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Abstract 
 

In  this  work,  the  design  of  wideband  wide‐angle  impedance  matching  (WAIM) 
structures  is  proposed  for  waveguide‐fed  planar  phased  arrays.  An  innovative  
System‐by‐Design  (SbD)  approach  is  exploited  to  determine  the  geometrical 
descriptors of the WAIM, which is composed by a metasurface of regularly‐arranged 
microstrip  printed  unit  cells. The  proposed  solution  technique  is  based  on  the 
combination of elementary functional blocks aimed at (i) exploring the search space, 
(ii)  analyzing  the  resulting  metasurface  structure  to  deduce  the  equivalent 
permittivity/permeability  tensors,  (iii)  computing  the  phased  array  response,  and 
(iv)  linking  the  obtained  result  with  the  problem  constraints  and  objectives  to 
determine the associated cost function. Some numerical results are shown in order 
to assess the effectiveness of the SbD‐based design strategy. 
 



1 Introdu
tion on FSS

A Frequen
y Sele
tive Surfa
e (FSS) is a periodi
 surfa
e whose response to in
ident radiation varies with

frequen
y. It 
an re�e
t, transmit, or absorb di�erent amounts of radiation at di�erent frequen
ies.

Regarding the Bandwidth, the larger the interelement spa
e is, the narrower the bandwidth and vi
e versa.

The FSS 
ould be divided into at least 4 groups:

1. The 
enter 
onne
ted or N-poles, su
h as the simple straight element, three-legged element, the jerusalem


ross and the square spiral.

2. The loop types su
h as the three- and four-legged loaded elements; the 
ir
ular loops; and the square and

hexagonal loops.

3. Solid interior or plate types of various shapes.

4. Combinations.

Figure 1: Examples of FSS

Some �gures will be des
ribe deeply in the following paragraphs:
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Unloaded Tripole Array:

The unloaded tripole 
onsists of 3 simple straight dipoles all 
onne
ted to a same point.

Figure 2: Unloaded Tripole Array

This shape, thanks to the thin arms, has the 
apability to pa
k itself very 
lose to ea
h other.

This 
hara
teristi
s to be pa
ked tightly, making the interelement spa
ings smaller, lead to have a larger band-

width respe
t to the 4-legged 
ase.

Figure 3: Repli
ated Unloaded Tripole Array

An
hor Elements:

This shape is a simple modi�
ation of the unloaded tripole leading to in
reased bandwidth. It is 
reated

only adding to the end of ea
h �arm� a 
apa
itive load. It naturally leads to smaller elements resulting in a

signi�
antly smaller inter-element spa
ing.

Figure 4: An
hor Elements
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Jerusalem Cross:

Basi
ally it 
onsists of a pair of 
rossed dipoles with end loading.

Figure 5: Jerusalem Cross

Simple 5 Crosses (all indipendent arms):

The idea is to make ea
h arm's dimension indipendent in order to better optimize the resulting optimal shape.

a) b)

Figure 6: a) 5 Crosses, b) detail

Four-legged Loaded Element :

Figure 7: Four-legged Loaded Element

If a large bandwidth is desired, it will in general be advantageous to go to a loop element with a large opening.

All FSSs 
an 
hange bandwidth by variation of the inter-element spa
ings, in parti
ular the four-legged and

three-legged elements are 
apable of 
onsiderable variation by 
hanging the elements themselves.
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Three-legged Loaded Element:

The geometry derives from the four-legged loaded element. In parti
ular these elements resonate when their


ir
umferen
es are approximately one full wavelength, and they show a load null at the frequen
y where the

legs are approximately

λ
4
long.

Figure 8: Three-legged Loaded Element

As regard the bandwidth, it is 
onsiderably more broadbanded than the four-legged 
ases , the primary reason

being that the inter-element spa
ings are 
onsiderably smaller;

In other words, the bigger the inter-element spa
e is, the lower the bandwidth.

Cir
le Loop:

Figure 9: Cir
le Shape
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1.1 Resume:

Control Parameter Operative Freq

l: sub-arm length;

a: arm length;

+ ea
h arm indipendent

λ dependent

h,l and d: 
ross dimensions;

d.1,h.1:
apa
itive load dimensions

+ ea
h load indipendent

λ dependent

l1: arm 1 length;

l2: arm 1 width;

+ ea
h arm is indipendent

λ dependent

s1, s1: inner and outer length;

h: arm 1 heigth

+ ea
h arm indipendent

λ dependent

l1: length of arm 1;

d1: thi
kness

s1, s1: inner and outer width

+ ea
h arm 
ould be indipendent

λ dependent

BW larger than 4-legged

A, L, L1, W, W1

possibility to set ea
h arm independenty

angle between arms: 120

◦

λ dependent

s: thi
kness of the pat
h

d: diametre;

λ dependent

λ
4

Table 1: Resume
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2 Implementazione Wideband:

2.1 Simulazioni e�ettuate 
on f ∈ [14.25; 16.25] GHz

l modello usato è formato dalle 5 
ro
i sempli
i delle quali è possibile modi�
are lunghezza e larghezza delle

bra

ia e angolo di tilt. Queste sono appunto le 3 in
ognite 
he andrà a modi�
are il PSO:

• CrossLength

• CrossWidth

• T iltAngle

Nel pro
esso di omogenizzazione viene utilizzata una distanza di d = 1.05e−3λ tra WAIM e l'array di guide

d'onda. Il layer di materiale dielettri
o omogeneo simulato dal MbD avrà poi uno spessore d′ = 2.1e−3λ.

Nel 
aso Wideband, viene e�ettuata una simulazione per ogni frequenza utilizzatata

Figure 10: Cro
e, modello FEKO

Parametri PSO:

• swarm_size=10;

• max_iteration_number=20;

• ftol=0.0001;

• unknown_number=3

Parametri da ottimizzare:

� CrossLength = [0.0012− 0.00135]

� CrossWidth = [0.00002− 0.001]

� T iltAngle = [0◦ − 3◦]

• swarm_�lename=Initial.Swarm

• saving_per
entage=100;

• inertial_weigth=0.4;

• inertial=2 (
onsider 
onstant inertial velo
ity)
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• 
hoose_parameter_ab=1 (a 66=b Random)

• α=β =0.4

• c1 = c2 = 2.0

Fitness:

Ψ = 1

183
·

∑

φ=0,45,90

60∑

θ=0

1− Γ2

La Fitness è stata 
al
olata minimizzando il 
oe�
iente di Ri�essione sui 3 piani: E-plane (φ = 0), D-plane

(φ = 45) e H-plane (φ = 90) 
onsiderando l'angolo θ da 0 a 60

◦

• θ = [0 : 60]

• φ = [0; 45; 90]

Ψmin = 5.80888 · 10−2
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a) b)

Figure 11: a) Fitness , b) zoom

Il risultato ottimo si ottiene all'iterazione 14 parti
ella 4:

Figure 12: Unit 
ell, modello FEKO, �gura ottima
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Figure 13: a) Coe�
iente di Trasmissione: Piano Phi.0 , b) zoom
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a) b)

Figure 14: a) Coe�
iente di Trasmissione: Piano Phi.45 , b) zoom
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a) b)

Figure 15: a) Coe�
iente di Trasmissione: Piano Phi.90 , b) zoom
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2.2 Simulazioni e�ettuate 
on f ∈ [14.25; 17.25] GHz

Ψmin = 3.8311 · 10−2
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a) b)

Figure 16: a) Fitness , b) zoom

Il risultato ottimo si ottiene all'iterazione 1 parti
ella 1:

Figure 17: Unit 
ell, modello FEKO, �gura ottima
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Figure 18: a) Coe�
iente di Trasmissione: Piano Phi.0 , b) zoom

9



 0

 0.2

 0.4

 0.6

 0.8

 1

 0  10  20  30  40  50  60  70  80  90

1-
|Γ

|2

θ [deg]

H plane - φ=0 [deg]

f=14.25E+9
f=14.45E+9
f=15.25E+9

f=15.75E+9
f=16.25E+9
f=16.75E+9

f=17.25E+9
NO WAIM 

 0.95

 0.96

 0.97

 0.98

 0.99

 1

 0  10  20  30  40

1-
|Γ

|2

θ [deg]

H plane - φ=0 [deg]

f=14.25E+9
f=14.45E+9
f=15.25E+9

f=15.75E+9
f=16.25E+9
f=16.75E+9

f=17.25E+9
NO WAIM 

a) b)

Figure 19: a) Coe�
iente di Trasmissione: Piano Phi.45 , b) zoom
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Figure 20: a) Coe�
iente di Trasmissione: Piano Phi.90 , b) zoom
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