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I. I-V characteristics and photoelectric response of BOS/CIPS

heterojunction under illumination of 405 and 650 nm

Figs. S1 and S2 show the I-V curves of BiO,Se/CulnP,Ss (BOS/CIPS)
heterojunction under illumination of 405 and 650 nm, which are highly similar to those
under other wavelengths shown in Figs. 3(a)-(c). The threshold voltage V', has a little
change with the optical power intensity (OPI), and V7, increases with the increase of
OPI. The photocurrents /,; increases with the increase of optical power intensity. The
photoresponsivity (R), external quantum efficiency (EQE), and normalized detectivity
(D) gradually decrease with the rise of OPI, which are similar to the rule of other

wavelengths, indicating the broadband response properties of the heterojunction.
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FIG. S1. I-V curves of BOS/CIPS heterojunction under various wavelengths of (a)405,
(b) 650 nm and various OPIs. (c) Plots and fits of two threshold voltages (Vy,; and Vi)
as functions of wavelength and OPI.
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Fig. S2. (a) Photocurrents /,;, (b) photoresponsivity R, (c) external quantum
efficiency EQE, and (d) normalized detectivity D* as functions of OPI. Experimental
or calculated data of 365 (dark cyan triangle symbol), 405 (dark red diamond symbol),
550 (pink pentagon symbol), 650 nm (purple triangle symbol) and 980 nm (orange
ball symbol) are plotted and fitted by red lines.

Figures S3(a) and S3(b) depict the current-voltage (I-V) characteristics of the
photodetector under dark and illuminated conditions, respectively. These I-V curves
exhibit three distinct regions with varying slopes. Specifically, stage I and III display a
slope that is nearly zero, indicating a stable current response to the applied voltage,
thereby facilitating the reliable operation of the photodetector. A comparison of Figs.
S3(a) and S3(b) reveal a significantly larger slope in Stage II under the illuminated
condition than that in the dark. This observation suggests that the current increases more
rapidly with an increase in voltage under illumination, owing to the generation of photo-

generated carriers.
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Fig. S3. The I-V curves at (a) dark and (b) 550nm, 3.06 W/m? illumination are divided
into three parts with different slopes.

I1. High stability of BOS/CIPS heterojunction device

In the experiments, the I-V curves have been measured 5 times under a certain
wavelength and OPI to ensure the stability and reliability of the data. Table S1 presents

some selected measured current values and the corresponding calculated statistical

parameters (i.e., average value 1 , standard deviation 9, and relative standard deviation

(RSD)) at a wavelength of 550nm and an irradiance of 3.06W/m?, within the voltage
scaning from 0 to 2V. Notably, the measured current values demonstrate a high degree
of consistency, with standard deviations less than 4 nA. The relative standard deviation
remains about 0.1% for voltages exceeding 0.6V. Correspondingly, the relationship of
five-times-measured current and applied voltage have been plotted in Fig. S4. Curves
measured for 5 times exhibited high levels of concordance, particularly at 2V. These

results demonstrate the stability and repeatability of the photodetector.

Table S1. The selected current values were measured five times and the corresponding

calculated average value I, standard deviation 7, and relative standard deviation (RSD)

under 550nm and 3.06W/m? illumination.

V(V) I (nA) L (nA) I (nA) L (nA) IsmA)  TmA) @A) RSD (%)
0.00  0.2281 0.2196 0.1511 0.1610 0.1558  0.1831  0.0335  18.2946
0.06  0.6237 0.6501 0.4782 0.4739 04577 05367  0.0825 153712
0.12  1.8000 1.8681 1.3900 1.3375 14093 15610 02252 14.4298
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Fig. S4. I-V curves and locally enlarged images measured five times under 550 nm
and 3.06 W/m? illumination.

I11. The optical image of CVD-grown BOS nanosheets
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Fig. S5 BOS nanosheets grown on fluorophlogopite substrate
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IV. Comparison of I-V characteristics of individual BOS and CIPS
nanosheets and BOS/CIPS heterojunction

We focus on the electric responses of individual BOS and CIPS nanosheets and
BOS/CIPS heterojunction. Electrodes are deposited on the BOS and CIPS to form the
electric devices, as shown in Figs. S6a and S6b. Then, the I-V curves of BOS and CIPS
nanosheets are measured. By comparing the I-V curves of CIPS, BOS and
heterojunction, as shown in Figs. S6d-S6f, we can see that the I-V curves of
heterojunction are asymmetrical and significantly different from those of the individual
materials. For the BOS nanosheet, the current reaches 1.25 pA at 0.1 V in the dark,
indicating its high carrier mobility. Under the light illumination condition, the current
increases to about 3.6 uA at 0.1 V, demonstrating the excellent photoelectric response
of BOS nanosheet. For the CIPS nanosheet, the I-V curve exhibits strong nonlinear and
the nonzero current under zero applied voltage demonstrates the effect of ferroelectric
polarization-induced built-in electric field on the I-V characteristics. For the BOS/CIPS
heterojunction, we have obtained the I-V curves under dark and illuminated conditions,

as shown in Fig. S6f.
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Fig. S6 Optical images of the test structures of individual (a) BOS (b) CIPS
nanosheets and (c¢) BOS/CIPS heterojunction. Corresponding /-V characteristics of
individual (d) BOS (e) CIPS nanosheets and (f) BOS/CIPS heterojunction
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V. Influence of shot noise and 1/f noise on normalized detectivity D"

Generally speaking, shot noise is caused by the dispersion of carriers, which is the

main source of noise in most semiconductor devices. The formula of the shot noise
current is “shot — ark=7 "where e is the electron charge, /4, 1s the dark current of
our device, Af'is the bandwidth. According to our measured data, the shot noise current

is calculated to be 3.3 X 10-1° A for our device. Then, we can obtain the equivalent noise

power by Pngp = Lsnoe/ R, where R is the photoresponsivity. If only shot noise is

considered, the normalized detectivity can be written as D™ =ysaf/p NEP_ this
R

Zeldark
S

D* =

formula also can be written as , which is consistent with the formula

used in this work."!
On the other hand, the 1/f noise is usually caused by local defects or trace
impurities in the device, and is inversely proportional to the circuit frequency, mainly

in the low-frequency domain below 1 kHz. If both 1/f noise and shot noise are

N
T2
Z(ll N

N

considered, the root-mean-square noise current, i.e., , 1s calculated by
measuring the time-dependent current of the device in the dark state under a certain

applied voltage (i.e., 2V), as shown in Tab. S2. Then, the equivalent noise power is

obtained by Pygp=1,/R . Finally, the D* could be calculated by D" =SAf/P NEP,
Considering the 1/fnoise and shot noise, the calculated D* is about 1.05x10° Jones at
550 nm, which is a little smaller than the one that the only shot noise is considered
(2.81x10° Jones).

After referring to a large number of relevant literatures®>*->!'!, we find that the

normalized detectivity is generally calculated by D™ =R/y 2el gari/S and only the shot

noise is considered in the calculation, as listed in Tab. S2. In order to have
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comparability with the detector performance in previous works!!:152627.40-42 " yye only

consider the influence of shot noise on the value of D* and the 1/fnoise is neglected in

this work.

Table S2

Time-dependent current data of devices in dark state at 2V
Time (s) Laark (A) Time (s) Laark (A) Time (s) Tgark (A)
1.53350 3.40E-07 1.53566 3.45E-07 1.53782 3.43E-07
1.53357 3.41E-07 1.53573 3.43E-07 1.53788 3.46E-07
1.53363 3.40E-07 1.53579 3.44E-07 1.53795 3.43E-07
1.53370 3.41E-07 1.53586 3.42E-07 1.53802 3.42E-07
1.53376 3.43E-07 1.53592 3.43E-07 1.53808 3.44E-07
1.53383 3.42E-07 1.53599 3.44E-07 1.53815 3.45E-07
1.53389 3.41E-07 1.53605 3.42E-07 1.53821 3.42E-07
1.53396 3.41E-07 1.53612 3.43E-07 1.53828 3.44E-07
1.53402 3.40E-07 1.53618 3.42E-07 1.53834 3.42E-07
1.53409 3.41E-07 1.53625 3.44E-07 1.53841 3.43E-07
1.53415 3.44E-07 1.53631 3.44E-07 1.53848 3.44E-07
1.53422 3.41E-07 1.53638 3.43E-07 1.53854 3.43E-07
1.53428 3.41E-07 1.53644 3.43E-07 1.53861 3.43E-07
1.53435 3.41E-07 1.53651 3.43E-07 1.53867 3.42E-07
1.53441 3.42E-07 1.53658 3.42E-07 1.53874 3.43E-07
1.53448 3.42E-07 1.53664 3.45E-07 1.53880 3.45E-07
1.53455 3.43E-07 1.53671 3.42E-07 1.53887 3.43E-07
1.53461 3.42E-07 1.53677 3.44E-07 1.53893 3.42E-07
1.53468 3.42E-07 1.53684 3.45E-07 1.53900 3.43E-07
1.53474 3.45E-07 1.53691 3.44E-07 1.53906 3.42E-07
1.53481 3.43E-07 1.53697 3.44E-07 1.53913 3.46E-07
1.53488 3.43E-07 1.53704 3.43E-07 1.53920 3.43E-07
1.53494 3.42E-07 1.53710 3.42E-07 1.53926 3.42E-07
1.53500 3.43E-07 1.53717 3.43E-07 1.53933 3.43E-07
1.53507 3.47E-07 1.53723 3.45E-07 1.53939 3.45E-07
1.53513 3.43E-07 1.53730 3.43E-07 1.53946 3.44E-07
1.53520 3.43E-07 1.53736 3.43E-07 1.53952 3.42E-07
1.53527 3.42E-07 1.53743 3.43E-07 1.53959 3.43E-07
1.53533 3.43E-07 1.53749 3.42E-07 1.53965 3.42E-07
1.53540 3.46E-07 1.53756 3.46E-07 1.53972 3.43E-07
1.53546 3.43E-07 1.53762 3.43E-07 1.53978 3.44E-07
1.53553 3.42E-07 1.53769 3.44E-07 1.53985 3.42E-07
1.53559 3.44E-07 1.53775 3.42E-07 1.53991 3.43E-07
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