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Abstract—In this paper, we present a novel class of microstrip
bandpass filters with improved upper rejection band. The proposed
filters are composed of two half-wavelength resonators and two short-
ended microstrip feed lines for input and output. Using voltage-
wave analysis, we examine the resonance and coupling properties at
harmonic frequencies. It is found that different combinations of the
feed line and the resonator with proper selection of the coupling regions
can suppress spurious responses. Benefiting from this approach, two
single-band and one dual-band bandpass filters are designed, fabricated
and measured. Simulated and measured results indicate that the upper
rejection bands of the proposed filters are increased up to near third-
and fifth-order harmonics, respectively. And the rejection level during
the stop-bands is more than 20 dB.

1. INTRODUCTION

Microstrip bandpass filter is one of the most important components in
wireless communication systems [1–3]. Unfortunately, without special
measures, most of the microstrip BPFs exhibit harmonic responses
degrading the system performance. To overcome this problem,
various methods have been presented in the past [4–20]. Among
them, modification and perturbation to the width of the coupled-line
resonators are the most widely used approach to suppress the spurious
response [4–7]. However, these filter designs only focus on the second
harmonic suppression. To obtain wide-stopband, stepped-impedance
resonators (SIRs) are proposed [11–16]. In [11–15], SIRs with high
frequency ratios and proper tapping locations are utilized to obtain
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wide-stopband. In [16], a combination of different SIR structures
with the same fundamental resonance frequency but diverse spurious
resonances is adopted for spurious-suppressed BPFs.

Recently, the authors have presented a new method to design
harmonic-suppressed bandpass filters [17]. We combined open- and
short-ended resonators together and chose the proper coupling region
between them for spurious suppression. In [18, 19], an extended
research of the proposed special coupling region is analyzed. The
combination of open-ended resonators is employed to suppress the
second harmonic. Based on our further investigation, coupling
characteristics between the short-ended feed line and the resonator
are studied. It is found that special coupling region not only between
resonators, but also between feed line and resonator can be used to
suppress the harmonic. This property provides more convenience to
employ different resonators for harmonic-suppressed filter designs.

In this paper, we present a novel class of microstrip bandpass
filters with improved upper rejection level. The proposed filters are
both composed of two half-wavelength resonators and two-shorted
feed lines for I/O ports. Using voltage-wave analysis, the coupling
properties between the resonator and the feed line are examined. It
is found that different combinations of the feed line and the resonator
with proper selection of the coupling regions can suppress spurious
responses. Loading resistor or capacitor at the center of the half-
wavelength resonator, both single- and dual-band responses with
harmonic suppression can be obtained. Three demonstration filters are
implemented to validate the proposed idea. Simulated and measured
results indicate that the upper rejection bands of the proposed filters
are increased up to near third- and fifth-order harmonics, respectively.
And the rejection level during the stop-bands is more than 20 dB.

2. COUPLING PROPERTIES BETWEEN THE HALF-
WAVELENGTH RESONATOR AND THE FEED LINE

As discussed in [20], the coupling coefficient between coupled structures
can be defined on the basis of the ratio of coupled energy to stored
energy, i.e., for equations,

k = ke + km (1a)

where,

ke =
∫ ∫ ∫

ε ~E1
~E2dv√∫ ∫ ∫

ε| ~E1|2dv × ∫ ∫ ∫
ε| ~E2|2dv

(1b)
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km =
∫ ∫ ∫

µ ~H1
~H2dv√∫ ∫ ∫

µ| ~H1|2dv × ∫ ∫ ∫
µ| ~H2|2dv

(1c)

Here ke and km represent the electric and magnetic coupling
coefficients, respectively. And ~E1, ~E2, ~H1 and ~H2 are the electric and
magnetic field vectors of two coupling elements. The volume integrals
are over all effected regions with permittivity of ε and permeability of
µ.

Based on the transmission line theory, the dominant mode can
be regarded as quasi-TEM. Then, electromagnetic field associated
with the transmission line can be simplified to voltage- and current-
wave functions. For parallel coupled microstrip lines, Equations (1b)
and (1c) are changed to

ke = Pe ×
∫

V1(l)V2(l)dl√∫ |V1(l)|2dl × ∫ |V2(l)|2dl
(2a)

km = Pm ×
∫

I1(l)I2(l)dl√∫ |I1(l)|2dl × ∫ |I2(l)|2dl
(2b)

where Pe and Pm are constants and V1, V2, I1 and I2 are the voltage-
and current-wave functions along the coupled lines. And the limit of
the line integrals is just the coupling region between two coupled lines.

In [17], the authors have discussed that trigonometric functions
can be used to express the voltage-wave function along the open- and
short-ended microstrip line resonators. Then, the normalized voltage
at the second harmonic of the proposed resonator, shown in Fig. 1(a),
can be expressed as

V1 = cos 2β0l l ∈ [0, L] (3)

β0 is the propagation constant at the fundamental resonant frequency.
As presented in [21], the voltage- and current-wave functions along

the open-ended feed line can also expressed by trigonometric functions.
Therefore, with different terminal condition, voltage-wave function
along the short-ended feed line at the second harmonic is given by

V2 = sin
[
−2β0

(
l − 1

2
L

)]
l ∈

[
1
2
L,L

]
(4)

In the same manner, the normalized voltage at the third harmonic
of the proposed resonator is

V3 = cos 3β0l l ∈ [0, L] (5)
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(a) (b)

Figure 1. Normalized voltage wave along the proposed resonator and
the short-ended feed line. (a) The second harmonic. (b) The third
harmonic.

And the voltage-wave function along the short-ended feed line at
the third harmonic is given by

V3 = sin
[
−3β0

(
l − 2

3
L

)]
l ∈

[
2
3
L,L

]
(6)

The curves of the Equations (5) and (6) are shown in Fig. 1(b).
Based on the analysis above, a special coupling region can be

employed to suppress the second harmonic as shown in Fig. 1(a). It is
from AA′ to CC ′, with respect to the symmetry line BB′. It is easily
observed that V1 (l) is an odd function and V2 (l) is an even function
with respect to the symmetry line BB′. Thus, the electrical coupling
coefficient is

ke = Pe ×
∫ L

L
2

V1(l)V2(l)dl
√∫ L

L
2
|V1(l)|2dl × ∫ L

L
2
|V2(l)|2dl

= 0 (7)

As the integrand is an odd function, it yields a zero value upon
integration. Similarly, the magnetic coupling coefficient is

km = 0 (8)

Thus, the total coupling coefficient is

k = ke + km = 0 (9)

The coupling coefficient k of the second harmonic is zero, which
also means that the RF signal at the second harmonic cannot be
transmitted through the special coupled lines. Similarly, another
special region can be adopted to suppress the third harmonic. As
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shown in Fig. 1(b), the selected coupling region is from DD′ to FF ′
with respect to the symmetry line BB′. This indicates that the RF
signal at the third harmonic can not be transmitted through the special
coupling region.

3. FILTER DESIGN

3.1. Bandpass Filter with Second Harmonic Suppression

Based on the analysis above, a bandpass filter with second harmonic
suppression is designed in this section. The configuration of the
proposed filter is illustrated in Fig. 2. It consists of two folded
microstrip half-wavelength resonators and two short-ended feed lines.
Two shorting vias are located at the terminals of the microstrip feed
lines. The first special coupling region shown in Fig. 1(a) is employed
in this structure to suppress the second harmonics.

The experimental filter is fabricated on the substrate with a
relative dielectric constant εr = 2.33 and total thickness of 0.787 mm.
The dimensions are shown as follows: L1 = 12 mm, L2 = 10 mm, L3 =
9mm, W1 = 0.5mm, W2 = 2.3mm, g1 = 0.2 mm. The photograph of
the proposed filter is shown in Fig. 3. The simulation of this design
was accomplished by using Ansoft HFSS. The fabricated prototype was
measured by a ROHDE & SCHWARZ ZVA 50 network analyzer. The
simulated and measured results are compared in Fig. 4, which shows a
good agreement. The center frequency of the passband is measured at

Figure 2. Configuration of
the proposed filter with second
harmonic suppression.

Figure 3. The photograph of
the proposed filter with second
harmonic suppression.
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Figure 4. Simulated and mea-
sured S parameters of the pro-
posed filter with second harmonic
suppression.

Figure 5. Configuration of the
proposed filter with second, third
and fourth harmonic suppression.

2.6GHz against the simulated result of 2.5 GHz. The 3-dB bandwidth
is from 2.52 GHz and 2.70 GHz, making the fractional bandwidth of
7%. The insertion loss, including the loss from subminiature A (SMA)
connectors, is 2.4 dB compared to the simulated loss of 2.5 dB. As
predicted, the second harmonic is suppressed by the special coupling
region. The measured upper rejection band is increased up to near
third-order harmonic and the rejection level during the stop-band is
more than 20 dB.

3.2. Bandpass Filter with Second, Third and Fourth
Harmonic Suppression

To improve the upper rejection band, another bandpass filter with
the second-, third- and fourth-order harmonics suppression is designed
in this section. The configuration of the proposed filter is shown in
Fig. 5. It consists of two centrally-loaded half-wavelength resonators
and two short-ended feed lines. The second special coupling region
as shown in Fig. 1(b) is adopted to suppress the third harmonic. As
discussed in [22], the second and fourth harmonics can be suppressed by
loading resistors with value of 33 Ω at the center of the half-wavelength
resonators. Therefore, upper rejection band is increased to near fifth-
order harmonic.

The experimental filter is also fabricated on the substrate with
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a relative dielectric constant εr = 2.33 and thickness of 0.787 mm.
The dimensions are shown as follows: L3 = 15mm, L4 = 15 mm,
L5 = 14 mm, W2 = 2.3mm, W3 = 0.5 mm, W4 = 0.5mm, g2 = 0.2mm,
g3 = 0.2 mm. The photograph of the proposed filter is illustrated in
Fig. 6.

The simulation of this design is accomplished by using Ansoft
HFSS. The fabricated prototype is measured by a ROHDE &
SCHWARZ ZVA 50 network analyzer. The simulated and measured
results are compared in Fig. 6. The center frequency of the passband
is measured at 2.5GHz. The 3-dB bandwidth is from 2.42GHz and
2.56GHz, making the fractional bandwidth of 5.6%. The insertion loss,
including the loss from subminiature A (SMA) connectors, is 2.4 dB
compared to the simulated loss of 1.3 dB, which can be attributed to
the metal loss, substrate loss and fabrication error. At high frequency,
some discrepancies are observed, which mainly due to the unexpected
fabrication tolerance. However, Fig. 7 shows that the measured upper
rejection band is increased up to fifth-order harmonic, and the rejection
level during the stop-band is more than 20 dB.

3.3. Dual-band Bandpass Filter with Harmonic Suppression

Replacing the centrally-loaded resistors by capacitors, a novel dual-
band bandpass filter can be designed as shown in Fig. 8. Based on
the analysis presented in [22], odd-mode resonant frequencies can be

Figure 6. The photograph of the
proposed filter with second, third
and fourth harmonic suppression.
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Figure 7. Simulated and mea-
sured S parameters of the pro-
posed filter with wide upper re-
jection band.
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Figure 8. Structure of the pro-
posed dual-band bandpass filter.

Figure 9. The locations of the
even-mode resonant frequencies.

expressed as

fodd = (2n− 1)f0 (10)

where n = 1, 2, 3, . . . , f0 is the fundamental frequency of the centrally-
loaded resonator. It is found that the loading capacitor has no impact
on the odd-mode resonant frequencies.

For the even-mode resonance, the input admittance is given by

Yin,even = jY

πCf + Y tan
(

π

2
· f

f0

)

Y − πCf · tan
(

π

2
· f

f0

) (11)

Thus, the resonance condition Yin,even = 0 becomes

k
f

f0
= tan

(
π

2
· f

f0

)
(12)

where,

k = −πCf

Y
(13)

By tuning the values of centrally-loaded capacitance C,
fundamental frequency f0, and characteristic admittance Y , even-
mode resonant frequencies can be controlled. As shown in Fig. 9,
the locations of the even-mode resonant frequencies can simply be
the intersections of the straight line kf/f0 and the tangent curve. It
is obvious that the fourth harmonic is shifted to near third one as
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Figure 10. Simulated results
against the centrally-loaded ca-
pacitance C.

Figure 11. The photograph of
the proposed dual-band bandpass
filter with harmonic suppression.

(a) (b)

Figure 12. (a) Wide- and (b) narrow-band simulated and measured
results of the proposed dual-band bandpass filter.

the value of centrally-loaded capacitor increases. Therefore, both the
third- and fourth-order harmonics can be suppressed due to the special
coupling region illustrated in Fig. 1(b). Simulated S parameters under
different centrally-loaded capacitance are shown in Fig. 10.

To validate the proposed idea, a prototype is also implemented.
The experimental filter is fabricated on the substrate with a relative
dielectric constant εr = 2.2 and thickness of 0.787mm. The dimensions
of the proposed dual-band filter are the same as them of the proposed
filter in Section 3.2. The value of the centrally-loaded capacitance is
2.2 pF. The photograph of the proposed dual-band filter is shown in
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Fig. 11.
The simulation of this design is accomplished by using Ansoft

Designer. The fabricated prototype is measured by a ROHDE &
SCHWARZ ZVA 50 network analyzer. Fig. 12 depicts the simulated
and measured results, which shows good agreement. The lower
passband is centered at 2.5GHz and has a fractional bandwidth
of 4.8%. The upper passband is centered at 3.05 GHz with a
fractional bandwidth of 5.6%. The insertion losses of two passbands,
including the loss from SMA connectors, are about 1.3 dB and 2.9 dB,
respectively. The upper rejection band is increased up to near fifth
harmonic and the rejection level is more than 20 dB.

4. CONCLUSION

In this paper, a novel class of microstrip bandpass filters with improved
upper rejection band is proposed. Based on the voltage-wave analysis,
we examine the coupling properties between the resonator and the
feed line. Two special coupling regions are adopted to suppress
the second and third harmonics, respectively. Using half-wavelength
resonators with and without centrally-loaded resistors or capacitors,
two single- band and one dual-band bandpass filters with improved
upper rejection band are designed, simulated and measured. The
simulated and measured results illustrate that the upper rejection
bands of the proposed filters are increased up to third- and fifth-order
harmonics, respectively. And the rejection level during the stop-bands
is more than 20 dB.
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