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A B S T R A C T

Methylammonium lead tribromide (MAPbBr3) perovskite crystals have attracted significant attention due to
their attractive performance in various optoelectronic applications such as solar cells, light-emitting devices,
photodetectors, and recently in X-ray detectors. In this study, we demonstrate a possible use of perovskite-
based devices for detection of charged particles (which can be applied in basic scientific research, health physics,
and environmental analysis) and investigate the mechanism of fundamental charge transport inside perovskite
crystals. It was found that inexpensive MAPbBr3 single crystals could be used for measuring the energy
spectrum of charged particles through direct collection of the produced charge. After fitting the plot of the
centroid peak position versus voltage with the Hecht equation for single-polarity charge transport, the obtained
hole mobility-lifetime product was in the range of (0.4–1.6)×10−3 cm2/V.

Most conventional radiation detectors are either semiconductors
(such as Si or Ge) or scintillators (such as NaI) and utilize two different
detection methods. One method is based on converting the incident
radiation directly to electron-hole pairs, while the other method allows
recombination of the created charge carriers and emission of UV–vis
photons, which can be detected by a highly sensitive photomultiplier
tube or a photodiode [1]. The conventional detectors are characterized
by either low energy resolution, or high manufacturing costs, or a
narrow range of the operational temperature [2,3]. Although multiple
attempts have been made in the past to develop alternative detector
materials such as CdZnTe [4], HgI [5], and TlBr [6], significant efforts
are still required on reducing the manufacturing costs while maintain-
ing a high detection efficiency and a competitive energy resolution.
Owing to the high charge carrier mobility, long diffusion length of tens
of micrometers, and low trap density of 109 cm−3 [7,8], methylammo-
nium lead tribromide (MAPbBr3) perovskite single crystals have been
widely used in various optoelectronic applications such as photovoltaic
cells [9,10], light-emitting diodes (LEDs) [11,12], and photodetectors
[13]. Usually, the materials employed in solar cells or LEDs can also be
used for manufacturing X-ray and gamma ray detectors due to their
good electronic properties. Hence, highly sensitive and inexpensive
MAPbBr3 perovskite crystals with a high density of 3.7 g/cm3 can be
potentially utilized for this purpose [14–18]. In this work, a resistor-

type radiation detector with the metal-semiconductor-metal (MSM)
structure has been fabricated and subsequently tested by performing
alpha spectrum measurements, while its response to gamma rays will
be reported in future studies. After applying a high voltage, the
electron-hole pairs produced by incident alpha particles become
separated and collected by two metal contacts to form an energy
spectrum. The energy spectrum of the alpha particles emitted from a
0.8 μCi 241Am source was measured using MAPbBr3 single crystals
operating as direct band-gap semiconductors, and the related hole
mobility-lifetime product was calculated via the Hecht equation. The
obtained results demonstrate that MAPbBr3 single crystals are capable
of detecting energy-resolved charged particles.

MAPbBr3 single crystals were grown through a solution process
based on the anti-solvent method [18]. In particular, 0.64 M of PbBr2
and 0.8 M of MABr were dissolved in 5 mL of N,N-dimethylformamide
(DMF) inside a 20 mL vial; as a result, the molar ratio of PbBr2 to
MABr was equal to 0.8. The vial was then sealed with foil, which
contained a small hole to allow slow penetration of dichloromethane
(DCM) anti-solvent vapor. The designed sandwich structure of the
radiation detector fabricated from a MAPbBr3 single crystal is depicted
in Fig. 1a (the utilized crystal size was about 5 mm×5 mm ×2 mm). A
Cr cathode electrode with a thickness of 20 nm and an anode electrode
containing 20 nm thick C60, 8 nm thick bathocuproine (BCP), and
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20 nm thick Cr layers were deposited on two opposite surfaces of the
MAPbBr3 single crystal via thermal evaporation (here the BCP and C60

layers were used for passivation and electron extraction). The experi-
mental apparatus utilized for testing the produced MAPbBr3 single
crystal radiation detector is schematically described in Fig. 1b (it is
connected to a digital spectroscopic system consisting of a charge
sensitive preamplifier and a CAEN digitizer). The testing procedure was
conducted inside an Al chamber, which was completely isolated from
light and electromagnetic radiation to reduce the measurement noise.

Powder X-ray diffraction (XRD) measurements were conducted to
investigate the crystalline properties of MAPbBr3 single crystals using a
Rigaku D/Max-B X-ray diffractometer with a conventional Co target
tube operated at a voltage of 40 kV and current of 30 mA. The obtained
XRD pattern (Fig. 2) indicates that the MAPbBr3 single crystal
possesses a cubic structure of high quality.

The electrical properties of the fabricated MAPbBr3 single crystal
detector were investigated by measuring its current–voltage (I–V)
characteristics at room temperature using a Keithley multimeter with a

maximum voltage of 200 V (all experiments were conducted in air
under dark conditions). The obtained linear curve (Fig. 3) exhibited a
bulk resistor-type behavior. The dark current density was maintained
at a constant level of 206 ± 10 nA/cm2 even after applying a voltage of
200 V, owing to the large bandgap (Eg) of 2.3 eV. However, the latter
also resulted in a relatively high empirical pair creation energy (W-
value) of 6.03 eV, which was calculated using the formula W=2Eg
+1.43 [19]. The slope of the fitting curve was used to estimate the
detector resistivity, which was equal to (7.8 ± 0.2)×1010 Ω cm at room
temperature. The obtained high bulk resistance of the MAPbBr3 single

Fig. 1. (a) A schematic of the MAPbBr3 single-crystal radiation detector, which contains
BCP and C60 layers for passivation and electron extraction. (b) A flow chart describing the
general structure of a digitizer-based spectroscopic system.

Fig. 2. An XRD pattern recorded for a powdered MAPbBr3 sample.

Fig. 3. An I−V characteristic curve obtained for the MAPbBr3 single crystal.

Fig. 4. Alpha spectra of 241Am obtained after applying various voltages to the MAPbBr3
single-crystal detector.
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crystal allows extraction of the weak radiation signal and acquiring the
energy spectra of alpha particles via event-by-event counting.

In this work, a series of the energy spectra of alpha particles were
measured with the MAPbBr3 single crystal detector under various
voltages applied for 900 s (Fig. 4). The obtained spectra were generated
under exposure to a 0.8 μCi 241Am alpha source in air with a distance
between the alpha source and the device at about 10 mm. In order to
take into account the effects produced by energy losses and straggling
of alpha particles in air, the TRIM software was used to simulate the
measured alpha particle energy and peak broadening observed after
traveling a 10 mm air gap. The conducted simulations yielded the
energy loss of about 0.92 MeV and spectral peak broadening corre-
sponding to an increase in its full width at half maximum (FWHM) of
56 keV. To verify that the ionization of air did not affect the measured
alpha spectrum (due to possible collection of electron-ion pairs by the
wires attached to the device), the utilized Cu wires were directly
exposed to the same alpha radiation. The obtained results indicate no
additional peak formation due to air ionization.

Although alpha particles supplied a fixed amount of energy to the
detector, the collected charge was voltage-dependent. Fig. 5 shows the
positions of the alpha peak centroids plotted at different applied
voltages. Starting at 180 V, a weak peak was clearly observed, and its
centroid shifted to higher energies with increasing electric field due to a
more complete charge collection. The product of the charge carrier
mobility (μ) and charge carrier lifetime (τ), which can be computed
using the Hecht equation, is one of the most important detection
parameters that allows determination of the average carrier drift
distance per electric field unit and characterizes the performance of a
semiconductor radiation detector [17]. Since the MAPbBr3 single
crystal consists of a hole-dominant material [18], the utilized Hecht
equation can be written for the single-polarity charge transport as
follows [20,21]:

Q V μτN qV
L

L
μτV

( ) = [1 − exp( )]0
2

2

Here N0 is the number of electron-hole pairs generated by alpha
particles, Q is the total number of collected holes, L is the thickness of
the MAPbBr3 single crystal, V is the applied voltage, and μτ is the
mobility-lifetime product. The latter can be calculated by fitting the
data depicted in Fig. 4 with the equation described above, assuming
that the position of the peak centroid channel is proportional to the
collected charge, and that the shaping times are much larger than the
electron drift times. The obtained fitting parameters yielded the μτ hole
product in a range (0.4–1.6)×10−3 cm2/V. It should be noted that the

fitting procedure based on the Hecht equation alone can result in large
deviations of the calculated μτ magnitude [22]. In some cases, the
computed μτ product underestimated the true μτ value due to ballistic
deficit and surface trapping. The non-uniformity of the applied electric
field (especially to a large planar detector with a point contact) also can
significantly affect the resulting μτ product.

In conclusion, it was shown in this study that a bulk MAPbBr3
single crystal was capable of detecting heavy ions. In particular, a
charged particle radiation detector was built from a MAPbBr3 single
crystal with the MSM structure and dimensions of 5 mm×5 mm
×2 mm. Using the 0.8 μCi 241Am alpha source, the dark current density
was maintained at a level of 206 ± 10 nA/cm2, and the obtained crystal
resistivity was equal to (7.8 ± 0.2) ×1010 Ω·cm even at an applied
voltage of as high as 200 V. The measured alpha energy spectra
depended on the applied voltage, while the calculated hole mobility-
lifetime product was (0.4–1.6)×10−3 cm2/V.
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