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Fig. 1. Structure schematic diagram of inverted polymer solar cells based on PDA/ZnO composite cathode

buffer layer and the corresponding molecular structures of dopame and PDA.
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Fig. 2. (color online) The absorption spectra of PDA

thin film under different self-polymerization time.
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Fig. 3. (color online) The AFM figures of different cathode buffer layers (a) ITO; (b) ITO/PDA; (c) ITO/ZnO;

(d) ITO/PDA/ZnO.
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Fig. 4. (color online) The photovoltaic performance curve of inverted polymer solar cells based on PDA /ZnO

composite cathode buffer layer with different self-polymerization time: (a) Under illumination; (b) in the

dark.
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Table 1. The performance parameters of inverted polymer solar cells based on PDA/ZnO

composite cathode buffer layer with different self-polymerization time.

PDA R&WH  Voo/V  Jse/mA-cm™2 FF/% PCE/% Rs/Q-cm? Ry, /Q-cm?
0 min 0.64 8.86 63.86 3.85 11.9 853.2
5 min 0.65 9.54 66.57 4.14 10.4 957.8
10 min 0.66 9.70 68.06 4.35 8.3 986.9
15 min 0.66 9.44 67.41 4.16 9.7 996.1
20 min 0.65 8.50 61.64 3.39 14.1 664.3
30 min 0.64 8.41 42.69 2.30 48.5 743.4

Re: SECHH, 2 J-V 2GR Voo A FIR IAIAPRMERAZ BN, Rey: BRI, 2 h J-V ik

FEIL Jsc SRS RN R R HESLA I .
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Fig. 5. (color online) Ac impedance spectroscopy in
the dark of the selected inverted solar cells based on
different composite cathode buffer layers and the cor-

responding fitting circuit diagram.
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Table 2. The fitting performance parameters of ac
impedance spectrum corresponding to inverted solar

cells.

At R/ Rp/Q CPE-T/nF CPE-P
PDA(0 min)  33.2  222.7 133 0.90
PDA(10 min) 26.8  415.8 115 0.89

3.5 HFPDA/ZnO 8 &BREHEHA
BHAE R sth SE ¢ AR R MR 5T

SR X BH FE b ) R M A 1l AR 1
R EE LM — BATE KA 0.2 mm 5
EREAEREMBENEE T BEEGERAY AR
BH e L0 () R 4, S8 5 FH 58 A0 AT e 53 e I ]
., M 7 B b A BH BB FR Vb B 4 T K. N T
Ti B AR, AT FAF GRS i T A — Ak
. 6 AP PDA AT PDA H %4 10 min i
PDA /ZnO 5 A BAMZE v Z (1) K FH B FL it 28 175 5K
36 S IAET T OGRS HBE R 18] ) 22 A A . N
Bl 6 m A H, 76600 h P, BIFIFE S Vo S AR FF
R, Jo YIBERT RN B, B 1T B A
M. FLETEPDA HItE M, A PDA/ZnO 5 & B
2102 B K BH R FEI #3141 PCE YRR T 15 512
SR, BATAT LIS A PDA/ZnO B & B2
T2 ()R B A8 H v 28 2R B0 o e ) e e 1

198201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66,

No. 19 (2017) 198201

1.2

1.0

0.8

Voe/V

04F —— 0 min

—®— 10 min
0.2 F

(a)

0 . . . . .
0 100 300 400 600
Time/h

200 500

1.2

1.0

[:::\‘:

0.8

FF/%

0.4}

0.2

()

0 100 200 300 400 500 600
Time/h

6 (MTIRE) BRiE T A FE A IS 2 B e s £ 6Ok 2 Bt e 1) 2 6k ih 24

L

(b)

200 300 400 500

0 100 600
Time/h

(d)

0 100 200 300 400 500 600
Time/h

(a) Voc; (b) Jsc; (C) FF; (d) PCE

Fig. 6. (color online) The photovoltaic parameters attenuation curve over time of the selected inverted solar cells based on
different composite cathode buffer layers: (a) Voc; (b) Jsc; (¢) FF; (d) PCE.

4 % W

K H PDA/ZnO 5 & B % 22 v 2 1 & 7 LA
P3HT:PCq1 BM Ay i 14 2 1 18] B 5 A 4 K FH R
M, B AFS T AN E PDA H B4 a6 A B g
WS RE . 45 R R M PDA AR AR
7] 24 10 min B 21 % i) PDA /ZnO & £ BA % 22 vh 2
/N T ZnO 5 ITO Z [ #E:fm v pH, [F B PDA H
ey N A k=B ¥ S R 1 W N R SO G
TR, I EE 7 f 775 88 R F I Hh AL
T, $Ermr 7 BH RS Fth i A0 B IR DA R R R A Ak
.1 HAHETE PDA M1E L, A PDA/ZnO 4]
W 2% 2 1) K BH R H v 28 10 35 B0 HE BE AT 1) etk A
EVE. thAh, PDA BA BIRGER I 1R 7E I B
ZnO FHIJZA 5y v, W g il £ 58 It 4 1) 22 v
X BH £ HL it 38 1R S — b 4 S 2%

RPN

[1] LiZ, Wong H C, Huang Z, Zhong H, Tan C H, Tsoi W C,
Kim J S, Durrant J R, Cabral J T 2013 Nat. Commun.

2]
(3]

4]

198201-6

4 2227

He Z C, Xiao B, Liu F, Wu H B, Yang Y L, Xiao S,
Wang C, Russell T P, Cao Y 2015 Nat. Photon. 9 174
Jiang X X, Xu H, Yang L G, Shi M M, Chen H Z 2009
Sol. Energy Mater. Sol. Cells 93 605

Lee K, Kim J Y, Park S H, Kim S H, Cho S, Heeger A
J 2007 Adv. Mater. 19 2445

Park S, Tark S J, Lee J S, Lim H, Kim D 2009 Sol.
Energy Mater. Sol. Cells 93 1020

Luo J, Wu H B, He C, He C, Li A Y, Yang W, Cao Y
2009 Appl. Phys. Lett. 95 043301

Huang F, Wu H B, Cao Y 2010 Chem. Soc. Rev. 39 2500
Yip H L, Hau S K, Baek N S, Ma H, Jen A K 2008 Adv.
Mater. 20 2376

Yang T B, Wang M, Duan C H, Hu X W, Huang L,
Peng J B, Huang F, Gong X 2012 Energy Environ. Sci.
5 8208

Kyaw A K K, Wang D H, Gupta V, Zhang J, Chand S,
Bazan G C, Heeger A J 2013 Adv. Mater. 25 2397
Woo S, Kim W H, Kim H, Yi Y, Lyu H K, Kim Y 2014
Adv. Energy Mater. 130 1692

Lee H, Dellatore S M, Miller W M, Messersmith P B
2007 Science 318 426

Ye Q, Zhou F, Liu W 2011 Chem. Soci. Rev. 40 4244
Lee H, Scherer N F, Phillip B M 2006 PANS 103 12999
Jin Y X, Cheng Y R, Deng D Y, Jiang C J, Qi T K,
Yang D L, Xiao F 2014 Appl. Mater. Interf. 6 1447
Lee H, Lee B P, Messersmith P B 2007 Nature 448 338


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1038/nphoton.2015.6
http://dx.doi.org/10.1002/(ISSN)1521-4095
http://dx.doi.org/10.1016/j.solmat.2008.11.033
http://dx.doi.org/10.1016/j.solmat.2008.11.033
http://dx.doi.org/10.1063/1.3157278
http://dx.doi.org/10.1039/b907991m
http://dx.doi.org/10.1002/adma.v20:12
http://dx.doi.org/10.1002/adma.v20:12
http://dx.doi.org/10.1039/c2ee22296e
http://dx.doi.org/10.1039/c2ee22296e
http://dx.doi.org/10.1002/adma.v25.17
http://dx.doi.org/10.1126/science.1147241
http://dx.doi.org/10.1039/c1cs15026j
http://dx.doi.org/10.1073/pnas.0605552103
http://dx.doi.org/10.1021/am402900u
http://dx.doi.org/10.1038/nature05968

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 19 (2017) 198201

[17] Jiang J H, Zhu L P, Zhu L J, Zhu B K, Xu Y Y 2011 [20] Kuwabara T, Kawahara Y, Yamaguchi T, Takahashi K
Langmuir 27 14180 2009 ACS Appl. Mater. Inter. 10 2107
(18] Lu L, Xu T, Chen W, Landry E S, Yu L 2014 Nat. Pho- B
ton. 8 716 [21] Wagner N, Schnurnberger W, Miiller B, Lang M 1998
[19] Cai P, Zhong S, Xu X F, Chen J W, Chen W, Huang F, Blectrochim. Acta 43 3785
Ma Y G, Cao Y 2014 Sol. Energy Mater. Sol. Cells 123 [22] Zhu G, Xu T, LV T, Pan L K, Zhao Q F, Sun Z 2011 J.
104 Electroanal. Chem. 650 248

Mechanism of inverted polymer solar cells based on
poly(dopamine) /ZnO as composite cathode buffer layer”

Li QiY Zhang Yong"?'

1) (Laboratory of Nanophotonic Functional Materials and Devices, Institute of Optoelectronic Materials and Technology, South

China Normal University, Guangzhou 510631, China)
2) (Guangdong Engineering Technology Research Center of Low Carbon and Advanced Energy Materials,

Guangzhou 510631, China)

( Received 28 April 2017; revised manuscript received 20 June 2017 )

Abstract

Inverted polymer solar cells with P3HT:PCBM as active layer are fabricated based on poly(dopamine)/ZnO
(PDA/ZnO) as composite cathode buffer layer. Effects of PDA/ZnO composite cathode buffer layer with the differ-
ent self-polymerization times on the device performance are investigated. According to the results, the short circuit
current and photoelectric conversion efficiency of polymer solar cells first increase then decrease with the increase of
the self-polymerization time of PDA. For 10-min PDA self-polymerization, the photovoltaic performance of the device
achieves the optimal values: open circuit voltage 0.66 V, short circuit curent density 9.70 mA /cm?, fill factor 68.06%,
and power conversion efficiency 4.35% under irratiation of light with a strength of 100 mW /cm?. We conclude that
the improvement of device performance is due to the PDA/ZnO composite cathode buffer layer reduced the contact
resistance between the ZnO and ITO, at the same time, the presence of a large number of nitrogen groups in PDA
is advantageous for the electronic collection of the inverted polymer solar cells. Meanwhile, polymer solar cell with
PDA/ZnO as composite cathode buffer layer also exhibits excelent stability. In addition, PDA has a strong adhesive
force that makes the ZnO interface layer on its surface not easy to fall off. This provides a new way of fabricating the

flexible polymer solar cell devices.

Keywords: poly(dopamine), composite cathode buffer layer, inverted polymer solar cells, AC impedance

spectroscopy
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