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Abstract

Polymer solar cells (PSCs) have attracted great interest in the field
of green energy resources. However, the efficiencies of PSCs were
relative lower than solid solar cells. In this study, the p-type
semiconductor, NiOy thin films were unitized as hole transport layers
(HTLs) for PSCs. The NiOy, HTLs were optimized in terms of the
thickness and O, flow rate during growth. It was observed that the PSC
with 15-nm thick HTL, which was prepared by sputtering with 10% flow
rate ratio of O,/(Ar+0,), performed the best photovoltaic performance
with a 2.4% of power conversion efficiency (PCE), 8.6 mA/cm’ of
short-cirucit current density (J,.), and a 579 mV of open-circuit voltage.

It has been reported that the surface treatments on solid state
HTLs/or electron transport layers lead to significant improvement in PCE
of PSC. In this study, the surface treatments on NiO, were employed to
improve the PCEs of PSCs; including: (1) Os plasma treatment; (2) H,O,
treatment; (3) Self-assembled monolayer; and (4) AuNPs modification by
self-assembled method. From the results of photovoltaic characteristics of
PSCs with O, plasma treated HTLs, it showed that the J;. increased from
8.5 mA/cm’ to 8.8 mA/cm’ and PCE from 2.4% to 2.6%. It is regard that
the work function difference between P3HT and HTL was reduced by the
plasma treatment. However, corrosion phenomena of NiO, were observed
after the thin film was subject to the H,O, treatment and MPTMS
modification. The PSCs with H,O, and MPTMS treated HTL presented
poor photovoltaic performance because of the corrosion. On the other

hand, it was obtained that the PSC with APTMS treated HTL dropped the

iv



photovoltaic performance due to bad filling factor. Therefore, the post O,
plasma treatment on APTMS-treated HTL was introduced, and the
photovoltaic performance of PSC was improved.

To prepare AuNPs onto HTL, the self-assemble monolayer of
APTMS was performed. From the transmittance spectrum, there was a
absorption peak at ~520 nm of wavelength, which indicated the localized
surface plasmon resonance (LSPR) absorption of 50-nm AuNPs.
Therefore, the aggregation of AuNPs leads short contact between HTL
and Al electrode, and the performance of PSCs dropped badly. A post
deposition of 3-nm NiO, was performed to solve the problem. However,
no. improvement in PCE and IPCE was observed in the photovoltaic
characteristic measurements. It is suggested that: the density of AuNPs is

too low to induce the LSPR to enhance the absorption of active layer.
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PCE (%) = 2B % 1000 = —JseVoc 5 10004 (34 1-3)

100 mW/cm?2
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b AN E RN R i T PR SCER T B
Eipke o FHATIRT AT 5
Ja =Js [exp () - 1] & 1-4)
B JigetfeR i ~T 2 EARK) k% Boltzmann % # ~ e % 2
AT A VR S E(VOl) o AR KR T LI AR T 8ok

(USRS VeSS g

O BEL

"

Bl 1-7 ZEDS e mr ST ERRF -

FABATABEL ST ERIN STy s R
4 .
J =Jon = Ja = Jon —Js [exp (n%)—l] (5% 1-5)

TRz sHinr BRARFZ JVFHY Aol -8 B8+ o

"

Bl 1-8ExHias J-Vd 5 -

11



@JZOF%'{J& F@ﬁ%-'f’/”i,ku ’LLLFEm;B[ifF—P /Q@(VOC)
kT ] .
Voe = = In []Lh+ 1] (¢ 1-6)
F V=0 PE L CREGE 0 2 PR A R T i (o)

Jsc = ]ph 7 (1-7)

ERYEL XA R # % 3| P 5T e (Series resistance’ Ry) 3 I B
T I (Shunt resistance » Rq) @288 o ¢ B T e g Ml A &~ T BRAR
FIREZ G RIEE i BT A SFi R4 pnfka D7
2T A ORT A s DT o R BT S I RTE

2P 5 B 1 -9 ®H-9-r5m -

"Dk 2 2s

Bl1-9 %2 ABaidr ERTER -

PESRT NS 5

J=Jon—Ja—Jsn (* 1-9)

12



__ JXRs+V
sh —

(5% 1-10)

Rsp

ek B + =¥ -
RS A & sl

J = Jon = Js [exp (L) — 1] = (BE) G+ 1-11)

nkT

¥ V=0 J=J

nkT

Jse = Jpn = J [exp (B2 — 1] = (BE) (3¢ 1-12)

¥ J=0 0 V=Vee

Jow—Js [exp (52) — 1] - (=) = 0 (3¢ 1-13)

nkT Rsn

B
.

FILFE B A RE 2 JV EEd g %5 E ] - 10 B0

T

13



1-6 e X H £ 3+ & (Self-assembled monolayer » SAM)[9]

PAERE e THEET @B a2 RagApT T o p g

PSR A BHE R E T AR BA T AR p B EHNE
2l H

ES N R AL S R 1E R A S o £
B e T B2 afe A IR -
w ?:EA\—%‘%]K/\—Q-‘Q@IL BoEip T 8% p Fetg A 4

Bom A BT i Rk M hy B g B A S F iR T o

Re A g K E KT

FAZ P RiZp 3= @4 RO fm AR k4o 22
+3 R

OF A0 - ReDFEA B RARIMAFFE LA EER - A

=

B T AE AL R Benp BN

T\4

BT RPA T Bhfodoa i o

1-7 ®wEHZR T #-’-’— #=(Localized surface plasmon

resonance)[,1010]

]hmi:“ﬂll.‘h

' Electrc !I\l yud

a<< A

(A8 1 330 () vt 2H i )

)

BEE AR ) B



TFE RIS 2L Rend s TREF A pd T
FRESH L A0 hdog © ]\—?(surfaceplsmon) Ve YEE LG T

5
il
%

S AW S Ik S bR T TR

=3

FERZERD ST AL &R F S B 2T ]

BT Bt Etkad e £ jf(—"— FARFLT S BB A G 7 5J{f—i'—f
(Localized surface plasmon resonance) ° &3+ 4 & & % 2 pE

f_}%%#_—t/ Kﬁ)?ﬂl%ﬂhg,ﬂl}%ﬁ*

‘E

SR UG i Y BB RA G BRI P F TR
* 3T -k § M jioikn(Near-field optical microscopy) ~ % o 3 5z > § %

3% (Raman spectrum) ~ =~ Hs #c & # (Solar cell) @ i% & B jhrena j 23 B &

BT e

15



1-8 = fle i 3
M A !
#-3€ : Self-assembled monolayer modified ZnO/metal bilayer cathodes

for polymer/fullerene bulk-heterojunction solar cells

REE R (1) B

)

e /4 v/% it %ok 2 HL-L. Yip % < /2008/Appl. Phys. Lett. [1242]

a8 Al 3
 J % je i $4f 5 ITO/PEDOT: PSS/P3HT: PCBM/ZnO/Metal »
A 25 B EE AR Zn0 FRF A B AIE s FI* p

HHL IR B 5o FREMRERT RO Sl B 1-12 B

124557 o
Evac Evac Eyac Interfacial di polel
Interfacial dipole
3.0 + +
s Chmic
chottky contact
PEHTLAS 44 n PIHTLA3 4.4 | contact P3HTI43 44 |b,=0
= @, Metal
48 [V . IV 1 e v,
o =) Metaly, 2851l 0 | Memitv,, 22 a1l tl |
PEDOT 5.1 PCEM PEDOTS5.1 PCBM PEDOT 5.1]PCBM
PSS PSS SoM PSS SaM
Zn0 Zn0 Zn0
6.8 6.8 68 |
78 78| 79
(1) (i) (i)

B 1-12 < i T i bE7 2 B>)Zn0/ 2 B 7 & > (i1)ZnO/SAM/ £ %,
T PINBE > > F L2 BT & (1)ZnO/SAM/ £ BT 18> P 30

B e PR EHTE -

16



BRER A p EEE ST Ky ZnO Frautid 27 ko

Rt 2wy 2o ke prig® 47 - gl RH LSS R

N

MUA (mercaptoundecanoic acid) » £ & f&i* = » 8/ ¥ ZnO &% > st 13

p

BT % ABHTHRL A BT EY Zn0 B e RN B2

Eﬂ

ERHTEATH i d A SHRT S R TS
21-1pofkEr3kHeBTHLIBLTH RS0

Cathode Ve ! PCE R, R
configuration (V) (mA/em?) FF (%) (Qem?) (Qcm?)

Al 0.63 8.0 048 24 475.3 4.7
Zn0/ Al 0.60 11.3 047 3.2 392.5 3.1
ZnO/MUA/AL 0.65 11.1 063 46 1163.1 1.8
ZnO/LA/AL 0.64 10.6 039 26 216.6 79
ZnO/PETDAJAL  0.33 95 033 1.0 84.9 12.5
Ag — — — — —

Zn0O/Ag 0.54 8.8 037 1.7 1744 96
ZnO/MUA/Ag 0.65 11.1 061 44 1046.7 24
ZnO/LA/Ag 0.62 84 024 1.2 98.1 14.3
ZnO/PFTDA/Ag  0.16 5.6 029 03 37.8 12.8
Au 0.17 78 031 04 38.5 10.9
Zn0/ Au 0.57 535 023 07 04.2 28.7
ZnO/MUA/Au 0.65 10.7 061 43 779.2 27
ZnO/LA/Au 0.64 97 053 33 937.0 42
ZnO/PFTDA/Au  0.28 8.4 028 07 49.8 15:2

M AR 3!
%4 : Improving the efficiency of polymer solar cells by incorporating

gold nanoparticles into all polymer layers

1’?—?,‘/-& i>/= iF‘Je %k ¢ F. X. Xie ¥ 4 /2011/Appl. Phys. Lett. [1343]

%f-’ep\’g!

AR B RSt HE K AR (AUNPS) e~ 3§ 48 S B

)

A AR ) B



TP a2 G TR HIRL N % L B (PSHT:PCBM)# »
sk e e E Rl P o B 1 - 13 BH—13(a)fror o
R LR L DR St il DR il

At EREIBATE AR RA > 4o r AuNPs {§¥F 121G o

(a) (b)
1.2 i
—. A

5 L :g P3HT:PCBM 0.8
£ ——D
g 0.8 ~ os
-39 £
L] N 0.4
S04

02 T =

(b) PEDOT
0.0 200 o
400 500 600 700 800 20 40 60 80 100 120 140
Wavelength (nm) x (nm)

Bl 1-13 (2)AuNPs 3 3 o Spang 48 < it 05 do3 e e 07 c¥
(A3 NPs; B :NPs 2 # 452 & PEDOT:PSS 5 C : NPs & § 43¢
@i # & 5 D NPs 4 g2 & PEDOT:PSS #71 # 4 42) - (b)AuNP T %

LTI AT 2 18Rk TE kiR aiide o B3 e

Z 1-2AuNPs 827 PP BT 22 4R -

Device Ve (V) Jse (mAfem?)  FF (%) PCE (%) Rs(Qcm?)

0.61£0.00 835£0.09 61.92%£0.33 3.16 =0.04 3.05+0.03
0.61 =001 941 =028 6252*+0.66 361 £0.08 2.11 £0.06
0.61£0.00 885027 63.56+0.53 341 £0.11 292 +£0.13
0.61 20,01 9.74+0.57 65.00%1.02 385+020 1.93 +0.04

onws
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19 =364
*ﬁ@)ﬁkﬁﬂ;ﬁ’:}?;;‘f@%}gg\l —+l§%)§l1€_f LR R T L

12 ETFREA 2T BEARHS I R KA AT

RN

BT AT EEOCH[1202] - B

N

iﬁé’ﬂ@ﬁﬁlé‘;" e
it 74 4 PEDOTPSS ie 3 Tk B - @t i i ¥ ~ =l
PR N it 24 o 2 PEDOT:PSS B>t 55 ikl o € F 4e4p a8 & veh
Fadho A Al b ieFd G AT - AP %ET p AL EHHEE
NiOy 7 5 § 480 B30 L7 HTF Bl - &4 NiO T ik B
B2 B 2 RGEFE LB B FRE R 0 B FRIRIC 82 NiOy

A .

’Z .

21N

WEE T D 22 A e AR SR B EA B I 2
(HF 7 J]{‘*H NiOy & Wi i 3 7 22 F ~ (2)F1* Hy0, 248 NiOy & "2

Bk QYR E P AT S5 A NIOGR G (1Y B kEs

iy

B PR S B h 2 TR NIOy WA G ¢ B 2B 4
SR F LR NiO, & 3 ﬁ’*%} R el ’?‘ s 1 —TIJ?/&— ehig vk R

TERI-RFHE S &g % *%’11' EEIE A S Sk RAFH o

19
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2 RERGE

2-1 HBREAE

BEIEISSRS R

Bl2-1 AFHHET 23 EZRESBE -
BEZTEBIBAE AL ELALIFIE TN F AN EREE RS
FuoRAE S 2 X A 5 B2 (DC power) 2 S44E R 452 (RF power) °
BRELIELRE TP INER R EZRRAF T AT L F
FTAFERAS EEIBETTZRE LIRS B R
TR FHT GRS FTR AT L FMALTHE AR
S A 0 R W e AR A Ao BB RS .

AR SPIERET R R E 5 HUTTINGER 2 @ PFG 300 RF >
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B % 313?] ¥ 2 300 W o H 1FHE 5 5 13.56 MHZz £0.05% ©

Bl2-2 & o e[k o
AR SR HE R R W s S 2

T TRy S T a1 AR T

w FTF % 5 Harrick 2 @ 7 PDCO01 ¥ 7] % & #< 7 4% » High power %

29.6 W -

BREEHEEH

IR

~



AR BEARY B N R AR B F T T AT
FEFEFIRTTERD Bl 2-3B2-3-977 o £ E P MKk
Bdd »F F oM R~F it 2mp k3 B kR B> 7R
LEHPINGVR S F B A 01 ppmt T o FEpt v g £ 0F
HARF 2 5 5 AR 2 A8 2 o Ry 3 gk bienihar € 7 U7

£L RS §ALF RIS R IR F R A3 6

W2-4 &4 -

AP R EX AL ERHPINNFEEE > )55 Edward Auto
306 ° FAEPFVERETRE B A B M 10° torr 4T o H RIT L e T
il AL RV ERREBUBELEHEHZFFRER £ HH B

EFBUIFFIGEN GBS LG o ENE R IR T ERT R
22



k2R

22 ERAiLBpl

(a) Poly(3-hexylthiophene-2,5-diyl) > P3HT
v 8551 CoHsS

- 766

AR

ek

HBEEIER *214°C

P3HT % &> (Polythiophene @ f§ £ PT)eped $ » # 7 5 2b2
BRI FPTs 2 nh e hstz & 2 B8 248 % 2 ¥ (valence
band) > ;’g d i T+ 3wt k%P (n-doping) 0 & K m & ¢ B % >
+ (p-doping) > ¥ 7} = & i* & #$(bi-polaron) o & F 2% ¢ * P3HT it 5 T

33 AR

n

12 - 5P3HT ¥ 4.2 4[1434] -

(b) 6,6-phenyl-C61 butyric acid methyl ester » PC¢;BM
it g 5% 0 CyH0;

- 934

A

el

PCBM & Cg * 3% % 8% (Fullerene)2 i 2 4 o = s.3fd 4L

RERAEPE AL 4 £ B RRER I i AR
23
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PCBM it 5% 7 3 £ 58442 -

R CEIREE G

)

Bl 2 -6 PCBM H 48 g4 [1545]

(c) 1,2 Dichlorobenzene anhydrous * DCB
7 # & 1.2 mmHg(20°C)
PR R 1198°F

AR % AH A * DCB i® 5 PSHT & PCBM /3 A o

L,

[ .F";c f= B (I B

)

#l2-7DCB ¥ # 5 [1616] °

A8 R i i

P3HT » PCBM & B~ 0.02 g} ##53? > ARB 4 E 2 80
#1mL s DCB 4e » ¥ 457N > 10 B T A0 36 /) P 0 gL p
a ok FAFR BRI EES -
(d) (3-Mercaptopropyl)trimethoxysilane - MPTMS
it & ;% © HS(CH,);Si(OCHj;)s
gL 213~215°C

24



OCHj,
OCHj

B 2 - 8 MPTMS ¥ # 4 [1717]

AR BT p ke 3k MPTMS iF % 2 4F NiO, & %% 6 2
Ao kR 5 MPTMS £ 7 A2i3 2 iR4r= 0.25 M B {win iz -
(e) (3-Aminopropyl)trimethoxysilane * APTMS
it § 3% H,N(CH,)3Si(OCHs);

# 8L 1 91~92°C/15 mmHg

OCH; -
rhoo—gr—/’\\/ e

OCHj

Bl 2 -9 APTMS H 4§ 5 4¢[1848] -

AR &P e Sk APTMS (% 5 3 4&F NiOy & %4 o 2 4
Ao kR G APTMS & ¢ figi3 gl o333 M R {3 o
(f) Hydrogen peroxide solution
iL 8 5% HO,

% # & :23.3 mmHg(30°C)

0—0

B 2-10H,0, & %E.f‘%ﬁ[‘ﬁw] °

25
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P3HT:PCBM

NiO

X

ITO

Bl 2-TINiOGER F Bk 5 B Ba 22 BHTLEH -
AR it * 15 Qo ITO hir(w B LB HME ) & 5 2 F %P5

FEfR A2 FER 1 WIES S Ba R e 2 ITO A % 7 jixicE

(1) 333 Rales ARTHY 210 ~4 -
(2) Me AR ABRTHY Bk 10248 o
(3) MM iR ARTHY BiL10 4o
(4 Me@mAaF ARTHY Bix10 24
(5) A HpIoLaFARTH? B 1044 -

(6) #Zh A KOG B 2§ F eRde ©

P

ejriegriE 20 1TO Fhdr 2o » BBt p o 1% SR 5
AR CHNIOY)ER A L o AT R F chiedt 5 NiO e 41 o
HARZ2"*3mm- BEFL > M5 252 fcf 3

—

F o EF R 30SCOM #5H B F F R IR Bl(F §
26



TR/ R) o RAEEE L 274107 torr 0 RF # & 5 100 W o

SHRTA AU TRR L AR RREPREY & T AR

(1) f1* 24 % 52 %1 & % P3HT:PCBM 12 600 rpm ~ 60 ) % iF to
KR LSS S

Q) #fGFrdz A it eFabhRdL 30 24

CEIRERRIL

)

20261 -

(3) £ F B F W F 44T 48 100 nm -

(4) * Lk 2 48T 5 (Hot Plate) b i (7413 4 150°C~30 4 4 -

27



2-4 £ G ARE

FRRFHED S5 0 8 NIO EU R 5 e i - i~ F
FA(F F) MBS 5 274107 torr 0 i * high power %+ NiO, i
Wk RGO RBFRGELEAET LRFHFAFTER

HyO, % & jed® 2 5V 5 18 NiO, #%x » H)0, 03 7% @ Fe-K e
#0030 & 480 Hy0,0% i A W3 * 40 ~ 60~ 80°C = f88 & - & F &4
i S T

oA 33 MPTMS % NiO, 8 954 & AJ2 = 54 5 1 B fd
$ NiO, & %2 ITO 457272 » 025 MMPTMS % i # » %% R

e

s

AZWE 12 B P @ EAeELsF A3 RE NIO, F i 7
PR f R R B T DR R S R R R T o

f A it APTMS 5+ NiOy 584 6 A2 2 54 50 0 e ff
% NiO, &2 ITO 47 i% 2 » 3.33 MAPTMS A% ¥ ¥ 4246 12 B
JpE BRI T o2 S I kKB BT 5 A APTMS A i
RikicE o RIF A @S0 F &2 ARG Fpt FEA S
APTMS ¢ ZiAp 4 & & o

E3 AR EENIOE A 225 (¥R EF APTMS 2

b

NiO, ##5% 2 » 50 nm £ 2 K 3pkiR i » R¥pF % $8n Hize
PR RIS RAFB DT eRgs o AP B Y 2 50nm £ 5 &
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25 ERREBEAEL

## * © 3 B4 (Scanning Electron Microscopy : SEM)

FRELZFRFAS] TREREBERELERM AT Lo ]

4
F_

PR 2 R AR (S g S R A e AR R

BT F X EE

—\

SR B ELD AR R RO B A B

% o SEM R ikfatr RiEE 0 2 &G BIFE B kil £ TR
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#ehv Bk & (UV-Visible » UV-VIS)

B 2-13 & ohv Bk kg ik o

FoLMBE AL F PP LI A NT I RN R AR
BEDEREFF I FOTIEE GLRRG LH A LEITALED
A58 UV-VIS 3§ o {1 % 4o Hrenms 3 S g+ 444 bk 2 7 0k e
MAL N T AR I ERRT RS Tehed s TR B

e o

* B R LR

Bl 2-14 =B ER -
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4] 85 : Newport 69907 o

LB 0 50~200 W -

-.:--,;-'.5:
h AM 1.5
Sk a8.2° .|
N AM O

T HRE S F ARG AT E R R R T S A
&R MHEZF FE(armass AM) o A7 i€ * KR L L EE
fie AM1.5G erjpde > BB S5 & 5 100 mW/em® © AM1.5 {iﬁ = [E ko
* btk 480 S+ BB A b enksE B 963 W/m e

THER R




TAJVER G A BEVELA AR 2 kk ko
IPCE(Incident Photon Conversion Efficiency) £ /8] % 3
IPCE Ty » 58 & %5 g+ 05 2 fHonsd - Lk 5 0 o

BRATRA P I BT RN ~E S LT 2 o7

1240 X Iy oy
A X Py, .
*F B it ¥ A [PCE ) 5 5L %

% L X
Y

IPCE =

SREAE G XGRS

|

EF RS OTER T RSB AT A E R SRR
ko o

ek

Qe dus 17 & (AC Impedance instrument)[5]

Bl 2-17 2 inpeds 371k o

PR A S AR T ) A

[ SN - & ¥
SIEATE IR X S L]

$UIE 3 2 (Impedance Spectroscopy * IS) o % indf & il §iik-] » ¥

FWEBRT A NS RE T g SR T Y B

m"\; Ea /T\i %gﬂ—ﬁi%@
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b ko TILIEILE A IR AR BT FFRE TR I
AP E 2l o Bl s E a4 — IR A BRI E AT RS o
PRI FHB(T @B BTEAE G 2 RIEfod 5 s A o - i1
AHCT o R AT IEFE(Z) ) FediEd - F $% R(Resistance * & [E)% &
#%(Reactance ° ?#ﬁ)f’ﬁ%ﬁ v W Z=RHX e R AT (V)R
DEEF (R A SEF e LR IS L F R L EWEE
ToOMBEINVSRTBEHE TE V=R 4T 5 FPF 7 104p
e A2 3¢ V=47 %00 3 ¢ Z G I dalimpedance) ¢ [ T LT A
Toe FIR AR T s R 4 0 AR R PG TR AR

R 2R 22 RRp RS o B AR T o TR, N A LT

&
™
R
)
=
D2
=
03‘]\
N
=3
»}
W
=3
=
,a\
Jt
T

FEFid & 1A Ao blde L 1/Z=Y=GHB(Y ~ G~ B A~ %] 4
# % (admittance)~ 7 ¥ (conductance) % 7 4 (susceptance))e — £km 3 »

PN Y
Lt’bl‘ﬁ,ﬁ—’é

RIS

BOEERT 6 R A T DRI RLE > A 2 TR

AIEERT Y EANRL T TRILIRE o

34



3 REREFES

AR RFEGY NIOGEWITL F BB T8 2w dg

7

41

¥ NiO, &7 @ﬁ%l)é; B EE RS B NIO, e
P2z 45 Adl > RS EAG BAFELSZ NIO W HEBaT

£ RPFDR I o dm S G T BgE (DA F R
e U NIO, A4 o8 (7 2~ ()1 H)O, 48 NiO, & ¥ &

A Q)RED EEE LI ENOFE LG (DI p oXH

31 RATF CHNOYEEES F BABA LA 2R W BHA

EER

7 2% 1 NIOy & %5~ * PEDOT:PSS it 5 7 s H i T# 2 R F
@K o F BT # B 5  TTONIOJPIHT:PCBM/AL 47 ¢ +
B i Tt i Bl o0 2 454 NIO, AL 5 R B o
NiO, & B i 1t

AR FEFTFERBREG FE 5 10%) T H
NiO, &5 » 2+ u|HER A S5 5nm>10nm> 15nm % 20 nm ° o
B3-1H3—+224£3-143 37 @ § NiOyHWERH e

BB AES SLEFH A E LT T L G W AR Tt R B ek
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Fo g2 Ko BRAZE ISnm o AER TR AR YT E o a2
P F G od L IR DR R BT N FRTIFRZ G %
o R B R TR R PSR BT
RIFmRZEF L ST FTFLEFRS  RETFEK -
)RR @A ER S 1S nm 2 NIOGERC T4 Tk @A 2 <
Bie @7 e B xS R g bR @R HA 9.1

mA/cm’s B L T R 1580 mVs L F]F 148 %~ i B H 2w 12.5% o

_P\
[
(w.
1
B

7L A TR 15 nm B R 2 NiOGE S IF S B 2427

0
o -3
c 3
o
<
£ -6F —a—5nm
e —— 10 nm
R P —A—15.nm
o , , ——=20nm
0.0 0.2 0.4 0.6
Voltage (V)

B3-1 % F5R& NO, &4 "Féii}‘ﬁfﬁﬁie?]%;iﬂ%é‘é # kT IV
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£3-1 3 F AR NOEWIFE Tk @A 2 S B @0 Likg

Hoo

NiO, PCE Je Voo  FF Ry Ry
BR (%) (mAlm? @mV) (%) (@ (k)
Snm  2.0+0.1 8304 544x11 4343 276+£36  4.9+3
10nm 17404 8.6+0.6 55247 3546 444+130 1.9+0.2
15nm 2540  9.0403 5719 4741  218+2  4.0+1.3
20nm 1940  7.8+0.1 57645 43+ 30445  3.1+l.1

B NIO 2 F i WE F im g b2 it

IIF ﬁ%} lgﬁl’bﬁﬁ NIOX Enwp“j": 2 16 e 7‘ k’/n 'E_ )@-\:F—_ g
ré /@@i/ﬁf?—i Nlox Eﬂj‘f_‘ FE’J }1‘—5 NIOX /'\‘! ?_, H—gé_i /—?S

SR () B

)

[2222] e A P A EH ARG F s WMERT M > <+ 2T HREEF BB

EPUHE NIO, B P o 3 ~ F 5 i 2 v 6 5 10% ~ 20% ~ 40% ~ 80%

TR F EFf o T onR T 5B

=
e

c TP 2R @%}%°d

S BTERERFS ) 232 A DR KA RS f
T ‘E‘_ J 10%4%@{/&7&1 e NIOX /g}‘r; = 7‘—3\ ?_, i ’gﬁ%]}é] ?. 7 A

PHfocs b g o B A kR 4L BRI A2A 8.6mA/cm’ - B

S

R R D579 mV o~ A F]F D 48% -~ iy B E 1 24% 0 A %Y
FROMEFU D F B B0 TIRT LG B b AR N A
THF-TFHLGEFEF TR A T - KEFERESEI-2
F3-—20)F s fFRRFEFF F B D e q A THER
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FTHERFFENRFSBRE - REF F AT 6] 10%BRBITH L

Ni

L

AT S R O R BRI G A B A o T f

R Bl 0% A 15 nm B & e NiO, % i @ & i 4

THBRRATLAENT AT 25T T8 o
(a) (b)
1x10%
0 . 777 . N 5
s @
o of—m—nNp " = 22
(\fé‘ 3k ; < — KBy, 2
o / 2 20 / g
2 s , Ao =-1x10 s
B ) . = NG
g / —0— 20°/: =z E
3 —A—40% -2x10”° =
-9 o
| % ——=80% 4 = o=
L L L
0.0 0.2 0.4 0.6 10%  20%  40%  80%
Voltage (V) O, /(O,+Ar) %

B3-2 3k § f 58 NiO, OEie 2R i B4 2 ()% B it T %

RimJVd Mo OFFRRE L5 BHFT LH -

£3-2 Ak F FinR NIOGHENITS Tk Bk L s B Ts ki

PR PCE Jse Voo | FE R, Ra

~ ) (mAlm’ (mV) (%) (@) (k)
10%  2.3+0.1 = 8.2+0.4 57148 47+1 249450 5.2+2.7
20%  1.8+0.1 8.9+0.1 48415 42+1 24348 2.4+0.7
40%  2.0£0.1 9.4+0.4  525+5 4241 239416 2.2+0.4
80%  1.4+0.1 8.6+0.1 419412 40+1 25843 2.4+0.4
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N EJE2. NiOy B liTa s i cFRhA# S5
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te 0 NiOy &9 ey = [2323] > Flpt 4R NiO, 3 s Snfic b = i@ Roman, (&) #Hfif. 14 B

FRF LRSS BmE B REHBLTE S MIET S e

R AKT R BEHECT G R B EEERREE T E

£3
v

1333

A 88mA/om’ s BESTR 1592mV ~ R FF 1 49% i B
Boek 12.6% J FAESHA 0§ TRAILY 2R NIO,

l_} "%‘I}L 2L J
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BRI T T e



—a— Ref.
—A— Plasma-30 min

sc

J (mA/cmZ)

0.0 02 04 06
Voltage (V)

B 3 -3 NiO, &7 F @ﬁiﬂ’éﬁ;i W J\}?@E‘J‘it"%ﬁ‘é?% £ 2 im J-V

oA o

# 3-3INIOGEARF Bl 03 LI ILL SHa R % RSk

Loy PCE Jee Voo - FF R Ra,
(%) (mA/em”  (mV) (%) = (Q) kQ)
Ref. 24+0.1 84+0.1 58619 48+l 224+13 2.8+1.2

O, plasma 30 min = 2.540.1  8.6+£0.2 =~ 58745 50+1 189+8  3.3%1.2

H,0, 52

R SR IEoK S At HyO, e SV NiO, i W 17 4 o a0 4o
FPFER S 30 2480 e EUR R 2B 5 40°C60°C~80°C-d B 3-4
F3—4@)% £ 3-4+4345%% T 58 H0, dZ2 NiO, & "+
B R dAERFBEARY 53 30 BRI BREST S 00 4R
3-4 B 3—4b)7F HKRFEE LI SEF FIEE HO, &L 2. NiO,
AWHTE X EE RS 0 F HO R R §H 78 FARERT
ITO z. 7 & & » Tt 3o ) 35 fe i e HyO, #- NiO, & i = sl » @ 1%

Tk @ﬁ?«]}%] EREE > THEZETH @ﬁ‘ﬂﬁ, [CRU RN S8 I
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90
Ref.
75
—40°C
—60°C
60 | ——80°C
—1ITO
45 1 L 1 1
0.0 0.2 0.4 0.6 400 500 - 600 700 800
Voltage (V)

Wavelength (nm)
Bl 3-ANIO BT iF B85 57 il & H,0s &L 2 (a)* B it 77

KT VW s(b)F R

% 3 -4 NiO, FH7 Tk @%Jé]“ 3 fp B B HyOy Bl & ] (72 % FB 42 B

STy =

PCE Jae Voo — FF . R Ry
(%)~ (mAfem® (mV) (%) (@ (k)
Ref. 2.540.1 8.740.1 58849 4743 224+13  5.6+1

H,0; ' &

40°C z 0.140.1 _ 439+5 1640 - F
60°C - 0.10 439+7 1540 - [
80°C - 0.0 181441 29+1 - -

X VRN TS ]

AR BB A Y MPTMS iF 5 B 4F NiO W4k o 2 p X HE A

2]

F ko dB3-5H3—S5@)2 £3-543-55%87 > NiIOEWT

-~

F OB S MPTMS S48 A Bl T XTmgA S 00 XAl 24
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Fered o KB 3-S5 M3—5(b)F B FLFRLE LT 0 5 MPTMS A2
t5 2. NiOy %% 15 F 4 5 217 ITO 0% 15 & > 428] MPTMS 4 F ;¢
POHET € 8 NiO, & B Ni42F Ji > &8 NiOy # Wit 4 > R T
G REE > TRRZED TR BEE BL RESBLRS R

B 5 0% K F kS5 T MPTMS T 7% if & s ¥ NiO,

K1 + N e
B B R 2 o
(a) (b)
0f— 9 |
&
3k
5 —~
P X
E 4 -
3 —=— Ref.
> ole —0— MPTMS
1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 400 500 600 700 800
Voltage (V)

Wavelength (nm)
M3 - 5 NiOH - ik @8 & 55 MPTMS 452 ()% B it T3 % 3t

JVEAE(b)F %

% 3-SNIO H W iF @45 % 55 MPTMS 1 45 2% B i 3% £ ik %
ﬁ;: o
- PCE Jse Voe FF Ry R

() (mAlm” mV) (%) (@ (k)
Ref.  2.5#0.1 8.7+0.2  561+8 50+1 2064 5.8+22
MPTMS - 0+0  316+17 1941 - -

|

D

d ** MPTMS & % if & % NiOy [ %53E 7 % o BT > Tt scdr ¥



APTMS p e H 2 3 B NiO Bt 74 o i24F o d B 3-6 W3-

6(@)% £ 3-643—6F % E%F R 5 APTMS % & A&JZ {4 2 NiO
BT G AT AR L > LT Sl R

MmA 98 mA/em’ s BT R D525 mV s A F]F 1 43% i B

Herxk 122% - Bl3-THW3I—TF(b)E £ 3-T4 3 FrerulpiiEs A
$5 5 %= APTMS A2 2 NiOgE%W-H R %] » R4 2 3-3 FHL &

Tk A A T BB NOGEWRE . 2 TS -TRHERES

-

B4 i BAF4E 0 @90 B @RS 1o (QAPTMS & ¥ & NiO, %
WH BRI S B A 13D m@g;,,] R R RN R Rl T
FIE o FERFNFTHRLEEFIR > 5B APTMS EJ? 82 NiOy &

WE S SR HRIT A R F A (DAPTMS & 2 & NiO, 2 &

€20 NIO B W2 4785 iem i 258 34 5 e F] APTMS 7 {1
WA B BT B TR R T BT A R e

EiER o (QAPTMS ¢ ¥ NiO, % = e flo/f &b > @ % NiO, & 3¢
%

B T X B T4 o BT
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(a) (b)

70
o= 77

—a— Ref.
—~ L —o—APTMS
NE —a— APTMS-plasma 60
S - Ref.
- —— APTMS
Q
<% 9 50 —— APTMS-plasma
L L L 1 1 L L
0.0 0.2 0.6 400 500 600 700 800

Voltage (V) Wavelength (nm)

1 3 - 6 NiO, %% i 845 & 15 APTMS i3 452 ()4 B iv T3 £ 2 3%

JVd RE (b)F ik

%3 -6 NiO B2 B & i APTMS i 42 = B v T L ik%
g;; o
- PCE e Voo FF Ry Ry,
Ul
(%)  (mA/em”  (mV) (%) (@  (kQ)
Ref. 2.3+0.1  9.9+0.1 535410 4441 229420 2.840.8

APTMS 2.1£0.1--9.8+0.1 -529£18-40+3 320+£54 2.7+0.5
APTMS plasma  2.8+0.2 ~ 10+0.1  601%12 44+1 249+5 8.3+2.2

R B 5]l APTMS 89 0F @ § NiO, 7 Cie (7 AL »
B H SRk R TEIL R iR 2 0 {1 APTMS
P EE AT R Hp e A 2 F RS APTMS § &
SRR @A NIOER » F 2 &R KA @ sk d
KBRS KR X LWL AR T £ 5 KA APTMS i

*mzfﬁ‘f*%@ﬁg?]m%fgﬂ,*,}b'g;ﬁ? 5&; ]\’%fﬁ?rﬁ” X
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%% & NiO, 9+ 2. APTMS ; Kfodﬁgm 6 ®3—6()% £3-6

A3—6R %M 0 5 F THFF APTMS 30 ~ 452 Tk @45 4 NiO,
Eu BB TR P T AR TRFED R A DT

St
&

PR

‘/HL

&3

BAEY S RIEEDRRD 8 AT kRS B

I

10.1 mA/em® ~ B B % BT 613mV » L FF 1 48% ~ it B e on
3.0% o d PP G % AT (B3 - 7 FS3—A(b) 0 5 F R FIRE Re

ok AR RS T HERE T R R

1.6x10° | —=—Ref.
—8—APTMS

. —A— APTMS-plasma
T 8.0x10° |

x

0.0 1 I 1
0 1x10° 2x10° 3x10°
R(Q)

-
R
&H
i=

Bl 3 - 7 (@)l b o 3 > T B (2424, 25251 > Ry © ~ i 493

A (1) i

y [ﬁ:??n f's: ﬂ,-ﬁrj: (H ¥ ) @ﬁ}#ﬂ

R:AERTFGEHTIL  Reot LHKTF-LWHLREFTI
Co: LB EIFITTE > G M2 BT F o (DNIO FH1F 5 T iF

@ﬁ%l APTMS % ¥ 7 :If(qa*‘/’?’ APTMS z_ = Hric & % PR B FEFup 3 o
45




% 3-T7NIiO, E*W i 5 %k @ﬁiﬁfé; = APTMS 2 5 ¢ iT]%'}%'}%’ APTMS

2% B T PRk IR GE S dk

Ry R Ree Ci G,
@ (@ (k@) (@F) (nF)
Ref. 60.5 164 2.1 32 12
APTMS 57.1 150 1.8 33 16
APTMS-plasma 49.1 130 28 12 15

e
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X EFKIER
SR AT B ks T APTMS AJLZTF BB NiO,
e TRIESIER TS B H R REFEAERE > R R
TAEERS AT R p KSR P BEPT KL S
FIERp 2K NIO E Y > Wir 3 B a s BRRHELR

FHEFEI L od B3 -8M3-—87F HLHF EEIHA* APTMS

Bk s o R NIO WL § 45 RRARL SfCEAL B
#iE S0nm 42 A ALZ 25 J‘f: P B R 520

m¥ Lkt e Rl L AR RS kR P e

_—

T (%)

60 |

Ref.

—— 50 nm AuNPs
45k 1 1 1

400 500 600 700 800
Wavelength (nm)

< Haw R ﬁé—ﬁ %Z ITO/15 nm NiO,/APTMS-50 nm AuNPs /
P3HT:PCBM/Al> ¢ B3 -9 B3—9(a)% 4 3-8 43 87 F4rp ik
F 50 nm £ 2 K ARSI NIOGE W £ 6 2 S 8 8 438 LKk $ic

ARAEL BTS2 R D03 mAm’ s BETR 162 mV ~ AR
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F 131% s B S AT L 00 B3 -9 B3—9b)SEM B ot o
EA KRG BB PR BRE S F AR IET BT S B -

(a)

o
NE 3k
2
E o
58 —=— Ref.
a1 —A— AuNPs-23 hr
_9 1 1 L

0.0 0.6

0.2 0.4
Voltage (V)
B3 -ONIOHW Lk Bk £ 45 p e %] 50nm £4Ff(a) % 1 i

T A RTIR V¥ MZ (D)SEM F -

2
. PCE Jie Voe— EF . Ry Ran
U 1=
(%)~ (mA/cm” (mV) (%) - (Q)  (kQ)
Ref. 2.040 7.840.2 614%5 42+1 551%6 9.243.1
AuNPs-23hr = - 0.6£0.3 = 6243 3241 - 3

Flpt #-T e %1‘?»{1‘; 5 1 ITO/15 nm NiOy/APTMS-50 nm AuNPs/3

nm NiO,/P3HT:PCBM/Al » ¥ ® % 7 [# it APTMS #7i = = B ag T #

W

kBB ARA o f Rk

NI

ROKIEALE > R F R AFF 104
SR & 2Kk E 2 APTMS jff © o B3 - 10 #1-3—+0(a)%
#3-943-0R% %W R4~ K 3nm NiOEWT el £3 A4
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CECE SRR TR FA R R RS N PSRN
RRAEEEFARLE I TR ORAHLERT A6 B T

i TR R B @ PR TR RA T R iRk

)|

kR

DB iR A 0 7.8 mA/em® ~ B B

i

FREaS o d Lo

o

#ic

Pes

TR 1608 mV ~ A FF 1 A1% -~ a B MK 1 1.9% -

(a) (b)

—a— Ref.
—a— AuNPs-22 hr

J_ (mAlcm?)

sc

Ref.
= AuNPs-22 hr

L ) R
500 600 700

Wavelength (nm)

()

13- 1ONIO, 5 o @i i 4o 4 % 444 ¥ &R 4T 3 nm
NIO, 9502 (a) % 1B i T % % T 3% JV & SUb)IPCE it B 164 »c 5 41 34

(c)SEM H] -
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% 3 -9 NiO, & "7 iF @ﬁ%l/%i plea s ks £ RsTH 3nm

NiO, 92« Bt T % & St o

v

. PCE Jse Voe FF R Ra
7L 1=

(%6)  (mAlm” (mV) (%) (@) (k)
Ref. 2.6+0.1 9.2+0.2 594+6 481  237+6 4.4+0.7

AuNPs-22 hr  1.9£0.1 7.9+0.1  591£17 40+1 51649 3.8£1.3

FE B3 - 11 B3—(b)% £ 3 - 10 &30 Fe FOlE 23 & % % I
ROl > & EF AT BT Tk @ e FI LA &R &

T BT NG B TN TR o] TR @

g R 2 PHTREFCLTFI-THRPLEZEFVEREIXTIHEAR
W BT 0 R G EERTE R R o @ S IPCE £
RIEEFR(B3-10H3—10(0b) 50nm £2 F3ppsriid a7
]ﬁiiﬁmuﬂziéi\aﬁ B R 4 520 nm TR Sk B ez o dapid

PR R AT EZ AR RERRER A2 AL ARG

;:}]s;ig)aig AR 520 nm ¥ R CGE R BLenk o @ BN A T
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(a)

1.6x10° |
= 8.0x10° |
; —m—Ref.
—8— AuNPs-22 hr
0.0 |
L " 1 n 1 " 1
0 1x10° 2x10° 3x10°
R(Q)

% 3-10 £ 7 K App b iRaginfh 3 nm NiOy & %2 ~ B it 5

-

RO Rt Rrec Cd Cg
@ ) (k@) (nF) (nF)

A i

Ref. 498 226 32 13- 11
APTMS-22hr 454 856 .23 15 63
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FWEHBETH LA B OFRS 2 v Y 45 AL
3 N F L TR (R )hliEn 4 o gatlABa R B
Fredoo AT ZEEH NIO LT B A L7246 gL
3% > e P3HT:PCBM 2 NiO, e fi 6 @8 fho e g * B
#o BT AT RS T RFH T B SRS g2 S

B R B R

ol

B - A B A NIO, BHER 2 BRI ~ § o ant bl
R o WY F A 15 im NIOGE T i Bk 2 % 1 T4 4
kMR E W ER G RE2 AT 0 BT L B (2.5%)
MR AT NiOg B WrpFid » 3 o § B vh |7 et & NiO, & reni
THeod BT ML T > R T FE Y 10%
RO NIO E 2 Wi 4 it TF-TRFL B EF A
B TR S 24% « TR F 10%F on BRAEITH 15 nm BB 2
NiO, BHeie 5 i/ e 55 3 2 Tk Bk -
Foy T LA G JILD™ 2 5 NIO, e 7 4 6 2
LR R G AL 2 NiOCE ST F i 2 = B T8 & RpFihahig
oo 2R AT § T RGFE DS ST g NiO B s S

AR A IHEA RS R BB o a T RESET 5 Qiﬁ,%,%’
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30 #4452 NiO BT i BH 4 H < B L # MO ™% > Tk
Biha 4 R FERE T 8.5 mA/em® 2 3 8.8 mA/em® 0 i
B K 5 2.6% -
BEHEYZFER HO, ¥ NO, FWiE 746 AJl § oS % A
7 0 HoO, ¥ NiOg JE € s 2 AL en2 58 Rk B2 5d R F @ﬁi%l
BB RBESBATAT AL TREE RS oL kauft afaple
SEH & 5 & (MPTMS ~ APTMS)#t NiO, & 17 4 & &J® » j& 7 Bt % 17
o MPTMS F % ¢ % NiO, g s g it en® 0 R < B 7
O B T o F] L se APTMS #F NiO, %4 & 18 (7 AJd >
BV ¥ R e & B £ B BRI S o RIF DB R R FEL H
RIBRLT R T o B R K5 2.2% 0 HHIPIARTE T R F)
 (DAPTMS "2 i i # fiphy NiO 8 857t 3 fic - ()APTMS i 48 1t
A I R F?’m@%] P Flpta AT E RS Ky TR ’F ﬁz
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il NiO HEHL » #F 2B &R KAt & LR ERA 42
B/ %520 nm ¥ R R B aofe o sed A B R i BT o

KE S AF S S8 0 f 2T 50 nm & 3 4 340 NiO, 38 90 &
520 nm BTG R TR E RS o BB BTSSR AE
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