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Abstract—In this work, we analyse the integration of a
patch antenna operating at a lower frequency with a reflector
antenna operating at a higher frequency, aiming to minimize the
performance degradation of both. We first analyse the problem
for the reflector antenna with geometric optics and derive an
equation that defines the shape of the patch antenna surface. We
then test the impact of such integration on both the side-lobe
level and directivity with a full-wave solver. The results indicate
an improvement in both compared to previous work.

Index Terms—Geometrical optics, Multifrequency antennas,
Reflector antennas

I. INTRODUCTION

The global demand for high data rates, driven by video
traffic in the telecommunication industry is increasing [1].
Therefore, to solve the problem of the congested sub-6
GHz bands, the fifth generation of mobile networks (5G)
introduced use of the millimeter wave bands [2]. Traditionally,
antennas for communication systems spanning two vastly
different frequencies are typically designed and placed sepa-
rately, which may lead to a prohibitively bulky structure.

This problem may be overcome with the co-design of both
antennas such that the same aperture is utilized, in a way that
mitigates the degradation of performance of both antennas to
acceptable levels. Various methodologies have been proposed
in previous works with this idea, for example, utilizing
arrays [3], [4] or reflectarrays [5]. Reflector antenna designs
are also proposed, such as in [6], where the same reflector is
used for both frequencies, with the lower frequency source
being located at the focal point and and the higher-frequency
source is in a Cassegrain configuration. In [7], the idea of
integrating a lower-frequency patch antenna with a higher-
frequency reflector antenna is proposed. There, the patches
are conformally placed on the surface of the reflector, at a
distance of half the wavelength of the higher frequency.

In this work, we re-evaluate the proper approach to integrat-
ing a lower-frequency patch antenna with a higher-frequency
reflector antenna. We start by analysing the problem with
geometric optics to derive the optimal patch location and
shape. Then, we study the effects of integration on both
the reflector and patch antennas using full-wave numerical
analysis. We demonstrate the improvement of our approach
over [7] in terms of side-lobe level (SLL) and directivity,
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especially for the case where the patch antenna is placed at
the edge of the reflector.

II. GEOMETRICAL OPTICS ANALYSIS

—— Reflector
---------- Patch surface

Fig. 1. Schematic of the problem analysed with geometric optics.

First, we analyse the problem of integration from the
perspective of the higher frequency antenna, with wavelength
An. The geometry is presented in Fig. 1. In the figure, the
yellow ray travels from the source, located at the focal point of
the reflector, towards its surface r,, defined with the parabolic
equation

o= (1)
cos?(0/2)
Here, F' is the focal distance. Without the patch surface, the
ray reflects off the reflector and arrives in phase at the aperture
for all . However, if the ray is instead reflected in the patch
antenna, defined by the surface 7. (), it travels a path shorter
than 01 + J-, as marked in the figure. If this path is

61 + d2 = n)gy, ()



where n € N is a natural number, the ray will arrive in phase

at the aperture. By noting that the angle between §; and do

is 0, we can express (2) as:

(5 = = . 3
" 14 cos()  2cos?(6/2) )
The patch surface is therefore defined by:
F— n/\H/2
0)=r.(0) —61(0) = —5———, 4
TP( ) r ( ) 1( ) 0052(9/2) ( )

which is a parabola with a focal distance F' — nAg/2. Note

that, unlike in [7], this surface is not conformal to the high
frequency reflector antenna.

III. NUMERICAL RESULTS

In this section, we evaluate the performance impact of the
configuration proposed in the previous section. The operating
frequency of the reflector and patch antennas is fiy = 28 GHz
and f1, = 3.5 GHz, respectively. The geometry is presented
in Fig. 2. The reflector antenna diameter is kept D = 11.2\yg
and the focal distance F' = 3.73Ay. It is fed by a linearly
polarized patch antenna. In the figure, w is the width of the
low-frequency square patch on the zy plane and z,gset 1S the
offset in z between the center of the patch and the center of
the parabolic reflector. Two references are used to compare the
performance of the reflector with the proposed patch surface

in (4): only the reflector, or the patch following the approach
from [7].

Fig. 2. Geometry of the antenna.

A. Impact on the reflector antenna performance

We now study the impact of the presence of the patch on

SLL to -20.6 dB. Conversely, by using the surface proposed in
(4), there is no beam tilt and both directivity and SLL degrade
only slightly. Similar observations, with the exception of the

beam tilt, can be made for the horizontal cut (fixed § = 90°)
shown in Fig. 4.
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Fig. 4. Horizontal cut (fixed 6 = 90°) of the reflector antenna directivity.

We investigate this effect further by simulating the three
surfaces separately. The results are presented in Fig. 5. There,
we may note that the proposed patch surface reflects correctly
in the same direction as the full reflector, while the conformal
patch proposed in [7] redirects the beam 4° off the main
lobe, resulting in both the beam tilt and an increased SLL as
observed in Fig. 3.

The peak directivity and SLL as a function of the z,fset
is presented in Fig.6. First, we would like to note that,

the reflector antenna performance. First, we consider the case
of the maximum offset of the patch z,gset = 30 mm and
w = 38.5 mm.

The vertical cut (fixed ¢ = 0°) of the directivity is depicted
in Fig.3. Without the patch, the reflector has a maximum
directivity of 29.5 dB at § = —90° and a SLL of -27.3 dB.
Introducing the patch as in [7] reduces the directivity to
29 dB, slightly tilts the beam to § = —89.8°, and increases the

regardless of the patch location, the performance of the patch
designed according to (4) is better for both the reflector and
the patch itself, with improvements being more noticeable at
the more extreme patch locations. Furthermore, we may note
that the proposed inclusion of the patch does still degrade the
reflector performance, especially when the patch is centrally
located on the antenna. We attribute this to the effect of edge

diffraction, which is not included in our geometrical optics
analysis.
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Fig. 5. Vertical cut (fixed ¢ = 0°) of the directivity for only the full reflector,
the proposed patch, and the patch proposed in the previous work [7].
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Fig. 6. Peak directivity (top) and SLL (bottom) of the reflector antenna for
different locations of the patch.

B. Effect of integration on the patch

Since the patch is defined over a curved surface, w should
be modified for each z,get such that it radiates at f;, =
3.5 GHz. For the offsets zosset = {0, 10,20,30} mm, good
matching is obtained with w = {0.43,0.42,0.41,0.4} )\,
where Ap, is the free-space wavelength at fi. The computed
reflection coefficient can be seen in Fig. 7. Good matching is
achieved for all values of z,gget-
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Fig. 7. Reflection coefficient of the patch antenna.

Another effect of the integration is beam tilt of the patch
radiation as zfgeet INCreases, as seen in the vertical cut of the
farfield in Fig.8. At the most extreme point, the beam tilt
is 24°. This can be exploited to implement a switched-beam
system, but may also be undesired if radiation in the same
direction as the reflector antenna is desired, as the directivity
of the patch at broadside could be decreased by up to 3 dB.
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Fig. 8. Vertical cut (fixed ¢ = 0°) of the patch antenna directivity.

C. Mutual coupling

Finally, we investigate any possible mutual coupling ef-
fects. The Si2 for both lower and higher frequencies are
depicted in Fig.9. As seen in the figure, the mutual coupling
is lower than —40 dB, implying the operation of one antenna
should not significantly interfere with the other.
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Fig. 9. Mutual coupling between the two antennas at the lower frequency
(top) and higher frequency (bottom).

IV. CONCLUSION AND PERSPECTIVES

In this work, we presented an alternative way to the solution
presented in [7] to solve the problem of integration of a
patch and a reflector antenna using geometric optics. Using a
numerical full-wave solver, we demonstrated a new approach
to improve the performance of the reflector antenna in terms
of SLL and directivity.



In future work, we aim to design and manufacture a
working prototype as well as address the issue of the tilting
of the patch antenna’s radiation pattern.
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