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Abstract 

Constantly, antenna plays an important role in expanding the wireless 

communication systems in different technology applications for example, but not 

limited to, IoT communications and automotive radar systems. On the other hand, 

the Bluetooth-Low-Energy (BLE) benefits different sorts of applications, as it 

offers (i) a very low power consumption, (ii) a very fast data transfer, (iii) and an 

inexpensive/efficient solution as well. This research is a part of AES-Nordic AB 

projects, which intends to improve the connection between remote vibration 

sensors and the measurement device. The vibration sensor sends the captured data 

to the receiver via a wired connection which, in turn, creates a lot of 

complications, in terms of access limitation and a connection loss vulnerability. 

The aim of this thesis is to remove these limitations and improve the overall 

performance using a wireless connection over BLE. 

This thesis project presents a novel and an efficient system that eliminates the 

wired-connections shortcomings by involving a new inverted F-antenna design 

which transfers data from remote sensors to the measurement device. The 

produced antenna needs to satisfy the following conditions: (i) resonant frequency 

of 2.44GHz, (ii) isotropic directivity, (iii) minimum coverage of 20-meters. The 

other goal of this thesis is to compare the presented antenna with commercially 

available solutions, such as helical and monopole antennas for the purpose of 

showing the efficiency of the presented solution. The produced antennas were 

tested in the anechoic chamber and the measurement results show that the 

designed inverted F-antenna has a comparatively better performance than its 

peers. 
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Chapter.1 Introduction 

Nowadays, no wonder that wireless technology has become the standard for digital/analog 

communications all over the world. It is one of the main topics of modern technology which 

has a lot of research and progression. The antenna is one of the most sensitive components in 

wireless communications. It plays a critical role in wireless devices. Basically, the device's 

communications capability, fundamentally, depends on the antenna design. 

Antenna design has sort of obstacles in achieving the optimized coverage parameters such as 

wide bandwidth, reflection coefficient, and high antenna gain factor. However, these difficulties 

influence the performance of the antenna. Furthermore, optimizing a wide bandwidth and 

achieving an antenna matched impedance are two of the biggest challenges because they have 

a trade-off between each other [1]. In addition, a wide bandwidth with a simple structure has 

become a needed and challenging factor. Many strategies have been applied to overcome these 

issues by adopting new simulation tools which result in more accurate results for a more 

efficient antenna design. One of the proposed strategies that can achieve the expected results is 

using the Advanced Design System (ADS) simulator in order to achieve more accurate results 

with better performance. 

The thesis illustrates different types of antenna and their competencies that are selected based 

on their qualifications. Furthermore, it also involves measurements that can determine which 

antenna is the best choice for the application. 

Concerning the antenna performance, antenna dimensions have a great impact on the 

performance which depends on the dimensions of the ground plane [2]. Thus, mounting the 

designed antenna inside an Acrylonitrile Butadiene Styrene (ABS), or for short, a plastic box 

leads to a corresponding signal attenuation which is a real obstacle in front of the improvement 

of performance. This research project considers the examination of the wireless devices over 

an ABS shielded transmitter; such as cell phones, computers, and tablets. 

1.1 Project overview 

Figure 1.1 shows the current device used by AES-Nordic AB which involves two parts: 

1.  The instrument device which receives the signal (signal receiver). 

2. The vibration sensor is used for measuring and sending the ground vibration signal via 

a wired connection to the instrument. 
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Figure 1.1: Vibration measurement instruments, (1) receiver unit (2) vibration sensor 

AES-Nordic AB intends to develop this product for the purpose of using a wireless 

communication module as shown in figure 1.2 instead of using a wired connection. The 

vibration sensor should be linked to other devices, such as the instrument device, using 

Bluetooth-Low-Energy (BLE) connection. The main part of this research project is to design 

an antenna that has the ability to be connected with the vibration sensor. 
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Figure1.2: A new design of the application which explains the wireless connection between (1) the 

instrument device and (2) the vibration sensor  

This project includes three types of antennas: monopole, helical, and microstrip inverted F-

antenna. Accordingly, an accurate selection is made of which antenna is more suitable for 

providing a stronger signal to the measurement device (instrument). 

The type of antenna (F-antenna) was selected by AES-Nordic. All three antennas were tested 

to know which one of them is an optimum choice. The steps of the microstrip inverted F-antenna 

design are explained in figure 1.3. 
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1.2 Problem statement 

The vibration sensor sends the data to the measurement device over a wired connection. 

Accordingly, in its turn, this issue creates a lot of constraints, in terms of, (i) limited distance 

access to the remote device, and (ii) damage weaknesses for the wired communication channel 

in the industrial environment. In order to solve these constraints, a new system of wireless 

communication is offered between the local sensor and the measurement device. 

The performance and antenna dimensions are restricted by the operating wavelength. It should 

be taken into consideration that the antenna is bounded by a specific condition such as the 

location inside the ABS container attached with a battery-based power source and 

supplementary integrated circuit. Moreover, if the signal attenuation is solved, then the distance 

between the transmitter and the receiver can be calculated. Basically, the microstrip antenna 

radiates depending on the field fringing between the antenna and the ground plane [2]. In other 

words, the fringing of the field, due to the ground plane, should be not restricted in a small area. 

Choosing the 

antenna type 

Identify all antenna specifications 

Calculate antenna design 

Measure all antenna performance 

parameters

Generate Layout and fabricate 

antenna on PCB 

Simulate and optimize design 

Meets antenna 

requirements  

Design is ready 

to use

No 

Figure 1.3: A typical antenna design technique 
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Otherwise, this constrains can lead to a high Voltage Standing Wave Ratio (VSWR) with a 

narrow bandwidth, which results in a minimized radiation pattern [3]. Moreover, the 

performance of the antenna will be reduced if any object/obstacle is placed close to it. In 

addition, the signal will be attenuated when it is placed in a plastic ABS container [3]. 

1.3 Thesis goal and specifications 

This thesis contributes to solving the illustrated problem (described in section 1.2) by designing 

an inverted F-antenna to transfer the data from the sensor to the measurement device. The 

specific requirements of this antenna are: (i) an operating frequency range of 2.402-2.448 GHz, 

(ii) a matched system impedance of 50 Ω, (iii) a spherical radiation pattern to cover all the 

specific area. 

The other requirements specifications for the antenna are: 

 The antenna is supposed to send the signal to the measurement device over at least 20 

meters. 

 The antenna is mounted on the main PCB of the sensor which placed inside an ABS 

container. 

 Antenna gain should be around 1 dBi.  

 Antenna bandwidth is 80 MHz 

The second goal of this thesis is to compare the designed antenna with the other two types of 

antennas, helical and monopole antennas that are commercially available, with the aim of 

demonstrating which antenna has the best performance. 

1.4 Related work 

This section will compare the presented design of the F-antenna with other related work to show 

the proficiency of our work. The authors of [4] proposed a different F-antenna design over 

substrate RT/Duroid with permittivity εr=2.2 and substrate thickness 1.6mm. It was placed 

inside a metal box, in regard to their simulation, they showed a produced bandwidth of 280MHz 

with an antenna gain of 5 dBi. In addition to this, a stub element was placed to match the 

network to compensate the resultant of 13 Ω impedance. The metal box was connected to the 

PCB of the antenna as an integrated part to reduce the backside radiation. The project’s results 

were presented after the simulation process in FEKO and ADS programs [4]. In the same study 

[4] the used metal box improved the radiation pattern, however in my presented project, the 
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ABS plastic box used instead of a metal box, which increases the challenges of the antenna 

design. 

A different project employed the F-antenna for a wireless sensor network with FR-4 PCB at the 

frequency range of 2.45-2.48GHz. The authors in [5] presented three different antennas: (i) type 

A (F-antenna with blank PCB), (ii) type B (F-antenna with the whole circuit layout), and (iii) 

type C (inverted F-antenna mounted with all the ICs on the PCB). All three types were 

characterized by a different reflection coefficient. The simulation was quite different from the 

measurement results. However, type B was similar to the F-antenna with IC circuit in this thesis 

project. When the IC was included, the antenna’s gain and the reflection coefficient (S11) had 

been reduced. As a result, the reflection coefficient S11 for the resonant frequency was between 

2.5-2.56 GHz. Thus, the radiation pattern that was measured in this project did not mention the 

distance between the receiver and the transmitter [5]. In this study [5] the practical results are 

different from the corresponding simulation results. 

1.5 Methodology 

The microstrip inverted F-antenna was designed and compared to two other types of 

commercially available antennas, helical and monopole antennas. The results of the 

measurements of the three antenna types were evaluated to find the best achievable 

performance. 

1.5.1 Monopole antenna 

The reflection coefficient and the radiation pattern of the monopole antenna which is 

commercially available [6] has been tested in section (4.3). Accordingly, the connections to the 

monopole antenna were used the same transmission line with a ground plane as the same in the 

datasheet [6]. In fact, the antenna connection without using a ground plane will show a variation 

in results. 

1.5.2 Helical antenna 

Similar techniques, which had been applied to monopole antenna, also had been utilized for 

helical antenna measurements, that also commercially available [7]. The connections to the 

helical antenna that were used are the same as the transmission line with a ground plane as 

mentioned in the datasheet [7]. 
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1.5.3 Microstrip inverted F-antenna 

Two methods were employed to fabricate the F-antenna. The first method took only the 

dimensions from the reference (as discussed in 3.1). The circuit in the first method could show 

the results after fabricating the antenna, referred to [8]. The second method simulated the F-

antenna by the ADS program, which can simulate parameters such as S11, VSWR and match 

impedance before the fabrication.  

The PCB antenna design was simulated in the ADS program to find the antenna parameters 

leading to the best simulation results. FR-4 PCB was used with more details referred to as the 

datasheet [9]. The size of the PCB was selected depends on the simulation result. Hence, the 

Computer Numerical Control (CNC machine) is used to fabricate F-antenna PCB. F-antenna 

was measured by a network analyser device to observe and register the results and then was 

tested in the anechoic chamber with regard to the radiation pattern in different positions. 
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Chapter.2 Background and related theory  

2.1    Monopole antenna 

A monopole antenna consists of a conductive rod, which is placed perpendicularly on a 

conductive flat area known as a ground plane as shown in figure 2.1. Therefore, the disparity 

included the dipole antenna, compressed with two similar rod conductors. The monopole 

antenna should have a ground plane which circulates at a quarter wavelength. The quarter length 

of the monopole antenna is determined by λ/4, and the main choice of λ is determined by the 

frequency [10]. 

 

Figure 2.1: Monopole antenna structure which contains the ground plane and the conductive rod 

Every monopole antenna has a specific gain that is measured in free-space conditions. The peak 

gain of a monopole antenna can practically reduce the performance by 1 or 2 dB if the antenna 

is bounded by an outer shield. On the other hand, the gain should be increased due to the effect 

of the ground plane as mentioned in [6]. 
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2.2   Helical antenna 

A helical antenna consists of one or more conductive wires on a ground plane. It varies between 

a loop antenna and a dipole antenna (hybrid). The helical antenna is represented in two modes 

as shown in figure 2.2.A: a) normal and b) axial mode. In the normal mode, the radiation pattern 

is perpendicular to the helix axis, as shown in figure 2.2.A-a), In other sense, this can explain 

why the radiated waves are circularly polarized. In addition, the dimensions of the helical 

antenna in a normal mode are very small compared to the wavelength R<< λ and H<< λ, as 

shown in figure 2.2.B, while the axial mode has a length of conducting wire compared to the 

wavelength, R≥ λ and H≥ λ as shown in figure 2.2.B. In this case, the radiation of the helical 

antenna will be similar to directional antenna pattern as it radiates along its main axis, as shown 

in figure 2.2.A-b). Lastly, this type of antenna is used for earth-based stations in the satellite 

communications system. 

In this study, the choice is based on a normal mode because the directivity is isotropic, which 

is needed for the application as explained in the specification section (1.2). Therefore, the 

function of the helical antenna is similar to a monopole antenna. Helical antenna with a normal 

mode has narrow bandwidth and low efficiency. It is manufactured for portable and mobile 

devices [11][12]. 

 

Figure 2.2.A: Helical antenna structure with radiation pattern. 
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Figure 2.2.B: The dimensions of the helix antenna 

2.3   Microstrip inverted F-antenna 

The microstrip inverted F-antenna as shown in figure 2.3 is employed in many significant 

applications, for example, mobile devices and tablet computers that depend on wireless 

communications tools such as GPS, Bluetooth, GSM, and Wi-Fi. In addition, F-antenna is 

smaller in size, compared to other types of microstrip antennas. Implementation and fabrication 

of F-antenna are much easier than their peers [13]. Moreover, F-antenna has the length of a 

quarter wavelength. It is influenced by the ground plane size. The inverted F-antenna has the 

following requirements: 

 Two ground plane layers. 

 The connection between two ground layers should be at least 3 vias. 

 There is no ground under the F-antenna. 

 Ground plane dimensions are very important in a way that influences the antenna 

performance to a great extent. 

 Inverted F-antenna with π filter help to match the impedance. 
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Figure 2.3: Microstrip inverted F-antenna structure 

F-antennas can be designed either with a wideband, or multi-band frequency, which gives the 

antenna multiple capabilities. One of the F-antenna features is characterized by their tuneable 

bandwidth, which is both based on their geometry and ground plane dimensions. Therefore, it 

should be suited to a specific application and communication. In this project, F-antenna is used 

with Bluetooth-low energy, which requires a wide bandwidth as mentioned in [8]. Nevertheless, 

the size of the ground plane affects the radiation pattern [14]. The antenna gain factor can be 

increased by using low permittivity (thin PCB) [15]. 

 

2.4   Bandwidth 

The bandwidth of an antenna is described as a range of frequencies, in which the antenna can 

receive or radiate energy with regards to some characteristics, conformed to a specified standard 

as shown in figure 2.4. In addition, bandwidth can be described in terms of decibels. However, 

bandwidth may increase, or decrease, depending on the reflection coefficient, the antenna size, 

and the ground plane dimension [16]. Low thickness of substrate with a low dielectric constant 

is potentially considered to achieve better efficiency and bandwidth [17] [18]. The bandwidth 

of the antenna is determined by the receiver frequency range, as mentioned in the datasheet for 

the receiver (instrument device) [19].  
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Figure 2.4: The bandwidth of 3 dB 

2.5   S-parameters (Reflection coefficient) 

S-parameters can be defined as the relationships between the input and the output ports as 

shown in figure 2.5. The S-parameters factor is one of the most important factors of the antenna 

as shown in figure 2.5. The most ordinarily measured parameter is S11, which presents how 

much power is reflected from the antenna. Namely, it is also known as the return loss or 

reflection coefficient. For more clarification, if the return loss is S11=0 dB, it means that the 

power is totally reflected. Whereas, if the return loss is -10 dB, it implies that 3 dB of power is 

handed over to the antenna, thus, -7 dB is the reflected power [20]. 

 

Figure 2.5: S parameters 

𝑆11 in2=0 

𝑆21 in2=0 

𝑆12 in1=0 

𝑆22 in1=0 

Where: 

S11: Reflection coefficient of the input port (the reflected signal from the input port). 
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S12: the attenuation of the signal, when it comes from port 1 to port 2. 

S21: the attenuation of the signal, when it comes from port 2 to port 1. 

S22: Reflection coefficient of the output port (the reflected signal from the output port). 

2.6   Radiation pattern 

The radiation pattern of the antenna is a graphical representation that defines the variation of 

the power which is radiated by an antenna as a function of the traveling distance from the 

antenna, as shown in figure 2.6 for an isotropic antenna.  This radiation refers to the arrival 

angle, which is observed in the antenna, meanwhile, it is determined in the far-field. In addition, 

radiation properties consist of polarization, phase, directivity, field strength, radiation intensity, 

and power flux density. As a result, the received electric and magnetic field, at a point in radius, 

is represented by the amplitude field pattern. The power density, along a constant radius, is 

depicted by the amplitude power pattern. Moreover, the power pattern in the dB scale has 

depicted the magnitude of the magnetic or electric field in decibels [20]. 

 

Figure 2.6: Example of a radiation pattern for an isotropic antenna  

2.7   Antenna factor 

The antenna factor can be defined as a relation between the electrical field strength that yields 

1 Volt at the antenna peripherals which is used by EMC (electromagnetic capability) antenna 

and RF (Radio Frequency) engineers. In other words, it is the ratio between the electric field 

strength around the antenna and the induced voltage across the antenna terminals, as shown in 

figure 2.7. The unit of the antenna factor is microvolts/meter. Additionally, it is used in a 

logarithm scale and its unit in dB/m as indicated in the equation below. Basically, the antenna 

factor is showed in a table or graph form as shown in the datasheet for the antenna receiver in 

the anechoic chamber [21]. Above all, the antenna factor can be easily calculated [22]. 
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𝐴𝐹
𝐸incident

𝑉received
 𝑑𝐵/𝑚  

 

Figure 2.7: Antenna factor illustration with antenna receiver terminated in a load 

2.8   Gain factor 

The antenna gain factor is described as how much input power can convert into radio waves for 

a specified direction. Moreover, the gain factor is defined as the ratio between the power 

produced by the antenna source (far-field) towards the target. Typically, it is classified as the 

maximum radiation intensity. Therefore, it is the sensitivity to the signals from all directions. 

In fact, this ratio is presented in the decibels unit (dB) [23]. 

2.9   Voltage Standing Wave Ratio (VSWR) 

The VSWR is a designation of the quantum of mismatch between an antenna and the feed line 

connecting to it. The values for VSWR start from 1 as an ideal case to ∞. A VSWR value under 

2 is deemed suitable for most antenna applications. Consequently, the antenna can be described 

as having a good match. In other words, if the antenna is poorly matched, it means that the 

VSWR exceeds more than 2 for the frequency of interest [24]. VSWR can be defined as a scalar 

value and calculated used below formula;  

𝑉𝑆𝑊𝑅
1 |𝑆11|

1 |𝑆11|
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2.10   ADS Simulation Software  

ADS is an electronic design automation software for RF, high speed digital and power 

electronics applications. It is utilized by companies in automotive, aerospace, wireless 

communication, and networking. 

2.11   Antenna parameters 

The antenna has various important parameters such as gain, radiation pattern, S11, etc. Table 1 

shows a comparison between the parameters of different types of antennas, F-antenna, 

monopole, and helical antennas. 

Table 1: Comparison of three type antennas  

Antenna Type  F‐antenna  Monopole antenna  Helical antenna 

Radiation Pattern Omnidirectional 
Isotropic, omnidirectional 

[6], [25] 

Omnidirectional, λ/4 and 

referred to the datasheet 

 

Gain 

 

Around 1 dBi [26] 
High gain (depending on 

their structure) [25] 

High gain (depending on 

their structure) [27] 

Modelling fabrication Easy to design [8] Modelling is difficult [25] Easily constructed [28] 

Applications 
BLE, Human interface 

device, etc. [8] 

Radio broadcasting, 

Vehicular antenna [25] 

Mobile, portable, Wi-Fi 

communications [29] 

    

Merits 
Small size and excellent 

performance [8] 

Compact size, low 

fabrication cost and simple 

to manufacture, large 

bandwidth [25] 

Small size, low fabrication 

cost 

    

Problems Narrow bandwidth [8] 
Difficult fabrication at 

higher than >3GHz [25] 

Specific ground plane to 

place with [7] 
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Chapter.3 Microstrip inverted F-antenna 

AES-Nordic AB proposes the idea of using microstrip inverted F-antenna, which is connected 

to the vibration sensor. 

3.1   Ready design and modification  

Figure 3.1 shows the F-antenna that was designed in the previous study [8]. This design was 

used as the first step to test the performance of the F-antenna. 

 

Figure 3.1: PCB with dimensions of IFA. (referred [8]) 

3.1.1   Antenna design modification 

The following modification was applied for the microstrip inverted F-antenna: 

 Adding vias is essential to connect the two ground layers. 

 Two design options were implemented. One is with π filter to match network and the 

other is without a π filter. 

 FR-4 PCB was used. 

FR-4 material is used as a printed board circuit with the following specifications: 

 The thickness of PCB 1.6 mm 

 εr= 4.6 

 Copper thickness of 35 µm 
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3.1.2   Fabrication process 

Altium program is used to design the antenna layout as shown in Figure 3.2. Two kinds of PCB 

are designed. The first one is without the π filter. The other one is with the π filter instead of 

the L filter because it is more controllable and provides more options to match impedance [30]. 

 

Figure 3.2: PCB Layout of the F-antenna in the Altium program. 

To fabricate the PCBs, a Gerber file was generated from the Altium program to print the PCB 

mask, which was used in the etching process. Figure 3.3 shows all fabricated PCBs, two with π 

filters and two without π filters. 

 

Figure 3.3: F-antenna PCB after the etching process 

3.1.3   Modified antenna testing 

Spectrum analyser “Rohde & Schwarz FPC1500,” is used to measure S11 for antennas A, B, 

C, and D. The measurement results are registered below: 
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without π filter:  

 Antenna A 

Measurement result for Antenna A that is shown in Figure 3.4 has a resonant frequency at 

2.17 GHz. 

 

Figure 3.4: Reflection coefficient S11 of antenna A as mentioned in Figure 3.3 

 Antenna B 

Measurement result for antenna B that is shown in figure 3.5 has a resonant frequency at 2.17 

GHz. 

 

Figure 3.5: Reflection coefficient S11 of antenna B as mentioned in Figure 3.3 

with π filter: 

 Antenna C 

As seen in the previous design has a shift in the resonance frequency, the π filter is used to 

correct the resonance frequency by measuring the antenna A impedance ZL=(0.99+j0.01) using 
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a spectrum analyser. ADS program is used to calculate the values of the π filter components 

that are used in antenna C (shunt capacitance C=33 pF, series Inductor L=2.2 nH, and shunt 

inductor L=15 nH). The measurement result for antenna C that is shown in figure 3.6, has a 

resonant frequency at 2.46 GHz. 

 

Figure 3.6: Reflection coefficient S11 of antenna C as mentioned in figure 3.3 

 Antenna D 

Repeating the same procedures for antenna D, π filter is designed by measuring the antenna B 

impedance using a spectrum analyser. ADS program is applied to calculate the values of the π 

filter components that are used in antenna D (shunt capacitance C=1.5 pF, series capacitance 

C=1.5 pF, and shunt capacitance C=1 pF). The measurement result for antenna D that is shown 

in figure 3.7 has a resonant frequency at 2.43 GHz.  

 

Figure 3.7: Reflection coefficient S11of antenna D as mentioned in figure 3.3 
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3.2   F-antenna design using ADS program 

The previous measuring test results show less antennas performance than expected. Different 

parameters need to be improved such as reflection coefficient, antenna gain factor, radiation 

pattern, match impedance, and VSWR. A new complete F-antenna was designed from the 

scratch using ADS program, to strengthen antenna performance. 

3.2.1   Coplanar waveguide calculation 

Taking into consideration the two ground planes besides a transmission line, the calculation of 

the coplanar waveguide parameters is done by using the ADS program. 

 Coplanar waveguide Width (W) is 2.75mm  

 Distance between the ground plane and the transmission line (G) is 2.78mm. 

3.2.2   Layout design 

PCB layout design that is shown in figure 3.8, has two ground plane layers. It is important to 

be careful when choosing the PCB material type in the ADS program. In this case, it is an FR-

4 PCB substrate, with permeability (ε) of 4.6. 

 

Figure 3.8: Microstrip layout design of the coplanar waveguide 

Figure 3.9 shows the S11, S22, S12, and S21 simulation results for coplanar waveguide, which: 

a) and  d) S11, S22: reflection coefficient of the transmission line in dB. 

b) S12: the attenuation of the signal, when it comes from port 1 to port 2 in dB. 

c) S21: the attenuation of the signal, when it comes from port 2 to port 1 in dB 
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Figure 3.9: S parameters of the coplanar waveguide in the ADS program. The marker implies to the 

frequency range 2.40-2.48 GHz 

3.2.3   F-antenna combined with coplanar waveguide 

The layout of the F-antenna combined with coplanar waveguide is shown in figure 3.10. The 

whole layout is simulated using ADS as shown in figure 3.11, which displays the S11 result at 

frequency range 2.400-2.480 GHz as well as the Smith chart. Altering the F-antenna length will 

modify the wavelength λ, which leads to a change in the resonant frequency. In other words, 

increasing the length leads to a decrease in the resonant frequency of the antenna [8]. 

 

Figure 3.10: Layout of the F-antenna in ADS program  

a) S11  b) S12

c) S21  d) S22
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Figure 3.11: F-antenna simulation results, reflection coefficient, and Smith chart 

For example, the frequency 2.437 GHz has a return loss RL= -13 dB and VSWR=1.6. 

3.2.4   Antenna directivity 

ADS program is used to simulate momentum visualization and the radiation pattern of the 

antenna. The F-antenna directivity has a spherical shape as shown in figure 3.12, which follows 

the project specification requirements. 

 

Figure 3.12: Momentum visualization and the radiation pattern 

The Next step is the fabrication of the antenna PCB using a CNC machine. 

 

 

a) S11 reflection coefficient results b) Smith chart 
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Chapter.4 Testing and measurements 

This chapter discusses the antenna's parameters test and measurement results, such as S11 and 

radiation pattern. Antennas were tested in the anechoic chamber to obtain the radiation pattern, 

which is used later to calculate the antenna gain factor. In addition, different parameters were 

also calculated such as antenna factor and free pass loss [31].  

The following testing setup used for all antennas testing: 

 Every antenna shares the same height with the receiver antenna 

 The separation distance between the antenna and the receiver antenna is 3 meters. 

 The tested antenna turned 360 degrees, and the radiation pattern was measured every 

10-degrees. 

 The tested antenna azimuth chart was measured when the receiver antenna was 

polarized in Vertical (Ver) and Horizontal (Hor) polarization. 

4.1   Important calculations  

To calculate antenna gain, several equations [31] will be used. The transmitter antennas are the 

Inverted F-antenna, monopole and helical antennas. 

𝜆 ∗

. ∗
12.3𝑐𝑚………………..…….………….. (1) 

 Equation (2) used for calculating the free path loss in the air. 

𝐿𝑜 20 log ∗

. ∗
49.72 𝑑𝐵………………… (2) 

This equation (2) is used to calculate theoretical free path loss, but the path loss is measured in 

the anechoic chamber for 3 meters. 

𝐿𝑜 49.4𝑑𝐵……………...……………………………….…… (3)  

The anechoic chamber has an inaccuracy of 1.2dB between the transmitter and antenna receiver. 

The cables loss between the generator and the transmitter antenna is -4 dB: 

𝐿𝑜 𝑐𝑎𝑏𝑒𝑙 4 𝑑𝐵……………………………………………....(4) 

The power reached to the F-antenna:  

4 𝑑𝐵𝑚 ...…………………...……………...……….………… (5) 

𝑃𝑡 4 𝑑𝐵𝑚 0.398 𝑚𝑤…………………………………… (6) 
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The parameter values for the antenna receiver in the anechoic chamber referred to [21], the 

antenna factor at 2.441GHz is 𝐴𝐹 27.7, the receiver antenna gain factor 𝐺𝑟 8𝑑𝐵𝑖 6.3. 

The below equations show the antenna factor calculations [21, 32, 33, 34]: 

the Antenna factor: 

𝐴𝐹 27.7 ……………………………………………………(7) 

To change from dBm to dBµv. 

𝑑𝐵µ𝑣  107 𝑑𝐵𝑚 ……………………………….………… (8) 

𝐴𝐹  ….……………….…………..………….. (9) 

Start from the antenna receiver AF => AF=27.7 dB/m. from (9) 

𝑑𝐵µ  𝑑𝐵µ𝑣  𝐴𝐹 =>  

𝑑𝐵µ  𝐴𝐹 𝑑𝐵µ𝑣 …….………………….………….…… (10) 

Free path loss Lo=49.4 dB added to dBµv/m to calculate the antenna factor in the transmitter 

side. 

𝑑𝐵µ 𝐿𝑜 ……………………………….…………….….… (11) 

The transmitter power -4dBm. Convert this value to dBµv by adding 107 dBµv to -4 dBm 

4 107 103 𝑑𝐵µ𝑣.  

Antenna factor can be calculated using the below equation in the transmitter side (12) => 

𝐴𝐹 𝑑𝐵µ  𝑑𝐵µ𝑣 ...………………………..…………..… (12) 

The gain factor for 50 Ω impedance can be calculated using the below equation (13) [35]. 

𝐴𝐹 20 log 𝑓 10 log 𝐺 29.7707……………..……… (13)  

10 log 𝐺 20 log 𝑓 𝐴𝐹 29.7707 ……………..…..…. (14) 

All previous equations are solved to calculate the gain for every tested antenna. 
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4.2   F-antenna 

F-antenna that is shown in figure 4.1 was fabricated using a CNC machine. 

 

Figure 4.1: F-antenna form after fabrication in CNC machine 

4.2.1   S11 measurement 

Network analyser instrument is used to measure the reflection coefficient S11 as shown in 

figure 4.2. 

 

Figure 4.2: The reflection coefficient S11 of inverted F-antenna 
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The new dimensions of the F-antenna are shown in figure 4.3 

 

Figure 4.3: The new dimensions of the F-antenna were simulated in the ADS program and fabricated 

4.2.2   Radiation pattern testing and gain calculation 

F-antenna radiation pattern is measured in the anechoic chamber, and then the result is 

presented in an azimuth chart as shown in Figure 4.5. However, the inverted F-antenna tested 

in three different positions in order to calculate the antenna gain. Thus, the antenna will be 

placed in a suitable position. Also, two other tests were done to show the antenna gain effect 

by placing the antenna inside an ABS container and IC circuit. 

 The first position of the inverted F-antenna as shown in Figure 4.4: 

 

Figure 4.4: The first position of inverted F-antenna in the anechoic chamber  
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The azimuth chart determines the radiation pattern as shown in figure 4.5. 

  

 

Figure 4.5: Azimuth chart for position 1 for F-antenna, Hor and Ver 

Table 2: AziChart_hor_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -36.82 140 -52.80 340 -42.36 

 

By taking the average value of Pr (received power) the gain factor can be calculated. From 

equation (6). 

𝑃  42𝑑𝐵𝑚 6.3 ∗ 10  𝑚𝑊. 

Using equations (7-14) =>  

𝑑𝐵µ𝑣 42 107 65 𝑑𝐵µ𝑣. 

𝑑𝐵µ 27.7 65 92.7 𝑑𝐵µ . 

𝑑𝐵µ  𝑑𝐵µ  𝑓𝑟𝑒𝑒 𝑝𝑎𝑡ℎ 𝑙𝑜𝑠𝑠 => 

𝑑𝐵µ 92.7 49.4 142.1 𝑑𝐵µ . 
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AF at transmitter side:  

𝐴𝐹 103 𝑑𝐵µ𝑣.  𝐴𝐹 142.1 103 39.1 . 

Compensate AF to (14) to find the gain factor. => 

𝐺 1.12 𝑑𝐵𝑖. 

Table 3: AziChart_ver_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -35.21 330 -53.63 120 -40.27 

 

𝑃𝑟 40𝑑𝐵𝑚 1 ∗ 10  𝑚𝑊 

𝐴𝐹 41.1
𝑑𝐵
𝑚

, 𝐺𝑡 3.12𝑑𝐵𝑖 

Repeat the same procedure to measure the azimuth chart in different positions of the antenna. 

 Position number 2 of the F-antenna is shown in figure 4.6. 

 

Figure 4.6: The second position of F-antenna in the anechoic chamber 
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The azimuth chart determines the radiation pattern as shown in figure 4.7. 

  

 

Figure 4.7: Azimuth chart for position 2 for F-antenna, Hor and Ver 

Table 4: AziChart_hor_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -33.48 200 -50.59 350 -40.77 

 

𝑃𝑟 40𝑑𝐵𝑚 1 ∗ 10  𝑚𝑊 

𝐴𝐹 41.1
𝑑𝐵
𝑚

, 𝐺𝑡 2.12 𝑑𝐵𝑖 

Table 5: AziChart_ver_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -33.86 330 -53.57 280 -39.40 

 

𝑃𝑟 39𝑑𝐵𝑚 1.25 ∗ 10 𝑚𝑊 

𝐴𝐹 42.1
𝑑𝐵
𝑚

, 𝐺𝑡 4.122 𝑑𝐵𝑖 
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 Position 3 of the F-antenna is shown in figure 4.8: 

 

Figure 4.8: The third position of F-antenna in the anechoic chamber 

  

 

Figure 4.9: Azimuth chart for position 3 for F-antenna, Hor, Ver 

Table 6: AziChart_hor_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -32.44 160 -47.50 270 -37.74 

 

𝑃𝑟 37𝑑𝐵𝑚 2 ∗ 10 𝑚𝑊 

𝐴𝐹 44.1
𝑑𝐵
𝑚

, 𝐺𝑡 6.12 𝑑𝐵𝑖 
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Table 7: AziChart_ver_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -39.75 250 -52.27 80 -44.39 

 

𝑃𝑟 44𝑑𝐵𝑚 4 ∗ 10 𝑚𝑊 

𝐴𝐹 37.1
𝑑𝐵
𝑚

, 𝐺𝑡 0.877 𝑑𝐵𝑖 

 The F-antenna with the ABS box is shown in figure 4.10. 

 

Figure 4.10: F-antenna inside an ABS box in the anechoic chamber 

  

 

Figure 4.11: Azimuth chart for F-antenna covered in an ABS box, Hor and Ver 
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Table 8: AziChart_hor_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -34.32 150 -47.82 230 -38.70 

 

𝑃𝑟 38𝑑𝐵𝑚 1.58 ∗ 10  𝑚𝑊 

𝐴𝐹 43.1
𝑑𝐵
𝑚

, 𝐺𝑡 5.12 𝑑𝐵𝑖 

Table 9: AziChart_ver_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -38.56 230 -52.27 270 -44.74 

 

𝑃𝑟 44𝑑𝐵𝑚 4 ∗ 10  𝑚𝑊 

𝐴𝐹 37.1
𝑑𝐵
𝑚

, 𝐺𝑡 0.877 𝑑𝐵𝑖 

 The antenna is placed in the same ABS box, but with an IC circuit and a battery as 

shown in figure 4.12. 

 

Figure 4.12: F-antenna with an IC circuit and a battery inside an ABS container in the anechoic 

chamber 
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Figure 4.13: Azimuth chart for F-antenna with IC circuit, Hor and Ver 

Table 10: AziChart_hor_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -33.96 140 -49.88 270 -40.30 

 

𝑃𝑟 40𝑑𝐵𝑚 1 ∗ 10  𝑚𝑊 

𝐴𝐹 41.1
𝑑𝐵
𝑚

, 𝐺𝑡 3.12 𝑑𝐵𝑖 

Table 11: AziChart_ver_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -40.38 300 -51.60 10 -44.41 

 

𝑃𝑟 44𝑑𝐵𝑚 4 ∗ 10  𝑚𝑊 

𝐴𝐹 37.1
𝑑𝐵
𝑚

, 𝐺𝑡 0.877 𝑑𝐵𝑖 
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4.2.3   Calculate the maximum distance of the application: 

In order to determine the maximum distance, the measurement device has a minimum 

sensitivity of -85dBm [19]. The radiation pattern gave around -40 dBm when the antenna was 

3 meters away from the receiver. Definitely, the maximum distance depends on the radiation 

pattern for the inverted F-antenna inside an ABS box, with an IC circuit in horizontal 

polarization: 

𝑅𝑥 85𝑑𝐵𝑚 and return loss 𝐿𝑜 49.4 depends on (3) for 3 meters to take the maximum 

value, first determine that the Rx, covered inside a box, which leads to reduce the signal [36]. 

𝐿𝑜1 20𝑙𝑜 𝑔 ∗

. ∗
74.1 𝑑𝐵, 𝐿𝑜1 74.1 𝑑𝐵  

𝐿𝑜1 𝐿𝑜 24.4 𝑑𝐵. 

By taking the radiation pattern of F-antenna, position 3 with an IC circuit inside the ABS box, 

horizontal polarization  

𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑒 40 24.4 64.4 𝑑𝐵𝑚.  

The most important distance of the radiation is the first meter, and thereafter there will be a 

minor variation. The attenuation will increase by doubling the distance [37], [38]. When the 

distance becomes 50 meters, the radiation pattern is reduced. Essentially, this phenomenon can 

be explained by two effects: firstly, the spreading of the energy on the sphere increases the area. 

Secondly, the effect depends on the physical length of the antenna as well as to the wavelength 

[39][40]. Fundamentally, the F-antenna can be operated for this application based on 

mathematics results. 
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4.3   Monopole antenna 

The monopole antenna should also connect to the ground plane as mentioned in datasheet [6]. 

Therefore, the circuit board in 3.2.2 can be used to connect the monopole antenna. 

4.3.1   S11 measurement 

The monopole antenna has connected to the network analyser to observe the results of S11 as 

shown in figure 4.14. 

 

Figure 4.14: S11 measurement of the monopole antenna, connected to the network analyser  

4.3.2   Radiation pattern testing and gain calculation 

The anechoic chamber is used for measuring the radiation pattern in a specific position as shown 

in figure 4.15. 

 

Figure 4.15: The position of the monopole antenna in the anechoic chamber 
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The azimuth chart determines the radiation pattern for the monopole antenna as shown in 

figure 4.16. 

  

 

Figure 4.16: Azimuth chart for monopole antenna, Hor and Ver 

Table 12: AziChart_hor_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -38.53 200 -50.47 360 -44.30 

 

𝑃𝑟 44𝑑𝐵𝑚 4 ∗ 10  𝑚𝑊   

𝐴𝐹 37.1
𝑑𝐵
𝑚

, 𝐺𝑡 0.877 𝑑𝐵𝑖 

Table 13: AziChart_ver_Eval: 

Frequency 

(MHz) 

Max. value 

(dBm) 

Azimuth 

(deg) 

Min. value 

(dBm) 

Azimuth 

(deg) 

Average 

(dBm) 
2440.000000 -39.77 110 -55.18 250 -46.69 

 

𝑃𝑟 46𝑑𝐵𝑚 2.51 ∗ 10  𝑚𝑊 

   𝐴𝐹 35.1 , 𝐺𝑡 2.877 𝑑𝐵𝑖. 
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4.4   Helical antenna 

The helical antenna should be placed on the PCB with the ground plane according to the 

datasheet [7]. The Transmission line is calibrated before connected it to the helical antenna. The 

SMA is connected to the first side of the transmission line, and the other side is soldered to the 

helical antenna. 

4.4.1   S11 measurement 

The measurement demonstrates the reflection coefficient of the helical antenna, which works 

in another resonant frequency as mentioned in figure 4.17. 

 

Figure 4.17: The reflection coefficient S11 of the helical antenna, connected to the network analyser  

4.4.2   Radiation pattern testing  

The position of the helical antenna is shown in figure 4.18. 

 

Figure 4.18: Helical antenna position in the anechoic chamber 
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The azimuth chart for the helical antenna as shown in figure 4.19. 

  

 

Figure 4.19: Azimuth chart for the helical antenna, Hor and Ver 

Table 14: AziChart_hor_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -34.51 150 -48.56 300 -41.18 

 

𝑃𝑟 41𝑑𝐵𝑚 8 ∗ 10  𝑚𝑊 

𝐴𝐹 40.1
𝑑𝐵
𝑚

, 𝐺𝑡 2.122 𝑑𝐵𝑖 

Table 15: AziChart_ver_Eval: 

Frequency 
(MHz) 

Max. value 
(dBm) 

Azimuth 
(deg) 

Min. value 
(dBm) 

Azimuth 
(deg) 

Average 
(dBm) 

2440.000000 -38.73 320 -50.12 340 -43.73 

 

𝑃𝑟 43𝑑𝐵𝑚 5 ∗ 10  𝑚𝑊 

𝐴𝐹 38.1
𝑑𝐵
𝑚

, 𝐺𝑡 0.122 𝑑𝐵𝑖 

All the measured parameters above are listed in table 16. 
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Table 16: Summary of results and compare with existing antenna: 

Antenna 

type 
Substrate 

Resonant 

frequency 

Radiation 

pattern 

AF 

dB/m 

Gain 

dBi 

Return 

loss S11 
VSWR Bandwidth 

Receiver 

antenna 

position 

F-antenna 

P1 
FR-4 2.440 GHz -42 39.1 -1.12 -16.3 dB 1.4 50.3 Hor 

F-antenna 

P1 
FR-4 2.440 GHz -40 41.1 -3.12 -16.3 dB 1.4 50.3 Ver 

F-antenna 

P2 
FR-4 2.440 GHz -40 41.1 -3.12 -16.3 dB 1.4 50.3 Hor 

F-antenna 

P2 
FR-4 2.440 GHz -39 42.1 -4.12 -16.3 dB 1.4 50.3 Ver 

F-antenna 

P3 
FR-4 2.440 GHz -37 44.1 -6.12 -16.3 dB 1.4 50.3 Hor 

F-antenna 

P3 
FR-4 2.440 GHz -44 37.1 0.877 -16.3 dB 1.4 50.3 Ver 

F-antenna 

with ABS 

box 

FR-4 2.440 GHz -38 43.1 -5.12 -16.3 dB 1.4 50.3 Hor 

F-antenna 

with ABS 

box 

FR-4 2.440 GHz -44 37.1 0.877 -16.3 dB 1.4 50.3 Ver 

F-antenna 

with IC 
FR-4 2.440 GHz -40 41.1 -3.12 -16.3 dB 1.4 50.3 Hor 

F-antenna 

with IC 
FR-4 2.440 GHz -44 37.1 0.877 -16.3 dB 1.4 50.3 Ver 

Monopole 
Commercially 

available 
2.11 GHz -44 37.1 0.877 -3.2 dB 5.3 - Hor 

Monopole 
Commercially 

available 
2.11 GHz -46 35.1 2.877 -3.2 dB 5.3 - Ver 

Helical 
Commercially 

available 
2.7 GHz -41 40.1 -2.12 -3 dB 4 - Hor 

Helical 
Commercially 

available 
2.7 GHz -43 38.1 -0.12 -3 dB 4 - Ver 
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Chapter.5 Result and Discussion 

5.1 F-antenna reference design  

 The measuring results of the Two fabricated F-antenna A and B types are shown in 

figure 3.3, previously discussed in section 3.1.3, have different results than the reference 

antenna. The resonant frequency and S11 measurements in the fabricated antenna are 

not the same as the reference antenna due to the different PCB thickness. Also, the 

resonant frequency of both fabricated antennas is different because of the variation of 

the fabrication process and vias positions.  

 Adding π filter for antennas C and D is shown in figure 3.3, as a matching impedance 

component, which corrects the resonance frequency shift in the fabricated antenna. 

5.1.1 simulated F-antenna 

 F-antenna is designed using ADS program, providing the control of the antenna 

parameters, and decreasing the fabrication process time and coast, due to the antenna 

optimization, and π filter removal. Also, it increases the antenna performance such as 

the reflection coefficient, antenna gain factor, etc. 

 Changing the length of the F-antenna leads to a shift in resonant frequency. 

Consequently, an increase in the length of the F-antenna leads to a decrease in the 

resonant frequency [8]. The reason for the change in the resonant frequency is depended 

on the changed of the wavelength λ. When the length was increased from 14.820 mm 

to 16.5 mm, the resonant frequency moved to a lower value. Therefore, a special feature 

of the antenna that was designed for this project could be modified, unlike the other 

antenna that is commercially available. 

 The maximum distance between transmitter and receiver units that are calculated in 

section 4.2.3 is a free-obstacle distance. For example, if the transmitter is placed inside 

the room and the receiver outside, then the maximum distance will be decreased due to 

the walls' influences. When there are more obstacles between the transmitter and 

receiver, the signal attenuation will be more. 

 The antenna gain factor was changed when the F-antenna was placed inside an ABS 

container. However, this change of the gain factor depends on a change in antenna 

positions. 
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5.2 Antenna Parameters comparison  

F-antenna, monopole and helical antennas have different parameters as shown in table 16. A 

comparison between these antennas’ parameters leads to choose the suitable antenna for the 

AES-Nordic project. F-antenna was the proper antenna for AES-Nordic project according to 

the final results in table 16 because:  

(i) It generates a resonance frequency of 2.44 GHz, according to the reflection coefficient S11, 

which is in the operating frequency range. Nevertheless, the resonance frequencies for the 

helical and monopole antennas are 2.7 GHz and 2.1 GHz. 

(ii) The VSWR of the helical and monopole antennas was higher than the F-antenna which is 

appropriate to the value 1.4 (which is < 2 as explained in section 2.9). 

(iii) The bandwidth of the F-antenna is 50 MHz, while the monopole and helical antennas 

produced out of band central frequency. 

(iiii) For the F-antenna the radiation pattern and the gain factor were in some cases/positions 

higher than the monopole and helical antennas radiation patterns. The reflection coefficient is 

the most important antenna parameter due to its capability of expressing the VSWR, resonant 

frequency and bandwidth.  

5.2.1 The resonant frequency & reflection coefficient 

The measurement results show the resonance frequency for F-antenna is better than the 

simulation result (2.44 GHz). The resonant frequency results for the monopole antenna (2.7 

GHz) and helical antenna (2.1 GHz) were not as expected. Regarding their datasheets [6] [7], 

they should be 2.4 GHz. Therefore, the causes behind having the problems of S11, VSWR, and 

bandwidth could be: 

 The environment of measurement was different. 

 The ground area was specified incorrectly in the datasheet.  

 Fabrication defects.  

Refer to table 16, S11 and VSWR for the inverted F-antenna were better than the monopole and 

the helical antennas. 

5.2.3 Antenna gain 

F-antenna's gain slightly less than the monopole and the helical antennas gain. As a result, the 

size of the ground plane influences the radiation pattern of the F-antenna, because the antenna 
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needs more ground space. Therefore, if the ground plane increases, this leads to a multi-lobed 

radiation pattern. As a result, the electromagnetic field is established by the interaction of the 

F-antenna with the ground plane. In addition, if the ground plane is longer than λ/4, the radiation 

pattern will be increased. Whereas, if the ground plane is smaller than λ/4, the signal will be 

tuned, and the performance will be degraded [41].  

On the other hand, the gain factor of the helical antenna was less than what the datasheet was 

referred to. when the radiation pattern was measured in the anechoic chamber, the reflection 

coefficient was high at 2.4 GHz because of impedance mismatch between the antenna and 

transmission line. Accordingly, it leads to both reduce the signal quality and the antenna gain.  

5.2.4 Antenna Size 

The F-antenna has higher eligibility than both helical and monopole antennas. Inverted F-

antenna integrated with the PCB. On the other hand, the monopole and helical antennas placed 

outside the PCB and require additional space. 
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Chapter.6 Conclusion 

To summarize, using the ADS program is quite helpful to solve many problems, especially 

when it comes to wireless communications. The F-antenna shows better results than other 

antennas, considering a suitable reflection coefficient. The most important feature of the F-

antenna is that it doesn't need a special connector, which offers more cost efficiency, as it can 

feed the line directly from the IC circuit. F-antennas are less expensive and easy to 

accommodate with the IC circuit. As a result, the F-antenna can overcome limitations by 

choosing the right dialectical material.  

In this project, I have worked to enhance the gain factor in order to optimize the F-antenna 

inside the ABS box to prevent a poor signal. However, it still demands optimization. Besides, 

the proposed F-antenna should be fitted with the plastic box. Finally, this work can play roles 

in developing and advancing wireless technology to achieve high-speed communications, 

which is a very desirable technology.  

However, the most important step is the starting of the antenna design. Firstly, the selection of 

the application and which position the antenna that is placed inside the device determines the 

type of radiation pattern. Secondly, choosing the antenna type serves the application that I 

designed. 

6.1   Future scope: 

AES-Nordic is going to choose the F-antenna to design the wireless sensor, and implement this 

proposed antenna, with an IC circuit, into their model for testing. Another achievement can be 

completed to obtain higher performance, such as different dielectric materials. AES-Nordic 

should have two additional antennas to have a reference and optimize gain factor, reflection 

coefficient, and radiation patterns. In the future, AES-Nordic will continue their work to design 

F-antenna types with sensor circuits to measure the vibration of the ground and send data via 

wireless communications. Lastly but not least, the first step of the project is completed, but it 

still needs a little enhancement. The result is to move toward designing a sensor circuit. 

 

 

 



 

 
44 

 

References 
[1] Wen G, Rao Q, Ali SM, Wang D. HANDSET ANTENNA DESIGN: PRACTICE AND THEORY. In 2008. 

[2] Bankey V, Nella A. Design and performance issues of microstrip antennas. International Journal of Scientific 

and Engineering Research. 2015 Mar 25; 6:1572–80. 

[3] Texas Instrument, AAN-1811 Bluetooth antenna design. Snoa519b.pdf [Internet] 06 May 2013. [cited 2019 

Aug 19]. Available from: http://www.ti.com/lit/an/snoa519b/snoa519b.pdf 

[4] Gadhavi D, Pansuriya T. 2.45 GHz Antenna Designs with Impedance Matching Network: NIBE AB, Markaryd, 

Sweden [Internet] [Dissertation]. 2018. 

[5] Kan Y-, Chen C-. Analysis of the inverted-F antennas integrated on the displacement detector for wireless 

sensor network applications. In: 2009 Asia Pacific Microwave Conference. 2009. p. 1849–51. 

[6] Monopole antenna. [Datasheet]. GW.26.0151 Taoglas | Mouser [Internet]. Mouser Electronics. [cited 2019 

Aug 19]. Available from: https://www.mouser.se/ProductDetail/960-GW260151 

[7] Helical antenna. [Datasheet]. 2614690.pdf [Internet]. [cited 2019 Aug 19]. Available from: 

http://www.farnell.com/datasheets/2614690.pdf?_ga=2.52292971.394450994.1553633949-

1266455127.1524119627 

[8] Inverted microstrip F-antenna [Internet]. [Datasheet]. [cited on 2019 Aug 19] P. 43. Available from: 

https://www.nxp.com/docs/en/user-guide/UM10992.pdf. 

[9] FR-4 PCB. [Datasheet]. FR4TG135_UK.pdf [Internet]. [cited 2019 Aug 19]. Available from: 

http://www.wedirekt.com/web/mandators/media/16_wedirekt/spezifikationen/leiterplatten_daten_downloads/FR

4TG135_UK.pdf 

[10] Nordic Semiconductor ASA, λ/4 printed monopole antenna for 2.45 GHz. nwp_008.pdf [Internet]. [cited 2019 

Aug 19]. Available from: https://infocenter.nordicsemi.com/pdf/nwp_008.pdf  

[11] What is a Helical Antenna? - everything RF [Internet]. [cited 2019 Aug 19]. Available from: 

https://www.everythingrf.com/community/what-is-a-helical-antenna 

[12] Gao SS, Luo Q, Zhu F. Circularly Polarized Antennas. John Wiley & Sons; 2013. 433 p. 

[13] Kuo Y-L, Wong K-L. A planar inverted-L patch antenna for 2.4/5.2 GHz dual-band operation. Microwave 

and Optical Technology Letters. 2001;31(5):394–6. 

[14] Build and Design an Inverted-F Antenna Directly on Your PCB [Internet]. [June 7, 2018] [cited 2019 Aug 

19]. Available from: https://resources.altium.com/pcb-design-blog/build-and-design-an-inverted-f-antenna-

directly-on-your-pcb 

[15] Alboni E, Cerretelli M. Microstrip Patch Antenna for GPS Application. P.4. 

[16] Pandey A. Practical Microstrip and Printed Antenna Design. Norwood, MA: Artech House; 2019. 480 p. 



 

 
45 

 

[17] Pozar DM, Schaubert DH. Microstrip Antennas: The Analysis and Design of Microstrip Antennas and Arrays. 

John Wiley & Sons; 1995. 448 p. 

[18] U.A.Bakshi, A.V.Bakshi. Network Analysis. Technical Publications; 2009. 1064 p. 

[19] BLE112-DataSheet.pdf [Internet]. [Datasheet for the application Rx]. [cited 2019 Aug 20]. Available from: 

https://www.silabs.com/documents/public/data-sheets/BLE112-DataSheet.pdf 

[20] Balanis CA. Antenna Theory: Analysis and Design. John Wiley & Sons; 2012. 1317 p. 

[21] International R&S. R&S®HL562E Antenna - Overview [Internet]. [ Antenna receiver of the anechoic 

Chamber]. [cited 2019 Aug 20]. Available from: https://www.rohde-schwarz.com/pt/product/hl562e-

productstartpage_63493-42180.html 

[22] M. Reckeweg /Dr. C. Rohner, Antenna Basics. [White paper]. 3–2015. 32 P. 

[23] Milligan TA. Modern Antenna Design. John Wiley & Sons; 2005. 632 p. 

[24] Benmoussa Z. The Effects of VSWR on Transmitted Power. April 2006 .5 P. 

[25] Kumar N, Saini DrH, Thakur A, Kumar R, Sharma A. A parametric analysis of small Planar Inverted-F 

Antenna (PIFA) for USB dongle applications. DOI: 10.1109/ICPEICES.2016.7853063 

[26] Hossain MS, Kundu S, Karmokar DK. High Gain Inverted-F and Loaded Inverted-F Antennas for WLAN / 

Wi-Fi Applications. In 2012. 

[27] Das SK. Mobile Terminal Receiver Design: LTE and LTE-Advanced. John Wiley & Sons; 2017. 372 p. 

[28] John D Kraus, Ronald J Marhefka, Ahmad S Khan. Antennas and Wave Propagation: Fourth Edition. Tata 

McGraw Hill; 2006. 934 p. 

[29] Slade G. The Basics of Quadrifilar Helix Antennas. RF Globalnet Newsletter. 2015 Mar 10. 

[30] Smith P. Electronic Applications of the Smith Chart. Institution of Engineering and Technology; 1995. 262 

p. 

[31] Pozar DM. Microwave Engineering. John Wiley & Sons; 2011. 752 p. 

[32] McLean J, Sutton R, Hoffman R. Interpreting Antenna Performance Parameters for EMC Applications Part 

1: Radiation Efficiency and Input Impedance Match. 6 P. 

[33] EMC_Formulas_and_Equations.pdf [Internet]. [cited 2019 Aug 20]. Available from: http://www.ieca-

inc.com/images/EMC_Formulas_and_Equations.pdf 

[34] EMC Antenna Parameters and Their Relationships [Internet]. Interference Technology. 2012 [cited 2019 Aug 

20]. Available from: https://interferencetechnology.com/emc-antenna-parameters-and-their-relationships/ 

[35] Ron Hranac, the antenna factor. technical columns, July 2012. pdf [Internet]. [cited 2019 Aug 20]. Available 

from: https://www.scte.org/TechnicalColumns/12-07-01%20the%20antenna%20factor.pdf 



 

 
46 

 

[36] The Basics of Signal Attenuation [Internet]. CAS Dataloggers. 2016 [cited 2019 Aug 20]. Available from: 

https://www.dataloggerinc.com/resource-article/basics-signal-attenuation/ 

[37] Free Space Path Loss Diagrams [Internet]. [ 04-01-2018] SemFio Networks. [cited 2019 Aug 20]. Available 

from: http://www.semfionetworks.com/1/post/2018/04/free-space-path-loss-diagrams.html 

[38] WifiNigel: Effect of Transmit Power Changes on AP Cell Sizing. Nigel Bowden [Internet]. 12 November 

2014 [cited 2019 Aug 20]. 

[39] Free Space Path Loss | Details & Calculator | Electronics Notes [Internet]. [cited 2019 Aug 20]. Available 

from: https://www.electronics-notes.com/articles/antennas-propagation/propagation-overview/free-space-path-

loss.php 

[40] Molisch AF. Wireless Communications. second edition. Wiley; 2010. 888 p. 

[41] C. Soras, M. Karaboikis, G. Tsachtsiris, and V. Makios, "Analysis and design of an inverted-F antenna printed 

on a PCMCIA card for the 2.4 GHz ISM band," in IEEE Antennas and Propagation Magazine, vol. 44, no. 1, pp. 

37-44, Feb. 2002 

 

  



 

 
47 

 

Appendix 

- The first antenna measurement rapport: 

- Azimuth Chart Test Template: APM 400MHz to 6GHz dBm 
Measurement Type: Antenna Pattern 
Hardware Setup: EMI radiated\Antenn 30MHz to 6GHz dBm 
Display Type: Absolute; Save as reference 

-   

Measurement Settings 
  Subrange Detectors IF BW Meas. Time Receiver 
  400 MHz - 6 GHz MaxPeak 120 kHz 1 s ESR 7 
       

-   

Accessories Loop Settings: 
  Polarization: V,H Azimuth: 0 - (10) - 360 deg 
  Frequency:  2440 - 2440 MHz   

 

- The second position of F-antenna rapport: 

- Azimuth Chart Test Template: APM 400MHz to 6GHz dBm 
Measurement Type: Antenna Pattern 
Hardware Setup: EMI radiated\Antenn 30MHz to 6GHz dBm 
Display Type: Absolute; Save as reference 

-   

Measurement Settings 
  Subrange Detectors IF BW Meas. Time Receiver 
  400 MHz - 6 GHz MaxPeak 120 kHz 1 s ESR 7 
       

-   

Accessories Loop Settings: 
  Polarization: V,H Azimuth: 0 - (10) - 360 deg 
  Frequency:  2440 - 2440 MHz   

 

- The third position of F-antenna rapport: 
- Azimuth Chart Test Template: APM 400MHz to 6GHz dBm 

Measurement Type: Antenna Pattern 
Hardware Setup: EMI radiated\Antenn 30MHz to 6GHz dBm 
Display Type: Absolute; Save as reference 

-   

Measurement Settings 
  Subrange Detectors IF BW Meas. Time Receiver 
  400 MHz - 6 GHz MaxPeak 120 kHz 1 s ESR 7 
       

-   

Accessories Loop Settings: 
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  Polarization: V,H Azimuth: 0 - (10) - 360 deg 
  Frequency:  2440 - 2440 MHz   

 

- F-antenna inside an ABS box rapport: 

- Azimuth Chart Test Template: APM 400MHz to 6GHz dBm 
Measurement Type: Antenna Pattern 
Hardware Setup: EMI radiated\Antenn 30MHz to 6GHz dBm 
Display Type: Absolute; Save as reference 

-   

Measurement Settings 
  Subrange Detectors IF BW Meas. Time Receiver 
  400 MHz - 6 GHz MaxPeak 120 kHz 1 s ESR 7 
       

-   

Accessories Loop Settings: 
  Polarization: V,H Azimuth: 0 - (10) - 360 deg 
  Frequency:  2440 - 2440 MHz   

 

- F-antenna inside an ABS box with IC circuit and battery 

rapport: 
- Azimuth Chart Test Template: APM 400MHz to 6GHz dBm 

Measurement Type: Antenna Pattern 
Hardware Setup: EMI radiated\Antenn 30MHz to 6GHz dBm 
Display Type: Absolute; Save as reference 

-   

Measurement Settings 
  Subrange Detectors IF BW Meas. Time Receiver 
  400 MHz - 6 GHz MaxPeak 120 kHz 1 s ESR 7 
       
 Accessories Loop Settings: 
  Polarization: V,H Azimuth: 0 - (10) - 360 deg 
  Frequency:  2440 - 2440 MHz   
     

 

 

- Monopole antenna rapport: 
- Azimuth Chart Test Template: APM 400MHz to 6GHz dBm 

Measurement Type: Antenna Pattern 
Hardware Setup: EMI radiated\Antenn 30MHz to 6GHz dBm 
Display Type: Absolute; Save as reference 

-   

Measurement Settings 
  Subrange Detectors IF BW Meas. Time Receiver 
  400 MHz - 6 GHz MaxPeak 120 kHz 1 s ESR 7 
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 Accessories Loop Settings: 
  Polarization: V,H Azimuth: 0 - (10) - 360 deg 
  Frequency:  2440 - 2440 MHz   

 

 

- Helical antenna rapport:  
- Hardware Setup: EMI radiated\Antenna 30MHz to 6GHz dBm - [EMI radiated] 

Subrange 1 
  Frequency Range: 400 MHz - 6 GHz 
    
  Receiver:  ESR 7 [ESR 7] 
    @ VISA (ADR TCPIP:169.254.93.140: INST0: INSTR), SN 

1316.3003K07/101520, FW 3.36 SP2, CAL EXP 2018-02-02 

  Signal Path: EMI 30MHz to 6GHz dBuVm 
    FW 1.0 
    Correction Table: EMI 30MHz to 6GHz 
  Antenna:  HL562E dBm 
    Correction Table (vertical): HL562E 100803 dBm 
    Correction Table (horizontal): HL562E 100803 dBm 
  Antenna Tower:  Maturo Antenna Tower [Maturo Antenna Tower] 
    @ GPIB0 (ADR 7) 
  Turntable:  Maturo Turntable [Maturo Turntable] 
    @ GPIB0 (ADR 7) 
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