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Abstract

A high-efficiency narrow-band filter based on a Dielectric
Frequency-Selective Surface (DFSS) has been predicted
theoretically for oblique plane-wave incidence. A DFSS
showing total reflection at a frequency of 10.5 GHz, based
on the Brewster phenomenon for TM polarization, has
been designed with a single dielectric grating, showing ex-
tremely low-reflectance sidebands adjacent to the resonance
peak. The angular and spectral response of the designed fil-
ter has been studied. In addition, dielectric ohmic losses
have been accounted for in this structure.

1 Introduction

Multilayered periodic structures can be designed to show
total reflection or transmission under plane-wave excitation
in the microwave-frequency [1]–[4] and optical-frequency
[5]–[9] ranges. Grating diffraction by periodic structures is
of increasing interest in a wide variety of microwave and
optical applications. In this work we are focused on the fil-
tering applications of Dielectric Frequency-Selective Sur-
faces (DFSSs) [5], i.e., periodic dielectric slabs, in which
the periodic modulation may be either in the permittiv-
ity of the slab, or in the surface of the dielectric material
(surface-relief gratings). In particular, narrow band reflec-
tion DFSSs, with symmetrical line-shape in a limited spec-
tral region and based on single Dielectric Waveguide Grat-
ings (DWGs) at normal plane-wave incidence, have already
been demonstrated by choosing the grating thickness close
to a half-wavelength multiple (i.e., the resonance wave-
length) in the layer, showing relatively low-reflectance side-
bands [5, 6]. However, in this work it is shown that a high-
efficiency DFSS, with extremely low-reflectance sidebands
for a broad spectral region, can be achieved based on a sin-
gle DWG for a TM polarized plane wave (i.e., with its mag-
netic field parallel to the dielectric bars) at Brewster-angle
incidence (defined for the equivalent homogeneous dielec-
tric layer with average relative dielectric permittivity).

A specific design of a single-layer narrow-band reflection
DFSS has been obtained centered at 10.5 GHz for X–band

radar applications. The oblique incidence and polarization
effects, as well as the dielectric losses on the spectral re-
sponse of the structure have been also studied. The results
obtained with an in-house developed code have been com-
pared with the numerical data provided by the commercial
software tool Ansys HFSS [10] based on the well-known
finite elements method.
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Figure 1. DFSS with periodicity D in the Y direction,
formed by two alternating dielectric bars homogeneous in
the X axis.

2 Brewster Angle Based Reflection DFSS

In this section, the design procedure of a high-efficiency re-
flection DFSS based on a single DWG for a TM polarized
two-dimensional plane wave (ϕ = 90o) at Brewster-angle
incidence θB [11] is described (see Fig. 1). It is well known
that for a single homogeneous dielectric layer with equal
permittivities of the surrounding media, the Fresnel TM
reflection vanishes at Brewster-angle incidence, indepen-
dently of the layer thickness and the operation frequency.
Making use of the guided-mode resonance properties of
DWGs, we have designed a reflection DFSS consisting of a
single DWG in air under oblique plane-wave incidence. As
it is shown in Fig. 1, the DFSS consists of two alternating
dielectric bars with relative permittivities εr1 and εr2 sur-
rounded by air (εra = 1.0), whose widths are fixed at D/2,
where D is the period of the structure, being hp its thick-
ness. Regarding the permittivities of the dielectric bars,
they can be practically achieved by 3D-printing, also known
as additive manufacturing, so the desired permittivities can



be artificially synthezised. The DFSS can be excited by a
plane-wave with either TE or TM polarization (i.e., the in-
cident electric field being perpendicular or parallel to the
plane of incidence).

The spectral response of such DFSS under oblique plane-
wave incidence has been obtained with a vectorial modal
method previously developed by the authors, which is de-
tailed in [12], [13]. The angular and spectral location of the
resonance are determined by the grating parameters that fix
the phase-match condition, while its bandwidth increases
with the modulation of the dielectric permittivity of the
grating [14]. This fact is due to increased leakage of the
waveguide grating about the resonance frequency.

Fig. 2 shows with solid line the angular reflection response
of the theoretically designed single-layer waveguide grat-
ing, for a TM-polarized two-dimensional incident plane
wave (ϕ = 90o) at a frequency of 10.5 GHz, having the
following parameters: D = 15 mm, εr1 = 2.0, εr2 = 3.0,
l1 = l2 = D/2, and hp = 5 mm. The average relative di-
electric permittivity is thus given by εr = (εr1l1 +εr2l2)/D,
being in this case εr = 2.5. In order to validate these
results, we have successfully compared in Fig. 2 the re-
flectance of the designed DFSS with that obtained with the
commercial software tool HFSS based on the Finite Ele-
ment Method [10] (represented with circles). The com-
puter time employed by the vectorial modal method was
0.56 s per angular point, while the computer time required
by the HFSS code in the parametric sweep was 180.5 s per
point. The reflectance of the equivalent homogeneous layer
of εr = 2.5 and the same thickness is also represented in
the same figure with crosses. The left inset gives an ex-
panded view of the resonance response of the filter, with
an angular width of 0.04, which peaks at the Brewster an-
gle θB = arctan(εr)

1/2 = 57.69o. A contour plot of the re-
flectance of this structure around the resonance condition
direction is shown in Fig. 3. The corresponding calcu-
lated frequency response obtained with the vectorial modal
method, shown in Fig. 4 with solid line, reveals a single res-
onance peak response with extremely low-reflectance side-
bands for a broad spectral region. The reflectance of the
DFSS obtained with HFSS is again represented with points,
while the spectral response of the equivalent homogeneous
layer of εr = 2.5 is also represented with crosses. The right
inset gives an expanded view of the resonance response,
which resonates at a frequency of 10.5 GHz. It can be seen
that at such frequency the Brewster-angle zero reflection is
defeated by the resonance effect. Moreover, the resonance
condition in this reflection DFSS is only achieved at Brew-
ster angle for an azimuthal angle of incidence ϕ = 90o (two-
dimensional incidence), as it can be appreciated in Fig. 5.
In this figure it is represented the reflectance of the grating
(solid line) at 10.5 GHz and θB (Brewster angle) as a func-
tion of the azimuthal angle ϕ , and also the reflectance of the
equivalent homogeneous layer (crosses).

Finally, the effect of dielectric losses of the materials con-

stituting the DWG in the spectral response of this DFSS
has been also studied. To this end, the transmittance of
the designed DFSS at θB and ϕ = 90o is shown for dif-
ferent values of loss tangent of the dielectric materials of
the grating in Fig. 6, where we have considered that both
dielectrics have the same loss tangent. In this figure, it can
be observed that the resonance of the DFSS broadens in fre-
quency for increasing values of the loss tangent. Moreover,
the transmittance minimum at resonance is less deep, as it
is expected [3]. In conclusion, a high-efficiency reflection
DFSS has been theoretically demonstrated at the Brewster
angle, where the TM reflection is classically prohibited.
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Figure 2. Angular response (solid line) of a DFSS consisting of
a single-layer DWG surrounded by air for a TM-polarized two-
dimensional incident plane wave (ϕ = 90o) at a frequency of 10.5
GHz.
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Figure 3. Contour plot of the reflectance of the reflection DFSS
given in Fig. 2 for a TM-polarized wave around the resonance
condition direction.

3 Conclusion

A specific design of a single-layer narrow-band reflection
DFSS using dielectric constants corresponding to practical
materials has been obtained. The reflection filter is based on
a single dielectric grating for TM incidence at the Brewster
angle, where reflection is classically prohibited, showing
low-reflectance sidebands adjacent to the resonance peak
induced by the Brewster effect. The oblique incidence and
polarization effects on the spectral response of the designed
DFSS have been also studied. The obtained results have
been successfully validated through comparisons with data
from the commercial software tool HFSS. Finally, the effect
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Figure 4. Spectral response of the reflection DFSS given in
Fig. 2 for a TM-polarized wave incident at an angle θB = 57.69o

and ϕ = 90o (solid line). The spectral response of the equivalent
homogeneous layer of εr = 2.5 is also represented with crosses.

0 20 40 60 80 100 120 140 160 180

0.0

0.2

0.4

0.6

0.8

1.0

R
e
fle

ct
a
n
ce

f (º)

Figure 5. Reflectance of the reflection DFSS given in Fig. 2
(solid line) and of the equivalent homogeneous layer (crosses) as
a function of the azimuthal angle ϕ , for a three-dimensional TM-
polarized wave at a frequency of 10.5 GHz that is incident at an
angle θ = θB.
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Figure 6. Transmittance of the structure given in Fig. 2 (in dB) at
θB and ϕ = 90o for different values of loss tangent of the dielectric
materials of the grating.

of dielectric losses effects have been also accounted for in
the filter response.
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