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3-D Shaping of a Focused Aperture
in the Near Field

Ioannis Iliopoulos, Student Member, IEEE, Massimiliano Casaletti, Member, IEEE,
Ronan Sauleau, Senior Member, IEEE, Philippe Pouliguen, Patrick Potier,
and Mauro Ettorre, Senior Member, IEEE

Abstract—The manipulation of the near-field (NF) is a
challenging topic in electromagnetics, carrying essential impor-
tance for several applications. In this paper, we develop an
algorithm capable of shaping the NF in 3-D domains according
to given specifications. The algorithm is based on a set theoretic
approach and a front-and-back iterative propagation scheme.
The latter is realized using fast Fourier transforms (FFT), reduc-
ing the required computational time. The algorithm is applied on
a focal shaping scenario. In this case, a full control of the depth of
focus, spot diameter, and sidelobe level of the generated radiation
is achieved. In particular, the proposed procedure is successfully
adopted to control the normal component of a radiating aperture
over a range of 120 at 30 GHz. The derived aperture field
distribution is then synthesized by a radial line slot antenna
(RLSA) by means of an in-house method of moments (MoM)
code. NF measurements have validated the proposed approach
and prototype.

Index Terms— 3-D near-field (NF) shaping, aperture antennas,
focal systems, millimeter waves, slot antennas.

I. INTRODUCTION

HE engineering of the near-field (NF) of a radiating
system is becoming an interesting research field due
to the numerous applications, ranging from NF radiome-
try [1] to deep tissue hyperthermia [2] and power transfer
to implants [3]. In general, the goal is to achieve a specific
field pattern, in the vicinity of an antenna, either in free space
or inside specific media. However, in contrast with standard
far-field techniques in antenna applications, there are no
well-established design rules to follow.
The method proposed in [4] is generally used to design
NF focusing antennas by opportunely using an equivalence
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between the far and Fresnel zone fields generated by a planar
radiating aperture [5]. This approach lacks precision in predict-
ing the focal characteristics in microwave or millimeter wave
applications, due to the relatively small radiating apertures,
as described in-depth in [6]. The authors of [7] and [8]
have recently proposed a ray approach to design NF focusing
systems using leaky-wave antennas. In this case, the leaky-
wave mode is tailored along the radiating aperture, so that
each point on the aperture radiates at a specific location in
space. Various prototypes have been designed to prove the
concept.

Nevertheless, all these examples suffer from one main
problem: the focal characteristics cannot be controlled a priori.
This means that the focal spot generated by the aperture, in
terms of its figures of merit (FoMs), namely, spot diameter or
beamwidth, depth of focus (DoF) (distance of —3 dB points
of the field intensity in the direction normal to the radiating
aperture) and sidelobe level (SLL), cannot be predefined at
the beginning of the design process. Only in [9], some FoMs
are partially associated with the polarization and the amplitude
distribution of the radiating aperture, while a relevant work in
optics can be found in [10].

The first work achieving full control over the spot diameter
and the SLL has been described in [11], where an iterative
algorithm is forcing the radiated field within a specific mask
defined by the user. The aforementioned technique can support
only 2-D shaping, meaning that the field can be shaped only
over one plane parallel to the aperture, without any control of
the generated field outside this region.

An important line of work can be found at optical frequen-
cies. There, the nature of the sources, with sizes of thousands
of A’s (an equivalent aperture at millimeter waves would mea-
sure some meters), gives plenty of freedom in shaping the field
even in 3-D domains. An excellent example of 3-D shaping
at optical frequencies can be found in [12], while exceptional
interest present the so-called “Frozen Waves” [13]-[15].

An impressive methodology to shape the NF has been
proposed in [16], where an almost automatic retunable system
is considered. However, this system uses multiple transducers,
which complicates the required feeding network for practical
applications.

In this paper, we propose 3-D control of the radiated NF at
millimeter waves. A theoretical methodology is described, and
the results are validated by simulations and measurements of a
successful prototype. The theoretical methodology is based on
set theoretic approach and a projection method technique. The
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Fig. 1. Problem setup with an illustration of the applied algorithm.

practical part (i.e., the antenna design) is facilitated by an in-
house MoM tool. To the authors’ best knowledge, it is the first
time that the NF of a radiating aperture has been controlled
over a 3-D domain.

This paper is structured as follows. Section II is devoted
to setting-up the considered problem. The proposed iterative
algorithm is presented and specialized in focusing in 3-D
domains. Section III presents the design of a radial line slot
antenna (RLSA), synthesizing the required aperture field pro-
file. Section IV is dedicated to prototyping and measurements.
Finally, Section V concludes the work.

II. 3-D NEAR-FIELD SHAPING

3-D NF shaping consists in engineering the electromagnetic
field close to a given radiating structure. Thus, the problem
consists in defining the source distribution that yields the
requested field shape in a predefined volume V (Fig. 1).
Ultimately, the goal is to shape the norm of the field, which
comprises the three field components in the form of [12]

1= JIE? +|E, +|EJ2. (1)

It is apparent that this is a vectorial problem that presents
great complication when addressed. A possible simplifica-
tion is obtained by forcing a specific polarization to the
radiated field. For example, a radial field polarization (i.e.,
Ex = E,cos¢, Ey = E,sing) can reduce the problem to
I = /|E,|? + |E;|?, while other assumptions (e.g., choice of
antenna topology) could further simplify the problem.

However, in the case of planar radiating structures, the
decomposition of the field in transverse electric (TE) and
transverse magnetic (TM) modes (with respect to the normal
direction to the aperture plane) can be used to reduce the
complexity of the problem by reshaping it into a scalar
form. Without loss of generality, and in order to facilitate the
analysis, let us assume that our setup supports only a TM
mode generated by an aperture situated at the xy-plane (Fig.
1). In such a problem, the field can be expressed in terms of a
magnetic vector potential A. It can be shown [17] that, for the

geometry under consideration, only the scalar A, component
of the potential is sufficient for deriving the vector field.

Under these assumptions, the electric field components in
a source-free region inside a medium with permittivity ¢ and
permeability x write [18]

E, = —jia% (2a)
wue 0x0z
1 0%A
Ey=—j—— (2b)
wue 0yoz
1 (&
E.=—j— (—2 +k2) A, (2¢)
wue \ 0z

where w is the angular frequency and k is the wavenumber
inside the medium. Supposing a dependence of A, over z in
e~ %2 where we have considered the separation relation

=14k 4k 3)
and (2) simplifies into

k, 1 6A

Ey = —n—=—"= (4a)
k u ox
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E,=jn X -—A; (4¢)
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where 7 is the wave impedance of the medium. In this form,
(4) can be a valuable tool in order to tackle the vectorial field
shaping, as it is straightforward that the norm / becomes a
function of the scalar function A,, expressed as

1= f(A;(x,y,2)). (5)

The problem introduced in (5) presents a simpler for-
mulation compared to the original one. In fact, given the
supposed TM mode, we reduce the independent variables to
one, the scalar function A;. In contrast, in (1), the independent
variables were two E, and E,. Besides, the procedure can be
applied also to a single component, which will be the target in
our case, for simplicity and to prove the concept. In addition,
the z-component of the field will be considered since it is
directly related to the scalar potential A, as of (4c).

A. Presentation of the Algorithm

Given an aperture located at z = 0 (Fig. 1), the objective is
to shape the field in the volume V, given specific requirements,
either on the norm or some field components. The volume
is segmented in N horizontal parallel planes, equally spaced
along z-direction. The requirements are given by specific field
masks, which may differ from plane to plane. The whole
process can be summed as follows.

1) Calculate the field E"(x,y,z,) for n = 1,...

generated by the aperture field E'Jf.

2) Mask the field at each plane [Mask(E™)].

3) Back-propagate each masked field to the aperture (E{p).

4) Average all the back-propagated fields to create the new

aperture distribution: E'% = > w, EXp.!

5N9

lwn has been set to 1/N (unweighted sum), nevertheless other options are
possible as long as > w, =1 [12].
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Fig. 2. 2-D mask illustrations in dB. (a) Annular mask. (b) Focusing mask.

5) While the shaping goals are not met, repeat the process
(return to step 1).

The algorithm stops if the field at step 5 lays inside the mask
requirements within a certain defined error. The initial aperture
distribution at step 1 can by arbitrary (e.g., a uniform one).
The process is visualized in Fig. 1 in a clockwise fashion. The
process is described using a scalar notation (E", Eap, etc.),
but any generalization is possible.

As already mentioned, the field manipulations are conducted
using fast Fourier transforms (FFT), which allow to speed
up the algorithm and to perform conveniently the “back-
propagation” operation. Further information and details on
these subroutines can be found in [11] and [18, p. 703] and
will not be repeated here for brevity.

The key role of the procedure is played by the masking
operation of step 2. The mask at each plane of the sam-
pled volume can be the same or different, depending on
the pattern requirements. For example, two different types
of masks are presented in Fig. 2. In Fig. 2(a), the field is
shaped into an annulus by forcing parts of it to be lower
than a given threshold. This is illustrated by the transparent
gray plane (including the interior circular part). Fig. 2(b)
shows a “focusing” mask. It includes two basic parameters,
the SLL and the beamwidth. The first one is represented
by the gray plane, while the beamwidth by the orange
annulus.

In more detail, the concept is to mildly alter the field’s
amplitude at each plane of interest, i.e., E!, ..., EN (Fig. 1),
so that it obeys the mask constraints (amplitude levels) on the
considered plane. This is achieved by dumping (or amplifying)
the amplitude of the field at the points that it is not laying
under (or over) the given mask levels, while the phase of the
field remains untouched.

For example, referring to Fig. 2(b), we identify two different
levels and two different radii of interest. The gray level
(SLL constraint) is a surface with a circular hole of radius
rsLL, while the orange level is an annulus with internal radius
rgw and external rsip. The SLL can be chosen to have
an arbitrary level, typically lower than —10 dB below the
maximum, while the beamwidth level is set to —3 dB. It is
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Fig. 3. 3-D focal spot shaping applied at a volume ranging from 0.8a to 1.2a.
The gray disks represent the shaping planes. The horizontal profile corre-
sponds to the middle of the shaping volume (z = zfoc = a@).

easily deduced that if the field at a given plane and at a radial
distance rgw is equal to —3 dB, i.e., E(p = rpw) = —3 dB,
the beamwidth at this plane is guaranteed to be 2rgw.

The masking process is applied iteratively between the
propagation and the back-propagation steps of the algorithm,
so that the aperture distribution is progressively altered and
the field at the planes of interest slowly converges to the given
constraints. It is evident that, in order to achieve convergence
of the method, limitations exist concerning the applied con-
straints (i.e., too small beamwidths) and also, the masks of
adjacent planes cannot differ considerably.

The aforementioned analysis has intentionally excluded
any reference to a specific field component, as a result of
being independent of the field component of interest. That
said, either the tangential and the vertical to the aperture
components can be shaped. It should also be noted that by
slightly adjusting the radiation integrals, also the magnetic
field can be shaped [3].

B. 3-D Focal Spot Shaping

The algorithm presented above has been exploited in a focal
spot shaping scenario. The problem setup consists of an aper-
ture that supports a radially polarized electric field (TM), but
any generalization is possible. Also ¢-symmetry is imposed,
and thus the component that we aim to shape is E,. These
choices are made only to facilitate the practical imple-
mentation to follow, without affecting the proposed general
approach.

Let the diameter of the aperture a be 124 and let us try to
focus the field at a distance zfoc = a. We impose a set of goals,
which are a beamwidth of 1.51 at the focal plane and an SLL
of —15 dB over all the z-distances of interest. These goals
are incorporated in the applied mask (Fig. 3), which will be
applied to a number of planes symmetrically positioned around
the targeted focal distance zfoc.

In the first case to examine, we shape the field in a
volume that extends from z = 0.8a to z = 1.2a at discrete
planes separated by Az = 1.24. The result of applying our
algorithm to this volume is illustrated in Fig. 3. Specifically,
a 3-D representation of the distribution of E, is provided,
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Fig. 5. E; over z-axis for the four different 3-D-shaped volumes.
accompanied with the field profiles along x- and z-axes.
We can observe the achieved FoMs (beamwidth, DoF, etc.).
In the horizontal direction, the goals are met, nevertheless,
in the vertical direction, we notice the appearance of a focal
shift. In order to tackle this problem, we increase the number
of shaping planes (increase the shaping volume), always
symmetrically around the targeted focal distance.

Three additional shaping volumes, centered at z = a, have
been considered, namely, between 0.7a-1.3a, 0.6a-1.4a, and
0.5a-1.5a. In all cases Az = 1.2a. Fig. 4 shows the behavior
of E, at z = a for all four shaping volumes. We observe that
both the beamwidth and the SLL constraints are respected
for all four shaping cases. This shows the capability of our
technique to control the field shape in the transverse-to-the-
aperture direction.

However, the greatest advantage of the proposed scheme
is the capability to control the field also in the normal-to-
the-aperture direction. This can be observed in Fig. 5, where
the behavior of E, over z-axis is illustrated for the four
shaping cases. We can notice the gradual decrease of the
focal shift as the shaping volume increases. In addition, it is
possible to appreciate the capability of the proposed approach
to shrink and expand the DoF. Specifically, we observe a DoF
of 9.64 and 13.6/1 when the shaping volume ranges between
0.8a and 1.2a and between 0.5a and 1.5a, respectively. The
initial aperture distribution for all the cases has been a uniform
one, and typically 20 iterations are enough to reach the shaping
goals within the accepted error.

Finally, the horizontal profiles of the last and most demand-
ing shaping case (0.5a-1.5a) at various z-distances are
presented in Fig. 6. The applied mask is also provided as
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Fig. 6. E; at various z-distances for the 3-D shaping case of 0.5a-1.5a.
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Fig. 7. Horizontal field profile computed for different focusing techniques

at z = la = 12/.

a reference (black dashed lines symbolize the SLL and
beamwidth criterion). We notice that the curves at the extrem-
ities of the shaping volume (0.5a and 1.5a) appear to have
slightly higher SLL (—14 dB) than the initial constraint
of —15 dB. This is an unavoidable issue, which, however,
allows the convergence of the algorithm within a given percent
of error [12].

C. Assessment of the Proposed Technique

In order to assess the performance of the proposed tech-
nique, we compare the achieved focal characteristics for
different focusing methodologies. The aperture characteristics
are the same as the ones applied above for 3-D shaping
(TM polarized, diameter a = 124, zfoc = a).

The first approach considered is the one proposed in [4].
In the latter, a quadratic phase taper is imposed on the aperture
field distribution to focus the field in the Fresnel zone (gray
dashed lines in Figs. 7 and 8). In particular, this theory [4]
concerns linearly polarized apertures and field components that
are transverse to the aperture. In our case—TM polarization
and shaping of E,—it results in a significant focal shift (3.54).
This is illustrated in Fig. 8. Besides, the beamwidth and SLL
of the radiated field cannot be arbitrarily defined (Fig. 7).

It is apparent that the aforementioned focal shaping tech-
nique cannot serve situations where precision is required.
This has been tackled in [11], where a novel approach to
2-D shaping was introduced, capable of shaping the field
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along one transverse-to-the-aperture plane. This case is rep-
resented with the gray dashed-dotted lines in Fig. 7 and
shows excellent control over the beamwidth and the SLL
constraints. Nevertheless, this technique lacks control over the
focal distance and the DoF, as clearly shown in Fig. 8. In fact,
the DoF, which is 11.74 in the presented case (Fig. 8), is a
noncontrollable quantity, while the focal shift is around 44.
This stems from the fact that shaping a given plane (zfoc = a in
this case) cannot guarantee that this plane will also be the
focal one.

The novelty presented in this paper can tackle this lack
of precision by applying a given focusing mask not on one,
but on multiple planes. This provides the capability to control
also the DoF and to predict the focal distance with superior
accuracy. Consequently, by applying the same focusing mask
at a varying number of planes, centered around the requested
focal plane, we have succeeded in modifying the focal char-
acteristics also along the normal direction to the radiating
aperture.

This can be observed in Fig. 8, where the two marginal
3-D shaping cases (0.8a-1.2a and 0.5a-1.5a) are compared to
the other shaping techniques. When it comes to the 3-D shaped
fields, we notice the wide modification of the DoF between
the two cases, while maintaining the focal shift at a minimum
level. Specifically, in the first case the focal shift is lower
than 34, while in the second one it remains in the order of
magnitude of a fraction of the wavelength (0.41). Moreover,
the control of the DoF is significant. In fact we observe a
9.6 and 13.64 DoF for the two cases (see Fig. 5), which,
compared to the one-plane shaped field (DoF of 11.74), corre-
spond to 18% and 16% shrink and expand ratio, respectively.
These two examples also show that a better control of the
focal shift is achieved for larger shaping volumes, for which
the constraints of the NF are more smoothly imposed.

A qualitative study has also been carried out in order to
assess the advantages and the superiority of the proposed
technique compared to its 2-D predecessor [11]. In Fig. 9,
we observe a comparison of the four shaping cases with [11],
in terms of the achieved SLL behavior. The SLL for the
transverse to the aperture profile of E, along z-axis is cal-
culated and illustrated within the shaping area along z. The
error denotes dBs higher than the original requirement of
—15 dB. We notice that for the two first cases (smaller
volumes, 0.8a-1.2a and 0.7a-1.3a) the mask requirement is
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Fig. 9. SLL qualitative study. The colorful regions represent the z-distances
over which each case is shaped. The diameter of the aperture is a = 124.
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Fig. 10.  Deviation of the beamwidth from the nominal mask constraint
of 1.5 for the 3-D and 2-D shaping.

respected completely and thus the error is zero. For the other
two cases (larger volumes, 0.6a-1.4a and 0.5a-1.5a), the error,
that appears only at the extremities of the volume, remains
lower than 1.5 dB from the requirements. On the contrary, in
the case of 2-D shaping, we notice that despite the fact that
the region where the SLL is lower than —15 dB might be
large, it remains uncontrolled and definitely more unbalanced
compared to the 3-D shaping scenario.

Another comparison concerns the behavior of the
beamwidth along the shaping volume, which is presented
in Fig. 10. In this case, we observe the absolute deviation of
the beamwidth from the original mask requirement of 1.54.
Of course, we are not expecting to achieve a constant
beamwidth, since that would signify that we are dealing with
nondiffractive beams/waves, which is not our case. Neverthe-
less, we can appreciate the much more stable behavior of the
3-D-shaped fields, which do not deviate (in the worst case)
more than 0.5, in contrast to the much more unbalanced
2-D-shaped field.

It appears that the more planes are shaped, alternatively,
the more constraints are applied, and the SLL eventually
rises. This is not surprising since the number of degrees of
freedom [19], [20] for a given field is bounded.

It is important to say that the frequency of operation is inten-
tionally left undetermined, since the theoretical developments
presented are independent of the frequency. This provides
inherent frequency scalability to the results. Needless to say
that also the electrical size of the aperture can be arbitrarily
chosen.



TABLE I
RLSA S1ZES: l; IS THE RADIUS AND p; THE LENGTH OF THE SLOTS OF EACH RING

Ring Number 1 2 3 4 5 6 7 8 9 10
¢ [mm] 1.94 2.61 2.99 3.11 3.09 3.17 3.17 3.09 4.2 2.81
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Fig. 11. Mapping of the aperture distribution to the RLSA. (a) Amplitude.
(b) Phase. (c) Achieved efficiency and error. My/My, M/M, and M, /M
stand for the magnetic current distribution derived by the theoretical modeling,
the magnetic current of each slot, and the averaged magnetic current of
each ring, respectively. BF represents the number of entire domain basis
functions utilized by the MoM tool. The spillover efficiency is calculated
as the percentage of power reaching the edge of the aperture over the total
injected power.

III. RLSA DESIGN

To experimentally validate the proposed concept, an RLSA
has been designed, manufactured, and measured at 30 GHz.
The diameter of the antenna is a = 124 (12 cm at 30 GHz),
in accordance with the previously reported theoretical
developments.

The RLSA structure is designed to synthesize the aper-
ture field corresponding to the case of shaping the planes
ranging from 0.5a to 1.5a. This electric field distribution is
¢-symmetric, and due to the mode that is assumed (TMy),
it is radially polarized (Eap E,(p)p). It can be easily
translated to equivalent magnetic currents, which in our case
are calculated as M = —ii x Eap = M()(p)(;i.

The obtained magnetic current distribution (Mp) to syn-
thesize is demonstrated in Fig. 11(a) and (b), where its
amplitude and phase distribution are presented, respectively.
An optimization procedure is launched, which derives the
radii (p;) and lengths (I;) of each ring of slots (Fig. 13) that

reference ones My/M . These are shown in Fig. 11(a) and (b).
Besides, the etching precision of the fabrication process is
respected for the minimum features and distance amongst
patterns.

The optimization results for the RLSA synthesis are given
in Fig. 11(c), where a very good agreement (error < 4%) and
a very high spillover efficiency (94%) are observed. The final
slot positions and lengths are included in Table I. The slot
width w is set to 14/10 = 0.67 mm, where A4 is the effective
wavelength inside the dielectric substrate.

IV. PROTOTYPING

The design approach presented in Sections II and III is
here validated by the proposed RLSA structure. The resulting
antenna, which can be seen in Fig. 12, was manufactured
on a Rogers RT/duroid 5880 substrate with ¢, = 2.2 and
thickness iy = 2.54 mm using laser ablation. The structure
is centrally fed using a coaxial probe (internal and external
diameter: 0.635 and 1.46 mm, respectively) which is attached
to the back side of the structure with a coaxial connector
(SRI 25-130-1000-90). The matching of the antenna to the
connector is achieved by a metallic disk connected to the
feeding probe, as illustrated in Fig. 13, where the various sizes
measure | = 1.4 mm and 2; = 1.54 mm. A —10 dB matching
is achieved over a 2.5% bandwidth, as shown in Fig. 14.
In addition, good agreement between measurement and
full-wave simulation (HFSS) can be recognized.



Fig. 13. Truncated one quarter of the antenna.
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Fig. 14. Reflection coefficient of the manufactured antenna.

X,y,z translator

Fig. 15. Picture of the measurement setup. VNA and AUT stand for vector
network analyzer and antenna under test, respectively.

The E, component of the NF of the antenna was measured
at the NF test range of IETR using an NF probe made by
a semirigid UT-85 coaxial cable with the internal conductor
exposed at the end for a distance of 1/10 (4 is the freespace
wavelength at the operating frequency). The measurement
setup can be visualized in Fig. 15.

The NF radiated by the structure was measured over an
area of 150x150 mm? with a step of 1 mm (1/10 at fy =
30 GHz) at different distances from the RLSA aperture,
namely, 60, 90, 120, 150, and 180 mm. The results can
be observed in Fig. 16 for all the aforementioned distances.
The agreement with the MoM results and the theory is
excellent. The curves denoted as “theory” stand for the results
obtained by the continuous aperture modeling and concern
the output of the optimization process (shaping between
0.5a and 1.5a).

A minor disagreement appears along the x-axis, due to a
small manufacturing default. Specifically, in order to realize
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Fig. 16. Measurements versus theory (continuous aperture) and simula-
tion (MoM) of the normalized E, (30 GHz) at five different distances from the
antenna, namely, 60, 90, 120, 150, and 1804. The central distance coincides
with the focal one.

the matching disk at the center of the antenna, the substrate
is drilled to a depth of 4 (Fig. 13) and then copper plated.
A final thickness of few micrometers is expected to be
deposited. Unfortunately, part of this copper sheet was
removed during the soldering of the connector.

Another possible source of the minor disagreements could
be the mechanical stability of the measuring probe. The latter
is provided only by the stiffness of the semirigid coaxial
cable. Small perturbations of the orientation of the pin can
result in asymmetries of the measured field. An additional
possible reason originates from the edge effects. Despite
the high spillover efficiency, some energy still arrives at
the edge of the structure, resulting in spurious radiation.
This has not been accounted for in the simulation, where
infinite metallic plates are considered. Last but not least,
the etching accuracy of the radiating slots could result in
a slightly perturbed aperture distribution compared to the
ideal one.
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Fig. 18. Measurement at 30 GHz versus simulation of E; over the z-axis.
Further 2-D illustrations of the field are presented

in Fig. 17. Three horizontal cuts at different distances
from the structure are shown and compared with their
equivalent simulation data (left). The agreement is consid-
ered good, with the symmetry of the patterns being very
satisfying.

Another important graph is presented in Fig. 18. This figure
shows the behavior of E, along the z-axis. The agreement
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Fig. 19. Measured E; (normalized) at 30 GHz, on the (a) y = 0 and

(b) x = 0 plane.

with the simulation results is very good despite the minor shift
of the maximum. Finally, and in order to present a complete
picture of the measurements, two vertical cuts (xz- and yz-
planes) are illustrated in Fig. 19. We can appreciate the smooth
behavior of the field along the shaped volume, validating the
overall design approach.

V. CONCLUSION

The focal characteristics of a focusing aperture have been
shaped in the NF according to a defined mask within
a 3-D volume using an iterative algorithm. The capability
of the proposed technique to shape a focal volume at will
was illustrated, setting a starting point toward high accuracy
3-D shaping. Different focal depths have been achieved while
maintaining the spot diameter unchanged and with minimal
translation of the focal plane. This is an important improve-
ment with respect to the currently used design techniques
for focusing systems in the NF. Four different cases have
been examined, with one being tested also experimentally.
In particular, an RLSA with constrained NF at 30 GHz
was manufactured and measured. The measurements show
very good agreement with the simulation data from an
in-house MoM code and theory, validating the proposed design
procedure. It should be noted that the proposed shaping
approach is versatile and could be applied also in differ-
ent field-shaping scenarios with the appropriate modifications
(e.g., magnetic field shaping [24]). Potential applications range
from wireless power transfer to mine detection and medical
imaging.
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