describing properties of CPWs including all known parasitic effects. The model predictions are compared to measurements of
CPWs on Al2 O3 with both metal and ceramic chuck and show a very good agreement in both scenarios.
2

Measurement Assembly

In the following the geometrical parameters wg , w, t, s and h are utilized as shown in the sketched cross-section of a CPW in
5

Fig. 1. Additionally the material parameters relative permittivity "r of the substrate, dielectric loss tangent tan and conductivity

of the traces are necessary.

The regarded transmission lines are purely coplanar, i.e. there is no additional ground plane beneath the dielectric. However,
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Figure 1. CPW cross-section with geometrical and material parameters

to rest the DUT during measurement, a so called chuck is used. Depending on its material, metal or ceramic, there is an impact
on the measurement and consequently has to be considered during simulation, which is done by assuming an infinite substrate
10

in the case of the ceramic chuck. This assumption is justified, since the height of the chuck is very large compared to the
substrate, so that the electromagnetic field does not penetrate through it. Additionally, the relative permittivity of the chuck and
substrate are assumed to be equal. The metal chuck results in a boundary condition respectively after the specified substrate
height. A more detailed insight of the impact from different chuck permittivities is given in Phung et al. (2018a) and Phung
et al. (2018b).

15

The CPW was fabricated on an Al2 O3 substrate, which was characterized separately with a split cylinder resonator (Janezic,
2003). The relative permittivity in the frequency range from 8 to 22 GHz was measured as 9.7, the loss tangent about 1.25·10
to 1.5·10

4

4

. The nominal dimensions of the lines are w = 50 µm, s = 25 µm, wg = 270 µm. Due to the electroplating process

the conductive traces are subject to a variation of their thickness across the wafer. A figure of 6.5 µm therefore is used in
the following investigations. Likewise the conductivity
20
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is affected by the electroplating process, since it is always lower

compared to bulk metal. Because of that we use a conductivity value of 36 MS m

1

.

Thus, measurements were performed whereby the complex propagation coefficient

of the CPW is obtained by a multiline

calibration method (Marks, 1991). The measured responses are presented as attenuation ↵ = Re( ) and effective permittivity
2

"r,eff = (c0 /vp ) , in which vp in turn is the phase velocity vp = !/Im( ).
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