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Abstract

Dielectric rod that enhances parameters of a horn antenna is presented in this thesis.
The rod was design for a WR187 horn operating in the frequency range of 3.95 to
5.85 GHz. To achieve more precise results while simulating the rod, the material of
the rod was extracted using waveguide measurements. The final model of the rod
was printed, and both the horn and the horn with the dielectric rod were measured.
After analyzing the measured data, it was found that the rod increased the antenna
gain by an average of 5 dB. Reflection coefficient of enhanced antenna has also been
improved and is below -17 dB across its entire frequency range. Radiation pattern
indicates that antenna is more directional than before.

Index terms—Antenna, waveguide, horn antenna, dielectric loading, dielectric
rod, tapered rod



Abstrakt

V této práci je prezentována dielektrická tyč, která vylepšuje parametry trychtýřové
antény. Tyč byla navržena pro trychtýř standardu WR187, jehož provozní pásmo
je 3,95 až 5,85 GHz. Aby se dosáhlo přesnějších výsledků simulace, materiál, ze
kterého se tyč vyrobila, byl extrahován měřením na vlnovodu. Finální model tyče byl
vytištěn a proběhlo měření jak trychtýře samotného tak i se vsunutou dielektrickou
tyčí. Po analýze měření se ukázalo, že tyč způsobila navýšení zisku průměrně o 5 dB.
Činitel odrazu upravené antény se také vylepšil a je v celém jejím frekvenčním pásmu
pod -17 dB. Anténa je směrovější než předtím, na což poukazují změřené vyzařovací
diagramy.

Klíčová slova— Anténa, vlnovod, trychtýřová anténa, dielektrická tyč, zúžená
tyč.
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Introduction

An antenna is a device used to transmit or receive electromagnetic waves. It converts
current energy to electromagnetic waves energy and vice versa. Today, there are
many different types of antennas that are divided based on construction parameters,
fields of application, and operating frequency range, among other factors.

To characterize an antenna, certain parameters must be known, which will be
presented in the upcoming chapters. These parameters can be determined in two
ways: through simulation using software such as CST or through measurement using
two antennas: a transmitting antenna and a receiving antenna. The transmitting
antenna’s parameters are the ones we want to determine, while the Horn antenna
is typically used as the receiving antenna.

A Horn antenna is widely used at UHF1 and microwave frequencies. Usually,
this type of antenna is used in gun radars, automatic door openers etc. As it was
mentioned earlier it can be also used for measurement.

Main advantages of horn antenna are:

• Directivity,

• Simple to construct,

• High gain,

• Good impedance matching.

Although it has good directivity and high gain, in some cases there are require-
ments for higher gain or narrow beam-width. For instance to use in medicine as it
was mentioned in [1] or point-to-point communication and satellite communication
mentioned in [2]. In both articles dielectric rod was inserted to achieve increase in
gain of antenna or modify its radiation pattern, makes it narrow, suppress cross-
polarization and etc.

For these purposes we will attempt to design dielectric rod for WR187 antenna
that has operating frequency range between 3.95 GHz and 5.85 GHz. However it
will be necessary to understand the fundamentals of electromagnetic wave propaga-
tion, which will be shown in the next section. Then we are going to speak about
construction of the rod and some tapered parts of the rod, which were mentioned
in [3] and [5]. Once the rod is designed and simulated, it will be manufactured and
measured. Finally, the antenna with the rod and without it will be compared to
determine the effectiveness of the modifications.

1Ultra High Frequencies (UHF) is a range of frequencies between 300 MHz and 3 GHz
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Chapter 1

Antennas characterization

1.1 Parameters
In this section, some antenna parameters that can be used to characterize any an-
tenna and its pattern of electromagnetic field are presented.

• The range of frequencies on which antenna can radiate efficiently is called
Bandwidth.

• The efficiency of antenna, which is defined as the ratio of the radiated power
to total power input to the antenna, is affected by power losses. These losses
can be due to heating effects, as well as reflected power.

• Power reflection is a common phenomenon on microwave frequencies and is
usually expressed by the so-called reflection coefficient or by the parameter
called standing wave ratio (SWR). Both parameters describe the same
thing and are related by the following formula:

SWR =
1 + ∣Γ∣

1 − ∣Γ∣
, (1.1)

where ∣Γ∣ the magnitude of the reflection coefficient, which is defined as the
absolute value of the ratio of the reflected wave amplitude to the incident wave
amplitude.

• Gain or power gain is the ratio of radiation intensity in a given direction
to the radiation intensity that would be produced by an isotropic antenna 1.
Directivity is the ratio of the radiation intensity in a given direction to the
radiation intensity averaged over all directions. Both parameters are expressed
in dB and describe the radiation pattern of the antenna.

• Impedance of antenna, Za, is also an important parameter, especially for
calculating radiated power and for achieving impedance matching.

More detailed information about antennas parameters can be found [8].
1Isotropic antenna radiate the same power density in all directions.
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1.2 Approximate equations
In this section approximate equations for a pyramidal horn antenna will be pre-
sented. Also gain of the used horn will be calculated. In figure 1.1 the dimensions
of the used pyramidal horn are presented.

(a)

(b)

(c)

Figure 1.1: Dimensions of used horn.
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Figure 1.2: The geometry of the pyramidal horn from [8].

Parameters on the figure 1.2 will be used to calculate gain of used horn. There-
fore, A = 71.75 mm, B = 34.4 mm, a = 47.55 mm and b = 22.15 mm. For pyramidal
horn parameters RA and RB should be equal, they represent perpendicular distances
from the plane of the waveguide opening to the plane of the horn. For used horn
RA = RB = 48.5 mm. Knowing these parameters makes possible to calculate Ra and
Rb using next formula:

Ra =
A

A − a
RA = 143.8 mm, (1.2)

Rb =
B

B − b
RB = 136.2 mm. (1.3)

At the next step σa and σb should be calculated:

σ2
a =

A2

2λRa

, (1.4)

σ2
b =

B2

2λRb

, (1.5)

where λ is wavelength. Then, aperture electric (1.6) and magnetic field (1.7) can be

16



calculated using next formula:

Ey(x, y) = E0 ⋅ cos(
πx

A
) ⋅ e−j(π/2)σ

2
a(2x/A)2 ⋅ e−j(π/2)σ

2
b (2y/B)2 , (1.6)

Hx(x, y) = −
Ey(x, y)

η
, (1.7)

where η is impedance of a space.
Now, it is possible to compute gain of antenna. Frequency range for the horn is

3.95 to 5.85 GHz. Formula for calculating maximum gain is:

G = e ⋅
4π

λ2
⋅A ⋅B, (1.8)

where e is aperture efficiency and can be calculated using σ2
a, σ2

b and Fresnel function.
Detailed detachment of all formulas and MATLAB script for calculation of gain and
directivity can be found in [8].

Graph of gain over frequencies from eq. (1.8) is shown below:

Figure 1.3: Calculated maximum gain of used horn.
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1.3 Characterization of radiation pattern
One of an antenna’s most crucial qualities is its radiation pattern, which shows how
much energy is radiated in various directions. The analysis of how the radiation pat-
tern changes following the insertion of a dielectric rod is essential to this thesis. It is
crucial to comprehend some of the factors that make it easier to compare radiation
patterns. We can identify any potential nulls or lobes in the radiation pattern, as
well as the directionality and effectiveness of an antenna, by examining the radiation
pattern. This knowledge is crucial for antenna design and optimization in a variety
of applications, including satellite systems, radar systems, and communication sys-
tems. In general, radiation pattern measurements are essential for comprehending
an antenna’s performance and possibilities.

Side-lobe ratio
Beam
width

3 dB

Front-to-Back ratio

Figure 1.4: Radiation pattern.

Fig. 1.4 shows the radiation pattern of an antenna. Several parameters are
needed to fully characterize it. The horizontal axis represents the angle, and the
vertical axis represents the realized gain. The first important parameter is beam
width, which is the angle range where the most power is radiated. Typically, it
is measured for a 3 dB decrease from the peak of the main beam2. The second
parameter is side-lobe ratio, which is defined as the ratio of the highest side-lobe
power to the peak power of the main lobe. The last parameter is front-to-back ratio,
which indicates how much energy is radiated backwards and is defined as the ratio
of peak power radiated upwards to power radiated backwards.

2In this thesis, we will measure the beamwidth for a 3 dB decrease, but it can also be measured
for a 6 dB and 10 dB decrease

18



Chapter 2

Dielectric rod design

2.1 Rod design
In this section, we will discuss the principle of designing a rod for an antenna. In-
serting a dielectric material inside the antenna creates a discontinuity because an
electromagnetic wave is initially excited in air and then propagates inside the waveg-
uide until it encounters the dielectric material. The transition from air to dielectric
material causes reflection, leading to aggravated radiation. To solve this problem,
we must ensure a smooth transition between the two materials. This problem is
discussed in articles [3], [5], and [6], and different types of tapering are used, such as
linear and curvilinear. Both types can ensure good impedance matching. However,
in this thesis, we decided to use exponential tapering, as presented in [6].

On the upcoming picture 2.1, an exponentially tapered part is presented. Its
shape can be adjusted by two parameters: the "steepness" and the "start" of the
tapered part. These two parameters will be needed for the optimization process.

Figure 2.1: Exponential tapering.
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The second part of the rod (Fig. 2.2) is designed as a dielectric brick without
any tapering. The main purpose of this part is to hold the rod inside the horn of
the antenna, providing mechanical support and stability. It was assumed that the
length of this brick should be at least 10 mm to meet these mechanical requirements.

Figure 2.2: Transition part.

The third part (Fig. 2.3) consists of a transition between the dielectric material
and air and is designed with linear tapering. Initially, an attempt was made to apply
the same exponential tapering, but it resulted in a negative effect on the standing
wave ratio (SWR) and radiated power. Therefore, through experimentation, it was
discovered that this part should be tapered linearly.

Figure 2.3: Linear tapering.
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On the picture 2.4 the final rods shape is presented.

Figure 2.4: The dielectric rod prototype.

2.2 Optimization of rod parameters
The theoretical part presents several equations that can be used to calculate the
electric and magnetic fields and the gain of a horn antenna. However, these equations
are based on certain approximations and do not take into account the impact of the
dielectric rod. Therefore, simulation software such as CST1 is typically used for
these purposes.

The designed rod also needs optimization, and the Trust regions algorithm was
used for this purpose. For problems such as the design of a dielectric rod, it is
better to perform the optimization process in two steps. In the first step, the
reflection coefficient was optimized. Then, the gain of the antenna was added to
the optimization, and both parameters were optimized simultaneously. The results
are shown in the upcoming pictures 2.5.

1CST is software developed by Simulia and used for designing, analyzing and optimizing elec-
tromagnetic components and systems

21



(a) S11 of optimized rod.

(b) Realized gain.

Figure 2.5: Results after optimization.
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2.3 Material extraction
In the previous section, we presented the design of the rod, which was optimized and
simulated using CST software. Now, it is necessary to manufacture the rod using
realistic materials. To apply the properties of the realistic material to the antenna
model, a material extraction process is required. In this section, we provide a brief
description of the extraction method. A more detailed process with formulas can be
found in [7]. The used material is called Polyamide PA12. The material extraction
was performed using a vector network analyzer and waveguides with lengths of
10 mm, 20 mm, 50 mm, 100 mm, and a "Reflect" standard.

Figure 2.6: Standards 10 mm, 20 mm, 50 mm, 100 mm and "Reflect".

At the beginning of the measurement, the vector analyzer must be calibrated
using the 10 mm and 20 mm waveguides as well as the "Reflect" standard. Then,
the 50 mm and 100 mm waveguides were measured without the dielectric material,
and in the next step, the measurement with the loaded dielectric was performed.
The S-parameters of the waveguide with the dielectric are shown in the picture below
(Fig. 2.7).

23



(a) (b)

Figure 2.7: S-parameters of (a) 50 mm and (b) 100 mm waveguides loaded with
dielectric sample.

Finally, the complex permittivity was extracted using the implemented function
in CST, as shown in Fig. 2.8.

(a)

(b)

Figure 2.8: Extracted complex permittivity.
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Chapter 3

Realistic antenna design

3.1 Effect of lossy material
After examining the graphs of the extracted complex permittivity, it became appar-
ent that the material is lossy and will have a significant impact on the antenna’s
parameters. Therefore, once the material properties were included in the simula-
tion, another optimization was necessary. The upcoming pictures show the reflec-
tion coefficient (Fig. 3.1), gain over frequencies (Fig. 3.2), and the final shape of the
rod (Fig. 3.3) after the optimization process.

Figure 3.1: Reflection coefficient (S11).
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Figure 3.2: Gain over frequencies.

Figure 3.3: Shape of the rod.
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3.2 Simulation results analysis
After completing all measurements and simulations we can compare results. In this
section three models are being compared: horn antenna without rod, with rod made
of PTFE (Teflon) and rod made of real "lossy material" (Polyamide PA12). First
graph shows reflection coefficient of 3 models (Fig. 3.4).

Figure 3.4: Reflection coefficient comparison.

Models that were enhanced by the dielectric rod have better impedance match-
ing, which means less power is reflected by the structure. To achieve the highest
gain, it was necessary to ensure that the reflection coefficient was as low as possible.
For the "lossy material," this requirement was stricter due to losses in the material.
During the optimization process, we aimed to achieve ∣S11∣dB < −20 dB.

In the next table (Table 3.1), the maximum realized gain is shown at the start and
end frequencies of the range and also the center frequency. A graph comparing all
three cases (without rod, PTFE rod, and "lossy material" rod) is shown in Fig. 3.5.

Table 3.1: Maximum of realized gain on different frequencies.

Frequency [GHz] 3.95 4.90 5.85
Gain of antenna with "Lossy material" rod [dBi] 12.11 14.52 14.77

Gain of antenna without rod [dBi] 7.30 8.84 10.10
Gain of antenna with PTFE rod [dBi] 10.54 13.18 15.37
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Figure 3.5: Maximum of realized gain on different frequency.

As predicted in the previous chapter, the lossy material has a significant impact
on the antenna’s gain. Although this impact is mainly observed in frequencies
above 5.5 GHz, the "Lossy material" rod still provides a better gain compared to
the PTFE rod. The PTFE rod approximately increases the gain by 4 dB compared
to the antenna without a rod, while the "lossy material" rod provides an increase
of approximately 5 dB in gain.
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Chapter 4

Rod realization and measurements

4.1 Measuring system
After the dielectric rod was manufactured (see Fig. 4.9) using a 3D printer, it is
necessary to verify if the parameters of the antenna will be improved as designed.
For this purpose, the upcoming measuring system will be used:

Generator Detector
FSLGx Grα ⋅ l1 α ⋅ l2

Figure 4.1: Measuring system: block scheme.

where α ⋅ l1 and α ⋅ l2 are cable attenuation, Gx is gain of transceiver antenna and
Gr is gain of receiving antenna. Also there is a parameter Free Space Loss (FSL)
that was not mentioned earlier. This parameter quantifies the amount of power that
is attenuated between two antennas due to the spreading of the electromagnetic
wave in free space. The FSL can be calculated based on the wavelength λ and the
distance d between the two antennas:

FSL = (
4πd

λ
)

2

. (4.1)

An important condition for the formula above (4.1) to be valid is that the dis-
tance between the antennas must be greater than the minimum far-field distance,
which can be calculated using the following formula, where D is the diagonal of the
aperture:

dmin = (
2D2

λ
) . (4.2)

For the frequency range of our antenna, which is from 3.95 to 5.85 GHz, the
minimum distance must be such that dmin > 0.25 m.

At this point it is possible to write power balance that can be used to determine
the gain of antenna. If Pg is power output of generator and Pr is received (measured)
power, the two powers are related by the next equation1:

1equation (4.3) is valid for units Decibels
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Pr = Pg − α ⋅ l1 +Gx − FSLdB +Gr − α ⋅ l2. (4.3)

Equation (4.3) is one way to calculate the antenna gain, but at some point, the
measurement became complicated due to parameters that should be measured, such
as attenuation of both cables and distance between antennas. Therefore, it was
decided to solve this problem another way that does not require the measurement
of cables, etc.

An alternative method of measuring the gain of the antenna involved using a
reference antenna with a known gain.

Firstly, the measurement is performed using an antenna whose gain is already
known. The symbol used for the gain of this antenna will be Gtest. Power balance
for this case is:

Prtest = Pg − α ⋅ l1 +Gtest − FSLdB +Gr − α ⋅ l2. (4.4)

Then the antenna with unknown gain (GTx) is measured:

Prx = Pg − α ⋅ l1 +GTx − FSLdB +Gr − α ⋅ l2. (4.5)

For both measurements there is the same power on output of generator and
receiving antenna is the same. Both equations have the same unknown parameters
and if we subtract (4.4) from (4.5), we get:

Prx − Prtest = GTx −Gtest, (4.6)

GTx = Prx − Prtest +Gtest. (4.7)

By using formula (4.7) the unknown gain of antenna can be calculated. However,
this method is based on substituting the antenna with a point source known as the
"phase center", from which the electromagnetic waves emitted by the antenna are
considered to originate. From this point, the waves propagate spherically outward
and have the same phase at any point on the spherical wavefront. The distance
between two antennas can be considered as the distance between their respective
phase centers. Therefore, it is necessary to ensure that the phase center of the
antenna remains at the same location during all measurements, so Free Space loss
will remain the same.

In these measurements, the antennas were placed in a way that their phase
centers were not exactly in the same spot. However, through simulations, it was
found that the maximum difference in position2 was approximately 7 cm. Given
that the distance between the antennas was more than 4 meters, it can be claimed
that the difference in the position of the phase centers will have an insignificant
effect on the free space loss.

Now an example of calculation for horn antenna without any rod will be pre-
sented:

Frequency f = 5 GHz, Prx = −51.974 dBm, Prtest = −47.021 dBm, Gtest = 13.211 dBi.
Gain of horn antenna on 5 GHz is:

GTx = −51.974 − (−47.021) + 13.211 = 8.258 dBi. (4.8)
2Positions of phase centers were determined through simulations and are presented in the at-

tachments of this thesis.
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4.2 Measurements of gain
In the previous section, a block diagram of the measuring system was presented and
the method for determining the antenna gain was demonstrated. This measuring
system is shown in Fig. 4.2.

To eliminate the effect of multiple reflections and guarantee the same conditions
all measurements were performed in anechoic chamber 3.

Figure 4.2: Measuring system.

As the first step, an antenna with designated gain was measured (Fig. 4.2).
Received power as well as gain of the reference antenna will be used in equation
(4.4).

Next, the horn without rod (Fig. 4.3a) is measured, and the measured parameters
are then substituted into Equation (4.5).

(a) Horn. (b) Horn with the dielectric rod inside.

Figure 4.3: Measurements of gain.

Then the gain of horn without rod was calculated using the formula (4.7). Gain of
3Anechoic chamber is a room that is made of absorbing material to prevent reflection of elec-

tromagnetic waves
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a horn with the dielectric rod (4.3b) was calculated analogically, the only difference
was the value of received power, the equation (4.4) was not modified.

The results of the measurements are shown in Fig. 4.4. There are two solid
curves that represent the real measurements, and two dashed curves that were ob-
tained from the simulation and were presented in previous chapters (Fig. 3.5). The
approximate gain of the horn antenna without the rod, which was presented in 1.8,
is also shown on the graph.

Figure 4.4: Max. gain over frequencies.

Several conclusions can be drawn from Fig. 4.4. First of all, simulations that
were performed in CST cannot accurately describe the environment where the an-
tenna was measured, and the measured horn is made of metal that is not a perfect
conductor (PEC). Moreover, the mesh that was used in simulations has some ac-
curacy. All these factors contribute to the fact that final measured result is not
perfectly matched with the simulation, but despite that, the result of measurement
are quite consistent with the simulation results.

Second thing that needs to be clarified is the gain increase and benefit of using
dielectric rod. It can be seen from Fig. 4.4 that minimum gain increase is between
frequencies 4.1 and 4.5 GHz and is less than 5 dB. With the exception of these
frequencies gain grew by an average of 5.5 dB. On some frequencies the increase is
more than 6 dB.

Regarding the results of the work, it can be said that the original goal of this
thesis was fulfilled, and gain of antenna with dielectric rod has been significantly
improved compared to the antenna without the rod.
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4.3 Measurements of radiation patterns
This section is dedicated to the measurement of radiation patterns. In fact, the
whole measurement procedure was performed exactly the same way as described in
previous section. The only one difference was that during the measurement antenna
was rotated around the holder. Each antenna was measured twice: E-plane and
H-plane.

(a) H-plane. (b) E-plane.

Figure 4.5: Horn without rod.

(a) H-plane. (b) E-plane.

Figure 4.6: Horn with the dielectric rod.

The results are shown on upcoming figures. Radiation patterns are shown at a
frequency of 4.9 GHz, which is the center of the band. Full lines represent mea-
sured data, and there are also dashed graphs that present radiation patterns from
simulation.

To summarize the shown results it is necessary to mention that dielectric rod
can be used to change radiation pattern of the antenna. And in our case the rod
makes antenna more directional: main lobe is narrower and side lobe are suppressed
significantly.
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(a) H-plane.

(b) E-plane.

Figure 4.7: Comparison of radiation patterns.
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4.4 Reflection coefficient measurements
Last but not least parameter that was measured is reflection coefficient (S11). Its
measurement was performed using Vector network analyzer (VNA). To compensate
impact of cables and transitions VNA was calibrated using previously mentioned
method TRL4. Then antenna was pointed to absorbing material to ensure that
there will be no reflection other than the reflection from the structure. Upcoming
figure 4.8 shows both: measurements results as well as results from simulation that
was showed in chapter 3.

Figure 4.8: Reflection coefficient S11.

As it was said in theoretical part of this thesis S11 has an effect on power radiation
that cannot be neglected. Reflection coefficient should be as low as possible, so it
ensures that structure reflects small amount of energy. For both cases: with rod and
without it antenna has a good impedance matching.

4.5 Summary of chapter, comparison of antennas
This section shows comparison of antennas as well as results that were achieved.
Upcoming table presents antennas parameters on 4.9 GHz.

Comparing two antennas it is better to start with one of the most important
parameters: Realized gain. First of all, gain that was measured almost matches with
simulation, there is a small difference between them, but it is not drastic. Regarding

4TRL - "True Reflect Line"
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to the simulation gain increase was expected to be approximately 5.68 dB, but actual
measured increase was 6.13 dB which exceeds the expectations.

Then it is necessary to evaluate how a radiation pattern changed. Measured
width of main lobe is closely matched with simulation results and by comparing
two antennas it is evident that the presence of a dielectric rod inside the antenna
makes it more directional. Side-lobe ratio for both planes got better, which means
that side lobes are better suppressed for antenna with the rod. Antenna with the
rod radiates less energy towards the back according to results showed in table 4.1.
Also, the reflection coefficient S11 is presented in this table. However, for better
understanding of whether the antenna has good impedance matching, it is better to
examine S11 across the entire frequency range (see table 4.2).

Table 4.1: Comparison between antennas f = 4.9 GHz.

Measurements Simulation
Parameters without rod with rod without rod with rod
∣S11∣ [dB] -16.27 -27.13 -16.61 -37.42

Realized gain [dBi] 8.27 14.4 8.84 14.52
Beam-width (H-plane) [°] 56 30 52 30
Beam-width (E-plane) [°] 78 34 74 34

Side-lobe ratio (H-plane) [dB] -12.15 -22.32 -14.20 -21.70
Side-lobe ratio (E-plane) [dB] -9.70 -16.91 -11.4 -16.78

Front to Back Ratio (H-plane) [dB] 17.89 29.35 14.15 24.8
Front to Back Ratio (E-plane) [dB] 18.95 30.97 14.15 24.8

Table 4.2: ∣S11∣ in the entire frequency range.

Measurements Simulation
Parameters without rod with rod without rod with rod
∣S11∣ [dB] < -13.4 < -17.7 < -13.7 < -17.8

Now it is necessary to compare impedance matching and so there is reflection
coefficient in table 4.2, which is related to the graph 4.8. Regarding to this table
it is evident that dielectric rod was designed correctly: impedance matching is not
deteriorating; in fact, the reflection coefficient is decreasing, which indicates that
less energy is being reflected by the antenna structure itself.

One additional parameter that was improved by inserting the dielectric rod,
although it was not the primary aim, is cross-polarization. As mentioned earlier,
the dielectric rod can help suppress cross-polarization. Although cross-polarization
was not directly measured, there are two figures (Fig. 4.13a and Fig. 4.13b) showing
the cross-polarization results at a frequency of 4.9 GHz, and these results are from
the simulation.

In summary, based on the previously mentioned observations and results, it
can be said that although simulations cannot be perfect and there will always be
some degree of uncertainty, the measurement results are quite consistent with the
simulation.
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Conclusion

The thesis shows its reader the pyramidal horn antenna (WR187) which parameters
were improved by inserting dielectric rod. The entire process was showed step by
step starting with design recommendations for the rod and explanation of impor-
tant parameters, followed by material extraction to improve simulation accuracy,
preparing for the physical realization of the designed rod, and finally, measuring the
antenna with the inserted rod and comparing it to the original antenna.

To summarize the work that was done, the goals of this thesis were achieved.
Specifically, an increase in the gain of the antenna with the rod comparing to the
original antenna was achieved, with an average increase of 5.45 dB. The reflection
coefficient was also improved, with the antenna with the rod having a reflection
coefficient of less than -17 dB in the defined band [3.95; 5.85] GHz. Moreover,
modified radiation pattern was showed, and based on these results, it was concluded
that the final antenna was more directional.
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Attachments

(a) Tapered parts.

(b) Entire rod.

Figure 4.9: Manufactured dielectric rod
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(a) H-plane.

(b) E-plane.

Figure 4.10: Radiation pattern f = 4.4 GHz.
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(a) H-plane.

(b) E-plane.

Figure 4.11: Radiation pattern f = 5.4 GHz.
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(a) antenna without the rod.

(b) antenna with the rod.

Figure 4.12: Position of the phase center.
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(a) antenna without the rod.

(b) antenna with the rod.

Figure 4.13: Cross-Polarization.
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Figure 4.14: Radiation efficiency.
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