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Abstract—Perovskite  semiconductors have attracted
impressive attention in radiation detector fields over the past few
years. The research regarding lead-based perovskites, such as
MAPbX3 and CSPbX3 (MA = CH3NH;3; X =1, Cl, and Br), have
shown that they are promising candidates as a radiation detector.
However, the intrinsic toxicity of lead to human body and the
environment has been restricting use of the materials in various
applications. In this regard, environmentally friendly, i.e., lead-
free, perovskite semiconductors, have been in the spotlight as an
emerging detector material. Here, we report our efforts to develop
FA3Biylg (F = CH(NH,),) for radiation detector applications. In
this study, we grow FA3Bi;lq single crystals, characterize their
physical properties and examine their potential as an X-ray and y-
ray detector. Large FA3Bi;lg single crystals were grown, and
Ag/FA3Bizlg/Ag detector was fabricated. Their bandgap (~2.03 eV)
and trap-filled limit (TFL) voltage Vyg, (0.66 V) were measured.
A high resistivity (4.97 X 1011Q - cm) was achieved. The X-ray
response shows a good linearity with a dose rate range from
0.02mGys~! to 1.83mGys ™. Our results demonstrate that as-
grown FA3Bi; I, single crystals exhibit bias dependence and have
excellent stability during X-ray exposure. Furthermore, we also
achieved the direct response of FA3Bijlg single crystals to
gamma-rays and alpha particles. Our results indicate that
the FA3Bi,lg single crystals have excellent potential for high
energy radiation detection.

Index Terms—Radiation Detectors, Alpha particle, Gamma-
ray, X-ray, Perovskites

I. INTRODUCTION

Advanced detector technologies for high energy

radiation, such as X-rays and y-rays, have played an important
role in a wide range of applications including nuclear security
[1-2], medical imaging [3-4] and diagnosis [5], non-destructive
defect inspection [6], and homeland security [7-8]. Accordingly,
research on developing innovative technologies to better detect
high energy radiation, especially detecting materials, have been
active. Among them, room temperature semiconductor
radiation detectors have attracted special attention due to their
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high intrinsic efficiency, high energy resolution and their
capabilities to operate at ambient temperature.

One class of room temperature semiconductor detector
materials that has been in the spotlight over the past few years
is perovskites, which are usually operable at room-temperature,
has high absorption coefficient, high carrier mobility and
lifetime, and can be produced at a relatively lower cost. In order
to explore the use of perovskite materials as radiation detectors,
there have been many on-going studies, such as MAPDbXj;
(MA = CH3NH;3; X = I, Cl,and Br) [9-10] and CsPbX; [11-12]
that use lead (Pb) with a high Z number as a key component.
However, these lead-based perovskites have adverse effects, i.e.,
the toxicity of lead on the human body and environment.
Therefore, various lead-free perovskite materials are being
actively pursued. In this regard, bismuth (Bi)-based perovskites,
e.g., Cs,AgBiBrg, which could replace lead-based perovskites,
have been studied intensively, and a series of important results
have been demonstrated regarding their radiation detector
applications.

Here, among lead-free perovskites, we report our efforts to
develop FA;Bi,ly (F = CH(NH,),) for radiation detector
applications. In this study, we grow FA;Bi,lq single crystals,
characterize their physical properties and examine their
potential as an X-ray and y-ray detector. Methods

II. RESULTS AND DISCUSSION

A. Optical Properties

UV-vis transmission spectrum of FA3Bi,lq single crystals
was performed. By using the transmission spectrum, the
absorbance and absorption coefficient can be used for getting
optical bandgap via the Tauc equation [15-16]:

(ahv)*/" = A(hv — Ey) (1)

The transmission cutoff edge is about 610 nm, which is
corresponding with the result of an optical bandgap of 2.033
eV. This is consistent with the work reported by another group
[14]. The current-voltage characteristics within a bias range
from -100 V to +100 V were collected. The estimated resistivity
of FA;Bi,l, single crystals was about 4.97 X 10'1Q-cm ,
which ensures a low leakage current and low electronic noise.
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The trap-filled limit (TFL) voltage (Vrg) of FA3Bi,lq single

crystals is about 0.66 V. The detailed cathodoluminescence (CL)
and photoluminescence (PL) measurements together with their

mechanical properties will be presented in the presentation.

B. X-ray Response

Figure 1 shows the response of FA;Bi, I, single crystals to X-
rays. Figure 1 (Left) describes the X-ray response of FA3Bi,Iq
single crystals to X-rays with a dose rate range from
0.02 mGys™! to 1.83 mGys™! under a bias voltage of 10 V.
The data indicate that the current increased linearly as the dose
rate was increased. Figure 1 (Right) demonstrates the response
of FA;Bi,ly single crystals to X-rays with a dose rate of
0.02 mGys ™! under different bias voltages. Our X-ray response
tests of FA;Bi,ly single crystals demonstrated their bias
dependence showed a good stability during X-ray exposure.
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Figure. 1. (Left) X-ray response of FA;Bi, I, single crystal to X-rays with dose
rate range from 0.02 mGys™! to 1.83 mGys™! with a bias voltage of 10 V.

(Right) The bias dependence of X-ray response of FA;Bi, I, single crystal with
constant dose rate of 0.02 mGys™1.

III. CONCLUSION

In summary, we successfully grew FA;Bi,I, single crystals
and demonstrated their potential for radiation detection. Our
results confirm that as-grown FA3Bi,ly single crystals have
appropriate bandgap, high resistivity, and excellent stability
during X-ray exposure and demonstrated the high potential of
the crystals for X-ray and gamma detection.
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