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S0IMS Introduction

* Frequency/Polarization Selective Surfaces (FSS/PSS)
— 2D periodic structures based on a Unit Cell
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* Frequency/Polarization Selective Surfaces (FSS/PSS)

Group 1: "Center Connected” or "N-Poles"

T & O O

Group 2: "Loop Types"
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* Waveguide-like unit cells under normal incidence
— Mode-Matching approach
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O0IMS  Floquet and Waveguide Modes

* Derived from scalar potentials
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* Derived from scalar potentials
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Matching on the discontinuity

* Floquet modes do not directly fulfill classic orthogonality relation
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* Modal expansion on both sides of the discontinuity
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* Modal expansion on both sides of the discontinuity
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Connecting Minds. Exchanging Ideas.

* Modal expansion on both sides of the discontinuity
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Only frequency dependent terms under normal incidence
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* Final system of equations

(ay +by) = X. (bg + ay)

X _ Zlfz_X_-Yl/Q XC — (ZIXQX*Y1/2)T
X (ay —by) = (by —ay) / ! I !

* Generalized scattering matrix

X FX—-I; X.F

Sasm = FX F -1,

F=2I,+XX,)"
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* Final system of equations

(ay +by) = X. (bg + ay)

X — Zl/i’)-d,—l/z X, = (Zl/i!X—*lﬂm)T
X (ay —by) = (bg — ay) d ! ’

g

Due to using the complex conjugate to keep orthogonality

Generalized scattering matrix « Normalized cross-product

X.FX —I; X.F ] matrix

Scsm =
FX F_1I
’ X = [<¢D’ w;3E>g </¢)f m? Z X ¢*TE>Q ('ITD)c m? ¢;EE>Q
0

2 *TM
F=2I;+XX.)"" 0 (VFm: 2 X 053"

Completely frequency independent
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* Floguet modes
Tt&f}m = dm,

— Project to 2D-FEM function space

dp (i) = —J // e I kpztkay) ] q0).
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FEM matrices
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* Floquet modes » Waveguide modes
Tu —d — Solve the eigenvalue problem in 2D-
fom w FEM

— Project to 2D-FEM function space
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FEM matrices

S(i, ) = //Q Vili - Vil; d

Tl j) = / / 1L, dO.
Qg

(S — k2T)u, = 0

AMTT-S
IEEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



S0 IMS 2D-FEM Hybridization

=0
SAN DIEGO

* Floquet modes  Waveguide modes

— Solve the eigenvalue problem in 2D-
FEM

Tuf,m - dm,

— Project to 2D-FEM function space

dp (i) = —J // e I kpztkay) ] q0).
k2 + k2Vab /9

FEM matrices % _ [Wo.¥5)e Wpm: 2 XY55)e  Wrma¥5i)e
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2D-F

* Floguet modes
Tuf,m = dm,

— Project to 2D-FEM function space

dm (3) -

FEM matrices

fg
S(i,5) = //Q Vili - Vil d9
Tl j) = / / 1L, dO.

fg

—J // eI kprtkay) 1 10)
k2 + k2Vab /9

EM Hybridization

 Waveguide modes

— Solve the eigenvalue problem in 2D-
FEM

(S — k2T)u, = 0
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1. Project scalar analytic Floquet modes in the 2D-FEM function space
2. Obtain the waveguide modes through 2D-FEM

3. Compute the normalized cross-product matrix

B ul-TE Ruy u T TE SuTE u - TE RHTM
X = I I ! T.T™M JIC'M
0 0 U, Su f
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1. Project scalar analytic Floquet modes in the 2D-FEM function space

2. Obtain the waveguide modes through 2D-FEM
3. Compute the normalized cross-product matrix

T,TE T,TE @,,TE ,,T.TE 3,,TM
X — u, “Ruy u, S'u;f u, “Ru

T ™™ JIC'M
0 0 u, S’u,f
4. For each frequency:
1/2 2—:],-91/2 X-c _ (ZU2 2—:-*1791/2)1”

1. Obtain the unnormalized cross-product matrices X = Z; f
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1. Project scalar analytic Floquet modes in the 2D-FEM function space
2. Obtain the waveguide modes through 2D-FEM
3. Compute the normalized cross-product matrix

% — [ug’TERu() 'u,g*TES u}E g TERuFJEM]
= Y M
0 0 u, Su f

4. For each frequency:

1. Obtain the unnormalized cross-product matrices X = Z;
2. Compute the GSM

1/2 1/2
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Project scalar analytic Floquet modes in the 2D-FEM function space
Obtain the waveguide modes through 2D-FEM

Compute the normalized cross-product matrix

X — ugﬂTERuU ug*TESu}E ug’TERu}IEM
0 0 u, ™Sy

4. For each frequency:

2 < 2 -k
1. Obtain the unnormalized cross-product matrices X = Z}X XYy)? X.=(Z 2X Y,/*)T
2. Compute the GSM

;
[X.FX -I; X.F B .
Scsm = [ FYX F—Ig} F=2I;+XX,)

Also works for oblique incidence, but all matrices must be recomputed for each freq.
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e Validation results

“Thick”, Y-shaped FSS

|Rye,,| CST
= |Tre,| CST
[R7nge| CST

4= |Truy,| CST

|R7ey,| this work
T == |T7g,| this work
1 == [Rrmyl this work
== |T1my,| this work

14 16 18

frequency [GHz]

12 20

- Results compared against CST

- The formulation works well on both thick and thin FSSs

< IEEE

MTT-S

IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY

NN

Results

=0
SAN DIEGO



=0
SAN DIEGO

o IMS Results

Connecting Minds. Exchanging Ideas.

e Validation results

“Thick”, Y-shaped FSS Polarization converter

_10_

|R7e,.| FEM-2D/MM

., —20-
o ~207 — IRl CST 0 —— |Tre,,| FEM-2D/MM
o = |Tre,| CST ‘ —— |R7p,,| FEM-2D/MM
=257 — |Ryul CST 148 b —_
ITTME.n o ~30- ) |T7m,,| FEM-2D/MM
-304+ " I TMuol : - |RTE|10| CsT
—— |RTE00| this work !
=354 == |Ty,| this work . 404 == |Tree,| CST
\ e |RTM00| CsT
== |T1my,| this work —_— |TTMoo| CST
=435 -50 .
300

(dB)

1 == [Rrmyl this work

10 1|2 1I4 1I6 1IB 20 260 260 350 3&0 360
frequency [GHz] frequency [GHZz]

- Results compared against CST
- The formulation works well on both thick and thin FSSs
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* Convergence & Performance

Rounded-Edge cross unit cell

0
-5 4
|
_10 -
om
©
_15 -
[Rre,| CST
—20 A — |TTEDIJ| csT
= = |Ryg,,| this work
== |Trg,| this work
=25

0 200 400 600 800 1000 1200 1400 1600
frequency [GHz]
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Results

* Convergence & Performance

Rounded-Edge cross unit cell

_10 -

dB

_15 -

—20 1

=25

< IEEE

= |R7g,,| CST
m—— |T7g,,| CST
= = |Ryg,,| this work
== |Trg,| this work

200 400 600 800 1000
frequency [GHz]

M® MTT-S
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Convergence on cross unit cell
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—-10 4
P Y AN | B
_2[}_‘
-25 1 ]
50 * |Rre,| FEM-2D/MM 50% = |Ryg,,| FEM-2D/MM 100%
© |Tre,| FEM-2D/MM 50%  —— |Trg,,| FEM-2D/MM 100%
35 * |Rre,| FEM-2D/MM 80% =  |Ryg,| CST
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* Convergence & Performance

Rounded-Edge cross unit cell Convergence on cross umt ceII
0 0 -
-5
=7 -10 -
] =15
_10- —
o
o) -20
5 =
_15- _25 1
e icer 10 -+ |Rre,| FEM-2D/MM 50%  —— |Rrs, | FEM-2D/MM 100%
lTTEuul CST veoe |Trg,| FEM-2D/MM 50%  =—— |T7g, | FEM-2D/MM 100%
=207 - 'RTEM' N ) _3sd  —- |Rme,| FEM-2D/MM 80%  —  |Ryg,| CST
== Rzl t is wor — - |Tre,| FEM-2D/MM 80%  —  |Tyg,| CST
== |Trg,| this work —40 : : ;
—25 200 400 600 800 1000 120¢

200 400 600 800 1000 1200 1400 1600
frequency [GHz] frequency [GHz]

122 Floquet >30 min ~30s
2D-FEM/MM 400 Floquet, 32 Wg ~10s ~0.01s
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* Hybridization of 2D-FEM/MM for the waveguide-like FSS problem.
* Clear advantages although limited application (waveguide-like FSS).
* Observed behavior is similar to standard MM.
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o IMS Conclusions

Connecting Minds. Exchanging Ideas.

* Hybridization of 2D-FEM/MM for the waveguide-like FSS problem.
* Clear advantages although limited application (waveguide-like FSS).
* Observed behavior is similar to standard MM.

Future work
* Extend the formulation to other unit cells
* Extend the formulation beyond normal incidence
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