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The effect of RF electric fields from an atmospheric micro—plasma needle device
on the death of cells
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Abstract - A non-thermal micro-size plasma needle is applicable for medical treatment because it includes radicals,
charged particles, ultraviolet emission, and strong electric fields. The electric fields around the plasma needle device
driven by a radio frequency wave are investigated in order to calculate the power delivered to the cell. A commercial
multi-physics code, CFD-ACE, was utilized for the calculation of electric fields for the optimization of the needle
structure. The electric field and energy absorption profiles are presented with the variation of the device structure and
the distance between the needle and tissues. The living tissues effectively absorb the radio frequency power from the

plasma needle device with the covered pyrex structure.
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Fig. 2 The z-component of the electric fields with the
distances between needle and cells of (@ 1 mm, (b)
10 mm in open needle, and of (¢) 1 mm, (d) 10
mm in covered needle with a pyrex tube.

(a) N (N/C)

:{«om!

SE— {N/C)

Heg0s

2600

o

3
- sgeons
2000

3008

o

1eeone s

o

- i

~2Eeon

~BEe00e

28 3 Inlet initial pressureZb 2 Z1et &l open needie 2

4 neediet MEH AtolztHol {a) 1 mm EAHH

S mf, (b) 10 mm EoH

é—E—SI A7| % covered needie 2| Z<F needet

ZY AtojztAol (©) 1 mm "o ME mWet (d 10
mE20{xs oo §7I’é*9| roatel M2 37|

g mje MI|Eel r W

Fig. 3The r-component of the electric fields with the
distances between needle and cells of {a) 1 mm, (b)
10 mm with an open needle, and of (c) 1 mm, (d)
10 mm with a covered needle with a pyrex tube.
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Fig. 6 The absorption power profiles for an open needle
with 13.56 MHz of frequency, 100 V of apply voltage
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cells at each phases of 1 cycle. The relative
dielectric constant of this living tissue is considered
to be ¢, = 80(1— ;0.04).
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Fig. 9 The experimental result of G361 melanoma cells are
shown for (a) control cells and (b} the death of

melanoma cells exposed by the electric field.
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