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Abstract — In this work it is proposed new
configurations for the ring resonator to determine with
accuracy the dielectric permittivity of printed circuit
boards operating at high frequencies. The procedure is
determining the resonance frequency of the ring and its
relation with the permittivity of the material. The
results obtained are compared to the ones known for the
classic configuration of the ring.
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1. INTRODUCTION

As frequency increases, there is a need for greater
precision for the characterization of the materials used
to make PCB's.

Specifically about the permittivity, the correct
determination of this parameter is important for several
applications such the design of antennas and
microwave circuits using low permittivity substrates[1].

The technique that is usually used requires samples
and is based on making filters. To determine with
accuracy the resonance frequency, the filter must have
a small bandwidth, it means a large Q-factor.

The classic ring resonator (Fig. 1) is the most used
configuration to measure the permittivity of PCB's and
has shown good results when compared to planar
circuit resonators. The ring has the advantage of not
having the edge effect.

Fig.1. Resonator ring wavelength, with: W=1.2mm,
1 =119,69mm, Gap=I1mm, and Rm=19,05mm.
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However the coupling between the feed line and the
ring must be taken into consideration because its
capacitive effect (Fig. 2) may change significantly the
resonance frequency.
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Fig. 2. Equivalent circuit of Fig.1, C, is the gap capacitance,
Zis the impedance of the feed lines, and Zj is the
impedance of the ring resonator.

2. STUDY OF THE CAPACITANCE

From the configuration end-to-end seen in Fig. 3, it
is known that there’s a capacitance between the two
lines and such capacitance causes a considerable
attenuation in the signal transmitted. It also happens
between the feed line and the ring seen in Fig. 1. So it
is necessary to find new configurations for the ring that
can reduce the attenuation of the signal.

Fig. 3. End-to-end configuration.

Now considering the configuration in Fig. 4, we see
a half-wavelength resonator. We made two of them
with two different lengths, 70 mm and 90 mm.
However the coupling length is equally /4. There is an
increase in the coupling area. Such increase may cause
a change in the resonance frequency of the planar
resonator because of its capacitive effect. Since the
configuration works as a filter, the real resonance
frequency may be filtered, causing the change.
However, for this specific configuration, with a A/4
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coupling length for first case (L=70mm), experimental
results show that the change in the frequency is small.

Fig. 4. Half-wavelength resonator. L=70 mm or L=90 mm
and [ = /4.

3. MICROSTRIP LINE

To better understand how to determine the
permittivity, it is necessary to consider the equations
for the microstrip lines.
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Where /, is the wavelength of the wave that travels
in the line, ¢ the speed of light in a vacuum (3x10°m/s),
& the effective dielectric permittivity (supplied by the
manufacturer or the type of material), w is the thickness
of the microstrip line, % is the height of the dielectric

substrate, [ is the circumference of the ring, r, the
average radius of the circle, f is the frequency of
resonance.

4. PROCEDURE

It is important to study configurations like the one
seen in Fig. 4 because the coupling between the lines
and the resonator may be very useful to determine the
permittivity over all directions of the PCB. Using
configurations like the classic ring resonator we can
only calculate the permittivity over the vertical
direction.

Considering this fact, we have introduced a new
port in the classic configuration of the ring (Fig. 5).
This configuration takes into account the low insertion
loss and the low perturbation of the ring’s fields and

causes the same effect (small change in the resonance
frequency) as the configuration seen in Fig. 4.

Port 1

Fig. 5. Resonator with 3 ports. With W=1.2mm, I,=
119.69mm, [ ;=( 1,/4), Gap=Imm, and R,,=19.05mm.

Another configuration that satisfies the two
conditions mentioned (low insertion loss and low
perturbation) is shown in Fig. 6. The ring remains with
two ports, like the classic configuration, but there is a
larger coupling area. The goal is determine the
permittivity over all directions.

“\\ IT Port 2

Port 1

Fig. 6. Resonator with 2 ports modified. With W=1.2mm, ;=
119.69mm, 1,=(1,/4), Gap=1mm, and R,,=19.05mm.

5. RESULTS

We used two kinds of boards. The first one is made
of fiber glass from unknown manufacture with 4#=1.65
mm. The second one is Roger manufactured with
h=0.508mm and €=3.55. We also used the Network
Analyzer HP-8714C.

The rings have the same dimensions for all boards
used. In Fig 7, Fig. 8 Fig. 9 and Fig. 10 it is seen the
Transmission Power for the configurations seen in Fig.
5 and Fig. 6 for the Roger laminated and for the
unknown manufacture.
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Fig. 7. Transmission Power for the configuration seen in
Fig.5 using unknown manufacture laminated.
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Fig. 8. Transmission Power for the configuration seen in Fig.
5 using laminated Rogers.
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Fig. 9. Transmission Power for the configuration seen in Fig.
6 using unknown manufacture laminated.
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Fig. 10. Transmission Power for the configuration seen
in Fig. 6 using Roger laminated.

6. RESULTS

Using the equations (3) and (4) presented for the
microstrip line, we obtained tables 1, 2, 3 and 4.

Table 1. Resonance frequency and permittivity for Fig. 7.

fres &r
S, (Fig.1) 1.43 GHz 4.33
S, (Fig. 5) 1.45 GHz 4.2
Sy (Fig. 5) 1.45 GHz 4.2

Table 2. Resonance frequency and permittivity for fig. 8.

fres &r
S, (Fig.1) 1.490 GHz | 3.6035
S, (Fig. 5) 1.501 GHz 3.55
Sx (Fig. 5) 1.501 GHz 3.55

Table 3. Resonance frequency and permittivity for Fig 9.

fres €r
S, (Fig.1) 1.43 GHz 4.33
S, (Fig. 6) 1.45 GHz 4.2

Table 4. Resonance frequency and permittivity for Fig.

10.
fres &r
S, (Fig.1) 1.49GHz | 3.6035
S,1 (Fig. 6) 1.501 GHz 3.55

The resonators were designed for a resonance
frequency of 1.5 GHz. As we can see, the new
technique has improved the value of the resonance
frequency of the ring.

From Fig. 8 — 10, we must realize that an increase
in the coupling area causes a lower attenuation of the
signal. We also obtain a more prominent peak of the
transmission power in the resonance.

7. CONCLUSION

In this paper, the new configurations for the ring
resonator have improved the measurement of the
permittivity of the PCB's.

The coupling between the ring and the feed lines
were made considering a low attenuation of the signal
and a low perturbation of the ring. Because of it, we
have obtained a more precise value for the resonance
frequency and, consequently, for the permittivity.
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