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1. INTRODUCTION AND MOTIVATIONS
In several antenna applications such as radiometry, near field probing, medical imaging, etc. is of paramount importance to focus the electromagnetic energy in the near field.  In these contexts Bessel beams were investigated at optical frequencies [1]-[3], since they represent free-diffraction solutions to the scalar wave equation. At microwave and millimeter frequencies, where the scalar theory holds no more, a full vector approach is needed [4]. Particularly in [5],[6], a low-cost, low-profile solution at 10 GHz is presented. The fundamental TM-polarized fast/leaky wave mode is launched into a grounded leaky radial waveguide loaded with an impedance sheet through a coaxial cable, in order to generate a Bessel beam of zeroth-order along the z-component of the electric field. Unluckily, at higher frequencies, the use of the lowest order leaky wave mode leads to an extremely-thin substrate, with a consequential increase of ohmic losses [7] and fabrication issues. In this project we have designed a Bessel beam launcher working at 40 GHz through the excitation of the second order leaky mode, showing that the performance of the system are not influenced by the presence of the previous modes within a bounded range of frequencies around the operating point.
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	Figure 1: (a) Bessel beam launcher. (b) Dispersion Analysis.  


2. PROBLEM STATEMENT AND METHOD
The design procedure of a Bessel beam launcher in multimode propagation could be divided in the following four main steps: (1) the dispersion analysis involving both leaky and surface wave modes; (2) the determination of the operating point and the maximal available bandwidth; (3) the derivation of closed-form design equations; (4) the impedance synthesis and matching network.
As regards (1) we have numerically solved the dispersion equation of the radial waveguide depicted in Fig. 1(a) for TM modes and founded the dispersion curves for both leaky-wave modes and surface-wave modes [8]. For both type of waves, we have defined a cutoff condition and calculated two approximated expressions for the cutoff frequencies: one for the leaky-wave modes (when 
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is the radial wavenumber. With such expressions, once the operating frequency is chosen, we know the number of modes which are propagating.

In regard to (2) it is worth noting that the presence of more than one mode does not necessarily affects the performance of the system. In fact, in order to create a Bessel beam, a circular metallic rim is placed at a radial distance corresponding to one of the zeros of the zeroth order Bessel function. This relation identifies a family of hyperbolas which intersect the leaky and surface wave phase constants (see Fig. 1(b)) determining the operating point of the launcher. Referring to Fig. 1(b) the maximal available bandwidth is given by the nearest intersections around f0, indicated by arrows in the figure. Within this range of frequencies the focusing capabilities of the Bessel beam are preserved.
In step (3) we have derived the design rules for a Bessel beam launcher working with a higher leaky-wave mode. Thanks to these design equations we can choose the focusing capabilities of the beam by fixing the operating point, i.e. the radial wavenumber, the number of the zero at which the rim must be placed, and the order of the leaky mode. Then, we exactly know the design parameters of the structure i.e. the thickness of the substrate, the radius of the launcher, the surface impedance.
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	Figure 2: (a) Cross-section of the matching network. (b) 2D Ez plot at f0=39.6[GHz] on z-plane.


Finally, in step (4) we have synthesized the impedance sheet by printing two-dimensional arrays of interleaved squared metallic patches on both faces of a dielectric substrate. The structure is fed by a probe-like transition connected to the back side of the launcher to a commercial V connector, as shown in Fig. 2 (a). In order to match the final structure, the patches close to the probe-like transition are modified as shown in Fig. 2(a). 
3. NUMERICAL RESULTS
A Bessel beam with 
[image: image10.wmf]0

(0.80.007)

kjk

r

=-

has been designed around the operating frequency of 40 GHz, through the excitation of the second order leaky wave mode. The metallic rim of the launcher corresponds to the fifth null of the Bessel function. The radial waveguide of the Bessel beam launcher is filled by a substrate with dielectric constant 
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. This choice of the operating point and material leads to the following set of parameters.
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exhibiting the following features:

· Null-to-null beamwidth:
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· Non-diffractive range: 
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The operation of the structure as a Bessel beam launcher has been validated by COMSOL Multiphysics. The artificial surface was modelled as an infinitesimally-thin layer, regardless of its actual implementation. In Fig. 2(b) the z-component of the Electric field is plotted in a 2D representation along the (z-plane. Clearly a J0 profile is observed up to the non-diffractive range, equal to 16.42mm ( 2.17, where the sidelobes are no longer clearly distinct and the main beam starts to widen. These results have been then verified by HFSS where the artificial surface was modelled as a double grounded substrate of permittivity 
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 (Rogers Duroid 6006) with a two-dimensional arrays of interleaved squared metallic patches printed on both faces. The distance between the patches was set to 
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Finally, the prototype considered in this section has been manufactured at IETR. The prototype is shown in Figure 3. Measurements results will be available in the coming months to further validate and enhance the impact of the present work. 
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	Figure 3: Prototype of the Bessel beam launcher designed during the project.


4. CONCLUSIONS
During this project we have realized an interesting near-field focusing system based on higher order leaky wave modes. This prototype is very promising since it shows the same focusing capabilities of the one presented in [6], but at a higher frequencies with reduced complexity and fabrication constraints. The activity of the project has already provided 2 accepted communications [S1], [S2] at two international conferences: “2014 EuCAP European Conference on Antennas and Propagation”, 6-11 April 2014, The Hague, The Netherlands; “2014 IEEE International Symposium on Antennas and Propagation”, 6-12 July 2014, Memphis, Tennessee, USA. Besides, a full paper is under preparation and will be submitted in the IEEE Transactions on Antennas and Propagation. 
In all these works, the ESF program “New Frontiers in Millimetre/Sub-Millimetre Waves Integrated Dielectric Focusing Systems” is and will be acknowledged for the received financial support.
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