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X-ray Absorption and Photocurrent 

In Figure 1 the total mass attenuation coefficient is calculated as a function of photon energy using 
the NIST XCOM database [Ber10]. The mass attenuation coefficient is calculated from the atomic 
composition of the compound, eg. where FAPbBr3 has a composition of CN2H5PbBr3. 

The incident photon flux Φ 0 over an area A is related to the X-ray dose rate in air, D, by: 

 𝐷 = ቀఓఘቁ௔௜௥ థబ ா೉ ௤஺      (S1) 

 
where Ex is the average energy per X-ray photon (in eV). Therefore the photon flux incident on the 
detector is given by: 𝜙଴ = ஽஺ቀఓ ఘൗ ቁೌ೔ೝா೉ ௤     (S2) 

For an X-ray detector the intrinsic detection efficiency εINT is defined as [Kno00]: 𝜀ூே் = ௡௨௠௕௘௥ ௢௙ ௣௨௟௦௘௦ ௥௘௖௢௥ௗ௘ௗ௡௨௠௕௘௥ ௢௙ ௣௛௢௧௢௡௦  ௜௡௖௜ௗ௘௡௧ ௢௡ ௗ௘௧௘௖௧௢௥   (S3) 

which can be approximated by the relative X-ray absorption 𝜀௑ where: 𝜀௑(𝑥) = 1 − థ(௫)థబ = 1 − 𝑒ିഋഐఘ௫    (S4) 

where ఓఘ is the total mass attenuation coefficient of the detector material summed across all photon 

interaction processes, ρ is the material density, x is the detector thickness, and 𝜙(𝑥) is the photon 
flux after passing through material of thickness x.  

In order to estimate the magnitude of the signal current from the X-ray detector, knowledge is 
required of the charge collection efficiency η which is defined as the fraction of the generated 
electron/hole pairs that contribute to the measured signal [Aku69]. In a detector material with good 
charge transport, such as silicon, the charge collection efficiency η ~ 1. For perovskite materials where 
the carrier drift length is less than the detector thickness, the charge collection efficiency can be 
estimated from the average carrier mobility and lifetime, such that: 𝜂 = ௠௘௔௦௨௥௘ௗ ௖௛௔௥௚௘ ௚௘௡௘௥௔௧௘ௗ ௖௛௔௥௚௘ ≈ ఓఛ ாௗ     (S5) 
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where μ is the carrier mobility, τ  the carrier effective lifetime, E the electric field strength in the 
device, and d is the material thickness.  

The generated photocurrent IX is given by 𝐼௑ = 𝜂𝜙𝛽𝑞     (S6) 

where β  is the number of electron/hole pairs generated in the detector material per deposited 
energy. This value is determined by the electron/hole pair creation energy, commonly referred to as 
W, such that 𝛽 = ா೉ௐ       (S7) 

and W is estimated from ~2.7x the material bandgap based on the approach of Klein et al. [Kle68]. 

 

Influence of Escape Peaks 

Generally X-ray detectors will exhibit X-ray escape photons, due to the escape from the detector 
volume of characteristic X-rays produced from the constituent atoms. For detectors fabricated using 
high-Z materials, the resulting higher characteristic X-ray energies can lead to the presence of more 
significant escape photons. In a spectroscopic photon-counting detector, the presence of one or more 
escape peaks can often be observed below the main photo peaks.   

Table S1 presents the total mass attenuation coefficient, and the mean photon attenuation length for 
100 keV photons, calculated for CdTe and also for FAPbBr3 using NIST XCOM [Ber10]. In both materials, 
a X-ray energy of 100 keV is significantly above the dominant K-shell ionisation edges. It can be seen 
that the mean attenuation length at 1.0mm for CdTe and 0.9mm for FAPbBr3, is quite similar in both 
materials. However the K-shell X-ray (fluorescence) yield is 14% higher for FAPbBr3 (ωk = 0.97) 
compared to CdTe (ωk = 0.85). 

Using GEANT4 Monte Carlo [Ago03], the percentage of K-shell escape events is also estimated, 
for 100 keV photons incident on material with a thickness of 1mm. The K-shell X-ray yield ωk, 
defined as the fraction of atoms that decay by emitting a K-shell X-ray, is 14% higher for FAPbBr3 
compared to CdTe, and the fraction of K-shell escape events for 100 keV incident photons is 75% 
greater. In contrast, for X-ray energies below ~75 keV the effect of K-shell escape events from FAPbBr3 

is significantly reduced.  

Material Total Mass 
Attenuation 

Coefficient (cm2/g)  
@ 100 keV 

Mean 
attenuation 
length (mm) 
@ 100 keV 

K-shell X-ray 
yield ωk 

% K-shell escape events, 
for 100 keV incident X-rays 

(1mm thickness) 

CdTe 1.67 1.0 0.85 36% 

FAPbBr3 2.69 0.9 0.97 63% 

 

Table S1: Summary of mean attenuation length and K-shell escape peaks, calculated using NIST 
XCOM and GEANT4 Monte Carlo. 
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X-ray tube energy spectrum 

Figure S1 shows the X-ray energy spectrum of the X-ray tube used in this work, which is the Amptek 
Mini-X2 fitted with a gold target [Amp22]. This gives a broadly flat X-ray emission spectrum for 
energies above the Au L-series emissions. No additional filtering was applied to the X-ray tube. All 
the X-ray sensitivity measurements were carried out at 40 kV, below the Pb K-shell edge energy. 

 

Figure S1: X-ray energy spectrum of the Amptek Mini-X2 X-ray tube [Amp22]. 

 

X-ray Sensitivity 

The X-ray sensitivity S for a photocurrent detector is defined as 𝑆 = 1𝐴 Δ(𝐼௫ − 𝐼ௗ௔௥௞)D  

where A is the sensitive area of the detector, Ix is the device X-ray photocurrent, Idark is the device dark 
current, D is the dose rate (Gy air kerma per second). 

 

Experimental Error Estimates 

Pellet density was calculated by measuring the thickness of the pellet with a micrometer, and weighing 
its mass. The dominant error was in the thickness measurement, estimated at +/-0.1mm or approx. 
+/-4% as shown in Figure 2(b).   

Current measurements were carried out in a  low noise screened enclosure, with a typical point-to-
point variation of +/-10 pA. Each data point is the average of 10 identical measurements sampled by 
the acquisition computer. The random precision on each current measurements is therefore <10 pA 
and the error bars are too small to show on the data points in Figures 5a and 6a.   
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Influence of pellet annealing 

Figure S2 shows the increase in X-ray sensitivity due to annealing of the pellet in air at 145oC for 15 
minutes. For the pellets pressed at 12 MPa there was a strong increase of ~150% in X-ray sensitivity 
as a result of annealing, with a much smaller corresponding increase for the 24 MPa pellet.   

 

Figure S2: Influence of pellet annealing on the measured X-ray sensitivity. 
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