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Fig. 1. (a) Structure schematic diagram of the inverted
polymer solar cells based on AloO3/MoO3 composite an-
ode buffer layer; (b) the energy level diagram of layers

in the device.
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Fig. 2. XPS spectrum of AloO3z: (a) Al 2p; (b) O 1s.
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Fig. 3. (a) The absorption spectrum of AlaOg thin film and (b) the corresponding (Ahv)2-hv linear diagram.
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Fig. 4. The absorption spectra of before and after IPA solvent by spin coating: (a) P3HT donor film;
(b) PC61BM acceptor film.
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Fig. 5. The SEM images of P3HT:PCg1 BM active layers before and after different solution spin coating:

(a) No solution spin coating; (b) IPA spin coating; (c) AloO3 spin coating.
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Fig. 6. The AFM images of PSHT:PCg1BM active layers before and after different solution spin coating:
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Fig. 7. The photovoltaic performance curves of in-

verted polymer solar cells based on AlzO3/MoO3 com-
posite anode buffer layer with different concentrations:
(a) Under illumination; (b) in the dark.
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®1 ETARWKER AlaO3/MoO3z 2 A B S 2 8] B 58 A 0K F RE L8811 RO P RE S 2

Table 1. The performance parameters of inverted polymer solar cells based on AlxO3/MoO3 composite

anode buffer layer with different concentrations.

Alp O3 IR B2 Voc/V Jsc/mA-cm—2 FF/% PCE/% Rs/Q-cm™2 Ren/Q-cm™2
W/0 0.64 8.62 63.86 3.85 11.9 853
IPA 0.64 9.92 63.37 4.02 9.9 553
0.1% 0.66 10.61 62.97 4.40 8.9 850
0.15% 0.65 11.04 64.46 4.64 8.1 1513
0.3% 0.66 7.84 53.34 2.77 16.5 548
0.6% 0.66 6.40 34.92 1.47 219 42.8

Rs: SRR, i1 J-V ISR Voo SERIR AR R HESAG B, Rey: JFBEHEE, 1 J-V BIEREEID Joc AR SIA) R HE

533,
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RIS
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PRI E AR ST AR M o S B R R T
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IS TG, B 8 AR 0.8 V i e A AN 2 1
9 10 Hz—10 MHz T 15 ) 22 A BH P i 1) 55 28
kI PO) e R A, AR 2. K
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b B B AL RR. 10 R, EEAREL T BRI FES
F I A) AR Sk #2. AR oL CPE-PER
Mg L b S T () BB R BT AIEL S () AN 2 WA,
FHXS T MoOg B4z il Z G B, A Al,O3/MoO3 B
A PHAR 2% 40 J2 1) K PH RE #5116 Ry BEAE /N — 45, iX
JE T AlbO3/MoOs & & PR 22 v JZ ik /N 17 7
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MAEAEAEAT Ry BR B3GR, VLA 5 & RS 2
{140 58 0 X PH R FL I PR 3% 1 J2 R B B 2 v 2 2 1)
MR E GEiERD>. s 4Ll TH
AlyO3/MoO3 5 A FH I 22 i 2 s it IR R 1. AN
B8 (b) 7T LA 2 3 & A B AE i S AL #8 A — AN e
TE A 2R 0, e A7 A R AR 3R T A SE B A Ok PR
MoO3 .22 3 |2 F1H Al,03/MoO3 & & FH # 22 i
JZ B K BH R Lt #3155 . R 43 79 S 112000 Hz
1251000 Hz. #I+ [1) 4% 38 i 18] 3 3 m) DL
T = 1/(2M fnax) R15. FIAH Al,03/MoO3 E 4 FH
Wz i 2 1)K BH i L 28 4G S8 /N 1) 7 {H, 15 B
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Table 2. The fitting performance parameters of al-
ternating current impedance spectra corresponding to

inverted solar cells.

et Rs/Q Rp/Q CPE-T/nF  CPE-P
W/0 16.1 246 514 0.77
AlyO3 14.3 444 1540 0.63
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Fig. 8. Alternating current impedance spectroscopy in the dark of the selected inverted solar cells based on

different anode buffer layers: (a) Nyquist plot and the corresponding fitting-circuit diagram; (b) the Bode plot.
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Fig. 9. The photovoltaic parameter attenuation curves over time of the selected inverted solar cells based
on different anode buffer layers: (a) Voc; (b) Jsc; (¢) FF; (d) PCE.
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Abstract

Inverted polymer solar cell with P3HT:PCg1BM as an active layer is fabricated based on Al,O3/MoQOgs composite
anode buffer layer. Effects of AlO3/MoOs composite anode buffer layers with the AloOs precursor solutions of different
concentrations on the device performance are investigated. It can be found that the AloO3/MoO3 composite anode buffer
layer can effectively enhance the photovoltaic performance and device stability of inverted polymer solar cell. The open-
circuit voltage (Voc), short-circuit current (Jsc), filling factor (FF), and photoelectric conversion efficiency (PCE) are
0.64 V, 8.62 mA/cm?, 63.86%, and 3.85% respectively for the control device with MoQs3 single buffer layer. In addition,
with the increase of the concentration of AloOg precursor solution, the photovoltaic performance of the inverted polymer
solar cell with AlaOs/MoOs composite anode buffer layer is gradually improved. For the Al,Os precursor solution of
0.15%, the photovoltaic performance of the device reaches an optimal value, and the corresponding Vo, Jsc, FF, and
PCE are 0.65 V, 11.04 mA/cm?, 64.46%, and 4.64%, respectively. The Js. and PCE significantly increase by 28% and
20%, respectively, compared with those of the control device with MoOs3 single buffer layer. Moreover, after 80 days of
measuring the device lifetime, the PCE of the device with the composite anode buffer layer remains at 76% of the original
value while the PCE with the single buffer layer is reduced below 50%. The improvement of the device performance
should be attributed to the PCs1BM receptor near the anode dissolved and washed by isopropyl alcohol solvent from
the AlyO3 precursor solution. At the same time, a large number of pits on the surface of the active layer are filled with
Al;O3 to make it more smoothly contact the composite anode buffer layer. Therefore, the contact resistance between
the active layer and the anode decreases, which enhances hole collection performance of the anode. Simultaneously, the
Al;Og3 layer can passivate the active layer of the device, thus improving the photovoltaic performance and device stability

of inverted polymer solar cell.

Keywords: Al;Og3, composite anode buffer layer, inverted polymer solar cells, ac impedance spectroscopy
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