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Fig. 7 summarizes the main experimental results for a single-cell converter using unipolar 

modulation. In these experiments, different pulse widths have been tested, and a detail of the 

peak current is given. From this experiments, the proper operation of the converter is 

observed with a 1 kV output voltage and up to 100 A. 

In order to obtain more advanced modulations to enable research in IRE which is usually 

not possible with commercial products several bipolar modulations as well as pulse trains 

(a) 

 

(b) 
Fig. 7. Main experimental waveforms for a single cell with different unipolar 
modulation profiles: single-pulse 10 µs (a), and detail of the positive (b). From top to 
bottom: inverter branches output voltages vA, vB (1 kV/div), cell output voltage vo (1 
kV/div), and output current io (62.5 A/div). 
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have been tested. Fig. 8 shows the main waveforms for10-µs bipolar pulses (a), as well as 

the detail of the positive (b) current peak. In these tests, 2 kV peak-to-peak voltage is applied, 

with a current peak exceeding 180 A.  

Besides, several pulse train modulations, also known as burst mode, have been tested and 

summarized in Fig. 9 for 8 pulses of 10-µs (a) and 100-µs  (b), and 100 pulses of100-µs (c). 

These results proves the correct operation and the versatility of the proposed platform which 

enables new programmable modulations for research in IRE. 

(a) 

(b) 
Fig. 8. Main experimental waveforms for a single cell with different bipolar 
modulation profiles: single-pulse 10 µs (a) and detail of the positive (b) current pulse. 
From top to bottom: inverter branches output voltages vA, vB (1 kV/div), cell output 
voltage vo (1 kV/div), and output current io (62.5 A/div). 
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(a) 

 
(b) 

(c) 
Fig. 9. Main experimental waveforms for a single cell with different bipolar pulse 
trains: 8-pulse train 10-µs width (a), 8-pulse train 100-µs width (b), 100-pulse train 
100- µs width. From top to bottom: inverter branches output voltages vA, vB (1 kV/div), 
cell output voltage vo  (1 kV/div), and output current io (62.5 A/div). 
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Fig. 10 shows the main experimental results for a dual-cell converter able to provide 4 kV 

peak to peak voltage pulses with bipolar modulation. This converter has been tested both 

with unipolar (a) and bipolar (b) modulation, proving the correct operation of the cascaded 

operated cells. Consequently, the proposed platform is proved to be a versatile platform 

enabling research on IRE with increased modulation degrees of freedom as well as improved 

output current and voltage levels. 

 

 

 

Fig. 10. Main experimental waveforms for a dual-cell converter with bipolar 
modulation. From top to bottom: inverter branches output voltages vA, vB (1 kV/div), 
cell output voltage vo (1 kV/div), and output current io (62.5 A/div). 
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Finally, Fig. 11 shows an electroporation experiment using 5-cm squared copper electrodes 

in a potato load applying 1 kV/cm. This test shows the proper operation of the developed 

versatile architecture and opens the door to new and innovative electroporation methods with 

improved performance. 

 

 

 

 

Fig. 11. Main experimental waveforms during an electroporation test using 1 
kV/cm and 5-cm square copper electrodes on a plant tissue. From top to bottom: inverter 
branches output voltages vA, vB (1 kV/div), cell output voltage vo (1 kV/div), and output 
current io (62.5 A/div). 
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V. CONCLUSIONS 

In this paper, a versatile power converter architecture has been presented oriented to 

generate high-voltage pulses required for irreversible electroporation. The proposed topology 

allows to generate configurable amplitude, polarity and length pulses and pulse trains with 

high rise times, enabling research on the influence of electrical impulses in IRE treatments. 

The proposed topology has been designed and implemented leading to bipolar generator 

up to 4 kV and 150 A. Experimental results prove the feasibility of this proposal and opens 

new possibilities of research on cancer treatment using irreversible electroporation. 
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