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Figure S1. Photos of as-grown FAPbBr3 SCs and FAPbBr3-xClx SCs with Cl/(Cl+Br) ratios varying 
from 3.3% to 13.3%. 

The released expansion stress can be calculated by the formular[1]:

𝜎= 8𝜋𝜇𝑟 3𝐶𝑙(𝑟𝐶𝑙 ‒ 𝑟𝐵𝑟𝑟𝐵𝑟 )2
where  is the shear modulus, E is the Young’s modulus, δ is the Poisson’s 

𝜇=
𝐸

2(1 + 𝛿)

ratio, and  and  are the radii of Cl (1.67 Å) and Br (1.84 Å), respectively. Since 𝑟𝐶𝑙
𝑟𝐵𝑟

E(GPa) = -232.25 + 267.06τ where τ is the tolerance factor[2].

Table S3. Tolerance factor of the FAPbBr3-xClx SCs.

Cl Br

Average 

radius of 

halide ion

Pb FA+ τ

0 3 0.184 1.0165

0.1 2.9 0.1834 1.0171

0.2 2.8 0.1829 1.0176

0.3 2.7 0.1823 1.0182

0.4 2.6 0.1817

0.12 0.253

1.0188

Notice: the calculation of the tolerance factor can be expressed as:

𝜏=
𝑟𝐴+ 𝑟𝑋
2(𝑟𝐵+ 𝑟𝑋)

where rA, rB, rX is the radius of A site cation (FA+), B site cation (Pb2+), and halide ion X-, 



respectively.

Table S2. EDS component analysis of FAPbBr3-xClx SCs (The average of three points).

Figure S2. Ultraviolet transmittance spectrum of FAPbBr3-xClx SCs.



Figure S3. Charge recombination lifetime of FAPbBr3-xClx SCs by TRPL.

Figure S4. Dark I-V curve of (a) Au/FAPbBr2.8Cl0.2/Au, (b) Au/FAPbBr2.7Cl0.3/Au, (c) 
Au/FAPbBr2.6Cl0.4/Au, devices at room temperature. The inset is the I-V curve from -100 V to 100 
V. 



Figure S5. (a)(c)(e)(g) Dark I-V curve of Au/ FAPbBr3-xClx /Au devices at different temperatures. 
(b)(d)(f)(h) Temperature-dependent conductivity measurements of the corresponding FAPbBr3-xClx 

SCs. 



Figure S6. 241Am 5.5 MeV a-particle energy spectra of (a) Au/FAPbBr2.8Cl0.2/Au, (b) 
Au/FAPbBr2.7Cl0.3/Au, (c) Au/FAPbBr2.6Cl0.4/Au devices under various bias voltages. (d) The 
comparison of energy resolution of FAPbBr3-xClx SCs under different voltages.

Figure S7. (a) 241Am 5.5 MeV a-particle energy spectra of Au/FAPbBr2.9Cl0.1/Au devices under 
various bias voltages. (b) Electron mobility-lifetime product by Hecht equation fitting.

Figure S8. Comparison of voltage resistance: 241Am 5.5 MeV α-particle energy spectra of (a) 
Au/FAPbBr3/Au, (b) Au/FAPbBr2.9Cl0.1/Au devices.



Figure S9. Typical dark I-V characteristics of AZO/FAPbBr2.9Cl0.1/Au devices.

Figure S10 Band diagram of AZO/FAPbBr3/Au



Table S3. Material Properties and Device Performance of Commercialized Radiation Detectors

Materials
Growth 

method

Band 

gap 

(eV)

μτ product

(cm2 V-1)

Maximum

Voltage 

on 

detector

Energy 

resolution (%)
Ref.

Ge Czochralski 0.7 1 1000 V
0.14

(1 MeV/γ-ray)
[3]

CdZnTe Bridgman 1.57
e: 1.2×10−2

h: 9×10−5
200 V

0.8

(662 keV/γ-

ray)

[4, 5]

CdZnTe

films

Close Spaced 

Sublimation
1.5

e: 

2.562×10−4
50 V

16.45

(5.48 MeV/α 

particles)

[6]

CdTe Bridgman 1.44
e: 3×10−3

h: 2.6×10−4
600V

12

(662 keV/γ-

ray)

[7]

TlBr
traveling 

molten zone
2.68

e: 3×10−5

e: 1.5×10−6
200 V

3.3

(662 keV/γ-

ray)

[8]

FAPbBr2.9Cl0.

1

Inverse 

temperature 

crystallization

2.23
e: 2.1×10−4

h: 1.5×10−4
300 V

h: 21.3

e: 19.2

(5.48 MeV/α 

particles)

This

work
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