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A new approach of measuring the quality factor of the reflection type microwave cavity
resonator for calculating the complex dielectric permittivity of solid and liquid samples in the
cavity perturbation technique is proposed. This approach, based on the measurement of reflected
power from the cavity at resonance, effectively reduces the measurement procedure and
increases the accuracy. As the quality factor can be measured very fast using this approach, this
approach can be extended to monitor the conductivity decay of the semiconductor samples.

I. INTRODUCTION

II. THEORY

Complex dielectric permittivity at microwave frequencies is measured using several methods based on
reflection/transmission’-3
and
cavity
resonance
techniques.4 In the cavity resonance technique two methods are available: one is the fixed cavity perturbation5-7 and
the other is the adjustable plunger cavity technique.’ The
former method is suitable for all types of samples. The
latter method is suitable for liquid samples.
The cavity perturbation technique is sensitive and simple for the measurement of complex dielectric permittivity
of solids and liquids. In this technique, the resonance curve
is plotted and the resonance frequency (f) and the full
width at half-maximum (FWHM, A f) are measured for
an empty as well as sample loaded cavity. The quality
factor (Q) of the cavity, defined as f/Af ,’ is also measured for an empty as well as a sample loaded cavity. The
change in the resonance frequency and quality factor with
and without the sample gives the complex dielectric permittivity. The calculation of the quality factor from the
measurement of FWHM is a conventional process and
takes a considerable amount of time. In order to avoid this
lengthier process, this paper explains a new approach of
measuring the quality factor of the cavity by observing the
reflected power at resonance. This approach is simple and
quick, and is suitable for studying the temperature variation of complex dielectric permittivity of solids, liquids,
and liquid mixtures. Also, this approach helps us to monitor the minority carrier lifetime and conductivity of semiconductors. In the case of semiconductors, the microwave
conductivity is calculated from the dielectric loss derived
from the change in the quality factor. Photoconductivity or
excess carrier lifetime in semiconductors can be observed
by the change in quality factor while shining a light of
energy greater than the band gap. As the conductivity of
the sample increases due to the irradiation, the quality
factor decreases. When the light is cut off, the conductivity
decays exponentially and hence the quality factor increases. The measure of this decay directly gives the lifetime of the minority carrier. But it is not possible to monitor the change in the quality factor within the sampling
time of 100 ns. The new approach makes this possible and
also holds well for other solids and liquids.

In general, the transfer function for a cavity resonator
can be written aslo
T(o) = l/(o;-02+jowo/Q),

(1)

where o. is the resonant radian frequency and Q is the
quality factor. Writing in terms of frequency and magnitude of the transfer function, one gets
1W-1 I = @Q)
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(2)

where 1r(f) 1 is a bell shaped curve whose form is highly
Q dependent, and f. is the resonance frequency. Equation
(2) is also meant for transmission type cavity. After modification in the case of reflection type cavity, including the
practical consideration of the nonzero value of reflected
power at resonance due to the coupling factor and walls of
the cavity and also writing in terms of the power transfer
function, the power transfer function for a reflection type
cavity is written as
(3)
Here k is the normalized reflected power at resonance. The
area enclosing the power transfer function is always constant for a particular cavity-coupling hole combination in a
fixed range of frequency. The limitation in the frequency
range is due to the nonuniform power variation with frequency. The resonance frequency (f,,), quality factor
(Qc), and the normalized deflected power at resonance
(k,) are measured for an empty cavity or semiconductor
loaded cavity at dark condition or cavity loaded wit% a
standard sample. Q0 is calculated using the conventional
processes of measuring FWHM. This is taken as the reference. Using these data, the area under the resonance curve
(A,) is obtained by numerical integration of Eq. (3) for a
fixed span of frequency:
Ao= c PO(f).

(4)

Now the test sample is put inside the cavity or the conductivity of the semiconductor is changed by shining with
light. The resonance frequency (f,) and the normalized
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TABLE II. (A) Samples are acetonitrile-benzene binary mixture in various proportions with sample holder as reference (f0=9.115 40 GHz;
k=O.088; Q0=2532). (B) Samples are chlorobenzene-benzene binary
mixture in various proportions with sample holder as reference
(fo=9.115 40 GHz: k=0.1125:
&=2532).
(C) Samples are
acetonitrile-carbon tetra chloride binary mixture of various proportions
with sample holder as reference. (f,,=9.115 40 GHz: k=O.1125:
Q0=2532). (D) Samples are dimethyl formamide-benzene binary mixture in various proportions with one of the mixture taken as reference
(f,,.=9.12240 GHz: k=0.213: &=2107).
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FIG. 1. Comparison between the resonance curve observed and the calculated curve based on E@ (3).

reflected power at resonance (k,) is measured. The area
enclosing the new resonance curve (A,) is equal to A,,:

(5)

A,= c P,(f) =A,.

Hence, the quality factor of the cavity loaded with a test
sample (Q,) is calculated by the substitution process. This
approach is also extended for liquid mixtures and ferrites
with suitable reference data. The quality factor (Q) referred to in this paper is the loaded quality factor.

I

Ill. EXPERIMENTAL PROCEDURE
All the experiments are performed using an X-band
microwave bench. The microwave source is a X-13 Varian
klystron. A rectangular reflection type TE,,, mode cavity
with a resonance frequency of 9.150 GHz is used. A suitable reference sample is chosen and loaded into the cavity
at an electric field maximum. The resonance frequency,
normalized reflected power at resonance, and the quality
factor (by a conventional method of measuring FWHM)
are noted. Using these reference parameters, the area enclosing the resonance curve (A,) is calculated numerically
for a frequency span of f 20 MHz (in a step of 0.01 MHz)
defined by Eqs. (3) and (4). The span may be increased if
c
TABLE I. Ferrite samples in the cavity with one of the ferrite as reference (f0=9.16810 GHz: k=0.050; Q0=722.7).
f, in GHz”

k, b

9.16797
9.168 26
9.168 19
9.168 16

0.052
0.054
0.054
0.055

QmC
720.7
717.6
717.6
715.9

QCd
720.3
717.6
717.7
715.7

“f, : resonance frequency.
bk,: the normalized reflected power at resonance.
‘Q,: Q measured using FWHM.
.
dQ, : Q calculated based 09 Eq. (3).
454
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“f, : resonance frequency.
“k, : the normalized reflected power at resonance.
‘Q, : Q measured using FWHM.
“Q,: Q calculated based on Eq. (3).

the FWHM exceeds 10 MHz. Now the test sample is
loaded or the property of the sample (conductivity in the
case of the semiconductor) is changed. This time, the normalized reflected power at resonance and resonance fre
quency only are measured. As the area remains constant,
by using Eqs. (3)-(5), Q, is calculated. In the case of
semiconductor samples, the variation in the resonance frequency is not observed due to shining with light, hence
measurement of reflected power at resonance itself is
enough.
IV. ERROR ANALYSIS
The possible sources of error occur in the measurement
of frequency and reflected power at resonance. The absolute error comes around f 0.1 MHz in the frequency and
kO.001 (in arbitrary units) in power measurement gives
+3.5%-5% error in calculating the quality factor using
FWHM. But the area (A,) calculated by the computation
method is not much affected by the error in quality factor.
The error in the area calculation is around f 3 %. Since
this calculation of area is needed only once for a series of
experiments, this does not affect the calculation of the
quality factor of the sample loaded cavity. Considering all
these factors, the net error in quality factor is around
*3% if there is a considerable shift ( > 10 MHz) in the
Microwave cavity

This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitationnew.aip.org/termsconditions. Downloaded to IP:
128.189.204.254 On: Thu, 11 Dec 2014 05:45:14

TABLE III. Semiconductor samples, silicon (Si) and gallium arsenide
(GaAs) under dark and illumination conditions. The reference is taken
with sample under dark condition.
Sample
Si
Si
GaAs

fo

P

9.11493
9.118 18
9.012 05

ko

b

0.286
0.419
0.209

Qo’

ksd

988
1054
947

0.298
0.426
0.213

Q,ne
964
1036
935

Qc’
964
1033
940

“fo: resonance frequency with sample (dark and illumination).
b,&: normalized reflected power at resonance under dark condition.
‘Q.-,: Q factor measured using FWHM with sample under dark condition.
dk,: normalized reflected power at resonance under illumination.
“Qm : Q factor measured using FWHM with sample under illumination.
‘Q,: Q factor calculated based on Eq. (3) with sample under illumination.

resonance frequency with and without sample. This is due
to the fact that the power output of the klystron-is highly
frequency dependent. Though the power measurements are
normalized, more errors creep in the experimental procedure. In the case of semiconductors no variation in the
resonance frequency is observed and hence the error in the
quality factor considerably reduces to f 1%.
V. RESULTS AND DISCUSSION
Figure 1 shows the comparison between the experimentally observed cavity resonance curve and the curve
deiined by Eq. (3). The parameters, such as resonance
frequency, normalized reflected power, and quality factor,
used for obtaining the theoretical curve are taken from the
experimental curve itself. It may be observed that the two
curves are almost close.
Tables I-III present the results obtained on some solid,
liquid, and semiconductor samples. Table I gives the result
obtained for some ferrite samples. The reference sample is
also a ferrite sample. The reference parameters used to
calculate the area (A,) is also presented along with the
table caption. Tables II A-II D are for liquid mixtures.
Here the reference is the sample holder. Table III is for
some semiconductor samples with light shining on them.
The reference is taken with the sample in the dark condi-

tion. In all these tables Q, refers to the Q factor measured
using FWHh4, where Q, refers to the Q factor calculated
using f,, k,, and A,. Equations (3)-(5) are used in the
calculation of Q,.
This new approach provides a simple and quick measurement procedure. In the case of measurement of minority carrier lifetime of semiconductor samples, this is the
most feasible method to use for’ experiments.
Using this approach, the complex dielectric permittivity of liquids and solids can be measured accurately. Comparing this method with other reflected power techniques’12
shows that the cavity perturbation technique is more precise. Although there is a disadvantage in positioning the
sample at the electric field maximum every time, the speed
and accuracy involved provides overall advantage. Hence
this approach can be utilized for all types of samples. Also,
automation of this cavity perturbation technique is possible
without using sophisticated instruments like a vector network analyzer.
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