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Outline

Coplanar waveguide structure CPW
Introducing the basics
Which EM parameters meaningfully describe thin film interaction
with GHz waves?

CPW modelling with the Finite Difference Time Domain FDTD method
How does one efficiently model a layer of ultra-small thickness in
general purpose electromagnetic EM simulators?

Application of the model to development of a 10 GHz dielectric
resonator DR scanner for graphene anodes.
Conclusions 2
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Introduction

Coplanar waveguides are a well-
known variety of transmission lines
used for example,  to propagate of
electrical signals with frequencies of
the order of gigahertz (microwave
range).  Due to their simple
structure, CPW waveguides are
commonly used as elements of
integrated microwave circuits.
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Complex dielectric function

Constitutive equations in EM

Distributions of electric 
and magnetic fields

Maxwell's equations

Complex permittivity



Methods for measuring the complex dielectric function

Coplanar waveguide structure CPW
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The most common methods for measuring the complex

dielectric (and possibly magnetic) function. [6][8]

Resonators

Parallel Plate
Coaxial Probe
Transmission Line
Free Space



complex propagation
constant
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Coplanar waveguide structure CPW

Description of quasi-TEM waveguides

Distribution of transverse components
of electric E and magnetic H fields

First insight template generation
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Coplanar waveguide structure CPW

Description of quasi-TEM waveguides

characteristic impedance [6]



Impedance step
Z  – ZR 0

Impedance step
Z  – ZR0

CPW segment of
length l
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Coplanar waveguide structure CPW

Scattering matrix
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Coplanar waveguide structure CPW

With known and low permittivity

Proposal for measuring thin films

simplicity of the measurement
- it is enough to placed directly
on the surface of the
conductive strips
low sensitivity of the results to 
 geometric dimensions of the
sample

CPW waveguide, as a quasi-TEM
guide, is adequate to study
interaction of composites with
plane electromagnetic waves.

Significant advantages:

<100 nm
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Which EM parameters meaningfully describe thin film
interaction with GHz waves?

Coplanar waveguide structure CPW

parameters of
the original

metal

dielectric
surrogate

Anisotropic
Impedance-conserving

Scalling:

(a) Resistance of the thin metallic strip
versus the aspect ratio (length divided by
width); slope equals the sheet resistance. 
(b) Picture of one of the metallic structures
used in the Transfer Length Method for
determining the metallization dc sheet
resistance for 5-nm Cr + 100-nm Au
metallization. [4]

METALLIZATION SHEET RESISTANCE/CONDUCTIVITY

Specifically, sub-cellular models in
conformal FDTD are recommended for

the modelling of minimally thin
surrogate sheets with acceptable

computer effort.
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Coplanar waveguide structure CPW

Anisotropic

Impedance-conservingAnisotropic

Absorption is retained for surrogates thicker up
to d=0.02λ, but nearly doubles when d=0.1λ
Accuracy is improved by anisotropic scaling, but
only for TM waves and thick surrogates
(d=10mm, black mark in the figures above).
Magnitudes as well as phases of reflection
(~180°) and transmission (~0°) are retained for
d<0.02λ; at d=0.1λ phase difference ca. 10°
between the polarisations is caused, which may
visibly modify field pattern above and below the
surrogate
Impedance-conserving models allow a broader
range of scaling for low-resistance sheets as in
aeronautics, but fail for high-resistance
susceptors:

Comparisons of the original metal layers
and their scaled surrogates:



Fourier transform

CPW modelling with the FDTD method
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Introduction

Conformal FDTD engine

Yee’s cell

discretization
of equations
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meshing

determination of the
excitation field pattern

simulation



CPW length is equal to 4 mm, measuring probes length is equal to 2 mm
The width of the outer strip is equal to W  = 100 μm / 300 μm
Cell size: 5 μm x 5 μm x 100 μm  / 25 μm x 25  μm x 100 μm
Excitation field patterns were generated for f  = 10 GHz 
excitation pulse with a rectangular frequency spectrum from 0 to 26 GHz, lasting
0.23 ns (about 23 000 iterations)
Analysis of half waveguide due to its symmetry
PMC and PEC boundary conditions
Gold and chromium coplanar strips were treated as one with averaged
conductivity 
The silicon substrate was assumed to be homogeneous and isotropic
Maintains the condition 

Assumptions:

Modelling CPW in QuickWave Design in
QuickWave Modeller
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CPW modelling with the FDTD method

Model with measuring probes

2

T

1
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CPW modelling with the FDTD method

CPW with measuring probes

Design in QuickWave
Modeller

QuickWave [6]

Agilent N5242A PNA-X [4][7] 

Vector Network Analyzer
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CPW modelling with the FDTD method

Convergence tests
Scaterring Matrix
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CPW modelling with the FDTD method

Convergence tests
Scaterring Matrix
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CPW modelling with the FDTD method

Convergence tests
Characteristic parameters



Convergence tests
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CPW modelling with the FDTD method

Characteristic parameters



Convergence tests
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CPW modelling with the FDTD method

Comparison



Simulated parameters of CPW after [4] (case of W2=300 μm, Rs=0.326 [Ω/□], thickness 100 nm Au + 5nm Cr) at 26 GHz, with
uniform FDTD meshing of 5 μm, as a function of scaled surrogate thickness – in pefect agreement with the measurements of
[4] for surrogate thicknesses below 2.5 μm and ca. 2% impedance error for thickness equal to the FDTD cell size.
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How does one efficiently model a layer of ultra-small
thickness in general purpose EM simulators?

CPW modelling with the FDTD method

parameters of
the original

metal

dielectric
surrogate



Application of the model to development of a
10 GHz DR scanner for graphene anodes.
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Application of the model to development of a
10 GHz DR scanner for graphene anodes.
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Behind every CHARACTERISATION there is always a MODEL 
Rs parameter unambiguously determines the characteristic impedance, propagation
constant, and effective permittivity of transmission lines with ultra-thin (<110 nm) signal
and ground-plane layers.
extensive study has been conducted for the convergence and accuracy of FDTD models
of CPW-based material test-fixtures. For the thin films, a lossy dielectric surrogate
preserving Rs = (d σ)   has been shown most efficient and valid up to the thickness of one
FDTD cell (with cell size dictated by the CPW geometry and frequency range).
Attenuation coefficient is directly and inversely dependent on the metallization thickness
For more information about DR come today to Amphi 400C at 17:35

In this work, simulations of a benchmark CPW structure with ultra-thin metalization
made of gold thickness on a substrate of high-resistivity

silicon for the frequency of 26 GHz

-1
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