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ABSTRACT 

 
Electrometers and ion chamber are normally used to make several types of measurements in a radiation field 

and there is a unique voltage applied to each detector type. Some electronic devices that are built of 

semiconductor materials like silicon crystal can also be used for the same purpose. In this case, a characteristic 

curve of the device must be acquired to choose an operation point which consists of an electrical current or 

voltage to be applied to the device. Unlike ion chambers, such an electronic device can have different operation 

points depending on its current versus voltage curve (IV). The best operation point of the device is also a 

function of the radiation, energy, dose rate and fluence. The purpose of this work is to show a semiconductor 

parameter analyzer built to acquire IV curves as usually, and the innovation here is the fact that it can be used 

to obtain such a parametric curve when a quad-polar device is under irradiation. The results demonstrate that the 

system is a very important tool to scientists interested to evaluate a semiconductor detector before, during and 

after irradiation. A collection of results for devices under an X-ray beam and a neutron fluence are presented: 

photodiode, phototransistors, bipolar transistor and MOSFET.  

 

 

1. INTRODUCTION 

 

Recently several semiconductor electronic devices have been used as ionizing radiation 

detector. Some of them are: bipolar transistors, phototransistors, field effect transistors (FET 

and MOSFET). First of all, these types of devices need to be characterized before irradiation 

by measuring its current versus voltage curve (IV). Such a result allows one to obtain 

information about radiation dosimetry, for while. After an electronic device has been 

irradiated, its IV curve can be substantially changed and based on this fact the information 

of the radiation dose would be obtained.  

Actually, biasing the device at a constant voltage (an operation point), the difference between 

the output electrical current before and after irradiation provides a method to measure the 

dark current variation of a phototransistor or the leakage current of a bipolar transistor, and 

consequently a dose calibration curve can be performed, i.e., the current variation gives 

directly the radiation dose. The last example is one of several methods for dosimetry of 

ionizing radiation beams. Thus, the IV curve gives all the currents for all bias and the user 

can choose the optimum operation point for each device: MOSFET, bipolar transistor, etc. 

Furthermore, the operation point of each device can be chosen following the application type: 

low or high energy range; charged particle or photon radiation field; relatively or absolute 

measurements. In fact, there are innumerous procedures to take radiation measurements 

depending on the device bias, the output signal, and go on. Then, either the IV curve itself 

or how the variation in the IV curve occurs can be used in nuclear instrumentation methods. 
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The last one is called parameter variation method when the IV curve shifts after irradiation. 

The system that can acquire the IV curve of an electronic device is called semiconductor 

parameter analyzer [1].  

The purpose of this work is to show a semiconductor parameter analyzer system built to 

acquire an IV curve as usually, and the innovation here is the fact that it can be used to 

obtain a parametric curve for a quad-polar device under irradiation. To control the system, a 

sophisticated software was developed allowing setup it to verify how the ionizing radiation 

yields changing in the semiconductor device. The results demonstrate that the system is a 

very important tool to scientists interested to evaluate a semiconductor device before, during 

and after irradiation. Some results from five devices in an X-ray beam and one device under a 

neutron fluence are presented here. 

 

 

2. MATERIALS AND METHODS 

 

2.1. Electronic System 

 

The main part of this work is the semiconductor parameter analyzer (SPA) system built to be 

used as a sophisticated electrometer. Several commercially available electronic devices can 

be connected to the SPA and used as ionizing radiation detector. A typical electrometer has an 

unique voltage to be applied to its detector. However, a typical SPA system can be set to 

acquire a characteristic curve (IV) of a quad-polar device which it has two terminals as in 

and two terminals as out (e.g., a transistor having base-emitter pins as in, and collector-

emitter pins as out). Actually, the SPA system consists in the second generation of the Flip 

Flop electrometer (EFF-2G) which differs markedly from its antecedent Flip Flop 

electrometer (EFF) [2]. It is like a SPA in [1] plus the enhancement electrometer which can be 

used for dosimetry, field size evaluation, spectrometry, and other parameters that can be 

correlated with radiation measurements. This SPA system can generate a voltage signal up to 

31.5V and it can measure in the range from 1pA up to 1µA. The SPA is powered with four 

microprocessors (quad core) and it can be programmed to give a dose single measurement, 

characteristic curves, electronic filter for X-ray, statistics or to accept calibration curves from 

a regression fit. A sophisticated software based on C++ was developed to control the EFF-2G 

system from an instrumentation computer. Details of the circuitry are omitted before the 

patent registration, however the block diagram and a screen of the control software are 

illustrated in Figure 1 and 2, respectively.  

 

 

             
Figure 1.  Block diagram of the developed 

semiconductor parameter analyzer system: 

uP = microprocessor; S = signal source; 

EFF = electrometer; UM245R USB = chip 

to communicate with the computer PC. 
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Figure 2. A control software screen of the Flip Flop Electrometer 2G. 

 

 

2.2. Electronic Devices as Radiation Detectors 

 

Five devices (Figure 3) were chosen to show how the SPA system works: SFH209FA 

phototransistor and SFH206 photodiode (Infineon) [3], BC546 bipolar transistor (Philips) [4], 

FQD20N06 MOSFET (Fairchild) [5], TEKT5400S phototransistor (Vishay) [6]. The former, 

the second and the last one were used to show how one can obtain readings during irradiation 

to be correlated with measurements from diagnostic radiation beam quality (IEC 61267 

standardized X-ray beam) [7]. The transistors were used for tracing their characteristics 

curves before and after irradiation. Another TEKT5400S device was also very useful to show 

how a neutron fluence can temporally modify its characteristic curve.  

 

 

 

 
 

Figure 3.  Electronic devices used as radiation detectors. 
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2.3. Radiation Sources  

 

An HF320 Pantak X-ray generator unit was used to set two radiation beams: 1) IEC 61267 

RQR9 beam quality providing a dose rate of 34 mGy·s-1
 at 0.50 m detector-source distance; 

2) 100kV @ 5 mA X-ray tube parameters with inherent filtration beam providing about 12 

Gy dose in 600 s time interval at 0.30 m detector-source distance. A thermal neutron fluence 

was obtained from Am-Be source which it yields about 10
6
 neutrons per second in the 

paraffin at 0.15m detector-source distance. Figure 4 illustrates the experimental arrangement. 

 

        
Figure 4.  Experimental arrangements: X-ray 

beam setup (left) and neutron fluence (right). 

2.4. Methods  

 

The photonic devices were tested separately, but either the collector-emitter voltage (Vce) of 

phototransistors or cathode-anode voltage (Vd) of photodiode were set to be constant at 10V. 

The readout of each device was stored in real time measurements mode during 100 s. About 

40 s of reading with no incident radiation, the X-ray beam was activated during almost 30 s to 

verify changes in their output signal. In the case of the transistors basically the procedure of 

measuring for the BC546 bipolar transistor and the MOSFET consisted in an acquisition of 

their characteristic curves (IV) before and after irradiation. For BC546 device, the SPA 

system was programmed to vary from 0.5 V up to 12.0 V as the bias using a 1 GΩ base 

resistor, and the collector-emitter voltage (Vce) was set to be constant at 5 V. The MOSFET 

was biased programming the SPA system to vary from 0 V up to 3.25 V as the gate-source 

voltage (Vgs), and the drain-source voltage (Vds) was set to be constant at 5 V with an 1 MΩ 

bias resistor. Four TEKT5400S phototransistors were used as passive mode detectors and 

consequently they had no bias. Similar to the TLD method, three TEKT5400S devices were 

set to detect radiation and the fourth one was not irradiated at all. For all of them the readout 

was the IV curve before and after irradiation. Each procedure above was repeated twice and 

a representative statistics was obtained with a sample size of 5 readings per point.         

 

 

3. RESULTS AND DISCUSSIONS 

 

The result illustrated in Figure 5 corresponds to the responses from the photonic devices 

under the same radiation field: RQR9 X-ray standard beam. The photodiode presents a dark 

current (ID) about 28 nA and a photocurrent (IPH) about 37 nA when X-ray photons interacts 

with it. Note that ID corresponds to the background signal and it practically is the same for all 

devices. The SFH209FA device yields IPH42 nA because it has a small sensitive area [8]. On 

the other hand, the TEKT5400S phototransistor yields IPH578 nA when the same X-ray 

intensity incidents in the device because it is a high sensitivity device [6] which corresponds 

a built-in amplifier. Subtracting ID, the phototransistor is 36dB better than the photodiode. 
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Figure 5.  Real time responses from three photonic 

devices: photodiode SFH206 (PD), phototransistors (PT) 

TEKT5400S and SFH209FA under the RQR9 X-ray 

beam quality (IEC 61267 standard radiation beam). 

 

 

 

 
Figure 6. Characteristic curves for the two 

transistors: BC546 bipolar (top) and FQD20N06 

MOSFET (botton). 
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Characteristic curves for the BC546 transistor and the MOSFET are traced in Figure 6. One 

can note that the bipolar transistor IV curve slightly rotates clockwise meaning that the 

output current after irradiation is lower than before irradiation, i.e., there is a lost of radiation 

sensitivity if the device is submitted to doses as higher as 10 Gy [8, 9]. The field effect 

transistor IV curve shifts left after irradiation, resulting somewhat is not surprise because the 

difference between the two curves (e.g., ΔVgs=0.30V at Id=0.077µA) provides the dose [10]. 

This demonstrates that SPA has multi output bias signal for a quad-polar device and therefore 

one can trace parametric curves to perform a correlation between radiation measurements.  

 

 

 
Figure 7. TEKT5400S characteristic curves: 

before and after irradiation which corresponds 

to 115 hours in a neutron fluence of 10
6
 s

-1
. 

 

 

The last result is the TEKT5400S characteristic curves (Figure 7) obtained before and after 

irradiation corresponding to 115 h time interval that the device was under a neutron fluence. 

The red curve indicated that the phototransistor had its parametric curve shifted up, i.e., the 

device dark current was multiplied by a factor. This result was also obtained to other 

electronic semiconductor devices [11-12] meaning that the semiconductor structure was 

altered when the neutrons interact with the photonic device. The conclusion from all results 

presented here demonstrate how the SPA system can be used as a powerful tool to analyze 

either devices or semiconductor materials that are normally applied for measuring in several 

ionizing radiation beams. 

 

 

4. CONCLUSIONS  

 

A semiconductor parameter analyzer was developed to be used with several types of 

electronic devices that are normally applied for measuring in ionizing radiation beams. Some 

of these detectors are quad-polar devices having two pins to be biased and the SPA system 

provides that. The system allows one to acquire characteristic curves that are inherent in 

researches about electronic devices (transistors, phototransistors, photodiodes, etc.) and 

characterizing semiconductor materials. The results presented in this work demonstrated that 

the SPA system developed is a powerful tool to scientists interested to use semiconductors as 

ionizing radiation detector.   
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