
－　1　－

5
Annual Report of Iwate Medical University
Center for Liberal Arts and Sciences
No. 55（2020）, 5–9

1. Introduction
To measure dose rates, we usually use a dosimeter with an ionization chamber and measure the incident

dose for the object in several photon-counting energy-dispersive X-ray computed tomography scanners [1-4]. 
The energy dependence of sensitivity is small using the chamber, and several chambers [5,6] were developed 
corresponding to the radiographic objectives. However, the chamber-type dosimeter was expensive, and we 
developed several dosimeters using silicon photodiodes.

We constructed a semiconductor dosimeter with two photodiodes [7], and one diode is used to compensate 
for the energy dependence of the dosimeter. In this regard, the energy dependence of the ionization chamber is 
low, and it is easy to construct an ionization gap on the electric substrate instead of the chamber. In addition, the 
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Abstract
To measure X-ray dose rate, we developed a dosimeter with an ionization gap. The ionization currents 
fl owing through the gap are converted into voltages using a current-to-voltage amplifi er and amplifi ed 
by a voltage-to-voltage amplifier. The amplifier output was measured using a digital voltmeter with 
a 1-s-timeconstant integrator for smoothing. The standard dose rate was measured using a readily 
available dosimeter with an ionization chamber and had a value of 103 μGy/s at a tube current of 1.0 mA 
and a tube voltage of 100 kV. Next, the absolute dose rate of the ionization gap was determined by one-
point calibration at the same current and voltage conditions. Using the ionization gap, the dose rate was 
proportional to the tube current and was in proportion to the 2.8th power of the tube voltage.

（Accepted December 4, 2020）

Keywords：ionization gap, X-ray dose rate, digital voltmeter, operational amplifi er, noise reduction



－　2　－

Eiichi SATO et al.6

amplifi er circuits in the photodiode dosimeter can be used to construct the ionization-gap dosimeter.

　　The major objectives of our research are as follows: to construct an ionization gap on the amplifier 
substrate, to reduce electric noises, and to measure the dose rate using a digital voltmeter. Therefore, we 
constructed an X-ray dosimeter with an ionization gap and measured the dose rates with changes in the tube 
current and voltage.

2.  Experimental methods
　　Figure 1 shows the block diagram including the electric circuit of an X-ray dosimeter using an ionization 
gap. The X rays are irradiated to the ionization gap, the ionization current fl owing through the gap is converted 
into voltage using a current-to-voltage (I-V) amplifi er with a 1-ms-timeconstant integrator, and the I-V output 
is amplified by a voltage-to-voltage (V-V) amplifier with a 1-ms integrator. Subsequently, the V-V output 
proportional to the dose rate is input to a digital voltmeter (Advantest, ADCE7351E). The applied voltages for 
the ionization gap were –100 and –200 V and were supplied using a DC power supply. The DC output of 5.0 V 
was supplied to dual operational amplifi er (Texas Instruments, LMC662) through a smoothing circuit. To reduce 
electric noises, we used a 1 nF ceramic condenser. Two amplifi ers and the ionization gap were set in a 1.5-mm-
thickness aluminum (Al) box placed 1.0 m from the X-ray source.

　　The absolute dose rate was determined using a dosimeter (Toyo Medic, RAMTEC 1000 plus) with an 
ionization chamber (Scanditronix, DC300) placed 1.0 m from the X-ray source. The ionization-gap was also set 
to 1.0 m from the source, and the dose rate was determined by one-point calibration at a tube current of 1.0 mA 
and a tube voltage of 100 kV.

Fig. 1 Block diagram including the electric circuit of the dosimeter with an ionization gap.
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3.  Results
　　The standard-absolute dose rates are shown in Fig. 2. The dose rate was proportional to the tube current, 
and the rate at a current of 1.0 mA and a voltage of 100 kV was 103 μGy/s [Fig. 2(a)]. The X-ray dose rate from 
a glass-window tube increased in proportion to the 1.7th power of the tube voltage using the rates of 50 and 100 
kV [Fig. 2(b)]. 

　　Fig. 3 indicates the tube current dependence of the amplifier output and dose rate obtained using the 
ionization gap. The output was proportional to the tube current, and the offset voltage of 847 mV was 
determined by the intercept of the linear function at a tube current of 0 A [Fig. 3(a)]. Next, the dose rate 
increased in proportion to the tube current [Fig. 3(b)] and was 103 μGy/s at a tube current of 1.0 mA and a tube 
voltage of 100 kV.

　　The tube voltage dependence of the dose rates measured using the ionization gap is shown in Fig. 4. At 
an applied voltage of –200 V, the dose rate increased in proportion to about the 2.8th power of the tube voltage 
using the rates at tube voltages of 50 and 100 kV [Fig. 4(a)]. At an applied voltage of –100 V, the dose rates 

Fig. 2  X-ray dose rates measured using a dosimeter with an ionization chamber. (a) Tube current dependence of the dose rate at a 
tube voltage of 100 kV and (b) tube voltage dependence of the dose rate at a tube current of 1.0 mA.

Fig. 3  Variations of the amplifi er output and the dose rate with changes in the tube current at a tube voltage of 100 kV and an 
applied voltage of –200 V. (a) Amplifi er outputs and (b) calibrated dose rates.
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showed the same characteristics [Fig. 4(b)]. 

4.  Discussion
　　We used the ionization gap instead of the chamber and measured the dose rate. We measured the 
comparatively low rates of 103 μGy/s at a tube current of 1.0 mA and a tube voltage of 100 kV. Compared with 
a readily available I-V amplifi er, the 100 MΩ resistance in the I-V amplifi er for converting ionization current 
into voltage was small, and the resistance can easily be increased to 1 GΩ.

　　Using the ionization chamber, the dose rate was proportional to the 1.7th power of the tube voltage, since 
the chamber was high-sensitivity to low-energy photons. In contrast, the ionization gap could not detect low-
energy photons easily due to the 1.5-mm-thickness Al shield box. And therefore, the dose rate increased in 
proportion to the 2.8th power of the tube voltage.

　　The offset voltage of the amplifi er system was 847 mV, and the offset should be minimized to increase the 
sensitivity. Next, we are constructing a parallel ionization gap and are interested in the sensitivity variations with 
changes in the parallel-gap length. 

　　In conjunction with the microcomputer, a long USB cable and a PC, a convenient dosimeter using an 
ionization gap can be constructed. Therefore, this ionization-gap dosimeter can be used for physical experiments 
in medical university, except for high-precision dosimetry.

5.  Conclusions
　　We constructed an X-ray dosimeter with an ionization gap and measured the dose rate with changes in the 
tube current and voltage. The dose rate was proportional to the tube current at a tube voltage of 100 kV. The rate 
increased in proportion to the 2.8th power of the tube voltage at a tube current of 1.0 mA. The dose rate seldom 
varied at applied gap voltages beyond 100 V. 
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Fig. 4  X-ray dose rates with changes in the tube voltage at a tube current of 1.0 mA (a) at an applied voltage of –200 V and 
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