [ nccienoBannii ObUIM M3rOTOBJICHBI MUKPOPE30HATOPHBIE Te-
tepoctpykTypbl ¢ KT, Brmodatomue cinoit GaAs:Si n-tuna [3]. Haubonee BeposiTHOE 3apsiioBOE COCTOSTHHE
B oguHOuYHBIX KT ompenensioch Mpu U3MEPEHUH CHEKTPOB U KMHETHKHU 3aTyxaHusl uznydeHus KT, B Tom
YHCciIe IPU NPUIOKEHUH ITOIIEPEYHOr0 MarHUTHOro nosist. OKa3ajaoch, 4TO BEIOOP ONPEIEICHHBIX IapaMETPOB
CIJIOsI N-THUIIa TIO3BOJISIET 33 CYET KOMIIEHCALMU (DOHOBOTO JISTUPOBAHUS P-THIIA IPYTHUX CIIOEB T€TEPOCTPYK-
Typsl cytiecTBeHHO (10 80-90%) yBeIHMUUTh BEPOSITHOCT peaTi3aliy 3aJaHHOH 3aps10BOH KOH(DUTYpAIIH:
HE3apsHKEHHBIX, a TAKXKE OIHO- WM OBYXKpaTHO 3apsbkeHHbIX KT. OnHako uccnenoBaHus CTaTUCTUKU (o-
TOHHBIX KOPPEJSALHUHA Ha 0OJIBIIOM BPEMEHHOM MHTEpBaJIe ITOKa3alH, YTO JaKe IPH CTPOro PE30HAHCHOM KO-
TepEHTHOM BO30YKJEHHU T-UMITYJILCOM ONITUMHU3UPOBAHHON CTPYKTYPHI MTOJTHOE TIOAABIICHUE MEPIAHUS U3-
JMy4YeHus, CBA3aHHOTO c nepesapsiakoit KT, nocturaercss TONbKO B pe3yibTaTe TIIATEIBHOH ONTHMHU3AIMN
CHEKTPAJIbHON IIMPUHBI U JUIMTEIIFHOCTH HAKaYMBAIOIIMX T-MMITYJIbCOB, YTO MpENoiIaraeT 3HaunTeIbHbIH
BKJIa/l IPOIIECCOB “AMHAMHYECKOI™ mepe3apsaku, onpeaenseMerx Oxe-pekomOuHanueil. [IpeacraBnenHbiit
KOMIUIEKCHBIM MOJX0JT TI03BOJISIET BOCIIPOU3BOIUMO H3TOTABIMBATh OJHO(POTOHHBIE UCTOYHUKH C MapameT-
paMu Ha ypOBHE JIyYIINX MHUPOBBIX PE3YJILTATOB.

Pabora momnepxana rockopropanueii «Pocatom» B pamkax Jlopoxxuoit Kapter KBanToBeie Berauncie-
Hust (KOHTpakT Ne. 868-1.3-15/15-2021 ot 5.10.2021 u konTpakt Ne. R2152 ot 19.11.2021).

[1] M. Dryazgov, Yu. Biriukov, I. Dyakonov, K. Taratorin, A. Korneev, M. Rakhlin, A. Galimov, G.
Klimko, S. Sorokin, M. Kulagina, Yu. Zadiranov, A. Toropov, F. Bergmann, S. Straupe, and S. Kulik,
Optica Quantum 1, 14 (2023).

[2] N. Tomm, A. Javadi, N.O. Antoniadis, D. Najer, M.C. Lébl, A. R. Korsch, R. Schott, S.R. Valentin,
A.D. Wieck, A. Ludwig, and R. J. Warburton, Nat. Nanotechnol. 16, 399 (2021).

[3] M. Rakhlin, A. Galimov, I. Dyakonov, N. Skryabin, G. Klimko, M. Kulagina, Y. Zadiranov, S. So-
rokin, I. Sedova, Y. Guseva, D. Berezina, Y. Serov, N. Maleev, A. Kuzmenkov, S. Troshkov, K. Tara-
torin, A. Skalkin, S. Straupe, S. Kulik, T. Shubina, and A. Toropov, J. Lumin. 253, 119496 (2023).
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Hynemepnvle cucmemvi (kanmosvie moyKu, HAHOKPUCMALTbL, HAHONAAmelembl)
OXJ’Ia)K)IeHI/Ie AACPHLIX CIIMHOB CHUJIBHO JIOKAJIN30BAHHBIMHU JJICKTPOHAMU

Cmupnos JI.C.%, Kasokun K. B.2

Y\@TH um. A. @. Hoppe, 194021, Canxm-ITemepbype, ITorumexuuueckas yu., 26

2CII6ry, 198504, Canxm-Ilemepbype, Ynvsanosckas yn., 1

WccnenoBanus AMHaMU4ECKOH CITMHOBOM MOJISPU3ALMH SIEP B MOTYPOBOAHUKAX MPOJOIDKAIOTCS yKE
6oxee momyBeka [1,2]. 3a 310 BpeMs ObLIO HaAEXHO YCTAHOBIEHO, YTO COCTOSIHUE SIIEPHON CIIMHOBOM CH-
CTEeMBI TIOYTH BCET/Ia SIBIIIETCS] KBA3UPABHOBECHBIM U MOXKET OMHCHIBATHCS A (DEKTUBHOM SAAepHON CTHHOBOM
TeMmeparypoil. B wactHocTH, Teoperndeckas moaens pskoHoBa-Ilepens [3] mpekpacHO ONMCHIBAeT MOAAB-
nsttoniee OONMBIIMHCTBO CYIIECTBYIOIINX SKCIEPUMEHTOB 110 AUHAMHYECKOMY OXJIAXKICHHUIO CITMHOB SIIEp OTl-
TUYECKU OPUCHTUPOBAHHBIMU 10 CIMHY 3JIeKTpoHaMU [4]. B wacTHOCTH, B cl1aObIX MarHUTHBIX MOJISIX 00paTt-
Has CIIMHOBAs TeMIepaTypa Afep pacTeT KBaIpaTUIHO IO MO0 U JOCTHTaeT MaKCHMyMa B TIOJISIX TOPSIIKa
JIOKAJIBHOTO TIOJIS CITUH-CITMHOBBIX B3aMMOAECHCTBUN Si/IEp.

OTa MOJenb MpeanojaraeT KOPOTKOE BpeMs B3aMMOJICHCTBUS (KOPPENSALUH) 3JIEKTPOHHOTO CIIMHA
U CIIMHOB SIJIEP T, YTO XOPOIIO OMPABIAAHO JAJIsI CBOOOIHBIX AJIEKTPOHOB U 3JIEKTPOHOB, MPBITAIOLIUX O J0-
HOpaM. OJTHAKO PsAI COBPEMEHHBIX IKCIIEPUMEHTOB 10 M3MEPEHHIO CITMHOBOW JWHAMUKH JIOKAJTH30BAHHBIX
3JIEKTPOHOB B MPOAOIFHOM MAarHUTHOM JIJISL CTPYKTYP C KBAHTOBBIMH TOUKAMH U TaJIOT€HUTHBIX IIEPOBCKUTOB
yKa3bIBaeT Ha TO, YTO TO MPHUOIMKEHNE MOKET HApyIaThCs. A UMEHHO, BpeMs KOPPEISIIMHA MOXKET IPEeBOC-
XOZIUTH XapaKTepHOE BPeMs IPELIECCHH CITHHA dIEKTPOHA B MOJIE AEPHBIX CIUHOBBIX (mykTyanuii T, . ITo-
3TOMY HEOOXOIUMO 0O0OITUTH KIIACCHIECKYIO TEOPHIO Ha CITyYail OXIKICHUS SIISPHBIX CIIMHOB CHIILHO JIO-
KaJTM30BaHHBIMU 3JIEKTPOHAMM, YTO H CIENAHO B JaHHOH paboTe.

Hamu paccmoTpeHa MoOJelb paBHOBEPOSTHBIX

MIPBDKKOB 3JIEKTPOHOB MEXKy OJMHAKOBBIMU IIEHTPaMU
JIOKaJIM3allH, Ha KaXKIOM U3 KOTOPBIX YUMTHIBAETCS KOH-
KypEHIIUSI CBEPXTOHKOIO, AMIOJb-AUIOIBHOIO U 3eeMa-
HOBCKOT'O B3aMMOJICHCTBUI 3JICKTPOHOB  simep (puc. 1).
I'maBHBIM pe3ynbTaToOM SIBISIETCS YIIMPEHHE MarHUTOIO-
JIEBOU 3aBUCHMOCTH OOPaTHOM SAEPHON CIIMHOBOW TEMITe-
partypsl IIpY TMOCTOSHHOM onTHYeckol Hakauke. Koaddu-
LUEHT YIIMPEHUs B IIPEese JIOITOro BPpeMEHH KOppens-

wm (1, > T5,) pasen T./(2V3T5,) v orpaHuteH Tuib

Puc. 1. — Dnexmpounwiii cnun S npuieaem
KOPHEM W3 YHCIIa sjiep B 00NacTy oKamusauuu. IodTomy | 105001 yenmpanu rokansayuu ¢ xapaxmep-
C pOCTOM T 3(PPEKT YIUPEHHST MOKET JOCTHIaTh 2-3 MO- | woLy epemernem T. U npeyeccupyem ¢ nepuo-
PSZIKOB BEJTMYMHEL dom~ T; .6 none cIyuaino OpUeHMUPOBAHHBIX

PaGora momuepxana rpautom PH® Ne 23-12- | oxnascoénivlx aoeprvlx cnunog li.
00142.

[1] G. Lampel, Phys. Rev. Lett. 20, 491 (1968).

[2] A. U. Exumos u B. H. Cagapos, ITucoma ¢ JKOT® 15, 257 (1972).

[3] M. U. [{bsixonos u B. H. [Tepens, JKOTD 65, 362 (1974).

[4] M. M. Glazov, Electron and Nuclear Spin Dynamics in Semiconductor Nanostructures, Oxford Uni-
versity Press, Oxford, 2018.
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OnTHYecKoe BHICTpPAaUBAaHUE U ONTHYECKAs OPUEHTAIUS SKCUTOHOB
B HaHotutareneTax CASe/CdS mpu uMmyIbCHOM BO30YKISHUN

Cmupnona 0.0., KoseipeB H.B., Hekpacos C.B., Paroza M. /1., Koznos 1.U., Ponuna A.B., Kycpaes 1O.T".
OTU um. A. . Hoppe, 194021, Canxm-Ilemepoype, llonumexnuueckas ya., 26

[TorynpoBOTHUKOBBIE KOJUIOWIHBIC HAHOIIATEIICTHI MPEICTABIISAIOT OOJBINON MHTEpeC Kak ¢ pyHma-
MEHTAJILHOUM TOYKH 3PSHHMSI, TAK M C IPAKTUYCCKON — TSI IPUIIOKEHHUH ONTOIEKTPOHUKHU, OUOJIOTUU U CITUH-
TpoHUKH [ 1]. Panee B ancamOi1e koyumonaHbIX HaHomwiaTenetoB CdSe/CdS Hamu BIiepBhIe 11 TAKUX 00HEKTOB
HaOIIOMAMHCH «OPPEKTHI TTaMATH»: ONTHYECKOE BBICTPAUBAHUE U ONTHYECKAs OPHEHTAINS DKCUTOHOB TPU
HETPEPHIBHOM PE30HAHCHOM BO30Y K aeHuH [2].

JlaHHas pa0oTa MOCBSIIEHa TEOPETUICCKOMY U SKCIIEPUMEHTAILHOMY MCCIICAOBAHUIO ONTHYECKOTO BbI-
CTpanBaHUs U ONTHYECKON OPUCHTAITNN YKCUTOHOB B aHCaMOJIe HaHOIIIATEIeTOB po/obonouka CdSe/CdS mpu
HMITYJILCHOM B030YIeHHH. B TeopeTHyeckoi MojIe pacCMaTPUBAIOTCSI HUDKHKE TTO SHEPTHH YPOBHH TEMHOTO
Y CBETJIOTO DKCUTOHA, 0OMEHHOE PaCIEIUICHIE MEXTy KOTOPhIMU cOocTaBisieT rmopsaka 1 maB. O6e mapsl co-

CTOSTHHMI OITMCHIBAIOTCS B TEPMHHAX TceBnocnHa S=1/2. Panee HaMu ObLIM UCCIICIOBAHbI CTAIIMOHAPHBIC Mar-

HHUTOIIOJIEBbIE 3aBUCUMOCTH 3¢ (deKToB B reomerpun Papases u onpene-

. Ammmrtyaa P}"(l)

(%)

JICHBI BO3MOXKHBIC JUAITa30HbI ITapaMETPOB: SHEPI€THUICCKUX paCHICIIIIC-

15

. HHTerpupoBaHHas P{‘ﬂ)

HHH, BpEMEH JKU3HU U BPEMEH peJlakcaluu cruHa [2].

B nanHo# paboTe Moay4YeHsl TEOPETHYECKHIE 3aBICUMOCTH TIOJIS-
pu3anuoHHBIX 3(h(HEeKTOB OT BpeMEHH, Mpenosararonye OneHue Jim-
HEWHOH U HUPKYJSIPHOM MOMSIpU3aLUU U3IIyYeHUs. B axcriepuMeHTanb-

HHO# TOJIApH3alHH
o
T

HBIX 3aBUCUMOCTSIX, U3MEPEHHBIX Mpu TeMiieparype 1.6 K B MarHuTHOM
-
-

)

L

nosie 10 6 T B reomerpun Dapaesi, OCHHUIAINH HE HAOII01aMHCh. X

v

0
01 2 3 4 5 6

Maruautuoe mode (Tin)
SHEPreTUYECKUX PACHICIUIEHUH CBETIOrO SKCHTOHA B aucambne. B | Puc.l.— Macnumononeseie 3a-

OTCYTCTBHE MOXKET OBITH CBSI3aHO C KOPOTKUM BpeMeHEM Jiea3upOBKH

CreneHp JIHHE

B OAMHOYHOM HAHOINIATCJIICTC HJIM K€ C CHJIBbHBIMH (l)J'IyKTyaLII/IHMI/I

CBSI3U C 9THM B padOTe aHAIM3UPOBAINCH TOIBKO BPEMEHa, CBS3aHHbIC SUCUMOCIU XAPAKMEPUCTUK
ONMUYECKO20 8bICIPAUEAHUSL

Cc6€enmjioco 9KCUnIoOHA.

C IPOJOJILHON CIMHOBOM peslaKCcaluei.

KuneTtuku ontuyeckoro BeICTpauBaHusl, U3MEPEHHbIE Ha 21 M3B

HIDKE DHEPTUH JIA3ePHOTO BO30YKISHUS HA BpeMeHax J0 15 He (mocie 1a3epHOTo UMITYJIBCA), MPEACTABISIIOT
co00# cyMMY SKCTIOHEHIIMAIILHO 3aTyXaloIIeld KOMIIOHEHTHI, OTpaXKalollel CIIMHOBYO PEeNIaKCaIUIO CBETIIOTO
9KCHTOHA, U KOHCTAHTHIL. [TociieTHssI COOTBETCTBYET CyMMe BKJIAJIOB TEMHOI'O SKCHTOHA U CTPYKTYPHOTO (hak-
TOpa, CBSI3aHHOTO C HAJIMYMEM CTOSIIIMX Ha MOIJIOKKE HaHomIareneToB. CIMHOBOE COCTOSHUE CBETIIOTO SK-
CUTOHA OTIpE/IeNsIeT MIMPOKUI KOHTYP B 3aBHCUMOCTH d((eKTa ONTHYECKOTO BBICTPAUBAHUSI OT MATHUTHOTO
nonisi. Ha Puc. 1 mokaszaHa 3aBHCHMOCTh aMILTATY/IbI 3aTyXalolleld KOMIIOHEHTBI ¥ IPOMHTETPUPOBAHHOTO 110
BpeMeHH 3(deKTa ONTHUIECKOro BBICTPaWBAaHMsI CBETJIOTO SKCUTOHA OT MarHUTHOro moiisi. CoriacoBaHHOE
TEOPETHYECKOE MOJAEIUPOBaHKE (CIUIONIHBIC JIMHUM Ha Puc. 1) mo3BoiisieT 0JHO3HAYHO ONpPEIEIUTh HabOp
SKCUTOHHBIX TAPaMETPOB: BPEMsI MPOAOJILHON CIIMHOBOM pellakcamyy CBETIOTo dKcuToHa 1.4 He (mopsiaka
BPEMEHHU €T0 JKM3HU U HE 3aBUCSINEe OT BEIMYMHBI MArHUTHOTO TIOJIs), BpeMsi xku3Hu ciiuHa 0.75 He, a Takke
g-¢axrop cetsoro sxcutona 0.01 1 ero aHU30TPONTHOE paciielUIeHUe B HYJIEBOM MarHUTHOM 11oJie 2.3 MK3B.
HccnenoBanre BHINOIHEHO 3a cyeT rpanTta Poccuiickoro Hayunoro ¢onga Ne 23-12-00300.

[1] B.T. Diroll et al., Chem. Rev., 123, 3543 (2023).
[2] O.O. Smirnova et al., Nanomaterials, 13, 2402 (2023).
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HaHoreTepoCcTpyKTypbl Ha OCHOBE Y3KO30HHBIX TBEPIIBIX pacTBOpoB INAS-INSh

Moucees K. JI., Pomanos B.B., ITapxomenxo f.A., lementses I1. A., UBanos 2.B, fAxosiaes O.11.
OTU um. A. . Hoppe, 194021, Canxm-Ilemepoype, llonumexnuueckas yi., 26

Co3/ianue OINTORICKTPOHHBIX yCTPOHCTB, paboTaromux B OKHE aTMocdepHoi npo3paunoctd 4.6-5.3
MKM JJIMHHOBOJIHOBOH 9acTH MH(PAKPaCHOIO CIIEKTpa, IPUBJICKAIOT 3HAUYUTEIbHBIH HHTEPEC UCCIIe0BaTe-
JIeH ¢ TOUKH 3peHus GyHAaMEHTaIbHOU U PUKIaAHON QU3UKH. JJaHHBIH CIEKTpaIbHBIA AUANa30H CONEPKHUT
WHTEHCHUBHBIE TIOJIOCHI MOTJIOMIEHHS LEJIOr0 PsiAa a30TOCOIEPKAIINX XUMUIECKUX COSAMHEHHM, PETUCTPALIUS
KOTOPBIX B@)KHA B IPOLECCE PELICHUs 3a1ad HKOJOIMYECKOr0 MOHHMTOPHHIA, MEAUIMHCKUX TNPHIOKECHUI
Y Ta30aHaIN3a B3PHIBOOIIACHBIX BEIIECTB: 3aKUCh a3oTa N2O (4.5 MMm), MoHOOKCcHA a30oTa NO (5.3-5.4 MKkM),
muazocoeaunenuss RN (4.5-4.7 mxm), uuan (CN), (4.7 Mxm), opranuueckue azunsl RNz (4.6-4.7 mxm), cu-
HuibHas kucinora HCN (4.75 mxm) u ap. [1].

Y3K030HHBIE HAHOTE€TEPOCTPYKTYPHI, COAEPIKaIINe ONMHOYHBIH cloi kBaHTOBBIX Touek (KT) InSb, mome-
1eHHbId B epexoa p-INAS/N-InAs, GbUTH MOTYYEHBI € TIOMOIIBI KOMOMHHPOBAHHOW TEXHOJIOTHH STUTAKCH-
AIFHOTO HapalllMBaHUs Ha OCHOBE METO/1a ra30()a3HON STIMTAKCUHU U3 METAJUIOOpraHUuecKuX coequaeHni. Oco-
OEHHOCTH CIIEKTPOB AJIEKTpotoMUHecieHIIMH (DJ]) B 3aBHCUMOCTH OT MOBEPXHOCTHOMN IIOTHOCTH HAHOOObEK-
TOB OBLIM U3yYEHBI KaK IPH MPSIMOM, TaK U IIPH 00PaTHOM BHELIIHEM CMEILEHNH. M3mydyeHne, KoTopoe OTBe4aso
PEKOMOMHAITMOHHBIM TIEPEX0/IaM € YIacTHEeM COOCTBEHHBIX COCTOSIHHI KBaHTOBBIX Touek InSb, Obio 3aperu-
CTPUPOBAHO ITPU HU3KOH Temrieparype. B criekrpax DJI Habmromanack mosoca uannydeHus B paiione hvop = 0.270
eV ¢ nomymmpuno# nopsaka 60 meV npu T =77 K [2]. Beina paccMoTpeHa Moenb H3MydaTeIbHbBIX TIEPEX0/I0B
¢ yaactreM codctBeHHBIX coctosianii KT B passenuaernom rerepornepexoze I tuma InAs/InSb.

B rerepoctpykrypax Ha ocHOBe coeauHeHuil INSh-InAs MOXHO HCIOJIB30BaTh MHOTOKOMITOHEHTHBIC
MaTpUYHBIC CJIOM, OJIM3KHKE TI0 MapaMeTpy PElIeTKH ¢ MOoANoXKol INAS, HO obnajaronie pasHOW IMUPUHON
3aIlpelIeHHON 30Hb. BBeieHne KOMIIEHCAIIMOHHOTO MAaTPUYHOTO CJI0S TIO3BOJISIET KOHTPOJIMPOBATH BHYTPEH-
HHE YIIPyTUe HalpsDKEHUSI HAHOTETEPOCTPYKTYPHI U YIIPABIIATh (POPMOI U pa3MepaMu 0CaXIaeMbIX HAHOOOb-
extoB [3]. [IpeasnoskeHa KOHCTPYKIHUS ¢ aCHMMETPHYHBIMH Pa3pbIBAMU SHEPreTHYCSCKUX 30H IS OapbepHBIX
CIIOCB Ha IeTEpPOTrpaHUIax aKTHBHOM 00JacTH, coaepKalleil HAHOOOBEKThl. ACHMMETPHYHOCTh pacrpeierne-
HUS DHEPTUH NIPpY (GOPMUPOBAHUY TIOTECHIIMAILHBIX 0apbEepOB [ OTPAaHUYCHUST HOCUTENEH 3apsi/a B Y3KO30H-
HOW HAaHOTE€TEPOCTPYKTYpPE MO3BOJISIET MUHUMHU3UPOBATEH TIOTEPH NPH HAKAYKe 3JIEKTPOHOB M ABIPOK, HHXKEK-
TUPYEMBIX BO BCTPEUHBIX HAIPABJICHHUSX BHEIIHUM 3JIEKTpHUYECKOM 1ojieM. Mcrons3oBanne HaHOpa3MEPHBIX
KOHCprKHI/Iﬁ TUIIa CBECPXPCHICTOK, KBAHTOBBIX SIM WJIM KBAHTOBBLIX TOUCK B aKTUBHOM O6J'IaCTI/I Y3KO30HHBIX
reTepoCTPYKyp oOecreunBaeT yCHIIeHHE JIOKATN3aui HHXEKTUPYEMbIX HOCUTEIEH 3aps/ia U YIy4IIuT KBaH-
TOBYIO 3 (PEKTUBHOCTH U TEMIIEPATYPHbIE XapaKTEPUCTHKH ONTOINEKTPOHHBIX NPHOOPOB, CO3JaBAEMBIX HA

HnX OCHOBC.

[1] R.H. Pierson et al., E.St.C. Gantz. Analyt. Chem.. 28, 1218 (1956).
[2] K. D. Moiseev et. al., Electronic, 12, 609 (2023).
[3] B.B. Pomanos u op., @TI1, 50, 927 (2016).
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I[I/IHaMI/IKa OIITHUYECKOIo BBICTpaI/IBaHI/ISI TEMHBIX DKCUTOHOB B MAarHUTHOM
roJjie B HaHoruiaresiaerax CdSe/CdS

Hexpacos C.B., Cmupnosa O.0O., Ko3sipe H.B., Paroza M. /1., Ko3znos 1. U., Muxaiinenko H.O.,
Ponuna A.B., Kycpaes IO.T.

OTU um. A. . Hogpgpe, 194021, Canxm-Ilemepodype, [lonumexnuueckas yiu., 26

MeTo KOJJIOWHOTO CHHTE3a MPECTABIsIeT CO00M OTHOCHTENHHO MPOCTON CIIOCO0 TOTyYeHUS] HAHO-
CTPYKTYP C 3aJJaHHBIMU TTapaMeTpaMu. B CBsI3U ¢ IEPCIICKTUBOM IIUPOKOTO MPAKTHYSCKOTO TPUMEHEHHUSI KOJI-
JIOMJTHBIX HAHOKPUCTAJUIOB WX ONTHYCCKHE CBOHCTBA M3y4YaJIUCh BO MHOTUX paboTax, B TO K€ BpeMs CITHHO-
BBIC CBOMCTBA SKCUTOHOB M DKCUTOHHBIX KOMIUIEKCOB M3Y4eHBI ¢1a00. OnTudeckas OpHEeHTAINS U BBICTpaH-
BaHHE PKCUTOHOB B HaHOIUIaTeneTax CdSe/CdS mabmomanuce B padote [1], Tme moka3aHo, 9TO CTEIICHb OII-

THUYECKOIl OpUEHTalUM CBETJIOTO AKCUTOHA BOCCTaHABIIMBAETCS,

a CTeNeHb BBICTPAMBAHUS IIOJABIIACTCS B MAarHUTHOM IOJ€ B He- | X9 SL.

ckoipko Tecnma. B MarHMTONONEBBIX 3aBUCHMOCTSIX HaOIIOAAICS g’ RN

TaKKe y3Kui KOHTYp mupuHoi MeHee 0.1 Ti, KoTopslid, KaKk MbI HO- _§s 5 \.\
Ka3blBaeM B HACTOsIIIEH paboTe, COOTBETCTBYET TEMHOMY SKCHTOHY. lf, 8t « »

B nanHO#1 paboTe SKCepUMEHTAILHO U TEOPETHYECKH ITPOIe- Z-,r st PR
MOHCTPUPOBaHa BO3MOXXHOCTb ONITUYECKOT'0 BHICTPANBAHMSI TEMHBIX ;é 7 P P ™
SKCHTOHOB B KOJUIOMAHBIX HaHoratenerax CdSe/CdS (pazmepom “Faraday Magnetic Field, mT
13.7*10.8*7.4 um®). ITpu Temneparype 4.2 K curnan GOTONOMUHEC- | Pyc [ Masnumononesas 3a6uc-
uennuu (OJI) HAaHOKPUCTAIIIIOB COCTOUT U3 BKJIAa CBETIBIX SKCUTO- MOCMb TUHEUHOU NOAAPUIAYUU
HOB, JKCIIOHCHIHMAJIBHO 3aTyXarolero € XapaKTepHBIM BpPEMEHEM @JI. Kpyeu — sxcnepumenm,
OKO0JIO 1 HC, ¥ BKJIaJla TEMHBIX 9KCUTOHOB CO BpeMeHeM 7. =17 Hc. UIMPUYOGAA TURUA — MEOpUR.

CurHasn onTHYecKOro BBICTPAUBAHMUS M3ydalICsl C pa3pelIeHueM 110 BpeMEHH B MArHUTHOM I10JI€ B TEOMETPUH
dapazes. OnTHyeckoe BBICTpanBaHNE U30TPOITHO B TUIOCKOCTH MOTIOKKH B CHITY XaOTHYHOTO OCXKICHUS Ha
Hee HAaHOKPHCTAIUIOB U3 pacTBopa. Ha Puc.1 mokasana 3aBHCUMOCTD JTHHEHHOH MOJSAPU3AIMHA OT MATHUTHOTO
moJisi B ycloBusiX, koraa ®JI uHTErprpoBanack Ha BpeMeHax, MpeBblmaromux 20 HC Mocie J1a3epHoro M-
mynbca. [Ipu TakoM BBIOOpE 3aep’KKU CBETIIbIE SKCUTOHBI TapaHTHPOBAHHO HE JMAal0T BKiIaga B curaan OJI.
Crenens nuHeiHOM nonspusanuu ymenbuaercs ¢ 9.25 1o 7.2% B xapakTepHOM MarHUTHOM noje 63.7 mT1,
HE 3aBUCSIINNA OT MOJIS BKJIAJ COOTBETCTBYET CTPYKTYpHOH aHnzotpornuu. C yuetom g ¢hakTopa TEMHOTO K-
curona (g =3.4+0.05 [1]) mmpuHa KOHTYpa MO3BOJISIET ONPEACTUTH AaHH30TPOITHOE OOMEHHOE paciIerieHUe

ypOBHel TeMHOro 3kcuToHa Qp, =12.5 MKk3B. Peanu3syetcs npeznen 601bIIMX BpEMEH CIIMHOBOI peakcanuu
7 . Qg7 >1. Kuneruku gerextupoBaiuchk Ha 12.6 MaB Huwke sHeprum nasepa. Ilpu netektupoBaHun Ha

21.4 MpB HmKe nazepa MIMpHUHA KOHTYpa Bo3pacTtaeT 10 3HaueHus 1 Ti, 4To HeOOBIYHO M MOYKET SIBJISITHCS
CJIEICTBHEM JIONIOJHUTENBHON JIOKAIM3ALUU TEMHOIO SKCUTOHA BHYTPH HAaHOIUIATEJIETA.

[IpennoxeH MeXaHU3M CMEIIUBAaHUS COCTOSIHUN CBETIIOTO U TEMHOTO 3KCHTOHA, 00ECTIeUNBAIOIIINIA U3-
JTy4aTeNbHYI pEeKOMOHMHAITUIO TEMHOTO SKCUTOHA U TIepeavy CIIMHOBOW MOJIsIpU3anuy (B TOM YHCIIe JIMHEH-
HOI) MEX/Ty CBETJIBIM M TEMHBIM 3KcUTOHOM. CTaTHuecKas Wi JJUHaMU4YecKas gedopMaliys Ha rpaHsaX HaHO-
TUTATENIETOB TIO3BOJISIET MIEPEBEPHYTH CIHH JIEKTPOHA, BOJHOBAs (DYHKIIMSI KOTOPOT'O B paMKaX 8-30HHOH MO-
nenu KeiiHa yunThIBaeT HOAMEIIMBaHUE COCTOSHUN BaJeHTHOH 30HbI. [1okazaHo, yTo aHM30TpOonHs nedopma-
LUK MOKET NPUBECTH K Mepeaayde JUHEHHBIX KOMIIOHEHT IICEBAOCIIMHA, YTO MO3BOJISIET OOBSCHUTH HA0MIOAa-
€MO€ TTOBE/IEHNE ONTHYECKOTO BHICTPAUBAHUS TEMHOTO SKCUTOHA OT MArHUTHOTO TTOJIS.

HccnenoBanne BHITIOIHEHO 3a cueT rpanTta Poccuiickoro HayuHoro ¢onaa Ne 23-12-00300.

[1] O©.O. Smirnova et al., Nanomaterials, 13, 2402 (2023).
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CTpyKTypHBIE, ONTUYECKHUE U DJIEKTPOPU3NUECKUE CBONCTBA
MHOTOCJIOMHBIX MIEPUOIUYECKUX CTPYKTYP C KBAHTOBBIMH TOUYKaMU

GeSiSn

Tumogees B.A.Y, Ckopuos U.B.}, Mamanos B. 1.}, Hukudopos A. 1.1, Bromkun A. A L
Kupuenko B.B.}, Uymanos U.B.?, Konsna J1.B.%, ®upcos /1. /1.2, Komxos O.C.?

YU®IT CO PAH, 630090, 2. Hosocubupck, np. Axademuxa Jlagpenmvesa, 0. 13
2CII6IATY «JITHy, 197022, Canxm-ITemepbype, y. Ilpogeccopa Ionosa, 0. 5 aum. ¢

Ha ceroansmauii 1eHh BHUMaHHUE MCCIICOBATENICH HAIETICHO HA CO3J[aHME MaTepualia Ha OCHOBE 3Jic-
meHToB [V rpymnmst (Ge, Si, Sn) 115t pereHus IpoOIeMbl HHTETPAIlMH Ha €TMHOM KPEMHHUEBOM KPHUCTAIIIE BCETO
KOMIUIEKCA YCTPOMCTB ONTORJIEKTPOHUKU U COBPEMEHHON MUKpPO3JIEKTpOHUKHU. MccnenoBanus Matepuanos [V

TpynIibl MMOKa3bIBAlOT, YTO BCC KOMIIOHCHTHI OIITHYCCKOM PIHTGI’paJ'H:HOfI

CXEMBI MOTYT OBITh cO3MaHbl Ha Oa3e rerepocTpyktyp GeSiSn/Si, GesSiSn QDI
. o o annealing 650°C
GeSiSn/Ge, coBMecTHUMBIX C KpeMHHEBOM TexHonormer [1]. Cosmanume o8 § -
—U:SV

075V
—10V
125V
15V
175V
20V

HaHOCTPYKTYyp GeSiSn MO3BOJSIET MPEOAONIETh OTPAHUYCHUS, CBSI3aHHBIC
c cerperamueil Sn, 1e()eKTHOCTBIO U HECOOTBETCTBUEM NapaMeTPOB pelle-

Photocurrent (nA)

TOK [2]. HauMeHee u3y4eHHBIMHU U3 BBIIICYTIOMSIHYTHIX HAHOCTPYKTYp SIB-
nsitotest kBanToBbie ToukH (KT) GeSiSn.

PaboTta mocesmeHa HCCIEAOBAaHUIO CTPYKTYPHBIX, ONTHYECKUX

1 AJIEKTPOPU3NYECKUX CBOMCTB MHOTOCIOMHBIX MEPHOJMYCCKHX CTPYK- Wavelengih (km)
Puc.l. — Cnexmpol ¢pomo-

moKa, cHAmvle Npu paziuy-
Hble nepruopuyeckue cTpykrypsl ¢ KT GeSiSn Gbutn BBIPAIUCHBI METONOM | y4ix carewjeniisix, npuioscen-

Typ, Brmovaromux KT GeSiSn ¢ 6apsepHbiMu criosiMu Si. MHOTOCO#M-

MOJIEKYJISIPHO-Ty4eBOH snuTakcuy. Ha ocHOBe M300paKeHU CKaHupyro- | Hoix  k  cmpykmype ¢ KT

e AIeKTPOHHOI MUKPOCKOITNH OBLITH OTIPE/IEIeHBI CPETHUI pa3Mep Oc- Ge0.80S10.065M0.14.

HoBaHwusl ¥ motHOoCcTh KT GeSiSn. [loka3ano, yTto MuHuMalibHbIH pasmep KT gocturaer 3HaYeHHs OKOJIO

8 HM, Torma Kak WX IUIOTHOCTh cocTaBiseT 3.8%10 cm

. Ot crpyktyp ¢ KT GeSiSn nabnronmanack
tdbotomromunectienms (PJI), cooTBeTCTBYIOMAsA KBAaHTOBEIM ToukaMm (GeSiSn, 4TO MOATBEPKAANOCH cepreit
9KCHEPUMEHTOB C TPaBJICHHUEM SMUTAKCHAJBbHBIX cJI0eB. PacueTsl mokaszanu, urto HaOmogaemele nmuku DJI
CBSI3aHBI C ONITHYECKUMH TIEPEX0/IaMH MEXIy TOI30HON A4 B Si u ypoBHeM Tspkenbix jabipok B KT GeSiSn.
DHeprus nepexojia CUIBHO 3aBUCHUT OT cocTaBa 1 pasmepa KT GeSiSn. Ona mamensiercs ot 0.632 5B s KT
Ge 10 0.766 5B ans KT Ge0.84S10.125Sn0.035. [TonoxeHus: 3KCIepuMEHTaIbHBIX TUKOB XOPOIIO COTJIacy-
IOTCS C TeOpeTHUeCKUMHU pacueramu. Habmogaemoe pacxoxaenre B 15-20 M3B MoxxeT OBITH CBSI3aHO C BIIH-
ssHueM quddy3uu Sn, BIUSIONICH Kak Ha cpeHUi pa3mep, Tak 1 Ha coctaB KT GeSiSn. Ha ocHoBe cTpykTyp
¢ KT GeSiSn ObuiM M3roTOBIICHBI P-i-n POTOAMOABI. M3MepeHns: BOJIbTAMIIEPHBIX XapaKTEPUCTUK HOJIOB
IPOJIEMOHCTPHUPOBAIM MUHUMAIIBHYIO TUIOTHOCTH TeMHOBOTO TOKa (.63 MA/cM? pu 0OpaTHOM CMELIEHUH
1 B. Ilonyuennsie 3aBucumoctu ¢ortoroka (Puc. 1) mo3Bomaunu onpeaenuTs JIMHHOBOIHOBYIO IPaHUILY YyB-
CTBUTEJILHOCTH JUIS Pa3jIMUHbIX MHOTOCIONHBIX niepuoauueckux cTpyktyp ¢ KT GeSiSn. YcraHosneHo, 4To
MaKCUMaJlbHOE 3Ha4YeHUE JIMHHOBOJHOBOW TPAaHUIIBI YYBCTBUTEIBHOCTH cocTaBisier 2.65 Mk st KT
Ge0.80Si0.11SN0.00. Omxur ctpykryp ¢ KT GeSiSn mpuBoauia kak K YMEHBLUICHHIO TEMHOBOTO TOKA, TaK M K
YMEHBIICHUIO UIMHBI BOJHBI, COOTBETCTBYIOIIEH Kpato (GyHAaMEHTAIbHOTO HOTJIOLICHUSI.
Pabora ObLIa BhINONHEHA TIPH TOIEP)KKe rpanTa Poccuiickoro Hayunoro ¢onma Ne20-79-10092.

[1] Moutanabbir O. et al., Appl. Phys. Lett., 118, 110502 (2021).
[2] Assali S. et al, Nano Lett., 17, 1538 (2017).
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Jlokanu3amus HOCUTENIEH 3apsaa B CaMOOPTaHN30BaHHBIX KBAaHTOBBIX
toukax INnGaAs

Kocapes A.H.!, YUepkammn H. A .2, Yaaasimes B.B.!

‘\@TH um. A. @. Hoppe, 194021, Canxm-ITemepbype, yn. Honumexnuveckas, 26

2CEMES-CNRS and Université de Toulouse, 29 Rue J. Marvig, 31055 Toulouse, France

I'myOuHa 1 XapakTep JIOKAJTH3aIUU IEKTPOHOB | JBIPOK SBISIFOTCS TIABHBIMU MapamMeTpaMy KBaHTO-
BbIX To4ek (KT), onpeaemnsiroiiumMu uX 3J€KTPOHHBIE U ONTUYECKHE CBOWCTBA M BO3MOKHOCTU MX MPAaKTHYe-
CKOT'0 MCTOJIb30BaHuUs. HecMOTpsl Ha 3HAUMTENBbHYIO pa3HUILy IIMPHH 3allpelIeHHbIX 30H MaTepuaia, u3 Ko-
TopbIX (hopmupyetcs (camoopranmsyrores) KT, u MmaTepuana okpyKaromero 6aprepHOro Ciosl, JIOKaTH3aIH

Hocutenei 3apsana B KT gacto oka3piBaeTcst Ciraboit miam BOOOIIEe He-
BO3MOXHOH. [IpnunHON 3TOTO SABJIAIOTCS MeXaHUUeCcKHe Aedopmanuy,
HaJINYME KOTOPBIX HEOOXOAMMO AJISl MpOIecca CaMOOPTaHU3alH 110
mexaam3My Ctpanckoro-Kpacranosa. Pacnipenenenne takmx nedop-
MaIluii MOXeT OBITh IKCTIEPUMEHTAIFHO OTPEAETICHO METOAaMH IIPO-
cBeuMBaroIei anekTpoHHoi Mukpockonuu (II9M) [1]. Ucnoas3oBa-
Hue Ja"HublX [19M no3BoJgeT co3gaBaTh KOJINUYECTBEHHO-TOYHBIE MO-

Jen 3neKTpoHHou cTpykTypsl KT [2,3]. Pucl — K.
uc. 1. — Kapma

NPOCMPAHCIMEEHHO20
pok B camooprann3oBanHbIX mupamuaansabix KT InGaAs B apcennne | pacnpedenenus oegpopmanuii e,

B nanno# paboTe MBI H3YYHITH JIOKATN3AIINIO IIEKTPOHOB U JIBI-

rajuusa. B ocHOBY pacueToB sieriu ganHsie [I1OM, mpenu3noHHO omnu- 6 oonacmu KT InGaAs.

ceiBarolue peanbHyro reomerpuro KT u pacnpeneneHust B Hell XuMu-

YEeCKHX DJIEMEHTOB [4].

Ha puc.]1 npencrasieHa noiryyeHHas SKCIEPUMEH-

hole W

Vo SN

TaNbHO KapTa paclpeseieHus] KOMIOHEHTHI €, TEH30pa electron W
nedopmarmii BHyTpH U B okpectHOCTH KT InGaAs. Takas
KapTa COOTBETCTBYET HEOIHOPOIHOMY DPACHpEeNICHUIO o

naaus BayTpu KT. - 10 nm

Ha ocuoBe gannasix [I9M HamMu mocTpoeHa MOJACIb,
B paMKaX KOTOPOW YHMCJIEHHO pelajach 3ajadya TEOpUHU
YIPYTOCTH U OMpPENEssUICs JIOKATM3YIOIUN MOTEHIHAI
JUTS 3JIEKTPOHOB U IBIPOK. 3aT€M Ha TOM e CeTKe pela-

1
(b)
hole W
‘ 0

JIach 3aJja4a KBAaHTOBOW MEXaHUKHU. MBI MOJIy4WIId KOJIU-

YCCTBCHHOC COIJIaCHe paC‘ieTHOﬁ OHCPTUU SKCUTOHOB

(d)

B KT ¢ skcriepuMeHTaIbHBIMA JTAaHHBIMH 00 ONTHYECKOW
Puc.2. — Boanosvle pynryuu ocroenoco

smuccnn u3 ancamb6ist KT InGaAs. COCMOSIHUS DJIEKMPOHOB U ObIPOK 8 OB8YX
Bun BonmHOBOW (yHKIMH Ui JOKaIH30BaHHBIX cevenusax KT InGaAs.

B OCHOBHOM COCTOSIHMH 3JIEKTPOHOB U JBIPOK IpE/CTaB-
JIeH Ha puc.2. BunHo, 4uro BosHOBas (yHKUHMS 3JIEKTPOHOB MMEET KOJIOKoJ00o0pasHyto ¢opmy. IIpoctpan-
CTBEHHOE pacIpesielicHue BOJHOBOW (DYHKIIMU JBIPOK HMEET HETPUBUAIILHBIIN BH/I, 00YCIIOBICHHBIH 0COOCH-
HOCTSIMU JIOKaJIM3YIOILEr o OTEHINAA.

[1]1 N. Cherkashin et al., Appl. Phys. Lett., 102, 173115 (2013).

[2] A.N. Kosarev and V. V. Chaldyshev, Appl. Phys. Lett., 117, 202103 (2020).
[31 A.N. Kosarev and V.V. Chaldyshev, Phys. Rev. Applied, 16, 044046 (2021).
[4] A.N. Kosarev et al. Nanomaterials, 12, 1967 (2022).

189



Hy]leeprle cucmemaol (KGaHmOGble MOYKU, HAaHOKpUCmajljivl, HaHongamerembl)

JIroMHHECLIEHTHBIC CBOMCTBA HaHOKpHCTAILIOB CdyxZN1xS,
CUHTE3MpPOBaHHbIX B Marpule JIenrmropa-biaokerrt

Ceur K. AL, I'ynses J1. B. Y, XKypasnes K.C.!
‘U1 Co PAH, 630090, Hosocubupck, np. ax. Jlagpenmuesa, 13

Unrepec k nanokpucramam (HK) CdxZn1«S oOycnosnen Tem, uto ux npsimas 3anpemneHnas 301a CdxZn;-
xS MOXKET M3MEHSTHCS B IIMPOKOM Janazone sHepruid ot 2.4 3B (CdS) mo 3.4 3B (ZnS) KT, uto mo3somnsier
TIePEKPHIBATh MHPOKHUN CIICKTPATHHBIN JUANla30H OT BUAUMOW oOyiactu criektpa A0 Y@ [1,2]. B GonpmuHCcTBE
cBoeM HK CdxZn14S nemoucTprpytoT mmpokyto monocy ®JI, obycnoBneHHyro aedhexkTtaMu, OoI0KeHne KOTOPOr
B 3HAUUTENILHOW CTETeH! 3aBUCUT OT TexHonoruu ux cunre3a. HK CdxZnixS, cuHTe3upOBaHHBIE C MOMOIIBIO

Merona Jlenrmiopa-bnomkeTT npencTaBisIOT 3HAYMTENbHBIN
HHTEpEC BBUAY OTCYTCTBUS IACCUBALIMH IIOBEPXHOCTH, YTO I103- 10000
BOJISIET O0JIee JeTaNbHO OTCIEANTh B3aUMOCBSA3b CTPYKTYPBI 110-
BEPXHOCTH U JIOMHUHECLIEHTHBIX CBOWCTB. TeM He MeHee, JaH-

]

o

o

o
1

uele HK 1o cux mop He n3ydeHsl.

B nanHoii pabote B auamnazone temrieparypa ot 80 go 330 K

o 1004
nucenenoBadsl  JoMmuHecHeHTHele  cBorictBa  HK  CdyZniS

WHTEHCUBHOCTL, OTH. e,

cocraBoB X=0.5 wux==0.2, CHHTE3UPOBAHHBIX C IIOMOLIBIO

MeToukH JIenrmropa-biaomkerT B MaTpuiie OereHOBOM KHCIIOTHI. 10— ; . ‘
1,5 2,0 25 3,0 3,5 40
B cmekrpax mornomenuss HK otuernmBo Habiromarorcst SHeprus, aB

IIUKH, COOTBETCTBYIOLIE [IOMIOMIEHHIO Ha SKCHTOHHBIX mepexo- | [ uc. 1. — Cnexmpor @JI HK CdosZnosS,
U3MEPEHHbLE NPU PA3TUYHBIX memnepa-

nax. Dueprus mukoB coctapisieT 3.45 u 3.9 3B s HK CdosZnosS
mypax

u Cdo2ZnosS, cooTBeTcTBEHHO. B X0/1¢ paboThI OBLITH U3MEPEHBI
criektpbl @JI HK CdyZn1«S mipu pasnudnbix Temmeparypax B quamnaszone ot 80 o 330 K. Ha pucynke 1., ast
npumepa, npusenaensl crektpsl @JI HK CdosZnesS. Kak BuaHO U3 prcyHKa, B Anana3zoHe emmeparyp ot 80 10
290 K, B cnexkrpax ®JI MOXKHO OTHETJIMBO BBIAEIUTH JIMIIb OJHY LIMPOKYIO MOJIOCY C 3HEprHeld MakcUMyMma
okoJ1o 2.1 3B. IloBsIenne TemnepaTypbl IPUBOAUT K MOSIBIEHHIO 60JIe€ BEBICOKOIHEPTETHYHOM MOJIOCHI C JHEP-
ruei Makcumyma okosto 3 3B. Pesynbratel, momayuennbie a1t HK Cdo2ZNgsS, aHATOrMYIHBI OMIMCAHHBIM U OTJIH-
YaIOTCs JIMUIb NOJ0XKEHUS MakcuMyMoB nojioc AJI — 2.3 5B u 3.1 3B 1151 HU3KO’HEPreTUYHON U BBICOKOIHED-
TeTUYHOM TI0JI0CHI, COOTBETCTBEHHO.

AHanu3 NoJy4YeHHBIX JAHHBIX TIOKa3all, YTO IKCIIEPUMEHTAIIbHBIE YHEPTHUH 3KCUTOHHBIX ITEPEX0/I0B, MO-
Jy4eHHBIE U3 CIEKTPOB MOTJIOLICHUS! XOPOLIO COINACyIOTCsl C PAaCUETHBIMHM 3HAUEHUSIMM, YTO YKa3bIBaeT Ha
cootBercTBHe crexuomeTpun cocrasa HK. beuto ycranoBneno, uto momuHecueHus B uccnenyembix HK
MOJIHOCTBIO 00YyCJIOBIIEHA peKOMOMHAIIMEH Yepe3 rryOookue ypoBHHU. B cniektpax ®JI MOXKHO BBIJICIUTH J1BA
nuKa: (1) HU3KOPHEPTeTHUHYIO TI0JIOCY, KOTOpast SIBISIETCS TIOMUHUPYIONIEH M 3HAYUTENLHO CIIBUTAETCS TPU
n3meHennu coctasa HK u remnepatypsr; (ii) BBICOKO3HEPreTUUHYIO T0JIOCY, ITOJIOKEHHE KOTOPOii cinabo 3a-
BUCHT OT TEMIIEpaTypbl M COCTaBa. Y CTAHOBJICHO, YTO HU3KO3HepreTuuHas nojoca ®JI, cBazana ¢ pexkoMOu-
HaIlUel uepe3 ypoBHH, 00pa30BaHHbIC 000OPBaHHBIMU CBsI3siMU aToMOB S Ha noBepxHoctu HK. IIpupona BbI-
COKOIHEPTHYHOM TOJ0CKHI OCTAETCS TI0]] BOIIPOCOM, BO3MOKHO, OHA CBSI3aHA C HAJTMYMEM B 3aIlpellieHHON 30He
HK ypoBHeii, 00pazoBaHHBIX MOJIEKyJIaMu OereHoBOI KuCiIoTh! Ha oBepxHocTu HK.

[1] J. Cizeron, M. P. Pileni, J. Phys. Chem. B, 101, 8887 (1997).
[2] M. A. Cotta, ACS Appl. Nano Mater., 3, 4920 (2020).
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HyﬂbMeprle cucmemaol (KGaHmOGble MOYKU, HAaHOKpUCmaJivl, Haﬁonﬂameﬂembl)

JIByx(OTOHHOE MOTJIOIIEHNE CBETA B IEPOBCKUTHBIX HAHOKPHUCTAJIaX
B CTCKJITHHOW MATPHUIIEC

Kysnenosa M.C.}, Baraes M.H.%, Kono6kosa E.B.?3, Tlerpos M.IO.}, Urnatees U.B.!

‘criery, 198504, Canxm-ITemep6ype, yi. Yavanosckas 0.1

2UTMO, 199034, Canxm-ITemep6ype, Bupoicesas nunus 14-16

3CII6I'TH(TY), 190013, Canxm-ITemep6ype, Mockosckuii np.24-26/49

B Heopranmdeckux mepoBCKUTHRIX HaHOKpUCTaLTax (HK) mposBisioTces cCHimbHBIC HETMHEHHBIC ONTHIC-
CKHE CBOICTBa, 4TO HaOIrOmaeTcs mpu MHOrooToHHOM BO30YxaeHnu ¢oromomuaectenun (OJI) [1-3]. B
JaHHOU paboTe MBI JEMOHCTPUPYEM MPOSBICHUE ONTHYECKOW HelnnHeWHOCTH B nepoBcKUTHBIX HK CsPbBrs,

BBIpAIlIEHHBIX B cTeKIsIHHON MaTpuue. Cunte3 HK omnu-

L T=290K o
caH pasee [4]. O6pa3ers ¢ mepoBckuTHEIMEH HK CsPbBr3 o o Smw ,?ocn-o;__ i
HCCIIEIOBAJICS ¢ TIOMOIIBI0 criekTpockonmu DJI 1 Bo3- g sk o% %° oS
| 9 ¥ °
oyxxaenust ®JI npu Bo3OykaeHUN POTOHAMH C SHEPIHU- g L A N o}\%
SIMH 3HAYUTEIIbHO HIDKE SKCUTOHHOT'O PE30HAHCa. 2 7 G . R——1. 236 N ag
15 i L5
|3 : E ~=1.65¢V =—
Ha Puc. 1 juis npuMepa NpuBEIEHBI PE3YIbTaThl, | £ 3f 39 R amey \<
= L £ _
noydennsie 11 HK CsPbBr3. Ycranosneno, 4to uH- | § ) j = Tk &
. 2 r .g‘ . X
TerpaibHas WHTEHCHMBHOCT DJI HenuHeiiHO Bo3pac- | = : g o\
£05
TaeT C YBEJIMYECHUEM MOIIHOCTH IBYX(OTOHHOI'O BO3- ! J 2 ; °
. \
Oy’XKIE€HHS U XOPOILIO aNNpPOKCHMHUPYETCS CTETICHHOMN AR ST AT e
¢byukuuent, I ~ P*, rae o> 1. B yacTHOCTH, P BO3- B Ny
YHKIT > > TI . , 1Ip Photon energy, eV

Oyxaennn GporoHamu ¢ sHepruei Eexe = 1.55 9B, moka- | Puc.l. — Cnexmp 6030yacoeniis 06yxghomonnoll
satens crenenn o = 2.1, T.e., Mexauusm BosOyxenns | LI HK CsPbBr3. Bemaska: cnexmp PJI ¢ oxcu-

o MOHHbIMU U MPUOHHBIM NUKAMU
MPENMYIIECTBEHHO NBYX(OTOHHBIN. JIByx(poTOHHOE

MIOTJIOUIEHHE TIO3BOJISIET N3y4aTh CIIEKTP BBICOKOIHEPTETUUHBIX SKCUTOHHBIX U 3JIEKTPOHHBIX COCTOSHUM, Tie-
pecTpaunBas SHEPruto POTOHOB BO30YKACHUA. Pe3ybTaThl M3MEPEHHMI CIIEKTPpa BO30YkKACHHUS NBYX(DOTOHHOM
@®JI HK CsPbBr3 mpencrasnenst Ha Puc. 1. Kak BugHO, mHTeHCHBHOCTS DJI yBENMMYIMBaeTCS C pOCTOM dHEP-
ruu (POTOHOB BO3OYXIEHHS IO HEKOTOPOI'O 3HAUCHHMS 32 CUET BO30YXKIEHHS CIUIOIIHOIO CIIEKTPa INIOTHOCTH
coctosiHnid. Haumnas co 3naueHus sneprun GotoHos 1.5 3B, nunreHcnBHOCTE OJI MOCTOSIHHA B Mpeenax dKc-
nepuMeHTanbHoi ommOku. [Ipu nanpHeieM yBennyeHnn YHeprud POTOHOB, HHTeHCUBHOCTH DJI HaunHaeT
najath. OTOT 3QGEKT MBI CBSI3BIBAEM C TEM, YTO JHEPTHs JBYX(POTOHHOTO BO30YXKAEHUS TONAJAcT B 30HY
MOTJIOIIEHNS MaTpULbl crekna. [Ipu 3Tom GoTopokaeHHbIN 31eKTpoH BeiOpackiBaeTca u3 HK u 3axBartbiBa-
eTcsa Ha (pIyKTyauusx MoTeHIHajla CTeKISIHHOM MaTpulel. HuzkotemnepaTtypHsle n3Mepenus cekrpos DJI
npu ABYX(OTOHHOM BO30YXKIEHWUHM TMOKa3ajiH TOsBICHUE BTOPOH HWU3KOdHepreTuuHou monockl DJI (cwm.
BCTaBKY Ha Puc. 1), KOTOpyro MBI CBS3bIBacM ¢ 00pa3oBaHUEM TpHUOHA. JJaHHOE MPEoIoKeHHEe XOPOIIIOo CO-
IJIaCyeTCs C BEIBOZOM O TOM, UTO JIEKTPOH 3aXBaThIBACTCSA JIOBYIIKOH B CTEKJIE, H, TAKMM 00pa3oM, HAHOKPH-
CTaJIIbl CTAHOBSATCS MOJOXKUTENBHO 3aPSPKEHHBIMU.
Astopsl Onarogapst CII6I'Y 3a ¢puHaHCOBYIO MOAAECPKKY B pamkax rpanta 122040800257-5.

[1] A. Manzi et al., Nature Commun. 9, 1518 (2018).

[2] I. D. Skurlov et al., Nanomaterials 12, 151 (2022).

[3] J. Chen et al., Mater. Horiz. 9, 2255 (2022).

[4] E. V. Kolobkova et al., J. Non-Cryst. Solids 563, 120811 (2021).
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Tepmoanekrpruueckas 3¢ dexruBHOCTS TUIeHOK GaAs/INGaAs
C KBAHTOBBIMHU TOYKAMH U SIMa-TOYKAMHU

Baiigyes H.B.!, Bamscaukos JI. M., iémuna I1. 5.2, Jopoxun M.B., 3noposeiimes A.B.%, 3y6kos C.JO .2,
Epodeesa 1.B.L, Kysnenos FO0.M.!

1 ~ -
HHI'Y um. H U. Jlobauesckozco, 603950, Huorcnuii Hoseopoo, np. I acapuna, 23

OnHUM W3 BaKHEUIINX HATPABJICHHUA, IO KOTOPBIM B TIOCIIHUE TOJIBI OBLT IOCTUTHYT MPOTpecc B 00-
JIACTH CO3J]aHHS TEPMOBJICKTPUKOB, SIBUJIOCH MPUMEHEHUE HEOAHOPOAHBIX MaTepuanoB. B pabdorax [1, 2] mo-
SIBUJIOCH MPEJIOKEHUE UCITOB30BaTh MacCHBBI KBaHTOBBIX ToueK (KT) 1t TepMO3ICKTPUYESCKIX TIPUIOKE-
Hui. KBaHTOBBIE TOUKH 00€CIIeUNBAIOT MOBBIIIEHNE KO3 dunmenTa 3eeOeka o 3a CIET TepMOTreHepaIii 10-
MOJTHUTENBHBIX HOCUTeNeH 3apsaa. OTHAKO JIIsl TOTO, YTOORI

BHOCHTb 3aMETHBII BKJIaJl B BEJIUUKMHY 0. HEOOXOAUMO HOIY- 0,20}

0,18 F
YUTh BBICOKYIO MIIOTHOCTH MaccuBoB KT. ITosToMy MBI pe- 016l
WM JOMOJHHUTENBHO BBIPACTHTE TEPMODJIEKTPUYECKHE oot

CTPYKTYpBI Ha OCHOBE KBaHTOBBIX sIM-Touek (KA T), kotopeie | Jo.1of
0,08
0,06 |

—-e— 1867

ObLIH BIIEPBBIC OMKCAHBI B paboTax [3,4]. 1871

-»— 1853 X
B Hacrosieli paboTe M3y4aluCh TEPMOIICKTpHUYEC- 0,041 —»— 1854 \\
0,02+ N
. —o— 1896
CKHE€ CBOWCTBA T'€TEPOCTPYKTYPHI, BBIPAIIEHHBIX METOJIOM 0,00} . o .
F'®D MOC, ¢ KT u KT na ocnose GaAs/InGaAs. JlanHble 0 R (ocz;’o 300
CTPYKTYPBI CPAaBHUBAIUCH C 00PA3IIOM HE UMEIOIIEM KBaHTO-
PYKTYp p pasit m Puc.1. — Te,wnepamypHaﬂ 3A6UCUMOCMb

BOPA3MEPHBIX CTPYKTYP B CBOUX CII0SIX. Bee 00pastbl UMCIH | 10,1100 nempuueckori shexmusrocmu.

10 mepuoa0B, Kaxaplii u3 KOTOPBIX cocTosn u3 cinog KT mmm

KT na ocaose InyGai«As u crieficepa GaAs 50 HM, U3 KOTOpHIX 40 HM JISTHPOBAHBI YTIIEPOIOM 10 KOHIICH-
tpauuu n ~ 10 cm, TlapameTpsl 06pa3IoB NpeICTaBIeHbl B TabmuIe 1.

Tabnuna 1 — Pocrossle mapameTpsl cTpykTyp ¢ KT u KAT

Ne Conepsxanue In, % THI HAHOPASMEPHOR |y o o osp KSAT (KT) | | CMICPATYPa pocTa,
CTPYKTYpbI C
1853 40 KAT 10 550
1854 50 KAT 10 550
1867 50 KAT 10 550
1871 75 KT 10 510
1896 0 - 0 550

Ha pucynke 1 npuBeneHO OIIEHOYHOE 3HaUCHHE TepMOodJieKTpuueckor 3¢ dexkruBHocTn ZT CTPYKTYp
C KBaHTOBBIMH TOUKaMH B CPAaBHEHHH C KOHTPOJILHOM, KOTopas onenuBaercs Kak ZT = a?oT/], rie o — dnek-
TPONPOBOAHOCTD, 4 — TETUIONPOBOJHOCTD, T — CPE/IHsS TeMIIepaTypa MEXy ropsiueil U XoJOJHOH TpaHsIMU
obpasua. Bennunna ZT Bo3pacTaeT ¢ pocTOM TeMIIEpaTyphbl U MPOXOAUT MaKCUMAalIbHOE 3HAUCHHE TIPH TeM-
nepatypax oxono 200°C. JanpHeimmii BeICOKOTeMIepaTypHblid cniag ZT cBsi3aH C BOZHUKHOBEHHEM ITPOBO-
JUMOCTH HOJIOKKH U IIyHTUpoBaHueM MmiuéHku. Hannydamme 3navenus ZT = 0,18 u 0,16 npu 200°C gemon-
CTpUpYyIoT CTpYKTYpHI 1854 1 1853 Ha ocHoBe KST. DxciepumMeHTaIbHBIN pe3ynbTaT TakKe Mokasal, yTo ZT
crpykryp ¢ KT u KAT 3ameTHO PEeBOCXOAMT TAKOBYIO B CTPYKTYpe 0€3 KBAHTOBBIX TOYECK.

PaboTa BeINONTHEHA IPU (PUHAHCOBOM MoyIep)kke MuHHCTEpcTBa 00pa3oBaHus U Hayku PO B pamkax
roc. 3aaanus (mpoekt FSWR-2023-0037).

[1] Khitun A. et al., J. Appl. Phys., 88, 696 (2000).

[2] Harman T. et al., Science., 297, 2229, (2002).

[3] Mintairov S. A. et al., Nanotechnology, 26, 385202, (2015).
[4] Maximov M. V. et al., Appl. Sci., 10, 1038, (2020).
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Onruyeckas CIIeKTPOCKOITNS SITUTAKCUAIIBHBIX HAHOKpUCTAILIOB (GaAs
C HAHOMETPOBBIM ITPOCTPAHCTBEHHBIM Pa3peIICHUEM

Bacanaesa JI.C.!, Emenssanos E. AL, ®énopos B.B.2, JIsopenxkas JI.H.2, IIpeoGpaxenckuii B.B.1,
Munéxun AT

YU@IT CO PAH, 630090, Hosocubupck, np. Ax. Jlaspenmuesa, 13

2CIT6AY um JK. . Angpeposa PAH, 197101, Canxm-ITemep6ype, yn. Xnonuna, 8 k3

[Ina3MoH-ycuneHHass ONTHYECKash CIEKTPOCKONHUS C HAHOMETPOBBIM IPOCTPAHCTBEHHBIM pa3pelie-
HHEM, BKJIIOYasl yCHUJICHHbIC METAIM3UPOBAHHBIM 30HI0M aTOMHO-CHIOBOr0 MuKpockomna (ACM) komGuHa-
uuonHoe paccesiuue cBeta (KPC) u poromomunecuentus (PJI), ssBusercs: yHUKAIBHBIM METOAOM HCCIIEI0-
BaHMS ONTUYECKUX, CTPYKTYPHBIX, XHMHYECKHUX, IEKTPOHHBIX CBOICTB HaHOMaTepuaioB [1,2]. lanHbiii Me-
TOJ COBMELIAET BHICOKOE MPOCTPAHCTBEHHOE pa3pelleHHe 30HIOBOM MHUKPOCKONUHU U AHATUTHUYECKHE BO3-
moxkHocTH KPC 1 @JI, 4T0 M0O3BOIISIET UCCIIEA0BATh CBOWCTBA OJUHOYHBIX HAHOKPHUCTAIIOB, U3y4eHUE KOTO-
poix knaccudeckuM MetonoM KPC u @JI HeBO3MOXKHO M3-3a OTpaHMUYCHHH, CBA3aHHBIX C AU(PAKIHOHHBIM
MpeesIoM M MaJIbIM OTITUYECKUM OTKIMKOM OT OJJHOH HAaHOCTPYKTYphl. MeTo1 OCHOBaH Ha 3 eKTe JOKaIb-
HOTO TIOBEPXHOCTHOTO IJIA3MOHHOT'O PE30HAHCA, BO3HUKAIOLIETO BOJIM3HM OCTPHUS METAJUIM3UPOBAHHOTO 30H1a
1 TIPUBOISILIETO K 3HAYUTEILHOMY YCHJICHHIO ONTHYECKOTO CUTHANIA OT MCCIIEAYEMOIo MaTepHrana.

B nanHoii pabote uccnenoBanuch onuHouHbIe HaHokpucTamisl (HK) GaAs uMeromume oKpyTriyio v Bbl-
TSHYTYIO (hOpMY, BBIpAIlICHHBIC METOIOM CAMOKATAJIMTHYECKOTO pocTa Ha moanoxkkax Si [3] u GaAs [4]. Uc-
ciemoBaHHs MpoBOUIMCh Ha ycTaHoBke (Horiba Xplora
Nano) — criekrpomerpe KPC, copmemerrom ¢ ACM. U3-

MEpEHUsI BBIMOJHSUIUCH B TEOMETPUU OOpaTHOTO pacces-
HUS C UCTIOJIL30BaHKUEM Ja3epa ¢ JnHoi 638 am. Hcmonb-
30BaJNCh CTaHAApPTHBIE KPEMHHUEBBIC 30HABI ((HUpPMBI
TipsNano) ¢ 30;10TbIM MTOKPBITHEM.

s HK GaAs, BeIpallieHHBIX Ha MOJUIOKKax Si, Mo ey
WHTEHCUBHOCTH TpsiM030HHOH DJI OBUIO BBITIOIHEHO Kap-
tupoBanue oauHouyHoro HK GaAs ¢ nmpocTpaHCTBEHHBIM

pasperienueM ~20 HM, MO3BOJISIONIEE ONPEAETUTH KOppe-

JAAA €r0 JIOKATBHBIX ONTHYECKUX U CTPYKTYPHBIX 500
ceoiictB (Puc.1). JIns HK GaAs o0oux THIIOB ObLIM IO-
CTPOEHBI KapThl MJIa3MOHA 30Ha (B [Uana3one AauH BoiH | Puc.l. —a) ACM uzodpasicenue u 6) Kapma

600-700 M), 10 H3MEHEHHIO CUTHAJIA KOTOPOTO NpH B3au- | Hano-PJI nanoxpucmania GaAs.

mozeiictBun ¢ HK Ob1mu Bu3yanusupoBaHbl 0COOEHHOCTH
HK ¢ HaHOpa3pelieHreM, mpoJIeMOHCTPUPOBAH CIBHI IUIA3MOHHOW 4YacTOTHI 30H/a, OOHApyKeHHBIH B [5].
Jlnst BeiTsinyThIX HK HabGmoganock nokansHoe yeunenne Moasl KPC mpnubsika va 225 cm™, o unTeHCHBHO-
CTH KOTOpPOHW BBINIOJIHEHO KapTHUPOBAaHUE M YCTAHOBJICHO JIOKAIBHOE paclpelesieHHe KIACTepPOB MBIIIbSIKA,
MPUCYTCTBHE KOTOPHIX HA IIOBEPXHOCTU OOBSCHIETCS OCOOCHHOCTSIMH POCTA.

HUccnenosanune noauepxano Poccuiickum Hayunbsim @onom (rpant Ne22-12-00302).

[1] Y. Cao et al., Reviews in Physics, 8, 100067 (2022).

[2] H. Lee et al., Nanophotonics, 9(10), 3089 (2020).

[3] G.A. Sapunov et al., Cryst. Growth Des., 20, 300 (2020).
[4] E. A. Emenvsinos u op., [Tucoma 6 XKT®D, 49, 37 (2023).
[5] C-F.Wang et al., Cryst. Nano Lett., 23, 9114 (2023).
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doHOHHBIE TOBTOPEHUS B CIIEKTPax (DOTOTIOMUHECIICHIIUH
NIEPOBCKUTHBIX HaHOKpHUCTAIIIOB CSPhl3

Baraes M. H.}, ITanskun JI. B. !, Cmupuos M.B. !, Kysnenosa M.C.}, Urnatses U. B2,
Emncees U. A2, Jlaeiios B.10.2, Cvupnos A.H.2, Kono6okosa E.B.%*

‘crery, 198504, Canxm-Ilemep6ype, yi. Yavsnoeckas 0.1

2OTH um. A. D.Hoggpe PAH, 194021, Canxm-ITemepbype, ITorumexnuuecxas yu., 26

2UTMO, 199034, Canxm-ITemep6ype, Bupocesas nunus 14-16

SCII6I'TH(TY), 190013, Canxm-Ilemep6ype, Mockoeckuii np.24-26/49

[Mepockuthbie Hanokpuctaiuibl (HK) CsPbXs nemoHcTpupyrot Oorateie onTuuecKue CBOMCTBA, KOTO-
pBIe BO MHOTOM ONPENENAIOTCS CTPYKTYPHBIMH OCOOCHHOCTSIMHU KPUCTAJITMYECKOW perieTku. [lanHeie oco-
OEHHOCTH, B TOM YHCII€, IPOSIBIIAIOTCS B BUie ()OHOHHBIX IOBTOPEHUH JIA3€PHON JIMHUHM B CIIEKTpax (OTOIIO-
vuHecnennmn (OJI) HK. ®onorrbIe TOBTOPEHUS BRI3BAHBI B3aNMOICHCTBHEM C TIOJISIPHBIME (DOHOHAMH KPH-
CTaUTMYECKOW pemieTku [1], koTopble akTHBHBI B MH(PAaKpacHOM IoriiolieHnd. B nanHo# padore npencras-
JICHO SKCIEPUMEHTAIFHOE U TEOPETHYECKOE HCCIEIOBAHUE MOJIOBOTO COCTaBa ()OHOHHBIX TMOBTOPEHHI
B criektpax @JI HK CsPbls, BeipamieHHbIX BO pTopdocdaTHOi CTEKIIHHON MaTpuile. MeToI1Ka pocTa HaHO-
KPHCTAUIOB ObLIa OucaHa panee [2].

[Tpu usmepenuu criekrpoB DJI 610 0OHAPY-

JKEHO, YTO PSJIOM C JIa3€PHOU JIMHUEN BOZHUKAET PsL sol- 40

y3KUX TIHKOB, KOTOpbIE MBI CBSI3bIBaéM C ()OHOH- i ;-30

HBIMU TOBTOPEHUSAMH JIuHUU Ja3epa. Ha Puc. 1 npen- 40 %‘ TZ -

cTaBiieHsl ABa criektpa OJI mpu Bo3OyxaeHnn HoTo- E - £ .

Hamu ¢ sHeprueil Eexe = 2.33 9B 1 Eexc =1.712 3B. \530 i e

Kak mosxHO0 BujeTh 13 Puc. 1, MOIOBEII COCTaB CIIEK- g 2 _ Lo Photon energy, eV

Tpa (HOHOHHBIX IIOBTOPEHUH pafiKaIbHO OTINYaeTC | 2 |

B 3aBUCHMOCTHU OT 3HEpruu Bo30yxaenus. Ilpu on- A ok

TUYECKOM BO30YKICHUU (DOTOHAMU C SHEPTHEH Eexc L

= 2.33 »B nabnroatoTcs poHOHHBIE ITOBTOPEHUSI, CO- oL_t .
0 50 100 150 200 250

OTBETCTBYIOIIME TOJILKO yacTtote 120 cm™. Tlpu pe- |

Wavenumber, cm
30HaHCHOM BO3OYs ke B rosocy DI (Eec =1.712 Puc.1. — Yuacmxu cnexkmpa DJI 6bauzu aunuu na-
5B) nuku Hambosee BHICOKOYACTOTHBIX (GOHOHHBIX | 3epa npu 6030yacoenuu homonami ¢ suepueil e
HOBTOPEHUH OKa3bIBAIOTCSA CABUHYTHL Kpome toro, | = 2.33 9B u 1.712 9B, kpacnas u cumnss kpuevie co-
omeemcmeenHo. Ha ecmaske npueeden yuacmok
cnekmpa DJI (Eexe = 2.33 2B), coomeemcmayiowuti
ocHosHbIM onmuyeckum nepexooam. 1 =12 K.

MOSIBIISIFOTCS JIOTIOJIHUTEIbHbBIE ()OHOHHBIC TOBTOPE-
HUS B HU3KOYACTOTHOM yacTu criektpa. B anamoruy-
HOM HcclieZioBannu criektpa ¢ponoHos aiast HK CsP-

bBr; [3] o6Hapy»xkeHo, 4TO TTOA0OHOE pas3IMyHe YaCTOT MOYKET OBITH 00YCIIOBICHO B3aNMOICHCTBHEM DKCUTO-
HOB C ()OHOHAMU B OCHOBHOM MJI BO30Y>KIEHHOM COCTOSIHUSIX KPUCTAIUINYECKON PELIeTKH.

JInst MHTepIpeTayy CeKTPOoB (POHOHHBIX MMOBTOPEHHI OBLIO MPOBEAEHO TEOPETHIECKOE MOIETHPOBA-
HUE CIIEKTPOB MH(PpaKpacHOTo NoriomieHus. Pacuet ObLI MPOBEICH /LISl TPEX KPUCTAJUIMYECKUX (a3 mepos-
ckura CSPbls: st opTopoMOUYecKoi, TeTparoHalnbHOH W KyOu4eckoi. Pe3ynbraTel pacyeToB MO3BOJIHIH
UICHTU(HUIUPOBATH (DOHOHHBIE COCTOSIHUS, HAOII01aeMbIe SKCIIEPUMEHTAIIBHO.

Astopsl 6narogapsat CIIOI'Y 3a puHaHCOBYIO TOAAEPKKY B pamMKax rpanta 122040800257-5.

[1] C.M. laru et al. Nature Commun., 12 (1), 5844 (2021).
[2] E. V. Kolobkova et al., J. Non-Cryst. Solids 563, 120811 (2021).
[3] @Quzuka u mexuuxa noaynpogoonuxos, mom 57, eein. 5, 313 (2023).
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CHOuH-NOJISIPU30BaHHBIN AJIEKTPOHHBIA TPAHCIIOPT B KOPPEIUPOBAHHBIX
101y IIPOBOTHUKOBBIX HAHOCTPYKTYpax

®pouos J.A.}, Manuesnu B.H.1, Macnosa H.C.%, Poxanckuii M. B.2, Asepkues H.C.?

"Mockosckuii 2ocyoapcmeennviii ynusepcumem umenu M. B. Jlomonocosa, (pusuueckuii paxynvmemn,

119991 Mockea, Poccus

2Uncmumym umenu Hogpgpe, Canxm-Ilemepoype, 194021, Poccus

B nmocnennue roxmpl oco6oe BHUMaHUE YAESETCS W3YyYEHHIO CIIUH-TIONSPU30BAHHOTO 3JIEKTPOHHOIO
TPaAHCIIOPTa B MOIYIPOBOTHIUKOBBIX CTPYKTypax HU3KOW pasmepHocTH [1, 2]. OcHOBHBIE YCHIINS B 3TOH 00-
JIACTH CBSI3aHBI C KOHTPOJIUPYEMBIM CO3/TAaHUEM U MAHUITYJTUPOBAHUEM CIIMHOBBIMU COCTOSIHUSIMU, @ TAK)KE UX
IarHocTHKOH. OcCOOEHHOCTBIO CTPYKTYP TOHIKEHHOW Pa3MEPHOCTH SIBIISIETCS 3HAYMTEIBHOE BIHSIHUE MEXK-
YaCTHYHOT'O B3aUMOJICHCTBHSI HA ONTHYECKUE CBOMCTBA U TAPaMETPBI JJIEKTPOHHOT'O TPAHCIIOPTA, YTO OTKPHI-
BaeT BO3MOXKHOCTH ISl YIIPABIECHHS CIIMHOBBIMHU COCTOSTHUSIMHU.

B nannoit pabote npeanoxeHa HOBasi TEOPETUUECKasi KOHIETILUS 3JIEKTPUUECKH YIPaBIsIEMOro OJIHO-
ANIEKTPOHHOTO CIHMHOBOTO (MibTpa (Mojspu3aTopa), 0a3upyIOMIErocsl Ha CHUCTEME B3aUMOCHCTBYIOIIMX
KBAHTOBBIX TOUEK WM IPUMECHBIX ATOMOB, IPH HAJTMYUH CHJILHOTO KYJIOHOBCKOIO M1 0OMEHHOTO B3auMOJe-
ctBuA. TeopeTnueckuil aHAIN3 CIIEHU(PHUKH IEKTPOHHOTO TPAHCIOPTA B UCCIENLYyEMOW CHCTEME BBIIOIHEH
C UCTIOJIb30BaHNEM MOIXO0/a, OCHOBAHHOTO Ha KHHETHYECKUX YPAaBHEHUAX IJIsl YHCEN 3aNOJHEHUS U UX KOp-
pensiuroHHbIX QyHKIMi [3]. [IpoBeneHo YicIeHHOe MOICTUPOBAHNE CIMH-TIOJISIPU30BAHHBIX TOKOB U CIIMHO-
BOM MOJISIPU3ALMH IJIS1 Pa3IMYHBIX COOTHOLICHUI TapaMeTPOB CUCTEMBI (KOHCTAHT TyHHEJIBHON CBSI3H, BEJH-
YIH OOMEHHOTO M KYJIOHOBCKOT'O B3aHMO/ICUCTBUH).

Pe3ynbraTel MoienMpoBaHUs OKA3aJIM, YTO CIMHOBYIO MOJISIPU3AIIUIO TYHHEJIBHOTO TOKa Yepes3 ucclie-
IyEeMYI0 CUCTEMY MOXHO 3()()EKTUBHO KOHTPOJIHMPOBATh JBYMsI METOJAMH: 3a CUET M3MCHEHHS BEITHMYUHBI
HaIpPsDKEHUS, IPWIOKEHHOTO K TYHHEIBHOMY KOHTAKTY, U 33 CYET BApbUPOBAHUS TYHHEIBHOU CBSI3U MEXKIY
KBaHTOBBIMH TOYKaMH C TIOMOILBIO BHELITHETO 3aTBOPA. J{JIsi MUHMMaNbHOW peanu3aliy ycTpoicTBa HE0OXO0-
JTUMO TPH IHEPreTUYECKUX YPOBHS, JIOKATM30BAHHBIX B TYHHEJIbHOM KOHTAKTe, OJUH U3 KOTOPBIX 3all0HEH
AJIEKTPOHOM C OTIpEJIeIEHHOM npoeKuel cnuHa. [Ipu GukcupoBaHHOM CIIMHE Ha OJHOM W3 DHEPTEeTHYCCKHUX
YPOBHEH HalpaBJICHWE CIMHOBOW MOJISPHU3ALMH OJHOIIEKTPOHHOTO TOKA, TEKYIIETO Yepe3 JIBa MOCIeI0Ba-
TENBHBIX YPOBHS SHEPIHH, MOXKHO M3MeH:Th. [Ipupona sddekra cocTout B cinegyronieM: 00OMEHHOE B3aUMO-
JIeiCTBUE pacIIeryisieT OJMH M3 YPOBHEH Ha JiBa CIIMHOBBIX MOJYPOBHS, YTO MPUBOJIUT K TPe0OIIaaHuIo pe-
30HAHCHOT'O Mepexo/a JJIs AJIEKTPOHOB C OJHON MPOEKIMEN CIIMHA U TIOJABICHHUIO JUIS 3JIEKTPOHOB C MPOTH-
BOIIOJIOKHOW NpoeKnHel. B 3aBHCHMOCTH OT MapaMETPOB CUCTEMBI HEPreTHYecKas pa3HULa MEXIY MOJI-
YPOBHSIMHU CIIMHA-BBEPX U CIMHA-BHU3 MOXET MHBEPTUPOBATHCS, YTO MO3BOJIIET MEHATH 3HAK MOJIIPU3ALIU
TOKA, MPOXOJISLIETO YEPE3 CUCTEMY.

Pa6ota Beimonuena npu GpunancoBoit moaaepxkke PH®, rpant Ne 24-12-00020.

[1] D.D. Awschalom, D. Loss, N. Samarth(Eds.), Semiconductor Spintronics and Quantum Computationin:
Nanoscience and Technology, Springer, Berlin (2002).

[2] I. Zutic, J. Fabian, S. Das Sarma, Spintronics: Fundamentals and applications, Rev. Mod. Phys. 76, 323 (2004).

[3] N.S. Maslova, P.1. Arseyev, V.N. Mantsevich, Control of the non-stationary spin-polarized tunneling
currents by applied bias changing. Solid State Communications, 248, 21-26 (2016)
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dazoBbIe Mepexo/ bl HAHOKPUCTALIOB epoBCKUTOB CSPD(Brxli-x)3,
BBIZICJICHHBIX B MaTpUIle 0OPOrepMaHaTHOI'O CTEKJIa

badokuna A.H., Xapucosa P. 1., 3eipsinoBa K. C., Ky3smenko H.K., Hukonopos H.B.
Vuueepcumem UTMO, 199034, Canxm-Ilemepoype, bupoicesas nun., 4

CeunHnoBo-Tajouansie nepoBckutsl CsPbXs (X = Cl, Br, I) 06nagaioT yHUKaIbHBIMH ONTHYECKUMHU
CBOMCTBaMU, TAKMMHU KaK MPSIMO30HHBIC MTEPEX0JIbI, O0NbIINE KOA(D(DUITUSHTHI MTOTIONICHHUS U U3TYYCHUS, Y3-
K€ TTOJIOCHI TIOMUHECTICHITUH, YCTOWYHBOCTH K Jie(eKTaM, a TaK)Ke dTH HAHOKPHUCTAILUTBI ITO3BOJISIOT ITOIYYaTh
M3ITydeHNe BO BCEM BHAMMOM JHAINa3oHe IMyTeM U3MEHEHHS HX Pa3MepOB M CMEIIEHHS TaJOT€HOB B COCTABE
[1]. bnarogapst ’ToMy 1711 HUX HAaIIJIOCh MHOKECTBO MOTEHIIUAIBHBIX IPUMEHEHUN: CBETOIUOBI [2], cCOTHEY-

HbIe OaTapeu, GOTOACTEKTOPHI, Ja3epbl u np. Cy-

IIECTBYIOT M HEKOTOpPbIE CJIOXHOCTH B pabote 500+ P € Toemye .
C HAaHOKPHUCTAJUIAMH CBHHIIOBO-TAJIOUJIHBIX IIe- —~450 ® Tonuaye
POBCKUTOB. M3-3a MX MOHHOU IPUPOABI ONTUYE- 4004

CKHE CBOICTBa MEPOBCKUTOB OBICTPO Jerpajau- § L K 2 *

PYIOT IO BIWSHUEM OKpYXKAIOLIEH Cpensl. Ty g %9

po0seMy Ha JaHHBII MOMEHT B LIEJIOM YCIICIIHO 2 300 TS

YAaJI0Ch IIPEONOJIETh WHKAICYIALUEH HAaHOKpHU- 525& P ¢
CTAJUIOB IIEPOBCKUTOB C UCIOJIb30BAHUEM pas3- 2001 o o o

T

10 08 06,04 02 00
Matpuil u crekod [3]. [Ipobnemotii siBasieTcs u To, CsPbBr, CsPbl,

CsPDb(Br,l;.)3
Puc. 1. - 3asucumocms memnepamyp ukeuoyca u co-
UOyca om MOJNAPHO20 COOMHOUEHUsL Opoma U 100a
6 nanoxpucmaniax neposckuma CSPH(Brylix)s.

JIMYHBIX MaTpul: IOJIUMEPOB, ME3OIMOPHUCTHIX

YTO CTPYKTypa KPHUCTAJUIOB MpETepIieBaeT He-
CKOJIbKO (Da30BBIX TpPEBpaIleHUI TPU OTHOCH-
TeJTHHO HEeBBICOKHX TemmepaTtypax (30 — 330 °C)

[4]. Honroe Bpemst CYMTATIOCH, YTO CTEKIO00pa3-

HBIC MaTPHIIBI TIO3BOJISIT «3aMOPO3UTE» CTPYKTYPY BBIICJICHHBIX B HUX HAHOKPHCTAIIOB U M30€XKaTh PE3KUX
TEMIIepaTypHBIX N3MEHEHHI ONTUYECKUX XapaKTEPUCTHK IIEPOBCKUTOB. ITO M OBLIO POBEPEHO IKCIIEPUMEH-
TaJIHO B JaHHOI padoTe.

HaHokpucTa/ubl CBUHIIOBO-TATIOH/IHBIX TIEPOBCKUTOB ¢ 001eit popmysoit CSPH(Brylix)s Obutu cunTe-
3UPOBaHBI METOJIOM OOBEMHOM KPUCTAILTU3AIMY B MaTpHIle OoporepMaHaTHOro crekia. da3zoBble mepexoab
HAHOKPHCTAIUIOB OBUIN OIIPEEeICHBI ABYMSI CIIOCOOaMU: BIMSTHUEM TEMITepaTypbl HA HHTEHCUBHOCTH TIOTJIO-
IIEHHs B 00JIACTH TIEPBOTO SKCUTOHHOTO MaKCUMyMa HAHOKPHCTAJUIOB M HA MHTEHCUBHOCTH peiiekcoB, co-
OTBETCTBYIOIMX HAHOKPUCTAJUIAM Ha PEHTIEHOTpaMMaX, IOJyYEHHBIX METOIOM TU(PPaKIINU PEHTTEHOBCKUX
nydeil. B o0oux ciyyasx TemreparypHasi 3aBUCHMOCTh HHTCHCUBHOCTH TIOTJIONICHUS! 1 MHTEHCHBHOCTH pe-
(I1eKCOB IpH HarpEeBaHUHU 1 MOCIECAYIONIEM OXJIQKICHUN UMeeT (popMy THCTEpEe3nca, YTo JOCTaTOYHO Xapak-
TEPHO JUTS HAHOPa3MePHBIX 00BEKTOB. [1oTydeHHbIe TAKMM 00pa30M JaHHbIE TIO3BOJIMIIA ONPEICIIUTh TEMIIe-
paTypbl JIMKBHyCa HAHOKPHCTAJUIOB ITPY HarpeBaHHM MaTepHaja U TEMIIEPaTypbl COIUIYCa IPH MOCIEITyT0-
IeM OXJIKACHUH. 3aBUCHMOCTh XapaKTePUCTHUECKUX TEMIEpaTyp HAHOKPHCTAIUIOB CBUHIIOBO-TaJOUIHBIX
MEPOBCKUTOB B 3aBUCUMOCTH OT COOTHOIICHHUSI B MX COCTaBE TaJIOr€HOB NpUBE/IEHA Ha puC. | M MMeeT BHJ
XapaxkTepHBII JJIs1 TBEPABIX PACTBOPOB.

Jlannast pabora Obuta BeIoiHeHa npu noiepxxke PHO (mpoext Ne 24-72-10103).

[1] M. M. Stylianakis et al., Materials, 12, 859 (2019).
[2] W. Cao et al., Am. Chem. Soc., 29, 5168 (2017).

[3] M. V. Kovalenko, L. Protesescu, M. 1. Bodnarchuk, Science, 358, 745 (2017).
[4] S. Hirotsu et al., Phys. Soc. Japan, 37, 1393 (2013).
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O MexaHu3Me yCHIIeHHS (II00PECIEHIINA KBAHTOBBIX TOUYEK Ha OCHOBE
dbparmeHToB rpadeHa TIOMHUHECIIEHIIUEH MTOBEPXHOCTHOTO MOISPUTOHA
HaHOKIacTepoB ZnO

Ucromun U.E.}, Yekynaes M.C.}, babkuna JI. A.%, Unsuna B.B.%, Mahi Singh?, Scrpe6os C.T'.!

‘\OTH um. A. @ .Hogpgpe PAH, 194021, Canxm-Ilemep6ype, Honumexuuueckas yi., 26

S&H Technology, 192241, Canxm-ITemep6ype, IIpocnexm Anexcandposckoti pepmot, 29/3

3Tocyoapcmeennwiii uncmumym kuno u menesudenus, 192102, Canxm-Ilemep6ype, yi. Byxapecmckas, 22

*Department of Physics and Astronomy, The University of Western Ontario, London N6A 3K7, Canada.

HccnemoBaioch BIMSHAE HaHOKIAcTepoB ZnO Ha ONTHYECKHE CBOKMCTBA (DOTOOTBEPIKICHHBIX CJIOEB
snokcuakpuioBoro onuromepa (JI1AO). Hanokpucramibl okcuna qUHKa co CpeAHUM tuaMeTpoM 20 HM 100aB-
JsuTUCh niepen GoTomnonuMepu3zanyeit B cinoi IITAO ¢ 1enbio co3aanus 3aIUTHOTO MOKPBITHS, TIOTJIOMIAIOIIETO
cBeT yJpTpaduosneroBoro auanazoHa. C moMomipio CeKTpopoToMeTpuy MOKa3aHo, YTO 3a7ada CO3AaHMs 3a-
LIUTHOT'O TIOKPBITUS TEM caMbIM peieHa. OOHapy»XeHo, 4To 00aB/ICHUE HAHOKJIACTEPOB OKCHIA IIMHKA IIPHUBO-
JMT K 3aMETHOM, [0 CPAaBHEHHIO C HeAOMUPOBaHHBIMU ZnO 00pa3laMu M KOHTPOJIEM, COEpKaIlliM HaHOYa-
CTHUIIBI, THTEHCUBHOW (IIIOOPECHCHIMH B TOTy0Ol 001acTh crieKTpa NpH ee Bo30yxaeHn! Y @ UCTOYHHUKOM.

O6HapykeHo, 4To HaHOKpUCTAILTHl ZNO 1oz Bo3AeCTBHEM BO30YKIAIOMIEr0 U3IydeHus 165 HM Jro-
MUHECIIPYIOT B YO nuama3oHe Ha JiuuHe BOJHBI 3kcuTOHAa ZnO. M3-3a 0COOCHHOCTH AMAIEKTPUUYECKON
¢ysknuun ZnO ¥ STIOKCHAKPUIIOBOTO OJIMTOMEpa Ha STOH JKe JUIMHE BOJHBI Y HEBO30Y>KAEHHOrO oOpasia
HabromaeTcss 0COOEHHOCTH TOTJIONICHNUS, CBSA3aHHas ¢ BO30YKICHHUEM MOBEPXHOCTHOTO MOJIIPUTOHA HAHO-
KJ1acTepa okcua uHKa. [Ipu 3ToM muprHa TMHUK MOTJIOMEHHUS, CBI3aHHOTO C 3THUM 3((EKTOM, OKa3bIBACTCS
JOCTaTOYHO Y3KOH, YTOOBI TOBOPUTH O3HAYUTEIHHON JOOPOTHOCTH PE30HATOPA HA OCHOBE HAHOKJIACTEPa OK-
cuaa 1uHKa. brnaromaps sddekry ITapcena, hoToHsI “3anmacaroTcs’” HaHOKJIACTEPAMH U MIEPEU3ITYUYalOTCs Ha
JUIMHE BOJIHBI aHHUTWISLIUK DJICKTPOH-ABIPOYHON Tapbl, CBS3AHHOW B 9KCHUTOH. DTU TMEpeu3TydeHHbIe ¢o-
TOHBI MOTJIOIIAOTCS MOJICKYJISIPHBIMHU CTPYKTYPaMU MaTPHLIBI OJTUTOMEPA, MHKAIICYIUPYIOLIed HaHOKIacTep
OKCHJa IIMHKA. B pe3ynpTare 4ero npoucXoguT €€ pa3orpeB U OTXKUI. B pesynbrare oTKUra MOJEKYISIpHbIE
CTPYKTYPHBI TpaHC(POPMUPYIOTCSI BO (parMeHTHI rpa)eHOBBIX IIIOCKOCTEH ¢ HEOONBIINM YHCIOM apoMaTHye-
ckux koutetl. [Tpr 3ToM MOTyT 00pa30BBIBATHCS TaKUE MOJIEKYJIbI, KaK a3yJIeH W MUPEH, HHKAIICYJIMPOBaHHbIE
B Marpuny. [lox BiausHueM GOTOHOB, mepen3nyyeHHBIX KnacTtepoM ZnO, MPOUCXOIUT BO30YKICHHUE BIIEK-
TPOH-IABIPOYHBIX Hap MOJEKYN a3yjeHa U MUPEHa, C MOCIEAYIOUIMM MEPEen3TyueHHEM B CHHE-3€JIeHYI0 00-
JIACTh CTIEKTpA.

Urak, HabmoaaeTcst HOBBIH MEXaHU3M YCHIICHUS (ITyOpPECIICHIIUI MOJIEKYIISIPHBIX CTPYKTYP MapTHIIBI
SMOKCHAKPUIIOBOIO OJIMroMepa 3a cdeT ycuieHus YD uznydenust Hanoknactepamu ZnO npu Bo30yKIeHUU
HKCUTOHA U MIOBEPXHOCTHOI'O TMOJIIPUTOHA B HUX.
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diroopeciieHIns KBAaHTOBBIX TOYEK Ha OCHOBE ()parMeHTOB rpadena
B JJa0OPATOPHBIX U MEK3BE3IHBIX PA3HOBUIHOCTAX aMOP(HBIX
AIJIOTPOMIHBIX MOJU(PUKALIUAX yriaepoa

Ucromun U.E.}, Yexynaes M.C.}, Sdctpedos C.T.
‘@TH um. A. @.Hogpgpe PAH, 194021, Canxm-Ilemepbype, Honumexuuueckas yi., 26

B pabore paccMOTpeHBI CHEKTPHI ONTHYECKOH IMHCCHH KBAHTOBBIX TOYEK, MHKAICYIHMPOBAHHBIX
B aMOp(HBIii yrIIepo/I, CHHTE3UPOBaHHBIN B 1a00paTOpHbIX ycinoBusix [1, 2]. [IpoBoauTcs cpaBHEHUE CO CIICK-
TpaMu SMUCCHU THIIOTETHYECKON Pa3HOBUIHOCTH HAHOPA3MEPHBIX KIaCTEPOB aMOP(HOTO yriepoa, IpucyT-
CTBYIOIIMX B MEK3Be3IHOM cpene [3] 1 KopoTkuMu ¢pparMeHTaMu rpaeHOBBIX [UIOCKOCTEH, TAKUX KaK I0-
JMIUKIMYECKHE apOMaTHYeCKue yrieBoaopoas! [4]. Metonamu (yHKIMOHAIA UIOTHOCTH ONTHMH3UPOBaHA
reoMeTpHs MUpeHa U a3ylieHa, BCTPOCHHBIX B allMa30MoJ00H0e OKpyKeHue. BrinoiaHeHo cpaBHeHHE ¢ 1a00-
PaTOpHBIM 3KCIIEPUMEHTOM 1O (IIOOpECHEHIIMY MHUpeHa U azylieHa. CpaBHEHHE MOKA3bIBAET, YTO CIEKTP
OMHCCHHU TIPOCTHIX IMOJIHUIMKINYECKOTO apOMaTHYECKHX YIJIEBOJIOpOJa — a3ylieHa M IMHpeHa — IOXO0XK Ha
CIIEKTpP KBAHTOBBIX TOUYEK, BCTPOCHHBII B MAaTPUILy aMOP(HHOTO yriiepoJa M MEK3BE3THON Cpeabl B 00IaCTH
rasomnbuieBoro oobekra Kpacuoriit KBagpar [3]. Mozens HWHKAINCyIMpOBaHHBIX B aMa30M0100HYI0 MaTPUILY
a3yJiCHa U MUpeHa C O60pBaHHI)IMI/I CBA34AMH ITAaCCUBUPOBAHHBIMH BOAOPOAOM HCCICAYETCA METOAOM (I)YHK-
nmonana mrotHoctd (GAUSSIAN 09). OnTuMu3upyeTcs TeOMETPUS U paCCUUTHIBACTCS TIOTHASI SHEPTHUS HH-
KaICyJIMPOBAaHHBIX MOJIEKyYI. JlenaeTcs BBIBOA 00 UX YCTOHYMBOCTH.

Ot1meuaercst, YTO B HCCIIEIyeMbIX HAHOKJIAcTepax, yriiepo]] O0KOBBIX CAHTOB, IPUIETAIOIINX K a3yJIeHY
WM TIMPEHY, CBS3aHHBII C COCEHUM aTOMOM YTJIEPO/IA MOJIEKYJIBI a3yJieHa UM MUPEHa SP° CBA3BI0, MOKET
OBITH GOJIEE YCTOMYMB 110 CPABHEHHMIO C CAMUMH MOJIEKyaMu. Tak Kak SHEPrusi AMCCOLMAIUN SP° CBS3H yT-
JEPOA-yTIepO 1 GONBIIE SHEPTHH JUCCOLMAILIMH SP? CBA3U YIIIEPO-YTIIEPOLI.

KitoueBbie cnoBa: aMmopHBIN yriepos, yriepoaHble KBAaHTOBbIE TOUKH, MOJHIUKIMYECKHE apOMaTH-
YeCKHUEe yIrIIeBOA0OPOAbI, aMOP(HBIN yriepos

[1] Song, SY., Liu, KK., Cao, Q. et al. Ultraviolet phosphorescent carbon nanodots. Light Sci Appl 11,
146 (2022). https://doi.org/10.1038/s41377-022-00837-1

[2] Siddique, A.B., Pramanick, A. K., Chatterjee, S. et al. Amorphous Carbon Dots and their Remarkable
Ability to Detect 2,4,6-Trinitrophenol. Sci Rep 8, 9770 (2018). https://doi.org/10.1038/s41598-018-
28021-9

[3] U. P.Vijh, A.F. N. Wittl, K. D. Gordon Discovery of Blue Luminescence in the Red Rectangle: Pos-
sible Fluorescence from Neutral Polycyclic Aromatic Hydrocarbon Molecules? APJ, 606 (1) L15
DOI 10.1086/421106

[4] Yi. Zhang, P. Liu, Yo. Li, R. Zhan, Zh. Huang, H. Lin, Study on fluorescence spectroscopy of PAHs
with different molecular structures using laser-induced fluorescence (LIF) measurement and TD-
DFT calculation, Spectrochim. Acta A, 224, 117450, (2020)
https://doi.org/10.1016/j.saa.2019.117450.
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HGSKCHOHGHHH&HBH&H KWMHCTHKA 3aTyXaHHA JIIOMHUHCCUCHIUU
HAaHOKPHUCTAJIJIOB U €€ JOJII'OBPCMCHHOC ITOBCACHUC

Boxynos E.H.}, Simdes Gamboa A.L.>2

'Kapeopa «Dusuxay, [lemepbypeckuii 2ocyoapcmeennbvlil ynugepcumem nymeii coobuyenis

Umnepamopa Anexcanopa I, 190031, Cankm-Ilemepoype

2Vuusepcumem UTMO, 199034, Canxm-Ilemepbype

W3mepeHne KHHETHKY 3aTyXaHUsl JIIOMUHECLIEHIIUH IOy IIPOBOAHUKOBBIX HAHOKPUCTAJIOB — KBAHTO-
BBIX TOYEK, HAHOIIPOBOJIOK, HAHOIUIACTHH, HAHOKOJIEL — SIBJIAETCS Ba)KHEHIIMM HHCTPYMEHTOM H3YUEHUS
(hoTonMHaMUKU BO30YKICHHBIX COCTOSHUI 3THX MaTepUaJIOB, IIOCKOJIbKY KHHETHKA 3aTyXaHHs JIIOMUHECIICH-
LU COJEPKUT BXKHYIO0 HHPOPMALIUIO O CTPYKTYpPE MEKTPOHHBIX YPOBHEH B HAHOKPHUCTAIIIAX, O MEXaHU3MAaxX
B3aMMOJICHCTBUS HAHOKPUCTAJIOB C aKLENTOPaMH SHEPT U AJIEKTPOHHOTO BO30YKICHUS X HOCUTENEH 3apsiaa
B HAHOKPUCTAJUIAX C JIOBYLIKaMH. AHAJIN3 KUHETUKU 3aTyXaHUs JIIOMUHECLHCHINN HAHOKPUCTAJUIOB MOXKET
MO3BOJIMTH HACHTU(DHUIHUPOBATH BUJ M KOJIWYECTBO JIOBYIIIEK HOCHTENEH 3apsiaa (3IIEKTPOHOB, ABIPOK) MK aK-
LENTOPOB 3HEPruu BO30YXKJICHUS (MOJEKYIN, NPYIMX HAaHOKPHUCTAJIIOB), PACHOJIOKEHHBIX Ha MOBEPXHOCTH
WK BOJIM3M HAaHOKPHCTANJIOB, a TAKXKE OLEHUTh SHEPTHUIO JIOBYIIEK, ONPEACTUTh MEXaHU3M IIepeHoca JHep-
THH 3JIEKTPOHHOTO BO30YXICHUS ¢ HAHOKPHUCTAUIOB Ha akienTopsl [1-6].

Kunernka 3aTyxaHus JIOMUHECHECHIINY KBAHTOBBIX TOUYEK B OOJBIIMHCTBE CIy4acB HEIKCIIOHEHIIUAb-
Has 1 9acTo anmpoKCUMUPYETCs CYMMO ABYX WM TpeX 3KCHOHEHT. [1pu 3ToM moaAroHOYHBIMHU apaMeTpamMu
SIBJISIIOTCSI aMIIUTY 1Bl M BpEMEHA 3aTyXaHUs KCIIOHEHT. B HacTosimeil pabore aHaTU3UpyIOTCS 3KCIIEPUMEH-
TaJNbHBIE YCJIOBHSI, IPX KOTOPBIX TaKas allllPOKCHUMALIS UMEET YeTKHH (PU3NUECKUI CMBICI (IMCTaHIMOHHBIN
0e3bI3IydaTeIbHbIH IEPEeHOC YHEPTUH, KOHTAKTHOE TYIIEHHE JTIOMUHECIIEHIIMY, 0OpaTUMBIH 3aXBaT HOCHTE-
JeH 3apsifa JIOBYIIKAMU), M IIOKA3bIBAETCS, KAaK IIPH 3TOM JIOJDKHBI COOTHOCUTBCS BapbUPYEMBbIE apaMeTPhl
anmpoKCUMAanuK (aMIUTUTY bl © BPEMEHA 3aTyXaHusl OKCIIOHEHT) [7].

Oco6oe BHUMaHKE 00palIeHO Ha JOITOBPEMEHHYIO KHHETUKY 3aTyXaHUs! IFOMHHECLIIEHIIMA KBAHTOBBIX
TOYEK, KOTOpasi HO3BOJISIET MOTy4UTh HH(POPMALIMIO O XapaKTepe paclpeieeH s JIOBYIIIeK HOCUTeNeH 3apsia
o sHeprusiM. Ilpennaraercss HoBast pyHKIMS JJIs ANIIPOKCUMALIUK TTOJTHOM KMHETUKHU 3aTyXaHUs JIFOMHUHEC-
LEHIMN KBAaHTOBBIX TOYEK, IPU HOIYYEHHH KOTOPOH MPEAIOarajoch SKCIOHEHIUAIBHOE paclpeeseHnH
JIOBYILIEK TI0 SHEPIUsM; 3Ta (PyHKIHMS NPEICKA3bIBAET CTEIEHHOE YObIBAaHWE KMHETHKH JIIOMUHECLEHIINU CO
BpemeHeM. OTMETHM, YTO MIMEHHO BO3BpaT HOCUTENEH 3apsa ¢ JIOBYIIIEK Ha KBAaHTOBBIE TOUKH, COTJIacHO [§],
MOJKET OBITh MPUUYMHOHN (QIyKTyaluii HHTCHCUBHOCTH JIFOMHHECIICHIIMA KBaHTOBBIX TOUYEK (MepIlaHue) Mpu

ITOCTOSAHHOM ONITHYCCKOM B036Y)I(,Z[GHI/IPI.

[1] E.N. Bodunov, Yu.A. Antonov, A.L. Simées Gamboa, J. Chem. Phys., 146, 114102 (2017).

[2] E.N. Bodunov and A.L. Simées Gamboa, Semiconductors, 52, 587 (2018).

[3] E.N. Bodunov and A.L. Simées Gamboa, J. Phys. Chem. C, 123, 25515 (2019).

[4] E.N. Bodunov and A.L. Simées Gamboa, Semiconductors, 53, 2133 (2019).

[5] O. Stroyuk, A. Raevskaya, F. Spranger, N. Gaponik, D.R.T. Zahn, ChemPhysChem, 20, 1640 (2019).

[6] J. Xiao, Y. Liu, V. Steinmetz, M. Caglar, J. Mc Hugh, T. Baikie, N. Gauriot, M. Nguyen, E. Ruggeri,
Z. Andaji-Garmaroudi, S.D. Stranks, L. Legrand, T. Barisien, R.H. Friend, N. C. Greenham, A. Rao,
R. Pandya, ACS Nano, 14, 14740 (2020).

[7] E.N. Bodunov. Opt. Spectrosc., 131, 96 (2023).

[8] P.H. Sher, J.M. Smith, P. A. Dalgarno, R.J. Warburton, X. Chen, P.J. Dobson, S. M. Daniels, N. L.
Pickett, P. O’Brien, Appl. Phys. Lett., 92, 101111 (2008).
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OCOOEHHOCTH CIIEKTPOB OCTATOYHOM (HOTOIPOBOIUMOCTH
B TeTepOCTpyKTypax Ha ocHoBe CAHgTe

Cotanuyk M.K.!, Ukonnukos A.B.}, Xoxnos JI.P.}, Muxaiinos H.H.?,
JBopenknii C.A.2, Tappunenko B. 1.2

Y@usuueckuii paxynomem MI'Y, 119991, Mockea, Jlenunckue 2opoi, 1

2HDIT CO PAH, 630090, Hosocubupck, np. ax. Jlagpenmwvesa, 13

SUDM PAH, 603950, Huschuii Hoeszopoo, I'CI1-105

AddexT ocrarounoit poronporoaumoctu (ODIT) — u3MeHeHHEe MPOBOAUMOCTH O] ICHCTBUEM CBETa
U COXPaHEHHHU €€ «HOBOT'0» 3HAUCHMS IOCJIE BBIKJIIOYEHHUSI CBETA — MHTEPECEH, MPEkKIE BCEro, U3-3a CBOETO
BO3MOYKHOTO TIPaKTHIECKOTO MpuMeHeHHs. C ero MOMOIIBI0 MOYKHO IIPOCTBIM CITOCOOOM MEHSATH KOHIICHTPA-
U0 HOCHTENEH 3apsga, a B HEKOTOPBIX ciydasx (HampuMmep, B IBOMHBIX KBaHTOBBIX sMmax (KSI)
HgTe/CdHgTe) u Tun mpoBoAUMOCTH, TpHYeM obpamumsim 0opa3oM [1]. B Toxke BpeMs apdekT qanexo He
BCET/Ia OKa3bIBACTCSI TIOJIHOM AJIbTEPHATHBOM TPAIUITHOHHOMY 3JIEKTPUIECKOMY 3aTBOpPY [2, 3], mosTomy u3y-
YeHHEe Y TIOHUMaHNe «BHYTPEHHUX)» MeXaHU3MOB, mpuBoasmux Kk ODII sBiseTcs akTyansHOM 3a1aqei.

B Hactosmieir pabote B Iuamna3oHe
0.6-3.13B pu T =4.2 K u 77 K uccneno-
Bamuch crekTpel O®II rerepocTpykTyp
Hg(Cd)Te/CdHgTe

CTpyKTYpBI OBUTH BBIpAILICHB METOIOM MO-

c ooquHOYHBIMH K.

JEKYJSIPHO-TIYYKOBOM SMUTAKCUU, OHU 00-
JIaay Pa3InIHBIMU TUIAMH 30HHOTO CIEK-
Tpa U pa3IMIHBIMU THIIAMHU TIPOBOJUMOCTH.

B pesynbprare uccrienoBaHvil MOKa3aHO

HaJIMuKe OOIIMX YISl 6cex CTPYKTYP CHEKTpaib-
HBIX OCOOCHHOCTEH, OOJBINast 4YacTh U3 KOTOPBIX

(A = A k) A yark

I E“17’0301 L
10 15 20 25 30

TaK WX MHAYC CBA3aHa C HAIMIUEM ITOKPOBHOI'O

ciost CdTe. TTomumo ocobernocreit 1 u 2, cBs-
E, eV

3aHHBIX C T€HEpaIMEN AIIEKTPOH-IBIPOYHBIX T1ap
B TIOKPOBHOM CJIO€ M IIEPEXO/IAMHA M3 CITUH-OT-
IICTUTCHHOM 30HbI Oapsepa CAHgTe B 30HY mpo-
BOJMMOCTH TIOKpOBHOTrO ciost [1], BcmekTpax
BIIEpBbIC HAOIIO1AIaCh OCOOEHHOCTh 3 — pe3-
Kuid pocT npoBoaMMocTy B obnactr 0.65-0.95 3B
IVl CTPYKTYp C TEMHOBOW MPOBOJMMOCTBIO N-
Trma (puc. 1). [TonoxxeHwne 3toi 0cOOEHHOCTH XO-
POILIIO KOppENMpYeT ¢ A0eH KaMust B Gapbepax
CdHgTe, 4to mO3BOISIET MPETIONOKHTH, HYTO
yKa3Has OCOOCHHOCTb CBS3aHa  C IEPEX0oM
CHEKOro TJIyOOKOTO —«IIPHMECHOI0»  YPOBHS

Puc.1. — Cnekmpbl omHOCUMENbHO20 USMEHEHUs NPO8OOU-
mocmu KA Hg(Cd)Te npu T = 4.2 K. Hynegoti yposerv o3Ha-
uaem cosnadenue npPosoOUMOCHU C MEMHOBOU, NOJOHCU-
mejbHble 3HAYEHUS COOMBEMCMBYIOM  NOJOHCUNENbHOU
O®I1, ompuyamenvhvle — ompuyamenvHou. Yposens —1
o3Havaem omcymcmeue nposooumocmu. Cnekmpuvl cmpyK-
myp ¢ MeMHOBOU NPOBOOUMOCMbIO P-MUNA YKA3AHbL WIMPU-
xosvimu aunHugmu. L{ugpamu c 8vieopomroil ykazamsvi 0CHO8-
Hble cnekmpanvhsie ocobenrocmu. Cmpenxku yKa3vleawm
nonoxcenue ocobennocmu 3. Ilynkmupnas 1uHus coomeem-
cmgyem wupune 3anpewennou sonvi Cdle, wmpuxnyHk-
MUPHASL — PA3HUYE FHEPEULL MeAHCOY 30HOU NPOBOOUMOCTIU
u 2nyboxum ypostem 6 nokposrom cioe CdTe.

B TI0KpoBHOM cjioe CATe B 30Hy MPOBOIMMOCTH OapbepHOI0 CIIOst. DTOT ypoBeHb Haxomutest Ha 300 M3B Bbiliie TIOTONKA

BasteHTHO# 30HbI CATe. KpoMe 3T0ro B GOSBIIHMHCTBE CTPYKTYP 0OHAPY/KEHO OCIFIISTOPHOE TIOBEICHHE IPOBOIMMOCTH

B muariazoHe 0.8—1.5 3B, mpenonoKuTeIbHO CBI3BIBAEMOE C UCITYCKaHHEM KacKajia OIITHYECKHX (DOHOHOB.

Pabora Beimonnena npu noanepxkke PH® (rpant Ne 22-12-00298).

[1] I. Nikolaev et al., J. Appl. Phys. 132, 234301 (2022).
[2] L. S. Bovkun et al., JETP Letters 118, 867 (2023).
[3] M. Meyer et al., Phys. Rev. B 109, L121303 (2024).
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KBanTOBO-pazmMepHbIil 23(HEKT B MOTYNIPOBOJHUKOBOM MOJIOM IIape

Simdes Gamboa A.L.%, bonynos E.H.%, ®enopos A.B.
YVuusepcumem UTMO, 199034, Canxm-ITemepbype

’Kageopa «Dusuxay, [lemepbypeckuii 2ocyoapcmeennvlil ynugepcumem nymeii coobuyenus

Umnepamopa Anexcanopa I, 190031, Canxkm-Ilemepbype

Ha 3ape skcnieprMMeHTaTbHOTO OTKPHITHS KBAHTOBO-pasMepHoro 3ddekra [1-3] ObIIH pasmndaHbIe CO-
o0meHust 00 0COOEHHOCTSIX CIIEKTPOB MOTJIONICHHUS ¥ TFOMUHECIEHIIMHA HU3KOPa3MEePHBIX MaTepruaioB, KOTO-
pble, 0THaKo, TH0O0 HE AaBaly HCUEPIBIBAIOIIETO 00bsICHEHHS IPUUMHE HAOII0JaeMbIX SBJICHUH, THOO0 HE UH-
TEPIPETUPOBAIN HX KaK MIPOSBIIEHIE 3TOr0 3 derTa (cM. [4-8] 1 CCHUIKH B HUX).

Hanpumep, Xenrieiit [7, 8] 3aMeTHI1, 9YTO CIIEKTPHI MOTJIONMICHUSI KOJIOUTHBIX YaCTHIL CyIb(praa KagMus
1 00BEMHOTO KpHCTaJlIa CyIb(raa KaIMus pa3IndHbl, 1 HHTEPIPETUPOBAII 3TO pa3iNyKe KaK pe3ysbTaT Hel0-
CTaTOYHON KPUCTAJUTMUECKOH CTPYKTYpPhI KOJUTOMAHBIX YyacTuil. OHAKO €CI Mbl 0OpaTUM BHUMaHUE Ha METOJ]
MPUTOTOBJICHUSI KOJUIOUTHBIX YacTHIl B pabotax [7, 8], To yBHIMM, 4TO XCHTIICHH UMEI JIENI0 He CO cdeprye-
CKOM YacTuIel CynbQuIa KaaMus, a co cheprnaeckoil 000I09Koi n3 cynbhuaa KaaMest BOKPYT Sapa U3 JHOK-
cUlia KpeMHHUs (apXUTEKTypa TOJIOro miapa). YUYUThIBas OOPOBCKUI paguyc 3KCHTOHA JUIsl CYIb(pHIa KaaMus
1 cooOI1aeMblii pa3mep chepruueckoil 000I0UKH, MBI IeaeM BBIBOJI, YTO XEHITICHH, CKopee Bcero, Habmoaan
pe3ynbpTaT KoMOuHAIH 3P PEeKToB pazmepa u GOPMBIL. ITO U IMOCTYKIIIO MOTHBAIIMEH HACTOSIIEH pabOThI.

MBI TEOpETHUYECKH UCCIIEIOBATN KBAHTOBO-pa3MepHbIi 3(h(EKT B MOIYPOBOHUKOBOM TOJIOM IHape
B PeXHMME CHIIFHOTO KOH(ailHMeHTa («KBaHTOBBIN MOJBIM mapy). Ha mpumepe aHTUMOHKUIA UHANS aHATTUTH-
YCCKU IMOJYUYCHBI BOJIHOBBIC (l)yHKHI/II/I HOCHUTENIEH 3apsda B IIOJIOM HIap€ U pacCUUTaH UX 3HepFCTI/I‘I€CKI/II\/'I
crektp. Takke MOTyUYeHO aHATUTUICCKOE BHIPAKCHHUE JJIs1 BHYTPU30HHBIX MATPUYHBIX 3JIEMEHTOB Oleparopa
HMITyJIbca. 3aTeM MBI CPABHUIIA SHEPTETUICCKUE CIICKTPHI, BOIHOBBIC (D)YHKIIUH U BHYTPHU30HHBIC MATPUIHBIC
AIIEMEHTHI OTIepaTopa UMITYJIbCA JJIsl IOJIOTO Iapa u it cepudeckoil KBaHTOBoM ToukH [2, 9]. Crnenyet ot-
MCTUTD, YTO LIap U MOJIBIN map TOIMOJOTIMYCCKU HE OKBUBAJICHTHBI.

Me1 o6Hapysxunu [10], uto (a) ypoBHH pa3MEpHOTO KBAaHTOBAHUSI SJICKTPOHOB U JIBIPOK B KBAHTOBOM
IOJIOM IIIape TpH yriioBoM MoMeHTe | = 0 coBmagaroT ¢ ypoBHSIMU pa3MEpPHOTO KBAHTOBaHHS B chepruueckoit
KBaHTOBOW TOYKE, paJnyC KOTOPOU paBeH ToJIIUHE chepruueckoii 000I0UKH B IOJIOM Mape, u (0) mepexon
MCXKAY TOIIOJIOTMYCCKU PA3IMYHBIMU ITOJYIIPOBOJHUKOBEIMU HAHOKPUCTAUIMYCCKUMU ApXUTCKTYypaMu Hiap
U TIOJIBIH TIap COMPOBOXKAACTCS PE3KUM M3MEHEHHUEM PaMaIbHBIX BOJNHOBBIX (DYHKIHI HOCUTENCH 3apsia,
B TO BpEMsI KaK SHEPTHsi OCHOBHOT'O COCTOSIHUSL M BHYTPU30HHBIC MATPUYHBIC 3JIEMEHTHI OTlepaTopa UMITyJbca

HU3MECHAKOTCHA IIJIaBHO.

[1] A. 1. EKimov and A. A. Onushchenko, JETP Lett., 34, 345 (1981).

[2] Al. L. Efros and A. L. Efros, Sov. Phys. Semicond., 16, 772 (1982).

[3] R. Rossetti, S. Nakahara, L. E. Brus, J. Chem. Phys., 79, 1086 (1983).

[4] C.R. Berry, Phys. Rev., 161, 848 (1967).

[5] R. Katzschmann, A. Rehfeld, R. Kranold, phys. stat. sol. (a), 40, K161 (1977).

[6] G.C. Papavassiliou, J. Solid State Chem., 40, 330 (1981).

[7] A. Henglein, Ber. Bunsenges. Phys. Chem., 86, 301 (1982).

[8] Z. Alfassi, D. Bahnemann, A. Henglein, J. Phys. Chem., 86, 4656 (1982).

[9] A.V. Fedorov, A.V. Baranov, K. Inoue, Phys. Rev. B, 54, 8627 (1996).

[10] 4.L. Simées Gamboa, E.N. Bodunov, A.V. Fedorov, 2024 International Conference Laser Optics
(ICLO), 355 (2024). https://doi.org/10.1109/ICLO59702.2024.10624368

201



HyﬂbMeprle cucmemaol (KGaHmOgble MOYKU, HAaHOKpUCmajljivl, HaHongame/zembl)

Brnusiaue cooTHomenns moTokoB As/(Ga mpu 3apaiiiBaHUU KBAaHTOBBIX
touek InAs/GaAs Ha UX OIITUYECKHUE CBOMCTBA

Banakupes C.B.!, Kupuuenko JI.B.}, Uepnenko H.E., llanaeioa H.A.L, Maxos U.C.2, Hagrounii A.M.?,
Kpsikanosckas H.B.2, )Kykxos A.E.%, Conomosauk M.C.!

Ylabopamopus snumaxcuansuvix mexnonoeuti MHII1 FODY, 347922, Tazanpoe, yn. Lleguenxo, 2
2Meaicoynapoonas nabopamopus keanmogoii onmosnekmponuxy HAY BIIID, 190008, Canxm-
Ilemepbype, yn. Corsza Ilevamnukos, 16

Baxxnelnryro posb B TEXHOJIOTHH M ONITUYECKUX cBOicTBax KBaHTOBBIX To4ek (KT) INAS urpatot ycio-
BUS X 3apamuBanus cioeM GaAs, B rmpormecce KOTOPOro MPOUCXOANT CYIIeCTBEHHAs! TpaHchopManus MaTe-
pHuanbHOM cucTeMsbl. [Ipy 3TOM cpeau MpovrX TEXHOJIOTMYECKUX TapaMeTPOB BIUSIHUE COOTHOLIEHHUS IIOTOKOB
V/I1 npu 3apammBanuu KT Ha uX XapaKTepUCTHKH, KaK IIPaBHUJIO, OCTaeTCs 0€3 BHUMAHUSL.

B nanHo#i pabote BnepBble JeMOHCTPUPYETCS 3HAUUTEIbHOE BIMSHUE COOTHOIICHHS MOTOKOB As/Ga
npu 3apamuBaHud KT InAs/GaAs Ha WX ONTHYECKHE CBOWCTBA MPU Pa3IWIHBIX CKOPOCTSIX 3apallliBaHUI.
OKCIEPUMEHTAIBHO YCTAHOBIICHO, YTO AJISI KaXKIOW U3 CKOPOCTEH 3apaliuBaHus V CyIIECTBYET ONITUMAIbHOE
COOTHOIIICHHE MOTOKOB R, Mpu KOTOpOM AoCTHraeTcsi Hanbospliee 3HaYeHNUE ATUHBI BOJHBI u3nydeHust KT,
HanboJee BBICOKasi HHTCHCUBHOCTD (oTomomuHecteHnnu (OJI) u Hanmenbas g1e)eKTHOCTb, onpeaenseMas
o oTHoIIeHnto naTeHcuBHOCTEH DJI pu Temmepatypax usmepenns 300 u 77 K. [Ipu HU3KHX CKOPOCTSX 3a-
pammBanws (0.05 u 0.25 monocnos (MC) B cekyHAy) MPOUCXOIUT 3HAUYUTENBHBINA paciaj H3HadaIbHO cop-
MHUPOBAHHBIX OCTPOBKOB INAS, MPUBOAAIINI K YMEHBIICHHIO MX CPEIHEro pa3Mepa M KOPOTKOBOIHOBOMY
CMEIICHHUIO JIMHUH M3ITyueHus. Pacmaj ycuimBaeTcst Kak MpH MOBBIIICHUH, TaK ¥ IIPH CHIXKEHUH COOTHOIIIE-
HUS IOTOKOB As/(Ga OTHOCHTENIBHO ONTHMAIBHOTO, YTO IPUBOIUT K JOIOJIHUTEIBHOMY KOPOTKOBOJIHOBOMY
CMEIICHHIO CIIEKTPOB W CHW)KEHHUIO Bkiaza uinmydeHus: KT orHocurensHo cmaumBaromiero cios u GaAs
(puc. la). Criextpsl @JI B mrpoKoM uamna3oHe MOUIHOCTEH BO30YKIEHHS JEMOHCTPUPYIOT, YTO MOCIE 3apa-
mmBanus pu V = 0.25 u R = 1 B cucteme gopmupyercst nuckperHsiii MaccuB KT pasnuuHBIX TPy Majoro
pasmepa, uTo OOBICHSAETCS MX HU3KOHW MOBEPXHOCTHOH MJIOTHOCTHIO M Pa3IMYMEM B BBICOTE, BBIPAKEHHOU
B MOHOCJIOSIX.

[Ipu moBEIIIEHUU CKO-
a E} fﬁf-’ 77K 6 1250
pocTH 3apammBaHus 10 1 # g 5|3 ve10 200 300K
5 £ H
1.5 MC/c KT nozaseprarotcs g & § oo
<1 o 5
MEHee 3HAYMTEeIILHOMY pac- 5 £ e v
E 5 %won v —a— V=15
magy, CcoXpaHsioT Oomee B g 5 w0 e
z = 900 —— V=005
2 4
KpYyIIHBIE PasMEpbl U U3JIy- * 800 900 1000 1100 1200 w0 e 1w 10 o o 1 2 34 12 20
YalOT Ha JUIMHE BOJIHBI JIO Ak 8ok, Wi Anura sonel. Coemonere Aela
1140 um npu 77 K (puc. 16) Puc. 1. — Cnexmpwvr @JI obpazyos ¢ KT, 3apowennvix npu ckopocmsx 0.25
(a) u 1.0 (6) MC/c, u 3asucumocmu Onumsl 6onsl uzinyuenus KT om co-
ngo 1230am npu 300K
omnouwenus nomoxos AsIGa npu sapawueanuu (s).
(puc. 16). C nmomoIp0 3aBu-

cuMocTel JuTiHbI BoJIHBI u3ny4denust KT ot cooTHomeHus motokoB As/Ga mpu pa3iudHbIX CKOPOCTSIX 3apa-
UIMBaHUS TPOAEMOHCTPUPOBAH IIpeieN JUIMHBI BOIHBL, Ha KoTopoi m3nydatot KT, mpubmmkaromuecs mo pas-
Mepy K TOPOrOBOMY 3HAUEHHIO, IIPU KOTOPOM MPOUCXOIUT peaKcalus YIPYTUX HaNpsHKSHHNA B KPYITHBIX
octpoBkax INAS gepe3 oOpa3zoBanue AUCIOKaUNA HecooTBeTCTBHs (puC. 16). [IpemaraeTcss MexaHu3M pac-
naga KT mpu ux 3apammyBaHny, pa3inuyaronierocs B Ciiydae HU3KOTO (Ae(UINT MBIMIBIKA) M BBICOKOTO (M3-
OBITOK MBIIIIbSKA) COOTHOIICHHS TOTOKOB AS/Ga, a Takke B 3aBUCHUMOCTH OT CKOPOCTH 3apalHBaHuUsI.

HccnenoBanne BRIIOTHEHO MU (PMHAHCOBOM moaepxkke Poccuiickoro HaydaHoro gpora (mpoekt No22-
79-10251), https://rscf.ru/en/project/22-79-10251/, 8 IOxHOM (eepatbHOM YHUBEPCUTETE, a TAKKE MPOEKTA
"3epkanbHble adoparopun” HUY BIID.
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3eeMaHOBCKOE pAaCHIEIICHUE SKCUTOHA B 00bEME, KBAHTOBBIX SIMax
1 KBAaHTOBBIX TOYKaX

Kouepemxko B.IL!, Korosa JI.B!, [llamup3zaes T.C.?

Y\ duzuro-Texnuueckuii uncmumym um. A. @. Hogpghe PAH, 194021, Canxm ITemep6ype, Poccus

2 Unemumym @usuxu nonynpoeoonuxos um. A. B. Pacanosa Cubupcrkozo omoenenus PAH, 630090,

Hoesocubupck, Poccus

B KBaHTOBBIX SIMaxX U KBAHTOBBIX TOUKAaX HA OCHOBE KyONYECKHX IOJIYIIPOBOAHUKOB TEOPETUIECKH U IKC-
MIEPUMEHTANIBHO UCCIIEI0BaHa 3aBUCUMOCTD BEIMYHUHBI 36¢EMAHOBCKOTO PACIIETIIICHNS 9KCUTOHA OT SHEPTHH €T0
pasmepHoro kBaHTtoBaHus. [lomyuena yHuBepcaigbHas GpopMysa Uil OMMCaHUs 3aBUCUMOCTH (-(hakTopa sKcH-
TOHA OT €T0 HEPTUH B 00bEMe, KBAaHTOBOI sSIME U KBaHTOBOH Touke. [lomnpaBka K g-hakTopy SKCHTOHA:

E
AQ oc W , 371ECh EZ SHEPrusi KBAHTOBAHUS SKCUTOHA BJOJIb OCH Z, Eéx’y) SHEPTUsi KBAHTOBAHUS
Y4
0 LH

B IUIOCKOCTH (X,Y), A, SHEprus paclIeIUICHUs JETKUX U TSHKENBIX JBIPOK.

OOHapy’XeHO OTJIMYHOE COTIacue TEOPETUUECKON 3aBUCUMOCTH J-(haKTOpa 3KCUTOHA, C KCIIEPUMEH-
TaNbHOW M3MEPEHHON IJISl IIHPOKOTO CIEKTpa MOJIYHNPOBOAHUKOBBIX MaTepHalOB M HAHOCTPYKTYp Oe3 Hc-
MOJIb30BAHUS OATOHOYHBIX TAPAMETPOB.

(9-9,)

AQ=

1L, 10° cm™

Pucynox 1. 3asucumocmov nonpasxu Ag x g-¢pakmopy
9KCUMOHA 8 KBAHMOBOU AMe O WUUPUHBL SAMbI.

[Tonmy4eHnHasi 3aBUCMMOCTB 3KCUTOHHOTO J-()aKTopa NCIOIb30BaHa Al 00bSICHEHU OCOOCHHOCTEH Mo-
JIAPU30BAHHON JIOMUHECIIEHIINN PKCUTOHOB, MHAYIIMPOBAHHOW MarHUTHBIM IIOJIEM B aHCaMOJieé KBAaHTOBBIX
To4ek B reoMmerpuun Papanes, dorra 1 B HAKIIOHHON N'€OMETPHUH.

B pesynbrate yaanock 0OBSICHUTH «CTPAaHHOE» MOBEACHUE MarHUTO-MHIAYLHUPOBAHHOHN IMOJISIPU30BaH-
HOM JIIOMHUHECLIEHIINY 3KCUTOHOB B aHCaMOJie KBAaHTOBBIX TOYEK, KOTIa HU3KO KOMIIOHEHTa B reomeTpun Da-
pazes uMesa MEHBIIYI0 HHTEHCUBHOCTD, YEM BBICOKOIHEPIeTUYECKasl. B HAKJIOHHOM 110JI€ BBICOKO3HEPI€TU-
YyecKas KOMIIOHEHTa CTAHOBMIIACh OeJiee HHTEHCUBHOM, YeM HU3KOIHEPreTHIECKasl.
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HyﬂbMeprle cucmemaol (K@aHmOGble MOYKU, HAaHOKpUCmajljivl, Hanonﬂameﬂembl)
Pacuiupensbie AUCIOKAIMOHHBIE Y3/1bl Kak KBaHTOBbIE TOUKK B GaN

Illanenkos C.B.!, Beiserko O.®d.!, Youiisosk E.B.!

YCanxm-ITemepbypeckuii 2ocyoapcmeennviii ynusepcumem, 199034, Canxm-Ilemepoype,
Vuueepcumemckas nao., 7/9
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Puc.1. — Cnexmpor CIIOM KJI om ducrokayuonnotl tunuy (Yepholii), pacuuperno2o y3ia (KpAcHblil) u u3
obnacmu be3 depekmos (cunuil); napanienvro 3anucannvie muxpoepavma ¢ CIIOM (b) u monoxpomamu-
yeckas kapma KJI (C) na onune éonnvt 375 nm (~3,31 9B) 66auzu pacuiupenno2o y3na OUcIoKayuil.

HccnenoBanus 2IEKTPOHHBIX CBOMCTB HU3KOPAa3MEPHBIX CTPYKTYp (KBaHTOBBIX siM (KSI), KBAHTOBBIX
nureit (KH), kBantoBbix Touek (KT)) HHTEHCHBHO MPOBOIMIIMCH U TIPOBOAATCS Ha 00pa3liaX reTepOCTPYKTYD,
MOJTYYEHHBIX METOAAMU MUTAKCUAIBHOTO BRIPALIMBAHUS, B KOTOPBIX ITOJIy4Y€HHE aTOMAPHO IMIAIKUX TPAHUL]
JOBOJIBHO 3aTpyAHUTENBHO. C Ipyroil CTOpoHbI, KBAHTOBOPAa3MEPHBIE CBOMCTBA XapaKTEePHBI U AJISI HEKOTO-
PBIX IPOTSHKEHHBIX A€(DEKTOB B Psiie TIOIYIPOBOJAHUKOB. IHTEpECHBIM IPUMEPOM SIBIISIETCS] TEKCArOHAIBHBIN
GaN, nedexts ynakoBkH (/1Y) KoTOpOro mpeacTaBiisitoT co0oi cerMeHThl Kyondeckoi daszer GaN ¢ MeHbInei
HIMPUHON 3amnpernieHHoi 30HbI (3,27 3B), yeM y rekcaronansHo# (3,47 5B). Ouu o6pasyror KIS TommuHoi
OKOJIO 1-2 HM € €CTECTBEHHO WJCaJBbHO TTaJAKUMH CTEHKaMH M XapaKTEPHOM NI KaXIOW TOJIIUHBI CIIEK-
TpabHOM JIMHUEH JIIOMHUHECHIeHIUH (MK 0KoJio 3,3 3B) [1].

Kpome Toro, /1Y B 3TOM MaTepualie BXOJAT B siipa pacIleIUICHHBIX JUCIOKAIMA B BUJC TIOJIOCOK IIH-
PHMHOI OKOJIO 5 HM, KOTOpasi MEHbIIIe, YeM auamerp cBoboaHoro skcutona B GaN (~ 6-8 M), 06pasyst Tem
caMmbIM KBa3u-1D cucTembl, XxapakTepu3yIOLUIMecs CIEKTPaIbHBIM AYIUIETOM JitoMuHecHenuun (3,1-3,2 3B,
puc. 1a) ¢ Upe3BBIYAHO MAJTOH MOy ITHPUHON OHOM 13 KOMITOHEHT B 45 MaB mpu 6K [2]. Hakowrerr, B MecTax
nepeceueHus TUCIIOKaui 00pa3yroTcs paclIMpeHHbIe Y31kl pacuieruieHHbIX aucinokanuii (PYP/I), Bkimroya-
foue B ce0s yyactok /Y HenpaBuiIbHON TpeyronbHOW (HOopMbI C TUHEHHBIMH pasMepaMu B npeaenax 10-35
HM. OHH cooTBeTCTBYIOT 00pazoBanuio KT, KoTopble Takke NposIBIASIOT COOCTBEHHYO JTIOMUHECLIEHTHYIO 110~
socy (~ 3,3 aB, puc. 1a). [2]

B nannoit paboTe npeAcTaBIeHBI pe3yIbTaThl HOAPOOHOTO UCCIETOBAHUS CTPYKTYPHI U IIOMUHECIICHT-
HBIX CBOMCTB OTHENbHBIX PYPJ] MeTo0M KaTOIOMIOMUHECIICHIIMH B IPOCBEYHMBAIOIIEM 3JIEKTPOHHOM MHUK-
pockorie (CIIOM KJI) (puc. 1b,C). Bputo ycTtaHOBIIEHO, 4TO CIEKTP JFOMHUHECIHCHIMH 0TAebHOr0 PYPJ] umeer
TOHKYIO TyOJIETHYIO CTPYKTYPY € paciierienreM okono 30 MaB, a criekTpanbHOe MOJI0KEHHE €0 KOMIIOHEHT
3aBHCHT OT JIATEPAIILHOTO pa3Mepa y3JI0B.

[lonmy4eHHsle pe3ynbTaThl TPEOYIOT TEOPETUUECKON HHTEPIIPETALIMH IPH YYACTHH CIELUAIMCTOB B 00-
JIACTU KOJIMYECTBEHHOTO pacyeTa napaMeTpOB KBAaHTOBBIX HU3KOPa3MEPHBIX CTPYKTYP.

[1] Ldhnemann J. et al., J. Phys. D., 47, 423001 (2014)
[2] Medvedev O. et al., J. Appl. Phys., 123, 161427 (2018).
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HyﬂbMeprle cucmemaol (KGaHmOGble MOYKU, HAaHOKpUCmaJivl, HaHOl’lﬂameflembl)

CKOpOCTH M TTIOPOTOBBIEC SHEPTUH MpoIiecca 0AHOGOTOHHOTO POKICHHS
OMAKCUTOHOB B HAHOKPUCTAILIIAX

Bypaos B.A., ®omnués C.A.
HHI'Y um. H. 1. Jlobauesckoeo, 603022, Huxcnuii Hoseopoo, np. I'acapuna, 23

B pabote paccmarpuBaeTcs npouecc OMIKCUTOHHOH (oTOreHepany B HAHOKPHUCTAIIaX Ha OCHOBE He-
NpsSIMO30HHBIX (Si) U MPSIMO30HHBIX TOIYTIPOBOAHUKOB. [Ipr 3TOM HoApa3ymMeBaeTcs, 4TO POKICHUES OUIKCH-
TOHA MPOUCXOJUT B PE3yJIbTAaTe IMOTJIOMECHUS OJHOTO (POTOHA ABYMS 3JIEKTPOHAMH, COBEPIIAIOIINMHU OIHO-
BPEMEHHBIN Mepexo]] U3 IBYXBAJICHTHBIX COCTOSIHUH B JIBA COCTOSIHUS 30HBI IPOBOAUMOCTH. OHOBpEMEH-
HOCTB TIepexo/ia OTIINYAET 3TOT MEXaHU3M, Ha3bIBaeMBIH NMPAMOI (hoToreHepanmeii OMIKCUTOHOB [ 1], OT Me-
XaHW3Ma yAapHOH HOHHU3aLuH [2], IPH KOTOPOM JIBa 3KCHUTOHA BO3SHUKAIOT MOCIIEAOBATEIbHO — OJJUH 32 ApY-
ruM. Llenbro paboThl ABIIAETCS ONpeeNICHne TOPOTOBOM YHEPTHH £th M CKOPOCTH IIPOIIecca Ha IIOpore.

PacueTsl, BBIIOTHEHHBIE AJIsI HAHOKPHUCTAUIOB KPEMHHS, TOKA3aJIH, YTO MUHUMAJIbHAst SHEPTUsl OTOHA
(moporoBas sHeprus), Mpx KOTOPOH CTAHOBUTCS BO3MOKHBIM OJTHOBPEMEHHOE POKACHUE JBYX AJIEKTPOHHO-
JBIPOYHBIX TAp, COBMAAAET C YABOSHHON HMIMPHHOW SHEPTETUUECKON IEIN HAHOKPHUCTAILIA: &th = 2&g. Takon
JKe pe3yNbTaT ObUT paHee MOy4eH U sl 00beMHOro KpeMHus [3]. B 00beMHOM KpeMHHH, B CITydae OJHOBpPE-
MEHHOT'O ITEPEBOIA ABYX JIEKTPOHOB U3 OKPECTHOCTH TTOTOJIKA BaJICHTHOW 30HBI B OKPECTHOCTD JIBYX IPOTH-
BOIIOJIO)KHO PacIOIOKEHHBIX B K-TIPOCTPaHCTBE MUHUMYMOB SHEPTUH B 30HE IIPOBOIMMOCTH, HE HApYIIAeTCs
3aKOH COXpaHEHUsI HMITYJIbCa, B OTJIIMYHE OT OJTHOAJICKTPOHHOTO Tepexo/ia BOIm3u mopora. B HaHokpucTammax
TpeOoBaHUE COXPAHEHHUS ITOJTHOTO UMITYJIbCA IPH TEPexo1ax BOOOIe CHIMAETCS, YTO 3aMETHO 00JIeT4aeT uxX
peanmzanuio. CKOPOCTh POXKICHHSI OMIKCUTOHA OKA3bIBACTCS OOPATHO MPONOPIMOHATBHOM IECTOH CTETICHN
panuyca HaHOKpucTasa. [Ipu 3HadeHusX paguyca, ONM3KUX K OJHOMY HAaHOMETPY, CKOPOCTh JJOCTHTAeT Jie-
CATBIX JI0JIEH 0OpaTHBIX HAHOCEKYH]I, YTO COMOCTABUMO C XapaKTEPHBIMHU CKOPOCTSIMUA OZHODJICKTPOHHBIX U3-
Jy4aTeIbHBIX IEPEX00B B IPSMO30HHBIX ITOJIYITPOBOTHHUKAX.

B HaHOKpHCcTa/IIIaX Ha OCHOBE MPSMO30HHBIX IOYNPOBOAHUKOB TETPadIpUuecKas CHMMETPHUS CH-
CTEMBI B COBOKYITHOCTH C HEBBIPOXKICHHOCTBIO 30HBI ITPOBOMMOCTH 3aIlpeliaeT npsmMoe 0THO()OTOHHOE POXK-
JleHre OMIKCUTOHA C SHEPTHeH, paBHOI 2¢&g, T.€. IEPEBECTH JIBA SJEKTPOHA M3 OKPECTHOCTH MOTOJIKA BaJICHT-
HOH 30HBI B OKPECTHOCTb JIHA 30HBI IPOBOJMMOCTH (KaK 3TO UMEET MECTO B CIIydae OJHOAICKTPOHHOTO Tepe-
X0/1a) Henb3s1. YTOOBI MpoIiece cTail BO3MOXKEH, J1Ba KOHEYHBIX JICKTPOHHBIX COCTOSHHS B 30HE ITPOBOANMO-
CTH JIOJDKHBI pacriojiarathCs B K-TIPOCTPAHCTBE B OKPECTHOCTSIX X- WK L-TOYek, B 3aBUCHMOCTH OT TOTO —
KaKHM U3 HUX COOTBETCTBYET MEHbIIIAs JHEPTHS B 30HE POBOAMMOCTH. COOTBETCTBEHHO, TOPOTOBAsi SHEPTHUS
B 3TOM CJIydae OKa3bIBaeTcsi OOJbIIE YABOCHHOH MIMPUHBI YHEPIeTUYECKOM IIeM HAaHOKPUCTAJUIA HA BEJHU-
YUHY Pa3HOCTH DHEPTHi 30H: &n = 269 + 2[e(Xi/Lic) — &(T'1c)]. CKOpoCTh MOPOroBO OUIKCUTOHHOM TeHepa-
LUK B ATOM ciIy4ae OJH3Ka K MOJYYSHHOU JIJTsl HAHOKPHCTANIA KPEMHHS.

Bbu1o Takke paccMOTpEHO BIMSIHKE JJOHOPOB Ha Iporiecc GoToreHepaniun OUIKCUTOHOB. B HaHOKpH-
CTaJTax Ha OCHOBE MPSMO30HHBIX MOJYIPOBOJHUKOB BBEJCHUE JIOHOpA CI1a00 BIMSET HA OPOTOBYIO SHEP-
THIO ¥ CKOPOCTh T€HepaluH. B HaHOKpHCTaIIax KPEeMHUS ITOPOTrOBasi PHEPTHsl YMEHBIIACTCS Ha BEIMYHHY
XUMHUYECKOTO CIIBUTa, KOTOPBIN TSI JOHOPOB JOCTATOYHO BEJIUK — TOPSIKa AeCAThIX noueit 3B [4]. CkopocTs
reHepalui OMIKCUTOHOB TIPH 3TOM BO3paCTaeT.

Pabota Obu1a nmopnep:xana rpantom PH® 23-22-00275.

[1] I. Marri, S. Ossicini, Nanoscale 13, 12119 (2021).

[2] V. 1. Klimov, Annu. Rev. Condens. Matter Phys. 5, 285 (2014).

[3] E. Cartier, M. V. Fischetti, E. A. EKlund, F.R. McFeely, Appl. Phys. Lett. 62, 3339 (1993).

[4] Z. Zhou, M. L. Steigerwald, R. A. Friesner, L. Brus, M. S. Hybertsen, Phys. Rev. B 71, 245308 (2005).
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Hy]leeprle cucmemaol (KGaHmOGble MOYKU, HAaHOKpUCmajljivl, HaHongamerembl)

OnTryeckre CBOMCTBA TETEPOCTPYKTYP C KBAHTOBBIMHU TOUukaMu INAS
B KPEMHHHU

Jlenasmona B.B.}?, Unbkus U.B.}, Tananaes B.T.}, llyra6aes T.1?, Pesnuk P.P.L, Lipipoun I'.D.12

YCanxm-Ilemepbypackuii 2ocyoapcmeennviii yuueepcumem, 199034, Canxm-Ilemep6ype,

Yuueepcumemckas nao., 7/9

2CIT6AY PAH um. K. 1. Angpeposa, 194021, Canxm-Ilemep6ype, yr. Xnonuna, 8«3

Pa3zpaboTka ontnuecknx HHTErpanbHbIX cxeM (MC) aBiseTcs 0MHUM U3 BKHEHIIINX HAMpaBICHUH pas-
BUTHSI TEXHOJIOTHH, IOCKOJIBKY MX MCIOJIb30BaHUE MO3BOJIET CYIIECTBEHHO IIOBBICUTH NPOU3BOAUTENBHOCTh
BBIYMCITUTEIBHBIX CUCTEM U CHU3UTH MX dHepromnoTpedienue [1,2]. Haubonee nepcneKTHBHBIM MOIX0I0M K
WX CO3JaHHMIO SIBJIIETCA MHTETPaNs aKTUBHBIX PHOOPOB (POTOHNMKU HAa OCHOBE MaTepraiioB AsBs ¢ Tpamumm-
OHHBIMU MHKpocxeMaMu. OJHUM U3 aKTYyalbHBIX C TEXHOJOIMYECKOH TOUKH 3PEHUS METONOB MHTETPALUU
SIBJISIETCS MOHOJIUTHAS. MHTEIpallys ITyTEeM IPSIMOI0 CUHTE3a CTPYKTYP AsBs Ha momnokkax KpeMHHsL. XO0poLIo
W3BECTHO, YTO MPSIMOI POCT IJTAHAPHBIX CTPYKTYP OOBIYHO COMPOBOXKIAETCS 00pa30BaHUEM JUCIOKAIIUHA 13-
32 HECOOTBETCTBHSI APAMETPOB KPUCTATUTMUECKUX PEIICTOK M Pa3HBIX KOAPPHUIMEHTOB TEIJIOBOTO PacIInpe-
HUS MaTepuanoB. B cBoro oyepenpb, KBaHTOBBIE TOUKH, KaK U3BECTHO, OoJiee YCTOMUYMBBI K JUCIOKausM [3].
[TosTOMy cuHTE3 KBaHTOBBIX TOueK A3Bs Ha KpeMHHHU U CO3[aHKE TeTEPOCTPYKTYP Ha UX OCHOBE IIPEICTaB-
JISIIOT 3HAYUTEIIBHBIN HAYYHBIH 1 TpakTHYecKuil mHTepec. HacTosmas paboTta mocesieHa CHHTE3y KBaHTOBBIX
Touek InAs B KpeMHHEBOW MaTpHIle METOJOM MOJEKYJISAPHO-IydkoBoi snutakcuu (MIID) u nccnemoBanuio
ONITUYECKUX CBOMCTB TAKUX T€TEPOCTPYKTYP.

O6paznp! Obi cuHTE3UpOoBaHbl MeTogoM MIID Ha ycranoBke MIID Riber 21 EB200. Ilepen poctom
00pasuoB nozytoxkku Si(100)4° moAroTaBIUBAIUCH C TOMOIIBI0 XUMHUYECKOH 00pPa0OTKH € TOCIICAYIOIIUM OT-
skuroM ipu 950°C B yctanoBke MIID. [ocne aToro Temmneparypy moainoxku nmoHmwkanu 10 600°C amns BeIpa-
uwBaHus Oydeproro cros Si TommuHON 50 HM. 3aTeM Temneparypy HOAI0KKH TOBTOpHO NoHrKamu 1o 400°C
U OCYIIECTBIISUICS POCT OCTPOBKOB INAS ¢ AKBHUBaJIEHTHOH TOMIIMHON ocaxkaeHHoro Matepuana ot 0.3 mo 0.7
MC. [nst popMHUpOBaHHs TETEPOCTPYKTYP C BHEAPESHHBIMH B MATPHILy Si KBAHTOBBIMHU Toukamu INAS BbIpamiy-
BaJICS TIOKPOBHBIN ciioi Tonmuaoi 30 HM. MccnenoBaHue ONTUYECKUX CBOWCTB IMOJYYCHHBIX 00pa3IoB OCY-
LIECTBIISUIOCH METOIOM HU3KOoTeMIiepatypHoi (oromomunectenmu (PJI). beit momyveH otk ¢goromomu-
HECLICHIIMH OT CyOMOHOCIIOMHBIX KBaHTOBBIX Touek INAS B Matpuiie Si Ha 1.65 MKM U yCTaHOBJICHO, YTO IMPH-
MEHEHHE JIByXCTaJAMHHOTO criocoba 3apanuBanus InAs HAHOOCTPOBKOB KPEMHHEM IMO3BOJISIET YBEIUYUTH KPH-
CTaITMYECKOe Ka4ecTBO reTepounTtepdeiica 1 uaTeHcUBHOCTH OJI. Curaan GpoTomtoMUHECTISHITNH OT CyOMOHO-
CJIOMHBIX KBAHTOBBIX TOUEK HAOIIOIANICS ITPH TIOHIKEHHBIX TeMneparypax Biuoth 10 120 K. Aranms temmepa-
TYPHOM 3aBHCUMOCTH JaJl SHEPTUIO aKTUBALMHY 3JICKTPOHOB, YAEPKUBAEMbIX B IOTCHLIUAIBHON sIME KBAHTOBOU
TOYKH, paBHYyIO0 25 M3B. M3MepeHHble TeMnepaTypHasi 1 MOIHOCTHAs 3aBUCHMOCTH YKa3bIBAIOT Ha OOJIBILIOE
ceueHue 3axpara ()OTOHOB BO30YKICHHUS HANPsAMYIO B InAs HaHOOCTpOBKY Oe3 00pa3oBaHMs B HUX SKCUTOHOB
u nocieayroyo Oxe-peKOMOMHAIINIO C BBIOPOCOM 3JIEKTPOHOB B X-/IOJIMHY KPEMHHSI, YTO MIPUBOJIMT K TaIle-
HUIO (POTOTFOMUHECLICHIIMY TIPH KOMHATHOH TeMIiepaType Jaxe NPy BEICOKOM yPOBHE HAKaUKH.

PaGora Obuta BeIMONTHEHA 1TpH prHAHCOBOH ToAnepkke Poccuiickoro Hayunoro ®onpa B paMkax mpo-
exrta Ne 23-79-01117.

[1] D. Thomson et al., J. Opt., 18(7), 073003 (2016).
[2] X. Chen et al., Proceeding of the IEEE, 106(12), 2101-2116 (2018).
[3] P. Dhingra et al., Appl. Phys. Lett., 117(18), 181102 (2020).
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Hynomephvie cucmemv (K6aHMOGbLe MOYKU, HAHOKPUCTAIbL, HAHONIAMENEMbl)
Poct GaAs HUTEBUAHBIX HAHOKPUCTAIIOB ¢ aM()OTEPHBIM KaTaIU3aTOPOM
IlItpom U.B.}? Cubupes H.B.}, Unbkus U.B.12, Yowiiisosk E.B.!, Comnuxos U.11.4, Pesunk P.P.13,
Muxkymes C.B.2, Hprpman I.2.13

' Canxm-Ilemep6ypeckuii 2ocyoapcmeennviii ynueepcumem 198504, Canxm-ITemep6ype
2Uncmumym ananumuyeckozo npubopocmpoenus PAH 198095, Canxm-ITemep6ype,
Angpepoeckuii ynusepcumem 195220, Canxm-Ilemep6ype

‘OTU um. A. @. Hoghgpe 194021, Canxm-Ilemepbype

B pabote obcyxmaaercst pocT HuTeBUAHBIX HanokpucTamwioB (HHK) apcennna ramumms (GaAs) ¢ meta-

JUYECKUM KaTaJIn3aTOPOM TPYIIIBI yIepoia: CBUHIIOM HIIH OJIOBOM.
[Ipaktnueckoe mpumenenne HHK Tpebyer akkypaTHOTO M KOH-
Tponupyemoro jeruposanusi. Poct HHK o0sraHO mpoucxoaut B Hepas-
HoBecHOM pexume [1,2]. B atom cinyuae cocraB HHK u BctpanBanue am-
dhotepuprx mpuMeceit B HHK onpenensieTcs cocTaBoM Kariy KaTaanza-
topa [1,2]. Yaime Bcero Karurs KaTaau3aTopa COIEP:KAT MHOTO TaJlIns
(Ga) u mano mermbaka(As) [1,2]. Tostomy ecnu B kame maoro Ga, To
kpemuuii (Si) [2] BctpanBaetcs B GaAS Ha MecTo AS U SBIISICTCS aKIeT-

TopoM. EcTecTBeHHO 0%MIaTh, 4TO €CiH B Karuie Oyaer MHOro AS, T0 Si | p,c 7. - POM uz00pasicerue
Oyzner BcTpanBathesl Ha Mecto Ga u Oyner moHopoM. Matepuanos, ko- | GaAs HHK

TOpBIE XOPOIIO PAcTBOPSIOT AS H SBISIOTCS YKUIKAMH MIPH TUITHYHBIX
temneparypax pocta GaAs HHK, ne tak 1 MHOTO. HekoTophbie U3 HUX sITOBUTHIE, HalTpuMep Tawiuid. [losTomy
a1 uccnenoBanuii pocta HHK ¢ MbItibsik 000raméHHpIM KaTalInu3aTopoM ObUTH BEIOpaHbI 0JI0BO (SN) 1 CBH-

uetr (Pb). Sn uyTs MeHee unTepecHO B TOM cMbIcie, uto pocT GaAs HHK
C OJIOBSHHBIM KaTaJHM3aTOPOM yiKe neMOHcTpupoBaics panHee [3]. K
ToMy ke kod(duient BcrpauBanus Pb B GaAs menbiie Sn B GaAs.
MoskHo oxunaTh, 4to poct GaAs HHK co Pb 6osee ycroiiunBelii u mpu-
mech Pb B GaAs HHK Oyxer menbiie. Tem He MeHee 00a 3j1eMEHTa
MMEIOT 0010 0COOCHHOCTh OHM MOTYT XOPOILIO PACTBOPSITH HE TOJIBKO
As, o n Ga, mosromy poct HHK moxkeT nmpoxonnTs, Kak ¢ Karuiei 6ora-
TOM AS, Tak H ¢ Karuiei ooraroi Ga.

Poct GaAs HHK 6bu1 mposezieH npu pasHbix Temneparypax 350- | pyc 2. — [19M usobpascenue
420 °C c nmpeaBapuTeIbHBIM HABICHHEM METOJIOM MOJICKYJLIpHO-Tyde- | GaAs HHK

BOTO HATBUICHHS KaTaiu3aTopoB SN u Ph Ha KpeMHHEBbIC MOUIOKKH.
Yamre Bcero HHK umenu ¢opmMy Urosok, 4to cBUAETEIBCTBYIOT 0 ToM, uTo pocT HHK ocranaBimBaercs nz-3a
pacxona katainuzatopa. Ha pucynke 1 npeacrasieHo TunnuHoe nzobpaxkenne maccusa GaAs HHK nomyuennoe
PacTpOBBIM 3JIEKTPOHHBIM MHKpockonoMm Supra 25 Zeiss (POM). HHK wamie Bcero umenu KpucTauImuecKyro
(a3zy BropTIHTA C HEOOBIINM KOJIMYECTBO IBOWHIKOB. Ha pricyHKe 2 Npe/icTaBIeHO THIHYHOE W300paKeHNE,
MOJTy49eHHOE TIPOCBEUMBAIOIINM AJIEKTPOHHBIM MUKpockoroM Zeiss Libra 200FE (ITOM). DnemeHTHBIN aHAIN3
HoKa3all, 4To B OOJBIIMHCTBE ciayyaeB Ph miu Sn O6butn paBHOMEpHBI pactpesenens! mo HHK.

HccnenoBanus BeIogHEHbI Ipy prHaHCOBON nognepxke rpanta CIIOIY Ne 95440344, HccnenoBanus 3ie-
MEHTHOTO cocTaBa BeImoTHeHBI B MPI] mo nanpasienuto "Hanotexunonorun" Hayarnoro mapka CII6IY.

[1] J. Johansson and M. Ghasemi, RAPID Commun. Phys. Rev. Mater. 1, 40401 (2017).
[2] V. G. Dubrovskii et al. J. Phys. Chem. C 124, 17299 (2020).
[3] R. Sun, et. al. Nanotechnology 27, (2016).
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OnTuueckoe BRICTPAMBAHKUE U OPUEHTAIIMS YKCUTOHOB B HAKIIOHHOM
MarHUTHOM TI0JI€ B HETIPSIMO30HHBIX KBAaHTOBBIX Toukax (In,Al)As/AlAs

Hananosa JI.T'., Paro3a M. /1., Hekpacos C.B., Muxaiinenko H.O., Kycpaes 0.1
OTU um. A. D. Hoggpe, 194021, Canxm-Ilemepbype, [lonumexnuueckas yu., 26

Kgantogsie Touku (KT) npencraBisitoT OONBINOI HHTEPEC B CHITY JJIMHHOTO BPEMEHH KH3HU CITUHA JIOKA-
JIM30BaHHBIX HOCUTENeH. B yacTHOCTH B HempsiMo30HHBIX B K-mipoctpanctBe KT (In,Al)As, KOTOpbIE H3yYaTUCh
B JIaHHOM paboTe, BpeMsl ’KHU3HU SKCUTOHA MOXET JIOCTHTaTh COTeH MUKPOCEKYHI [ 1], ipu 3TOM ornTryeckasi Opu-
€HTaIys KCHTOHHOTO CITIMHA MOXET COXPAHSTHCS B TEUCHHE BPEMEHH JKU3HI KOMITIEKCa B CHITYy MaJloro OOMeH-
HOTO B3aUMOJICHUCTBHSI B HETIPSIMOM SKCUTOHE [2].

B nactosmieli paboTe OBUIO MPOBEACHO 3KCIICPUMEH- 35
TaJIbHOE WCCIICIOBAHKE BIUSHUS HATIPABIICHUS M BETHYUHEI ~30 I
MarHUTHOTO TIOJISL HA ONTHYECKYIO OPUCHTAIIUIO U BBICTPAU- 2\2 25 [
BaHUE YKCUTOHOB. M3yuaemblii 00pasel mpencTaBisit co0oit % -
KT (In,Al)As, BcTpocHHBIe B MaTpuily AlAs, Ha TIOATIOKKE g “ K
(001) GaAs, cpeiHue 3HaueHus Auametpa u Bbicotsl KT co- | 2 15 i
CTaBIIOT 15 HM M 4 HM, COOTBETCTBEHHO. B X07€ sKcnepu- § 10 -
MeHTa yroi (¢ ) MeXJy HampaBlIeHHEM MarHUTHOTO MO A 5 i
U JIy4a Jiazepa u3MeHsuics B quanasone ot 0 1o 90 rpagycos. 0 | ) ; : ) : .
beina m3MepeHa 3aBUCUMOCTB CTENEHM JIMHEHHOMN =400 720(1)\/[agn cticoﬁ eld (mTz)OO 400
nonspuszauuu Goromomunecuenuun (®JI) or Bemuuunbl | Puc. /. — 3asucumocms cmenenu munerinoi no-
MarguTHOTO TONS NPH PA3IMYHBIX 3HAYGHMAX yraa § | Apusayuu  homonomunecyenyuu om mae-
(puc.1). B reomerpun Doiirra (9 =90°) sasucumocty | /11020 NOTA NPU PASIUIHGLY yenax (9).

nMeeT HeOOBIYHBIN BUJl, OHA HEMOHOTOHHA H OTIMCHIBAECTCS IByMs KOHTypamu JlopeHIa ¢ monymmpruHaMu 25
MT u 135 MT. Y3kuii KOHTYp MarHUTONOJIEBOH 3aBUCHMOCTH BBICTPAUBAHUS SKCUTOHA MPEATIONO0KHUTEIHHO
COOTBETCTBYET JIapMOPOBCKOM MPELIECCUH CITMHA 3JIEKTPOHA, IIUPOKUIA — MPEUECCUU CIMHA AbIpKU. C OTKIIO-
HEHHUEM YyTJIa OT MOMEePEeYyHON T€OMETPUH YXkKe Ha 8° MIMPOKUNA KOHTYP BOCCTAHOBICHHUS MOJIAPU3ALINY TIPOTIa-

naet (cM. puc. 1) B CBSI3U CO 3HAYUTEIILHON aHU30TPOIUEH g-hakTopa THKETIOH IBIPKU B SKCUTOHE (g, > 0,

, Tie Z — ocb pocta KT), a y3kuii KOHTYp ocTaeTcsi C yMeHbIIIEHHEeM yriia ¢ BIUIOTH 10 reometpun Papasest.

B pesyinbrare uaMepeHus CTeNeHN HUPKYISpHOU nosspu3anuy AJI 0T MarHUTHOTO 1OJISA NIPU pa3iind-
HBIX 3HAYECHUSAX yTiia ObUIM TOy4eHBl 3aBUCHMOCTH OT YTJia IIUPUHBI KPUBOW W 3HAUCHHS TUPKYIISIPHOM IM0-
JSIpU3aIH B MpeJiesiaX O0bIINX MAarHUTHBIX TIosiel. JlaHHbIe mapaMeTphl ObUTH ONIHCAHBI PEIICHHEM ypaBHE-
Hus brioxa 11 yacTULbl ¢ aHM30TPONIHBIM g-(akTopoM [3] € y4eTOM BOCCTaHOBJICHHUS ONITHYECKON OpHEHTa-
UM B IPOAOJIbHON KOMIIOHEHTE MarHUTHOTrO moiisi. B pe3ynbraTe ObUIO MOJIY4YEeHO 3HAYEHHE NPOIOJIBLHON
1 MOTIePEYHON KOMIOHEHT g-(hakropa Tsukesnoit apipku (g, =0.17+£0.03, g, =2.42+0.05). [ToBeenwue mup-
KyJisipHOU nosisipu3anuu @JI HeHTpanbHOTO 3KCUTOHA B HAKJIOHHOM MarHMTHOM MOJI€ ONPEIeIAeTCs IPEeUuMy-
LIECTBEHHO 3€EMAaHOBCKHMM PaCLICIUICHUEM YPOBHEH TSDKEIION JIBIPKU.

Pabota BeimonHena npu nopaepxke npoekra PH® Ne22-12-00125.

[1] Shamirzaev T.S. et al., JETP Lett., 77, 389 (2003).

[2] J. Rautert et al., Phys. Rev. B,s 99, 195411 (2019).
[3] Yu. G. Kusrayev et al., Phys. Rev. B, 76, 153307 (2007).
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JlnHamuueckas noJsapu3anus CIMHOB HOCUTENIEH 3apsaa
B [IOJIYIIPOBOJAHUKAX CTPYKTYpax MIOHUKEHHOU pa3MEPHOCTH

Aepknes H.C!., Manuesnu B.H.?!, Poxxancknii 1.B.!

‘\OTU um. A. @. Hoghghe PAH, 194021, Canxm-Ilemepbype, yr. Ilonumexuuueckas, 26

2MI'Y um. M. B. Jlomonocosa, 119991, Mockea, Jlenunckue zoput, 1

3azada co3aHus! CIIMHOBOW MOJIPH3ALMU HOCUTENIEH 3apsifa, KaK JIOKAIN30BaHHbIX, TaK ¥ CBOOOIHBIX TpaIy-
LIMOHHO TMPHBIIEKATENbHA KaK ¢ (YHAAMEHTaTLHOM, TaK U TIPUKIIaIHON Todek 3penus [ 1]. CrnmH-opOuTaabHoe B3auMo-
JeCTBHE, KOTOPOE OOBIMHO CUMTACTCS MAJIbIM BO3MYILIEHHEM, B MOIYTPOBOAHMKAX YacTO OKa3bIBaeTCs Hauboee cy-
IIECTBEHHBIM, YTO NO3BOJIAET U3Yy4YaTh CIMHOBYIO AUHAMUKY OTHOCHTEINIBHO IPOCThIMU criocobamu. [TpukiiaaHoit nH-
Tepec K mpodiemMe 00yCIIOBIIeH TOMBITKAME CO3/IAHHSI YCTPOKCTB, B KOTOPBIX HOCHTENEM MH(pOpPMAIK Oy/eT CIHH.
CoBpeMeHHbIE SKCIIEPIMEHTBI TIPOJIEMOHCTPUPOBAIM BO3MOYKHOCTB CO3JaHHMsI HE TOJIBKO CTATHYECKOM, HO ¥ TMHAMH-
YecKOH CITMHOBOH MOJSIpU3alMK. B oTiH4Me 0T TepMOIMHaMUYECKH PABHOBECHOH OPHEHTAIIN CITMHOBBIX MOMEHTOB
BO BHEIIIHEM MarHUTHOM II0JI€, IMHAMUYECKasi CIIMHOBAsA MOJISIPU3ALMS BO3MOXKHA U B OTCYTCTBHE BHELITHETO MArHUT-
HOTO TIOJTSI, YTO ¥ BBI3BIBACT 3HAUHTENHHBIN MHTEPEC C MPHUKIIAIHON TOUKH 3peHus [2].

B noxnazne npeanonaraercs 1atb 0030p BO3HUKHOBEHUSI TIOJSIPH3ALIAH HIEKTPOHOB HITH IBIPOK B MOTYTIPOBO/I-
HHKOBBIX CTPYKTYpaX 1 0OBEMHBIX ITOTYPOBOIHHUKAX MPH TYHHETMPOBAHUH U pacCcesTHUM Ha puMecsix. B uactHocTH,
OyZeT paccMOTpeHa HETPUBHAJIbHAS KUHETHKA CIIMHOBOM MOJISIPU3ALMM B MOIYIIPOBOIHMKOBBIX T€TEPOCTPYKTYpax
C PE30HAHCHO-TYHHEJIFHOM CBSI3BI0 MPU HATMYMK OOMEHHOTO PacIielyieHHs U KyJIOHOBCKHX Koppersiwii [3]. byner
PaccMOTpeH MEXaHM3M CO3IaHMs TMHAMUYECKOH CIIMHOBOM TOJISPH3AIINN 1 IMPKYISIPHO TIOJISPH30BAHHOMN (HOTONIO-
MHHECLICHIIN B THOPUITHBIX TIOMYTIPOBOIHUKOBBIX TE€TEPOCTPYKTYpax MarHUTHBIN CIIOH — KBaHTOBas siMa. C MpUKIa/Il-
HOH TOUKW 3peHHS OCOOBI HHTEPEC MPE/ICTABIIET BOZMOXKHOCTD YIIPaBIIeHHE IHPKYIISIPHOH ToNspr3armeii (oTolro-
MHHECLICHLIN B TAKUX CTPYKTYpax, IPHYEM XapaKTepHbIH BPEMEHHON MacIITad Ipy 3TOM OIPEAETIIeTCs] CKOPOCTHIO
TYHHETUPOBAHUS JIEKTPOHOB, 3HAYMTEILHO TPEBBIIIAIOIICH CKOPOCTh U3TyUYaTelIbHOM PeKOMOMHAIMHI. DTO CO3/IaeT
BO3MOXKHOCTB OBICTPOTO YITPABJICHUS ONITHYECKOM MOJIAPU3AIIMEH, UCTIONB3YEeMOI s Tiepenadn nadopmaimu [4].

Bynet nmokazana poJib KyJJOHOBCKUX KOPPESILIMKA B AUHAMUYECKOW CIIMHOBOM MOJISIPU3ALIMH, KOTOPAS SB-
JsieTcst ABOSKOU. C OTHOM CTOPOHBI, KyJIOHOBCKUE KOPPESIUY 3aMEAJISIIOT KHHETHKY, HO C APYTOil CTOPOHBI,
CIOCOOCTBYIOT YBEIMUECHHUIO CTEIIEHH CIIMHOBOM MOJISIPU3AIIUH.

Taroke OyzieT paccMOTpeHa TMHAMUYeCcKasi CIIMHOBASI IOJISPU3ALS B TIOYTPOBOJHIUKOBBIX TETEPOCTPYKTYpax 3a
CYET OTILETUICHHBIX AUCKPETHBIX YPOBHEH, BO3HUKAOIMX TIPY TYHHEJIbHON MHOpHIM3AIH JIOKATM30BAaHHBIX MAarHUT-
HBIX LICHTPOB C KOHTHHYYMOM JIByMEPHBIX COCTOSIHHH B KBAHTOBOM SIME. DT OTILEIUICHHBIE COCTOSIHUS SIBISTFOTCS! CIIMH-
TOJISIPH30BaHHBIMY,  UX KITFOUEBOH OCOOEHHOCTBIO SIBIISIETCS| SKCTIOHEHIIMATbHAST 1yBCTBUTEIEHOCTD SHEPIUH YPOBHS K
rapameTpy TyHHEIbHON THOPUIM3ALIHH, YTO MO3BOJIIET PACCMATPUBATh (DOTOFOMUHECIICHTHBIHN OTKJIMK 3THX COCTOSIHHI
Ype3BbIYANHO PUBIIEKATENBHBIM C MPAKTUYECKON TOUKH 3peHHU [S].

B noxinane Oyzer oOcyskaeHa BO3MOKHOCTH CBEPXOBICTPOro yNpaBieHHs BETHUNHON U 3HAKOM CIIMHO-
BOH MOJIAPU3AIMK U [IUPKYJISIPHON MONSIPU3aUK (DOTOTIOMUHECIICHIIUN W3YUYCHHUsS U3 KBAaHTOBOH sSMBI 3a
CYET M3MEHEHHS MapaMeTPOB JIA3ePHOT0 M3IYUYCHHUSI ONTHYECKOH HAaKayKH, a TaKKe 32 c4eT MOJU(HUKALUK
MIPOLIECCOB TYHHETUPOBAHUS PH N3MEHEHNH YIPABIIIOLINM HaNpsLKEHUEM ITapaMeTpOB TyHHEJIBHOTO Oapb-
epa. Pabora BeimonHena npu noanepxke npoekra PH® Ne 22-12-00139

[1] I. Zuti¢, J. Fabian, and S. Das Sarma, Rev. Mod. Phys. 76, 323 (2004)

[2] V. Korenev, |. Akimov, S. Zaitsev, et. al., Nat. Commun. 3, 959 (2012).

[3] N.S Maslova, V.N. Mantsevich, I.V. Rozhansky et. al., Phys. Rev.B 97, 195445 (2018)
[4] I.V. Rozhansky, V. N. Mantsevich, N.S. Maslova et. al., IMMM 565, 170303 (2023)

[5] I. V. Rozhansky, V.N. Mantsevich, N.S Maslova et. al., Phys. Rev. B 101, 045305 (2020)
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CnounoBast TCPMOANHAMHUKA AACP B ITOJYIIPOBOAHHUKOBLIX CTPYKTYpaxX

Kasoxun K.B.%, Jlutesx B.M.!, Uep6ynun P.B.%, Baxun 1.}, Kanepnu B.K.}?
YCanxm-ITemepbypeckuii 2ocyoapcmeennviii ynusepcumem, *@TH um. Hogpgpe PAH.

Onrtuveckasi OpHEHTAINS SJICKTPOHHBIX CIIMHOB B MOJYIPOBOIHUKAX MTO3BOJISET MOISPHU30BATH CITUHBI
SZIEp PEIIETKH Yepe3 CBEPXTOHKOE B3aMMOJICHCTBUE, TEM CAMBIM ITOHU3UB HTPOTIHIO SAEPHOI CTUHOBOW CH-
ctembl. Crtabast CBA3b SACPHBIX CITUHOB C KOJICOAHUSMH PEIISTKU MIPUBOJUT K OYCHB JOITUM (10 THICSY Ce-
KYHJ) Bp€MEHAaM >KU3HU TaKUX OXJIAXKJICHHBIX COCTOSHUH SIEPHOM CTUHOBOM cuCTeMbl. ONITUYECKHE METOIBI
(monsipu3oBaHHAs IIOMUHECIeHINs, DapaieeBcKoe BpallleHue B MUKPOPE30HATOPAX, CIICKTPOCKOIHUS CITHHO-
BOTO IIIyMa) MO3BOJISIFOT KOHTPOIUPOBATh TUHAMUKY CIIMHOBOM TEMIIEPATYPHI siJIep B TOM YUCIIE B HYJICBOM
MarHUTHOM ITOJIC ¥ «B TEMHOTE», T.€. B OTCYTCTBHE ()OTOBO30YKICHHBIX HOCUTENICH 3apsaa. Bo3aelicTBys Ha
MarHUTHBIC MOMEHTHI SIJIEp IEPEMEHHBIM MAarHUTHBIM TI0JIEM, MOJKHO CEJICKTUBHO OTOTPEBATh SJICPHYIO CITH-
HOBYIO cuctemy (SICC) u, peructpupys ©3MEHEHHE CIIMHOBOW TEMIEPaTyPhl, 30HINPOBATH CIIEKTP SAEPHOTO
CIIMHOBOTO TaMUIITOHUAHA. DTOT CIIEKTP ONPENENICTCS B3aUMOJICHCTBUSIMH CIIMHOB sIJIEp APYT C IPYTOM H,
IIpU HAJIMYUH Y AA€P KBAAPYIIOJIbHOIO MOMEHTA, €T0 BSaI/IMOI[eP'ICTBHCM C rpaguCHTaMU SJICKTPHUYECKOT'O ITOJIA
B CTpyKType. MccieaoBanHbIe HAMU DKCIIEPUMEHTAILHO CTPYKTYPHI Ha OCHOBE apCEHU 1A FAJLIUS U TeJUTypra
KaJMHUs TIPOJICMOHCTPUPOBAITU PE3KO Pa3IMYHbIC CIIEKTPhI OTOTPEBA U IUHAMUKY CIIHH-PEIICTOYHOMN perak-
caluu siiep, 4To 00yCIOBICHO Pa3HON BEIMYHHON SJICPHOTO CITMHA U U30TOIHOM pacpoCTPaHEHHOCTRIO Aep
B OTHX JIBYX CHCTEMaX.

Pabora nognepskana rpanrom PH® 22-42-09020.
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Puc. 1. Cnexmpor omoepesa ACC ocyunnupyrowum maenumusim noiem ¢ GaAs u CdTe
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Chun-3aeucumbvle A61€HUSA, CRUHMPOHUKA, HAHOMAZHEMU3M, KEAHMOBblE MEXHON02Ul
CnouHOBBIC SIBJICHUS B IMOJIYITPOBOJHUKOBBLIX KBAHTOBBLIX TOYKAX

Kycpaes 10.T".!
Y OTH um. A.@. Hoghghe, Canxm-Ilemepbype, Honumexnuyeckas yi., 26

KsanroBeie Toukn (KT) mpencraBnsitoT coOoil yHUKanIbHBIE PYKOTBOPHBIE OOBEKTHI, TOXO0XKHE Ha
aTOMBI, HO MMPUHIUITHAIEHO OTIIMYHBIE OT HUX BO3MOXXHOCTBIO MEHSTH pa3Mepsl U (OpMy, MEHSS TEM CaMbIM
9HEPreTUUYECKUI CIIEKTP U CIIMHOBBIE CBOMCTBA., BCIEACTBHE pa3MEPHOI0 OTpaHUUYECHHUS ABMXKEHUS HOCUTENEH
B KBaHTOBBIX TOUKAX YCUIMBAIOTCS MEKYACTHUHBIE B3aUMOJIEHCTBHS U, B YACTHOCTH, JOCTUTAIOTCS PEKOPIHO
JIOJITHE BpeMEHa CIIMHOBOM pelakcallid HOCUTENEeH.

BonpmmHCTBO CBeeHWII O CHMHOBBIX CBOWCTBax (M HE TOJBKO CHHHOBBIX) ITOJYYEHO METOIAMHU
ONITHYECKOW CIEKTpOoCcKomuHu. B mokiame KpaTko OyAyT OMMCaHBI SIBICHHS ONTHYECKOW OPHEHTALHUH H
ONTUYECKOr0 BbICTpauBaHMsI SKCUTOHOB B KT, MOIy4eHHBIX W3 pa3HBIX MOJIYNPOBOJHUKOBBIX CIOEB U
pa3TMYHBIMHA MeToAaMHu. Teoperndeckoe onmucanne 3TuX 3G (HeKToB, MO3BOIIONIEe ONPEACTUTh HENbIH Psij
napameTpoB dkcuToHOB B KT, Kak mpaBuiio, mpoBOIUTCS B MOJIENH TICEBIOCIMHA. DIEKTPOHHO-IBIPOYHOE
O0OMEHHOE B3aUMOJCHCTBHE, U OCOOCHHO €ro aHW30TPOINHAs YacTh, HIPACT KIIFOUEBYIO POJIb B CIIMHOBBIX
sSBIICHUSAX. B3auMHble «(prum-¢iom» MepeBOPOTHl CIHHOB ASJIEKTPOHA M JBIPKH IMPHBOAAT K CIHHOBOH
pelakcauuyd W OTPAaHUYMBAIOT BPEMs JKU3HM COHMHA SKCUTOHA. Ellle ONHUM Ba)KHBIM B3aUMOJICHCTBUEM
SIBIIIETCSI CBEPXTOHKOE B3aWMOJCHUCTBUE IIEKTPOHOB C SIIPAMH PEIIETKH MONynpoBogHUKa. OOCy)KaaroTes
MHOTOYHUCJICHHBIE TPOSBICHUS ATOTO B3aUMOACHCTBUS B CHMHOBOW JUHAMUKE, B CIIEKTPax U MOJSpPU3ALUU
momuHecrieHuy, kak maccuBa KT, tak m omuunouneix KT. Hamumume pesumpentaeix Hocuteneir B KT
CYIIIECTBEHHO MEHSAET CIIMHOBYIO TUHAMHKY. C TIOMOIIIBIO 3aTBOPA MOYKHO MEHATh KOJIMYECTBO IEKTPOHOB B
KT u coOTBETCTBEHHO CIMHOBOE COCTOSIHUE.

CpaBHUTENTFHO HEJABHO HAYallOCh HCCIENOBAaHHE CIIMHOBBIX A((GEKTOB B KBAHTOBBIX TOYKAX C
HEenpsMBIMU B k-mipocTpaHcTBe ontuueckumu nepexogamu. s atux KT xapakTepHbl Majble BETHYHHEI
AQHM30TPOITHOTO OOMEHHOTO B3aMMOJCHCTBHS U JOJNTHX BPEMEH JKM3HU M CIIMHOBOW penakcanuu. B onHOH u
TOH € CTPYKTYpPE MOIYT COCYLIECTBOBaTh KBAaHTOBBIC TOYKH, KaK C MPSIMBIMH, TaK WU C HENPSMBIMU
ontudeckumu repexonamu (3asucut ot pazmepa KT). Ha npumepe KT InAs/InAlAs cpaBHUBarOTCS BIHSHUE
AQHU30TPOITHOTO OOMEHHOTO B3aMMOJICHCTBUS U (QIYKTyalluii CBEPXTOHKOTO TIOJISI HA CIIMHOBYIO JTUHAMUKY
9KCUTOHOB. B MarHuTHOM TI0J1€, UCKITIOYAIONIeM BIUSHUE (QIYKTyanui sIepHOTO CIIMHA, HA0MI0AaeTCsl CITUH
3aBucuMas ookaga KT.

WNHTepecHbIM NPUMEPOB KBAHTOBOpa3MEpHBIX CTPyKTyp sBisercs KT, monyueHHas Ha OCHOBE
pa30aBICHHOr0 MarHUTHOTO MOJYNPOBOAHMKA. HeoObIuHbIE — (DU3WYECKHE CBOMCTBA 3THX OOBEKTOB
00yCJIOBJIEHBI CHIIbHBIM OOMEHHBIM B3aMMOJICHCTBUEM HOCUTENIEH 2apsiia ¢ MarHUTHBIME HOHaMH. OJTHAM 13
MIPOSIBIICHUH ATOT'O B3aUMOJICHCTBUS SBIISIETCS 00pa3oBaHNE MAarHUTHOTO IOJISIpOHa. B caMoopraHn30BaHHBIX
KT tuna CdMnTe/CdMgTe ocHOBHYIO pojiib MIpaeT IbIpKa C aHHU30TPONHBIM g-(pakropoM. MarHUTHBIN
MOJIIPOH, C(OPMUPOBAHHBIN TaKOW JIBIPKOM, OKa3bIBACTCS AaHU30TPOITHBIM, €r0 MAarHUTHBIA MOMEHT, TaK e,
KaK ¥ YTJIOBOM MOMEHT JIbIPKH, HalpaBjeH M0 HOPMaJH K MMOBEPXHOCTH CTPYKTYPHI M MOXKET IPUHUMATh J1Ba
3HAYEHWsI, OTIMYAIONINeCsS 3HaKOM. Takoe OMCTaOMIIBHOE COCTOSTHUE SIBISIETCS JIOJTOKUBYIIUM, TIOCKOJIBKY
IUTS TIEPEBOPOTa MOMEHTa TpedyeTcsl peooieHne 0apbepa, HO MOXKET MEePEKII0YaThCs PH PE30HAHCHOM
ONTUYECKOM BO30YKICHUH.

Kpartko OyayT paccMOTpEeHBI KOJUIOMIHbIE KBAHTOBBIE TOYKH, KOTOPBIE TIOCIIEAHNE TO/IbI TIPUBIICKAIOT
0O0JIBIION HHTEpEC B CBA3U C UX MIPAKTUYECKUM HCIIOJIH30BAHUEM B OMOJIOTHH, METUIIMHE, OITOJIEKTPOHUKE.
OTMeTHM, YTO OJHUM M3 HMHTEPECHBIX CBOWCTB 3THX OOBEKTOB SIBISICTCS MarHeTH3M, OOYCIOBJIEHHBIN

CIITMHaAMH 060pBaHHI)IX CBs3CH Ha IMOBEPXHOCTU HAHOYACTUIIBI.
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OpueHTalus CrrHa JIOKAIM30BaHHOTO 3JIEKTPOHA B CUCTEME CO CITUH-
OpOUTILIBLHBIM B3auMojieicTBueM: 3(ppekT KoHmo u cnuHOBbBIN
abdext Hepucra

Mannesuy B.H.*?, Cmupnos JI.C.2
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CruHbI TOKaJIM30BaHHBIX HOCUTEJNEH 3apsiia MOT'YT OPUEHTHPOBATHCS IIPY MPHIOKEHUN CUIIBHBIX Mar-
HUTHBIX T10JIEHl, B MArHUTHBIX CTPYKTypax, JM00 ONTHYECKUMU MeTonamu. CIMH-OpOUTaIbHOE B3aUMOIEH-
CTBHE OTKpBIBACT JOMOJHHUTEIHHYIO BOBMOKHOCTh OPHEHTALIMU CIIMHOB B pe3yJbTaTe MPOTEKAHUS AIIEKTPU-
YEeCKOT0 TOKAa B HEMarHMUTHBIX CTPYKTypax. OnHako, Ui CBOOOAHBIX HOCUTENEH 3apsa CTeleHb CIIMHOBON
TIOJIIPU3AIIIH HE MPEBHIIIAeT HECKOIBKUX MpOo1eHToB [ 1]. Takas MaocTh HHIyIIMPOBAHHON TOKOM CITHHOBOM
MOJISIPU3AIMK B HanOoJee paclpoCTpaHEHHBIX CTPYKTypax ¢ KBAHTOBBIMHU SIMAMHU OOYCJIaBIMBaeTCs ci1abo-
CTBIO CITUH-OPOUTANBHBIX B3auMoaercTBrid Pamosr u [peccnpxay3a 1 Manoil BEMMYMHONW COOTHOLICHHUS CKO-
pocreii apeiipa u Gepmu. Hamu npoeMOHCTpUPOBAHO, YTO CITMHOBAS MOJISIPU3AIUS MOXKET OBITH CyIIe-
CTBEHHO yCHJICHA TP HU3KHUX TeMIteparypax 3a cu€t a¢dexkra KoHmo 15 TOKaTn30BaHHBIX AJIEKTPOHOB [2].

B kauecTBe MOAETBHOr0 00BEKTA PACCMOTPEHA KBAHTOBAS TOUKA, PACIIOIOKEHHAS PAIOM C KBAHTOBBIM
MPOBOJOM. MeX Iy KBAHTOBOHM TOUYKOH M KBAHTOBBIM IPOBOJIOM BO3MOKHO CITMH-3aBHCUMOE TYHHEIIUPOBAHUE
3NeKTpoHOB. PaHee Hamu yxe ObLIa MPOJEMOHCTPUPOBaHA BO3MOXKHOCTB CO3/1aBaTh B TAKOW CHCTEME CITMHO-
BYIO HOJISIPU3ALMIO JIOKAJIM30BAaHHOTO HOCHUTEINS 3apsija 3a cUeT MIPOTEKAHUS IIEKTPUIECKOro TOKa MO KBaH-
ToBOMY TipoBoay [3]. B maHHOI paboTe MeToA0M HEpaBHOBECHBIX (yHKIMK [ prHa MOKa3aHo, 9TO MHOTOYa-
CTHYHBIE KOPPEISLIUU MEKAY KBAHTOBOM TOYKOIM M KBAHTOBBEIM IPOBOAOM MOTYT YBEIHYHUTH CIIMHOBYIO TIO-
JSIPU3AIMIO B KBAHTOBOM TOYKE MPH HU3KHUX TeMIIEpaTypax MOYTH Ha 1Ba nopsiaka [2]. YBeanueHne CIMHOBOR
MOJISIPU3ALIMHY CBSI3aHO ¢ 00pa3oBaHueM nrka KOHIO B IIOTHOCTH COCTOSIHUM U CIIMHOBOW HECTAOMIBHOCTHIO
CBSI3aHHOW C KyJIOHOBCKOW Omokanoil. [Ipemnoxennsiii 3¢dekT MoxkeT OBITh peaTu30BaH B COBPEMEHHBIX
HAaHOCTPYKTYpax C ABYMEPHBIM 3JIEKTPOHHBIM WJIN IBIPOYHBIM Ia3oM [4] ¥ UCHOnb30BaThes A1 3P PEeKTHB-
HOTO YTIPaBIICHUS JIOKATU30BAHHBIMH AJIEKTPOHHBIMH CITMHAMH B KBAHTOBBIX TOUKAX.

Ha psny ¢ 3tum, 4To cirH-0pOUTaIbHOE B3aMMO/ICHCTBHE IPUBOIUT K cIMHOBOMY 3(dekTy HepHera
B 3TOH1 ke cTpyKkType. TemioBoi HOTOK BJI0Jb KBAHTOBOTO MPOBOJIA CO3JAET CIIMHOBYIO HOJISIPU3ALIMIO JOKa-
JIM30BaHHOTO B KBAHTOBOW TOUYKE JIEKTPOHA TaKXKe U3-3a CIIMH-3aBUCUMOTr0 TyHHeupoBanus. [Ipu aTom cim-
HOBasl MOJISIPU3AIHSl IOTIOJIHUTEIIbHO YCHUIIMBACTCS 32 CYET KYJIOHOBCKUX KOPPEISIHMH B KBAHTOBOW TOUKE.
MWUKpPOCKOITUYECKUI pacyeT MOKa3hIBAET, YTO B OTCYTCTBHE MOJHOTO 3JEKTPHUECKOTO TOKA Yepe3 MPOBO/I,
BEJIMYMHA CIMHOBOTO 3¢ dexra HepHeTa onpenensercsi NOTOKOM 3JIEKTPOHOB € SHEpruei OIM3KOH K SHEpTuu
JIOKAJIM3alMH 3JICKTPOHA B KBAHTOBOW TOUKE. SIBJISIsIC HEMOHOTOHHON (hyHKUMel sHepriun depMu u Temie-
patyphbl, CIMHOBAs MOJSIPU3AIHS JTOCTUTAaET HAMOOJIBIINX 3HAYCHUH, KOoT/la 00€ OHH CPAaBHHMBI 110 MOPSIKY
BEJIMYMHBI CO CKOPOCTHIO TYHHENPOBAHHS MEKIY KBAHTOBON TOUKOM M KBAHTOBBIM IIPOBOJIOM.

Pabota BeimonHena npu noxaepxkke rpanta PH® Ne 22-12-001309.

[1] S. D. Ganichev, M. Trushin and J. Schliemann, Spin polarization by current in Handbook of Spin
Transport and Magnetism, edited by E. Y, Tsymbal and I. Zutic, Chapman & Hall, Boca Raton (2012).

[2] V. N. Mantsevich and D. S. Smirnov, Phys. Rev. B 108, 035409 (2023).

[3] V. N. Mantsevich and D. S. Smirnov, Nanoscale Horiz. 7, 752 (2022).

[4] L. W. Smith, et al., Phys. Rev. Lett. 128, 027701 (2022).
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OnHuM U3 NEPCIEKTUBHBIX HAIPABICHUHN B Pa3BUTHH COBPEMEHHOM 3JIEKTPOHUKH SBIISIETCS, TAK Ha3bl-
BaeMas, "BaKyyMHas MHKPOJJIEKTPOHHKA', B HACTOAIIEE BpeMs BCE Halle HCIONb3yeMasl Kak ''BaKyyMHas
HAHOJJIEKTPOHMKA". DTOT TEPMUH UCTIOIAB3YETCA JUIsl OIMCAHUS yCTPOUCTB UM KOMIIOHEHTOB, UMEIOLINX I'e0-
METpUYECKHE Pa3Mepbl MUKPO- 1 HAHOMETPOBOTO MaclITada, MPUHIUI JIeHCTBUSI KOTOPBIX OCHOBAH Ha sIBJIe-
HUY MOJIEBOM DIIEKTPOHHON YMUCCHH. B mociaeTHNE HECKOIBKO ACCATUIIETHI BAKYyMHas IIOTYITPOBOIHUKOBAS
HAHORJICKTPOHUKA TIPEICTABISIETCS] MEPCHEKTUBHBIM HAIPABICHUEM IJIsl Pa3pabOTKHU BBICOKOCKOPOCTHBIX
U paAnaliOHHO-CTOMKHUX UHTETpabHBIX cxeM. Mcxoas u3 uaen oo1ero pa3BUTHs GU3UKU U TEXHOJIOTHUH TO-
JYTIPOBOJHUKOB, MOKHO MPEOI0KNUTE, YTO AaJbHEHIINM Pa3BUTHEM BaKyyMHOI HAaHORJIEKTPOHUKH CTAaHET
"BaKyyMHasi CIIMHTPOHHKA" WX ‘“BaKyyMHAas TIOJIYIIPOBOJHUKOBAsI CIUHTPOHUKA .

BriepBeie HaMu M3roTOBIIEH KOMOWHUPOBAHHBIN BaKyyYMHBIN MOTYIIPOBOTHUKOBBIN PHUOOP, COCTOSIIIHI
u3 (1)OT03MI/ICCI/IOHHOFO HUCTOYHUKA CIIUH-TIOJIAPHU30BAHHBIX 3JICKTPOHOB U CIIMHOBOT'O CBECTOU3TYHarOICIo U~
oJa (CITUH-IETeKTOPa), pa3AeICHHBIX BAKYYMHBIM 3230POM, JJIsl HH)KSKIIMU CIIHMH-TIOJSIPU30BAHHBIX JJICKTPO-
HOB M3 (oTtokaToanoro ucrounnka (GaAs mmm NaK;Sb) B cBeToanomusie crpykrypsl AB® ¢ KBaHTOBBIMH
sIMaMH U KBaHTOBBIMH ToukamH [1]. Takue mpuOOpbl MOKHO Ha3BaTh BAKYYMHBIMH CITHH-TIOJISIPU30BAaHHBIMU
ceeroauonamu (spin-VLEDS). CrninHoBast nonsipu3aiiysi CBOOOTHBIX 3JIEKTPOHOB JCTEKTUPYETCS ONTUYCCKH
yepe3 IUPKYISIPHO-TIONAPU30BaHHYI0 KaTtonomoMmuHeciieHnnoo (KJI). B oTnudne oT MOHOJMTHBIX reTepo-
ctpyktyp (Spin-LED), spin-VLEDs pa6oTaroT 63 HCIIOIb30BaHNs MATHUTHBIX MATEPHUAIOB U BHEIITHETO Mar-
HUTHOTO TIOJIS: TeHEpaLys U JeTEeKTUPOBAHNE CIMH-TIOJIIPU30BAaHHBIX JIEKTPOHOB OCHOBAHBI TOJIBKO Ha 3(¢-
(heKTe ONTHYECKON CTMHOBOW HAKAYKH, KOTOPBIN MTO3BOJISIET TEHEPUPOBATH CITUH-TIOJISIPU30BAHHBIE HOCUTEIN
0e3 3aps10BOY (TOKOBOM) MHIKEKIINH.

W3zyuens! GOTOIMUCCHOHHBIE CBOMCTBA CIIMHOBBIX BAaKyyYMHBIX ()OTOIMOOB: SJHEPTETUYECKOE pacIpe-
neneHne (pOTO3IMUTHPYEMBIX HIIEKTPOHOB, CIIEKTPaJIbHAS XapaKTepPUCTHKA KBAHTOBOH 3¢ deKTUBHOCTH, (HOTO-
M KaTOJIOJIFOMUHECIICHTHBIC CBOMCTBA. M3MepeHa 3apucuMocTh acummerpun (Qyuknus [lepmana) nosspusa-
IUH KaTOOAOJTIOMUHECUCHIINU OT SHEPTIUU NHKCKTUPYCMBIX CITMH-TTOJIAPU30BaHHBIX 3JICKTPOHOB. Maxkcumans-
Hasa BCJIMYMHA aCUMMETPHUHU COCTaBUJIa ~0.5, YTO NPEBLIIIACT 3HAYCHHUEC ACUMMETPHUH, JOCTUTAEMOC B Tpaau-
[IMOHHBIX CMIUH-IeTeKTOpax MoTTa U TBepaoTeNbHbIX SPIN-LED. BriepBbie n3MepeHo MpoCTpaHCTBEHHOE (T10-
MIEPEYHOE) pacipeeNeHne NOSPU3aK 3JICKTPOHOB B ITyYKE ITyTEM W3MEPEHUs pacpeieeH s JaTepallb-
HOW MHTEHCUBHOCTH IOJISIPU30BAHHON KaTOJOJIIOMHHECIICHIINHN. Pemaemble B paboTe 3a7a4uu TO3BOJISIOT KOM-
IJIEMCHTApPHO pa3BUBATh TBEPJAOTCIbHYIO U BAKYYMHYIO CIIMHTPOHHUKY 4Y€pE€3 CO3JJaHMEC HOBBIX CIIMH-PETH-
CTPUPYIOLINX HAYYHO-HCCIIEA0BATEIbCKUX IPUOOPOB, YTO B CBOIO OYEPEb, IO3BOJISIET UCCIIEAOBATh CIIMHO-
BYIO TEKCTYPY HOBBIX MaT€pPHAaJIOB U IIPEICKa3bIBATh CIIMH-3aBUCHMBbIE TPAHCIIOPTHBIE CBOMCTBA.

Pabora nmognepkana rpantom PH® 22-12-20024.

[1] O.E. Tereshchenko, et al., Nanomaterials, 13, 422 (2023).
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N3oTomHooOoramiennbie Si/SiGe rerepocTpyKTyphl JIJIsi KBAHTOBBIX
BBIUUCIICHUN
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B Hacrosiiiee BpeMst CTpyKTYpbI Ha ocHOBe Si 1 Ge sIBJISIOTCS ePCIeKTUBHO#M T1aThopMoii UTst co3/1a-
HUS CIIMHOBBIX KyOMTOB. C TOYKH 3peHHS JOCTHXKEHHUS OONBIINX BPEMEH KOTEPEHTHOCTH CITMHA JJIEKTPOHA
3TH TOJYNPOBOAHUKH OOJNAAAI0T CYIIECTBEHHBIM MPEUMYIISCTBOM IO CPaBHEHHUIO C I€TEPOCTPYKTYpPaMu
A3BS: B nocneiHue TOIbI OBLUTH PAa3BUTHI TEXHOJOTUH W30TOMHON ouncTku Si u Ge, Mo3BOJISIONINE CyIIe-
CTBEHHO, 110 CpaBHEHHIO C MIPUPOIHBIMHA MaTepHalaMi, IOHU3UTh B HUX KOHIIEHTPAIUIO HU30TOIIOB C HEHYJIe-
BbIM siiepHbIM criiHOoM (29Si u 73Ge, cooTBeTCTBEHHO). B aHHO# paboTe mpeacTaBiIeHbl pe3yIbTaThl 1Mo Mo~
JYYEHHIO STHTaKCHABHBIX Si/SIGe reTepocTpyKTyp ¢ HU3KHM COJCpKaHueM O0OMX yKa3aHHBIX M30TOIOB
U MX XapaKTepU3alliy C TOUYKU 3pESHUS CO3/IaHuUs HA HUX KyOUTOB.

Si/SiGe reTepocTpyKTypHl C HAmpsHDKEHHON Si

IEH 2 |

K5 Oputm  BeIpameHbBl Ha  peIaKCUPOBAHHBIX 10° 3 e
Si0.7Geo3/Si(001) 6ydepax meromom MIID. Ilpu ucna- ] ws [
PEHUH UCIIOJIB30BAJIMCh UCTOYHUKU M3 I/I30TOHHOO6OI‘3- £10° _ 1Ge P
[IEHHBIX MOHOKpHUCTALTOB 28Si 1 72Ge ¢ pa3auyHbIM &

conepxanueM u3otornoB 29Si u 73Ge. BUMC ananu3 % ]

pacrmpe/eneHusi U30TOMOB MMOKa3all, YTO B BBIPAICH- %10 3

HBIX CTPYKTYpax MUHHMAIbHOE COAEPIKaHNE U30TOTOB E

29Si u 73Ge Haxoautcs Ha HU3KoM ypoBHe (100 aro- 10% 5

MOB Ha MuJLTHOH (PPM)) (puc. 1) [1]. YHuKaapHOM 0c0-

OCHHOCTBIO TIOJYYCHHBIX CTPYKTYP SIBJISETCS HH3KAas 101.

KOHIIEHTpalMs B HUX Kak 29Si Tak 73Ge wuzoroma © 50 100 150 200 250 300 350

nybuHa, HM
(puc.1), 9TO MO3BOJIAET UCIONB30BATH JUISI HUX TIOA-
Puc. 1. — Ilonyuennoe memooom BUMC pacnpe-

) Oesienue U30MONn08 C HeHyle8blM A0EPHbIM CRUL-
ocHoBanHbIe Ha noGasnenun Ge B Si KA [2]. HomBwx- 01 6 noonoocke na ocnose PENAKCUPOBAHHO20

HOCTB JIByMepHOTO diiekTponHoro raza B Si Kl npu T SiGe/Si 6yghepa (1), “°Si”?Ge oygepe (2), **Si
= 1.6K nocruraer 45000 cm%(B*c), uto ykassiBaer na A (3) u ?Si"*Ge noxposnom cioe (4).
XOpOIllee KPUCTAIUTNIESCKOE KAUueCTBO W HU3KYIO KOHIIEHTPAIMIO OCTATOYHBIX MpUMecel B CTpykTypax. Ha

XOJbl IO YBCIWMYCHUIO MCKAOJIUMHHOTO PACHICTIIICHUS,

n3oronHooborameHHbix Si/SiGe cTpykrypax Obutn cHOPMHUPOBAHBI JIEMEHTHI CIMHOBOTO KyOWTa: MHOTO-
YPOBHEBasi CHCTEMa CYOMHUKPOHHBIX 3aTBOPOB M MUKPOMArHUThL. C MOMOIIBIO 3aTBOPOB OBUIN TTOTYyYEHBI O/1-
HO3JIEKTPOHHBIE TPAH3HCTOPBI, B IPOBOAUMOCTH KOTOpBIX Ipu T~15 MK Habmoganich nuku, cBS3bIBaeMble
C OIHO3JIEKTPOHHBIM TPAHCIIOPTOM. DTO YKa3bIBa€T HA BO3MOXKHOCTH MCIIOJIB30BAHUS UX B KAUECTBE JETEK-
TOPOB COCTOSIHUSI CITUHA DIIEKTPOHA.

Pa6ota BeimonHeHa npu nozepxkke Pocaroma B pamkax JlopoxkHoi kapThl « KBaHTOBBIEC BHIYHCIICHUS
(moroBopa Ne 868-1.3-15/15-2021 ot 5.10.2021 u Ne P2194 o1 14.12.2021).

[1] 2. B. FOpacosé u op., [ucoma ¢ JKTD 50, 22 (2024).
[2] M. P. Losert et al., Phys. Rev. B., 108, 125405 (2023).
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Mopenb KOCBEHHOT0 OOMEHHOT'0 B3aUMOJICUCTBUS U (PeppoOMarHeTusm
BGaMnAs

Koxypun U.A.12, Apepkuen H.C.!
‘\OTU um. A. @. Hoghghe PAH, 194021, Canxm-Ilemepbype, yr. Ilonumexnuueckas, 26

2Mopooeckuii 2ocyoapcmeennuiii yuugepcumem um. H.I1. Ozapesa, 430005, Capanck,

ya.bonvuesucmcexas, 68

[IpunsTO cumTarh, 4TO 32 (heppoMarHeTU3M B pa30aBICHHBIX MarHUTHBIX MOynpoBogHuKax (PMII),
Takux kak GaMnAS, oTBeTCTBEHHBI CBOOOIHBIC ABIPKU. OTHAKO NaHHOE YTBEPIKACHUE OTHOCHTCS TOJBKO K
obpasuam B Metasuindeckoit paze. O6pasupt GaMnAs B AudiieKTpu4eckoi haze Takke MpeACTaBIsIOT HHTE-
pec. Hammpumep, oHE MOTYT OBITh HCIIOIB30BaHbI IPH CO3JJaHUU THOPHIHBIX CTPYKTYP CBEPXIPOBOAHUK/Dep-
pomarHeTuk [1]. B Takux oOpa3max cBOOOIHBIE HOCHTENHA OTCYTCTBYET, U NICTOYHHKOM KOCBEHHOTO OOMEHa
MOTYT CITY>KUTh TOJBKO JIOKAIN30BaHHBIC HA MATHUTHBIX akientopax Mn neipku. [TepBbIM 1arom mpu u3y-
YEeHUU KOCBEHHOT'O 0OMEHa SIBIISIETCS M3yUEHHUE TAPHOTO B3aUMOACHCTBHSA, TO €CTh U3yUCHUE YHEPTeTHUECKON
U CTIMHOBOH CTPYKTYPbI KOMITJIEKCA COCTOSIIETO M3 IBYX B3aMMOJICHCTBYIOIIUX aKIETOPOB.

Xopomo u3BecTHO, uTo B GAMNAS ¢ BRICOKHM coziep:KaHHeM MapraHila Hen30eKHO BO3HHKAET KOM-
neHcarus. OHa e, Kak MbI YBHJIUM, SIBIISICTCS U HEOOXOAUMBIM YCIIOBHEM CYIECTBOBAHUS MATHUTHOTO YIIO-
psanodyeHus. Hamuume KOMIIEHCAIIMM JEJaeT HEOOXOJMMBIM PacCMOTPEHHE MApHOTO B3aMMOJCHUCTBUS HE
TOJILKO HEHTpabHBIX aKIENTOPOB, HO M HEUTPATFHOTO aKIETITOPa ¢ HOHU30BaHHBIM. TakuM 00pazom, HE0O-
XOJIMMO B TIEPBYIO OYEpPE/b U3YUUTh CTPYKTYPY JABYXIIEHTPOBBIX MArHUTHBIX KOMILICKCOB, JIOKATH3YIOIIHX

0 .
o1Hy (KOMIUIEKC Mnj; ) U iBe (KomIuieke Mn, ) abipky. Takue KOMIUIEKCh HAMOMUHAIOT MOJIEKYJIAPHBIH HOH

1 MOJIEKYJTy BOJOPOJia COOTBETCTBEHHO IPU y4eTe KOHTAKTHOI'O CBEPXTOHKOTO B3aUMOJIEHCTBHSL.
Hamu nocTpoeHs! MOAEIH U H3yUeHbl SHEPreTHUECKas U CIIMHOBAS CTPYKTYPa YKa3aHHBIX KOMILJIEKCOB
B 3aBUCHMOCTHU OT MEXIIEHTPOBOTO PACCTOSIHUA. Y CTAHOBJIEHO, YTO OCHOBHOE COCTOSIHHE [TAPHOTO KOMILIEKCa

Mn, oTBedaeT heppOMarHUTHOMY BBICTpanBaHUIO 0-000I049eK HOHOB MapraHna. B cirydae e HelfTpaabHOTO

KOMIIJICKCa OCHOBHOE COCTOSIHHE SIBJISICTCS aHTU(EPPOMArHUTHBIM. TakuM 00pa3oM, B pealibHbIX CTPYKTYpax
¢ PMII creneHp KOMIIEHCAIIMU SABJISETCS OCHOBHBIM (DaKTOPOM, ONPEICIAIONINM 3HaK KOCBEHHOTO OOMEHA.
[ony4yeHHbIe pe3yabTaThl MOTYT OBITH IPUMEHEHBI MPH U3YYEHUH MarHeTH3Ma U COOTBETCTBYIOIIETO (a3o-
Boro nepexoaa B PMII npu momomu MofemupoBaHus B TyXe pa3yHnopsI04eHHBIX Mojenel | efizendepra nim
Wznnra. Tem He MeHee, MPOCTHIE OLIEHKU MOTYT OBITh IMOJIyY€HBI U1 HEKOTOPBIX MPEAEIbHBIX CIIy4aeB I10
CTereHn KoMIieHcalun. Tak, B HEKOMIICHCHPOBAaHHOM HITH MTOJTHOCTHIO KOMIIEHCHPOBAaHHOM 00paslie cieyeT
OXKHUJIaTh OTCYTCTBHE MAarHUTHOTO YIOPSJOYCHHUsS. B MepBoM citydae 3TO CBA3aHO C aHTH(QEPPOMArHUTHBIM
MapHBIM BBICTPAaUBAHWEM M HAJIMUMEM Oecriopsika, a BO BTOPOM — OTCYTCTBHEM HOCHUTENEH 3apsna, SBIISIO-
LIMXCsI IEPEHOCYMKAMH KOCBEHHOT0 0OMeHa. SIpko BeIpaXeHHOTo (peppoMarHeTu3Ma cieLyeT OXHIATh IPH
CTETIeHH KOMIIEHCAIMH /%: B 3TOM CiIy4ae Ha KaXaylo IMapy MarHUTHBIX MOHOB MPHUXOJIUTCS OJWH HOCUTEh
3apsizia, ¥ apHble B3aUMOICHCTBHS SABISIOTCS (peppoMarHuTHBIMU. Takue paccy X IeHHsI HaXOAATCs B COTa-
CHH C IIPEJCTABICHUEM O BBIPAXKEHHOM (heppoMarHeTu3Me MpH MOJIOBUHHOM 3all0JIHEHUH NTPUMECHOH 30HbI
[2] u sxcniepumMenTanbHBIMU JaHHBIME 10 GaMnAs B nuanexTpudeckoii dase. [Ipocras oneHka B ayxe cpef-
Hero nous [3] gaet mis temnepatypsl Kiopu 3nauenue oxoito 40 K npu coneprxanun mapranmna 1%, yto Haxo-
JITCSI B XOPOILIEM COTJIACHH C IKCTIEPUMEHTOM [4].
Pabora BeimonHeHa npu noguepxke Poccuiickoro Hayanoro ®onna (npoekr 22-12-00139).

[1] J. Linder and J. W. Robinson, Nat. Phys. 11, 307 (2015).

[2] M. Dobrowolska, K. Tivakornsasithorn, X. Liu et al., Nat. Mater. 11, 444 (2012).

[3] S. Blundell, Magnetism in condensed matter, Oxford University Press, Oxford (2001).
[4] G. V. Astakhov, H. Hoffmann, V. L. Korenev et al., Phys. Rev. Lett. 102, 187401 (2009).
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MUKpOBOJTHOBAS CIIEKTPOCKOMHS (Da30BOTO Mepexo/1a IBYMEPHOH CHIBLHO
KOPPEJIMPOBAHHON AJICKTPOHHON CUCTEMBI B PEKUME KBAHTOBOTO
b dexra Xomra

Huxomnaes I'. A2, Xucameesa A.P.2, Aunpeea C. A3, Jlpémun A. AL, ®emorosa .B .2,
Ilenerunsuukos A.B.L, Kykymkun HU.B.?

‘U®TT PAH, 142432, Yeproeonoska, yn. Axademuxa Ocunvsna, 2

M®TH (T'Y), 141701, Joreonpyousiit, Hucmumymckuii nep., 9

SHUY BILID, 10100, Mockea, yi. Macnuykas, 20

B pabote nusy4aercs (ha3oBblii IEPEX01 ABYMEPHOI AIIeKTPOHHO# crcteMbl ZNO/MgZnO retepomnepe-
xoja Ha akTope v=3 KBaHTOBOTro 3(pdekTa Xoia npy MOMOIIU IEKTPOHHOTO CITMHOBOTO pPe30HaHCca. JKC-
nepuMeHT ObLT TpoBeACH B kpuocrate 3He npu temmeparype 0.5 K 1 B 0JHOpOJTHOM MarHuTHOM TioJie 110 15
T. CiuHOBEIH pe30HaHC HHAYIUPOBAJICS CyOTeparepueBbM H3ITyIeHNEM 1 HaOII0Ialcs B BUIE MTHKa COTIPO-
TUBJICHHSI TPU U3MEHEHUH MarHUTHOTO O [ 1], mprdéM 9TOOBI yIyUIINTh COOTHOIIEHHE CUTHAN-TITyM, DIIP

JIETEKTUPOBAJICS METOJUKON JBOHHOTO
CUHXPOHHOIO ycuijeHus. B marmeroco- 8

NPOTUBICHUH  TEPEXOJ]  MPOSIBISECTCS 15 133.40Hr :
B BHAC MHKa NPU KPUTHYECKOM YIJe
HakJIoHAa Oc IBYMEPHON D3IEKTPOHHOM
CHCTEMbI OTHOCHUTEIILHO HaIlpaBJICHHS

MarHuTHOM NOJs. Yrosn ® Momynupyer

137.3 1379 1385,/ 1394 1400 1406

SR, (arb. units)

OTHOIICHHUE SHECPTHUU 3eeMaHa U IHKJIO-

TPOHHOW SHEPIHHM, TAK YTO IIPHU Pa3HbBIX

-3 1 1 1

4.9 5.0 5.1
MeHsist 9aCTOTy W3JIydEeHHs U MOJICTpau- B(T)

yIJlax CIUHOBOE YNOPSA0YEHNE Pa3HOE.

Basg MarHUTHOE II0Jj€, mmocieaoBaTensuo | Puc.l. — [Huxu DIIP ebnusu ¢haxmopa 3anonneHus v=3 KeaH-
JIETEKTUPOBANCS  CIMHOBBLI  pesoHaHc | /106020 aghghexma Xoana npu yene naxiouna O.. Yepnoii cniout-

HOU KPUBOU HAHECEH MUHUMYM MASHEmOoCONnpOmMueieHUs V:3.
B (haktope 3amonHeHuss v=3 KOX. Tak P ) ‘ P

ObuIH U3y4eHb! yribl © < BOc, ® = Oc u O
> @c. Kak u B pabore [2], rae nzydancs GpaxkTop 3anoJHeHNs V=2, MbI TaK)Ke HaOII0AaIN yBETHUCHHE aMIUIU-
Ty et OIP npu mepexozae u3 MaraHuTHOH ¢a3el mpu O < ¢ B MarHuTHY0 Gazy npu O > Oc. OHAKO B OTIINYHE
oT (akTopa 3anojHEHUs V=2, I/i¢ yBEeJIUYEHHE Yriia MPUBOJHUT K MEPEeXO/ly CHCTEMbI U3 MapaMarHUTHOTO
B (DepPOMArHUTHOE COCTOSTHHE, BOJIM3U 3aIl0JIHEHUS V=3 TepeXxo]l MPOUCXOIUT MEKAY ABYMs MarHUTHBIMHU
(hazamu ¢ pa3HOM CTENEHBIO CIMHOBOM MOJISAPH3aLKH, YTO BUAHO M0 YMEHBIICHUIO aMIUIUTYABI B HECKOJIBKO
pa3. Ha Puc. 1 npencrasnens! nuku 1P HemocpeacTBEHHO B KpUTHYECKOM yriie ® = Qc. YEpHOI CIUTOImHOM
KPHBOI OTMEUEHO MarHETOCOTPOTHBIICHHE C XapaKTePHBIM sl (ha30Boro nepexona mukom [3]. B ero okpect-
HoctH nuky DIIP ymupstorces u B 00macTi O0NbLIIMX MarHUTHBIX NOJIel He HaOJIr01al0TCst BOBCE, UTO CBUJIE-
TENbCTBYET 00 U3MEHEHUH CIIMHOBOr'O Mopsaka ocHOoBHOro coctostaus (Puc. 1). I[lpuuém ecnu capurats mo-
JI0’)KEHHUE MTUKa MarHeTOCOIIPOTUBIICHNS, TO CABUHETCS U IpaHuIa ncye3HoBeHus nukoB DI1P. 9to nmoBenenue
HE OIMUCHIBaeTCS (PEHOMECHOJOTHUECKONW OJJHOYACTHYHON MOJIENbI0 yrHopsodeHus ypoBHe#l Jlanmay. Merl
MpearonaraeM, 4YTo HCUe3HOBEHHE CIIMHOBOTO PE30HAHCA CBA3aHO C pa3OMEHHEM HJIEKTPOHHOM CHCTEMBI Ha
JIOMEHBI.

[1] D. Stein et al., Physical review letters, 51, 130 (1983).
[2] A. V. Shchepetilnikov et al., JETP Letters, 113, 657 (2021)
[3] E. P. De Poortere et al., Science, 290, 1546 (2000)
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Omnpenenennie TeH30pa g-pakropa AbIpku B 0MHOYHBIX InAs/GaAs
KBAaHTOBBIX TOYKAaX HA OCHOBE KOPPEJILIUOHHBIX U3MEPEHUI
C HOJISIPU3ALIMOHHBIM Pa3pelICHUEM

Cepos I0.M., l'anumos A.U., Cmupnos /1. C., Paxnmun M.B., ly6una T.B., Topornos A. A.
OTU um. A. . Hopgpe, 194021, Canxm-Ilemepoype, [lonumexnuueckas yiu., 26

IMonuas uadopManus o g-paktope asIpku B oguHouHoi INAS/GaAs kBanToBoii Touke (KT) sBiusercs
KITIOYEBBIM (PaKTOPOM HEOOXOJUMBIM JIJIsl HCIIOIB30BaHHsI IOKAJTM30BAHHOTO OJUHOYHOTO CIIMHA B KAYECTBE
KyOuTa JUI1 KBaHTOBOW MaMATH C BO3MOXXHOCTBIO €r0 ONTUYECKON WHUIMANM3ANHA U YTCHHUS, a TaKKe AJIs
TeHepaIi MHOTOYaCTUYHBIX 3aITyTAHHBIX KJIACTEPHBIX COCTOSTHUAMN ITPH TOCIIEI0BATEIFHOM 3Ty THIBAHUH T10-
msipu3anun u3aydaeMbix KT (oToHOB C jokanmu3oBaHHBIM criinHOM [1]. Anuzorpomus sddextuBHOrO g-
(akTopa ABIPKU, ONHCHIBaEMasi €ro TEH30POM, XOPOoIIOo u3yueHa ais ancambneit KT, B To Bpems kak omy0uu-
KOBaHHbIE pabOThl 1O MCCIEJOBAaHUIO OJMHOYHBIX TOUEK OTPaHUYMBAIOTCSA M3MepeHueM 3((GEeKTHBHOTO g-
(hakTOpa TOMBKO 7151 KOHKPETHBIX HAIPaBJICHWH MarHUTHOTO TOJIA, paccMaTpuBas TeH30p J-(haktopa apIpKu
KaK JIMarOHAJM3yEeMblii B €CTECTBEHHBIX KpUCTAILTOrpapuIecKux ocsx [2].

3HaueHue 3PPeKTUBHOrO (-PakTopa OJUHOYHON ABIPKH MOXKET ObITh M3MEPEHO SKCIICPHUMEHTAIBHO
B reomeTpun Doirta mo 4acToTe mpereccuu e€ CruHa, MPOEKIUs KOTOPOro Ha ONTHYECKYI0 OCh [, Ompele-
JISIET CTETeHb MUPKYJSPHON MOJSIPU3AIliN U3Ty9aeMbIX oTpuiatensHo 3apshkerHoil KT ¢dotoHoB. OmgHako
JUIsL OTHO3HAYHOTO OTpEAEIICHUsI BCeX KOMIIOHEHT TeH30pa J-(akTopa okas3pIBaeTcsi HE0OXoauma nHpopma-
LYs O HAIPABJIEHUU OCH IIPELIECCUM CIIMHA, XAPAKTEPU3yEMOM YTJIOM OTKJIIOHEHUS OT ONTHYECKOW OCU U yI-
JIOM TIOBOPOTA B MEPHEHIUKYIAPHON IUIOCKOCTH. B TO Bpems Kak yroi OTKIOHEHHUS BIHSET Ha TUHAMHUKY

KOMIIOHEHTBI CIIUHA |, M MOXKET OBITh U3MEPEH BMECTE € YACTOTOM MPELECCHH 38 CYET IPOBEICHUS U3MEPEHUH

@®JIKT ¢ BpeMEeHHBIM U MOJIAPU3AIMOHHBIM pa3pelieHneM, H3MEepEeHHe yTiia TOBOPOTA OCH IMPELECCHH B IIJI0C-
KOCTH OKa3bIBaeTCsl CYIIECTBEHHO CIOXKHee. B manHON paboTe mpemiokeHa METOANKA ONpelesIeHHUs 3TOTO
yI7Ia Ha OCHOBE aHANM3a M3MEHEHHsS KPOCCKOppensiuonHoil g% (pyHKIMM Mex Iy MUPKyISpHO-TIOISPH30-
BaHHbIMH KoMmoHeHTaMu DJI KT mpu BpameHu# TI0CKOCTH TUHEWHOU Mossipu3anui Bo30yxaatomero OJI
HETPEPHIBHOTO J1a3epa. BhINONHEHNE TaKMX M3MEPEHU ISl CTPYKTYPhl 0JJHOOTOHHOTO UCTOYHHKA C OfH-
HOYHOUN OTpHIATeNbHO 3apsukenHoi KT, momerenHoi B MUKpope3oHaTop [3], mo3BOIMIO Ha OCHOBE TOJTY-
YEHHBIX JAHHBIX BOCCTAHOBHUTH IOJIHBIA TEH30p J-(hakTopa ABIPKH, U MOKA3al0 BO3MOXKHOCTbH BBIAEICHUS
MIPOI0JIBHOTO J-(hakTopa M HeANAroHAJIM3YEMOro TEH30pa MoNepeyHoro g-hakropa, CymecTBeHHBIM 00pa3oM
HE CBOJALIEToCs K ABYM IJIaBHBIM 3HaUEHUSM. AHAJIN3 36€MaHOBCKOTO TaMIJIbTOHHAHA, COOTBETCTBYIOIIETO
MOJYYEeHHOMY TEH30py J-(axTopa, mokasan, uto i uccieayemoit KT HamOonee cyniecTBEHHbIE BKIJIAIBI
B TaMWJIBTOHUAH 00yciioBieHbl HU3KoM cumMmerpueil KT u npeanonoxurensHo onpeaessiroTes e€ aHu30TPOII-
HBIM yIIpyruM HanpsokenueM [4]. Annpoxcumanus g(® GyHKIME Ha OCHOBE PACCMOTPEHHMS CIIMHOBOI THHA-
MHUKOH PE3UACHTHOTO U 3aTeM (hOTOBO30YKAEHHOTO HOCUTENEH 3apsaa oKa3aia HaJIMule aHU30TPOIINH CIIH-
HoBorO coctossHusl KT B MOMEHT u3imydeHust (JOTOHA OTHOCHUTENILHO HAIPaBJICHUS MOJSPU3AIMK BO30OYXK/Ie-
HUSI, KOTOPOE OIpPEJENsieT CTeleHb CIMH-(OTOHHOTO 3ayThIBaHHUA. YUYET U3MEPEHHOW aHU30TPOIUU CIIHH-
(hOTOHHOTO 3aIyTHIBAHUS BaXKEH JJIs1 ONTUMH3ALMH IPOTOKOJIA TeHEPAINU KIIACTEPHBIX COCTOSHHM.

Pabora mopnepkana rockopropanueii “Pocatom™ B pamkax Jlopoxknoit Kaptel KBantossie Beruncie-
Hust (koHTpakT Ne 868-1.3-15/15-2021 ot 5.10.2021 u xouTpakt Ne R2152 ot 19.11.2021).

[1] Lindner, N. and Rudolph, T., Phys. Rev. Lett., 103, 113602 (2009).

[2] Cogan, D., Su, Z.-E., Kenneth, O. & Gershoni, D., Nat. Photonics, 17(4), 324-329 (2023).
[3] Rakhlin, M. et al., J. Lumin., 253, 119496 (2023).

[4] Linpeng, X. et al. Phys. Rev. B, 103, 115412 (2021).
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KorepenTHas crimHOBasi fuHaMuKa B HaHOKpucTauiax CSPhBr3
B CTCKJITHHOW MATPHUIIEC

Measikos C.P.}, Xyxkos E.A.12, Bensix B.B. 2, Kono6kosa E.B*#, Kysnenosa M.C.5, SIxosnes JI.P.12

YDusuueckuii unemumym um. I1. H. Jlebedesa Poccuiickoii akademuu Hayk

2Experimentelle Physik 2, Technische Universitit Dortmund

3 Hayuonansuwiil ucciedo8amenckutl yHusepcumen uHGopMayUuoHHbIX MexHoN02ULl, MeXaHUKU

U ONMUKU

*Canxm-Ilemepbypackuil 20cyOapcmeenHblil MexHON02UYeCKULl UHCIUMYN (MeXHUYeCKuil

YHU8epcumen)

>Canxm-Ilemepbypackuii 20cyoapcmeentulii yHugepcumen

[epoBckuth! 1 ux HaHokpuctaiisl (HK) B mocneanue roapl cranym HHTEPECHBIM 00BEKTOM UCCTIeI0Ba-
HUSL U CIMHOBOM (PU3MKH. BB MpoIeMOHCTPUPOBaHBI AOJITHE BPEMEHA CIIMHOBOM penakcanuu 1 nedasu-
POBKHM IIpH TeMIeparype xKuakoro renusi. Takxe HeqaBHO Obl1a OOHAPYKEHA CIIMHOBAsE KOT'€PEHTHOCTH IPHU
KOMHATHOM TeMIiepaType ¢ BpeMeHaMu JiedazupoBku nopsiaka S0 e [1]. Oxaako oOpasibl ¢ OOBIYHBIMU KOJI-
nmounuaeiMu HK 3auacTyro moaBepKeHbl CHIIbHOM aerpafanuu. [loaToMy B aHHON padoTte Mbl ucciaeayem HK
nepoBckuToB CsPbBr3 B cTekie, koTopbie Oollee yCTOWYMBHI K BHEIITHEMY BO3JICHCTBHIO.

Taxk ke, KaK ¥ U KITACCUYECKUX MOIYNIPOBOAHUKOBBIX CHCTEM, [UIS UCCIIEIOBAaHUS CIIMHOBOMN JWHA-
MHUKH B IEPOBCKUTAX MOXKET OBITh MCIIOJNB30BaH METO] HaKayKa-30HIUPOBAHKE C TTMKOCEKYHIHBIM BPEMEH-
HBIM pa3pelieHneM ¢ IeTeKTUpOoBaHueM (apaaeeBckoi sumnTudaocty (P3). B nanHoit pabore mMbl H3mMe-
psAe€M CIMHOBYIO TMHAMUKY B TeMmneparypHoM AuanazoHe oT 5 1o 300 K B momnepeuyHbIX MATHUTHBIX MOJSX.
N3y4aembie o6pasiel HK CSPbBrs obmamaror mucrepcueii pa3MepoB, MO3TOMY, H3MEHSISI SHEPTHi0 (hOTOHA
Ja3epHOro u3myueHus E., MoxkHO M3MeHATh afpecyemblii pasmep HK BHyTpH omHOTO 00pasia.

[Tpu komHaTHOH Temneparype curHan ©D HabmroAaeTCs MpH YHEPTUAX (HOTOHA JTa3ePHOTO M3TYUCHHUS
ot 2.43 5B no 2.55 »B. XapakTtepHoe Bpemsi CHHHOBOU Aeda3supoBku mpu 3ToM cocTaBmsuio 40 — 50 mc.
Habmomaemslit g-¢aktop B 3TOM nuana3one pactét ¢ E. ot 3nauenus nopsiaka 1.6 go 1.75. IlonydeHnHsie pe-
3yJBTATHI [0 BEIMYMHE COOTBETCTBYIOT JIEKTPOHHOMY g-(hakTopy B 00beMHOM KpHcTamie. OIHAKO AJIsl TeM-
neparypbl KHUIKOTO Tesiusi ObLJIO MOKa3aHo [2], YTO 37IeKTPOHHBIN g-PaKTop JODKEH PE3KO YMEHBIIATHCS
c yBesimueHueM E (yMeHbIIeHHEM pa3Mepa HaHOKPHUCTAJUIOB), YTO MPOTHBOPEUUT IMOJYYCHHBIM PE3yJIbTa-
tam. TakuM 06pa3oM, AJ1s1 yCTaHOBJICHUSI HOCUTENS 3apsizia TpeOyeTcs MPOBECTH TaKKe HU3KOTEMIIepaTypHbIe
W3MEpEeHMUS.

[Tpu ymensbinennn temreparypsi ot 300 K 1o 5 K Bpemst nedazupoBku Bo3pactaet 10 300 mic. g-dhakrop
IIpH 3TOM yMeHbInaercs 10 1.3 npu sHeprun GoToHa na3epHoro m3nydenus 2.48 3B. Taxke npu renmeBoil Tem-
neparype HabJII0AI0TCsl OCHMUIIIMY curHaa @D B HyJIeBOM MarHUTHOM II0JI€ C YITIOBOW YacTOTOM MOpsiIKa
7 pag/mic. DT0 MOXKET OBITh BBI3BAHO B3aUMOJICHCTBHEM CITMHOB HOCUTEINEH 3apsiia ¢ QIIyKTyallusiMH sIIEPHOTO
nosist. IsMepeHHast 4acToTa COOTBETCTBYET TUCTIEPCHH (IYKTyaImi sipepHoro moist pasHoi 30 mTo. [Tpu renm-
€BOH TeMIiepaType Taxke ObLIa H3MEpEeHa CIIEKTpalibHAS 3aBUCHMOCTD CIIMHOBON TMHAMHKH. g-(haKTOp TaK XKe,
KaK 1 IPY KOMHATHOW TeMIIEpaType, YBEITMUUBAETCS C POCTOM SHEPruH (poToHA j1a3epHOro usnyyenus. OgHako,
P HU3KUX TeMIIepaTypax yAaéTcs MpoAoJDKHUTh 3Ty 3aBUCUMOCTh BHU3 J10 3Hepruu E| mopsinka 2.35 3B, uto
COOTBETCTBYET LIMPUHE 3aNpelieHHOM 30HbI 00bEMHOT0 CSPhBr3. [Tpn HauMeHbIIel SHEPruy MbI MOTy4YaeM g-
(axTop paBHbIii 0.8, 4TO COBNaaeT ¢ AbIPOYHBIM g-(haKTOpOM B 00bEMHOM KpHucTaiuie. Takum 00pa3oM, MOKHO
cliesiaTh BBIBOJ, YTO B HAILIMX SKCIIEPUMEHTax HaOII0qaeTcs AbIPOYHas CIIMHOBAS MPELECCHS.

[1] S.R. Meliakov et al., Nanomaterials, 13, 2454 (2023).
[2] M. O. Nestoklon et al., Nano Lett., 23, 8218-8224 (2023).
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BnusHue quccunannu U penakcayyi Ha IMHAMUAKY B MOJIEJIN CITUH-
3apsAI0BOro KyOuTa B IBOMHOM KBAHTOBOM TOUYKE

Xomuukwuii 1. B.}, bactpakosa M. B .}, TMammn JI.C.!
YHHTY um. H. 1. Jlo6auesckozo, 603022, Huocnuii Hoseopoo, np. Iacapuna, 23

B HaHOCTpyKTYpax 3a c4€t cnuH-opOuTampHOro B3auMoaericteus (COB) ¢ mOMOIIBIO IIEKTPUIESCKOTO
TOJISI BO3MOYKHO COBMECTHOE YIIPAaBJICHUE CITMHOBOH U 3apsIOBOM TUHAMHKOW. B Hammx HemaBHUX paboTax
[1,2] 611 M3yUYeHBI PEIKHUMBI SBOJTIOIUH B IBOHHBIX KBAHTOBBIX TOUYKAX, IIPH KOTOPBIX BO3MOYKEH THOPUIHBIN
pPEe30HaHC ¢ IEPEBOPOTOM CITMHA ¥ TYHHETTUPOBaHHEeM. B maHHOM MOKITajie MBI TIPEACTABIIEM Pa3BUTHE ITUX
paboT C y4éTOM TUCCHUIALIMN U PETaKCalllU, pACCMATPUBask CUCTEMY KaK MOJIEIb CIIMH-3apsIOBOTO (THOPH/I-
HOT0) KyOuTa, TJIe CIMHOBAS ¥ MPOCTPAHCTBEHHAS (3apsiioBasi) MOJICUCTeMEBI CBsi3aHbl Yyepe3 COB u nepuou-
YEeCKOE€ DIIEKTPUYECKOE IoJIe. Y paBHEHHE IBOJIONNH TSI MAaTPHIIBI IDIOTHOCTH C onepatopamu JIlmanbmana,
OTBCUAMOIIMMH JMCCHUIAIIMU U pellaKcaliiu, umeeT Bu [3]

0 i z _
2= [H.p]+ 3 (r® Dlog1+ I Dlo1+e ™ Dio?])p, )

q=1

rrae 0=1,2 HyMepyIoT CIIHHOBYIO U 3apsIOBYIO IOACHUCTEMEI C TTOJTHBIM I'aMIJIbTOHHAHOM H, KOTOPOMY OTBe-
YaroT 36eMaHOBCKOE pacilleIUIeHue 41 MeXAy apoil ypOBHEH CITMHOBOTO KyOUTa M pacileIuieHue A, HKHEH
napbl YpOBHEH 3apsI0BOro KyOuTa, T.€. OCHOBHOE MOJNPOCTPAHCTBO CHCTEMBI COCTOUT M3 YETBIPEX COCTOSI-
auit. B (1) oneparopsr Jluna6nana umeror un D[a]p=apa*™—{a*a, p}/2, a marpunsl 6% =(c%+ i6%)/2 nocrpo-
ens! n3 Marpun ITaymu. TTapamerpsr 7%, 0603HaUaIOT ckOpocTH ()a30BOM M SHEPreTHUECKOH peaKcaIim
st moacucteM 1 u 2, a 6 ecth Temnepatypa TepMocTara. Ha puc.1 mokazaHa 3BOMIOLUS Z-IPOCKIUU CITUHA 07
1 KOOPJMHATHI X B MEPHOIUYECKOM TIOJIE C YaCTOTOW, OTBEYAOIIEH TIEPEBOPOTY CITUHA C TYHHEINPOBAHHEM
[1,2]. MoskHO BueTh, uTO 3 PEKThI peslakcaIiy He TOIbKO HAPYIIAIT KOTEPEHTHOCTh JMHAMUKH, HO U TIPH-
BOJAT K CTAaOMIIN3AIMH TIOJIOKHUTEIFHOTO 3HAKA MPOEKIMH CIIMHA B IIPABO KBAHTOBOW TOYKE, YTO SIBIISIETCS
MHTEPECHBIM U M0JIe3HBIM 3((dexToM. Takoe moBeieHne SBISETCS CIECTBHEM OBICTPOTO EPEeBOPOTA CIIMHA
C TYHHEJIMPOBAaHHEM B PE30HAHCHOM II0JIe M Oosiee OBICTPOId peakcalyy B 3apsAA0BON MOACUCTEME K TOJI0-
KEHUI0 MUHAMYMa B TPaBOi TOYKE 10 CPAaBHEHHUIO CO CIIMHOBOW penakcanueil. PaboTa BeIMONHEHA TIPY O~
nepxke ['ocynapcTeenHoro 3aganus MunoopHaykun PO FSWR-2023-0035.

(1) ] ]
0 100 200 300 400 500 600 700 0 0 100 200 300 400 500 600 700
T UT
Puc. 1. — Junamuka cpedneeo 3navenus (a) Z-npoekyuu cnuna u (6) KOOpOUHAMbL X, NOKA3AHHAS 015 Oe3-
ouccunamusHo2o cayuas (kpuswvie (1)) u c yuémom penaxcayuu, 20e kpussie (2) omseeuarom ouccunayuil
u penaxcayuu c napamempamu =100 mK, 19, =15 My, IV, =I'®,. /10, kpusvie (3) omseuaiom
19,.=30 My, 19, =r%,./10.

-1.0t

[1] D.V. Khomitsky and S. A. Studenikin, Phys. Rev. B, 106, 195414 (2022).
[2] D.V. Khomitsky et al, Phys. Rev. B, 108, 205404 (2023).
[3] V. O. Munyaev and M. V. Bastrakova, Phys. Rev. A, 104, 012613 (2021).
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[lepexon metanmia-nonynpoBoaHuK B Lai xCaxMnOzBo BHEIITHUX
AIEKTPUUECKUX MOJIAX

ITos3nep A.A.L, Bonkos A.T'., 3aiinesa H.A.!, Horosuusna T.A.}, Jlonatko 2.1
YVpanvcxuii pedepanvuviii yuusepcumem um. B. H. Enoyuna, 2. Examepunoype

AHanu3 pe3ynbTaToB nepBonpuHIKMIHBIX DFT-pacueroB mokaspiBaeT, 4to B cucteMe s(p)d — amek-
TponoB La; xCaxMnQOs, Hapsay ¢ ABOWHBIM 0OMEHOM, CBSI3aHHBIM ¢ CHIIbHBIM sd-B3anmMoeiicTereM [ 1] cie-
JyeT paccMaTpuBaTh XabO0apaOBCKHE KOPPEISIUU KOJUICKTHBU3UPOBAHHBIX d-3imektponoB. Mcxoms w3
3TOT0, YIUTHIBAsI TOMOJOTHYSCKHE OCOOCHHOCTH 3JICKTPOHHON CTPYKTYPhl PACCMATPHUBACMbIX MarHUTHBIX
MOJYIPOBOAHKUKOB [2] B maHHOH paboTe mosydeHo, uTo (a30BbI MarHUTHBIN mepexo u3 GeppoMariuT-
HOTO COCTOSIHHS B MTApPAaMarHUTHOE COMPOBOXKIACTCS (POPMHUPOBAHUEM MPOMEKYTOUHOMN (Ha3bl CO cTaTHUe-
CKUMH (ITYKTYaIMsIMH TIPOCTPAHCTBEHHOTO paclpeIe/ieH s CIMHOBOM IJIOTHOCTH (C JIOKaIbHOW HAMAarHHU-
YeHHOCTHIO MS). [TokazaHo, 4To MpH 3TOM 00pa3yOTCst 00JIACTH CTUHOBBIX KOPPEIISAIINiA, XapaKTepU3yeMbIe
¢bukcupoBaHHBIMU (azamMu beppu, 4TO HaXOMUT MOATBEP)KACHHE B HAOIIOAAEMOM B TOHKHX IUICHKAX
La; xCaxMnO; anomanbaOoM 3¢ dekte Xomna [3].

DJIEKTPOHHBIH MEPEX0 METAILI-MOTYIIPOBOIHUK SABIISCTCS PE3YJIbTATOM aHICPCOHOBCKOM JIOKAIH3a-
[IMH HOCUTEJIeH TOKa, BOSHUKAFOIIEH BCIICACTBHE PACCESIHUS S (P)-3JIEKTPOHOB MMPOBOAUMOCTH HA HEOTHOPOI-
HOCTSX MIPOCTPAHCTBECHHOTO paclpeelieHus III0THOCTH d-37eKTpoHOB. B naHHOM paboTe paccMOTPEHBI 0CO-
OCHHOCTH 3JICKTPOHHOTO MEPEX0ia BO BHEIIHEM AJIEKTPHUECKOM mojie. [loka3aHo, 4To Mpu 3TOM BO3HHKAET
YCHJIEHHE MarHUTHBIX (DIyKTyaluii, COnpoBoXaIaeMoe HarpeBoM oOpasiia. 3aliucaHo ypaBHEHHS TEIIOBOTO
OanaHca, U3 KOTOPOTO BBITEKAET BHIBOJ O HAIMYHE CBSI3M MEXIY CHJION TOKA M (IIyKTyallHsIMHU JIOKAIbHOM

HaMarHm4€HHOCTH.

i
1(0)

Ms(t)
M5(0)

1 L 1 1
100 200 f,ps 5 100 200 1, us

Puc.1 — Asmoxonebanus cunvt moxa (1), cpednexsadpamuueckou amnaumyovt ayKmyayuil 10KaibHoU
Hamaznuuennocmu naanapnozo obpasya Lao7CaosMNnOs pasmepom 1x1x0.01 mm>. 30ece nanpsicen-
Hocmwb dnexkmpuueckoeo noas E = 0.3 kB/m, uacmoma v=15 kly.

[TomyueHo, YTO B CTAIMOHAPHBIX YCIOBHUSX B MOJYIPOBOJHUKOBOH (ha3e BO3HMKAOT N-0O0pa3HbIe
BOJIbTAMIIEPHBIE XapaKTepuCcTUKU. B HecTannonapHeix ycnousx (dT/dt=0) BHemHee syekTpudeckoe moie
NPUBOAUT K aBTOKOJICOAHMS TOKA, JJOKAJIbHOW HaMarHW4eHHOCTH MS, KOTOopasi OIpe/ieNsieT CUrHaj CBsI3aH-
HBIW ¢ aHOMAJILHBIM TONoJIoTHYecKuM 3 dexToMm Xoa [3]. [TokazaHo, 4To 4acToTa aBTOKOJIeOaHH 3aMETHO
YBEIMYHMBACTCS C YBEIMYCHHEM BHEIIHETO MarHUTHOTO IOJIsI, IPUYEeM HalJICHHbIE 3HAYEHHS YaCTOT aBTOKO-
neGaHnil OKa3bIBAIOTCS HAa OJMH-BA MOPSIKA MEHBIIE 3HAYSHUIT YacTOT, IPH KOTOPHIX MPOBOJHIINCH U3Me-
PEHUA MAarHuTHOI'O UMIICIaHCA.

Pe3ynbrarel momydeHsl B pamkax 3aganus MunuctepcrBa Haykn n Beicmero O0pa3oBaHusi, KOHTPaKT
Ne FEUZ-2023-0015.

[1] H.T'. Bebenun, P. U. 3ainyinuna, B. B. Yemunos. Y@H 188, 8, 801 (2018).
[2] Topological Materials Database: https://topologicalquantumchemistry.com
[3] Han Wang et al. Progress in Materials Science 130 (2022) 100971.
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MaFHI/ITOCOHpOTI/IBHGHI/IC Ha IMOCTOAHHOM H IICPEMCHHOM TOKC B CCIICHUAC
Maprasia, 3aMCIICHHOI'O TYJIUCM C HGpGMGHHOfI BaJICHTHOCTLIO

Amecaun C.C., XappkoB A.M., CutHukoB M. H.
Cuol'V um. M. @. Pewwemnesa, 660037, Kpacnosapck, np. Kpacnospckuii pabouuti 31

Uccnenyercs BIUsHUE 3NEKTPUUECKON HEOTHOPOIHOCTH, KOTOPYIO MOKHO BapbHpOBATh HOHAMHU TEpe-
MEHHOH BaJICHTHOCTH, Ha MarHUTOPE3UCTUBHBIE S3QEKTHI B CEICHUIE MapraHiia, 3aMeLIeHHOrO TyjIueM. Ba-
JICHTHOCTh MOHOB TYJIHSI MEHSAETCS OT TPEXBAJICHTHOTO B TMS 110 AByXBaJIeHTHOTO B TMTE "epe3 mpoMexy-
TOYHYIO BaJIeHTHOCTh B TMSe [1]. JIyist cTabuinn3aiuu TpeXBaICHTHOTO COCTOSHUS BBOJUTCS HECTEXUOMETPHS
o kaTroHaM. @OopMHpPYETCs HECKOIBKO KaHAJIOB C Pa3HOM MOJBMKHOCTBIO M TUIIAMHU 3apsaoB. CBoOOOIHBIE
HOCHUTEJH 3aMOpPaXKMBAIOTCA B KaHaJIaX C BHICOKON MOJBHKHOCTBIO NMPU HU3KUX TemIiepaTypax. Marauroco-
[IPOTUBJICHNE, HHIYLUPYyeMOe OECHOPSIIKOM, PE3KO 3aBUCUT OT TEMIIEPaTypbl, UMEET HE MOHOTOHHYIO TEM-
NepaTypHYIO 3aBUCUMOCTb M HAaOJIOAAETCs IPU BBICOKUX TeMIlepaTypax. MacmTal 3/eKTpu4ecKoil HeoIHO-
POIHOCTH TpY HAJIMYMH B CUCTEME MHUTPALIMOHHOMN MOJIAPU3ALUH 110 Pa3HOMY MPOSIBUTCA B MarHUTOCOIIPO-
THUBJICHUH HA TIOCTOSIHHOM U IEPEMEHHOM TOKE.

B TBepaBIX pacTBOpax HECTEXHOMETPUYHOTO CEJICHUAAa MAPTaHLa, 3aMEILIEHHOr0 TyJINEM, OOHAPY>KEHBI
3JIEKTPUYECKH HEOJHOPOAHBIE COCTOSHUA U3 BAX XapaKTepuCTUK, HEIUHEHHOCTh KOTOPBIX MPOXOAUT YEPE3
MaKCHUMyM U KOPpETUupyeT MO TeMIepaType C IMOJ0KUTEIbHBIM MarHUTOCOIPOTHBIEHHEM Ha MOCTOSHHOM
ToKe. B MarHuTHOM MoJie yBeTUUMBAETCS PanyC dJIEKTPUUECKON HEOAHOPOAHOCTH B pe3yibTare JOKaIu3a-
LUH 3apsiia Ha JIOBYIIKAX B OKPECTHOCTH MOHOB TYJIHS, YTO IPUBOAUT K POCTY 3JEKTPOCOIIPOTHBIICHHS B Mar-
HUTHOM II0JI€ Ha IOCTOSIHHOM TOKE. BiusiHre MarHuTHOTO 10JIsl Ha IPOBOJMMOCTD Ha IIEPEMEHHOM TOKe 00Y-
CJIOBJICHO JIOTIOJTHUTEIIBHBIM BKIIQJIOM B PE3YJIbTaTe MATHUTOEMKOCTHOTO d(dekra [2]. I3mMeHeHne MarauTo-
€MKOCTH 00pa3ll0B KAYECTBEHHO OMMCHIBAETCSI B MOJIEJIM MarHUTORJIEKTPUIECKOT0 pe3oHaHca. PocT anekTpu-
YEeCKOH HEOJHOPOIHOCTH MPUBOIUT K CMEHE 3HaKa MarHUTOCOIPOTHUBIICHUS IO 4acTOTE M TEMIIepaType Ha
MIEPEMEHHOM TOKE. Y MEHBLICHHE 3JIEKTPOCOIIPOTUBIICHUS HAa IIEPEMEHHOM TOKE B MArHUTHOM I10JI€ CBS3bIBA-
€TCsI C pOCTOM JIMAJIEKTPUUECKON IPOHUIIAEMOCTH B pe3yJIbTaTe CMEIINBAHMs XOJIOBCKOTO COMPOTHBIICHUS
C TIPOJIOJIbHBIMH KOMIIOHEHTaMH ITPOBOJAUMOCTH.

U3 XonnoBckux U3MEpeHni HaIeHbl 00JIaCTH TEMIIEPATyp C JbIPOYHBIM M 3JIEKTPOHHBIM THUIIOM HO-
cuTesneld Toka. MakCUMyMBI ITOJIBM)KHOCTEH HOCUTENEH TOKa M MarHUTOCOIIPOTHUBIICHNSI HAXOAATCS B OJJHOM
oOacTtu TeMrepatyp. B o0macTi KoHIEHTpauy NPOTeKaH!sl HOHOB TYJIHS TIO PEIIETKE MOBIKHOCTD IKCIIO-
HEHIMAJILHO PACTeT MPH HarpeBaHWM OT KOMHATHOW Temrieparypbl. M3 MK criekTpoB ycTaHOBIIEHBI IBE Ya-
crorel W=1070 cm™ u 1270 cm™}, UHTEHCHBHOCTB KOTOPBIX UCYE3aET NPH HATPEBAHUH 10 Temrepatyp 360 K-
400 K. lanHble HHTEPIIPETUPYIOTCS B MOJIENHU JIOKATH3AINA JJIEKTPOHOB B TMSe kiactepax. Halinensr ya-
CTOTBI PUMECHBIX MOJ] KOJIeOaHuH oKTasipa TMSes 1 TeMIlepaTypbl HX CMSTYCHHS.

Jlokanu3zaius 3JIeKTPOHOB MPHUBOAMUT K JOMOJHUTEIHFHOMY BKJIaJy B MarHUTHYIO BOCIPHHUMYHBOCTB,
KOTOPYIO ONpENeNIUM U3 OTKJIOHEHHUS TapaMarHUTHOW BOCIIPUMMYHMBOCTH OT 3akoHa Kropu-Beiicca. lomon-
HUTEJBHBIM BKJIJ B BOCIIPHUMYHUBOCTE 00YCIIOBJIEH KOPPENALHUEH 3IEKTPOHOB U JABIPOK B INIyOOKHX JIOBYII-
Kax, KOTopas ncye3aer B 00jacTu remnepatypsl cmsruenus UK mog.

Pabora nognepxkana Poccuiickum Hay4dHbIM oHaoM, [IpaButensctBom KpacHospckoro kpasi v Ipoek-
tom KpacHosipckoro HayuHoro ¢onma Ne 23-22-10016.

[1] S. Lebégue et. al., Phys. Rev. B 72, 245102 (2005).
[2] S.S. Aplesnin et. al., J. Mater. Sci.: Mater. Electron., 34, 284 (2023).
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[1nenku Buga heppoMarHeTUK/TSHKENbIA METall Kak (PyHKIIMOHAJIbHbBIE
CJIOU MOJTYNPOBOJHUKOBBIX TPUOOPOB OMTOIEKTPOHUKHU

3noposeiimes A.B.}, Jopoxun M.B.}, Kynpun A.B.}, Temupszesa M.I1.2, Temupsizes A.T.?
‘HU®THU HHT'Y, 603950, Huscnuii Hoezopoo, np. I'acapuna, 23, kopn. 3

2Opazunckuiil punuan UPD um. B. A. Komenvnuxoea PAH, 141190, ®pazuno, na. Bsedenckozo 1

HccnemoBanre MHOTOCIOWHBIX TOHKUX (heppoMarHUTHEIX TuieHOK Truiia CoPt(Pd) sBrsercs akTyanHoit
3ajaueii HAHOCTUHTPOHUKH. VIHTepec K TAKUM IIJIeHKaM 00YCJIOBJICH X YHUKAJIbHOW MarHUTHON CTPYKTYPOH,
Onaronapst KOTOPOH OHM UMEIOT SIPKO BBIPRKEHHYIO aHU30TPOIHI0 HAMAarHUYEHHOCTH C OCBIO JISTKOT'0 Hamar-
HUYMBAHMSA, PACIIOIIOKEHHOM MEPICHIUKYJIISIPHO INIOCKOCTH POCTa JaXKe MPU HEOOJIBIINX TOJIIUHAX IIJICHKH.
[1] MarauTHble CBOWCTBA TaKMX IJICHOK COXPAHSIOTCA IPU TEMIEpaTypax, 3HAYMTEIbHO MPEBBIIIAONINX
KoMHaTHYI0. [lockonbKy B KauecTBe TSDKEIOr0 MeTaijla MCIOoJb3ytoTcsi O6maropoansie metaymisl (Pt, Pd),
IUIEHKU TaKOTO TUTIA 00J1a1al0T MOBHIILIEHHOW KOPPO3HMOHHOM CTOMKOCTHI0. briaronapst Hanu4auio MexQasHoro
oOMeHHOT0 B3auMojeicTBHs J[3sutommHcKoro-Mopus [2] MeXIy aToMaMH METaJUIOB B TAKHX TUIEHKAX BO3-
MO>KHO CYIIECTBOBAaHHE CTAOMIIBHBIX P KOMHATHOM TEMIIEPATYPe «CKUPMHOHOBY.

®deppomarautHeie ciion CoPt(Pd) umeroT orpoMHOE KOTMYECTBO MOTEHIMAIBHBIX MPUMEHEHHUH B ca-
MBIX Pa3HOOOpAa3HBIX OOJIACTAX HAYKU M TEXHHKH. B Hacrosimei paboTe uccienyemble ieHKH Obutn chop-
MHUPOBAHbI METOAOM 3JIEKTPOHHO-TY4€BOI0 MOIEPEMEHHOTO MCTIAPEHUs] MUILIEHEH U3 BBICOKOYMCTBIX MaTe-
pHAaJIOB B BBICOKOM BaKyyMe, B OTJIMYHE OT 00Jiee pacpOCTPaHEHHOTO B JINTEPAType METOJa MarHeTPOHHOTO
pacnbuieHus1. [I[puMeHsseMbIi HAMH METOJI SIBISETCS HU3KODHEPreTHYECKUM (IHEPTHH HCIApsIeMbIX aTOMOB
«reruoBele» okono 0,1 3B), B To BpeMs Kak HCHONB3YEMbIE B METOJIC MarHETPOHHOTO PACIBIIICHUS MHHH-
MaJIbHbIE BEJIMYMHBI SHEPTUH HA MOPSAAOK BBIIIE. DTO MO3BOJIIET HAHOCUTD IUICHKH, COAEp Kalllue Takue AuQ-
($y3uOHHO-aKTUBHBIEC MaTepuaibl, Kak Co, ake Ha MOBEPXHOCTh CBETOM3IYYAIOIIUX I'€TEPOHAHOCTPYKTYD
C TOHKMMH TIOKPOBHBIMH CIIOSIMH, 3aKPHIBAIOIIUMH aKTHBHYIO 00J1aCTh CBETOIUO/A.

B paboTte npuBeieHbI pe3ynbTaThl U3MEPEHHI OCHOBHBIX CBOMCTB mosrydaeMbIx mieHok CoPt(Pd) u mo-
Ka3aHbl BO3MOXKHOCTH MX IIPUMEHEHHUS B KadecTBE (DYHKIHOHAIBHBIX CJIOEB IPOTOTUIIOB ITOJIyIPOBOIHUKO-
BBIX NPHOOPOB OMNTO3IEKTPOHUKH M cuHTpoHWKH. Ha ocHoBe tuieHok CoPt(Pd) u rerepoctpykryp In-
GaAs/GaAs Hamu ObLIH peaii30BaH s 0A30BbIX MPUOOPOB CIIMHTPOHUKHU: CIIMHOBBINA CBETOHM3ITYYAIOIINIT
muoj [1] ¥ AeTeKTop UUPKYJISPHO-TIONSIPU30BAaHHOTO M3ydeHus [3]. PacCMOTpeHBbI MX MPHUHIUIBI PaOOThI
1 OCHOBHBIE XapakTepUCTUKU. OTMETHM, YTO BeIMYMHA 3()(HEKTUBHOCTH IETEKTUPOBAHUS MPEICTABICHHBIX
HamM# 00pa3LoB JETEKTOPOB COOTBETCTBYET MUPOBBIM JIOCTHXKEHHUSIM B 1aHHOM obOnact ~ 1% [4]. cnoab3o-
Banue CoPt B kauecTBe MOKPBITHS 30HJ/Ia MArHUTHO-CHJIOBOTO MHUKPOCKOIIA TTO3BOJIUIIO CO3/1aTh 30HABI [5],
HUMEFOIIME MaJlblii MAarHUTHBIA MOMEHT, YTO MO3BOJISIET [TOJy4YaTh MarHUTHBIE H300pakeHus 0€3 HCKaKeHUH
JOMEHHOM CTpYKTyphl. CKOMOMHHpPOBaB MAarHUTOPE3UCTUBHBI 3JIEMEHT W CIIMHOBBI CBETOIMO[
(InGaAs/GaAs) ¢ umxektopoM Ha ocHoBe mieHkn CoPd, ObuT co3man mpubop, XapakTepH3yroLIuiics Je-
TBIPHMSI COCTOSIHUSIMU B 3aBUCUMOCTH OT BEJIMUMHBI M HAPaBJICHUs] MArHUTHOTO 11oJis [6]. Biaromapst cuib-
HOMY TepMoMarHutTHoMy 3¢ dekty Heprcra-Drrunreraysena B mienkax CoPt (12mkB/K) [7], Obuiu 13rotos-
JICHBI MIJICHOYHBIE TEPMOINPE0Opa3oBaTesin, KOHKYPHUPYIOLIHE C MTOTYIIPOBOJHUKOBBIMHU.

Pabota BeimonHena npu puHaHcoBoi nmoanepkke rpanta PH® Ne 21-79-20186.

[1] M. B. Hopoxun, M.B. Beow, I1.5. Jlemuna u op., @TT, 59 ewin. 11, 2135 (2017).

[2] Kanenmvesa U.JI., Buxposa O.B., [lanunos FO.A. u op., ®TT, 64 evin. 9, 1304 (2022).

[3] A. B. Kyopun, A. B. 30oposeiiwes, O.B. Buxposa u op., @TT, 60 eévin. 11, 2236 (2018).

[4] R. Farshchi, M. Ramsteiner, J. Herfort, A. Tahraoui et al., Appl. Phys. Lett., 98, 162508 (2011).
[5] E. A. Mamonos, B. b. Hosukos, A. H. Matiovikosckuil u Op., KOTD, 163 svin. 1, 41(2023).

[6] Hopoxun M. B., Bedov M. B., 30opogetiues u op., Ilamenm Ne2748909, /1. p. 01.06.2021.

[7] FO. M. Ky3neyos, M. B. Jlopoxun, A. B. 30oposetiwes u op., YOH, 193 swin. 3, 331 (2023).
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MoenupoBaHKe CIIMH-CIIMHOBBIX B3auMozciicTeuii B CdTe

Basxun I1.C.Y, JTutesixk B.M.!, Kapokun K.B.!
Y Canxm-Ilemepbypeckuii 2ocyoapcmeennviii yuusepcumem, 199034, Canxm-Ilemep6bype

OOBIYHO UCCIIeZIOBaHUE SACPHBIX CITMH-CITMHOBBIX B3aUMOIEHCTBHIA MPOBOAUTCA METOIAMHU SIIEPHOTO
MarHuTHOTO pe3oHanca (SIMP) B 6oip110M BHEIITHEM MarHUTHOM IT0J1e. Hanmnane cimH-CIMHOBBIX U KBaPYy-
MOJILHBIX B3aUMOACHCTBHUM npuBoaAuT ymupeHuto AMP nuHun unu noseiaeHuio y He€ catesmutoB. OqHAKO
B IIPUCYTCTBHE CHJILHOTO MarHUTHOTO MOJISI POSIBISIETCA TOJBKO CEKYJsIpHas 4acTh STUX B3aUMOJICHCTBUIM.
Oxa3pIBaeTcs HHTEpEeCHBIM BOIpoc o Bune SIMP criekTpoB B cirydae, KOrza 3eeMaHOBCKOE B3aMMO/ICHCTBHE
OTCYTCTBYET WJIM CPAaBHIUMO TI0 BETMYHHE CO CIIMH-CITMHOBBIM B3aMMOIECHCTBUEM SIZIEp.

B nmanHoit padbote paccmarpuBaetcs coequrenne CdTe. OHO MHTEpECHO TI0 ABYM IpHunHaM. Bo-mep-
BBIX, CITUHBI BCEX MarHUTHBIX siJiep B HEM paBHBI 1/2, 13-3a 4ero siipa He y4acTBYIOT B KBaJpYyIMOJLHOM B3au-
MOJIEWCTBUU ¥ MOXXHO M3y4YaTh HEMOCPEICTBEHHO SJIEPHbIE CIIMH-CIIMHOBBIE B3aMMOJeicTBH. Bo-BTOPHIX,
JIMIIb MaJiasi 9YacTh sACP SBISCTCS MarHUTHBIMU: mpuMepHO 25% simep Cd u 8% simep Te. DTo 103BOIHIO
YOPOCTUTH pacy€T B3aumoaericTuii B SICC.

OCHOBHOH pe3ynbTaT paboThl 3aKII0YAETCs B pacY€Te CIIEKTPOB MOTJIOIIEHHS IEPEMEHHOTO MarHuT-
Horo moJist oopasiiom CdTe B HyJIeBOM U ¢1ab0M MarHUTHBIX MOJISIX. PacyéT OCHOBaH Ha KIIACTEPHOU MOJIEITH
SIZICPHOM CIIMHOBOW CHCTEMBI. M3-3a HU3KO# pacmpoCTpaHEHHOCTH MarHUTHBIX u30TonoB Cd u Te BeposT-
HOCTHh OOHAPYKUTH OOJBIIIOE KOJMYECTBO MAarHUTHEIX SIEp PAAOM IpyT ¢ apyroMm maina. [lostomy mMoxkHO
MPEJCTaBUTh, YTO BCS SIICPHAS CIIMHOBAsI CHCTEMA COCTOUT U3 KIIACTEPOB, COCTOSIIMX M3 HEOOJBIIOTO Yhcia
MarHMTHBIX sjiep. Tak Kak CIIMH-CITMHOBBIC B3aUMO/ICHCTBYSI JOBOJILHO OBICTPO CIAIA0T ¢ YBEIIMYCHUEM pac-
CTOSIHUS MEXITy SIIPAMH, TO MOKHO CUHUTATh, UYTO OTJEIbHBIE KIACTEPHI MKy COO0H He B3aUMOJIEHCTBYIOT.
B pacuére yunuTteIBanuCh KiacTepbl, COCTOSIIME U3 2, 3, 4 U 5 a1ep, a Takke OAUHOYHBIE siapa. i Kaxaoro
KJIACTepa 3allUChIBAJICS TaMHJIFTOHUAH, BKIFOYAIONIUHN B ce0sl B3aUMOJICHUCTBUE SICP ¢ BHEITHUM MarHUTHBIM
moJIeM, IpAMOC JUITOJIb-AUIIOJIBbHOC U KOCBCHHBIC (O6M€HHOC u HCGBI[OILI/IHOJII)HOG) CIIMH-CIITMHOBBIC B3aNMO-
NEHCTBHS, M YUCICHHO HAXOAMIIUCH SHEPTUN U COOCTBEHHBIE (PYHKIINU CTAIlMOHAPHBIX cocTosiHMMA. [locTosH-
HbIE KOCBEHHBIX CIUH-CIIMHOBBIX B3aUMOJICHCTBHI Opanuch u3 padotsl [1]. ITocie 3TOro paccuuThIBAINCH
YaCTOTHI IEPEXOA0B MEKAY COCTOAHUAMU U X MHTCHCUBHOCTU I1OJ Hel\/’ICTBI/IHMI/I MEPEMECHHOI'0O MarHuTHOT'O
niostst. JIist MpoOBEPKY MOJENH 3TH CIIEKTPBI CPABHUBAINCH C PE3YJIBTATAMH SKCIIEPUMEHTA 110 OIITUYECKOU pe-
ructparuu IMP cniekTpoB. B skcriepiMenTe Hemob30Baiach METOUKA, TIO3BOJISIONIAS, B OTIIMYNH OT KJ1ac-
cudyeckoro SIMP, mosyudaTh CHEKTphI B HYJIEBOM M CIa0bIX MAarHUTHBIX MOJsAX [2]. DKcriepuMeHTAIbHbBIC
Y TEOPETUYECKUX PE3YIbTAThI COTIACYIOTCS APYT C JPYTOM.

Pabora noguepskana rpanrom PH® 22-42-09020.

[1] A. Nolle, Z Physik B 34, 175-182 (1979).
[2] V. M. Litvyak et al., Phys. Rev. B 104, 235201.
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Ontrnueckas OpHCHTaNUsA CIIMHA JJICKTPOHOB B TCPMOMCXAHNYCCKU
HanpsokEHHBIX NapKSb(Cs,Sb) dporokaTomax

Kycros 1. A.Y, Pyceukuii B.C.}, F'onsmos B. A, Posxkos C.A.L, baxun B.B.!, [laii6nep I'.D.1,
Anbrieposuy B.J1., Illamupsaes T.C.}, Tepemenko O.E.?

‘UI CO PAH, Hosocubupck, 630090, np. Ax. Jlaspenmuesa, 13

Coznmanne 3(pPeKTUBHBIX UCTOYHUKOB CITHH-TIOJISIPU30BAHHBIX JICKTPOHOB IS MCCIEAOBAHUHA B (-
3WKE TBEPAOrO Tella M BHICOKMX JHEPTHUU SBJSCTCS aKkTyalbHOW 3amavedd [1]. Panee Obuto mokaszaHo, 4To
B NaKSb(Cs,Sb) dorokaToae HabMOAa€TCA ONTHYSCKAs OPUCHTAIMY CIIMHA 3JICKTPOHOB [2]: CTEIeHb Iup-
KyJIIpHO# nossipuzanuu GotomomuHectieHnu Por B Na,KSb ciioe mocturaer 23%, a monsipuzaiuist 31eKTpo-
HOB Pe, sMuTHpOBaHHBIX B BakyyM m3 Na,KSb(Cs,Sb) dorokaroma, cocrasmser 40-50%. UsBectHo, uTO Me-
XaHUYECKOE HAIMPSDKCHUE MOTYIPOBOJHUKOBOTO (DOTOKATO/A MPUBOJIUT K PACINEIUICHUIO BAJICHTHON 30HBI
u yBenuueHuto Pon u Pe [3]. B manHO# paboTe uccieayercs TeMnepaTypHasl SBOJIIOIUS MOJISIPU3AINH dJICK-
tpoHOB B Na2KSb(Cs,Sb) doTokaTome Ha cTeke, BOSHHKAIOMIA N3-32 TEPMOMEXaHWICCKUX HAPSHKESHU.
W3Mepenust NpOBOAMIKCH Ha ITAHAPHBIX BAKYYMHBIX (OTOAMOIAX

[2]. B kauecTBe (hoTOKaTO/I0B HCHONB30BaTUCh ToHKUE (~ 100 HM) cioun
Na,KSb, BelpamieHHble Ha cTekiie U akTuBUpoBaHHbie Cs 1 Sb 10 cocTosi-
HUS OTpUIaTensHOro 3ddexTuBHOrO 3MekTporHOro cpoactea (0OOC). B
KauecTBE aHO/Ia NCTIOIB30BAIIMCH MMPUBapeHHBIE K cTekiTy ToHKHE (200 HM)

cion Alo11GaogeAs, KOTOpBIE OBUTH aKTHMBUPOBAHBI A0 cocTosHus ODC.
Hns onpenesneHust Pe SMUTUPOBAHHBIX (DOTORIIEKTPOHOB W3MEPSIIUCH TI0-
JISIPU30BaHHBIE CIIEKTPHI KaTojoitoMuHecieHnnu u3 Alg11GaogeAs aHO-
noB. Jliis kanuoposku Pe ucnonb3oBaics horoauon ¢ ToHKuM (~ 500 Hm)

nonynpo3padabiM GaAs(Cs,0) GpoTokaTomoM Ha CTEKIIE.

-30 . J \ . .
1,30 1,35 1,40 145 1,50 1,5 IMpu oxmaxnaenun g0 10 K monspuszaius (OTONMIOMHHECICHIMH

hw, 3B (DJT) Pox B ciosix GaAs u Alo,11GaogeAs Ha cTekie Bo3pactaet 10 +35%

Puc. 1. — Cnexmp u cme-
nenv noaapuzayuu DJI

NaxKSb(Cs,Sb) pomoxa-

mooa

n +30%, coorBeTcTBeHHO. B cnoe NaKSh Pgj MeHseT 3HaK 1 1OCTHraeT -
32% B munumyme (Puc. 1). 3nauenve Moxymst Poy Gombine 25% yKasbl-
BaeT Ha pacIlelyicHHe BAJICHTHOW 30HBI 332 CUET TEPMOMEXaHUYECKUX
HanpspkeHuil.  Ilomsapuzammst Pe  9MeKTpOHOB, 3MUTHPOBAHHBIX U3
Na-KSb(Cs,Sb) doTokaTona, Tak k€ MEHSET 3HaK MPH OXJIAXKICHUH, OJHAKO CYLIECTBEHHOTO YBEIMUYECHUS MO-
nyist Pe o cpaBrenuto ¢ T = 300 K He HaOmomaercsa. Cmena 3Haka Poy 1 Pe B Na2KSb(Cs,Sb) dorokarone yka-
3bIBACT Ha TO, YTO MPU HU3KHUX TEMIIEpaTypax 30Ha JIETKUX JbIpoK (J = 3/2, My = £1/2) nexuT BbIlIE 30HbBI TSHKE-
JbIX ABIpoK (J = 3/2, my = £3/2) B cnoe NaKSb. Takum ob6pazom, npu oxnaxaeHuu cioit Na,KSb ucnbithiBaet
JBYOCHOE PACTsDKEHHUE M3-3a OOJBIIEro, 4YeM y CTeksa, K03 HIueHTa TeImIoBoro pacmupenus. OTMETHM, YTO
Ha0Ir0JaeMBI IOPSZIOK CIIEIOBAHUSI 30H B HanpshkeHHOM ciioe NapKSb He siBisieTcst onTHMaIIbHBIM JUTS IOCTH-
JKEHUsI BBICOKOM mosisipu3aruu Pe [3]. Hamu pesynbrathl ykaseiBaroT, 4to poctT NaKSb Ha nojyioxkke ¢ ko3d-
(PULMEHTOM TEIUIOBOro pacmupeHus 0onbiuM, 4eM y NaKSb, MoxeT NpHBeCTH K CyLIECTBEHHOMY yBEIHYe-
HUIO Pe SMUTHPOBAaHHBIX 3JIEKTPOHOB.
Pabora nmognepkana rpantom PH® 22-12-20024.

[1] P. Musumeci et al., Nucl. Instrum. Methods Phys. Res. A., 907, 209, (2018).
[2] V.S. Rusetsky et al., Phys. Rev. Lett., 129, 166802 (2022).
[3] F. Meier and B. P. Zakharchenya, Optical Orientation, North-Holland, Amsterdam (1984).
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Heymnopsimouennpiii aHTU(EPPOMarHeTU3M B JICTUPOBAHHBIX
MOJIYITPOBOJHUKAX. METO/ INIOTHOCTU COCTOSTHUAM

Borocnoseknii H. A., Tletpos I1.B., ABepkues H.C.
OTU um. A. . Hogpgpe, 194021, Canxm-Ilemepbype, [lonumexnuueckas yu.,26

B pabote TeopeTruecku uccieayercss 0OMEHHOE B3aUMOJICHCTBUE B CHCTEME HEYIOPSIOUCHHBIX Mar-
HUTHBIX MOMEHTOB C aHTHU(EPPOMArHUTHBIM XapaKTEPOM B3aMMOACUCTBUS. TUITUYHBIM TPUMEPOM TAKOU CH-
CTEeMBI SIBJIIETCS] IIPUMECHBIH MTOTYIIPOBOJHIK, Y KOTOPOTO MAarHUTHBIE CBOWCTBA CBSI3aHBI C OOMEHHBIM B3aH-
MOJEHCTBUEM NPUMECHBIX aTOMOB. B HacTOSIIMKA MOMEHT JJIs1 ONMMCAHMUSI MATHUTHBIX CBOMCTB HEYNOPSAO-
YCHHBIX CHCTEM, KaK MPaBIJIO, HCIOB3YIOT (DEHOMEHOJIOTHYECKYI0 Moienb bxarra u JIu, koTopas npejicka-
3BIBACT CTEMEHHYIO 3aBUCHMOCTh MarHUTHOW BOCIIPHMUMYHBOCTH OT TemiepaTypsl [1]. B nameit HegaBueit
pabote [2] ObLT PETOKEH METOT PACUETa CBOWCTB HEYOPSIOUECHHBIX CHCTEM, OCHOBAHHbII Ha BEIYMCIICHHN
IUIOTHOCTH COCTOSIHMIA cHcTeMBI ((€,M) B 3aBUCHMOCTH OT 3HEPTHM W MarHMUTHOTO MOMEHTa. B HacTosimeit
paboTe MBI MPUMEHITU 3TOT METO/T JIJIsl pacuéTa MarHUTHON BOCIIPHMMYHBOCTH CHCTEMBI HEYTIOPSTIOUCHHBIX
MarHUTHBIX MIpUMeceli ¢ aHTH(EepPOMAarHUTHBIM XapaKTepoM B3auMoJIeiicTBUS. BepoaTHOCTh HaXOAUTCS CH-
CTeMe B COCTOSIHUY C OIIPEJIeIICHHON YHEepPTruell 1 MarHUTHBIM MOMEHTOM OITUCBIBAETCS pactpeaeiaeaneM [ nb-
Oca. 3Hasl MIIOTHOCTh COCTOSIHWI CHCTEMBI, HAXOJIUM CpPEIHHE 3HAUYeHUS Pa3lIMYHBIX mapaMeTpoB. Tak mis

MarHUTHON BOCIIPHHMYHBOCTH B HYJICBOM MarHUTHOM TI0JIe TTONTydaeM Beipaxkenne y = Nz [ J. 1 (t + 1) .

3aBUCHMOCTh MAarHWTHOH BOCHPHMMYHBOCTH OT TEMIIEPATyphl 3KCHEPHUMEHTAIBHO HCCIIEI0BANIaCh
B KPEMHUH, JICTUPOBAaHHOM npumechio (ochopa Si:P. Ha puc. 1 mokazana 3aBHCUMOCTh 0OpATHOM BOCIIPH-
MMYUBOCTH OT TEMIIEPATYPBI IIPU PA3IMUHON KOHLIEHTPALMH IPUMECH. TOUKH — 3KCIIEPUMEHTAIIBHBIE JJaHHBIE
[3], cruoIHbIE TMHUN — TEOPETHUECKas 3aBUCHUMOCTD. SHAUCHHS JUTA KaXI0W KOHIIEHTPAIMA HOPMHPOBAHEI

Ha BOCIIPUMMYHMBOCTH CBOOOIHBIX MarHUTHBIX MOMEHTOB Iipu TeMiepatype 1 K. Bennuuna cpeaneii sneprun

0OMEHHOr0 B3aUMOAEHCTBHUSL J, paccMaTpuBa-

140 183
J1ach KaK IOJrOHOYHBIA TTapaMerp, OOIui ais » ™ '02 P
120 =i
BCeX KpuBbIX. [IpH OnMMcaHun 3KCIIEPHMEHTAITb- . 276
i 4 340
HBIX PE3yNbTAaTOB Mbl ywid, 4t0 mpu jgocra- | _ ' v 361
-
TOYHO BBICOKMX KOHIICHTPAIMSAX TpHMecH Oy- = 80+ < :2;
2 > S
JIET TIPOUCXO/UTh TIEPEXO]] METAILI-TUIIIEKTPUK 2 60+ s 4,60
o 2 - - - curie law
Y 9acTh MpUMeceil Oy/IeT IepexoIuTh B METall- 2 40l
arveckyro ¢asy. Berenctsue HeymopsimodeH- 2
HOCTH CTPYKTYPbI IEPEX0/] OYIET IPOUCKOHUTH
0 1
nocreneHno. [loaTomy mpu pacyérax Mbl BBEIH 0 10

T, K
Puc. 1. — obpamuas macnumunas 860CNPUUMHUBOCTD NPU
PAasnuuHol KonyeHmpayuu gocgopa 6 3agucumocmu
om memnepamypbi.

rnapameTp — J0JisI MarHUTHBIX MOMEHTOB B U30-
JSATOpHOU (ha3e, KOTOPBIH HCIIOJIBL30BAN KaK
BTOpOM NMOATOHOYHBIN napameTp.

Pabora momnepxkana rpantom PH®
Ne23-22-00333

[1] Bhatt R. N. and Lee P. A., Phys. Rev. Lett., 48, 344 (1982)
[2] Bogoslovskiy N. A., Petrov P.V. and Averkiev N.S., Phys. Rev. B, 109, 024436 (2024)
[3] Roy A. and Sarachik M.P., Phys. Rev. B, 37, 5531 (1988)
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MoenrpoBaHHE IEKTPOHHOTO TIEPEHOCA YEPE3 JIOKATTU30BaHHbIC
B3aUMOJICHCTBYIOIINE COCTOSHUS KBAHTOBBIX TOUYEK B (hOpMaTM3MeE
MICEB/I0OYACTUYHOM HEPABHOBECHOM JHMArPAMMHOM TEXHUKHU

Komuunckuii U.J1.%, Illopoxos B.B.}
Ydusuueckuii paxynomem MI'Y um. M. B.Jlomonocosa, 119991, Mockea, I'CII-1, Jlenunckue 2opwl, 0.1/2

OnHUM 13 EPCHEKTUBHBIX HAIIPABICHUH HAHO3IEKTPOHUKH U KBAHTOBBIX BBIYMCIICHUH SIBISIETCS pa3-
paboTKa OAHOZJEKTPOHHBIX BBIYMCIUTEIBLHBIX U CEHCOPHBIX 3JIEMEHTOB, B KOTOPBIX KOJMpPOBaHHE M 0Opa-
0oTka MH(GOpPMALMK OCHOBBIBACTCS Ha MAHUMYJISIHUU DJICKTPUYESCKUMH 3apsiiaMH M CHHHAMHU OTAEIbHBIX
371eKTpOoHOB. IIpuHINI paboThl ONHOINEKTPOHHBIX YCTPOICTB ONMPAETCsl HA HAJIMYHME CYIIECTBEHHBIX KyJIO-
HOBCKHX KOPpEJLUNA B 00beKTaX MOHIKEHHON Pa3MEPHOCTH, I'I€ 3JEKTPOHBI JIOKAJIM30BaHbI CTPYKTYpHO. B
TaKuX 00BEKTaxX XapakTepHasl KyJIOHOBCKasi U OOMEHHas SHEPTHH, a TAKXKE SHEPTHUsI pa3MEPHOTO KBAHTOBAHUS
MPEBBILIAIOT BEIMYMHY TEIUIOBBIX (QIYKTyaluii MUHUMYM Ha MopsAoK. PaboTa mmupokoro kiacca oJHOAIIEK-
TPOHHBIX M CIIMHOBBIX YCTPOMCTB BKIIOYAET IIPOTEKAHUE TYHHEIBHOTO TOKA Yepe3 HECKOIBbKO 001acTei Jo-
KaJIN3aliy JJIEKTPOHOB: KBAHTOBBIX TOYEK, 3aPJ0BBIX IIEHTPOB B BEICOKOMOJIEKYIISIPHBIX COEANHEHUSAX, O H-
HOYHBIX UMITAHTUPOBAHHBIX IPUMECHBIX aTOMOB B KDEMHHU.

B nacrosiield pabote mocTpoeHa MoJIeNlb OJTHOW MJIM HECKOJIBKUX KBAHTOBBIX TOUEK MEXKIY TYHHENb-
HBIMH 3JIEKTPOAAMH U 3aTBOPAaMH, TMHEHHO CMEIAIONIMMH SHEPT€THUYECKHE CIIEKTPBI KBAHTOBBIX TOUEK. TyH-
HeJIbHBIE Oapbepbl MapaMeTPHU30BaHbl HA OCHOBE CBOCH MPO3PAaYHOCTH, @ KyJOHOBCKHE M OOMEHHbIE YHEPTUU
OLICHEHBI Yepe3 IByX4YaCTHUHBIE MHTETPAIIbI MKy TayCCOBBIMH MPUMUTHBAMU 1S BOTHOBBIX (DyHKIIUH ¢ pas-
JINYHOMW JJIMHOW JIOKanu3auuu. MoJeabHbIi raMWIbTOHUAH 3allMCaH ¢ YYETOM TYHHEJIBHOI0, KYyJIOHOBCKOTO
1 0OMEHHOT'O B3aWMOJICHCTBHH B BUE CHHTe3a 0000mEHHBIX [1] Monenelt Xabbapaa u Anaepcona. [Tyrém
HEeJMHEWHOW 3aMeHBI OTIepaTOPOB 337a9a OTOOpaKeHa Ha CHCTEMY BCIIOMOTATENBHBIX IICeBaoYacTHil [2,3], HO
BIIEPBBIC BMECTO HaOOpa Xab0apJOBCKUX y3JIOB PACCMOTPEH €AMHBIA MHOTOYaCTUYHBIA KBAHTOBBIN KIIacTep.

B pamkax cTauuoHAapHON HEPABHOBECHOW JIUarpam-

%)

. +1.0 <2
MHOW TexHWKH Kennpima [4] mpoBeAeHBl YHCIEH- 2 +40 =
HBIE Pacy€Thl JEKTPUYECKOrO M CHHHOBOTO TOTO- | 1 _ 4,5 105 °
KOB Y€pe3 CHCTEMY, YUCEIT 3alIOJHCHHUS SHEPreTH-4e- 2 dEe=mb s

o o I' ~ 10 unB S

CKHMX YPOBHEH KBAHTOBBIX TOYEK U MHOTODIIEK-TPOH- 3 *0| A. _4yop +00 %
=3

HbIX KoppenstopoB. Ha pucynke npencrasiena pac- =, | 7 =K z

K g20| By=20Ta -0.5 &

4€THas 3aBHCHMOCTH CITMH-TIOJSIPU30BAHHOTO TOKA 2 s

=3 2

4yepe3 MHOTOYPOBHEBYIO KBAHTOBYIO TOUKY OT IOTeH- = 4 10 &

=

[AAJIOB 3JIEKTPO10B. CIIMHOBHIN MOTOK MEHSIET 3HAK 460 480 500 520 540 560 580 5

IMorenunan 3atsopa V,, MB
IIpu yHOnpaBJICHHUU 3aTBOPOM, UTO JEMOHCTPUPYET pa-

00Ty MHOTORJICKTPOHHOH KBAHTOBOH TOYKH B PeXKHMME CIIMHOBOTO (HIbTpa. B mporpammHoii peanuzamm Mo-
J€JH JIOCTUTHYTHI TPOM3BOIUTEIBHOCTD U CTAOMIBHOCTb, JOCTATOYHBIE ISl CTAIMOHAPHOTO Pacu€ra OTKPHI-
THIX KOPPETUPOBAHHBIX KBAHTOBBIX CUCTEM CO CPETHUM YHCIIOM DIIEKTPOHOB nopsiika 10. PesynbraTs pacué-
TOB IOJIE3HBI TIPH MTOUCKE pabovero pexxumMa CIUHOBOIO KyOUTa Ha JBYX U 00Jiee KBAHTOBBIX TOYKaX.
HccnenoBanue BBITOIHEHO NPH MOAAEPKKE MEKIUCIMIUTMHAPHON HAyYHO-00pa30BaTEIbHOM IKOJIBI
MockoBckoro yHuBepcutera «@DOTOHHBIE M KBaHTOBBIE TexHonoruu. LludpoBas menununa» W npu moa-
nepxkke rpanTom Ne 23-1-2-20-1 donna pazsuTus TeopeTrHueckor Gu3nku u MatemMatuku «BA3UCy.

[1] Yang Sh., Wang X., Das Sarma S., Phys. Rev. B, 83 (16), 161301 (2011).
[2] Abrikosov A. A., Physics, 2 (1), 21 (1965).

[3] Wingreen N.S., Meir Y., Phys. Rev. B., 49 (16), 11040 (1994).

[4] Kenowiw JI. B., Sov. Phys. JETP, 20 (4), 1018 (1965).
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OnTHyeckasi OpUEHTAIUs CIIMHOB BO30YKIEHHOI'O COCTOSHHS HOHA
maprasia B (Zn, Mn)Se npu pe3oHaHCHOM (POTOBO30YKICHUN

Ko3bipeB H.B., bapsinukos K. A., Hamo3oB Bb.P., Kosznos 1. 1., AsepkueB H.C., Kycpaes FO.T".
OTU um. A. @. Hogpghe PAH, 194021, Canxm-Ilemepbype, llonumexuuueckas yu., 26

B mmpoKko30HHBIX KpUCTaIaX, COJEpKaliX HOHBI MapraHia, HaOIoJaroTcs SpKUe ONTHUECKHE (-
(eKTHI, CBSI3aHHBIE C MOTJIOICHHEM U U3TYYCHHUEM CBETa STUMHU HoHaMH. VcciaenoBanne BHYTPULIEHTPOBOTO
W3ITyYCHHUS 3TUX HOHOB MPEICTABIIACT IPAKTHUECKUI HHTEPEC N3-3a BEICOKOH 3() (HDEeKTHBHOCTH AIEKTPO- U o-
TOIOMHUHECIIEHINH TBEPABIX pacTBopoB AlIBVI, nermposanueix mapranmem: (Zn, Mn)Se, (Zn, Mn)S, (Cd,
Mn)Te (mocnenuuii, npu conepkanun Mmapranua oonee 40%). BHyTpuiieHTpoBast (OTONIOMHHECIICHIIUS
(B®JI) Takux KpUCTAILIOB YK€ JOBOJILHO XOPOIIO MccieoBana [1], oJHako BO3MOKHOE BIUSIHUE CITHHOBOM
crerneHn cBo0obI d-3nekTpoHoB Ha BOJI uccnenoBano ciabo U OrpaHUYUBACTCS HECKOJIBKUMH HEJaBHUMH
paboramu [2, 3].

Hamu uccnenosana nonsipusanysi BHyTpULEHTPOBO#H oTomomunectenin (BMOJI) mapranua B mupo-
KO30HHOM TBEpIOM pacTBope (Zn, Mn)Se (conepskanue mMaprania 1%) Bo BHEIIHEM MarHUTHOM I10JI€ B T€0-
metpun Papazes npu temmeparype 1.6 K. IIpu kBa3nupe3oHaHCHOM ITUPKYISPHO-TIOIIPU30BAHHOM (POTOBO3-
Oysxnennn BHyTpHIeHTpoBbIX 0-d mepexoaoB 6Al - 4T1 nonoB Mapraiia oOHapyskeH 3P PeKT BOCCTAHOB-
JieHus: ontudeckoi opueHtaiuu BDJI Bo BHENIHEM MarHUTHOM moJie: B HyJieBoM nojie BDJI He nmonspuszo-
BaHa, ¢ pocToM mojist 1o 6 Tii, BKJIag onTUYeCKOW OpueHTauK (YETHBIM 10 MArHUTHOMY MOJTIO 3 deKT) m10-
cruraet 3%. [Ipu TOM MarHUTOMHIYIIMPOBAHHAS TEIUIOBAs MOJSAPU3AIHS (POTOTIOMUHECIICHIINH (HEYETHBIH
o MarHuTHOMY 1outt0 3¢ ¢ekT) nocruraetr 13% B none 6 Tin. OOHapy>K€HO HEMOHOTOHHOE MOBEJCHUE Mar-
HUTOIIOJICBOM 3aBUCUMOCTH TEIUIOBOM mossipu3aiiuu BDJI. HabnromaeTcs aHU30TPOITNS ONTHYSCKOW OPUCH-
TalUM U TeruioBol nossipuzanuu BOJI npu pa3iuyHbIX B3aWMHBIX OPHUEHTAIMAX MAarHUTHOTO TOJNS U KpH-
cramorpadudeckux ocei B moie 6 To.

PaspaboTana Teopusi, OMHUCHIBAIOIIAS TPABHJIa 0TOOpa /st onTHYeCKuX -0 mepexoa0B H30IMPOBaHHBIX
MOHOB Maprasia B Kyoudeckom (Zn, Mn)Se mexny ocHoBHbIM coctostaueM 6AL (S =5/2, L = 0) u Bo30Oyx-
néuubM coctosinueM 4T1 (S = 3/2, L = 1). Teopus npunumaet Bo BHuManue 3ddext SAna-Temnepa, cBs3biBa-
IOMIUI OpOUTANBHYIO YacTh cocTOsSHHSA 4T1 ¢ JIOKaTbHBIMH MCKQKEHHSAMHU TETPAdAPUIECKOTO OKPYKECHUS
MOHA MapraHIia 3a CYET CHIBHOTO 3JIEKTPOH-(POHOHHOTO B3auMOJieiicTBHA. Takas CBS3b MPUBOJIUT K MOSIBIIE-
HUIO TPEX SKBUBAJICHTHBIX TUIIOB HOPMAJIbHBIX KoJiebanuii komruiekca MnSe4 srons kyondeckux oceit (100),
KaX/IbI 13 KOTOPBIX MMOPOXKIAET KIOTEHIIMATBHYIO SIMY» JJIsl BO30YKIEHHOTO COCTOSIHUSA. 3a CUéT ciaboro
CIIMH-OPOUTAIBHOTO ¥ CIIMH-CITMHOBOTO B3aUMOJICHCTBHI B BO30YKIEHHOM COCTOSHMU MapraHia, B K0
TaKOM MOTEHIMATBHOM SIME TPOUCXOIUT SHEPIeTHUESCKOE PaCIICIUICHHE CIIMHOBOTO COCTOsIHUS S = 3/2 Ha 1Ba
ny6sera ¢ npoekuusimMu + 1/2 u + 3/2 Ha COOTBETCTBYOIIYIO KyOUYECKYIO OCh KpUcTaiia. BBojis 1Ba pa3HbIX
BpPEMEHH CIIMHOBOM peNlakcalyy, — B Tpeieiax OJHOH «IOTEHIHAILHON SMBD), U MKy «IOTCHINAILHBIMU
sMaMm», — yAaETcsi OOBSICHUTh BOCCTAHOBIICHUE ONTHYECKOW OPHEHTAINH, M O0OBSICHUTH HEMOHOTOHHOE T10-
BeJ/IeHHE Teru1oBoi nossipusanmu BAOJI B marauTHOM moste. Teopus Takke 00bSICHIET aHU30TPOITHIO 3aBUCH-
MOCTH CTENEHU LMPKYJISAPHOU noyisspu3anuu BAOJI B MarHuTHOM I10J1€.

H. B. K., 5. P. H., u H. C. A. 6narogapsr Poccuiickuiit Hayunsrit ®on 32 GUHAHCOBYIO MOIICPKKY
pabotsl (mpoekt Ne 23-12-00205). K. A. b. 6naronapur 3a nmoxaep:xkky PoHa pa3BUTHS TEOPETHYECKOH (u-
3uku U Matematuku "BA3UC".

[1] B. @. Aeexsan, @TT, 44,1921 (2002).
[2] K. A. Baryshnikov et al., Phys. Rev. B, 92, 204202 (2015).
[3] K. A. Baryshnikov, J. Phys.: Condens. Matter, 32, 365503 (2020).
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Marnernsm B GaAs CTpyKTypax, IejibTa JETUPOBaHHbIX Fe

Kyapun A.B.%, Jlecuukos B.I1.}, SIkosnesa A.A.L, Kprokos P.H.}, Tarapckmuii JI. At
YHHTY um. H. 1. JTo6auesckozo, 603950, Huowcnuii Hoseopoo, np. Iacapuna, 23

HoBpiii 3Tam momydeHus: W MccienoBaHMsl MarHUTHBIX momyrnpoBogHukoB (MII) cBsi3zan co crosmu

A®B®, cunbHO neruposanasivu Fe. Jlns MIT A®B®:Fe 6bu1n nomydens! oanodasHbie ¢ou ¢ Tc BbIIIE KOMHAT-

HOM 1 coOCTBeHHBIM (intrinsic) peppomarueTn3moM. beutn nmomydens! snuTakcuaibhbie cinou (Ga,Fe)Sh [1],

(In,Fe)Sb [2] u GaAs:Fe [4] ¢ konuenTparmeii xenesa 10 20 at. % u remneparypoit Kiopu Britie 300 K. B

JAHHOWM paboTe NMpelCTaBICHbI pe3yNbTaThl 10 (hopmupoBanuio GaAs cTpyktyp d-nerupoBannbix Fe. Jlenpra-

JIETUPOBaHNWE INOTEHLHUAIBHO MO3BOJIAET JIOKAINW30BATH JIETHPYIOUIYIO IpU-
MeChb, YTO MOXET YBEJIHYUTH €€ JIOKaJIbHYIO KOHIEHTpauuio (U, cieaoBa-
TENILHO, BEPOSITHOCTh OOMEHHOTO B3aMMOJICHCTBHS MEXIy atomamu 3d mpu-
MeECH) ¥ YMEHBIINTh BIMSIHAE Ha KPUCTAUINIECKOE COBEPLICHCTBO IOIYIIPO-
BOIHHUKOBOH CTPYKTYpbl. CTPYKTYpbI ObUIN IOJIy4€HBI METOAOM UMILYJIbCHOTO

JIa3€PHOT0 OCAKIACHHH.

Ha momnoxke i-GaAs dopmupoBaics HelerupoBaHHbiii Oyhep GaAs
tomuHON ~ 20 — 30 M, gamee HaHOCHWIICS d-JIETHPYIOIMU cioit Fe (Bpems
pacnbUIeHns MuteHn Fe coctaBisio 15 —45 cekyHa pu CKOPOCTH OCAKICHHS
~ 0.5 -1 nm/min), nanee mokpoBHbIi cioit GaAs TommuHo#i ~ 10 nm. Temrre-
parypa popmupoBanus 0ydepnoro ciost GaAscocrasisina 180-500 °C, temme-
paTypa HaHeceHUs O -cyiosi Fe u mokpoBHOTO cios cocrarisuia 180 wiu 200 °C.

Ha puc. 1 npencraBneno [I9M muzobpakeHre MOMEPEIHOTO CEYCHUS XapaKTEPHOW CTPYKTYPHI C O-CIIOEM,

HaHOCUMBIM B TeueHue 35 ¢. ChopMupoBaHHbIE CTPYKTYPHI SBISIOTCS SIMUTAKCUAIBHBIMU.
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Ha puc. 2 a) npeacraBieHHbl XapaKTepHbIE I CTPYKTYp Mar-
HUTOMOJIEBbIC 3aBUCUMOCTH MAarHUTHOTO HHUPKYJSPHOTO JAUXPOU3MA
(ML) mpu 8 K mmst pa3snudHbIX dHEPTHA KBaHTOB cBeTa. CreKTpalib-
Has 3aBHCHMOCTH C rmoporoM ~ Eg mmst GaAS cBUAETEIhCTBYET O
intrinsic maruetusme cTpyktyp. Usmepennst MIJ] nipu pasnuanbix T
[IOKa3bIBAIOT, 4TO Ic Ansa cTpykryp nocturaer 100 K. [lomyuennsie
CTPYKTYPBI SIBISIOTCS MPOBOISIINMH, HO OTHOCHTEJIBHO BBICOKOOM-
HbiMu. Ha puc. 2 b) nmpezcraBieHs! xapakTepHble 3aBUCHMOCTH MarHu-

TOCOIPOTHUBJIEHUS IIPU Pa3IMYHBIX TEMIIEpaTypax. SpKo BeIpaXKEHHOE OTPULIATEIbHOE MAarHUTOCOIIPOTHUBIIE-

HUE C TSHJICHIUEH K HACBIIIEHUIO B MAarHUTHOM T10J1¢ 0osiee 2000 O CBUIETENBCTBYET O CIIMH 3aBUCUMOM pac-

CEsITHUHM HOCHUTEIIEH TOKa.

HccnenoBanue BBHIOMHEHO 3a cueT rpaHta Poccuiickoro nHayunoro ¢onma Ne 24-22-00151,

https://rscf.ru/project/24-22-00151/.

[1] N.T. Tu et al., Appl. Phys. Lett., 108, 192401 (2016).
[2] A.V. Kudrin et al., J. App. Phys., 122, 183901 (2017).
[3] A.V. Kudrin et al., Semicond. Sci. Tech., 35, 125032 (2020).
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Maruautoontudeckue U (HOTOMHIYIIMPOBAHHbIE
ABJICHUS B AMIUTAKCUAJIbHBIX MIIEHKaX EuO

Yecaués I1.A.L, Kan B.H., Hlenyxun JI. AL, Apepranos JI.B.2, Coxonos U.C.2, ITappénos O.E.2,
Tanpenxos A.H.2, Toxkmaués A.M.?, Cropuak B.I".2, ITapnos B.B.!

YDusuro-mexnuyveckuii uncmumym um. A. @. Hogpgpe PAH, 194021 Canxm-Ilemep6ype, Poccus

2Hayuonanvuwiii uccredosamenvckuii yenmp «Kypuamosckuii uncmumymy, 123182 Mockea, Poccus

MarHuTHBI€ TOTYTIPOBOTHIKH Ha OCHOBE XAJIbKOTE€HH/IOB €BPOITHS TIPEACTABILIIOT CO00H 0cO0YTO TpyIITy
MaTepHaJIoB C OOJIBITNM MOTEHIINAIOM JUTS TAKUX MPAUMEHEHNH, KaK CIUHTPOHHKA U ONTOAEKTpOHNUKA. OKCHT
eBporusi EuO siBisieTcst coOCTBEHHBIM (heppOMarHUTHBIM TOTYIPOBOJAHUKOM, OOJIAAAIOUINM YHUKAIEHBIMU
3NEKTPOHHBIMH, MATHUTHBIMH, ONITHYECKUMHU U MarHUTOONITUYECKUMH CBOWCTBAMH. DJIEKTPOHHASI CTPYKTypa
EuO, mmeromero cuiibHO JokanusoBannbie 4f 7 snextponsl monos Eu?, ompenenser Muorue Qpusndeckue
CBOJCTBA TaHHOTO coerHeHus. B cooTBeTcTBHM ¢ npaBmioM XyHzaa 4f-06051049ka 061a1aeT MOJTHBIM CITHHOM
7/2 ¢ GoxpIIMM MarHUTHBIM MOMEHTOM 7.9 up [1].

N3ydeHre onTH4ecKoro OTKIIMKA BO BPEMEHHOM JHuara3oHe oT (heMTOCEKYH/I 0 MUKPOCEKYH/I II03BO-
JISIET pacKpbhIBaTh 3((HEKThI CBEPXOBICTPOIl TUHAMHUKY HAMar HHYMBAHUS, KOTOPhIE CBSA3aHKI ¢ (hyHIaMEHTaIb-
HBIMHU B3aHMOJICHCTBUSMH, TAKMMH, KaK DJIEKTPOH-3JIEKTPOHHOE, 3JIEKTPOH-CIIMHOBOE, 3JIEKTPOH-POHOHHOE
u apyrue. B Hactosimem gokiane oOCyKAaloTcsl MarHUTOONITHYECKHE U (POTOMHIYIMPOBAaHHBIE MarHUTHBIE
SIBIICHUST B peppoMarauTHOM moirynpoBogauke EuO. OnTryaeckoe BO3aeiicTBHE Ha €r0 CHUHOBYIO CHCTEMY
MOJKET COITPOBOXKIATHCS Pa3IMYHBIMU MEXaHU3MaMU: JIa3ePHO-UHIYIIMPOBAHHEII HAarPeB, ONMTHIECKOE H3Me-
HEHHE MarHUTHON aHU30TPOIINH, JIA3€PHO-WHAYIIMPOBAHHBIE THHAMUYECKUE U KBa3UCTaTHUECKHUE nedopma-
LUK, CBEPXOBICTpbIe POTOMArHUTHBIC SIBJICHUS, TAKKE, Kak 00paTHBIN 3¢ dext Dapanest 1 3P PexT onTuIecKoi
OpHEHTAIINH, ONITHYECKOE M3MEHEHHE OOMEHHOTO B3aUMOICHCTBUSL.

YHuBEpcaIbHBIM MOIXOAOM K H3YyYEHHIO NMEepedYHrCIeHHBIX A((EKTOB SBISETCS METOH ONTHYECKOM
HAKa4KH ¥ 30HAUPOBAHUS. AN TUPYS €T0 MO/ KK/l KOHKPETHBIN SKCTIEPUMEHT, CTAHOBUTCS BO3MOYKHBIM
BBIICIIUTH BKJIA]] U3y4aeMOoro sBJIcHus Ha (JoHE 00IIero BKIaaa ot apyrux gakropos. Ha TouHoCTh U 10CTO-
BEPHOCTH PE3YJIbTATOB BIHSET BIOOP UTHHBI BOJHEI U3TyUYeHIsI, HETIPEPHIBHBIN MITM HMITYJIbCHBIA PEKUM pa-
0OTHI JTa3epa, TEOMETPHS MAJCHUs JIyYeid, HCIIOIb30BaHUE Pa3pelieHns 0 BpeMeH!. MeToJOM ONTHIeCKOM
HAKa4KH ¥ 30HIUPOBAHMS B SIIUTaKCHABHBIX TNEHKax EUO mpoBeieHb! uccie10BaHusl TMHEHHOTO U KBaIpa-
tuaHOTO 3 PekroB Keppa [2], siBIeHHS ONTHUECKONW OPUEHTAITUH JJIs 3aITyCKa MPEleCCU HaMarHH9eHHOCTH
[3], BHYTpH30HOBO# peakcaluu 3IEKTPOHOB, COMPOBOMKIAIOIICHCS 00pa30BaHHEM CIIMHOBBIX IOJISIPOHOB
C Ype3BbIYAHO OOJIBIIMM MarHUTHHIM MOMEHTOM B COTHH THICSY MarHeTOHOB bopa.

Y.ILA., OLJLA. ull.B.B. 6narogapst PH® (24-12-00348; ontuueckue uccnemoBanus), A.J[.B.,
C.1U.C, II.O.E., T.AH.,, T.AM. u C.B.I'. 6narogapsitr PH® (22-13-00004 (cunre3 mnénok), 20-79-10028
(cTpykTypHas Xapakrepuzaius miéHok), 24-19-00038 (MarHuTHBIE HCCITEAOBAHNS TUIEHOK).

[1] P. Fumagalli, J. Schoenes, Magneto-Optics: An Introduction. De Gruyter: Berlin,Boston, (2021).
[2] V. N. Kats, et al., Appl. Mater. Today 19, 100640 (2020).
[3] V. N. Kats, et al., Nanoscale 15, 2828 (2023).
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Teopus HOTONMPOBOAUMOCTH B MOTYIPOBOTHUKAX, O0YCIOBICHHON
ONTUYECKON OPUEHTALIUEN DIIEKTPOHOB

Pakunknii M. A.L, Parosza M. J1.}, Asepxues H.C.%, Kycpaes 10.T.!
Y\OTU um. A. . Hoghghe, 194021, Canxm-Ilemep6bype, [lonumexnuueckas 26

B HenaBHeti paboTe [ 1] ObLIO SKCIIEPUMEHTAIBHO 00HAPYKEHO, YTO (DOTOMPOBOIUMOCTh APCCHUIA Tall-
TSI N-THIIA 3aBUCHUT OT BEJIMYMHBI CTUHOBOM MOJISIPU3AIIMH 3JICKTPOHOB, HO HE 3aBHCUT OT HATIPABJICHUS Cpe-
HETO CIMHA IEKTPOHOB. IIpy 3TOM MarHUTHOE 1moJie, BKIIOUECHHOE apajuIeIbHO IPUIIOKEHHOMY HalpsiKe-
HUIO U NIEPIIEHANKYIISIPHO HAIIPABJICHUIO CPEAHEr0 CIIMHA YMEHbBIIAET BEIUMYMHY CIIMH-3aBUCUMON IPOBOIM-
MOCTH IIPAaKTUYECKH 10 HyJs B nossix okono 10 O mpu T=1,6 K. Ouenku nokaszanu, 4To B yCIOBHSIX IKCIIEPH-
MEHTa BCE PABHOBECHBIC JICKTPOHBI CBSI3aHBI HA IOHOPAX M TEMHOBAs MPOBOJUMOCTD MPAKTHUECKH OTCYT-
CTByeT. ABTOPHI OOBSICHIIH [ 1] BIUSHUE CIIMHOBOW OpUEHTANY Ha (POTOMPOBOJUMOCTE (P PEKTOM MONSPH-
3allUM CIIMHOB JIOKAJIM30BAaHHBIX Ha JOHOPAX 3JIEKTPOHOB U CIIMH-3aBUCUMBIM PACCESIHUEM 3JIEKTPOHOB MPO-
BOJMMOCTH Ha TOJNSAPU30BaHHBIX HEHTpaAbHBIX JOHOpaxX. IMeHHO Onaromaps B3aMMHOMY BIMSHUIO CIIMHOB
CBO6OI[HI)IX 1 JIOKQJIM30BAHHBIX 3JICKTPOHOB APYT Ha JApyra ucciacayemasd I[O6aBKa B IPOBOJAUMOCTL HE 3aBU-
cella OT 3HaKa CIIMHOBOM nonsApu3aunu. llperneccusi CiMHOB B MArHUTHOM I10JI€ BBI3BIBAET UX ACIIOJSPU3ALIIIO
1 YMEHBIIAET BEJIMUYMHY CIMH-3aBUCUMON IPOBOAUMOCTH.

B mpencrasnsieMoM Jokazne pa3BuTa Teopus, oobsicHsatomas 3¢ ¢dexT. B kauecTBe MogensHOTO pacce-
MBAIOIIETO MOTEHIAIA PUMECH ObLT B3ST KOPOTKOICHCTBYIOLIUI OTEHIUAI B BHJIE, BKIIOYAIOIIEM CKaJIsp-
Hyo 1 00MeHHYI0 9acTu [2]. OOMeHHOe B3auMO/IeHCTBHE MEX Ty CTHHAMH CBOOOTHBIX SJIEKTPOHOB U IIPUMeE-
ceil MPUBOANUT K HAMarHMYMBAHUIO MOCIEIHUX IPU HAJTMYUK CIIMHOBOW MOJISIPU3ALNH Y 3JIEKTPOHHOTO rasa.
[lonmy4yeHHBIE W3 MATPUYHBIX 3JIEMEHTOB PACCEUBAOIIETO IMOTEHIMANA TEMITbl PaCcCesTHUS OBUIM HCIOIb30-
BaHbI JJIA 3alIMCU KMHETHYCCKUX ypaBHeHI/Iﬁ Ha 3aCEeJeHHOCTH CITMHOBBIX COCTOSHHI CBO6OI[HI)IX H JIOKaJInu-
30BaHHBIX JJICKTPOHOB, M3 KOTOPBIX OBUIM BHIBEACHBI AHATUTHYECKUE BBIPAKECHUS AJSl YCTAHOBHBILIMXCS
B CTALIMOHAPHOM PEXUME CIIMHOBBIX MOJISIPU3ALMIA 3JIEKTPOHHOTO ra3a 1 MpUMecel B 3aBUCHMOCTH OT OINTH-
YyecKou reHepanuu. HpOBOI[I/IMOCTI) MOJIAPU30BAHHBIX II0 CIHHY 3JICKTPOHOB MOXKET 6I)ITI> ImpeacTaBjICHa
BBHzE: 0 = (n e, + n_e?t_)/m, rne e u m — 3apsn u >GPeKTUBHASA Macca EKTPOHA, A Ny, N_, T, T
— KOHIIEHTpALMs U BpeMsl peJIaKCallii UMITYJIbCa 3JEKTPOHOB CO CIMHOM BBEPX WJIM BHH3 COOTBETCTBEHHO.
BBojis MONTHYI0 KOHIIGHTPAIMIO (OTOBO30YKICHHBIX 3JIEKTPOHOB N = N, + N_, CPEIHUN CITUH JIEKTPOHA
s = (ny —n_)/2n u BbLIeISISI BO BpEMEHAX PEIaKCallii 4acTh, HE 3aBHCSIIYIO U 3aBHCSILYIO OT CIIMHA Ya-
ctun 2T =T, +T_, T4 — T_ = 5q, MoxHO 3amucath o = ne?t(1 + gs?)/m. Takum o6pa3oM, H3MEHEHHEe
CNMHOBOH MOJISIPU3aLIN 3JIEKTPOHHOTO I'a3a ¢ IIOMOILBIO NOIAPHU3ALMY BO30YKIAIOIIETro CBETa IOBJICUET 3a CO-
0011 u3mMeHeHue GoTornpoBoAUMOCTH. BHeIIHee MarHUTHOE T0JIE, PUIIOKEHHOE MEPIICHUKYIISIPHO BEKTOPY S,
TOJIABIISIET CITUHOBYIO MOJISIPU3AIINIO, TAK K€ KaK 3TO UMeeT MecTo B 3ddexTe Xane A MPOSKIMH CITHHA S, .
IIpu pacdere BelMUMH g M S MPEAINOIArajJoCh, YTO OCHOBHBIM MEXaHHU3MOM CIIMHOBOW peJIaKCalluH SIBIISETCS
Mexanu3Mm OnuotTa-Sdera. [logxo ¢ pacueToM BpEMEH pejlakcalluy JICKTPOHOB C PA3IMUHON OpUEHTAIIUCH
CNMHA U3 MUKPOCKONMYECKUX MTapaMeTPOB JaeT BO3MOXKHOCTb OLIEHUTH ITapaMeTPhl PACCEUBAOILETO TIOTEHIIU-
aJia 1o 3KCIEPUMEHTAIBHO HA0JI01aeMOH 3aBUCUMOCTH IIPOBOJAMMOCTH OT HOJISIPU3ALMY CBETA.

Pabota BemonHena npu noxaepxkke rpanta PH® Ne 23-12-00205.

[1] M. D. Ragoza et. al., Electrical resistance associated with the scattering of optically oriented spin-
polarized electrons in n-GaAs, Phys. Rev. B, 109, L121203 (2024).

[2] M. A. Rakitskii et. al., Fingerprints of the electron skew scattering on paramagnetic impurities in
semiconductor systems, Appl. Phys. Lett., 118, 032105 (2021).
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TpuonnbIit MexaHu3M (hapaeeBCKOT0 BpallleHUs B KOJUIOUTHBIX
HaHoruiarenerax CdSe

TonoBarenko A.A., Jlynesua JI. A.}2 Poquna A.B.!

YOTU um. A. . Hoghghe PAH, 194021, Canxm-Ilemepbypz, yn. Ilonumexnuueckas 26

2CII6AY PAH, 194021, Canxm-ITemep6ype, yn. Xnonuna 8 k.3, num.A.

H3BecTHO, 4To B HaHoruiarenerax CdSe 3a cuer GoTo3apsaKu BO3HUKAIOT PE3UICHTHBIC JJIEKTPOHBI,
NPUBOASALINE K (OPMHUPOBAHNIO HHTCHCHBHOM MOJIOCHI TPHOHHOM (DOTOIFOMUHECHCHIIMM TIPU HU3KUX TEMIIe-
parypax [1]. B Takom ciyyae curnan ¢apageeBCKOro BpalleHHs B 9KCIEPHMEHTaX HaKauyKU-30HIUPOBAHMS
00yCJIOBIICH TPHOHHBIM MEXaHU3MOM, ONMCAHHBIM B paboTax [2,3]. JlaHHbI MEXaHU3M MPEAIIOIaraeT co3/a-
HHE JIOJTOXKHUBYIIEH CITMHOBOM MOJISIPU3AIMN PE3UICHTHBIX YJICKTPOHOB 3a CUET CEJIEKTUBHOTO BO30Y KICHUS
CHHTJICTHBIX TPUOHOB IUPKYJISIPHO MOJISIPU30BAaHHBIM UMITYJIbCOM HaKa4yKH. B OTjIMYMe OT 3MUTaKCHATIBHBIX
KBaHTOBBIX TOYEK, PACCMOTPEHHBIX B padote [2], koionnHbie HaHOUIaTeneTsl CASe MoryT uMeTh pa3nnd-
HYIO TIPOCTPAHCTBEHHYIO OPUEHTANNIO B aHcamMOure. B TakoM ciydae yxe HEeT CTPOTHX MpaBHII U1l TPHOHHBIX
ONTHYECKUX TIEPEXO0JIOB C YyJACTHEM TSIKENBIX JBIPOK.

B nameii pabote Mbl TOKa3bIBaeM, CIIHHOBAS MTOJISIPU3ALIUS PE3UICHTHOTO DJIEKTPOHA, CO3/1aBacMast M-
MyJIbCOM HaKauyKH, 3aBHCUT OT IPOCTPAHCTBEHHOI opreHTalMu HaHoriateneroB CdSe. B pesynbrare crimHO-
Basl MOJISIPU3ALMUS PE3UICHTHBIX JJIEKTPOHOB, YCPEIHEHHAs MO OPHUEHTAIMAM HAHOIUIATENICTOB B aHCAaMOe,
MOXET MEHSTh CBOH 3HAK C POCTOM IUIOIIAIN UMITyJIbca HAKaYK{, aHAJIOTHYHO TOMY, YTO OBUIO TOIYyYEHO
panee s chepUUeCKMX HAHOKPUCTAIUIOB C BBIPOXKACHHEM COCTOSHMM JISTKUX U TsDKENBIX IbIpok [3]. ITo-
MHMO 3TOT0, HAMH TOKa3aHO, YTO OTKJIOHCHUE OCH KBaHTOBaHHUs HaHoIuiareneTa CASe oT HampaBieHus pac-
MPOCTPAaHEHHs 30HIUPYIOIIETO JIyda B CIIydae IONePevyHOro MarHuTHOro moist (reometpus PDoiirra) nmpuso-
JWUT K BO3HHUKHOBEHHIO HEOCIMJUIMPYIOIICH KOMIIOHEHTHI B CUTHale (hapaJeeBCKOro BpamleHus. B ciydae
MPOIOJILHOTO MarHUTHOTO 1ouis (reomeTpust Papases) Takue HaKJIOHEHHbIC HAHOILIATENIETHI SIBISIOTCS HC-
TOYHMKOM OCHWIIMPYIOIIErO CHrHall (hapaJeeBCKOro BpalleHus, KOTOPBIH Halmogaics paHee B aHcamOIe
cepryecKuX KBAHTOBBIX TOUKaX [4].

[Tpn HanMYMK aHU3OTPOIIMH SIEKTPOHHOTO J-(haKTopa pa3indHas OPUCHTAUS HAHOIUIATEIETOB B aH-
camOie Takxke OyJIeT MPUBOJIUTH K Pa3dpoCcy YacToT JIApMOPOBO# mperieccui. HaMu n3ydeHo BIUsIHHE pas-
JUYHBIX CITy4aeB OPUEHTAIIMH HAHOTIATEIIETOB B aHcaMOJie Ha HaOII0IJaeMyt0 YacTOTy JIApMOPOBOI Mperec-
CUH ¥ BpeMsl CIMHOBO# neasuposku T2'. TloaydeHHbIE BpeMEHa CIMHOBOM 1€()a3MpOBKM CPAaBHUBAKOTCS
C BpeMeHaMH J1e(a3upOBKH, 00YCIOBICHHBIMH Pa3In4YMeM JIEKTPOHHOTO g-(pakropa B aHCaMOJIe HaHOIIaTe-
netoB CdSe ¢ pa3dbpocom jarepadbHBIX pasMepoB. Jlaxe mpH MPOU3BOILHON OPHEHTAIMH HAHOIUIATEIETOB
YacToTa CUTHaNa (apaJieeBcoro BpalleHUs, yCPETHEHHOTO 10 aHCaMOITio, onpeensieTcst §-(hakTopoM dJieK-
TPOHA B IUIOCKOCTH HAHOIUIACTHHKH, YTO paHee HaOJII01alI0Ch IKCIIEPUMEHTANIBHO B paboTte [5].

HccnenoBanre BBIOIHEHO 3a cyeT rpanTa Poccuiickoro Hayunoro ¢onga Ne 23-12-00300

[1] E.V. Shornikova et al., Nano Lett., 20, 1370 (2020).

[2] I.A. Yugova et al., Phys. Rev. B, 80, 104436 (2009).

[3] D.S. Smirnov, M. M. Glazov, J. Phys. Condens. Matter., 24, 345302, (2012).
[4] J. 4. Gupta et al., Phys. Rev. B, 66, 125307 (2002).

[5] S.R. Meliakov et al. Nanomaterials, 13, 3077 (2023).
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deppomaruuTHbIN (a3z0BbIN TIEpeXo Ha (PaKTOpeE 3aMoHEHUS V = 3 B CUJIBHO
KOPPEJIMPOBAHHOW CUCTEME C TICEBJOCITMHOBON CTENEHBIO CBOOOIbI

Angpeesa C.A .12 Illenetunsankos A.B.%, Xucameesa A.P.2, Hukonaes I'. A2, Kykymkun 1. B.?

l[][[lf‘[lfl()ll(l.'lbllbl[l UCC1e008amenbCKull YHUsepcumem «Buvicuias wkona s3KOHOMUKUY

2Uncmumym @uzuxu meepoozo mena umenu FO. A. Ocunvana PAH

“lopatina@issp.ac.ru

®usnka CUIBHO KOPPETUPOBAHHBIX ABYMEPHBIX IEKTPOHHBIX CHCTEM CTAHOBHTCS 3HAYUTENIHHO 00-
rage IpH pacCMOTPEHUH MHOTOKOMIIOHEHTHBIX CHCTEM C IICEBJOCIIMHOBON CTETICHBIO0 cBOOOABI. B kauecTse
TaKUX CUCTEM MOTYT BBICTYNATh MHOTO/IOJIMHHBIE OTYIPOBOAHUKH, TBOWHBIC KBAHTOBBIE SIMBI, BaH-7iep-Ba-
QJIBCOBBI TETEPOCTPYKTYPHI CO CIOSIMH, Pa3[elieHHBIMA TYHHEIBHBIM OapbepoM, MIMPOKUE KBAHTOBBIE SIMBI
C HECKOJIbKUMH 3aHSTBIMH ITOJ30HaMU. [ICeBIOCIIMHOM B 3TOM CiIydae MPHUHSATO Ha3bIBATh JOTIOJHHUTEIBHYIO
CTENeHb CBOOOIBI, HyMEPYIOIIYIO0 BOSMOXHBIE COCTOSHHS SJICKTPOHA.

B kauecTBe moxxonsIero Matepraia Ui UCCIASJOBAaHUS MHTEPECYIOIIETO HAC Kilacca sIBICHUH BBICTY-
naet AlAS, o0naiaromuii HeTPUBUATIBHOMN JOTMHHOW CTPYKTYPOM: TPH JOJUHBI-3JLTHIICOUIA PACTIONOKEHBI B X
TOYKax MepBoii 30HbI bprmmiosHa. [IceBnocnrHOBas MOIAPU3ALIS B ATOM CITydae MEHSIETCS IPH H3MEHEHUH OT-
HOCHTEJIBHOTO 3arOJHEHUS MOJUH. B TO ke Bpemst Goubiiiast 3¢ dekTiBHas Macca Hocurenel 3apsiaa B AlAS
o0ecrieurBaeT yCIOBHUS ISl HAOIIOICHNS] MHOTOYacTHYHBIX 3((eKToB, Takux kak CToHepoBckuii heppomarae-
TH3M, BUrHepoBckas kpuctammsaiys, peppoMarHuTHBIH (a3oBbIi MEpexo, JOTMHHBIE CKUPMHOHEI.

B manHO# pabote paccmarpuBaeTcsi BO3MOXKHOCTh HAOMOAaTh (peppoMarHuTHBIN (ha30BbIi TIepexo/l Ha
(bakTope 3amoaHEHNs V = 3 B TETEPOCTPYKTYPE ¢ KBAHTOBOM siMoit AIAS Tipy mpritoxkeHunH geopMaIii B III0C-
KOCTH JIBYMEPHOM 3JIEKTPOHHOU CTpYKTYpHL. [IpukianpiBaeMast kK oOpasily IUIOCKOCTHas jAedopMaIus mo3BO-
JIACET CHATBH BBIPOXKIACHHUC MCKY INIOCKOCTHBIMU JOJIMHAMH U YIIPABJIATHL MCXKAOJIMHHBIM PACIICIIIICHUCM.

JleTeKTHpoBaHNE OTHOCHTEILHOM MOJIMHHOM 3aCENICHHOCTH MPOHM3BOIMIOCH TPH IMOMOIIH METOIUKH
CHEKTPOCKOIIHH IEKTPOHHOTO apamarauTHoro pe3onanca (J11P). brarogaps anuzorpornnu g-paxropa AlAs
MU OIPEJCIICHHON OPHEHTAlMM MarHUTHOTO IOJII OTHOCHTENBHO KpHCTAIJIOrpaguyeckiux ocei odOpasia
MOXHO 6I)IHO I[O6I/ITI>C$I MAaKCHUMAJIBHOT'O pAaCHICIUICHHS 110 MAarHuTHOMY IIOJIFO MEKAY PC30HAHCAMH OT KaxK-
0¥ M3 JIOJIMH U Pa3pelInTh PE30HAHCHI OT Pa3InyYHbIX A0uH [1].

Bb110 00HApYKEHO CyIIeCTBOBaHUE TPEX (PepPOMArHUTHBIX (ha30BBIX MEPEX00B BOIM3M (hakTopa 3a-
MOJTHEHUST 3, TIPU KOTOPBIX MPOHMCXOAUT MAaKPOCKOMHMUYECKOE M3MEHEHHWE ITICEBIOCTTMHOBON TOISAPH3AINH.
Kaxip1ii 13 iepexo/10B CONPOBOXK/IAIICSI BOSHUKHOBEHHEM 0COOEHHOCTH B 3aBHCUMOCTH TPOJIOIBHOTO COTIPO-
THUBJIICHUS 00pa3lia B MUHUMYyMe (haKTopa 3aroHeHHs 3 OT MPWIOKEHHOW eopManni. AHaIN3 U3MEHEHUS
OTHOCHTEITbHOH aMIUTUTY 161 THKOB DI1P OT Kakmoi U3 TOIMH MO3BOIMII C/IENIaTh KOJIMYECTBEHHYIO OIICHKY
M3MEHEHHS TICEBIOCITMHOBON TOJIIPU3AIMY CUCTEMBI IPU KaXKJIOM M3 HaOII0AaBIIMXCS (Pa30BBIX MEPEX0/I0B.

Pabora Obuia BeIOTHEHA NpH oiepkke Poccuiickoro Hayunoro ®@onna (rpant Ne20-72-10097).

[1] A. V. Shchepetilnikov et al., Phys. Rev. B, 92, 161301 (2015).
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Bnusnue pa3zopoca sppexktruBHOrO g-hakTopa Ha (POTOTOMUHECIIEHIIUIO
HEOJTHOPOTHO-YIIMPEHHOTO aHCAMOJISI STTUTAKCHAIBHBIX KBAHTOBBIX TOUEK

CdSe/(Zn, Mn)Se

Ko3aos U.U., Kozeipes H.B., Hamo308B b.P., Kycpaes FO.TI'., Cenosa 1.B., Copokun C.B.
OTU um. A. @. Hogpghe PAH, 194021, Canxm-Ilemepoype, Ilornumexnuueckas yi., 26

[IpoBeneno wuccnemoBanme (oromomunectenuu (DJI) ancamdbms kBanTOBHIX TOouek (KT)

CdSe/(Zn,Mn)Se, BbIpalieHHBIX METOAOM MOJEKYJISPHO-TIYYKOBOM snUTakcu. CHeKTp (OTOIFOMHHECHICH-

uun KT xapakrepuzyercs IUPOKOW MOJIOCON ¢ MONYIUpUHON 28 M3B npu MakcuMyMme SHEPTriH H3IyUYeHHUS

2.323B (T = 1.5 K). [lox Bo3aeiicTBHEM BHEITHETO MarHUTHOTO 101 B reomeTprn Papanes criektp DJI pac-

LIETIVISIETCSs] ¥ MOKHO HaOJr01aTh aHOMaJIbHOE IIOBEIEHUE HHTCHCUBHO-
CTEeH HUPKYISPHO-TIONIAPU30BAHHBIX KOMIIOHEHT: UHTEHCHBHOCTH KOM-
MIOHEHTBHI, CIBUTAIOMICHCS B CTOPOHY OOJIBIIMX SHEPT UM, BOIIPEKU O3KHU-
JIaHWsIM, BO3PACTaeT C YBEIMYEHUEM OIS, B TO BPeMs KaK MHTCHCHUB-
HOCTH JpyToil KOMIIOHEHTHI yMeHbmmaeTcs (cM. Puc. 1). Taxoke 3ame-
YeHO, YTO HHTeTpalibHas HHTeHCUBHOCTH DJI Bo3pacTaer mpu yBenude-
HUU MarHUTHOTO TOJIS.

AHOMaJIbHOE NOBEICHHE HHTEHCUBHOCTEH LIMPKYJIISIPHO MOJISIPU-
30BaHHBIX KOMIIOHEHT PJI B MarHUTHOM 10J1e 00BSICHAETCS Pa3opocoM
g-bakTopa HOcHTENel, BHI3BAHHOM (UIYKTyallMeld pa3MepoB U IIIy-
ounel KT B ancamOie. B 3aBHCHMOCTH OT 3THX MapaMeTpOB BOJIHOBEIE
¢dhynkun nokanm3oBaHHeIX B KT HOCHTEnNeit 3apsiia MpOHUKAIOT B Mar-
HUTHBIN Oaphep B Pa3IMIHON CTETIEHH, B3aUMOJIEHCTBYS C pa3HBIM KO-
JIMYECTBOM MOHOB Maprasia. JTO B3aUMOJEICTBHE C MOHAMM Map-
rafma sisgercs S/P-d 0OMEHHBIM B3aMMOIEHCTBHEM, MTPUBOASIIMM K
nepeHopMHpoBKe g-hakTopa HocuTeneit [1]. Otcrona cienyer, uto 3e-
emaHoBckoe pacieruieane OJ1 paznmanoe s kaxaoit KT. Takum 00-
pa3om, aHomanbHOoe noegeHue PJI MoKHO onucaTth, €Clii y4eCTh, UTO
SHeprus u3nydeHus u 3pQekTuBHBIN §-QakTop HOCUTENEH 3apsiia JIs
ornensHO B3dToil KT 3aBucur ot €€ pazmepa. YuuThIBas mapameTpsl
KT, usBectHble u3 nureparypsl [2], yaaércs onucath aHOMalbHOE MO-
Begenue OJI B MarHuTHOM TI0J1€, € YYETOM TOTO, 4TO 3P PeKTUBHBIH (-
(dakTop pacTéT ¢ pOCTOM SHEPTHU HU3TYUEHHS, YTO BBI3ZBAHO OOJBIITUM

—— o+ (B=6Tn)
—— 0-(B=6Tn)

— B=0

Hopmanusosannas
Hnrencusnocts (a.u.)

© © o o o~

2,24 227 2.30 2.33 2.36 2.39
Dueprus (7B)

L d v ¢

1 2 3 4 5 6
Marnntroe none (Ti)

Hurencusrocts (10° cps)

o

Puc.1.: Cnexmpor DJI yupky-
JIAAPHO-NONAPUI0BAHHBIX KOMNO-
newm, B=0u B=6 T (6epxHss
nawmenv). 3agucumocmo unme-
2PANIbHBIX UHMEHCUBHOCTIEL
KOMNOHEHM U UX CYMMblL OM
MASHUMHO20 NOJISL (HUMCHASA NA-
nenv). Touku — sxcnepumen-
manvusie pe3yabmamol, JUHUU —
onucanue 8 pamkax Mooel.

MMPOHUKHOBEHUEM BOJIHOBOW (hYHKIIUU HOcuTenel B Oapbep st KT MeHbIero pasmepa.

VBennueHue PIHTGI‘paJ'II:»HOﬁ uHTEeHCUBHOCTH DJI ¢ MPUITIOKCHUEM MATrHUTHOT'O ITOJIA 00BSICHIETCS noJaB-

JICHUEM IIepelaui SHEPTUU OT OapbepHOro 3KCUTOHA Ha BO30Y)KJEeHHE BHyTpuleHTpoBoro d-d mepexona map-

raHIla, YTO SBIISCTCS TUIIMYHBIM ISl CTPYKTYpP Ha OCHOBE Pa30aBIICHHBIX MATHUTHBIX MOJIYIPOBOIHUKOB [3].

Pabora nmognepxana Poccuiickum Hayunbiv @onzom (mpoekt No 22-12-00125).

[1] J. Kossut, J. A. Gaj, Introduction to the physics of diluted magnetic semiconductors, Springer (2010).

[2] N. Peranio, et. al. Phys. Rev. B, 61, 16015 (2000)
[3] S. Lee, et al. Phys. Rev. B, 72, 075320 (2005)
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PamaHOBCKas CLIGKTPOCKOITHS KIACTEPOB M OJITMHOYHBIX HOHOB
B kBaHTOBBIX ssMax CdReTe

Yepoynun P. B.l, Kynunos A. B.2

‘criery, 198504, Canxm-ITemepbype, Yuusepcumemckas na6. 7-9

2OTU um. Hopgpe, 194021, Canxm-Ilemepbype, Ilonumexuuueckas yi., 26

B pabote BmepBrie rccnenoBamch cepust oopasnoB ¢ kBaHToBeIMU siMamu CdReTe/CdMgTe, conep-
KaIUMH B KaueCTBE MarHUTHOW MpUMecH peHHid. PeHuii SBisieTcs peKo3eMeIbHBIM METAIIIOM, OJIN3KUM 10
3NIEKTPOHHOM CTPYKTYpe K MapraHily, OJHAaKO, OH e SIBISICTCS OJHUM M3 CaMbIX TYTOIUIaBKHX MaTEpUaJIOB,
YTO 3aTPyAHSET POCT 00pasLoB ¢ ero coaepkanueM. Cynsl 0 U3MEPEHUsIM CKOPOCTH IIOTOKA PEeHHsI B IPO-
L[ecce POocTa, KOHLEHTPALUsI PEHUS B HCCIeyeMbIX HaMH 00pa3iiax BapbUpOBaIach OT HyJIS 10 €OUHHUIL IPO-
LEeHTOB. J{J1s1 KOHTpOJIs KauecTBa 0Opasiia, MIOMUMO KBAHTOBBIX SIM, COZIEPIKAIUX PEHUH, 00pa3Lbl COACPIKAIN
KBaHTOBBIE sIMbI 13 uncToro CdTe. MccnenoBanust pOTONIOMUHECIEHIIMN MTOTYYEHHBIX 00pa3oB MOKa3aly,
YTO HHTEHCUBHOCTb M3JIyUCHHUS KBAHTOBBIX SIM, COZIEPKALINX PEHUH, ObICTPO MIaaeT C MOBBIIICHUEM KOHIICH-
Tpauuu npuMecu. O6pasipl, conepxamiue nopsaka 1% penus, eme obaanany 10CTaATOYHBIM KBaHTOBBIM BbI-
X0/I0M (P OTOFOMHHECIICHIINK U OBUIN MPUTOHBI II PAMaHOBCKOM crieKTpockonuu [1].

JIJISI HU3Yy4YCHUA MAarHuTHBIX

cBoiicTB KBaHTOBEIX siM CdReTe

744.5
HCIIOTH30BAJICSI METOJ] PE30HAHC-
HOTO PaMaHOBCKOTO pAaCCEsHHs sz
C TIEPEBOPOTOM CIIUHA B CHJIb-

HBIX MarHUTHBIX Noyisix. [Ipu pe-

~
N
v
n

- { - 7435

30HAaHCHOM B036y)KI[eHI/II/I B KO-

Wavelength, nm

POTKOBOJIHOBBIA Kpail IOJIOCHI

Wavelength, nm
B

(hOTOIIOMUHECIICHIIUU B HyJIC-

BOM TI0JI€, B CIIEKTPE pPaMaHOB- —_
CKOTO paccesiHHsl HAOIIOJAI0TCS

1 L 1 L 1 L 1 L
v 1 0 1 2 3 0 50000 100000 150000
HOW JIMHUU TIPUMEpHO Ha 9 cm™. B.T PL int.

[Ipy OPWIOKEHHUU BHELIHETO Puc.1. — (Cnesa) Cnexmp pamanoscko2o paccesiiusi K8AHMOBOU SMbl
CdReTe/CdMgTe 6 3asucumocmu om Geauyumbl MASHUMHO20 NOJA.
(Cnpasa) Cnexmp pamano8ck020 paccesHus 8 Hyiegom noie.

JIBA TIMKA, OTCTOSIIIUX OT Ja3ep- 742

MAarHvMTHOI'O 1oJIsI 3TH MUKW pac-

TICTIACTCA HaA HECKOJIBKO J'H/IHI/II7[,

¢11a00 3aBUCSIINX OT MoJisi. [IoMUMO 3TOr0, HAOIFOIAETCS CUMMETPHYHASI OTHOCUTEIIBHO J1a3epa JIMHUSI, 3aBUCS-
11ast OT MOJIS IMHEHWHO ¢ g-pakTopoM g=1.1, i He 3aBHUCSIIAs OT HAPABIIEHHS ITOJIS B TUTOCKOCTH. Taxke HabIto-
JTAeTCs TIOPSIKA JIECATH CIa0BIX IMHNHN, HEIMHEWHO 3aBUCAIINX OT MAarHUTHOTO TOJs. YacTh U3 HUX CTpeMsTCS
K HEHYJIEBBIM 3HAYEHUSIM B HYJIE TIOJIA.

Ha ocHoBaHuu Haiel npeapayei padoTsl [2] o UCCIIe0BaHUIO TOJIyMArHUTHBIX MOy IIPOBOIHUKOB
METOJIOM CITMH-(DJIATT PAMaHOBCKOTO PACCESHUs, MBI TIPEIoNaraeM, 4To Takas CIOXHas CTPYKTypa JIMHUN
PaMaHOBCKOTO pacCesHUSI MOXKET OBITh CBSI3aHA KaK C IIEPEBOPOTOM CITMHA OJJUHOYHOTO PEHUS, TaK H C TIepe-
BOPOTOM CITMHA UOHA, HAXOJISIIEr0Ccs B KJIACTEPE, COJIEPIKAIIMM JIBa UOHA.

[1] 4. V. Koudinov et al., Phys. Rev. B, 105, L121301 (2022)
[2] R. V.Cherbunin et al., Phys. Rev. B, 101, 241301 (2020).
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[TPUMECHU U IEDOEKTDLI

(OBBEMHBIE ITOJYITPOBOAHUKHA
N KBAHTOBO-PASMEPHBIE CTPYKTYPBI)
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Wcnonp30Banme in-situ M3MEpEHUN HU3KOTEMIIEpaTypHO MUKPO(DO-
TOJIFOMUHECIICHIIUHU JIJIs1 HAOJIIOACHUS IEPECTPONKHU MIPUMECHO-1€(PEKTHOMN
CUCTEMBbI KyOMYECKHUX MOJTYTPOBOTHHUKOB TOI BO3JACHCTBUEM JIa3€PHOTO
TUIEepP3BYyKa

Kpusoook B.C.%, Knokos A.10.}, Yennos C. 1., Vemanos U2, apkos A. 1.}, Hukonaes C.H.!
Y®HAH, 2. Mockea, Jlenunckuii npocnexm, 0. 53

B coBpeMeHHOIl nuTeparype XOpOIIO HM3BECTHBI TAKUE SBICHUS KaK IEpPECTpoilka IPUMECHO-
neeKTHOW CUCTEMBI TOTYIPOBOIHUKOBBIX (IMAIIEKTPHUECKAX) MAaTepUaAIOB B pPe3ybTaTe BO3ICHCTBHA Ha
HUX C(POKYCHPOBAaHHBIM IyYKOM SJIEKTPOHOB MM JIa3epHBIX MUMIYJbcoB. Hapsay c¢ ¢yHmameHTansHBIMU
HCCIEIOBAaHUAMY, JaHHAsI TPYIIIA SBJIECHUI MPEACTABIAET HHTEPEC U JUIsl HEKOTOPBIX MPUIIOKEHUH, TaK Kak
CO3/IaeT TPEANOCHUIKMA IS JIOKAIBHOTO W KOHTPOJHPYEMOTO YIIPABIEHUS ONTHYECKUMH  ¥/WITH
TPaHCIIOPTHBIMHE CBOWCTBaMU. B manHoii paboTte, Ha mpuMepe KyONIeCKHX IMOyIPOBOTHUKOB rpynmsl A2B6,
OOCYKIAIOTCS aHAJIOTH ONMCAaHHBIX BBIIIE SBJICHHN, pEANTU30BaHHbICE B MOJHOCTBIO ONTHYECKOM
IKCIIEPUMEHTE MpPHU TeUEBBIX TemIepaTypax. VICroib30oBaHHE HHU3KHX TEMIIEpaTyp I[O3BOJISET in-Situ
OTCJIe)KMBAaTh CBOWCTBA OJMHOYHBIX JIFOMHHECIEHTHBIX IEHTPOB, KOTOpBIE HTPAOT POJb CBOETO pojia
ONTHYECKUX 30HAOB. Pa3Hble THMBI 30HIOB TO3BOJSIET OTCIEKHWBATH MEPECTPONKY pa3iINYHBIX THIIOB
nedeKTOB, KaK B 00bEMHBIX ITOJTY-TIPOBOJHUKAX, TAK ¥ B MTOTYIPOBOJHUKOBBIX TE€TEPOCTPYKYTpax.

I[Hﬂ aHaJinu3a BO3[I€I>'ICTBH$1 Ha TOYCYHbIC I[C(bCKTI)I MBI UCTIOJIB3YEM OJUHOYHBIC JOHOPHO-aKICTITOPHBIC
napol, M1 MU3Y4YCHUA TIPOTAKCHHBIX I[Cq)CKTOB OCHOBHOM yoop cCaciiaH Ha JIOMHUHECHCHTHBLIC LICHTPLI,
chopmupoBanHble ¢ ydactueM 900 wacTwyHBIX mauciokanuii. Hapsmy c ompeneneHHBIM CHEKTpaIbHBIM
MIOJIOKEHUEM, JIMHAW W3IyYeHHUS YKa3aHHBIX JIOMHUHECIEHTHBIX CHUCTeM (TPH BBHIICTICHHH OJUHOYHOTO
00bEKTa) UMCIOT MaJyIO IIHPUHY, ONpEeNICHHbIC CTENCHb JIMHEWHOW MOJISIpH3allii U 3HadeHue (akropa
Xyanra-Puc. DTo mO3BOJISIET YBEPEHHO BBLACIATh WX Ha (DOHE OCTAJBHBIX MEXaHH3MOB H3JTy4yaTelIbHOM
pexomOuHamu. JlokambHOEe BO3MEHCTBHE Ha Ne(EKTHl OCYIIECTBISIETCS C MOMOIIBIO C(HOKYCHPOBAHHOTO
V3ITydeHUs] WMITyJIbCHOTO Jia3epa, KOTOpOe TMIOTJIONIAeTCS B TPUIMIOBEPXHOCTHOM CJIo€ 00BEMHOTO
MOJIyIPOBOJHUKA WJIM MOJYNPOBOJHUKOBON TeTEepPOCTPYKTYphl. OmnucaHHas MOCTaHOBKA ONTHYECKOTO
SKCIIEPUMEHTA TI03BOJIMIIA JUIS Psiia OOBEMHBIX MOTYIPOBOJHUKOB U MOTYIIPOBOJHUKOBBIX T€TEPOCTPYKTYP
peaNrn30BaTh PEKUMBI JIA3EPHOTO BO3JIEHCTBHSI, P KOTOPBIX, C OJJHOW CTOPOHBI, IPOUCXOIUT MOCTENEHHAS
MepecTporika CTPYKTYpHBIX N1e(DEeKTOB, C JIPYrodl CTOPOHBI, CBOMCTBa HEHAPYIIEHHOW KPUCTAJUTMYECKOU
PEIICTKH OCTAIOTCSA HCU3MCHHBIMU.

U3 conocraBneHus KapTUHBI W3MEHEHWH NEQEKTOB B IICHTPE JIA3€PHOTO MSATHA U HA Pa3IMIHOM
yAalleHud OT Hero HaMu Obula oOHapy)XeHa CYIIECTBEHHAs pOJb HETEIUNIOBOTO W OTHOCHTEIHHO
JATEHOICHCTBYIOIIEr0 MeXaHn3Ma Bo3/ieiicTBrs. COBOKYITHOCTbH IOYYEHHBIX SKCIIEPUMEHTAIBHBIX JaHHBIX
YKa3bIBa€T HAa TO 4YTO, OTUM MEXAHU3MOM ABJIACTCA BO3I[eI\/'ICTBI/Ie TUNCP3BYKOBBIX MOBEPXHOCTHBIX BOJIH
(xorepeHTHBIX (POHOHOB) MHAYIMPOBAHHBIX JIA3epHBIM MMITyJIbcoM. Hanbomnee sipkiie W BOCIIPOM3BOMMBIC
JUTSL pA3TIMYHBIX MATEPUANIOB SBJICHHS ObLTH 0OHAPYKEHBI TPUMEHUTENHFHO K AMCIOKAIIOHHON MTO/ICUCTEME.
B wactHOCTH, IS pa3sNUYHBIX MaTEepHajoB OBUIO 3apETHCTPUPOBAHO MAHEpPIOCOBCKOE CKOJIBKEHUE
HaCTUYHbIX nncnoxaunﬁ BbI3BAHHOC BOS):[GI‘/’ICTBI/IeM TMMOBECPXHOCTHBIX BOJIH THUIICP3BYKA. Tak xak JaHHBbIC
BOJIHBI JIOMYCKAIOT THOKHE MEXaHWU3MBbI YIIPABJICHUS BOITHOBBIM ()POHTOM, B HACTHOCTH, €ro (hOKYCUPOBKOH
[1], momyyeHHBIe PE3yJIBTaThl MPEACTABIAIOT MHTEPEC JUIA Pa3pabOTKHU MOJTHOCTHIO ONTHYECKHX METOJ0B
JIOKaJIbHOTO JIa3€pHOTO YHpaBiIeHUS JedeKTaMHd B IOJYNPOBOJHUKOBBIX MaTepualaXx C KyOMYecKor

CTPYKTYPOM.

[1] Andrey Y. Klokov, Vladimir S. Krivobok, Andrey I. Sharkov, Nikolay Y. Frolov. Sensors 22, 870
(2022).
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BricokoTeMmnepatypHbiii peppoMarHeTi3M HOBOTO THIIA B pa30aBICHHBIX
MAarHUTHBIX MOJYTPOBOJHUKAX: POJIb THOPUIU3ALUKI TPUMECHBIX
AJIEKTPOHHBIX COCTOSIHUM

Toopkosa T.E.!, Oxynos B.1.}, Baynun A.A.%, T'asuxo B.C.}, Cypuxos B.T.?

‘DM um. M. H. Muxeesa YpOPAH, 620108, Examepunéype, yi. C.Kosanesckoil, 18

2UXTT YpO PAH, 620990, Examepuntype, yi. Illepeomaiickas, 91

B pab6ote [1] Ha ocHOBE KBaHTOBOTO (DEPMHU-KHKOCTHOTO TIOIX0/1a PA3BUTO TEOPETHUECKOE OITHCAHNE HOBOTO
s¢ddekxTa B MOMYIPOBOTHNKAX — CIIOHTAHHOM CITMHOBOW TOJISIPHU3AIMM JOHOPHBIX SJIEKTPOHOB MPOBOINMOCTH.
ATOMHBIE ANIEKTPOHHBIE COCTOSHUS IOHOPHBIX IIPUMECEH! IIepeX0JHBIX AIEMEHTOB MOT'YT THOPUIN3UPOBATECS C CO-
CTOSIHMSIMH TOJIOCHI TPOBOANMOCTH. HOBBIM COCTOSIHHSIM OTBEUAET COYETAHNE YaCTHIHOH JIOKATU3ALMH SJIEKTPOHOB
Ha MPHEMECHOM HOHE CO CBOOOIHBIM JBIbKeHHeM. [ nOpramsanus npossiseTcs: B QHM3MYECKUX CBOIMCTBAX IIPH YCIIO-
BHH, Korza sHeprus Pepmu pacrnosokena BOIM3H JOHOPHOTO YPOBHS, U XapaKTepHa, B YACTHOCTH, JUTS IPHIMECHBIX
atomoB kerne3a B HgixFexSe (X < 0.01). CocTostHuS TSTH U3 EeCTH (-37IeKTPOHOB Kelle3a HaXOMATCS B BAICHTHON
TMOJIOCE U MIMEIOT OJIMHAKOBYIO TOJIIPH3ALIMIO, & COCTOSIHIE OCTaBIIerocs: 0-3JIeKTPOHa, OTBEYAIOIIEee MPOTHBOIIO-
JIOXKHOH TIOJIPH3aLH, TIOTA/IaeT B TOJIOCY MPOBOIUMOCTH U THOpHm3upyeTcs. OOMEHHOE B3aMMOJCHCTBHE HIIeK-
TPOHOB B THOPHAN3UPOBAHHBIX COCTOSHUSAX MPHBOIHUT K BO3HUKHOBEHHUIO JIOKATM30BAHHOM CIIMHOBOH IUIOTHOCTH
Y CIIMHOBOH TOJISIPU3AIIK BKJIAIOB B COCTOSIHHS DJICKTPOHOB TIPOBOMMOCTH. JIoKann30BaHHAs W pacnpeieieHHas
ANIEKTPOHHBIE TIOTHOCTH BO3HMKAIOT Olarofiapsi pe30HaHCHOMY PACCEsSHHIO W OTBEYAIOT OTHOW ONpenesieHHON
sHepru. [ Ipr 5ToM criMHOBas TOISIPU3AIIKS SIEKTPOHOB ITPOBOIMIMOCTH OCYILECTBIIsIETCst 60T1ee 3(h(EeKTHBHBIM CIIO-
coboM, "yeM Tpu KocBeHHOM oOMeHe Pynepmana-Kurrenms. HuskotemmeparypHbIii CHOHTAaHHBI MarHeTH3M Jie-
TaJbHO MCCienoBan Hamu B padote [2] B HY1FexSe (X < 0.01). HemaBHo MBI BriepBBIe HAOIIOIAIN B OKCIIEPUMEHTAX
MarHeTH3M HoBoro Tumna B HgixFexSe (X = 0.0006) mpu T = 300 K Ha obpasiie ¢ KOHIIEHTpaIuel MprUMecei jkesesa,
IUTst KOTOpOH 3EKTHI CIIMHOBOM MOJISIPH3AIMH TIPOSIBIISTFOTCS Hanbostee sipko [3].

B Hacrosiieit paboTe ncciieoBaHbl CTPYKTYPHBIE CBOMCTBA M BEICOKOTEMIIEPATYPHBINA (heppoMarHeTu3m
HOBOTO THIIA Ha CEpUU 00BbEeMHBIX MOHOKpHCTAILIOB Hg1xFexSe (0.00012 < x < 0.0013), amst KOTOPBIX SHEPTHA
depmu OiM3Ka K PE30HAHCHOM 3HEPTHU JOHOPHOTO YpOBHs. M3MepeHHsi HaMarHW4YEeHHOCTH TPOBE/ICHBI Ha
SQUID-marauromerpe mpu T = 300 K B MarauTHbIX nosisix H = £50 k3 (H || <001>). [1yist npuMecHbBIX BKIAI0B
HOJTyYeHBI KPHBBIC HAMArHUYKMBAHHS C TlapaMeTpami (1ose HacbieHus Hs = (10.5-15.6) kD, HaMarHH4eHHOCTh
naceiuenns Ms = (1.0-3.4)-10°° I'c-cm®/r, marauthbii MoMenT s = (0.2-6.9)- 107 ps/e), koTopble 0TBeUaroT BiIy-
SIHUFO MEXKIJIEKTPOHHOTO B3aMMOJICUCTBHUS M XapaKTepHBI I C1a0bIX (eppoMarHeTukoB. ONTHKO-IMHCCHOH-
Hasl CIIEKTPOCKOIUS ¥ PEHTICHOCTPYKTYPHBIN aHAJIN3 TIOATBEPIMIN, YTO HAOIMIOAaeMbIii (peppOMarHeTU3M SIB-
JsIeTCst COOCTBEHHBIM («INtrinsicy) 1 0HO3HAYHO CBsA3aH ¢ d-2JIEKTPOHAMH MPUMECHBIX aTOMOB jKele3a [4].

Takum 00pazoM, B paboTe HcCiieI0OBaH HOBBIH dPQEKT B MOIYIIPOBOJAHNUKAX — BBICOKOTEMIIEPATYPHBIN
CIIOHTAHHBIN CTUHOBBIA MarHETU3M JJOHOPHBIX 3JICKTPOHOB IpoBoauMocTH. Habmonaemblit a3 GekT uHTepIipe-
THPYETCsI B paMKax TEOPHU CHOHTAHHOM CITMHOBOMW IMOJISIPH3AIMK U 00YCIIOBIICH THOPUIM3aIHEl IPHMECHBIX
COCTOSTHUIT 1 OOMEHHBIM B3aHMMOJICHCTBHEM JOHOPHBIX JIEKTPOHOB. Y CTaHOBIICH HOBBIH 3 (eKTHBHBIN MeXa-
HU3M CIIMHOBOH MOJISIPU3AIINH SJIEKTPOHOB MPOBOMMOCTH B ITOTYPOBOTHAKAX P KOMHATHOW TEMIIepaType.

Pabota BeimonHena npu noaaepkke PH®, mpoekt Ne 23-22-00126, https://rscf.ru/project/23-22-00126.

[1] V.1. Okulov, E.A. Pamyatnykh, V.P. Silin. Low Temp. Phys. 37, 798 (2011).

[2] T.E. Govorkova, V.I. Okulov, K. A. Okulova. Low Temp. Phys. 45, 234 (2019).

[3] T.E. Govorkova, V.I. Okulov, V.S. Gaviko et al., Bull. Russ. Acad. Sci. Phys. 87, 735 (2023).
[4] T.E. Govorkova, V.I. Okulov, E. A. Pamyatnykh et al., Results in Physics 56, 107307 (2024).
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KBanToBas dKYCTHUKaA ITOJIYIIPOBOAHUKOB, JICTUPOBAHHBIX NOHAMHA
IECPCXOAHBIX MCTAJLJIOB

I'yakos B.B.!, Caperues M. H.%, Kescrosckux U.B.12, Opuneposa H.F0.!, Kopocremun B.10 .3,
Asepkues H.C.4

YVp®y, 620002, Examepunbype, yi. Mupa, 19

2UDM um. M. H. Muxeesa YpO PAH, 620137, Examepuntype, y1. Copou Kosanescxoii, 18

SOUAH um. I1. H. Jlebeoesa, 119991, Mockesa, Jlenunckuil np., 53

*OTH um. A. @. Hogpgpe PAH, 194021, Cankm-Ilemepbype, ya. Ilonumexnuueckas, 26

DHeprus UCIONIb3yEeMbIX B YIbTPA3BYKOBBIX KCIIEPUMEHTaX (DOHOHOB COCTABIISICT BEIMYMHY HE 0OJIce
necsatkoB MK. Ilpu temmnepatypax nopsaka 1 K u Bele aucnepcus yiabTpa3ByKOBBIX BOJH M JUCCUIIAIUS
9HEPTUH, 00YCIOBJICHHbIE SH-TeepoBcKoi (SIT) moacucTeMoii HMEIOT peNlakCalliOHHYI0 TTPUPOY, OAHAKO
MEXaHHU3MBI pellaKCaIlii IMEIOT KBaHTOBO-MeXaHU4ecKyto mpupoxy [1]. [loatomy siBieHus, cBS3aHHBIE C pac-
MPOCTPAHEHUEM YIBTPA3BYKOBBIX BOJIH B KPUCTAILIAX, COACPIKAIINX UCKYCCTBEHHO BBeneHHbIe ST npumecu
MaJIOi KOHIEHTPALUH, CIeyeT OTHECTH K 001aCTH KBaH-

TOBOM aKyCTHKH, K KOTOPOH paHEee OTHOCUIIUCH B OCHOB- 10°
HOM akyctudeckuii DI1P u akycruueckwnii IMP.
-6

Oco0OeHHOCTSIMU TYHHETIbHBIX MEXaHU3MOB pellak- 10

CaIliH, PACCMOTPEHHBIX B [ 1] IpUMEHUTENHHO K pe3yibTa-

T (s)

TaM SKCIICPUMEHTOB B KPHUCTaNIe CO CTPYKTYpOH car-

¢upa, SBIIOCH TO, YTO OHU PEATM3YIOTCS C ydyacTHEM .
10
TEIJIOBBIX (DOHOHOB, ¥ IO3TOMY BPEMSI PEJIaKCALIUH SIBJISI-

I0TCsI TeMIlepaTypHO-3aBUcUMbIM. Hamu ObLT nccienoBan

0.1 0.2 0.3 0.4 0.5 0.6 0.7

PST KPUCTAIUIOB CO CTPYKTYpOU (hIIroOpHTa, JISTHPOBaH-
o T (K

Hbix 3d woHamu (cM. [2] ¥ CCBIIKM B 3TO# paboTe), U mo- =

Puc.l. — Temnepamypnas 3asucumocms epe-

MEHU penakcayuu ﬂH'l?’l(f,*lfl(pr(ﬁ'CKOl? noocu-

cmemvl 8 kpucmainne ZnSe:Cr.

Ka3aHO, YTO TIOAOOHBIH IMOIXO0 K ONMCAHUIO PellaKCaIlin

NPUMEHUM U K 3TUM KpUCTAUIaM. B cBsA3M ¢ yeM npen-

CTaBJIAJI MHTCPEC BBIACHUTD, SABJIAIOTCA JIM paCCMOTPCH-

Hble B [ 1] MEXaHU3MBI PeJlaKCaluK HACTOJIBKO YHUBEPCAIBHBIMH, YTO MPOSIBIISIOTCS HE TONBKO B IUJIEKTPHKAX,
HO ¥ B MONYNPOBOJHUKAX. B JIAaHHOM JOKJIaJ€e MPMBOIATCS PE3yJIbTaThl SKCIIEPMMEHTAIBHBIX HCCIIEI0BAHMII
TEMITEPATYPHOI 3aBUCUMOCTH BpeMeHH peakcarmu 7(7) ¥ aHaan3y MexaHn3MoB penakcanuu ST moacucTeMsl
B kpuctamax A'BV':3d, kak B kybuueckoii (ZnSe, ZnTe), Tak u B rekcaronansHoit (CdSe, CdS) dasax.

ITpumep 3aBucumoct 7(7), 0Ty4eHHOM B KpucTaie ZnSe:Cr2t

C UCTIOJIb30BAaHUEM METOJNKH, ITPe-
noxenHoit B [3], npuBenen Ha Puc. 1. CuMBoIaMu 1moKa3aHbl SKCIIEPUMEHTAIbHbIC JaHHbIC, KpHuBas 1 cOOT-
BETCTBYET aKTUBALMOHHOMY MexaHusMy T, = Toexp(Vo/T), 2 — tynnensuomy 7, = (B - T)™1, 3 — nByxdo-
HoHHoMy Tg = (C - T3)71, 4 — BpeMeHH pesakcallvy ¢ yU4ETOM BCEX MEPEUMCIEHHBIX MEXAHU3MOB Pejlakca-
mm T =ttt 4+ ) Loty =210 ¢, Vy=68K,B 1 =5-10"°¢cK, "1 =9-107% c-K®,
AnanorudHbiM 00pa3oM ObuIa MOKa3aHa MPUMEHHUMOCTh PACCMOTPEHHBIX PaHee MEXaHU3MOB pestakcaruu [1]
U B OCTaJIbHBIX UCCJIEJOBAHHBIX HAMHU KPHCTAJUIAX TTOJIYTIPOBOIHUKOB.

[1] M. D.Sturge in Solid State Physics, Vol.20, ed. by F. Seitz, D. Turnbull, and H. Ehrenreich, Academic
Press, New York: (1967).

[2] M. H.Capwiues u op. JKOT®, 165, 226 (2024).

[3] M. H.Capwiues u op. Iucvma ¢ KITD, 113, 52 (2021).

239



Tpumecu u deghexmul (06veMHbIE NOTYNPOBOOHUKU U KBAHMOBO-PASMEPHLLE CHPYKIYDbL)

WccnenoBanue nNpoueccoB paanauoHHoro aehekToo0pa3oBaHus
B KapOuje KpeMHus

Jlebene A.A.%, Kosnosckuii B.B.?, Jlepunmreiin M.E.L, Ctpensuyk A.M.}, laseinosckas K.C.2,
Kysbmun P A Y

‘\OTH um A. @. Hoppe, 194021, Canxm-Ilemepbype, Ionumexuuueckas yi. 26
2Canxm-Ilemepbypeckuii nonumexnuyeckuii ynueepcumem Ilempa Benuxozo, 195251 Canxm-
Ilemepoype, Ilonumexnuueckas ya. 29

[oBbIIeHHE HAAEKHOCTH PAOOTHI ATOMHBIX JIEKTPOCTAHLIUH, YCTPOHCTB KOCMUYECKON TEXHUKH U YKe
MPOEKTHUPYEMBIX TEPMOSAEPHBIX YHEPTeTHUECKNX YCTAHOBOK M TPeOyeT HCIOJIb30BAHMS SJIEKTPOHUKH, PajIn-
aIMOHHO-CTOMKOHN K Pa3IMYHBIM HOHU3UPYIOIIUM H3IIyIeHUSIM: 3JIeKTPOHHOMY, IPOTOHHOMY, HEHTPOHHOMY,
anb(a, 6eTa 1 raMMa. DTO U ONPEACIHIIO aKTYaIbHOCTh HCCIICAOBAHHN.

K paananuoHHo cTOHKHUM MaTepuaiaM, Kak U3BECTHO, OTHOCATCS OJTYIPOBOAHUKHU C OOJIBIION 3HEp-
THel cBs3u — anma3, HuTpua oopa, GaN, SiC. B ®TH yxe MHOTO JIeT BeAyTCs UCCIeA0BaHus B 00JIacTh Co-
30aHUS KapOMIKPEMHUEBOM AIIEKTPOHUKH. Bbllla mocTaBieHa eiab — UCTIOIb3Ys HAKOIUICHHBIN 3a7iel, Tpo-
JIBUHYTHCS B HAIIPABJICHUU pa3pabOTOK PaJHallMOHHO CTOHKOW 3JIEKTPOHUKHU Ha ero ocHOBe. E€ nocTmxkenne
MoTpebOBaIO TaK)KE PEIICHUS 3a1a4 HCCIICAOBAHMS IPOLIECCOB PAAMAIHOHHOrO nederToobpazoBanus B SiC.
B x0/1¢ paboThI OBUTH MOJTYYCHBI CIICAYIOIIME OCHOBHBIC pe3yibTarhl [1-7]:

1. OnpeneneHsl mapaMeTpbl OCHOBHBIX paauarimoHHbix nedexros (PJ]) B momurumax 4H- u 6H-SiC
U CKOPOCTH UX BBEACHUSI B 3aBUCHMOCTH OT JIO3bI M THIIA OOTyUCHHS.

2. [ToxazaHo, YTO OCHOBHBIM MEXaHH3MOM PaJHAallMOHHON KOMIICHCAIIMY B KapOuae KPEeMHUSI SIBIISIETCS
o0Opa3oBaHre B HIDKHEH TOJOBUHE 3alpelieHHoi 30061 P/l akienTopHO# MpUpoIbl, KOTOPBIE 3aXBATHIBAIOT
AIIEKTPOHBI U3 30HBI TIPOBOMMOCTH, 3apsDKasiCh OTPUIATEIBHO.

3. OmpeienieHbI CKOPOCTH yIaICHHS HOCUTENEH B STIMTAKCHATBHBIX ¢10sX SiC N-Trma u B mpubopax Ha
€ro OCHOBE (BBIPSIMUTEIbHBIC qH0AbI, Auoasl [lorTku, JBS, MOSFET).

4. Y CcTaHOBIICHO, YTO OCHOBHOMW MPUYUHOM paauaiinoHHoi aerpananuu SiC nprudopoB sIBISETCS yMECHb-
IICHHE TI0/T BIMSIHUEM 00JTy4eHHs KOHIICHTPAIIUH JICKTPOHOB.

5. IlokazaHo, 4TO POJb TEMIIEPATYpPhI IIPH KOTOPOH MPOBOAMUTCS O0IydEHUE, CBOJUTCS K M3MEHEHHIO
YCJIOBUH BTOPUYHOTO AehekTo00pa3oBanus U POPMHUPOBAHUS COOTBETCTBYIOIIETO cliekTpa nedekToB. OOHa-
PYXKEHO, 4TO paJialliOHHAasi CTOWKOCTh MPHUOOPOB 3HAYUTENHLHO YIy4IIaeTCsl ¢ pOCTOM TeMIepaTypsl 00Iy-
YEHHS.

6. M3yuena craTucTuka 3anoiHeHus saekrpoHamu P/1 B SiC, 4To 1mo3Bosnio 00bsICHUTD HAOII0AaBIIIe-
€csl 3HAYMTEIBHOE PACXOXK/ICHHE B BEIMYMHAX CKOPOCTEH yaajeHus] HOCUTENEH, TOTyYeHHBIX Pa3HBIMU JKC-
MEPUMEHTANBHBIMU METOJIAMH, OCOOCHHO, TMPH BHICOKUX CTEMEHSIX KOMIICHCAIIMN MaTepraa.

PaGora Opu1a BEITONTHEHA TIPU (PUHAHCOBOM Moepxke rpanta PH® 22-12-00003

[1] A.A. Jlebeoes, /. A. Manescruii, B. B. Kosnosckuii, M. E. Jlesunwmetin, @TII, 57, 743 (2023).

[2] M.E. Levinshtein, A. A. Lebedev, V. V. Kozlovski, D. A. Malevsky, R. A. Kuzmin, G. A. Oganesyan,
Solid State Electronics, 196, 108404 (2022).

[3] A A. Lebedev, V.V. Kozlovski, K. S.Davydovskaya, R. A. Kuzmin, M. E. Levinshtein, A. M. Strel chuk,,
Materials, 15, 8637 (2022).

[4] A.A. Jlebeoes, B.B. Kosnosckuii, M. E. Jlesunmwmeiin, . A. Maneeckuit, I'. A. Ocanecsin, A. M.
Cmpenvuyx, K. C. Jlasvioosckas, @TII, 56, 441 (2022).

[5] A A. Lebedev, V.V.Kozlovski, M. E.Levinshtein, A. E.lvanov, K. S.Davydovskaya, V.S.Yuferev, A.V.
Zubov, Radiation Physics and Chemistry, 185, 109514 (2021)

[6] A A. Lebedev, V.V.Kozlovski, M. E.Levinshtein, A. E.lvanov, K. S.Davydovskaya, Solid-State Elec-
tronics 181, 108009 (2021).

[7] A. A.Lebedev; Kozlovski, V.V.; Davydovskaya, K.S.; Levinshtein, M.E, Materials, 14, 4976 (2021).

240



Tpumecu u deghexmul (06veMHbIE NOTYNPOBOOHUKU U KBAHMOBO-PASMEPHLLE CIPYKIYDbL)

OnTryeckue, JMEKTPUUECKUE U MarHUTHBIE CBOMCTBA KapOuga KpEMHHUS
C KPEMHUEBBIMU BaKaHCUSIMHU, BBIPAIIEHHOI'O U3 KPEMHUS METOLOM
COIVIACOBAHHOI'O 3aMEILEHUs aTOMOB

Kykymkun C. A., Ocunosn A.B.
UlIMaw PAH, 199178, Canxm-Ilemepoype, B. O., borvwoii np., 61

B nacrosiei paboTe SKCIIepIMEHTAIBHO peai30BaH HOBBIH METO[ MOJIyYeHUs KapOuia KpEMHHUS Ky-
ouueckoro noiutumna 3C-SiC ¢ KpeMHHUEBHIMH BaKAHCHSMH B CTAOUIIBHOM COCTOSIHUH. Mest MeTo/1a cCoCTOUT
B TOM, YTO BHa4aJle KpEMHHEBbIC BAKAHCHUHU CO3Al0TCS BHICOKOTEMIIEPATYPHBIM OT)KUI'OM B MOAJIOKKE KpeM-
uus Si(111), neruposanuoro GpochopoM, H JIKIIb 3aTeM dTOT KpeMHHii npespamaercs B 3C-SiC(111) 3a cuer
XUMHUYECKOH peakiyu ¢ MoHOoKcuaoM yriepona CO. YacTh KpeMHUEBBIX BaKaHCHUH, MPOUAS «XUMUYESCKUI
0TOOp» TIpH 3TOM TipeBparieHun, momagaet B SiC. B pesynsprate obpasyercss KapOuI KpEMHHUS KyOUIeCKOTO
nonutuna 3C-SiC ¢ kpemuueBbiMu Bakancusimu Vs; [1]. Tak kak kpemuuii Obut sierupoBan Gpocdopom, To
BaKaHCHM NPHOOPETAIOT OTPULIATEIbHBIN 3apsaa. KBaHTOBOMEXaHWYECKHE PACUETHI, BBIIOJHEHHBIE METOAOM
(yHKIMOHANA IUIOTHOCTH, TIOKA3bIBAIOT, YTO IIOMHUMO 3apsiia KpeMHHEBbIE BAKAHCHH 00J1aIat0T e1lle CHIIbHBIM
MarHUTHBIM MOMEHTOM 3a CYET TOTO0, YTO COCECHHUE aTOMBI YIJIepOaa UMEIOT HECTIapEHHBIC IEKTPOHBI [2].
KiroueByro ponb B JAHHOM CHUCTEME UTPAET TO, YTO KPEMHUEBBIE BakaHCUU Vg; OYEHb CUIIBHO B3aUMOIECH-
CTBYIOT JpYT ¢ Apyrom. JlaHHOe B3auMo/IeiicTBHE MOTHOCTHIO OMPEACTSAECT HE TONIBKO ONTHYECKUE, HO U DJICK-
TPUYECKHE CBOWCTBA JAHHOTO CIMHTPOHHOTO Marepuana [2]. KaxeTcs, 4To oTpHUIIaTeIbHO 3apsHKeHHbBIC Ba-
KaHCHH JIOJDKHBI OTTAJIKMBATHCS APYT OT Apyra 3a CUeT KyJOHOBCKOTo B3aumozeicTsusa. Ho Ha camom gene
Bce Hao00poT. KBaHTOBOMEXaHMYECKHE PAcUEThl, BHIIIOIHEHHBIE METOIOM (PYHKIHOHAIA IUIOTHOCTH, TIOKa-
3BIBAIOT, YTO KaXKasi BAKAHCHUs CO3aeT BOKPYT ceOs yrpyroe mose 3a cu4eT 00opBaHHbIX cBszeit Si-C u atu
MOJIST IPUBOJIAT K CHIILHOMY MPUTSHKEHUIO KPEMHUEBBIX BakaHCUH BAOib Hampasienus <110> (cm. Puc. 1).
[IputsoKkeHne BO3HUKAET 3a cUeT 0O0pa3oBaHMs HOBBIX oueHb BEITOAHBIX cBs3eit C-C (Puc. 1). B pesynbrare
BCE BAKAHCUU BBICTPAUBAIOTCS B «HUTW» <110>, BIOJb KOTOPBIX UAET COUHOBBIA TOK, T.€. TOK 3JIEKTPOHOB

C OAMHAKOBBIM CIIMHOM.

Si —_— (112)
Puc. 1. — «Humuy xpemnuesvix eaxarcuii ¢ 3C-SiC, nokazannvix kax noaynpospaumnsie cghepoi.

PaccunTanbl 1 U3MEpEHBI AUAIEKTPUIECKast MPOHUIIAEMOCTD B 3aBHCUMOCTH OT JIJTMHBI BOJHBI (JOTOHOB, pa-
MaHOBCKHUH CIIEKTP, HHPPAKPACHBIN CIIEKTpP, 30HHAS CTPYKTYpa JaHHOTO MaTepHaa U MPOBeICHO CPaBHEHUE
TEOPETHYECKUX M DKCIIEPUMEHTAIBHBIX JTaHHBIX.

Pabota BBINIOSIHEHA B paMKaXx rocy1apCTBEHHOTO 3a/1aHis MUHUCTEPCTBA HAYKHU U BBICILIETO 00pa30BaHUs
Poccutickoii @eneparnuu 8 UIMam PAH. Homep yupenutenst Ne FFNF-2021-0001. PeructpannonHbiii HO-
Mep Tembl: 121112500383-9.

[1] S.A Kukushkin, A.V. Osipov, Russ. J. of General Chem., 92, 584 (2022).
[2] S.A Kukushkin, 4. V. Osipov, Materials, 15, 4653 (2022).
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Ckanupytomasi NV-crekTpocKonusi Kak MHCTPYMEHT JIJISl AMArHOCTUKH
aJIMa30B U UX CKPBITOKPUCTAIUIMYECKUX CTPYKTYP

SIxosneBa B.B.!, Jluxaues K.B.}, Mysadaposa M.B.}, Ba6ynu P.A., Bapanos I1.T.}, Turkos C.B.?

Y\@TH um. A. @. Hoppe, 194021, Canxm-ITemepbype, yn. Honumexnuveckas, 26

2UI'EM PAH, 119017, Mockea, Cmapomonemmuuiii nep., 35

Cpenu mapaMarHUTHBIX Je(EKTOB B anMa3ax YHUKJIbHOE MeCcTO 3aHuMaeT NV LEeHTp, KOTOpBIN Ipea-
CTaBJIsIeT COO0I 3aMeIIAIOIINI aTOM a30Ta, CBSI3aHHBIN ¢ BakaHcuel yriaepoza. [Ipu ontiuueckom Bo30YKICHUH
NV 1eHTpoB NPOUCXOANUT ONTHYECKU HHAYLIUPOBAHHOE BBICTPANBAHUE AIICKTPOHHBIX HACEIEHHOCTEH TPHUILIET-
HBIX CIIMHOBBIX YPOBHEH, B pe3yJIbTaTe KOTOPOI'O 3aII0JIHACTCS CIIMHOBBIN IOAypoBeHb ¢ MS = (), 4TO OTKpHIBaET
BO3MO>KHOCTHU JIsI HCCJICA0BAHMSI CIIMHOBBIX MaHUILYJISLUHA C IIOMOIIBIO ONTUYECKH JIE€TEKTUPYEMOT0 MarHUT-
Horo pezoHanca (OAMP) [1,2,3]. Ctout Takke OTMETHTh, YTO CIIMHOBBIE NV IICHTpPHI MPEICTABIISIOT COOOM
YHUKAJIBHYIO CUCTEMY, B KOTOPOI KOJIMUECTBO CIIMHOB MOXKET BapbUPOBATHCS OT OAWHOYHOTO CITMHOBOTO LICH-
Tpa A0 npubmmuTensHO 1020 B yCIOBHSIX OKPYXKAOIIEH Cpesbl, TO €CTh B IPeenax JBaaTd HOPIIKOB.

Haubonee pacmpocTpaneHHBIM METOIOM MonydeHus: NV IEeHTPOB SIBIIAETCS 00ydeHHe anMasa U o-
cenyromui omxur npu Temieparypax poitie 700 — 1000°C. Bo BpeMs oTxuUra NoJBMKHOCTh BAKAHCUN YBE-
JUYUBACTCS, M OHHU 3aXBaThIBAIOTCS aTOMaMH a30Ta. DKCTPEMAIbHO BBICOKME KOHIEHTpanud NV IEeHTPOB
ObUIN TOJTy4YeHBI IyTEM CIIEKaHUs IETOHALIMOHHBIX HAaHOAJIMA30B IIPHU BBICOKHX TEMIEpaTypax W AaBICHUU
[4], TO ecTh O€3 UCTIONB30BaHUS OOTYIECHHS U OTKHTA.

[lepBoHayansHO OOHApPY>KEHHBIE B HCKYCCTBEHHBIX alMa3axX, YHUKAJIbHBIE MATHUTOONTHYECKHE CBOM-
ctBa NV leHTpOB OBIIN TaK)Ke HEaBHO N3yUEHBI B IPUPOAHBIX MOHOKPHUCTAIJIAX aIMAa30B [5], Mpu 3TOM yno-
MSIHYTBI€ aJIMa3bl He OBLIH MTOJIBEPKEHbI HCKYCCTBEHHOMY OOJIyUCHHIO U OTXKUTY, TO €cTh NV LeHTpsI ObUTH
c(hOopMHUPOBaHBI B HUX €CTECTBEHHBIM ITyTEM U, TAKHM 00pa3oM, OHHU cofiepkat B cebe mH]popMaImio o ecte-
CTBEHHBIX Ipolieccax 00pazoBaHus ajMa3oB. KpoMme Toro, CynecTByeT Takasi pa3HOBHIHOCTh IPUPOTHBIX al-
Ma30B, KaK KapOOHaI0, KOTOpasi MpeACTaBIsIeT cO00H CKPHITOKPUCTALTMYECKHE arperaThl, B KOTOPBIX pa3-
Mephl KPUCTAJUIOB COCTAaBIISIFOT JONM MUKpomeTpa. OOHapykeHHe BBICOKMX KOHIEHTparuii NV IeHTpoB
B KapOOHA10 MO3BOJISIET CPAaBHUTH Ipouecchl 00pa3oBanus NV IIEHTPOB B HUX C MIPOLIECCAMH B HCKYCCTBEH-
HBIX CIICYEHHBIX MUKpPOAIMa3ax.

B nacrosmeit pabore ObII0 mpoBeieHO HccliegoBanre NV IEHTPOB B MPUPOTHBIX U HCKYCCTBEHHBIX
MOHOKPHCTa/UIaX ajMa30B M MX CKPBITOKPUCTAJUIMYECKUX CTPYKTYpax MeTodamMH (hOTOMOMUHECHECHINT
(®JI) u OAMP. UccnenoBaHbl TakKE JOKAIbHBIE XaPaKTEPUCTUKH C CyOMUKPOHHBIM ITPOCTPAHCTBEHHBIM pa3-
pelenreM, Kak pactpejieieHue KoHIeHTpanun NV neHTpoB, ux 3apsnosoro coctosuus (NV-u NV0), nanps-
XKEHUH U leopMalinii, ToKadbHAask KOHIICHTPAIHsI IOHOPOB a30Ta U Cpe/IHee paccTosiHAE MEXIY NV eHTpOM
W a30ToM, a Takxke opueHTauusi NV 1IeHTpoB BAOJIb UX INIaBHBIX oceil <111> B MOHOKpHUCTaIaX anMas3oB
U CTENECHb B3aMMHOHN OpUEHTALIMM MUKPO- M HAHOKPUCTAJIJIOB B CKPBITOKPUCTAINIMUECKUX arperarax.

UccnenoBanue BBHIMOMHEHO 3a cueT Tpanta Poccuiickoro Hayunoro ¢onma Ne 23-12-00152,
https://rscf.ru/project/23-12-00152/.

[1] A. Gruber et al. Science, 276 (5321), 2012 (1997).

[2] A. Dribenstedt et al. Physical Review B, 60, 11503 (1999).

[3] P.G. Baranov, H.J. von Bardeleben, F. Jelezko, J. Wrachtrup. Magnetic resonance of semiconduc-
tors and their nanostructures: Basic and advanced applications, Springer, Vienna (2017)

[4] P.G. Baranov et al. Small, 7 (11), 1533 (2011).

[5] S.V. Titkov et al. Diamond and Related Materials, 136, 109938 (2023).
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Tpumecu u deghexmul (06veMHbIE NOTYNPOBOOHUKU U KBAHMOBO-PASMEPHLLE CIPYKIYDbL)

CnekTpocKOonus CBEPXTOHKOTO B3aUMOJIEUCTBUS METOIOM
AHTUIIEPECEUCHUS CTMHOBBIX YPOBHEW JJIs1 peaiu3alvu MOJHOCTHIO
ONTHYECKON BEKTOPHOM MarHuTomMeTpru Ha ocHoBe 4H-SIiC

Yuaes M.B.}, Jluxaues K.B.}, Beiimropr WU.I1.%, Bapanos I1.T".
Y\OTU um. A. @. Hogpgpe, Canxm-Ilemepbype, 194021, [Monumexnuuecxas, 26

B mmpoko3orHOM monymnpoBonHuke kapoune kpemuus (SiC) oOiydeHneM MOXKeT OBITh CO3/IaHO ce-
MEHCTBO KBapPTETHBIX CIMHOBBIX LIEHTPOB OKPACKH CO CIIUHOM S = 3/2, B KOTOPBIX OCYIIECTBIISIETCS MEXaHU3M
OINITUYECKU MHAYLIMPOBAHHOTO BHICTPAMBAaHUS HACEIICHHOCTEH CTIMHOBBIX YPOBHEH MPH KOMHATHON TeMIiepa-
Type U Bbitie. OCHOBHBIM MOJUTHIIOM JUISl IPUMEHEHHUI B KBAHTOBBIX TexHonorusix sipisiercst 4H-SiC, B ko-
TOPOM PEATU3YIOTCSI CIIMHOBBIE IEHTPBI ¢ S = 3/2 ¢ ymoMsHyThIMU cBoicTBamMu [ 1-4].

WzyueHne neHTPOB OKPACKH MPOU3BOIUTCS MOCPEICTBOM MOJTHOCTHIO ONTHYECKOTO METOJIa PerucTpa-
LUK CUTHAJIOB aHTHUIIEpecedYeHus CIMHOBBIX ypoBHel (level anticrossing — LAC) o U3MEHEHHIO HHTEHCHB-
HOCTH (otomomuuectieHIuu (DJI).

B pabote mposeMOHCTpUpOBaHa CIIEKTPOCKOIHNSI CBEPXTOHKNX B3aWMOACHCTBUI B YCIOBHUIX OKpYKa-
tomieii cpensl B kpuctamie SiC ¢ IpupoIHbIM cofepKaHueM H30TOIOB. 3aperucTpUpPOBaHbI BCE BOZMOKHBIE
AQHTUTIEPECCUCHUS] CIIMHOBBIX YPOBHEW B OCHOBHOM COCTOSIHHM B CHCTEME CBEPXTOHKHX B3aMMOJCHCTBUI
C OJIHMM M JIBYMs IPAMHU U30TOMa KpeMHHs 2°Si, monanarommm Bo BTOPYO KOOPAUHALMOHHYIO Chepy OTHO-
CHUTENIbHO BaKaHCHH KpeMHHs. OOHapyKeHO BO3/eiCTBHE SACPHBIX epexo10B Ha HHTeHCHBHOCTE DJI crin-
HOBBIX IEHTPOB. lcciieoBana OpueHTAIIMOHHASI 3aBUCHMOCTh CBEPXTOHKOH CTPYKTYpPHI LIEHTPOB OKPACKH.
BrusiBnena peskas 3aBucumocts criektpa LAC oT opueHTauy BHEITHETO MArHUTHOT'O TIOJISL.

Ha ocHoBaHmMM 3THX HCCIENOBaHMN HaMM ObUIH C(OPMYJIMPOBAHBI KPUTEPHU IS IPEIBAPUTEIHHOM
OLICHKY NePIICHANKYJISIPHON COCTABIISIIONIEH BHEITHEr0 MarHUTHOTO TIOJISL. VICTIONB3ys KOMITCHCAIIMOHHYIO METO-
WKy, ObUIa MPOBEACHa JAEMOHCTPAIMS U3MEPEHHUSI OTHOBPEMEHHO TMOJSIPHOTO M a3UMYTAILHOTO YIjla HaKIOHA
BHEIIHETO MarHUTHOTO ToJisl. TakuM 00pazoM, HaMK pa3paboTaHO HOBOE HAIIPABIICHUE ISl CO3IAHUS CEHCOPOB
C TIOJTHOCTBIO ONTHYECKON BEKTOPHOH MarHUTOMETPHEH ¢ CyOMHKPOHHBIM MPOCTPAHCTBEHHBIM Pa3peIICHUEM.

B nepcriekTrBe npeacTaBieHHbIE UCCIEIOBAHNS OTKPBIBAIOT BO3MOYKHOCTH JUISl peaTH3allid MarHUTO-
METpPHUH Ha OCHOBE CBEPXTOHKHX B3aHMO/ICHCTBUI B IMPOKOM HaOOpe CIIMHOBBIX IIEHTPOB B APYTHX MOJIUTH-
nax SiC (6H-, 15R-, 21R).

Pabota BeimonHeHa B pamkax rocyaapctBeHHOro 3aganust Ne FFUG-2024-0046.

[1] P. G. Baranov, I. V. Il’in, E. N. Mokhov, M. V. Muzafarova, S. B. Orlinskii, and J. Schmidt, JETP
Lett. 82, 441 (2005).

[2] P. G. Baranov, A. P. Bundakova, I. V. Borovykh, S. B. Orlinskii, R. Zondervan, and J. Schmidt, JETP
Lett. 86, 202 (2007).

[3] P. G. Baranov, A. P. Bundakova, A. A. Soltamova, S. B. Orlinskii, I. V. Borovykh, R. Zondervan, R.
Verberk, and J. Schmidt, Phys. Rev. B 83, 125203 (2011).

[4] W. F. Koehl, B. B. Buckley, F. J. Heremans, G. Calusine, and D. D. Awschalom, Nature 479, 84 (2011).
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Tpumecu u deghexmul (06veMHbIE NOTYNPOBOOHUKU U KBAHMOBO-PASMEPHLLE CHPYKIYDbL)
JIroMHHECTIEHIINS POTSKEHHBIX 1€PEKTOB B KPEMHUHU

Co6oaes H.A., Kansinun A.E., Apyes I1.H., 3a0ponckuii B.B., Illex E.U., llItenemax K. ®.
OTU um. A. D. Hoggpe, 194021, Canxm-Ilemepbype, [lonumexnuueckas yu., 26

1o mepe pa3BuTHSs HH)KEHEPUH 1€PEKTOB B IIOIYIPOBOAHUKOBOM TEXHOJIOTUH CTAJIO IIOHATHO, YTO IPO-
TsOKEHHBIE Te(EKTHI (IUCIIOKAINH, KUCIOPOIHbIE MIPEIUINTATH U cTepskHeoOpasusie {113} medexTsl, KoTo-
pBI€ YacTO YXYALIAIOT HapaMeTpbl MPHOOPOB), MOTYT MCIOJIB30BATHCS KaK B TEXHOJOTMYECKHX IMpoleccax,
TaK M MIPY U3TOTOBJICHUU MPUOOPHBIX CTPYKTYP. B yacTHOCTH, ISl TEXHOJIOTUH MHTETPAbHBIX CXeM OBbLIT pa3-
paboTaH METO/ BHYTPEHHETO TeTTepHUPOBaHUS (KOT/1a BBOISTCS TUCIOKAIIMU BHE pabodeit obmacTu mpubdopa
1 yaansroT O6icTpo audyHAMpYOmpMe MpuMecH u3 padoueit obmactn), a Takke Obli1a 0OHaApyKeHa TaK Ha3bI-
Baemast nucnokannonHas (dislocation-related) mromunecuenms (JJ1). HanGonpmmii mpakTH4ecKuii HHTepec
BBI3BIBACT TaK Ha3biBaeMasi D1 nuHuUs, T.K. OHa “BBDKMBAET’ MPHU KOMHATHOW TEMIIEPAType U COOTBETCTBYET
JMaIla30Hy, UCTIOJIb3YeMOMY B BOJIOKOHHO-ONITHUECKHUX JIMHUSX CBSI3U. B HacTosee BpeMs ¢ MOMOILBIO pas-
JIMYHBIX TEXHOJOIMYECKUX METOAOB M3TOTOBIEHBI CBETOAHOABI € 3eKTpoatoMuHecenuuen (3JI) aToit mu-
HUM TP KOMHATHOHM Temrieparype. B nokiane npuBoasTcs HOBBIE JaHHBIE M 0000IIAIOTCS MMEIOIIHECs pe-
3yJbTaThbl, CBA3aHHLIC C HIOMHHCCHCHHHCﬁ IMPOTAKCHHBIX I[e(beKTOB B KpEMHHH, a TAKKE O6CY)KI[aCTC§I MEXxa-
HU3M M3y4aTeIbHON peKOMOWHALIMY HA 3TUX LEHTPAX.

Uccnenosansr dotomromunaecuenims (OJI) u (BJ1) kpemHUEBBIX CTPYKTYp Tipu Temreparypax 40-
300K. a5 U3roToBiCHUS CTPYKTYP MPOBOAWINCH UMILJIAHTALUSI HOHOB KHUCIOPOAa U MHOTOCTaJAUMHBIE OT-
XKHUTH TUIacTHH. J{JIsl co3maHus p-n mepexoja M OMHYECKOTO KOHTAaKTa METOIOM Ta30(a3sHOTO OCaXKACHHS
HAHOCHJTUCH CHJIBHO JIETHPOBaHHBIE 60pOM 1 ocopoM clIor MOTUKPUCTATITUIECKOTO KpeMHHS. TeXHOI0rU-
YecKue ycioBus Oosee moapooHo onucansl B [1,2]. B ciekrpax ®JI u DJI npuCyTCTBYIOT JIMHUN TUCIOKAIIH-
onHoil momuHectiernna D1 u D2, a taxke kucnopogasix nperunutatoB (OP). DTH eHTpH XapakTepusy-
IOTCA ABYMA OCO6CHHOCT$1MI/I B IMMOBCACHUU IMapaMETPOB JIMHUN JJFOMUHECUCHIINH. BO'HCpBBIX, SHEpreTuyde-
CKHEC IOJOXKCHHNA MAKCUMYMOB 3TUX JIMHUM ¢ U3MEHEHHEM TEMIICPATYPLI USMEPCHUA COBIIAJAI0OT C TEMIICPA-
TYypHOH 3aBUCHMOCTBIO IIMPHHBI 3alIPEIIEHHON 30HBI KPEMHHSI, YMEHBLICHHONW Ha (PUKCHPOBaHHOE (HE 3aBH-
csilee OT TeMIepaTyphl) 3HAUCHUE, XapaKTEpPHOE I KaX10W JUHUHU. BO-BTOpBIX, Ha TeMIepaTypHbIX 3aBU-
CUMOCTSIX MHTEHCUBHOCTEN dTUX JIMHUHI HaGHIO}IaIOTCS[ MAaKCHUMYMBI. OnpeneneHH OHECPTHUHU aKTUBAIIUU I'alliC-
HUA U BO3ropaHusd MHTEHCUBHOCTEHN JIFOMHUHECHCHIMU JJId BCEX TPEX yani. OTinnyug B OHEPIUigX aKTUBAllUH
JUHAN 00yCIIOBJICHBI TEM, UTO Pa3IMYHbIEe TTTyOOKHE YPOBHH YYaCTBYIOT B 3aXBaT€ SKCUTOHOB MJIM HOCUTENEH
3apsizia ¥ NOCIEAYIOMNX U3Ty4aTeIbHOW 1 0e3bI3Ty4aTeIbHOW PeKOMOMHAMY AJIs1 STHX LeHTpoB. CienyeT
OTMETHTH, YTO B 00pa3iiax, coJep KalluxX JBa TUMA MPOTHKEHHBIX JiedekToB (quciokanuu u OP), Brepsole
OJIHOBPEMEHHO HaOJIIOIAIMCh U UCCie0BaHbl JJroMuHecteHTHbIe D1, D2 u OP ymuuun. MHtepecHo, 4To aBe
aHaJIOTMYHbIE OCOOCHHOCTH B IOBEIEHHM [1apaMETPOB JIMHUH JIIOMUHECLEHIMN HaOMI0NAINCh HAMU paHee
W JUTs YIOMSIHYTOTO BbIiie mpotsukeHHoro {113} nedekra [3].

Panee mis onmcanus J{J1 6butH ipeasioskeHbl Moaenu [3,4], ocHOBaHHBIE HA M3Ty4aTeIbHOW PEKOMOU-
Halyu 4€pe3 SHEPreTU4CCKUEC YpOBHU B 3anpeuleHH0171 30HC KpEMHU, O6YCJ'IOBJ'ICHHI)Ie BBCACHHBIMU OUCIIO-
kauusimu. OJIHaKo, 10 CUX NOP TaKUX yPOBHEH 0OHapyKeHO He ObUIO Jake C IPUMEHEHNUEM CaMbIX 1yBCTBH-
TEJIbHBIX METOJ0B €eMKOCTHOW CIIEKTPOCKOINMH M TOKA, HABEAECHHOIO 3JIEKTPOHHBIM ITy4KoM. C y4eToM Mmoiy-
YCHHBIX HaAaMU PE3YJILTATOB JJI TPEX TUIIOB IMPOTIXKCHHBIX l];e(i)eKTOB 06CY)K}1aeTC$I BO3MOKHBIM MEXaHU3M

M3Jy4aTeJIbHOM PEKOMOMHAIIMY Ha 3TUX IEHTPaX.

[1] H A. Cobones u op., PTII, 55, 928 (2021).

[2] H A. Cobones u op., @TII, 57, 289 (2023).

[3] H A. Cobones u op., @TII, 54, 580 (2020).

[4] P.R. Wilshaw, G.R. Booker, Inst. Phys. Conf. Ser. 76, 329 (1985).
[5] V. Kveder, M. Kittler, W. Schréter, Phys. Rev. B 63, 115208 (2001).
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Tpumecu u deghexmul (06veMHbIE NOTYNPOBOOHUKU U KBAHMOBO-PASMEPHLLE CIPYKIYDbL)

PexomOuHnanus [loxmu — Puga — Xoia B y3ko30HHBIX ciiosix HgCdTe
yepe3 COCTOSHUSA BAKAHCUM PTYTH

Kozaos JI.B.}?, Pymsunes B.B.1 2, Sunep A.A.12, Maxyxuna K. A2, XKonynes M. C.}?, Moposos C.B.12,
laBpuienko B.1.M?

‘HWdoM PAH, 603950, Husicruil Hoszopoo, I'CII-105

2HHT'Y um. H. 1. Jlo6auesckozo, 603950, Huocnuii Hoseopoo,np. Lacapuna, 23

Tsepnpie pactBopsr Hg1.xCdxTe (KPT) nccnenyrores yxe OKoIo mecTd necaTiieTnii. IHTepec K Takum
CTPYKTypaM BbI3BaH BO3MOXKHOCTBIO MEHSTh LIMPUHY 3alPEIIEHHON 30HbI MaTeprala, Hoa0upas cocTaB TBEp-
noro pacteopa: ot 1.6 3B B urictom CdTe m0 0 B TBepom pactBope ¢ koHneHtpanueit Cd mensre 16.5 %.
Oto yHmameHTansHOe CBOMCTBO TBepAbIX pacTBopoB KPT menaer Takue mMaTepuanbl HEpCIEKTUBHBIME IS
OIITONIEKTPOHUKH AajJbHEr0 MH(ppakpacHOro auana3oH. OQHako Ha MyTH K AaibHeMy MK-nuana3ony Bo3Hu-
KaeT psix mpensaTcTBril. [IoMIMO TEXHOIOTHYECKHX CIIOKHOCTEH, CYIIECTBYIOT (DyHAaMEHTAIbHBIE OTpaHude-
HUS Ha JACTEKTHPYIOUIYIO CIOCOOHOCTh MaTepuala, CBsI3aHHbIe C BpeMeHeM Ku3HH Hocuteneld. C yMeHble-
HUEM HIMPHHBI 3allPEUICHHON 30HBI YCKOPEHHUE MPOIECCOB OE3bI3MyqaTeIbHOW PEKOMOMHALIUK MTPUBOIUT K
YMEHBLICHUIO BPEMEHH JKU3HU HOCUTEJIEH M COOTBETCTBYIOIIEMY CHM)KEHHUIO 4yBCTBUTENbHOCTH. HecmoTps
Ha TO, YTO 3Ta TEMAa HHTCHCUBHO UCCIIEA0BAJIACh Ha POTSHKEHUH HECKOIBKUX AECATHIIETUH, 10 CUX IOP OCTa-
IOTCSl HEKOTOpBIE KOJMYECTBEHHBIC HEONPENICIEHHOCTH, B YACTHOCTH, B OTHOLICHUHU OKE-PEKOMOHMHAIIHH.
Hpyroii Tun Ge3bI3MydaTeNbHBIX TporeccoB, pekomouHanus [lokmm — Puna — Xomnna (IIPX), cBszan ¢ ae-
(heKTHBRIMH/TIPUMECHBIMH TIEHTpaMH, KOTopble Bceraa npucyTcTBytoT B HgCdTe, mo kpaifHelr mepe, 3a cuer
Bakancuii pryt. B HgCdTe dhopmupoBanue Bakancwii hakTHaeckn HEM30eKHO U3-3a ciaboii cBszu Hg — Te.
[pu pexomOunanmu Lok — Puna — Xona HocuTenn 3aXBaThIBalOTCS HA YPOBHH IPUMECHO — Ie(EKTHBIX
LEHTPOB: AJIEKTPOHBI U3 30HBI MPOBOJUMOCTH U JBIPKH U3 BAJICHTHOW 30HBI.

B HacTosmeii paboTe pacCUMTaHbl YaCTOTHI IEPEXOA0B ABIPOK U 3JEKTPOHOB HA COCTOSIHUSI BAaKAHCUI
pTytH B y3k030HHBIX KPT ciiosix mpw MCHyCcKaHWM aKyCTHYeCKHX W onTmduckuxX (hoHOHOB. [lokazano, 9To
0e3bI3TydaTeNbHbIe MPOLECCH] 3aXBaTa JABIPOK U3 BAJICHTHOM 30HBI Ha MEJIKHE BO30YKICHHBIE COCTOSIHUS Ba-
KaHCHUH PTYTHI OKa3bIBAIOTCS SKCTPEMAIBHO OBICTPBIMH: COTIIACHO pacyeTy, BpeMeHa TaKuX MPOIecCcoB, IPo-
UCXOISIINX C UCITyCKaHUEM aKyCTHYECKHX (JOHOHOB, OKa3bIBAIOTCS MOPSIIKA €MHUL] TUKaceKyHa. Bpewms 3a-
XBaTa JEKTPOHA U3 30HBI IPOBOANMOCTH, HAIIPOTHUB, ONPEAEISIETCS] BpEMEHEM UCITyCaHUs ONTHYECKUX (o-
HOHOB. Pacyer mokasa, 4to, 4To BpeMst TAKOTO TP 3aXBaTe MIEKTPOHOB HA BAKAHCHIO PTYTH IS JOCTATOYHO
BBICOKOI KOHIIEHTpAIIMK HOCUTEJICH B 30HE OKa3bIBaeTcs mopsiaka 2+5 He Takum 00pa3om, BpeMeHa 3axBarta
JBIPOK Ha TPH MOPSIIKA MEHbILE BPEMEHHU NEPEX0A0B NEKTPOHOB M3 30HBI IPOBOJUMOCTH. T.€., BpeMs pe-
komOuHauuu HIPX omnpenensiercss BpeMeHeM 3axBaTa 3JEKTPOHOB Ha aKLENTOPHBIE COCTOSHUA. [Ipu Temme-
patype *KHUIKOT0 Telrs BpeMsl HCITyCKaHUs ONITHYECKOro (JOHOHA MIPHU 3aXBaTe Ha aKLENTOPHBIE LIEHTPHI AJIEK-
tponoB B KPT croe ¢ noneit kaamus B pactBope 18.8 % nocturaet 7 He. [TokazaHo, 4To BpeMs peKOMOUHAITUH
IPX onpenenser obiiee Bpemst )KU3HW HOCUTENEH B MaTepualie p-TUMa C KOHIEHTpaIeld BaKaHCHI PTYTH
6onee ~2-10° cm-3 kak mpu TemIiepaType KHUIKOTO IeUsl, TaK U IIPU TEMIIEPATYPE KUIKOTO a30Ta.

PaGota Beinonnena npu noaaepikke PH® (rpant Ne 22-12-00298)
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Vcnonp30BaHre HOHHON UMIUTAHTAIIMM M KOMOMHHUPOBAHHOTO OTXKHUTA IS
U3TOTOBJIEHUS (PeppoMarHuTHOro moiaynpoBoaHruka GaMnAsS

Kanentnesa U.J1.1, Buxposa O.B.}, lanunos 10. A%, lynun 0. A L, Hexnanos A.B .2,
3noposeiimies A.B.L, Tapapun A.E.2

‘HUDTH HHI'Y um. H. 1. Jlobauesckozo, 603950, Huxcnuii Hoszopoo, np. I'aeapuna, 23

‘oM PAH, 603950, Husicnuii Hoseopoo, I'CIT-105

B nannoit paboTe npencTaBieHbl pe3yabTaThl HCCIEI0BAHUS CBOMCTB (heppOMAarHUTHOTO TTOIYIIPOBO/I-
Huka GaMnAs, IOJTy9YeHHOTO METOJaMH HOHHOW HMIUIAHTAIIMN M KOMOMHHUPOBAHHOTO OTXKUTA: OBICTPBIN TEp-
muyeckuit okur (BTO) u ummynbeHsii nasepHblii omxur (MJ10). deppoMarHuTHBIE MOTYIPOBOIHUKH MO3-
BOJISIFOT CO3/1aBaTh CIIMH-TIOJIEBBIE TPAH3UCTOPBI BEPTHUKAIBHON KOHCTPYKIIMH, PE30HAHCHO-TYHHEIbHBIE -
OJIbI, yCTPOWCTBA C MEPEKIIOUYeHNeM HaMarHUIMBAHMS 32 CUET CITUH-OPOUTAIEHOTO B3aNMOICHCTBHS.

O6pazp! cioeB GaMnAs ObUTH TTOTYYEHBI IyTEM UM-

IaHTard Mn" B MOHOKPHCTAITMYIECKYIO TUiacTHHY i-GaAs

1 BTO+UJIO

(001) rommrunHo#M 350 — 400 MKM HpH YCKOPSIIOIIEM HampsKe-
aun 80 kB u duroence nonos 5 x 10 cm?. [pu Takux ycino-
BusiX TommuHa ciosi GaMnAS mo pacueraMm B mporpamme
SRIM moxet cocTtapisaTh ~150-200 HM. 3aTtemM 00pa3iibl Moj-
BEprajiich KOMOMHUPOBAHHOH MpOLEIYpEe OTIKHIA, COCTOS-
nieid U3 OBICTPOr0 TEPMUYECKOTO OTKUTA MPU TEMIIepPaType

NHTEHCUBHOCTD, OTH.E]1.

600 umu 750°C B TeueHue 15 ¢ U OTKUra UMIYJIBCOM PKCHU-

MepHoro sazepa LPX-200 (padouas cmeck KrF, nirHa BoHBI

200 250 300 35(
PaMaHoBCKHH ¢IIBHT, em’!

Puc.1. — Cnexmpuor KPC obpasyos GaAs, um-
JIOM  CIIEKTPOCKOIHMH KOMOMHAIMOHHOTO PAacCesHUA CBETA | ianmuposanisix Mn nocie pasiuinsix pe-

248 HM, TTUTETHFHOCTH UMITYJIbca 30 HC) C ITTIOTHOCTHIO SHEP-
run 400 mJ[x/cM%. CTpYKTypHBIE CBOIMCTBA H3YydalllCh METO-

(KPC) ¢ nomomsio kommiekca NTEGRA Spectra. Mccnemo- HCUMOB OMIHCUSA.

BaHUs raJIbBAHOMarHUTHBIX CBOWCTB MPOBOAMINCH Ha Tejne-
BOM KpuocTate 3aMkHyToro mukia Janis CCS-300S/202 npu remnepatypax 10-300 K (3600 3).

BTO B BbIOpaHHBIX YCIIOBHAX BOCCTaHABJIMBAECT KPUCTALIMYHOCTD O0IYYEHHBIX HOHAMH CJIOEB U MPH-
BOJIUT K 3HAYUTEILHOMY YMEHBIICHHIO KOJIMYECTBA PAHAMOHHBIX Ie(PEKTOB, YTO MOATBEPKAAETCS HCCIIe-
noBaHusMU criekTpoB KPC uMIiaHTHpOBaHHBIX M OTOXOKEHHBIX 00pa3iioB GaMnAs (puc.1). Takxe npu BTO
MIPOMCXOJUT JierupoBaHue MN 10 KOHIIEHTpaIMii He BBIIIE Mpejiesia PABHOBECHOM PacTBOPUMOCTH, a U30bI-
TouHBI Mn 00pa3yeT BKIFOUeHHUsT BTOpOoH a3kl (Kiaactepsl MnAs ¢ Temmneparypoii Kropy Bbillie KOMHATHOR)
[1]. Ananu3 cniextpoB KPC 06pa3ioB nocie komOuHIpoBaHHOro omkura win NJI0, nokasan Halnure HHTEH-
CUBHOM, CMEIICHHOM B 00J1aCTh HU3KUX YaCTOT CBSA3aHHOM (hOHOH-TNIA3MOHHON MOJIbI, 00YCIOBJICHHON BO3-
pacTaHueM KOHIICHTpAIlMU HOCHUTENICH 3apsaja (JIpIpok). Micnonb3oBaHre KOMOMHUPOBaHHOTO oTxmra (750°C
BTO+U1JIO) npuBonuT k hopMUpOBaHUIO IBYX GeppoMarHuTHBIX ¢a3 B ciosax GaMnAs: temneparypHast 3a-
BHUCHUMOCTD CJIOEBOI'O CONPOTHUBIICHHS COIACPKUT JIBa MHKA, KOTOPBIE MOTYT OTBEYaTh (pa30BBIM HepexojamM
¢ remneparypoii Kropu Bomm3u 20-30 K u ~ 100 K. Ilpu s3Tom HabmoaaloTcsl HEMMHEHHBIE 3aBUCUMOCTH CO-
npoTuBIeHNsT X0JUIa C neTiei rucrepesuca [2], BU KOTOPBIX CYIIECTBEHHO M3MEHSIETCS MOCIIE TOCTHKCHUSI
temneparypsl cbiiie 30 K. Ilpu ucnons3oBannu apyroro pexxuma orxura (600°C BTO+NJIO) oOpa3oBanue
BTOpOH (a3sl He HaOmoIaeTcs, 00 KIacTephl Mallbl M HE BHOCST OOJIBLIOTO BKIAAA.

Pabora BbInonHeHa mpu noiepxke rpanta PH® (mpoekt Ne 23-29-00312).

[1] b. H. 360nK06 u dp., @uzuxa meepooeo mena, 62, 373 (2020).
[2] FO. A. Jlanunos u op., @uzuxa meepoozo mena, 65, 2230 (2023).
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Tpumecu u deghexmul (06veMHbIE NOTYNPOBOOHUKU U KBAHMOBO-PASMEPHLLE CIPYKIYDbL)

OnpenesieHre TeMIIEpaTypPHON 3aBUCUMOCTH CEUYECHHUS 3aXBaTa
Ha ri1yookue ypoBHU B 3-Ga03

Bacmibes A.A.!, Koukosa A%, ITonskos A.4.Y, Pomanos A.A.l, Matpoc H.P.},
Anexcanstn JILA.L, Illemepos M.B.Y u TTupron C.Jx.2

'Hayuonanvnwii uccneoosamensvcxkuii mexuonozuueckuii yuusepcumem « MHCHCy, 119049, Mocksa

’Department of Materials Science and Engineering, University of Florida, Gainesville, Florida 32611, USA

[IpencraBnennslii ananu3 ocHoBaH Ha AaHHBIX DLTS u Cnekrtpockomuun AIMHUTTaHCa, COOpaHHBIX
¢ 2017 rona o rirydokum ypoBasiM (I'Y) B oOpasnax -Ga»Os. Pe3ynbTarhl yka3plBalOT Ha COOMIOICHUE MTpa-
Bmia Meitepa-Henpaens [1,2] mis I'Y B maHHOM Matepuaie. DKCIEpUMEHTAIbHAs BEIOOPKA COCTOUT U3 00-
pasuoB B-Ga,03 or Tamura/Novel Crystals, Inc., Beipamennsix Mmetogamu EFG u HVPE, kotopsie nonsepra-
JIMCh PA3IIMYHBIM 00Pa0OTKaM C LIENBIO UCCIICIOBAHUS CBOMCTB M IIPUPOABI TITyO0KHX ypoBHe# B 3-Ga,03 [3].

Ha6op mannbix Bmouan 1242 nzMepenus mapaMmeTpos 'Y, KakI0e U3 KOTOPBIX COOTBETCTBOBAIIO Iape
sueprun aktuBanuu (E,) u ceueHus 3axBara (0,), U3BICUCHHBIX U3 rpaduka AppeHHyca B KOOpIHMHATAX
In(e,T~2) — 1/T. Knacrepusanus JaHHBIX OCYLIECTBIANACH C MCIOIL30BAHMEM MOJEIM IaycCOBOI cMecH
C AITOPUTMOM BapHalMOHHOTO BEIBOJA [4]. Pe3ympraThl KitacTepu3anuy JaHHBIX IE€MOHCTPUPYIOT CHIIBHYIO
koppesiuto In(o,,) u E,, KoTopas coracyercs ¢ npasuiom Meiiepa-Henbaens [1,2].

Hamu nipemioxkeH MeTo, O3BOJISIONINHA OMPEIEUTh TEMIIEPATyPHYIO 3aBUCHIMOCTh KO3 PHUIIMEHTOB
3axBata (C,) C MOMOIILIO MOAETH MHOTO(MOHOHHOW SMUCCHH JUTSI OCHOBHBIX TIIyOOKHX ypoBHEH B f-Gaz0s.
IIpuMep MOATOHKHU MPEIOKEHHON MOosiean s akuentopHoro nenrpa Fe*¥*2 (E2) nokasan na puc. 1. Ipo-
JEMOHCTPHUPOBAHO, YTO 0€3 ydeTa TeMIIepaTypHOH 3aBUCHMOCTH CEUSHHsI 3aXBaTa IKCIIepUMEHTAILHBIC 3Ha-
YEHUS 0, 3aBbILICHHBI Ha 1-3 mopsiaka.

I/IMCIOHII/ICC}I JaHHBIC HE TOJIBKO YJIy4IIarOT I/IILCHTI/I(I)I/IKEIIII/IIO I‘J'IY6OKI/IX ypOBHeﬁ 10 UX OTINYHNTECIIb-
HBIM xapakrepuctukam (E, U 0,,), 100aBIsis ABa MOMONHUATENBHBIX TapameTpa (Eyy U 0gp), HO H TTO3BOIISIOT
MOJTBEPAUTH IEPBONPUHIMITHBIE pacyeThl 1o Teopuu pyHKroHana miotHocty (DFT), kacatommecs: pexoM-
OMHALIMOHHBIX CBOWCTB TITyOOKHX ypoBHEH [5].

Uccnenosarns 8 HUTY «MHUCHUCy» puHarcHpoBaiuch o TpaHTy MUHUCTEPCTBA HAYKH H BBICIIIETO
obpazoBanus PO Ne 075-15-2022-1113.

-2 d)

1000/T (1/K) i
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- full €
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Puc. 1. — I'papux Appenuyca (a) u usgnekaemvle napamempyl 6 3a6UCUMOCU O MEMNEPANYPHOZO
ouanasona (b, ¢). (d) — Pesynbmamul nod2onku mooenu 015 IKCnepumMeHmanbHulx OaHHbIX ypoeHs E2
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[IposiBnenue apdexra Ana-Temiepa B KpucTamiax cejJeHUIa IMHKA,
JIETUPOBAHHBIX MOHAMH TEPEXOIHBIX METAJIIOB

Oduueposa H.FO.!, Caperaes M. H.%, Kescrosekux U.B.12 Cypukos B.T.3, Asepkues H.C.4, I'ynkos B.B.!

Lyp@y, 620002, Examepunbype, yi1. Mupa, 19

2UDM um. M. H. Muxeesa YpO PAH, 620137, Examepun6ype, y1. Cogpou Kosanescroii, 18

SUXTT YpO PAH, 620041, Examepun6ype, yi. Illepsomaiickas, 91

‘OTU um. A. . Hogppe PAH, 194021, Canxm-Ilemepbype, yr. [lonumexnuueckas, 26

[Tpumecu nepexoJHBIX METAIIOB C BBIPOKICHHBIMH 3JIEKTPOHHBIMH COCTOSTHUSIMU MPOSBISIOT 3 ekt
Sna-Temnepa (D5T) [1]. B pe3yabraTe OKpy»KEeHHE MPUMECHOTO HOHA HCKAYKAETCSI BIIOJIb OTPEICICHHBIX KPH-
crayuiorpadudeckux oceil. B paMkax MoONeKymsIpHON MOAENH MOTeHIHAIbHAS YHEPTHSI KOMIUIEKCa, COCTOS-
LIETO U3 MPUMECHOTO MOHA U OJMKaNIIero OKpYKEeHHUs!, OMUCHIBACTCS C MOMOIIBIO aAna0aTHIEeCKOTo MOTEH-
uuana (All), nmeromiero HeCKOJIbKO TI00aFHBIX MUHUMYMOB, Pa3JeJICHHBIX MOTEeHIHAaIbHBIME Oapbepamu. [1o-
TJIOIIEHNE YIIbTPa3ByKa, 00yCIOBIEHHOE sTH-TeJutepoBckoi (ST) moacucTeMoii, IMeeT pelakCannoHHYIO TIPH-

POy, a IPH HA3KHX TeMITEpaTypax BpeMs peaKca-

U OonpeacIACTCA TYHHCIbHBIMU MEXaHU3MAMH

[2]. IIpu uccnemoBanuu OAT B kpuctamiax co 0.0006 ;" AN

CTPYKTYpOii ¢uroopuTa OBUIO yCTAaHOBJIEHO, YTO \

TMOTJIOIICHHE YIbTPA3ByKa UMEET KOHEUHYIO BEJIU- - 0.0004

YHHY Jake B Ipejielie HyJleBol TeMmepaTypsl [3].

Im(ch/c
7

3TO 00CTOATENHCTBO HE YUMTHIBAJIOCH paHee MpU

00paboTKe FKCIIEPUMEHTAILHBIX IAHHBIX M IPUBO- 0.0002 e v,
JIAJIO K 3aBBILICHHBIM 3HAYEHHUAM BPEMEHH peiak- )
Callii TMPH HU3KUX TeMmreparypax. [IOCKOIbKY 0.0000

B YJIbTPa3ByKOBOM DKCIEPHMEHTE U3MEPSIETCS U3~ 2 N K ® 8 10

MCHCHHC MOIVIOICHUA OTHOCUTCIIBHO HECKOTOPOIro
Puc.l. — Te,vmepamypHaﬂ 3a6Ucumocnmv AH-mejlie-

POBCKO2O 8KIAOA 8 MHUMYIO YACMb YAPY2020 MO0V
OTpeNieNIeHHEM TEMIEPATYPHOH 3aBHCHMOCTH 1O~ | ¢ wnyemanne ZnSe:V. G, = €, (T = 4.2 K).
JIOMIeHUsT (FJTM MHUMOW YacTH JUHAMHUYECKOTO

HEHM3BECTHOI'O YPOBHsI, TO Hanbojee KOPPEKTHH