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[bookmark: _Toc167182169]Abstract
In this document the results of a produced Microstrip Patch antenna will be discussed as part 1 of a task, first a researching this form of antenna and then the designing this within the ANSYS software. Once designed testing and the results of this antenna will be displayed and discussed. For part 2 there will be research carried out into a range of antennas and then these will be produced in MatLab and tested with the results being discussed. This will show some errors within the values selected for these antennas and other important thing to take into thought within antenna design. 
[bookmark: _Toc167182170]Introduction
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The first Task in this document will be the design and output of a Rectangular Microstrip Patch antenna with the Aim to have an operating frequency of 2.1GHz. The design of this will be done using ANSYS software [1], this is a CAD software which allows for designing and simulating antennas. The description of the task given can be seen bellow:  
“Design a Rectangular Microstrip Patch antenna operating at a frequency of 2.1GHz having a FR4 epoxy substrate with relative permittivity of 4.4 and relative permeability of 1. The width and the length of the substrate and the ground plane are 70mm each. The height of the substrate is 1.6mm. The feed is given to the antenna through a rectangle microstrip line which is connected to a lumped port, which has a port impedance of 50Ohms. Both the Ground plane and Patch are made of Perfect Electric Conductor. [2]”
For this task there will be research into the required size for a patch antenna to produce a 2.1GHz wave and the other characteristics requested, then producing this in ANSYS, testing the results and then adjusting the Patch to get a more accurate wave and then displaying all the results for how the Antenna operates. For this task the aim is to collect the radiation patten and resonate frequency of the antenna and analyse and evaluate these results. 
[bookmark: _Toc167182172]Task 2
In the second task there will be a display of the results for the following: a Cylindrical Dipole antenna to operate at a 2 GHz, a Folded dipole antenna to operate at a 105.5 MHz, a Horn Antenna to operate at a 5 GHz, a Helix antenna to operate at a 11 GHz and a Helix antenna array also at 11GHz. These will all be designed using the MATLAB Antenna Designer and Antenna Array Designer [3] which are both created by MathWorks for the design and Simulation. For this task the following data will be collected:
· An image of the Antenna and its details
· 3D radiation pattern
· 2D radiation patterns (Elevation pattern and Azimuth pattern)
· Impedance Graph 
· S Parameter graph 
When collected this data analysed and evaluated.
[bookmark: _Toc167182173]Research 
[bookmark: _Toc167182174]Task 1
A microstrip patch antenna is an antenna type that is becoming increasingly useful due to the method of production of being printed onto a circuit board, this creates a large advantage for small devises such as mobiles due to the small size, low cost, and easy fabrication [4]. For this project the main research will be into the calculation required to design an antenna, for the task some of the data was already given which can be seen bellow:
· Operating frequency = 2.1 GHz
· Relative permittivity of Epoxy substrate = 4.4
· Relative permeability = 1
· Width of substrate = 70mm
· Length of substrate = 70mm
· Height of substrate = 1.6mm
· Port impedance = 50Ω
Using the above information to then find the size of the patch using the formulas bellow to calculate this seen in Equation 1, Equation 2 and Equation 3. 
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[bookmark: _Ref166836173][bookmark: _Ref166836166][bookmark: _Toc167182245]Equation 1: Patch Antenna Width Calculations [5]
C – Velocity of Light = 3x108
fo – Operating Frequency (Resonate Frequency)
εr – Relative Permittivity of the dielectric substance 
[image: A math equations with numbers and symbols
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[bookmark: _Ref166836176][bookmark: _Toc167182246]Equation 2: Patch Antenna Length Calculations [3]
C – Velocity of Light = 3x108
fo – Operating Frequency (Resonate Frequency)
εeff – Effective Relative Permittivity
h – Height
W – Width
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[bookmark: _Ref166836177][bookmark: _Toc167182247]Equation 3: εeff formula [3]
εr – Relative Permittivity of the dielectric substance 
h – Height
W – Width

Then looking at Figure 1 this shows how this will look when all put together.
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[bookmark: _Ref166836944][bookmark: _Ref166836931][bookmark: _Toc167182198]Figure 1: Patch Antenna [5]
Once all the calculations are complete these values will then be used to build the patch antenna in the ANSYS software. 
[bookmark: _Toc167182175]Task 2
[bookmark: _Toc167182176]Cylindrical Dipole
A cylindrical dipole antenna, seen in Figure 2, consists of a highly conductive tube/ rode which has a varying radius and height depending on the values wavelength and gain desired [6]. A Cylindrical Dipole antenna has a frequency range between 3KHz and 300GHz.  The advantages to using a cylindrical dipole are it’s a simple to use antenna and easy to build; create an omnidirectional output, this means that the output is evenly distributed in all directions [7]. 

[image: FM Radio Dipole Antenna Explained]
[bookmark: _Ref166951366][bookmark: _Toc167182199]Figure 2: Cylindrical Dipole Antenna [8]
[bookmark: _Toc167182177]Folded dipole antenna 
A folded dipole antenna is an array of 2-dipole antennas which are folded and create a wire loop as seen in Figure 3. A Folded Dipole antenna has a frequency range between 3KHz and 300KHz [9]. The advantages of using a folded dipole antenna are: Its high impedance created by having two folded lines creating a four times larger impedance compared to a regular dipole; it has a high wide band frequency making it suitable for FM and TV broadcasting ; it has a high gain and high directivity hence why it’s used at the centre of a Yagi-Uda antenna array [10]. 
[image: EDX220 PTC Folded Dipole]
[bookmark: _Ref166949444][bookmark: _Toc167182200]Figure 3: Folded Dipole Antenna [11]
[bookmark: _Toc167182178]Horn Antenna 
A Horn antenna is a type of aperture antenna, an aperture antenna meaning that it is a type of antenna a waveguide which has a form of square, cone, rectangular or circular output [12]. A horn antenna, as seen in Figure 4, is an aperture antenna with a rectangular flair. A Horn antenna has a frequency range between 300MHz and 30GHz.  This creates the advantages: a high gain and directivity, broad bandwidth, and simple construction [13].  
[image: Horn Antenna]
[bookmark: _Ref166952455][bookmark: _Toc167182201]Figure 4: Horn Antenna [12]
[bookmark: _Toc167182179]Helix antenna
A Helix antenna, also called a helical antenna, can be seen in Figure 5, is an antenna with a corkscrew that produces a radiation patten along the axis of the antenna creating a directional beam [14]. A helical antenna has a frequency range between 30MHz and 3GHz. The advantages of a helical antenna are it has a simple design; a high level of directivity and a high bandwidth that includes a circular polarization [15]. 
[image: A photo of a helical antenna mounted to a roof.]
[bookmark: _Ref166955099][bookmark: _Toc167182202]Figure 5: Helix Antenna [16]
[bookmark: _Toc167182180]Helix antenna array
First, why use an antenna array, primarily this is used to increase overall gain, providing a diversity reception, cancel out interference from a particular set of directions, "steer" the array so that it is most sensitive in a particular direction, determine the direction of arrival of the incoming signals, to maximize the Signal to Interference Plus Noise Ratio (SINR) [17]. An antenna array can be set up in many ways, some examples bellow [18]:
· Collinear array seen in Figure 6
· Yagi-Uda antenna seen in Figure 7
· Microstrip Array antenna seen in Figure 8
· Planar Array seen in Figure 9
[image: What is a Collinear Antenna? - everything RF]
[bookmark: _Ref166946151][bookmark: _Toc167182203]Figure 6: Collinear Array [19]
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[bookmark: _Ref166946154][bookmark: _Toc167182204]Figure 7: Yagi-Uda Antenna [20]
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[bookmark: _Ref166946160][bookmark: _Toc167182205]Figure 8: Microstrip Antenna Array [21]
[image: Element configuration of planar array antenna.]
[bookmark: _Ref166946163][bookmark: _Toc167182206]Figure 9: Planer Antenna Array [22]

This Helix antenna array will be made as on a planar array in a 3x3 matrix arrangement.  An example of a 3x3 antenna array can be seen in Figure 10, this is a design created for a 2.4GHz centre frequency [23] formed using conventional helix antennas.  An example of a helix antenna array can be seen in Figure 11.
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[bookmark: _Ref166947733][bookmark: _Toc167182207]Figure 10: 3x3 Antenna array example [23]
[image: A white antenna on a pole

Description automatically generated]
[bookmark: _Ref166954898][bookmark: _Toc167182208]Figure 11: Helix Antenna Array example [24]
[bookmark: _Toc167182181]Design 
[bookmark: _Toc167182182]Task 1
Creating the antenna I first completed the formulas discussed in the research for task 1 and got the following results:
Width = 43.44mm
Length = 33.70mm
Then using these results, I then created the patch antenna using the ANSYS software but after some basic testing of the s-parameters results the sizes above were not creating the expected results with the resonate frequency being off. Due to this I created some small value changes and added to with 2 cut outs either side of the insert feed. 
Width = 43.44mm
Length = 32.90mm
The final patch can be seen in Figure 12 and Figure 13 and then began the testing which will be seen within the results. The small edits helped correct the centre frequency error and the additional side inserts measuring at 3mm in length and 0.5 in width gave additional gain to the final output which wasn’t occurring beforehand. 
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[bookmark: _Ref166837896][bookmark: _Toc167182209]Figure 12: Rectangular Microstrip Patch Antenna- Front View.
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[bookmark: _Ref166837897][bookmark: _Toc167182210]Figure 13: Rectangular Microstrip Patch antenna – Aerial view.

[bookmark: _Toc167182183]Task 2
For creating each of the Antennas for task 2 I created a new antenna design, then selected the type of antenna I wanted to create and the operating frequency desired, once done the system auto created the antennas, bellow can see the results after some small edits were made to create a better centre frequency. 
[bookmark: _Toc167182184]Cylindrical Dipole Antenna
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[bookmark: _Toc167182211]Figure 14: Cylindrical Dipole Antenna
[bookmark: _Toc167182185]Folded Dipole Antenna
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[bookmark: _Toc167182212]Figure 15: Folded Dipole Antenna

[bookmark: _Toc167182186]Horn Antenna
[image: A computer screen shot of a yellow object
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[bookmark: _Toc167182213]Figure 16: Horn Antenna
[bookmark: _Toc167182187]Helix Antenna
[image: A screenshot of a computer
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[bookmark: _Toc167182214]Figure 17: Helix Antenna
[bookmark: _Toc167182188]Helix Antenna Array
[image: A screenshot of a computer
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[bookmark: _Toc167182215]Figure 18: Helix Antenna Array
[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Toc167182216]Figure 19: Helix Antenna Array from above.
[bookmark: _Toc167182189]Results 
[bookmark: _Toc167182190]Task 1
Once designed the next step is to collect the following results: an s-parameter graph over the sweep range of 1-3GHz, a s-parameter graph over the sweep range of 1-8GHz, and a 3d patten which can be seen in the following images, Figure 20, Figure 21 and Figure 22.
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[image: A graph with red lines

Description automatically generated]
[bookmark: _Ref166956241][bookmark: _Ref167020200][bookmark: _Toc167182217]Figure 20: Microstrip Patch antenna- S parameter 1-3GHz
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[bookmark: _Ref166956242][bookmark: _Toc167182218]Figure 21: Microstrip Patch antenna- S parameter 1-8GHz

[image: A computer screen shot of a colorful egg

Description automatically generated]
[bookmark: _Ref166956243][bookmark: _Toc167182219]Figure 22: Rectangular Microstrip Patch Antenna - 3D Pattern
In Figure 20 this shows a clear image of the centre frequency, the sweep is recorded over 1 to 3GHhz allowing a closer view on the aimed centre frequency of 2.1GHz. the sweep simulates 99 values across this range so when comparing this to a larger range it may now be as precise. Figure 20 using the marker function within ANSYS, the value of the base of the trough you can see the value of 2.095GHz which is very similar to the desired frequency and a good gain of -18.8415dB. Then at the gain is close to -3dB at 2.025GHz and 2.160GHz showing that this has a low antenna bandwidth within the operating range. 
Then Figure 21 shows a much wider sweep from 1 to 8 GHz, in this you can additionally see harmonics starting to appear at different points along the graph. the first harmonic at 3.2GHz and a second harmonic at 4.1 GHz which are approximately 1.5 λ and 2 λ and so on. These are other point where the antenna has its use as can also hear these frequencies.
Finally, in Figure 22 this shows the 3D patten creating a nice beam shape which is expected for a microstrip patch antenna.  This has a small back lobe, but most of the output power is directed in the primary beam with no side lobes. This shows the greatest output of 2.1 dBi gain, all the power passes this way making it a good directional output. 
In conclusion for this antenna, this is a well-designed antenna which would work well for close communication, this could likely be better designed with more time to create a greater magnitude and gain creating a better output. 
[bookmark: _Toc167182191]Task 2
[bookmark: _Toc167182192]Cylindrical Dipole antenna
Figure 23 displays the s-parameter for the cylindrical dipole, this shows a centre frequency of 1 GHz with a magnitude of -14.6dB. This is not as very high amplitude a possibly could be better optimised in the future to create a greater gain.
The 3D patten seen in Figure 24 shows the omni-directional output form the cylindrical patten, This can also be seen in the azimuth and elevation pattern in Figure 25 and Figure 26, showing a gain in all directions of 2.09dBi. An omni-directional pattern has the advantages of being in all directions meaning that you have a much larger working area for the antenna if you are unaware of what direction you will be communicating towards, but this has the negative of not being able to direct the power one direction, so the range of effect is not as far. 
Figure 27 shows the impedance graph for the cylindrical dipole antenna, this shows what the impedance is at different frequency. This who’s that at 1GHz the resistance is 67.4014Ω and reactance is -13.3294Ω. This gives a value for input impedance of ZL = 67.4 – 13.3 Ω, in a perfect case this would have a resistance of 50Ω, the most common value for an input line and reactance of 0Ω, in this case this is close but not perfect. 
From these results this is a usable antenna for shorter distance comms in an unknown direction. 

[image: A screen shot of a graph
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[bookmark: _Ref166840582][bookmark: _Toc167182220]Figure 23: Cylindrical Dipole Antenna - S Parameter
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[bookmark: _Ref166840583][bookmark: _Toc167182221]Figure 24: Cylindrical Dipole Antenna – 3D Pattern
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[bookmark: _Ref166840584][bookmark: _Toc167182222]Figure 25: Cylindrical Dipole Antenna - Azimuth Pattern
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[bookmark: _Ref166840585][bookmark: _Toc167182223]Figure 26: Cylindrical Dipole Antenna - Elevation Pattern
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[bookmark: _Ref166840586][bookmark: _Toc167182224]Figure 27: Cylindrical Dipole Antenna - Impedance Graph
[bookmark: _Toc167182193]Folded dipole antenna
For the folded dipole antenna, the desired frequency is 105.5MHz, the S-parameter graph for this can be seen in Figure 28 which shows a centre frequency of approximately 104.32MHz which is close to the desired frequency. But at this point the magnitude is very low at only              -3.129dB which is very low. This is likely so low because a folded dipole antenna works best at a much lower frequency due to the way it’s designed. 
Then the 3D, azimuth and elevation patterns, seen in Figure 29, Figure 30, Figure 31, all show an omni-directional radiation pattern around the antenna, with a gain of approximately 2dBi. This looks different from that of the cylindrical antenna simply because it is in a different orientation, but apart from that they are identical in the way the pattern spreads. 
Finally, the impedance seen in Figure 32, this is much higher than most, but this is due to the way they are designed and are folded onto each other. The resistance value is 282.276Ω, reactance is -0.3824Ω which gives an input impedance value of 282.2 – j0.3824Ω. 
From these results it should be concluded that this is not a usable antenna due to the lack of magnitude and high impedance. 
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[bookmark: _Ref167026524][bookmark: _Toc167182225]Figure 28: Folded Dipole Antenna - S Parameter
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[bookmark: _Ref167028101][bookmark: _Toc167182226]Figure 29: Folded Dipole Antenna - 3D Pattern
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[bookmark: _Ref167028103][bookmark: _Toc167182227]Figure 30: Folded dipole antenna - Azimuth Pattern
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[bookmark: _Ref167028105][bookmark: _Toc167182228]Figure 31: Folded Dipole Antenna - Elevation Pattern
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[bookmark: _Ref167028127][bookmark: _Toc167182229]Figure 32: Folded Dipole Antenna - Impedance Graph
[bookmark: _Toc167182194]Horn Antenna
The S-parameter seen in Figure 33 shows a centre frequency of just below 5GHz, with a high gain at this frequency of -30dB. But this also shows a wide range which when it hits -5dB is at approximately 3.95 GHz and 6.5GHz. this shows that this is a versatile antenna with a wide bandwidth and a good strength. 
In the 3D, azimuth and elevation patterns, seen in Figure 34, Figure 35 and Figure 36, these collectively show the directionality of the antenna, showing one main lobe with a gain of 15.4dBi, 2 side lobes at 500 compared to the main beam with a gain of 4.38dBi, clearly seen in the 3D and elevation patten and a clear back lobe with a gain of -6.57dBi seen in all figures. This primarily shows a directional beam which is very practical for long distance communication with a known location due to the directionality. 
Finally, the impedance in seen Figure 37 can see as a near perfect resistance and reactance at the centre frequency. The resistance value is 49.25 Ω, reactance is 4.318 Ω which gives an input impedance value of 49.25 + j4.318 Ω.
From the results above the conclusion would be that this is a usable antenna for wide band communication with a devise far away but in a known direction due to the beam. 
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[bookmark: _Ref167029241][bookmark: _Toc167182230]Figure 33: Horn Antenna - S Parameter
[image: A computer screen shot of a colorful diagram

Description automatically generated]
[bookmark: _Ref167029242][bookmark: _Toc167182231]Figure 34: Horn Antenna - 3D Pattern
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[bookmark: _Ref167029243][bookmark: _Toc167182232]Figure 35: Horn Antenna - Azimuth Pattern
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[bookmark: _Ref167029244][bookmark: _Toc167182233]Figure 36: Horn Antenna - Elevation Pattern
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[bookmark: _Ref167029246][bookmark: _Toc167182234]Figure 37: Horn Antenna - Impedance Graph
[bookmark: _Toc167182195]Helix Antenna 11GHz
The S-parameters can be seen in Figure 38, the results, similar to the folded dipole antenna, can be seen to look very wrong, will a small trough at the 11 GHz centre frequency with a magnitude of -7.8 dB and a secondary at 12.5 GHz with a -13.8 dB which are both very low gains but with the main dip being very week. This is because of this frequency being too high for an antenna so it’s out of the working range, causing these unexpected error. 
In the 3D, azimuth, and elevation patterns, seen in Figure 39, Figure 40 and Figure 41show a strong central beam with a gain of 10.8dBi, 2 primary side lobes with a gain of -1.05dBi, and a back lobe with a gain of -1.67dBi. This is a highly focused directional beam like the horn previously discussed, the main difference being the side lobes here are at a much wider angle, being at 900 compared to that of the horn being 450 giving it a narrower beam. 
Finally, the impedance seen in Figure 42 is very high which may be part of the reason for the error of such low gain. The resistance value is 122.45 Ω, reactance is -4.705 Ω which gives an input impedance value of 122.45 – j4.705 Ω.
From the results discussed this antenna should not be used for an 11GHz centre frequency, the design does not work as expected but this is due to it being out of Helix antennas use case. 
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[bookmark: _Ref167033495][bookmark: _Toc167182235]Figure 38: Helix Antenna - S Parameter
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[bookmark: _Ref167033496][bookmark: _Toc167182236]Figure 39: Helix Antenna - 3D Pattern.
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[bookmark: _Ref167033497][bookmark: _Toc167182237]Figure 40: Helix Antenna - Azimuth Pattern
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[bookmark: _Ref167033498][bookmark: _Toc167182238]Figure 41: Helix Antenna - Elevation Pattern
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[bookmark: _Ref167033499][bookmark: _Toc167182239]Figure 42: Helix Antenna - Impedance Graph
[bookmark: _Toc167182196]Helix Antenna Array 11GHz
In the S-parameter seen in Figure 44 clearly displays no peak appearing directly at 11GHZ but there is a large magnitude averaged over most line except the top cluster. This is an effect if using an array of an antenna which want accurate in the beginning. 
In the 3D, azimuth, and elevation patterns, seen in Figure 43, Figure 45 and Figure 46. This shows a primary beam which seemingly has a collection is side lobs the improve this but cannot be clearly seen, this also creates a null point clearly seen on the Azimuth graph at around the 2300 mark. 
Finally, the impedance seen in Figure 47, the resistance value is 209.96Ω, reactance is 92.25Ω which gives an input impedance value of 209.96 + j92.25 Ω. With the reactance being this high shows why errors may be occurring. 
In conclusion much like the Helix antenna this would not be appropriate for use at this frequency, if the frequency was lowered to within the recommended range discussed in the research section it may work more appropriately. 
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[bookmark: _Ref167033507][bookmark: _Toc167182240]Figure 43: Helix Antenna Array - S Parameter Graph
[image: A computer screen shot of a computer

Description automatically generated]
[bookmark: _Ref167033506][bookmark: _Toc167182241]Figure 44: Helix Antenna Array - 3D Pattern
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[bookmark: _Ref167033508][bookmark: _Toc167182242]Figure 45: Helix Antenna Array - Azimuth Graph
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[bookmark: _Ref167033509][bookmark: _Toc167182243]Figure 46: Helix Antenna Array - Elevation Graph
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[bookmark: _Ref167033512][bookmark: _Toc167182244]Figure 47: Helix Antenna Array - Impedance Graph













References

[1] 	ANSYS, “Download Center Combined Product,” ANSYS, https://storage.ansys.com/staticfiles/cp/Readme/release2024R1/info_combined_Automated.pdf, 2024.
[2] 	S. Jacob, “LEVEL 6 ASSESSMENT SPECIFICATION,” UWTSAD.
[3] 	MathWorks, “Antenna Toolbox,” MathWorks, https://uk.mathworks.com/help/antenna/.
[4] 	“Microstrip (Patch) Antennas,” antenna theory, https://www.antenna-theory.com/antennas/patches/antenna.php.
[5] 	Pasternack, “Microstrip Patch Antenna Calculator,” https://www.pasternack.com/t-calculator-microstrip-ant.aspx.
[6] 	R. W. P. King, “Characteristics of Cylindrical Dipoles,” https://link.springer.com/chapter/10.1007/978-1-4684-6081-0_2.
[7] 	A. Experts, “Advantages and Disadvantages of the Dipole Antenna,” Antenna Experts, https://www.antennaexperts.co/blog/advantages-and-disadvantages-of-the-dipole-antenna, 2022.
[8] 	S. SONIC, “Dipole Antenna Explained,” SUB SONIC, https://subsonic.ae/fm/dipole-antenna.html.
[9] 	J. Collier, “Folded Dipole Antenna – All That You Need To Know,” Antenna pick, https://antennapick.com/folded-dipole-antenna/.
[10] 	Electrical4U, “Dipole Antenna: What is it? (And the Types of Antennas),” Electrical4U, https://www.electrical4u.com/dipole-antenna/, 2024.
[11] 	“EDX220 (PTC Folded Dipole) PTC Folded Dipole Antenna,” Mobile Mark, https://www.mobilemark.com/product/edx220-ptc-folded-dipole/.
[12] 	“What is Aperture Antenna : Working & Its Applications,” EL-PRO-CUS, https://www.elprocus.com/aperture-antenna/#:~:text=An%20Antenna%20including%20an%20aperture%20at%20the%20ending,field%20effects.%20It%20is%20a%20multiband%20ortho-rectified%20antenna..
[13] 	A. youths, “Advantages and Disadvantages of Horn Antenna,” Aspiring youths, https://aspiringyouths.com/advantages-disadvantages/horn-antenna/?utm_content=cmp-true.
[14] 	A. Theory, “Helical Antenna (Helix),” Antenna Theory, https://antenna-theory.com/antennas/travelling/helix.php.
[15] 	A. experts, “Advantages and Disadvantages of Helical Antenna,” Antenna experts, https://www.antennaexperts.co/blog/advantages-and-disadvantages-of-helical-antenna, 2023.
[16] 	T. Forrister, “Analyzing Operating Mode Options for Helical Antennas,” COMSOL, https://www.comsol.com/blogs/analyzing-operating-mode-options-for-helical-antennas/, 2018.
[17] 	A. Theory, “Antenna Arrays (Phased Arrays),” Antenna Theory, https://www.antenna-theory.com/arrays/main.php.
[18] 	J. Stalin, “Array Antennas,” UWTSD, Advanced Radio .
[19] 	e. RF, “What is a Collinear Antenna?,” everything RF, https://www.everythingrf.com/community/what-is-a-collinear-antenna, 2018.
[20] 	N. Bisen, “Basic of Yagi Antenna / Yagi-Uda Aerial : Working and Applications,” Think Keystone, https://www.semiconductorforu.com/basic-of-yagi-antenna-yagi-uda-aerial-working-and-applications/, 2022.
[21] 	Amitec, “Microstrip-Patch-Antenna-Array-22,” https://amitec.co/microstrip-patch-antenna-array-22/, 2018.
[22] 	Y. W. X. Y. M. W. Congsi Wang, “Effect of Randomness in Element Position on Performance of Communication Array Antennas in Internet of Things,” Element configuration of planar array antenna. | Download Scientific Diagram (researchgate.net), 2018.
[23] 	A. A.-A. J. F. V.-V. P. P. Ángel Palomares-Caballero, “Helix antenna array based on higher symmetries for antenna miniaturization and mutual coupling reduction,” IEEE, https://ieeexplore.ieee.org/document/8870497, 2019.
[24] 	A. Experts, “Everything you need to Know about a Helical Antenna,” Antenna Experts, https://www.antennaexperts.co/blog/everything-you-need-to-know-about-helical-antenna, 2022.




image3.png




image4.jpeg




image5.jpeg




image6.jpeg
eSS Y T
N S N E——




image7.jpeg
Reflector

Driven element

Muitiple Directors




image8.jpeg




image9.jpeg




image10.png
T
2
i

i

(b)




image11.png




image12.png
B Ansys Tuwin Builder Student 2023 R2 - asssignment 1-3Ghz - HFSSDesign1 - 3D Modeler - SOLVED - [asssignment 1-3Ghz - HFSSDesign1 - Modeler]
Fie Bt View Project Drow Modeler HESS Tools Window Help

H 4 Cut ) Undo  Select Objet  * % [@ b pan @, Fit Al aa E@® |\ V|® @ Divoe |fhgaiongline | [P Unite [ Spiit @ Finet 13 surface + | Relative Cs ~

Gicopy CRedo | @SeledyName | % % Grotate - Qrtseeced § @O | @ A | L | = 5 Rotate | 3 Around aus | [ subtract () imprint | 8] | @ chamter | <> Sheet v | Luracecs
S @ paste X Delete ® 2" @ orent ~ Ben|lO w & b Mirror | i Thru Mirror | (9 ntersect Nedger | Biopectcs
Desktop. View. Draw ‘Model Simulation Results Automation Ansys Minerva Learning and Support.

@ hessure - Gria
cmRuer
units 3|7

B Model -
=N
[}

B/ aterial

ey

Ansys
2029R2

STUDENT

45 Most Recertly Usec
5 HFSS Comparerts
23 ADAS
22 Antennas
3 EMIEMC
@ HIROSE RF CC.
23 Homen Body B
@ Johanson
@ Koo AVX A
@@ Modelthics 3D |
{23 Molex Antenna
@ Molex RF Hicro
{23 Rectangular W:|
@ Rosenberger.
4@ Samtec Connec,
{23 Suface Mount |
2 oK
@ Worth Bektror

P Type here to search

el

9@ 415C Cloudy

5] Show 0 Messages

= Hide Progress

Aa_@m,ﬁdx[mzm‘ %

1316





image13.png
B Ansys Twin Builder Student 2023 R2 - asssignment 1-3Ghz - HFSSDesign1 - 3D Modeler - SOLVED - [asssignment 1-3Ghz - HFSSDesign1 - Modeler] - X

Emmmmwmmmwﬁmm MEIF
H 4 Cut ) Undo | Select Object - Q 4 Pan @ Fitan H@® |\ J|® & | BaMoe |fgaongline |@Dunite mmspit | [ | @Fiet | 1 Surface - | W Relative CS - Model  ~
[13Copy (Redo (D Select by Name ‘ & - | @Fitseleced @Aa|lv L 3 Rotate | {3 Around s | [ Subtract (@ imprint | (@) | @1 chanter Sracecs - awum -
S @ paste X Delete ® .m,- L P b Miror | iy Thru irror | (@ inersect = Nedge - | % opjeacs - G | B ateral
Desttop  View | Diaw | Model  Smustion  Resufts  Automation  AnyysMinenva  Leaming and Support A
W Model
7 [ asssignment 1-3Ghe | &1-12, Coordinate Systems ‘ ‘ AE‘.,? S
4B Planes STUDENT
& Usts ‘ ‘
-
4y
} L T < >
x| o0 50 100 (mm) Lomponerts

51 Show 0 Messages |[~_tide Progress

g e
9@ 415C Cloudy ~fOGE® xS Ll B

P Type here to search l i i

D n @ W &





image14.png
4\ Antenna Designer — X

DESIGN.

PO B conterreueney [0 (W <) @ settings P =8| @ B B ¥

New Open Sove | FrequencyRonge  [90010:1100 _|(MHz_~ ) Impedance |S Parameter| | Curent | 3D Pattern|| AZ Patter | EL Pattern | Optimize | Tile | Export
FILE INPUT VECTOR FREQUENCY ANALYSIS SCALAR FREQUENCY ANALYSIS OPTIMIZE | VIEW | EXPORT I
Properties i |5 Show ‘Sparameter Pattern Azimuth Elevation
~ dipoleCylindrical Figure
Length (m) 0.135 dipoleCylindrical antenna element
Radius (m) 0.0028018 %
FeedOffset (m) 0
ClosedEnd o
&
it (deg) 0
TiltAxis. ooy
5 .
» dipoleCylindrical - Conductor - metal
» dipoleCylindrical - Load - lumpedElement
.
N0
.
0.
0.
0 -
0
J 5 [ -
10 L0
¥ (mm) x(mm)

Finished Adding

D n @B R 4 @H © j15c Cloudy ~ @ G E ® 7 dx ENG





image15.png
4\ Antenna Designer X

DESIGN.

P O EH | conterrequeney [1053 (W <) @ settings P = | 2 Q B B v

New Open Seve | prequency Range 54851055116 Moz~ | Impedance | Parametr| | Coment |30 Pt AZPtte | EL Pttern | Optimize | T | Export
FILE INPUT VECTOR FREQUENCY ANALYSIS SCALAR FREQUENCY ANALYSIS OPTIMIZE | VIEW | EXPORT =

Properties i |5 Show ‘Sparameter Pattern Azimuth Elevation
~dipoleFolded

Length (m) 132

Width (m) 0.014208

Spacing (m) 0018944

it (deg) 0

TiltAxis ooy

» dipoleFolded - Conductor - metal
» dipoleFolded - Load - lumpedElement

dipoleFolded antenna element

-PEc
-’S!d

Finished Updating

D @ & R 4 @ © j15C Cloudy ~ & G E ® 7 dx NG 25/‘5;’:“24 B





image16.png
4\ Antenna Designer X

DESIGN.

PO EH | conterreueney [530 (W <) @ settings P =ANE Q| ©| » B«

New Open Sove | FrequencyRonge  [#500505500_|(MHz_~ ) Impedance |S Parameter| | Curent | 3D Pattern|| AZ Patter | EL Pattern | Optimize | Tile | Export
FLE iNeuT VECTOR FREQUENCY ANALYSIS SCALAR FREQUENCY ANALYSIS opmize | view | exeorr
Properties i [ how | Sparameter | Pafiem | Azimuh | Elevation
~hom
FlareLength () 0098882 .
FEO0aaq
) s hor antenna element
Flareteight (m) 011585
0]
Length (m) 006559
Width (m) 0052465
Height (m) 0026229 o]
FeedWidth (m) 00016799
Feedeight (m) 001399
|
FeedOfiset (m) 1001925 0]
it (deg) o
e
E 2
Titavis oo ~

» hom - Conductor - metal
» hom - Load - lumpedElement

N Finished Updating
P Type here to search i

12:50

Q - 5 E x
1°C Cloudy A~ S FE® 7 & NG o0, BY

@
]
®
®
#
ES
5]





image17.png
4\ Antenna Designer
DEion

P OO H | cemerrrequeney

New Open Save | Frequency Range

11

oo om0 e < )

(G ~) © setings

=y

9 |o| w» B v

Impedance (S Parameter| | Current |3D Pattern|| AZ Pattem | EL Pattern| | Optimize | Tile | Export

FILE INPUT VECTOR FREQUENCY ANALYSIS SCALAR FREQUENCY ANALYSIS OPTIMIZE | VIEW | EXPORT =
Properties = Show ‘Sparameter Pattern Azimuth Elevation
Radius (m) 0.00568 helix antenna element
‘Width (m) 0.00023125
- :
Spacing (m) 0.0080944
FeedStubHeight (m) 0.001 -
‘GroundPlaneRadius (m) 0017345
it (deg) 0
TiltAxis moo
» helix - Substrate - dielectric E
» helix - Conductor - metal ~
- rec
-
Finished Updating

© 11°C Cloudy

A®DE®™ zZdx ING





image18.png
4\ Antenna Array Designer

X

DESGNER

@© Full Array

2 O H cnerreasens [0
New Open Save | Frequency Range  |990010:12100
e inpuT

Properties

- rectangularArray
Size B3l
RowSpacing (m) 0.013627
‘ColumnSpacing (m) 0.013627
Lattice Rectanguiar S
AmpltudeTaper (V) 1
Phaseshift (deg) 0
it (deg) 0
TiltAxis. ooy
Element nelic

» rectangularArray - Element - helix
» helix - Substrate - dielectric

» helix - Conductor - metal

» helix - Load - lumpedElement

Amay || Layout 3D

P Type here to search

ey

m

[] Q

PATTERN
Patiern » | Sparameter

2(mm)

(@)

‘Azimuth

=y

w B ¢

Elevation

COUPLING
Impedance

O Embedded Element 3D Pattem  AZ Pattern L Patter | Impedance Correlation S Parameter | Optimize | Default Layout | Export

opTmMZE view EXPORT

rectangularArray of helix antennas.

-Rd

Finished Adding

O % & % @M 4O

@ 19°C sunny

AG G ® 7 MG

1531
o050 T





image19.png
4\ Antenna Array Designer X

DESGNER

ar OO B | centerfrequeny  [11 (Ghz =)@ settings ® Full Aray [] Q o i B B (%

New Open Save | FrequencyRange  |9900:110:12100 |(MHz _~ ) ] Enble Coupling | O Embedd ttem ELPattern | Impedance Correlation S Parameter | Optimize | Default Layout | Export

FLe NPUT covpLNG P view
Properties Array Layout 3D Sparameter Azimuth mpedance
~ rectangularArray
Size B3 Array layout
005}
RowSpacing (r 0.013627
ColumnSpacing (m) 0.013627
004
Lattice Rectangular s
AmplitudeTaper (V) 1 003}
PhaseShift (deg) 0
Tilt (deg) 0 0.02 -
TiltAxis ooy o @7
Element helix. 0.01-
» rectangularrray - Element - helix
» helix - Substrate - ielectric £ o PY Py
» helix - Conductor - metal >~
» helix - Load - lumpedElement
0.01
( Apply [ @9
0.02 -
003
-0.04 -
005
L .
-0.06 -0.04 -0.02 0 0.02 004 0.06
x(m)
Finished Adding

I

P Type here to search o4 g

© & & B @ H 4 O WSy AG B W D o6 2 B





image20.png
Name | X[GHz | Y S Parameter Plot 1 Ansys
m | 20250 |-3013t HFSSDesian! 2023 R2
m2 20950 |-18.8415 STUDENT

dB(S(1.1))
my | 21600 | 31087 o 2500
25 ot 3
504
753

E -100 4

g
-125 4
-150 o
175 4
200 T T T T ] T T,

1.00 125 1.50 175 200 225 250 275 3.00

Freq [GHz]




image21.png
B Ansys Twin Builder Student 2023 R2 - asssignment 1-3Ghz - HFSSDesign1 - S Parameter Plot 2 - SOLVED -
Eile Edit View Project Report2D HFSS Tools Window Help

% cut 9 unds [C] Docking Windows - @ zoom area & @ran BT ‘

Gacopy (Redo W Layouts - @, zZoom Previous @ Fit selected Ea)
@ Paste X Delcte T Pon snimste - Copy

View | Simulstion  Results  Automation  AnsysMinena  Leaming and Support

FssDesign1
r

Modeler

Name | X[oHz) [ ¥ S Parameter Plot 2 Ansys
m | 2085|5846 HFSSDesiant * 2023m0
m2 | 175 | 450082 STUDENT
ms | 075 |a907se ol

Freq [GHz]

Freq [GHz]

—_—

< >
Project Mana.

51 Show O Messages | [~_Fide Progress | "
= & : 1358
@recsumy ~ASG®EY NG o %‘

I

£ Type here to search _gf 8w © @& R f H B





image22.png
B Ansys Tuwin Builder Student 2023 R2 - asssignment 1-3Ghz - HFSSDesign1 - Gain Plot 1 - SOLVED - [asssignment 1-3Ghz - HFSSDesign1 -
le Edt Vew Project ReporSD HFSS Tooks Window telp

e G [ | (7 B G & Cas | @onents @ Ftan BT
8

Plot 1] —

GaCopy (Redo | W Layouts @ zoomIn S Center  Add. ), Fit Selected
[ Paste X Delete @, Zoom Out R cursor List 5,
Desktop | View | Simulation  Results  Automation  AnsysMinena  Learning and Support N
P Mamager 8 x - A
e e | Ansysnc Gain Plot 1 oo

b HFSSDesign1 (Modal (vax 2101 STUDENT
& o o ax: 210
T Model 225
] Crait Bements o GiefEnfdeg)
£ Boundaries
9 Excitations 0
s 175 09571E+00
]glﬂdv&s 150
Optmetrics

Resuts
Sparameter ot 1
1  Parameter Flot 2
5 Gain Plot 1

125

1.00

075

i+ GainTotal
& GanPht2 050
i+ GainTotal
Port Field Display 025
Ry Fickd Overays
P Radaton 000
TwinBuilder 1 Min: 0.00
Emmm GainTotgl3571E+00
< >

Project Mana.

Ready 51 Show 0 Messages |[~_tide Progress

2 . e EaEH Oircouy ~OBEB MG 00 B

P Type here to search





image23.png
Properties
~dipoleCylindrical
Length (m)
Radius (m)
FeedOffset (m)
ClosedEnd
it deg)

TitAxis

0135

0.0028018

oo

» dipoleCylindrical - Conductor - metal
» dipoleCylindrical - Load - lumpedElement

Show.

‘Sparameter

Magnitude (dB)

-15

05

06

07

08

09

1
Frequency (GHz)

14

12

13

14

15





image24.png
4\ Antenna Designer

DESIGN.

OO H | cemerrrequeny

New Open Save | Frequency Range

[ [Wrz_~) @ setings

wororo0 s <)

Impedance |S Parameter

9 |o| w» B v

Current |3D Pattem | AZ Pattem | EL Pattern | Optimize | Tile | Export

FLe et VECTOR FREQUENCY ANALYSIS
Properties [Show | Sparameter | Pattern
~ dipoleCylindrical
Length (m) 0135 Output
Frequency
Radius (m) 00028018 Max value
Min value
Feedofset (m) o Azimuth
Elevation
GlosedEnd o
it deg) o
Titaxis ool

» dipoleCylindrical - Conductor - metal

» dipoleCylindrical - Load - lumpedElement

Show Artenra

SCALAR FREQUENCY ANALYSIS opTM

‘Azimuth

Directivity

1GHz

2.09dBi
-49.6 dBi

Elevation

[-180°, 180°]

[-90°, 907

view | xeorr

20

25

-30

35

40

dBi

Finished Adding

9@ 415C Cloudy

1246 |

nesEman e 20 B




image25.png
4\ Antenna Designer
DEion

P OO H | cemerrrequeney

New Open Save | Frequency Range

™ () © sewings

S <)

=y

Impedance |S Parameter

VECTOR FREQUENCY ANALYSIS

Fue INeuT
Properties
~ dipoleCylindrical

Length (m) 0135

Radius (m) 00028018

FeedOfiset () o

ClosedEnd o

it (deg) o

Titads oo

» dipoleCylindrical - Conductor - metal

» dipoleCylindrical - Load - lumpedElement

P Type here to search

Show | Sparameter

Current | 3D Pattern

AZ Patter || EL Pattern

Patiern

SCALAR FREQUENCY ANALYSIS

“Azimuth

Elevation

B H ¢

Optimize | Tile | Export

opmmize | view | exporr

150

180

210

Directivity (dBi) @ 1.00 GHz
)

120

240

270

2.09

60

300

30

330

Finished Adding

U B RO % E 4@

o e 2 1245
1°C Cloudy A~ O S E® G WG o0, B




image26.png
4\ Antenna Designer
DEion

PO B conterreueney [0 (W <) @ settings

New Open Save | frequencyRange  |900:10:1100 _|(MHz_~)

=y

B H ¢

Impedance (S Parameter| | Current |3D Pattern|| AZ Pattem | EL Pattern| | Optimize | Tile | Export

VECTOR FREQUENCY ANALYSIS

Fue INeuT
Properties
~ dipoleCylindrical

Length (m) 0135

Radius (m) 00028018

FeedOfiset () o

ClosedEnd o

it (deg) o

Titads oo

» dipoleCylindrical - Conductor - metal
» dipoleCylindrical - Load - lumpedElement

Show | Sparameter | Pattern

Peaks (Dataset 1) X

1-2007a8

SCALAR FREQUENCY ANALYSIS opmmize | view | exporr

Azimuh | Elevation

Directivity (dBi) @ 1.00 GHz
)

120 60

150 30
180 -0
210 330

240 300
270

Finished Adding

O Type here to search A H A W @ o R 4 @

o e 2 1247
1°C Cloudy A~ S S E® G WG o0, B




image27.png
Properties
~ dipoleCylindrical
Length (m)
Radius (m)
FeedOffset (m)
ClosedEnd
it deg)

TitAxis

0135

0.0028018

oo

» dipoleCylindrical - Conductor - metal
» dipoleCylindrical - Load - lumpedElement

Show.

‘Sparameter

Impedance (ohms)

400

Impedance

Impedance

300

200

-100

-200

Resistance

Reactance

-300
05

06

07

08 08 1 11 12 13 14 15
Frequency (GHz)




image28.png
Properties
~ dipoleFolded
Length (m)
Width (m)
‘Spacing (m)
it deg)
Titavis

» dipoleFolded - Conductor - metal

132

0014208

0018944

oo

» dipoleFolded - Load - lumpedElement

‘Show

‘Sparameter

Magnitude (dB)

Impedance

GBS,

60

80

100

120
Frequency (MHz)

140

160

180




image29.png
4\ Antenna Designer

P O B | conterrequensy [1053 (=) @ settings =ANE Q| ©| w» B«

New Open Save | FrequencyRange  [04951055 116, MHz_~ ) Impedance |S Parameter| | Current | 3D Pattern|| AZ Patter | EL Pattern|| Optimize | Tile | Export
fie iNpuT VECTOR FREQUENCY ANALYSIS SCALAR FREQUENCY ANALYSIS opmmize | view | exeorr
Properties H Show Sparameter Pattern Azimuth Elevation
~ dipoleFolded
Length (m) 132 Output  Directivity
Frequency 1055 MHz
Width (m) 0014208 Max value_ 2.22 dBi
Min value™-34.8 dBi
‘Spacing (m) 0018944 Azimuth [-180°, 1807 0
Elevation [-90°, 90°]
it (deg) 0
TiltAxis. ooy

» dipoleFolded - Conductor - metal
» dipoleFolded - Load - lumpedElement

dBi

20

25

30

Show Artenra

M Finished Updating
12:48

@ W R 4 Cucauy ~AOFE®AK M 00 B





image30.png
4\ Antenna Designer

X

DESIGN.

1055 (Wre =) @ settngs =y = | 2 ©|lo | w @ ¥

Stssross i <)

P OO H | cemerrrequeney

New Open Save | Frequency Range

Impedance (S Parameter| | Current |3D Pattern|| AZ Pattem | EL Pattern| | Optimize | Tile | Export

VECTOR FREQUENCY ANALYSIS SCALAR FREQUENCY ANALYSIS opmmize | view | exeorr

Fue INeuT
Properties
~ dipoleFolded

Length (m) 132

Width (m) 0014208

‘Spacing (m) 0018944

it (deg) o

Titads oo

» dipoleFolded - Conductor - metal
» dipoleFolded - Load - lumpedElement

Show | Sparameter | Pattern | Azimuth | Elevation

——0

Directivity (dBi) @ 105.50 MHz
90

120 10 60

0

P Type here to search

i

150 1o 30
20
30
180 40 0

210 330

240 y 300
270
T Pt @

12108

Finished Updating

@ & R 4 Q 11°C Cloudy A~ & G B ® z dx ENG 25,‘5;’;“24 L)





image31.png
4\ Antenna Designer

X

DESIGN.

1055 (Wre =) @ settngs =y = | 2 ©|lo | w @ ¥

Stssross i <)

P OO H | cemerrrequeney

New Open Save | Frequency Range

Impedance (S Parameter| | Current |3D Pattern|| AZ Pattem | EL Pattern| | Optimize | Tile | Export

VECTOR FREQUENCY ANALYSIS SCALAR FREQUENCY ANALYSIS opmmize | view | exeorr

Fue INeuT
Properties
~ dipoleFolded

Length (m) 132

Width (m) 0014208

‘Spacing (m) 0018944

it (deg) o

Titads oo

» dipoleFolded - Conductor - metal
» dipoleFolded - Load - lumpedElement

Show | Sparameter | Pattern | Azimuth | Elevation

CASIA)

Directivity (dBi) @ 105.50 MHz
90

120 10 60

0

P Type here to search

i

150 1o 30
20
30
180 40 0

210 330

240 y 300
270
T Pt @

1221508

Finished Updating

" @ & R i! © j15C Cloudy ~ & G E ® 7 dx NG 25/‘5;’;“24 B





image32.png
Properties
~ dipoleFolded
Length (m)
Width (m)
‘Spacing (m)
it deg)
Titavis

» dipoleFolded - Conductor - metal

132

0014208

0018944

oo

» dipoleFolded - Load - lumpedElement

Show.

Sparameter | Impedance | Azimuth | Elevation | Patiem

Impedance (ohms)

Impedance
7000 pec

Resistance
Reactance

6000

5000

4000

-1000

-2000

3000 I I I I
60 80 100 120 140 160 180

Frequency (MHz)





image33.png
Properties
~hom

FlareLength (m)
FlareWidth (m)
FlareHeight (m)
Length (m)
Width (m)
Height (m)
FeedWidth (m)
FeedHeight (m)
FeedOffset (m)
it deg)
Titavis

» hom - Conductor - metal
» hom - Load - lumpedElement

0.008882

013145

0.11585

0.06559

0.052465

0026229

0.0016799

001399

1-0.01925 0]

oo

Show | Impedance | Sparameter | Pattem | Azimuth

Magnitude (dB)

Elevation

-10

-35 L

GB(S:)

35 4

45

5
Frequency (GHz)

55

65




image34.png
4\ Antenna Designer — X

F O H cnerreasens [0 [z ) @ settings P =inE 9 |o| »|@wv

New Open Sove | Frequency Range | 4500505500 _|(MHz_~ ) Impedsnce |S Parameter| | Current | 3D Pttem | AZ Patter | ELPattem| Optimize | Tie | Export
NpUT VECTOR FREQUENCY ANALYSIS SCALAR FREQUENCY ANALYSIS
Properties i [ Show | Sparameler | Patiem | Azimuh | Elevation
~hom
FlareLength (m) 0008882 Output  Directivity
Frequency 5 GHz
FlareWidh (m) 013145 Max value_ 155 dBi 15
Min value-38.3 dBi
Flareteight (m) 011585 Azimuth [-180°, 180°]
Elevation [-90°, 907] 10
Length (m) 006559
Width (m) 0052465 s
Height (m) 0026220
0
FeedWidh (m) 00016750
FeedHeight (m) 001309 5
FeedOfset (m) 1001925 0]
10
it (ceg) o g
T oo . -
 hom - Conductor - metal
» hom - Load - lumpedElement .
25
30
3s

|

M Finished Updating

D n O E 4@ Qi ouy ASTE® G MG L





image35.png
4\ Antenna Designer

% <

opmmize | view | exporr

——0

Directivity (dBi) @ 5.00 GHz
)

120 20 60

30

330

240 300

270

Seson
PO EH | conterreueney [530 (W <) @ settings P = | 2
New Open Sove | FrequencyRonge  [#500505500_|(MHz_~ ) Impedance | Parameter | | Current | 3D Pattem|| AZ Pattem | EL Patten|| Optimize | Tile | Export
e et VECTOR FREQUENGY ANAYSS | SChLAR FeUBNGY anarss
Properties = Show ‘Sparameter Pattern Azimuth Elevation
~hom
FlareLength (m) 0.098882
FlareWidth (m) 013145
FlareHeight (m) 0.11585
Length (m) 0.06559
‘Width (m) 0.052465
Height (m) 0.026229
Fesami (m) Q006758 150
FeedHeight (m) 0.01399
FeedOffset (m) [-0.01925 0]
it (deg) 0
TiltAxis moo
» hom - Conductor - metal 1 80
» hom - Load - lumpedElement
210
=]
.

P Type here to search

Finished Updating

O R 4@

o e 2 1251
1°C Cloudy A~ O S E® G WG o0, B




image36.png
4\ Antenna Designer

% <

opmmize | view | exporr

Directivity (dBi) @ 5.00 GHz
)

120 20 60

0
30

330

240 300

270

Seson
PO EH | conterreueney [530 (W <) @ settings P = | 2
New Open Sove | FrequencyRonge  [#500505500_|(MHz_~ ) Impedance | Parameter | | Current | 3D Pattem|| AZ Pattem | EL Patten|| Optimize | Tile | Export
e et VECTOR FREQUENGY ANAYSS | SChLAR FeaUBNGY anass
Properties = Show ‘Sparameter Pattern Azimuth Elevation
~hom
FlareLength (m) 0.098882
FlareWidth (m) 013145
FlareHeight (m) 0.11585
Length (m) 0.06559
‘Width (m) 0.052465
Height (m) 0.026229
Fesami (m) Q006758 150
FeedHeight (m) 0.01399
FeedOffset (m) [-0.01925 0]
it (deg) 0
TiltAxis moo
» hom - Conductor - metal 1 80
» hom - Load - lumpedElement
210
=]
.

P Type here to search

Finished Updating

O R 4@

o e 2 1251
1°C Cloudy A~ O S E® G WG o0, B




image37.png
Properties

hom
FiareLength (m)
FlareWidth (m)
FiareHeight (m)
Length (m)
Width (m)
Height (m)
FeedWidth (m)
FeedHeight (m)
FeedOffset (m)
Tit (deg)
TitAxis

» hom - Conductor - metal
» hom - Load - lumpedElement

0.008882

013145

0.11585

0.06559

0.052465

0026229

0.0016799

001399

1-0.01925 0]

oo

Show

Impedance

Impedance (ohms)

150

‘Sparameter

Pattern

Azimuth

Elevation

Impedance

100

Resistance
Reactance

-100
35

45

5
Frequency (GHz)

55

65




image38.png
Properties
~ helix

Radius (m)
Width (m)
Tums
‘Spacing (m)
WindingDirection
FeedStubHeight (m)
‘GroundPizneRadius (m)
it deg)
Titavis

» helix - Substrate - dielectric.
» helix - Conductor - metal
» helix - Load - lumpedElement

0.00867

000023125

0.0080944

cow

0.001

0017345

oo

= Show

Impedance

Magnitude (dB)

12

14

‘Sparameter

Pattern

Azimuth

Elevation

GB(S:)

95

10

105

"
Frequency (GHz)

15

12

125

13




image39.png
Properties

~ helix
Radius (m)
Width (m)
Tums
‘Spacing (m)
WindingDirection
FeedStubHeight (m)
GroundPlaneRadius (m)
Tit (deg)

TitAxis

» helix - Substrate - dielectric

» helix - Conductor - metal

» helix - Load - lumpedElement

Apply

0.00867

000023125

0.0080944

cow

0.001

0017345

oo

Show | Impedance | Sparameter | Patiem

Output Directivity
Frequency 11GHz
Max value 10.9 dBi
Min value ~-15.3 dBi
Azimuth [-180°, 180°]
Elevation [-90°, 90°]

Show Antenria B

“Azimuth

Elevation

dBi





image40.png
Properties
~ helix

Radius (m)
Width (m)
Tums
‘Spacing (m)
WindingDirection
FeedStubHeight (m)
‘GroundPizneRadius (m)
it deg)
Titavis

» helix - Substrate - dielectric.
» helix - Conductor - metal
» helix - Load - lumpedElement

0.00867

000023125

3

0.0080944

cow

0.001

0017345

[

oo

Impedance | Sparameter

Peaks (Dataset 1) o)

1:0.4847 6B

Pattern | Azimuth

150

180

210

Elevation

Directivity (dBi) @ 11.00 GHz
90

120

240

270

70

60

300

30

330

—— 0





image41.png
Properties < Show | Impedance | Sparameter | Pattem | Azimuth | Elevation

" Directivity (dBi) @ 11.00 GHz —=
90

Radius (m) 0.00567

Width (m) 000023125 120 60

Tums 3 1 20

spacing (m) 00080944 0

WindngDirection = 150 30
FeedstubHeight (m) 0001

‘GroundPlaneRadius (m) 0.017345

it (deg) 0

TiltAxis. ooy 1 80 0

» helix - Substrate - dielectric.
» helix - Conductor - metal
» helix - Load - lumpedElement

210 330

240 300
270

Peaks (Dataset 1) o)

1108108





image42.png
Properties
~ helix

Radius (m)
Width (m)
Tums
‘Spacing (m)
WindingDirection
FeedStubHeight (m)
‘GroundPizneRadius (m)
it deg)
Titavis

» helix - Substrate - dielectric.
» helix - Conductor - metal
» helix - Load - lumpedElement

0.00867

000023125

0.0080944

cow

0.001

0017345

oo

‘Show

Impedance

Impedance (ohms)

500

400

300

200

100

-100

-200

-300

-400

‘Sparameter

Pattern

Azimuth | Elevation

Impedance

Resistance
Reactance

95

10

105 1" 15 12 125 13
Frequency (GHz)




image43.png
4\ Antenna Array Designer — X
DESGNER

P O B | ceonerbrequeny [11 (65 ) ® settngs © FoilAmey [] Y % [

New Open Save | FrequencyRange  |9900:110:12100 |[MHz = ) [Z] Enable Coupli O Embedded Element 3D Pattem  AZ Pattern L Patter | Impedance Correlation S Parameter | Optimize | Default Layout | Export
requency Range pling po

FLE INPUT PATTERN COUPLING opTmMZE view EXPORT

Properties [Aray || Layout3D | Patiemn x | Sparameter x | Azimuth x | Elevation x | Impedance x

~rectangularArray

Size B3

&(S,)
4B(S:1)
aB(S:)
—— 6850 H
dB(S:)
)
aB(Sy)
—— a(s)
dB(Sy)
dB(S 1)
—— 6BS2)
——— @B ||
)
—— dBS.)
—— 6BS)
T
6B
6B,
s
dB(S:)

—— cB(s.)
B
- dBSs)
- dBS)
—— ae(s,) H
- dBSu)
AB(S)

—— dBS.)
—— aB(s.)
——— dBS1)
— ]
——— 6BS.)
- 0BS.)
8BS
dB(Su)
085
B(S:e)
aB(Sz0)
——— oBs.)
B(Se)

| | | | | - oBs)
AB(Se) [

B(Sre)
B(Ses)
B(Ser)
aB(S:e)
B(Sz0)

RowSpacing (m) 0013627

ColumnSpacing (m) 0013627

Lattice Rectangular v

AmpitudeTaper (V) 1 0k

PhaseShit (deg) [

it (deg) ] 15—

Titas 1o = =
= s

Element helix 2

» rectangularArray - Element - helix
» helix - Substrate - dielectric

» helix - Conductor - metal

» helix - Load - lumpedElement

251

Magnitude (dB)

50
95 10 105 1 15 12

Frequency (GHz)

L] Finished Adding.

O Type here to search ii w O & R B EEH 4« O @ 19c sumy A O B

B awme T





image44.png
4\ Antenna Array Designer —

DESGNER

P OO B | conterrequensy i1 3

New Open Save | Frequency Range  |9900:110:12100 |(Mriz

S 1 © © B s B |¢

O Embedded Element 3D Pattem  AZ Pattern L Pattern | Impedance Correlation S Parameter | Optimize | Default Layout | Export

NpUT paTTERN coupnG v | eworr
Properties H Array Layout 3D Pattern x | Sparameter Azimuth Elevation Impedance
~ rectangularAray
Size B3 Output  Directivity
Frequency 11GHz
RowSpacing (m) 0013627 Max value_ 13.2 dBi
Min value™-34 dBi
ColumnSpacing (m) 0013627 Azimuth  [-180° , 180°] 10
—— Elevation [-90°, 90°]
Lattice Rectanguiar v
5
AmplitudeTaper (V) 1
Phaseshift (deg) 0
0
it (deg) 0
TiltAxis. ooy 5
Element heix
» rectangularArray - Element - heli 05
» helix - Substrate - dielectric
» helix - Conductor - mefal
» helix - Load - lumpedElement 15
( Apply )
20
25
30
‘ - .
N Finished Adding

I

P Type here to search i

w» @ & & % @ B 4 O @ ey ASED AWM





image45.png
4\ Antenna Array Designer

X

DESGNER

o U0 B | cenerfeqeny [0 (G ~) @ setings ® Full Aray [] © 7y B B (%
New Open Sove | Frequency Range  [9900:110:12100 |(MHz_~ ) 7] Enble Coupling | O Embedded Elemen 3D Pattem AZ Patterm ELPattem | Impedance Correlation § Parameter | Optimize | Default Layout | Export
FILE. INPUT PATTERN COUPLING OPTIMIZE VIEW EXPORT =
Properties i |5 Amay Layout 3D Pattern x | Sparameter x = Azimuth X Elevation x | Impedance x H
= e Directivity (dBi)
RowSpacing (m) 0.013627 90
‘ColumnSpacing (m) 0.013627 1 20 0 60
- = 5
) .
PhaseShit (deg) 3 270
. . 150 30
TiltAxis moo
» rectangularArray - Element - helix ~

» helix - Substrate - dielectric
» helix - Conductor - metal 180 0
» helix - Load - lumpedElement

210 330

240 300

270
R ]

1413708

L] Finished Adding

P Type here to search ii H ® @& R B HEH 4 O @iscsumy ~OEB W MG G B





image46.png
4\ Antenna Array Designer
DEoNR

P OO B | conterrequensy [11 (=

o

< @ settings ® Full Aray []

New Open Save | FrequencyRange |9900:110:12100 |(MHz

PATTERN

Fue INeuT
Properties
~ rectangularArray
size B3
RowSpacing (m) 0013627
ColumnSpacing (m) 0013627
Latice Rectanguiar v
AmpitudeTaper (V) 1
PhaseShit (deg) o
it (deg) o
Titads oo
Element heiix

» rectangularArray - Element - helix
» helix - Substrate - dielectric

» helix - Conductor - metal

» helix - Load - lumpedElement

P Type here to search i i i

180

Peaks (Dataset 1) X

1132208

=y

w B ¢

Amay || Layout3D | Pattem x | Sparameter x | Azimuth x | Elevation X

150

210

~ ) & Enble Coupling | O Embedded Element 30 Pattern  AZ Patter EL Patten | Impedance Correlation S Parameter | Optimize | Default Layout | Export

COUPLING opTmMZE view EXPORT

Impedance

az=0"

Directivity (dBi)
)

120 1 20 60

30

330

240 300
270

Finished Adding

© % & B @ M 4 O

y = 1538
@ircsumy ASG® W NG gt L)




image47.png
4\ Antenna Array Designer —

DESGNER

o U0 B | cenerfeqeny [0 (G ~) @ setings ® Full Aray [] [ © 7y i B B (%

Enable Coupling | O Embedded Element 3D Pattem AZ Pattem EL Pattem | Impedance Correlation § Parameter | Optimize | Default Layout | Export

New Open Save | frequency Range  |9900110:12100 |(MHz )

FILE INPUT PATTERN COUPLING OPTIMIZE VIEW EXPORT I
Properties i |5 Amay Layout 3D Pattern x | Sparameter x = Azimuth x | Elevation x  Impedance x
~ rectangularArray
Active Impedance gaadg
Size B3 500 T
Resitance element 1
RowSpacing (m) 0013627 |~ — Reactance element 1
‘ColumnSpacing (m) 0.013627 400 -
Lattice Rectangular -
AmpitudeTaper (V) 1 300 N
Phaseshift (deg) 0
it o o
it (deg) P |
Titaxis oo 3
£
§
Element heix 2
8 1001 - B
4
» rectangularArray - Element - helix 4 . \
» helix - Substrate - dielectric 3 g \
» helix - Conductor - metal - Phe \
L - 4
» helix - Load - lumpedElement g " \
P \
- \ PRs -
100 - A - -
\ -
.
\ - 14
-
A ’
200 S v -
N -
.-
= | | | | |
95 10 105 1" 15 12 125
Frequency (GHz)
Elements (1:9) E
] Finished Adding

@ W R ﬁ!n 40 @ 19Csumy A S5 ®m 7D NG W‘;;/;:w B





image1.png
_ertly entl 1

.
H =
A e

_ e (s,_,ff+o.3)(%+o.254)
Length = 2foZerf 0.824h ((seff—o.zss)(%w.s)

Width =





image2.jpeg
o e




