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Abstract: We define the gain of an antenna through reference to a standard antenna. The reference antenna is amongst other things 

a perfect antenna which radiates in the same manner in all space directions with a circular radiation pattern. In reality this isotropic 

antenna does not exist; this is an imaginary antenna; we do not know how to achieve it in practice; but it is convenient to serve as a 

standard to test the real antennas. We therefore propose in this paper to design a model which is very close to the perfect antenna 

achieved from the popular microstrip dipole antenna working at frequency range of 2.4GHz. 
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1. Introduction 
 
Printed dipole antennas are not vastly in use and their 
employment remains limited to a few applications due to the 
fact that they do not radiate into their own direction [1]. 
However, microstrip dipole antennas appear today as 
prospective elements because of their low weight, of their 
excellent RF performance and of their ease of fabrication [2]. 
Currently efforts are being made and are oriented towards on 
innovation and the exploration of new topologies of printed 
dipole antennas using numerical simulations [3]-[5]. 
 
The approach envisaged by most researchers to achieve this 
new requirement press hold on the evaluation of the 
performances of new developed models using 
electromagnetic simulations and experimental measurements 
[6], [7]. Using a simplified integral equation and solved in 
the frequency domain by the way of the method of moments, 
Laohapensaeng in [8] studied the behavior of the input 
impedance of the microstrip dipole antenna. This 
experimental study takes into account the effects of the 
dielectric substrate on the electrical characteristics of the 
antenna and enhances its bandwidth. In [9] the impact of the 
bend on microstrip line and the dipole’s gap on reflection 
coefficient and radiation pattern of printed dipole antenna has 
been investigated. To analyze the radiation characteristics, 
some numerical and calculation methods are proposed in 
[10]. In [2] a compact printed dipole antenna with wide 
impedance bandwidth is studied. Jamaluddin in [6] has 
investigated the effects of the geometry of planar dipole on 
its input impedance and proposed an impedance-matching 
method based on the antenna structure, which allows the 
enhancement of the bandwidth. 
 
In this work, we try to explore the potentialities of new 
topologies of printed dipole antennas in a coplanar 
configuration. Topologies involved here are obtained by 
changing the profile or the physical form of the known 
printed dipole architecture. The corresponding printed dipole 
antennas obtained are I, L, Z, half ring and other more 

complex forms. A first approach to investigate the proposed 
structure is based on the Calculation of radiation patterns. In 
the second approach we presented design principle and 
considerations based on numerical simulations that allow the 
evaluation of the input impedance of the studied antennas. 
Calculation and Simulated results compared with 
experimental measurements clearly show a good agreement 
with theoretical predictions. 
 
2. Radiation Pattern of Mono-Plane Printed 

Dipole Antenna Calculation 
 
Mono-plane microstrip dipole antenna in I-topology consists 
of a pair of radiation metal arms of width 0W  and of total 
length 2/gl   printed on one side of a dielectric substrate 
of permittivity  (respectively of permeability  ) and 
thickness h . The other side of the substrate is without any 
metallization. It is fed at its center by a coaxial probe as 
illustrated in figure 1. 

 
Figure 1: Probe-fed printed mono-plane dipole antenna in I-

topology 
 
Given the low values firstly of the substrate thickness 
( 0Wh  ) and on the other hand of the width of the radiating 
strands ( effW 0 ), all can be likened to the wire dipole 
with a sinusoidal axial current of the form: 
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The θ-component of the electric field radiated in Fraunhofer 
(or far) zone in  -direction that the antenna is made with the 
radiation direction (see fig.1) is given by: 
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From this expression, we can deduce the pattern of any other 
printed dipole antenna made from the popular antenna shown 
in fig.1 whatever its form. 
 
3. Design considerations of mono-plane 

microstrip dipole antenna in L and Z-

topologies 
 
The explored new topologies of mono-plane microstrip 
dipole antennas illustrated in figure 2 take their origin in the 
research of an appropriate response to the raised problem of 
shadow regions during the led investigations on the radiation 
pattern produced by the printed dipole antenna in I-topology.  
As shown in figure 5, it should be noted that mono-plane 
microstrip dipole antenna in  I-topology just like wire dipoles 
don’t radiate in their own direction. To improve the radiation 
and the impedance-matching performances of mono-plane 
printed dipole antenna in I-topology, the bends at right angles 
are minutely made on the profile of this antenna.  
 

 
(a) 

 
(b) 

Figure 2: Probe-fed microstrip dipole antenna in 
(a) L-topology (b) Z-topology 

 
Naturally, all of those thorough works of design and 
fabrication of new topologies of the proposed antennas must 
be conducted by maintaining constant the initial total length 
of the base antenna. The L-topology leads to an asymmetrical 
element while the Z-topology will keep the symmetry of the 
popular element in terms of geometry and current 
distribution. The very attractive idea of creating bends at 
right angle on the radiation metal arms placed in the I-
topology generated a new current component perpendicular 
to the longitudinal current component of the known dipole 

antenna, which allows obtaining quasi-uniform radiation 
pattern.  Other more complex topologies as shown in fig.3 
can be explored with best performances in perspective. 
 
 
 
 
 
 
 
 
 
Figure 3: Other more complex structures which can further 

improve the antenna performances 
 
4. Input impedance calculation 
 
Mono-plane microstrip dipole antenna in I-topology can be 
modeled as a coplanar waveguide as depicted in fig.4.  

 
Figure 4: Printed dipole antenna in I-topology 
(a) coplanar waveguide model  (b) top view 

∆z denote the excitation gap 
 
For this electromagnetic model, fullwave analysis using 
Galerkin’s method in spectral domain is usually employed. 
Hence in this work antenna is being treated in terms of field 
distribution within the waveguide to determine its input 
impedance. 
 
For the boundary conditions it may be assume that at 
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In TM mode, the longitudinal component of electric field is 
given by the expression 

        3                       ,
2

 yxzI
k

p
jEz 


 

where the potential   satisfied the propagation equation 
    4                                     02  pt  

with 222  kp  and  22 k  
For narrow substrate thickness, we assume that the 
dependence of the potential   into the y-coordinate is 
negligible and solving equation (4) then gives 
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For the lossless transmission line, we can write 
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so that the general expression of the longitudinal electric 
field component become 
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The input impedance may be calculated using the voltage-
current definition by the expression  
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for which we deduce 
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To calculate the load coefficient L  we consider only the 
field on the excitation gap where the field is constant to write  
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Using electric field-voltage definition 
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we can write on the excitation gap 
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In the practice, the fact of making bends on the radiating 
arms should be normally done by maintaining constant, the 
total length of the common antenna. However, we observe 
that the innovative idea to make bends on the radiation metal 
arms rather leads to the decrease of the electrical length of 
the resonator and consequently, a shift of the resonant 
frequency.  An adjustment of the total length of the antenna is 
therefore required during the bending process to try to bring 
the resonant frequency around the work frequency. 

 
 
 
 

5. Experimental Results and Discussion 
 
In this work we have use a dielectric substrate  of relative 
dielectric constant 2.2r  , of thickness mmh 635.0  and 

of loss tangent 310 . In this antenna design, Agilent’s ADS 
software using Momentum simulation that appear very 
suitable for electromagnetic modeling of planar structures is 
employed,  whereas the experimental measurements have 
been taken with a bi-curve network analyzer. Mono-plane 
microstrip dipole antenna in I, L and Z-topologies of total 
length mml 54  and width mmW 40  , have been 
investigated. 

 
Figure 5: 3-D radiation pattern of microstrip dipole antenna 
Figure 5 gives 3-D radiation pattern of mono-plane 
microstrip dipole antenna in I-Topology. This radiation 
pattern is close enough to the radiation pattern of the Hertz’s 
dipole. We observe well the existence of shadow regions in 
the antenna direction parallel to the y-axis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: 2-D radiation pattern of microstrip dipole antenna 
Figure 6 shows 2-D radiation pattern of mono-plane 
microstrip dipole antenna in its variant topologies in the E-
plane for which  0 . We observed that shadow areas are 
not enough marked such as illustrated by the radiation 
patterns of printed mono-plane dipole antenna in L or Z-
topology. All of these observations contests to say that if we 
further complicating the antenna, we get a quasi-uniform 
radiation pattern and thus an antenna close enough of the 
perfect antenna. 
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Figure 7: return less of microstrip dipole antenna in I-

topology 
 
Figure 6 illustrates the evolution of the 11S  parameter of the 
printed dipole antenna in I-topology. Calculation and 
measurement data show the shift of the resonant frequency 
with a bandwidth of about 40% whereas the simulated data 
indicate the resonant at the work frequency. 

 
(a) 

 
(b) 

Figure 8: Input impedance of microstrip dipole antenna in I-
topology 

(a) Simulation (b) Measure 
 
Figure 8 illustrates the simulated and measured data of the 
input impedance of mono-plane microstrip dipole antenna in 

I-topology. Theoretically the evolution of the input resistance 
seems to follow a linear behavior with an input resistance of 
approximately 70Ω for a resonant frequency of about 
2.42GHz. While the measured data show that the input 
resistance decreases with a resonant resistance of the order of 
50Ω for a resonant frequency turning around of 2.25GHz. 

 (a) 

 
            (b) 
Figure 9: input impedance of microstrip dipole antenna in L-

topology 
(a) Simulation   (b) Measure 

 
As figure 8, figure 9 illustrates the simulated and measured 
data of the input impedance of mono-plane microstrip dipole 
antenna in L-topology. Concerning the numerical simulation, 
input resistance has a linear behavior with an input resistance 
of approximately 50Ω for a resonant frequency of about 
2.4GHz. While the measured data show that the input 
resistance decreases with a resonant resistance of the order of 
50Ω for a resonant frequency turning around of 2.25GHz. 
An objective observation between the data of  figure 8 and 
those of figure 9 allows to say that there is improvement in 
terms of input resistance that pass from 70Ω for the dipole 
antenna in I-topology to 50Ω for the dipole antenna in L-
topology even if the resonant frequency remain 
experimentally shifted from the working frequency. The fact 
of making bends on the radiation arms of the mono-plane 
printed dipole antenna in I-topology allows in reality to 
improve the impedance-matching and bandwidth. 
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6. Conclusion 
 
We developed a design approach of new topologies of mono-
plane microstrip dipole antenna that approximates the perfect 
antenna. We then explored their potentialities in terms of 
radiation pattern and input impedance. Experimental and 
simulation investigations were conducted using transmission 
lines theory in travelling wave. These new radiating elements 
obtained by changing the profile of the mono-plane 
microstrip dipole antenna ensure bandwidth enhancement 
and impedance-matching. They are illustrated as the elements 
of the future because of their good performances, their low 
weight and their ease of design. Theoretically we found that 
their input impedance is close enough to a linear behavior 
while experimentally it is in perfect agreement with 
theoretical predictions. 
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