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Abstract-Abstract-Abstract-Abstract- AAAA reconfigurablereconfigurablereconfigurablereconfigurable frequencyfrequencyfrequencyfrequency selectiveselectiveselectiveselective surfacesurfacesurfacesurface
(FSS)(FSS)(FSS)(FSS) isisisis presentedpresentedpresentedpresented inininin thisthisthisthis paper.paper.paper.paper. TheTheTheThe tunabletunabletunabletunable FSSFSSFSSFSS isisisis basedbasedbasedbased onononon aaaa
commoncommoncommoncommon FSSFSSFSSFSS comprisingcomprisingcomprisingcomprising annularannularannularannular ringringringring slotslotslotslot andandandand cruciformcruciformcruciformcruciform
structurestructurestructurestructure cells.cells.cells.cells. TheTheTheThe tuningtuningtuningtuning ofofofof thethethethe reconfigurablereconfigurablereconfigurablereconfigurable surfacesurfacesurfacesurface isisisis
shownshownshownshown numericallynumericallynumericallynumerically totototo bebebebe possiblepossiblepossiblepossible bybybyby incorporatingincorporatingincorporatingincorporating tuningtuningtuningtuning
varactorsvaractorsvaractorsvaractors intointointointo thethethethe structure.structure.structure.structure. UsingUsingUsingUsing varactorsvaractorsvaractorsvaractors onononon bothbothbothboth layers,layers,layers,layers, aaaa
reconfigurablereconfigurablereconfigurablereconfigurable frequencyfrequencyfrequencyfrequency responseresponseresponseresponse isisisis achieved,achieved,achieved,achieved, whichwhichwhichwhich hashashashas
threethreethreethree modesmodesmodesmodes ofofofof centercentercentercenter frequency.frequency.frequency.frequency. NumericalNumericalNumericalNumerical simulationssimulationssimulationssimulations showshowshowshow
thatthatthatthat lowerlowerlowerlower andandandand upperupperupperupper frequencyfrequencyfrequencyfrequency cancancancan bebebebe tunedtunedtunedtuned separatelyseparatelyseparatelyseparately bybybyby
alteringalteringalteringaltering thethethethe capacitancecapacitancecapacitancecapacitance ofofofof thethethethe loadedloadedloadedloaded varactors.varactors.varactors.varactors. SoSoSoSo thatthatthatthat
multiple-bandmultiple-bandmultiple-bandmultiple-band frequencyfrequencyfrequencyfrequency responseresponseresponseresponse isisisis electronicallyelectronicallyelectronicallyelectronically tunabletunabletunabletunable
separately.separately.separately.separately. BesidesBesidesBesidesBesides that,that,that,that, thethethethe FSSFSSFSSFSS isisisis stablestablestablestable withwithwithwith differentdifferentdifferentdifferent
polarizationspolarizationspolarizationspolarizations andandandand incidentincidentincidentincident angles.angles.angles.angles.

I. INTRODUCTION

Frequency selective surface (FSS) are periodic surfaces,
which provide spatial filtering have been widely used for
electromagnetics, microwave, antennas, radar and satellite
communications[1-8]. In the past few decades, tunable
frequency filters have attracted a lot of interest over the
years as research commenced. A frequency selective
surface with miniaturized elements were proposed in[4,5].
The center frequency tuning with a fixed bandwidth and
bandwidth tuning with a fixed center frequency can be
achieved by mounting varactors[6]. A dual-band frequency
selective surface with large separation can be achieved
when varactors are employed[7] . Plasma frequency
selective surface has been studied in [8], they replace metal
with plasma in the FSS so that can be tunable by varying
the density in the plasma elements, but it’s a complicated
and numerically expensive process. A novel symmetric
anchor-shaped active frequency selective surface (AFSS)
with a wide tuning frequency range is proposed in [9], a
wide tunable frequency range from 1.76 to 2.45 GHz with a
relative bandwidth of 33% is achieved.

A reconfigurable frequency selective surface (FSS) is
presented in this paper whose multiple-band frequency
response is electronically tunable separately. This FSS has
two arrays of structures printed on either side of a thin
flexible substrate by connecting the structures on each layer.
The frequency tuning capability of the proposed FSS is
demonstrated through numerical simulations using Ansys
HFSS software.

II. DESIGN PROCESS AND RESULTS

A. Design process
The proposed tunable FSS structure is shown in Fig.1,

including the design parameters. A three-dimensional (3D)
view of the unit cell is shown in Fig. 1(a). As we can see,

the structure is composed of two layers separated by a thin
substrate. The substrate relative permittivity is ϵr=2.2. On
the top surface of the unit cell, four chip capacitors are
loaded symmetrically around the circle, on the bottom
surface, there is a wire grid and four chip capacitors are
loaded between the gaps of the grid. For this particular
structure,when the unit cell is expanded periodically in the
x- and the y-axis directions, a tunable FSS is obtained.
Geometrical dimensions of the structure as follow:

TABLE I

GEOMETRICAL DIMENSIONS OF THE STRUCTURE

(a)

(b) (c)
Fig.1. One-unit cell is shown.(a) 3D view of a unit cell. (b) top view (b)

back view.

We use Ansys HFSS to calculate the results, we should
choose appropriate capacitance values that are incorporated
into the design. The simulation model is one unit cell
periodic boundary and excited by an incident plane wave,
which is set at different incident angles and with different
polarizations. C1 is inserted in the circular slot of the top
surface symmetrically and C2 is loaded between the gaps of
the grid. The transmission coefficients at normal incidence
are shown as the simulated results in Fig.2. There are three
band-pass responses. When we keep C2 unchanged, and
change C1 from 0.3 pf to 0.5 pf, the upper center frequency
moves toward lower frequency. The second case is that
we keep the C1 unchanged but set C2 as 1.6 pf, 2.5 pf,
4.0pf, the lower center frequency moves toward to the
lower frequency. The result shows that the lower and
upper center frequency can tuned separately by changing
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the capacitances C1 and C12, but the performance of
band-pass is well kept.

(a)

(b)
Fig.2.the S parameter of the FSS with the different values of the

capacitance C1 and C2

B. Analysis
Fig.3 shows the electric field distributions at GHz8.1 and
GHz75.4 which correspond to the lower and upper center

frequency. It can be found that the electric resonance
occurs in the crossed patch on the bottom and the circular
slot on the top. Based on this current distribution, the
corresponding equivalent circuit model is given in
Fig3(c)[10].

(a) (b)

(c)
Fig.3. electric field distribution of the proposed FSS (a) at 1.80GHZ (b) at

the 4.75GHz (c)equivalent circuit model

L1 can be understood as the equivalent inductance of
each vertical slits on both sides of the metal patch on the
top. C0 can be understood as the equivalent capacitance of
each ring slot gap on both sides of the metal on the top. Cg
is the equivalent capacitance of the gap between the upper
and lower layers. Apparently, L2 models the traces of the
bottom grid and C1, C2 are the capacitances which are
loaded on the both surfaces.

C. Stable performance
The stable performance of the FSS is very important in

some special application. Fig.4 gives the simulation results.
We can find that incident angle changes have greater impact
with TM polarization. But there is no more difference
when the polarization is changed. To sum up, the ring slot
surface is stable for incident angles within 30 deg and
different polarizations.

(a)

(b)
Fig.4 . the S parament of the FSS with different polarizations and incident

angles. (a) TE (b) TM

III. CONCLUSION

In this paper, a multiple-band tunable frequency selective
surface is proposed. The FSS unit is consisted of a ring slot
and cruciform structure which are loaded with varactors in
parallel. The frequency tuning capability is achieved by
changing the value of capacitance through numerical
simulations. The lower and upper center frequency can be
tuned separately. By the way, a equivalent circuit is given
through the field analysis. Such a FSS has broad application
prospects in radar and satellite communications .
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