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Performance and Radiation Patterns of A
Reconfigurable Plasma Corner-Reflector
Antenna

Mohd Taufik .usoh, Clivier Lafond, FranckColombel,andMohame(Himdi

Abstract—A novel reconfigurable plasma corner reflector
antenna is proposed to better collimate the energin forward
direction operating at 2.4GHz. Implementation of alow cost
plasma element permits beam shape to be changed atieally.
The maximum measured gains are 5.7dBi, 10.8dBi anti0.5dBi
for the omnidirectional, single and double beam shzes
respectively.

Index Terms—Corner reflector antenna, plasma corner
reflector antenna, plasma antenna, reconfigurable rtenna,
reconfigurable plasma antenna.

I. INTRODUCTION

[9] and reactively controlled CRA in [10] were paged to
work at 2.4GHz. A mechanical approach of achieviagable
beamwidth by changing the included angle of CRA was
proposed in [11]. The design was simulated and ureds
with the feed-to-vertex spacing is fixed. Generalbeam
shaping and beam steering by using plasma reflectorery
promising profiles, especially ability of plasma tbe
reconfigured electrically which is impossible to dene by
metal elements.

Unlike, parabolic reflectors, CRAs are uncomplicate
design since they eliminate the crucial part ofafqmint for a
driven dipole and the action of the reflector i$ adtical as to
frequency [1]. In fact, the parabolic reflectorgyide slight or

SQCE many years ago, reflecting surfaces have been usggl improvement over CRA of comparable size in teofs

idely in order to steer a beam in the forward atian in
antenna systems. Basic reflector antenna that neflesting
surfaces is known as corner-reflector antenna (CR#&e
CRA was first introduced in 1940 by John D. Krat$ §nd

performance [1]. John D. Kraus claimed that byngjirag the
feed-to-vertex spacing with the same included angle,the
beam can be varied from single beam into dual beams
However, with this approach, the needs to be altered

known to have about 9-14 dBi gain. Most of CRA useénechanically. For that reason, as proposed in kiir,

classical antennas such as dipole as a feeder vemdlat
sheets intersecting at an angle (known as incladegle) as
the reflector elements. However the simplest desig€RA
will suffer from wind effect if it is mounted in ¢hopen space.
Therefore, one way to eliminate this problem isréglacing
the flat surfaces with wire grids. Indeed, its pemiance is
comparable with flat reflecting sheets. Basic guidlelesign

instead of changing th& an electrical switchable beam shape
is implemented. There is no need to vary the locatf the
feeder since this method exploiting plasma charisties
[12], [13]. Only by energizing and de-energizingvesal
plasma elements in seconds, omnidirectional pattam be
easily transformed into several forward beams. theio
antenna design [14], an idea of using plasma pémsts

CRA is accessible and well documented in many a@wtenreconfigurable disc antenna was theoretically itigaged.

reference books such as in [2], [3]. Other tharwésding
plane wave, circularly polarized CRA was first aduced in
[4]. The earliest study on the effect of severaigths and
widths of reflecting surfaces on CRA radiation eait has
been carried out in [5]. In addition, many techmguto
increase gain of CRA were proposed in [6-8]. A q@&A in
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To the best of our knowledge, there is no realratbf
CRA at any frequency band that has used other rthetallic
materials as an element except in a simulation qgueg in
[15]. Hence, this letter is aimed to present sitioia and
experimental results in order to verify the perfanoe and the
radiation patterns of a novel reconfigurable plasGRA.
Three different beam shapes are offered alternateigl the
CRA is operating at 2.4GHz. The implementation afpact
fluorescent lamps (CFL) has reduced the risk ofglexity of
impedance tuning which is vital when dealing witirasitic
elements in designing antenna arrays. Other thdaanaa
reconfigurability profile, reduced radar cross EetTt(RCS)
[16], [17], better gain, good cross-polarizationdaiigh front
to back ratio, the overall system is unigue becaiise
implements commercially available CFL [18] in orderstay
considerably small, compact in size and low coktprie
compares to the elements used in [12] and assumg§id].



Comparisons between simulated and measured resulte
same configuration are discussed thoroughly inléiter. The
simulations were run using finite-element-methotivsare,
CST Suite [20].

Il. PLASMA FORMULATION

The isotropic plasma is a dispersive material thas
complex permittivity. The permittivity under low esltron-
neutral collision is given by (1) [12];

e =1 w§
r w—-iv)
where ¢ is the complex plasma permittivityp is the
operating angular frequency [rad/s] amdis the electron-

neutral collision frequency [Hz]. The, is the plasma angular
frequency [rad/s], and its value can be calculasdn (2)
ne’

[12], [21];
%
@ = (mg(,]

wheren is the electron density [fh e is the charge of
electron [C],m is the electron mass [kg] ang is the free
space permittivity [F/m]. From (1), the of the plasma will

)

&)

vary if thew, varies and they, can be altered by changing the

n as expressed in (2). In order to have the samavimhas a
metal, thew, of plasma must be higher enough theate, (0).

o’

og=€,—>
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When thew, is large enough compared to thethe plasma
exhibits good electrical conductivity,as given in (3) [12]. By
varying w, or v will give different values ot and hence the
characteristics of electromagnetic wave will berdead.

I1l. SIMULATION AND MODELING

The CRA elements are made of series of CFLs whieh a

coordinated in V arrangement (Fig. 1). Since theluided
angle is equals to 90° this CRA is also known aseetCRA
[1-3]. The number of CFL elements used in simutatie
depending on the length of the reflecting gridshef reflector,

@)

ground plane (to ease the lamp installation). Tioeigd plane
size is 500mm x 500mm and was set unchanged in all
simulations. In this design, due to lower part bé tCFL,
minimum space gap between adjacent elements is Srhis.
space gap has been verified by physical measureaiehie
actual CFLs which was taking into account the sifdhe
lower part of the CFL (2G7 base size and shape).

In the simulations, a total of 24 elements arerayed to
form dual reflectors. However not all elements ast as
plasma in every simulation. As the idea is to haeee
switchable beam shapes, only several of the ttdéatents are
in ON state (energized) in order to work as reflect one
time. The dielectric tubes used in the simulatioe made
from lossy glass pyrex with permittivity of 4.82 dara
thickness of 0.5mm. The cold plasma is defined gu§nude
model (CST software) with 900MHz electron-neutrallision
frequency and 6.13x1n™ electron density. The plasma is

CFL
ﬂ I—I

(Sideviay)

z
Honopole
X

I 4
f

L]

Fig. 1. Geometry of two reflective elements (bhwdor) and a finite grour
plane (units in mm).

L (denoted by, andL, in Fig. 1). This is about twice of the 5ssumed to be isotropic and by using (3), the aakehaves

distance between monopole antenna and the verfdenoted

as a poor conductor with equals to 19.03S/m. The metal is

by s, ands; in Fig. 1). Since the design has implemented tWgat 55 an ordinary annealed copper withequals to

reflectors on a single ground plane, there areualoes ofs.

5.8x10'S/m. Energy source is supplied by a classical guart

The half lambda distance=0.5\) required 8 elements while ;46 antenna and the argon gas was set as airein th
the lambda distances{1.0h) required 16 elements for both gjmylations.

reflector sides. Number of elements used in theaulsition has
fulfilled minimum requirement of th& [2]. Figure 1 shows
the side view of the ground plane with two refleetelements

and a feeder monopole antenna. Sets of holes fdr CF

insertion are also shown in the figure (top view).

The geometric scales of the elements are basdueaactual
size of CFL. The height of each element measurexh fihe
ground plane surface is 54mm, and its diameter3imim
leaving 0.5mm space gap between the CFL surfacettand

IV. THE MODEL REALIZATION

The realized model was fabricated on a 3mm thidugd
plane as shown in Figure 2. The power to enerdieeQiVatts
CFLs is supplied by a set of electronic ballastsghwi
specification of 220-240V, 50-60Hz. Each of thec#ienic
ballast is controlled by a small single-pole swigsid requires
4 wires to be connected to each of the CFLs. Ttwusgalize
the prototype, 24 electronic ballasts and 24 swiclare



compulsory. Simplicity, low noise armbmpact in size are tt
reasons why electrontzallasts are chos instead of magnet
ballasts.However, a trade off in termsf increment numbel
of connecting wires exists. Tangplify, the requirement ¢
2G7 socket was removed since the G were inserted fror
the bottom of the ground planeh& CF.s must be verticall
aligned with respect to the ground pli surface. Each of tt
wires is connected to CFL pins bwysing ordinary wire
connectors. A monopole antenna widiameter of 2mm i
connected to the feeding line via 5(Q SMA female
connector.

Fia. 2. Realized model with 24 eleme.

V. RESULTSAND DISCUSSION

Series of measurements were car out to validate th
simulation results. The measuremervere performed in
SATIMO 32 anechoic chamber with thoeak gain accuracy
equals to +0.8dBi.Implementation oftwo reflectors on :
single ground plane enablesgie beamind dual beam shap
to be realized just at your fingertips. * single shape can
changed into dual beam shape witlsiplit seconds orven
micro seconds witlfiast switching schee. In fact, the faste
time taken to change the beam shapei one to another only
depends on the timeken by the plasn to decay[13], [17].
Evolution of the beam shapessisown i1 Figure 3 and Figure
4, for the H-plane and the E-planespetively. Theradiation
pattern for the plasma in OFF state @ergize plasma) is
also shown in the figures to ease comjon.

Unlike the omnidirectional beam slp¢, the single beam
shape could be formed by switching all plasma elemen
with thesis equal to 0.5, while elemets with thes is equal
to A are switched OFF. lfloing otherise, a double beam
shapes will show up. If all elementse switched ON, th
single beam remains without allowinhe double beams
emerge. This is an alternative to form jle beam sha,.

The similarity between simulatio and measuremer
results can be seen from these figureowing that the bea
shape of the CRA can be changed fisingle beam tdual
beam shapes and back to classical orrectional beam shay
alternately. The beam is focused at adside direction wit
3dB beamdwidth equate +20°, and th.beam is transforme
into double beams at phi equéds+30°. The 3dB beamdwidt
for each of the double beams is +10°e null is observed
phi equals to 0° in the H-planwhich is below-15dB and
better result can be seen in theasuremnt polar plot

H-plane (6=90°)

wmmmn Plasma OFF

=== Plasma ON (0.51)
- Plasma ON (1.0%) ¢ (deg)
(@)

H-plane (6=90°)

wamn Plasma OFF
=== Plasma ON (0.5%)

was Plasma ON (1.02.)  (deg)
b

Fig. 3. Normalized Hslane ndiation patterns, fFcomponent at 2.4GF
(a) Simulation. (b) Measuremer
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wan Plasma OFF,(6=0°) 180°

== Plasma ON (0.51).($=0°)
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Fig. 4. Normalized E-planeadiation patterns,, component at 2.4GF
(a) Simulation. (b) Measureme



The simulated and measuregy &re shown in Figure 5. In
all configurations, the antenna is matched at 2.2GMider
bandwidths are seen in the measurement resultallifoases
with respect to the simulation ones are due to alwtoupling
effect between the elements. It is worth to menttbat,
bandwidth more than 1GHz (42%) is achieved whensttse
equal to half lambda. There are insignificant diéfeces
between simulated and measured gains which arethess
1dBi at 2.4GHz for all cases. The simulated and suesl
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Fig. 5. S11 magnitude parameter comparison. (@ulgtion. (b)
Measurement.

gain patterns are shown in Figure 6. The measuagts gre
5.7dBi, 10.8dBi and 10.5dBi for the cases of plasbfF
state s equals to 05 ands equals td., respectively.
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Fig. 6. Simulated (solid lines) and measured (dotted liryesiis for th
three states; 1) OFF state, 2) ON statesfdd.5\ and 3) ON state fa=1).
VI.

In this letter, a novel reconfigurable plasma CRA
proposed. The novel reconfigurable plasma CRA sffaree

CONCLUSION

beam shapes which are electrically switchable fiame to
another. Up to our knowledge, this is the first ktinat has
validated such design which offers changeable t=&eape.
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