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Abstract:

This paper describes the measurement
of unloaded (Qu} and loaded (QL)
quality factors of all the four
configurations of the two port

resonant circuits using S=parameters.
Scattering matrix representation of
the resocnators is described and the

necessary relations are derived to
draw the Qu and QL loci on  the
network analyzer polar display in 5§

and 521 plane of the rescnator.

Resonant ecircuits form an important
part of the microwaves and R.F.
circuits. In addition to their use as
circuit elementz in csciliaturs,
filters, freguency discriminators,
amplifiers, mixers, etec; these are
also used as tools for the
measurements of freguency, oscillators

neise, Radar ringtime eteo. Their
Proper characterization is necessary
for their effective use. In the
vicinity of the resonance each
resonator may bhe defined by an
egquivalent lumped R,L,C resonant
Cclrcuit. The basic parameters of a

resonant circuit are the rescnant
frequency fo, the unloaded @ factor Qu
and the coupling factor Ginzton

(1} introduced the plotting of locii
of warious quality factors inm  the
impedance plane of a single port
resonant circuit. Kajfez (2} recently
extended this work +to use network
analyzer techniques. A two port
resonant eircuit consisting of R,L,C
can be represented in four

different series parallel

configurations as shown in figure 1.
The guality fastoer measurement of one
of the configurations {(fig 1d) has
already been described elsewhere [3]

while discussing a dielectric
jesonator coupled to a microstrip
ine.,
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This paper presents a method, for the
measurement of loaded QL) and unloaded

{Qul guality factors as wall as the
coupling coefficient of a11 the four
configurations of the two port - resonant
RLC . series/parallel cireuits (fig. 1}.
Uze iz made of the 2 port S-parameters
directly measurable with the network
analyzer to draw the locl for the Qu and
QL on the polar display in the impedance
{811 las well as the transmittance (8271
plane of the resonator. The approach
presented, in addition to help increase
the measurement speed, clearly brings ocut
the differences in the impedance (5713 )
and transmittance (521} loeci of the
different resonant configurations. The
method can alsc be used to identify the
correct gircuit configuration from the
knows S-parameters around +the rescnant
Fragusncy.

S-parameters Characterization of the two
port resonant circuits:

Miecrowaves and R.F. rescnators can be
described in various ways. Choice of the
description form is decided by the
particular application. The most
universal is the rigorous "field
description” based on the Maxwell
equations. These equations are solvead
for different boundary conditions ta
deternine the resonant freguency and
qualitv factore of the resonators. The
wall known "circuilts description” makes
use 2f the equivalent circuits with
lumped constants. The resonator
paramsters like resonant frequency f£o,

guslity facteors Qu and QL are determined
from the circuit walues using simple
relatiosns.

"Scatisring-matrix description” of

resonators is relatively little known. A
gensral method was recently presented [4]
te describe microwave resonators using
S-parzmeters expressed in terms of
freguency, guality facters and coupling
coefficients. Either field or circuit



description can be used to detzrmine
thess parameters. The use of S-matrix

simplifies the resonator parsameter
measzurement and analysis of complex
circuits invelving resonators. The
network analyzer which direckly
measires the s-parameters, makes the
measirement of scattering matrix
definead resonator parameters much
simplar.

At tme resonant frequency the S-matrix
of all the four symmet-rical
configqurations shown in figure 1 can
be ziven by:
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) and B, the reflection and
trarzmission coefficients oI the
rescnant ¢clreuit at the resonant
freg:ancy are functicns v b the
cour'ing coefficient B8 which alsc

relazss the variocus guality factors by
the wall know relation:

Qu = QL [ 148} = @ gex
The Zzllowing table shows the relation
betwzan i) Qu, B and circuit elzments
ii} Z-parameters A,B, and & , Zor all
the -onfiguraticns shown in figure 1:
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Loci of Unleoaded and Loaded Quality
Factors:

The procedure is presented below to
draw the loci of the points on the
reflactance (511 )} and transmittance
{8 2: ) planes, for the freguency
deviaztion corresponding to Qu and QL
for different configurations. It may
be nocted that the relation betwean the
raeflzction coefficient anc
transmission coefficient Zor the shunt
impefance configurations PRXP and SRXF
is gziven by S31=1 + 8§37 and for
seriss impedance configuration PRXS
and 5RXS, the relation is 521= 1- 8533

The input impedance/admittance for
each configuration is first determined
in terms of B and Qu. Loeci of Qu and
QL are then determined in §,; and S.
plane as shovn: -

i) configuration PRYXP (fig.la):
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The coupling coefficient in terms of

S=-parameters is given by:

8 . 2r = T2ig = Mg
iz %310 Biin

The input admittance yin is given by:
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The normalized frequency deviations
correzponding to Qu and QL are given by:
B, = ¢ 1 ‘EL-T

The admittance locus of Qu, for
can now be given by:

example,
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The corresponding reflection coefficient

511 and transmission coefficient Szlu
canuhe determined from:

Sppg = w0 b g 8y, 148,
Using the above eguations the final

relations for the Qu loci on the 5;; and
521 plane are given by:
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Similarly the relations for the loci of
QL in the sll and 521 plane are given by:
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The above relations have been used to
draw the Qu and QL loci on the 5;; and
5§21 plane in figure 2. 35713 and 5 23
curves for B =1 have also been
shown in figure 2. A= and example

= fo/(£1-f2) and QL= fo/(f3-f4)

can be directly determined fror the
pelar display of the network analyzer.
The direction of the increasing
fregquency is also shown on the figure.

ii) Configquration SRXS (fig. 1b):

Coupling coefficient B in terms of
S-parameters is given bhy:
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using the similar approach as in PRXP
case the final relations for the loci
of Qu and QL in the 511 and 553
plane are given by:
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Figure 3 shows the above Qu and QL
loci in the S;; and S7y plane of the
SRXS configuration. 11 and S23
curves corresponding te 8 = 1 are
also shown on the figure which can be
directly used to determine Qu and QL
of this configuration.

iii) Configuration SRXP (fig. le):

For this configuration

6 o= B olBe s 510
B30 *B110

and using the above approach the final
relations to draw the Qu and QL 1loci
on 517 and § 37 plane are given by:
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Figure 4 shows the Qu and QL loci in the 5131
and S321 plane of the SRXP configuration
as well as the 5); and 5 5; curves
corresponding to B = 1. Ou and QL can
now be determined directly from either %l
or S 21 plane.

iv) Configquration PRXS (fig. 1d):

In this case

=R = 5110 = 15314
ite 5110 1l

and the final relations to draw Qu and QL
loci on the 5 1 and 55 plane are
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Figure 5 shows the Qu and QL loci 5y,
and S 37 plane of PRXS configuration as
well as the 5 15 and 321 curves
corresponding to =l. u and QL can now
be directly determined from the network
znalyzer pelar display. The coupling
coefficient can be determined from <he
measured s parameters using zhe
corresponding relations given above Zor
each configuration.
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