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Abstract 
A new structure based on a combination of two PRS (Partially Reflective Surface) is introduced and studied 
analytically to improve the bandwidth of the FP and EBG antennas. The original procedure developed here leads 
to a design method for broadening the bandwidth of planar EBG antennas. 

Introduction 

EBG antennas are generally composed of an EBG material (Electromagnetic Band Gap), a reflector plane and a 
primary source that is placed inside the structure (Fig. 1). These antennas are capable to produce highly directive 
and narrow beam, while they are very compact and low profile, compared to classical directive antennas (horn, 
parabolic reflector, etc), but it usually presents a very narrow bandwidth (about 0.%1-1%). In this poster, we will 
first remind the principles of the EBG antennas, explain the reason why they usually have a narrow bandwidth 
and the methods to improve it. We will after introduce a new structure based on a combination of two PRS 
which enables us to enlarge the bandwidth of the traditional EBG antennas. We also present a simple analytical 
method, based on the input impedance of a plane wave source placed inside the structure, to evaluate the 
bandwidth of the EBG antennas. 

I –Principles of the Fabry-Perot (FP) and EBG antennas  
Let us consider a plane wave source inside a Fabry-Perot cavity (Fig. 1). The cavity is made of two infinite 
Partially Reflective Surfaces (PRS) characterized by their transmission (t1; t2) and reflexion coefficients (r1; r2). 
By applying the method of the successive reflections inside the cavity, the total transmitted wave T (i.e. the FP 
response) can be given as a superposition of all partially transmitted fields and is shown in (Eq. 1). 
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Fig. 1 : Method of the successive reflections for studying the EBG antennas 

   

Maximum of the directivity is reached at the frequency where the module of the coefficient of transmission is 
maximal, or the denominator in Eq.1 is minimal. At this frequency and for the normal incidence (θ = 0), we have 

 kDrr 221 =+ ϕϕ    (2) 

φr1 and φr2 are the phase of the two PRS at this frequency, consecutively. 
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Usually, the left hand member of the (Eq. 2) φ (f) = φr1 + φr2 is a decreasing function versus frequency and the 
right hand member F(f)=2kD=4πDf/c an increasing function. Therefore, the Eq. 2 is satisfied at only one 
frequency (Fig. 2a). Let us define “out-of-phase” tolerances ∆φ1 and ∆φ2 for Eq. 2 as the phase difference 
∆φ1=|F(f1)- φ(f1)| and ∆φ2=|F(f2)- φ(f2)| (see Fig. 2). The frequency bandwidth thus becomes: ∆f=f2-f1. From Fig. 
2a, one can see that this kind of antenna has an extremely narrow bandwidth (0.1 - 1 %). There are two methods 
to increase the bandwidth: either to reduce the slope of the curves φ (f) and F(f) (Fig. 2b) [2], or to invert the φ(f) 
slope (Fig. 2c). The second method may require many simulations and computation time [3]. In this paper, we 
propose a fast analytical method to achieve the slope inversion.  

 

 
 

  

(a) (b) (c) 

Fig. 2 Classical EBG antenna (a) and  different methods for enlarging the bandwidth of the EBG antennas : 
(b): reduced slope φ(f)  , (c): inverted slope φ(f) 

II. Combined Partially Reflective Surface  
Let us replace the PRS1 of the Fig.1 by a new structure composed of two different PRS (PRS1a, PRS1b), separated 
from each other by a distance d. The structure is excited by an incident plane wave placed outside (Fig. 3). 

 

 

 

 

 

 

 

Fig. 3 : New PRS1 composed of two sub-PRS (PRS1a & PRS1b) Fig. 4: r’ 1 & r12 in  polar coordinate 
 

The reflexion coefficient R of the new PRS can be calculated by applying the same method as used in (Fig.1): 

 121
11

1
2
1

1 '
)2exp("'1

)2exp("'
' rr

jkdrr

jkdrt
rR +=

−−
−+=   (3) 

At the resonance frequency, the module of R is minimal. This means that the module of r12 reaches (nearly) its 
maximum and r’ 1 and r12 become out of phase: 

 πϕϕ += 121' rr   (4) 

For a given r’ 1 and r” 1 we can adjust the parameter d so that Eq. 4 is satisfied.  

If |r’ 1|>|r’’1|, we always have |r’1| > |r12| because: 
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In this case, the phase of R follows in general that of r’ 1 except at the resonance frequency, where |r12| becomes 
comparable to |r’ 1|. At this frequency, phase of R is subjected to an important disturbance (Fig. 5) before it turns 
back to that of r’ 1. With a good choice of the two PRS, It’s possible to inverse the slope of the phase of R (Eq. 3) 
around this frequency. 
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In Fig. 5 and Fig. 6 we give an example of a combined surface PRS1 made by two PRS constituted of metallic 
strips (PRS1a: a/Pt=20%, Pt=10mm, PRS1b: a/Pt=5%, Pt=20mm, a: strip width, Pt: period of strip). The distance 
d between the two PRS is chosen (d = 54.3275mm) so that the combined PRS1 has a resonance frequency at 2.4 
GHz. We can see that an inversion in the phase slope of R is obtained from (nearly) 2.3 GHz to 2.5 GHz. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the following section, we will show that this type of surface enables us to improve the radiation bandwidth of 
EBG antennas. We will also present a simple analytical method, based on the input impedance of a plane wave 
source placed inside the cavity, which can be used to evaluate the impedance bandwidth of the EBG antennas. 

 

III. Bandwidth for input impedance and radiation pattern of the exciting plane wave  
Let us consider an exciting plane wave source with normal incident placed inside the FP cavity. The input 
impedance of the source (the ratio between the E field and H field at the source) can be written as [4]: 
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η is the free space intrinsic impedance. 
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Fig. 7: Comparison of the 

impedance modules  
Fig. 8:  Structure  PEC + combined PRS (left) and its phase (right) 

Fig. 7 shows the impedance module calculated from Eq. 5. The dashed curve represents the impedance of the 
traditional cavity composed of a simple PRS and a PEC (perfect magnetic conductor). The solid curve represents 
the impedance of the new cavity composed of a combined PRS and a PEC (see Fig.8). It is worth to note that at 
the resonance frequency, which is the same for the two cavities (f=2.3834GHz), the two PRS also have a same 
reflection coefficient (r=0.8787 /168.86º). The plane wave source is placed in the middle of the cavity (D1=D2) 
in the both cases. 
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Fig. 5: Example of a combined PRS which gives an 
increase in phase for the reflection coefficient 

Fig. 6: on the left: r’ 1 (solid-curve), R (dashed-
curve). On the right: r12  (solid-curve) of the 
combined PRS in  polar coordinate 
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We can notice that the plane wave input impedance of the new cavity (with combined PRS) has a larger 
bandwidth the traditional cavity as it was expected. 

Fig.9 shows the radiation pattern (Eq. 1) of the two structures at different frequencies around the resonance 
frequency. The variation in the level and in the form of the pattern for the new antenna (dashed curves) is much 
less than that for the traditional one. This confirms the bandwidth enlargement for the radiation pattern well as.  
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(a) F1= 2,305 GHz (b) F1= 2,344 GHz 
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(c) Fres= 2,383 GHz (d) F2= 2,422 GHz 

Fig. 9: Comparison of the radiation patterns at different frequencies 

 

IV. Conclusions 
A new design method and analytical expression are proposed to enlarge the bandwidth of Fabry-Perot antennas. 
The design which is based on the combination of two PRS (Partially Reflective Surface), can be easily 
generalised to the treatment of EBG (multilayer) antennas using a simple recursive method [5]. The bandwidth 
improvement has been verified on the radiation characteristics and the input impedance of the new antenna. We 
are currently working on the application of more than two PRS, on the combination of the techniques of the (Fig. 
2b) (PMC reflectors) and (Fig. 2c) (combined PRS) and also on the optimisation of the EBG parameters to attain 
the maximum improvement of the bandwidth or to achieve multi-criterion objectives (bandwidth, beamwidth, 
side lobes level, etc.). 
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