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The purpose of this report is to synthesise and evaluate RF transmitter and receiver systems through the use of two types of modelling and simulation software. Each antenna must then be critically analysed with regards to the suitability of the given applications. 
The first task is to design and develop a microstrip patch antenna – using anasys modelling software – centred at 2.1GHz and analyse the antenna performance across the 1-8GHz range, the second task is then to use the MATLAB antenna design application to model and analyse multiple types of antennas, these include:
Diploe Antennas
Horn Antenna
Helix Antenna
Helix Array Antenna
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70x70mm Ground Plane and Substrate – 0.1mm and 1.6mm Thickness respectively.
Ground plane and patch material Perfect Electric Conductor material and Substrate FR4 Epoxy
Substrate relative permittivity 4.4 and relative permeability 1.
50Ohm impedance lumped port  connected to patch feed.

	–	Speed of light
	–	Resonant Frequency or Operating Frequency (2.1GHz)
	–	relative Permittivity of the dielectric substrate (FR4 = 4.4)
	–	Effective relative Permittivity
	–	Substrate height (1.6mm)
Patch Width [1], [2], [3], [4]

Effective Patch Length [1]

Effective Relative Permeability [1], [2], [3], [4]

Length Extension [1]

Actual Patch Length [1], [2], [3], [4]



These equations give the Patch dimensions as 33.73 x 43.47mm which can also be corroborated by online calculators from RF engineering sources such as Everything RF. [image: A screenshot of a calculator
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Figure 1 – Everything RF Patch Dimensions Calculator
Using the antenna theory webpage, the patch antenna was designed and the most common feed methods of these types of antennas could be investigated to establish the most effective feed line method. 
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Figure 2 – Microstrip Patch Antenna Design
This is the initial microstrip patch antenna design[5] which was tuned so that it resonated at 2.1GHz, this required me to shrink the patch length from 33.72793mm to 32.86mm. the design is shown above in figure 2 and the radiation pattern is shown below in figure 3 as a gain plot. The gain that can be achieved by this antenna is 2.3615dBi. 
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Jack Heeks		2111738
Figure 3 – Microstrip Patch Antenna Gain Plot	
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Figure 4 – Microstrip Patch Antenna 1GHz-8GHz Sweep
The sweep shown in figure 4 (above) was performed while testing the Patch antenna designed with the recommended dimensions as given by the calculations and online calculators. The S-Parameters displayed in this figure indicate that the Patch has a good response across the span with the strongest response sitting around 5.4GHz, however the bandwidth of each of the peaks is very narrow – tending to only be 200MHz wide in most cases. 
[image: ]
Figure 5 - Microstrip Antenna Designed with Recommended Dimensions
Figure 5 (above) shows the S11 value for the patch of the recommended dimensions given by the calculation and online calculators but as displayed on the graph the resonant frequency is not centred at 2.1GHz, therefore the patch length was decreased to 32.86mm to centre the frequency at 2.1GHz as shown in figure 6 (below). This change in patch length altered the S11 value increasing it back towards -19dB from -20.5dB.
 [image: A graph with red lines
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Figure 6 – 32.86mm Length Microstrip Patch Antenna 2GHz-2.2GHz Sweep
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Figure 7 – Inset Feed Patch Antenna Design
This patch design shown in figure 7 utilised an inset feed to improve the S11 value. One of the recommended inset lengths is an eighth of the wavelength, this would reduce the input impedance by 50%[6]. In the example given the inset length is a quarter of the length of the patch; however, the length which provided the optimal S11 value is 4mm (approximately 3% of the wavelength). The quarter length inset provides an S11 value of ~15dBi compared to the ~18dBi value achieved by the 4mm inset – decreasing the value by half (3dB).
[image: A rainbow colored oval object

Description automatically generated]
Figure 8 – Inset Feed Patch Antenna Gain Plot
Figure 8 shows the gain plot of the inset feed method forming the same shape and reaching a maximum of 2.4416dBi. This is for the 4mm inset; the quarter length inset gain plot provided a maximum value of 2.37415dBi.
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Figure 9 – L/4 Inset Feed Patch Antenna 1GHz-8GHz Sweep
Figures 9 (above) and 10 (below) indicate the differences between the two inset lengths. Each of the inset lengths provide different harmonic behaviours throughout the sweep; The quarter patch length inset (figure 9, above) provides a greater half harmonic value at 3.15GHz but reduces the second harmonic and the second and half harmonic is not present. However, this longer inset length does have a more fully formed 6-8GHz region when compared with the 4mm inset feed.

The 4mm inset feed patch sweep (figure 10, below) shows an improvement in the desired frequency response and second harmonic but has reduced peaks at the half harmonic regions and between 6 and 7.5GHz. However, the final peak at 7.8GHz shown in figure 10 is not present in figure 9. Despite the quarter patch length performing better over the frequency range the 4mm slotted patch performed greater at the desired frequency, as such this patch design was selected.
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Figure 10 – 4mm Inset Feed Patch Antenna 1GHz-8GHz Sweep
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Figure 11 – 4mm Inset Feed Patch Antenna 2GHz-2.2GHz
Figure 11 shows the greatest frequency response achieved by the patch; this was achieved during tests of the 4mm inset feed .
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Figure 12 – Quarter-Wave Transformer Patch Antenna Design
Figure 12 shows a quarter-wavelength feed patch antenna design. This method measures a quarter of the wavelength as the patch feed length to better impedance match the transmission line to the antenna. This feed method greatly improved the S11 value to -26.5dB – which is 7.5dB more than the standard, and 8.5dB more than the inset feed method.
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Figure 13 – Quarter-Wavelength Feed Patch Antenna Gian Plot
The gain plot shown in figure 13 peaks at 2.38717dBi which is greater than the standard feed method and the L/4 inset feed gain, but less than the 4mm inset feed patch. 
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Figure 14 – Quarter-Wavelength Feed Patch Antenna 1GHz-8GHz Sweep
This feed method provided greater S11 values for all the harmonics associated with this antenna and a more developed signal across the frequency range displayed. This feed method provides peaks more consistently below -9dB of reflection coefficient meaning the reflected wave is consistently ten thousand times smaller than the incident power.
[image: A graph of a function
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Figure 15 – Quarter-Wavelength Feed Patch Antenna 2GHz-2.2GHz Sweep
Figure 15 shows the greatest frequency response achieve by any of the modelled patch antennas that were designed, it is a 7.5dB improvement from the regularly fed patch and an 8.5dB improvement from the inset feed.
741words
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This task consisted of modelling antenna types on MATLAB, assessing the performance achieved, and evaluating any methods of optimisation for the antennas under test.
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Figure 16 – Cylindrical Dipole with Properties
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Figure 17 – Radiation Pattern (Gain)
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Figure 18 – Original Elevation Plot
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Figure 19 – Original Azimuth Plot
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Figure 20 – S-Parameters
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Figure 21 – Impedance


Dipole antennas operate between 3 kHz to 300 GHz for half-wave and full-wave dipole and 3 kHz to 30 MHz for short dipoles.[7] The dipole modelled is a half-wave dipole antenna with a conductor length of approximately 142.86mm (figure 16) for a resonant frequency of 1 GHz. The typical gain of a half-wave dipole is 2.15 dBi[7] which is similar to the 2.13 dBi value simulated in the radiation pattern plot shown in figure 17, the azimuth and elevation plots – figures 18 and 19 – also support this both display a value of 2.13 dBi.
Figure 20 shows the S-Parameters graph which indicates that antenna has a resonant frequency between 950 MHz and 1 GHz this indicates that the antenna length needs to decrease. By evaluating figure 21 the reactive and resistive components can be used to calculate the antenna impedance, a dipole antenna should have an impedance of 73+J42.5 [8] but as shown in figure 21 the impedance at 1GHz is approximately 80+J3 which falls outside the typically accepted range of dipole impedance[9]. In order to centre this antenna at the desired 1 GHz the conductor length needs to decrease due to impedance mismatches.
This antenna is close to being a good match for the intended purpose as the S11 magnitude is great enough that the majority of the power is not being reflected during operation, however the centre is not located at 1GHz meaning the performance at the desired frequency will not be optimal.
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Figure 22 – Folded Dipole
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Figure 23 - Folded Dipole Properties
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Figure 24 – Radiation Pattern (Gain)
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Figure 25 – Elevation Plot 
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Figure 26 – Azimuth Plot 
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Figure 27 – S-Parameters
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Figure 28 – Impedance
Folded dipole antennas operate over the 3 kHz to 300 GHz region[7]. This folded dipole model is a half-wave dipole with a conductor length of 1.42m (figure 23), this length is half the wavelength for 105.5 MHz, but figure 27 shows the S-Parameters indicating that the antenna is centred between 95 and 100 MHz. This suggests that the dipole length needs to decrease in order to increase its resonant frequency. The impedance components – shown in figure 28 – indicate the typical 300 Ohm feed resistance of folded dipoles[10] falls around 98 MHz, where the reactance component is negligeable.
The gain displayed in the radiation pattern (figure 24) is 0.15 dB greater than the cylindrical dipole at 2.28 dBi and has different 2D polar plots (figures 25 and 26) due to the antenna being modelled in a different plane cause each axis to measure the null region of the radiation pattern.
This modelled folded dipole is suitable for the frequency of operation but requires tuning before use. The desired operating frequency falls within the accepted range for antennas of this type, but the S11 values are not ideal due to the magnitude being so close to 0dB suggesting a lot of the power is being reflected.
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Figure 29 – Pyramidal Horn Antenna
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Figure 30 – Antenna Properties
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Figure 31 – Pyramidal Horn Antenna Dimensions Diagram
Using an online antenna designing tool the pyramidal horn antenna can be dimensioned. The resonant frequency is set at 5.5 GHz and the gain is set to the typical maximum value that a standard gain pyramidal horn antenna can achieve[11], the dimensions of the flared region are then calculated. 
The a and b measurements refer to the waveguide feed of the horn antenna, a1 and b1 are the width of the horn antenna opening in each plane, and the PE and PH measurements are the length of the flared region of the horn antenna.[12]
Figure 32 - Calculated Antenna Dimensions
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Figure 33 – Radiation Pattern (Gain)
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Figure 34 – Azimuth Plot
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Figure 35 – Elevation Plot
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Figure 36 - S-Parameters
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Figure 37 – Impedance


Horn antennas work in the UHF and SHF frequency ranges from 300 MHz to 30 GHz[7], using the dimensions calculated in the online calculator a horn antenna model is simulated. This antenna is centred at the desired operating frequency of 5.5 GHz which sits within the frequency range capable of horn antennas.
The gain achieved by the horn antenna is far greater than the omnidirectional wire antennas as the horn antenna produces a unidirectional radiation pattern, this gives a large gain value of 19.9 dBi (figure 33) and figures 34 and 35 show how directive the radiation pattern is in azimuth and elevation planes, the plots show the main and side lobes radiating the majority of the energy forwards with very little being radiated in the back lobe.
Figure 36 shows the S-Parameters of the antenna, this graph shows that the antenna is resonant at 5.5 GHz and figure 37 shows that at the centre frequency the resistive component is approximately 50 Ohms, and the reactive component is approximately 0 Ohms. Figure 36 also shows the band width of the antenna over the sampled range, which shows the antenna response magnitude as consistently below -12dB and dropping rapidly from 5.1 GHz to 5.8 GHz.
This horn antenna is perfectly suited to the use case as the operating frequency is correct and falls within the accepted range for the antenna type. This ensures that the S-Parameters of the modelled antenna ensure it is suitable for operation.

[bookmark: _Toc167200577]Helix Antenna

Using the online calculator the dimensions of the helical antenna are calculated to be 9.2mm diameter with a 6.8mm pitch, the conductor diameter is 0.55mm and the reflector diameter needs a minimum diameter of 21.8mm. these dimensions are calculated based off a resonant frequency of 11 GHz and a standard helix pitch of a quarter wavelength.[13]Figure 38 – Helical Antenna and Properties

The diameter measurement is combined with the conductor diameter to establish the radius needed for the model the width input is the conductor diameter of 0.00055m and the spacing measurement is the helix pitch of 6.81mm, and the radius of the reflector is 0.0169m given by the minimum diameter of 21.8mm from the online calculator.
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Figure 39 – Helix Antenna Dimensions Calculator
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Figure 40 – Radiation Pattern (Gain)
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Figure 41 – Elevation Plot
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Figure 42 – Azimuth Plot
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Figure 43 – S-Parameter
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Figure 44 – Impedance


Helix antennas operate in the VHF and UHF bands – 30 MHz to 3 GHz – therefore the simulated 11 GHz operating frequency is outside the typical range of this antenna type[7] as such the antenna does not operate efficiently but a radiation pattern is simulated and provides a directional radiation pattern with most of the energy being radiated from the main lobe and immediate side lobes the remainder of the energy is emitted as side lobes which are over 30 degrees from boresight and the back lobe of the antenna. The Azimuth plot shows the two main focus points of the radiating energy of the helix coil but as this plane is perpendicular to the radiating direction of the antenna the energy is not directed further from the coils.
The gain achieved by the modelled helix antenna is 13.2 dBi, this is greater than the 11.8 dBi which is indicative of the fact that the helical antenna is being designed at the wrong frequency. Figure 43 shows the S-Parameters of the antenna, however at this high frequency the response oscillates and has a small magnitude. This is the same for the impedance shown in figure 44 as the resistive and reactive components oscillate and vary by 100 Ohms each.
The helical antenna operating at this frequency is unsuitable for operation as frequency falls outside the accepted range for this antenna type and as such will have poor performance for the desired use case.
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Figure 45 – Helical Array Layout
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Figure 46 – Array Properties
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Figure 47 – Radiation Pattern (Gain)
This array was made up of 9 Helical antennas that were modelled previously, main alteration was the spacing of the helix elements in relation to each other. Having altered the spacing coarsely the best result was found to be 0.075m. This array layout gave a radiation pattern that was similar to the individual element in the elevation plane but did not produce a clean azimuth pattern as displayed in figure 49, this is likely due to incorrect element spacing and as such the azimuth plot shows a reduced radiated power level.
The 2D polar plots of the array (figures 48 and 49)  are similar to the individual helix antenna plots (figures 41 and 42), the shape and directionality of the elevation plane is similar with the majority of the radiated energy in the main and initial side lobe and the azimuth plot shows the two focal points of the helical conductor, but the radiation pattern is rougher.
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Figure 48 – Elevation Plot
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Figure 49 – Azimuth Plot
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Figure 50 – S-Parameters
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Figure 51 – Impedance
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The advantages of array antennas are improved signal strength, directivity, electronic beam forming and steering, much greater signal to noise ratio than individual element antennas, and arrays support better antenna performance.[14]
Array are utilised in telecommunications systems to improve signal quality and enhance directionally of the antenna and reduce interference from other systems nearby. In RADAR systems, arrays are used because of the electronic beam forming and steering capability allowing for directivity changes and area scanning of the main lobe. Arrays improve coverage and data transfer rates in wireless communication systems, and in radio astronomy they are used to improve the resolution of radio images.[15]
Overall, an array antenna has an advantage over individual antenna elements because of the increased signal strength, directivity and signal to noise ratio. The minor lobes are reduced in size thanks to the beam forming ability, which also allows for large gain to be obtained. The power wastage of the antenna system is reduced as an array compared to multiple antenna elements.[16]
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