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[bookmark: _Toc203504456]Introduction
The rapid progress in wireless communication has increased the need for efficient, specialised antennas across various frequency bands. Modern RF applications demand antennas with high gain, proper impedance matching, specific radiation patterns, and frequency-specific behaviour. This project studies different antenna designs and simulations to assess their performance and application suitability.
The frequency bands selected for this study are derived from the author’s student ID 2215832, spanning from 1 GHz to 21 GHz, covering significant portions of the L-band, S-band, C-band, X-band, and K-band frequencies. These bands are extensively used in satellite communications, radar systems, wireless networks, and emerging 5G applications.[1]
[bookmark: _Toc203504457]Main Report Focuses
The objectives of this report are to design and simulate a rectangular microstrip patch antenna operating at 2.2 GHz. Additionally, the report examines various antenna types such as dipoles, horns, and a helix across different frequency bands. It also investigates the performance characteristics of a 3×3 helix array antenna at 21 GHz.
[bookmark: _Toc203504458]Frequency Calculations 
Based on the author’s student ID (2215832), the following frequencies were calculated:
· Task 1 - Microstrip Patch Antenna - 2.2 GHz (1st and 2nd digits in GHz)
· Task 2a - Cylindrical Dipole - 2 GHz (2nd digit in GHz)
· Task 2b - Folded Dipole - 110.5 MHz (1st three digits divided by 2 and in MHz)
· Task 2c - Horn Antenna - 7.5 GHz (3rd and 4th digit divided by 2 and in GHz)
· Task 2d - Helix Antenna - 21 GHz (2nd and 3rd digits)
· Task 3 - Helix Array - 21 GHz (2nd and 3rd digits)
[bookmark: _Toc203504459]Literature Review and Background
[bookmark: _Toc203504460]Microstrip Patch Antennas 
Microstrip antennas emerged in the 1950s but weren't feasible until printed circuit board advances in the 1970s. Robert E. Munson created the first practical example, as documented by IEEE.[2] Today, they're common in wireless systems due to their low profile, lightness, and ease of RF circuit integration. They operate by forming a resonant cavity between the patch and ground plane separated by a dielectric substrate, with the patch size and substrate affecting the resonant frequency.
However, this only begins to explain the microstrip patch. The effective dielectric constant, introduced by Hammerstad and Jensen, considers fringing fields beyond the patch's boundaries and is vital for accurate dimensions.[3]

[bookmark: _Toc203504461]Dipole Antennas
Dipole antennas are well-known for their simplicity and serve as the standard for measuring antenna gain (dBi). A cylindrical dipole has better bandwidth than thin wire types due to its larger cross-section, reducing current variation. The folded dipole features a higher input impedance (about 300Ω), offering better matching and bandwidth.[4], [5]
[bookmark: _Toc203504462]Horn Antennas 
Horn antennas are often used as feed elements for reflector antennas and can achieve excellent gain measurements. Their design features a gradual transition from a waveguide to free space, ensuring good impedance matching and controlled radiation patterns. The dimensions of the horn directly influence the gain and beamwidth characteristics.[4], [5]
[bookmark: _Toc203504463]Helix Antennas 
Helix antennas operate mainly in two modes: normal mode (small circumference) and axial mode. In normal mode, the diameter and pitch (distance between turns) of the helix are much smaller than the wavelength (λ) of the signal. The helix behaves more like a short dipole or loop antenna, with radiation perpendicular to the helix's axis. The axial mode (where the circumference is either λ or a fraction of λ/4) provides circular polarisation and end-fire radiation, making it particularly suitable for satellite communication. The design parameters include circumference, pitch angle, and the number of turns, which collectively influence the antenna's performance.[4], [5]
[bookmark: _Toc203504464]Antenna Arrays
Array antennas combine multiple radiating elements to achieve enhanced performance characteristics, including increased gain, improved directivity, and pattern shaping capabilities.[4], [5]


[bookmark: _Toc203504465]Theoretical Calculations 
[bookmark: _Toc203504466]Microstrip Patch Antenna
To design the antenna, the following parameters have been set. 
· Operating frequency (f₀) = 2.2 GHz
· Substrate: FR4 epoxy (εᵣ = 4.4, μᵣ = 1)
· Substrate thickness (h) = 1.6 mm (a typical PCB depth)
· Feed impedance = 50Ω
Now these have been set the theorical calculations can be solved. 
For the patch width[3]

Where:
C = velocity of light
 = resonant frequency or operating frequency
= relative permittivity of the dielectric substrate
Therefore


However, to calculate the patch length, the effect of the fringing field must be accounted for and calculated. Most of the radiation is due to the open edges of the patch rather than the surface currents. As these fields extend into both the dielectric and air, the effective relative permittivity must first be determined. This is calculated as follows.


Where
 relative permittivity of the dielectric substrate 
 = height of the substrate
 = width of the patch


Therefore 




These fringing fields also affect the electrical length of patch antennas, effectively making them longer than their physical size. Therefore, this length extension also has to be calculated.  [3]



The patch length is defined as the effective length minus twice the length extension, effectively accounting for both edges of the patch. 

This can be combined into the following.



Therefore






Now that the size of the patch is known, the ground plane size can also be calculated. This follows the following formulas. 


Where
 Length of the ground plane 
 Width of the ground plane 
 = height of the substrate
 = Length of the patch
 = width of the patch
Therefore 



Now that all the dimensions are known, it is possible to create the antenna and model it in a high-frequency simulation software (HFSS).







[bookmark: _Toc203504467]Results
[bookmark: _Toc203504468]High-Frequency Simulation - Task 1
The microstrip patch antenna simulation was conducted using CST as a HFSS with the following parameters:
· Solution frequency: 2.2 GHz
· Frequency sweep: 1-8 GHz 
· Excitation: Lumped port with 50Ω impedance
[bookmark: _Toc203504469]MATLAB Simulation - Tasks 2 & 3
See the attached MATLAB live script in the Appendix
[bookmark: _Toc203504470]Analysis
[bookmark: _Toc203504471]Task 1 - input matching performance
The performance of the designed microstrip antenna was evaluated using three key metrics, the reflection coefficient (S11), voltage standing wave ratio (VSWR), and input impedance (Z11). The target design frequency was 2.2 GHz.
[bookmark: _Toc203504472]Reflection Coefficient ( S₁₁ ) 
The S₁₁ plot shows the antenna's matching from 1 to 8 GHz. The S₁₁ parameter measures reflected power, with a dip near 2.2 GHz at -10 dB, meaning 90% transmission and 10% reflection. Deeper notches at 3.4, 4.2, and 6.6 GHz indicate higher-order modes. The dip size at 2.2 GHz suggests good tuning at that frequency. Figure 2- Microstrip Patch Antenna S11 Plot
[bookmark: _Toc203504473]VSWR (Voltage Standing Wave Ratio)
The VSWR plot supports the S₁₁ results. Ideally, VSWR should be close to 1, showing perfect matching. At 2.2 GHz, the VSWR is about 2, which is acceptable for most practical antennas.[4]-[6] Below 2 GHz, VSWR is very high, indicating poor matching and strong reflections. Above 2.2 GHz, VSWR improves noticeably in some areas, with dips corresponding to the resonances seen in the S11 plot. This confirms that 2.2 GHz falls within an operational bandwidth where acceptable matching occurs. Figure 3- Microstrip Patch Antenna VSWR Plot
[bookmark: _Toc203504474]Input Impedance (Z11)
The antenna's input impedance across the frequency sweep shows around 50 Ω at 2.15 GHz, matching standard RF systems and observed S11 and VSWR behaviour. Peaks at other resonances (near 3.4 GHz, 4 GHz, 5.2 GHz) indicate mismatches. Impedance stays stable at 2.2 GHz, confirming a good match at the intended frequency.[4]-[6] Figure 4- Microstrip Patch Antenna Z Matrix Plot
[bookmark: _Toc203504475]Task 1 - Farfield Radiation Pattern Analysis
The radiation characteristics were evaluated through the farfield directivity plots of the simulations at three different frequencies: f = 1 GHz, f = 4.5 GHz, and f = 8 GHz. The results are presented as polar plots showing the directivity patterns in both the E-plane (Phi = 0°) and H-plane (Phi = 90°), as well as the elevation plane (Theta = 90°). This report will use the 1GHz frequency for the main discussion as it’s the closest to the 2.2GHz operating frequency.
[bookmark: _Toc203504476]E-Plane Radiation Pattern (Phi = 0°)
At f = 1 GHz, the antenna exhibits a relatively broad radiation pattern with maximum directivity occurring at θ = 61°. The pattern exhibits good symmetry, with no nulls in the radiation pattern. Figure 5- Microstrip Patch Antenna E Plane at 1GHz
[bookmark: _Toc203504477]H-Plane Radiation Pattern (Phi = 90°)
The H-plane pattern at f = 1 GHz demonstrates a characteristic figure-eight shape, typical of patch antennas. The radiation nulls occur at θ = 90° and θ = 270°, while the maximum radiation is observed at θ = 0° and θ = 180°. This pattern indicates good cross-polarisation performance in the H-plane.[4]-[6] Figure 6- Microstrip Patch Antenna H Plane at 1GHz
[bookmark: _Toc203504478]Elevation Plane Pattern (Theta = 90°)
The elevation plane cut shows azimuthal radiation at 1 GHz. It has two main lobes, with the primary lobe at 2.99 dBi at φ = 180°. The 3-dB beamwidth is 123.4°, indicating a broad pattern in the azimuthal plane. This broadness suggests good coverage but lower directivity than principal plane patterns. Figure 7- Microstrip Patch Antenna Elevation Plane at 1GHz
[bookmark: _Toc203504479]Frequency Response Characteristics
Comparing the three frequencies, several key observations can now be summarised. 
Pattern Stability
At f = 4.5 GHz (green curves), the radiation patterns show improved definition and higher directivity compared to the 1 GHz case. The main beam becomes more focused, and side lobe levels are reduced. Figure 7- Microstrip Patch Antenna Elevation Plane at 1GHz
Higher Frequency Performance
At f = 8 GHz (blue curves), the patterns become increasingly complex. Multiple side lobes appear, and the beam becomes narrower, which is typical behaviour for patch antennas operating at higher frequencies. Figure 11- Microstrip Patch Antenna E Plane at 8GHz
Beam Characteristics
The half-power beamwidth decreases with increasing frequency, indicating improved directional performance at higher frequencies, albeit with the noted increase in pattern complexity.
Pattern Symmetry and Cross-Polarisation
All three frequency cases show good pattern symmetry in the principal planes, indicating proper antenna design. Cross-polarisation levels are acceptably low, with the H-plane showing null directions typical for a linearly polarised patch antenna. The results confirm that the microstrip patch antenna performs well from 1GHz to 8 GHz, providing good directivity and pattern characteristics for communication applications.[4]-[8]


[bookmark: _Toc203504480]Task 2 – MATLAB Results
This section shows simulation results for four antenna designs: cylindrical dipole, folded dipole, horn antenna, and helix antenna. Each was designed and optimised for specific frequencies from the author’s student ID (2215832), and their performance was analysed through S-parameter measurements and radiation patterns using MATLAB’s antenna toolbox.
[bookmark: _Toc203504481]Cylindrical Dipole Antenna
The cylindrical dipole antenna was designed for operation at 2 GHz, with performance evaluated across a frequency range of 1-3 GHz. The antenna geometry shows a traditional half-wavelength dipole structure optimised for the target frequency. Figure 1 - Cylindrical Dipole
S₁₁ Parameter Performance
The S₁₁ parameter plot reveals the antenna's impedance matching characteristics across the 1-3 GHz frequency range. The minimum S₁₁ value occurs at the design frequency of 2 GHz, indicating optimal impedance matching at this point. The bandwidth can be determined from the -10 dB return loss threshold, showing the usable frequency range for the antenna is approximately 1.8GHz to 2.1Ghz. Figure 5 - Cylindrical Dipole S11 Plot
Radiation Pattern Analysis
The azimuth and elevation radiation patterns demonstrate the characteristic doughnut-shaped radiation pattern typical of dipole antennas. The pattern exhibits maximum radiation perpendicular to the antenna axis with nulls along the antenna's longitudinal direction. The 3D radiation pattern confirms the omnidirectional behaviour in the horizontal plane with the expected figure-eight pattern in the vertical plane.[4] Figure 4 - Cylindrical Dipole 3D Farfield
[bookmark: _Toc203504482]Folded Dipole Antenna
The folded dipole antenna was designed for 110.5 MHz operation, with frequency response characterised from 50-200 MHz. This antenna type offers improved bandwidth and impedance characteristics compared to the simple dipole. Figure 6 - Folded Dipole
S₁₁ Parameter Performance
The S₁₁ measurements demonstrate improved bandwidth performance compared to a simple dipole. The folded configuration typically provides better impedance matching over a wider frequency range, as evident in the measured S₁₁ response, which shows a broader minimum around the design frequency. Figure 10 - Folded Dipole S11 Plot
Radiation Pattern Analysis
The radiation patterns exhibit similar characteristics to those of the cylindrical dipole, featuring the expected omnidirectional azimuth pattern and a figure-eight elevation pattern. The folded structure, therefore, provides enhanced impedance matching while maintaining the fundamental dipole radiation characteristics. Figure 7 - Folded Dipole 3D Farfield
[bookmark: _Toc203504483]Horn Antenna 
The horn antenna was designed for 7.5 GHz operation, with its performance evaluated across the 6-9 GHz range. Horn antennas are known for their high gain and directional characteristics, making them suitable for point-to-point communication applications.[4] Figure 11 - Horn Antenna
S₁₁ Parameter Performance
The S₁₁ parameter analysis shows the impedance matching characteristics across the 6-9 GHz range. This confirms that horn antennas typically exhibit good impedance matching over a broad bandwidth, as seen in the measured S₁₁ response with acceptable return loss levels from the 6.5 GHz to 9 GHz frequency range. Figure 15 - Horn Antenna S11 Plot
[bookmark: _Toc203504484]Helix Antenna
The helix antenna was designed for 21 GHz operation, representing the highest frequency antenna in this study. The performance was evaluated across the 19-23 GHz frequency range, with reduced frequency points (50), to manage computational complexity. Figure 16 - Helix Antenna
S₁₁ Parameter Performance
The S₁₁ measurements across the 19-23 GHz range indicate the impedance matching performance at millimetre-wave frequencies. The helix design provides reasonable impedance characteristics around the design frequency, although it falls short of the ideal -10dB marker point. Figure 20 - Helix Antenna S11 Plot
Radiation Pattern Analysis
The helix antenna demonstrates circular polarisation with highly directional radiation patterns. The azimuth and elevation patterns show the beam-forming capabilities of the helical structure, with radiation focused along the antenna's axis. These features make this antenna suitable for satellite communication, as they effectively direct energy in a specific direction, helping to reduce the 1/r² path loss and minimise polarisation mismatch losses.[4] Figure 17 - Helix Antenna 3D Farfield
[bookmark: _Toc203504485]Task 3 – Helix Array
The rectangular array implementation using the helix antenna elements creates a more complex radiating structure with enhanced directivity and gain characteristics. Figure 21 - Helix Array
[bookmark: _Toc203504486]S₁₁ Parameter Performance
The S₁₁ analysis for the array shows the impedance characteristics of the combined structure, with a narrow dip to -10dB at the target frequency of 22GHz. Figure 25 - Helix Array S11 Plot
[bookmark: _Toc203504487]Radiation Pattern Analysis
The array radiation patterns demonstrate significantly enhanced directivity compared to the single helix element. The azimuth and elevation patterns (Figure 23 - Helix Array Azimuth Figure 24 - Helix Array Elevation) show narrower beamwidths and higher gain due to the array factor contribution. The 3D pattern exhibits improved beam-forming characteristics with reduced side-lobe levels. Figure 22 - Helix Array 3D Farfield 
[bookmark: _Toc203504488]Conclusion 
This comprehensive antenna design study successfully demonstrates the analysis and characterisation of five distinct antenna configurations across a broad frequency spectrum, from 110.5 MHz to 21 GHz. The research includes dipoles, horn antennas, helix antennas, microstrip patches, and array configurations, providing valuable insights into their respective performance characteristics and optimal operating conditions.
The simulation results reveal distinct performance characteristics for each antenna type, validating theoretical predictions. 
[bookmark: _Toc203504489]Low-Frequency Performance (110.5 MHz - 2 GHz)
 The cylindrical and folded dipole antennas exhibited omnidirectional radiation patterns with characteristic figure-eight behaviour. The folded dipole demonstrated superior bandwidth performance with improved impedance matching characteristics.
[bookmark: _Toc203504490]Mid-Frequency Performance (1.5 - 8 GHz) 
The microstrip patch antenna showed optimal performance in this range, with directivity values increasing from 8 dBi at 1 GHz to over 10 dBi at 8 GHz. Frequency-dependent behaviour confirmed enhanced directivity and more focused beam patterns at higher frequencies.
[bookmark: _Toc203504491]High-Frequency Performance (7.5 - 21 GHz)
The horn antenna demonstrated excellent high-gain directional characteristics with narrow beamwidths and low side-lobe levels. The helix antenna successfully provided circular polarisation with directional properties suitable for satellite communication. However, once included as part of an array, a significant increase in both directional gain and impedance matching was observed. 
[bookmark: _Toc203504492]Societal and Environmental Considerations
However, modern antenna design must address other factors beyond technical performance. Sustainability and regulatory demands now also play a role in antenna design. Higher-frequency antennas achieve greater directivity with smaller physical footprints, thereby reducing material consumption and visual impact. Enhanced directivity minimises radiated power requirements while maintaining effectiveness, contributing to energy efficiency and reduced electromagnetic exposure.
The comprehensive frequency analysis in this report highlights the importance of frequency-specific optimisation for regulatory compliance. Different frequency bands are subject to varying international regulations regarding power limits, public exposure to non-ionising radiation,[9] and interference requirements. All of these factors will guide the development of an antenna. 
[bookmark: _Toc203504493]Future Work
This report provides a foundation for antenna design optimisation that incorporates both technical and societal considerations. Recommendations include investigating mutual coupling effects in arrays, optimising geometries to meet bandwidth requirements while minimising material usage, developing multi-band designs with sustainable manufacturing practices, and conducting life-cycle assessments of different configurations.
The results validate established antenna theory while providing performance data essential for designing and deploying practical antenna systems in an increasingly environmentally conscious and regulated landscape.
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[bookmark: _Toc203505792]Figure 1 - Microstrip Patch Antenna
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[bookmark: _Toc203505793][bookmark: _Ref203505833]Figure 2- Microstrip Patch Antenna S11 Plot
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[bookmark: _Toc203505794][bookmark: _Ref203505839]Figure 3- Microstrip Patch Antenna VSWR Plot
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[bookmark: _Toc203505795][bookmark: _Ref203505846]Figure 4- Microstrip Patch Antenna Z Matrix Plot
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[bookmark: _Toc203505796][bookmark: _Ref203505855]Figure 5- Microstrip Patch Antenna E Plane at 1GHz
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[bookmark: _Toc203505797][bookmark: _Ref203505861]Figure 6- Microstrip Patch Antenna H Plane at 1GHz
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[bookmark: _Toc203505798][bookmark: _Ref203505870][bookmark: _Ref203505887]Figure 7- Microstrip Patch Antenna Elevation Plane at 1GHz
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[bookmark: _Toc203505799]Figure 8- Microstrip Patch Antenna E Plane at 4.5GHz
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[bookmark: _Toc203505800]Figure 9- Microstrip Patch Antenna H Plane at 4.5GHz
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[bookmark: _Toc203505801]Figure 10- Microstrip Patch Antenna Elevation Plane at 4.5GHz
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[bookmark: _Toc203505802][bookmark: _Ref203505893]Figure 11- Microstrip Patch Antenna E Plane at 8GHz
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[bookmark: _Toc203505803]Figure 12- Microstrip Patch Antenna H Plane at 8GHz
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[bookmark: _Toc203505804]Figure 13- Microstrip Patch Antenna Elevation Plane at 8GHz




[bookmark: _Toc203504496][bookmark: _Ref203504516]Advanced RF Supporting Script
This Matlab script supports the lab report for tasks two and three by designing and simulating the following antennas: Cylindrical Dipole, Folded Dipole, Horn and a 3x3 Helix Array.
The target frequencies for each of the antennas are based on the author's student number. 
studentID = '2215832';
 
% Cyclindircal Dipole Antenna Frequency (GHz) = Second digit
dipole_freq = str2double(studentID(2)) * 1e9;
 
% Folded Dipole Antenna Frequency (MHz) = first 3 digits / 2
foldedDipoleFreq = (str2double(studentID(1:3)) / 2) * 1e6;
 
% Horn Antenna Frequency (GHz) = digits 3 and 4 / 2
hornAntennaFreq = (str2double(studentID(3:4)) / 2) * 1e9;
 
% Helix Antenna Frequency (GHz) = digits 2 and 3
helixAntennaFreq = str2double(studentID(2:3)) * 1e9;
 
[bookmark: _Toc203504497]Designing the antennas
This section of the script uses the antenna toolbox to create the antennas optimised for the centre frequency calculated in the section above. 
% Design antennas
d1 = design(dipoleCylindrical, dipole_freq);
d2 = design(dipoleFolded, foldedDipoleFreq);
h1 = design(horn, hornAntennaFreq);
hx = design(helix, helixAntennaFreq);
[bookmark: _Toc203504498]Creating the frequency sweep
In order to create enough data for a meaningful graph plotting the S11 parameters, a frequency sweep range is designed and centred around the centre frequency of each antenna. 
As the helix antenna and the later array are operating at 21 GHz, the sweep range is reduced to 50 points to avoid being too computationally heavy 
% Dipole: centered around 2 GHz
freq_dipole = linspace(1e9, 3e9, 100);
 
% Folded Dipole: around 110.5 MHz
freq_folded = linspace(50e6, 200e6, 100);
 
% Horn: 7.5 GHz
freq_horn = linspace(6e9, 9e9, 100);
 
% Helix: 21 GHz – memory heavy!
freq_helix = linspace(19e9, 23e9, 50);  % reduce points to lower load
 
[bookmark: _Toc203504499]Plotting the Antennas
The following sections detail each of the antenna designs in turn displaying a model of the antenna, far field radiation pattern, and S11 plots
[bookmark: _Toc203504500]Dipole Antenna 
figure; 
show(d1);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\396540D2.tmp]
[bookmark: _Ref203504574][bookmark: _Toc203505805]Figure 14 - Cylindrical Dipole
figure;
patternAzimuth(d1,dipole_freq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\9679F6AB.tmp]
[bookmark: _Toc203505806]Figure 15 - Cylindrical Dipole Azimuth
figure;
patternElevation(d1,dipole_freq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\532CA8B0.tmp]
[bookmark: _Toc203505807]Figure 16 - Cylindrical Dipole Elevation
figure;
pattern(d1, dipole_freq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\7DAAB0F1.tmp]
[bookmark: _Ref203504609][bookmark: _Toc203505808]Figure 17 - Cylindrical Dipole 3D Farfield
% Calculate S-parameters
d1s = sparameters(d1, freq_dipole);
% Extract S11 values
d1s11 = rfparam(d1s, 1, 1);
% Plot S11 in dB
figure;
plot(freq_dipole/1e9, 20*log10(abs(d1s11)), 'LineWidth', 2);
grid on;
xlabel('Frequency (GHz)');
ylabel('|S_{11}| (dB)');
title('S_{11} Parameter of Dipole Antenna');
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\ABB4023E.tmp]
[bookmark: _Ref203504587][bookmark: _Toc203505809]Figure 18 - Cylindrical Dipole S11 Plot
clear d1s d1s11
[bookmark: _Toc203504501]Folded Antenna 
figure; 
show(d2);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\A916D127.tmp]
[bookmark: _Ref203504616][bookmark: _Toc203505810]Figure 19 - Folded Dipole
 
figure;
pattern(d2, foldedDipoleFreq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\1A4D28FC.tmp]
[bookmark: _Ref203504643][bookmark: _Toc203505811]Figure 20 - Folded Dipole 3D Farfield
 
figure;
patternAzimuth(d2,foldedDipoleFreq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\14DB7CCD.tmp]
[bookmark: _Toc203505812]Figure 21 - Folded Dipole Azimuth
figure;
patternElevation(d2,foldedDipoleFreq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\B2E4046A.tmp]
[bookmark: _Toc203505813]Figure 22 - Folded Dipole Elevation
d2s = sparameters(d2, freq_folded);
d2s11 = rfparam(d2s, 1, 1);
figure;
plot(freq_folded/1e6, 20*log10(abs(d2s11)), 'LineWidth', 2);
grid on;
xlabel('Frequency (MHz)');
ylabel('|S_{11}| (dB)');
title('S_{11} Parameter of Folded Dipole Antenna');
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\5DB07563.tmp]
[bookmark: _Ref203504634][bookmark: _Toc203505814]Figure 23 - Folded Dipole S11 Plot
clear d2s11
[bookmark: _Toc203504502]Horn Antenna 
figure; 
show(h1);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\87666808.tmp]
[bookmark: _Ref203504652][bookmark: _Toc203505815]Figure 24 - Horn Antenna
 
figure;
pattern(h1, hornAntennaFreq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\D66E7869.tmp]
[bookmark: _Toc203505816]Figure 25 - Horn Antenna 3D Farfield
 
figure;
patternAzimuth(h1,hornAntennaFreq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\A9D6F356.tmp]
[bookmark: _Toc203505817]Figure 26 - Horn Antenna Azimuth
figure;
patternElevation(h1,hornAntennaFreq)
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\8449F5F.tmp]
[bookmark: _Toc203505818]Figure 27 - Horn Antenna Elevation
h1s = sparameters(h1, freq_horn);
h1s11 = rfparam(h1s, 1, 1);
figure;
plot(freq_horn/1e9, 20*log10(abs(h1s11)), 'LineWidth', 2);
grid on;
xlabel('Frequency (GHz)');
ylabel('|S_{11}| (dB)');
title('S_{11} Parameter of Horn Antenna');
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\5342F1D4.tmp]
[bookmark: _Ref203504675][bookmark: _Toc203505819]Figure 28 - Horn Antenna S11 Plot
clear h1s11
[bookmark: _Toc203504503]Helix Antenna
figure; 
show(hx);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\8474BFC5.tmp]
[bookmark: _Ref203504687][bookmark: _Toc203505820]Figure 29 - Helix Antenna
figure;
pattern(hx, helixAntennaFreq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\F8933B02.tmp]
[bookmark: _Ref203504704][bookmark: _Toc203505821]Figure 30 - Helix Antenna 3D Farfield
 
figure;
patternAzimuth(hx,helixAntennaFreq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\C2ECB1B.tmp]
[bookmark: _Toc203505822]Figure 31 - Helix Antenna Azimuth
figure;
patternElevation(hx,helixAntennaFreq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\18F01260.tmp]
[bookmark: _Toc203505823]Figure 32 - Helix Antenna Elevation
hxs = sparameters(hx, freq_helix);
hxs11 = rfparam(hxs, 1, 1);
 
figure;
plot(freq_helix/1e9, 20*log10(abs(hxs11)), 'LineWidth', 2);
grid on;
xlabel('Frequency (GHz)');
ylabel('|S_{11}| (dB)');
title('S_{11} Parameter of Helix Antenna');
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\B6E32EE1.tmp]
[bookmark: _Ref203504697][bookmark: _Toc203505824]Figure 33 - Helix Antenna S11 Plot
clear hxs11
[bookmark: _Toc203504504]Create and plot an array using the Helix Antenna
In this section we take the designed helix antenna and use it to create a 3x3 array. This is still focused on a centre frequency of 21GHz.
% Helix Array
helix_array = rectangularArray;
helix_array.Element = hx;
helix_array.Size = [3 3]
helix_array = 
  rectangularArray with properties:

           Element: [1×1 helix]
              Size: [3 3]
        RowSpacing: 2
     ColumnSpacing: 2
           Lattice: 'Rectangular'
    AmplitudeTaper: 1
        PhaseShift: 0
              Tilt: 0
          TiltAxis: [1 0 0]
show(helix_array)
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\6230076E.tmp]
[bookmark: _Ref203504713][bookmark: _Toc203505825]Figure 34 - Helix Array
figure;
pattern(helix_array, helixAntennaFreq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\D9243497.tmp]
[bookmark: _Ref203504740][bookmark: _Toc203505826]Figure 35 - Helix Array 3D Farfield
 
figure;
patternAzimuth(helix_array,helixAntennaFreq);
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\9689D5AC.tmp]
[bookmark: _Ref203504764][bookmark: _Toc203505827]Figure 36 - Helix Array Azimuth
 
figure;
patternElevation(helix_array,helixAntennaFreq)
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\6DEE61BD.tmp]
[bookmark: _Ref203504767][bookmark: _Toc203505828]Figure 37 - Helix Array Elevation
 
hxArrays = sparameters(helix_array, freq_helix);
hxArrays11 = rfparam(hxArrays, 1, 1);
 
figure;
plot(freq_helix/1e9, 20*log10(abs(hxArrays11)), 'LineWidth', 2);
grid on;
xlabel('Frequency (GHz)');
ylabel('|S_{11}| (dB)');
title('S_{11} Parameter of Helix Array Antenna');
[image: C:\Users\ISA06016492\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\1B81449A.tmp]
[bookmark: _Ref203504725][bookmark: _Toc203505829]Figure 38 - Helix Array S11 Plot
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