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Abstract—In this paper, we present a new class of miniaturized
microstrip bandpass filters with low-insertion loss, sharp-rejection and
narrow-band performance. The proposed filters are composed of
two spiral-shaped resonators and rectangle window feed structures.
Both back-to-back and interdigital combinations of the resonators
are adopted to obtain the miniaturized filter size. Compared to the
traditional square loop bandpass filter, the sizes are reduced by 82%
and 80%. It is also found that there is a pair of transmission zeros
located on each side of the passbands, resulting in high selectivity.
To validate the proposed idea, two demonstration filters with back-to-
back and interdigital spiral-shaped resonators are implemented. The
measured results exhibit good agreement with the full-wave simulation
results.

1. INTRODUCTION

As one of the most important components in wireless communication
system, bandpass filter with low cost and high performance are highly
desired [1–4]. Since most mobile devices become smaller and leave
limited space for the placement of the filters, it is of importance to
miniaturize the required filter size. Recently, much research work on
miniaturized microstrip bandpass filter has been performed and various
kinds of resonators have be presented [5–15]. Among them, dual-mode
resonators are most widely used in the miniaturized filters designs [5–
11]. In [5–8], square loop resonators with different loaded structures
such as capacitive open-loop arms [5], distributed capacitors [6], tree-
shaped patches [7] and slow-wave open loop arms [8] are utilized to
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obtain size reduction. In [9], the authors present the perturbed dual-
mode ring resonators to miniaturize the areas. Slotted patch [10, 11]
is another choice to reduce the fundamental resonant frequency with
the same dimensions. However, some dual-mode filters proposed
above occupy still a fairly large circuit area. On the other hand,
compact microstrip resonant cell (CMRC) structure [12], stepped-
impedance ring [13], capacitive-loaded open loop [14] and meander
loop resonators [15] are also proposed to design small-sized bandpass
filters.

In this paper, we present a new class of miniaturized microstrip
bandpass filters with low-insertion, sharp-rejection and narrow-band
performance. The two proposed filters are both composed of rectangle
window feed structures and two spiral-shaped resonators. The back-
to-back and interdigital combinations of the resonators are utilized
to obtain the size reduction, which are only about 18% and 20%
of the traditional square loop bandpass filter [16], respectively. The
novel rectangle window feed structures are introduced to provide cross
coupling scheme between source/load and resonators. It is found that
the two proposed filters generate a pair of transmission zeros, which
locate at each side of the passbands, resulting in high selectivity. To
validate the proposed idea, filter A with back-to-back spiral-shaped
resonators and filter B with interdigital spiral-shaped resonators are
implemented in the following sections. The measured results exhibit
good agreement with the full-wave simulation results.

2. MINIATURIZED BANDPASS FILTER A WITH
BACK-TO-BACK SPIRAL-SHAPED RESONATORS

In this section, miniaturized bandpass filter A with back-to-back spiral-
shaped resonators is designed. The configuration of the proposed filter
A is shown in Fig. 1. It consists of rectangle window feed structure
and two spiral-shaped resonators.

Figure 2 depicts the procedure to obtain the filter A.
Fig. 2(a) shows two conventional short-ended half-wavelength coupled
microstrip lines. I/O ports are directly connected to the other ends of
the lines. At the operation frequency, electromagnetic field along the
line exhibits standing wave. Then, these two short-ended microstrip
lines can be regarded as two shalf-wavelength resonators with series
resonant responses [17].

By folding the lines, two back-to-back spiral-shaped half-
wavelength resonators can be obtained as shown in Fig. 2(b). At
the end of the spirals, there are two metalized vias connected to the
ground. It is found that the coupling between these two resonators is
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Figure 1. Configuration
of the proposed filter A.
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Figure 2. (a) Conventional half-
wavelength coupled microstrip lines, (b)
meandered half-wavelength coupled mi-
crostrip lines, (c) structure of the pro-
posed filter A.
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Figure 3. Simulated S-
parameters of the proposed filter
A with and without window.
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Figure 4. Feed and coupling
scheme of the proposed filter A.

weak due to the limitation of the small coupling region. Therefore, a
rectangle window feed structure is employed to provide the novel feed
and coupling scheme. Combining the window feed structure and two
back-to-back spiral-shaped resonators together, the proposed filter A
is obtained as shown in Fig. 2(c). There locate two shared ground
vias at the centers of the rectangle window, which not only provide
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the isolation of the out-of-band frequencies between I/O ports, but
also control the strength of the source-load coupling [18]. To validate
the effect of the novel feed structure, the simulation results with and
without the window are compared in Fig. 3.

The proposed feed and coupling scheme is illustrated in Fig. 4.
The black nodes represent spiral-shaped resonators and the hollow
ones represent the source or load. MS2 and M1L denote the
coupling coefficients between source/load and spiral-shaped resonators,
respectively. And M12 represents the coupling coefficient between
the back-to-back spiral-shaped resonators, while MSL denotes the
source-load coupling. The operation frequency is determined by
the electrical length of the spiral-shaped resonators. The coupling
coefficients between the resonators and source/load can be easily
tuned to the desired value by changing the widths of the microstrip
lines and the gaps between them. Source-load coupling can also be
tuned by changing ground via diameter of the window, which controls
the magnetic coupling strength [18]. Fig. 5 shows the simulated S
parameters under different ground via diameter, the transmission zeros
can be adjusted effectively due to changed source-load coupling.

To validate the previous analysis, an experimental filter is
designed. The proposed filter A is fabricated on the substrate with
a relative dielectric constant of 2.33 and thickness of 0.787 mm. The
dimensions are determined as follows: L1 = 30 mm, L2 = 12 mm,
W1 = 0.65mm, W2 = 0.3mm, W3 = 1.6mm, W4 = 2.3mm,
g1 = 0.7mm, g2 = 3.75mm, D1 = 0.9mm, D2 = 0.9 mm. The
photograph of the fabricated filter A is shown in Fig. 6.
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Figure 5. Simulated S-
parameters of the proposed
filter A under different ground
via of the window.

 

Figure 6. Photograph of the
fabricated filter A.
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Figure 7. Simulated and mea-
sured S-parameters of the pro-
posed filter A.

Figure 8. Configuration of the
proposed filter B.

The simulation of this design is accomplished by using Ansoft
designer. The fabricated prototype is measured by an Agilent 8753ES
network analyzer. Fig. 7 depicts the simulated and measured results,
which show good agreement. The passband is centered at 1.27GHz
with the 3 dB bandwidth from 1.21 GHz to 1.33 GHz, featuring the
fractional bandwidth of 9.4%. The insertion loss, including the loss
from SMA connectors, is measured to be 1.0 dB. Two transmission
zeros on the both sides of the passband are located at 0.86 GHz and
1.47GHz, resulting in high selectivity. The total circuit size is only
0.167λg × 0.0667λg with the size reduction of 82% as compared to the
traditional square loop bandpass filter [16].

3. MINIATURIZED BANDPASS FILTER B WITH
INTERDIGITAL SPIRAL-SHAPED RESONATORS

In this section, another miniaturized bandpass filter B with the similar
feed and coupling scheme is presented. The proposed filter B is also
composed of rectangle window feed structure and two spiral-shaped
resonators, which are realized to reduce the circuit size. However, the
combination of the two resonators is quite different from the proposed
filter A. The configuration of the proposed filter B is illustrated in
Fig. 8. Interdigital coupling is used between the two spiral-shaped
resonators. Furthermore, the common ground via at the center of
the spirals provide magnetic coupling between the two resonators [18].
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The window feed structure with two shared ground vias at its corners
is located outside. To validate the effect of the novel feed structure, the
simulation results with and with the window are compared in Fig. 9.

The feed and coupling scheme of the proposed filter B is the
similar to that of the proposed filter A shown in Fig. 4. Here, coupling
coefficients MS2 and M1L are determined by the microstrip line width
W5 and the gap g3, M12 is related to W5 and the gap g4 as well as the
dimensions of the ground via.

A demonstration filter B is also implemented. The experimental
filter is also fabricated on the substrate with a relative dielectric
constant of 2.33 and thickness of 0.787mm. The dimensions are as
follows: L3 = 19.8, W5 = 0.8mm, g3 = 1.2 mm, g4 = 0.7mm,

 without window
 with window

S11

S21

0.0 0.5 1.0 1.5 2.0
-70

-60

-50

-40

-30

-20

-10

M
ag

n
it

u
d
e 

(d
B

)

Frequency (GHz)

0

Figure 9. Simulated S-
parameters of the proposed filter
B with and without window.

 

Figure 10. Photograph of the
fabricated filter B.
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Figure 11. Simulated S-parameters of the proposed filter B with and
without window.
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D3 = 0.9mm. The photograph of the fabricated filter B is shown
in Fig. 10.

The simulation of this design is accomplished by using Ansoft
designer. The fabricated prototype is also measured by an Agilent
8753ES network analyzer. Fig. 11 depicts the simulated and measured
results, which show good agreement. Center at 1.25 GHz, the passband
has 3 dB bandwidth of 160M or 12.7%. The measured insertion loss,
including the loss from SMA connectors, is only to be 0.55 dB. Two
transmission zeros on the both sides of the passband are located at
0.94GHz and 1.66 GHz, resulting in high selectivity. The total circuit
size of the proposed filter B is only 0.11λg × 0.11λg with the size
reduction of 80% as compared to the traditional square loop bandpass
filter [16].

4. CONCLUSION

In this paper, a new class of miniaturized microstrip bandpass filters
with low-insertion loss, sharp- rejection and narrow-band performance
is presented. The proposed filters are composed of window feed
structure and two spiral-shaped resonators, which are used to reduce
the overall circuit sizes. The novel rectangle window feed structures are
introduced to provide novel cross coupling scheme between source/load
and resonators. Two experimental filters using back-to-back and
interdigital combination of the resonators are implemented. The
measured results show that the circuit sizes of the designed filters are
only about 18% and 20% of the traditional square loop bandpass filter.
It is also found that there is a pair of transmission zeros located at
each side of the passbands, resulting in high selectivity. The proposed
filters are simple in structure and easy to fabricate. They will be very
useful in wireless communication systems due to their low-insertion
loss, sharp-rejection and narrow-band performance.
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