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[0001]

[0002]

[0003]

[0004]

Bl # =

FADEM : FERZES LIV EOHRESLE
BEHEDEESR

ARESRIF., 201 3F1 26 HICHBEINHAHBES2013 -2
533658ICET<HDT, TTILETDEHRNEEERT 2,
P flT 3 BF

ABERIE. Ga (HU9L) . Al (FILZEZ9L) . In (AVIDL
) REDIETEDERIEMETHRD ET 2 LAMEEXRERBVLRSN Y F
TFNA 2 ESOEEREBES LT OEESEICET S, fxE. AT
iZ. ALY FUIFNRL4RELT, GaN—HEMT (High electron mobil
ity transistor : EBFRHE NSV IRY) TINAAD—DTHHHEEH
EMTA2EY 23 EREBICEAINZ SIFETH S,
BRI

EE, BFEFXER 1 ICBVWT, SETROEREMESFBEAVTEROR
FERETOBEICS VT, ERTHOEESHEEOHREBTRICITAS
EDICTBFENMRATINTWS, BHERNICIE. SETROBEYHERE
DOLORFHREOEE (LUTF. RFIBMBEIHE WD) KA FVEAET
THEREEAFH L. BICAUEBOREICREMES TCORERISMEEIESh
2LIICLTWVWS, ThiICLY, RFPBEBERICHEBBRILRAERI NS <
Y, BRTEORBIBIBEDOHREBTRICITI T ENAREICLS, L1
LAans, TOLIRFETR., BFOBERZICE W TTHERBILIRDS TN S
NZ<BDHDOD, RFRFICHBREBILIC & > TEOMICHBRELIEL K
Ih, RKEAOMOZIBRAITTLED, DD, RFEBICRSA v FV T
TNA R L& TIC. BEEMETLTT /S AMEMETT 5 &0
D EEDH B,

Tl EREICNY 7 7BEZNLTGaNEBEBLTA |l GaNEBEFERKL
 ENERVWTERORFERETOBEICEVNT, FRFOEIC, AIG
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[0005]

[0006]

[0007]

[0008]

aNBOREMSERET, HHIWVEEROEFEETES L v FOREEE
EABDBELHD, LHOLADL, TvFUTICEL>TMLUYFERSH
BLATRIEAST, BETRORKELZEBE, HEQAXMELAST
LED. . TYFUYITORICBWAITRIMBE, BWNLYFHEN
BEDICERLAME LK EAIILTRAIDBREICLRY, FEEXREEDS
SEED#L L AD,

D, RFDEBHICAEE T 2#BIREEZT RIS a VICL>TEXT
2 ENThbhTWS, fIZE, BEEEZTRI Y avICL>THKT 55
B, ROEOBIRICE > THEREBHIEEIND,

FY. GaNBOLICAI GaNEBZEHL., RTFHREOREELSRT
DEEHARTFREEL Y EMEL DI ETAYEEICT S, HEWT. FFHE
B LURFORBEORALICIHEEREE LT ) AVEBEEEZT RIS 3
VT B, LT, FFROR RV EBAWVWTH — NBEBOFERTFTEMBICEWT
DYAVEBILEAROIETTA | GaNBICETAMEAEFA L. < DMER
WRICHT— MEEEEZN LTS — NBRBEZEEY 5, IHIC. MEDOY RV %
AWTY—REBELTRNL A VEBBOMKTFEMNE. 2FY 45— NEBiB%
BAEZBRICEWTY ) JVEBEREZAOIETA | GaNEBIET 5 MER
R L. RMBBRICY —AEBBP RL A VEBEZERET %5, chickY.
FRTFDBESICRE Y 2BIEE T RIS a VICTHR L s DR E KL
ENTRT %, . TFRESLUCRFORBEORE LICHRT 51K
BFELT, YYIAVBEBBICRATY ) OIVERLLEAFRTZEHTES
SoAT AT SRR
R SCER
BEFER  HFBI2 006 — 6 6 4 8 0B
FRDOBE

EFRELAELDIC. BFEES I VCRFORBHORALICEKET 2 E&E
HTRIIaVICTERT B ET, BBILICL>THRET HHEE. 2FY
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[0009]

[0010]

[0011]

[0012]

[0013]

RFEFEE THOWICHRBRCIEIRINS I E TREDOMOEZEBRIE
5EVWHBEEMBETE S,

LA LARNS, #EEREEZS ) AVEBRIERET 31HBEICIE. RFEO) —2
FELEICDWTIESIRLSHZEDOD, BHRIAZ TRAICDWTIE T+ AMRNE
LNV ENEREINTWDS, Tk, #EEEY ) AVBEEEST 256
IKiE, BRIAZTRICDOWTEIWIRLHZHDOD. RTFED ) —VBHLEICD
WTIEETIAMRIBTOLNBRVW EAERINTWS,

B, BRASTREWE. RAYFUITTFINARDRA v F 2 TEMEICH
ESBIUEARRICEL KL VvERBEOOEICEB A EAY., RLA
ERDKRIBITHEL T HHEE WD,

ABERIIRFEO) —IBEEEY 2D, ERDS FRBERICOWVWTHRD
RNBoNZBELETIHEREBE LV TOREREEARHT I L%
B#Ed %,

AFERTIE, FEEES L IXEERICTERIN 2 ERE. ERLEICHE
RENZIBTROB M EIRD & T HEEWEEBEICTERINAEF v
FIWFEHREBE., FryRIVEREBELIC. F— MEEEZN LT — FEBRIE
RINT— MEEE., FyRIUVERBLICSVWT, ¥— MBEERALE
AICEEINLY —RBBBLPRNLA VEBIBE, ZHATLAAYFVIT
NAREEBH. FyRIVBREDIBRA Y FUITTINAZADBHKINDHE
HAaRTHRE. ZRTEROAEARZRTORMERSE LT RFEEBICSVT
F v FINEREBELICER IS NRBEMBTEBRINZ IS TRAMHEE. &
FRBEBEIBICEWVWTF vy RIVEREBLICERIN, 25 7RIHB S IGER
DB TR INL) —JIHEE., 28322 2/HELTWS,

ZDEDIC. EWIERDZMETHERINAZIS FTRMEIBEE Y — 7 1l
BOMAZREATWS, T, RFED)—I/MHLEERKY DD, R
STZARRICDOVWTENRIBONZIBEELE T HHEREBEETEHI &N
AREE B,

[54] 1E oD 7 B8 75t 5 B
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[0014] ARERICOWTOLEEMNS LV ZOMODEN. FHPYFRIE. HNTDOH
HAESRLANS TFEROFEMAE®RICEY., LYBEICAS, TOMM@EIE.
[BNIAREROE 1 ERFEEICHDZEEDOHEMT 2F 7 5+ EFEZBE DR
HETH 5,

[B2] 1 ISR ¥ EHREBOHETREZ LMERTH %,
[BIBIARRDE 2 EHRHEEICHDZEEDHEMT 2F 7 5+ EFEBEDR
HETH 5,

[H4IK 3 ICnT ¥ EHREBOHETREZ LMERTH %,
[BIS1ARRERDE 3 EREEICNDZEEDHEMT 2F 7T 5+ EFEZBEDR
HETH 5,

[H6]K5 ICnT ¥ EHREBOHETREZR LMERTH %,
FAERET HHDOWEE

[0015] LAF. ARTOERFBREICOWTKICEDWTERRT %, b, UTD&
ERMEEEICEWVWT, EWIRA—% LIHETHZERICF. B—FS
L CERARZIT D,

[0016] (551 ErERAE

ABEROE 1 EREFEBICOVWTEHRRAT S, B1ICRT £DIC. AERERRE
DB EFREEIR. SHRTROZLMEEIRD & T 2LEMFEHE%ERH
WEAA Y FUITTNARELT, BEDOHEMT ZEATWS, TOHE
MTIE, UTFOLDICERINTWS,

[0017] HEHEMTIL, EiR1OXREIC. GaNB2BLUnE DA | GaNE
SHEEINABEELEDESFERE LTHAVWTHERINTWS, 20
EEWEEEERICEITEA 1 GaN/ GaNREDGaNBERIC, ETY
MRRCDEBNRICELY 2 RTEFHRX (LT, 2DEG) F+ Y 7HEE
INDETHBEHEMTAEETZ2LDICAR>TWD,

[0018] HEH#R1iE. Si (111) »SiCHELUYT 74 VAEDEEBIEME
PEBEMBICL > TEBRINTHEY., ZOLEICGaNB2:A I GaNE
SMBFZEATOIESFO vILRRICE > THRINTWS, EiR1ODLL
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[0019]

[0020]

[0021]

EHEZENE 2731 ADFHICEHLE T, ER 1 ROFHMYNEBEIC L
YERICHEEINIELL, T, BRLTWARVLWSA, GaNB2 &R &
DEICA 1 GaN—GaNBRFEBLREANESIH, GaNB2DiERMEE
BREFRHEDICTEIEEAMTHS, JITORESEMEEIE. GaNB240D
REEPEA AR ETHY ., EXHNRTHAEZNRFEICN L TREZRIFTHOD
TH b,

ER1DIETNA RAEEIMMTONZHNERTFHEEE LT, TORTFHE
BORRICAEBY 2R TOBMBRIC. ME4LERIND T & TXHEED
BRINTWS, ME4iE, Al GaNB3DXREHNSGaNEB2IETS
FRIETIN, B4 ORERmIGERRKAICH L TERIELhTWS, flX
. A1GaNE3%220nmBEDEATHEML TWEA, MEB4EEN
PLEDRITEINTWS,

gl Al GaNEB3IDOREICIKBE3 a, I bEHRINTWS, Al
GaNEB3DXREDHI>EWEIL3 a. 3bDEICIE. ¥F'— MERES 5LV
ZFOLICERINZSF— FNEBOICTERINS - MEEMsA O TV
5, F— MEBIES &, BEBRARSICL >TERINTSY., F— NEWHR6
X, AR R—TIN=Po |l y—S i P&BEMBEREICE > THERIO
TW3, L. — BB KUY — MERIRS OMRE. BRET ST
NAZDBMEBERCGS — MitE. REAGHRUESE2EHAT. RELAMBRY
TOBEZEANE LWV, BIZIE, F— MEEES & LTI, S i BBIEROMf
IC. SIZEEPS i ON, Al,0,%L a,0,BEDEFZERMBERAVS
CEEAMTHB L. ThHDRER. BMERTH LW, ¥— MEKIES %
mpBXRREETIHE. ZEAINFEIOLDIC. BRPS | REzmERN
BY 7570 RAZAVWTR=7LTH L,

—7A. Al GaNE3IDKRADD LBE 3 a M EE I NIBATICIE, BER
SaICAYRALEIICY —RAEB7 MERINTHY., B3 bHAEEX
NIJBATICIE, BEES bRICAYIAL LD IC R LA VEBS BRI L TL
5, INLY—RBWBTRRLAVEBT X, FIZAIEA | REDEBMAT



WO 2015/083304 6 PCT/JP2014/004423

BERINTHY., ThENER3 a,. 3bOXRAEA—IvIEMIELN
TW3,

[0022] #ZLT. RFLEHICBWT. Al GaNEB2OKEDI S — MEEDY
—2ABBT HLVUCRL A VEBSUANDILEES LHIC. I TRINFIE
IMBIZIEE O NmMDEITERINTWVWS, COIZFRUFHEI L. E
MIASTRENGIT2-ODREIRTHY., BFRELIZA | Z2ETIEBEM
B BIAEEY ) AVEBERYY ) AVBEZERE. 7L S (A1,0) £L
KR7ZIVIZDYS—HF (A1Si0) FILLIYBRINTWS, TDLOR
MEMBEZRAWEISTAMFEIE I ZEA ST &ICL > T, RTFHEIHICHK
INBRAYFVITTNARDRA v F 2 JTEWEICHE D BKIRTIE X % {15
TE, FLAVEREORERBOMBNEEND & T, KL VERDE
DEMFT D EHAREE D, A5 TRIFIBIDEI X, EGEHL K
TEBEILULETHEILEDNDH D, BIFERTHDFEICTIE. FEGHERE
IKBWTAZTRREMNELCTLED, BEWIZIF. T nmUETHIVE
A#HBHM, ALD (atomic layer deposition) JEREICL Y., &IfHMER < &
EH#ETE2EEIE. 1BULOOS T7RIMGIE 9 AR INTWhIE, Al
EOMRNERTE 2,

[0023] X5, ASTRAMFIBI DRAS L VMER4 RICHIT2GaNE2PA
| GaNB3DELHBAORELIC, V—J#MHIE1 0LBIAIE100Nnm
DEITHERINTWVWS, ZOY—7IFIE1 0k, ZFEDY — &iH|
THODELDREETHY. IS TRINFIEI & IFERZMEDMEME
CBIZES) OAVEBEEYG a DBt EXR D ETEIMBEFICL YBKRS
NTW3, BHIC, Y—JHEE1 0OILDWTIREBREL AL ES 1 %ULES
OB THERT 2L, GaNBRAIKBET 2RMBEOKIETE, FNEN
L) —08RDPURHICHFITEZLDEFFE LV, DL D REEME%Z
AWEY—JMFE1 O%gA B &ICkY ., BiET 2RTEOHEBEIED
MHEICITA. RFEDO) — V%2 H T2 ENREE A%, V—J7HFHE 1
OMBEETRMEIZ. IS TRIEIBI EEEIC. 1 nmUETHEIURENH
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[0024]

[0025]

[0026]

[0027]

[0028]

Y, ALDEZBRWIHZEICIEK., 1BULEAERINTUWNAIE, FTEORR
NEKTE D,

D& BHERICELY ., ARBHBICHNZEEOHEMT AERINT
W2, TOLIICEBRINIBEOHEMTIE, ¥— MNEE6 ISR LTH —
FNEENEIMINDIETRA Y FUIEMEETD, BAEMICIF. ¥—NE
MEICH L THT— NEENEINMINEZET, F—hEBODTAICEITS
GaNEB2:A|GaNE3DGaNBRIC2DEGTHERINZETE (
FvxRIV) OBENMEEIN, V—ZX-RLAVBEICEEI MALNS,
kY, MEOHEMTIE, V—X-—RLAVBEIKERZERT &V D EIME
172,

ZLT AEBEEEBOFBAEEBICEVWTE., BEWIERIMETERS
NEISTAMEBI &) — VKB 1 O0MAZRBA TWS, ZDd.,
RFED) —IMLEERY DD, ERIZTARRICOVTHIHMRIE/ LN
BEAETLFEFRKEET DI ENTREERD, . 25 TAUHIE
OBL®)—JHIHEB1 OZEKT B ET. T/NMA RADEFETEZRKRET
T BEBELCHIATRICLDZEVIUREELSND,

LUR, AREREFEREBICHODZDEEDODHEMT 289 2 ERXREEDEIESE
IKDWT, BI2%5R LU TERIAT S,

(B2 (a) I~ IHE)

Si (111) PSiIiCHESLVYT7AVRETERINLERT ORE
IZ. GaNEB2BLUnBE DA | GaNEBINBEINBEEZET S
M+ EHREREZRAET 2, FIAE. ER1OKREIC. GaNB2ELUA |
GaNEB3A#MOCVD (Metal Organic Chemical Vapor Deposition : B
EBSEMRR) EVvHEBEME. SHBEICL/ZMBE (Molecular Beam Epitax
y: AFHRIESFS—) FEREICEL > THEKT %,

R Al GaNEBI3DxRmEIC. LPCVD (Low Pressure Chemical Vap
or Deposition : JHEKMEME) FEFICL Y, BIZIEERFRD LIIFA I Z2E20
BEMBTEBRIN2 IS 7AMHBO #RIEd %, LT, REYOd—h
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BREWLE>TULYRMNE20ERIELIEDB, 74 M) VIS5 1 TRRER
TLYANBE20%ZNRY—=VJ L. LYRAMNE20ZRFHEEBELRDESD
ICDHET

[0029] (M2 (b) IZRTIRE)

LYZAMR20%Z2TRV7&LT, AZTRUFEEI OFREAMNSR | E (Rea
ctive Ton Etching) REICE>TIvFY YL, Al GaNBI3IAEELT
GaNEB2IOETHRIDOMERL ZHWMT DI ETAYRBELZEXT D,
nickY, AlGaNB3BLUGaNB2IZMER4 RIS & FHIC,
RFEHICERINAZA I GaNEBE3IQLICOAS FRMEIB I RINDG, T
DE. LYZANMNE20%ZRET S,

[0030] (M2 (c) IIRTIR)

ASTAMEBO DERAH L VMER4 RICHIFHGaNE2PA 1 GaN
EB3DEHESOREDLEIC, LPCVDEZHFICLY, AIXEY) aVEgbiE
PGaDBIENEERDETIMBFICLIYBRIND Y —IVWHIE1 0%
RIEYT 5,

[0031] COBODIFBICDVWTIEHEREAKRTHBORRLARVD, BIZIELLT
DIEET>TWS, V—VHIFEB1 ODKRAICLYAMEENRELZDL
 CNENRS—ZV T LTHT — MNEEDHHR T EERBEUADEDICL PR
B3, LT, COLYPRAMNEATZAVELTY —JHIGHIRET OB LT
OS5 SRINEEOA#BRELTA I GaNBI3IAEHIES, ZLT. LYR
MNEERELEDSE, PARKEEA I GaNEBIDOEHLAEAREEZEYILD
I — MEBRIRS Z L. IHICT— MEERES D LIS — NEM 6 =/
MY 5, THIC, BEY—JHHE1 Oy —MEEDLICL YR MEZRK
BELZDB, ThERY—ZV T LTY—RBBTHLPRLAVEESD
FEHFEREUADEHFICL VA MNEEZEYT, COLYRAMEEYZRTEL
TY—VIHIET O TAMBIRI ZRETHEHICA I GaNE3ID
—EERETEETE3 a. 3bEFERT D, TLT. LYRMEER
ELEDB, B3 a, 3bRICY—RABBTIHBLVRL A VEBE #HK
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[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

5, TDELDICLT. BTICRTHBHREENTERT 5,

DLEFRBB L&D IS, AEREMETIE. BEWIER2METERINLO
STZMEBEO &) — VBB 1 OOEAZBEATWD, TDH. RFHE
DY —=UBEERY 2D, ERIASTRBERICOVWTHEMRNM LN ZEE
BT OHXEREBET D ENTREERD,

(% 2 EfEfhRR)

AFERDOE2EBFLEICDOWTEHAT 5, AEBBAEIR. 51 EEMEIC
HLTAZTAMEE O DEEEXZEELLEDTHY., TOMITDOWVWTIEE
1 EEFEERKRTHDH. F1REMBEELDDIEDICDWTDOHERA
5,

B3 ICRT &DIC. AEEHETIE, A FHEEEERT M4 ORI
DEOLNDEDICASTRMEIBO EFM L TWE, DFY., I5 TR
BODOI>BAI GaNBI3DLICERINHYEZRAEIa& LT, 2D
REO aDRES L CME4 ORERZED LDICTA RO+ —ILE9 b
HlRATWS,

ZDEDIT, KA allMATHA R A—ILEO bZHEAD I &ICE
Y, RFEBOIY DE, DFYME4ORAEEOMEICSWTHERIS
T2METDENTED, DD, B1EEBEBICTLEDIRLSES
NBOICIAT, YMRNICERIS TRAMHETH & ATREE RS,

RIS, M4 EBRLT, AEBBEICI D ZEEHEMT 257 548K
BEORERERICDOVWTHREAT %,

(M4 (a) ITR$IRE)

F7. B1ERMETHALLZE2 (a) . (b)) KRITIRETI, T
Bhb, ER1OLIC, GaNE2, Al GaNBI3IBLUOZ TRUFIE
QDRMEER aZNT 21O DREAFKIEI 0 KT 5 &HIC. TFD
BEEICBVWTRATMREIOSLVA I GaNEB3PGaNB2 DRI
ZRET DI ETHEL ZHHT %,

(K4 (b) ITRYIR)
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[0039]

[0040]

[0041]

[0042]

[0043]

REMKES ODRAS LVMELI4RICHITZGaNB2%A | GaNE
SOBHESORELIC, AZTRIMEEIDIBDOH A R+ —ILEEI b
ZEXTDODT A RO+ —ILHIES 1 ZKT %, BIAE. LPCV
DiEZIc LY., FIXIEERD LIEA | 280EBMEHICL Y TEERIN S
AR —IVERIES 1 ZHKT %,

(B4 CICRd ITHE)

BARIA—IVERIRE3 1 ZEAMIYFUIT52ET, RANIad
MESLCME4 OREEEED LDICHA RO —ILE9 b ZKT %,
ZhICEY, ISTRAMHBIOMEXIN. A TRIMFIBOICL>T. &
FRIFEOT v V. DFYMH4OREROMNENBONIEEERS,
ARDF—IEI b, XYEMNEEDICEHLAEZA I GaN/"GaNREES
DEDLND LD ICHERINTULNRIE LWL,

(K4 (d) IZRdIR)

1 ERBRETHALELZEKZ (c¢) IKRTIREEZTD, ChICLY, O35
T2ZMEEOORAH L VML RICHITHGaNE2PA I GaNE3D
BHEoOFRELIC, FIZIES) IVBEEYCGaDBtMETITRsET S
MRZICLYBRIND ) —JWHIE1 O Z2KIET %,

ZD®%IE. B1RBEUEBTHALAEZARICEL>T, ¥ MEEPY—RE
B7ELPRLS VEBSEZHMT 5 &T. M3 ICHALAERERREICH
NEFEREBELZRETHIENTES,

(%5 3 EfEfRE

AFERDOEIEBFEICDOWTEHAT 5, AEBBAEIR, 52 EHEMEIC
MLTY—7MEIBE1 ODBELXZEELLLDTHY., TOMITDOWTIFE
2EMUEBERAKRTH DD, F2REMEBERADIEDITDOVWTOHERA
5,

BSICRT OIS, AEEHETEH, A FHEEEZERT 214 ORIER
DEOLDNDELDICISTAMEIBO 2 L TWBH, U—JHIFEIE1 0
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