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In order to realize the tunable performance of a frequency selective surface (FSS), a new unit cell is designed in

this paper by properly adding two metal shorts to the ring slot. Based on the spectral-domain method, the frequency

responses of the FSS structure with two shorts per slot ring are analysed for both the horizontal and the vertical

polarizations at the normal incidence. It is demonstrated that the presence of the metal shorts does not affect the

resonant frequency of the horizontally polarized wave but doubles the resonant frequency of the vertically polarized

wave. Therefore based on the analysis of the novel transmission properties, a new approach to adjusting the resonant

frequency by rotating the FSS screen 90◦ is presented in this paper.
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1. Introduction

In recent years, many studies have focused on the

tunable frequency selective surface (FSS), which has

been found to have widespread applications in the ar-

eas of filters for microwave and optical signals.[1−3]

The FSS usually has a two-dimensional (2D) planar

periodic structure consisting of one or more slot pat-

terns on a metallic screen. The frequency response of

the FSS structure can be characterized by the geom-

etry in one period called the unit cell. In the tradi-

tional FSS design, the frequency selective properties

result from the mutual interactions between the peri-

odic FSS elements.[4−6] Therefore, to obtain a desired

frequency selective behavior, a proper unit cell must

be selected first.[7−10]

Using a ring slot as an FSS unit cell has been

widely investigated.[11,12] Resonance occurs when the

circumference of the ring slot is approximately equal

to the wavelength. A novel transmission response ap-

pears when metal shorts are added to the ring slot at

suitable locations. This simple modification enables

the FSS structure to be tunable by rotating the FSS

screen 90◦.

Based on the spectral-domain approach,[13] the

frequency response of a tunable FSS model and the

other properties are analysed, including the influences

of the slot width and the metal short length. The

simulation results show that the metal shorts added

to the ring slot enable the rapid adjustment of the

resonant frequency. The proposed novel approach is

simple in structure and easy to control and realize.

2. Design and simulated perfor-

mance

The ring slot FSS design is shown in Fig. 1. The

elements are arranged on a square lattice. By adding

two metal shorts to the ring slot, we obtain the pro-

posed FSS model shown in Fig. 2.
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Fig. 1. Ring slot FSS.
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Fig. 2. FSS with two shorts per lot.

The parameters of the element array are illus-

trated in Figs. 1 and 2. They are element spacings

Dx = Dy = 9 mm, ring inner radius r = 3.4 mm, ring

outer radius R = 3.8 mm, slot width w = 0.4 mm,

angular size of the metal short length θ = 20◦, dielec-

tric thickness t = 0.0254 mm, and dielectric constant

ε = 3.

By using the spectral-domain approach, we in-

vestigate the effects of the ring slot FSS and the FSS

based shorted ring slot resonators. The magnetic-field

integral equation of the spatial domain expression for

the slot element array is obtained as

−

H inc
x (x, y)

H inc
y (x, y)

 = −

H inc
x (x, y)

H inc
y (x, y)


=

4π

jωµ0ab

∞∑
m=−∞

∞∑
n=−∞

 k20 − α2
mn −αmnβmn

−αmnβmn k20 − β2
mn


× G̃(αmn, βmn)

Mx(αmn, βmn)

My(αmn, βmn)


× e jαmnx e jβmny, (1)

where

αmn =
2mπ

a
+ kincx ,

βmn =
2nπ

b sinΩ
− 2mπ

a
cotΩ + kincy , (2)

k0 is the wave number k0 = ω
√
µ0ε0, and M is the

equivalent magnetic surface current at the aperture.

The superscript inc represents the incident field. Two

kinds of unit cells are discretized to employ the rooftop

subdomain basis function. Here Ω is the oblique an-

gle, Ω = 90◦. For k20 > α2 + β2,

G̃ =
−j

2
√
k20 − α2 − β2

I,

otherwise

G̃ =
1

2
√

α2 + β2 − k20
I,

where I is an identity tensor.

Equation (1) can be solved by using the method

of moments. Then we can determine the transmission

coefficients after the unknown magnetic surface cur-

rent distribution in the aperture of the inductive FSS

has been obtained.

The plots of the frequency versus the transmis-

sion coefficient are obtained for the normal incident

angle and different polarizations to illustrate the dif-

ferent resonant behaviors between the two kinds of

elements.
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Fig. 3. Computed transmission coefficients of two FSS

structures.

The results of the computed transmission coef-

ficients for the two FSS structures are presented in

Fig. 3. For the ring slot FSS, the resonant frequency

can be determined by the average radius, and two dif-

ferent polarizations have the same transmission char-

acteristic because of the symmetry of the ring slot el-

ement. The resonant frequency is 13.8 GHz, and the

−3 dB bandwidth is 7.5 GHz. The presence of the two

metal shorts has hardly any influence on the transmis-

sion characteristic of the horizontal polarization. The

resonant frequency is 14.2 GHz, and the −3 dB band-

width is 7.5 GHz However, the resonant frequency

of the vertical polarization is doubled. The resonant

frequency is 27.5 GHz, and the −3 dB bandwidth is

4.3 GHz. That is to say, we can obtain two different

resonant frequencies, i.e., 14.2 GHz and 27.5 GHz, for

the different polarizations of the incident waves to the

metal shorts. So we can easily rotate the FSS screen

by 90◦ to adjust the resonant frequency. The rotation

angle requires particular attention. We cannot obtain
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the maximum transmission energy at the resonant fre-

quency when the rotation angle is not 90◦. The energy

is distributed according to the rotation angle, which

is shown in Fig. 4.
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Fig. 4. Transmission coefficients calculated for different

rotation angles of the FSS screen.

0 10 20 30 40
-30

-20

-10

0

T
/
d
B

Frequency/GHz

 
  vertical polarization with w=0.4 mm

 vertical polarization with w=0.7mm
 horizontal polarization with  w=0.4 mm
 horizontal polarization with w=0.7 mm

Fig. 5. Transmission coefficients calculated with different

slot widths.

The plane-wave transmission coefficients calcu-

lated for different values of slot width and metal short

length θ are shown in Figs. 5 and 6. The comparison

of the FSS transmission coefficients for 0.4 mm and

0.7 mm slot widths leads to the conclusion that the

slot width affects mainly the bandwidth, but also the

resonant frequency slightly. With the increase of the

slot width, the pass-band width increases for both po-

larizations, and the resonant frequency remains stable

for the vertical polarization, while it decreases from

27.5 GHz to 26.4 GHz for the horizontal polariza-

tion. Furthermore transmission coefficients calculated

for different short lengths given in Fig. 6 show that the

resonant frequency can be adjusted by changing the

metal short length θ. The resonant frequency changes

from 27.5 GHz to 30.3 GHz for the vertical polariza-

tion and from 14.2 GHz to 15.8 GHz for the horizontal

polarization when the short length changes from 20◦

to 40◦. The pass-band width changes little under the

same conditions.
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Fig. 6. Transmission coefficients calculated with different

short lengths.

3. Conclusion

A novel approach to designing a tunable FSS is

presented by using the proposed single-layer shorted

ring-slot FSS structure. The simple modification of

the FSS unit cell by adding two metal shorts to the

ring slot enables the resonant frequency of the vertical

polarization to be doubled, and it has hardly any in-

fluence on the transmission characteristic for the hor-

izontal polarization. From the analysis of the results,

we conclude that the resonant frequency can be ad-

justed from 14.2 GHz to 27.5 GHz by rotating the

FSS screen 90◦. Finally, the effects of changing the

slots width and the short length on the transmission

bandwidth and the resonant frequency are discussed.

References

[1] Mias C 2003 Electron. Lett. 39 724

[2] Li M, Yu B and Behdad N 2010 Microwave and Wireless

Components Letters 20 423

[3] Mias C 2005 Microwave and Wireless Components Letters

15 570

[4] Jia H Y, Gao J S, Feng X G and Sun L C 2009 Acta Phys.

Sin. 58 507 (in Chinese)

[5] Jia H Y, Gao J S and Feng X G 2009 Chin. Phys. B 18

1227

[6] Lu J, Zhang F and Sun L C 2005 Optics and Precision

Engineering 13 219 (in Chinese)

054102-3



Chin. Phys. B Vol. 21, No. 5 (2012) 054102

[7] Wang S S, Gao J S, Liang F C, Wang Y S and Chen X

2011 Acta Phys. Sin. 60 154 (in Chinese)

[8] Gao J S, Wang S S, Feng X G, Xu N X, Zhao J L and

Chen H 2010 Acta Phys. Sin. 59 7338 (in Chinese)

[9] Li X Q and Gao J S 2006 Optics and Precision Engineer-

ing 14 1071 (in Chinese)

[10] Jia H Y, Gao J S and Feng X G 2008 Optics and Precision

Engineering 16 2076 (in Chinese)

[11] Kondo A 1991 Electron. Lett. 27 240

[12] Archer M J and Cahill R IEE Proceedings-Microwaves

Antennas & Propagation 144 209

[13] Wu T K 1995 Frequency Selective Surface and Grid Array

(New York: Wiley)

054102-4


