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• Frequency independent (in this

problem)

• Unknown a priori

• Use a numerical method to

solve them (e.g. 2D-FEM)

PBCs

Frequency dependent →

consider normal incidence

PEC BCs

TM00TE00
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From scalar potentials to modal fields

• Modal expansion on both sides of the discontinuity

Ω𝑓 Ω𝑔

𝑓

𝑓

𝑔

𝑔

Only frequency dependent terms under normal incidence
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Matching on the discontinuity

• Final system of equations 

• Generalized scattering matrix 

Due to using the complex conjugate to keep orthogonality

• Normalized cross-product 

matrix

Completely frequency independent
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Summary of the process

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

4. For each frequency:

1. Obtain the unnormalized cross-product matrices

2. Compute the GSM

Also works for oblique incidence, but all matrices must be recomputed for each freq.
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Results

• Convergence & Performance
Rounded-Edge cross unit cell Convergence on cross unit cell

Rounded-edge cross # modes Comp. time Time per freq. point

CST 122 Floquet >30 min ~30 s

2D-FEM/MM 400 Floquet, 32 Wg ~10 s ~0.01 s
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• Clear advantages although limited application (waveguide-like FSS).
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Conclusions

• 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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