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Abstract 

A new topology that potentially can open new solutions for covering the new VLBI2010 
configuration and its frequency bands associated is presented in this manuscript. In this 
approach, a single band from 2 to 14 GHz is considered. A quadratic spiral printed on a 
semi-conic surface is place over a PEC ground plane. Whole structure is adjusted in order to 
obtain a pure circular polarization at broadside direction. 

1 Introduction 

New generation geodetic VLBI2010 radiotelescopes require broad bandwidth feeds covering a 
continuous frequency range from 2 to 14 GHz [1]. A different approach could be the use of 
feeds that cover different simultaneous narrow sub-bands within 2 - 14 GHz whose tradeoffs 
must be carefully evaluated. This solution assures backwards compatibility with the existing S 
and X bands and permits dual-band observations in the X/Ka bands.  

Archimedean spiral antennas are well suitable for this scenario due to its frequency-
independent impedance and radiation pattern [2]. Effective feeders must present dual 
polarization capabilities, considering either lineal or circular ones over the whole working band. 
On [3] authors analyze arms current distribution of Archimedean spirals over ground planes. It 
is deduced that a spiral will radiate with circular or lineal polarization depending its electrical 
size, which is undesirable for VLBI2010.  

It is possible to achieve circular polarization over an extensive bandwidth by using 
absorbing materials into a cavity under the spiral [4], [5], [6]. On [7] and [8] authors consider 
the use of resistors with the same goal. That leads to a low efficiency designs. Trying to avoid 
the use of absorbing materials, a non-planar spiral is proposed. 

The rest of the manuscript is organized in the following way. On section 2 a conical 
quadratic spiral design will be presented. On section 3, full-wave simulation results will be 
shown.  

2 Proposed Design 

The geometry of the proposed solution is the following (Fig. 1): a quadratic spiral printed 
over a semi-cone is considered as a UWB radiating element. A finite ground plane is placed 
below in order to increase the antenna gain. Next equations define analytically the surface 
S(X(u,v),Y(u,v),Z(u,v)) corresponding to one spiral arm.   
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where u ∈ [2.4, 44] and v ∈ [0, 1.5] are the defining parameters of S and a=0.06 is an 
optimized constant. Zmin=4mm and Zmax=72mm determine the minimum and maximum spiral 
height.  
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In order to reduce dimensions of final antenna Zmax is chosen to be lower than it’s optimum 
value. It is expected that this antenna will be installed into a cryostat. 

  
Figure 1. Geometry of the second proposed design. Rmax depends on umax. 

Due to computational costs issues, next simulations consider an infinite ground plane at XY 
plane, implemented by an electric wall (Et = 0) boundary condition. All simulations are done 
using CST Studio Suite. Results are validated using Ansoft HFSS. 

3 Simulation Results: 

Fig. 2 shows gain obtained at different frequencies of the working range. The antenna presents 
an φ=k plane where the beanwidth is maximum, and a φ=k+90º plane where the main beanwidth 
is minimum. The value of k is frequency-dependent. At the φ=k+90º plane, there are secondary 
lobes. 

 
Figure 2. Gain of the quadratic spiral at 2 GHz (red), 6 GHz (green), 10 GHz (blue) and 14 GHz 

(magenta) for cuts (a) φ=0º (b) φ=90º. 

Fig. 3 details broadside gain every 2 GHz over the entire band. As it can be appreciated, 
maximum and minimum gain over the 2-14 GHz band differs 1.5 dB 

 
Figure 3. Broadside gain of the conical spiral. 

 

 

 
                 (a)                                    (b) 
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Fig. 4 shows axial ratio obtained by the conical quadratic spiral antenna. It is widely below 
3dB over the whole frequency band.  

 

 
Figure 4. Axial ratio at broadside direction. 

The topology proposed can lead to a double polarized system using a simple feeding 
network just by adding a second mirrored spiral. Axial ratio is considerably good while 
broadside gain stays reasonably constant at 2 - 14 GHz band.  

Manufacture is more complex than other planar topologies, which leads to a more expensive 
solution. Fig. 5 shows the prototype that is currently being manufactured. 

 

 
Figure 5. Conical quadratic spiral antenna currently being manufactured. 

4 Conclusions 

A novel antenna topology for covering the requirements for VLBI2010 is presented. According 
to our full-wave simulations, it radiates with a pure circular polarization from 2 to 14 GHz. 
Although its manufacture is slightly more complex there is no special needs for feeding network 
in order to achieve a dual polarization system.  

Experimental results will be presented for the manufactured prototype in order to validate 
the results shown on this manuscript.  
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