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[TpoBeneHo MNOPIBHSIBHUKA aHaNi3 BIUIMBY (Di3MKO-XIMIYHHMX BIIACTHBOCTEH
BHKODHCTOBYIOTh I CIITAKCIHHOrO BHPOILYBAaHHS TOHKHX IUTiBOK GaN,

MarepiamiB MiIKIam0K, SKi
Ha CTPYKTYpPHO-MOPQOIOTiuHi,

KpHcTanorpadiuHi, enekTpodi3uyHi, ONTUYHI Ta IHIII MapaMEeTPH 1 XapaKTEPUCTHKH TaKWX IUIBOK. Kpim mmpoko
BUKOPUCTOBYBaHMX MIIKIAA0K, TakuX, sk camdip, 6H-SiC, Si, GaAs, ta AIN, 0coOmMBO yBary HOpHALIEHO
MOpYBaTHM MifkiIagkaM Ha ocHOBI Si Ta GaAs, sKi 3a OCTaHHI POKHM CTald IEpPCIIEKTHBHUM MarepiajoM IUIs
orpuMaHHA TOHKMX mmapiB GaN miABUINEHOI CTPYKTYpHOI MOCKOHAIOCTI SIK TeKCaroHaJbHOI, Tak 1 KyOiuHOI

Mo dikariii.
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Beryn

[porpec XXI cromitTs, 0OyMOBJIEHUi, B Iepuly
4Yepry, PO3BUTKOM HAYKOEMHHX TEXHOJIOTIH, OCOOJIMBO
TEXHOJIOTI OTPHMaHHS HOBHX MaTepiajiiB, 30KpeMa
TaKUX SIK HITPUOM TPEThOi IpynH. 3TiAHO HiIpaxyHKam
CIELIaJIICTIB YK€ CHbOTO/IHI IOPIYHO BHIAETHCS JIECATKU
THCSY TyOJTiKaIliil B IEOMY HAIIPSIMKY.

3aBagKu CBOIM VHIKaIEHIM GhizmaHIM
BJIACTUBOCTSAM  (NIPSIMO30OHHICTh,  BEJIHMKAa  IIHPHHA
3a00poHEHO1 30HU, HASBHICTH CIOHTAHHOI MOJSpHU3AIlii
Ta MIHOTrO I1’€30e(peKTy, BHCOKOI TEILIOMPOBIIHOCTI,
MOJKJIMBOCTiI OTPHMAaHHS SIK N-, TaK 1 p-TUIY) HITPUAH
3HaXOJATh BCE OLIBLI MIMPOKE 3aCTOCYBAHHS y Cy4acHid
TBEPAOTUIbHIA EJIEKTPOHII Ta onroenekTpoHini. Ha
OCHOBI MIMPOKO30HHOTO GaN BUPOOJISIOTH CBITIIONIONH,
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nasepu Ta JATYUKH ynbTpadioneroBoro
BUIIPOMIHIOBAHHS. Y HACTYIHI POKH IUIAHYETHCSI BUITYCK
HAIACKPaBUX CBITIOMIONIB ONAKUTHOTO, 3€JCHOTO Ta
Oimoro cBiTiHHI. B fKOCTI WiAKIAZOK AN OTPUMaHHS
wriBok GaN BukopuctoByerhcs sk SiC (€Bpomeichki
¢bipmu), Tak i candip (sHoHCHKI (ipMu), npUUIOMY
HaJsICKpaBi CBITJIOAIOOW 3 OUTUM CBITIHHAM MarOTh
NpsIMy HaIpaBleHICTh, LIO [yXe BAXIMBO sl 1X

3aCTOCYBaHHS B OCBITJIFOBAJIEHUX npuiagax.
CeiTioBignada Oinux CBITJIOHIOAIB Oimbina, HiK 100
moM/Bt (10 mepeBepliye  CBITJIOBIIAAYY  JIaMII

po3xkapeHHs 16 moM/Bt Ta moMiHeCHeHTHHX Jiamm 85
mom/Br). IHmmm (micas cBiTiIomioniB Ta Jas3epis)
3actocyBaHHAM HiTpumie III rTpymn € po3poOka
BHCOKOYACTOTHHX MOTYXHUX BHCOKOTEMIIEpaTypHHUX
CJIEKTPOHHUX IPWIAAiB Mepml 3a BCE MOJIBOBHX
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rerepotpanzucropiB (HEMT) Ha ocHoBi AlGaN/GaN
rerepoctpyktyp. [TotyxHi nonboBi GaN — TpaH3ucTopu
HEOOXimHI st pamapiB 3 (ha30BaHUMH PEIIITKAMH,
CYIYTHHKOBOTO 3B’SI3Ky, T'€HEpaTopiB Ta IEepeMHUKauiB
0a30BMX CTaHLiH, KOMYHIKalil, Je NOTpiOHa BUXiaHA
HBY- mnoryxnicte 30-100 Br. CyTtTeBa 3MiHa IIUPUHU
3aboponenoi 3ouu Bix GaN (E;=3,4 eB) nmo AIN
(Eg=16,2¢eB) pobOuTb mNEpCHEKTHBHUM BHUKOPUCTAHHS
TBepaux  po3umnHiB  Al;Ga;,N 1mpum  crTBOpeHHI
OIITOCJIEKTPOHHUX  INPWIAdiB, SKI  NpaliolTh Y
IIMPOKOMY CIEKTPATBHOMY JTialla30Hi.

GaN, SKuii BHKOPHCTOBYETHCA Y MPOMHCIOBOCTI,
Mae reKCaroHaJIbHY CTPYKTYPY, BHCOKOSIKICHI
rekcaronanpHi wiiBkn GaN Oynu orpumani Ha camndipi
(ALLO3) 3 BUKOPHUCTAHHSIM TOHKOTO MPOMIKHOTO LIapy 3
AIN abo Hu3bKOTEMIIEpaTypHOTO Imapy 3 GaN.

Jlo tenepiniaporo yacy 06’emHi kpucranu GaN He €
KOMEpLIIHO JOCTYIIHUMH, TOMY OCHOBHUM HAIIPSIMKOM Y
Cy4acHId Tamy3l BHpPOIIYBaHHS HITPHIY Talil0o €
TeTepOEIiTaKCisl, TOOTO BUKOPHCTaHHS B SIKOCTI HECy4Oi
OCHOBHU IJKJIAJOK 4YYXOpiAHMX MarepianiB. Bubip
MaTepiay — TAKIAAKA  BHU3HAYAETHCA  IEPEBAYKHO
HACTYIIHUMH YWHHUKaMH: KOMEpLiifHa JOCTYIHICTh
SIKICHOT MIOKTagK{, BiANOBIOHICTH ITapaMeTpiB TPaTKH
MDK HITPUIOM Tajlil0 Ta MaTepiaioM TiAKJIaIKH,
BIAIOBIAHICTE MIX KoedimieHTaMu TEIIOBOTO
PO3LINPEHHSI, CTYHiHb TEXHOJIOTIYHOI ,,CIIPHATIUBOCTI”
MDK MarepiajamH IIiJ] 4ac BUPOLIYBaHHS eMiTaKCiiHOTO
GaN Ta ckJagHICTh TEXHOJOTIYHOTO IMKJIY B aCMEKTi
MOTIEPEHBOT MiITOTOBKH I AKIIAIKH.

[NopiBHsNBHUI aHATI3 3arajJbHAX BJIACTUBOCTEH
enitakciinoro GaN, BUPOIIICHOTO Ha Pi3HUX ITiKIaIKaX,
JIO3BOJIMTH ~ TIEBHOIO MIpOI0 BH3HAYUTHCH i3 CTAHOM
pedeii y DaHiil Tamysi, KOJIOM TEXHOJOTIYHUX MpodIeM Ta
METOIIB iX BHpIIICHHS, CTYNEHAMH eQEeKTHBHOCTI
3aCTOCYBaHHS PI3HUX METOJIB AOCHIIKEHHS IDTIBOK IIPH
BUBUCHHI (I3MYHMX, ONTHYHHX Ta  EJIEKTPHYHUX
XapaKTepUCTHK TeTepo- Ta MoHoemiTakciiHoro GaN. ¥V
JAHWH 4Yac TPOBOAATHCA AKTHBHI  JOCIIHKCHHS,
CIPsSMOBaHI Ha IMOJMOJIAaHHS ,,MoHomomizamii” Al,O; Ha
PUHKY TIiIKITAIO0K Uil BUPOLIYBaHHS TOHKHX IUTIBOK
GaN. Amnami3 mepeBar Ta HEJOJIKIB OCHOBHHX
MiAKIaJ0K, [0 BHKOPHUCTOBYIOTbCS Ha  CHOTOJHI,
JI03BOJISIE CIIPSMYBATH aKTUBHICTh HA YIOCKOHAJIECHHS HE
TUTBKHM METOJOWK BHUPOIIYBAaHHSA, a W TIATOTOBYOL
00poOKHM MatrepiaiiB MiAKIAZOK 3 METOI peaiizamii iX
repeBar sk miakmagok st GaN 3a pisHUME  (i3HIHAMY,
XIMIYHUMH, CJIEKTPUIHUMH Ta IHITUMHA
XapaKTePUCTUKAMH.

B maHoMy ormszi mpoBeneHO MOPIBHAJIBHHUN aHANI3
BIUIMBY (DI3MKO-XIMIYHUX BJAaCTHBOCTEHl  MarepiaiiB
pi3HOrO THUITY MiIKIaJ0K Ha CTPYKTYpPHO-
Kpucrasorpadiyti, enekTpodi3uyHi, ONTHYHI Ta IHIII
rapamMeTpu 1 XapakTepUCTHKH TOHKHX eIiTaKCiHHUX
rtiBok GaN.

I. Momnoxkpucranu ALO;

Candip (Al,O;) — onHa 3 mepIIMX MiIKIAIOK JJIS
puponryBanHs IriBok GaN. Jlo TemepimHbOro dacy
ALO; 3anumaeTscs THM, MarepiajoM, IO HaHOUTIBII
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IIHPOKO  BUKOPUCTOBYETbCA  JUIA  EMITaKCiHHOTO
BHPOIIYBaHHA TOHKHX IUTiBOK GaN.

o mepesar canipoBUX MiIKIaI0K MOXKHA BiIHECTH
TaKi: MexaHI4Ha MIIHICTh; TBEPIICTh; BUCOKA TEpPMiuHA
Ta XiMiyHa crTabuIbHiCTE. Jlo TOro ok candiposi
MiAKIaJKH BHCOKOI CTPYKTYpHOI JIOCKOHAQJIOCTI Ta
BEJIMKHUX PO3MIPIB HA CHOTOJHI € HEJOPOTHMMHU Ta LIJIKOM

KoMepIiitHo gocTynHuMU. OCHOBHHM HEHONIKOM iX € Te,

14 (6) candiposi M1 IKIa KA MAarTh HU3bKY
teronposignicts (0,23 Br/emK), mo pobure ix
HEMPUIATHUMHU  JUIS ~ BUKOPHCTAHHS Yy  MOTYXHHX

BHCOKOYACTOTHHUX €JIEKTPOHHMX Mpuianax. Kpim toro mo
HenodikiB  candipy sSK MaTepiany MiAKIagKd s
emniTakciiiHoro upouryBaHHs GaN cimiJ BiTHECTH 3HAYHY
HEBIAMOBIAHICT y TapaMeTpax Ipatok. HeBinanoBigHiCTh
y naHomy napamerpi Mix Al,O3; ta GaN nopieHioe 16%,
oo, 3BUYAlHO, € TMPUYMHOIO BHCOKOI T'YCTHHH
mucnokamid y roriBkax GaN, BelM4YMHA SIKOi Csrae
10" cm? [1]. Bucoka TYCTHHA JUCIIOKAIA 3YMOBIIOE
3MEHILIECHHS! PYXJMBOCTI HOCI{B 3apsiay Ta TepMidHOI
npoBigHOCTI ToTiBOK GaN, mo HEeraTMBHO BIUIMBAE Ha
SKICTh HAIIBIPOBITHUKOBHUX MPHIIAIB, BATOTOBICHUX Ha
AaHUX CTpyKTypax. KoedimieHT TermIoBoro po3mupeHHs
candipy OUIBIIKI HIK HITPHIY TaNil0, TOMY CTPYKTYpH
GaN/ALO; BU3HAYAIOTHCS BEIUKUM CTyIICHEM
HaTPY>KEHOCTI CTHCHEHHS MPH OXOJOMKEHHI CTPYKTYP
Bijl TemIiepatypu (opMyBaHHs 10 KIMHATHOT.

Jo HemomikiB candipy AK MiAKIAAKH IS CMiTAKCii
GaN TakoX BITHOCATH 3HAYHY HEBIIMOBIMHICTh B
Opi€HTAIlil IUIOIIMH PO3KOJy MDK MiKIAIKOK Ta
orpuMaHor T1oIiBKOr0 GaN, 1m0, 3BHYAlHO, 3HAYHO
YCKJIAJHIOE TEXHOJIOTIK0 3aCTOCYBaHHS IaHUX CTPYKTYD

y OTITOCNIEKTPOHHHUX Ta BHCOKOYACTOTHHX
HAITBIPOBITHUKOBHX IPHIIATAX.

Kpim Toro, camdip € i3omaropoM, TOMY TpH
BUPOOHUIITBI MPUIIAJIB €IEKTPOHHOT TEXHIKM Ha OCHOBI
CTPYKTYp GaN/AlO; HEOoOXI1/IHO CTBOpPEHHS
JIOZIATKOBOTO  €JIEKTPUYHOTO KOHTAKTy, WIO B3araii
YCKJIQHIOE ~ TEXHOJIOTiI0  MpOlecy  BHUPOOHMIITBA.

Haspuicte kucHio B miakmanmi AlLO; Moxke OyTh
NpUYMHOI0 aBTOAM(Y3ii JaHMX aTOMIB B EIITaKCiiHY
wriBky GaN, mo, B CBOIO dYepry, 30UIbIIye (OHOBY
KOHIICHTPAIIO CIIEKTPOHIB [2].

AHANI3YyIOYH TIepeBard Ta HEIOJIKU IiIKIAJOK Ha
ocHOBi Al,O3, citiy BpaxoByBaTH HANPsIMOK IOAAJBIIOTO
TEXHOJIOTIYHOTO BUKOPHCTAHHS OTPUMAHUX CTPYKTYD.
[upoke PO3IMOBCIOKEHHS JUOHUX
HAIBIPOBIIHUKOBUX JIa3epiB  3yYMOBIIIOE  IIHMPOKHHA
moruT Ha 3pa3ku GaN, mpupaTHi Ui BUKOPUCTAHHS Y
BIIMOBIAHMX  ONTOENEKTPOHHUX  MpWiIagax. Takum
YMHOM, aKTyaJbHHM € IUTaHHSA MI0J0 BUPOIIYBaHHS
toBctx  mapiB  GaN  BUCOKOI  KpHCTaJi4HOi
JOCKOHAQJIOCTI Ta  YITKOi reoMeTpudHoi  Qopmu.
Bukopucranus  candipy MAKIaIKA  JJ03BOJISIE
e(eKTHBHO peanizoByBaTHm MeTomuky lift-off (3a
yMOBaMH BUPOIIYBaHHS JIOCTATHBO TOBCTHX
eMITaKCIHHUX TUTIBOK), KA TOJATAE Y BIIIUICHHI MICIIA
BUPOIIYBaHHA eMITAKCIHHOI IUTBKK B MiAKIAAKH.
Hanpuknan, Hakamypa [3] [OMOBIiB Mpo OTpUMaHHs
ToBcTuX mapie GaN 3 mojamplIuM  BiAUICHHAM
BUPOIICHOI IUNBKU Bix migkmaaku. OTpuMaHi 3pasku
GaN xapakTepu3yBaJHCh BHCOKOIO aTOMAapHOI Ta
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Di3uK0-XIMIYHI aCMIEKTH MaTEePiaNiB MiIKIAOK. .

TUTOIIUHHOIO AKICTIO MTOBEPXHI, CTPYKTYPHOIO
JIOCKOHAIIICTIO Ta BHKOPUCTOBYBAJINCH Y  JIOJHHUX
nazepax. AJie y 3araibHOMY BHIAJKY, BiJJIIICHHS [UTIBKA
GaN Bix candipoBoi miAKIaIKA € JOCTATHBO CKJIaIHOIO

TEXHIYHOIO NpOOJIEMOIO, IIOB’SI3aHOI0 3 BHCOKOIO
XIMIYHOIO Ta TEPMIYHOIO CTIHKICTIO candipy.
[MigrotoBka  candipoBux  MIIKIAAOK  Hepen

BUPOIIYBaHHAM Ha HHUX IUIBOK GaN XapakTepu3yeTbcs
HEOOXiHICTIO BHpilIeHHs HacTynHux mnpobmnem. [lo-
nepiue, BUJAJICHHS 3 MOBEPXHI Marepialy pi3HUX THIIIB
JIOMIIIIOK, 3MEHIICHHS MEXaHIYHUX MOPYIICHb IMOBEPXHi
BHACHIZOK TmornipyBaHHs. [lo-gpyre, 3MmiHa BelHYHMHH
3MOYyBaHHA BHPOIIYBaHIX mIapis. OcTaHHIM
MIATOTOBYMM €TaIoM IPOLECy 3BUYaiHO € BUPOLILYBaHHS
HU3BKOTEMITIEpaTypHOTO OydepHoro mapy [4].

TpuBanicte mpouecy HiTpuAM3aUili € OJHUM i3
BU3HAYHHUX YWHHUKIB, SIKI 3yMOBJIIOIOTH CTPYKTYPHY
JOCKOHAIIICTh Ta MOP(OJIOriYHy SIKICTh HOBEpPXHI
MiAKIAAKA. 3a3Buuaii, 30UTBIICHHSA Yacy HITpUAU3aIii
cnpusie  moripmieHHo  Mopdonorii. Y poborti  [5]
NPOJIEMOHCTPOBAaHO, IO Hpu  30UIbIIEHHI — Yacy
HiTpuam3anii minkmankun Big 60 mo 400c  (3a
temmepatypu 1050 °C)  y BHpOMIEHHX  METOIOM
MOCVD mapax GaN cnocrepiraeTbcs 3MEHIICHHS
PYXJIUBOCTI €JEeKTpoHIB [Big 592 mo 149 cM?/(B-¢)] Ta
3pOCTaHHs IHTEHCUBHOCTI BHUIIPOMIHIOBAaHHS Ie()EeKTHOI
»KOBTOI” CMYTH JIFOMiHECIIEHIIi].

®opmysanus OydepHoro mapy AIN Ha moBepxHi
ALO; Moxe OyTH 3IIMCHEHO IUISIXOM HITPHIX3AILI,
3aBISKH KN MOBEPXHEBI mapu Al,O4
TpaHcopmyroTbest y ToHKI mapu AIN (kpi3b IpOMiKHY
cramito AlO;4N,). 3acTocyBaHHS JaHOi MCTOIMKH
JO3BOJIFJIO BHPOIIYBaTH emiTakciiHi twriBku GaN Ha
MIKIagKax Al,O4 3 3HAYHO MTOKPAIICHUMHI
(yHKIIOHATTBHUME [IApAMETPAMHU Ta XapaKTEPUCTUKAMH.
Y pobortax [5,6] mOCHiIHKEHO BIUIMB TapaMeTpiB
Hitpuauzauii AlbO; Ha (QyHKIIOHAJIBHI HapamMeTpu
emitakciiaux  mmiBok  GaN. Pizka wMexa  Mix
chOpMOBaHUM Yy pe3yJIbTaTi HITPUIAHM3ALIl TOHKHM
mrapoM AIN Ta migKITagKO CBIAUUTH Npo audysiitHe
oOMexeHHs peakilii HiTpuau3aiii [7]. YV skocti mkeperna
a30Ty JUIs HITpHIU3alii BUKOPHCTOBYEThCS ab0 CyMmiml
ra3iB amiaky ta BoaHIO (st meromuku MOCVD), abo
BiANAN MJKJIAAKKA Yy IDIa3Mi a3oty, abo HarpiB ALO; y
aTMocdepi aMiaKy UL TepMIYHOT TUCOIIAIlil OCTAHHBOTO
Ha TTOBEPXHI MiAKIAIKH.

Bracmimok pi3HHII Y KoedillieHTaX TEIIOBOTO
posmupeHHs (3Ha4eHHs I1poro mapamerpa mist Al,O;
Oimpme, HiK a1 GaN) mpm  OXOJIOMKEHHI 3pa3KiB
rerepoctpykryp GaN/Al,O;, BUpOIIEHHX Ha MiAKIaKax
c¢-ALO;, no KiMHaTHOi TemIlepaTypu B TOHKHX
enitakciiiHux mapax GaN BUHUKae 3HayHe OiakciajbHe
Hanpy)XeHHs CTHUCHEHHs. SIK HacliJoK, mHapameTp
KpPHCTaJiYHOI IpaTtku orpuMmanoi ruiiBkn GaN €
OUTBIIMM, HIX TOCTiiHA rpaTku As c-tuomuHn Al,O;,
Ta MEHIIUM, HDK 3HA4YEeHHS MOCTiHHOI IpaTKu i a-
TUTOIIMHN. 3BHUYalHO, NaHWK (akT CcHpaBise 3HAYHHUHA
BIUTMB Ha CHEKTPH (POTOIFOMIHECIEHIII Ta €HEePreTHIHe
MOJIOKEHHSI paMaHiBChKUX TiKiB. OKpiM TOTO, BiH MOXe
MPHU3BOANTH 10 PO3TPICKYBaHHS EMITaKCIMHUX IUTIBOK
BHACJIIOK  3HAYHOTO  MEXaHIYHOrO  HaNpy>KEHHs.
BenuunHa MEXaHIYHOrO HAmpy)XEHHS BH3HAYAETHCS
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YMOBaMH  TEXHOJIOTIYHOTO TPOLECY BHPOLIYBaHHS,
TOBIIMHOIO IUTIBKH, Ta PIBHEM JIETYBaHHS ILTIBKH [4].

Y pobGori [8] Bim3HaueHo, 10 TpHW 3MilIEHH]
crexiomerpii OydepHoro mapy y Oik ramio 3Ha4HO
3MEHIIYIOThCS MeXaHi4Hi HaINpy>KeHHS pu
BHUCOKOTEMIIEPATYPHOMY BHPOIIYyBaHHI eMiTaKCiiHHOTO
miapy GaN. B cBow uepry, 1ie 3yMOBIIO€ 301IbIICHHS
XOJUTIBCBKOI PYXJIMBOCTI €JEKTPOHIB Ta 3MEHIICHHS
T'YCTUHH HUTKOTIOJNIOHUX JUCIIOKAIIIH.

BusHaueHHs CTyneHs HanpyXeHHs, NpUPOIH 1
MeXaHi3MIB YTBOPEHHS Ta METOMIB WOTO 3MCHIICHHS B

ctpykrypax GaN/ALO; € mepemymMOBOIO 3HAYHOTO
TTOJTIMTIIICHHST (bYHKIIOHATTBHUX nmapameTpiB
ONTOCNEKTPOHHUX  Ta  €JIEKTPOHHUX  MNPUIIAJIB,

BHUTOTOBJICHWX Ha JaHii cTpykTypi. Cepenns BenndymHa
MEXaHIYHUX HamnpyxeHb B cTpykrypax GaN/ALO;
cknazgae 1 I'Tla [9].

TakuM 4YMHOM, MOXKHa 3pPOOHUTH BHCHOBOK MO0
BukopuctanHs Al,O3 K MiIKIagKA I SHiTaKCIHHOTO
BuponryBanHs GaN. [lepeBarn migknaaku MOJSATAOTh Y
KOMEpLIHHIA JOCTYIHOCTI IUIACTUH JIOCTaTHHO BEJMKOI
IUIOIII Ta BHCOKOi SAKOCTi, TEepPMIYHOI Ta XiMigHOI
cTabinpHOCTI, (Pi3MYHOI MIHOCTI MaTepiamy. 3 iHIIOro
0OOKy, 3HaYHa HEBIAMOBIIHICTH Yy MapaMeTpax IpaToK Ta
koedimieHTax TemioBoro posmupenHs Mk Al,O; i GaN
MPU3BOJUTH 10 MOSBU 3HAYHUX MEXaHIYHMX HAIPYXKEHb
y crpykrypax GaN/Al,Os, 1110 HEraTUBHO BiZIOUBA€ETHCS
Ha CJICKTPUYHUX, OIITUYHUX Ta MexaHi’-IHI/lX
BJIACTHBOCTSIX OTPUMAaHUX emiTakciiiHux rmiiBok GaN.
s po3B’s3aHHS  AaHOT TPOOJIEMH 3aCTOCOBYHOTHCS

JIOZIATKOBI ~ TEXHOJIOTIYHI ~ IIPOLECHM  BUPOIIYBaHHS
OydepHuX mapis, 10, OJHAK, HE 3HIMAE IIi TPOOIEMH Y
mocraTHii  wmipi. KpiM TOro, HEBIANMOBIAHICTE Yy

IUTOIIKMHAX PO3KoMoBaHHA MarepianiB ALO; ta GaN
YCKIIAHIOE TIpoIec MmiarotoBku cTpykryp GaN/AlO,;
JUISL BAPOOHUIITBA ONTOCIEKTPOHHUX TPUIIAIiB, 30KpeMa,
HaIliBIIPOBITHUKOBHX JIa3ePiB.

II. Mounoxkpucraau SiC

MMigxmagku w#a ocHoBi SiC (4H Ta 6H Mommdikarmiii)
Ha BiAMiHY Bix camndipy XapaKTepH3yIOThCS 3HAYHO
MEHIIIOI0 HEBIAIIOBIIHICTIO Yy mapamerpax rpatku i3 GaN.
Hanpuxnan, Ui IUTIBOK, OpPIEHTOBAHHX Y HAaIPAMKY
[0001], ocranus cknanae 3 %. SiC Mae peKOpAHO BUCOKY
teronpoBigHicts (5 Br/emK), ska Onmspka 1o
TEIUIONPOBITHOCTI MiJli, IO J03BOJISIE BUKOPUCTOBYBATH
Horo  sK = MmAKIAAKY Ui BUCOKOIIOTYXHHUX
CBITJIOBUIIPOMIHIOIOYMX JIOJIB Ta Ja3epiB, a TaKOX
notyxHux HBY tpansucropis.

Hanpuknan, ¢ipma Gree Inc (CIHA) choimeHO 3
¢dipmoro  Nitres (CIHA) crBopmima mepmi MMIC
(Monolithic Microwave Integrated Circuits) Ha OCHOBI
GaN, BuxopuctoBytoun miakiaagku SiC, 3 BHXiTHOIO
noTyXHicTI0 A0 20 BT y iMIIyTbCHOMY peXuMi IIpH
9TTy Ta cBimomiond 3 moBxuHO xBwi 410 HM i
30BHILIHBOI0 KBaHTOBOW edekTuBHicTIO 10 20 %. Ha
ocHOBI rerepocTpykryp InGaN/GaN/SiC  cTBOpeHi
cBiTioAionn 6nmakutHoro (470 HM) Ta 3eneHoro (525 HM)
KOJIbOPY BHIPOMIHIOBaHHS 3 MOTYXHIicTIO 5 MBT Ta
3 MBT BigmoBigHO.
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Ha cporomui KOMEpIiHO IOCTYIHUMH € IBi
moaudikarii SiC: 6H-SiC ta 4H-SiC, siki Hanexarb 110

mpoctopoBoi Tpymu  P6;mec, gk 1 BIOpuuTOBa
moaudikarist GaN.

Jo wuemomikie SiC BiZHOCHTBCA T€, IO BIH
HenpsAMO30HHMM. TakuM dYHMHOM, Ha HOro OCHOBI
HEMOJJIMBO  JIOCSITTH ~ BHUCOKMX  (DyHKLIOHAJIBHUX
XapakTepucTuk. KpiM Toro, oJHUM i3 TOJOBHHUX
HEIOJIIKIB TaKUX MAKIaI0K, 0CO0JIMBO npu

BHUTOTOBJICHHI CBITJIONIOMNIB, € 1X BHCOKa COOIBapTiCTh,
ska Maibke y 10 pasiB BumIa, HK BapTICTh OLTBIIOCTI
IHITNX MIKIA00K.

Besnocepenne BupomryBanas GaN Ha miaxmaami SiC
YCKJIAIHIOETHCSI HU3BKUM DIiBHEM ,,3MOUYYBAaHHS JTaHUX
cnoryk [10]; 3BuuaiiHmM 3aco00M TOMONAHHS i€l
npobaemu € BUKOpucTaHHs Oydeproro mapy AIN (abo
Al,Ga;4N). Ane pgaHa MeToAMKa B CBOIO YeEpry
OPU3BOANTH N0 30UIBIICHHS BEIUYMHH MEPEXiTHOrO
OIopy MiX MIAKIAAKOW Ta emiTakcidHoi rutiBkoro GaN
(AIN — i3omsaTop). B Toit ke wac y pobori [11]
MPEJCTaBICHO MaHI MO0 MOXJIMBOCTI OTPUMAaHHS
BHCOKOSIKICHUX HITPUIHHUX CTPYKTYp Ha MPOBITHUKOBUX
OydepHMX mapax s BHUPOOHUWIITBA  IMOTYKHHUX
HaABOPOBITHUKOBUX Ja3epiB. Hezaxaroun Ha Te, IO
HEBIAMOBIAHICTE MK cragumu Ipatkd SiC ta GaN
3HAYHO MeHIIa HibK y crpykrypax GaN/AlLOs, ii
BEJIMYMHA BCE XK 3MIIAETHCS JIOCTATHHO BEJIHMKOIO, IO
3YMOBIJIIOE BUCOKY I'YCTHHY Je()eKTiB HEBIIOBIIHOCTI B
emitakciiHii mwiisii GaN.

Sk Oyno Bke 3a3Ha4YeHO, repeBaroro migknagaok SiC
Haxa migxragkamu Al,Os € HasBHICTD ¥ SiC BepTHKAIEHOL
IUIONIMHU PO3KOJIIOBAHHS, y POJNI SKOI BHCTYyIae a-

{1 120} . Ane

XapaKTepU3yeThCsl HAWOUIBII CITa0KOI0 CHIIOK 3B S3KIB.
B Toti xe wac mms ALO; r-miommHa {1102} €

IUIoIKHAa JaHa IUIOIKMHAa HEC

HaWCIIPUHHSTIMBILION O PO3KOJIIOBaHHS, X0Ua BOHA HE
€ TePICHIUKYJISIPHOIO 0 MOBEPXHI, BHACIIIOK YOr0O MPH
PO3KOIIOBaHHI HE (OPMYETHCS J3€pPKANbHA IMOBEPXHS.
[Ipn poskomoBanHI cangipy mo a-momuHI (iKa 3a
KYTOBOIO OpI€HTAIli€f0 OJIM3bKA IO F-TUIONIMHN) BUHUKAE
SIBUIIE TIEPIOAMYHOTO ,,3CYBY’ IUIOMIMHU PO3KOIY MiX a
Ta Y-IDIONIMHAMH, IO MPH3BOAUTH 1O ,,3y04aTocTi”
noBepxHi. [Tigknanku SiC He MaroTh moAiOHOT IpoOIEMHU
BHACIHIJIOK JIOCTATHBO BEJUKOI PI3HHUI €HEepriil 3B 3Ky
MiDX BEPTHKAJIbHOIO IUIONIMHOIO PO3KOJIOBAHHA Ta
CYCIIHIMKA 3a OpI€HTAL€0 IUIOMMHAME. [lepenidyeHi

(dakTH CBim4aTh TIpO TIIEBHY IIepeBary MeXaHiKo-
TeXHOJIOTiYHOT  00poOku  crpyktyp GaN/SiC  Han
GaN/A1203.

Jo mepepar migkmamgoxk SiC Hajg HiAKIaAKaMH Ha
ocHOBi Al,O; MOXXHA BiTHECTH TaKOXX OLIBII BHCOKY
TEIUIOTIPOBIAHICTG MEPIINX, M0 € HEMaJOBAXHUM
(hakTOpOM TIpH 3aCTOCYBaHHI y €NEKTPOHHUX MIPHCTPOSX
3 BHCOKOIO TIOTYXHICTIO, IO PO3CIIOETBCS, a00 pexuM
eKCIUTyaTalii sIKMX MPOTIKaE 32 BUCOKUX TeMIeparyp. 3
i€l TOYKW 30py MPUWIAAOBI CTPYKTypu Ha ocHoBi SiC
MalOTh IOTEHIIIMHI IIepeBard HaJ TeTepOCTPYKTypamu
GaN/Al, 0, pu (dbopmyBaHHi e(eKTUBHOTO
TEIJIOBIABO/LY Bifl €JIEKTPOHHUX ITPHUCTPOIB.

[opiBasino 13 AlL,O; BupoOHuKM miaknanok SiC
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3IIITOBXYIOTHCS i3 TPYOHOIIAMH CTOCOBHO OTPHUMAaHHS
JIOCTaTHBO TJaakoi moBepxHi. CepenmHs KBaapaTHYHA
BEIMYMHA IOPCTKOCTI TOBEpXHi 3pa3kiB SiC TOpPiBHIOE
1 HM, y TO¥i yac sik Juis minkiIagoK Ha ocHoBl Al,O3; BoHa
B CepelHbOMY Ha TOPSAIOK Hik4ya. Bucoke 3HayeHHsS
mopcrkocti  Ha moBepxHi SiC  micns  mpouecy
MOJIIpYBaHHS CIpusie MOsiBi Ne(eKTIB B eMITaKCIiiHIN
wriBmi GaN — rycTuHa TBHHTOBHX muciokamid y SiC
3HAXOJUTHCS Y MEXKax 10°-10* em™ [12]. Mix uac pocty
JaHi geeKTH PeIuTiKyIoThCS Y BUPOLIYBaHi IUIIBKH, IO
3BHYAlHO HETaTHBHO BiIOWBA€TbCA HAa CEPEKTHBHOCTI
poOOTH TpHUIaAiB, BHUTOTOBJICHHWX HA OCHOBI JaHUX
CTPYKTYp. 3aleXHO BiX BeIMYMHH BekTopa broprepca
TBUHTOBI IHCJIOKAIlii MOXYTh OyTH ABOX BHIIB. SIKIIO
BenMYMHA BekTopa broprepca BaBiui Oinmbima 3a c-
koHcTaHTy rparku 6H-SiC, abo BTpuui Oinbma 3a
AHAJIOTIYHUM TOKa3HUKOM it Momudikarii 4H-SiC, To
BUHMKAIOTh Tak 3BaHI HaHO- abo MikpoTpyOku. Lli
MyCTOTH OPIEHTOBAHI B3JOBXK C-BiCi Ta MPOHHUKAIOTH
B3JIOBXK BCi€i moBXMHM Kpuctaimy. Ha cworoaHi
JOCJIITHUIIBK] 3yCHILIS CIIPSIMOBAaHI TaKOK Ha MOJ0JIAaHHS
mpobleMr  TaK  3BaHUX  3aMKHYTHX  TBHHTOBHUX
JUCITOKAIIN, TYCTHHA SKUX CATA€ BeJIMIUHH 10%-10% e
[4].

OmHuM i3 OCHOBHUX (DaKTOpIiB, SKHHA BH3HAYAE
CTPYKTYpHO-KpHUCTajorpadiuHy JOCKOHAJICTh IUTIBOK
GaN Ha migkiankax SiC e skicte Mopdosorii moBepxHi
MIAKJIAIKH, 0 3YMOBIIOE HEOOXIMHICTh Y J0JaTKOBHX
TeXHOJ'lOFi‘lHI/IX HpMﬁOMaX 10 3MCHUICHHIO BCIMYUHU
CepeHbOKBAAPATHYHOI MIOPCTKOCTI. AJie TaHH MPOIIEC
YCKJIATHIOEThCS BHACIIOK Haa3BH4aiHOi TBeprocTi SiC
Ta roro BHUCOKO1 XiMigHOT CTIHKOCTI.
BucokoremneparypHuii Bifmmaa B yMOBaX HaIBHCOKOTO
BaKyyMy HE BIIIyYa€ OKCHJAW 3 MOBEPXHI, a MPU3BOJUTH
10 30iTHEHHS MPUTIOBEPXHEBOTO IIapy aToMaMu Si Ta 110
poro rpaditmszamii. s BupimeHHs 1€l mpoOIemMu
OCTaHHIM YacOM 3amlpOTIOHOBAHO JEKiTbKa TEXHOJIOTiH
nornepeaHpoi 00podku migkmanok SiC. Y pob6oti [13]
3aMpOIOHOBAHO TPABJICHHS MIIKIAJKKA y MOTOI Ta30BO1
cymimi HCI+H,; aBtopm [14,15] Bukopucramu ioHHE
tpaBienHs SiC. HaiiOinpin 3arabHUM € BUKOPUCTaHHS
Bucokotemmeparyproro (T >1500°C) marpisy y
atmocdepi BogHio [16,17]. Ha puc. 1 HaBeneno AFM-
300paxkeHHs ABOX 3paskiB  SiC: KOHTPOJIBHOTO Ta
00poOIIEHOTO 32 OMHCAHOI TEXHOJOTiEr. OYeBHIHO
3HAaYHE TOJIIIICHHS MTOBEPXHI SiC TicIs
BHCOKOTEMITEPAaTypHOT'O BifIIaJeHHS y aTMOoc(hepi BOIHIO
[17]. Emirtakciiimi mapu GaN, BHpOIIEHI Ha TaKHX
T IKIaaKax MBE-meTonom, XapaKTepU3yBaIKCh
BUCOKOIO KPUCTAJIIYHOI JIOCKOHAIICTIO, TIOBHA LIMPHHA
CMyrd Ha BHUCOTI HamiBMakcumyma XRD-BuMiproBaHb
Juis GaN-1utiBok ckiagana 220 apkc.

Ha sixicTh emitakciitaux mwiiBok GaN 3HaYHUH BIUTUB
YMHUTh TAKOXX XapakTepucTHka OydepHoro mapy AIN.
Y pobori [18] mnokazaHO, IO BHCOKOTEMIEpaTypHa
00pobka migkinagok SiC y BOIHI cIipuse OUTBII BUCOKIH
CTPYKTYpPHIH TOCKOHANOCTI OydepHoro mapy AIN, sxwii
Oyno BupomieHO TMicis moxiOHOI 00poOKH, HA BiIMIiHY
Bim mapiB AIN, BuUpOIIeHHMX Ha TONEPEIHBO
HeoOpoOnennx  migkimankax — SiC.  Asropu  [19]
BiJI3HAYWJIM TO3WTUBHUHN BIUIMB IONEPETHBOI OOpOOKH
miaiaakn  6H-SiC  y  BomHi  HAa  KpUCTaIIuHY



Di3uK0-XIMIYHI aCMIEKTH MaTEePiaNiB MiIKIAOK. .

JIOCKOHAJIICTP emiTakciiHoro mapy GaN.

g

AFM-300paxenHss HeoOpoOIeHOT

Puc. 1.
00po6ieHoi y BoaHi (b) moBepxHi miakmnanok SiC [17].

(a) Ta

3 iHmoro OOKy, MOXKHa BiAMITHTH podoty [20], ne
MeTooM Ta3zodasHoi emiTakcii y XJIOpPHIHIH cuCTeMi
Oynmu BuporeHi mapu GaN 3 BHCOKOI CTPYKTYpPHOIO
JIOCKOHAJTICTIO 0e3mocepeTHRO HA  MiJKTaIKax
SiC(0001). BuBueHO BUNPOMIHIOBAJBbHI BIACTUBOCTI
GaN, orpumanoro OesnocepenHbo Ha miakiagkax SiC;
BH3HAYCHO, IO (i3WYHI BIACTHBOCTI MIiAKIAAKH HE
MalOTh  CYTTEBOIO  BIUIMBY HA  XapaKTEPUCTHKU
enitakciifHoi miiBku GaN TpH TOBIIMHAX OCTaHHBOI HE
MeHie Hix 0,2 MKM.

Koedimient repmiunoro posurpents y SiC MeHIIHN
HbK y GaN, mo 3yMOBIIOE€ y OUIBLIOCTI BHUMAJKIB
OlakciaJIbHI Hampy)X€HHsI PO3TATCHEHHS B €MiTaKCIHHHUX
IUIIBKaX  TPH  OXOJIOJDKEHHI  BiJ  TeMIlepaTypu
BUPOLIYBaHHs 10 KiMHAaTHOT [4]. CTyIiHb HAaNpyXEHHs B
cTpykrypax GaN/SiC HaOmmKaeTbes JO 3HAYCHHS
1 I'TTa, 1o € HacTiIKOM HE TUIBKM Pi3HUII y ITapaMeTpax
KpUCTAJIYHUX IpaToKk, a ¥ 3Ha4yHOi pIBHHMII Yy
KoeQiIieHTaX TEIUIOBOTO PO3MIMpEHHS. Taka CHTyamis
MPU3BOIUTh 3BHYAWHO 10 HAINPYKEHb PO3TATHEHHS B
eniTakciiHuX mriBkax GaN, BHpPOIIEHUX Ha IMiIKIaIKaX
SiC (wa Bigminy Big crpykryp GaN/ALO;, ne
BUHHMKAIOTh HANPYXKEHHS CTUCHEHHS). TakuM YHHOM,
MOXKHa 3pOOMTH BHUCHOBOK, LIO TOJOBHMM YHHHHKOM
BUHHMKHEHHS ITOIOHOTO POy MEXaHIYHHX HAIpYXeHb y
crpykrypi  GaN/SiC e pidHung y koedimieHTax
TETJIOBOTO PO3IIHPEHHS.

Hanpyxenns y crpykrypax GaN/SiC (HaBiTh i3
3acToCcyBaHHsAM  OydepHMX  mapiB)  3yMOBIIOIOTH
3MIMIEHAS EKCUTOHHUX CMYT (OTONIOMIHECHIEHINI Ta
po3mieruieHHs BasieHTHOI 30HH [21]. YV poboti [22]
IOCHIDKEHO 3aJIEKHICT MDK BEIWYMHOIO MEXaHIYHOTO
Harpy>XeHHs1 Ta (POTOIFOMIHECIEHIIIEIO 1 paMaHIBCbKUMU
CHEeKTpaMH; 3°SICOBAHO, IO HAMPY)KEHHS BEJIMYHHOIO |
I'Tla  3ymMoBiIOE  3MINIEHHS ~ €KCHTOHHOI  CMYyru
moMinecteniii Ha 20 + 0,3 meB.

MoxHa 3poOMTH BHCHOBOK, W0 migkiaakd SiC
MalOTh TEBHI IEepeBard Haja IMiAKIaJAKaMA Ha OCHOBI
Al,O;, ane BimHaummo, mo SiC € ogHUM i3
HaWJIOpOXKYMX  MaTepiayiB  cepel MIAKIAIOK  JUIS
enitakcii miBok GaN, ToMy iX 3aCTOCyBaHHS B Hall yac,
3BMYAHO, HE HACTUIBKH MOUIMPEHO, SIK 3aCTOCYBaHHS
migkiagok Ha ocHoBl Al,Os.
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I1I. Monoxpucrtaau Si

Sk Hemopormid  Ta  JOCTYNIHMH  Marepian
MOHOKPHCTAIIYHANH  KPEMHIdH €  HaHNOMMPEeHIIINM
MaTepiaiom IS MIIKIaI0K y CyJacHil

HATIBIPOBITHUKOBIN IPOMECIOBOCTI B3araji i, 30Kpema,
JUlsl emiTakciiHoro BupollyBaHHs IuiiBok GaN [23,24].
Burcoka KpucTagiyHa JOCKOHANICTh IIAKIAJI0K Ha HOTro

OCHOBI,  TepMiyHa  CTilikicTh  3a  TeMmeparyp
BuponyBanHs GaN, riajnka HOBEpXHs MiJKIaJKH — BCe
I[E CTBOPIOE IMEPEIYMOBH  PO3BUTKY  TEXHOJIOTIH

BUpoIyBaHHsl rerepoctpykryp GaN/Si Ta iHrerpauii
OIITOENEKTPOHHUX MPUCTPOiB Ha ocHOBI GaN 1 Si [25].

Buacnigox 3HAYHUX HEBIANOBIIHOCTEN y
napaMeTpax TIpaToK Ta KoeQillieHTaXx TerIoBOro
posmupenHs 1iiBok GaN T1a Si rerepocTpyKTypHu
GaN/Si 3HAYHO MTOCTYTIAI0THCS SKICTIO
rerepoctpykTypam GaN/Al,O; ta GaN/SiC. HeratusHuii
BIUIMB Ha (i3uyHi BiactuBocTi cTpyktyp GaN/Si mae
TeHJeHLid 10 GopmyBanHa amopdHoro mapy SiN, mim
Yac  IpoleCy BHPOILYBaHHS  BHACHIZIOK  peakiil
Marepiany MiAKJIaJKd 3 aToOMapHUM a3oToM. [Ipukian
TAKOro SIBUILA MPOAEMOHCTPOBAHO il IPEICTaBICHO Y
poboti [26], &me BH3HAYCHO, IO HACTIAKOM TaKoi
CUTyaIlll € MOJIKPHUCTANIYHICTh BUPOIICHOTO HA JaHii
migkmanmi mapy GaN.

V OinpmiocTi BUMaAKiB emitakciiai miBkn GaN Ha
migkmagkax — Si(111)  XapakTepu3ylOThCS — BHCOKOIO
TYCTHHOIO Ne(eKTiB Ta IICHTPIB OE3BHIIPOMiIHIOBAIEHOL
pekoMmOiHalii, [0 3HAYHO MOTIPIIYE JIIOMIHECIEHTHI
BJIACTHBOCTI TeTepoCTpyKTYp [4].

Emitakcis SIKICHUX Ta CTPYKTYpHO JOCKOHAIHX
mapiB GaN B OCHOBHOMY BiI0yBa€ThCsl Ha mimkiaimi Si
3 opientauiero (111). IlomiOHI CTPYKTypW YCIIIIHO
BUKOPHCTOBYBAINCh NPU  BUPOOHHMLTBI  OJAKMUTHHX
cBiTnoAioniB [27], monboBUX TpaH3ucTOpiB. CTPYyKTYpH
GaN/Si(111)  BupouIyloTbCS  NIPaKTHYHO  yciMa
Halinmommpeninmvu Meroaukamu: HVPE — [24], MBE —
[26,28-31], MOCVD [23,32-35]. Y Oimbmocri
BUIIQ/IKIB 3HAYCHHS IOBHOI IIMPHHH CMYTH Ha BHCOTI
HarniBMakcuMyMa 11 XRD BUMiproBaHb 3HaXOIUTHCS B
niana3soHi Big 8 10 50 apkxB, cMyru (hOTOIFOMIHECHIEHIIT
B Aiana3oHi 3,41-3,45 eB (3a kiMHAaTHOT TeMreparypu) Ta
3,46-3,47 B (32 HU3BKHUX TEMIIEPATYD).

BinHommeHHs MiXk MJIoNMHAME Y cTpykTypax GaN/Si
mociipkeno 'y pobortax [28,29,33], me Bu3HAYEHO
napanenpHicTs wronma GaN[0001] Ta Si[l11], y Toi

yac, sK y pobori [27] 3’scoBaHO  HACTYIHI
CHiBBITHOIICHHS (s iHTepdeiicy CTPYKTYp
GaN/AlGaN/Si(111), supomennx MBE wmeromom):

GaN (0001)([Si(111)ta GaN (2110} || Si(011).

Sk 1 y Bumanky i3 candipoBUMH IIiJKJIaJKaMH,
mpobieMa ONTUMAIBHOTO BHOOPY Oy(epHOTro mapy Iuis
ctpykryp GaN/Si € omHier0 3 BH3HAYANBHUX LIS
JIOCATHEHHS HEOOXIJHHUX ONTUYHUX, MEXaHIYHUX Ta
enekrpodismunmux xapakrepuctuk. Cepen Marepiaiis,
SKi  3aCTOCOBYIOTbCS st OydepHoro  1mapy,
Haitnmommpeninmmmu €: ZnO [24], AlAs [23], GaAs [31],
GaN [36], 3C-SiC [37,38], Ta AIN [26,30,31].

3 MeTor0 3aro0iraHHs BUHUKHEHHIO Y MOBEPXHEBIiH
obmacti minkmagku Si amopdHoi cmomykm  SixNy
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BHKOPHCTOBYIOTh IIOTIEPETHIO OOpOOKY IOBEpXHI Y
MOTOL AJTIOMIHIIO Ta amiaky, 10 crpuse (GOpMyBaHHIO
oydepnoro mapy AIN [31] ta 3amnobirae hopmyBaHHIO
amoppHoro mapy SiNy Ha Mexi po3miny B
rerepocucremi GaN/Si(111).

[Ipencrapnsie iHTEpeC BUPOIIYBAHHS Ha ITiIKJIa Il
Si(001) rtonkmx mniBok GaN pizHux Moaudikarii:
rekcaroHaibHoi Ta KyOiuHoi. Ha croroaHi emitakciiiunit
GaN ky0iuHO1 Ta rekcaroHaJaIbHOI CHHI'OHIN Ha MK
Si(001) Bupomyerscs pizaumMu Metogamu — HVPE
([39]), MBE — [40, 41], MOCVD - [41, 42].

Bracmimok Benmukoi pi3HHUII y MapaMeTpax IPaTok
OesmocepenHe BupoulyBaHHS Kybiunoro GaN Ha
miaknagkax Si(001) mae neBHi TpyaHoLI. MOXIHUBICTH
dbopMyBaHHS Ha MeXi pO3ALTY ,IUTIBKa-MiAKIaaKa”
amop¢Horo mapy SixNy, IPH3BOJUTE A0 TOTO, IO MITiBKU
GaN MicTsTh cyMmill SIK BIOPLUTOBOI, Tak i KyOiuHOi (as3.
3 MeToro 3amobiranHs (GOpMyBaHHIO aMOPGHOTO IIapy
Ha miakiagmi Si(001) BukopucToByroTH OydhepHHii map
3C-SiC, Bupomenunii abo merogom CVD, abo mpsimoro
KapOOHi3alli€l0 MOBEpXHi (MOXKHA MPOBECTH AHAJIOTIIO 3
pe3ynsTaTaMu HITpAOM3amii MiIKIaI0K ALO3).
Bimzraunmo, mo BukopuctaHHs ToBCTHX IrapiB 3C-SiC
CIpHsi€ BUPOITYBaHHIO came KyOigHOi Momudikarii GaN.
BukopucraHHs IHIIMX MIKIaa0K, 30kpema AIN abo
Al,Ga; N (poboru [43] Ta [39] BimmoBimHO), crpHse
(bopMyBaHHIO BUKJIFOUHO BOpITOoBOT Moudikamii GaN.

Y poboti [44] mHpeaCTaBACHO CKCIEPHUMEHTAIbHI
JaHi, SKi MATBEPKYIOTh BHUCOKY UYYTJIMBICTH NPOLECY
BupouryBanHss GaN Ha migxmaakax Si(111) meronom
MBE 10 chiBBiHOIIEHHS KOMIIOHCHT €JICMEHTIB TPYII
III/V. Bwu3nayeHo, mo Tmpu HAOIMKCHHI CKIATy
KpHUCTaIy 0 cTexiomeTpii Mop¢oioris Ta KpHUCTalidHa
CTpYKTypa emitakciitHoro GaN 3HA4HO MOKPAIIyIOTHCS.
Ha ©pwuc.2 maBemeHo SEM-300pakeHHS pO3KOIY
crpykryp GaN/Si (3 BUKOpUCTaHHSM OydQepHoro mapy
AIN).

3 aHami3y puc. 2 O4EBHUJHO, L0 32 HASBHOCTI 3CYBY
criBBigHoweHHs enemenTiB I1I/V B Gik a3oty (3pazok A)
emiTaKkCiiH1N map GaN XapaKTepU3y€eThCs
,»KIIyMOUaTOI0” CTPYKTYpPOIO, SIKa CKJIaIA€ThCsl 3 HAOOpy
HUTKOTIOAIOHUX MIKPOKPHUCTANIB AiaMeTpoM a0 60 HM Ta
noBxuHOO 0 1 Mkm. SEM-300pakenHst 3pazka B
HAOYHO JIEMOHCTPYE 3MiHY Y CTPYKTYpi IutiBKU. Brwkui
mo migkmankd mapu GaN BHpPOIITYBallCh 32 YMOBaMH,
OMU3BKAMH JIO CTEXiOMETpii, Apyra MOJOBHHA TUTIBKH —
P 3HAYHOMY 3MCHIICHHI CITiBBiTHOIICHHS KOMIIOHEHT
II/V, mo npu3Beno 10 MOSBU CTPYKTYp, MOAIOHHX 0
THX, II0 CIIOCTEPIrayiMch I 3paska A. 3pazok D, mo
OyB BHpONICHMH 3a yMOBaMH ONU3BKHMH [0
CTeX10MeTpii, IEMOHCTPY€E 3HAYHO Kpallly CTPYKTYPY HIXK
3pasku A-C. 3pazok C XapakTepusyeThCsl Kpalloro
CTPYKTYpolo, HDK 3pasku A Ta B (BigcyTHs
,»KOTyOM4YaTicTe”), aje  MOCTYHaeTbcs 32  LUM
MTOKAa3HUKOM 3pasky D.

Ham H©HeBimomi poOOTH OO0 OTPUMAHHS IIpH
Oe3mocepeTHLOMY BUPOIIYBaHHI Ha migkmagkax Si(001)

emitakciiHoro mapy GaN  BHKIIOWHO  KyOigHOI
Moaubikarrii. v JOCTYIHHUX IIOBIIOMJIEHHSIX
JONOBIAAa€TbCs  abo0  mpo  OTPUMaHHA  cyMminri

rekcaronanbHoro ta kybiunoro GaN [40], a6o Tinbku
rexcaronanbpHoro GaN [41,45].
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SAMPLE B

SAMPLE C SAMPLE D

Puc. 2. SEM-300pakeHHS pO3KOJNy eMiTaKCiiHOTO
GaN na nminkragkax Si(111) npu pisHHX BeJMUMHAX
cuiBBigHOmeHHs eneMentiB III/V rpym: Big ymoB
3HAYHOTO TMPEBaJIOBaHHA a30Ty (3pa3ok A) 1o
HaOmkeHHs 10 crexiomerpii (3pazok D) [44].

3 iHmoro OOKy, LiKaBi pe3yJbTaTd IMPEACTaBICHI Y
poboti [46]: Tepmiuna o0poOka mimkmaaku Si(001) y
mponani (3a  Temmeparyp 6mu3bko  (1300-1400)°C)
NpU3BOAMTL 10 (opMyBaHHs ToHKoro (40 A) mapy
kyOiunoro SiC, Ha skomy Oymnu BupomeHi ruriBku GaN
KyOiuHOi MOudiKaIIii.

Sk 1 mig OurpmIOCTI IHIIMX MIAKIIANOK, SKi
BUKOPUCTOBYIOTBCSL [UIS BHUPOLIYBAHHSA eMITaKCIMHUX
maiBok GaN, migkimagkd Si BH3HAYAIOTHCS BEIHKOIO
pI3HHLICI0 HE TUIBKM y MapaMeTpax IpaTok, aine i y
KoedilieHTax TermioBoro posmupenHs 3 GaN: mis Si
OCTAaHHS BEJIMYMHA CKJIaJa€ 2,5'10'6 K, mma GaN -
5,59-10° K. Hacnigkom 1poro $akry € (opMyBaHHs
3HAYHOI'O MEXaHIYHOTO HANPY>KEHHS pPO3TATHEHHS Y
wiiBkax GaN, OoTpMMaHUX Ha MOHOKpHCTanax Si, IpHu
OXOJIOJDKYBaHHI CTPYKTYDP Bif TeMIepaTyp
BUPOIYBAaHHS 10 KIMHATHHX. BenuuuHH MeXaHiYHUX
HalpyXeHb NpH LIbOMY MOXYTb HPH3BOIUTH [0
pyHHYBaHHS ~ LTICHOCTI TIiBOK: y pobori [47]
JIOTIOBIZIAJIOCh MPO PO3TPICKYBAHHS CMITAKCIHHUX TLUTIBOK
GaN. Bupimensst mpo0ieMd HUTICHOCTI IUIBOK, K 1 B
OUIBIIOCTI TTOIIOHMX BUIAJIKIB, IOJISITa€ y 3aCTOCYBaHHI
Oydpepuux mapis. Bydepni mapu AIN, Bupomeni 3a
HU3BKOI Temmeparypu mpouecy (700°C), crpusiors
3HaYHOMY  3MEHIICHHIO  BEIMYMHM  MEXaHIYHUX
HanpyxeHb [47]. B Toif ke wac mikaBUM € (akT
3aJ@KHOCTI THUIly HampyXeHHs (PO3TSATHEHHS 4H
cTHCKaHH#A) y OypepHux mapax AIN Bin iX TOBIIMHH, 110
B CBOIO Yepry BiIOWBa€TbCs Ha BEIMYMHI Ta 3HAKY
MeXaHIYHUX HaIpyXeHb B emiTakciiiHomy mmapi GaN
[48].

BHacmiIOK BHCOKOTO PIBHSA 3aJ€KHOCTI  SIKOCTI
emitakciiiHux  1riBok  GaN  BiI  XapakTepHCTHK
OydepHOro mIapy, B Hall 4ac MPOJOBKYIOTHCS aKTHBHI
NOIIYKH B JaHOMy HampsMKy. YCIHilIHa peanizaiis
HaJlaCTh MOJJIUBICTH IOBHOIO MipOI0 BHKOPHCTOBYBATH
BEJIMKUI IIOTEHIia]l HaKONWYEHOI0 TEXHOJIOTIYHOTO
JIOCBily BHPOOHHWITBA CTPYKTYPHO JIOCKOHAIHMX Ta
JIENIEeBUX MIKIan0K Si.
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IV. Monoxpucraau AIN

bBinapHa nHamiBnpoBinHuKOBa cnonyka AIN e maibke
iIeambHAIM MaTepiajoM MIKIagKd Ui eMiTaKCiiHOTO
BHPOIYBaHHA TOHKMX IUIiBOK GaN 3 TOYkH 30py
OMM3BKOCTI  TapaMmeTpiB IpaTkd Ta  KOeQiIlieHTIB
TEIJIOBOTO PO3IIMPEHHS, BUCOKOI TEIUIONPOBIAHOCTI Ta
CTIMKOCTI INOAO OKHCIJIEHHA. 3a3HauyeHi AacCIeKTH
MPU3BOIATH 10 MPUHIIUIIOBOI MOXIIMBOCTI BUPOILIYBaHHS
wiiBok GaN 3  MIiHIMI30BaHMMH  MEXaHIYHUMH
HaNpyKEHHSIMHU. Bucoxka Kpucranorpadiyna
JockoHanmicte  3paskiB  AIN  mponemoHcTpoBana B
poborax [49,50]. Ane Bucoka mina AIN mo Hamoro yacy
CTPHMYy€ HOro IMIMPOKE 3aCTOCYBaHHS SK Marepiary
T IKJTAIKU TSl BUPOIIYBaHHS eMiTakciifHuX roriBok GaN.
Martepian AIN mae meBHI epeBard sk MiAKIAAKa HaBIiTh
Hap ,,pimauM” GaN: OiNbII BHCOKA TEIUIONPOBIAHICTS,
OimpIn ONM3BKA BINMOBIMHICTH Y MapaMeTpax IPaTKd 0
cnonyku AlGaN, emitakcidHi mapu sikoi epeKTUBHO
BUKOPHCTOBYIOThCS y KOPOTKOXBHJIbOBUX
BUIIPOMIHIOBa4Yax Ta JAETEKTOpax yJbTpadiosieToBOro
miamazony. Kpim Toro, mimkinanku AIN OinbIn npumaTHi

JO BUKOPHCTaHHS B JESKUX HAIiBIPOBIIHUKOBUX
MIPUCTPOSIX MIKpOEJIEKTPOHIKH, HaTpUKIaf, y
HaJBHCOKOYaCTOTHUX TpaH3UCTOpax BHACIIIOK

13ossniitHNX BiaacTuBocteld AIN [4].
3BuuaiiHo, AIN Mae BIOPLIMTOBY CTPYKTypy, ajie 3a
TIEBHUX YMOB MOJIHBE (pOpMyBaHHS KyOidHOI CHHTOHIi

emitakcidiaoro  AIN  [51]. Tekcaronampamii  AIN
HAJIOKUTh N0 TnpoctopoBoi rpymu Pg3me. AIN
cTablIbHUI 3a TEeMIIepaTypu BUPOILIYBaHHs
emitakciigoro GaN gk meromom MBE, Tak 1 3a

TEXHOJIOTIEI0
€JIEKTPOHHOI
HETraTUBHOTO

MOCVD. Bnacniiok BHCOKOIO CTYIEHS
CHOPIJJHEHOCTI /0 KHCHIO Ta BEJIHKOI'O
3HauyeHHs BUIbHOT eHeprii ['i00ca mis
dopmysanus  cronyku  AlLO; (- 1,58-10° JIx/Moub)
KHCEHb € HaWITOMMPEHI UM KOHTaMiHaHTOM
(momimkoro) y AIN, BHACHiZOK 4YOro 3MCHIIYETHCS
TEIUIOTIPOBITHICTE Ta  aKTHBI3yeThCS  (POPMYyBaHHA
TOYKOBUX Ae(EeKTiB Ta NEPEKTIB YIAKOBKH.

Hattnommpeninmm METOJIOM BUPOILYBaHHS
kpucraniB  AIN e cyOnimaniitna texHoumorist [52].
[opiBHSHO 3 BHUPOLIYBaHHSM  HAMiBIPOBIIHUKOBOI
cnosryku GaN THCK a30Ty HaJl ToBepxHero kpucrana AIN
Ha WIICTh TOPSAKIB MEHIIMH, ToMy BHpolnyBaHHs AIN
MOXIIMBE IPHU THCKY, HW)KYOMY HDK aTMOc(hepHH.
3a3HaunMO, 10 HAMIBIIPOBIIHUKOBI OiHApHI CIIOIYKH
AIN ta GaN cborojHi KOHKypyIOTh Ha PUHKY MarepialliB
MiIKITaaoK s emitakciitnoro GaN. BuponryBanas GaN
cyOmiMariitanM METOIOM HaMOUIBIIIOI0 MipOto
YCKJIAIHEHO BHICOKMM THCKOM JAWCOLIaIii, aje 3 iHmoro
6oky, BupouryBaHHs GaN MOXIHBE 3 pO3IIIaBy, Ha
BiaMiHy Big AIN, BupOILIyBaHHsS SKOTO 32 TaKUM
METOJOM € HEIOLIJBHUM BHACHIZOK HaI3BAYANHO
BHCOKOI Temmeparypu rmiasienns (Gmmssko 2800°C).
Onun 3 HahOuUThIuMX KpuctamiB AIN MaB po3mip [0
470 mm®  [53], WBHAKICTE BHPOLIYBaHHS CKJIajgaia
0,3 MMm/TOI.

Cepen HeTpaguuiiiHux MeToaiB BupoutyBanus AIN €
meron HVPE, ocranHiM 4YacoM € MOBiZOMJIEHHS IIpO
moiOHi cripobu [54], ane mapaMeTpu KpUCTaJIiB 3HAYHO
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ripori 3a mapameTpHu 3pasKiB, sIKi OTPUMaHI METOIOM
cyOuimarii.

Y pobGori [55] mpencraBieHi HepCEKTHBHI
pe3ysbTaTd BUpOILYBaHHsS 00’eMHHX KpuctamiB GaN
METOJIOM KOHBEKIITHOTO BHUPOIIyBaHHS 3
BuKopucTaHHsAM miakinankd AIN(0001); BupouryBaHHS
BizOyBanoch 3a temmeparyp 600 °C, 700 °C Ta 800 °C.
Marepianamu Uit BUpOIyBaHHs Oyiau mopowmku Ga Ta
NaN3.

3a3HaunMoO, 10 HeoOXi#mHA TemIeparypa Juis
BHpOIIyBaHHS 00’eMHOro GaN 3a Takol METOIHKOIO
(6e3 mpucyrHocTi mimkmaakwm) ckmamaira 800 oc.
HasiBHicTh y peakrophiii kamepi migknaaka AIN
crpusia TOMY, IO Ha TIOBepXHI MigKIAAKA Oynu
chopmoBani  o0’emui  3pa3ku  GaN, HaBiTh 3a
temneparypu 600 °C. Takum ummoM, migxmamka AIN
BiZlirpaBasia poJib Ia0MoHy st BupoiryBanHs GaN 3a
OBl HU3BKUX TEMIEparyp. 3alpornoHOBaHAa METOANKA
JIO3BOJISIE OTPUMYBATH HEZOpPOri  3pa3ku 00 €MHOTo
GaN.

3paskun GaN Oyio JOCTIIKEHO 3a JIOIIOMOTOI0
karonomominecteHmii (KJI) ta XRD meronuk. Criektpu

(©

Puc.3. AFM-300paxennss o0’emHoro GaN,
orpuMaHoro Ha migkiragai AIN 3a TexHoIori€ro
KOHBEKIIIHHOTO BHUPOIIYBaHHS 33 TEMIIEPATyp
800 °C (a), 700 °C (b), 600 °C (c) [55].
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KJI (3a xiMHATHOI TeMmIlepaTypH) MICTHIIH CMYTY 3
eHepriero nodausy 3,4 eB, snauennss FWHM cknananu
212, 125 Ta 109 meB mns Temmeparyp BHpPOIIyBaHHS
600, 700, 800 o BimmoBimHOo. XRD — mociimkeHHs
BUsABWIM mapaneibHicts twromud (0001) y o06’emHOro
kpuctana GaN Ta migknmanku AIN. [lani pesynbrariB
BumiproBab KJI ta XRD cBinuarth npo BUCOKY SIKICTH Ta
CTPYKTYPHY JOCKOHATICTh c(opMOBaHOTO 00’€MHOTO
GaN. Ha puc.3 naBegeHo AFM-300paxenns GaN,
BHpOIIeHOro Ha migkiaa AIN, orpumaHni y pobori [55].

3 anamizy AFM-300pakeHp OUYEBHAHA HASBHICTh
TeKCAarOHAIBHUX CTPYKTYp, PO3MIp SIKHX 3MEHIIYETHCS
IpY 3MEHIIEHHI TeMIepaTypd 1 THUCKYy BHPOLIYBaHHS.
TosmuHa kpuctaniB GaN cknagana 55, 26 ta 3 MKM J1st
temneparyp 800°C, 700°C ta 600 °C Bimmosimgmo.
3MEHILIEHHS! TOBLIMHU TPH 3HIDKEHHI TeMIlepaTypu
BUPOLIYBaHHS € HAaCIiIKOM HHU3bKOi IIBHJIKOCTI POCTY
06’emunoro GaN B ymoBax ekcrniepumenty. Jlana pobora
MIPOJIEMOHCTPYBaJa MOJJIMBICTh OTPUMAHHS SIKICHUX B
¢izuuHOMY BimHOWEHHI 00’eMHUX Kpuctamie GaN Ha

T AKITaIKax AIN, 110 € MePCIIEKTUBHUMHU
reTepOCTPYKTypPaMH UL MOAANIBIIOTO
TOMOCTIITAKCITHOTO ~ BUPOIIYBaHHSA  BHCOKOSKiCHUX

emTakciiinux mrBok GaN.

V. Monoxkpucraan GaAs

OcTaHHIM YacoM, HE3BKAIOYH Ha BEIHKY Pi3HHUIO
MiX IIOCTIHHUMHE KPUCTAJIIYHUX I'PaTOK OiHAPHUX CHOIYK
GaAs ta GaN, ocobnrBa yBara IpuIiA€ThCS TiAKIAAII
GaAs. Pag  ocoOmuBOCTEH  IMIOAO  TEXHOJIOTIYHOL
npuBabmuBocTi came GaAs SK  WAKIAOKA IS
emnitakciiHoro BupomryBaHas GaN po3IISIHYTO HIKYE.

GaAs (001) € ogauM i3 He Oaratb0X MaTepiaiiB s
Hi[lKﬂaZLOK, Ha AKUX JOCUTH 4aCTO BAACTHCSA BUPOLILYBATU
KyOiuyHy MOIU]IKaIlI0 HITPUIY Tallito, 10 B JaHUI Jac €
OMHMM 13  TpIOpUTETIB  JIOCHIIPKEHb y  Taiysi
BUPOILIYBAaHHA HITPUAHUX CHOIYK TPETbOI TpYIIH.
[opiBHSAHO 3 ,,FOJOBHUM’’ MaTEePIaNIOM JUIS ITiKIAIKA —
canndipom, GaAs wmae meBHI mepeBarum: IuTiBkm GaN
OUTBII JIETKO 3HIMAOThCcA 3 TOBepxHI GaAs, HiIK 3
candipy, mo poduts GaAs MepCrneKTUBHAM MaTepiajJoM
JUTsI OTPUMAaHHS BUTbHUX TTiBOK GaN.

Kpim TOTO, apceHin ranito XxapakTepu3yeThCs OLTBII
HU3bKMM HaNpYKEHHSM IUIACTHYHOCTI, HK candip, mo
BU3Hayae 3xaTHicTh GaAs Oparu Ha cebe MexaHIuHI
Hallpy’>XCHHA, 3HA4YHO 3MCHIIYIOYH X B TOHKHX
emitakciiHux 1uniBkax GaN. Marepian GaAs 3
Kkpucranorpadiynoro opientauiero (111) € onTumansauM
TUTS BUPOLLYBaHHS eIiTaKkciiHOro GaN 3
MiHIMI30BaHIMH MEXaHIYHUMH HaIPyKCHHSIMU.

Jo mepeBar migkmagku GaAs TakoXX BITHOCSTH ii
MIPUIATHICTH TUTS BHPOIIYBaHHSI 00’ eMHHUX
MOHOKPHCTAJIB GaN 3 METOIO MOHAJIBIIOTO
BUKOPHCTAHHSI OCTaHHIX Y BIJIOBIIHUX IMPUCTPOSIX 200
JUIA  eMITaKCIHHOTO BHUPOILYBAHHSA HITPUAY Taiilo Ta

BUpIlIEHHS TMpoOjeM emitakciiiHux 1iiBok GaN,
OB’ s3aHUX 3 TeTepoemiTakciero [56, 57].
TakuM  YMHOM, MOXXHAa BU3HAYUTH  TOJIOBHI

TIO3UTHBHI acleKTH BUKOpUCTaHHA GaAs SK ITiAKIaIKA
qutst orpuManHs GaN: o0MIBI CTPYKTYpH BITHOCATHCS 110
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HANIBIPOBiNHMKOBHX ~ cromyk  A'B°, a  Takox
NpUCYTHICTh y migkiaaani GaAs XiMIYHOTO eleMeHTa
(ramito), sikuii BXOAUTH MO emiTakciiHol twiiBku (GaN),
BHACTIZIOK YOTO MOJJIMBE TEXHOJIOTIUHE MEPETBOPEHHS
noBepxHeBoro mapy Ha GaN. OkpiM Toro, MOXKHa TaKOX
BUIIINTHA Taki MO3UTHUBHI 03HAaku GaAs K MiJKIagKU
s BupornyBanHs GaN: HH3bKHHA OMIp OMIYHHX
KOHTAKTIB, IUIOIIMHU po3komoBaHHA it GaN ta GaAs
NPaKTHYHO 30iraroTbCsi 3a OpIEHTAlI€0, a TaKoX
3natHicTh miaknankd GaAs Opatm Ha cebe 4YacTHHY
MEXaHIYHUX HAaNpyXeHb, [0 BHHUKIN B EMITaKCiHHINA
roriBmi GaN.

OueBHIHUMU HETaTUBHUMU aCTIeKTaMHt
BUKopucTaHHA GaAs SK MiIKIaIKA IS BUPOIIYBaHHS
GaN € Benmka pi3HUIA y TapamMeTpax KpUCTATIYHUX
IPATOK Ta KOe(IUi€HTIB TEIUIOBOTO PO3IIUPEHHS MIiXK
HITPpUIOM Talil0o Ta apceHimoM ramioo. IHmoro
MEPENIKO00 ISl IMIMPOKOro 3acTocyBaHHS GaAs sk
MAKIAIKA TSI BUPOIYBAaHHS emiTakcidHuX ImapiB GaN
€ HEZIOCTaTHBO BHUCOKA TEIUIONPOBiAHICTE GaAs, a TaKoX
61 Hu3pka HiX y GaN tepmiuHa criiikicts GaAs (3a
temmepatyp 6mm3bko 800 °C GaAs 1eKOMMO3yeThCs Ha
piakwii Tamiii Ta MUm’SK y ra3oBiil ¢aszi). Kineruky
nexomrto3utii GaAs gociimkeHo y poboTi [58].

Cepen HAWITOMIMPEHIINX TEXHOJOTI BHPOLTYBaHHSI
enitakciinoro mapy GaN Ha minkinaakax GaAs € meron
MBE, sxuii  XapakTepu3yeTbCi  BUKOPUCTAHHAM
BIJTHOCHO HEBUCOKHMX TEeMIIepaTyp BHPOILYBaHHS, IO
3BMYaliHO 3yMOBIIIOE HOTO OUIBII MIMPOKE 3aCTOCYBAHHS,
Hixx meroxiB MOCVD a6o HVPE. LlikaBuM € Takox
(haxT MOXKIIMBOCTI OZOJIAHHS HACTYITHUX TPYIHOIIB: 32

JIOTIOMOT 010 BUPOIYBaHHSA TOHKOTO
,,HI3BKOTEMIIEpAaTypHOTO” MIapy HITPUAY Talif0 Ha
MTOBEPXHI M AKIIa KA GaAs OCTaHHIO  MOXHa
BUKOPUCTOBYBAaTH TP  3HA4YyHO  OUIBII  BHCOKUX

TemrepaTtypax 3a texnojorismu MOCVD a6o HVPE
[4].

Be3nocepenne yTBOpEHHS Ha MOBEPXHI IMiIKIATKH
GaAs nentpiB kpucramizamii GaN yCKIagHIOETBCS, TMO-
Tnepie, HasIBHICTIO OKCHIIB Ha noBepxHi GaAs, no-znpyre
— OUIBII KOPOTKOIO IOBXMHOIO 3B’si3ky y GaN B
nopiBHsAHHI 3 GaAs. OIHIM 3 OUIAXIB BUPIMICHHS TaHOI
MPOOJIEMH € TIPOLIEC TTONePEAHBOI HITPUIU3AIII] TOBEPXHI
GaAs, B pe3ynbpTari sKoi MOPQOIOTiS TOBEpXHi, K
NpaBuiIo, moripuryerses. Lle Moxe OyTH MEBHHUM YHHOM
BHUIIPaBAaHO, KO ToBepxHSI GaAs MIiCTUTh OKCHJH,
30KpeMa, KOMIIOHEHT, 10 BXOAATH 0 Woro ckiaxy. Tomi
3a paxyHOK HITpUAM3ALii OJHUM i3 HACIIAKIB MPOIECY
OyJie BUIYYEHHS IIapiB OKCHIIB 3 IOBEPXHI IMiIKITaIKH.

Sk 3a3HaueHO y poOoTi [4], 3a0e3neueHHs T1aIKOCTi
MOBEPXHI HITPHUIY TAIiI0 MPOTATOM YCiX TEXHOJIOTIYHHX
CTafiifi € TIOIIMPEHOI0 MpPOOJEMOI0  IEepeBaXKHOT
OUIBIIOCTI POOIT, NMPUCBSYEHNX OTPHMAHHIO CTPYKTYP
GaN/GaAs, mo 3yMOBICHO caMe IepesliYeHUMH BHIIE
HemosikaMu Marepiany GaAs K MiIKITaaKy.

Ha migcraBi po3risHyTHX BHIIE pPoOOIT MOXKHA
3pOOWTH BHCHOBOK IIOJI0 HEOOXIMHOCTI BIOCKOHAJICHHS
TEXHOJIOTIH MiArOTOBKY MOBEpXHI migkimaaku GaAs, Ta
MPOBEJCHHS TPOLEIYPH IONEPEHBOr0 BHUPOLILYBaHHS
OydepHUX mapiB emiTakCIHHUX IUIIBOK HITPHIY Talilo.
OnHUM 13 KJIIOYOBHMX €JIE€MEHTIB IMOAIOHOI IMIJATOTOBKU €
00poOka moBepxHi migkianku GaAs B mia3mi asory. B
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IesKuX  poborax  Oylno  3ampoIllOHOBAaHO  Mepen
HITPUIM3ALIEI0 BUPOLILYBATH HA MiAKIAALI TOHKHIA 1ap
BUCOKOsIKiCHOTO GaAs, sIKUil XapaKTepu3y€eThCs TIAIKOI0
B aromapHoMy Macmrtabi  mnoBepxuero [59-61]. o
INO3UTUBHHUX puc BUKOPUCTaHHSA nonepeaHbo
HapoiryBaHoro mapy GaAs MOXKHA BIJIHECTH 3Ha4HE
3MCHILICHHSA HCETaTUBHOI'O0 BIUIMBY IMMOBEPXHCBUX mapiB
OKCHJIIB Ha MMPOIIEC HITPUIM3AIIii.

3a  TEOpeTMYHHMH  pO3paxyHKamMu  KyOidHa
cTpykTypa GaN 3yMOBIFOE€ OUTBII BHCOKY PYXJIUBICTB
HOCI{B 3apsimy, BUCOKHI onTHYHHMNA BuXifj (optical gain)
Ta A00pi i30TPOIHI BIACTMBOCTI BHACHIIOK KyOidHOL
cumerpii. Tpeba 3a3HauyMTH, IO HA MPAKTHII
peanizyBaru noAiOHui notenmian kyoiunoro GaN e He
BIAJIOCS BHACIIJOK TOro, IO BHHWKAIOTh IIE€BHI
TpynHowi B orpumanHi yuctoro B-GaN. KyOiunuid
HITPHJ TAJIII0 BUPOIIYIOTh TAKOX Ha IHIIUX IiJIKIaaKax
(mampuxman, Si, 3C-SiC, GaP, MgO), ane
HalromupeHimoro miaknankoro € GaAs(001).

VI. HopysBari nmiakjaaaku Ha ocHoBi GaAs

Cepennsi BenuurMHa OiakCiaJIbHOTO HAIPYXKEHHS Y
rerepoeniTakciiiunx miiBkax GaN oTpuMaHMX Ha
gyxopigHux migknaakax gopisatoe 1 I'Tla [9,62]. Oqaim
i3 HalMepCIeKTUBHIIMX HANPSIMKIB YCYHEHHS MOJI0HUX
MEXaHIYHMX HalpyXeHb € BUKOPHUCTAHHS IOPYBAaTHUX
MIIKIaI0K.

[epury Bmamy crmpoOy BHPOIIYBaHHS eIiTaKCIHHIX
mapiB GaN Ha mnopyBatux miakmaakax GaAs Oymo
3pobieno y poboti [63]. ABTOpH HpOAEMOHCTPYBAIH
MOXJIMBICTh OTPUMAaHHS MeTacTabiIbHOI KyOiuHOI (ha3zu
HiTpuay raiito (f-GaN) Ha nopyBatux migknaakax GaAs
METOIOM MBE. EnexTpoHHO-MiKpOoCKOMiuHI
JIOCTIKCHHST TOKa3aJik, [0 IPH TOBIIUHAX OJU3BKO
2000 A ma mopysatux miakmagkax GaAs (popmyeTbes
enitakciinuii map GaN.

Y nmmiBkax GaN, BHPONIEHMX Ha MiJKIaIKaxX
mopyBatoro GaAs(100) ta GaAs(111) cmocrepiranack
KpaifoBa JIOMIHECIICHIIiSl 3 €HEepricl0 B MakcuMyMi 3.26
eB, 3nauenns FWHM ckiamamo 180 meB. [/lana cmyra
MIPUTHCYETHCSI EKCUTOHY, 3B’SI3aHOMY Ha HEHTPaIbHOMY
JOHODI y KyOiuHOMYy GaN.

PesynbraTi ananmizy crekTpiB (OTOIFOMIHECUEHIIT
CBiUaTh PO Te, IO Ha MiJKIAAKAX [OPYBAaTOro
GaAs(100) ta GaAs(111) Oynu oTpuMaHi emiTakcCiiHi
wiiBkM KyOiuHoi moaudikamii GaN (B-GaN), y Toit yac
SK Ha ,,3BHYAWHUX’ MOHOKPHCTAJIIYHUX ITiJKITaIKaX
GaAs 3 opierrauieto (111) dopmyersest nepeBaxkao GaN
rexcaroHanpHOT Momudikarii (a-GaN) a Ha migKITagIKax
GaAs (100) - cymim rexcaroHaiapHOI Ta KyOiuHOI (ha3
GaN.

Y poboti [64] Oymo MOBiZOMIIEHO PO YCIIIIHE
OTpUMaHHs emiTakciiuux 1iiBok GaN, Ha MopyBaTHX
mapax GaN meromom HVPE. Ilicis BupouryBaHHsS
HIapu HITpULy raiito Oyno obpobiieHo y po3uuni HF 3
BUKOPHCTaHHAM  YJIbTpagioneToBOro 30y/KEeHHS IS
(dhopmyBanHs mop. Po3mipu mop Oymnu menmr 3a 0,3 MKM.
BepxHiii mwap HiTpuIy ranio OyJI0 TakoX HapoIIeHO 3a
nonomororo Merony HVPE nHa mnopyBaromy GaN.
BumiproBanass XRD ta ®JI npopemMoHCTpyBanu OuIbII
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Puc.4. SEM-300paxennus crtpykryp GaN/por-
GaN/SiC (minkmaaka SiC He moka3aHa [64]).
BUCOKY  SIKICTb Ta  CTPYKTYpPHY  JOCKOHAJICTh

eMiTaKCIMHUX TUTIBOK, OTPUMaHUX Ha Oy(depHHX mapax
nopysaroro Hitpuny ranito. Ha puc. 4 naseneno SEM-
300paxkeHHs po3konry GaN/por-GaN/SiC.

Ha puc.5 naBeneno RHEED 300paxenHst s
OTpPUMaHUX CTPYKTYp. Bu1HO, 110 3pa3ok Ma€e JOCKOHAITY
MOHOKPHCTAJIIUHY CTPYKTYpy. 3Ha4dHa ,,BUTSTHYTICTH”
OperiBcbkuX pedIieKkciB Ha eNEeKTPOHOrpaMi CBITYUTH
OpO BHCOKY TJAAKICTh TMOBEPXHI B aTOMapHOMY
Macmtabi. A HasBHICTh diHIH Kikkydi, 00yMOBIeHHX
HETPY>KHO PO3CISSHUMH €JIeKTPOHAMH BiJ IIapiB, IO
JAexaTh Tix mosepxHero (~ 100 A), cBimumte mpo
BUCOKHI1 CTYIIHb CTPYKTYPHOI JIOCKOHAJIOCTI.

Puc. 5. RHEED-300paxkeHHS [UIS  €MITAKCIHHOTO
GaN, BupoineHoro Ha ctpyktypi por-GaN/SiC [65].

Ilpuy  wpoMy, opHak, Bua  peduiekciB  Ha
€JIEKTPOHOrpaMi OUTbII XapaKTePHUH Uil TPHOXBUMIPHOT
qudpakuii, 1Mo MoB’s3aH0 3 PO3BUTHM MiIKpopenbedhoM
noBepxHi 1miiBku GaN, oTpumaHoi Ha mOpyBarii
migkiaanmi GaN.

BumiproBanns cnekrpis ®JI mokaszanu HasBHICTH
cmyru (mpu 77K), ska TPUNHCYETHCS EKCHTOHY, IO
3B’A3aHUN Ha MOHOpi. MakKCHMyM IMOAIOHOI CMYTH IS
GaN/6H-SiC 3naxomuBcs mpu 3.449 eB. [lomoxxeHHS
MakcUMyMy aHanoriuHoi cmyru i GaN/mopysaTuit
GaN Oysno 3mimeHo Ha 22 MeB y KOpPOTKOXBUIIbOBY
(6nakuTHY) 00NaCTh, IO, 32 JAHUMHU IOCTIIKECHb [9],
O3Ha4yae 3MEeHILIeHHs BeanynHu nedopmanii Ha 0.9 I'Tla.
[Mapamerp FWHM ekcuTOHHHMX WiKiB Ui CTPYKTYpH
GaN/mopuctuii GaN cknanaB 20 meB. [ns crpykrypu
GaN/6H-SiC BenuuMHa [BOrO MapaMeTpy CKiajaia
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a

Puc. 6. RHHED- (a) ra SEM-300paxxerns mosepxHi (b) i po3kony (¢) ctpykrypu GaN/GaAs/Si [65].

BiamoBinHO 32 MeB, 1m0 cBimumMiIo npo OLIBLI BHCOKY
SIKICTh €MITAKCIHUX IUTIBOK HITPUJY Tailo, BUPOILEHUX
Ha migknagkax 6H-SiC 3 BukopucranusMm OydepHoro
mapy mnopyBaroro GaN, B TOpIBHSHHI 3 IUTIBKAMH
HITpUy Tajilo, BHUPOLIEHHX Oe3nocepenHbo  Ha
miaknan 6H-SiC.

3MEeHIIeHHS! MEXaHIYHUX HaIPy>KeHb B €IiTaKCIHHIX
mriBkax GaN, BHpOIIEHUX Ha Si, MPOJEMOHCTPOBAHO B
poborti [65]. Ha migxmaani Si 6yB Bupomenuii map GaAs
TOBIIMHOK 2 MKM. 3a paxyHOK HiTpuam3amii (B
atMocepi NH; 3a Ttemmeparypu 1000°C) 6yma
chopmoBaHa UacTKOBO mopyBata cTpykTtypa GaN.
I[pupona mnop 'y cdopmoBanomy miapi  GaN
MOSICHIOEThCS, 3 OAHOrO OOKy, audy3ieo aroMiB
MHUII’SKy Ta raiito (y pesysbrari nexomnosuiii GaAs)
Ta, 3 IHIIOTro OOKY, 3yCTPiYHOIO AM(Y3i€I0 aTOMIB a30Ty
i 4ac HITpUAM3alii Ta BHUPOILYBaHHS eMiTaKCIHHOTO
GaN. Ha puc. 6 naBeneno RHEED Tta SEM 300paxenHs
OTpPHUMaHUX CTPYKTYP, BUPOLILYBaHHS SKHX
XapaKkTepu3yBaloch (OPMYBaHHSIM EHITAKCIHHOTO mapy
GaN Ha TmOBepXHiI JJOAATKOBO BHUPOIIEHOTO (IiCIIA
Hitpunmanii GaAs ) Oydeproro mapy GaN.

Amnaniz RHEED nocmimxkens (puc 6 a) CBiZ4UTH PO
(dbopmyBaHHs Ha minkitaui Si MoHOKpucTainiuHoro GaN.
SEM-300pakeHHsI TOBEPXHi J03BOJISIE TOBOPHTH IIPO
BIJJHOCHO BHCOKY IIOPCTKICTh MOBepxHi (puc.6 b). SEM-
300pa)KEHHsI PO3KOJIy JEMOHCTPYE IOPYBATICTh IIapy
GaN (ToBHIMHOIO 2 MKM), IO CBIJYUTh MPO
KOHBepTallifo noBepxHeBoro mapy GaAs y TOHKY ILTIBKY
GaN mij yac HiTpUAU3aIii.

MexaHi4HI HamnpyXeHHS B CIITAKCIHHUX IUIIBKax
GaN Bm3Ha9amuch 3a OOMOMOrol BuMiptoBaHb DJI,
XRD Ta paMaHIBCHKOi CIIEKTPOCKOIIii. 3a pe3yiIbTaTaMu
aHali3y JNaHWX BHUMIPIOBaHb OyJO 3pO0OJEHO BHCHOBOK
LIOJ0 3HAYHOTO 3MEHIIECHHS MEXaHIYHHMX HalpyXXeHb Y
wiiBkax GaN 3a paxyHOK BHKOPUCTaHHS IIOPYBaToro
OydepHoro mapy GaN. ITix €KCUTOHHOTO
BUIIPOMIHIOBaHHS 3Haxomutbess Oins 364 HM  (3a
KiMHaTHOi TemIrieparypu). EHepris €KCHTOHHOrO iKY
nmocsirana 3.4 eB, mo menmie Ha 0.01 eB  Big 3HaueHHs
eHepril Takoro  eKCUTOHy i IUIiBOK GaN, BUIBHHX
BiJl MEXaHIYHOI'O HANpPYKEHHA (32 JaHUMH poOOTH [66]).
PamaHiBCHKHiT 3CYB IpH IIbOMY JOpiBHIOBaB 563 cM;
JUIA BUTBHUX BiJl MEXaHIYHUX HAmpyXeHb ITiBoKk GaN
(ma mimkmammi camdipy) I BEIMYHHA CTAHOBHTH

236

epi-Gal

567 cm™ [65].

BucunoBkn

[IpoanamizoBano  (i3WKO-XiMI4HI ~ BIACTHUBOCTI
MaTepiamiB MOHOKPHUCTATIYHUX MAKIAAOK TaKhX, SK
candip, 6H-SiC, Si, GaAs, ta AIN, ski mHUPOKO
BUKOPUCTOBYIOTBCSL IJIsL €MITaKCIMHOrO BHPOIIYBaHHS
TOHKHUX TUTiBOK GaN.

ExcrnieprMeHTaIbHO OTPUMAaHO HAHOIIOPYBATi HIapu
GaAs n- i p-TuIly NpPOBIJAHOCTI, SIKI 32 OCTaHHI POKH
CTaIM TEPCIEKTHBHUM MaTepiajJoM Juii OTPUMAaHHS
TOHKHX IIapiB GaN  mifBHIIEHOI  CTPYKTYpHOI
JIOCKOHAJIOCTI SIK  TeKCaroHaJbHOI, Tak 1 KyOiuHOi
moaudikaniii, nocmiypkeno ix ¢isuyHi BiIacTHBOCTI Ta

MPOBEACHO  OIIHKY po3mipiB  (5-10 HM)  ix
HaHOKPHUCTAJITIB.
[IpoanamizoBani  cmekTpu  (HOTOIOMIHECIICHITI

HaHOMOpYBaTHX mIapiB croiyk GaAs — MiAKIagoK IJist
orpumanhs rerepoctpyktyp GaN/porous-GaAs/GaAs.

ExcriepuMeHTaIbHO BCTaHOBIEHO 3B 530K  THITY
kpuctamiyHoi rparku GaN 3 kpucranorpadiuyHo
opieHTauiero mnopyBaroi minkiaaaku GaAs, 30kpeMa
nokazaHo, mo 1Bk GaN KkyOiuHOi CHHrOHII, K
npaBmiIo, popMyroThest Ha mopysatux (001)-miakmankax
GaAs, a rekcaroHaJIbHOI CHHTOHIT - Ha mopyBatux (111)-
minknankax GaAs.

OTtpumano TeTePOCTPYKTYPH GaN/porous-
GaAs/GaAs Ta IOCHIIKEHO CTPYKTYpPHO-MOP(]OIOTIUHI,
Kpuctagorpadiudi, enekrpodi3ndHi, ONTHYHI Ta IHII
mapaMeTpy 1 XapaKkTEePUCTHKH TaKUX IUTIBOK, a TaKOX

MIPOBEICHO X MTOPIBHSAHHS 3 BigoMuMu
CKCIICPUMECHTAJIbBHUMU JTaHUMU.
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The comparative analysis of influencing of physical and chemical properties of substrate materials which use for
the epitaxial growing GaN thin films, on the structurally morphological, electro-physical, crystallographies optical
and other parameters and characteristies of such films are lead. Except for the know substrates, such, as a sapphire,
6H-SiC, Si, GaAs, and AIN, especially attention is spared the porous substates on the basis of Si and GaAs, which in
the last few years became perspective material for the receipt of GaN thin layers of the promoted structural perfection
both hexagonal and cube modifications.
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