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ABSTRACT

Bismuth oxyiodide (BiOl), a ternary halide oxide with a tunable bandgap

and strong UV-visible light absorption, has attracted significant attention

for applications in photocatalysis, solar cells, and photodetection.

However, its relatively low photocurrent and sluggish photoresponse limit

its practical use in high-performance photodetectors. To overcome these " topt
challenges, a BiOI/CdS heterojunction photodetector was designed and
fabricated, featuring a type-II band alignment to enhance charge separation
efficiency. Under ultraviolet illumination (300 nm), the device exhibited
an exceptionally high on/off current ratio of 1.82x107, rapid response and
recovery times of 72 ps and 244 ps, respectively, a responsivity of 1.54 x
10* A/W, an external quantum efficiency (EQE) of 6.37 x 10° %, and a
specific detectivity of 4.08 x 10'* Jones. These outstanding optoelectronic
characteristics highlight the great potential of the BiOI/CdS heterostructure
for advanced ultraviolet (UV) imaging and optical communication
systems, offering a promising route for the design of next-generation BiOI-
based optoelectronic devices.
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1 Introduction or binary-element 2D materials, the discovery and
synthesis of ternary 2D materials such as NiPSs [4],
InSiTes [5], and BiyOsSe [6] have greatly expanded the
material library for optoelectronic applications, providing

additional opportunities for band engineering and perfor-

In recent years, two-dimensional (2D) materials have
emerged as promising candidates for optoelectronic
detection owing to their unique crystal structures,

atomic thickness, and outstanding electronic and optical
properties [1, 2]. Their tunable band structures and
strong light-matter interactions offer significant potential
for developing next-generation photodetectors with high
sensitivity, fast response, and low energy consumption
[3]. While early studies predominantly focused on single-
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mance optimization.

Among various ternary 2D materials, bismuth
oxyhalides (BiOX, X = Cl, Br, I) have attracted
widespread attention due to their tunable bandgap,
strong light absorption, high environmental stability,
and low toxicity [7]. These materials have been successfully
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applied in photocatalysis, memristive devices, photode-
tectors, and solar cells [8-12]. Particularly, BiOI has
shown great potential in photodetection owing to its
moderate bandgap (~2.2 eV) [13] and excellent absorption
capability in the UV-visible region. However, the intrinsic
low carrier mobility of BiOI limits its practical photode-
tector performance, resulting in low photocurrent,
limited responsivity [14], and relatively slow response
times (typically in the millisecond range) [15].

To overcome these limitations, constructing hetero-
junction structures with suitable band alignment has
been recognized as an effective strategy to enhance
charge separation and boost photoresponse. This strategy
has been widely validated in various photodetector
material systems. Taking the research on graphene-
based heterojunctions (graphene/HgCdTe, graphene/
ZnO) as an example, these studies have provided critical
insights into high-performance heterojunction engineer-
ing, demonstrating that efficient charge separation and
internal gain can be achieved through interfacial band
engineering [16-18]. Among numerous 2D semiconduc-
tors, cadmium sulfide (CdS) has drawn particular interest
due to its appropriate bandgap (2.4 V) [19], high electron
mobility, low work function, and excellent photosensitivity
[20, 21]. Previous reports have demonstrated BiOI/CdS
heterojunctions in photocatalytic systems, typically
featuring flower-like or microsphere morphologies and
exhibiting a type-II band structure that promotes spatial
separation of photogenerated carriers [22, 23]. Neverthe-
less, research on BiOI/CdS heterostructures for photode-
tection remains scarce, especially concerning low-dimen-
sional morphologies such as nanosheets and nanoribbons,
which could offer superior interfacial contact and
enhanced photoelectric performance.

In this study, we successfully fabricated BiOI
nanosheets via a chemical vapor deposition (CVD)
confinement method, and subsequently constructed
BiOI/CdS heterojunction photodetectors using a dry
transfer process. The photoelectric properties of the
heterostructure were systematically investigated under
ultraviolet irradiation (300 nm). The device exhibited
exceptional optoelectronic performance, achieving an
ultra-high switching current ratio (1.82x107), high
responsivity (1.54x10* A/W), high external quantum
efficiency  (6.37x10%%), high specific detectivity
(4.08x10' Jones), and a rapid response time (72 us/
244 ps). Moreover, kelvin probe force microscopy
(KPFM) and photocurrent mapping analyses confirmed
effective charge transfer across the heterojunction inter-
face. Leveraging its superior sensitivity and fast optical
response, the device is further demonstrated in UV
imaging and optical communication, underscoring its
promising potential for future integrated optoelectronic
applications.

2 Experimental section

2.1 Synthesis of BiOI nanosheets

BiOI nanosheets were synthesized via a spatially
confined growth method. Layered mica was first
mechanical exfoliation, and Bil; powder (Aladdin,
99.99%) was placed between two freshly cleaved mica
sheets. The assembled structure was clamped between
glass slides to enhance spatial confinement and then
placed at the center of a single-zone tube furnace. The
growth was carried out at atmospheric pressure and a
temperature range of 370-400 °C for 5 minutes. After

natural cooling to room temperature, the BiOI
nanosheets were successfully obtained.

2.2 Transfer of BiOI nanosheets

The mica substrate containing as-grown BiOl

nanosheets was spin-coated with a polystyrene (PS)
solution at 2800 rpm for 40 seconds and subsequently
baked at 55 °C for 5 minutes. The coated sample was
then cut into small pieces and immersed in deionized
water. Driven by surface tension, the PS/BiOI composite
film detached from the mica and floated on the water
surface. The floating film was carefully scooped onto a
Si09/8i wafer, baked again at 55 °C for 10 minutes, and
finally immersed in toluene to dissolve the PS layer,
leaving the BiOI nanosheets firmly adhered to the target
substrate. A schematic illustration of this process is
provided in Fig. S1.

2.3 Preparation of CdS nanobelts

Silicon dioxide substrates (1.5x 1.5 cm?) were sequentially
cleaned in acetone, ethanol, and deionized water for 10
minutes each, followed by nitrogen drying. A thin gold
(Au) film was subsequently deposited on the silicon
substrates via sputtering. For CdS nanobelt growth, a
quartz boat containing CdS powder (Mackin, 99.999%)
was positioned at the center of a single-zone tube
furnace, while the Au-coated silicon substrate was
placed 15 c¢cm downstream from the source. Prior to
heating, the system was evacuated to achieve a low-pressure
environment. High-purity argon gas was introduced at
200 scem for 15 minutes to purge the tube and minimize
contamination. The gas flow was then reduced to 100
sccm, and the furnace temperature was raised to 850 °C
and maintained for 2 hours. After completion, the
furnace was naturally cooled to room temperature under
continuous argon flow. A fluffy yellow product was
collected from the substrate and dispersed in ethanol for
subsequent use. A schematic of the growth setup is
shown in Fig. S2.
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2.4 Fabrication of BiOI/CdS heterojunction device

The BiOI nanosheets on SiO/Si substrates
patterned using ultraviolet (UV) photolithography to
define electrode regions. The process involved spin-coating
photoresist (AZ5214), soft baking at 80 °C, UV exposure
for 8 seconds, and development in AZ300MIF for 15
seconds. Ti/Au (5 nm/18 nm) electrodes were then
deposited by thermal evaporation. CdS nanobelts,
dispersed in ethanol, were drop-cast onto a SiOs/Si
wafer and subsequently transferred onto the target BiOI
nanosheets using a PMMA-assisted dry transfer tech-
nique. Finally, the heterojunction device was annealed
at 120 °C for 10 minutes to improve interfacial contact.

were

2.5 Characterizations

The morphology and crystal structure of BiOI
nanosheets were characterized using SEM (Scientific
Escalab 250), XRD (DX-2700), XPS (Thermo Fisher
Scientific K-Alpha), EDS (Scientific Escalab 250),
Raman spectroscopy (LabRam HR Evolution), and PL
spectroscopy (IK3301). The absorption curve of BiOI
was characterized using an ultraviolet-near infrared (UV-
NIR) micro-absorption spectroscopy system (MStarter
ABS). The thickness and surface potential of the material
were investigated using a scanning probe microscope
(Dimenson ICON) equipped with AFM and KPFM
modules. The photodetection performance of the fabricated
photodetectors was measured using a semiconductor
integrated test system (Keithley 4200-SCS) connected to
a probe station. The device’s response time, single-point
imaging, and scanning photocurrent mapping were
measured using the Mstarter 200 (Metatest Corporation,
China) high-precision photocurrent scanning test micro-
scope.

3 Results and discussion

Figure 1(a) illustrates the synthesis process of BiOI
nanosheets via the space-confinement method. In this
approach, Bilg is sandwiched between two mica sheets,
forming a narrow interlayer gap that serves as a
confined micro-reactor for crystal growth. This spatial
restriction effectively slows the crystal growth rate of
BiOI, enabling the controlled formation of few-layer
BiOI nanosheets [24, 25]. The resulting BiOI exhibits a
layered crystal structure composed of alternating
bismuth-oxygen ([Bi2Os)**) and iodide (I') layers that
crystallize in a tetragonal lattice belonging to the
P4/nmm space group [26], as shown in Fig. 1(b).
Figure 1(c) presents an optical microscopy image of
BiOI nanosheets grown on a mica substrate. The
uniform and smooth surface morphology reveals the high
crystalline quality of the as-synthesized nanosheets.

Complementary scanning electron microscopy (SEM)
and energy-dispersive X-ray Spectroscopy (EDS) further
confirm the uniform spatial distribution of Bi, O, and I
elements across the nanosheet (Fig. S3), validating the
homogeneous composition of BiOl.

The X-ray diffraction (XRD) pattern in Fig. 1(d)
displays sharp diffraction peaks located at approximately
9.61°, 19.36°, 39.38°, and 49.83°, which can be indexed
to the (001), (002), (004), and (005) planes of tetragonal
BiOl, respectively. These peaks are in excellent agreement
with the standard JCPDS card No. 73-2062, confirming
the high phase purity and crystallinity of the sample.
Notably, the absence of non-(001) peaks indicates that
the BiOI nanosheets preferentially grow along the [001]
orientation, while several additional strong peaks originate
from the mica substrate. The optical properties of BiOIl
were further examined using ultraviolet-visible (UV-Vis)
absorption spectroscopy [Fig. 1(e)]. BiOI, as an indirect
band-gap semiconductor, follows the Tauc relation
(ahv)?5=(hv-E,) [27]. The inset in Fig. 1(e) shows a
band gap of approximately 2.02 eV, which is in close
agreement with the theoretical value of 2.2 eV [13]. The
X-ray photoelectron spectroscopy (XPS) spectra provide
detailed insights into the elemental composition and
chemical states (Fig. S4). The Bi 4f spectrum displays
two distinct peaks at 164.3 eV and 159.0 eV, corresponding
to the 4f5/; and 4f7/, states of Bi**, with a splitting of
5.3 €V. In the I 3d spectrum, peaks observed at 630.5 eV
and 618.9 eV are attributed to I 3dz;z and I 3ds)2,
respectively [28]. The O 1s peak at 530.0 eV, after
accounting for the oxygen contribution from the mica
substrate, is assigned to oxygen in BiOI. These results
align well with previously reported XPS data [15].

Figure 1(f) shows the Raman spectra of the BiOI/CdS
heterostructure. The BiOI nanosheets exhibit character-
istic Raman peaks at 87 cm ' and 152 cm !, corresponding
to Aj, and E, phonon modes associated with Bi-I vibra-
tions [29]. The Raman spectrum of CdS presents two
pronounced peaks at 302 cm! and 602 cm ', which
correspond to the 1LO and its second-order 2LO phonon
modes. The Raman spectrum of the BiOI/CdS stacked
region exhibits all characteristic peaks of BiOI and CdS,
confirming the successful formation of a heterojunction
without noticeable peak shifts, indicative of a high-quality
interface. The photoluminescence (PL) spectra in
Fig. 1(g) further support this conclusion. Compared to
pristine CdS, the BiOI/CdS heterojunction shows
remarkable PL quenching, implying efficient charge
separation and suppressed carrier recombination at the
heterointerface [30]. Atomic force microscope (AFM)
reveals that the thicknesses of the CdS nanobelt and
BiOI nanosheet are approximately 607 nm and 13 nm,
respectively [Fig. 1(h)].

Figure 2(a) schematically depicts the BiOI/CdS
heterojunction photodetector architecture. As shown in
Fig. S5(a), a single BiOI nanosheet photodetector
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Fig. 1 (a) Schematic illustration of the space-confinement CVD method used for the preparation of BiOI nanosheets.
(b) Crystal structural of the BiOI. (c¢) Optical microscopy image of the as-grown few-layer BiOI nanosheets. (d) XRD
pattern of BiOI nanosheets grown on a mica substrate. (€) UV-Vis absorption spectrum of BiOI nanosheets with the corresponding
optical band gap shown in the inset. (f) Raman spectra of BiOI, CdS, and their effectively overlapped BiOI/CdS heterojunction
region. (g) PL spectra of CdS and the BiOI/CdS heterojunction. (h) AFM images of a CdS nanobelt and BiOI nanosheets.

exhibits a sharp spectral response peak at 300 nm within
the 250-600 nm range. By contrast, the BiOI/CdS
heterojunction [Fig. S5(b)] shows a markedly enhanced
photoresponse in the UV region, with the response
extending into the blue-visible range, consistent with the
intrinsic optical absorption of BiOI and CdS. Based on
these results, 300 nm illumination was selected for
subsequent optoelectronic characterization. Under 300
nm illumination (1.280 mW/cm?), the pristine BiOI
photodetector shows a photocurrent of 5.01x1071% A and
a dark current of 1.2x10'3 A, resulting in an on/off
ratio of 4.18x10% [Fig. S6(a)]. In contrast, the BiOI/CdS
heterojunction photodetector [Fig. 2(b)] delivers a
dramatically enhanced photocurrent of 1.62x107° A,
while maintaining a low dark current of 8.89x10 13 A.
Consequently, the on/off ratio reaches 1.82x 107, approx-
imately 4.35x10? times higher than that of the pristine

BiOI device. Long-term environmental stability of the
BiOI/CdS heterojunction device was evaluated by
comparing the photocurrent under 300 nm illumination
immediately after fabrication and after nine months of
exposure to ambient air without encapsulation (see
Fig. S7). After nine months, the device retained approxi-
mately 85% of its initial photocurrent (1.39x107° A at
1.280 mW /cm?), indicating good stability against envi-
ronmental factors such as oxygen and moisture and
negligible degradation of photoelectrical performance.
Figure 2(c) displays the I-V curves of the BiOI/CdS
photodetector under different optical power densities at
300 nm, showing that photocurrent increases with light
intensity. The relationship between photocurrent (L)
and optical power density (P) follows a power-law
dependence, Ly o= P* [Fig. 2(d)]. The fitted exponent a
= 0.60, which is less than unity, suggests the existence
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Fig. 2 (a) Schematic illustration of the microstructure and device configuration of the BiOI/CdS heterojunction photode-
tector. (b) Logarithmic I-V characteristics of the BiOI/CdS heterojunction photodetector measured in the dark and under
300 nm ultraviolet illumination. (c¢) Power-dependent logarithmic I-V curves of the device under 300 nm illumination.
(d) Fitted relationship between optical power density and photocurrent. (e) R, EQE, and (f) D" together with the on/off
current ratio of the device under different optical power densities.

of trap states at the heterojunction interface that affect
carrier transport [31].

The key performance metrics-responsivity (R), specific
detectivity (D), and external quantum efficiency (EQE)-
were calculated using standard equations [32, 33]:

In — I

"="p1 ®
. [A
hc

The results [Figs. 2(e,f)] reveal that R, D', and EQE
gradually decrease with increasing optical power due to
trap-state saturation at high illumination intensities [34].
At an optical power density of 141 pVV/cm2 and V=
5 V, the device achieves maximum values of R=
1.54x10* A/W, D'=4.08x10" Jones, and EQFE=
6.37x10% %. These results markedly outperform those of
single BiOI devices [Figs. S6(c,d)], underscoring the
synergistic advantages of the heterojunction configura-
tion. The built-in electric field at the interface effectively
promotes charge separation, thereby improving light

detection performance and enhancing responsivity. Even
at low power density (141 uW/cm?), the on/off ratio
remains as high as 4.89x 105, confirming excellent photo-
sensitivity. To further evaluate the performance of the
BiOI/CdS heterojunction photodetectors, we measured
the low-frequency noise under a 5V bias, which exhibits
typical 1/fbehavior [Fig. S8(a)]. The frequency-dependent
D', calculated as D* = % = RT‘? [35], where A is the
active area, B is the electrical bandwidth, and S, is the
noise spectral density, remains as high as 5.95x10'3
Jones even at 0.01 Hz [Fig. S8(b)], indicating excellent
noise suppression and remarkably stable detection
performance. The signal-to-noise ratio (SNR) is defined
as SNR=20log(L/L)) [36], where L and I, denote the
measured current under illumination and in the dark,
respectively, The SNR reaches 145 dB at 1.280 mW /cm?
and remains as high as 133 dB at 0.141 mW/cm?
(Fig. S9), demonstrating reliable SNR of the device over
the measured optical intensity range.

To further verify the reliability and reproducibility of
our devices, three additional BiOI/CdS heterojunction
devices were refabricated using an identical preparation
method, and their photoelectrical properties were
systematically characterized under 300 nm illumination
(Vas=5 V, 1.280 mW/cm?). As shown in Fig. S10, all
devices exhibit consistently low dark current and maintain
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Fig. 3 (a) Long-term stability test of the BiOI/CdS heterojunction photodetector under continuous 300 nm ultraviolet
illumination. (b) Time-resolved photoresponse of the device measured at different modulation frequencies. (¢) Extracted rise
and fall times of the BiOI/CdS heterojunction photodetector at a modulation frequency of 1000 Hz.

a high on/off ratio on the order of 107. The R and D" of
the four devices all remain within the same order of
magnitude. These results confirm that the BiOI/CdS
heterojunction devices demonstrate reliable reproducibil-
ity.

Device stability was evaluated through 100 continuous
on/off switching cycles under 300 nm illumination
[Fig. 3(a)]. The photocurrent remained nearly constant,
demonstrating remarkable stability. The optical response
under pulsed illumination at 200 Hz and 1000 Hz
[Fig. 3(b)] reveals that the device maintains fast and
stable response characteristics at various modulation
frequencies [37]. From the single-cycle response at
1000 Hz [Fig. 3(c)], the rise and fall times were
extracted as 72 ps and 244 ps, respectively-significantly
faster than those of the pristine BiOI photodetector
(Fig. S11). The rapid response behavior originates from
the efficient charge generation and separation enabled
by the built-in electric field in the heterojunction.
Table 1 provides a systematic comparison of the perfor-
mance of the BiOI/CdS heterojunction photodetector
reported in this work with previously reported BiOX-
based, graphene-assisted, and hybrid photodetectors.
Graphene-based heterostructures typically exhibit ultra-
fast response speeds; however, their R and D" are often
relatively limited. In comparison, previously reported
BiOX-based photodetectors generally suffer from trade-

offs among response speeds, R, and D’, which restrict
their overall performance. The BiOI/CdS heterojunction
presented in this work effectively overcomes these limi-
tations by combining strong ultraviolet absorption with
a well-defined type-II band alignment. This staggered
band structure promotes efficient spatial separation and
directional transport of photogenerated carriers at the
interface, leading to a simultaneously high R (1.54x
10* A/W), large on/off ratio (1.82x107), high D"
(4.08x10™ Jones), and rapid response speed (72/244 ps).
Compared with previously reported BiOX-based and
hybrid photodetectors, the present device demonstrates
a more balanced optimization of sensitivity, speed, and
signal stability, underscoring the effectiveness of rational
heterojunction band engineering for high-performance
ultraviolet photodetection.

To elucidate the underlying operation mechanism, the
interfacial potential of the BiOI/CdS heterojunction was
analyzed via KPFM, as shown in Fig. 4(a). Due to
differences in work function between BiOI and CdS,
distinct surface potential variations emerge at the
heterointerface. The potential profile [Fig. 4(b)] along
the marked line indicates a potential difference of
~219.5 mV, confirming the formation of an internal electric
field. The corresponding band alignment before and after
contact is illustrated in Figs. 4(c) and (d), based on
KPFM results and literature data [41, 49]. The system
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Table 1 Comparison

of key performance parameters between BiOI/CdS devices and photodetectors based on BiOX and

graphene.

Device Vas (V), 4 (nm) R (AW D" (Jones) On/Off Tyise/ Tranl (01S) Ref.
BiOI (001) film -10, 450 0.0435 8.7x1010 30 20.7/22.3 [14]
BiOI nanosheet 10, 473 0.026 8.2x10!! 1x10° 120/250 [15]
P*-FLG/ n-ZnO NWs 0, 350 0.12 1.9%10° 2.5%10° 02610 % [17]
Au-BiOl 2, 533 1.42 - 1.65x 102 - [38]
CuSe@BiOl -, 420 0.08713 6.97x10" - 4.4/53.4 [39]
BiOI/WO3 0, 370 0.0081 9.1x10% - - [40]
BiOI (102) film 0, 420 0.07833 4.61x10" - - [41]
BiOI nanosheet 10, 310 1.048 4.7x10"2 ~10? 0.42/0.69 [42]
Bulk BiOBr 10, 334 6.3 3.2x10° ~10 257/1964 [43]
6-BiOCL-TiOs -5, 350 41.94 1.41x10™ 2.23x10° 12900/810 [44]
TiO,/BiOCl/PEDOS 0, 365 0.1088 3.93x 10! - 80.2/79.8 [45]
BiOBr 8, 365 12.4 1.6x1013 ~10% 551/2416 [46]
BiOC1/TiO, 0, 340 0.17 1.3x10%2 10 23/860 [47]
P*+-BLG/n*-ZnO NWs 0.5, 350 0.16 2.44%10° 16.25 01710 % (48]
BiOI/CdS 5, 300 1.54x10% 4.08x10M" 1.82x107 0.072/0.244 This work

forms a typical type-II heterojunction in which CdS,
possessing a higher Fermi level before contact, transfers
electrons to BiOI upon junction formation until Fermi
level equilibrium is achieved, resulting in band bending
and the generation of an internal electric field directed
from CdS to BiOI [50, 51]. Under UV illumination,
photons with energy exceeding both bandgaps generate
electron-hole pairs in BiOI and CdS. The built-in field
drives electrons from BiOI’s conduction band to that of
CdS and holes from CdS’s valence band to BiOI’s
valence band, promoting spatial charge separation and
minimizing recombination. The spatial photocurrent
mapping results [Figs. 4(e,f)] further validate this mech-
anism. Under 405 nm laser excitation (V=5 V), the
strongest photocurrent signals appear precisely in the
heterojunction overlap region, confirming that the junction
serves as the active center for carrier generation and
separation. To clarify the origin of the exceptionally
high R and EQF, we further analyze the bias-dependent
photoresponse, as shown in Fig. S12. The nearly linear
dependence of photocurrent on bias voltage, together
with the microsecond-scale response speed [Fig. 3(c)],
excludes a dominant trap-assisted photogating mechanism
and supports a photoresponse governed by efficient
carrier separation and transport enabled by the type-1I
heterojunction.

To further investigate the image-sensing capabilities
of the BiOI/CdS heterojunction photodetector, a single-
pixel scanning imaging system was employed, whose
schematic is illustrated in Fig. 5(a). A 295 nm laser was
directed through a mask patterned with the letter “U”
onto the heterojunction photodetector. By precisely
moving the mask along the z- and y-axes, the corresponding

photocurrent values were recorded using a semiconductor
parameter analyzer. These photocurrent values were
then compiled and converted into a high-resolution
image of the letter “U” [Fig. 5(b)] based on their spatial
coordinates. The clear recognition of the “U” pattern
demonstrates the high photosensitivity and imaging
potential of the BiOI/CdS heterojunction-based system.
Furthermore, this study has successfully demonstrated
ultraviolet communication utilizing a 300 nm laser based
on a BiOI/CdS heterojunction. Figure 5(c) illustrates
the schematic diagram of the BiOI/CdS heterojunction
device within the ultraviolet communication system. As
shown in Fig. 5(d), a voltage signal representing the
ASCII code “UWHY” was applied to the laser via a
signal generator to modulate the laser emission. Upon
receiving the optical signal, the BiOI/CdS heterojunction
photodetector generated a corresponding photocurrent
signal that accurately reflected the ASCII code
“UWHY?”, as depicted in Fig. 5(e). This output current
signal could be further processed and decoded to retrieve
the original message “UWHY?”, thereby confirming the
feasibility of ultraviolet communication based on this
heterojunction device.

4 Conclusion

In summary, a high-performance photodetector based on
a BiOI nanosheet/CdS nanobelt heterojunction was
successfully fabricated. The device exhibits an impressive
switching current ratio of 1.82x107 and rapid response
times of 72 ps (rise) and 244 ps (fall). Under 300 nm
ultraviolet illumination, the photodetector demonstrates

Haoyue Wei, et al., Front. Phys. 21(11), 114202 (2026)
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Fig. 4 (a) KPFM surface potential mapping of the BiOI/CdS heterojunction. (b) Corresponding contact potential difference
profile across the BiOI/CdS interface. (c¢) Energy band structure of BiOI and CdS before contact. (d) Schematic energy
band alignment of the BiOI/CdS heterojunction after contact under illumination. (e) Optical microscopy image of the fabricated
BiOI/CdS heterojunction device. (f) Scanning photocurrent mapping of the BiOI/CdS device under 405 nm laser illumina-
tion, where the white and yellow dashed regions correspond to BiOI and CdS, respectively

outstanding optoelectronic properties, including a high
responsivity of 1.54x10* A/W, an external quantum effi-
ciency of up to 6.37x10°%, and a specific detectivity of
4.08x10' Jones. The superior performance of the device
originates from the typical type-II band alignment and
the strong built-in electric field established at the
BiOI/CdS heterointerface, which together facilitate effi-
cient charge separation and suppress carrier recombina-
tion. Moreover, the BiOI/CdS heterojunction photode-
tector was successfully applied to ultraviolet imaging
and optical communication, demonstrating its excellent
stability, sensitivity, and functional versatility. This
work not only offers valuable insights into the rational

design of bismuth-based semiconductor optoelectronic
devices but also highlights the great potential of
BiOI/CdS heterostructures for next-generation ultraviolet
photodetection and communication technologies.
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