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Abstract wideband intrinsic characteristics. This kind ofeama has
active areas which depend of the frequency. Thusset

This paper presents a method to improve the circula areas are defined by BAT, where D is the diameter of the
polarization of an Archimedean spiral antenna plameer a  area and\ the free space wavelength. The knowledge of
radial Artificial Magnetic Conductor (AMC). Resultsave  these active areas enables to adapt the geomettiieof
been compared with the same radiating elementaweore reflector to these areas.
classical AMC reflector. A prototype of an Archineeh The inner diameter and the outer diameter of tiopype
two-wire spiral antenna has been built to operatenf  of the Archimedean two-wire spiral antenna are eespely
0.5GHz to 6GHz. Measurement results with this dadia D,,=6.3mm and [,=300mm which define, respectively,
AMC give a relative bandwidth of 79%, in which the the highest and the lowest operating frequencies
broadside RHCP gain is improved. In this bandwitité frig=15GHz and §,=0.3GHz. Nevertheless, we are going
axial ratio is less than 2dB whereas it is highent 3dB to present results from 0.5GHz to 6GHz, because tihe

with a classical cartesian shape of AMC reflector. required bandwidth for the targeted applicatione Width
. of the spiral arms is w~=1.25mm, the spiral arms are

1. Introduction separated with a distance equal to the arm widgiraduce
The needs of the current wireless applicationsh bixlian a self-complementary structure and thus maintain
and military, require antennas that are at the same low broadband characteristics [4]. _
cost, low thickness and broadband. Planar spir@nmas  1he antenna is printed on a dielectric substrateoidu
are widely used to fulfill the aforementioned sfieations. ~ RT5880, the thickness is qg1.575mm, the relative
An Archimedean spiral antenna radiates a circularly dielectric permittivity ise=2.2 and the dissipation factor is
polarized bi-directional beam. In most applicatiothss bi- tan=0.0009 (@10GHz).
directional beam must be transformed into a unidioeal
one. A classical solution consists in backing aitgafilled 3. AMC Reflector

by an electromagnetic absorber behind the radiating
element. However, the antenna is bulky and loseshaif

of the radiated power. The reflection phase is defined as the phase ofefiected
Another approach consists in taking advantage & th electric field at the reflecting surface.

backward radiated electric field by reflecting it-phase It is normalized to the phase of the incident eledteld at
with the forward radiated electric field thanks #mn the reflecting surface. The reflection phase metbadged to
Artificial Magnetic Conductor (AMC) [1]. In [2], a identify the frequency band in which the AMC belwavi
reflector based on AMC called Quasi Artificial Magit occurs [5]. In the case which the AMC is an infiniteriodic
Conductor (QAMC) has been presented. The term ftuas structure, the phase diagram can be obtained blyiagp
has been chosen because the QAMC is composedesf a f periodic conditions of Floquet on an elementary icebrder
elementary cells. to simulate an infinite AMC [6].

In this paper we present the improvement of théesam The AMC bandwidth depends on their dimensions ¥4 a
QAMC by a reflector suitable to the geometry aneé th has been defined for a reflection phase varyingvben +/-
radiation of the Archimedean spiral antenna. Tha#gabp  120° [8]. In this bandwidth the spiral antenna pthover an
antenna is presented in section 2. The methoddigmi¢he AMC reflector should have a broadside gain highantthe
QAMC s introduced in section 3. In section 4 tipéral spiral antenna in free space.

antenna is placed over the two different QAMC and The dimensions of the AMC are w=17.35mm and
compared in order to validate the new design. Theng=2.65mm, where w is the length of a square patchgathe

3.1. Cartesian QAMC reflector

measurements are presented and discussed. gap between two patches (cf. Fig. 2a).
The AMC substrate is Arlon CuClad 250 with a thieka
2. Archimedean spiral antenna hane=4 x 1.565mm, the relative dielectric permittivity

&=2.5 and the dissipation factor is §&0.0018 (@10GHz).
The cartesian QAMC reflector shown in Fig. 2a is
composed of a planar array of only 4x4 elementatig ¢2]

The two-wire Archimedean spiral antenna introdudsd
Kaiser [3], is widely used in airborne systems daeits



and it is placed 4mm under the antenna substrate. T

diameter of the QAMC reflector is equal gn/TT
(200.8mm).

3.2. Radial QAMC reflector

The radial QAMC reflector resulting from the
transformation of the cartesian one is shown in Bighe
method consists in placing the patches under tigeted
active area [9]. The active area at a given frequesan be
identified by using the electromagnetic energy dgr(sf.
Fig. 1) defines as follows (1).

1
PEM = E(SOEZ + 1oH?) 1)

Whereg, andy, are the permittivity and the permeability in
free space, E and H are the magnitude of the &leatd
magnetic fields.
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Figure 1: Electromagnetic energy density at 2.5GHz.

The dimensions of the radial patches are the sanher dhe
square patches, i.e. they have a length equal &mdvthe
gap between two patches in the radial or orthoatadi
direction is equal to g (cf. Fig. 2b).

The radial QAMC is composed of 2 rows of 12 patches
The distance between the center of the radial QAMNG
half the length (w/2) of a patch of the first roef.(Fig. 2b)

is chosen so that the patches operate under ttine area
at the frequency for which the phase reflectiomhef AMC

is equal to zero. (cf. Fig. 3). This occurs at ZHzGand
D2_7GHZ:35.34mm).

The second row is only present to assure the peitpdn
the radial direction.
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Figure 2: QAMC top view: (a) Cartesian QAMC, (b)
Radial QAMC.

3.3. Results

The Archimedean spiral antenna defined in sectiom®
been simulated over the two aforementioned QAMGufd

3 presents the broadside realized gain for the co-
polarization and the cross-polarization radiated thg
antenna and also the phase diagram of the AMC etifiim
section 3.1. Simulations have been performed wi8T C
Microwave Studio®.
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Figure 3: Left scale (simulated gain): Comparison

between the two QAMC, Right scale (phase): Refbecti

phase diagram of the AMC.

According to Fig 3. the reflection phase of the AMEC
included between +/-120° from 1.68GHz to 3.36GH# an
leads to a relative bandwidth of 66%. Fig. 3 shelved the
spiral antenna placed over a cartesian QAMC has a
broadside LHCP gain (cross-polarization component)
higher than -10dB from 4.5GHz to 6GHz. The spiral
antenna placed over a radial QAMC has a broadsitieR-
gain less than -10dB from 0.5GHz to 6GHz. The two
configurations have a similar broadside RHPC gaio- (
polarization component) from 1GHz to 3.5GHz. Inertb
validate those results, a prototype has been sshliz

4. Configurations

We present hereafter the different configuratidrs have
been measured. The configuration named rAS
corresponds to the spiral antenna placed aboveviy ca
completely filled with an electromagnetic absorbeith a
height h,=55.26mm (cf. Fig. 4).

This configuration will be used as the referencevaluate
the benefits of the proposed structures.

Archimedean two-
wire spiral
aftenna

Figure 4: Spiral antenna over the cavity.



The distance between the antenna substrate arslitfaee The antenna is fed at the center of the spiralutjinoa
of the QAMC reflectors isfi=4mm (cf. Fig. 5). broadband tapered balun (cf. Fig. 6).

So the total thickness of the antenna is equal tolt is required to transform the impedance presebtgdhe
h=heusthairt hame11.835mm i.eAq gscn/15. In order to not input balanced line of the spiral equal €600 the
disturb the behavior of the spiral antenna at loegdiency, unbalanced line of the coaxial connector equal®@.5
absorber is put all around the QAMC reflectors . 5). The size of the balun is 300mm x 60mm [2], and placed
These two configurations are named cAavc and A%. in a shielded cavity (cf. Fig. 7).

oamc respectively where A% qavc refers to the spiral
antenna above the cartesian QAMC andz Afuc to the
spiral antenna above the radial QAMC.
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Figure 5: Configurations: (a) As. (b) A& /r-gamc.
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Figure 8: Definition ofp planes.

5. Results and discussion

In this section, measurements of the aforementioned
configurations are analyzed.

Fig. 9 shows that the A§ has a good impedance matching
from 0.5GHz to 6GHz defined for a return loss lelesls
than -10dB.

The AS.qamc has also a good impedance matching from
0.5GHz to 6GHz. The return loss level of the Af{c
presents a minor increase between 4.7GHz to 4.8GHz.
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Figure 6: Top and bottom view of the balun. .
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Figure 9: Return loss versus frequency.
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Figure 7: The whole antenna: Cavity of the antenna
assembled with the shielded cavity of the balun.



Fig. 10 shows the evolution of the broadside RHGI#h g
(co-polarization component) for  the different
configurations. We observe the same behavior fr&sGBz

to 3.3GHz for A%—QAMC and ASR_QAMQ

For both configurations the broadside RHCP gaihigher
than the A{e« from 1.65GHz to 3.8GHz i.e. a relative
bandwidth of 79%. It's interesting to note thatsthiand is
greater than the theoretical bandwidth of 66% deduc
previously from the phase diagram.
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Figure 10: Broadside gain (RHCP) versus frequency.
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Fig. 11 presents the broadside LHCP gain (cross-

polarization component) for the different configimas.
We can see that the broadside LHCP gain of the.dAsc
remains below -10dB from 0.5GHz to 6GHz. Unlike the
broadside LHCP gain of the ASawmc is higher than -10dB
for frequencies higher than 3.25GHz.
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Figure 11: Broadside gain (LHCP) versus frequency.
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In order to evaluate the benefits of the radial Q&Nhe
axial ratio (AR), which defines the quality of tlo&rcular
polarization [10], is presented in figure 12.

The AR level of the Agsremains below 3dB from 0.5 GHz
to 6GHz i.e. a relative bandwidth of 169%, thanksthe
absorber cavity. The AR level of the AS.wcis less than
3 dB from 0.5GHz to 3.3GHz i.e. a relative bandtidff

74%. At 4.4GHz broadside RHCP and LCHP gains have

the same value and that is why at this frequeneyAR
level is higher than 10dB. Then the polarizatiomésmore
circular but linear.

With the radial QAMC, the AR level of the AQamcis less
than 3dB from 0.5GHz to 4GHz i.e. a relative bardttviof
157%. But if we only considered the bandwidth inickh

the broadside RHCP gain of the A$wcand A.qawvc is
higher than A& then the relative bandwidth of the AS
oamc decreases to 67% and the relative bandwidth of the
ASg gavcremains to 79% i.e. a difference of 12% between
the two configurations.
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Figure 12: Axial ratio versus frequency.

Table 1 summarizes the measurements results. Tdrese
given from 1.65GHz to 3.8GHz, which correspondsh®
operational bandwidth of 79%.

Table 1: Radiation characteristics comparison betwe
the two QAMC.

ASC-QAMC ASR—QAMC
Return Loss <-10dB <-10dB
Co-polarization 3dB to 7dB 3dB to 9dB
Level (RHCP
broadside gain)
Cross-polarization < -6dB <-12dB
Level (LHCP
broadside gain)
Axial Ratio < 5dB < 2dB

Finally, it is important to check if the radiatigrattern is
stable on the desired bandwidth. That means tleab#am
stays directional and the broadside RHCP gain duds
present any sharp variations.

The following figures present the radiation patse¢im dB)

for all configurations. All results are normalizdyy the

value of the broadside RHCP gain.
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Figure 13: ARes radiation pattern versus frequency for
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The paper demonstrates that an Archimedean spitahaa
placed above a radial QAMC can achieve wideband
properties with a thickness of only; gsgn/15.3. This new
design can be improved by reducing the dimensidrtheo
patches in order to have different patches forediffit
frequency bands.
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In order to validate these results an Archimedeginals
antenna printed on Duroid RT 5880 substrate has bee
realized and placed 4mm above the two QAMC.
Measurements results show a relative bandwidth986,7
larger than the theoretical bandwidth of 66%, deiby a
reflection phase included between +/-120°. With ithdial
QAMC the broadside LHCP gain is improved and thialax
ratio is below 2dB from 1.65GHz to 3.8GHz.





