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Abstract ─ In this paper, a miniaturized Frequency
Selective Surface (FSS) with band-stop characteristics is
presented for shielding applications. The FSS is
designed to notch at 3.5 GHz frequency in the WiMAX
band. The design is composed of a circular metallic patch
with identical stepped profile printed on both sides of
a low cost FR-4 laminate. The design provides an
attenuation of 43 dB at desired resonant frequency. The
FSS geometry makes it independent of polarization and
it offers stable transmission response. Oblique angle
variations don’t affect the unit cell performance, for
transverse electric and transverse magnetic modes of
polarization. The FSS unit cell is compact with the
dimensions of 25 × 25 mm2. The simulated and measured
results show good agreement for the proposed design.
Index Terms ─ Frequency Selective Surface (FSS),
periodic structure, stepped profile, transverse electric,
transverse magnetic, WiMAX band.

I. INTRODUCTION
The FSSs are periodically arranged metallic patches
or slots in two or three dimensional fashion. They have
comprehensive attraction for their microwave and optical
applications including Radar Cross Section (RCS)
reduction [1-3], antenna radomes, dichroic subreflectors,
electromagnetic absorbers, wireless security, indoor
wireless propagation, electromagnetic interference (EMI)
reduction and many others [1, 4-9]. They are used as
EBG structures and High Impedance Surfaces (HISs) to
improve the antenna gain, directivity and bandwidth [1013].
In recent reported literature, various researches on
FSSs for band stop and electromagnetic shielding

applications [14-19] are investigated. FSSs with bandstop characteristics for WLAN applications are reported
in [5, 10]. Reconfigurable frequency selective surfaces
for band-reject applications are studied in [20]. A tunable
FSS for electromagnetic building architecture is stated in
[21]. An FSS for gain enhancement of microstrip
triangular slot antenna for X-band is presented in [12].
Polarization independent FSS used for RCS reduction is
reported in [3].
In this research, a miniaturized FSS with shielding
characteristics is proposed. The FSS suppresses
interference at 3.5 GHz frequency in WiMAX band. The
FSS unit cell consists of a circular patch of metal having
symmetrical staircase profile realized on both sides of an
FR-4 substrate. The FSS shows an attenuation of 43 dB
at the desired frequency. Moreover, it shows stable and
identical transmission frequency characteristics over
oblique angle variations for Transverse Electric (TE) and
Transverse Magnetic (TM) polarizations of the incident
wave.
Rest of the paper is arranged as follows: in Section
II the design description of proposed FSS is presented.
The simulated results and discussions are presented in
Section III. The measurement fixture and measurement
results are discussed in Section IV. Finally, Section V
summarizes and concludes the paper.

II. FSS UNIT CELL DESIGN
The FSS unit cell consists of a circular metallic
patch with a staircase profile at the middle. The diameter
of circular metallic patch is L1 + 2P. FSS structure is
designed and fabricated on both sides of a low cost
FR-4 laminate having thickness of 1.6 mm, a relative
permittivity of εr = 4.4 and dielectric loss tangent, tan δ,
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of 0.02. Moreover, the FSS design has overall dimensions
of L × W = 25 × 25 mm2. The FSS unit cell is shown in
Fig. 1.

same FSS structure on the flip side of the substrate
provides compactness and miniaturization in the unit cell
size, along with the stability in the frequency response
over incidence angle variations. The FSS unit cell is
constructed and optimized in commercially available
full-wave software HFSS®.

III. RESULTS AND DISCUSSIOS
In this section, the results of the proposed FSS are
presented. Figure 2 shows the scattering characteristics
of the FSS unit cell at normal incidence, for both TE and
TM modes of polarization. The design provides good
transmission loss at the frequency of interest, as shown
in Fig. 2. It may be observed that the FSS offers stable
and identical transmission response for both the TE and
TM polarization modes at normal incidence (0o), due to
circular geometry of proposed FSS and symmetry in
structure along x-axis and y-axis.

Fig. 1. FSS unit cell structure: (a) top view, (b) perspective
view, (c) unit cell rotation at 45o, and (d) A 2 × 2 unit
cell array.
The stepped profile is designed by eliminating
rectangular stubs from solid interior of circular patch.
These stubs are variable in lengths but each has width of
2 mm. The step size of this staircase profile has length
S = 1.25 mm and U = 2 mm height. The horizontal
rectangular stub at center of the patch along x-axis has
dimensions L1 × U = 22 mm × 2 mm. Moreover, second
and third stubs below the stub at center of patch have
dimensions L2 × U = 19.5 mm × 2 mm and L3 × U = 17
mm × 2 mm respectively. The upper half of staircase
profile along x-axis is a mirror replica of stubs below the
central horizontal stub. In order to have symmetry in the
unit cell along y-axis the same geometry is replicated.
It was realized from the simulations that the
staircase profile works to obtain maximum attenuation at
the frequency of interest. It provides angular stability in
the frequency transmission response of the proposed FSS
structure. Moreover, a bevelled notch with a radius of
R = 2 mm as shown in Fig. 1 (a), gives an additional
attenuation of 4 dB at the notching frequency. All other
surface edges in unit cell structure have no effect on its
performance. The design can bear up to 1.5 mm variation
in the edges. A metallization of P = 1 mm on sides of
the unit cell completes the circular patch. However,
variation in the radius of the circular patch results in shift
in the frequency transmission curve. Furthermore, the

Fig. 2. Transmission behaviour of the FSS at normal
incidence.
The magnitude of transmission coefficient (S21) for
TE mode at different incident angles is shown in Fig. 3.
The angle of incidence of the incoming waves is changed
from 0 to 60 degrees at regular intervals of 30 degrees.
The FSS has stable frequency transmission characteristics
irrespective of oblique angles variations.
Furthermore, the transmission characteristics of the
FSS for TM mode at various incidences are plotted in
Fig. 4. The results for TM mode are stable and identical
to TE mode. It may be observed from the Figs. 3 and 4
that the FSS at -20 dB provides 1 GHz bandwidth of
stopband, sufficient enough to suppress communication
in the desired band. The rejection bandwidth increases as
the oblique incident angle is varied. However, the
bandwidth varies within the acceptable limits over angle
variations, for both the TE and TM wave modes.
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with respect to dielectric thickness are within the
tolerable limits for the proposed design.

Fig. 3. Magnitude of transmission coefficient for TE
mode of polarization at various incident angles.
Fig. 5. Transmission response of FSS element rotated at
45o for TE mode.

Fig. 4. S21 plot for TM mode over oblique angle variations.
A. Unit cell rotation at 45o
Furthermore, the FSS structure is rotated at an angle
of 45o, to evaluate its performance as shown in Fig. 1 (c).
The circular geometry of the FSS reduces the sensitivity
to oblique incidences and makes it independent to
polarization. The frequency transmission plots of the
FSS when it is exposed to horizontal and vertical
polarizations are shown in Figs. 5 and 6 respectively. It
has been observed that the FSS shows stable response for
both TE and TM modes. However, little deviations are
observed in the resonant frequency with respect to the
angle variations but these can be neglected at higher
frequencies.
B. Dielectric thickness analysis
Thickness of the dielectric plays an important role
in FSS characteristics. Variation in dielectric thickness
results in shifting of the resonant frequency. The
transmission characteristics as a function of dielectric
thickness are plotted in Fig. 7. However, it is evident
from the Fig. 7 that variations in the resonant frequency

Fig. 6. Transmission characteristics of FSS rotated at 45o
for TM mode over different oblique angles.

Fig. 7. Resonat frequency variations with respect to
dielectric thickness.
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IV. MEASUREMENT SETUP
To verify the designed FSS structure, a prototype is
fabricated using the standard etching process. The FSS is
realized on a lossy FR-4 substrate of 1.6 mm thickness. The
fabricated FSS panel has dimensions of 256 × 256 mm2.
Moreover, it contains 10 × 10 FSS elements as depicted
in Fig. 8. The measurements are carried out through
standard free-space measurement method as shown in
Fig. 9. The measurement setup consists of a pair of high
gain horn antennas connected to Rohde & Schwarz FSH8
vector network analyzer (VNA) as shown in Fig. 10. The
transmitting and receiving antennas are equally spaced
from the FSS panel. The measured transmission
responses of the fabricated prototype for both TE and
TM modes are presented in Figs. 11 and 12 respectively.
It is evident that the measured transmission response
validates the simulations. However, some variations in
the measured results are due to the lossy dielectric
material used and measurement limitations.

Fig. 10. Photo of measurement setup.

Fig. 11. Comparison of simulated and measured
transmission coefficient for TE mode.

Fig. 8. Photograph of the fabricated FSS prototype.

Fig. 9. FSS free-space measurement method.

Fig. 12. Measured and simulated transmission for TM
mode.
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V. CONCLUSION
In this research work, a miniaturized polarization
independent FSS with band-stop characteristics is
proposed. The FSS is designed to notch at 3.5 GHz
frequency and it offers shielding effectiveness of at least
43 dB. FSS design has a circular patch with staircase
profile, realized on both sides of laminate. The staircase
profile in the unit cell provides miniaturization and
stability in response. Moreover, the FSS shows identical
frequency transmission characteristics for TE and TM
modes, making it suitable for angular as well as
polarization independent operation. FSS unit cell has
compact size and is scalable at other frequencies. More
importantly the proposed FSS is a virtuous candidate to
suppress communication in the WiMAX band.
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