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INTRODUCTION 
 
 The last few years, there has been a great deal of attention on the study and understanding of the properties of 
metallo-dielectric structures used for the design of focusing devices. One interesting idea is to make use of a Left-
Handed Medium (LHM) presenting simultaneously negative values for the permittivity and the permeability [1]-[4]. 
There are lots of unusual properties of such a medium and lots of studies have been made and published on their 
possible applications. However, to our knowledge, few results concern the evolution of the performances of antennas 
when such a medium is placed in its near environment. 
 
 Lots of fascinating papers dealing with the enhancement of patch antennas have been published in literature. The 
first most widely applied solution is to make use of an array of several antennas. However, this method has two 
particular disadvantages concerning the feeding of the different antennas and also the coupling between each element of 
the array. Another interesting solution suggested by Jackson and Alexópoulos [5] is to place a superstrate of high 
permittivity or permeability above the patch antenna. The last solution recently proposed by Nakano et al. [6] is to 
sandwich the patch antenna by dielectric layers of the same permittivity.  
 
 Here, the work is based on the use of a LHM in the near environment of a patch antenna in order to enhance its 
performances. With the LHM technique, the gain and directivity of the patch antenna are greatly improved and we also 
avoid the problems encountered when using an array of several antennas. For this study, a circular patch antenna has 
firstly been designed on a hypothetical lossless dielectric board of relative permittivity and permeability of 2.5 for a 
working frequency of about 10 GHz. Then, a LHM considered to be characterized by an effective permittivity and 
permeability of -2.5 is placed above the patch antenna. The results obtained from numerical simulations using Ansoft’s 
HFSS show an enhancement of 4.7 dB for the gain and a better directivity of the antenna. 
 
 The results obtained with the LHM technique are further compared with some results computed using the 
method of Jackson and Alexópoulos. 
 
 
STUDY OF THE PATCH ANTENNA  
 
 The antenna used for this study is a circular patch designed on a dielectric board supposed to be lossless and to 
have a relative permittivity and permeability of 2.5. The radius r of the patch antenna can be calculated for this 
dielectric board from theoretical equations found in literature: 
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where : fr is the resonance frequency of the patch antenna, ae is the effective radius, r is the physical radius, c is the 
speed of light in vacuum. εr, µr and h are respectively the relative permittivity, the relative permeability and the 
thickness of the dielectric board used. Knm is the mth non-zero root of the derivation of the Bessel function of nth order 
(K11 = 1.84118). 
 
 The calculated radius for the fundamental mode is found to be equal to 3.54 mm for a desired working frequency 
of 10 GHz. The finite element-based commercial code HFSS from Ansoft has been used to simulate the theoretical 
performances of this antenna in the frequency band [7 GHz ; 13 GHz]. The simulated S11 parameter of the antenna is 
given on Fig. 1(a) and the 3-D radiation pattern is shown in Fig. 1(b).  
 

 
Fig. 1(a). S11 (dB). Fig. 1(b). 3-D radiation pattern.

 
 The antenna presents a return loss of -11.3 dB at 10.3 GHz. The radiation patterns in the E-plane and H-plane are 
illustrated in Fig. 2(a) and Fig.2(b) respectively. 
 

  
Fig. 2(a). Radiation pattern in the E-plane. Fig. 2(b). Radiation pattern in the H-plane.

 
 The gain of the antenna is 6.3 dBi with a maximum backward radiation of -3 dB at θ = 120° in the H-plane, 
which is due to the finite ground plane. The aperture at -3 dB of the antenna is about 100°. 
 
 
 
 



 LHM ABOVE THE PATCH ANTENNA 
 
 The LHM used is considered to be a lossless homogeneous medium characterized by an effective permittivity 
and permeability of -2.5. Such a medium can be achieved by constructing a periodic array composed of SRRs and 
metallic wires [3]. SRRs are able to provide a negative permeability under specific conditions and in a specified 
frequency domain whereas an array of metallic wires provide a negative permittivity under its plasma frequency [4]. 
However, this medium when it is fabricated, will certainly present losses and the values of permittivity and permeability 
will vary with the frequency. These two values will be simultaneously negative only in a narrow frequency band. 
 
 The study consists in placing the LHM in the near environment of the patch antenna studied before, in order to 
show its influence on the patch antenna. The LHM having the shape of a half-sphere of radius 27 mm is placed above 
the patch antenna at an optimal distance d of 7.5 mm (Fig. 3). These close values of the permittivity lead to a very close 
impedance value of the two media and therefore, a better wave impedance matching at the different interfaces can be 
attained. Hence, the reflections at the interface are minimized. 
 
 Fig. 4 shows the 3-D radiation pattern of the antenna at 10.3 GHz when the LHM is placed above it. The 
radiation patterns in the E-plane and H-plane are respectively presented in Fig. 5(a) and 5(b). 
 

 
Fig. 3. LHM above the patch antenna. Fig. 4. 3-D radiation pattern.

 

  
Fig. 5(a). Radiation pattern in the E-plane. Fig. 5(b). Radiation pattern in the H-plane.

 
 The antenna with the LHM presents a gain of 11 dBi and an aperture at -3 dB of 30°. Compared to the antenna 
without LHM, this aperture has been decreased by approximately 70° and the backward radiation has been weakened. 
 
 The influence of the LHM on the patch antenna can be explained by the modification of the E-field 
representation.  Fig. 6 compares the distribution of the E-field without and with the LHM above the patch antenna.  
 
  In the case of the patch antenna alone, as we move away from it, we can observe that the field intensity 
diminishes. But when the LHM is placed above it, a focusing effect of the E-field intensity is observed in the LHM, 
which results in an enhancement of the antenna’s gain. 



Fig. 6. E-field distribution. (a) Patch antenna alone.      (b) Patch antenna in the presence of the LHM. 
 
 A homogenization procedure has also been carried out in order to extract the effective parameters of a simulated 
LHM resulting from a periodic array composed of SRRs and metallic wires. These parameters have then been used in 
order to design the patch operating at a frequency where the LHM presents low losses. An improvement of the gain by 
2.8 dB has been noted and a more directional antenna has been obtained when the LHM is placed above the patch. 
  
 Compared to the method used by Jackson and Alexópoulos [1], we do not require high values of permittivity or 
permeability of the superstrate. Numerical simulations have been run in order to compare the results obtained from our 
method to those of Jackson using a high permittivity superstrate. When the LHM is replaced by an Arlon AR 1000® 
substrate of relative permittivity 10 and a tangential loss of 0.0035, the antenna has a gain of 9.7 dBi with an aperture at 
-3 dB of approximately 60°. The S11 response computed has a magnitude of -10 dB at 12.35 GHz. If we further increase 
the permittivity of the superstrate to 25 and consider it to be lossless, the radiation pattern deteriorates and a gain of 
only about 3.6 dBi is obtained. It is also the case for the S11 response, which has a magnitude of -6.8 dB. Also, as 
mentioned in [5], the superstrate method requires fairly thick layers of dielectrics and in order to minimize the 
thicknesses, the patch antenna must be situated in the middle of its dielectric support when considering a superstrate of 
ε >>1. 
 
  
CONCLUSION 
 
 This study on the patch antenna shows that an improvement of the gain by 4.7dB is achieved and a more 
directional antenna is obtained by the use of a LHM in its near environment. For such an improvement, we should have 
used at least three antennas and hence, we have avoided the feeding and inter-element coupling problems. 
 

 Our method has also been compared with the one using a superstrate where we have noted a limitation on the 
value of the permittivity to be used for the superstrate in order to achieve gain enhancement. 
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