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WO W o M AT M AT Ha Mo WM oM oM W W o R mR S me MRy MTT M
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H
—
rlo
e
i)
o,
lo
e
2
>
2

H

185 Fxed, A2 AE71(100)= Ao B (110), FAHER(120) 2L 7]13(130) S EgH3It},
A E (110) & 9 F2RE drtE d2M(X-ray) S 7HAFAoz HEsio),

A OlH(110)= Aol AW A7]HAR dAzkel Aol v F49 &S olF she dAAAE w34
oAl H= IAES st Wl T AT ]?a Aal, AdlE (110)= 959 A7k At flol=
ARl Thssitt. S, AddolH(110)= wEe] o

]

A H(110) & HRZB2T10lE 33ES X3t FA-go=z, Addolg(110)E F2Z5EH dxkd o
2AHAE EFEle] A G o R ke Q= E2EA, 2B AJFO]E FZ(perovskite structure)E zZHe=
(e}

HZH Tl E 3gHE S
A elE (110)= 3t7] 83t 12 ZAIHE dlZH A7kl E S13tES
[s}3}2] 1]

AMX;

B

S5 2~
gT % avh.

47 B 1604, AL 17h9] ol eolam, N 37ke] F4 ool eoln], XE 17he] ol &olth,
47 A b 7] ol e, 17he] §7] ol i ol olch,

e
TFAFo R, HRZH2FLOE JIFHES 7] gsh] 1 F A9 FTFHol wek, f57] slelBE = HlEBAvlolE
3}8tE-(organic/inorganic hybrid perovskite compound) ¥+ F7]EF4ddElo]l= HRHAFIOlE 3gE

(inorganic metal halide perovskite compound)¥ < ¢lt}.

i

o %gd

2% FAHOL, ) HAY 194 H} U1 A7) JIRA Be, Azwslol= ARRE o129 A
F718 N L X2 AT} 7183 Fo)Eel B PR #57) selnds HmnsstelE BEEe -
G.own, 4] S 1A A el ol peled A9, SZusslels SeHEE TR A, U 2
FHECl AR TIBE FHH FIFEUTels 2

571 stelBE= Hl2BAFt0lE g A9, fU1EY A FUE9 AES BT 7FA 9 (thick
filmeze Azt folata AAAo] Hom AxMe) tish WA (durability) 2 SHA A (stability) S 34
Al 4 Q.

Sadlol= HzBATtolE Sgted A5, F57] stelBnelE dleus

Jele sEst gol Fromel Axh Golsn ARl Hh £, FolakaTelel sy Aol
B3] A9, §718S AgSA 9] Wie] §77] sholns HzHastelEe] uls) T4 2L gl
H ks gl k.

A7) 1kl f7] Felee Gl A EE ZH 9, oMWIZI(AMH), FABII0H), Alokh=rl(-ON),
Fza17], UERZ(N0), MBAZI(-0CH) Ei olnlthEel $717h A58 0ol A4 EE 32 97 ®E o

A7) 17Fe] 7] kol Li', Na, K, Rb, Cs, Fr, Cu(D) ', Ag(D)', Au(l) E= o]Se] zdtal 4 9t}

3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+
A7l M& In, Bi ,Co,Shb,Ni ,Al ,Ga , Tl ,Sc,Y , K6 La,Ce, Fe,Ru, Cr |, , Ti T=E o
59 23 4 U

A7 X=F, Cl, Br, I, SCN, BF, TX o]E9] ¥ 4 glr},

271 getA] 1= FAHE dRBEATelE e f7led FrlEe] £ A" ALY, stetrxE hE
. =

ALk, dE Eof, Ax Agela, M2 BiolH, X& [¥
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[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]
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& 9.
EE, X7k 1 oolglel, Br E 13 2#E A9, ABL(LBr); B ABLLLCL)E dsrze A S

gk, o714 x= 0 < x < 19]t}.

H2ZzH2T0lE 3HEL B4 )9 YA PR (nanocrystal particle)(o]s), 'd|Z2HATIOE UnAA
A kAl &) FJEE Al olE (110)o] 23HE 4 ).

jincs

HRZB TPl E YA A A= A" olE (110) o T332 Algdd.
HR2H2TP0lE glgtEe] At A7), &, FARZBEAFE YA Rte] A7+ 1 m WA 900 nm MY 4
AL, vrEEA= 1 om WA 500 m HAL 5 o

Wl =78 (band gap)°] W
Q3] wiol diFggatel] Eelsltis B 1 7t ‘EP
¥ 2 H A7)0l ] ol
Aghol] o)) Gl FHaFHe A ATt E?‘f& &l
HE7) Hgo] E7FF3I).

Ty
'
b

‘iﬂiﬂ/\ﬂO]E U=ZAA A H & H A7)0]
EUREST FAFd =

71 gzt 47 gelo]l=(alkyl halide)E ZHe 4= lar, 7] 47 defol== L (alkyl)-Go +
x2d g vk, o7IA, GOl dFshs =7 (Halogen) 94E = 1y

w3, d(alkyl) 732+ Cnl2ntle] x5 7HA+= Blae]ld @Z(acyclic alkyl), CnH2ntl0HO} 22 Fx&
7= dx &3 E(primary alcohol), ©]xF &3-&(secondary alcohol), A} &3&(tertiary alcohol),
alkyl-N9] Fx2& 7K+ <Zoll(alkylamine)(ex. hexadecyl amine, 9-octadecenylamine, l-amino-9-
octadecene(C19H37N)), p-X3+¥ o}ld ¥ (p-substituted aniline), ¥d %= (phenyl ammonium) Ex ZFQ

A IdEF(fluorine ammonium)& X3 = o}, oo Ay = AL ofyr),
Tk, A2B2IlolE YA A= Zol-d(core-shell) 725 7 & St}

sof-4 2] HREATIE YrAdAdAs Al dRHATME YAt so] 2 AL A 2EATe|E
=AGYA FAE A A2 HRBATllE YnAAJAE TEE Ae TS A1

o(.
4
30
Y
° 2
N
X

HZH 2710 E A9 YA 2 A2 HRBATE YrAG YA AR Adolst =

Fo]-4 Fzo §37] dlolHEE FHREHAIOE UZAAUAF e Fo]-d FTFo] Fy|FLstilol= HZH
27l E YA JA = ZojBy wlege] 2 S22 A8 dAFgoRN dAEe] 3ojd ¢ T FEHELE
s 9t

, | 2
HAglolE YA YR Fo]7 i7]?°ﬂ _LL%FM RLEF sto] YwedA WFAdS A 5 .
o 3 o) =
= =

T Atk
T E dteA] 242 TiOx(xE 1 WA 39 A49d), AlE(In0;), AF3FE49(Sn0,), AFsloldd(Zn0), Abslo}
AFA (Zine Tin Oxide), AFsHAE (Ga0;), AFSE=”(W03), AtstdFvrE, AFslelelE, AFshuluE(V.05, VO,

ViO7, Vi0y H3= V,05), AFsHEe] BulHMo0; B MoOx), Abshd, Abshas, Abspu]2~i2, 16Z0(indiun-Gallium
Zinc Oxide), AFSAZ2FZF(Zr0,), AFSFYANiIO), AFsh+2](Copper (I1) Oxide: Cu0), Ars-8]&Fr]F
(Copper Aluminium Oxide: CAO, CuAlQ,), At3}old=ZF (Zinc Rhodium Oxide: ZRO, ZnRh,0,) 52 SApo|= HE
TA 2 ste]l=2AM gl =(H,S), FF=EFAT|=(CAS), FHErholdmto]=(CS,), Bl=Aduto|=(PbS), EE|HH|
¥ told ol =(NoS,), A AT =(Ag,S), AFATOI=NayS), A ETe]=(ZnS), w2 ate] =(HgS), oF
Al stel =(AsS), Eeiwld A gFo] =(CH,S), Aellgd ool =(SeS,), ote]&ttoldsto]l=(FeS,) %= o592

_13_



[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

S8 18A EHe FHuRAARE Z2ZF 0 A (polyfluornee),
=

SIHS31 10-2018-0024949

Z g g2t d @ (poly(p—phenylee)), E]23}

olZ&F 2 l(poly(spirofluorene)) # ol59 FE=AES & 4 glon, Hegduegaz &2 Wd vead
He]E (Poly(methyl methacrylate) (PMMA)), &2 nlold FtaZ(poly (N-vinylcarbazole, PVK)), Z&lold=l
22 Z(polyethylene glycol), Z o g @S Ato] = (polyethylene oxide), ZufeldI) EE =
(polyvinylpyrrolidone), Z#olg€&o]ld(polyethyleneimine), ZgjufoldLdTS(PVA) T o599 zggd
Ao}, olo AFF A ¢Fal, BE TN A B HFY a@#AE 3T ¢ Q.

F1E AEA BEE FAEARZ 4 4'-v|AN-ZlE8E2)-1,1""-8)dld (4,4'-bis(N-carbazolyl)-1,1""'-
biphenyl ; CBP), 2,8-H| 2~ (Held 2ol %[b, d]%eo] .31 (2,8-

bis(diphenylphosphoryl)dibenzol
benzene; mCP) HE+= o]&9 %%
shsk 4= 9l

ES
T, 4e A g EYae 55 )
7] HEes &4 =,

47 (acyclic alkyl), daLd=&

a hol) &Zlobdl (alkylamine), p-X|%

qdo] FzE 9

of:- st X3 4 Atk

E%, de AMBYAE o £8 5
2w BA Aol ohe,
AAAA Aol =2E Aol & dlnk

Al g A=
(Acetic acid), 5-vlo]w=2e]EH
g I A =(L-Aspentic acid),
(Bromoacetic acid), TolE==
(Ethylenediaminetetraacetic aci
] oA =(Maleic acid), r-
acid),

AEOE(110) & F7] vl E
E(110) ol x3tx o], g
el AxE FA(flexible) 3t
TRE F glon, FREE =3t
Fef Al ARGl Sl HE7]O] A

ﬂ/ﬂ = oﬂ/\/\ﬂ 74%7]

71 HRlE = dE 5o, &9
iHlE X, Eejvd 2w
Al E 424, Eelg-e 4],

A~
%_] nn }J\-O—L%

gol=s 3 o du. dHTTol=e] 4

o} H(fluorine ammonium)<

4,4'-o}FH| A~ (4-A o} =

4ol ERZ I ZC] o A= (4-Nitrobenzoic acid),
T 299 dA=(oleic acid)9 Zo]

dol A ZgetA Fohs FEE 2 oA e F

PPT), NN- ZhEupEe-3,5-44l
ojll AFhE A i,

b,d]thiophene; (N,N-dicarbazolyl-3,5-

2E g ARA) Ex HF ARAE ¥

lo
o
N
o
)
[t
urt
o
nj
bl
%
i)
4
%0,
v

‘_
i\__

H7n+1 ] :rL
2ab SFS(tertiary

Hd % F(phenyl ammonium)

£5 7= vy ¥

(primary alcohol), ©]x} €3 2-(secondary alcohol),

¥ old @ (p-substituted aniline),

A Pt
xgek 4 9o,

AAH T2 EE AFAH TRE o] Folx IFOTE Ay Ao

o Ae ARIHAS O ZFsel, vhedl

A = Ad Xéc’ Apo] Apo]=(=71)
HFgE Ao Aok, CdE 5o, AWEAAY &

T g o el Y=
A=) (4,4'-Azobis(4-cyanovaleric

acid)), OoRAE A=

ol Al =(5-Aminosalicylic acid), oA @& o|A|=(Acrylic acid), L-o}2=3l
6-H 2 3A-0) o A|=(6-Bromohexanoic acid), XZEEOIAE A=
ol g A =(Dichloro acetic acid), o€ ]l EgfolAE oAl =

d), o]AHEE dA|=(Isobutyric acid), ©JEl=Y oA|=(Itaconic acid),

deoln ERE Y oA =(r-Maleimidobutyric acid), L-T¥ oA]=(L-Malic
1-glo]AFF 2 528 o A|=(1-Pyrenecarboxylic acid)

RO}, ofo AgE = AL ofrt.

7] It = 2B A7kl E Shgtaa) o Ade o]

2R A0 & LT 4

]:-1 I‘LB‘]—%‘]— _/": )11—4_

ZolH (110) 2] 7FeA (flexibility)S A1 4 A,

A7 2 Ho A ek, et Feel AgEE A2y PE71E A
Aan AEVS Eow 8] AFL A 2 BARel Yk 53, A
9 Abgre] $7 el uieh FeAA oaH 4% B et

d 2Reels 54, ojmd 4, dANA 54, Eel

A, Efotrl= 4], %fﬂ*lﬂ@ 2], ZE|gtRdo|E 44,

AdeelE (110)0= AzBATtolE 31ehE 2 #7] ¥IE7E 90:10 WA 10:909] M2 £3hd 4= 3t

Ad el (110) e =g T

stk "ol
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[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]
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Ha, o2 Q) dxd HEV| s AstAA = .
Al # o] E](110)+= F7] vFel (inorganic binder)Z EZskel 4= Qo).

H
Agdele (110)e 771 vkl s ¥ 23 49, AddolE(110)9] T3 7] HAAHS AL - 3

g

FAHeR, F7] s Hznsstels g ¢l AgeolE(110)d EEel, AdalE(110)] A
A4 (adhesion) & F4AZ F Ak, mrh FAHoR, AWHelH(110)E At E HFEI I T
HlRIEE EgFoRM, EnsstelE SEHBY F7] uiltste] gHol Fauel, T3 Jlwel A
FHAZ 5 ek,

7] vl E Tio, e at, Si0, YAk, Al Y=gzt Vo, U4xdat, S47E 35E, F5U4FA0 =
2 FEEgo|s For ojfoil aForiE HEd ok ofn dhtE EFE 5 9l

AdeelE (110)0]= Az AvtelE aehE 2 57 ¥kly7E 90:10 WA 10:909] F3H|= 3hd 4= 3l

7] }011117} A olE (110)0] =g T 232 vF Bo] 3d 45, Eele H d=rt oA

wH

0 4o

upolt 9 012} ﬂ7]i 1 nm 1H7<] 100 nm W92

n
%9,
O
_‘

N
ja
Iz
O,
n)
Lo,
fincs
>
H
N
N
)
—_
=

=

=)
rﬂ
e
onl
o

2o
M qe N
%

AEHOH(110) & FAZEATE Sd3ES &ujol] A FAZ2EAT0lE 3E A& o] §&3 &HNTH
W Ee T WS F3 719 (130) el ¥44E 5 o
Lz WHe o So, ~3WFY(spin coating), Z2Z#Ho|FZE(spray coating), 2EFAZHo|FE

(ultra-spray coating), H7|¥Alz¥ <&FEr}lo]F ¥ (slot die coating), LE}H]o}x¥ (gravure coating), H}
B (bar coating), =3 ¥ (roll coating), HF¥(dip coating), #]°]=®(shear coating), 2=3¥ ZHH

(screen printing), 93 A" (inkjet printing) ¥ = X #H® (nozzle printing) S°] AUAT}.

T WS odE 5o, 7Y, Y Ee tgxAdA, 2HE Y (sputtering), FAZTFTZ(ALD), 37135

(CVD), ¥ (thermal evaporation), &AW (co-evaporation) L& ZEt=uvl 73l 3}187]7452H(PECVD)
o] Urt.

sk AlE A olE (1100 E & (solution) 3R FAAFoZAN, AxFAo] whEshA sho], AxH&

[e) A=
S A7E 4 ).

A CIH(110) = & oluXRl s Fahr] AAsl, F5(thick film) o= A== ofof g,
AEOE(110) = A=A HAE719 &8 Hoboll we} FAr 242 4= g, dad HE7)e] S&Eokof u}
E A€ol (110)9] FAE 371 & 1o YeEhgSdt).
F 1
S/ o} Mg ely FA (un) & 3H-3 %5 (1p/mm)
AA (crystallography) 30~50 10
H] 9} 7] H A} 70~1,000 5~10
T 500 ~5
nl = 100~150 15~20
e 70~300 7~10
ulo] A Z-CT 50-200 20
e (110)7F ® 19 77 BHE 2Hste 45, AlddolE(110)00A Atets&= Ho] F7kste] 875+
TR TS UHFAL o gloe wde] rk. T, AE#elE (11007 F 19 FA W v S 7HA
= Ao daMe] Bgko] FHo] AEJ) wol= fFo g ok wdo] ),
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[0144]

[0145]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]
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5

g, AddelE(110)= 35 FHz 49 5 Sl

iﬂzigi, A olE(110) & Yedd F2E 7HAE HEZHAIME
ilm, v ez A9 = dx, W YyeAadgygxe] A7 & A5, uﬂ
HPJE% Ed2 g F den, vk yreAdAggate] 2717 248 A
AR YA AlelE v R Ale Fdavt §lnt.

Lot 2

E 2t B owve] e AAdle] e AgeolHe] HHES B Aol

W, AEHelH(110)E F2F 7]1#|(111), A€dolE(110) ¥ A€oy RE3(112)& E3ste
g delz x3d 5 Qo

TFAAeR, A olE(110)= = 1o|X ¢} o], F&F(140) Al AF FAHAY, = 20049 Zo] HME9)
Addoly HdZ FAE], FAF(140) ol F-2d 5 v,
=2 712(111)= Zgog e g Zeg o] E(polyethyleneterephthalate; PET),

%ﬂﬂﬂ%‘%&
(polydimethylsiloxane; PDMS) ® Z@]olu]=(polyimide; PI) %9 Z2}x¥ 7|3, ©4 7|3 £
o] AbgE 4 9t}

Aoy RHEF(112)2 HHY  F®(parylene coating), Z@olvu]=(polyimide)Ad X, Zgolu=
(polyamide) Al =4, ol ZA|(epoxy) Al A, et & (paraxylene) Al 54 L o}AH(acryD) A 4 529 &
VNAAEAR FAE F o, 9% ke vUFoR Fgdd 4 drvh. atEAe A= HEd F® (parylene
coating)e] AH&= 4 lt}.

Aoy BEF(112) AL olE(110)7F &2 53 22 oF acldl 93] &3¥= AS WAsr] 913
AddEelH(110)E EuAEs Addoly e (112)0] 4= = Sl

(

olelgt F2 7|(111), Algd#HelE(110) % A"y RIE3(112)S 23ste Agdely side 7a5
(140)°l o3l FHEH-(120)0 F24d 5 Ur).

Al = 18 Fxshd, Gdwar(120)= AdHolE(110)9] ahel = aL, FAwER(120)= g olH
(110)el1 4 sk 7pAFd & 714 As= *ﬂf&ﬂv}.

FAWER(120) = E2ETo] 2= (Photodiode, PD)(M=ANE e 4= gty XECo|Q=(PD)= 7HAFAE
A4 dEw waw 4 oo, pAdeR FAWBN(1200E 719(130) Aol B Al s v 77

Hi ZEDOQEPN)E LHT 5 U, TETO|LE(PD)E ADHlH (11004 i ezyE Wiy
ANBAE Faotel A4 AEE WBAD 4 3

o

FAWEF (1200 JAE = 7R Allel di&3she A7 AsE BAAE g, G
(12005 A8 A7d AEE 7]3(130) 0] WX G EDX A (TFT) (v EA]) 2 ﬂJﬂ"] (M =AD A&
T AU F, FHws —r(120)°ﬂ HAME 7RA A S BHHEE(120) UFolA WA 2 AFoez FAE Ha)
2 W3Hz, [Ax 4 2 AHAE (M EAD O o8 FAdE d7)de] waks wEt olFshAl =Y, FdwE
F(120) 8] o= A5 7} s=24 €.

FAWRSN-(120)= XEHO)=(PD)2A HYd XEHe|e=E X33 4 Qi

A& IEtto|e =+ v AAA Az Z(amorphous silicon) T (MA)ZAAZA Az Z((micro)crystalline
silicon) o= 42 4 i, A& EEvole=rt 244 dejdom FAH e Aedde, Fdds o
o] HAARA AFo =R FAE U= Ao Hste], d2M HEIAA dolxl side] xdEE S A
FaNEARE =

A& TETo] Q= P(positive)d WFEAZ 2 N(negative)d WIEA|ZO 2 o]|Fo]x PNFZ PNE X ET}H
o] @ =(Positive Negative Photodiode), P& Wr=a|% I(intrinsic)d Wr=AZ 2 Ng HIE=H| SO0 2 o] Fof
A PIN +%9 PINE ¥ EtU}o]| 2= (Positive Intrinsic Negative Photodiode), £&E7](schottky)d FET}o]Q
= I ofE#A(avalanche)d TETO|QE=7F AbgdE 4= glon ugtdsAE PING LEUO| Q=) ALgd
.
2

oich,
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[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]
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P, 19 2 NZ WMEAFES Mg Ex MA24d deFon F49 F U, PP BEAFTS oF So,
BAa(B), 2FEK) 59 p¥ Begol =PH0] ik HYE BAR Y4E & dor, 13 NEAFS B
TP g AuE BAR P4E 5 u, NG NEASS dF S, A(P), Mais), SEE(SH) ¢ n
g Bemol =3He] Qi dgE B4R 349

F ek,
Aee EEvh o sz PING EEvh|osik AHGE A%, 7Bl PY WA AEFS Fohetel 13
AR AeEgel F5Ha, 13 WA AEF delA ugd 2eze] B84 WS (band gap)Hrh 2 of
YAE e ARG oa) Ael AFel AAE, 19 w4 AEFed B4 Axeh AFe
AA ol P WA AeEEs NG wgd AdEsen £49 ¢ Atk Ed, Adsh 4¥Ee AT

23 gRIzz FIFE 5 9

A& EETo|2 =3 o] F2(ion implant), o¥eIr LA A (epitaxial growth), ZZH(deposition) HE*
S (solution) FAHLZE PFAF=E 4 U

713(130)2 FAREFE(120) sl wixldot, =, G (120)= 7138(130) Aol I €.

713 (130)2 AR EFEASEFE A (CMOS,  complementary metal-oxide semiconductor), A3dHA3HAAF(CCD,
charge coupled device) ¥+ ¥ME WX A~ (TFT, thin film transistor)E X33= oj#o](array) 7]%d

.
T A

o AE7) (1005 o|ewyt opel, Aot Wil AREEd, erge] A% gnadel A4 9T
&0 ont, Wlgl A% 9radd LA L w2 + Ak

CNOS oj@o] 7ldhe ol flie aHgdel A5 rhesta AHARIE storn), Aibd B AAlAe] wa uy
A, s Al AAZE bkl Aakg, WRE(FEhoR F2 ARGET. BF, (NOS ofdle] 7@ a1
AT &AL 7l wWitel A= S XEEIHE Y (single photon counting) HEVIRE o|8&E &
Atk BFAFE, CMOS 71¥-e] A9 Ay E(Si) ZIRte® Az wito] gHA o R Az dHolE ool
A

CCD ofdle] 7]#e w& oge] 7l#s o83 HZE7] nla] FHe] Hi, LWt 53 FHo]
dow, gty HAb Fob glomA Gt s FAdsteted #eletet.

TFT ofdle]l 712 tiiA Ax7F golate] FF B A8 HE7|= g o 82 F Aok, ol & 2
AAlefell whg 2 HE71(100)5 Ar el lojA, 718 (1830) =2A ofdlo] 7|dS dA Aoz Z]A sk RE,
oo FFHE AL ot

713(130)2 ofgle] 71dd o= glar, ofgle] 7]d2 HHEMIASE(TFD) (P =A) B AHAHM=ADE 23
i

{,:
T, AHAE (M EADE FAEFR(120)00 4 W A4 NE
S, AN (A Zh7ke) Hhube A 2 (TFT) obele] A9
3 %

s A9 A v
9 4
FANDT (12007} AN (FEADE A S8 orh

o)
AWMBE(120) ] & what

713(130)e A BAdz 49 £ o, 711300 L dES Eo], Hal(glass), A (quartz), A
(silicon) =& Z2H(plastic) o= FAHE = 9t}

de=, ek A2 ZYXE(flexible) Ex Wi E(bendable) A2 HE7]e] AMEE 4= Qlvk. mEd
AEE B FAE 100 m OS2 HEE 4% el E(bendable) M AE7ol A8 & ek

ool A AAloo] mE A2 HE71(100)= WEHE(120) Aol HeF(125)s o X8 4 gl
HEZ(125)e FAWAN(12005 REFES FANAR(120) ol B4 5 Atk F, FAWIR(120)%
BEZ(125)° vigs ol HeF(125)0] Aaﬂ BHEHE 4 9t}

HEZ(125)2 AFstA(Si0x), At (SiNx), HAFshfA(SioN) EE AbstdFrH(AI0x) 59 F71dd&84
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[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0193]

[0194]

[0195]

[0196]

SIHS31 10-2018-0024949

A Z(silicon) Al A, Zgolu]=(polyimide) Al A, Zg]ol|=(polyamide) ] 44, Oﬂv‘—T.“\](eDOXy)
=, st A (paraxylene) Al 4], o}AH (acryD Al 4 59 f7IE2AEHRE FAE 4 o,

wE gEo 948 & Ak

B33(125)2 HAAHIZ=Z(electron beam evaporation), Z~HE|¥(sputtering) W+ <EZZ(thermal
evaporation) %3 & EgF 7]A=ZH(physcial vapor deposition, PVD) w¥, 3}str]A==2F(chemical
vapor deposition, CVD) ®i= ¥ (coating) ¥ £ &Y FAH(solution process) oz FAH 4 ),

g A Aajde] wE oM HE7](100)= AEHOlE (110) R G MEE-(120) Abelol H-25(140)&

TR, FAF(140) AlEolE(110) ¥ FAHSE(120) Alolo wixEo] Aldo]E(110)E FHHS

F(120)0 #2214 S 9tk

B2=(140)2 FotEH A 2 (Optical clear adhesive, 0CA) &S X318 & ). FAHo =z, FstEygyar

52 Ad#elH(110) 2 FHASE(120) Afololl 7MAE o] Aldd el (110)9F FHAHETF (12005 AFAZ

2~ 0)

T MD}

FHEPHA B2 & 5o, FHEo] 99% o<l ola¥ Ald E4d=2 JA4E 4 Ja, < 5 mm WA 100
of FAZ FAE 4 Jduk. ol9} o], AHYolE(110)E FHHATHF-(200)0] F&37] 918 A2 oz

o s =] 2] =4
A Frhgol e BAEWAR NES AEdtel, FREAR(12002 YAHE F £4S Aud QoA

HHZ(140)2 ALAIE(110) 2 FAWIT(120) Abole] FFgxielol FHE FW HelZE o 2HY F 9
o delxt ddxom Agdole(110)9] /Ate F4sel, AQeolE(10) D FAMEBT(120) A}
oo AFAL o FYAA + Uk

TR, FHAS(U0)2 44 &0 &) H&=Ho] FdasAd(EoAAAY) A UV) Al o8 Aol 2

olZ s, djdo] PEVE BAMBF(120)0E ool glxuwr, APy olE(110)e] go= s oz
AE715 AHEE & gl A7 goy, old Ag A" olE(110)vhs wA|ste] AR & Tk

AFAAE A AN o] weh AelE TEGe|Eg Tiets FAUATE THF i AE7]6) dae] A
Bahgrk. Aed £Evelese A, Aeel BAS wYse] FHYL 2uS AZe] ranz Wre
Aol Ao ¢tk ey, FRAWMARE HREATE FRFE AMESE Aot HRRAT0E FRF
o) Fure] FHYE R AFe] W)

T3, A xEGoleEE 3 55 AgVE 9 #gew AuA oy, HzBRAIllE FEFeS v
Tz w24 Hgo] FEH TolE s b= A 5

%, AYE EEGIQEE AgRE 4%, MY G4 b FRael £& 550 mel shgriel Ageoly
2 Agath AN e sl deld Tt o Ee 4ol AatHA Hrh

Ty, HR2EATOE BESZE HRHATlE BB AFREte] ARl 49 s 7x 2 T4 H
&9 H2H ATl E 31| 0 +
AR= Azt 5 Qi)

olatol| A= FHAWIN-ZA F| 2 H 2T} o]

(m
ot
ol
&
ofj
o
Hd
i
ol
rlr
2
[>
2
o
i
N
=
o
Q

X
)
o,
N
fr
o
ul

ki
w
o
e
i)
o,
o
O
il
>
>
2

of wtE ANAxM HEV|Y dHEE =A% Ho|t),
T 38 #xed, d24d AE7](200)= Al (210), FHWEE(220) 2 7]1$(230)S 27T

T 39 dAM AZ7)(200)= E 14 AgE TETo|e=E zdeEE FAWMEE (12008 FH)gH

(100) ¢} Mo A, A1 A=(221), HARBXIP)E FF55(222) B A2 %(223)" Fgebs AR (22

lF rot
_I
1
.
jul

=, 8 2l gE AAded mE dad JE71(200)9] FAEeLsE daed & 2w d Al nE Jx

_18_



[0197]

[0198]

[0199]

[0200]
[0201]

[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

[0213]

[0214]
[0215]

[0216]

[0217]

A AEZI100)9 FdF Vled LA E Y 4 A, TEHS T2 Heids S5 VIS A
BNl

e H(210) & YF2FEH dAME M (X-ray) & 7Bz WEsta, Aldd el (210)« 7] 33h
12 IANFHE HAZB A7)0 E 31858 x93t 4= ),

[3}3h2] 1]

AMoX,

7 88k 164, A= 17be] FolLola, ML 37}

Lo

T4 Foleoln], X 17he] ol golth,
FAWRR (2200 AL AF(22D), ARBAAbE FEFF222) 2 A2 AF(223)S LI,

AL A=(221)2 713(230) el 88T, dF 5o, All Ad=(22D)2 HHEMAZE (M =A]) ‘%‘ 713 A H
(M=2D7F F4E 7198(130)s AED(conformal)eHAl H=F FAHE S AAT(=AD) ol 42 5+

o}

Al A=(22D)2 J 7he] A d=d 5 g, FAHeR, A1 A=5(22D)2 713(230) el 4 7o =4
G2 Aol A2 Xoray) F4S A A ofHolE AT 5 U

ofj

Al A=(22D2 4714 EAo] 58 Aed 2d= 49 + v

Al A=5(221)2 dE &9, €F7aAD, 2(Ag), 5w, 7d(Cw), F&E(Pd), W= (Pt), JdFFAitst=
(ITO, Indium Tin Oxide), QFoFAALS}IE(1Z0, Indium Zinc Oxide), &FmFolAAMSE(AZO, Aluminum Zinc
Oxide), E42F854(FT0, Fluorine Tin Oxide), Y= H (CNT, Carbon Nano Tube), ZLZ¥ (graphene) %
Zglo|dAt) LA B Q3 Za| A AL T o] E(PEDOT:PSS) 0.8 o] Fojx 1EozRE Heg Aok o= 3}

a:
e EgseEs 34d 4 A

HAZBATP|E FEas(222)2 A1 A=5(221) el 449

i,

| 2B 2710 B F5aT(222)2 A2 A=(223)S Sdete] HRBATl0lE FES(222)0d JAHE 7HAgAd ol
o dA-4d& (electron-hole pair)e LAY, AA-A& o] F2 ARBATE FF45(222)0
s TR CluA el weEt Eebd S Qv

EE, AEnsdtelE FEFF(22)S AznsdtelE dPRS E@AY. TASoR, dEnsdlels 3E
9

F5(222)8 A2 AF(223)S S8 drtE A FAS F4Eke] AVH AEE dEE 5= e EARA, ¥
ZHA2FIOE FZE(perovskite structure)E ZHe H2Z2HATI0lE SEES ¥ 4 ).

T vlgel W e Au Fd

HRHATPO|E FF4F(222) HRZHEHATM0lE S5E9] Fx 9
sk W HgE = Ax-AF (electron-hole pair)®

L4>
0

g 28 % & gov, W 5Pl T 5 2
= F7keA En

EE, Aol (210) R ARV AA)E FEFF(222)E BF AZDIAE HFES AgHA, W
dole] Mg Avd gol FFT 4+ b BANBR(20)F Adeld Gxd AE7Y) TEES FFAD 5
sk Aol gt

AEH oAl B FEFFDE ] A 1 A B 52 EAHE ARnsdlelE SRS 23
21k,

[3he14] 1]

AMoX7

A7) B 104, A 17he] goleela, N 37be] F4 ol eolv], X 17be] golgoluh,

EEEE)

A3M2X9

7] sleba] 2004, AE 17Fe] ololal, M 37Fe] &

I

ol o], Xi= 17}9] gol&olt},



[0218]

[0219]

[0220]
[0221]

[0222]

[0223]
[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

[0234]

[0235]

[0236]

[0237]

[0238]

SIHSd 10-2018-0024949

[sheta) 3]

AMXs

71 S 3ol A, Av 17he] ol&olal, ME 37be] g Fol&oln, X 17he] fol&eltt.
[shet2] 4]

AMX;

47) ket aolA, A 17bel Foleol i, M 27ke) Fé gfoleoln], X 17he] FolLolt,
[sheh2) 5]
AZA ' n- 1MnX3n+ 1

A7) 38 oA, AE 171 oleolal, A'E 1719 %ol2o|m | NS 17}, 27), 37} EE 47}e] F& ol
131, X& 17F Fol2ol™, n& Aok 1o]/4olt}.

I s 1A shekA Sel A, 7] AR 1hel 7] el L7kel ¥7) Gole mi ool 2FY 5 9l

[}

N

i

71 ke f7 Feol22 Gl A Ee S &, ofIZI(NHy), FAs7I(-0H),  Aleb=7](-CN),
gdzl7], YEZZ](-NO), "ISAIZ7I(-0CH;) = olnuEe]5717F A8E Gl A4 B S 47 £ o

7] 17Fe] 7] kol Li', Na, K, Rb, Cs, Fr, Cu(D) ', Ag(D)', Au(l) E= o]Se] zdtel & 9t}

3t 3+ 3t 3t 3+ 3t 3+ 3+ 3+ 3+ 3t 3t

7] shsba 1 WA 8+ ,Co, Sbh, NI, Al", Ga , TI', S¢, Y, La, Ce ,

3+ 3+ 3 3+ 34 _
Fe', Ru , Cr , V , Ti HEE o]59 =gd 4 Ut}

JW
é
_>|:
=
rlo
—
=
=

wak, Ay 3}8kA 4o, A7) M Pb, Sn, Ge , Cu, Co , Ni', Ti , Zr , Hf , Rf ==X ols9 =3
d 5 g

2+ 2+ 2+ 2+ 2+ 2+ 2+

ek Aby] 8k8a) 5olA, 7] NS Li, Na . KL Rb. Cs. Pbo. Sn. Ge ., Cu. Co . Ni, Ti, zc . HE™,

2+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 3t 3+ 3+ 3+ 3+ 3+ 3+ 4+ 4+

Rf , In,Bi ,Co,Sbhb,Ni ,Al ,Ga, Tl ,Sc,Y , 6 ,La,C ,Fe,Ru,C ,V,6 Tt ,6Si,h C,

4+ 4+ 4+ 44

Ge , Hf , Zr , Ti %X+ ol89 ¥ 4 U4,

A7) 8hebal 1 A 8eka] 5ol A, A7) X=F, Cl, Br, I, SON, BF, TE oS¢ 23 4 gl

H2HgtolE e B4 Jle] YA al JHE H2uadtolE FEFT(222)d 2¥E 5 A,
= 1 mm

H
REHAF)E 3E 71, &, SR2EAFE YA Yate] A7)= WA 900 mm
orf, wrAsiAE 1o WA 500 o WL 5 Aot

¥ H

oL
fo
e,
4

Lk, HZBEATl0lE
Mool E Ghedgae] Eue SHAEs 948 7]

m
T
kr
i)
o
jins
_>|i
rlr
2
2

b
-
N
il
N
i
>

JaL, FARBATPIE YA R b 1 Aol
greEs ¥ 238 4 3G

=

al

AzHsstolE YEFF220S 7] HAHE d 3T £ vk §7] wEE A2usstls BgEs
A AznsstelE FEFF220] EFEC], ARB Tt E FEFF222)9) A (flexibility) e B4

ARH AT E HHFE(222)00E FRE ATl E SgHE D §7] weIE 90010 WK 10:900] FH R ¥

AZREANE AFFEQE ANGHE Fatel QA AT AN AL sz, ) e
AzosstolE FEFF)0] A& FFu) 2A2 UT gol wIE B, AZLATE FEFF(222)
e e M T P B e
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[0239]

[0240]

[0241]

[0242]

[0243]

[0244]

[0245]

[0246]

[0247]

[0248]

[0249]

[0250]

[0251]

[0252]

[0253]

[0254]

[0255]

[0256]
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2

5 AN %
)

o}.
HEZH TPl E FF43(222)2 F7] vl (inorganic binder)& W X33 4 Ut}

HAZBXATPO|E FEeT(222)0= AZBATtolE sk 9 5] BijIg7E 90:10 W] 10:900] TR = 3

AN
7] AlE sl AzuogtelE BEFF(222)) AT S 22 UT wo] 38 A%, AmnistelE
FEFF (2220904 WAHE AAst ZFe) Fol ghstel, Bals R AYEsL WolAA Hu, ol I8 s
A AE7e A5 A & Atk
7] whelde 44 270 1 m U 100 m 99D F Aok ] ukelEe] 94 277 1w vimd B
FUG GRS Alojshzel BAZE i, 100 mE 23 A5, sG] Abgre] F7bstel sl gme] ofnx
g Fastd gl Ytk
Amp ool E $ERF(202)E ARDATE FPRE Sulo] G AZBiTlE HEE §AL ol
F gomY Wy e FH PEe Ba /19230 ol 348 F o
s aAs dEnsvtolE BEFE(222)2 §9 $HoR PO, A£THo] wEsAM, Axug
& A4 4 At

H2H A0 E FE452(222)8 Wk (thin film)eE AxE & dvl. FAFHoZ, HEHAJE FE4=
(222)2 100 nm =] 200 pm B FAZ 42 5 dok. vrFASAE 200 om WA 1um HE o] FAZ 3

FEE Y

HRZBXATPO|E FE4F(222)9 FA 200 mE 23 S

- #(electron-hole pair)< 7]19(230) 0.2 =9A)7]7] 93k =to] Zrtsta
Ba2 A% ue el Arh. EW, WRHrvlelE PE5H(222)9 %vﬂﬂ 100 m VIR A% b
Mo E4Eko] Ho] AT Uf wolR FFEo g okt A o] glt),

l

AZH ATl E YEFF(222) ARnATE FFRS TPl FAHo], ERUES o

N B
FholE FEFF5(222)A A Halrt Efol] el i Al AFo2 dEsiA olF & & dv FHE

2L
©
rN
J
<
&3
rlo
S
ot fr
EE
>4
N
o
[t
o
ol
&y
of\i
<
3
%)
o
N
i,
)

A2 A=(223)8 &
A2 AF(223)L #7148 EAo] 43 AxA] EHoly, T3t £ Aoz FAE 4 ).

A2 A=5(223)2 & &, dEFTAAIE=(110), dFotkditsl=(120), dFrlmotditst=(A20), 448k
H(F10), S2u=FE(NT), 28 R ZoldAYSA e el &e2E {ld 4] o] E(PEDOT:PSS) &= o] F0]
A

2
2 agoRyE HUE dolw ofn shig e Pya &

o,
ARHo R, FAWBE(20) 2N AZBiAtlE FEFF(202) TFHE 424 AE719 A5UAE 4

ahwl o} o} @u}.

o= HE Ad#elH (210)o] YAkE A2 (X-ray)> A= olE(210)] A 7HAgdez Mesa, Aldge]
EJ(210)0 A gke 7pA A2 gk (220) 9 A2 ZdE.L(ZZIS) TIE §, HlmBsgte

o Z4Eo HREH AT E FE5E(222)d4 HAA-HF #H(electron-hole palr)é A2 A

|

s 4
= Tn

HmB ATl E FEaS(222)oM A" AA-Ae &2 A2 A=(223) 2 AL A=(221)0 A7FE skl ¢
gk AR Al oal, EeEo] bzt A2 A=(223) B oAl A=(221) o= o] FFt.

d& 5o, A2 A=(223)° &(-)Aste] 7™, HzB Tl E FEaS(222)004 BdE A (hole) Al
2 d=(223) FHoR olgdlAl i HAAb(electron)™ Al A=(221) FHoZ olFslA =y, wbdH, A2 d=

|

(223)0] F(H)ASto] A7FHY, HHATtolE HEFF (22N AAH AR A2 AFH(223) Ho= o%3)
A H3 9FE AL A2 Hom olFe) Hrt
Al A1) 02 o)Ed As(AA T FT)E /1B230)0] FAE ANAE (MEADA] AFE L, AA

¢ Ash(dA =
of dstrh Aol i AF ks AFE 7 olvh
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[0257]

[0258]

[0259]

[0260]

[0261]

[0262]

[0263]

[0265]

[0266]

[0267]

[0268]

[0269]

[0270]

[0271]

SIHE3dl 10-2018-0024949

&

e

%, AME ol (210)o] AxMo] FAg wEl, AWAE (] LA Aol A, ATAE A=
o] et AEolE (210)0 FALE AxMkol wel DRy, olgld Ao AL 7)#(230)0] HA
G E MR 2 (TFD) (W 2A) ] F3bol] o) A7]d Asz 98 5 o},

A
il

o=, 7@(230)011 FgE I EWRA2E H7H 4w
A GHE WA ~E O] =1 A=
Ha}ol %% 7%11 A FEAL dad RS
U2 AAjde] wE, Al A(221) 2 A2 AF(223) Abolel HA AEE H/we A
?%EJ Aax HAE7)(20005 A¥sr|2 sk, 2 oo g2 dAAde wE dxad HEV
(20002 Aol glojA], 7]9H(230) 02 A ofFlo] 7S dAF R ko] 7| AEARE, o] FAHEE AL o}

FEFZ(222)4 AAHE AA7F Al AF(221) D/xEE A2 AT(223)02 ¢
olx 2

1=
slal, o2 <l YAF(dark current)E AAaAZ 4 k. Ed, AF AGHS FHZEA

GtA o) FTHES 2l

Fro|E FEFF(222)014 A Aol Al AF(221) L/EE A2 AF(223) 02 JFEA o] FHES sl
AHFE 2N U

TFAXoR, Az AEFTS Al AF(221) 2 FRBEAIIIE FEFFT(222) Ale], HRHATI)E FEFEFT
(222) B A2 A=(223) Ato] E o] T FAE 4 Aok, ©F, AY dETe Al d5(221) B A=
H2gbo|E FE55(222) Ale], HZHA7b0lE FE555(222) 2 A2 A5(223) Ale] Ef o5 EFo| 34

O~
2 4 Qo

Ag =, Al AF(221) 2L FHRZBAT|E FESZ(222) Alolo] Az AdZo] FAE AL HEB AT E
FEare222) B A2 A=5(223) Atolell= A daFo] FA4E & lar, ol¢k wilz, Al d=(221) % #H=
BaglolE FE55(222) Alololl A HdFo] I A, d2B2TlolE FF43(222) 2 A2 5(223)

Ayolol = AR} HAeZo] FAE 4 Q).

et E 4 U E 112 FEse] Ax A9F WEE 4F 4952 o 2dshs 424 4E706 g

Eode e d Sl wE Al A5 R HEBRATolE FEeS Atold FA4E A dESE ¥ £3et
= Ard AE7) GHES EA8 3olt)

T 48 Fxeld, AAN AZE7)(200)= AE#H 0 E(210), FAWIR(220) D 7)9(230)S EIEtn, FHAAI
(22005 719(230) gl B AL AT (22D, AL AT 2D Yol A A g 224), A AL
(224) g0l FAE HEHX2FE FEFT(222) R HRBATL|E FEFT(222) Aol 4% A2 d5(22

-

3)8 x3s),

Az AGF(224)L o2 5o, EEFEAREE(Ti0), ©FAA3E(Zn0,), S1EASE(In0,), F24F3FE(Sn0,),
H2u2s = (W0,), YQEASE(INDLO,), =8B RAASHE-(Mo0,), "FauldbalE(Mg0,), AEAFEAIE(Zr0,),
SEZEASE(Sr0,), @EakstE(Lal,), vhEAEE(VO,), &FrEAksE(AL0,), ©EFASE(Y0,), =35

)
AF8b=(Sc0,), AEArSHE(Ga0,), 1EASHE(In0,), olE2 3= £ o5f Sd=s ¥ietes 42 &

gmy PHe dE Sol, sday, Axeelwy, LEdAxdelny, A/ WAy, &Fchelay, e
dlojme, Hmd, 229, 938, A0mY, A3 =Py, 925 =YY Er wE 2P S| v
FHopye A8 o, 4%, Y EE AIEANA, 2nEHY, A45FR, FPEEH, 937, BAF
Wy e Bebxol 48 B85 H Sl At

A ALE22) L AAE AznsglolE FEFF(222) 02 o 5ATE Foax, AA AznssleE
ErEon GRHoR AWEA shu, zulvtelE FEFF@IN AET A WE 73S
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[0272]

[0273]

[0274]

[0275]

[0276]

[0277]

[0278]

[0279]

[0280]

[0281]

[0282]

[0283]

[0284]

[0285]

[0286]

[0287]
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HR2BATlolE FEaS 9 A2 A Aol FAH A AEdES | E£3e)

=
A 1M HE7)o] GHEE EAIG Aot}

pud

rr b
ol
rlr
i)
ol
o
e
||
2
8

58 &SP, o4 AE/1(2000% APHIE(210), FARBI-(220) D 7 #(230)S EFHar,
§-(220)= 719H(230) el @4E AL A=(22D), Al A=(221) Aol d4E dmBATbolE FE
MznsstolE BEFF(222) ol BHE A APF(224) R AR AYF(220) ol FHE Az AT(223)
& Ty,

W

Al A= F HzesdtelE FEes Aol d4E Ay dese ¥ £9dt

T 65 Fxe, Az HE71(200)0= AEHClH(210), FAWE(220) 2 719H(230)S Edbebar, Fwsk
§(220)= 713(230) Aol @AE Al A=(221), Al A=(221) el @49 Ay AE5(225), Fe dLdT

(225) Ao FAE HBZBHAIIOE FE52(222) D HZHATIO|E BB Z2(222) Aol FAE A2 HAT(22

NmY PHe dE Fol, A=y, Axdelwy, &EdiLdelmy, A/WAIY, LFErelmy, 1
dopmy, wpne, BaE, a8, Aolnd, 239 Ty, 94 TdY e wE 2dy o] th
2 P dE Bol, adh, AW EE RREAGA, AnEY, 9453, 3R, 433, BAF
wy e Sebxe) 4s seslgER ol v

AFE AGZ=(225)L AEZS HZEAFI0|E FE452(222)02 oA 7= 2024, AFo] HRZHATOE F
Fo5(222)0®2 iAo R AEH A stal, HEZHBEATJI|E FF5T(222)4 A3 HAke] HEVF #83S
O|FLE o] FES FAZL 4 Ut
72 B dgel o S mE HE2HATFE FE5T D A2 AF Abole] dA4E AE AESES o X
= dad HAEV|Y dHEE =AT Aot
7S Az, dad HE7]1(200)= A E(210), FAWAER(220) L 7)H(230)S FIeta, FAAG
E45(222),

g

(2200 712300 el BYE AL AF22D), AL AF(22D) P YL ARl E FF
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% 9% FESY, Aad AF71200%E Aol (210), FANDI(220) R 7)1 W(230)S LIS, BANS
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NAHE AUATZE £7] wEel ool 7o) EJMALE B ANAY o E4S Hastey] 98, Addol
Elol A I 2dE 90% o) Fshs o] 7P ol dHelANt, ofd A Atske] Frtete] Eaies AdHAlTI=
acle] #rh, mebA HAT A2MHS 10% o Fdtes AEdolHE Alxsor e, nigtAsAE 7 584
= okl wel a7 EE SR e S e TR Axss Aol wEA st

wourge) WA 9 wwelE AR S A B owee] AAel @ we] sty A e

Ao 1

(AgBisl; A€ @ olE e A=)

b

(e

TEE e dREATPE YA YAt

il

Ux—o| ¥ A (inverse nano—emulsion)®H S E3}] Al

[ez]
-
39,

>,

TFAHoR, v fuel =2EldAdl(Octadecene, ODE) 10 méol] 27}H |0l E(Ag,C05) 0.163 ¢ 2 At

(oleic acid) 0.2 mME 7}t 120 T 204 3087 WHSAA & 2@ o]E(Silver oleate) &S A%

w3, v Sl SEbAl 10 meell Bily 0.183 g, @l (oleic acid) 0.5 me, <@ Lol (oleylamine)
0.5 mE H71eta 120 To zolA 6027 vSA1A Bily; AT-A] &9 Axs3ct.

ZAsAl Ak F<l Bily ATA S S-SHo]E 98 M3 Hubste] AAAAA FERE Zte H2H )
olE Y AAJAE FASAE. o] w FAE vEBETtelE Y ARYA] A7 oF 20 mol A

o]F, Axd FZB2IllE YuAdgdRl I £9S fE 71w Ao ~mmEsie] HRzBEATlelE Ui
Az vrp(alddole) S Axsgith. olw AlzE FRH TP E Y AR YA Wkl FAE oF 900 nmo]
ATt

o], AxHE HEBRAIOIE YuwAHJdA g SAS 25 m x 25 mm A7]9 ZFUWEAFAE
(Polydimethylsiloxane, PDMS) 7] Zdo] g¥ &g o]=(doctor blade) FAH]E o]&3}o] FAHS}e] HZHT}o]

E g2y vek(Agdole) S Az F, 70 TR A LB 2083 AT ste] HREATIIE
=R WS AR, olu Alzd HEBEATMlE YA dA; vheke] F= oF 900 mmol AT,

713 A pEFY EE(B, 542)E FYste] PNAA
gy AL E8] A Alo]=E 100 pm x 100 im, I
(AgBiyI; AEzoly H A& XETo|QEE ¥esle FAMIARE Fu|gt Axxd HE7]9] Alx)

gt oz AEE = 25 m x 25 mm V|2 tolidE Ay XEYe| =7t FHHjE C(M0S 713 AgBinl; A2

OlEE 0CA 2o 7 HAse daMd AZ7|E A9,

(AgB1217 /‘\_]_E]EE]]O]FJ_OJ Zﬂi)
71 Ard 13 393 FARd 2 ARR AAse] Fdd s B2 dAR
= AxE.

(AgBi,l; H| 2B A7})0]
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B4 &f Aol m'®E #2 7)9(FT0; F-doped Sn0., 8 ohms/sq, Pilkington, ©]3} FTO 7]$4)S 25 mm
x 25 m 2712 A3 5 gorady FAS S HA A7)7F 0.5 m x 0.5 mE 2ty A 927} 0.5 mE
Zb= ofgo] wES Ax3A

A gl BE e FI0 71 ol AA deFe=A oF 50 m FA] ALF Fx| Ti0, WS 5 i

o}
M (spray pyrolysis deposition)o @ AZ3FHtt. EHF IEs]+= TAA(Titanium acetylacetonate):EtOH
(1:9v/vh) &NE o]-§3te] 450 T2 FT0 7] ol E5-3to] Az

AgBioI; &oo] A& 9&f, Agl 398 ¥ Bily; 90 E 1:29 & H&=2 FdolRl(n-butylamine) &viol ¥

°] 60 TollA 307 & Izt olu] Alx¥ AgBisl, &2 AgBi.l; ol 40 TFh(wt%) oIt}

A AGF/HE FI0 719 20zg gl MAA7)E, A Aws/od8 FI0 719 Aol 300 4 ABi.l,
golow ~9nYE olgste] o 500 m T BANBYE FASATE. olF, 150 TolA 1087 th7) Sl
A @A e sk

e s
4
7% ol AT,

(AgBi,I; Alddeolg 9 AgBiyl; FIRBEXAFIOE JFFH5FTE X3ste FIHSRE g dxx HE7]9
A %)

olFA FAE AgBi:l; HRBATOIE FEFFTE EehE FAMITS} AgBiyl, AEHOJEE 0CA TES °l

§3to] BAse] AnM WEVE Az,

vl e 1

(GOS(Th) A& # o] o] %)

5 mol% Th7} =3 GOS(Th) ABHIEE A=st7] 918 T/ 20 meol 4.287 g°] Gd(NOs) 3-¢-Ti¢t 0.214 ¢
©] Tb(NOy)s I-¢-T1 & FH7betal AAs] &al A7l & F7hHQl &5 H7bste] 50 mee] &S Azttt 7]

o 40 nee] 1N NaOH §9}2 27be F 2692 Fol & £@sT
oA AzH e WalE §7] okl Wi 180 TolA 2443k B WA BHE serd ABS FHE
o e e Bl 39 AHE F 90 ColA mm RES TS

2% Fejel G0S(Th) AlgelolHE Azsts] Astel thel vhe GOS(Tb) sH3ul, AFA ¥ RAAE
1:0.2:0.29] FYU &R YA/ T Bal & EFE F ol 2E Fuz AxdAT. =D ZdY P 55
o FAE FAN LA A ZLANZCED S 9] 200 o oY) 22 WER, 120 T LA 14
7 o] AxE Ea GS(Th) ALelolH s Az,

(GOS(Th) Ad@elHE sk Axd HE7]9 Al=x)
=

autd oz Jde AMEHE 25 mo x 25 mm
AddolE & 0CA Foz FAste] dxd AE7)8 Axsgict.

AP EErheleEsl FulE Q0 Z1Re ek} AelE J1w el pElY) BEE(B, B4)E Fs NAA
§ YAHAT, oF AT FAIE g3 A2 FIE B A4 A= 1000 10 0, S
A

3t7] & 3% AAld 1914 Alzxd g2 HE7]e A"y ® oHale 1914 Alxd g2 A&7 Add
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# 3
A 1 vl 1
AL Az 9y v 39 vl T8
13] A AT ~ 1A%k ~ 40 A7
TH = 100 C ~ 180 T
23 (Vacuum) AF Fda 92 AF Fda g
o/ AEH] 30 RHY ol 100 %9l ol
¥ 38 FFE3, AN 19 HREATM0E 3ES ¥eete AddolHE nlald 12 GOS(Th)E X33t
Moy PFAA By WA, AR FHZHoRE Q) ABHE AR 4 e AL A 4

I 4
81X 7]& A 1 A 2
(AP ¥EGo| e =S xFe} | (ARBATlE FEF5FS ¥
S A E L)) Sete FHIE)
AE Az B S e 29 74
13] A AAZE ~ 48N %t ~ 3 Azt
T4 2= 300 T ~ 150 C
21 (Vacuum) A Ae g AF A2 2
o A =] 150 %9l ol 50 9kl o]

¥ 48 xS, AAd 29 HR2HATIOE FEFTES Xshe FHRANE A 19 HYE EEG|L
2 ¥3eE FHHIR JA A B gAgk AL FRAxA0R Q) AERrF AgdE RS 98 5 9l
o},

AA e 104 AzE HEHATIOE 33ES TIsE A HE PASE EES o] fs, g
5] 2 (XRD) #413}3t}.

T 155 AAd 194 A" AZBAT0E FTES xisls Ay olEe] A 3 A(XRD) B4 Z1gzo)
o},

T 155 FZeE, AgBiloF TH® (440) ¥ A9 #FE T, A 104 ALY o]E| 7} AgBiyl, =B AT}
oE BEA= Z PAES AT £ v}

AAd 1A AzxE HEBAIFOE eSS E3eE AddolHE FHgE daM A&7 dAS $EE)

e, TR (TEM) &= #2kshgivt.

=162 A 1eA AlxE dRBsvllE RtES xFeks AdddolH e FIahd A v A (TEM)
E 16 s, ALXS TEE zte Al 1914 Alx® AgBiyl; YA dAe] 717 oF 50 me] FEL
Pt
nn

AAld 1, AAld 2 2 vlad 1o o8] AlzE AEdolEe] A4 (FH| Y ORTHOCEPH-0C-100, 3$JA}:
Instrumentarium Imaging Dental, ¥ASt: 77 kVp, TAF: 12 mAd)S ZALSIY] @33 WS A8 XEYO
2E og3ld AF BEE 71Fs 7] & 5o YEMIATE.
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