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Abstract—In this work, a procedure based on the 

Intersection Approach, is proposed to synthesize the near-field 
pattern of transmitarray antennas. First, the model for the 
computation of the amplitude and phase of the electric field in 
the near-field region is described and validated by comparison 
with full-wave simulations. Next, the proposed phase-only 
synthesis algorithm is detailed. Using fast Fourier transforms, it 
iteratively seeks for a feasible aperture phase profile that can fit 
near-field pattern constraints. The procedure is applied to 
synthesize a transmitarray generating a near-field shaped 
pattern on a plane parallel to the aperture. The impact of a 
uniform phase quantization on the near-field pattern and 
amplitude is analysed to provide design guidelines.  

Index Terms—Near-field synthesis, Intersection Approach, 
Fourier analysis, transmitarray antenna. 

I.  INTRODUCTION  

The analysis and synthesis of near-field antennas have 
triggered an increasing interest for multiple emerging 
applications, such as wireless power transfer [1], 
hyperthermia and medical scanners [2], or next-generation 
smart access points [3]. For these applications, the radiated 
near-field (NF) must be shaped either in specific planes, or in 
a volume [4]. 

Spatially fed arrays (SFA), such as transmitarray (TA), 
metalens and reflectarray (RA) antennas, represent an 
effective and energy-efficient solution to shape and control the 
near-field distribution in the Fresnel region. TAs comprise 
radiating elements (unit cells), which re-radiate an incident 
electromagnetic field after locally introducing a phase shift on 
it. By properly designing the unit cells (UCs) and their 
distribution on the TA aperture, the radiated electromagnetic 
field can be tailored with negligible losses, as opposed to 
phased array architectures. 

Several procedures for the synthesis of SFAs have been 
proposed in the literature. They are based on different 
mathematical methods, such as the Intersection Approach 
(IA) [5] or convex optimization [6]. However, most works 
deal with far-field synthesis, while  only a few procedures for 
near-field shaping have been presented [7]-[9].  

The work in [9] focuses on the synthesis of non-diffractive 
beams. In the TA synthesis procedure presented in [8], the NF 
is calculated as the sum of the far-field (FF) contributions of 
each cell and not using a single Fourier transform of the 
aperture field, increasing the computation time. Moreover, 
most NF-shaped TAs presented in the literature are actually 

2.5-D dielectric discrete lenses [8], [9], where the height of 
each UC is tuned to approximate the optimal phase shift 
distribution. This approach is not useful for the design of high-
efficiency TAs realized in planar technologies, where only a 
discrete set of phase shifts is usually selected to enhance the 
bandwidth and reduce the complexity of the manufacturing 
process. 

In this work, we generalize the use of the Intersection 
Approach to the synthesis of planar and electronically 
reconfigurable TAs, which generally enable coarse phase 
quantization [10], [11]. To this end, we propose a fast tool for 
arbitrarily shaping the NF pattern, on a plane parallel to the 
aperture. In addition, the impact of an N-bit phase quantization 
on the optimized phase profile is investigated. Numerical 
results are presented to validate the analysis model and 
demonstrate the effectiveness of the synthesis procedure. 

II. TRANSMITARRAY DEFINITION AND ANALYSIS 

A. Transmitarray model 

The structure of the TA under analysis is illustrated in Fig. 
1. The antenna comprises a focal source and a planar array of 
M×N UCs, of the same size, located at a distance F from the 
feed. The dimensions of the edges of the lens are Dx and Dy, 
while the distances between the centers of adjacent UCs are dx 
and dy along x- and y-axis, respectively. 

The source illuminates the array, and its UCs locally 
modify the impinging field on its receiving side, transforming 
it into the field 𝐸ሬ⃗ ஺௉

  on the radiating aperture (transmitting 
side). The UCs are generally designed to introduce minimum 
losses. Therefore, they mainly introduce a phase shift on the 
incident field and/or a polarization manipulation. The 
distribution of the UCs, and thus the phase of 𝐸ሬ⃗஺௉

  must be 
optimized to obtain a desired near-field pattern. 

Assuming that the field distribution is uniform within each 
UC, the electric tangential field 𝐸ሬ⃗஺௉

  over the transmitting layer 
of the TA can be written as 

 

                𝐸ሬ⃗஺௉
 (𝑥௠ , 𝑦௡) = 𝑻௠௡ 𝐸ሬ⃗ ௜௡௖

 (𝑥௠, 𝑦௡), (1)    

 
where 𝐸ሬ⃗ ௜௡௖

௠௡(𝑥௠, 𝑦௡) is the incident field received from the 
feed, 𝑥௠ and 𝑦௡ are the coordinates of the center of the mn-th 
cell. The transmission coefficient matrix 𝑻௠௡ characterizes 
the transmission properties of the mn-th cell.  



 
Fig. 1. Sketch of the transmitarray geometry. 

Once the tangential field on the transmitting side is 
obtained, the field radiated by the TA is calculated using its 
plane-wave expansion, leveraging on the fast Fourier 
transform (FFT) [4]. Neglecting the direct radiation from the 
feed, the i-component 𝐸ேி

௜  of the near-field emitted in free 
space, on a plane z = z0, parallel to the radiating aperture, can 
be computed as: 

 

 𝐸ேி
௜ (𝑥, 𝑦, 𝑧଴) =

ଵ

ସగమ ℱିଵ{𝑔௣ℱ{𝐸஺௉(𝑥, 𝑦)}}, (2)   

where ℱ and ℱିଵ indicate the direct and inverse Fourier 
transform operators, respectively. Furthermore, we assume 
that the aperture field has a single non-null component 𝐸஺௉. 
The factor 𝑔௣ = 𝑒ି௝௞೥௭బ [12] is equivalent to a translation in 
space by z0 along the z-axis, and the z-component 𝑘௭ of the 
wave vector is defined as 

𝑘௭ = ቊ
ඥ𝑘ଶ − 𝑘௫

ଶ − 𝑘௬
ଶ , 𝑘ଶ ≥ 𝑘௫

ଶ + 𝑘௬
ଶ

−𝑗ඥ−𝑘ଶ + 𝑘௫
ଶ + 𝑘௬

ଶ , 𝑘ଶ ≤ 𝑘௫
ଶ + 𝑘௬

ଶ
 , (3)   

being 𝑘 the free-space propagation constant, 𝑘௫ and 𝑘௬ the 
spatial frequencies extending over the entire spectrum (−∞ <
𝑘௫, 𝑘௬ < ∞). 

B. Model validation 

In order to validate the model described in Section II-A, a 
near-field focusing TA has been designed, using the set of 16 
UCs presented in [13]. A comparison of the numerical 
predictions of the model with the results obtained through the 
full-wave simulation of the TA is presented next. 

A NF-focusing TA comprising 24×24 square UCs, with 
dx=dy =0.35λ, where λ is the free-space wavelength at the 
operating frequency of 140 GHz, is considered. It is fed by a 
10-dBi pyramidal horn aligned with the centre of the array, at 
a distance F = 0.8Dx. The phase profile of the TA is derived 
using the conjugate phase approach [3]  to focus the field in 
the point P = (0, 0, 0.1Dff), where Dff ≅141λ is the far-field 
distance at 140 GHz. In particular, the phase shift introduced 
by the mn-th UC, at a distance rmn from P is set to: 

 
Fig. 2. Spatial profile of the UC phase shifts (in degrees) of the 24×24 
TA designed using phase-conjugate approach to focus the y-component 
of the electric field in P (0,0, 14.1𝜆). 

𝜒௠௡ =
2𝜋

𝜆
 𝑟௠௡ − ∠𝐸௜௡௖,௠௡ (4)   

This technique enables the maximization of the near-field 
amplitude is in P, except for a shift due to the field spreading 
factor [14]. However, it does not allow one to control the 
shape of the near-field pattern.  

Fig. 2 shows the obtained 4-bit quantized TA phase 
profile. The phases of the UC transmission coefficients, 
simulated under normal incident in a periodic environment, 
are almost uniformly spaced in the 2π range. These UCs 
comprise two wire grid polarizers on the outer layers so that 
they rotate by 90º the polarization of the incident field. Thus, 
the x-polarized field radiated by the horn is converted into an 
almost purely y-polarized aperture field. Therefore, the effect 
of the spillover on the y-component of the electric field is 
negligible. The incident field on the array is found using the 
simulated far-field radiation pattern of the horn. Moreover, the 
complex transmission coefficients tyx of the 16 UCs were 
considered in the computation of the near-field.  

The x-cut of the near-field pattern (y-component) on the 
focusing plane z = 14.1λ is shown in Fig. 3. The field predicted 
by the proposed model is in tight agreement with that obtained 
from the full-wave simulation of the TA.  

It is worth to observe that the model accurately predicts 
the amplitude and not only the normalized pattern of the near-
field. The difference between the computed and simulated 
peak value is only 0.7 dB. Most of the state-of-art works on 
near-field focusing and shaping TAs [7], [9] only compare 
normalized patterns. 

III. SYNTHESIS PROCEDURE USING INTERSECTION 

APPROACH 

The method used for the synthesis is based on the 
Intersection Approach [15]. In this work, two masks (𝑇௨௣௣௘௥ 
and 𝑇௟௢௪௘௥) are enforced as lower and upper bounds for the 
near-field amplitude.  

 



 
(a) 

 
(b) 

Fig. 3. Full-wave simulation comparison with the model. (a) Comparison 
of the 𝑦-component of the radiated field at 𝑧 = 0.1 times the far-field 
distance. (b) Comparison of the phase of the 𝑦-component of the radiated 
field at 𝑧 = 0.1 times the far-field distance. 

The algorithm iteratively applies two operators: the 
forward propagator (𝒫) described in (3) and the backward 
propagator (ℬ) described as: 

 

𝐸஺௉(𝑥, 𝑦) =
ଵ

ସగమ ℱିଵ ቄ𝑔௕ℱ൛𝐸ேி
௜ (𝑥, 𝑦, 𝑧଴)ൟቅ, (5)   

where 𝑔௕ = 𝑒ା௝௞೥௛ and 𝑘௭ is defined as (3), with the 
exception that when the second condition (𝑘ଶ ≤ 𝑘௫

ଶ + 𝑘௬
ଶ) is 

true, the expression becomes positive. 
 Following the chart in Fig. 4, starting from a given 
tangential field distribution over the aperture, the NF is 
calculated through the forward propagator (𝒫), considering 
each UC of the TA as a rectangular aperture antenna with 
uniform field distribution [16]. This operation outputs a near-
field (𝐸ேி

௜ ) which, generally, does not satisfy the constraints 
enforced. Therefore, a modified near-field 𝐸෨ேி, fulfilling the 
radiation mask, is built. While its phase is left unmodified, its 
amplitude is set as: 
 

|𝐸෨ேி
୧ | = ቐ

𝑇௨௣௣௘௥ ;      𝑖𝑓  𝐸ேி ≥ 𝑇௨௣௣௘௥

𝑇௟௢௪௘௥  ;      𝑖𝑓  𝐸ேி ≤ 𝑇௟௢௪௘௥

|𝐸ேி
௜ |;              𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (6)   

 

 
Fig. 4. Flowchart of the classical Intersection Approach used for the 
synthesis of near-field shaping TAs. 

 
Fig. 5. Synthesised phase distribution in degrees introduced by the unit 
cells of the 16×16 near-field shaped TA. 

At this point, using the backward propagation (ℬ), the 
field distribution 𝐸෨஺௉

  generating 𝐸෨ேி
௜  is found. Since the 

amplitude of the field on the TA aperture depends on the 
incident field, it is not guaranteed that 𝐸෨௔௣

௜  can be a feasible 
tangential field. In practice, only its phase can be tailored by 
properly distributing the UCs in the TA. Therefore, the 
following field distribution over the aperture (𝐸஺௉) is specified 
after the backward propagation and used for the next iteration 
of the algorithm: 

 

𝐸஺௉ = ൝ |𝐸௜௡௖|𝑒௝∠ா෨ೌ೛  ;     |𝑥| ≤
𝐷௫

2
 , |𝑦| ≤

𝐷௬

2
 

               0 ;          𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒       

 (7)   

By iteratively performing this procedure, a solution that 
satisfies both physical restrictions on the aperture field and the 
NF pattern constraints may be found. 

A. Numerical results: a shaped-beam near-field pattern 

An example of TA synthesis for near-field shaping is 
discussed. The objective is to generate a fan-beam near-field 
pattern, on a plane at a distance 𝑧 = 14.8𝜆, with a -3-dB spot 
of 2𝜆 × 7.5𝜆. A maximum 1.5-dB amplitude ripple is 
required in the flat-top region of the y-cut. For achieving this 
near-field pattern, a 16×16 TA fed by a 10-dBi horn was 
considered. The UC size is λ/2×λ/2, being λ the wavelength at 
the optimization frequency. The feed is at a distance from the 
lens F = 0.8 D, where D = 8 λ is the length of the edge of the 
lens. Its simulated far-field pattern was used to calculate the 
incident field on the TA.  
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Fig. 6. NF pattern (x=0 cut) of the synthesized 16×16 TA, at a distance of 
14.8𝜆 from the TA radiating aperture, using the UC phase profile of Fig. 5. 

 
Fig. 7. NF pattern (y=0 cut) of the synthesized 16×16 TA, at a distance of 
14.8𝜆 from the TA radiating aperture, using the UC phase profile of Fig. 5. 

The aperture-field distribution compensating the phase of 
the incident field and realizing a broadside far-field pencil 
beam was used as the seed of the algorithm. Despite the initial 
near-field pattern is very different from the desired one, the 
proposed synthesis procedure is able to converge fulfilling the 
enforced masks. The procedure achieves this in 260 s, after 
iterating about 900 times. The synthesized phase profile, 
introduced by the lens on the incident field, is represented in 
Fig. 5. Even if no symmetry constraints were prescribed, it is 
quite symmetric with respect to the centre of the aperture, as 
one would physically expect for generating this pattern. 

The y- and x-cut of the near-field pattern on the target 
plane are shown, along with the enforced mask, in Fig. 6 and 
Fig. 7, respectively. 

B. Impact of phase quantization 

In Section III-A, we assumed that the UCs could introduce 
any phase shift value, and thus perfectly realize the optimal 
phase profile. In practical designs, especially for electronically 
reconfigurable TAs, only a few different UCs are used, 
providing a discrete set of phase shifts. The design of a large 
number of UCs would indeed be time-consuming, 
technologically challenging and narrow the common 
operating bandwidth. Thus, it is key to evaluate, after the 
synthesis, the impact of the phase quantization on the near-
field. The results will generally depend on the mask and the  

 
Fig. 8. NF pattern (x=0 cut) of the 16×16 synthesized TA, at a distance of 
14.8𝜆 from the aperture, for different n-bit quantization of the optimal phase 
distribution of Fig. 5. 

 
Fig. 9. NF pattern (y=0 cut) of the 16×16 TA, at a distance of 14.8𝜆 from 
the aperture, for different n-bit quantization of the optimal phase distribution 
of Fig. 5. 

plane where it is enforced. However, the synthesized TA 
discussed in Section III-A represents a relevant example, as its 
phase profile is relatively fast-varying, due to the challenging 
mask constraints. Thus, the synthesized phase profile was 
approximated using three sets of 2n UCs, with n =1, 2, 3. The 
phases of the transmission coefficients of each set are 
uniformly distributed in the [0, 2𝜋) range (uniform n-bit 
quantization).  

Figure 8 and Fig. 9 show the NF patterns obtained for 
different n. It can be observed that the x-cut is more sensitive 
to a coarse phase quantization. On the other hand, the y-cut 
seems more robust. However, the 1-bit quantization 
significantly increases the ripple in the flat-top region. 

Figure 10 shows the amplitude of the y-component of the 
electric field radiated by the TA as a function of distance from 
the aperture, along the z-axis. This distance is normalized to 
the far-field distance. As expected, the peak amplitude 
decreases with the phase resolution, due to the increase of the 
phase error. The amplitude loss at z = 14.8𝜆 is 2.7 dB, 0.6 dB 
and 0.25 dB for a 1-bit, 2-bit and 3-bit phase quantization, 
respectively. 
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Fig. 10. Amplitude of the y-component of the electric field radiated by the 
synthesised 16×16 TA, as a function of the distance from the aperture. 
Results obtained for different n-bit quantization of the optimal phase 
distribution of Fig. 5 are presented. 

The analysis of the near-field pattern distortion and of the 
amplitude loss due to phase quantization shows that a 3-bit 
quantization or finer of the optimal phase can fulfil the masks 
in most of the points where they are defined. 

IV. CONCLUSION 

In this work, a model for the analysis and synthesis of the 
near field radiated by a transmitarray antennas has been 
proposed and validated via full-wave simulation. As opposed 
to most works in the literature, the model accurately predicts 
not only the normalized near-field pattern, but also the 
amplitude of the electric field. Based on this model, a phase-
only synthesis procedure that allows to arbitrarily shape a 
component of the electric field on planes parallel to the 
aperture is proposed. The algorithm leverages on the 
Intersection Approach and is computationally efficient. A 
16×16 transmitarray generating a fan-beam near-field pattern 
has been synthesized in a few seconds.  

The degradation of the near-field pattern and the 
amplitude loss due to a uniform quantization of the optimal 
phase profile have been assessed. A phase quantization finer 
than a 3-bit one is necessary to approximate the optimal 
results, a good performance. Nevertheless, a relatively good 
performance is achieved for 2-bit quantization. This result 
could pave the way for the use of relatively simple 
electronically reconfigurable transmitarrays for dynamic near-
field shaping. 
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