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AHHOTALUA

Ipeamer ucciaenopanus. Coenunenns [11-V-N SBISIOTCS MepCIEeKTUBHBIM KJIACCOM TBEPBIX PACTBOPOB, KOTOPHIE
MOT'YT aKTHBHO HCIIOJIb30BATHCS B ONTORIEKTPOHHBIX IPHOOpax, paboTaroNMX B IIUPOKOM CIIEKTPAILHOM JHaNa30He
BILTOTH 10 3 MKM. COeMHEeHNUs TaKkKe MPUMEHSIOTCS JUTsl yBeIndeHHs 3 (GeKTHBHOCTH (HOTONETEKTOPOB, JIa3epOB B
BOJIOKOHHO-ONITHYECKUX JIMHUSX CBS3U M TEIEKOMMYHHKAIIMOHHBIX CHCTeMax. B paboTe nccienoBaHbl 0COOEHHOCTH
pa3IMYHBIX CIOCOOOB MOJYUYSHHs HOBBIX IMONYIPOBOAHUKOBBIX MaTepuanoB III-V-N. Toukue muenkun InGaAsN
MOJTyYEHbI METOIOM UMITYJIECHOTO JIa3epHOTO HambLIeHns Ha nmonoxkkax GaAs (100) u Si (100) B armocdepe akTHBHOTO
(onoBoro raza. Meron. MmmynbcHOe J1a3epHOE HaMbUICHWE TOHKHX MJICHOK InGaAsN mpoBeneHo ¢ HCIOoIb30BaHUEM
mummenn Ing o,Gag ggAs B arMmocdepe 0c000 TUCTOH aproHo-a30THOH cMecH Npu fanenusx 2, 5 n 10 Ila. B xauecTse
MCTOYHHKA JIA3ePHOTO M3JIydeHus MCIomb3oBaics nasep AY G:Nd3* ¢ mmuHo# BoaHBI 532 HM (BTOpasi TapMOHHUKa),
TUIOTHOCTBIO SHEPTUH JIa3epHOTO u3myueHus 2,3 J[/CM2, 4acTOTOil CIeI0BaHUs UMITYIbCOB 15 Il U IIIHTENbHOCTHIO
umnynsea 10 He. Temneparypa nomioxku cocraBuna 350 °C, Bpems HanbuieHUst 60 MUH. OCHOBHBIE pe3yJIbTaThI.
[Tokxa3aHo, YTO MOBEPXHOCTh TOHKUX IUIEHOK TEKCTypUPOBaHA MUKPOKAIIIMH. YCTAHOBJIECHO, YTO MUKPOKAIJIM Ha
MOBEPXHOCTH TOHKOH IJICHKH 00pa30BaHbl METAIUIMYECKHM HHANEM, a UX paclpeesieHHe [0 MOBEPXHOCTH MUICHKU B
OCHOBHOM YTIOpsIIOUeHO B Bujie TUHUHA. [Tono6HOE ABIEHNE MOKHO OOBSCHUTH HATMYHEM AUCIOKAINI HECOOTBETCTBHS.
Cpennuii pa3Mep MUKpoKareib Ha nmosepxHocTH wieHkn InGaAsN Ha GaAs (100) oxono 30 HM, a X TIOTHOCTH HE
npesbiuana 0,076 Mxm 2. s cpaBHEHHS B IUIEHKaX, MOTyYIEHHBIX Ha Si mouioxkkax npu nasiernn 2 [1a, HanGombimas
TUTOTHOCTH MHKpoKarneiab — 0,26 Mxm—2. HanMmeHbInas mIoTHOCTs MUKpOKarens Ha moBepxaoctH (0,17 Mrm—2)
3aukcupoBaHa B oOpasuax Tonkoi mieHkn InGaAsN na Si (100), noryuennoit npu gasiaenun 10 ITa. Ormeueno,
YTO MHTEHCHBHOCTH JIOKaJbHOU (hOHOHHOM KonebaTenbHoit Moabl (Local Vibrational Modes, LVM) InN na wactore
430 cm~! Bo3pacTaer ¢ yBeNMUYEHHEM JIABJICHHS APTOHHO-a30THOM CMECH TIPU MUMITYJILCHOM JIa3€PHOM HAIbIICHAN B
CIEKTpax KOMOMHAIMOHHOTO paccesHus ieHok InGaAsN Ha Si. O6HapykeHbl pOHOHHBIE MOJBI BTOPOTO MOPSIIKA:
LVM InN na yactore 450 cm~! 1 LVM GaN — 470 cm!. JlanHoe 0GHAPY)KEHHE TTOATBEPIKIAET HAJIMYUE A30Ta B TOHKON
wieHke InGaAsN, mory4eHHON METOIOM UMITYIbCHOTO JIa3epHOro HamblUieHus. [1oka3aHo, 9To yBelIn4eHNe JaBICHUs
aproHO-a30THOM ra30BOi cMeCcH MPH UMITYIbCHOM Ja3€PHOM HAIBIICHHN CIIOCOOCTBYET YBEINYEHHIO KOHIICHTPAIINT
azora B TOHKHX TUieHKaX InGaAsN Ha Si. YcraHOBIEHO, 4TO KOHIICHTpaIHs a30Ta B TuieHKax InGaAsN, momy4eHHbIX
npu gasiernu 10 ITa ra mommoxkkax GaAs (100) u Si (100), pa3nudaercss He3HaUUTENBHO U cocTaBiser 1,9 u 1,8 %
cooTBeTcTBEeHHO. [IpakTiueckas 3HaunMocTb. [IpencraBieHHbIe pe3ysibTaThl MOTYT OBITH HCIIONB30BAHBI IIPU CO3/IaHUH
Ha OCHOBE IOJYYEHHBIX TOHKHX IUIeHOK InGaAsN BBICOKOA(P(EKTHBHBIX (OTOAIEKTPHUECKUX Npeodpa3oBareneii,
($OTOAETEKTOPOB OIMIKHETO U CPEAHEro HHPPAKPACHOTO TUANa30Ha 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™L, 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 pum based on the obtained InGaAsN thin films.
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BBenenue

B nauane XXI Beka npou301UI0 CTPEMUTENBLHOE pa3BU-
THE METOJIOB TTOYyYEHHS MU TAKCHAJIbHBIX TOHKHX [IEHOK
u rerepocTpykryp coenunenui [I1-V-N (pa36apneHHbie HU-
TPUIBI) C COAEP’)KAaHUEM a30Ta Ha YPOBHE HECKOJIBKUX TPO-
uentoB (GaAsN, GaPN) [1]. HauGonee nepcrnekTUBHBII
YEeTHIPEXKOMIIOHEHTHBIN TBep bl pacTBop — InGaAsN,
KOTOPBIH MOKET OBITH BBIPAIIEH NPH YCIOBHH COITIAco-
BaHU 10 NOCTOSHHOM penleTke K nojioxke GaAs, unu ¢

HAIMpPsDKCHUSAMH Ha nogyiokke Si. [IpubopHoe mpuMeHeHHEe
ToHKUX TuieHOK InGaAsN Ha momnoxkax GaAs u Si Ha-
IIJIO B TUOJHBIX JIa3epax [2], u3Mydaromux B JUarna3oHe
1,3—1,55 MxM, cBetoAMOaX U COJTHEUHBIX 3JIeMeHTax [3].
OCHOBHBIC METOJIBI MOTYYCHHSI TOHKUX TUICHOK pa30aB-
JICHHBIX HUTPHUJIOB Ha CETOMHSNIHUN JEHb — MOJCKYIISp-
HO-JTy9deBasi AIMUTAKCHUSI M OCAXKICHUEC METAILIOPT aHIICCKIX
COCIMHEHMI U3 Ta30B0H (ha3pl. C MOMOIIBIO STHX METOIOB
MOJTyYCHBI MMUTaKCHATbHBIC TOHKHE TUTIeHKH InGaAsN/
GaAs ¢ moneit azota okoino 2 % [4]. OTmMeTnM, 9T0 MpU
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YBEJIMYEHUHU JI0JIU a30Ta CTPYKTYpHBIE CBOMCTBA TOHKHX
MJIEHOK YXYALIUIN CBOE€ KauyeCTBO Ha CTOJIBKO, YTO 3TO
JMIIMIO0 UX MPUOOPHOTO NPUMEHECHHSI.

B paGore [5] ycraHoBieHO, YTO OCHOBHAs ITPUYMHA
JTAHHOTO YXY/IIICHNS] — HEPaBHOBECHBIC YCIIOBHS TTOJTyYe-
HUSI pa30aBICHHBIX HUTPHUIOB ITPHU OTHOCHTEIIFHO HU3KHUX
TeMIIepaTypax, KOTOPbIE SABISIOTCS HEOOXOAMMBIMHU /ISt
BCTpanBaHus aroMoB a3ora B coeauHenus III-V. U3-3a
9TOT0 B TOHKMX IUIEHKaX C MOBBIIICHHBIM COJEPKAHUEM
azora (oT 2 1o 4 %) ITPOUCXOAHUT TOCTATOYHO CUIBHOE
nehexkroodpasosanue. [Ipodiema aedexkroodpazoBaHus
B TOHKHUX IJIEHKaX pa30aBICHHBIX HUTPHJOB — KPUTH-
4yecKui (pakTop MX NMPUOOPHOTO MPUMEHEHHSI, KOTOPBII
TpeOyeT MpocThixX 1 3P(HEKTUBHBIX METOAOB pereHus [6].
OfHMM U3 TaKMX CIOCOOOB MOXKET CTaTh MPUMEHEHHE
METOJIa UIMITYIIbCHOTO J1a3epHoro HambuieHus (UJIH) [7, 8]
JUISL TIOJyYeHUs Pa30aBICHHBIX HUTPHU/IOB HA Pa3INYHBIX
tunax noayoxek. UJIH, B ominune MOJIEKyJIIpHO-JIy4€BOM
SMHUTAKCHH, SBISIETCS AUCKPETHBIM MeTogoM. K Tomy ke
npu MJIH pa3baBineHHBIX HUTPHUAOB HCTOYHUKOM a30Ta
ABJIAETCS Ta30Basi CMECh 0CO00 YHCTOTO aproHa M MOJIEKY-
JIIPHOTO a30Ta (aKTUBHBINA (POHOBBIN Ta3). AKTHBALIUS a30-
Ta MPOUCXO/IHT 3a cYeT 00pa30BaHusl IIA3MEHHOTO (akena
IIPY BO3ICWCTBUH JIa3ePHBIX UMITYJIbCOB HA TOBEPXHOCTh
muieHd. B pabore [9] moiydeHsl snuTakCHATBHbBIE CIION
GaN,As,_, Ha nomtoxkax GaAs merogom MJIH mumienu
GaAs B armocdepe ammuaka. J[udpaxums peHTTeHOBCKIX
JTyded ¢ BBICOKMM pa3pelleHHeM I0Ka3aja, 4To Cylle-
CTBYET ITOPOTOBOE JIaBJICHHE aMMHAaKa, BBIIIE KOTOPOTO
KOHIICHTpANXs a30Ta B IJICHKE YBEJINYHUBACTCS JINHEHHO
BMECTE C yBEIMYEHHEM JaBIcHHUI aMMuaka. OTMeTHM,
YTO B COBPEMEHHBIX HAYYHBIX PabOTax OTCYTCTBYIOT HC-
CJIeIOBaHUS 10 MoNTy4deHuo mieHoK InGaAsN meTomom
WJIH na nomtoxkax GaAs u Si, HO oKa3zaHa MepcreKkTrBa
co3manus mpubopoB Ha ux ocHose [10].

Ienp HacTosmel paboThl — MOTyYEHUE TOHKUX ILIe-
Hok InGaAsN Ha nomnoxkax Si m GaAs u uccieoBaHne
BIIUSIHUSL JJaBJIEHUS! aproHo-a30THoi cMmecu npu MJIH Ha
CTPYKTYpPY TOHKHX IIICHOK.

MarepuaJjibl M MeTOAbI

WNJIH Tonkux nuneHok InGaAsN Ha mommox-
kax GaAs (001) u Si (001) BBIIOJHEHO M3 MHIICHU
Ing 0,Gag ggAs, cHOPMUPOBAHHON METOAOM XOJIOJHOTO
npeccoBaHus. [yt moydeHUs] MUIIEHW MCIIOIb30BaHEI
nopoiuku GaAs u InAs, KoTopble ObIIH IIEpeTepThI B TEUE-
HUE 2 4, a 3aTeM IPOCESHBI Ha CUTAX C Pa3MEPOM STUCHKH
20 mxM. [anee npu moMoIyd OJHOOCHOTO IMPECCOBAHUS
mox nasieHueM 207 MIla copMupoBaHa MOHOTUTHAS
MHIICHb In0,0zGaO’()gAS.

JlazepHOe M3ITy4YeHHUE C ATUHON BOMHBEI 532 HM co-
KyCHpPOBaHO Ha MOBEPXHOCTH MHUIICHHU TOJ yIriioMm 45°.
YacToTa MOBTOPEHUSI UMITYJILCOB cocTaBmia 15 I, amum-
TEJIBHOCTH JIa3epHOTO UMIynbca 10 HC, pacXoAUMOCTh
nazepHoro uanydeHus 1-2 mpajn. [Ipu momomu JIUH3H ¢
(doxycHbIM paccTosiHueM 190 MM J1azepHOE H3ITydEeHHE
c(hOKYCHPOBAHO HA MOBEPXHOCTH MUILICHH B IISITHO ANAMe-
TpoM 0,34 MM, IIIOTHOCTb PHEPIUU UMITYJIbCA TP 3TOM CO-
crasuna 2,3 J/cM2. 3HaueHue IIIOTHOCTH SHEPTHH JIa3ep-
HOTO M3JTy4eHNs BEIOpaHa MCXO/IS U3 SKCIIEPUMEHTATBHBIX
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Puc. 1. Cxema UMITYITBCHOTO JTA3€PHOTO HAMBIICHHS TOHKIX
mwieHok InGaAsN Ha Si u GaAs: [ — Bpamarommuiics
Jieprkaresib MUIIEHH; 2 — MUIIEHb Ing o,Ga) 9gAs;

3 — KBapIeBOE OKHO; 4 — TUIA3MEHHBIN (haKer; 5 — MOUT0KKA
Si unn GaAs; 6 — MOUTOKKOIEPKATEb C HArPEBATEIIEM;

7 — TO/IBOZl 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 padoTte [7]. PaccTosinue ot mu-
IIEHH 10 NOAI0KKU 50 MM, a TOJIIIMHA HANbUIIEMBIX CIIOEB
Haxoautcs B quanazoHe 150—170 am. [pouecce HanbuieHUS
ocyuiecTiieH rnpu temneparype noanoxku 400 °C. Cxema
nponecca MJIH nokasana Ha puc. 1.

Ha maganpHOM STarne 00beM BaKyyMHOI KaMephl OT-
kayeH 1o 104 ITa, nanee o6beM KaMephbl ObLI U30JUPO-
BaH, U Mo0aBieHa cMech 0c000 YHMCTOrO aproHa W a30Ta.
OO0BeMHas 10711 a30Ta B apTOHO-a30THOM CMECH COCTaBIIS-
na 80 %, a 3HaueHus napneHus cmecu: 2, 5 u 10 Ia.

C moMOIIbI0 CKAHUPYIOMIETO IEKTPOHHOTO MUKPO-
ckomna (COM) MIRA3-LMH c cucremoii onpeaeneHus
anemeHTHoro cocraBa AZtecEnergy Standart/X-max 20,
BBITIOJIHEHO uccienoBanrne COM-u300paxkeHui 1 U3Mepe-
HHE COCTaBa CMECH Ha ITIOBEPXHOCTH MHUIICHH U 00pa31oB
TOHKHUX TICHOK.

CriexTpsl KOMOMHAIIMOHHOTO pacCestHUsl CBETa Io-
Jy4eHBI C UCTIOIB30BaHUEM CHEKTpoMmeTpa inVia Raman
Microscope Renishaw.

Pe3yabTarhbl U 06cy:K1eHUE

Ha puc. 2, a, b npencraBinensl COM-u3o0paxeHus
MOp(hOJIOTHH TTOBEPXHOCTH TOHKOW TuieHKH InGaAsN Ha
nomnoxkax GaAs (001), momydeHHOW NpH aBICHUH ap-
roHo-a30THoM razosoi cmecu 10 Ila. M3 npencraBineHHbIX
n300paXKeHUH BUAHO, YTO TIOBEPXHOCTH TUICHKN CIUIOMIHAS
M COCTOWT M3 3€PEH, YTO XapaKTEPHO IS IICHOK € TOJIHU-
KpUCTAINIMUECKOH CTpyKTypoil. Kpome 3Toro, Ha HOBEpXHO-
CTH BceX 00pa3l0B TOHKUX IJICHOK IIPUCYTCTBYIOT MUKPO-
Karun (puc. 2, b), Hanmuune KOTOpsIX TunmyHo st MJIH.

ITo pe3ynpraTaM peHTT€HOIHEPTOANCIIEPCUOHHOTO HIe-
MEHTHOTO aHaJIN3a IUICHKH YCTaHOBJICHO, YTO MUKPOKAIUTH
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Puc. 2. COM-n300pakenus noBepxHocTy ToHKoH mreHKH InGaAsN Ha GaAs (a) 1 kpeMHNeBoi (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 METAIIHYECKIM HHAMEM, a KOHICHTPALH
azora B TuieHke InGaAsN coctaBnset 1,9 %. Cpeguuii
pasMep MHKpOKaresib Ha MOBEPXHOCTH IJICHKU COCTABUII
0K0710 30 HM, & MX TUIOTHOCTH He TpeBbimaet 0,076 MKkM—2,
YcTaHOBIICHO, YTO paclpeielieHHe MUKPOKAIIeIb HHUS B
OCHOBHOM YTIOPSIJIOYEHO B BUJIE JIMHUH, KOTOPBIE TIOKAa3aHbI
Ha pUCyHKe OenbiM 11BeToM. [Ipenarnonoxmm, 4To 310 cBs3a-
HO C HaJIM4MeM JICIOKAI HECOOTBETCTBHS, TAaK KaK pac-
COIIACOBAHUS OCTOSHHBIX PELICTKH IICHKH H TTOIIOKKH
(Aa/a) cocraBmstor st InGaAsN va GaAs oxomo 0,23 %,
g InGaAsN na Si ue 6oiee 3,9 %.

Jis Torkux reHok InGaAsN, morydeHHBIX Ha KpeM-
HHEBBIX MOJUI0KKAX, 3aMEeTHA OOJIbIIIAs INIOTHOCTH MUKPO-
KaIljib Ha MOBEPXHOCTH. OTMETHM, YTO IPHU YBEJIUYCHUH
JIaBJICHUS aproHO-a30THOM ra3oBoii cmecu ot 2 1o 10 [a
IUIOTHOCTh MHUKpOKaIelb WHANST yMeHbImiack. J{is o00-
pasia 1mieHky rnpu nasiaennu 2 [a nomyyena HanOonbias

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

Konnenrtpamus azora B miuenkax InGaAsN Ha Si, no-
JIy4yeHHBIX npu aasneHusx 2 u 5 Ila, cocraBuna 1,1 %, B
TO BpeMs Kak npu fainennu 10 ITa ormeuena HanOosbIas
KOHIIEHTparws azora — 1,8 %.

Ha puc. 3, a m300pakeHbI CIIeKTPH KOMOHHAITHOHHOTO
paccesHus TOHKHX MIeHOK InGaAsN Ha moutoxke Si ipu
JABJIICHWN aproHO-a30THOM CMeCH NpH 3HAYCHHAX 2, 5 U
10 ITa. Ha cnekTpax KOMOMHAI[MOHHOTO PACCEsIHUSI Hau-
0O0JIBIIIEHl MHTEHCUBHOCTRLIO 00IaMaeT MOJa JITHHHOBOII-
HOBOTO IIOIEPEYHOI0 OITUYECKOro (POHOHA KPEMHHUEBOIL
nomiokku LO na wacrore 512 cm~!. Kpome sroro, npu-
CYTCTBYIOT MEHEE WHTEHCHUBHBIE MOJIbI KDEMHUSI, CBSI3aH-
HBIE C TIONEPEYHBIMHU aKyCTHUECKHMMHU (POHOHAMU TIEPBOTO
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Puc. 3. CriekTpbl KOMOHHAIIMOHHOTO paccesiHus cBeTa: TOHKUX 11eHoK InGaAsN na nomnoxke Si (@), munienu InGaAs u ToHKOM
wieHku InGaAsN na nognoxke GaAs (b), momydeHHbIE TIPH BO3CHCTBUY JaBICHUS aprOHHO-a30THON Ta30BOM 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 !, komOuHaIms more-
peuHbIx ontuyeckux (transverse optical, TO) u akycTuue-
ckux Moz TO + TA maGiromaercst Ha 9actorax 615 cM1 u
672 cm! coorBercTBenno [11].

Ha criexrpax puc. 3, ¢ HACHTUOUITHPYIOTCS IPOIOITH-
vele LO- n monepeunsie TO-monbr GaAs u InAs [12].
WnTtencuBaocts Mog LO-InAs, LO-GaAs u TO-GaAs yBe-
JMYUBACTCS TIPH TOBBIIIEHUH TaBICHUS apTOHO-a30THOMN
cmec. [IpearnonokuTensHo, 3TO CBA3aHO C HATMYHEM (a3o-
BBIX BKJIIOUEHHH B TUIeHKax. Hanmdne Ha ciektpe Bubpanu-
OHHOI1 poHOHHOU KoebarenbHOo# Moabl (Local Vibrational
Modes, LVM) InN na yacrtore 430 cM~! moarsepsknaer
BXOJKeHHUe aToMOB a3oTa B InGaAs [13]. B cBs3u ¢ HU3kUM
CoJIep>)KaHueM a30Ta B IUIEHKEe MHTeHCUBHOCTh LVM InN
OTHOCUTEIBHO HEBEJINKA, OTHAKO BUJTHO, YTO C POCTOM J1aB-
JICHUsI OHa Bo3pacraeT. [loydyeHHble JaHHbIE COBMAIAIOT
C pe3yabTaTaMu, MpeICTaBICHHBIME B pabdorax [14, 15].

Ha pwuc. 3, b mpencTaBieHbl CIIEKTPHI KOMOMHAIIHOH-
HOTO paccestaus MuteHu Ing o,Gag ggAS 1 TOHKOH TUIEHKH
InGaAsN, nonydeHHOH MpH IaBIEHUU aprOHO-a30THON
cmecu 10 ITa. Ha criekrpax toHko# mienku InGaAsN xo-
pomo 3aMeTHBI BhIcOKoMHTeHCHBHBIE LO-GaAs 291 cm!

u TO-GaAs 283 cm!, casannsle ¢ nmomnoxkoin GaAs.
Takxe MoxxHO HneHTHdGuIMpoBars Moxy LVM InN Bropo-
ro nopsiaka Ha yactore 450 cv~! u LVM GaN — 470 cm 1,
BO3MOXXHO OHHM CBSI3aHBI C TAKUMH KOH(HTYPALMSIMHU, KaK
Iny,N u GayN [16], kKoTOpble NPUCYTCTBYIOT B MOJIy4YE€HHON
ToHKOM 1uieHke InGaAsN.

3akJ/ioueHnne

AHaIM3upysl SKCIICPUMCHTAILHBIC TAHHBIC, TTOJTYYCH-
HBIC B PAMKaX HACTOSINEH padOThI, MOXKHO CJ/I€IaTh BHIBO/I,
YTO YBEIHUYCHHE ABICHUS aprOHO-a30THOM ra30BOM cMe-
CH IIPH UMITYJIECHOM JIa3€PHOM HAITBUICHUH CIIOCOOCTBY-
€T YBEIIMYCHUIO KOHIICHTPAIINH a30Ta B TOHKUX IUICHKaX
InGaAsN nHa momtoxke Si. [TokazaHO, 9TO KOHIICHTPAIUSL
azoTa B TuieHKax InGaAsN, mOTydeHHBIX TPH AaBICHUT
10 ITa na momnoxkkax GaAs u Si, pa3nndaercs He3HAYH-
TeapHO U cocrapisieT 1,9 u 1,8 % cooTBeTcTBeHHO. B criek-
Tpax KOMOMHAIIMOHHOTO PACCESHISI CBETA TOHKHX IJICHOK
OOHapYIKEeHBI JIOKaJIbHbIC KojiebarenbHbie Moabl LVM InN
1 LVM GaN, uro nmoaTBep:k1aeT HaIn4Yue a30Ta B TOHKOM
mienke InGaAsN, mony4eHHOW METOOM UMITYJIbCHOTO
JIA3CPHOTO HAIBLICHUS.
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