
EasyChair Preprint

№ 881

Single-Band Monopole Antenna Design and

Production

Wen-Cheng Lai and Lin-Chuan Tsai

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

April 6, 2019



SINGLE-BAND MONOPOLE ANTENNA DESIGN AND PRODUCTION 
 

1
Wen-Cheng Lai, 

2
Lin-Chuan Tsai 

 1
 Dept. of Electronic Engineering Ming Chi University of Science and Technology 

E-mail:wjlay@mail.mcut.edu.tw 
2
 Dept. of Electronic Engineering, Lunghwa University of Science and Technology  

E-mail:ginggle@mail.lhu.edu.tw 
 

ABSTRACT 

 

This study discusses the application of frequency band 

design for monopole antenna to 3.5GHz WiMAX and 

2.425GHz WLAN and Bluetooth communication. The 

foremost function of antennas is to convert the radiated 

electromagnetic wave energy in the transmission 

medium (generally air medium) and the energy sent 

from or received by the transceiver. The Bluetooth is a 

low cost, low power and short distance wireless 

communication technology, it can be extensively used in 

mobile communication equipments. This study uses 

Ansoft HFSS electromagnetic simulation software to 

simulate the 3D radiation field pattern, current 

distribution, gain value and Return Loss pattern of 

antenna, to design Bluetooth and WiMAX antennas with 

center frequency of 2.425G Hz and 3.5G Hz and 

reflection loss smaller than -10dB, which are fabricated 

on FR4 substrate successfully. As there are errors 

between the simulation and measured values, the 

required effect of antenna can be implemented by 

continuous simulation. 
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1. INTRODUCTION 

 

The antenna is indispensable to wireless communication 

products, and the quality of antenna determines whether 

the wireless communication products have good 

transmission power and receiving sensitivity. At present, 

the wireless communication products are frequently used 

in our daily life, such as smart phone, satellite 

navigation (GPS), the broadcast in daily life, the file 

transmission Bluetooth and so on, involving a wide 

range of frequencies. There are multiple forms of 

antenna, such as microstrip antenna [1], printed antenna 

[2] and PIFA [3].  
There are different types of design of microstrip antenna, 

such as loop antenna, slot antenna [4], patch antenna [5] 

and inverted F antenna, the design and application can 

be implemented according to different characteristics, 

such as length, thickness, shape, size and weight. In 

terms of electrical property, the radiation pattern, 

bandwidth [6], direction of polarization, gain, return loss 

and SWR of antenna must be considered. 

 

2. ANTENNA SUMULATION STEPS 

 

This study uses simulation, test and modification for 

design, so as to make the theoretical values coincident 

with the actual values, and the Ansoft HFSS software 

adopted has been extensively used in the circle and 

academia. Therefore, when the Ansoft HFSS is used, if 

the structure, parameters and material meet the design 

conditions, the measuring basis will be very close to the 

simulation results. The simulation process is described 

below.  

(1) Build antenna structure:  

The antenna structure is drawn according to the 

models provided by Ansoft HFSS.  

(2) Define boundary conditions:  

Ansoft HFSS uses boundary condition setting 

function, the antenna conductor face can be defined as 

PEC (Perfect Electric Conductor) or Finite Conductor, 

both are conductor characteristics. The former one is 

perfect and the latter one is finite conductor. The finite 

conductor can adjust the electrical conductivity and 

relative permeability of antenna conductor face, multiple 

conducting materials can be defined.  

(3) Set feed-in method:  

The selection and setting of feed-in method are one 

of key factors in the analysis of antennas by Ansoft 

HFSS. There are two common feed-in methods for 

antennas, which are Lump Port and Wave Port. 

However, the Lump Port is usually used for Microstrip 

Line feed-in, the feed-in method for this simulation is 

Wave Port.  

(4) Set free radiation field conditions:  

Ansoft HFSS often aims at open structures, e.g. 

antenna scattering problem, the Radiation or PML 

(Perfectly Matched layer) is usually used for calculation. 

The Radiation requires a large space, the simulation 

analysis time is much longer than PML, and there is 

slight difference in the simulated result. Therefore, the 

radiation field condition is set as PML, the simulation 

analysis time can be shortened greatly, and the radiation 
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field condition can be set as Radiation when the final 

result is obtained, so as to obtain relatively accurate 

result.  

(5) Set simulation parameters:  

Ansoft HFSS sets the antenna analysis simulation 

parameters. First, the Solution Frequency is set, and then 

the Adaptive Solutions are set, which shall be increased 

if the convergence fails after simulation analysis. 

Afterwards, the scanning frequency is set as Fast, 

Discrete or Interpolation, and then the range of scanning 

frequency is set before simulation analysis.  

(6) Simulation analysis:  

Therefore, the Ansoft HFSS provides a Validation 

Check after the settings are completed, so as to check if 

there are errors in the parameters and materials before 

simulation.  

(7) Judge convergence:  

After the Ansoft HFSS analysis is completed, the 

overall analysis is observed and the convergence is 

judged according to the Solution Data. The last value of 

Adaptive Solutions must be smaller than the maximum 

convergence function, representing convergence.  

(8) Simulation results:  

    Finally, the S-parameter and 3D radiation field 

pattern about antenna are extracted. 

 

3. ANTENNA DESIGN AND MEASURE 

 

This study discusses the application of frequency band 

design of monopole antenna to 3.5GHz WiMAX and 

2.425GHz WLAN and Bluetooth communication. 

Figure 1 shows the design size and structure of the 

single frequency antenna, the center frequency of the 

single band antenna is 3.5G Hz. 

 

 
 

Fig. 1 Design a single band antenna with center 

frequency of 3.5G Hz, the size parameter and structure 

are obtained by simulation. 

 
Fig. 2 Simulates and measures the single band antenna 

with center frequency of 3.5G Hz 

Figure 2 simulates and measures the single band 

antenna with center frequency of 3.5G Hz, the return 

loss is less than -10dB, the bandwidth range is 

3.44~3.69GHz. Figures 3 and 4 simulate the radiation 

patterns of single band antenna with center frequency of 

3.5G Hz on XZ plane and YZ plane. 

 
 

Fig. 3 Simulate the radiation patterns of single band 

antenna with center frequency of 3.5G Hz on XZ plane. 

 
 

Fig. 4 Simulate the radiation patterns of single band 

antenna with center frequency of 3.5G Hz on YZ plane. 

 

 

 



Figures 5 and 6 measure the radiation patterns of single 

band antenna with center frequency of 3.5G Hz on XZ 

plane and YZ plane. Figure 7 shows the antenna current 

distribution. Figure 8 shows the real completed antenna. 

 
 

Fig. 5 Measure the radiation patterns of single band 

antenna with center frequency of 3.5G Hz on XZ plane. 

 
 

Fig. 6 Measure the radiation patterns of single band 

antenna with center frequency of 3.5G Hz on YZ plane. 

 

 
 

Fig. 7 The antenna current distribution. 

 

 
 

Fig. 8 The real completed antenna. 

 

Afterwards, the size of the antenna structure on center 

frequency of 3.5GHz is adjusted slightly, as shown in 

Figure 9, to design a single band antenna with center 

frequency of 2.425G Hz, the size parameter and 

structure are obtained by 

simulation.

 
 

Fig. 9 Design a single band antenna with center 

frequency of 2.425G Hz, the size parameter and 

structure are obtained by simulation. 



 
Fig. 10 Simulates and measures the single band antenna 

with center frequency of 2.425G Hz. 

 

Figure 10 simulates and measures the single band 

antenna with center frequency of 2.425G Hz, the return 

loss is less than -10dB, the bandwidth range is 

2.40~2.484GHz. Figures 11 and 12 simulate the 

radiation patterns of single frequency antenna with 

center frequency of 2.425G Hz on XZ plane and YZ 

plane.  

 

 
Fig. 11 Simulate the radiation patterns of single band 

antenna with center frequency of 2.425G Hz on XZ 

plane. 

 

 
Fig. 12 Simulate the radiation patterns of single band 

antenna with center frequency of 2.425G Hz on YZ 

plane. 

 

Figures 13 and 14 measure the radiation patterns of 

single band antenna with center frequency of 2.425G Hz 

on XZ plane and YZ plane. Figure 15 shows the antenna 

current distribution. Figure 16 shows the real completed 

antenna. 

 
 

Fig. 13 Measure the radiation patterns of single band 

antenna with center frequency of 2.425G Hz on XZ 

plane. 

 

 
Fig. 14 Measure the radiation patterns of single band 

antenna with center frequency of 2.425G Hz on YZ 

plane. 

 

 
 

Fig. 15 The antenna current distribution. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16 The real completed antenna 

 

 

4. CONCLUSION 

 

This study uses electromagnetic software (Ansoft HFSS) 

simulation design for 3.5GHz WiMAX and 2.425GHz 

WLAN single band coplanar antenna, and the antenna is 

fabricated on the glass fiber board (FR4) successfully. 

According to the simulation and measurement of return 

loss, radiation field pattern and current distribution, the 

frequency ranges of the two antennas of different 

frequency bands are 3.44~3.69GHz and 2.40~2.484GHz, 

and the simulation and measurement results are similar 

to each other. 
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