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Abstract—This paper proposes a characterization method for
the electromagnetic properties of thin films, based on the reso-
nance properties of a slow-wave coplanar strips resonator. It is
shown that using the resonant frequency and the quality factor
of the resonator, permittivity and loss tangent of an unknown
thin film at high frequencies such as mm-wave frequencies can be
accurately determined. The method is validated by characterizing
a silicon dioxide layer in an standard CMOS process as the thin
film under test.

I. INTRODUCTION

HARACTERIZATION of thin films of dielectrics, es-

pecially for integrated circuit applications, is of great
importance in microelectronics [1]. At microwave and mm-
wave frequencies, characterization is usually based on trans-
mission lines (TLs), in contrast to parallel plate capacitors
used at low frequencies [2], [3] . The main limitation of the
TL method is that extremely thin film layers, as encountered in
integrated circuit technologies, results in too low characteristic
impedance in microstrip lines, and are not sufficient to provide
mechanical support for coplanar structures. Recently, Franc
et. al. [4] proposed adding a thick layer of an already known
material underneath the unknown thin film to provide the re-
quired mechanical support for coplanar waveguide technology.
However, since adding a thick layer reduces the sensitivity, a
patterned shielded coplanar waveguide was used to confine the
electric field to the unknown thin film, resulting in an increased
sensitivity to the thin film electromagnetic properties.

This paper proposes the characterization of both relative
permittivity and conductivity of an unknown thin film using
a slow-wave coplanar strips resonator. The proposed concept
is demonstrated through simulation by characterizing a thin
silicon dioxide layer in a CMOS process.

II. PROPOSED METHOD AND SIMULATION RESULTS

Figure 1 depicts the structure of the proposed slow-wave
coplanar strips (S-CPS) for the characterization of the thin
SiOy layer, which is sandwiched between the CPS and the
floating strips. If the far end of the CPS is short-circuited
a balanced resonator is realized. It is shown that resonant
frequency and quality factor of the resonator can be used for
determination of the complex permittivity of the sandwiched
layer. In order to maximize the sensitivity of the thin film
characterization the balanced resonator needs to have a high
quality factor. To this end, based on the guide lines in [S] and
[6], in order to reduce the resistive loss, the thick top metal
layer is used for the implementation of the CPS. Furthermore,
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Fig. 1. Slow-wave coplanar strips with underlying floating strips in a CMOS
process. The top SiO5 layer is the thin film under test. For the full-wave EM
simulations following parameters and dimensions are used: silicon substrate
thickness, relative permittivity and resistivity are ty; = 700 um, e, = 11.9
and p = 102 - cm, dielectric layers relative permittivity is e, = 3.8 and
their thicknesses are toz1 = 2.8 um and toz2 = 1 pm.

65 T T 1
: ===g=38 tand=0
’n — =39, tand =0
: swemens =38 tan =0 02|

n

Z. (dB)

40
50 55 60 65 70
Frequency (GHz)

Fig. 2. Simulation results for normalized input impedance, demonstrating the
variation of resonant frequency and quality factor of the resonator by small
changes in the permittivity and conductivity of the thin film under test.

an array of very narrow floating strips are placed in the
underlying metal layer to confine the electric field to the thin
film under test and reduce the substrate conductive loss. In this
structure the floating strips also reduce the resonator’s length.

For the full-wave electromagnetic simulations, typical pa-
rameters and dimensions of a standard CMOS process, men-
tioned in the caption of Fig.1 is used. Metal layers thicknesses
are 2.8 ym for the CPS and 0.64 pm for the array of floating
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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(é) = 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
230 pym, width w = 25 ym and spacing s = 30 um and it is
loaded with an array of floating strips with width ws = 0.6 um
and spacing s; = 1.8 um to resonate at 59 GHz.

Figure 2 shows the simulated normalized (relative to 1 )
input impedance of the resonator. Comparing the simulated
resonant frequency and quality factor of the resonator for a
lossless thin film with ¢, = 3.8 (black dashed line) to those
of a lossless dielectric with €, = 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 €, = 3.8 and
tand = 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 e, = 3.6 to ¢, = 4 changes the
resonant frequency from fy; = 60.4 GHz to fy = 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

61$ w w w 17
\
\
\\ b IS

i C— |
,1:1\ \ -
jan) , =}
< \\Q Bz
g &5
2 59t RS | 2
S —Pe— 3
g s‘a\a\i 115
8 ~ : O
= ~

s ~
581 R ]
~ ~ 4 ()
\Q -

57 i i i ?‘7
0.02 0.04 0.06 0.08 0.1
Loss Tangent
Fig. 4. Simulated resonant frequency and quality factor of the resonator

versus the loss tangent of a thin film with €, = 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 §.

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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