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Introduction
Using ANSYS electronics software different antenna designs will be simulated tested and analysed, the analysis will determine if the model is valid and is working correctly as well as give details to what is happening along with radiation patterns showing how each antenna emits.
Task 1
Task 
Task one is to design a rectangular microstrip patch antenna, with a given frequency of 2.1GHz the patch would be made from FR4 epoxy. The ground plate would be 70mm by 70mm with the substrate hight of 1.6mm. the feed of the antenna would be through a lumped port with an impedance of 50Ohms. Both the ground plane and patch should be perfect electric conductors.
Calculating dimensions
To calculate the dimensions of the patch two equations are needed to work out both the width and the length of the patch. For width, this is w+c/(2fr√(er+1)/2)). C is the velocity of light, 3x10^8, fr is the operating frequency, 2.1GHz, er is 4.4 for FR4 epoxy, after subbing in these values in a width of 43.8mm is produced. Before the length can be calculated the efeff (effective relative permittivity) has to be calculated, this is ereff=(er+1)/2+((er-1)/2)(1/√1+12(h/w)) where h is the hight of the substrate (1.6mm) and w Is the width. Finally, to calculate length the equation used is L=c/2fr√ereff where again c is the speed of light, FR is frequency. Once all the values have been put in a length of 33.7mm is given. To ensure my calculations were correct is used a microstrip patch antenna calculator [1] which gave me the same values.
set up [image: A screenshot of a graph
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Using ansys electronics HSFF software, the model for task one was built. Start building with the ground plane at 70mm by 70mm the ground plane acts as a 0v refence point allowing for the patch antenna to emit, after a ground plane is built a substrate is next. The substrate would sit on top of the ground plate with the same width and length but has a height of 1.6mm.  To be able to emit, a patch is added on top of the substrate, using the above calculations it was determined that the patch would have to be 43.8mm by 33.7mm, this would allow for the patch to transmit at 2.1GHz. Once the patch is on top of the substrate a lumped port is used to transmit to the antenna from a source. The port was designed to sit on top of the substrate, it is 3mm thick. The most important step is ensuring that the cut is in the correct position and is subtracted from the patch rather than the port. The cut was designed to be 5mm thick and a length of 9.5mm. The cut is important as without the cut there is an impedance difference between the patch and the port, if the impedance is matched it allows for the antenna to emit at maximum power, and it also reduces signal reflection, meaning a better-quality antenna that is more reflective of what its designed to do. The last steps before analysis can be done is setting the correct materials for and around the patch antenna. A box is made around the antenna and should be made from air allowing for the antenna to emit into something rather than a vacuum. The ground and patch are then changed so that the material is made from a perfect electric conductor, giving it ideal and perfect properties with no imperfections. 
Findings
Analysis is done on the design of the patch antenna, to accomplish this the frequency is set to 2.1GHz and frequency sweeps are done starting from 1GHz increasing at 0.01GHz all the way to 8GHZ.  Once the simulation has run, two graphs can be produced one showing the resonant frequency and one showing the radiation pattern.
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Above is the S parameter plot which shows resonant frequency, there are 5 points of interest on the graph but point one (m1) is the most significant as it lies very close to 2.1GHz which is the operating frequency.
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The above image is the rE plot which is the radiation scale of the patch antenna showing where and how the antenna is transmitting.
Analysis
Starting with the resonant frequency as seen from the graph, there are 5 different points of interest. Point m1 shows dip with a trough at 2.085Ghz, this is very close to the resonant frequency showing the calculations were correct and the design is valid. However, point m2, m3 ,m4 and m5 would suggest there is a problem with the model, as they also show sudden drops possibly showing that the model has multiple resonant frequencies. The reason for the multiple frequencies could be caused by two things, the first is the design, although the design is a good representation of a antenna, there could be a few calculation errors, for example the cut is two small, this would cause discrepancies and would cause multiple resonant frequencies to occur, as the port and patch wouldn’t be impedance matched, therefore could lead to some slight problems, such as power loss causing the dips in gain at some frequencies. Due to the simulation using ideal materials, if this antenna were to be made the slight imperfections in the design would be worse and could corrupt the results even more. 
The second point to look at is the radiation pattern. Looking at the plotted rE graph the radiation pattern matches a typical patch antenna, this is another reason to validate the model. The radiation pattern starts at 0.65 at its lowest point and gradually builds outwards to reach its maximum of 10.30. the radiation pattern also shows that very little leaks behind the patch. The two reasons for this is the perfect ground plane, as it causes the radiation to be absorbed, thus losing its power to transmit in that direction. Secondly the substrate is also absorbing some of the radiation showing the model to be correct as very little radiation should leak backwards away from the patch.
Conclusion
To finish task one the model created is valid, due to the resonant frequency being very close and the radiation pattern being correct. However, a few improvements could be made, for example the cut could be slightly wider, this would correctly impedance match the patch and the port creating a better model, another important factor would be changing the material to a more realistic substance, this would decrease the effectiveness of the antenna and would shift the resonance frequency slightly, but would however give a better result allowing for better implementation if combined with another system.
Task 2
Cylindrical Dipole
set up
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The first thing that need to be determined is what length does the dipole antenna need to be. To calculate this L= 468(feet)/Frequency, then divide by 0.3048 to convert to meters. The frequency is 1Ghz giving an approximate length of 142mm. For the antenna a radius of 0.5mm was used with a gap of 1mm. Two cyders made of copper were placed on top of one another with the aforementioned gap, inside the gap a lumped port was placed allowing for the antenna to emit.
Simulations
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After simulations were run, two useful graphs were produced the first one is S parameter, which shows the resonant frequency or operating frequency, this can be used to validate the model. Using 1GHz as the frequency input of the dipole antenna the resonant frequency should be very close. As the plot shows mark 1 (m1) gives a reading of 0.982Ghz this is extremely close to one, validating the model. The discrepancy between the two could of caused because the model used copper for the antenna poles, copper isn’t ideal and has imperfections, making the model use ideal values which would most likely bring the 0.018GHz discrepancy closer. However, copper is more realistic to a real-world scenario as no matter how good the quality of the metal there will always be imperfections and limitations when using any material.
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The other image shows the radiation pattern in a 3d plane. The radiation pattern also is another reason to validate the model, this is because the radiation pattern of a dipole antenna has the same properties, making the model very accurate. The 3d model also shows how a dipole antenna radiates, as seen the tops of the two poles have very little radiation arising from them whereas the middle section has a very high radiation factor peaking at 5.37 demonstrating the use of the antenna, as ½ of the wave-length effects one side at a time allowing them to be rather small making them good for communication with high transfer speeds such as TV [2].
Conclusion
Although the model is valid, there could some improvements made to it, as when a higher frequency was tested it broke down and left a few different points where a resonant frequency could have been presumed. To improve the model the gap could have been more precisely calculated. However, calculating a better radius to a higher degree of accuracy would be best way to improve the model. Using more elements would give it a higher gain and the better way to improve it, another option could have been frequency matching the port this would however only slight improve the model.
Folded Dipole
[image: A drawing of a cube with a rectangular object
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set up
The operating frequency will be 302 MHz for the folded dipole.  Lumped Port is again used as the input for the folded dipole antenna. After doing calculations it was determined that using 302MHz as the resonant frequency, length A would have to be 173.2MM, length B would be 91.2MM, length C would be 364.7MM leaving length D as 182.4mm. The more important factor, however, is the how large the radius of the antenna would be and how big the gap is. These are the most important factor when designing a folded dipole antenna, as if these aren’t the correct size you will have a very different reason frequency, where as if the lengths are wrong then the difference won’t be quite as sever.
Findings
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The S parameter plot shows a resonant frequency of 271.8MHz this isn’t to far out of the 302GHz input frequency, this validates the model as correct, however, it does show some improvements that could have been made to better represent a model.
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The radiation field shown, displays a max gain of 2.13 at 180 reg of both the phi and the theta whist at -180,-180 the gain is the cut in half, however, the biggest cut in gain is on the top and bottom of the antenna, as this is where it radiates the least, by radiating nothing as it gets absorbed in other directions to bolster the power gains. The radiation pattern is correct when looking at folded dipole antenna thus validating the model.
Analysis
Looking at the gain plot there’s a slight lower gain than expected and the resonant frequency is slightly out, although both are valid for a folded dipole antenna, it does show the maths/ size of the antenna isn’t perfect and is the reason for these problems. To improve the model and make it closer to what would have been expected, a slight alteration in the length and gap size of the model would have to be performed, this should bring it closer to expected values. The best use case of a folded dipole antenna is as a feeder element for other antenna designs, such as a yagi or parabolic antennas [3], the reason folded dipoles are so good, in this application, is because of how easily they can be built and characteristics be changed, but the best reason they are used is because they can be easily stacked by or next to one another, as they can operate at different frequencies without to much interference making them useful in these designs.
Horn antenna 
For the operating frequency of the designed horn antenna is 5.5GHz
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set up
For the setup of the horn antenna a waved port is set up at the back, the metal was set to perfect conductor and around the horn air was placed and set to rad1, inside the horn air was also used allowing for it to transmit. For the back of the horn a box 30mm by 10mm box was used whist the front of the horn a 150 mm by 100mm box and the length of the box was set at 50mm. 
Findings
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For S parameters plot the sweep starts at 1GHz and a gain of -5dB as the frequency builds up the gain also increases, until point m1 where at 4.915Ghz the gain reaches a peak of 4.7684, just after this peak it suddenly drops to just under 0.15GHz later at 5.14GHz the gain reaches its lowest point and sinks to -9.7711, before rising again. As the model was built in the y direction this validates the model as this show the side lobes.
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Y parameter plot shows the gain emitting from the antenna and as seen the resonant frequency is at 4.1GHz, as the aim of the model was to get an operating frequency of 5.5Ghz, a frequency of 4.1GHz is far out, showing the dimensions of the horn are incorrect and should be improved.
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The Re plot does validate the model as a horn antenna radiation emits from the antenna is correct and emits in the same way as a horn antenna would.
Analysis
Looking at just the Y parameter plot it is clear that the model of the horn antenna is incorrect as the operating frequency it over 1GHz out, this difference is cause by the mathematical model isn’t correctly scaled thus giving the discrepancy, however, it does work as a model of a horn antenna, as the main use of a horn antenna is to transmit from waveguide into open space which is used for satellite communications [4] which the model does achieve.
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set up 
For the helix antenna 11GHz is used as the input frequency, after calculations using 12 turns the length of the coaxial should be 6.82mm the diameter should be 6.06mm and the total length should be 81.82mm the two most important parts of the helix are its diameter of 8.68mm and the size of the disc at 30mm.
Findings
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Plotting a gain graph, it is evident that the model is valid, as the max gain is pointing outwards of the antenna with a max gain of 13.8, from calculations the gain should be 14.57 this would suggest that the model is very close to what was predicted making the model true.
Analysis
Although the radiation pattern is correct when looking at the s parameter the operating frequency was off by .5Ghz this was caused by the coaxial cable being to large, thus it wasn’t impedance matched, accounting for the small gain loss whist looking at the antennas radiation pattern.
Array Antenna
Set up
The model produced for this part failed as it couldn’t hold, thus there isn’t any result to look at however analysis can still be done.
Analysis
The main use of an array antenna is for higher frequency, as it has a very direct radiation pattern, phased arrays are also very good as using more than one antenna, allows for more than one to be turned on at time, this can the control direction and thus power. By using this feature, it makes it highly effective at transmitting high frequency at high power, making it very useful for airborne applications, as well as communication at high speeds. The disadvantage of a phased array is that it has a very poor side lobes, however the bigger factor is its complexity, thus meaning higher costs to operate and maintain. For the maths behind this [5] has a great article.
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