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Supplementary Note 1 | Calculation of the dead pixel rate and the PRNU.
The grayscale value of pixels in a light field X-ray image is counted and fitted with the Gaussian fitting function:

where μ is the average grey-scale value of sampling area, and σ is the standard deviation. Pixels whose gray values fall outside the range of μ±4σ are defined as dead pixels and the dead pixel rate can be calculated using the equation:

where d represent the number of pixels with grayscale values below 4 times the threshold value and h represent the number of pixels with grayscale values above 4 times the threshold value. M and N represent the number of rows and columns of the pixel array, both of which are 256. The photo response non-uniformity (PRNU) of the detector is calculated using the formula .
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Supplementary Fig. 1 | Perovskite films obtained by spraying with traditional single solvent formulations. The SEM images of the perovskite films obtained with solvent systems of (a) DMF, (b) DMSO, and (c) GVL. (d) Corresponding XRD patterns of the perovskite films obtained by spray coating.
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Supplementary Fig. 2 | Crystallization behavior during the spray coating process. Photos of the perovskite crystallization process during the spraying with different solvent systems of (a) DMF:2-ME, (b) DMSO:2-ME, (c) GVL:2-ME, and (d) GVL:DMSO. The left photo shows the state after 10 cycles of spraying, while the right photo shows the state after 20 cycles of spraying.
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Supplementary Fig. 3 | The influence of different proportions of DMSO on crystallization. SEM images of perovskite films obtained with different DMSO contents: (a) 10%, (b) 15%, (c) 25%, and (d) 30%. 
At a low DMSO proportion of 10%, the solvent system exhibits similar rapid nucleation and explosive grain growth behavior to the pure GVL system. The insufficient DMSO coordination capacity fails to effectively restrain the fast nucleation rate, resulting in small grain size. When the DMSO content increases to 15%, the explosive nucleation is effectively suppressed. The moderately enhanced coordination strength slows down the crystallization rate, yielding significantly enlarged grains and improved morphological uniformity. With the DMSO ratio further increased to 25%, the grain size is further improved; however, excessive DMSO introduces minor secondary impurity phases within the film. Upon further increasing the DMSO proportion to 30%, the aggravated phase segregation and abundant impurity formation completely destroy the film uniformity, disabling the fabrication of high-quality homogeneous perovskite films.
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Supplementary Fig. 4 | Photo of the spray coated large-area perovskite film.
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Supplementary Fig. 5 | SEM image of the bottom contact interface between the control perovskite film and the substrate.
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Supplementary Fig. 6 | FIB-SEM processing. (a) The selected area of FIB cutting in the contact region between the polycrystalline layer and the columnar crystal layer. (b) The process of cutting the selected area.
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Supplementary Fig. 7 | Tensile experiment (a) Photo of the steel T-bar adhered to the surface of the perovskite films. (b) Photos of the control and target perovskite films after stretching, as well as the readings from the force gauge.
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Supplementary Fig. 8 | Thermal shock testing. (a) The changes of the control film after 7 thermal shock cycles at 100 ℃. (b) The changes of the target film after thermal shock cycles at 100 ℃ for 10 times, at 120 ℃ for 3 times, and at 150 ℃ for 2 times. All the films were put on the pre-cooled plate directly after moving from the hot plate.
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Supplementary Fig. 9 | Schematic diagram of the band structure of the perovskite X-ray detector.
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Supplementary Fig. 10 | SCLC measurement. The SCLC curves of the (a) control and (b) target devices under the pure hole device structure. For the control device, the trap‑filled‑limit voltage VTFL was determined as the intersection point between the curve with n>3 and the curve corresponding to the n=2 region for subsequent analysis. For the target device, due to the region with n>3 was absent in the SCLC curve, VTFL was extracted from the intersection of the ohmic linear region and the n=2 space‑charge‑limited region.
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Supplementary Fig. 11 | Dose-dependent current density of the control device. The sensitivity under different electric fields is determined by the slope of the linear fitting of the photocurrent density.
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Supplementary Fig. 12 | X-ray absorption capacity of the perovskite films. (a) The attenuation coefficient of MAPbI3 for different energy X-rays. (b) The attenuation ratio of 50 keV X-rays by MAPbI3 films with different thicknesses.
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Supplementary Fig. 13 | The uniformity of the response current of the devices. The I-V curves measured on nine different electrodes of the control device under (a) dark conditions and (b) X-ray exposure. The I-V curves measured on nine different electrodes of the target device under (c) dark conditions and (d) X-ray exposure.


Supplementary Table 1 | Performance comparison of pixel-arrayed X-ray flat-panel detectors based on thick perovskite polycrystalline layers.
	Materials
	Thickness
(μm)
	Sensitivity
(μC Gyair−1 cm-2)
	LoD
(nGyair s–1)
	Pixel size
(μm)
	Imaging scale
(mm2)
	Spatial resolution
(lp mm-1)
	Ref.

	MAPbI3
	830
	11000 (200 V)
	10000
	70
	100×100
	3.1
	1

	MAPbI3
	230
	9300 (170 V mm-1)
	6.3
	50
	32×24
	3.3
	2

	MAPbI3
	300
	22400 (167 V mm-1)
	28.57
	150
	38.4×38.4
	3.4
	3

	CsPbBr3
	300
	16000 (80 V mm-1)
	321
	83.2
	80×100
	5.0
	4

	BDMA9Pb10I31
	130
	18000 (180 V)
	5.7
	200
	12.8×12.8
	2.7
	5

	MAPbI3
	300
	20600 (30 V mm-1)
	107
	200
	100×100
	2.5
	6

	MA3Bi2I9
	50
	588 (100 V mm-1)
	178
	126
	28×32
	4.0
	7

	FA0.85MA0.1Cs0.05 PbI2.55Br0.45
	600
	25100 (150 V)
	19.8
	200
	12.8×12.8
	2.8
	8

	MAPbI3
	30.6
	11412 (100 V mm-1)
	114.2
	200
	12.8×12.8
	3.1
	9

	(DFAZ)2PbI2Cl2
	500
	1500 (180 V)
	40
	200
	12.8×12.8
	2.5
	10

	MAPbI3
	300
	42000 (20 V mm-1)
	12
	85
	22×22
	6.1
	This work
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