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Abstract — In this letter, the design of a planar antenna compliant with FCC
requirements for ultra-wideband (UWB) transmission systems is described.
With reference to a planar geometry on a dielectric substrate, the shape of the
antenna is described by means of a spline-based representation and it is
determined by means of an optimisation process aimed at finding the optimal
descriptive parameters that allow to fit the user-defined electrical and
dimensional requirements. The reliability and effectiveness of the antenna
prototype are assessed through simulations as well as experimental

measurements.

Introduction
Recently, UWB technologies have attracted a lot of attention in several
applicative areas and, in particular, in wireless communications. The design of
the antenna device is one of the most challenging tasks for the design of an
efficient and reliable UWB system. As a matter of fact, because of the power
limits of UWB systems [1], an UWB antenna should be highly-efficient and
non dispersive to allow a high transmission rate. The synthesis becomes
more and more complex when an integration of the antenna in a portable or

miniaturized device is required. In recent years, various shapes have been
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studied and proposed to build UWB antennas suitable for different purposes
and applications. Simple geometries have been assumed as reference
shapes to design UWB antennas (e.g., triangular [2], circular disk [3], annular
ring [4], rectangular [5], diamond [6] and bow-tie [7]). However, canonical
geometries are characterized by small numbers of degrees of freedom and
the optimisation, aimed at fitting suitable electrical parameters, is limited to
few parameters. A possible solution to overcome such an intrinsic limitation is
adopting more complex geometries with more degrees of freedom. As a
matter of fact, they might be tuned to match multiple and different
requirements guaranteeing and optimal trade-off also in the presence of
contrasting needs. Obviously such an approach implies to solve a complex
synthesis problem that cannot be afforded with classical design procedures.

In this letter, the synthesis of a planar UWB antenna is addressed by
considering a spline-based representation [8] of the antenna shape and it is

solved by means of an efficient multi-agent optimization strategy [9].

UWB Antenna Design

For the synthesis of the UWB antenna, the following constraints have been
considered: a) a maximum size of 5x5 [cmz] on an Arlon dielectric substrate
(thickness h=0.8[mm|, & =3.38, tgs5=0.0025 at f=10GHz); b) a
working frequency band in the range f elf . ,f._ |, being f,;,, =4GHz and
frax = 9GHZ ; ) impedance matching at the input port (i.e., amplitude of s;;

such that [s,,(f]<-10dB, f <[f . d) flatness of the amplitude of the

min ’fmax]

transfer function by considering a pair of identical antenna (i.e.,



Jnax ]|321(f)—f [¥nip ]|321(f)| <-6dB; e) linearity of the phase of the transfer

function; f) a hemispherical coverage. The reference geometry has been

described by means of a spline curve with N =7 control points (P.,.P,,...,P;)

[8] and by the half-width of the input section of the antenna. Moreover, the
reference shape has been equipped with a rectangular ground plane to be
dimensioned, as well, in order to complete the antenna description. The
synthesis of the antenna has been formulated as an optimisation problem by
considering the design requirements as problem constraints. The
unsupervised synthesis has been implemented by integrating the PSO
algorithm [9][10] with a spline generator and a MoM [11] electromagnetic
simulator to evaluate the electric behaviours of the trial solutions iteratively
generated according to the PSO strategy. As far as the ranking of the trial
solutions is concerned, a cost function has been defined. More in detall, it is
the sum of three terms, each one accounting for the difference between
requirements and estimated performances/features (e.g., radiation pattern,
impedance matching, size, etc...) of the trial shapes of the antennas. The
procedure iterated until a maximum amount of iterations has been performed

or the cost function value reached a user-defined threshold.

Numerical Results and Experimental Validation
According to the approach summarized in the previous section, a solution

compliant with the design constraints has been obtained after K, =25 PSO

iterations. As regards to the PSO setup and according to the guidelines in [9]

[10], the following configuration of parameters has been adopted: R =6 trial



solutions, a cost function threshold fixed to » =10~°, and a maximum number
of iterations equal to K =1000. The synthesized geometry is shown in Fig. 1
where both the control points (Pl,.PZ,...,P7) of the spline representation and
the others descriptive parameters (¢1,¢2,¢3,¢4) of the antenna shape are
shown, as well. In Fig. 2, the plot of the cost function Q versus the iteration
index is reported. As it can be observed, the cost function is composed by

three different contributions. The former Q,, is related to the condition on the
S,; amplitude, while Q,, and Qg are concerned with the amplitude and

phase of s,, , respectively. The convergence values of the descriptive
parameters of the synthesized antenna are given in Tab. I. The antenna
prototype (Fig. 3) presents a maximum size of dimension equal to
24.2x40.4 [mmz]. In order to assess the effectiveness of the antenna in an
UWB system, two samples of the antenna have been built by using a
photolithographic printing circuit technology. The experimental assessment
has been carried out in an anechoic chamber with the prototypes placed at

d =150 [mm] and fed through a rigid coaxial cable soldered at the input port

of the antenna as shown in Fig. 3(b). The values of the scattering parameters
have been measured with a vector network analyzer by considering the input
port of the antenna as reference section. The plots of numerical and
measured values of the amplitude of s,, are reported in Fig. 4. As it can be
noticed, besides a good agreement between measurements and simulations,
the synthesized solution fits the impedance matching requirements. In Fig. 5,

and Fig. 6, the comparison is concerned with the s,, parameter. As expected

(from the simulations), the range of variation in the FCC-UWB frequency band



does not exceed 6 dB (Fig.5). Moreover, both simulated and experimentally-
collected values shown in Fig. 6 assess the linear behaviour of the phase of

S,,. Because of the relationship between the s,, phase and the group delay,

such a phase trend implies a maximum variation of the group delay equal to
0.18[nsec]. Finally, the compliance of the radiation properties of the

synthesized antenna can be verified in Figs. 7-9, where the plots of the
radiation patterns in the horizontal plane (Fig. 7) and along two representative

vertical planes (Figs. 8-9) are shown.

Conclusions
In this letter, the design of an FCC compliant UWB antenna working in the

4 +9 GHz band has been described. Given a set of electrical and geometrical

design requirements, the descriptive parameters of a spline-based reference
structure have been synthesized by means of an efficient optimization
strategy. The synthesized antenna has been assessed both numerically and
experimentally by using a pair of antenna prototypes built according to the

results of the synthesis process.
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Antenna geometry and descriptive parameters. Front view (a) and
back view (b)

Behaviour of the cost function during the iterative synthesis
procedure

Prototype of the FCC compliant UWB antenna. Front view (a) and
overview (b)

Comparison between simulated and measured s,;, amplitudes

Comparison between simulated and measured s,; amplitudes
Comparison between simulated and measured s,, phase values

Radiation patterns in the horizontal plane
Radiation patterns in the ¢ = 0° vertical plane

Radiation patterns in the ¢ = 90° vertical plane



Table Captions

Tab. | Values of the descriptive parameters of the UWB antenna
prototype.
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Fig. 1 - .... et al., “Design of a dimensionally constrained planar ...”
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Fig. 3 - L. Lizzi et al., “Design of a miniaturized planar ...”
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Control Points coordinates [mm]

Xl yl X2 y2 X3 y3 X4 y4
4.8 19.1 6.9 22 8.0 25.6 5.1 354
X5 y5 X6 y6 X7 y7
5.2 26.1 4.3 23.4 0.0 23.9
Geometric Variables [mm]
21 ?, P3 2
40.4 12.1 4.8 14.5

Tab. I - L. Lizzi et al., “Design of a miniaturized planar ...”
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