
Multi-Scale Synthesis of Reflectarrays
Exploiting the SbD Paradigm

G. Oliveri, A. Gelmini, A. Polo, N. Anselmi, and A. Massa

ELEDIA Research Center page 1/19



Contents

1 Problem Formulation 3

1.1 Geometrical Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2 Incident Field in LRS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.3 Floquet analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.4 Scattered Field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.5 The Surface current computation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.6 From spherical to cartesian components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.7 Summary of the procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2 Preliminary Results: Square Patch Reflectarray: 25x25 6

2.1 Unit cell geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.2 Accuracy vs. Training Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.2.1 Matrix Norm and Phase mean squared errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.2.2 True vs. Predicted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.3 Optimization target . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.4 Optimization results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.4.1 Cost Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.4.2 Geometrical Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.4.3 Reflection Coefficient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.4.4 Superficial Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2.4.5 Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2.4.6 Fields Cut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3 Square Patch Reflectarray: 25x25 - Rf = 10 12

3.1 Optimization target . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.2 Optimization results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.2.1 Cost Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.2.2 Geometrical Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.2.3 Reflection Coefficient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

3.2.4 Superficial Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.2.5 Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.2.6 Fields Cut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

ELEDIA Research Center page 2/19



1 Problem Formulation

1.1 Geometrical Description

We define two reference systems as in Fig. 1:

• Global Reference System (GRS): defined in (x′, y′, z′) with:

– Feed position in (x′

F , y
′

F , z
′

F )

– Cell position in (x′

C , y
′

C , z
′

C)

• Local Reference System (LRS): defined in (x, y, z) with:

– Feed position in (xF , yF , zF )

– Cell position in (0, 0, 0)

• Angle of Incidence of Feed Wave:

– θinc = arccos

(

zF√
x2

F
+y2

F
+z2

F

)

– φinc = arctan
(

yF
xF

)

Figure 1: Geometrical description of the problem - Local and Global reference Systems.

1.2 Incident Field in LRS

The incident field in the LRS can be expressed as:

Einc =
(

Eθ
incθ̂ + Eφ

incφ̂
)

exp
(

−jk0µ̂inc · r
)

(1)

where:

• k0 = 2π/λ: is the wave number;

• µ̂
inc

= − (sin (θinc) cos (φinc) , sin (θinc) sin (φinc) , cos (θinc)): is the propagation vector;
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1.3 Floquet analysis

Since we assum a Floquet analysis truncate at the first term (only 1 TE/TM mode) we can define:







Eθ
inc

Eφ
inc






=







ETM
inc

ETE
inc






(2)

1.4 Scattered Field

Given the scattering matrix (S) in output from HFSS (Floquet first order approaximation) the scattered field can be

computed as:







ETM
scat

ETE
scat






= [S]







ETM
inc

ETE
inc






(3)

1.5 The Surface current computation

The surface current on the reflectarray aperture can be computed from the incindent and scattered field as:

Js (r) = n̂×HTOT (r)

Ms (r) = −n̂×ETOT (r)
(4)

where:

• HTOT = Hinc +Hscat

• ETOT = Einc +Escat

But we need to have the fields expressed in cartesian components.

1.6 From spherical to cartesian components

This procedure is standard and is valid both for incident and scattered field:













Ex
inc/scat

Ey
inc/scat

Ez
inc/scat













=













sin (θinc) cos (φinc) cos (θinc) cos (φinc) − sin (φinc)

sin (θinc) sin (φinc) cos (θinc) sin (φinc) cos (φinc)

cos (θinc) − sin (θinc) 0

























0

ETM
inc/scat

ETE
inc/scat













(5)

1.7 Summary of the procedure

1. From a FEKO simulation of a feeder we obtain the Electric incident field in cartesian components;

2. We derive the spherical (and also TE/TM) components of the Electric incident field;

3. We compute the Electric scattered field;
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4. From the incident and scattered Electric field we derive the Magnetic field as:

Hinc/scatt =
1

η
µ̂
inc/scat

×Einc/scatt (6)

5. Compute the Electric Currents from the total Magnetic Field.
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2 Preliminary Results: Square Patch Reflectarray: 25x25

2.1 Unit cell geometry

"Square" Patch

g(1)

Figure 2: Square Patch unit cell.

2.2 Accuracy vs. Training Samples

2.2.1 Matrix Norm and Phase mean squared errors
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Figure 3: Square Patch Reflectarray 25 × 25 - Accuracy vs. Training Samples: Matrix norm error (a) and Phase mean

squared error (b).
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2.2.2 True vs. Predicted
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Figure 4: Square Patch Reflectarray 25 × 25 - Accuracy vs. Training Samples - Rxx: Real (a) and Imaginary (b) part of

true vs. predited.

2.3 Optimization target
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Figure 5: Square Patch Reflectarray 25 × 25 - Optimization target: SLL on the wanted polarization(a), mask on the

unwanted polarization (b).
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2.4 Optimization results

2.4.1 Cost Function
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Figure 6: Square Patch Reflectarray 25× 25 - Optimization: Cost function behavior.

2.4.2 Geometrical Design
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Figure 7: Square Patch Reflectarray 25× 25 - Optimization: Starting reflectarray configuration(a), optimized reflectarray

configuration (b) and the differential (c) betaween starting and optimal design.
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2.4.3 Reflection Coefficient
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Figure 8: Square Patch Reflectarray 25× 25 - Optimization - Reflection Coefficients: predicted(a)(b)(e)(f)(i)(j)(m)(n) vs.

full-wave simulation (c)(d)(g)(h)(k)(l)(o)(p) of the magnitude(a)(c)(e)(g)(i)(k)(m)(o) and phase (b)(d)(f)(h)(j)(l)(n)(p) of
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2.4.4 Superficial Currents
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Figure 9: Square Patch Reflectarray 25 × 25 - Optimization - Superficial Currents: predicted(a)(b)(e)(f) vs. full-wave

simulation (c)(d)(g)(h)of the magnitude(a)(c)(e)(g) and phase (b)(d)(f)(h) of Jx(a)(b)(c)(d) and Jy(e)(f)(g)(h).
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Figure 10: Square Patch Reflectarray 25 × 25 - Optimization - Radiated Fields: predicted(a)(b)(e)(f) vs. full-wave

simulation of R (c)(g) vs. full-wave simulation of the entire structure (d)(h) of the magnitude of Eχ(a)(b)(c)(d) and

Eψ(e)(f)(g)(h).
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2.4.6 Fields Cut
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Figure 11: Square Patch Reflectarray 25× 25 - Optimization - Radiated Field Cut with the comparison.
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3 Square Patch Reflectarray: 25x25 - Rf = 10

3.1 Optimization target
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Figure 12: Square Patch Reflectarray 25 × 25 Rf = 10 - Optimization target: SLL on the wanted polarization(a), mask

on the unwanted polarization (b).

3.2 Optimization results

3.2.1 Cost Function
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Figure 13: Square Patch Reflectarray 25× 25Rf = 10 - Optimization: Cost function behavior.
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3.2.2 Geometrical Design

y 
[λ

]

x [λ]

P×Q=25×25, "Square" Patch, SLLχ=-25 dB, Mψ=-50 dB

-6

-4

-2

 0

 2

 4

 6

-6 -4 -2  0  2  4  6

y 
[λ

]

x [λ]

P×Q=25×25, "Square" Patch, SLLχ=-25 dB, Mψ=-50 dB

-6

-4

-2

 0

 2

 4

 6

-6 -4 -2  0  2  4  6

y 
[λ

]

x [λ]

P×Q=25×25, "Square" Patch, SLLχ=−25 dB, Mψ=−50 dB

−6

−4

−2

 0

 2

 4

 6

−6 −4 −2  0  2  4  6

(a) (b) (c)

Figure 14: Square Patch Reflectarray 25 × 25Rf = 10 - Optimization: Starting reflectarray configuration(a), optimized

reflectarray configuration (b) and the differential (c) betaween starting and optimal design.
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3.2.3 Reflection Coefficient
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Figure 15: Square Patch Reflectarray 25 × 25 Rf = 10 - Optimization - Reflection Coefficients: pre-

dicted(a)(b)(e)(f)(i)(j)(m)(n) vs. full-wave simulation (c)(d)(g)(h)(k)(l)(o)(p) of the magnitude(a)(c)(e)(g)(i)(k)(m)(o) and

phase (b)(d)(f)(h)(j)(l)(n)(p) of Sθθ(a)(b)(c)(d), Sθφ(e)(f)(g)(h), Sφθ(i)(j)(k)(l) and Sφφ(m)(n)(o)(p).
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3.2.4 Superficial Currents
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Figure 16: Square Patch Reflectarray 25 × 25 Rf = 10 - Optimization - Superficial Currents: predicted(a)(b)(e)(f) vs.

full-wave simulation (c)(d)(g)(h)of the magnitude(a)(c)(e)(g) and phase (b)(d)(f)(h) of Jx(a)(b)(c)(d) and Jy(e)(f)(g)(h).
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Figure 17: Square Patch Reflectarray 25 × 25 Rf = 10 - Optimization - Radiated Fields: predicted(a)(b)(e)(f) vs. full-

wave simulation of R (c)(g) vs. full-wave simulation of the entire structure (d)(h) of the magnitude of Eχ(a)(b)(c)(d) and

Eψ(e)(f)(g)(h).
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3.2.6 Fields Cut
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Figure 18: Square Patch Reflectarray 25× 25 Rf = 10 - Optimization - Radiated Field Cut with the comparison.
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