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AHHOTALUA

Ipenmer uccaenopanus. Coenunenus [11-V-N SBISIOTCS MepCIeKTUBHBIM KJIACCOM TBEPBIX PACTBOPOB, KOTOPHIE
MOT'YT aKTHBHO HCIIOJIb30BATHCS B ONTOAIEKTPOHHBIX IPHOOpax, paboTaroNMX B IIHPOKOM CIIEKTPAILHOM JHaIa30He
BILTOTH 10 3 MKM. COeMHEeHNUS TaKkyKe MPUMEHSIOTCS JUTsl yBeIn4eHHs (P GEeKTHBHOCTH (HOTOIETEKTOPOB, JIa3epoOB B
BOJIOKOHHO-ONTHYECKUX JIMHUAX CBS3U M TEIEKOMMYHHKAIIMOHHBIX CHCTeMax. B paboTe nccienoBaHbl 0COOEHHOCTH
pa3IMYHBIX CIIOCOOOB MOJYUYSHHs HOBBIX IMONYNPOBOAHUKOBBIX MaTepuanoB I1I-V-N. Toukue muenkun InGaAsN
MOJTyYIeHbI METOIOM UMITYJIECHOTO JIa3epHOTO HamblIeHns Ha nonoxkkax GaAs (100) u Si (100) B armocdepe akTHBHOTO
(onoBoro raza. Meron. MimynbcHOe J1a3epHOE HaNbUICHWE TOHKHUX MJIEHOK InGaAsN mpoBeneHo ¢ HCIOoIb30BaHHEM
mumenn Ing o,Gag ggAs B armocdepe 0co00 TUCTOH aproHo-a30THOH cMecH npu fanenusx 2, 5 n 10 Ila. B xauecTse
MCTOYHHKA JIA3ePHOTO M3JTydeHHs HCIob3oBaics nasep AY G:Nd3" ¢ wmiHo# BoaHBI 532 HM (BTOpasi TapMOHHUKa),
TUIOTHOCTBIO SHEPTUH JIa3epHOTO u3myueHus 2,3 JI/CM2, 4acTOTOil ClIeoBaHUs UMITYIbCOB 15 Il U IIIHTETbHOCTHIO
umnynsca 10 He. Temneparypa nomnoxku cocraBuna 350 °C, Bpems HanbuieHUst 60 MuH. OCHOBHBIE pEe3yJbTaThI.
[Tokxa3aHo, 4YTO MOBEPXHOCTh TOHKUX IUIEHOK TEKCTypUPOBaHA MUKPOKAIUIIMH. YCTAHOBJIECHO, YTO MUKPOKAIJIM Ha
TMMOBEPXHOCTU TOHKOM TJICHKHU OGpaSOBaHLI METAJNIMYECKUM UHIANEM, a UX PACIIPEACICHUE 110 TOBEPXHOCTH IIJICHKU B
OCHOBHOM YTOPsIIOUEHO B Bujie TUHUMNA. [Tono6HOE ABIEHNE MOKHO OOBSCHUTH HATMYHEM AUCIOKAINI HECOOTBETCTBHS.
Cpennuii pa3Mep MUKpoKareib Ha nmosepxHocTH ieHkn InGaAsN Ha GaAs (100) oxono 30 HM, a X TIOTHOCTH HE
npesbimana 0,076 Mxm 2. s cpaBHEHHUS B IUIEHKaX, MOTyYIEHHBIX Ha Si moyuioxkkax npu nasiernn 2 [1a, HanGombimas
TUTOTHOCTH MHKpoKarneiab — 0,26 Mxm 2. HanMmeHbIas IIoTHOCTs MUKpOKarens Ha moBepxaoctH (0,17 Mrm—2)
3aukcupoBaHa B oOpasuax Tonkoi mieHkn InGaAsN na Si (100), noryuennoit npu gasiaennn 10 ITa. Otmeueno,
YTO WHTEHCHBHOCTb JIOKAJIbHOU (hOHOHHOM KonebaTenbHoit Moabl (Local Vibrational Modes, LVM) InN na wactore
430 cm~! Bo3pacTaer ¢ yBeNMYEHHEM JIABJICHHS APTOHHO-a30THOM CMECH TIPU MUMITYJIbCHOM JIa3€PHOM HAIbIIEHAN B
CIEeKTpax KOMOMHAIMOHHOTO paccesHus ieHok InGaAsN Ha Si. O6HapykeHbl pOHOHHBIE MOJIBI BTOPOTO MOPSIIKA:
LVM InN na gacrore 450 cv~! u LVM GaN — 470 cm!. Jlannoe 0GHapyKeHHE TTOATBEPKAAET HATIMYNE a30Ta B TOHKON
wienke InGaAsN, orydeHHON METOIOM UMITYIbCHOTO JIa3epHOro HambluieHus. [1oka3aHo, 9To yBelIn4eHNe JaBICHUs
aproHO-a30THOH Ta30BOi cMecH MPH UMITYIbCHOM Ja3€PHOM HAIBIICHHN CIIOCOOCTBYET YBEINUEHHIO KOHIICHTPAIINT
azora B TOHKHX TieHKaX InGaAsN Ha Si. YcraHOBIIEHO, 4TO KOHIICHTpAIWs a30Ta B TuieHKax InGaAsN, momy4eHHbIX
npu gasrernu 10 ITa na mommoxkkax GaAs (100) u Si (100), pasnudaercst He3HaUUTENIBHO U cocTaBisier 1,9 u 1,8 %
cooTBeTcTBEeHHO. [IpakTiueckas 3HaunMocTb. [IpencraBieHHbIe pe3ysbTaThl MOTYT OBITH UCIIONB30BAaHBI IIPU CO3/IaHUH
Ha OCHOBE IOJYYEHHBIX TOHKHX IUIeHOK InGaAsN BbICOKOA()(EKTHBHBIX (OTOAIEKTPHUECKUX Npeodpa3oBareneii,
($OTOAETEKTOPOB OIMIKHETO U CPEAHEro HHPPAKPACHOTO TUANa3oHa 10 3 MKM.
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Abstract

III-V-N compounds are a promising class of solid solutions that have the prospect of being used in optoelectronic devices
operating in a wide spectral range up to 3 um, as well as for increasing the efficiency of photodetectors, lasers in fiber-
optic communication lines and telecommunication systems. In this work, the features of various methods for obtaining
new III-V-N semiconductor materials are investigated. Thin InGaAsN films were obtained by pulsed laser deposition on
GaAs (100) and Si (100) substrates in an active background gas atmosphere. Pulsed laser deposition of thin InGaAsN
films was carried out using an In; (,Ga ggAs target in an atmosphere of a highly pure argon-nitrogen mixture at a
pressure of 2, 5, and 10 Pa. The source of laser radiation was an AYG:Nd3* laser with a wavelength of 532 nm (second
harmonic), laser radiation energy density of 2.3 J/cm?2, pulse repetition rate of 15 Hz, and pulse duration of 10 ns. The
substrate temperature was 350 °C, the deposition time was 60 minutes. It is shown that the surface of thin films is textured
with microdroplets. It has been established that microdroplets on the surface of a thin film are formed by metallic indium.
It has been established that the distribution of indium microdroplets over the film surface is mainly ordered in the form
of lines. This phenomenon can be explained by the presence of misfit dislocations. The average size of microdroplets
on the surface of the InGaAsN film on GaAs (100) was about 30 nm, and their density did not exceed 0.076 um=2. For
comparison, in films obtained on Si substrates at a pressure of 2 Pa, the highest microdroplet density was 0.26 pm2.
The lowest density of microdroplets on the surface (0.17 um2) was noted in samples of a thin film of InGaAsN on Si
(100) obtained at a pressure of 10 Pa. It is noted that the intensity of the local phonon vibrational mode LVM InN at a
frequency of 430 cm! increases with increasing pressure of the argon-nitrogen mixture during pulsed laser deposition
in the Raman scattering spectra of InGaAsN films on Si. In the Raman spectra of InGaAsN films on Si, second-order
phonon modes LVM InN and LVM GaN were detected at frequencies of 450 cm~! about 470 cm™!, respectively. This
confirms the presence of nitrogen in a thin InGaAsN film obtained by pulsed laser deposition. It is shown that an increase
in the pressure of the argon-nitrogen gas mixture during pulsed laser deposition contributes to an increase in the nitrogen
concentration in thin InGaAsN films on Si. It has been established that the nitrogen concentration in InGaAsN films
obtained at a pressure of 10 Pa on GaAs (100) and Si (100) substrates differs insignificantly and amounts to 1.9 % and
1.8 %, respectively. The presented results will make it possible to create highly efficient photoelectric converters and
photodetectors for the near and mid-infrared range up to 3 um based on the obtained InGaAsN thin films.
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BBenenue

B nauane XXI Beka npon301UI0 CTPEMUTENBLHOE pa3BU-
THE METOZIOB [TOJTyYEHHs SIIUTAKCHATIBHBIX TOHKHX IJIEHOK
u retepocTpykTyp coenunenui [11-V-N (pa36apneHHbIe HU-
TPUJIBI) C COZIEPKaHUEM a30Ta Ha YPOBHE HECKOJIBKHX TPO-
uentoB (GaAsN, GaPN) [1]. HauGonee nepcrnekTUBHBII
YEeTHIPEXKOMIIOHEHTHBIN TBep bl pacTBop — InGaAsN,
KOTOPBIH MOKET OBITH BBIPAIIEH MPH YCIOBHH COIJIAco-
BaHMs 110 IOCTOSIHHOM peleTke K nouoxkke GaAs, nim ¢

HaMpPsDKCHUSAMH Ha noyiokke Si. [IpubopHOe mpuMeHeHHEe
ToHKUX TuieHOK InGaAsN Ha momnoxkax GaAs u Si Ha-
IIJIO B TUOJHBIX Ja3epax [2], U3aydaromux B JUarna3oHe
1,3—1,55 MxM, cBeloAMOaX U COJTHEUHBIX 3JIeMeHTax [3].
OCHOBHBIC METOJIBI IMOTYYCHHSI TOHKUX TUICHOK pa30aB-
JICHHBIX HUTPHUJIOB Ha CETONHSIIHUAN JEHb — MOJICKYIISp-
HO-JTy9deBasi AIUTAKCHUSI M OCAXKICHUEC METAILIOPT aHIICCKIX
COCIMHEHMI U3 Ta30B0# (a3pl. C MOMOIIBIO STHX METOIOB
MOJTyYCHBI MMUTaKCHATbHBIC TOHKHE TUIeHKH InGaAsN/
GaAs ¢ moneii azoTta okoio 2 % [4]. OTMeTnM, 9T0 MpU
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YBEJIMYEHHUHU JI0JIU a30Ta CTPYKTYpHBIE CBOMCTBA TOHKHUX
MJIEHOK YXYALIUIN CBO€ KauyeCTBO Ha CTOJIBKO, YTO 3TO
JIMIIAIIO MX TPUOOPHOTO MPUMEHCHHSI.

B paGore [5] ycraHoBieHo, 4TO OCHOBHAs ITPUYMHA
JTAHHOTO YXY/IIICHNS] — HEPAaBHOBECHBIC yCIIOBHS MTOJTyYe-
HUSI pa30aBICHHBIX HUTPUIOB ITPYU OTHOCHTEIIFHO HU3KHX
TeMIepaTypax, KOTOPbIE SABISIOTCS HEOOXOAMMBIMHU /IS
BCTpanmBaHus aroMoB azora B coeauHenus III-V. U3-3a
9TOT0 B TOHKMX IUIEHKaX C MOBBIIICHHBIM COJIEPKAHNEM
azora (oT 2 1o 4 %) IPOUCXOAHUT TOCTATOYHO CUIBHOE
nedexkroodpasosanue. [Ipodiema aedexkroodpazoBaHus
B TOHKHUX IJIEHKaX pa30aBICHHBIX HUTPHUJOB — KPUTH-
yecKui (pakTop MX MPUOOPHOTO MPUMEHEHHS, KOTOPBII
TpeOyeT MpocThiX 1 A(P(HEeKTUBHBIX METOMOB peleHus [6].
OMHMM U3 TaKMX CIOCOOOB MOXKET CTaTh MPUMEHEHHE
METOJa UIMITYIILCHOTO J1a3epHoro Hanbuienus (UJIH) [7, 8]
JUISL TIOJyYeHUs Pa30aBICHHBIX HUTPHU/IOB HA Pa3INYHBIX
tunax noayoxek. UJIH, B ominune MOJIeKyJIIpHO-JI1y4€BOi
SMHUTAKCHH, SBISIETCS AUCKPETHBIM MeTooM. K Tomy ke
npu MJIH pa3baBineHHBIX HUTPUAOB NCTOYHUKOM a30Ta
ABJIAETCS Ta30Basi CMECh 0COO0 YHCTOTO aproHa M MOJIEKY-
JIIPHOTO a30Ta (aKTUBHBIN (POHOBBIN Ta3). AKTHBALIUS a30-
Ta MPOUCXO/IUT 3a cYeT 00pa30BaHusl IIA3MEHHOTO (akena
IIPY BO3JICWCTBUM JIa3€PHBIX UMITYJIbCOB HA MMOBEPXHOCTh
muieHd. B pabore [9] moiydeHs! snuTakCHaTbHbBIE CII0OU
GaN,As,_, Ha nomioxkax GaAs merogom MJIH mumienu
GaAs B armocepe ammuaka. J{udpaxums peHTTeHOBCKHX
JIyded ¢ BBICOKMM pa3pelleHHeM I0Ka3aja, 4To Cylle-
CTBYET ITIOPOTOBOE JIaBJICHHE aMMHAaKa, BBIIIE KOTOPOTO
KOHIICHTpANXs a30Ta B IJICHKE YBEJIMYHUBACTCS JINHEHHO
BMECTE C yBEIMUEHHEM JaBlIcHHUA amMMHuaka. OTMeTHM,
YTO B COBPEMEHHBIX HAYYHBIX PabOTax OTCYTCTBYIOT HC-
CJIeIOBaHUS 0 MorydeHuo mieHok InGaAsN meTomom
WJIH na nomtoxkax GaAs u Si, HO oKa3zaHa MepcreKTrBa
co3manus mpubopoB Ha ux ocHose [10].

enp HacTosmelH pabOThl — MOTYYEHHUE TOHKUX ILIe-
Hok InGaAsN Ha nomnoxkax Sim GaAs u uccieoBaHne
BIIUSIHUSL JJaBJIEHUS! aproHo-a30THOH cMmecu npu MJIH Ha
CTPYKTYPY TOHKHX IIICHOK.

MarepuaJjibl M MeTOAbI

WNJIH Tonkux nuneHok InGaAsN Ha mommox-
kax GaAs (001) u Si (001) BBIOJHEHO M3 MHIICHU
Ing 0,Gag ggAs, cHOPMUPOBAHHON METOAOM XOJIOIHOTO
npeccoBaHus. [yt MoydeHUs] MUIIEHN MCIIOIb30BaHEI
nopoiuku GaAs u InAs, KoTopble ObIIH IIEpPEeTepThI B TEUE-
HUE 2 4, a 3aTeM IPOCEsSHBI Ha CUTAX C Pa3MEPOM STUCHKHI
20 mxMm. [lanee npu moMoIyd OJHOOCHOTO IPECCOBAHUS
mox nasieHueM 207 MIla copmMupoBaHa MOHOTUTHAS
MHIICHb In0,0zGaO’()gAS.

JlazepHOe M3Ty4YeHHUE C ATUHON BOJMHBEI 532 HM co-
KyCHpPOBaHO Ha MOBEPXHOCTH MHUIICHHU TOJ yIriioM 45°.
YacToTa MOBTOPEHUSI UMITYJILCOB cocTaBmia 15 I, amum-
TEJIBHOCTH JIa3epHOTO UMIynbca 10 HC, pacXoAMMOCTh
nazepHoro uanydeHus 1-2 mpajn. [Ipu momomu JUH3H ¢
(doxycHbIM paccTosiHueM 190 MM J1azepHOE H3ITydeHHE
c(hOKYCHPOBAaHO Ha MOBEPXHOCTH MUILICHH B IISITHO ANaMe-
TpoM 0,34 MM, IIIOTHOCTb PHEPIUU UMITYJIbCA IIPH 3TOM CO-
crasuna 2,3 J/cM2. 3HaueHue IIIOTHOCTH SHEPTHH JIa3ep-
HOTO M3JTy4eHNUs BEIOpaHa MCXO/IS N3 SKCIIEPUMEHTAITBHBIX
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TypOoMoneKynspHbIi HacoC

Puc. 1. Cxema UMITYITbCHOTO JTA3€PHOTO HAMBIICHHS TOHKIX
mwieHok InGaAsN Ha Si u GaAs: [ — Bpamaromuiics
Jieprkaresib MUIIEHH; 2 — MUIIEHb Ing o,Gag ggAs;

3 — KBapIeBOC OKHO; 4 — TUIA3MEHHBIN (aKer; 5 — MOUT0KKA
Si unn GaAs; 6 — MOUTOKKOIEPKATEb C HArPEBATEIICM;

7 — TO/IBOJl aprOHO-a30THOM Ta30BoOi cMecH; 8§ — BaKyyMHast
Kamepa
Fig. 1. Scheme of pulsed laser deposition of InGaAsN thin films
on Si and GaAs: / — rotating target holder; 2 — Ing (,Ga 9gAS
target; 3 — quartz window; 4 — plasma torch; 5 — Si or GaAs
substrate; 6 — substrate holder with a heater; 7 — supply of
argon-nitrogen gas mixture; § — vacuum chamber

pe3ybTaToB, ONMCAHHbIX B padote [7]. PaccTosinue ot mu-
IIEHH 10 NOAI0KKU 50 MM, a TOJIIIMHA HANbUIIEMbIX CIIOEB
Haxoautcs B quanazoHe 150—170 am. [pouece HanbuieHHS
ocyuiecTBiieH rnpu temneparype noaynoxku 400 °C. Cxema
nponecca MJIH nokasana Ha puc. 1.

Ha maganpHOM STame 00beM BaKyyMHOH KaMephl OT-
kayeH 10 104 ITa, nanee oGbeM KaMepbl ObLI U30JUPO-
BaH, U Mo0aBiieHa cMech 0c000 YHMCTOTO aproHa W a30Ta.
OO0BeMHas 0711 a30Ta B apTOHO-a30THON CMECH COCTaBIIS-
na 80 %, a 3HaueHus napieHus cmecu: 2, 5 u 10 Ia.

C moMOIIbI0 CKAHUPYIOIIETO IEKTPOHHOTO MUKPO-
ckomna (COM) MIRA3-LMH c cucremoii onpeaeneHus
anemeHnTHoro cocraBa AZtecEnergy Standart/X-max 20,
BBITIOJIHEHO uccienoBanrne COM-u300paxkeHui 1 u3Mepe-
HHE COCTaBa CMECH Ha ITOBEPXHOCTH MHUIIECHH U 00pa3LoB
TOHKHUX TICHOK.

CriexTpsl KOMOMHAIIMOHHOTO pacCestHusI CBETa I0-
Jy4eHBI C UCIIOTB30BaHUEM CHeKTpoMeTpa inVia Raman
Microscope Renishaw.

Pe3yabTarhbl U 06Cy:K1EHUE

Ha puc. 2, a, b npencrasinensl COM-u3o0paxeHus
MOp(hOJIOTUH TTOBEPXHOCTH TOHKOM TuieHKH InGaAsN Ha
nomnoxkax GaAs (001), momydeHHOW NpH aBICHUH ap-
roHo-a30THOM razosoi cmecu 10 Ila. M3 npencraBneHHbIX
n300paKeHU BUAHO, YTO TIOBEPXHOCTH TUICHKHU CIUIOMIHAS
M COCTOWT M3 3€PEH, YTO XapaKTEPHO IS TIICHOK € TIOJIHU-
KpUCTAINIMUECKOH CTpyKTypoil. Kpome 3Toro, Ha HOBEpXHO-
CTH BceX 00pa3l0oB TOHKUX IJICHOK IIPUCYTCTBYIOT MUKPO-
Karun (puc. 2, b), Hanmuune KOTOphIX TunmyHo st MJIH.

ITo pe3ynpraTaM peHTT€HOIHEPTOANCIIEPCHOHHOTO HIe-
MEHTHOTO aHaJIN3a IUIEHKH YCTAaHOBJICHO, YTO MUKPOKAIUTH
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Puc. 2. COM-n306pakenus noBepxHocTy ToHKoH mreHKH InGaAsN na GaAs (a) 1 KpeMHNeBo# (b) MOATIOKKAX 1 MUKPOKAIeb
uHawsA (¢, d)
Fig. 2. SEM images of the surface of a thin InGaAsN film on () GaAs and (b) silicon substrates and (¢, ) indium microdroplets

00pa30BaHbl METAIHYECKUM HHAMEM, a KOHICHTPALHS
azota B meHke InGaAsN cocrasmuser 1,9 %. Cpenauit
pa3Mep MHKpOKaresib Ha MOBEPXHOCTH IJICHKU COCTaBUII
0K0710 30 HM, & MX IUIOTHOCTH He TpeBbimaet 0,076 MKkM—2,
YcTaHOBIICHO, YTO paclpeielieHHe MUKPOKAIIeIb HHUS B
OCHOBHOM YTIOPSIJIOYEHO B BUJIE JIMHUH, KOTOPBIE TIOKA3aHbI
Ha pUCyHKe OenbIM 1BeToM. [Ipearnonoxkum, 4To 310 cBs3a-
HO C HaJIM4MeM JIUCIOKAINI HECOOTBETCTBHSI, TAaK KaK pac-
COIIaCOBAHUS MOCTOSHHBIX PELICTKH IICHKH H TTOIIOKKH
(Aa/a) cocraBmstor st InGaAsN va GaAs oxomo 0,23 %,
g InGaAsN na Si ue 6oiee 3,9 %.

Jis Torkux mieHok InGaAsN, morydeHHBIX Ha KpeM-
HHEBBIX MOJUI0KKAX, 3aMeTHA OOJIbIIIAs INIOTHOCTH MUKPO-
KaIljlb Ha MOBEPXHOCTH. OTMETHM, YTO HPHU YBEJIUYCHUH
JIaBJICHHS aproHO-a30THOM ra3oBoii cmecu ot 2 1o 10 [a
IUIOTHOCTh MHUKpOKaIelb WH/ANST yMeHbImiack. J{is o00-
pasna mieHky rnpu nasiaennu 2 [1a nomyyena HanOonbias

IUIOTHOCTH MUKpoOKamnenb — 0,26 MkM—2, Hanmenpmast
IIIOTHOCTH MUKpOKarneb 0,17 MkmM—2 oTMedeHa Ui 00-
pasua tonkoi mienku InGaAsN npu nasnenuu 10 ITa
(puc. 2, ¢).

Konnenrtpanus azora B miuenkax InGaAsN Ha Si, no-
JyuyeHHBIX npu jnasieHusx 2 u 5 I[la, cocraBuna 1,1 %, B
TO BpeMs Kak npu fainennu 10 ITa ormeuena Hanbosbmas
KOHIIeHTparws azora — 1,8 %.

Ha puc. 3, a m300pakeHbI CIIeKTPHI KOMOHMHAITHOHHOTO
paccesHus TOHKHX MIeHOK InGaAsN Ha moutoxke Si ipn
JABJIICHWN aproHO-a30THOM CMECH MpH 3HAYCHHAX 2, 5 U
10 ITa. Ha cnekTpax KOMOMHAI[MOHHOTO PACCEsIHUSI Hau-
0O0JIBIIIEHl MHTEHCUBHOCTRLIO 00IaMaeT MOJa JIHHHOBOII-
HOBOTO IIOIIEPEYHOr0 OITHYECKOro (POHOHA KPEMHHUEBOIL
nomiokku LO na wacrore 512 cm~!. Kpowme sroro, npu-
CYTCTBYIOT MEHEE UHTCHCHUBHBIE MOJIbI KDEMHUS, CBSI3aH-
HBIE C TIONEPEYHBIMHU aKyCTHUECKHUMHU (POHOHAMH TIEPBOTO
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Puc. 3. CriekTpbl KOMOHHAIIMOHHOTO paccesiHus cBeTa: TOHKUX 11eHoK InGaAsN na nomnoxke Si (@), mumienu InGaAs u ToHKOM
wieHku InGaAsN na nognoxke GaAs (b), momydeHHbIE TIPH BO3ICHCTBUY JaBICHUS aprOHHO-a30THON Ta30BOI cMecH

Fig. 3. Raman spectra of InGaAsN thin films on Si substrates (a), InGaAs target and InGaAsN thin film on GaAs (b), obtained at the
pressure of an argon-nitrogen gas mixture

(transverse acoustic) TA na gacrore 240 cm~! u BrOporo
nopsiikoB 2TA ua wacrore 300 cm !, komOuHaIws more-
peuHbIx ontuyeckux (transverse optical, TO) u akycTuue-
ckux Moz TO + TA waGiromaercst Ha gactorax 615 cM1 u
672 cm! coorBercTBenno [11].

Ha criexrpax puc. 3, ¢ HACHTUOUITHPYIOTCS TPOIOITH-
vele LO- n monepeunsie TO-monbr GaAs u InAs [12].
WnTencuBrnocts Moa LO-InAs, LO-GaAs u TO-GaAs yBe-
JUYUBACTCS TIPH TOBBIIIEHUH TaBICHUS apTOHO-a30THOMN
cmec. [IpearnonokuTensHo, 3TO CBA3aHO C HATMYHEM (a3o-
BBIX BKJIIOUEHHH B TUIeHKax. Hanmdne Ha ciektpe Bubpanu-
OHHOI1 poHOHHOU KosebarenbHoi Mokl (Local Vibrational
Modes, LVM) InN na yacrtore 430 cM ! moarsepskaaer
BXOJKeHHUe aToMOB a3oTa B InGaAs [13]. B ¢Bsi3u ¢ HU3kUM
COJIep’)KaHueM a30Ta B IJIEHKEe MHTeHCUBHOCTh LVM InN
OTHOCHUTEIBHO HEBEJINKA, OTHAKO BUJTHO, YTO C POCTOM J1aB-
JICHUs] OHA Bo3pacraeT. [loydyeHHble JaHHbIC COBMAIAIOT
C pe3yabpTaTaMu, MpeICTaBICHHBIME B pabdorax [14, 15].

Ha pwuc. 3, b mpencTaBieHbl CIIEKTPBI KOMOMHAIIHOH-
HOTO paccestuust Mutenn Ing o, Gag g3 AS 1 TOHKOH TUIEHKH
InGaAsN, nonaydeHHOH MpH IaBIEHUU aprOHO-a30THON
cmecu 10 ITa. Ha criekrpax toHko# mieHku InGaAsN xo-
pomo 3aMeTHbI BhIcOKonHTeHCcHBHBIE LO-GaAs 291 cm!

u TO-GaAs 283 cm!, casannsle ¢ nmomnoxkoin GaAs.
Taxxxe MoxxHO HneHTHGUIMpoBaTh Moy LVM InN Bropo-
ro nopsiaka Ha yactore 450 cv~! u LVM GaN — 470 cm 1,
BO3MOXXHO OHHM CBSI3aHBI C TAKUMH KOH(UTYPALMSIMHU, KaK
Iny,N u GayN [16], KoTOpble NPUCYTCTBYIOT B IOJIy4YE€HHON
ToHKOM 1uieHke InGaAsN.

3akJ/ioueHne

AHaIM3upysl SKCIICPUMCHTAIBHBIC JTAHHBIC, TTOTYYCH-
HBIC B PAMKaX HACTOSINEH padOThI, MOXKHO CJI€JIaTh BBIBO/I,
YTO YBEIHUYCHHEC ABIICHUS aprOHO-a30THOM ra30BOM cMe-
CH IIPH UMITYJIECHOM JIa3€PHOM HAIBUICHUH CIIOCOOCTBY-
€T YBEIIMYCHUIO KOHIICHTPAIINH a30Ta B TOHKHUX TUICHKAX
InGaAsN na momroxke Si. [TokazaHO, 9TO KOHIICHTPAITUSL
azoTa B TuieHKax InGaAsN, mOTydeHHBIX TP AaBICHUN
10 ITa na momnoxkkax GaAs u Si, pa3nngaercs He3HAUH-
TeapHO U cocrapisieT 1,9 u 1,8 % coorBeTcTBeHHO. B criek-
Tpax KOMOMHAIIMOHHOTO PACCESHISI CBETA TOHKHX IJICHOK
0OHapYIKEeHBI JIOKaJIbHbIC KojtebarenbHbie Mol LVM InN
1 LVM GaN, uto noaTBepkIaeT HaIn4ue a30Ta B TOHKOM
mienke InGaAsN, monydeHHOW METOOM UMITYJIBCHOTO
JIA3EPHOTO HAIBLICHUS.
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