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                                                 Abstract 

As the wireless technology maturing, the wireless systems are evolving towards 

the development of new applications with broad band access and also the 

higher data rate. This necessity will give rise to the new WLAN standards as 

well as minimizing the cost, high QoS and security features of the wireless 

setup. It will also lift the trends towards the miniaturizination of hand-held 

devices, high data rates, higher bandwidth and robust performance on present 

and future WLAN standards, IEEE 802.11a/ 802.11b and 802.11g.  

A Coplanar waveguide (CPW) fed compact and optimized monopole antenna 

printed on a substrate of Rogers TMM 4 is studied in this paper. The proposed 

antenna is fabricated and measured to verify the response for Wireless 

applications. It is broadband antenna which has dual band characristics and can 

operate simultaneously both at 2.4 GHz and 5.2 GHz frequency bands for 

Wireless Local Area Network (WLAN) application. 

Furthermore it is studied in detail that how the antenna performance and 

operation is affected by changing the parameters of antenna. The antenna has 

satisfactory return loss characteristics in desired range of frequency. The 

antenna has acceptable gain and directivity. The proposed antenna has a 

return loss value S11 < -10 dB. The impedance bandwidth of antenna is high 

and the radiation pattern of antenna is omnidirectinal which fulfill the WLAN 

requirements. 

 

 

 

 

 

 

 

 



  
Page 9 

 
  

Acknowledgements 

I would like to thank my Supervisor Dr. Hoshang Heydari who trusted on me 

and gave me an opportunity to work under his supervision and his help and 

support was always there during the whole project period. 

I would also like to thank the staff and faculty member of University of    Gavle 
who supported me and by them I got the generous support and guidance 
during the study period. 
 
Many thanks to Dr.Kjell Prytz for being my examiner and for his 
guidance. 
 
I am also very thankful to my friends for their help and suggestions. 
 
At the last but not least I am very much thankful to my family members who 
always supported me emotionally and economically in every field of life. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  Page 
10 

 
  

 
Chapter 1 project introduction 

1.1Project Description: 

         In past decades the wireless communication has developed rapidly and 

has impact drastically on our lives. One of the most important applications 

of wireless communication is Wireless Local Area Network (WLAN).WLAN 

takes advantage of license free industrial, scientific and medical (ISM) 

frequency bands. Now a days the most wide spread WLAN protocols are 

IEEE 802.11a,b/g which are used for 2.4 GHz ISM band (2.4 GHz-2.485 GHz) 

and IEEE 802.11a which employs the 5 GHz U-NII and ISM band (5.15 GHz-

5.35 GHz). In 2.4 GHz/5.2 GHz WLAN applications, dual band operations are 

required to meet the corresponding IEEE standards preferably using single 

antenna or dual side antennas on single chassis. 

In future the demands of diverse applications require antennas with multiband 

or wideband characteristics, the WLAN IEEE 802.11 standard is an emerging 

technology which is utilizing the 2.4 GHz and 5.2 GHz dual band operating 

frequencies. To fulfill WLAN standards pre-requisites a dual band or Multi band 

Antenna is required which can operate on dual frequencies of operation and 

capable of transmitting and receiving on both frequencies simultaneously. 

Multiband antennas are highly desired as multi-function terminals and 

becoming popular. The only issue with such antennas is that multiband 

antennas has complicated configuration due to different geometric 

parameters. So to achieve multiband performance the optimization of such 

antenna is a difficult task. Developing a dual-band or multiband antenna for 

hand-held or portable devices leads to a trend of integrating WLAN 

communication system with great performance, reliability, small size, reduced 

costs. 

The concept of printed monopole antenna as a dual band antenna is not so old; 

the first antenna was designed for a computer in year 1999. Some antennas 

which previously were proposed like Fork-like monopole antenna [1], planar 

monopole antenna with rectangular notch [2], meandered patch antenna [3], 

planar inverted-F monopole antenna [4], slotted monopole antenna with 

asymmetrical CPW grounds [5], PCB embedded antenna [6], CPW-Fed split-ring 
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monopole [8] were all form different resonant modes to attain the dual band 

operation also they were large in size and had complicated design. 

Although the printed monopole antenna has a number of advantages and 

benefits but there are some drawbacks also, including low efficiency, unwanted 

feed radiation pattern, poor polarization purity etc [16]. A number of 

approaches and techniques were employed to minimize these effects like 

different substrate types, feeding techniques, altering the radiating elements 

size, antenna input impedance matching etc. 

In this project a compact and integrated broadband printed monopole antenna 

is proposed capable of dual band operation i.e. 2.4 GHz and 5.2 GHz operating 

frequencies which can be used for IEEE 80.11 WLAN applications. The antenna 

consists of two Rectangular elements with slots which are stacked on each 

other printed on the side of a substrate of Rogers substrate and acting as main 

radiator. The antenna is fed by 50 Ω coplanar waveguide (CPW) feed line. The 

antenna is optimized and results are briefly discussed due to change of 

different parameters of antenna. Thereinafter the designed antenna is 

manufactured and tested to testify the response and performance of antenna 

for WLAN applications.  
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1.2 Objectives 

 Overview and study of printed monopole and different dual- band 

antennas. 

 Antenna design software simulations. 

 Designed antenna optimization. 

 Measurements of antenna parameters i.e. return loss, radiation pattern, 

frequency response, directivity, gain and impedance bandwidth. 

 

1.3 Aim of the project 

 Design a compact and broadband printed monopole antenna for IEEE 

802.11 WLAN applications. 

 Study of the parameter performance and optimization of the parameters 

to get the response at desired frequency bands i.e. 2.4GHz/5.2 GHz. 

 Fabricate and measure the proposed antenna for dual band operation. 

1.4 Goal 

 low reflection (S11) and high return loss 

 Omni directional or nearly omnidirectinal radiation pattern 

 High or acceptable gain value to meet the WLAN application 

requirement. 

 Compact size 

 High impedance bandwidth. 
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Chapter 2: Introduction to Antennas 

2.1 Introduction:- 

 Various communication systems are working to transfer information using 

numerous transmission mediums making it possible like cables, fiber and 

wireless. The most popular among them is wireless communication which is 

widely used in day to day life due to its number of advantages and benefits e.g. 

cellular networks, Satellite TV broadcasting Wireless LAN. 

In communication system one of the most and important components is 

“antenna” which makes the communication between two distant points 

possible. Antennas are used in all type of wireless communication; in short or 

long range wireless setups for useful wireless applications and high data rates 

requirements. 

 

2.2 Antenna definition:- 

By the definition of Institute of Electrical and Electronics Engineers (IEEE), an 

antenna is a means of transmitting and receiving radio waves”. An antenna is 

metallic device (wire or rod) for radiating or receiving radio waves [9].                    

In communication system antenna is used both at transmitting and receiving 

side and send and receive the signal. The electromagnetic waves travel through 

free space between transmitter and receiver. The model of  antenna system is 

shown in figure 2.1. 
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                                                  Fig: 2.1 Antenna system model 

 

                                                                              

Besides the transmission and reception of the energy signal, antenna also 

emphasizes the radiation in one particular direction and suppresses the signal 

radiation towards the undesired direction [10]. 

The size of the antenna is very important factor which depends upon the 

application and varies according to wavelength of the signal frequency, so the 

antenna size is a function of the frequency as given by formula below; 

                                              λ = c/f 

where λ is the size of antenna in wavelength, c is the speed of light and f is the 

signal frequency. For microwave applications small sized antennas are used 

because of high frequency and short wave length but large antenna can also be 

used for specific application due to high degree of directivity and higher gain.  

 

 

 

 

 

 



  Page 
15 

 
  

2.3 Antenna Types: 

Antennas can be categorized in term of band of operation used for different 

applications like very low frequency (VLF), low frequency (LF), high frequency 

(HF), very high frequency (VHF), Ultra high frequency (UHF) and microwave 

antennas [10]. Some as basic types of antenna are discussed below; 

 

  

2.3.1 Monopole Antenna:- 

            The Monopole antenna is defined as the half of the dipole antenna and 

is almost always mount on a sort of ground plane. A monopole antenna of 

length L is shown below which is mounted on a infinite ground plane shown in 

figure 2.3(a) [11]. 

 

                           (a)  (b) 

       Fig: 2.2(a) Monopole above a PEC (b) Equivalent source in free space. 

The field above the ground plane can be obtained using image theory by using 

the equivalent source (antenna) in free space as shown in figure 2(b).The 

monopole antenna electric field below the ground plane is almost zero and the 

impedance of a monopole is  one half of  the full dipole antenna. The dipole 

antenna result shows that the radiation patterns of the monopole antenna 

above the ground can be estimated. For a λ/4 length monopole the impedance 

is half of that of a half dipole. Compare to dipole the monopole are half in size, 

hence are attractive when need to design a small antenna. The directivity of a 

monopole is twice of the dipole antenna of twice the length [11]. 
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2.3.2 Dipole Antenna:- 

In Physics dipole is a pair of charges which are equal and opposite or it a pair of 

magnetized pole. In telecommunication dipole antenna is “an electrical device 

that sends and receives radio waves”. It can also be defined as “an aerial half a 

wave length long connected with a feed line radiates and receives 

electromagnetic field”. It is most important and commonly used RF antenna 

and straight electrical conductor which has end to end length of λ/2.Dipole 

antenna is fed from center by a feed line also named as doublet and considered 

as simplest type of antenna *12+. As the name shows it consists of two “poles” 

or terminals through which the current flows. The current and voltages causes 

an electromagnetic field or radio signal which is radiated [13]. The figure 2.4 

below shows the basic dipole antenna and its radiation. 

                                                                                           

                                      

                                    

 

 
                                            Fig: 2.3: Dipole Antenna [36] 
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As shown in the figure 2.4 the dipole consists of two wires which have total 

length that is only λ/2 or two quarter wavelengths λ/4 makes the complete 

dipole [14]. 

 It is also used as main radiator for reception and transmission of radio 

frequencies for sophisticated antennas. Traditionally dipole is a balanced 

antenna because it is bilaterally symmetrical and is fed by a balanced, parallel-

wire RF transmission line. Dipole antenna orientation can be horizontal, vertical 

or at slant [12]. While receiving to RF signals the dipole antenna is most 

sensitive to electromagnetic field which has a parallel polarization w.r.t to 

antenna elements orientation. Other types of dipole antenna are folded dipole, 

multiple elements and printed dipole. 

 

 

 2.3.3 Parabolic Antenna:- 

 The antenna which uses a parabolic reflector is mostly known as parabolic 

antenna. The curved shape of parabolic antenna is like parabola which directs 

the radio signals. The most common type of parabolic antenna is dish antenna, 

because of its shape like a dish also named as parabolic dish. It is highly 

directional antenna which directs the radio signal in a narrow beam or can 

receive the radio waves from one particular direction [14]. The parabolic 

reflector has highest gain, an antenna of size of 2 feet resonating at frequency 

of 10GHz can provide a gain up to 30 dB and these higher gains are achievable 

if the antennas are implemented properly [17]. It is also capable of producing 

narrowest beam width angles compared to any other type of antenna. To 

achieve this narrow beam width the antenna reflector size is much larger than 

the wavelength of the radio waves used. It is the reason that parabolic 

reflectors are used at very high frequencies, at Ultra High Frequency (UHF) and 

microwave (SHF) frequencies. At these very high frequencies the wavelength is 

so short that permits the use of dishes of convenient sizes [14].The parabolic 

reflector antenna work same as reflecting telescope. Electromagnetic waves 

which are either in light or beam shape arrive on parallel path from distant end 

source and then are combined at a common point called “focus” at which all 

the incoming beams are concentrated. When antenna transmits the signal it 
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works opposite to reception of a signal. In figure 2.5 the geometry of parabolic 

reflector is shown. 

 

                     

                                      Fig: 2.4 parabolic reflector Antenna [18] 

 

The parabolic reflector at the focus is sometimes referred as antenna feed. 

There are various methods of feeding like horn feed, cassegrain feed and dipole 

feed. One famous example of the parabolic antenna is satellite television dish 

antenna [18].  
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2.3.4 Slot Antenna: 

The simplest example of slotted antenna consists of a rectangular slot cut on a 

thin sheet of metal and at both sides of the sheet, slot is free to radiate as 

shown in figure 2.6 below.  

 

                                     

                            Fig: 2.5 Rectangular slot antenna [14] 

      A voltage source like balanced parallel transmission line is used to excite the 

slot which is connected to the opposite edges of the slot or a coaxial 

transmission line can also be used to excite the slot. When high energy field is 

applied at the narrow slit it start radiating and these radiation characteristics 

are same as the dipole antenna [14]. 

The distribution of electric field within the slot can be achieved by the 

relationship b/w the slot antenna and complementary wire antenna. It has 

been shown that the magnetic current within the slot is same as electric 

current distribution on the complementary wire. As shown in figure above the 

electric field is perpendicular along dimensions and amplitude is approximately 

zero at the ends of the slot, also the electric field is everywhere normal to slot 

antenna surface except slot antenna region. The slot antenna often requires 

that the slot be cut in something other than the extended flat sheet surface. 

Whatever the slot is, the electric field is always perpendicular to it. If the slot 

cut is in a circular cylinder it will differ from the cut in a flat metal sheet due to 

the electric current distribution difference in two cases [14]. 
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2.4 Important Terminologies used for Antenna:- 

 

2.4.1Return Loss (RL): 

Return loss is the measure of the reflected energy and it is represented in dB. 

The larger the value (with negative sign) of the return loss the less the 

reflection is. Return loss is written in negative number but negative (-) sign is 

just to show it is the loss. When energy is transmitted in a medium some part 

of that energy reflects back due to improper impedance matching, return loss 

is the measure of that reflected power. Return loss formula is given by; 

                                                                                    RL= -10log Pr/Pt  (dB) 

By the formula it is clear that it is a ratio of the power reflected back from line 

to the transmitted power into line. 

 

2.4.2 Frequency response: 

Frequency response is the range of frequencies at which antenna operates. 

Frequency response is plotted versus gain normally in a graph. By the graph 

one can get an idea how much power is transmitted at a particular frequency. 

One of the important definitions of the frequency response is the S11 response 

or return loss because as the signal passes through the space it encounters 

losses due to multiple factors like multipath fading, attenuation etc. It is 

important to know the range of these frequencies thus it plays an important 

role in designing of an antenna. 
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2.2.3 Impedance bandwidth: 

In general bandwidth is the range of frequencies centered at particular 

frequency at which the parameters like return loss, impedance and radiation 

pattern are at adequate level. Bandwidth can be classified as impedance 

bandwidth, frequency bandwidth and efficiency bandwidth [34]. Our concern 

here is with impedance bandwidth that means the bandwidth over which the 

impedance is concerned [34]. The impedance bandwidth is calculated at -10dB 

level of S11 plot. Following figure 2.7 shows the basic concept of impedance 

bandwidth. 

                  

                                    Fig: 2.6 Impedance bandwidth [34]. 
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2.4.4 Radiation pattern: 

The simplified definition of the antenna radiation pattern is “A chart of relative 

radiation intensity (or power) versus direction” *31+. It is also defined as “The 

plot of the radiated power/energy from an antenna” or “it is angular variation 

of field intensity of antenna along axis” *31+. Radiation pattern is the 

measurement of the radiated power towards different direction at different 

distances and practically it is measured in 3D space. It is the measurement of 

electric (E-plane) or magnetic (H-plane) field in an angular space and is 

independent to the power flow direction. The radiated filed is not same at all 

position and direction, maximum or minimum at different angular positions 

and directions. Antenna radiation pattern varies in accordance to the frequency 

and wavelength, type and shape of the antenna etc. Radiation pattern is 

normally measured in spherical co-ordinate system , ,r   . 

The figure 2.8 shows basic concept of the radiation pattern. 

 

 

                            

                               Fig: 2.7 Radiation pattern [32]. 
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2.4.5 Near and Far Filed regions:- 

As mentioned that the radiation intensity is not same at all positions and 

direction, so the term far field is used to describe the radiation density far from 

the antenna position and near field depicts the radiation close to antenna. 

Radiation pattern has different types like omnidiretional radiation pattern, 

directional, shape beam, pencil, beam, Fan beam etc. The mostly used term is 

omnidiretional which means the antenna is radiating in all directions or circular 

in azimuth direction. Directional pattern represents the radiation of the 

antenna towards a specific direction [10].  

Some other terms related to radiation pattern are main lobe, minor lobes, side 

lobes and back lobes. The main lobe exists where the radiation is maximum and 

back lobe is exactly at the opposite side of main lode. Side lobes and minor 

lobes are at the sides of the main lobe and comprise less radiation on that 

direction [33]. 

2.4.6 Gain: 

The antenna gain is defined as the ratio of the radiation intensity of the 

antenna in a particular direction to the radiation intensity of an isotropic 

antenna that radiates in all directions with same input power [33]. 

Mathematically it is represented as; 
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2.4.7 Directivity: 

Directivity is defined as the “ratio of the maximum radiation intensity of an 

antenna in a particular direction to the average radiation intensity of antenna 

in all other directions” *33+. Mathematically it is represented as; 

                                                        
        

         
   

By the definition the directivity and gain are almost same. When antenna has 

efficiency of 100 %, the gain is almost same as directivity. The gain is directivity 

multiplicand of antenna efficiency factor. 

2.4.8 Polarization: 

Polarization is defined as “the orientation of electric field vector component of 

an electromagnetic wave” *34+. For the communication system to work 

efficiently, both antennas at transmitter and receiver sides must have same 

polarization. Polarization is classifies as circular, linear (horizontal, vertical) and 

elliptical polarization. The basic concept of polarization is shown in figure 2.9. 

                          

                                  Fig: 2.8 Basic concept of polarization 

As shown the direction of electric filed, magnetic field and electromagnetic 

field, all are perpendicular to each other. The figure also explains the idea of 

vertical polarization, if the electric field vector lies on horizontal plane then it is 

called horizontal polarization. In circular polarization the two linearly polarized 

waves with same amplitude and direction are transmitted by the antenna but 

orthogonal to each other. 
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                    Chapter 3 Literature Review of WLAN:- 

A number of antennas were reviewed and studied which are used for wireless 

Local Area Network applications operating at 2.4 GHz and 5.2 GHz. These 

antennas comprising different design parameters and characristics, some of 

them are discussed here. 

3.1Fork-like monopole Dual-Band Antenna: 

Fork-like antenna has high gain value with dual band operation covering 

IEEE 802.11 a/b bands. The antenna is fed with 50 Ω coaxial feed with 

SMA connector is printed on FR-4 substrate with dimensions 109 × 77.88 

× 1.5 mm have relative permittivity εr = 3.5. The main radiator composed 

of fork-like monopole and rectangular ring. A metal ring is used on back 

side of the substrate almost with the same dimensions as substrate.  It 

enhances the directivity and gain of the antenna for both 2.4/5.2 GHz 

bands due to suppression of back side radiation. The ring added with 

feed line maximizes the impedance matching. The approximate gain is 

about 6.2 and 10.4 dB for 2.4GHz and 5.2 GHz respectively. The 

configuration of fork-like monopole antenna is shown below [1]. 

 

 

                         
                          Fig: 3.1 Fork-like monopole antenna [1] 

 

               The fork-like monopole has very good feature with satisfactory 

values of gain and directivity which are necessary for many wireless 

applications. The size of the antenna (109 × 77.88 × 1.5 mm) is a bit 

larger and is also complicated to design and fabricate [1]. 
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           3.2 CPW-fed meandered patch antenna:- 

           The meandered patch antenna is designed by the intersection of 

meandering slit of the rectangular patch which is printed on signal layer. The 

geometry of the antenna consists of a single uni-planar rectangular patch 

inserted by a slit [3].The antenna is printed on a substrate of FR4,thickness of 

1.6 mm with dielectric constant 4.4 and feed by a coplanar waveguide (CPW) 

transmission line. The transmission line uses a fixed metal strip which has a 

thickness of 1mm between ground plane and strip. Two equal shaped ground 

plane containing different parts with different dimensions are used. The basic 

antenna structure consists of rectangular patch with vertical spacing from the 

ground plane. The horizontal meandering slit is placed at a distance from 

patch’s bottom edge and achieved by cutting the right edge of patch. The 

configuration of antenna is shown below in figure 3.2. 

                                                                                                                                                                                                                                                                                                                                               

                  

                  Fig: 3.2 CPW-fed meandered patch antenna [3] 

The benefit of slit is that it results meandering effects by producing two 

different surface current paths and hence causes a dual resonant mode. 

   The antenna has good performance for UMTS and 5.2 GHz WLAN application. 

It provides sufficient impedance bandwidth and suitable radiation pattern. The 

problem is, the design is a bit complicated and the antenna is resonating at 2 

GHz besides 2.4 GHz for lower specified frequency band [3]. 
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3.3 Planar monopole antenna with rectangular notch:- 

The planar monopole antenna is designed using a rectangular micro strip patch 

with a rectangular notch. The use of rectangular notch at corner can lead to 

produce an additional surface current path which results broadband and dual 

band operation [2]. 

    The antenna is designed on a substrate of inexpensive FR4 material (εr = 4.4) 

and a thickness of 1.6mm.The antenna is fed with coplanar waveguide (CPW) 

transmission line which consists of a single strip thickness of 3.1 mm and the 

gap between strips and coplanar ground planar is kept 1.6mm.The antenna is 

described with dimensions below in figure 3.3. 

 

                                         

                    Fig: 3.3 planar monopole antenna with rectangular notch 

CPW-fed planar monopole antenna using corner rectangular patch is simple 

and well suited for WLAN applications in the 2.4 GHZ and 5.2 GHz frequency 

bands. The radiation pattern is almost omnidiretional and impedance 

bandwidth is also high but the antenna is a bit large in size [2]. 
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3.4 CPW-Fed Split-Ring Monopole: 

The wide band Split Ring Monopole Antenna (SRMA) is planar monopole 

antenna which is designed by introducing split ring elements. Due to the μ-

negative behavior of such antenna these are mostly preferred as building block 

for meta-material structure and were used in many filter application. The 

planar monopole is a good choice for dual band operation as they exhibits 

higher impendence bandwidth and compact size (26mm×40mm×0.64mm) and 

simple in structure [8].The figure 3.4 below shows the detailed view of the 

discussed antenna. 

                                     

                                     Fig:3.4 Split-Ring Monopole Antenna[8]. 

The dimensions of split-ring monopole antenna are arranged in table:1 below. 

Symbol Value (mm) Comments 

L1 20 Outer-ring length 
L2 13 Outer-ring width 

w1 2 Outer-ring thickness 
w2 1 inner-ring thickness 

g 1 Gap b/w rings 

Wg 11 Ground width 
Lg 22 Ground length 

h 0.64 Substrate height 
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S1 & S2 1 Metallic loading 
εr 6 Dielectric constant 

                                    Table:1 complete dimensions of SRMA 

Split ring monopole antenna is fed by two stage 50 Ω CPW transmission line. 

The antenna comprises two split-ring elements which are printed on single 

layer of Rogers RO3006 which has a height “h” and dielectric constant εr=6. 

Metallic loading S1 and S2 having a size of 1mm each, is placed in between the 

two rings. The outer ring is wider than the inner ring. The antenna is compact in 

size so it is well suited for RF front-end circuits. The response is very good for 

dual band operation, for 2.4 GHz and 5.2 GHz  and completely cover the 

requirements of both bands with pretty high gain and impedance bandwidth. 

Radiation characteristics are nearly omnidirectinal in H-plane and dipole like 

characteristics for E-lane for both bands [8]. 

 The above mentioned antenna was selected for further investigation as it is 

simple, easy to design and manufacture, compact size, high gain and have 

omnidirectinal radiation pattern. 

The antenna was designed on CST simulation software and I have checked the 

return loss (S11), Radiation pattern, directivity etc but the results were not 

satisfactory. I have also tried to optimize the antenna but didn’t get the 

required results. The simulated design and measured return loss is given below 

in figure 3.5 and 3.6 respectively. 

                               

 

                                          Fig: 3.5 CST simulated design of SRMA. 
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                                 Fig: 3.6 Return Loss S11 (dB) of SRMA 

 

                               

As could be seen from figure 3.7 the antenna was resonating at 2.4797 

GHz with S11= -13.65 dB and for upper band it was not exactly 

resonating at 5.2 GHz but at 3.7 GHz. At 5.2 GHz the return loss was          

-9.5347 dB. 

The radiation pattern was omnidiretional for lower frequency band i.e. 

2.4 GHz but for 5.2 GHz it was directional as shown in figure 3.7 below. 
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                                                              (a)                        

 

                                                                           (b) 

                   Fig: 3.7(a) Radiation pattern of SRMA at 2.4 GHz (b) for 5.2 GHz 
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3.5 Printed monopole Antenna:- 

Basic design: 

The printed monopole antenna consists of two rectangular elements of 

different size and shape stacked on top of each other which were printed on 

one side of the substrate. 

The two rectangular elements are the main resonator of the printed monopole 

antenna which resonates exactly on 2.4 GHz and 5.2 GHz respectively, both 

upper and lower rectangular elements have same center so this arrangement is 

most suitable to get best possible return loss and impedance bandwidth. 

Furthermore slits are introduced to improve the return loss and impedance 

bandwidth.  

Material used: 

FR4 with dielectric constant, εr = 4.4 is used as substrate material and had a 

thickness of 1.57mm. 

 

Ground plane: 

The ground plane was printed on back side of the FR4 substrate. 

Feeding method: 

The antenna was fed with 50 Ω micro strip line *7+. 

 Physical dimension: 

The dimensions of antenna are 35mm × 45mm × 1.57 mm [7]. 

   The printed monopole antenna operates well for 2.4GHz and 5.2 GHz 

frequency bands and the design is suitable for WLAN applications. The 

directivity is about 2.24 dBi for lower band and 3.87 dBi for upper frequency 

band. The radiation pattern is omnidiretional for both E and H-plane for lower 

frequency band and nearly omnidirectinal for 5.2 GHz for E and H-planes. 

Printed monopole antenna is well suited for WLAN application and as it is 

compact, simple, easy to design and fabricate so I have further investigated and 

simulated it. 
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Some other antennas are also studied during the scheduled time which are 

Compact Planar Inverted-F Antenna (PIFA) [4], Slotted monopole antenna with 

asymmetrical CPW grounds [5], PCB Embedded Antenna [6] but is not possible 

to discuss all of them here. 

 

 Chapter 4 Design and Simulation: 

4.1 CPW-fed slotted printed monopole antenna design steps: 

Printed monopole antenna is printed using radioactive or conductive material 

surface, printed one side of substrate with dielectric constant (εr) and other 

side of the substrate printed as ground plane or both can be printed at single 

side of the substrate in case of CPW feed. A number of substrates can be used 

according to the application with dielectric constants ranging 2.2 to 12. 

          For good performance the antennas with thick substrate and lower 

dielectric constant εr are more suitable as they provide not only the better 

efficiency but also the larger bandwidth but with the sacrifice of larger size 

[19]. 

For microwave application thin  substrate with higher dielectric constant are 

preferred because they have less undesired radiation and generally smaller in 

size[19],as the antenna size is reduced by the square root of the effective 

dielectric constant εr. The drawback is that with high dielectric constants the 

losses are also high so the efficiency is decreased [20].By using an array of 

monopole antenna the higher directivity can be used for a number of 

polarization and scanning application [19]. 
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Basic design: 

The basic design of monopole antenna is given below in figure 4.1. 

                          d V  

                        Fig: 4.1Monopole Antenna basic design 

As shown the half of the antenna is above the ground and antenna ground 

plane acts as a half of antenna. By changing the dimension of monopole 

elements and ground plane many changes in frequency response, gain, 

impedance bandwidth and variances in radiation characteristics can be 

observed. The monopole element can be of different shapes and sizes and can 

be altered to get desired results. The changes in element dimensions are 

employed to get the resonant modes of desired operating frequencies. As in L-

shaped monopole antenna [21] the upper or larger element length controls the 

resonant mode of lower frequency while the smaller length or lower element 

controls the resonant  mode of higher frequency so by varying these two 

elements desired frequency band can be adjusted and obtained for required 

application. 

 

 

 

 



  Page 
35 

 
  

 

Feeding technique: 

In this design the antenna is fed with 50 Ω Coplanar Waveguide (CPW)  but 

there are many ways to feed an antenna which will be discussed later, the 

antenna impendence is kept 50 Ω so that it can be connected to SMA 

connector. The impedance matching can be achieved by varying micro strip line 

width, substrate thickness and feeding point position. 

Material used: 

Printed monopole antenna can be manufactured using number of materials 

used for substrate. The most commonly used are FR4 and Rogers. 

For the proposed cpw-fed printed monopole antenna, Rogers TMM 4 (εr=4.5) is 

used. The characristics of Rogers TMM 4 are almost same as FR4. 

Design dimensions: 

The dimensions of CPW-fed slotted printed monopole antenna are; 

  Width (W)= 25 mm, length(L)=35mm and Thickness (T)= 1.57mm 
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4.1.1 Monopole radiating element changes effects: 

The change in size and shape of the radiating element of antenna affects its 

performance and characteristics [22]. Few methods are discussed below in 

figure 4.2(a-e) which shows different configuration of radiating elements. By 

employing these configurations in the basic design of radiating element given in 

figure 4.2 (a) the antenna can be tune for different frequency bands and 

important parameters like impedance bandwidth, return loss and radiation 

pattern can be varied. Some techniques are shown below in figure 4.2 (a-f).  

                                      

(a)                               (b)                                   (c)                                (d)                      

 

                                      

           (e)                                   (f)                               (g)                       (h) 

        Fig: 4.2 (a-f) different configuration of monopole radiating element 

Figure 4.2(a) shows the basic design of monopole radiating element which is 

fed by a 50 Ω CPW transmission line, the impedance of the antenna changes 

with change of the feed point position, transmission line width etc. As shown in 

figure 4.2 (b) & (c) if the lower portion of the monopole element is changed the 

impedance matching will increase, there would be an impedance transition 

between the transmission line and the feed which improves the impedance 

over a large range of bandwidth [22]. 

Such principals are implemented by some researchers in their designs in 

wideband microstrip-fed monopole antenna having frequency band-notch 

function [20] and square slot antenna with printed U-shaped tuning stub [23]. 
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 In [23] and [20] stub is added at the lower end of the rectangular which looks 

like two notches that are made on either side of the rectangular patch. These 

stubs or notches increase electromagnetic coupling among rectangular patch 

and the ground plane that enhances the current at the edges of the radiating 

element further helps to improve the impedance bandwidth at the operating 

frequency [20]. 

    If slits are made in the side or lower portion of the rectangular patch as 

shown in 4.2 (d) & (e), in designs like improved impedance printed monopole 

antenna [24], staircase bowtie planar monopole [25] slit is introduced so the 

current distribution is changed across the monopole element and more current 

is enhanced which produce extra resonance and further improves the 

impedance bandwidth. By adding a horizontal strip shown in figure 4.2 (f) 

instead of increasing the element length will increase the effective area and 

effective current density. By making rectangular slots at the center of the 

radiating elements as given in figure 4.2 (g) lowers the return loss and improves 

the current concentration at the edges of the rectangular elements. 

In proposed design minor slots are made on both sides of the upper 

rectangular radiating element which enhance impedance matching for lower 

frequency and thus return loss is improved for 2.4 GHz. Such slots are shown in 

figure 4.2 (h). 

Note: Some of the design techniques shown in figure 4.2(a-h) of varying the 

radiating elements shape and size are used in the proposed design. 
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4.1.2 Monopole ground plane changing effects on antenna performance:- 

As shown in figure 4.1 the ground plane is printed on same side of the 

substrate as the radiating elements. The performance of the monopole 

antenna in terms of gain, impedance bandwidth, radiation pattern and 

resonant mode of frequency depends upon the size of the ground. It is 

practically observed that a minor change in the ground plane parameters bring 

considerable change in the impedance bandwidth and resonant frequency so it 

should be adjusted carefully. The change in the ground plane length is more 

responsive as compared to the change in the width of the ground plane due to 

the more current concentration across the length of the ground plane which 

flows down at the edges and further within the length of the ground plane. So 

it can be said that length is the prime controller which decides the magnitude 

of the current flow along the ground plane [26]. 
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4.2 Feeding Techniques: 

The choice of feeding technique also plays vital role in the antenna 

performance. If the feeding is not selected carefully the antenna efficiency 

would be degrade due to various factors like mismatch between feed line and 

antenna radiating element. In addition to that, other factors like bends and 

junctions also cause the discontinuity in the feed line which results to surface 

loss and false radiation [16]. Multiple methods and techniques are available to 

provide coupling and controlled division of the energy to the antenna [27]. 

 Following types of feeding techniques can be used to energize a monopole       

antenna. 

4.2.1 Coaxial Feeding: 

The basic structure of coaxial feeding technique is shown in figure 4.3. In 

coaxial feeding the probe is inserted from back side of the substrate. The inner 

conductor is attached with the patch while the shield is connected to ground 

plane. The impedance matching is achieved by adjusting the position of the 

probe feed so it should be properly chosen [27]. As the coaxial feeding lies at 

the back side of the substrate, it doesn’t add any unwanted radiation.  For 

larger bandwidth the substrate thickness also increases so probe length would 

also be long to penetrate inside the substrate. After increasing the length 

beyond a certain point, there would be a problem of unwanted radiation from 

the probe which increases the surface power hence causes rise in inductance 

[16]. 

 

                          
                                     Fig: 4.3 Coaxial Feeding 
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4.2.2Aperture Coupling: 

  The basic structure of aperture coupling is shown in figure 4.4 below. 

                          

                               Fig: 4.4 Basic structure of aperture coupling [28]. 

 

In this type of feeding technique two substrates are used with common ground 

and the feed line is connected to the lower substrate while radiating element is 

printed on upper substrate as shown in figure 4.4. The substrates are chosen so 

that it can provide optimal results, for this the lower substrate with feed line 

has high dielectric constant and thin. Patch substrate has thick structure and 

low dielectric constant [16]. There is a slot aperture at the ground plane which 

can vary in shape and size according to the design that controls the impedance 

bandwidth [16]. The aperture facilitates an electromagnetic coupling between 

micro strip feed line of lower substrate and patch at the upper substrate. So 

aperture plays important role to control the impedance bandwidth more over 

the advantage of using aperture coupling is that it has no unwanted radiation 

from the feed line. The antenna in [23] uses the same feeding technique. 
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4.2.3 Proximity coupling: 

In this type is feeding technique matching is achieved by controlling the feed 

stub length and by the ratio of width to length of the patch [29]. 

The advantage of proximity coupling is that it has highest bandwidth while  the 

spurious radiation is very low. The drawback is that the fabrication is very 

difficult [29]. 

4.2.4 Microstrip feeding: 

The basic idea of the microstrip feeding is given in figure 4.5 below. 

                                                

                                  Fig: 4.5 Basic structure of Micro strip feed             

In microstrip feeding, the feed is provided at the edge of the microstrip line and 

energy is transferred through microstrip line to radiating element of antenna. 

The advantage is that the impedance matching is achieved by varying the 

microstrip line width. 
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4.2.5 Coplanar waveguide (CPW) feeding: 

The basic structure of coplanar waveguide feeding technique is shown in figure 

4.6 for printed monopole antenna. The coplanar wave guide consists of a 

conductor separated by a pair of ground plane on both sides of the conductor 

which are on the top of the dielectric medium. The ground planes and 

connector are all on same plane [30]. 

The ideal case of dielectric medium to be infinite but practically it should be 

thick enough so that the electromagnetic fields die out before going out from 

the substrate [30]. 

 

 

                              

                                  Fig: 4.6 Geometry of CPW feed [30]. 
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In the figure 4.7 it is shown that CPW feed is used for printed monopole 

antenna. 

                                    

                  Fig: 4.7 CPW-fed printed monopole antenna basic structure 

This type of feeding technique is best suitable for microwave applications. As 

both the CPW and planar antenna belongs to planar geometry so it is desirable 

that microstrip antennas are fed with CPW to integrate the microstrip antenna 

with MMICs [27]. 

The advantage of the CPW feeding is that the active devices can be mounted 

on top of the circuit like “microstrip” *30+. It has very less spurious radiation 

from the feed line and polarization purity is very good further more it supports 

larger bandwidth and it is easy to fabricate [27].  

Note: This type of feeding technique is used in proposed design for printed 

monopole antenna. 
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Chapter: 5 Design and Simulation of Compact and Broadband CPW-fed 

Printed monopole Antenna for WLAN applications: 

 

5.1 Introduction:- 

In this chapter the complete design procedure of monopole antenna is 

discussed in detail. There are number of software that are used for antenna 

designing now a days but CST Microwave studio is used for the designing, 

simulation and optimization of printed monopole antenna during the thesis 

project. CST Microwave studio is a 3D electromagnetic design software used for 

high frequency components design and it supports various types of antenna 

designing. 

5.2 Design Consideration:- 

To design the monopole antenna various considerations should be kept in 

account to obtain the required antenna performance and results. Couple of 

them is mentioned below to design the proposed antenna. 

 Prefer the right material and right size for the substrate. 

 Choose right material for monopole radiating elements.  

 Choose the most efficient and suitable antenna feeding technique so 

that the feed line impedance can be matched to 50 Ω. 

 Monitor the effects on the results due to change in design parameters     

so it will be helpful in design optimization. 

 

     5.3 Designing procedure: 

Monopole antenna can be designed in different shapes but during the 

project, elements in rectangular shape were chosen for the design and 

simulation. The first step towards the design is selection of the substrate.  

Different substrates are available in CST library but Rogers substrate is 

chosen for monopole antenna design. The substrate has dielectric constant 

εr = 4.5. As mentioned previously that the substrate with lower dielectric 

constant provide large bandwidth and better efficiency. For good efficiency 

and large bandwidth the other parameters of substrate are also adjusted to 
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support the impedance matching which is 50 Ω.The substrate has a width 

(W)= 25 mm, length(L)=35mm and thickness (T)= 1.57mm 

The next step is to feed the antenna. The antenna is fed with coplanar wave 

guide transmission line which is suitable for planar antennas as it has 

number of advantages to use which are discussed earlier. The conductor 

thickness is Ft=2mm and length is 12.5 mm which is placed at the center and 

front face of the substrate. To match the feed line to 50 Ω, the feed line 

dimensions are optimized so that it can match with the impedance of SMA 

connector to get optimal performance. Two symmetric ground planes are 

printed on each side of the conductor at the lower end of the substrate. The 

length (Lg) and width (Wg) of ground plane are also optimized to get the 

desired results. The shape and size of the ground affects the impedance 

bandwidth and operating frequency. The ground plane has the length (Lg) 

=6.5 mm and width (Wg) =10.5mm and the separation S= 1.5m between 

conductor and ground planes. Ground planes and conductor are all printed 

on one side of the substrate using copper as material which has thickness of 

0.035mm. The waveguide port is later connected with conductor 

(transmission line). 

A rectangular monopole element is added at the upper end of the 

conductor which has a length (L1)=12.5mm and width (W1)=10mm. The 

length(L1) and width(w1) of lower rectangle are optimized to get the 

desired results. The impacts of changing the dimensions and shape of the 

rectangular element are discussed in detail later. Lower rectangular element 

is used to produce the resonant mode for the operating frequency of 

monopole antenna. A second rectangular element is designed at the top of 

the lower rectangular element with the same center as the lower 

rectangular element so both elements are stacked on each other. The upper 

rectangular has a width (W2) =11.2 mm and length (L2) =11 mm. The upper 

rectangular element is also used to produce the resonant mode of operating 

frequency. 

            Some supporting elements are also designed at the sides of the 

transmission line. The addition of elements at the lower portion of the 

monopole element causes impedance transition between the transmission line 

and the feed that increase the impedance matching, there would be an 
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improvement in the impedance matching over a large range of bandwidth [22]. 

It helped to improve the impedance bandwidth and operating frequency.   

         On the left side of transmission line an element is added with the length 

(L) =2.5 mm and width (w) = 1mm and at the right side the element with length 

(L) =2.5 mm and width (w) =3.5mm is added. A slit is also introduced on the 

right side of the lower rectangular element by removing the portion of copper 

layer printed on substrate surface which has a length of 2.5mm and width of 

1mm. The slit helped to improve the frequency response of the antenna. 

A center slot is also added between upper and lower rectangular radiating 

elements with length L= 18 mm and width W = 8mm. The length and width 

of the center slot is optimized and discussed later in detail. Also small slits 

are introduced at upper rectangular element which helped to improve the 

return loss, S11. 

  After the completion of design parameters the next step is to excite the 

antenna. There are many ways to excite the antenna but the mostly used 

method for planar antenna is by using a waveguide port at the transmission 

line edge. The antenna is excited by the wave guide port towards Y-plane 

direction. 

The final proposed design of CPW-fed printed monopole antenna which 

includes all optimized lengths and widths is given below in figure 5.1 with 

full dimensions.  
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           Fig: 5.1Proposed antenna design layout with complete dimensions 
 
The complete dimension of the proposed design are given in Table: 2 

 

 

          Symbol          Value(mm)       Comments 

            Ws 25 Substrate width 

            Ls 35 Substrate length 

            wf 2 Feed line width 
            W1 10 Lower rectangular  

element width 
            W2 11.2 Upper rectangular 

element width 
            Wg 10.5 Ground plane width 

            Lg 6.5 Ground plane length 
            Lp 33.5 Patch Length 

            L1 10 Lower rectangular 
element length 
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            L2 12.5 Lower rectangular 
element length 

            S 1 Spacing between 
ground planes 

           Wcs 8 Center slot width 
           Lcs 18 Center slot length 

 

            Table: 2 complete dimension of proposed design  

 

The proposed antenna was simulated in CST Microwave Studio. The CST 

simulated design of printed monopole antenna is shown in figure 5.2 and 

return loss of the antenna is shown in figure 5.3. 

 

                                     

           Fig: 5.2 simulated design of printed monopole antenna 
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                             Fig: 5.3 Return loss (dB) of printed monopole antenna 

In figure 5.3 return loss of printed monopole is shown which displays that 

the antenna is operating at dual frequency bands i.e.  2.4 GHz and 5.2 GHz 

which satisfies the WALN standard and can be used for WLAN applications. 

The results from the graph showing that the return loss for lower frequency 

is  -25.462 dB and for upper frequency band the return loss is about -23 dB. 

The impedance bandwidth for 2.4 GHz and 5.2 GHz is 480 MHz and 664 MHz 

respectively. 

In figure 5.4 (a) & (b) the radiation pattern of proposed antenna for upper 

operating frequency is given.  

 

                  

                                                             (a) 
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                                                              (b) 

Fig: 5.4 (a) Radiation pattern in 3D for 5.2 GHz (b) 2D Radiation pattern 

From the figure 5.4 given above for monopole antenna is it is evident that 

antenna has an omnidiretional pattern for both E and H plane for higher 

operating frequency i.e. 5.2 GHz. From the figure 5.5, which gives far-field 

radiation pattern of monopole antenna it is clear that it is radiating almost 

on all sides. The antenna has a directivity of 4.32 dBi and the gain is 4.22 dB. 

The antenna efficiency is 98.17 % in linear and -0.09144dB in logarithmic 

value as shown in figure 5.5. 

 

       

           Figure: 5.5 Monopole antenna far-field radiations for 5.2 GHz 
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The radiation pattern of monopole antenna for 2.4 GHz operating frequency 

is given in figure 5.6 (a) and (b). 

   

                    

                                                         (a) 

 

                

                                                             (b) 

        Fig: 5.6 (a) & (b) Radiation pattern of monopole antenna for 2.4 GHz 
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The radiation pattern for 2.4 GHz is also omnidirectinal for both E and H 

planes. The antenna has a directivity of 2.18 dBi and the gain is 1.84 dB. The 

efficiency of monopole antenna is 92.50 % in linear and -0.33814 dB. 

The electric field distribution for monopole antenna is displayed in figure 5.7 

(a) and (b) for 2.4 and 5. 2 GHz respectively. From the figure it is clear that 

antenna is highly radiating for upper operating frequency as compared to 

lower operating frequency, due to which the gain value is higher for 5.2 GHz 

comparatively. 

            

                                                          (a) 

           

                                                               (b) 

 Fig: 5.7 (a), (b) the electric field distribution of monopole antenna for 

2.4/5.2GHz  
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         Fig: 5.8 Current density and electric field distribution for f= 2.4 GHz 

                                                                                                                                       

  

 

          Fig: 5.9 Current density and electric field distribution for f= 5.2 GHz 

 

               From figures 5.8 and 5.9, it is clear that current density at 5.2 GHz is 

higher than 2.4 GHz frequency. Extra currents cause high electric field radiation 

at 5.2 GHz which results improved antenna gain value for upper frequency 

band.  
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Chapter 6 Parametric Study and discussion:- 

 

6.1 Introduction: 

The detailed study and discussions of the results of monopole antenna is 

given in this chapter. A number of changes are made in radiating elements 

parameters like shape and size of the rectangular elements and also of 

ground planes. It is discussed that how these changes affected the return 

loss value and the impedance bandwidth. At the end the optimization of the 

design in accordance to the results is evaluated. 

6.2 Effect on the results w.r.t change in the lower rectangular parameters: 

In the proposed design the main radiating elements are two rectangular 

elements, stacked on each other and both are radiating for lower and upper 

operating frequency of WLAN standard. By changing the shape or size of 

these radiating elements, shift in operating frequency was observed also 

impedance bandwidth varied at some extent. In this case the change in 

frequency and impedance bandwidth due to variation in the lower 

rectangular element parameters is discussed. The parameters of the lower 

rectangular element are shown in figure 6.1. 

                                                  

                         Fig: 6.1 Lower rectangular element parameters 

The parameters of lower rectangular element are width (w1) and length (L1) 

as shown in figure 5.7. The results are determined by changing these two 
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parameters. The width was altered with values W1=5mm, 7mm, 10mm and 

15mm as given in figure 6.2 and their affects are also discussed below. 

  

 

                       Fig: 6.2 Results with change in lower element width (W1) 

As shown that the antenna is generating resonating modes for both 2.4GHz 

and 5.2 GHz bands and return loss value is less than -10 dB. The change in 

W1 affects the upper operating frequency, causing frequency shift as it is 

producing the resonating mode for 5.2 GHz. For W1=5mm and 7mm the 

return loss value is almost less that -20 dB but antenna is not perfectly 

supporting  dual band operation. 

For W1=10 mm the peak value of return loss is -25 dB and antenna is 

resonating at 2.41GHz. The impedance bandwidth is 447 MHz For higher 

operating band the antenna is resonating at 5.2 GHz with S11=-22.575 dB. 

By further increasing the W1 value to 15mm there is considerable frequency 

shift for both frequency bands. Operating frequency is shifted down to 

4.4002GHz with impedance bandwidth 775 MHz and shifted upper at 2.56 GHz 

for lower band. The return loss is -31 dB and -27 db respectively for upper 

and lower band. 
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The length of lower element is also varied with values L1= 10mm, 12.5mm, 

15mm and 20 mm. The obtained return loss along with frequency range is 

shown below in figure 6.3. 

 

 

              l 

                        Fig: 6.3 Results with change in lower element Length (L1) 

 A change is noticed for upper and lower operating frequencies as the lower 

rectangular length (L1) is increased to 15mm. The antenna is resonating at 

2.58 GHz and 6.039 GHz for upper and lower frequency bands. The 

impedance bandwidth is around 434 MHz for 2.4 GHz. The return loss is 

comparatively less at this value of L1.  

By changing the length of the lower rectangular element the change in 

upper operating frequency is more evident.  

As shown that antenna is not resonating well as the lower rectangular 

length values are increased or decreased beyond a certain limit. Antenna 

exhibits undesired result for length values of 10mm and 20 mm. 

For lower element length L1=12.5 mm the antenna is resonating at 2.41 GHz 

where the peak value of return loss is -25.33 dB and impedance bandwidth 

is 484 MHz for lower operating frequency.  For upper operating frequency 
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the antenna is resonating at 5.2 GHz with a return loss value of -22.802 dB . 

The impedance band width for 5.2 GHz is 665 MHz. 

  

Summary: By changing the lower rectangular width there is considerable 

frequency shift in upper operating frequency, also a change was noticed in 

return loss for both operating frequencies. The lower rectangular width also 

impacts on upper frequency as it caused a frequency shift. The return loss 

value decreased by increasing the length. 

By length and width variations of the lower rectangular element the 

dimensions of the antenna are altered which in turn force to change the 

wavelengths of operating frequencies that result a frequency shift. By 

changing length and width the magnitude of the metal in the design is 

varied that causes return loss values to change. 

Note: The results are good for W1 =10mm and L1=12.5mm of lower 

rectangular element which are represented by blue line. So these values are 

chosen for final design as shown in Table: 2. 

 

 6.3 Effect on the results w.r.t change in the upper rectangular parameters: 

As discussed earlier the upper rectangular element is stacked at the top of 

the lower rectangular element with a width W2 and length L2 as shown in 

figure 6.4. 

                                                                               

                           Fig: 6.4 Upper rectangular element parameters 
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The variation in results due to change in width of the upper rectangular 

element is shown in figure 6.5.  

 

 

 

                             Fig: 6.5 Results with change in upper element width (W2) 

As shown that results are taken into consideration for dual frequencies  for 

W2=4mm, 11.2mm and 14.5 mm and 20mm. 

Increasing the width W2 to 11.2 mm, the impedance bandwidth is moved to 

475 MHz.  At lower operating band the antenna is resonating at 2.4 GHz 

with S11 response of -25.33 dB. For upper band the impedance bandwidth is 

increased to 650 MHz while the resonating frequency is 5.2 GHz and return 

loss value is -22.38 dB.  

 By changing the width to 14.5 mm the antenna resonates at 2.37 GHz, 

return loss has the peak value of -27.31 dB and impedance is 454 MHz.  For 

upper frequency band the return loss value goes very low -40dB and 

impedance bandwidth improves to 759 MHz while antenna resonates at  

5.37 GHz.  

By further making upper rectangular element wider to 20 mm, the 

frequency shifts to lower side which has the peak S11 response -33.49 dB 

and impedance bandwidth is 447 MHz for lower operating band. For upper 
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operating band the antenna is resonating at 5.526 GHz, return loss is             

-30.837 dB and impedance bandwidth is nearly 829 MHz.  

Like upper rectangular width (W2), the results for different upper 

rectangular length (L2) are also noted. 

The variation in the results by changing the Length (L2) is shown below in 

figure 6.6 and is discussed in detail. 

 

 

                         Fig: 6.6 Results with change in upper element length (L2) 

The upper rectangular element length is varied to L2 = 5mm, 8mm, 11mm 

and 15mm.  

By increasing the length L2 to 11 mm the antenna is resonates at 2.41 GHz 

with peak value of return loss equals to -25.45 dB, impedance bandwidth is 

465 MHz for lower operating band and for upper operating band antenna is 

resonating at 5.21 GHz. The return loss magnitude is -22.8 dB and 

impedance bandwidth is 656 MHz.  

 

For L2 = 15 mm, antenna resonates at 2.28 GHz. S11 response is -28.41 dB 

and impedance bandwidth is 404 MHz for lower operating band. For upper 
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operating band the return loss is -18.07dB and antenna is resonating lower 

than desired frequency band, that is 4.966 GHz while the bandwidth is 574 

MHz 

        For L2 = 5mm and 8mm the antenna resonant frequencies moved to higher 

values for both WLAN bands. Impedance bandwidth is 537 MHz and 473 MHz 

for lower operating band at both length values of upper rectangular element. 

The return loss equals to -23.83 dB and -34.03 dB at lower operating frequency. 

For upper band the return loss is -17.98 dB and -32.44 dB for 5mm and 8mm 

values of upper rectangular length. 

 

Summary: it is observed that by increasing the width of upper rectangular 

element there is an improvement in return loss value. For upper rectangular 

width W2 the impedance bandwidth difference is high for W2 = 5mm, 8mm, 11 

mm and 15mm. A variation in return loss and operating frequency is also 

noticed for different width values of upper rectangular element. 

A considerable change in frequency and return loss value is observed for upper 

rectangular element values L2 = 10 mm, 11mm, 12mm and 15mm. Impedance 

bandwidth is also varying  due to frequency shift at both frequency bands. 

   Due to change in length and width of upper radiating element, the      

wavelength of the respected operating frequencies varies which further cause 

a frequency shift at both frequency bands.  

Note: It is also observed that antenna is resonating perfectly for L2 = 11 mm 

and W2=11.2 mm, represented by blue line. 

 The upper rectangular element width value W2=11.2 mm and length value L2 = 

11 mm best suits to design to attain the desired results so it is chosen for 

proposed design as shown in Table: 2 given above. 

 

 

 

 6.4 Effect on the results w.r.t change in the Ground pane parameters: 



  Page 
61 

 
  

The ground plane shape and size plays an important role in antenna 

performance to get the required results. The ground plane controls the 

matching between feed line and radiators for the desired frequency range 

and hence controls the impedance bandwidth. Figure 6.7 shows the 

parameter of ground plane and figure 6.8 represents the results for the 

variation in ground plane length. The effects of the these changes are also 

discussed below. 

                                                             

                                     Fig: 6.7 Ground plane parameters 

                         

 

                            Fig: 6.8 Results with change in Ground plane length (Lg) 
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As shown in figure the results are displayed for different ground plane length 

(Lg) values. For Lg =  2.5 mm the resonating frequency is 2.3935 GHz and S11 

response is -26.13dB. The impedance bandwidth is 404 MHz for lower 

operating frequency.  For upper frequency band the impedance bandwidth is 

645 MHz and antenna resonance frequency is shifted downward to 4.921 GHz  

hence  the S11 magnitude is  -27.178 dB. For length values  Lg =   6.5mm and 8.5 

mm the impedance bandwidth is 477 MHz,448 MHz  respectively  at  lower 

band. The antenna resonant frequency is moved upward by increasing ground 

plane length. For ground plane length of 6.5 mm antenna is operating at 

2.41GHz with return loss of -25.04 dB and for upper band the S11 response is    

-22.72 dB. Antenna is resonating at 2.498 GHz at lower operating frequency for 

8.5 mm of ground plane length and working at 5.36 GHz with S11 -17.9 dB for 

upper operating band. For higher operating frequency the impedance 

bandwidth is 659 MHz and 654MHz for Lg=6.5mm and 8.5mm respectively. 

B y increasing the ground plane length to 10.5mm, the antenna is not working 

for both operating bands and results are unacceptable. 

 

 

Summary:-  

As noted that a little increment in ground plane size brought lot of changes 

in both operating modes. It is also evident that by increasing the ground 

plane size the resonant frequency is increased and hence the operating 

frequency can be tuned to desired band by varying the ground plane length. 

It is also observed that the antenna response is good at Lg=6.5 mm, 

represented by blue line 

By changing the length of the ground plane Lg, the impedance matching 

between feed line and radiator altered. Variance of the impedance 

matching has an impact on flow of current along the radiator which further 

affects the radiation of the antenna that turns into frequency shift and 

return loss magnitude variation. 
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Note:- The ground plane length Lg=6.5 mm best suits for the antenna 

requirement  so it is chosen for proposed design as shown in Table:2 given 

above. 

   6.5 Effect on the results w.r.t change in the Center Slot parameters: 

The parameters of center slot are shown in figure 6.9 and the impact of 

changing of these parameters is also discussed in detail. 

                                            

                       Fig: 6.9 Parameters of center slot   

The change in Width (Wcs) and length (Lcs) of center slot influences the 

performance of the antenna and it effects resonance frequency and return 

loss magnitude. It also changes the impedance bandwidth of the antenna. 

The figure 6.10 shows the results obtained for different values of center slot 

width.   

 

                              Fig: 6.10 Results with change in Center Slot width (Wcs) 
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For the center slot width of 8mm and 9mm the impedance bandwidth is 477 

MHz and 457 MHz respectively for lower operating frequency. For upper 

operating band, it is 641 MHz and 480 MHz . The antenna is resonating 

almost at 2.42GHz with return loss value of -25 dB for lower operating 

frequency. For higher frequency band it is resonating at 5.21 GHz but return 

loss is low for Wcs =9mm as compared to Wcs =8mm. 

For Wcs =10mm and 12mm the antenna is not resonating well and showing 

response for upper frequency band only. 

The results obtained by variation of the length of the center slot are also 

shown in figure 6.11 and discussed in detail below. 

 

                              Fig: 6.11 Results with change in Center Slot length (Lcs) 

As shown in graph the results are obtained for Lcs = 18mm, 22mm and 

26mm. The impedance bandwidth is almost same for all length sizes of 

lower operating frequency but return loss varies with length. The peak S11 

response is-32 dB that is for slot length of 26mm at 2.46 GHz. The antenna is 

resonating at 2.4 GHz at slot length of 18mm for lower operating band. 

At upper band, for both slot length values  of 18 mm and 22mm the 

resonating frequency is same i.e. 5.22 GHz with a return loss of -24.96 dB. 

By further increasing the length to 26mm the resonant frequency is shifted 

upward to 5.31 GHz and the return loss is -24.96 dB. 
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Summary:  As the center slot width of the antenna increases the response is 

getting deteriorated due to the declination of the the current concentration 

at the edges. Change in the width and length of the center slot modifies the 

current paths along the surface of the rectangular radiating elements.  

Radiating elements work as rectangular loop, the affective area for current 

flow is changed along the loop that causes a frequency and return loss 

shifting. It is also observed that the antenna is working well for Wcs =8mm 

and Lcs = 18mm which is shown by blue line. 

 

Note: The results show that the antenna is working excellent for width   

Wcs=8mm and length Lcs =18mm so these values are chosen for proposed 

design as shown in Table: 2  

 

 

 

 

 

 

 

6.6 Effect on the results w.r.t change in the Feed line parameters: 

The proposed printed monopole antenna is fed by 50 Ω transmission line. 

The figure below shows the Feed line parameters. The important parameter 

of feed is feed width which is adjusted to match the impedance to 50 Ω to 

avoid reflections and maximum transfer of power. 
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                                    Fig: 6.12 Feed line parameter 

                           

The figure 6.13 shows the results due to different values of feed width. The 

impact of these changes is also discussed. 

 

 

                              Fig: 6.11 Results with change in feed line width (Fw) 
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As shown for feed width Fw=0.5mm, 4mm and 6mm, an impedance 

mismatch occurred so antenna response was not good for these feed width 

values. For Fw = 2mm, the antenna has an impedance bandwidth of 479 

MHZ and return loss value is -25 .46 dB for lower band while for upper band 

the S11 response is -22.81 dB at 5.2 GHz. The impedance bandwidth for 

upper band is 689 MHz. 

Summary: Feed line width variation means moving characteristics 

impedance to upper or lower value from 50 Ω. Such changes turns to an 

impedance mismatch that results high return loss value and change in 

antenna generated resonant frequency modes. The feed line impedance is 

matched with radiating element with a feed width of 2mm. The  response of  

antenna for both operating bands is according to the requirements. 

Note: The feed width value Fw= 2mm is chosen for the proposed design as 

give in Table: 2, at this value impedance matching is achieved. The response 

of antenna for 2 mm feed width is represented by blue line. 
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Chapter: 7 Fabrication and measurement of cpw-fed printed monopole 

antenna 

       Based on the design parameters of figure 5.1, printed monopole antenna 

was fabricated. The antenna was printed on a substrate of Rogers material with 

dielectric constant 4.5. 

 As shown in figure 7.1 the antenna was tested using Vector network 

analyzer (VNA) and later the graph is drawn by Matlab software. It is 

evident by the figure 7.2 that antenna is resonating for upper and lower 

frequency bands. The response is nearly same as in simulated design for 

higher frequency band except that the S11 magnitude is higher. There is 

a shift in frequency and return loss magnitude at lower operating 

frequency. 

The variation in magnitude and resonating frequencies may be due to the 

manual soldering of SMA connector during testing with Vector Network 

Analyzer (VNA) that causes a deviation of the characteristic impedance of 

50Ω.The other reason might be due to the imperfection of substrate 

material used for fabrication. 

 

 

                                     

                             Backside                                  Frontside 

                                          Fig:7.1 Fabricated Antenna 
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                                 Fig:7.2 Measured Return loss (S11) Vs Frequency  
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    Chapter: 8 Specific Absorption Rate (SAR) 

Specific absorption rate is the measure of the rate at which the body 

absorbs energy when it is exposed to an electromagnetic field developed by 

radio frequency. It is also defined as the power absorbed by per mass of 

tissue and expressed in watts per kilogram (W/Kg). It is either measured by 

averaging across the whole body or over the small volume of the tissue e.g 

1g or 10g of tissue. According to European standard SAR limit for mobile 

phones normally used by public is 2 W/Kg averaged over ten grams of body 

tissue while in North America this limit is 1.6 Watts/Kg over one gram of 

body tissue. 

 

 

          Specific absorption rate can be calculated as; 

                           

Where  

              σ is sample electrical conductivity 

               E is the RMS electrical field 

                ρ is the sample density 

SAR was calculated for printed monopole antenna for both frequency 

bands. The results are shown below in figure 8.1. 
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                                                        (a) 

 

       

                                                                (b) 

     Fig: 8.1 Specific absorption rate (a) for 2.4 GHz (b) for 5.2 GHz 
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Chapter: 9 Conclusion and Future work: 

9.1 Conclusion: 

In this thesis a CPW-fed printed monopole antenna is proposed which 

consists of two rectangular radiating elements which has slightly different 

size, stacked on each other is proposed which fulfill the IEEE 802.11 

standard requirements. It has dual band of operation at 2.4 GHz and 5.2 

GHz frequencies and can be used for WLAN applications. The antenna is fed 

with 50 Ω coplanar wave guide (CPW) transmission line which is suitable for 

planar antennas. The antenna consists of slits and few slots which helps to 

improve the impedance bandwidth and return loss respectively. The 

antenna is compact in size and suitable to use for and personal 

communication system. 

It has been proved that the antenna operation is influenced by number of 

parameters; like ground plane size, shape and size of rectangular radiating 

elements, center slot etc. which affects the antenna operating conditions 

and desired performance. In the report number of discussions are made 

based on the facts that how the changing in different antenna parameters 

impact on the frequency response and impedance bandwidth of the 

antenna. The antenna was optimized to achieve the desired results. The size 

of the ground plane, monopole elements size and shape, feed width and 

center slot parameter variations result a shift in operating frequency, 

change in return loss and impedance bandwidth values. A slit is also 

introduced which improved the impedance bandwidth. Slots at upper 

rectangular element are helpful to resonate antenna at lower operating 

frequency and to improve the return loss value. 

The antenna has omnidirectinal pattern for both E and Plane. The proposed 

antenna has directivity of 4.31 dBi and gain of 4.22 dB for 5. 2GHz. For 2.4 

GHz the directivity is 2.18 dBi and the gain is 1.84 dB. The antenna has very 

low return loss and high impedance bandwidth for 2.4GHz and 5.2 GHz 

WLAN standards. 
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9.2 Future Work: 

Printed monopole antenna demand is increasing day by day and it is gaining 

popularity, as it is suitable for many wireless applications. The antenna 

proposed in the paper is working for dual band operation only. By the 

implementing some modifications in the basic design parameters the 

antenna can be upgraded for UWB applications. The antennas for UWB 

application are becoming popular now days as such antennas are used in 

medical applications, precision locating and tracking applications and radar 

imaging. 

In the design of printed monopole antenna discussed in this paper, it is 

observed that with the variations in the ground parameters the frequency 

response of antenna is also changed. It is also noted that variation in the 

size and shape of the lower rectangular elements the upper band frequency 

is shifted to higher range of frequency. By changing and modifying these 

antenna parameters the change in the operation and response of the 

antenna can be achieved. So the antenna can be optimized for UWB 

applications and the impedance bandwidth of UWB antenna can be 

enhanced.   

 

 

 

 

 

 

 

 

 

 



  Page 
74 

 
  

                                                                                                                                                                     

References: 

*1+ Xiaoxiang He, Sheng Hong, Huagang Xiong, Qishan Zhang.: ‘ Design of a 

Novel High-Gain Dual-Band Antenna for WLAN Applications’, Antennas and 

Wireless Propagation Lett., 2009, 8, pp. 798-801 

*2+Liu, W.C., and Wu, C.M.: ‘Broadband dual-frequency CPW-fed planar 

monopole antenna with rectangular notch’, Electron. Lett., 2004, 40, (11), 

pp. 642–643 

[3] Liu, W.C., and Chen, W.R.: ‘CPW-fed compact meandered patch antenna 

for dual-band operation’, Electron. Lett., 2004, 40, (18), pp. 1094–1095 

*4+ Moon, J.I., Sim, D.U., and Park, S.O.: ‘Compact PIFA for 2.4/5 GHz dual 

ISM-band applications’, Electron. Lett., 2004, 40, (14), pp. 642–643 

*5+ W Liu and H Liu.: ‘Compact triple-band slotted monopole antenna with 

asymmetrical CPW grounds’, Electron. Lett., 2006, 42 (15), pp. 42-4 

[6] Soonho Hwang, Gyubok Park, Joonho Byun and Austin S Kim.: ‘A PCB 
Embedded Antenna for 2.4 / 5.2 GHz WLAN and 2.6 GHz SDMB /Wimax 
Applications’, Electron. Lett., 2008 pp. 2-5 

 
[7] A. Rathore, R. Nilavalan, H. F. AbuTarboush, T. Peter (2010).: ‘Compact 

dual-band (2.4/5.2GHz) monopole antenna for WLAN applications’,2010 

International Workshop on Antenna Technology (IWAT) p. 1-4 

*8+ S. C. Basaran and Y. E. Erdemli.: ‘Dual-band split-ring antenna design for 

WLAN applications, ‘Turkish J. Elect. Engin. Comp. Sci., 2008, 16, (1), pp. 

79−86       

[9]http://www.ittc.ku.edu/workshops/Summer2004Lectures/Overview_of_

Antennas.pdf (last visited 31 August 2011) 

      [10]Kraus.JD (2001), “Antennas”, Second Edition, Tata McGraw-Hill 

Publications. ISBN 0-07-035422-7. 



  Page 
75 

 
  

[11] http://www.antenna-theory.com/antennas/monopole.php (last visited 25 

August 2011) 

[12]http://searchmobilecomputing.techtarget.com/definition/dipole-antenna 

(last visited 26 August 2011) 

[13] http://www.radio-electronics.com/info/antennas/dipole/dipole.php    (last 

visited 20 August 2011) 

[14]Richard C.Johanson, “Antenna Engineering Handbook”, 3rd Edition, McGraw 

Hill Inc., ISBN 0-07-032381-X. 

[15] X.l Bao & M.J Ammann, “investigation on UWB printed monopole antenna 

with rectangular slitted ground plate”, Microwave and Optical technology 

letter/vol. 49, no. 7, July 2007. 

[16] Garg.R, Bhartia .P.Bhal .I and Ittipiboon. A (2001),“Microstrip Antenna 

Design Handbook”, Artech House INC.ISBN 0-89006-513-6. 

[17] http://www.qsl.net/n1bwt/chap4.pdf (last visited 09 July 2011) 

[18]    http://www.montgomerycollege.edu/Departments/cadtecgt/es100c 

/materials/Bern/parabolic %20antennas.pdf 

[19]Constantine A.Balanis (2005) “Antenna Theory Analysis and Design, Third 

Edition, WILEY & SONS, INC., publication, ISBN 0-471-66782-X. 

[20] Kyungho chung, Jaemoung Kim and Jaehoon Choi, Kyungho Chung, 

Jaemoung Kim and Jaehoon Choi, “Wideband Microstrip-Fed monopole 

antenna having frequency band-band notch function”, IEEE microwave and 

wireless components letter, vol.15, no.11.November 2005. 



  Page 
76 

 
  

   [21] Hua Ming Chen & Yi-Fang Lin, “Printed Monopole Antenna for 

2.4/5.2GHz Dual-Band Operation”,IEEE Antenna and Propagation Society 

International Symposium,vol.3,page:60-63,june 2003. 

 *22+ John Leonidas Volakis, “Antenna Engineering Handbook”, Fourth Edition, 

McGraw-Hill (2007), ISBN 0-07-1475745. 

 *23+ A.A Eldek and A.Z. Elsherbeni and C.E Smith, “Square Slot Antenna or Dual 

Wideband Wireless Communication System” Journal of Electromagnetic Waves 

and Application. Vol.19, no.12,1571-1581,2005. 

 [24] Bharat Bhushan agrawal, Vibha Rani Gupta, “Improvement of Impedance 

Matching of a Rectangular Monopole Antenna”, Vol.14 no.1-04, September 

2008 

[25] young Jun Cho,Ki Hak Kim,Soon Ho Hwang and Seong –Ook park,                    

“ A Miniature UWB Planar Monopole Antenna with 5GHz band-rejection 

Filter”,IEEE transactions on Antenna and Propagation Vol.54,Issue:5,page1453-

1460,May 2006.  

[26] http://202.194.20.8/proc/IWCMC2008/Data/02-10-03.pdf (last visited on 

June 10 2011) 

[27] James JR, Hall.P S, “Handbook of Microstrip Antennas”, Peter Peregrines 

Ltd., London, United Kingdom. ISBN 0-86341-1509 

[28] http://www.ecs.umass.edu/ece/pozar/aperture.pdf (last viewed on 

August 12 2011) 

[29] http://microstrip-antennas.blogspot.com/2008/06/feeding-methods.html 

(last visited on 02 September 2011) 

[30] http://microstrip-antennas.blogspot.com/2008/06/feeding-methods.html 

(last viewed on 01 September 2011) 

[31] http://www.interfacebus.com/Antenna_Terms_R.html (last visited on 03 

July 2011) 



  Page 
77 

 
  

[32]http://www.cst.com/Content/Applications/Article/Ultra-Wide- 

Band+Printed+Circular+Dipole+Antenna (last visited on 23 June 2011) 

*33+ K D and Prasad, “Introduction to Antenna and Wave Propagation”, Second 

Edition, Satya Publication, (2008). 

[34] http://www.hdtvantennalabs.com/antenna-definitions.php (last visited on 

April 2011) 

[35] http://www.orbanmicrowave.com/The_Basics_Of_Patch_Antennas.pdf 

(last visited on 10th July 2011) 

[36] http://www.colorado.edu/physics/2000/waves_particles/images/fig14.jpg 

(last visited on 27 September 2011) 

 

 

 

 


