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DFT Calculations
The first-principles calculations were performed using the Vienna Ab initio Simulation Package (VASP, version5.4.4) [S1, S2] with standard projector augmented-wave (PAW) method and the exchange-correlation functional for generalized gradient approximation (GGA) in PBE format [S1]. The energy cut-off was set as 450 eV with energy convergence criterion of 10-5 eV and force converged accuracy of 0.01 eV/Å. A 233 k-points mesh was set in the Brillouin zone for all DFT calculations. The DFT-D3(Grimme 2006) [S2] was used to describe the vdW-interaction of organic-inorganic interfaces. The post-processing of the energy calculations was obtained by VASPKIT toolkit.
Supplementary Figures and Tables
[image: ]
Fig. S1 The photograph of the X-ray detector with lateral electrodes
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Fig. S2 Schematic illustration of the X-ray response speed measurement
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Scheme S1 The schematic structure of propylamine (PA) and 1,6-hexanediamine (HDA)
[image: ]
[bookmark: _Hlk201608897][bookmark: _Hlk201599900]Fig. S3 Side-view scanning electron microscope (SEM) images of the MAPbBr3 single crystal with the (PA)2PbBr4 capping layers: (a) 130 nm (PA)2PbBr4 capping layer (PA 130) and (b) 460 nm (PA)2PbBr4 capping layer (PA 460). (PA)2PbBr4 capping layers are in red. SEM images of the MAPbBr3 single crystal with the (HDA)PbBr4 capping layers: (c) 230 nm (HDA)PbBr4 capping layer (HDA 230) and (d) 520 nm (HDA)PbBr4 capping layer (HDA 520). (HDA)PbBr4 capping layers are in green

[image: ]Fig. S4 Sensitivity of devices with varying 2D perovskite layer thicknesses. (a) (PA)2PbBr4 capping devices: PA 130, PA 300, PA 460 denote 2D perovskite (PA)2PbBr4 thicknesses of 130 nm, 300 nm, and 460 nm, respectively. (b) (HDA)PbBr4 capping devices: HDA 230, HDA 450, HDA 520 correspond to 2D perovskite thicknesses of 230 nm, 450 nm, and 520 nm, respectively
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Fig. S5 Elements molar ratios of Br/Pb alone the cross-section of (a) the (PA)2PbBr4 capping and (b) (HDA)PbBr4 capping samples
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Fig. S6 Top-view atomic force microscopy (AFM) height images of (a) Ctrl, (b) (PA)2PbBr4 capping, and (c) (HDA)PbBr4 capping samples
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Fig. S7 Taut plots of (a) Ctrl, (b) (PA)2PbBr4 capping, (c) (HDA)PbBr4 capping samples. The thicknesses of the two-dimensional perovskites (PA)2PbBr4 and (HDA)PbBr4 are both less than 500 nm. Compared with the several-millimeter-thick three-dimensional perovskite MAPbBr3, their influence on the UV-Vis spectroscopy test is basically negligible. Therefore, the displayed 2.13 eV bandgap corresponds to that of the three-dimensional perovskite MAPbBr3
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Fig. S8 Steady-state photoluminescence of (PA)2PbBr4 capping and (HDA)PbBr4 capping samples
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Fig. S9 Schematic band alignment of (a) the MAPbBr3-(PA)2PbBr4 heterojunction and (b) the MAPbBr3-(HDA)PbBr4 heterojunction, which show the energy levels of materials at equilibrium. The energy drop at interfaces are highlighted by red circles
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Fig. S10 TRPL of heterostructures with varying 2D perovskite layer thicknesses. (a) (PA)₂PbBr₄ capping samples: PA 130, PA 300, PA 460 denote 2D perovskite (PA)₂PbBr₄ thicknesses of 130 nm, 300 nm, and 460 nm, respectively. (b) (HDA)PbBr₄ capping samples: HDA 230, HDA 450, HDA 520 correspond to 2D perovskite thicknesses of 230 nm, 450 nm, and 520 nm
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Fig. S11 Space charge limited current (SCLC) of (a) Ctrl, (b) (PA)2PbBr4 capping, and (c) (HDA)PbBr4 capping samples
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Fig. S12 The Time-Resolved Photocurrent Decay curves of (a) Ctrl, (b) (PA)2PbBr4 capping, and (c) (HDA)PbBr4 capping samples. The electric field for measurements was 267 V mm-1
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[bookmark: _Hlk201613251]Fig. S13 (a) The current-time (I-t) curve of the Ctrl device under X-ray dose rates ranging from 74.7 to 616.6 μGyair s-1. I-t curves of (b) the (PA)2PbBr4 capping and (c) the (HDA)PbBr4 capping devices under X-ray dose rates ranging from 1.3 to 10.7 μGyair s-1
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Fig. S14 Sensitivity of Ctrl, (PA)2PbBr4 capping, and (HDA)PbBr4 capping samples under different electric fields. The dose rate of X-ray for measurements of the Ctrl sample was 5111.11 μGyair s-1. The dose rate of X-ray for measurements of the (PA)2PbBr4 capping and (HDA)PbBr4 capping samples was 86.11 μGyair s-1
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Fig. S15 Relative X-ray absorption (blue curve) and mass attenuation coefficient (red curve) of MAPbBr3 in the 1 eV ~ 100 keV energy range. The relative X-ray absorption coefficient (𝜖) was directly obtained from μP by applying the relationship: 𝜖 = 1 – exp(–μP·ρd). By considering a photon energy Eph = 5.73 keV, which is the most probable energy in the case of a Cu-target X-ray tube, the mass attenuation coefficient is μP = 3.78 cm2 •g-1, corresponding to a relative X-ray absorption 𝜖 = 83.2% for a 1.5 mm-thick crystal. At the same photon energy (5.73 keV), the mass attenuation coefficient of dry air [5] is μ = 9.92 cm2 g-1. Finally, being the bandgap energy Eg = 2.13 eV, the estimated electron-hole pair creation energy is Ei = 2  2.13 + 1.43 = 5.69 eV.
By inserting all the numerical values into the St equation we obtain:
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Fig. S16 The long-term dark current drift of (a) Ctrl, (b) (PA)2PbBr4 capping, and (c) (HDA)PbBr4 capping samples under an electric field of 267 V mm-1
Table S1 Performance comparison of perovskite-based X-ray detectors
	Materials
	Electric field
(V mm-1)
	X-ray
energy
(kVp)
	Sensitivity
(μC·Gyair-1·cm-2)
	LoD
(μGyair s-1)
	Response time
(ms)
	References

	MAPbBr3
	0.1
	50
	80
	0.5
	0.73
	[S6]

	MAPbBr3
	2.67
	40
	7275
	0.67
	/
	[S7]

	MAPbBr3
	7.1
	40
	2181
	0.48
	/
	[S8]

	FAPbI3
	80
	70
	4.15 × 105
	0.001
	0.214
	[S9]

	MA0.42FA0.58PbI3
	71
	22
	1.16 × 106
	0.037
	20000
	[S10]

	Cs0.05FA0.9MA0.05PbI3
	200
	59.3
	1.5 × 104
	/
	0.235
	[S11]

	CsPbI2Br
	125
	50
	1.48 × 105
	0.28
	/
	[S12]

	CsPbBr3
	21
	50
	5.57 × 104
	0.215
	92
	[S13]

	(BDA)PbI4
	310
	40
	242
	0.43
	7.3
	[S14]

	2D layered
(NH4)3Bi2I9
	10
	50
	8200
	0.055
	80
	[S15]

	MA3Bi2I9
	60
	40
	1947
	0.083
	23
	[S16]

	MAPbBr3 - MAPbI3
	80
	40
	3.98 × 105
	0.012
	1.5
	[S17]

	MAPbI3 - (PEA)2MA3Pb4I13
	33.3
	70
	1.95 × 104
	0.48
	/
	[S18]

	MAPbBr3 -(PA)2PbBr4
	267
	60
	2.22 × 104
	0.13
	0.240
	This work

	MAPbBr3 -(HDA)PbBr4
	267
	60
	1.79 × 104
	0.56
	0.269
	This work
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