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Fig. 1. (color online) Device schematic with light-

trapping.
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F2 AZO MEAEARFE W N SEME (a) 0s; (b) 10s; (c) 20 s; (d) 30 s; (e) 40 s
Fig. 2. SEM images of AZO films etched at different time: (a) 0's; (b) 10 s; (c) 20 s; (d) 30 s; (e) 40 s.

0.0 1: Height 8.0 pm 0.0 1: Height 8.0 pm|
(a) —37.9 nm (al) —68.6 nm

0.0 1: Height 8.0 pm 0.0 1: Height 8.0 pm
(b) ~288.9 nm (b1) —176.3

B3 AFEEREE G AZO I AFM B (a) 0 s # (b) 30 s, Jigik PEDOT:PSS ) AFM &, (al) 0 s #1 (b1) 30 s
Fig. 3. AFM images of AZO films etched at different time: (a) 0's, (b) 30 s, AZO coated with PEDOT:PSS,
(al) 0 s fil (bl) 30 s.

JE§ b b ] (0 38 0, ST R AR AE RS 5 RIMLS 3 7 4 TP 7 M — 2 K RSP st SR A AE. AR
K, TR — DX 33 T AR S A Rk Bk /. AR 5 TSR S A A R 7 AEAF NG T, R
PEDOT:PSS & v my BLR I /N RT3 351 JLF- 4% Rt S 245217 55, M NanoScope Analysis 45

178801-3


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

¥ 38 % 3k Acta Phys. Sin.

Vol. 64, No. 17 (2015) 178801

M A R AT 15 5013 JiE ik PEDOT:PSS (1) AZO 1)
RMS M 0 s(8.4 nm), 10 s(50.8 nm), 20 $(65.9 nm),
30 5(70.6 nm), 40 s(78.3 nm) 43 5 B K 2 i i 52
PEDOT:PSS 2 J5 10 s (5.3 nm), 10 s(33.3 nm),
20 s(37.2 nm), 30 s(50.0 nm), 40 s(57.0 nm). R
PA_E #4577 %0 PEDOT:PSS i 81 1) AZO 3 [ e
BT RAUFMEMRER, o7 LABG 1k B T3 1 2 7 a5 1)
AT 51 AZO I B4 5 B B A i P I e
R KA. i PEDOT:PSS Y78 v AR E vk
€ 7 PEDOT:PSS 5 AZO B HMmFEE. AZO 5
PEDOT:PSS 42 i AR 38 O, 725 /X A% i 14 fie
B < S8 5.

N TR B R 1 2 2 5 AR, FRATT A
PR T HEAT T SEM RAE, Wi 4 fiaws. MR
AR AR I8 P02 0N (6 23 T 25 5 78 B AR R 1
JEHEA AL B, AT 51 I AT B I . TERRA
() SEM 1] [l v, 73 /< 1) B B 5 LR 4 A W 4%
B, ORI T L ) B (B ) ) B A o
F R S E). AT LA A i T 2 AN
5 PEDOT:PSS B | R & S Hefuk, 1 Bt A 24
(78 i 7 PEDOT:PSS KR, RN FATEK
B30 s JE ) AZO/PEDOT:PSS i _F e i i 14
J7P3HT:PCBM Z J&, W&V JE 1 RMS i — 2 .

1.00 pm

B4 FRAEEN SEM El, AZO HHRJE e 7] 4 51
(a) 0s, (b) 30s

Fig. 4. SEM cross-section views of cells with etched
AZO at different time: (a) 0's; (b) 30 s.

iU AE AR b s 1) AZO & I 2 S I T
FErass, BATNAKIZE K PEDOT:PSS X4 X 5
JE ISR Z TS 22 P2 AR AR K R s, T A i
JE IR 3052 21 1) 2% e i L 22 5K

N T SIE A [R] JE s TA] 1) AZO A S T AR B
MIFE G RE 7, 46 T 2T 2 510 8 o 8] 1) AZO
JEE IR S AR PR B A, 4G 15 I s 1E AT 1B
ST, R T EIR T BT L (Vo) FRULE
& (Joo)~ AT (FF) LA R IR H kR (PCE).
30 s JEPRI AZO 1E N Bt () 7T B A PCE i =1, 18
B 7 3.45%, AH EL T %A T I I R A
11.29%; Joe N9.27 mA/em?, £ T 8.17%. FiE
B Voo JUFRRAZN, BN Ve EE RS AR
B HOMO R 2% 5 32 46 M BLHF LUMO e 2 7%
WRE. 10 s, 20 s, 30 s &P AZO Fi HLAR FLth 1)
Jse, FF F1 PCE & # 43 2 1 127+, 152 JE Dl [a]
N 40 s R LR BB K FE A PCE R B#0E B2 Eh s ok,
A Js FESEHE M. AT LA 2R S 9 AZO
By HIth B A FRAR, 545 FEIB Y o 15 30 235 1 2
3, (R TS ) ARG FL ) FF A 1R OK 5
20 J6 ok B ) ok K B R ) FE BRAR, {75 LR 1
PCE ATt B, AT ELF 7 #r R B 2.

RS TIERE

Table 1. Performance of solar cells.

JERE] /s Jse/mA-em?®  Voo/V  FF/% PCE/%

0 8.57 0.56 0.64 3.10
10 9.00 0.57 0.66 3.39
20 9.19 0.57 0.66 3.44
30 9.27 0.57 0.65 3.45
40 9.37 0.57 0.53 2.84
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Fig. 5. (color online) (a) Total transmittance spectra of AZO; (b) Haze of AZO; (c) absorption
spectra of AZO/PEDOT:PSS/P3HT:PCBM; (d) total reflection of solar cells; (e) external quantum

efficiency for devices.
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organic photovoltaics®
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Abstract

A major issue in organic photovoltaics (OPVs) is the poor mobility and recombination of the photogenerated charge
carriers. The active layer has to be kept thin to facilitate charge transport and minimize recombination losses. However,
optical losses due to inefficient light absorption in the thin active layers can be considerable in OPVs. Therefore, light
trapping schemes are critically important for efficient OPVs. In this paper, high efficient OPVs are demonstrated by
introducing randomly nanostructured front electrodes, which are fabricated using commercially available ZnO:Al (AZO)
films by means of a wet etching method. The etched AZO front electrode induces strong diffusion and scattering of the
incident light, leading to the efficient light trapping within the device and enhancement of light absorption in the active
layer. Such a nanostructured electrode can achieve an improved device performance by maintaining simultaneously high
open-circuit voltage and fill factor values, while providing excellent short-circuit current enhancement through efficient
light trapping. The best device obtained based on the textured electrode shows a 11.29% improvement in short current
density and a 8.17% improvement in power conversion efficiency, as compared with the device with a flat electrode. The
improvement in PCE is directly correlated with the enhancement of light absorption in the active layer due to the light
scattering and trapping effect induced by the randomly nanotextured electrodes, which is confirmed by a haze factor
measurement and an external quantum efficiency characterization. The well-established contact interfaces between the
etched electrodes and active layers are made, and thus reduce the impact on the open-circuit voltage and fill factor values
in OPVs. We thus conclude that the method of light manipulation developed in this paper will provide a promising and

practical approach to fabricate high-performance and low-cost OPVs.
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