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ANALYSIS OF ANTENNA SYSTEM MODELING WITH THE HELP
OF SIMULATION TECHNOLOGY OF NAVIGATION EQUIPMENTS

Abstract. In this paper, a new coplanar waveguide CPW (Coplanar Waveguide) fed circular waveguide for ultra-
wideband UWB (Ultra WideBand) applications using High-Frequency Structure Simulator (HFSS) and Computer
Simulation Technology (CST) software is presented. A comparison of modeling and simulations of disk monopole antenna
is presented. The purpose of the research is to first determine the geometric parameters and material properties of the
antenna, and then perform simulations using HFSS and CST programs. The task of the research is to evaluate the
performance by modeling a new coplanar waveguide-fed circular disk monopole antenna for ultra-wideband applications
and to compare the results obtained from these two electromagnetic simulation tools. Modeling of a new coplanar
waveguide-fed circular disc monopole antenna for ultra-wideband applications used planar patterns and a coplanar
waveguide-fed circular disc monopole antenna providing a wide frequency range. Antenna modeling method was used to
solve the problem. High-frequency structure simulator and computer simulation technology have been widely used in
microwave studio programs, accuracy in solving electromagnetic problems and antenna modeling. The following results
were obtained. High frequency structural simulator and Computer simulation technology has been implemented between
2.3 GHz and 12 GHz. Key parameters such as reflection coefficient (S11), directivity pattern and gain coefficient were
analyzed to evaluate the antenna performance. As a result of the research, a circular disk monopole antenna printed on a
dielectric layer and fed by a 50 Q coplanar waveguide on the same layer is digitally shown to provide an omnidirectional

directivity pattern over the entire frequency range.

Keywords: Monopole Antenna; CPW-Fed; Circular Disc Monopole Antenna; CST MWS; HFSS.

Introduction

Ultra-wideband (UWB) technology is increasingly
being adopted in modern communication systems due to
its advantages of wide frequency range and low power
consumption [1]. With advancements in modern
communication systems, antenna designs are also
becoming more complex. Recently, wideband
monopoles have been preferred for UWB applications
because of their attractive features such as nearly
omnidirectional radiation patterns, simple structure, and
low cost [2]. UWB technology is widely used in
applications requiring high data transmission rates and
wide bandwidth, standing out with its advantages such as
low power consumption and high resolution [3]. Antenna
design for UWB applications is critical to maximize these
advantages and achieve the desired performance. The
wide bandwidth and good impedance matching of
antennas  increase their usability in  modern
communication systems [4]. CPW-fed antennas can
easily provide wideband impedance matching [5]. The
CPW-fed microstrip patch antenna stands out with its
high bandwidth, low cost, and easy manufacturing
processes. These features make the antenna ideal for
wideband applications [6]. Circular disk monopole
antennas offer advantages such as low cost and simple
structure in wideband applications [7].

Since it is difficult to analytically solve these
complex antenna problems, computational
electromagnetic field applications are needed to visualize
our results [8]. Therefore, electromagnetic solvers, which
are specialized computer software that directly solve a
subset of Maxwell's equations, are used. In this study, the
design and simulation comparison of a CPW-fed circular
disk monopole antenna using HFSS and CST software

were performed. Both software showed that the antenna
achieved a return loss below -10 dB in the UWB
frequency range, providing good impedance matching.
However, slight differences in simulation results can
occur due to different computation methods and mesh
structures. CST simulations are faster due to the time-
domain solver, while HFSS provides more detailed
information about the antenna's resonant behavior with
its frequency-domain solver.

CPW-fed antennas stand out with their easy
manufacturing processes and ability to provide wide
bandwidth [9]. HFSS, a high-frequency structure
simulator, is based on the finite element method (FEM)
[3]. In the FEM method, the solution space must be
bounded because the method cannot be applied to
radiation and scattering problems without being
combined with a boundary integral equation. FEM
analysis is effective, especially in areas such as high-
frequency applications, microwave design, antenna
design, photonic structure simulation, and RF circuit
analysis [10]. CST, on the other hand, has multiple
solvers in both frequency and time domains. CST Studio
Suite uses the finite element method (FEM) in the
frequency domain, while in the time domain, it provides
access to multiple electromagnetic simulation solvers
using methods such as the finite integration technique
(FIT) [3] and the transmission line matrix method
(TLM). FIT is based on the principle of discretizing
Maxwell's equations in time and space, allowing the
simulation of how electromagnetic fields change in time
and space. The TLM method, used for analyzing the
behavior of electromagnetic fields over time, is also
suitable for wideband applications. In this method, the
space is divided into cells or points, and the transmission
line connections between these points are modeled.
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During antenna design and simulation, the use of
HFSS and CST software plays an important role in terms
of accuracy and efficiency in solving electromagnetic
problems. These two methods are used to evaluate
antenna performance and perform optimization. The
simulation results were compared in terms of parameters
such as return loss (S11), radiation patterns, and gain of
the antenna. The simulation results of HFSS and CST
show that the antenna is suitable for UWB applications
and that both software are effective tools for verifying
antenna performance.

Complex antenna structures cannot be simulated
without the use of electromagnetic solvers such as HFSS,
CST, and MATLAB. These software tools eliminate
unnecessary costs in the fabrication stage by simulating
the prototype and contribute to achieving the best result
in the production phase.

In the study, the antenna performance, 3D models,
and gain graphs of the circular disk monopole antenna in
both software were presented and discussed.

2. Antenna Design and Performance

This section details the design stages and
performance analysis of a CPW-fed circular disc
monopole antenna. The designed antenna structure is
based on a circular radiating patch. The circular patch is
one of the commonly used configurations due to its ease
of analysis. In designing such an antenna, various
parameters related to the antenna's resonant frequency
and bandwidth need to be considered. The CPW feed
allows the antenna to achieve wide bandwidth and easy
integration with planar circuits [9]. The radius "r" of the
circle is a critical parameter in determining the operating
frequency and input impedance of the antenna [11].

The radius “r” of the circle can be calculated using
the following formula [9]:

r= F T (D
{1 + % [1n (%) + 1.7726]}2

_ 8791 x 10° ,

B @

where f; is the resonance frequency, H is the thickness of
the dielectric, and & is the relative dielectric constant of
the substrate.

Simulation results show that as the disk radius
decreases, the resonance frequency increases. The
antenna’s lightweight and high performance make it ideal
for portable devices [12-14]. The relationships between
diameters and initial resonances are provided in Table 1.
The operational bandwidth of the antenna depends on the
feed gap (g), the ground plane width (W), and the disc
radius (r) [15]. Therefore, these parameters should be
optimized for maximum bandwidth in the antenna
design.

In CPW-fed circular disc monopole antennas, the
ground plane width W and length L are typically
optimized based on the resonance frequency and the
materials used [16]. To achieve good radiation
efficiency, a practical width and length can be calculated
using the following formula [9]:

W= %JZ/@T T D 3)

L —2AL, 4)

C

- Zfrw Ereff
where ¢ is the speed of light, AL is the extension at the
patch ends, and &t is the effective dielectric constant of
the substrate.

The expression for calculating the amount of
extension is as follows [9, 17]:

AL Ererr + 0.3)(W/H + 0.264

i 0412( reff )( / ) . (5)
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The effective dielectric constant can be calculated
based on the dimensions of the CPW line and the
dielectric constant of the substrate using the following

formula [9, 18]:
! (1/ 1+ 12H/Wf), 6)

&+1 & —
geff = 2 + 2
where Wt is the width of the metal strip.

The approximate expressions for Wi/H in terms of

Zo and & for Wi/H > 2 have been derived by Wheeler and
Hammerstad [19]:
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where Z; is the characteristic impedance.

The proposed CPW-fed circular disc monopole, as
shown in Fig. 1, has a single-layer metallic structure. A
circular disc monopole with a radius of r = 12.5 mm and a
50 Q-CPW is printed on the same side of a dielectric
substrate. In this study (Fig. 2), a substrate with a thickness
of H =1.6 mm and a dielectric constant of & = 3 was used.
The width of the metal strip is W; = 4 mm, and the gap
between the strip and the coplanar ground plane is fixed at
g = 0.33 mm to achieve a 50 Q impedance. W = 47 mm
and L = 15 mm represent the width and length of the
ground plane, respectively. The distance between the disc
and the ground plane ish = 0.3 mm.
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Fig. 1. Geometry of the CPW-Fed Circular Disc Monopole
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Table 1 — Relationships Between the Diameter and the First Resonances of the Monopole Antenna

Diameter 2r (mm) First Resonance f (GHz) Wavelength A (mm) 2r/\
50 1.52 1974 0.25
30 2.57 116.7 0.26
25 3.01 99.7 0.25
15 5.09 58.9 0.25
s |d:?.7232 [ :
; — 51,1 (r=7.5)
St (r=12.5) [T

— 51,1 (r=15)

3 4 5 6

Frequency / GHz

13 14

7 8 9 10 11

Fig. 2. Simulated Reflection Coefficient Curve for Different Sizes of the Circular Disc with Optimum Designs

Antenna Simulations and Results
in HFSS and CST

The circular disk monopole antenna designed for
UWB applications has reconfigurable features in terms of
frequency and polarization [20]. This section presents the
details and results of the antenna simulations performed
using HFSS and CST software. The wideband

performance of the CPW-fed circular disc monopole
antenna is evaluated based on parameters such as return
loss (S11), radiation patterns, and gain.

CST Microwave Studio is a CST module dedicated
to fast and highly accurate 3D electromagnetic simulations
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of high-frequency problems. This module includes
different solvers for the simulation of structures in both the
time and frequency domains.

HFSS is an electromagnetic field simulator for 3D
modeling that utilizes the Microsoft Windows graphical
user interface. It integrates simulation, visualization,
solid modeling, and automation in an easy-to-learn
environment. S parameters, resonant frequency, and
fields can be calculated using this software.

The circular disc monopole antenna designed using
CST Microwave Studio is shown in Fig. 3, a, and the
circular disc monopole antenna designed using HFSS is
shown in Fig. 3, b.
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Fig. 3. Circular Disc Monopole Antenna Designed with CST and HFSS

The simulated and measured return loss curves are
shown in Fig. 4. As shown in Fig. 4, the measured return
loss curve matches in both CST and HFSS. Generally, the
-10 dB bandwidth covers an extremely wide frequency
range in both CST and HFSS. The simulated bandwidth

extends from 2.3 GHz to beyond 12 GHz. According to
both simulations, the VSWR curve is shown in Fig. 5. It
is found to be below 2 in the range from 2.3 GHz to
12 GHz in both CST and HFSS and is 1.02 at the first
resonant frequency, which is 2.9 GHz.
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Fig. 4. Return Loss of the Circular Disc Monopole Antenna Designed with CST (a) and HFSS (b)
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Fig. 5. VSWR Graph Obtained by CST-MW (a) and HFSS (b)
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The far-field radiation model is shown in Fig. 6. The
directivity obtained with CST is 2.7 dBi, while the
directivity obtained with HFSS is 2.41 dBi. The gain
from both simulations is shown in Fig. 7. The gain
obtained using CST is found to be 2.24 dB, while the gain
obtained using HFSS is found to be 2.34 dB.

It can be observed that there is a small difference in
gain and radiation efficiency simulated using HFSS and
CST MWS. This difference arises from the different

numerical techniques used in the software. The Polar Plot
of the Elevation Angle for the Monopole Antenna
Designed with CST is shown in Fig. 8.

The Polar Plot of the Elevation Angle for the
Monopole ntenna Designed with HFSS is shown in
Fig. 9.

The Polar Plot of the Azimuth Angle for the
Monopole Antenna Designed with CST is shown in
Fig. 10.

farfield (F=3) [1]

V Name

y dBi

Ansys Inc.

Max: 2.41
2:5

.0.0
-2.5
-5.0

-75
.-10,0

-12.5
I-'IS,O
-17.5

Min: -16.77

Directivity Plot 1

120

0,
b A1 BB al)

Fig. 6. (3D Far-Field Radiation Pattern Model for the Directivity
of the Monopole Antenna Designed with CST-MW (a) and HFSS (b)
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Fig. 7, a. Far-Field Radiation Pattern Model for the Gain of the Monopole Antenna Designed with CST
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Fig. 7, b. Far-Field Radiation Pattern Model for the Gain of the Monopole Antenna Designed with HFSS
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A summary of the simulated results is provided in Table 2.

Table 2 — Simulated Results of the Designed Antenna

Parameter Value with CST Value with HFSS Unit
Operating Frequency (fr) 231+12 2.05+12 GHz
Directivity 2.7 241 dbi
Gain 2.24 2.34 dbi
Reflection Coefficient at the First Resonance Frequency -28.1597 -26.7111 db
VSWR at the First Resonance Frequency 1.02 1.02 -
radiation patterns, and gain. CST offers faster

Conclusions

In this study, the design and performance analysis
of a CPW-fed circular disc monopole antenna for ultra-
wideband (UWB) applications were carried out using
HFSS and CST software. The accuracy and effectiveness
of both software tools were used to evaluate and optimize
the antenna performance. Although small differences
were observed between the results of HFSS and CST,

both software tools confirmed the wideband
characteristics of the antenna and its suitability for UWB
applications.

The simulation results revealed that both CST and
HFSS software demonstrated similar performance in
terms of key parameters such as return loss (S11),

simulations due to its time-domain solver, while HFSS
provides more detailed resonance behavior analyses with
its frequency-domain solver.

It was found that both software tools provide
reliable solutions for the design of CPW-fed circular disc
monopole antennas and that this antenna is suitable for
UWB applications.

This study makes a significant contribution to the
comparison of simulation tools used in UWB antenna
design and the optimization of antenna performance.
HFSS and CST software emerge as effective tools in
terms of accuracy and efficiency in solving
electromagnetic problems, proving their usability in
simulating complex antenna structures.
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AHaJi3 MoIeJIIOBAHHS AHTEHHOI CHCTEMH
32 10MOMOTI 00 T€XHOJIOTii cUMY.JIsLil HaBirauiiiHOro 06, 1aTHAHHS

A. P. Pycramos, E. I'. l'amumos, T. C. Mypazos, P. I. ['amumos, M. I'. Azizymiaes

AHoTanis. Y uiii poGoTi mpencTaBieHO HOBY KpYIJly MOHONOJBHY aHTEHY 3 JKUBJCHHSAM 4Yepe3 CHiBIUIOIMHHY
xpuinieBinHy Jinito (CPW — Coplanar Waveguide) mns ynprpamupokocmyrosux (UWB — Ultra WideBand) 3acrocysanb,
3MO/IeTIbOBaHy 3a AOIOMOrolo porpamHoro 3adesneueHns: High-Frequency Structure Simulator (HFSS) Ta Computer Simulation
Technology (CST). Ilomano MOpiBHSUIBHUII aHaii3 MOJEIOBAaHHSA Ta CHMYJILIH AMCKOBOI MOHOMOJBHOI aHTeHH. MeToro
JDOCTiIKEeHHSI € CIIOYaTKy BU3HAYNTH FEOMETPHUHI ITapaMeTpH Ta MaTepialbHi BIACTHBOCTI aHTEHH, a MOTIM IPOBECTH CUMYJISLIIT
3a gonomoroto mporpam HFSS ta CST. 3aBaanns gocaiaskeHHs ToArae B OUIHI e(QEeKTHBHOCTI HOBOT IUCKOBOT MOHOMIOJIBHOL
aHTeHH 3 JKHBJIeHHAM uepes CPW i ynbTpalIMpOKOCMYTOBHX 3acCTOCYBaHb 1 IOpPIBHSHHI Pe3ysbTaTiB, OTPUMaHHX 3a
JIOTIOMOT'OI0  JIBOX IHCTPYMEHTIB €JIEKTPOMArHiTHOIO MOJENIOBaHHS. Pe3ysabraTn aociiixeHHs. s MozemoBaHHS Oyio
BUKOPHCTAHO IUIOCKI CTPYKTYPH Ta JUCKOBY MOHONOJIbHY aHTeHY 3 CPW-KHBJIEHHM, 1110 3a6e3Medye MHPOKHA Aiarna3oH 4acToT.
Metox MojeiioBaHHS aHTeHH Oyjo BUKOpucTaHo s BupimenHs npobiaemu. HFSS i CST mupoko BHKOPHCTOBYIOTHCS B
nporpamMax MOJCITIOBAHHS MIKPOXBHIILOBUX MPHUCTPOIB 3aBIAKHA BHUCOKiIM TOYHOCTI MPH BHPIIICHHI 3a1a4 SICKTPOMATrHITHOTO
MO/ICITIOBaHH Ta MOJICNIOBaHHs aHTeH. byno orpumano taki pesynsraru: HFSS Ta CST Gynu peanizoBaHi B Aiana3oHi 4acToT Bij
2.3 I'Ty mo 12 ITu. Byno npoananizoBaHo KJIIOYOBI mapamerpu, Taki sk Koe(ilieHT BigOMTTs, Hiarpama CHOpPSIMOBAHOCTI Ta
KOe(IMi€HT MiJICHICHHS JUTS OI[IHKH MPOAYKTHBHOCTI aHTeHH. BHCHOBOK. B pe3ynbraTi ociimkeHHs OyIIo MoKa3aHo, Mo JUCKOBa
MOHOIIOJIPHA aHTEHA, 3MOJeJIbOBaHA Ha JieJIeKTpUYHOMY Imapi Ta skuBieHa 50-omHoro CPW Ha ToMy >k mapi, 3abe3medye
BCEHAIIPABJIEHY JliarpaMy CIIPSIMOBAHOCTI B YCbOMY Jialla30Hi 9acTOT..

KawuyoBi cinoBa: monomnosnsHa antena; CPW-xuBieHns; 1uckosa moHomnosnbHa anrena; CST MWS; HFSS.
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