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Abstract
This communication proposes a compact 16 GHz / 30 GHz
dual band antenna design for Ku / Ka band applications.
The antenna consists of two layers with lower layer having
the fed patch and the upper layer having non-periodic
element array. The antenna has been designed to operate at
two different frequencies with compact dimensions of
(8mm x 8mm) using Rogers RT 5880. The compact size of
this proposed antenna also makes it suitable for integration
with the microwave and millimeter wave circuits. The
proposed antenna provides high radiation efficiency and a
peak gain of about 8 dB at the resonant frequencies with
reduced side lobe levels.

1. Introduction
Microstrip antennas have been widely used in wireless
communication systems because they are low profile, light
weight, low cost, conformal design, and easy to fabricate
and integrate. Nowadays many researchers have found great
interest in designing Ku- and Ka-band antennas and still
face a major challenge to implement these applications [12]. Due to greater congestion in the lower frequency bands,
it has become a necessity of the antenna development sector
to move to higher frequencies so that the researchers can get
a wider spectrum and more area. But as we move to higher
frequency regions, other problems arise, like increased
losses, atmospheric attenuation, size reduction, and many
more. Due to all these, the antenna characteristics tend to
degrade and hence it becomes very difficult to obtain better
properties for antenna radiation. Size reduction is another
issue due to which researchers find it very difficult to
fabricate the prototypes [3-9]. Now days there are many
techniques and instruments with which researchers can cop
up with these types of issues, but still these are big
challenges. Obtaining dual band or multiband
characteristics is very useful for many antenna applications
especially at higher frequencies. With the time these dualband antennas have been improved to face more
challenging
demands
of
the
modern
wireless
communication systems that are capable of integrating more
than one communication standard into a single system.
These antennas are designed to be integrated in different
array systems in which they can be operated at a single or
multi frequency bands simultaneously [10-16].
In this communication, we have proposed a novel dual
band two-layer antenna design especially designed for Ku

and Ka-band applications and for integration with
microwave and millimeter wave circuits. The antenna is
very compact due to its small dimensions and consists of
different sized array elements at the top layer of the
structure. The antenna operating at two frequencies uses a
non-periodic element array for achieving better
characteristics. The radiation pattern of the antenna
provides a maximum directivity of about 7.8 dB with a very
good return loss. The antenna as a whole provides a good
solution for high frequency applications with its dual band
and good radiation characteristics.

2. Antenna Design and Parameters
2.1. The antenna geometry is shown in fig. 1. Antenna
consists of two layers with first lower layer having the fed
patch and the upper layer having an array of different sized
elements. The antenna is fabricated over Rogers Duroid RT
5880 substrates with dielectric constant of 2.2 and thermal
conductivity of 0.2 W/K/m. The thickness of the dielectric
layers is 0.8 mm each.
2.2. The first bottom layer consists of a slotted rectangular
patch with conductive strip lines. The upper layer has been
stacked to the lower layer at a gap of 1 mm. Dimensions of
the whole structure is (8mm x 8mm) and the combined
thickness of the two layers is 2.702 mm from the ground
plane of the structure. The rectangular patch having
dimensions of (2mm x 5mm) and with a slot of (1mm x
1mm), fed coaxially at a distance of 0.3 mm from center of
the patch along Y-axis.
2.3. The antenna parameters have been optimized using 3D
EM simulation software CST Studio Suite and
experimentally tested using vector network analyzer.
2.4. Fig. 1(a) here shows the top view of the lower layer of
proposed antenna. All the dimensions are clearly marked in
the geometry including the feeding point i.e. (0, 0.3) along
Y-axis. All the parameters have been obtained using
standard numerical equations, mathematical models and
extensive optimizations using 3D solver [7].
2.5. Fig. 1(b) here shows the top view of the upper layer of
the proposed antenna. All the patches form an array of
different sized elements. Fig. 2 shows the prototype of the
antenna design with a two-layer structure and port extension.

3. Results and Measurements
The proposed antenna has been fully optimized in order to
obtain the desired antenna characteristics. First the lower
structure has been optimized for a slotted rectangular patch
and then the upper layer structure has been optimized very
carefully to obtain dual band characteristics. For the
complete simulation process, 3D EM simulation software
has been used and Agilent vector network analyzer has been
used for measurement purpose. Fig. 3(a) shows the Sparameters study of lower layer of the proposed antenna
design. It can be seen from the graph that the antenna is
resonating at two different frequencies i.e. 16 GHz and 30
GHz thus providing dual band characteristics. At lower
frequency, the antenna is giving an impedance bandwidth of
about 500 MHz and at the higher resonating frequency; the
antenna is showing an impedance bandwidth of about 700
MHz with a return loss of 31 dB and 33 dB respectively at 10 dB reference. Fig. 3(b) shows the S-parameter study of
the two-layer final proposed structure. The antenna is
resonating at two frequencies i.e. 16 GHz and 30 GHz. By
incorporating this upper layer consisting of different size
element array results in the overall enhancement of
impedance bandwidth and improvement in the radiation
properties. The bandwidth at the lower frequency is about
500 MHz but the bandwidth at the higher frequency has
increased to about 1 GHz. Fig. 4 shows the impedance
matching. The simulated and measured results are in good
agreement.

(a) Top view

(b) Bottom view
Figure 1: Geometry of the antenna
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Figure 2: Prototype antenna with Port Extension
(magnified image)
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(b)
Fig. 5. Surface current distributions (Proposed antenna)
(a) At 16 GHz (b) At 30.45 GHz
(c)
Fig. 3. S-Parameter (dB) variation with frequency (GHz)
(a) For Lower layer (b) For proposed antenna (Ku)
(c) For proposed antenna (Ka)

The gain and side lobe variations have been shown in fig. 6
and 7 for the lower layer and final two layers proposed
structure respectively. With one layer, the antenna is
showing a gain of about 6.9 dBi and 5.9 dBi at the two
resonant frequencies respectively.
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Fig. 4. Input Impedance (magnitude) for proposed antenna
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Fig. 5 is showing the surface current distribution for the
proposed antenna design. Fig. 5(a) shows the distribution at
lower resonant frequency and 5(b) shows the distribution at
higher resonant frequency. From the figures, we can clearly
see the high current density areas at the two frequencies.
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Fig. 6. Gain variation for Lower layer
For the final two-layer structure, the antenna is providing a
gain of about 7.0 dBi and 7.8 dBi at the two resonating
frequencies. The YZ-plane and XZ-plane have been shown
in the graphs separately for both resonant frequencies. It can
be clearly analyzed from here that the two-layer structure is
giving better antenna characteristics which is very essential
for high frequency applications. Also the side lobe levels
have been reduced to a good extend of around -12 dB at the
resonating frequency.
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Fig. 7. Gain variation for proposed design
(a) 16 GHz
(b) 30.45 GHz
The normalized radiation patterns have been shown in fig. 8.
The co-polar and cross-polar components have been shown
in polar plots for YZ-plane.

(d) Cross-polar at 30.45 GHz
Fig. 8. Normalized radiation patterns for proposed design
Therefore, it can be analyzed from the results obtained for
the proposed two-layer compact antenna design that the
antenna is providing very good properties in terms of
bandwidth, directivity, side lobe levels, especially for high
frequency applications i.e. Ku-band and Ka-band. In
particular, the frequencies of operation of the proposed
antenna also makes it suitable candidate for satellite
communications and vehicle speed detecting radars. Due to
its overall compact thickness of just 2.702 mm, it also

(a) Co-polar at 16 GHz
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fulfills the criteria of miniaturization and compactness thus
making it efficient and useful design for dual frequency
operation and integration with other microwave and
millimeter wave circuits.
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4. Conclusions
A novel compact antenna design has been proposed for dual
band operation with good radiation properties in Ku and Kaband. The frequency of operation makes it a very useful
candidate for high frequency applications especially where
the dual band or multiband characteristics are required. The
antenna is also providing a very good directivity of 7.8 dB
along with reduced losses in terms of the side lobe levels at
higher frequencies. Further the antenna can be easily
integrated with the microwave and millimeter wave circuits
due to its very compact size thus providing the ease of
integration property also.
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