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Production of meter-scale high density microwave plasma and elucisation of its
physical mechanism

Toyoda, Hirotaka
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High density atmospheric pressure plasma with long scale is required for
high-throughput surface treatment device of glass or polymer films. This study challenged to produce
high density microwave plasma in a long scale slot using loop-structured cavity resonator without
standing wave. Plasma production mechanism in the slot is clarified through this study and stable,
uniform, long scale high density microwave plasma using molecular gas is successfully realized.



1CCD

0.6m

m/s



Plasma Speed (m/s)

Slot EH
thickness ;

AV

y

.
,
/
.
4
.
.
P
4

/VVaveguide

Plasma

y Slot

35 : . . . .

30F ° ]
25F ]
ol /?hndaﬁon ]
15F ]
10F ]
5F ° ]
0 . ! ! ! s

0 01 02 03 04 05 06

Slot width x (mm)

0.0 L ' ' i
0 100 200 300 400 500
(mm)
40cm
40cm
Ar He
N, O,

100%

cw

1500K



H. Suzuki, S. Nakano, H. Itoh, M.
Sekine, M. Hori and H. Toyoda,
Characteristics of an
atmospheric-pressure line plasma
excited by 2.45 GHz microwave
travelling wave, Japanese Journal
Applied Physics, Vol. 55, (2015)
01AH09-1-6

DOI:10.7567/J3JAP .55.01AH09

H. Suzuki, S. Nakano, H. Itoh, M.
Sekine, M. Hori and H. Toyoda, New line
plasma source excited by 2.45 GHz
microwave at atmospheric pressure,
Applied Physics Express, Vol. 8, No.
3, (2015) 036001-1-4

H. Itoh, Y. Kubota, Y. Kashiwagi, K.
Takeda, K. Ishikawa, H. Kondo, M.
Sekine, H. Toyoda and M. Hori, A
Development of Atmospheric Pressure
Plasma Equipment and Its Applications
for Treatment of Ag Films Formed from
Nano-Particle Ink, Journal of
Physics : Conference Series, Vol. 441
(2013) 012019
DOI1:10.1088/1742-6596/441/1/012019

CVD 63
2016 3 19

32
2015 11 26

H. Suzuki, S. Nakano, H. Itoh, M.

Sekine, M. Hori, H. Toyoda,

Application of Atmospheric-Pressure

Microwave Line Plasma for Low

Temperature Process,

ICRP-9/GEC-68/SPP-33, 2015 10 14
, Honolulu (USA)

27
2015 9
29

H. Suzuki, S. Nakano, H. Itoh, M.
Sekine, M. Hori, H. Toyoda, Low
Temperature Treatment using
Atmospheric-Pressure Microwave Line
Plasma, 76

2015 9 15

H. Suzuki, S. Nakano, H. Itoh, M.
Sekine, M. Hori, H. Toyoda, Gas
Temperature Measurement in
Atmospheric-Pressure Microwave Line
Plasmas, 1SPlasma2015/1C-PLANTS2015,
2015 3 30 , Nagoya University
(Aichi Nagoya)

62
2015 3 12

Plasma Conference
2014 2014 11 19 Toki Messe
(Niigata Niigata)

H. Toyoda, Plasma Science for Future
Nanotechnology, The GRDC Symposium
2014, 2014 11 11 , Seoul (Korea)

H. Toyoda, H. Suzuki, S. Nakano, H.

Itoh, M. Sekine and M. Hori,

Pseudo-continuous meter-scale

microwave plasma production under

atmospheric pressure, 67th Annual

Gaseous Electronics Conference, 2014
11 7 , Raleigh (USA)

51
2014
10 23

H. Suzuki, S. Nakano, H. Itoh, M.

Sekine, M. Hori, H. Toyoda, Plasma

movement mechanism in

pseudo-continuous meter-scale

atmospheric-pressure line plasma,

75 2014
9 17

S. Nakano, H. Suzuki, H. Iltoh, M.



Sekine, M. Hori, H. Toyoda,
Spatiotemporal Resolved
Investigations of Atmospheric
Pressure Line Plasma,

ISPlasma2014/1C-PLANTS2014, 2014 3
3 , Meijo University (Aichi
Nagoya)

S. Kondo, K. Sasai, N. Takada AND H.
Toyoda, Design of Meter-Scale Compact
Microwave Antenna Structure by
Electromagnetic Simulation,
ISPlasma2014/1C-PLANTS2014, 2014 3

3 , Meijo University (Aichi
Nagoya)

H. Suzuki, S. Nakano, H. Itoh, M.
Sekine, M. Hori, H. Toyoda, Production
of High-Uniform Microwave Line Plasma
at Atmospheric Pressure,
ISPlasma2014/1C-PLANTS2014, 2014 3

3 , Meijo University (Aichi
Nagoya)

H. Suzuki, S. Nakano, H. Itoh, M.
Sekine, M. Hori, H. Toyoda, Meter
-Scale Production of Atmospheric
Pressure  Microwave Plasma by

Travelling Wave, ICRP-8/SPP-3, 2014
2 6 , Fukuoka Convention Center
(Fukuoka Fukuoka)

N. Takada, S. Kondo, S. Nakano, K.
Sasai and H. Toyoda, Production of
high-density meter-length plasma with
metal-covered slot antenna,
ICRP-8/SPP-3, 2014 2 5 , Fukuoka
Convention Center (Fukuoka Fukuoka)

H. Toyoda, Meter-Scale
Atmospheric-Pressure Microwave
Plasma Using Sub-Millimeter-Gap Slot,

66th Annual Gaseous Electronics
Conference, 2013 10 3 , New
Jersey (USA)

H. Suzuki, S. Nakano, H. Itoh, M.
Sekine, M. Hori, H. Toyoda,
Electromagnetic Simulation of

Long-Slotted Waveguide Antenna for
Production of Meter-Scale Plasma
under Atmospheric Pressure, 66th
Annual Gaseous Electronics Conference,
2013 10 1 , New Jersey (USA)

H. Suzuki, T. Takaba, N. Takada and H.
Toyoda, Absorption Spectroscopy of
Atomic Metal in Atmospheric-pressure
Plasma with Electrolyte Solution
Electrode, Korea - Japan Workshop on

o

Advanced Plasma Processes and
Diagnostics & The Workshop for
NU-SKKU Joint Institute for

Plasma-Nano Materials, 2013 5 25
, Suwon (Korea)

TOYODA, Hirotaka



