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Radiation of electromagnetic wave by dispersive nonlienar pulse formation line
for cancer treatment method by ultra-short pulse high electric field and its
effect
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The cancer treatment by an ultra-short pulse high electric field is one of
new biological applications. It is shown that cancer is able to be treated by nanosecond pulsed high
electric field. This work focuses on the development of a high power nanosecond pulsed
electromagnetic wave generator for the cancer treatment and effect on cancer cells by the developed
apparatus. We have developed a pulsed power generator that outputs the multiEIe pulses continuously
by a NLTL (Nonlinear Transmission Lineg using magnetic switches. The NLTL makes the pulse train by
delaying the propagation of the pulse through the magnetic switch of each ladder. In this study, we
have carried out optimization of the transmission line and higher frequency. In addition, high power
burst pulses made by the developed apparatus up to 5 ladder stages have been applied to the cancer
cells. Here, we have used HelLa-S3 that is subspecies of human cervical cancer as the cancer cell.



Hela-S3
Hela

Pl
TUNEL

DNA

LC

NLTL

(NLTL:Non-Linear Transmission Line)
LC

NLTL

20M Q

17.9nF

NLTL

Step-up charging circuit

Gap
Ly Lina Lo Lg  switch
ﬂ &
TC“ TCI\-I C: :‘:C| Rz
I - 1
Nonlinear transmission line

Hela



1
1
NLTL
R1
Ce
Sy
(5:20) R, Co
2NMQ
Cec 17.9nH NLTL LC
Cn Len
R2
Len Ce
L, Cc
R2
R, 1
Ce
Ce
2
NLTL
NLTL L, L.
C, C,
o
S, C,
G G
( )
G G
C,
C,
Cn
NLTL LC
2
G Cn c o Output
N N - F\\ \ A .
«// (L KN/ \ fWﬂRWﬁ g
| [ L NV
2 NLTL
.2 LTspice
NLTL
LTspice

NLTL

.21

NLTL

. J\‘ | f"\ i \\ f r{x i Output
LR T
“I VT
S A
i g\) )\;‘ | v J v\;\/\,
| i \ Y |
/ U /
) 4 WLTsSice!w S
C L
10
C=190pF L=230nH R=33Q
T=41.54ns
21ns
22kV
2.2
4 10
11.5kV
( 10kV)
(22kV)



LC

NLTL

NLTL
NLTL

C, 190pF NLTL

Fair-Rite:43Material(61x 12.7x 35.5)
2 4 6 8 10

_kxpgxmxa®xN?

L | (€))
Ho a
I N k
1
1
2 4 6 8 10
a[mm] 6.4 6.4 6.4 6.4 6.4
I[mm] 6.4 128 192 256 32
k 0.5311 0.6884 0.7699 0.8181 0.8499
L[nH] 53.68 139.15 233.43 330.74 42945
Z[Q] 16.81 27.06 35.05 41.72 47.54
R[O] 17 25 33 50 50
f[MHz] 49.84 30.95 239 20.08 17.62
.2
1
(Fair-Rite:
43Material O0D61x W12.7x ID35.5) 1 6
233.43nH
R 33Q NLTL
22kvV LC 2 10
NLTL LC 2 10
5
5 LC 2
2 LC
10 10

Input voltagekV]

Input voltagelkV]

LC

30 30

" 1\ 2
10 /\ 20
0 \ 15

\M/
-10 10 2
-20 A 5 g
s
-30 o 3
H S
i 5 O

50 100 150 200 250
Time[ng]

-40
-150 -100 -50 O

@ 2

Output voltagekV]

() 10
2
LC
20 MHz
100 MHz
HelLa-S3
HelLa
6 (2),(b) LC 2
6(c),(d) 3
6(e),(f) 3
C1 C6 34 kv

MHz

100



HelLa
.1
HelLa-S3
1
2 2
1 2 3
.2
2.1
2 1
1
130[MHZ] | 30[MHZ]
[kV/cm] 50 30
[shot] 200 20
[pps] 1 1
1, 5 1, 5
3 2
2
130[MHZ] | 30[MHZ]
[kV/cm] 100 40
[shot] 500 200
[pps] 3 1
1, 5 1, 5
7 30 MHz 8 130 MHz
7 30 kv/cm, 20
shots( 1
1 5 1.53% 10.3%
40 kv/cm,200 shots(
2) 1
69.8% 75.2%
8 50
kv/cm, 200 shots( 1
100 kV/cm, 500 shots(
2)
3
2 12

NLTL

Output Voltage [kV]

15

10

HASLEN

(a2

Amplitude [KV]

2

| |
20 0 10 20 30 40 50
Time[ns]

NLTL

=
o

-

o
«

0 P\M,JV\
0 100 200 300 400 500
Frequency [MHZ]
(b)2  NLTL
20
15
glﬂ
: OW"\.\/ VW\JN‘
-20 -10 o 10 20 30 40 50
Time[ng]
(©)3 NLTL
25
2
515%132MHz
£ 1
W
05 J\f
JRTAASAS
0 100 200 300 400 500
Frequency [MHZ]
(d)3 NLTL
20
15
SR
ELYE
0 Perwflbn |
20 -10 0 10 20 30 40 50
Time[ns]
(85 NLTL
25
2
;LsﬁleMHz
g
L
0 V\/\/ \/\/V\N,m
o 100 200 300 400 500
Frequency [MHZ]
()5 NLTL
6 NLTL



40 90 ——
@ 80 60.8% 75.2%
70
B 6o
E;
%D
Q% 30
= 20 10.3%
50| 153%
= ||
2 168 5ER 18 5E%
kS 30kV/em 40KV/cm
20shot 200shot
12h 0Oh
7 30 MHz
= 100
% gg BELS T7.4%
S
E 70
80
§ 50
€ 5
g 20 BT 11.3%
50 | e
h 1R SEE 1F% SE%
S0KV/cm 100kV/cm
200shot 500shot
12h Oh
8 130 MHz
30 MHz
130 MHz Hela
50 kV/cm 130 MHz 5
DNA
40 kv 200
shots 100 kv 500
shots
7

PST-17-004 PPT-17-004 ED-17-024 pp. 17-21
2017

Riku Kageyama, Yuta Kobayashi, Kenji
Tamura, Koki Saito, Yasushi Minamitani,
“Difference of Cell Death of Budding Yeast for
Frequency Components of Pulsed Electric Field”,
IEEE Transactions on Plasma Science, Vol. 44,
Issue 5, pp. 877 - 884, 2016

PST-16-040 PPT-16-040 ED-16-067
pp.7-11 2016

7
Keita Yasu, Yasushi Minamitani, Ken
Nukaga, “Development of high power burst pulse
generator based on magnetic switch for
bioelectrics application”, 2016 International
Power Modulator and High Voltage Conference,

2016 7 7 San Francisco, USA, Palace
Hotel
27
2015 3 24
0
o 0
o 0
@

MINAMITANI, YASUSHI



