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Abstract : [Objective] Solar energy is one of the clean and sustainable energy sources utilized to replace fossil fuels and produce
electricity. Among new-generation solar cells,organic-inorganic hybrid perovskite solar cells have attracted much attention in recent
years due to their fast growth power conversion efficiency. The most impressive advantages of these cells, compared to silicon-based
solar cells,lie in their capability of semitransparent films via solution-based methods, as well as their easily tunable bandgap and
color. Thus,semitransparent perovskite solar cells have become one of the most promising applications in this field. However, the
requirements and processses for perovskite solar cells vary across different practical application scenarios to achieve efficient
performance and high stabllity, posing significant challenges in optimizing the fabricating process and understanding the working
mechanism. To obtain higher light utilization efficiency, it is necessary and important to maintain transmittance while improving
electrical properties with a minimal thickness of the active layer. [ Methods] In this study, diisopropyl azodicarboxylate (DIAD) is

used to induce the oriented growth of the precursor Pbl,, resulting in a loose Pbl, skeleton and improved perovskite morphology.
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Semitransparent perovskite solar cell devices with a structure of indium tin oxide (ITO)/SnQ, /perovskite/Spiro-MeOTAD/Ag are
fabricated based on the improved morphology. The photovoltaic parameters, film morphology and working mechanism are carefully
characterized and discussed. [ Results] Different concentrations of DIAD are applied to treat the Pbl, precursor film, leading to the
linear growth of crystals. The oriented growth of Pbl, becomes more significant with a higher concentration of DIAD. The resultant
perovskite crystals after the treatment also grow orientally with an increased grain size and a full coverage of the substrate under a
small thickness. It is observed that the dominated crystal plane of perovskite changes from (100) to (111) after DIAD treatment,
which facillates crytal growth along the in-plane direction. Therefore, the defect density of the perovskite layer is significantly reduced
with a lower density of crystal boundaries, which provids a high-speed tunnel for charges’ transportation between different crystals.
Both of experimental investigation and theoretical calculations reveal intermolecular interaction between the O and N of DIAD with
Pb*" of Pbl, , which effectively affects and controls the growth rate of different crystal planes. At the same time, higher transmittance
can be achieved under the same fabrication conditions due to improvements in the uniformtity and coverage of the active layer, which
suppresses light scattering in the device. The optimal volume fraction of DIAD is determined to be 5. 0%, under which the average
energy conversion efficiency of semitransparent perovskite solar cells increases from 14. 20% to 14. 74 % ,and the corresponding light
utilization efficiency increases from 1. 94% to 2. 61%. [Conclusion] This work proposes an innovative and effective method for the
morphology optimization of semitransparent perovskite solar cells, simultaneously improving both energy conversion efficiency and

light utilization efficiency of semitransparent perovskite solar cells.
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Fig. 1 Chemical structure of DIAD (a) and manufacture process of ST-PSCs (b)
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Fig. 2 J-V curves (a) and transmittance spectra (b) of ST-PSCs before and after modification with DIAD,

PL spectra of perovskite film before and after modification with DIAD (c)

# 1 ST-PSCs BPGIRTERES S
Tab. 1 Photovoltaic parameters of ST-PSCs
DIAD {1 Vo/V Jo/(mA * em™?) FF/% PCE/% VT LUE/%
PAS:S LB BBy E 2 By 0 =Py
ZE GO S R T T - TR R T A S I O SIS T
0 1. 01 1. 06 17.28  17.50  78.90  80.50  14.20  14.80 13. 65 L94 2,02
5 1. 06 1. 09 17.56  18.55  79.87  82.33  14.74  15.57  17.70 2.61 2.76
7 1.03 1.06 15.91  16.45  76.76  81.25  13.44  14.04  16.80 2.26 2.36
9 1.02 1.05 14.52 15.53  76.70  80.55  12.46  13.74  17.20 2.14  2.36
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Fig. 3 Surface (a) and cross-section (b) SEM images of Pbl, films treated with DIAD of different volume fractions
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Fig. 4 SEM images (a) and XRD spectra (b) of perovskite films treated with DIAD of different volume fraction
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