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Improved device performance enabled by optimized molecular
orientation in organic solar cells
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XIAO Biao', HU Liwen’ , WANG Liang
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School of Optoelectronic Materials & Technology, Jianghan University, Wuhan 430056, China)

Abstract: The morphology of the active layer has an important influence on the device efficiency of organic solar

cells. Tuning the molecular orientation in the active layer is one of the ways to optimize its morphology. This paper

aims to use a Layer-by-Layer (LbL) method to regulate the orientation of molecules in the active layer of organic sol-

ar cells, thereby improving the efficiency of cell devices. By adding different additives to the electron acceptor, the

orientation of acceptor molecule (Y6) in the active layer is adjusted, and the energy conversion efficiency of the op-

timized device reaches 16.2%. The active layer films were characterized by ellipsometry and grazing incidence wide-

angle X-ray scattering (GIWAXS). The results show that after adding 1,8-diiooctane (DIO) as an additive to the re-

ceptor, Y6 molecules in the active layer tend to be horizontally oriented, and after adding chloronaphthalene (CN)

as an additive to the receptor, Y6 molecules tend to be vertically oriented. The electrical and optical characteriza-

tion results show that the horizontal orientation of Y6 increases the exciton separation efficiency, and then im-

proves the energy conversion efficiency of the device.

Keywords: organic solar cell; Layer-by-Layer; molecular orientation; ellipsometry; GIWAXS; acceptor mo-

lecule (Y6)
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Fig.1 (a) Current density-voltage curve of device; (b) External quantum efficiency (EQE) diagram of the device; (c) UV-vis absorption spectra of acceptor

molecule (Y6) film with different additives; (d) UV-vis absorption spectra of PBDB-T-2F (PM6):Y6 films prepared by Layer-by-Layer (LbL) method, Figure
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(d) is a magnified view at the long wave peak
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Table1 Basic performance parameters of the device

PCE/% Voo/ V FF/% Jso/(mA-cm™2)
PM6:Y6 15.16 0.85 68.87 25.90
PM6:Y6+CN 15.01 0.86 71.62 24.36
PM6:Y6+DIO 16.24 0.82 74.80 26.35

Notes: PCE—Power conversion efficiency; V,.—Open-circuit voltage; FF—Fill factor; J,,— Short-circuit current density.
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Fig.2 (a) 2D grazing incidence wide-angle X-ray scattering images of films prepared under different conditions;

(b) Integral curves of the film in and out of plane directions
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Fig.3 nand k curves of PM6:Y6 (a), PM6:Y6+CN (b), PM6:Y6+DIO (c) films; (d) Schematic diagram of molecular orientation in three thin films
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Fig. 4 (a)Photogenerated current-effective voltage diagram of the device; (b) Open-circuit voltage-light intensity relationship curve of the device;

Photogenerated current-light intensity curves of the device at a large effective voltage (1 V) (c) and a small effective voltage (0.1 V) (d)
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