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Fig. 3. Simulated resonant frequency and quality factor of the proposed
slow-wave resonator versus relative permittivity of the thin film under test
with tan(δ) = 0.02. Simulation results show that while an increase in
the relative permittivity of the thin film under test effectively decreases the
resonant frequency of the structure, it does not have a significant effect on
the resonance quality factor.

strips. The short circuited CPS resonator has a length of
230µm, width w = 25µm and spacing s = 30µm and it is
loaded with an array of floating strips with width ws = 0.6µm
and spacing ss = 1.8µm to resonate at 59 GHz.

Figure 2 shows the simulated normalized (relative to 1 Ω)
input impedance of the resonator. Comparing the simulated
resonant frequency and quality factor of the resonator for a
lossless thin film with εr = 3.8 (black dashed line) to those
of a lossless dielectric with εr = 3.9 (red solid line) shows
that since the electric field is mostly confined to the thin film
under test, the resonant frequency of the structure is highly
dependent on the permittivity of the thin film. Furthermore,
the simulation results for a lossy thin film with εr = 3.8 and
tan δ = 0.02 (blue dot line) shows that while any change in
the loss tangent of the thin film does not have a considerable
effect on the resonant frequency, it effectively changes the
quality factor of the resonator.

Figure 3 depicts the resonant frequency (blue solid line)
and the quality factor (red dashed line) of the resonator
versus relative permittivity of the thin film under test. The
figure clearly shows that while the change in the thin film
relative permittivity from εr = 3.6 to εr = 4 changes the
resonant frequency from f0 = 60.4 GHz to f0 = 57.5 GHz,
the resonance quality factor is almost unchanged. Thus, the
resonant frequency of the proposed slow-wave resonator can
be used for the characterization of the relative permittivity of
a thin film of an unknown dielectric.

In contrast to Fig. 3, effect of the thin film conductivity on
the central frequency and quality factor of the proposed slow-
wave resonator is depicted in Fig. 4. The figure clearly shows
that while change in the loss tangent of the thin dielectric
layer has very small effect on the resonance frequency of
the structure, it effectively changes the quality factor of the
resonance. Thus, the quality factor of the resonance can be
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Fig. 4. Simulated resonant frequency and quality factor of the resonator
versus the loss tangent of a thin film with εr = 3.8. Simulation results
show that quality factor of the resonator can be used for determining the
conductivity of the thin film under test.

used for the characterization of the thin film loss tangent tan δ.

III. CONCLUSION

Resonance properties of a slow-wave coplanar strips res-
onator has been used for electromagnetic characterization of
thin films of dielectrics. It has been shown through simulation
that the resonant frequency of the structure is proportional
to the relative permittivity of the thin film, while its quality
factor is a function of conductivity of the thin film. Thus, it
is demonstrated that the resonant frequency and the quality
factor of the resonator can be used for accurate determination
of the complex permittivity of the thin film. Since the method
exploits a balanced slow-wave CPS, the on-chip sensing struc-
ture is very compact and the measurement process benefits
from higher immunity to the environment noise.
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