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(57) Abstract: A single crystal is produced by firstly forming, upon a seed substrate, a film having a thickness of not more than a
prescribed value, and subsequently heating, from the seed substrate side, the resultant film at a temperature-increase rate of at least a
prescribed value. More specifically, in a film formation step in which the film is formed upon a surface of the seed substrate, the film
is formed so as to have a film thickness, i.e. the thickness in a direction orthogonal to the surface of the seed substrate, of not more
than 100 pm. Subsequently, in a heating step in which the film formed upon the surface of the seed substrate is heated to obtain a
single crystal, the film is heated from the seed substrate side such that the temperature is increased at a temperature-increase rate of
at least 30°C/min. As a result, provided is a single-crystal production method which exhibits excellent productivity, and which is
capable of producing high-quality single crystals having few pores, not only when using materials with which molten starting materi -
al is readily obtained, but even when using materials with which molten starting material is difficult to obtain.
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FLBLRY, BERELTEONIEBEROBENMET LAY T Z2ENH D
o TIT. AREDAKEZAVWTEER20220EKR2 0 3 RTARAED
BE204ICEEL. RYEZS umTICEBE LRETINRRT v 7IC
BITHIRNIBEITo/ETD, TDEDICRYEBELGWREBOZ TR
MIBAEIToBEEHRL T, BERETFORMMER L. ERMEISHLLE
o H. BONLBRBRICTZ—ILULEEZEL T, BERPOENEORTR
EEER L TH LW, BIAIE. BbEEA (Zn0) BERODBFEE. KKHRT
S300~900CREEDEESHEICEVWTTZ—IILNEEEHELTEHE LW,
g, BEEER (Zn0) BEROBE. SRICBEVWTTZ—)LALEEZEk
T5EHMBRENELCKLY., BIEES (Zn0) BENFFELALY T2
DD, DHBHBEICEWTIE, B (Zn0) MRFEZT7=—ILF
BESHPICHEIE T, BIEHESN (Zn0) BEAEETIEESHTF=—
WAL ZEREL TH LW,

M, BEKRORY RV XiE>RYIE, EEBOLD ICAKRRBICKRZ EER
BEFEICEFNI2MBRTY TILB T 2ERRRICEREEZRIETIENY
TR, KRBTy AAITBWTI7OVILTRY Y aviE (ADE) XIEN
D —Txzy MFRY Y avik (PJIDE) ZBVWTEEROTRA LICHK
INZBEORERVEAICHEBREZRTTIHFENH D, BEARNICIE. KR
2Ty FICHEWTI7AVILTRY a3 viEk (ADE) XFRAo5—Txy
NFRY>aviik (PIDE) ZBVWTKALIKEZEHRLELD &ET5EE
WRICRY RC/ XiFH2RYDH B &, BEROKRIICEN > TESFI NiH
R RF) PEEROKRAICEHRT 2AENBAICEI>TELT S, ZORF
R, BEROKRAICHKHRINSEORERY/ XIZEADNTGE &L BED
Hod, FIL. XKEROBEREZERT 2HEE. KEICHEIBEERORY X
U/ XIFORYDKRELLRD D, HELNRZTOI I ENLYREERD
o Tl BERORY KT/ XIED2RYDPELTWBIEEIE. BEKROKRE
ICAD > TERINMRHIBERORAICERT ZEICRY P SY DI
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[0033]

[0034]

[0035]

DHEH LT, BROBEEZEMLTCLED ., TORR. BEOMKICHER
IRINF—%BRTDIEHPEEEERY, HERE L TEREROKRAICHKK S
NHZEORERT/ XIEEADTDEERLIENDH D, MHIBEORERY
S RIGEHDOREEIANROIMBR Ty FICH T 2RNBRICESh H 8
EDOREDHERICHETDIIERFEIETHA,

FEDOELDIC, BERORY RV XIEH>RYIE. AFEBICHK D BiERE
ERERICEFNDIMBRTY SIS T 2ERRROAR5T, T7AYVILT
R avik (ADK) XiENo¥—yzy hFRY Y avik (PJDK)
EAVSIHREOERICE > TERINZEORERVEADHEMICEERE
HELERIETHZEN DD, K> T, AEBICHRIERBREEFEICRST,
BIEZ Ty FICEWTI7AYILTRY Y aviE (ADRK) Xid/io 45—
vy hFRY Y aviE (PJIDE) 2AVWTEEZERLL D ET25BEIE
BlZIE, EBEXEEZI v IV AEDEBE, HHWVWEEEF v v I XITFHE
FrvFEZRVWT. RYRT/ RXIEINRYZEBE LIREBTEERESE
ICEE L., BERICRY KT/ XIED>RYHDEELBRWVRETREETD
EDNEFE LV,

EIHT, ARBICRZIEBRBEFEICETNDIMBART Y TITEWT
RENMET2HER. LR UAREBEEEEERAETHLIRY., FICRES
N3EDTIFAVL, DDIEANLIE. FIAIE. KMES VT (BIAE, i
TARS >V 7E) | FEL—H— BHAIEFE. CO,L—H— YAGL—¥—
IFVT—L—H— FERL—F—F) FERRETHHMBCERER
MBEBEBENEF LY,

it> T, AREADH 6 OERMEREERIE.

AFEPAORIEE 1 HERIGECE 5 OEBEIROMNMN 1 DICFRD BiERNE
HETH>T,

RIESIER T v FICBWTRIREER ORI LICHK S h-fiEiR % Nz
THHEDN. KRS VT, L—H— RUBERMBZENSRDELY
BENZANDIDORREERTI2MBAETHDZ &
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[0036]

[0037]

[0038]

[0039]

ERBETHBERBREERETH D,

FRBOLIIC, FEBEBRICHIEBREEHEICEWTIE, AIEMERR
Ty TICBWCHIREERORA ISR I N-RIEEE MR T 25 EH
BAHRZ V7. L—F— RUBRABRNMBKENSADELYBINSZ AN
DOBBEMERTIMBAAETHD, ThICLY. REBEBRICHK D BiFESR
BIEREICEWVWTIE, MBRTY JICBTEDFEEEES. EEOBS
IC30C /Dl SYBFFLLKIE3I0OO0OC/ DUEETBHIENTES,
TR, AEBEEBRICESBR/REEFEICLNE. MBRITY TIZEW
TEEREB2BRICBIIRADREEEZLYBEEHODBRRICHRITS &
NTED,

EZAHT, MBARTY TICBWTEEROKRALICHBR I NIEE MY
BERICIE. MBICLYERTOYMERENELD ZEICLY,. BREKLLE
HEEZILND, Mo T, BESIAIOEDRES LTIE, BREEIMEW
REICHD AN, BIEORREETICL 2RIV LEVW EICMA T, #E&at
IRINF—ERHNETEENTEED,. BEREISETLEVWEE R
bhd, BDHOBERND,. AFERICHRDER/BREEHEICSWVWTUL, BER
ORE LICHRIN DRI, BREMEWE (L. MERE] M7 2

ENHB) THBIENIYEFLL, FREETHZ I ENLIY—EBE
F LW,

fit> T, ANREADH 7 OREREIRIE.

AFEADRIEEE 1 THERIGKSE 6 OEEREBZROMANN 1 DICHE DI BERHE
HETH>T,

AIEEARIRR T v FICBW TR I N SRIEENERETH D &,
ERBETHBERBREERETH D,

FERERERICRIBEFEREEAERICSVWTE, RIRKEXT Y FIZHW
THRINIARENERETHD, ThICLY. REBEBRICHKD BEFES
BEREICBWVWTUE, EBRLALDICERBRENSET LR QY. FEEERK
ERBDIENBHEBMBROAZELT., EHEKRERTS I ENARERMBER
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[0040]

[0041]

[0042]

KBWTHERANDPLVWESRELERREZIYSVWEERICTHRYT S &
DNHEBEE A%,

W, AFERICHEDIERRBEEFEZILEENIRERT Y TITBWTREER
ORELICHERINZREOFERMEIE. HIA K. SHEOXRDBRIEZITL,
WPPDEICL > TRBFYA X ZEHTEIEICE>TEHEATH I ENT
T3, BIZIE, BRTDEREN 1 DERGIO1ICEITEIRIERT v THRODIE
LD xE, HABEXXROITEE (FLh— - I(MIv I RXITRE, D8 A
DVANCE) ZTFR&%ICTERLTHE LAERFHA4XIE10. 85
nmTdho7,

EEE:40kV

- BEEHR:40mA

ATy i@ 0. 02°

- RIESE: 26=20~70°

e FYA XDOFE : WP PDIE

ABEMZICHSWVWTIE., LEBWPPDERICL > TEHINGBERT M1 XD
50nmEBA2EDEEZFERIEEL. 50nmUTERZ DO EMERIE
9%, . [FERE] & BROYFUTH—T (XRC) AEICH
WTHRIGER T 20— A BENRWEREETEDET 5,

FEREREERICRIBERREEHECSENIRERT Y SITBWTEE
WROKRELICHEREBREERT 25E1F. ERLcL DIl BEREORE
REEMABLEDERNIC (/704 —4— BIBREIAT umblt)
D) [ILNELDWBEBRQREEZEERLICHNT 2 ENTETHBRY.
BICIREINDEDTIEARWL, EFEMICIE. AEEERICHRIEEREES
EICEFNDIMERT Y TICBVWTCHREEREZEKT 2BEICEVTEH, 4
ZIE, WRERDERFICAIT THREESH L TURERLICUEMEEE
EEIEZEICLYRIRT D2HRE BROITHART/ XIZERDPEEZA
TRZBAREAVTHEZERDS R/ XIZLRYE L EREORIICHTEE
LLIIHBEIE D EICKYNRIET 2AKE. MERSE (PVD) & RO
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E2%&EE (CVD) EZhSAZELYBENZANOAERICL > T, BER
DRELICREREEMKT DI ENTES, EaLizkdIC. LEMEKE
DEMAFIE LTIE. HIAE. T7AVLTFRY Y aviEk (ADK) RU/SY
F—Ixy hTRYDaviE (PIDRK) FEFEFLIENTES, Tk,
FEAEEOEEFIE LT, BIXIE mERHA Ay a—F 41 Vv 7%
RUOCTAvEVTEFEEETFLIENTED, BIC, LEEERE (PV
D) ZOEGEFIE LTI, BIZIE. ANV I EEEZBIFLENTES, &
EIC, EZEHEE (CVD) FELTE AlxidE. SARCVDERUL—
H—CVDEFEZEIFLIENTE S,

[0043] &2 5T, ARBIHRIBEFEREEFEILEENIRERAT Y TITHWVWT
BEROKRALICKRINSBEOERDIE. BENETI2REBERENFRT L
ENTRETHBIRY . BICREINAWL, —RICEREMITEE B
. BBEEEA (ZnO) . BIEFHY (Ti0,) . BEkAHY VL (GaN) &F
) EERDETIEBEREEELLD ETRIHE. MBRTY FITHEVWTE
RABRTIRILE-—IEIONDE, ThODOMBODBPEEICLY. B85
N2EREBEIHEBRThRUKAD»RE LB 8D, —H. AEBICHKRDER
REERER., EROLDICFHEBUTOEA%2ET 2ELMEMEULDOR
EEEICTMRT 22 &ICLY. BRICEEREEAIRNAEL, 85N
RIRICBITHK[ADOREZNFTHIENTES, BB, AFERBICHSHEHE
mEEHEIEE. BRI IR D ETIEEREETL D ET25E
IS, BICHFEICER T 52 &ATE S,

[0044] /o, ARRICKRIBBRFHEEAEILZENDIRERT Yy TICEWTEE
WRORELICHRINDBEOENRD & AKBPICRDIBEBREEFEICELST
EEINZBEFEROERD EIE. ABLTH->TH. HHIVWEEL>TWTH
FW, BIZE, EdRULALDIICKRERTY FICEWTHERI NS ELIERE
ELEDETHRRC, BlRIE. BHETI2BBEROEIRSER UCYEE EK
DELTEETIEEZ BIAE. L LAREREOANMIEL >T) K
IHdE, BRINIZEIERIELTLEIBELH D, HHDIFEICIE.
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[0045]

[0046]

[0047]

[0048]

BIEZA Ty TICBWTRERRNLEEREIZELIMEKRER T 2EBYEIC
Lo TEEERIE, BOMBRT Y FICEWTHZLBRMELBERFRD
RONECFE LI ETEEREITIEICLY,. BHETIERRES
22ENTED, M IEBYMEOEFFIE LTIE, HIXIE, BRLHES (
ZnON) ZZ2F52ENTED, BB (Zn0) IFRNAYEEITE
THRIET 2 EBRIELTLED, LM LRD S, R/ §3KIC & 2 RIERFIC
BREZEATDHIEICEY, BILESR (Zn0) ORBSEKROFRELENSIHII N

. BEREBEOERVEEZELEN (ZnON) EAELND BIAE. B
k6 E=SHR) . TD®’. MBRTY FICHF2RMLIEBICLY. BRET 58
fbEsh (Zn0O) DEBERER/DIENTES,

iE> T, RFEBEDHE 8 DEMRERRIE.

AFEOFIEES 1 THERIGCH 7 OEREBHROMNN 1 DICHR S BERRS
HETH>T,

RIESIEDEM DD, BIEMRCZELY. HTICENSDEBEMPEN S D
BLYBENZEANNM EOMBTHEZ &
EHRHETOERBREELETH D,

M., AEBEBRICHRZ2EFREEFEZICSVWTEEROKRALICKEIN
ZEOERDE L THERTZIENTEIBIEMRVELCMOEREGIE LT
iE. EROL SIS, TRENEEES (Zn0)  BIEF4H> (Ti0,) .
RUZBIAV DL (GaN) Z28IFBENTES,

> T, RFEBEDHE 9 DEMRERRIE.

AFPORITE 8 DERERHKICH I BRBIHEFETH> T,

RISCER LMD ERILESR (Zn O) RUBILFSH > (T i 0,) THY, HIE
Z{IMHEIEH) VL (GaN) THBHZ &,
EHRHETOERBREELETH D,

W, EEOLIIC, BIAE, BESR (Zn0) . BItF4H> (Ti0,)
. RUBEAHY YL (GaN) FOREEIBVMBEEROERKDE LTE
AT 2548, DOZHMBENMBRTY FICBVWTRELT, BRELTES
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[0049]

[0050]

[0051]

[0052]

N2BFBRICHMITNMXEIIANRET 2EOEELBL I EE2MFEIT S 2
ENEFZ LWV, MOBEMEZENRT BHODAKRE LTE, FIAEK, MBR
Tv BT EREEEREICLREZRITLY. REEERE TORRERE
ICER%ZFZRT LY TEEDNETFOLNS, BL. ZDFE. ROEKDEL
THEAT2YVEORMSR. BOEAEE+H9ICERLT. CThHDLEREED
ZEDNDH B,

EZAT, ARBICKRIBRRBUEFECSVWTEAINSIEERE LT

. BERESREICREINAEREEALTE LWV, YBEREE. F
ZITEREREERICI > TERLEICKREL TE LW, ZOHE, AERICED

BRESEEFRICL > THEINIBERREORNEEATAIERER, BiE&E
BoxRELICERIN S,

fE>T. AFEADE1 O DEBRERRIL.

AFEBORIEESE 1 HERIGCE 9 ORERZROMANLN 1 DICHFZ ERFREIE
HETH>T,

FIERREERD,. BERBIRELICKEINWAZERTHE &, KT

BB ERBORA LICRIBEIMTURIND Z &,
EREBET2ERBRMERETH D,

LFREOLDIC. AEBBRICHFEIBER/RIEEAERICEVNTE., BREEED
RELICREI NERSEERE LTERIN. AFEBAICKRIBFHREE
FEILE > THEINIBERBRORENESATRSRIE. YZKERBREOR
ELICERINS, BRI, BEESEBEZTORALICKNRT 5 & A TR

HYBOAFEBPICHRIBEERBEAZICEWTEREZRIFIQWVWRY &IC
FRE I Nl

e, BEREAZ2BEHERBAERORBLICKIET 25 5HFICREY
haunwh, BEfle LT, AIZAE, BEIEY X vIILRE SETE
X v IILERE BEIESYF O vIVEEEREITEENTES, BT
ESF vILRREDEFFIE LT, BIAIE. 2FBEIESYF2— (MB
E) Z SYAILY—RHFRIESYFS— (RS—MBE) %, BHERE
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[0053]

[0054]

[0055]

SHEmERZEZ (MOCVD) & /SWARL—H¥—FRIY>a¥ (PLD) &,

ARy Y ) TEEEBFDLENTES, BREIEYF Vv ILERREDE
AElE LTiE, BlziE, A, 735y 7 X% KEE, A€ Od— b
E TAvEVTEEEESFLIENTE S,

O BREEREFR T 2 ARMEERICHR 2 BEREER ZORBTED—
flE LTE BIZAIE., LEBMBERICKYS D74 7 LRBERDEKE L
ICEbERSh (Zn0) OERBREEZXEL TEONIEEREFERB L. KIE
ATy TICBWTHBEEROBEFREDRELICADEICL YERLTESA (
ZnO) DEMMEBATRIEREZREL. MBART Y FICBWTAEDSE
BRICTUREREENBAT D EICLYBIEES (Zn0) OBEREFRT
370 EBFRENTES, ZDFE. Y774 THSRBZERMS
Rhid, EEERPRICRIERRBEREICLSHBIEEL (Zn0) D&
BERDERIIANTOIES XS vIVERRICEZE TSN, ERLAELDIC, B
HEBERICEVWTIEERETS (Zn0) OBEESBNTORALICKEIN
TUWBHER. REIESF I vILRREAY, SYRBFLEREEET 8
bEEh (Zn0O) DEFBERER/DIIENTES,

EIHT, REBICRZIBEBRBEFEICINE,. REZXTY FICBEWT
CEBEARICIOTHELLD LT IEBRORB 2 ECEIEERORE
FICHER (BREE) Sh, MBXT Y FITsWT, i< LTREERORAE LIC
ERENEESREORGETICTRUIBICNIN. BMETI2EBENES
N3, R LELDIC, MBRT Y FICEWT LREN BN IS I N DR
IKREERICRY R/ XESRYDEFEET 2 &, BREEPICERNEDORTR
AR FRELBL. BRELTELNIEEROREMET T 2B’ H S, €
2T, ARBPICKRIBREREEFECEINIMBRT Y TICEWT LRE
BB SRICIE. BIZAEEBREXIEESI v I RABOBEZRAWVWSEL
T. BEROKRY RV XIEDRY HIHEI I N/RRETRLIE 1T D AAE
F LW,

BB, AFKBEOHE1 1 OEFERERIZ.
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[0056]

[0057]

AFEBORIZEEE 1 HERGKSE 1 O DEREEBFEOMANMN 1 DICH D BiERE
BEBHETH> T,

RIEEINEAR T v FICBWT, RIEBERORY RV / XIE>RYICHIRT
ZAHEBRENFOHED DN LRIELUT TH HIKET, RIGCEREZMERT ST
&

EREBET2ERBRMERETH D,

FEDLDIT, REEREBKIC(RZER/RBEHREICHVWTIE, FIZINER
Ty FICHEWT, RIRBEEROKRY BT/ XI5 Y [T T % HEEZEL
FTOEDH O ERIELUT THZIRE T, RIERRZMBRT S5, ThicL Y,
AEBERICHRIEEREESRCEVTE. BEEPICEMNEOR TR
DEELHEHECAQY, BRELTELONIBEEROREN LT S, H. BE
WORY RO/ XIE D RYICHET 2 FHHEERIE. GIAIE AERBREKICRER
PHEBRBEFERICI > THEINIER/ROARICEVWTROLN D RE
HENRLS2EERORY KU/ XIEH2RY OREIRCEBRFICH CTE
HERTDIIENTES, M 2FMERBES LTiE. HIAE. KA - H#
TAERBZILL > TAEINZ2BLAORAMERNNSIA—9FERAT I &
NTED,

T, MO BFERBEICOVWTTFOHEOONLLRES T, A2, K
ERERRICR I BEREEF AL > THEINIEFROBRICHEVWTK
HLoNZREZEXRLEZBERORY KU/ XIFH>RY OKXE I RCEE
ZICMLCTEEEDD I ENTES, JYBKNICIEK., LRBFOEDLNL
ERREIF. BIZIE. NEBREBRICHRIBERBRUEFEICL > THREINDE
REROARICBWTHEITRELRTRMBOGFEHEE (L. TRBEE] &
MY 2FE0H2) 252 HBEKRORYRT/ XIF5RYICHIGT 5 L5
FHEEEDORKEE LTERT DI ENTE S,

LY EGFRMICIE, EEFMMERZES LTE. fIAE. KA - HIRIER
ZFILL>TAEINZBLADORAMKRNASA—SDI5, MEAHBGRARS
(Pt) 2AT2ENTED, ARAHERHGEAROBER. MBARXT v
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[0058]

TICHVWT, BEKRORY KT/ XIES QY ICHINT 2 5H@EE S L TO
EHIFRREASS (Pt) OENS umll T THIIRETUZBERORA L
KR INREMBRT S &ICLY. BRELTEONIEREFICHT
DEMEDRFRMBOFREEEWNIERBRTEIENTIEEIEERH L,

MoT. AHEBADRIESE 1 1 OEEEFRDOSE 1 OLEHHIL.

AFBORIEE 1 1 OEBRERICHS BRERBEEHETH> T,

AR FHMEERA T EHEEAS S (Pt) THB &, RV

AIES EPRMEN S umTHBZ &,

ERBETHBERBREERETH D,

AT, ARPORIEE 1 1 OXEBEEBRICHRIER/RBREFEICZETN
DMBRTY TICBWTEERDORY KT/ XIE D RY A IIHE S hioikfg s
T 5ODEENRAEEE LT, B, AFEBICHRZBEBRBEHEIC
BEFENDMBRTY 7ORIOHRTRY KT/ XE>RYDBRICELTWS
BEREBELTRY RT/ XIED>RY MG IN/REE T 5 HEE2ET
5ZENTES, Tl RYRT/ XIEEDRYDBEICELCTWREEREE
ET200EFNAGEEREE LT, RIBLAEL SIS, BIZIE BEZAV
2F L CREEREZTELE (BIAE, FEHLEEORESE) ICHIAMITE
Y, BEEZAVIEL (EEROITEICETLRERNARICKRAZERIE L
Y, AT A FELAEBORES) ICBEREESELLYTSH
FEBFHIENTED, THAEICEEREEE T2 HEF& LTE. Al
&, BEES. EEREASEBILIENTES, BEEADEGKGIE LT
i BIZIE. REYO— MNEZEOBHHEICLYEBRIRY / XIZEEaH %
BEROEEERCTELAEOREEEDOLR EBMNN—HICER L TR
YT HEE 2733 v ARV RIFEBR—ZX M (BIZIE. B (Pt
) EOEEBASVEBEAVIHBEMT (55111F) &) FICL>THEE
REICEERER YT 25 EEEBF2 &/ TE S, BEEESODERKS
ELTE, B, BEROESARUVEHLEOESHE OV AL EHANh
M—FHEET7ILTY (Ar) E—LZFEDAAVE—LORFICE > TEMLEL
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[0059]

[0060]

[0061]

 BEROEAEETIHELAEOEAEE 2BEIETMET 2 HE. BERK
DEAEETHELAAOEAEE 2BEIETNRAT 2 4% (BEES) $4%
BFp2ENTES, INHDOMIC. RYRT/ XIES>RYABEICELTW
PREEREBET 2ODOEENLHEE LTE, AR LEL DI, BFIXE
EZEFryv o, BEFYyyvI/EERAVWCEEREZTELRE (IR, FHE
BAEDKRHESE) IKREITLHEEZETLHIENTES,

W, EEAEICSWTAHAVWLONSBE, BERSEEINZFIHAEOE
AmH. BEREFEAOE S OEBEERSICBVWONSFER (BIZ X, EEF
. EEEL. BV IR, EBR—ZANE) | EEFvv Y. BEFrV Y
LDV EBRBERICHBN DI IE. ARPICHRLIBEREEECESE
NEZMBRATY TILBIFIRBICMAZ I ENTEDEDTHD I ENESE
LW, BlZE, EEEAE. THEALmOESE. PEF. BEZEFvv o, #HE
Fv v VEFEODREBBERICMNIEDIE. AFRPICHKRIEEREEH
EICEENDIMBART Y FICHIT2MBRMHICTH AT IMBHT L > THERS
NTWBZEDNEFT LW, MDBHBOEEKFIE LT, HIZIE. €8, t
SXIVIREEBRFBIENTES,

BB, AHKBORIEEE 1 1 OEMBEROSE 2 DEMHIE.

AFBORIZCET 1 OEMRERK (F1 1 OEEEBROFEE 1 OERL %
BU) KRIBBERKMEAETH> T,

BEEBVWCHIREEREZTEAEmICHEIZMT 22 &, BEEZBWVWTH
SEREROIEICETLERGEICRAZERIES 2 &, FHAOEmICER
WEBET D&, BRICEEF v v IR/ XIEHEF v v 7 2BV TH
EEERZFHAOMICKREI TS 2 &, Ofhd 1 2ICL Y., RIGEALMEE
DA LIRMELU T THIIREET B &,
ERBETHBERBREERETH D,

ETAT, AR LIk DS, ARBICKRIBEEREESACSENIRE
ATy TICBWTEERORALICEZMR T SBRICRY R/ XiZ5RY
HEERICET 2HENH D, f>T. ARBAORIEE 1 1 OEEEBKRICSHK
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[0062]

[0063]

[0064]

PHBFERBEFERIEINIMBERTY FICEVWTEEROR Y RV Xid
Y PSIE I NIREE T57DICIE. RREBICHRIBRERKEESEICE
FNDIHERT Y TICBWTEERICRY KT/ XIE2RYDBELHBWNEL D
KT D EHFEAMTHS,

BH, AERADH1 1 ORERBEROE 3 DEHHIZ.

AFBORIZCET 1 OEMRERK (F1 1 OEEEBROFEE 1 OERL %
BU) KRIBBERKMEAETH> T,

RIESRIRRA T v 7ICHBWT, REEREBEINCEERORALICEEZ
FEmd s &,

ERBETHBERBREERETH D,
FEERHICRDBEFBREEFEICEVWTE, RIRKERT Y FIZEWT
. BEEREEEINABERORALICEEZERKRT 2, chillY., AF
BRICHRD BRERBEFEICEEINDINERT Y TICBEWT, BIZITEERR
V/ XIFEEROKRALICERINDRICERT 2N, BEOFEICLY
BERICRY RV XIEO5RYDPETI2EAERTDENTES,

Fo. BERERFERE 2BET 2-O0EFNAFZERIE. HIAIE K
BTy TROMBRTy TICBWTEERKRT /XIZEERORE LICH
RINBEICERT 250, BEOREBICLYRFEREEERE OEER
BAZIT D (Flzid, REEREEEREDHBET 2F) CENEVRY
 RICREINAV, BERERBERE BB ZOERKFIE LTIE. 4
ZIE, EEES. BEEEASEBFLENTED, BEESODEGKFIE L
TiE. BlRE. RAEY I— MNEZFORAGARICLYESFIRY/ XIIHEEFE
EREROESARVEREERDOEEEDOD A EHANDN—AICRH LT
YT R HE B3IV VARG XEEER—Z N (BIz2iE. B& (P
t) EOBELBESVEBERAVIHIIMNT (B531F) F) FILL>THE
ERERFERICHYNIT D EZEHEF &N TES, BEEREGOER
Ble LT, BlAIE. BEROEEARVREEROEESADODRL EHM
hh—F%E27)ITY (Ar) E-LZEDAFVE—LORFICL > TEML
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L. BEROESEERFEROESAEEZBEIETUNET 25E BE
ROBEEESRFEROESHE2BEIETNRYT 5% (BEES) &
EBEFLIENTES, M BERISEEINZ2GREROESE. BER
ERFERE OBFEFESICAV LN 2HEHE (BIAE, #EEF. #BeF. t
SIvIR, RBR—ZME) B AEBICRIEBRBEFEICETIND
BIERTY TROMBRT Y TICHTIRIBICHAZ I ENTESHDTH
BZENEFLW, M. LRERAICHKEZER/REEAERICEVT, BER
EEEINDIFREERIZ. FOEDH ONALTREL EOMEIMR T, XIF e
MEETDHIENEF LWV, FIZIE REERIET MR T XISz
MOFOEDONETRIEIFZ. FIAIE. KEXTY TICSWTREERKT
XISFEEROKRE LICHERINZEICERT 20, BEOREICHGLCTHE
BEDDIENTE S,

[0065] &2 AT, ARBICKRIBEFREELEIFZ. TEIF D vILRREICELD
BRREERETHDID, URERBRBEFEICL > THERINIEREROD
ERD EBERNIGEEREZERT 2BERBRBOIRD &I ABLTH>T
. HEIWIREL>TVWTH LW, BHETNIE, AERBICKRIERBREES
EiE, REIEYF VY ILRRETH>TH. HEIWVWEATOIESF v
WRRETH>THLV, AEKPICKRIERRBEFEZNREIEIF Vv
IWRRZETHDHE. UZEBREEFECI > THEINIBEERZOERN
DEBERXIBEREBHRT 2EBRBOEXRDEIB L THD, ZDH
A, BlAE, BERORE LICERINZEOERDHEIEEHS (ZnO)
XIFBIEFIY (T i 0,) XIZBIEH UYL (GaN) THDETdHE, &
ERXIGIEEREZERT 2EERBOEIX T /2. ThENELES (Z
nO) XIFEILFH > (T i 0,) XIFEBILAY VL (GaN) THB, —F

 ARBICRIBERBREESENNNTOIEY X v ILRREATH DIH5E
UZBEREEFRICE > THEEIN I BEROIRS & BERXIIEER
N 2EERBOIND EIEELRD, ZOBE. FIZE. BEKROKRE
FICEREINBROEMRIHEIES (Zn0) XIFEIEFIY (Ti0,)
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[0066]

[0067]

[0068]

XIFBIEH )DL (GaN) TH-o-TH, BERIIEERZENT 28
EEBDERDIE. FNENEBES (Zn0) TIRAWHEXIZEIEF SV
(T i0,) TIERAWEXIFZIEA) YL (GaN) TIEFAWHETH S,
W, BERXSEERZENR T I2ER/BEOEND & L TERTER. B
fWEh (ZnO) XEEIEFH Y (T i 0,) XIFELELAYDL (GaN) OfF
NTHERVWHMEDOEARBIE LTIE. BIAIE. Y774 T7EETHIENTE
oy

> T. AFEADE1 2 DEBRERRIL.

AFEBRORIEEE 1 HERIGEE 1 1 OEBEBROMNN 1 DICHR DS EERR
BEBHETH> T,

AIECREERXIGRIGCEERBEOERS D, BibHEEE (Zn0) (. EiHY
7L (GaN) | B{bF4> (TiO,) . ROY T 74 T7HLARBELYE
EhaAnh1 EOMPTHD &,

EREBET2ERBRMERETH D,

FEDLDIC, REEREBRICHRIERBREEREICHBVWTIE, FIREER
XIGRIGEEFREOEXK SN, B (Zn0) . Z2tAHY VL (GaN
) BIEFSY (Ti0,) . RUB 774 T7HORBEELYZBIENS[AND
1BOMBTH D, t>T. BERORALICHRINDEDERS R UTE
ERXITIEEREZENT 2BFRBOER MO BER{LHESR (ZnO) T
HBEINXIFEBIEFHIY (Ti10,) THEMIXIFEBIEHAYVL (GaN) TH

 AEFERBRICRIBEERMEAEZRFREIESYF U vILRKRES R
%, —H. BEROKALICHRINDEO IS & BERISERER %8
R 2BERBOIND EDEAEHOEN LEUATH 2IBE. AEMERERK
ICRDEEREEREIANTOIEYF O vILRREE DS,

ETAHT, FHLCRBRTEEDIC. AEBICKRIBEERBEREICES
THERINDIEFROERDIE. A8 DEREI THo>TEHELW, BB, AF
BRICHR2BERREEAEICL > TERINIBERBROERDIE. FIAE, 2
BEULLEOEBTRESURERTHoTH L., 2BEULDOIEETERS



WO 2014/091968 25 PCT/JP2013/082493

[0069]

[0070]

BURBTHO>THLL, HEIVWE2EEBULEOERBTHERV2EEU LD
FEBTRESURRBTHO>THELL, TOLIICRRETE &ITLY,
BIZIE, AFEBICKR2BERBREEHEICE > THERINIBERICS TSN
Y RFvy TOHEEEETVL. FIXIE URERRELEDOERELTH
W2 EEIC, HFELEDDRSRREMEDERET 2%, FFEDFILZE
BRICNET 5 ENTES,

Fe, BERXRBEEREBNRT 2EBRBOEXRDBERELTELL

o BlB. AFBICHIBERFREESEICSVWTERAI N 2 BERIITERR
ZHEHRT DERBREBEOENSE /. MR DRARI THoTHLW, B,
AFEPICRIEBREEFEICBVWTERAINIBERXIZIEEREEXT
PHEEREBEOIXDIE. HIZIE, 2BEUELEOEBTREZSVIERTH> T
HEL, 2BBRULEDIEETREZEVRRBTH>THLL, HDIWE27FE
BULTOEBTRRV 2EEULOIFEETRZSURERTH>TH L,
YU EEMIZIE, MO BEERIEHIDDIEEREZERT 2BEBRBOEIM
oix. BIAE BIE<x x> L6 (MgO) | BBEARIDL (CAdO) .
ibmEss (ZnS) . RETIWNIVIEESE (ZnTe) HHRBZELYEIEIN
1REULEEEEFHEIR (Zn0) EORBETH>TELL. HEIWERET
WEZh (AIN) RUBILAVYIUDL (I nN) hoR2ELYZEEN
1fEUEEEIEHY) DL (GaN) EDORBRETH>THLL,

> T, ARBADE1 3 DEMERKIL.

AFEBADORIESE 1 HEFIEEH 1 1 ORFERERROMANL 1 DICHRD EERE
BEAETH> T,

AIECRBEMR ISR ERREDOIM D, Bt~ RyD L (MgO) |
BibhRIOL (CAdO) | FLES (ZnS) . RUTILILIEES (Zn
Te) o3I YBENS 1 FEULEEEEES (Zn0) SDRESE. X
BEETILVIZZOL (AIN) RUOZBEA VYDA (I nN) BHAZEEE
YRIEND 1TTBULEZELEH) VL (GaN) EDRSRE. THDI &,
EHRHETOERBREELETH D,
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[0071]

[0072]

[0073]

FEDLDIC, REEREBRICHRIERBREEREICHBVWTIE, FIREER
NIFRIEEEEREDERD N, Bl /x>0 L (MgO) . BlEART D
L (CdO) | WiftEsh (ZnS) . RUTIIIEESEE (ZnTe) NHR
BELYBEIND 1 EULEEREREIR (Zn0) EDRERE. XRBBIETILE
=L (AIN) RUZILA VI TL (I nN) MoR2BELIYETNS
EUEEZBEAHY DL (GaN) EDR&E. THD, >T. EdBLAELD

B ARRICRIERBREEHEICL > THERIN2BERBRZDEK
DERRE L TUZBRRFICBTINY RFrvy TE2HELLD & T 251848
IKBEWT, BRIICLDAHAOMR BIZIE. FFIEORMONSE) %ZEK
L2oD, YBERRBOBRMEEEDDIENTE S,

T, AERBICKRIBRFRBEFFZICEVWT, BEROXALICHERIN
EIE. BRELTBONIBFHROBUESICEREELRIIIAVRYICS
WT, ERULEELZDERDOMIC, T (F—/V ) Z2E8BLTWT
tdWw, BEEMICKEK., REBHRT2I2HRAE LT, BIZIE. PLI=0L (A
1) . HUDAL (Ga) ., 1YL (In), % (N) ., HiZ& (B) .

v(P) . BMER(As)., 79vyR (F) . #BR (C1) . B&R (Br) .,
Ik (1), A=Ky (C) . YUY (Si) . ME(S) . VFIL

(Li). +hYDL (Na) ., AYVDL (K) . TV L6 (Mg) |
ARIVL (Cd) . EZLY (Se) . T (Te) . R (Ag) . =
7 (Nb) . RUSE (Cu) DOHRBBELYZBEINZ DR EBMANNT1TE
LEDOTREBIEES (Zn0) EOXFRDICK—FLAMREEFERALT
S AN

BB, AFEEADE 1 4 OERMEERKIL.

AFEBADRIEEEE 1 HERIGSE 1 3 OREERKOMNON 1 DICH D BiERE
BEBHETH> T,

AIRSIRAS. PIX =046 (Al) HVDL (Ga) . AVYD4L (In
). BR (N) . HR (B) . Yy (P) . R (As) . 7v%& (F) .
BHR(CI) . BER (Br) ., 3vk (1) . A—FKY (C) . ¥Yav (
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[0074]

[0075]

Si).ME(S) . VFIL (Li)., UL (Na)., AYTL (
K) . ¥7x>94L (Mg) . ARI DL (Cd) . ELY (Se) . Tl
WV (Te) 88 (Ag) . =7 (Nb) . RU4R (Cu) hShABELY
BENs < AN BULOTREREYE LTEL &,
EREBET2ERBRMERETH D,

EEBOEDIC. AEMBERICHR 2 BRBSRHEFERICS VTR, RIEED.
ZILEZ9AL (Al)  AUDL (Ga) . 1YL (I n), 2% (N
) . iR (B) . Yv (P) ., #B&R (As) . 7v% (F) . #&8% (C 1)
CERR (Br) . 3ok (1), A—KRY (C), ¥Yav (Si) . mE
(S) . YFuL (Li). FhUDL (Na) ., AUDL (K) ., TT=x
ol (Mg) . ARTIL (Cd) . LY (Se) . FIIL (Te) .
R (Ag) . =47 (Nb) . BT (Cu) DoA2BELYREINDI DD
CEHANMTBULEDTREFMYE LTEL, ThiC&Y . REREER
IR BERBREEFEICEVWTUL. AR BRELTEONIERERZDE
SAFE. T8 - EERHMSEFMBOLARNIVICRET A/ TE S, M. A
EFERERRICIR 2 BEMEEREICBWVWT, BERDOKRELICEHRINSIED
FRDELTTFILI=ZOL (Al) XEZAYDL (Ga) 2E2FTHWME%R
FRTHBEIE. TNENRT7ILI=0L (Al) XEAYDL (Ga) &R
M (R—/XV ) ELTEBTDZIEETERVWCERFEDI ETHERL,
BL. —fMICE. THEADSEAT S EEBEROBRUERY/ XIIRERE
ICEBHENRIAREMELAH D, E>T. LR LELDICHZIFESHEDR
ZORMER/IEND’HZFEFERE. BOMEREEWIEEZ LW, &
oo BMERBRAFHEY (R—1RUK) ZIRICEBIESHBETH>TH, HIAE
BRLESR (ZnO) ZOEDERDICHT Z2ERRREBAIEDRHMY (
K=V KN) ZFNT3E. TESFOvILRRASBEEIN, BEEORESR
MR/ XITRBBEICEZENRA D, FEL AW,

EZAT, IR LIEL D IS, AFEBICHR D BBERBEREICL > THERS
N2BERREOEMRDIE. FiE DRE] THoTHLW, BB, AFERICKS
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[0076]

[0077]

BREBHEAEICI >TEREINIERROEXRD . HIAIE. 2FHEUL
DEBTLRZBUVRFBTHoTH LK. 2BBEULOFEERTREZSU RS
THo2>THLL, HEIWE2BEUEOEBTTRERV 2BEU EDIERET
REBURBETH THLIV, TOLDITRERIETEI&ICLY., BIZE.
AFRBPICHRIBEBEREEFEICL > TERINDBERFRICEITS/1 Y Ry
v TOREE TV, fIZIE, SREEREZLEDOERE LTHWS EX
IC. BZLEDDENRREMEDRRET 5%, MEORFMEZEERIC]
BE32ENTES, JYBFEBMICIE., DD DBFROEKRDIF. BIZIE.
Bt~ x> (MgO) , BBIbtARIDL (CdO) | HifbESE (Zn
S) . RUFIIWEESE (ZnTe) MoAZBELYREINS 1EULEE
IESh (Zn0O) EDREBETH>THLIL, HEIVWIEFERLETILIZDL (A
I N) RUZBIEA VI DL (I nN) BhORBELYZBIEND 1EULERE
AV DL (GaN) EDRETH>TH L,

> T. AFEADE1 5 DOEBRERKIL.

AFEBORIEEE 1 HERIGCE 1 4 OEBEBROMNN 1 DICHR DS EERE
BEBHETH> T,

AIECIEDY. Bt~/ x>0 (MgO) [ BBIEARIDL (CHdO) | ]
fbEEh (ZnS) . RUTIVIIVIEESE (ZnTe) HOHAZELYEIND
1L EEBREERSR (Zn0) EDRBRY S/ XITREY. HDWEIBRLET
WEZULh (AIN) RUOZBEAVIY DL (I nN) OAZHELYERLN
Z1EULEEREHY VL (GaN) EOREBRY/ XILEEW. Z2ZAT
e &

EREBET2ERBRMERETH D,

FEDLDIC, REEREBKICSR2 ER/ABREHFEICHVWTIE, FIELED.
Bt~ x> (MgO) , BBIbtARIDL (CdO) | HifbESE (Zn
S) . RUFIIWEESE (ZnTe) MoAZBELYREINS 1EULEE
IbESh (Zn0O) CDREBRY /XIXEEW. HHIWEBETIVLIZUL (
AIN) RUZBEAVIUL (I nN) MOQZELYRBEND TEULE
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[0078]

[0079]

[0080]

Z2EAHAYDL (GaN) EORERT/ XIFEEW. Z2EATAS, NI

Y, REEBRICHRIERRBHEEFEICLINE, BT TL (Mg
O) . BItARIDL (CdO) | FfeESE (ZnS) . RUFTILIILLEESE
(ZnTe) HORZEBELYBEIND 1TEULEEBEEIS (Zn0) EDRE
fa. HBEWERBLETZILIZ=ZOL (AIN) RUEBILAVTY DL (I nN) »
LRI YZBBIND 1EULEEZEA) VA (GaN) CORFBEERT
5 ENTES,

ERUAEELDIC. COLDITRRBETEDZEICEY. BIZIE, AFEBICHE
HEFREEFEICL > THERINZBEFRICBE T2/ Y R¥ v v TOHEH
ATV, Bl UZEERELEDDOERE LTHAWS & X(C, UL
EDDREABRREMEDERET 2%, AMEORKMEZEREICNET S L
NTED, BlZiE, REMEBRICHED BRESHEEFEICL > THERINDE
BO—PITHZBBIE TRV L (MgO) EBEIEES (Zn0) &EDRSA
iE. FHREM g, Zn  OILL>TRIZEDNTES, AH. x FHXER
ICEFENZERBITRICBITEY T2V TL (Mg) DOEEXRESRL, FIZIE0
<Xx=0., 4E&RDEDICHEBRT DI ENTE S,

EZ AT, AFERBICKRDBRHEREEFER. AIRO LD IC, BEROKRE
FIREBEERT 2RERT Y 7TICHWT, RIREEROREICER T 2HMA
WKBITEEATHBEENT 00 umATTHBEEEREMM L. RWT,
AIEEREERDORA LICHR I NARIGRZMNER L TERRER/I MBI T Y
FICHWT, FIRRBARIGEEROANSINEL T, 30C/ HULDORE
BEICTRRIESZEICLY.,. RAMRERS CEDNBZLBMBRRDOHA
57, EREKRERE2 I EAEBAMBRICBVWTEIANDAVWERER
BRRESVWEEMRICTHRETZIEEZTRET S,

BB, EEBOLDIC. AERBICRIBEERBEEREEZ 1 A V7ILDOHET
THHEGIF. BONDBEEREDEAFT 00 umldT, LYFFELIEFS
OumllFe&EAs, -7, FAIEE. BFERTIN—%F JUKXKEWVWEH%E
ET2BERAFRELLD ETIHEICE. ARBICKRIEEREES LS
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[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

BEYAVIVICE>TRYBLEITTDZIIENUETH D,

BB, AFEEADE 1 6 OERMEERKIL.

AFEBADRIEEEE 1 HERIGSE 1 5 ORBERKOMNN 1 DICH D BiERE
EHEERYBRLETTLIEICEL>TEBFREBTL &,
EREBET2ERBRMERETH D,

FEDOLDIC, REERBRICHRIERRBEREICINIE, ThFE THREA
LCEBAORBREBRAERO & T 2AKBPICMR D BFERELER L EERY
AVIICE>TRYIBLEFTT S EICE FFREDEH»%HBT % EiEHR
/BB ENTES,

EZAT, BIROL DI, KFERIL, ARBICHRDIBEREERRICL S
THEHEINDHEERICHET S, oo AEBEBRICKR I BRIFHEEFEIC
Lo THEREZBIMEOEIHDIF. FICREINQWA, FIZIE, Be20D
33y IR, BESE (Zn0) FOBIY. RUZBLEHYDL (GaN
) EORIMPEEZRITEENTES, INLOPRTH, BbEsE (Zn0O
) RUZBIEHY DL (GaN) OBRBERIIC. AREFICKRIBEBERESHE
ZEATSHIENEFLL. FICEILESE (Zn0) DERFRLIC. AFEH
ICRDEEREEREEZERT I ENET LV,

BB, RNFEEADE 1 7 OERMEERIL.

AFPAORIEE 1 HERGLE 1 4 OEBREKRXOAEIEE 1 6 DEBREROD
fAnh 1 DICHEIBERRBER LI >THELND I &

ARSI HEREESR (Zn0) BERTHD,

Fo. BIRO & D IC, AFBPIHRIERRBEESZE 1M1 VILOHET
THHEGIF. BONDEFEREOEAIMLTTI OO umllT, LYFFEL
IE30umAFTERS, LhLAass, ARICE> T, 30um%EiBx
PEAEBITIEFENEFZLWVEELH D,

> T. AFEADE1 8 DEMBRERRIL.

AFEBORIEEE 1 7 OEBERICFELEEHES (Zn0) BREETH>T
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[0087]

[0088]

[0089]

RIESARIER T v FICBVWTHER I N2 RIEEORIGEEROREICERT
5HMAICHITHHEEEROEATHIFRENIOumAEEISD I &,
AR E T OBEES (Zn0) BERTH D,

BHIC. BRICE>TIE. 100 umZzBABEA%ZEFT 2EERNAEFL
WIEAEH B, LHrLANS, BhRDL S IC. ARBICHRIBEREESRE
E1YATIDIARITT BHER. BONZ2ERREOEAIEHLTI100
umBlTFERZ, E>T, BIZIE. BREEZVIN-F JYKRZVWEHEE
THEBERAEELLD ETHIEEICE. AFRBICRIBEREREEREEE
BHAVIICE> TRYRLETTZIEDNBRETH S,

BB, AFBOE 1 9 DERRERKIL.

AFPAORIEE 1 8 DEMBREMRICHDIEBILEL (Zn0) BREETH>T

AR CICEEHOERRRESEICL>TELNDZE. KT

RIESARIER T v FICBVWTHER I N2 RIEEORIGEEROREICERT
HEICHITHDHEHBEROEATHIERENT OO0 umEZBAS I &,
AR E T OBEES (Zn0) BERTH D,

BT, RO & D IS, ARERICHRZBER/BHEFEICSVWT, BEKROR
HEICHERINGER, BRELTEON2EFROEEFICERZELZRIFE
IRWRYICEWT, ik L4 DERDOMIC, T (KR—/RV k)
ZE2ELTWTH LW, BEFEMICIE. BE2EERTHaE LT AIZE 7
WEZoL (Al) . AVYL (Ga) . 1YL (I n) . % (N)
iR (B) . Uv (P) . #tE (As) . Z7vEk (F) . &R (C 1),
B (Br). 3ok (1) . A—FKR>Y (C) . ¥Yav (Si) . Wm&E (
S). VF9L (Li), UL (Na), AVIL (K) . TRy
DL (Mg) . ARIDL (Cd) . LY (Se) . FIIL (Te) . R
(Ag) . =#7 (Nb) . RUH (Cu) Doz EBELYRBIEIND DAL
EHMhM BULEOTREZBILESS (Zn0) FEOERDICK—F LM
AEEZFERLTHELVL, NSO R=—NRV NEEFIEBZEICLY, BIX
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[0090]

[0091]

[0092]

[0093]

. nBb, pBUE. XY RF vy THIESE., ArEORMN % BiEaRICH
B35 ENTES,

INHOHTIE, nBIR—NRYRELTT7ZILIZOL (Al) . AV L
(Ga) . 1YL (In) | Hi%R (B) . 793k (F) . #88% (C 1)
JER(Br) ., 3vxr (1), R¥)aY (Si) BPEFELL, 7R
=L (Al) . AVDL (Ga) . RUAVPTL (I n) BMEFICEFL
W, ., INSORMHY (K= M) OEE=HRIF0. 02at UL, &
YiFE LKIZ0. 1atBRULETHBZIENEFZLWV, INH5ORHFY (R
—INVK) OEBENO. 02at%RETHDIHE. HIAE. sVWEEMH
(BWEKIER) & BHETIMEORELERT 2MREBDZEHFRE
BMEMRBOTEFEL AW,
> T, AFBDE2 0 DERERERRIL.

AFEBOFGE 1 7 HERIGCHE 1 9OEREEFOMANN 1 DICHKR BT
$h (ZnO) BEETH- T,

PIWIZoL (Al) AVDL (Ga) . RGA VIO L (I n) Db
RBBEIYVRBEINZDACEEANMN FEULDTRERYE LTEU T
&, WU
ISR OEEENO. 02atWULETHBZ &,

A4S T HEESR (Zn0) BEEKTH S,
Fro. AFEADE 2 1 OERMEERIL.
AFEPBORIEEHE 2 O DEBERICFELEEHESE (Zn0) BRFETH>T

AIEE R HEMDEEENO. 1TatBUETHDZ &,
TR E T HEbER (Zn0) BEKRTH D,

EZAHT, ERULAEIIIC, AERICELIERREBNTS5ERDICNE
K=V hNEBBIEDLEICE>TERT DI ENTESRME LT,
PIZE, SWEBM (BWEKEBH) F2EITF2&NTES, ZDIFE
PIZIE, LEDEDp —nESZAWVWEIETFT/NM ADERE L TEILESE
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[0094]

[0095]

[0096]

BESREAVWSEEIC. BEREAZEZnBEEROSEE (AY—K) & LTHE
AT2ICE, BRELTEONZ2BEERNETIHMEIFLI1X10-3Q - ¢
MUTTHDZENEZ LW, TOLDICEME L TEEMHDORBLHEEAEKE
BEAWVWSLZEILELYAY—RBRBERDIENY TR, LEDHFDRN
RFICBVWTHIEIBIEZRIRT 2 &N TE S,

BB, RFEEADE 2 2 DERMERERKIL.

AFADRIZEEHE 1 7 HERIGCHE2 1 OREREROMNN 1 DICHKRLEELE
$h (ZnO) BEETH- T,
BEHENT1X10-3Q - cmUATTHBZ &,

A4S T HEESR (Zn0) BEEKTH S,
EZAHT, IR Liak DI, ARBICKRZBEFEREELFEICK > THERX
N2BE-EEOIMDIE. FeE DRREI THoTH LW, DK D ITKFRIC
RLIBEERBEEFEICL > TERINLIBERFRERBRLET DI EICEY. Fl
2, UBEBERRIBTENAY RE vy TOHBS ATV, FI2IE Y
ERELEDODERE LTHWSE XL, YELEDDENEREMEDR
RET2%E EORUZERRBICNEGTEIENTES, LYEBKENICIE
. DD BERBREOERDIE. BIAE. BTy DL (MgO) | Bbh
KX A (CdO) . ILESA (ZnS) . RUOTFILILEES (ZnTe)
NOAZEBELYREINS 1EULEBEES (Zn0) EDORRETH-TH
<. HBVWREBELELTILI=ZUL (AIN) RUZBIEAVYDL (I nN)
NoRZBELYRBEINS 1REULEZBEA) DL (GaN) EDRETH-
TH LW,

> T, AFBPDOE2 3 DEMERERRIL.

AFEBOFIGEE 1 5 XILRIGEHE 1 6 OEREEHOMANL 1 DICEEH OB
MEBERERICL>TELND &, MW

Bt~ x>oLh (MgO) , BitARIDL (CdO) | FiibEss (Z
NnS) . RUGFTILILES (ZnTe) HNOAZELYZBIEND 1BULE
BEESR (Zn0) EDRETHEDHN, XIFBLEFZINLI=UL (AIN) &
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[0097]

[0098]

[0099]

VB4V I9L (I nN) DoR2BELYRENhD 1BUEEZIEAY D
L (GaN) EDRERTHB &,
ERHETIBEERTH D,

EED&LDIC. REFRRERKRICHE D ERERIZ. AFRIAORIEHE 1 5 XILHIE
51 6 OEBEROMNN 1 DICEHOBEEREES AL >THEZ &N
TED, BB, AEBREBRICHERDIEFRIE. Bt I/xvoL6 (MgO) |
BibhRIDL (CAdO) | WLES (ZnS) . RUTIIILEES (Zn
Te) WhORZPEBELYBEIND 1EULEEEBEHES (Zn0) EDRESEKRT
SXIGREY. HEIVWEBETINIZ=ZUL (AIN) RUBILA VYT L (
| nN) DoRZBELYRBIEND 1EULEZREAY VAL (GaN) &EDE
ERU/ XILEREW. ZEHMDE L TEATRZEREZEERDORE LICKE
L. BBEAFMEOERGTICTMRARTZIEICLYBRIENTES, Fi
. OB EBFEREEREEMEILS CTERY A VIVICE > TR YIR LET
THIEILLY. FEOEAEET 2ERBREFDIIENTE S,

BIC, AERRBKRICHRBFRIE. LEEDELDIC. BT/ LA (M
gO) . BBltARIDL (CHdO) . WbESE (ZnS) . RUFIILIEE
8 (ZnTe) HhORZELYBEBIND 1TEULEEEEEN (Zn0) &D
BERTCHIN, XIFBETFILIZUL (AIN) RUBLEAVIDL (I n
N) oR2EBELYBEND TEUEEZEAY YL (GaN) EDESRT
Hd, ThICEY, AEBEBRICRIERRICBVTIE, BIXE. MR8
RICBITZNY RF vy TOFHELZTV. FIZE, UREEREZLEDOD
HEiRE LTAHAWSEXIL, YZLEDDRMERAMEDRRET %,
EORHMEZERT DI ENTED, fIAIE. REEERICHDBEFRZO—F
THDBIBEY TR DL (MgO) EBEESA (Zn0) &DRE&EIE. K
AMg,.Zn _,OIlE>TRIZENTES, AP, xIFUKERICEEZH
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