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Fig. 1. New type of surface wave local coupling struc-

ture based on plasma micro-rod.

JURRR RS ST J5, L, S W B AR PR B I8 e 45 4 14
— A N, 8 AR A S A Gl R P9 R AR B, A D
— AN RS 5. @il FDTD vk ] BAAS 3 HL i
DAL S B T IR AR M v (R sz o A i O, OF
AT DLUE 5 L S R A (S10) BB S R KL (Sa1), 73
TS 21 HURE AL TP 5 1 R A SR

4 FEITHE

RPN ATHRRAMNES THREEN®
[EZ) n, = 1012 #101 ecm =3, LR % EN
np = 10" em ™3 P& & TR N AN R, BT
FDTD ¥E5f UBEIR AL G — 5 8 TR N 5 %5
B R i AR Y o (AR R P AT X U S
I3HT.

41 HBEREEEZE_H#FBFHEERN
=4

A JU0 X S5 1 PR R S5 4 T I H R A% B R A
(IR FE A B, 5 1 VR TR AT L S B H O 1 A%
i, 3X 2 TR SE B B — RS 4Bt
Tl AR SR, A I A R AT AR R
AMPRBGE AR AR E . (R IR FX R S5 R
) PR A FE A SCRT LA, SR A L A R 1R M A

015202-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3R Acta Phys. Sin.

Vol. 67, No. 1 (2018) 015202

L B R s T . BT, AT L 1A 2 By
INVEE N n, = 1012 em ™2 (155 B TR TIORE [FE 471)
PR EBFAAME R E A N6 mm, [HFE N 12 mm,
W21 Ji BE 780 2 R, — RN 2 GHaz Y FL i
W A B T RRERE B R e D7 R AR

102 cm—3 102 cm—3

{‘?3 cm~—3

\\\\\\\\\\\\\\

\\\\\\\\

\\\\\\\\

NG
~ WK

\ W

AL

‘Y

///v/fl!\ rrrrrrr
/////’i rrrrrrrr
WK Y R s
TN ) e e

K2 @SR A AR () SN 2 GHz
W RG2S N np = 1012 em ™3 (258 TR FERE 51
ARSI RS2 A 5 (b) X LA I R ) 2 20 A1 B

Fig. 2.

ordinary plasma micro-rod:

The electromagnetic transmission mode of
(a) Electric field dis-
tribution of electromagnetic wave ata frequency of
2 GHz in the plasma rod array with the density
np = 1012 cm~3; (b) the distribution of corresponding

instantaneous power line.
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Fig. 3.

electromagneticwave in new plasma cavity structure:

Thesimulation results of the transmission

(a) Plasma cavity structure model and field distribu-
tion of electromagnetic wave with different frequencies
after incidence; (b) electromagnetic wave transmission
S parameter within the frequency range of 1 GHz to
3 GHz.
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Fig. 4. The transmission mode of electromagnetic wave in plasma micro-rod cavity structure: (a) The

optimized structure of plasma micro-rod cavity; (b) the coefficient S21 curve of electromagnetic transmission

within the range of 1 GHz to 3 GHz; (c) electric field distribution of plasma micro-rod cavity structure after

the optimization of electromagnetic.

015202-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3R Acta Phys. Sin.

Vol. 67, No. 1

(2018) 015202

10

1
(c) 11.64 GHz  12.44 GHz
1

(a)
=8 B = =

0 —

~10 ' '
A :\\w.-ﬂ"

—30 g

(b)

102 cm—3

2.44 GHz

10'2cm=3 10" cm—3

102 cm—3

—20 u\\‘ I‘\'\.\ ' Soq

S-parameter/dB

1
1

Ll

i

j 1l
—40 : i
1

1

—50 (Il i
1

—60 .
1.0 12 1.4 1.6 1.8 20 22 24 2.6 2.8 3.0

Frequency/GHz

5 FMSAETTVER TR ESANAERIT SR (a) TTREE TR GG, (b) 2.44 GHz AN G EITE MR

W Ai; () 1—3 GHz HU8s B A K AL 5 S S8 2%

Fig. 5. The transmission simulation results of electromagnetic wave in the structure of a square plasma rod cavity structure:

(a) Square plasma cavity structure model; (b) transmission electric field distribution of 2.44 GHz electromagnetic wave after

incidence; (c) electromagnetic wave transmission S parameter within the frequency range of 1 GHz to 3 GHz.
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Abstract

During reentry of hypersonic spacecraft into the atmosphere, a break in the radio communication due to the
presence of a plasma sheath on the spacecraft can occur. The break is commonly known as reentry communication
blackout. Normally, for high density plasma, it is difficult for the electromagnetic waves of L and S bands to penetrate
through. They may be decayed rapidly or reflected. That is why reentry communication blackout happens. In recent
years, initiative methods are used to reduce the effects of reentry communication blackout such as by designing ideal shape
for reentry vehicle, sprinkling special substances on the surface of the vehicle to improve efficiency of electromagnetic
wave, adding magnetic field within the blackout area, etc. However, these methods not only fail to fully resolve the
problems caused by blackout but also bring some new ones. Therefore, to resolve the problems, transmission mechanism
of electromagnetic waves in plasmons should be analyzed.

In this paper, we use the finite difference time domain, consider the mechanism of electromagnetic waves in a
structure consisting of high-density plasma rods, and refer to the two-dimensional (2D) photonic crystal and surface
wave local coupling theory. A new type of high-density plasma micro-rod cavity structure is designed. The special
structure, consisting of metal cavity, high-density plasma rod, and dielectric medium filled within the cavity, is quite
different from traditional 2D sub-wavelength plasma rod arrays. This kind of design takes advantage of cavity structure
to couple electromagnetic wave within the plasma rod so that the surface wave diffraction transmission mode can be
changed into a local coupling enhancement penetrating mode. In this paper, we investigate the plasma micro-rod cavity
structures with two shapes: cylinder and square, respectively. It is found that electromagnetic waves of L and S bands
can have unusual transmission properties in certain frequency ranges, such that electromagnetic waves can pass through

the interior of the high-density plasma rod.

Keywords: high-density plasma rod, photonic crystal, surface wave local coupling, transmission mode
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