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Abstract: The purpose of this work is to propose a method for suppression of harmonic radiations in a multilayer substrate 

proximity coupled fed Microstrip patch antenna. The 2
nd

 and 3
rd

 harmonics are suppressed to reduce spurious radiation from 

any of the corresponding patch modes. The second harmonic is controlled by varying the feed line length and the third 

harmonics by using a compact resonator. This multilevel resonator has printed metallization with a via connected to the 

ground plane. The ground plane is a Defected Ground Plane structure. With DGS, a triple band operation is achieved. 
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I. INTRODUCTION 

Microwave devices have active elements which generate 

harmonic frequencies. Since in radio frequency front ends, 

the microwave devices and antenna are very closely placed, 

hence if an antenna is not well isolated at these frequencies, 

those signals can be radiated and part of the power at 

resonant frequency is lost. Also it results in interference with 

other radio systems. With a Microstrip patch antenna, active 

device integration is used to meet the requirements of 

modern wireless communication. Active patch antennas 

have non linear devices inside the antenna and they exhibit 

high level of harmonic radiations [1]. Sometimes the patch 

antenna itself is used to filter these harmonics [2]. 

There are several methods which can be used for 

suppressing the harmonics [3]-[7]. A photonic bandgap 

structure on the feeding line of a slot coupled Microstrip 

patch antenna was introduced by Itoh et al [3]. Defected 

ground structures (DGS) [8] and compact resonant cell 

structure (CMRC) [5] have been used to accomplish the 

mentioned aim. The disadvantage in using these techniques 

is that the resonant cells and the periodic elements 

coplanarly load the feed line of the antenna or they are 

etched into the ground plane. This results in degradation of 

the antenna radiation characteristics. All these methods also 

suffer from spurious back radiation problems due to feeding 

line radiation related to discontinuities.  

In this work, multibanding with reduction of harmonics 

using two different techniques is investigated: 

 

 
 

   Second harmonics is reduced with Feed line-patch 

overlap length (L) 

   Third Harmonics is eliminated using a compact 

EBG resonator (mushroom type) which consists of a patch 

with a grounded via [9] [10]. 

   Triple band is achieved using Defected Ground 

Structure with order of harmonics reduced to at least one. 

        The benefits of using proximity coupling feeding 

technique are the ease in manufacturing and matching. Also, 

it has a high bandwidth as compared to other feeding 

mechanisms. Radiation from line-patch discontinuities is 

reduced as compared to coplanar feeding [11]. Also, 

selection of an optimum substrate for the line is possible 

since patch and the line are not printed in the same substrate 

layer. With an appropriate line-patch overlap, matching to 

the fundamental patch mode is achieved. 

In the section II, mathematical model for EBG and DGS is 

shown. In III, antenna design parameters using a compact 

resonator and DGS are obtained. In IV, simulation results for 

triple band antenna are shown. 

 

II. MATHEMATICAL MODEL 

A. Mushroom EBG 

A mushroom EBG is used as a compact resonator. It consists 

of two layer substrate with patch on the lower layer and a via 

connected to the ground. It is characterized by having high 
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surface impedance. Although it is made of continuous metal, 

and conducts dc currents, it does not conduct ac currents 

within a forbidden frequency band. By incorporating a 

special texture on a conducting surface, it is possible to alter 

its radio-frequency electromagnetic properties. In the limit 

where the period of the surface texture is much smaller than 

the wavelength, the structure can be described using an 

effective medium model, and its qualities can be 

summarized into a single parameter: the surface impedance. 

A smooth conducting sheet has low surface impedance, but 

with a specially designed geometry, a textured surface can 

have high surface impedance. The surface impedance is 

modeled as a parallel resonant circuit, which can be tuned to 

exhibit high impedance over a predetermined frequency 

band. The high-impedance surface can be considered as a 

kind of two-dimensional photonic crystal that prevents the 

propagation of radio-frequency surface currents within the 

bandgap.  

We assign to the surface a sheet impedance equal to the 

impedance of a parallel resonant circuit, consisting of the 

sheet capacitance and the sheet inductance: 

 

 2/ (1 )Z j L LC                     (1) 

The surface is inductive at low frequencies, and capacitive at 

high frequencies. The impedance is very high near the 

resonance frequency, so a high impedence is obtained and 

the EBG does not support any surface waves, resulting in a 

frequency band gap. 

 

 1/o LC   
                       (2) 

 

The high impedence surface also ensures that a plane wave 

will be reflected without the phase reversal that occurs on a 

perfect electric conductor (PEC). 

 
Fig.1 Equivalent circuit representation of metallodielectric structure. 

 

The value of the capacitance is obtained by the fringing 

capacitance between neighboring co-planar metal plates. 

This can be done by conformal mapping. 

 

 
1(1 )

cosh ( )o rW W g
C
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  

 

        (3) 

 

Where W is the patch width and g, gap width.The inductance 

depends only on the thickness of the structure and the 

permeability: 

 L h                          (4) 

 

h- Substrate thickness 

 

B. Defected Ground Structure (DGS) 

Recently, there has been an increasing interest in the use of 

DGSs for performance enhancement of microstrip antennas 

and arrays. They are realized by etching of a simple shape 

defect from the ground plane of the microstrip antenna. The 

shape may vary from a simple geometry to a complicated 

one. Due to its resonant behaviour, the DGS may be 

compared to the LC parallel resonator, i.e., the equivalent 

circuit of the DGS consists of an inductance and a 

capacitance in parallel to itself [12, 13].  

 
Fig.2 Dumbbell shaped DGS 

 

It is the simple and mostly used dumbbell shaped DGS 

which is etched in the ground plane below the microstrip 

line, in which both the areas (a&b) and slot gap (g) play very 

important roles for finding the resonance behavior of the 

DGS.  

 
Fig.3 The equivalent circuit of the DGS as a parallel combination of 

Inductance (L) and Capacitance (C) 
 

The head areas (a & b) are very useful for the variation in 

the inductance (L), and slot (g) produces the capacitance (C). 
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The L and C may be calculated from the formulae given 

below [15]. 

 

 2 2

01/ 4L f C                 (5) 
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               (6) 

 

III. ANTENNA DESIGN  

The proximity coupled printed antenna configuration is 

shown in Fig. 4. A squared patch ( mm) is used and the 

substrate multilayer is described in Table I. The dimensions 

of the substrate are 100×100 mm and patch is 50 ×50mm. 

The microstrip line feed for proximity feeding is designed as 

a 50Ω line and is symmetrically located under the 

metallization of the patch on top of substrate layer 2. CST 

Microwave Studio 2010 software [14] is used for the full 

wave simulations in this paper. 

A. Parametric study of feedline length 

In this section the effect of the variation of the microstrip 

feed line length is investigated. The antenna matching can be 

achieved with an appropriate line-patch overlap however 

with a careful design consideration, not only the good 

matching of the fundamental mode but also the effect on the 

harmonic frequencies matching can 

 

 
Fig.4 Sketch of Printed Antenna 

 

TABLE I 
CHARACTERISTICS OF MULTILAYER SUBSTRATE 

 
 

significantly reduce the harmonic radiation. Coupling 

between the patch and the microstrip line is capacitive in 

nature. A typical equivalent circuit for this feed is a coupling 

capacitor that is in series with the parallel resonant circuit 

representing the patch [15]. This capacitor can be adjusted 

for matching the antenna. Carrying out a parametric study of 

this overlap (related to the capacitance in the equivalent 

circuit) to control the mismatching of the second and third 

harmonic resonances of the antenna is done. To obtain a 

good return loss at the fundamental frequency, a length for 

the overlapping greater than 0.55 L/A is necessary. 

B. Resonator Design  

In our multilayer design we propose to use a resonator based 

in the geometry introduced by Sievenpiper et al. [9] and 

firstly applied to implement a compact filter by Horii [10], 

[15]. The cell consists of a printed small patch (located 

under the line in a centred position) with a via connected to 

the ground plane (mushroom type). Substrates are the ones 

defined in Table I, i.e., the mushroom is printed on the 0.5 

mm substrate, then there is an upper layer with the same 

material and a 1.5 mm thickness, on top of which the line is 

printed. This mushroom type element works as a resonator, 

which makes a short circuit between the transmission line 

and the ground plane at resonance. 

The increase in the resonator metallization size causes a 

reduction in the resonant frequency. Resonator with patch 

size D=9 mm and B=6 mm is used. 

A detailed numerical characterization of the stopband 

position and bandwidth with the geometrical parameters of 

the resonator has been presented in [16]. 

 

C. Parametric study of DGS 

A dumbbell shaped DGS is made, etching the shape from the 

ground. The parameters of DGS are depicted in Table II. 

 
TABLE II 

DGS PARAMETERS 

a B c 

7mm 36mm 18mm 
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Fig.5 Designed antenna 

 

IV. SIMULATION RESULTS 

A. Return Loss 

The simulated return loss of the antenna with EBG and DGS 

is as shown in figure 6. 

 
Fig.6 S11 parameter of antenna 

With simple proximity coupled antenna, there is a single 

band operation. Using DGS, multiband operation is obtained 

but return loss at desired frequencies is higher. Using an 

EBG in the structure improves the return loss at desired 

frequencies up to 25dB. It also reduces the harmonic 

radiations with order of harmonics reduced to at least one.  
The RL is defined as RL=20log10|Γ|        

For the perfect matching between the transmitter and 

antenna Ѓ = 0 and RL is infinity which means no power is 

reflected back, while Ѓ = 1 has an RL = 0, which implies 

that all the incident power is reflected. In practical 

applications, the applicable VSWR of 2 is acceptable 

corresponds to an RL of -9.5 dB or 11% power reflection. 

The return loss at 1.43GHz is -26dB, at 2.61GHz is         -

38dB and at 3.17GHz is -36dB with a bandwidth of 80MHz 

at all frequencies. 

B. VSWR at desired frequencies 

The VSWR range at all the desired frequencies is between 1 

and 1.30. 

 
Fig.7 VSWR at 1.43GHz 

 

VSWR at 1.43GHz is found to be 1.26. 

 
Fig. 8 VSWR at 2.61GHz 

 

VSWR at 2.61GHz is found to be 1.12. 

 

 
Fig. 9 VSWR at 3.17GHz 

VSWR at 3.17 GHz is found to be 1.04. 

C. Gain 

The polar plots for farfield characteristics at triple band 

frequencies is shown as below: 

 

 
 

Fig.10 Farfield at 1.43GHz 

 

Highest gain is found to be 5.476dB in the direction of theta 

equal to zero with an angular width of 95.3 degrees and a 

side lobe level of -4.1dB. 

 

 
 

Fig.11 Farfield at 2.61GHz 
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Highest gain is 6.464dB in the direction of theta 37 degrees 

and Phi=90 and 270 degrees with an angular width of 46.3 

degrees. Another front lobe is there which is diametrically 

opposite and identical to the main lobe. There are two back 

lobes each having an angular width of 20 degrees. Hence, 

the antenna radiation pattern is identical to that of 

omnidirectional antenna. 

 

 
 

Fig.12 Farfield at 3.17 GHz 

 

Highest gain is found to be 5.121dB in the direction of theta 

equal to zero with an angular with of 63.2 degrees. There is 

back lobe in the direction of theta equal to 180 degrees, with 

an angular width of 120 degrees. These two side lobes allow 

bidirectional communication. 

 

V. CONCLUSION 

Using an EBG and DGS with simple proximity coupled 

antenna, a compact triple band antenna with reduced 

harmonics is obtained. The designed triple band antenna can 

be used for satellite applications. The 1.4GHz band is used 

to provide supplementary mobile downlink, 2.6GHz band is 

used for mobile broadcasting and 3.1 GHz band for mobile 

WiMax applications. With a gain of 5.476dB at 1.43, 

6.464dB at 2.61 and 5.121dB at 3.17, this antenna can be 

used in MIMO applications. 
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