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V cTarTi NpeACTaBICHO Pe3yJIbTaTH eKCIIEPUMEHTAIbHHUX JOCII/DKEHb JTIOMIHECIICHTHUX BJIACTHBOCTEH TOHKHX
IUTIBOK MOTpiHUX crolyk GaN,As,, OTpIMaHHUX NUIIXOM HITpUAHM3alii mopyBartux miaknagok GaAs. BusHaueno
MOXJIMBICTh KEPyBaHHS KOHIEHTPALI€I0 MUII SIKY Ta a30Ty y croiyni GaNAs 3aBasky onTuMi3amii TEXHOJIOTTIHIX
napameTpiB oro Bianaiy y 30y/KeHuX aroMax azory. OTpuMaHi pe3ysibTaTH € LiKaBUMH Y acHeKTi BUKOPHCTaHHS
ninknankn GaAs kpucranorpagiynoi opientanii (111) mns nopamemoro ¢opmyBanHs OGinapHoi cronykn GaN
KyOiuHol Moamdikamii. Iloka3aHO MOXJIMBICTE 3MIHM EHEPreTHYHOIO IIOJIOXKEHHS OJIM3BKOKPAoBOI CMyrH
mroMiHecteHnii cnoaykun GaNyAs, Bix 2.63 eB no 2.44 eB npu 3miHi Benn4nHMA KOHLEHTpaLii My sky Big 1 1o
10%. Bu3Ha4eHO 3aNEKHICTh TUITy KPUCTANIYHOI IpaTk MIiBoK GaN Bix CTyNeHIO MOPYBAaTOCTI MiAKIALKH POI-
GaAs/GaAs(111). Ilokazano, mo BukopucTaHHsA migkmagok GaAs i3 BemmumHOIO mopysaTtocTi 30% cmpusie
orpuManHa MriBok GaN ky0Oiunoi mommdikamii. HasBHicTe xapakrepHoro miky 3.42 eB moB’sByerbes i3
MIPUCYTHICTIO KPUCTANITIB rekcaroHainbHoi Moaudikarii GaN y Marpuri ky6igHoro GaN.

Kurouosi cioBa: xy6iunuit GaN, GaNAs, nopysatnit GaAs, HITpHIA3ALis.
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Beryn

[otpiitai HamiBpoBigHUKOBI cromykd GaN,As)
BHUKIMKAIOTh OCTaHHIM 9YacoM 3HAaYHHH iHTepec
BHACIIZIOK  CHJIBHOT  3aJeKHOCTI IUPUHH  IXHBOI

3a00poHEHOI 30HW BiJ CITIBBiAHOIICHHS KOMIIOHEHT
IT’SITO1 TPy (KOHIEHTPANii a30Ty Ta MHII SKY), a OTOX
i MOXJTUBOCTI CTBOPEHHS Ha  ix OCHOBI
CBITJIOBHUIIPOMIHIOIOYHMX OITOCICKTPOHHUX MPUIAIB 13
HIMPOKKM pPOOOYHMM J1ialla30HOM BHIPOMiHIOBaHHS. Y
poborti [1] BU3HaYeHO, O NPUCYTHICTH y cnomyni GaN
MHUII'SKY y KitbkocTi 4 % 3yMOBIIOE 3MEHILCHHS
mupuHy 11 3a00poHeHO] 30HM 10 BenmumHM 1.7 eB. Y
OimpIn  mi3HIH poboTi [2] HaBeOEeHO TEOPETHYHI
pPO3paxyHKH IIOAO 3MEHIICHHS LIMPHHU 3a00pOHEHO{
30HM GaN Ha BeNMUYUHY MOPSAAKY i HaBiTH OLIBIIY, HiX
150 meB nHa koxHui 1% KOHICHTpaLii 301IbIICHHS
BiroueHb GaAs B matpuii GaN.

[oni6ui  xapaktepuctuku  cnoiryk  GaN,As; 4
0O0YMOBJIIOIOTh BEJIHMKHH MOTEHIIaN X BUKOPHCTaHHS y
Cy4acHill rayy3i BUPOOHHMIITBA MPHJIAMIB 3 Jiala30HOM
BUIIPOMIHIOBaHHS TIPaKTUYHO BiJ iH(payepBOHOI 10

yabTpadioneroBoi  obmacti  cmekTpy.  3a3HadeHi
ocobmuBocTi cTpykTyp GaN;As|, 0OYMOBIIOIOTH 3HAYHI
MEePCIIeKTUBH  IX  3aCTOCYBaHHA y  BUPOOHUIITBI
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KOJBOPOBHUX JIHCIUIEIB, MPHUCTPOIB 30epekeHHS Ta
Hakonu4eHHs JaHux ((ioseroBuil Ta ynbrpadioneToBuit
Jiarna3oHu), a TaKoX BAKIWBI ISl BUKOPHUCTAHHS Y

cucreMax  0e3apoToBOI Ta  IHTErpajbHO-ONTHYHOT
nepeaadi iHhopmarrii B Cy4acHil raimysi
TEJIEKOMYHIKaIil TOIIO.

Y  pobori [3] mpeacraBieHO  pe3yibTaTd

JOCITIKeHHS ceKTpiB oTomominecuennii (PJI) mapis
GaN, meroBanmx Mumr'skoMm. Y crekrpax @JI Oymo
3apeECTPOBAHO CMYTy i3 MakcHMyMoM eHeprii 2.5 eB,
o Oynio OB SA3aHO 13 peKOMOIHAIIIIHUME MIPOIECaMu Y
nokansHHUX obnacTsax GaN:As. Cmyra npu eneprii 2.6 eB
y criektpax DJI 3pa3kiB GaN:As crocrepiranach TaKoX y
pobori [4]. IIpupona cmyru DJI i3 MakCUMyMOM eHEprii
npu 2.6 B noB’s3yBanach i3 ONTUYHUMU NEPEXOJIaMU Y
cnonyiii GaNAs 3a y4acTio JTIOHOPiB As i3 3apsiiom +2.
VY poboti [5] mpencraBieHi LiKaBi pe3yibTaTd
JOCTIKCHb  JIFOMIHECICHINI IIapiB HITPpUAY Talito,
JICTOBAHOTO MHMIII'SIKOM, JIe BH3HAYCHO crenuQivHi
epextn y crmekrpax @®JI Takmx CTPYKTYp BHACIIIOK
tdopmysanHus kpucranitiB GaAs y marpuni GaN. ILtiBku
GaN:As Oynmu  BHPOLICHI METOJOM MOIEKYIISIPHO-
npoMeHeBol emitakcii Ha migknaakax candipy. 3a
pe3yIbTaTaMu aHawizy IHTEHCHUBHOCTI TIKiB
PEHTTeHOCTPYKTYPHUX JOCIIDKEHb OyJI0O BH3HA4YECHO



BrnactuBocrti ctpykryp GaNAs ta GaN, OTpruMaHHUX HITPHIU3AIIE0 MOPYBATHX MiAKIagok GaAs

00’emHy momo kpucramitiB GaAs — mo 0.03 %. VY
cnektpax PJI croctepirayimcs CMyTH i3 MaKCHMyMaMH
eneprii mpu 1.43 Ta 1.2 eB, mo Oyno oGymoBieHO came
BKJIQIOM KpuCTamliTiB GaAs, sKi 30CepeKeHi y IIiBKax
GaN.

Cxoxi pe3ysibTaTH BHBYCHHS JIIOMIHECIICHTHUX
BiactuBoctell cTpykryp GaNAs npezcrasieHi y po0OoTi
[6]. ¥V HuspkoTemnepaTypHux cnektpax @DJI Takux
NOTPIHHUX  CHOJYK  CIIOCTEpIraiuch  SIK  CMyTa
(yHIaMeHTaNbHOTO  (30HA-30HHOTO) BHIPOMIHIOBaHHS
GaAs (1.5 eB), Tak i cmyra i3 MakCHMyMOM €HEpTii
moommy 1.27 eB, saxy Oymno moB’s3aHO i3
BUNIPOMIHIOBaHHAM  KpuctamitiB ~ GaN  KybOiuHOi
MO U (IKaIi1, JETOBAHUX MHIII SIKOM.

Y  pobori [7] TmpencraBieHO — pe3yabTaTH
JOCHI/DKEHHST BIUIMBY aBTOJIeryBaHHs IUIiBOK  GaN,
oTpuMaHuX Ha migknagkax GaAs, atomMamMu MHMIISIKY.
byno BH3HauYeHO cyMill $K TIeKCaroHajbHOi, Tak 1
KyOiuHOi (a3 y Hirpuaniii Oinapaiii cnomymi GaN. Y
cnekrpax ®JI npu 77 K Oyno 3apeectpoBaHO cMyry i3
MakcuMyMoM eHeprii npu 3.42 eB (362 HM), sixka Moxe
OyTH 3yMOBIIEHa HasBHICTIO y KyOiuHill Momumbikarii
GaN BxmoueHp kpucramitiB GaN  rekcaroHajabHOI
Moudikarii; mogiOHe SBHIIE CIIOCTEPIraloch TAKOXK Y
pobori [8].

TakuM YHHOM, KOHTPOJIb MOJIEKYJSIPHOTO CKIamy
notpitHnx cnomyk GaNyAs)y (BeTHYMHH Hapamerpy X,
4K (1-x)) — 3a7a4a HECYMHIBHO aKTyajJbHa Ta CBOE€YACHA.
KpiM TOTrO, MepcreKTrBa peryitoBaHHs CITiBBIHOILICHHS
KOMIOHEHTIB croiiyk GaAs Ta GaN y miBkax GaN,As;
(abo mapamerpa x y Wil MOTPIHHIA CITOMYIl) 3yMOBIIIOE
YHIKJIbHY MOXIIMBICTh OTPUMAaHHS
HAIIBIPOBITHUKOBUX CTPYKTYp i3 BHCOKOKOTEPEHTHHM
BUIIPOMIHIOBAHHSM, M0 €(DEKTUBHO IEPECTPOIOETHCS Ta
BUKOPHCTOBYETHCS Y JIA3EPHUX Ai0AaX, SKi MOTSHIIHHO
MOXYThb OXOIUTIOBATH IIMPOKUII CIIEKTPaIbHUIA Aiana3oH
BiJ OJIMKHBOTO iH(paYePBOHOTO i (o)
yIbTpadioneToBOTO.

Hitpuauzanis ninknagok GaAs € NepCreKTHBHUM
3aco000M OTpuMaHHsA MOTPifHKUX crmoayk GaN,As;, 3
MOXJIMBICTIO BHCOKOTOYHOT'O KOHTpOJIIO KOHIIEHTpaLiit
MHII'KYy Ta a30Ty (BeIM4YMHU napamerpa x 4 (/-x)).
Bignman migkmamok GaAs y 30yIUKEHHX aTroMax as3oTy
(pammkanmax a3oTy) TpPHU3BOAUTH 10  KOHBEpTaLil
nmoBepxHeBUX mmIapiB GaAs y TOHKiI TeTepoemiTaKcCiiHi
wriBkn GaN [9-11]. Okpim Toro, 3amporoHOBaHa IS
3MEHIICHHS BEIMYMHW MEXaHIYHUX HampyXeHb Y
miiBkax GaN MeTomuka  BHKOPHCTAHHS IOPYBAaTHX
miaknanok GaAs mpu rerepoemitakcii GaN [9,12,13]
JIO3BOJISIE Y TAHOMY acleKTi OTPUMYBAaTH HaHOPO3MIpHI
OJTHOBUMIpHI CTPYKTYypH y IutiBkax GaN BHacligok
MopyBaTOCTI MoBepxHi miakiaaku GaAs. B maniit podoti
MH TPEICTABIAEMO PE3YJbTaTH AOCIDKEHHS (i3UIHUX
BJIACTMBOCTEH IUIIBOK IOTPIHHOI HAIiBIPOBIIHUKOBOT
cnonykn GaNAs|, OTPUMAHOI NUISXOM HITPUAM3ALIT
MOPYBaTUX MIKITaI0K GaAs 3a pizHUMEI
TEXHOJIOTIYHUMH PEKUMaAMH.

I. Mertoauka eKClIEpUMEHTY

Meronuka OTpUMaHHs HOpyBaTHX Mmiakiaanok GaAs
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Ta IX HACTYNMHOI HITpUAW3amii METAaNbHO OIHCaHA B

pobotax [9, 13]. VY pobGoti [14] mnpencraBieHo
MaTeMaTHYHa MOJEh KOHBEpTallii MOBEPXHEBUX IIapiB
MOHOKpHCTANIYHAX  mmiakmagok  GaAs y  TOHKI

rerepoenitakciiii mwiiBkd GaN MUIIXOM HITpUIHM3ALIii.
BusHayeHo, 110 3a MEBHUX YMOB HiTpuau3aiii (3a
temneparyp, Mmenmmx 650 °C) Ta wacy HiTpummsauii
6mm3bko 30 XB. He BinOyBaeThCsl IOBHOI KOHBEpTaLil
noBepxHeBux MmapiB GaAs y miiBku GaN, a Gpopmyerbcs
came motTpiiiHa cromyka GaN,As;y, MOJIEKYJIIpHE
CHIBBIJHOIICHHS MiX aTOMaMH MUII SIKy Ta a30Ty SIKOi
3aJISKUTH BiJl TUCKY aTOMapHOTO a30Ty Y TEXHOJIOTIdHIH
KaMepi, TeMreparypu Ta Jacy HiTpuamsauii. Hamu Oyimo
MpoaHaIi30BaHO J1Ba THUMHU CTPYKTYp GaNyAs|, o
BiPI3HAIOTHCSA KOHICHTPALI€I0 MHII Ky (UM a30Ty) —
CTpYKTYypu THIy a Ta b, siki Oylno oTpuMmaHi npu
temneparypi 700 Ta 650 °C  Bizmosimzmo. Yac
HiTpHIU3auii ckianas 45 XB., TUCK y peakliiHiil kamepi
10 MM pT.CT. Pesynbrat JIOCIIIKEHD
BHCOKOPO3/IUILHOT PEHTTeHIBChKOI audpakroMeTpii Ta
€JIEKTPOHHOI 0)Ke-CIIEeKTPOCKOII JO3BOJIMIN BU3HAYUTH
KOHLICHTpALII0 MUIISIKY y 3pa3Ky a Ha piBHi 1%, a y
3pasky b Ha piBHi 10% BignoBigHO. 3a3HaumMMoO, IO
BU3HAYCHA EKCIEPHMEHTAIFHO KOHIEHTPALS MHII SIKY
3HAXOMUThCS Y J0Opiil BiAMOBIAHOCTI 13 TEOPETUYHO

pPO3paxoOBaHMMH KOHICHTPAIMHUMKE OpOQUIIMH 34
MaTeMaTHYHOIO MOZEIUTIO HiTprAn3amii, 1o
npejacTaBieHa y podoti [14].

HocnimkenHs CIIEKTpIB BUCOKOPO3/IIIbHOT

PEHTICHIBCHKOT TU(PPAKTOMETPIi TO3BOJIMIO BU3HAUUTH
HasIBHICTh KyOiuHOT Mozambikanii moTpiiHOI crodyku
GaN,As|_,, OTPUMaHO1 3 JIOIIOMOT'OXO TaKuX
HU3BKOTEMIIEpaTypHHUX TpoleciB HiTpuam3amii. Ha Ham
TIOTJISAM, 116 OOYMOBJICHO OiTBIN HU3BKMMH THCKaMH Tapy
MHUII'TKY 32 HH3BKHX  TEeMIlepaTyp  HITpHIOM3amii
MOPIBHSHO 3 OUIBII BHUCOKMMH  TEMIIEPaTypPHUMH
npolecamu, 10 00YMOBIIIOIOTh OTpUMaHHs 3pa3kiB GaN
rekcaroHanbHoi  Momudikarii. I[i 1mBa  dakTopu
HiTpuau3amii migkiaanok GaAs (HU3bKI TeMreparypu Ta
THCKA B  TEXHOJOTIYHIA  Kamepi)  3yMOBJIIOIOTH
30epekeHHsT KyOIUuHOT CTPYKTypH MiAKIaIKd IpH
3aMillleHH] aTOMIB MUII SIKY aTOMaMH a30Ty TpH Judys3ii
OCTaHHIX y mopucTy cTpykrypy GaAs 3a MexaHi3MOM
kick-out. I1pn nogansuioMy miZBHIIEHHI TeMIepaTypH B
peaKIiiHii Kamepi MOYMHAE MPOSBIATUACST W MOCTYIIOBO
IOMiHyBaTh peduiekc BiZOWTTA, BIAMOBINANBHUI 3a
(opMyBaHHS  HITPUAHHX  CIONYK  TeKCArOHAJIBHOI
CHHTOHI{; = HPUYOMYy  MpOLEC  IPOXOAUTh  Yepe3
PIBHOKITBKICHE 3MIITyBaHHS KyOi4HOI i TeKcaroHaIbHOL
(ha3. Taka cuTyarlisi J03BOJISIE 3aIPOIIOHYBATH MEXaHI3M
JIETKOTO  YHPABIiHHA  KPUCTATIYHOIO  CTPYKTYpOIO
OTpUMAaHUX IUTIBOK He Tinbku GaN, ane it GaN,As) .

II. Pe3yabTaTu q0c/i:KeHb CIeKTPIB
(PoTosomMiHeceH il Ta iX
00roBOpEeHHHI.

[Ipoananizyemo cnexrpu PJI oTpruMaHuX NOTPIHHUX
cnonyk GaNyAs;, (puc.l). Hdus 30ymxenns OJI
BHKOPHCTOBYBCS a30THWH iMmynbcHUH mazep JII'T-21 3
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JNOBXKUHOIO XBWI BunpomiHooBaHHA 337.1 HM Ta
TpuBajictio  imMmynecy 10 HCe.  Choektpm  DJI
BUMIPIOBAJIUCh MIPH TeMIlepaTypi piakoro aszory. Y
cnektpax @JI o0ox THmB 3pa3KiB crHocrepiraigacs
TUIIOBA cMyra ()yHIaMEHTAJIBHOTO BHIIPOMIHIOBaHHS
KyOiuHoi Moaudikanii GaN i3 makcumymom 3.27 eB. I3
puc.l BumgHO, mo aus cnekrpie ®JI noTpiiiHUX cromyk

GaN,As;, 13  BenmumHOWO  mapamerpy  x=1%
IHTEHCHUBHICTh  OJM3BKOKPAlOBOrO  BHIIPOMIHIOBaHHS
MEHIIa, a EHeprisi BHUIPOMIHIOBAaHHA Oijblla, HIK

AHAJIOTIYHI TOKA3HHWKH [UIA CIOJYK i3 KOHIICHTPAIi€l0
mumr’sky npubnumsao 10%. IlpuHnumoBoi pizHHII y
€HEePreTHYHOMY TIOJIOKEHHI CMYT BHIPOMIHIOBAHHS Y
cunektpax @JI y BHCOKOCHEPreTHYHOMY Jliama3oHi
(xy6iunoi moaudikauii GaN) He crocrepiranock, a s
IHTCHCUBHOCTI CMyT Majia MICIIC CHUTYyaIlisl MPOTHIICKHA
cuTyanil Ui BHMIPOMIHIOBaHHS MOTPIHHOI CIIOJYKH
GaN,As .

IHTEHCHBHICTD, TIOB. OF.

28 3.0
eHeprii, eB

2
-2

Puc. 1. Criextpu ®JI 3pa3kiB GaN,As;, B MaTpuni GaN
i3 KoHIeHTpatielo Mur’ sky 1% (a) Ta 10% (b).

Y BHUIMMOMY Jiama3oHi CIEKTpa CIIOCTEPIiramch
cmyru DJI i3 Mmakcumymamu eneprii pu 2.63 eB (3pa3zok
a) T1a 2.44 eB (3pa3ok b). Lli cmyru BunpominoBaHHS (3
eHeprismu 2.63 Ta 2.44 eB) 3 Hamoi TOYKH 30Dy
o0ymMoBieHi Onm3pKOKpaiioBuM (OinbInr 3a Bce 30Ha-
30HHUM) BUIIPOMIHIOBaHHSIM MOTpiHOT
HAMIBIPOBIMHUKOBOT crionyku GaNyAs;, BIIMOBIIHOIO
ckiany. 30inpuieHHs 1wupuHu cmyrn DJI 3paskiB
GaNyAs|x B TIOpIBHAHHI 3 iJCATEHUM BHITaJKOM
CBIYUTH MPO TE€, IO HECTAOUILHICTh MOTOKY a30Ty €
BaxauBUM (Qakropom i ymmpenus [15]. CyrreBa
mmpuHa cMyrd OJI CBIAYUTH TaKOXK MPO HEOTHOPITHHHA
po3mozin aroMiB mum’saky B mapax GaNiAs;,, ToOTO
Mae Micne (IaykTyamis IIUpUHA 3a00pOHEHOI 30HH

OTPHMaHOI TOTPIAHOI CHONMyKH, fAKa 0OyMOBJIECHA
MOJJIMBMM IIPOSIBOM TaKMX HeOakaHMX €(EeKTiB, K
cerperaiiis, (QaszoBa  cemapailis, He3MilIyBaHICTh

PO3YMHIB, HEOIHOPIJHICTh PO3MOJUTY a30Ty B IIapi Ta
edekT posaiuieHHs (a3, 1o, B CBOIO uepry, € (hakTom
3HAQYHOTO PO3Y3rO/KEHHsI IapamerpiB rpatku (Oins
25%) GaAs Ta xyOiuHoro GaN mpu BeIMKOMY BMiCTi
a3ory.

[ligTBepKEHHAM 3alpOIIOHOBAHOTO HaMH  (PAKTy
CIIy’aTh pe3ynbTatu poOit [3, 4], me w1 momiOHmX
CTpYKTyp Oynm BuMipsHi XapaktepHi cmyru DJI i3
MakcHMMyMaM# eHeprii mobmmzy 2.5-2.6 eB. 3 puc. 1
BHIHO, IO Tpu 30UIBIIEHH] KOHIEHTpALli MHII SIKY
mUpuHa  3a00pOHEHOI 30HM TOTPIHHOI  CHOJIYKH
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GaN,As|y 3MEHIIYETbCA, IO OyNo paHille TEOPETHIHO
nepenbaueno y poborax [1, 2]. Opgmak, 1e
KOHIIEHTpaIliiHe 3MEHIIIEHHS ITUPUHA 3a00POHEHO0T 30HU
Ma€ Ha MOPAHOK MEHIIY IIBHAKICTh HIK IS CHOIYK
GaN,As;_,, oTpuMaHux B podotax [1, 2]. Taka curyarris,
3 Hamol TOYKM 30py, OOyMOBJIeHa Iiepll 3a Bce
BIIMIHHICTIO ~ KPHCT&JiYHUX  CTPYKTyp  MOTpiHHOT
cnosryku GaNAs;, , orpumanoi B poborax [1, 2] Ta B
Hamii pooori.

PosrisiHeMo nani  BIUIMB  CTYIEHIO IOPYBAaTOCTI
migkmagkn  GaAs Ha XiMmiyHWHA cKian Ta  (i3WUHI
BiactuBocTi 1iiBok GaN. [Ipyra mapris 3pas3kiB Oymna
BUTOTOBJICHa HAMH MNpH OIBII BHUCOKIA TeMmImeparypi
Bigmamy (750 °C) rta 6imbmmX dacax HITPHAM3ALID
nopyBatux minkiaanok GaAs, OTpUMaHMX Ha  OCHOBI
aHO/IyBaHHS MOHOKPHCTAJIIYHOTO GaAs 3
kpuctanorpadiynoro opienrauiero (111). Ilapamerp
nopyBarocti miKiagok ckinamas 15, 30 Ta 40%
BiNOBiTHO (3pa3ku ¢, d Ta e BiamoBigHo). Criektpu DJI
(mpu 77 K) orpumaHux TakuM dYuHOM IuIiBok GaN
Ipe/ICTaBIeHI Ha puc. 2.

IHTE€HCHBHICTh, TIOB. O],

3.45

[F¥]
h

3.35 34
eHepria, eB
Puc.2. Cnexkrpu ®JI mmiBok GaN, orpumaHux Ha

migkmagkax GaAs i3 pi3sHAM CTyIIEHEM MOPYBATOCTI: € —
15%, d —30%.

Cnextpu ®JI mns crpykryp GaN/por-GaAs/GaAs
TUIIB € Ta € IPUHLIUIIOBO HE BiIPi3HAINCH, TOMY Ha PHUC.
2 HaBEICHO Pe3yJbTATH IOCIIKEHb TUTBKH JUIA 3pa3KiB
cepiii ¢ Ta d. Jlng Bcix miiBok GaN, oTpuMaHuUX Ha
MiJKJIAAKaX 13 BEIHYUHO mopysarocti 15, 30 ta 40%, y
cnekrpax ®JI cmocrepiranach cmyra i3 MakCUMyMOM
eHeprii mpu 3.465 eB, 1m0 BiAMOBiIA€E THIOBIA 30Ha-
3ouHIN @JI wriBok GaN rekcaroHaiabHOT MoOIU(IKAIIL.
[TopiBHIOIOUM TIi pe3yNbTaTH 3 EKCIEePHUMEHTATEHIMH
pesynmpTaTaMu UL 3pas3KiB cepiif a ta b (auB. puc.l)
BiI3HAYHMO, 11 () pu 30UIBIIEHH] TOBILIMHA
retepoeniTakciiiHux miiBok GaN Ha migkmagkax GaAs
BiZIOyBaeThesi TpaHchopmarllist KyOiuHOi Momudikarii
GaN y rekcaroHaqpHy. MO)KHa 3alpPOTIOHYBAaTH TaKe
NOsICHeHHsI NoAiOHIK cutyauii. JleryBanus mmiBok GaN

MHII'IKOM ~ Ccrpuse (QOpPMYBaHHIO caMe KyOi4yHOI
MomUdiKalii HITPUIHOI CHOJAYKH EJIEMEHTIB I SATOi
rpyny; mnpu 30UIbIIeHHI TOBIMHM IIiBoK  GaN

IHTCHCUBHICTh JICTYBaHHS MHUII IKOM 13 TiJKIaJKH
MOBEPXHEBUX IIAPiB, IO HAPOIIYIOTHCS, 3MCHIIYETHCS,
mo ¥ cropuse mNOJAIBIIOMY (OPMYBAaHHIO —OUTBII
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TEPMOJWHAMIYHO BHTiIHOI TeKCaroHANbHINA Mommpikamii
GaN. IToniGHMIA BIJIMB JIETYBaHHS aTOMaMH{ MUII SIKY Ha
thopmyBanHs KybOiuHOI Momudikarii GaN mpeacraBieHO
y pobori [7].
Hnst 3paskiB cepii d (mopyBarticTh MiAKIAIKA
30%) crocTepiraroThest CyTTeBI 3MiHM y criekTpax DJI
(nuB. puc. 2, xpusa d). [TosiBistoTbes aBi HOBI cMyru DJI
B JIOBIOXBIJIBOBiIH 00JacTi CIEKTPY Ta CYTTEBO
3MEHILIYETHCS IHTEHCHBHICTh OJM3BKOKPAaOBOI CMyru
@®JI. Haiibinpm noBroxBmiboBy cinadbky cmyry DJI i3
MaKCUMyMOM eHeprii moommzy 3.265 eB mu moB’s3yemo
i3 30Ha-30HHUM BHIIPOMiHIOBaHHSIM KyOigHoro GaN, 1o
MiATBEPIKYETHCA pe3yiapTaTaMu JIOCIIIKEHD,
mpoBeneHuXx B poborax  [16-18]. Hamri BHCHOBKH
Y3TOJUKYIOTECS 13 pEe3yIbTaTaMi PEHTIEHOCTPYKTYPHOTO
aHalli3y, sKi BUSBWIIM HAsIBHICTh SIK T€KCArOHAJIbHOI, TaK
i kyOiuHOi (a3 y OTpUMaHMX HaMHU TeTepOeniTaKCiHHUX
rutiBkax GaN.
Cwmyra ®JI i3 makcumymoM 1ipu 3.465 eB cniBnagae
32 CHEPreTHYHHM IOJOXKEHHAM 13 cmyroto PJI s
3pa3kiB cepiii ¢ Ta € 1 BIANOBINAE 30HA-30HHOMY
BUIIPOMIHIOBAHHIO TeKCaroHajabHOI Momudikamii GaN,
ane iHTeHCHBHiCcTh nMaHOi cMmyru DJI mnsa mmiBok GaN
cepii ¢ € memo OUTBIIOIO, HIXK I 3pa3KiB cepiit d Ta e.
IikaBum ¢akrom s crekrpiB DJI 3paskiB cepii d €
HasBHICTE cMmyru DJI 3 enepriero 3.42 eB, iHTeHCUBHICTH
SIKO1 TIOPIBHSAHO OJiM3bKa (a B JESKUX BHUMAJAKAX HaBITh
nepeBakae) J0 IHTCHCUBHOCTI CMYTH 30HAa-30HHOTO
BUIPOMiHIOBaHHS  3pa3kiB  GaN  rekcaroHaJibHOT
Momudikanii. Busenena cmyra ®JI 3 enepriero 3.42 eB
3ycTpivanacs B poOOTax iHIIMX aBTOPIB, HAPUKIAM., Y
pobotax [7, 8]; ii npupona noscHioBajgach BKIIOYESHHIM
kpucramitiB GaN TekcaroHampHOI Momudikamii y
KyOiuHii Marpumi GaN.
OTpumaHi pe3ynbTaTH € MIKAaBUMH B acHeKTi
BUKOpUCTaHHSA miakmanok GaAs kpucramorpadigHoi

opierrarii (111) ansa dopmyBanus wriBok GaN KyOigHOL
Moaudikalli, B TOW Yac K epeBa)kHa OUIbIIICTh POOIT,
MPUCBAYCHUX OTpUMaHHIO crnomyk GaN  kyb6iuHOi
CHHTOHI{ TIpPYHTyBajlach Ha BHKOPHUCTAHHI MiJKJIQJIOK
GaAs(001) (nanpuknaa, podoru [19-21]).

BucunoBknu

Bcranosneno Ta JIOBEZICHO MOXJIUBICTh
(hopMyBaHHS TOHKHX emiTakCiiHUX MIiBoK GaN,As| 4 5K
reKCaroHaJbHOI, TaK 1 KyOiYHOI CHHTOHIH B 3aJIe)KHOCTI
BiJI TEXHOJIOTIYHMX YMOB BiJllIaly NOPYBAaTUX ITiJKJIQJ0K
GaAs B aKTUBHUX paJUKallax a3oTy.

JocmimkeHo  QOTOTIOMIHECIICHTHI ~ BJIACTHUBOCTI
OTpPUMaHUX HITpHIU3ALi€l0 NopyBaTux migknanok GaAs
MOTPIHUX HAMBIPOBITHUKOBUX croinyk GaN,As;, i3
pi3HOIO KOHIeHTpamii Mum sky. [lokazaHo, o mpu
30UTBIICHHI KOHIEHTparii aromiB mumr’sky mo 10%
mMHUpUHA  3a00pPOHEHOI 30HW TOTPIHHOI  CIIONYKH
GaNAs |y 3MeHIIyeTbcs A0 BenumunHu 2.44 eB, a
iHTeHCcuBHICTh cMyTH DJI 3pocTae.

Busnaueno 0cOo0JIMBOCTI (dboToMrOMiHECTICHITIT
KOHIJIOMEpAaTy KyOi4HOT Ta reKcaroHajabHOT
moaudikaniii y rerepoemnitakciiiunx rutiBkax GaN,
OTPUMaHMX LUIIXOM KOHBEpTAlii MOBEpXHEBHUX IIapiB
GaAs y rtomki mimiBkm GaN mix wac HiTpHIU3aIlii.
ITokazana MOXJIMBiCTh OTpUMaHHs UTiBOK GaN KyOiuHOT
Moudikarii 3a paxyHOK BUKOPUCTaHHS MinkiIamgok GaAs
i3 BemmuuHOIO mopyBarocti  30%. YcraHoBieHa
MPUCYTHICTh KPHUCTAJITIB TeKCaroHaIbHOI Moan(ikarii
GaN y marpuni kybigaoro GaN, mo miATBEPIKYETHCA
HasBHICTIO MOTY)KHOTO XapaKTepUCTHYHOTO TiKy 3.42 eB
B criekTpax DJI.
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Properties of GaNAs and GaN Films, Obtained by Nitridation of Porous GaAs
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Result of photoluminescence investigation of thin films of GaN,As;, compound, obtained by nitridation of
porous GaAs substrate are presented in the article. It has been found possible to control of arsenic and nitrogen
concentration in GaNAs by optimizing the condition of annealing in atomic nitrogen. Cubic GaN film were obtained
on por-GaAs/GaAs(111) substrate, that extends possibility of growth GaN cubic on GaAs substrate. Effect of
changing of the energy of the band-edge luminescence of GaNAs from 2.63 to 2.44 eV with increasing arsenic
concentration from 1 to 10% are discussed. The dependences of lattice type of GaN films on porosity of por-
GaAs/GaAS(111) are reveals. It has been determined, that using porous GaAs substrate with porosity of 30% favours
formation of cubic GaN. Photoluminescence peak at 3.42 eV (at 77 K) is attributed to polycrystalline hexagonal
inclusion in cubic GaN.
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