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The Microstrip Open-Ring Resonator

INGO WOLFF, MEMBER, IEEE, AND VIJAI K. TRIPATHI, MEMBER, IEEE

Abstract —The open-ring microstrip resonator is analyzed by utilizing
the two-dimensional magnetic wall model. The solution and the numerical
results for the eigenvalues and the electromagnetic fields for various
resonant modes are presented. It is shown that the experimental results are
in good agreement with the theoretical predictions based on this model.

I. INTRODUCTION

PEN-RING microstrip resonators have been pro-
posed for applications in microwave filters [1] and as
planar antenna elements [2]. The structure is analyzed in
this paper by utilizing the two-dimensional magnetic wall
model, and. the results computed for eigenvalues (resonant
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frequencies) and electromagnetic field distribution are pre-
sented. The problem is similar to that of the disc and the
closed-ring resonators, which have been studied extensively
in recent years for applications as resonators and planar
antenna elements [2]-[10]. The magnetic wall model, though
an approximate one, has been successfully used in the past
for many microstrip patch geometries, including discs and
annular rings.

II. THE MODEL AND THE EIGENVALUE PROBLEM
FOR THE MICROSTRIP OPEN-RING RESONATOR

The microstrip open-ring resonator, as shown in Fig.
1(a), consists of a planar ring segment having an inner
radius 7, an outer radius 7,, and an angle a of the open
segment on a substrate of height 4. The corresponding
magnetic wall model for the resonator is defined in Fig.
1(b). This consists of a ring with effective inner and outer .
radii r, . and r, o, respectively, vertical magnetic walls
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(a) The microstrip open-ring resonator. (b) The magnetic wall
model used for formulating the eigenvalue problem.

Fig. 1.

between the edges and the ground planes, and the resona-
tor filled with a medium having a relative dielectric con-
stant e, corresponding to that of the microstrip line. The
effective radii are given by

Wett — W I
ri,eff_ri_Ari’ Ari'_ 2 'r_
a

weff - W N

Foett =1, + AT, Ar,= 5 (1)

Here, w,; is the effective width of the microstrip line,
and can be determined by using various microstrip line
models including that .of Kompa and Mehran [11]. The
factor r, /r, in the equation for Ar, has been introduced to
describe the vanishing stray field in the limiting case r, = 0
[6]. No attempt has been made to include the effects of
stray fields in the gap of the open-ring since the electro-
magnetic fields in this region are strongly dependent on the
field structure of various modes. For certain modes, e.g.,
the lowest order mode, the effect of the gap can be
approximated by introducing a gap capacitance and an
effective angle to account for the fringing stray fields at the
ends. In general, however, the influence of the stray fields
in the gap can only be described accurately by formulating
the complete boundary value problem.

The dispersion effects can, if desired, be included in the
model by utilizing the frequency-dependent dynamic di-
electric constant €, as shown for the case of discs and
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rings [3], [6] and are not significant, as long as the width of
the microstrip line forming the open-ring resonator is
small.

Since the height of the substrate material 4 is assumed to
be small compared to the wavelength on the microstrip
ring, only modes with electromaguetic fields, which are
independent of the z-coordinate (Fig. 1) are considered.
Using the assumptions made above, the expressions for the
electromagnetic fields are found to be
Jvl(kra,eff)

EZ=A{JV(kr)— Y,,(kr)}cds(w) (2)

Y;/(kra eff)
—_ J(k eff) .
Hr_Jw“Or { (k ) V(k a,eff) Y(kr)}SIH(V¢)
3)
H,= leju, {J (kr)— %{%Y’(kr)}cos(mp)
(4)
where

k = weggitg is the wavenumber and » is given by
‘mw

27— a » (5)
such that the boundary conditions for the tangential H,-
component at ¢ =0 and ¢ = — «, i.e., at the ends of the
ring segment (Fig. 1), are satisfied. From the boundary
conditions for the H,-component, which is tangential to
the cylindrical boundary of the model resonator at r =

V:

t eff

and r =r, ., the eigenvalue equation is found to be
I (kg o) I/ (kren) _
(6)
Y/ (kr, ) Y (kr, eff)

In the above expressions, J, is the cylindrical function of
the first kind (Bessel function), Y, is the cylindrical func-
tion of the second kind (Neumann function) of order »,
which is dependent on the gap angle a and is, in general,
not an integer value. The primes represent the derivative of
the functions with respect to the total argument.

III. THE MODES OF THE OPEN-RING RESONATOR

The electromagnetic fields associated with all the
E,.0o(TM,,,,) modes with respect to the z-axis can be
évaluated from (2) though (6). Here m describes the depen-
dence of the electromagnetic field components on the
azimuthal angle and n is the order of the root of the
eigenvalue equation (6), and describes the radial behavior.
The resulting three different classes of modes are discussed
below.

A. The E,,(TM,,,) Modes

If m =0, the electromagnetic fields are independent of
the azimuthal angle ¢. Fig. 2 shows the field lines for the
magnetic field strength of the Ey,(TMg,o) mode in the
open-ring resonator with a gap angle a = 5°. The field lines
are open circles which begin and end on the magnetic walls
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Fig. 2. Field distribution of the electromagnetic field of the E,, mode.
Gap angle a = 5°. The figure shows the real geometrical structure of the
resonator (inner circles) and the geometry of the magnetic wall model
(outer circles).
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Fig. 3. The ecigenvalues of the E,,, modes for n=1 to n =4 versus

L/

of the curved microstrip-line model. The electrical field is
maximum at the magnetic walls (r =7, . and r=r7, )
and has a zero near the middle of the microstrip line. The
exact position of the zero depends on the curvature and
width of the microstrip line. The magnetic field strength H,
has a maximum value at the position of the zero of E,. Fig.
3 shows the eigenvalues k,,7, . as a function of the
quotient r, /r, for different values of n. It should be noted
that the eigenvalues of the £, modes are dependent on
the inner and the outer radius of the open-ring resonator
only, and not on the gap angle «. This property may be
easily understood if the field distribution as shown in Fig.
2 is considered. The geometrical form of the electromag-
netic field distribution is not changed by varying the gap
angle a. The eigenvalue equation and the eigenvalues of the
E,,, modes of the open-ring resonator are exactly the same
as those for the E,,, modes of the closed-ring resonator.
The E,;,, modes normally are not used in practical applica-
tions because the eigenvalues become very large for small
line widths (Fig. 3).

B. The E,  o(TM,,,) Modes

m

The E;;, mode is the one with the lowest eigenvalue,
and, therefore, is of interest for practical applications. As

Fig. 4 shows, the E;;, mode can be considered as the
resonance on a curved A /2 microstrip line. The field
distribution of the magnetic field strength far away from
the gap is nearly equal to that of a straight microstrip line.
Only in the gap area does the field distribution change,
because the field lines must be perpendicular to the
boundaries at the end of the lines. As the gap angle
approaches zero, the field distribution does not converge
into that of the closed-ring resonator because the magnetic
walls at the ends of the ring line do not vanish and, as
shown in Fig. 5, the eigenvalues of the E;;, mode are
nearly half the value of those for the closed-ring resonator.
The eigenvalues of all the E,;, modes, as should be ex-
pected, are dependent on the gap angle a. Fig. 6 shows the
influence of the gap angle on the radial distribution of the
electric field component E,. For small gap angles (e.g., 5°),
the electric field component E, (considered at the azimuthal
angle ¢ where it is maximum) is nearly constant across the
microstrip line and only changes slightly from the inner to
the outer circumference, whereas for a« =180°, the variation
in the magnitude of E, is more significant as one goes from
the inner to the outer circumference.

If m is changed from 1 to 2, an additional zero of the
azimuthal component H, is found and the corresponding
field distribution is shown in Fig. 4(b). The mean value of
the resonator length now is nearly one line wavelength. The
E -components of the modes with higher m-values are more
strongly dependent on the radial coordinate than that of
the E,;, mode.

C. TheE,,(TM,,.) Modes

For values of n higher than 1, i.e., for a higher order
solution of the eigenvalue equation (6), the E,-component
and simultaneously the H,-component (see (2) and (3))
have one or more zeros as a function of the radial coordi-
nate. Therefore, the magnetic field lines have a distribution
as shown in Fig. 7, where a concentration of the field lines
near the gap can be recognized. Because of the strong
dependence of the field components on the radial coordi-
nate, the eigenvalues of the E,,,, modes with values of »
higher than 1 become very large for ring resonators with a
small line width. This is similar to the case of the E,,
modes, and, therefore, these modes normally are also not
of great interest for practical applications.

1V. MEASUREMENTS

More than 150 resonance frequencies of modes on dif-
ferent open-ring resonators have been measured and com-
pared with the theoretical results. The experimental resona-
tors were built on RT-Duroid substrate material (e, = 2.23),
the height of the substrate material was 2 = 0.79 mm, and
the ring resonators had a mean value of the radius of
R =16 mm. Resonators of widths w=4, 6, 10, 16, and 24
mm and gap angles «a ranging from 1 to 20° have been
studied. In each case, the first seven resonances of the
resonance spectrum were measured. Fig. 8 shows the com-
parison between some of the experimental results (X ) with
the theoretical results (——) as a function of the width of
the ring resonator. As seen from these figures, the agree-
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Fig. 4. Field distribution of the electromagnetic ficld of the E,,;, modes for (a) m =1, (b) m = 2 and (c) m = 3 for an open-ring
resonator of gap angle a=5° and field distribution of the E;;, mode for an open-ring resonator with a gap angle (d) a = 45°

and (¢) & =180°.
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Fig. 5. The eigenvalues of the E;), mode and the E,;, mode as a
function of r, /r, for different gap angles.
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Fig. 6. Dependence of the electrical-field component E, of the Ejjq

" mode on the radial coordinate for three different values of the gap
angle a. r, /r,= 0.3, r,=1 cm, substrate material: RT/Duroid (¢, =
223, h=0.79 cm).

Fig. 7. Field distribution of the electromagnetic field of the E;5, mode.
Gap angle a = 5°.

TABLE IA
NORMALIZED DIFFERENCE BETWEEN THE MEASURED AND THE
CALCULATED RESONANCE FREQUENCIES FOR AN OPEN-RING
RESONATOR WITH GAP ANGLE a =1°

m | w/cm 0.4 0.6 1.0 1.6 2.4

-4.67  -4.4%  -4.0%  -2.9% -0.5%
-2.5%  -2.3% -1.9% -1.7% -2.3%
-4.6% -4.5% -4.5% -1.2% -3.6%
-2.9% -2.87 -2.6% -3.3% -3.5%
-4.8% -5.0% +5.04 -4.5% -4.6%
-3.0% -3.2% -3.3% -3.7% -2.4%
-4.9% -6.02 -5.2% -6.8% -4.4%

~N o B W N

TABLE IB
NORMALIZED DIFFERENCE BETWEEN THE MEASURED AND THE
CALCULATED RESONANCE FREQUENCIES FOR o =15°

m | w/cm 0.4 0.6 1.0 1.6
1 -0.3%  -0.2% -1.1%  -1.4%
2 -0.44 +0.1% +1.7% +5.5%
3 -0.8%4 -0.2% +0.5% +0.3%
4 -0.7% -0.4% +0.4% -0.1%
5 -0.7% -0.2% -1.7% -0.7%
6 -0.7% -0.5% -0.3% -0.7%
7 -1.1% -1.0% -0.6% -0.6%
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Fig. 8. Measured (X) and calculated (——) resonant frequencies of
open-ring resonators; E,,;o modes for m =1 to m = 7 for a gap angle of
(a) a=5° and (b) a=20° as a function of the line width w. Mean
radius of the ring resonator: R =16 mm. Substrate material: RT /Duroid
(€,=223, h=10.79 cm).

24cm

ment between theory and experiment is quite good, despite
the fact that the influence of the end effects of the open
microstrip ring resonator has not been taken into account.
In order to demonstrate clearly as to how large the error
due to the ideal gap assumption is, Table I additionally
shows the difference between the measured resonant fre-
quencies and the calculated resonant frequencies for differ-
ent open-ring resonators in this case with a) a gap angle of
a=1° and b) a=15°. The data presented in Table I
demonstrate that the influence of the gap capacitance on
the resonant frequency is much larger for the case of the
small gap angle (a =1°) than for the case of the large gap
angle (a=15°). Additionally, Table IA shows that, as
should be expected from the field distribution, the in-
fluence of the odd-mode gap capacitance (m=1,3,---) on
the resonant frequency is much larger than the influence of
the even-mode gap capacitance (m = 2,4,6, - - - ). This also
suggests that the open-ring resonator could be used to
measure the even-mode and odd-mode gap capacitances
between two microstrip lines. Table IB shows that, for
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large gap. angles, the influence of the end effect on the
resonant frequency becomes small. The difference between
the measured and the calculated results is of the order of 1
percent or smaller for this case of a 15° gap angle.

REFERENCES

[11 F.R.de Ronde and S. Shammas, “MIC bandfilters using open-ring
resonators,” in Proc. 4th Eur. Microwave Conf. (Montreux, Switzer-
land), Sept. 1974, 531-535.

2] Y. T. Lo, D. Solomon, and W F. Richards, “Theory and experi-
ment on microstrip antennas,” IEEE Trans. Antennas Propagat
vol. AP-27, pp. 137-145, 1979.

[3] L Wolff and N. Knoppik, “Rectangular and circular microstrip disk
capacitors and resonators,” IEEE Trans. Microwave Theory Tech.,
vol. MTT-22 pp. 857-864, Oct. 1974.

[4] , “Microstrip ring resonators and dispersion measurement on
microstrip lines,” Electron. Lett., vol. 7, pp. 779-781, 1971.

[5] Y.S. Wu and F. J. Rosenbaum, “Mode chart for microstrip ring
resonators,” IEEE Trans. Microwave Theory Tech., vol. MTT-21,
pp. 487-489, July 1973.

{6] N. Knoppik, “The resonance frequencies and Q-factors of micro-
strip resonators,” Ph.D. dissertation, Technical University, Aachen,
Germany, 1975, (in German).

[7] R. P. Owens, “Curvature effect in microstrip ring resonators,”
Electron. Lett., vol. 12, no. 14, pp. 356-357, 1976.

[8] S. G. Pintzos and R. Pregla, “A simple method for computing the
resonant frequencies of microstrip ring resonators,” IEEE Trans.
Microwave Theory Tech., vol. MTT-26, pp. 809-813, Oct. 1978.

[9] A. M. Khilla, “Computer-aided design for microstrip ring resona-
tors,” in Proc. 11th Eur. Microwave Conf. (Amsterdam), 1981.

[10] L Wolff and W. Menzel, “The microstrip double ring resonator,”
IEEE Trans. Microwave Theory Tech., vol. MTT-23, pp. 441-444,
May 1975.

[11] G. Kompa and R. Mehran, “Planar waveguide model for calculat-
ing microstrip components,” Electron. Lett., vol. 11, pp. 459-460,
1975.

]

Ingo Wolt (M’75) was born on September 27, 1938 in Koslin/Pommern,
Germany. He received the Dipl.-Ing degree in electrical engineering, the
Dr.-Ing degree, and the Habilitation degree, all from the Technical

107

University of Aachen, Aachen, West Germany,
in 1964, 1967, and 1970, respectively. .

After two years time as an apl. Professor for
high-frequency techniques, he became a full pro-
fessor for electromagnetic field theory at the
University of Duisburg in Duisburg, West
Germany. He leads an institute where research
work in all areas of microwave and millimeter-
wave theory and techniques is done. His main
areas of research at the moment are CAD and
technologies of microwave integrated circuits,
millimeter-wave 1ntcgrated circuits, planar antennas, and material param-
eter measurements at microwave frequencies.

L ]

Vijai K. Tripathi (M’68) received the B.Sc. degree
from Agra University, Uttar Pradesh, India, the
M.Sc. Tech. degree in electronics and radio en-
gineering from Allahabad University, Uttar
Pradesh, India, and the M.S EE. and Ph.D. de-
grees in electrical engineering from the Univer-
sity of Michigan, Ann Arbor, in 1958, 1961,
1964, and 1968, respectively.

From 1961 to 1963, he was a Senior Research
Assistant at the Indian Institute of Technology,
Bombay, India. In 1963, he joined the Electron
Physics Laboratory of the University of Mlchlgan, ‘where he worked as a
Research Assistant from 1963 to 1965, and as a Research Associate from
1966 to 1967 on microwave tubes and microwave solid-state devices.
From 1968 to 1973, he was an Assistant Professor of Electrical Engineer-
ing at the University of Oklahoma, Norman. In 1974, he joined Oregon
State University, Corvallis, where he is an Associate Professor of Electri-
cal and Computer Engineering. He was on sabbatical leave during the
1981-82 academic year and was with the Division of Network Theory at
Chalmers University of Technology in Gothenburg, Sweden, from
November 1981 through May 1982, and at Duisburg University,
Duisburg, West Germany, from June through September 1982. His cur-
rent research activities are in the areas of microwave circuits and devices,
electromagnetic fields, and solid-state devices.

Dr. Tripathi is a member of Eta Kappa Nu and Sigma Xi.




