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[bookmark: _Toc167229964]Abstract
Herein this report shall investigate the application, design, along with their accompanying boons and banes. This report shall examine the design of; a microstrip patch antenna, Cylindrical Dipole, Folded dipole, Horn antenna and Helix antenna. These will then be analysed for their appropriate application and best suited strengths and weaknesses regarding factors such as gain and relative directional signal strength. Additionally, the helical design shall be utilized in aid of demonstrating the function of an array system, featuring a 3x3 design with an assessment of its function compared to freestanding systems.
[bookmark: _Toc167229965]Introduction 
Amongst the features of a system, few are as characteristically defining to a radio frequency (RF) system as that of the antenna. Forming one of the most fundamental components of a system. With designs ranging from the humble monopole to the more unconventional clover and sinuous, the design methodology seems to allow for an unending plethora of designs for increasingly niche and narrow purposes. This increasing specialisation of hardware results in a fairly simple logical query, “To what are these more conventional antennas best suited?” While the specific use case of certain systems has evolved, it is undeniable that some of these older and more simple antennas hold significant influence in the modern[1] and in some cases the more antiquated ages of radio[2]. This report shall seek to investigate the application of some of these most prominent designs along with some of their less optimal applications in the process. The exact examples explored shall be simulated in various simulation software to supplement the mathematical theory as to build a more complete image of the defining features of each design.
The foremost of these investigated shall be that of the Patch antenna, which differs from the alternates used herein due to its application being much more limited to small-form radio systems, while the larger dipoles would be used on much longer range, large-form systems. As such it shall be necessary to analyse them with separate criteria and compare their relative functions, as opposed to a flat observational method.
[bookmark: _Toc167229966]Expectations and Research
In order to best analyse the function of a radio system, it is first required to be aware of the expected results of the antennas due to be investigated, the following section investigates the particular properties and functions of these antennas to build a profile for each, which then outlines the properties that should then be observed in the appropriate simulations.
These shall attempt to establish, among other things, the directionality, typical use case and radiation patterns, the latter of which will be most practically applied to further comparisons, however it is of note that each feature of an antenna is critical to its function and, although some aspects may not be investigated to the same depth, their relative omission in no less necessary.

[bookmark: _Toc167229967]Microstrip Patch Antenna (MPA)
One of the most obvious features of a patch antenna is its radiation pattern, due to it existing almost in a two-dimensional environment as far as transmitting is concerned, the radiation pattern should look similarly to that of figure 1. This is primarily characterised by the inclusion of a directional, albeit with a rather wide primary lobe. This creates quite an obvious pattern that is unique to the MPA in a significant sense.  Additionally, it is reasonable to expect a two-dimensional radiation pattern plot to like remarkably alike to the observed pattern due to the simple nature of the antenna[3]
[image: A diagram of a sphere with a diagram of the same color
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Figure 1, Above, 3D radiation diagram of a patch antenna[3]

[bookmark: _Toc167229968]Cylindrical Dipole
The cylindrical dipole also has a very prominent and notable radiation pattern. Due to the simple design concept, it would be expected that the simulated radiation pattern should resemble an almost perfect isotropic template. With the only nulls being present on the extreme ends of the spherical pattern, this creates a structure that looks hollow at a glance[4]. While having less unique recognisable features than the aforementioned patch antenna pattern, there is undeniably a simple pattern that should be easily recognisable in the event that classification be necessary. While actual cylindrical dipoles rarely perform to create such a perfect pattern in practice, the theoretical – and thus simulated model assuming no additional factors, should almost identically match the image seen in figure 2[5].
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Figure 2, Above, 3D radiation diagram of Cylindrical dipole
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The folded dipole should act similarly to the cylindrical dipole in most effects, with the main difference between the two being that the axis of the nulls is shifted by a factor of 90 degrees. The similarity of the two dipoles examined herein could pose problems if not analysed particularly enough in the three-dimensional plane, however, in the azimuth projection, the similar pattern is obviously different due to its orientation. Provided that this is correctly considered, the azimuth in figure 3 should create a good enough signature to work from in either a two or three-dimensional plane[6].
[image: Folded Dipole]
Figure 3, Above, Azimuth plot of a folded dipole

[bookmark: _Toc167229970]Horn Antenna
Horn antennas have a unique signature. Not only with reference to their design mechanically, but also their subsequent radiation pattern. This is well characterised by the various secondary lobes with points of null between them, all of which coalesce in the primary lobe. This should then result in a clear classification and a high relative ease of study due to the unmistakable nature of a correctly designed horn antenna[7].
[image: Radiation pattern of an horn antenna with aperture of 165x175mm and length 415mm at 5.35GHz.  ]
Figure 4, Above, Antenna and 3D radiation pattern of a Horn antenna

[bookmark: _Toc167229971]Helix Antenna
The helical antenna features a relatively complex physical design, with a concentric spiral pattern around  a single axis point anchor, the helical design features. A radiation pattern follows a pattern resembling a series of overlapping secondary lobes with more of a null in between the primary and adjacent secondary nodes. The pattern of the azimuth and radiation plot are again very identifiable and should lead to quick identification of any unintended design features or otherwise sub-optimal design features, though the actual implementation in the physical sense will almost undeniably differ from the theoretical.
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Figure 5, Above, 3D radiation plot of a helical antenna

[bookmark: _Toc167229972]Demonstration – Microstrip Patch Antenna
[bookmark: _Toc167229973]Implementation
The implementation largely follows the requirements outlined in the requirements document, stating that the operating frequency should be 2.1GHz and feature a substrate of 1.6mm in depth. While the requirements for the ground and patch were defined to be perfect conductors and ground respectively, while maintaining a relative permittivity of 4.4. This was then applied to the following mathematical formula to define the dimensions of the patch.
  
 
This then results in the width and length equating to 43.44mm and 33.7mm respectively.
Due to the lack of specificity in the brief, complete authority was assumed over the delegation of unmarked variables with largely arbitrary numbers selected within reasonable bounds. This primarily included the dimensions of the gap and feed line. This resulted in the design observed in figure 6.
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Figure 6, Above, Patch antenna design
[bookmark: _Toc167229974]Analysis
The analysis largely orients itself around two primary expected observations, that of the radiation pattern and that of the Resonant frequency, following a sweep from 1GHz to 8Ghz, it was possible to observe that the system, as expected, has multiple resonant points, with the highest being that of approximately 6.05GHz. This, while suboptimal in typical considerations, is to be expected when performing a sweep on such a wide range of frequencies, whereas figure 7 presents what appears to be a sporadic plot, a reduction in sweep size reveals exactly what is expected of the antenna, as can be observed in figure 10. Thus, while figure 10 acts as a demonstration of function more effectively than figure 7, figure 7 demonstrates the expected function of a patch antenna when operated well beyond its intended frequency[8].
In the cases of figures 8 and 9, the observed 3D polar plot of the radiation pattern is, too, in keeping with the expected pattern as established in research, while differing slightly due to the high frequency that it operates along, it nonetheless has the same oversized primary lobe with small, almost unobservable secondaries and rear lobes.[image: ]
Figure 7,  Above, 1 to 8GHz S parameter plot for patch antenna
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Figure 8, Above, Patch antenna with 3D radiation plot
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Figure 9, Above, 3D radiation pattern for patch antenna
[image: ]
Figure 10, Above, S parameter graph for patch antenna

[bookmark: _Toc167229975]Demonstration – Cylindrical Dipole
[bookmark: _Toc167229976]Implementation
Cylindrical dipoles are relatively simple to design compared to more complex antennas, with a central point for the feed, which features the antenna attached to it in two parts, resembling a cylinder, the design was simple enough to conceive. The requirement for the implementation was that it operate on a 1GHz frequency. The material utilised was assumed to be a perfect conductor.
The mathematics was additionally simple, comprising only of the following equation divided by 2, on account of the two elements in a dipole. This resulted in a measurement of 149.9mm.
 
[bookmark: _Toc167229977]Analysis
[image: A graph of a yellow line

Description automatically generated with medium confidence]Initial testing deemed that the prior calculations equated to a good approximation but did not produce the accuracy desired. As such, iterative testing demonstrated that, with a width of wire with radius 2mm, a reliable operating frequency of 1GHz was attained at 136mm in length or 68mm per element.Figure 11, Above, antenna design diagram for cylindrical dipole.
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Figure 12, Above, S parameter graph for cylindrical dipole. 
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Figure 13, Above, Radial plot for the cylindrical dipole
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Figure 14, Above, 3D radiation diagram for cylindrical dipole
This is a an almost perfect result, a well matched operational frequency as gauged from S Parameters and a perfect radiation pattern matching exactly with expected results [4]. The most critical point to retain here is that this result would likely be unachievable in real, physical terms, due to the perfect assumptions made in these simulations. So, while it is possible to note this antenna as perfect for 1GHz transmissions where isotropic radiation patterns are preferred, such as amateur radio, it would almost certainly fall short of the observed trends and their accuracy in this model.
[bookmark: _Toc167229978]Demonstration – Folded Dipole
[bookmark: _Toc167229979]Implementation
The folded dipole is not too dissimilar in function to that outlined in the cylindrical dipole, mostly seeing use as a component within Yagi-Uda antennas but also having uses previously mentioned, but largely being avoided due to their relative complexity where an alternate dipole would suffice. The equations taken to implement this are rather more complex than their dipole alternatives, also. However, it was largely taken in this instance to be calculated as a matter of ratios to previously established dimensions for alternate frequencies[9]. The final dimension used in simulation are a 1300mm cable with 19mm of spacing (B in figure 15) and 14mm of width to allow a operational frequency of 105.50MHz.
[image: A diagram of a food chain
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Figure 15, Above, Rough Diagram of folded dipole structure for calculating values
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The resultant design created an equally well modelled one as the first dipole, except with fewer iterations needed to further increase the accuracy. Towards the intended operating frequency. The radiation plots look exactly as expected with minimal variation. By all metrics this design is also exactly what research had predicted it to be, a copy of the prior dipole on a differing axis. Due again to the perfect conductor and exact measurements only attainable in theory. As such it is again prudent to note that the results achieved are likely only possible to attain in the theoretical, however, this does also mean that little is possible to improve as, short of increasingly exact measurements following the exact formulae for the folded dipole, little could be improved.
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Figure 16, Above, Design diagram for a folded dipole
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Figure 17, Above, S parameter plot for folded dipole centred around 105
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Figure 18, Above, 3D radiation pattern diagram for folded dipole
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Figure 19, Above, Radial plot for folded dipole at 105.5 MHz
[bookmark: _Toc167229981]Demonstration – Horn Antenna
[bookmark: _Toc167229982]Implementation
The Horn or in the case Pyramidal Horn Antenna is a more focused design than those previously explored in this report, largely utilised in measurement or long range, line-of-sight based communication systems. The many dimentions at play in the horn antenna make it particularly troublesome to manually calculate the vast majority of its many design complexities. Thus this report elected to utilise 3rd party code packages to allow for this to be calculated, which were then checked approximately using repeated application of the Pythagorean theorem. This largely took place following dimension calculations of the top and side planes of the horn, taken as three sides of a cuboid and two right angle triangles in both planes. 
These approximations resulted in the following variables.
Flare length = 80mm, Flare width = 110mm, Flare Height = 97mm, Base length = 55mm Base Width = 44mm Base height = 20mm 
With a feed characterised with a height = 12mm and a width of 1.4mm.
It is also noted that these results are the combination of processed results combined with this author’s own approximations, as such they would not be as perfectly accurate as the other systems previously observed due to the mathematical complexity.
[bookmark: _Toc167229983]Analysis
The resulting design produced some close to optimal results, in figure 21 it is possible to observe a very precise operational frequency and, while not perfectly set to the desired 6GHz, it does operate in a very close proximity and, with some iterative testing and refinement, it would be possible to focus this point closer towards the 6GHz mark. An unfortunate side effect of this is that, in its current state, this antenna would have a very low efficiency at the 6GHz and is instead far better suited to operation towards the 5.8GHz mark. Unlike the dipoles before, the gradient of S parameters is dramatically sharper here and does therefore create a noticeable problem without adaptation, however, by parameterising and iterating the designs it could well result in an incredibly precise theoretical design. The radiation pattern does undeniably also resemble the expected as observed from the research section.
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Figure 20, Above, Horn antenna design diagram
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Figure 21, Above, S parameter graph for horn antenna centred near 5.8GHz
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Figure 22, Above, 3D radiation diagram for Horn antenna
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Figure 23, Above, Radial plot for Horn antenna at 6GHz
[bookmark: _Toc167229984]Demonstration – Helical Antenna
[bookmark: _Toc167229985]Implementation
The Helical antenna is a design that largely sees use in large microwave-based communications systems, such as satcom and other orbital communication[10]. One of the main differences to the other examined antennas is that the Helical has a left- and right-hand component depending on the orientation of the spiral, typically resulting in the convention of a left handed spiral resulting in transmission and a right handed resulting in reception. Due to the complexity and somewhat intimidating nature of the helical array, the exact mathematical formula comprises of a repeated section for each turn plus additional fixed equations. Thus, a large component of this design was generated through iterative methods.
The dimensions of the system are as follows:
Radius = 6mm, Width == 0.25mm, Spacing = 8mm, feed height = 1mm, ground radius = 17mm turns = 6.

[bookmark: _Toc167229986]Analysis
The Helical Antenna is a peculiar antenna to analyse, while it is undeniable that it functioned fairly well and recognisably as a helical antenna, the S parameters observable in figure 25 present the unique challenge that accompanies working with this particular design. That being the multiple resonance points. While inevitable with an antenna essentially comprised of stages, the exact impact of dimensions can be hard to assess due to its cascading impact. In this case, however, the antenna works incredibly well and precisely on the intended 11GHz frequency, with even better performance around the 11.6GHz mark and reduced but still noticeable around the 10.3GHz mark. Thus, it is possible to determine that this design does function well given its objective.
[image: A graph of a spiraling spring

Description automatically generated with medium confidence]
Figure 24, Above, Helix antenna design diagram
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Figure 25, Above, S parameter graph for a six-turn helical antenna.
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Figure 26, Above, 3D radiation diagram for six-turn helical antenna.
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Figure 27,Above, Radial diagram for a six-turn helical antenna
[bookmark: _Toc167229987]Array Application
In addition to standard application, it isn’t uncommon for antennas to be station in array compositions. operating at approximately 11GHz, following similar numeric values as the above helix, the array configuration is generally used when either the receptive area needs to be increased or the antennas transmit in such a way that the interference amplifies a certain quality. In the case of these helixes, it is observable in figure 30 that the constructive interference creates a greater directivity while the destructive creates a narrower spread of the secondary and primary lobes, thus in this case, it is likely that the array configuration greatly increases the performance of the system as a whole.

Figure 28
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Figure 29, Above, 3D radiation plot of a 3x3 six-turn helical array
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Figure 30, Above, radial diagram for a 3x3 six-turn helical array
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To conclude, it is possible to draw from the above investigations that each antenna undeniably has it strong points, well some excel at precision, some excel at the exact opposite and it is the understanding of their operation and appropriate environments that shape the world of radio frequency systems. While further explanations and research can certainly be conducted into the exact operation of these designs, the fact that this report successfully demonstrated these designs theoretically is one step towards a more in-depth application in the physical sense. Following this logic, despite the minor complications and adaptations that could undeniably be made to optimise given designs, it is nonetheless apparent that this report is successful in its endeavour to further document the function of these most critical of components.
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