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(57) Abstract: The present invention relates to an organic thin-film solar cell in which a substrate, a first electrode layer, a ZnO
nanorod layer, a photoactive layer, a hole trapping layer, and a second electrode are stacked in sequence. The ZnO nanorod layer
comprises a plurality of ZnO nanorods, and the contact angle that the ZnO nanorods have with respect to the surface of the first elec-
trode layer is at least 70 degrees. Due to comprising the ZnO nanorod layer having an interval within a length range where exciton
can be diffused, the organic thin-film solar cell can effectively transfer the exciton and have excellent photoelectric conversion efti-
ciency.
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A&3tE AEE 92A HEAAE dAZ el e HEHA 2xE g2
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Frleet gAY FoRHEE AVE A= AAL ZA EAE ¥
B 4 ded, 2 49 a&S SugFo=EA AA HEHAY FHAASFTE9

AMA SAs FEA

ol

WAlolth, e et

o] HYFFE&

rlr

53

ol



WO 2015/034136 PCT/KR2013/011294

HEHAAY B9E A2 BY, 2827 32 F58 024 HOMO(highest occupied
molecular orbital)® &7} LUMO(lowest unoccupied molecular orbital)=
Aolxo] JAEES FASA Huh. nEAY AEEd wat 2ol7t Q)= s
ARt o7 100nm W& FAY A ZF(active layer)S A}&3tn o}, waby o
FANA FRT F BEFE F5T 5 Jolof smE ALgEE nExe I
%< 75 (absorption coefficient)”} 105 cm™ o] &3] Aof s},

F oA GAE HEFE FFEte A" dAEdAN A ATL
Teldte SAlelt. fU19 BlgAxe FwrEAY pn 2FL 04
TGRS} Ze dYE ojfer. duwrHogw nEA Y A M=
donor(p-type) EZZ= AEAE AHEst oW, acceptor(n-type) EFZE
LUMO7F nE AR e o2 F/ (a)Bi-layer (b)Bulk-heterojunction (c)Mixed
layer 9] E—E—X}b‘r.fullerene TE=A, Yx 379 RIEES AHEstn Y. =
donorQ! IEAtNA Fg FFste AHE AANELS JAE AAWAA 0%
AAHEZ AAE PAFEZA AA-AHIAE FAeA | 7

o
=
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olgd F e AR Aol Holof FH oy xuist A4E =3
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)

371 Al AS5FL 1T0(indium tin oxide), &, &, ZTZgo] &
SAbo]=(fluorine  doped tin  oxide; FI0), dFuFol E=3dE A3
SAol = (aluminium doped zink oxide, AZO), IZ0(indium zink oxide), Zn0-Ga203,
Zn0-A1203 2 ATO(antimony tin oxide) 2.2 o] o]zl TolA AEH F&£8 ¥

of

7] FEEFE ptype ZYT Y} n-type ZH F 3h} oA 38 2=

Hl

&7 FE3FTE p-type ZFH Y n-type Z2FHWE 1 : 0.1 W= 1 : 59

471 p-type EZEFH = =-3-3) A E] 2 # [poly-3-hexyl thiophene, P3HT],

Z2-3-Z2]-3-29E 2 H[poly-3- octylthiophene, P30T],
=g E}E}ﬁﬂ 'd # 8] d A [poly-p-phenylenevinylene, PPV],
Y (HSEEF2W)[poly(9,9'-dioctyl fluorene)], =2 (2-v & A], 5-(2-0) &~

AASAN-1,4-#d-AH D A) [poly(2-methoxy, 5-(2-ethyle-hexyloxy)-1, 4-

phenylenevinylene, MEH-PPV], 28 (2-99,5-3", 7' -0 g 2" 8 A)))-1, 4-
l‘H]‘%l%ﬂ‘ﬂ]‘é"fﬂ[poly(Z—methyl,5*(3’,7"—dimethyloctyloxy))—1,4—phenylene vinylene,
MDMO-PPV], % ©]&9 HEAZ o]FojZ FoA MeEm 1F ojite Zgn=
EataL; 37 n-type Bk b (6,6)-7'd-C61-F-E| Fo A =
HlE ol 28| 2 [(6,6)-phenyl-C61-butyric acid methyl ester, PCBM], (6,6)-3d-
CTI-F-E Yol A= Hgo| ~HZ[(6,6)-phenyl-C71-butyric acid methyl ester,
C70-PCBM], Z 2% (fullerene, C60), (6,6)-Elell d-C61-F-E] ol A =
"ol 28 2[(6,6)-thienyl-C61-butyric acid methyl ester; ThCBM],
BaUeFHE, 3 ]9 FEAZ o]Fojn Foa MuEg 1E o]ae) Y9 E

D



WO 2015/034136 PCT/KR2013/011294

b | H
A7l In0 Y=2=Ze A7) Al A== 99 Zn0 Al=Z(seed layer)ZE

BAske @A, A7) 0 AE=EFA Yol BEFFTEA HIgolEE A=s: gy

ABgPESE X ; T4
=5 &AL TR BEEITFTEA B ES A WA 2 A
AelHE AAstE @A E T8t Azx"E F Yo},

G271 AF-a27d ESTTEA £9e PS-PMMA(polystyrene—poly(methyl

methacrylate) ESFFEA 0.1 WA 20 2% 2 Lu] 80 WA 99.9 =g

47]  PS-PMMA(polystyrene-poly(methyl methacrylate) ZE2=ZZFA=
TR TAFO]l PS EF9 FHF EAHEo] 1,000 WX 500,000kg/mol ©] I, PMMA
=59 3T £AFe] 1,000 WA 500,000kg/molQ 4 A}

A7) A&t E2 PETS(phenethyltrichlorosilane) 2 3-(p~
methoxyphenyl)propyltrichlorosilane(MPTS) % &}} o) A8 x &8sl 2= gt}

&7 In0 UxRE=ZFE 7] BESIFFA HIZHolEr HZH"  Zn0
NESES HA YolEgo]E  dAlsto|=d o] E(zinc nitrate hexahydrate),
IAre D A E2}9l (hexamethylenetetramine) 2 &5 (DI water)E ¥ 38l=

Fhell JAANA ¢ FHo=E PHE F .
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Foll AN mE2HUTgE 80 A BasA dE EAo] dxd, o= 110 =

Holl Azt WA HA=LF(electron transporting layer)O 2 HAIMo] Q=
dgtotd, AbstEEHE Fol AMEEH, 24 AT ma 249 Qg Armglo]

AL & oA e F, & F ABEY Aol ssky] wEel).

o5, ¥ wHe YA Agsd, g 2.

F714% e g gAA
E 12 B EHY o Aade e fruket gk g
EWoR, olg Fusle MYsid Tt P},

T 299 o dAde mE friee gdAAE Z1wA110)0] Al
A=5(120), Zn0 Y=2=F(130), FZAHS(140), HFTEXIZ(150), =L A2
=5(160)0] £AH R AFH F2E e

47) 718(110)2 {8 ' 4939 F glon, o] PET(polyethylene

-

ZE NEFdo =z

terephthalate), PEN(polyethylene naphthelate), PP(polyperopylene),
PI(polyimide), PC(polycarbornate), PS(polystylene), POM(polyoxyethlene),
PMMA(poly(methyl methacrylate)), AS %], ABS =% 2 TAC(Triacetyl cellulose)
e I 2 2 fddtn £33 B2E Axd $ g

A7) Al AZ2(120) MOCVD(Metal Organic Chemical Vapor Deposition)
4, PECVD(Plasma-Enhanced Chemical Vapor Deposition) A4,
2HE Y (Sputtering) 34, o|W(e-beam) FX, d =z T, 2039 FA,
234 ZdY, J34 YUY, gy EFol= T gl TAYHL ALL5}o
Tds A7 718 dHd =xHAY "EPPE mygdozy

.__j_'_
FHET. Al AIFFA0L ALz JFL = BREBEoEN, A2

ol
o
o)
N
=
=
o)

C,
juis)

= T7F 2 EFZ FEA 2 EdAS 2= oo Exo)
449 4 Jdo. dE E9, IT0(indium tin oxide), &, &, Z2do)

|
ZAbo]E(fluorine doped tin oxide; FI0), <&FEuFol ©IH A3
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SALO] = (aluminium doped zink oxide, AZO), IZ0(indium zink oxide), Zn0-Gas0s,
Zn0-Al:0; % ATO(antimony tin oxide) Fo| gloun, ngAslz= ITO7} A=
T At}

71 Al ASF(12009 4R EHAE 0 Ux2E3(130)0] P49 5
AT,

371 0 WY:=REF(nano-rod array)(130)€ p-type AHoA AW
AN E(exciton) e FE317)e] AFs Tz= sixd, TAHORE, 7] In0
Y2259 FAE 1 WA 1,0000m, FAHoZE 1 WA 500mold, EuHe
0.1 W= 1000cr/g¥ = SAth. A7 MYolA Yrz=2o daEe Sguxg
=uigd ¢ Q.

71 0 YxREFS In0 NEF 2 A7) 0 =S4 dAgd =24
M In0 2=

B7) 0 YeREo HEZL 70°0)4, ulRHREAE 80°0] A4 0$

s SAlE 85001 F otk B dHoA Ay AEZS 7m0 A= Zo)A]

A4E 0 J=REZL JAY BEE dW E: SPun o=t ooz
Qo g,

d FANZA, 47 0 Y=2=E d9do] AuE rlE2ry 9y =9
T oA E 2@)F 0 Yx2Ee dde] 989 Yrxzcz  pam
EREF SEM AHE el Aol

OE TFAdEA, A7 0 YxzTze Ha

T D FATE(lamella structure)d 2= Uth. E 2(h)= SATZ
Zn0 Yi=2E3F9 SEM AFHE Yehd Rolt),

F71 Zn0 Yx:2EQ Folx 1 WA 500mmo]3l, o]LEtE m0 Uz T
olAAZ = 1mm WA 1,000mY <=

371 0 Yx2EFLE Al AFF9 BH ZEIEA HIgolE=
°jgsted FAHE o ol9t FHP 0 YT Azwie] oistes
T2 g,
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71 0 Y=EEF(130) AoE  FEAZ(140)0] FA T, Al
FE245(130)2 p-type 29 n-type Z v F 3} o] AL 8 4 Q).
37] p-type Y= @X}%Oiiﬂod Z2]-3-d 2 E QA [poly-3-

hexylthiophene, P3HT], &2]-3-Z2]-3-S€E 29 [poly-3-octylthiophene, P30T],

£ 2 g2t = d AH)d A [poly-p-phenylenevinylene, PPV],
2 (U5 EF 23 [poly(9,9'~dioctyl fluorene)], Z8(2-9EA],5-(2-91 &~
AL ZA)-1,4-3d A &) [poly(2-methoxy, 5-(2-ethyle-hexyloxy)-1,4-

phenylenevinylene, MEH-PPV], Za)(2-98 ,5-(3",7' -0 e g 2x)))-1 4-

Tﬂ]‘é%ﬂ‘ﬂ‘é%ﬂ[poly@—methyl,5—(3’ ,7'-dimethyloctyloxy))-1,4-phenylene vinylene,
MDMO-PPV], & o529 FEAE o]Fojx Fojr] MEmE 12 o]ie] Exe ¥y 3d
T Ao AB71 n-type EFEHE Az &A1 (6,6)-FE-C61-FE A=
g ol 2 €| 2[(6,6)-phenyl-C61-butyric acid methyl ester, PCBM], (6,6)-3d-
C71-F-HYANA = w2~ H Z[(6,6)-phenyl-C71-butyric acid methyl ester,
C70-PCBMI, E2 A (fullerene, C60), (6,6)-El ol d-C61-F-E] ol A] =
He o 28 2[(6,6)-thienyl-C61-butyric acid  methyl ester; ThCBM] ,

BaefE, 9 089 FEAZ oFoju Zold MU 1% o4s 23S

47) potype E@H9 n-type FEME 1 0.1 WX 1 : 59 FIu|=
THE 5 Yo A7) FBEFY FAE om WA 5m 5 Ao

47) ABEHFU50)S pekle] FHARBER A5 Telndy, Ashya,
AshbE, EfozsteE, A%¥sU 5L LFT 4 o, wRAss
da 2YndEe AT ¢ Aok YY) ABEIFL 47 FBES0 949
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S35 YEAol=E Azse AL Si-golH
Jabe w4 2R AY® Si dolm Al
2=3594 9EdoEs
A7) BE35YA WAEdolEst 248 domg AAse

=1
g 5 Ao A7) Si-delFE Siogh FHE0) w4 dolne

A7) AadsgteEz = PETS(phenethyltrichlorosilane), MPTS(3-(p-
methoxyphenyl)propyltrichlorosilane) $& W&oz xE: Egsle A} g3 2
At

7] AFA-A2F8 ESFEEA L9 PS-PMA(polystyrene-poly(methyl
methacrylate) EF5FFEA 0.1 WA 2053 2L o] 80 WA 99.9%F4S
ETE 4 Q.

&7]  PS-PMMA(polystyrene-poly(methyl methacrylate) &
TRE EAF] 1,000 A 500,000kg/mold) PS EE3 F@F Exlsko] 1,000
W] 500,000kg/mol] PMMA £5& £33 5 i},

=
e 0.0001 WA 100 vol%E E&sls §7]18wo] A7) Si-¢go]sE 1 B x|
A FG AAFG F, ooeer A ¥dxyd £ 9 471 #71

ofj
M
ot
=
rg
i
1o
Sk
f
N
X
)
olr
o
i)
i)
APy
N
o,
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o
o
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L
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[
1o
od
o%
9
N
N
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ol
i

d TAHAZEA, Z7] 0 YxREZL B235EH HIZYoEE 7n0
AES ASd F, A3 YolEZHO|E  ijsto]=e|o]E(zine nitrate
hexahydrate) R @AlelE We) E&te] (hexamethylenetetramine) S 225=(DI water)ol]
IAIZL FEHell A} F 50 A 100°CAA 308 WA 5A7 Hob 4
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AAGEL ©x AHH9 g Hgt Aoz, E dug A= Aoz
Y FHojq= ¢F "),

A Al o

AAo 1

IT0 7189 AlF @ SEd 170 7| B(A A =8
g 2z 1024 239 A3 F, dggz A
s
In0 AN=ZF9 A : Zinc acetate dihydrate 0.018mol, ethanol amine

0.018mols XEF3tE 0.9M olAZTZHS(isopropanol) LA 20mE Az}

)
BN
ol

50°Cell A 12A17F w¥keE ¥ 10mm/min®] TEESEZ A7) HEl® 170 7|9 o 78
R AxT T 400°Col A 1A17F 3tA(calcination)dte] AAA L S ralgdch,
EE5FFEA HEGolE9 AR Si0F°]l 300m. FAZ FHH Si
Aol#E 0.001vol% PETS(phenethyltrichlorosilane) EF¢ Lolo] 247+ =0}
ARt doly BT ] Y GEAYS FAYA7 F 247 A &
AHEE dolHE MAHSIATE. PS-PMA(polystyrene-poly(methyl methacrylate))
=5TTRA (T LAF: PS(46ke/mol)-PMMA(21kg/mol)) 2 EFAL TFste

&g 7] slo)s Eeo] AW 7 (4000rpm, 12)3FGor, 80°C, W aholA

4>

6AIZF AZ T 230°Co) A 2247 ol 9 &t
47) delslgel FHR BSTFYA GTdolEE 508 B F§do)
10%= 3]A 4 T8 A HAAIA A1 %%%%—@‘jﬂ H I go|E 3} 2 ‘%“o]:‘—ﬂ‘aé"

w0l doldzRE  23FFHa  WTdoEz B 22339
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dZeolEs) AxHAY. Azxy 22FFEA AZo0Ee S AL £ 3o

e AT}
n0 Y2320 A : Ay AzE BEE232FA dAZgolE % A7) 700
AlEZd  AHZF3 X o]AL Zinc nitrate hexahydrate 0.1 F{&Ax
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