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Table 1 Photovoltaic parameters of P3HT: PC;; BM and PTB7: PC;; BM solar cells with different interlayers

BA A 22N Vioe/V Joo/(mAscm™?) FF/% PCE/% PCE/(Y%avg)
Ca/Al P3HT 0. 54 9.68 55.71 2.92 2.85
CHBPEK/ ALl P3HT 0. 54 10. 73 55. 65 3.21 3.15
SHBPES/Al P3HT 0. 54 10. 90 60. 88 3.61 3.55
Al PTB7 0.75 13.55 63.29 6. 45 6. 38
LiF/Al PTB7 0.74 15. 00 63. 04 7.02 6.95
Ca/Al PTB7 0.76 14. 92 70. 46 7.99 7. 80
PFN/AL PTB7 0.75 15. 81 68. 60 8.18 8. 14
CHBPEK/Al PTB7 0. 76 15. 87 73.10 8. 84 8. 80
SHBPES/Al PTB7 0.76 16. 20 73.34 9.12 9.08
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Figure 2 Molecular structures of PEIE, PEO, MSAPBS, DSAPS and DSABS
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Figure 3 Current density-voltage (J-V) characteristics of PTB7:PC;, BM-based OSCs with MSAPBS interlayer
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Figure 4 Molecular structures of PTB7 and PC;, BM and the schematic of the OSCs
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Table 2 Photovoltaic performance of PTB7: PC;; BM-based OSCs with or without interlayer and methanol treatment

BH % Vee/V Jse/(mAscm™?) FF/% PCE#/( % avg) PCE/( Y% max)
None 0.55+0.01 15.30+0. 16 45.5+1 3.83 3. 89
MeOH/ Al 0.76+0.01 15.87+0. 20 63.9+1 7.70 7.78
Ca/Al 0.73+0.01 14.95+0. 21 66. 141 7.21 7.35
MeOH/Ca/Al 0.76+0.01 15.27+0. 19 69.5+1 8. 06 8. 15
LiF/Al 0.70+0.01 15.75+0. 25 64.9+1 7.16 7.34
MeOH/LiF/Al 0.76+0.01 15.85+0.19 72.3+1 8.71 8. 89
DSAPS/Al 0.76=+0.01 18.20+0. 23 70.0+1 9.68 9.79

aSEH4) 50 N {E ( The average values of 50 devices) .
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Figure 5 Current density-voltage (J-V) curves under AM 1. 5G, 100mWe+cm ™ ? illumination

(a) the conventional structure; (b) the inverted structure
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Table 3 Photovoltaic performance of PTB7: PC;, BM-based inverted OSCs with or without interlayer

Interlayer Voe/V Jeo/(mAsem™2) FF/ % PCE*/( %avg) PCE/( % max)
ZnO 0.754+0.01 15.01+£0. 18 64.2+1 7.22 7.34
Zn0O/MeOH 0.75+0.01 15.83+0. 17 66.1+1 7.85 7.94
ZnO/DSAPS 0.75+0.01 17.01+£0. 21 70.3+1 8.97 9.10

aSEH4) 50 g I {E (The average values of 50 devices) .
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Figure 6 Molecular structures of polymers and current density-voltage (J-V) curves under
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Table 4 Performance of the Polymer: PC,; BM (a blend ratio of 1:2*)solar cells with various polar

solvent treatments with a wetting time of 2 min

TR b 3 Vo /V J"/(mAsem™2) FF*/ % PCE"/( %avg)
PBDT-DFBO
J 5.2+0.1 0.78+0.01 50.240.1 2.0+0.1
P i 9.3+0.1 0.82+0.01 52.94+0.2 4.040.2
2 10. 6£0. 2 0.83+0.01 64.740. 4 5.6+0.3
LTS 9.040.4 0.8040. 02 48.7+0.6 3.740.1
PBDTT-DFBO
J 5.540.1 0.8340.01 46.5+0. 1 2.1+0.1
P 9.140.3 0.8640.01 58.6+0.5 4.540.3 (5.0)
T 7.340.5 0.8340. 02 39.440.7 2.6+0.1
SR 7.4%+0.6 0.82+0.01 46.6+0.5 3.0+0.1
PBDTF-DFBO
P 6.940.1 0.7940.01 53.440. 1 2.840.2
P it 12.740. 1 0.8340.01 62.0£0.1 6.540.1 (7.0)¢
LB 11.0£0.2 0.81+0.01 53.040. 4 4.740.2
SN 10. 740. 4 0.84+0.01 48.14+0.3 4.4740.2

CSRAY PCHBM IR A LB 12255 4 2 I R 4% (v/ v /EZRIR AR OB RS EO 8 A 85 1R 10 7 2 B < ¥ 0 A

FHREFE] A 3 min,
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Interfacial Engineering for Highly Efficient Organic Solar Cells

LIU Zhi-yang, PENG Rui-xiang, Al Ling, OUYANG Xin-hua, GE Zi-yi"
(Ningbo Institute of Material Technology and Engineering , Chinese Academy of Sciences, Ningbo 315201, China)

Abstract: Organic solar cells (OSCs) with the typical sandwich structure use the conjugated organic materials as the
active layer to convert sunlight into electricity through the two electrode outputting current. These organic materials have
the advantages of wide source, lightweight and renewable, causing that OSCs have attracted much attention in the field of
clean renewable energy. The present research focus is still to enhance the power conversion efficiency (PCE) of OSCs
mainly by improving the active layer materials, optimization of device structure and interfacial modification and so on. This
paper mainly introduces the efforts of our group in interfacial engineering. We demonstrated highly efficient OSCs by
incorporating the sulfonic acid or carboxylic acid functionalized hyperbranched polymers to modify the cathode interface. We
reported the novel non-conjugated small molecule electrolytes as the interfacial layer for efficient OSCs to achieve high PCE
up to 10. 02% in single heterojunction conventional OSCs. We found that simple polar solvent treatment such as methanol
could optimize morphology of the active layer and enhance the performance of the devices.

Key words: Organic solar cells; Interfacial engineering; Hyperbranched polymers; Non-conjugated small molecule;

Polar solvent
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