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Abstract—This paper presents a new compact, low inser-
tion-loss, sharp-rejection, and wide-band microstrip bandpass
filter. A bandstop filter is introduced that uses a ring resonator
with direct-connected orthogonal feed lines. A new bandpass filter
based on the bandstop filter uses two tuning stubs to construct a
wide-band passband with two sharp stopbands. Without coupling
gaps between feed lines and rings, there are no mismatch and
radiation losses between them and, therefore, the new filters show
low insertion loss. In addition, a dual-mode characteristic is used
to increase the stopband bandwidth of the new filters. A simple
transmission-line model used to calculate the frequency responses
of the filters shows good agreement with measurements. The
filter using three cascaded rings has 3-dB fractional bandwidth
of 49.3%, an insertion loss of better than 1.6 dB in the passband,
a return loss of larger than 13 dB from 4.58 to 7.3 GHz, and
two rejections of greater than 40 dB within 2.75–4.02 and 7.73–
9.08 GHz. The high-performance, compact-size, and low-cost filter
was designed for reducing the interference in full duplex systems
in satellite communications.

Index Terms—Bandstop filter, dual mode, ring resonator, wide-
band bandpass filter.

I. INTRODUCTION

H IGH performance, compact size, and low cost are highly
desirable for modern microwave filters in the next gener-

ation of many wireless systems. The microstrip ring resonator
satisfies these demands and is finding wide use in many band-
pass filters [1]. However, the conventional end-to-line coupling
structure of the ring resonator suffers from high insertion loss
[2]. The coupling gaps between the feed lines and resonator also
affect the resonant frequencies of the resonator. To reduce the
high insertion loss, filters used an enhanced coupling structure
or lumped capacitors were proposed [3]–[7]. However, the fil-
ters using this enhanced coupling structure still have coupling
gaps. In addition, the filters using lumped capacitors are not easy
to fabricate. Ring resonators using a high temperature super-
conductor (HTS) to obtain a very low insertion loss have been
reported [8]. This approach has the advantage of very low con-
ductor loss, but requires a complex fabrication process.

In this paper, a new compact low insertion-loss sharp-rejec-
tion wide-band microstrip bandpass filter is proposed. The wide
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Fig. 1. Ring resonator using direct-connected orthogonal feeders.

bandpass filter is developed from a new bandstop filter intro-
duced in Section II. Two tuning stubs are added to the band-
stop filter to create a wide passband. In addition, to widen the
stopbands, a dual-mode characteristic is used. Without coupling
gaps between feed lines and rings, there are no mismatch and
radiation losses between them. Thus, the new filter can obtain
a low insertion loss [9] and the major losses of the filter are
contributed by conductor and dielectric losses. A simple trans-
mission-line model is used to calculate the frequency responses
of the filters. The measurements show good agreement with the
calculations.

II. BANDSTOP AND BANDPASS FILTERS USING A SINGLE RING

WITH ONE OR TWO TUNING STUBS

A. Bandstop Characteristic

The bandstop characteristic of the ring circuit can be realized
by using two orthogonal feed lines with coupling gaps between
the feed lines and ring resonator [1]. For odd-mode excitation,
the output feed line is coupled to a position of the zero electric
field along the ring resonator and shows a short circuit [10].
Therefore, no energy is extracted from the ring resonator, and
the ring circuit provides a stopband. A ring resonator directly
connected to a pair of orthogonal feed lines is shown in Fig. 1.
No coupling gaps are used between the resonator and feed lines.
The circumference of the ring resonator is expressed as [1]

(1)

where is the mode number and is the guided wavelength.
In order to investigate the behavior of this ring circuit, an elec-
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Fig. 2. Simulated electric current at the resonant frequency for the ring and
open stub bandstop circuits.

Fig. 3. Simulated results for the bandstop filters.

tromagnetic (EM) simulator1 and a transmission-line model are
used.

Fig. 2 shows the EM simulated electric current distribution
of the ring circuit and a conventional open-stub band-
stop filter at the same fundamental resonant frequency. The ar-
rows represent the electric current. The simulated electric cur-
rent shows minimum electric fields at positions A and B, which
correspond to the maximum magnetic fields. Thus, both cir-
cuits provide bandstop characteristics by presenting zero volt-
ages to the outputs at the resonant frequency that can be ob-
served by their simulated frequency response of , as shown
in Fig. 3. The ring resonator and conventional open-stub
bandstop filter are designed at fundamental resonant frequency
of GHz and fabricated on an RT/Duriod 6010.2 sub-
strate with a thickness mil and a relative dielectric con-
stant . The dimensions of the ring are mm,

mm, and mm.
The equivalent ring circuit shown in Fig. 4 is divided by the

input and output ports to form a shunt circuit denoted by the
upper and lower parts, respectively. The equivalent circuits of
the 45 mitered bend are represented by the inductor and ca-
pacitor [11] which are expressed by

pF (2a)

nH (2b)

where and are in millimeters. The capacitance is
the -junction effect between the feed line and ring resonator

1IE3D, ver. 8.0, Zeland Software, Fremont, CA, 2001.

Fig. 4. Equivalent circuit of the ring using direct-connected orthogonal feed
lines.

Fig. 5. Calculated and measured results of the ring using direct-connected
orthogonal feed lines.

Fig. 6. Configuration of the ring with a tuning stub of l = 5:03 mm and
w = 0:3 mm at � = 90 or 0 .

[12]. The frequency response of the ring circuit can be calcu-
lated from the equivalent ring circuit using -, -, and

-parameters. Fig. 5 shows the calculated and measured results
with good agreement.

B. One Tuning Stub

The effect of adding a tuning stub on the gap-coupled ring
resonator has been discussed [1]. By changing the size or length
of the tuning stub, the frequency response of the ring resonator
is varied. Fig. 6 illustrates the orthogonal-feed ring resonator
with a tuning stub of designed at the center fre-
quency and placed at the center of either side of the ring res-
onator. Furthermore, the ring resonator with one tuning stub
forms an asymmetric configuration and will excite degenerate
modes. The higher impedance of the tuning stub ( for 50

for 64 ) is designed for a better return loss of the filter
using two tuning stubs that will be shown in Section II-C.
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Fig. 7. Equivalent circuit of the ring using a tuning stub at � = 90 .

Fig. 8. Calculated results of the ring with various lengths of the tuning stub at
� = 90 .

Fig. 7 shows the equivalent circuit of the ring circuit with the
tuning stub at . is the admittance looking into the
tuning stub and can be expressed by

(3)

where is the characteristic admittance of the tuning stub, is
the complex propagation constant, is the equivalent open-
effect length [13], and is the capacitance of the -junction
between the ring and tuning stub . The frequency response of
the ring circuit can be obtained from the equivalent circuit by
using -, -, and -parameter calculations. Fig. 8 shows
the calculated results for the different lengths of the tuning stub
located at . Inspecting the results, when the length of
the tuning stub increases, the degenerate modes of the ring at the
fundamental and third modes are excited and moved to the lower
frequencies. In addition, at the length of mm,
the ring circuit has three attenuation poles, as shown in Fig. 9.
Comparing the frequency response to that of the ring circuit
without the tuning stub in Fig. 5, the two additional degen-
erate modes are induced by the tuning stub. The three
attenuation poles are GHz with 39 dB rejection,

GHz GHz with 36 dB rejection, and GHz
with 37 dB rejection. Furthermore, inspecting the ring res-
onators with the tuning stub at or in Fig. 6,
is the same for both cases due to the symmetry between these
reciprocal networks.

C. Two Tuning Stubs

Fig. 10 shows the layout of the ring resonator with two tuning
stubs of length at and . This
symmetric ring circuit is divided by the tuning stubs and the

Fig. 9. Calculated and measured results of the ring using a tuning stub at� =

90 .

Fig. 10. Layout of the ring using two tuning stubs at � = 90 and 0 .

input/output ports into four equal sections. The ring circuit can
be treated as a combination of both perturbed ring circuits given
in Fig. 6. By changing the lengths of two tuning stubs, the fre-
quency response of the ring circuit will also be varied. Ob-
serving the calculated results in Fig. 11, two attenuation poles
starting from the center frequencies of the fundamental and third
modes move to the lower frequencies and form a wide passband.
The measured and calculated results of the filter with the tuning
stubs of length are shown in Fig. 12. In addition, due to
the symmetric structure, the ring circuit in Fig. 10 only excites
a single mode.

Comparing the results in Fig. 12 with those in Fig. 9, the ef-
fects of adding two tuning stubs with a length of at

and provide a sharper cutoff frequency re-
sponse, increase attenuations, and obtain a wide passband. Two
attenuation poles are GHz with 46 dB rejection and

GHz with 51 dB rejection. The differences between
the measurement and calculation on and are due to fab-
rication tolerances that cause a slightly asymmetric layout and
excite small degenerate modes.

The key point behind this new filter topology is that two
tuning stubs loaded on the ring resonator at and

are used to achieve a wide passband with a sharp cutoff char-
acteristic. This approach can, in fact, be interpreted as using two
stopbands induced by two tuning stubs in conjunction with the
wide passband. In some cases, an undesired passband below the
main passband may require a high passband section to be used
in conjunction with this approach.
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Fig. 11. Calculated results of the ring with various lengths of the tuning stub
at � = 90 and 0 .

Fig. 12. Calculated and measured results of the ring with two tuning stubs of
l = � =4 = 5:026 mm at � = 90 and 0 .

III. WIDE-BAND MICROSTRIP BANDPASS FILTERS WITH

DUAL-MODE EFFECTS

Observing the frequency response in Fig. 12, the two stop-
bands of the filter show a narrow bandwidth. To increase the
narrow stopbands, a dual-mode design can be used [1]. A square
perturbation stub at on the ring resonator is incor-
porated in Fig. 13(a). The square stub perturbs the fields of
the ring resonator so that the resonator can excite a dual mode
around the stopbands in order to improve the narrow stopbands.
By increasing (decreasing) the size of the square stub, the dis-
tance (stopband bandwidth) between two modes is increased
(decreased). The equivalent circuits of the square stub and the
filter are displayed in Fig. 13(b) and (c), respectively. As seen
in Fig. 13(b), the geometry at the corner of is approxi-
mately equal to the square section of width , subtracting
an isometric triangle of height . The equivalent cir-
cuit of this approximation is also shown in Fig. 12(c), where

and . The equivalent capac-
itance and inductance of the right-angle bend, and , are
given by [11]

pF (4a)

(a)

(b)

(c)

Fig. 13. Dual-mode filter. (a) Layout. (b) Equivalence of the perturbed stub.
(c) Overall equivalent circuit.

nH

(4b)

The asymmetric step capacitance is [14]

pF (5)

In the above equations, all lengths are in millimeters. The length
of the tuning stubs and size of the square stub are mm
and mm .

The calculated and measured results of the filter are shown
in Fig. 14. As seen in Fig. 14, the square stub generates two
transmission zeros (which are marked as in Fig. 14) or dual
modes located on either side of the passband at 3.66 and 7.62
and 7.62 and 8.07 GHz, respectively. Comparing with that
in Fig. 10, the dual-mode effects or transmission zeros increase
the stopband bandwidth and also improve the return loss in the
edges of the passband. The filter has 3-dB fractional bandwidth
of 51.6%, an insertion loss of better than 0.7 dB, two rejections
of greater than 18 dB within 3.43–4.3 GHz and 7.57–8.47 GHz,
and an attenuation rate for the sharp cutoff frequency responses
of 137.58 dB/GHz (calculated from 4.173 GHz with 36.9 dB
to 4.42 GHz with 2.85 dB) and 131.8 dB/GHz (calculated
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Fig. 14. Calculated and measured results of the dual-mode ring filter. The
crosses (x) show the two transmission zero locations.

Fig. 15. Configuration of the cascaded dual-mode ring resonator.

from 7.44 GHz with 3.77 dB to 7.62 GHz with 27.5 dB). In ad-
dition, comparing the new filter with some compact and low in-
sertion-loss filters [15], [16], those filters only show gradual re-
jections. To obtain a sharp cutoff frequency response, the filters
need to increase numbers of resonators. However, increasing
numbers of resonators increases the insertion loss and the size
of the filter and also narrows the passband bandwidth [17], [18].

To obtain a higher rejection, a filter using three cascaded ring
resonators is shown in Fig. 15. In this configuration, the three
ring resonators are connected by a short transmission line of
length mm. The different length

mm, mm, and mm for the tuning
stubs are optimized for a good return loss.

Fig. 16 shows the calculated and measured results. The calcu-
lation also uses the transmission-line model with -, -,
and -parameter operations. The 3-dB fractional bandwidth of
the filter is 49.3%. The filter has an insertion loss better than
1.6 dB and return loss greater than 13.3 dB in the passband from
4.58 to 7.3 GHz. Two stopbands are located at 2.75–4.02 and

Fig. 16. Calculated and measured results of the cascaded dual-mode ring
resonator filter.

Fig. 17. Group delay of the cascaded dual-mode ring resonator filter.

7.73–9.08 GHz with rejection greater than 40 dB. The attenu-
ation rate of the filter for the sharp cutoff frequency responses
is 99.75 dB/GHz (calculated from 4.17 GHz with 34.9 dB to
4.49 GHz with 2.98 dB) and 101.56 dB/GHz (calculated from
7.32 GHz with 3.4 dB to 7.64 GHz with 35.9 dB). The group
delay of this wide-band bandpass filter can be calculated by

(6)

where is the insertion-loss phase and is the frequency in
radians per second. Fig. 17 shows the group delay of the filter.
Within the passband, the group delay is below 2 ns.

IV. CONCLUSIONS

A new compact, low insertion-loss, sharp-rejection, and
wide-band microstrip bandpass filter has been developed. A
bandstop filter using a ring resonator with direct-connected
orthogonal feeders is introduced. Next, new filters are devel-
oped from the bandstop filter to achieve a wide-band passband
and two sharp stopbands. A dual-mode design was also used to
increase the widths of rejection bands. Without any coupling
gaps between feed lines and rings, there are no mismatch and
radiation losses between them. Therefore, the new filters show
low insertion loss. Simple transmission-line models are used
to calculate the frequency responses of the new filters. The
measurements agree well with the calculations. The new filters
were designed for mitigating the interference in full duplex
systems in satellite communications.
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