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A70), 1Z0(indium zink oxide), Zn0-Gas0s;, Zn0O-Al,0; = ATO(antimony tin oxide, Sn0,-Sb,0;) o] qow, n}
A= IT0E AF&3sh= 3lo] Fr}.

47 FBAFe ANFEA 2 ARFolAe BB olFld Ao, WS wWE Hs A9 2 P dgo
= 09 AN AT 4+ dev, & WHSl HPEL AAFEAL LD 4 Row, ol AFHL 3
wol weh AaiA =AW & vk, E= L owgel 3w §7] Svlol §AAA, 60 m el T, A
=60 A 120m AR YBYF AAFEA ARD AER F Ak EF A4FolA ] o] PBIB-T

[e]
(poly[(2,6—(4,8—b15(5—(2—ethylhexyl)thiophen—2—yl)—benzo[1,2—bl4,5—b ldithiophene))-alt-(5,5-(1",3"'~
di-2-thienyl-5',7'-bis(2-ethylhexyl)benzo[1l',2'-c:4',5'-c']dithiophene-4,8-dione))]), PBDB-T-S
(poly[(2,6-(4,8-bis(5-(2-ethylhexylthio)thiophen-2-yl)-benzol[1,2-b:4,5-b']dithiophene))-alt-(5,5-
(1',3'-di-2-thienyl-5"',7'-bis(2-ethylhexyl)benzo[1',2'-c:4"',5'-c']dithiophene-4,8-dione))]), PBDB-T-SF
(Polyl[(2,6-(4,8-bis(5-(2-ethylhexylthio)-4-fluorothiophen-2-yl)-benzo[1,2-b:4,5-b' ]-dithiophene))-alt-
(5,5-(1',3'-di-2-thienyl-5',7'-bis(2-ethylhexyl )benzo[1',2'-c:4',5'-c']dithiophene-4,8-dione)]), PBDB-
T-2F (polyl[(2,6-(4,8-bis(5-(2-ethylhexyl)-4-fluorothiophen-2-yl)-benzol[1,2-b:4,5-b']dithiophene))-alt-
(5,5-(1",3"'-di-2-thienyl-5',7'-bis(2-ethylhexyl)benzo[1',2'-c:4",5'-c"']dithiophene-4,8-dione)]),
PBDTTT-C-T (poly[(4,8-bis(5-(2-ethylhexyl)thiophen-2-yl)-benzol1l,2-b;4,5-b']dithiophene)-2,6-diyl-alt-
(4-(2-ethylhexanoyl)-thieno[3,4-b]lthiophene))-2,6-diyl]), PBDTTT-C-F (poly[1-(6-{4,8-bis[(2-
ethylhexyl)oxy]-6-methylbenzol1,2-h:4,5-b']1dithiophen-2-y1}-3-fluoro-4-methylthieno[3,4-b]thiophen-2-
yl)-1-octanone]), J51 (Polyl[(5,6-difluoro—2-octyl-2Fbenzotriazole-4,7-diyl)-2,5-thiophenediyl[4,8-
bis[5-(2-hexyldecyl)-2-thienyllbenzol1,2-b:4,5-b']dithiophene-2,6-diyl]-2,5-thiophenediyl]), PBDTT-DPP
(poly{2,6'-4,8-di(5-ethylhexylthienyl)benzol1,2-b;3,4-b]dithiophene-alt-5-dibutyloctyl-3,6-bis(5-
bromothiophen-2-y1)pyrrolo[3,4-c]pyrrole-1,4-dione}, P3HT (poly(3-hexylthiophene)), PCDIBT (poly[N-

heptadecanyl-2,7-carbazole-alt-5,5-(4',7'-di-2-thienyl-2',1',3"'-benzothiadiazole)]) 5 & 4+ %
A7) ARpFAA e} 2 Ao FFE2 1 0.5 WA 1 ¢ 49 FEWE ujgete] 7] Sl &3iA71 %%’3
23y, 2xge] 39, 2aY A, e Edol=y 5o WHor FEATS AT F Aok A7 #7
gl = S| ) F718u2, FAHozE S22HA, olAE, HEE

|JE2Fe, EFd, AYd, HEZY, 1,2-UF2d 9 FRZEZ 0 o]Folx FoA Ny
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= shy o] fr18vd 4 Q.

d HAlde] wE 7] FEAFTES G445 REEXA AANES x2d3ste] gYsiA ddE 2&S T
fsted, F7He] HUHAE o x5 vk AVl HIHAY 9 o2& 1,8-Holo] L ESEHDIO: 1,8
diiodooctane), 1-FZ&1ZEall(1-CN:1-chloronaphthalene), thol#|doll ] Z(DPE:diphenylether), <<ertisnt
o]%-(octane dithiol), EBIEZ}H 22 0] Q F(tetrabromothiophene) 52 £ & Yo, &% wet H A3
ks o] AL8E 4 9l

T 2 g w2 I3ES Xgsie 37l
circuit current density) 2 7|"A<t(open circuit voltage)©] S7}ske]
U mE 3FES AAFEAR, FUIHEAAAA FHd AHEET F
o] o]lZ AL FUIHYAAE FE FHHTaES AT

ot

[ = O ]
e =2 Ax =

EG 7] A2ATE AA FEFel w98 A AFANE olgse] FHE S+ Atk olu, A A
AFARZE B/ DTN, B E/2E/ DTS, SR/, BohhE/ ST, R/ e
Ay, HE/LFIE, LF0E, 3, dadgie @ AFATE S04 A9E 5 gon, vy
e e, aeuE, @ : = Rl Fub

=
=
= << = -7 e 2 = o = e = =7 e 2 = e
wgt AxrESs 2 AITTFETY AnT Akl f39 AReEsS 2 AI3rEsd 9y AHE oo
A [F=]

o
o] o 42+ Ti0,, Zn0, Ti0., Zr0, NgO, HfO,

AU §7] FAREA AHES A &4 9

olst, B wwe AAlele] o)af s AP @, 7] AAE B 2P A 9% AY ®, 2w
ol Wgol k7] AAelel ols) @AHE A ohrh, oju], AgHE 7% &o] U 3eh ol oA vhE
o7} gk, o] wHel &ak sl RopdA B A4E b Ak BAHOE olsfta Y AvE 7}
Ak, wH, Bt FAW /%A T W A8 B MERE AP YR Bk,

[2A]e] 1] 33 m-1SeTh-0Eh-ICe] A=

AL 8ehE 1-be] Alx

R
O
COOEt /

Se~\,_g— B A
s ) < ST neBuli, THE
\J B AcOH
SITN Se reflux
/ EtOOC
R=2-ethylhexyl
1-a

At gk~ 33HE A (1-bromo—-3-((2-ethylhexyl)oxy)benzene, 6.3 g, 22.2 mmol)& F<3&FaL THF (25
mL)E 7Fste] &N v, 2=E -78TC=E Wztekglvh. -78TelA 2.5M n-F"2F (n-Butyllithium, 8.9
ml, 22.2 mmol)S =% (dropping)d|laL, -78ColA 2417 &<k wukelIth, THF (45 mL)ol| =<1 &3&E 1-a
(ethyl 4-(propionyloxy)-2,5-bis(2-(trimethylsilyl)selenopheno[3,2-blthiophen-5-yl)benzoate, 3.3 g,
4.55 mmol)E -78Ceolx W3 =% (dropping) F 2417t &k wykalith. ko] gEHW odolAEolE
(B F=E3t3, f7158 B2 AT o, F9NgSOE AxA71a, 32 SUA7E AREste §vlE AA

sl W FHAE 558

2 I 2v}E 789 (hexane-MC, gradient from 10:1 to 6:1)& AAE] 3}dE 1-bS FE3FATHA0 %) .

'H-NMR (300 MHz, CD«Cly) & (ppm) 7.87-7.85 (d, J=5.8 Hz, 2H), 7.56 (s, 2H), 7.54-7.52 (d, J=5.7 Hz,
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2H), 7.18-7.15 (d, J=8.0 Hz, 4H), 6.87-6.86 (m, 4H), 6.83-6.78 (m, 8H), 3.78-3.76 (m, 8H), 1.66-1.65
(m, 4H), 1.28 (m, 32H), 0.90-0.85 (m, 24H); 13C—NMR(5OO MHz, CD«Cl.) & (ppm) 159.4, 152.9, 148.5,

144.3, 143.1, 129.3, 120.2, 117.9, 117.0, 115.2, 112.9, 70.5, 63.5, 39.2, 30.4, 29.0, 23.7, 23.0,
14.0, 11.0; HRMS (FABt): Calcd. for Crglog0sS:Seq: 1290.4611 Found : (Mt) 1290.4661.

A2 FFE 1-co] A=

DMF, POCI,

1,2-Dicloroethane

R=2-ethylhexyl

At Z8A3T0) 3EHE 1-b (3 g, 23.2 mmol)E ¥l 1,2-dichloroethane (150 mL) % DMF (1.2 mL, 16.3
mmol)ell Wil FHo] & T &2 0CE w311, POCl; (1.4g, 8.8 mmol)S = (dropping) 31 &5 2

eI, I F FFSF (50 nb)E ¥ WS 4590, gEFEagaal)es
= RAolF o, FhNgSO,E AxAIZ F 3|2 SRV E AMEste] &ulE Al AT
oz ZAtE A I ZulE1 I (hexane : ethyl acetate=10 : 1)9} A ZAZA(hexane : ethyl acetate=4 :
o2 AHASt] BE 1-cE F53ATHT8 %).

1H—NMR (300 MHz, CDCl,) & (ppm) 9.81 (s, 2H), 8.25 (s, 2H), 7.75 (s, 2H), 7.24 (t, J=8.2 Hz, 4H),

6.87-6.83 (m, 12H), 3.81-3.79 (m, 8H), 1.68-1.56 (m, 4H), 1.28 (m, 32H), 0.91-0.86 (m, 24H);  C-NWR
(500 MHz, CD,Cl,) & (ppm) 183.7, 159.7, 154.3, 149.4, 148.9, 148.7, 143.3, 143.0, 139.3, 136.4, 132.7,

129.7, 119.9, 118.1, 114.9, 113.0, 70.6, 63.6, 39.2, 30.3, 28.9, 23.7, 23.0, 13.8, 10.7; HRMS (FAB+):
Caled. for CrgHgoOsS2Ses: 1346.4509 Found : (M+) 1346.4480.

@GA13: 33HE m-1SeTh-0Eh-1C9] A=

sodium acetate
AcOH/ Toluene

R=2-ethylhexyl

m-ISeTh-OEh-IC

A EEkAe] ofEAN20 nl)# AF obAlHIO]E(sodium acetate, 0.1 g, 1.3 mmol), 2-(3-5%4-2,3-t]3}
ol 2-10-¢ldl-1-d o] dl) &2 -1}o] EH (2-(3-0x0-2,3-dihydro-1H-inden-1-ylidene)malononitrile, 0.2 g,
1 mmol)E ¥i 5% &<t kgl & 313kE 1-¢ (0.3 g, 0.2 mmol)E =74 (12 mL)ell Fo] FYskar, 100C
i H EHU 2oz WAsta dEEe Ho vgs TAAHT. AV W

AolE b FlNgSO,E AZAIZ +, 3[4 8718

% AMAA(acetone : NC=10 : 1) & AAsle] 33E m-1SeTh-0Eh-ICS 5
H-NMR (300 MHz., CD.Cl,) & (ppm) 8.90 (s, 2H). 8.72-8.69 (d, J=7.8 Hz, 2H), 8.21 (s, 2H), 7.91-7.77
(m, 6H), 7.7 (s, 2H), 7.29-7.28-7.22 (t, J=8.0 Hz, 4H), 7.0 (s, 4H), 6.90-6.83 (m, 8H), 3.91-3.89 (m,

13
8H), 1.7 (m, 4H), 1.57-1.26 (m, 32H), 0.88-0.84 (m, 24H); C-NMR (500 MHz, CD«Cl.) & (ppm) 187.8,
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160.3, 159.7, 154.8, 148.9, 148.2, 142.7, 140.0, 139.5, 139.3, 139.0, 137.6, 136.9, 135.1, 134.4,
129.7, 125.1, 123.6, 123.0, 119.8, 119.8, 118.7, 115.0, 115.0, 114.7, 114.6, 113.7, 113.6, 70.6, 70.5,
69.5, 39.3, 30.3, 29.0, 28.9, 23.7, 23.0, 22.9, 13.8, 10.8; HRMS (FABt+): Calcd. for CiooHosNs06SsSes:

1698.5258 Found : (M+) 1698.5294.

[2A]e] 2] 3}t m-I1SeTh-OEh-m—-ICN9] A%

CN

sodium acetate
AcOH/ Toluene NC AN

R=2-ethylhexyl

|
Me/ m-1SeTh-OEh-m-ICN
2-(3- ii 2,3-¢ 0}015 -1H-9d-1-dgo]d) w2 1}o] ERH (0.2 g, 1 mmol) rﬂ 1 2- (5 we-3- %
?&LMEQA == (1 mol)& AFES A& ALlstaEs A7) *‘Alaﬂ lﬂr % 13k J o= 19 174 5@%

m-1SeTh-OEh-m-ICNE A 23} ATH(85 %).

1
H-NMR (300 MHz, CD.Cly,) & (ppm) 8.87 (s, 2H), 8.59-8.56 (d, J=8.2 Hz, 2H), 8.20 (s, 2H), 7.80 (s,

2H), 7.71 (m, 4H), 7.64-7.61 (d, J=10.5 Hz, 2H), 7.27-7.22 (t, J=8.0 Hz, 4H), 7.01-6.99 (s, 4H), 6.93-
6.83 (m, 8H), 3.91-3.89 (m, 8H), 2.56 (s, 6H), 1.7-1.70 (m, 4H), 1.57-1.25 (m, 32H), 0.91-0.82 (m,

24H) ; 13C—NMR (500 MHz, CDClp) & (ppm) 187.9, 160.4, 159.7, 154.7, 154.3, 148.8, 147.8, 146.4,

142.7, 142.0, 139.2, 139.0, 137.7, 137.2, 136.0, 129.7, 125.0, 123.9, 123.5, 119.8, 119.8, 118.6,
115.0, 115.0, 114.8, 114.7, 113.7, 113.7, 70.6, 70.5, 68.6, 39.3, 30.3, 29.0, 28.9, 24.7, 23.6, 23.0,
230, 217, 138, 10.8; HRMS (FAB‘I') Calced. for C1(14H1()ZN40thseg 1726 .5571 Found : (M‘l‘) 1726.5593.

[AAldl 3] 33HE m-ITSe-OEh-ICe] A=
SAL: sHE 2-bo] Alx

/R
(e}
i
n-BuLi, THF
Se \ N N\ Se AcOH
N8
EtO0C
R=2-ethylhexyl
2-a
A 2230 3FE A (1-bromo-3-((2-ethylhexyl)oxy)benzene, 6.3 g, 22.2 mmol)E F¥3dFaL THF (25

nL)E 7hte]l &N o, 25F -78CE WAtk -78CHlA 2.5M n-FEEHF (8.9 mL, 22.2 mmol)S
=93 (dropping) 1L, -78TCollA 2A17F &< wWksivt. THE (45 mL)el =<0 33FE 2-a (ethyl 4-
(propionyloxy)-2,5-bis(selenophenol[3,2-b]thiophen-2-yl)benzoate, 2.7 g, 4.55 mmol)S -78ColA 3]
S5 2A7F EoF wuksGlth. wnto] gk EW oHolMHO|E(EA) R FEIL, U5 E EE HodFE v
o, TNgSOE AFEA7IAL, 3 FHV|E Agete] &ujE AASIY WHE FHAE F5IT

A Fehade] V] 5 9 FAI9 oA EAE (200 mL) S Wil 3 AIRE w9t BFAIT & AR R 2R
g 9Fodn. A7) ieEdESs dewel FolA whes FAA F dldotA ol E(E) R FESAL, 7S
& =2 AT vs, FlgS0,2 AEA71a, 334 SEVE ARkl SuiE AT dolXl dAkE A
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2 3 2ulE 789 (hexane-MC, gradient from 10:1 to 6:1)& AA|sle] 3IE 2-bS FE53FTHU0 %).

H-NMR (300 Milz, CDCly) 6 (ppm) 7.87-7.85 (d, J=5.8 Mz, 2H), 7.56 (s, 2H), 7.54-7.52 (d, J=5.7 lz,
9H), 7.18-7.15 (d, J=8.0 Hz, 4H), 6.87-6.86 (m, 4H), 6.83-6.78 (m, 8I), 3.78-3.76 (m, 8H), 1.66-1.65
(m, 4H), 1.28 (m, 32H), 0.90-0.85 (m, 24H); C-NMR (500 MHz, CD.Cl.) & (ppm) 159.4, 152.9, 148.5,
144.3, 143.1, 129.3, 120.2, 117.9, 117.0, 115.2, 112.9, 70.5, 63.5, 39.2, 30.4, 29.0, 23.7, 23.0,
14.0, 11.0; HRMS (FAB+): Calcd. for CrHag0sS:Ses: 1290.4611 Found : (M+) 1290.4661.

GA2: 8 eHE 2-co] Ax

DMF, POCl,

1,2-Dicloroethane

R=2-ethylhexyl

(3 g, 23.2 mmol)= 1,2-dichloroethane (150 mL) Z DMF (1.2 mL, 16.3 mmo
0CE Y31 POCl; (1.4g, 8.8 mmol)S =HIAG T 255 S8 24AT ot d7A

~

LI
o

3 T (50 & Y3 ¥gs FTESY. dEEadues F&E31 775
o, FNgSOE ARAZ & 37 TS ALEste] &ulE AASUT. Xl AE A
nE 123 (hexane : ethyl acetate=10 : 1)¢} Z}Z A (hexane : ethyl acetate=4 : 1)=& AHA3}o] 3}gE 2-
cE TEIATHT2 %).

'H-NVR (300 MHz, CD,Cl,) & (ppm) 9.81 (s, 2H), 8.25 (s, 2H), 7.75 (s, 2H), 7.24 (t, J=8.2 Hz, 4H),

6.87-6.83 (m, 12H), 3.81-3.79 (m, 8H), 1.68-1.56 (m, 4H), 1.28 (m, 32H), 0.91-0.86 (m, 24H); 13C—NMR
(500 MHz, CD.Cl,) & (ppm) 183.7, 159.7, 154.3, 149.4, 148.9, 148.7, 143.3, 143.0, 139.3, 136.4, 132.7,

129.7, 119.9, 118.1, 114.9, 113.0, 70.6, 63.6, 39.2, 30.3, 28.9, 23.7, 23.0, 13.8, 10.7; HRMS (FABt):
Calcd. for C78H9()06828e2: 1346.4509 Found : (M‘l‘) 1346.4480.

SA3: &3HE m-1TSe-0Eh-1C9] A=

CN

sodium acetate
AcOH/ Toluene

R=2-ethylhexyl

-2, 3-t]&lo| = 2-1H-¢1dl-1-

delold)E 2ol EZ(0.2 g, 1 mmol)E ¥iL 58 o uHksk & 3}3 c (0.3 g, 0.2 mmol)E EF4

(12 mL)oll =o] F¢star, 100CNA 16A17F 52 2 Fzos Wyrsta dgwel

of 1S FAANALY. AV HSEFES UFERIddoR FEI}A F715S EZ HolE U FHMS0,E
1

= AAH (acetone : MC=10 : 1)o.2 A3}

a2l
4
=}
sg
[>
o
2
o
o
=
[
>
=
Do
(e
=]
)
o
[0
i
o
o
=
=
o
[
>
=
o
T, —
w
=]
=
=
Ty
@
I

'H-NMR (300 MHz, CDCly) & (ppm) 9.05 (s, 2H), 8.71-8.69 (d, J=6.9 Hz, 2H), 8.31 (s, 2H), 7.88-7.80
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(m, 8H), 7.29-7.24 (t, J=8.0 Hz, 4H), 6.93-6.86 (m, 12H), 3.88-3.84 (m, 8H), 1.7 (m, 4H), 1.59-1.25
(m, 32H), 0.91-0.86 (m, 24H); 13C—NMR (500 MHz, CD.Cl;) & (ppm) 164.3, 159.7, 152.5, 143.1, 141.0,

141.0, 136.8, 135.2, 134.4, 129.7, 125.2, 123.5, 119.8, 118.8, 114.9, 114.6, 113.5, 113.4, 70.6, 63.7,
39.3, 30.5, 28.9, 28.9, 23.6, 23.0, 22.9, 13.8, 10.8; HRMS (FAB+): Calcd. for CipoHosNs0sSsSes:

1698.5258 Found : (M+) 1698.5272.
[AA]e 4] 3}8HE m-I1TSe-OEh-m-ICNS] #|*

sodium acetate
AcOH/ Toluene

R=2-ethylhexyl

Me m-ITSe-OEh-m-ICN
2-(3-22-2 3-tlslo] = 2-1-Qldl-1-dgoja) G2 w-1}e] ER(0.2 g, 1 mmol) A 2-(5-WE-3-2 -
2,3-gslol =2-1H-¢ldl-1-d ol e Y2 =} ER I} 2-(6-WE-3-54-2,3-Tso] =2-1H-¢l dl-1-L go] el ) &
ZiyelEd] E3ME (1 mmol)S AFES A& AQstas 7] AAd 37 U3 o R v AA =

m-1TSe-OEh-m-ICNE A 23} (85 %).

1

H-NMR (300 MHz, CD.Cl,) & (ppm) 8.87 (s, 2H), 8.59-8.56 (d, J=8.2 Hz, 2H), 8.20 (s, 2H), 7.80 (s,
2H), 7.71 (m, 4H), 7.64-7.61 (d, J=10.5 Hz, 2H), 7.27-7.22 (t, J=8.0 Hz, 4H), 7.01-6.99 (s, 4H), 6.93-
6.83 (m, 8H), 3.91-3.89 (m, 8H), 2.56 (s, 6H), 1.7-1.70 (m, 4H), 1.57-1.25 (m, 32H), 0.91-0.82 (m,
24H) ; 13C—NMR (500 MHz, CDCly) & (ppm) 187.9, 160.4, 159.7, 154.7, 154.3, 148.8, 147.8, 146.4,
142.7, 142.0, 139.2, 139.0, 137.7, 137.2, 136.0, 129.7, 125.0, 123.9, 123.5, 119.8, 119.8, 118.6,

115.0, 115.0, 114.8, 114.7, 113.7, 113.7, 70.6, 70.5, 68.6, 39.3, 30.3, 29.0, 28.9, 24.7, 23.6, 23.0,
230, 217, 138, 10.8; HRMS (FAB‘I') Calced. for C1(14H1()ZN40thseg 1726 .5571 Found : (M‘l‘) 1726.5593.

[AAlel 5 WA 8] 71 B Ao A%

g o] sgtael ad 7] B AAE AAFEARA L) ARGl E des Bkskr] sk, shrlek &

& WASF(A 14)2 ITO (Indium Tin Oxide)7} ZBE f8 7|#HS Alxgdqo] X35 o]0 T,
253 AFH7 1583 AlFsta, oAl o], ofAlE, ofo]is
130T 9] @B A BAIZE AZRAIZ . d7|eF 2ol AlH= 110 F& 713&

-NPs (zinc oxide nanoparticle)E 2% FE3}al, SFZ#|o]E AoA 100CE 103
9] 7n0 - NPs & FA3ISlTt.

FEAASTS A5 Qs of2Zoz2 FXE F2B AR AAE KA.

FEAASS A7 Heko, AAFEAZA 2 dyo] F3E (HA]d 1 WA 404 Axe 352 m-1SeTh-
OEh-1IC, m-ISeTh-OEh-m-ICN, m-I1TSe-OEh-IC, m-ITSe-OEh-m-ICN)¥} #Hx}3-of A =4 PBDB-T-S& F-AH] 1:19] 1
2 FEZEZHACB) 20 mg/mLe FE=2 &3 t}S, DIO (1,8-diiodooctane)ES 0.5 v/vh= H7}sFa vk
sto] f7] A S-S Zﬂio}?il‘%.

A7) 67) A fHE 0.45 mm (PTFE) A& FE|(syringe filter)E Za) e 3 T A7) 7Zn0 - NPs =
Aol 2~ FYsAL, 160TANA 3087 oJdH S AAEke] 100 nm F719] FEAHEFS Axe3TE. oloj 5=

710 3 % 10° torr AF el Al 7] FBAE Aol 10 nm A Moy, AR A=o =M 100 mm FA9) Ag

O

A= &5kl [Glass/IT0/Zn0/3 875 (% 2w 9] 818H& PBDB-T-S)/Mo0s/Agl ¢ +x£5 7M1= #7] s A
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Aztg F7] S AX FRVY BEAHS A Yt &8 AlECIE(Solar simulator)$} HAFEEA]
(radiant power meter)Z AF&3Fe] AM 1.5 Z79 100mW EfFFS AA3A L, 1kW & Al E#olE (Newport
91192)& AFg3te] F7] Bl AAY AFUE-AY(current density-voltage) B4 =Aste] 1 A3 © 1
of E=AIS}SITE.

AZtE f7] B AHe [A71H EAQJA AAEAEXV,), dEHFU,), FR(Fill Factor)

Conversion Efficiency, PCE)S 3}7] % 1o YeRdtt.

v}
o
o
(E

23 & (Power
Voo V) 2 Jo(mA/em) ZH2Fe AlZ® 2abe] AF-Ag ZAo A, AF7F 09 o A g 2 Aol 02 u A

gk vhehan,

WSk, FR(fill factor)& 3}7] 4°8H4 1258F A=d0),

(371 475k 1o1M, Vi B Topy 2H20E Al2He 22be] AR-dd 54 Al

L)
=
Lo
e

UER = A Aol A 9

AdolA, A7k 0d = A

o

E=
Ak 2 AFEHS R, Vo) 2 J(md/en) 2H2he AZE e AF-A%
ot #t % Aol 0 oW AF @S dEkg)

wrobzh, FARE &%) 7] 7oA 227 E AEET.

]

FHAME G5 (%) = 100XFF XV, * Jo/Piy

(F7] kA 2014, FF, Voo B Jo= 71 5] 1ol Aol vk}

m

3, P Akl QAEE el F o
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N2

1
(g
~

Current density (mA/cm?2)
S &

m-ITSe-OEh-IC

m-ISeTh-OEh-IC

e M-ITSe-OEh-m-ICN

e M-1SeTh-OEh-m-ICN
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e
_20 R | R ] R 1 ) 1 . 1 )
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Voltage (V)
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