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la&ddetols HZ2H gkl E {F7] so|HEE FR2H A7)
= ABX3, ABXy, ABXy, APbX3, Ay 1Pbylsni(ne 2 WA 6A}0]
ool A 7] shehrel A Ae dEElas, 7] dol
SEZAolx, X T2 gol, ZIAYolE &
) o], A= Na, K, Rb, Cs TE Fro 4z
(CH3NHz),,  ((CiHoxs1)aNH3)o(CHsNHs),,  (RNH3)s,  (CiHowiNHs)o,  (CFsNHs),  (CFsNHs),,  ((CyF24:1),NHs)2(CF3NH3),,
((CiFax1)NH3) 2 H3= (CFonniNHy)o(nd 1017391 A=, x& 1 o]l AF)ola, B 2719 o] a5, JER =
&, A7 EF #4, Pb, Sn, Ge, Ga, In, Al, Sb, Bi, Po SolaL, Xi= P, Cl, Br, I 5 § dt}. ojd 4
ol A7) slZB Ao EE CHNHPbI,, CHNHPbBrs, CHNHPHICI, CHNHPRLBr 5 4 Qlth. ofwl djojs A4
7] A2BEAF)E SFE F 2% oS X A9, Al 1 HRZREATIOIE g3tE d A2 ﬁﬂi_‘ii\j}o]}é
&l HES 5:5 WA 9:19 = vk, oW ool A e, NaX', ZnX', KX' 2 CsX' (X& Cl, Br 2 IA]
Ae #lrt) F9 e o R RAHE SRES o x2seta, WA dZ2EAT0lE 3E F 10 % olak; e

5% olstz =3d 4 AU,

mlm W 9
)
nu

ofj

A Aree] wEH, 47
q =

FFE ARt 4TS F AT Hystn dAA 9 4L 747 A 243
ol % [eZ]
= =

o AAde] MER, 37 FEAS T ARBATelE g™ A7 1 om A 900 nm; 1 nm WA 800 nm;
5 om W= 600 nm; 5 nm WHA] 300 nm; 10 nm WHA] 300 nm; 10 nm HA] 100 nm; H3= 10 om W] 50 nmQl A
T At

29, Ay FeaAd=e F7=, 500 nm WA 800 nm; 550 nm WA 700 nm; vFEAEAE, FakA
=0] = AL gqs]m 550 nm WA 650 nm¥ S S},

A AAdel mEw, 7] Al d5s GAE A, B 2 dud Al

2 L2 1 A% #Hleta, 48 Bof, /%
ol A BAFO] MY A% EE AW ol 2uEY, OD, FF, §9 ¥4, 29, TAY 5 )&
o AE4 BAFS 94T F Ao

A ANl WY, ] 4T £EES AT A, 29EY, D, FH, §9 ¥4 1Y, =AY 52 0§
o 43 FEES o AgE A er=ch

A ANdel mEE, Y] FRYFS FAT A, 58 EE FF 3L 18T & Yov], oAF 5o, 29
s9, 2xde] w9, &% ol ;Y, Beols ;Y R FF F A% sh} olye] Yo AznivjelE
FE AT 2l v R Gol, FHE AWNGEE (OD), W4T WY (D), Fhx g A4S
F3 (PEALD), ¥4 W oIn@A 3% R B 4FH F Holw sht o4 ol§F & ok, oo AW
A erett,

R ANel WER, ] A FEFE AT A, 39 FAS o8 4 ddon, Y THL 2@ 2y,
ssdo] 3y, &% ol ;Y R BAols =Y F Holw s} olgel YW T F glort, ol A
9 ekt

A Arlde] mEW, A7) ol XIFS FA4T 2k, &9 A ,

3t AT FEFS AT F Jdo, ol AgEA ket

g AAldd M2, A7) A2 A5E 4T A, 22 FAHA YA AFE e AR, odE 59, 10
W WAl 200 W, 25 C WA 100 T &% % 0 sccm WA 100 scem Ak = Aol o= sty FAH F74
A ~HHE FHoE WSS 4T ¢ Q).

g AAde] mEH, 7] A5 AHEEL, o]-1 ~HE ¥ (lon-beam sputtering), W& A=HEH
(Reactive sputtering), ©]< X% ZSZ(lon-assisted deposition), HiTUS(High-target-utilization

sputtering), HiPIMS(High-power impulse magnetron sputtering), 7}F-=-38 A¥HE| ¥ (Gas flow sputtering),

Zgt=nt ~9E ¥ (plasma sputtering) $& o]&38ta, A7) 28 (WD, €52 (thermal evaporation), =g}
Zn} ZZH(plasma sputtering), AR FZ(e-beam evaporation), UAE FZH(ALD) 5L o]&dtes AY 4

stk 47] TP, §AFAL ol gk, o Hol, 2w =y, sxdo] my, ¥ =Y, I A A4, BF
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W1 A2 A5, ), SEIFAD, WFEO, AW, FHQ), FBU), Fhw), AN,
x (O olFold ToERE AdHE Holk o g EFHe AY & Ak,

il
&)
i
=
wj
)

A A wad, A7l F94 79 S 182, SR "z olE (PET), ZfdEgd HE(PES),
& Oﬂ%ﬂﬂ e o] E(PEN), EE|7FE U] E(PC), EelvEvetadeo]E(PMMA), Eejolv]= (PI), <=l
MOl E(EVA), ofexsEeldd =l ez o] E(APET), ZeZ A2 eo]E(PPT), Ee]odsl
EﬂﬂPE‘ﬂ] O EFHAE(PEIG), Eertola =LAt vdde e o]E(PCTG), WAHEZoMHHAEEA
(TAC), AtelEz&dlaEem(C0P), AtolEg=wda & (C0C), YAIE=HAEY A& (DCPD), *|E=HE}
UAEe W (CPD), Ee|otdelo]E(PAR), Ee]olH|=o]v|=(PED), Eevto]wRAZAIR1(PDNS), deZ4A], &
A B MAAFAFEA R o] Fol A= Lo v H A= Aok o shuE EIEkE A U

A AAde] mEW, 7] Al AL, At Be ks A5Y & Jdu gAY R=RHECND), 23, 54
59 vaFAaA, 9@ ZgopAldd (polyacetylene), ZZlobd# (polyaniline), Z2E] Q.3 (polythlophene),
29 E (polypyrrole) 3 #& A=A 124 245 o 2§ + Advk. =3, A7) Al A5, 10 nm W
2 200 nm; %EE 50 nm WA 150 nm FAES 7HE F ).

A Ao mEH, A7) A2 AFL, AAEAE B ot HAFA 4 A3, AF B, FY AxA, WEY

i

AeA B4 55 ¥ & Jda, o= £9], Co, Ir, Ta, Cr, Mn, Mo, Tc, W, Re, Fe, Sc, Ti, Ge, Sb, Al,
Pt, Ni, Cu, Rh, Au, V, Nb, Ag, Pd, Zn, Ni, Si, Sn ¥ Ru; o]E9 $u; 2 o]E9 AtghE ;& o]Fozl o
A dEE Aol o= shutE X Fetar, Av] ArsHEe, 110, ZIT0, ZI0, GIO, ZT10, FT0, AZ0, GZ0 &< F1
A AR ASE(T0) F Aolx o= shuhE X3 ¢ Advk. T3, BAU=FHE(ND), 289, 5 52
s aA, 2 ZgoldE A (polyacetylene), ZEZlobd @ (polyaniline), #2E] 2% (polythiophene), &3]
Z(polypyrrole) 57 #& AxA a8z 48 9 28T 5 ok, =g, 7] A2 A5S, 10 nom WA 200
nm; 53 50 nm WA 150 nm FAE 7HE S Ao

A Ao w2m, A7 AR 535S 7Zn0, Zn0:Al, Zn0:B, Zn0:Ga, ZnO:N, Sn0, SnO,, ITO, TiO,, CssC0s,

6,6-3'd-C61--= 2 o) A = o] & of] 2~ (PCBM(C61) ), PCBM(C60), PCBM(C70), PCBM(C71), PCBM(C76), PCBM(C80),
PCBM(C82), indene-C60 bisadduct(ICBA) 2 6,6-3'd-C61-F-& 2] ANA| ==ef 2~ g Lol ~E (PCBCR) FollA] A8
= Z9d f=4, ZAlAv]t=E(polybenzimidazole), & # (perylene), poly[IN,N'-bis(2-octyldodecyl)-
napthalene-1,4,5,8-bis(dicarboximide)-2,6- diyl]-alt-5,5'-(2,2'-bithiophene)](NDI20D-T2), naphthalene
diimide(NDI)- selenophene copolymer (PNDIS-HD), poly[(E)-2,7-bis(2-decyltetradecyl)-4- methyl-9-(5-(2-
(5-methylthiophen-2-y1)vinyl)thiophen—2-yl)benzo[1mn][3,8] phenanthroline-1,3,6,8(2H, 7H)-tetraone]
(PNDI-TVT), poly[[N,N" -bis(2-hexyldecyl)naphthalene-1,4,5,8-bis(dicarboximide)-2,6-diyl]-alt-5,5" -
thiophene] (PNDIZHD-T), NiOx % P@ Abslz RI=AR o] FojA= Lo 2iy Auy= Aok o s
el AY U

5

g Al wEw, A7l AR 41%5€?{%, dFEuE  EF2(8-o)|=FAF =) (aluninium  tris(8-
hydroxyquinoline), Alq3), B|HEZZ&e]=(LiF), & &) (8-hydroxy—quinolinato lithium, Liq), H]&<
2, vl nEA Asd, FAEA A
AREEl] FAT 4 k. A7)

-
A FEBOR B
o]

4, B 08 5 AsE, Axd gxAd =4 594 22 AsE
n- e deE =2, Ti0x, Zn0 & CsC0; € 4 Aok, =3, A7) A

A71Z2H WS AR = g AA] dBhA BEE A @A 718, 7
S =5 ¥sta, 45 E9, €60, C70, C71, €76, €78, (80, (82, (84, (92 PC60BM, PC61BM,
PC71BM, ICBA, BCP, PC70BM, IC70BA, PC84BM, ¢1¢l C60, <l¢l C70, d=3|=d Zgd So ZdA 3%,
A=A, PTCDA, PTCBI, BCP(bathocuproine), Bphen(4, 7-diphenyl-1,10-phenanthroline), TpPyPB % DPPSCo &

oy
Lo,

o]Foxl oAl AElE HolE ol Fhit oS EFE F glon, old AlgHA] LT,

A AA oo w=H ,*W]ﬂ<f$%%%,lnmmﬂ 100 nm F7; 1 nm WA 90 nm; 1 nm WA 50 nm; 1 nm

WA 20 nm; B 1 onm WA 10 ¥ ATk A7 19 el £33 Agel, A5 &4 BAE AT B
=

53 NSRU oS, DATEFORS 5 E FAE + AL

A AAde] wEwW, A7 HET FEFLS, Spiro-OMeTAL, PTAA (poly(triarylamine), polylbis(4-

_17_



[0129]

[0130]

[0131]

[0133]
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phenyl)(2,4,6-trimethylphenyl)amine]), PEDOT:PSS(Poly(3,4-ethylenediocythiophene doped with
poly(styrenesulfonic  acid), Alo|ZF=Z3E-  [2,1-b;3,4-b']-TJE] 23  (cyclopenta-[2,1-b;3,4-b']-
dithiophene), WlZEJo}t]jolZ (benzothiadiazole), TAET =23 Z (diketopyrrolopyrrole), Elol=[3,4-b]
El 2 3l (thieno[3,4-blthiophene), WZTIE]2# (benzodithiophene), Z+EH}E  (carbazole), Z=F2od
(fluorene), PEDOT:PSS (poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate), PS-PAA (polystyrene-
polyacrylic acid block copolymer), poly=TPD(Poly(4-butylphenyl-diphenyl-amine)), PPV (polypheylene
vinylene), PVP (polyvinylpyrrolidone), NiOx 2 p& AtstE AZAE o]Fojx|& Fo2HEH HdHEHE Aok
o= s Egtele AY & Uk B3, AV AR EES AR EFse SHA R/EE TTEA

=2 X33 2= 013}
= o T O .
d AAde wad, AV Ay FHEEFe, Ax 2/re Ay A9 BAS ey, TAuEA A, 5
S ¥ge § ok, &=, AV AT 552, 1 om WA 100 nm FA; 1 nm
0

A 10 nm¥ 4 A,

4y

=

nm; B 1 nm
A Ao wEd, A7) FE AskEe YA AREENNG0), e AR (Cu0),  TrE] Bl RAJodlo]E
(CopperThiocyanate), T2 ZH AF8H=(CuGal,), 78 F& 2tsHE(CuCr0y) & 4 dom, 2k (Ni0), AF
st (M) (Cu0), AFSELE(I)(Co0), LAFSHRR(V,0;), At vlhus(V)(V0,), At E(IV)ZTE

(ID(Co0) 2 ol5e] 23 5 Aol s} o4 ¥aae AU & Ao}, old] AduA s,

m e
il
>
2
9
=
[
g
oz
N,
o

K
-
of

fy
rlo
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k1
N2

Normalized PCE (a.u.)

Normalized PCE (a.u.)
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