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IIpoananizoBaHa B3aeMOIs PiIKICHO3EMETBHIAX CIEMEHTIB Ta ATIOMIHIIO 3 (JOHOBUMH JOMIIIKAMHU B IHII€BUX Ta
raji€eBUX po3IUIaBax HpH Temnepartypax Bigmamy 1100°C. JlocmikeHO BIUIMB KOMIUIEKCHOTO JIETYBAHHS PO3ILIABIB
rajiro Ta iHI0 PiJKICHO3EMEILHIMHU €JICMCHTAMHU Ta aTIOMiHIEM Ha eNeKTpoQi3nuHi BiacTuBOCTI mapiB GaAs Ta
InGaAsP, orpumanux npu temmeparypax emnirakcii 640-700°C. Ha ocHOBI npoBeieHUX JOCIIUKEHb 3alpOOHOBaHA
MOZENb, IO MOSICHIOE MEeXaHi3M aHOMajbHOI “ouMcTKH” emitakciiHux mapiB GaAs ta InGaAsP Bix ¢oHOBHX
JOMIILIIOK TeTepyBaHHIM KHCHIO y poO3IUiaBax 4epe3 yTBopeHHs okcuiiB Yb203, AI203 Tta moxBifiHHUX OKCHIIB
Yb3A15012, a Takox BIUIMBOM PiIKICHO3EMEIBHHUX €IEMEHTIB Ta AIIOMIHIIO HA MEPepo3noia AedeKTiB B mpoueci

KpHCTai3arii mapis.

Kuio4oBi c10Ba: pinkicHO3eMeIbHI €IEMEHTH, KOMITIEKCHE JICTYBaHHS, ()OHOBI JOMIIIKH, FeTepyBaHHS

Cmamms nocmynuna 0o pedaxyii 13.11.2005; npuiinama 0o opyxy 15.03.2006.

Beryn

Uucri mapy GaAs T1a InGaAsP € ocHoBHUMH
MaTepiasaMu, [0 BUKOPHCTOBYIOTHCS B CKJIai CTPYKTYD
Ha OCHOBI KOTPUX BHTOTOBIISIFOTHCS OMNTOEIEKTPOHHI,
HBY npunanyu Ta mpuiaau CHIOBOi enekTpoHiku [1-3].
KoHniieHTpallisi HEKOHTPOJIbOBAHUX TOMIIIIOK B aKTUBHUX
nrapax CTPyKTYPH € OJHHUM i3 OCHOBHHX (DaKTOPIB, SKHIA
BU3HAYA€ MapaMeTPH LHX MPUIIaIiB.

OnHi€ro 13 OCHOBHUX HEKOHTPOJILOBAHUX JIOMIIIOK B
enitakciiinux mapax GaAs Ta InGaAsP € kpemHiii [4].
Moro xoHueHTparis Moxe mocarati 3xauesb (1-3)-10"
cM™. Kpemwiii € aMpoTepHOI0 JOMIIIKOIO i 3a/IeKHO Bif
KOHIIGHTpAIlil y pO3IUIaBi Ta TEMIIEpaTypu emiTaKcii,
Moxe Oyt noHopoMm abo akmenrtopom [5]. Kpim
KpeMHito, 0co0IMBO B emiTakciiHux mapax InGaAsP, €
npucyTHs cipka, mo € goHopoM [4]. Tpertboro, i
HaOUTBII TPOOJIEMHOI0 TOMIMIKOI0, KOTpa CYTTEBO
BIUIMBA€ HA BJIIACTHUBOCTI CMITAKCIHHUX IIAPIiB, € KUCCHb.
BiH, kpiM MIIKHX, MOXE CaMOCTIHHO, a00 MpU B3aeMOIii
i3 BiacHMMH JgedeKTaMH  YTBOPIOBaTH  TJIMOOKI,
MepeBaXHO, TOHOPHI piBHI [6].

JUIs OYMCTKH BiJi HEKOHTPOJBOBAHHUX JOMIIIOK B
pimmaHO(da3Hil emitakcii (P®E) BUKOPHCTOBYETHCA
BUCOKOTEMITEPATYPHHIA JIOBrOTPUBAIHNIA BiNAN IUXTH Y
CEpeIOBUII BOMHIO, OYHWIIEHOTO Yepe3 IajalieBHid
6ap’ep [7]. IIpore, noBrorpuBanmii Biaman (6imprne 20
TOJVH) IIUXTH, IO Mepeaye KpUCTami3alil eniTakCifHuX
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mapiB A;Bs, 3HauHO 30iNBIIye IX HEOAHOPIAHICTH, a
TaKOX YCKJIQJIHIOE TEXHOJIOTIYHHUI MPOLIEC HAPOLyBaHHS
OaraTomrapoBux rerepocTpykTyp [8].

Ha cporomni omHUM i3 OCHOBHHX CIIOCOOIB
OTPUMaHHS YHUCTUX HEKOMIICHCOBAaHHMX EIiTaKCIHHUX
mIapiB € JIeryBaHHS pO3IUIaBIB piAKICHO3EMEILHUMHU
enementamu (P3E) B mpomeci P®E. B enirakciiinux
mapax GaAs ta InGaAsP, orpumaHnx i3 3aCTOCYBaHHIM
IIUX €JIEMEHTIB KOHIICHTPAIil0 OCHOBHUX HOCIIB BJIAJIOCH
3HU3UTH O ~(5-1013-1-1014) cM” 3 ONHOYACHHM
3pOCTaHHAM iX PYXJIUBOCTI [0 (3-5)10* eM*/Brc,
BignosigHo [9]. Ille Oinpmioro edexry Oyio HOCITHYTO
3aBISIKM  3aCTOCYBAaHHIO  KOMIUIEKCHOTO  JIETYBaHHS
ATIOMIHIEM Ta  PIIKICHO3EMEIbHUMH  CICMCHTAMH,
migidpaHuMu B ONTHMaIBHHUX HpoOMNoplisx. Bmepiue
e(eKTUBHICTB IHOTO CIIoco0y OyJia MPoAEMOHCTPOBaHA B
[10] npu orpumanHi mapiB GaAs, B SKHX KOHIEHTpALis
CJIEKTPOHIB Ta ix pyxuuBicte npu 77K  mocsrana
1-10" em™ Ta 48000 cM*/B-C BiAMOBIIHO.

IIpore He nmO0 KIHOA 3’SCOBaHUM 3aJUIIAETHCS
MeXaHI3M “OYHCTKH eMITaKCIHHUX IIapiB MiJ BIUIHBOM
P3E, a ocobnmBo npu xomiuiekcHoMy JeryBanHi P3E ta
amoMiHieM. Il KepOBAaHOTO BIUIMBY Ha BIIACTHBOCTI
emitTakciiHux mapiB A;Bs, B Texnonorii POE, HeoOxinHo
BCTAHOBUTH OCHOBHI MPOLIECH, 110 BiOYyBarOThCS B
po34YMHax-po3IUiaBaXx ~ NpW  J0JaBaHHI B HHUX
PIAKICHO3EMENbHUX €JIEMEHTIB Ta anroMiHito. [loTpedye
TaKOXX JOCHIIKeHHS BIUMBY cykymHoi mii P3E Ta
ATOMIHIIO Ha JAe(EeKTOYTBOPEHHS Ta IE€pPepO3NOALT



C.I. KpyxoBcekuit, A.O. ®enopuyk

JOMIIIOK MO TiApenriTkaX OiHapHUX HAaIiBIIPOBiTHHKIB.
AjKe 1l TpoLecH € BiINOBIJAIBHUMH 32 (HOPMYBaHHS
eneKTpoi3NUHMX,  ONTHYHHUX  Ta  CTPYKTYPHHUX
BJIACTHBOCTEH EMITAKCIHUX IIapiB Ta CTPYKTYP.

3 1i€r0 METOI0 BHUPIIIYBAJIKMCh IIBI OCHOBHI 3ajadi.
[epma i3 HUX MOJIsITana B TOMY, 1100 Ha OCHOBI aHAJI3y
XIMIYHUX CHOJIyK, KOTpl YTBOPIOIOTHCS IPH BUCOKUX
TeMIiepaTypax Bianainy B pe3ynbrari B3aemonii P3E (Yb)
1 crieniajgbHO JTOJJAaHUX B IHAIEBUH YW TalTi€BUH PO3IUIAB
JIOMIIIOK, JIOCITIUTH reTepyrouy poIb
PLOKICHO3EMENFHUX €IEMEHTIB B PO3YMHAX PO3IIIaBaXx.

Jpyra 3amava momsiraia B TOMY, OO Ha OCHOBI
aHalizy 3MiH eJeKTPO(I3MYHUX BJIACTUBOCTEH IIapiB
GaAs ta InGaAsP mif BIUTMBOM JieryBaHHsI PO3YHHIB-
pO3IUIaBIB  PiAKICHO3EMENLHUMH  €lleMEHTaMH  Ta
AIOMIHIIO, a TakoX 3 BpaxyBaHHSIM pe3yJbTaTIB
OTPUMaHUX TPU BHpILICHHI nepuioi 3ajadyi, 3'sicyBaTh
MeXaHi3M aHOMAJIbHOI “OYMCTKU” CMITAKCIHUX MIapiB.

I. Meroanka ekcriepuMeHTy

B3aemomis Yb 3 (hOHOBUM KHCHEM Ta CHEMiaIbHO
JOAaHMMU B pPO34MH-po3miaB jpomimkamu (Al, Si)
JOCIIKYBaIach 1o imeHTrdikamii XiMIYHUX CIIOJIYK, IO
YTBOPWJINCH B pe3yjibTaTi XIMIYHMX peakuid mnpu
BHCOKOTEMIIEpaTypHOMY Biamaji po3miaBiB B arMocdepi
BHCOKOYHCTOI'O BOJIHIO 3 TOUKO0 pocu — 70 °C.

Bimman pos3mmaBiB  mpoBoaMBCA B KaceTi i3
BHCOKOYHCTOTO Tpadity Mapku MIIT'-7 mpu Temmnepartypi
Bimmamy 1100°C BmpomoBxk 5 rtommu. Temmeparypy
Bimnamy BUOWpanu Buxoasuwm 3 Toro, mo mpu 1100°C
KOMITOHEHTH, a TaKOX MoJBiiHI cionyku Ybln Ta YbGa,
(Tur YbIn = 1065 °C, a T,  YbGa,=1100°C),
3HaXoIAThCs B pinkomy crai [11-12]. KinbkicHuit ckian
PO3UMHIB-PO3IUIABIB NpuBeAcHU B Tabmuii 1. XimiuHi
CIOJYKH, IO YTBOPWINCh Ha TMOBEPXHI pO3IUIABIB,
(GUIBTPYBaINCH BiJ PO3IUIABIB IPH HArpiBaHHI OCTAHHIX
B iHepTHIH atMmocdepi. s gocmipkeHs (HopMyBauch
IUTOCKI 3pa3ku ToBHIMHOK ~0,3-0,5 MM 1 miamerpom 20-
25 MM.

PenTreniBchkuii  (a3oBuil aHaNi3 TPOBOIMIN 3a
mudpakrorpamamu  (nudpakromerp HZG-4a, FeK,-
BUIIPOMIHIOBaHHS abo CuK,-BunpominioBaHHs),
OJICP)KAaHUMH B KPOKOBOMY pE&XHMI 3  KPOKOM
ckanyBanHs 0,05° 6/26, npoTsirom 5-25 cexyHI B KOXHii
TOYIIi, 3HATUMH B iHTepBami 10° <26 > 130°.

Bci  oOumcneHHs, TOB’s3aHI 3 PO3PaxyHKY
MMOJIOKEHHS T4 IHTEHCHUBHOCTI IIKIB IPOBOIWINA 3
BHKOPHCTaHHAM KoMIutekcy mporpam WinCSD [13]. 3a
BHUXIHy MOJENh [UI1 PO3pPaxXyHKIB TIONOKEHHS Ta

IHTCHCUBHOCTI TMiKiB BukopucToByBamu: Ga (Cmca,
a=4,523 A, b=17,661 A, c=4,524 A) [14]; Si (Fd-3m,
a=54310A) [15]; In (I4/mmm, a=32522A,
c=4,9478 A) [16]; ALO; (R-3c, a=4,76050A,

c=12,9956 A) [17]; Yb,0; (Ia-3, a= 10,434 A) [18];
Yb;AlsOy, (Ia-3d, a= 11,931 A) [19]. Iudopmartiro moo
MOJKJIMBOCT]I YTBOPEHHS iHTEPMETANIYHHUX CIIOJYK TaNi0
4M iHAiro mrykanu B [20, 21], BignoBigHO.

Enitakcitini mapu GaAs BHUPOIIYBald METOIOM
POE y rpaditosiii nopuiHesiii kaceti i3 po3IuiaBy raiito
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(99,9999) na migkmamkax HamiBizomoouoro GaAs,
opieHTOBaHMX B Kpucramorpadiynii rmiommui (100).
TemmeparypHuii  iHTEpBaJd  HAPOUIyBaHHS  IIapiB
sraxoauBcs B Mexax 700-650 °C. Kpucraisamist mapis
3MifiCHIOBaJIaCh i3 TIEPEOXOJIO/KEHOI0  PO3YHMHY-
po3IIaBy Npu MBUAKOCTI oxojopkeHHs 0,5-0,7°C/xs.
Jleryroui  nmomimku  (aNOMiHIHA, — PiIKiCHO3eMENbHI
€JIEMEHTH, OJIOBO, CipKa Ta KpEMHii) JojaBauCch Yy
MIKUXTy Oe3MocepeIHbO Nepe]] 3aBaHTAKEHHSIM Y KacerTy.
Konnenrpauis, Gd B po3unHax-po3iuiaBax Talilo
sMmiHloBanmacs B Mexax Bigx 0 o 4-107 at%, a
KOHIIeHTpalis Al craHoBHIa 1-103%a1%. Jns HacuueHHs

po3IUIaBiB o apceHy BUKOPHCTOBYBAaBCS
nosikpuctamiyauii  GaAs 3 KOHIEHTPAIi€l0 BITBHUX
enextponis — (5+7)-10" em”. Konuentpamis Yb B

pO3UMHAX-pO3ILIaBaX 1HIIIO Ta rajito 3MiHBaIach Big
10 5-107 ar. %, Sc Bix 0 10 3-107 ar. %, a Al cranoBuia
1107 ar. %.

Emirakciiini mapu  InGaAsP (A en = 1,06 MKM)
BuponryBaiu meronoM POE y rpadiroBiii ciaiinepHiit
Kaceri i3 posmiaBy iHxmito (99,9999) Ha mimkmagkax

HAITiBi30JIFOI0Y0TO InP:Fe, OpIEHTOBaHUX B
kpuctanorpadiuniii  mrommai  (100). Temmeparypa
nmouarky — emirtakcii  cramoBmia  660°C,  imrepBan
HapomtyBanus — 10°C.  Kpucramizamis — miapis
3ailicHioBamack i3 mepeoxomomkenoro Ha 10 °C
PO3UMHY-pO3IUIaBy TPH MIBUAKOCTI oxomomxenHs 0,8
°C/xB. Jlns wHacuyeHHs posmiaBiB 1o  ¢ochopy
BUKOPUCTOBYBABCS HOJIKPUCTATIYHUNA InP 3

KOHI[GHTPALi€I0 BiTbHUX eeKTpoHiB — (5+7)10" em™.
Sk Jokepena Talilo Ta apceHy BHKOPHUCTOBYBAIUCH
noiikpucraniunnii GaAs Tta InAs (mapxku MMDOII) 3
KOHIIGHTPAL€I0 BIBHUX eneKTpoHis — (5+7)-10" cm™ Ta
5-10"% em™ , BIIITOBIIHO.

T'omoreHizamiss po3YHHIB-PO3ILIABIB Tallif0 Ta 1HIIIO
BiZ0yBanach BIPOJOBXK 1,5 roauHu B arMocdepi BOJHIO,
OUHMIIEHOMY dYepe3 mamazgieBuii Oap’ep. besmocepenHro
mepes IMOYaTKOM  HApOLIyBaHHS IHapy IOBEPXHS
niaKIanok ta InP migpo3uuHsiack y HEJOHACHUYCHOMY
posmiaBi ramiro abo iHAir0. TOBHIMHM EMITaKCIHHUX
II1apiB CTAHOBUIIN 5-6 MKM.

KoHuenrtpamiss Ta pyxJiMBICTH HOCIIB  3apsny
BuMiptoBasace mpu 300 ta 77K 3 BHKOpHCTaHHSIM
METOJUKH e(eKTy XoJuIa.

KinmpkicHa omiHka BMicTy aToMiB Yb B emiTakciitHIX
mapax 3nilicHIOBaIach 3 BUKOPHCTaHHSIM
MAaCCIIEKTPOCKOTTi{ BTOPUHHUX 10HIB Ha
Maccnektpomerpi IMS-3F.

II. ExcnepuMeHTAJIBHI pe3yJIbTaTH Ta
00roBopeHHs.

ExcniepumenTainbHi Jmudpaxrorpamu 3pasKiB
(Tabmuns 1), OTpUMaHUX NPHU BHCOKOTEMIEPATypHOMY
Bigmaii iHOIEBUX pO3IUIaBiB 1-5 MoOKa3aHi HA PUCYHKaX
1-5. Sx BumgHO i3 pmc.l B iHOiEBOMYy po3miaBi B
MPUCYTHOCTI  iTepOit0, TICIsA BHCOKOTEMIIEPATypPHOTO
Bignamy npu 1100 °C B atmocdepi BOIHIO, YTBOPIOETHCS
okcupa itepbiro  Yb,O;. B inzmieBomy  posmuiaBi
JIETOBAHOMY AaJIIOMIHIEM YTBOPIOETHCA OKCHI AJTIOMIHIIO
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Taoauns 1

CkJ1aJ1 pO34HHIB-pO3ILIaBIB, SIKI MiJaBaINCh BUCOKOTEMIIepaTtypHomMy Bianany mpu 1100 °C B atmocdepi
OYHIIEHOTO BOAHIO (TOUKa pocu He Butle — 70 °C)

KomMmmmoneHnTH muxTu
Ne 3pazka
In, r Yb, mr Al, Mr Si, mr Ga, T
1 2 3 4 5 6
1 4 5,5 - - -
2 4 - 5,5 - -
3 4 5,5 5,5 - i
4 4 5,5 - 16,5 -
5 4 5 5 16 -
6 - 5,5 - - 4
7 - 5,5 5 16 4

ALO; (puc.2). YTBOpeHHS LUX CHOIYK CBITYUTH ITIPO
MPUCYTHICTh Y BOJHEBIH aTMocgepi peakropa KHCHIO,
KOHIIGHTpAIlil SKOTO Yy BOAHI, OYHIICHOMY Yepe3
nananieBuit  6ap’ep, craHoButh ~10° 06%. Ilpm
JOZIaBaHHI B iHAIE€BMH pos3miaB opHoyacHo Al Ta Yb
YTBOPIOETHCS CKJIagHa cronyka YbsAlsOp,.  Crimis
OKCHAIB iTepOiro Ta alroMiHiIO BUsBIEHO He Oyino. s
TOrO, 00 OIIHUTH HMOBIPHICTH B3aeMOAIi KpPEeMHII0 i3
iTepbieM B po3miaBax, TyId CHELiAIFHO BBOAMBCS
kpemHii. KinpkicTe kpemHiro (Tabnmms 1), Oyma 3Ha4HO
OUITBIIOI0 HiX Ta, IO MOTJIA MOTPAIUIATH i3 Ta30BOi (azu
BHACTIIOK peakilii BiHOBJICHHS CTIHOK KBapIlOBOTO

peakTopa yncTuM BogHeM [22]. PertreHodazoBuii aHami3
CHONYyK, IO YTBOPWJIMCH B 1HII€EBOMY pO3IIIaBi,
JIETOBaHOMY iTepOieM Ta KpeMHieM, Mmoka3as (puc. 4), mo
YTBOPIOETHCS TUIBKM OJHA XIMi4HAa CIIOJlyKa — OKCHJL
itepOito. KpemHili XiMiYHHUX CIIOJYK HE YTBOPIOE, 1 OyB
3adiKCOBaHUI TIMBKU Y BUAI Okpemoi (asu. JlomaBaHHs
IIOMIHIIO B 1HII€BUH pO3IUIaB, IO MICTHTH iTepOil Ta
KPEMHIM He Karalizye yTBOPEHHsS KPEMHIMBMIIIYyIOUMX
XIMIYHUX CHONYK. B Takux po3miaBax YTBOPIOETHCS
TIIBKH TOTpiHHA cronyka Yb;AlsOpp (puc.5) sx 1y
3pa3kax, mo MicTiate Al ta Yb. Kpim Toro, xpemHiii,
TaKOXX BUSBJIEHO y BHII OKpeMoi (asm.

100

504

BigHOCHA IHTEHCUBHICTD
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Puc. 1. ExcnepumenranbsHa (CyniiapHa JiHiA) audpakrorpama 3paska 1 (Cu K -BunpominioBanss, 11 cexynan,
18 <26 > 115). BepTukanbHi prCKH BKa3yIOTh MOJI0KEHHS BiIOUTE skl iTeHTU(DIKOBAHUX CIIOTYK
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Puc. 2. Excniepumenranbha (cyuinbHa JiHist) qudpaxrorpama 3paska 2 (Cu K, -BunpominroBanust, 30 cexyH,
22 £20 > 122). BepTukanbHi pUCKH BKa3yIOTh OJI0XKECHHS BIIOUTH Akl iTeHTH(HIKOBAHUX CITONYK
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Puc. 3. EkcniepuMenTanbsHa (CyniibHa JiHist) audpakrorpama 3paska 3 (Cu Ko-BunpomintoBanus, 30 cexyHu,
15 <26 > 130). BepTukaibHi pucku BKa3ylOTh oJ0xeHHs BiouTh hkl ineHTndikoBaHux crioiayk

[MoniObHa KapTHHaA B3a€EMOJIl CIIOCTEPITa€eThCS Y
rajieBux  po3unHax. B mpucyrHocti  iTepOiro
YTBOPIOETBCS  OKcupa  itepOito  Yb,O; (puc. 6). B
HE3HAYHUX KUTBKOCTSX BHSBIIEHO KapOimu itepOito Yb;C
ta Yb,C;, AKi YTBOPWIMCH BHACTIOK MOTPAIUITHHS
BYIJICHIO y pO3IUJIAB Tadifo i3 rpadiToBoi KaceTw mph
BUCOKHX TeMIlepaTypax BiAmamy. B
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0araTOKOMIIOHEHTHHUX PO3IUTaBax, mo mictuth Al, Yb, Si
ta Ga Oyno 3adikCoBaHO YTBOPEHHS [BOX CIIOIYK
notpiitHol Yb3AlsO015, Ta okcumy amominito AlQ; i
BUSIBJICHO KpEMHIH y BHII OKpemoi ¢a3u (puc. 7).

TakuM YHHOM, aHaJi3 TPOLECIB B3aEMOIIi TPHU
BHCOKHX TeMIlepaTypax (OHOBUX JOMIMIOK (KHCHIO) Ta
creniagbHO BBeneHNX aomimok (Si, Al Ta Yb) y
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Puc. 4. ExcniepumenTanpHa (CyniiapHa JTiHiA) audpakrorpama 3paska 4 (Fe K -BunpomintoBaHHS, 25 CeKyHI,
20 <20 > 120). BepTukaibHi pUCKH BKa3yIOTh ITOJIOXKEHHS BiZIOUTD /kl iIeHTU(IKOBAaHUX CHOJIYK
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Puc. 5. ExcniepumenranbHa (cyuinbHa JiHis) qudpaxrorpama 3paska 5 (Fe K -BurpominioBanHs, 23 cekyHIH,
22 <260 > 120). BeprukaibHi pUCKH BKa3yIOTh IOJIOXKEHHSI BIZIOUTD /ikl iIeHTU(IKOBAaHUX CIOIYK
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Puc. 6. ExciepumenTanpHa (cyniipHa JiHIA) AudpaxTorpama 3paska 6 (Fe Ko-sunpominroBanss, 25 cekyHn,
20 <26 > 116). BepTuxanbHi puCKH BKa3yrOTh MOJ0KEHHS BinOUTh hkl inenTrdikoBaHNX criomyk
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Puc. 7. ExcnepumenTanbHa (CyninbpHa JTiHiA) audpakrorpama 3paska 7 (Fe K -BunpomiHtoBaHHS, 25 CeKyH,
22 <20 2> 111). BepTukanbHi pUCKH BKa3yIOTh ITOJIOXKEHH BiIOUTH /kl 1IeHTU(IKOBAaHUX CHOJIYK

PO3IUIaBH 1HJIIO Ta Talilo OKa3aBs, II10:
1. Itep6iif Ta amroMiHil 3B’A3YyIOTh (DOHOBHH KHCEHBb 3
YTBOPEHHSAM OKCHIIB a0o0 OiNbII CKIQAHUX XIMI9HHX
CHOJIYK — MOABIAHUX OKCUIIB Yb3AlsOq,.
2. TlinTBepmKeHO, M0 KHUCEHb € OIHIEID 13 OCHOBHHUX
(hOHOBHX JIOMIIIOK, sIKa MOTPAIUISE Yy PO3ILIAB iHIII0 41
rajliio IijJ Yac iX TOMOTreHi3alii i3 ra3oBoi arMochepu
peaxTopa.
3. ItepOiii 1 ayOMiHIH HE yTBOPIOIOTH XIMIYHUX CIIOJIYK
i3 kpemHieM, a00 X KOHIIGHTpAIlii [HUX CIHOIYK €
MEHIIIO0 BIJIT po3aiIBHOT 3aTHOCTI METOIY
PEHTIEHIeHIBCHKOTO (Pa30BOT0 aHai3y.

BukoHyOuM Jpyry 4acTHHY MOCTaBJICHOTO HaMu
3aBIAHHS MM TPOAHATI3yBaJM 3MiHYy KOHIIEHTpamii
HOCIiB 3apsay B mapax GaAs ta InGaAsP min BruiuBoM
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JETYBaHHSA  PIOKICHO3EMENbHHUMHU  €JIEMEHTaMH  Ta
AIOMiHIEM.

[podini posnoxiny KoHIEHTpalii HOCIIB 3apsmy Ta
ix pyxmmBocreit B mapax GaAs Biix KOHIEHTpauii
rajioJIiHIl0 UM CKaHMII0 y pO3YMHAX pO3IUIaBax rajito
npuBeneHi Ha puc. 8. Taki x 3anexHoOCTI M MapiB
GaAs OTpUMaHMX i3 TallieBUX pPO3IUIABIB, JIETOBAaHUX
itepbiem (kpuBa 1) Ta KoMIuleKkcHO jeroBanux Al Ta Yb
(xpuBa 5) mpuBeneHi Ha puc. 9. TumoBuMm [uId HHX €
3MEHIIICHHSI KOHIIGHTpAIlil eJIeKTPOHIB TpH 3POCTaHHI
KOHIICHTpAIil PiAKICHO3EMEIBFHOTO eJIEMEHTa B PO3ILIABI
rajifo, Ta IHBEpCis THUIY IPOBITHOCTI MpPH TIEBHUX
KPUTUIHHUX KOHIIEHTPAITIsIX PiAKICHO3EMEEHOTO
eJIeMEeHTa y pO3IUIaBi Tramio. AHAJI3y0ud [Iil0 pi3HUX

piIKICHO3EMEJIbHUX €JIEMEHTIB Ha  eJleKTpodi3nyHi
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Puc. 8. [Ipodini po3moninay KOHIIEHTpAIIii eJIeKTPOHIB (a) Ta iX pyxiauBocTi (0) B emitakciiHuX mapax GaAs
OTPUMAHUX i3 TAJIIEBUX PO3IUIABIB JICTOBAHKX PI3HUMH TOMiITKAMH:
1-Gd;2-Sc;3-Gd+ Al(1:10° ar%); 4 - Sc + Al(1-10° a1%)

napaMeTpyd  [apiB  MOMI4aeMO, IO  3POCTaHHS
nopsiakoBoro Homepa B pani Sc — Gd — Yb (Sc- He €
PIIKICHO3EMEIIEHUM €JICMEHTOM, alie BHSIBIIIE TaKi XK
XIMIYHI BJaCTHBOCTI) TPHBOAWTH OO 3CYBY TOUYKH
igBepcii B 6ik Oumpmmx koHneHTpamiin P3E B posmrasi
ramito. B mapax GaAs, neroBaHux ckaumieM (KpuBa 2
puc. 8a) 1HBepCis MPOBIAHOCTI CIOCTEPIra€ThCsl TPHU
0,022 at% ckaHzio y rami€BoMy poO3IUIaBi, TOHAI AK B
mapax GaAs, JleroBaHux ragoiidiem (kpuBa 1 puc. 8a)
Ta iTepbiem (kpuBa 1 puc. 9) iHBepcis BiOyBaeThCs MpU
0,032 ar% Ta 0,04 ar%, signosigHo. HaiGiabIn
HMOBIPHOIO TIPHYMHOIO IOTO SIBHIIA € CIaJaHHs
ximignoi aktuBHOCTI P3E (0coOMMBO 1010 KHCHIO) i3
301IBIIEHHSM ITOPSAKOBOIO HOMEpa €JIEMEHTa.

3HavyHI 3MiHH eNeKTPO(I3MYHUX MapaMeTpiB IIapiB
GaAs cnocTepiraeMo TpH KOMIUIEKCHOMY JIeTYBaHHI
Talli€eBUX PO3IUIABIB PiAKICHO3EMEIPHIMU €JIeMEHTaMH
Ta amoMiHieM. J[olaBaHHS TUIbKH alIOMIHIIO 3MEHIIY€
()OHOBY KOHICHTpAI[II0 EJNEKTPOHIB B eMiTaKCIHHUX
mapax Big (5-6) 10" em™ mo (1-2) 10" em™ . Skmo B
po3IuIaBax OJHOYACHO MPUCYTHI iTepOiil Ta aaroMiHii, TO
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TOYKa IHBEpCii THITy NPOBIJHOCTI IIapiB 3CyBa€ThCS
BJIiBO B OiK MEHIIMX KOHIIEHTpaLiil piIKiCHO3EMEIbHOTO
eJIeMEHTa y posIuiaBi rajiro. [Ipudomy, e 3MilieHHs €
TUM OUTBIINM, YAM MEHIIHHA TopsnkoBuii Homep P3E
(xkpuBi 3 1 4 puc.8a. kpuBa 5 puc.9). 3MeHIICHAS
KOHILIGHTPALIl CYNPOBOIDKYETHCSI 3HAYHHM 3POCTaHHAM
PYXJINBOCTI €JeKTpoHiB (puc. 80) y MOpIBHAHHI 13
mapaMy, JIETOBAHUMH TiJbKH  PiJIKiICHO3EeMEITbHUMH
enemeHnTamu. B mrapax GaAs, oTpuMaHHUX i3 PO3IUIaBiB
komIutekcHo JeroBanux Gd (Sc) ta Al pyxuuBicts npu
77K mocsrae 3mauens (55000-60000) cm?/Be. B mapax
p-GaAs, He 3aJeXHO BiA MPUPOIM Ta KIIBKOCTI
PiIKICHO3EMEIBHOTO €JIeMEeHTa Y pO3IUIaBi, 3HAYHUX
3MiH KOHIEHTpauii Jipok He croctepiraemo. Otxe,
MOXKHA TPUIYCTHTH, IO PiOKICHO3EMENbHI €IeMEHTH
BUSIBJSIIOTh  aKTHBHICTH B OCHOBHOMY IO JOHOPHHUX
(hOHOBUX JOMIIIOK.

B TtBepmux posumHax InGaAsP, orpumanux i3
IHII€BUX PO3IUIABIB, JICTOBaHUX iTepOieM (kpuBa 1 puc.
10), takox BimOyBaeThCs iHBEpPCis MPOBIJHOCTI, MPOTE
KpUTHYHA KOHIIEHTpaIlis iTepOito B posmiasi (0,07 at. %)
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€ OinpIIO0 Maibke y ABa pasu, HDK ansa mapiB GaAs,
JIeroBaHux irepOiem. JlomaBaHHS aOMIHIIO pasoM i3
iTepOieM B IHIIEBHUI PO3ILIaB 3CyBa€ TOUKY iHBepcii B Oik
MEHIIIMX KOHICHTpALild iTepOif0, a TaKOoX IO3BOJISE
OTPUMYBATH ermiTakciiiii mapu 3 KoHuenTpamiero 5-10
cM, 10 Ha MBMOPSAKY HIKYE, HiX B IAPAX JErOBAHAX
TUIBKH 1TEpOieM.

Crin 3a3Ha4YMTH, IO TaKHH )K€ XapakTep MOBEIIHKU
eJNIeKTpO(I3NYHUX  TapaMeTpiB  CIOCTEpIraeMo B
emiTakciiHMX mapax InP, KoMIUIEKCHO JieroBaHHMX
PLOKICHO3EMENFHUMH €IeMEHTaMH Ta afoMiHieEM [23].

[IpoBeneHi HAMU IOCIIHKEHHS TIO BiATIATY 1HIIEBHX
Ta TaJi€BUX PO3IUIABIB IMOKa3aB, IO PiJIKICHO3EMEIbHI
eIIEMEHTH Ta aJTIOMiHIH e(QEeKTHBHO 3B’S3YIOTh KHCEHbD,
MPUCYTHIH B po3miaBax. [yms Toro, mo0 BCTaHOBUTH
MEXaHi3M BIUIMBY Ha eJeKTpodi3uuHi mapamerpu
KOMIUIEKCHOTO JIETYBaHHS po3IUIaBiB
PIAKICHO3EMEIIbHUMH €JIEMEHTAMHU Ta aJTIOMiHIEM, OyJIH
MIPOBEJCHI €KCIIEpUMEHTH o HapoIIyBaHHI
emitakciiHnx miapiB GaAs Tta InGaAsP, B korpux
pO3IUIaB Talil0 CIELiabHO JIETYBABCSI OJIOBOM, CipKOIO
Ta KPEeMHIEM B KUIBKOCTAX, INO 3a0e3medyBaid
KOHIIGHTpALIiI0 eTeKTpoHiB B mapax (5-7):10" em™. s
KOHIICHTpALliI € Ha TOPSINOK OUIBIIOI, HIK Ta, IO
BH3HA4YaeThCsl  (poHOBMMH  moMimkamu. Jami, He
3MIHIOIOYM KOHIIEHTpamii Jeryrouoi JOHOPHOI AOMIIIKH
(Sn, Si yn S) y po3minaB BBOAWIHNCH pPi3HI KUIBKOCTI
irep6iro Ta amominiro (1-107 ar. %) i 3 Takux po3miaBiB
HapollyBajauch enitakciiini mapun GaAs ta InGaAsP.
PesynbraT BHMipIOBaHb KOHIEHTpAllii €JIEKTPOHIB B
LUX IUTIBKaX TpHBEJeHI Ha puc. 9 (kpusi 2, 3, 4, 6) Ta
puc. 10 (xpusi 2, 4). OnoBo Oyno BHOpaHO HAMH SIK

JIOMIIIIKa, o MaiKe HE B3aEMOJIIE 3
pPIOKICHO3EMENPHUMH ~ €JIeMEHTaMH B pPO3YMHAX-
posmmaBax [9]. Tomy, 3amexHICTP KOHIIEHTpAIil

CJIEKTPOHIB B IIapax JieropaHux Sn, Ta Yb MokHa
npuiiHatd 3a 6a3oBy (kpuBa 2 pwuc.9). 3MeHIIEHHs
KOHIIEHTpAIIii €JIeKTPOHIB, KOTPE MH CIIOCTEPIraEMo Mpu
3pOCTaHHi KUIbKOCTI iTepOito sik B miapax GaAs Tak 1 B
InGaAsP (xpuBa 2 pwuc. 10), 3ymMOBIEeHO THUM, LIO B
po3IUIaBax rajiro Ta iHAIIO € MPUCYTHIH KUCEHb (IOHOD),
KOTPUH TreTepyeThcs iTepOieM 3 YTBOPEHHSIM OKCHIIB
itepbito (puc 1, 6). HacmimkoM LbOro € 3MeHIICHHS
KIUJIBKOCTI KHMCHIO, KOTPHH IMOTPAIUISIOYN B eIiTaKciiHi
1apH, CTBOPIOE TIIMOOKI JOHOPHI PiBHI.

3MimeHHEs KpWUBOI KOHIEHTPALIHHOI 3aJIeKHOCTI
€JIEKTPOHIB BHH3 BiJ 0a30B0i KpHBOi OyzAe CBITYUTH TIPO
B3a€EMOJIIO BBEIAEHOT JIOHOPHOL IOMIIIKHA 3
PiAKICHO3EMEIbHUM €leMeHTOM. YuM Oljgbllie Take
3MIIIEHHS, THM CHIBHIIIOK € B3aemomis. Kpua 3
(puc. 9) 3MinryeTbcst BIJHOCHO KPHBOI 2 HE3HAYHO, IO
CBIIYMTH IIPO CJIaOKy B3a€EMOAII0 KpPEeMHIiI0 i3 iTepOieM.
Ie 30kpema, MiATBEPIHKYETHCS HU3bKOTEMIIEPATYPHUMHU
CIIEKTpamMu (hoToFOMiHECTICHITI T rapis GaAs,
nociimkenux B [24]. Kpusa 4 3mictmiack Bin 6a30BOTO
MTOJIO’KEHHS 1 HAOJIM3MIIACh 10 TPAHUYHOTO 3HAYCHHS, 110
BH3Ha4YaeThCs KpuBow 1 (puc.9). lle mae minmcraBm
CTBEP/UKYBaTH TIPO e(BEKTUBHE TIeTEPyBaHHS CipKU
iTepOiem. HaiiOinpIn 1iikaBuid pe3ysibTaT OTPUMYEMO TIPU
KOMIUIGKCHOMY JIeTyBaHHI pO3IUIaBiB  iTepbieM Ta
amoMiHieM. J[omaBaHHs ATOMIHIIO CIPUYMHSIE 3HAYHE
HiJBUILEHHS TeTepyrodoi aii mono kpemHito. Kpusa
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KOHIICHTPaLiHO1 3aJIeKHOCTI €JIEKTPOHIB B
emitakciiaux mapax GaAs (kpuBa 2 puc.9) 3HAYHO
3MICTHIIaCh BiJl CBOTO 0a30BOTO MOJIOKEHHs (KpuBa 2),
IpoTe, 1€ He NOCAra CBOTO TPAaHUYHOTO MOJIOKEHHS,
10 BU3HAYAETHCSI KPUBOIO 5 (puc. 9).

Taky ok rerepylody Ji0 IOJO  KPEMHIIO
crioctepiraeMo B emiTakciiiuux 1mapax InGaAsP,
OTpPUMaHUX 13 IHAIEBUX DO3ILUIABIB JIETOBAHMX iTEpOieM
Ta amoMinieM (puc. 10).

Bazyrounce Ha BHIIE OTPUMaHHX pe3yJibTaTax
MO>XXHa 3alIPONOHYBATH MOJEINb, SKa O MOSCHUIA BIUIUB
KOMILIEKCHOTO JIETYBaHHS Ha BIACTUBOCTI EMITaKCiHHUX
mapiB GaAs ta InGaAsP.

Pe3ynbraToM BIDIMBY piAKICHO3EMENBHUX €JIEMEHTIB
Ta aJIOMiHII0 Ha eNeKTpo(]i3udHI BJIACTUBOCTI IIApiB €
pi3ke 3MEHIIEHHs KOHLEHTpalil eJeKTpoHiB (Ha
JieKibKa mopsiskiB) B mapax A;Bs. PinkicHozemenbHi
€JIEMEHTH Ta AJTIOMIHIH, K 1 METaJM-PO3UMHHUKHU Talil
Ta iHIIM, € enemeHTamMH TpeThoi rpynu IlepiomuuHoi
cucremd. ToMmy, BOHM HE MOXYTh OyTH aKIENTOPaMH,
KkoTpi © KOoMmIleHCcyBanM HasiBHI B A;Bs Marepiamax

IOHOpHI meHTpu. TuMm Outblle, MO 3pOCTaHHA
PYXJIMBOCTI HOCIIB 3apsay B IIapaxX, OCOONHBO IIpH
KOMILIEKCHOMY JeTyBaHHI po31IIaBiB
PIAKICHO3EMENbHUMH ~ €JIeMEHTaMH Ta  alllOMIiHIEM,

CBIIUMTh TPO HE3HAYHy KOMIICHCAII0 IOMIIIKOBUX
HEHTPiB B HUX. ToMy, akmenTopHa Iisi IOCTiIKyBaHHX
€JIEMEHTIB MOXKe OyTH 3yMOBJIEHa INPHHAIMHI JIBOMa
npuunHaMu. llepma i3 HMX moJdsrae B TOMY, LIO
PiAKICHO3EMEIbHI €JICMEHTH Ta AIIOMIHINA B3a€MOIIIOTH
i3 ()OHOBMMHM JIOMIIIKaMH B PO3IUIABI 1 TaKUM YHHOM
MEePEIKO/PKAIOTh X MPOHUKHEHHIO B EITAKCIHHI HIapH.
OcHoBHuME  (oHOBUMH fomimkamu B (GaAs Ta
InGaAsP, 3TIIHO BHILIE TIPUBEICHUX HaIAX
eKCIIEPUMEHTANBHUX PEe3yNIbTATiB Ta JAaHUX aBTOPIB [4],
€ KuceHb Ta KpemHiil. [lepma i3 HEUX € gOHOpOM [6], a
Ipyra TposiBiIsie  aM(OTEepHI BIACTHBOCTI 1 TMpH
Temmneparypax  emitakcii Hmwkue 870°C  3aiimae
MEepeBaKHO BAaKaHTHI BY3JIM y MiATrpajlli rajiiroo, i Toxl
MOBOAMTh cebe sk moHOp [5]. 3rigHO HaHWX IO
BUCOKOTEMIIEpaTypHOMY Bianany (puc. 1-7) B iHAIEBHX
Ta TaJi€BUX pO3IUIaBax, jeropaHux Yb ta Al i Yb,
YTBOPIOIOTBCS MPOCTI a00 TMONBIHHI OKCHAM UX
€JIEMEHTIB, KOTpi Maro4ll MEHIy T'YCTHHY CIUIMBAIOTh HA
MOBEPXHIO PO3YMHY-PO3IUIaBy. 3aBASKHA LOMY 3HAYHO
3MEHIIYETBCSA KITBKICTh KHCHIO, IO TOTPAIUILe€ B
emiTakciiHUM 1map, BigOyBaeThcs HOro “‘odmcTKa’.
Kpewmmiid, SIK ToKa3aiu pe3yabpTaTH
BHCOKOTEMIIepaTypHOro Bimmamy, (puc.4, 5, 7) HI 3
iTepbieM HI 3 aQIOMIHIEM OKpeMo, YW TpH iX
OJTHOYACHOMY JIOJIaBaHHI y pO3IUIaB, XIMIYHHX CIOJIYK
He yTBoptoe. IIpoTe, mpu KOMIUIEKCHOMY JIeTyBaHHI
KOHLICHTpALlisl €IeKTpoHIB 5K B mapax GaAs Tak 1 B
InGaAsP 3MeHmyerscs e Oinplie, HDK NpH JIeryBaHHI
PO3IUIABIB TUIBKU PiIKICHO3EMEIEHUMH €JIEMEHTAMHU.
[IpruoMy, el eeKT CympOBOKYETHCS 3pPOCTAHHIM
PYXJIUBOCTI €JIEKTPOHIB Maibke y aBa pa3u (puc. 8), mo
CBIIUUTh TPO HEKOMIICHCAI[IMHUIA MEXaHi3M OYUCTKH
IpH KOMIUIEKCHOMY JIeTyBaHHI pO3IUIaBiB. Tomy,
JIOTIYHO TIOB'sI3aTH Ppi3Ke 3MEHIICHHS KOHICHTpaIlii
€IeKTPOHIB Ta 3pPOCTaHHA iX PYXJIUBOCTI B IITiBKaxX
BIUIMBOM PiIKICHO3EMEIbHUX EJIEMEHTIB Ta aTIOMIHIIO Ha
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Puc. 9. [Ipodini po3noniry KOHIEHTpALi] €1eKTPOHIB B €IiTaKCIHHNX mapax GaAs OTpUMaHUX i3 rallieBUX
PO3ILIABIB JICTOBAHUX Pi3HUMU JTOMIITKAMHU:
1-Yb;2-Yb+Sn(8107 ar%); 3 - Yb + Si(1-10™ a1%); 4 - Yb + S(1-107 at%);
5-Yb+Al(1-107 at%); 6 - Yb + Al(1-10”at%) + Si(1-10™" at%)
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nepepo3noil AeeKTiB B Mpoleci KpucTaiizamnii mapis.
e i Moxxe OyTH Ipyroro NPHUYMHOIO, KOTpPA IOSCHIOE
aKIENTOPHY [iI0 JOCHIIPKyBaHHX eJeMeHTiB. /[lilicHo,
KoBasleHTHI pamiycu Sc, Gd, Yb (1,44, 1,62, 1,57 um
BIINOBIOHO [26]), 3HAYHO NEPEBUINYIOTh 3HAYCHHS
KOBAJICHTHOTO pajgiyca aTtoMa ramito — 1,25 HM [26].
Tomy, MaOHMOBIPHO, IO Ii AOMILIKK MOXYTh 3aiiMaTh
Mmicus y Bysiax migrparku enementa I rpynu i, otxe,
3MEHITYBaTH BipOTiHICTH MOTaIaHHs
HEKOHTPOJIbOBAHOI JIOMIIIKA KPEMHIIO Yy Li Mo3uuii, a
3HAYUTh 3HIKYBaTH €(DEKTHBHICTh HOTO JOHOPHOI Aii.
Ha «xopucts 1poro cBifuarh Hami  pe3yibTaTd
JMOCTIIDKCHHS ~ PO3MOAITy  iTepOif0 MO  TOBIIWHI
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Puc. 10. IIpodini po3noxiny KoOHIEHTpaIll eNeKTPOHIB B emiTakciiHux mapax InGaAsP (A .o, = 1,06 MxMm)
OTPUMAaHUX 13 IHIIEBUX PO3IUIABIB JIETOBAaHUX PI3HUMH JOMILIKAMHU:

1-Yb;2-Yb+Si(510-2 ar%); 3 - Yb + Al(1-10-3 a1%); 4 - Yb + Al(1-10-3 a1%) + Si(5-10-2 a1%)
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enitakciiHoro mapy GaAs MeTOJOM BTOPHHHOI i0HHOT
maccnekrpockonii (BIMC) 3rinHo sikux itep0iii B mapax
He 3adikcoBano. Lle y3romkyeTbes 13 BiTOMUMH JaHUMH,
OJIep>KaHMMU 3a JOMOMOTOI0 METOy “MIYeHHX aTOMiB” 3
BHKOPHCTAHHSAM DPaJli0aKTUBHOTO 130TOIIa 16‘)Yb, 3TiIHO
KOTpHUX, KOHIICHTpALis iTepOil0 B emiTaKCIHHUX Mapax
GaAs cranosute ~ 107 cem?®. Ile e HecmiBMipHO0O
BEJIMYMHOIO 3 KOHIICHTPALIEI0 BITPHUX HOCIIB 3apsay B
JIOCHI/PKYBaHUX IUTIBKax. Tomy, BIUIMB iTepOil0 Ha
BXOJ/DKECHHSI KPEMHIIO B KPUCTAJIIuHy Tpatky mapiB GaAs
€ ManolmoBipHuM. OTKe, BH3HAuYallbHY poOJb B
Nepepo3noIli TOYKOBUX Ne(EKTiB BIIIrpae amoMiHIMH.
Maroun KoBaJIeHTHHH pazmiyc 1,25 HM oIHAKOBHWH i3
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Puc. 11. BIMC npodini posmoniny Si, Yb ta Al B emitakciiinux mapax InGaAsP (A o = 1,06 Mmxm) Ta GaAs: 1 —
GaAs:Yb(3,7-107 a1%)+ Al(1-107a1%); 2 — InGaAsP:Yb (7-107 at%);
3 —InGaAsP: Yb(7-10-2 at%) + Al(1-10-3a1%); 4- GaAs (neneroBanuii); 5 — GaAs:Yb(3,7-10-2 a1%)+ Al(1-10-
3a1%). (KpuBi BUMipsHi Ha ogHOMY 3pa3Ky ze: 1—posnoxin- Al; 2— posnozin- Si)

KOBAJICHTHUM pajiycoM raimito [25], BiH 3aiimae wmicue
BakaHCii ramiro. J[iicHO, HOT0 KOHIIEHTpAIlisl B mIapax,
srigao mannx BIMC, cramoButs ~7-10"7 em™ (puc. 11
KpuBa 5). 3aBISKU I[bOMY, NPH KpUCTATi3allii I[apy
GaAs KUIBKICTh KpEMHIlO, KOTpWil 3aiiMae BakaHCIil
rajiro, 3HAYHO 3MeHIIyeTbesa. Ile Mu  Oaummo
MOpiBHIOIOYH Tpodiii po3NOAIY KpEeMHil0, BUMIpsHI B
HeJlleroBaHux (KpuBa 4) Ta KOMILUICKCHO JieroBaHux Al um
Yb enirakciiinux mapax (kpuBa 1 puc. 11). Kpemniid
3aNUINAETECA Y PO3YMHHUKY (Tajiil) i HE YTBOPIOE
€IEKTPUYHO AaKTHUBHHX IICHTPIB B CITAKCIHHUX IIapax.
Pe3ynbTaToM LBOTO € 3MEHIIECHHS KOHLEHTpAIii HOCIIB
Ta 3HayHe (y MOPIBHSHHI 13 MIapaMH JIETOBAHUMH TLIBKU
iTepOieM) 3pocTanHs TX PyXJIMBOCTI.

Maiixke moOmiOHMM, aje JOem0 CKIAZHIIIAM €
MeXaHiSM BIUIUBY KOMIIJIECKCHOI'O JICTYBaHHA Ha
BiacTuBocTi mmapiB InGaAsP. BinminHicTs momnsirac B
TOMY, 1110 KOBaJICHTHI paniycH ingiro (1,5 HM) Ta iTepOito
(1,57 am) € 6mm3pkumu [25]. Tomy, nmpu Kpucramizarii
mapiB  InGaAsP irepb6ili Moke 3aliMaTH dYacTHUHY
BaKaHCIH 1HIIIO MEePeNIKOHKAI0YN BXOKCHHIO KPEMHIO
B migpemritky exemenTa III rpymu. Lle minTBepmKyeThCs
pe3yibTaTaMi BTOPUHHOI 10HHO MacCIIEKTPOCKOITIi pHC.
11 xpumBa 2. IlikaBUM TyT € Te, OO NIPHU THUX KE
KOHIEHTpALiaX iTepbito y posmiasi (7-102a1%), ame B
npucytHocti  amominiio  (1-10°a1%),  KoHIEeHTparis
irepbiro y miiBkax InGaAsP 3pocrae i cranoButh 810"
cM? (puc. 11 xpusa 3). Ileii epekT MU MOSICHIOEMO TaKUM
yuHOM. AHami3 ckiaxy okcumie Yb,O; ta ALO; i
nojBiiHoro okcuny Ybs;AlsOp,, sIKi yTBOPIOIOTBCS B
po3IuIaBax BHACIHIJOK B3aEMOXIi IIpM TroMoreHi3amii
po3mnaBiB (puc. 3) TmMOKazye, IO KUIBKICTh AaTOMIiB
KHCHIO, sSIKa 3B’S3YETBCA Y pO3IUIABI B IPHCYTHOCTI
okpemo Al un Yb, € Takoro X, 5K 1 IpH X OJHOYACHOMY
J0ZIaBaHHI B iHmieBUH posruiaB. IIpore, Ha yTBOpEHHs
MOJICKYJIM ~ CKJIaaHoro oxcuay Yb;AlsOp,,  koTpuid
YTBOPIOETBCS B  PO3IUIABI  TUIBKM B TNPHUCYTHOCTI
OJJHOYAaCHO aIOMIiHII0O Ta iTepOilo, BHUTPAYAETHCS
amoMiHito B 1,7 pasiB Oinblle HiX iTepOito. A e MOXe

OyTM UYMHHMKOM TOTO, IO B pO3IUIaBax, JIETOBAHUX
3pOCTaTUME KiJIbKICTh BUIBHHX aTOMIB
iTepOit0, KOTPi MOXKYTh MOTPAILISATH B €MITAKCIiHMIT map
B OLJBINMX KiABKOCTSX. TakuM YHHOM, B €IMITAKCIHHUX
TOYKOBHUX
Je(eKTIB BIAIrpae sIK aTFOMiHIH (3TiIHO OMHCAHOTO BUIIE
iTepOii,
BOY/ZIOBYIOUNCH B IiArparky eiaemenra Il rpymnu i maroun
JIeno BiMIHHMHK Bif iHIII0 KOBJIEHTHHUH pajiyc, MOXe
BiJirpaBaTl pOJIb TETEPYIOYOro IEHTpY [7], HaBKOIO
KOTPOTO CKYIMYYIOThCS IHIINI JOMIMIKA 3 YTBOPEHHSIM

aJIOMiHIEM,

mapax InGaAsP poap B mnepepo3noaini

MexaHi3My) Tak 1 itepbiid. Kpim Toro,

HEHTPaATLHIX KOMIUIEKCIB.

BucunoBkn

Ha ocHoBi ineHTHiKaii XiMIYHHX CIIONYK, IO
XIMIYHUX peakmiii mpu
BHCOKOTEMIIEPaTypHOMY BiIITaji pO3IDIaBiB Tajifo Ta
IHAIF0 B aTMOC(epi BHCOKOYHCTOIO BOIHIO 3 TOYKOIO
pocu — 70 °C BCHOBIEHO, MO iTepOiid Ta amrOMiHIA
3B’s13yI0Th ()OHOBHIl KHCEHb 3 YTBOPEHHSIM OKCHIIB 200
OUTBII CKJIAHUAX XIMIYHHUX CHOJIYK — IMOJBIHHMX OKCHJIIB
Yb3Al;04,. IlinTBepmKkeHO, IO KHCEHb € OJIHIED 13
OCHOBHUX (DOHOBHX JIOMIIIIOK, SIKa OTPAIUISIE Y PO3ILIAB
IHAII0O YW Talliio g 4ac IX roMoreHizamii i3 ra3oBoil

YTBOPWIIUCH B  Pe3yJbTaTi

atMoctepun  peakropa. IrepGiii 1 amomiHil

YTBOPIOIOTh XIMIYHHX CHONYK i3 KpeMmHieM, abo X
KOHIICHTpAIlisl WX CHOJIYK € MEHIIOK Bil pPO3AUIBHOI
¢dazoBoro

3aTHOCTI
aHamisy.

METOJly  PEHTI€HICHIBCHKOTO

BceranoBieHo, mo B emitakcidHux mapax GaAs Ta
InGaAsP, orpuMaHuX i3 pO3IUIABIB Tajlil0 Ta IHIO,
PiAKICHO3EMETbHUMHU
€JIEMEHTaMH Ta QIIOMIHIEM, CIIOCTEpIraeTbesi edekt
aHOMAJIbHOT “OYMCTKM”’, SIKUH TIIONSAra€ B 3MEHIICHHI
KOHIeHTpalii enekrponis 1o (7-10°-4-10") cm® Ta
(50000-

KOMIIJICKCHO JICTOBAHUX

pi3koMy 3pocTaHHi  iX

55000) cm*/B-c.

PYXJIMBOCTI 110
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MexaHi3M OYHCTKHU emiTakciiHux mmapiB GaAs, InGaAsP...

3amponoHoBaHa MOJENb, IO IOSICHIOE MEXaHi3M
aHOMAJIBHOT “‘ouyMCcTKH” emiTakciiHux mapiB GaAs Tta
InGaAsP Big (oHOBUX JOMIIIOK 3 OAHOrO OOKY,
B3aEMOIIEI0 PIAKICHO3EMEIIbHUX EJIEMEHTIB Ta AIFOMIHIIO

noaBidHuX OKcHaiB Yb3;AlsOj;, SKI 3adMIIAIOTHECS B
po3umHi-po3MmiIaBi, 3 IHMOro OOKy, BIUIMBOM Ha
MEPEPO3MOaIT TOYKOBHX IC(PEKTIB ATIOMIHIIO B MIapax
GaAs Ta amoMmiHiro i iTep6iro B mapax InGaAsP.
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Mechanism of Cleaning Epitaxial Layers GaAs, InGaAsP Under the Influence of
Complex Dopping in Melts by Rare-Earth Elements and Aluminium in
Technology LPE
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Co-operation of rare-earth elements and aluminium with background admixtures in melts of gallium and indium
at the temperatures of annealing 1100°C was explored. The influence of complex dopping in melts of gallium and
indium by rare-earth elements and aluminium on electro-physical properties of GaAs and InGaAsP layers obtained at
the temperatures of epitaxy 640-700 °C. On the base of conducted researches the offered model, which explains the
mechanism of anomalous "cleaning" of epitaxial layers GaAs and InGaAsP from the background admixtures by
gettering oxygen in melts through formation of oxides Yb,0s, Al,0; and double oxides Yb;Al50,,, and by influence
of rare-earth elements and aluminium on redistribution of defects during the process of layers crystallization.
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