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Abstract—A dual-mode ring bandpass filter with two pairs of
capacitors has been designed. The capacitors are used to control
the location of the even- and odd-mode frequenciesindependently,
allowing weak coupling for narrow-band filter design with realiz-
able capacitance values. Theor etical expressions have been derived
for thesefrequencies. A 4% bandwidth bandpassfilter centered at
1.9 GHzwasdesigned and tested with good agreement between the-
oretical and measured results.

Index Terms—Bandpass, dual mode, filter, ring.

I. INTRODUCTION

HE microstrip ring resonator has been extensively used in

the design of filters, mixers, and couplers in microwave
engineering. It has aso been used in the measurement of
dispersion, phase velocity, and effective dielectric constant.
The microstrip ring bandpass filter has received much attention
for its smple implementation and robustness, which is highly
sought after in mobile and satellite communication systems.
Fig. 1 shows a microstrip ring resonator weakly coupled to the
feedlines. Two reference planes AA’ and BB’ are included in
Fig. 1 for future reference. Resonance is established when the
circumference of thering is equal to an integral number of the
guided wavelength. The theory and application of various ring
circuits are well documented in [1].

It iswell known that the ring resonator can support two res-
onance orthogonal modes. When a perturbation is introduced
either along AA’ or BB’, reflections are generated in the two
opposing traveling waves propagating along the ring [2]. This
results in the generation of two split modes. Depending on the
magnitude of the reflected waves, it will influence the level of
coupling and bandpass response results. Perturbations in the
form of astub [3] and impedance step [4] along one of the prin-
cipal diagonals AA’ or BB’ have been reported. However, in
[3], asingle pair of perturbation along AA’ isonly ableto influ-
ence the even-mode frequency. This fact is later generalized in
[5], whereby asingle pair of perturbation is only able to control
either one of the split modes. Although simultaneous control
of the split modes is alowed in [4], we observed that a small
impedance ratio might be difficult to realize.

In this paper, we proposed a new perturbation topology. In-
stead of perturbing in only one of the principal diagonals, we
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Fig. 1.  Weakly coupled microstrip ring resonator.
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Fig. 2. Proposed dual-mode ring resonator topology.

introduced series capacitances at both AA’ and BB’ planes, as
shownin Fig. 2. An arrangement like thisis able to control both
split-mode frequenciesindependently, and will be proven below.
It offerstotal control of the split-mode frequenciesresultingina
more robust design. The coupling coefficient can a so be shown
tobeafunction of thedifferenceof C; and C,. In[5], itisafunc-
tion of the magnitude of the reactive element. Thiswill relieve
the burden to rely on high capacitance for narrow-band filter
design. A high-capacitance capacitor has low self-resonant fre-
guency and is not suited for high-frequency operation. Due to
the symmetry of the newly proposed ring resonator, it will also
be shown later that the design of the bandpass filter is governed
simply by the characteristic equation of the ring.

Il. RESONATOR ANALYSIS

For dual-mode operation, there must be symmetry in al di-
agonals [3]. Thus, the opposite capacitors are chosen to be the
same, namely, C; and C», as shown in Fig. 2. Fig. 3 showsthe
proposed resonator with its weakly coupled input and output
ports separated spatially by 90°. The structure in Fig. 3 can be
analyzed by adopting even—odd-mode analysis [2]. From con-
ventional resonator theory, the ring is resonant when its input
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Fig. 3. Newly proposed dual-mode resonator.
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Fig. 4. Odd-mode equivalent circuit of ring resonator.

admittance is zero. For both even and odd modes, their respec-
tive resonant conditions are shown as

leodd,even + Yéodd,even -0 (1)

where Y and Y, arethe upper and lower arm input admittance,
respectively.

A. Odd Mode

Fig. 4 shows the equivalent-circuit representation of half the
ring resonator when an electric wall isapplied long AA’, asis
the case for the odd mode. The value « is an eighth of the ring
circumference and z; and z- are the normalized reactance of
the perturbation elements.

The odd-mode input admittance ¢ and ¢S of the upper and
lower arms, respectively, have been derived as

245 tan 20+ [(23:1 +22)+(z122—2) tan 29] tan @
J (221 422)+(x122—2) tan 20— (2422 tan 26) tan 6

0

1 =

(2a)
24zotand
Yy =422 "" 2b
2 =J To—2tand (2b)
where # = 3°a and /3° is the odd-mode phase constant.
Hence, the odd-mode resonant frequency is given as
2
tan(28%a) + — = 0. (3)

L2

B. Even Mode

Fig. 5 shows the equival ent-circuit representation of half the
ring resonator when amagnetic wall isapplied along AA4’, asis
the case for the even mode.
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Fig. 5. Even-mode equivalent circuit of ring resonator.

Similar to the odd-mode case, the even-mode input admit-
tance Y and Y5 of the upper and lower arms, respectively, are

tan 260 + x1 tan 260 tand + tan é

YE =
! zytan20 + 1 — tan 26 tan @ (43)
Yy =jtané (4b)
where # = 3°a and 3¢ is the even-mode phase constant.
The even-mode resonant frequency is given as
2
tan(28°a) + — = 0. (5)

Z1

Two important observations were made from the above
even-odd mode analysis of this resonator. The first observation
is that the split-mode frequencies can be controlled indepen-
dently. The odd-mode frequency is controlled by Cs, while
the even-mode frequency is controlled by C;. The second
observation is that both resonant conditions, as shown in (3)
and (5), have the same mathematical form. If we replaced
al four capacitors by a common capacitance value, it will
reduce to a single equation depicting the resonant frequency
of the natural state of the modified semilumped ring. Hence,
the modified semilumped ring’'s natural frequency, as well
as its even-and odd-mode frequencies, all shares the same
characteristic equation as follows:

€0

= 727\ /€ ot

[r — tan~' (47 f, CZp)] (6)

where
f~  even-mode, odd-mode, or modified semilumped ring’s
natural frequency;
r average radius of ring;
C capacitance of the four common capacitors,
Zgr  characteristic impedance of the ring.

IIl. BANDPASS FILTER ANALYSIS

Thecenter frequency of abandpassfilter can be approximated
from the average of the even- and odd-mode frequencies as fol-
lows:

fc :%(fe'i'fo)
¢ ol 2 st 2
~ v [1 5 <ta o + ta 372)} . (M

The coupling between the two degenerate modesis character-
ized by the coupling coefficient & [6], which can be computed
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Fig. 6. Graphical representation of the characteristic equation.

from the knowledge of even- and odd-mode frequencies as fol-
lows:
_Aaf

Je
_ 27—

k

o et
2 2
— P2 —tan—! =

tan™
m X1 o

= . (8a)
2 2
1-— % <tan_1 = 4+ tan~! —)

From (8a), we see that & can be made numerically small,
which is needed in narrow-band filter design. Due to the dif-
ferential term in the numerator, it is noted that weak coupling
can berealized easily with large z (or low capacitance), as com-
pared in the case of Type 2 in [5], which required a high capac-
itance value. In order to gain further insight into the coupling,
(8a) can be further approximated for positive weak coupling. It
isassumed that 1/21 + 1/z2 <« 1/#. Equation (8a) isthen re-
duced to

~ 4ZRfc(Cl — 02) (8b)

From (8b), we can see that the coupling coefficientisnow lin-
early proportional to the difference of the perturbation capacitor
values. Thus, such filters can take advantage of low capacitor
value, which has a better quality factor and self-resonant fre-
quency for the required weak coupling. From circuit simulation,
it was also noted that the condition for the existence of attenua-
tion polesis Cy > Cos.

The main features of the proposed ring resonator can be
described by its characteristic equation. Therefore, it isintuitive
to present a graphical plot, as shown in Fig. 6, displaying the
rel ationship between various resonant frequencies and perturba-
tion capacitors. The width of the ring resonator is chosen to be
1.524 mm, resultingin an effectivediel ectric constant £,..¢ of 7.5
and Zp of 29.4 Q2. Theresonator isfabricated on RT6010 with a
thicknessof 0.635 mmand arel ative dielectric constant of 10.2.
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TABLE |
SUMMARY OF DESIGN PARAMETERS
Centre Frequency 1.90 GHz
Fractional Bandwidth @ 0.04
Coupling Coefficient £ 0.0283
1o 1.93 GHz C,=1.7pF
fe 1.87 GHz C;=2.1pF
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Fig. 7. Externa () factor Qg against coupling capacitance.

IV. FILTER DESIGN

A bandpass filter of center frequency 1.9 GHz with a frac-
tional bandwidth « of 4% will be designed and fabricated using
the proposed ring resonator outlined in Section I11. A two-stage
Butterworth filter [7] has been selected with its low-pass pro-
totype elements as go = 1.0, g; = 1.4142, go = 1.4142, and
gs = 1.0. The inter-stage coupling of the filter can be deter-
mined by using

w
’ Vg2 ©
By equating (9) and (8a), two perturbation capacitors C; and
C5 were chosen to provide the necessary coupling from Fig. 6
and are tabulated in Table .

The loaded @ factor Q1. of the modified ring is then noted
from the 3-dB bandwidth using a general circuit simulator such
as Agilent’s Advanced Design System. The unloaded ¢} factor
Qo can then be estimated using [1]

QL
Qo = T oD/
where L istheinsertion loss in decibel.

The external @ factor Qg is then computed [1] using (11),
and a plot of Qg against the coupling capacitance is shown in
Fig. 7 as

(10)

_ ZQLQO
QE B Qo - QL )
Assuming the same input and output impedance, the required
external () factor can be estimated [7] as
Qp = 9091'
W

(11)

(12)
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Fig.8. Responseof thedesigned filter at 1.9 GHz for thecaseof: (@) C, > C.

Theexterna @ factor was computed to be 35 and, withthe aid
of Fig. 7, therequired coupling capacitancewasfound to be 2.25
pF. However, acapacitor of thisvalue may havesignificant series
resistance, aswell aslow self-resonant frequency. Moreover, dc
isolation isinherent in this filter due to the perturbation capaci-
tors. Assuch, adirect tap is applied instead. Two similar filters
based on the above specifications have been fabricated and mea-
sured using RT6010 with athickness of 0.635 mm and arelative
dielectric constant of 10.2. Fig. 8(a) shows the comparison be-
tween simulated and measured results for the case of C; greater
than C». The measured bandwidth isapproximately 2.8% with a
minimum insertion loss of 2.1 dB in the center of the passband.
The measurement in Fig. 8(b) reveal ed abandwidth of 2.5% and
aminimum insertion lossof 2.5 dB. It isnoted herethat the con-
ditionfor theexistenceof attenuation polesisC; greater than Cs.

It was a so observed from Fig. 8 that the insertion loss in the
passbandishigher thanthat simulated. Thisisbecauseof thefinite
quality factor, as well as the equivalent series resistance of the
capacitors used.

V. CONCLUSION

A new coupling method using two sets of orthogonal posi-
tioned capacitors in a ring resonator has been described. The
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self-resonant frequency, as well as the even- and odd-mode
frequencies, can be described by a single characteristic equa-
tion. By making use of the difference of the capacitances,
narrow-band bandpass filter can be designed with such a
topology. A filter has been demonstrated with this new pertur-
bation. The simulated and measured results have shown good
agreement.
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