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= s REE=AEH(85) B Bk A=5(86)2 #e FHAIIY. wEbA, &% 24 89)= FE FIHAR
Hue sfiolMd & 22H89)9] WA FUAZI= Aol Zhssitk. ol 9sto], = JNTES
B2 &% #S Z2e 8% 2407 Ay st4E FAdske Aol ThestA |

i Feh(92a)0] B2 H(21), k4 A=(86), =d=H(87), B 7] AA=(88) f AlsEt.

NG FA AACNA, W 713 (90)0] AleET.  EI, 71D W 7] (90) Atololl A tEF 7](90) =
S 25E t¥ A=(91) R wiEEH(92b)e] o] AR AlsEt.

NG5 (93)] whEFeH(92a) 3 wREFEF(92b) Afolell AleEtt. Bk A=(86), HHS(93), H tHF A=(91)=
NG 2AH94)E FAET

oM, T& FEFoAS] ERMALE R spaFolAe] EWRALEHE HE

ANl vekdl A BA] FAANA, E FEFolA S EWAALE F AR ERAAEHE GE

um °]% 20 um oJsfoltt.
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22
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WAl A3E @ AdelE 44F + Ax, o A%, EdAxzHe o A7}
AbsHE wbmA|uh(82 2 84)oll A UztE] T4 wE 7y EFLe] vRE Afee o] uigysit.

82 % =
9. Axg z—@a}% &a}gf MEAE ek Eaﬂxlf_\zt iﬂga 2ol 5]
H A

o ALE A5 T AT

iy

711D e T FAE Aol FAHA G, v 7R T o= S IRADeEA AHEE S dn. 7
B e, WHEAl 7R (dE 5o HAA VI e AeE 719, S0 71, #2871, A9 e, Sk
g 71, 55 71, 2R 29 ), AR 2 2 dS E3ehe v, G ), gawl xd
& EFele 71E, vhed Vi, BF AE, Af ARE RS Fol, R A IFo] xdEH. fg 73
o, vtEEEAANE F2 7d, dFrmEzdeolE #2 7#, B Av A3 f2 dolth. ke
g 71, B 2E, 24 3F 59 de usd 2o S =2 o] E(PET), EeldEyzE o]
E(PEN), 3 Z2olEdE(PES) o2 iy = Fobay) ofdd T &4 A4 Tz add; g2y &
2] &3} wlold; Z29s}t nleld; Eejolvtel=; FEjoln=; ofgim| =l oA FY] S AE; B Fol.
TAMeR, WA 3, @dA V|, S0I V1@ 55 AHgste]l ERAAEHE IAetd, 54, A7, 4 T

ow el ¥, A7 22 EIAAHE AT ¢ Ao, old EAAXHE A

o @Azt Ax, AR
3t 3=E FATORH, R AH AES AZAL F AU, BE I2E aHHSAA 5 AT

T JB(11D)ozA 1A BE AFSslen 23 71eA Y] A3 EdXAEH(10k 2 10m)E A 25k
Ei%ﬂz = 71311 I EWAAE(10k Z 10m) Alold] BE2S AFsdr Erp, Rz, 1 By=
<9

o %4 H&Eiﬂ Aol Q¥ EE ARE JR(DOZRE Bdd PE Jnen §2 9 48R 4 9l
t}. 01%%, AA2~E (10k 2 10m)= Pl Be 7w == 7ted 7|gom 244 5 ok, A7 =2
gFol, % Sl gadu L AE AeEuel $AUe Taehs 4%, £x e Sl g4 Feelv=

EASE} A 1] ARAE, ERASH Ao Y S 4 1) e, %01 7%
AP )R, oluE WE W, Felols WE AW, A AW, BA W, 4F 7]

H e (silk), W(cotton), = AfChemp)), 4 Af(dE 50 WdE, Fdfdd, == Eﬂoﬂiﬂ), Rk
YA

A (el s 50] obAHlolE, e}, #ol2, e A4 ZYdd2y) o5 X3P, I9 7|#, 1F 7w &
LY. old g AsHoRA, 5% EdA2E EE 2 o] ke EdA2EY} P49
3 2= = =
= , =

Hloj2 AAuE 71113 AlolE H=(13¢ B 13d) Afolell Algroje Frb. Hlojx AAute] dzs=, b
s} Aoy, Ashdst deEv, dsh dedy, dspabsh A2, Ash 2EY, Aks sEad, Aks o=
Y, Absl dRnE, g *Pi}é@} dFvEEs R EF, Holx dAwe] dst e, Ask 2E,
Absh shzig, Ats o EF, Absl vl o] AREE o, w12 FE AbshE vheAH(82 B 84) o9
dde w5, =, 2 FAh T EEEY IS AT Ao
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SS=50dl 10-2386362

AClE A (13¢c ¥ 13d)e, &7y, A2F, T8, g2d, eolely, Sgrdy, 2 gadoziy Ay
g 3% dar ol 35 94 F ol g ARow S A olE 3% Uas xFsd 2P A
e AHgEt F4gdE 4 9l T3, Yriyz 9 A2agoRyE Adu9d s oo 34 dAE AMES
X Eu, AGE AF(13c ¥ 13d)L @F TX2E VAR 23 2% oo HF FRE /AL o 9=
So], Au|Ee xge dFujEete aF R, dFuEe o eelelrute A5Ehe 25 xR, A3 Eol
et 9o Eloletguhe ASehe 2% &, Z3) glolekg® fd gauds HIeE 25 &2, A3 g
dut i A3 gade 9o gadurs HFee 25 7F, EoleleR, 2FvEY, 9 golguds o] &
AR HEFdhe 3% 7 52 5 & du. Ee,| Eejelg, @28, gad, Eepdd, 92%, JouR
9 Ao RE Auy s ol Y94 W AdRWFS Xdes gaE B A3ES Algsten F)
ACIE HA=(13c ¥ 132 AF F4 4tshE, 43l ®2de X338l u e, Mgl §2aus ¥gshe
AF ofd AstE, 2tsl ElolelwS e Uw ASE, 2tgl Eloleles EdehE Udw T4 AbsE, dF
ol AtslE, T Atsl A2 e AF T4 ASE 5o TR =X ARE AMEsY g4dE o=
A T3, A7) FEAe = Amel Y] 345 dAE AEEe] gAW A5 RE M R
AolE AAu(15)L oS o] A3} Au|&, Atapdst A2, dshbs Ae 2, At A&, 43 dFuE
2bal stz g, AsE 2E, 2 Ga-ZnAl 25 AEE F s oS AFEE O e HF RS e E
PAE 4 k. T3, ASE WA (82 2 84) o] Aol 5AS A7V Y8k, Hom 4leE vim
25 999 AolE FA(15)L A3teE DS AHgsle] A EE Aol ulEA st

AolE HAuH(15)2 F7AE Snm ] 400nm ©]38}, HIEASAIE 10nm ©]4F 300nm ©]3F, © HFHASFAIE 50nm
o]/ 250nm ©]&}o] T},

s A28 R 25) 742 AolE dAdwdt @ AnE A Agstel 49 5

Aste dAwh(23)e daE s AT 7h e AskE ddgtolojw Frt

Az TP AT 57 AL AsE ddwe] A deAs, st delan 2 s deey
ohe EHvh. me, "abshEst AdeEE B ibehd st dRvEetold dann Aag v wel xdket
B ovhe wata, Ashibe AeEe i tdshibeh GevEeheld dant AaE o @l £EE e
e}

A ko] 100K ©]&te] ESR A~FEH A, 2.037 o]A 2.039 o]ste] gl A vEht=
A 1 A%, 2.001 o] 2.003 ©]5t] glAFelA] YelE Al 2 AT, 1.964 o] 1.966 ©]5Fe] gdAFollAl e}
= A 3 i MEE ARESE ESR SAe o8t dojA= Al 1 259} Al 2 A5 Afo]o] ~&
E X gl A 2 A5t Al 3 A5 Afo]o] AEHE F2 747} of GuTo|th.  2.037 o] 2.039 o]ske] gQlxtel
A YEE A 1 AE, 2.001 014 2.003 o]3te] gl Atel A U= Al 2 A5, 2 1.964 o] 1.966 ©]5+e]
g Ao A JERGE A 3 Ase 23 Wwel &47F 1x10 spins/em ¥, tlEAORE 1x10 spins/em o]
AF 1><10185pins/cm3 njqto] T},

100K ©]3}e] ESR ~FE& A, 2.037 o4 2.039 ©]3}e] gQlAjolA VERE A 1 A5, 2.001 °]4F 2.003
3lo] g9l A vhEbbE Al 2 A%, = 1.964 o] 1.966 ©]3te] golAtell A vl Al 3 Alae A4 ks
(NOy; x= 0 o4 2 o3}, wlEastAE 1 ol 2 olshel 7]A%k AZd sl AL AtsEo] i
dEAE, dits A D okt AAE zIETh. = 2.037 o4 2.039 o]ste] gélAtoA UEE A 1 A
3, 2.001 o] 2.003 ©]atY gllAtel A vehtE A 2 Als, 2 1.964 o)A 1.966 |8t gQlAol A vEhtE

2
A3 AT F 2y dEVL e, Abske AAv Wo] da Abskee] 3R] A
st dAw23)o] FEd mhek gol A AstE o] el A
A

o

e e

) Ahshg AAvH23) T AbshE W
(82 % 84) zAzte] Aol Aol Aelel =L AAT & Atk o] A, EAAAH Aze]
o AZEZ AZE 5 9a, ol st EaALH A7) E49 WES

40t
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[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

ArstE AAuH(23) S SINSOl 98kl Z=AH 6x10 atoms/cn ©]3Fe] D RS zb= Aol maHsitt, o] 7
S Ak AbglEo] astE doluh(23)e] WA o), AshE Aluk(23)7 SR whezuh(s2 2 84) 7}
7 atole] Aol Mg Aelel ERL dAAet = vk, meh, wEA] Ao L= EdxsE 77he] T
Aol o] ANZEZ A7kl 5= gla, olo] ojsle] EdxAE ] A7 B4 wEe o 2 & & gl

= ke ) 2 A
2 4 drk. Eeh, St FXHd Y e EWA2E A2 Y Aol A ZEE AE 4 9lar, o
of oJste] ENA2H AY] §EAY MEsS © AT F U,

2rabE AAu(25)2 FEFEH Ao AAHT & HER MAE XSt AkEE dAYS A5
FAE AL £, FFFEH AN ArHT FE HER AMAE XEEE AHEE dodutozXHE T
o 9J3le] 4bAe] ARV WEEY. EEER A AtART =2 HEER AALE XISE AlsE A

_ _ 18 3 o

Aure DS BAA AbA dAE EbE AbA WEF] 1.0X10 atoms/cm  ©]4, HFEASIAIE 3.0X

10 atons/cn’ o491 AbsHE Aedmtolct. Ed, TS BA oA whe] ¥W =i 100CT o4 700C o3k, &
=100C ©]4F 500°C o]sl7t Bl s},

AehE AAT(25) 0 =M E, FA7E 30 ol 500mm o], HEAFAE 50m o) 400mm olske] Abah el
o, Abahds AeEv $o A8 & oA AsE AAREDORAL, HoE Fa U Ak B2y fv
2 2 g2 ST, MEAshlE, A% AAREDe Ak, fi, B, 90Y 3%, 909 B3
o 227 #AE Pt ASE AAFEDS AFFOEM, AE VEAT(EZ L 8)OZFE ] Abid
9% A, SRERE WHE MEAT(S2 D B)OE Fh, B So] Bolrb: A2 AT 5 Anh.

A5k AN 7 50mm 1 300mm ©l3h, MHAS AL 100mm o4 200m olskel Wsh Hel@et, A
Sharsh gelme, A8k GRE, ASAE FRuEY 5L Agete] G4H

wg, Qe AT o, Ak, Fi, B S d@ 224 538 2 AdE 499g AgadE
o Aka, Fa, B OFel U@ 2R AdE 2% A8E ddvemAn, d dgviuw, Asds 4F
ol ALSh 2, ALsdst 2T A o EFT Astdsl o|=Eu, e sy, 3 Aleds) s
e 5 4 ol

shayolqel EAALE0mAA, THE SRS f7] AN LE F7] DATHE8)0] BEH2D)
Aol ATHE Aol AT, f7] dAhsR)lE, AF Bol Teloju=, ojaY, Fejotutol=, o|FA

g
&4 Tk f7] AATHES) S FAE 500m o4 10um olakel Zo] vhkait).

g RERES] Bol f7] AR Bakel WAl FAZ WAA BES F7] AAEI)0] B 77] A
EICOL R

_Pr

= Aol whgraai,
=y
=

771 W%l (500m o4, AlolE AZ(13d)e.we] o] Askel Alel eleke] waE A
7] AAEhE)Sl el JFE w4 vk, o] An, %] Ash 7] AT (88)e] HA FA

A=

7] ofHuk.  EZ, dir]elM e Fol sk AATE 7] dAUH(88) ] mHel FHREHHE, 7] AAT(88)
FA7] wEel (500nm ©7d), 7] AA(88)9) ;e e kol sk dxke] AA= AtskE WA (84) 3
B3 uH(21) Abole) Aol FFE mAY] ofHu. AiHor, Abshe WHEAIT(84)3 HEE(21) Abelo] A

of AREY el wloloj vt A7FHA] vk, wWEkA, EWMAAEH FY dAel|Ay wstE o, gk, E
WA 2H (10m) 9] Mg ZAol= 2.5
ohEoll, g Ao e st

u
o & 28 Fzxste] A9t

\]

W Fxle] " ko, 5 325
EAX 2~ (10m) 7} ¥ C-Dell vpepfof 7o},
AAw(95)0] BEuh(21) Yo Azdct. w3, A 1 AF(86a)2 AAL(95) AN TS Falo] EAAAH
(1m)e] A=(20d)° HEH =S AFH A=
AHEsle] EAE S 9l

ot Hi
oX,
e

Heuk(96)0] =A(87), A 1 A=(86a), & AAuH(95) ¢ AFzETt. AAU(96)S A 1 A=(86a)o] -
FAoR wEFHe NFE ESsith. ELS(97)0] AAR(96) 2 Al 1 A=(86a) Hol Ala=Har, Al 2 AF(9
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[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

8ol AA=(96) B ELF(97) flell Algdrt. Al 1 A=5(86a), ELZ(97), B Al 2 A=(98)2 #7] EL &2t
q

AAH(95 % 96) 742 dE 5o 7] A e 7] Ad ARE ARt g4 = . /7] AR

A, s S, EFevE x|, EElotvtoln A, ofAd A, AFAL ], o FA] FH], B A A

£ AT 5 ok B2 A9 ArEA, Ae delE, Asds deE 5 AT & Qo 53, 23

FAE 4 at7] fste] ARE-Ea= Aol wheA sttt dAEH(95 R 96)9 44 W
& =

A1 AF(B62)02A, B ol ARl tate] Be B WAL 2t BEHS AssE Aol v
of F&ToRA, o Hol Rk, &, EE olF F o= e FTE AL & A}

ATk, A7) ELTOl "etel, B U5, B 5T, A 75T, =
2}

gystolw Fot,

A 2 AF(R) .24, & o 73

(In), o]'oxi(zn), 2 34 © = = S) 2

(98)ell=, AFsl H2dls E3ste Qlw AtsE, Ats J2ds 238t Qe ofd AtsE, Akl Elolehw
ko) A

q
Eedshes JlE AtskE, 2
A)

1=} 0150
o
i)
rlr
PO
o
)]
=
o
N
O

ol
v
2
Ll
urt
o

3t Elolehe 23 Al
AgbE, T Absl dejEe] Mk e 4 Aske SO 734 =9 AEsE AT 5 3 A2 A
(98)°ll 2ts} Aol H7tE = dF 74 AstES AMSshs Aol 53] nhgrgstar, o A g AAE
Al 2 A=(98)el AE Fol A7]7] oHG

Aol ke EWALE ] AA el disto] ARtk o7, BA] FH ] dzA = 299 yEhd
g AAE ARkl EWRAASE (10k_4) 2 ERMAAE (10m_4) o] A2k el tiste] = 39 (A)~(C), = 4]
A Z2 B, & =59 () 3 BE F=xde] ¥t

ki

EWA2H(10k4) B EANZH(10m 4o 23 (S, AAd, AstE WA, 35 sEw, =149
)2 ~9EPEH, g8t TACVD)H, JF T, 2 "2 FolA FTAPLDWH F o= AL o|gste] F4d=E
T AT EE, =¥ EE ZHYEHE o8 4 vk, 2y Ey # Eok2vr 318 FA(PECVD)Heol ¢
P Y EAQ dolARE, d (RS o83t k. 4 (WDHOEA oF 5o 77 5% 33 7
(MOCVD)H T& dAE TZ(ALD)WHE o] &3t Fr}.

d CVDHell 9t EA2, AAW U9 s v e ez dysta, dF 7ta9 AEAE Aol A
Aroll FFstaL 71 2w e 7| flolA AME WhgA7IE Hom FalEn. weps, EA oA Fekznirt
AR gfomz A (VDHS FEtanl ginx2 g ZAghe] A7]= do] gluhe o3& Zhe=t).

ALD®R Ol 93 FAHe, Ad e dEHS Y e Ager AAsta, S 93 98 sl dEHe
2 Aol =YE], 7t =Y £AVF W EE Aog FaEn. oE Fol, 7} 293 WH (3% Wy
Hae HE AEste] 2%/ ol AR 7taE AdEFHoE AW FFeTt. ol" A9, Al 1 A8 Tk
£ EYsta, 95 7taEC] AR ¥EF Al 1 95 7t B SA e 1 Fo] 24 THa(dE B
olZ e ) 58 =St Al 2 dF VtaE EQeth. ESH, Al Al 1 ¥R st 2 B Ut
£ Sfete Afode, E849 7t g 7hREA TIEEkaL, Al 2 4R TFae Al B8 b E B9
stle Frh. TE, Al 1 98 7tes EEA 729 =9 tidlel I wiEel oste] wirlEol: Fa, 17

A Al 2 98 Thar BQlEole Fu. Al 1 98 Thart Zlde] e ] Al 1 9edAsS 4
star uA, Al 2 i Tk Al 1 G9ASd etEs misan, A

< Floll A4S0, ko] A,

°of 7k =S} £AE sk FAVE dofd w7k Hs] wbEto R, whap vEde] g Hhup
ATk W] FAE vha EQ SAE HHgehs Sl ofste] 2" $ 9l

A 2d4E 7FEsHAl skl SRk FETE Al#shrlel A st

T 39 (A)ell dreERA mkel o], Alo]E d=(13¢c R 13d) B AlClE HAUH(15)> 7]1¥(11) el FAdEr).

_14_



S=50l 10-2386362

taoll, Abske EAEH(83) 9 AslkE A 8D ] AT 9 Atste WA (83a) B AbskE v
(81la)e] A Ho] Alo|E AAT(15) floll F4dt.

[0122] AlE A= (13¢ 2 13d)¢] 5“3 Wol tisto] ofstell A AA GG, WA, =dus AyEHPY, e S,
2 golA (P, & O sol 9ste] FAdsta A, x|y S0 ose] mxdd 9o vp
248 ATH. v= °ﬂ EARE vkaAE ARSSte] BEA o o skl AE A=(183¢ B 13d)& B4

. a1 F, waas AAR

[0123] wek, AolE A=F(13¢c @ 13d)& A7) FA 2 gl

0124]  ®&, ADE A HBA P oJetel BARo s YrUne YT & Ak, o e, W Thash
L TLFL W TRsh By g FAO =

of, Badlnts g, B3, By 7k thalel Silly 7kaE ARt Frh.

[0125] 4714, F7 100nme] BHaelvs AHE Yol 9ste] FAZE, vgol, LRI HY T ote] mlx
a5 FAsta, ufaIE AFEsle] Barlvbe 1] o Hste], AlolE A=(13¢c ¥ 13d)S FAs

[0126] ACE AAu(15)2 ~FHEHY, COVDH, AT T2y, 2 dojx S PLDH, 4 (DY To2 JA4H.

[0127] AolE AArt(15)o2 4, 2stsl AejEdt ke 4bslds) del29s A4ste 49, 98 taE2Ae AYEs
Eshet BHA 7k 2 AR JtaE ARSSE Ao aigE st AEEs E3eE BHA Jhae] R4 49
24, Adel, tolddgel, Egfelddiel, = B3 A#ds Eech. ARSI st dEAME, AL,
LFE, Yakslold s, & o]tka HAE xSt

[0128] Aol E HaAw(15) 0.2 43} Z4FS A3t 45, MOCVDHES ol &8 4= .

[0129] AolE AAur(15) 024 NOCVDY Z+= ALDYH 59 4 (WDHE o] &3dle] 413 TS dAsts A9os, 2
TR 7t &, S stZE AFA SFEES XFsE AAGIEZEEdFAE &9 gxdoz = HED
7|2 (ol " olulo] =) 3} 2 (TDMAN) ) E 7]3HA1A dofx 98 7kx9) A A=A e 2 E(0)S AFE3d. =

&, HEZ|=(volu"or ) s o] kA HE[N(CHy), l,olth. o Amde] d=As, "HEZ7]2(

grgotrtol =) 5T g EwLE,

[0130] AlelE AAuH(15) &2 A MOCVDH H+= ALDH 59 @ CVDHS o] &3te] 4tst dfnluuhs JAdshes Afole
Srjet SRl AA sgtes 23 AA(AE 5o EftelWE T rE(TNA))E 7IsAA 2o 28+
o] 7k, & dm 7t=s, AsAlEA L0E ARSI g, Egto|wddFulEe] 3HekAe Al(CHs)sol vt

e, te AR duAs, Ees(teldgelrto2) Ry, Edtololol AR EATE, 2 ATUFE
#2(2,2,6,6-8 Eehv©-3, 5- Pl ko] Q.o 2) & EFFT,

[0131] TS, AlolE HAAT(15)2. 24 MOCVDYEH E& ALDY 59 € CWDHE o]&sto] Abs) Ae|&vts g3t 25
o= EXFZE oA S B4 x| FHAA, FAE EdEHE A4AE AAst, s st (dE =
o, 0, = datsloldA) e HUzS Fuste] 47 &3 S ARIY
[0132] 7|4, AOE AAu(15) 0.2 A ZetAnl (VD 9l ste] Atslds) AgZas At
[0133] AbetE A EH(83) H O AMSHE wtEAER(8D) 9] A AMSLE 9bEAuH(83a) O AMSHE HEE A 9H(81a)e] 3
o] A Wo] tiste] ol A|AETE,  ARSHE WEEATH(83) 2 ARSHE W= EH(83a)0] HiE AHEE
g el 2 abkstE WEEARR(81) 2 AkstE WEEA|R(8la)o]l Hi= AbstE WEEARRE Alo]E AAH(15)
e, ~H1HEY, =Xy, 2 golA FAY, #HolA FAW, € (DY ool 9oste] dAd€r. a8a, X
gt el Qo] wia3 5 FAge Fol, o] 5 H AbstE wkmAw

Algl whe} o] AlE AAuH(15) el

A HIO]E X4:“(13c) I FEHer FHHAES oAb & WA EH(83) B AbshE RER=A|EH(81) ¢
AZuh, B AlE AA(15) foll U AlE HAF(13d)H} FEAoE FHHESF &2 e AsE
LAPH(83a) H AFSHE wheA|wH(81la)d] HFHe] FAHEH. I ¥, m2aE AAZH

[0134] ~AHPR R AstE weAvS dAske Af, ZkavkE 2AATY) A9 A9 AA =AM, RF A AA,



[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

S50l 10-2386362
AC A9 A=A, DC A FA & A4ds] AHE 5 3.

SHEE 7hAEA, ST (EA o R A E97], B E7RAs B Akke] B9 haE A
A3 AbgRe. g7hsst Ak B JhAE AREShRs Agel, s7hsdl W@ Akl wlEo] wopAis Aol
kA st

94 % gl Bege] Solrk: AL oAFomM, B oste] 24 Aust HEt AL AT 9l
o g Bol, T AL Uel EAlSE BER(AE Bol, Fa, B, olusEs, ¥ An)e] $EE A7
s Foh. m@, HA4 s o) BEE BRE AgA/E Frh FAMORE, ool =80T I3,

FHBAE 10T o5 F2 7hag AgHT,

e, HAAY 7k W] Ak WES smolal AEe HAsAoRN BA Ao Zekavt tiuA S AZHA7Id
npebA etk EAA 7hs o] Ak wEE 30vol% o1, vk SkAl= 100vol %ol Tt

A3 wEATe JpdsiEa mE AshE et 34 Fol /tde FRSUA AR BEATE YT

w

ORR, Fh BEE 2x10 atoms/em’ ©]3, wlEAEAE 5x10 atoms/em oldl, © wEASAE 1x
10 “atoms/cm’ o138k, TS HlgAS AL 5x10 atoms/en o1&k, WES wl@AE AL 1<10 atoms/cm’ ©ldF, W

o} wAE A 5x10 atoms/cm ©l8h, ®Th ulEAEAE 110 atoms/cm ©ldhE & F Ut}

2 Zo], ALDE ALst= BHH FHo] oFte] AR WA oS So] InGaZnOy(X>0)uHe FAdE= A9
o=, In(CHy); 7k~ B 03 7F=E A5H o= 9 ¥ =948t In0,3S B/4d3hal, Ga(CHy)s 7k 2 05 7t=8
SAlel =918 Ga0FS FAStaL, T 1 F Zn(CHy), 7F 2 05 7F=E SAlol =98kl Zn05S Aot
L, olE F9 £ME o] do AR vk, ol JtAE £35S InGa0,%E, InZn0.%, Galn0%, ZnlnO
S, B¥ GaZn03 T £ I3ETS -t E ok, E=S, 0; 7t didledl, Ar 59 B4 VtE ¥WE

Gujo] PolAn WO 74aE AFBSl% AW, HE TESA 2= 0, F4aE AESE o] mams
In(CH3)s 7} thalel, In(ClHs)s 7F2E AFESE X £tk Ga(CHs)s 712 thilell, Ga(Culls)s 7F2E AFE3le] =
o B, Zn(CHy), 7F=E ARESH e Frt.

o

4714, 7 1ome AsE WEAT D T 3ol AHE MEALE, A7 FE fa QA5
IniGaiZn=1:3:69] B2l % F& Ukl 9450 IniGaiZn=3:1:29] B2 AHg3te] 20EYH S olg3te] ol
EAWE P, B2 AE WEAT o] vhrAE FYRT A, ASE BEARE AE40R Y@

ot

2

7k A7k, 350CRTE E31 650C ofst, HFgASHAIE 450C o4 600C olstz Fa=E= A5, FEdhe
CAACS] H]&o] 70% ]’ 100% wvE, whsbzstAIE 80% o] 100% wvk, ©f whbzstAlE 90% )4 1

% WIS 056 o) 086 olsiel ALSHE WEATE A9 - At BE, S, 8 5o Tl we
A VEATE 9 S Ak, F, BB FEsh B3 A% Yol WEsh Ge s wEAne 43

I A},

I ggdl, = 39 (B)oll yeld wpe} o], AbslE wrmA|uho]

date FElR oA E o], AMSHE WA E(83) B ARME Wk

2 AEE b= E(83a) W AFEE WFEAT(81a)9] HEWE |

AbekE Tr=AER(83) el S 9 AbstE wrmA|EH(81) 9] A
, Uzo] AeloA] AgtE W= e(83) B AbslE WhE A

wAgkth, o] AL, EWX 2O Ald F el Ao AbstE wrEAY(83) ¢ 4bstE wREAEH(81)

=)
S
Iy
=)
o

JE
63
—
~—
o
=2
o T
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[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

o] Aeolo] Wsts AT = 7] wZel wigAsit. v R, Atsle A H(84)
(83a)e] = 2 AbsteE WrEAwH(8la)d] A 2 SHE d=
% =

3 % = 34
oA AbEE WEAE(s3) 2 S MEAT(la)e] ol PEE AL BAHT. oe, EdxsH A
E gaol o] AFEHE WHEAT(830) W SR WEAT(8la)e] olo WekE AL oyl wite] v

skt

el 7bd A2lzh, Abshe WmAlThE @endh B gstely] flste] pAEelE Frh. A AP &R
= HEACRE, 150C ol VIt 2EHRIA Wik, wirAsHA= 250T o 450T o, © whehA sl
300C )% 450C o]3teltt,

7t A=, BF, e, k2, A, Be AYdE 0 dUhs, Be AaE TES =84 s 2971
A FEAEG. wm=, WA R Tk wsvIstl 7hd AR E sdsta A, Akh welrlstel A 7kl A
gE FAstlE Foh. 7] =2 vk w97 R Y] Ak 257l ea, = sol ZEEA e Aol vt

gA st A AR 3ol A 24A]7Fo| T,

of 7ha Ao, AV, RIA X 52 A8 4 ATk, RIA ARE ASFomA, 74D A2 gAztele
L7l 2EQY olde eEelA st AelE FAE Atk webd, DAY Ae 95T S 9

A7IA, 7t AelE A AbAel &9 ThzelA 450TCelA st U, vE 7 A E At #9170l
A 450°Cell A =g,

ELE, A7 7FE A A, Wsd 7k A E = 39 (Aol vEhd A% Fol] st F

oo, = 39 (O] =AE uke}l o], 3k o] H=(19c E 20c) 2 3 B A=(19d 2 20d) S AHFE
TEAE(82) © AkstE R A ub(84) $o FAET.

gk el A=(19¢ % 20c) R g Ao M=(19d F 20d) 0] FA el tiste] o]stel A Awett. WA,
gro] A9 EHY, e SHAY, 2 dolA FHPLD)E, € DY Sl

) FAel ofste] A7) = el viaas FAERE. ada, =dRE vps
o] A=(19¢ B 20c) B g o] A=(19d B 20d)s FAEFT. 2 F, viaAES AR

L
%

o
3

A 50me) Fo-hIE HE, A 400me) T, L FA 100me] Fel-grhlE FEwg 2
o o AUE AFA. tgel, TEeidy FH skl Te-RIE FE Ao vhs
gAetn vhaag Agetel Fe-whlE gRvE 9 Feve A4 dFstel, @ 4 AF(19c o
W o] AF(19d W 204)& BAE

W & 9
e N

M ARE @ A9 AT R 200) R A AF9d R 2000 FHE F FPselE T,
of, o] 7k Aeli AehE WEAUHE) 2L AsE WEATEH] FHE Fol FAHE A Aels)
A

= 599 + duh.

= 2 F
Ao e
lo -

Sk Aol A=(19¢c & 20c) 2 S o] A=(19d 2 20d) S FATH T, o H FFEES AASY] st AlA
Ael7F == Zo] v s, gk Aol A=(19¢ E 20c) Atoleo] whElr 2 gk o] A=(19d E 20d) Aol
o] g2 o] AlF Ao odte] JAE 4+ Art. o] AF A+ TMAH(tetramethylammonium hydroxide) &
d Fo e £, B3 Ak, o & e QAF £ 5o b £ e ES ANESY 3=
T Ao,

aga, E 49 (Aol YERA vEel o], BEE(21)2 AllE AA9(15), 4tsE WEEAEH(82), 4bsE HiE
A(84), g o] A=(19¢ 2 20c), B gk e HA=(19d 2 20d) ol FdHrTt.

Beut(2D)e 29 EPY, O, S ol 9sto]l 42 - Ao

uET DA EFE AsE AAUReenN, A48 Een Al 4L A AR Fya
A%, 2 ks AQdute dza Eds e apie olgstel 24T 4+ A, o A9, AR Jhx
2AE, AUES TR B84 7be, 8 A 712E AgsE o] wwrdsd. deEe 23@ #0494
bzl BEAR A, el veldeel, Edteldelel, 2 Bah Aelele Tk Ay shnel o
A% Qustelda U ot daE EFwT
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[0161]

[0162]

[0163]

[0164]

[0165]

[0166]
[0167]
[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

S50l 10-2386362

AP el ehES 100Pa WIRE, wheA Sl 50Pa olskE Sk
AAeh23) 0w Aarh EEY Aol A2 she ddvE 94 4 Al
A

o

setged 2ol Adaurh Be NER AxE EPEHe AskE ddvne, navtDY TIE dsE
dAnk(25) o 2A PAske 4F, o] Aste AATe oA ihsbdst delEus (WS o] &ste] 4T &
oh;}

b

AekE dAu(25)mA =, Abst deI Es
2ok CVD gA]e] Aed el Ak 71
she] 2L FAshaL, b A 9% 7t

A 200Pa olat= ata, Hela Ul ABE= Ao 0.17W/em o1 0.5W/cn’ ol3F, HFEFAE A= 0,250/ cn’ o]

= =

2 0.35W/en” olate] mFF AES Tl
AstE AAuk(27)e AHEPEY, (DY 5L o] &ate] F4E 4 9l

o}
2N o.7A Zekavt VDol olete] A3t Hejdvhs dAeh= 45,

A5k AU AgEe Tese B4
o, Ak, R GEUebE AR R2A AR UE ArzAE, Ao Fud 2zl duolE A
gomx, guebt Fehsvh teld Belslol, BHFe] WARY. Y] BEFL AT TIW HAY
o] mHEE duE WS4 Aol AR, B As AR Al A4F ARE dHad. o 2w, Qo
3} Az Abole] Aol AT HelEa 1 Aole] AFe] e, Agel Hom AWd As Helzvhe 3
A% Ak @, As shze] glold, Axel Fuch ehwiole] ol gow, e Ty HAA
Fhos] ol R Ao Bak H15A ghol, APt i Apele] Aol wEskm Aol Frkd ¥ st
Aol ATk, wmebd, A® Rz, Ryl B Whol FHNE 5 ol 50 o, v

= 10 o] 50 o]st® k= Zlo] npgA sttt

AbshE AAuk(25)9 FA Fo 7tE At FdET. 71E Ao 2R d3¥oR2E 150T o 7w
2EIA ik, npgA s A= 200T o] 450T ofsk, ©f mpgAskAlE 300T o] 450C olstoltt. 7k A
ol &ste], 4bstm AA(25)0] 3 A4Sl dF= AbskE WREAH(83, 81, 82, 83a, 8la, ¥ 84)o=
o] A

=4 fus pig
5% 5 9dol, o5 48 wEAve TaE Ax WA 57 29 5 A,
A

o714, A 8 AtaE EIT T 7k E97]6A, 350T, 17 Bt 7HE AR E 3 d

HEP 298 AR, 44 PY A AZEL APHE EAAZEE A4E S At =9, 44 47 5
4ol Wsh Agss A0S A% 5

Yol ERNAAE (10k_4)¢] 4hshe wE=ARH(82) 9o Baw(21)e] i

AT R EAASH(1m 4)e] d=5(20d)e] FEAeR =¥ e EFes AATH(95)
aejar, =ATH87)2 ERMAIAE (10k_4)9) AbsheE A e (82) 3 THEES B
, EdAZEH(10m_4) ] A=(20d) el HE5E Al 1 A=5(86a)o] AAuH(95) ¢l &€,

o ot o L
oox W odo
o

fo-

3

rir E

=

=2

v

ful

)

R=3

fo

m\l

o o 1

Rl
iy}

2

(>
re

(95)2 TEZ2IH9R, AAEYEH, S, 44 ESH(AE 5o AW, ZAHH(AE &
= J

oF EEY () Fol YAAW), TAYW(AE ol 233 TAYY

o, = 59 (Aol vhepdl whsh o], 2

o

=l ,

O AAT(96)2 AATH(95) 3 vdk Ws A o]gete] dAdE 4 Sl
2]

]

re
=)
~~
©
(o))
N~—
o
i)
re
=
©
N
i
R
=)
~~
o
3
N~—
WE,
2
—
R
4
~~
[o¢]
()]
o
N~—
do
=2
oft
oX,

% 5¢) (B)oll uhehul mpsh o], ELZ(97)2 AeAUH(96) L Al 1
De FAW, A EFN(AE Fol JAAW), RXW B stel Y4B & Aok,

$ed 20% AA, a% SAol bsstn, ¥ 2AR <dstel A okakEA or] FA Fdo] BE Ay
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[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

S50l 10-2386362

T Tol yERd oA Al AR R = 20 UER EF A= F e Abske wbEA|ge] ATH = EWAAE
g Estol®= Fuh. oYM, = 1o dEkd A4 A FR o Mol st AHdg. A eRs, =
260 vrebdl mpe} o] AbsheE wH=A|R(81) B AFskE wE=A(82)0] AlClE AAU(15) ffol AFH= EW
A2 (10k_1), B AFske wt=A e (81la) B AFshE WAk (84)0] AlClE AAW(15) ffoll AFH= EdAx
Ef (10m_1)7} A5,

e

AbstE HEEAER(81) 2 AbskE S AY(8la)ol A In YRAFe] H]Eo] Zn HEv MM Al, Ga, Y, Zr, La, Ce,
EE Nd) 9o R o] golojm Erh, AbstE wk=AuR(81) ¥ 4ketE wHmAlEH(81a)o] In-M-Zn AFSHE (M2
Al, Ga, Y, Zr, La, Ce, =& Nd)& X33l1, T5% 929 AAEH] In:M:Zn=x3:y5: 29 EFZlo] AFs}HE WEE A
qh(81) % AbstE REEA|EH(81la)e] A AMEEE BS, x/yS v AE 12 23 6 olstelty.  ERA
oA F& YA AxEHY gEAS] GE2EAE IniM:iZn=2:1:1.5, In:M:Zn=2:1:2.3, In:M:Zn=2:1:3,
In:M:Zn=3:1:2, In:M:Zn=3:1:3, In:M:Zn=3:1:4, In:M:Zn=1:1:1, ¥ In:M:Zn=1:1:1.29°]t}.

tlo
5

AbslE RE=AER(82) B AbstE WA EH(84)0 4 In YA H]Eo] Zn = MM Al, Ga, Y, Zr, La, Ce, T
= Nd) ¥xke] oA ugkolojx Erh, AsE WHEA|EH(82) F AR WR=AEH(84) 0] [n-M-Zn 4tSHE (M Al,
Ga, Y, 7Zr, La, Ce, =¥ NS E38l, 5% 949 AAFH] In:MiZn=x:y: 29 EFZlo] Ab3lE Wi Aut
(82) 2 AbstE REEA|E(84)9] A AMREHE AS, xi/ye vEASHE 1/6 o)X 1 olstola, z/ne vt
s A= 1/3 o1 6 olsk, ¥ ulgAsAlE 1 o4 6 olstolth.  ESH, z/y7F 1 o4 6 olsk]l A,
CAAC-0SHte] AtslE WE=A9H(82) F AtstE WE=A9H(84) o2 A PJAH Y] k. ERlolA Y a4 d4e] 9A
FH)e] thEAC o EAME= IniM:iZn=1:3:2, In:M:Zn=1:3:4, In:M:Zn=1:3:6, In:M:Zn=1:3:8, In:M:Zn=1:4:4,
In:M:Zn=1:4:5, In:M:Zn=1:4:6, In:M:Zn=1:4:7, In:M:Zn=1:4:8, In:M:Zn=1:5:5, In:M:Zn=1:5:6,
In:M:Zn=1:5:7, In:M:Zn=1:5:8, % In:M:Zn=1:6:89|c}.

<HE A 2>

T 1o yERd A ZA G 2 X 20 YERd 333 A= Al A o] AbskE HEEA|vte] HZE e EWA
2EE X3l FT}. 714, = 20 yERd dhad g o] wigde tisle] AWttt FAHoeRE,
270 Yebl mpe} Zo] | AMsHE WEEA|EH(83), AMstE wrEAEH(81), E AMEE W= Auk(82)0] Alo]E Hdut
(15) 9ol AHAEFHE EAX2EH(10k_2), Z 23S vt 9h(83a), AH3E Wt Auh(81a), B AH3E wteAut
(84)0] AolE HAduH(15) 9o AT ¥+ EWRA2H (10m_2)7} AlFH ).

AbetE HEEAER(83) H AFsHE WEEAuR(83a)ol, AFstE wEEAER(82) W ARSE HE=Aub(84)oA ] FE 9
29 AAEH|e] G 24 E [AAgH] T o RS 2re AEE v eAwe J4d3] AHeE 4 9l Edix A~
B Ad JHo A 7)sste AbstE WA vh(8l) ¥ AstE wrEAY(8la) At ASE AbstE dhEA 9
= 7FE FAY. AstE REEAE(81) ¢ AbstE dFEAYH(81a) ZHEY] FAE 3mm ©]/d 200nm o] sf, wREh] s}
Al 3nm ©]% 100nm ©]3}, Y w2 SHAI= 30nm ©]7F 50nm o]ste]th.  AbstE wREA(83) W ASHE HEEA)
1H(83a) 717+ A H

ZH AsE A9 £ 7R gk Flo] wigA sty AbstE drEAYH(83) ¢ AbstE REE
Ah(83a) Z7Fe] FAE 2mm ©]% 100nm ©]3}, WIEZSHAIE 2nm ©]/d 50nm ©]sf, U wlEAEAE 3mm o]
15nm ©]3}e]t}.

<A 3>

T Tol vERd o Al A R = 20 uEk Eg A= TR
& et Foh. o71A, = 1ol ek o 2

28 UER mpep o], AbstE mRiEA o] ATH = EJMAAEHE A ]
2H(15) #foll AbsheE wH=AE(81) R AbsE wh=AE (D9 W 2 U de Abske EA|EH(82)0] A
H= ERAXE(10k.3), B AlolE AAU(15) fol bsteE wh=Awh(8la) B AFSHE WA (81a)9] S #
dHs " AskE REEAE(84) 0] AT = EWRASE (10m3) o .

AR

A A
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[0187]

[0188]

[0189]

[0190]

[0191]

[0192]
[0193]
[0194]

[0195]

[0196]

ArsbE WHEA(82)2 AFstE WHEAT DO 4 3 S|

el 4G WAahs o] AdelA olFEA gt of

A2 Aole] WstE AR 5 7] wiEol wEA sk, I 7}

HELO 3 9 SeE us Yysng, 45}% BEATH(Sla) S B A AFEe WA Ee] A
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a4, d B YA S FEE, o2, B olibstaa $2 x4 W (Es A4 W)l A7) el
Abete AL A e SEAA Sto] AAES AR

Agt dee] ME7F w2 (Aka WAk b L) AbshE wEAE e e ¥EE vk S dn. of¥ Al
st MhEAlE dek A B AdHoR aek A Abshe HEARD @ CAC0SE www R
shal Agh Adeje] H=rF Stk S, CAAC-0SE alwl A EE ddHoR uekE I AbskE vk vt
971 dvk. wEbA, CMC-0SE EFetE EdA2EE FAY Fo #Y A4 A deth(EAE =y
ol HA @erh). ek Y m=E ddHow uek 4 AbeE A= Aol Efje] Ak, Y]
AbskE wteAol A Aelo] Ejel ojste] 28w M= wEE wWzbA 21 Aol A™rh. xdE deke uAy
datAd et = A, 2HER, 2ed wvb wa A% AEe] Hivh £& AkskE weAs ¥3kehs
EdAxEE 29 4714 54& A ¢ du. ey, CAC0SE Edehs EdASEHE 714 549
Agol 2 Aol st

CAAC-0S= A e Brk S7] wlwel, & 2AF ol ofste] A= Aozt A duldl £257] of
Hoh. wEbd, CAAC-0SE ARERE ERJALEONAM, ZMA B AejAle] AR Q1% d71H 54 9] W] %

o, nAA AstE steA| g diste] Av it
A% AbstE WHEAlE 8= TEM o]n|AelA AAFI e g9, 2 AARTL W] BEHA g=
FAs Zerh. diFwe A4, vEA Aske weAle] £ohEe AR 471 Inm ©]% 100nm ls}, HE=
Inm ©]% 10nm ©]ste]tt. =717} 1nm ©]%F 10nm ©]3F, =+ Inm ©]4F 3nm ©]8kQ] "2 YA (nc)S E
g5l AFelE WEEAE 53] ne-0S(nanocrystalline oxide semiconductor)®hal @ch.  nc-0S9] 1&g TEM
olu| Al A= o E &

L AARAE 3R wREA @ A9 Ak, EE, heage) /19e CAe-05e]
B3| A3 2L sbsAel ek, 2emE, ojske] AWML 059 AHT-E Blelky ¥ & g,

nc-08ol A wAlg G (S 5o 717k Iom o] 10nm ©]8kl 99, 53] 7|7} 1nm ]/ 3mm °]3] )
S F71A] A MEE Zheth. ne-0SolA Aol ASIE Atojol A wiEke] rHAe glok. webA, 7t
AA A wieFe] widshA] =tk wEbA, l"ﬁr*# ”0%011 ek =, ne-0SE WA AbskE Wik e
xetk. dE S0, "HYY A7) 3= XRD FAZ out-of-planeHell 2]} nc-0S<]
Ao A7Hn 2 Z2H A (d
o], 50nm 0]“)«1 }d% /\P Z} 3| d& AT Aok A deltax
s, dLdZ(halo) HE W, Z2H H7o] Asle] A7]9k 77
& z%zw& A8t nc—0891 = Zdz} ng JHEJOH i%ol vebdth. EE, ne-0S9 vwwl #xt
Oﬂ/‘i Ae7h w2 ()] HES 2t gool yehe A97F k. ne-0S9] =R dA
ol e aef el ool H49 A%kl vEhy

At el o] AR (A A) Atojol] ZAX wjgke] fER o] gl7] wiiEell, nc-0SE RANC(random aligned
A NANC(non-aligned nanocrystals)& X3$tel= 4FstE W= gla
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[0257]

[0258]

[0259]

[0260]

[0261]

[0262]

[0263]

[0264]

[0265]

[0266]

[0267]

[0268]

[0269]

[0270]

S50l 10-2386362

& = gl
05 WA e WAl Wate] A0 e A4S wEAolt. WeAl, ne-0st WA 2bah
AR A% Avel WEst U H7) Avh m@, ne-0selA Adold AE Alole] A4 wiakel 744
I8 B R, nc-0SE CAAC-0SET} ZAg JeHle] HLrt =

thgol, MR sk wEAle] sk ATt
4R AEE BEAE SEAD 94 NS 21 A4RE 27 gk 4sE wEdelu, g ol uA

E
A Az S AbstE WAl o]sto] oAdE.

=}
fo 2

N RS WEAe] wE g TR olm Aol AFE wANA kv,
XRD §A& AHgatel out-of-planciiel Slste] MFA MEHE WEAS] P2 BHE FAE, AFAUS veh)
t owash dehtbd e, uAd ASE BEAd A4 088 £ AUR dEo] wRE. =,

H A AFskE gk A < Urit‘u‘ Ak Blde skl A%ko] wEEA ¢a dHdz Rt YEdn

HAE 2ol gddt olsi7h k. dlE 5o] Ak widoe]l HE AAME A &= A E
Pz

et FEY. 3, HEA OJZ} AY e A 2 2H 4R AYAA AAE ZAT FAT AAE A ¢
= T7E2E A FRgas FEaY. A, P dAS ZYe 9ste], U widd Al E @ AHEg)
T AA7E e g, AbstE b Zﬂe HAA AstE RteAgta 58 v gl X4°1 AAY AAE 2
AbstE WMFEAE v A A AkskE vtEAgta BE e ¢l weka, dE o] C 2 ne-0SE AAR7)
EA8H7] wiZol vgE AkslE weA] e S bR d AbstE vtEA gt BE —’FE gj\r/}

LSk, AbstE WA= ne-0S¢F B AbstE Ao F3he] FX2E JMALE o o3 FXRE Ze Ak
& Hl= A2 E3] a-like 0S(amorphous-like oxide semiconductor)@}al 3+c}.

a-like 0S¢ = TEM olv| Ao A= Hol=(void)7} #&E 4 Arh. TS, %= TEM o|v]| Aol 27

al
Wb Was wAEE 99, R AR wRNA g 9ol Ik,

Ak Fx2E ZEerh. olstell A=, a-like 0S7F CAAC-0S % nc-0S9l
87 9istel, A bl ojstel dofubz Fxe MEE

AR 2AFE FaAEs AR EA a-like 0S(AIE A), nc-0S(A1&E B), B CAAC-O0S(A & O)& FHlgtch. 7 A&
)‘\l.

I~

WA, 7t ARe WAPE GE RN ol E Qv naldE wE TN olWAE, RE Anst 24%E 2

gk, o= FEE AARE steAo] diste] olstell A At InGaZn0, AA S @ AAE, 3719 In-0F

#6719 Ga-Zn-0%& XSt 9T cF WHoR HIJH F2E Zte Ao &¥A dy. A FTE Al
o] A= (009)He] A= A (datelgtax )k s53ttt. 1 ¢ 24 Fx2 F42=Z5H 0.29m= 7
Atddg. mEkA, Ax E5¥Y(lattice frlnge) Atolol Azt AF7F 0.28mm ©]4F 0.30nm ©]8Fe RES
InGazn0,8] ZAF-=2 s}, 7 Az 59T InGazn0, 2749 a-bdel Ao,

T 332 7 A= AAF (22X H~45A )] Het A7|9] WistE YERd Aolth. gk, AAHFo FAV]= AX)
549 dol9 tlgett. & 332, a-like 0SolA 9] AAHF-9] 7|7} 72 AR AN F7tel| wet AX
= AS YEY. FAFHCEZE = 3304 (DE Yehd ukel o], TEM #29] Aol A 1.2mm AL 27
F(x27] dolgtax 7, 74 HAAp A 4.2x10% /un 91A12] 2.6mm A% 72 AT} A, ne-

0S ¥ CAAC-0S9] ZAAgF9 Z7|& AR ZAFe] AJAREH 74 AR} Z2AFO] 4, 2x10°e /om 7} 2 w72 o] A2
Hsts Yeldo, FAFoZE, T 33949 (2) E (3)oZ Yehd vk} o] FA AR AR Adaglol
nc-0S9] A4 H A7|= 1.4nm AEo|al, CAAC-0S9] ZAA9] Hy I7|+= 2.1nm HEo|t}.

ol!l Ho, a-like 0SIH 2] 2gRe] JFe AR ZAbel elste] fubwn. M, nc-0S 2 CAAC-0SAI A=
Axo) ko] Ax zAtol elafe] Aol kA erevh. ¥ B a-like 0SE ne-0S @ CAAC-0Sol H]ah
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[0271]

[0272]

[0273]

[0274]

[0275]

[0276]

[0277]

[0278]

[0279]

[0280]

[0281]

[0282]

S50l 10-2386362

=2 ¥3 2ol ne-0S @ CAAC-0SRTF Wm7l viop, FAF O R a-like 059 WEi=
2o 2AE e BAAR AEE weAe W] 78.6% o)A 92.3% wWkolth. nc-0S @ CAAC-0S Z}7zte] Wi
A o
o

!

o

ol

ol
N

r 2

S Zhe 9EA ASE WrEAe] TRl 92.3% o] 100% w|wreltt. W, WAA ASE WEA

o
o) 78% mlukel W E zhi= AMEtE WA HFo] ofH),

dE 5of, dAFH7) IniGa:Zn=1:1:1%1 AkstE Wt Ae] A, WA FE2E 2tE @944 InGaZn0,8] UEE
6.357g/cm o|tF. Wb, AxEu7b IniGa:Zn=1:1:19) A8HE wi=ge] 749 a-like 089 WEE 5.0g/cn
o] 5.9¢/cm WTOITh. o E So], 9A4H7} IniGaiZn=1:1:121 ABHE WHEAl] A9 ne-0S 2 CAAC-0S
7b7be] WK 5.9g/cm’ o4 6.3g/cm Wwko| T

E%, 54 242 2t ASE MR 9dg PR 24 £ 9 Asgel k. o] F§, 240l
Holg BAg ABE WEASS A4 ME 2FFoEA, Ukt 240 BAY NEE wEA BEst ¥
S OUEE ANT 4 Atk Ashs 242 2 9 AR wuAd UEs, 4ol Aold wag A
g wEAEe] 2ol wet 7bE WS Agsel Aud & vk, Ed, WEE AN AL b5
@ Ao R wAd A8E HEAS st Aol Mt

4 38 wEAE, o

E% vhel gol, sty WAl qgd Txe gUd 548 e =3
=]
o

A =
’ hal AN R =
A ArshE WbEAl, a-like 0S, vAA Absb= wREA], 51 CAAC-0S 5 270 o/de] #h& Eeshs Aol

% 89 (O, AASFAGIOZ, AAFAB10) okzhel A (312)9h, F3HA(312) obeje] AEA (314, A
521(314) otee] G (316)9F, FSHA(316) ofele] ¥ (320) ), ¥ (320)0) AR FHeleh(318) 9},
Z4(320) oble BEA(322)S EdtelE T3 AR 3E =A XPXF el ek, 7EERE18)E R
(320) W5 &l Ak, E3, B54A322)2 WHEA AlFH= AL ofynt.

E9, £ 89 DE % 89 (O EAE T A4 304 54 X ure FEE =AW Aol R A4
84 24 AAAE, AAFAEI00 ANY AAFonRy WEY A4t FIAGI)E Fahel Ana
(3140)9] WAR BAGE)0] 2ART, BAG2)S TG AE GBS kel BAA(320)) AF
B G329 Bolth,  FYVEIROIAE AR Axe] Fmel dgsE dRel tedons Fi} 4
A 84 b 243 5

A 318)E GRS Fal AAHe) u, FFW33el ekt RS BAsE Aol Abseh
Mehais)e] W=l F W FFVG32)9 FAL T 44T FFVE3)9 AR oJstel YyHE 7
TE, dE £, 155 o] 80" o]}, 30° o] 75" o|sf, T 45° o] 70°  olsleltt. o] =T} S
%, ek R BYHE Fob A% 54 Aee doegel A, E@, vg o] Z4wst dojAu, o
o 3t AA B A daeiPe wARE Aol st ER, AIRGIE BEAE2) AT
o, AAGE209) A B HFSHES AAselw Fr,
e ®ah A% 34 HES BYT 4 Ak,

% Frh. oF Bol, JHIE18E FEA(322
| A5, J33(332)9 olHoZHE dayFo]

(]

Jﬁv

ANBA BN E AR E4(328)S 1Ay 9% EH7F Agdd. EdE BE(328)S Tste ARE
AT, EUE GE Bo], BH(320)S XF, Y&, © IF WO R oFAIE V%S AR E4. %H

o

ol%F 75L& dE 5o, Inm oA 10nm ©]3}, 5nm ©]AF 50nm ©]3F, 10nm ©]AF 100nm ©]3}, 50nm ©]ZF 500nm
18}, 100nm ©]/% lum olate] WA EZAS o|sA7l= BIAEE 7HWA Foh. 7] #H8l+=, E2(328)9
f8te] HA o] He It HEE At Ao] upghA st

L3R R A4 AW S gAe Sletel Bdel Tak A4 07 AV FAS Piel atel 4

(]

oy~

-

=z

od
o oo

2
K-y

ot

of, = 82 (D)l =Ale wpeh o], Faolr o] v=Ri]l Axp(324)9] AL 1A S WA =M (2
A, 28] gz WIts #Rd o o, old), 2d(328)0] CAAC-0S=eol, = 89 (A)ol yEhd
o] ¥EH. E2(328)0] nc-0SHelH, = 89 (B)ol yehdl 314 o] wze,

oL
o o
o |o
é‘ﬂm

el

24(328)0] CAAC-OSHrolzti, FEA o2 nc-0SY 3 &2 34d do] &= F57F Aok, wehA,
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[0283]

[0284]

[0285]

[0286]

[0287]

[0288]

[0289]

[0290]

[0291]

[0292]

[0293]

[0294]

[0295]

[0296]

[0297]

ool Al CAAC-0SH=He] 31 wfRlo] ws = el nl-&(CAACS] H]
T Av. dE 5], aFEe] CAAC-0STHe] 75, CAACS] HI&2 50% o, whe=et
7”*: 80% ]” H upEA AT 90% ©/d, Y uhgbAEHAE 95% ol delth. g, CAAC-0SuH) thE 3]d 5
o] #E = g9 BlE& B (JF)CAACE] H&oletar .

d& 5o, ®H AF("as-sputtered"@i F)oll FoIF CAAC-0S2H Eatohs Alme] 4w 9 2tas ¥Fahe
L7l A 450TC 71 A& e CAAC-0STS Eshehs AR AHS 2oz T3 dz 314 od
S A, 7IME, San/Re X2 60237 AT o2 3d o] dojxm 1 dojH 3 FElo] 0.5
zutth A sPto g W o2, CAACY HI &S AU, EI, AAHeRA e, Z2H FHo] 1mmdl Y
WS ARESTE. 7 SHS 6 AR gt a8k, CAACO] W& 6 Al=o] Hirghs AbEste] ALt

T 99 (A)e ZF AlmA ] CAACO HIES Yehd Zlolth.  EHAH A $o] dojzl CAAC-0STHe] CAACS] H|&-2
75.7%(H]CAACS] Hl&o] 24.3%)°1tt. 450TC9] 7FE A& hgk CAAC-0SHHe] CAACS] H]&-2 85.3%(H|CAAC
o] HIEE 14.7%) 01U, ol A= 450C9 7k A7 ol dolzl CAACS] Hl&o] HA AFd dojxl 14
wHTh =& AL Yekg. F, 22(dE 51 400T ol h)elM el 7kE Azlel olste], HICAACS] Bl&o] A7
FITH(CAACS] ml&o] F7keth). W, A7) Al eix e, 7FE Ao &%7F 500C w9 wjo %= CAAC-
0SHre] 32 CAACS] M&S 7HE & Stk AS AlAIgH.

o174, CAAC-0SH7} T 3 |l YhFEe nc-052w 2o A sdolth. ®d, 54 9
she weEAvhe $3E 4 Q. mek, A7) ARERE, neosthi 2o TERE e 9
2ol elgte] @ Jole] Tl FF wiel AwARel, 1 Felo] CaACEEE Ao] AL,
%99 (B) 2 (O 77h, H4 5o Aol CAC-0STHe] HW TEM o]vX, 2 450C Fbel Ae)r} S
CAAC-0SEFe] W TEM olml<lelth, = 99 (B) % (0)e] Wik, 450Te] 7k A7l 44 CAAC-052Fo]
FAF A b AL dEhdn. F, meolAe] st A caac-osEhe] S AR

RINEER
o, 7ta A

2% 7Hs AEE WEATe] e BAje] 7t

ofr
e
ol
o
N
s
%0,
i)

B AAGE o=, B odygo] A o wteA] FXE AFEsle] dAE 4 JdE BA EE Z A 7)7] o
3lo], A3l
100 EAlE FA EE(8000) A, AE AW (8001)9F - AW (8002) Atoldll, FPC(8003)°] 4% E]A ¥

4 (8004), FPC(8005)] < M] Fx] A(8006), WM FolE HH(8007), Z# U (8009), ZTHEF(8010), =
B2 (8011)7F AlFH el EgH, 9 Fo]E {51(8007), ®MEIZI(8011), EIX #d(8004) 52 AFTHA &+

=1

e A FEe wEA FA=, dE = Al A=A A(8006)° AHEE 4 Sl

A5 AN (8001) R Sk Av(8002)] FEl R A7), BA E(8004) 2 FEA G A(8006)¢] 2ol e}
445 w8 & Ao,

BA AYE000)e, ABY B A mE §3Y BA Adel B 5 A EA 3 A8000) FHHES
F99 5 Ark. wmS, A FA A8006)9 B 1A J1gHol BA AY %52 4 F Utk EA
42 A(8006)¢] 2} Bk ol % ANE AT 3 BHA AUS FHSIE Frh. EA FH A(8006)
o 7 sha el BA AAE AFS AT ZA 834 B AL FHFAE T

L FH(8007)2 F1(8008)S ¥Egstt}. F(8008)2 W olE {4(8007)2 Wi-o AlFslole £
1, F TS AEet s E.

Y (8009)S ¥EAl HA A(8006)S HFstal, THET (8010)4 E2be] olale] WY E ARTE 2pehslr]
%t A7) A 2A V)= Sk, 2 1(8009) v 224 7]Esl e Ff.

ZHER(8010) o= A 2=k, HHe A3 3 35 J5E 887 A% A5 Ay =7 Aedn. A

_28_



[0298]
[0299]

[0300]

[0301]

[0302]

[0303]

[0304]

[0305]

[0306]

[0307]

[0308]

[0309]

[0310]

[0311]

S=S3| 10-2386362
9 2ol AHS FFE AAoRAE, ¥ s 49 Et dME AFH WEHI 01D Agshs 49
of AHgEOIE Erh. WEE (S01DE 48 AN AgeE FPel Akl sbsdtt,

A BEG00)NE, YW, APAR, ZeF AE 59 RA} F ATHE B,

% 119 (D~0)E ¥ weel I Fepo WA A 42 £k A4 71719 gpwolt,

AR 71719 d2A e, ddud 2471 (ddn)d 25 dygvd gt 3), A5 59 EYE, YA
g Jhdlet == gAg vy e 5o FhelEr, fAd 43t TrtH Az} ﬁﬂtﬁ(TrEH A} = Fd A3
FAgie ), FA& AY7], FoE& AR Y], A4 A ZA, FH27] 59 dF AT solt.
T 119 (A& EA1001), 3F-9-74(1002), FAIHF-(1003a), 2 E’\]l"%(IOOSb) T 23l FulE HR dd
Zlolth.  FAIE-(1003b)E Elx] sidolt}. IA|F-(1003b)o] HAHE 7|RE WE(1004)S B X oz 3hd
ZZol}, E2 d¥o] JbsEA "ok, BE, TAN-(10032)E HA Yz stz Fuh. A7) AA A
AA G ERALE F ool FE 29H AAEA ARESte] AA BA] A EE {7 EF didS AFsta,
EAIF-(1003a) B FAIF-(1003b)ol] AR&EFo =M, Aol 2 Fii& AR a7 7t Algd 4+ Ut
T 119 (Dol =AE FdE AR wdvs, gde JER(GE 5o, AA P, 398, E "H2E S
BAISHE 7%, 9Y, 93, A & FAIFOl BAEE 7e, ZAFCl ZAIR ARE A e #3335
7%, ThFet AZEQol(ZE2 %) oste] HEE Alolste Ve 58 ZE gk, 9 S @R (oo
Z @A, USB @2k 5), 715 A AYdHE Fol k949 miH e SH ATHE ¢ vk

%18 (el BAE g 4R wwslt, BHoR 4nE $544% # duh A AL B, 444

AWERE Ashs A4 dele 5% 7o % deRsd 4 g,

= 118 B, BA0DAA, EAR102), Flg & Felolost Ao FRE 4 Q= wAF(1022), ~
z ]

= |
Tshe FUlg oo Felololy wAR Ao

A, 2% ME2Y), A EY E(102) 5% g ]
AN AR EWALE F ol A& A9 2AEA AEa A EA P T fol WY A9
of AT EAF(1023)0] AFBORN, Aol £ Frlg 2o Helololg AFT & At

w5, % 119 (Bl BAR FUlg gob Balololst atHvt, mlolAmEe] M, Ei PA B4 A5E 2,

=
h Astz AFEEE, AREAE Abeal 58 s =z e A oo E5td 4 gl

o b

= 18 O F A9 9401030 % eE103De X Fol dEkE E=AIFE Aot
- (103D, Al &A(1032), 237/ (1033), who]A=:E(1034), ESQI® tupe]2(1036), Zhdlel #l=
(1037), <914 A& 9AH(1038) &8 EFFTh. -4 (1030) 0= Fdh Zd_z‘i}ﬂ THE %f‘& Bk 4] (1040),
QN wlEe] £3(1041) 5ol ﬂl%iﬂfﬂr 3, 394 (1031)0l = St AA el A g
¥ EdA2EH F ool A HA FA(1032)0 AHETFO RN | AlE el %% Fol AstE AT 5 A

g, #A AA(1032)= HA HEs 2@, = 119 (C)OMPJ el efate], shdomA FAHE

153 < =
o 22 7](1035)5 YR B, B AA(1040)ZFEH FHE= AgS 24 d2el] diste] 3 &
HEs 3771 o f2n 23d.

L
N
51
ot
i
y B
o>‘
N
>

=1

A AA03ONA, S8 FHel mieh EA gael A48 wshEnh, E, Ful Astels w4 X (1032)
b e EHol A W=1037)7F A7) B, Fu ASE I A%EA 8T 5 A, 297
(1033) % vhlA2E1030E &4 Eaol datel, 94 A% Bah, &, % A4 B AgE + Atk ®
3, % 118 (0o EAE ek o] WA gejolAle] 3579 (1030)3 359 (103D Letol=gomn, 4%
of the = Slol FA P AXED & 9o, Fus] 4@ Fu s & 5 vk,

S M4 BA103)E AC O], R USB Aol ol 2% Acldw 441 & Yonw, FA % Wad 3
FE Sael dele $Aol Abssith. wR, A R FE04D 1% AS AAstel, e dole]
BE QL o)Fo] s,

ek, AEd 7wl "etel, Aol A e, denjd Al 7]

)

ofr
ojrl
o,
N

ofl
i
2

o

ot
L

)

L 119 = gdynd #4719 dF 2A1E stk g2dud #A37](1050)014, EAIF-(1053) = 35
(1051)el 23T, FAF-(1053)l sP+s BAE & Aok, E=F, 9-F(1061D)S AAS7] A%k =¥
(1055)9l CPUZ} EgEt). A7) AA oA s EAXAE F o= Zlo] TEAF-(1053) 2 CPU| A&
ozx, duld $47](1050)= LAFHAHS M 4 Q).
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[0312]

[0313]

[0314]

[0315]

[0316]
[0317]

[0318]

[0319]
[0320]

[0321]

[0322]

[0323]

[0324]

[0325]

[0326]

[0327]

SS90l 10-2386362

=~

2= 2 292 = HUY Y EE AEEZ (remote controller)® FZ
2 5 9)\‘3}. Tt ﬂF—E AEZHA = ’2}7] YRE AEEZYZRE ZYHE HolHE %A 98 BAIF

=

w3, dynld F371(1050) 00 = o AL Exp(1054), 719 wiA] 53k g A (1052), 99N HEE] &
Fol AedEd. 95 A& @A(1054)= USB Alols 59 #4F AelEel A&5d 5 i, 24 A5FH s34
teolg F4lo]l Zhssith. 71 wiAl =53k B 2 AAE-(1052)9] H2=39 71 wiAZE )z, 71 wiAel] A
de dolele] w= gl 7Y wjAlRe] dHojE el V|5S A & vk, =, ofF v %%Oﬂ tdd 9
o2 (1056) 0l dlolEl= A A%d s, HHQ T2 FAF(1053)°] A2 5 3

T3, A7) AAFH AE EdXAEHY o FA AR wfjg $e Ag-, o] EWAAET) 9N v
(1056) = CPUC] AM&EE, ddH) A $47](1050)E DAY 228 A7 &H A8 742 4= ),

B AAPEHE, & A ARE bE AAEE F o= A3 Ade] 23 5 Ao

(AAEE 5)

ANl e, wEA gAY dzA g EA FA R %P FAel dskel ¥ 34, % 35, £ 369
W~©), = 3791 (A) 2 (B), % = 389 (1) L (B)E Fxshe] Ayath, B AAFHelA, A4 w4 7
A EE W AN, A e ASE BEALS gt Al 1 EAsE 2 Al 2 EAAAEHE ALE

1
ok, A1 EAAREH B oAl 2 ERALEHE HE 729 Abske whEx

o}
; ?L% |2 ol P EWRAAEI} ©hH A-Boll YRR AL, sfatel

2 34049 T A-Bell UrEMi EWA 2 (10kb) =, 71¥H(11) 9] AlE H=(13¢), 713 (11) E ACE A
=(13c) 919 AlelE H<AuH(15), ACE AAd9(15)S /MASt AClE A=5(13c)# T+ Al 1 AkshE b
A8, Al 1 AEHE HPEiﬂ”P(Sl)% d= A 2 AtslE wEAE(82), 2 Al 2 2tsE WA eH(82)9] A
st 3 &Y A (19¢ E 200)S E3ET. BII(21)S AoE ddu(15), Al 2 AMEE weAub(82), @
g ol A=(19c 2 20c) $lol AHET. =AEH87) BHEuH21) flo AFHolm Fr).

ke

BEGQDS ASHE 2(23), FAFEA RANMY hutt & uEe] HAE TG BT d4

L= S S

=2

(25), 2 A3tE ddAw(27)& x93}

= 340049 & C-Doll YER EWAAEH(10m)E, 7]FH(11) 99 AlolE AF(13d), 71FH(11) E Alo|E A=
(13d) #19] AllE dA9(15), 71]°1E HAL(15) MAsI] AlolE AF(13d) 3 FHEE A3tE v
(84), 2 A3}E WA (84)o] HEFstE & e AF(19d E 20d)S T, BRII(21)S AloJE AAn

(15), *@}g WA u(84), 2 3 o] A=H(19d 2 20d) el AP, fr] AAH(88)L B (21) o
AT 2. = 349142 & C-Doll YeERd EWXAE(10m)E = 1A & C-Doll YEld Edx~
E1(10m) 2} #t}.

B ANGee] e g B4 ZANA, saPAe] EdAsE @ FE fEyeAe] EaqsEE e
WA 2

TEE 2 A8

Al 1 AbHE wkEAEh(8l) 2 Al 2 AtslE EAE(82)2 Rl tEa, Al 2 4tsE wEAE(82) 2 AbsE
HEEAeh(84)2 2do] #oh. F, Al 1 Absts A8 Al 2 AHSE g Aeh(82) ¢ AbstE wkEA 9
(84)& dAstE 2"l o2 2goA dAd. w3, A 2 A3E e u(82) 2 ARSLE wEA|uh(84) &
e ~"oA PAdEr),

E;WA2E (10kb)ol E3HE Al 1 23S vb=Awh (8ol g JHGo] FAHHY. o] o]F=, A 1 AFE Hix
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[0328]

[0329]

[0330]

[0331]

[0332]

[0333]

[0334]

[0335]

[0336]

[0337]

S50l 10-2386362

AuH(81)S Al 2 A3E Wb=A(82) B} FA .

A 1 2kekE HEAE(81)2] FAE 3nm o] 200nm ©]3}, wlEASAE 3nm o] 100nm ©]3}, o wlEA A=
30nm ©]/F 50nm ol3teltt. Al 2 AbshE WbEA|UR(82) E ARSHE WHEA|EH(84) Zh7be] FAAlE Al 1 AtstE WE
AEH@1)e] 1KY ZaL, 3nm o] 100nm o], WA SHAE 10nm ©]/d 100nm ©]38f, © wlgHASHAlE 30nm
©]/¢ 50nm °]afe|tt.

A 1 AbsE WEAERE1), Al 2 AbskE BEEAR(82), 9 atskE WHEAUH(84) 42% A% Ing s
4 e S Abgste] FgErh dEAH SR, InGa AF8HE, In-M-Zn AF8HE (M AL, Ga, Y, Zr, La, Ce,
© Nd) Feol AH&E & v,

A1 AR SFEA (8D A In YA Hl&o] Zn EE MM Al, Ga, Y, Zr, La, Ce, T Nd) 9#+e] 24
By =tk A 1 AEE SReAu(81) o] In-M-Zn AFEHE(ME Al, Ga, Y, Zr, La, Ce, E& NS ¥¢3l1,
w4 94 AAFR] IniMiZn=xstys 29 B2l Al 1 Absls whieAluh(81) ] &l AME¥ = BF, x/yme vt
HAe A= 18 A3 6 oltelty. BRRlolA e 4% A4 AAgnle] tE Al =A% IniM:Zn=2:1:1.5,
In:M:Zn=2:1:2.3, In:M:Zn=2:1:3, In:M:Zn=3:1:2, In.M.Zn=3.1.3, 9 In:M:Zn=3:1:40]t}.

Al 2 AbstE REEA|(82) 2 AbstE WEEAUH(84) A In ¥R} H[Eo] Zn HE MM Al, Ga, Y, Zr, La,
Ce, =& Nd) ¥AFe] A olglelt}t, Al 2 AbstE WF=A=(82) 2 AFstE WwHEA|9h(84) 0] In-M-Zn AtS}E (M-S
Al, Ga, Y, Zr, La, Ce, T NS Eosta, 35 29 AR50 In:M:Zn=x:y: 22 BFlo] Al 2 AlaE
HEEAER(82) E ASHE HEEAUR(84) 2] FAd AN EEE A, x/yme vFEASAE 1/6 o)X 1 ol3tela
/e WA AE 1/3 1% 6 olst, W utgAs A= 1 o] 6 olstolth.  z/w7F 1 o] 6 olakel A%,
CAAC-0SHto] Al 2 AbstE dreAub(82) 2 AtstE WHEAY(84) 024 FAH7] A, EMBlAdA L 54 a9
AAp4=4] 9 )| d 2= In:M:Zn=1:1:1, In:M:Zn=1:1:1.2, In:M:Zn=1:3:2, In:M:Zn=1:3:4,
In:M:Zn=1:3:6, In:M:Zn=1:3:8, In:M:Zn=1:4:4, In:M:Zn=1:4:5, In:M:Zn=1:4:6, In:M:Zn=1:4:7,
In:M:Zn=1:4:8, In:M:Zn=1:5:5, In:M:Zn=1:5:6, In:M:Zn=1:5:7, In:M:Zn=1:5:8, % In:M:Zn=1:6:89|c}.

A 1 ASE WA uhg1) o mA AREEE In 9749 HEo] Zn i MMS AL, Ga, Y, Zr, La, Ce, 3= Nd)
gxe] ann e AaE wEATe TRes EdAsHE ¥e A an oEEs 2t
gEHo®, 11 EAAAEE 10em /V - sET 23 60cn/V - s wwk, wpA Al 15en/V - s o4 50em/V - s
ugke] A7 a3y olsEE ZETh. 131‘4 EWA~HY 02X HFe F AR 5 %7}%1:} o] o]f-
2, In 949 H]go] Zn == MME Al, Ga, Y, Zr, La, Ce, =¥ Nd) 9A+9] 2AKRT o A3tE vt
S ¥3¥seE EWAAHE 75 Qi—r —5" , AFEE A AFEa; 1 A E%W*HL =2 A

oJBE P e o¥ ARE Zuvh. AnHoz, uk Fho| i TE A=ye 4T & Aok,

ol
K%

A 2 AbeE WFEAER(82) ¥ AtstE WHEA|w(84) 024 AFEE =, In 9A9] H]&o] Zn T MM Al, Ga,
Y, Zr, La, Ce, =& Nd) 94#te] 24 o]}l Lﬁ}‘j WA S E3tebe EWA LB AT, F Akl o5t
dojk @3 AfFo Fuf*e] Ark. o] o|ff®, In ¥ H&o| Zn E= MM Al, Ga, Y, Zr, La, Ce, %
= Nd) 78] 27 olakdl Abske WA uhE E%ﬂ %21*137} St AeTHL; 1 A F BAR
At GA FeEA Fu FA FHo] ¥ FAEE IAT F k. I Ay AEE wEAuts Xdss
2

ERNA2EE 3en’/V - s o] 10em/V - s olate] AA FI} o] EES zh=r}

m{

w3, 7E Hzele] EdAAE(10k)E REHEDS Adelel Al 1 48E nEATEDS g wau
8Ne Egach, =ARED] A9E 44 A9 EE A 492 449 & v ®E, EdqxEs}
Fe A7 &3 oFE W e £ ARE M & Ab A9, EAREDL Ao AF(30)el B4 9
=

BoaAgee] Ve g EA RGN, TE Rl Edxsy 2 Haiolde] EdiEE e

A Aolg HAE ot

ity og G5 I EFo| ¥IEHE EWAAEH(10kb)Y A Zol= 2.5um vgrolar, ulgASAE 1.45um
ol 2. 211m ojgtoltt. 3tA 3| EF] TFHE EWUAAH(1m O Ad dol& 2.511m ol/dolar, vrEAsHA
= 2.5um ©]% 20 um ©]3}o]t}.

T SRl EFE= EWA=HA0kb) O] A Aol 2.5um mRE, wheHA A= 1.45um ©]% 2.2 um ©Js}
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[0338]

[0339]

[0340]

[0341]

[0342]

[0343]

[0344]

[0345]

2 449 o, A4 53 olex=rt ¥ Sk ¢ jlaL

o
L

F7b 2708 4 vk o A9, 14§90 e

EdxxEe) Y dPowA QY AEat Al 1 ASE wEATED, A 2 AsE wEAwh(s), 2 Ak
WREATH(84) ZH2he olUA] Aol 2eV o4, nFASAE 2.5V o4, B whgAshAE 3eV ol golth. ol
He olud A e AEE WEATS ASHoEA, EAXAE(10kb L 1m) 90X AFE 4742
ok,

g Algo) WEE 2t sk wmEARe A 1 AskE wEATE), A 2 AskE wwAu(s), 2 s

A, =
WA E(84)o] AFRETH o2 So], Aol Wxst 77k 1x10 A/en’ oldk, wrEAEAE 1x10 A/en’ o

o

3, o e aAE 110 W/en o8k, ©S wpEAEAE 1310 AWem o]k AbsHE whEAlee A 1 AHE)

= whe A uh(84) o] Abga,

1, AT 2L 2 ARE, LFHE EWAX2HY BEA 54
=]

] =<}
(g Bo} A & ol¥E 2 £Y Aol uek A8 & Ak, EF 2 TEHE EAA2E
)‘\l_

2 A7 5 )
WA EAS 7] 9ate], Al 1 ASHE wheAuk(81), Al 2 ASE wbmAub(82), 9 AbStE ubAuk(84) 7+
7ol FEo] W, BEE v A wn Ao figh 24 U2 A4, A7 AT, WE o] AA
3 o MAFEE Zo] uEz st

A 1 ASE WrERT(81), Al 2 AFSHE W= 9(82), @ AMSIE HlE AU (84) 02 A BELE LUt von A
& AE WEsb e AsE Mexus 7h7h A8 4 9o}, EdxAH= O mod Ay EXS 74E 4 9
U o7 B4R wnsl va Ae A W) o (aAlk vzt b He) AHE "aen WA me
ARAeR IEE AATOlRT v TEE A4 EE AEAeR &R 149 ARE B Ao @
Aol A7) wite] e Aol WEE b= B9k dvk. webA gY] AbshE wEATe] Ad Gole] 34
A EdaHE o BE A9e FAY 24 guvCete 2o 47 ¥4 2erh. 1R 4 B
qAAow Bew WA AskE wEAve A% Aue) UEsh W) e =5 A WEs we A9}
orh, W3, we% A T AAAoT ek Aol AFE HEA e 0¥ ARl W v 2z} 1

6

AghHol 1~10vYe W, o HAF7F dheA Ieprg odetelAe] A Al ok, =F 1x10 A olstd &
. = ]

weba, A 1 ARsHE SHEAEH8D), Al 2 4bstE HEEAER(82), H AbstE wHEAER(84) oAl AFA RIAETE o
gl A% 71sd 3 Agse Ao vigEAsit. FAFoRE, Al 1 AtskE WA, Al 2 AkskE
EAEH(82), X AMSE WFEA|R(84) ZHztoll A SIMS(secondary ion mass spectrometry)ol &dle] HHEE

-

e

20 R E 5><10193t0ms/cm3 ols}, wizgrAsHAI= 1><1019atoms/cm3 olsl, ¢ wFA A= 5><10183t0ms/cm3 o]
3, o< mlera A= 110 atoms/cn’ ©3F, TES HIAEAE 5X10 atoms/cn’ ©]3F, BT} wlEHEAE
1><1016at0ms/cm3 olstz s},

14ZF0)] %3l 94 T shUl AP E = w20 A 1 ASFE dkeA|uh(81), A 2 AFSFE db=Ah(82), 2
AFslE REEA|EH(84) ] AESHE A Wz 7Y ST E I, A 1 AREE w9 (81), Al 2 AFEE wheA e
(82), ¥ 2t3lE WH=A9H(84)2 nPo] HTh. waha], SINSO 9ste] SHE=, Al 1 AHskE vE=AEH(81),
A 2 AFEE MEAUh(82), @ AFSE WER|UH(84) A7t Al Ei eae] HEE 2x10 atoms/cn’ o]

=

SINSell eJate] S =, Al 1 AbshE wr=AwH8l), Al 2 AFshE wh=Av(82), 2 AbshE vb=ARH(84) Zhzt

flo fE

rot

3, kA lE 2x10 atoms/cn’ ©l3tE 4
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[0346]

[0347]

[0348]

[0349]

[0350]

[0351]

[0352]

[0353]

[0354]

[0355]

[0356]

[0357]

SS90l 10-2386362

Aol A7E] B = AZE EFLe] R 1x10 atoms/cn ©3F, MFEHAE 2x10 atons/cm ©] 3]
o, ok 24 9 Oz ESESS AEE wimald 239 o AeolE AT 4 9a, o A%, EdAx
Hel o AF7F 274 S k. webal, A 1 AFEE weauh8l), Al 2 AR wbEAuh(82), 2 AR
WA (8ol A SHte] F4 Hi o] EREo BEE Agds Ao] wpazs).

w3, A 1 AbsE BEAuh81), Al 2 AR weAuk(82), 2 AstE wteAuk(’d)e Aavt £3E ), 7
golz A 7)5as Aol A 2 Ao Wro Zrbd olate] ndEy] HArt. HAxE Tiels AsE
=AE T3eE EAAAHE wde 20] 7] Au. o] olf®, AstE wmAueMe Airi 15d o
AzrEE Qo] wirdala, o2 So] SISOl kel A E Do HEES 5x10 atoms/cm ©]dE A eH=
Ao] vl sic}

Uharoll, g Ao grxell sl &= 355 FEste] ARt

T 35e T AX wHmola, f 32 FAHE EWAAEH(10nb) 7t & A-Boll YERHI XA, AN
d =

E
o A EWAX2E(10m)7} D}D% C-Doll yehpelRTE. = 3504 & C-Doll Yl EW@X2E (10m) =
20144 2] @+ C-Doll Yl EWAX A (10m) 9k 2o, e FiEdEs & 23571 Agdn.
% 359 ¥ A-Bo|l YElH EWA~E (10nb) = AlIE A= (15)3 A 1 AbstE RE=A9H(81) Alele] Al 3 4F
S WFEAER(83)S xS, T2 A Qo= ® 340 Yl EWR2AE (10kb) 9 H| 3w A 9AE
s A 4 Qdrh. S, T 340 vERd EW@AAE(10kb)E EWA~E(10nb) Al #ds] A= ¢
At

EJRASE (10nb)ell A, Al 1 AbskeE =A@l AE g0l e, o] olfz, A 1 AshE wh=A|
(8D Al 2 Absh= wh=A|eH(82) B Al 3 Abshs WE=A|uH(83) Hrh AT

2

A 3 AEFE W= 2H(83)o A In YAFY] H]Eo] Zn HE MME Al, Ga, Y, Zr, La, Ce, == Nd) 9x}o] 1A
Bo gk A 3 AEE wrEAE(83)0] InM-Zn AFSE(ME Al, Ga, Y, Zr, La, Ce, & Nd)& *3alaL,
T4 Y42 GASGH] IniM:Zn=xs'y5: 22 EFZo] Al 3 AFstE dtEA| = (83) 9] A AFEHE A, x/pE v
A= 1/6 ol 1 w|wto]lal, z/yw vrEASHAI= 1/3 o1 6 olst, W vrEAsAlE 1 o]/ 6 o]sfelt).
z/ys7F 1 o173 6 o8kl 9, CAAC-0STro] #| 3 AtstE WA =k(83) 24 FAH7] Aut. ERldAe &4
Qa9 AAeH]e] g Al d2AME IniM:Zn=1:3:2, In:M:Zn=1:3:4, In:M:Zn=1:3:6, In:M:Zn=1:3:8,
In:M:Zn=1:4:4, In:M:Zn=1:4:5, In:M:Zn=1:4:6, In:M:Zn=1:4:7, In:M:Zn=1:4:8, In:M:Zn=1:5:5,
In:M:Zn=1:5:6, In:M:Zn=1:5:7, In:M:Zn=1:5:8, % In:M:Zn=1:6:89|c}.

A 3 AbstE REEA|E(83)Y FAE Al 1 AbstE WREAIEH(E1)ETE Fa 2nm ©]XF 100nm ©]3F, HFEASHAIE
2nm ©]/¢ 50nm ol3}, © wFEHASAE 3mm ]/ 15mm o]ske|th. Al 3 ASHE REEA|EH(83) AlO]E AAY
(15)3 Al 1 AkshE WEA2(81) Alolol] A|FHERE, EWRAA~EH(10nb) o] £E HStelAe ¥stE A7

EA FA) R EaA2Ee) A Yol thstel Awdch. o714, EA FAe A=A % 3560 ek
g G5 ARgEte], EAA2E(10n) 3 ER@A2E (10nb) o] AFF wel] tiste] = 369 (A)~(C), = 379
(A 2 B), 2 %389 (A) 2 (B2 Fxste] At

EAA2E(1n) % ERAAE(lmb)el TgE vhE(F, AAv, AskE wEAw, g% dsEe, wd0
Ere 2dHYY, Bt RO, AF TP, 2 Bx Aol THELNW F oln AL olgse] F4d
St mE, REY SR TARW ol8W ¢ At AU W Fesnh e SRRl o
HA W] g EAel Jolx gk, I (VDHS o]l r Zrh. 4 (WDWHOoRA o 5o §7] 24 g ==
(MOCVD)WH T dAE TZ(ALD)WHE o] &3t Fr}.

= 369 (Aol o], AJE A=(13c) ¥ Alo]E A=(13d) € Alo]E HAu(15)0] 7]#(11) ¢
of AT, o, ¥4 A—BoﬂH, A 3 AEE WA E(83) U A 1 AstE s A ek(81)o] AlolE Aot
(15) $ell FA=}.

o
%3
=
©
N
S
)

(]

AClE A=(13¢) R AlolE A=(13d) 2] |4 ¥ B ACJE AAw(15)9] ¥4 Wi AP 1014 2
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[0358]

[0359]

[0360]

[0361]

[0362]

[0363]

[0364]

[0365]

[0366]

[0367]

[0368]

[0369]

[0370]

[0371]

[0372]

S50l 10-2386362

Hug ofrjM= AHeA o

o71-E, AlolE AaAu(15) o 2A ZHekxnt (VDY ofate] Abshas) e 2uhs 33t

A3 ARSHE WEATHE3) W A 1 ASE WEAED G4 gdel tistel olstel A AlAET Al 1 Ak
2 WEAEDe] HE AsE e, %A 3 45E dEAn(s3)e] Hi AsE vEATe Aele A
(15) 9o, ASERY, SXW, B2 dold AW, dolA FAW, d (Y Sl Qstel yyuTk. g
3 EEALIAN A Slshel, A5 Go LA S SaLE G o, ol AT sk 0
EANE vhaAE gt REAoR APtk webd, = 369 B)e] EAE wish o], Aol @an
(15) 9ol 93 AolE AF(13)% PRACE FAAEE, 24 Lesi Al 3 ASE VEATE3) L Al 1
AsE wEAvieDe] UG, 1 F, vhaas AR

AEEYYOR sk MEATE YYHE A%, BehavE WA 9% A9 FAE R AL FA, AC
A9 A, IC AY 3 & A48 A48T F ok

soEY hazAE, ShA(HERORE of2w) Be)7], Ak B9V, Hbs @ ikke] £F haE A4
3 AbgRTh. S7kash Abas] EF baE AgSHE A5, s7kzel @ Ak wlge] FobA Aol wh
st

E%, Ble 948 AsE wuAve] 2ol we 488 dug & o

d2 S0, A3E AT AHHYHS o] &slo], 150T o)A 750C ©]8l, ulFAsHAIE 150T o4 450°C
olgl, o mEAEAIE 200T o4 350C oléte] 7@ == PFAsk= 4, o] Absk= WA CAAC-0S7F
o] & 4 9},

CAAC-0S=2] [ #oll, A3

ok
fuj
—_
=2
>
i
oL
rot
N
A
o
o
oo
ofr
ol
rlr
Py
o
ja
Iz
o
o
of
ol
i)

714, FA 10mme AsE whEAlw 8l R 35me] AshE wAEe, A7 35 9ae A4
In:Ga:Zn=1:3:69] €3 % ZF<%& 949 YA5H] In:Ga:Zn=3:1:29] E3S AL&-3}

cAUR FAstar, A7) AbskE WA Qe vk s FAdska UA, AbskE
o},

7hd A7k, 350TC KT =il 650C o, whgrz|shAl= 450C o 600T olst= = 4, FEdhs
¥ 1]

CAACe] H]E&o] 70% o]/ 100% =9k, HFHASHAIE 80% ©1/d 100% wlwk, o wlEzslAl= 90% <]/ 100% wwF,
H% MBI 056 o] 986 olstel ABHE MEATS 9 k. EW, £, B O TPl e
SR WEATE 9 S Ak F, BEE SR Ru 23 A Luoh e AsE wEdte 34
%+ 9.

o, = 369] (B)ol vhehdl uks} o], AbshE wrmAlvie] Alol= AAUH(IS) W Al 1 A8 WA vHED)

el A Yt FHE AAGa; 1 A3 A 1 AkskE ?}Eiﬂ‘l}(iﬂ) 2 A 3 AEE BhEge(83)S 9
EAE(82)e] = 369 (B)e & A-Bell FAHa, AsHE HEEAUR(84)e] = 369 (B)Y ©

3 AbstE dEEAE(83)9] SH H Al 1 AksHE wtEA|EH(81) e A

Eis %@ 455 ¥ 36}% Uz 2glo A Al 3 AbstE WEEAER(E3) 2 oAl 1

S AT, o)z, EWALHE Ad F WA o] Al 3 AbstE ¥hE
Akl dole] ®stE A 4 7] wiLo| upE-A 3.

23l = ggslelr] 98k ?fﬂﬂEMC %D}. 7t Aol 2%
= IR oRE, 150C o4 71¢ 2EHAH vk sl A= 250C o] 450C ©]3sf, © ulEAsiAlE
300C ©o]A+ 450°C ©]3to]t}.

A71A, 719 AHEE AxY AR E3FF JlxoA 450CoAA FHst A, T E 7t AT E Akk 97
Al 450C oA et

A7) 7k A dialedl, Hl$=3 7k A S = 369 (Ao JER 28] Fof] fasle] s Eu).

Soll, = 369 (Ol ZAIE uke} o], 3 o] A(19¢ & 20c)°] Al 2 4baE WA EH(82) Sl A
, & A=(19d B o20d)0] Atshe WHEAEH(84) ol G E .

I~

al
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[0373]

[0374]

[0375]

[0376]

[0377]

[0378]

[0379]

[0380]

[0381]
[0382]
[0383]

[0384]

[0385]

[0386]

[0387]

[0388]

[0389]

[0390]

SS5S0ol 10-2386362

o71A, FA 50me] FE]-grh = e, A 400mme] et B FAl 100mme] rE-wb = s &
HAHYYPOZ of EAUNRE HIdArh. oo, ERTHY FA oste] FEl-grh= FE gl vhx
A5 gAdsta vkaaE ARgste] FEl-dvi = e B e A4 oAk, @ el dF(19¢ 3
20c) B & Aol H=(19d % 20d)E Bt

EF, b A & Ao A5(19¢ 2 200) H 3 gl AS(19d R 20d)0] BAAE Fol FHH R Fh
d& 501, o] 7k A= Al 2 AsHE whmATH(82) B AbstE WEAH(84)0] FAPE Foll FFHE b A
gt v Aoz Fgd 5 gl

B el AF(19c R 200) D @ A AF(9d W 200)E AT ol oA AFLL AZAG] Sl A
A7} saHE Aol dEdat. @ el B39 @ 200) Aol et @ @ 4ol AZ(19d 9 20d) Aol
o wete of A Aol ool oAW & Utk o] AF Al TAH § Fo| Aely o B i
A, A GO, EE QUE 8o Bol A §9 i B AMgSel 234 4 .

agar, = 379 (Al veRd miep o], Baeh(21)2 AlolE AAU(15), Al 2 AFshE vh=A(82), AbshE
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