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7121 Zpell Al BEetA olafE & Aot
[FA9 2 +¢]
[0009] ¥ H o] =25 o] F7] 93]
[0010] A1 A= Al Aetrds; FEAT: A2 dords: 2 A2 A5
& xFeba,

[0011] A2 A=, A2 deprds R FEToE o] Fofxl LoziE A

9l 1 olel thE Feje) B FATS X,

AEA F£502 o]Fofxl FoRRE 1 o4s Tse #7] AA 237 AFd
=

[0014] & 2o o AAldel] glo], 7] #7] w=A] 2HghE o] PEDOT:PSS
(poly(3,4-ethylenedioxythiophene) polystyrene sulfonate), PFEN (Poly [(9,9-
bis(3'=(N,N-dimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9-
dioctylfluorene)]), PFEN-Br (Poly [(9,9-bis(3'-(N,N-dimethylamino)propyl)-2,7-
fluorene)-alt-2,7-(9,9-dioctylfluorene)] dibromide), PDINN  (2,9-Bis(3-((3-
(dimethylamino)propyl)amino)propyl)anthral2,1,9-def:6,5,10

d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetraone), PDINO (2,9-Bis[3-
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(dimethyloxidoamino)propyl lanthral[2,1,9-def:6,5,10-d'e"f']diisoquinoline—
1,3,8,10(2H,9H)-tetrone) & o] Fo]x O ZHE AEEE= 1 o|AS s 4 9l

o, ol AFHA= Fer

& 4 oy, oo AHA = =t

(0017] & = o] A AAldel glef, &7 B3 FUi=2, 380 mm o]
780 nm ©]3te] FAolA FAE FHAE Al TG Foll dial] 20%0]/de] FHREE
v g o, ol AFEA = e

[0018] & o] o Aol Qlo, FEAHTS AAFNE E2[[4,8-1]
2 [5-(2-E A )-4-EF L 2-2-Flo| B] d |l % [1,2-b:4,5-b' | 2.31-2,6-T] H ]-
2,5-E] QA d[5,7-0] 2= (2- D& A )4, 8-1] % 2—4H, 8H-H %[ 1,2-c:4,5-¢' ] E]
o #-1,3-tyd]-2,5-E| AL (PM6 T PBDB-T-2F), Z¢][[4,8-R]A[(2-o1E3
A S A2 [1,2-b:4,5-b' [ El 2 31-2,6-T] A | [3-ZF Q. 2-2-[ (2-o D &l A )7} 5.

1ol =[3,4-bE| AT A TI(PIB7), E2]([2,6" -4,8-H (5-o & dE el d)ulx
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[1,2-b:3,3-b]E]E] @ A {3-ZF 2 2-2[(2-ol D &) 7w d | E] ol = [3,4-b] E] 2. H ]
LD IPIB7-Th) 3 EY[(2,6-(4,8-H|=(5-(2-o &3 ) ¥ e wl-2-d)-wl=[1,2-
b:4,5-b" JHEQ#M))-LE-(5,5-(1" ,3 -T-2-Fod-5" |7 -H|=(2-daA)

WlZ[1 .2 -c:4” .5 -¢ 19E L #-4,8-t]2U)](PBDB-T)ZE o]Fo]x oA A

NS

95E 1 o4
(00191 371 8kek2) 1 WA 318k 42 BAEE AR BEFAR o] 5ol
A oA AEEE 1 olhom ofFolzl wol MEEE 1 o4e mae 9

o, ol AFHA= Fe

[0020] [3}&}4) 1]

E R

P(CI)(F=0.5) (1=0.5, m=0.3)
R = 2-Ethylhexyl
X=F

[0021]

[0022] [3}&}4] 2]
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cl R

P(CI)(CI=0.5) (1=0.5, m=0.5)
R = 2-Ethylhexyl
X=Cl|

[0023]

[0024] [3}3}4] 3]

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

[0025]

[0026] [3}3}4] 4]

1
\
a
A

“
/
a

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

[0027]

[0028] [3}&}4] 5]
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[0029]

K'DT'A?(DE’ A’ﬂ‘n K‘Df A:)(*o( Aj

D,=BDT,BDTT, NDT, TT, BiT etc. (Regioregular electron donafing derivatives)

Ay = ZZ-heterocycling derivatives (Z = ClBr) (Bi-halogentated het. yeling derivatives)

D.= Benzene, NT.BDT,BEDTT, NDT, TT, BiT etc. (Regioregular electron donating derivatives)

A.= BDD, TPD.PT, DPP, ID_NDI, PDI,BT, BTz, Qu, P2, BT, BB Tz, NE Tz (Noncovalent interaction derivatives)

[0030] 71 skek2 1 WA s}k 5oll4, na 1 WA 10,000 Ake]e] A<r

A
Hl

H O
=na

rlo

olaL, %7l sty sellA, 12 EEERA 0 < 1 < 120 AFeli,

[0031] & o] oA AAde] SQlo], FFAFTol AxpEA= 2,2'-
((22,2'7)-((12,13-bis(2-ethylhexyl)-3,9-diundecyl-12,13-dihydro-
[1,2,5]thiadiazolo[3,4-e]thieno[2",3" :4" ,5']thieno[2',3':4,5]pyrrolol[3,2-
glthieno[2',3':4,5]thieno[3,2-b]indole-2,10-
diyl)bis(methanylylidene))bis(5,6-difluoro-3-oxo-2,3-dihydro-1H-indene-2, 1-
diylidene))dimalononitrile (Y6), 2,2'-((27,2'7)-((12,13-bis(2-butyloctyl)-
3,9-diundecyl-12,13-dihydro-[1,2,5]thiadiazolo[3,4-e]thieno[2",3" :4’ ,5']thi
eno[2',3':4,5]pyrrolo[3,2-g]thieno[2',3':4,5]thieno[3,2-b]lindole-2,10-
diyl)bis(methanylylidene))bis(5,6-dichloro-3-oxo-2,3-dihydro-1H-indene-2, 1-
diylidene))dimalononitrile (Y6-BO-4Cl T BTP-4Cl1-12), 2,2'- [[12,13-Bis(2-
butyloctyl)-12,13-dihydro-3,9

dinonylbisthieno[2'',3'":4',5"']thieno[2',3':4,5]pyrrolo[3,2-e:2',3"'-
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gl[2,1,3]benzothiadiazole-2,10-diyl]bis[methylidyne(5,6-chloro-3-oxo-1H-
indene-2,1(3H)-diylidene)]]bis[propanedinitrile] (BTP-eC9), #d-C61-5F-EAkH]
o 25 (PC61BM),  #ld-C71-F-EAibd e ol ~E] (PC71BM),  3,9-H] 2= (2-wd A-(3-
(1,1-tAlob=md &l ) -2 t}i=))-5,5,11, 11-E| E&}7] 2 (4-A A | D )-t] E] o .= [ 2, 3-
d:2" 3" -d" ]-s-thA=[1,2-b:5,6-b" JHE F(ITIC), 3,9-H]=(2-wE=-(3-
(1,1-gAlob=md &l ) -2 t}i=))-5,5,11, 11-El E&} 7] A (5-3 A E] ol I )-Tt] El ol = [ 2, 3
-d:2" 3" -d" ]-s=IthAlx=[1,2-b:5,6-b" 1T E] A (ITIC-Th), 2,7-H]Z=(3-t] Ao}
e EA-2Z-wE -0 e-1-2)-4,4,9,9-H Eg} & A -4 9-T] ]| = 2 -~ o} A = [ 1, 2-
b:5,6-b" JTIE] QA (IDIC) Z 3,9-¥]=(2-wEA-((3-(1,1-t] Ao} =r & &)-6,7-T]
ZF97)-¢1t}=))-5,5,11, 11-H Eg}7]) ~(4-F A d)-t) g o = [2,3-d:2" 3" -
d’ J-s=IohAl=[1,2-b:5,6-b" JHEA(ITIC-4F) 0.2 o] Folxl FogrHE Y
HE 1 og X8 Aoy, o4 ASdEAE e

[0032] ¥ g o] = v& Swol Ao, 47 771 A LAE Az

Az orr, f7] w=Al g, F7] A dee % AR gHoR o
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[0067] =3 Frgd=ol

k

gel= #7] WA SheheS PRN(Poly [(9,9-
bis(3'=(N,N-dimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9-
dioctylfluorene)]), PEN-OH(Poly[9,9-bis(6" —(diethanolamino)hexyl)fluorene]),
PFN-Br (Poly [(9,9-bis(3'=(N,N-dimethylamino)propyl)-2,7-fluorene)-alt-2,7-
(9,9-dioctylfluorene)] dibromide) &2 3F=Y < AaL, PDINN(2,9-Bis(3-((3-
(dimethylamino)propyl)amino)propyl)anthral2,1,9-def:6,5, 10-
d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetraone), PDINO(2,9-Bis[3-
(dimethyloxidoamino)propyl lanthral[2,1,9-def:6,5,10-d'e"f']diisoquinoline—
1,3,8,10(2H,9H)-tetrone) =9 3= 4 Aar, PEDOT:PSS(poly (3,4-ethylene
dioxythiophene) :polystyrene sulfonate), PEDOT (poly (3,4-ethylene
dioxythiophene)), PEDOS(poly(3,4-ethylene dioxy selenophene) w9 3}3&EL I
A

[0068] &3 FH A=l £3H = F7] WA e 7183 4 do
75% 2% gF¢E (Til, Zr0z, V205, Nb0s, WOs, MoOs, NiO, Cu0, Zn0 &) %
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[0070] Holg&S X3t F7] wteA e &S o5 59 <]4lks) EEs
(Ti02), o4kt A =252w(Zr0z), AF3h Blug(V20:), 2AFSFO] 28 (Nb20s), AFaks)

2’ (W0s), Aarel =2l B dl(Mo0s), b3k HZANi0), AFsk 2] (Cu0), AF3} of<d

I
o
ke

>

(7n0) ol k. # et 2] WA SRS O 5w AsAolnE
(Gar0), AF8F E(In:0s), 248F 47 (Sna0n), AHAFSE QFE| R (Sbe0s), o] Abe} el
F(Tek) Sol Ak, =& T7] WA Fuo] AHBE AvH FRol ATHE 2
e ot}

[0071] B3 T AT Lot S5 dubdel ALA G408 o] Fo

A o RFE Ad9d 1F
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=

mEo] tid Aksl kAol 2 =2 Aol ward sy, Cu, Ag, Au, W, Ni, Al =

e AEE £ dx AxHE gFade] FRE adse] Ads ddgd 4
sic.

[0072] 7371 7] WreAlTs A4ty s 7] 55 Asts ATAE
Sulell &3AIA W0s, V205, Ni0, MoOs, TeQ: 52 #& &% 2slE= oAl
UTH. o] W, AHEE F Ae TV w5 AskE AdTAe E9Ed dA s B
g ATA, vids AFA, WA A A, 2B A A T 5 Y. dE =
W EgHd rolAEolAEYo]E  T]2Alo] =(molybdenum diacetylacetonate
dioxide), ¢Eg FHelEgHyolE HEZSo]=d o] E(ammonium heptamolybdate
tetrahydrate), U#A olx|dolA|EY|o]E (nickel(I1) acetylacetonate), YZl o}A

Elo]E(nickel(I1) acetate), B}YE oAl o] E(vanadium acetate), B Z~Hl o %
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S Sigma Aldrichiit®] B2l o] EA}o]=(tungsten ethoxide) AT-#AZES Fujsle]
ALt STt

[0092] 58 A 2AES Axer] flal, 5 nl vlelds dAd,
e R A Agkstol  FHlsH. 54 &9l 2-Z 23 (2-propanol
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gy, @48 248 st BE(ara film)? HEE Ho]Z(teflon tap
)2 WEa] E-A(roll-mixer)o] 147k o] 4 wukslit}, o] % HeAje] mre

s ST (= 2¢, =2d).
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[0101] <AAld] 2> &S XFT 5 FBAFA 5 FRAF19Y F2
=R ARRE FIME A% O A%

(0102] B¢ F3AT (% 1) 598 5 dE 2R FA% @ A%

ki

H71E Y&, #5520 F(AwE IT0 glass Aghe] d=z & wvwhals 3 AJE190
U} (%= 3a) Au palletS &€ S 7](thermal evaporator) W-2] Z& njo] 9]x
3} tungsten boatol] Yil o] 2-HX(cryo—pump) S AFESFe] 1A o)A A ¥
¥ (under 107 torr) st th. AA 7 ¥ IT0 glassE & AHZ o]F3 H |, ITO0
glass Aol 2F 0.03 WA 0.07 A/s HHYY rate® 1 nm(A A 2-1), 2 nm(AA]
o 2-2), 5 nm(AAle] 2-3), 10 (Ao 2-4), 20 nm(H A<l 2-5)¢] FAR w5

S FAskith. W g4 %, 110 glassE 2=~ (load-lock) FH = ©]

oy
p‘L

of, A&(N) 2% FAs] atn FEUE Y 2Y F o] YW Ty

oL
)
il

< AU (= 3b)

[0104] <& A4 3> &5 XA 53 FHATA 5 F945 19 54
= 3 ARRE PrE AT g9 AR

[0105] ¢k 8= (= la)2 =9dd + 3= 2A4e9 Fo=e 8 A=
T HUME fdl, 55U 2(Ag)S 110 glass Aol E5z § ks 344319
o). (&= 4a) Ag palletS thermal evaporator W59 & o] ¢ %3t PBN boat
of ¥i cryo—pumpE AR&3te] 1AIRE o] il A (under 107 torr) ST

AAE #H IT0 glassE & FHZ olF3t F, ITO glass Aete] ¢F 1.00 WX
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1.50 A/s HYY rate= 5 nm(AA]d 3-1), 10 nm(A Ao 3-2), 15 nm(A Al 3-
3), 20 nm(AAd 3-4), 30 nmm(A A4 3-5), 50 nm(2A Ao 3-6), 80 nm(A A4 3-

b, e o

o,
o

, 170

Olr

7), 100 nm(AAld 3-8)¢ FAER & S dA
glassZ load-lock B E o]&3te], N2 7[AE FA38l] atm AH=Z 944 2H &

uparo] @A A

o YA (= 4b)

[0107] <A A4 4> F&AFES 3}

<

B3 FHAS 5 FHAT 1
o £ 9 AEE F7tE AT g AF

[0108] 5§ FHAT (= la)2 =92 & s £4Ee] Fo4= 3 A=
= FJE 98, FE5aEE By Hd SAI=(Mo0s)E 110 glass detel] H52
% utaks EAEA Y. (= 5a) MoOs powderE thermal evaporator W49 Zl-& ]
of #1413 crucibled YWil cryo-pumpe AF&3sFe] 1A1ZF o] 313 F A 2] (under
107 torr) sk, A2 ® 110 glassE & AWM o]Fet H, 110 glass &t

o 0.20 WA 0.30 A/s M9 rate® 5 nm(AAle 4-1), 10 nm(A Ao 4-2), 20

x

(A6l 4-3), 30 (A6l 4-4), 50 mm(AA 6] 4-5)e] FAm F& viere

ofl

dstairh. ¥t A F, 110 glassE load-lock MH=E o|Fste], N 7f~E F4

ol
>

ato] atm JEi= b =4 § dhbo] A FEE AES A (= 5b)

[0110] <HA|d 5> F4& XS HI} FHATA 5 FHAT /5%

FEAS 29 FH= 3 AE=E HUHE A% 49 AR
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[0111] & F¥A= /5 F94 2(= 12 =949 5 v A=
o Fae 5 ARRE FUEE S8, Au/Age s 110 glass el A3 - His

FASAT. (= 6a) Au®t Ag palletS thermal evaporator WH-2] Z-& Anjo] ¢

ol

218t tungsten boat®} PBN boatol] Yil cryo-pumpE AFE3le] 1A17F oA 117
A (107 torre =7 3h) s th. AAHE A 110 glassE & BHE o]F3 H,
IT0 glass “g&tel Au "H2hE oF 0.03~0.07 A/s W9 rate® 7t7F 1 3 5 mm9)
TAZ FAASSTE. Au B FA ) Au 9 Ao Ag BHeRS oF 1.00 WA
1.50 A/s W99 rate® 5, 10, 15, 20, 30, 50, 100 nme] FA=Z 3FAssic).
[1/5(2 Al 5-1), 1/10(&Ald 5-2), 1/15(A Al 5-3), 1/20(A A<l 5-4), 1/30

(A Ao 5-5), 1/50(A Al 5-6), 1/100(A Al 5-7), 5/5(A Ao 5-8), 5/10(AA]

o,

o 5-9), 5/15(&Ale 5-10), 5/20(AA]e] 5-11), 5/100(&A|¢] 5-12)] =t &

% IT0 glassE load-lock W= o|Fsle], No 7[5 S35} atm HE|=Z e

ZA & vldlo] HAE AMEZS A9k, Auwzl 1 nmSl ¥HEH(E 6b)EF, AuZF 5 nm¢l

MURE 6) S P ou], 2l Aofste] whuke Al HsHgln,
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o] Z1F Ao 923+ tungsten boat2} PBN boato] Wil cryo—pumps AME-3Fo] 1
AZE o] mAF A (107 torre] A 3l k. AAEHE 110 glassEs A&

AW R o]E3 F, ITO glass AFtto] Au BFERS ¢k 0.03 WA 0.07 A/s H9

1_4

2
rate® 22t 1% 5 mel FAZ 4R A U g4 F, A ot ol

jom

Ag IS °F 1.00 WA 1.50 A/s ®919] rate® 15 mm® F7= FASIAT. Ag
ukak Abchol]l Ay HFERS 0.03 WA 0.07 A/s WY rate® 1, 2, 5 mm FAR F
ABFATH. [1/15/1 nm(A A odl6-1), 1/15/2 nm(A A d6-2), 1/15/5 nm(2A]6-3),
2/15/1 mm(AA46-4), 2/15/2 nm(AA46-5), 2/15/5 nm(AA]46-6), 5/15/1 nm

(A A d6-7), 5/15/2 nm(EA]<l6-8), 5/15/5 nm(HA]<l6-9)] v & A

o
S

glassE load-lock ®HE o]&3te], N2 7FAE FA8l] atm AH=Z o4 2H &

gtupo] PAE HEs AU (= 7b)

[0116] 2. B3 FHATS =YT WH5FEYH F7] HIFHAAY A=z
[0117] <& Ao 10>

[0118] 5% FHATE xgele 5T HYARAE A xs7] 9ste], F
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[0120] 10.1; AE4ESd AAeES S99 A=

[0121) B35S0 24 PEDOT:PSS(AI 4083, Heraeusiit)E PIFE filter&
A&k filtrationd &  PEDOT:PSS £HS S50, HAAGFEZSO 2 A
PDINN(2,9-bis[3-[[3-(dimethylamino)propy! Jamino|propy! ] —-anthral2,1,9-
def:6,5,10-d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetrone, CAS No. 1020180-01-
1)<S methanol anhydrous £wjol] 0.5 WA 2.0 mg/mL == =< 3 PIFE filter
£ Ab&sto] filtration & % PDINN &5 F5si3lv. ol Ae4E&S3 dA

TS SN roll-mixero] nnkste] B s3It

|

[0123] 10.2; fr7] wh=A 2 7] wtEAS ¥ =9 TS 4o

o] A%
[0124] A7) <A zd] 1A>, <A|Zo] B> A9} T U3 hHo=r B3 By
= 2AES F5Y. A2 o]5E roll-mixere] E#stAth.

[0126] 10.3; ¥FE v]oFAAe] AZz1) | F8] 2 AAe

[0127) ITO glassE SA A A (neutral detergent, alconox), 2-3E =& (2-

propanol) 2 FF(distilled water) TAZE 253 MFH7]|A &3 A

i

28 54 A4 B4e ARG 7 WA w2 x99 Al F SRS

it

PFFa, R0 7t2E SRS AANGG. 4 A4 A o F, 110 e

2 3 ZYolE oA 120 T «x & 10 E%oF A%y, Az 110 2=
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2 2o M-2F AA 7] (WW-ozone cleaner) Fx|o|A xtJA-2F& AHgE E3dlo]

=

S Ao wrato] AW wkek XA o 150 °Co] hot-platedl A 10+ &<k 2
Z35}lt).

[0132] 10.5; ¥WHEE Bl AA Y] AFEB) | FEX ZAHE Az 2 F3A
= _;/_}ﬂ

[0133] A=} =71 &2 <l PM6(PBDB-T-2F, Polyl[[4,8-bis[5-(2-ethylhexyl)-
4-fluoro—2-thienyl |benzo[1,2-b:4,5-b' |dithiophene-2,6-diyl]-2,5-
thiophenediyl[5,7-bis(2-ethylhexyl)-4,8-dioxo-4H, 8H-benzo[1,2-c:4,5-
c'ldithiophene-1,3-diyl]-2,5-thiophenediyl], CAS No. 1802013-83-7) <} A=} b
N = Y6(2,2'-((22,2'2)-((12,13-bis(2-ethylhexyl)-3,9-diundecyl-12, 13-
dihydro-[1,2,5]thiadiazolo[3,4-elthieno[2",3" ':4" ,5']thieno[2',3':4,5]pyrro
1o[3,2-glthieno[2',3':4,5]thieno[3,2-b]indole-2, 10-
diyl)bis(methanylylidene))bis(5,6-difluoro-3-oxo-2,3-dihydro-1H-indene-2, 1-

diylidene))dimalononitrile, CAS No. 2304444-49-1), Y6-BO-4C1(BTP-4C1-12,
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2,2'-((22,2'7)-((12,13-bis(2-butyloctyl)-3,9-diundecyl-12, 13-dihydro-
[1,2,5]thiadiazolo[3,4-e]thieno[2",3" ':4" ,5']thieno[2',3':4,5]pyrrolo[3,2-
glthieno[2',3"':4,5]thieno[3,2-b]indole-2,10-
diyl)bis(methanylylidene))bis(5,6-dichloro—-3-oxo-2,3-dihydro-1H-indene-2, 1-
diylidene))dimalononitrile, CAS No. 2447642-41-1), %+ BTP-e(9(2,2'-
[[12,13-Bis(2-butyloctyl)-12,13-dihydro-3,9-
dinonylbisthieno[2'',3'":4',5"']thieno[2',3':4,5]pyrrolo[3,2-e:2',3"'-
gl[2,1,3]benzothiadiazole-2,10-diy!l ]bis[methylidyne(5,6-chloro—-3-oxo-1H-

indene-2,1(3H)-diylidene)]]bis[propanedinitrile], CAS No. N/A) = 1:1(w/w) W

ol

A Ll2/wmE Eetel AgFoRs M ddz JH T2

Ll

FAgste] 43

o,

[0134] 1-F 222 & (1-chloronaphthalene, Cas No. 90-13-1) H-3H| =
71 ®2 0.5 WA 1.0 Fyu|z2 F22HA F53}E(chlorobenzene anhydrous,
CAS No. 108-90-7) & S22 X5 FF3}=(chloroform anhydrous, CAS No.67-
66-3)= EFsh= T EE ERlsta, A7 vl 1.0 SRHIE Vw7

PM6S} Y6, Y6-BO-4Cl, BTP-eC9¢] &3 XA ES 0.5U1# 1.55%H S A7 &

ohste]l YBY 2HES Azt

sH7] A, g 2AHAES 7] FolA 40% WA 90 oCo] === A3 S A
A, ol N X3Id FHHEAT ol&dle] 40% WA 90 (o e
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Fel 80 WA 150 nm F74¢]
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ke
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24 53T,
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hot-plateoll A 15
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S
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b |

_50

sheie.
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Ao AxM) | A

v
=0

o
wh

Gl

H

[0137] 10.6;

[0138] A7) 10.1%HA o A

o] spin-coating W'H o =

H

[0140] 10.7;

7

(under 107 torr)

=
=

Ccryo—pump

=
=

d

R Ao

€]

10.6HA ol A

0.03 WA 0.04 A/s HYY rate® 5 nm T

=
=

o] % Au

sheie.

W2 o]F

=R
i=.

YA
[¢)

—_
fite)

Nlo

MIEES

gds

=
=

FEAa=s (2)

6]:]]—

oo =

1.00 WA 1.50 A/s MY ratez 10

of AgE

—_
fite)

Nlo
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MIEES

(3= FAs

—L
A=

s

0.30 WA 0.40 A/s HSY rate® 30

=
=

d) Akl Wos

—_
fite)

Nlo

H

[0149] 10.10;

B ol A load-lockl. & ©]&FA]

=R
i=.

YA
[¢)

in
X

mo
i/

ol

o

_50

§, 10.8 wAA

szl S8

=
=

(4)

il 7]l A

=3

S
=

ZAE §NS spin-coating

°Co] el A

[0152] <A A4 11>
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Mo

[0156] A7) 10. 1A 9} 5

Al S KA

==
L LY

A8 A=) |

v
=0

o
wh

Gl

H

[0158] 11.2;

EORIES

A g

=
=

I ITO glass

9

[0159] 7] 10.3 wA <}

bict

Ao Ax2) | AerEs

[0161] 11.3;

—_
fite)

[0162] *}7] 10.4 ©A <}

[0164] 11.4;

_L

[0165] A7) 10.5 A<}

Ao AxM) | HA

v
=0

2]

o
wh

Gs

H

[0167] 11.5;

[0168] *7] 10.6 WA <}

H

[0170] 11.6;
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[0171] 7] 10.7 ©A <}

]

[0173] 11.7; wtb

[0174] 737] 10.8 wA <}

15 nm FA=

H

[0176] 11.8;

[0177] 737] 10.9 A<}

30 nm FA=E

[0179] <A A4 12>

}

271 11.8 SHA G A

o] i,

blet

5

0

<2 0.30 WA 0.40 A/s 92 rate® 30 nm FAZE

=
9

MoOs

71 11.1~11.7 SA7}A]

101-46



2021-05-31

[0182] <A A4 13>

o] wl, A7] 11.1~11.7 GA7}A]

bt

s

A =S

@ UEE BEY 47 GFaAe Az

=9

[0186] <A Ao 14>

3

<

<A Ao 10> 3

T
T

[0189] <A A4 15>
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T

FEy WA

<A Ao 11>3}
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T

[0192] <& Ao 16>

5

T

32y WA

<A 12>9}
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T

[0195] <A Ao 17>

T

FEy WA
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T
T
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2 0.5 4
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sheie.
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A 1.5 FFH 7|FeR = AR F)

of, Ax ¥71E 0.5 W

ol
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A 1.5 T%H] 7|02 =o Az}

Fel 40 WA]

S
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F2 100 WA 140 °C4 +%=9] hot-plate°l

e FEds HY
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fite)
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fite)
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fite)
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<A 13>3 &
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1
A
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fite)
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fite)
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F24 0

<A 19>}
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[0220] <A A4 24>

}

HAl A

)

T

FEy WA

<A 20>}

[0223] <A A4 25>

<A 21>3} 34
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T

B4

= 1.00 cm®)E A
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=
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SHAl Al
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)

fite)
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hAYA
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fite)
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fite)
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k. Ao RE 617 26.1~26.9 GAS H L33

9%
n

[0229] 26.1; WHEW B FHx] RES] A1) | AAFLES gAo] A%

[0230] ZnO nanoparticle inkE 7]l A 0.45 um PIFE filterE &3l

filteration 3Fal, roll-mixerol] R343} T},

[0232] 26.2; WHE™ EUHARA] BEQ AXQ2) | +H 2 HAAH=

[0233] A}7] 10.3 @AY A3 ooz A d 170 glassS ZH] 2 A

A2 &3itt.

[0235] 26.3; WHE™ EUHARA BE5] AXQB) | A

[0236] 7] 26.1 @AlIAM Enld AAsss &A= 7ol 110
glass A&t 30 nm F717F HEE slot-die coating dFTF. ©] wj 0.5 WA 1.5
mL/min® EE%FH 0.5 WA 1.5 m/min® $E= vehs PAdsiglon, ubek 34y
2 100 °C] hot-plateol A 104 &<+ A2}
[0238] 26.4: WM™ EjFiA] W] A2 | FIA] 2= Ax B
A= FE
He T3 FEAET 2A8ES Axs

[0239] A7) 10.5 @A ¢ Hd3 W
om A7) 26.3 ©AS} FU3 HRHS E3 slot-die coatingl = 3
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9
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fite)

it

ol

ol

ol

[0247] <H] A A4 1>

Ao

Mo

Flek. (&= 1e) o =, A2
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A Z
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fite)
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0.04 cm?)E A

A =
~

B

Aol 2>oF G2

<H] ul A

-
T

[0268] <H]LHA 4 8>

Ao

Mo

SEERESPARS ISPk

152 A7) <Al 18>3}

o

iElA

-
[C]

o] uj

biet,

S

[0271] <¥| LA A o 9>

0.04 cm?)E A

A =
~

B

101-57



2021-05-31

Aol 2>oF G2

<H] ul A

T
T

[0274)] <H] LA A4 10>

sfed,

371 9

A Z

A&

g
=)

L
B

< aA Ao 8>}

-
T

A

B3R
fite)

Nd

[0277] <B]| LA A4 11>

<

Al 9>oF 3

<H] LA

-
T

[0280] <H]| LA A4 12>

101-58



2021-05-31

[0281]

—_
fite)

—r

H
EE

o)

o
wh-

<Al 26>3 A2 A= FE7F

T

T

A

A

=0

A3k H

A2 A2 <Hjad Ao 1> &

sheie.

=

SHAl Al

]

o

b %

S

9]

]

A

)

o
e

)

t}

4 Bt AE R 2%

=
=

3
[0283] 3.

Ho gz A

o

N
K

W
o
-

o

[0284] <A 4 1> &7] vteA] € F7) vi=HE ¥£3g

go] A% B4 Bt A%

Z~H) o] A (4-probe

4-3 2 H

3

_(H

37}5}7]

3

=
=

H

Tl 1 mm

J

A
a|

O =
= 1

_]

3

E
=

a

S
S

71 A7)

bie,

B A71H B4 BAsg

S

A

[e)

station)<
bl 247

Is)

o

N
K

W
o
-

o

[0287] <A1 @4 2> §7] vt=A] 2 7] v=dE X3

(UV-vis

-
o

=]
Run

-
o

il ko] Ad-7FA

o

_(H

171

17}

8

101-59

= = ExlOo
'T‘jl}'-—‘—— '—l}\C_}E

oo 3% 54 W7} 4%



2021-05-31

M

spectroscopy, Agilent 8453) #A4S F3sgtt. 7] Fst EA Ao A=

Ellel] et 2 <Aldd Dol SAHE Fae 5S4 TR g9l T

it
=
=

5 9W|3l average visible transmittance(AVT) & +3to] A H Ao
s o A =380 ~ 780 nm I GGl A integrated methodsE AHE3H W
I, A =300 ~ 900 nm IH G calculation methodsE AFE3F W F 7}

f

ol

A BFE AREste] HIFsESITE, o] df, AVT gk 7] [AlAEA 119 UHS &
AAEG o T(A)E dA gdojxe HE3% Zk, V(A)+ photopic response,
AM 1.5G(A )+ photon fluxE <9u|sty, o]z sk A4 WL [Joule, 2019, 3,

1795-1809] &3S =3kttt A7) AVT k2 % 19 YEYT).

[0290] [AXFA] 1]

JTQ) - V(@) - AM 1.5G (1) dA

AVT = V@) - aM 156 da

[0291]

[0292] [¥& 1]

™ =] &+ AEE
_ET;Dg 3__% = _] © = AVTintegrated AVTcalculate(l
[Q/sq] [S/cm]
Az 1A 99.83 2003.39 85.50 86.43
Az 1B 87.81 2277 .48 98.47 98.69
=z
Az 10 74.09 2699.45 87.08 88.03
(9:1 v/v%)
Al 1
24 1C 80.76 2476.33 89.78 90.75
(1:1 v/vh)
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[0293] 7371 & 1o debd A3 o], <Az 1A>o| A Alx% PEDOT:PSS
vk ol <Alze 1B>elA AlZzE W0 vtgeld EE AEE EAS Hglon,
E3], A =380 ~ 780 nm ¥F] JolA AALR AVT g 10% oA ¥ S B
Ak, Fgh, <Az 1A FouE E£3d 2AAES I 9wt A e 9:13%
111 v/vh BEFollA e FHEed AEE 548 HAAT. (& 11) of& T &9

o =]
e T &

i)

PEgdsoR dgo] hed 4e Ssdn,

[0205] <A@l 3> F&H(M)S THS 2F FRHATA BF FFAF(DY
AEE % ST 54 Y7t A

[0296] 7] <ZAJel 2>olM FAdd 5 FEd=(1) vee] Arle % F

H

OB Bk sl 47) <AFd >, <Add 29 BT PP 483
of BASAT. of W 4714 54S [E 209 vehim, FIHE 542 =129
Ebsl

[0297] [& 2]

5 A= A AR Atete AVTintegrated AVTcalcutated
[nm] [Q/sq] [S/cm]

A A 2-1 1 9.33 10,609 82.4 84.5

2 A 2-2 2 9.48 10,333 79.3 79.5

2 A 2-3 5 7.83 177,248 66.2 67.1

A Ao 2-4 10 1.95 416,244 53.4 59.4

2 Ao 2-5 20 1.31 439,810 44.9 53.4

[0298] 7] % 20 yebdl A3} o], Audl F7 S7bell whe} WA o] 3t

2EQJa, o wet AxE=7F A8 A F7ekder. mmek, A = 380 ~ 780 nm 3}
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ol el AR AVT g2 FAY Skl wet AN 54S B Aud
FAZE 1, 2 nm(AA o] 2-1, 2-2)9] WY oA 79% o] o AVIE H o,
10,000 S/em F-++9] AEEE B, whdel, 10, 20 nm(A Al 2-4, 2-5) HL

A= 400,000 S/em 01749 =2 AEEE HoU, 60% ©lste] AVIE Ho] AdA

oz o Egvs pel Axygoz 5 pm(AAd 2-3)9 FAGA =& Arn
4 By EXAS Ho EI3 Ewdgown A EAS Hole= AL
gl 3F Tk

[0300] <A@ 4] 4> S5 (Ag)S T3 B3 FH9AIA B FHAF(1)9

AEE 2 FAE 54 W7k A%

[0301] 7] <ZAJel 3>elM FAdd 5 FEd=(1) vee] Arle 2 F

H

% 54 W] sl 47 <APel 1>, <A el 29 FAF PP 4§

of EAFAT. o] W A71H SAS E 3ol ehdy, FaE 542 % 130 1}

o

At

[0302] [& 3]

T A= A aAR Atete AVTintegrated AVTcalcutated
[nm] [Q/sq] [S/cm]
A e 3-1 5 7.59 219,686 68.96 62.14
A A e 3-2 10 6.68 148,114 50.82 44.39
A Ao 3-3 15 5.57 117,250 50.33 46.52
A Ao 3-4 20 2.81 179,454 48.58 45.87
A Ao 3-5 30 1.94 165,238 38.52 37.34
A Ao 3-6 50 0.77 239,845 13.68 11.03
A Ao 3-7 80 0.38 320,344 1.64 1.09
Ao 3-8 100 0.24 426,894 0.16 0.08
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w

)2 ZAElE A9, 50% olste] AVIE R, AEx EAo] Z7legt. E3)

50 nm ©]F(AAe 3-6, 3-7, 3-8l M= 3

2
ki
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i
f
o
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=
N
N
]
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P‘L

A gaslel Ad BEPF AFE F@. Ao, $58 EPAFS Ax

817] 19 5-15 mn FAC] Ag Aol AFF A FAGILH

[0305] <A@ d] 5> F5A3E (Mo0:) S E§3 B3 FHd390 B3 59

AF(DY AEE % FHE 54 ¥7} A%

[0306] 7] <dAlel] 4> A FHdH HF FHA=(D Hepe] A== B

of ¥ASAT. of Wl 714 B4E ¥ o] e, FAHE SHL £ o

[0307] [¥& 4]

5 A= A aAR Atete AVTintegrated AVTcalcutated
[nm] [Q/sq] [S/cm]

2 A 4-1 5 5.35 305,899 99.61 99.71

A Ao 4-2 10 19.46 51,388 98.67 98.63

A Al o] 4-3 20 37.07 13,289 97.75 97.52

A A 4-4 30 66.12 5,817 94.17 92.07

2 Al o 4-5 50 71.60 2,971 92.48 89.27

jl
i)
ol
O
X
ol\

bR A, ol wed HE=EVE 3l shARE, FAlCl Aaglol
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90% o]l AVIE Htk., E3], 20 nm AE 7hA 9] ®HolA photopic response

region?l 555 nm H-+9 FH=7}

kit

SoRM T F& AV IS 7|=3 . A3
Ao Moz W AE® wjiEo & FHAFGoR ASHY] s, HE £33

o AgHolol s, FAE 20 m Hol A ARE AL BASA.

[0310] <Al 4] 6> F%(Au/Ag)S EFT HF FHATA 5 F34=

(/5 F8452)9 A=x: 4 F4= 54 371 2%

[0312] [& 5]

g A 7 AR A AVTintegrated AVTcalculated
[nm] [Q/sq] [S/cm]
A A e 5-1 1/5 1.81 626,855 58.52 58.44
A Ao 5-2 1/10 1.73 520,383 49.53 51.04
A A e] 5-3 1/15 1.16 606,990 50.19 50.67
A Ao 5-4 1/20 0.70 694,423 43.74 43.24
A Ao 5-5 1/30 0.39 889,909 32.34 31.32
A A e 5-6 1/50 0.19 978,506 11.29 9.23
A A e 5-7 1/100 0.05 1,935,554 0.14 0.08
A Ao 5-8 5/5 1.36 583,543 72.04 74.83
A A e 5-9 5/10 1.08 611,413 64.07 67.01
A Al e 5-10 5/15 0.81 626,072 57.59 59.31
A A e 5-11 5/20 0.64 671,638 48.27 48.96
A A e 5-12 5/100 0.05 1,610,372 0.15 0.07

[0313] 71 % 29 % 50 yebd A3} o], Aue] FA7F S7hetkel whel
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=

AEEs FHAshd, AV grol S7bkste]l F3=7t aA Fr7reeh. =8 47 1 3%
3 50 vER A3 o], gk Age] FEOA A EfjoR AREe FHLETL
B A FrekE 54 Bt [dE 59, (A 3-1 < AAld 5-1, AAl4
5-8), (AAld 3-2 < Aol 5-2, AAld] 5-9) 5] ¥, F7% Agel F-ZelA
T Auwd Eo R AELEVE A FrERoY, FHEE A W gl 5AS
HAT. [S B0, (AAd 3-8 < AAd 5-7, AAd 5-12)] o]g3 A=
E3ll, Au®t Agol A AloE S AR WIE dARwe FETF 52 53
Fgds gAo] 7hed A g 5 gl

[0315] <A@ d 7> &% (Au/Ag/Au)S E3F 5 FHASY 53 784

S/ EFFFPAS2)/5E F84503)Y A=k 2 73 E4 7t 23

[0317]1 [& 6]

g A 7 AR A AVTintegrated AVTcalculated
[nm] [Q/sq] [S/cm]
A e 6-1 1/15/1 1.20 489,796 56.3 56.9
A Ao 6-2 1/15/2 1.25 440,953 50.3 50.9
A Ao 6-3 1/15/5 1.24 383,447 49 .4 51.9
A e 6-4 2/15/1 1.08 512,908 54.3 54.8
A A e 6-5 2/15/2 1.00 506,910 53.1 53.1
A e 6-6 2/15/5 1.02 444,578 49.2 50.5
A Ao 6-7 5/15/1 0.81 583,090 54.8 57.2
A Ao 6-8 5/15/2 1.75 259,500 59.2 63.5
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| 2xd 69 | 51555 | o0.81 487,900 50.6 5.9 |

[0318] 771 3% 59 3% 60 Yl 213 o], Au/Ag %9 Fetel AuTo]
F7tE AT HWuA, dilee &% Aoy, TR G AVT ghol S
© B¥S BAT.[dE 501, (AAd 5-33 AAd 6-1), (FA]e] 5-103 2Al4]
6-7)] T3, HAEO] AT FA FUHESTS, AEE A uiH] FHE7F Bl
StAY &2E FUhe AEgS BT [AEEY, HAAld 6-4, 6-5, 6-6] AH}Ho=,

=] 2Au e st wel Aol Bk SAS Alod & s A

[0320] <A@ o] 8> F<4(Au/Ag/Mo0:)S X3S B3 Fgd=Eel B3 59

f
Jm
o2,
o
)
ih)
::1,

AF()/2FRFAF(2)/2F F92F()Y A=E % £33

FRAF(3

sy
1=
L}
1o
r>~l
=
=
S,
i
&
=
J|m
oX,
o
o,
N
N
ol
ol
~
o
:C|>L_'4
0%
~
A
>,
el
2
)—A
N

<A@l >0 FAR WHS Agstel BAFHAY. of W A/H S4L E 7o b
B, FE 54 =179 vheh

(03221 [& 7]

5y A= A AR s AVTintegrated AVTcalculated
[nm] [Q/sq] [S/cm]
AN 7-1 1/15/5 0.52 863,883 53.24 54.18
A 7-2 1/15/10 0.70 518,546 56.88 57.28
AN 7-3 1/15/15 0.92 356,093 66.30 67.25
AN 7-4 1/15/30 0.74 288,191 62.46 62.69
A A 7-5 2/15/5 0.81 554,950 59.66 60.81
A 7-6 2/15/10 0.83 436,390 59.87 60.30
AN 7-7 2/15/15 0.87 357,460 61.63 62.18
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A e 7-8 2/15/30 1.25 168,553 63.70 64.27
A Al 7-9 5/15/5 0.78 529,187 54.54 56.70
A A e 7-10 5/15/10 0.86 372,830 62.73 66.46
A e 7-11 5/15/15 0.95 300,067 63.63 66.43
A e 7-12 5/15/30 0.88 219,518 70.41 74.48

[0323] %37] 3% 59 3% 79 vpeERH A o], Au/Ag -9 Aetel Mo0s%

o] F7t2 HZF HWHA, AELE Ao, ZhA Gl A AVTELel

rr
=
-z
M
pRS

A F71E = EAS BT [dE 59, (AAY 5-33 Al 7-2, 7-3), (HA]

o 5-108 AAld 7-10, 7-11)] T3, Mo0:e] FA7F S71E4= dxk

Jm

Aol 2+
A3, AVTEEe]l A E71E s EAS HAT. [dEEY, AAd 7-4, AAd 7-
8, 18]l AAd 7-12] AHAH o= Au/AgTFEY Aol dielectric metal oxides

Ql MoOs7} m=isar, Ao W3ts Sl Fans A7 FAE 5 e A

o

s}
ol

i

st

[0325] <A@ 9> &4 (Au/Ag/W0:)S ET 5 FHASA 53 FH94

S/ EFFFPAS2)/5E F84503)Y A=k 2 73 &4 Bt 23

N

[0326] 7] <Al 84 AdE B3 FHAS(D)/5Y FHAT2)/E
3 FHAS3) 9] Ak 9 Fye 5AS HUlelr] s8] A7 <Aldd 1>,

APl 20 FAT PHS At BAs of W 4714 542 [ 8o

[0328] <A1 d 10> % (Au/Ag/W0s/s-W0s)S X33 B3 == B3t
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2A3(1)/ZHFRAT(2)/2F F94F

VY

/EF FEAFTMU)Y A= 2 F

}% 54 W7 29

ol

P ERASR)/2E FEATW) e AEE 9 Fiw 548 Bk 919
471 <A el 1>, <AFel 29 A WS A g3te] LA, o w A7)

= o
542

=

goll et 1, F3x EAS %180 ey,

[0330] [& 8]

5 A= e AR At AVTintegrated AVTcalculated
[nm] [Q/sql [S/cm]

2 A 8-1 1/10/30 0.67 358,785 66.20 68.26

2 A 8-2 5/10/30 0.72 306,462 69.34 71.42

A Al 9-1 1/10/30/30 0.59 239,060 69.66 71.82

A A el 9-2 5/10/30/30 0.63 210,145 73.34 75.54

[0331] 7%37] 3% 59 ¥ 89 vteld A o] Au/Ags dote] 58S &
Sk W0 5 SNFAHES T W0 T =Yooz v e WAES HGla, THA
B g 70% o]de] Wl FS AV S BT [dEE0], (HAd 5-29F 2

Aldl 8-1, 9-1), (AAldl 5-99F HAJe] 8-2, 9-2)] T3, AE%= 54X 200,000

[0333] <A@l 11> W59 7] BFAAY 54 B}
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[0334] 7] <AAJe] 10>WA] <2 A o13>, <H]ald Ao 1> WA <H] AL A
o 5>l A AxH WFEE 7] HFAACEFEE WA = 0.04 en’) = EEF AlEH o
El(New port Oriel, 100 mW/cm®) & At&3] 54 #4983, 2 23= 317 1 99
L ERH T
[0335] T+A o=, &2 AlEdelds t7] A2 (Air mass: AD 1.5 G &

Hz 543 HAAvt. =3, 7] &2 AEdolH = AIST-QISd 24

gl

71 A}
Z o] &3le] 100 mW/cm*2 A 717F BAEACE. 7] AAjo R Al a2 Ao 2] HF{-
et A% Keithley 2400 SMUS o] &35lo] =AH Q).

B, £ BgdAe] 54 |7k axel el AR

ol

[0336] & Al @dE &
% (short circuit current density, Jsc), 7B A $t(open circuit voltage, Toc),

I e (fill factor, FF) 2 37 W3 &S (power conversion efficiency, PCE)

k1

g 48, o 9, @ AHCEHE A AYHANM (L) + AFY

(G 1 / [OPE Ad(he) « T AF2E=(so) ]2 AREAS. =3k, Fd

rE

r U

a5(PCCE)e [P AFEE=(Jsc) = MY Ad(e) = E AE(FF)] / Pi(=100
mW/cm?) = Al2E A T}

[0337] [¥ 9]

7] HEFRA Jsc(mA/cm®) Voc (V) FF (%) PCE(%) AVTea1 (%)
AAd 10 22.8 0.838 70.4 13.5 32.14
A 11 20.8 0.838 69.6 12.2 28.68
A 12 20.2 0.838 70.5 11.9 28.17
A Ao 13 18.0 0.838 71.1 10.8 26.99

Hl A Ao 1 24.9 0.838 70.9 14.8 0.003
H| nl A A o] 2 17.8 0.838 68.4 10.2 16.79
H| nl A A o] 3 0.549 0.939 27 .4 0.141 25.47
H| A Al o] 4 0.767 0.353 28.4 0.076 21.33
H A A e 5 18.0 0.838 51.8 7.8 20.62
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[0338] 7] 3% 9o Yehd A} o], <Al 10> WX <2 A]o] 13>,

< IAA ] 1> A < IAA ] 5ol A AKE wEE/EEY e (F8A

9 UrEE BYHAE 10.2%9 PCES Kolm, 16.799 AVI#S Ho vo Ein
EAS BT, vl AAlo 3>(Au = 5 nm), <H|WAA]A 4>(Mo0s = 30 nm)ol] wha}
Azt vbEE g YA E 25 W$e PEE B o, 747 25.47%, 21.33%<] AVT
2 Hol, Agzlor e BEay EXNS wrh, 3 <vlwAAd 5>[Au(5 nm)/
Ag(15 nm)/ Au(5 nm)]ol whe} A 2E 9HER BRG] 7.8%9 @ PCEE H
ol 20.62%2] AVIE Hol, v 5E4& HlT. oyd Aye 7] <Aldd 3>
WA <Alge 5>, 2eal <Alfdd] 7ol SAHE FHEASY 5 FHAS A=

© o2 Rde gve waAz, i

rr
e
>
rL'l
AL
rlo
P
ki
ki
J{m
o,
=
2

[0339] A7) <AAJo] 10> wg} A#H 53 FHAS(1); 53 FHAT

S
8/
sl
i
of,
P
4y
S
8/
sl
i
of
)
4y
S
=
=
~
3
S
-
q
S
T
-
N
it
N
S
>
rr
(=
i
of,
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FRAS)[A/Ag/N0:]1e] F2E 7HAE HEE BEdAE Hd 12.2%°] PCE,
28.68%°] 32> AVI @hs HQlal, <dAld] 12>o mpe} Alzte 53 F8d5(1); &
T FEAF2); 5 FHAT(B)[Au/Ag/Mo0s] 9] FxE 7= HEE BYgHAE
FHo 11.9%] PCE, 28.17%9] =2 AVIZES Ho Joiyoz 943 vhEy g
A 545 BE3vh. B3, <dAJd 13> me} Al 53 £ 59 51
A5(2)[Au/Agle] 25 7HA= R EEdA A 10.8%9] PCE 3 26.99%2]
AT 545 Yebdth. o8 Aak= 7] <Aldd 8> WA <HAo 10014 =4

BB FRdge] dEE 9 TR Ade) AR, Be FAE @ AEE

[0342] <A@ 4] 12> W5 WA {7 HSFHdA Y &4 HI}
[0343] 771 <AAle] 14>A] <HAld 17>, <H| LA Ao 6>, <H] LA A

> A AlZzE R F7] BSAXCFEA W = 0.04 em?) = &8 Al EFH

(New port Oriel, 100 mW/cm®)E AF&3] EAS #4903, 2 A3+ 317 3% 109
e
[0344] [& 10]
7] BFHA Jsc(mA/ cm?) Voc (V) FF (%) PCE(%) AVTea1 (%)
ERERY 21.4 0.833 50.6 9.1 32.07
2 15 20.1 0.833 47.2 8.0 28.45
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A 16 19.6 0.838 45.8 7.5 28.01
A 17 18.5 0.838 44.9 7.0 26.79
H A Al o] 6 23.6 0.838 63.2 12.5 0.04
H A A e 7 15.8 0.798 37.9 4.8 16.57

[0345] 771 3 109 yEbdl Aapel o], <HAld 14> A <QFAJel 17>,
<H| L AA e 6>, <H|aLAAd] 7>l A A e wHEH/EEE WA B (3
4 WA = 1.00 en?)®] SAS H7F H vlastlvk. A7) <l Ao 6>(Ag = 100
nm)oll Wl AE EFEYW WA BFdxE Ho 12.5%9] PCEE R.1ar, 0.04%<]

AT SAS B, 382 AT 5793 54 B, vudA e 7>(Ag = 15

nm)oll wheb A= wHE oA B = Hd 4.8%] PCEE W31, 16.57%¢]

s

-

[0346] A}7] <A Ao 14> we} A #ZeE B3t ESHd=(1); B3 F

ol

1l

(2); 5 FHA=3); 5 FHA(4)[Au/Agh0s/s-W0s]19] 25 7HA = W7

ol

Ha g dxE= H 9.1%¢9 PCEES Holw, 32.07%¢ AVIZHS e, =&

[

N

T8 HEAA SAS BT =8, A7) <HAld 1550wt AlAtE 59 A
=(1); 53 FHA52); 53 FHA53)[Au/Ag/N0s19] 725 7HA = WHEE o
HA YA = 8.0%2] PCE, 28.45%2] AVIE H.Slal, A7) <dAld] 16> ujeg} A

e B FHAS(D: 5 FHAT2); 5 FHA=(3)[Au/Ag/No0s] 8] 725

N
—_
N
rr
rE
i
ol
=
0°)
)
=
o
2
N
rr
Y

] 7.5%2] PCE, 28.01%2] AVIE Hol, =2 A
53 3 B S UERITE, E=E, A7) <AAd 17>0] wet Az 28 B

A=(D); 5 FHEA=(2)[Au/Agle] x5 7HA = vHEW diwE B A A
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7.0%2] PCES} 26.79%] AVIE wof, Fujdom 53 wEy HYdx 54

o
<

EF

[0347] o]&d Aa= A7) <A Fd 11>9] A7e} npx7bA =2, vhEy oy
A HFAANAE B3 Fdae] 24 ®gE S3 7% v € FAAEE 7
A= R B FAA] Aol Thsde HolFTh,

[0348] <A @] 13> ¥HEH 7] HYAA S &4 B7}

[0349] 7] <A Ao 18>WA] <A Ao 21>, <H|WAA]e] 8> <H| A A
9ol Al Az¥ WEY {7] HFAXA(FEY WH = 0.04 cn’)= EEF Al EE o]

(New port Oriel, 100 mW/cm?)E A}&3] EAS &

1%

A, 1 A= s F 119
UEeRAL, =3k, AfE 7] BYRAA Y] Fye EAAS = 199 YER

[0350] [¥ 11]

7] HERA | Jsc(mA/ cm?) Voc (V) FF (%) PCE(%) AVTea1 (%)
A 18 20.7 0.818 71.4 12.1 41.43
e 19 20.6 0.818 68.1 11.5 41.02
A A e 20 20.3 0.818 65.0 10.8 31.61
A 21 19.7 0.818 60.6 9.8 25.49

Hl a2 Al o] 8 25.6 0.818 71.7 15.0 0.03
H A A e 9 20.1 0.818 45.9 7.5 9.77

[0351] 7] 3% 119 el ZAype} o], <AAJH 18> YA <AA]H 21>,

<H| G AJ o] 8>, <H]I P 9>l A AztE WHEH/ R B GFHACEEA Hz

1%

= 0.04 cm®) 9] 5EAES H7F 2 vwsn. A7) <dla A Ao 8>(Ag = 100 nm)ol wh
gt AzE EEY gddxe HAd 15.0%9 PCES B9 a1, 0.03%2] AVT EAS ®

o, &L X BEEdWs EAS Bt <H|wAAd 7>(Ag = 15 mm)ol] o}
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FEA=(2);

6]:]]—

=k
=

[0352] 7] <AAle] 18>0 whe} AZE FHAZ(1):

(3): B3 FEATFOA/AN0s/s 0] o) T2E FAAE wEY o

LHERY,

=
=

Hd 12.1%¢] PCEE Holm, 41.43%<] AVT

-
T

A

S(2); B3 FRAZ)[A/Ag/N0s]e) TE2E AHAE NEY b

d

tg Z

Bolar, 7] <HAle] 20>l wupet Az

=
=

9] PCE, 41.02%2] AVT

o

BT

(2); B3 FHASF(3)[Au/Ag/Mo0:]2] 25 7HA]+=

% E‘Oq )

ol 10.8%¢] PCE, 31.61%%] AVT

B3

=(1);

d

s

, A7) <A G 210 W Al tE BE B

FHAT(2)[Au/Agle] TFZRE 7HA = HHEE BRI RA] 9A] 9.8%2] PCES} 25.49%2]

_50

of 11>9] ZAi}e}

2k

T
T

[0353] 7] 23}

o] LBLAZol u}z}

o

wjr

-

o)
HH

0
;O

=K

At

-
[¢)

Ao 7}

[0355] <A| @4 14> vr5EH dHE §7] BFAX 9 54 F7}

101-74



2021-05-31

[0356] 7] <A A 22> X <A A|d] 25>, <H| WA A& 10>, <H]|ulA A| 4
11> Azd v F7] Xy W14 = 0.04 cn’)= &2 AlEd oY
(New port Oriel, 100 mW/cm?)E ARE3] 5AS #4903, I Ay 7] 1 129
YRtk 28, AR f7] BRI FRE 5A4S & 200 YET

[0357] [¥& 12]

7] BFHA Jsc(mA/cm?) Voc (V) FF (%) PCE(%) AVTea1 (%)
AA e 22 18.1 0.818 52.5 7.7 41.43
A Ad 23 18.4 0.798 47.0 6.9 41.02
AA e 24 18.2 0.818 39.9 5.9 31.53
A Ald] 25 18.1 0.818 33.9 5.0 25.61
vl LA Al o] 10 23.6 0.838 63.2 12.5 0.03
v A Al g 11 17.8 0.838 29.0 4.3 9.57

[0358] 737] 3 126 vebd A} o], <AAld 22> U] <HA]o] 25>,
<H| A A d] 10>, <H]wA A ] 11> A Alzte vt/ E5y gid eldd =) (3
g4 W4 = 1.00 en?)] 5A4S H7F 2 vlaegith. A7) <HlaAAld 10>(Ag =
100 nm)ol wet Az EFH WA A= Hd 12.5%9 PCEE Bl
0.03%°] AVT 5A4E& Ho, &2 =AY B5FE3 548 Hth. <Hlm Al
11>(Ag = 15 nm)oll we} A=k v oidl A g gdA= A 4.3%2] PCEE B3
aL, 9.57%°] AVT SAS B, Hlud v SAS BT

[0359] 737] <A A]e] 22> we} Az 53 FHAS(1); 53 F9A

N
1

(2); 2% FRAFG); B3 FHATOA/Ag/N0/sN06] S F2E FHAE W

ja7

o hH A AR = A 7.7%9) PCES Holw, 41.43%2] AVTES e, =& vl

g YA 54 wolth AGE WEE oud BFAae Ae % 200
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UEbTh. B, 7] <HAld 23> mhet AlRrE 53 FRAS(1); 53 FHA
=(2); 5 FHEA50)[Au/Ag/N0s]8] 25 7HAE bR givA BddA =
6.9%2] PCE, 41.02%2] AVIS HGal, 7] <2 Ald 24> whe} Azt 23 £
=(1); 5% FHA=(2); 58 FHA53)[Au/Ag/MNo0s] ] 525 7= B
A AR E AU 5.9%2] PCE, 31.53%2] AVIE Ho, ¥& Ae3 953 &
S vebdth. e A7) <A A e 25> whEt ARE Ee FuAS(1); 5%
FHAS(2)[Au/Ag]e] FE2E 7HA= vHEE oI A AR GA] 5.0%9] PCESE
25.49%2] AVIE Hol, g oz 43 W5y gddx A4S ey
[0360] 7471 A= <Algd 12> A} ARG A3S Heolw, Fad<F

o LBLA Sl weh v 52 AT 545 deplth, dadoer, 55 Fid=9

4 R AT 240 wE ¥ %L T 5A4S Rols WEW A Al
Zhol 7hs 3t

[0362] <A@ 16> ¥H& A F F7] HFAA EE9 E4H H7}

[0363] 7] <AAld] 26>, <H|LAA]] 12504 A zg WFgG/EEH §7)
AR EECEGSA WA = 30.0 ecm?) = &8 A& o8 (New port Oriel, 100
, 71 Ads= 7] 3 139 YERETE. E=gE, A%}
H v f7] AR Y] R SAS &= 210 UE

[0364] [& 13]

7] BFHA Jsc(mA/cm*) Voe(V) FF (%) PCE(%) AVTea1 (%)
A e 26 2.3 6.3 41.6 6.0 20.24
H A A o 12 2.9 6.3 48.7 8.9 0.17
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oF o], <HAfd 26>, <H]ALHAJd] 12>0]

T

o

0

30.0 em®) o] &

A7) <ol Ao 12>(Ag = 100 o)l whet AlztE R

bt

fite)

7] <A Ao

LHERI T

=
=

B3, 0.17%2] AVT

=
=

A 8.9%¢ PCE

=13 A5 (4) [Au/Ag/N0s/sN0s 18] T2E 74 =

=
=

Har, 20.24%] AVT

=
=

°] PCE

WA (0.04, 1.00 cm?)Y

o A

| oA 25(30.0 em®)oll A 7] <HAlo] 26> 4 YERW 58

H

o

b npel o] A7) AAld, Ml A Ad], Al

S
T

A7) 7=

-
T

[0366] - ol A

23!

_50

A Z

= oy

5

=
==

E’l_

S
=

|

=
=

glom, &7 oA
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[37R4]

(373 1]

1

T
T

BEEERLE

i

s 7] AR 2,

(373 2]

o 91o1A,

&

A1

1 o]ﬁ;

-
T

omnE Ay

i

(373 3]

o 91o1A,

&

A1

(poly(3,4-ethylenedioxythiophene)

dl s}gt=°] PEDOT:PSS

[(9,9-bis(3'=(N,N-dimethylamino)propyl)-

sulfonate), PFN (Poly

polystyrene

[(9,9-bis(3'-

(Poly

PFN-Br

2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene)]),
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(N,N-dimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene) ]
dibromide), PDINN (2,9-Bis(3-((3-
(dimethylamino)propyl)amino)propyl)anthral2,1,9-def:6,5, 10-
d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetraone), PDINO (2,9-Bis[3-
(dimethyloxidoamino)propyl lanthral[2,1,9-def:6,5,10-d'e"f']diisoquinoline—

1,3,8,10(2H,9H)-tetrone) & o] Fojx Fo 2 HE MElr) = | oS E3s= A

filo
J{m
o,
o
tt
ol
rr
Jo

7] Ak 2t
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(7% 7]

Aol glelA,

FEAATE AAFNE Z24,8-H] = [5-(2-d A )-4-FF 2 Z-2-F| | g
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[= 1]

160-1 B8 EHH 1

150 8| 2 Hol+ES5

140 BRAT

130 5 1 HalREE |
1205 1 B3 (ITO)
11078 7| (glass, film)

E 1a

160-3 =& FHHES 3

160-2 £ FHHS 2

1601 =2 FEHF 1
150 M| 2 HEtrEE

140 BEES

130 5| 1 B2 S
120 31 B3 (1T0)
110 £ 98 7| ® (glass, film)

£ 1c

1602 S FEHI 2
1601 ST EEHHS1
150 Hl 2 Hél+=&F5

140 FHAS

130 1l 1 Hot=ES |
1205 1 E3 (ITO)
110 £ 7| (glass, film)

E1b

1604 B SEHHI 4
1603 28 FHHI 2

1602 T FHHS 2
160-1 £ FEH= 1
150 Ml 2 Hal+=&8

140 FRYE

130 Hl 1 Hel+E5
1203 1 = (ITO)
110 &8 7|2 (glass, film)

£ 1d

160 M 2 H= (ERR)

15052 HorE S

140 BRYE

130 4 1 HotrES
120 % 1 FS (IT0)
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x 2a & 2b

£ 2c & 2d
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| 1601 H& EFHS(1) Au
120 M 1 3 (1ITO)
110 £E 7| T (glass, film)
£ 3a
1 nm 2nm 5 nm 10 nm 20 nm

£ 3b (Au thickness)
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10 nm 15 nm 20 nm
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£ 4b (Ag thickness)
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10 nm 20 nm 30 nm 50 nm

& 5b (MoO, thickness)
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1602 58 EEH2(2) Ag

1601 B -!!!Em

115 nm 110 nm 115 nm 1/20 nm
1/30 nm 1/50 nm 11100 nm

= 6b (Au/Ag thickness)

55 nm 510 nm 515 nm 5/20 nm 5/100 nm
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160-2 58 FBTS(2) Ag

1601 S FBH=(1) Au
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