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Generation of plasma-composite structures and their diagnostics with
extraordinarily-wide frequency dispersions

Sakai, Osamu
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We proposed and experimentally achieved “ meta-plasmas,” which include
various size levels of particles and/or constituents as flexible composites with charges, and they
exhibit functional outputs as electromagnetic-wave media. We performed diagnostics of frequency
spectra from kHz to infrared rays, and verified the concept of meta-plasmas with multiscale
properties and extraordinarily-wide frequency dispersions.



Jpn. J. Appl.
Phys. 33, L804 (1994)

100y

J. Appl. Phys. 114, 113305
(2013)

BRGE a—: BEGEOBR AR
—

ry TR TOER TSR
/s LN
ISR ABRTUTIL / \
TSR+ AERFIT I \\ogeo/
*A9TSX3
EHE ARBEOMMT T

+BEEAFY

d A ~ &

Ol 4+

SR (BBET) TR A Y) B (58
HEED  HTED BEEY nEzEe BT

cm mm um nm
A X (B HiE)
kHz MHz RAYAK THz S
RiEBS B
kHz MHz
THz




PIJ-25NSET-PIID/ID10

0.2 GHz
[ 14
1
ﬁ‘f* IM(N) | &8
5 51
(Ez) ()
oo o BEE [ BEEES
3 PR uﬁ&‘?’;‘ 5 Re(N)
[elcao] ©
OO&Q‘.};C #1 O with DSRRs
¢ w/o DSRRs
[ 15]
EE
5e
O Z
a8
< .E
[ 10,14,15]
TG350F

245 GHz 100 W

15]
4.9 GHz

10,14,15]

[ 1,5]

323/6000B-8

AFM500011-AFM5100N

kHz

Ag
Ag

Ag

12]

12]



BT E~DAST " kHz
JIRE—U (K
[ETFXTICELD
EITALE)
cm~
pm~ 100 nm
HELEIVER
a—MHIFIZ&D
AT (RS
B F
Ag
[ 12]
[
@ 1o . AQ‘NPZ ‘ ~ 1]
- A
i 1
é 0.0 .‘Fi . Ag Nano-dots
= g’ -~
o 08 / prsenines
2 A (iii)
% o i . ' l AgNO, solutes‘
% ‘\/‘r Q ‘(i)j
|: 06 b FO. H_O' ‘ ‘ ‘Ag Pattlern’
4000 6000 8000 10000 12000 14000 16
Wavelength (nm)
Ag 1. O. Sakai, A. lwai and Y. Omura, “Invariance of
[ 12] parameter identification in multiscales of
meta-atoms in metamaterials,” Advances in
Physics: X 3, 338-355 (2018)
(https://doi.org/10.1080/23746149.2018.14335
51).
2. O. Sakai, A. Iwai, Y. Omura, S. lio and T.
Hz Naito, “Wave propagation in and around
MHz negative-dielectric-constant discharge plasma,”

Physics of Plasmas 25, 031901-1-8 (2018)
(https://doi.org/10.1063/1.5009413).

3. A. Bambina, S. Yamaguchi, A. Iwai, S. Miyagi
u and 0. Sakai, “Valid size of

plasma-metamaterial cloaking monitored by

/\/\AV scattering wave in finite-difference
A

time-domain code,” AIP Advances 8,
@ I1XG GGG @B 1@ )G 015309-1-10 (2018)
GGG GG GGG GG (https://doi.org/10.1063/1.5006960).

ST 4. Y. Mino, A. Hasegawa, H. Shinto, and H.

CXINCXILCH X ICXICXIEX I NEXINCYINE . - -
ORI O OMOMOICINOIE Matsuyama, “Lattice-Boltzmann simulation of
RN ATA] flow of oil-in-water emulsion through

S coalescing filter: Effect of filter structure,”

. Chemical Engineering Science 177, 210-217
EC' J EC' ] E@) ] (2018) (DOI: 10.1016/j.ces.2017.11.027)

l 1082 } 10711\ Y 5. 1. Adamovich, S. D. Baalrud, A. Bogaerts, P. J.

t g+ size Bruggeman, M. Cappelli, V. Colombo, U.

nm cm Czarnetzki, U. Ebert, J. G. Eden,P. Favia, D. B.

Metamaterial Bandgap material GraVeS, S. Hamaguchi, G. Hieftje, M. HOri, 1.

D. Kaganovich, U. Kortshagen, M. J. Kushner,
[ 1] N. J. Mason, S. Mazouffre, S. Mededovic




Thagard, H.-R. Metelmann, A..Mizuno, E.
Moreau, A. B. Murphy, B. A. Niemira, G. S.
Ochrlein, Z. Lj Petrovic, L. C. Pitchford, Y.-K.
Pu, S. Rauf, O. Sakai, S. Samukawa, S.
Starikovskaia, J. Tennyson, K. Terashima, M.
M. Turner, M. C. M. van de Sanden and A.
Vardelle, “The 2017 Plasma Roadmap: Low
temperature plasma science and technology,”
Journal of Physics D: Applied Physics 50,
232001-1-46 (2017)
(https://doi.org/10.1088/1361-6463/aa7615).

6. O. Sakai, S. Yamaguchi, A. Bambina, A. Iwai,
Y. Nakamura, Y. Tamayama and S. Miyagi,
“Plasma metamaterials as cloaking and
nonlinear media,” Plasma Physics and
Controlled Fusion 58, 014042-1-10 (2017)
(http://iopscience.iop.org/article/10.1088/0741-
3335/59/1/014042/meta).

7. Y. Mino, H. Shinto, S. Sakai, and H.
Matsuyama, “Effect of internal mass in the
lattice Boltzmann simulation of moving solid
bodies by the smoothed-profile method,”
Physical Review E 95, 043309-1-10 (2017)
(DOI: 10.1103/PhysRevE.95.043309).

8. O. Sakai, Y. Nakamura, A. Iwai and S. Tio,
“Negative-permittivity plasma generation in
negative-permeability space with high-energy
metamaterial,” Plasma Sources Science and
Technology 25,  055019-1-10  (2016)
(http://iopscience.iop.org/article/10.1088/0963-
0252/25/5/055019/meta).

9. T. Naito, S. Yamaura, Y. Fukuma and O. Sakai,
“Radiation characteristics of input power from
surface wave sustained plasma antenna,”
Physics of Plasmas 23, 093504-1-9 (2016)
(http://aip.scitation.org/doi/abs/10.1063/1.4962
225).

10. A. Iwai, Y. Nakamura and O. Sakai,
“Enhanced generation of a second harmonic
wave in a composite of metamaterial and
microwave plasma with various
permittivities,” Physical Review E 92,
033105-1-8 (2015)
(http://dx.doi.org/10.1103/PhysRevE.92.03310
5).

I1. O. Sakai, K. Nobuto, S. Miyagi and K.
Tachibana, “Analysis of weblike network
structures of directed graphs for chemical
reactions in methane plasmas,” AIP Advances
5 107140-1-6 (2015)
(http://dx.doi.org/10.1063/1.4935059)

12. O. Sakai, Y. Hiraoka, N. Kihara, E. Blanquet,
K. Urabe and M. Tanaka,

“Microdischarge-induced decomposition of
ammonia and reduction of silver ions for
formation of two-dimensional network
structure,” Plasma Chemistry and Plasma
Processing 36, 281-294 (2016) (DOL:
10.1007/s11090-015-9664-3).

13. T. Fukasawa, S. Noguchi, H. Shinto, H. Aoki,
S. Tto, and M. Ohshima, “Effects of
physicochemical properties of particles and
medium on acoustic pressure pulses from
laser-irradiated suspensions,” Colloids and
Surfaces A 487, 42-48 (2015)
(http://dx.doi.org/10.1016/j.colsurfa.2015.09.0
51).

14. A. Iwai, Y. Nakamura, A. Bambina and O.
Sakai, “Experimental observation and model
analysis of second-harmonic generation in a
plasma-metamaterial ~ composite,”  Applied
Physics Express 8, 056201-1-4 (2015)
(doi:10.7567/APEX.8.056201).

15. Y. Nakamura, A. Iwai and O. Sakai,
“Nonlinear properties of negative-permittivity
microwave plasmas embedded in metamaterial
of macroscopic negative permeability,”
Plasma Sources Science and Technology 23,

064009-1-8 (2014)
(doi:10.1088/0963-0252/23/6/064009).
16. ,
28(4), 458-465 (2014)

(http://doi.org/10.3811/jjmf.28.458).

16

1. O. Sakai, A. Bambina, A. Iwai, S. Yamaguchi,
Y. Kabe and S. Miyagi, “Regulation of
microwave propagation in space and frequency
domains by plasma-metamaterial composite,”
The 8th International Conference on
Metamaterials, Photonic  Crystals and
Plasmonics (Incheon, Korea, July 25-28, 2017)

2. O. Sakai, “High-Density Plasma Generation in

Low-Pressure Metamaterial Space,” AVS 64th
International Symposium & Exhibition (Tampa,
USA, October 29th - November 3th, 2017)

3. O. Sakai, “High-Density Plasma Generation in

Low-Pressure Metamaterial Space,” The 26th
International Toki Conference (Toki, Japan ,
December 5-8, 2017)

4. O. Sakai, “Plasma photonic crystals and dusty

plasma photonic crystals,” 18th Wbrkshop on



Fine Particle Plasmas (Toki, Japan, December
11-12,2017)

5. O. Sakai, “Smallness, dielectric constant and
wave frequency in plasmas,” 9th International
Workshop on Microplasmas 2017
(Garmisch-Partenkirchen, Germany, June 6-9,
2017)

6. O. Sakai, A. Twai, Y. Nakamura, A. Bambina, S.

Yamaguchi and S. Miyagi, “Plasma
metamaterials as novel nonlinear and cloaking
media,” the 43rd EPS Conference on Plasma
Physics (Leuven, Belgium, July 4-8, 2016)

. KIT

(Kyoto, Japan, November 25, 2016)

8. A. Bambina, A. Iwai, S. Miyagi and O. Sakai,
“Microwave Propagation in Plasma Layer
Surrounding Metallic Monopole Antenna,”
10th European Conference on Antennas and
Propagation (Davos, Switzerland, April 11-15,
2016).

9. A. Iwai, A. Bambina, Y. Nakamura and O.
Sakai, “Generation of Second Harmonic Wave
in Plasma-Metamaterial Composite Operated
in Microwave Range,” 10th European
Conference on Antennas and Propagation
(Davos, Switzerland, April 11-15, 2016).

10. O. Sakai, A. Iwai, A. Bambina, S. Yamaguchi
and S. Miyagi, “Plasma media created in
abnormal-permeability metamaterial space,”
8th International Symposium on Advanced
Plasma Science and its Applications for
Nitrides and Nanomaterials (Nagoya, Japan,
March 6-10, 2016)

I1. O. Sakai, “Negative-permittivity plasma
generation in negative-permeability
metamaterial space,” 68th Annual Gaseous
Electronics Conference (Hawaii, USA,
October 12-16, 2015)

12. , !
, 23  LBM
( , 2015 6 12 2015 6 12

)

13. O. Sakai, A. Iwai and Y. Nakamura, ‘“Plasma
metamaterials, and their reconfigurable and
nonlinear  properties,”  9th European
Conference on Antennas and Propagation
(Lisbon, Portugal, April 12-17, 2015).

14. A. Iwai, Y. Nakamura and O. Sakai,
“Second-harmonic generation in composite of
microwave plasma and cm-order
metamaterial,”  67th  Annual Gaseous
Electronics Conference (Raleigh, U.S.A.,
November 2-7, 2014).

15. O. Sakai, Y. Nakamura and A. Iwai,
“Experimental observation of electron density
bifurcation in plasma-metamaterial composites
in microwave range,” 67th Annual Gaseous
Electronics Conference (Raleigh, U.S.A.,
November 2-7, 2014)

16. O. Sakai, “Extraordinary wave media based
on plasmas and metamaterials,” International
Union of Materials Research Societies - The
15th TUMRS International Conference in Asia
(Fukuoka, Japan, August 24-30, 2014),

http://www.e.usp.ac.jp/~edtw/index.html

@
SAKAI, Osamu
®
SHINTO, Hiroyuki
®



