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[0066] 7371 384 2-1914, Rs 2 Re= 77 SHHoR | =EA7] e
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o
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PFN—OH(Poly[9,9—bi5(60—(diethanolamino)hexyl)fluorene]),

dioctylfluorene)]),

[(9,9-bis(3'=(N,N-dimethylamino)propyl)-2,7-fluorene)-alt-2,7-

PEN-Br (Poly

(9,9-dioctylfluorene)] dibromide)

2Ty

/n, Ba, Li

b=

)I\J_

5=
= =

v& AgES dE 5¥, Zno,

—

BaO, Li20, Ti02 5<%
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L

10 WA 10* g/cm?,

T
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=
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)
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S
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%% (hole transport layer; HIL)S X3Fst, AATEFTS A=A IAHE A=A}

PRy D= O 5 O sl -
5 53t ATTESTS A4 A AEE 5T U

[0093] AAIFEZ=S AAGE E4S £33 = Quh. dA5E 248 A
AeESo] HFdA YAete] AT FAE AAE LE3] FEAHFT A
g = glow EWHE AaEA Fon IAHEH EHS AL £ Y. wRE A

carbazole)-phenyl)-9H-f luorene) SPP013(2,7—bis(dipheny1phosphoryl)—9,90—
spirobi[fluorenel), mCPPO1(9-(3-(9H —Carbazol-9-y1 )phenyl )-3-

(diphenylphosphoryl)-9H-carbazole), TPBI(1,3,5-Tris(1-phenyl-1H-benzimidazol-

2-yl)benzene), PFN(Poly [(9,9-bis(3'=(N,N-dimethylamino)propyl)-2,7-
fluorene)-alt-2,7-(9,9-dioctylfluorene)]), PFN—OH(Poly[9,9—bis(6Q—
(diethanolamino)hexyl)fluorene]), PFN-Br (Poly [(9,9-bis(3'-(N,N-

dimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene) ]
dibromide), ZnO, Ba0O, Li20, Ti0: & 4 Jom o]d A== AL ofYr}. 1t
oF HMAFESTS FAsH] fslA F7 55 AstE AFAE &l &3AIA

Zn0, Ba0, Li:0, Ti0: T3 &2 =% A==z dojAd = vk, o] W, A&

I

>

st A7A= ok A, vkE ATAlL dE AA, EE

rr

T U= T =55
w A7 L F Avk. oAE W, oMHEAL ofd, ofAEAL BlE, obAEAL F

F, oMAEN EEbr, ofdl oliaXzEAlels, W o|AZEZAlls, wF ol
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PEDOT :PSS(poly (3,4-ethylene dioxythiophene) :polystyrene sulfonate),
PEDOT(poly (3,4-ethylene dioxythiophene)), PEDOS(poly(3,4-ethylene dioxy

selenophene), W03, V203, NiO, MoOs 5 = Qo oo Aty = AL oy}, wh

o VA
%k, s

= A8 A FU wE5 AEke dFAE Svllel &iAA

W0, Ve0s, NiO, MoOs 53 22 =< Ast==2 HAojAZd o Stk o] o, AHEd

rr

71 w5 AEE AAle 2dEd dAe "d2" ATA, bbb

32,

ATAL, YA AA, =424 A4 5L ULt dE= , =olBdl tjolA
HolA EY|o]E ] 2A}o] = (molybdenum diacetylacetonate dioxide), 45w IE}
EgBdo]lE HEZ}Sto]=d o] E (ammonium heptamolybdate tetrahydrate), Y#!
ol ElolA|EYlo] E(nickel (II) acetylacetonate), Y& o}lAE|o]E(nickel (1)
acetate), HFH oFAlHI©]E(vanadium acetate), BZHl of SAFo] = (tungsten(V,
IV) ethoxide), <& B @lA(phosphomolybdic acid) %  EAFXE AHAL
(phosphotungstic acid) 5 4 9

[0095] AetrET2 &A19 WHE ol&ste] 42 & A, d&5 =9,

¥l #=¥ (spin-coating), YIA XHE (inkjet-printing), ¥} FE (bar-
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cl cf/‘R Rg R
P(CI-Cl)(BDD=0.2) (I=0.8, m=0.2)
[0110] R = 2-Ethylhexyl

[0111) A7) 3}akal 7 U] 8ekal 1004, n& 1 WA 10,000 Afole] A

v}

[0112] & T A AMEE 5 = A 77 222 E9d F2A4 2 4
Zd FEAR o]Folzl oA Holx i} o]AS I, Eed FEAE
PCs1BM(CAS No. 160848-22-6), PCiBM(CAS No. 609771-63-3) & ¥3alm, H]Ze
A A= ITIC(CAS No. 16694293-06-4), ITIC-M(XE: IT-M =& m-ITIC)(CAS
No. 2047352-80-5), ITIC-Th(CAS No. 1889344-13-1), IDIC(CAS No. 1883441-92-6),
IT-4F(®== ITIC-4F)(CAS No. 2097998-59-7), ITIC-4CI1(CAS No. 2253663-81-7),
ITIC-2F(CAS No. 2097998-59-7), BIP-4F(CAS No. 2304444-49-1), BIP-4Cl, Y6-BO-

4C1, IEICO-4F(CAS:2089044-02-8), IEIC0-4Cl1 5& x3+3dt 4= ). thyk, o]d A
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104-32



2020-07-01

—

H

ol

)

Lilsiacy

3}

i

Fol ss WA=

RS

o]
H

©
T

[0115] & &+

Mo

—_
file)

&0l T 471 7l

L=
T

A o] Az=rgol A ALE-H

X
AL
o°

)

al
=

[0116] &

[0117] &

To-

)
—_
fie)

el

0
o
_io

ox

H
-

B

jan
N

il =74 &vl(polar

=2z 4

X
i)
|

0%

0

hin
|

[0119] o] w, ] 1 &»

shgte(dE &9,

T
T

3}

[e)
IT

3
]

ofy
m
il

ofy
B

ﬁ__

ofy
B

2l

o

O}U

HeolA Eolwl | of

104-33



2020-07-01

== 4718 3

°

T
b I

TC

off A

ol

—_
fite)

1 3eE Fx7F 0.05 WA 20

Eo] A1

T

ﬂo

o] F%7} 0.05 mg/mLE.t} o 3 v

P59l HF%7F 20 mg/mLE.t} 3

[
H

s}

d

Z

H

o] w7} vl

fi%e)

=
__QL
&
T
o

!

AT

PN
T

e}
=

0.1 WA 10 mg/mL

L
T

T
-

ol
o
NF

all

0

N

ok

T

.l

Hx}i

LN

PhE F4e] gl

g 47 AL Bl o

Z
S|
=

T

T

A1 gve} v
104-34

T

A2 Gvfel o

T ot

Q]

gl

&

A

[0122] o] wj, 12 &
J

L
=

]

o



2020-07-01

[0123]

ol
~L

100
(spin-
=i

|

A 1:1(v/v) W

NERE

o

=,

28 (inkjet-printing), B} ¥ (bar-coating), &Ft}o]
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[0132] <A|Zd] 1A> F v W3 A E9 A £ HU}

[0133] & el W& #7] QIAAE Axs7] A8, & A 54] 3

rr

T8 FAFH (graphene quantum dots)S X3 3 94 W3k 2AHES A X8}
ATt 1 Az AhgE i Aol x3tE F 3 WE 2AELS 300 nm
o] 375 nm "Wk I E A= 3] FHS EFslar, 585 nm ¢4 615 nm U

o 93 E 7HX = 9Fe 3 2 725 nm oA 775 nm R|whol| ¥ 3 E VX = 9

[0134] & o We =AE=S Axs7] 98, 5ul vlo]gs e 2 4
A A &sto] F=HlSEGI Y. W, 2-w S Ao BFE-(2-methoxy ethanol), 2-ZZ &
H4E(2-propanol  anhydrous, CAS No. 67-63-0), HWEe FFE(methanol
anhydrous, CAS No. 67-56-1) % o8& F-E-(ethanol anhydrous, CAS No. 64-
17-5)5 XE3ste diE(alcohol) & Hioldo] wol FH|atqitt. o]%, A7 ¢4

So] w1l mpojdo] Ay i SAHS agd SRHe FE7F 0.5 WA

(@]

mg/mLo] H =5 FH7beto] Aol nwteltk. SE8 &8t Hdes o, ek
H(para film)& o]&ste] bz o] e gofo] T3l ulo]d& HHauTh. o] %,

1 A 5ok Aol - A (roll-mixer)ol] wwrale] WS i, ZS3k AZ 7]

ol\

(sonicator) W-ol SFFE A& 5 #polde] 2/3 AANA FHF7F F=5 1L
AAA 30 et 2Euk A Stk o] %, &= 2014 uEhd mRel o] ol o]
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[0139] <Az 1B> ¥ 3 #EF Az 2 Hrt
[0140] 7] AlZxo 1AM Az F 3 HE 2AHES IT0 =82 Ho

[>
d

4 A29S Tl o o HESS IS

[0141] 737] A Zo 1A A AFE-% LED X =2 A7) dAE 3 a4 Wiz
o] 5L HIEsIglth. vlal (control)> 7] Az 1AdA #F I W3k =4
=0 AxollM AHEE RS 110 2ds fol 2 A”e 29 oz &gl
th. LED el o3 54 97t A3= = 5(a) 2 = 5(b)el vEkdlth. = 5(a)d
AodEhd wkel o], 7] Alxd 3 9 WSS 3 548 Biv. =9,
5= 5(b)ell A drEbd wkeh o], Y] Wl 5 3 d4fo]l IAEA &

of Bg 2oz eht}.

[0143] <A Zd] 28> B¢ ZAHEY Az 2 HJ}

[0144] & o] WE HFAA F & 3 Wy AsiedEs sAl +
B = e F W HETS FAst] fEA, 94 dARAd B4R Zn0 =4
== Az

[0145] 7] Zn0 A=< A=st7] s, 5 nl wolds s % Ax
x| 3ksle] Ul TE. S, oM EAL o}l o]3}E(Zine acetate dehydrate, CAS
No. 5970-45-6), 2-m|&E Ao &FL2-(2-methoxy ethanol) 2 ol g§F-&2-0}7 (ethanolamine,

ACS reagent, CAS No. 141-43-5)5 77| wfo]<de] €, 60 T &%= "X g

W
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[0150] <A|Z<] 2B> @ 3 W5 A=z & H7}

[0151] A7) AZd 20004 AxH 53 2AAES 110 =892 fo =3

K

92 B3 ¥ 33 9832 YA

O

(0

[0152] 7] AlZd 2404 A% LED =2 A7) A" 4 3 i

I

o] EAS Hrbstd k. vl (control) & A7) AZd 280049 Zn0 A ES IT0
=2 9ol =8 Z'EE Zn0 Fo= ik, LED e o F g wdkS o
EA 7t Axe & 8(a)dl YERR AL, Zn0 Fo 54 #H7F Ay = 8(b)el e
Aok, ¥ 8(a)ell Al YERd wiel o], Y] Az G w3 WS g 545
BT Fg, & 8(b)olA YERd wiel o], Y] Bl TRAG od ool g

ool TATHA ol T o= YERE.
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[0157] 1.1: XA BEAldol A X

[0158] A XA HALN o 7A] 7n0 AFAS AZsFTE. A7) AlZFd 2400 A
/n0 AT+AE FAYPY WHI LA 8t Zn0 AFAE 5353}

[0159) 1.2: & I& W3 2XE AX

S} g AE 2YES Edstel BF 24ES Azsld. o W, A Ax
g BT A7) # g WE 2B 129 Ruuz £33

[0163] 1.4: 7= #7] BFdAe] A=) | Fr] 5 A

[0164] #Esld 1T0 =25 oFA|E(acetone, CAS: 67-64-1), FA3AA
(alconox detergent), 2-TL 232 (2-propanol) ¥ SF9-(distilled water) A=
Z53 AH7A 23 AgE T8 54 A AAHE ARG, 74 dA HE %

3 A 5 TRTFE BTolFa, dAWN) tER FES AASAY. 54 AlF

IS

32

4 olF, 110 FAE 3 FAo= felA 120 T RER 10 5t Az
s 2] M-0.F AZ 7] (WW-ozone cleaner) x4 z}2]A-

& AYE $oto] kWS A (hydrophilic) &= 7|38ttt
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Cl .;"' E R R s R
Cl
P(CI-CI)(BDD=0.2) (I=0.8, m=0.2)
(O 170 ] R = 2-Ethylhexyl

[0171] [&}3h4) 11]

[0172]

[0173] 1,8-T]o}o] & ==-%}+(1,8-diiodooctane, CAS No. 24772-63-2) 1.0 -
JH|E 7]Fox 0.5 WA 1.0 HFInz ZFE22A F53E(chlorobenzene
anhydrous, CAS No. 108-90-7)& X&3t= &ulE THlskar, 7] &v 1.0 S|
Z 7]Fo 2 A7) P(CI-C1)(BDD=0.2)3} IT-4F¢] &3+ ZAES 0.5 WA 1.5 T
H & 7] &rjel H7lste] FEd 24255 F55.

[0174] 737] 33 3¢ wigTo] FAE wd Ao 7] FE4 =4ES =

g7l A, A7 #3824 2A4ES d7] FolA 90 T == @43t 34S AR
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[0182] 2.2: 33 u}xF WSl A& A X

[0183] A7) 1.2 @A} via7tA 2 F A HE FAHES FE59).

[0184] 2.3: A= fF7] ElFdX]e] A=) | 1 B HA g

[0185] A7) 1.4 @A} mtz7A = WA [T0 S22 A x5 ).

[0186] 2.4: H7= #7] BFdA e A=x2) | AAFLES IH

[0187] A7) HA7 FALS AR 110 Ze = 7] 2.1 SAA Fujg
n0 AFAZS 2-v| E Ao €2 (2-methoxy ethanol)el]l 1:1 W= 1:5¢] v &= 335}

o 7] FNA 30 WA 40 nm FAZ 2WFEE ] vk A5t o] 3§

|l

dolE oAl 150 C W#] 200 Ce === 30 &

Oft
38

u
aAstgint, of upuke £ 109] thehd dhsh go] @@ o2 el

ofl
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3

et

[0188] 2.5: 7% F7] elFHA] AxG3) | Al & 3% WIS FH

[0189] 7] AAteETol A vy Aol Al & 3 Hadss s

7l 91, A7) 2.2 wACIA FEE F b W 2AES o7] A4 47 A

Ha e v HESo] SAHCRRYH ngKor dYs Yy dxEe B
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[0239] 5.5: H7= 7] BlFAA S A=) | Al F 3 Has o9

[0240] 7] AAE HA4& AR 110 Sl Al F 3 HIT S FA
7] sliA, 7] 5.2 SACA EHlE F 3 Hg 2SS di7] Tl AT

Axg FAS AZF 170 Fd2 92 10 nm FA7F J=F 28534 3. o]

[0242] 737] =3 37d W3 To] FAE b Ao AxeEHSE& P57 A
A, A7) 5.1 SANA FHE Zn0 AFAE 2-vE A o §-%(2-methoxy ethano

Dol 1:1 x| 1:59] H&=2 3|43t tf7] FollA 30 WA 40 nm FA=Z ~AFH

[0244] 737] 1.6 @A} v A2 A Z2AHAES AxXS 5, A7) Azt

N
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o|JA]w utuk Aol PEA]=S S AJEY T,

-1 71 O = oo &2 o

[0245] 5.8: H7= 7] BlFA e A=G) | Aerds A9
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A
flo

[0266] o] w}, F 7]

g IT0 2dAE ARgsklv. B9, dAAess 7] 2.4 dASE vz

T3, A2 AFL A7) 1.7 GAS v 2 2(Ag) S ZFsle] FAH YT
[0267] 71 AxH 77 BFEHA ] 725 Fead & 139 2. 739
o918 87l F oAM= Al F s wWEEH A2 F 9 HEsS 3 9
Ha=o=2 W 7 A9},

[0268] [3% 1]

T %71 Ao 7=

Al 1 ATA=/F3A S (Zn0 T3/ BEAES/ eSS/ A28
AAlel 2 A=/ A2 S/ %PﬂJr%“?i A/ BB/ BETES/ A
Al 3 AA=/F A RS/ A A ST/ BT/ A eTES/ A=
Al 4 A =/339bHeS (Zn0 &) /8285 / 33 E5 (Mo03 =8 /A28 =
Al 5 A=/ GRS/ DA ST/ BT/ B eTES/ PR SS /A=

H] LA o] 1 AMAS/AAeES /LS /B eTES /A=

H] A o] 2 AR/ A2 ST/ B 84S/ 32 85 (PEDOT: PSS ) /A2

H] LA o] 3 A=/ 276 /88T /3N /B eTES/ lZﬂ;

Hj A A o 4 AR/ AAeET /B BE T/ erSS/Fadads/ A=
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el Y WAL A dEd G7E 7] AFAAE AR,

[0283]1 3. 54 #H7t Ad R A%

[0284] <A & 1> 53 =A== 49 F 3 4859 33 54 %71

|

[0285] 7] Alxd 2BelA FAE 3 3 HETI In0FS ALlAd-7HA
F 3 (UV-vis  spectroscopy, Agilent 8453) w4 #H g 23
(photoluminescence spectroscopy, Perkin Elmer LS55) #2418 J=3is}3itt. SAH=
As) 7] AZze] 2BoAlA AbEHE A 110 FH2E EFA(blank) 2 HA S 2
B g MBS 05 BE SHS SHAAT. ] B 54 wael A
T 1l(a) ¥ = 11(b)dl e, 2 Add 12 [Materials Chemistry

Frontiers, 2020, 4, 421-436] % [Chemical Communications, 2012, 48, 3686-

[0286] A} A -71A)4 H3F B4 A3E = 11(a)d YET. = 11(a)

& Fxe, A=300~375 nm®| @3 Zn0 ol Hlal] F 3F WkFo] ¥ Wol &3

_O‘E
s
Y
o
Jo

(0]

o
4

k. e FAH FF G =430 nm FIolA, o
71 ZH(excitation) S &g @ FF A9 ZAE = 11(b)d YERRT. =

11(h)E FHxshd, 3 3pd WH3k=S A=550~650 nm ¥ A=650~850 nm <F <ol A
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[0287] = 11(a) ¥ %= 11(b)E E3t, & 3 W33 o aHd &A)

dol wapdd] deel B Frete] gupgl G He WEIoRM, ANA

[0289] <Al el 2> 7] BlFAA Y A9 74 (1 sun) 54 B7}
[0290] AAJa] 1 WA 5 2 HWAAS] 1 A 494 AZHE F7] B AR
(A4 H14 0.04 em?)= &8 A EIolE](New port Oriel, 100 mW/cm?)ES &3 &

ol EAHAaL, 2 A= s & 28 UElAH.

it

[0291] A o2, %2 AlEdolH+= 7] = (Air mass: AM) 1.5 G &

Hz SA3 HAdv. =3, A7) &2 Algdeld = AIST-9lsd A

ri
A
FiN
b
b9

& o835t 100 mW/em*= A7]17F BAEJAG. 7] AAd R vl dA o o -

A9t 715 & Keithley 2400 SMUE ©]&-3Fo] S = At

ol

[0292] & A& F3ll, 7] BlFAdA 54 B7F 8420 @5 d7E
% (short circuit current density, Js¢), 7B HA<(open circuit voltage, Voc),
3 HE(fill factor, FF) ¥ 3d W3t §&(power conversion efficiency, PCE)
5 SAsAH. o wW, 2 HEFH = Ho AFHANAN [ () X HAFEE

)] / [TONE AFVoe) X @& AREEs) ]2 AMNEJAT. T, Fd WS

EPE)= (@ AF2%20s) X B AdWe) + B AE(FF)] / Pi(=100
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mW/cm?) 2 AAFE A}, 5 %2} F & (External quantum efficiency, EQE) 7]5&
Polaronix K3100 IPCE =74 A]2¥l(McScience Inc.)S ©]-&3le] A&},

[0293] [& 2]

71 "BFAA | Tse(mA/ cm?) Vo (V) FF (%) PCE(%)
AAe 1 22.6 0.858 72.1 14.0
Al 2 21.6 0.858 72.2 13.5
AAle 3 20.8 0.858 72.5 12.9
Al 4 21.5 0.858 72.0 13.3
AAle 5 20.5 0.858 71.7 12.6

WA A4 1 20.2 0.878 70.5 12.5

H 2 A Al o] 2 20.4 0.858 69.5 12.2

WA A4 3 20.4 0.858 68.5 12.0

H oA A o] 4 19.6 0.858 68.6 11.6

[0294] 7] & 2] YeEld 23S Bd, AAo 1 WA 5 2 v o 1

AzE 7] dFAAAL AT AA5EE FRYS AT5EF A2 A5

T2)9 g2t AFEE(Jo)E 20.0 mA/em?, N A (Vo)L 0.878 V, = HE(F

F)= 70.5%%2 Yeltar, o]d wal Aakel 34 W3t a8 (PCE)S 12.5 %92 e
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AT BETES: F B HES A2 A9 729 Fd wE a8(PCE)S F
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[0300] A AJe] 6 2 HWAA o] 5o AxH NHA F7] BFHA (FEA
HA 1,00 cm?)E EAo] BAYEQI, I Ay d7] ¥ 302 JeER ).

(03011 [& 3]

%7] EHOO]:@X] Jsc(mA/sz) VOC(V) FF(%) PCE(%)
A 6 21.9 0.899 59.5 11.7
Hl A Al o] 5 20.9 0.878 58.0 10.6

[0302] A}7] 3% 3o UEd A5 B, 2o 6 2 B2 A g 504 A
ZH F7] HEAR ] EAlS Bl = it AAd 6o uwpEl Alz® dHE

7] EHOO]:XLZ]Q] ﬂ'a{ %_‘[ETEIE]E(JSC)JE 219 mA/cmz, 7HHJ ﬁ?ﬂL(VOC ‘% 0899 V, %

18

B (FF)+= 59.5%% webrar, ofo wet A4kd Fd Ws a8 ((PCE)S 11.7 9= 1
Ebwtet. Bl Alef 5ol whel AlzE A f7] BddAe] g AFEEUe)E
20.9 mA/cm?, Y AL (Vo) 0.878 V, & HMEJ(FF)E& 58.0%= YEbREar, o] u}
g AldbE B W a8 (PCE)2 10.6 %= YEFRLTE.

[0303] AAlel 60 wel Axd |4 {7 HEFAACEEY |4 1.00
em®)i= FEA WAl 0.04 el AAel 1 WA Sell me AlzE f7] B FA el
Hls] WAo] Yol Ankd oz i HAE(FF)7F A=A, ok, Al A53 334
S Atolell F w WSS XS AAd 6o mEl AzE gHEy f7] B
of 5ol ¥ 3 WSS AYshA &2 vl Ao 5o whel AlxE dwA

7 BFaAe B0l v o f-ede Belal vk AAld 6ol wet Az
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A 545 = 1Bl YEhgla, = 13(b)E Fall o159l 9% FAas(EQE)

AsS YJeERWT. = 13(a) 2 = 13(b)E =z, AAld 69 we Axd g
A 7] EAA ] v AFUETF vl Ao 59 e AzxdE il f7]

FAA e G dFEie] nlaiA FEHAA FEH de= AS T = U

[0305] <A@l 4> 7] BjFdA19 A &74(1,000 lux B 200 lux) 54
37}

[0306] AAle] 1 % 3, HluidArje] 1 B 4o Axd 7] B Fdx (G
A mA 0.04 cm?)+= €% (indoor) <2} Al&EdYo]H (Yamashita denso, 5000 K
LEDs lamps)E &3l Aol &4, 1 Ay 7] # 42 YA

[0307] TAIHe= Jrbd #FL FF S471(delta—ohm, HD2102.1 and
software) 2 AFg3to] AXFSFATE. 1,000 luxel A+ <F 320.3 pW/ cm?, 200 luxol A
= oF 62.8 pWeme] S B3

i, 71 B A]

Lo

ol

[0308] = A& & EX 97 g0 g g8y
S (short circuit cyrrent density, Jse), 7B A% (open circuit voltage, Voc),
3 HE(fill factor, FF) ¥ 3d W3t §&(power conversion efficiency, PCE)

g =459,

[0309] [3% 4]

7] BFEAA | Tse(pA/em?) Voe(V) FF (%) PCE(%)
AAld 1 23.3 0.660 71.9 17.6
(200 lux)
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Al 3 22.7 0.660 62.7 17.9
(200 lux)
WA A4 1 21.9 0.663 54.2 12.5
(200 lux)
H oA A o] 4 20.7 0.616 50.3 10.2
(200 lux)
Al 1 116.7 0.728 73.7 19.6
(1,000 lux)
Al 3 112.3 0.725 70.3 17.9
(1,000 lux)
WA A4 1 109.2 0.737 68.5 17.2
(1,000 lux)
H oA Ao 4 108.7 0.724 64.7 15.9
(1,000 lux)

[0310] 7371 & 4 Yepd 235 2, AU SHoA HAAld 1 ¢ 3, ]
WA ] 1 B 4ol A A FE 77
H LA Al 1ol whep Al zH f7
TS A2 AT F2)9 v AFEEUE 21.9 pA/em?, N AL (Vo)
0.663 V, & HE(FF)& 54.2%= vebskar, olo] wie} Axkdl 34 w3 58 (PC
)& 12.5 %= YeERST. 3, 1,000 luxolA HIA Al 1o we} A" F7]
ool gt AFAE(J)E 109.2 pA/em?, M AL (Vo) 0.737 V, I o
H (FF) & 68.5%% WEFRLIL, oo wel AlMte 3d wdk a8(PCE)2 17.2 %=
E}wtTh,

[0311] F =g WEZo] Al A5 FEAHZT Aloldl ARG AAd 19

et Alzd 571 FAAAL A= 3 9 M 384 AeeEs A2

[-'N
4
Lo
-
PN
SE,
([t
>
2

3ol wek Alxd #F71 BFHAGA 1d=; F A
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H| LA
200 lux

1,000 lux BH7oA Bl A]e] 1o me} Az
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o
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-
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)
=
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=

=
=

=

15
23}

S
Tl

=23
=

[e)
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o
B3l

E](FF)+ 200 lux
A o

=
=

o

IAIJ
w2}
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4]
(PCE) el H]

o
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ﬁo
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=

fi%e)

N
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=i
=

5% e
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-
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[0317]1 [& 5]

71 BFAA | Tse( nA/cm?) Vo (V) FF (%) PCE(%)
Al 6 22.7 0.647 63.2 14.8
(200 lux)

A 7 21.9 0.657 61.3 14.0
(200 lux)

H A Al 5 22.1 0.657 50.6 11.7
(200 lux)

A A4 6 19.9 0.616 50.1 9.8
(200 lux)

A4 6 111.1 0.710 69.5 17.1
(1,000 lux)

A 7 109.8 0.712 67.1 16.3
(1,000 lux)
H A Ao 5 107.9 0.725 64.1 15.7
(1,000 lux)
A A4 6 108.2 0.713 62.9 15.1
(1,000 lux)

[0318] 7] ¥ 59 yeld A¥E BH, HAAlo 6 2 7, vludAlo] 5 4

6o wet Alxd oidd 77 BEdAY SA4S 49T = dnk. 3 3 Hgs
o] A1 A= FFAFT Abelddl g Al 6 L 7ol wpe} Az PHH {7
B A= 200 lux B 1,000 luxellA 3 abd WSS E3shA] B2 Hu A Ao

5ol we AlzE gEA 7] B 2 BRAET A2 AT Aold] @ g

#Zo] ARG wamaAAd 6o met AzE WA 7] BFAART o S5
%5 e

[0320] <N ¥l 6> F g WSS BT 7] HPAA] F3 54 3
7
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all
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B
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= 14 2 159 YERAIE.

8453)

Agilent

spectroscopy,

33 (UV-vis

=]
(photoluminescence spectroscopy, Perkin Elmer LS55) #41& 4

A1 =71

ok

_io

_io
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110
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=
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=
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=
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mK
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= 430 nm ¥ AAF B ZZQ) IT-4F9] 53 99 A= 630 nme] FS S 7]

(exciting) & SA4%F @3 EAo] aA S/ttt oy A2y e -
of ola] M Wy EZQ IT-4F9] &3 J9oz myAel F v W3t gdito]

LA A7 Wl Ao Bl

[0328] <A@l 7> F7] BFHAA WF FAEE(IQE) As 2 ¥ALE 3

[0329] AAle] 1 F HWAAo oA FSAHS7HA] FAE s e
2 W U2 a S (internal quantum efficiency, IQE, Mcscience) A% 2 WRALE
(reflectance, Mcscience)S 543, 1L A3E = 169 YEUAT

[0330] = 165 Frxstd, AAld 1oA FSAHS7HA] @49 wete] i
FAEE(IQE) o] BluwAAd 1dA FEHFT7HA FAAE whTe] yF FHadE
(IE) Xt} Awkd oz o Frtsiqith. = 163 %= 12(b)E #=xstd, 3 3 ¥

ot f7] HEHA A w3 g8 3 3 WSS XEeA

of\
o
=4

o)
A ekl sl FYEE A o

we 71 BEAA 3] T Atk EERE, AA4)
Lol A F2dT 74 @A E 9Fehe] whAbES A= 350 ~ 700 nmoll A H] LA Ao 10
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[0332] <A|&<f 8 A9 #74(1 sun) E AW #73(200 lux E 1,000 lu

X)X 7] FRA ] A 5 H7t

[0333] AAle] 1 WA 6 2 HuwAAld 1 A 5614 Az 7] B FdA
2 29 34 (1 sun)ollA Al8l= A3 (series resistance, &), AE A 3F(shunt
resistance, Rn)& =4 AT T, AAld 1 B 6, BluldAld] 1 3 5olA A

Z8 771 HEHAAE A (200 Tux F 1,000 lux)ol Al Alg]= A& (series

resistance, &), AE A3 (shunt resistance, Rn)<S =A3ATE. Alg=E AR

D3 AE AF(Ra)2= 71 Aol 2 WA Algd 5ol £48 AR-d9 549
A A (Vo) 3 & ARFEE=e) F29 712719 Jz ALtEen, Axd

I DEERUE A R

o,

sto] AAEE AT, 7] AlE e 2 B A F e 39
Aot ol Aol (1 sun)olld SAHE A= AF (R} AE A (RS 37
3 7% dEblt =R, A7 AR 4 2 AR Sl ek o] Aul 84 (200 lux
21,000 lux)ellA SAE Algl= A (R)I} AE A (RS 3H7] 3E 8= LER
k. A7) dWAYSLS [ACS Applied Materials & Interfaces, 2018, 10, 3885-

3894] w&S Faskitt.

[0334] [% 7]

71 EHFHA PCE (%) R(Q - cm?) Ren( Q + cm?)
e 1 14.0 3.1 2,127
AAld 2 13.5 3.9 2,034
A 3 12.9 3.9 1,966
A 4 13.3 3.8 1,805
A 5 12.6 4.3 991

H A Ao 1 12.5 4.0 874

Hl WA A o 2 12.2 4.5 1,034

Hl 2 Ao 3 12.0 6.6 870
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Hl A A o 4 11.6 7.1 1,229
A 6 11.7 11.5 1,423
(A 4)

H| Ao 5 10.6 11.8 985
(oE )

[0335] [& 8]

71 BFHH PCE (%) R(Q - cm?) Rn(Q - cm?)
AN 1 17.6 2,128 104,971
(200 lux)
CIEnESPARS | 12.5 3,392 90, 180
(200 lux)
AAle 6 14.8 2,278 115,394
(AH4, 200 lux)
H WA A o5 11.7 2,993 74,364
(th 3, 200 lux)
AAld 1 19.6 399 132,511
(1,000 lux)
H| 22 A] o 17.2 414 125,269
(1,000 lux)
AAle 6 17.1 317 238,211
(H=, 1,000 lux)
Hln A Al 5 15.7 432 110,708
(A4, 1,000 lux)

[0336] A7 & 79 vebd AxE v, 4 9% wWs=o] A1 A= 4

A5 Abolol 91xg AAld 1 A 6ol wel AzE §7] HEHAAE A Hoz

SR Aold Fe AE= AFR)T ¥ HE AZR) ¢S s, 24
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o 1 WA 62 Aoz @2 Alg= AF(R)H} =2 AE A (k)= 7H4 A

d dste] 285 FUsd 5 dae WERAL dH

[0337] 7] & 8o Yehd A3E wi, 3 34 Wskso] Al A= F
24 Atelell A1 AAjel 1 8 60l whet Alxd 7F7] AR = vl e 1
R 50l meEt AlzE F7] Aol nlsh w2 A= AF(R)I xS AE A
F(Ro)= 7H Aoz yegt. 53 AU M= FEo]l Aoz HHo)

o A4EE Aste] muhy

r o
]
ofo
%)
ofy

askd, AAd 19 6o wel A" F

7] QA= A or w2 APl AR (R 2 AE A (k)= 714 AA

[0339] <Al 9> #7] BlFAA S T FHHd 54 F7t

[0340] Aol 114 FAE F 3 Wsks 9 vuidr o] 14 Fd=
ARrESe o= vty I3 545 F<lstr] AsiA, dA WEd FAR
Z}a v 7 (Field Emission Scanning Electron Microscope, FE-SEM, SU8010,
Hitachi), ¥9#3 & v 74 (Atomic Force Microscopy, AFM, Park system, XE-150)%

B3 BEMEYT, 1 AR2 472 © 17 @ % 184 YER) ST}

[0341] AAlel 1olA 3 s WSS G4 A8l AxHe 5T =4
=a 110 2L 9ol 23 m"ste] 3 s Hds dras FAsslar, Bl

o 1A AAFEZS FAsH7] Y8 AxHE Zn0 ATFASE IT0 S~ Yo ~
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[0346] <A1F 4 10> #7] BFAA S 7|48 H7L

[0347] AAle] 1 B vl Ao 1o we} Az F7] BFHaAe] G7] <t
445 Hrrekr] fdll, 7 f71 HERAAE 9F 1,200 hr 59 BRASIHA F LS
Th. 1,200 hr &<t 7|k 7 A3 & 200 vERHeH, FAAOEE &
20(a)ell Fd W3 a&(PCE), & 20(b)oll /I A (Voo), = 20(c)ell @t d7E
TJse) 2 = 20 F AH(FF)E YEATE. &= 20(a)& FZ23HH, vl AA|
of 1o wel Az 7] BFdA ] Fd M3 a8 (PCE)S 7] 12.5%0 4 <F
1,200 hr o]% 8.9%% 7FAdlo]l oF 28.8%9] ZA&S veldch. whdo] Ao 19
et AzE F7] Y Fd wd & (PCE)S Z7]e 14.0%14 °F 1,200
hr o]% 13.2%% FhAste] oF 5.7%9 FA&S YEWlth. =, AAld 1o wet A

=49 f7] BFA

N
rlr
0%
=
X
[o
il
—o
-
e
o
N

(0]

S YERY. 53], & 20(b)
A = 20(d)E Fxshd, A7) 3d wE a&(PCE)Y #Aads #ole 2 9

(FF)S] Wsto] o]s) wAys= A & & v,

[0349] & &HelM= 7] 71 vpel o] 7] Aalel, Ha A o, A]

Gelg Botol ¥ vy MBAFS TP 7] AGAA ARPES AP 5

ol

o, ol SHe dHANA da= glen, 4] dr] 55 S oW Alx
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[0351] 110: Hw 7% 140: FEAF
1200 A1 A= 150: A2 AstrES
130: A1 AstrEE= 160: A2 A=
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g71 BkekA 20014, pi= 0 WA 10 Abole] AHerolar, 7] ek N2 &7

3}ela) 2-1 T 3eka] 222 e

ELEESY
—NR3R,
A7) B8 21904, R R RiE 47 SYHoR JSBAY] EE AEL)

A8 = XS AT 2 A 109 SAET] B S| EEAY] B AEAVE
23t = v X 3E B4 2 YA 109 &7V 2 o] FojZ Tl Aelr A,
[3}sh2) 2-2]
—N*R5R4R7

F7) 348hA) 2-200A1, Rs, Re B R 717 HYPHOR SEEAY] i HE

S ESAY] Ei HEWN]

A)E 2B w WA wag 1 U 109 A7,

2 2% T v 28 B2 2 YA 109 dALE7], EEAT] EE AEATE

ﬁ
ot
e
rlr
jun}
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(33 17]

A 158 Qo)A

AR F7) BAe ol fuA 2 HEA AR o507 EolA A

[ 18]
A 158 QoA
A=} "Jbg) &2 PTB7(CAS No. 1266549-31-8), PTB7-Th(CAS No. 1469791-

66-9), PBDB-T(CAS No.145929-80-4), PBDB-T-2F(CAS No. 1802013-83-7) 2 &}7] 3}

{

4 7 WA 554 102 BAHE Y FEFFAR o Tl Polq AdH 3

-

P(CI)(F=0.5) (I=0.5, m=0.5)
R = 2-Ethylhexyl
X=F
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;rJ S/\(\ rf S ¥ s /‘\+
5/‘\\\\ L\J 1 m N
I~/ < s
R ) —
a R
P(CI)(CI=0.5) (I1=0.5, m=0.5)
R = 2-Ethylhexyl
X=cl
[&}st2] 9]
q F
Ve R R .
&N \I—?‘B
\ 5 ]

{48 }’ 5.7 _ _
Y 7—;\ 5,__/5 AR S \A I
—\ N\ ~7 % s ¢ s In

(oo I 3L o
S’\z/ m‘_/ A o= =0
A a’ ! /s —
E ,’{JR R== s R
F

P(F-CI)(BDD=0.2) (1=0.8, m=0.2)

R = 2-Ethylhexyl

P(CI-CI)(BDD=0.2) (1=0.8, m=0.2)
R = 2-Ethylhexyl

i
o
o

471 gekA 7 WA gkekA] 10014, n 1 A 10,000 Akolo] %
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(373 19]
A1 = A8Fel Qo] A,

Pska WA o] 0.001 WA 10 em?Q) B A A,
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[2.9FA ]

[29F]
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120 ¥l 1 = (1ITO)
110 £F 7| & (glass, film)

L 1a

160 Xl 2 M= (Ag)

150-2 N| 2 B T HEE 2

150-1 M| 2 & GhE MBS

140 FEES

[=9]
[= 1]

160 | 2 M= (Ag) 160 H| 2 M3 (Ag)
150 H 2 M55 S 150-1 M| 2 ¥ ThE HEs

1501 M| 2 ¥ TpE HES 150 §| 2 Met+E=

140 FELS 140 B9

130-1 M 1 ¥ ojE HES 130 | 1 HelxS=

130 H| 1 Hej$2 = 1301 | 1 & opE HES

120 Al 1 M= (1IT0)
110 £F 7|& (glass, film)

T 1b

160 H| 2 M= (Ag) |
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