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Abstract

A new structure based on a combination of two PR&t{ally Reflective Surface) is introduced anddgstd
analytically to improve the bandwidth of the FP &RIG antennas. The original procedure developedlbads
to a design method for broadening the bandwidiilariar EBG antennas.

Introduction

EBG antennas are generally composed of an EBG niateltromagnetic Band Gap), a reflector plane and
primary source that is placed inside the structbig. 1). These antennas are capable to produtdytdirective
and narrow beam, while they are very compact andpimfile, compared to classical directive antentiasn,
parabolic reflector, etc), but it usually presemtgery narrow bandwidth (about 0.%1-1%). In thistpo, we will
first remind the principles of the EBG antennas,l@xpthe reason why they usually have a narrow tédtt
and the methods to improve it. We will after intuod a new structure based on a combination of tR8 P
which enables us to enlarge the bandwidth of tadittonal EBG antennas. We also present a simpliytaozd
method, based on the input impedance of a planee vgaurce placed inside the structure, to evaluate t
bandwidth of the EBG antennas.

| —Principles of the Fabry-Perot (FP) and EBG antenas

Let us consider a plane wave source inside a FatmytRavity (Fig. 1). The cavity is made of two mife

Partially Reflective Surfaces (PRS) characterizgdhieir transmission {tt,) and reflexion coefficients {rr,).

By applying the method of the successive reflectimside the cavity, the total transmitted wave.&. (ihe FP
response) can be given as a superposition of diafhatransmitted fields and is shown in (Eq. 1).

T (6) = t1(1+ i (r,r,)" exp(- 2 jknD cos(@)) + i r,(r.r,)" exp(- 2 jknD cos(8) - 2 jkD, cos(H))j
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Fig. 1 : Method of the successive reflections tadging the EBG antennas

Maximum of the directivity is reached at the fremey where the module of the coefficient of transios is
maximal, or the denominator in Eq.1 is minimal.téis frequency and for the normal incidenée=(0), we have

¢rl + ¢r2 = 2kD (2)
¢r, andoy, are the phase of the two PRS at this frequenaysemutively.
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Usually, the left hand member of the (Eq.q2{f) = ¢.1 + ¢z is a decreasing function versus frequency and the
right hand member F(f)=2kD=xDf/c an increasing function. Therefore, the Eq.s2satisfied at only one
frequency (Fig. 2a). Let us define “out-of-phaseletancesA¢; and Ag, for Eq. 2 as the phase difference
Ap1=|F(f)- o(f1)| andAe=|F(f)- o(f,)| (see Fig. 2). The frequency bandwidth thus besoffef,-f;. From Fig.

2a, one can see that this kind of antenna hastaenexy narrow bandwidth (0.1 - 1 %). There are methods

to increase the bandwidth: either to reduce thegestid the curves (f) and F(f) (Fig. 2b) [2], or to invert thg(f)
slope (Fig. 2c¢). The second method may require nsémylations and computation time [3]. In this papee
propose a fast analytical method to achieve thgesiaversion.
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Fig. 2 Classical EBG antenna (a) and different wastfor enlarging the bandwidth of the EBG antennas
(b): reduced slope(f) , (c): inverted slope(f)

[I. Combined Partially Reflective Surface

Let us replace the PR8f the Fig.1 by a new structure composed of tWfedint PRS (PRS PRSy), separated
from each other by a distandeThe structure is excited by an incident plane wasaeed outside (Fig. 3).

PRS, (' [t peresressessassnseaneueruacuicesencancennes

PRSy ("1 5 ') _ v/

R T Incident plane wave

Fig. 3 : New PRgcomposed of two sub-PRS (PR& PRS)) Fig. 4:r' 1 & ry in polar coordinate
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The reflexion coefficienR of the new PRS can be calculated by applying éineesmethod as used in (Fig.1):
t2r expE2jkd) it
1-rr" exp2jkd) 1Y

At the resonance frequency, the moduldRa$ minimal. This means that the modulergfreaches (nearly) its
maximum and"’ ; andr, become out of phase:

¢r'1 = ¢r12 +71 (4)
For a giverr’; andr” ; we can adjust the parametkeso that Eq. 4 is satisfied.
If [ 1]>|r" 4|, we always have ||'> |r,| because:

L L I T i

B ‘t'f r"l/ \r"l\(l—‘r‘f‘) ] —‘r'f r"l‘ -
@=|ryr)

In this case, the phase Rffollows in general that af ; except at the resonance frequency, wigsebecomes
comparable tdr' 4. At this frequency, phase Bfis subjected to an important disturbance (Fidoegpre it turns
back to that of’ ;. With a good choice of the two PRS, It's possiblénverse the slope of the phase of R (Eq. 3)
around this frequency.

R=r"+

®3)

r
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In Fig. 5 and Fig. 6 we give an example of a combisurface PRSnade by two PRS constituted of metallic
strips (PR%: a/Pt=20%, Pt=10mmPRS,; a/Pt=5%, Pt=20mm a: strip width, Pt: period of strip). The distance
d between the two PRS is chosén=54.3275mm}o that the combined PRBas a resonance frequency at 2.4
GHz. We can see that an inversion in the phase sitiR is obtained from (nearly) 2.3 GHz to 2.5 GHz.
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Fig. 5: Example of a combined PRS which gives arFig. 6: on the leftr' ; (solid-curve, R @dashed-
increase in phase for the reflection coefficient curve. On the rightry, (solid-curve) of the
combined PRS in polar coordinate
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In the following section, we will show that thigoy of surface enables us to improve the radiatiomitvidth of
EBG antennas. We will also present a simple anallytitethod, based on the input impedance of a plave
source placed inside the cavity, which can be tsedaluate the impedance bandwidth of the EBG aaken

[ll. Bandwidth for input impedance and radiation pattern of the exciting plane wave

Let us consider an exciting plane wave source withmal incident placed inside the FP cavity. Theuinp
impedance of the source (the ratio between theld éind H field at the source) can be written &s [4

Z: Z122

5
7 +27, (5)

where

_ B _ (L+nexp2jkD))
Ti—rexp2jkD,)

_EM™ _ (1+r,exp(2jkD,))

Z Z, (6)

- sup
H y

n is the free space intrinsic impedance.
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Fig. 7: Comparison of the Fig. 8: Structure PEC + combined PRS (left) aagbitase (right)

impedance modules
Fig. 7 shows the impedance module calculated from5Ed@he dashed curve represents the impedandeeof t
traditional cavity composed of a simple PRS and& Bperfect magnetic conductor). The solid curveaspnts
the impedance of the new cavity composed of a coathPRS and a PEC (see Fig.8). It is worth to tiateat
the resonance frequency, which is the same fotwbecavities (f=2.3834GHz), the two PRS also hawame
reflection coefficient (r=0.8787 /168.96The plane wave source is placed in the middithefcavity (D=D,)
in the both cases.
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We can notice that the plane wave input impedarfcthe 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 structures at different frequencies around ttls®mance

frequency. The variation in the level and in therfaf the pattern for the new antenna (dashed cuisesuch
less than that for the traditional one. This canfithe bandwidth enlargement for the radiationgpativell as.
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|
theta(degree) 100 80 60 40 {Ii‘:eta(due grezg) 0 60 8 100

(a) R= 2,305 GHz (b) E= 2,344 GHz

abs(T) atf  =2.3834GHz abs(T) at f,=2.4225GHz

|
|
00 80 0 40 20 0 20 40 60 8 100 0 # 60 40 20 0 20 40 6 8 10
theta(degree) theta(degree)

(C) Fe= 2,383 GHz (d) = 2,422 GHz

Fig. 9: Comparison of the radiation patterns ded#nt frequencies

IV. Conclusions

A new design method and analytical expression espgsed to enlarge the bandwidth of Fabry-Peratranas.
The design which is based on the combination of BRS (Partially Reflective Surface), can be easily
generalised to the treatment of EBG (multilayereants using a simple recursive method [5]. The Wwatil
improvement has been verified on the radiation atteristics and the input impedance of the newnaate\We
are currently working on the application of morarthwo PRS, on the combination of the techniqudebe{Fig.
2b) (PMC reflectors) and (Fig. 2¢) (combined PRSJ also on the optimisation of the EBG parameteigtain
the maximum improvement of the bandwidth or to eeéimulti-criterion objectives (bandwidth, beamwuidt
side lobes level, etc.).
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