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Abstraat

A oylindrioal dieleotri.c resonator pla-

oed on miorostri.p line Is used for measur-
ing the complex permittivity of microwave
10W.1OSS high er dielectric materials.

The method is based on the accurate solu-
tion of this resonator with TE mode and
is compared to the method of d!?~$ectric
rod resonator with TEO1 1 mode. The accura-
cy of the both method is similar - the mea-
surement accuraoy of relative dielectric
oonstant is better than 0.2 percent and
measurement aeouracy of loss tangent is
about 1 ●1O -4.

Introduction

In microwave measurements of low-loss
high-permittivity ~r /cr>lO/ dielectric
materials there are very useful methods
utilizing dielectric resonators. Up to daY
the dieleotrio rod resonator /Fig.l./ with
TEO1l mode is in general used [1]- ~] be-
oause the accurate solution of this struc-
ture is well known. On the base of rod re-
sonator structure there have been built
dielectrcmeters.

Fig. 1. A cylindrical dielectric rod
resonator

This paper describes application of
dielectric resonator p~aoed on microstrip
line for a measurement cf complex permit-
tivity. This method is competitive to rod
resonator one. Recently, dielectric reso-
nator in MIC configuration has been con-
sidered in literature [41 - Cl 17 beoawie of

increasing applications of this structure
in microwave integrated circuits as in
temperature-compensakd oscillators, low-
noise synthesizers end in high-Q filters.
The analysis for a such resonator has been
performed by using several approximate
methods /such as a magnetic wall model,
a variational model, a dielectric wave.

guide model and mixed model/ but only for
some specific structures acourate solu-
tions are given [7],[9] ,[11 . ~ most cOn-

isidered cases the all dieleo ric materials
was assumed to be lossless. Presented me-
thod for determbation of the relative
dielectric conetant and loss tangent tend
of the dielectric is based on the knowl-
edge of acourate solution of Maxwell’s
equations in dielectric resonator ccupled
to microstrip line /Fig.2./ with TEol&
mode.

Solution of dielectric resonator

The structure under investigation is
shown in Fig.2.

Fig.2. A dielectric resonator in MIC

The fundamental steps of the solution are:
1/ dividing the space between the perfec-
tly conducting plates into two regions~
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I for r<a and II for r=-a /where a is the
radius of t~e dielectric sample/; 2/ solv-
ing Maxwell s equations within each region;
g/ matching the resulting fields on the
surface r=a. The two regions are multilay-
er rad&al waveguides and may have any fi-
nite number of layers. The electromagnetic
fields of TE onm modes with a oomplex ~=.
lar frequenoy

can be expressed as linear combination of
TEom /m=l,2,... / modes in eaeh multilayer
radial waveguide:
in region I

in region II

are adequate modified Han-‘here% *J~f&-th order -d Bessel
kel funotions
functions of the first ki~ of k-th order.
The funotions G~(z) and G (z) describe de-
pendence of Hz onooordi&te zfor TEoi
modes end TEO
speotively-4Z;ZZf~*~0e~%?& ‘e-

/i=l,2, s,...;@= 1,11/

for O<Z<L9 with boundary conditions
G;(O) = G~(ti) = G;(O) = Gj(~) = O.

Coefficients t~.(h~ and t~=(~j~ are the
.

eiganvalues of G~ end G~ respectively.
The oomplex angular frequency= and coef-
ficients bi$cj at the respective field
modes are seleoted such to satisfy contin-
uity conditions at oylinder wall of radius
r=a,

and Z2iis

where the
infinite
~ive%l by

H~(a,z) =H~(a,z)

E~(a,z) = E$ (a ~z)

/4a/

/4b/

determinate from condition:

det [wI = O /5/

elements of the matrix [W], with
number of columns and lines, is
expression:

i = 1,2,3,... /6/

For the praotical purpose there is enough
to take into account 5 + 10 waveguide
modes.

Presented method allows to find full
chart of modes /TE o~TMoV ~ /EHm~,
T~o/ in struoture s own % Fig?!& For
this purpose electromagnetic fields of
these modes ought to be represented by li-
near combination of all T~p +1 and T~p

modes /n$p =0,1,2,../of sail.tilayer rad-
ial waveguide in region I and II, separa-
tely.

Measurement results and analysis
of acouraey

Utilizing reaotion coupling of oylin-
drioal dielectric sample to microstrip line
/through the magmetic field/ there have
been measured resonator parameters. For
the optimum measurement accuracy the die-
lectric sample should be placed in such
a distance from the strip oonductor /Fi&3/
that value of coupling ooeffioient is
0.5 + 1.5. The measurements have been made
in frequency band 1 + 12 GHz using Network
Analyzer 8410A. Theoretical and experimen-
tal results received by the presented me-
thod have been compared to the results by
rod resonator method. Example of a few re-
sults is given in table 1 .

For estimation of a measurement accu-
racy there has been made numerioal analy-
sis of equation /5/ which gives, e.g. for
resonator No 1 , the following expressions
for the ma.ximu& relative errors:

A$r A f.
— = 2.03 —
&r f

o

AL,
+ 0.21 —

L1

AL
+ 0.08 --Q

L
P

/?/

Atancf = ,*4, ~> + 002 &c * 0*34 ~fo
—+

tancf Q.
6 f.

AD AL ~L1
+ 0.2’7 — + 0.49 — + 0.11 —

D L L,

/8/

The itiluenoe of realitive measurement
errors of other parameters, e.g. microstri.p
substrate parameters, for accuracy meas-
urement of dieleotrio sample complex
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permittivi.ty is negligible. Some coeffi-
cients in equation /7/ /i.e. near relative
error of resonant frequenoy measurement,
and total near relative errors of dimen-
sions measurement/ are the same as in rod
resonator method [2] . Measurement aocuraoy
of relative dieleotrio oonstant in the
both methods is mainly Limited by measure-
ment accuracy of resonator dimensions and
resonant frequency. But measurement accura-
cy of loss tangent is mainly limited by
measurement acouracy of Q and kaowledge of
metal layer oondutivity. In whole frequen-
cy band the measurement accuracy of rela-
tive dieleotrio constant ie better than
0.2 percent, but measurement aoc~~aay of
loss tangent is better tti ls10 .

(4

Fig.3. Microstrip dielectrometer

Table 1. Example of measurement results in
rod resonator method and in mic-
rostrip coupled resonator method.

—

Resonator No 1 2 3 4

~imen- L mm 7.48 6.95 5.98 4.21

ti ons
D mm 14.98 13.99 11.99 6.03

—

f. MHz 4775 5131 5993 9701

Rod Q. “ 1930 1690 1730 1440

6-7‘esO- X 10 S/m 1.25 1.25 1.25 1.25
nator

E; - 34.17 34.14 33.89 36.00

tan d 1.96 2.57 2.21 3.8o
x 104 -—

q mm 0.72 1.25 2.215 10.10

f. MHz 4348 4523 5050 8220

Reso-
Q. - 2470 2440 2410 1980

nator
~ f67 S/m 6.14 6.I4 6.14 6.I4

in
e; - 34.19 >4.21 34.02 36.13

MIX tan d
3.02 3.19 3.k? k.22

x 10+ -
Parameters of microstrip substrate :

&p .0.7 mm, &\=9 .6, tandn = 6.10-4
—

Conclusion

Utilizing accurate method of resonant

frequenoy calculation for the multilayer
dieleotrio resonator the new measurement
method of complex permittivity of micro-
wave insulators has been presented. Adva:a-
tage of this measurement technique is that
the mechanical construction of the propos-
ed miorostrip dielectrometer is simpler
then in rod resonator method and that TEm
mode in MIC configuration is the first re-
sonant mode in trapped states /but TE 11

?mode in rod resonator is not the firs /.
Leaky state T~o modes ~ve a ‘cry low Q
value and they are not remarked.
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