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Metal Halide Perovskites for X-ray Detection and Imaging

WU Rong, LIU Fangze, BAO Yuchun, LI Hongbo
(School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: X-ray detection technology is a widely used technology in non-destructive inspections, including medical diag-
nosis, safety inspection and quality inspection. Metal halide perovskites are ideal X-ray absorption materials because of their
easy preparation, low defect density, high resistivity and high carrier mobility-lifetime product. Starting from the fundamental
interactions between X-ray and absorption material, detector structure and evaluation metrics, this review analyses the ad-
vantages of metal halide perovskites as X-ray absorption material and further introduces the synthesis methods of metal halide
perovskites. Next, this review summarizes the recent progress of X-ray detectors based on metal halide perovskites in recent
years, and systematically discusses how to improve the sensitivity and detection limit. The integration methods of X-ray de-
tector and read out circuit, and the research progress of X-ray imaging detectors in recent years are also overviewed. Finally,
the challenges and outlooks of X-ray detection and imaging based on metal halide perovskites are proposed.
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Fig. 1 Sketch of the electron-hole generation in semiconductor under X-ray irradiation and the mechanisms of direct detection and indirect detection
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Table 1 Performance of X-ray detectors based on metal halide perovskite ( PVK)
Perovskite Thickness/ Device structure Source/  Electric fijld/ Sensit{vlity/ . Detection lirj:it/ Ret.
pm keV (Veem™) (€ -Gy, rem™)  (nGy,, =s7)

MAPbI; film 0.60+0.12  ITO/PEDOT : PSS/PVK/PCBM/Zn0/Ag 37 — 1.5 — [20]
MAPbI, film 830 ITO/PI-MAPbBr,/PVK/PI-MAPbL,/ITO 100 — 1. 1x10* — [22]
MAPbI; wafer 200~1000 ITO/PEDOT : PSS/PVK/ PCBM/ZnO/Ag 70 2000 2527 — [31]
MAPbI; wafer 800 Auw/PCBM/PVK/Au 40 125 1.22x10° — [53]
MAPbI, wafer 230 Cr: Auw/PVK/In : Ga : ZNO TFT/Mo : Cr — — 9300 — [33]
MAPbBr; SC 150 Si/PVK/Cq,/BCP/Au 8 — 2. 1x10* 11.8 [23]
MAPbBr; wafer 2000 AZO/PVK/Au 80 50 529 — [59]
CsPbBr; film 0.02 Au/PVK/Au 45 0.1V 1450 17.2 [51]
CsPbBr; film 180 Au/PVK/ITO 35 0 470 0.053 [49]
CsPbBr; film 240 FTO/PVK/Au 50 50 55 684 0.215 [21]
CsPbBr; film 250 Ga/PVK/Au 70 1200 1450 0.5 [60]
CsPbBr; SC 2000 Al/PVK/Au 80 200 1256 — [32]
CsPbBr; SC — Cu/BCP/C,o/PVK/Poly-TPD/Ni0,/ITO  — — 4086 — [56]
CsPbl; SC 250 Au/PVK/Au 25;8 :1112.'75 ;ggg 0.219 [61]
CsFAMA film 0.45 Cr/PVK/Au 35 — 97+1 — [47]
PFM film 240 Cr/BCP/Cg,/PVK/Cr 50 500 8696+228 — [50]
TCP film 3.7 PEN/NiOX/PVK/Cg,/BCP/Au 70 0.1V 59.9 12 [30]




53 Z WA BT E R kISR Y X SR 5 g 221
Perovskite Thickness/ Device structure Source/  Electric field/ Sensitivity/ Detection limit/ o
pm keV (Veem™ ) (BC -Gy, ' em™)  (uGy,, »s™)

FAMACs SC 1000 Au/BCP/C,/PVK/Spiro TTB/Au 40 60 V (3.5+0.2)x10° 0. 042 [24]
Cs,AgBiBr, SC 2000 Auw/PVK/Au 50 250 105 0. 0597 [25]
Cs3Bi, Iy SC 2000 Aw/PVK/Au 80 450 111.9 — [26]
Cs,AgBiBrg film 100 Aw/PVK/Au 45 400 V 40 — [48]
Cs, AgBiBry wafer 1000 Au/PVK-BiOBr/Au 50 5000 250 0. 0936 [54]
MA, Bi, I, wafer 1000 Au/PVK/Au 45 2100 563 0. 0093 [45]
Cs,Tel, SC 2000 Au/PVK/Au 40 27.6 27.8 0.0725 [58]
Rb;Bi, 1, SC — Au/PVK/Au 50 3000 159.7 0. 00832 [46]
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Fig. 6 The I-V response of the X-ray detector under light illumination ( the embedded image shows the structure diagram of the detector)

(a), gain factors and sensitivities of the devices under different bias voltages (b) (3]
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Fig. 7 Schematic of X-ray detector based on FAMACs single crystals
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(a), the sensitivities of four different detectors at different bias

voltages (b) [24]
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Table 2 Performance of X-ray imaging based on metal halide perovskite ( PVK)

Perovskite Pixel size/um Pixel number Sensitivity/ (pC *Gy,, ' sem™®)  Resolution/(lp -mm™") Ref.
MAPbI, film — 1428x1428 1. 1x10* 3.1 [22]
MAPbI; wafer — 640x480 9300 6.0 [33]
MAPbBr, SC 200 1 2. 1x10* 10 [23]
CsPbBr; SC 4000 4x4 770 — [65]
CsPbBr, oI, | 400 6x5 62748 — [67]
FAMACs SC 1000 14x14 (3.5+0.2) x10° — [24]
Cs, AgBiBr film — 6x6 40 — [48]
Cs, AgBiBr, wafer 200 1 250 4.9 [54]
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Fig. 10 Image of L-shaped object obtained by array detector (a) (631 s
X-ray image of hand obtained from a polycrystalline MAPbI;

detector (b)
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