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This research provides a systematic validation and analysis of a conical horn antenna with a 

commercial frequency of 5.3-7.27 GHz. Theoretical validation of the main dimensions of 

the antenna such as the diameter of the waveguide, aperture size, flare angle, and overall 

length was compared with the design specification to guarantee that it meets the 

electromagnetic performance requirements. Material selection and surface finishing were 

assessed to maintain electrical conductivity, surface quality, and thermal stability, while 

manufacturing methods were evaluated to support dimensional accuracy and assembly 

feasibility. Electromagnetic behaviour simulation was done using High-Frequency Structure 

Simulator (HFSS) analysis to verify low VSWR, large gain, and radiation patterns. Design 

for Manufacture and Assembly (DFMA) principles were used in the development of a 

practical production concept, which would be manufacturable and structurally sound. The 

main contribution of this work is the integration of electromagnetic validation, material 

selection, manufacturing analysis, and DFMA principles into a single practical framework 

for developing a manufacturable conical horn antenna with high RF performance. These 

results indicate that the chosen antenna meets the RF performance and manufacturing criteria 

and offers a practical and reliable engineering solution that can be used in the real field.  
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SYMBOLS AND ABBREVIATIONS  

 

Roman characters 

f Frequency of operation  Hz 

fc Cutoff frequency of circular waveguide Hz 

aw Waveguide radius  m 

BW Half-Power Beamwidth  º 

a Aperture diameter of horn  m 

G Gain (linear scale)  dB 

L Total antenna length  mm 

Ra Surface roughness  µm 

 

Greek characters 

 Flare angle of horn   

λ Wavelength   m 

ρ Mass density   g/cm³ 

σ Electrical conductivity  S/m 

κ Thermal conductivity  W/m·K 

 

Constants 

g Gravitational acceleration  9.81 m/s2 

c Speed of light  3 × 10⁸ m/s 

 

 



Dimensionless quantities 

VSWR Voltage Standing Wave Ratio 

 

Subscripts 

min minimum 

max maximum  

w waveguide  

A Aperture 

 

Abbreviations 

DFMA Design for Manufacture and Assembly 

HPBW Half-Power Beamwidth 

RF Radio Frequency 

CNC Computer Numerical Control 

SLA Stereolithography Additive Manufacturing 

DMLS Direct Metal Laser Sintering 

ETP Electrolytic Tough Pitch 

mm Millimeter 

µm Micrometer 

GHz Gigahertz 

Al Aluminium 

Cu Copper
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1. Introduction 

This thesis concentrates on the DFMA analysis of a conical horn antenna of 5.3-7.27 

GHz. The analysis is grounded on a commercial horn antenna that has already been 

manufactured and serves as a point of reference to theoretically proven and engineered 

validation. This is not to redesign an entirely new antenna, but merely to confirm that the 

chosen commercial geometry is physically sound based on standard horn antenna theory and 

to analyse how the antenna can be justified based on the perspectives of material selection, 

manufacturing, assembly, and practical implementation. The benchmark antenna selected 

has an operating range of 5.3 −  7.27 GHz , a nominal gain of 15 dBi, maximum gain of 

16.95 dBi, an inner circular waveguide of 38.1 mm, an outer aperture of 101.6 mm, a total 

length of 185.4 mm, and a maximum VSWR of 1.25:1. These values provide the basis for 

the theoretical validation carried out in this thesis.  

This work is driven by the desire to relate the theory of electromagnetic antenna with real-

life engineering manufacturing. The performance of conical horn antenna is not only 

determined by the theoretical equations, but also by the dimensional accuracy, internal 

surface quality, conductivity, structural stability and the quality of assembly. This is why the 

antenna should be regarded as an RF element, as well as a manufactured part. The paper thus 

integrates benchmark-based calculations with material selection, manufacturing-method 

comparison, DFMA analysis and simulation-based analysis in the process of creating a 

technically justified production concept in the case of the antenna. 

1.1  Background and motivation 

This thesis is motivated by the importance of horn antennas in microwave applications and 

by the need to understand how electrical performance is affected by practical manufacturing 

decisions. Conductivity, surface roughness, dimensional accuracy, and assembly quality at 

5.3-7.27 GHz have a direct impact on gain and impedance matching. Therefore, the work 

studies the antenna not only from a theoretical point of view, but also from a manufacturing 

and DFMA perspective. 
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1.2  Objective 

The primary aim of this thesis is to confirm the chosen commercial conical horn antenna 

with the help of the standard electromagnetic theory, as well as to examine its 

appropriateness from the perspectives of the choice of materials, manufacturability, 

assembly, and DFMA. The research is also expected to develop a practical production 

concept that will not compromise on the necessary RF performance. 

Furthermore, this thesis aims to verify that the selected antenna geometry and the proposed 

production approach form a technically consistent and practically feasible solution for the 

target frequency range of 5.3–7.27 GHz. By combining electromagnetic theory, dimensional 

validation, CAD-based modelling, and DFMA-oriented assessment, the study seeks to 

identify a design concept that balances RF performance, manufacturability, assembly 

simplicity, and cost-effectiveness. 

1.3  Research problem and research questions 

The thesis research problem is “How can a 5.3727 GHz conical horn antenna be justified 

and analysed to meet the RF performance requirements and practical manufacturing 

requirements”. The following are the main research questions: 

1. Is it possible to confirm the dimensions of the chosen commercial horn antenna with 

the help of the standard electromagnetic equations?  

2. Which material system is most suitable for this antenna?  

3. What is the manufacturing method that can support the necessary geometry and RF 

surface quality?  

4. How should the antenna be assembled so that performance is preserved? 

1.4  Research methods 

The thesis involves theoretical validation through benchmark, literature review, comparative 

material evaluation, manufacturing method evaluation, DFMA-based evaluation, and 
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performance analysis through simulation. A combination of these approaches gives both 

theoretical and practical rationale to the chosen antenna concept. 

1.5  Scope and Expected outcomes 

The scope of this thesis is limited to the analysis of one selected 5.3–7.27 GHz conical horn 

antenna. The process involves theoretical validation, material and manufacturing analysis, 

DFMA evaluation and simulation-based assessment. It does not include fabrication and 

laboratory measurement of a physical prototype. 

The expected outcome of the thesis is an explicit engineering rationale of the preferred horn 

antenna concept. This involves checking of the benchmark geometry, choosing of an 

appropriate material system, the most appropriate manufacturing path and the creation of a 

DFMA-based production concept that facilitates the practical implementation. 
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2  Horn Antenna Design Comparison 

One of the most useful and researched types of microwave antennas is horn antennas. They 

consist of a series of gradual impedance transformers, which are formed by flaring a 

waveguide into an open aperture, between the guided-wave environment of an operating 

waveguide and free space. They are essential in radar, satellite communications, radio 

astronomy, electromagnetic compatibility (EMC) testing, and millimetre-wave research due 

to their high gain, wide bandwidth, low VSWR, and predictable radiation properties. 

Applications of horn antenna: 

• Large radio astronomy 

• Satellite tracking 

• Communication dishes 

Advantages: 

• High gain 

• Low VSWR (Voltage Standing Wave Ratio) 

• Relatively wide bandwidth 

• Low weight 

• Easy to construct 
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2.1  Pyramidal Horn Antenna: Design & Equations 

 

Figure 1: The Pyramidal Horn Antenna 

The pyramidal horn is produced by simultaneously flaring a rectangular waveguide 

(dimensions a × b) in E-plane (vertical) and in the H-plane (horizontal). The resultant 

aperture has dimensions a1 × b1, where a1 > a and b1 > b. 

 

Table 1: Symbols Used in Pyramidal Horn Design 

Symbol Definition 

a H-plane dimension (width) of the feed rectangular waveguide 

b E-plane dimension (height) of the feed rectangular waveguide 

a₁ H-plane aperture dimension (width at the mouth of the horn) 

b₁ E-plane aperture dimension (height at the mouth of the horn) 

ρh 
 

Length of slants between apex and edge of H-plane aperture 

ρe 
 

Length of slant between apex and E-plane aperture edge 

Pe 
 

Virtual distance between apex to H-plane aperture 

Ph 
 

Virtual distance between apex to E-plane aperture 
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λ Free-space wavelength (λ = c/f) 

G Antenna gain (dimensionless or in dB) 

eA 
 

Aperture efficiency (~0.511 for optimum pyramidal horn) 

χ (chi) 
 

Design variable in the horn design equation 

EA 
Electric field component at the aperture (as labelled in diagram) 

HA 
 

Magnetic field component at the aperture (as labelled in diagram) 

 

Figure 2: Cross Section of Pyramidal Horn Design 

Design Procedure 

Step 1: Define desired gain G₀ (dB → linear), operating frequency f, waveguide dimensions 

a, b. 
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Step 2: Compute λ = c/f 

Step 3: Solve the horn design equation iteratively for χ (begin with 𝜒₀ =  𝐺₀ 𝜆/ (2𝜋√3)) 

Step 4: Compute A = √(3λχ) and B from optimum E-plane condition 

Step 5: Compute slant lengths 𝜌𝐻 , 𝜌𝐸 . 

Step 6: Verify realizability: check 𝑃𝐸  =  𝑃𝐻.  

Step 7: Compute flare angles 

Step 8: Verify The design 
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Figure 3: E-plane and the H-plane of Pyramidal Horn 

2.2  Conical Horn Antenna: Design & Equations   

The conical horn is obtained by flaring a circular waveguide with radius rw into a cone of 

aperture radius ac (or diameter d = 2ac). The cone is symmetrically stretched around the 

central axis with a half-flare angle α. This rotational symmetry is what gives the conical 

horn its most important practical advantages. 

 
Table 2: Symbols Used in Conical Horn Design 

Symbol Definition 

fr 

 
Design frequency of the feed cylindrical waveguide 

G0 

 
Desired Gain 

d Diameter of the waveguide 

dm 

 
Diameter of the horn aperture 

L1 

 
Gap between waveguide and horn aperture 

ψc 

 
Flare angle 

t 
 

Thickness of metal 
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Figure 4: Dimensions of Conical Horn Design 

2.3  Step by step process of design a Conical Horn    

Step 1: Select desired gain G₀ (dB → linear) and operating frequency f 

Step 2: Compute λ = c/f 

Step 3: Calculate required aperture diameter d 

Step 4: Calculate axial length L from slant-length practical formula 

Step 5: Calculate the slant length l flare angle ψ𝜓 

Step 6: Verify phase error 

Step 7: Confirm HPBW (Half-Power Beamwidth) 

Step 8: If circular polarization is required, design septum polarizer or hybrid probe feed 
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2.4  Gain vs. Phase Error Trade-off 

2.4.1  Performance Impact of Design Choices 

The same basic design trade-off occurs with both horns: the larger the aperture is, the more 

gain is obtained, but the phase error is also increased, diminishing aperture efficiency. 

Optimum point where gain is maximum at a given axial length - occurs at certain normalized 

phase errors: 

• Pyramidal Horn: sopt  ≈  0.25 (E − plane) and topt  ≈  0.375 (H − plane) 

• Conical Horn: σopt  ≈  0.33 to 0.40 

In addition to these optima, there are even smaller gain values with increasing aperture, a 

regime that engineers cannot afford in practice. 

2.4.2  Pattern Symmetry and Its Consequences 

The unequal beamwidths of E- and H-planes is a direct result of the asymmetric aperture of 

the pyramidal horn (A ≠ B). This provides the engineer with independent control 

advantageous in systems that require varying horizontal and vertical coverage. But it also 

implies that the cross-section of beam is not circular but elliptical, which makes circular 

parabolic reflectors inefficiently illuminated. 

The aperture of the conical horn is symmetrical, resulting in a circular beam cross-section, 

where both the beamwidth in the E-plane and that in the H-plane are equal. This is 

intrinsically more efficient in lighting up circular dishes and any rotating scanning system 

that rotates the antenna, as the gain and coverage remain the same regardless of the angle of 

rotation. 

2.4.3  Bandwidth Behavior 

Both horns are wideband inherently. Standard designs have a low input VSWR (less than 

2:1) within 10:1 bandwidth. At other frequencies, however, the phase error varies, and the 
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aperture efficiency drops, reaching maximum at the design frequency. In the case of the 

pyramidal horn, a gain tends to rise with frequency as the aperture size grows larger 

electrically, up to the point of phase error saturation. 

Further conical designs (with corrugated designs and dual-mode designs) can achieve 

bandwidth ratios of over 40:1, and can satisfy the groove resonance condition over the band 

by tapering the corrugation depths gradually. 

Table 3: Application Suitability 

Application Pyramidal Conical Preferred 

Gain reference / calibration 

antenna 
✔ ✔ Pyramidal 

Radar & microwave sensing ✔ ✔ Pyramidal 

EMC / antenna testing ✔ — Pyramidal 

Linear polarization systems ✔ ✔ Both 

Circular polarization 

systems 
— ✔ Conical 

Satellite communication 

feeds 
✔ ✔ Conical 

Radio astronomy feeds ✔ ✔ Conical (corrugated) 

Mechanical scanning / 

rotation 
Limited ✔ Conical 

Sub-mm wave / 5G-6G 

research 
— ✔ Conical 

Electronic warfare (EW) ✔ ✔ Both 

 

The pyramidal horn is the most common where simplicity, cost efficiency and a calibrated 

gain reference are required. Its analytical design equations are well established, and therefore 

it is the standard of choice in laboratory, testing, and radar applications. 

The conical horn is used in areas where beam symmetry, circular polarization, or excellent 

cross-polarization is needed especially in satellite communications feeds, radio astronomy, 

and at millimetre-wave applications. 
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3  Design Calculations 

Commercial Benchmark Analysis 

Objective: to theoretically prove the physical dimensions of a A-INFO LB-CNH-WC150-

15 commercial 5.3-7.27 GHz conical horn antenna based on standard electromagnetic 

principles. The design is physically self-consistent by checking each critical dimension 

mentioned in the manufacturer’s datasheet against a first-principles calculation. 

Table 4: Datasheet Specifications of the A-INFO LB-CNH-WC150-15 Horn Antenna 

Parameter Value (from Datasheet) 

Operating Frequency 5.3 GHz – 7.27 GHz 

Nominal Gain 15 dB 

Maximum Gain (at 7.27 GHz) 16.95 dB 

3 dB Beamwidth (H-Plane) 34° 

Waveguide Inner Diameter 38.1 mm 

Outer Envelope W/H 101.6 mm 

Total Length L 185.4 mm 

VSWR (Maximum) 1.25: 1 

 

3.1  Justification of the Circular Waveguide Interface 

Target Dimension to Verify: 38.1 mm (Inner Diameter) 

Theoretical Concept: 

The circular waveguide on the back of the antenna acts as a high-pass filter. The engineering 

safety margin of the cutoff frequency (fₙ) of the waveguide should be set to less than 5.3 

GHz to enable the lowest operating frequency (5.3 GHz) to propagate without attenuation. 

The standard propagation mode in a circular waveguide is the TE₁₁ mode. 

Governing equation: 
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𝑓𝑐 =

1.841𝑐

2𝜋𝑎𝑤
 

3.1 

 

Where:  

c = speed of light ≈ 3 × 10⁸ m/s 

𝑎𝑤  = waveguide radius (m)  

 

Calculation: 

Extracting the waveguide radius from the datasheet: 

𝑎𝑤   =
38.1

2
 =  19.05 𝑚𝑚 =  0.01905 𝑚 

𝑓𝑐 =
1.841 × 3 × 108

2𝜋 × 0.01905
 

𝑓𝑐 =
5.523 × 108

2𝜋 × 0.01905
= 4.61 𝐺𝐻𝑧  

Justification:   

Calculated cutoff frequency: 4.61 GHz   

The cutoff frequency of 4.61 GHz is within 13% of the lowest operating frequency of the 

antenna, which is 5.3 GHz. This is a typical engineering safety factor, such that the TE₁₁ 

mode propagates effectively throughout the whole 5.3-7.27 GHz band without the risk of 

evanescent attenuation towards the lower end of the band. This inner diameter of 38.1 mm 

is well justified. 

3.2  Justification of the Aperture Size (Cone Mouth)  

Target Dimension to Verify: 101.6 mm Outer Width / Height 

Theoretical Concept: 

The size of the aperture of the cone depends on the inner diameter of the aperture directly, 

and the tighter the cone is focused on its beam, the tighter the antenna focusing. By reversing 

the calculation of Half-Power Beamwidth (HPBW) that is claimed by the manufacturer, we 
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may arrive at the calculation of the inner aperture diameter that we need to achieve that 

beamwidth at that center-frequency. 

• Centre Frequency (𝑓₀): 6.285 𝐺𝐻𝑧 

• Wavelength (𝜆):
𝑐

𝑓𝑜
 =

 3×108

6.285×10⁹
 ≈  47.7 𝑚𝑚 

• Target Beamwidth (BW): 34° (H − plane, from datasheet) 

Governing Equation: 

 
𝐵𝑊 =

70𝜆

2𝑎
 

 

3.2 

 

Calculation: 

2𝑎 =  70 ×  (
𝜆

𝐵𝑊
)  =  70 × 

47.7

34
 ≈  98.2 𝑚𝑚 

Justification: 

• Required inner aperture diameter: 98.2 mm  

• Datasheet outer dimension: 101.6 mm  

The electromagnetic equations require an inner aperture of 98.2 mm. The datasheet states an 

outer envelope of 101.6 mm. The 3.4 mm difference is an equivalent of 1.7 mm on either 

side of the wall. This is enough to give the chassis structural rigidity required of the 

aluminium, and the front flange, and leave the internal RF cavity at the electromagnetically 

correct 98.2 mm diameter. 

3.3  Evaluation of Aperture Efficiency (eₐ) 

Target Metric to Verify: 16.95 dBi Peak Gain at 7.27 GHz 

Theoretical Concept: 

Aperture efficiency (eₐ) quantifies how effectively the physical aperture area is used to 

radiate energy in the desired direction. A theoretical horn with a perfectly uniform phase of 

front across its opening would achieve eₐ = 1.0 (100 %). In practice, the curved phase front 
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inside a conical horn introduces phase errors that reduce this below 1.0. We calculate the 

true eₐ from the manufacturer's stated peak gain at the highest operating frequency (7.27 

GHz, where λ ≈ 41.26 mm). 

Aperture efficiency (eₐ) is a measure of the efficiency with which the actual aperture area is 

utilized to produce energy in the intended direction. An ideal horn with a very smooth phase 

of front across its opening would achieve (eₐ) = 1.0 (100 %). Practically, the curved front of 

the phase within a conical horn causes phase errors, which lower this to less than 1.0. We 

determine the actual (eₐ) by the peak gain specified by the manufacturer at the highest 

operating frequency (7.27 GHz, where λ ≈ 41.26 mm). 

Governing Equation: 

 
𝐺 = (

𝜋 ⋅ 2𝑎

𝜆
)

2

𝑒𝑎 

 

3.3 

 

Calculation: 

1. Convert dB to linear:  

𝐺 = 1016.95/10 ≈ 49.54 

 

2. Solve for 𝑒𝑎:  

𝑒𝑎 =
𝐺

(𝜋 ⋅ 2𝑎/𝜆)2 =
49.54

(𝜋 ⋅ 98.2/41.26)2 ≈ 0.88 

 

Justification: 

The 88% aperture efficiency is a validation that the commercial design is highly optimized, 

which is much higher than the generic 52% assumption. 

3.4  Justification of the Total Antenna Length 

Target Dimension to Verify: 185.4 mm Total Length 
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Theoretical Concept: 

The total physical length of the antenna is the sum of two segments:  

(a) The flared conical horn  

(b) The straight circular waveguide feed section which links to the coaxial or flange input. 

Calculation: 

Part A: Optimum Cone Length 

Cone Length (minimum): 

𝐿cone =
(2𝑎)2

3𝜆
=

98.22

3 × 47.7
≈ 67.4 mm 

Part B: Waveguide Feed Length 

The length of a circular waveguide feed must be at least 1.5λ to 2λ long so that the TE₁₁ 

mode has sufficient propagation distance to stabilise before reaching the flare transition. 

Waveguide Feed Length (minimum): 

𝐿waveguide = 1.5𝜆 ≈ 71.5 mm 

Table 5: Length Summary 

Component Theoretical Value Role / Significance 

Optimum Cone Length 67.4 mm 
Minimum taper for target 

aperture at center frequency 

Waveguide Feed Length 71.5 mm (1.5 λ) 
Stabilizes TE11 mode 

before the flare 

Theoretical Minimum Total ~138.9 mm Lowest functional length 

Actual Datasheet Length 185.4 mm 

+46.5 mm extension 

reduces phase error → 

VSWR 1.25:1 

 

Justification: 

Theoretical Minimum Total: 
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𝐿min = 67.4 + 71.5 ≈ 138.9 mm 

The theoretical minimum length of the commercial antenna is 46.5 mm below the real length. 

It is a high-quality design choice: the manufacturer has made the taper of the conical section 

longer than it has to be, enabling the electromagnetic wavefront to shift to the full aperture 

more smoothly, as it moves out of the waveguide and into the full aperture. This progressive 

change minimizes the phase error over the aperture and eliminates internal reflections, the 

physical cause of which is the direct cause of the ultra-low VSWR of 1.25:1 on the datasheet. 

Table 6: Comparison of Datasheet and Calculated Antenna Dimensions 

Dimension / Metric 
Datasheet 

Value 

Calculated 

Value 
Conclusion 

Waveguide Cutoff 38.1 mm Ø fₙ = 4.61 GHz 
13 % safety margin below 5.3 

GHz — confirmed 

Aperture Diameter 
101.6 mm 

(outer) 
98.2 mm (inner) 

3.4 mm = 1.7 mm wall each 

side — structurally justified 

Aperture Efficiency 
16.95 dBi 

peak gain 
eₐ = 0.88 (88 %) 

Highly optimized — well 

above the 52 % generic 

estimate 

Total Length 185.4 mm Min. 138.9 mm 

+46.5 mm extension 

suppresses phase error → 

VSWR 1.25:1 
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4  Methodology 

In the methodology, the thesis of the 5.3 -7.27 GHz conical horn antenna has incorporated 

the literature review, theoretical validation of the benchmarks, materials selection, 

manufacturing-method comparison, DFMA analysis, and simulation supported evaluation 

to come up with a justified production concept. The methodology connects the principles of 

electromagnetic design to practicable manufacturing and assembly demands, enabling the 

chosen commercial horn antenna to be evaluated as an RF element and as a commercial 

engineering product. According to Boothroyd, Dewhurst and Knight (2010), design choices 

and production choices must be made to enhance manufacturability, minimize unjustified 

complexity, and ensure consistent end performance. 

 

 

Figure 5: Main components of methodology 

 

literature 
review

Solidworks 

Matierial

selection
HFSS
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4.1  The Principles of Conical horn antenna  

A conical horn antenna is created by flaring a circular waveguide into a cone-shaped 

aperture, providing a gradual transition from guided-wave propagation to free-space 

radiation. This reduces reflections and supports stable, symmetrical beam formation, which 

is one of the main advantages of the conical horn geometry (Olver, Clarricoats and Kishk, 

1994; Balanis, 2016). 

The key geometric parameters of it are the waveguide diameter, the aperture diameter, the 

horn length, the flare angle, and the wall thickness. These dimensions determine how the 

wave expands from the feed to the aperture and therefore affect gain, beamwidth, phase 

error, and impedance behaviour. Although gain usually increases with aperture size, over 

agents can cause the phase error to increase, and aperture efficiency to decline, thus the horn 

size should be chosen as a trade-off between size and performance (Granet and James, 2013; 

Balanis, 2016). 

4.1.1  Circular waveguide fundamentals 

The feed section of the selected antenna is a circular waveguide. In a circular waveguide, 

propagation can occur only above the cutoff frequency of the chosen mode. In the case of 

horn antennas, TE₁₁ is the dominant mode and is desirable since it allows stable field 

behaviour and effective transition into the horn flare (Pozar, 2011; Olver, Clarricoats and 

Kishk, 1994). 

The cutoff frequency of the dominant TE₁₁ mode is given by: 

 
𝑓𝑐 =

1.841𝑐

2𝜋𝑎𝑤
 

4.1 

 

where c is the speed of light and 𝑎𝑤 is the radius of waveguide. The above equation is then 

applied to confirm the chosen benchmark waveguide diameter. The 38.1 mm inner 

waveguide diameter in the uploaded benchmark calculations yields a cutoff frequency of 

about 4.61 GHz which is well below the lower operating limit of 5.3 GHz and thus allows 

stable propagation through the chosen band. 
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4.1.2  The Basic Equations of Horn Design 

The construction of a conical horn is founded on the association between frequency and 

wavelength and the size of an aperture, horn length and gain. The following equations are 

the theoretical foundation of the benchmark validation that will be conducted in the future. 

The wavelength is obtained from: 

 

 𝜆 =
𝑐

𝑓
 4.2 

 

where c is the speed of light and f is frequency. Once wavelength is known, the aperture size 

can be related to beamwidth. The uploaded benchmark calculations use the relation 

 
𝐵𝑊  =  70 (

𝜆

2𝑎
) 

4.3 

 

where BW is beamwidth in degrees and 2a is the aperture diameter. This is a formula 

indicating that the wider the aperture, the narrower the beam. It can then be used to determine 

the internal horn aperture based on the standard benchmark beamwidth value (A-INFO, 

n.d.). 

The gain–aperture relation used in the benchmark analysis is: 

 
𝐺 = (𝜋

2𝑎

𝜆
)

2

𝑒𝐴 
4.4 

 

where G is gain in linear form and 𝑒𝐴 is aperture efficiency. The relation between the 

physical aperture and directional performance is directly proportional and enables the 

aperture efficiency to be determined when the gain and aperture size are known. The conical-

horn design notes uploaded also highlight the fact that the increase in aperture only allows 

gain enhancement to a certain point when the phase error starts to decrease the efficiency 

(Granet and James, 2013; Balanis, 2016).   
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Horn length is also tied to aperture size and wavelength. In the uploaded benchmark 

calculations, the conical section length is calculated based on the aperture and centre-

frequency wavelength, then a length is added to the waveguide feed length so that the 

theoretical minimum overall length of the antenna is obtained. This method is subsequently 

applied to compare benchmark total length against the shortest physically feasible design 

(A-INFO, n.d.). 

The Material selection is significant since the antenna should meet both RF and 

manufacturing demands. Electrical conductivity, achievable surface roughness, thermal 

conductivity, density, corrosion resistance, mechanical strength, and machinability are the 

most significant properties in this frequency range as they directly influence gain, VSWR, 

durability and the quality of production (Pozar, 2011; Balanis, 2016).   

Electrical conductivity is especially critical because RF current flows mainly on the inner 

horn surfaces. As the uploaded analysis indicates, the conductivity of silver and copper is 

significantly greater than that of bulk Al 6061, so the conductive finish layer is necessary in 

the case of aluminium as a substrate.   

Surface roughness is also important, and the target for the interior RF surface being 

𝑅𝑎 ≤ 0.4 𝜇𝑚 

                      (PhysMath SPbSTU, 2024; Pozar, 2011). Even though copper is superior in 

conductivity and thermal performance, aluminium is less weighty, easily machinable, and 

more manufacturable, which justifies the subsequent selection of Al 6061-T6 with internal 

silver plating (Milligan, 2005; Machinery’s Handbook, 2020). 

4.1.3  Manufacturing requirements for RF-critical geometry 

The manufacturing path should be able to realize the necessary geometry, tolerance, and 

internal surface quality without any defects that decrease RF performance. The posted 

manufacturing analysis demonstrates that CNC turning and milling is the most appropriate 

initial path as it offers high dimensional quality, excellent concentricity, and interior 

surfaces, which can be polished to RF-compatible quality (Boothroyd, Dewhurst and Knight, 

2010; Gibson, Rosen and Stucker, 2015). 
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Additive manufacturing is capable of making complicated shapes, but it requires significant 

post-processing before the inside RF surface is acceptable. Fabrication and casting of sheet-

metal are also inappropriate as they add seams, porosity, effects of shrinkage or secondary 

machining needs which can reduce matching and lead to losses. This is why the final DFMA 

analysis is primarily CNC machining, and additive manufacturing is considered as a 

complementary prototyping technique. 

4.2  The Effect of the Different Manufacturing Method on the Performance of the 

Antenna 

The fabrication route defines the roughness of surfaces that can be achieved, accuracy of 

dimensions, and structural integrity over time, and all of which have a quantifiable impact 

on RF performance. Four candidate methods are evaluated below. 

 

Table 7:  The Effect of the Different Manufacturing Method on the Performance of the Antenna 

Evaluation 

Criterion 

CNC 

Turning & 

Milling 

Additive Mfg 

(DMLS / SLA) 

Sheet Metal 

Fabrication 

Die / Investment 

Casting 

Achievable 

Tolerance 

±0.05−0.10 

mm on 

turned 

diameters. 

Satisfies ISO 

2768-f (fine 

grade). 

Satisfied all 

waveguides 

bore and 

aperture 

requirements 

without 

secondary 

operations. 

DMLS: 

±0.10−0.20 mm,  

SLA: ±0.20 mm. 

Waveguide bore 

must be post 

machined 

through to 

dimensional 

spec. 

±0.20−0.50 mm 

due to spring 

back during 

press-brake 

bending. Poorly 

cast waveguide 

bore dimensions. 

±0.30−1.50 mm 

as-cast. All 

mating surfaces 

are to be 

machined, which 

essentially 

introduces 

additional CNC 

step to process. 

Interior Surface 

Roughness (Ra) 

0.20−1.60 

µm after 

finish 

DMLS as-built 

Ra: 

Sheet shear/bend 

surfaces: 

3.20−25 µm  

depending on 

mould condition. 
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turning; 

polishable to 

≤ 0.20 µm 

Directly 

meets the 

≤ 0.4 µm RF 

requirement 

in a single 

polishing 

stage. 

10−12 µm. SLA 

as-built: ~8 µm. 

Both require 

media blasting 

and 

electropolishing 

before silver 

plating is viable, 

and two 

additional 

process steps are 

added. 

1.60−3.2 µm. 

Insufficient for 

the RF inner 

surface without 

additional 

grinding or 

polishing, and 

joint lines 

remain at a 

VSWR risk. 

Casting does not 

have the 

simplicity of 

machining and 

polishing, which 

is mandatory. 

Impact on 

Conductivity 

after Plating 

A smooth, 

clean 

machine 

surface 

enhances a 

high-quality 

adhesion of 

silver 

electroplate. 

There is not 

much 

variation in 

conductivity 

across the 

inner surface 

at the point 

of reaching 

the Ra target. 

Micro-porosity 

of powder-bed 

fusion processes 

can have 

residual gas or 

contamination 

trapped between 

the plating layer 

and the 

underlying 

structure, 

resulting in 

localized high 

resistance spots 

and reduced 

bond strength. 

HIP treatment or 

vacuum 

impregnation is 

recommended. 

Galvanic 

discontinuities 

are formed by 

welding or 

riveting the inner 

surface. These 

introduce local 

variations in 

impedance 

which give rise 

to signal 

reflections and 

increase VSWR 

in an 

unpredictable 

manner. 

The porosity and 

non-metallic 

inclusions 

castings are 

found to 

decrease the bulk 

conductivity 

locally, as well 

as to introduce 

anisotropic 

plating adhesion. 

Hard to ensure 

uniform RF 

surface quality in 

a batch. 

Conical 

Geometry 

Capability 

Optimized 

with 

axisymmetric 

(rotationally 

symmetric) 

shapes. The 

whole 

conical flare 

is produced 

in one CNC 

turning 

Is able to make 

any 3D 

geometry such 

as corrugated 

inner walls, 

choke rings and 

curved 

transitions; this 

is a major 

benefit when 

high-level horn 

Restricted to flat 

and single-bend 

prismatic forms. 

It is impossible 

to make a 

seamless conical 

body using sheet 

metal, as any 

effort will put at 

least one 

longitudinal 

Is able to cast 

near-net conical 

profiles but 

aperture 

shrinkage and 

distortion require 

a CNC finishing 

step, which 

makes casting a 

pre-process and 

not an 
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chucking, 

which 

ensures the 

concentricity. 

Fillet design 

or EDM is 

required on 

internal re-

entrant 

corners. 

designs are taken 

into account. 

weld seam on 

the radiating 

surface. 

independent 

process. 

Material 

Utilization 

Subtractive, 

up to 

60%−70% of 

the starting 

billet is 

removed as a 

swarf. 

Greater use 

of raw 

materials and 

waste-

disposal 

expenses 

than additive 

routes. 

Waste in the 

form of near-net-

shape deposition 

materials that are 

generally less 

than 5% (support 

structures only). 

Promotes 

sustainable, less 

wasteful 

manufacturing 

ideology. 

Offcuts of 

shearing sheets 

can be recycled; 

total waste ratio 

about 5-12% in 

simple horn 

panel. 

The volume 

production is 

low in per-part 

waste, but this is 

compensated by 

high die cost and 

high die 

runner/gate 

scrap. Partially 

compensated are 

recyclable 

runners. 

Prototype Lead 

Time 

Moderate, 

CAM 

programming 

(1-2 h) and 

machining 

(4-8 h). No 

lead time or 

tooling 

needed of 

turned 

geometries. 

Fast - convert 

digital file to 

physical 

component in 3-

8 hours. None of 

the jigs, dies, or 

fixturing. 

Facilitates quick 

design-iteration. 

Moderate - laser 

cutting and 

press-brake 

forming is fast, 

however, the 

fabrication of 

jigs and the 

assembly of the 

weld/rivets 

prolong the 

schedule. 

Slow - die 

tooling is time-

consuming (2-8 

weeks), and 

costs a lot of 

money. It is only 

cost effective 

when making 

production 

quantities of a 

few hundred 

units. 

DFMA 

Recommendati

on 

PRIMARY 

utilization of 

all RF-

critical 

surfaces and 

ultimate 

COMPLEMENT

ARY 

prototyping and 

complex non-

RF. 

NOT 

RECOMMEND

ED, geometry 

incompatible, 

seams degrade 

RF performance. 

NOT 

RECOMMEND

ED, tooling cost 

and Ra are 

excessive in 
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dimensional 

conformity. 

prototypes or 

small runs. 

 

CNC turning/milling is suggested as the main production technique of all RF-sensitive 

surfaces. Additive manufacturing may serve as a supplementary technique in rapid 

prototyping, as well as in the fabrication of non-RF geometrically complex features. The use 

of sheet metal forming and casting alone is not suitable for this type of geometry and required 

performance level.  

Based on this, it is possible to discuss two manufacturing approaches: 

1. CNC Turning/Milling 

2. Die Casting followed by CNC Machining 

In the second method, the basic shape is produced by die casting and has relatively low 

dimensional accuracy (±0.30 -1.50 mm) and then CNC machined to the required dimensions 

and surface quality. Nevertheless, this approach is not advisable. This is due to the fact that 

it entails two different manufacturing processes. This leads to an increase in the overall 

production time as compared to a single process approach. Moreover, it contributes to the 

unwarranted energy use. The fact that each process is done using different machines also 

increases the cost of operation and needs qualified operators at every stage. Thus, this 

method is less effective and more costly. 

4.3  Step-by-Step Manufacturing Process Plan 

The plan is designed on fundamental DFMA principles: part consolidation, self-location 

design, tolerance standardization to ISO 2768-m, and no welding of any RF-critical 

interface. It is separated into four consecutive steps that span the waveguide region as well 

as the conical aperture. 

Table 8: Step-by-Step Manufacturing Process Plan 

Stag

e 

Manufacturing Step Tooling / Equipment Description 

Part A: Waveguide Section (Cylindrical Feed Tube) 
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1 

 

 

Figure 6: CNC lathe, carbide 

finishing insert 

 

Outer 

Diameter 

Turning 

2 

 

 

Figure 7: Horizontal band 

saw, lathe cutting tool 

Cutting off 

operation to 

separate 

7mm thick 

Al plate 

3 

 

 

Figure 8: CNC drill 

 

Carry out 

drilling 

using 

normal 

8mm drill 

bit. 
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4 

 

 

 

Figure 9: CNC mill + boring 

bar 

  

Internal 

Bore 

Machining 

to increase 

center hole 

(waveguide

) to 

necessary 

diameter. 

5 

 

 

Figure 10: CNC drill + 

indexing jig 

Bolt-Circle 

Drilling 

(6×) 

Part B: Conical Aperture Section 

6 

 

 

 

Figure 11: CNC lathe, taper-

turning attachment 

 

Figure 12: CNC milling, 

tapered ball-end mill 

External 

Conical 

Profile 

Turning 

and Interior 

Conical 

Surface 

Machining  
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7 

 

Figure 13: Final Design 

Final Design 

Part C: Surface Finishing and Electroplating 

8 

 

 

 

Figure 14: Chemical Pre-

Treatment and Gray painting 

Increase the 

final output 

product 

performanc

e and 

durability. 

9 

Silver Electroplating: Coat all 

internal RF surfaces with a 5-10 µm 

layer of silver. The low bulk 

conductivity of the Al 6061 substrate 

is offset by the high surface 

conductivity of silver (62.1 MS/m). 

Plating rectifier, silver-

cyanide bath, Ag anode 

 

 

 

 

Assembly and Acceptance testing: 

 

After both portions are machined, coated, and checked, the waveguide and conical aperture 

are initially assembled without the use of any adhesive to ensure that they fit concentrically 

and that they are correctly aligned. When the alignment is established, structural epoxy 

adhesive is spread at the joint and left to dry completely. At this point, welding is avoided 

intentionally since the heat produced by the welding process would distort the conical shape 

that was machined precisely and introduce internal stresses that would cause the antenna to 

deteriorate as time goes by. Once epoxy has been cured, important dimensions such as the 
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inner diameter of the waveguide, aperture diameter, flatness, and the total length are 

measured and recorded to ensure that they are within the allowed tolerances. Lastly, the 

finished antenna is attached to a Vector Network Analyzer and measured over the entire 5.3-

7.27 GHz operating range. To ensure that the antenna passes, the return loss should be less 

than -14 dB (that is, it should hardly reflect at all) and the gain should be within ±1 dB of 

the design value. Any unit which falls short of either of these criteria is laid up to be 

investigated, instead of going into service. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5  Results 

5.1  Material Properties and Their Impact on Antenna Performance 

Operating at 5.3–7.27 GHz places stringent demands on material behaviour. The following 

table correlates each important property with the physical mechanism of influence on gain, 

VSWR, surface conductivity and service life. 

Table 9: Material Properties and Their Impact on Performance 

Material 

Property 

The Impact on RF Performance at 5.3–

7.27 GHz 

Design Target / Threshold 
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Electrical 

Conductivity 

(σ) 

RF energy propagating inside a horn 

induces surface currents along the inner 

metal walls. These currents encounter a 

skin-effect resistance,  𝑅𝑠 = √𝜋𝑓𝜇/𝜎 

which rises as conductivity falls. The 

outcome is ohmic power dissipation 

which directly removes the radiated gain 

of the antenna. 

At C-band frequencies (5–8 GHz) a 10% 

decrease in the surface conductivity 

causes an observable increase in the 

insertion loss. 

Inner surface 𝜎 ≥ 30MS/m 

Silver: 62.1 MS/m, 

Copper ETP: 58.0 MS/m, 

Bulk Al 6061: only 25–30 

MS/m marginal with no 

conductive finish coating. 

(Pozar, 2011). 

Surface 

Roughness (Ra) 

At 7 GHz the electromagnetic skin 

dept2011) copper is approximately 0.9 

µm. 

Surface peaks and valleys that reach this 

depth cause current to go a more 

resistive way, increasing insertion loss 

and worsening VSWR. High roughness 

also compromises the mechanical bond 

of any electroplated conductive coat, 

producing microscopic conductivity 

gaps all over the RF surface. 

Ra ≤ 0.4 µm on all interior 

RF surfaces. 

Confirmed by profilometer 

measurement before 

plating. Such a level can be 

obtained with the help of 

finish turning and abrasive 

polishing (PhysMath 

SPbSTU, 2024). 

Thermal 

Conductivity 

(κ) 

Continuous RF operation produces 

resistive heat on the antenna walls. 

Unless this heat is removed rapidly, 

localized thermal expansion will change 

important geometric parameters 

especially the bore diameter of the 

waveguide and the conical flare angle. 

At 7 GHz even a 0.1 mm shift in 

aperture diameter displaces the peak-

κ ≥ 100 W/m⋅K required.  

Al 6061: 167 W/m.K,  

Cu C11000: 385 W/m.K. 

Both meet this criterion, but 

copper provides a greater 

thermal margin at higher 

transmit power (Balanis, 

2016). 
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gain frequency by tens of MHz, taking 

the antenna out of specification. 

Mass Density 

Antenna mass is not an electromagnetic 

parameter, but it controls structural 

loads on mounting systems and limits 

use on weight sensitive platforms such 

as UAVs and portable radar platforms. 

The excessive mass of the antenna may 

also cause mechanical resonances whose 

oscillation causes misalignment of the 

aperture at a time-varying frequency, 

leading to gain variations during 

operation. 

Al 6061 at 2.70 g/cm³ is 

approximately 3.3 × lighter 

than copper (8.96 g/cm³). 

This is a decisive weight 

saving in mobile, airborne 

or handheld deployment 

(Milligan, 2005). 

 

Corrosion 

Resistance 

Oxidation and tarnish coating on 

unprotected metal surfaces are 

electrically resistant. Increasing the 

effective surface impedance, they also 

worsen both gain and input match over a 

long service life. To prevent visible 

corrosion in outdoor or humid 

conditions, unprotected copper or 

aluminum may develop visible corrosion 

within months and therefore will need 

expensive refurbishment. 

Al naturally grows a self-

limiting Al₂O₃ film that 

gives structural protection 

but is non-conductive, it has 

to be removed chemically 

and then plated. Silver 

electroplated finish also 

offers corrosion protection 

and the necessary 

conductivity at the same 

time (Advanced Plating 

Technologies, 2025). 

Mechanical 

Strength & 

Machinability 

Adequate yield strength will ensure that 

the antenna body does not permanently 

deform under loads of assembly clamps 

or in-service vibration, which will bend 

the horn profile and spoil the radiation 

pattern. Machinability dominates quality 

of the cut-surface: ductile metals 

Al 6061-T6 offers 276 MPa 

yield strength alongside 

short-breaking chip 

formation, routinely 

achieving Ra < 0.4 µm in a 

single finishing pass. 

Copper ETP (yield ≈ 69 
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smearing over the cutting tool leave a 

torn and irregular inner surface which 

cannot always be reclaimed with 

polishing without removing material and 

changing the bore diameter. 

MPa) is prone to smearing 

and built-up edge, making 

consistent Ra < 0.4 µm 

difficult to guarantee 

(Machinery's Handbook, 

2020). 

Coefficient of 

Thermal 

Expansion 

(CTE) 

A CTE dissimilarity exists between the 

base metal and the electroplated layer 

which creates a cyclic interfacial stress 

every time the antenna heats and cools. 

This stress develops micro-cracks or 

delamination of the conductive coating 

over multiple thermal cycles, forming 

resistive patches that cause unexpected 

VSWR excursions and long-term 

performance degradation. 

Al CTE = 23.6 

µm/m⋅K, Silver CTE = 18.9 

µm/m⋅K. The ~4.7 µm/m⋅K 

mismatch is manageable 

with a 5–10 µm plating 

layer. 

Cu CTE = 17 µm/m⋅K 

is more closely matched to 

silver, offering lower 

delamination risk over a 

wider temperature range 

(ProPlate, 2025). 

 

5.2  Comparative Evaluation of Candidate Materials 

There are five RF waveguide and horn construction materials that were rated on the criteria 

in Section 1. The standardized material databases (MatWeb, 2023; ASM International, 1990; 

LME, 2025) provide the raw data. 

Table 10: Comparative Evaluation of Candidate Materials 

Property Al 6061-T6 Al 7075-T6 
Al 5083-

H111 

Cu C11000 

(ETP) 

Brass 

C26000 

Conductivity 

(MS/m) 
25–30 16–18 17–20 58.0 15–16 

Density (g/cm³) 2.70 2.81 2.66 8.96 8.53 

Thermal Cond. 

(W/m·K) 
167 130 117 385 120 
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Yield Strength 

(MPa) 
276 503 145–228 69 200 

Machinability Excellent Good Good Poor - smears Moderate 

Corrosion 

Resistance 

Good (oxide) 

plate required 
Moderate Excellent 

Moderate 

(Tarnishes) 

Poor in 

salt 

Additive Mfg. 

Compatibility 
Excellent Moderate Good Very limited 

Very 

limited 

Raw Material 

Cost (USD/kg) 
$1.90-2.50 $4.00-5.00 

$2.20-

2.80 
$8.70–9.00 

$5.00–

7.00 

Weighted Score 

(out of 10) 

9.0 / 10 → 

SELECTED 
    

 

Table 11: Color Coding Used in Material Evaluation Criteria 

Color Meaning 

Green Good 

Yellow Intermediate 

Red/Orange Bad 

 

5.3  Final Material Selection: Al 6061-T6 + Silver Electroplating 

Based on the property analysis in Section 1, comparative scoring in Section 2, and the 

manufacturing compatibility evidence in Section 3 and 4, the Al 6061-T6 with a silver 

electroplated inner surface is determined as the best system of material to be used in the 5.3-

7.27 GHz conical horn antenna. 

Table 12: Selection criteria and justification of Al 6061-T6 with electroplating of silver 

Selection Criterion Engineering Justification for Al 6061-T6 + 

Silver Electroplating 

Key References 

RF Conductivity At frequencies over 5 GHz, RF currents are 

restricted to the outermost few microns of the 

metal wall by the skin effect.  

Depositing a 5–10 µm silver layer (σ = 62.1 

MS/m) on the Al substrate raises the effective 

Pozar (2011); 

ProPlate (2025); 

Advanced Plating 

Technologies 

(2025) 
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surface conductivity to near-silver levels 

without requiring a solid silver or copper 

structure.  

When this layer is added, the bulk Al properties 

are generally insignificant to RF performance, 

as all ohmic loss is in the plating, and not the 

substrate. 

Structural Weight The volumetric mass of Al 6061 is 2.70 g/cm³ 

when compared to 8.96 g/cm³ in copper ETP. 

The difference between a conical horn of this 

aperture size (Ø ~145–160 mm, length ~236 

mm) is a weight reduction of about 70 percent 

compared to a solid copper design - making it 

practical to install on platforms where overall 

payload mass is limited, including small UAVs, 

portable radar systems and lightweight satellite 

ground terminals. 

Milligan (2005); 

Balanis (2016) 

Surface Finish 

Achievability 

Al 6061-T6 fractures can be cut cleanly, 

producing short chips that part ways of the 

tool-workpiece interface, leaving a smooth, 

disturbed surface behind. This chip-breaking 

action permits Ra values as low as 0.4 µm 

using a typical carbide finishing insert in one 

pass. In comparison, the ductility of copper 

results in it flowing across the cutting edge 

(built-up edge effect) leaving a smeared and 

rough surface that is hard to regain even after 

polishing 

Machinery’s 

Handbook (2020); 

Pozar (2011) 

Cost Effectiveness At the current market rates, Al 6061 is priced at 

$1.90–2.50/kg  compared to copper ETP at 

$8.70–9.00/kg on the raw material alone which 

translates to a cost ratio of more than 3:1. When 

LME (2025); Jahan 

et al. (2016) 
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the performance is normalised against the unit 

cost (value analysis), Al 6061 is rated 3.0 as 

compared to 1.0 on copper. The combination of 

aluminium-plus-plating solution, even with the 

addition of the cost of the silver electroplating, 

is still more cost effective than a solid copper 

structure and offers lower machining labour 

expenses given that Al is more machinable. 

DFMA & 

Manufacturing 

Compatibility 

Al 6061-T6 is one of the most widely 

characterised aluminium alloys to CNC 

machining as well as metal powder additive 

manufacturing (DMLS). This compatibility of 

two processes is directly consistent with the 

hybrid strategy suggested in this report CNC 

turning as the main pathway to all RF-critical 

surfaces, and additive manufacturing as a 

complementary pathway to rapid prototyping 

and geometrically complicated non-critical 

features. The same combination of 

machinability, printability and known RF 

application history is not available in any other 

material in the comparison shortlist. 

Gibson et al. 

(2015); Eskelinen 

et al. (2003); 

Boothroyd et al. 

(2010) 

Sustainability At end-of-life is over 90% in well-established 

smelting paths, and recycled Al uses only 

approximately 5% of the energy required to 

make primary Al using bauxite. The silver 

coating, being a precious metal, is a thin film 

that is a symbol of negligible absolute mass. In 

combination with the additive manufacturing 

route (Section 3), a material system that 

provides a significantly smaller footprint of 

raw-material consumption is obtained 

European 

Aluminium 

Association 

(2023); Gibson et 

al. (2015) 
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compared to a subtractive-only, solid-copper 

production system. 

 

5.4  Electrical Performance Results 

This section demonstrates the simulation assessment of the designed conical horn antenna 

within the range of operating frequencies 5.3-7.27 GHz. The output of the ANSYS HFSS is 

the results of the return loss, radiation properties, and the analysis of overall performance. 

5.4.1  Return Loss (S11) 

ANSYS HFSS was used to analyse the reflection coefficient (S11) of the designed Conical 

horn antenna across the operating frequency range of 5.3-7.27 GHz. 

Results: 

The simulated S11 curve is below -25 dB throughout the entire operating band, with a 

minimum of around -41 dB at 6.75 GHz. 

Analysis: 

This indicates that the waveguide and free space have a great impedance match. The 

reflection coefficient is less than 0.3% of reflected power, which guarantees that almost all 

incident electromagnetic energy is emitted effectively. This performance avoids the use of 

other impedance matching components. 

 

Figure 15: S11 (Return Loss) vs Frequency (5.3–7.27 GHz) 
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5.4.2  3D Radiation Pattern 

The far-field radiation behavior was examined in order to determine the directional 

performance of the antenna. 

Results: 

The antenna attains a maximum realized gain of 17.16 dB at around 6.75 GHz. The highest 

level of radiation is in the forward direction, along the positive Z-axis, which is the boresight 

of the horn. The simulated 3D pattern is a well-defined single main lobe with no beam 

separation or secondary forward peaks. Radiation is symmetrical around the axis of the 

antenna, and the behavior of the radiation is almost the same in any azimuthal direction. The 

half-power beamwidth is about 34o, which is close to the theoretical value and the 

commercial benchmark specification. Moreover, the side-lobe levels are lower than -20 dB 

and the back radiation is low which implies that the majority of the radiated power is 

concentrated in the main beam. 

Analysis: 

The 3D radiation pattern displays a highly directive main lobe that lies along the Z-axis 

(boresight direction). The symmetrical distribution validates stable propagation of the 

dominant TE₁₁ mode, which means that the radiation is efficient and the distortion is 

minimal. 

 

Figure 16: 3D Radiation Pattern of the Antenna 
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5.4.3  2D Polar Radiation Pattern 

The principal planes were also analysed in terms of radiation properties. 

Results: 

The E-plane and H-plane radiation patterns were obtained at the design frequency. The main 

lobe of both planes is narrow and well defined at 0 degrees, which proves that the antenna 

radiates effectively in the forward direction. The measured half-power beamwidth is 

approximately 34° in both planes, demonstrating the expected symmetry of the conical horn. 

The side lobes are tiny and do not surpass -20 dB as compared to the main lobe. The back 

radiations are nearly zero and the front to back ratio is very high. 

Analysis: 

The Side Lobe Levels (SLL) are less than -20 dB which means that undesired radiation is 

suppressed strongly. The large Front-to-Back ratio reduces interference and improves 

directional performance, and the antenna can be used in precision applications. 

 

Figure 17: Gain Plot 

5.4.4  Discussion of Electrical Results 

The electromagnetic performance of the designed Conical horn antenna is very good as 

shown by the simulation of the antenna over the operating frequency range, which is 5.3-

7.27 GHz. The antenna has high broadband properties as demonstrated by the fact that the 

values of S11 are significantly lower than the traditional -10 dB mark across the spectrum. 

This implies that the impedance between the waveguide and free space matches well, which 
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does not require any extra matching networks and streamlines the design of the whole 

system. 

This gain of 17.16 dB is in line with the theoretical values of the physical aperture size of 

the antenna. The conical flare structure is important in the gradual conversion of the guided 

wave in the circular waveguide into a radiated wave in the open space. This impedance 

transition is smooth, thereby reducing reflection losses and improving the antenna 

directivity, which leads to efficient radiation in the boresight direction. 

Also, the radiation properties indicate stable operation in the dominant TE₁₁ mode. The fact 

that there are no nulls or lobe separation at the center of the radiation pattern indicates that 

the higher-order modes, including TM₀₁, are suppressed. This guarantees a clean and 

predictable radiation pattern, which is important to the reliable operation of the antenna in 

real-life applications. 

Furthermore, the antenna has a high radiation efficiency, which is estimated at about 98%. 

This efficiency is explained by the low reflection coefficient and high conductivity of the 

chosen material that reduces ohmic losses in the structure. Consequently, most of the input 

power is effectively radiated, which affirms the design effectiveness in ensuring high 

performance and energy efficiency. 
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6  Conclusions 

The main objective of this thesis was to validate and analyse a 5.3-727 GHz Conical horn 

antenna in electromagnetic and manufacturing terms, which it has accomplished. The chosen 

commercial antenna geometry was strictly checked with the standard electromagnetic theory 

such as cutoff frequency of the waveguide, aperture size, gain relation, and the computation 

of the horn length. The outcomes proved that the main dimensions are physically consistent 

and meet the classical principles of antenna design, which proves that the benchmark design 

is not only theoretically correct but also optimized practically. 

With respect to electrical performance, the results of the simulation expressed the 

effectiveness of the antenna design. The return loss was significantly less than -25dB over 

the operating band, and as low as -41dB, showing a good impedance match and insignificant 

reflected power. The maximum gain of the antenna was found to be 17.16 dB, which is very 

close to the theoretical values of the antenna size and efficiency. The radiation patterns 

verified stable operation in the dominant TE₁₁ mode, at low levels of side lobe and high 

directivity. The results align with existing literature on the theory of conical horn antennas, 

especially earlier work by Balanis (2016) and Pozar (2011), in which appropriately designed 

conical horns are highly efficient, have low VSWR, and maintain constant radiation 

properties. The calculated aperture efficiency of about 88% also points to a very optimized 

commercial design that is beyond the normal theoretical expectations. 

Besides electromagnetic validation, the other important practical contribution to this 

research was the analysis of the antenna in the context of manufacturability and DFMA. The 

research found that Al 6061-T6 silver electroplating was the most appropriate material 

system, which balances electrical conductivity, weight, cost, and manufacturability. The 

chosen manufacturing method, which relies mainly on CNC turning and milling, proved to 

be appropriate to satisfy the strict demands of the RF performance in terms of dimensional 

accuracy and surface roughness (Ra ≤ 0.4 µm). Relative to other processes like additive 

manufacturing, casting, and sheet-metal fabrication, CNC machining offered the optimal 

balance of accuracy, stability, and surface features. The DFMA-based production idea also 

enhanced the design by reducing the complexity of assembly, eliminating the welding in RF-

sensitive areas, and providing the alignment accuracy by using simplified assembly plans. 
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In a broader view, the study has a contribution to the theoretical and practical engineering 

practice as it illustrates the integration of electromagnetic design principles with 

manufacturing and DFMA concerns. This combined methodology guarantees the high-

performance RF components are not just theoretically sound but can be practically produced. 

The sustainability goals are also supported through the use of aluminium with a thin 

conductive coating that will use less material, weigh less and consume less energy than solid 

copper designs, making the antenna more applicable in modern applications like portable 

systems, UAV-based systems and lightweight communication equipment. 

However, the study has several limitations. This method is completely through simulation 

and theoretical validation, and no physical prototype was produced or experimentally 

validated. Consequently, practical considerations like manufacturing tolerances, surface 

flaws, plating errors, and environmental influences (e.g., temperature change, corrosion, and 

mechanical stress) were not experimentally confirmed. Also, the DFMA analysis was only 

performed on one antenna design and did not involve large-scale manufacturing cost 

modelling or lifecycle analysis. 

The proposed antenna design should be fabricated and experimentally validated in future 

studies to verify the research outcomes of the proposed simulated performance. More 

research may also be carried out on newer manufacturing methods like hybrid CNC additive 

methods, or other conductive coating options in order to enhance durability and lower costs. 

Furthermore, it can be anticipated that by generalizing the DFMA analysis to other types of 

horn antennas, including corrugated or dual-mode designs, further enhancements in 

bandwidth and radiation performance may be made. Lastly, a lifecycle and sustainability 

evaluation would be implemented in detail to quantify the positive impact of the chosen 

material and manufacturing method on the environment. 

In summary, this thesis proves that a well-constructed conical horn antenna can both attain 

high electromagnetic performance and be realised in practice when informed by DFMA 

principles. The results confirm that the selected design is both technically valid and 

industrially feasible, providing a strong foundation for future development and real-world 

implementation. 
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