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Bandpass Filter Design with Stub-Loaded Uniform Impedance
Resonator and L-Shaped Feed Structure
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Abstract—Microstrip single-band and dual-band bandpass filters (BPFs) are presented in this paper.
Firstly, a pair of open-ended stubs of less than λ/4 in length is connected to a uniform impedance
resonator (UIR) at two symmetrical positions with respect to its centre, and at the same time other
two open-circuited stubs with different lengths are loaded in the middle of the resonator. By virtue
of parallel-coupling structure at I/O ports, a single-band BPF is constructed centered at 2.2GHz with
10.6% 3-dB bandwidth, and two transmission zeros are implemented at the right side of the passband.
Next, the L-shaped I/O coupled lines are applied to suppress the inherent spurious response of the stub-
loaded resonator. As a result, a dual-band BPF with two passbands at 2.2GHz and 5.2GHz, which
is self-contained with three transmission zeros between the two passbands, is constituted. Finally, the
proposed bandpass filters are designed and fabricated to provide an experimental validation for the
predicted performances.

1. INTRODUCTION

Bandpass filters (BPFs) are essential instruments in modem communication systems, which can pass
desired signals but prevent unwanted ones. Due to the increasing shortage of spectrum resources,
sharpened rejection skirts in close proximity to the passband are the fundamental requirement in filter
design. So far, various techniques have been proposed to produce transmission zeros (TZs). These TZs
can be located near the cut-off frequencies so as to improve selectivity. On the other hand, they can also
be used to increase their stopband characteristics. Firstly, cross coupling technique was first proposed
to produce TZs by Pierce in [1], and until 1965 it was implemented with a three cavity waveguide
filter in [2]. There are many kinds of cross coupling structures. Among them, the cascaded triplet
(CT)/Cascaded Quadruplet (CQ) topology [3–6] can independently realize one or two TZs, which are
independent of resonators. These structures are easy to debug and facilitate large-scale production.
Based on the traditional non-adjacent resonators cross-coupled filters, the source/load (S/L) coupling
is further proposed. It can generate up to N TZs, which was first proposed by Bell [7, 8]. Since
then, many filter design schemes using S/L coupling technology have gradually appeared. A BPF was
designed in [9] by using the mutual coupling of stepped impedance hairpin resonators, supplemented
with a split-ring defected ground structure, and two TZs on the lower stopband were introduced to
improve the selectivity. At the same time, referring to the source-load coupling technique in [10], the
authors introduced a TZ on the right side of the passband. Another important way to generate TZs
is to let the signal pass through two different paths which have similar magnitudes and nearly have a
phase deference of (2n+ 1)π, and as a result, they will be canceled out each other at some frequencies
so as to introduce TZs. In [11], a BPF with two TZs was realized by integrating a shunt inductor and
a gap-coupled capacitor. Similarly, in [12], multiple TZs were generated due to nearly (2n+ 1)π phase
difference of path I and path II. In addition, microstrip transmission lines with stubs loaded can also
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generate TZs at some specified frequencies, so they are often used to design filters. A simple dual-
mode dual-band BPF with asymmetrical TZs was presented in [13], which applied stubs-loaded UIRs.
Another paper [14] proposed a compact BPF using multi-mode stub-loaded resonator. The resonator
was loaded with a short ended stub in the center along with four pairs of open-ended stubs.

Dual-band filters are often formed by combining two different filters with sharing common input
and output coupled-feed lines [15, 16]. Although these dual-band filters are more flexibly designed, they
also suffer from large area and difficult debugging. Tri-band BPFs using two stub-loaded dual mode
resonators and two intra-coupled internal resonators were reported in [18] and [19] where multiple TZs
were generated so as to ensure that the designed filters had good selectivity. However, the authors
did not give the reasons for the TZs. In [20], a pair of asymmetrical step impedance resonators was
applied to realize a dual band filter, then a half wavelength UIR was added below the transmission line
to achieve a triple band response. The coupling between these resonators and the input/output ports
bring out five TZs.

In this paper, a single-band and a dual-band BPFs are presented by using a stubs-loaded resonator.
New L-shaped feed lines are applied to suppress the unwanted second spurious frequency. Therefore, a
dual-band BPF with two passbands operated at 2.2GHz and 5.2GHz is constituted. Predicted frequency
responses are finally verified via measurement of the fabricated prototype filters on a substrate with a
thickness of 1.27mm and dielectric constant of 10.8.

2. THEORETICAL ANALYSIS

As shown in Figure 1, the proposed resonator can be considered as configured by loading a pair of
open-ended stubs, denoted by length l1 and width W1, at two symmetrical positions with respect to a
λg/2 UIR. Other two open-circuited stubs with different lengths l2 and l3, and width W1 are added in
the middle of the UIR. Thus, a nonuniform transmission line resonator is formed.

Figure 1. Non-uniform transmission line resonator.

In Figure 2, a short length of high-impedance (Zc) lossless line is represented by a π-equivalent
circuit. For a propagation constant β = 2π/λg of the short line, the circuit parameters are given by [17]
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which can be obtained by equating the ABCD parameters of the two circuits, here λg is the guided
wavelength, and Zc is the characteristic impedance.

At the open end of a stub with a width of W1, the fields do not stop abruptly but extend slightly
further because of the effect of fringing field. This effect can be modeled with an equivalent shunt
capacitance Ci or with an equivalent length of transmission line li, as shown in Figure 3. The relation
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Figure 2. High-impedance short-line element.

(a) (b)

Figure 3. Stub element.

between the two equivalent parameters may be found by [17]

li =
cZcCi√

εre
(2)

c is the light speed in vacuum, and εre is the effective relative permittivity.
On the basis of Figure 2 and Figure 3, the equivalent circuit of Figure 1 can be represented

by Figure 4 when the resonator is loosely coupled with I/O ports by C = 0.01 pF. The structural
dimensions of the resonator can be obtained from Eqs. (1) and (2). To investigate the characteristic of
the resonator, it is analyzed by ADS on a substrate with a thickness of 1.27mm and a dielectric constant
of 10.8. Figure 5 exhibits the amplitude of S21 for the equivalent circuit when C ′ and L′ are set to 0.2 pF
and 3.27 nH, respectively. It can be observed from Figure 5 that an additional TZ appears. It stems
from the added stubs at the symmetrical position. Moreover, the TZ tends to shift from 4.1GHz to
3.6GHz and 3.2GHz as C1 increases from 1.2 pF to 1.4 pF and 1.6 pF under C2 = 2.1 pF, C3 = 2.8 pF,
corresponding to l1 which rises from 7mm to 8mm and 9mm when l2 and l3 are fixed to 12mm and
16mm in Figure 1 according to formulas (1) and (2).
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Figure 4. Lumped-parameter equivalent circuit of Figure 1.

Figure 6 plots the simulated |S21| of equivalent circuit of Figure 4 with different lengths l2 and
l3. The third mode location, shown in Figure 6(a), is basically pushed up as l2 decreases from 12mm
to 11mm and 10mm when l1 = 8mm and l3 = 16mm are kept unchanged. Similarly, as depicted in
Figure 6(b), the first mode now tends to shift to the lower frequencies as l3 increases from 16mm to
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Figure 5. Simulated |S21| of the proposed resonator with different lengths of l1 when l2 and l3 set to
be 12mm and 16mm.

(a) (b)

Figure 6. Simulated |S21|. (a) Different lengths of l2 with fixed l1 = 8mm and l3 = 16mm. (b)
Different lengths of l3 with fixed l1 = 8mm and l2 = 12mm.

18mm and 20mm under the fixed l1 = 8mm and l2 = 12mm. It means that we can easily adjust the
bandwidth by adjusting the length of the stubs loaded in the center.

3. FILTER DESIGN AND IMPLEMENTATION

As previously mentioned, the overall length of the UIR roughly is equal to λg/2 at the desired center
frequency. It can be estimated by

4l4 (mm) =
300

fo (GHz)
√
εre

(3)

By introducing two parallel-coupled-lines at the two sides of the resonator in Figure 1, a BPF is
constructed, and the layout with detailed dimensions is illustrated in Figure 7(a).

Figure 7(b) shows the simulated and measured results. The simulation is carried out by ADS.
The two sets of results show good agreement with each other. A slight deviation may be due to
the unexpected tolerance in fabrication, SMA connectors and inaccurate substrate characterization.
The passband centered at 2.2GHz is achieved with a fractional bandwidth of 8.6%, showing that the
measured maximal in-band insertion loss is 2.1 dB, and minimum in-band return loss is 24.0 dB. There
are two TZs at 2.35 and 3.62GHz, and a passband is located at the second harmonic frequency of
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Figure 7. (a) Layout of the proposed single-pass-band BPF. (b) Comparison between simulated and
measured results. (c) The snapshot and measurement setup exported from R&S VNA.

l

Figure 8. L-folded coupled-line section.

4.4GHz. Figure 7(c) shows the snapshot and measurement setup exported from ROHDE&SCHWARZ
ZNB40 vector network analyzer (R&S VNA). In order to realize dual-band response with second
harmonic suppression, an L-type coupled line structure is applied, shown as in Figure 8. This L-
type coupled line is utilized to realize two-paths external coupling and thereby generate additional TZs.
Meanwhile, it can also be used to shift the position of the second harmonic passband so as to realize dual
passbands. Figure 9(a) shows the simulated and measured responses of this L-type coupled lines dual-
band BPF when all dimensions of the resonator are kept unchanged, and only the value of l = 2mm is
gradually tuned so that the additional TZ can be adjusted to the desired frequency location. Then, the
dual-band BPF, embedded in Figure 9(a), is fabricated. Figure 9(b) is the snapshot and measurement
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Figure 9. (a) Simulated and measured responses with the photograph of the fabricated dual-band
BPF. (b) The snapshot and measurement setup exported from R&S VNA.

setup exported from R&S VNA.
The measured insertion/return losses at 2.2 and 5.2GHz are 1.31/2.34 dB and 13.5/22.2 dB. As

described above, two finite TZs appear at 2.3 and 3.1GHz at the right side of the 1st passband mainly
due to the added stubs. For the 2nd passband, a pair of finite TZs can also be produced at 5.0 and
5.7GHz via cross coupling, and these two TZs are attributed to the out-of-phase signal interference
between the mainline coupling path and cross couplings, so as to get the high rejection skirts. The
three TZs between the two passbands ensure that the dual-band has excellent passband-to-passband
isolation characteristic. The overall circuit area excluding two feeding ports is 16.0mm × 19.1mm,
0.39λg × 0.46λg, where λg is the guided wavelengths at f I

0 = 2.2GHz. Finally, the comparisons between
the proposed dual-band BPF and other typical dual-band BPFs are shown in Table 1. It can be seen
that the presented one has the maximum TZs and good out-of-band rejection. Moreover, the design
method and structure are simple, which is suitable for engineering application.

Table 1. Performance comparison with other reported dual-band BPFs.

Reference Center frequency (GHz) S21 (dB) Number of TZs Size (λg × λg)

[13] 1.8/2.4 1.02/1.2 1 0.21× 0.51

[15] 1.8/2.4 1.0/1.1 3 0.20× 0.23

[16] 2.34/5.18 1.37/1.23 3 0.30× 0.33

This work 2.2/5.2 1.31/2.34 4 0.39× 0.46

4. CONCLUSION

In this letter, a simple and effective design method for single-band and dual-band filter has been
presented. Firstly, a single-band BPF is designed by introducing a stubs-loaded resonator. After
detailed optimal design, measured results of the fabricated filter have exhibited excellent passband
performances. But unfortunately, there exist spurious passband at twice the center frequency. Thus,
we propose an L-type coupling line in I/O ports. This coupling structure produces additional TZs to
ensure good isolation between the two passbands, and meanwhile one pair of TZs at both sides of the
second passband improves the passband selectivity performance. On the other hand, it also moves the
position of the second harmonic to 5.2GHz. Measured results of the fabricated filters have exhibited
excellent performances as described in the analysis.
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