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Focus on FSS-based EBG surfaces

1-Basic physics and simplified analysis models
*FSSproperties
*Equivalent circuit analysis
*Homogeneization of the boundary conditions

2- Rigorousintegral equation analysis
*Floguet wave espansion
*Spectral domain MoM analysis
*Rigorous disper sion equation
*Multipole network and accesible mode
«“reduced” dispersion equation

3- Pole-zer o matching method
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1- Basic physics and simplified
analysis models
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Physics and methodology: overview

Physical involved mechanisms

Reflection and transmission (Floquet wave analysis
dispersion (Surface wave and leaky waves, band-gaps)
Wave interaction (FW-SW, FW-LW)

diffraction and excitation of spurious modes

Point source-FSS interaction (Green’s function)

SN S

Methods (Integral equation method):

Full-wave analysis of reflection and transmission
Full-wave analysis of dispersion

Full-wave analysis of finite structures

Green's function of FSS via spectral synthesis
Pole-zero network synthesis
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Varioustype of FSS (from the book of Ben A. M unk)
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Complementary surfaces

Dipolevs. slot configuration. Es. Jerusalem cross

Series resonant circuit (high capacitance) ~ Parallel resonant circuit (high inductance)
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Frequency selective surcface: slot Vsdipoles
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Geometry scaling

Dependence on GAP (Slot) (full-wave results)
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Parametri:

L=1cm,
W =0.025 cm
t=0,025 cm
(a=0)

Dependence on distances (Slot)
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How an FSS can realize a high-impedance surface (dipoles)

(TM) E/ Dipoles E/l Slots
z
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FSS-type Vs Sievenpiper artificial surface

(TM) E/l Dipoles
U

Approximation (quasi static type): the L C circuit isindependent on
1-polarisation (TE or TM)

2-angle of incidence (phasing)

3-frequency
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FSS-type Vs Sievenpiper artificial surface Surface waves supported by surface impedances

exp(—azz+ jkxx)

Boundary Conditions TM, Modes

EZ
Hy= -EJZ, E H,= -E,/Z, ‘HZ ]
: i +H : L

Modal propagation (absence of excitation, . . ) .
propag ( ) 1. Dispersion equation for an impedance surface
H E H,
E. : ‘ H
TM, Modes E, TE, Modes H, TM, Modes E, TE, Modes _
Hy E\y\ Hy Ey
Yem +Y, =0 k
kz TE/M s 7 _ = é’ o ) K
Zy =¢ =k o fKkE—K? Z+i¢ =0
k ZTE/M+Zs:0 Z.—-j¢ 7’1( =0 2_ 2
ZTE/M + Zs =0 ZS
Z s Zs Ky k, TM| TE
Rpositive | ke<k; “jo, No No
k :
kz—kf ZS+§ =0 J?( _ ke<k k;>0 | No No
— 2 2 (inductive) | k«>k (slow wave) | -jo, Yes | No
Zt¢ k 0 \/k -k X ke<k k>0 [ No | No
(capecitive)| ky>k (slow wave) | -jo, No Yes
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Surface waves on an impedance surface (x propagation)

exp(—a,z+ jk,X)

Example: Sievenpiper surface
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FSS-based surface
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FSS-based surface
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Floquet theorem

For agiven periodic surface, illuminated by a plane (either homogeneous or
inhomogeneous) wave, OR NOT ILLUMINATED AT ALL, the (POSSIBLY
MODAL) field can be expanded in terms of plane (both omhogeneous or
inhomogeneous) wave (Floguet modes, FM) . The wavenumber s of these waves
aredictated by the periodicity
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1M (Kgym) < O

H(xY.2)= ) Come®(~ iknX - iKymy - ikm2)
nm
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Floquet wave representation of the field

H(y,2) = D Comexp(~ k= Jkymy = ikzm?)

nm
Incident wave wavenumber
27m :
%, iy
NMNAVVWVWWWWWWWW= =
e ANNANNNNN =
d

b

Im(K,y,) <0
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Impressed phasing
Reflection analysis: impressed field, phasing known a priori

Dispersion analysis: phasing hasto be found by boundary condition
in absence of excitation

kym = d@@" plf h asing ‘C‘jY/LL\

y
27m
Ky =
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Im (kzym) <0

H(xy.2)= ) Comexp(~ kX~ Tkymy ~ Ikanm)
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Rigorous multiport network
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Definition o the “homogenised” impedance

H (X, Y, Z) = zcnm(w) exp(— jkxnx_ Jkymy_ jkznmz)

nm
l Frequency dependent omhogeneous
impedance surface

Y, (@)

Periodicity

Characteristic impedance of
the dominant Floque mode

The processis|egittimated by
periodicity lessthan /2
(arbitrary incidence)
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Integral equation method: Methods and key issues (1)

Reflection and transmission
Method: solving for MoM matrix of single cell with phase

shift boundary conditions
Key issues
Periodic Green’s function in stratified media
1. Spectral spatial domain representation
2. EFIE/MPIE
3. Entire- vs. small- domain basis functions

Dispersion
Method: find the zeros of the MoM matrix determinant
Key issues
1. Efficient way to find the zeros
2. Individuation of the poles associated to “physical” leaky waves
3. Individuation of bandgaps and dispersion diagrams
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Integral equation method: Methods and key issues (3)

1. Interaction with point source on FSS (GF of PBG structure)

Method

1. Planewave espansion of the source field
2. FSSresponse to each spectral plane wave
3. Spectrd synthesis

Key issues

1. Speed-up the numerical process for the response of each single plane wave
2. Finding poles

3. Hybrid-asymptotic/numerical process for the GF calculation

Integral equation method: Methods and key issues (2)

eSS
I

Method: Surface-surfaceintegral equation
Key issues: matrix compression (SFX), sparsification (FMM), multiscale
approach, wavelet basisfunctions
%%%X
1. Truncation effects (2) \%\
(FSS truncation, dominant effect?)

Methods: windowing, truncated FW technique

Key issues: Truncated periodic Green’sfunction, global domain basis
functions (supercompression of the MoM matrix)
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Single element GF (Geometry) Single element Green’s function (spectral domain)
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From single element to periodic GF Poisson sum
& 1&L 2zp qu]
f(na,mb) = — [— —
22 fnam) =220 F [ T
FT(f)
o 4w - iif(na mb) e/ ziii': (27zp+k 27rq+k)
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=0 M=
Space domain (slow conver gent) summation
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From single element to periodic GF: Poisson’ssum

Interpretation in terms of z-tx line

9. (% Y,22)= i ié EJ(K@,kw,Z,z) PRICE Y

p=—0 Q=0

- [ I k
=EJ 1\2 EJ . 7j(kxx+k y) 5 = 9
94 Y,22)=(2F [ [ G (k. k, 2 2)e ™k dk, E ! H | ook
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Dipoletype FSS (single substr ate) MoM matrix entries
ES(J)-FE"m:O ZMOMI =V
Eirm = Einc + Ere‘
3 V,, =—F(K)-Ep (k)
J(rt):zl Infn(rt) ™
L Y . L
=20y Z0M =3 (K ) (28 (Kg)6,6, + 28 (K )dgG,] - Fo (k)
k=k&X+k,§ a0
kq _ kxp)’i+kyq§/ . kq Iin(k) [Iim(k)] isthe Fourier transform of the basis [test] function fn(r() [fm(rt)]
q
ke, =k, +27p/d, VKakq
_ A =2X0
kyq—|(y+272'q/dy a4 X0y
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Impedance: single element vs. array
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MoM matrix in terms of the diagonal GF matrix

?MOM = 6H ?GF 6

Zo = diag{Z]" (k). ZE (K,)} 2M x 2M

q=0M-1

oz on

1
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Slot type FSS (single substr ate)

M(r,) = Z ' 9,(r)x 2

Imposing the continity of the
magneic field leadsto the
following representation

Mo
1= {lnd s Tn=~Gn(K)-Hin (k)

V= {Vn}‘::m Yer = diag (Y2 (k). YZE (k )}q »

Vo =P Ve 0= S W)

M1
N

P={pM Rt

q.n
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Dispersion equation

= - dipole-type FSS

ZMOM I :O

detFMOM (k.. ky,a))} -0
/_/—>\‘ eigenlaluesof

£ (K K 0)E, (KoK, @) E (KoK, @) =0 7

V \7 — aperture-type FSS
det[\:(m (KoK, @ }
arethe eigenvalues of
_ =
1, (K. Ky, o), (K, K, 0) -7 (k. K, @) =0 Y o
| g
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Accessible mode network

Let us assume that we are observing the field at a certain distance z from the artificial
surface. In this case, the FW modes that are completely attenuated do not contribute to
thefield at z. In amultimode network description, thisimplies that the relevant modal
ports can be considered as not “accessible” to the observer, and therefore neglected.

N RVERY] v S TEs
17> =YessV V., =Zesl o
For dipoles For slots
M (K YT(k
D

Yess V.,T(kj,) Yf]tkqj '
....... PP A

Ym(ki )
K,

\/ _n/™ \/TE 11 TFS _ ™ TE 11
VFW _[pr,q 'VFW‘q]q:D,MA—l I W [I Fwg’ I Fw,q19=0,M -1
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Derivation of the accessible mode Y matrix network for dipoles

= =(=w= =\1l=y
impressed  Ygy, :q(Q ZGFQ) q

= ==-1

TH,

Yrw =(q Z;/IOM q.

=H
™ * TE*

e :{ }
a={Q". Q}..... 4 =1Qna+ Qma |
the M N marwxotna;;“bymems isthe Nx2M,  matrix consisting of thefirst
isthe 2M ,x —

M, rowsof 6 M eumot "

Vo, =V 7T V™ Zae Y VI =[T_ZF?FW} v

-1 =

$F$ :$FW |:?GF _$FW:| YGF
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Accessible mode Y and Z matrix network for dipoles and slots

Al H s e

ﬁ

-1=

$F$ = ?FW |:$GF —$FW:| Yor

Dipoletype FSS

j— pr— — = 71:
Zrss :ZFW(ZGF *ZFW] Zcr Patch type FSS
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“reduced” dispersion equation

—_ dipole-type FSS
det YFw(kx,ky,a)) =0

/_/_,\» eigenvalues of
{aﬂ(kx’ Ky, @) (K Ky, @) -6y, 4 (K, ky'a’)}i1 =0 ?FSS

— aperture-type FSS
det[ZFss(kX,ky,a))} 0

/’—\» arethe eigenvalues of
— _
{yo(kx’ky'w)}ﬁ(kx'ky’m)“}/MA—i(kkay'w)} =0 Zrss

)
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Rigorous multiport network

bbb 4

o M =
(H Ve Yk YK,

Motivation

sources radiating in presence of a truncated periodic structures

Dividing problem in
elementary (GF)
problems with
increasing the capability
of efficient mathematical
rapresentation
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™
k, =kcosd
Z1m =(;cosB:

Y(@k, k)

TE
Admittance determined by the solution of k. =kcosB
an infinite sequence of Periodicity full- z o )
wave problems. TE =G/co

Problem: extracting few dominant
parameters which allows for the
determination of the admittance with few
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Motivation: Elementary (GF) problem

Single Fourier harmonic

ez,
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