
Indonesian Journal of Electrical Engineering and Informatics (IJEEI) 
Vol. 8, No. 2, June 2020, pp. 298~205 
ISSN: 2089-3272, DOI: 10.11591/ijeei.v8.i2.2041      298 

  

Journal homepage: http://section.iaesonline.com/index.php/IJEEI/index 

Impact of Electron Radiation Dose to the Performance of Half-
Wave Rectifier and Converter Circuits with Silicon Carbide 

Schottky Diode 
 
 

N.F. Hasbullah1, Nafiz ‘Irfan Shuhaimi1, Yusof Abdullah2,M.A.Khairi1 
1,3Department of Electrical and Computer Engineering, Kulliyyah of Engineering, International Islamic University 

Malaysia (IIUM), Malaysia 
2Industrial Technology Division, Malaysia Nuclear Agency, Bangi. Malaysia 

 

Article Info  ABSTRACT  
Article history: 

Received May 21, 2020 
Revised May 21, 2020 
Accepted Jun 11, 2020 
 

 Half-wave rectifier; buck; and boost converter with electron-irradiated, high-
voltage silicon carbide Schottky power diodes from CREE, Inc., performance 
was studied and presented in this paper subjected to electron radiation. The 
diodes were irradiated by high-energy (3 MeV) electrons with doses ranging 
from 1 to 5 MGy. The performance of the circuits in term of the output 
voltage were measured before and after the diodes being irradiated. It was 
observed, at 4 MGy, the half-wave rectifier output voltage degrades by 6.2 
times as compared to before irradiation. Meanwhile, the output voltage of the 
buck converter degrades by 1.7 times; and for boost converter, the 
degradation of the output voltage is approximately 4.6 times for 4MGy 
radiation. These degradations are believed to be due to the increase in the 
series resistance of the Schottky diodes which is caused by the defects 
introduced inside the semiconductor during the irradiation and also the 
increase of turn-on voltage of the diodes after being irradiated. 
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1. INTRODUCTION  

Silicon carbide is being considered as a potential alternative to silicon for the manufacture of 
dosimeters, spectrometers and charge-particle detectors in high energy physics experiment due to its high 
radiation hardness [1]–[10]. The outstanding physical properties of silicon carbide has made it a material of 
choice to be used in optoelectronics and electronics devices working in an extreme environment [11]–[14]. 
Schottky diodes have attracted great interest in satellite and power converter applications due to its fast 
switching speed, lower reverse breakdown voltage and low voltage loss [15]–[17]. Silicon carbide (SiC) 
Schottky diodes have been shown to be the most suitable candidate for replacing the conventional diodes e.g. 
silicon (Si) diodes due to its high radiation hardness in an extreme environment environments [11], [18]–
[20]. Radiation hardness is usually associate with the stability of parameters of a semiconductor or a 
semiconductor device under irradiation. The higher the irradiation dose required for the parameters to start 
deteriorating, the better the radiation hardness of the semiconductor [21]. In this paper, the results and 
analysis on the changes of the overall performance of half-wave rectifier; buck; and boost converter 
containing SiC Schottky diodes which were subjected to electron radiation are presented. The focus of this 
paper is the performance of the three circuits instead of the performance of the schotkky diode. A half-wave 
rectifier is a circuit that converts full wave input of alternating current (AC) signal into half wave direct 
current (DC) signal; while a buck converter is a switch mode DC to DC electronic converter in which the 
output voltage will be transformed to level less than the input voltage; and a boost converter is a switch mode 
DC to DC converter in which the output voltage is greater than the input voltage. All of the circuits are 
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important components in satellites [22]. The measurements were done with different switching frequencies 
and different duty cycles. The responses of the circuits before and after the SiC Schottky diodes being 
irradiated are discussed in detail. 
 
2. EXPERIMENTAL DETAILS 

Commercial SiC Schottky diodes from CREE, Inc., with a reverse peak voltage of 600 V was 
chosen for investigation. Three types of circuit i.e. half-wave rectifier, buck and boost converter were tested; 
and a total of 15 diodes were used to check for repeatability. Note that, the irradiation procedure was only 
done upon the diodes. The SiC Schottky diodes with nominally similar pre-irradiation electrical 
characteristics were irradiated at room temperature by 3 MeV electrons at doses of 1, 2, 3, 4, and 5 MGy 
using Electron Beam Machine with flux rate of 50 kGy/pass at Malaysia Nuclear Agency. A total of three 
samples was prepared for each dose. The assessment on the circuit electrical performance were done on the 
half-wave rectifier, buck converter and boost converter circuits as shown in Fig. 1(a), 1(b) and 1(c) 
respectively. The half-wave rectifier circuit is made up of an AC power generator and a 100 ohms resistor. 
The buck converter circuit consists of a 1mH inductor, 10 ohms of a load resistor, a 330 μF of capacitor and a 
power MOSFET. Lastly, the boost converter is made up of a 1mH inductor, a 33 μF capacitor, a 100 ohms 
resistor and a power MOSFET. The overall performance of the circuits was tested before and after irradiation 
of the SiC Schottky diodes. 

 
Figure. 1.  Schematic of (a) half-wave rectifier, (b) buck converter and (c) boost converter circuits. 

 
 
3. RESULTS AND DISCUSSION  
3.1.  Half-Wave Rectifier Circuit Characterization 

The peak output voltage of the half-wave rectifier circuit in Fig. 1(a) was investigated using CREE 
Schottky diodes before and after irradiation. The peak output voltage of the circuit was measured, and Fig. 2 
shows the mean of the peak voltages from the 3 different devices irradiated in every dose. From the figure, it 
can be seen that after irradiation, the average voltage across the load resistor decreases sharply and remains 
constant up to 3 MGy before it sharply decreases again when irradiated with 4 MGy dose. This degradation 
can be explained by the increase in series resistance observed after irradiation which is common in SiC 
Schottky diode as reported in [22]–[25]. The higher the series resistance, the more voltage drop across the 
resistance in the circuit, thus reducing the overall output peak voltage of the circuit. The result of the series 
resistance for these devices were submitted to another journal paper. 

10V 
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Figure 2.  Average peak voltage across load resistor of half-wave circuit containing CREE SiC Schottky 
diode irradiated to 1, 2, 3, 4 and 5 MGy. Error bars indicate the standard deviation of the average voltage 

 
3.2 Buck Converter Circuit Characterization 

Buck converter (Fig. 1(b)) with 10V DC input was also tested using the CREE SiC Schottky diodes 
before and after electron irradiation. The circuit performance was investigated by two switching frequencies 
i.e. 10 kHz to 100 kHz as in Ref. 5. Fig. 3(a) and (b) shows the plot of the average output voltage across the 
load resistor as a function of radiation dose at 10 kHz and 100 kHz switching frequency tested with 25% to 
75% duty cycles. It can be seen in Fig. 3 that, the output voltage of the circuit for both switching frequencies 
increases with increasing duty cycle for all dose levels. 

 
Figure. 3.  Average output voltage across load resistor of buck converter circuit containing CREE SiC 
Schottky diode as a function of irradiation dose with (a) 10 kHz and (b) 100 kHz switching frequency 

tested with different duty cycles. 
 

A plot of average output voltage with respect to doses across the load resistor as a function of duty 
cycle at 10 kHz and 100 kHz are shown in Fig. 4(a) and (b) respectively. Generally, the DC output voltage 
across the load resistor decreases with increasing dose especially at 4 MGy - the rate of decrement is 
significant i.e. 1.7 times is more affected for 100kHz as compared to our 100kHz Hence, higher frequencies 
is more vulnerable with radiation damage. This implies that the buck converter performance has degraded 
with increasing dose of radiation. Similar to the half-wave rectifier, series resistance plays an important role 
in the voltage drop across the diode causing a reduction in the average output voltages. Moreover, the output 
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voltage is more affected for 100kHz as compared to 10kHz. Hence, higher frequencies are more vulnerable 
with radiation damage. The increase of the output voltage is believed to be due to the increases in turn-on 
voltage of the diodes  and also the increase of the internal resistance within the Schottky diode with the 
increasing irradiation dose. Meanwhile, Fig. 5 shows the turn-on voltage increment of the SiC diode from 
0.82 V to 0.84 V before and after irradiation. This supports the effect of the increase of the output voltage 
with increased radiation dose. The detailed analysis of the increase of the internal resistance of the SiC diode 
is published in another paper. 

 

 
Figure. 4.  Average output voltage across load resistor of buck converter circuit containing CREE SiC 

Schottky diode irradiated to 1, 2, 3, 4 and 5 MGy as a function of duty cycle with (a) 10 kHz and (b) 100 
kHz switching frequency. 

 

 
Figure. 5.  Forward bias I-V characterization of CREE Schottky diode before and after irradiation 

 
3.3 Boost Converter Circuit Characterization 

  A boost converter circuit with 5 V DC input as in Fig. 1(c) was also tested with the same parameters 
of the buck converter earlier. The average output voltage across the load resistor with respect to irradiation 
doses at 10 kHz to 100 kHz switching frequency, tested with different duty cycles were plotted and shown in 
Fig. 6(a) and (b) respectively. It was observed that, the circuit experiences similar trend to the buck converter 
where the output voltage increases with increasing duty cycle [25]–[28] However, the circuit can only 
achieve a maximum output voltage of 5.97 V before the power is loss in term of heat dissipation, where 
significant reduction of the output voltage at 75% duty cycle for all frequencies. 
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Figure. 6.  Average output voltage across load resistor of boost converter circuit containing CREE SiC 

Schottky diode as a function of irradiation dose with (a) 10 kHz and (b) 100 kHz switching frequency 
tested with different duty cycles 

Meanwhile, the average output voltage in term of dose as a function of duty cycle at 10 kHz and 100 kHz 
are plotted as in Fig. 7. The trend is also similar to the buck converter i.e. the average output voltage 
decreases with increasing dose especially at 4 MGy, the rate of decrement is 4.6 times. The degradation is 
suggested to be due to the increase in the series resistance of the Schottky diodes after irradiation which 
results in greater voltage drop across the diode [29]. Similar to the buck converter, the magnitude of the turn-
on voltage of the Schottky diode is important in explaining the voltage differences. 

 
Figure. 7.  Average output voltage across load resistor of buck converter circuit containing CREE SiC 

Schottky diode irradiated with 1, 2, 3, 4 and 5 MGy as a function of duty cycle with (a) 10 kHz and (b) 100 
kHz switching frequency 
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4. CONCLUSION  
  The radiation responses of the SiC Schottky diode and its corresponding effects on the half-wave 
rectifier, buck converter, and boost converter output voltage were investigated. In conclusion, all circuits 
studied using CREE SiC Schottky diodes, show degradation in their performances after electron irradiation 
of 1, 2, 3, 4 and 5 MGy. The average output voltage of the half-wave rectifier degrades by 6.2 times at 4 
MGy; whereas, the buck converter shows degradation of 1.7 times at 4 MGy; and for boost converter, the 
degradation is about 4.6 times at 4 MGy. The degradation is accounted to the increases in the series 
resistance and forward voltage of the Schottky diodes after irradiation. After irradiation effect shows that, 
high switching frequency of the converter circuits account for higher performance degradation which is 
caused by the increases of the turn-on voltage of the Schottky diode. Overall, the circuits may operate but 
with degraded performance, thus, precautions need to be taken so that the decrease of the overall circuit can 
be tolerated when subjected to electron radiation. 
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