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Figure S1. Spin-coating process to CuBil, films: Cul, Bil; and I, were dissolved in
DMF solution under stirring for 2-4 hours, which resulted in a precursor solution for
the spin-coating process. After the thermal annealing, the grey-black films were

obtained.

For Br-doped CuBil, films, a portion of Cul was replaced by CuBr from the beginning,

keeping all other conditions the same.
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Figure S2. The XRD patterns of CuBil4 with various Cu/Bi ratios of 1:1, 0.9:1, 0.8:1
and 0.6:1. Pure CuBil, crystalline films could be prepared, which had a cubic structure

(JCPDS card. No. 81-0197).
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Figure S3. AFM images of the undoped (a & c) and Br0.2 (b & d) doped CuBily films.



Table S1. The optoelectronic parameters of the CuBil4 photodetector.

Responsivity Response time Response time
CuBily On/off ratio
(A/W) Trise (S) Tall (S)
Undoped 8.52x1073 0.24 0.20 31.2
Br0.1 2.01x10* 0.23 0.17 413
Br0.2 3.41x104 0.2 0.15 40.6
Br0.3 1.70x10-4 0.24 0.17 20.4
Br0.4 1.39x10 0.12 0.15 65

Note: measured under a bias of 3 V and white LED illumination (100 mW/cm?).
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Figure S4. The X-ray photoelectron spectroscopy (XPS) survey spectra confirmed the

presence of essential elements, including copper (Cu), bromine (Br), and iodine (I), in

the sample. The doped CuBily films showed a conspicuous peak ~69 eV, which was
ascribed to Br3d.
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Figure S5. The XPS spectra of Cls on undoped, Br-doped CuBily films.



CuBil, Bradd  Cwp32  Bi4f72  13d52 Cw/Bi/l/Br
Films Ratio
SF. 0.59 43 28 44 ;

undoped - 3.00x104  1.09x10°  2.84x10° 0/0.433/2.415/4.00
Bro.l  7.55¢10°  296x10°  144x105  342x105  0.304/2.271/3.435/0.565
Br0.2  830x10°  275x10¢  126x105  2.83x105  0.327/2.291/3.274/0.726
Br0.3  1.22x10°  1.95x10¢  1.39x105  2.77x105  0.216/2.374/3.008/0.992
Bro.4  147x10°  3.05x10*  1.57x105  3.06x105  0.300/2.366/2.945/1.055

Table S2. The element ratio on the undoped and Br-doped CuBil, surfaces.

S.F.: sensitive factor data is used from reference!.
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Figure S6. UPS of Au standard film. The work function of Au was 4.97 eV, which was
slightly lower than the 5.31 eV on Au (111)2.
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Figure S7. The simulation curves are based on 1%-order and 2"d-order recombination
with different parameters: (a) smaller k, rate constant (3.2x10%) shows large
discrepancy in the early stage due to the slower consumption of surface charge; (b)

larger k, rate constant (8.0x10%) shows large discrepancy in the late stage due to the

faster consumption of surface charge.



Table S3. The rate constants calculated based on the Eq. (6) in the paper and the TSPV

cur
CuBil, « » o VeES.
Films ksep (1 ) K3 (3 ) kl (1 ) Tmax Qexc
Not
undoped 3.1x10°6 2.9%x10° 460 8.2x107 1.36 c:
do.
Br0.1 3.1x10°6 7.5x10° 480 6.4x107 1.47 d””
t
Br0.2 2.6x10° 6.5x10° 500 6.6x107 1.8
(6)
Br0.3 3.6x10° 2.x10° 900 7.5x107 1.05 The
Oex
Br0.4 2.7x10° 3.2x10° 700 6.9x107 0.70

Co

Osep» ksep» kn and k& are the initial photogenerated charges in bulk shortly after the
transient laser excitation, the surface charge transported from bulk through
separation, the apparent rate constant of charge separation (1%-order), the rate
constant of multiple-charge (n'-order) decay reaction and the rate constant of an

apparent single charge (1%-order) decay reaction, respectively.
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