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Abstract
A product of a compact dosimeter using a silicon X-ray diode (Si-XD) is described. The dosimeter 
consists of the Si-XD, two current-voltage amplifiers, a microcomputer, and a personal computer (PC). 
The Si-XD is a high-sensitivity photodiode selected for detecting X-rays. When X- and γ-ray photons 
are absorbed by the Si-XD, photocurrents flowing through the Si-XD are amplified using a current-
voltage (I-V) amplifier. The output from the amplifier is sent to an analog-digital converter (ADC) in a 
microcomputer (mbed), and the mbed with a mini-USB connector is connected to the PC using a long 
USB cable. DC 5.0 V for driving two amplifiers is supplied from the USB, and both the dose rate and the 
integral dose are observed on the PC monitor. The dosimeter has two low- and high-gain I-V amplifiers 
corresponding to the dose rates. The absolute dose values are determined by one-point calibration using 
an ionization chamber. At a tube current of 0.50 mA, the X-ray dose rate increased with increasing tube 
voltage. The dose rate was proportional to the tube current at a tube voltage of 80 kV.  
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1.  Introduction

　　Currently, the X-ray dose rate and the integral dose are measured using ionization chambers, and various 
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chambers ［1-3］ have been developed corresponding to objectives. However, it is not easy to reduce the 
time response and the dimensions. Although the standard doses should be measured using the chambers, the 
semiconductor dosimeters can be used in various fields including radiation therapy.

　　Silicon X-ray diode (Si-XD) is a high-sensitivity photodiode selected for detecting X-rays, and we have 
used the diode as a detector in a high-sensitivity X-ray computed tomography (CT) scanner ［4］. Subsequently, 
a double Si-XD has been developed and applied to the detector in a dual-energy CT scanner ［5］. In addition, the 
Si-XD can be used to count X-ray photons, and a photon-counting energy-dispersive CT scanner ［6］ has been 
developed.

　　In our research, major objectives are as follows: to construct a semiconductor dosimeter using a Si-XD, to 
reduce the dosimeter dimensions, to supply DC voltage from the USB cable, to use an analog-digital converters 
(ADCs) in a microcomputer, and to measure low- and high-dose rate X-rays by switching the amplifier. 
Therefore, we constructed a compact semiconductor dosimeter using the Si-XD and measured the low-dose-rate 
X-rays. 

2.  Experimental methods
2.1.  Dosimeter

　　Figure 1 shows the block diagram of a compact dosimeter using a Si-XD (S1087-01, Hamamatsu). This 
dosimeter consists of a shielded Si-XD (Fig. 2), two high- and low-gain amplifiers, a microcomputer (mbed 
LPC11U24, NXP), and a personal computer (PC). X- and γ-ray photons are absorbed by the Si-XD, and 
photocurrents flowing through the Si-XD are amplified using a current-voltage (I-V) amplifier. The output from 
the amplifier is sent to an ADC in the mbed, and the mbed with a mini-USB connector is lead to the PC using 
a 10-m-length USB cable. DC 5.0 V for driving two amplifiers is supplied by the USB, and both the dose rate 
and the integral dose are observed on the PC monitor. The dosimeter has two low- and high-gain I-V amplifiers 
corresponding to the dose rates. Thus, low- and high-dose-rate X-rays are detected using high- and low-gain 
amplifiers, respectively. The switching between the low- and high-gain amplifiers is performed using the mbed 
driven by the dose-measurement program. 

Fig. 1. Block diagram of a compact dosimeter using a Si-XD.
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2.2.  Standard dose measurement

　　Measurement of X-ray dose rate using a readily available ionization chamber is important to convert 
amplifier output voltages into dose rates. The integral X-ray dose from the X-ray generator was measured using 
an ionization chamber (RAMTEC 1000 plus, Toyo Medic) at a tube current of 1.0 mA without filtration. The 
chamber was placed 1.00 m from the X-ray source, and we measured the dose rate with changes in the tube 
voltage from 50 to 109 kV. 

2.3.  Dose measurement using Si-XD

　　Figure 3 shows the main screen of the dosimeter on the PC monitor. Using this dosimeter, the dose rate, 
dose rate as a function of time, integral dose, standard deviation, and exposure time can be measured. After the 
voltage to dose rate conversion, we can measure the dose rate after pushing the start icon.

Fig. 2. General view of the dosimeter. 

Fig. 3. Main screen of the dosimeter on the PC monitor.
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3.  Results
3.1.  Standard X-ray dose rate

　　A l t h o u g h  t h e  d o s i m e t e r  h a s  t w o 
amplifiers, we measured low-dose-rate X-rays 
using the high-gain amplifier. The standard 
dose rate is shown in Fig. 4. The dose rate 
increased with increasing tube voltage at a tube 
current of 0.5 mA. At a tube voltage of 80 kV, 
the dose rate was 33.7 μGy/s at 1.00 m.

3.2.  X-ray dose rate using Si-XD

　　Figure 5 shows the X-ray dose rates 
measured using the compact dosimeter with the Si-XD. The voltage to dose rate conversion was performed by 
one-point calibration using a maximum dose rate of 56.7 μGy/s at a tube voltage of 109 kV and a current of 0.5 
mA. The dose rate increased with increases in the tube voltage at a tube current of 0.5 mA ［Fig. 5(a)］. At a tube 
voltage of 80 kV, the dose rate was in proportion to the tube current ［Fig. 5(b)］. 

4.  Discussion

　　In the present research, we measured only low dose rates using a high-gain I-V amplifier. However, it is 
quite easy to measure high-dose-rate X-ray pulses using a low-gain amplifier. Ideally, the detector sensitivity 
is proportional to the photosensitive area. Thus, using a large Si-XD (S1133-01, Hamamatsu), the sensitivity 
increases up to four times using the same amplifier. 

　　Using a USB cable, DC 5.0 V is supplied to the mbed and the amplifiers, the dosimeter dimensions could 
easily be reduced. Furthermore, the USB-cable length can be extended to approximately 50 m, and both the 

Fig. 4.  Standard X-ray dose rate with changes in the tube 
voltage measured using an ionization chamber 
placed 1.00 m from the X-ray source at a tube 
current of 0.5 mA.

Fig. 5.  X-ray dose rates measured using the compact 
dosimeter with the Si-XD. (a) Tube voltage 
dependence at a tube current of 0.5 mA. (b) Tube 
current dependence at a tube voltage of 80 kV.
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dose rate and the integral dose will be measured remotely.

5.  Conclusions

　　We measured the X-ray dose rate using a compact dosimeter with a Si-XD. At a constant tube voltage, the 
X-ray dose rate was proportional to the tube current. However, the X-ray dose rate was not proportional to the 
second power of the tube voltage owing to the energy dependence of the Si-XD.
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