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Difference without
higher order modes!

Abstract

Scattering Parameters

Motivation

Staggering of Unit Cells

• Full-wave analysis of resonant metamaterial structures 
using CST Microwave Studio & Matlab.

• Consider one unit cell of the lattice in a 2-port model for
TEM wave excitation.

• Modal expansion in port planes for detection of higher 
order modes.

• Construction of periodic field solution from scattering 
matrix.

• Using higher order modes in scattering matrix approach.

Modeling approach:
•Restriction to waves in coordinate direction
•Transversal periodicity approximated by Perfect Electric or
Perfect Magnetic Conductors

Wave in lattice
One unit cell with
• Electric / magnetic boundaries
• Excitation with parallel plate mode

Left-Handed Metamaterials (LHM):

System view of a unit cell
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Periodicity conditions:

1
2

D
Phase: D×= kj

1E
�

jjeEE -×= 12

��

jjeuu -×= 12
jjeab -×= 12

jjeii -×-= 12
jjeab +×= 21

CST MICROWAVE STUDIO™(MWS)
• Problem Definition: Grid model, port modes, etc.
• Solve for scattering matrices

Post Processing in Matlab ®

• Modal expansion at port planes
• Calculate transfer scattering matrix
• Solve for Eigenvalues of transfer matrix
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Consideration of higher order modes
leads to improved accuracy in jjj j (w)(w)(w)(w).

Expand electrical field strength at port plane in 
waveguide modes
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Higher Order Modes

Magnitude of expansion coefficient Relative error of expanded field

Valid solutions for Maxwell‘s Equations:

Dispersion relation

At 4.75 GHz:
1 propagating eigenstate

0,0 >> eµ 0,0 << eµ

Simulation Procedure:

Eigenvalues of higher order
mode transfer matrix T
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Electric field
(port mode)

Magnetic field
(port plane)
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Dispersion Relation
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3D Eigenmode with
periodic boundaries


