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o] A},

A A A5(4515)2, FPC(4518a)7F Zte whatel, oA =d9h(4519)& Bole 7oz H&EHo .
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2(1004), A& 3 2(1005), FA Ao 3 Z(1006)E 2t
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S A FR(1002)14 719 F2(1003) 29 3t A5 e] EHol ofdR2 a1 A5l A=, A/D 7AW
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o] Zpolg FEFHA @Fe Agele=, s AETE e S Z(1005) A FEEHA FoBRE, FA Ao =
(1006) el A -5 3| 2F-(1007) = P A7t FFHA Gk, B3, Ao 459 5 =R (1007) 29 &

FE ZA Aol 3 Z(1006)7F AA A Hr).
g, AAgga BaEE F$olA, AXEEga g V)3te] Fe
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of Aze) TE Hurwe TR A wE AxE dadow FFown, TE (1007049 2H A
He oAle 4 9l

ololA | FE I EKF(1007)9] AlO]EA T 3| E(10094), ATAH T I EH(1009B)E FAStE A|ZE f A
2E FAd gigl &= 8(A) WA = 8(0O)ell & & YERAT.

T8N el AZE HAAHE, A 1 2 &9 32(10_1) WA A N d2 &3 3 Z(10.N) (NS 3 o4+
of AAF)E 2t k. E 8(A)el vERA AZE HAIAE A 1 Hx &9 32(10.1) WA AN F= =
2 20 NlE, A 1 wWAADAA A 1 FY AZ(CKD), A 2 wjA12)A Al 2 F8 AZ(CK2), Al 3
HI (13)ell A Al 3 58 AZ(CK3), Al 4 Wi (14)olA Al 4 28 A5 (K7 T5Eh. &3 A 1 2= &9
S Z(10_DelME, Al 5 vl (15)1M 9] 2EE HA(SPL(Al 1 2ELE A2)7F g8dd, ®=3 2d o] 59 A
n B2 &3 3 Z(10_n)(ne, 2 o] N o]3le] AAd)dM e, dd Ao A~ &3 J2RE A
A (0UT(n-D (SR geh)7F sigdEvh. &8 A 1 22 9 IJ20_DolA e, 20 $e] A 3 d~ &
g 32 (10_3)ZFE 9 Alart e, vprbA R, 29 o]$9 A n B4 F9 2 (10X, 29 T
of Al (nt2) A2 & IFHZ(10_(nt2))ZFE Q| A3 (FH A5 (0UT(n+2) (SR)EF geh)7F 4=k, wpebA],
7k de] Ha &Y 3RoAe=, U Z/EE 27 dde] Hx &9 R fggey] s A 1 29 s
(OUT(1)(SR) ~ OUT(N)(SR)), & Hld 5oz A= A 2 EFHAUZ(OUT(D~0UT(N))7F &4}, 8, =
8(A)oll YERA wiel o], AZE HA2H HF 2709 whelle, $uk AS(0UT(n+2)(SR)7F 98 = A &
omz o dre, HEY A 6 WA A 2 ZEIE H2(SP2), A 7 WA (18)A Al 3 ZEE Hx
(SP)E ZA7Zt Ydate Tolole £oh. TE, MRS AZE A 2B YiA AYE Llsololx Fr}.
A5 B0, slaFEe Hxa EH 7]98HA] & Al (N+1) B2 &3 3 2Z(10_(N+D), Al (N2) 2 &3 3
2(10_(nt2)) & FAsta(Hudolgiale gtt.), o] yu|der A 2 ~BE H2(SP2) H Al 3 ZEE Hx
(SP3)ell 53t ANZE A= TR Fodm EU,

2 AB(CKD WA Al 4 28 AB(CKOE, & 9ol el weh o], A4 ew
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A3 A A7 A 3 WA AV HeR ghEe Ak, E#, Al 2 B 29 2102, A 1
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olojM, Hx FY o] A B2 7 < ol e, &= 8(C)ellA A,
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2H (39 Al 1 @xe] "r1How HEHA, ACEZ Al 4 9§ @R (24) o] HAr)How FEEH vk, A
2 ERA2E(32), Al 1 ©27F A4 (62)0] ArHow HELa, Al 2 @At A 9 ERAZE(39)9] A 1
el A7 o R HEEL, ACEZL A 4 EMA2H(34)9] Alo|Eol] H7|Hog FEHo] vk, Al 3 ER
A=H B, A 1 27 Al 1 4 12Dl A7Aew HEHa, A 2 d2A7F A 1 &9 @2(26)0] A
7o ® F&Ho vk, Al 4 ERALHGBD)E, A 1 G ALA62)d Wr|HeR JE5Ha, Al 2 @R
7 A1 =Y @2 26)0] "' FEEH Adrk. Al 5 ERALEE5)E, Al 1 @RprE AL (52)0] 7]
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HEEIL, AllEZL Al 4 1Y @ (24) e A71H o2 FEHo] vk, Al 6 ERALE(36)=, A 1 @7 A
A B A7NAex JEHa, A 2 D7F A 2 ERAALEH(32)9] ACJE R Al 4 ERAAAE(34)9] AE
of Ao H&EHa, ACEZ Al 5 P @x(25)0l] Aoz HEH vy, Al 7T ERAALE(37)E,
A1 @27 ALAGD A71H R HEHa, A 2 @x7F Al 8 EAXNAE(38)Y Al 2 @A Hr|FH o
HEEIL, AllEZE Al 3 1Y whap(23)e] dA71H o= HEEo vk, A 8 EMALE(38)=, A 1 @A77} A
2 EWA2E(32)9 AE B Al 4 ERALE(34)9] Alo|Eel| A7|H o= HEEHAL, AloJET A 2 94Y dat
(22)e] A71Ho =2 HEH ok, A 9 ERHALH (3=, Al 1 @A77 Al 1 EHAAH (3D A 2 @A 2
Al 2 ERAZE(32)9] Al 2 DdAte] Hr|How HEEHI, A 2 dAE Al 3 EWRALE(33)9] ACJE H A 10
EWA2H (40)9] Alo)Ee] A7|Aom HEEL, AOEZL LG AVAom HEEo] gtk A 10 E
WA =H(40)=, A 1 27F Al 1 4 dA @Dl dArjA e HEwa, Al 2 @x7F Al 2 &9 @2 (27) ]
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2HUD =, A 1 @7 A (G2)e] ArAem HEFHL, A 2 dA7F Al 2 FY G270 AVHeE A
5, AClEZE Al 2 EWMAEH(32)9] Alo]E H Al 4 EWMAEH(34)9] Alo]Ed] AAoE FHEEoO]
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[0251]

[0252]
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e Pz ol X HuEst HEE o|gshe Ao uigAsith.  Ed, W7 FHoRE, HE Fxd ZF:=
ES FHHS Aolojx Frf. Aol FEE o]&3lo] w7 AL, dE 59, ¥4 9, B0 T
T YAE XLggete S E (R s B dAE E3ee sgtE) So] Hiv|EERE | o] Al
A kel 2ekE WtEA S X EE BaEY FEE AR 4 Adnh. T3, ARSLE s AS AU Al 7]
e A FEHE ALY, EE 40T vvre] 2xR gt Frt

e E wrEASe A e A dEE, 7w 2% A2, 73 g2 Abole] AYE 110mm, ¢4 0.4Pa, 3
F(C) AY 0.5kW, Ak 2 o= (AFA 7% 15scem:otEE 3 30scem) £917] 1 =S E S Ut
ShE, Ha FAHF00) AYS o]&std, A Al @A AEy A (FEE, WXgAE dh)S AAL
A, HF Bye gz apgkeitt, 2ketE WbEASe] wEE, 9 2nm ©]4F 200nm ©]stE &
=i, v SHAIE bnm ©]/F 30nm olskE gttt gkH, A LS AbstE WA AlRd wel HEs FAE
g2, Axd ue J4ds] FAE d9sid Hot.

olde] W] o3 FAFHE AtstE WEATY FAdEE, AHHhA 5 ASEQ] In-Sn-Ga-Zn-0v, AHA
=% AFstE<Ql In-Ga-Zn-0, In-Sn-Zn-0, In-Al-Zn-0, Sn-Ga-Zn-0, Al-Ga-Zn-0, Sn-Al-Zn-04, o|¥A =& 4+
3&21 In-Zn-0, Sn-Zn-0, Al-Zn-0, Zn-Mg-0, Sn-Mg-O, In-Mg-O4, In-0, Sn-0, Zn-0 &< AlstE WMEAFS
olgd 4 . EI, Y] AIFE MEAFS SiE XSt o= Frh, LI, o]E ASLE RS,
H[ A dolojie Fom ZAAdoloj Fr}, Fe, HEAAoldxE Fom wAAolox Frf. 2 HAAFEH
A=, In-Ga-Zn-0& EPlC® o] &3t ~F Pyl o9&, H8A 9 In-Ga-Zn-09& Ad=Hghc}.

9
rt
2
oty
i
2=
ki
R

Ao o2, InM0s(Zn0),(m>0) 2 ¥7)% & s o] &3k = 9lt}. 7|4, M2, Ga, Al, Mn

2 Cooll A AMElEl s T o I Yotk dF S, MOo®, Ga, Ga 2 Al, Ga ¥ Mn, & Ga ¥

CoZ & & AU, A, [nM0s(Zn0),(m>0) 2 E7]|¥ = TR = NOE GaZ T X

4
BN
1o,
2
Lot
i
(e

olojA, AtstE WHEASTS Al 1 EEZA ] T4 ofa A RYe] ihstE wEAF(412) o2 Theeitt
- B 5 X5 E =

A2 AL &= FS-, PP RS RIE(Reactive lon Etching)®olv}, ICP(Inductively Coupled Plasma: %=
Asty ZEpzvh) o AHE o]&3t & ot} Y= U AR AT £ JnF, oA A (ZUdFE A
ol QIZFE = AEwk, 7F S A UMEE AEw, VF S AT 2% 5)& 443 2dsi.

22 A A o] g3l dA TR, 945 XS IMA(FAARA TF, dE B0 94&(CL), 938 54
(BCly), 43} 1+4&(SiCly), AFESE &A(CCly) T)7F vigdsiy, EAE X3k 7H(ERA 71, o8 &9
AR BEA(CR), SE3F §3(SF), AE3t dAWNF), EZEFL2HE(CHF) ), BEEstg4a (HBr), Abx

)
(02), oI5 7kzel AE(He)olut o2 (Ar) 9 37FAE /M 7k: 55 o8d & o,

3} . g o], w2 31%
HE® ER §9) 58 018 F Arh. E@, 00N
(o 2

17 <h, oNFAIZE, 2= F)ol tair=, skE WAl A

B ANGHAIAE, FoR Ais 2 AN A S90S ol §F w4 APl od, AshE WA
o4 moe] AsE WEAS U0 HEH
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WRA e @tk ol7lolA, 7t Ae Ao shtel Avlmel Jlw
dal Ax #9107 o 450CelM 1A7ke] D ALE @ F, urlol A7)
HEAFeRS Hol Sad ALY Har o A 1K AN o) a0

s, 7tE AP A e AVIE @4 HA Fa, AY YEA T LEARFHY AR e E&EAb
s, YAYES 71Es= #AXS H|skal do]® £k, o= 9], GRTA(Gas Rapid Thermal Anneal) %3],
LRTA(Lamp Rapid Thermal Anneal) X %< RTA(Rapid Thermal Anneal) #AXE o]&3 < t}. LRTA
FAe=, 2 fx, wadaels X A sola fx, JpRola X, gt YEF #HE, 1% £ #9E
5o Fzol A welE F(HAT) O Bl o5, JAEES 7St FRoltk. GRTA AA=, A9 7h=E
o]g3te] 7td AgE = Aotk TARE, EEA VFE(EALEE, o2 F9 IUbs) e AL
7t~ E o] &3 QUrt.

dF 5o, Al 1 7 AR, 650C ~ 700C9] oz 7183 EE4 7t~ o 713E osAA 93, &2
7F 7 & 5, 71¥E o)EAA L2oR 7tEd B84 Jl2olA AUlE GRTAE At £Uh. GRIAE ©]&
sto 2y, wA|Zbel| 12 7Fd A 7F 7es| R

AL A de] BeAVIRE, B, £h Fol FHA RES s Aol mydst. wi, g A
A9 A2 ol =QstE A, AF, v, ok=2E T 7t £EE, 6N(99.9999%) 4, ubEH A=

7N(99.99999%) °]’¢(F EwE =S lppm ©l8h, wFEHSA= 0.1ppm ©]3h) 0% 8= Zlo] wpekshr).

g3, Al 1 e AR 24, e sk AT AEd wEbds, Al 1 7FE Al o) A meke] Ak
st WeAlS(412)0] AAstetal, vAl AAs E= vZAs e FeE dv. dE 5ol 243 %Ol 80%
ol mAl AAe] AtstE WMEATl He FvE U o, Al 1 7kE AYE sl A BeRe Abske vt

EAS(412)0] 2AskekA] &ar, wAgEe] AbstE ATl He 49= 3 3, NgA ] Aste HbE
A ol Al AAF (A4 1om ©] ¢ 20nm ©JsH(HHEA 2= 2nm o] 4 ]o}))ﬂ EA et AbsHE WA

A1k AdelNE, dskE WEASE FA $2, B, R $47
st glont, o sbd Ae Al AsE wEAS 2

i)
ox
ol
o
RY
i
o
S,
N
i
0
=)
o
2
2,
—_

7t A Foll, 7pdsr Al sk Aol wEA st 7psr Al AR, Al 1 7AE A §, A8
A AR 2971 e AL 3 RS Fdehe E971(EAaba e =4 DA 7 A E sk Ue

BHEAE o] 2 AT B =l AFE ASAN T, 4 A
@ % ol 3 Aol Yekelw F},

olojA, AAZ(07) L AE WEAF(412) e, BATS GHIT. EA%S, AngPyot 1F FF
Hol| o dAstH Ay, =AYl A E=, Al, Cu, Cr, Ta, Ti, Mo, W, Y 59 % A5, o] 5% AEE
qRrom s FF An, BAAS 2 35 AFE 5L 5 4t EO4S b 35 AERR: 4
SIF(In0), A8 F41(Sn0,), AH8h ohl(zn0), AFSFQIE AHalFA] T (In0y-Sn0;, 1T0R oF7|aheh), Akslelf
abstolel i (InO7Zn0) = A7) 74 A5k Amd @ w= A8 Ee TR AL o8 + 9

t}. =3, Si, Ti, Ta, W, Mo, Cr, Nd, Sc, Y 5 Al"o] A7]+= &=(hillocks)olW Y27 (whiskers)e] =AY
S A sE 44Tt H7ME Al ARE ol&dtdxE Fom, o] FAg, WEAS A 5 .

2
2]
Aok, w3k Al, Cu 59 ¥, Cr, Ta, Ti, Mo,
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1 Ad=(415a) 2 Al 2 A=(415h)& FAEE 5, dAXE viaas AATH (= 140B) F=x). A 1 A=
(4152)& &2 A= 3 =89l =9 dF%ew 7]%:6}1, Xﬂ 2 A5(415h) &2 A= F =49l A5 g
FHor Jedrt. 7M. Al 1 d=(415a) R oAl 2 A=(415b) ] ©E-7F EHol¥ Fo] H=s o s,
Aol AFsh= AClE AT dHAdo] FHER HP%@]&W. g, Al 1 d=(415a), Al 2 A=5(415b)&

st b, HARE vla3E JaAHez P4

PAdslr] gt HARE wxaE JIaAHoz A =
EE ntAIE ARESHA] gorng Alx v&S dis 5 Q.

WAL A 1 A2(4152), A 2 A(A15b) 02 ~HE el o8] U 150me] Eerure A s,

TR, =] oY Ao, AbstE WMEAS(412)0] AAE I L ol AT (407)0] mEH A =S 77t
= Ads] =dd Fdart o oA, B AAFECAA =, Aste AT U12) 0% ]
]_

l

Lo

0|

n—-

32

Ga—Zn-0A1¢] AtstE WEAE o] &3stil, E=xuo s EEus o]&3, HER drUYolig (Yo}, &,
st E39)S o] fFoRN, AkstE WEAS(412)9 AFUL AAHA] FEE i Joy, B o
W o] P dAHA Ferh. F, Al 2 2EAE Y9 A o, AstE BEAF(412)9] dF-E ol
Asta, FHF(85)E 2 EE Ao ® & 2 Qg

A 2 xEYL a9 FAANAY HALE wiad P A9 wFde, ZeMdolvt KrF #lo] A%, e ArF {
o] AFE o] &3t Hrh. AEE RIEAS(412) YA o]kt Al 1 A5 stkiF-e; A 2 M5 st
HE Zd o3|, $of = EWAEHY A del(L)7 AAdrt. shE | Ald Aol (L)=25mm W] Tre] »=3F
S Y= Ao, & an ~ 5 10mmz v]$- o] FHS xAbe] M (Extreme Ultraviolet)S o] &3t A 2 X
Ega gy 39 Eﬂz]"E w3 P AlY w23s et =AY 9% w3, AFET w1
24 ARE A, o2 &, Fol g4HE Edx2E AY 2ol (L)E 10m 4 1000m o|atE s A
T 7hsstth #%HXV‘H«] 2 S8 &g ¢ odar, volrt o HF gho] wig Fem=
= = 51

A
oA, AAF07), AsE WEAF(412), Al 1 A5(415a), A 2 H=(415b) Sl Alo|E AAF(402)=
3

o] o

FASTHE 14(C) Z=x).

AllE AAF(402)2, Zet=vt OVDY & 2HHEY 55 o]83td, At A3, 23 A3, Atsid
st A2, dsitsl AdeES, e Ast RS 34T B AF5se g4 5 9.

AlClE AAF(402)S FAAY ddle, a7 23HA GEF st zlo] npggsitt. o= ), AU A9
74 FAE U Fole Aol e AdEHEHOZ ACE HAZ(402)S A9t Aol
v siet, 2HEH W 93| Abst A E9s duste Ao, EeR AYE B e Y ElS
o] &3l AHEH 7R b4, e AkA F olZ o] &3 VtAE o] £3)e] Tt

L3k, Alo]E HAF(402)2, A 1 AF(415a), Al 2 A=(415b) FellA =AWNZE Akt A E53 A3t A8
T A 22 & R Q. o E 0], A 1 AlolE AAFoZ =% 5nm o] 300nm o]3Fe] Abs) A
FZ(Si0(x>0))S FA3taL, Al 1 AloJE HAAZF Yol Al 2 AolE HAZFo 2 w3 50nm ©]A 200nm ©] 32
A3t A ZZ(SiN(y>0)) & AZ3ke], 25 100mme] Alo|E dAZT o= st Foh. B AAFE A=, &
4 (0.4Pa, 259 AY 1.5kW, AFA 2 ol Z X (AFA FH25scem: o2 3 25scem=1:1) #97] SelA] RF ~
HAelgGyo] os) 25 100nme] AHsl A EES FA st

olojAl, Al 3 xEFA T A 93 HAXE nA2aE PYAsta, dHHoR o HE sl AoE A

Z(402)9] AdH= AAZoEHA, A 1 A=F(415a), A 2 A=(415b)o) &= N T-(421a, 421b)E FAITH =

14(D) #=x). A, HALE vtx3E JAAHeR FA3= AFS, XE nfxdE AMEeHA fornz ) Ax
A

Mg A7

T

o =

oJolA, Alo]E AAZ(402), E 7F-(421a, 421b) 9o =H-9S A4S =, A 4 X E L T3 T 9
3 AlolE AF(411), A 1 WA (414a), A 2 WA (414b)S A so),

l

AClE A=(411D), A 1 wid(414a), Al 2 wjAd(414b) o] As=, E2Bd, HYE, A5, 98, G280, &7

=

F, 8, UetE, 27tE 59 75 AR, BE oS FARCR = IF AZE ol&dte, dF T
A5 }O% A3 4= Qrh. AO]E AF(411), Al 1 wid(41da), D A 2 wjA(414h)9] 2% Fx] FA R E,
dFuFF Hdd FFEAIT AF5H Fx, FET Hdd BRI HA5H 7=, 7S5 fo I yHuEs
TE 23 gg3Fo] AFH Fx, £E A3 HEE Yo Z2yudZEo] Iy T2 & £ dv. EI, 3=
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o]&F, & 15(A) WA X 15(E)E o]&3lo], 713 (394) 9ol EWMA2E(390) S A Zats= ol dis) 243,
A 713(394) 9ol =ALS FAE 3 oA 1 xEYL: 2y FAHo o) AolE HF(391)L 3
PAE AoE Ao TiE Holy #4A A fo HAFdte AoE HAF9 HHAo] A=A 2]
stk 3, HAXRE vix3E JaAYPoR P4t Erh. HARE vpAIE JAAYPoR FAshH X
E vlaa s AbgeA] gornz AF HES A 5 Q).

o714, 713 (394)9] Azel tisiAE, AAFE 3elA AW 71940007 TLTF A ALT 5 At
T, AClE A3 sy A W T2, AAFH 34 A AlolE = o 5
k1

g, 713 (394) 3% Ao

o]

4

o ¥eE Qa0 B PASE Jvel du, A8 AT, sk AeEw, dshis AR, we
= g

(m
2
U
w
O
—
>~
Rl
o
9
o
ol
>
=)
9,
®
s
i)

olojA], AlolE 391) 9ol AloE HAF(397)S FA s}

AClE AAF(397)2, Zetzvl (VDY E& AHEHYY 55 o838k, 4t A5, 23 A5, 4sd
3l A EF, d3el HAEEF, £ AE dRuEES 9F B J55e 48 5 Jduh. 3, AoE
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