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Abstract

As an application of ring filters, a new and simple method to determine an inherent-ring-resonance frequency is
introduced. The ring filter consists of a ring and two short stubs. They are connected at 90° and 270° points of the
ring and the ring filter may be seen in such way that two filters are connected in parallel. Therefore, if the two powers
of the two filters are out-of-phase at the output, the power excited at the input can not be delivered. That can be
done by making difference in length of the two short stubs, and when a certain condition is satisfied, a frequency
exists where all the excited power is reflected. That is the very inherent-ring-resonance frequency. In the lossless case,
the return loss with the condition reaches 0 dB at the inherent-ring-resonance frequency but does not with conductor,
dielectric losses and so on. Therefore, the effective loss tangent at a frequency of interest may be obtained correctly.
To verify the method, two ring filters have been fabricated in microstrip lines and the measured results show good

agreement with the predicted ones.
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I. Introduction

It is well known that ring resonators have low
radiation loss, high Q@ factors and two orthogonal
resonant modes. Because of these special properties,
ring resonators have widely been used for the mea-
surements [1], [2], band-pass filters and duplexers [3].
Microstrip open- and closed-ring resonators were inten-
sively discussed [4], [5] and mixers, oscillators and
tuning filters have been realized based on circuit theory
concepts [6]. For the design of ring-based circuits, to
know an exact resonance frequency is very important
[7] and there have been many trials to determine it,
using gap coupling [8], simple cavity model with
magnetic side wall [9], [10], a planar waveguide
model[11], [12], and so on!"l, However, even though
those proposed by [1], {2], [8] have been considered as
a simple method, the ring-resonance frequency deter-
mined can be shifted by gaps, which may be very
harmful for narrow-band filter designs. Also, those by
[9]1~[13] require much time and somewhat complicate
mathematical programs based on field theory analyses.

In this paper, a new and simple method to determine
an inherent-ring-resonance frequency will be introduced

as an application of the ring filters. The ring filter was
for the first time suggested as a wideband transmission
line [14], [15]. It consists of a ring and two short-stubs
but it may be seen in other sense that two filters are
connected in parallel. The two are named "up-" and
"down-filter" in this paper. Therefore, the power excited
at the input is divided just like three-port power
dividers or ring hybrids [16]~[20], flows into the up-
and down-filter and finally combined at the output. If
the two powers are out-of-phase at the output, the
excited power can not be delivered to the output. That
can be done by making difference in length of the two
stubs, and the phase of transmitted power (S21) is
abruptly changed at the vicinity of the inherent-
ring-resonance frequency, where all the excited power
is reflected under a certain condition. Therefore, if the
frequency is determined, it will be the exact inherent-
ring-resonance frequency. In lossless case, the return
loss reaches 0 dB at the inherent-ring-resonance
frequency but does not with conductor, dielectric loss
and so on. Therefore, the return losses at the
inherent-ring-resonance frequency are investigated de-
pending on the differences between the two short stubs
and the effective loss tangent at a frequency of interest
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may be obtained correctly. By the method explained
above, the gap capacitances for the coupling in
conventional ring-based circuits can also be extracted
exactly.

II. Ring Filters for Inherent-Ring-Resonance Frequency

A ring filter is depicted in Fig. 1(a) and its up-filter
in Fig. 1(b). It is terminated in Z, and Z,, and consists
of a ring and two short stubs. The two short-stubs are
located at 90° and 270° points of the ring. The point
where each short stub is connected may be considered
as a hypothetical port whose termination impedance is
Zy. The Z, is needed to design the ring filters and may
arbitrarily be chosen when Z;=2,, and Z,=(Z1+2Z»)/2 or
VZ,Z, in the case of Z;#Z,. The length of four
transmission-line sections forming a ring is equally #
and their characteristic impedances are Z.,, Zcp, Zcc and
Zca, shown in Fig. 1(a). Since lengths of the two short
stubs are about 90° the power excited at port @ is
divided depending on the power division ratio of d; to
d> indicated in Fig. 1(a), and the divided powers are
combined at port (2). Thus, it can be understood in such
way the two filters, "up-filter" and "down-filter" shown
in Fig. 1(a), are connected in parallel and the termi-
nation impedances of the up-filter may be derived as
explained in Fig. 1(b) [18], [19]. Z, 4., and ¢4 are
characteristic impedance, lengths of the two short stubs
of up- and down-filters, respectively.

The ABCD parameters of the up-filter in Fig. 1(b)
are
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(b) Up-filter

Fig. 1. Ring filter.

In the same way, those of the down-filter are
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2-1 Lossless Case

As mentioned above, if the two powers of up- and
down-filter are out-of-phase at port @, the excited
power at port O can not be delivered to port @. If a
certain condition is satisfied between the two short
stubs, a frequency where all the excited power is
reflected exists. That is the inherent-ring-resonance
frequency. To derive the condition, lossless(a=0) is
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assumed and different values of ¢, ¢, and /¢4 are set
as written in (3),

B=1/2,

ﬂogus = ”/2+u ’

ﬁofd,=ﬂ'/2+v, (3)
where B, is a propagation constant at a design center
frequency.

After some calculations with (1)~(3), the admittance

parameters of the ring filter in Fig. 1(a) are calculated
as

Z . Z
By ==jFcotpu—j—5coty

Z 2 Z 2
Y,=Y, JZ, cotu— JZ, cotv
anZcb cc™cd ’

Y,=—-j Z cotu—j Z, cotv

2T )
which are the derived values at the design center
frequency.

In the case of an equal power division di=d>, (4) is
simplified as

1 1
sin( g+ z? 77z
Y=_jZS i (ﬂ V) (] ‘ca“~cb
sin u siny 1 1
anZcb Zrbz (5)

p#0 , v#0 and p+v=0 in (5) result in

Y[g fﬂ ®)

(6) implies that matching and power transfer can not
occur with the condition p+p=0. The fact may be used
to determine an inherent-ring-resonance frequency.
Frequency responses of the return loss, phase responses
of the insertion loss and group delay depending on pare
plotted in Fig. 2 where those of return loss are in Fig.
2(a), those of phase response in Fig. 2(b) and those of
group delay in Fig. 2(c). They are all satisfied with the
condition of p+u=0. The return losses have been
programmed based on (1)~(6), working on a mathe-
matical program, Matlab 6.1 and compared with those
by a commercial program, ADS 2002, in Fig. 2(a)
where solid lines are those by Matlab 6.1 and dotted
ones those by ADS 2002. Two types of results are
almost identical and all the excited power is reflected
at a frequency, which indicates the inherent-ring-

0.9 0.95 1 1.05 1.1
Normalized Frequency

(a) Return losses

200
=
_ o
1oof M=
1=10"""T"
Q (4
o n=>5 2
20
a
-100t
200 i L J 1
709 0.95 1 1.05 1.1
Normalized Frequency
(b) Phase responses
8E-008
2
2 aE-008
E
0.95 1.05

Normalized Frequency
(c¢) Group delays

Fig. 2. Frequency responses.

resonance frequency. Fig. 2(b) shows sudden phase
inversions with the condition of u+v=0 and p=0. Due
to the sudden phase inversions, high values of the
group delay in Fig. 2(c) will occur, which is in
consistency with (6). Therefore, the condition p+v=0 is
a sufficient and necessary condition to determine the
inherent-ring-resonance frequency.

2-2 Loss Case
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If loss is taken into consideration for the microstrip
lines, the complex propagation constant is

y=a+jB = joue(-jtand,(f)) Q)

where 0=27f, tand.(f) is effective loss-tangent including
dielectric, conductor losses and so on at a given
frequency and f an operating frequency.

Since tand.(f)<1, (7) may be formulated as

oz L i (f) j[zi}
2f0 2 2f0
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Based on (1)~(8), frequency responses of ring filters
with p+u=0 have been calculated. The calculated
reflection coefficients are plotted in Fig. 3 where di=d,
Zeay Zeby Zeoy Zeq and Zg in Fig. 1(a) are equally 70.71
Q, and X-axis is normalized to 3 GHz. The tanbd.(f) is
considered as 0.0064 at 3 GHz for these calculations.
According to the calculated results in Fig. 3, it may be
seen, as the U grows, the amount of reflected power at
the inherent ring-resonance frequency is larger. Sub-
stituting (7) and (8) into (1) and (2) and after some
calculations, the admittance parameters with loss are
derived at f~f, as
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To calculate attenuations due to conductor loss a.,
dielectric loss az and so on for most microstrip lines,
there are so many factors to be considered, for exam-
ple, relative dielectric constant, dielectric loss, conduc-
tivity, characteristic impedance and width of a micro-
strip line and so on [21]. However, any of them can not
be ensured to be correct, which causes errors. There-
fore, if the return loss of the ring filter at the inherent
ring-resonance frequency is known or measured, the
tand.(f) may be calculated correctly at a given fre-
quency using (9). To verify the method to determine
the inherent ring-resonance frequency, two ring filters
with 1+v=0 have been fabricated on a substrate(€,~2.88,
h=508 um) in microstrip technology, where all the
fabricated data are the same as those in Fig. 3. They
have been designed at 3 GHz, the tand.(f) is 0.0064
and the loss due to feeding lines is ignored. The photo
with p=20° is shown in Fig. 4 and measured results are
compared with those predicted in Fig. 5. Measured
return loss with p=20° is -2.26 dB and the simulated
one -2.28 dB at 3 GHz. In the case of p=15° the
measured one is —3.4 dB and the simulated one -3.71
dB. Due to conductor and dielectric losses, the mea-
sured and simulated values show not 0 dB but -2.26
dB or -3.4 dB at the inherent-ring- resonance fre-
quency, 3 GHz.

Normalized Frequency

'Fig. 3. Frequency responses of reflection coefficients
considering dielectric and conductor losses.
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Fig. 4. A photo of the ring filter with p+v=0°4=20°,
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Fig. 5. Measured and simulated return losses.

II. Conclusions

A ring filter consists of a ring and two short stubs,
and It may be seen in such way that two filters are
connected in parallel. If the two output powers are
out-of-phase, the excited power can not be delivered,
which can be done by making difference in length of
the two short stubs. If the frequency, where all the
excited power is reflected, is determined, it will be the
inherent-ring-resonance frequency. By knowing the ex-
act inherent ring-resonance frequency, the capacitances
due to gap coupling in conventional ring-based circuits
may be extracted exactly. By knowing the return loss
at the inherent-ring-resonance frequency, the effective
loss tangent may be obtained as well.
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