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ABSTRACT: Methylammonium lead bromide (MAPbBr3), which
belongs to the larger material family of lead halide perovskites
(LHPs), has emerged as a promising semiconductor for the
fabrication of single-crystal (SC)-based photodetectors (PDs).
However, there is still a lack of sufficient understanding of the
effect of irradiation power and applied temperature on the
photodetection performance of SC-based perovskite PDs. Here,
we investigate the impact of different light intensities and
temperatures on the photodetection properties of planar-type
MAPbBr3 SC-based PD with the help of transient photoresponse
and impedance spectroscopy. The light intensity-dependent study revealed that the key performance parameters of PD decrease with
increasing irradiation intensity due to changes in charge recombination and carrier lifetime. On the other hand, the detrimental effect
of increasing temperature on the performance of PD was found to be related to the ion accumulation, increasing scattering of
impurities and phonons, and change in conductivity and band gap rather than the change in charge recombination. This study
provides a thorough understanding of the origin of light intensity and temperature-dependent photodetection properties of SC-based
PD, which is crucial for the further advancement of optoelectronic devices based on LHPs.
KEYWORDS: lead halide perovskite, single crystal, photodetector, transient photoresponse impedance spectroscopy

1. INTRODUCTION
Photodetectors (PDs) are a type of optoelectronic devices
used to detect different lights and convert them into detectable
electrical current. Fundamentally speaking, an illuminated
semiconductor material absorbs the incident photons and
generates electron−hole pairs, which are then separated,
collected, and transferred to an external circuitry by an electric
field. To be a sensitive and fast PD, a semiconductor material
should possess a high absorption extinction coefficient, large
charge carrier mobility, and low density of defects.1 Nowadays,
commercial PDs are based on inorganic semiconductors like
silicon, germanium, and indium gallium arsenide (InGaAs),
which are widely used in environmental monitoring, optical
communication, and sensing.2−6 However, processing this type
of PDs requires very high temperature and expensive growth
facilities, which limits their versatility toward broad eco-
friendly applications and flexible electronics. Recently, lead
halide perovskites (LHPs) have emerged as a new class of
semiconductors for photodetection due to their solution
processability, band gap tunability, and outstanding optoelec-
tronic properties.7−9 These materials can be easily obtained in
the form of polycrystalline thin films10 and single crystals
(SCs).11 Particularly, LHPs in the form of SCs reveal longer
carrier diffusion length,12 lower trap density, high charge
mobility, and improved environmental stability13 than their

thin-film counterparts. Therefore, with the insignificant effect
of grain boundary defects and surface defects, 2D and 3D LHP
SCs hold huge promise for photodetection.14−19

Photoconductors are the most widely adopted device
architecture for LHP SCs, which can be achieved by depositing
two metal contacts separated with a channel on one plane of a
SC. A prime example of a LHP SC for a photoconductor is
methylammonium lead bromide (MAPbBr3), which shows a
wide detection range from visible to X-ray region with
outstanding perfomance.20−24 For example, Liu et al. grew
high-quality MAPbBr3 SCs using a low-temperature-gradient
crystallization process and fabricated a PD with high
responsivity (R = 16 A W−1) and specific detectivity (D* =
6 × 1013 Jones) of the green light (515 nm) due to very low
trap density, longer carrier diffusion length, and high carrier
mobility.21,25 In other work, Cho et al. reported the low
dissolution temperature growth technique of MAPbBr3 SCs,
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which shows the potential in the white light photodetection.26

Furthermore, the PD based on the MAPbBr3 SC can exhibit
the facet-dependent electrical properties, leading to different
photodetection performances on (111) and (100) facet
devices.22,27 Notably, the above-mentioned works demon-
strated the photodetection ability of the MAPbBr3 SC-based
PD at only room temperature. Although the temperature
dependence current−voltage studies of various LHP SCs in the
dark have been recently reported,13,28−31 the temperature-
dependent operational behavior of SC-based perovskite PDs
has been rarely studied. Moreover, to the best of our
knowledge, there is no study that explains the effect of
different light intensities and temperatures on the output
performance of SC-based perovskite PDs with the help of
impedance spectroscopy (IS).
Here, we systematically investigated the effect of different

light intensities and temperatures on the photodetection
properties and impedance response characteristics of a
planar-type MAPbBr3 SC-based PD. First, we optimize the
photodetection performance of our PD by selecting the proper
metal electrode and its electrode spacing. We found that the

MAPbBr3 SC-based PD with a platinum (Pt) electrode and an
electrode spacing of 150 μm exhibits the best output
performance. Further light intensity-dependent study reveals
that the decreased performance of our PD with increasing light
intensity is due to the increased charge recombination and
change in the carrier lifetime. In turn, the temperature-
dependent PD performances are found to be related to the
combined effect of ion accumulation, increasing scattering of
impurities and phonons, conductivity, and band gap at higher
temperatures.

2. RESULTS AND DISCUSSION
2.1. Selection of a Proper Electrode for PD Character-

ization.MAPbBr3 SCs with a dimension of ca. 4 × 4 × 2 mm3
were selected for the fabrication of planar-structured PDs by
depositing the metal electrode on the surface of the crystal (for
synthesis details and device fabrication, see the Experimental
Section). The cubic perovskite structure was confirmed by
powder X-ray diffraction (XRD) analysis of the grounded
MAPbBr3 crystals (Figure S1). The proper selection of metal
contact plays an important role in the photoconductor-type

Figure 1. (a) Photocurrent density (Jph), (b) responsivity (R), (c) specific detectivity (D*), and (d) EQE of the fabricated planar-type MAPbBr3
SC-based PDs with Pt and Au electrodes under blue LED light (λ = 448 nm). Energy band diagram of the planar-type MAPbBr3 SC-based PD with
(e) Pt and (f) Au electrodes.
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PD due to the formation of a Schottky junction between the
perovskite semiconductor and the metal electrode. The
performance of this device is found to be mainly influenced
by the quality of the SC and the Schottky barrier height (ΦSB,
SBH) between the metal and the semiconductor, which
describes the energy barrier for the charge carriers to pass
through the contact.14,32,33

In this work, we study the effect of gold (Au) and platinum
(Pt) electrodes on the photodetection properties of the
MAPbBr3 SC. The schematic representation of the fabricated
PD is shown in Figure S2. Figure S3 shows the transient
photoresponses of the MAPbBr3 PDs with Au and Pt
electrodes, which were measured at a fixed bias voltage of 2
V and under blue LED (λ = 448 nm) light pulse with
irradiance power densities ranging from 0.1 to 50 mW cm−2.
The applied bias was chosen based on the typical photo-
current−voltage (Iph−V) curves (Figure S4a) and chopped-
light current−voltage characteristics (Figure S4b). From these
curves, we can observe that Iph increases with applied bias and
slows down after exceeding 2 V. In addition, both the PDs
exhibit uniform current transient response around 2 V. The
photocurrent as a function of incident light intensity for both
the PDs is shown in Figure 1a. As can be seen, the
photocurrent increases with increasing the intensity of incident
light due to the increase in charge generation rate. Notably, the
MAPbBr3 PD with the Pt electrode generates almost 2 times
higher Iph than the Au-based MAPbBr3 PD, which suggests its
superior performance. We therefore proceeded to a complete
performance metrics of both the PDs. The observed dark
currents for the MAPbBr3 PD with Pt and Au electrodes are
almost similar and equal to 249 and 245 nA, respectively. The

responsivity (R), which represents the photoresponse to the
incident light, was calculated using the equation

=R J J P( )/ph d

where Jph is the photocurrent density, Jd is the dark current
density, and P is the input illumination power density. The
specific detectivity (D*), which represents the performance of
the PD, can be calculated by using the equation

* =D R qJ/ (2 )d

From Figure 1b,c, we can observe that the Pt-based
MAPbBr3 PD exhibits almost 5 times higher responsivity (R)
and specific detectivity (D*) than the Au-based MAPbBr3 PD.
The maximum R and D* increases to 1.99 A W−1 and 5.09 ×
1012 Jones for the Pt-based MAPbBr3 PD as compared to the
Au-based MAPbBr3 PD (0.41 A W−1 and 1.05 × 1012 Jones)
under 0.1 mW cm−2 blue light. The external quantum
efficiency (EQE) of both the PDs is calculated by using the
equation

= Rhc eEQE /

where h is Planck’s constant, c is the speed of light, e is the
charge of electron, and λ is the wavelength of the incident light.
It was found that the Pt-based MAPbBr3 PD shows almost 6
times higher EQE compared to the Au-based MAPbBr3 PD
(Figure 1d).
The collection of photogenerated charge carriers strongly

depends on the charge collection grid pattern, charge
separation, and recombination. In our previous study,33 we
demonstrated that the performance of the SC-based PD is

Figure 2. (a) Current−time (I−t) characteristics of PDs at 0.5 mW cm−2 irradiance power. (b) Responsivity (R), (c) specific detectivity (D*), and
(d) EQE of fabricated MAPbBr3 SC-based PDs with variable Pt electrode spacing (100, 150, and 200 μm).
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affected by the change in SBH between the metal and the
semiconductor. In other work, Gavranovic et al. reported that
the Fermi-level (Ef0) of MAPbBr3 changes with changing the
electrode spacing, influencing the SBH between the metal and
the semiconductor.34 We noted that in our case, there is no
change in the Fermi level of MAPbBr3 due to the use of Pt and
Au electrodes with the same electrode spacing (150 μm).
Moreover, we used MAPbBr3 SCs from the same batch to
minimize the effect of crystal quality on the Fermi level of
MAPbBr3 SCs. Therefore, the SBH between the metal and
MAPbBr3 is only influenced by the change of band structure of
the electrode contact. Figure 1e,f shows the band diagram of
MAPbBr3 with Pt and Au electrodes with energy levels derived
from the literature.14,33,34 As can be seen, the Pt electrode
shows better SBH alignment with MAPbBr3 than the Au
electrode, which should lead to better charge extraction and
consequently PD performance. To verify the quality of the

synthesized SCs, we fabricated Au/MAPbBr3/Au and Pt/
MAPbBr3/Pt devices with the vertical geometry and calculated
their trap densities (ηh) and carrier mobilities by the space
charge-limited current (SCLC) method (Figure S5). The
values of trap density and carrier mobility for Pt/MAPbBr3/Pt
and Au/MAPbBr3/Au devices are found to be similar and
equal to 2.27 × 109 cm−3 and 34 cm2 V−1 s−1, and 2.23 × 109
cm−3 and 27 cm2 V−1 s−1, respectively. These results are
comparable with the previously reported works.21,22,27,34

2.2. Effect of Electrode Spacing for PD Performance.
As the Pt electrode shows better SBH alignment with
MAPbBr3, we fabricate a set of planar-type MAPbBr3 SC-
based PDs with electrode spacings of 100, 150, and 200 μm.
The transient photoresponses of a PD with different electrode
spacings were measured at a fixed bias voltage of 2 V under
blue LED (λ = 448 nm) light pulse with irradiance power
densities ranging from 0.1 to 50 mW cm−2 (Figure S6). The

Figure 3. (a) Logarithmic photocurrent density and responsivity and (b) specific detectivity and external quantum efficiency as a function of
irradiation intensity at 303 K. (c) Nyquist spectra and (d) normalized imaginary part of IS spectra versus frequency under various irradiation power
at 303 K. (e) Carrier recombination lifetime and (f) R/√τ of a PD under various irradiation intensities of blue light at 2 V.
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current−time (I−t) characteristics of PDs at 0.5 mW cm−2

irradiance power are shown in Figure 2a. As can be seen, the
photocurrent increases with increasing electrode spacing due
to the increase in active area. In turn, the values of Jph rise with
decreasing electrode spacing (Figure S7a). The noise signals
and dark currents for the fabricated MAPbBr3 SC-based PDs
are shown in Figure S7b. On the other hand, with increasing of
the electrode spacing, a decrease in the dark current is
observed due to the change of the effective electric field under
different electrode spacings. The effective electric field
decreases with increasing of the electrode spacing, leading to
lower dark current of the PD, which is beneficial for better
detectivity.34 From Figure 2a, we can also observe that the
photocurrent decreases with time after reaching the maximum
for the devices with 100 and 150 μm electrode spacing.
However, for the device with a 200 μm electrode spacing, the
photocurrent increases gradually until it reaches a saturation.
The change in photocurrent shape in the I−t plot for the SC-
based PDs has also been observed by others.14,34−36 For
example, Cho et al. demonstrated that the variation of
photocurrent shape can be related to the changeable
dominating factor from carrier trapping at the defect states
to carrier recombination under the different illumination
conditions.35 However, the mechanism underlying the change
in photocurrent shape with changing the electrode spacing is
still unclear and need further investigation.
To further investigate the PD properties, we determined the

performance metrics of each device at different irradiations
ranging from 0.1 to 50 mW cm−2. The device parameters were
calculated and plotted against the various irradiation power of
incident light (Figure 2b−d). The maximum responsivity (R),
specific detectivity (D*), and EQE for a device with 100 μm Pt
electrode spacing are estimated to be 1.88 A W−1, D* of 1.41 ×
1012 Jones, and 519% under 0.1 mW cm−2 blue light at a fixed
bias voltage of 2 V. At the same condition, the device with 150
μm Pt electrode spacing exhibits the R of 1.99 A W−1, D* of
5.09 × 1012 Jones, and EQE of 553%, which corresponds to an
∼10% increase compared to the device with 100 μm Pt
electrode spacing. However, the R and EQE for the device with
200 μm Pt electrode spacing decreased and equals to 1.53 and
422%, respectively. The estimated values of rise time (from 10
to 90% of the saturated values) and fall time (from 90 to 10%
of the saturated values) for all PDs are summarized in Table
S1. As expected, the device with 150 μm Pt electrode spacing
shows the fastest response speed and rise and fall time. For the
device with 200 μm Pt electrode spacing, the performance and
speed of the PD decreases due to the combination effect of
increase in charge recombination and inefficient collection of
the generated charges. The probability of these processes
increases with increasing of the distance for charge carrier
transport between the symmetrical contacts. On the other
hand, D* increases with increasing of the electrode spacing due
to the decrease in dark current. Thus, the highest D* (9.16 ×
1012 Jones) is observed for the device with 200 μm Pt
electrode spacing under 0.1 mW cm−2 irradiation of blue light.

2.3. Light Intensity and Temperature-Dependent PD
Performance. The stable and consistent performance of a PD
over a wide light intensity range is essential for most of the
photodetection applications.14,37,38 As can be seen in Figure
2a, the device with 150 μm electrode spacing exhibits uniform
photoresponse with attractive performance metric values under
the fast optical signals compared to the device with 100 and
200 μm electrode spacings. In contrast, the performance of the

MAPbBr3 SC-based PD with the Au electrode increases with
decreasing of the electrode spacing, which is consistent with
the previously reported study.34 As shown in Figure S8, the
device with 100 μm Au electrode spacing exhibits an R value of
0.58 A W−1 under 0.1 mW cm−1 irradiation intensity, which is
much lower than the R value of the device with 150 μm Pt
electrode spacing. Thus, the device with 150 μm Pt electrode
spacing was chosen to further study the effect of different
intensities and temperatures on its performance.
The functional stability of the investigated device is shown

in Figure S9. The output of this PD is stable (∼90%
performance remaining after 24 h of continuous operation
under 1 mW cm−2 optical signal), and it is comparable with the
previous studies.21,25,34 Figure 3a shows the logarithmic plot of
Jph and R of a PD as a function of the irradiation intensity. The
fitting of the results with a power law (Jph ∝ Pβ, where P is the
irradiation power and β is the recombination under
illumination) shows a sublinear relationship between Jph and
irradiation power (Figure S10). This plot is a reflection of
complex photoelectric processes within the spacing between
two electrodes, which is controlled by the SBH alignment,
quality of the crystal, different types of recombination, and
charge transport properties of the material.9,39 In general, the
power exponent β equals to 1 or is very close to 1 for a high-
performance PD.40 However, a nonunity exponent of β (0 < β
< 1) is often found in LHP-based PDs due to the existence of
complex processes of carrier generation, charge trapping, and
charge recombination within the absorber material.40 In our
case, the obtained value of β (0.6 ± 0.01) suggests the
existence of second-order charge recombination, which
dominates during the photodetection process.12

The performance parameters (R, D*, and EQE) decrease
linearly with increasing of the light intensity (Figure 3a,b). To
shed more light on the charge recombination in our PD,
intensity-dependent alternating current (AC) IS was carried
out in frequencies ranging from 100 mHz to 1 MHz under
irradiation power densities ranging from 0.1 to 50 mW cm−2.
In addition, a 2 V constant DC bias was applied during the IS
measurement with 20 mV perturbation. The intensity-depend-
ent impedance responses in the form of Nyquist plots are
shown in Figures 3c and S11. The shape of the Nyquist plot
appears as a semicircle at high frequencies, followed by a small
inductive loop at intermediate frequencies and a semicircle at
low frequencies. It is well established in perovskite-based
devices (e.g., solar cells, LED) that the arc at low frequencies is
related to the slow process of ion accumulation or
migration,13,14,41,42 while the arc at high frequencies is
associated with the recombination process.42−44 In turn, the
inductive loop in IS can be associated with the complex
multistep dynamics and mainly influence the surface states.45,46

Recently, Guerrero et al. discussed the role of inductive loop
for the high performing solar cells and poorly performing solar
cells fabricated without selective contacts.45 It was demon-
strated that the absence/presence of an inductive feature in IS
is directly related to the existence/lack of charge accumulation
at the perovskite/contact interface. Therefore, the presence of
the inductor loop in our PD could indicate the efficient charge
separation due to the lack of charge accumulation at the
perovskite/Pt interface. In addition, the arc at the high-
frequency semicircle radius of the IS spectra is decreasing with
increasing of the irradiation power, which is assigned to the
recombination process of the PD. Because the number of
photogenerated charges increases with increasing of the
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irradiation power, the resistance of our PD reduces. In the case
of low-frequency region, the semicircle radius decreases with
increasing of the irradiation power due to the increase in ionic
transport at higher irradiation intensities.47,48 The irradiation
dependence imaginary part of the complex impedance versus
frequency is shown in Figure S12. As can be seen, the values of
the imaginary part of complex impedance decreases with
increasing of the irradiation power, which can be related to the
low-frequency capacitance. Photoinduced ion migration
increases with the increasing of the irradiation intensity, and
these ions accumulate between the electrode and the MAPbBr3
SC surface. Therefore, the values of low-frequency capacitance
decreased at higher irradiation intensities. Figure 3d shows the
normalized imaginary part of IS vs frequency as a function of
irradiation power. The observed shift in the resonance
frequency ( f 0) toward the higher frequency range with
increasing of the irradiation power indicates that the change
is carrier recombination lifetime (τ).12 As shown in Figure 3e,
the value of τ calculated from the resonance frequency (τ = 1/
f 0) decreases with increasing of the irradiation power. This
indicates the decrease in carrier diffusion length (LD), which
affects the efficient extraction of photogenerated charge
carriers due to an increase in recombination.49 In addition,
the carrier mobility (μ) of a perovskite SC plays a vital role in
the device properties. Thus, we were interested to study
whether the value of R is related to μ under variable irradiation
power. It is well known that the LD depends on μ and τ, and it
can be determined by the equation =L k T e( / )D B

1/2, where,
e, kB, and T are the elementary charge, Boltzmann constant,
and absolute temperature, respectively.12 Additionally, LD is
d i rec t l y re l a ted to the dev ice respons iv i ty as

+ = = =L L R
J

eG

J

Pn p
SC SC , where G, Ln, and Lp are the charge

generation rate which is proportional to the irradiation power
(P) and electron and hole diffusion lengths, respectively.50

Therefore, with the help of these both equations, we get
equation expressed as

R( / )2

Figure 3f shows R/√τ as a function of irradiation power,
which suggests that there is no change in carrier mobility under
different irradiation power.
Next, the effect of different temperatures on the perform-

ance of a PD was studied. First, we collected the I−V
characteristics under darkness and within a wide temperature
range from 303 to 353 K. As shown in Figure S13, the dark
current of the PD increases with increasing of the temperature.
The high temperature activates the defect and ions, which
improves the conductivity of the SC as previously
reported.13,14,28 The temperature dependence of photocurrent
as a function of bias is shown in Figure 4a. The photocurrent
of the PD increases up to 313 K and then decreases with
increasing of the temperature for all irradiation intensities. This
behavior can be correlated with the passivation effect by
carrier-trapping and/or temperature-activated ions at the
defect states.35 It was reported that ion migration may enhance
with increasing of the temperature.14,51 Initially, the temper-
ature-activated ion migration passivates the surface of the
MAPbBr3 SC and reduces the defect states. These effects
improve the performance of the PD by reducing the charge
recombination. For the temperature higher than 313 K, the
density of temperature-activated ions increases, leading to ion

Figure 4. Temperature dependence (a) photocurrent density (Jph), (b) responsivity (R), (c) specific detectivity (D*), and (d) EQE of the
MAPbBr3 SC-based PD at different irradiation intensities.
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accumulation and charge trapping that introduce dominating
scattering of impurities and phonons over the recombination
mechanism (vide infra).
The device parameters were determined for every temper-

ature and plotted against the irradiation power of incident light
(Figure 4b−d). The maximum values of R, D*, and EQE are
estimated to be 2.18 A W−1, 1.81 × 1012 Jones, and 569% at
313 K and under 0.1 mW cm−2 blue light at a fixed bias voltage
of 2 V. Encouragingly, the PD still operates at 353 K, and the
calculated R remains 30% of its original value (R = 0.57 A
W−1) (Figure 4b). We continuously kept the PD at 353 K for 5
h and found that R reduced only by 5%. When we cooled
down the PD to room temperature, the calculated R returns to
97% of its initial value (Figure S14). Therefore, the decrease in
R within the probed temperature range is not related to the
degradation of the perovskite structure.
To put light on understanding the temperature dependence

operational behavior, the temperature-dependent IS was
carried out in the frequencies ranging from 100 mHz to 1
MHz under 20 mW cm−2 and at 2 V bias condition (Figure
5a). We observed an increase in both the high- and low-
frequency semicircle radius of the IS spectra with increasing of
the temperature. These results suggest that the charge
transport resistance and/or charge recombination resistance
increases with temperature. To check which resistance process
dominates at the probed temperatures, a normalized imaginary
part of IS vs frequency as a function of temperature under a
constant irradiance power was plotted (Figure 5b). In contrast
to the similar plot but shown as a function of different
irradiation powers (Figure 3d), the shift in resonance

frequency is not observed with increasing of the temperature.
Consequently, the effect of temperature on the change in the
carrier recombination lifetime of the PD is minor (Figure 5c)
and is similar for other irradiation intensities (Figure S15).
Therefore, the reduced photoresponsivity with temperature
cannot be explained by the recombination mechanism.
The low-frequency semicircle, which is related to the slow

process of ion migration, increases with temperature,
suggesting the increase of ion accumulation between the Pt/
MAPbBr3 interface. On the other hand, the charge carrier
mobility of the perovskite SC is typically controlled by
scattering of impurities and phonons (lattice vibrations).52,53

In detail, the elastic and inelastic scattering of acoustic
phonons leads to a power law of μ ∝ T−3/2 and T−1/2,
respectively. However, scattering of impurities or ions leads to
a power law of μ ∝ T+3/2. According to the recent reports,52,53

the optical phonons play a major role in charge carrier
mobility. The value of the exponent depends on the
measurement procedure and structure of the perovskite (i.e.,
orthorhombic, tetragonal, and cubic) and can be varied from
−0.6 to −2.5.52−56 As we previously discussed carrier mobility
with equation R( / )2, (R/√τ)2 as a function of
temperature at different irradiation powers was plotted and is
shown in Figure 5d. The exponent value was determined to
equal −1.79 ± 0.3 for cubic MAPbBr3 under 20 mW cm−2,
suggesting that the decrease in the photoresponse of a PD at
high temperatures (above 313 K) is due to the reduced carrier
mobility caused by the scattering mechanism. The exponent
value changes slowly with changing of the light intensity and
varied from ∼1.65 to ∼1.85 for lower and higher intensities,

Figure 5. (a) Nyquist spectra and (b) normalized imaginary part (Z″) of IS spectra versus frequency under various temperature at 20 mW cm−2

irradiation power. (c) Temperature-dependent carrier recombination lifetime under various irradiation intensities. (d) (R/√τ)2, extracted from
temperature-dependent IS and photodetectivity and fitted by a power law at 20 mW cm−2 irradiation power.
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respectively (Figure S16). These results indicate that the
increase in scattering of ions with increasing of the intensity
leads to the variation of the exponent value, which is consistent
with our previous section findings. In addition, as reported by
Mannino et al.,57 the band gap of MAPbBr3 increases with
temperature, which may reduce the charge generation of the
PD at high temperature. The decrease in the performance of
our PD above 313 K can be summarized as a combined effect
of the ion accumulation (higher ion migration at elevated
temperature), reduced carrier mobility (increasing scattering at
higher temperature) and charge generation (increase in band
gap with temperature), and increase in dark current.

3. CONCLUSIONS
In this work, we investigated the effect of different light
intensities and temperatures on the photodetection properties
of the MAPbBr3 SC-based PD. Based on the calculated output
parameters, we first demonstrated that the MAPbBr3 SC-based
PD with the Pt electrode shows better performance than the
PD with the Au electrode due to better SBH alignment and
thus effective charge extraction. Next, we studied the effect of
Pt electrode spacing on the performance of the MAPbBr3 SC-
based PD and determined the best performing device with a Pt
electrode spacing of 150 μm. This device exhibited the R of
1.99 A W−1, D* of 5.09 × 1012 Jones, and EQE of 553% under
0.1 mW cm−2 blue light and 2 V bias, which are comparable
with the previously reported studies on MAPbBr3 SC-based
PDs (Table S2). For the systematic understanding of the effect
of light and temperature on the photodetection performance,
the PD was examined by IS under irradiation power densities
ranging from 1 to 50 mW cm−2 and temperatures ranging from
303 to 353 K. The charge recombination plays a significant
role in the intensity dependence of PD performance, leading to
a decrease in performance parameters (R, D*, and EQE) with
increasing light intensity. On the other hand, the negligible
change of carrier lifetime at the probed temperature range
reveals that the decreased performance of the PD for the
temperatures above 313 K is not related to the charge
recombination. Rather, it can be attributed to the combined
effect of the change in ion accumulation, different types of
scattering, conductivity, and band gap with increasing of the
temperature. Notably, the PD still operates at 353 K, showing
an R value of 0.58 A W−1 under 0.1 mW cm−2 blue light and 2
V bias. This study provides a basic insight into the relationship
between the light intensity and temperature dependence
performance of the MAPbBr3 SC-based PD with the carrier
recombination, ion migration, different types of scattering, and
conductivity, which could be helpful for the further advance-
ment of photoelectronic devices.

4. EXPERIMENTAL SECTION
4.1. Synthesis and Characterization of MAPbBr3 SCs.

MAPbBr3 SCs were synthesized using the inverse temperature
crystallization (ITC) method. 1.2 M MAPbBr3 solution was
prepared by dissolving the equimolar amounts of PbBr2 (1.321
g, Sigma-Aldrich) and MABr (0.403 g, Sigma-Aldrich) in 3 mL
of anhydrous DMF and stirring the solution at room
temperature for 24 h. Next, the clear solution was filtered
using a 0.22 μm PTFE filter, and 2 mL of each filtered
transparent solution was sealed in bottles and kept at 80 °C for
4 h. The formed crystals were washed by isopropyl alcohol,

then dried at 100 °C for 15 min, and stored in a humid-free
chamber.
The X-ray powder diffraction measurements were carried

out using an Empyrean diffractometer (PANalytical) equipped
with a copper lamp (40 kV, 40 mA). The pXRD patterns were
recorded for finely ground crystals over a 2θ range of 10−50°
without rotating the sample using a low background Si sample
holder.

4.2. Fabrication and Characterizations of the Pt/
MAPbBr3/Pt and Au/MAPbBr3/Au PDs. 100 nm-thick
platinum (Pt) and gold (Au) electrodes were deposited
using a designed mask with different micrometer channels by a
sputtered magnetron (Leica EM MED020) on (100) facets of
the SCs. To perform SCLC measurement, Au and Pt
electrodes were deposited on both sides of the MAPbBr3 SC.
All dark current−voltage and PD response measurements were
performed on a LASC probe station connected to a Bio-Logic
SP-150e potentiostat at a scan rate of 100 mV s−1. The
illumination power of blue LED with a wavelength of 448 nm
(Luxeonstar) was optimized with the help of a spectrometer
Thorlabs GmbH., PM 100D.
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