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Abstract

This report presents the design and simulation of multiple RF antennas based on a given student ID.

Utilizing HFSS and MATLAB, the report explores patch, dipole, horn, helix, and array antennas,
analysing their performance through radiation pattems, impedance characteristics, and frequency
response. Key theoretical and simulation insights are discussed to assess suitability for RF
applications.
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1 Introduction

This assignment will critically evaluate RF transmission and reception systems through the use of
MATLAB and CST. The antennas that will be created and tested in the software are a Rectangular
Microstrip Patch Antenna, a Cylindrical Dipole antenna, Folded dipole antenna, a Hom Antenna, a
Helix Antenna and a Helix Array antenna. These are all examples of RF antennas which are devices
used to transmit or receive electromagnetic waves in the radio frequency range, usually ranging
from 3kHz to 300 GHz. They work by converting electrical signals into radio waves for the
transmission part and then radio waves back to electrical signals for receiving. [1]




2. Methodology

2.1 Task 1: Rectangular Microstrip Patch Antenna Design

This part of the report will cover the design phase of the Rectangular Microstrip Patch Antenna.
Patch antennas have a wide array of use cases including but not limited to Wi-Fi Routers, Bluetooth
devices and Mobile phone internal antennas. It is ideal for these applications as a patch antenna can
be compact and can be embedded onto PCBs. The antenna will be operating at 2.2GHz. It will have a
substrate made from FR4 with a relative permittivity of 4.4 and a relative permeability of 1.

The first task was to calculate the dimensions of the patch antenna, ground plane and the substrate.
This was done using the following formulas:

For Width (W) the formula is:

Where C= speed of light (3x10% m/s), fo-resonant frequency (Hz) and &, = relative permittivity of the
substrate. The point of this formula is to gain the optimal; width for good radiation efficiency.

The next formula is to work out the Effective Dielectric Constant:
ER+1
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Where h = height (thickness) of the substrate and W = width of the patch. This accounts for the
fringing fields, these are the fields that extend into the air around the edges of the patch.

The final formula is the Length (L):

w
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In this formula the first term is working out the resonant length for the effective dielectric, the
Second term subtracts the fringing extension which then works out the actual patch length.

For this patch Antenna the Dielectric constant is 4.3 despite in the assignment brief it stating 4.4.
This is because CST says the relative permittivity of FR4 epoxy substrate is 4.3. The Dielectric height
used for this antenna is 1.6mm. The operation frequency in this case was 2.2GHz. The outputs of the
formulas after putting the above numbers in were:




x

32.51 mm

Parameter List

Once the dimensions had been worked out and input into CST the patch antenna was then created:

Width: 41.85 mm
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The following 3D image is of the patch antenna once all the above information had been added:

Figure 1 Patch Antenna Parameters

Figure 2 3D Patch Antenna
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Figure 3 Patch S Parameters

This figure he S11 parameters for the patch antenna over a frequency range of 1GHz to
8GHz. This Hhows multiple deep dips (resonant frequencies) around 2.2GHz, 3.4GHz and
6.9GHz. This indicates that this antenna has good impedance matching and effective radiation at
those frequencies. A dip below -10dB is generally considered acceptable for antenna performance,
meaning that less than 10% of the power is reflected. [2]
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Figure 4 Patch Antenna radiation pattern

This figure showsﬂiation pattern of the rectangular patch antenna. It visually represents how

the antenna radia ergy. In this diagram it can be seen that the strongest radiation is

perpendicular to the surface of the patch.
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Figure 5 Patch Antenna Smith Chart

This figure th chart that represents the input impedance characteristics of the patch antenna
across the BGHz range. The red line represents how the input impedance of the antenna varies
with frequency. The markers correspond to specific frequency points and their associated
impedance values. The closer the impedance curve passes by the centre means the antenna
performs well at those frequencies.
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Figure 6 Impedance Patch
The figure above shows the reference impedance value. This figure is typically 50 ohms to 75 ohms

however in this example the refence impedance is around 47.8 ohms. This value is used to calculate
the power dissipated by the antenna to interpret the S-parameter measurements. [2]




2.2 Task 2: Design and Simulation of Various Antennas in MATLAB

This part of the report will go over the designs and compare the results of a Cylindrical dipole
antenna, a folded dipole antenna, a helix antenna and a Horn antenna. All of the antennas in this
section have been created and simulated using the MATLAB Antenna Design function.

Cylindrical DIPOLE Antenna

dipoleCylindrical antenna element
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Figure 7 Dipole Antenna

The figure above is a 3d model of a cylindrical dipole antenna that was generated in MATLAB. The
dipole antenna consists of two conductive elements and is one of the simplest types of RF antennas.
This model shows the physical layout which is essential for understanding how it supports current
distribution. The operating frequency for the dipole antenna is 2GHz.
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Figure 8 S-Parameter Dipole

This figure shows the S11 (reflection Coefficient) parameter for the cylindrical dipole antenna which
indicates how much power is reflected back to the antenna port. In the figure above the 511 value is
around 1.92GHz.
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Figure 9 2D Radiation pattern

This figure is shows the 2D radiation pattern of the dipole antenna, it represents how the antenna
radiates in a specific plane.
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Figure 10 Radiation Pattern Dipole

aBi

This figure shows the 3d radiation pattern of the cylindrical dipole antenna at a frequency of 2GHz,
the Z-axis represents the direction perpendicular to the antenna. The Azimuth and Elevation show
the horizontal and vertical angles of radiation. The coloured bar on the right side shows the gain in
dBi where red/yellow regions have a stronger radiation (higher gain) and the blue regions represent
very low radiation.
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Figure 11 Dipole Impedance

This figure shows the impedance of the cylindrical dipole antenna. Impedance refers to the total
opposition and antenna offers to an alternating current. In order to achieve this, it consists of two
components Resistance and reactance. The resistance line shows the actual energy dissipation and
reactance represents the energy temporarily stored in the magnetic fields. [3]




Folded Dipole Antenna
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Figure 12Folded 3D Image

The above figure shows a 3D representation of a folded dipole antenna at a frequency of 110.5MHz.
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Figure 13 Folded Radiation patter

Show Arserea

This figure shows the 3D radiation pattern of the folded dipole antenna, as seen in the figure above
itis very similar to aregular (half-wave) dipole. Only with some minor differences. Like the other
dipole antenna radiation is strongest in directions perpendicular to the antenna’s length.
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Figure 14 Folded impedance

The above figure is showing the impedance of the folded dipole antenna.
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Figure 15Folded S Param

This shows the S11 parameter for the folded dipole antenna. As visible above the 511 value is
around 109MHz.
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This figure shoes the 2D radiation pattern of the folded dipole antenna.




Horn Antenna

Figure 17 Horn Antenna

This figure shows the 3D design for the Horn antenna set at a frequency of 9GHz.

Impedance (ohms)
5
T

Figure 18 Impedance Horn

This figure shows the impedance values for the horn antenna.
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Figure 19 S Parameter Horn

This figure shows the S11 parameters for the horn antenna as visible in the figure the 511 value is
around 8.86GHz
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Figure 20 Radiation pattern horn

This figure shows the 3D radiation pattern of the horn antenna.
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Figure 21 2D radiation pattern

This figure shows the 2D radiation pattern of the horn antenna.




Helix Antenna
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Figure 22 Helix Antenna

This figure shows the 3D image of the Helix antenna generated in MATLAB at a frequency of 21GHz.
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Figure 23 Impedance Helix

This figure shows the impedance of the helix antenna.
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Figure 24 S Parameter Helix

Figure 25 Radiation Pattern Helix

This figure represents the 3D radiation pattern of the helix antenna.

This figure shows the S11 parameter for the helix antenna and in this example it shows the figure to
be around 20.4 GHz.
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Figure 26 2D radiation Helix

This shows the 2D radiation pattern of the helix antenna.




3.1 Task 3: Helix Array Antenna Design

This part of the report will show the creation of the Helix array antenna using MATLAB. A helix array
antenna is a group of helical antennas arranged in a specific layout. Usually in a linear or planar array
to enhance gain and directivity compared to a single helix antenna.
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Figure 27 2D layout array

This figure shows the 2D layout of the array antenna, this one was crated as 3x3 and at a frequency
of 21GHz.
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Figure 28 Array 3D layout

This figure shows the 3D design of the array antenna.
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Figure 29 S Parameter Array

The above image is of the S parameters for the array antenna.
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Figure 30 Impedance Array

This figure shows the active impedance of the array antenna.




Directivity (dBi)
90

270

Figure 31 2D Radiation Array

This shows the 2D radiation pattern of the array antenna.
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Figure 32 3D radiation array

This figure shows the 3d radiation pattern of the 3x3 array antenna.




3. Results
This section of the report will discuss the results of each of the antennas and highlight the 511
parameters, Impedance and the radiation patterns/ behaviours.

3.1 Task 1 Results: Microstrip Patch Antenna

The rectangular microstrip patch antenna was designed to operate at frequency of 2.2GHz. The
simulation results showed multiple resonant frequencies with the notable points at 2.2GHz, 3.4GHz
and 6.9GHz. The 511 dips well below -10dB which shows very good impedance matching and multi-
band performance. The radiation pattern showed directional behaviours with the strongest radiation
being perpendicular to the antenna surface. The smith chart also confirmed good impedance
characteristics around the resonant frequencies.

3.2 Task 2 Results:

Cylindrical Dipole Antenna

The dipole antenna showed a resonant frequency of 1.92GHz with an 511 dip below -10dB indication
good performance. The 3D radiation pattern showed the expected doughnut type shape with the
maximum gain perpendicular to the antenna axis. The impedance plots showed a relatively close
match to the resonance.

Folded Dipole Antenna

The folded dipole operating at 110MHz showed a similar radiation pattern to the cylindrical dipole
with slightly increased input impedance. Its S11 curve showed a sharp dip around 109 MHz
confirming good performance. This antenna offers broader bandwidth and higher impedance.

Horn Antenna

The Horn antenna was designed at 9GHz and showed great directionality as can be seen in both the
3D radiation plot and the 2D radiation plot. The S11 minimum occurred around 8.86GHz and the
impedance chart confirmed strong matching at the operational frequency. Its high gain and narrow
beam width make it suitable for high frequency point-to-point communication

Helix Antenna

The single helix antenna was simulated at 21Ghz and showed circular polarisation and axial-mode
radiation. Axial mode radiation is where the radiation is primarily directed along the axis of the helix
rather than perpendicular. [4] The S11 was around 20.4GHz with strong directional radiation.

3.3 Task 3 Results: Helix Array Antenna
The 3x3 helix array antenna was also simulated at 21GHz like the single helix antenna. The array
showed improved $11 matching and highly focused 3D radiation pattern.




4. Discussion and Analysis
The rectangular patch antenna was designed theoretically using standard equations based on
the dielectric properties of FR4 and an operation frequency of 2.2GHz. While theoretical
dimensions were calculated to be 41.85mm wide and 32.51mm long the simulation results
revealed multiple resonant frequencies including the target frequency of 2.2GHz. The slight
variation in resonant behaviours is fairly consistent with practical modelling such as minor
variations in substrate properties this is shown in where CST states the substrate to be 4.3 rather
than 4.4. Both the 511 and impedance profiles match the expected behaviours somewhat
validating the design and simulation process.

The Cylindrical Dipole antenna showed omnidirectional radiation in the azimuth plane with a
Toroidal 3D radiation pattern which is to be expected [5] and resonant behaviour around
1.92GHz. Dipole is predictable and performs better in wideband application although it does lack
directionality and high gain. [6]

The folded dipole showed very similar radiation characteristics to the Cylindrical antenna but
with slightly higher impedance. This makes it more compatible with high-impedance
transmission and increases the bandwidth. This can make it more versatile in different
environments.

The Horn antenna provided highly directional radiation patterns making very useful for high
frequency and long-range communication [7]. The simulation at 9GHz showed a sharp beam
with high gain and a strong 511 response matching theoretical expectations.

The Helix antenna radiated in axial mode with a circular polarisation making it suitable for
satellite communications. This is shown by the directional radiation along the antenna axis and
decent S11 levels. Its spiral structure makes it best suited for wideband polarised radiation.
The 3x3 array showed greatly improved gain and directivity compared to the single helix. The
focused beam helped to enhance the S-parameter match. This simulation showed that
combining antennas can greatly enhance performance.

4.1 Array Benefits and commercial implications

The helix array showed that multiple antennas in a 3x3 can drastically improve gain and
directionality making much more suitable for high speed point to point communication systems. The
implications are that the design phase can take a lot longer and the end product is much larger. It
also requires a lot more power and more complex power distribution between the antennas.

4.2 Environmental, Societal and Regulatory Considerations

When designing antennas all designs must consider electromagnetic exposure regulations and
frequency band licensing. Patch Antennas due to their low profile and integration with existing
electronics are best used in portable 10T devices. Horn and Helix arrays while being high
performance are better suited for fixed beam control and spectrum efficiency are critical.




5. Conclusion and Recommendations

This report has highlighted that the patch, dipole, folded dipole, horn, helix and array antennas were
successfully created and simulated using CST and MATLAB. The results show that each antenna has
distinct strengths and is tailored to specific applications.

The best overall for versatility is the patch antenna due to its compact size and multi-band behaviour
and is ideal for embedded and mobile applications.

Simplicity of design and predictability are the dipole and folded dipole antennas as they offer basic
omnidirectional coverage with moderate gain and predictable radiation behaviour.

The antenna with the highest gain is the horn antenna and it also showed highly directional radiation
which makes it best suited for higher frequency point to point links.

The antenna with the best overall performance is the helix array antenna. It demonstrated the
highest gain and narrowest beam width, making It optimal for applications requiring focused high
frequency transmission such as radar or satellites.

Possible future recommendations could include real-world testing and measurements in order to
compare them to the simulations. Another possible recommendation could be to test all the
antennas at the same frequencies in order properly test them alongside each other and compare
results.
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