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Supplementary Fig. 1 | The working mechanism of scintillator X-ray detector in indirect
detection mode. Scintillators produce photons when exposed to X-rays, corresponding to the
energy absorbed from the X-rays. Yet, these photons can scatter and attenuate within the
scintillator, compromising image quality. When converting these photons to electronic signals,
septa are used to prevent cross-talk between photodiodes, but they might absorb some photons,
diminishing image contrast and sensitivity. Hence, scintillator-based indirect detectors, with
intricate photon pathways and multiple energy conversions, can face challenges in producing

optimal images.
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Supplementary Fig. 2 | 3D reconstruction of the cube. a, The initial 3D reconstruction of the
cube. b, Internal channel visualization in 3D model. The 3D model in Supplementary Fig. 2a shows
exterior form of the cube. In Supplementary Fig. 2b, adjusting the model’s opacity reveals internal
channels, underscoring CT’s capability to visualize the interior of objects.



Supplementary Fig. 3 | Planar X-ray image of the cube. The planar X-ray image, depicting the
same object as in Supplementary Fig. 2. The overlapping data from tubes at different heights blurs
the actual interior, complicating image interpretation and potentially masking important details.
The red black bar is 5 mm.
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Supplementary Fig. 4 | XRD spectra of Cso.0sFA0aMAw.0sPbls film with and without GBAC
additive. The Cso.05FA0.9sMA0.0sPblz film was prepared under ambient conditions, revealing the
characteristic peaks of the XRD spectrum for the less photosensitive 6-FAPbIz phase. The

incorporation of GBAC effectively suppresses the undesired d-FAPbI3 phase. However, when the
GBAC content increases to 10 mol%, GBAC-Pbl, structures become apparent, suggesting that



excess GBAC is not solely confined to the grain boundaries but interacts more broadly with the
material’s structure.
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Supplementary Fig. 5 | XRD spectra of films at various thicknesses. The consistent crystal
quality across films of varying thickness is indicated by the nearly identical full width at half
maximum (FWHM) values.
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Supplementary Fig. 6 | X-ray absorption properties of a perovskite film. a, Linear attenuation
coefficient of Si, CdTe, a-Se, and Cso.osFA09sMA00sPbls. b, X-ray absorption efficiency of
Cso.0sFA09MA00sPbls at at an X-ray energy of 59.3 keV.
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Supplementary Fig. 7 | Schematic of the photodetector configuration and photocurrent test
setup. The photodetector structure is comprised of multiple layers including 1TO, PTAA,
Perovskite, Ceo, BCP, and Cr. For photocurrent mapping, we employed an X-Y platform to
systematically move the device across a 4 mm >4 mm area, spanning 40 <40 steps, each step
being 100 um. Different positions on the device were sequentially illuminated by a focused 532
nm laser. At each position, the current was recorded, resulting in a comprehensive current mapping.
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Supplementary Fig. 8 | Photocurrent Mapping Consistency Across the Same Device.
Photocurrent measurements at four different time points, each derived from a statistical analysis
of 100 data points, demonstrate consistent film performance with minimal deviation in current



values across the same device. Each box plot illustrates the distribution, with whiskers representing
the minimum and maximum observed values (minimums: 2.824, 2.821, 2.811, 2.817; maximums:
2.903, 2.911, 2.904, 2.896). Boxes span from the 10th percentile (2.837, 2.834, 2.833, 2.832) to
the 90th percentile (2.882, 2.891, 2.886, 2.881), with the median marked by the center line at
values (2.862, 2.861, 2.860, 2.854).
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Supplementary Fig. 9 | Schematic of the setup for modulating X-rays into a periodic exposure
pattern.
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Supplementary Fig. 10 | Photograph of the tooth used for CT imaging.
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Supplementary Fig. 11 | Detector’s noise spectrum at zero dose.
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Supplementary Fig. 12 | NED (yellow line) and DQE (blue lines) versus photon energy,
calculated from the experimental DE and NED.
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Supplementary Fig. 13 | Analysis of spatial resolution using MTF. a, Reconstructed tooth
cervix image highlighting the chosen slanted edge for analysis (indicated by the yellow line). The
white scale bar is 5 mm. b, 1D edge profile function curve. ¢, LSF curve derived from the 1D edge
profile function. d, MTF curve derived from the LSF. e, Noise power spectrum (NPS) derived
from the ROI of reconstructed image. f, DQE- spatial frequency curve derived from the folloing
formula:

MTF ;)
NPS(;



Supplementary Tables 1-2

Supplementary Table. 1 | Comparison of direct conversion X-ray detectors using different
perovskite thin/thick films.

Materials Thickness Dark current Sensitivity Reference
(hm) (mA em?) (uC Gy em?)
CsPbLLBr 40 032(5V) 148 000 1
CsPbBr3 240 - 55 684 2
(BA2PbBr4)0.sFAPDI; 6 10 (-1 V) 13 600 3
MAPDI; 830 104 (50 V) 11 4
Cso.15FA0.35Pbl3 520 7x107 (-25 V) 1629 5
MA.42FA¢.5sPbl3 70 0.54 (-5V) 1 160 000 6
MAPbDI3 60 10 (80 V) 150 7
CsPbBr3 35 1.5%10° (-4 V) 2930 8
CsPbBr3; 100 1.4x103 (120 V) 1 450 9
CsyTels 1.5 3.5%10% (10 V) 226.8 10
FA0.33Cs0.17Pbl2.7Bro 3 9.2 1.5x10(-0.5 V) 3370.8 11
BA>MA,Pbslig 10 1x10° (3V) 1214 12
CsPbBr3 - 3x10° (0 V) 470 13
CsPbBr3 110 2.8x104(5V) 11 840 14
Cs0.0sFA0.9MAg.0sPbl3 980 5x10* (-200 V) 15 000 This work




Supplementary Table. 2 | Comparison of the perovskite CT system with commercial CT

(Canon)

head

Scanners.
Effective dose; Spatial resolution ) )
Manufacturer model number ) Pixel size Reference
region (Ip/cm)
Discovery 710 526 mSv:
’ 1.1 (FWHM) 4.2-6.3 mm 16, 17
(GE Healthcare) ¢
Revolution GSI 0.5-12 mGy;
) ’ 5.5-7.5 (MTF=0.1) 1 mm 18
(GE Healthcare) liver
Ingenuity elite 5.6 mGy;
’ 13 (MTF=0.1) 0.797 mm 19
(Philips) body
Aquilion Prime 3.17-11.4 mSy;
8-9 (MTF=0.1) 0.5 mm 20
(Canon) chest
CAT FLX 0.011-0.12 mSv;
11.6 MTF=0.1) 0.125-0.4 mm 21
(Imaging Sciences) CBCT
Galileos 0.203 mSv:
’ 8.8-8.9 (MTF=0.1) 0.3 mm 22,23
(Sirona) CBCT
3D Accuitomo 170 0.166 mSv:
’ 8 (MTF=0.1) 0.12 mm 24
(J. Morita MFG Corp) CBCT
Promax 3D 0.674 mSv;
5 (MTF=0.1) 0.14 mm 24
(Planmeca) CBCT
Scanora 3D 0.094 mSv;
4 (MTF=0.1) 0.13 mm 24
(Soredex) CBCT
15.9-22.3 mGy;
Aquilion Precision body
15 (MTF=0.1) 0.25 mm 25
58.5-69.5 mGy;

10



SOMATOM Force

(Siemens Healthineers)

NAEOTOM Alpha
(Siemens Healthineers)
iCT
(Philips Healthcare)
Preclinical SPCCT scanner

based on Brilliance iCT

(Philips Healthcare)

Perovskite

3.6 mGy;

lung

2.7 mGy;

lung

7 mGy;

lung

0.0055 mSv;

tooth

0.16 mSv;

jaw

10.21 (MTF=0.02)

11.7 (MTF=0.02)

9.8-10.1

(MTF=0.1)

21.7 (MTF=0.1)

10 (MTF=0.1)

0.45-0.51 mm

0.15-0.18 mm

1.14-1.4 mm

0.5 mm

0.8 mm

26

26

27

27

This work
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