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Ring-Resonator M ethod—Effective Procedure for
Investigation of Microstrip Line

Stefan A. Ivanov, Member, |EEE, and Vessalin N. Peshlov, Member, |EEE

Abstract—In addition to the traditional application of thering-
resonator method for determination of the microstrip line effec-
tive permittivity, measurements of the insertion losses and equiv-
alent substrate permittivity are proposed. The obtained data for
a number of isotropic and anisotropic substrate materials are in
good agreement with theresults predicted theoretically.

I ndex Terms—Attenuation coefficient, effective per mittivity, mi-
crostrip line, ring resonator, substrate anisotropy, substrate per-
mittivity.

|. INTRODUCTION

HE ring-resonator method proposed by Troughton [1]

is one of the successful experimental procedures for
evaluation of the effective permittivity in a wide frequency
range. First this method was used in the case of microstrip line,
and afterwards was applied to different planar transmission
lines: suspended and inverted microstrip line, coplanar lines,
coupled lines etc. [2], [3]. The ring-resonator method is simple
in realization and easy to use. In comparison with the linear
resonator method [3, pp. 189-191], where the influence of edge
effects must be taken into account properly, the ring-resonator
method is more accurate, wideband and compact if a resonator
with large enough diameter is used. In addition to the traditional
application, two novel implementations of microstrip ring res-
onators are proposed. The first approach is a procedure for
determination of the attenuation coefficient through measure-
ment of the unloaded quality factor of the ring resonator. The
second approach is related to determination of the “equivalent
substrate permittivity.” This parameter is calculated by the
Kirschning and Jansen formulae [4], applied for solving the
reverse problem—determination of the substrate permittivity
through the measured values of the effective permittivity.
Applicability of the described procedures is demonstrated for
microstrip line realized on different microwave substrate ma-
terials. In particular, measured data for equivalent permittivity
of reinforced laminate substrates are presented. These data
could be used as a supplement to the reference permittivity
values offered by manufacturers for microstrip application of
reinforced materials.

II. DESCRIPTION OF THE MEASURING PROCEDURE

In [1] the application of the ring-resonator method was
demonstrated in the frequency range 2-18 GHz for the case
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of a microstrip line. The method is based on the relation
7n.D = n.\,, where D is the medium diameter of the ring and
n is number of wavelengths A, along the ring circumference.
The correct application of the ring-resonator method supposes
severa requirements [3, p. 186]: weak influence of curvature
effect; small loca distortions of the field in the vicinity of
coupling gap; low field interaction across the ring and good re-
producibility of microstrip parameters (strip width W, substrate
thickness h and permittivity ¢,.) aong the ring circumference.
In addition, one can point conditions for the existence of “quasi
TEM” approximation, which can be formulated as W < A,
and h < A,. The satisfaction of the above-mentioned demands
could be fulfilled by the following assumptions:

— microstrip line on thin enough substrates and moderate
values of the strip width (for instance corresponding to
the impedance values 3080 (2) should be used to pre-
vent radiation effects and excitation of higher modes;

—  ring-resonator diameter larger than the wavelength,
corresponding to the lowest frequency used (n > 3)
is necessary to ensure proper determination of the
resonator length;

—  gap between the exciting microstrip lines and the ring
resonator must cause small coupling (e.g. whentheres-
onance val ues of the transmission coefficient are below
—30dB).

At these conditions the application of the microstrip ring res-
onator seems to be quite reasonable and the effective permit-
tivity can be determined by the expression

95.449 n \?
) W

D f,

where f,, isthe measured resonance frequency in GHz and ring
diameter D isin mm. The ring resonator could be tested ei-
ther in transmission [2] or reflection mode [3]. The used mea-
surement set-up consists of a scalar network analyzer (e.g. Hp
8757S) for observing the transmission coefficient 521, and dig-
ital counter with frequency resolution 10~ for the measurement
of the frequencies f,,. Due to the small coupling, reflection co-
efficients S11 and S22 approach unity and strong interference
between the incident and the reflection waves causes deteriora-
tion of someresonance curves. Therefore, one suitable approach
to overcome this constrain is to use attenuators (6—10 dB) con-
nected to the input and output of the test fixture. The influence
of the signal level instability over the measurement is reduced
using areference signal (ratio A/R ismeasured with averaging).
In addition to that, 5-10 readings are used to get mean val ues of
the experimental data.

cess(f) = <
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The determination of the attenuation coefficient is based on
the expression aor = 7/QoAy [2], Where @ is the unloaded
quality factor. Thus, the application of thering resonator method
requires additional measurements of the resonance linewidth
Af, (at —3 dB) and transmission coefficient S21,, at each res-
onance. Using measured data one can determine the attenuation
coefficient from the expression

8.68589. L 2 (1 10° 21”) dB

Qor = 8. — (1- 20 ), = .

tot D unit length o
2

Theaccuracy of (2) depends mainly on the measurement error of
resonance linewidth A f,,. Therefore, the network analyzer has
to be calibrated with a frequency span of several times A f,,.
Determination of the substrate permittivity ¢, may be
done through the expressions for effective permittivity
gesplen, W/h,t/h, f), derived by Kirschning and Jansen [4]
on the basis of alarge quantity of theoretical and experimental
results. According to [6], their formulae are the best approx-
imation for determination of the frequency dependence of
microstrip effective permittivity with an accuracy of 0.6%.
Below the set of expressionsin [4], together with the formulae
for determination of the static value of the effective permittivity
cex(f = 0) in [6], are used. The calculation procedure is
arranged as Fortran code MICROF, where microstrip line
parameters: substrate thickness A, strip width W and conductor
thickness ¢ have to be substituted. Then, the value for substrate
permittivity in the expressions for the effective permittivity is
varied at every measured frequency f,,, until the calculated and
measured values of the effective permittivity coincide (e.g. up
to 3 or 4 digits after the decimal point). The current value of
permittivity corresponding to this requirement is the search
value of the substrate permittivity. The described procedure
could be performed with modern transmission line calculators
as TRL 8.0 included into the circuits design tool Serenade
developed by Ansoft Corporation [5]. The comparison of the
results obtained with a calculator [5] and with expressions
summarized in [6] show very good correlation. The differences
are less than 1% and can be explained with the use of dightly
different expressions for the determination of the static permit-

tiVity Eeff(f = 0)

I1l. EXPERIMENTAL RESULTS

The described procedure for determination of microstrip line
parameters was applied in the investigation of amicrostrip line
realized on different substrate materials. All measurements are
done for ring resonators with amean diameter D = 40.04 mm,
coupled to the exciting microstrip lines with a gap of 0.2
mm. For substrate permittivity e, = 3 — 4 the number of
the observed resonances n varies between 2 and 11 in the
frequency range 3-17 GHz. As far as the measurements are
performed for known substrates, the identification of number
n is not a problem. When the preliminary information for
the substrate permittivity is not enough, one can recommend
n to be determined from the standing wave pattern, proven
with a small electric dipole antenna scanning near to the ring
circumference. During the experimental measurements the
influence of a metal/absorbing plate, placed at a height ten
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TABLE |
COMPARISON OF MEASURED AND CALCULATED DATA FOR 50 £2 MICROSTRIP
LINE ON RO3003 SUBSTRATE WITH THICKNESS 0.26 MM

" 2 3 4 5 6 7 8 9 10 u
£ MHz | 3081 | 4620 | 6160 | 7700 | 9237 | 10768] 12309] 13837] 15350| 16883
A, MHz | 2741 | 3373 | 4152 | 5067 | 6030 | 6641] 7054] 77881 86.17] 9339
$21,, dB 4gs | aa7 | w5 | 307 | 367 | 304 382 300 350 317
an 23943 | 23961 | 23961 | 23964 | 23977 24014| 2.4006| 24042| 24117 24124
. 3.022 | 3021 | 3018 | 3014 | 3012 | 3011| 3.006| 3007| 3012| 3.007
O, dcrn | 0.0385 | 0.0473 | 0.05%0 | 0.0707 | 0.0838 | 0.0926| 0.0983| 0.1084] 01154} 0.1285
G, Tr. line | 0.0367 | 0.0482 | 0.0588 | 0.0695 | 0.0799 | 0.0898| 0.099s] 0.1089| 0.1234| 0.1320
atg, ReE[6] | 0.0423 | 0.0546 | 0.0653 | 0.0749 | 0.0837| 0.0920| 0.0999| 0.1074| 0.1146] 0.1215
G, Ref [5] | 0.0480 | 0.0618 | 0.0738 | 0.0845 | 0.0944| 0.1036] 0.1123| 01206| 01285 0.1363
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Fig. 1. Comparison of the measured and calculated data for the effective
permittivity of microstrip line with dimensions W = 0.5909 mm and
t = 17.5 pem on RO3003 substrate with thickness 0.26 mm.

times the substrate thickness above the ring resonator, was
checked. No visible shifting of the resonance frequencies and
deterioration of the resonance curves shape was observed, so a
conclusion for the absence of radiation |oss was made.

At firgt, the ring-resonator method was used for characteri-
zation of microstrip line on isotropic material—RO3003 lami-
nate substrate with thickness of 0.26 mm. The results of mea-
surements and calculations for microstrip line of width W =
0.5909 mm and conductor thickness¢ = 17.5 um (=50 ) are
presented in Table I. The measured data are summarized in the
first four rows while the latter relates to microstrip line param-
eters calculated from expressions (1), (2), and [5], [6].

The experimental resultsfor the effective permittivity (1) pre-
sented in Table | show weak frequency dependence. In Fig. 1
the measured data for the effective permittivity are compared
with the values cal culated by the expressionin [6] and with TRL
8.0 [5]. As it can be seen, except lower frequencies where the
relative error of the ring-resonator method is somewhat higher,
the measured data correlate better with those obtained by the
calculator TRL 8.0. This fact should be considered as an argu-
ment to use the calculator TRL 8.0 for determination of the mi-
crostrip line effective permittivity with a good accuracy (error
less 1 percent). Therefore, later on the evaluation of substrate
equivalent permittivity isdoneby designtool TRL 8.0. Thesixth
row of Table | contains these permittivity values recalculated
through measured data for effective permittivity. Its mean value
€eq = 3.013 (+0.01/ — 0.007) is very close to the reference
valuee, = 3.040.04 announced by the manufacturer [7]. Thus,
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the proposed procedure can be used for precise determination of
the substrate permittivity in the case of isotropic materials.

The datafor attenuation coefficient «,,,; determined from ex-
pression (2) are shown in the seventh row of Table I. The val-
idation of the data for the attenuation coefficient obtained by
the ring-resonator method is done in two different ways—one
experimental and the other theoretical. The experimenta ver-
ification is made by a conventional measurement of a straight
microstrip line. The Insertion Loss of three microstrip lines of
length{ = 177, 99, and 60 mm were measured with the Vector
Network Analyzer Hp 8510C. Afterwardsthe measured dataare
used for determination of the attenuation coefficients of the pure
microstrip lineswith length Al = 117, 78 and 39 mm. Their av-
erage values are plotted in next row of Table | for comparison.
As one can see, the values of the attenuation coefficients mea-
sured by the ring-resonator method and straight microstrip line
are very close to each other—the difference varies from 1.9 to
5.7%.

The theoretical estimation of the attenuation coefficient
ot = g + . uses the expressions for dielectric and
conductor losses summarized in [6], as well as corresponding
results obtained with the design instrument TRL 8.0. The
calculations are done for the microstrip line with the same
dimensions as the above mentioned and RO3003 substrate
parameters from the manufacturer [7]: permittivity e, = 3.0,
dielectric loss factor—tan 6. = 0.0013, Cooper surface resis-
tance R, = 1.82 ;£2.cm and conductor roughness A = 1.9 um.
Theresultsfrom calculations are presented in Table| also (last 2
rows). The comparison shows that the values of the attenuation
coefficients measured through the ring-resonator method are
closer to data calculated from [6]—the differences vary from
12-15% at lower frequencies to 1-2% at higher frequencies
(except the last one). The average value of the difference in the
range 3-17 GHz is 5.88% and one can consider the expressions
in [6] as a redlistic basis for a theoretical estimation of the
attenuation coefficient of a microstrip line (the corresponding
difference for the results obtained with the calculator TRL 8.0
is 16.95%).

The procedure described above is applied for investiga
tion of microstrip line on RO3203 substrate with thickness
h = 0.26 mm aso. This materia is ceramic filled PTFE
reinforced with woven glass. Hence, one can expect some
increasing of both the effective and equivalent permittivity to
a certain extent. The equivalent values for permittivity ., are
greater than the reference value e, = 3.02 &= 0.04 announced in
[7]. Depending on the microstrip line width W, the equivalent
permittivity varies from ., = 3.123 (+0.009/ — 0.018)
for narrower strip (W = 0.313 mm), through the value
foq = 3.116 (40.009/ — 0.002), for middle sized strip
(W = 0.595 mm), t0 e.q = 3.094 (4+0.013/ — 0.004) for
wider strip (W = 1.019 mm). Thus, the increment of the strip
width W causes a dlight fall of the equivalent permittivity
which tends to the reference value ¢,., measured through the
method of the “wide enough linear resonator” [8], where
the electric field is predominantly norma to the substrate
plane. The reference value . is related to the permittivity
e, associated with perpendicular orientation of the applied
electric field. The permittivity in the plane of the substrate ¢,

measured with a cylindrical resonator operated on TEq;; mode
ise = 3.23 £ 0.04. On the basis of these results one can
conclude that RO3203 substrate material has anisotropy in the
order of 7 percent. Therefore, the use of equivalent permittivity
€eq iNtroduced first in [9] will simplify the design of microstrip
circuits on anisotropic substrates undoubtedly, asthis parameter
depends weakly on the frequency and strip width.

The measured attenuation coefficients for microstrip lines on
RO3203 substrate have asimilar frequency behavior and depen-
dence of strip width W as those for RO3003 in Table . For the
case of a50 2microstrip line (W = 0.595 mm) on RO3203 sub-
strate, the values for the attenuation coefficient are somewhat
higher, because the dielectric loss factor tan 6. of substrate ma-
terial RO3203 is sightly greater (0.0016 against value 0.0013
for RO3003).

IV. CONCLUSIONS

In addition to the traditional application of the ring-resonator
method—measurement of the effective permittivity—determi-
nation of the total attenuation coefficient of the microstrip line
and equivalent permittivity of the substrate material are pro-
posed. The measured values for the attenuation coefficient are
in good agreement with data obtained through I nsertion L osses
of straight microstrip lines and theoretical predictionin[6]. The
equivalent permittivity isfound to be auseful parameter for the
characterization of a microstrip line on anisotropic substrates.
In comparison with the traditional method of the linear stripline
resonator [8], the proposed procedure for determination of the
equivalent permittivity gives morerealistic datafor amicrostrip
line application and number of other cases when the electric
field is not predominantly normal to the substrate plane. The
described method is simple in realization and accurate enough
for the estimation of both—microstrip line parameters and sub-
strate permittivity.
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