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A single-polarization quasi-optical bandpass filter is used as a polarizer in a folded reflectarray antenna. The
filter suppresses the sidelobe level of the antenna by up to 15 dB in the range outside of

�
20 � . The three

resonator filter for Ka-band consists of four slot arrays. It is designed, fabricated and tested with the antenna
and compared to a folded reflectarray antenna with a simple grid array as polarizer.

INTRODUCTION

Periodic and quasi-periodic structures find an in-
creasing interest in microwave applications. In [1–4],
quasi-periodic structures have been used to build an-
tennas on the basis of reflectarray, even as folded an-
tennas using dual-polarization properties of the pla-
nar structures [3, 4]. For some applications, far-off
sidelobes of the antenna are too high. In [5], an
FSS structure has been proposed for sidelobe sup-
pression. In [6] and [7], this technique is demon-
strated using quasi-optical filters. If such a quasi-
optical filter for sidelobe reduction is realized using
slot arrays–providing the filter function for an elec-
tric field perpendicular to the slots and reflecting the
other polarization–it can, at the same time, be used as
a polarizer in a folded reflectarray antenna [4], giving
a very compact setup.

BASIC IDEA OF A PLANAR FOLDED
REFLECTARRAY ANTENNA

The basic concept of a planar folded reflectarray an-
tenna [3, 4] is indicated in Fig. 1a. The antenna con-
sists of a feed horn, a planar polarization filter and a
printed reflectarray. The polarization filter may be a
grid or a slot array printed on a dielectric substrate.
The reflector consists of a printed array of patches of
different sizes typically rectangular in shape, but they
may have any other shape. All the patches are tilt by��� � with respect to the incident electric field. Fig. 2
shows the layout of one quarter of the reflecting array
of the antenna. The reflectarray of this antenna has
two functions; first, it twists the polarization of an in-
cident wave by ��� � , second, it focuses the reflected
wave. The radiation from a feed is a spherical wave

and is polarized in such a way that it is reflected by
the grid or slot array at the front of the antenna. The
reflected wave is then incident on the printed array of
patches. The electric field vector can be decomposed
into the two components parallel to the patch axes
(Fig. 1b), and the reflection properties can be deter-
mined separately.
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Fig. 1. Folded reflector antenna: (a) Basic principle, (b) a single
cell with a patch of the reflectarray and the vector decomposition
of the incident and reflected electrical field. The difference in
phase angle of reflection is

�
	�� 
.



The dimensions of the patches are selected in such
a way that a phase difference of ����� � occurs be-
tween the reflection phase angles of the two com-
ponents. Superposition of the reflected field compo-
nents then leads to a twisting of the polarization of
��� � . The necessary ����� � phase angle difference be-
tween the two field components of the reflected wave
can be achieved for a large number of combinations
of lengths and widths of patches differing by their
absolute reflection phase angle. This degree of free-
dom now is used to adjust the required phase angles
to transform the incident spherical wave into an out-
going plane wave. This plane wave with twisted po-
larization can now pass the grid or slot array.

Fig. 2. Layout (one quarter) of the 27.6 GHz reflecting array.
The reflector size is

�����
mm � ����� mm.

PRINCIPLE AND DESIGN OF A
QUASI-OPTICAL FILTER

The basic structure of the quasi-optical filter is shown
in Fig. 3. The filter is symmetrical and consists of
four slot arrays printed on dielectric substrates. The
substrates are separated by distances �	� and ��
 . The
structure reflects an incident wave with the electric
field parallel to the slot length and acts as a filter for
the electric field orthogonal to the slot length. Such
a filter can be regarded in two different ways; in a
first interpretation, the filter acts as a bandpass filter
for a defined frequency range. In a second interpre-
tation, the filter is an angular filter transparent for an
incident wave within a specific range of angles of
incidence (

�� ��� in this case) [8].

For the design of the filter, standard filter design
and mode matching techniques were applied, taking
into account the thickness of the metalization.
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Fig. 3. Quasi-optical filter consisting of four slot arrays: (a)
side view, (b) top view.

To enable an easier fabrication, an improved lateral
alignment and a better control of the layer distances,
the filter was optimized in order to make the distance
��� between neighboring substrates equal to zero. In
this manner, the filter consists of only two dielectric
substrates metalized on both sides. Furthermore, the
slot periodicity was selected to be ��� � in order to
reduce wave propagation inside the dielectric area
[9]. The final filter was designed for Ka-band hav-
ing a dielectric constant of ����� �����

, a thickness of
3.18 mm and a metalization thickness of � � µm. The
quasi-optical filter was measured as a function of fre-
quency and over a range of angles of incidence of the
wave. In Fig. 4, the transmission characteristic of the
filter as a function of frequency is shown. The cen-
ter frequency is 27.6 GHz, and a � � dB attenuation is
found at 26.8 GHz and 28.4 GHz, resulting in a band-
width of 1.6 GHz. Furthermore, the filter was tested
with respect to the angle of incedance for a frequency
range. In the range between

�!� � � of angle of inci-
dence of a wave, the signal can pass, and outside this
range, the wave is reflected.
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Fig. 4. Broadside transmission characteristic of the quasi-
optical filter for an incident electrical field parallel and vertical
to the slot lengths.



RESULTS

According to the principles of the antenna and the
quasi-optical filter as shown in Fig. 1 and Fig. 3, re-
spectively, a folded reflectarray antenna with both a
simple grid array and a quasi-optical filter was de-
signed, fabricated and tested. A view on the opened
antenna with the reflectarray, the simple grid array,
and the quasi-optical filter is given in Fig. 5. The
antenna size and height were � � � mm � � � � mm and
25 mm, respectively. For the reflectarray, a substrate
with a dielectric constant of � � � �����

and a sub-
strate height of

� � � ��� � � mm, and for the grid array,
a substrate with a dielectric constant of ���� ��� � �
and a substrate height of

� � � � ��� mm were chosen.
Fig. 6 shows the E- and H-plane radiation pattern of
the antenna using the grid array and the quasi-optical
filter.

Fig. 5. Photograph of a folded reflector antenna with a simple
grid and a quasi-optical filter. The fine structures surrounded by
the two small boxes are scaled up and placed in front of each
configuration.

Best performance was achieved at a frequency of
27.6 GHz. Beamwidths are � � in both planes. For the
antenna with a grid array, the E-plane and H-plane
sidelobe levels for the first sidelobe are � � � dB and
� � � dB, respectively, whereas for the antenna with
the quasi-optical filter the sidelobe level is � � � dB in
E-plane and only � � � dB in H-plane. Furthermore,
it can be seen that in the range outside

�� � � , the
sidelobes are suppressed by up to 15 dB.

Antenna gain has been measured between 26.5 GHz
and 29.0 GHz and is shown in Fig. 7. Maximum gain
is 30.8 dB and 29.5 dB for the antenna with the grid
array and the quasi-optical filter respectively. The
antenna with the simple grid has a higher gain than
that with the quasi-optical filter. This is due to the

losses of the filter shown in Fig. 4. Due to the filter-
ing properties of the quasi-optical filter, the antenna
bandwidth is reduced, too. A � dB-gain bandwidth of
about 800 MHz ( ��� ), however, is efficient for most
system applications.
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Fig. 6. Radiation diagram of the folded reflector antenna with
grid and quasi-optical filter at 27.6 GHz.

filter

grid

2928.528

quasi-optical

27.5
Frequency (GHz)

27
10

15

20

25

30

27.5

22.5

17.5

12.5

G
ai

n
(d

B
)

26.5

Fig. 7. Gain of the folded reflector antenna with grid and quasi-
optical filter. Dots represent measured values; the dashed and
solid lines are the least squares polynomial approximation of the
measured values.



CONCLUSION

This contribution demonstrates the design of a com-
pact folded reflectarray combined with a quasi-
optical bandpass filter. The antenna and filter were
designed for a frequency of 27.6 GHz. In this way,
an additional sidelobe reduction of up to 15 dB in a
range outside

�� � � has been achieved. The size of
the antenna and filter were � � � mm � � � � mm. The
height of the antenna was 25 mm. A quasi-optical
bandpass filter is more complicated in design and
structure than a simple grid or slot array filter. It is
also larger in thickness but it adds a very good far-off
sidelobe performance to the folded reflectarray an-
tenna.

ACKNOWLEDGEMENT

Part of this work has been funded by the German Re-
search Association (DFG) under contract Me 1016/7.

REFERENCES

[1] David M. Pozar, Stephen D. Targonski, and H. D. Syrigos.
Design of millimeter wave microstrip reflectarrays. IEEE
Transactions on Antennas and Propagation, 45(2):287–295,
February 1997.

[2] Jose A. Encinar. Design of two-layer printed reflectarrays
using patches of variable size. IEEE Transactions on Anten-
nas and Propagation, 49(10):1403–1410, October 2001.

[3] Dietmar Pilz and Wolfgang Menzel. Printed
millimeter-wave reflectarrays (invited). Annales des
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