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Figure caption
Fig. S1 ｜Morphology characterization of BixIy. a, A typical as-grown crystal with the stripped surface. b, c, Complete and flexible slices exfoliated by PDMS, respectively. d, SEM image of an exfoliated flake transferred onto a conductive tape. e, f, AFM image (e) and corresponding surface profile (f) of a freshly exfoliated flake.
Fig. S2 ｜XRD pattern of BixIy with (001) surface, the red arrows point to a minor secondary diffraction.
Fig. S3 ｜XPS spectra of valance band BE of BixIy and commercial BiI3.
Fig. S4 ｜Thermogravimetric analysis curves of BixIy and commercial BiI3.
Fig. S5 ｜Cross-sectional HAADF-STEM images of stripped BixIy slices. a, SEM image of BixIy slices for FIB. b-d, Alternate stacking of thin bright Bi-rich layers and thick dark BiI3 layers with 670 nm (b), 163 nm (c) and 154 nm (d) thickness. e-g, STEM-EDS mapping of Bi (f) and I (g) in a region with bright Bi-rich phase and dark BiI3 (e).
Fig. S6 ｜a-d, HAADF-STEM images of BiI3 and BiI structure viewed along the [100] zone axis (a, b) and the [010] zone axis (c, d).
Fig. S7 ｜HAADF-STEM image of an exfoliated BiI film with 7 I-Bi-Bi-I layers.
Fig. S8 ｜Absorption spectrum of BixIy.
Fig. S9 ｜Photoluminescence spectrum of the BiI3 and BixIy.
Fig. S10 ｜Raman spectrum of the BixIy.
Fig. S11 ｜photo response of the BixIy. a, A planar-type Ag/BixIy/Ag photodetector made on the (001) surface of BixIy. b, Infrared on/off responses from 1100-1900 nm. c, On/off responses under ambient light.
Fig. S12 ｜Transient absorption spectra of BixIy (a) and BiI3 (b).
Fig. S13 ｜On/off x-ray responses of the lateral device (a) and vertical device (b) at different dose rates measured by cavity-edge configuration at room temperature.
Fig. S14 ｜Room temperature self-powered device. a, A Si/BixIy/Bi detector configuration. The Si and Bi electrodes were prepared by mixed the ground Si and Bi powders with the supernatant of silver paste. b, On/off responses of the Si/BixIy/Bi detector at different dose rates under zero bias measured by cavity-edge configuration. c, X-ray photocurrent densities of self-powered device at different dose rates measured by cavity-edge configuration. The sensitivity of 7.5 μC Gy-1 cm-2 was obtained from the current-dose rate relations.
Fig. S15 ｜Comparison of the x-ray detection sensitivities of the BixIy detector in this work with some traditional (CdZnTe, PbI2, HgI2, α-Se38) and recently reported (MAPbBr339, MAPbBr3/Si40, CsPbBr3, Cs2AgBiBr641, MAPbI38, BDAPbI442, Cs3Bi2I99, (NH4)3Bi2I97) detectors. Data for CdZnTe, PbI2, HgI2 and CsPbBr3 were extracted from ref. 43.
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Fig. S1 ｜Morphology characterization of BixIy. a, A typical as-grown crystal with the stripped surface. b, c, Complete and flexible slices exfoliated by PDMS, respectively. d, SEM image of an exfoliated flake transferred onto a conductive tape. e, f, AFM image (e) and corresponding surface profile (f) of a freshly exfoliated flake.
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Fig. S2 ｜XRD pattern of BixIy with (001) surface, the red arrows point to a minor secondary diffraction.
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Fig. S3 ｜XPS spectra of valance band BE of BixIy and commercial BiI3.
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Fig. S4 ｜Thermogravimetric analysis curves of BixIy and commercial BiI3.
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Fig. S5 ｜Cross-sectional HAADF-STEM images of stripped BixIy slices. a, SEM image of BixIy slices for FIB. b-d, Alternate stacking of thin bright Bi-rich layers and thick dark BiI3 layers with 670 nm (b), 163 nm (c) and 154 nm (d) thickness. e-g, STEM-EDS mapping of Bi (f) and I (g) in a region with bright Bi-rich phase and dark BiI3 (e).
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Fig. S6 ｜a-d, HAADF-STEM images of BiI3 and BiI structure viewed along the [100] zone axis (a, b) and the [010] zone axis (c, d).
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Fig. S7 ｜HAADF-STEM image of an exfoliated BiI film with 7 I-Bi-Bi-I layers.
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Fig. S8 ｜Absorption spectrum of BixIy.
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[bookmark: _Hlk108457871]Fig. S9 ｜Photoluminescence spectrum of the BiI3 and BixIy.
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Fig. S10 ｜Raman spectrum of the BixIy.
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Fig. S11 ｜photo response of the BixIy. a, A planar-type Ag/BixIy/Ag photodetector made on the (001) surface of BixIy. b, Infrared on/off responses from 1100-1900 nm. c, On/off responses under ambient light.
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Fig. S12 ｜Transient absorption spectra of BixIy (a) and BiI3 (b).
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Fig. S13 ｜On/off x-ray responses of the lateral device (a) and vertical device (b) at different dose rates measured by cavity-edge configuration at room temperature.
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Fig. S14 ｜Room temperature self-powered device. a, A Si/BixIy/Bi detector configuration. The Si and Bi electrodes were prepared by mixed the ground Si and Bi powders with the supernatant of silver paste. b, On/off responses of the Si/BixIy/Bi detector at different dose rates under zero bias measured by cavity-edge configuration. c, X-ray photocurrent densities of self-powered device at different dose rates measured by cavity-edge configuration. The sensitivity of 7.5 μC Gy-1 cm-2 was obtained from the current-dose rate relations.
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Fig. S15 ｜Comparison of the x-ray detection sensitivities of the BixIy detector in this work with some traditional (CdZnTe, PbI2, HgI2, α-Se38) and recently reported (MAPbBr339, MAPbBr3/Si40, CsPbBr3, Cs2AgBiBr641, MAPbI38, BDAPbI442, Cs3Bi2I99, (NH4)3Bi2I97) detectors. Data for CdZnTe, PbI2, HgI2 and CsPbBr3 were extracted from ref. 43.
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