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ABSTRACT 

A commercial SMD phototransistor, OP520, was inserted in two dental phantoms for dosimetric analysis. The irradiations were accomplished in a 
dental x-ray equipment of 80 kV using different exposition times. A standard ionization chamber was irradiated at the same conditions and the air 
kerma measured with it was compared with the electrical charge evaluated by the phototransistor. The results showed satisfactory correspondence 
among the detectors readings. Moreover, the phototransistor showed up quite sensitively for dental applications, allowing verifying the variations for 
the different phantoms configurations. 
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1. Introduction 

The safety of those who work with ionizing radiation and of general public is an interested topic of international organizations responsible for 
recommending standards of safety and radiological protection. One of these organizations is the International Commission on Radiological Protection 
(ICRP) which, through the publication of ICRP 60, established that no practice which involves ionizing radiation exposure should be performed unless it 
produces sufficient benefit to individuals in order to compensate any detriment caused by this irradiation [1]. 

The dental radiology is the specialty that uses imaging exploratory methods for diagnosis purpose, monitoring, and even identification of unknown 
human remains [2]. For this, it makes use of x-ray equipments which are manufactured in order to lower costs and better adapt to the rooms where 
they will be installed. Then, there is a need to control the procedures used in dental radiology for reduce the risk of excessive exposure to low dose of 
ionizing radiation and to ensure optimal image quality. 

The ICRP has established in Publication 60 that exposure of patients undergoing to diagnostic x-ray should be expressed as organ equivalent dose 
and effective dose. In recent years, several studies have used phantom to fulfill this orientation [3]. 

Semiconductor materials such as silicon (Si) and germanium (Ge) are used in the manufacture of phototransistors. These materials allow the 
manufacture of small volume devices that require low energy to produce an electron-hole pair [4]. Recent studies show that it may be possible to 
estimate the entrance dose in organs by irradiating phantoms using photodiodes as detectors. Comparing the radiation response of the photodiodes 
with the response of ionization chambers, some authors have concluded that the photodiodes have high sensitivity, reliable response and response 
linear to the dose rate [5,6]. The dependence of a photodiode response to electron beam for doses in the range of 0 to 5 Gy was evaluated by Khoury 
at al. [7] showing an excellent linear behavior.  

In order to assess the dosimetric response of a commercial phototransistor in conventional dental radiology, the values of electric charge evaluated by 
the phototransistor (PT) were compared with the absorbed dose values measured with a cylindrical ionization chamber. For this, two phantoms with 
different geometries were used as scattering means, adapted from CDRH dental image quality test tool, model 76-025 of Biomedical Fluke. 
 
2. Materials and methods 

2.1. Dosimetry System  

Two adapted phantoms were made of acrylic, in cubic and cylindrical shapes. The grids for assurance quality (high and low contrast) and the tooth 
compartment had the same dimensions of the standard phantom. An adaptation was made within the phantom to insert the solid-state detector. 

A commercial SMD (Surface Mount Device) phototransistor, OP520 OPTEK Technology® (Fig. 1) and a Radcal ionization chamber (used to measure 
the air kerma at the detector position), model 9015, were used in this study.  

Figures 2a and 2b show the experimental arrangement, consisting of an x-ray tube and dental phantoms with phototransistor positioned on their 
posterior surface. 

 
2.2. Measurement conditions 

 
The irradiation was performed using an x-ray dental equipment of Rohs XRM-80kV, with current of 10 mA. A cylinder with 18.2 cm of length was 
affixed to the tube head to align the tube head with phantom. The most commonly used exposure times in odontology were applied: 0.3, 0.5 and 0.7 s. 
These measurements were performed with the detectors positioned in the air (without phantom), on posterior and anterior surface of the phantoms. 
The experiments were repeated three times for each parameters set.  

 
2.3. Comparison method between measurements 

 
When two variables are associated by a statistical relationship, it can be said that there is a correlation between them. If the correlation is linear, it is 
possible to verify by a coefficient called Pearson coefficient, given by equation (1): 
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where n is the number of measurements and x and y are the variables of study.  
The limits of r are [-1, +1]. 
In order to obtain some meaningful conclusions about the simultaneous behavior of the variables it is necessary that 0.6 ≤ r ≤ 1. If 0.3 ≤ r <0.6, there is 
a weak correlation between the variables and if 0 < r <0.3, the correlation is very weak and nothing can be concluded about the relationship between 
the variables studied. 
 
 
3. Results  
 
Table 1 shows the measurements of the phototransistor (PT) and the ionization chamber (IC) using the dental x-ray equipment (Rhos - 80 kV). The 
evaluations were performed for the three exposure times and for three positions: in the air (without phantom), and on the anterior and posterior 
surfaces of the phantoms.  
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Table 1. Phototransistor (PT) and the ionization chamber (IC) readings performed in the air and in cubic (Cub) and cylindrical (Cyl) phantoms. 

Time (s) 
Air Anterior Surface Posterior Surface 

PT 
(nC) 

IC 
(mGy) 

PT (nC) IC (mGy) PT (nC) IC (mGy) 
Cub Cyl Cub Cyl Cub Cyl Cub Cyl 

0.3 9.11 1.26 10.60 9.79 1.49 1.44 1.92 1.53 0.37 0.33 
0.5 17.05 2.40 18.37 18.70 2.65 2.71 3.59 2.87 0.68 0.61 
0.7 23.30 3.32 25.29 25.64 3.64 3.71 4.99 4.02 0.95 0.85 

 
The table values obtained with the phototransistor and the ion chamber presented a Pearson correlation coefficient in the range of 0.9 <r ≤ 1. 

The measurements of the detectors on the anterior and posterior surfaces of the phantoms are compared in Figures 3a and 3b, respectively. 

Figure 4 shows the sensitivity of the phototransistor (nC/mGy) for x-ray dental beam of 80 kV and 10 mA.  
 
4. Discussion 
 

For anterior surface, it can be observed that for the different exposition times the charge measured by phototransistor behaves the same way that air 
kerma of ion chamber. 

For posterior surface, it can be seen that the readings were lower for cylindrical phantom in both detectors. It happened because the cylindrical 
phantom is 2 mm thicker than the cubic one causing greater attenuation of radiation. 

The Pearson correlation coefficient shows a satisfactory correlation between the both detectors. 

Observing the graphics in figures 3a and 3b, it can be perceived that the phototransistor presents a greater sensitivity than the ion chamber, as 
indicated by its higher slope. Looking the graph of the posterior surface, it is possible to verify more clearly that the phototransistor notes better than 
the ion chamber the differences between the two types of phantoms. 

The curve slope difference can be justified because as the atomic number of silicon (Z = 14) is higher than the effective atomic number of an ionization 
chamber (Z ~ 7.4) and the interaction by photoelectric effect (predominant for energy below 100 keV) has a strong dependence with the atomic number 
of material (Z5) [8]. Hence, the semiconductor response for low energy photons (which includes dental x-ray) is larger than the ionization chamber 
response. 

Observing the graphics in figure 4, the phototransistor showed a higher sensitivity for the positions where there is more radiation, i.e, in air and on 
phantom anterior surface. Observing the curves for posterior surface, it is possible to note again the variation in the readings due to the difference in 
thickness of the phantoms. 

 
5. Conclusions 
 
This study evaluated the correspondence between the measurements obtained with the OP520 phototransistor and an ionization chamber. The results 
showed satisfactory correspondence between both detectors. Besides, the phototransistor was able to perceive changes for the different simulators, 
showing good sensitivity in the range of dental radiology. At last, it is expected that the OP520 phototransistor could be used for dosimetry in 
conventional dental radiology, after a detailed study of its dosimetric characteristics. 
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Figure 1. Commercial SMD phototransistor OP520 manufactured by OPTEK Technology ®. 

 

 

 

Figure 2a. Phototransistor positioned on the posterior surface of the cubic dental phantom. 
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Figure 2b. Phototransistor positioned on the posterior surface of the cylindrical dental phantom. 

 

 

 

Figure 3a. Phototransistor and ionization chamber responses on anterior surface of the phantoms. 

Figure 3b. Phototransistor and ionization chamber responses on posterior surface of the phantoms. 

Figure 4. Sensitivity of the OP520 phototransistor in dental x-ray, Rhos XRM-80 kV. 
 


