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1 A= HE Alo]EE EUWAAE(550)9] TFERE EARY. E lax EdUXR
iﬂ%%ﬁ]%ﬁEﬂi,ElﬁfE%]*H%%%J%ﬁ olt}. = 1bx = 1a9 A(P1-P2)S ulg} dojd ¢

EWA2H (550) A, Alo]E A=(511D) 7] Al°lE HA=F(511)& HE AllE dd5(502)0] dd WS 2
719H(500) 9ol AgHTt. F7] AlE AF(511)# FHsh= AAE AstE 9| (513c) 0] A7) AlClE

AZ(502) ol AFHY. =3, Ax F =9l AFoz yEsks A 1 d5(515a) 2 Al 2 A= (515b)0]
2bshE WFEAS(513c) 2 Aste] AlF o] Zhzhe] g7 AlolE

A ASG1DH S8 @fE 2 dn. =9,
A7) AbstE B EAF(513c) @ AHekal 1o Ad A 97 FHse dAT607), B 7] ERAAE(550)
& Yv B3 dATF(508)0] AlFHTt.

2 Ao o] &F AR NMtEAle i-H(FA) AEE NeA e Ao -8 (FA) 4tgE wkEA o]
o. A7 Jﬂzﬂ) e AddFowr -8 AEE wMEAE -8 B5ER 7Sk A0 AAY L, AHEE
A7k GAE o] AtgE WtEAe] FAHREC] ofd ELEES 7H53H A9 R34 E=F s Wae=
doj e},

47 AR ASE wEAE G 4L AdelES EEn, 19l Aele] FEE 1 x 10 /o wrk W, v}
BAGAE 1 X 10 /en BT} W3, O v ads 1 X 10 /on BT} BThe Ao Folsit), ol 4o
ANeol5e o= e = AF(QI 8 AF)7} 258 old 4= A F}.

FAReR, A7) AsE wE AzEo A, @3 el sxeh =9l Alolo] Ay
Zo| vlolmmuE ¥ ¥4 AR %15(32 AH AR WE)= 3570 As-caol Motw Fo| o (0
=m0 25C)el A 1002A/m(1 X 10 A/mm) B ZAG ok 2= gl et atAlE 1024/m(1 X 10 A/m) 5

o gAY Pobd 4 glon], tg mhatAsAE 1A/m(1 X 10°A/m)urk A gobd & gk,

EE, A7) AAE S MEAFE TFPSHE ) EAA2EA, o du) AFe] en dFYe A #
A grow], O g ARE 1 FE shlAE F8 4w} ek,
e, 7] 71R(500) 919 47 EAAZE (5009 AS Bl & 2a WA % 208 Fxste] AwE Aolu,
BA, ] 84 RAE 2 ] IRE0) A9 GYD F, AL AFGLOE LPHE WaZel A 1
EED LI G o) FYRG. B FAANN 4P EAALES A% FHo EEeLady BAE
T Qs AN QA el o8] AAE ohAl GHE S Aok Ao Felwn. A w9
F AALE vhane] Yo TEPAAE 48R 84 gorl; web, A% gl FaE & At
woANaldA, fe V%] A EWS 2 7|w(500) 0.2 o $HTh
714 ete] s Aelmto] 47] Z1R(500)3 47] Aol AZ(511) Aol AFE F Ak, A7 AT 4]
RG0S REE BEE A S, BF EE JERY 2 929 34, 9 240 2o 3gd B
£)9 e WASE )5S A, As deEet, sk AeEe, dshiet Aeaw, ¥ Ashdst A
o sh} EE 0 ool¥e TS ©F PR Ex 43W T2 2uS 948 + A
Aol AF(51De] Felugl, Beky, @8, 92u, ARy, 7o, MeUR, Bt 20FG 2 35 A
T e FHRoRA oY@ B4 ARE F U0 AL PRkt FT ARE TS wF T2 =

o, s1Eo] Ulsh F4:(refractory metal) A5 23] ALgEo] YR
| whgr e Aol Felad. s 24 Auwd, B
| A%, Fol olgd & Ut

TFel g AgsHE A9el, Fel-vk - el (Culg-AlD) BFel 1A HE Fel Awsa 1 9ol 1)
A= 7Fx27F vhEA s, Culig-Al fael AleS el Askaetat 22 71A (base) Aol BAAEE T
NTE matE 2

w, AlClE dAF(502)0] AlClE H=(511) #1o A, 7] AlolE HAF(502)2 Eeh=rk (WD, =



[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

2 A AeE A2, BEEEES AASIe R s oA e -8 e AdAHez -3 2lgtE
HE= A7) o] ¥}, o3t AAE A3E WA= AW Ae] Y:(interface state density)$} AW A s}l
=53] Wby ; wEbA], AbstE HEAS I ACE HAZF ARole AlWo] Fasitt. 133 olf=E, AHAE At
e BtEA 9l Aol AY] AlolE HAFe nEHES 7d davk gy

g Waw glol, Wl 4] A= A9Fozd nEA dAFe YL sbsed dvhd, 2dEIY =
= Bzl Do 2o o g4 el g 4 vk, E@, o) o FAd, AAF AsE v
A Apolel Awel 4o AAZe] Wy Fol AR A Aol ola AAHE AAZo]

SES I

=
S(513c)ell A A off, RE=A 54 50| ofshyaL; 5 U
S FskAl @ Aol uigtA st 7] AlClE AAT(502) 3 AtsteE whEA|vto] Thsshd AA g4, A
71, B oais drelr] flske], atshe wheARre] w g e] dAE] (pretreatment) 24, AlO]E A=(511)°
G4 = 718(500) HE= ARIE HAF(B02)7HA] TEl FAE= 71 B00) o] AdEHH Ao o<
(preheating) oA dld= o] FAwo], 7| (500)e Fo8 F4 T T 2 Eceso] A7 Ea A
71%= Aol mpEAsit. dd Aol Agd wy] FRomA, A2te] & E (cryopump) 7k WA SHTE. o] 2§
dd A= AgE & dvks Aol FAg. w13, 7] LS Al 1 d=5(515a)3 Al 2 A=(515b)0] 1 9
of A= dAF(507)L o4 FAEA F2 AEe] 71#(500) FelM A A oE F38d ¢ gl

AClE AAS(502)< vl g9 Ask= 1t
[e]

, 23 200mmE T FAY 2e, vpEASHAE SmmE o AAY 23 30nmEcl AL e
Ag e AstE WEA|gte] AlolE HAF(502) o Fddrt.

ool o) AsE wEAvte] BAEY] ol ACE AAF(502)8] Hrle] FAHE AT BAS(E

A= -
AAE EE WA g BEF)o] o2& 7tAvt FUAHm ZekEulrt AAEE o A3 E Y (reverse sputtering)oll
o& AAEE Ao] vtgA sttt Add Fogitt. § AHHPE L B2 Fo29 Hete QIkgle], o2 9
7oA RF Y& o] &3te] 719 o2 Hsto] QI7tEo], 71he] WS WAAI7] f&f 712 Ao &2

AL
WS e ok= B8] WA, A4 29971, 2E 29971, A #9971, ol ol

dshg WAl 24 sty BLE olgele] ~¥EPM ola) FHUT. EH, V] sty whwA ol
A7ha(el® B9, ol2@) B9V, a B9V, ER HAha(E B9, ol AaE TREE EF 2
71 spell A 2o E "Rl o 9499 4 9.

SAEE 98] o] &% ASE WEAEA, tE 45 ASHEED In-Sn-Ga-Zn-07 AMsE wheA e 7
< 494 5% AHsHES In-Ga-Zn-07A] AFshE WA, In-Sn~Zn-07] AtshE WA, In-Al-Zn-07] AtstE Rb=
A, Sn-Ga-Zn-0A] Atsh= WA, Al-Ga-Zn-07] AtshE WHEA], EE Sn-Al-Zn-07] AtstE wheA|el 2 39
A w4 AFSHE S In-Zn-07 AbskE WHEA], Sn-Zn-07] AbshE WAl Al-Zn-0A AbshE WH=A], Zn-Mg-07 A

35 WA, Sn-Mg-07] AtsHE WEEA], In-Mg-0A] AMstE WHeA], T In-Ga-07] AH8hE wt=Aol 28 2997
T4 et In-07A] AHEE WA, Sn-0A] AbstE WA, e Zn-04] AbstE wteAe)l F2 dhdA F4 At
= T T do9 Aol olgd 4 k. HT3H, Si07F A7) AbstE vtEAC FfE 4 Ao, AkstE REEX|
wto 2ol AAstE Walste kst A E(Si0(x>0))9] H7b= ARt g4 AbstE wrEAge] A Fof &
Ae7F FE o AstE wtEAte] AASE JAT & k. AV, odE E9], In-Ga-Zn-04 A3E =
Ae AE(In), ZEGa), E ofA(Zn)S FFete AstEuts on|siy, o] 2AH|d 53 A3k g,
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In-Ga-Zn-0A] 2t3}&E HF=A|= In, Ga, 2 7Zn ©]|9)9] Y45 T/ = AL},
AbstE EAO 2 A, InM03(Zn0),(m>0, me AA7E ofurh)e] ehAe] o3 %

ATF. o714, M2 Ga, Al, Mn, ¥ CoRH-E A8H s} o]t & dAES YL, o & 59, M2 Ga,
Ga 2 Al, Ga ¥ Mn, Ga % Co, 5¢ 4 9t}.

In-Zn-0A] AF7} AHsE WEAR o] &&= Ao, AHEH Bl Y] (atomic ratio)® IntZn = 50:1 WA
1:2(& H(molar ratio)® Iny03;:Zn0 = 25:1 WA 1:4), u}+3 = QAAHE [n:Zn = 20:1 WA 1:1(E H=
Iny03:Zn0 = 10:1 WA 1:2), ©l% w}FASAIE IniZn = 15:1 WA 1.5:1(& H]ZE Iny05:Zn0 = 15:2 W#] 3
4)8] ZAHE zt=t), gF So], IniZn:0 = X:1Y:29] 9AHE 2t [n-Zn-07] 238 v e S FAdstr] ¢
ARSE EOlA, Z > 1.5K+Y9] #AI7}F kS

B Ao o]&H AksE WEAE Ing
AbstE BEEAQl Aol gL vt -3
=43} (dehydrogenation) 7} &3}%olt). &
3t AtstE HkEA|dto] P E T

o] vtFAsta, InY GaE sl
| $18te], &<=3}(dehydration) H+
3 In-Ga-Zn-07A] 2F3}&E E}AES o] &

@ o
oX,
i
oty
i
[
K
Y
ol}l-
mlo
2 ﬂ% Y

2[E H]Y 2AAHE In0;, Gal0;, ¥ Zn0E

_ﬂ_
1:1:408 #1119 2ABE In0s;, Ga03, E Zn0E TH-3t= 23S ElAlo] o]f= 4= Q).

AR gAY 2HES 90%ET EAY o 100%RT @AY gow wigAsAE 95%ET =AY gu
99.9%K.tF WA Zrh. e FHES ZE 35 ASE Bl oj&o®, AW jlkstE whEAwe] A"
vk S, B £ 99.99%8 T A 22 o] nigAEe | VAN BEEE, dE Y, LI B
Nao} & ozhe] 453 Cadt 22 &2y Exdo] 53] asE 3lo] uighasith

APEHE RhmA Y] PYAA] o] & AFHY ThaRA, FA B, FAY], BE F4a%kE (hydride)d 22 &
EEo] A aeE 727 ARRE e Alo] vttt Al R -60TCHY AV e o]EH S e
A kb vpEA Ebe

7Astsle] v A Ao v)so] YA HaL, V@ 2= 100CHRY =AY #a 600CHTE WAL 2e ) ulehE]
A= 200C KT =AY 2ol 400CHY $AY e 2 A, 7o) 7HdEE A AHekE wie
AutS FAshe e o3, F4E AstE HEA T FqHE BEEEY v&2UF gad F dvk. Av, 2~
HE Gl ok &4 gad F Avk. o)%, v FAG AW IF{ FRe] AAEE 5, Fa9 Fiol AA
H 2HEH" 7t YL, 7] BLE o] &3te] A7) 719 (500) $1ol 3] AbsE wrmEAuto]l P T
oE@g Ao AR SRS AASY] ko], AgpolE, ol X, TE HEH 3 X e FF
21 ¥ (entrapment vacuum pump)”t ©]-&% = Zlo] vighAsith. wj7] ok FE Edfio] AlTH HE FZd
4 k. AgeleHE g wi7|EE 9 A WA, dE B, Fi, B 22 F2E FFEe SFE
o ug s AE, B3 gAE FReke SEE), ol AAE, = A Avjox FAdH AstE wrEA e
i BEEEY w5 A4AE ¢ Uy

H
e HA A5 dE2A, 7Y gAY AgE 100mm, $ES 0.6Pa, FAF(DC) AYE 0.5kWola, £97|=
2k B 7 (AR )= 100%) 0lth. B HAE AAHE JHF BERE (TS dAE e dXER EY)o] 7
29 3 9 FAV FdsiA 2 F lerng HAxa-AF Aol ufEA stk Ao o)

g AA Agl AW FdE(leakage rate)o] 1 X 10 "Pa - m/ilﬂ_i} ZAYg A AR o)
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(normally on)ol ¥A 3) H= ol ske] )7t e, Hrhaes, o L3 SAE] Wes v
128 EAE 53] AbstE WA $£4 7t SR @ 2
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[0295]

[0296]

[0297]

[0298]

[0299]

[0300]

[0301]

[0302]

[0303]

[0304]

ot AF @R A7 AAAE (72000 3 AT AF ghell o, 3, R29F 2= A4 Y
EW@A=E (70000 A7 gkt AMAR S ghs dERn. A @R2)2 7] ERX2E(700)7F =L @ Ale]
E éﬂ?ﬂ%" A el -gerh. 7] ARAE2 g (C2)S 29 ACNE AHWNE=(ANE A= 2 AT
2oEE]l A=) Z4zhe) Afolelq FAE AvAEL B AClE A3 AE G 9 Atelol dAdE A

_4

)0 AFAR L Fholl o5 gt
EWJALEH (710)7F 2290 A4

Foll 22 A ==l AF Abole] AE gh(Ed fra AFelgia: E9)e
ROSO 9l&] ®71ET. EWAAE(710)9] AlOE FAo] Aus] Fe zA dlolAl R1Z R27F RI>R0S 2 R2>
ROSS] BAES WFHE v, HES HF3t= 7|7H(ES dolE Hf-(retention) 7]7Fo]gtie E3)o] EdX~
H(710)9] 22 e AFel o F2 44g€ct
St 7] BAIEC] TEHA ¢S w, EWMAZEH(710)9] X gdH AFIF FEE] S wEE FES B
717Hs SHEE AL oY@}, ol EWMAAE(710)2] o A AF ol9e ¥ AF(AF EW, £ HF
I AlE A Alolol A AAE A ARF)7F 27] wiolth, whekA, B AAjd oA AAlE WA X7} d
7] BAEES WEshe Ao] upgA st

Tk, C17 2= =
O] ER-(FG) 2] i%*ég xﬂoiﬂ g Al 5 M ZeElA
7] wZelw, webs Al 5 ujd e

ZHA el 4 Q.

;é
(‘)
\%
(@)
\\}
Ll
rﬂ
i
_O,L‘
rir
oy
o
m
=
el

A3}, o, Clo] kA, A 5 wiel o8 £2d A
o] 7] By Alol=y
4= TA4F v-2= Td

A7) AL S ), B GEe wwA AR7 TEE 4 vk R RE EAX2E (70009 AelE A
F3 ANAE (72009 DAl ola) Ak Ao Fel@r. C13f C2o dAAE B TE 5 A,
b, Aol Azl AR, T, Bol 4] WAES WEHES Qs AAHE Aol vk,
WA wEA gAA, E2Y AERFQE A Wre Fo Fzy AdE Edxsme Ezy
Aol A% FEF 715e AW, B Axde] E2g Ao ER(FOE ZUA vz o F2Y Aol=9
A3 BAHOR Fold B4 vk HeA WmeolA, AEE Aos] 98l AskE Aol 7] WE
o, EXEo] AT Ao F2Y AoEd P AAE AL BAS] Astel AF Aol A ANE
A Dask Q. ol WEA FAE] HAARE A LLE F shbolt. oldF Akt FeA vw
2e) thg 712 Aol AABTh HEY A7 we A7el cdvtel elsl Ay,

w5, Belal vwee] 47] Qe wEel, ddvte] s A@Ew e A7 I55E 100 94 10
&) el Aol the BAsk BT,

e AXE= =2 AA7E B L (F2H 3|2 (booster circuit)$) &) &
=+

AATE (720) 0 E3hE dAFe] Fd G (erD)7F ERAAZE(700)] T3 A5 4 FF(er2)oh o
A ]\_, 2=

2 4ol 2 225103, s2=51)0] W MH Cl1=(28 WEAZIE e 4, o714 S1e AsA
H) EgE U3 Adeln S EBAXEG0) AE ARNELE GYAS d93)
WA 12028 WFATE AL 4
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[0306]

[0307]

[0308]

[0309]

[0310]

[0311]

[0312]

[0313]

[0314]

[0315]

[0316]

[0317]

SE54d 10-2268217

Axpgol e Aelol 5 ALY EAAZEA 7] AN ol gHul; JFEe] v AelolEel p-AYY
B A9 EAA e B o gE S ke Ae B9 A0 gk e Foled

= kel o], o7)A JiAE 2 el AAleo] mE WiEA A

42l
o T ARx g 457} &% 7=
g =23 =

712 EdA A 9 Y ARLE 39 Lx(eE 5w, 25C)dA urEAEAE 100241 x 10 A)RTF 2
3L, o vpEAs A= 10 zA(~L x 107 MR FAY 2o, 0% 1:1 u}akx]g};ﬂ:: 1 ZA(1 % 107 MR ZAY
2ok, dubAel AP E wheAe] AL, o]#d zZe o F A AFES AFHeteE AL oHor. aEy, A
z7 sl A betE MR AE H2ske Ao o8 dojxl EW VEMW 3z} = Ay AR AHE 5 9
o oA, AbSE BEAE X2FEE EAXLEVL 7F EWARAAHE o] §HE A o] upgA st
Attt AtshE MEAE ZFse

A ol FETF vy uhg wollgts 29H £E7F FEE] =
HE o]&3t= A o3, ==

ZFO. o
—

x

t!

ot EdxEE 2o Bl 29 (subthreshold swing)(S 7h)& b, uhel
- Itk weEbA, 715 ERA B EA EdA s
AsteA @ 5 Ao, =

8 4y
;O

F

S Ae AF7 2] o , 5 .

2B 24 85 NEAE E3EE Edx iaé 01%0}—5— Aol ofal], dolHe] A7]Fe] nfow FPhd 5
%

I EUXAEL 9F A AR Aol ANt BE £ 2 ZUEA77] YEte] ngkow FAEE EWA
A 2~E7t 5 EAAAER o] &He o] vttt dF 59, 1 Yz EE XY UE 294 £2E8
Zte EWAAEYF B35 EWAAHE o|&HE Flo] nigkz st}

olge WAoo AStE WMEAE ¥FStE EWUXAEHIF 7|E EWA2EHE o]EHa, ASLE REEA] o]9]9
BheA Aws ¥dete EWAA LBV 95 EWAA2HE o] 8d HH el AR olgd = 9=, A )
OJHE HFsta n&Eo R Ho|HE #F5dte Zlo] et WA FX|7 dod =

o AAdo|A AEE FRE, MHE, So] g2 AANdENA Auy e s, 5 5 499 A FH
A3 =342 & U

(AAo 6)

o AAde) A, o7 A A B dme] AAjde] mA] Ao HE oEo] k& 14a @ % 14b ¥ = 152 W
A &= 15cE FHxdste dwE Aol

% 14a ¥ % l4bEe 747 & 13ald =AE F49 vteA] A E (o] 32 w3l Wiy AS(750)2 EH)S ¥
el WA A S ﬂilﬁ%«l o Eoltt. & ldat A7) WlRyg AE(750)0] AR HALEEE 429 NAND
A o] IR Eo|a, & 14bE W2y AS(750)¢] HER L= A9 NOR ¥HEA Fx|9 32 Eo|t},

T la®] Wr=A A= A2 gRI(SL), HIE 1BL), Al 1 A% ZRI(SD), J9 A 2 A5 H1E(S2), &
Gl 9E ARIEL), % 8ol Wmd AS(750)E ZFBTh. = Laold, Sl 2z gel(SL)F s
HE ehelBL)e] AlgHRoh B AAde olefd Fxel AT gtk B s BB Bae
HE 2Bl A3E 5 Ak

] A= (750)9 2zl A, ERAZEH (70009 ACE A5, ERALE (71009 A2 d5 9 =90 A=
Eal

F 8, a3 ARAE (72009 A5 F ek A= Av|Hoz A& A 1 AE #ASDF =i
B(710)9] 22 AF 9 =99 A5 F 0 st A2 dAr1doem AsHe, A 2 A% #e 1(52)4 EdX
2 (710)9] AlPlE dFo] Az rjHor HHArh 9= @RI AWAEH (72009 AFE F o st
7t HE Ar1Hez H&Hd.

Tgk, wimeg A(750)0] EFE EWAE(700)0] A2 HFo] Q1 wWEe A(750)] EW|ALE(700)2] =4

A ATl AVAem FE&Eh, wWEe A(750)d xFE ER l*Ei(?OO)A =y A2 AFe vy A
(750)2] EWAZE(700)9] A ASd d71Hoz A&EHETh. AHa J&4H S5 wry 48 F 3 “4#?4
W= A(750)° EshE EWAAE (70009 =8 AH52 HE 2l dr]Hez HEHTE Sl
42 AEE o mie A F v 9Fe vz A(750)0] x2FE EWA2EH(700)0] A2 A
22 #Rlol] A7|AH o R HE&HT).

x_{N
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T laol EAE W= FA A, 75 523 d5 FElo] dnir} FHTE. V5 A2 USd Zo| FH
. ERA2E(710)7F 0] HE '] 7]Fo] ed o] A 2 A% #RI(S2) ez A7tE], 7]Foe] 3
g o EAX2E(710)7F © L€, wgA, A 1 A5 FG(S1)Y EEldo] B ¢ EWMA~E(700) 9
AClE A5o= Fg¥ i, v Azl dalrt AolE A50=2 Fojzlrt. ojejg WAooz dolert 54 3§
of Mg AZ 7|5H 5 Q.

T, w5 Aol tEd ol FdEn. ®A, 19 AlolE dsow Fozl sl Adugle]l EdAAH
&

>,

(700)7} o] H= EEHo] BEo] S W ol9o AEe] Y= ARSI FFHo], H5o Fam
olgle] @Ee] EAAAHE(700)0] W STk, o]F, EAALH(700)9] & AH EE o gt EdAsY
(700)8] 7ol A=te] ool Wl AREE FAARE xed)o] Bho] saE B = FANL) O ¥

Y. 7§, 94F Eadel 22 Sl FFHe HE SABOR AEH BE FHZ(EAHA
W)t BARY. o714, wEo] £AY Ao EWA2E (710008 AT 22 eel(SL)F HE eI(BL) Aol
o W E@AZEET0°] o] sa; mebd, 22 el(SB ME eIl Aeld ARE
(conductance)7h #5o] F=ag o] ERAXAE(700)9] FEI(L vl E o u)el os) AFHh, B
of FAEE Bl 7] EAA2H (70009 AEEE 19 ACE AFe] Aol upeh W, aemE, WE
ZHOIBLS EMo] Wk Wsketh. W 2R WE eeld TAEe BEsE A0 s, 54 B9 vm
g ARFE dolest wEd & v,

Hil

_I

T,

]

(s

E

T Ubol E=AE WEA] A= B4 a2 #BRIE(SL), 559 HE #ERIE6L), 559 A 1 AE s
(SD), 559 Al 2 A5 Z91E5(S2), 49 = gAE0L), ¥ 549 vng A5(750)S EF3ch, 7+
w2l Ao A, EMWA2E (70009 ACIE A=, EWAAAH(710)9] A A5 2 =89 A5 F sy, 2 A
AEN(720) 9] A=E F shv7E A2 A7IHeR FEEh. 22 gA(SL) I ERA2E(700)9] A2
2 A7|H o R FE&EY. HE ZGQABL Y EWRAZE(700)9] = AT AR dAV|HoR HFE&HEY. A
Az FA(SHI EMA2E(710)9] 22 AT 2 =9 A T OE syt AR drV]HeR ALy
25 Z1(S2) 7 ERA2E(710)] Alo]E M=ol H7|HoR AR AAHT. 9= gAML 3 ASAIE (720)
of thE& HFo] M2 A7|Hoz HEHr).

-E “1\

ol

T ldbol =AlE WA AXOA, 715 2y @5 Fxo] dgwnit) S HTE. VF T2 & 14a9] WhEA|
X Ei FET. w5 Fo] v Zo]l FdETh. WA, EMALE(700)9] AolE
Fof| Fojx Hale] ATglo] EWAAE(700)7F SV HE xElMoe] AEo] FE 3 o]9e] Lo AE

JAENLE FFHY, #5o] F3E g o]eo FEof EWAAHE(700)0] © LEHLE, o]F, EWAAH
(700)9] & ] = o eyl EWX2E(700)9] AlolE AF AHste]l wEl AANHE A (HEH
XEld)o] ko] ald o) 9= HA(WL)ol FaEch. 1 Fol, 44 ”ﬂ*ﬂﬂ a2 FRJIESLE T3
of ME ZFRIEBLC HEE 35 32(EAFA &F5)7F SAET. 9714, 22 #RISSL) Y HE #1E
(BL) Atole] AEL7l fio] Fa= = o] EWRAEE(700) 9] e (2 ”FH EE 0 )l o5 AAH
. &, HE ZFJEBL)Y ETdldo] #io] $a5E o EWAXREE(700)2 ACE AFEolA el sl
gl §igsi. @ 22 BE gJE9 TS st Aol i, 54 e wWry AdE2HE doly

)

2 2 4 e dolee e A ool vixe
of AzEA ederh. wEE AE(750)9 At BAEHE HolH o e E:NX2E (700) 9]
15o) Al e 7 oolge] PUES g@a}—& Rl o8l F7kdE 5 Ao}, o =

Et:

WA 2~E (700) 2] o] 59| tlolE

[
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o
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s
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=
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e, E da @ E 14be) MEA FHE 52 99 o188 4 b B 2ol dEe] ® 15a uA % 1508
Fzsho] 49E solth,

£ st #5328 Agdes =A@, 47 B5 szt Sdx2Esh 34 (sense) 357 32 £
o,

dolEel WEA, BAN)E HolBsl BEEE vue Ao P& HE Beloz AT, EF, vholof
EWA (V)o] EAA2E ] A Aol lzkslo BN ExAe] AlojHr,

el A(750)9] A AgE volEel uwel WSt FAHew, dYd mRe] A(750)9 ERAE
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(700)7F 9 W, wme AL e A zan; AuE W 7509 ENAAE (7007 L2 ),

g AL e AP bt

e Aol ke ARe M W, @R EHEL 7F ERAVORT B3 44 FE7 fut dd
RN zaAe 7]

(W) T geshs TANE ST dH, Wme Aol e AYS A4 o,
F EUAWOET B g $37] Sze @) Tadd o

webd, W% S22 ol ek Aol o8, dolEst Wme AmYE wEd 5 dvk B AAde] B5 swi
F shtehs Ao Folath v 2 olgE 4+ Utk ¥E A=t T 2234 (precharge) I ZE
EHE 5 vk 71E EWEGL)S B4 B, 7E HIE elo] 3 $E7] s=e] 148 At

& 15be A S%7] RE9 A Ak #A FHVE =4

ro

. AbE A SE7= dE SAVL(H) 3 |
Ej- %X}'(Vin(_)), U%] %E—j. %X}'(Vnut)% 77%--—117 Vm(+)9’]— Vin(_)/\]'o]q j]'(ﬂ% %%}\‘Iﬂq— V()utL m(+)>Vm( )O]
o Ao £ FYol, Vi(H<V,(-)d e defior w2 ¥t As A SFH77F B5 3=
o o]&¥= ABfol, V(e Viu(-) T a7k 948 @A)l HEHA, 7E F'AE Ve ol Vin(+H) 9 Vi (-)
% ve sz e,

% 15ce A $%7] IR 101 A (latch) A SEH71E =A@, HA] A SF7= d9-549 A
E0V1 2 Vv2)F Ao 2EE(Sp 2 Sn)9 oY @AES ZErh WA, A 2

2% (Low) 2 2h2F A5, A 2eld (V) o] e}, o] %

v
of, Alo] A& =(Sp B Sn)o] Az (Low) H Aaigh)= 2474 A, A 'l (Vy)ol et Has
%é‘l— 3 ﬂ %(Vlm K V?m)oﬂ EHOH J’]—ﬁ](vlm > V21n)7]— ﬂ'é‘ﬂtﬁ_, VIQ—

o) 2o AE(Lowolm, e A (Vy, < Vo) 7h BEHW, Vo2 Ee] e 215 (Low)o| 3

=92 Az Migh)olth. ol #AlES AREshs Aol o8, Vit Vo, Abele] Apel7h S3&d 4= vk, A
HA FE717F 2o ol&¥= AFel, Vi 3V, T sy AAE T dAH M) =8 AR HE5H

o Aol dWE TxE

dstA =2¢4d + Ao

(Al 7)

=
£ 2la ¥ = 21b, ¥

=189 &5k & AAldel e N ®A FA(100) 9] T4
] %

olulx] A& 3 &2(110), AA(116), FA] Aol IJZ(113), ¥ FA S N 10
0O7F T3 9O A A EE Ry A FA] FAAQA Ao, WEeolE {F43(130)0] Fho=
=

olmlx Az (elrx A& (Data))7h T1ol HEE 9 ciupolzzREl oy EA FA (10002 FFREY. A
(116)0] AQ o 49 TAEE(Ee A9 LAV, *& A9 Xe

o
FUA(V), 183 FE ZTAE(V,,)0 E

A Aol Hr113)2 FFETG. Alo] ABS (A Ba(sp) 2 22 A5 (CK)7F BA Aol FH=(113)el 28

FHEY.

2o A9 TRAVS 71E TAAND ¥ Fudeln, Yo A9 TUAV,)S 71E T YAy 2

o Faldolet: A Foldth, Ee AU FTEAV)Y WHe A TAA(V,) BFE EAN2EH} 52 5

Q= EHAEQ Blo] uiAsth e AU TAAV) T Fe AY TAAV)S AR A9Sol A A A

o® U3 o ol gt
TE A TR0 S AFow TRE oluA A&e Tl s s1Ee] H wgE TaEa
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ERA (Vo) A4 (ground) EERIAEL

Hi

# oud TWAE B & Q. o8 Eol, 3%

ATt

»

N

Z(Data)= =E QIWH(dot inversion) T,
A TE, % of wel HAstA JAMER ] A7
oju A 2l& (Data)® HAE A5l Ao] nvf
ATH). 1 " A 2% (Data)7b ofgE1 A5l
St A FA X (10002 FFHE ol e

¢

o [H

Zhel AW s, AlolE #kel W s
(1002 J€=E 5 vk, GA AxkE F
o2 S, olnx] AEE Ato]e] zpo]7t 4
oﬂ, olul#] 217} A/D W3] Sl 93] =
Zo] vpekA sttt

ARl & XA Vol FEA Alo] 3R (113)E Fate] Ad(116)o=RE &5 A
(128)3 A=A E (211 2] A% F sz AvbET.

BA Al 3 2(113)E oluAl A FZ(110)A A E oluA] A&, Ao MEE(FAHoZ, AZ Hx
(SP)e} &5 213(CK) <k %3, xﬂ<>1 AZol 3y AA Apole] A9HS AoEr] Y3 ANFTE), AY EHl
(5L AY FaEW, ¥ 149 zEd(V,), 2 TEF TV, FA g
Walo]|E Aol AF(FAFo R, wgolE Ao} 3= (131)7} Welo]E(132)2] &3 QX E Aojsts 23 )E W
ZolE §4(130) 0.2 FHals 3 2o|t},

olm A g IZ(110)= U= oM A AF(o]mA] AZ(Data))S A, A4, H/%xE Agsta AP o]nA
AEE Aol Azl A HA Aol FE(113) = EH 3},

A5 E°f, oux AHeE FZ(110)E 4Y oluA A&(Data)E A5t A&7t F3
image) & 93k AR mE AHA o]u| A (still image)E 8 ANAE AAs 3, A4 Az
AZE A Ao JRA1DHE FFHIE, =3, Ay] oA A FR(110)= HA ojnAE
gt oln X A& (Data)Z2H-E shbe] ZHde] A olu[X]E $3 HlolHE FE3ta, FEF HolHE
=4 dolg7t AA ouAE 93 AYS JEE Aol A5 A EA Ao IFR(113)E =T

e, ojulx] HE I E(110)= +Fol= ouAE 93t ulo|gE ¥ &35l= o|nx| AlZ(Data) ZHE &3Fo|+=

tg lw

oy —

A
Qi

o
X ¥

onl N
o

e 2 Z o
i

-
BN
N
24
op
i 2
r1r

= A el A, g

ro
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-
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WA % 9% HolHE e, A5 ZAYSS AT HelHE FHH HolHA FHo: o|nAE 9
@ A depils Alo] Assl @A A Ao Az FIT - A

olvlx A HR(110)E 9 olwA Az (Data)o] weh gold Ao B Axde Ay BA AN 5
AT, B AAdeA, oW X A HR(110)7F omAE AA oAz AR W FAW FA BEi g
oWl A ®Al mEoln], oulx] A HE(110)7} o[MAE g0l omAR A4 u A5 B4 REE &

1
Aol = olu]x] EA LEo|t},

2 ANde dz A9E olvA Az Az(10E A RES 2938 A15e AE 4 A, B4 RES
29T e AL £oR b 9Y 4% FAF olgaks Ao o Ag A P B4 weg
Aests oz o Aol A1) g% B glo] LHlE oluA] EA REsE A ojulx EA B

T Alolo Al TA] REE A9AEE 7|50},

HEd 5 oA AP AZ(0)7F e 7155 F st dolm, tdgd ojnA Ael s5Ee] EA F
$Eo weh duE 5 ks R 9w,

FA W (120)2 & o] ZAE(A 1 7189 Al 2 7S 2FE. ATl 7 e Vs Aleldl JiAH

of, AA &2xH(215)7F AEG. A 1 7 9oll, 5 JE=F-(121), FFaH-(122), EAE-(126), R 29F &
AH127)7F ATk, Al 2 71 el 38 A=(128) (3 2% A= Ev 7heE dSelgta =)ol A

O B AA A, E A

Alese Al 1 713 2o A

2
ZIS(120) (270 #HRls) R 59 &4 215125 (A% &<l
E ] e

F (&g 38 ZHE(common contact)Bal%E EH)7F Al 1 7] = Al 2 7]
F7F A 2 71 Aol FE HA5(128) HE5d

49 Aol 015 ) 0] AR (122)0] AFTEH
9 stAaE(123)0] WiEY AR AlFHo] daEo] ACE #RIE(124)¥% &2~ #HE(125) o3 =Rl
T 2 AAeA d2 Ay %A oA, AlolE glE(124)0] AlClE <l T 32 (121A)ZHF d%
AL A2 2RRIE(125)0] A2 #l T 3| E(121B) ZH-E Addvhe Aol Fofgitt.

WA (214) 0, AlRlE d=o] sfat-(122)00 Aled Ho] AoJE #la(124) T shfell HEHar, &
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[0357]
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[0359]

[0360]

A% 9 =ued A3 F sk Bae a2 BI5(125) F ol EHR, 42 4% 9 =g A

P

o2 stk ASAIE (21D 9] AFE F shuel A Ax(215)9] A=E F i (S d7)d H&HE.

& 2te EWA2HI o] &¥ = Ao upERehy; AAldE 1 WA 3
A slel, EWMA| A (214)7F e o A AFES 7HHW, A3
1E1(211) a OWX*OE FAE 4 Ao}, A7) EWRA2H(214)7F T8
, 3A(123)7F =3 AVAIE(211) §lo] A4E 4 tt.

A2=E(214)7F | Q257] Aol 715%H dolHe duHE A AT F

oh;}

o =
= 5

EWX 2 Q) RN, e
oM dHE ERAHE F

to

o [d
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N 1.0
K
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=
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o e ox el A5 e &c
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o
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R
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A, el 1 st s

2
7193k Al 2 1% Abolel AR, AAZ 719k Wl W (in-plane direction) (9 F% W)
TE Pgol olgHE Aol fha ASW FF AT A4 val IS gl A
[e]

o
ot
[N
2
4
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ofl
o
rN
4l
flo
-
2
T
=
T,
il
o
N
i)
4>
X9,
g

Ao oAEZA, EFC'“O] Foid 4= At vvlE (nematic) A, T2 A4, »~dg
, Bl (discotic) AA, MEE=ZI(thermotropic) NA, FYLE=ZI(lyotropic) 44, A
A HA, aEA AR A4 (PDLO), %}vﬁ*é A, WA A, T (nain-chain) 474, =343

(side-chain) &=} HA, vps] a4y, 5.
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T (K& ®A AL (12002 FF.

ojulA] Az (oA Az (Data))7k ol HEH 95 Hulo]225E Ay A FA(100) 2 s5€T. 44 &
Al ZEA1(100) ] w1 A A2 ﬂi(llo)—“— oA dEE = oA AEE %Y. 7IA, olnA] AeTt &
Zol= ojuAlE A% AJA E= 1 ojuAE #g AAATF A@EIL o|w|A] ABTF FA o= oWAE 9
 ADA Bz A oJuAE g DA wt Fold Anrt 2 E= A9 AWdE Aol
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T3, 4™ olnA AF (o)A Az (Data))7F AA oA NL2FEH FHol= onA] Aoz A9xd o,
oln|x] Ay 32 (110)& A ol= °1UW§— A HiolHE 23shs olvA| A E onA] Aart FAel= o
nAE A% AL vl Alo] Asek A #A4] Aol F=(113)= E¥H7t.

U, StAER suE AEEe]l & 199 =AlE N Al FA ] FUF 2Rt & 200 =AlE EolWxEE
Fzsto] dvd Aot}

%200, EA AlY] FZ(113)7F AlClE #©l T IR (1212 FFshs 5 25 (GCK) 2 A& H 2= (GSP) 7}
SAlET, A, BA Ao FE(113)7F A& B¢ 5 I R(121B)E FFeE FE AS(SCKS A% Hx

(SSP)7F = 200 EAIET, 2E A5EY 29 gelUe AHely] gte], % 2004 2T N5 FPEol
wed Azvhes BART

= 2000, A2 #e1(125)9] el (Data 2H91), 34 A= el ©xp(1264)9] X8, whx}(126B)9] EEl
A aga FE AT zuldo] wAHT.
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5 20041, 717H(1401)& A o]E= olmAE 3?.7\13}7] %f‘ﬂ °1UIX1 AMEE] 7|5
(1401) A, olux] AEEF FF EZ'lHo] 3

w3l 717H(1402)2 A=A o|u| x| 7} FEA]
A AsEe] FEd TF A
F 3|27} 717H(1402) FH
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(S o i}
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(1402) A, EWRAAH(214)7F L2531, 34 AFe yalde Z2E A A =),

ATk7E, ®A] Aol 32 (113)2 =93 A& (127)7F ¥ =% AE7E J5s she a8 293 2x(127)9
A (1260) 2 FH3te], 3% A= zelde] 29 e A B,
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A7F AA ou A REE FA o= o|mAR A9 HE V)THE 209 7]ZH(1404))0l A e A Ao} 3|29
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AELER
wAE ouA7t SAolk oluA=RE AA omAm A9AHE 717H1403)NH e BA Aol FHze] Brol
% 21a0] EAR. HA Aol Hmi A4 BaGsP)e] FEe AADTCE 2128 B, Al 1 @A), oF, A
Zeo] AZE A xHe) oA 2o Ad] ERF F, Bie] 2 AFE(GK)) Fito] AAHTH(E 21ac)
B2, Al 2 WA, olF, AR Agel e AU EAANVAA e A EA(V)Z WH(E 21a°]

E3, Al 3 ©@7). ths, @AH1260) 9 TRl 2913 Ax(127)7F HEE FEHE HES s xudE st
(& 21a9] E4, A| 4 ©A).

A7) AAEE T8, FE AR (12DRY A5 Fel 7 IRF (129 AES KA ¥ A
A Ak BAIE oPIHTE Al oA 2AEH XW ofuAR A9A" w gdE eAbso] wol=E
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Z2to] T 21pbo] EAETF, FA Ao FHRE wxH(126A)9 TEIAES 293 22H127)7) A7) ARt HEE
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HHT (&= 21b9 S3, Al 3 ©@A). E}%, ]Zl— 52\ /\R_(GSP)7]- 2IAY(E 21be] S4, A 4 %7‘_“)'

A7) HAARES B, TE IRZE(121)29 TE NS THEo] FE I2H(121)9 0TS $urEx ok
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A AGe fAGE 0 RS AL k. ARHew, ouA ABES JSa WEst A48 i
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B AAClA, 7] AAldE T dole ZolA did WA gAe] da 7)7ize] §80] &= 16a WA =
16f5 xste] Admd Zlojtk. & AAdollA, 7] vb=A Z27F HiFE, os ASH(EF olF Hshr] E=
olF M3yl FARE EF), FlE AR SH(FHE AY WA, eHe A tupelx, & 23, tAH
Zhlel = OAd vy e shelekel @2 ghler, dAAp soly, = denld AR (E 5& dynd = gy
A a7z 24d)9 22 A2 77182 A8He dsol AWE Aot

T 16ax 3AH(601), B-AH(605), FAIF-(603), ZIHZ=(604), TS E3se AP Mde AFHE=

LAET. s (601) 3 SF-A (605)00, AH3HE WS ¥3tel= 513

ARE xosle EdxxyHe 23S X
o

=4
wpeba], FAREESE HolHE #AE ¢ gla afow HolEE #d5d £ e WH AAE HAFEHI doH

T 2

X 16b¥® FAIF(616), <5 Qe A~ (617), T2 HEE(614), T°] ATH EA(610)E E£F3t= TS &
B ogdOld fxd BERAAPDA))E =AE. Adyh, FdE AR Gds Aoste AEd#
(stylus;612) So] A|FHATt. EA(610)), 235 WS Z3ets= EdX 2B 9 A3E 9hEA o] vix
A Aegs Eosl= EEM*EM B 3 Ef}iﬁ}b A7 AACE F e Ao WtEA X 7F AlFEHY. o)
g, AAZHECE HolHE fAF £ i 1Eo R HolHE 5T 4 dE FUE AR gwo] dojd S

o]
AN

% 16ct= AAF Aot gAE T A5, d9-F (627 39 (623)S e, A Y BE57]
(620)2 =AETh. a4 (621) 3 3H9-4 (623) 0= ZHz; FAIH-(625)9F FEAH-(627)7}F xﬂlﬂt} aF9-4 (621)&
317 (hinge; 637)°l <8l 319-7(623)0] H&Eof, Az A4 $57](620)7F Fo 24 314 (637)5 ©] &3] &

i 28 4 vk, 92D AE AY WE(63D), & 715(633), 23A635), So] AFTH}. O}T@
(621) ¥} 31973 (623) & Aok dlutel], AslE WS EFets EWRXAEHG AbeE wkmA o]9o nknA
A5s e EWALHY 23S xFste A7) ArdEsE F doe B wEA A7 AlFH.
b, A dolHE fAE 5 Ja nEHoR HolHE #5d 5= e AR HF d577 dojd
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T 16dE F M9 AL, 394 (640)3 394 (641)S EgEE o5 AIE EAFTH T, X 16do]
Al mkel ol ARE &4 (640)3 -4 (641) L &Efol=d F 9 A= #3 (lapped)
Hck. wEghA, olF 3t A7t gaE § i, olE olF £ B3 Eoltpyrlel AAetA g}, shf-
A641)2 FA TE(642), 2=3]A(643), U}O]ﬂii(&%) EQE tHlo] 2 (646), FhWlEl A=(647), &F A
& T2 (648), T& Egett. s9-H(640)2 ol HIE F | 93 Bk A=A (649), - dng &%
(651), & xet. A HE(642)dd Bx g 7]Fo] AFTHALE. oA ERA EAEHE 55 & JE
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b EadEe) 23e Rk A7 AAAE T s8] Ao Al FA7E AL tebd, 2405
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(2214l 9)

B AN A, o] FY A FoR HUIHE ol &% oAb In-Ga-Zn-0A AFshE WA (M]E A
IG20 B3 a-1GZ0) 5] w53 & Afe], &3t A7) Abo], 81 &3} Ajbs s Fab7]e] kst 4 Apo]
o] Agt AUAEF HuEA. oj2d Hlu=RE, AstE wAle] 3 S5 g4 Alole] A, T
FAE7] Abole] Ajt, B F53 AfH = FA7I Ak 4 Abole] Ajte]l 12 &F JUAE e FEA
Pas AsE AT es Hrbshe Al o EFold g gtk Aol AAHUAT. AbskE wh=A(a-1620)F
o] §&53 4 Atel, 5&53 A7) Abe], Bl 55 AdE = b)) AbAeh 24 Abole] AR duAES
A 1 del AlEdelH(first-principle simulation)& o]-&3te] A= Atk Ao Fo gt}

a-1GZ0 ¢ %91 &8 2 (surface slab model)ol X, 2
Aol g A A=, AF oluxEo] AxtE . o *
o] A&x= AlEdolA Ao, dAS 3 WI(dE EH, z-F ¥ =

o, YAt EAlskE T xWo] AAE SAEtE S 9AF EAEIA] e AFTF Alele] AldoA A
HE FERoY. dE 5o, = 1794, a-16Z0 2] FWo| S 5

172 FA71(0H7]1) 7F a-1G20 Fo1 ®W o] a4 Azt AFHE 495 BAg. &= 17004 &3, dx)
A 7% a-1GZ0 ZFo 3purie] A F ).

2 ooz 2 B

FARoR & FREY dUAEo] AXEHAT: a-16209] FH Skr wE(Fx 1); FAH) 9 x
19 #9 4o F£(In, Ga, = Zn)dd AFE e FR(TFXE 2); A0 927 Fx 19 ¥4 A9 F%(In,
Ga, Tt Zn)dl AgEE FR(FF 3); 2 A0 7F & 19 38 Ao 45 (In, Ga, T Zn)ol Ay
v TEREE 4. AGTE, Fa dxiey Fab] Abele] U E A7) dl, agE o] A AR (FE 5) 9
uxel myE Aee] A (FF 6)9] A 7E AXFE AT

4 B4 FGs ABdeld, A 1 Pel B4 B4 Agdeld, R A 1 A FE AH}E B, a-1620
Mo mde] FAUYTh. EY & mUe W BUS o|gse] YyHgon EW sen mue Fai
A1 Qe Ageeldel s A4}

Materials Explorer(Fujitsu Limitedel] o8] A=x)7} 4 &2} HAe Al EHolAS el o] €U}, A&
ol Ao F 8479 YAE(YLAEL] M= In:Ga:Zn:0 = 1:1:1:4)0] Yoz wx=Egen, HEE 5.9
g/em 0.2 AAEYTH. LEE NV B A 550062 E 15008744 WA oz sgatgon, o]F ojdy
1500k Al == ek, & AlME AIZES 0.2 £s9] AR IFAES Zh 12.44 ns@ivh. XRIEER, S50 n 4
Stab Ab-AbA Ao KW E-H|o]o]-3] 71 2~ (Born-Mayer-Huggins) EE1Ao] <78 Aa, F5-F
E-E2~(Lennard-Jones) X0l QA7tE ATt M3tEe] thd o] AAEUT: Ind il +3, Gaoll Wil +3,
Znoll tisf +2, 2 0o i -2.

=

CASTEP(Accelrys Software Inc.ol &3] #A1Z)7F #l 1 98] A&l T2 o2 o] & glr). CASTEPS |
T 3 o] & 71xd AlEHld ZE IO, Alg#elde] oALEEIA (pseudopotential ) ¥ HHIE o] &
slo] RFHET. LDAVF T2 98 AeEA o SEFAIE (ultrasoft) BFYo] QAZEIES 93 o] 53
th, A F o= 380eVH o, 2x2x1 k- 2= (grid)7} o]-&% .

(A v 49l)

A AUAE2 A 1M FAE e ofeldIEE] S5 o] &3] AATE AT
[+ 1]

Eysr ={E(a-1GZ0_W)+E(H) }-E{a-1GZ0_M-H)

By ={E(a-16Z0_M-0)+E(H) }-E(a~1GZO_M-0-H)

Ewon ={E(a-IGZO_M)+E(0-H) }-E(a-1GZO_M-0-H)

21 1A, By a-16209] 553 74 Alel9] 237 AuxE YEdY. Epye a-16G209] 545202 ZAH = 5
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SES06 10-2268217

718 Abael A Atolo] AR olUAIE UEHIY. B a-16Z209] 553 A7) Abole] At oA & vhE
WAtk E(a-1GZ0M)E H1AA 16209 84709 AAES ¥3ats Lot Tx(F% 19 odUAE Yerdtt. E(a-
IGZON-) & 4 AxHH)7F ¥4 16209 84709 dAtEe] ¥ Ao &% M(In, Ga, =¥ Zn)o & H7tH&E
TZ(T% 2)9 dUAE Vet E(a-1GZ0N-0)E A4 9xH0)7F 42 16209 84719 AAEe] B9 Ao
T4 M(In, Ga, EE n)o® F7EE F2(T% 3)9 AdUuAS Yebdth. E(a-16GZ0M-0-1)&= 4471 (0H) 7}
H A A 16209 84719 AAES FW Aol % M(In, Ga, =¥ Zn)o® H7MHE 7F2(F% 4)9] dyAZ vy
etk E(D) & 4 92 (F% 5)9] dyAE Yepdith, E(0-DE FA71(F2 6)9] oluvAE Yepdt).

Axte 2 iE dojA=, a50De] Makd wje] A oux9 gheol & 1o =A1EH.

(% 1]
& M A28 oA (eV)
Eyn Eyo-n Ei-on

In 2.74 4.83 4.75

Ga 2.35 3.79 461

7n 1.21 4.95 3.84
7] AMEZRE, F53 $4 Ao, 5457 FA7] Alole], Tl AT E A9 At 4 Alelg
AF UAEL BF E [z} BEEZo|EE o] LAFAY. FH, B WA B HAAdelA HIlEE= 2
A A9 o] $% AUAE o] w3 AARZ 5 keV WA 100 keV7F 2 4 QlaL, o]= A7 A dUAE
Bo A3 =0 ol S $% JdUAIE ZE FEA 949 AStE vt FoRe It o2 59, Ak
S MtmAle] &3 A4 Alele] AR, F&F A Alele] A, e g&o® AFIHE A9 ki)
P Abole] AFS #E ¢ JusE AL BoFd
B8 AA7 B HAAMd HxE FIEE, 20109 3¢ 59 dE EFH 49 dE 53] &Y HIE A
2010-049263 S0 7]= 3o}
Feol Hd
100 @ AA ¥A Fx 110 : o]u|#] AHg =
113 @ A Ao] 3= 116 : A
120 : ®A 94 121 : 7% 328
121A @ AlolE Tl % 3= 121B : &2 g9l +5 3=
122 : B}k 123 : 3}
124 : AOlE &kl 125 @ A2 gkol
126 : T} 126A : ©=}b
126B : TR} 127 @ 29AH 23}
128 : FE AF 130 @ #WgolE F4l
131 : WgolE Ao 3= 132 : "lgolE
200 @ 7% 202 © RE=
204 @ WFEA] 9o 206 : A} B A
208 @ Al°lE HdZF 210 : Alo]E A=
211 @ AAIAE 214 1 EWAAE
215 ¢ A4 2= 216 : Ad FA A4
220 @ BETE 99 222 1 BES
224 1 2% 38E oY 228 ¢+ HAF
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