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Supplementary Table 1. high flux performance comparison of CsPbBr3 with CdTe and CZT reported in literatures.
	High-Z semiconductor
	X-ray energy
	Flux tested
	Polarization or not?
	Time scale tested

	CdTe1
	61 keV
	< 21010 keV/s/mm2
	No
	-

	
	
	> 91010 keV/s/mm2
	Yes
	Several Seconds

	CdTe and CZT2
	80 keV
	~ 107 photons/s/mm2
	No
	-

	CZT3
	-
	>109 photons/s/mm2
	Somewhat
	-

	CZT4
	120 kVp
	~ 2107 photons/mm2
	No
	Tens of seconds

	CZT5
	120 kVp
	~ 108 photons/s/mm2
	No
	-

	CZT6
	120 kVp
	~ 2.5108 photons/s/mm2
	No
	-

	CZT7
	60 kVp
	< 2108 photons /s/mm2
	No
	-

	CsPbBr3 (This work)
	58.61 keV
	~ 1010 photons/s/mm2
	No
	Hundreds of seconds


Note: kVp stands for the high voltage potential of X-ray tube. “-” means no report.
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Supplementary Figure 1. Attenuation efficiency of CsPbBr3 to photons with different energies. Experimental setup to have holes/electrons contribute more to the induced signal under reverse bias voltage. A 1.7 mm thick CsPbBr3 can attenuate 98.5% and 81% of 58.6 keV and 122 keV photons, respectively. Density of CsPbBr3 is 4.85 g/cm3.
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Supplementary Figure 2. Time-resolved photoluminescence spectrum and emission spectrum of CsPbBr3 crystals that were fabricated into devices. a - d, Time-resolved PL of devices III, IV, V and VI. e – j, PL emission spectrum of all devices. 
An FS5 spectrofluorometer (Edinburgh Instruments) was used to measure the time-resolved PL spectra and PL emission spectra at room temperature. Exciting wavelength for PL measurement is 375 nm generated by a laser. The measured time-resolved PL data was fitted to a multi-exponential decay equation , where  is measured photoluminescence intensity, , ,  are proportionality coefficients.  is intensity averaged lifetime calculated as .
 

[image: A picture containing text, orange, several

Description automatically generated]
Supplementary Figure 3. device pictures and electrode area.
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Supplementary Figure 4. I-V curves measured under different conditions for device a, II, b, III, c, IV, d, V, e, VI. I-V curve testing sequence was “dark-1”, “light”, “X-ray” and “dark-2”, where “dark-1” stands for I-V measured in dark before X-ray irradiation, “light” stands for I-V measured under ambient room light, “X-ray” stands for I-V measured under constant X-ray irradiation, and “dark-2” stands for I-V measured in dark right after X-ray irradiation. X-ray flux for “X-ray” is 3.2109 p/s/mm2 at 8.2 keV for device II, and 3.4109 p/s/mm2 at 58.61 keV for device III, IV, V and VI. I-V measurement under each condition was performed immediately following the prior measurement and duration is ~ 3 mins each. Voltage sweep direction is from +200 V to -200 V. f, repeated forward current testing under constant X-ray irradiation. Voltage sweep direction is from 0V to 300V.
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Supplementary Figure 5. Raw current response of device-I under synchrotron X-ray. a, current response at EX = 10 keV b, current response under different X-ray beam size. EX = 8.2 keV c, d, e, current response under different detector reverse voltage at  = 0.75109 p/s/mm2 and X-ray energy EX = 10 keV, Abeam = 11 mm2. Note that the current become large and unstable at high bias voltage (e.g., > 900V)
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Supplementary Figure 6. response time comparison of a spectrometer CZT detector and a CsPbBr3 detector (device V). CZT thickness is 1.85 mm with a bias voltage of 200V, and an X-ray flux of 3.9109 p/s/mm2. CsPbBr3 device V thickness is 1.7 mm with a bias voltage of 1000V, and an X-ray flux of 3.4109 p/s/mm2. Same X-ray beam area Abeam = 0.50.5 mm2 was used for both CZT and CsPbBr3 testing. The response time of the CZT and the CsPbBr3 detector is less than 1s. 
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Supplementary Figure 7. Raw current response of device III, IV, V and VI, at different applied bias voltage under a fixed synchrotron X-ray flux of  = 3.4109 p/s/mm2. (Abeam = 0.20.2 mm2 for device III, IV, and VI. Abeam = 0.50.5 mm2 for device V). The long current response time at low bias voltage is due to radiation induced polarization. Although a high bias voltage is critical to reduce polarization, it can also lead to large and unstable dark current (compare the current response at 1000V with that at lower bias voltage). 
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Supplementary Figure 8. Raw current response of device-II under different detector reverse voltage at  = 2.57109 p/s/mm2 and X-ray energy EX = 8.2 keV (Abeam = 11 mm2).
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Supplementary Figure 9. Photocurrent vs bias voltage of device IV, V and VI under different fixed fluxes. X-ray beam area Abeam = 0.20.2 mm2. The photocurrents are normalized to that of 1000 V to highlight the trend of photocurrent increasing instead of the actual value of the photocurrent. 
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Supplementary Figure 10. Raw current response of device IV and V under synchrotron X-ray with X-ray energy EX = 58.61 keV. Unit of Abeam is mm2. The dark current deceasing shown in a is due to ion migration. It is also noted that the photocurrent of different device may vary significantly, which is due to the different device polarization history. 
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Supplementary Figure 11. Device III raw current response under different beam area. X-ray energy is EX = 58.61 keV. a, beam area is Abeam = 0.16 mm2, highest flux is  = 1.531011 p/s/mm2. The testings inside the red dashed box used the same X-ray flux. b, photocurrent vs flux measured in a, where “increase” stands for photocurrent when increasing from low flux value to high flux value initially and “decrease” stands for photocurrent when decreasing flux from high value to low value. c, beam area is Abeam = 0.25 mm2, highest flux is  = 4.31010 p/s/mm2. d, photocurrent vs flux measured in c. e, beam area is Abeam = 0.04 mm2, highest flux is  = 4.31010 p/s/mm2. f, photocurrent vs flux measured in e. 
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Supplementary Figure 12. Device IV, V and VI photocurrent vs flux and photocurrent vs bias voltage. X-ray energy EX = 58.61 keV. a, Device IV raw current response to different X-ray flux, bias voltage 300 V. Abeam = 0.20.2 mm2. b, Device IV photocurrent vs flux at different bias voltage. Abeam = 0.20.2 mm2. c, Device V photocurrent vs flux at different beam area. Abeam = 0.20.2 mm2. d, Device VI photocurrent vs flux at different beam area. Abeam = 0.20.2 mm2.
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Supplementary Figure 13. CsPbBr3 device II, III and V current decreasing during continuous X-ray irradiation in several hours. Abeam = 11 mm2 for device II. Abeam = 0.20.2 mm2 for device III and V. 

Supplementary Table 2. flux calibration of beamline 11-ID-B at X-ray energy 58.61 keV
	Number of attenuators
	Attenuation factor
	Number of attenuators
	Attenuation factor
	Number of attenuators
	Attenuation factor

	0
	1
	7
	85.6
	14
	7330

	1
	1.89
	8
	162
	15
	13800

	2
	3.57
	9
	305
	16
	26100

	3
	6.73
	10
	577
	17
	49400

	4
	12.7
	11
	1090
	18
	93200

	5
	24
	12
	2060
	19
	176000

	6
	45.3
	13
	3880
	20
	333000


Attenuators (tantalum) have same thickness (0.102 mm). The highest X-ray flux , corresponding to 0 attenuator, is read from Si PIN diode (Hamamatsu S3584-06) calibrated by Physikalisch-Technjsche Bundesanstalt. Then X-ray fluxes at different attenuators are obtained as highest X-ray flux  divided by attenuation factor.
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Supplementary Figure 14. Detector testing setup under synchrotron X-ray. Beamline 1-BM-B consists of a Si(111) double crystal monochromator and beamline 11-ID-B consists of a Si(311) monochromator. 
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Supplementary Figure 15. a detector alignment procedure using the X-ray beam. The beam moves across the entire electrode region. Because the GaIn is liquid, it has higher thickness in the center and lower thickness in the edge. When beam irradiates the center of GaIn electrode, the current is much smaller than that at the edge area due to absorption of 8.2 keV or 10 keV X-rays. The detector testing position is selected at the location that generates the maximum current. It is noted that the detector position was manually changed. Because the detector movement speed may change, the current shape seen at “beam move back” is not the same as “beam move in one direction”
Calculations and derivations
Estimation of 3dB cutoff frequency. A photodiode’s response speed may be limited by the carrier transit time or the RC time constant of the circuit8. The transit-time-limited 3dB cutoff frequency  is calculated as , where  is charge carrier drift time.  can be estimated as , where  is the detector thickness,  is carrier mobility and  is detector bias voltage. According to our previous results9, CsPbBr3 has a hole mobility of ~52 cm2/V/s. With thickness  = 1.7 mm and a bias voltage of 300 V,  and  is calculated to be ~ 1.85 s and ~ 0.2 MHz. The RC-limited 3dB cutoff frequency is , where  is load resistance and  is detector capacitance. The CsPbBr3 detector can be fully depleted at several hundred volts (see Estimation of CsPbBr3 detector depletion region). For a fully depleted detector, the detector capacitance is dominated by the junction capacitance that can be calculated as ,  is electrode area,  is detector thickness. The capacitance is estimated to be in the pF order for detector thickness d = 1.7 mm and electrode area of several mm2. Assuming a common load resistance of 50 , we estimate the  to be ~ GHz order, much higher than , which means the CsPbBr3 detector response speed is limited by the charge carrier transit time instead of the RC effect. 
Theoretical calculation of sensitivity . Let  be the portion of X-rays absorbed by the CsPbBr3 crystal and CCE is the Charge Collection Efficiency. Then the photocurrent density is calculated as follows.  
	
	
	[bookmark: _Ref100084152](1)


Given the definition of sensitivity , we have
	
	
	(2)


When all X-rays are absorbed by the CsPbBr3 crystal, that is,  = 100%, and CCE = 100%, the sensitivity  is the theoretically highest sensitivity , that can be calculated below.  
	
	
	(3)


With  = 5.3 eV for CsPbBr3,  is calculated to be 3 × 10−8 nC/keV.
Calculation of 8.2 keV and 10 keV X-rays absorbed by the CsPbBr3 device I. Assuming CCE = 100%,  can be obtained from a rearrangement of equation (1). For example, at 2.94109 p/s/mm2 and X-ray energy 8.2 keV, = 2.941098.2. The measured photocurrent density =313. =5.3. Inserting these numbers into equation (1), we have  = 43%, which means 43% of the 8.2 keV X-rays were absorbed by the crystal with the rest absorbed by the GaIn electrode. 
Estimation of higher limit of flux. To estimate the higher limit of flux under which the CsPbBr3 detector can operate without concern of polarization in several hundreds of seconds, we define the current drift D, manifestation of polarization, as below. 
,
where  is the peak photocurrent before decreasing;  is the photocurrent at the time when the X-ray is turned “off”, and  is the time duration between  and . The current drift can be understood as the CCE decreasing in percentage per unit time. Based on the experimental observation of current drifting, the flux under which D < 0.1%/s for measurement time longer than 10 s is tentatively taken as the higher limit of flux of the detector. The values of the current drift D calculated for different devices under different fluxes are shown in the table below. Accordingly, the higher limit of flux for device III, IV and V is estimated to be 8.11010 p/s/mm2, 3.4109 p/s/mm2, and 1.21010 p/s/mm2, respectively.
Supplementary Table 3. Current drift D calculated for device III, IV and V under different X-ray flux for higher limit of flux estimation.
	X-ray flux (p/s/mm2)
	1.91012
	5.51011
	1.51011
	8.1×1010
	4.3×1010
	1.2×1010
	3.4×109

	D-device III
	1.7%/s
	0.4%/s
	0.1%/s
	<0.1%/s
	
	
	

	D-device IV
	1.1%/s
	1.2%/s
	0.9%/s
	-
	0.4%/s
	0.1%/s
	<0.1%/s

	D-device V
	1.2%/s
	1.2%/s
	0.6%/s
	-
	0.2%/s
	<0.1%/s
	


X-ray energy 58.61 keV. Abeam = 0.20.2 mm2 for device III and IV; Abeam = 0.50.5 mm2 for device V; It is noted that the orders of flux have more practical value as reference for detector operation instead of the exact numbers. 
Estimation of CsPbBr3 detector depletion region. 
According to our previous work10, the Schottky contact depletion region width W can be calculated as W=(2(Vbi+Va) )1/2, where  is the vacuum permittivity, =29.4 is the static dielectric constant of CsPbBr3 single crystal11, Vbi is the built-in potential of the Schottky barrier, Va is the applied reverse bias,  is resistivity and  is hole mobility. Our previous work10, 12 has estimated the Schottky barrier height to be 0.84 eV, 0.82 eV and 1.09 eV for Ga, Ti and Bi metal electrode, respectively. Hence, given a similar work function of In metal with Ga, Ti and Bi, we expect the GaIn metal alloy electrode to have a similar Schottky barrier height ~ 0.8 - 1 eV. For a CsPbBr3 detector with a thickness of 2-3 mm,  ~ 109-1010 , ~52 cm2/V/s, it will be fully depleted at a reverse bias of several hundred volts.
References
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