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In this paper design and realization of a dual reflector antenna for receiving internet signal in the point-to-point
system is presented. Three different configurations of dual reflector antenna have been considered to obtain the
antenna operating in 5.2–5.8 GHz band and having small dimensions. The results of computer simulations and
measurements are shown. The design was based on electromagnetic simulations using QW-V2D package (an
axisymmetrical version of finite-difference time-domain software). In measurements the method with a reference
antenna was used. Additional discussion about using the main reflector of smaller diameter and decreasing
spillover radiation was performed.

PACS: 41.20.−q

1. Introduction

Dual reflector antennas are frequently applied for earth
stations of satellite communication systems and in radio-
astronomy [1–3]. Such a solution has one important ad-
vantage: the receiver (or down-converter) can be placed
behind the main reflector. This way we avoid the shadow
introduced by the receiver and its mechanical support
as well as the necessity for a relatively long (and lossy)
line to transmit the signal out of the reflector interior.
Those advantages are clear in the above mentioned ap-
plications, where the typical sizes of the main reflec-
tors are measured in hundreds of wavelengths. The sub-
-reflectors which are supposed to be of an order of mag-
nitude smaller have typically a size of a few tens of wave-
lengths and can be treated by the quasi-optical approach
to the reflector theory.

The situation changes when we want to apply a dual re-
flector construction to a relatively small antenna of about
20 wavelengths in size and directivity of about 35 dB.
Such antennas are often needed for point-to-point sys-
tems. One of their popular applications is the internet
connection, where fiber or cable transmission is impossi-
ble or too expensive. Yet it is not quite clear if we can
construct an effective dual reflector antenna of a small
size (with sub-reflector not bigger than two or three wave-
lengths).

In this paper we discuss whether a dual reflector an-
tenna of diameter between 0.4 and 1.2 m could be an
alternative for a front feed parabolic antenna of the same
diameter.
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The main effort was directed towards the design of a
small sub-reflector of about 10 cm in diameter optimized
for operation in the 5.2–5.8 GHz band. The reflector is
supposed to be suspended on a plastic tube connecting
it with the feeding waveguide extruding from a main re-
flector.

Our target was to obtain the directivity of about 34 dB
with the main reflector of 1.1 m or 32.25 dB with the
main reflector of 0.9 m. The sidelobes should be at about
−20 dB. Such parameters would make our solution com-
petitive with the available front-feed antennas.

Using the electromagnetic simulator QW-V2D [4] we
have verified several concepts of sub-reflector construc-
tions. The main reflector of 1.1 m was used as a refer-
ence. The best of the obtained designs was chosen for
manufacturing of an antenna prototype, which was then
experimentally verified.

The highlights of the design were presented in [5], and
have been extended in this paper.

2. Dual reflector antennas

2.1. The Cassegrain antenna

Classical Cassegrain antenna consists of the parabolic
main reflector and hyperbolic sub-reflector. To ensure
correct operation of the Cassegrain antenna, focal points
of both reflectors should overlap. We started our inves-
tigation with an effort to design such an antenna. It was
quickly found that a sub-reflector diameter of 0.1 m is
not realistic. The use of a small sub-reflector increased
leakage of the electromagnetic energy over the hyperbolic
reflector. On the other hand, increasing the diameter of
the sub-reflector increased aperture blockage. Finally we
eased the requirements for the sub-reflector size to 0.2 m
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(Fig. 1). Under such conditions we obtained the direc-
tivity equal to 32 dB. Sidelobe level was equal to −10 dB
and return loss equal to 4 dB. The requirements for di-
rectivity, attenuation of sidelobes, and diameter of the
sub-reflector have not been accomplished.

Fig. 1. Fragment of the designed Cassegrain antenna
including the feeding waveguide and the sub-reflector
(half of long section).

2.2. The hat-fed reflector antenna

There are some configurations of the double reflector
antennas, which can be found in the literature, for ex-
ample the antenna with flat sub-reflector in [6]. That
type of the dual reflector antenna is known as the hat-
-fed reflector antenna and it provides a relatively high
directivity and low sidelobes. Following that line we de-
signed the construction shown in Fig. 2. The number
and dimensions of corrugations were optimized for high
directivity and low sidelobes. We obtained the directiv-
ity of 33.7 dB, sidelobe level equal to −20 dB, and return
loss 4 dB. Still the design was not satisfactory since the
matching was poor and the sub-reflector was relatively
big and complicated to manufacture.

Fig. 2. Fragment of the designed hat-fed reflector an-
tenna including the feeding waveguide and the sub-
-reflector (half of long section).

2.3. The dual reflector antenna with modified flat
sub-reflector

To eliminate the weaknesses of the previous design
we introduced an additional impedance transformer and
tried to optimize the reflector to make it smaller and sim-
pler (also less expensive to manufacture). The QW-V2D
model of the obtained dual-reflector antenna is shown
in Fig. 3a. Details of the sub-reflector are presented in
Fig. 3b and its photo is in Fig. 4. The sub-reflector has
only one corrugation. Diameter of the flat reflector is
0.1 m and length of the matching transformer is 0.054 m.

The results of simulations have shown that the double
reflector antenna of Fig. 3 is the most promising and we
will concentrate on it in our further investigation.

Fig. 3. Fragment of the designed dual reflector an-
tenna with modified flat sub-reflector (a), detailed view
of modified flat sub-reflector (b) (half of long section).

Fig. 4. Realization of modified flat sub-reflector.

3. Simulations and measurements

The simulations and optimization of the double re-
flector antenna have been performed in QuickWave-V2D,
which is an axisymmetrical version of FDTD software [7].
The main purpose of the optimization was to obtain di-
rectivity of minimum 34 dB (with 1.1 m main reflector),
−20 dB of sidelobe level and return loss in the operation
band of minimum 15 dB.

Radiation E-pattern and reflection coefficient at the
waveguide input obtained from simulations, performed
for the antenna of Fig. 3 are shown in Figs. 5 and 6.
The simulations were performed for three frequencies
from the operating band: lower — 5.2 GHz, middle
— 5.5 GHz, and upper — 5.8 GHz. For all the con-
sidered frequencies the directivity exceeded 34 dB. The
level of close sidelobes was equal to −23.5 dB, −20.4 dB,
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Fig. 5. Directive gain versus angle for the dual reflec-
tor antenna of Fig. 3, calculated by QW-V2D.

Fig. 6. Value of waveguide (Fig. 3) |S11| versus fre-
quency, calculated by QW-V2D.

and −20 dB for 5.2 GHz, 5.5 GHz, and 5.8 GHz, re-
spectively. The spillover radiation attenuation was equal

to 46.2 dB for 5.2 GHz, 39.4 dB for 5.5 GHz, and 36 dB
for 5.8 GHz. The impedance transformer improved the
matching. The |S11| decreased significantly, and was
lower than −18.4 dB in the entire operating band.

In the measurements of the antenna prototype we ap-
plied a reflector of the diameter 0.9 m (which is sup-
posed to assure the directivity about 1.73 dB lower than
the reflector of the diameter 1.1 m). In the measure-
ments we have applied a method with two different an-
tennas, the designed one and the reference antenna with
the known gain. The results of the measurements are
shown in Fig. 7.

Some additional simulations were required since in the
antenna prototype the main reflector of different diam-
eter was applied. Results of the simulations and the
measurements are summarized in Table I. Some doubts
concerning the differences in |S11| values obtained from
simulations and in measurements can appear.

To excite the antenna properly the coaxial line to cylin-
drical waveguide transition has been designed. In this
design the “N” type junction was used. Unavailability
of the calibration kit for the “N” type junctions caused
the necessity of using in the reflection coefficient mea-
surements the “SMA” type junction calibration kit. In
the measurements the “SMA”–“N” transition was crucial.
The most probable reason for the mentioned differences
in |S11| values are significant reflections in the “SMA”-“N”
transition.

TABLE I
Parameters of the dual reflector antenna with modified flat sub-reflector and main reflector of diameter 0.9 m
obtained in simulations and measurements.

Parameter
Simulation Measurement

Vertical polarization
5.2 GHz 5.5 GHz 5.8 GHz 5.2 GHz 5.5 GHz 5.8 GHz

gain [dB] 30.87 32.25 32.65 30.6 30.2 31.2
sidelobe level [dB] −24.6 −18.6 −16.9 −24.8 −17.8 −14.6
90◦ radiation attenuation [dB] 37.3 33.4 33.3 39 37.5 35.4
backward radiation attenuation [dB] 33.1 32.2 37.8 35 31.5 33
|S11| [dB] < −13 < −4.7

4. The dual reflector antenna with main
reflector of different diameter

Due to small dimensions of the designed flat sub-
-reflector, simulations of the dual reflector antenna for
different diameters of the main reflector were performed.
The aim of those simulations was to verify whether the
designed flat sub-reflector co-operating with the main re-
flector of diameter significantly smaller than 1.1 m could
be considered as an alternative for commercially available
antennas for receiving internet signal in point-to-point
systems.

It was concluded that the dual reflector antenna with
the chosen flat sub-reflector and the main reflector of di-
ameter equal to 0.45 m or 0.5 m could be considered
as an alternative for commonly used patch array anten-
nas. The directivity of those antennas is around 23 dB,
sidelobe level over −15 dB, and dimensions in the range
0.3–0.4 m. The results of simulations obtained for these
two configurations of the double reflector antenna are
shown in Tables II and III.
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TABLE II
Parameters of the dual reflector antenna with the main
reflector of diameter 0.45 m.

Parameter Value
main reflector diameter 0.45 m
f/D ratio 0.39
Half angle of the main reflector 65.2◦

directivity 5.2 GHz 25.9 dB
5.5 GHz 25.5 dB
5.8 GHz 27.2 dB

sidelobe level 5.2 GHz −25 dB
5.5 GHz −15.8 dB
5.8 GHz −18.2 dB

TABLE III
Parameters of the dual reflector antenna with the main
reflector of diameter 0.5 m.

Parameter Value
main reflector diameter 0.5 m
f/D ratio 0.37
half angle of the main reflector 68.2◦

directivity 5.2 GHz 26.6 dB
5.5 GHz 25.9 dB
5.8 GHz 27.6 dB

sidelobe level 5.2 GHz −23.8 dB
5.5 GHz −17.4 dB
5.8 GHz −19.5 dB

5. Spillover radiation

It was interesting to investigate whether there was a
possibility to decrease the spillover radiation for the dou-
ble reflector antenna, with the main reflector of diameter
1.1 m and the designed sub-reflector.

5.1. Different f/D ratios for the main reflector

The first step was to check the influence of the main
reflector f/D ratio changes (D = 1.1 m) on antenna pa-
rameters. The most interesting for us was the directivity,
the attenuation of sidelobes and the spillover radiation.
Several simulations for the double reflector antenna with
the main reflector of diameter 1.1 m for different f/D
ratios have been performed, and the results have been
shown in Table IV.

Both, the attenuation of sidelobes and spillover radia-
tion for smaller f/D had values similar to those obtained
for the antenna from Fig. 3 (f/D = 0.41). It can be also
observed that for very small f/D ratio, equal to 0.25
the spillover radiation has decreased. The directivity has
decreased with decreasing f/D ratio, and for the lower
frequency was almost 4 dB lower than for f/D = 0.41.

According to the results presented in Table IV the
spillover radiation cannot be decreased by introducing
the main reflector with a smaller f/D ratio, without de-
creasing other antenna parameters, especially the direc-
tivity.

TABLE IV

Parameters of the dual reflector antenna with the main reflector of diameter 1.1 m for different f/D ratios.

f/D
Directivity

(5.2 GHz, 5.5 GHz, 5.8 GHz)
Sidelobe level

(5.2 GHz, 5.5 GHz, 5.8 GHz)
Spillover attenuation

(5.2 GHz, 5.5 GHz, 5.8 GHz)
0.41 34 dB, 34.47 dB, 34.64 dB −23.5 dB, −20.4 dB, −20 dB 46.2 dB, 39.4 dB, 36 dB
0.385 33.25 dB, 34.11 dB, 34.36 dB −33.2 dB, −23 dB, −22 dB 43 dB, 38 dB, 34.5 dB
0.37 33.15 dB, 34.16 dB, 34.46 dB −26 dB, −22 dB, −23 dB 41 dB, 35 dB, 34 dB
0.33 32.37 dB, 33.95 dB, 34 dB −24 dB, −20 dB, −22 dB 41 dB, 36 dB, 36 dB
0.3 31.57 dB, 33.75 dB, 33.95 dB −26 dB, −20 dB, −20 dB 41 dB, 38 dB, 38 dB
0.25 30.22 dB, 32.64 dB, 32.9 dB −23 dB, −18 dB, −22 dB 45 dB, 44 dB, 45 dB

5.2. Introducing the metal flange
In the second step the metal flange around the main

reflector as in Fig. 8 was introduced. An example of the
metal flange application can be found in [8]. Since the
flange is placed at the reflector edge, it should decrease
the spillover radiation. Several simulations for antenna
configuration from Fig. 8 were performed. The aim was
to investigate whether the spillover radiation can be de-
creased by introducing the metal flange and how it influ-
ences the other antenna parameters.

The flange used in simulations was 190.5 mm long
and 3 mm thick. The results of simulations of the con-
sidered configuration of the antenna are presented in
Table V. It was easily concluded that the spillover radi-
ation can be decreased by introducing the metal flange.

The advantage of this design was a fact that no signif-
icant degradation of other antenna parameters can be
observed. The value of |S11| was bigger than for the an-
tenna from Fig. 3, but still the requirements have been
satisfied.

6. Conclusions

Three configurations of the double reflector antenna
were analyzed. The antenna with the modified flat sub-
-reflector was designed, manufactured, and measured.
A good agreement between simulations and measure-
ments was obtained.

Additional simulations for different diameters of the
main reflector were performed. Due to a relatively small
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Fig. 7. Level of the signal received by manufactured
antenna versus angle.

Fig. 8. The double reflector antenna from Fig. 3 with
the metal flange — 3D view from QW-V2D.

diameter of the designed flat sub-reflector, the double
reflector antennas with smaller parabolic main reflector
could be considered as an alternative for commercially
available antennas for receiving internet signal in point-
-to-point systems.

Discussion concerning the decrease of the spillover ra-
diation has been performed. It was concluded that intro-
ducing a metal flange at the edge of the main reflector is
an effective way of decreasing the spillover radiation.

TABLE V
Parameters of the dual reflector antenna with metal
flange (Fig. 8).

Parameter Value
directivity 5.2 GHz 34 dB

5.5 GHz 34.47 dB
5.8 GHz 34.67 dB

sidelobe level 5.2 GHz −24.9 dB
5.5 GHz −20.1 dB
5.8 GHz −20 dB

spillover attenuation 5.2 GHz 58 dB
5.5 GHz 43.1 dB
5.8 GHz 36.8 dB

|S11| < −15.6 dB
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