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Abstract  
 

The planar dual band monopole antenna is presented in this project report for Long Term Evolution 

(LTE). The proposed planar monopole antenna is selected because of its simple structure, cost 

effective components and excellent performance. The antenna operates in 3.4 GHz to 3.6 GHz and 3.6 

GHz to 3.8 GHz in desired LTE frequency band. The frequency bands 3.4- 3.6 GHz and 3.6- 3.8 GHz 

are already available as a study of current plan according to UMTS and LTE   systems.  

The designed antenna works parallel with the LTE radio access; packet core networks are also 

involved. A very well developed and good designed antenna relaxes the other system components and 

improves the performances of the whole system. For the portable application and for the multiband 

scenario, planar monopole is the best candidate for the proposed two bands. LTE (3.4 GHz-3.6 GHz) 

and LTE-Advanced (3.6 GHz-3.8 GHz) antennas are designed for portable wireless devices. 

Radiation pattern and operating frequency are varied according to feeding of antenna.  Return loss, 

radiation pattern, antenna efficiency, bandwidth and gain are important parameters of the designed 

antenna and are measured after simulation through CST Microwave Studio. The designed antenna is 

then fabricated in KTH antenna Lab. 
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Abbreviations 
 

CST MWS: CST microwave Studio 

CPW: Coplanar waveguide 

E field: Electric field 

H field: Magnetic field 

TE mode: Transverse Electric mode 

LTE: Long Term Evolution 

PCB: Printed Circuit Board 

3 G: Third Generation 

GSM: Global System Mobile Communication 

DCS: Digital Cellular System 

PCS: Personal Communication Service 

UMTS: Universal Mobile Telecommunication System 

RF: Radio Frequency 

SAR: Specific Absorption rate 

SAR: System Architecture Evaluation 

dB: Decibel 

S-Parameters: Scattering Parameters 

VNA: Vector Network Analyzer 
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1 Introduction 
 

Now a day’s mobile networks are being developed with an incredible rate. Every day more users and 

more areas are included in the network coverage throughout the world. More offices and educational 

institutions are getting connected with the internet. In past few decades  through the development of 

the electronic communications we got many portable devices i.e., laptops, iPod, i-Phones and these 

devices have given the freedom of getting information when even someone is travelling on the bus by 

connecting with the provided wireless networks. For the growing demand of the customers’ now new 

bands for the communication is proposed. The LTE (Long Term Evaluation) is one of the new 

communication bands for the mobile access SAE (System Architecture Evaluation) networks. This 

band can be used for mobile phones, fixed or portable wireless networks and can deliver a lot for 

benefits to the customers such as increased capacity, less system complexity, lowering costs etc. It 

gives the chance for the operators to meet the increasing customer’s demands, providing richer 

services and also cost effective to the subscribers. There are two nodes in the SAE architecture user 

plane for LTE system, one is called LTE base station (eNodeB) and other is called the SAE Gateway. 

This architecture reduces the number of involved nodes in the connections [1]. The important facts 

needed to be considered for designing LTE network are that the LTE network should have the 

transmission cost lower than the 3G networks and with better user experience, it must have the option 

to operate with a wide range of frequency bands, it has to have simple architecture and have to use 

open interface, and it should have reasonable power demands on mobile. 

With the fast growth of electronics and wireless communications there is a growing demand to 

combine more than one wireless communication service in portable device, there have been significant 

impact in developing low cost multiband antenna design in different antenna such as Monopole and 

PIFA. Currently portable devices with small internal antennas are already in the market. Designing an 

internal antenna for portable devices is difficult especially when dual or multiband operation is needed 

[2, 3]. 
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1.1 Objectives 
 

The main objective of this thesis work is to focus on planar monopole for portable antennas and to 

observe the return loss, gain and bandwidth which are covering LTE bands. For achieving main goal, 

the tasks are divided it into the following sub tasks: 

 To interface the theoretical knowledge to the challenge of work and to model the planar 

monopole antenna. 

 To design the proposed planar monopole antenna and then simulate. 

 To see the desired parameter results such as return loss, antenna gain, directivity, SAR and 

bandwidth etc. 

 As a final step, to fabricate the designed and simulated antenna and observe an agreement 

between simulated and real-time taken results. 
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2 Design Components and Parametric Evaluation of patch 
antennas 

 

2.1 Theoretical analysis of different antenna 
 

The Electromagnetic radiators are applied in different areas and applications according to their 

different behavior. In some applications, the hardware contains large monopole, dish, satellite, horn, 

sectorial and array antennas. Such antennas are useful in the open air environment where we have to 

deal with the large distance communications. Similarly when we are generally dealing with the Radio 

Frequencies, Microwave frequencies or the tera-hertz frequencies, the antennas with small size, light 

weight and simple structure are preferred in most communication systems because such antennas are 

developed and built either to place in-house environment or to place in the structure of some 

communication systems and devices. A good example of such a system is the placing of microstrip 

antennas within a mobile phone casing.  Microstrip antenna can meet all of the above mentioned 

requirements and various kinds of microstrip patch antennas have been developed and verified for use 

in mobile communication systems [14,15]. The practical applications for mobile communication 

system are in portable or pocket-size equipment such as modern I-phones, Man pack Radar, in 

automotive industry etc. 

Depending upon the applications of microstrip antennas, in our thesis work such a similar patch 

antenna is suggested since in our project work we have to utilize a patch antenna in mobile phone used 

for LTE applications, so a similar patch antenna named planar monopole antenna is selected regarding 

its compatibility and simple structure. 

2.2 Different Microstrip Antennas configurations 
 

Microstrip antennas are characterized by the large number of physical parameters. There can be many 

geometrical shapes and dimensions of microstrip antennas. Generally the microstrip antennas can be 

categorized in four basic groups which are: microstrip patch antennas, printed slot antennas, microstrip 

printed dipole and microstrip travelling wave antennas [26]. 

2.2.1 Microstrip Patch Antenna 
 

A microstrip patch antenna consists of a conducting metallic patch on one side of the substrate and a 

conducting ground plane on the other side [26]. Due to their simple structure they are highly preferred 

in modern communication systems. Despite of their dimensions and shapes, the characteristics of all of 
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the microstrip antennas are almost same because all the microstrip antennas behave like the dipoles. 

Typically these antennas have gain between 5 dB to 6 dB.  

 

 Figure 1  Microstrip Patch Antenna 

 
However, the return loss of this microstrip antenna when simulated in CST microwave studio, at the 

proposed frequency, gives the down-peaks at the undesired frequencies as shown in figure below. 

Since our desired frequency ranges from 3.4 GHz-3.6 GHz and 3.6 GHz-3.8 GHz for two bands, we 

are interested to get the reflection peaks at the middle frequencies of the available frequency band. But 

in case of microstrip patch antennas, we observe the antenna resonating at other frequencies thus it can 

be concluded that this antenna is not a right choice for the LTE applications. Nevertheless the gain of 

antenna was observed quite acceptable after simulation but according to the requirement, we needed to 

keep in consideration the all parameters of the antenna to be selected.  

 

 

Figure 2  S11 for Microstrip Patch Antenna 
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2.2.2 Printed Dipole Antenna 
 

Printed dipole antennas are different from microstrip patch antennas in dimensions and geometry. 

They differ from microstrip antennas by their length to width ratio. The radiation pattern of printed 

dipole and patch antenna are similar in having their longitudinal current distributions. The radiation 

resistance, X-polarization, and bandwidth differ widely. They are widely used in certain environments 

where compact antenna size and linear polarization is a requirement. They are quite useful for 

achieving larger bandwidth over high frequencies by possessing the electrically thick substrate. The 

printed dipole antennas are shaped by having symmetrical structure mounted on thick substrates for 

example: H-shaped, Cross-shape, U-shaped etc. 

 

 

  Figure 3  Microstrip Dipole Antenna 

 

In case of printed dipole antenna, the gain is mostly inclined in the Phi-direction as can be seen in the 

figure below. The printed dipole antennas are quiet excellent while working for the lower frequencies. 

The gain can be achieved acceptable in Theta or Phi direction by maintaining the polarization. But as 

we expect the behavior of these antennas at higher frequencies, their reflections and the gain starts 

disrupting up-to a large extent. A simulated version of printed dipole antenna regarding its gain at 

lower frequency is shown in figure below. Thus antenna cannot be considered as a right candidate for 

the specific LTE applications for higher frequencies. 
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Figure 4  Far field gain for Printed Dipole Antenna 

 

2.2.3 Printed Slot Antenna 
 

Printed slot antennas consist of an etched slot in the ground plane of grounded substrate [26]. Patch 

shapes can be visualized as printed slots embedded into ground. The slots can be of some specific 

shapes such as rectangular slot, annular slot, rectangular ring slot and tapered slot. Like any other 

microstrip antenna, the slot antennas can be fed either by microstrip line or co-planar waveguide. Slot 

antennas are typically bidirectional antennas which conduct on both sides of the embedded slot. 

 

Figure 5 Printed Slot Antenna 

Printed slot antennas are considered as a good candidate for the LTE applications but they reflect their 

power at undesired down peaks as can be shown in figure below. As described earlier, our frequency 

ranges from 3.4 GHz to 3.6 GHz and 3.6 GHz to 3.8 GHz, so we need such an antenna which could 
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well radiate at the middle frequencies for the lower and the upper frequency bands because our 

ultimate goal is to make the usage of antenna for LTE application within the prescribed frequency 

band. If we observe, the antenna is resonating at undesired frequencies and is giving the maximum 

reflections at the center frequency of our available frequency band. However, this slotting technique 

can be utilized to get the desired resonance at the desired frequencies. By observing this typical 

behavior of this slotting technique, we have used this concept in the next part of planar monopole 

antenna, which exactly resonate at our desired frequencies. With the desired gain of the antenna can be 

achieved by inserting the slots in the proposed antenna. 

 

 

Figure 6  S11 for Printed Slot Antenna 

 

2.2.4 Microstrip Traveling-wave antenna 
 

 Microstrip traveling-wave antennas consist of continuous zigzag conductor of sufficient width to 

support the TE (Transverse Electric) mode. The other extreme of this antenna is terminated with a 

matched load to avoid the standing waves. Rampant-line antennas, square loop antennas and crank 

type antennas are some examples of microstrip traveling-wave antenna.   

As discussed, the choice of antenna is important with respect to the applications in consideration. 

Various patch antennas behave likely at some points and differ greatly when dealing with some 

specific applications. Alongside the microstrip antennas have certain drawbacks which limit their 

utilization in one way or the other. For example, the patch antennas are narrow bandwidth, somewhat 

lower gain, normally they radiate into half space, lower power handling capability etc. the limitations 

described above can be overcome by using another specific type of antenna named planar monopole 

antenna.  

 



Jahurul                    Antenna design for portable applications in LTE band 

8 
 

 

 

  Figure 7  Microstrip Traveling- Wave Antenna 

 

Slot antennas are considered a best choice with respect to the high gain and maximum power 

distribution in the desired direction. This concept can be well utilized with some other antenna design 

techniques to achieve the desired results efficiently. For example in this antenna, as we see from the 

figure below, the antenna is giving lower gain at the higher frequency but high gain at the lower 

frequency. Since our frequency band supposed for the LTE applications is a lower frequency band 

with respect to this slot antenna, so we can use this technique to achieve our goal efficiently. The gain 

at lower frequency band ranging from 3.4 GHz to 3.6 GHz can be achieved excellently by using this 

zigzag slotting technique. Since this antenna has the strong capability to distribute power in a 

reasonable manner in a specific direction, so we will use this choice in combination with the slot 

antenna to get the desired goal of multiband resonance and acceptable gain at the desired frequency in 

the next planar monopole antenna. 

 

 

Figure 8  Far field gain for Microstrip Traveling-wave antennas 
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2.2.5 Planar Monopole Antenna 
 

Planar monopole antennas are structured in a same way as the other microstrip antennas. However the 

geometry, dimensions and characteristics of this antenna distinguish it from the rest of the antennas 

and make it appealing for LE applications. Generally, these antennas are printed on a substrate of 

lower standard thickness and with lower dielectric constant. With respect to its sophisticated and 

simple structure, it has a good advantage to be housed in the mobile phones. The monopole antennas 

can be concatenated with certain other shapes printed on the substrates to achieve the required 

objective. As we discussed in case of travelling wave antenna, they operate in TE mode and 

exclusively ensure sufficient bandwidth, whereas the planar rectangular patch antennas due to their 

simple shape can provide higher gain but limited bandwidth similarly the monopole antennas also 

possess higher directivity and gain. Thus in our case, we have concatenated these three shapes on a 

single standard substrate to achieve the objective and to address the challenges in modern LTE 

systems. 

The proposed antenna behaves very well over the entire frequency range (3.4 GHz-3.8 GHz) and 

provides the less reflections, high gain and better bandwidth at two different points on the spectrum. 

As discussed earlier, the LTE and the UMTS works in two different bands at a time, so the proposed 

antenna cannot be avoided for having its candidacy for these two new technologies. This antenna gives 

a minimal reflections and relatively sufficient bandwidth from 3.4 GHz to 3.6 GHz and then 3.6 GHz 

to 3.8 GHz over two frequency bands. Similarly the good gain and directivity can be ensured by using 

this antenna which will be shown in next sections. 

2.3 Parametric Evaluation of Planar Monopole Antenna 
 

The performance of any antenna can be judged by evaluating its parameters. While focusing 

the LTE and UMTS communication systems, mainly, the antennas are supposed to have 

higher gain, sufficient bandwidth, good impedance matching, and relatively lower level of 

SAR (Specific Absorption Rate).  

 2.3.1 Directivity 
 

The directivity of an antenna defines the antenna’s capability to focus the energy in one or more 

specific directions [4].It can also be defined by the ratios of radiation intensity in a particular direction 

from the antenna to radiation intensity averaged over all directions [3]. 
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                                                             퐷 = 4π                              (1) 

                                                              

where, D is the directivity (dimensionless), U is the radiation intensity (W/sr) and Prad is the total 

radiated power (W).  

Regarding the proposed planar monopole antenna selected specifically for LTE applications, the 

directivity casts a strong effect. If for example, the directivity is lessen in any antenna selected for LTE 

or UMTS then the supposed amount of energy cannot be achieved at a certain point and in certain 

direction. The directivity depends upon the radiated power and the radiation intensity such that the 

actual polarization of the antenna is assured. The directivity of an antenna can be affected by 

increasing or decreasing the patch width and thickness of the used substrate. Thus, if the thickness of 

substrate and width of patch is increased an equal enhancement in the directivity of antenna can be 

observed. In our case, the radiated power and radiation intensity are kept constant, so the directivity is 

also depending upon which polarization is being used.  

2.3.2 Directivity with cross Polarization 
 

For any microstrip patch antenna fed within or near to its center, mainly possess the cross-polarization 

and as the frequencies approach to their peak points, the level of cross polarization also does increase. 

The cross-polarization E = 0 and H=90, so the planar monopole antenna cannot direct the energy in its 

E-plane.  

2.3.3 Directivity with linear Polarization 
 

Any antenna with a rectangular or annular shape, possess the linear polarization, since our proposed 

antenna is a combination of rectangular and linear meander-lines printed on the substrate, so it 

experiences a linear polarization. In case of an antenna having linear polarization it has E=90 and 

H=90 which means that the energy is equally distributed in both E-plane and H-plane. 

2.3.4 Antenna Gain 
 

 The antenna gain is the ratio of intensity in a specified direction to the radiation intensity of an 

antenna isotropically radiating the power in all directions [3]. Gain can be determined by following 

equation.  
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                                퐺 = 4π ( , 	)                                                     (2) 

                                

Where, G is the antenna gain and Pin is the total input power. 

As described earlier that the LTE communication systems work over two frequency bands, so the 

antenna used for LTE should have relatively higher than 3 dB for lower frequency and higher than 5 

dB for the higher frequency band. The planar monopole antenna behaves very well over two 

prescribed frequency bands regarding expected gain for LTE applications which will be shown in the 

simulation part. 

2.3.5 Radiation Patterns 
 

 Antenna radiates electromagnetic waves in different directions which are described by the radiation 

pattern. A radiation patterns is gathering of energy in three dimensional spaces and it can be shown in 

Cartesian or polar co-ordinates. The number of radiating lobes can be addressed either by increasing 

height of substrate or the dielectric constant. For LTE applications, the selected antenna should have 

reduced back or the side lobe levels, so that the energy could be directed better in the mainstream of 

the major lobe. Since the behavior of the planar monopole antenna is checked in FAR-field region 

when dealing with LTE so the radiation pattern can provide a better understanding of the directed 

energy which will be shown in simulation part. 

2.3.6 Return Loss 
 

Another important parameter of the antenna is the return loss. It can be defined by the ratio between 

the incident power and the reflected power. Mismatch may occur between the transmission line and 

the load. 

                                             Γ = 푆11 =                                                 (3) 

Where, ZL is the antenna’s impedance, Z0 is the characteristic impedance and the return loss is 

presented in dB, [5].  

Infect the return loss guarantees the performance of any antenna with respect to the proper power 

utilization. If there is a greater mismatch between the input power and the output then a large number 

of standing waves are generated towards the source. These standing waves result in a certain level of 

antenna’s inefficiency. They are harmful for two reasons; firstly, if these waves reach to the source 

they can case damages to the source and secondly, the input power fed to antenna is not actually fed 

but reflected back. Thus impedance matching is an important figure of merit regarding any resonating 
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device. The matching of antenna depends upon the type of feed line used to feed antenna, thickness of 

the substrate used in the design and the dielectric constant of the substrate [25, 26]. 

2.3.7 Resonant frequency 
 

 The resonance of any Antenna depends on its design and structure. Resonant antennas radiate into 

radio signal for frequencies close to its desired frequency [4]. 

An important parameter of the antenna design is the operating frequency or the resonant frequency. It 

provides the range of frequencies for which antenna operates. Resonance frequency point occurs 

where the inductive reactance of the inductor is equal to the capacitive reactance of the capacitor. The 

resonant frequency of any resonator depends upon the input impedance, the dielectric constant used in 

the substrate and height of the substrate used in the design process. The reason is, as we affix the 

resonating frequency of an antenna, we need to reduce its reactance so that it could perform its 

operation in a specified resonating mode. Furthermore, the geometry and the dimensions of specific 

antenna, play a vital role in assuring the exact resonating frequency of the antenna. In our case of 

planar monopole, we have accumulated the substrate characteristics, board dimensions and the 

geometrical configuration the printed design. Since any patch antenna works as a parallel R-L-C 

circuit, so at the same time it gives impedance, capacitance and inductance. Due to which the exact 

functionality of the antenna can be challenged and the antenna is not in a position to work at the 

desired resonating frequency. This challenge is addressed by using the different printed design on the 

substrate in connection with the reactance suppression and impedance matching.   The proposed planar 

monopole antenna resonate at two different frequencies 3.5 GHz and 3.78 GHz which are the middle 

frequencies for the lower and the upper frequency bands within the available spectrum. 

 

  Figure 9  Resonant Frequency 

An abstract understanding of the resonating frequency can be visualized in Figure 9 
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2.3.8 Impedance Matching 
 

The input impedance of antenna, Z in is defined as the real and reactive part as seen at the port of 

antenna. 

                                Z in=Res+jXa   (4) 

Where, Res (resistance) shows the radiated power and jXa (reactance) shows the reflected power.  

As discussed earlier, the reflections of an antenna depend upon how goodly or badly it is matched to 

its load. Along with the chosen substrate, its thickness and the geometry of the design, the impedance 

also depends upon the effective feed and the skin depth to some extent. The basic parameter when 

working with radio frequencies or the microwave frequencies is to focus its impedance. Since all the 

rest of other parameters are interlinked with it. If, unfortunately there is a bad mismatch between 

source and load, the reflections will arouse and resulting in an accusation narrower bandwidth. In our 

case, the antenna is subjected to its use for 50 Ohm system, so the printed circuit on the board carries 

the optimized thicknesses and lengths of the etched meandered and other slot lines. Likewise, the feed 

point of the microstrip feed-line greatly influences the matching of antenna. It is proven that the input 

should be given at the center of the feed-line to the antenna.   

2.3.9 Efficiency 
 

The antenna efficiency depends on the antenna structure or the radiation resistance while total 

efficiency is similar to radiation efficiency but it includes also losses due to mismatch. The efficiency 

of antenna is a ration of radiated power to the input power. If the radiated power is larger in respect of 

input applied power, the antenna is said to be efficient but the efficiency always lie between zero and 

one. In general an antenna can be visualized by looking at its efficiency.  

2.3.10 Specific Absorption Rate (SAR)  
 

SAR is defined as follows 

                                             푆퐴푅 = ∣ 휠 ∣   2 [ W/Kg]                                                         (5) 

Where, E is the electric field, 휎 is the conductivity (S/m), and 휌 is the power loss density (w/m3) [23]. 

SAR is a critical parameter of an antenna. If there is higher level of SAR, the antenna needs to be 

changed. Because the SAR provides a relationship between conductivity and the density of the object 

exposed to antenna.  For the case of antennas housed in mobile phones, the SAR level should be 
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controlled because of having a direct physical touch with human ear. So, a controlled level of SAR is 

ensured in case of planar monopole antenna which is shown in simulation part. 

2.4 Design Components of Planar Monopole Antenna 
 

The construction of any antenna requires number of individual components which are used to build the 

antenna. Typically, the microstrip patch antennas may require relatively large number of components 

for its composition. Because there are many challenges related to the patch antennas regarding their 

size compaction, simple structure, ease of fabrication and the insurance of sufficient bandwidth to 

make it practical for the desired application. In this section the components used to design and built 

the antenna are discussed briefly. 

2.4.1 Dielectric Material and its Characteristics 
 

The first step in designing an antenna is to choose an appropriate substrate. The substrate in microstrip 

antennas is principally needed for the mechanical support of the antenna metallization. To provide this 

support, the substrate needs to consist of dielectric material which drastically affects the electrical 

characteristics of the antenna and transmission line. 

Substrate choice and evaluation are essential parts of the design procedure. Many substrate properties 

need to be considered. The dielectric constant, loss tangent and their variation with temperature and 

frequency, homogeneity, isotropicity, thermal coefficient and temperature range, dimensional stability 

with processing and temperature and thickness uniformity of the substrate are all of importance. 

Similarly, other physical properties such as resistance to chemicals, impact resistance, strain relief, 

formability, bond ability and substrate characteristics when clad are important in fabrication. 

Traditional microstrip antennas at microwave frequencies use substrates such as PTFE, quartz and 

honeycomb for good radiation efficiency. These offer excellent electrical performance but the 

resulting substrate costs are often too high for commercial civilian applications such as data 

transmission direct broadcasting satellite reception and so on.  

Antenna efficiency can be increased by loading high dielectric material surrounding it. Antenna’s 

dimension can be reduced by high permittivity material. Generally the shape and the permittivity of 

the dielectric affect the size reduction. However, the main drawbacks of high permittivity dielectric are 

the higher dielectric losses in practice and are commonly considered in the antenna construction [17, 

18]. In case of our proposed antenna, FR4 is used as substrate with dielectric constant 4.4. The price of 

built printed antenna is directly related to the substrate and connectors costs. FR4 is a widely used 

material for planar mobile antenna and digital circuit boards nowadays. Its low cost, easy availability 

and ease of fabrication are its strengths. 
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 2.4.2 Effect of finite ground plane 
 

It is observed in the analysis and design of planar monopole antennas that the size of ground plane can 

be finite, infinite or partial .Finite ground plane is implemented for proposed antenna. Finite ground 

plane also gives rise to scattered radiation in the backward direction. It gives rise to diffraction of 

radiation from the edges of the ground plane resulting in changes in radiation pattern, radiation 

conductance. The ground plane effects on the resonant frequency of antenna. It is observed that the 

ground plane having size equal to the patch, gives the higher resonating frequency than the one with 

infinite size. It is also observed that the effect of finite plane is higher on E-plane than that on the H-

plane. Since in our design we have focused more on the E-plane, therefore we have used the full 

ground plane having size equal to that of patch size [25, 26]. 

2.4.3 Feeding Techniques and Modeling 
 

Microstrip antennas have radiating element on upper side of a dielectric substrate. To make it radiate 

properly the accurate feeding is a compulsion. Since the accurate feeding of any radiating element 

plays vital role in maximal power transfer from source to the radiating element resulting in the lower 

efficiency of antenna under observation. The point of feeding, and length or width of the feed-line 

should be adjusted by optimization process. The early microstrip antennas were fed either by a 

microstrip line or a coaxial probe through the ground plane. Since then a number of new feeding 

techniques have been developed. Prominent among these are coaxial feed, microstrip feed, 

electromagnetically (proximity) coupled microstrip feed, aperture coupled microstrip feed, and 

coplanar waveguide feed (CPW) [25, 26]. 

2.4.3.1 Coaxial Probe Feed 
 

Coaxial probe feeding is a specific feeding technique in which the radiating element is fed by the 

direct connection of an inner conductor of the coaxial cable.  The substrate cylinder of the cable is 

exposed to the substrate designed and the outer most shielding is connected directly to the ground. In 

case of coaxial feed, a hole equal to the size of the substrate cylinder is made inside the substrate 

material through which the inner conductor and substrate cylinders are passed. Then from the other 

end of the cable, the input power is delivered to excite the antenna. This feeding technique is taken as 

the most accepted one because by using this technique, relatively higher bandwidth can be achieved. 

This feeding method provides a better interface between the source and load and thus the antenna’s 

impedance is improved. On the other hand, this feeding method has also some drawbacks which limit 

its usage regarding the applications. Firstly, the coaxial feeding method requires number of solder 

joints which gives and results in reduced radiation. The resulting feed point of microstrip line is almost 
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the same as like that of coaxial probe. Thus likewise coaxial probe feed the usage of microstrip feed 

line a difficult situation during fabrication and compromises reliability. Secondly, to make an antenna 

more broadband, relatively a larger coaxial cable is required. This very fact gives rise to the spurious 

emission, larger inductance and surface waves. Thirdly, with the emergence of new and compact sized 

antennas and structures, the usage of coaxial probe is now limited to only few old fashioned relatively 

larger systems [25, 26]. 

 

  Figure 10  Coaxial Probe Feed 

 

2.4.3.2 Microstrip Feed 
 

The excitation of microstrip antenna by microstrip line appears to be quite sophisticated and seems 

natural because by using this feeding method both the patch antenna and the feed-line can be 

fabricated simultaneously. When a microstrip line is excited by an electrical signal, it starts acting as a 

radiating element itself and thus these radiations couple with the radiations of patch.  This mutual 

coupling let the antenna to behave in another mode instead of its actual design mode. This 

phenomenon disrupts the impedance matching of the source and load and thus results in a narrower 

bandwidth.  The microstrip line blocks the radiation from the patch is also limited to some specific 

environments and applications [25, 26]. 

 

  Figure 11 Microstrip Feed 
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2.4.3.3 Electromagnetically coupled microstrip feed 
 

This feeding method is the non-contacting feeding method. In this technique the patch antenna is 

electromagnetically coupled with the radiations emitting from the microstrip feed line in the lower 

substrate. Basically in this method, the patch antenna is placed on an upper substrate and on the lower 

substrate the microstrip line is placed with an open end. The first end of the underneath lying 

microstrip line is fed by electrical signal. The radiations emitting from this feed-line cast their effect 

on the upper lying patch which couples with the incoming radiations and starts radiating. The coupling 

between microstrip and patch is capacitive in nature. This method is excellent to achieve relatively 

larger bandwidth. For this feeding method the microstrip feed-line should be placed on a thinner lower 

substrate. However this requires high level of accuracy and is more complex during its fabrication 

process [25, 26]. 

 

 

Figure 12  Electromagnetically coupled microstrip feed 

 

2.4.3.4 Aperture Coupled Microstrip Feed 
 

This feeding method provides dramatically wider bandwidth and provides a good shielding to the 

radiating patch from the radiation emitting from the feed structure. In this technique a common ground 

is used to separate two substrates placed back to back. A microstrip line is electromagnetically coupled 

to the patch through a slot in common ground. The slot shape and size can vary and is used to improve 

the bandwidth. To optimize the feed and the radiation functions, the substrate parameters are chosen 

independently. The radiations from the open end of the feed-line do not interfere with the radiating 

patch because of the shielding effect of common ground. Due to the non-disruption of the radiation 

functions, the polarization purity is guaranteed in this feeding method. However, due to layer substrate 

structure it is hard to fabricate [25, 26]. 
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  Figure 13  Aperture Coupled Micro-strip Feed 

 

2.4.3.5 Coplanar waveguide (CPW) feeding 
 

 In this feeding method two ground planes are placed on both sides of the feeding which are on the top 

of the dielectric medium; the ground planes and connectors are all on the same plane that is called 

CPW feeding. The basic structure of CPW feeding is shown in figure-14 for planar monopole antenna. 

 

  Figure 14  CPW Feeding Technique 

 

An advantage of a CPW feed is that the radiation from the feed structure is negligible because the 

coplanar waveguide is excited in the odd mode of the coupled slot line [21, 22, 24]. Due to this mode 

the equivalent magnetic current on both CPW slots radiate almost out of phase, contributing negligibly 

to the feed radiation thus purity in the polarization is promised.  



Jahurul                    Antenna design for portable applications in LTE band 

19 
 

During the implementation of the feed, a careful alignment of etchings on the two sides of the board is 

required. And also, the use of a microstrip line is not compatible with monolithic fabrication and 

therefore easier integration with active solid state devices is not possible. These issues have been 

addressed by the introduction of the coplanar waveguide (CPW) feeding in our proposed planar 

monopole antenna [25, 26]. 

2.5 Microstrip Slot-Meandered Line Antenna 
 

Monopole antennas are considered as λ/4 whip placed over a ground plane for operating at 1800 MHz 

for mobile communications. The monopole antenna requires a height of about 41 mm. It is not 

possible to integrate and place such large monopole antennas within the mobile phone. Monopoles can 

be transformed in the form of a helix, round coil or a folded loop to place in mobile phones for various 

mobile phone applications [12, 13]. 

For reducing antenna height more, a variety of novel dual – frequency monopole designs have been 

reported recently. These designs are considered with bending, folding or wrapping two–dimensional 

planar monopoles into three-dimensional structures [14, 15]. 

 Developed designs for achieving LTE dual frequency planar monopoles for mobile phones are shown 

in figure -15. Figure-15, it is cleared that dual–frequency operation is obtained by using a branch-line 

planar monopole comprising two printed meandered slot resonating at different frequencies. The 

antenna height from the mobile phone ground plane can be greatly reduced by using meandering 

techniques. This type of planar monopole is suitable for integration within the mobile phone housing. 

To obtain a much lower specific absorption rate (SAR), such a monopole is promising for mobile 

phones application. To reduce the backward radiations, the planar monopole antenna is an excellent 

candidate, which has the advantages of enhancing the antenna performance, improving the bandwidth, 

achieving relatively higher gain and directivity and reducing possible electromagnetic wave power 

absorption [11, 16, 19]. 
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Figure 15   A pictorial view of the finally selected meandered line-slot antenna 

 

2.5.1 Meandered Lines 
 

The finally selected antenna as shown in figure-15 comprises of three equally etched symmetric 

meandered lines with thickness equal to1.5 mm each. The length of the meandered lines is taken to be 

19 mm. The values for the lengths and widths have been chosen after doing number of optimizations. 

The zigzag meandered lines etched on left side of antenna guaranty the antenna to operate in TE mode 

only and thus resulting in the suppression of the standing waves. Thus by using these parallel lines, we 

have guaranteed the perfect matching of the antenna over the available frequency spectrum. 

2.5.2 Right-Hand rectangular Slot  
 

Likewise, we have also introduced a 2 mm rectangular slot on the right side of the proposed antenna. 

This slot acts as a parallel plate capacitor which reduces dramatically to any inductance incurred by 

the input signal. This rectangular slot in conjunction with the left hand meandered line plays a major 

role to enhance the bandwidth of the antenna with a directed radiated in a specific direction in FAR-

Field region. Thus by using this concatenated zigzag printed circuit, we can successfully achieve more 

than 3 dB desired gain for lower frequency band and more than 5 dB desired gain for the upper 

frequency band with lowest possible reflections during course of action.  
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3 Design, Simulation and fabrication of Meandered-Slot 
line Planar Monopole Antenna 
 

3.1 Meandered-Slot line planar Monopole Antenna 
 

The proposed antenna is presented in this section. A feeding to the proposed designed is assured by 

using CPW feeding technique as discussed earlier. On one side of the antenna a meander line is used 

and on the other side a rectangular slot is etched for LTE application. The design is concluded as a 

perfect choice for dual band mobile phones or portable communication applications. This idea comes 

from different microstrip antennas studied and implemented in CST microwave studio. 

The proposed planar monopole is printed on supporter with a bulk of 24*19 mm2 on top of FR4 

(Lossy) substrate of thickness 1.6 mm and relative permittivity 4.4 and bulk of 24*26 mm2. It consists 

of meander and slot line to achieve a broadband- dual band operation.  

The ground plane with thickness 1.0 mm and bulk 24*26 mm2 on bottom of FR4 substrate, adapts a 

typical circuit board of mobile handsets or portable devices. 

 
   Figure 16  Proposed Monopole Planar Antenna layout view 

To properly get the good results, the estimated values for the meandered and slot width have been 

chosen to be 1.5 mm and 2 mm respectively. And the feed width is chosen to be 1 mm.  

Since the microstrip patch antennas are not a good candidate when considering the broad band 

applications. In order to overcome that particular drawback, various techniques have been developed 

and implemented in real life environment, Because when the feeding is provided to the microstrip 

antennas, an unnecessary inductance is appeared which greatly affects the bandwidth of the antenna. 



Jahurul                    Antenna design for portable applications in LTE band 

22 
 

In order to overcome this issue, an equal width meandered line and slot is introduced in this design. 

This slot-meandered line acts as parallel plate capacitor. These parallel plate capacitors generate equal 

magnitude of capacitance which easily overcome the inductance and let the antenna work in a different 

mode. Which ultimately increase the antenna resonance and eventually a greater bandwidth is 

achieved. Moreover, the slot-meandered line antennas are bidirectional radiator that is why they 

radiate on both sides of the slot. 

3.2 Simulation and Optimization 
 

For proposed multiband antenna, CST microwave studio is used in our design simulation. There are 

many simulation techniques (transient solver, frequency domain solver, eigen mode solver, modal 

analysis solver) for the simulation in the CST which best fit their particular applications. The transient 

solver is the most suitable tool, which can achieve the entire broadband frequency behavior of the 

simulated device. For high frequency application such as connectors, transmission lines, filter and 

antenna, this solver is very efficient and equipped with the new multilevel sub gridding scheme which 

helps to improve the meshing efficiency and thus can significantly speed up simulations specially for 

complex devices.CST transient solver has different properties as follows 

 To calculate perfectly for loss free and lossy structures. 

 To calculate S-parameters from one single calculation run by applying DET to time signals. 

 To provide adaptive mesh refinement in 3D. 

 Antenna far field calculation including gain, beam direction, side lobe suppression etc. with 

and without far field approximation. 

3.3 Reflection Loss calculation and optimization 
 

In this section different parameters have been observed for the particular antenna during the simulation 

process. The S11 represents how much power is reflected from antenna. Suppose S11= 0 dB means 

that all the power is reflected from the antenna and no more is radiated.  

 

However S11= -10 dB means that if 3 dB of power is transmitted to the antenna -7 dB is the reflected 

power. The rest of power is called accepted power. This accepted power is either radiated or absorbed 

as losses within an antenna. The antenna gain and radiation pattern of antenna as well as other 

remarkable characteristics depend on the return loss. While antennas are typically designed to be low 

loss, the most of the power delivered to the antenna is radiated.  The proposed antenna structure is 

designed to achieve desired bandwidth at all the frequency bands with better return loss less than -6 

dB and acceptable radiation performance. The -6 dB return loss is acceptable to broadband application 
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for multiband antenna design.   Figure-17 represents the return loss optimization by changing the 

width of meandered and slot line. The red curve in the graph is for 1.5 mm gap and 2 mm gap for each 

meandered-slot line respectively. The green curve is 1.3 mm and 2 mm gap for each meandered-slot 

line orderly. The blue curve is 1.2 mm and 2 mm gap for each meandered-slot line accordingly. 

 

 
  Figure 17  Simulation, Optimization S11 (return loss) by varying slot width 

 

After finalizing the exact curve for the prosed antenna in figure- 18, the bandwidth less than 200 MHz 

is achieved for frequencies 3.45 GHz to 3.56 GHz whereas from 3.66 GHz to 3.89 GHz, we get 

bandwidth greater than 200 MHz .The reason for the less bandwidth for the lower band is that we need 

to compromise the bandwidth over other important parameters of antenna for example antenna gain 

and directivity. It is obvious that as we increase the bandwidth of microstrip antenna, the directivity 

and antenna gain decreases remarkably. In our case the directivity and antenna gain are more 

important than only the bandwidth. With respect to the application of proposed antenna, it possesses a 

comparatively higher bandwidth for the LTE and other relevant portable network applications. 
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Figure 18  Optimized S11 (return loss) 

 

Further analysis of the curve given in figure -18 gives us the information about complete frequency 

range considered during LTE applications .This figure shows that the antenna radiates best at 3.5 GHz 

and 3.78 GHz, where S11 = -15 dB and S11= -14.43 dB respectively. In addition, at 3 GHz the 

antenna will radiate virtually nothing, as S11 is close to 0 dB.  Moreover, when viewing the frequency 

plot of S11 for antenna, there is frequently a large decrease in the magnitude of S11 around the 

resonant frequency indicating that power is radiated well around the frequency. 

The bandwidth can be determined from the above figure. If S11 is -6 dB then the bandwidth of a 

signal is the difference between the signals stops and start frequencies. From above figure, for LTE 3.4 

-3.6 GHz to achieve 110 MHz bandwidth from marker 1- 2 and for LTE 3.6-3.8 GHz to get 230 MHz 

bandwidth from marker 3-4. 

3.4 Antenna gain 
 

As described earlier, gain of antenna in our case is an important factor of consideration. In this section 

a thorough evaluation of the antenna gain is presented for different frequencies.  Since gain and 

directivity of the antenna are correlated with the radiation efficiency, so increasing the gain of antenna 

in LTE applications guarantees the highest possible efficiency of the implemented antenna. It also 

ensures the good power delivery in the desired direction. 
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3.4.1 Gain at resonant frequency 3.5 GHz 
 

 For LTE (3.4-3.6 GHz), it resonates at middle frequency 3.5 GHz and it achieves gain 3.69 dBi (abs). 

The gain of antenna described in the figure below gives an impression that the power received far from 

planar monopole antenna is 3.69 dB greater than that of an isotropic lossless antenna having the same 

input power. 

 

 
Figure 19  The gain (3 D) of proposed Antenna at 3.5 GHz 

 
Figure 20  The gain (2 D) of proposed Antenna at 3.5 GHz 
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The power transmitted in the direction (theta, phi) described in figure 20; shows the peak of 

planar monopole antenna radiation to that of an isotropic antenna.  From this figure the ideal 

information about antenna’s gain including the losses can be obtained. Antenna gain 

expresses the function of angle in the form of a single logarithmic number (dB) so that the 

gain is at its peak position over all directions. 

3.4.2 Gain at resonant frequency 3.7 GHz 
 

For advanced LTE (3.6-3.8 GHz), it resonates at middle frequency  3.7 GHz and it achieves gain 5.7 

dBi (abs) which is acceptable in the applications of LTE or any other portable network because as the 

gain is higher, the more the power is radiated and the more the efficiency is achieved. The gain can be 

improved by introducing further meandered lines or the right handed slots in the design, but then it 

will disrupt the return loss due to the mutual coupling of the slots and the lines. Thus an optimized and 

the acceptable gain for this antenna are agreed for 3.7 GHz to be 5.7 dB. 

 

 

 
Figure 21  The gain (3 D) of proposed Antenna at 3.7 GHz 

 

3.5 The Directivity of antenna at resonant frequency 3.5 
GHz 
 

Likewise, the antenna’s reflection coefficient and gain, the directivity is also equally important in our 

case. For GSM applications and LTE networks the directional antennas are deployed to focus the 
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power in the desired direction. And to receive the actual power delivered by the directional 

transmitting antennas, the directional receiving antennas are required with good  

 

gain, less reflections and high directivity. Since the LTE networks possess such antennas which have 

all the above mentioned parameters in a good agreement. In our case the planar monopole antenna has 

approximate bandwidth equal to 200 MHz for lower frequency band and more than 200 MHz 

bandwidth for higher frequency band.  But as described earlier, the bandwidth increases, an equal 

deficiency in the directivity and gain is observed. So dealing with the reflection and the gain of planar 

monopole antenna, we have discussed and evaluated the directivity of the antenna in the following 

figure. 

 

 
  

 Figure 22  The Directivity of antenna at 3.5 GHz 

 

At this specific frequency, which is the center frequency of the antenna, we get the directivity 3.68 dBi 

in theta-Phi direction with maximal power delivered. The directivity is directly proportional to the size 

of the patch, thus like gain, the directivity can also be increased up to a greater extent but then the 

other parameters like SAR and the reflection losses will be affected. And the size of antenna will be 

enough larger to be housed inside the mobile phone. Thus the above figure gives the best possible 

view of the directivity of the planar monopole antenna. 
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3.6 The Directivity of antenna at resonant frequency 3.7 
GHz 
 

Similarly we have observed and measured the directivity of planar monopole antenna at another 

frequency 3.7 GHz. As it is cleared that the directivity and gain of any antenna are almost equal in 

magnitude, so we can easily see from figure-23 that the gain is 5.58 dBi and as we see from the figure 

below the directivity is 5.69 dBi and the mostly power is delivered in theta-Phi direction. Since the 

LTE application requires the power delivery in FAR-field so we need to observe the gain and the 

directivity by setting the FAR-field boundary conditions while implementing the design in CST.  

 

 
Figure 23    The Directivity of antenna at 3.7 GHz 

 

If we look through the above figure we can easily observe that the directivity in both theta and phi 

direction same due to the linear polarization of the antenna. However a back lobe also appears in the 3-

D view, but the level of this back lobe is too low to affect the overall performance of the antenna with 

respect to the directivity for higher frequency band. The maximum power contained by the radiated 

waves lie in the direction of main lobe. 

 



Jahurul                    Antenna design for portable applications in LTE band 

29 
 

3.7 The E-field characteristic of Antenna at 3.7 GHz 
 

In this section a brief overview of the E-field distribution of planar monopole antenna is given to 

show, how the field is distributed round the dimensions of proposed antenna. As we described in 

previous sections that the microstrip patch antennas are not a right choice for the systems used in high 

bandwidth applications. But we have seen that this drawback of the microstrip antenna can be 

overcome by adopting various methodologies such as, stack patch, shorting pins, metallic washer 

insertion and rectangular slot etching in the design. The only approach applicable while dealing with 

the simple one layer microstrip patch antenna is the slot etching in the structure. This approach 

overcomes the undesired induction incurred during the antenna radiation. When an antenna is fed with 

a feed-line mostly it starts radiating and starts inducing the current. This induced current plays a major 

role to limit the bandwidth of the antenna and as a result, the implantation of the antenna in various 

systems and applications is prohibited.   

In our designed antenna the undesired induction is overcome by inserting a rectangular slot. This slot 

acts as a parallel plate capacitor. The substrate defined in the structure acts as a dielectric and directs 

the electric lines of force homogeneously. The inductance is thus remarkably overcome by the equal 

amount of the capacitance by meandered-slot lines. As a result the antenna starts radiating in a single 

radiating mode. This behavior of antenna ensures the smooth and equal distribution of the electric 

current.  

 

 

                           

 Figure 24  The E-field characteristic of antenna at 3.7 GHz 
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3.8 Specific Absorption Rate (SAR) and Simulation 
Results 
 

Specific absorption rate is a value that measures how much power is absorbed in biological tissue 

when the body is exposed to electromagnetic radiation. The units are watts per kilogram of tissue 

elements. 

 In CST simulation from Figure 25 and 26 are measured the power loss density (휌). 

 

 

  Figure 25 The power loss density of antenna at 3.5 GHz 

As discussed previously about four main parameters of planar monopole antenna, SAR distribution is 

also equally important parameter to measure. The proposed planar monopole antenna is designed to 

use in the portable devices and especially for LTE applications. The antenna is designed in such a way 

that due to its small structure, lower weight and easy to adjust, this antenna can be placed in mobile 

phone housing due to its attributes. When feeding the antenna, it starts radiating of course and thus 

being in the mobile phone housing, has the guaranteed confirmation of interacting with human tissues. 

When the mobile phone is placed near the human ear, it emits certain level of radiations which absorb 

in the healthy tissues of ear and brain. Worldwide, radiation safety institutions have restricted those 

antennas to be used which have high level of SAR because the radiations emitting from antenna 

interact with human tissues.  A uniform SAR distribution is ensured in our design so that the reduced 

level of hotspots could not be harmful. As it is clear from the figure below, the equal amount of 

radiations are observed. Thus as an inference it can be concluded that this monopole antenna is a good 

choice for the LTE applications. 
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Figure 26  The power loss density of antenna at 3.7 GHz 

 

3.9 Fabrication and Prototype 
 

 

Figure 27  Print Layout and Fabricated prototype of PMA 

 

After the simulation CST microwave studio, the antenna is fabricated in KTH antenna lab to observe 

the agreement of simulated and real time tested reflection coefficient of planar monopole antenna at 

the frequencies 3.5 GHz and 3.7 GHz respectively. The real time reflection coefficient of antenna is 

measured by using Vector Network Analyzer (VNA). 
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Figure 28  Return Loss of Antenna after Fabrication 

From figure-28 we can easily  compare the return loss , bandwidth and resonant frequency between 

measured and simulation graph .Figure -28, it is cleared that the resonant frequency experiences a bit 

shift on the left side  from the center frequency 3.5 GHz and also the band width is observed to be bit 

less than achieved during simulation at LTE frequency bands because all the boundary conditions 

subjected in CST enviornement are error free and consider the ideal situations.  The return loss  

increases in total to 1 +dB after measurement, the possible reason could be the impairments in the used 

cables, connectores and improper caliberation of  VNA. Also it can be considered that during the 

photolithographic process the proper refinement of the etched copper lines is mistreated. 
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4 Conclusions 
 

For LTE applications the planar monopole antenna presented in this project is a perfect candidate with 

simple structure, inexpensive components and small in size to be housed inside the mobile phones. 

Furthermore, the uniform electric field distribution, good gain and directivity, less reflections and SAR 

makes it even more appealing for LTE bands. 

A printed CPW –fed planar monopole antenna for LTE applications by simply exploiting their 

structural symmetry, taking a meandered- slot line as an example. The proposed antenna exhibit wider 

bandwidth, higher cross–polar radiation, and better gain at the higher frequencies as compared with 

lower frequencies. The final planar monopole antenna  size of 24*19  mm2  achieved resonating at 3.5 

GHz from 3.4 to 3.6 GHz , gain  3.69 dBi and the another resonating  at 3.7 GHz from 3.6 to 3.8 GHz , 

gain 5.7 dBi. This project work has focused on design on dual band planar monopole antenna to fit 

LTE advanced and LTE more advanced operation. 

The CPW feeding planar design monopole elements parameters are carefully adjusted to achieve the 

best possible performance for dual band operations. Furthermore, the proposed structure leads to the 

advantages of easy–fabrication, low–cost, and better combination possibility. The proposed antenna 

suits well for portable application because of compact size and better radiation patterns. 
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5 Future Work 
 

The planar monopole antenna is a right candidate for the LTE applications typically when dealing with 

relatively lower frequencies in the GHz range. However, there are certain limitations which restrict its 

utilization regarding the sufficient bandwidth within the available lower frequency ranges. The carrier 

bandwidth in LTE applications is 20 MHz nowadays for the upper GHz frequencies, and the efforts 

are being made to achieve even more carrier bandwidth to take the LTE networks from 4th to 4.5th 

Generation. In this research work, even though the antenna acquires sufficient bandwidth to cope-up 

easily with the LTE network challenges but still the bandwidth can be increased more for LTE (3.4-

3.6) GHz band. 

 By introducing new emerging techniques in antenna design such as shorting pins insertion, multi-

layering, metallic washer insertion etc. and the bandwidth can be increased dramatically and the return 

loss can be decreased further less than -6 dB even though this return loss is quite acceptable in LTE 

applications. 
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Appendix 

 
Figure 1 Microstrip Patch Antenna gain at 3.5 GHz 

 

 

Figure 2 Microstrip Patch Antenna directivity at 3.5 GHz 
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Figure 3  Microstrip Patch Antenna Directivity at 3.6 GHz 

 

 

 

 

Figure 4 Printed Slot Antenna gain at 3.7 GHz 
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Figure 5 Printed Slot Antenna directivity at 3.7 GHz 

 

 

Figure 6  Printed Slot Antenna directivity at 3.8 GHz 

 

 



Jahurul                    Antenna design for portable applications in LTE band 

A4 
 

 

Figure 7 S11-Microstrip Traveling-wave antennas 

 

Figure 8  S11 -Printed Dipole Antenna 

 

 

 


