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Abstract— A sensitive ultraviolet photodetector (UVPD)
based on an ultrathin MAPbBr3 nanosheet was devel-
oped in this study. A simulation based on technology
computer-aided design showed that the optical absorp-
tion of MAPbBr3 can be tailored by changing the material
thickness, which is reasonable considering the wavelength
dependence of the absorption coefficient of MAPbBr3.
In addition, an apparent blueshift of the position of
the maximum photocurrent is observed upon decreas-
ing the nanosheet thickness. These tunable optoelectronic
properties resulted in a device fabricated from medium-
bandgap 43-nm-thick MAPbBr3 nanosheets being sensi-
tive to UV light illumination. The device has a maximum
photoresponse at 300 nm, a responsivity of 27.2 mA·W−1,
and a response speed of 0.103/0.087 s, respectively,
which are comparable to conventional UVPDs based on
low-dimensional wide bandgap materials (e.g., ZnO and
TiO2). This novel UVPD has application potential to opto-
electronic systems.

Index Terms— Optical absorption, perovskite, ultrathin
nanosheet, ultraviolet photodetector (UVPD).

I. INTRODUCTION

H IGH-PERFORMANCE ultraviolet photodetec-
tors (UVPDs) made of wide bandgap semiconductors

(SiC [1], GaN [2], Ga2O3 [3], etc.) are widely used in various
military and civilian fields. However, the application of
these materials is hindered by inevitable drawbacks, such as
relatively harsh preparation conditions and high manufacturing
costs [4]. Recently, rapid advances in nanofabrication have
motivated an increasing number of research studies on

Manuscript received 10 June 2022; revised 19 July 2022 and
27 July 2022; accepted 28 July 2022. This work was supported in
part by the National Natural Science Foundation of China under Grant
62074048, in part by the Key Research and Development Plan of Anhui
Province under Grant 2022f04020007, in part by the Natural Science
Foundation of Anhui Province under Grant 2208085MF177, and in part
by the Fundamental Research Funds for the Central Universities under
Grant PA2020GDKC0014 and Grant JZ2018HGXC0001. The review of
this article was arranged by Editor J. D. Phillips. (Corresponding author:
Lin-Bao Luo.)

Ming-Ming Liu, Liang-Liang Zhou, Shi-Fu Li, and Yao-Zu Zhao are with
the Anhui Provincial Key Laboratory of Advanced Functional Materials
and Devices, School of Materials Science and Engineering, Hefei Uni-
versity of Technology, Hefei 230009, China.

Feng-Xia Liang, Yue Xing, Jing-Yue Li, Can Fu, and Lin-Bao Luo are
with the School of Microelectronics, Hefei University of Technology, Hefei
230009, China (e-mail: fxliang@hfut.edu.cn; luolb@hfut.edu.cn).

Di Wu is with the Key Laboratory of Material Physics of Ministry of
Education, School of Physics and Engineering, Zhengzhou University,
Zhengzhou, Henan 450052, China.

Color versions of one or more figures in this article are available at
https://doi.org/10.1109/TED.2022.3195689.

Digital Object Identifier 10.1109/TED.2022.3195689

novel UVPDs composed of narrow bandgap semiconductors.
For instance, Xu et al. recently reported a novel UVPD
consisting of graphene combined with ultrathin silicon. The
as-fabricated device displayed a sensitive response to 365-nm
light, a high photoresponse of 0.47 A·W−1, and superior
mechanical flexibility [5]. The aforementioned intriguing
study demonstrated that anomalous optoelectric properties
can be realized by intentionally adjusting the optical property
of Si, thereby providing a novel route for fabricating UVPDs
from narrow-bandgap materials.

Organic-inorganic hybrid perovskites have been demon-
strated to have considerable potential for various optoelec-
tronic applications due to good solution processability and a
low cost, as well as excellent optoelectronic properties, includ-
ing tunable bandgaps, large absorption coefficients, and long
carrier diffusion lengths [6]–[8]. Among organic-inorganic
hybrid perovskites, MAPbI3, MAPbBr3, and MAPbCl3 are the
most studied and have bandgaps of approximately 1.5, 2.2,
and 3.1 eV, with corresponding absorption edges in the near
infrared (NIR), visible (VIS), and UV ranges, respectively.
To date, many groups have tried to widen the response
range of these materials by bandgap engineering. Impressive
progress has consequently been made in the fabrication of
excellent VIS light-absorbing materials for VIS-light detection
[9], [10]. However, to the best of our knowledge, very few
perovskite-based UV methods have been reported, except for
rare devices composed of wide bandgap hybrid perovskites
(e.g., MAPbCl3 [11] and MA2MnCl4 [12]).

Inspired by the aforementioned studies, we developed a sen-
sitive UVPD by using a nonwide bandgap MAPbBr3 nanosheet
as a building block. Theoretical simulations showed that the
response peak of the MAPbBr3-based PD can be readily tuned,
which is reasonable as the absorption coefficient depends on
the wavelength of incident light. Moreover, the maximum
photoresponse of the PD can be shifted to short wavelengths
by reducing the thickness of the nanosheets. Notably, a UVPD
made of 43-nm-thick perovskite nanosheets exhibits typical
UV sensitivity with a peak at approximately 300 nm. The
responsivity and specific detectivity were estimated to be
27.2 mA·W−1 and 6.38 × 108 Jones, respectively, which
are comparable to previously reported UVPDs composed of
traditional wide bandgap semiconductor materials.

II. EXPERIMENTS

A. Materials Synthesis

MAPbBr3 nanosheets were grown on a mica substrate using
a previously reported confined-space method [13]. First, a
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MAPbBr3 perovskite precursor was prepared. MABr (Xian
Polymer Light Technology Company, Ltd., 99.5%) and PbBr2

(Macklin, 99%) were dissolved in N, N-dimethylformamide
(DMF, 99.5%) in a 1:1 mole ratio. The solution was stirred for
2 h at 40 ◦C and then passed through a polytetrafluoroethylene
filter. Next, a mica sheet was cleaved in the middle into two
pieces; 5 μL of the MAPbBr3 precursor solution was dropped
onto one mica sheet and promptly covered with the other mica
sheet. Finally, the mica sheets were placed on a hotplate and
heated at 30 ◦C under an appropriate pressure for more than
12 h. The thickness of the MAPbBr3 sheet could be tailored by
adjusting the solution concentration and heating temperature.

B. Device Fabrication and Characterization

To fabricate the MAPbBr3-based PD, two 50-nm-thick Au
electrodes were deposited on a MAPbBr3 nanosheet using
a homemade shadow mask by an e-beam evaporator. The
channel width was 20 μm. A semiconductor characterization
system (Keithley 2400-SCS) with a broadband monochromator
(SP 2150, Princeton Company) was used to study the opto-
electronic characteristics of the as-fabricated PD. In addition,
laser diodes of various wavelengths were employed (Thorlabs
265, 300, 365, 450, 530, and 660 nm). The power intensities of
all the diodes were calibrated using a power meter (Thorlabs
GmbH, PM 100D) before performing measurements.

The morphology of the as-synthesized nanosheets was
characterized by an optical microscope (MV 300), field-
emission SEM (Regulus 8230), and atomic force microscopy
(AFM, Dimension Icon). The phase composition of the
nanosheets was determined using an X-ray diffractometer
(X’Pert PRO MPD).

C. Theoretical Simulation

Technology computer aided design (TCAD) software was
used to simulate the light-intensity attenuation of the per-
ovskite material. The intensity, angle, and position of the
illuminated light were designed to simulate the photoelectric
behavior of the devices. The simulated results were used
in conjunction with the contour drawing component of the
software to present the spectra for the evolution of light
intensity in different colors.

III. RESULTS AND DISCUSSION

A simple PD with a typical photoconductive-type geometry
was fabricated by using MAPbBr3 nanosheet. A detailed
schematic of the device is shown in Fig. 1(a). Briefly,
nanosheets were synthesized by a previously reported
confined-space method employing mica as a group substrate.
Then, a simple PD with a channel width of 20 μm was
constructed by depositing two parallel Au electrodes on the
as-synthesized nanosheet. Fig. 1(b) shows the XRD spectra of
a MAPbBr3 nanosheet on a mica substrate. The diffraction
peaks at 15.2◦, 30.4◦, and 46.1◦ clearly correspond to the
(100), (200), and (300) lattice planes of cubic MAPbBr3 [14],
[15]. Fig. 1(c) shows the optical and SEM images of a typical
MAPbBr3 nanosheet with a side length of approximately
91 μm and a thickness of 59 nm. Subsequent AFM analysis

Fig. 1. (a) Schematic of the fabricated MAPbBr3 nanosheet PD.
(b) XRD spectra of a MAPbBr3 sample on a mica substrate and a
bare mica substrate. (c) Typical optical and SEM images of a MAPbBr3
nanosheet on mica. (d) Tapping-mode AFM height profile of the MAPbBr3
nanosheet.

Fig. 2. (a) MAPbBr3 absorption coefficient. (b) Light-intensity attenuation
versus the depth and (c) normalized attenuation curve. (d) Simulated
absorption curves of MAPbBr3 nanosheets of different thicknesses.

showed that the nanosheet had a relatively good surface
roughness [see Fig. 1(d)], with an arithmetic mean roughness
(Ra) and root mean square roughness (Rq) of 0.193 and
0.257 nm, respectively.

The fabricated MAPbBr3 has a medium bandgap but can
nevertheless be used to prepare a UVPD because the optical
property of a perovskite nanosheet is determined by both
the absorption coefficient and the thickness. The absorption
coefficient (α) of MAPbBr3 was calculated by employing the
wavelength-dependent (λ) extinction coefficient (k) [16]–[18]

α = 4πk

λ
. (1)

Fig. 2(a) shows the absorption coefficient as a function
of the incident wavelengths. The absorption coefficient
clearly drops gradually as the wavelength increases, e.g.,
from 4.07 × 105 cm−1 at 300 nm to approximately 5.64 ×
104 cm−1 at 530 nm, which is consistent with the results
of a previous study [17], [18]. This wavelength-dependent
absorption coefficient results in a distinct photon absorption
when light of different wavelengths shines on the material,
as shown by the results of the theoretical simulation
implemented using TCAD [see Fig. 2(b)].

Note that in the simulation, the perovskite thickness was
approximately 0.5 μm, and the initial light intensity was set
to 1 mW·cm−2 for all simulated wavelengths. Apparently, light
with a short wavelength decays relatively faster than light
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with a long wavelength. For instance, at a depth of 100 nm,
the intensity of 300-nm UV illumination drops sharply to
approximately 7.8 × 10−3 mW·cm−2, whereas the intensity
of the 530-nm VIS light only decreases to approximately
5.6 × 10−1 mW·cm−2, which is reasonable considering the rel-
atively lower absorption coefficient for long-wavelength light.
Fig. 2(c) is a quantitative plot of the gradual decline in the
light intensity with increasing depth for different wavelengths.
The penetration depth marked in the curve clearly decreases
with decreasing wavelength. Specifically, the penetration depth
decreases from approximately 177.4 nm for 530-nm light to
24.5 nm for 300-nm UV light. This wavelength-dependent
penetration depth increases absorption in the UV region.
Fig. 2(d) shows that the simulated absorption varies with the
nanosheet thickness, both in terms of the intensity and position
of the maximum absorption. Specifically, broadband absorp-
tion from 260 to 550 nm occurs for MAPbBr3 with a thickness
of approximately 500 nm, for which the optical absorption
characteristics were similar to those reported for the bulk
material [19]. However, a gradual reduction in the thickness
produces a clear decrease in photoabsorption over the entire
UV-visible region because a thin film has a limited absorption
cross section. Further careful analysis showed that the light
absorption of long-wavelength illumination decreases more
rapidly than that of short-wavelength illumination, such that
UV absorption is dominant for small nanosheet thicknesses.

To determine the effect of the thickness on the opto-
electronic property of MAPbBr3 nanosheet, the photocurrent
was further studied through TCAD simulation. Fig. 3(a) is a
comparison of the normalized photocurrents at a 3-V bias of a
variety of PDs, which are composed of MAPbBr3 nanosheets
with thicknesses ranging from 20 to 500 nm. A similar trend
to that for photoabsorption can be observed in the evolution
of the photocurrent, which is reasonable considering that
the photocurrent of a photoconductive PD is mainly formed
through the separation of photogenerated carriers under an
external electric field. Moreover, the maximum response peak
of the photocurrent blueshifts from 530 to 280 nm as the
thickness decreases from 500 to 20 nm. Note that the 530-nm
peak is mainly attributed to band edge absorption of MAPbBr3

[20], [21]. The corresponding UV/visible (R300/R450) rejection
ratio calculated using data extracted from Fig. 3(a) increases
from 0.69 to 2.92 as the thickness of MAPbBr3 decreases
[see the inset of Fig. 3(a)]. The rejection ratio R300/R450 is
not high but nevertheless presents a feasible route to realize
a UVPD. Material studies have shown that increasing the
absorption coefficient in the UV region over that in the VIS
region, decreasing the thickness, and using a high-quality
surface with few defects typically increase the UV-to-VIS
rejection ratio [5], [22], [23]. MAPbBr3 nanosheets of three
different thicknesses (43, 75, and 366 nm) were synthesized by
varying the solution concentration, and corresponding devices
labeled PD1, PD2, and PD3 were fabricated. Fig. 3(b) is a
comparison of the normalized photoresponses of the three PDs
under illuminations of different wavelengths (i.e., 265, 300,
365, 450, 530, and 660 nm) at a 3-V bias. The three PDs
clearly exhibit different maximum photoresponses, which are
300 nm for PD1, 365 nm for PD2, and 530 nm for PD3, which

Fig. 3. (a) Normalized simulated current curve of MAPbBr3 nanosheet
PDs of different thicknesses. The inset shows the rejection ratios
R300/R450 for nanosheets of different thicknesses. (b) Normalized I − T
curves obtained under illumination of various wavelengths. (c) Nor-
malized photoresponse of devices based on nanosheets of different
thicknesses. (d) SCLC measurement of a MAPbBr3 nanosheet. The inset
is a schematic of the device structure used in the measurement.

is consistent with the normalized spectral response shown in
Fig. 3(c). Furthermore, to quantitatively study the electrical
properties of the materials, the trap density and mobility of the
as-synthesized nanosheet were investigated by the commonly
used space charge limited current method (SCLC) [24]–[26].
A gap-type structured device, which is illustrated in the inset
of Fig. 3(d), was prepared by evaporating two Au electrodes
on the nanosheet [14], [26], [27]. Fig. 3(d) shows three typical
regions in the corresponding current–voltage (I − V ) curve
measured under dark conditions: ohmic (green); trap-filling
(red), starting at VTFL = 20 V; and SCLC (blue). The trap
density for operation in the trap-filling region was obtained
using the formula

ntrap = 2ε0εVTFL

eL2
(2)

where ε0 is the vacuum permittivity (ε0 = 8.85 ×
10−14 F·cm−1), ε is the relative dielectric constant (ε = 4.8),
e is the elementary charge, and L is the electrode distance
(L = 58 μm). The SCLC region can generally be described
by Geurst’s SCLC model

I = 2με0εW V 2

π L2
(3)

where μ is the carrier mobility, V is the applied volt-
age (V = 29 V), and W is the gap width of the electrode
(W = 20 μm). The trap density and carrier mobility were
estimated to be 3.1 × 1012 cm−3 and 31 cm2·V−1·s−1, respec-
tively, which are slightly higher than those of polycrystalline
perovskite films [28], [29].

Finally, optoelectronic performance of the UV sensitive
PD1 composed of a 43-nm-thick sheet was studied. Fig. 4(a)
shows the I − V curves of the PD obtained under different
light intensities with a wavelength of 300 nm. The pho-
tocurrent clearly increases monotonically as the light intensity
increases from 0.022 to 0.607 mW·cm−2. This increase in
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Fig. 4. (a) Current–voltage (I–V) curves of PD1 under 300-nm illu-
mination with different light intensities. (b) Fitted relationship between
the photocurrent and intensity for 300-nm illumination. (c) Responsivity
and specific detectivity as a function of the light intensity for 300-nm
illumination. The inset shows the noise spectral density obtained from
an FFT of the dark current. (d) Single magnified photoresponse cycle for
determining the rise/fall time for 300-nm illumination.

the photocurrent could be attributed to the creation of more
carriers at higher intensities [30]. Furthermore, a general power
law was employed to describe the relationship between the
photocurrent and light intensity [31]

Iph = Pθ (4)

where Iph, P , and θ denote the net photocurrent, light intensity,
and an empirical constant that accounts for carrier recombi-
nation, respectively. Fig. 4(b) shows that θ = 0.87, which
is smaller than 1 and implies that a loss is incurred due
to recombination activity during the complex photodetection
process. Subsequently, the main parameters of the responsivity
(R) and specific detectivity (D∗) were calculated using the
following equations [32]–[34]:

R = Iph

PS
(5)

N E P = i 2
n

1/2

R
(6)

D∗ = (S� f )1/2

N E P
(7)

where S, P , � f, i 2
n

1/2
, and NEP denote the effective area of

the device, incident light intensity, specific bandwidth, root-
mean-square value of the noise current, and noise equivalent
power, respectively. The noise level of i 2

n

1/2
at 1-Hz bandwidth

was deduced to be 3.01 × 10−13 A/Hz1/2 based on a fast
Fourier transform (FFT) of the noise current [see the inset of
Fig. 4(c)]. In Fig. 4(c), both R and D∗ decrease as the incident
light intensity increases, showing that increased charge carrier
scattering induced by self-heating and recombination may
occur at high intensities [3]. In addition, a maximum R and
D∗ of 27.2 mA·W−1 and 6.38 × 108 Jones are achieved at the
lowest light intensity of 0.022 mW·cm−2.

Fig. 4(d) shows the rise and fall times of the as-fabricated
device, which are estimated from a single photoresponse cycle
to be 103 and 87 ms, respectively. Table I is a summary of
the device performances of the developed nanosheet-UVPD

TABLE I
PERFORMANCE COMPARISON WITH UVPDS BASED ON TYPICAL

WIDE BANDGAP MATERIALS

and other low-dimensional wide bandgap UVPDs [35]–[46].
The main parameters of the developed nanosheet-UVPD are
generally lower than some devices based on low-dimensional
wide bandgap materials (e.g., GaN, SiC, and AlGaN). How-
ever, compared to TiO2 or ZnO-based UVPDs, the developed
nanosheet-UVPD has parameters that are comparable or even
superior, a relatively lower specific detectivity, and a more
competitive responsivity and response speed.

IV. CONCLUSION

In summary, we successfully constructed a sensitive UVPD
based on a thin MAPbBr3 nanosheet. TCAD simulations
showed that the optical absorption properties of MAPbBr3

can be tailored by varying the nanosheet thickness. Experi-
mental characterization of various MAPbBr3 devices of dif-
ferent thicknesses (43, 75, and 366 nm) showed that the
maximum photocurrent position shifts from longer to shorter
wavelengths as the thickness decreases. Specifically, a PD
made of 43-nm-thick nanosheets exhibits a peak photore-
sponse at 300 nm. The corresponding responsivity and specific
detectivity of the UVPD were estimated to be 27.2 mA·W−1

and 6.38 × 108 Jones, respectively. The proposed method is
also applicable to the fabrication of other nonwide-bandgap
semiconductor-based sensitive UVPDs, as long as there are
large differences among the absorption coefficients for various
wavelengths.
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