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Abstract

This work deals with the conformal miniaturization of linear antenna arrays. A
novel design methodology based on the Material-by-Design (MbD) paradigm is
proposed. More precisely, the presented approach exploits a two-step quasi-
conformal transformation optics (QCTO) algorithm in order to match linear arrays
onto arbitrary surfaces. The synthesized meta-material lens, covering the
conformal array, ensures that its radiation features are kept as much as possible
equal to those of the reference antenna in free-space. Moreover, a source
inversion (S/) strategy is adopted in order to achieve a reduction of the radiators
in the final conformal arrangement. A study of the impact of the lens thickness
on the achievable performance is presented, making use of full-wave simulations
in order to carefully analyze the electromagnetic behavior of the synthesized
radiating architectures.



1 Numerical Assessment

1.1 Validation vs. Lens Curvature (/) and Lens Thickness (s)
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Figure 1: Transformation regions and geometric parameters of interest.

Lens Thickness: s =4.0 [}]
Virtual Physical
w (A R A SN wlA] | h[A] | s[A] | I[N (Curvature)
16.0 4.5 4.0 16.0 4.5 4.0 0.5
16.0 5.0 4.0 16.0 5.0 4.0 1.0
16.0 5.5 4.0 16.0 5.9 4.0 1.5
16.0 6.0 4.0 16.0 6.0 4.0 2.0
Lens Thickness: s = 2.0 [)]
Virtual Physical
w A | RN SN wlA] | h[A] | s[A] | I[N (Curvature)
16.0 2.5 2.0 16.0 2.5 2.0 0.5
16.0 3.0 2.0 16.0 3.0 2.0 1.0
16.0 3.5 2.0 16.0 3.5 2.0 1.5
16.0 4.0 2.0 16.0 4.0 2.0 2.0
Lens Thickness: s = 1.0 [}]
Virtual Physical
W N RS AL w Al | A[A] | s[A] | 1[N (Curvature)
16.0 1.5 1.0 16.0 1.5 1.0 0.5
16.0 2.0 1.0 16.0 2.0 1.0 1.0
16.0 2.5 1.0 16.0 2.5 1.0 1.5
16.0 3.0 1.0 16.0 3.0 1.0 2.0
Lens Thickness: s = 0.5 [)]
Virtual Physical
w AR A SN wlA] | h[A] | s[A] | I[N (Curvature)
16.0 1.0 0.5 16.0 1.0 0.5 0.5
16.0 1.5 0.5 16.0 1.5 0.5 1.0
16.0 2.0 0.5 16.0 2.0 0.5 1.5
16.0 2.5 0.5 16.0 2.5 0.5 2.0

Table I: Geometric descriptors for virtual and physical geometries. Note that w' = w, b’ = h, ' = s, and
h=s+1.



e Virtual Array

— Number of elements, spacing, aperture: N’ = 20, d’ = %, L' =9.5 |\

Distance from PEC ground plane (placed at ¢y = 0.0): ¢’ =

>

)

Operating frequency: f = 600 [M H z];

Steering angle: ¢; = 90.0 [deg];

— Excitations: I, = 1.0, ¢, = =Zapsin (¢s +90); n=1,...,N';

e QCTO

— Discretization cell dimension: 0.15 [A] (0.01 [A] for source mapping);



1.1.1 Results of the Transformation

Lens Thickness s = 4.0 [\]
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Figure 2: Lens thickness s = 4.0 [A] - Transformation grids for virtual and physical geometries for different

curvatures of the lens.
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Lens Thickness s = 2.0 [A]

Virtual Physical
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Figure 3: Lens thickness s = 2.0 [\] - Transformation grids for virtual and physical geometries for different
curvatures of the lens.



Lens Thickness s = 1.0 [A]
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Figure 4: Lens thickness s = 1.0 [\] - Transformation grids for virtual and physical geometries for different
curvatures of the lens.



Lens Thickness s = 0.5 [A]
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Figure 5: Lens thickness s = 0.5 [\] - Transformation grids for virtual and physical geometries for different
curvatures of the lens.



1.1.2 Physical Lens Parameters

Lens Curvature [ = 0.5 [\

s=4.0 [)] s=2.0[A s=1.0[A] s=0.5[A]
Anisotropic Permittivity Range | [~0.030, 1.290] | [~0.030, 1.460] | [—0.060, 1.870] | [—0.110, 2.840]
Isotropic Permittivity Range [0.00,1.130] [0.00,1.160] [0.00, 1.260] [0.00, 1.440]
Lens Curvature [ = 1.0 [A
s=4.0 [)] s=2.0[A s =1.0[A] s=0.5[A]
Anisotropic Permittivity Range | [~0.070, 1.650] | [~0.100, 1.990] | [—0.170,2.920] | [—~0.280,5.190]
Isotropic Permittivity Range [0.00, 1.290] [0.00, 1.340] [0.00,1.510] [0.00,1.810]
Lens Curvature [ = 1.5 [\
s=4.0 [\ s=2.0([A s=1.0[)] s=0.5[A]
Anisotropic Permittivity Range | [—0.120,2.060] | [—0.200,2.620] | [—0.320,4.140] | [—0.490,7.960]
Tsotropic Permittivity Range | [0.00,1.480] | [0.00,1.480] | [0.00,1.770] [0.00, 2.190]
Lens Curvature [ = 2.0 [)]
s=4.0 [\ s=2.0[)] s=1.0 )] s=0.5[A]
Anisotropic Permittivity Range | [—0.180,2.570] | [-0.310,3.360] | [—0.490,5.570] | [—0.730,11.170]
Tsotropic Permittivity Range | [0.00,1.720] | [0.00,1.790] | [0.00,2.070] [0.00, 2.590]

Table II: Permittivity ranges of the physical lens.




1.1.3 Far-Field Patterns (Aniso-Lens, ¢, = 90.0 [deg])

Lens Thickness s = 4.0 [\]
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Figure 6: Lens thickness s = 4.0 [\] - Comparison between the far field patterns or different curvatures of the
lens.



Lens Thickness s = 2.0 [)]
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Figure 7: Lens thickness s = 2.0 [A\] - Comparison between the far field patterns or different curvatures of the
lens.



Lens Thickness s = 1.0 [)]
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Figure 8: Lens thickness s = 1.0 [A\] - Comparison between the far field patterns or different curvatures of the
lens.
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Lens Thickness s = 0.5 [)]
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Figure 9: Lens thickness s = 0.5 [A\] - Comparison between the far field patterns or different curvatures of the
lens.

Observations

e Increasing the curvature (1 1) leads to a worsening of the performances;
e Decreasing the lens thickness (] s) leads to a worsening of the performances;

e The thinner the lens, the fastest the degradation w.r.t. the curvature.
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1.2 Lens Thickness s = 4.0 [\] - Reduction of the Control Points through SI (N’ —
N < N')

Parameters

e Number of array elements before SI: N’ = 20;

Number of array elements after ST (IV): check table below;

Spacing after SI: d = \/2;

Radius of the observation domain: rg; = 50.0 [A];

Number of field sampling points: ng; = 1000.

| || Before SI | After SI |
| 1 [A] (Lens Curvature) | N [ LIN] [ N [ L[\ ]

0.5 20 1 9.042 | 19| 9.0
1.0 20 | 8.670 | 18 | 8.5
1.5 20 | 8340 | 18 | 8.5
2.0 20 | 8.090 | 17| 8.0

Table IIT: Lens Thickness s = 4.0 [A] - Parameters considered for SI for each curvature of the physical lens (7).
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5 4 3 2 1 0 1 2 3 4 5 5 4 3 2 1 0 1 2 3 4 5
XIN XIN
Physical (N'=20) Physical-SI (N=19) Physical (N'=20) Physical-SI (N=18)
(a) 1=0.5 [} () 1=1.0 [A]

3 3

2 F 2+
< <
> >

1r 1

0 L 0

5 4 3 2 1 0 1 2 3 4 5 5 4 3 2 1 0 1 2 3 4 5
XIA XIN
Physical (N'=20) Physical-SI (N=18) Physical (N'=20) Physical-SI (N=17)
(e) 1=1.5 [l (d) 1=20 )

Figure 10: Lens Thickness s = 4.0 [A] - Geometry of the physical array before (N') and after ST (N < N’).
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1.2.1 Synthesized Excitations

Steering Angle ¢s = 90.0 [deg]
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Figure 11: Lens Thickness s = 4.0 [A] - Magnitude and phase of the excitations of the physical

(N’) and after SI (N < N').
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Steering Angle ¢, = 75.0 [deg]
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Figure 12: Lens Thickness s = 4.0 [\] - Magnitude and phase of the excitations of the physical array before
(N’) and after ST (N < N’).
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Figure 13: Lens Thickness s = 4.0 [A\] - Magnitude and phase of the excitations of the physical array before
(N’) and after ST (N < N’).
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1.2.2 Free-Space Far-Field Patterns
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Figure 15: Lens Thickness s = 4.0 [\A] - Free-Space
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Figure 17: Lens Thickness s = 4.0 [)] - Free-Space patterns: Physical (N’ = 20) vs. Physical-SI (N < N').
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Figure 19: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 20: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 21: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 22: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 23: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 24: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 25: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 26: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 27: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 28: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 29: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 30: Lens Thickness s = 4.0 [A] - Electric field distributions.
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1.2.6 Near-Field Distributions (Aniso-Lens, ¢, = 45.0 [deg])
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Figure 31: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 32: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 33: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 34: Lens Thickness s = 4.0 [A] - Electric field distributions.
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1.2.7 Far-Field Patterns (Aniso-Lens, ¢, = 90.0 [deg])
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Figure 35: Lens thickness s = 4.0 [A\] - Comparison between the far field patterns or different curvatures of the
lens.
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1.2.8 Far-Field Patterns (Aniso-Lens, ¢, = 75.0 [deg])
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Figure 36: Lens thickness s = 4.0 [A\] - Comparison between the far field patterns or different curvatures of the
lens.

36



1.2.9 Far-Field Patterns (Aniso-Lens, ¢, = 60.0 [deg])
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Figure 37: Lens thickness s = 4.0 [A\] - Comparison between the far field patterns or different curvatures of the
lens.
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1.2.10 Far-Field Patterns (Aniso-Lens, ¢; = 45.0 [deg])
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Figure 38: Lens thickness s = 4.0 [A\] - Comparison between the far field patterns or different curvatures of the
lens.
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