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(400)9) == WAl 74X (500)2] EWA2E(200)2] wix W zAsE Fo. ulEAsHAE
WA 2] (500) 00 BiA EE EWMAAE(200)9] viX] BRI EHolALE A o ( oo) FE 2. dE
o] AT 99(400)& EWA2E (20002 wjx Wixo] wh|gsls FE2 wjAselE v, EiE T o
(400)] FAA (Fhe] N7 P (400)S AN BAS we] WA, AT %%(400)4 FE A %k)"
EWA2E (20009 vlx] "WErl o2 I &k, EAAAEH(200)9] WA DETF =52 Z e Aol
uhehA] 5}t

& 29 (M = 1A e g9 Holt}, gk = 29 (B)E k& 29 (Wl
AAHA Al-A22 YERA FEo] %DdEom, EH 1*E1(2oo)4 A ko] v 9 HER(265)0 Gk

Tt g = 29 (OF = 29 (Add dHA A-ME Yepd Fe dhaze]ar, AT 99 (400) ]
L 2 EEF(265)9

r& a3
S
ki
pL
o~

T 29 (M) YER ubel Zo] EWMAAE(200)E Al-A2 WSRO A= EWA 2E(200)9] TRFE WEE(265)

o TR7ER 9] Zo] Llof wiX ¥, Al-A2¢] F2Q1 WA= EWMA2E(200)9] D*—"%—"%Ei WHEB(265)9] o

71212l Aol L2e] wix =T}, Sk AT 949 (400)2 Al1-A20l] =1 Whakoll A Ho] L39] Ao E wXFH ),
A

._L- [e]
o714 Aol L3 Al-A20] Z<l Hf’éoi AFE AT DH400)9] AT 7hel Aotk mg gt F
(400)& Aol HAE we] F4S = 29 (Aol Yepd AAAEd S HA ek, dF 5o T 99
(400)& WA Hoks wo] e AWE, Bdy, 93, vg2Y, e o5& %3 IAE Xt
gk do] L1 % o] L2+ 0.10um ©]% 2.0um °J3}, ¥Aa A= 0.15um o4 1.5um oJat= g}, &gt
2ol L3L 1.5um °]% 6.0um ©]3t= 3}, EH o2+ 1.5un=E 3.

L 29 (B), (O)ell YeRA kel o] WA X (500)F 71¥H(EAEA] egk) 919 A (212)9F, HAA
(212) 9o AAA(214) ¢}, HAA(214) $1o] HF7 EMA2E(200)9F, ERAZ~E(200) 919 HAA](280) 9},
A (280) 219 HAA(282)9F, AAA(282) 1o HAA(283)<F, DA (212)2] A Ao AAA)(283)
7F sk EEE-(265) 9, AAA(282)9] Aol MT7F FAE AT (40002 T iR 4 (400) ol A
HAA(280) = LEHE HAE Fa, HAA(280)2] LEF] Zol= wrmA]l X (500)0 42 A (280) <]
Ho 2 FAL] 1/4 o] 1/2 o]t R Fhr}.

e WkEA] A (500)2] AF FANA AT D9 (400)9] A Fo 7t HHE oM, HAA(280)0
EeEE At 2 A7) AtAs AFE FAE T 990400)S FEe] YgEE HES g ESE Ak}
A%ty Fars B2 dE2dy. gebd ZAAA(280)0] EIEE B s D F£AS ARE 5 Q).

%39 (1) WA (DB AFgstel EAAZE00) R AT 99(4000S e e FA9 el thatol
et %39 () WA D EAAZ2E200) 2 AT FGA00E e wEA g JHE 2 g
Zolth. ® 39 (V& ) wEA A9 gumelt. wF = 3¢ (B) WA )& A7) wEA FH9 wu
Eolth. o714 E 39 Bk % 3¢ (Mol ARAN AlAzE pehd BEe] BEEeln, EdxAE (200)9)
AY Aol WPl BHEe/E sk, EW % 39 (O % 39 (V) AN A3ME e F2ol v
wola, EAWALE (2009 AR F WP durelsw vk ER % 39 (D) % 39 (W LFAY A5-
A6o2 UERI el dimela, AT 9o (400)9) BHEeVE sk, Ed E 39 (1)) AWmelAE, ®
el Yuake fstel A¥ 88 AeFaid.

by o] FEje] WA AX = 7||(EAIEA] %) f1o dAA(212)¢F, "AA(212) ¢ AAA (21
49k, AAA(214) 919 EMA=EH (20009}, EMA2H(200) 19 AAA(280)¢F, AAA(280) 919 AAA
(282)(HAA (282a) L AAAN(282h))F, HAA(282) 912 AAA(283)9, Zqoﬂi41(283) o] AAA(286) <,
e 5-(265) 919 EAAQ2TH)E 7M. Ed "HAA(283) = HAA(282)9] FH, HAA(280)9] FH, EWN
A 2=E (20009 FH, AAA(214)e] SH, % HAA(212)9] el dFeoF Herh.,  HAA(212), AAA
(214), AAA(280), HAAA(282), AAA(283), AAA(286), ¥ HAAA(274) & S 2 7]Fdt. &
g ER;AZE(200) 0] AVA R HEHL FelaRA 7155k =HA (240) (= A (240a) B =HA (2400)) &
ZhRtk. wdk FelaEA Zlsete =AA(240)9 SWHe] gkl AAA(241) (A%

7b AlFEek. EeE AAA(286) $1 B Z=AA(240) flollE ERA(240)9F H7]H o
T EXA(246) (=A A (246a) 2 =2 (246b)) 7F AlFE ).

mz
o

f(241a) 3 A AA (241b))
G R I U A RER R

HAA(280), HAA(282), DAA(283), L AAA(286)2] /M2 W] Hate]l AAA(241a)7} Al s¥ L
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A (241a)2] ZWoll Hale] ZAA(240a)2] Al 1 =AAF AFE L, o Wl =4 (240a)2] Al 2 =-A 7}
AF=ol vk, wa AAA(280), BAA(282), AAAN(283), B HAA(286)2] 7o WElo] Hale] HAA
(2410)7} AlFsa, dAA(241b) 9] FWol sl =AA(240b) 2] Al 1 ZAAN7F AFHa, o Yol =
(240b)°] Al 2 =AATE A= Ak, o7IA, =HA(240)9] e Foleh, =AA(246)9F FHEE 9
o] HAA(286)2 e FolE Te FAER T ¢ . EI EAX2E(200)o0 4 Z=AA(240)] A 1 =H
Aok =HA(240)9] Al 2 EAHAE ATAVE S HERJAR, 2 3y e ol dgE= A2 oftt.
dE Eo] EAA(240)F vF TEE 3F oA HAF FxE o Frh. FRA HAEF F2E MHNE AS,
]

Y4 2o M5B ol PASHE 497} Atk

ﬁ
N
N

flo

[EWA]2E](200)]

= 39 (A) WA (Ol YERd upel o] EXAE(200)E HEAA(214) 919 dAA(216)9F, EAA(214) &=
T AdA16)o wiHH=F wixlE =AA(205) (= A (205a), =AA(205b), R Z=HAA(205¢))eF, HFAA
(216) 91 2 =H@A(205) 919 AAA(222)9F, HAA(222) flo] AAA(224)9F, A (224) 919 ArstE
(230a) 2}, 4F8HE(230a) 919 4b8E(230b) 2, AFE}E(230b) 99 AFEHE(243) (AFEHE(243a) 2 4F8ME (243
b)), AMEE(243a) 919 =AA(242a)9F, EAA(242a) 919 HAAA(271a)$F, AFFE(243b) 99 =HA
(242b) 9}, T=AA(242h) 919 HAA(271b) 2k, 4F3HE-(230b) 919] HAA(250a) 2k, HAA(250a) 9] HaAA
(250b) ©F, HAAA(250b) ol HAA3Fa AFsE(230b) o] U9 THHE =-A(260) (=4 (260a) R EFA)
(260b)) 9k, AAA(224), AbsHE(230)(AFsHE(230a) 2 AFSHE(230b)), AbsHE(243), =dA|(242) (=4 A
(242a) 2 =AA(242b)), AAACTDCAAA (271a) B AAA(271b))E HEF A H= dAA(©272)E 7
. 971A = 39 (B) WA (D)ol Yebd kel o] HAA(272)v= AAA (222)9] JH] Ao Hile I
S 7hAT. Ee =AA(260)2 FHS HAA (25009 4w L HAA(280)9] g AAHoz UAX|Ee] ]
Jech, m3 AAA(282)E =AA(260), AAA(250), R HAAA(280) Zhzhe) gzt H e},

o AstE(230)0lgt FE2+= A7F ok, E=I HAA
2= A97F vk, =3 2AA(271a)¢F HAA(271h) 2

NI

w3k olsol A, AbsE-(230a) T AFEHE(230h)S BE
(250a)9F AAA(250b)E BES] AAA(250) kL F-
BB AAACT) T Fa= A57F ATt

AAA(280) 2 HAA(272) & AbstE(230b) A Eshe AF7 AFEATE. A7) N el dAA(250) 2
TEAA(260)7 ¥iAEHo] Ak, ®EI EWAIAE (20009 AE o]l Wk JolA, AdAA(271a), E=HA
(242a), = AFEE(2432)3, AAA(271b), E=AA(242b), D AFEE(243b) Abole] E=AA(260) © AAA
(250)7F AlFAch,  HFAA(250)= =-A(260)2 FW A G99, =AA(260)9 2y Hiles 99
=

AFeFE(230)2 HAA(224) Aol wxF 2FsHE(230a) 7, AHsE(230a) 1o wixE AFE}E(230b)S 7HAE A
ol vpgAlsltl.  AFsE(230b) ofeell AFsE(230a) & 7HH S EA, AFshE(230a) BTt ofgEe] PAE FERER
FE 2EE(230b) 29 R ks AAE = ).

o

R B WA 2 E (2000014 AFEHE (2300) 7 FEHE(2300) 9] 25 0] AFHE THE AT A8E (2300
WA, B odge oo @4HE AL oflrh dE So] MEB(2I0)L BEOE EE 3% o4 4%
TEZ SJE F3, AH5E(2302) U AFE(2300) A7l 4F FEE AR T

A (26005 A 1 ANECE AolEetas ) AFoRA Aehn, £AM(205)E A 2 A= Aol et
3 AForA sun wd A4

St HAAA(250) = Al 1 AlO|E AAARA 7]Fsta, dAA(222) E &
(224)= A 2 AE AAAEAN 7|53k, T3 EA-A(2422)F A2 D =g F IEoRAN J|FslL, ©
AA(242p) = &2 F = F e FoRA )Fett. e 4bslE(230)o 4 =HA(260)8F FHEE 99
o] Aol JiE A Fd JFoEA 7]sdrt.

A7IA, = 39 B)olAMe Ad A 99 e s = 4o YeEMAT. = 40 e ule} o], Ak
FHE(230h)2 EAUAAE(200)2] A P4 gdFozA 7|58t 99(230be) T, G (230be)S Atolo] Fir A

THH A2 dY e =g d9o2A 7Edte 99 (230ba) B G (230bb) & ZFATE. 99 (230bc)> A
T dE7 =4A(260)9 AT, v ZelH, 39 (230be)> = A (242a)9F E=A A (242b) AlolY] G
o Aew o1 (230ba) S =AA (2422)9F Z=H3k] ATHol Y, GA(230bb)S A (242h) 9 F 3 &
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B EEsh ] W Aele] FEst v 1A% o
= 99d(230ba) 2 49 (230bb)S Atx Aiso] WA, ®
W], Aele] FE7t F7bske] AAEER o]}

ste] Alelo} BEI} Aol e Jojolth,

107em” MRkl o] o Ml@AEa, 1x10°en WEkl o] e nlEAE, 110 e TRkl o] ¢4
w AT, 1x10 em . WRRl o] tolrl Y4y wigAstt.  wa Y ¥4 Ao ssaE o
(230bc) 9] Aol x| Fegte EWe AguA] AAT, oS 50] 1x10 en 2 F 5 9T},

T3 el s=7F 99(230ba) R FH(230bb) o] Ao wESt FEsAY, Ex olrn wtown, oF
(230bc) 9] AElo} FEmo} TestAY, e olru 2 do] JH(230be)H, G (230ba) HE= S (230bb)
Atolel]l FAE = Eo. F, A7) 992 A9(230bc)F, G (230ba) E= G (230bb) o] HF FHo=A
e, A7 AR d9e d91(230ba) B @ (230bb) o] F4 =S} FEdAY, EE olHY
worf, d9(230bc)e] 4 RS T, B olBY 2 F7F vk, T AV AY 92 Ax

ZdEo]l 99 (230ba) H G (230bb) 9] Ata AEI e Y, T olHu How, % (230be)e] A A
A

B o
off
ki
N
2

b

=
oft
ol
ol
R
+
3
rlr
o,
e
i)
5
flo
M,
o
)

&= 404 G (230ba), F1(230bb), FH D (230bc) o] AFsh=(230b)o FAH = ool thsto] YERHAA
;v TS ol FAEA Gtk dE S0l AV 7 o] AFsk=(230b) Rt ofyzt AkskE(230a) ol =

ENAAH (20000 =, Ad A 998 Xl AHsHE(230) (4FeHE(230a) 2 AFSHE (230b) ) 24, RE=A| 2
A 715 34 AkEkE(o]d), AHEE dteAgta s 3 S AMEEHE Aol niE i),

T MEARA 7)EEe 34 AERAE, WME o] 26V o)A, wiErAEAE 2.5eV o]l AL AMgSh=
Aol ulFAslty, o]¢} o], Wl= o] F F& AIES AlgTo RN EUdAAAEL X HAFE ALY
A

Aek= (230) 24 oS 5o <

ol E, 94 M, ¥ oldSs EIsE In-M-7Zn AEE (DA NE dFny, Z4F, oE
A, T8, v, WEE, B4, Eolekg, d, YA, Avlg, 2=
S

w, T : w, =el5dd, e, AE,
oo+#, stzy, 924, g2d, ¥ vtadls 5 ol AY9dE 157 £ 57 7)) 7o 55 ds=s A
ok Aol Fuh. EY AbshE(230) 24 InGa AFSHE, In-Zn AF8b=, Q1§ AFslE S AREStol: Fo

ofo
ol
o
rr

o714, A¥ehE(2300)e] AHEEHE B AsHEAL 2 Nl e Inol AAGRIZE ASHE (23029 A
4 shgelel g Mol ojd o) AR 2 Aol werH e,

S} o], AFSHE(230b) ool AehE(230a)& WAFOEM, WSHE(2302) 00} ofEe] FHE FREEY
)‘\J__

B (230h) 2] B4E W Ao S AT = ).

£

3 23S (230a) 2 AFSFE(230b)0] AtA 9ol TEYE AAE JIHORR(FAHEOLR FowH), AIE
(230a) 3 AF3}E(230b) 9] AWl Ag =9 ULEE W& 4 . AFEE(230a) 3 AFSHE(230b) 2] Al
A AT 9 UEE U= 5 97] wi AE Aoz Qs slglo] Axe] sk JFo] ol 2 & AFS

ae & Ak,

AFEE-(230h)8 AAASE A= Ao ulgAS ). E3] AF3E(230b)EA]  CAAC-0S(c-axis aligned

crystalline oxide semiconductor)E A}&3= Zo] npghz slc}.

CAAC-0SE= ZAA ] Fx XU F2E /Ao, oy AT (dE £ A 2E T)o] g2 I 2E
olty. 53 w5 AsE ¥A o, 5& AsEo] AR A &S ALY 2E(dE 9 400T o)
600C olah)oll A 71E AHzlgoezM, CAAC-0SE AAAe] ¢ =1 AW Fx=2 & F Jdu. o9} o],
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CAAC-05¢] M=5 o] Yo =2M, 7] CAAC-0S W] =<' e Athe] &4k 9 AxE 5 3.

, CAAC-0Sell M= &3 ZAHAS Asty] of7] wiel, 2A-AN 7Iddsh=s dAF olex=2] Asrt
&g . wEbA CAAC-0SE 7HA= w5 Abste &84 Adel Hddn. ages

CAAC-0SE 7M1= w4 Ast=a el Asta Aol &1,

ASHE WEAT A EdAA2EE HoHE wEA el Aol FYNE ool wEE L Atk deo] £
s A7) BAol WE] 49 Aol WolAt AUk vk, wE Ak AE Twel vk, Ak AL
Fazk Boltt AT (OIS, Vlithn F2E 97 98¢ FAsta, Aot Nt A48 AYtE 397 9
o aeBE AsE wwA he) Adel FYHE GG Ak Ade] W, EdAsHE w2y & 5
HOIE ATl A 71 grobe Aol EAstm, EdAsE] AR/ B2t B4 A7) W,
webd, AHsHE wEA] U)o Alde] FAEE GeolAt Bed, Ah A, 2 VHE F5E @ Addel gt
Aol whgAste, whw waE, A8 wEA e Adel Yt FGe Aeol FEs AP, (F(R
48 EE Aade 199 Aol EAs

B, shedel slae] ojgEE Aa(old, B Arsy N2 A9l Ae)F Tekas AAAF AshE W
wale] el AFHn AANE FYFoRA, 7] BANZRE AT RuAd WAE FEH Ak 2
E R VHE AR S oAt v, 2 99 mb el ool gl Aast $RHW, EdA Ay

(200)9] & AFe] Ash we AA &3t olFwe At doid g-erk vk, EF A Y EE =l 9
Aol FFHE vt e W el #AAgeEH, EN

webd, S e vel gelA AlY B4 oA Aeks 99(280b0)e Ao RS AE

How i¥e I L
°(230bb) & Ao} FEr i, 0@l Aol vhgrAsith. F, AlshE wmAlel 9o (280b0)9) ALk A
VoS AZHeha, 9 (230ba) R 3 (230bb)e] TpIFe] A2sk BFEA YRS s Aol wiwrHsiet,

\_/

a8 R B AAFH S AEE(230b) 9o EAA(242a) D E=AA(242b) 2 Aw3 AHE, AAS LS}
E EY7]olA mlolazy AElE £3ste], 9(230bc) 2] AtAx AL VHE Al o7]A | wlolmm
gk, & 5o mle]laRIE AMESle] 1L ZefankE BN TE AYE e AAE ARES AHEE

AAE TP RAVNA vrolaRst AelE FAFORM, vholAR}, HE RF 5o nFnE AHgate] At
& 7hng Betevissia, 3] Ak Beenkg 4847 Atk olul, mlo|dEs, wi RF Fo| wFs
g 99 (230bc)e] AT FE ek, Fehsvh, vholAmst Sl Aol oJshel, F(230bc)9] Vi ekt

T4 HE 9 (230bc)ol A AASFAL, AbA A& S ATt , 99 (230bc)eN A 'VoH—
B, e wgo] dofub, J9(230b0)e] Fh FEE AT & vk, webd, 99(23000) We) Ak AL
% VHE Akl Aol BEE AR = A,

%

v
o<
et
24
B>
il
o
>~i
m&*
AN

K

TS MRS Xdtele w97]dA mlela R s HEE T o, we]a®s, EE RF 59 aFd, A Eet
2t 5o 222 = A (242a) B E=A A (242b) o] gste] AHEY R g9(230ba) 2 F 9 (230bb) = T AR
Erh Ee Ala ZTEpswbe] 28-S 4bglE(230b) ¥ =AA(242)E dol AT HAA(271a), HAA
(271b), 2 AAA(280) el &Jste] A7 4 Ark. olo] Yste], mfolamst A& & uwf, J(230ba) E I
o1(230bb)oll A VoHe] AzF 2 FpoJgke] abhe) o] HASHA 7] witel, Al X AstE: wAE &

ATt

53] AAA(250b)7F H= AAre] AR Foll AaE Tshe

ad7b A vepdth, =9 AdAA(250a)7F e ddue] e Foll Ak g
Aels sk, ol vste] AAA(250b)7F = ddute] g Fo AnE 2gte}
Aels pdste ol wigkAsith. oleh el AAA(250a) E=

w71 prel ARyt A2l E FAgond, e (230be) Ul s &
(230bc) Wlell FHH = AFARAE b AAF, Ak 2AF, Aba Sz (EAR
A e A, 52 o0l2) o, U JEVE A ®=E3 (230

g

o\ o 12 r|r

e
=
29
X
jins
rir
r$~
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Fa, 53] k2 HuEdl Aol Ageirh. I AAA(250a) R A AA(250b) o] =
q

oje} go] sfo], Atsl= WH=AS] 9 (230bc)oll A AEAHOoR 4t AE Bl VlHE AlASHe], A (230be) S i

g mE dddow goz ¥ 4 Atk ES A2 99 Ei =l gYom JBeh: 99 (2300) 2

o(2300b)o Y] Hast FHHEE AL AT, 8L 44 5 Ak, oA, EAAZH (2009 A

)] SAS) WEE SAskel, 1@ W el SWAAE 0002 17 540 BAE AL AE A 5 ol

o,

A& sk 2o PHoR oM, EUALH 540 At A wud 4NE ATE & Ak, e A

f4ol @ wEA FNZ ATT £ A, EF FEG Q7] 5L e wud 4N AZY F

siek

EF 5 3 FelA, A (260) B st AT FHol ASHE(2300)9] - EFShe] AHshE(2300)9]

Sl tete] AAGow pAelAT, B ANGHE oo @RHA Rt o Fol 47 ATl wpg
5ol 471 AT Sulel ALSHE(2300)9] 91

TS & 39 (Ol yERd e} o], EMAAE(200)9] A
Syl ARSLE(230b) 2] A Alo]o] i

Holx= Erh(oldt, s 3

A7) oA el FE WL Onmiul a1, =AA|(242)9F FHEE d99 4kstE(230b)9] ¥ FA KT
A, BE A7) BEEE VA v 999 dole] drtut 22 Flo] upgAleitt.  Adr] T A9
F W4e, FAAHORE OmEY A3l 20nm ©]&F, vIEAEAE 1nm o)A 15nm o], Y vFEASHAIE 2nm
/}) o

EJH D3

F 10m ol3t @b, olsh e FAom FomM, AEE(2300)0] W AAM(250) L A (260)9] 9%
4 59 5 Ao

AbshE(230)2 shef A o] Aolg Hgo ilslES e A% F2E UM Ao niEAEt. FAHeRE, b
3HE(230a) 0l AMEStE T4 AStEolA FAER] T4 dhol o A& MO A FH7E AFSHE(230b) o] ARE
st w5 AbsEdA Y] FAE] 55 da A Mo AR F& Ao] vy, w3k Aks)
=(230a)°] AMgateE I A Inol QA MY DAFGH 7 AFSHE(230b) ol AL&EHE 34 AEtE )
Ao Inell tigh 4 Mo AAFRIET %2 Zlo] vpghAleirh. HESE AFSHE(230b)ol] ARESHE w5 AbsHE ol A
A Mol i3k Ine] YAGH|7F AF8HE(230a) 0l AMESHE B4 AREEEol A9 A Mol dig Ine] Yxbn]RL)
F2 2o w4 st

T3k 2hshE(230b) CAAC-0S & Z2AA4S 7HAE AtshE<dl Fo] nigbAsitt.  CAAC-0S & AARALS 7HA= A
e EeEolv A3 (A A& F)ol Aa AAge] o XUg & izt FE}EW A AT EE
=<l A=l gt *&ﬁ}g(ZBOb)ET Hol ki FE5 AAF F Ak, old 9ste], dAHE TR H5el
L AR (230b) ZRE AT FEEHE S AR £ 7] winel, ERAEH(200)= Ax TN 5
2% (49 thermal budget)ol]l thsle] QHA A o]},

A71A, AFSHE(230a)F AFEHE(230b) 9] HEFAA HAEd st ghvtetAl WstHc.  uby ek, AbskE
(2302) 7} 4Fsh=(230b) 2] Ao Ao A= st Od_éizi Wl e A4 Feddax 3 ? Ak,
ole} ol 7] fEiAE, AHEHE(230a)3 4F8HE(230b)<] Ad

o] Frt.

TAA o RE, A3FE(230a) T AFEFE(230b)0] AkA 2o TEE 9AE FARORA VPO A =9
U7t @G %%%% gAgsk 4 Q. dE 9 2keE(230b) 0] In-M-Zn AFstE<Q] A9, AbslE(230a) A
In-M-Zn A+S}E n A3HE, A4 Ne] AMSHE | In-7Zn 43S, 9 F AMEtE 58 Algslo® EU}.

X

TAA oz AbsHE(230a) 241, In:M:Zn=1:3:4[YA40]] e 2 W] 24, S22 In:M:Zn=1:1:0.5[ 9A<
W] e 24 34 AR AW T EE ASHE(2300)RA, IniliZn=1:1 1[5

T 2y, Inilizn=diz3l A4 ] B 2yl 24, F& IniM:Zn=5:1:3[144H]] == 1
3= AR £30%9] WS EF

iﬁi
1
mlo
>
oo -
o ¢
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°1'Hl
iy
[
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rl
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o
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[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]
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T 55 Ases 2AHPEM ko] Aot A5, 7] A At 55 Askee] daksnldl &
AE A ga, T35 Askze] el ARgehs A9 ET EHlY] ARk ool Eht

AbshE(2302) B ARSRE(230b) & AEd TR ForA, sk (230a) 7 Ak (230b) 9] AWMl A
=9 HEE vE F glnh. aPRE, v Ades A% Aol die ek gFo] HopAal, E A LE
(2000 2 2 AF % 2 FI5F 548 4 F A

AAA(212), AAA(214), AAA(271), DAA(272), EAA(282), ¥ HAA(283) F Hoj& s}
A 59 BaEo] 7 Fo2RE, e EAXAE(200)9 HFZRE EWMXAEH (20002 FakyE= A
At wgle] Ao 2A YFate o] wrEAsith. wEbA AAA|(212), HEAA(214), AAA(271),
A272), AAA(282), H AAA(283) F Aok vz T4 X, T4 24, E B4, A4 4F, A4
2, Absh A #B2HN0, NO, NO, 5), T8 dA 59 BeEe s JAlEtE Vs THHAEC] B
Fatr] o) AAA ARE AFEstE 3lo] g st EE AA(dE o] AA 94X, AL B4 5 F
Aok sl ks AAlstE 7eS THAE(EY] Ak FHehy] ofEe) dAdd AEE AMESE Zlo] vl

o Eu{n

i)
O A2 2

e

2 gAAel A wEle] Aol wielol g /AE AATS a2
;}z B4 AL A JE(FRYel naE $)g TI. EE gt 242 ¥¥ % 13

st=(AE " oletax 3) 7es Wi,

AAA(212), AAA(214), EAA(271), EAA(272), dAA(282), E AAA (283l =, F42 59 B
E 9 Akae] ks AAEE Ve Ss 7w AAAE AMEShe Aol uighAslal, o E Eof Aks) ¢
absl Wk, ARs) ek, Absh ZE, F Z4F ofd AtskE, b HEE, ke dspilbs AyE
£ F k. dE 5o @A (212) ‘;—é AAA(283)e, B} A4 wjglojde] e At HEE T& A
= g zlsitl, T3 dE 5o AAA(214), AAA(27), BAA(272), E HAA(282), FAE
ELa E2 ats dFuE EE A vlavlg 58 AMgske Aol uigrF sttt ol2A, &,
a2 T BEeEol AaA(212) B AAA(214)E FdtY V¥ FOoRHE EWAALE(200) Fo2 b=
= g, EE B, $A 5o EEEo AAA(283)HT S wixHE F3F Add Somy
EWA2E (200) =0 AL AT £ Jrh. wE HAA(224) T FFEE A7 AAA(212)
9 AAA(210)E T3 V# Fom FtEE AS AT £ . mE AAA(280) ol 2FE = Aot
HAAA(282) 5 E EWA2~EH (20000 91Fo R FayE AL AT 5 k. oleh Zo], EWRA
H(200)02 &, 4 59 22 2 a9 IS dAEE 75S /e dAA(212), 2aAA(214), A

(271), AAA(272), AAA(282), D HAA(283)% EHNE F2=Z 3t o] upz i},

Hl op

mx&-hmskﬁé‘

o71M AdAI(212), AAA(214), AAA27D), FAA(272), dAA(282), R AAA(283)el WFA =
7HAE AbRkE S AREShE o] whebAEith. oS Sof, Alo(xa= 0BG T ddelel ), e Mgl (v ED}

Z A9 F) 59 v& ASES AMESHE o] ulghA stk ol9) 2 ujAA F2E JHXE 55 AbstE
AE, At 4V 429 ES(dangling bond) & 7HA3, 7] W9 BEER $4AE X3 BE a3se 44
S A= A7 Atk oot B2 v FRE Ve 55 AEES EUWX (200)9] 4 8424 A}

S ENE

LAY ERAAE (20009 FHol AFTTFoRAR, EWMAAE(200)0] EIEE £, E EWBAAE(200)
THoll EAletE FAE 2F v 1F3F F vt 53] EWRA2E(200) 9] ‘H%ji P Gl E@Ht T
ik sith, BAA FERE VA E 54 AEES EdA
Al AREEIAY EWRA2E(200) 9] F9lol AlFToEN, Foe 54S HAIL Aol HS E%HX]*Ei(zoo)
92 vtz FAE Az 4 Q).

E X3 = gzskE Ao

l>
i
©
S
Lo
4
ox
>,
e

L3k AAA(212), AAA(214), AAA(271), BAAN(272), AAA(282), ¥ AAA(283)= vH]FEd Fx A
o] mpgA AN, AR A Fxo JHo] FAE Qlojk Frh. HEF HAA(212), HAA(214), HA
A271), AAA(272), AAA(282), E HAA(283)F vAA Fx9 T pAH Tx9 Fo| AFsH v T
ZololE o}, dE So] HAA Fxo = 9o A Fxo Zo] FAH H= JFxolor Fr),

T3 HAA(272)E HAE TER YR k. oF 5o HAA(272)E 4tE dFuEH, A
ol gube As Aezel AF TER solm Frh ols} ge HF TER FomA,

e A5 Auze wEnd Meolge ¥ 4+ 1 diel weas.

AAA(212), AAA(214), AAA(216), AAA(271), AAA(272), AAA(280), AAA(282), HAA(283),
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[0114]

[0115]

[0116]
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2 AAA(286)] A2 A& Eo] 2HHEYE AHEste] st ok, A2FHERHS A vtz 25
ARESEA] otk H7] wie] AAA(212), HAA(214), HAA(216), HEAA(271), AAA(272), AAA
(280), AAA(282), AAA(283), B AAA(286)9] ¥4 F=& AT + ATk, T A9 IS 29 HY
ol 3R ¢ka, 38t 7] AZH(CVD: Chemical Vapor Deposition)®, #AHA o3& A (MBE: Molecular
Beam Epitaxy)¥, Z #o]A EH(PLD: Pulsed Laser Deposition)®, A5 EZ(ALD: Atomic Layer

Deposition)¥ 5& #A3| AEstol= Frt.

onl

T7F Ak, dE Eo] #dA(212) %
AR (283)9) AFEL ALHOR 1x10 Qen? FORM, WA FA AF A Fekar 58 AgIhe
Aol A AAA(212) 2 AAA(283)7F =AA(205), =AA(242), =AA(260), L= =FA(246) 9] A ¢

o gatd 5 9= 49U} Ak, AAA(212) 2 2AF(283)9] AFEE, BEHEAE 1x10 Qen o) 1%

EE AR (212) 2 QA (283)) ARFS BEFE Aol ngAd

gk AAA(216), EAA(274), EAA(280), B HAA(286)= EAA(214) K} FH&o] W Flo] nfgA s}t
Ago] W& A8E THHoR FozH, uid Atold AV= VA &S AT 5 Uk, odE B9

AR (216), AAA(274), BAA(280), L HAA(286)2A, 43 HElF, 23ld3 AgE, 2FoUS HU)
3 AEE, g22 H7E ks AdeE, g4 2 AAE HUke AbsE AdeE, 3E(E)S e Ak

52 443 Agaa T,

o

N

A

~

e ot gt LR
r

B

EAA(205)F 2FsHE(230) 9 EHA(260)9 FHEIEE mxH Y. 74 EFHA(205)+= EAA(216)90 A
7)ol wigso] AFHE ol nhEA s,

rl

AN k1

A (205)E =AA(205a), ZAA(205b), R ZAA(205¢)E 7M. =AA(2052)E 7] Ao W o
=3 dsle] AlFEnt. =AA(205b)E EAA(2052)0 EBAE L EFo WHEEE ATHtt. oArA =H
A (205b) & AH-Ee =AA(2052) 8 A 2 AAA(216)9] AERTH Wk, =AA(205¢)E =AA(205b) ] A
g E=-A(205a)0] ST st AlFET. 714 =RA(205¢) ] W] EolE = A (205a) 9] 4o
ol W HAA(216)9] A Folot HHAHo=m gt F, =FA(205b)v= EFHA(205a) R EHA
(205¢) 2 FHpol= FAdoltt.

N

oA7IA =RAA(2052) 2 =RA(205c)90= T4 LA, Fa BA, E B2, ZdA dx, da B, A da
EAH(N0, NO, N0, 5), 78 94 59 BS99 FAS oAstE 7eS /e =44 ARE AMESE Aol

MRS, EE RS Sl Ak 94, Ak B § F Ao shhel 3te oAshs /5 At

244 ARE AgsHE ol vk s,

E=AA(2052) 2 =AA(2050)00, 4] FAE AR VeS e BAA ARE AREFeEA, =34
(205b)ell E3H = 4 o wwEo]l AAA(224) & Foko] A= (230) 2 e = AS AT 5 Qv
T3 =AA(2052) R E=AA(2050)00 Ao ks AAlEkE VeE THE B ARE AREFeEM, =
HA(205b) 7} AFstE o] g0l A= AS AT F vk, Ak #ibE gAskE Vee e =
4 AmrEAE, dF 5°] Elolvhg, A3t voleky, ©ed, A3t gad, FHg, 8 FHE 55 ARgshe
Zol wpAsith,  wEkA =A(2052) = 7] B4 AR @S B Ao d Fu. dF 5o =4
A (205a) = A3t BloletgS ARESHE #

E =AA(205b)olE HaE, FE, e
o}, o9& So] =A4A(205h)0E BHAUS ALL3E)

SAA208)E Al 2 Aol AFomA ABske 97k Ak, o] A%, =AA205) Arkshe A9
A260)el Q7bek A9 AFAIIA Ga EHHoR WEAANPORM, EUA2E (20009 £E A

4% 4 ek, B3 =AM (205 &) AAF AFoEA, ERA2E (20009 VinE © A L, o
ARE ALE F Ak weAl, EAAQ5)6 &9 A90E A7k Aol A e Afud w4
(260090 S17bek A97E OV W] =eel AFE o A & e,

=
Z M
(6 o =

T3 =AA(205)9 A7) AFES 7] =AA(205)0 A7bskE S weste] A, =HA(205)9 =
FAE A7) A7) AgEel] stEo] AAETh. md AAA(216)9 ¥ A= =AA(205)9F A Erh. 97
, =AA(205)9) AV HeEE WYl =AA(205) D AAA(216)9 U FAES obA dt= Fo] nlEkz
stoh. AAA(216)] 2 FAE $FA Fo=A, dAA(216) W EEE FA 5o BoEe] duFs A%t
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[0121]

[0122]

[0123]

[0124]
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[0126]

[0127]
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g4 7] el ] BeEel AskE(230)® St s AR 4 A

EE =AM (205) 5 = 39 (Dol vkl uhsh gol, ARSHE (2300004 EAA (2420) L EAA (2420)9) F
A e goe) Asud A ABHE Aol Frh 53 % 39 (O e vhsk o], EA1A1(205)% A3t

E(230a) ¥ 2HE}E-(230b) o] AE =
AFeFE-(230) 2] g = whgko| A e

of vk, =,

WA (fE) 8kl

r_& (S
pou)

ko] TgRE-HT 959 JoolMm AFFH L
Foll A =AA(205)9F =HA(260) = &

o "
e
(L ok
i&
fo

A

mim

el = Aol whgAsitt. 7] FAS 7HHeRM, Al 1 AlPlE AdFoRA Ywehs =dA(260)9 A
st Al 2 AlClE d=o2A Y)eshs =AA(205)9] Al osto], AbskE(230) 9] HLE B4 9= A4 e
2 =22 = dn. 2 AN Al 1 ACIE B Al 2 AloJEL] Al oste] Ad dAY d9ES AR

SR E EAAAE Y F% 2 surrounded channel (S—channel) F+&%gkal -2t}

Lk 2 PAA FolA S-channel T3 EWA|2EE, 3 Fo] AoE A= F & U tE Fo dAd ¢

sto] Ad FA °§°ﬂﬂ% A7IH o2 E8ns EAXAHY FX2E Do, 3 2 WA FoA AAEE S

channel 7%= Find % % Z9olvd Fx9t= vt=1v}.  S-channel F+XE AL&Fozn | waid a3
e

et e = ? Aar, vk ek dAd g3 2Asy] ofEe EWA

St = 39 (C)oll YreEb nvRe} o], =HA(205)w A Moz E Estt.  oiuk, oo A A
3, Z=AA(205) ool wjAo2A 1%6}% ZAANE AFse AR Fodm Frh. T3 = A (205)
Al 2+ EAXAH U Aled oE vk, dE Bo] =AA(205)F BFY EWAAHE TR
FAo R Bl ZEr},

Togo
il

Iy
1

i

T3 EWXAE(200)04 E=AA(205)2 =-A(205a), EAA(205b), P E=HA(205¢)F HAEFAZ FAHL
YER AR, & B ojd d4HA Ferh. oE B EAA(205)E ©@F, 2T, B 4T ol H4%
TZEA ATEE TALR dlor E£U},

AAA(222) 2 AAA(224)= AlClE AAAZA 7]5e,

2 5 T Holk shp e s JAlEtE Ve Ve A
| v sieh. e AAA(222)F b (dE Bo] A U, AA BA 5 T Z—ME b)) ghks AA
S 71%S A e Aol nlgAs e, dE o "AAA(222)= HAA(24) K FA 2L AA F IEH EE
&0 e AAGE Ve S JHRE Flo] nlgE s,

AAA (2228 Fa(AE 5o F2 A%, Fa

[*]

e
i
il
1o
ot
)
i
12
N
g
oy lr
of\
o
fr
S

AE00)9 dZoE AL AS AT, AHSHE30) el 2 7
g A (224) ) AFSHE(230)0] 7P Abash EAR|(205)7F WEG S

Pﬁ*

E= 7] AAAG, dF So] Ae AFuE, A WATE AF Auly, A
s olekE, el Wawl, AE o|EF, A AZmEe Ao Eu. ®
oE Frh E AAA(222)2AE o5 AAMe] B M, Nsds AeE, =
1 AL ;

Efz dAA (222) = & Bl A8t &Fnlg, 43 stzy, kst vegd, At A =23F, Eolet

A A(PZT), ElolebEAt 2EZE(SrTi0), (Ba,Sr)Ti0;(BST) 52 4% high-k A=E xgst &
1508 AMgatod e b, ERAZH mAg 2 g4 st ﬁﬁﬂﬂ?i, ﬂlol‘f—i %:-io A7p whetksl

! Zd% o EATE B B9 vk, AlolE AAA =X

owd, =84 v FAE FASIHA EWAXEH 4 AlY AlOlE He

Aeh= (230) 3 Hohs dAA(224) 0=, A& 5o A3t ded, Asds deE oo 4d¢] AMged F.

EF EMA2E(200)00] A T FTolA, AFsE(230)9] EHe] =Ed dHA 7 AE Fdss Ao
Agtaitt. 71 7 Al dlE =0 100T °]F 600C ofa}, nhghAsiAAl= 350TC o4 550T ofatol A =3
st Erh. w3 U Aee A4 vk BE 284 ks E997], S22 Ak k=S 10ppn o, 1% o,
E= 10% ol Edshs E7INA FRPH. dE S0 7HE Ade A EH71M Fdss 7A o] nizH

2 oo
r)v
B
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> F
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stch. o]2A, AsE(230)e AMAVF FHEHER AR HENV)ES ARE 4 v E=S UL

= et
ol A Faslel® Evh Ei bd el Ak sbs EmE By bs 2974 D AelE Faw ol
IR AaE 0F] sl U AT 0 oI, 16 0%, EE 106 0% EFHE LA/
ol Frh, wE A8y A2E 1opm o1, 1% o1F, EE 106 ol EFFE EeAVINA D AeE &

@ o, kel Ak ka i B ba 21N AL AUE FaseE Fit,

EE AFEHE (230)9) Tiste] Jbbast NS FAGOEA, FHE kol olsho] ABE(230) W9 Ak A

& FR(ET = da, v T Vpr0onull'olehs WE AT & vk EE ASE(230) el 2

A7) 2T BOSA AA(REIT = Atk ol osto], W
SR

(230) Woll &S F27) 4ka A&y J4F= V7t A= AS

-~

N
=
s
[
o
of{
il

|
2
[0
N
T,
oo
_or{t
(o
frtl
3
o

3 Aol A(222) 2 HAA(224)7}F 2F ol N AHFE FERE VAR U, o] A9, B ABRER o|FoAE
A% T2 A @Ga, Holdd ARE o]FoX = HF FFolojm FUF. I FAA(224)= AHEE
(2302) % FH3td A FFoE FAHAAE Foh. o] A5, HAA(272)7 AAA(224)¢] A L AAA (22
2)9] 4 sk o] Hrt.

AslE(243a) 2 AFSHE(243b) o] AFSHE(230b) Hell AlFET.  AFSHE(243a) 3 4FEE(243b)2 =X A (260)E
Apelell Fi1 o] A o] AlFHT.

AbSHE(243) (AFsHE (243a) 2 AFSE(243b)) 2 A4 FIE dAlete 7l5S 7HAE 3o wigAsity. A
ATy = AFo A 7)5she Z@lA(242)9F AFeE(230b) Atolo] AtAel FHE AAsh= 7S 7HA

:3
VS

l

o

= APSHE(243) & wiAFeEA ) A (242) 9F AbSHE(230b) Abole] 7] A Fo]l Ak o] wigA st o]}
&2 TR FoEa, ENAXH(2009] A7 54 W EWALH 20009 AFEE FIANE ¢ AT E
3k oAl (242) 9F AF8EE(230b) Abele] 7] ARdE SEs] AR 5 9= By, A (243)& AlEsHA w

4

Qo st Fr},

APEHE(243) 24 WA NS 7HAE 55 eSS AMgstd e Frh. 53] 94 NeEANE dFvE, ZE,
H, BE F4E AHgeE E AFSHE(243) & Fﬁ}g(zrsomiﬂr A2 M) F%7F %2 3lo] npghAsic),
gk 2bslE(243) 24 AFsh e‘%% AbgEtelm o, Y AFSHE(243) A In-M-Zn AFsHE 59 F4 AgES
ALgBt & T ?—zﬂﬂai% 2bEHE(243)0 AMEEE T4 AbstEC A Inel digh @4 M dxpguzE, Ab
& (230b) ol AMESHE T4 AHgtEolA Q] Inoll tidF Y4 Me] PAFHEG = Ao wigA sty mE 4hks)
5(243)9] ot E?fﬂL 0.5nm ©]% 5nm ©]sk7} vhgbAskaL, o wpEAEAIE 1nm ©]%d 3nm o]&, U] wpEA LA
= lom o] 2nm olsteltt. I AFSE(243)2 AAALS VHAE Aol utEAsith.  AbshE(243)0] AFA S
A= AS, AR (230) U9 Atae WHES AFsA AT = . GdF B9 2kakE(243)0] 44
o] AA FxE 7HAH, AEHE(230) Wl A7) WEEE AL oA

LA (242a) & AFeE(2432) 9] AW dote] AlFEar, E1A(242h) & AEsE(243b) 9] AW 3
= o] vl sl EAA(242a) D EAA(2420)E ZHE EWMA2~E (20009 A2 AT EE =9

}-H u

O_u -

|

o|f

ol
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[
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0 ol
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[e]

e

o
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; o
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g, I o5 5o A3 FHE, 3 FHE, &
x5 qbslE 55 A3t E Frh. ol A AbshE7
R RRE R kA=
Fart =4 1(242a) T A (2420) 2 ke P97}
Al (242a) 2 =A A (242b) = = o2M, 2k3HE(230b) ol X
A (242a) TE TAA(242h) 2 21Ey] Har Q&lﬂ TAE EAA(242a) e EAA(242h)7) 7F
A= A97 k. &, ARsEE(230b) T XEFEE Fhv EHA(242a) e E=RA(2420) F
B97F k.
le TAA(242)2] SHI =AA(242)] AA Apolol whawo] FHAIE|#] ¢k o] miEkgsig. ] whard
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ol i AE e e BT, wAl AHFelis Eebe] o] 4L A& Aol o AT,

tsom A (216), o (= 99 (A) WA (D)

u
.
2 M EAAE T3

AA(205a), L =AA(205h) o =AEH(2050)S A

Pﬂ Pﬂ

R2). EAT060E BT AL el FHE AeE s

Aol kg s,

2 AL, EAT2050) 024 A5 vlolehre Avkath. olsh e 35 AsEL A (2050)9
Aol Ape oA, AAA(222) Fom ek EAA200)7} AHEE AL AAT 4 Ak, T LA

(205b)2A 2] & tH7] AR 55e AREstolRE, A7) SEo] EAA(2050) ZH-E QF-2 StbEE A

WAE 5 g,

o2, (P AEE FIFoZH Z=FTH(2050)] dF-E AAzIY, AAA(216)F =FAIZH(E 109 (A)
Fz). 2 A, TRt 2AA (205a), =AA(205b), E E=AA(205¢)7F ZEET. weka] A
3 EHA (2052 G4 ¢ Ak, ®=F =4 A (205b)7F EAA(205a) D E=A A (205¢) 7 Ao =
. wEhA, ZRA(205b) Z2HE FA4 5o BeEol =AA(205a) 2 = (205¢)2] YFE-2 FAky
= e WAk, =A(2052) RO E=AHA(205¢) 9] Q)F-EEEH AHATE E81Eo] = A (205h) 7t AFstEE A
WA gk, g A7) QNP Aol oldte] AAA(216)9] dFIF AAEE A5-7F At

Sow, AAA(216) E =AA(205) ol HAA(222)F AHIH(E 119 (A) WA (D) Fx). HaAH
(222)2A &Frlw 2 Ty T dF e Fo AEES X dAAE duete Aol Frp. w4 F
g 2 SEE T A T & AsES Idlels HAANEA, Ats dRnE, At dEyE, 4FvE 9
StEES XFee ASE (g EFHUOlE) 55 AMEshe Zlo] wigAlsttk. dFvw B sy T 9%
EE o AgtES e dAdAe bk, Fa, 2 %011 sk wigojd s . "AA(222)7) A F
o g wigojd e HHo RN, EWAAE (20009 Fd AlFd FERAC e F4a 9 Bo] AdA
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[0272]

[0273]

[0274]

[0275]

[0276]

[0277]

[0278]

[0279]

[0280]

[0281]

ZHSE 10-2022-0092517
(222)% B3to] EAALE (2009 HOR S Ao] AIH;, sk (230) o] Ak A& Y o
A & 9,

AAA(222)9] e ~HE YW, CVDH, MBER, PLDH, ALDY S-S AF&3ste] 3E 4 glu. £ AA P9
e AAA(222) 24 ALDH S AH83te] 4t slZgS AJubsit).

ojold 7t AHulE Fdss Aol ukgAstk. 7 A= 250T o4 650T olsk, ubgAskAl= 300T o

500C ofst, t mighAlslAl= 320T o 450T olstell A st Frf. 3 7t Ale Ax 7hs B =
&4 7k 2971, &2 Ak ks 10ppm o], 1% o), = 10% 01*& Fdshs w7 AR
dE 5ol Aa 7haeh Ah Thae S BR7loA Tt AR E sk A, Abe kg 200 ARR S F
oo R R AR Atk AHM Fdstels $o. EE 7hd x%ﬂ% Aa ks e 22 TS 2917
A 7+d x% = TG o, olgE g BES] flste] s 7h=E 10ppm o], 1% oI, Hi 10%
o st w7l TR F

w3 A7) 7FE A olA AMEShe Jhae aeRstEe] e Aol nighF ettt CdE o] 4] 7FE Al A
A}%é}% Zp2eo| E3E = LRSS 1ppb o8, vlEAEHAIE 0.1ppb ©]3F, ©l vlEAEAIE 0.05pph ©| 3R &}
W EY. RSt JMAE ARSEY 7t AEE Yo EA, dAA(222) SOl FE Tl Eovte A

7},,61 3l vkx|ek 4= 9t}

B AN b Ao AaA(222)9] F Fol A shsh Ak shnel §3HE 412 skl 400
Col eEelA 1A7ke] AeE SRR g7 G Al ste], AR (2] TFHE B, Fh 5o B
FES AASRE A Fol sbwdth. EE AANEA HTHES LIS VHES e 45, 3]
g Al Slstel AdA(222)9) AR AYFAE A9 Ak EH kD Aee AAA (2209 A F

5ol golyel +4F F= A,
Teos AdA(222) 9o AR (20E YUATCE 118 (1) WA 0) FR). AAA (209 e 2
SYY. COY, WS, BDY, ADY SE A SAT F A & AN AR 2o
HYHe AHeae] A3 elme AU A% Azl S48 AR obw Nt 2adPUe AETe
2, AAAN2) W S SES ADE F A, AAAE0E Ul BN Q00 B3
2o, olsh o] $& FEr AgHe] Y Aol AP,

el
Uaom, ddA(224) 9ol AFskeh(230A), AFspEH(230B)& ©] «

TANE oo 119 (A) WA (D) F=).
R Absheh(2304) = AFﬁ‘r“‘(ESOE)S’* 7] el mEJAIZIA il AEste]l ek Aol nigbA sttt Y]
of 7Wgabx] ki Adurgro =, Absheh(230A) B AFSEEH(230B) flol Wiyl FHOEEHO BEE E ol

A £
TEEE A H&X]f‘g T 3lof, 2kskeh(2304) 3 AFskeH(230B) o) AW e S A2 4 v

Absleb(230A) 2 AFs}ER(230B) 9] AT ~HE|EH, CVDY, MBE®, PLDW, ALDY & Al&sto] a3 & ¢l

NE ol ALSHTH(2300) B ALHT(230B) L AAEYHOR Qs Ao, 2uEY shmRA Ak EE

Wash S7hn0] EY hAE AGRT. AWEY bee] TEHE Atke] nEe wQ0EM, YUEE A

ooe B AxE /Y 5 vk = ) At suggEos Auste 49eE, 471 I
[e]

53] AFser(2304) 9] A9 Alell 2HEE Thof] EFE = Abae dETF AAA(224) 0 FHEHE B5T AT
weba A7) AHEE sbao] TEEE AR HEL 70% o)A, vtEASHAE 80% o4, ©l vrEAISHAIE 100%

S

T3 4kslEh(230B) S A~ EHHYE O R A A, 2HHY sl E3EE Akl HES 30% 23 100%
olst, whgrAsiAl= 70% o 100% olst= stef Autsivl, Ata A AskE WEAVE Y4ET. Aba A
Y ArstE M AE Ald P4 JAd A E%HX]*EMWb Hud =2 AFHSE 48 ¢ d. gy, 2
o] o e oo A kv, AEEH230B) S AHE M OR FASE FF, A¥EHY sk X
= A4 HIES 1% o4 30% olst, ulEAlEAlE 5% o)Ak 20% o]EtE stel Adubstd, Ak AREF A E
N7 A9, A APY AR R EAS QY 34 Jgo AR EWRAAHAAE HE =S A

A &% ClEEE 9 F vk, EE /RS AAstEs gugoss Y] dsitel A44e YA 5
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[0282]

[0283]

[0284]

[0285]

[0286]

[0287]

[0288]

[0289]

[0290]

[0291]

SIHS31 10-2022-0092517

el olsto] In:Ga:Zn=1:3:4[ LA} 1] Aste E o Aksheh(2300) &

o HEgk A9 E P 98t In:GaiZn=4:2:4.1[FAFH]] 9] AsE EZlE kol Abs}et(230B)&

At =3 7 Absiere, A 21 9 dAH S Hde] dedtosd Abska(230a) B AFSkHE(230b)
= z

thEom, Abshuh(230B) flell AFsheh(243A)& AEHEth(= 119 (A) WA (D) ). Aksbeh(2434) 9] AdEhe
WGy, (DY, MBEY, PLDY, ALDY 58 Ab&ste 3T 4= 9}, &5}“‘(24%)% Inoll thgt Gao] A=}
FH 7L ARebeh(230B) o] Inoll tidh Gao AFHIETE 2 Zo] wpgrAsith. 2 AAFE M= 2o E YR
olste] In:Ga:Zn=1:3:4[DAr50]19] Ashe Bb2lS ARgsho] Abshe(2430)& Ao

Ik AAA(222), AAA(224), AH32H(2304), AFSEH(230B), © ARSFTH(243A) S Ti7)o] w=EA|FIA @A &
HygHoz Autsls Zlo] nadsitt.  dE 5o HE AW e A FXE ARESH ok o]
HAAA(222), AAA(224), AF3FH(230A), AF3FER(230B), B ARSER(2430)S # Uo] F4AE A7te)
Aakstar, olo] Hale] zb ek FA Apolol A T o £ EQiFEE AL AR 5 9

oz, 7td HEgE Fdste o] uigAsitk. 7t AHEe Absbeh(2304), AbsheR(230B), 2 ARsuR(243

o] hAAs A & 2% WYolA Faabd a1, 250C o4 650C o]ak, s A= 400T ©]4 600°C

£gl 7td Aele da 7 Be 284 b 29171, S22 4sd 7= E 10ppn o]

g, 1% o, EE 10% o EFsHE ®E7I6A FaEth. dE B A shaeh Aba vk EFF 917

ANA 7tE HEE sk AS, Abh 7FaE 200 AER W Foh. e 7td AHEe 39 dEelA Fsten

=, wE 71d Ayge 2 B8 7k 907104 7t AelE g Fol, olgdd AAE B
Z317] 98kl A3k 7bAS 10ppm ©1AF, 1% oAk, HE 10% o] EdtalE B 7|oA FEslel s FE).

N

F

b
N
[>
i
r\r ml

T A7 7 Aol ARgehe Tk awkstE o] sl Ao] nigrsit. dlE 5ol 7] 7hE A elA
}%5}—5 Zpzell EgE= %S 1ppb olsh, mhgHASkAl= 0.1ppb o]st, | WA= 0.05ppb o]t 8}

WoFY. aeEstd JbaE ARgSte] T AEE s o=, AFskeh(230A), AFskeR(230B), B ARshet
(2434) soll =& Fol Eol7k= AL 7hed & WAE & AU,

v AAEEHCAME, 7 AREA da Z9710 $lejA] 400T o] koA 1417k AP S s Fo, A&
sto] Aba B9710l glojA 400Ce] oA 1Azke] APE ’“'E?'&D}. 471 7FE Al ofste], Absi

(2304), ATBHEH(230B), B ALSHEH2434) WO B, Fa FO BERE AASE A Sl st E=E 4]
e ALl Si3lo] AR AANE FEAA, D 0w, DG FEE T 4 A, ol 9
sfol, AFShIH(230B) WIS Aha EE B SAE APY 5 Ak,

theoz, Absheh(2430) Slell m=AH(2420) & A (= 119 () WA (D) Fx).  =EEH2420) 9] At
2 HPEY, CVDH, MBEW, PLDW, ALDY & AR&stol 33 4 3tk dE 5o =du(2420) 024 29
ElEWS Abgate] dst gadds ety grh. 3 mdw(2420)S AHety] del b AEE sl
ok 471 7k Ade gskstlA sdsta, divlol mEATIA Al d&dte] mAduh(2424)& A uretel
ok olgd AYE FAFORA, Absp(2430)e] ®W Fol FHFHE SR 2 FAE AASa, Ak
(2304), Ak3bEh(230B), 2 AbsbEh(2434) 9] 7 % B Fh 5 Hﬂ;} gk e Al 2xE
100 ©]% 400C o]at7t wistasirt., & AAFE A= 7HE A2 g

lo m ot

oz, =AE(24240) Yo BAY(2710)S A3d(x 112 (A) WA (D) F=x). HFA(2r1h) Y Ade

23 E Y, VDY, MBEWH, PLDY, Tt ALDY 52 AFE3ste] 83 4= gt} AAR(271A) 2 E 2k

Eﬂé A 715 7IAE AAdEe ALEste Aol nidF s, o & Bo] A7)0 2A AT
Holl oJ3le] Abe} dFulF T Hel AES Adutsid £

2 AAFH A E AAT(2710) 024 AA 7HAE 23EtE B9U|dA SFEuE BARS AFEste], A DC

suEYyor et dRuES Ausith, e 7w d7bes RF A4S 0.620/cn’ old® #oh.  npey

A= OW/em ©14F 0.31W/cn’ olat= dth. RF A= 27 stozm TAT(2420)0] 2E= Ak S
A A|ste] =HE(2424)¢] AFstE WA
e mA(2420) R AATETINS o) wEATIA 23, AP WeR Juat fo] migrHs. o

& 5o 9 AdH Ao A AAE *P% b Erh. o]2AM, EHE(2424) B AAH(Q271A)S I 9]
aE Azste] Austal, oldl Hstel 2 Aot A ApeldlA = el it EddEeE As AR ¢ gin.

i



[0292]

[0293]

[0294]

[0295]

[0296]

[0297]

[0298]

WSS 10-2022-0002517
wg AAvhe7IY) S0l = vheaE ATsHE A%, A7) = vkeavk s U glel w@ A4 g
Qistel ek

HHE AMEste] 4bsbER(230A), ARSFER(230B), ARSER(2434), =RER(2424), 2 A

@27INE A Fde=m 7hEste], AbstE(230a), AbshE(230b), AbshES(243B), A3 (242B), 2 A
) /\]_

:

dlo
o
f
i)
. P
M
5“?

@271B)& FATH(E= 129 (A) WA (D) F=x). EZ 7] 7hgels =] A ¥olu dE dUE

A}
(e}
F odd.  =glo] AW o3 e uA el Hgsid. w3 4E3leh(2304), AHEEH(230B),
(2430), =A9(2424), 2 AAZT(271B) 9 713 22 o2 X302 Fslol e Frh. I 7] FAAA
gAako

A (224) 5 4F3HE(2302) % FHAA A = 7hEst

T3 Ygaragegelds, ¢ viaaE Tkl HALRES =330, dgoR, =3d d9S NS A
gato] AlA e RFEAA AAXE vlaaZ QAT aa A7) dAXE ntaaE Bt oY AYE
gromd, &dA, wiEAl, £ dAA 55 dshe R HEd 5 gl =01 KeF AH o] A]

o
3, ArF AW gol# F, EUV(Extreme Ultraviolet) 3 55 Al83le] YAXEE 3oz XA

AE 1:[].
saE GAE F. E@ Awn 9 A= Aolo] AA(E Bol B)E AT wds A NLE A
soolE Frh. Ema A% F ool A Wolt ole We ALgE : e

AHgEhE Afells mheds Bdedith. B PA2E mhads ol et 1
AE oA Aes FdsAY, =2to] oA A Fol AE o A& FdsAY, T dE
=eto] o F Mg FAFoEA AAT F ot

EF UALRE whaa ofefe] AAAY EFAR o]FoA= = wiAdE ARStel: Fu. = vkiAE
AHEEHE A, EAEH(2424) 9o = wpaA A8 Eli dagtold mdus gAstar, 1 flol HALE
ks gAshar, S vhad ASE clgReny dshe ddel she vhads g94% F sl =
(2424) 5] oL AAXE vt E AAG Fol Fdstole Fau, HAXE vpiaas W1 A Fdsto=
F. FAE A5, A Tl AARE vhaArE 2AHE B vk 2AH2424) S ol Fell =
ke E ol oste] AAGtel Frh. FH, st= vkl AmTE T S vAA Y, B
FEAANA o182 F A AFelE = waAs vEA AAT dee gk, # AP 2
(271B)= 8}= vh=dmA ARgST. AAT(271B)S Sh= mhadR S Agele dAS 271 B
A8 Ak, =AT(2424) S oY Tl EAF(271B) 9] A& FAlE= Aol nigrA sttt

o] EAF(242)9] vhaARA JEEs] MBS, £ 128 (B) % (0o vhehdl mhsh gol
W Apolol] wbWE R4 erech. olol elslel, = 3¢) (B)o] vhehdl w44 (2422)
4 WO 2 gl Bk, mAA(242)9] Fat el wabs:
Fue 7}?<1% Aguch wAA(242)9] @A ] AR, o]wA,
= 2 ARE 24 & & Ak

I
M o\

(]

ek dolA(224), AF3HE(230a), AFEFE-(230b), AFEEE(243B), =WE(242B), ¥ HAZ(271B)S Holx o

AA(205)¢ SHHEES AT, gk AdAA(224), 4FsHE(230a), AFSHE(230b), AFSHES(243B),

A%5(242B), ¥ HAZ(271B) 9] HwWe HAA(222)¢] wol thale] AdHoz F=z Ho| wiEZ s,

A (224), A3E(230a), AFEHE(230b), AFSFE-S(243B), =F(242B), 2 HAAZF(271B)Y WS HAA

(222)9] ™ol thato] A og F2og oy, By EWAXNAH(200)E AT o WA $i6}1
]

)

UrEs =9 4 vk, £ daAA(224), A3HE(230a), A3E(230b), AM3E3(243B), =AF(242B), 2
AS(271B)o] SW ¥ dAA(222)9] o] o]F= Zto] 90° Bt} 2 7wVt HE FAHOE JtoE Frh. 1
7-, AAA(224), AEE(230a), AFSE(230h), 4FSFES(243B), =75 (242B), ¥ HAF(271B) SW
AAA(222)] o] o]F Z+& 60° oA} 70° wwre] upErzsitl,  o]9} e Fgow gomH, U9
ol AAA(272) T HEAe] FHHEE FF o AFTS ART F k.

TS A7) ol F FAA BT FAGEC] HAA(224), AbshE(230a), AFSHE(230b), AbshES(243B),
Z(242B), ¥ HAZ(271B) 9 SHo| TR FAHHE A97F Advk. o B, AV T4 FAHE]
Al(224), 2FsHE(230a), AHsE(230b), 4FsbE(243), =AA(242), 2 AAA(271) 9 AAA(272) Alolol
"ok, A7) S0 FAdEC] Y FHCA 3AS Agste] EWRA2H (20005 AlAFshE EWA2H (20
0)e] AlzAgde] okstd 4= gk, wEbA], A7) S8 FALES AAEE Aol ugA s,

tggoz, HAA(222), AAA(224), 23FE(230a), 2H8HE(230b), AHEEZ(243B), =HF(242B), 2 HASF
(271B) ol AAA(272)E A=eoh(= 139 (A) WA (D) #Fx). ZAAA(272)9] AUt ~HEHPEH, CVDH,

offt L K
ox 2 ™
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[0299]

[0300]

[0301]

[0302]

[0303]

[0304]

[0305]

[0306]

[0307]
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MBEY, PLD', ALDY 5 Abgste] #a@ & gk, B AAFHAAE AAN DR Mk A4aE £
T w7l EFrE BBl ARgSte], A D0 AvEYHoR et dRuES AU, E=gE 7]t <
Jbshs RF AL 0.620/cn oldtE @k, mbgAE OF/en o) 0.31/em oldkz @t} RF A 2
foms, WA (20)d FUHE ae) FS oA 5 AT J_?ﬂ' A (272)% A (222)9] o] o
9} W e,

T dAA(272) AT TR e Frh. odE Bo] 2HHYY ot it GRS dutsta, A
) Ak el Aol AR et Aok dele el Fu AWACTIS A% g o5

TERE FORM, B, & 5O BEE L ke F42 dAsks Jlve] F¥HE 397 Ak,

o>"
-‘-403

N,

l

9} o] alo}, Ab3}E(230a), AF3FE-(230b), AFMEZ(243B), ¥ E=HZF(242B)S A4 RS oA slE 7]
S 7R AAA(272) R AAZ(27IB) o E YL = Q). oo gF
E(230b), AFEEZ(243B), U EHZ(242B) 0.2 A4} EalEE RS A3 £ ).

tEom, dAA(272) 9l ddAA(80) 7t HE ks Auett. ] ddwtel Aehe
CVD¥, MBEW, PLD¥, ALDY &5 AH&ste] 38T & vk, A& 5o 7] dd%e=

st atsh AujEuhs Avstd Foh. AAA(280)7 HE AAYNS AAE 2FEE

2 Augoga, 3 2taE Eshs AAA (28008 FAE 5 Ak T 49 vt
ol HE ~WEPWE ASFozA, HAF(280) W] T4 ¥

wetz] dol A AdlE st Frk. M Aels ddstelA Fdskar, dirlel A%

of 7] dduts st Foh. o3 AdE FAFeEA, AAA(272)9] W T FFE FE %

2E AAstaL, 4bskE(230a), AFshE(230b), AFShES(243B), B AAA(224) We] FE v 9 FAh =
zZ

A g vk A7) 7D Aol AEd vhE A 218 AHEE 8L

ggow A7l AAA(280)7F HE Adut] tiste] (NP 2 EE Falste], Aol
S (= 139 (A) WA (D) #HE).  ESE AAA(280) e, oS Eo iiﬂﬂ

Berek dAA (28005 F4
= E
dupstar, 7] Ast de]Zel diste] AAA(280) =2 wWrhkA] P A2 E

Hew st dyIZs

o, A0 Qi AN U, ARFEIDE A, BABQB) A, L i
(el AR hEslel HHEAA mHNE ATE G4BT ) ATE FAA05)S) FARE
& QgEe o) st A AT Qe Slstel A7), AAAQAY), EAA (2420), E2A
(242b), AFBHE (2430), % AFSHE(2430)S FABTCE 149 (1) WA (D) F2).

47 ATFE BHE W, AE(2300)9 BRI AARE A9 Atk B (2300)9] DI AAROEA
ek (23000 FRF B, A7) B FRe Zolol wek 4] AT 34 THANN FAselw %
47 ATl B4 B4 v B FAstelw Fu,

o ¥

s
al,

H

S HAA(280)9] AF, AAA(272)9] A¥, AAZ(271B)9 AF, TAHZ(242B)9 dX, U As}E=(243
B)o] aXo] slEo|E =alo] o W i JE o AMS AFRE = gk, =eglo] o AW o3 e w4
hgol Ageth. m@ 7] hFe A7 v zdom fdseln Frh o So] AAA(280)9 ANE
=afo] ooz shFstar, HAA(272)9 AR 2 HAZ(271B) 9] AFE E dqAHoR stFEta, EdE
(242B)¢] UH 2 A3}EZ(243B)2] o Salo] dFWow sBeelr Frl. wa EAS(2428)¢] ie}
A1ElE 22 (243B) 9] Ao JMELe Aoldt o7 sl R FU),

o 7] 4ba}E(230a)2 W, AFsFE(230b) 2] = Ll

TEo] FAHAY o5 YRR A7 E-EC] FbE A9t vk, olet e EEE

stof Erh. EF Y] =etho] ool ojste] AkshE(230b) W 1 84
S £ F9s AASE Fo. Y] EEEERAE, 29A280), H dAZ A5
A5 (242B)0ll 3= AR, 7] AN 84 Alddl ARgekE Aol ALE EJ—E %zﬂoﬂ E3E = AR, oA
ARgBhE 7hs EE HA E@H—E AE Tl 71ds AS 5 . Y] BEEEAE, dF 59

o
. L 3L
', &5, A, 98, 2704, 94 ol vk

M = (o O [

3 AFulF e AZE 5o ETE2 4HeE(230b)9] CAAC-0S3HE A3sstg. welA, dFng == A
59| CAAC-0S3HE Adfste E45 U427 A =8 AAEE Aol vEasit. oE 5o 4F3HE(230b)
I T A dFEnE YA FEE 5.0atomickh ©]dtE FH E31, 2.0atomich ©]dtr} wlgHZEEhaL,

SE rm A
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[0308]

[0309]

[0310]

[0311]

[0312]

[0313]

[0314]

[0315]

[0316]

[0317]

[0318]

SIHS31 10-2022-0092517

1.5atomic% ©]8F7F ¥ ®wlEA&}ar, 1.0atomic% ©]8FH7F B2 vl&A3}a, 0.3atomich v]Yho] B2 wlgkA sk},

w3 dFuE e AYE Lo B 9 Fte] CAAC-0S3H7F AlsiE o] a-like 0S(amorphous-like oxide
semiconductor)7} ¥ T4 A3}E9] S H|CAAC FFo)gt 2= A7 duk. H|CAAC FYd = 2H
T Aol Aty o] 7] witdl, Virt Bel FAH EWRA I =Y 23] A9XT. ok,
bk (230b) 9] HICAACSH 99 AAS A = ol upEA s,

ShH | AFSE(230b)2 F739] CAAC TF2& 7HA+ Ao uigAsitt. 53] A& (230b)9] = sheb-7hA]
CAAC T+2& 7HA&= Aol utgdsitt.  o7)4, EWAALE(200) A4 =A-A| (242a) v =104 (242b) 2 1

rlo
Ry
N
N
b=
rr

gelo g 7)53tt. ZF, =A-A(242a) (=A A (242bh)) 9] s ke *Pﬁ‘rg(230b)°1 CAAC T-%E

e Aol ukgra s, om} o], =algl vkl AASA FFL VAL S die AR A5HE (230b)
o &4 Gl AANT M TEE HIORA, EAAZE (20009 A7) Sl 3 % g dAg & g,
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M A (286) 24 ~AE Al olaje] e} Aelag Huha.

oz AAACTD, HAA(272), AAA(280), 4
2)ell =2dh= s FATH(E 219 () R (B) F
st ok Y = 219 (DolA B7] ANt AL AdHelA BokS W Aol ARk, ofdl FAHA &=
A& 5ol 47l M=, Aol Boks u B SO tiE A, AHAE o v4d, AHE 5o o
7ol B Fis T2 & FAolol= Fu.
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o

go® AAdA(241)7) H= AAUe A9sial, 7] A9 oiA oFste dAA(241)E FAsH(=
219] (B) #=x). AddA(24D7F 5= ddvre] Aok AvE gy, O, MBEW, PLDY, H= ALDY &5 A
ot AT F vk, AAA (247 H= AAMoZA =, A& BHE oAEE Ve s e Adus
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9 =A A (246b) 9 AAA(286)7F THEA &= 9] AAA(286)2 AFEIF AA=E H7F At

o
oX,
s
S
O

EAA(246)7F B =] e AEPY, DY,

l

—

olgdt Aoz & 39 (A) WX (D)ol YJEIA EWAAEH(200)3 71A= wteA] XS A7t 4 9o},
o (M) WA = 219 (D)ol vebd mpel o], B A e o] el w=R] Ao Az S
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EESA0)E WEAQION, G, FEHQI0DE AN (27060), AL (21060, AU (27060).
A (2706d) 2+ &)

NE,

gk 74 Ao HEFo= AlolE WMB(GV)7F AlwEe] dar, di7] F 7% FFA 0D, g7l S 719wk
A (2702)& AQJstaL, 72t A5 SHHoRE ¥ FHE §AT vk, =3 gi7] F 719 954 (2702) 0 =
WS 23H(2763a)0] AFE ol AL, WhEA(2704)0l = WEE ZR(2763b)°] Al E] vk, wkE 23 (2763a)
9 ORES B (2763b) el oJste], Alx FX(2700) el 7#HE wES 4 .
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st dhrh. mE e A(2704) R 7 AL m/z7F 2890 71A RA(LAD S i gEe, dE Bol 3x10
Pa olsh, whEAsIE 1x10 Pa oldh, W M SAE 3x10 Pa olstE Atk mF WEH(2704) 2 2 A
duel m/z7k 4490 71 BRH(DAHE] R FEe, o F Fol 3x10 Pa ©l3}, wlEAsAE 1x10 Pa ol3h,
o vk Al 310 Pa oldtE @t

EE NEA(2000) W 2 AYM el AA g % R gHe aF A

= | & AME3te =
2 So] ULVAC, Inc. AFY A==y Az EA44(Q-mass#Fil% ) Qulee

7
GM-0512 AR-&atH

fo1g
=

Ark.

QX

Z,:
==
I UREA(2704) B ZF APulE o A EE YR Mo He PHoR s o] ugAsitt. dF 5
o] WHEA(2704) 2 7+ AAW ] A FO|EZ 3x10 Pa-m/s oIk, HlEASAL 110 Pa-m/s olahz &
o ES 2 So] m/z7b 189 7)A B ¥4 eo]EE 1x10 Pa-m'/s o8, wfEA A 3x10
Pa-m'/s olat® FTH. EH dF o] w/z7h 2891 71A BA(LA)E] FA HO|EZ 1x10 Pa-m /s ©ldt,
slrd el 1x10 Pa-m /s ol8t® @b, Ed B So m/z7} 449 71A EA(LA)L] FA o] EE 3x

10 Pa - m'/s o3k, HFFASAE 110 Pa - m /s o382 she}.

it
&
s
(m
fr
o
i
rot

T A BAAE AHEst SAS A o4y 2 FE GEHoRRE EEsd Fr
A HolEx oF A B Ul FAe o&Edth. o Aol mAad oy TR B o2 3y
A3A F-ZFEE Z|A7F FYEE AS 2ot JiF AL 2FA dle] ME T zhuto]|REE 9] FAo]
U R RAREE WEHE lae VA3t A HolEE et A o3& 37| YelME, 9% F
A g U rAe] A b s Ae art
A5 Eo] W5A(2704) 2 7 AYH e JE FES WE aRom AEEHE Zlo] Frh. HE sfaFleds
EFodst A, Ast 4FvE, e 43 ARFOR A&5E F455 AREstE 3lo] wigAEt. WY sfaA
2 0o Hlste] WaAo] w1, oF FAS AT 4 vk, ES FFoA} A, Abst dFv|E, Akst A2
H o= J5HE 559 s AMSdoEy, Hg ez iy wEHE ETES XTse WE vt
7F dAEe], W FEAE AR
=3 Az FH Q270005 FASE FARAM, BE4ES X3t 7t WEo] He dFulE, AZ2F, ElolEl
T, AZ23F, YA, B vyES AT, =3 H, 325, 2 YA 58 X8 Fes AES BEeE
S Xgete 7he] WEo]l A2 w40 R dRate] Algetele vk, H, ARF, ¥ YA T XFshe
2 Aol dx | Zdatar, 7ol Attt o7IA ZWA S FA4E] flste] FAle] 3 8 S dAvt

[e=]
=
WoWE haE ARE 5 9
EE 3EE AR N (00 RS FEoAs A, s vy, s ARE FOR Bl ot

2 FAQO0E PAE FeE ¢ FEWOR FAHE Aol uhys
e % A7) Aol EAS

Slu]of
=
o] GEe vAA AW, W00



[0368]

[0369]

[0370]

[0371]

[0372]

[0373]

[0374]
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2 A FolEef wiy] &imol e fIAYE, wi7] o] & HEE AEete] whEA(2704) H 7 AW
o EAlshE FAES 7Hed ¢ olgA7la, mE wi7]E sk Zlo] Fastth. ®e FAEC] g HIA
717] 9lske], wkEA(2704) H ZF Aol oiste] wlo]HW S AN R Erh. wWo]H & AAFoEHN FAE
o] olgk £x=2 108 AE Y 5 vk, Ho]HS 100T o)A 450°C ot A AAstd Er). olw, Ba4
7b=E Wb (2704) B ZF AW ESEHA FARES AASHE, wr|vtoRE ojgEY] ofelR B Fo o
g EEE O Y vk T3 Eqste B84 ThaE WMo 2o 2 ARR AR, FAE
o ol £ & o Y F Utk VA BEAY V=2 AE UkaE AREShE 3lo] wiEA st

= 7tEe gk o BEA b He kA 58 EYToEN v (2704) H 7 AW W9 ¥
i, AR Albe] Aakek ol kA (2704) B ZF AAWE wirIEks AEE oA dshs Ao vpehy
WA (2704) B ZF AldE o] FERES olgAE g dar, REEA(2704)
< ARE  dvk. EF o] A= 29 o) 309 ofsh, WA EAl= 5¥ o)
o .

Ji —OJL il

>

158 o]ste] Hefol A kA Ao, FAHoR=, 2%=7F 40T )4 400C ©]s), wf
B3 A= 50T o4 200T olakel B34 7t Tl kA 58 Edo =z ubpA(2704) 2 ZF AW e

=& 0.1Pa ©]%d 10kPa ©]3l, HlA8LAE 1Pa o] 1kPa °]a}, © ubg28tAl= SPa ©]% 100Pa °]3t=
A

a1, rEe gk 77He 12 oAk 3008 ol uiErAE A= 55 oA} 1208 olet® & E=rk. 1 3 uk
F2(2704) B ZF AJAME 5% ] 3008 oldt, upASHAIE 102 o] 1208 olske] 7]t wjr] g}

S o2 AYr(2706b) L AW (2706c)l thsle] & 230 e wHH RAEES AFRSto] Ao}

AGH (2706b) R ALH(2706c)= AE Bl IAEe] whste] wiolamst AZle FIFE £ Q=
Ageoltt.  mFE AYH (2706b) ok A UM (2706¢)= violA=dt A2lE 3D o] 27wt =2y, 1 9
o] 7L FEH7] Wl olstell M= FAAM At

A (2706b) 2 AUYH (2706c)= &3 HEIVI(2808) 3, HAAT(2809)F, W EFU(2812)9, ®iU|
(2819)2 7FAth. =3 AU (2706h) D AW (2706¢) 9] F Sol= 7t~ FTEFL(2801) T, WH(2802) %},
a3} wgﬂ(zgos)sa} T (2804) T, BT W37](2805)9F, 7F23(2806)F, E=3p(2807)%, wiE wbx
(2815)9F, T3 AY(2816)3, HF HE(2817)}, WH(2818)7}) Al-FHT}.

l

a9} 9hA7](2803) % =} 7H(2804)S Edle] R W37 (2805)d HEEe] g, R m3ly](2805)% =9
7H(2807)& F3te] &£X <HHVFR(2808)0] HEE vk, &£ FEHUR(2808)2 A w (2809)4 Hdate]
2. 5‘3?& 7h2s FEE(2801)2 WH(2802)8 Sol BE WE7](2805)0] H&EH vk, agla BRE W
37](2805), =37H(2807), L SAATE(2809)S AUrtE 7F23H(2806)S EdFe] AW (2706h) L A AW
(2706c)°ll 7F2=~7F Fgdch. e T FE(2817)F WH(2818) H HH7H1(2819)-§— &3to] AAH(2706b) H
AYGH (2706¢) ZH-H 7t 58 wj7|etes 75 ZHAY. E3 uFn A9(2816) wiA wa(2815)5 E3ho]
719 &9 (2812)0] HEE o] ).

718 EY(2812)= 7|H(2811)E FA ke 71es 7Y, dE B9 7]#(2811)2] HH H(electrostatic

chuck) T+ 7]A & (mechanical chuck) 229 7|%5& 7Mxth, T3 159 HU(2816) 025 AHE FF
W= dS02A9 s ZRnk. B3 iR 7t 7)9H(2813) & THA AL, 7](2811) & 7tEstE Vles Th

A FEZ(BINEA =, A& 50 Eto] FZ, WiAUZE F2H 2, o] HEZ, Eloleky A& vl
I, Aol eHZ(cryopump), = BE £A4 HE 5 A 9 R e HE(2817)°l st ﬂ?/‘r
o] |eHZ B Ade] L ERS ARESHE, 55 a8 ow wred

)4

QL E#(cryotrap) & AREStol= Frp.  Acgfo
5+ o] =3l uhgr g,

w4 A FESIE, A B0l A%
7k To mA RSO Ak e d5A
Rapid Thermal Annealing) %=+ LRTA(Lamp Rapid Thermal Annealing) &< RTA(Rapid Thermal Annealing)Z
AR ¢ Qdth. GRTAYA = 12 7h=E AbEste] 7Hd AgE 3%, 7t22As 584 7127 AMed
=

EE 7k FEE280)2 AF 7 Alo7IE Sste] AATIeE HEE] Jolm Fu. JFEEAe o]EF] o
80T olal, HhgHASAE 00T olaiel Fhag ALgehi ol wigAe. olE Bo] 4k ks, Az A,
2 g7t (o}=2E T F)E AMESIH Er

BAA 5 gl Adse 1D /TR dE Fu. EE dd
ol slste] Aadehis b 7R sholx Eth oI% Hol GRIAGas
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A (2809) 02X =, AlE Eo] Atk Ae2(AH D), Ak SFE (LR, B As o] EF (o] Edoh)
& AFEehd Frh. I fAA(2809) 0] EHel B HuFo] o AR Frh. HITdE 4bE vt
T4, AbS} ElolEbE, AtS) ARE, Abs} A=mE, Abs sk, 4bst weddl, Absh A, A GFvE
EE S olER TS AMEEHE Frh §AA(2809)2 FestE wdE Fehvh(2810) F 59 YRVt E
= Gl w=FH] Wiel, HEgs AlFety E4& @A ¢ 9l o A, A Ao HEE S §
< AT F Sl

vk A7 (2803)3 o] & Eo] 0.3GHz ©1% 3.0GHz °lsh, 0.7GHz 1% 1.1GHz ©l3h, iz 2.2GHz |4
2.8z olste] whelARsE  WAATIE YieE Rt gk wAr](2803)e  ejske]l  wAAR

nfo]l IR 9t Tl (2804)S Este] RE WS (2805)FE HAYHtt, 2= WE7](2805)0 =, TE REREA
Ay wlolm 25yt TEM RE2 WalEc, oga vloja2yutes =33 (2807)% F3le] £33 <heubah(2808)
of deEtl. &£ oHUF(2808)0E H4 &£F tHo] AlFH o, molaRve 4] €% 7Y 4

= A
FAAFH(2809) B, gz FAAT(2809)2] ol Fel HAE AT, nUE FZArH2810)E
AR ¢ Jdur. nEE Zkark(2810)0 s, 7t wEA(280) S 2R FFE VA FHo wWE o] 2 g

o] EARY. AT Hol Ak B Fo EAw

, AEE ZEgav(2810)0 4 AAE o] )zl odle], 7] (2811) 9] & ha

aF AA(2816)S AFEate] 713H(2811) ol wlolojAE <17bsk= Ao H}%ﬁf‘z} A9-7F ek, aFy
(2816) 2.2 E, & Eo] 13.56Mlz, 27.12MHz 59 359 RF AYS Abgstd 0. 7% =
£ rigte ey, mdE ZFehavh(2810) Wel oS 7]¥H(2811) 9 B To| R #E& REAA &
[e]

)

L
=)
ofrt

B DV e T = )

do 2 A

2

2 5o AYW(2706b) EE AAH(2706c)ME 7l TFL280D)ZRE MAE =Yooy, 1dE
Zg2rH(2810) 2 AFE3 A4 oz AYE =3 5 9l

S o2 AW (2706a) L A AW (2706d)l thate] & 240 UEIH T RAEES

P (27060) R AAW06)E AE ol WAEel oistel AAstel xAE F4T & 9
wlolth. @ Al (2706a)5h AW (27060) = AATIskel Ry bt 1 gle] pHe FEHE
| @) WEe olstl At FAA dRe,

ll
o
>
ofo
o
ol
2
e
ol
o
Aui

Mo 2b 2
1% oo

O

A (27062) L AL (2706d) & s Ev B8] :WE(2820)9F, 71 EU(2825)9), 7FA E-(2823) 8,
Wl 7] 7-(2830) S 7FATE. sk AW (2706a) 2 z41°1ﬂ4(2706d)4 R So= vt FFYE2D) Y, WB
(2822)9}, g HE(2828)9}, WM H (2829)7} A|FHT},

7hs FEA(2821) MH(2822)F ool Tk =Q1(2823)0 AEH] Stk WE PE(2828)% WB(282
9)E Fato] Hj71F(2830)0] HEEo] k. WEL(2820)% 71w E01(2825)9F th&ste] wjxHo} gk, )%
E0](2825)E 7]19(2824)8 FAEE 715S HAY. ESE 79 EU(2825)E W 7Hd 717(2826) 3 7HA|
I, 7]1¥(2824) & THEEkE Vles THT.

WE(2820)ZAE, o S0l T EE AH o] AAVFHE WAbe: 715 A BUS Aged £
S, oIS So) 9 10m o1 2500m o3, 00m o) 2000m ol3h, Ei d0m o4 Homm olstel 3175
e ARIsE AR e TPE 39 AHgEhe E

g Bol AZ(220)ZME TE2A BL, Wg Felolm PX, A= ofF AL, R ok AZ, 1Y xF U
wome w9 Re 9m Se YA A8y £,

o8B So] AT (2820)ZHE WAIEHE HAA7|ds, 7 ¥ T AR 713(2824)0] S4E o ZA 7] (2824)
29 W & MEE Y. dE B A A EE A, F2 E5EY AA 58 F F Ay x3

=
7138(2824) & 7hEdstiA sk, Ajte] A e A, F2 Eeed] A o2 afFer 3 5 vk

L b
rr
2
il

So] AWIE(2820)2HE WAL= = AApr]del olste], 7|¥ S0 (2825)F WAAA 719 (2824) & 7t4E
st® Fuh. I AS-, 719 E0(2825)2 UF-dll 7t 7] (2826)F 7HAIA] Yol= EHUE,

15 Hx(2828)9 WalAe= g HZ(2817)d digk 7| AE Fxer, T=d 7FE 7154(2826) 0 dEiAE 7t
719-(2813) e Wg AS FxFoh. £ st FEFAe2D A galdE sk FFL280D) ] I A4S
=

N

N

¢

N
%
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e Alx AAE AREFeRM, A Ed T =eEe] EUS AU e jd 55 5 U

ofgtell M=, = 259 (A) WA = 289 (B)E ARGk £ we] o FE)l WA g el wiste] 4w

7 mRle] () WAl Ao Awirelth. EF 7 mwle] (B)i b mRie] (Aol vERd Al Al-A2R
LR Fitel oigehe wmelth. gk b =] (O 24 =wel (Ml A AS-ME Ebd il
sk whiolth. B 7 mwle] (D)= 7 Ewe] (Mol YA A5-A6er UER FE figdhe @
dmolth,  zb myle] (A)e] AHkelAE mwe]l WRskE flste] dF axE At

ek 7b wael (A) A (D)ol HERE whEA]l FA A, kAl g o] A e>el Yebd wheAl A S 74
she TESF B2 Vles JHE TR g2 HEE Rt B3 @ FHAMRE WA Ao 74 A
RRAE QUEA ZA 6] P> A AR ARE AT AT

= 259] (A) 1HX] (D)Oﬂ L]'E]"ﬂ H Zﬂ Xc]—‘]{“ = 39] (A) 1HX] (D)oﬂ L]—E]—‘ﬂj E]_}_-L:_iﬂ xc]_j]g] %3&@]0]]:}_ 1=
259] (A) 1HX] (D)Oﬂ L}‘E}‘ E’_}_' iﬂ 78]—?-‘1—:« }‘\_}ﬁl‘%(zgoc) \;,l /‘\_}ﬂ%(zg()d)% 7}_;]_11_3 7§°ﬂ/ﬂ 1=
(D)ol VbR wk=A] Ax| ¢} thEc),

= 259 (&) WA (D)ol yebd wtm=A] FXe AREE(230b) 919 4F8HE(230c) 2, AFSHE(230c) 19 2bstE
(230d)& o 7hzIth. AFslE(230c) 2 AFSEE(230d)2 AAA(280) 2 HAA (272)] FAH AT el AT
b, EE AMEE(230c) S AFEFE(2432)¢) =W, AFEE(243b) 9] =9 Exﬁﬂ(zzxza)g] =u | SA A (242b) 9
=, dAA271a)e S, dAA (271 &4, 2 dAA(272)9 SHI 7zt Hevh, gk AFsFE(2300)
o] AW 2 Abs}E(230d) 2] g HAA(282)9F A3},

o

2F3}E(230c) 9ol AF3HE(230d)S wiRISto =X | AFSHE(230d) Kol Y& dAE FREZHE AFSFE(230b)
T ASHE(230c) 2] EE S A 4 9tk EI AFSHE(230c) flell AFSHE(230d)S X FoE
A, 2FsHE(230b) v AFSHE(2300) ZHE] FoZ A4V FikEE S AT F Q).

T3 EdX2E Alg do] Wk whdoA HS w, AFslE(230b)e] SHE AlFEta, 7] FHe 4t
E(2300)% mHel= Aol ulgAsith,  ojm, AMEE(230c)2 A7) R YH(EHE 2 WH)S YEE ufX
Hop, ES AFSE(2300) 9] W FAE A7) R ZHoloh B AHEQD Aol vigkAEr}. ol9} Te Fdo=
oM, =dA(260) 5= viEs] A% AFE 4L wel Ao H} Kol AbsbE(230b) 2] EWoel &4
e %*éfélﬂﬁ A7 &4 BIE AAT = Ak, ool YFte], &4 Yol 7I8E ENA2E(200) 9]
7] 1§

49 BFE AT 5 Uk,
=L
=

o714 AkshE(230c) 0 ARESte & AbstEolA, A4 Mol ek Ind A7 4bSE(230a) e AMSHE
(230d)ell Ab&et= =4 AFsh=olA el 4 Nell igh Ino] dApsrlEY %2 Zo] nighz st

3 AskE(2300)& AMeole] FE ARE sk Agole, AshE(2300)X e FEEY wE il ag <
o QAFHIE, A (230b) oA o] FAER] T Al WiF el dAERlRg w4 sk Ao nhg4
stth. EERE AFSFE(230c) ol o] €14 Mol thEt Ino] fAbanlE, Absk= (230b) oA 9] €14 Mol tigh Tno] €14}
FHlRt 5 sk Aol mergsig. F9 e ‘1%% % e Ad B4 Gl A TeRA,
EdA2HY & ARE SUAZ & Aok wEbA, ARsRE(230c) e FAEE] 54 dadl id dFe] d
ARl S, AFshE(230b)ell o TR T Aol o J%gl AR HT A FozA, AHEHE(2300) S
Aelolel T8 A2 3 & vk, EE AEHE(2300)9] M= shgho] AbshE(230a) H AFSHE (230b) 9] HE
o sheRTE W 9ol WA Sl Aol wibAsit. whby] webw, AbshE(230c) 9] A 13k o] AkshE

(2302) 2 AbElE(230b)9] AAF Wspuct 2 Ao] wigkAsit}. oy, Aele] FH ARE A8HE(230c)]
t}.

AP (230c) A FAXCZE In:MiZn=4:2:3[LAH]] =E 1 9] A, IniM:iZn=5:1:3[QAeH]] ==
o) 24, L IniMiZn=10:1:3[9ASH]] B T 2w 24 F5 ASE, AF AEE 55 Aed
| )

Y Absh=(230c) 24 CAAC-0SE AH&ahs Zlo] mbehzshal, Absk=(230c)e] 7HA= 2Ae] cFol Absha
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(230c) 9] ¥l w= el dFHon $AQ s Fehm slo] whEAST. CMC-0Se cFoll 49
TFOR 4IRS oAVl Aw AES 7RG, wEbA AbshE (23009 E9bE = RS AFskE(230b)] &
o8 T 5 AY

EeF Abshe (230d)2 AFEhE(230c)e AFEE = wE Abshes FAse S5 9 T Aok suE Tddhe
Aol wheh A7 wE Aas B Egshs Aol Y wigrAsit. dE 5o] A8k (230c) 24 In-M-Zn

WSHE, EE dF ASHES ARSStRL, AMEE(230d) A InM-Zn AFSHE, M-Zn AbslE, Ee 9
o] jtst=& Ap&alE Zlo] Frh. oM, AMEE(2300) 3 AFEHE(230d) 9] AlWelA e A 9 UEE

walk AEE(230d) 9] AEd shehe AkskE(2300)9] HWEY sdEt T

7 whebw | AFEHE(230d)¢] AA} HspEe ALEE(230c)e] AA} HIE BT
ﬁ-g}g(zgod)i/ﬂ—‘: AFeHE(230a) & AFSFE(230b) 24 AFESE 4= A=
stl. olg, AMelole FH AR AbskE(230c)0] U},

TAROZE, AEE(230c)2A In:M:Zn=4:2:3[ QA1) T 2 29ke] 24, In:M:Zn=5:1:3[¥A5H]] =
oo 24, FL InMiZes10:13[ QA5 ] B O 2] 240 F4 AskE, Ei JF ASES

s B
=
I 2ol 24, MiZn=2:1[Y9A5H] ]

Ab&sbdE =0, w3 *Pi}%(230d)iﬁ In:M:Zn=1:3:4[ Y9 A}5H]] E=

e I 2y 24, S92 MiZn=2:5] OJX]"I"H] e I 2 249 55 AstE, e A4 N9 AsES
AR Erh. S W] Ao, Yste YUAgHIY £30%9] WMHE EES Aoty HESE Y4 MeEA
4gS AHEslE Aol uhEA s,

FR }“r(

T3 2FEE-(230d) 2 AFSHE(230c) BTl 240 Eb T Asl= F4 AkstEQd Aol wigbdsict. A
A (250) 2 AF3FE(230c) Alo]oll AF3FE(230d)S A|a3to 2 | AFSE(230c)S E3Fe] AHslE(230b) ol AAES
aedor FF 4 .

E3F 2SR (230d) 0l AMEEHE B4 AR T4 daol digk ne YGRS, AFsHE(230c)
AMESHE B AbstEd Ao TR T4 didd g Ino YRR UHA oz Ino] A (250)
Zo2 It A4S gAY & Q) 2 So] 2hsE(230d)ol A9 A4 Mol et Ino AAFHE AEE
(230c)ol A 9] Az Mol digh Ine] AR WA st Foh. AAA(250)+= AlClE HAAZA 7]5387]
w0l , Ino] A (250) Tol E% 73 EdA~HE 54 doich, waps, 4kshE(230c) % A
AAN(250) Akelel 4bshE(230d) = A+ | Ee wteA] FAE AT 5 A A,

g AFSHE(230c) S ERAZE (2000t Al Fstl e Fok. &, EWAAZEH(200) 9] AFSHE(2300) %, A7) E
WA 2E (200) 0] A FF EWMAE (200)9] AH3HE(2300)S H3HA] ol Hrh, T3 EWA2E(200)9] 4k}
E(2300)3, 7] EWAZEH(200)0] Q1 EWA2E(200)9] AFSHE(2300) & olAstdE Frh.  vby
W3, AR (230c) 0] EMAIAE (20009 7] ERA2~E (200)0] AT EMASE (200) Alolel] Bl F#]
g TR doE

o] ERA2E(200)7F A
B (200) ] 2F8HE(230c)©] Z+zt
e ERA2E(200) Atololl 714 ERA~EHTE A=
I . mEbd, dmE A7) EAS 7Y vA g =

2
x

i
;lo

Z o Aol gl MEA FAAA 47 THoR FozH EdA L
9z oR Agdr. wEbd, ERWA2E (20009, 7] EBA2E (20009 9
1o Zﬂo]u_ A7) A AR AVE AL oA
DA} AP v xS AT £ ).

(<3

olatoll M=, = 269 (A) 2 (B)E Algdte] B o] < gFujel whwA] Axe] Ao iste] M),

= Aeelth, ma = 269 (B)E E 269 (A)lA A A3-AZ vrERd -

Eom. % 269 (M)A AEMM Al-A2E UER RE] g dwWEl 1 39
e A = 269 (1)) FWEdME =ue] HastE ¢l

e

o )
+zek 4 9] T3t

R = 39 (A) WA (D)ol ekl WbE=A] G o)A, <A A o] A d>el] vk wbEA] A S A
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o] A Fejo] wE EWAAE(200), T F9(400), R & HHlo]2(292)F 7FA= HEEx
=} tiete] Awach, E & 339 (A), (B), & 34, @ = 350 vEbA wheA] X0 o)A,
Alge] 9 <z tiulo]lxe] P oA AW wtEA X (= 329 (A) FR)E FAHsE 29
1% = BAsk ek, 3 B g2 EWXAE(200), AT 99 (400),
kel AAFH B <R tjulo]ze] FA o 1>ollA AAE] A gk
. (B), E 34, @ = 35 SolAE, HEe fulo] Az & 329
RANE, old AR gk, oE Eof, & 329 (B)ol e HWE

<
gﬂ
S
M5
o
rEl
g
w
w
Lo
-
2

N
lo
o -
2, 7
2
o
o 2

|

sy 1o o

ofo o i
N

ZF rule] ~(292)9) 74 AR

2
P
i
>
ofo
]
[l
30,
i
A
ot
[l
&3
lo
=
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=3t DOSRAMONA], Ab<st nule} o] Wizl A o]y o] (1470) ol FHHEE A ZZ IS ATt FAHL
2 3lH, REAS A & & Aok, olZA, HEA g8 olxu wre Ao {x &7 AP 5 9l

o},

[NOSRAM]

£ 379 (D) WA (Gl 2EMA 2 187 2] ARl A wE2g Ao 32 F4d4F ey, = 379
(D)ell vepd wlEe] A(1474)& ERA2E 29, ERA2E M) 9F, &% 22HCB)E 7Hth. =3 EWXA
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WA (WBL) 2 715 RIE o =A 7]eskar, wlAd(RBL) S 5 RIEH S =A 7]eata, wjid(WoL)2 Y=o mA
7Ie @, WIA(CAL)2 &% AARH(CB)O Al 2 TRl Ao H9E I7bsky] fg widemA Vet
olB 9] 7]= Al ¢ wlelE o] 5 Aoz, wd(CAL) Ol el Hd91E drteke Aol wisbsitt.  EF dlolH
11 o=, wA(CAL) ol A A9e d7ksks Aol whgAsitt. wiAd(BGL) S ERAILH (M2) 9] # AlolE

A5 A7tebr] 918 widoeRA vtk wiAd(BGL Ol dole HAE VMo EA, EWRAH (M)
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1
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o R
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T v AN HWEE A(1474)¢0 dAHE A ¢, 32 F4E HH3] MAT 5 Ak, oE Eof vu
g AMC)S = 379 (E)ell vebd wjxe] A1(1475) % Zo], EMA~E(M2)2] 9 Ae]EZF wld(BGL) o] of e}
HIM(WOL) ol H&Ee FALRE slod® Frh. Hg o F Eo] W=y AMOS & 379 (o YERA H=Eg
A (1476) 7 o], HAF AlolE Fx9 EWUALH, S W ACEE /HAA &¥F EWAXAHUM)Z T4EH HE
gl Aojolz Frp, X3 oE So vEI AMOS = 379 (@) YeRd Wz A(1477)3F o], wjA (WB
L)3 wiA (RBL)S 8hibel wjA (BIL) &2 31 FAolo = Fu},
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Es
(M) EA Si ERAXEE ARGStol= Frh. B EIANZEHMI)EA Si EWRALEHE AMGTORN, EdA
ZHWM3) floll ATkl EIASHOMD)E Aled 5= 7] wiol, wxy Ao Hf WAS Fhdke] 719

Ag nAASE 5 A,

EWAAE(M3)E 0S EW;AAEolo]lE T}, EAAAEH(M2) ¥ EWXAE(M3)ZA] 0S EWAAAHE A}
|3 A9, wEg A o]go](1470)9 I EE nd EWUXAEH TS AR FA = 9

TS = 379 (H)ol SEMA2E 185 Axke] ARl 43 wxe] Aol d#dE Yedfiddet. = 379 (W)l ek
A owRE] A(1478)S EWA2~EH (M) WA ERAZEHME) 2 &7 220 E 7HIt. &% 220 = A4
3] AlFdd. vz A(1478)2 wlA(BIL), ®IA(RWL), w4 (WWL), wiA(BGL), 2 wjX(GNDL)ol H7]8 o=
Hol k. ®IA(GNDL)-& Ad HAE QI7beke widelry. =g wEE A(1478)S #A(BIL) il
(RBL), HlA(WBL)ell #7718 o2 HEele®m FE},

=
2 _ll->

WA =B (M) = W APIES 7FA= 05 EdAAEolaL, # Alo]Ex= wld(BGL)l H71H ez HEHE o] .
T EWAASEH M) W AolESt AES ME Hd7|Hem HEstole Frh. Ex EMALEHM)E 9 A
ES 7HAA ot €.

A2E(W5), ERASE N6 22, nAldY Si EdAAE EE pAUY Si Edxadelolw Fr,
A 2=EH (M) WA EHAZE(M6)7F 0S ERALEo]ojE Frf. o] 73 , W= A o]go](1470) 2
978 ng EAAANLE A8stel T 4 ek

ore] AAFEoA AWe wxA FXES wma A(1478)d AlEsE A9, EAXNAFH(M) A EUAX~H
(20005 Agsta, EW 1 H(M5), EWRAZE(ME)EA EWA2E(300)S AFRsta, €3 22(C0)EA &
2210005 AHEE 4= gtk EAXAEH M) EA 0S ERMAAHE Aoz, EPAAE (M) T4 AR

=
g w2 @ oo

F EW
= Edl
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T 2 AN AgE FH SR (1411), W= A o] (1470) T TS Avldl FHEA Fer),
ol 3= B A7) IR HEHHE WA, 2 2 SO A B Ve e wEk WA, A, B

Els , v o wt ohee 719 FA (v ) 7F ARE-ET 8ol 7+
719 FAE AZv JERNAT.  f5d fAEE 719 A LSS wE dAAs SE7F 8 FE 3, o Tl
710 x4 7 adn. = 3894 E CPU 59 % A #x
] A5+ W2y, SRAM(Stat1c Random Access Memory), DRAM(Dynamic Random Access Memory),

3D NAND wie]S 7 Sz fE o eAE Hehhdt.

H

CPU 591 A A BAD AQLARA S Al L 2
BEe Az WES} Frh wed, 7o gwuc ME B3 SEsh aFad. w@
*m Ao 44 AR e fAGE SE AR,

SRANZ ol & Eof Aol AbgErE. AHAlE HwIQl W fAHE Fue] 955 54 A
7RG, AR HIETE 2 dlolHE Al HAgemA, dolEe tg AL S2E wd 5 .

DRAMS o2 Sof wol v A, vl wEels Aegx ey #Eg Tz g} golEE 4X
3 7152 7hAY. DRANS) 71% WEE ieF 0.16bit/mm WA 0.3Gbit/mm o] ch.

3D NAND HlBEFE o & So] ~EFXAd AleHT. 2EIXE A7) A Aart 9= golEu Ak A
Ao Atgele Z4HE Z2a9 58 fA5E 7S Y. wEd, AR AdE & £2Hd, 2 7
o] g3 %o V|2 Wyl g En. 2RI AFRHE 7|9 o] 712 WrE gk 0.66bit/mn A

6.0Gbit /mn o]}

w ool 9 Feol o] FAE B4 S50 wEm, Bk 44 dolEE §4F 4 A, B owge o
Felel 710 g AN AN AFI A Hmt 9k AFe] FES £ A 90D
S Fle] AARA A AT 5 ek, e B owe] o Gl o] FAE W Wmst 94
e AFT 2EAA} ARG AF FHe TPHE AA GO0 ARE J10) FAZA AGeA

Age & g,

A ke o], B ANFHe] e 74, W 5o B AP ek oe T4, 9, te 449
ool LhER A, 3, AAdlel b T, 0 S Aa8 2geel AHeE

2 AAFHANA =, & 399 (A) E (B)E AHE3te] & Iy vt FA7F AdE 31(1200)9 Laol sk
Avgsith. H(1200)d= 559 2 (A 2=8)7F s k. o9} o], B4 IR (A2H)E e F
o HA3E 7leS Al2=®l 2 H(System on Chip: SoC)olgtx HF2+= A7

% 399 (Aol YERA R} o], #H(1200)2 CPU(1211), GPU(1212), 3l Hl EF9o] ojdz 1 akn
(1213), 3ty & 59 vEE HEEY(1214), 34 e 559 AFFH 0] 2=(1215), 3 Ev 59 Y E
93 3] =2(1216) & 74T},

H(1200) 9= HEZ(ZABHA] &3%k2) 71 xﬂ%%, = 399 (B)oll ytERA nhe} ol <12) 7] (Printed Circuit
Board: PCB)(1201)¢] A 1 ol H<&gch, =3k PCB(1201)¢] Al 1 WHe] HAHo|E E49] W3 (1202)7} A&
T, v R (1203)9] AEH),

% Foh A% Hol

v R = (1203) 9= DRAM(1221), EAl w=EE(1222) 59 719 A7 AFH =
] Sof A W (1222) 2

DRAM(1221) o= A okel HA[defoll A A3k DOSRAMS AH&S < Aok, T3 &
A gke] A el A3k NOSRAMS AHEEE 5= At

CPU(121D & B9 (PU ZAE 7HA&= Aol vz siry. =3 PU(1212)E 5422 GPU =& 7IA&= Aol #f
F25g. ®E3SE (PU(1211) ¥ GPU(1212)+= Z4ZF dA)H o2 HolHE AAstes HEIE 7MHA% £9. =&
CPU(1211) & GPU(1212)° ¥ W=7} 3 (1200)0] AFEHAE £uh. A7) WEeZHE <3k NOSRAMO]
1} DOSRAMS: ARE-3F 4= it} T3k GPU(1212)% th5r9] dlolEe] W Akt Agsta, spd v A3t <
AH(product-sum operation)d] AF&3 4 9th. GPU(1212)¢] & W o] AalE dle & ALg3 s A8 3
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2 Agh A A=g AFgoEd, 3 AP L A% AN Aan Agew AT & v,
=
o

3k CPU(1211) 2 GPU(1212)7F L3 Holl A&, CPU(1211)¢} GPU(1212) Aloleo] wjAS A o <= 7]
o], CPU(121D) ZH-E GPU(1212)2 9] dloly A& (HEiR), CPU(1211) 2 GPU(1212)7} 7HAl&= wWXE kel o

ole] A4, @Al GPU(1212)0Ae] Al 3o GPU(1212)ZF-E] CPU(1211)2 9] ¢4t Aol AES u4o
T3 4 Q).

ofbdZ 1 A4bF-(1213)& A/D(elE2 /T d) ¥ 3|2 F D/A(HAY /ot 2 1) W 3|2 F % e &
%S 7hg. EI opd 2 dA4bE-(1213) 7] A3 At JB7E AFsox £},

f

HEe] AEED(1214)+= DRAM(1221)9] HEEZHZEA 7]5ste 32 2 ZYA #=Ee](1222)9] AEFH o] ~Z A
7153k 328 71Xt

Qe o]~ (1215) = XAl A, 29A, vlo|A2E, g, EEY 9 95 HE 7171949 Qg Ho] 2~ 3
25 7Y, HAEEHAE v, JHE, AYE HAEEY So] XdHTE.  o]9) e QIHH AT A,
USB(Universal Serial Bus), HDMI(5= Z+3)(High-Definition Multimedia Interface) &= AF&3 4 AT}
WES T 3 =(1216)= LAN(Local Area Network) &9 WEHA FJZE 7FXh. H3 YEHYT HoLE FJ2E
THHE F.

H(1200)0= A7) FRA2EHE L3 AFx FHoRE AL = Jub. =R FH(1200)0] o3 =9
M7 S7retd e Az 345 S702 a7k flof, H (120008 w2 vj&o=2 A3 4= Q).

O

GPU(1212)E 7FA= #H(1200)°] A&
(1203)E GPU E=(1204)0]8ta H-&

PCB(1201), DRAM(1221), % ZA] =2 (1222)7} ATH vlgR=

=

GPU 2% (1204)2 SoC 7]&& ARE3E (12000 7FA7] wiEel, 2 718 A & 4 v, =

Holupr] wjEol, ~vlEE, HER ddr], FF PC, FHE(E td 4 de) Ad7 59
AREEHE Aol Hgsith. ®F GPU(1212)E A3t A3l A4t 3|2 9ste], A5 A4E N, A

—l> ri
30

|
717

14 ,

F AW, =8 AZHRW), A7 $EE), 4% B2 o A0BD, 4% A= AFFOB) B P
& AW 4 7] wEel, H(12000€ Al FoBA, EE GPU ZE(200)E Al A2E RE2A AL 5 9
o,

AEd vheh o), B AAFHel Uehl 74, W Be B AxgEel ved the 4, B, O 849
ool e R, 3, Aol b T, 0 B9 A88 2geel AHed ¢

(4A1 % 5)

B AN A, 2e] AAFHAN AP )] FA Fo] AFH A% FE L A% 779 AAE ek
o,

<A PE>
A, 719 A (72007 AFE A FE ool skl % 400] (A) D (B)F Agate] A,

T 409 (Mol AAF FE(700) 2 WA FE(700) 0] AAEH V(A 7]$(704)) ] AMAEE YERYAY. &=
409 (Aol vepd AAE FF(700) EE=(711) Lﬂoﬂ 719 ZAX (72008 7M. ® 409 (AM)E AR BE
(700)¢] -5 Yet7] st 55 Aeigivt. AxF FF(700)S 5=(711) 56 d=(712)F 7HInt.
A= (712)F A5 A=(713)9 Ar)Hez F&E i, A5 H=(713)F 9kolof(714)0] <J3ste] 7] =] (720)<}
A7 oz & vk, HMA FF(700)2 oE %Oi A3 719(702)o AFHT. ole} FE HA HFEol
B 29E A Zzto] Q1 719(702) flellA Mo HEHo R A% 7] (704)0] $HJET.

o

719 (7200 5 2 (72D) 3 719 F2F(722)S 7HRIT.
]_
A

= 409 (B)ol A=A {F(730)9] AAEE YERAIC. FE(730)2 SiP(System in package) T+
MCM(Multi Chip Module)e] ddlolth. Az} FF(730)2 1 719 (732) (1] 713) Sl AHEA (731)7}
AFHaL, QAEXEA(731) ol WH=A] FX](735) L E59] 7|9 &AFX](720)7)F #AFEH U},

AR BE(730) A= 719 FX (72002 Foie W =22 (HBM: High Bandwidth Memory)&A4 AMgdlE o2 et
gtk =3 whxx) X (735)EA4E CPU, GPU, FPGA 59 A4 3z (=A] A2))E 2183 + r}.
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H71A 71 (732) e =M= Ay 7, Eeay 71, 8 dFA 71d 52 AR 5 v IHEA
(3D EAM= H22 dHEA, 74 dHEA 52 AHEE 5 Sl

ANEZA(731)F HF7 wAds 7, @xp F27F Joldt 549 JA JRE AHeR HESE s
7HRE,. B HiMe v e vEso g AlFETE. Ik AEEA(731)E EEA(731) Yo ATH HH
3RS H71A 713(732)e AlTH AF5 AV|HoR HEdte ves /MY, aHEE JAEHEAE AN
I EE S 71 olghal s AUt Atk EI JAEEA (73] #E AFS AFstaL, v #AE A
=& AREE HA slRet W7)H V)e(732)S AVHeR HEsE AR k. ES A QIE XA A

#E HFo 2 TSV(Through Silicon Via)E AF&E % Qith.

s

AHEA (73D RA AP JdHEAE AFEste Zo] vtdgsitt. A AHEANAE 55 2AE A
dart §l7] witel, A Zxo e Hgoz Az 4 o, FH, A2 JEIEA Wi vk
FAoR PJAAT F glorma FX AHEANAE oAHE A wjdS FAdstr] At

IBMel M= ®e wwg = =8 2
A XA E HAslT UWE7l =2 )

AHEAZ ALgaHE o] vhdAe)

Xx o /\1@_5}7] -?]5}0:1 we e HAEs o) 9k, 22 HBMES A AEE
o Wiol aTHET. WA HBNS AT JAHEARAE el

2

ok A JAEEAE AFEE SiPY MM SollA=, JA sz} JAE A Alolo] HA Ao zto]|= Qg 4l
A Ayt TAYsHy] oFHek., m3 AEE AHIEAE FW HuAo] womz AE QAEHEA 9 Al¥
HE FA g2 AEE AHEA Alole] HE BeFo]l WAlEY] oyttt 53] AHEA fo HE4o HFH I
22 s wjxets 2.5D 71A(2.52H) Aol E A E AHIAS AFREE Ao] npEA sttt

AR FE(730) 3 THAA FE FJA(PEI)E AT}
(731) Hel AFseE " 329 Eo)E o
E(730)el A= 719 A (720)9 N EA] A2 (735)9] =

= £t 3E 43 AFes F5ds A
Eé

of ¥ Al e

U
o

5 °ol% AAA7IE Aol whgrsir}

AR HE(730) v 719l AAslr] slske] w714 Z)9(732) 9] whEel AF(733) S AlFEtE Frt.

&= 409 (B)elAE A5(733) W 22 FAske odF drhid. di71A 7]3(732) 9] wpeite] A BS

WEYsgor AFTFOEM, BGABall Grid Array) 242 A8 5 k. ®=F AF(733)L EMH ve

2 gAstol® Foh. w71A 719(732)9) niEtie] mdge WS wEY2goR AFHOZA PPN Grid
A

Array) 23S Ads 4 9o,

AR F35(730)= BGA 2 PGAo| ¥R ¢Far, vkt A% WHE ARgste] thE sl AAE & lth, 4
E 59| SPGA(Staggered Pin Grid Array), LGA(Land Grid Array), QFP(Quad Flat Package), QFJ(Quad Flat J-
leaded package), =¥ QFN(Quad Flat Non-leaded package) S9] A% WS AF&38F 4= glt},

g vheh o], B AN GEe] el 4, iy 5 2 Agee] ek the 74, iy, tE 849
dlol Lhebd A, i, AAelel UEb 4, o S 488 a3l A8 d 4 oln

(A5 6)

B oANGEel A, el ANGEelA ARF WEA FHNE AT 7 &
o] ANFElA AW WA FAE, B Sol 4F AR AAV(AE Sol Aw w@l, AFH,

FEE, A4 way], gAY sk e A

s
of Axol HgY = Ak, EF o]7)A ARHel: BEUY AF

a

[>
!

7] H, =E
ek olug, AW Al&RY 22 OiE AFEHE xEch. e ko] AN A A MEA = o
2y Jle(dE S0 D 7k=), USB wWXa], SSD(solid state drive) ¢ Z& gFHE 719 A
AgHErh. & 419 (A) WA Bl FFHE 71 FAe] B 7] FAAE BAFOZ YERRT. o E &
o] oFol A ujelA At WMEA FX= H71PE WEY HoR sbEEI, vhge 7o x|, #EFHE o
o] AgHT}.

T 419 ()= USB Wrege mAro|tt. USB w22 (1100)= 874 (1101), #1(1102), USB AUNE (1103), =
713(1104)S 7FATE. 7]13(1104)2 3k (11016l Fd=o] Stk olE 5o 7] (1104) e+ HxeE] A

(1105), AEZ 3H(1106)°] A== vk, wrie] 3 (1105) ol kol AAFeolr AW v FA=

Aed = A

= 419 (B)= SD 7t=9 Q#e) BAZolal, = 419 (O)+ D 7l=9) UF F+F9 EALoltk. 9D =
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(11100 A (1111), AYE(1112), 2 7]F(1113)S 7HAch. 7]38(1113)S &-9-A (111D Fg5 o]
Ak, dE B9 Z|FQ113)ddE WEE H(1114), HEEFH H(1115)90] ZF&Fo] k. 7]¢(1113)9] HAHA
ol dxg H(1114)& Aoz, D 71=(1110)9 &3S S7HZ4 4 Ik, E=3 74 54 7)5S
M= A RS 719(1113)0 AlFEtel®E Frh. oM, TAE A9 SD 7F=(1110) Arele] A FAld
ofgte] WiRE F(1114)9] dlolge] &5, 7|Feo] 7FsshAl "k, W= FH(1114) Soll o] AAF A A

gk kA AR S AT ¢ v

it

% 419 (D) SShe] ej¢he] mAmelar, & 419 (BE)= SSDO| uif- &9 B etk SSD(1150)= aH9-%
(1151), AYE(1152), 2 719(1153)& /A, 713(1163)2 34 (11519 35 o] vk, «dE Eof 7
F(1153)0 = W= H(1154), W= H(1155), AEZ2 F(1156)°] Z&=o] vk, wW=Ee H(1155)S A
EZy H(1156)9 24 wxgolal, oE £o] DOSRAM H& Ab&shd Eoh. 7]$H(1153)9] FH Sl w2z
H(1154) & AFFo=Mm, SSD(1150)0] &% T/ + ATk, W= FH(1154) ol ko] AAF el A
g3k weA FAE AT 5 Aot

Ad vheh o], B AAFHel Uehl T4, i Be B AxgEel vehd the 4, B, O 849
ool e A, o, AAdlel e P, gy S A88 2geel A8d At

& EA A= UL GPU 59 ZRAN E= ol A4 & Ak, = 429 (1)
Gejell w2 CPUY GPU 59 ZRAM = He 7= dak 71719 A4 <=

T

A (Mol & 2ol
EF AT

<A 717) - A

H vl g 5o EYYH, tx" Ate]y A (Digital Signage:
A

< ue o gl we U Ee HE ggd dx vl gAS ¢ dd. dA 71719 dEAe CdE =
of deuld A, HAAFE Ee =ENY A
ul

AR ), F227) 5o oF ALY 4 2 HWe s A 717) 9o, ©AY Ave, UAY

T s, GAY o, AR ww], o As2), Fue AL, Fi AR 9wl & A8 A

w9 U 9 Weel GE PUEE AE 04 Al ABFeER, A4 Al AE A5
9]t}

gelel A7 171 SHUE AR Frh EUE A5E SAgemd mARA el
ek, Ea A% 7717k SrEG R ol AAE AAE A5, dHuE mAE A A%

[*]

it —
2 %0

wet L

o offt

g
=

b

ol ri
it
offl of
B o % '

= o lo

p

Of

o =
m&*'

My
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ol
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e
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o 1o
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N
N
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1A (G, e, A, SE, AEE, AL
S

A7k, A=), 67]% Z%Er
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X
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N
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ne
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of (& [m

ol o,
o
offt
T
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o
N
Y
S N
2ot o
o
of
_O‘L
rlr
N

ojrl I_LS
2

[

o &

N
3"’—‘\_/

—
o

B ogdr]]

T 429 (Wele AR w@Er]e dFd Fd AIN(=mEE)E ZAEAY. AR 9Er](51000= 3
(5101) 3 FAIF(5102)E 71A 3, 488 Ao ~=A EHX sfdo] TAF(5102)d] AE=H, HEC
(5101) 0l A&},

ol
o

AR @27 (5100)= 2] o FH He A8Iowm, ¥ A
Aot AE Ase ol fEclderAE, dE 5o F3E A
FAekE ofE Al FAIF-(5102)° A
(5102)°ll ®ASH= HE AN, ATt A

T 18T AEANIL AYT £
Al T

T 429 (B)ole =EEY AR 7] (520002 =A89t. =EES AR iy (52000 AH ddr)e B
A (5201) ¢}, FAIF-(5202)9F, 71K =(5203)F 7HzIT}.
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s FI
T
T

o

o,
o,
0

=

1o,

Em
o
)

oo
o
o

I Hu

LEEY HH o] (5200) = st AR 7] (5100)9F viz7RA = A 3
A, el & oldS Aygst 4= . <dF Xl”" o] g% EFYAlHNLEZAE, dE &
o] A AY AZTEYo], B 2 ATEO A 2E A AZTEY0] Zo] 9l

153 o 5

RN
2R A9t e AsE ANEE S Sl

T3 oM E AR 77EA 2ntEE Y RERY AEH GEV]E dR2 5o 747 = 429 (A), (Bl =AlE
]_ =

ARG, AnfEE W LEEY AW oy 9o AW | HEd £ Qu}. AnEE U LEEY A
aby] 9o AR ddr|2A4E oS o] PDA(Personal Digital Assistant), W23 Fd AR @dr], gax
go]d Fo] QUrt.

[AL7]]

T 429 (O AY719 dad Fa8 AY71(6300)E vebd Aeltk.  Fi8 AA71(5300)= 3974 (5301),
+9-4(5302), &4 (5303), FEAIF(5304), HEF(5305), =2 71(5306) 5& 7HAuk. d$4(5302) & 3}
-7 (5303)2 3-9-74 (5301 A wojd = v}, 3F9-A (530Dl AFH HEHF(5305)F thE 3 (EAI8HA]
eroka)ol Ao =, EAIN-(5304) 0l EE ¥ = GFE O G ZI7I(EAEA &gk 98 & gl
ojuf 3}9-74(5302) R 394 (5303) 747t AR A 71~% ? ATk, olell oJate], Hgo] Feo]ojrt FAl
| AYS & 5 k. A (5301), 397 (5302), 319-7 (5303) 2] 71Fell AlFE FH Sol %o AAHH
A A

3 o B
w3 HS AT 5 A

O

T = 429 (D)E AL719 dEd AXE AD71(5400)E HERA Aotk AXE AY7](5400)00 = FA &=
Ao AEEZ(5402)7F H&H ).

Fo8 AlD71(5300), AAEG AY71(5400) o ALl & 2] I FEo] PU B HE AE&FoEM,
Azl Ao Adrle A8 5 3 Y 4H] dEo] dow IraRyo Bds AT 7] Wi
o, ¥d= A% 1 = AA, T fi]?n g o 9 =4 5 U

A= A I, Aldell st A2 AdE, AdelA 2= AY T FALS I Aol A= =
2] oste] A AAwE, FulE ALZI(B300) AF ATS HEFoRM AYe] TR o5t
F4 A E?{%O] 7}h6H7<‘?‘r g 5ol Edlolol7t A&sh= W, Al AW Ak, A, Addel 5
ahe

A71(5300) 2 H59] Zgo
TR 5 A7) W, o

H

4291 (C), (D)ellA=, AL7]
% |

s
del (P i R AEae e ol @AHA et B wEe] o Frle) (U mE A% A8ee
AQN2AE, o Sol 22 AHN(02A, Hol 3 ol AAHE oplols Ay, 2E2 AHo] AA
= WY A% 93 WAl Sl v,

(3 AFEH]
2 odbwdol o FEje] GPU e 2 i HFH HE8d 5 9l

Ef
T 429 (B)E vd AFEHY 499 F#HAFE (550002 ekl Aotk & 429 (F)E 79 3FH (5500)7F
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