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Content 

• Research Introduction

• Theory of Operation

• Open Circuit Co-Axial Transmission Line Technique

• Avalanche Transistors Technique

• Monopolar nsPEF

• Bipolar nsPEF

• Conclusion

• Future Work
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Research Introduction 

• Development of nanosecond pulse electric fields (nsPEFs)
generators

• Application on biological cells and tissues for cancer stem cells
treatment

• Effects include increased plasma permeability of the cell
membrane, calcium (Ca++) release, ion channel activation and
apoptosis induction.

• Part of a European Union’s Horizon 2020 funded project,
SUMCASTEC http://www.sumcastec.eu/

• Continuation of published work: https://doi.org/10.1017/S1759078719000576

9 April 2021 EuMC52-3 5
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Theory of Operation

• Objective: Produce nanosecond pulsed electric field (nsPEFs)
• Pulse Widths: 10 ns – 100 ns

• Amplitude: 500 V+

• Repetition: Rate 1 – 50 Hz

• Transition times (tr and tf): < 2 ns

9 April 2021 EuMC52-3 6

Pulse Widths (t)

tr tf

Amplitude
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Theory of Operation

• Objective: Produce nanosecond pulsed electric field (nsPEFs)
• Pulse Widths: 10 ns – 100 ns

• Amplitude: 500 V+

• Repetition: Rate 1 – 50 Hz

• Transition times (tr and tf): < 2 ns

• Combination of technologies:
• Transmission Line Technique

• Avalanche Transistors Technique

9 April 2021 EuMC52-3 7

Pulse Widths (t)

tr tf

Amplitude
(V)
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Open Circuit Co-Axial 
Transmission Line Technique
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Open Circuit Co-Axial 
Transmission Line Technique
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Open Circuit Co-Axial 
Transmission Line Technique
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Open Circuit Co-Axial 
Transmission Line Technique

9 April 2021 EuMC52-3 11

Rc

DC Supply Vcc

Charged open-end transmission line

RL

Rc >> RL

at point ,Charged Line

at point , Across the Load, RL
Vcc

Vcc /2

0

Z0, T

Vcc

Vcc /2

0

Switch, S

Switch
Open

Switch
Open



EU
R

O
P

EA
N

 M
IC

R
O

W
AV

E 
W

EE
K

   2
0

2
0

JA
A

R
B

E
U

R
S

 U
T

R
E

C
H

T

T
H

E
 N

E
T

H
E

R
L

A
N

D
S

1
0

 –
1

5
 J

A
N

U
A

R
Y

  
2

0
2

1

W
W

W
.E

U
M

W
E

E
K

.C
O

M

Open Circuit Co-Axial 
Transmission Line Technique
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Open Circuit Co-Axial 
Transmission Line Technique
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Open Circuit Co-Axial 
Transmission Line Technique

• Essential Parameters 
• Rc >> RL

• Z0 = RL

• Pulse width ~2T

• Switching element determines rise-time

9 April 2021 EuMC52-3 14

𝑇 =
𝑙
𝑐
𝜀𝑟

l = transmission line length (m)
c = speed of light, 3x108m/s
Ԑr = dielectric constant of 

transmission line 
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Open Circuit Co-Axial 
Transmission Line Technique

• Essential Parameters 
• Rc >> RL

• Z0 = RL

• Pulse width ~2T

• Switching element determines rise-time

• Reliance on:
• Z0 = RL for

• Minimal reflection

• Maximum Amplitude

9 April 2021 EuMC52-3 15

𝑇 =
𝑙
𝑐
𝜀𝑟

l = transmission line length (m)
c = speed of light, 3x108m/s
Ԑr = dielectric constant of 

transmission line 

Γ =
𝑅𝐿 − 𝑍𝑂
𝑅𝐿 + 𝑍𝑂

𝑉𝐿 =
𝑅𝐿

𝑅𝐿 + 𝑍𝑂
𝑉𝐶𝐶

Γ= Reflection coefficient
Z0 = Transmission line impedance 
RL = Load impedance 
VL = Pulse amplitude
VCC = DC Supply Voltage 
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Open Circuit Co-Axial 
Transmission Line Technique

• Reliance on:
• If Z0 = RL = 50

9 April 2021 EuMC52-3 16

Γ =
𝑅𝐿 − 𝑍𝑂
𝑅𝐿 + 𝑍𝑂

=
50 − 50

50 + 50
=

0

100
= 0

𝑉𝐿 =
𝑅𝐿

𝑅𝐿+𝑍𝑂
𝑉𝐶𝐶 =

𝑅𝐿

𝑅𝐿+𝑍𝑂
𝑉𝐶𝐶 =

50

50+50
𝑉𝐶𝐶 =

𝑉𝐶𝐶

2

Γ= Reflection coefficient
Z0 = Transmission line impedance 
RL = Load impedance 
VL = Pulse amplitude
VCC = DC Supply Voltage 
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Avalanche Transistors 
Technique

• Used as a fast-switching element

• Transistors avalanche region lies 
between VCES and VCEO

• Vcc exceeds VCES the transistor 
permanently breaks down

• Vcc is limited to avalanche 
transistors VCES 

• VL = ~ VCES / 2

9 April 2021 EuMC52-3 17

Collector-Emitter Voltage, VCE

C
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Avalanche Transistors 
Technique
• Over come the pulse amplitude 

limitation of VL = ~ VCES / 2

• By Stacking avalanche transistors 
in series.

• Vcc = ~ 𝑛 VCES

• VL = ~
𝑛VCES

2

𝑛 = number of avalanche transistor stacked

9 April 2021 EuMC52-3 18

VCC

VCES

VCES

VCES

VCES

VCES

VCC

VCC = VCES

VL = 
VCES

2

VCC = 4 VCES

VL = 
4 VCES

2
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Monopolar nsPEF – Positive   
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Monopolar nsPEF – Positive   
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Monopolar nsPEF
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Monopolar nsPEF
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Monopolar nsPEF
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Monopolar nsPEF – Negative  
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Monopolar nsPEF – Pulse Parameters
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Monopolar nsPEF – Pulse Parameters
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Bipolar nsPEF

• Can we generate a bipolar 
negative and positive pulse?

YES

• Can we calculate the amplitude 
and reflection coefficient for 
optimum efficient symmetrical 
pulse? 

YES
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Bipolar nsPEF

• Total Load R, 𝑅𝑇 = 𝑅𝐿 + 𝑅𝐿1
∴ 𝑍𝑂 = 𝑅𝑇 = 𝑅𝐿 + 𝑅𝐿1

• Reflection Coefficient, Γ:

Γ =
𝑅𝑇 − 𝑍𝑂
𝑅𝑇 + 𝑍𝑂

=
𝑅𝐿 + 𝑅𝐿1 − 𝑍𝑂

𝑅𝐿 + 𝑅𝐿1 + 𝑍𝑂

• Pulse amplitude, 𝑉𝐿
Total amplitude (peak-to-peak)

𝑉𝐿𝑇 =
𝑅𝑇

𝑅𝑇 + 𝑍𝑂
𝑉𝐶𝐶
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Bipolar nsPEF

• Pulse amplitude, 𝑉𝐿
Total amplitude (peak-to-peak)

𝑉𝐿𝑇 =
𝑅𝑇

𝑅𝑇 + 𝑍𝑂
𝑉𝐶𝐶 = 𝑉𝑅𝐿 + 𝑉𝑅𝐿1

Positive nsPEF Amplitude across RL

𝑉𝑅𝐿 =
𝑅𝐿1

𝑅𝑇 + 𝑍𝑂
𝑉𝐶𝐶

Negative nsPEF Amplitude across RL1

𝑉𝑅𝐿1 =
𝑅𝐿

𝑅𝑇 + 𝑍𝑂
𝑉𝐶𝐶
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Bipolar nsPEF
Example: 

𝑍𝑂= 50, 𝑅𝐿 = 𝑅𝐿1 = 25, ∴ 𝑅𝑇 = 50

Γ =
𝑅𝑇 − 𝑍𝑂
𝑅𝑇 + 𝑍𝑂

=
𝑅𝐿 + 𝑅𝐿1 − 𝑍𝑂

𝑅𝐿 + 𝑅𝐿1 + 𝑍𝑂

Γ =
50 − 50

50 + 50
=

25 + 25 − 50

25 + 25 + 50
= 0

𝑉𝐿𝑇 =
𝑅𝑇

𝑅𝑇 + 𝑍𝑂
𝑉𝐶𝐶 = 𝑉𝑅𝐿 + 𝑉𝑅𝐿1

50

50 + 50
𝑉𝐶𝐶

𝑉𝑅𝐿 =
𝑅𝐿1

𝑅𝑇 + 𝑍𝑂
𝑉𝐶𝐶 =

25

25 + 50
𝑉𝐶𝐶

𝑉𝑅𝐿1 =
𝑅𝐿

𝑅𝑇 + 𝑍𝑂
𝑉𝐶𝐶 =

25

25 + 50
𝑉𝐶𝐶
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Bipolar nsPEF
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Conclusion

• Pulse width determined by the transmission line length

• Relationship between the characteristic impedance of the transmission
line, Z0, and the load, RL , determines the:

• Pulse amplitudes

• Secondary pulse or rebound of the primary pulse (Γ=0)

• Produce well-defined symmetrical bipolar nanosecond pulses require to
support nanosecond electroporation and other biomedical applications
in a cost-effective manner

• Investigate delay method 

• Gain biological effect

• Transmission Line and strip line adaptation
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your attention
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