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Abstract

A new method for non-destructive testing has been developed for measuring the dielectric constant and the

dissipation factor of a slab-type material using a microstrip line cavity.

yields accurate results with a simple procedure,
Introduction

In this paper, a new non-destructive method is
developed for measuring the dielectric properties of
slab-type materials. The method uses a simple and
rapid substitution procedure that yields accurate re-
sults and has a number of advantages over currently
available techniques. One begins by measuring the
resonance frequency and the Q factor of a microstrip
cavity (see Figure 1) with the reference material
placed on top of the cavity (Figure 2a). The reference
material may be conveniently taken to be the same as
the substrate. Then, the reference material is re-
placed by the unknown dielectric material (Figure 2b),
and the measurements for the resonance frequency and
the Q factor are repeated. The two sets of data are
then processed to derive the dielectric properties of
the unknown material.

Theory

Before discussing the measurement procedure we
present some basic formulas that relate the resonance
frequency and the Q factor of the cavity to the relative
permittivity € and tan 6 of the unknown material.

Under the quasi-TEM approximation, the attenuation and
the phase constants of the microstrip line are given by

LRy V/IC , B = 2nf/IC , where f is the oper-
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ating frequency, and R, L, G and C are the resistance,
inductance, conductance and capacitance per unit length
of the line, respectively. The resonance frequency and
the Q factor of the microstrip line cavity are given by
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where & 1s the length of the cavity. If the medium is
non-magnetic and the line resistance R is caused by the
loss in the conductors, L and R remain unchanged when
the dielectric material loading the cavity is changed.
Thus, one can write
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where the subscripts 1 and 2 designate the quantities
for the cavities loaded with the reference material and
with the unknown material, respectively.

Next, we present the necessary formulas for com~
puting the line capacitance C and the line conductance
G under the assumption G << 27fC which is valid for
dielectric materials that have a low loss tangent tan §.
These formulas may be extended, if necessary, when this
assumption is no longer wvalid.

For a lossless medium the line capacitance of the
microstrip line structure shown in Figure 2b can be
expressed in a variatiogal form using a_procedure given
in Yamashita and Mittra™ and Yamashita.
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The method has several advantages and

The expression reads
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where Q is the total charge and p(8) is the Fourier
transform of the charge distribution on the strip.

The following choice of p(8) is known to give good
results for C,:
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When a perturbation technique is used for the micro-
strip line filled with a medium that has a small loss
(o << 2nfe), the following expression for the line con-
ductance can be derived from (2):
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where o, and o, are the conductivities of the two
dielectric media.

Measurement and Computation Procedlure

The next step is to determine the unknowns e. and
g, from the measured values of (f ,Q;) and (f ,Q }

The measurement procedures cons st of the fOllOWiIlg

steps:

Step 1) The values of C, and G, are computed by evalu-
ating the integrals in (2) and (4) with
32 > 81’ 02 > cl, and t2 > tl'

Step 2) Q are measured for the situation where
t%e cavity is loaded with the reference
material (Figure 2a).

Step 3) s Q are measured for the cavity loaded with
t%e unknown material (Figure 2b).

Step 4) C, and G, are computed by substituting the
values o fl’ Ql’ f2, Q2, C1 and Gl into (1).



Step 5) The last step is to substitute the values of
C, and G computed in the step 4) into (2) and m?g]rc;;q[’?ﬁ)dcnce
(%), and to solve the resulting equations for . .
and Oye Although closed-form solutions for / 50 £ microstrip
N WA

tﬁese equations are not possible, the desired / line
unknowns ¢, and o, are easily obtained with
the aid of"a compliter by using a zero-seeking L ———--T— —————
routine.

Results and Discussions

L cavity >,J
The method developed in this paper has several Uengfh ) | .
advantages. First, the experimental procedure is quite °°dm9
simple. In fact, once the microstrip cavity is con- material

>
structed, all one has to do is to place the material to // /<;2;%i/// ////
be measured on the cavity and measure the resonance <
frequency and the Q of the cavity. Another advantage \\\ \Q:}:\\\ \QQQ;StIB
is that it is not necessary in this method to separate
the dielectric loss from the loss in conductors. It is Zéround plane substrate
only necessary to measure the total loss (or Q) in each
of the measurement steps.

Table 1 shows some of the results for test measure- FIG. 1. TOP VIEW AND SIDE VIEW OF
ments carried out with this method. The consistency of THE MICROSTRIP CAVITY
the procedure has been verified by employing several
different cavities, and the reliability of the method
has been confirmed experimentally. Some inconsistency
1s noted between the measured values of tan & and those k—w—y

supplied by the manufacturer. Possibly, the insuffi-
cient accuracy of the measured Q values is one of the 2;22232;7/ /ﬂ//
)
To date the measurements have been done at the UHF 4///14;2?7://;////' //
range. It is planned to extend the measurements at the

contributing factors.
low microwave frequencies in the near future.
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Conclusions
A new non-destructive method for measuring dielec-— €
tric properties was presented. The method is simple t2 2 \L
and yields the results at microwave frequencies with € cr
reasonable accuracy. d 171
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