


Generating Bipolar Nanosecond Pulsed Electric Field using
Open Circuit Transmission Line Technigue and Avalanche
Transistors

EuMC52-3

Wyn Davies® and Christopher P. Hancock?

IMMSRG, Bangor University, Wales, UK

Creo Medical Ltd, Chepstow, Wales, UK
leeu25b@bangor.ac.uk

BANGOR MEDICAL

UNIVERSITY




WAk

HR PEA CONFERENCE

1969 - 2020

Author Introduction

The 50th European Microwave Conference

llan Wyn Davies, MEng
Ph.D. Student / Student Microwave Engi
Bangor University / Creo Medical Ltd

llan’s work is concentrated on the development of high v nosecond pulses PRIFYSGOL

for electroporation applications. Raise completed his
niversity i where he is B [ & N G O R

MEng degree in electronic engineerin
also undertaking his PhD at the Medical UNIVERSITY

Ll 7]
=mo
=
o= =<
[
= e=
[~ ]
L=
e
HH
e =
:..u
==
—

Ids a personal Chair in the Medical Microwave Systems
niversity. Chris is a Fellow of the Institute of Physics, a
of the Institute of Engineering and Technology, a

tor and lead author on over 500 patents/patent applications CREO M EDICAL

9 April 2021 EuMC52-3 3



Content

 Research Introduction
* Theory of Operation

* Open Circuit Co-Axial Transv&'@chn%e
|

* Avalanche Transistors Techni
* Monopolar nsPEF
* Bipolar nsPEF
« Conclusion Q K"
BANGOR
ent CREO MEDICAL

Ll 7]
=mo
=
o= =<
[
= e=
[~ ]
L=
e
HH
e =
:uu
==
—

* Future Work
« Acknowledgm

9 April 2021 EuMC52-3 4



Ll 7]
=mo
=
o= =<
[
= e=
[~ ]
L=
e
HH
e =
:uu
==
—

Research Introduction

* Development of nanosecond Se _ele flelds (nsPEFSs)

generators

ma permeability of the cell
se, Ion channel activation and

e Effects Include Incrg
membrane, calcium
apoptosis induction.

e Part of a E
SUMCASTE

« Continuation of p

re

yn's Horizon 2020 funded project,
.sumcastec.eu/

8d work: https://doi.org/10.1017/S1759078719000576
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Theory of Operation

* Objective: Produce nanosecon Ised eN@atric field (nsPEFS)

Amplitude
(V)

Ll 7]
=mo
=
o= =<
[
= e=
[~ ]
L=
e
HH
e =
:uu
==
—

I

~t
-4

9 April 2021 EuMC52-3 6



CONFERENCE I
IE'(LIJ

The 50th European Microwave Conference

Theory of Operation

* Objective: Produce nanosecon Ised eN@atric field (nsPEFS)

Amplitude
(V)

Ll 7]
=mo
=
o= =<
[
= e=
[~ ]
L=
e
HH
e =
:uu
==
—

e Combination o
 Transmissio
 Avalanche Tran

chnique

I

~t
-4

9 April 2021 EuMC52-3 7



CONFERENCE I
IE'(LIJ

The 50th European Microwave Conference

Open Circuit Co-Axial
Transmission Line Techn

DC Supply V.,

int @,Charged Line

Switch
Open

at point@, Across the Load, R,

Switch, S
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Switch, S
Switch | Switch
Open iR Closed
Pulse Width
2T
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« Essential Parameters

9 April 2021 EuMC52-3 14



CONFERENCE I
:Evhj

The 50th European Microwave Conference

Open Circuit Co-Axial
Transmission Line Techni

« Essential Parameters

%E _ — (RL _ ZO) = Reflection coefficient
S= * Reliance on: (R, +Zp) Z, = Transmission line impedance
— R, = Load impedance
) — L
ZO R'— for _ R; V, = Pulse amplitude
 Minimal reflecti V, = - ~ Vee V. = DC Supply Voltage
« Maximum Amplitu (RL + Zo)
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Open Circuit Co-Axial
Transmission Line Techni

 Reliance on:
« IfZ,=R, =50

= Reflection coefficient

Z, = Transmission line impedance
R, = Load impedance

V| = Pulse amplitude

V. = DC Supply Voltage

(R, —Zp) (50 5

=& 72, Go

Vece

V-~ =
cC 2
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Avalanche Transistors
Technique

« Used as a fast-switching element

\

~ C o :

« V. exceeds V gsthe t tor I . ; I
permanently breaks 3 : :
=+ . - o ; ;
H  ° V.Islimited to ” i i
M transistors V. i _ !

! o DB
N. ! ' EO !
o VL = ~ VCES/ ? Vam Veeo Vees

Collector-Emitter Voltage, V¢
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VCC
A
Q4 V
Avalanche_4 CES
A
Q3

] VCES

Avalanche Transistors
Technique &
* Over come the pulse amplitude

limitation of V| = ~ Vgs/ 2 < (

Avalanche_3

[ Q2 V
- VCC Avalanche_2 CES
H - VcC=-nVcgs %
o Q1 v
4 Q1 V Avalanche_1 CES
E - n V Avalanche_1 CES
== o \/ — CES
L 2 ~
Vee =4 Vgs
Vee = Vs 4V
n = number of avalanche transi cked v - V, = ZCES
L=
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Monopolar nsPEF — Positiv

Vcc
_._
Rc
1Meg
Transmission Line, Zo, T
L —&
Q4 N4
: Avalanche_4
Q3

: Avalanche_3
Q2

: Avalanche_2
I R

Avalanche_1
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Monopolar nsPEF — Positiv

Vcc
_._

Rc
1Meg
Transmission Line, Zo, T

Q4 % 2750
Avalanche_4
2500
2250
Q3
: Avalanche_3 ‘
Q2
: Avalanche_2
I R

Avalanche_1

—#AMT: 3, Line: 1m, Load: 50 at Emitter
#AMT: 5, Line: 1m, Load: 50 at Emitter |
——#AMT: 6, Line: 1m, Load: 50 at Emitter
—HAMT: 8, Line: 1m, Load: 50 at Emitter
——#AMT: 10, Line: 1m, Load: 50 at Positive |
——#AMT: 20, Line: 1m, Load: 50 at Positive
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Time (ns)
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Q4
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Transmission Lj
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Monopolar nsPEF

Rc
1Meg
L Transmission Lineg
Q4
Avalanche_4
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Monopolar nsPEF — Negatl

——

Rc
1Meg
Transmission Line, Zo, T
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—#AMT: 5, Line: 1m, Load: 50@Transmission Line, Probe:Load@TL
#AMT: 6, Line: 1m, Load: 50@Transmission Line, Probe:Load@TL
——#AMT: 8, Line: 1m, Load: 50@Transmission Line, Probe:Load@TL ||
~==#AMT: 10, Line: 1m, Load: 50@Transmission Line, Probe:Load@TL
—#AMT: 20, Line: 1m, Load: 50@Transmission Line, Probe:Load@TL

Q1
\%\valanche_l

<

-2500
-10

-5 0 5 10 15 20 25 30 35 40
Time (ns)
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200 T T | I ) [ [ I
i | ine: 17m, Load: NaN at Emitter
A e: 5m, Load: NaN at Emitter
150 - 1, @&y 1m, Load: NaN at Emitter | |
2100 - -
Q
(@)
8
35 i |
. L 50
_50 [ 1 | | |
-50 010 200 250 350 400 450 500

Time (ns)
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2000 T T T T T ]
=——#AMT: 15, Line: 1m, Load: 50 at Emitter
——H#AMT: 15, Line: 5m, Load: 50 at Emitter . A \
1500 - m! ’
1000 - -
Q
D’ -
8
° L
S 500 |
Y 4 PAUNMAR
—#AMT: 15, Line: 1m, Load: 50 at Transmission Line
——#AMT: 15, Line: 5m, Load: 50 at Transmission Line
_500 | | L | | L | | | 1
-50 0 10 50 100 15 0 10 50 100 150 200
Time (ns) Time (ns)
700 T T T T T 100 =
L) —#AMTEES! G0 at Emitter
= B .
O = 600 |- ——HAMT G} Rmitter 0 |
== ——HAMT: 5 o W
D= L
w 500 -100 1
=~ N
== EPIRUE < -200 -
(-] ~
== - [«}] )
=5 & 3001 .300 1
S 3
> 200 > -400 ]
100 [ -500 |
i ——#AMT: 5, Line: 17m, Load: 50 at Transmission Line
0 -600 —#AMT: 5, Line: 5m, Load: 50 at Transmission Line
—#AMT: 5, Line: 1m, Load: 50 at Transmission Line
-100 o ‘ -700 L1 L I ! I I I I
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Bipolar nsPEF

« Can we generate a bipolar
negative and positive pulse?

Vecc

 Can we calculate the dtud
and reflection coeffic
optimum efficient sym

pulse?

valanche 3

; A\ralanche 2
Q1

Avalanche_1

§ RL1
50o0hm
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Bipolar nsPEF

¢ TOtal Load R, RT — RL + RLl

* Reflection Coefficient, I':
_(Rr—Zp) (R, +Ry)—Z
(RT + ZO) ((RL + RLl) + ZO ) Vce

+
\ralanche_3 _
RL1

Q2

; Avalanche_2

Q1

Avalanche_1
ERL
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* Pulse amplitude, 1/,
Total amplitude (peak-to-pea
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Bipolar nsPEF

Rc

* Pulse amplitude, V;
Total amplitudRe (peak-to-peak)

eg
Transmission Line, Zo, T

Q4

Avalanche_4
\j 03 -+ Vcec
Avalanche_3 _
; RL1
2

; Avalanche_2

Negative nsPEF P across RL1 éauanche 1

QO
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Example:
ZO: 50, RL - RLl - 25, o RT = 50
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_ Rr—Zp) (R, +Rp1) — Zo)
~ (Rr+Zo)  ((RL+Ri)+7Zp)
~ (50-50) ((25+25)-50)
~ (50 +50)  ((25+25)+50)

T T T T T T
m—HAMT: 10, Line: 17m, Load: 25 at Emitter & Transmission Line (Both Loads 250hm, Total load 50)
m—HAMT: 10, Line: 17m, Load: 25 at Emitter & Transmission Line (Both Loads 250hm, Total load 50)
m—HAMT: 10, Line: 17m, Load: 25 at Emitter & Transmission Line (Both Loads 250hm, Total load 50)

0 50 100 150 200 250 300 350 400
Time (ns)
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Bipolar nsPEF

1500 T T I | [ I [
m— HAMT: 10, Line: 17m, Load: 25 at W iission Line (Both Loads 250hm, Total load 50)
e HAMT: 10, Line: 17m, Load: 25 N akssion Line (Both Loads 250hm, Total load 50)
£ 0 Line (Both Loads 250hm, Total load 50)
1000 - n
2 500 |
Q
O)
(48]
et
S N g rrdms =4 vl
Eg > 0 "/‘rb*.’ - N r C NNy A A Py w/‘ s
22 -500 - -
_1 000 | | | | | |
-50 0 100 150 200 250 300 350 400

Time (ns)
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Conclusion

* Pulse width determined by the transmissy

* Relationship between the charactert
line, Z0, and the load, RL , determin

e Pulse amplitudes
« Secondary pulse or rebound of t

* Produce well-defined symmetri
support nanosecond electopor
In a cost-effective man

length
e of the transmission

nosecond pulses require to
other biomedical applications
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* Investigate del
» Gain biological e

e Transmission Line ¢ Ip line adaptation
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