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Fig. 1. Schematic diagram of the filter. The figure below
shows the unit cells of two photonic crystals.
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Fig. 2. As the plasma density increases, the first-order band

gap of 2D PPC undergoes a process from closing to reopening.
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Fig. 3. (a) Band structure of two different PCs with ne = 0; (b) band structure of two different PCs with ne = 6 x 101! cm~3; (c) trans-

mission spectrum of the filter when ne =0 and ne = 6 x 101 cm™3; (d) the intensity of electric field along the line of the model

boundary, where the inset shows the electric field distribution in the filter.
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Fig. 4. (a) The relationship between the transmission spectrum of the filter and Ni; (b) the relationship between the transmission

spectrum of the filter and d.

(a) - - A
-o— A,

100

80

60

40

PERCEE A/ %

20

100

(b)././q.\-\-
90
?’Q 80 F
<
g 70}
Bl
60
e AY;
o A
50 F

0.35 0.40 0.45 0.50 0.55
/L

K5 (a) B5WIEACE S N XER; (b) S5 TR 5 d G R

Fig. 5. (a) The relationship between the band gap matching degree and Ni; (b) the relationship between the band gap matching

degree and d .

175201-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 17 (2021)

175201

3.2 HEBETUHEENZIWE

N T DTSR AR APERE, 5] 6 JER T4
B B e XU AR ERERYSZ I . o, 5] 6(a)
FORIE PR BRI ne (IR, B Pk LS LFOR
25 5 W PO R me Y ZRAR TR L. 18] 6(b) Rl
B AW (S R AL TN T Q 5 ne IISE R, Hof,
AR T Q %E SR 11

Q = fo/FWHM, (3)
Horpr, foRm B I p h O AR, FWHM R g
WY~ R 9. RE S To B YU AU (E B TR AT
Brp, 1D PCs IS H AN, =3, L=20mm, d =
0.45L. 2D PPCs 24 H N2 = 10, a, = 40 mm,
ay=12mm, ry = 4mm, 7o =5mm, v, =0.

M 6(a) T LA H 3 S0 O Si8 X) ne 43
R BB ne BT, DB VLA O ) = AR B

LB TURSE /(101 cm—3)
4 5 6 7 8 9 10

1.0 T — 4.3
(a) .
—— n.=5x10' cm3 JrAASEE
0.8} ne=6x10" cm~3 -
ne="T7x10" cm—3 14.2
ne=8x101" cm~3
o 0.6F — ne=9x10"cm=3
—f 14.1
/o4l
14.0
0.2 F
0 L 3.9
3.9 4.0 4.1 4.2 4.3
PR /GHz

&l 6

B ne S RRARSE BRI A FLH B, AT o0 A
TR, SR ne 23520 2D PPCs (145
HRC X S 0 A A A T R

MIE 6(b) ATLAEH, B ne 8N, VE(EEHT 350
BTN, 38 BLTE ne = 6 x 10" em ™3 4b. X
FhER G 528407 DU BC R A A AT 6. 55—, Q
) REBE ne ST KR I8N, AT 8RR, Q (AR s r
B (L B R N 35 50 B IR HITE], Q (M358
HIAEne =7 x 10" em ™3 4b. X UL IEN 4% Q 18
U 355 B A IR AR

3.3 EBEFAHETZER I

I I T A8 T SR AR e Xt B 0 2t 1 i
AR, THRER NI 7 frs. Hob, B 7(a) RoR
IR I 5 v SRR, B Had LU R 5
e LN AL B ve RO AR AR L. 18] 7(b) Ron B I e

1.0 1.0
(b) - T,
—@— /1000
0.8 40.8
ps
., 0.6 106 =
M B
/9)
B ooal {04 T
o
0.2 102
0 1 1 1 1 1 1 1 1 1 0
5 6 7 8 9

TR/ (101 em )

(a) DB ARG T ne BT, JRERIRURBLE 19 O IR BE ne 197284k (b) VBB 0 (L ST 38 LLKGR BT 75 ne B9 E R

Fig. 6. (a) The relationship between the transmission spectrum of the filter and ne , while the dotted line shows the evolution of the center

frequency of the filter with nc; (b) the relationship between the peak transmittance of the filter as well as the quality factor and ne.
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Fig. 7. (a) The relationship between the transmission spectrum of the filter and v. , while the dotted line shows the evolution of the center

frequency of the filter with vc; (b) the relationship between the peak transmittance of the filter as well as the quality factor and ve.
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Abstract

Photonic crystals are widely used in a class of narrow-band frequency selective filter due to their excellent
ability to control electromagnetic waves, in which the working frequency depends on the structural parameters
of the point defect resonant cavity of the photonic crystal, and the introduction of some dispersive media into
the cavity makes the filter adjustable. In general, this kind of cavity-filter is very sensitive to the parameter
disturbance of the cavity, and the quality factor of the filter can be reduced significantly by material loss. On
the other hand, some studies have shown that there may be bound states at the interface between two different
photonic crystals, and the bound state is often accompanied by narrow band and high transmittance, which
implies that a narrow-band filter based on bound states is feasible. Importantly, filters based on bound states
may be resistant to material loss to some degree. In this paper, a bound state related tunable narrow-band filter
composed of a one-dimensional photonic crystal and a two-dimensional plasma photonic crystal is proposed, and
the working frequency of the filter is located in the common band gap of the two photonic crystals. The
COMSOL Multiphysics finite element simulation software is used to study the influences of geometric
parameters of the one-dimensional photonic crystal and plasma parameters on the performance of the filter. It is
found that the closer to each other the center frequencies and depths of the two different forbidden bands are,
the greater the peak transmittance of the filter, in which the center frequency dominates, will be. On the other
hand, the working frequency of the filter is directly proportional to plasma density and inversely proportional to
collision frequency. The quality factor of the filter first increases and then decreases with the increase of plasma
density, and decreases with the increase of collision frequency. The peak transmittance of the filter first
increases and then decreases with the increase of plasma density, and decreases with the increase of plasma
collision frequency. Finally, with the increase of collision frequency, both the peak transmittance and the quality
factor decrease slightly, which indicates that the filter has a certain resistance to plasma loss. We believe that

this work is helpful in investigating some new plasmonic photonic crystal filters.
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