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Abstract

Astronomy experiments operating at radio frequencies (RF) and higher are rapidly growing
in both scale and importance. Observations in these spectral regions enable us to explore
fundamental questions, from tracing the thermal history of the universe to studying the con-
ditions present during the early stages of universe. Antennas operating at these wavelengths,
typically in the millimeter scales, are often cooled to cryogenic temperatures to reduce ther-
mally generated noise. To maintain a vacuum environment around such antennas, protective
radome structures are used. However, these radomes can distort the antenna’s beam pattern,
potentially degrading the quality and integrity of the observations. As the operating frequency
decreases toward longer radio wavelengths, the required radome thickness increases, introducing
additional signal losses.

In this work, we design a range of antennas operating at mspa millimeter wavelengths, en-
close them within flat radome structure, and carry out a detailed analysis of the antenna—radome
system. Ultimately, this study aims to identify positioning strategies that minimize signal degra-

dation and preserve the integrity of the antenna radiation pattern.
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Chapter 1

Introduction

The rapid growth of wireless communication, satellite systems, and high-frequency radio as-
tronomy experiments has created an increasing demand for compact, efficient, and cost-effective
antenna solutions. Microstrip patch antennas have become highly attractive candidates due to
their low profile, ease of fabrication, and compatibility with modern printed circuit technolo-
gies [2] B]. These antennas are well-suited for integration in arrays and conformal platforms,
supporting applications ranging from telecommunications to scientific observation.

However, microstrip patch antennas are sensitive to their surrounding environment. Envi-
ronmental factors such as rain, wind, dust, or mechanical impacts can degrade antenna per-
formance or even cause damage. To overcome these challenges, antennas are typically housed
within protective structures known as radomes. A radome is a structural, weatherproof enclo-
sure that shields the antenna while aiming to minimally affect its electromagnetic performance
[4,1]. Ideally, a radome should be transparent to the antenna’s operating frequency, maintaining
the integrity of the radiation pattern and minimizing losses.

In radio astronomy applications, where extremely high sensitivity is required, the impact of
radomes becomes even more critical. Subtle distortions introduced by the radome can affect
beam shapes, sidelobe levels, or polarization purity, thereby impacting the accuracy of scientific
measurements [5]. Moreover, as the operating frequency decreases toward radio wavelengths,
the radome’s physical thickness increases to maintain structural integrity, which may result in
additional signal attenuation or pattern distortion.

This project focuses on understanding the design principles of patch antennas and analyzing
the effect of various radome configurations on antenna performance. Building on the foundation
of electromagnetic radiation theory [3], the project will explore flat, spherical, and other radome
geometries through simulation. The ultimate goal is to identify suitable radome materials and
shapes that protect the antenna while preserving its desired electromagnetic characteristics.

Conclusion

This introductory chapter outlined the motivation behind studying radome-antenna interac-
tions in RF systems, particularly in the context of radio astronomy. It also introduced the
challenges posed by environmental effects on high-frequency antennas and the need for careful
radome design. With this context, the next chapter builds the theoretical foundation of antenna
radiation, laying the groundwork for simulation and analysis.

11



Chapter 2

Theory of Antenna Radiation

2.1 Radiation from a Conducting Rod

A simple metallic rod can radiate electromagnetic energy when an alternating current (AC) is
applied to it. The mechanism of radiation is fundamentally tied to the time-varying current
along the conductor. Oscillating electrons within the rod generate a time-varying current,
producing a time-varying electric field. According to Maxwell’s equations, this changing electric
field creates a magnetic field, resulting in a propagating electromagnetic wave. A uniform, steady
current will not radiate, whereas a current with spatial and temporal variation will. When the
length of the rod is approximately half the wavelength of the incoming electric field, it becomes
an efficient radiator, forming the well-known half-wave dipole.

2.2 Transmission Lines and Directed Radiation

Transmission lines, such as coaxial cables or parallel-wire lines, are engineered to transport elec-
tromagnetic energy with minimal loss while avoiding radiation. When the end of a transmission
line is modified to open into free space, as in the case of a horn antenna, it can serve as a
directional radiator. A horn antenna achieves this by gradually flaring the transmission line to

match the impedance of free space.

2.3 Dipole Antennas

A dipole antenna consists of two conductive arms aligned end-to-end with a small feed gap. The
alternating current through the arms produces radiated electromagnetic fields. The resulting
pattern is typically doughnut-shaped, with maximum radiation perpendicular to the dipole axis
and nulls along its length. For a half-wave dipole, each arm has length \/4, giving a total dipole
length of A/2. The radiated power is described by the Poynting vector:

S=ExH

which represents the flow of electromagnetic energy away from the antenna.

12
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Figure 2.1: Current distribution on a lossless two-wire transmission line, flared transmission

line, and linear dipole.
Image adapted from [3].

2.4 Isotropic Antennas and Radiation Parameters

An isotropic antenna is a hypothetical point source that radiates equally in all directions, used

as a reference for comparing real antennas. Its associated parameters include:

¢ Radiation intensity:
U(0,¢) =1°S.(0, ¢)

where S, is the radial component of the Poynting vector.
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e Total radiated power:
2 s
Praa :/ / U(0,¢)sin6df do
0o Jo

2.5 Radiation Patterns and Beam Characteristics

An antenna’s radiation pattern describes the spatial distribution of radiated power, typically
represented in polar or 3D plots. These patterns help visualize how the antenna emits or receives
energy in various directions.

Key features of a radiation pattern include:

e Main lobe: The region of the radiation pattern that contains the direction of maximum
radiation. This is typically aligned with the antenna’s boresight—defined as the axis or

direction in which the antenna radiates most strongly.

e Side lobes: Smaller lobes that occur in directions away from the main beam. These

represent unwanted radiation that can cause interference or reduce antenna efficiency.

e Back lobe: A specific side lobe that appears opposite to the main lobe, often minimized

in directional antennas.

e Nulls: Directions in which the radiated power drops to zero or a local minimum. These
are useful in applications like interference suppression or direction finding.

The boresight refers to the central axis of the main lobe—usually orthogonal to the plane
of a symmetric antenna such as a dipole or horn. Beam steering, alignment, and antenna
performance are often evaluated with respect to the boresight direction.

Radiation patterns can be analyzed by measuring or computing the far-field electromagnetic
fields produced by the antenna. For electrically small antennas or arrays, Fourier transforms of

the current distribution are commonly used to derive the angular power distribution.

OFst
Null Antennas

| I \ Peak
<> eamwidth | — Power
* \
Phase
Antghi Center ) -3 dB from
Sidelobes Main Peak
Beam

Figure 2.2: Visualization of an antenna radiation pattern showing the main lobe, side lobes,
back lobe, and nulls.

Image adapted from [IJ.
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2.6 Beamwidth and Bandwidth

Key parameters describing antennas include:

¢ HPBW (Half Power Beam Width):

QHPBW = (92 - 91, where U(@LQ) = 0‘5Umaac

e FNBW (First Null Beam Width): the angular separation between the first nulls on

each side of the main lobe

2.7 Gain and Directivity

e Directivity:
AmUnmaz

D =
Prad

e Gain:
G=nD

where 7 is the radiation efficiency, incorporating conductor or dielectric losses.

2.8 S-Parameters in Antenna Design

In high-frequency circuit analysis—including antenna systems—S-parameters (Scattering Pa-
rameters) are used to characterize how signals behave at the ports of a network. Figure
illustrates a 2-port network, which is a common model for analyzing antennas, filters, and

other RF components.

S-Parameter Matrix Representation

The network is described using incident and reflected wave amplitudes as follows:
bi| _ |Su S| |m
bo So1 Saz2| |az

e aj, as are the incident signals at Port 1 and Port 2, respectively,

Where:

e by, by are the reflected signals from Port 1 and Port 2,

e S;; are the scattering parameters describing how input at Port j affects output at Port 7.

Definitions of Each S-Parameter

From the figure:
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b

S11 = (Reflection at Port 1)
ai lax=0
b

So1 = 2 (Transmission from Port 1 to Port 2)
ai lax=0
b

Sio = il (Transmission from Port 2 to Port 1)
ag la1=0
b

Sap = — (Reflection at Port 2)
ag la1=0

Interpretation in Antenna Context

In antenna analysis (typically modeled as a 1-port network), the most relevant parameter is:

Vreﬂected
Sy = Lefected
Vincident

e S71 quantifies how much power is reflected back from the antenna due to impedance

mismatch.

e An Si; value below —10dB implies that over 90% of the input power is radiated or

absorbed, which is generally considered acceptable.

Summary Table

Table 2.1: S-Parameter Definitions and Use in Antenna Design

Parameter Definition TUse

S11 2—11 - Return loss at Port 1 (antenna input)
Sa1 L% vt Forward transmission (Port 1 to 2)
St 2—; - Reverse transmission (Port 2 to 1)
S99 a—z s Return loss at Port 2
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a S 52 az
Input ————* Output
Part1 b b Part 2
- | Sn S; |————F

Siu= D (a=0)  Syp= 2 (ay=0)

Soi=2 (@=0)  Sp=2 (0=0)

Figure 2.3: S-parameter model of a 2-port RF network showing definitions of S;; based on

incident and reflected wave relationships.
Image adapted from [6].

(a) Antenna and electric field lines

+ bt + e

Q

(b} Antenna and free-space wave

- == — 4+ 4+ +

Figure 2.4: Source, transmission line, antenna, and detachment of electric field lines.
Image adapted from [3].
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Conclusion

This chapter provided a foundational understanding of antenna radiation by examining how
time-varying currents generate electromagnetic fields and propagate energy through space. Key
models such as dipole antennas and isotropic radiators were discussed, along with critical per-
formance metrics including gain, directivity, beamwidth, and impedance characteristics.

While these theoretical principles help in designing efficient antennas under ideal condi-
tions, real-world environments often introduce factors—such as weather, dust, or mechanical
stress—that degrade antenna performance. This leads to the need for protective enclosures that
can preserve radiation characteristics while shielding the antenna from external conditions.

In the next chapter, we introduce radomes: dielectric structures designed to protect antennas
while maintaining electromagnetic transparency. We explore how their material properties,
geometry, and placement can significantly impact the radiation behavior of enclosed antennas.



Chapter 3

Radomes

3.1 Introduction to Radomes

A radome (short for “radar dome”) is an electromagnetic enclosure that protects antennas from
environmental factors such as wind, rain, dust, temperature fluctuations, and physical damage.
While offering mechanical protection, a well-designed radome must remain electromagnetically
transparent, ensuring minimal degradation of antenna performance in terms of gain, beam
shape, or impedance matching.

Radomes are especially critical in radar, aerospace, and radio astronomy systems, where
precise radiation characteristics and consistent long-term operation are required. Improperly
chosen radome parameters can lead to signal attenuation, beam distortion, and multipath re-

flections.

3.2 Material Considerations
An ideal radome material exhibits the following characteristics:
e Low relative permittivity (e,) — reduces phase delay and impedance mismatch
e Low dielectric loss tangent (tand) — minimizes absorption
e High mechanical durability and environmental resistance
e Stable performance over temperature and frequency variations

Common radome materials include PTFE (Teflon), ABS, polycarbonate, and PMMA (Plex-
iglass). The material used in this study is PMMA, with ¢, = 2.8 and tan§ = 0.001 at 6 GHz.

3.3 Electromagnetic Theory of Radomes

i. Transmitted and Reflected Wave Behavior

When an EM wave encounters a dielectric slab (the radome wall), it experiences partial trans-
mission and reflection. The reflection coefficient I' at the air-radome interface is given by:

pove—l
Vet

19
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The transmitted wave continues through the radome material with a different wavelength,
experiencing phase shift. Multiple reflections inside the slab can constructively or destructively
interfere depending on thickness and incident angle.

To minimize reflections and phase distortion, **transmission line analogy** is used. The
dielectric slab acts like a transmission line segment of impedance Z,,, = %, where Z; is the

impedance of free space.

ii. Optimal Distance Between Antenna and Radome

The separation between the antenna and radome wall should be carefully selected to prevent
standing wave formation and phase errors caused by internal reflections. An optimal distance
D satisfies the condition:

A
Dopt:n~?o, nezZt

where \g is the free-space wavelength. At these distances, reflected waves from the radome

re-enter the antenna in-phase, minimizing destructive interference.

iii. Optimal Radome Wall Thickness

To minimize reflections at the radome wall, the thickness ¢ should satisfy the **half-wave match-
ing condition** in the radome material:

Ao
N

This ensures that reflected waves inside the radome destructively interfere, reducing the

topt =M * nezZt

effective reflection seen by the antenna. For instance, at 6 GHz and ¢, = 2.8, A\g = 50 mm,

leading to an optimal thickness of approximately:

T~ & ~ 14.95 mm

2-4v/28

for n =1.

iv. Errors Introduced by Flat Radomes

Flat radomes are simple to manufacture but introduce angular-dependent errors due to refrac-

tion and differential phase delay. Key error sources include:

e Beam broadening or squinting: Radiation pattern shifts due to phase mismatch.
e Ripple in gain pattern: Standing waves between antenna and inner wall.
e Side lobe distortion: Especially for wider beams or off-axis rays.

e Frequency sensitivity: Optimal thickness and spacing vary with frequency.

These errors worsen at large incidence angles and are minimized by curvature-matched (e.g.,
spherical or conical) radomes in high-precision applications.
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Radome Thickness: n* A /2
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we —> N2 &
P v e
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Figure 3.1: Distance Traveled in Rectangular Radome Wall for Different Grazing Angles.

3.4

Image adapted from [4].

Design Summary

To ensure optimal performance:

Select low-loss, low-permittivity materials (e.g., PMMA, PTFE)
Match radome thickness to a multiple of half-wavelength in the material
Set antenna-to-radome spacing to avoid phase error from internal reflections

Consider the operating frequency range and beamwidth in the design

These considerations enable the radome to function as a passive, protective structure without

compromising the electromagnetic integrity of the antenna system.

Conclusion

This chapter explored the function, design parameters, and electromagnetic impact of radomes.

Key derivations included reflection coefficients, optimal wall thickness, and antenna-to-radome

spacing. Flat radomes, while practical, were shown to introduce beam distortion and phase

errors if improperly designed. These theoretical insights will now be applied in the following

chapter, where we focus on modeling the microstrip patch antenna to be enclosed by such

radomes.



Chapter 4

Microstrip Patch Antennas

4.1 Structure and Working of Microstrip Patch Antennas

Microstrip Patch Antennas (MSPAs) are planar antennas widely used in modern wireless sys-
tems due to their low profile, ease of fabrication, and compatibility with printed circuit tech-

nologies. The basic structure consists of:

e A conducting patch (typically rectangular or circular) on the top surface.
e A dielectric substrate in the middle.

e A continuous ground plane at the bottom.

The patch is usually made of copper or gold, and the substrate can be materials like FR4,
RT Duroid, or Rogers, depending on the application frequency and desired dielectric properties.

Working Principle

The patch functions as a resonant cavity where fringing fields at the edges of the patch radiate

electromagnetic energy. At resonance, the patch dimensions are approximately:
A c 2
L~ , and W = _—4/
2.\/Ceft 2f Ve +1

e [ is the effective length of the patch

where:

e IV is the width

gy is the relative permittivity of the substrate

ot is the effective dielectric constant due to fringing

c is the speed of light
e f is the resonant frequency

The radiated field is primarily due to the fringing fields at the open edges of the patch. These
fields act as radiating elements and form the primary mechanism for radiation in MSPAs.

22
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Design Equations for Rectangular Patch Antennas

For a rectangular patch antenna, the following expressions are used to design the patch dimen-

sions:
c 2
W=_"./
2f Ve +1
1l e —1 B\ 2
eeff=€; +52 <1—|—12W)
e . h .264
AL:O.412h(€ ff+03)(W/ +0.264)
(€efr —0.258)(W/h +0.8)
L=—CS  _9oAL
2f\/Eers
where:

e W = width of the patch

e [ = physical length of the patch

h = substrate height

e f = resonant frequency

e, = relative permittivity of the substrate

gefy = effective dielectric constant
e AL = extension in length due to fringing
e ¢ = speed of light in vacuum

These equations help accurately model and fabricate MSPAs with desired resonant behavior.
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Ciround plane

Figure 4.1: Basic structure of a rectangular microstrip patch antenna (without inset feed).
Image adapted from [3].

4.2 Feeding Techniques for Microstrip Patch Antennas
There are several methods for feeding MSPAs, each with its own benefits and limitations:

e Microstrip Line Feed: A simple and direct method, where a microstrip line is connected
to the edge of the patch.

e Inset Feed: The microstrip line is inserted into the patch for impedance matching.
e Coaxial Probe Feed: A vertical coaxial probe connects the ground plane to the patch.

e Aperture Coupled Feed: Uses a slot in the ground plane to couple energy from a
microstrip line below the substrate.

e Proximity Coupled Feed: Employs electromagnetic coupling between the feed line and
the patch through overlapping substrates.
Inset Feeding

Inset feeding is a modified microstrip line feed technique where the feed line is extended into
the patch by a small distance, known as the inset distance.
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Figure 4.2: Inset-fed rectangular microstrip patch antenna.
Image adapted from [3].

Why Inset Feeding is Used

The primary reason for inset feeding is to achieve impedance matching between the feed line
(usually 50 Q) and the patch antenna, whose input impedance varies depending on the feed

point location.

e At the edge of the patch, the input impedance is high (typically 200-300 £2).
¢ By moving the feed inward, we reduce the input impedance to match the feed line.

e The inset depth is selected such that:

Zin(yO) = ZO = 50 Q

where Zi,(yo) is the input impedance at inset distance yp, and Zy is the characteristic
impedance of the microstrip line.

Inset feeding also helps maintain symmetry and reduces cross-polarization components, mak-
ing it suitable for planar array applications.

Conclusion

We have now understood the construction and operation of microstrip patch antennas, including
detailed equations governing their geometry and resonance. Various feeding techniques were
discussed, with inset feeding highlighted for impedance matching. This foundational knowledge
will be used in the next chapter, where we simulate MSPAs under practical conditions with and
without radome enclosures using ANSYS HFSS.



Chapter 5

Simulation Setup and Methodology

This chapter details the simulation methodology adopted to evaluate the performance of a
rectangular microstrip patch antenna (MSPA) under different conditions—specifically, in free
space and enclosed within a flat radome. The antenna was designed for 6 GHz operation using
an FR4 substrate, modeled and simulated using ANSYS HFSS. The methodology draws from

standard antenna theory [3] and radome design guidelines provided in [4].

5.1 Design Specifications and Calculated Parameters

The fundamental design inputs for the patch antenna are presented in Table 5.1l These were
used to calculate the required dimensions and parameters using standard MSPA design equa-

tions.

Table 5.1: Patch Antenna Design Specifications

Parameter Value

Operating frequency (f,) 6 GHz
Dielectric material FR4
Relative permittivity (e,) 44
Substrate thickness (h) 1.6 mm
Loss tangent (tand) 0.02

Using standard patch antenna equations, the calculated parameters are shown in Table

5.2 HFSS Simulation Workflow

The antenna was modeled in ANSYS HFSS based on the above specifications using the following

simulation steps:
e Creation of the patch, ground plane, feed line, and substrate geometry.

e Assignment of FR4 as the substrate material with appropriate dielectric and loss proper-

ties.
e Application of waveports to excite the antenna.

e Radiation boundary setup to mimic free-space conditions.

26
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Table 5.2: Calculated Patch Antenna Parameters

Parameter Value
Patch width (W) 15.126 mm
Patch length (L) 11.320 mm
Inset feed distance 3.614 mm
Feed line width 2.990 mm
Inset width 4.600 mm
Inset depth 3.800 mm
Effective permittivity (eef) 3.830
Effective length (Leg) 12.774 mm
Fringing length (AL) 0.723 mm
Edge impedance 284.13 Q

e Mesh refinement using adaptive meshing for improved solution accuracy.

e Solution sweep over frequency range to obtain S1; and gain plots.

5.3 Flat Radome Design and Placement

A flat radome was introduced to study its influence on antenna characteristics. The radome was

modeled as a planar dielectric cover and designed using optimal thickness expressions provided
in [4]:

Ao
2./z,

(5.1)

toptimum = 7
where:
e 1 is a positive integer,
e )\ is the free-space wavelength,
e ¢, is the radome material’s relative permittivity.

The radome was placed at a specific spacing from the antenna to minimize reflections and
multipath effects. This optimal separation is given by:

Ao

Dopt:n- 9

(5.2)
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I
0 50 100 (mm)

Figure 5.1: Front view of the simulation setup showing the patch antenna enclosed within a flat
PMMA radome in ANSYS HFSS.

Radome Material Selection

In this study, the flat radome was modeled using PMMA (Plexiglass), which is commonly used
for RF enclosures due to its mechanical strength and RF transparency. The material parameters
used in ANSYS HFSS are listed in Table

Table 5.3: Material Properties of PMMA Used in Simulation

Parameter Value  Units
Relative permittivity (&) 2.8 -
Relative permeability (1) 1 -
Dielectric loss tangent (tand) 0.001 -
Bulk conductivity 1x107% S/m
Mass density 1180 kg/m3
Measured frequency 6 GHz Hz

5.4 Simulation Campaign
The following simulation cases were conducted in ANSYS HFSS:
1. Patch antenna in free space (baseline)

2. Patch antenna enclosed by a flat PMMA radome

In each case, key performance metrics were extracted, including return loss (S11), VSWR,
gain patterns, and 3D radiation plots. These results are analyzed and compared in the following
chapter.
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5.5 Outlook for Future Work

While this study primarily focused on evaluating the influence of flat radomes, several future

directions can enhance the simulation methodology:

e Design Optimization: Use of metaheuristic algorithms (e.g., genetic algorithms, PSO)
to optimize patch dimensions and radome thickness.

e Advanced Substrates: Exploration of low-loss substrates like Rogers RT /duroid series

for high-performance designs.

e Environmental Effects: Study of temperature and humidity influence on dielectric

properties and antenna performance.

e Multi-layer Radomes: Evaluation of layered dielectric structures for enhanced fre-
quency selectivity and mechanical robustness.

These extensions would strengthen the practical applicability of the proposed antenna sys-

tem, particularly for radio astronomy or high-frequency communication applications.

Conclusion

This chapter described the complete simulation pipeline—from calculating patch dimensions
to radome modeling in HFSS. The flat PMMA radome was modeled using realistic material
parameters, and the simulation configurations were designed to compare the antenna’s free-space
performance with radome-enclosed behavior. In the next chapter, we present and interpret the
results of these simulations, analyzing key metrics like return loss, gain, and radiation pattern.
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Results

This chapter presents the simulation results of the patch antenna under three scenarios:
e Baseline without radome
e Parametric sweep of patch antenna parameters
e With a flat radome

Key performance indicators such as return loss, VSWR, gain, directivity, and radiation patterns

are analyzed.

6.1 Performance Without Radome

6.1.1 Return Loss and VSWR

S Parameter Plot Without Radome HFSSDesign1 ANSYS
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Figure 6.1: Simulated S11 (return loss) of the patch antenna without radome.

Figure illustrates the return loss (S11) performance of the patch antenna in free space. The
deep notch around the center frequency (approximately 6 GHz) indicates efficient impedance
matching, as values below —10 dB suggest minimal reflection. The sharper and deeper the dip,

the better the resonance quality.
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VSWR Plot Without Radome HFSSDesign1 ANSYS
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Figure 6.2: Simulated VSWR of the patch antenna without radome.

The VSWR plot in Figure shows a corresponding dip near 6 GHz. A VSWR close to 1
indicates ideal matching, and values below 2 are generally acceptable. The shape and location
of the curve match the S11 data, further validating the antenna’s tuning.

6.1.2 Gain Characteristics

Gain 3D Plot Without Radome AHts
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Figure 6.3: Simulated gain of the patch antenna without radome.

Figure[6.3| presents the frequency response of gain. The gain peaks near resonance and gradually
falls off toward the band edges, a typical trend in patch antennas. This result reflects good
radiation efficiency with a directional pattern. The gain level is suitable for point-to-point or

sector-based wireless communication applications.
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Gain Plot (E and H Planes) Without Radome
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Figure 6.4: Gain pattern of the patch antenna without radome in both E-plane and H-plane.

Figure presents the 2D radiation patterns in the principal planes. The E-plane (elevation

cut) shows the variation of gain with respect to vertical angle, while the H-plane (azimuthal cut)

illustrates gain variation in the horizontal plane. The patterns confirm the directional behavior

of the antenna and reveal its symmetry and front-to-back ratio.

main lobes in both planes suggests well-controlled beam shaping.

6.1.3 Additional rE Overview
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Figure 6.5: Co-polarization response of the patch antenna without radome.
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Crosspolarisation Without Radome
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Figure 6.6: Cross-polarization response of the patch antenna without radome.

Figures [6.5] and illustrate the co-polarization and cross-polarization responses of the patch
antenna in the absence of a radome. The co-polarized field represents the desired polarization

component aligned with the antenna’s radiating axis, while the cross-polarized field indicates

orthogonal components that are typically unwanted.

The co-polarization plot shows a strong, well-defined main lobe centered around the bore-

sight, confirming that the antenna radiates efficiently in the intended polarization. In contrast,

the cross-polarization level remains significantly lower across all angles, indicating minimal

polarization leakage and strong polarization purity—an important factor in communication

systems that rely on polarization isolation.
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Figure 6.7: General rFE field distribution without radome.

Figure shows the normalized electric field distribution (rE) in the far field. The pattern
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is symmetric and exhibits a broadside radiation characteristic, with energy concentrated normal
to the patch surface. The absence of asymmetries or spurious sidelobes further confirms that
the antenna operates as intended without distortions caused by external structures such as

radomes.

6.1.4 Parametric Sweep of Inset Feed
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Figure 6.8: Identified optimal inset feed parameters from the parametric sweep.

Figure summarizes the optimal inset feed location and width for achieving best impedance
match. Proper tuning of these parameters is critical for maximum power transfer and is reflected
in a lower S11 and better VSWR.
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S Parameter Plot - Parametric Sweep
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Figure 6.9: General overview of the parametric analysis for feed inset optimization.
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Figure demonstrates the effect of varying feed positions on return loss. The ideal com-

bination is the one that yields the deepest notch around the target frequency. This iterative

approach provides insights into the physical sensitivity of the antenna to feed location.

Note: The same feed dimensions will be reused for radome studies.

6.2 Performance with Flat Radome

6.2.1 Parametric Sweep of Inter-Radome Distance

Figure 6.10: Gain variation in the E-plane for different inter-radome (airgap) distances.
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Parametric Sweep - InterRadome Distance (H plane) HFSSDesign1 ANSYS
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Figure 6.11: Gain variation in the H-plane for different inter-radome (airgap) distances.

Figures and show how the gain pattern evolves in the E-plane and H-plane respectively
as the distance between the antenna and the radome changes. Both plots highlight the existence
of an optimal separation where gain is maximized due to constructive field interaction.
Deviating from this optimal point leads to degraded gain, caused by near-field phase mis-
match and partial destructive interference. This reinforces the importance of careful mechanical

design and spacing in practical antenna—radome integration.

6.2.2 Gain Characteristics with Radome
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Figure 6.12: Simulated gain of the patch antenna with flat radome.

Figure [6.12] shows the gain response of the patch antenna when enclosed within a flat radome.
While the overall shape of the curve remains similar to the no-radome case, a slight reduction
in peak gain is observed, particularly near the resonant frequency. This reduction is attributed
to dielectric loading and partial reflection losses introduced by the radome material. Despite
this, the antenna still maintains a directional radiation pattern with adequate gain for practical
deployment, indicating that the radome’s impact on gain is minimal.
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6.2.3 Return Loss and VSWR
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Figure 6.13: Simulated S11 of the patch antenna with flat radome.

Figure depicts a noticeable shift in the return loss curve due to the introduction of the
PMMA radome. The frequency shift indicates a slight detuning effect caused by the dielectric

loading. The dip is slightly shallower, suggesting marginal impedance mismatch introduced by

the radome material.
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VSWR vs Frequency
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Figure 6.14: Simulated VSWR of the patch antenna with flat radome.

In Figure the VSWR is slightly higher than the baseline case, reinforcing the return
loss trend. Although still under 2, indicating acceptable performance, the result confirms that

the radome introduces a small impedance mismatch.

6.2.4 Gain across Frequencies (E-Plane)

The E-plane gain patterns (phi=0°) show the antenna’s performance with and without a radome

at various frequencies.
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Gain Pattern at 3 GHz (E-plane) (phi=0°)
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Figure 6.15: Simulated gain of the patch antenna with flat radome at 3,GHz.

Figure illustrates the radiation performance at the lower edge of the band (3 GHz)
in the E-plane. Here, the gain of the antenna with the flat radome (blue line) is noticeably
reduced compared to the free-space performance (orange line), particularly in the main lobe.
The maximum gain without the radome is around -12 dB, while with the radome, it increases to
approximately -10 dB. This suggests increased reflection and possible absorption by the radome
at this off-resonant frequency, leading to a degradation in performance.
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Gain Pattern at 6 GHz (E-plane) (phi=0°)
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Figure 6.16: Simulated gain of the patch antenna with flat radome at 6,GHz.

At 6 GHz (Figure , which is closer to the antenna’s presumed resonance frequency, the
gain remains strong and closely matches the free-space case. The peak gain for both ”"With
Radome” (blue line) and ”Without Radome” (orange line) is approximately 5 dB. This indicates
that the radome design is largely transparent and introduces minimal impact on the antenna’s
performance near its operating band center.
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Gain Pattern at 9 GHz (E-plane) (phi=0°)
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Figure 6.17: Simulated gain of the patch antenna with flat radome at 9,GHz.

Figure shows degradation in gain at the higher frequency end (9 GHz) in the E-plane.
The maximum gain with the radome (blue line) is around 5 dB, whereas without the radome
(orange line) it is closer to 2.5 dB. The radome causes a increase in the peak gain and also
appears to slightly alter the shape of the main lobe, potentially introducing increased side lobe

levels at this off-resonant frequency.

6.2.5 Gain across Frequencies (H-Plane)

The H-plane gain patterns (phi=90°) provide insight into the antenna’s performance with and

without a radome.
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Gain Pattern at 3 GHz (H-plane) (phi=90°)
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Figure 6.18: Simulated gain of the patch antenna with flat radome at 3,GHz.

Figure illustrates the radiation performance at the lower edge of the band (3 GHz) in
the H-plane. Similar to the E-plane at this frequency, the gain of the antenna with the radome
(blue line) is reduced compared to the free-space gain (orange line). The peak gain without the
radome is around 10 dB, while with the radome, it is approximately -10 dB. The pattern also
shows some distortion, indicating a significant negative impact of the radome at this off-resonant

frequency.
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Gain Pattern at 6 GHz (H-plane) (phi=90°)
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Figure 6.19: Simulated gain of the patch antenna with flat radome at 6,GHz.

At 6 GHz (Figure [6.19), close to resonance, the gain in the H-plane remains strong and
closely matches the free-space case. The peak gain for both scenarios is approximately about
5 dB, demonstrating the radome’s minimal impact and effective transparency at the central

operating frequency.



Chapter 6. Results 44

Gain Pattern at 9 GHz (H-plane) (phi=90°)
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Figure 6.20: Simulated gain of the patch antenna with flat radome at 9,GHz.

Figure shows a more significant degradation in gain at the higher frequency end (9
GHz) in the H-plane. The peak gain without the radome (orange line) is around 0 dB, while
with the radome (blue line), it drops to approximately -5 dB. The pattern with the radome
also exhibits more pronounced side lobes and a slightly broader main beam compared to the
free-space pattern, indicating less optimal performance at this higher off-resonant frequency.
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6.2.6 Far-Field Patterns

E-plane Gain Pattern (phi=0°)
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Figure 6.21: Far-field E-plane radiation pattern with flat radome.

The E-plane pattern in Figure shows that the overall shape of the radiation pattern is
largely maintained with the addition of the radome. However, there is a slight reduction in
maximum gain with the radome (orange line) compared to without the radome (blue line)
across the main lobe. Additionally, there appears to be a minor increase in the side lobe levels
when the radome is present, indicating a slight broadening or less efficient directivity compared

to the free-space case.
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H-plane Gain Pattern (phi=90°)
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Figure 6.22: Far-field H-plane radiation pattern with flat radome.

In the H-plane (Figure , the symmetry of the radiation pattern is generally retained.
Similar to the E-plane, there’s a slight reduction in the main lobe’s peak gain when the radome
is present (orange line vs. blue line). Some minor distortions or increased side lobes are also
observable, particularly at angles away from the main beam. Overall, the presence of the radome

leads to a minor decrease in gain and some pattern distortion in the H-plane.
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6.2.7 Effect of Radome on rE Components
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Figure 6.23: Co-polarization response of the patch antenna with flat radome.

—_— o o . : ANSYS
Ciirve Info Crosspolarisation With Radome HFSSDesign1

— dB(GainTheta)
Setupl : LastAdaptive
Freq='6GHz' Phi='0Odeg’
dB(GainTheta)_1
Setup] : LastAdaptive

Freq='6GHz' Phi='90deg'

10.00

0.00

-10.00

-20.00 1

Y1

-30.00

-40.00

-50.00 T T T T T
-200.00 -150.00 -100.00 -50.00 0.00 50.00 100.00 150.00 200.00

Theta [deg]

Figure 6.24: Cross-polarization response of the patch antenna with flat radome.

Figures and present the co-polarization and cross-polarization behavior of the patch
antenna when enclosed by a flat radome. Compared to the free-space case, the co-polarized
field still maintains a prominent main lobe near the boresight, but with slightly reduced peak
gain due to dielectric loading and partial reflection losses introduced by the radome material.
The cross-polarized response shows a marginal increase, particularly at off-boresight angles.
This suggests a minor degradation in polarization purity caused by phase distortion and multi-
path effects within the radome. Nonetheless, the cross-polarization levels remain sufficiently low
for most practical applications, indicating that the flat radome preserves acceptable polarization

isolation while offering mechanical protection.
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Summary of Results

This report presents simulation results for the patch antenna in three configurations:
e Baseline free-space configuration
e Optimized feed parameters (parametric sweep)
e With a flat radome enclosure

Performance was evaluated based on return loss, VSWR, gain, directivity, and radiation
patterns. The introduction of a flat PMMA radome resulted in:

e A small frequency shift and increase in VSWR

e Mixed impact on gain performance:

— Significant gain enhancement observed at 3 GHz in both E-plane (Figure and
H-plane (Figure [6.18). This suggests the radome, at this lower frequency, may be
acting as a director or through constructive interference, leading to a notable in-
crease in peak gain. For example, in the H-plane at 3 GHz, the gain increases from
approximately -10 dB to 10 dB. Similarly, in the E-plane at 3 GHz, it increases from
about -10 dB to -8 dB.

— Near-transparent behavior at 6 GHz (resonant frequency) in both E-plane (Figure
6.16) and H-plane (Figure [6.19)), where the gain closely matches the free-space per-

formance.

— Mild gain degradation at 9 GHz (off-resonant frequency) in both E-plane (Figure

6.17)) and H-plane (Figure [6.20)).
— Overall gain enhancement in the far-field polar plots (Figure and Figure ,

particularly noticeable in the H-plane, where the peak gain with the radome is higher,
suggesting a beneficial effect on overall directivity across the depicted pattern.

e Preserved far-field pattern shape with minor beam broadening or side lobe level changes

at certain frequencies.

Conclusion

The simulation results clearly demonstrate the impact of radome enclosures on patch antenna
performance. While the free-space antenna shows expected performance, the introduction of a
PMMA radome causes measurable shifts in return loss and slight degradation in gain. These
results validate the theoretical models and material considerations discussed in previous chap-
ters. The final chapter will summarize the findings, discuss limitations, and propose directions

for future work.



Chapter 7
Conclusion

This report presented the design, simulation, and analysis of a microstrip patch antenna enclosed
within a flat radome structure. The study covered theoretical foundations of antenna radiation,
the role of radomes in protecting antenna systems, and the interaction between the antenna
and dielectric enclosure.

Patch antennas were chosen due to their low profile, ease of fabrication, and suitability for
compact systems. A flat radome configuration was analyzed in detail, focusing on its impact on
gain, polarization purity, and far-field radiation characteristics. Simulation results confirmed
that the presence of the flat radome introduces measurable but manageable effects on antenna
performance. Key parameters such as co- and cross-polarization behavior, beam shape, and
gain patterns were evaluated with and without the radome to quantify this influence.

While the project was limited to flat radome geometries, the insights obtained here lay the
groundwork for broader investigations into other radome types and materials. The methodol-
ogy and results can directly inform the design of robust, high-performance antennas for radio

astronomy and other applications operating in demanding environmental conditions.
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