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Comments on “Measurement of Microwave Loss
Tangent by Means of Microwave Resonator Bridge”

K. WATANABE

In the above paper!, Kneppo and Weis claim that the micro-
wave resonator bridge (MRB) is a new and highly sensitive
method for measuring dielectric losses of materials. Contrary to
their belief, the principles of measurement are not new but have
already been reported in [1] and [2]. Especially, the system
arrangement described in [2] is the same as that of MRB, except
that the former uses a shutter in tandem with a matched
termination as a reference load of the bridge, while the latter
uses a reference resonator. Thus the point in question is whether
or not this replacement of the reference load improves the
sensitivity of the bridge.

For a given perturbation brought about by inserting the
sample into a measured resonator, MRB produces larger change
in relative output power, (|b4|/|b4|)o in (A8), than the bridge in
[2]. It should be emphasized, however, that the signal output
|b4lo—|balo is the same for both bridges, and the enhanced
relative change is brought about by reducing |b,,. When
measuring the signal by the substitution technique, as in the
present case, this enhancement in relative change does not lead
to the improvement of sensitivity. This will be easily admitted by
noting that changing |b,, while keeping |b4|o—|b4|o invariant is
only to shift the position on an attenuator dial where a small
difference |byjo—|bylo is to be read out. In general, those portions
of an attenuator dial are finely graduated where attenuations are
small. It follows, therefore, that the larger |b4|, corresponding to
the smaller attenuation permits the better accuracy for measur-
ing a small difference.
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In addition, MRB requires an additional adjustment of tuning
the measured resonator for its resonant frequency to coincide
with that of the reference one. This adjustment seems difficult
because, as shown in Fig. 5, tuning broadens the output response
of MRB. Therefore, there is a possible error source due to
detuning. The discussion of errors lacks for this amount.

In conclusion, it is doubtful whether MRB provides better
sensitivity than the bridge in [2]. The only advantage of MRB is
that, as pointed out in the concluding section, it may com-
pensate for the temperature drift of the parameters of the
measured resonator.
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Reply? by Ivan Kneppo and Michal Weis®

The replacement of the reference load consisting of a shutter
and matched termination by a reference resonator has these
advantages:

1) The change in relative output power (|b3|/|b4]) produced
by the MRB is larger than the change of the original bridge. This
relative sensitivity increases as the difference between the cou-
pling coefficients of the reference and measured resonators de-
creases. As for the MRB output signal measurement it is true
that the RF substitution technique is not optimal from the
standpoint of full exploitation of the sensitivity provided by the
MRB. It appears more convenient to use a calibrated detector
followed by a differential amplifier which allow us to com-
pensate the zero signal of the MRB or to use a measuring
microwave receiver, respectively.

2) The response of the MRB: the output power versus
frequency, contains also some additional information about
another parameter of the measured resonator namely, about the
loaded quality factor. For example, from integral of the MRB
response it is possible to obtain the relation for calculation of the
loaded Q and the change of Q due to the sample inserted into
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the measured resonator. It is matter of fact, that such measuring
of the quality factor is a comparative one, and also has an
advantage of high sensitivity.

3) MRB gives also the information about the difference in
tuning of the measured and reference resonators and allows us
to tune the resonators exactly to the same resonance frequency.
Then, the measuring method permits measurement of all three
parameters of the measured resonator without any circuit re-
arrangement. Of course, the detuning represents an error source
that can be diminished, e.g., by the use of the electrically tuned
reference (or measured) resonator connected in the control loop,
which automatically tunes the resonator to the minimal output
power of MRB.




