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S1 Supporting Figures
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[bookmark: OLE_LINK77]Fig. S1 a) Inorganic layer of (Mpda)PbBr4 constructed by distorted [PbBr6] octahedra through corner-sharing. b) Pb-Br bond lengths in two distinct [PbBr6] octahedra (labeled with 1 and 2).
According to the formula [S1],

[bookmark: OLE_LINK78]in which Δd denotes the degree of distortion, and di and d0 are individual and average Pb-Br bond lengths. The distortion degrees of the two [PbBr6] octahedra are calculated to be 30×10-5 (1) and 25×10-5 (2), respectively, showing they are highly distorted.
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[bookmark: OLE_LINK1]Fig. S2 Comparison of simulated and experimental powder XRD patterns of (Mpda)PbBr4.
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Fig. S3 TG curve of (Mpda)PbBr4 powders under N2 atmosphere.


[bookmark: OLE_LINK82][image: MPDAS5_01(1)]
Fig. S4 XRD patterns of (Mpda)PbBr4 wafers under different hot-pressing parameters: a) holding time, b) temperature, c) pressure, and d) different pressure with temperature of 170 °C. This systematically study gives the optimal fabrication parameters: 170 °C, 300 MPa, and 60 min.
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Fig. S5 XPS spectrum of (Mpda)PbBr4 scanning from 0 to 1200 eV.
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Fig. S6 Frequency-dependent relative dielectric constant of (Mpda)PbBr4 wafer.
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Fig. S7 The PFM topography of (Mpda)PbBr4 film.
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Fig. S8 Schematic configuration of the (a) out-of-plane (vertical) and (b) in-plane (lateral) directions in (Mpda)PbBr4 wafer.
[image: ]
Fig. S9 Attenuation efficiency of (Mpda)PbBr4, Si, α-Se, and (PEA)2PbBr4 for 20 keV X-rays versus thickness.
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Fig. S10 Photograph of Ag/(Mpda)PbBr4 wafer/Ag vertical device.
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Fig. S11 Comparison of photocurrent response of (Mpda)PbBr4 wafer as fabricated and after poling under X-ray irradiation (external bias of 1 V), showing a significant enhancement.
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Fig. S12 J-t curves of (Mpda)PbBr4 wafer detector under X-ray irradiation operated under different external bias voltages (e.g., 1, 2, 4, and 8 V).
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Fig. S13 J-t curves of (Mpda)PbBr4 wafer detector under low dose rate X-ray irradiation.
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Fig. S14 Detection limits of (Mpda)PbBr4 wafer detector operated at different bias voltages.


S2 Supporting Tables
Table S1 The atomic coordinates of Pb and N in crystal structure of (Mpda)PbBr4 collected at 293 K [S2]
	Atom
	Atomic coordinate
	Coordinate of charge center

	Pb
	Pb1i (0.74103, 0.60812, 0.04472)
	Pb1ii (0.24103, 0.39188, 0.54472)
	(0.49103, 0.5, 0.29472)

	
	[bookmark: OLE_LINK79]Pb2i (0.23971, 0.09787, 0.04251)
	Pb2ii (0.73971, 0.90213, 0.54251)
	(0.48971, 0.5, 0.29251)

	N
	N1i (0.75060, 0.17830, 0.93020)
	N1ii (0.25060, 0.82170, 0.43020)
	(0.50060, 0.5, 0.68020)

	
	[bookmark: OLE_LINK80]N2i (0.42340, 0.99500, 0.71321)
	N2ii (0.92340, 0.00500, 0.21321)
	(0.67340, 0.5, 0.46321)

	
	N3i (0.24680, 0.52590, 0.92020)
	N3ii (0.74680, 0.47410, 0.42020)
	(0.49680, 0.5, 0.67020)

	
	N4i (0.93550, 0.50800, 0.71320)
	N4ii (0.43550, 0.49200, 0.21320)
	(0.68550, 0.5, 0.46320)


According to the point charge model, we assume that the centers of the positive charges of Mpda cation and the centers of negative charges of [PbBr6] octahedra are locating at N and Pb atoms, respectively.
Thus, spontaneous polarization intensity (Ps) along the c-axis,
Ps = (qNrN + qPbrPb) × Z × c / V
[bookmark: OLE_LINK81]= [(e × 0.68020) × 2 + (e × 0.46321) × 2 + (e × 0.67020) × 2 + (e × 0.46320) × 2 + (-2e × 0.29472) ×2 + (-2e × 0.29251) ×2] × 20.13716 ×10-10 / (1366.35 ×10-30)
= 1.6 × 10-19 × 2.2047 × 20.13716 / 1366.35 × 1020 C m-2  

Table S2 Detection performance comparison between (Mpda)PbBr4 wafer and some recently reported 2D MHP X-ray detectors
	Compound
	Electric field (V mm-1)
	Sensitivity
(µC Gy-1 cm-2)
	Detection limit
(nGy s-1)
	Form
	Direction
	Refs

	(Mpda)PbBr4
	0
	483.6
	15.5
	wafer
	out-of-plane
	This work

	
	1.67
	705.4
	18.6
	wafer
	
	

	
	3.33
	1011.5
	12.6
	wafer
	
	

	
	6.67
	1112.1
	10
	wafer
	
	

	
	13.33
	1395.5
	9.6
	wafer
	
	

	
	26.67
	2285
	7.2
	wafer
	
	

	(F-PEA)3BiI6
	100
	52.6
	30
	wafer
	out-of-plane
	[S3]

	(PEA)2PbI4
	50
	28.1
	-
	film
	in-plane
	[S4]

	(HIS)2AgBiBr8
	3.1
	252.38
	68.9
	single crystal
	out-of-plane
	[S5]

	(NH4)3Bi2I9
	6.5
	803
	55
	single crystal
	out-of-plane
	[S6]

	(PEA)2PbBr4
	100
	1303.9
	8.8
	single crystal
	out-of-plane
	[S7]

	(HIS)2AgSbBr8
	33.3
	223
	84.2
	single crystal
	out-of-plane
	[S8]

	(Br-PEA)2PbI4
	80
	1003
	36
	single crystal
	in-plane
	[S9]

	(4ABA)PbI4
	25
	572
	7.5
	single crystal
	out-of-plane
	[S10]

	[bookmark: _Hlk221897936](Br-BA)2PbBr4
	150
	531.33
	100
	single crystal
	out-of-plane
	[S11]

	(o-F-PEA)2PbI4
	1250
	1724.5
	460
	single crystal
	in-plane
	[S12]

	(BA)2PbI4
	10
	148
	241
	single crystal
	out-of-plane
	[S13]

	(BA)2PbBr4
	12.5
	544.8
	523.3
	wafer
	out-of-plane
	[S14]

	(PA)2PbBr4
	12.5
	827.3
	60
	wafer
	out-of-plane
	

	(PEA)2PbBr4
	12.5
	3416.4
	27
	wafer
	out-of-plane
	

	(BDA)PbI4
	310
	242
	430
	single crystal
	out-of-plane
	[S15]

	EA4Pb3Br10
	60
	2228.9
	-
	wafer
	in-plane
	[S16]


*PEA = phenylethylamine, HIS = histamine, 4ABA = 4-aminobenzylamine, BA = butylamine, PA = propylamine, BDA = 1,4-butanediamine, EA = ethylamine.
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