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Measurement of X-ray-tube voltage using filtrated spectra
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Abstract
To measure tube voltage using a readily available cadmium telluride (CdTe) detector, we performed fundamental 
experiments for measuring maximum photon energy of X-ray spectra using copper (Cu) filters. The X-ray 
photons are produced by an X-ray tube, and the penetrating photons through a Cu filter are detected using the 
CdTe detector without pileups of the event signals. The filter is used to decrease the photon count rate, and we 
used three Cu filters of 1.0, 2.0 and 5.0 mm in thickness to measure the tube voltages of 50, 75 and 100 kV, 
respectively, at a constant tube current of 1.0 mA. In the thick-filtrated spectra, the maximum photon energies 
corresponded well to the tube voltages.  
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1. Introduction
　Currently, X-ray spectra are measured using a cadmium telluride (CdTe) detector with an energy resolution of 
approximately 1% at 122 keV, and a CdTe detector has been applied to several photon-counting energy-dispersive 
computed tomography (ED-CT) [1-4] including enhanced K-edge CT using iodine and gadolinium contrast media.
　The CdTe detector is also useful for measuring X-ray dose and can be applied to measure tube voltage by measuring 
the spectra; the tube voltage corresponds to the maximum photon energy. To measure X-ray spectra using the CdTe 
detector, the dose rate should be reduced because the energy resolution falls with increasing dose rate owing to the 
event-pulse pileups. In this regard, the dose rate in proportion to the count rate is reduced easily by the filtration.
　In our research, our major objectives are as follows: to measure filtrated spectra using a readymade CdTe detector, to 
determine optimal filter thickness, and to determine the tube voltage without pileups of the event pulses. Therefore, we 
constructed an experimental setup to measure tube voltage using the CdTe detector in conjunction with a copper (Cu) 
filter. 
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Fig. 1. Block diagram for measuring the maximum photon energy of X-ray spectra using a Cu filter. The maximum 
energy corresponds to the tube voltage, and the filter is used to reduce the photon count rate.

Fig. 2. X-ray dose rate with changes in the tube voltage at a constant tube current of 1.0 mA.

2. Experimental methods
　Figure 1 shows a block diagram for measuring X-ray spectra using a Cu filter. Penetrating X-ray photons through 
the Cu filter are detected using a CdTe detector (XR-100T Amptek), and the electric charges generated in the CdTe are 
converted into voltages and amplified using charge-sensitive and shaping amplifiers. The event pulses from the shaping 
amplifier are input to a multichannel analyzer (MCA) to measure X-ray spectra, and the spectra are observed on the 
monitor of personal computer (PC). The filter thickness is selected to regulate the photon count rate and is less than 5.0 
mm. 
　The measurement of X-ray dose rate is important to calculate the incident dose. The X-ray dose rate from an X-ray 
generator was measured using an ionization chamber (Toyo Medic RAMTEC 1000 plus) at a tube current of 1.0 mA 
without filtration. The chamber was placed 1.0 m from the X-ray source, and we measured the dose rate with changes in 
the tube voltage from 40 to 109 kV.
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Fig. 3. Standard X-ray spectra without filtration with 
changes in the tube voltage at a tube current of 5.0 μA.

3. Results
　Figure 2 shows the X-ray dose rate at a constant tube current of 1.0 mA. X-ray dose rate increased with increasing 
tube voltage. At a tube voltage of 100 kV, the X-ray dose rate was 106 μGy/s. 
　The standard X-ray spectra were measured for reference (Fig. 3). Both the maximum photon energy and the 
bremsstrahlung peak-count energy increased with increasing tube voltage. At a tube voltage of 100 kV, we observed 
tungsten (W) K-photons, and the maximum energy corresponded to the tube voltage. 
　Figure 4 shows the Cu-filtrated X-ray spectra at a constant tube current of 1.0 mA and an exposure time of 10 s, and 
the filter thicknesses are 1.0, 2.0 and 5.0 mm corresponding to the tube voltages of 50, 75 and 100 kV, respectively. The 
maximum photon energies were equal to those of standard spectra, and the energies were slightly higher than those of 
the tube voltages. 

Fig. 5. Mass attenuation coefficients of Cu with photon energies beyond the Cu-K-edge energy.
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4. Discussion
　Figure 5 shows the mass attenuation coefficients of Cu beyond the K-edge energy of 8.98 keV. The attenuation 
coefficient substantially decreases with increasing photon energy, and the Cu filter thickness increases from 1.0 to 5.0 
mm with increasing tube voltage. Since the count rate increases with increasing tube voltage and current, the optimal 
count rate without event-pulse pileups should be selected. In particular, a W filter may be useful for measuring the 
maximum photon energy beyond 100 keV.
　Compared with the tube voltages selected using an X-ray controller, the tube voltages corresponding to the maximum 
photon energies were slightly high. In this experiment, although one-point calibration using W Kα 1 photons was used, 
two-point calibration may be useful for determining the energy.  

5. Conclusions
　We measured the spectra using Cu filters for reducing the photon count rate, and the maximum photon energies 
corresponded to the tube voltages. For this research, the Cu filter thickness should be selected corresponding to the tube 
voltage, and the Cu-filter thicknesses were 1.0, 2.0 and 5.0 mm at tube voltages of 50, 75 and 100 kV, respectively.
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