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f Al dsiNE 2HE Ao+
7 s

el
g %&9} e 72

=
- =
7] e (184, 714, 724)2> F me] FA A& =], o 1 A 5mmel vig- g FAE FAEE 5 U

B7) E-2AH9 AtstE MEASS ATA)] 55 d3ES = % &9 &l 34
otk olgHE F& AFAe AEFS FAse AEE BEAe SRV gAY, FAFHoR = dF o
o]Edlo|E(indium nitrate), o} Uo]EHO]E(zinc nitrate), ZF UolE#o]E(gallium nitrate), T4
UolEYelE (tin nitrate)¥d 4 Ar}.

ECE A5k Zed Bl %9 BE UolEdelE FaEe TU(lan)d
FEE dehly] Wi, FUES FRe wEe 9 £ gdor, F2Ad AR wndFel FyE
sick

71 FFes(185, 717, 12D)= ¥ HlE g =, A7 #7 dE
Fol &7 %HLE%(ISLI 714, 724)°l dAFs=E W el miA{E o], A7) Fe BT

Ak

o

A
ot
oo &
N
ofj
§
N
:

7] AT (184, 714, 724)° Z=EStAYG 7] #7] FFS (185, 717, 727 011*1 ﬂf‘% E#
g 4 9t
B 7 FHErS (185, 717, 727)2 W= e] ] AT (184, 714, 724) W] F-22kY AtstE WREA diy]
F2 FAds uEAE 29T 4 vk, A FAds aRAs A me HoM d9e FE F4F 4 9
T AEE FE WEAs h g ol ddRA, A7) Wk a Ak oF 1.7eVe] WiEAlS ZhA oF 500
WAl 850nm IHEHS =, AN e 2AYH g9 FE& F5E 4 A+ PBDIT-DPP(Poly{2,6'-4,8-di(5-
ethylhexylthienyl)benzo[1,2-b;3,4-b] dithiophene-alt-5-dibutyloctyl-3,6-bis(5-bromothiophen—2-

d
yDpyrrolol[3,4-clpyrrole-1,4-dioneN® 4 9tk 7] §7] FEFFUSS, 717, 7200 54 shgvidie] 3
of ZAHW $7] FANG n¥AE 2 G FRol] A-4F 42 AL, AR A4-AT AL

AR oz =], A= 47 AT (184, 714, 724)°] A=U2 A" 4 k. o] we, 7]
ANES (184, 714, 724)2 Fe] A7lel v#ste] A FE7F S ¢ qlar, olel] wet V] FEEWRA]2E 9
Z-AF7E ZAMR Fe] A7) oEste] wiske 4 9t

g2 oA, 7] K7 FE5FT(185, 717, 727)2 7] BHWHE a1 gete] A o4lE EEE o X
Stelar, ol F EFo] A& Ao 9 WHI-FEHEA M (bulk heterojunction; BHI)ZY 4 Adtk. o] A%,
A7) BARE 1t Ax Y AR WHE Qi A7) AA g4E B FdWd aeaprr Fx
Aol o8] AT AA-AT HozRH HAAE ¢ F&Fow Byste] A7) A9E(184, 714, 724) 07 A
& 4 gt}

371 f7) BEFS8, 717, 727)2 deZA, 50 WA 100me] FAZ FAE F Ak V] EdWA2E
AEA A A7) AGE(184, 714, 724)0 F= FAD £ YL, A7) 77 FE5E(185, 717, 727)
o HAE AAS A7) ADF(184, 714, 724)0 AsE JeS & £ Q).

A7) 29~ 9 =9l ASE(186, 187, 715, 716, 725, 726), 1E: 37] AlO|E WTF(182, 712, 722)& &
FlF A5 5 9o}, oo wguA g,

T 6L B oumo] AA] dEo] WE TEro] o2 el wdTo|tl, o] ¥ETlo|or= 1w 1 9 L 22 I
Z3le] AWst YEAA S Ao dFe £ o).

=65 gEshw, wol Z1A(810) el #71 FEFF(830)7 F-2abl Abshe WHEAS(840)0] A= v
2 4 qrh o] 4%, o ZEdelest ¥ 3% Fxstel MU WRE Fastel G Fol Wz 74
(81002 Fo) Ak 5 AES WAL S An, of A A7) Wolx AAGI0)E ¥ AL oF B,

71 71 B 830)e Hokhs £E7] A=(820)0] wiAE & lal, V] E-2akd AkskE A5 (840)
Aok &F A=(850)0] A 5 k. 7] £EZ] A=(82002 7] 7] F5TS(830)7e] AWl £E
7] MiElolE d4E ¢ e Ao, dd=A 5(Aw), WEPOYL 7 U o] £EY] wiglojz Qs & A
Alefol] mhg ol =9 AFEgol yebd = vk, ., AV 29 d=(850)2 B7] F-2akd AbskE Wk
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A7) 7] FEFS(830)2 =Yool 7] £-23Y AEE WEAS(840) tiH] F2 FHWE nEAE g
F A AV FANE uEAE AN e A g9 3E F4E F dS ARE F& =g UM
T deEA, 7] BANEG EA= oF 1.7eVe] =S 7hA oF 500 WA 850mm WS =, A4
= 2H94 g9ge #FS FH5E 4 9dE PBDTT-DPP(Poly{2,6'-4,8-di(5-ethylhexylthienyl)benzol1,2-

<

2]
b;3,4-bldithiophene-alt-5-dibutyloctyl-3,6-bis(5-bromothiophen-2-y1)pyrrolo[3,4-clpyrrole-1,4-
dioneNd < Advk. A7 771 FEFFSQ30)0] 54 o] Fo] ZAIEW Y] FAAWE LiAE AL
" Fs Fste] AA-AT A4S AEsta, 34" AR-AT B dAet AFor FEHe], AxE A F
-22H AtshE RPEAF(840) o] ARdiE dYdE ¢ vk, ool wal, AV F-2xkd AbskE W= AS(840)
el Fe] Al7lel ml#ete] AA w=7F Sk S dar, olel wel V] LEGo|e =] 2-HFTE AR
o] A|7)ell ejFEste] WEd = gl

e delA, A7 7] BEFTS(830)2 A7 FHW3 iAo Hale Ax AAH EF
F o] M7 4o Je ¥I-sH 24X (bulk heterojunction; BH])ZTY 4= Ut

TiAbE A =Y EARE wEE ¢ AL, A7) A3 94" EES FAWE it FxAled o s

AbstE REE ©

¥ ox o

3t Ax-AF FoRFEH AAE ¥ g&dow Bgsle] A7 #2310 AFEE W= A3 (840) el
ok A7) A= oAy Ede dd 24, PCBM(Phenyl-C61-butyric acid methyl ester)d 4 At}

WA, w545 doted 2e5 B &A1 5 Sl bEstE S 54 dotEo] 2ea ol &aE &
g3l ele]d FAH R, A7) FE&AS A ARE ke k. ojojA, F5ASE &9 FAHRE F
s AHje] B5dstes Eddelhs §oS Ve =3xS 4 . o] W, E¥xe A9 39, Jdad ZHd
o 4 WS ARgstel A 5 Qv Y] =X A, 7IRs I gdew wET| S, 71 19
o F & W HYE T F vk, 7] =X §, 150% WA 350% Ato]e] ti7] E9]7]eA 3AIZHEF
A E FAY F vk, dAHE FA &yt e, 545 AIES MxOy FHO] 1-4 mn FAC] F-23
4 VEAZTS AT U

olal, X ol olalE F7| flate] niEZA e AF o (example) S A AFCE, Thek, 3179 AddE 2 oo
olal & w7] #1F A, & o] s Aol ofsf FE= AL ofyt.

% Beol vhehdl Hhsh A EEEAALHE AzdH, wolx JAE AE AFo Al uet Aol
Aol P4 AR TEEAALHE Ak WA, Si /W Aol oF 400me] Si0, A= BAS ¥

L, A7 ARlE dAns o e WV As 5, 7] AuE AlolE AAdd e i Hits /A=
X% 2 250%9] 7] #9714 3AZF B EAEE FHEY In0:ETS 1-bmE P 4

S Ao, A= maa s AR AHEHYHS ARESte] dFrlE Aes/=Yd d5ES AT, A
29 /EYQl AFE Atolo]l w=FH In0:5 AIPBDIT-DPP(Poly{2,6'-4,8-di(5-ethylhexylthienyl)benzo[1,2~
b;3,4-b] dithiophene-alt-5-dibutyloctyl-3,6-bis(5-bromothiophen-2-y1)pyrrolo[3,4-clpyrrole-1,4~
dione}) <9} PCBM(Phenyl-C61-butyric acid methyl ester)e] 4o Sl ¥WA-3|HZA M (bulk heterojunction;

BHD S f7] 3&+5S 50~100nm= F A3kl

FIEEPRA2E Az 2 : FolA In0:/PBITT-DPP f+7] #FF

olM

A7) %7 FESFS BT QoIA, PCBIS AHESA @ PROIT-DPPYHE AHE® A% A9stas 47 &
A Az 1 FAR 24 Az

ITEEPA X Hlae] : FolxH In0,

W) ) BEFES BN e AL Aslstas 7] A Az 1 $QF 248 Axsteinh,

¥ 7o EEEAAAH vl (1), EEEAANAE Az 2 (b), L EEEWANLEH Az 1 ()] BE ¥
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[0070]
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[0075]

[0076]

[0077]

[0078]
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EEWAA2E S 54 33 F& 2AEIAL A @ AdEHdA ACE ATl rtsEE AgS WMEAZ
o] -V Z1YPTES A7FsAH. =

7904 "dark"+ Fol

E (e FEHW, §7) BEFES TP 92 2ol 0,52 AYFOR msh vmdl] ue

[

[e)

o
EEWAA2EHE A o9 (588mm, 605nm, 630nm) =& A2 o9 (780nm) 2] F ZAte] osllA= loff, Vth,
E= Tone] AE ZEbAA FES & F vk olE FOAH In0:Fol A de] #E FFe] wWEoR
FAEAG.
T 7(b)E Fxs, §7] F5TToE PRIIT-DPPSS FH|sHE Alxd 20 2 TEEWHA~E = A4 g9y
(588nm, 605nm, 630nm) 2 A A )9 (780nm) 2] F FAlel o)M= loff7} S7kskal, Vehzh oFzb whoju 2~

AtH.  oli= PBDIT-DPPZo] 4 gl 2ol o] #S Fe 5+ A4 da
=9 In0:F o2 33357 oz FALA.

O

L
7<
H]—sk()i o] = o}..‘:ﬂ S _‘__1— —’]:

-AFE FogRE HAAE g

ki

7(0)E z3, 7] &35S 2 PBDIT-DPP/PCBMS] BHIEE& THISHE AlZd 10 WE IEEWAXAEE
A o 9 (588nm, 605nm, 630nm) H LA L] S (780nm) e F ;‘*}Oﬂ &M= Toff7F A =7Fskar, Vth7}
ulolu s WEo g FA o3, lon I S7IeHE RS & 4 Stk ol BHITO] A 2 XM Oy

= =
o B2 FFW T AT AA-4F FORVE A4E AUFA 0FOE TS, Bl TS Fo A4

AEe TEas 2 AHAGaEE] U8V W= FHHUL.

% 88 EZEEUXAEH H|Id, FEEUAXAEH AR 2, @ FTEEWAAAEH A Xd 19 wE FEEAX2H
59 5SS Y agzolt),

= 85 FFEEH, XEEUA2H A|Zd 1 (Quasi—2D In0s/ BHJ polymer)ol W& XEEWNXE 7} 22
TA LM g oA thE TEEWUAAHE H|F & VHEE YIS & 5 T

T 99 X 102 dojelE AA AE EUEH FXE AMEAE A3 #Esks de agzolt. o] o, A
AR EUHY FA= = 1 2 & 258 Zx3te] AW oy, YXEAXNNZ = XEEJWAAE Azxd 19 w2
EIEEWNALHE AFSSIST.

= 98 xohd, A9144(880mm) S FAMSHE LED=F-E WEH §F AREARY] IG5 Fisto] FEEWPA2E

Ak ol o8l EREAAAHAA FHHE A4 A5 Askel AR HE AgAe] A el o
e 1:} ARy, LEENAAHZRE] FUge Azt Al wet el FeE yehis A o
FoQthb). olel@ sHEe Agel wEel ela] tehlbt Zlom, AA AR AYTAA 127 Relq: s
o) A SheTatel AR AL 5 A B eEelA QelAE B Auss 7200

102 ~ 20% FFIAE Fegle]l F28 sheshs AR dehln e, oldd AU g B4
4 @ el Seln, Wb A AR ARRANL ZAge vel A58 ATEL gadt AWe
B A%, AT B4 A9t wRstel, @4 348 Aes@ 4 A

EE 9310, 320) Vo) FAge] MR QA AW} Folshwl, exrdom Fegel F43 st
SegE o 4 Atk oleld ARE ABAZL 1A & u WAL ARels, web A Bu AL F
dgkel F7HEe] A olgel ALY Ei seEol A olakel A, AEAT WL s Adeta e
o 713 5% A= 5 Ak

L=
T=

L 105 sk, #94d(850nm)s FAMSHE LEDESFH WEE $, AREAte] 9R-5 Fikste] FEEWNAAE
g A

of QAbel ol s EEEAALEON FHHE A4 A5 ARE Az Fatel s vrehgic).
AR, 29 A5ae FUenedian)?l Wolz Hel(base line)e EF HEe] FelE 21 4 g o
wlol 2 ghelel ShEe] 4B eESW, AgAY EERE ANT 5 3tk

olsh gol, dlol®E AA Ax U P A AN 4wl Aus, @ A5, W A5
T F Ao S AFE 5 Atk

S
fol
ol
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[0081] o4, ¥ e wAY ANl So] s AHsAo, ¥ owye 4] Axdd AAEA e, 2
wg o] 71 AR 2 WY WelA & Hopoll A Bl A4S 7 Aol odle] ofgrx] WE 2 wWAo] )
53t}
=9
E9]

180
153,1 j~113
V %
100
L 192— | — 1~ D U~ 191 L
 =a
ai iC
B | | ”‘\
V] | |
) )%
160\f i i 1
v v
I I
EH2

N .
[
AL
153 160 151 192 153180 113 191 111 120 113
L Lo
I-T
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7 J\/\uz\: Z
I N A AN 193
] [ 100
i
153 160 151 192 153180 113 191 111 120 113
L Lo
I-T'
=4,
130
Y A * { ( 7 e g
153 160 151 153 180 113 111 120 113 190
EH4b
™10

N\ .
E 7|
LY LI 7 v A

L LT

153 160 151 192 153 180 11
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=97
10°
104 /ﬂ—n-"“”'q
10*
10
< 10 Quasi-2D In,0,
— 100 +$;0ﬂ‘
- am
10* —a— 630 nm
10 «- 605 nm
—- 588 nm
10-" F -' I ] I
=20 <10 0 10 20 30 40
Ve (V)
(a)
= Quasi-20 In,0,/
= BHJ polymer
- ——Dark
—= 780 nm
—=B30 nm
=605 nm
—+— 588 nm

20 -10 0 10 20 30 40
Ve (V)
(c)
E98
10" — . v . ;
Quasi-20 In,O, / BHJ polymer
"
2 107} inGaas |
1 =
5; 107} 1
o oea 1
g 107} Quasi-2D In,0,/ 1
%’ 10" r ]'
S 10"} 1
£
_% 10°} 1
3 10°F Quasi-2D In,0, 1
10" A - - .
400 500 600 700 800

Wavelength (nm)

107
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1 &
¥ Quasi-2D In,0,/
Only polymer
— 1D-l e —a— Dark
_,r_ = 780 nm
10742 =630 nm
1u-‘|ﬂ. = B05 nm
1) —- 588 nm
10°
20 -10 0 10 20 30
Vs (V)
(b)

_17_

40

ZIHSd 10-2019-0036446



ZIHSd 10-2019-0036446

E99
0.34 1 1 i 1 I I 1 ! L L
0.321 F= 370
< 0.301 310 ’ !
% 0.28- M&W e WN g
o 0.26" nth wﬂw L er
.g 0.24 ol .
£ 52 ;”¢ :
0.20- a
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