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(57) Abstract: The present invention relates to a novel polymer compound and a solar cell or an apparatus for photodetection comprising
the same, wherein the novel polymer compound according to the present invention forms a weak donor-weak acceptor structure and
can be used as an organic solar cell or an organic photodetector. The novel polymer compound exhibits weak donor and weak acceptor
properties, respectively, from fluorination at the donor site and from alkoxy substitution at the acceptor site. The weak donor-weak
acceptor structure of the novel polymer compound according to the present invention can effectively increase the band gap as compared
to the conventional donor-acceptor structure of the prior art and introduce fluorine and oxygen atoms at appropriate positions of the
derivative, and thus can induce a good superposition of n- © orbital to greatly improve the planarity of the entire polymer. As a result,
the polymer compound according to the present invention is made as a film and exhibits an absorption spectrum similar to an absorption
spectrum of P3HT and exhibits a HOMO energy (-5.57 eV) lower than a HOMO energy of P3HT (-5.06 eV). Due to the low HOMO
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value, the improved power conversion efficiency compared with the prior art can be exhibited. For the organic photodetector, the S-F and
S-O dipole-dipole interaction ot the novel polymer compound according to the present invention maintains a constant responsivity and
exhibits excellent photodetectability even in a thick photoactive layer of 470 nm. In particular, the novel polymer compound according
to the present invention can be usefully used as an organic solar cell such as a cell having a series structure and a photodetector such
as an X-ray detector.

(57) 8. 9FA: B g & Al A s3hE Y Ole ot g e G AE8 A d #wek A ,
Al AL i} ﬂ?} £ ok%}t 2 7)) (weak donor)- 2F 3 ‘?%7H(weak acceptor) T35 A 3le] F7] ¥l4dAA B
2 AT g 9l g 1 A A ﬂ@r%g T i Eas E W) B dFA] X3o R EE
2okt ) B8 YEhiY) 4T B dE e whE Al ﬂix} e okgl F7)- ¢

FN-RE) Fzx 9} vl aste] g 74 0 2 ME ZH(band gab) & F7HAI 71 31, A7) Exﬂﬂ 24 5} 9 %] o]
Ejge 2y 53 na 2 ]ﬂﬁnaTr0W4ﬂﬂLTﬂAﬁ%%%iﬂﬂﬁﬂﬁéﬁhlﬂiﬁﬂ
| o2 w B e D20 & A FxHo PIHTY A &4 29 E-S Yeha, P3HT(
119 A (-5.57 eV) & YEF AT o] 23k 52 HOMO X 251, Zﬂm\ﬂr ‘GWH AEAg ia‘zir
A&7l oA, B dgo w2 A T EA SEY S-F 2 S-0 AT A=A A4S

& FAAAFLL, AA ] 470 nm] FAE F EATAA L 53 F AE TS JERY, &3],
Ag Fxo AA G 2L {7 A L XA AE7 225 4

5 lo
fu

N
::{orlﬂ:
— N g,
_&Jﬁoﬁoﬂ
L2

[

J

=
N0
-
B
I
ofN
=

ro, ok
e >4 2 N e

e ¢
[
)
o i fo d
=g
o B oR Mt Fe X N ffi

3

o

ko)

P

o
LEE

e
N
il
Jo
oo
ol
= o
>
o
i)
N
%0,
v



WO 2018/062879 PCT/KR2017/010777

[1]

[2]

[3]

[4]

[5]

[6]
[7]

[8]
[9]

[10]
[11]

7] =&

2 g & At LA e R ol & ek YA e F SR
Aol gt Aolrt
w73 7=

L %-A) Bl A 2] (polymeric photovoltaic cells) = 4 W &9+ 3 13 g &S
S7HA717] flste] A-E o] ghom, 53] e Ao F A%t a & 3
dAASH Z #AA ] 9

A} 71 a1 E-#Fe] ¥l B (backbone)S W} A A}-F - (electron-rich, D) YFEEA] ¢}
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B % 2] 7} 32 HOMO ol U 7] =9 & 918 vh-& 73] 2 7 H(open current
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WO 2018/062879 PCT/KR2017/010777

[12]
[13]

[14]

[15]

—
[u—
~J

[20]
[21]

[22]
[23]

[24]

[25]
[26]
[27]

8 & (Power Conversion Efficiency, PCE)2 7] o1& & Al 7} A hH(Yue, W.;
Zhao, Y.; Shao, S.; Tian, H.; Xie, Z.; Geng, Y.; Wang, F. Journal of Materials
Chemistry 2009, 19, 2199.).

olof, B Ay A-E-2 v HOMO o #] &4
71 S} (open current voltage, Voc) 445 7FA &84 <1 ol ] ¥ 3 & & (Power
Conversion Efficiency, PCE)S 2t 13-4} 31 3+&2 7
%8 o] 2 1A SEE Dol 2 B AU dh

il
ro,
P‘L
2
i
rlo
)
ol
oty
il

rl

FA RGN} F o] LRAET vl wste] AAF e UA W ERS
2z FO G AA 228 TR e e A, R B e akA)
SAEE Fhohs FRAT R E XA L2 FAFE AL LS R
Q&g urel, B & gdegit.

o] AR A
714 3A
kg o] 542 =2 7w 3] 2 A SHopen current voltage, Voc) 45-& 7HA]
FH 41 o 4% M3 &8 (Power Conversion Efficiency, PCE) Zti= J14-A}
st Al E sk 4lo]
ool v A QY] ad A 3= Al e Al ek Aot
g o g HA2 AV AR A S EdetE F TR 2AHES



PCT/KR2017/010777

WO 2018/062879

[28]

wK

24 19] LRy ule) o],

_— e e e

[37]

[38]

OR'

R20

ojo
_5,0

JwNO
o

23!

_ = — o~ —



WO 2018/062879 PCT/KR2017/010777

[44]
[45]

[46]
[47]

[48]

[49]

[50]
[51]
[52]
[53]

[54]

[55]

[56]

ok Bulbg o gr] 3 A58 2AAES E9slE fUHYHAAE
A 3-8k}

el 53

ok o) whE Al gt a1 H-A} 313 =2 oF =71 (weak donor)- &F &+ RE7H (weak
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A7 Al A B E & ) el s B el A
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whE Al A Ap 3§ o] of g - of jh Wbl s FE el A Al
Sard Bl Lo et e Rk 1
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Ax = %Eﬁ}oi, AA) ¥ HAHA S T A YA 9 AL, Olf’al‘%Ei
A7) Eoulgo] e 18-} 3EES 2 0 7 A Z 5 o] P3HT Y AR
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2% B ougo] b A i A 33k T2 S hehdl SR o)k,
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olo] g == A ol &3 WA o L E(alt)-'+=
2Lt & A g a1 %A (alternating copolymer)E & 1] g+,

[150]

[151] <Al 1>
ZH((2,5-H EF 2L E-14-9 d A)v]| (A o] 2.31-5,2-T] Y))-alt-(5,6-¥] = (H| E &
o A S AW Z[c][1,2,51% 0] o} ] o} £-4,7-T] €)[PDTFBT] ¢] Al %

[152] B 7
I
A .
F S N>—<\ /N
i N

C14H290 OCq4H29
[153] oA 1
(235-"ZFe2-1.4-dAda)E] o] @ #-52-t] A)H] A (E v &l ~ B o]
A (A 18] A %)

[154]

[155]  22-Q25-H&EF 2 2-14-3d@d)r]#o] 2 #(1.0 g, 3.60 mmol)S THF 100 mlell
o] AT A7 2B Al §AE -78°CE YA AE H, 2 M9
g F o]l AL R FHolu| = (LDA)7} o} 9 += THF/3 &/l & ¥l 4 (4.0 ml, 8.0
mmol)& 1 X3] 7] &N el A7tstdnt A7) vhg Z3HE S -78°Coll A 24T
&9t wHkstar, o] % 1 Mo EHEHE 2 2ko] = (10 ml, 10 mmol)S
Astat it 304 &, A7) BES Y R R E W3] Ao R ghEo] 241, o]o] A,
A7) GANE 3 H AF FEAZ T Do) 2 Ao £ E v ek
Fojar, S s A o I AES FESIITE V] dA s o] =S
HEEav a2 2 A28 690, 75%9 8= M 248 &
F53FATH.6 g).

[156] ' H NMR (CDCl;, 400 MHz, ppm): & 7.62 (d, J = 3.2 Hz, 2H), 7.43 (t, ] = 8.8 Hz,
2H), 7.22 (d, J = 3.6 Hz, 2H), 0.44 (s, 18H). 1* C NMR (CDCL;, 100 MHz, ppm): &
155.88, 153.46, 141.54, 139.76, 136.00, 127.82, 121.89, 121.78, 121.65, 115.49,
115.37, 115.30, 115.18, -8.16.

rzi f

AQ

[157]
[158] A 2: 47-t] B 2 7.5 6-8] A E g el A L AN Z[e][1.2.518 0] of ] o} = 9
A Z(HEEA] 22] A %)

[159]
[160]  S2EF60ml) H oA EAK25 ml) Z 3 & ol
5.6-8] 2= (Bl E 2k el A S Al 22 [e][1.2,514F o] o ] 0} (1.4 g, 2.50 mmol) &
H7Fshol v H5(0.87 ml, 17.0 mmol)& M3 3] 47| wk-g E3h= ol H7hsar
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HHA 25 kel gin), A7) v £ E S Eof o
Aol LA H O] EE ARGt o] BES A
HaEadao s 33500 b rtadlg o= Az T A ES
A7 A9 AR vabE 19 (E LY E 2 2 ERGS:2 viv)E A A she] 4]
shetE S A2l th1.6 g, 90%).

[161]  'HNMR (CDCL,;, 400 MHz, ppm): & 4.16 (t, J = 6.4 Hz, 4H), 1.88 (m, 4H), 1.53 (m,
4H), 1.26 (br, 40H), 0.88 (t, J = 6.4 Hz, 6H). *C NMR (CDCl,;, 100 MHz, ppm): &
154.53, 150.39, 106.26, 75.16, 31.93, 30.28, 29.70, 29.64, 29.44, 29.37, 26.00, 22.70,

=

al, A
718
Al 7T &

I

T
H
ol &
1=

o
o oy ox

14.11.
[162]
[163] A 3.
Z2(25-UEF L2 1.4-9d &d)H] 2 (Ro] @.31-5.2-T] A))-alt-(5.6-B] (B E 2}
o] A S AN [e][1.2.514 0] o} t] o} 55 -4.7- Y] ANPDTFBT] 9] Al 2 (a1 34}
Z oA o] Alx)
[164]

[165] A7) G A 1ol A Al = dEFA| 1201 mg,0332 mmol) 2 A7) ©HA] 200 A

Az ek WA 2(239 mg, 0.332 mmol), 2 Pd(PPh;),(11 mg, 1.0 umol)&
=7 2A/DMF =3 & (6/1 mh)oll =AUt 7] Z8E 2 2441 &t S g
H, wgbge] o] F=Ra, o] 27 dojXl A =S FREF FoE A,

Webo| E of shate] 4 FulE AASAT Dol A A HE WL,
FAE, S D FREES AL S5 FEYOE Qo) Ak v
AR AAA HF P4 5531 H220 g, 82%)

[166] 'H-NMR (400 MHz,CDCl,): 6 (ppm) 8.60 (br, 2H), 7.61 (br, 4H), 4.19 (br, 4H), 1.93
- 0.85 (br, 54H). GPC: Mn 123,000; PDI 3.2.

i

[167]

[168] <A g 9 1> E A (Physical property) 3 7}

[169] 7] AAle 104 A z=gk a4} 8135 9] &4 (Physical property)S 3 7+5}7]
HAsto] str] el A2 A3 e ek

[170]

[171] TAA SR, Az iAo - AFF M) A H{ 1| A
A2 vFE 218 7] (gel permeation chromatography, GPC)E- AF-8-3Fo] =743} t).
AEA Img s H Egksto] = 237 2HTHF) ImLel &38| Al 71 %, THF &
AN o 7 AFg3e] Waters GPC-150C instrument 7] 7] o] A &4 3Gt} =4
%, =] 2ol gl (polystyrene) H H 2~ 5 o] &slo] FAFS S48

[172]

[173] Az}, B odbgol wpE AA]of 19] 3182} 81 3HE-2 123,000 g/mol(PDI =
3. 2)/] FHA FAFMn e 7HA = A 02 e T

[174]
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[175] <Add2><E3 54 H7}

[176] A7) AA el 1ol A Al gk a1d-A) 8152 A 4] 5 /d(Thermal property)$
B7tetr] flste] shr]oF & Ad e skt

[177]

[178]  FAF R, V] AAld 1 24} s3HE-S A4 7] A 81l TGA(thermal
gravimetric analysis)= & ©F4 %= (Thermal stability) & =743} oL, -1 A3} &
Hhgd o] whE A Ao 19] a2} 3} 300°CoN A 5% v REe] S A S
el Ao 2 shely Qo)

[179]

[180]  <Z 34 3> 3334 54 (Optical Property) 37}

(1811 Al 1ol A Alzgk 314} 213k 314 54 (Optical Property)<
Brtst7] f1ste] sh7] ¢k 2 A s it

[182]

[183]  TAIHSR, & &gl whE AAJo] 1 a4} 819+ H W] ale] & P3HT L34}
shtEe] F A9 EQDS SN b Aol A 72 S48l ). sl At
F2~F Ef-E Jasco V-530 UV-vis spectrometerE ©]-83}o] 54 8}t
DR HHE G Y FAEE T 10-5M0] HES SRR YR HI T
SN FFAAELS SAST At A B A g, EREEES
o] 83l 1 wt.% 559 a1 FA §NE THEa1, £ gk A& ¥ (quartz plate) A o]
Hojre & Z 1500 rpmoll A 3023 2 TR A A A 2kt

[184] A7 549 ARE 7 10 YeERAA

[185] [3%1]

& |uke Az} 2
Mo [hmax [heage [Ee™  [Eovonset |[Enomo, etee? |Ereronset |ELumo, ete? | ELunmo, opt
[nm]» |[nm]® |[nm] |[eV]? [eV]D

2 Al o)1 |544, |549, (635 [1.95 |0.82 [-5.57 1.16 |-3.59 -3.62
582 |587

P3HT |450 |515 |641 |1.93 |0.31 [-5.06 - - -3.13

[186] 71 3 19041,

[187] a): EREZX 5 gall¥ 34 g A 5ol

[188] b):1wt% 2E2ZXEE G o2 HE 4% F(quartz plate) {2 ~H-FNAE
I &(Spin-cast film)-S 303 &< 1500 rpm 2.2 A 2] ¢k 7 -$-0]a1; L

[189] c) : AL A H E-(solid film) 2] &4~ 7| (absorption edge) &€ A 2+H3F
1l = 7l (band gap)©] T}

[190]  d):# 24, -48eVe AL 43} 299 B, 22 H A 2f 2] HOMO 4] o] T},
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[191] o) : 324, -48eve] A1 22 A9 9] B, & 2HE A3 2 LUMO 4] o]t
[192]  f):A7] HOMO 2 Eer & 5B A 2HE LUMO =% o]t}

[193]

[194] <A g d 4> 7] 3} 8} 4 5 (Electrochemical properties) 3 7}

[195] AAl e 10 M A zgh ai-2} 35E9 X FHE 5887] 95t
7 713}814] &4 (electrochemical properties) 2 UV 32 2} #-3 7] < (ultraviolet
photoelectron spectroscopy, UPS)= A}-8-3} S T}

[196]

[197] A WAAZ, H718}8H4 uby o 23= 31%-212] HOMO 2 LUMO U X =9 &
AUTOLAB/PG-STAT12 7] 7] | A =8 219k 27 H(CV)E o] &8l S48 L
A1 eV A4S YR o, 2442 a1 A A E (A A 1 Y P3HT) Y
A EABE,) R S AAHE) S ENFH AT ol EYol E- S Sl E
AFEEH] 0.1 M H EGFE A Bg HEZDEF 22 54F (tetrabutylammonium
tetrafluoroborate, Bu4NBF4) £ 91-- wH50o] A gl 0 & ALE-3} it} W
QA Fol] LFEAE AR A 7] 2L, Ag/lAgNO; S 7| Fo 2 Ao =
W A8 o] 2319t} ferrocene/ferrocen1um(Fc/FC+) M3} B Al ol A 2] #H 2 A9
o] -3} AN E -4.8eVE 7| TS a1, SAE aw-Ape] 4bst A9 E 3k
A E Aiksai .

[198]

[199] A3, B3] AAld 19 S A3 A= 0.82eVE, -5.57 eV HOMO
el g3t 9 A9 116 eVE, -3.59 eV2] LUMO 79 ol 483t

[200] ¥, B]ale] & =7 P3HTS AF3} 21 91+ 0.31%, -5.06 eV HOMO &9
A}-e-shc),

[201] 3, A7] A 19 Al 7] shshA MlE (B, 1.98 eVOlaL, o] = E,
n}l 1.95eV et 2 A& gt

[202] H| 5, A7) AAle 12 P3HT7} Wbk G Ao A FARe S A9 ER S
Kol Ak, AAld 10] B < HOMO °| A &9 & Yt o] 3l =2
Ao 1 3w SR o] o 7)ok ah U WD-WA) el 7115 A0 2
79 A E7] 54 0 25 E HOMO oy =971 s %) oz, wilAl are] 2
=2 3 YA 7} AFAl o) A =24 (back bone) 2] A3 Aol &
FAaAF o BN, V] g o] AAld 1 aldA) EFEE-o] Yol HOMO
N EHE FAe= Aot 47| stol ] HOMO ol Y A= 71 B ¥ =] 9]
Vo 54l Fel8HA| 2H8-8 ). o] = V. 524 o] 270 aLE-Ae]l HOMO<S} PC;,
BM9| LUMO A}o] & o\ %] z}o] ¢} 2 7%3} Al B ¥ 7] v -ol vt

[203]

[204] <A g d 5> ] 472 X 54 (Photovoltaic properties) 3 7} 1

[205] g e F 28 A= A Sk mE g A

[e]
£/ (Photovoltaic properties)e 3 7}3517] 9l38te] 81719 &2 A3 & 3 s}3itt.
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[206]
[207] TAAH R, B g o] Ao ¥4} 3= F A 2% PDTFBT:PC, BMel|

[208]

[209]
[210]

[211]
[212]

[213]
[214]
[215]

[216
[217
[218
[219
[220

—t e e d

[221]

t 3 d ol Bl 2(DPE) -3 % &l W V., J., FF, PCE(%)E S 8H31aL, 1
A5 st7] 7 200 YER Sl

[3£2]
i s DPE(**+3%) |5 7](nm) Ve Jee FF PCE(%)
PDTFBT:PC.,.BM|1% 77.17 0.9028 [9.552 0.696 |6.013
+0.008 [+0.069 |+0.008 |+0.163
3% 75.53 0.9112 [10.061 |0.6996 |6.420
+0.003 [+0.017 |+0.006 |+0.066
5% 76.43 0.8949 [9.842 |0.6681 [5.896
+0.008 [+0.079 |+0.055 |+0.571
>10% PBIAAT ZEZA] Ao BT}

GhebA], el WE 3} S W o2 B BAZ 0D daahe
71 8} ¥4 %= DPE & %< 0.01 A] 10 F3] % 2
71 9t (open current voltage, Voc) L& 7FA A 3] -2 of 14 4]

Conversion Efficiency, PCE)S 2t f-7| Bl A X AA2HE FA S 5= Q).

U?i'
do
p‘L
2
i

<A g4 6> Hl ¥ A 54 (Photovoltaic properties) 3 7} 2
Al el 1ol A Az ¢ 2172} 313E-2] B Y| %] 54 (Photovoltaic properties)<

B7ksk7] 9lstel hvlsh e 4L S,

A, 7 FAA] 22 v A& T2 =2 A 2 AT

normal mode: ITO/PEDOT:PSS/&d ¥ 31322 A] &l 1):PC,,BM/Ca/Al

inverted mode: ITO/ZnO/PDTFBT:PC;;BM/MoO;/Ag

H| 315 9 3l], P3HT:PCBM &4 & &L & &2 -2 PDTFBT(E A ol 1):PC;,
BM¢} 8] L&} gl v}
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[222]

[223]
[224]

[225]
[226]

[227]

[228]
[229]

16

913k t] ¥ d o) B 2(DPE)E 3% % 3
1(CB)lI A, 1: 1(w/w) PDTFBT: PC71BM4 ngf’a, Z 2 o] A el

% 3}oll, normal 2

U inverted %-

PCT/KR2017/010777

| ST S

Zoll A 7] A A 4

-d8h l—ET/‘é 2 EQEs(external quantum efficiencies)E %= 11, &=

2%

ol
o

J[mA/cm?]

Vol V]

FF(fill

factor)

PCE[%]
(Max)

PC; BM

PDTFBT:

Normal

1:1

10.28+0.08

0.92+0.007

0.64+0.006

6.04+0.013
(6.17)

Inverted

1:1

10.06+0.02

0.91+0.003

0.70+0.006

6.45+0.07
(6.52)

P3HT :
PCq BM

Normal

1:0.7

8.63+0.04

0.63+0.002

0.65+0.006

3.54+0.04
(3.58)

Inverted

1:1

10.48+0.02

0.58+0.004

0.61+0.003

3.73+0.05
(3.78)

371

EH £ DPE ;‘q F/]
Ve V,, 3.43 mA/ecm® J., 42%2] FF& Eol 1}, 3 319 2] DPE7}F 8-
CBO A= PCE7} 6.42%, 0.91 V<] V.., 10.06 mA/cm] J., 70% 2] FFZ UrE]rLH%

Aoz FAH ), 475k 4e 48 B E 2] 84 morphology)el

=4 o g 7hsly

T332 %11, % 12& Ay Ry, & v o] pPDTFBT:PC, BM<] 33
CBRF A& A=A += 133%4 PCE 0.92

71e1

71 0]}, AFM(atomic force microscopy) % TEM(transmission electron microscopy)=-

=49 272

0 O = [e)

H] &1 <5

RMS(root-mean-square) ==

HES A F27F oA
oo, ¥ ¥tvg o] PDTFBT:PC;BM & &
= —,—[—7] H]Ookﬁxl oﬂ 1 a8

sted =491 PCE %315 YEhl= Aot

o] 9144

7Fs3H

HWEHA %

o
as

4l -

&4 te-

3] = A $k(open current voltage, Voc) 4k 7} &
(Power Conversion Efficiency, PCE)2 2t 7] Bl &F 4 %

RERAE

533 5 4o YERARIAL, 535 AT B, DPE7F A 7HE A
o] 25 S vEhaL 245 19
=7} 3.48 nm¢! Ao 2 &1 DPE7| H71H

B H - TdT EE BULE RMS £

57} 1.80 nmE, YA

7

oﬂ u;}% j_lgx} §}6LH =] o] = 3 zzlﬂz o7 sP
s

A SR e
ol HAdE FA-EA A G =
ARl st el R A

o=

A A 8]
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[230]
[231]
[232]

[233
[234
[235
[236

[237]

[238]

[239]

[240]
[241]

o},

2

EAE TAG 5

<Add 7> F=d BEo A Ft)o] 2 = (Phtodiode)e] 54 37}
AAof] 10| A A28 2184} 313 9] F A B o A 33t}o] 9 = (Phtodiode)
EA S sty Yete] s & Ag g 535Sl o

WA, &g o] Frjol o= A vlale 2 A Frfo] Q= E A x| 913,

£ 9l 9] normal mode 3 T}o] 2. =: ITO/PEDOT:PSS/PDTFBT:PC,,BM

"] 1L o]l & A 2] normal mode 33 t}o| 2. =: ITO/PEDOT:PSS/P3HT:PC,
BM/Ca(®™=+= LiIF)ALS] 25 7HA =& A 21353 )

A7 Az L, WAL ITO s 253 A g ste] MA S, 5/,
W e 2 oA E S & o] = H A F 545 PEDOT:PSS(45 nm) =
Heraeus(Cleviou™ PVP AI4083) . 2 8] Q] 3t 8-l o0 7 ZF7kol [TQ9l =¥
¥ a1, Z+2F PDTFBT:PC,BM 51= PSS/P3HT:PCeBM &0 -S- ~ 3
AR A7) 23 282 A A7) 9§ PDTFBT & 92
22 A: v #Hd of 8] 2(CB:DPE)(97:3 v/v)ell & 2 o] 417] A A]of | a1 %=}
3}3HE(14-45 mg/ml) S Ho] A 23 Ao 2 ALE3ar, #E 4 07 100-470 nm 2]
FAE 7HA = A o2 YELY T Ca((e+= LiF) ¥ 431 H H 545 < 3x10°
Torrol| A X138 Z23 0 24 FaF4 2 & A o], 0.09 cm2e] &4 &

Agsgh

S, inverted § X & A2 38}7] 91 8ll, ITO/Zn0/ 24 5/MoOy/Agel T2
A 2FsF AT
TAA 0 & AA EF ) Zn0B0 nm)E A7) ITO 7] %ol =9 2| & 5,

47| 8428 PDTFBT & 92 ¥ b o] 182114 mg/mL) S PC71BMJJr
Z W A:DPE97:3 vivde)©ll 59 0 24 A 2% 1t} Al 2 ¥ PDTFBT:PC,,BM
S 471 ZnO Foll 22¥ FH’SFAL, MoO, ¥ AgE 534 2 & < 3x10¢6
Torrell A 218 218l 5201, 0,09 cm29] &4 G 95 AFst vt 7] 459
7= KLA Tencor Alpha-step IQ 32 X 239} 2| H 2 =4 8} th(x1 nm).
A7 P-4 0-V) 5L 29 LED F slel] 57 ¥ ) 31(THORLABS,
M530L3, W 9 0.33-5.56 mW/cm?), 33 7 5= 5 3 to]| .= 39
A4 (THORLABS, S1200)% 4313t}

A7 A 3he 37ge] 3 o] = A X (PDTFBT:PC 71 BM (1:1 w/w, CB 2
DPE 3473 %) o] X-A A&7 24 F-373 % R 33 HE5S A7taetglh
X-Aol AEdolH & A 2, FAFS 2713 A A 98] FH S = 33 nme
FWHM(full width at half maximum)¥} 530 nm <=3}-3-2] “1¢1 LEDE A}8-3} % 3L,
T2 AIRE =70 YErdY A S A R 3 Ao ?}2 TEMIVEALAS
HrbskAar, A7l A9E =52 5 el Yehl LAz, ool A-gshE g HE
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3% 4ol YEb 21T

[¥£4]

7 [nm] |9 |Jd[A/em?] Jph[A/em?] |a AREE |[BHET
[V] [A/W] [Jones]

100 0 [3.33x10° 7.82x10%  [0.956 [0.24 7.19x1012
-1 [7.44%10° 9.00x10%  [0.946 |0.27 1.75%10"
2 |4.82x10% 1.34x104  |0.812 |0.40 1.03x101

200 0 [2.56x10* 8.53x105  |0.966 [0.26 2.83x101
-1 |1.05x10° 8.99x10%  |0.958 (0.27 4.64x10"
2 |6.99x10¢ 9.77x10%  [0.936 [0.29 1.96x101

270 0 |L11x10® 8.73x10°  |0.957 |0.26 4.40x1012
-1 [1.89x107 9.11x105  [0.954 |0.27 1.11x10"2
2 |4.8x107 9.3x10°  [0.953 ]0.28 7.11x101

350 0 |L11x10® 8.16x105  |0.948 (0.25 4.11x1012
-1 [1.40%x107 8.58x10%  |0.947 (0.25 1.22x10"2
2 [2.75%x107 8.80x10°  [0.943 (0.25 8.91x10!!

470 0  [8.89x10° 7.63x105  0.942 |0.23 4.29x1012
-1 [1.22%x107 8.37x10%  |0.941 [0.25 1.27x10"2
2 [2.58x107 8.53x10°  |0.940 |0.26 8.91x10!!

TARLES Eos AWEA, BT FAVL ST TH, s AR

18

sl o, Iph(d 51 )=

=
7 ol A, PDTFBT:PC;BM %

A-em?)®] FA N A ZL FALFSE8.37 x 105 A-em2®] Tph(3d
e YR o = A 5o A

7191 1000 o) A = At A4 S =2 F7)8 24 F ol A 5%, PDTFBT:PC,,
BM+= - E F AE s WEHIH A7 Iph( #5241 R g

SRR, 3SR 3 AEsE AAtellal, = @ veR AT

33742 % (responsivity)3= Jph(F FFEAFIE F A5 2 o] 24 Bkl A,

B AE L 2 o) Wt FEE QI A Ly 3 4503, RS e

g+ 71+-# 3H(elementary charge, 1.602 x 101°C) ¥ D*i= U W4 o7 £

G (em H2S WE £33 = 3 A5 Hehiin

/\11

A1 W7t gladth A A o] 470 nm <]
A= 0.33mW/em?3Fel] -1Vl A4 100 nm(9.00 x 103
) fhs

Ao gt o &F-& Whal, 470 nm 9] 7] o] A
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[246]
[247]

[249]
[250]

[251]
[252]

(4] 11
Responsivity (Zx) Detectivity (&%)

] A ._ R
R G W) 2 = Tagros

A oﬂ A3 2F0.26 A/W F-ZOo 2 %179 3} ,FHAETE

0% oX,
i
¢ g
4o
W‘mﬁ
1F
o
=
zi“
SRS
0%
No=
1&%
m
rlo >
2k
ifz
O:u:a
o oo
o
5:
U_.J_\'(l
—
w
Q—@
w o F
znﬁo
OO
bt
=2
o]
B
rlo

G S =% =
25 7 540 719 GP 4 OlE} ‘Iﬁ} Olb - %i(s F) % 2-412(S-0)
S ARG AR A R AE B E Aot A
AR A B AR A S AN S-S A shAl ] A, A st
ghe}. & deol] €1 ¥]5= v} o], PDTFBT:PC,,BM
A (external quantum efficiencies)<> 100 2 350 nm2] &4 %
ol A - F-ALeY, o) = A oF F gk dA S A B
Iph(F =) & DA 5= Aot & 50 Booli= vlel o], 231
GIXRD(two-dimensional grazing-incidence X-ray diffraction) 3| &1 -2 <} 3} 7 2
nf oll theh A2 Q1 A BE Al g gttt <578 PDTFBT aL-4h:= (010) HA
21(Qz) 7 =1 1.68 Ate]l o]l o =)= nle} o], Zak W W gH& Koo|i, 3.7 A9
AW w-n A5 72 ok e shaL, TX—’I A8t =52 &olst7 ¥t PDTFBT:PC
7nBM 2% 4 oﬂ A, PC; i BM2] M| D& 4.6 Acl| A HEALZEA o =2 A3 WAL S
B a1, PDTFBT/] nn A% HH BE ~3.7 Aol A #EE ST A9 2
FH W an 252 OPDO A BEAQ =7 Aot =58 vk A o=,
PDTFBT:PC; BM®] & ®IzHet +7] 54 & & F AEs 2 4=
A g FALol tHEE AL E5E 2ol w5 A

op I

:;

oo X ]
2 i oo
S oo

= ro

M oX Y o I gl of g
)

0>4 4z o 1U
O_%I
pol

&;
3212
41 o ox

350 nme] &4 5 57 o 4] PDTFT:PC,BM %] 2]J-V 542 5 8¢
YERA AT Iph(F - =1 7) 4h-2 uloloj 2ol A A A e} ar, 3 7ol whef
AEHoR F7Fe vk ot 5 a8 312, 100 nme] 7] o] =
R -2V AFe] 9] g gk 2pol 7t H A3} H Avhs= Slo|v o=, Jgke
A 215, Jph(d = T)7F -0l A 2 A W ell, thek et A sk
SHA A A1 3 g R XA o) n| X & @2 A dt Fx Aol wE A
o] WE WA o E5= Jph(F AT oo [e& TAE = 9laL, o7 I
A5, o= Alg Aol v 7] aZF 1ol 77k A7, ol W AF A 23S H St
Z(sweep-out) & FH A3} H T

[y o nE

PDTFT:PC;,BM 4% 2] 0--2V H Yol A ot 0.952 A9 AdAsT) A7)
T}k st o nfo]o] 2o A o] AA S agh- TFFgE & nlo]o] 2o A U g Jph(F
5= E)%k el az, o] = 371 J-V A 1 2 A X Eh= Aol A
2 33 75 Alo] o] =3k A E A <l WA S LEFIT
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[253]
[254] 0.5 ~2V 350 nm&] 570l A, 47| Jph(J)f FEAF) Y EQE T4 0 2 RE]

[255]

[256]

[257]

[258]

e =5 AAFeSI T 0.33 mW-em? 25200 4] Jph(Z3 - )2
B == 025~ 026 A/Wol i, A7) EQEEFH AAtH 378 5 3= 0.28~0.29
A/Wollt}, &4 Wi 9] 2}o] & 318 3o, PDTFBT:PC,BM 4| = &7+

4
et 2= = A A0S ATt} 4V EQE ~FEd W A FE
78k, PDTFBT:PC; BM &% 2] 33755 2 A& ~HAE S A 33k} 4 7]
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