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Abstract: X-ray detection has been widely used in medical imaging, security inspection, and industrial non-destructive
tests. Halide perovskite X-ray detectors have attracted increasing attention due to their high sensitivity and low
detection limit, but the notorious ion migration leads to poor operational stability. It is reported that the low
dimensional structure can effectively suppress the ion migration of perovskites, thus greatly improving the stability of
the detectors. This review introduces the working mechanism, key performance parameters of perovskite X-ray
detectors, and summarizes the recent progress of low-dimensional perovskite materials and their application in direct
X-ray detectors. The relationship between the structural characteristics of low-dimensional perovskite materials and
their X-ray detection performance was systematically analyzed. Low-dimensional perovskite is a promising candidate
for the preparation of X-ray detectors with both high sensitivity and stability. Further optimization of detection
material and device structure, preparation of large-area pixelated imaging devices, and study of working mechanism
in-depth of the detector are expected to promote the practical application of perovskite X-ray detectors.
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Fig. 3 0D bismuth-based perovskite single crystal detector

(a) Schematic crystal structure and photograph of MA;Bi, I, single crystal’®’; (b) Photograph of the MA;Bi, I, single crystal after cutting and
polishing®; (c) Resistivity of representative X-ray detection materials; (d) Device operational stability against continuous X-ray irradiation with
high dose rates under a high bias volage®; (e) Photograph and corresponding X-ray images of the keys™"; (f) FWHM of (00/) peaks of Cs;Bi,Iy

single crystals, which are prepared by liquid diffusion separation induced crystallization method and inverse temperature

crystallization method!**!
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Fig. 4 1D and 2D bismuth-based perovskite single crystal detectors
(a) Photograph of 1D (H,MDAP)Bil; single crystal and schematic diagram of device structure’®”); (b, ¢) Crystal structure of (b) 1D (DMEDA)Bils
and (c) 2D (NH,);Bi,[,™* **); (d) Photograph of the (NH,);Bi,I, single crystal and two different device structures based on the (100) plane!*”!
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Fig. 6 Quasi-2D polycrystalline X-ray detector
(a) Preparation of RP perovskite-nylon matrix by a lamination process'*®’; (b) Photograph and corresponding X-ray image of a copper Chinese
characters pattern!®”); (c) A-site cation engineering to prepare RP perovskite X-ray detectors'??; (d) Microstructure of the TFT substrate and 12x12
pixel perovskite X-ray detector'®”!; (e) Images of visible light and X-rays based on BA,;MAPb,,l3, detector®; (f) X-ray image based on
(BA,PbBry4) 5-FAPbI; deVice[83]; (g) Dark current uniformity of MAPbI; device (left) and quasi-2D PEA;MAPbol,s device (right)[w
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Table 1

Comparison of low-dimensional perovskite X-ray detectors

E,n/keV, Thickness/ Electric field/

Sensitivity/

LoD/  Resistivity/ Bandgap/ ut/

Compound V/kV,  mm (V:mm')  (uC-Gyy em?) (Gyas ) (Qem) eV (em2 vy ReE
Single crystal
Cs4Pblg 30 keV - - 451.49 90 - 3.46  9.7x107* [55]
Cs;Bil, 40 kV, 1.2 50 1652.3 130 2.79x10"° 196  7.97x107* [28]
Cs;Bil, 45 keV 1 120 964 446  1.12x10° ~1.89  1.87x107 [53]
MA;Bi,lo 100kV, 2.5 48 10620 0.62  5.27x10" 198  2.8x10° [25]
MA;Bi,l, 40 kV, 1 60 1947 83 3.74x10"°  1.99  2.87x107° [54]
FA;Bil, 45 keV 0.9 ~560 598.1 200  7.8x10'° 2,08  2.4x10° [52]
(DMEDA)Bil; 50 kv, 0.6 494 72.5 - - 1.82 - [58]
(H,MDAP)BIls 70 keV 2 5 1.0 - 2.1x10'° 1.83 - [57]
CsPbl; 50 kV, - 4.17 2370 3020 7.4x10° 267  3.63x107 [59]
(NH,);Bislg (/7 001) 22 keV - 22 8200 210 - 205  1.1x1072 [29]
(NH,);BisI (L 001) 22 keV - 6.5 803 55 - 205 4.0x10° [29]
Rb;Bisl, 30 keV 1 300 159.7 832  2.3x10° 1.89  2.51x107 [61]
(F-PEA),Pbl, 120keV 1.5 ~130 3402 23 1.36x10'2 230  5.1x10* [66]
(PMA),Pbl, 40 kv, 0.9 ~56 283 2130 - 201  8.05x107 [67]
BA,Pbl, 30kV, 2 10 148 241 2.6x10" 224 45x107* [64]
BA,CsPbBr; 40kv, 391 2.53 13260 725  2.2x10° 2.74 - [68]
BA,EA,Pb;Br, 70 keV 2 5 6800 5500  4.5x10'° 255 1.0x107 [69]
(CH;0C;HgN),CsPb,Br; 80 kV, 2 0 410 - - 251 3.2x10° [70]
BDAPbI, 40 kV, - 310 242 430 - 237 443x107* [72]
(BDA)CsPb,Br, 50 kv, 0.7 ~43 725.5 3810  4.35x10'° 276 2.33x107° [73]
(3AMPY)(FA)Pb,I, 50 kv, 1 200 52300 151 - 1.54  2.0x107 [75]
Polycrystalline

MA;Bi, I, 35.5 keV 1 210 563 9.3 2.28x10" 2,08  4.6x107° [77]
MA;Bi, I, 30.6keV  ~0.1 150 ~35 140 ~5x10" 2.09  3.89x107° [78]
MA;Bi, Iy 30.6keV  ~0.05 600 ~100 98.4  3.38x10" 2,03  1.6x107° [79]
MA;Bil, 40 kV, 0.1 2000 2065 271 3.5x108 1.86 - [80]
Cs,PbBRg - 0.3 666.7 7068 1.75  1.376x10"  3.88  1.01x107° [81]
Cs,Telg 40kv,  0.025 25 19.2 - 4.2x10' 1.57  5.2x107° [82]
BA,MAyPbol5, ~60keV 0.9 110 5362.3 8.1  ~1x10"  ~1.60  3.99x107 [26]
BA,MAyPbol5, 45 keV 1 210 7109 93  ~1.1x10' ~1.61 ~5x10° [22]
(BA,PbBr,)o sFAPbI, - 0.006 ~167 13600 4.2 - - - [83]
PEA,MAgPbglyg 50 kV, - 600 10860 69 5.4x10" 1.504 2.6x107° [84]
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