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A3, AF(303)0] £33 (310) ol AL F Juh. o] FRE EI AFX GAEQ uikd o

B
4=7(301) 9] #h2 o] d=(303) ofefol FAEAY, d=o] i Apolel #he kA 47

O
=

ol

o2 Ay Ho

+

%= 3boll A, =301 F(W)el A=(303)9] FH(W2) ek & w, AFF(204)0 A7tEE 53 AAZ GA <
7be s, 53] aapHoleks Hel frofgtt.

TS, & 3bollA, HF(303) Atele] 7HA(EEI(310)9] F)L H=(30D) 9 F(WD) 2k, zEvh, F(W)e]
=(303) Atelo] FHAHT} A Hol, QA AJEj7E dojd 4 Qlrt.

% o3a 9 osbel AF FERu ¥ owdel I AN AsE wEArt EdqsEz Ag" 6 59
Eapdoltt. WA wE AAdow 1AQ AR ML ALE, EAXAES X AR 1x10 A/ um

ol W, Shat WEAl §F A4S EFeA Robw Ha, uebd AEE |dshe W A Azkel wE

2

i=4 %
A9, & 3a % 3bollA, e WAHS
Ero2 Mz FHIG., olyd T2 gaZol

5T 3a % 3y AT FFRE AEEY] FAHE A9 F2E et E dave
olal, & 4by wHxolt. A-A'E wEl FHI g EAXAE(101)E YeRiY. B-B'E we 3
= X 3a WA 3be A 727 AEEeE = 19 I9F £2H102)5 e

3 gALolM, AolE AF(401), AlClE HAu(402), 4HEHE WSS (403), AH(404), 2
Z=(405)0] 713(200) 2 719H(410) Alololl AX5o], EMR]2E (400)7F AR, A5(404) 7 HA=(405) =
Zolty. g s =l AFolr. B wgo] o Aol WA i AdHoz WAe
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[0075]

[0076]

[0077]

[0078]

[0079]
[0080]
[0081]
[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

AEE WA g WEAZU03A A8 5 AT,

3, AT(405)0] ATF(303)0] AV)Hoz HEHD, L 4 2 = 4bE A O‘Eﬂé vEhd Ao z2A =
(405)°] A=@BoD e Aoz HE&d 4 . Ed, AlolE AF(401)F AF(301)0] TAT Sl FAH
v TE, A5404), AF405), B HAF(301)e] v T FYHE T, £ AF404), AF(405), 2
A=(303)0] T3 Fol A= 727 AYEE 49, IAHY 71

N
2
a‘,n
:L

=(301) B HF(303)2, ETEPMo), HEE(TI), AFCr), ©&F(Ta), H=dW), &Frw@Al), 74

(Cw), UeHa(Nd), = 276 (Se) oo 2547, B ofdd a& ARE FAHTSR g dus ¥t
L s px EE 4% P2E 1geEs 349 5

G4 el G5 Adske A, A5 5o, ASRIFEUN0,), AT (Sn0,), H ASeRd(Zn0) T =4
wé AbekE; AbsRlEd sk Fehe G (In0-Sn0;, 1102 Fd3); 9 AMSkRIFE} Atstopd & x5

st e (In0s-Zn0)e] AHEE & ok, t2Als, o5 3& 4t ANE 5 Ao Aol A& e s}
X

A EE TYE 5 Ao olE

AFE0D AF(303) F Hoj= shbs BT ARG AHgate] G o) v st
E 4o % 4bE GEAY Fxe] By A= wu EdxHel dE mA@th e, g Edd s
F Aol vt EasE mi 2EAY w9 EasHY S oA =8, YA v Eadsy =
= AYAEY e EaAsE} 448 AdE F oan

B AAF e glojdE, tEA] XS AFskE e dEE T 9a WA 9eE Fxdto] Ayt
HA, doAmS zHe 7]13(1000) Yol =Adute] dAE T Al xR LTYT FHORE AolE HI(1001)9]
HAET., AlolE HI(1001)9 ©E-E I 9o AFH AoE HAwe] d&Ado] AAET] wiEd, EHolHH

PRS2 7110000024 D F g el sl olW@ SR ABE YA, 7Wo] Hojw
Fol FaRE AAYE ATl FEG DS 2= o] "asth dF Sol, dAH FRe 4 AW
o] Abgd 4 gt

Fol #9 dAe £%/b Be AfelE, WMol 70T olF Awol F IROR AFHE o] mtA
Stk fevlgel glolA, dE Hol, dFvmAAelE frel, dTvlmneALIolE ¥, £ g B
2ADACIE 2] Bo f¥ AR ASHE. AHRLBO) R A (Ba0)S © Wol TFoEA,

4849 NG f2 719e D& Ak WA, BOMT Ba0E U Bol EFeh: f27]%e] AgHE o]
uhg A st

e 719k oAl At Z)s, A 7)3, Abghelo] Y9k g HAAE AMEEte] AW

Aol frefgitt. v2AE, 243 fF7id sol AHE F Adv. vE2As, Eg 7l 5o J43]

g 4 ).

StA " (base film)22 71538t AAdte] 7] (1000) Alo]E A=(1001) Aleldl X2 4

719(1000) 2 2 HEH E5E U4 kS Z4s = 3} 2t
2y, wE 2ksl el A v 3 odew sl ol us x g UPi ?53 e A3 F2E LS

49 = Q).

N

Eg, =gE2d0Mo), HEHE(TI), AEF(Cr), @EHE(Ta), B2, &F9EAD, F(Cw), vtHEND,
2SO B FEAR, EE oed 34 ARE FAROL St HFL TINE ©F T2 EE A
=]

= TZE 25 E AolE AZ(1001)°] FAE F+ 9

)
o,
he

I %, AllE A=(1001) Hel Alo]E AAuH(1002)0] FA €T},
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[0097]
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AlE dAu(1002)2 Zet=vl 7F3l(plasma—enhanced) CVD, =HE]H Fol o8] ksl A5, As) A&
=, Ats Ast AT, Ast ks AEEF, A gFves, 23 dFves, At dsh dFveT, ds)h
Absh SENES, e A eSS LEsE 9T X EE A% ERE AES 4" & vk, Abs
AglZZo] AHE Yo 95l ZHEE= AL Aoz A g4 ©E A9 gAdo] AledH 1 ~HEY 7}
22E A e AL B3 AREET
7)1, AlE AAE(1002) Aol FAHE I e Aoz A AE MEA(2sEe AEE dhiE
ANe AW et 74“3 Aste] w9 wzsith. wEbA AWE P AlolE HA9H(1002)> nEHEY L
7k 3
dE B9, =2 WAGS z2te AEe 1FF ddAvte] FA4E & 7] wiidd, vtela 2 (oA, 2.45 GHz
o] F)E AESE 1EE EH=vl A3 VDb H}%‘” sith,. ol ek ARBME WA 7l 1EE AolE

1

=, AEF Al AelE AAu(1002) o2 F4E 4 e ¥, A¥EE B =t 43 0D 5o 4

olg SARol AH8E = glrh. R, Ao|E AUkl AbghE whAleke] Aol v F4 8 54 $F ¥

o FHE= dAEe dstel MA"E = gl F, <dele] AR Adue] Agd 4 Atk of= Ao,

o|E dowtema w Fdo] i, iste whmAste] AUFHUET} Eolga, Fud Adel L 3
]

AllE AAuh(1002)E Aske Aduat AbskE ddure] AlolE A=(1001) o2 RE A&H o

7 5 g dE S0, Al E Adeoe A 100 mFAL AlelE Hd=e] 50

£ 2t 43 @ﬂ%—f&(smy(ym))o] 2o Efel ojste] gAFaL, 5 WA 300 mme] FAZ zhe Absh A
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o A= EJIALEC e 5S4 wet Ads] 44" ¢ e, e 350 WA 400 mE S ShEk

%, AloE Aeduk(1002) ol 2 WA 200nm FA2] AFEHE Wk 2H(1003) 0] A HU(E 9a FR).

+

N

& HFEATH(1003) 2 In-Sn-Ga-Zn-0, In-Ga-Zn-0, In-Sn-Zn-0, In-Al-Zn-0, Sn-Ga-Zn-0, Al-Ga-Zn-O, Sn-
-7n-0, In-Zn-0, Sn-Zn-0, Al-Zn-0, Zn-Mg-O, Sn-Mg-O, In-Mg-0O, In-0, Sn-0, E+ Zn-0= o]&3}o] FA=

il
B
i

o & 4=
)
iy

In-A-B-02 A= AshkE WEAZE AME = A, o7|A, Ax ZH(Ga) Ev EFvEA0D S
Z(S1) EE AZnHE(Ge) T 1UFd Fate A4 F A9 st o]
. = okA(Zn) SO 1250 &b da 5 AdEgE sk o) FRe daE
vebdth. In, A, 9 OBY] 2 Folx ghFelm], A9 2 09 & de Al Fodh. a2y, In 2B
o] #&2 00] okt =, In-A-B-02 Fdd e veA Ame, A5 5o, In-GaZn-0 £ In-Zn-0
= A

ol

ofN
Hu
o
e
[
et
i
o
=
o
t
ot
los]
m

<l
A
=

In-Ga-Zn-074] 2F3}E WA A5 WA o=, InGa0;(Zn0),(m>0)S.& b AFsME wheA] A87t 9
Tgh, Ga thalel Mol ARE-E wf InMOs;(Zn0),(m>0)o® vEbdl AtstE WHEA A57F vk, o71A, NS ZF
(Ga), &FmE(AD, H(Fe), UANI), BH0n), ZLE(Co) TLETE HAeg sl oA FEALE
itk o B9, N Ga, Ga¥ Al, Ga¥ Fe, Ga¥t Ni, Ga¥ Mn, Ga® Co 5% < Uttk. o] AL ©x
#lolth.

W AN, 5 BEAU1003)E 2AE P g BACZA InGaZn-0A B4 TS A}stol
CEELES

W E o g AatE WA EH(1003)S FA S| f5te] AgE Eplo®, dF 59, In, Ga ¥ Zng ¥
3= gAY 2AHE In: Ga: Zn = Lixiyelth, o7)A], x= 0 WA 20]3, y= 1 YA 50|t} o 5o,
In: Ga: Zn = i1 1(x=1 @ y=1)(Z, In0s: Ga0s: Zn0 = 1:1:2[EH]]) o] ZAHE zt= ElAlo] AR

e
2 5 Q. Ed

g, BEFAlO24, In: Ga: Zn = 1:1:0.5[9AH]]9] 2=ARE 2t F5 A8E, In: Ga: 7Zn =

_11_



[0102]

[0103]

[0104]

[0105]

[0106]
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[0115]
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E
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3%, T In: Ga: Zn = 1:0:1[9A]1(x=0 % y=1)o] ZAME zte=

epgElE A5 Aol 71R(1000)0] FAH], AL Wi 400T HTre] Lwz At Az o}
e Frol AASE Bodel Fash FRol AAY 2MEY sl2sk wREG. T F, AR WEA0
Dol BACRA FE ASEES Agst] FHE.  Addel weld: FRE AAN dAstel,
©, FR% AERn ASEY. oE Sol, Al FE, ol Wx, E: Hew saHEsl
AgEn. WS HoR, 25 Edold trap)el Wb HRAZA ASE 5 A AE B

5 [

Fa A4, B 59, £AAA4E TFSHE FFBONIAIE Bh A4S TS ST Sl Aol
o BLE Ag] Aoz WEat. gebd, Heldd FaE ASE wEAvel LY BeEe
g %E 5 Aok EF, Aetele WEE Agste] AP Wolsle FRE AASH: @ 2n Yl o
3 Re FYFoRM, AsE WEATH(1003)0] FHE o) AFLEE AL o4 400T WY & v}

O %, A2 ZEHLIYY] 34AA A e AtskE 9 eAS(1004) Well AbshE wheA| o] A2t 9b

1002) 2 AbstE REEAIS(1004) 9o =ddto] AR, AT ~dHEY EE IAF
E

=& g A, E=RgerA, dFuEQAD, AFCr), T (Cw), BEF(Ta), EEHE(TI),
EZEdMo), e H2R(NHoZRE AYd A, o 94 F A9 s st e, ol 942 F
Aol AL xFFete] xdeh= Fa ol AMHEE F Avk. vEAE, Si, Ti, Ta, W, Mo, Cr, Nd, Sc, ®+=
Y 59 Algboll &= (hillock) T 3]27 (whisker)2] HAS WAsh= A7 H7EE o] & Al AE7F AFEH
= A5, ugdel 37k 4 9

g, EANS UF xR Ee 2 oY Fo AF F2E U F Udrh. ¢dE 5o, AYEs XsE ¢F
ngee] @F g2, HEbgdo] dFuaE 9 AFE 2% Tz, HEelgY, 459, 2 Hekawe] &4
2 A3Fd 3% 7% 5ol AH8E & Aok, dE 59, Cr, Ta, Ti, Mo, W 59 sty F&F0] Al, Cu 5¢
TETY 4 H s % e FF 9ol ATHE 73Ut AMYE & Ao

ERwe g, ASIE(In0;), AFE4(Sn0,), EE Agteld(Zn0) 59 =4 5% AtstE, ksl d
e S ¥3tele §9(In05-Sn0,, ITOR °F3), T Ab8elEY AHstold S ¥3hal= T (Iny03-Zn0) o] Ak
249 4 . gEAE, 35 AEARE A £ kg AeE2e 2388 4 g

2 «

2 AAGEelA, =duE B (TS AHEste] d4d€H.
A3 LEHETHI FAGNA &2 A=(1005) 2 =) A=(1006) 0] FAHHATH(E 9¢ FXE).

o maute] A7k W) ek WEAZ(1000)0] AAHA Es A4™s] ARG ol

EAZ(1004) 9] LH-vlo] AZtEo], F(oHF)S Z2tE AsE WEA|

-y
w
Hd

’ im
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1->
oM, é
o
of
o
=2
>
22
S
iCl
rE

I3, B3I AJdwo g 7|5stE 2kstE AAu(1007)0] AMSFE WEEA|Z(1004)9 dH Hste] FAHT
= 9d #Z=x).

AAFe A, AFSHE WFE A S (1004) 3 AFSHE A AUH(1007)S, AFEE RFEAS(1004) 0] A2 H=(1005)
=g AF(1006) 7 THEA &= FdolA M= H3lms P

Agr}m

2 AAFE A, AbstE AAY(1007) 224, A Fde AbstE REEAIS(1004), A2~ A=(1005), 2 =<l
A=(1006)7k41 €] HHEo] @A E 7]1%H(1000)S A& EE 100T wvHe] £x& Jtdus WA oR Fhet £
o] AAE AFE AAE XS AFHEH Vvt BYHm, AEE veA gAE ARSste], ddleo] gl At

o
AEESol SaE.

.

-

AFshE REEAIS(1004) B OAFSEE AARH(1007)0 A, FAY], B o] RFEA dREF AkstE ddd
(1007) Aol Holsls Fio] A7AHE et FAH= Aol ngdsir= &

Aol Holl e AN Astel, FHY AFVZA AHERE Ao] v}
o Wx ole Hxm 5
_ T, L L
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[0123]

[0124]
[0125]

[0126]

[0127]
[0128]
[0129]
[0130]

[0131]

F, B0 59 T4

T3, absbE "HAw(1007) 3 AHEHE WEAS(1004)0] MR HaHs AEClA 100 WA 400Ce] A7) =3
g 5 9. B AA"E ] AskE A (1007)e B 43S 3] wiol, dxgd olste], AtstE ut
T=AF(1004) 0] TerE 4, FE, F27], BE F423E 5o EEE] 4sgE Adu(1007) 0.2 FakE o,
2bSHE MEAS(1004) 0] E3E ETEo] oS ARE 5 Jdvk. EXHYE Fohe], wEA dA9(1007)e] 2
st Akt AbstE TEAIS(1004) 0] I

7] GAES F3te], AbstE WMEAF(1004)S X EWA2EH(1008)7F F44E  JTHE e FxE).

AbshE WEAIS(1004)2 FA S BEES] FEE A R Akke] FHEd s

= 5><1019/cm3 olsl, utFA A= 5><1018/cm3 o3}, ¢ Hb

-
ﬁ
2

[e]
e
2
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il
iz
ki
i_r?
ofj
S
(e}
>
1o
4
B~
lo
off
k1

AaAE 5x10 /en olatolth.  AMEE WME=AZ(1004)9] AT o] HEi Eee] AsiE
Thel A, 1x10/cn o3, whrAS A= 1.45%10 /em’ ©]31). olsh o], WA mi=
2 ouleAEe ALgste], 9 AR 1x10° A/um o3kl EdAAEH(108)E AL 4
2 Sol, 24 ol A B4

, Mo sEE AMEE v

oL

=
ar
(SIMS, secondary ion mass spectroscopy) ol 2|3}
=

T 4
N

AFEE AAEH(1007) $ol B3 ZEAu(1009)0] AXE 4= k. B AA e M=, 2t
o] B& HAU(1009)0] FAEY. ®BIF HA(1009)cz2A, A3 Az, A3z 23}
N )

< A mAd, AAGAE 2dehs B4 A G widserEt B
) AxEE S8kl AHEE 5 A 7] dAEE 400T olste] Sl @ E] o

AzE7} 443 AeE 5 o,

15 AHEE S §F Al AT R, A8 o, OV 37

% 24 shael WEA AZHA Qobw frh. §F &4V} Shol AFH
A () AFsE W AYs Azte] Bashq gonz, AsE Agse W =k

o

B AAFHlA, = 10a WA 10f= 7] AAFE 71AE 24 GRS d4d 23t A7 dE5S

ENEN
102 B H29 AFHE GET. BA200DE BARQI0DE EFHE

T 10b& 7ROl FulerE7I(PDA)S vERTE.  EA)(2002)= EAIN-(2102)E £33

!

!

10dE FHES JeRith. 24(2004) 5 FAE-(2105)S L3},

It
S
¥
a4 o

Ag i 2E etk BA(2005)E FAF(2106) 2 FEAH(2107)S £33

i

<

pal

ot

10cE AAb Lol d= AxAE vebdct.  2A(2003)= FAF-5-(2103) B FEAF-(2100) 5 X33
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[0133]

[0134]
[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

on
J

£9dl 10-1501420

H

10fE= 2dH)Ad MEES Jehdtl.  ZA(2006)= TAH(2108)8 Z 3o},

£ 10a U4 10f9] A7 E, EAR(2101 DA 2108)2AH A7) A
=4, 8% &del AT AFAG, $FRT A @ wel 2U  glome, Al

=
&, oMoy, TYQEE WETE 54 GRHOR £IT + donz, A4 4

(23 1]

% 12 A3 AAFEe) o R Aol Q4 e AdHoR 04el AskE BEANe Tgshe EdAs

Hel 27] 4 02A V-l 545 vehdct.

= 123 1x10° ume AYEMI 3 unel AY Dol(L)F 2= EAAAEF}F AFEH0], L7} L9l AZo

=
ZA3A3E Yepid, o= AFE, SAAX(FevE 247] Agilent 4156C Agilent Technologies, Inc.)2

=489l 1x10 © A o)3hITh. el AYTSIHS 0.1 VidecTh, ALl molAzulEg 0% AR

1x10 A/pmich. AZelA, 50 umel AQEWF 3 une] AL Pol(L)E 77t 2 2007]¢] EAA2EE

AR Qe 1x10° unel ALEWNH 3 unel AL DIL)F 2 EAA2HE FAGATH

=
9L 20099 129 4Yo] YREFHo &
EUES FxEA B Ao A3t

2z 4

100: 3}A&, 101: EW@A2H, 102: N &2F, 103: ¥4, 104: w)A, 105: ==: 200: 719, 201: A=, 202:
AAuk 203: A=, 204 AAHZF, 205 MA, 206: EF 2, 207 &8, 301 A, 303: A, 310 &£,
400: EWAA2=E, 401: AlClE A, 402: AlolE HAur, 403: AbskE WEAS, 404: A=, 4050 A=, 410:
713k, 1000: 715, 1001: Ale]E A=, 1002: AloJE Adr 1003: AsHE 9=k, 1004: AbstE Wr=AlS,
10050 A= A=, 1006: =9l A=, 1007: AbshE Hdwk, 1008: EWA~E, 10090 HE A9, 5000 3}
4y, 5001 EMA~H, 5002: HA A2AF, 50030 &% A%k, 5004: wiA, 5101: I, 5102: I, 51030 A4,
5104: A4, 2001: A, 2002: EA|, 2003: EA, 2004: A, 2005: A, 2006: EA, 2101: FAE, 2102:

FEAN, 21030 EAIR, 21040 AR, 21050 FAN, 21060 EAIF, 2107: FAIR, D 2108 A
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