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Abstract—We present an efficient approach to near-field 

synthesis of transmitarray antennas in which a planar aperture 
model is adopted both for the transmitarray and the field 
generated by it on a near plane. The necessary phases on the 
transmitarray are then obtained from the far field corresponding 
to the desired near field using simple operations such as direct and 
inverse fast Fourier transforms. This, together with the fact that 
few iterations are needed to find a valid solution, makes this 
approach a simple and fast alternative to near-field synthesis of 
this type of antennas. The proposed approach has been 
experimentally validated through the measurement of a 
manufactured prototype. 

Index Terms—Near-field synthesis, fast Fourier transform, 
transmitarray antennas, dielectric lenses. 

 

I. INTRODUCTION 

EAR-FIELD focusing of electromagnetic waves has 
received an increasing attention in recent years, due to its 

potential application in a number of short-range wireless 
systems covering different sectors, such as biomedical 
engineering [1], [2], non-contact microwave sensing and 
inspection [3], [4], radiofrequency identification (RFID) [5]-
[7], or Wireless Power Transfer (WPT) [8], [9]. Moreover, both 
WPT and Simultaneous Wireless Information and Power 
Transfer (SWIPT) are receiving a lot of attention in the frame 
of Internet of Things (IoT) and 5G technologies [10]-[13]. 
Furthermore, all these applications may require complex near-
field distributions including multi-focusing or shaped patterns. 

In order to synthesize the excitations that originate the 
desired near-field radiation pattern, different approaches have 
been proposed in the literature [14]-[18]. These synthesis 
techniques often require high computation times, either because 
the core operation of the algorithm itself is time-consuming or 
because many iterations are required to converge to the optimal 
solution. As consequence, significant computational resources 
are needed if processing time is to be reduced even when 
acceleration techniques are implemented [19]. 

In this work, an algorithm is proposed to perform near-field 
phase-only synthesis of transmitarray antennas. The 
transmitarray and the spillover effect are modelled as a planar 
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aperture from which the near field on a plane is calculated and 
then trimmed to the restrictions imposed on it. The necessary 
phases on the transmitarray are then obtained from the far field 
corresponding to the trimmed near field. To this end, three 
simple and fast operations are performed in each iteration: near-
field computation (the one that takes the most time), and inverse 
and direct fast Fourier transform (FFT). Moreover, only a few 
iterations are required to find a solution, resulting in a very fast 
approach even in a personal computer, unlike other existing 
algorithms. To validate the algorithm, a 3D printed dielectric 
transmitarray has been manufactured and measured. 

II. NEAR-FIELD SYNTHESIS APPROACH 
In [20], [21] a simple phase-only synthesis algorithm for the 

design of transmitarrays with shaped-beam far-field patterns 
was proposed and satisfactorily validated. That algorithm, 
which takes into account the spillover effect, is based on a 
planar aperture model [22] and the iterative application of the 
direct and inverse FFT [23]. In the present work, the far-field 
algorithm has been adapted to enable near-field synthesis with 
a similar philosophy, allowing FFT to continue to be used as the 
basic tool of the algorithm, thus maintaining the characteristics 
of simplicity and short time-computing. Fig. 1 shows a scheme 
of the near-field model, which includes the feed, the 
transmitarray (TA plane), and the plane where the near-field 
synthesis will be performed (NF plane). The power is provided 
by a feeding element, typically a horn, placed in the focus of the 
transmitarray, which actually behaves as a planar lens. The 
structure composed by the transmitarray itself and the radiating 
source is referred as the transmitarray antenna [24]. Denoting 
by 𝐸𝐸�⃗ 𝑖𝑖 the electric field incident on TA plane, then 𝐸𝐸𝑖𝑖 will refer 
to the 𝑥𝑥� 𝑦𝑦�⁄  field component depending on the 𝑋𝑋 𝑌𝑌⁄  polarization 
of the feed. Therefore, the incident field on a generic element 
(𝑚𝑚,𝑛𝑛) can be written as 

 𝐸𝐸𝑖𝑖�𝑥𝑥𝑚𝑚, 𝑦𝑦𝑛𝑛� = �𝐸𝐸𝑓𝑓𝑚𝑚𝑛𝑛�𝑒𝑒
𝑗𝑗𝜙𝜙𝑓𝑓
𝑚𝑚𝑛𝑛

 (1) 

where the subscript f stands for the feed. 
Transmitarray elements are modelled as isotropic punctual 

sources equidistant both in 𝑥𝑥 and 𝑦𝑦 axes, which corresponds to 
square unit cells. This is indeed a particular case that could be 
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generalized to rectangular cells. To take into account the 
spillover radiation, the incident field from the horn will be 
captured both on the elements of the transmitarray itself (darker 
elements in Fig. 1) and also in a regular discrete mesh around it 
(lighter elements). The latter ones model the spillover (SP) 
contribution to the radiation characteristics of the transmitarray 
antenna. Assuming unit magnitude for the transmission 
coefficient, the field transmitted to the other side will be 

𝐸𝐸𝑡𝑡�𝑥𝑥𝑚𝑚, 𝑦𝑦𝑛𝑛� = �𝐸𝐸𝑓𝑓𝑚𝑚𝑛𝑛�𝑒𝑒𝑗𝑗𝜙𝜙𝑡𝑡
𝑚𝑚𝑛𝑛 = �

𝐸𝐸𝑖𝑖�𝑥𝑥𝑚𝑚, 𝑦𝑦𝑛𝑛�𝑒𝑒
𝑗𝑗𝜙𝜙𝑇𝑇𝑇𝑇
𝑚𝑚𝑛𝑛

   𝑇𝑇𝑇𝑇 𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐 

𝐸𝐸𝑖𝑖�𝑥𝑥𝑚𝑚, 𝑦𝑦𝑛𝑛�             𝑆𝑆𝑆𝑆 𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐 
,   (2) 

where 𝜙𝜙𝑇𝑇𝑇𝑇 denotes the transmission coefficient phase. 
The near field of the transmitarray antenna at each point in 

space can be estimated as the sum of the independent far-field 
contributions of each of its elements, including the spillover 
elements. It will be computed in a grid of I x J equally spaced 
locations on the plane 𝑧𝑧 = 𝑧𝑧0: 

𝐸𝐸𝑁𝑁𝑁𝑁 �𝑥𝑥𝑖𝑖, 𝑦𝑦𝑗𝑗 , 𝑧𝑧0� = 𝐸𝐸𝑁𝑁𝑁𝑁
𝑖𝑖𝑗𝑗 = ∑ ∑ 1

𝑅𝑅
𝑁𝑁𝑠𝑠
𝑛𝑛=1

𝑀𝑀𝑠𝑠
𝑚𝑚=1 𝐸𝐸𝑡𝑡�𝑥𝑥𝑚𝑚, 𝑦𝑦𝑛𝑛�𝑒𝑒

−𝑗𝑗𝑗𝑗𝑅𝑅,    (3) 

where k is the wavenumber, and R the distance between the 
element (m, n) and the location where the near field is being 
calculated. 

 
Fig. 1. Scheme of the transmitarray system. 

The goal of the algorithm will be to find the necessary phases 
𝜙𝜙𝑇𝑇𝑇𝑇
𝑚𝑚𝑚𝑚 to achieve a near-field pattern at the plane 𝑧𝑧 = 𝑧𝑧0 that 

satisfy the given specifications, which may include pointing 
direction, beamwidth in the main cuts, amplitude ripple, and 
secondary lobe level (SLL). From these specifications, upper 
(𝑇𝑇𝑢𝑢𝑢𝑢(𝑥𝑥, 𝑦𝑦)) and lower (𝑇𝑇𝑙𝑙𝑙𝑙𝑙𝑙(𝑥𝑥, 𝑦𝑦)) auxiliary templates will be 
defined. Since the objective is not to strictly comply with 
templates but only with the initial specifications, the templates 
might be adjusted during the execution of the algorithm to 
facilitate convergence. 

Fig. 2 shows the flowchart of the proposed algorithm. The 
synthesis procedure starts by initializing the transmitted field 
(𝐸𝐸𝑡𝑡0) to the value of the incident field. Then, the near field (𝐸𝐸𝑁𝑁𝑁𝑁) 
is computed and compared to the defined templates, giving 

place to a modified near field (𝐸𝐸𝑁𝑁𝑁𝑁𝑚𝑚𝑙𝑙𝑁𝑁): 

 |𝐸𝐸𝑁𝑁𝑁𝑁𝑚𝑚𝑙𝑙𝑁𝑁|  = �

1
√2
𝑇𝑇𝑢𝑢𝑢𝑢(𝑥𝑥, 𝑦𝑦),     |𝐸𝐸𝑁𝑁𝑁𝑁| > 𝑇𝑇𝑢𝑢𝑢𝑢(𝑥𝑥, 𝑦𝑦) 

�𝑇𝑇𝑙𝑙𝑙𝑙𝑙𝑙(𝑥𝑥, 𝑦𝑦),      |𝐸𝐸𝑁𝑁𝑁𝑁| < 𝑇𝑇𝑙𝑙𝑙𝑙𝑙𝑙(𝑥𝑥, 𝑦𝑦)
|𝐸𝐸𝑁𝑁𝑁𝑁|,                     𝑜𝑜𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑠𝑠𝑒𝑒.         

 (4) 

This will imply a new transmitted field (𝐸𝐸𝑡𝑡), which will be 
obtained as follows. The radiation pattern due to the modified 
near-field aperture (𝑅𝑅𝑆𝑆𝑁𝑁𝑁𝑁𝑚𝑚𝑙𝑙𝑁𝑁) is obtained through a 2-D inverse 
FFT of 𝐾𝐾 × 𝐾𝐾 points, with 𝐾𝐾 > 𝑀𝑀𝑠𝑠,𝑁𝑁𝑠𝑠. From this, the radiation 
pattern due to the new transmitarray (𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇𝑚𝑚𝑇𝑇𝑙𝑙) is estimated as:  

 𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇𝑛𝑛𝑒𝑒𝑒𝑒 ≈ 𝑅𝑅𝑆𝑆𝑁𝑁𝑁𝑁𝑚𝑚𝑜𝑜𝑁𝑁 · 𝑒𝑒𝑥𝑥𝑒𝑒�𝑗𝑗(∠𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇 − ∠𝑅𝑅𝑆𝑆𝑁𝑁𝑁𝑁)�, (5) 

being 𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇 and 𝑅𝑅𝑆𝑆𝑁𝑁𝑁𝑁  the radiation patterns due to the 
transmitarray and near-field aperture respectively before 
modifying the near field. This approach is based on the finding 
that |𝑅𝑅𝑆𝑆𝑁𝑁𝑁𝑁| ≈ |𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇|. Thus, the same is assumed for the 
relation between |𝑅𝑅𝑆𝑆𝑁𝑁𝑁𝑁𝑚𝑚𝑙𝑙𝑁𝑁| and |𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇𝑚𝑚𝑇𝑇𝑙𝑙|, assuming also that 
the phase difference between 𝑅𝑅𝑆𝑆𝑁𝑁𝑁𝑁  and 𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇 holds between 
𝑅𝑅𝑆𝑆𝑁𝑁𝑁𝑁𝑚𝑚𝑜𝑜𝑁𝑁 and 𝑅𝑅𝑆𝑆𝑇𝑇𝑇𝑇𝑛𝑛𝑒𝑒𝑒𝑒. This has proven to be a reasonably 
approach, leading to satisfactory results, as will be shown in 
Section III. 

Applying now a 2D FFT the necessary transmitted field is 
retrieved. It is a 𝐾𝐾 × 𝐾𝐾 matrix, from which extra elements must 
be removed to fit its size to that of the transmitarray, including 
the spillover elements. Then, the amplitude of the transmitted 
field is restored to that of the incident field, and also the phase 
of the spillover elements. Finally, the near field due to this new 
transmitted field is obtained, repeating iteratively the process 
until specifications are met or the maximum number of 
iterations is reached.  

III. RESULTS AND VALIDATION 
Two different results will be presented to illustrate and 

validate the proposed algorithm. In the first one, a transmitarray 
will be synthesized to focus the energy on two close points in 
given directions, whereas in the second one a planar amplitude 
in one of the near-field cuts will be desired. Furthermore, in this 
case the synthesized phases will be used to fabricate a quasi-
planar dielectric transmitarray, which will be measured in a 
near-field planar range. The working frequency will be 28 GHz 
in both cases, and the periodicity of the cells 0.3𝜆𝜆 × 0.3𝜆𝜆. The 
transmitarray will be square, i.e. 𝑀𝑀 = 𝑁𝑁, and also 𝑀𝑀𝑠𝑠 = 𝑁𝑁𝑠𝑠. The 
incident field will be estimated using the NFPC (Near-Field 
Plane Cuts) model presented in [22] and also used in [21]. 

A. Case 1: Two foci 
For this case, two simultaneous foci are generated at 𝜃𝜃 =

±30°. The spot width must be approximately λ on the plane 
𝑧𝑧 = 0.5𝐷𝐷, being D the length of the transmitarray side, and the 
field level outside the desired beams should be less than -10 dB. 

A transmitarray of 40×40 cells was chosen. The algorithm 
was executed with 𝑀𝑀𝑠𝑠 = 𝑁𝑁𝑠𝑠 = 80, i.e. 4800 spillover elements 
were uniformly distributed around the transmitarray, as 
indicated in Fig. 1. The maximum number of iterations was 

𝑥𝑥�

𝑦𝑦�

M
Ms

element 𝑚𝑚,𝑛𝑛
coordinates 𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚, 0

1 ≤ 𝑚𝑚 ≤ 𝑀𝑀𝑠𝑠

1 ≤ 𝑛𝑛 ≤ 𝑁𝑁𝑠𝑠

J

𝑥𝑥𝑖𝑖 , 𝑦𝑦𝑗 , 𝑧𝑧0

Feed �̂�𝑒
𝜃𝜃
�̂�𝑧

Transmitarray antenna
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fixed to ten, and auxiliary templates were defined to drive the 
results to compliance with specifications. The near-field grid 
consisted of 100489 points (317×317) sampled each 0.15𝜆𝜆. 
After running the loop of Fig. 2 all ten times, the best result was 
found for four iterations. The general criterion for choosing the 

best result is that the percentage of near-field samples that do 
not comply with the templates is the lowest. In this case, that 
percentage was 0.096%. This whole process took 5.41 minutes 
in a laptop Intel Core i5-8265U with 8 GB DDR4 memory.  

 

 
Fig. 2. Flowchart of the near-field synthesis algorithm.

Fig. 3 shows the synthesized phases for the transmission 
coefficient. Fig. 4 shows the near field achieved both on the 
plane 𝑧𝑧 = 0.5𝐷𝐷 (Fig. 4(a)) and the plane 𝑦𝑦 = 0 (Fig. 4(b)). In 
both figures the amplitude is normalized to its maximum value. 
On NF plane, the maximum values of the field take place 
exactly at the expected positions (𝑥𝑥 = ±45 𝑚𝑚𝑚𝑚, 𝑦𝑦 = 0), and 
the level at other directions is kept under -10 dB, as can be 
appreciated in Fig. 4(a). 

 
Fig. 3. Case 1: synthesized phases. 

B. Case 2: Beamforming 
Now a planar amplitude along x axis is desired, which will 

be specified by a -3dB beamwidth on the plane 𝑧𝑧 = 𝐷𝐷 of 
approximately 9.5λ (x) × 2λ (y), amplitude ripple of 1.5 dB, and 
SLL under -10 dB. Furthermore, the result will be applied to the 
design of a dielectric transmitarray, that is an array where the 
unit cell is a dielectric slab and phase tuning is achieved by 
varying the slab height in the different cells that make up the 
array [25]. In order to have a transmitarray as planar as possible, 
that corresponds to the planar aperture model, the phase range 
will be limited to 240 degrees instead of the whole 360-degree 
range [21]. 

The results are shown in Fig. 5 to Fig. 8 for a transmitarray 
of 36×36 elements (𝑀𝑀𝑠𝑠 = 𝑁𝑁𝑠𝑠 = 72), a near-field grid of 81225 
points, and seven iterations of the algorithm. In this case, the 

execution time was 3.74 minutes in the same computer. Fig. 5 
shows both the synthesized phase distribution and the 
fabricated dielectric lens. Both the lens and the mechanical 
support used to attach it to the horn were fabricated with a 
general-purpose 3D printer, with fundamental resolution of 
100 𝜇𝜇𝑚𝑚. The dielectric material was polylactic acid (PLA) with 
𝜀𝜀𝑟𝑟 = 2.5 and 𝑡𝑡𝑡𝑡𝑛𝑛𝑡𝑡 = 0.005. The near field was measured in 
the planar range described in [26]. 

 
(a) 

 
(b) 

Fig. 4. Case 1: Near-field amplitude at (a) plane 𝑧𝑧 = 0.5𝐷𝐷 (NF plane); (b) 
plane 𝑦𝑦 = 0. 

𝐸𝐸𝑁𝑁𝑁𝑁
𝑖𝑖𝑗 = � �

1
𝑅𝑅

𝑁𝑁𝑠

𝑚𝑚=1

𝑀𝑠

𝑚𝑚=1

𝐸𝐸𝑡𝑡0 𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚 𝑒𝑒−𝑗𝑘𝑅

𝐸𝐸𝑡𝑡 𝑥𝑥𝑚𝑚, 𝑦𝑦𝑚𝑚 =

𝑬𝒕𝟎 = 𝑬𝒊

#iter ≤ max Fits the NF 
mask(s)

𝑹𝑷𝑵𝑭𝒎𝒐𝒅 = 𝑖𝑖𝑁𝑁𝑁𝑁𝑇𝑇𝐾×𝐾 𝑬𝑵𝑭𝒎𝒐𝒅
𝑹𝑷𝑵𝑭𝒎𝒐𝒅 →𝑹𝑷𝑻𝑨𝒏𝒆𝒘

YES

NO

NO

Required phase, 𝝓𝐓𝐀

Near field, 𝑬𝑵𝑭
YES

𝑬𝒕 𝐾×𝐾  = 𝑁𝑁𝑁𝑁𝑇𝑇𝐾×𝐾 𝑹𝑷𝑻𝑨𝒏𝒆𝒘
𝑬𝒕 𝐾×𝐾 → 𝑬𝒕 𝑀𝑠×𝑁𝑁𝑠

𝐸𝐸𝑁𝑁𝑁𝑁𝑚𝑚𝑙𝑙𝑁𝑁
𝑖𝑖𝑗 = 𝐸𝐸𝑁𝑁𝑁𝑁𝑚𝑚𝑙𝑙𝑁𝑁

𝑖𝑖𝑗 𝑒𝑒𝑗𝜙𝑁𝐹
𝑖𝑗

𝑬𝑵𝑭 → 𝑬𝑵𝑭𝒎𝒐𝒅

𝐸𝐸𝑡𝑡 𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚 = 𝐸𝐸𝑓𝑚𝑚𝑚𝑚 𝑒𝑒𝑗𝜙𝑡
𝑚𝑛

if TA

𝐸𝐸𝑡𝑡 𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚 = 𝐸𝐸𝑓𝑚𝑚𝑚𝑚 𝑒𝑒
𝑗𝜙𝑓

𝑚𝑛
if SP

𝑬𝑵𝑭 according to (4)

Choose 
best #iter
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(a) (b) 
Fig. 5. Case 2: (a) Synthesized phases (degrees); (b) Fabricated lens.  

In Fig. 6 the near-field amplitude resulting from the 
algorithm is compared with that measured for the fabricated 
transmitarray, and Fig. 7 compares the main cuts of the 
measured near-field amplitude with the results given by the 
model. A photograph taken during the measurement process is 
also included. The auxiliary templates used in the algorithm are 
included for comparison purposes, and also the -3dB line. The 
beamwidth at this level is 9.3λ × 2λ both for the model and the 
measurement, thus meeting the requirement. Moreover, the 
agreement is good not only along the main cuts (Fig. 7), but also 
on the whole plane, as can be observed in Fig. 6. It should be 
emphasized that the templates are auxiliary tools that are 
intended to make the near-field pattern comply with the initial 
specifications, for which it is not strictly necessary that it be 
completely adjusted to them. In this case, the percentage of 
positions that did not comply with the templates was 0.3%. 
Finally, Table I compares this approach with some of the 
algorithms found in the literature. 

   
(a) (b) 

Fig. 6. Case 2: Near-field amplitude at plane 𝑧𝑧 = 𝐷𝐷: (a) from model; (b) from 
measurements. 

IV. CONCLUSION 
In this paper, an efficient approach has been proposed to 

perform near-field synthesis of transmitarray antennas. This 
approach consists of designing the transmitarray based on the 
far field corresponding to a desired near field. Its main 
advantages are its simplicity, since it is mainly based on FFT, 
and its short computing time, since the operations involved are 
not time consuming and in addition a few iterations are enough 
to find a result that meets the required specifications. This 
makes it possible for it to run on a standard personal computer 
in a few minutes. 

Although the algorithm is based on a planar aperture model, 
its results can also be applied to the design of quasi-planar 

dielectric lenses or transmitarrays, which was the option chosen 
to experimentally validate the algorithm due to its 
manufacturing simplicity. The measurement of the prototype 
has served to demonstrate the viability of the proposal. 
Furthermore, this approach can also be extended to other array 
antennas with either phase-only or amplitude and phase 
synthesis. 

 
(a) 

 
(b) 

Fig. 7. Case 2: Near-field amplitude for the plane 𝑧𝑧 = 𝐷𝐷. Comparison of 
model results and measurements: (a) cut 𝑦𝑦 = 0, and prototype in the 
measurement planar escanner; (b) cut 𝑥𝑥 = 0. 

TABLE I 
COMPARISON OF ALGORITHMS 

Ref. Description NF constraints Algorithm Computing time 
/ Resources 

[17] Only focusing 
applications 

Location of 
focal points - - 

[18] 
Source array of 
20402 elements; 
15136 NF values 

Target 
distribution of 
NF intensities 

Dyadic 
Green’s 
function 

78 hours / PC 
with 2 Intel E5-
2687W v2 CPU; 
256 GB memory 

[19] 

Reflectarray of 
1080 elements; 
NF grid of 6561 
points; 2 NF 
planes 

Templates 

Intersection 
Approach 

10.3 days / 
Workstation 
Intel Xeon E5-
2630 v4 CPU at 
2.2 GHz; 10 
cores, 20 threads 

Differential 
contributions 

12.5 min. / the 
same above 

This 
paper 

Array of 6400 
elements (TA+SP) 
NF grid of 100489 
points 

Pointing 
direction(s), 
beamwidth, 
ripple, SLL 

FFT 

6 min / laptop 
Intel Core i5-
8265U; 8 GB 
DDR4 memory 
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