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IIpoBeneHsl CpaBHHUTENIBHBIC WHCCIICNOBAHUS BIMsAHHSA OygepHOro cioss Ha XapakTepucTuku cioeB GaPN,
BBIPAILCHHBIX METOIOM MOJICKYJIIPHO-ITyYKOBOI SIUTAKCHM Ha IOJUIONKKaX KpeMHHUsA. VcciemoBaHbl CTPYKTYpBI
¢ GaP-0ydepoM, BBEIpAIICHHBIM C HCIOJB30BAHMEM METOMA ,,SNHTAKCHU C IIOBBINCHHHIM TEMIIOM MHUTPAIUH
(MEE-GaP-6ydep), un Hmskoremmeparypasiv GaP-GyepoM ¢ IUIABHO YBEIMYHBAIOMICHCS TEMIIEPAaTypoOil po-
cra. [loka3aHo, YTO MHTEHCHBHOCTH (oTomoMmuHecueHmmn i ctpyktyp ¢ MEE-GaP u ontiMusupoBaHHEIM
GaP-0y¢epom mpakTH9eCKH OJMHAKOBA, OHAKO peJlaKcalisl HAIPsHKEHNH POUCXOMUT I0-Pa3sHOMY.
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KIIJ coyHEeYHBIX 3JIEMEHTOB Ha OCHOBE KPEMHHS IIPak-
THYECKH JOCTHI' CBOETO TEOPETHYECKU BO3MOXKHOIO Ipejie-
ga [1], moatoMy ISl fasbHEMINEro PasBUTHS COJHEYHON
SHEPreTUKH HEOOXONUM IOCTOSIHHBIA MOMCK HOBBIX MOIXO-
OB, a TAK)KE UCIIOJIb30BAHKE HOBBIX MaTeprayioB. OMHAM U3
HanOosiee ycnemHsx myTeil mosbimenus KIIJ comneuHbix
asieMeHToB (CO) sAB/IAETCS MCIOIB30BAaHUE MHOTOIEPEXON-
HBIX (KacKajlHEIX) reTepocTpykTyp. Ha ocHOBe coenunenmit
AMBY cosnanbl Tpex-, YeThIpex- U yxke MATUIEPEXOIHBIE
C3 ¢ KIIJ, noxonsiuum 10 46 % [2]. Kpemuuii B kauectse
TOIJIOXKKH, a TAKXKE B KAICCTBE HILKHETO KAaCKa/la HHTCPECEH
HE TOJIPKO KaK JEIIEBBIii 1 yI0OHbI B 06paboTke MaTepHall,
HO M KaK XOpOIIMI TEeNsIoO0TBOX /I CTAOMJIbHOH PaboThI
CO.

OnHIM W3 BO3MOXHBIX ITyTEil ITOTydYEeHHS MOHOJIUTHBIX
MHoromnepexogHeix CO Ha KpeMHUM SBJISICTCSl UCHOJIb-
30BaHME TBepAbIX pacTBopoB GaPNAs, koropele MoryT
OBITb PEHICTOYHO-COTIACOBAHHBIMU C MOMJIOKKOH KPEMHUS
B IMMPOKOM JMANa30HE 3HAYCHUI MIMPHHBI 3allpeIcHHOI
3oHbl (0T 1.5 mo 2.0eV) [3,4] Guaromapst TOMy, 4TO a30T
YMCHBIIACT, a MBIIIBSK YBEINYUBACT IIOCTOSIHHYIO PCIICTKN.
Teoperrueckn Gbut0 TOKasaHo [5], uro KIIJI corsiacoBaH-
HEIX II0 TIApaMeTpy PEIIEeTKH ¢ KPeMHHEM TPEXIEePEXOTHBIX
C3 (GaPNAs(2¢eV)/GaPNAs(1.5¢eV)/Si) MoxkeT moTeHIm-
ampHO mocturath 44.5% npu AM1.5D 50 W/cm?. Onnako
NpHOIKEHUE K TEOPETHYECKU MPEICKa3aHHbBIM 3HAUCHUAM
KIIJ1 BO3MOXHO TOJIBKO IPH BPEMCHH KU3HH HEOCHOBHBIX
HocureJieit 3apsina B ciosx GaPNAs 6Gonee 1ns [5], uro mo-
Ka He mocTurHyTo. [loaToMy SIBJIieTCSl aKTyaJIbHBIM HCCIIC-
[OBaHKE TEXHOJIOIWH M3roTOBJICHHsST MaTepuasioB GaPN(As)
Ha MOJUIOXKKaX KPEMHHS.

OnHAM W3 TOAXONOB IS CO3AHUS Oe3MICIOKAOHHBIX
cioeB GaPN Ha mojjioykkax KpeMHHST SIBJISICTCS HCIIOJTb30Ba-
HHE METOIUKH ,,3MIMTaKCHU C MOBBILICHHBIM TEMIIOM MUIpa-
mun (migration enhanced epitaxy, MEE), koropast mpen-
CTaBisieT COOOIM MOCIIONHOE (aToMapHOE) BBHIPANIMBAHUC
OydepHoro ciosi GaP npu MOHMKEHHBIX TeMreparypax [6].
HdpyruM BO3MOXXHBIM METOIIOM SIBJISIETCS HCIIOJIb30BaHHUE
HHU3KOTEMIIEpaTypHOro pocra Oydeproro ciosi [7] u wc-
MOJIb30BaHKC ATIOMUHHUHCOEPKAmMX Oy(pepHbX cioes [8].
B Hacrosimei#t pabore wuccienoBaHo BimsHHE OydepHBIX
CJIOEB Ha XapakTepUCTUKHU TBeproro pactBopa GaPN.

CTpyKTypbl OBUIA  CHHTEC3MPOBAaHBI Ha  YCTaHOBKE
MOJIEKYJIAPHO-ITyYKOBO#l anutakcun Veeco Gen III ¢
BBICOKOYACTOTHBIM HCTOYHMUKOM HWHIIYKTHBHO CBSI3aHHOM
a30THOII T1a3Mel Ha noutoxkkax Si (100) ¢ pasopueHTanyeit
Ha 4° B HampassieHuu [110).

MeTtonoM pPEHTI'CHOBCKON AMGPaKUUKM HCCIIEI0BAJINCD
CTPYKTYpHBIC CBOMCTBa 00pasnoB. JuppakimOHHEIC KPUBEIC
KayaHusi ObUIA IOJIyYeHBl MPU TMOMOINM PEHTTEHOBCKOTO
mudpakromerpa [JJPOH-8 ¢ ocTpodokycHOll peHTTeHOBCKO
TpyOkoit BCB 29. MarepunanoM aHopma SIBIsUIach Medb C
tunom usnydennst Ky; (2 = 1.5405 A). Criekrpnl dorosto-
MHHECLEHIIMI 3aperuCTPUPOBaHbl IIPU MOMOIIM YCTaHOBKU
xomnanuu Accent Optical Technologies. [Ins Hakayku uc-
MOJIb30BAJICS TBEPAOTENIbHBI YP-yazep (4 = 266 nm).

O6pasupl npexacTaBiasim codoit cinoit GaPN TommumHON
200 nm, BBIpaIIeHHBI Ha Oy(EepHBIX CJIOSAX Pa3INIHBIX KOH-
¢burypanmii. 11 npenoTBpalieHns MOsIBICHAsT aHTADA3HBIX
obJlacTeil Ha reTeporpanule KpeMHuil—dochun rayums uc-
MOJIb30BAJICh PA30PHEHTHPOBaHHbIC B HarpasyicHuu [110]
KPEMHHEBbIE TIOIUIOKKH, a TAKXKE ITOCJIe OTXKHTa B POCTOBOU
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2 — GaP on Si calculation
(55 % relaxation)

1 —Sample2
2 — GaP on Si calculation
(55 % relaxation)
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2 — GaP on Si calculation
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Puc. 1. PenrreHonndpakimoHHbe KPHUBbIC KayaHWs OKOJIO CHM-
MeTpr4yHOro pediekca Si 00pasoB C SNUTAKCHAIBHBIM CJIOEM
GaPN na nmosepxHocTH Si ¢ pa3nmuyHbIME Oy(epHBIMH CIIOSMIL
IIBeTHOIT BapHaHT PUCYHKa IIPEJCTaBJIeH B 3JICKTPOHHOH BepcHU
CTaThH.

KaMepe Ha IOBEPXHOCTH KPEMHHUS CO3[1aBaJICsI MOHOCJION
tochopa. ObGpazerr Ne 1 wumen Oydepnsii cioit GaP,
BBIpalleHHbI ¢ ucnoib3oBanueM MEE-merona Ha ocHoBe
45 mepuomoB MOCTIOWHOrO0 pocra rawms u ¢ocdopa [9)]
npu Temmnepatype 450°C, ¢ mocnenyrommmM ciaoeM GaP
(50nm). Cymmapnast tommuaa MEE-GaP-6ydepa cocra-
Buia 100nm. BydepHeii cioit obpasua Ne 2 mmen TOH-
kil mofcsion (1nm) AlP, BbIpallleHHBIH P TeMIeparype
450 °C, 3aTeM cienoBayu ciaoit GaP tommmuoi 36 nm ¢ 1o-
CTETIEHHBIM TTOIHATHEM POCTOBOI Temmeparypsl 1o 600 °C,
cioit GaP Tommunoit 10 nm, BEIpaleHHBI Ipy TeMIepary-
pe 600°C, u cioit GaP TommmHO# 8§ nm ¢ TIaBHBIM NOHH-
skerneM Temriepatypsl 10 540 °C. bydepasrit cnoit obpasma
Ne 3 mmen koH¢Urypamuio, CXOOHYIO C KOH(uUryparmei
OydepHoro ciost obpasma Ne 2, 3a UCKITIOUEHHEM BEPXHETO
cnost GaP, Bepamennoro npu temneparype 600 °C. Croit
AIP BO BTOpOM U TpeTbeM o0Opasle CIyKUT AJI1 yMEHb-
IIeHUs B3auMHON TU(Qy3nn aToOMOB KpeMHUsSI U Tajlds U3
OydepHOro cios.

Ha puc. 1 npencrasiensl peHTTeHOAU(PAKINOHHBIE KPH-
Bble KayaHUS OKOJIO CHMMETpHYHOro pedriekca Si smu-
TakcuayibHbIX c1oeB GaPN Ha moBepxnoctu Si (100) ¢
pasymuHbiMU OydepHbIME c10MU. YepHON BepTHKAIbHOM
JIMHUEH O0003HAa4YeHO TEOpPEeTHYECcKoe IOJIOKeHHe audpax-
[MOHHOT0 MAaKCHMyMa MEXaHWYCeCKH HCHAIPSUKCHHOTro (pe-
nakcupoBanuoro) ciosi GaP. Takxke mpuBeIeHBI PacdeTHBIC
mpakIoOHHBIE KpuBBIC OT ciioeB GaP pasymdHoil creneHn
pejlaKcaniy Ha TMOMIONKKE KPEeMHHs (M300pa)KeHBl CHHEM
nBetoM Ha puc. 1). CMomenupoBaHHBE IU(PAKIMOHHBIC
KpuBble g cyioeB GaP ObllM MOJIydeHBl € IMOMOIIBIO
nporpammHoro obecnedenuss PANalytical X’Pert Epitaxy.
[IpoueHT pernakcaimu ucnosb3yercd B (aiiyax oOpasioB
IUTS. MOJICIMPOBAHUST N3MEHEHHUST NCKa)KCHHUS JICMEHTapHOM
STYEHKH, KOTOPOE MPOMCXOIHUT B HECOBEPILCHHBIX HHTEP(Cii-
cax, BO3HHUKAIONIMX IPH HAJIMYUH JUCIIOKAIM HECOOTBET-
CTBHSL. DTOT IapaMeTp UCIIOJIB3YeTCs Il pacyeTa MpaBiIIb-
HBIX IIOJIOKEHUH NUKOB B MOIEIMPYEMBIX KPHUBBIX KadaHHUS.
Penakcanust — 3TO OTHOIIEHUE pa3sHOCTEH B (akTHUECKUX
pasMepax 3JIeMEHTapHOI A4YelKH MapasulesIbHO UHTepdei-
Cy, JeJIeHHOEe Ha pa3sHOCTh HEMCKa)XEHHBIX 3HayeHui. Korma
CJION YIPYro MCKaKeH TaKUM 00pa3oM, 4TO 3JIEMEHTAPHBIC
STYCHKH IMCIOT OIMHAKOBYIO IIMPUHY apaJUICIIbHO ILIOCKO-
ctu uHTepdetica, penakcanus cocrasiser 0%, a maTEpdEiic
HE COHNCP)KUT AMCIIOKanuii HecooTBeTcTBUS. B aTOM ciydae
CJIOI Ha3bIBACTCS MOJHOCTHIO AeOPMHUPOBAHHBIM (YIIPYyro-
HaIpsDKeHHBIM, TiceBoMopdHbM). Korna cioit e nedopmu-
poBaH (Kak obbeM), pesakcamusi cocrasisier 100 %. Takoid
CJI0# Ha3bIBACTCS TOJIHOCTHIO PETAKCHPOBAHHBIM.

Ha HxzeM ¢parmenTe puc. 1 npuBefieHa pacueTHas Kpy-
Basi [V MIOJIHOCTBIO HalpsbkeHHoro cjiosi GaP Ha momsioxke
kpemuus. Kak BmpiHO, MoJIo)keHWE MakCMMyMa An(pakiy-
oHHOTrO TKa obOpasma Ne 1 coBmamaeT ¢ mopeseio. Crremo-
BaTEJIbHO, MOKHO CJIeJIaTh BBIBOH, 4TO oOpaserm Ne 1 fe-
MOHCTPHPYET MOJHOCTHIO HAPSDKEHHBIN (TICEBIOMOPQHBINA )
xapaxkrep cyioeB GaP u GaPN, npuuem, kak okasaHo fganee,
MoJjibHast foid a3oTa B GaPN mpubikaercs K 3HaYEHUIO
IU1a cyiod B obpaste Ne 3, HecMOTps Ha OOJIBINYIO Pa3HHUILY
[0 TOJIOKEHUI0 AU(PaKUMOHHOTO MakcuMyma. VIHTeHcHB-
HOCTb W IIOJIOKCHUE TU(PAKIMOHHBIX MaKCHMyMOB CJIOCB
GaP B obpasmax Ne 2 u 3 UMEIOT CX0XKHe 3HAYCHUS, OTHAKO
MOJIOKEHUST MAaKCHUMyMOB CIOBHHYTH B CTOPOHY OOJIBLIMX
YIJIOB K HOIJIOXKKE KpeMHUs. PacueTHbIE KpUBbIE YKa3bIBalOT
Ha NpUOJIM3HUTENIbHYIO CTEeleHb pejlakcauuu B ciosix GaP
nopsnka 55 %, 4To cjefyeT U3 CpaBHEHUs SKCIICPUMEHTAIb-
HBIX JaHHBIX C JaHHBIMHM MONEIMpPOBaHMS. BosHukHOBeHue
IVCJIOKAIMI Ha HAaYaJIbHBIX CTaIUsIX SIUTAKCUH, BEPOSITHO,
MPUBOIMT K YaCTHYHOU PEJIaKCAllMy YIPYTUX HAIPSHKCHUH
SIUTAKCHAIBHOT'O CJIOSI B JIAHHBIX 00pa3lax, U IMOCTOSHHAS
pemerkn snmTakcuanbHoro ciosgs GaP mpumbmmxaercss k
IIOCTOSIHHOH PEIleTKU MEXaHMYEeCKH HEeHAIPSHKEHHOI'O CJI0s
GaP. Criou GaPN i o6pasios Ne 2 u 3 Takke 1eMOHCTPH-
PYIOT peJlakCallfio HalpsHKeHHs, OIHAKO BBUY pas/IMudii
B yCJIOBUSIX pocTa OydepHoro cios B obpasue Ne 2 croit
GaPN He nMeeT ApKO BHIPaKCHHOTO MakCUMyMa B OTJIMUHC
oT obpasma Ne 3, B KOTOPOM OH IPAaKTUYECKH COBIAmACT
10 TIOJIOKCHUIO C MAKCHMYMOM OT TMOJIOKKH KPEMHHS.
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OTO MOXET CBUIETEIbCTBOBATH O BEICOKON HEOTHOPOIHOCTH
pacnpenenenus azota B cioe GaPN B crpyktype Ne 2, a
TaxKe 0 OOJIBIIOM YMCIIe AUCIOKAIU HECOOTBETCTBUSL.

MuxkpodoTorpadpun HONEPEYHOrO CKOJIa U IOBEPXHO-
CTH HCCJIenyeMbIXx o0pa3moB ¢ OygepHbM cioem GaP
Ha TIOMJIOKKEC KPEMHHUS IpHBENeHH Ha puc. 2. M3o0pa-
KCHHS TOJTyYCHBl C MOMOIIBI0 CKAHUPYIOIIEro (pacTpoBo-
ro) 9JIEKTPOHHOro MHuKpockoma Supra 25 Zeiss. OGpaserr
¢ MEE-GaP-6yepom (obpaserr No 1) mmeer pasBuTyio
MOP(OJIOTUI0 OBEPXHOCTH, OTHAKO BBHIPAYKEHHBIX THCIIOKA-
it B cjioe HeMHoro. JT1o noareepxkaaer XRD-naHHbIE O
TICeBIOMOP(HOM XapakTepe pocTa Kak OygepHOro cios,
Tak U uccaepyemoro cyosi GaPN. OOpasipl ¢ HHU3KOTEM-
neparypabiM OypeprsiM ciioem GaN (o6pasust Ne 2 u 3)
AMEIOT TJIAJKYIO TOBEPXHOCTD BepxHero ciiosi GaPN u 60:1b-
II0€ YHMCJIO MPOPACTAIOMIUX AMUCIIOKAIMi, 00pa30BaHHEIX B

Punc. 2. Muxpogororpaun momepeqHoro ckosia U MOBEPXHOCTH
ob6pasuoB Ne 1 (a), 2 (b) u 3 (c).
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Puc. 3. CriexTpbl (hOTOIOMUHECHCHIMN HCCIICTYEMbIX 00pa3LoB C
snuTakcHabHbIM citoeM GaPN Ha nosepxHocTH Si ¢ pasIMYHBIMU
Oy(hepHBIMU CIIOSIMU.

pe3y/bTaTe YacTUYHOM peslaKcallid YHIpPYrHX HalpshKeHUiH
SIHATAKCHAIBHOTO CJIOS.

Ha puc. 3 mpencrasiieHbl CIEKTPHI (POTOTIOMUHECIICHIAN
00pasIoB, 3aperncCTPUPOBAHHBIC IPU KOMHATHOH TeMIlepa-
Type. HecMoTpsl Ha Gosiblioe 4UCIO JUCIIOKAIMi, oOpaser
Ne 3 neMOHCTpPHpYET BBICOKYIO HHTEHCHBHOCTH (POTOIIIO-
mutecteHimn. O6paser; ¢ MEE-Gydepom (o6paserr Ne 1)
TaK)Xe JAEMOHCTPHPYET BBICOKYI0 MHTEHCHBHOCTBH (hOTOIIIO-
MHUHECIICHIINY, CPaBHIUMYIO C TaKOBOH misg obOpasma Ne 3.
bsm3kne 3Ha4YeHUs MOJIOMKEHUS] MAKCHMyMa IJIMHBI BOJIHBI
(OTOTIOMUHECIICHIIUN YKA3bIBAIOT Ha TO, YTO MOJIbHAs JOJIS
a3zora B obpasnax Ne 1 u 3 Takxke MpakTHYECKU OfMHAKOBA.

[MonmymmprHa MM GoTomoMIHECIEHINH 11 00pa3noB
No 1 m 3 okasajlacb OOMHAKOBOM M JOCTATOYHO OOJIBIION
(okoyl0 65nm), YTO CBHACTEIBLCTBYET O HEOTHOPOTHOM
cocraBe TpoiiHoro pactBopa GaPN. Poct nonosnHuTenpsHoro
BbICOKOTeMnepaTypHoro GaP-cnosi B OydepHOoM cioe 00-
pasna No 2 mpWBOAWT K CABUTY JUJIMHBEI BOJIHBEI (hOTOIIIO-
MHUHECICHIINY B [JINHHOBOJIHOBYIO CTOPOHY, YBEJIMYCHHIO
TIOJTYIINPUHBI JIMHAN (POTOITIOMUHECIEHINK 1 TIaJICHUIO MH-
TEHCUBHOCTH. DTO CBHUACTEIbCTBYET O BO3HHUKHOBEHUM BBHI-
cokoit HeogHoponHocTH B GaPN-ciioe, a Takxke O BBICOKOU
0e3bI3TyYaTeIbHOH PEKOMOMHAIIMN HOCHUTEJICH BCIIC/ICTBHE
OOJIBIIOrO YMCJIa MPOPACTAIOMNX IUCJIOKAIMHA, YTO TaKXe
TIOITBEPKIACTCS PEHTITCHOBCKUMH HCCJICTOBAHUSIMIL

OO6pasipl ¢ ONTUMU3UPOBAHHBIM HHU3KOTEMIIEPATYPHBIM
O0ypepueM ciioem GaP u ¢ Oydepusm cioem MEE-GaP
JIEMOHCTPUPYET BBICOKYIO, IIPAKTUIECKU PABHYIO MHTCHCHUB-
HOCTh (DOTOJIIOMUHECHCHIINM. Perakcanmsi HampshKeHWH B
GaPN-ciioe oxkaspBaeTCsi Pa3MYHON B 3aBUCHMOCTH OT
ucnosib3dyemoro Oydepa. Obpazen ¢ MEE-GaP-6ypepom
UMeeT ICEeBIOMOP(HBEI HepeslakCUpOBaHHbI Oydep u
GaPN-cyioii, Majsioe 4MCJIO MPOPACTAIOINX AUCIOKALUN U
penpedHYI0 TOBEPXHOCTh. B 00pasnax ¢ Hu3koTeMmeparyp-
HBIM TpagueHTHBIM GaP-OydepoMm mpomcxoguT yacTHYHAS
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pestakcarst yrpyrux HampsbkeHuid B cioe GaPN B Bume
MPOPACTAOIIMX JUCIOKAIHN.
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