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Abstract: X-ray detection plays an essential role in areas such as medical imaging, determination of specific crys-
tal structures, and radio astronomy. However, traditional materials used in the field of X-ray detection, such as sili-
con and cadmium antimonide, suffer from complex fabrication processes, excessive cost and low sensitivity to X-
rays, which severely limit the development of the field. As a hot topic in recent years, lead halide perovskites have
shown excellent performance in the field of X-ray detection due to their large atomic numbers and elevated absorption
coefficients. While the perovskite material system is a huge family, different components of perovskite materials have
their advantages and disadvantages, and even the same component of perovskite material can have different proper-
ties depending on different parameters such as crystallization. In this paper, we review recent achievements in direct-
conversion perovskite X-ray detectors from the perspective of perovskite material regulation and provide an outlook on

future developments in perovskite X-ray detection.
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(a) Schematic of layer stacking of the MAPbl;-based p-i-n photodiode. (b) J-V characteristics of the device in darkness

and under AM1.5 illumination. (¢)Time-resolved short-circuit photocurrent under X-ray exposure. The data shown in (b)

and (c) are for a MAPbI; layer with thickness of (260 + 60) nm. (d) Averaged short-circuit X-ray photocurrent as func-

tion of dose rate. Inset: sensitivity normalized to the active volume for MAPbI; layers with thicknesses of (260 + 60) nm,

(360 + 80) nm and (600 + 120) nm, respectively.
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(a) llustration of an all-solution-processed digital X-ray detector. (b) The left panel shows an optical image of spin-cast

PI-MAPbI; on an a-Si: H TFT backplane. The inset shows a single-pixel structure of TFT (scale bar 30 wm) in which the

collection electrode (white outline) is connected to the drain contact of the TFT through a via(circular pad). The right

panel shows a photograph of printed MPCs on the PI-MAPbI;. (c) Charge collection and sensitivity characteristics of the

MPC detector measured at 100 kV . The inset shows W, in the pixellated (blue symbols) and diode (red symbols) detec-

tors. (d) A hand phantom X-ray image obtained from an MPC detector(using 100 kV, and 5 pGy,,+s™* for 5 ms exposure,

resulting in a dose of 25 wGy,, and a bias voltage of 50 V).
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photoelectric effect) versus thickness. (b) MAPbBr; single-crystal device response to X-rays by turning the X-ray source

on and off. (¢)X-ray-generated photocurrent at various dose rates, down to the lowest detectable dose rate. A sensitivity

of 80 wC+Gy,.-cm™ is derived from the slope of the fitting line. (d) Normalized response as a function of input X-ray fre-

quency showing that the 3 dB cutoff frequency is 480 Hz.
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der different X-ray intensities. This device was used for the X-ray imaging in (¢)—(g). (¢) Optical(top) and X-ray (bot-
tom) images of stacked glass coverslips. (d)Optical image(top) of a stainless-steel plate with etched-through lines and its
X-ray image with current profile (bottom). (e)Optical and X-ray images of an encapsulated metallic spring. (f)Optical im-
age of a portion of a fish caudal fin(top) and X-ray image of a section of it(bottom ). (g)Photo(top) and X-ray image(bot-
tom) of an ‘N’ copper logo under a dose rate of 247 nGy,;,+s™. (h)Schematic illustration of X-ray imaging with Si-inte-
grated MAPDbBr; single crystal detectors. (i) X-ray image of the N-shaped logo obtained by the linear detector array. Scale
bars: 200 wm(d) and 5 mm((c¢), (e), (f), (g), (i)).
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Fig.5 (a)Absorption coefficients of FAPbBry, MAPbBr;, CdTe and Si as a function of photon energy. (b) Attenuation efficien-

cies of FAPbBry, MAPbBry, CdTe and Si semiconductors to 50 keV X-ray photons versus thickness. (¢) Current density

of FAPbBr; SC detector at different X-ray dose rates. (d) X-ray response of the FAPbBr; SC detector by turning on and off

the X-ray source.
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Fig.6

(a)The attenuation efficiency of different materials for the X-ray photon energy of 30 keV. (b)Device responses under dif-

ferent dose rates, while the electric field is set as 4.2 V-mm™". (¢)Photocurrent dose rate curves of the detector under dif-

ferent electric fields. (d)Sensitivity and gain factor as functions of the electric field. (e) Detector response toward stacked

FTO glass.
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Fig.7 (a) Attenuation coefficient of different commercial semiconductors and perovskite single crystals. (h) SNR dependent on

the X-ray dose rate for the CsFA, CsFAGA and CsFAGA: Sr detectors, and the error bars are given according to varia-

tions in the current signal. The LoD of 7.09 nGy,,+s™

is derived from the fitting line with an SNR of 3. (¢)Sensitivity of X-

ray detectors under different electric fields. (d) Comparison of the sensitivity and LoD of representative X-ray detectors

with different operating voltages: a-Se, CsFAMA, FAPbBry, MA;Bi,ly, Cs,AgBiBrg, MAPbBr;_ .Cl,, GAMAPbI;. (e)Oper-

ational stability test of the CsFAGA : Sr detector. (f) Prototype of a portable X-ray monitor, powered by a button cell with

an electric field of 1 V+-cm™ for X-ray detection. (g) Schematic of the X-ray imaging system. (h) X-ray image of a bank

card.
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Tab. 1 Parameter comparison of perovskite direct X-ray detector
ok} JELJE /mm pr B/ (em®- V) MR/ (nGy,, -s™")  REUE/(WC-Gy,'cm™)
MAPDL JE > 0.83 ~1.00x10™ — 11 000
MAPDL i [ 4% 0.20~1. 00 ~2.00x10™ — 2527
MAPDL [ 0.80 3.84x10™ — 12 200
MAPDL 5 4% — 1.50 71 000
MAPbLBr, 852 2.00~3. 00 1.20x107 500. 00 80
MAPDLBr, 8427 2.00 4.00x107° <100. 00 21 000
MAPDBr, ,,Cl, 5 1. 00 1.80x107 7. 60 84 000
FAPLBr, 844" 2.50 1. 10107 300. 00 130
CsPhBr M 0.24 1.32x107 215.00 55684
CsPhBr, 44K f A 2.00x107 — 1 450
GAMAPDI, 8 5 ~1.20 1.30x107 16. 90 23 000
CsFAGASIPbI, Br, i f0 1.70 1.29%107 7.09 26 000
Cs,AgBiBr & [ 1. 00 5.51x107 95.30 250
MA,Bi,I, 845 1. 00 2.87x107 83. 00 1974
MA,Bi,I, 5> 1. 00 4.60x107 9.30 563
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