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This assignment is split into two different antenna design and analysis tasks. The first is to design and simulate a patch antenna and the second task is two design and simulate a cylindrical dipole, folded dipole, horn antenna, helical antenna and a 3,3 array of helix antennas. For each of the designs a capture of S11 parameters, Impedance, radiation patterns and design parameters must be captured. Then an analysis of antenna performance must be carried out as well as a discussion on the intended application of the antenna.
For the majority of the antennas designed using MATLAB and ANSYS simulation software, the performance in regards to resonant frequency and return loss were quite poor. This is because the software still requires you to fine tune the dimensions and impedance of the feed line to achieve better performing antennas. For the patch antenna it was clear that the initial calculations made the resonant frequency close to the operating frequency but still out. To fix this, the length of the antenna needed to be manually adjusted until the correct resonant frequency was seen on the S11 parameters. To fix the issues with the return, more research was conducted to find out suitable impedance matching ideas. The selected impedance matching feature was to try “inset feeding” this is where bringing the feedline closer to the centre of the patch antenna itself. By tuning how far the feedline goes into the patch antenna the impedance of the antenna and feedline is changing. The value of – 30dB at a resonant frequency of 2.1 GHz was achieved under the revised antenna design which is a massive improvement compared to the previous attempt.
Task 2 provided the same issues to do with resonant frequency and return loss however the software used, MATLAB, isn’t as adaptable as ANSYS. This therefore meant that there wasn’t as many parameters to change to really fine tune the antenna. The task outlined the same issues that occur when designing antennas and further supported the best measures to take to improve the overall performance. 
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[bookmark: _Toc167281444]Task 1 – Microstrip Patch Antenna:
[bookmark: _Toc167281445]Background Research:
[bookmark: _Toc167281446]Patch Antenna Theory:
[image: Microstrip Patch Antenna [12] | Download Scientific Diagram]
[bookmark: _Toc167278711][bookmark: _Toc167278793]Figure 1 - Patch Antenna Diagram [1]
The dimensions for the patch antenna are essential to achieve the desired resonant frequency and an appropriate amount of gain for the antenna to operate well. The desired resonant frequency is determined by the first two digits of the student number which is 2.1GHz. The dimensions of the substrate, relative permittivity, relative permeability and port impedance are given in the brief. These are 1.6mm (height), 70mm (width and length), relative permittivity of 4.4, relative permeability of 1 and a port impedance of 50 Ohms. As seen in figure 1 the width and length of the patch antenna still need to be calculated and to do this the equations below are used.
[bookmark: _Toc167281447]Width:
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Equation 1 - Width of Patch Antenna [1]
Using equation 1, the calculated width for this antenna is therefore 0.04347m or 43.47mm.


[bookmark: _Toc167281448]Length:
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Equation 2 - Length of Patch Antenna [1]
Using equation 2, the calculated effective relative permittivity is 3.6645. Using that value the length of the patch antenna is calculated using equation 2 and equals 0.03581m/35.81mm.
[bookmark: _Toc167281449]Feedline:
The feedline is also an important part to consider when designing an antenna as if the impedance of the feedline doesn’t match the impedance of the antenna it can drastically affect the performance of the antenna. There are a few approaches to matching the impedance to the antenna:
· Quarter wave length transmission line [2]
· Inset feed [2]
· Coupled feed [2]
The optimised antenna made use of an inset feed approach to impedance matching. By making the inset slot length 1/8th of the operating wavelength you can reduce the impedance by 50% and therefore this method can be tuned to achieve the best results [2].
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[bookmark: _Toc167281451]Calculated Dimensions:
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Radiation Pattern:
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S11 Parameter:
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[bookmark: _Toc167278716][bookmark: _Toc167278798]Figure 6 - Simulation Design with Inset Feed
Using the calculated dimensions as a baseline the antenna was further optimised with a different approach to the feed line as well as the dimensions used. With the desire to make the resonant frequency closer to the operational frequency as well as reducing the amount of power reflected back to the input. 
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S11 Parameter:
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As seen in figure 5 the calculated dimensions didn’t yield a very good S11 parameter in regards to matching the antenna to the calculated operational frequency and the overall return loss/power reflected back. For the calculated antenna the resonant frequency is 1.9350 GHz with a value of -8 dB reflected power back to the input. This is not a great value as -10dB is considered an acceptable value of reflected power for the antenna to be operational as only 10% of the power is reflected back. For the calculated dimensions of the antenna a value of -8dB reflected power is quite poor in regards to reflected power. This can be fixed by adjusting the length of the antenna and matching the impedance of the antenna to the feedline [3].
Another set of simulation result were done using a different approach to the feedline as well as fine tuning the length of the antenna so that the resonant frequency better matches the desired operating frequency calculated by the brief. As seen in figure 11 the tuned dimensions and modified feedline provided very good S11 parameters in regards to the matching the antenna to the operational frequency as well as reducing the amount of power reflected back. For the tuned dimensions the resonant frequency is 2.1008 GHz with a value of -29.93 dB reflected power back to the input. This is substantially better as the resonant frequency is much close to the operational frequency and has far surpasses the acceptable threshold of -10 dB and will have a very minimal amount of power reflected back.
These changes made from the initial patch antenna will drastically improve the performance of the antenna as not only will it increase the gain but the overall antenna is now perfectly matched to the operational frequency. By trying to match the impedance of the feedline and the antenna you can see that the overall amount of reflected power is reduced and by fine tuning the dimensions of the antenna it has shown that it will better match the resonant frequency to the operational frequency. This therefore means the overall performance of the antenna at 2.1 GHz is much better.
[bookmark: _Toc167281454]Conclusions:
In conclusion, calculating the dimensions of the antenna, using the equations [1,2], is not sufficient enough for it to perform well. It will place the resonant frequency close to the operational frequency but will not perfectly match it. The feedline dimensions and design also make a substantial impact on how much power is reflected back to the input. Without trying to match the antennas impedance to the feedline it clearly shows in figure 5 that the antenna is reflecting back too much power to the input as it only achieves a value of -8 dB which isn’t enough to be considered an operational antenna. This is because if the impedance of both the antenna and feedline aren’t matched standing waves are induced which in return means that the antenna isn’t very efficient in radiating the majority of the power through the patch.


[bookmark: _Toc167281455]Task 2 – MATLAB Antenna Designs:
[bookmark: _Toc167281456]Background Research:
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Impedance of an antenna is calculated using this formula:
[image: ]
Where Z is impedance, R is resistance and X is reactance
Equation 3 - Impedance Equation [4]
Impedance is the measurement of an AC circuit’s overall resistance [5]. Impedance is similar to resistance but also considers the effect of inductance and capacitance and changes with the frequency [5].
[bookmark: _Toc167281458]S-Parameters:
The S11 parameter shows the return loss of an antenna which means it shows how much of the power is reflected back to the input [6]. A value of -3dB indicates that 50% of the power is being reflected back, a value of -10 dB indicates that 10% of the power is reflected back and this is an acceptable amount [7].
[bookmark: _Toc167281459]Radiation Patterns:
The polar plot shows the radiation pattern and gain of an antenna. This is useful as it shows the direction that the antenna radiates which can be used to determining possible use cases and applications for that antenna. The radiation pattern can be displayed in either the elevation or azimuth plane or it can be combined to view a 3D view of that antenna. Each antenna will have a specific radiation pattern requirement depending on its application. This can include omnidirectional, directional or bidirectional and each is suited for a particular use case.


[bookmark: _Toc167281460]Cylindrical Dipole:
[bookmark: _Toc167281461]Simulation Results:
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Operating Frequency:
The operating frequency used to design this antenna is determined by the second digit of the student number, as mentioned in the assignment brief, which is 1 GHz. The optimal dimensions were calculated by MATLAB but after obtaining the S11 parameters, the antennas design doesn’t exactly match that operating frequency. Therefore, the results show that the antenna is better matched at 0.96 GHz not the chosen operating frequency.
S-Parameters:
As seen in figure 14 the S11 parameter for the cylindrical dipole is around -12 dB at a frequency of 1 GHz. This value is therefore an acceptable but not preferred amount as it indicates that less than 10% of the power is being reflected back to the input. The reason why the S11 parameter isn’t perfectly centred around the operating frequency is because the calculated dimensions of the antenna are slightly off and require fine-tuning to improve performance. 
Radiation Pattern:
As seen in figure 17 the radiation pattern shows that this antenna is omnidirectional which makes sense as it is a dipole. The azimuth plane shown in the figure 15 is hard to tell whether or not the antenna can be considered isotropic or omnidirectional. That is why from the elevation plane in figure 16 you can see the radiation pattern and the “donut” shape showing that it is omnidirectional


[bookmark: _Toc167281463]Folded Dipole:
[bookmark: _Toc167281464]Simulation Results:
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[bookmark: _Toc167278732][bookmark: _Toc167278814]Figure 22 - Polar Plot Elevation Plane
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Operating Frequency:
The operating frequency used to design this antenna is determined by the first three digits of the student number divided by 2, as mentioned in the assignment brief, which is 105.5 MHz. The optimal dimensions were calculated by MATLAB but after obtaining the S11 parameters, the antennas design doesn’t exactly match that operating frequency. Therefore, the results show that the antenna is better matched at 103.8 MHz (resonant frequency) not the chosen operating frequency.
S-Parameters:
As seen in figure 20 the S11 parameter for this antenna is around -3.1 dB at a frequency of 105 MHz. This value is very poor as approximately 50% of the power is being reflected back to the input. The reason why the S11 parameter isn’t perfectly centred around the operating frequency is because the calculated dimensions of the antenna are slightly off and to fix this the dimensions can be altered to better match the resonant and operational frequencies.
Radiation Pattern:
The radiation patter for this antenna, shown in figure 23, is omnidirectional similar to the cylindrical dipole. The nulls are only on different axis as the antenna itself was designed on a different axis.

[bookmark: _Toc167281466]Horn Antenna:
[bookmark: _Toc167281467]Simulation Results:
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Operating Frequency:
The operating frequency used to design this antenna is determined by the third and fourth digits of the student number divide by 2, as mentioned in the assignment brief, which is 7 GHz. The optimal dimensions were calculated by MATLAB but after obtaining the S11 parameters, the antennas resonant frequency doesn’t exactly match that operating frequency. Therefore, the results show that the antenna is better matched at 6.98 GHz not the chosen operating frequency.
S-Parameters:
As seen in figure 26 the S11 parameter for the antenna indicate a magnitude of -27.29 dB at a frequency of 6.98 GHz. This value is therefore very good as it surpasses the acceptable threshold of -10 dB which indicates that less than 10% of the power is being reflected back to the input. The reason why the S11 parameter isn’t perfectly centred around the operating frequency is because the calculated dimensions of the antenna are slightly off.
Radiation Pattern:
The radiation pattern seen in figure 29 are clearly very different from the previous antennas. This is because a horn antenna is designed to be highly direction and therefore has a high gain value of 15dB in a particular direction. You can also clearly see the side lobes, back lobe and nulls in figure 29. This isn’t present in the previous 2 antennas as they are omnidirectional meaning that the power is distributed evenly around the antenna.
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[bookmark: _Toc167281470]Simulation Results:
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[bookmark: _Toc167278744][bookmark: _Toc167278826]Figure 34 - Polar Plot Elevation Plane
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Operating Frequency:
The operating frequency used to design this antenna is determined by the second digit and third of the student number, as mentioned in the assignment brief, which is 11 GHz. The optimal dimensions were calculated by MATLAB but after obtaining the S11 parameters, the antennas design again doesn’t exactly match the operating frequency. Therefore, the results show that the antenna is better matched at 10.8 GHz not the chosen operating frequency.
S-Parameters:
As seen in figure 32 the S11 parameter for the antenna is around -6 dB at a frequency of 11 GHz. This value is quite poor for an antenna that is directional and therefore isn’t good enough to be operational as around 25% of the power is being reflected back to the input. The reason why the S11 parameter isn’t perfectly centred around the operating frequency is because the calculated dimensions of the are slightly off.
Radiation Pattern:
The antenna’s radiation pattern, shown in figure 35, is also directional but performs worse than the horn antenna as you can see the side and back lobes are more prominent and therefore less power is being directed in the right direction. This statement is supported by the peak gain value of 10.84 dB as seen in figure 34.



[bookmark: _Toc167281472]Enhancing Antenna Performance:
In regards to the S11 parameters of these antennas, a common issue is that some of them don’t perform very well as they have a large amount of power being reflected back to the input. This is largely due to the impedance of the antenna and how closely matched it is to the feedline/input. For these simulations an input impedance of 50 Ohms is given and therefore you want to match the antenna as close to that value as you can get to reduce the number of standing waves and return loss.
Another issue that all of the simulated antennas had is that the resonant frequency and operational frequency do not exactly match. This is likely because the calculated length of the antenna in MATLAB is not fine-tuned to match the operational frequency. A solution to better match the S11 parameters to the operational frequency would be to run the optimising feature within MATLAB this will test multiple lengths of the antenna until the resonant frequency better matches the operational frequency. This will result in the resonant frequency being matched with the operating frequency and will reduce the amount of power being reflected.
Depending on the desired use case for the antenna, will determine what radiation pattern is ideal. Omnidirectional antenna will be favoured when you need to be able to receive and transmit in all directions and having a radiation pattern that covers a large area is perfect for this. However, the nulls generated by these radiation patterns will affect how well the antenna transmits/receives on those particular axes. On the other hand, having directional radiation patterns like the helix and horn provide really high gain and therefore reliability and integrity of the signal is improved but only in that specific direction. As an example, an omnidirectional antenna is ideal for wireless communication as it will have a large coverage to transmit and receive but less applicable for satellite communication as highly directional antennas are needed as it needs more gain on the antenna to establish a stable connection without losing data.

[bookmark: _Toc167281473]Helix Array Antenna:
[bookmark: _Toc167281474]Simulation Results:
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The main benefit of using array antennas is the increased gain from multiple antenna elements constructively interfering with each other. This increase in gain can be seen when you compare the results in figure 40 with 35. Another benefit of using array antennas is that it can be used to electronically steer the beam by adjusting the phase of specific antenna elements. This can be actively driven or passively driven.

[bookmark: _Toc167281476]Conclusion:
In conclusion, it is quite clear that using MATLABs antenna design application is not perfect. In all the simulated antennas the resonant frequency was not the same as the required operating frequency. For some cases MATLAB’s calculations were very far off and would require manual calculation of the dimensions in order to achieve good results. Some of the antennas designed using MATLAB also had very large amounts of power being reflected back to the input (as seen in the S11 Parameters) which would cause further issues to the performance of the antenna.
With those issues being identified it is important to discuss how to manage them. The first solution to the resonant frequency issue is to utilise the optimisation tool that MATLAB provides which will vary the dimensions of the antenna and record the results and select the best options. Another method would be to manually edit the dimensions until you see improved results.
It is important to select antennas based on the desired application as the radiation pattern that it produces will heavily influence what it can be used for. As explained above, different radiation patterns and features are used for different use cases. Highly direction antennas with high gain are perfect for transmit and receive capabilities where it needs a large amount of power that can be a traded off for an antenna with high gain as it is better at directing the power in a particular direction. 
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