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Zol npgh ], o] AH9-of, stAa JH NFES FAATIA Za F o] Frd & 9l

3lA 99 (142)2, 3t AF(122) foll, A1 wigkeh(124) 3, A1 wigFeb(124) 9ol AlFd AHF(162)3}, o
A5(162) 1ol Alsd A2 wigke(164)2, A2 wg(164) Yol AT e A=(158)3, digk d=H(158) ¢
of AT 7] Be HAT(156)F, F7] BE AAUH(156) ol Az 2AMuh(153) U AFEH(154) 7, 24
2(153) H AFFEH(154) $lofl AFE A2 713H(152)S £33}

o,

s AF(122)3, A MFU(124)3, AAFA62)3, Az MBFUH(16H)T, NG AF58)e] A, EA &4
9l oy 2AH(150) 7k FAslo] ks Aol frelshok dh.

AClE =gtel] I ZHF(140)0] oA, A1 717 (102) 7, A1 7]13(102) Hell FA4® AlClE A=(104)7, A
o|E A=(104) #oll FH AllE AAu(106), AlClE AAu(106) % AHakar, AlelE H=(104)3% T3t
5 Asd HEAF108)7, AlClE AA9H(106) B WHEAF(108) A4 FAHE A2~ A=(110) # =dEd A
Z(112)°] 9al, A2 EWAAE(103) D A3 EWA2E(105)7F FAH] ).

o

T3, ACE =goln FEAE(140)E, A2 EUA2E(103) 2 A3 EWAA2E(105) o, FAHOoRE Aol
E dduh(106), H=AF(108), A2 A=(110) 2 =9 A=(112) ol dA49 Al 530 dA=(114) %, A
1 22 49 (114) Yol FAE A2 &7 dd9(116)S £3+3lr}.

%, A3 T3 2AE(120)2, A F9(142)9] A Jde] Ay AFEa, A3 3 AAE(120)9] TdE-=,
TE 32 g9 ACE =golH IZH(140)HYE US| FAdET}

A7 FERE, YFEREH EYFE R BEe 3A A R A 2 o, T2 Y 7tRE, AClE =g
olH I ZHF(140)2] A2 F3F AAur(116)2] Aol H=Eg = JA . wElA, Al EWAX2E(101), A2
EWA2E(103) 2 A3 EWMA2E(105) o F1, 4 59 7t EYEHe= AS 9AS = v

f7] A ABE ALt FAEE A2 27 AA(116)d oA, TA AAd EFEE EAAAE 8FH
5ol ARHEE Heio] /Y F7] B Aus Do, oRAL, EAXAEY 9F To Ao, &
Al A9 s FFAIA S A B "ol ey, 7 Sol deld o, s {1 A AR,

& |
A, R EE 7] QRS Ttz A WEd

AT (108)l, AeZA v AF AgZHs AMgsE EWX

71 A9 7ot 2 EAE 2 JbsAel Wk ey, B i ‘6& AAl Felol 2l

& AbEE MheAvhs ARESte] FAE AL, webA f7] Ad ARE AbEste] FA4W A2 3 A

FHe 7t2E oo AASA WEAD Zart drk. WNEAF(108)0] AtstE WHEA Y-S ARS

of, A3 F3F AAE(120)9] W7}, ?LE ﬁi g9l AolE = o]lﬂ 3] 21 (140) Bob =
gl A o]&fe] Am(4

A S (108) S Zt=

¢

. b

e =

D A
Hm OlN'

)

W e

ox M o 5 2
*

iz_ Z]

O | O e .= A ¥ B VR -
Tgéoﬂi':
off ox &
(mome = ob

4o
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ol
o
=

1
240

>~ 2
il
rO
=)
ol
i
>
i)
i

-
rlr
i)
o
oX,
2
AC
ol
et

>
>,
oo
ols
ol
of T
oX,
(i, e

N
[>

a8, A3 22 AAE(120)0], AOJE EdlolH 3] ZH(140)0] AFLHE A2 EWAAE(103) D A3 EWA
0 AAE(116) Qo AW, A2 3 FA(116) Wl F7] 2 AREEYH UE

TpaE, &R Fakd = glo], A2 EA;MAAE(103) D A3 EWAAE(105) o] <1dE Tt

Aad 7] A ARERE WEE Jbavh, EdxsEe) wEAZ108)0] AHGE AesE sEAe] Qs
At absE GEAT YR BEERd BQEt. o, MEAF108)S Ages Edxade 54 ¥
A

fxzAHoR, & 20 ZAIZH, AolE Zgloln] 3 EZH(140)0] AFEEHE A2 EWXAE(103) Z A3 EAX AE
(105) Sl A3 F3F dAur(120)¢] MFE T2, S A3 3 AdA9h(120)0], A Y (142)9 YFol AT =
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[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

APlE A9 (106), A1 A3 dejFHo s, dgo] AL At dejduo] ARgsa, A1 A3} de29
el A2 dsh deFHo s, sarh A WEHL Ryt A WEH s At delZeo] AlwHa, Al
2 Azt AdeZut 9ol Atst dduo] AlgEs AT Tx2E ZES IE W, d3e] HowN Favk AA W
ZH 3 gEYolrh AA WEHe AClE ddnoewA FAdd & k. wEkA, AlolE ddw(106) el &

o]
pos
TEE T4 B "LV %Eiﬂ%—(loS)gi ol Fshz Zlol, oAld 4 3t

AolE AAT(106) 024 A5 delzute] Apge, olste] g gt Absl Aezue] waA, A A
daute, wgAsol wov, BEW 44 & |2 w2 Aes At @A, Aos Adn
o BYH FAE AL S vk webd, Al E@XZE0D), A2 E@42E(103) 3 A3 =@ 28 (105)
o Wekel Ast7k A= 3 gkl FEel, A FH | AgE EdAzEe] 4A shav} oA & gl
EG, A= AF100 Tt AgE R, AE A0 HeHe A= ddui106) 024 A5 Yel@
vto] ALEE A%, TS GEUl BAE Abold] wrgel oAE 4w, A5 JelEviomie shdlol
o3 WEH e} LA Sk bsE & AgEE o] Mg,

OX‘# op
to rlo
ne
N

ASHE EATE WEAT09) A EAASE Qo1 dake wed st Aol dsttel Aw

oMol Ei A A o] 3 ZAGAW FHLE B, EAAxHe FE A%, fEgozs

o e w AXEAA L, ANAANEE A9 & FUAE, o HBAUAEE AU e E

WAZEZE & gez @ w sdel ARE @ 485 WRAYIEE ALW Aol AGE et o] A,

EAA2E gl 97] S4o] MEHGD sk Ak k. webd, dgel A A% Yelzue o= A
E

= =
duto @] Algstoza ¥ zgte] Lo wleto ol A|ZE W EUAXAE 7o Y] E
4 At
AlelE A (106)e, 3ty Al EMiSi0), Aa7F H7b sty A Al EMiSION,), da7F A7t
¥ STy AFuUC] EHIALON,), A8 Ty, i 4k8E o]EH 59 highk ARE ARESte] FAE 5 2
o], EdA=E o AOIE o] A3 4 itk
AlelE AAuk(106) ] FA=, aFEAEAE Smm o4 400nm ©]3k, Rth vl SAI= 10mm €]/ 300nm ©]3},
Boh vk s A= 50nm o] 250nm ©]shol ).
AehbE WHEAE, Aok dE(In) EE obd(Zn) EE Indt Znd ¢%HS et v wEAS
AREET. AMstE BREAE ARRSlE ERAZE Y 7] 549 WES AR A, AsE eA
In E3= Zn o]l ahu} o] de] sujete|AE E3sl= Aol upehz s},

s

seEelA e dzAE, BHGa), FAGY, SERAD, FFAFAD, AZaFEE) Fol A, be ~
Bletel Aol dzA, @Ekla), AF(Ce), ZebdotE(Pr), WLTEND, AhE(Sn), F2FE), 71
(D), 2RI, UAZ2aDy), EHU), ZH(E), FH(I, oJHHD), L FHELY Fo
webieol =7} gl

2bskE MIEARAE, dE Eol, U ARE T d9 ARV AMEE g Ak As QlE, ARs 4, A
3} o}, In-ZnAl 54 AtslE, Sn-ZnAl & AteE, Al-ZnAl 5% AEE, In-MgAdl 54 AFskE, Sn-MgAdl &

& 23S In-MgAdl 55 AHsbE, In-GaAdl 55 AHeE, In-WA 5% 48tE, In-Ga-ZnAl 5% AFeE(1GZ0=FaL
T %713, In-Al-ZnAl 5% AH8E, [n-Sn-ZnAl 5% 4t8tE, Sn-Ga-Zn7Al &% 2bsbE, Al-Ga-ZnAl &5 4t
3}E, Sn-Al-ZnAl % AH8}E | In-Hf-ZnAl 25 2F3HE, In-La-ZnAdl 5% AHslE, In-Ce-ZnAl &5 AHstE,
In-Pr-ZnAl 3% 2FstE, In-Nd-ZnAdl &5 2H8bE, In-Sm-ZnAl &% 218tE, In-Eu-ZnAl 5% 28tE, In-Gd-
Al 5% 24sE, In-Tb-ZnAl 4 AtstE, In-Dy-Zn7l &% A&, In—Ho—Znﬁ] =% 2FslE, In-Er-ZnAl &
& AEtE ) In-TmZnAdl 54 AHEHE, In-Yb-ZnAl ¥4 2HsE, In-Lu-ZnAl 5% 4tetE, In-Sn-Ga-ZnAl &%
2k, In-Hf-Ga-ZnAl &4 AgHE, In-Al-Ga-7ZnAl &4 AHsE, In—sn—Al—Znﬂl o4 2t3kE, In-Sn-Hf-Zn7
w4 AtskE, 9 In-Hf-Al-ZnAl &4 2tshE.

, In, Ga B Zng FAELRA sk AstES ovet, Gast Znol

& 59, InGaZnA w5 AsE =3
= e gloks Aol folefor ghvh. In-Ga-ZnZl &5 At8k=E, In, Ga % Zn

ek Ino] Bl&ol ot

olele] F& AxE HT F Ut
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[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

SE546] 10-2081468

et o s, AbstE WEAIRAE, M0y(Zn0),(m 0XTF =1, A7t obd)os w7|H= ARE AHE &+

ATk, N2, Ga, Fe, Mn ¥ CoZFH Aelx 17] o]t w4 A& YUehdtks Ao fosloF sttt oty
gi,&ﬂ%%ﬂﬂﬁﬁt,m@&@m%mTOEq%%@$Mﬁzﬁﬂ = AEE AT 5 9

A5 Eol, YAFHIY 1:1:1(=1/3:1/3:1/3), 2:2:1(=2/5:2/5:1/5), %= 3:1:2(=1/2:1/6:1/3)%] In, Ga % Zn
& FReke InGafnA #4 WSHE, EE 0 240 Y] 24 Twel ASEE F doe] AL A8
T AT, ditFe=m, AXSFHIZE 1:1:1(=1/3:1/3:1/3), 2:1:3(=1/3:1/6:1/2), %+ 2:1:5(=1/4:1/8:5/8)%]
In, Sn % Zng FHFHE In-Snindl B5 DSBS AT 5 Aok, A wuARe] Aol geiA o)
72 QAke) mge, oAzA 2060 WA WES 5 Aeks el feldof @,

S, 3 &Ae oEd @AEA @n, Bew st wEA 54 2 47 SA4E 5W, A4 &y
oJBE, $E A, % WH) we 4Ad 24e 2 ARE AT & Atk W s vEd 54
& Q7] AAAE, Alel WE, HEE SR AT W, FE Qadk Gas) LA, D4 AL, 9 5
& HashA agats Aol g st

A% Eol, In-Snzn7l B4 ArsEo] ALgHE ASeli WA golat e oBust Pojd F Atk In-
GaznAl F4 8ol AguE A9ol QoldE, WA A% WEE wHFomM A4 DN oFEE ¥ &
2l

Ed, BEAZ0)6] AEE F At FE sz oduA AL, 2eV o4, MEAslE 2.5V o4, mr}
Al eV olelth, old@ We odluX AL b AEE MEAUTS ASFoRM, EdAsHY o
= ARE ARE & Ak

oloj Al WREA|Z(108) & 2A ARG 4= Q= AbsheE WhwEA|RRe] ol thafx] A gt

2betE HEEAEe ) BdAdAd AbsE BtEA Y 34 A AsE BtEAge 2 T4 HEEY. vaEdA AsE
e TS o-F AY AA AHEE =R (CAAC-0S: c-Axis Aligned Crystalline Oxide Semiconductor)®F, TF
A7 iy

c c A
2betE AT, vAdAy AbstE GtEA, vA-E bEE B EAR T FolA 499 AS Edbe).
g

CMC-0STHE, o] A4RE 2 AsE WEAT F shpolm, 74 Agye] gFEE 1¥le] 100m v]wel
QLA A SEAT. A, CMCOSHA EYSE AP 1891 10m T, 5 I B S

CAAC-0S=+e] T3 A=l w4 (TEM: Transmission Electron Microscope) ©]m|X|o] glojx, AAR 7+9

AA, & AR HA7E WEeA Qx| ek=vk. wEbd, CAAC-0SEH 1ol , AR HAN 7]elstE A} o)F
o] Ayt dojur] @i & 4 Qv

Azl vieF Wala whakoll A T=% CAAC-0STHe] TEM o]u x| (bl TEM o]w|x])o] ]abd, AR R glojA,
B4 AR Ao wldyo] ul. Z4zte] F4 9x =& CAAC-0STro] A o] ¢l wW(o]d}, CAAC-0STH
o] FAH e W FAHH

g% ) FEE CAAC-0SHRe] Abdol o)af WkAl®El R Z 2 X](morphology)E 7}HA|
Hol| HaYslA v AT).

A S CAAC-0SERS] TEM ol ul X (3T TEM olml <)ol elalw, AR Rl 3l
AL At WA EE S7 gaew wdsel itk eu, te A4y A, 7
ll

o AAel ol o ", 2719 A gl FAE 7= 100 o] 100 o]

mebaA, Ze7E 50 o] 57 o]gkel A9 xIFghrh. wgE, go] A", 27 A Fhe] P A=Tt
80" ©ol% 1007 olstdl A& urEhar, wepA, Zb=rE 857 o 957 olakel A5 EFeit.

o TEM om A 9 s TEM ow| Ao A2 e, CAAC-0S|F Wle] AR oA ujgke] it

CAAC-0SEHS, XA 3]A(XRD: X-Ray Diffraction) FXE AM&3lA T2 €. odE& £

& 2t CAAC-0SHHo] el (out-of-plane) el ofsf A=, 3dz4(26)0] 317 ¥ of =7} A5 Ut
L= ﬂﬂﬂv%h:IﬁﬂMVJQ@A(%%ﬁoiﬁﬁ<wq&gﬂy]_CMC%qo )
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