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Table S1. Comparing the major performance of the solar cells using

P3HT:PCBM as the active layer.

Deposition Voc Jsc FF PCE
HTL P 5 ETL  reference
method (V) (mA/em?) (%) (%)
Magnetron
sputtering
CuS and 0.55 -10.96 56 34 LiF [1]
Hydrothermal
method
PEDOT:PS . . .
S Spin coating 0.56 9.2 59 3.0 LiF [1]
V,0s5 Thermally 0.59 -8.83 59.1 3.10 Ca [2]
MoOs evaporated 0.60 -8.94 61.9  3.33 Ca [2]
Magnetron

Cr,05 . 0.53 -9.98 58.6 3.05 None [3]
sputtering

MosS, Spin coating ¢ -7.81 63 2.96 LiF [4]

and thermolysis
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WS, at 900°C 0.61 -7.87 64 3.08 LiF [4]

ultra-sonication

WS, and spin- 0.49 -8.06 61 2.40 LiF [5]
coating
Chemical bath Present
CuAlS, . 0.60 -9.21 48.7 2.67 None
deposition work

For P3HT:PCBM system, the efficiency is usually in the range of 2.5%~3.5%
according to literature reports, as seen in Table S1. Here, we reported a new
promising hole transporting layer (HTL) with tunable band gap. Comparing with
other methods above, chemical bath deposition (CBD) is very facile and safe which
only needs very low temperature and a heating equipment. However, other materials
require either high temperature or complex vacuum system for deposition. For
instance, metal sulfides like MoS, and WS, need a rather high temperature for
thermolysis in H,, which is very dangerous. The CuS film mentioned in reference 1
has a 2D sheet-like morphology which is very different from Cu,Al,.,S, thin films
and a better matched band in the solar cells, resulting a higher efficiency. However,
the CuS film deposited by magnetron sputtering and hydrothermal method requires a
complex vacuum system. Thus, Cu,Al; S, thin films with tunable band gap would be
very charming owing to convenient deposition method and their excellent properties.
When comparing with the CuS film deposited by CBD, CuAlS, film has a wider band
gap and a higher valence band edge that better matches with P3HT in organic solar
cell, leading to better performance. The efficiency seems not very high at this moment,
which may be caused by the rough surface morphology of Cu,Al,S, films and the

mismatched energy level between Cu,Al,_S, and P3HT. We will focus on improving



the PCE in our further work.
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