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B pabore wu3ydeHO BIUSIHHME pa3Mepa 3epHa, YIOPYTrUX HANpPSHKEHHUH M DJIEKTPOHHOTO
00TydeHrs Ha MarHUTHYI0 BocpuuMIuBOCTh (1) mroTHON HaHnokepamuku CuO, OTy4IeHHOH
METOJOM YJApHO-BOJHOBOrO Bo3AeiicTBUsA. MarnutHbeil mopsnok B CuO ompenensiercs
CHIBHBIM aHTH(EPPOMArHHTHBIM CBepX0OMeHOM HoHOB Cu’’(S=1/2) uepe3 HOHBI KHCIOPOZA.
TemmneparypHas 3aBUCUMOCTh BOCIPHUUMYHBOCTH HUMEET BH[, XapakTepHbId g 1D wmm 2D
aHTHU(QEPPOMArHETUKOB, KOTOpbie Npu NoHmwxkeHuu T mepexomsat B 3D cocrosunue. BOmusu
Tn=230K m3mensiercss HakiaoH ¥(T), HO OTCYTCTBYeT THNUYHBIA MakCHUMyM Y. Y CTaHOBJICHO,
YTO TpH yMeHbIIeHHH pazMepa 3epHa 5 HM<d < 70 HM B obOmactu T < 140 K mosBnsercs
«TmapaMarHuTHBIN» BKiIax (~1/T. AHomambHOE TOBEICHHE BOCIHPHHUMYHBOCTH OOBSICHICTCS
pa3peiBoM oOMeHHBIX cBsizei Cu-O-Cu ans TMOBEPXHOCTHBIX CIIHHOB, YHCIIO KOTOPBIX MPH
ymenbimennn d pacter. KoHueHTpamus pasynopsaodeHHbIX ciiuHoB Cu’’ 3aBHCHT He TOIBKO OT
pa3Mepa HaHOYACTHI[, HO U OT B3aUMOJEHCTBHS MexXIy HUMH. OO0 3TOM CBUAETENHCTBYIOT
0oJiee BEICOKHE 3HAYCHHUS ), B PBIXJIbIX HaHoMopoInkax CuO mpu Tex xe 3HaueHusX d.

BnusiHne MHUKpPOCTPYKTYpHI M COCTOSHUS TpaHMIl pas3fesia OTYETIMBO MpPOSBISAETCA B
KOMIaKTHPOBAaHHBIX HAHOMAaTepHajiaxX. Y CTaHOBJIEHO, YTO peNlaKkcalys yIpyrux HanpsyKeHHH B
KOMITAKTHOM HAHOKEpaMHUKE IMPU COXPAHEHUHU pa3Mepa 3€pHA INPHUBOIUT K BOCCTAHOBJICHHIO
a"TugeppomMarsuTHoro nopsiaka u oosrgaomMy ans CuO Buay y(T). B manomopomkax CuO
yepe3 3 roma 3aBucumoctd Y(T) He W3MEHWINCH, YTO YKa3blBaeT Ha OTCYTCTBHE B HHUX
peNaKcaloOHHBIX MPOIECCOB.

He Tonpko mMOBEpXHOCTHBIE, HO M O0BEMHbIE Ae()EeKTHl MOTYT NPHBOJUTH K Pa3pbIBY
aHTH(EePPOMATHUTHBIX CBsA3el. [Ipu 31eKTpOHHOM 00Iy4YeHHH MOHBI KUCIOPOAa M MEAH MOTYT
OBITH CMEIIeHBl W3 CBOWX MO3HWIMWA, YTO NMPUBEAET K W3MEHEHWI0 OOMEHHBIX ITapamMeTpoB.
Ioka3aHo, 4TO MpH MaibiX n03ax oGmyuenus @ < 2.4-10" sn/cm” 3aBucumoctu y(T) mis
OTOMOKCHHBIX HAHOKCPAMHK MPAKTHYECKH HE H3MEHSIOTCS, omHako mpu @ = 5-10" am/em?
TIOSIBJISIETCS] 3HAYUTEIBHBIN apaMarHUTHBIN BKIIAJ B ), KOTOPBIl BO3pacTaeT MpU YMEHBIICHUN
pasMepa 3epHa. TakuM 00pazoM, OOJBINIOEC YHCIO IEHEKTOB KaK B IOBEPXHOCTHBIX CJIOSX
nanodactu; CuO, Tak 1 B X 00beMe IPHBOIUT K (pycTparun oOMeHHbIX cBsizeit noros Cu’' u
YBEJIUYECHUIO BOCTIPUUMYUBOCTH.

Pabota BeimonHena B pamkax nporpamm O®H-19 u ®LHTIT 40.012.1.1.1153.
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Fractal analysis of self-organized structures in implanted semiconductors

S.A. Aprelovl, N. N. Gerasimenko', N. A. Medetov®
' Moscow Institute of Electronic Technology (Technical University), Moscow, Russia (rmta@miee.ru)
? Kostanay Technical-Social University, Kostanay, Kazakhstan

The processes of self-organization in single crystal semiconductors under ion bombardment
is the item of increasing interest at the last time. These processes can lead or for recentralization
after amorphization in continues process of ion bombardment or to creation of ordered three
dimensional (3D) systems of clusters which can present association of structural defects and
impurity atoms. In some cases such clusters can demonstrate quantum dimensional properties
by electrophysical, optical, luminescent and other parameters.

The problem of analysis order degree of elements in such a system is the self consistent task.
We solve this problem by means of fractal analysis in combination with other analytical
methods (Fourier transform) and with using of experimental methods of investigation (AFM-
microscopy, Auger-spectrometry with high space resolution, Raman scattering of light, low
temperature photoluminescence) for comparison.

It was shown that fractal dimension serve as quantitative parameter characterizing the degree
of order for nanodimensional elements. In some cases this parameter will discover the ordering
even if when other methods can not give the possibility disclose the ordering and make a
quantitative estimation of its degree.

The computer simulation of systems consisting of different structure elements with different
level of ordering was carried out. This procedure gave the possibility to estimate of ordering
level quantitatively. In some cases the dependence of this ordering on fractal dimension
demonstrate non monotonic (in separate cases - oscillating) character. For system with the dense
space structure of clusters the dependence of fractal dimension on degree of organization exist

as quasilinear and its angle coefficient increase with growing of cluster density.

AHaJu3 pe3yJbTATOB NPEU3NOHHOT0 H3MepPeHHs IapaMeTPOB
MHOTOCJIONHBIX CTPYKTYP

C. A. Anpenos Q, A.T. TypesHCKHIA ''H.H. I'epacumenko 1’2, A. H. Tapacenkon 3
! Mockosckuii Cocynapcrsennsiii Muctutyt Dnexrpornoit Texunku (TY),
Mocksa, 3enenorpan, Poccuss (RMTA@miee.ru)

2 WNHCeTUTyT peHTreHOBCKOM onTuky, MockBa
? TexHONTOrHYEeCKHit Hentp MUDT, Mocksa, 3enenorpan, Poccus

Bonpmroe BHIMaHue nccieoBareseid B MUPOBOI HayKe TPUBJIEKaeT (PU3UKO-TEXHUIECKOE
HaIpaBJIiCHUE, CBA3aHHOE C aHAJIM30M CTPYKTYPBI MOIYIIPOBOIHUKOB (TJIABHBEIM 00pa3oM
TIOTYTIPOBOIHHKOBBIX COCUHEHNH A’ B’, KpeMHIH H CBSI3aHHOM C HUM ApdyIeKTpuke SiOs)
PEHTTCHOBCKUMHU METOAaMH1, B HaCTHOCTU C OJHUM U3 HaHpaBHeHI/Iﬁ peHTFeHOBCKOﬁ OIITUKH —
KaIIIPHOW PEHTTEHOBCKOM ONITHKH. B CBs3M ¢ 3TUM Ipemaraemas pabora 6azupyercs Ha

HCIIOJIB30BaHUY IPHOOPOB, pazpadoTaHHbIx MHCTHTYTOM PenTrenoBckoi ONTHKH U

116


mailto:rmta@miee.ru
mailto:RMTA@miee.ru

OCHOBaHHBIX Ha IPUMEHEHUH yCTPOWCTB, HA3bIBAEMBIX B MUPOBOH JINTEPATYPE IUHZA U
noayaunza Kymaxosa.

s obecnieueHns npouecca U3MEpeHUsl )KU3HEHHO HEOOX0JMM KOHTPOJIb TapaMeTpoB
npubopa U MOCISAYIONINA MATEMATUYCCKUI aHAIHN3 ITOJTYYCHHBIX JIAHHBIX, KOTOPBI OCHOBaH
Ha WCTIOJIb30BaHUN aHAJMUTUYECKOTO IPOTrPaMMHOTO obecriedeHus, 3h(HEeKTHBHOCTh KOTOPOTO
3aBUCHUT OT HCITOJIb3YyEMBIX alTOPUTMOB aHAJIN3a U 00pabOTKH.

B paborte 1o omnpeneneHunto mapamMeTpoB CI0EB MHOTOCTIOWHON METAUTA3AINH IIPUMEHSCTCS
METOJI OTIPEIEIICHUS TONIIUH U CTPYKTYPHBIX 0COOEHHOCTEH MHOTOCIIOMHBIX CTPYKTYp Ha 0a3e
PEHTTEHOBCKOH pedIeKTOMETpUH, 00eCTIeYMBAIOIINN BO3MOKHOCTh IKCIIPECC aHajmn3a
Pe3yJIbTaTOB UCCIICIOBAHUS UMILUIAHTUPOBAHHBIX CIOEB B TOJIYIPOBOIHMKAX. Pacidporka
MOJTyYEHHBIX PE3yJIbTaTOB UCCIEAOBAaHUS U peleHrne 00paTHOM 3a1a4uu ObLTH IPOBEIEHBI C
UCIIOJIb30BAHUEM Pa3pabOTaHHOI'O aBTOPaMH aHATUTHYECKOTO MPOrPaMMHOTO 00eCTICUeHHS
MTOCTPOEHHOT0 Ha MPUHITUIIAX PUMEHEHNS TeHETHIECKUX aJlTOPUTMOB.

[IpuBOASATCSI KOHKPETHBIE PE3YJIbTAThI, IEMOHCTPUPYIOIINE BO3MOXKHOCTH MPUMEHIEMOM
anmapaTypsl IO pa3pelIeHnI0, BpeMEeHN IPOBEACHUS U3MEPEHUH U IPYTHM SKCIUTyaTallHOHHBIM

XapaKTCpUCTHUKAM.

Bausinue 00/1y4yeHusi peaKTOPHBIMY HEMTPOHAMU M TeMIlepaTyphbl Ha
CTPYKTYPY MOHOKpHCTALI0B InP

B. M. Boiiko, B. T. By6mux , M. 1. Boponoga, H. I'. Kosmn, JI. K. Mepkypucos, K. JI. IllepGauen’
Oumnan OI'YIT «HayuHo-mccnenoBaTenbekuil Gu3uko-xuMuiecknit mHCTUTYT uM. JI. S1. Kapmosay,
r. O6HMHCK, Poccus (ngkolin@mail333.com)

*MockoBckuii ['ocynapCcTBEHHBIM HHCTUTYT CTAJH U CIIAaBOB
(Texnomornyeckuii yauBepcurer), r. Mocksa, Poccust

[IpencraBieHsl pe3yibTaThl MCCIEAOBAHUSA XapakTepa BIUSHUS OOMydeHHs OBICTPBHIMH U
HOJHBIM CIIEKTPOM PEAaKTOPHBIX HEUTPOHOB U  IOCICAYIOIMX TEepPMOOOpabOTOK Ha
CTPYKTYpHBIE XapaKTEepPUCTUKU MOHOKpUCTAILTOB InP.

IIpeun3nonHble H3MEpeHUs MEpPHOAA pEUIETKH MPOBOAMINCH MeToaoM boHma ¢
ucnionszoBanneM CuK,, mnyuenus (A=0,15405934+0,00000082 HM) ¥ acHMMETPHYHOTO
otpaxkerust (337). TOYHOCTb M3MEpEHHil MapaMeTpa pemeTkn coctaBimsiia +1-107° um. Jlns
U3yUCHHS MHKpOIC(EKTOB, 0Opa3ylolMXcs Npu OOMY4YEHHWH, HCIIOJIB30BAICS METO[
muddysHoro paccesHusi peHTreHoBckux Jyued (APPJI), mo3Bomnsromuil BEIABIATH HE TOJBKO
MHUKpPOJIE(PEKTH B BHJC BBIACICHUH YacTHIl HOBOH (a3bl W JUCIOKAMOHHBIX IETeNb, HO U
KJIacTephl TOUYEYHBIX Je(EKTOB, HEBBIABISIEMbIE METOJOM IPOCBEUMBAIOLIEH 3IEKTPOHHOU
MHKPOCKOIIMH, KOTOPbIE KOT€PEHTHBI C MaTpULe 1 001aqaroT pa3MbITON I'PaHULICH U MalIbIMU
rpagveHTaMy Mojel cMmerneHuid. Takue nedeKTsl MOTyT BO3HHKAaTh B IpoLECCE OOMydYeHHUS
HEUTpOHaMH M TpH  pacmage pasyHoOpsOOUYCHHBIX  oOyiacTel,  COIPOBOXKAAOIIEMCS
nepepacnpeieiecHieM TOYEYHBIX Ie(EeKTOB U aHHUTHIISIHMEH MEXYy3elbHBIX M BaKaHCHOHHBIX

Je(EKTOB.
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[lokazaHo, 4TO, B OTIMYME OT JAPYTHX MOJYNPOBOAHMKOBHIX coemunenuii A"BY, B
MOHOKpucTaax InP mnpu oOmyueHMn HEHTpOHaMHM TMEPUON PELIETKH YMEHBIIAeTCH.
VYMeHbllIeHHEe Mepuoja pemeTKH Iocie oO0nydeHuss HaOmojaercs IUis BCeX 3HAuYCHHH
KOHIIeHTpaluu Te B UCXOJHOM MaTepuane, a Takxke s o0pasla, CoIeprKallero B MCXOIHOM
cocTostHUM Sn. bosee pe3koe yMeHbIIIEHHE NTepHoAa peleTKH HabM0JaeTcsd B MOHOKpUCTAILITax

C Nye>8.0-10"7 oM.

OCHOBHO# BKJIaJ] B W3MEHEHHE IMEPHUOJa DPEUICTKH BHOCST OBICTpHIC
HEUTpOoHBI. Hanmune cocTaBsIONed TEIIOBBIX HEUTPOHOB, MPUBOMIIMNX K 00pa3oBaHUIO B
MaTepHuajie aTOMOB Sn, HE BBI3BIBACT CYIIIECTBEHHOTO M3MEHEHHS MIEPHO/Ia PEIICTKH.

TepmoobpaboTka 00MydIeHHBIX 00pa3loB 0 TeMilepaTypsl mopsiaka 600 °C mpuBoaWT K
OTXKUTY PaJMallMOHHBIX IePEKTOB W BOCCTAHOBICHHUIO TEPHOJA PEHIETKH, a MPHU OOJBIINX
(hroeHcax HEUTPOHOB MEPHOJ] PEIIETKHA CTAHOBUTCS OOJIBIIIE, YeM 10 OO0ITyUYCHUSI.

AHanu3 MOTy4YeHHBIX IKCIIEPUMEHTAIBHBIX PE3yIbTaTOB IMO3BOJIWI ClIEIATh MPEANOI0KECHHE
0 TOM, YTO YMCHBIIIEHHE TepHoja pemerkd B InP mpu oOmyueHUM HEHTpPOHAMHU BBI3BAHO B

OCHOBHOM OOpPa30BaBIIMMHUCS aHTHCTPYKTYPHBIMH JeekTamMu Py, BBHI3bIBAIOIIMMHU B JaHHOM

ciydae 3QheKT, aHATOTUIHBIN BaKaHCHOHHBIM JTeheKTam.

TouyeuHble AedeKTHI B IOIYNPOBOIHUKAX:
3JIEKTPOHHAs CTPYKTYpa, XUMMHYeCKHe TeHACHIHHU

B. H. bpynnsrit*, C. H. I'punses®, H. I'. Komua**
*CDTU um. akan. B./. Kysuenosa npu TomI'V, Tomck, Poccus (brudnyi@ic.tsu.ru)
**Qouunckuii puman HUOXU um. akan. JI. 5. Kapnosa, O6HuHCK, Poccus

PaccmatpuBatoTcs npocrteiinie TouedHble JeQeKThl - BAKAHCUU aHHOHOB V4 U KaTUOHOB V, a
TaKKe aHTHCTPYKTypHbIe nedekTbl Ac, Co B OMHAapHBIX monynpoBogHukax rpymmsl [II-V B
Ka4eCTBE OCHOBHBIX JE()EKTOB, OTBETCTBEHHBIX 32 HM3MCHEHHE JJICKTPUYECKUX ITapaMeTpOB
Martepualia MpPU BBICOKODHEPIETUYECKOM paJMallMOHHOM BO3JeHCTBUM. PacyeT cocTosiHUM
COOCTBEHHBIX TOYEYHBIX JA€(EKTOB MPOBOAWICS METOAAMH MOJENBHOTO HEJIOKAJIbHOTO
NICEBIONOTEHIMAa U PACIIMPEHHOW »JIeMEeHTapHOW sueliku. ['myOokue ypoBHH HedeKToB
OTOKAECTBIISUINCH C COCTOSIHUSIMH CBEPXPEIICTKH M3 MEPUOIUYECKUX Ae()EKTOB NPH PABHOM
HYJIIO BOJTHOBOM BEKTOPE CBEPXpEIICTKH. 3 MOdydeHHBIX JaHHBIX CIEOyeT, 4To Uil Hauboiee
“CHIBHBIX” Ne(eKTOB M3 BaKaHCHH aHWOHOB TIIyOOKHE YPOBHH BO BCEH IpYIIE KPUCTAJUIOB
UMEIOT TOYTH OJHO U TOXKE JHepreruuyeckoe monoxeHne 4.51 eV OTHOCHUTENbHO YpPOBHS
BaKkyyMa. OTH JaHHBIE XOpOLIO COIVIACYIOTCS C COOTBETCTBYIOIIMMH pacdyeTaMH MJIs

MOJIENBHOTO TTy6OKOro ypoBHs Ep™™®

~ 4.63 eV, KOTOpBI UTpaeT pojb JOKAIBHOIO YPOBHS
®epmu B 00mydeHHOM ToaymnpoBomHuke [1]. TlokazaHo, 94TO ¢ YMEHBIICHHUEM ‘‘MOIIHOCTH
nedekTa cpeaHee 3HAYCHHE TIIYOOKOTO YPOBHS BCE OOJBINE OTIMYAIOTCS OT PE3yJbTaTOB
COOTBETCTBYIOIIET0 ~ MOJEIBHOTO  pacueTa IONOXKeHHs —ypoBHS EB™.  VcpenHenne
SHEPreTHYECKUX YPOBHEH MO COOTBETCTBYIOMUM mapaMm JaedekToB Ch - Ac, Ve - Va u 1o Beelt
COBOKYITHOCTH PAacCMOTPEHHBIX B paboTe COOCTBEHHBIX TOUYCUHBIX IC(PEKTOB HaeT CperHHiM

SHEPTETHUYECKUN YPOBEHD F,, ~ 4.9 €V, KOTOPEIN UCIIONHIET POJb YPoBHA PepMu B 1eheKTHOM
9
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matepuane. [IpencraBneHHas paboTa MPOSCHSACT POJb TOUCYHBIX JCPEKTOB B OOIYUCHHBIX
MOJYNPOBOJHUKAX M TOKA3bIBACT, YTO NE(EeKThl HA OCHOBE AHHOHHBIX BAKAHCHI, Haubolee
“MOIIHBIe” Ne(EeKTHl CpPelIn PACCMOTPEHHBIX B NaHHOW pabOTe CTPYKTYPHBIX HapyIICHUH
pEIIETKH, UrpaoT ocoOyio posib. VX SHepreTHueckoe MONOKEHHE ONM3KO K MOJOXKECHHUIO
Hanbojee TIIyOOKOro MOAETbHOro cocTosiHus aedekra FEp. Iloatomy ypoBHH V), MOryT
BBICTYTIATh B KAUECTBE YHUBEPCATBHBIX YHEPTEeTHICCKUX YpOBHEH (“METOK”), EAMHBIX B TPYyIIIIE
MOJYNPOBOJIHUKOB C POJICTBEHHBIM THUIIOM XMMHYECKUX cBsi3ell. [IpoBeneHHbIC McCie0BaHuS
HE  HCYCPIBIBAIOT  BO3MOXKHBIH  HAbOp  COOCTBEHHBIX  JE(EKTOB B  OOJTYYCHHBIX
MOJYNPOBOJHUKAX, TOCKOJIBKY XapakTep paJdallMOHHBIX NE(PEKTOB OT YCIOBHHA OONTydeHHS
Marepuana, 1 B Ka4eCTBE TaKOBBIX NE(PEKTOB MOTYT BBICTYNAaTh KaK TOUYEUHBIC ACPEKTHI MPH
O6Hy‘-IeHI/II/I IMOJIYIIPOBOAHMKA raMMa - KBAaHTAMM HJIM J3JICKTPOHAMHM, TaK MU aCCOLMHUPOBAHHBLIC

nedeKThl (KIacTepbl) B MaTepuaiax, 00JyueHHBIX HOHAMH WJIH OBICTPBHIMU HEHTPOHAMH.

References
1. V.N. Brudnyi, S. N. Grinyaev, N. G. Kolin. Physica B, 348, 213 (2004).

Ultrafast and fast stages of relaxation of insulating materials excited
by high-current-density electron beams

D. 1. Vaisburd
Tomsk Polytechnic University, Tomsk, Russia (vaisburd@tpu.ru)

High-current electron and ion accelerators whose parameters are adjusted within intervals
0.1-1.0 MeV, 10-10000 A/cm?, 0.1-100 ns were designed and built in the middle 60s. These
accelerators, along with nuclear explosion and lasers, became one of the most powerful man-
made sources of radiation and particle beams. Their application in the research and treatment of
materials for about 40 years has brought along new experimental methods and much
information on fast electronic processes and structure defects. The present work is a short
review of the main results obtained in this field by means of experiment, theoretical analysis
and numerical simulation of the basic processes. A high-power electron beam causes an
intensive inflation process covering the time interval of 10™'* to 10” s in an insulating material.
This process results in increasing the number and a simultaneous lowering of the average
energy of transient electronic and lattice excitations. The present work deals with the time
sequence of the stages of this inflation process. 10"® — 10" s: primary impact and Auger
ionization in the material and generation of secondary electrons and holes. 10" — 107" s: time
evolution of the excited electrons energy distribution from the primary beam to the
“instantaneous” one, formed prior to electron-phonon scattering. 10> =107 s: time evolution of
excited non-ionizing electrons and holes, and their energy-momentum distributions from the
“instantaneous” to quasi-stationary ones in the process of electron-lattice relaxation. The
contribution of short-wavelength phonons is especially large in this stage. 107> —10"" s:
thermalisation of excited electrons and holes filling the edges of the energy bands. The
contributions of long-wavelength optical and acoustic phonons are decisive at this stage.

10" - 107 s: various trapping/detrapping processes including thermostimulated tunneling from
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trap to band and back (Poole-Frenkel effect), impact and Auger ionization of traps, and electron-
hole recombination. 10" — 107 s: strong electric field formation due to trapping the electrons of
primary beam in the insulating material, the effects of electron-hole space redistribution and
heating in a high electric field. 10°— 107 s: formation of strong thermoelastic and shock
mechanical fields of two types: an acoustic one which propagates with sound velocities, and a
quasi-static one which propagates with thermal conductivity. 107 — 107 s: decay of primary
acoustic fields into intrinsic modes: longitudinal, flexural, etc., generation and motion of
dislocations and cracks, plastic deformation, and brittle destruction of materials. 10° - 107 s:
slow thermostimulated diffusion of defects in quasi-static mechanical fields.

The complexity of the processes grows with the increase of a stage duration. The situation is
far from a comprehensive description or even understanding. Nevertheless, many new effects

observed were explained.

TepmoonTuyeckue 3¢ppeKTbl, CBSI3aHHbIE C IOBEPXHOCTHBIMHU CTPYKTYPHBIMH
HAPYIIEHUSAMH HA KPeMHHUH

H. H. T'epacumenxo (mi.)', H. H. Tepacumerxo %, 1. H. ITapxomerko °, B. ¥0. Tpouuxkuii |
' MHcruTyT cucteMubix uccnenosannii PAH, Mocksa, Poccus (nikolay gerasimenko@srisa.ru)
2 MOCKOBCKHi MHCTUTYT 3JeKTpoHHOH TexHuku (TY), Mocksa, 3eneHorpan, Poccus
3 MockoBCKHit UHCTUTYT cTanu U ciaBoB (TY), Mocksa, Poccust

B mpenpigymeM cooOuieHnn ObUTH MpEeACTaBICHBI PE3yNbTaThl UCCIEJOBAHHUS C MOMOIIBIO
TEPMOOINITUYECKMX  METOJIOB  OCOOCHHOCTEH  MPOSIBIEHUS  PaJWAllMOHHBIX  J1e(EeKTOB,
(dbopMuUpyeMBIX B KpEeMHHM HOHHON OomOapmupoBkoii [1]. PesynbraTammu maHHO#H paOOTHI
[TOKa3aHO, YTO M3MEHEHHS BO BPEMEHHU aMIUIATY Il TEPMOONTHYECKOTO OTKIIMKA, CBSI3aHHOTO C
MIPUCYTCTBHEM CTPYKTYPHBIX HApyIIEHWH B MPHUIIOBEPXHOCTHOW OO0JNACTH KpeMHHS (B T.4.
PaAMalMOHHBIX ), MOTYT OTPEACTATHCS KaK mepe3apsaKoil 1e(eKTHBIX EHTPOB, TaK U OTKUTOM
(mepecTpoiika CTPYKTYpbI) IPH TeMIIepaTypax BIUIOTH A0 KOMHATHOM.

Pagunanmonnsle 1edeKThl, MO0 TEPMOONTUYECKOMY OTKIIMKY, AEMOHCTPUPYIOT KaK MpoLecc
nepe3apsaKh, TaK M MPOILEcC OTXKUra. B Toxe Bpems, CTPYKTYpHbIE Ae(eKThl, co3aBaeMble
BBICOKOTEMITEPATYPHBIM OKHCIICHHWEM (IBOWHUKH M JIe(eKTHl YIIaKOBKH), MPOSBISIOTCS TOIBKO
[0 BEJIMYWHE TEPMOONTHYECKOTO OTKIMKA, HE3aBHCANIETO OT TMpoIecca Iepe3apsiaKi.
[Ipencrasiena BO3MOKHOCTh cTabum3anum MTOBEPXHOCTH c MTOMOIIIBIO
BBICOKOTEMIIEPATYPHOTO  OKHCIICHHUS, OIpENeiIeHbl MHWHHMAaJIbHBbIE TOJIIMHBI  OKHCIIA,
npuBosAmye K 3QdexTy cTaduIu3anmu.

[TokazaHo, 4TO BEJIWYMHA TEPMOONTHYECKOTO OTKIMKAa HAa HMMILIAHTHPOBAHHBIX 00Opa3iax
KpEeMHHS 3aBUCUT OT MacChl MMIJIAaHTHPYEMOT'O0 MOHA: CUTHAJl YBETMYHMBAETCS C Maccoil MoHa,

YTO OIPENeNSIeTCs CTETIEHbIO Pa3pyIICHNS! KPUCTAUTHIECKON PEIIeTKH.
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1. Joknax Ha 5-0M ypalbCKoM ceMuHape “PaauannonHas Gu3MKa METAUIOB U CILUIABOB”,
CuexuHck, 2003.
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CpaBHHUTe/IbHOE HCCJIEI0BAHNE PAAUANMOHHON MPOBOANMOCTH MOHOKPHCTAJJIOB
HOHHBIX JHJIEKTPUKOB U NPUPOIHOI0 aJ1Ma3a NMPHU 00Jy4YeHHHU IJIeKTPOHHBIMH U
PEHTreHOBCKUMU MMyYKAMHI HAHOCEKYH/IHOI0 CHJIbHOTOYHOI0 YCKOPHUTEJIs

. U. BaiicOypn, E. B. 'onos, D. I'. TaBanoB
ToMcKkut TONMUTEXHUYECKUH YHIUBEPCHUTET, T. ToMck, Poccust (golov@mail2000.ru)

B mabopartopun HenuHEHONW Qr3nku TOMCKOTO MONMTEXHUIECKOTO YHHBepcuTeTa ¢ 1972 .
BEIYTCS WCCIENOBaHWs OOBEMHOW pagUallMOHHONW TPOBOJUMOCTH JTUDIIEKTPHKOB  TOJ
BO3/ICHCTBUEM CHIIbHOTOYHBIX IIYYKOB DJEKTPOHOB. Pe3ynbTaTel MEpBBIX HCCIIEIOBaHUN
npuBeaeHsl B MoHOrpaduu [1]. Cpeau nccieayeMbpIx MaTepualoB OCHOBHOE MECTO 3aHHMAIOT
menouHo-rayuionaabie  kpuctamiel (LK), Taxxke wu3ydanuch kBapi, amopdHble U
MOJTUKPUCTAININYECKHE CTPYKTYpbl, OpraHHuYecKue MIMAJeKTPUKHM M HEKOTOphle JpyTue
MaTepuanbl. bBBUI0O YCTAaHOBIEHO, YTO TPH BBICOKHX MOIIHOCTAX JO3Bl B OOBEMHYIO
MPOBOAUMOCTH rx OCHOBHOM BKJIa]] BHOCSIT HMOHU3AI[MOHHO-TIAaCCUBHbBIE
BBICOKOOHEPreTHUEeCKHE DIEKTPOHBI, BpeMs sku3HH Kortopeix 1072...10"" cexynn. Dra
MPOBOIMMOCTD, TIOJMYYHMBINAs HA3BaHWE «BBICOKOIHEPTETHUYECKOW», CHIBHO OTINYAETCS OT
HHU3KOHEPreTUUECKON M TOpsTueii, M3BECTHBIX U3 (PU3UKH MOTYTIPOBOTHUKOB.

BBICOKOIHEPTETHUECKYIO TIPOBOJANMOCTh YNASTCS BBUICIHTH B YHCTOM BHJE Onaromaps
HU3KO# TTOIBIKHOCTH HU3KOdHEpreTHdeckux nocuteneii 1...10 cm?/(Be) B II[I'K. E¢ nsyucHue
Jaer TIeHHyl0 uHpopMamuio 00 HWHTEHCHUBHOCTH  B3aMMOJEWCTBUS  DJIEKTPOHOB  C
KOPOTKOBOJTHOBBIMH (DOHOHAMH (C OOJBIIMM KBa3HHMITYJILCOM). B CBS3M ¢ ATUM OOJIBIION
WHTEepeC mpencrtaBiseT cpaBHeHue npoBomumoctd III'K u umcroro mpupomHoro anmasa, B
KOTOPOM HM3KO3HEPIeTHUECKHE HOCHTEIH HMEIOT BBICOKYIO MOABHKHOCT 110 2000 cm”/(Bc).

HccnenoBanue NpoBOAMMOCTH MOHOKPHCTAJIOB MPHPOJHOTO aiMasza ObLIO MPOBEICHO IO
TOM KE€ DJKCIHEpUMEHTATBPHOW METOAMKE, KOTOpas MpHUMEHsIach IS HCCIeTOBaHUA
pamuanuonHoii nposoaumoctu IIII'K. BbliM NOCTpOEHBI BOJNBT-aMIIEPHBIE XAPAKTEPUCTUKH
(BAX) amvaza, 0 KOTOpPHIM OBIIa yCTaHOBJICHA 3aBUCHMOCTEL YICIBHON MPOBOIUMOCTH OT
TUTOTHOCTH 3JIEKTPOHHOTO W PEHTTEHOBCKOTO ITydka. CpaBHEHHE IMONYYSHHBIX PE3YJIbTaTOB IS
anvasa ¢ ganabivE IT'K nokazamo: 1) aMmmuTy el IMITYJIBCOB TIpoBoAnMOcCTH anMasa u LIIT'K
C YBEJIMYCHHEM IPHUIIOKCHHOTO HAMpPsHKCHUS K 00pas3lly MOHOTOHHO BozpacTtaioT; 2) BAX
angMas3a UMEIOT TPU JIMHEHWHBIX ydyacTka; 3) yAelbHas MPOBOAMMOCTH alMa3a BBILIC YICIbHOU
nposogumocty III'K.

[To pa3paboTaHHON TEOPETHYECCKOW MOIEIH BBICOKODHEPTETHUECKON MPOBOAMMOCTH OBIIO
MIPOBEACHO KOMIBIOTEPHOE MOJENMpOBaHHe. Pe3ynbTaTsl MOAETHpPOBAHHS CPaBHUBAIOTCS C

JAAaHHBIMH, IMOJTYYCHHBIMHU B XOAC SKCIICPUMCHTA.

JlutepaTtypa
1. Baitcoypa A.U., Cemun b.H., TaBanos 3.I". u ap., BeicokosHepreTrdeckas 3IeKTpOHIKA TBEPIOTO
temna, Hayka, HoBocubupck, 1982, 227 c.
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HccnenoBanue CBOMCTB KOMIIO3UTHBIX NMOJMMEPHBIX MATEPHAJIOB
CoJep KaIUX yIiIepoAHble HAHOTPYOKHU U HAHOBOJIOKHA

A. M. FQeXOBl, M. A. Ko3ozlaeBl, A.b. TapaceHKol, C.H. BHI/IHOBZ, n.r. I/IBaHOB2, I1. B. ['Bacanus’®

'®I'YII THIL PO WHCTUTYT TEOPETUUECKON M IKCIIEPUMEHTAIBHON (DH3UKU
um. A.Wl. Annxanosa, MockBa, Poccust (grekhov@nm.ru)
*Poccuiickuii XUMHKO-TEXHONIOrnueckuii yuusepeurer um. JI. 1. Menneneena, Mocksa, Poccus
*HUU Heprexumuueckoro cuntesa uM. A. B. Tomunesa, Mocksa, Poccust

MeToaoM XUMHYECKOT0 ocaxaeHus U3 razoBoil ¢asel (CVD) OblIM CUHTE3UPOBaHbI
YTIEPOAHBIE HAHOCTPYKTYPHI (HAHOTPYOKM M HAaHOBOJIOKHA) C Pa3IMIHON TOIMOJIOTHEH.
[TonmyuyeHHbIE HAHOCTPYKTYPBI OBUTM BHEAPEHBI B IOJIMMEPHYIO MaTpuily. McciaenoBaHsl
3aBUCUMOCTH  (U3MYECKUX CBOWCTB TAaKMX KOMIIO3UTHBIX  MAaTe€pHajoB  OT

KOHICHTPAMX U TOIIOJIOTHU BHCAPCHHBIX HaHOTp}/6OK.

BakancuoHHbIe KacTepsbl (IOPbI) B MOJYNPOBOIHUKAX:
3JIEKTPOHHAsI CTPYKTYPa, ONTHYECKHE CBOICTBA

B. H. Bpynuenii*, C. H. l'punses*, H. I'. Koaun**
*COTHU um. akan. B. /1. Ky3nenosa npu TomI['Y, Tomck, Poccuns (brudnyi@ic.tsu.ru)
**Oornackui ¢pmman OI'YII HUOXU nm. akax. JI.5. Kapnosa, Poccus

BakancrnonHble ckomieHHS (TIOpBI) MOTYT (OPMHPOBATHCS B TOJYMPOBOAHUKAX TMIPH
o0ydeHHr OBICTPHIMH HEWTPOHAMH WJIM TSDKEIBIMH MOHAMHU. B mocnenHee BpeMs IMOPHUCTHIC
MOJTYIPOBOTHUKH TIOJIYyYal0T TaKKE POCTOBHIMU METOJAaMH HIIM C IMOMOIIBIO CEICKTHBHOIO
TpaBiieHUs. HecMOTpss Ha WMHTEHCHBHBIC HCCICAOBAHUS TOPHCTHIX MAaTEPUAIIOB TMPUPOAA
OJICKTPOHHBIX COCTOSTHUH BaKaHCHOHHBIX KJIIAaCTEPOB, JJICKTPUYCCKUX IIapaME€TpPOB TaKOI'o
Marepuaia, a TakKe MPOUCXOXKICHHS MOJIOC ONTHYCCKOTO IMOTIIONMICHHUSI U M3ITYUYEHUS 0 CHUX
[IOp OCTaeTCsl MPEAMETOM JUCKYCCHH HM3-3a CIOKHOCTH WHTEPIPETAI[ KBAHTOBO-PAa3MEPHBIX
3((HeKTOB ANMEKTPOHHBIX COCTOSHHUH B KIACTEPHBIX MOIYIPOBOJAHUKAX. MEXIy TeM BBISICHCHHE
MIPUPOJIBI SJIEKTPOHHBIX COCTOSHHMA W TOJIOC MOTJIOMICHUS U (DOTONFOMHHECIIEHIIMH TTOPUCTOTO
MaTepuana HeOOXOAMMO JIJISl €r0 MCIOJb30BaHMSI B MUKPO- M ONTOAICKTPOHUKE.. J[is 3Toro
HEOOXOIMM JICTAbHBINA aHAN3 ONTHYECKUX CBOWCTB TAKOTO IMOJYNPOBOIAHUKA, TTO3BOJISIOIHMA
YCTAaHOBUTH TUIT KPUTUYCCKUX TOUCK IS ONTUYCCKUX MEPEXOJ0B B 3aBUCUMOCTU OT CTCIICHU
MTOPUCTOCTH MaTepHaa.

B Hacrosmiei paboTe MPOBEICHO TEOPETHUECKOE MCCIICIOBAHUE YJICKTPOHHBIX COCTOSHUNA U
ONTUYECKUX CBOWUCTB mopucToro Si u GaAs, comepkallnx BaKaHCHOHHBIC KJIAcTEphl, pacder
ANIEKTPOHHBIX COCTOSIHUK KOTOPBIX BBITIOJHEH C TPUMEHEHHEM METOJOB MOJAEIHHOrO
MICEBONMOTEHIMANIA U PACHIMPEHHON 3JIEMEHTApHOW suciiku. PaccMOTpeHBI TeTpasapudeckue
KJIaCTCpPbl, B KOTOPLIX )Z[e(l)eKTI)I PacCIiojioKCHBI B IMOCJICAOBATCIIBHBIX KOOPAMHAIITMOHHBIX
chepax, colepKalluX B COBOKYHNHOCTH 10 329 Bakancuii. [loka3aHO, YTO BaKaHCHOHHBIC
KJIACTepPHl BBICTYMAIOT MHOTO3APSAHBIMH IIEHTPaMH, DJEKTPOHHBIE COCTOSHHS KOTOPBIX

(hopMupyIOTCS B pe3yJbTaTe “‘B3aMMOACHCTBHSA’ COCTOSHHH OTACTBHBIX BakaHcuii. C pocToM
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pa3MepoB KIJIACTEPOB YBEIUYMBAIOTCA DJHEPreTHUECKOE IOJOXKEHUE YPOBHEU KIIACTEPHBIX
COCTOSIHHH, pacTeT YHCIO COOTBETCTBYIOMIMX TIyOOKHUX YpOBHEH, BBHITAJIKUBAEMBIX U3
BaJICHTHOW 30HBI TIOJYNPOBOJHUKA, M OIyCTOIIAETCS BCE OOJIBIIEE YHUCIO COCTOSHUN
00BEMHOTO CIIEKTpa BOJM3M TMOTOJKA BaJCHTHOM 30HBI KpUCTAJIA. OTH U3MCHCHHS B
3JIEKTPOHHON CTPYKTYpE IMOPUCTOrO MOJYMPOBOJHUKA MPOSBISIOTCS B BUIE CHEKTPAJIbHBIX
CIBUIOB M B HM3MEHEHUM HMHTEHCHBHOCTEH NUKOB ONTHYECKOIO IOIJIOIICHHS. Y CTAaHOBJICHO
MIPOUCXOXKIEHIE HarOoJiee MHTEHCHBHBIX TTHKOB MOTJIOMIEHHUS IIOPUCTOTO MaTtepuana. M3ydyeHna
3aBUCHMOCTh TIOJOXCHHH TJIIYOOKHX YpPOBHEH M CIIEKTPOB TOTJIOMICHUS OT 3apsiIOBOTO
COCTOSIHUA KJacTepoB. [lokazaHa BO3MOKHOCTh OMUCAHUS KIACTEPHBIX COCTOSIHUI B OPUCTHIX
MOJIYNPOBOJHUKAX B paMKax MeTona 3(P(EeKTUBHOW MacChl C IUIABHBIM MOTCHI[MAIIOM Ha

TeTCpOorpaHuIic.

TeopeTnueckuii pacuer, Mo/IeJINPOBaHNe U IKCIIEPUMEHTAIbLHOE HCC/Ie0BAHME
-1 -12
CBepPXOBICTPBIX JIeKTPOHHBIX Mpoueccos 10 8..10"¢, B030y:K1aeMbIX B
AUJIEKTPHUKeE J1eKTPOHHBIMH U J1a3€PHBIMHU MYYKAMH BbICOKOH IMJIOTHOCTH

. U. Baiic6ypn, K. E. EBnoknmon
Tomckuii momuTeXHUYeCKUi YHUBEpCUTET, T. Tomck, Poccust (vaisburd@tpu.ru)

[IpeameroM wuCCleMOBAaHUS MaHHONW pabOTHI SIBISIFOTCS CBEPXOBICTPBIC DIICKTPOHHBIC
mporeccsr 107'%...10™"* ¢ B mmonmexTpuke, KOTOpBIC BHI3BIBAIOTCS BO3ACHCTBHEM HHTCHCHBHBIX
JJIEKTPOHHBIX WM JIa3epHBIX IMy4KOB. [lepBHYHBIM 3PEeKTOM TaKoro BO3IAEHCTBUS SBISAETCA
TIOSIBIICHUE 3JIEKTPOHHBIX BO30YKICHHI C SHEPTHel, MPEBHIIIAONIEeH MOTeHIIHAIbl HOHU3AINN
KBa3MaTOMHBIX YPOBHEH M BaJCHTHBIX 30H MaTepuana. BrICOKOIHEpreTuyecKkrue 3ICKTPOHHBIC
BO30YXKJ/ICHUS ITyTeM YJIApHOW M OXKE-HOHHU3AIMK TOPOXKAAIOT JICKTPOHBI U JIBIPKA MEHBIIINX
SHEPTU, KOTOPHIE B CBOIO OYEpeh MPOIOJDKAIOT MPOIECC MOHU3AIMH CPEIbl. DTOT IMPOIIeCe
MPEeKpaIaeTcs, Kak TOJbKO YaCTHUIIBI CTAHOBATCS MOHU3AITMOHHO-TIACCUBHBIME, TO €CTh TEPSIFOT
CIIOCOOHOCTh HMOHHM30BAaTh cpemy. Tpek OBICTPOTO DJIEKTPOHA TPEACTaBIseTCS Kak
MOCTIeIOBATENIFHOCTh 00JacTeld BTOPUYHOW MOHM3AIMH, TaK HA3BIBAEMBIX «IIIOP», KOTOPBIS
pa3MelieHsl BAOIh TPAaeKTOPUHU TEPBUYHOW YACTHIBI HA PACCTOSHHUH JAPYT OT JApPyra MHOTO
0oJIbIlle AMaMETpa OTICIBHON «Imopb». OCHOBHOW 3aavell 3ToW paboThl ObLIO BBHIYKCICHUE
«MTHOBEHHOT'O» JHEPreTUYECKOr0 PACHpPECICHUs] MOHU3AIMOHHO-TIACCUBHBIX 3JIEKTPOHOB U
IBIPOK B «IITIOpax», KOTOPOE YCTaHABIMBACTCA IO Hadaja dJIEKTPOH-(POHOHHOW pellaKCalluH.
Takoe pacmpenereHne sBISETCS Ha4dalbHBIM JUII BCEX KHHETHYECKHX ypaBHEHH,
OTHCHIBAIOIINX TOCIEIYIONIyI0 pPEelaKCaIlio AJIEKTPOHHBIX BO30YXACHWH B 0O0TydeHHOM
MaTepuae.

Pa3zpaborana Merouka pacdera MIHOBEHHOTO pacIipelleleHUsT MOHH3AIMOHHO-TIACCHBHBIX
3JICKTPOHOB U JIBIPOK MPHU OOIYYCHUU KPHUCTAJIa HHTSHCHUBHBIM JICKTPOHHBIM WX JTa3¢PHBIM
My4ykoM. MeToJMKa OCHOBaHA Ha PEIICHHWH CHCTEMbl HHTErpo-audGepeHIInaIbHbIX
KUHETHUYCCKUX YpPaBHCHHIA Ha (DYHKIIMU paclpeieeHHs JCKTPOHOB B 30HE MPOBOJMMOCTH U
IBIPOK B BAJIEHTHOW 30HE M HA KBa3MATOMHBIX YPOBHSAX. YUHUTHIBAIOTCS MPOIECCHI YIapHOM

MOHU3AIUN CPEIBl DIIEKTPOHAMH, OKe-HOHHM3AIMH CpEeIbl JBIPKaMHU, a TaKkKe OTmada IBIPOK
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BAJCHTHON 30HBI BCJEICTBHE 3aKOHA COXpAaHEHHWS HMIyJbca. BplumciaeHa »3Boironys
pacmpenencHus 3MeKTpoHOB U AbIpoK B NaCl OT HCXOAHOTO SHEPreTHYECKOTO pacipeaesCHUs
(criexTpa) BIIEKTPOHOB IMy4YKa CHIBHOTOYHOTO 3JIEKTPOHHOTO YCKOpHTENA THma «JKuH» 10
«MTHOBEHHOTO» B JHUIJIEKTpHKe. B pacuere wucmomib3oBancs 3neKTpoHHBIH crmektp NaCl,
BbIuucieHHBIH B [1]. CeueHrne MOHM3AIMM PACCUUTHIBAIOCH MO (hopMmyle, MpelIoKEHHOH B

pabore [2].

Jlnteparypa
1. N.O.Lipari, A.B.Kunz Phys. Rev. B, 3, Ne2, P.491 (1971)
2. . W. Baiicoypn, K. E. EBnokumoB Hzgecmus syzo06. @usuka, Nell, C. 81 (2003).

BinsiHue raMmMa-u3iy4eHus Ha NpeBpalleHus ajiMasa
NPH PeaKTOPHOM 00, Iy4YeHUH

B. A. Hukonaenko, B. I'. T'opzaees, O. O. 3a0ycos, 1. B. bauyuun
PHII «KypuaroBckuii uacTHTYT», MOCKBa, Poccus (zabusov@orm.irtm.kiae.ru)

[IpoGiieMa BIMSHUS TUIOTHOCTH MOTOKA OBICTPHIX HEUTPOHOB Ha CTEIICHD PaMAIlMOHHOM
MTOBPEKTAEMOCTH MATEPUAIIOB JIO CHUX ITOP HAXOAMUTCS B CTaIUU OOCYKICHUS, UTO CBSA3AHO C
MIPOTUBOPEUMBOCTHIO IKCIIEPUMEHTAIBHBIX PE3yJIbTaToOB. B HacToseit paboTe ObLIO
WCCIIEIOBAHO PAJANAllMOHHOE MMOBPEKACHHE alIMasa, SIBJISIFOIIET0Cs OJJHIUM U3 CaMbIX YI0OHBIX
MOJIETBHBIX MaTepuanoB. CBoicTBa anMasa U3 Jr000r0 MECTOPOXKISHHS, PAaBHO KaK 1
CHUHTETUYECKOTO, B ICXOJTHOM COCTOSHIH OY€Hb CTA0MIIbHBL, 4 X U3MEHEHHE TP O0JTyUYeHHHN B
UJICHTUYHBIX YCIOBUIX OJMHAKOBO. DTO MO3BOJISIET MPAKTUYECKU UCKITIOUUTD BIUSHUE HA
pe3yJIbTaThl TAKUX OOBIYHO 3HAYMMBIX (DAKTOPOB, KaK HAIMYKME TPUMECEH HITU pa3Iudue B
TCXHOJIOTHUU NPUTOTOBJICHUA.

B xauecTBe n3yuaeMoro cBOMCTBa UCIOIB30BANIOCh PACIIMPEHUE KPUCTAINIMUECKOMN
pelIeTKy anMasa, a B psfie CIydaeB dTH JaHHBIE yOIUPOBANIHCH PE3YIbTaTaMH 110 U3MEPEHHUIO
€r0 JIEKTPOCOIPOTUBIICHUS.

IToka3aHo, 4TO TIPH BHICOKHX 03X HEHTPOHHOro 001yueHns (mopsaka 107! v/cm?)
MIPOUCXOANT MpeBpalleHue anmasa. [IpudeM npu oIMHAKOBBIX TeMIIepaTypax 00IydYCHHS U
IUIOTHOCTSIX MTOTOKOB OBICTPBIX HEUTPOHOB, (DIFOCHC, IPU KOTOPOM MPOUCXOIUT (ha30BbIit
nepexo, 3aBUCUT OT IJIOTHOCTH IMMOTOKA raMMa-nu3J1yudCHHA — YE€M OH BBIIIC, TEM IIPHU Ooxee

BBICOKHX ()IIFOCHCAX MPOUCXOANT MEPEXO]T.

HedexTooOpazoBaHne B CTEKJIaX NPH BO3/1elHCTBUH BbIIeJICHHONH raMMa-
KOMIIOHEHTBI U3JIy4eHHs peaKkTopa

2. M. Hbparumosa, M. V. Kananos, M. A. MyccaeBa
Wucturyt SAnepuoit ®usuku, Tamkent, Y30ekucrtan (ibragimova@inp.uz)

PamnanmonHoe nedexTooOpa3oBaHHe B OKCHIAX MPEICTABISACT OOJNBIIOW HHTEpEC IS
ATOMHOW WM TEJIMO3HEPTCTUKU, a TAKXKE 3aXOPOHCHHS SICPHBIX OTX0A0B. KoMOMHMpOBaHHOE

BO3/ICMICTBHE HEUTPOHOB U raMMa-Iy4eil Ha MaTepualbl UCCIEI0BaIOCh MIUPOKO, U CUUTAJIOCH,
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9TO TONBKO HEHTPOHBI CMOCOOHBI CMEIATh aTOMbI. XOTS 0Ka3an0Ch, YTO raMMa-KBaHThI “'Co
Moryt cmemarh Jjerkue aHnoHel (O, F) mo Heympyromy wexanmm3my. Ha mpumepe
MOJIUPOBAHHBIX TUTACTUH YHCTOTO IUIABJICEHOTO KBapla W 0apueBO-CHIIMKATHOTO CTEKJIa,
colep Kallux BKIIOUEHHUS HAHOKPUCTAJUIUTOB, a TaKKe HAHOMOPUCTOTO CTEKJIa, UCCIEIOBAHO
nedexkrooOpazoBaHUe TpPU BO3JCHCTBUM TaMMa-U3TYYECHUS OCTAHOBJICHHOTO pEakTopa B
uHTepBaie oSHeprui 0.2-7 M»B. BriOpan mepuom BpeMeHH, KOT/Ia YCTaHABIMBACTCS
MPAKTUYECKU TMOCTOSHHBIA TOK ~10-20 HA B HOHM3allMOHHOW Kamepe, COOTBETCTBYIOIIWN
cpemHeit MoITHOCTH TaMMa-iotoka 15-30 I'p/c. MonokpucTamiel LiF ObIIv MCTIONB30BaHbI AJIs
CPAaBHHTEIBHOM J03MMETPHH TaMMa-TIOTOKOB peakTopa M wHcTodHuka ©'Co 10  XOpOIIO
W3BECTHOM MOJIOCE TIOTJIONICHUS BAKAHCUH (PTOPA, 3aXBATUBIICH JICKTPOH.

HccnenoBanbl CHEKTpHl ONTHYECKOTO TIOTJVIOMIEHUS M (DOTOMIOMHHECHEHIINH, a TaKke
CTpyKTypa cTekoi. OKa3ajaock, YTO CKOPOCTh HAKOIUICHUS 3apsyKEHHBIX BaKaHCHM KHCIIOpOa C
POCTOM 10361 B 0APHEBOM CTEKJIC BBIIIE, 4eM B UUCTOM SiO;, TOCKONBKY it Si0, ¢ MaibMu Z
(dhotosnmekTprueckuit  3pdekT cimabblii W TpeBaTMpyeT KOMIITOHOBCKOE pacCcessHhe U
(hoTosimepHbIe peakiuy, a 11 Ba — Hao6opoT. OTMeUeH panalmoOHHO-HHYIMPOBAHHBIA POCT
BKIIFOUCHHI KPUCTALTUYECKUX (Pa3 B 000MX CTEKIIaX, KOTOPBIM paHee MPUIHUCHIBAIICS YAAPHBIM
CMEIIEHUSIM aTOMOB IIOJI JICHCTBUEM OBICTPHIX HEUTPOHOB. D(PQHEKTUBHOCTH 00pa30BaHUS
TOUYEYHBIX Ae(eKkToB (Hampumep, E’-IIEHTPOB M HEMOCTHKOBBIX aTOMOB KHCJIOPO/A) B CTEKJIaX
OT TaMMa-KOMITOHEHTHI JIa)Keé OCTAHOBJIIEHHOTO PEeaKTOpa OKa3ajxach TOpas3/io BBIIIE, YeM MpHU
06 TydeHHH SKBUBANCHTHOH 1030# Ha “’Co ramma-ucrounuke ~1.25 MsB 1pu HHTEHCHBHOCTH
~ 7 I'p/c (u panee maxe nipu 45 I'p/c). ObHapyxerno 100-kpaTHOE yBeNHYCHHE TIOBEPXHOCTHOM
MPOTOHHOW TPOBOAMMOCTH 32 CUYET paJHoin3a IMapoB BOJBI IMPH TraMMa-oONydeHHH Ha
MOBEPXHOCTH IOp CTEKJIA.

Pa6ora BeimonHeHa o rpanty ®@2.1.2 llentpa Hayku u TexHomnoruu Y36ekucraHa.

CpaBHurtenbnble OnTudeckue u Jiaektpudeckue Uccnenopanus 4H-SiC,
Oo6uyuyennoro Heitrponamu n Tsiskeasimu Honamu

E. B.Kamuauna*, I'. @. XonysHos*, I'. A. Onymkusa*, /. B. [laBeimos*, A. M. Ctpenpuyk*,
A. O. Korncraatunos**, B.A. Ckyparop™**
* duzuko-TexHuueckuii KHCTUTYT UM. A. @. Hodde, PAH, 194021 Cankr-IlerepOypr,
Poccus (evk@pop.ioffe.rssi.ru)
** AMDS AB, Osterogatan 3, 164 40 Kista, Sweden
***(Q0beIMHEHHBIN HHCTUTYT AACPHBIX UccienoBanuid, 141980 lyona, Poccus

HccnenoBanock BIUSHHE OONyYeHHs OBICTPHIMM HEWTPOHAMH M BBICOKOIHEPTETHUECKHUMU
TsokenpiMu moHamu (Bi, Kr) xak Ha medekrooOpasoBanme B SiC, Tak M Ha HEKOTOpHIC
INEKTPUIECKUE XapaKTEPUCTUKU AUOTHBIX CTPYKTYP, CQOPMUPOBAHHBIX B 3TOM MaTepHale.

4H-SiC snuTaKcHambHbIE CIOM ToNumMHON 26 MkM ¢ Nd-Na = (5-8)x10"° cm”
BeIpamuBanuck CVD metomoM Ha kKoMMepueckux momnoxkkax. Cr 6apwrepsl Ilortku (SBs)
(GOpMHUPOBATUCH METOJIOM TEPMOBAKYYMHOIO HAMBUICHHS., & p -n-n JHOJHBIE CTPYKTYPBI

. . 16 .2
CO3/1aBallCh METOJIOM HMMIUIaHTanuu WOoHOB Al ¢ sneprueit 150 k3B, mozoit 5x10° cMm™ ¢
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MOCIEOYIOUIMM BBICOKOTEMIIEPAaTYPHBIM aKTHBALlMOHHBIM OTXHUIoM. McxomHble oOpasumbl u
IUOAHBIE CTPYKTYpPbI 00Mydanuch OBICTPBIMH HEWTpoHaMu ¢ 3Heprueid 1 MsB u cymmapHbIM
dmoercom 6x10™ cm 2, a Taxke nonamu Bi ¢ sueprueit 710 MaB ¢iroencamu 1.4x10° - 1x10"
cm ~ 1 monamu Kr ¢ sneprueii 245 MaB droencamu B auamazone 5x10°-5x10" em 2,

CrpykTypa nedeKTHBIX LIEHTPOB B HCCIEAyeMBIX o0paslax wu3ydajgach IO CIEKTpam
tdotomomunecennnu (PL) mpu temmeparype 77 K, mo Bombr-dhapagasiM (CV) m DLTS
JIaHHBIM, TIOJy4eHHBIM B TemmepaTypHoMm auanazone 80-700 K. Mamepenus BAX nuomHbix
CTPYKTYp HNPOBOAMUIIUCEH HA IIOCTOSIHHOM TOKE Ipu Temnepatypax 293-700 K.

Cornacao nomyueHHsiM PL, DLTS u CV ngaHHbIM, HEWTPOHBI M BBICOKOIHEPTETHUECKUE
WOHBI BBI3bIBaJM OOpa3oBaHue B SiC HMIACHTHYHBIX JAE(PEKTHBIX LEHTPOB, HEKOTOPHIE M3
KOTOPBIX ODKHramuch mpu Temneparypax no 700 K. T.e. ¢opmupoBanme naeheKTHOU
cTpykTypsl B SiC He 3aBHCHT OT TMPOIIECCOB, CBSI3aHHBIX C peJlakcallieil MOHU3AIMOHHBIX
[IOTEPh SHEPIMU B TPEKaxX BHICOKOIHEPIeTHUECKUX HMOHOB BIUIOTH 10 YpoBHA 34 x3B/HM n
ompenensieTcs pPagualdOHHBIMH —TOBPEXKICHUSAMH, CO3JAHHBIMH [0 KaHAJy YIPYToro
paccesHus. Taxke BrepBble OblIa MOKa3aHa BO3MOXKHOCTH YBEJIMYEHHS PaldalliOHHOTO
pecypca mpubopoB Ha ocHoBe SiC mpH MOBBIMIEHHBIX paboumx Temmeparypax. JuoaHble
CTPYKTYpHI, ACTPAaAMPOBABIINE MOCIE OOIYy4YeHUs, BOCCTAHABIUBAIU CBOU BBINPIMIISIOMINE

cBoiicTBa pu pabouux temmeparypax 700 K.

JlutepaTtypa

1. E. B.Kamununa, I'. ®. XonysiHos, I'. A. Onymkus, J[. B. [laBeiioB, A. M. Ctpenbuyk,
B. A. Ckyparos, A. O. Korcrantunos, A. Hallén, A. 0. Hukudopos, K. Havancsak. ®TII 38, 1223
(2004).

2. E.Kalinina, G. Kholujanov, G. Onushkin, D. Davydov, A. Strel'chuk, A. Zubrilov, Hallén, A.
Konstantinov, V. Skuratov, J. Stano. Materials Science Forum, 433-436, 467 (2003).

CBsi3b JHEPreTHYeCKOro CreKTPa HOCUTe el M TONMOJOTMH MHOTOCJIOHHBIX
HAHOTPYOOK

H.T. Kupromgues, B. I'. Banee, M. A.Ko3omaes
OI'VII I'HL PO UuCTHTYT TEOpPETHUECKOH U SKCIIepUMEHTaIbHOHN Gr3uku nM. A .M. AnnxaHoBa,
Mocksa, Poccust (__nicholas_ @rambler.ru)

[IpenMeT wucciieoBaHUS BO MHOTHX TEOPETHYECKHX padoTax, HACalIbHYIO, TOHKYIO
OJTHOCJIOWHYIO HAaHOTPYOKY, CJIOKHO CHHTE3UPOBaTh. [103TOMY, pe3ynbTaThl SKCIIEPUMEHTOB U
TEOpPETHUECKUX paboT II0Xo cormacyroTcs. OgHa W3 MPUYUH - TOIOJIIOTHYECKOE pPa3lindne
PacCUNTBHIBAEMBIX M SKCIIEPHIMEHTAIBHO HCCIEyeMbIX YTIEPOIHBIX HAHOTPYOOK.

B nanHO#l pabote mpemnokeHa MOJIENb CBSA3M HEPTETUYECKOTO CIIEKTpa HOCUTENEH ¢
TOIOJIOTHEH MHOTOCIIOMHBIX YTICPOMHBIX HAHOTPYOOK. B aKCIIepUMEHTANBHBIX UCCIICIOBAHUSIX
HaHOTPYOOK C OINpPENEICHHON TOMoNornel HaOII0AaIoCh XOPOIee COBMAJCHHE HAOIIOIaeMbIX

3¢ (}HeKToB ¢ pe3ysbTaTaMi MOICITMPOBAHNS.

126



JlutepaTtypa

1. M. Kociak, A. Yu. Kasumov, S. Gueron, B. Reulet, I. I. Khodos, Yu. B. Gorbatov, V. T. Volkov,
L. Vaccarini, and H. Bouchiat, Physical Review Letters, Vol. 86 (2001), p. 2416

2. Yuanhe Huang, Mayumi Okada, Kazuyoshi Tanaka and Tokio Yamabe, Physical Review B, Vol. 53
(1996), p. 5129

MoaudunupoBanue nNoJaynpoBoJHUKOB Iy4YKaAMH IPOTOHOB

B. B. Ko3nosckwii
Canxkr-IlerepOyprckuii rocyrapcTBeHHBIN MONIMTEXHUUECKUi yHIBEepcuTeT, CankT-IletepOypr, Poccus
(kozlovski@tuexph.stu.neva.ru)

B noxmame BHepBble JaHO CHCTEMaTHYECKOE W3JIOKEHHE COBPEMEHHOTO COCTOSHUS
MCCIIEZIOBaHUN MOIUGUIIMPOBAHHS MOIYIPOBOJIHUKOB MTyYKaMu MPOTOHOB. BhINoyHEH aHAMU3
o0mux (EeHOMEHOJIOIHYEeCKUX 3aKOHOMEPHOCTEHl B3aUMOAEHCTBHSA JIETKUX HMOHOB C
MOHOKPHUCTANIMYECKUMH  IOJyNIpoBOAHUKaMU. [IpoBeneHO KoHIenTyanbHOE 00001IeHne
Pe3yIbTaTOB (PyHIAMEHTAIBHBIX HCCICIOBAaHUH, MTOJyYECHHBIX B TCUCHUE MTOCICIHETO BPEMEHU
110 OCHOBHBIM HAIIPaBJICHUSIM PaAHALOHHOTO MOAM(UIMPOBAHUS HOITYIPOBOAHUKOB ITyYKaMHU
NPOTOHOB: TPAaHCMYTALMOHHOMY SACPHOMY JIETUPOBAHUIO, JIETUPOBAHUIO PagdalliOHHBIMHU
nedexramu, GopMUPOBAHUIO HAHOPA3ZMEPHBIX MOPUCTHIX c0eB [1].

OO0mieili 0COOCHHOCTBIO BCEX AHAIM3HPYEMBIX METOJOB MOTU(QHUIMPOBAHUS SIBISIETCS MX
JIOKaIbHOCTh. [yOnMHa MOOM(UIMPOBAHHOIO CIIOS ONpPEAEISIETCS SHEpIrueil MPOTOHOB M UX
TOPMO3HBIMH HOTEpPSIMH B MOJYNPOBOJHUKE M PEATbHO MOXKET BapbUPOBATHCA OT JIECSITKOB
HAaHOMETPOB 1O COTeH MHUKpoMmeTpoB. IloMumo JnokajgpHOCTH, MOIU(HULIUPOBAHUE
NOJYNPOBOAHUKOB My4YKaMH IPOTOHOB 00MafaeT CleAyIOUIMMH JOCTOMHCTBAMH, THITUYHBIMHU
JUIL  BCEX paJUallMOHHBIX TEXHOJOTMH: YHHBEPCAJbHOCTh B OTHOIICHHU Pa3IHMYHBIX
MaTepHalIoB; TMPOCTOTa M CPAaBHUTENBHO Majias CTOMMOCTh paJAMAllMOHHBIX IPOLIECCOB B
COYETaHHUU C BBICOKOW TOYHOCTHIO, IPOU3BOIUTENEHOCTBIO U BOCTIPOU3BOUMOCTBIO.

IIpumeHeHNe NPOTOHHBIX IYYKOB HE OIpaHMYMBAETCS CHEepoi MHUKPOUIEKTPOHHMKH, — OHH
MOT'YT OBITh YCIIELIIHO HCIIOJB30BaHbl B HAHOIJIEKTPOHHUKE MPU CO3JaHUU KBaHTOBO-Pa3MEPHBIX
MOJIYNPOBOAHUKOBBIX CTPYKTYp. K 3Toi cdepe mpuMeHeHHH NPOTOHHBIX MYYKOB CIEXyeT
npekJe BCEro OTHECTH TexXHoioruto «Smart Cutyy, npumensemyto s ¢GopmupoBanus SOI-
MaTepHanoB C HAHOMETPOBBIMU aKTUBHBIMU PaOOUYNMH CIIOSIMUA KPEMHHUSL.

PaGora BemmomHeHa npu moamepkke Poccuiickoro  ¢oHaa  (yHIAMEHTaIbHBIX
uccnenoBanuit (I'paat Ne 02-02-30000).

Jlutepatypa
1. Koznosckwii B.B., Moouguyuposanue nonynposoonuxos nyukamu npomornos. Hayka, CaHKT-
[TerepOypr, 2003. 269 c.
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PagnanuonHoe NoBpeKIeHUs KPEMHHS: CBA3b MEXKIY
MOBEPXHOCTHBHIMHU U 00bEMHBIMHM 1edekTaMu

T. C. banmamos, A. A. 'omy6es, M. A. Kozonaes, A. JI. CyBopos
OT'VII THIL P® UHCTUTYT TeOpeTHYECKOi U dKCriepuMeHTanbHOH (usnku um. AWM. AnrxaHoBa,
Poccust, MockBa, (M_Kozodaev@yvitepl.itep.ru)

O6pasupl kpemuuss KO®-4,5 Obimy moaABEprHyTH 00IYUYSHUIO HOHAMU YTIIEpoJia, ¢ SHEprHen
100 MsB/uykion u ¢ ¢dmoencom 2 10 cM™?, Mo pasTHUHBEIME yIIaMH K MOBEPXHOCTHL.
IloBepxHOCTH 00pa3LOB HCCIEJOBaHA METOJAaMM CKAHUPYIOIIEH 30HI0BOH MHKpPOCKOIIMH,
00beMHbIE 1e(EKTHI - METOaMH IIPOTOHHOIN aHHUTWIIALMH. M3yyeHa B3auMOCBsI3b OObEMHBIX U

MTOBEPXHOCTHBIX JEPEKTOB.

IIpoxo:kaeHne TeNJIOBbIX HEHTPOHOB B MOHOKPHCTAJLIAX
MOJIYNIPOBOAHUKOBBIX COeIMHEHUI ABY

. N. Mepxkypucos, B. M. Boiiko, H. I'. Komun, O. JI. KyxTo
Oumman OI'YII «HayuHo-uccnenoBaTenbckuil GU3NKO-XUMUICCKAA HHCTUTYT
um. JI. 5. Kapnoay, r. O0uuHCK, Poccust (ngkolin@mail333.com)

MeTtosioM BpeMeHM MpoJeTa MPOBEACHO HM3MEPEHHME TMOJHBIX CEUYEHHH B3aMMOJEUCTBUA
MEJUICHHBIX HEHTPOHOB B MOHOKPHCTAJLIaX IONyHpOBOAHHKOBBIX coeanuenuii ABY (GaAs,
InP, InAs u InSb) B mmamazone sHepruii or 1 MdB g0 1 3B. IlpoBenaeHo comocraBiieHHE
AKCIIEPUMEHTAIBHBIX JAHHBIX C PACYCTHBIMU U TIOJYYEHO XOPOIIIee COOTBETCTBHE.

[IpoBenen pacder pacIpeeneHns TEIUIOBBIX HEMTPOHOB 10 TITyOWHE UCCIEAYEMbBIX TUIACTHH
IpH OJHOCTOPOHHEM M JBYCTOPOHHEM OOJYyYCHHUH HA OCHOBE NPHUOIMKEHHOTO PpEIICHUS
ypaBHEHUS TepeHoca (Teopruu BO3MYIIICHHI IEPBOTO TOPSIIKA).

Paccunrtanbl TpaHCIOPTHBIE XapaKTEPUCTHKK MU (GY3UU HEUTPOHOB M IPOBEICHA OILCHKA
HEOJTHOPOJTHOCTH pacTpeAeNieHHsI TOTOKa HEHTPOHOB B CHJIBHO ITOTJIOMIAIOIINX BEIIECTBAX IS
KOJUTMMHPOBAHHOTO W M30TPOMHOT0 oOnydeHus. OnpenencHsl ONTUMAIBHBIC TeOMETPUICCKUE
pasmepel  obpasioB GaAs, InP, InAs u InSb nmnsg peanuzamuu TEXHOJIOTHH SIEPHOTO
JETUPOBAHUSL.

[lomrydeHHbIe pe3ynbTaThl CBUAETEIBCTBYIOT O TOM, YTO TPU JBYCTOPOHHEM OOIydYSHHH
TUIACTHH TOJIIIMHOW He 0ojiee 2 MM HEpaBHOMEPHOCTh PaCIIpeIeICHHsI TETIOBBIX HEHTPOHOB 110
riryoune cocrasiser nopsaka 10 % mist InSb, 12 % nns InAs u 13 % mis InP. Oxgnako ecnm
y4ecTh, YTO KOHEYHAs TOJIIMHA IJIACTHH, HCIOJB3YEMBIX B IPOU3BOJCTBE, COCTABIsCT B
cpenqHem 600 MKM, TO HEpaBHOMEPHOCTh paclpeleeHNs JIETHPYIONUX MPUMecel 1Mo 00beMy
He mipeBbImaeT 1 % M1 BceX HCCIeAyEeMbBIX MaTepHUAIOB.

B pamkxax TpeOoBaHWN OTHOPOJHOCTH paclpefeNieHusl TIpuMeced 0 KpHCTaly,
MPEeIBSIBISIEMBIX 3aKa3uyMKaMH, ¥ C YYeTOM TOJY4YeHHBIX HaMH OSKCIIEPHMEHTAIbHBIX
3aBHCHMOCTEH CJIEJyeT CUUTATh, YTO B PEATbHBIX YCIOBUIX 00pa3Ilbl apCEHU/IA TAJUTUS C IISITBI0
SIEPHOTO JIETHPOBAaHWS MOXKHO OONMy4YaTh MEUIGHHBIMH HEHTpOHAMH peakTopa IMpH
JIBYXCTOPOHHEM OOJYYCHHH JIUIIb TIPU YCIOBUU, YTO XOTs ObI OJUH BHEIIHUN pa3Mep oOpasia
He npepbimaeT 50 MM. HepaBHOMEpPHOCTH pacmpeeieHusl TEIIOBBIX HEUTPOHOB TI0 TITyOWHE B

MOHOKpHUCTaJuIHYeckoM cinuTke GaAs auMerpoM 50 MM He npeBbimaet 8 %.
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HoHn3anmuoHHbIe TOKH B ANVICKTPUYCCKHUX MaTePHAJTIAX MUKPOIJTCKTPOHUKH NIPH
BBICOKOMHTCHCHUBHOM UMITYJbCHOM oﬁ.ﬂyqe}mn

B. T. Ilynun, A. B. I'pynun, A. M. Monutsus, E. 1. BypcukoBa, A. A. I'epacumenko, A. B. I'pumins,
C. A. T'oprocraii-Ilonsckuii, C. A. Jlazapes, /1. B. Tkauyx
Poccuiickuii penepanbHbIil saepHbIA HEHTp - Beepoccuiickuii HayYHO-MCCIIEI0BATENLCKUN HHCTUTYT
SKCTIepUMEHTaNbHOM (u3uky, T. CapoB, Poccust (a—molitvin@expd.vniief.ru)

OpHa U3 MPUYXH HApYIIEHUS pPa00OTOCTIOCOOHOCTH COBPEMEHHBIX (DYHKIIMOHAIBHO CIIOKHBIX
WHTETPANbHBIX ~MHKPOCXEM CBf3aHa C TEM, 4YTO TIPpH BO3JCHCTBHHA HMITYyJIECHOTO
MOHU3UPYIOIIET0 M3TYyYEHUs] TMPOUCXOAUT IepepacipefesieHine NOTCHINAIOB Ha BHYTPEHHHUX
JMIEKTPONIaX M3-3a MNPOTCKAHWS N0 I[IeMK MUTaHWs Napa3sUTHBIX HWOHU3AIMOHHBIX TOKOB.
JluHaMuKa 3TUX TOKOB OINpEAENseTCs HANPsHKEHHOCTHIO 3JEKTPUYECKOTO IMOJI B MOJIOXKKE H
e€ aeKTpo(PpU3MUeCKUMH MMapaMeTpaMy: BPEMEHEM XU3HU W ITOJBIKHOCTHIO HEPAaBHOBECHBIX
HOCHUTENEHN 3apsiia.

B nokmaze mpuBeneHBI pe3yibTaThl HCCIENOBAHWNA KHHETHKH pPaHalliOHHO-HABENEHHON
anektporpoBogHoctr (PHD) kpucrammoB okcuga KpeMHHS IPH BO3ICHCTBHHU KOPOTKOTO
(~1 HC) wWMmyTBCa DIEKTPOHHOTO W3MydeHHs yckopurens bBETA [1] ¢ MomHOCTBIO
TOTJIONIEHHOMN 1036 B Auamasore oT 5-10' 1o 2:10" pan(SiO,)/c u ABYX THIIOB KPHCTAIIOB
cannpupa mpomsBoactBa HIIO «3JIMA» mpm BozaelicTBum TOpMo3HOTO u3mydeHus (TU)
yckoputens JINY-30 [2] ¢ mauTeThHOCTBIO UMITYJIECOB Ha TOJOBHHE BBICOTHI ~ (15-20) HC 1
MOIIHOCTBIO TOFMIOIICHHOM 1036l B auamasone ot 10" 1o 2:10" pan(Al,0s)/c. 3aBucumocts
MakcuMasbHoro 3HadeHuss PHO ot mommuocty normoménHoit no3el P, s candupa nepsoro
THNIA — JIMHEWHas, a Juia carmdupa BTOPOTO THMA M OKCHAA KPEMHHUS — CTENeHHas, C
nmokazarenssmMu  creneHn A=0,46+£0,07 u  A=0,68+0,06 coorBercTBeHHO. C yBeNMMUECHHUEM
MOIIHOCTH MOTJIOIEHHON 103b1 (1ipu P> 10" pan(ALOs)/c) B KMHETHKE MPOBOIMMOCTH 0GOUX
TUTIOB camdupa 3aMETHO BIHMSIHHE TMpolecca peKoMOWHAnuu HocuTenel 3apsiga. [lpm
BO37IEHCTBUU KOPOTKOTO (~1 HC) UMIyJIbCa HOHU3UPYIOLIETO M3TYUYSHHs] CTAHOBUTCS 3aMETHON
3amepkaHHas KoMrorneHTa PHO mccnenoBaHHBIX TUATEKTPHKOB.

OTMmedeHa HECTaOWIBHOCTh  pAJMAllMOHHBIX  XapaKTePUCTHK  00pa3moB  camdupa,
W3TOTOBJIIGHHBIX TIO pPa3HBIM TEXHOIOTHSAM. OTO O0OCTOSTEThCTBO HAKJIAABIBAET OCOOBIC
TpeOOBaHMS K TEXHOJIOTUU U3TOTOBIICHUS Carl(PUPOBBIX MOJIOKEK HHTEIPATBHBIX MUKPOCXEM.

[MpuBeneHHbIE B JOKJIAAE AIEKTPOPHU3MUECKHE MapaMeTpbl MOJJIOKEK COBPEMEHHBIX
HMHTETPATBHBIX MHUKPOCXEM MOTYT OBITh HCIOJB30BaHBI JUISI OLIGHKH IepepacrpeneleHus
MOTEHIINAIOB Ha BHYTPEHHUX JJIEKTPOJAX H3-3a MPOTEKaHWS Mapa3sHTHBIX HOHW3AINOHHBIX

TOKOB II0 IOCTIN ITUTaHUA.

Jluteparypa.
1. Benkun H. B., Tapakanos M. 0., Tapacos M. 1. // IITD, 1987, N6, c.133.
2. TlaBnosckuii A. U., Bocambikun B. C., I'epacumo A. U. u np. // [ITD, 1998, Ne2, c.13.
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O BaNsIHMY cOPOMPOBAHHOM BO/IbI HA pagUANMOHHBIE 3 (eKThI
OKCHIHUPOBAHHBIX AJTIOMUHUA U KpemHus (100)

C. H. HoBukos, C. I1. TuMOIIIEHKOB.
MOCKOBCKUIT MHCTUTYT 1E€KTPOHHOMN TexHUKH (TexHudyeckuil yHUBEpPCUTET),
3enenorpan, Poccust (spt@chem.miee.ru)

HceneoBano BIMSAHKE pasinuHbIX 103 7 -o0myuenns (*°Co) Ha s1ekTpoHHBIE CBOICTBA

(paboty BbIXOHA 37eKTpoHa-PBD) 00pasuos amromuuust 1 kpeMHus (100), UMEIOIUX OKCUAHYIO
IJIEHKY Pa3JIM4YHON TOJIIUHBL.

OrneHka 3JeKTPOHHBIX CBOWMCTB IMPOBOAMIIACH METOJOM CTAaTUYECKOTO HOHH3HPOBAHHOTO
KoHJeHcaTopa [1] B aTMOC(EpHBIX YCIOBHSIX.

[lapammensHO € OONy4YeHHEM Te >K€ O0paslbl HCCIENOBANNCH METOJOM TEPMHUYECKOTO
aHallM3a MOBEPXHOCTHOTO TIOTEHIIHATIA.

[lonmy4yeHHbIe pe3ynbTaThl MO3BOJSIOT OOBSICHUTH 3HAYUTEIBHBIE M3MEHEHHS DJIEKTPOHHBIX
CBOHCTB OONydYeHHBIX O00pa3loB, aHAJOTHMYHBIC MpPHUBEACHHBIM B JuTeparype [2],
COpPOLIMOHHBIMH TIPOIIECCaMU B3aMMOJAEUCTBUSA BOABI (M TPOMYKTOB €€ IMCCOLMAIMM) Ha
rpanunax pasaeina Al-Al,Oz u Si-SiO,.

B uactHoCcTH, craGoe m3menenne PBD (menee 10 %) B amamasone 103 ot 10 go 10 pax,
BEPOATHO, CBS3aHO C JlecopOuumelt cnabo cBs3aHHBIX Monekyn H,O, Torma kak mpu mo3ax 10*-
10° pax 3maumTensHoe Bospactanue PBD (Gonee 30 %), CONPOBOXKIaEMOE H3MEHEHHEM 3HAKA
3apsiia TIOBEPXHOCTH C TOJOXKUTENBHOTO Ha OTPUIATENbHBIH, MO-BHAUMOMY, OOYCIIOBIEHO
pacnazoMm (Juccouuanyeii) moBepXHOCTHBIX BOAHBIX KJIACTEPOB U 00pa30BaHUEM THIPOKCHUIIOB.
YKka3aHHbIE U3MEHEHHsI CYIIECTBEHHO 3aBHCST OT TOJIIUHBI OKCUIHON TJICHKH (HAauOOJBIIHE
7S TepMudeckux okcumoB  100-200 A). HabmromaeMsle paguaruonHsie SGQEKThl SBISIOTCA
00paTMBIMH ¢ OOJBIIMMH BpEMEHAMH PETaKCallii, 3aBUCAIIMMH OT BIQKHOCTH OKPY Karomien

cpenbl (aecsaTku cyTok npu 60 % u ~ 2 cytok npu 100 %).

Jlutepartypa
1. Hosukos C.H., Tumomenkos C.II., 3. By30B, Dnektponuka, 2002, No5, ctp. 81
2. Nicollian, Brews, «MOS. Physics and Technology», N-Y, 1982, p.549

Bausinue HEMTPOHHOT0 00JIyYeHNsI HA XapaKTEePUCTUKH SiC p-N CTPYKTYP

H.T. Opaos, B. T. I'pomos, B. I1. Illykaiino
POSAIL-BHUUT®, r. Cuesxxunck, Poccust (dep5@vniitf.ru)

Kapbun xpemuust (SiC) — mepclneKTHBHBIM MaTepual SKCTPEMaIbHOH 3JIEKTPOHHKH,
CIIOCOOHBIH  COXpaHSATh pabOTOCIIOCOOHOCTh TP BBICOKHX TEMIEpaTypax H YPOBHAX
obyuenus. beun uccnenosanel 6H-SiC p-n crpykrypsl, nomydeHuele B @TU um. Hodde
METO/IOM CyOIMMAIIMOHHOM SMUTAKCHH B BAKyyMe P’ CJIOSl HA OCHOBE N MOIOKKH JIami. P-n
niepexo/sl ObiH BeIpamieHs! Ha rparn (0001) SiC, nerupyromeit npumechio ciryxui Al (p-tum).

. N 18 3
Konnentpamust HeckoMIieHCHpoBaHHONW mpumecdn B n' momioxkke (Ng-N,) = 3-10° cm™.
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TonmuHa SMUTaKCHATBLHBIX CIIOEB P -TUIA COCTABMIANA 1-2 MKM, a TOJIIMHA HOI0KKK N-THIA -
400 mxm. J{ns uccnemoBannii OBUTH HCIIONB30BaHBI UMITYJIbCHBIE peakTopbl AI'YAP u UT'PUK
¢ t~1 mc, Eu=1,1 M»3B.

[IpoBenennpie C-V  w3MepeHHs [OKa3ald, 4YTO JUIA MPEICTaBICHHBIX 00pPa3IoB
KOHIIEHTpALKS JIETUPYIOLIEe npuMecH B P cioe (Na-Nd), = 5.5- 10" oM.

IlomyueHa 3aBMCHMOCTb CTENIEHU PaJMallMOHHON KOMIIEHCAIMM 3MHTAKCHAJIBHOTO CJIOSI OT
(roeHca HeWTpoHOB. JlaHHBIC XOPOIIO YKIIAIBIBAIOTCS HAa JIMHEHHYIO 3aBUCHMOCTB, YTOJ
HAKJIOHAa KOTOPOW OIpeAessieT CKOPOCTh yNaJeHHs HOCHUTENeW 3apsia B MOJYNPOBOIHHKE.
BenuuuHa ckopoCcTH cOCTaBise€T, COOTBETCTBEHHO, 5.3 e’

BennmunHy OTHOCHTENHFHOTO M3MEHEHHUS! CONPOTHUBIICHUS MPSIMOI BETBH UOJa OT (IIFOeHCa
HEHTPOHOB, IKCIIEPUMEHTAaJIbHbIE 3HAYEHUsI KOTOPOU Tpe/ICTaBlIeHbl Ha Puc. 1, MOXKHO OIIeHUTH
4yepe3 KOHIIEHTPAHIO Je(QEKTOB:

R 1

10000 +— FI=a—FfF=-—=—===== E====F

E_]_a.Qn
n

o

Ha Puc. 1 crmomiHas TuHust — pacyet

npu: a=35.3 CM']; ny=2.7 10" CM’3;

a-® <n,.

HonyquHaﬂ OII€HKa IIOKa3bIBAfCT,

YTO JUI1 JaHHOW MapTHU NPUOOPOB IpH

15 2
(bJIIoeHce OKOJIO 4-10"w/cm Puc. 1 3aBUCHMMOCTH OTHOCHTEIHLHOI'O M3MEHEHMS
MPSIMOTO CONPOTHUBIICHUS TUOJa OT (hIroeHca
MPAKTUYECKHU IOJHOCTBIO HEHTPOHOB
KOMIIEHCUpPYETCS IpUMECHas

MPOBOJMMOCTE ¥ MIPOBOJUMOCTb MOJYTIPOBOTHUKA CTPEMHUTCS K COOCTBeHHON. TakuMm o0pa3zom,
C TOMOINBI0 HEHTPOHHOTO OOJYUYEHHS, BO3MOXHO TIOMydeHHEe Monyusonupyromero SiC.
IMonyyeHHOE B JaHHOW paboTe 3HAUCHHE YACTBHOTO COMPOTHBICHHS MOTYHU30JUPYIOIIETO CIOS

npu diroence Heitrponos 5.6-10"° n/em? coctasmo 2.8-10° Om-cm.

Ge-Si HAHOCTPYKTYPBbI OJTy4YeHHbIE 0CAXKAEHHEM U3 HOHHO-MOJIEKYJISIPHBIX
Ny4YKOB

K. B. Cmaruna, A. B. /IBypedenckuii, B. A. Bomonun, B. A. ApmGpuctep
Wucruryt ¢pusuku nonynposogurkos CO PAH, r. HoBocubupck, Poccunst
(smagina@isp.nsc.ru)

MertonoMm auppakunu OBICTPBIX 3eKTpoHOB ([BD) Ha oTpaxeHHe SKCHEPUMEHTAIBHO
uccnenopana mopdoinorus, aedopmanus M CBEPXCTPYKTypa moBepxHocTH IUIEHKH Ge Ha
nooxke Si(100) B mpolecce reTeposNUTakKCHU U3 MOJIEKYIISIPHOTO MyYKa ¢ OJHOBPEMEHHBIM
UMITYJIbCHBIM 00JTydeHHeM COOCTBeHHBIMUA HHU3Ko3Hepretmueckumu (100-200 3B) wonamm.
UccnenyeMble CTPYKTYphI BBIPAIIMBAINCH B YCTAHOBKE MOJICKYJISIPHO-TYYEBOW JIUTAKCHU

(MJID) co BcTpoeHHBIM MOHHO-MOJIEKYJISIPHBIM HCTOUYHUKOM repmanus. Ocaxnenne Ge Ha Si
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npoBoamnock npu Temmeparype 300-400°C gByms meromamu: 1) MJID Ge ma Si; 2)
UMIyIscHoe (auTensHocThIo 0.5 ¢) o6mydenue nonamu Ge' ¢ sHeprueii okosno 100-200 5B B
nponecce MJID Ge na Si. IMImynsCchl MOAaBAIMCHL B MOMEHTHI BPEMEHH, COOTBETCTBYIOIINE
OCaXKICHUIO Kakaoro aToMHOro cinosi Ge. Ckopocts ocaxkaenusi Ge cocraBmsuia ~ 0.1 MC/c

(1 MC = 6.8:10'"* arom/cm?). OGHApYXKEHO, YTO OGIyUeHHE HU3KOIHEPIeTHIECKMMH HOHAMH
B mpomecce rerepodrmuTakcuu Ge/Si(100) cTumMymupyeT 3apoKIeHUE TpPEeXMEpHBIX “‘hut”
OCTPOBKOB ¥ TOCICAYIOMMHA Tiepexox oT “hut” k “dome” ocTpoBKaM. YBEIWUCHUE YHEPTUH
norHoro mydka oT 100 mo 200 3B mpHBOIUT K CMEMICHHUIO TMepexona B O0JIACTh MEHBIIUX
HWHTETPAIBHBIX TTOTOKOB HOHHO-MOJIEKYIAPHOTO mydka. OOHapyXeHbl KOPPEISIMUA MEXKIY
HW3MEHEHHEM TMOCTOSHHON peméTku M peKoHCcTpykuueil nmosepxHoctn Ge/Si(100). B obmactu
Hu3kux temnepatryp (~300°C) Ha cTanuu 3apoxxaeHus “hut ’-KiacTepoB HaOIIOgaeTCs Mepexo
oT pekoHCTPYKIuH (2 X N) k (M x N).

HccnenoBanusi MeXaHMUECKUX HAIPSDKEHUH U 3JIEMEHTapHOI'O COCTaBa B reTEPOCTPYKTypax
CO BCTPOCHHBIMH CJIOSIMH HaHOKJacTepoB (Ge NPOBOAMWINCH C IOMOILBIO CIEKTPOCKOIIUHU
KOMOMHALIMOHHOTO  paccesHus cBera. Mg  3TOro  BBIpallMBaIM  MHOTOCIIOWHBIE
TeTEePOCTPYKTYPHI, COCTOsAmMNE U3 Aecatu cnoeB Ge, chopMUpPOBaHHBIX OCaKACHUEM 5 miH 7
MOHOCJIOEB pa3fieieHHBIX CclosMu Si TonmmmHOW 50 HM. VYCTaHOBIEHO, YTO HOHHO-
CTHUMYJIMPOBAHHOE 3apOKJI€HHE M TOCIEAYIOUIHI pOCT IMO3BOJIIET MOJIy4yaTh HaIpsDKEHHBIE

OCTPOBKH, COCTOSIIINE TMPEUMYIIIECTBEHHO U3 repmanus (0omee 78 %).

HccnenoBanust npoueccoB (popMHUPOBaHUS U CBOICTB HAHOCTPYKTYP Ha 0a3e
KPeMHHs, I0JIy4YeHHbIX MeT0I0M HOHHOT0 00y4enus, B HUOTHU HHI'Y

JI. U. Teremsbaym, A. A. Exesckwuii, A. B. Epmios, A. H. Muxaiinos, M. 0. Jlebenes,
10. A. Mennenesa, A. 1. benos
Hayuno-uccnenoBarensckuii ¢pusuko-rexunaeckuit mactutyT HHI'Y mm. H. U. JIo6auesckoro,
Hwxkuuit Hosropoa, Poccust (Tetelbaum@phys.unn.ru)

Coznanve HAaHOCTPYKTYPHPOBAHHBIX CJIOEB KPEMHHSA — aKTyalbHas 3ajada COBPEMEHHOMN
JJIEKTPOHHON TEXHUKH, B YAaCTHOCTH, B CBS3M C MPOOJIEMOI CO3/[aHUS CBETOHM3IYHAIOLIUX
puOOpoB Ha 6a3e 3TOT0 OCHOBHOTO ISl MHUKPOAJIEKTPOHWKH Marepuaia. [t pemenns 3Toiu
3a/laud IIHPOKO TPUMEHSIOTCS MOHHO-Ty4YeBblE METOIbl — MOHHAS HMMIUIAHTAIUS W HOHHOE
nedexroodpazoBanne. B HUOTU HHI'Y Ha mpoTrskeHuH psia TMOCIEIHUX JIET MPOBOASTCS
WCCIIEIOBAHNS, BHOCAIIME BKJIA]] B pa3pabOTKy (PU3MUYECKUX OCHOB YKa3aHHBIX METOJIOB.

IIpn co3maHuM JIOMHHECLEHTHBIX HAHOCTPYKTYPHUPOBAHHBIX CHCTEM IyTEM HOHHOM
HUMIUTaHTAIMK KpeMuus B Si0, ¢ nocneayromuM oTKUroM (SiO,:nc-Si) U3ydeHO BIUSHHUE J103bI
Si" u TemmepaTyphl OTXHMTa Ha (OPMHPOBAHHE CBETOM3IYYAIOIIMX HAHOKPUCTAJIOB.
Pazpabotana momenb koanecreHIMH (OCTBAIBIOBCKOTO '"co3peBaHMs") HAHOKPHCTALIOB,
MTO3BOJIAIONIAS OOBSICHATH HEMOHOTOHHYIO 3aBUCHMOCTH HHTEHCUBHOCTH (HOTONFOMHHECIICHITHH
(®JI) oT mO3BI KPEMHUS U TEMIIEPATyphl OTXKHUra. BriepBeie mokazano, uto ycuneane OJI moxer
OBITH JOCTUTHYTO IIyTeM HOHHOTO JIETUpOBaHus Gochopom.

BrinonHeHs! npenBapUTEIbHbIE HCCIEA0BAHNA 10 CO3JaHMIO CBETOM3IYUYAIOUINX CTPYKTYP

MyTeM HMOHHOM MMIUIaHTauuu Si° B candup u Tonkue mienku AlOs/Si. YcraHoBneno

132



HEMOHOTOHHOE M3MEHEHHE HHTCHCUBHOCTH 3esieHoi PJI ¢ pocToM TeMmeparypsl OTXKHra.

IIpeanoxeHn, 0OOCHOBaH M  peaqu30BaH METOA  MOJYYCHUS  CBETOM3IYYaroIIUX
HaHOCTPYKTYPHPOBAaHHBIX CIIOCB Ha KPEMHHH IIyTeM OOMy4YeHHsI €r0 HOHaMHU. TeopeTHUecKH U
9KCHEPUMEHTAIIBHO MOKa3aHo, YTO MakcHManbHas nHTeHcuBHOCTE DJI gocturaercs B obmactu
JI03, TIPENUISCTBYIOMIMX MOJHOH aMop(H3alui MMOBEPXHOCTHOTO CJIOS. JTO CBS3aHO C
(hopMHpPOBaHMEM KOMIIO3UTHON CTPYKTYPBI, COCTOSINEH U3 HAHOKPUCTAUIMUECKUX BKJIIOYEHUH
Si (ocTaTodHas KPUCTAUTMYHOCTH) B MaTpuile amopdroro kpemuans. Kpome Toro, ycTaHOBIICHO,
yTO MpH 06yueHnn Ne' cyliecTByeT BTOpas 001acTh /103 (3HAYMTEIBHO TIPEBBILAIOIINX 103y
amopduzanun), rae umeetr Mecto uHTeHcuBHas PJI. B 310l 001acTH HAHOCTPYKTYpUPOBaHKE
00yCJIOBIEHO BTOPMYHBIMH MPOLIECCAMH, CBSI3aHHBIMH C  ONHMCTEpoOOpa3oBaHHEM U
peKpucTamM3anei aMop(HOTO CIIOS B YCIOBHUIX BBICOKHX MEXaHUUECKUX HAIIPSDKCHHH.

Pabora BeimonHeHa Tpu nozanepkke MwunoOpazoBaHus P® (rpant NeA03-2.9-507, HTII
«HMccnenoBanus BBICHIEH INKOJIBI B IPUOPUTETHBIX HANpaBICHUAX HAYKH W TEXHHUKH»),
coBMecTHO# mporpammbel MuHoOpaszoBanus P® u ¢dornna CRDF (BRHE REC-001), mporpammsl
FP6 (STREP No. 505285-1), rpantoB INTAS (Ne 00-0064) u PODU (NeNe 00-02-17488, 04-
02-16493).

OneHka HeCTAMOHAPHOI0 TEMIIEPATYPHOI'0 Pe:KMMAa KPeMHHEBbIX IJIACTHH NPH
0oMOapaANpoBKe NYYKAMH HOHOB KWJIOBATTHOI MOIIIHOCTH

E. I'. Tumkosckuii, . A. ynnep
Wuctutyt ¢pusuku noxynposogaukoB CO PAH, np. Akan. JlaBpentsesa 13, 630090
Horocubupck, Poccus (tish@thermo.isp.nsc.ru)

HMnnaHTepbl, cO3aHHbIE U BHEAPEHHUS BEIIECTBA 10 103, HEOOXOIUMBIX ISl IPOBEICHHUS
peaxiuit TRepaodasHoro cuntesa (mopsaka 1x10'™ cm?) paccuntans! Ha sHepruu He Gonee 200
- 300 k3B u TOKM mMyuka B JECATKU M Jake COTHU Muutuamiep. OOmydeHne mydKkamMH Takod
MOIITHOCTH B MEpPBYIO OdYepeAb CTaBUT NPOOJIeMy MEXaHHYECKOM IEJIOCTHOCTH IUIACTHH,
0COOCHHO B TEpBBIE MOMEHTHI BPEMEHHM IIOCiie BKJIIOUEeHHs mydka. Kpome Toro, B oOmiei
HAIpaBJICHHOCTHU peakuil TBepA0oGa3HOI0 CUHTE3a OUCHb BaXKHA POJIb PACIIONOKEHHBIX BHYTPU
KpHCTaJUIa IUIOCKOCTEH C O0cCOObIMHM cBoWcTBamMM (TrpaHun paszgena). I[lpu mnoBbimeHun
MOIIHOCTH ITyYKa HOHOB A0 HECKOJBKMX KBT NpHYMHON BO3HMKHOBEHHS! TAaKOW IJIOCKOCTH
MOXET CTaTh COCTOSIHUE TJIaBJICHHS KPUCTAIlIa, UK OJIM3KOE K HEMY .

B cBs13u ¢ BaKHOCTBIO 3TOTO 0OCTOSATENHCTBA OBUT CO3[aH CIELUAIbHBIH MaKeT Iporpamm,
MO3BOJISIIONININ M0 3aJaHHBIM TIapaMeTpaM OOIydeHHUs (SHEpPTHs HWOHOB, TOK ITy4Ka, 103a)
MOJEIUPOBATh TEIUIOBYIO HCTOPHIO IIACTHHBI B NPOCTPAHCTBE U BO BpeMEHH. B kauecTBe
(yHKINH TEMJIOBBIX MCTOYHHKOB B KPaeBOW 3agaue TEIJIONPOBOAHOCTU HCIIOJIB3YETCsS CyMMa
MacCHBOB MOHM3ALMOHHBIX MOTEPh U MOTEPh HA SIIEPHBIC COynapeHHs (HampuMep, A HOHOB
kucyopona ¢ sueprueit 100 k3B npumepHo 70 % 1 30 % 0T MoIHOM SHEPrUn, COOTBETCTBEHHO),
MpeaBapUTeIbHO paccuuTaHHbie ¢ moMmombio maketa SRIM-2003. I[Tockonbky B MallMHHOM
IKCIEPUMEHTE BaXKHO OBUIO 3apUKCHPOBATH UMEHHO COCTOSIHWE IUIABJICHHS KpUCTAIIA, WM

Onmu3koe K HeMy, KpaeBas 3a/lada TeIUIONPOBOJHOCTH ObUIa anmpOKCHMHUpPOBaHa aOCOIIOTHO
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YCTOHYHMBON Pa3HOCTHON CXeMOW C aJna0aTHYecKUMH KpaeBBIMH YCIOBUSMH, a BIHUSHHE
[OTeph Ha W3IYYCHHE YUYHUTHIBAIIOCH JOTOJHHUTEIHHBIMH WTEPAIlUSIMH, YTO, KOHEYHO XKe, He
ONTUMAJILHO C TOYKHU 3pEHUS MAIITMHHBIX PECYPCOB U BPEMEHU CUETa.

B noknage mpenctaBieHBl pe3yiabTaThl PacueTOB HECTAIMOHAPHOTO TEIUIOBOTO peXUMa
KPEMHHUEBBIX  ITUIACTUH, OOJMydaeMbIX TyYKaMH HOHOB KHJIOBAaTTHOM MOIHOCTH B
aanabaTHYecKuX ycloBusX. l[IpoBemeHO coOmMOCTaBlieHHE pe3yNbTaToOB, MOIYYCHHBIX NpH
MOJICJIMPOBAHUN PA3TIMYHBIX CUTYallli, C IMEIOLIIMICS PACYCTHBIMH U SKCIIEPUMEHTATEHBIMA

JAaHHBIMHU IO TCIUIOBOMY PCIKUMY IUIACTHUH P UMIUIAHTAllUX IIyYKaMH cpez[Heﬁ MOIIIHOCTH.

Poub nedexToB B mponeccax (popMHUpoBaHNS HEMOHOTOHHBIX PHUMECHBIX
pacnpeeieHHH IPH BOCCTAHOBJICHUM HAPYLIEHHBIX HOHHOW 00MOapanpoBKoii
cJ10eB KpeMHHS

E. T'. Tumkosckuii, B. . O6onuukos, JI. U. ®equna
Wucrutyt ¢pusuku nomynposogaukos CO PAH, mp. Akan. JlaBpentsesa 13, 630090 HoBocubupck,
Poccus (tish@thermo.isp.nsc.ru)

UccnenoBanuss METOAOM MacC-CHEKTPOMETPUM BTOPUYHBIX HOHOB B COYETaHHUH C
MIPOCBEUMBAIOILEH IEKTPOHHOM MMKpPOCKONHWEH MOoKa3ajd, 4TO BHEAPEHHE KaK TSKEIBbIX IO
OTHOIIEHMIO K KPEMHMIO MOHOB Se’, Tak M Oonee nerkux — B™ u O° compososkaaercs
(opMupoBaHHEM HEMOHOTOHHBIX (CIIOUCTBIX) paclpeAeieHnid MPUMECH MpU TOCIETyIOIEeM
BBICOKOTEMIIEPATYPHOM OTXHIe IUTENBHOCTBIO 10 HECKOJIbKMX 4yacoB [1-3]. Okasanoch, 4To
pacuieneHue MPUMECHBIX paclpeleleHU BO BCeX CIydasx IPOMCXOAUT IO CLEHAPHIO
MOCJIE0BATENLHOTO MPUCOCINHEHUS TOABUKHOTO KOMIIOHEHTA IPUMECH ¢ 00pa3oBaHUEM MO0
KBa3UMOJICKYJ, HamOoyiee TOMOJOIMYECKH aIanTHPOBAHHBIX K pELIETKE KPEeMHUs, JHO0
MIPELUIINTATOB, BBDKMBIIUX HAa CTaJAHU KOAJECLEHLUHU MEPECHIIIEHHOTO TBEPJAOr0 pacTBOpa U
TaKKe KOT€PEHTHBIX KpHUCTaTy-MaTpuue. Ilpu 3ToMm, HE3aBUCHUMO OT CTENEHU pa3pyLIeHHS
KPUCTAJIMYECKOH pelIeTkn  (HapylleHHbIH cioii nubo aMopgHbiii, b0 amopdHbIe
BKJIIOYEHUS MPAKTUYECKH OTCYTCTBYIOT) IMOACUCTEMA AC(DEKTOB IIPOSBIAETCS TaKUM 00pa3oM,
KaK eciy Obl IpsIMOe B3aUMOAEHCTBHE BaKaHCUIl U COOCTBEHHBIX MEKIOY3EJIbHBIX aTOMOB C
aToMaMu TIpUMEcel MPOMCXOAWIO Ha caMoil paHHEH cTaguu (HOPMHPOBAHUS CIOMCTHIX
pacmpenenceHuid - Ha CTagud (QOPMUPOBAHMS HAYAJbHBIX M TPAHUYHBIX YCIOBHH JUIA
CPaBHHUTEJIBHO MEJUIEHHOTO MpOoLiecca paciajia MepeCchIEHHOr0 TBEpAOTro pacTBOpa MPUMECH.

B noxnane mpencTaBieHbl pe3ynbTaThl SKCIIEPUMEHTOB, HAPABIEHHBIX Ha BBISBICHUE POJIH
nedeKTHOW TOACHUCTEMBI C IMOMOINBI0 HaOMIOACHUS 32 (OPMHPOBAHMEM pACIIEIUICHHBIX Ha
CJIOM NIPUMECHBIX PACIPENENECHUH, B TOM YHCIIE U HA CaMbIX PAaHHHUX CTAaJHUAX BOCCTAHOBJICHUS
HapyIICHHbIX MOHHON OoMOapanpoBKkoil cioeB. Ha ocHOBaHMM aHanu3a MOJIYYEHHBIX JaHHBIX
chopMyJIMpOBaHa THIIOTE3a O TPAKTOBKE MNPOLIECCa BOCCTAHOBJIICHUS HApPYLICHHBIX HOHHOMN
O00oMOapIMpOBKOM CIIOEB Kak Tpolecca pacmana IepechieHHOr0 TBEpAOro pacTBopa
MEXJOYy3eNbHBIX aTOMOB KpPEMHHs, KOTOPBIM BKJIIOUaeT B ceOs 3apoAbllin AByX ¢a3 -
amopdonomoOHbIe BKIIOUEHHS W MHUKPOKPUCTAJUIMTHI, OOpa3oBaHHBIE B Mpoliecce TOTeph

SHEPTUH Ha YIPYTUE COYAAPCHUS KaK COOCTBEHHO BHEAPSEMbBIM HOHOM, TaK U aTOMaMH OTJIA4H.
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Bimsinne HeHTPOHHOrO 00JIyYeHHs HA reTepocTPYKTYpHbIe GaAs moJieBble
TPAH3UCTOPBI

B. T. I'pomos, B. I1. lllykaiino, O. B. Tkaues, C. B. O6onenckuii
POAL-BHUUT®, r. Cuexwunck, Poccus.. HI'Y, r. Hmwxuauiit Hoeropon, Pocens (daxc: +7-35172-51101)

[Iporpecc B MHKpPOIIEKTPOHHKE TIPUBENT K CO3JAaHHIO MPHOOPOB C HaHOpa3MepaMu
OTJICNBHBIX ~ 00JIaCTeW, YTO COM3MEPUMO C pa3MepaMu paJuallMOHHBIX  KIACTEPOB,
00pa30BaHHBIX MPU MOHHOM HIIM HEUTPOHHOM 00mydeHuu. [10100HOE 0OCTOSATEIHLCTBO MOXKET
NPUBOJAWTE K OCOOCHHOCTSM KaK B IPOCTPAHCTBEHHOM  pACIOJOKEHHM  KjacTepa,
0OyCJIOBIGHHOM TeOMeTprel, MaTepruajoM KOHCTPYKTHBHBIX JJIEMEHTOB, a  Takke
HAIIPABJICHHOCTHIO IO OOJIydYeHUsS, TaK W XapaKTepHOH peakiueil momoOHBIX MpuOOpOB Ha
obxyuenue [1].

B nacrosmelt pabote mcciIenoBalioch BIHSHHUE HEHTPOHOB ENUTENBHOTO CHEKTpa U 14-
MIBHBIX HEHTPOHOB, Ha 3BomroIMI0 xapakrepuctuk [ITI. M3mepenus npoBoaunu Ha Oase
peakrtopa SAI'Y AP u HelitponHoro reneparopa HI'-121.

HccnenoBanuchk 3KCIEPUMEHTANBHEIE TPAH3UCTOPHI, H3TOTOBICHHBIE M3 GaAs ¢ 3aTBOpOM

IloTTKH, UMEIOITHE V — 00Pa3HBIHA 3aTBOP.

Hccnenosanus
AU/U
09 MPOBOIUIHN Ha
08 SKCIEPUMEHTATBHBIX
? MOJIEBBIX
0.7 A
. TpaH3UCTOpax
0.6
. | IoTTKN (ITTLL)
0.5 o
H3TOTOBJICHHBIX u3
| 0 A
0.4 a GaAs. HccnenoBanuch
o
0.3 1 . 4 TPaH3UCTOPbI IBYX
0.2 1 a 4 BUIOB C OOBIYHBIM
0.1 1 OydepHbIM clloeM U
. @, 10" n/em?
0 T T T T T TpaH3I/ICTOpLI C FeTepO
0 10 20 30 40 50 60
- Oydepom.
3aBHCHMOCTb OTHOCHUTENHHOTO H3MEHEHHUS MOPOroBoro Hanpshkerus AU/U
oT ¢uIroeHca HEHTPOHOB JienuTenbHoro criekTpa (peakrop UT'PUK). Tpauzucropst
A_ . _ .
rerepomnoieBbie Tpan3uctopbl; M- romonosessie TPaH3UCTOPBI; OTIMYAINCE  TOIBKO
®© — tpansucrop 3I1602I'-2.
HCIIOJIHEHUEM

oydepnoro cios.
B X0A€ IMPOBCACHHBIX I/I3MepeHHﬁ 6])I.HI/I IMMOJIY4YCHbI CTOK — 3aTBOPHBIC U BOJIBT — aMIICPHBIC
XapaKTePUCTUKU TPAH3MUCTOPOB B 3aBHCHMOCTH OT (PIIFOCHCA HEHTPOHOB BO3JEHCTBYIOIIMX Ha

obpaserr.
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OTHOCHUTENIFHOE U3MEHEHHE OPOroBoro HampspkeHus oopasuos (AU/U) B 3aBUCUMOCTH OT
cymMmMmapHoro duroeHca HedTpoHoB aenurenbHoro crekrpa (MI'PUK), mpencraBieno Ha
PHUCYHKE.

Ha ocHoBe rumoTe3sl 0 TOM, 4TO yAaJeHHE HOCUTENEH 3apsna CBs3aHO C oOpa3oBaHHEM
KJIACTEPOB IEPEKTOB H ITOT dPPEKT MpeBAIUPYET, OTHOCUTEIFHOE N3MECHEHHE KOHIIEHTPAIUH

HOCHUTEJIEH MOYKHO OIIEHHUTH 110 BBIPAXXCHHIO:

_¢
L R N
n,
rae vy — obOwvem obOmactu mnpoctpancTBeHHoro 3apsma (OII3) kmacrepa oOpazoBaHHOTO

v -1 )
HEHTPOHHBIM 00Iy4YeHHEM, a (cM ) — KO3 PULIUEHT IPOIOPLIMOHATIBHOCTH XapaKTePU3yFOIIUH

3¢ (eKTHBHOCTD KiacTepooOpazoBaHusi, @ — ¢IIFOeHC HEHTPOHOB OONydeHHs, (¢ - CpeaHee

3Ha4YeHHUE BBICOTHI MOTEHIIMAIBHOTO Oaphepa KiacTepa.
Y 10BJIETBOPUTENIBHOE OIUCAHUE SKCIIEPUMEHTA MOIYUYEHO IIPU CIISAYIOIIUX IlapaMeTpax;

o o ] —
MpH BO3AECUCTBUM HEUTPOHOB AenuTenbHoro cuekrpa a = 0.2 cm ', @ = 0,047 B, nns 14-

M3BHBIX HEHTpoHOB a = 0.95 cu’, @ = 0.017 3B; mis rereporpansucTopos pamuyc OII3 55
HM, JUIS TOMOCTPYKTYp pamuyc 80 HM.

Takum 00pazom, B X0Jie MPOBEJACHHBIX UCCIIEIOBAHUI OBUIO MOTYUYECHO:

® TPAH3UCTOPHI C TeTepoOy(hepoM XapakTepU3YHOTCS MEHbBIICH YyBCTBUTEIBHOCTBIO K
HEHUTPOHHOMY OOJYUYCHHIO 110 CPABHCHHIO C TOMOIIOJICBBIM TPAaH3UCTOPOM.

® peakius MOIIHBIX TPAH3UCTOPOB C OOBIYHBIM 3aTBOPOM Ha HEUTPOHHOE OOJyUCHHE
OJM3Ka K pEaKkIIMy TOMOTIONIEBBIX TPAH3HCTOPOB C «V» 00Pa3HBIM 3aTBOPOM;

e BeaymuM (aKTOPOM ONPEACISIONMM 00Jiee HU3KYH) YYBCTBUTEIBHOCTH SIBISIETCS
BBICOKAsT KOHIICHTpAlMsI OCHOBHBIX HOCHTENEH B pabodeil oOmacth KaHama, KOTopas

JoCcTUraeTcst HanmuuueM OydepHoro cios.
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B mnacrosmeit paboTe MpoOBEACHBI HCCICIOBAHWS BIWSHUS TaMMa-W3IydeHUsS Ha CTOK-
3aTBOPHBIE  XapaKTePUCTHKH N-KaHAJIBHBIX TPAH3UCTOPOB C  PA3IUYHON  TOJIIWHOW
3aXOPOHEHHOTO OKHMCIIA.

BrisiBieHa 3aBUCUMOCTH BENTUYMHBI CIBHTA MOPOTOBOTO HAINPSHKEHUS OT CKOpOCTH Habopa

AO3bI Y-U3JTyYCHUS.
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PaccMoTpeHa BO3MOXKHOCTh MUHHMHM3ALUHM BIMSHUS OOBEMHOTO 3apsiia Ha CABUT CTOK-
3aTBOPHBIX XapaKTEPUCTUK IyTEM IPHUIOKEHUS 3JICKTPUUYECKOro IMOTEHIHada K MOIJIOXKKE
CTPYKTYpBI U HEUTPOHHOTO BO3JEHCTBHUSI.

B paGorax [l, 2] B mnpennoiokeHUH OMMOJEKYJSPHOTO XapakTepa pPEeKOMOWHAIMU
MIPOBEZCHO UHMCIEHHOE MOJEIHPOBAHME WMIYJIbCHONM pEeakUWd HM3OJUPYIOIIET0 OKHCIIa
KpeMHus. Pemanace camocoriiacoBaHHas 3ajada C Y4YeTOM BHEIIHUX IIOJCH M IOJA
paluannOHHO-TEeHEPUPOBAHHBIX 3apsoB. UMCIeHHOE MOIENUpOBaHKUE NPOLECCOB I'€HEpPaIH,
peKoMOMHaIMHU, MEepeHoca, 3axBaTa M OTXKHra 3apsiia B CIOAX AMIIEKTPUIECKON H3O0ISIMU
KMOII UC nokazano, 4To, IpUMEPHO, HA MOPAJOK MPU BBHICOKMX MHTEHCUBHOCTSAX M CIA0BIX
BHEITHUX TOJIIX YMEHBIIACTCSl KOJMYECTBO 3aXBaueHHOTO 3apsiaa. DPQeKT umeeT MecTo Ipu
P>10°P/c, cm. Puc. 1 (crutommble IMHHM). PacueTHble 3HAYEHHS CIBMTA OPOrOBOIO
HaNpsDKEHHsI, HOPMUPOBAaHHBIE Ha BenMuuHy casura npu P=100 P/c, momydyensl mpu nose,
nepeganHoi 3a ummynsc B 100 kPan. Pe3ynbTaThl pacuera COOTBETCTBYIOT MOMEHTY BPEMEHU
OKOHYaHWsI 00JTydeHHs ¢ HAMMEHbIIEH MOITHOCTRIO 103bI (t=1000c).

Ha rpajuxe (Puc. 1) mpencraBieHbl M SKCIEPUMEHTAJbHBIC pE3yJIbTaThl HacTOALICH
paboThl, ycpenHeHHble MO TATH obOpasuaM. OHM, aHAJOTHMYHO MPEACTABICHUIO PAacUETHBIX

JTaHHBIX, HOPMHUPOBAHBI

AU(PYAU(P,) Ha BEJIMYMHY CJIIBUTA

npu MHUHUMAaJIbHON
loa MOIITHOCTH TI03BI
(P=20P/c). Pe3ymbTarhl

9KCIICPpUMCHTA B3ATbI

0,8 A

0,6

——D=0,1Mpan, 10kV/cm © Ipu TpeX pasInvYHbIX

—— D=0,1Mpan,330kV/cm °
< D=0,3Mpa;

041 x DoooMon 3HAYCHUAX

@ D=15Mpag

02 HaKOIICHHOM A03bI Y-

uznyuenus: 0.3; 0.9 u

0 T T T T T
1,00E+01 1,00E+03 1,00E+05 1,00E+07 1,00E+09 1,00E+11 1,00E+13 1 5 Mpaﬂ

P, P/c o

ohl O6paboTaHHBIH
TaKuM obpazom

Puc. 1 3aBucuMocT HOpMUPOBAHHOTO

OCTATOYHOTO CIIBHTA TIOPOTOBOTO HANPSKEHHST OT SKCIICPUMEHT

MOIITHOCTH OO3bI O6queHI/Iﬂ. MOKAa3bIBACT, yTo

3aBUCHMOCTD cBHra
MOPOTrOBOI0 HANPSDKEHHSI OT MOIIHOCTH 103bI Y-00JIydeHHs uMeeT Mecto. [Ipu nose obmydenus
0.3M pag nHabmromaeTcs KOpPpEJsMs C pacyeTHHIMU JAaHHBIMH, NOJdy4eHHbIMH mpu E=330
kB/cM.

OpmHako, MpU MOIIHOCTH JTO3bI 10® P/c SKCIEPUMEHTAIIbHBIE TOUKH HE COBIAJIAlOT, CTENEHb
OTKJIOHCHHSI OT pacyera yBEIMYMBAETCS C POCTOM A03bl. Pe3ynbTaTel NaHHBIX H3MEPEHUI
MOJIYy4eHBI IPY 00JTyUYeHHH CMELIaHHBIM 1/Y TI0JIEM HUMITYJILCHOTO peakTopa. [lo mepe Habopa y-
JI03Bl pacTeT W /1032 HEUTpOHHOTO OoOiydeHus. HakomseHue JOBYIIEK 3JEKTPOHOB, IO BCE
BUANMOCTH, NPHUBOAUT K MOHOTOHHOMY CHIDKCHMIO BEJIMYHMHBI IIOJOXKUTEIBHOTO 3apsAia B

NOA3aTBOPHOM JUDJICKTPHUKE.
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B pabGore amTopoB [3] MmO pagwalMoHHO- HaBeICHHOHN snekTponpoBoaHocTH (PHD)
KPUCTAJUTMYECKOTO KBapIia MOKa3aHO, YTO OOIydeHHEe HEHTPOHAMHU MPHUBOIWUT K YMEHBIICHUIO
PH3. B cnygae ¢ KHUY TpaH3ucTopamMu NpH CMEIIaHHOM TaMMa- HEHTPOHHOM OOJydeHHUU
MOXKHO TIPEAIIONIOKUTh, YTO CHIDKEHHE BEIMYMHBI HAaKOIUIGHHOTO ITOJIOKUTENBHOTO 3apsja,
AHAJIOTUYHO Kak U yMeHblienue PHD SiO,, cBsa3aHo ¢ 00pa3oBaHUEM 3JICKTPOHHBIX JOBYIICK,
YTO, BCJIECACTBHE 3axXBaTa dSJICKTPOHOB, C OJHOW CTOPOHBI CHUXKAET 3JICKTPOIPOBOTHOCTH, C
JIPYroi- KOMIIEHCUPYET MOJIOKUTEIIBHBIN 3apsii JbIPOK.

MoxHo IMOJIYYUTh OMIIMPHUYCECKOC BLIPAXKCHUE IJId OIMKMCaHud CIABUra IIOPOroBOTO
HanpspxeHnss KHU- TpaH3ucTopoB pyu cMemaHHOM raMMa- HEHTPOHHOM OOy ICHHH:

D

AU a Do
= J1-e ™ |, rme: a,D,- mnocrosmmeie; f - mapamerp,
u, 1+p5-@

TTOJTYYCHHBIA U3 UCCIICAOBAHMN 110 PaIAAIMOHHO-HABEIEHHOM 3IeKTporpoBoHOCTH Si0; [3].
Kak cnemyeT w3 BbIpakeHHs, MpeBApUTEIbHAS HEHTpOHHAs 00paboTka 0e3 BIMSHHS Ha

aKTHBHYIO 00JIacTh Mpubopa (OTCEUCHHBIH CIOW KPEMHHS), YTO MPUHIUITHAIBHO MO3BOJISCT

KHUM — texHomorus, MokeT 00ECIeYUTh MUHUMH3AIUIO BIUSHUS HAKOIJICHHOTO 3apsia Ha

BBIXOJIHBIE XapaKTEPUCTUKU IPUOOPOB.
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