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ABSTRACT: A miniaturized microstrip cross-coupling bandpass filter
using new stepped impedance resonators (SIRs) with simultaneous sup-
pression of the 2nd harmonic passband response is presented. Four im-
proved and miniaturized SIRs constitute the compact filter, which exhib-
its a sharp transition band due to two transmission zeros at both sides

of the passband. Two quarter-wavelength open-ended stub resonators
are applied to provide extra transmission zeros for suppressing the 2nd
harmonic passband. A bandpass filter with a center frequency at 2.5
GHz was designed and fabricated, of which experimental results vali-
dated the proposed filter design. © 2008 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 50: 1270–1273, 2008; Published online in
Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
23343
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1. INTRODUCTION

In modern wireless communication systems, high-selectivity
small-size microstrip bandpass filters with excellent out-of-band
rejections are required to enhance the system performance and
reduce the fabrication cost. To obtain a sharp transition band, one
effective method is to introduce two transmission zeros and locate
them at either side of the passband, respectively. Cross-coupled
configurations, which exhibit elliptic function-like responses [1],
are suitable and commonly applied.

Conventional microstrip bandpass filters are designed with
half-wavelength or quarter-wavelength resonators. To reduce filter
size, cross-coupled filters using folded half-wavelength hairpin
resonators were developed [2]. Stepped impedance resonators have
attracted much attention due to their controllable first spurious
passband [3, 4]. With modified stepped impedance hairpin reso-
nators, those microstrip filters were more compact and had better
stopband extensions [5].

The planar bandpass filters made of resonators inherently have
the spurious passbands at multiple of the center frequency, which
limit the upper stopbands. Many methods have been proposed to
solve the problem, such as providing different electric length for
even and odd modes [6], using uniplanar compact electric band-
gap (EBG) structure [7] or defected ground structure (DGS) [8],
creating transmission zeros by open-ended stub resonators [9], and
so on.

In this letter, we propose a novel miniaturized microstrip filter
structure that is suitable for realizing the high selectivity and
suppressing the 2nd harmonic passband. In the design, four im-
proved folded half-wavelength hairpin SIRs are placed as a two-
by-two array to achieve the cross-coupling. Therefore, the cross-
coupled capacitance is introduced directly between two adjacent
resonators with two transmission zeros introduced. In addition,
two quarter-wavelength open-ended stubs are attached at the edges
of the resonators in the main-coupling path. One extra transmission
zero is introduced at the first harmonic frequency. A compact
high-selectivity bandpass filter at 2.5 GHz with harmonic suppres-
sion is optimally designed, fabricated, and measured.

2. RESONATOR AND FILTER DESIGN

Figure 1 shows layout of the proposed filter. Four symmetric basic
resonators are placed oppositely to each other and form a four-
square contour. Tapped-line input/output ports are connected to
two resonators, in which the distance between the feed point and
the resonator center is Lc. The resonator consists of two triangular
patches connected to both ends of a high impedance microstrip line
section, which is bent three times to reduce circuit area. The
resonator is an improved variation of the SIR with square-shape as
well. The main coupling principle is identical to the hairpin SIR’s.
The SIR section is used in each element, of which the size is
adjustable with the relevant impedance ratio [10].

Figure 2 shows the equivalent circuit of the proposed filter. In
each resonator, the distributed inductance L1 and L2 are formed by
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meandered high impedance microstrip line, and one pair of low
impedance triangular patches provides distributed capacitance C3

to ground. Meanwhile, inside each resonator the coupling capac-
itance C2, which makes the resonant frequency lower, is formed
from the gap S2 between those two triangular capacitive patches.
On the other hand, the coupling capacitance C1 between resonators
is formed by the adjacent pairs of patches belonging to two
neighboring resonators with gap S1. Thus, two transmission zeros
closed to the passband are created based on the cross-coupling
mechanism. An elliptic function-like frequency response is ob-
tained in the bandpass filter. It must be mentioned that the posi-
tions of the input/output tapped lines affect the frequencies of
those two transmission zeros. Therefore, the bandwidth of pass-
band can be adjusted to realize the high selectivity by properly
choosing the length Lc. On the other hand, the decrease of the gap
S1 between two adjacent resonators enhances coupling capacitance
and increases bandwidth.

A bandpass filter has been designed by the proposed method at
the fundamental resonant frequency of 2.5 GHz. It is fabricated on
a 1-mm thick substrate with a relative dielectric constant of 2.65.
The whole filter occupies 18 mm � 18 mm. The width W0 of feed
lines is 2.73 mm to make the characteristic impedance equal to 50
�. Other dimensions of the bandpass filter are as following: tapped
line length Ls � 4 mm; width W � 0.9 mm, and length L � 7.65
mm for high impedance segments, and Lg � 4.7 mm for low

impedance segments; the coupling gaps S1 � 0.4 mm and S2 � 0.5
mm; the feed position offset from the resonator vertex Lc � 2 mm.

The simulation was accomplished with an electromagnetic sim-
ulator based on the finite element method. Measurements were
carried out on an Agilent E8362B vector network analyzer. As
shown in Figure 3, the measured results are consistent with the
simulated results. At the center frequency 2.5 GHz, the fabricated
filter has a narrow passband and exhibits a sharp transition band.
Two transmission zeros closed to the passband have been realized
at 2.28 and 2.66 GHz, respectively. The 3-dB bandwidth is about
5%. However, there is an unwanted harmonic passband at 6.6
GHz.

3. HARMONIC SUPPRESION

The 2nd harmonic passband at 6.6 GHz of the fabricated filter can
be suppressed to obtain a desirable upper stopband attenuation
characteristic. Quarter-wavelength open-ended stub resonators,
which create transmission zeros at relevant resonant frequencies
[11], are applied to suppress the harmonic. In this letter, two
transmission zeros are tuned around the 2nd harmonic frequency
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Figure 1 Layout of the novel bandpass filter using proposed resonators
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Figure 3 Simulated and measured frequency responses of the bandpass
filter
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by adjusting the stub lengths. Figure 4 shows the layout of the
improved bandpass filter. Two microstrip stubs are placed at the
vertexes of resonators connecting the feed lines and are bent to
obtain a more compact structure. There is no additional complexity
in fabrication for the improved bandpass filter.

With the above design dimensions and substrate material in
Section 2, a new filter is fabricated with two open-end stubs
connected to input/output resonators, as shown in Figure 5. An
open-ended stub, which is about quarter wavelength length at the
harmonic frequency 6.6 GHz, is attached to the top-left resonator;
another one, which is about quarter wavelength at 7.2 GHz, is
attached to the bottom-right resonator. The length of the stubs are
La � 8.4 mm, Lb � 7.4 mm, respectively, and the width is W � 0.9
mm. As a result, the whole filter occupies 18 mm � 22 mm, which
is only slightly larger than previous bandpass filter.

Figure 6 shows the simulated and measured frequency re-
sponses of the filter. The measured results show that the 2nd
harmonic passband is suppressed below �27 dB and the stopband
with more than 25 dB attenuation is extended to 8.2 GHz. There is
no noticeable change in the main passband of the bandpass filter.
As shown in Figure 7, the filter has a 3-dB bandwidth of 5.2%
approximately. Two transmission zeros closed to the passband
have been realized at 2.33 and 2.72 GHz with the attenuations
higher than 40 dB. Additionally, the third and fourth transmission

zeros are possibly located at 5.7 and 6.7 GHz, respectively, with
attenuations higher than 45 dB. The passband insertion loss is
about 1.6 dB from 2.46 to 2.55 GHz. Miniaturization of resonators
is usually accompanied with increase of insertion losses [12]. The
effects of the conductor loss, the dielectric loss, and the microstrip
to coaxial line transition have not been fully modeled in simula-
tions, which lead to higher insertion loss in measurements.

4. CONCLUSION

A miniaturized cross-coupled microstrip bandpass filter using
novel stepped impedance resonators with desirable upper stopband
characteristic is presented. The proposed resonator is compact and
exhibits favorable electrical characteristics. A sharp transition
band is achieved from the cross-coupled configuration. Moreover,
the harmonic suppression is obtained using two stub resonators.
The passband filter is designed at center frequency 2.5 GHz. Good
agreements between simulated and measured results are achieved.
The proposed method is suitable for realizations of compact high-
selectivity microstrip bandpass filters.
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ABSTRACT: A multiband monopole slot chip antenna surface-mount-
able on the system circuit board of the mobile phone is presented. The
antenna comprises two monopole slots of different lengths, which are
folded and attached onto a foam base in the study. With a compact vol-
ume of 30 � 10 � 8 mm3 (2.4 cm3), the antenna can generate a lower
band at about 900 MHz to cover GSM operation and a very wide upper
band (bandwidth �1 GHz) to cover DCS/PCS/UMTS operation and 2.4
GHz WLAN operation. It is also promising to use a ceramic base of
relative permittivity 7.8 to replace the foam base of the antenna. In
this case, the antenna volume can be reduced to be 24 � 10 � 8
mm3 (1.92 cm3) only, yet still capable of covering GSM/DCS/PCS/
UMTS quad-band operation. The proposed antenna is studied, and
obtained results are presented and discussed. © 2008 Wiley Periodi-
cals, Inc. Microwave Opt Technol Lett 50: 1273–1279, 2008;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.23342

Key words: surface-mount chip antennas; internal mobile phone anten-
nas; monopole; slot antennas; quarter-wavelength slot antennas; multi-
band antennas

1. INTRODUCTION

In recent years, promising monopole chip antennas surface-mount-
able on the system circuit board for mobile phone applications
have been reported [1–7]. These monopole chip antennas mainly
comprise a dielectric base and metal strips printed on or embedded
within the base. The dielectric bases such as the ceramic, plastic,
and foam bases have been applied. For this kind of chip antennas,
the metal strips are the main resonant or radiating portion, and it is
usually not easy to achieve wide operating bandwidths at about
900 and 1800 MHz to cover multiband operation such as GSM
(890 � 960 MHz), DCS (1710 � 1880 MHz), PCS (1850 � 1990
MHz), and UMTS (1920 � 2170 MHz) for mobile communica-
tions [8]. In this article, we demonstrate a novel promising mono-
pole chip antenna using the monopole slot or quarter-wavelength

slot as the main resonant element, which is different from the
operating principle of the conventional monopole chip antenna
[1–7], to generate two wide operating bands at about 900 and 1800
MHz for multiband operation.

The monopole slot antenna is obtained by cutting the printed
slot at the edge of the ground plane [9–16]. With comparison to the
general slot antenna that is operated as a half-wavelength resonant
structure [17–20], the monopole slot antenna has an attractive
feature of compact in size for a fixed operating frequency. The
promising designs of the monopole slot antenna printed on the
system circuit board of the mobile phone for multiband mobile
communications have also been devised recently [14, 16]; they can
be printed either at the center portion [14] or the top portion [16]
of the system circuit board. When printed at the center portion, the
monopole slot antenna is easy to provide sufficient bandwidth and
efficiency to cover the multiband operation, because in this case
maximum coupling to the low-Q chassis dipole type resonance can
be obtained [14]. However, this design will also complicate the
circuit floor planning and signal line routing on the system circuit
board. When printed at the top portion, the reported monopole slot
antenna [16] occupies an area of 15 � 40 mm2 (6 cm2) on the
system circuit board and can cover the desired multiband opera-
tion.

In this study, the proposed surface-mount monopole slot chip
antenna is to be placed at the top portion of the system circuit
board. The antenna comprises two monopole slots of different
lengths, which are folded and attached onto a foam base of area
10 � 30 mm2 and height 8 mm. The proposed antenna thus
occupies a much smaller valuable board space than that of the
printed monopole slot antenna in [16] (3 cm2 vs. 6 cm2). More-
over, the proposed antenna also provides wide operating bands
covering GSM/DCS/PCS/UMTS and 2.4 GHz WLAN (2400 �
2484 MHz) operation. Detailed design considerations of the an-
tenna are described in the article, and results for the constructed
prototype with a foam base are presented. Effects of various
parameters on the antenna performances are analyzed. The prom-
ising design of using a ceramic base of relative permittivity 7.8 to
replace the foam base of the antenna is also discussed. In this case,
the occupied area of the monopole slot chip antenna on the system
circuit board can be further reduced.

2. DESIGN CONSIDERATIONS OF PROPOSED ANTENNA

Figure 1(a) shows the geometry of the proposed surface-mount
monopole slot chip antenna for the mobile phone. The antenna is
to be surface-mounted at the top no-ground region (size 10 � 40
mm2) of the system circuit board, which can reduce the packaging
cost of the mobile phone. In the study, a 0.8-mm thick FR4
substrate of size 90 � 40 mm2 is used to be considered as the
system circuit board. On the front side of the circuit board, there is
a printed ground plane of length 80 mm and width 40 mm. These
dimensions are reasonable for practical mobile phones. Notice that
when the antenna is mounted at the no-ground region, the antenna
is grounded to the top edge of the ground plane at point A (the
grounding point). The antenna does not occupy the whole no-
ground region. It is to be flushed to the left edge of the circuit
board, thus leaving an unoccupied area of 10 � 10 mm2, which
can be used to accommodate the associated electronic components
such as the speaker, the lens of the embedded digital camera [21,
22], etc.

The antenna with its metal pattern folded and attached on the
surfaces of a foam base (size 30 � 10 � 8 mm3), whose relative
permittivity is about that of air, is first studied. From the unfolded
metal pattern shown in Figure 1(b), the antenna can be considered
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