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Abstract 

This paper presents a method to improve the circular 
polarization of an Archimedean spiral antenna placed over a 
radial Artificial Magnetic Conductor (AMC). Results have 
been compared with the same radiating element over a more 
classical AMC reflector. A prototype of an Archimedean 
two-wire spiral antenna has been built to operate from 
0.5GHz to 6GHz. Measurement results with this radial 
AMC give a relative bandwidth of 79%, in which the 
broadside RHCP gain is improved. In this bandwidth the 
axial ratio is less than 2dB whereas it is higher than 3dB 
with a classical cartesian shape of AMC reflector. 

1. Introduction 

The needs of the current wireless applications, both civilian 
and military, require antennas that are at the same time, low 
cost, low thickness and broadband. Planar spiral antennas 
are widely used to fulfill the aforementioned specifications. 
An Archimedean spiral antenna radiates a circularly 
polarized bi-directional beam. In most applications, this bi-
directional beam must be transformed into a unidirectional 
one. A classical solution consists in backing a cavity filled 
by an electromagnetic absorber behind the radiating 
element. However, the antenna is bulky and loses one half 
of the radiated power. 
Another approach consists in taking advantage of the 
backward radiated electric field by reflecting it in-phase 
with the forward radiated electric field thanks to an 
Artificial Magnetic Conductor (AMC) [1]. In [2], a 
reflector based on AMC called Quasi Artificial Magnetic 
Conductor (QAMC) has been presented. The term “quasi” 
has been chosen because the QAMC is composed of a few 
elementary cells.  
In this paper we present the improvement of the cartesian 
QAMC by a reflector suitable to the geometry and the 
radiation of the Archimedean spiral antenna. The spiral 
antenna is presented in section 2. The method to design the 
QAMC is introduced in section 3. In section 4 the spiral 
antenna is placed over the two different QAMC and 
compared in order to validate the new design. Then 
measurements are presented and discussed. 

2. Archimedean spiral antenna 

The two-wire Archimedean spiral antenna introduced by 
Kaiser [3], is widely used in airborne systems due to its 

wideband intrinsic characteristics. This kind of antenna has 
active areas which depend of the frequency. Thus, these 
areas are defined by D=λ/π, where D is the diameter of the 
area and λ the free space wavelength. The knowledge of 
these active areas enables to adapt the geometry of the 
reflector to these areas. 
The inner diameter and the outer diameter of the prototype 
of the Archimedean two-wire spiral antenna are respectively 
Din=6.3mm and Dout=300mm which define, respectively, 
the highest and the lowest operating frequencies 
fhigh=15GHz and flow=0.3GHz. Nevertheless, we are going 
to present results from 0.5GHz to 6GHz, because it is the 
required bandwidth for the targeted application. The width 
of the spiral arms is warm=1.25mm, the spiral arms are 
separated with a distance equal to the arm width to produce 
a self-complementary structure and thus maintain 
broadband characteristics [4]. 
The antenna is printed on a dielectric substrate Duroid 
RT5880, the thickness is hsub=1.575mm, the relative 
dielectric permittivity is εr=2.2 and the dissipation factor is 
tanδ=0.0009 (@10GHz). 

3. AMC Reflector 

3.1. Cartesian QAMC reflector 

The reflection phase is defined as the phase of the reflected 
electric field at the reflecting surface.  
It is normalized to the phase of the incident electric field at 
the reflecting surface. The reflection phase method is used to 
identify the frequency band in which the AMC behavior 
occurs [5]. In the case which the AMC is an infinite periodic 
structure, the phase diagram can be obtained by applying 
periodic conditions of Floquet on an elementary cell in order 
to simulate an infinite AMC [6].  
The AMC bandwidth depends on their dimensions [7] and 
has been defined for a reflection phase varying between +/-
120° [8]. In this bandwidth the spiral antenna placed over an 
AMC reflector should have a broadside gain higher than the 
spiral antenna in free space.  
The dimensions of the AMC are w=17.35mm and 
g=2.65mm, where w is the length of a square patch and g the 
gap between two patches (cf. Fig. 2a).  
The AMC substrate is Arlon CuClad 250 with a thickness 
hamc=4 x 1.565mm, the relative dielectric permittivity is 
εr=2.5 and the dissipation factor is tanδ=0.0018 (@10GHz).  
The cartesian QAMC reflector shown in Fig. 2a is 
composed of a planar array of only 4x4 elementary cells [2] 
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and it is placed 4mm under the antenna substrate. The 
diameter of the QAMC reflector is equal to λ1GHz/π 
(100.8mm). 

3.2. Radial QAMC reflector 

The radial QAMC reflector resulting from the 
transformation of the cartesian one is shown in Fig. 2 The 
method consists in placing the patches under the targeted 
active area [9]. The active area at a given frequency can be 
identified by using the electromagnetic energy density (cf. 
Fig. 1) defines as follows (1). 
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Where ε0 and µ0 are the permittivity and the permeability in 
free space, E and H are the magnitude of the electric and 
magnetic fields. 
 

 
Figure 1: Electromagnetic energy density at 2.5GHz. 
 

The dimensions of the radial patches are the same as for the 
square patches, i.e. they have a length equal to w and the 
gap between two patches in the radial or ortho-radial 
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 QAMC and 
half the length (w/2) of a patch of the first row (cf. Fig. 2b) 
is chosen so that the patches operate under this active area 
at the frequency for which the phase reflection of the AMC 
is equal to zero. (cf. Fig. 3). This occurs at 2.7GHz and 
D2.7GHz=35.34mm).  
The second row is only present to assure the periodicity in 
the radial direction. 
 

 
(a)                         (b) 

Figure 2: QAMC top view: (a) Cartesian QAMC, (b) 
Radial QAMC. 

3.3. Results 

The Archimedean spiral antenna defined in section 2 has 
been simulated over the two aforementioned QAMC. Figure 
3 presents the broadside realized gain for the co-
polarization and the cross-polarization radiated by the 
antenna and also the phase diagram of the AMC defined in 
section 3.1. Simulations have been performed with CST 
Microwave Studio®.  
 

 
Figure 3: Left scale (simulated gain): Comparison 

between the two QAMC, Right scale (phase): Reflection 
phase diagram of the AMC. 
 
According to Fig 3. the reflection phase of the AMC is 
included between +/-120° from 1.68GHz to 3.36GHz and 
leads to a relative bandwidth of 66%. Fig. 3 shows that 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 broadside LHCP 
gain less than -10dB from 0.5GHz to 6GHz. The two 
configurations have a similar broadside RHPC gain (co-
polarization component) from 1GHz to 3.5GHz. In order to 
validate those results, a prototype has been realized. 

4. Configurations 

We present hereafter the different configurations that have 
been measured. The configuration named ASRef, 
corresponds to the spiral antenna placed above a cavity 
completely filled with an electromagnetic absorber, with a 
height habs=55.26mm (cf. Fig. 4).  
This configuration will be used as the reference to evaluate 
the benefits of the proposed structures. 
 

 
Figure 4: Spiral antenna over the cavity. 

Archimedean two-
wire spiral 
antenna 
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The distance between the antenna substrate and the surface 
of the QAMC reflectors is hair=4mm (cf. Fig. 5).  
So the total thickness of the antenna is equal to 
ht=hsub+hair+hamc=11.835mm i.e. λ1.68GHz/15. In order to not 
disturb the behavior of the spiral antenna at low frequency, 
absorber is put all around the QAMC reflectors (cf. Fig. 5). 
These two configurations are named ASC-QAMC and ASR-

QAMC respectively, where ASC-QAMC refers to the spiral 
antenna above the cartesian QAMC and ASR-QAMC to the 
spiral antenna above the radial QAMC. 
 

 
(a)                                 (b) 

Figure 5: Configurations: (a) ASRef, (b) ASC/R-QAMC. 

 

 
Figure 6: Top and bottom view of the balun. 

 

 
Figure 7: The whole antenna: Cavity of the antenna 

assembled with the shielded cavity of the balun. 
 

The antenna is fed at the center of the spiral through a 
broadband tapered balun (cf. Fig. 6).  
It is required to transform the impedance presented by the 
input balanced line of the spiral equal 160Ω to the 
unbalanced line of the coaxial connector equal to 50Ω. 
The size of the balun is 300mm x 60mm [2], and it is placed 
in a shielded cavity (cf. Fig. 7). 

 

 
Figure 8: Definition of φ planes. 

5. Results and discussion 

In this section, measurements of the aforementioned 
configurations are analyzed.  
Fig. 9 shows that the ASRef has a good impedance matching 
from 0.5GHz to 6GHz defined for a return loss level less 
than -10dB.  
The ASC-QAMC has also a good impedance matching from 
0.5GHz to 6GHz. The return loss level of the ASQ-AMC 
presents a minor increase between 4.7GHz to 4.8GHz. 
 

 
Figure 9: Return loss versus frequency. 

Wideband balun inside 
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Fig. 10 shows the evolution of the broadside RHCP gain 
(co-polarization component) for the different 
configurations. We observe the same behavior from 0.5GHz 
to 3.3GHz for ASC-QAMC and ASR-QAMC.  
For both configurations the broadside RHCP gain is higher 
than the ASRef from 1.65GHz to 3.8GHz i.e. a relative 
bandwidth of 79%. It’s interesting to note that this band is 
greater than the theoretical bandwidth of 66% deduced 
previously from the phase diagram. 

 

 
Figure 10: Broadside gain (RHCP) versus frequency. 
 

Fig. 11 presents the broadside LHCP gain (cross-
polarization component) for the different configurations. 
We can see that the broadside LHCP gain of the ASR-QAMC 
remains below -10dB from 0.5GHz to 6GHz. Unlike the 
broadside LHCP gain of the ASC-QAMC is higher than -10dB 
for frequencies higher than 3.25GHz. 
 

 
Figure 11: Broadside gain (LHCP) versus frequency. 
 

In order to evaluate the benefits of the radial QAMC the 
axial ratio (AR), which defines the quality of the circular 
polarization [10], is presented in figure 12. 
The AR level of the ASRef remains below 3dB from 0.5 GHz 
to 6GHz i.e. a relative bandwidth of 169%, thanks to the 
absorber cavity.  The AR level of the ASC-QAMC is less than 
3 dB from 0.5GHz to 3.3GHz i.e. a relative bandwidth of 
74%. At 4.4GHz broadside RHCP and LCHP gains have 
the same value and that is why at this frequency the AR 
level is higher than 10dB. Then the polarization is no more 
circular but linear.  
With the radial QAMC, the AR level of the ASR-QAMC is less 
than 3dB from 0.5GHz to 4GHz i.e. a relative bandwidth of 
157%. But if we only considered the bandwidth in which 

the broadside RHCP gain of the ASC-QAMC and ASR-QAMC is 
higher than ASRef, then the relative bandwidth of the ASC-

QAMC decreases to 67% and the relative bandwidth of the 
ASR-QAMC remains to 79% i.e. a difference of 12% between 
the two configurations. 

 

 
Figure 12: Axial ratio versus frequency. 

 
Table 1 summarizes the measurements results. Those are 
given from 1.65GHz to 3.8GHz, which corresponds to the 
operational bandwidth of 79%. 

 
Table 1: Radiation characteristics comparison between 

the two QAMC. 
 ASC-QAMC ASR-QAMC 

Return Loss < -10dB < -10dB 
Co-polarization 
Level (RHCP 

broadside gain) 

3dB to 7dB 3dB to 9dB 

Cross-polarization 
Level (LHCP 

broadside gain) 

< -6dB < -12dB 

Axial Ratio < 5dB < 2dB 
 

 
Finally, it is important to check if the radiation pattern is 
stable on the desired bandwidth. That means that the beam 
stays directional and the broadside RHCP gain does not 
present any sharp variations.  
The following figures present the radiation patterns (in dB) 
for all configurations. All results are normalized by the 
value of the broadside RHCP gain.  
 

 
Figure 13: ASRef radiation pattern versus frequency for 

φ=0°. 
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Figure 14: ASC-QAMC radiation pattern versus frequency 

for φ=0°. 
 

 
Figure 15: ASR-QAMC radiation pattern versus frequency 

for φ=0°. 
 

The radiation pattern of the ASRef is stable from 0.5GHz to 
6GHz, thanks to the absorber cavity (cf. Fig. 13).  
Fig. 14 and 15 show that radiation patterns of the ASC-QAMC 
and the ASR-QAMC are almost similar from 0.5GHz to 
3.6GHz. For frequencies higher than 3.6GHz the radiation 
pattern of the ASC-QAMC begins to be disturbed.  
The radiation pattern of the ASR-QAMC stays stable up to 
3.8GHz, and then it also begins to be disturbed, but in the 
center of the radial QAMC there is enough space to put 
another reflector in order to reduce this discontinuity. 

6. Conclusions 

We have shown that it is possible to design a radial QAMC 
reflector suitable to the geometry and the radiation of the 
Archimedean spiral antenna. The method consists in 
determining the active area and in designing circular 
patches with the dimensions given by the cartesian AMC. 
The simulation shows that the RHCP broadside gain of the 
two QAMC is almost similar. 
In order to validate these results an Archimedean spiral 
antenna printed on Duroid RT 5880 substrate has been 
realized and placed 4mm above the two QAMC. 
Measurements results show a relative bandwidth of 79%, 
larger than the theoretical bandwidth of 66%, defined by a 
reflection phase included between +/-120°. With the radial 
QAMC the broadside LHCP gain is improved and the axial 
ratio is below 2dB from 1.65GHz to 3.8GHz. 

The paper demonstrates that an Archimedean spiral antenna 
placed above a radial QAMC can achieve wideband 
properties with a thickness of only  λ1.65GHz/15.3. This new 
design can be improved by reducing the dimensions of the 
patches in order to have different patches for different 
frequency bands. 
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