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A Two-Stage SIR Bandpass Filter With
an Ultra-Wide Upper Rejection Band

Ching-Luh Hsu and Jen-Tsai Kuo, Senior Member, IEEE

Abstract—Two-stage stepped-impedance resonator (SIR) filters
are designed to have a wide upper stopband. Two transmission
zeros are also created near the passband to form a quasi-elliptic re-
sponse. For a 20-dB rejection level, with properly designed SIR ge-
ometry and tapped-line structure, the leading three spurious reso-
nances of the SIR are suppressed by transmission zeros and respec-
tive unmatched singly loaded ( ) values. Measured results il-
lustrate that stopbands up to 8.4 and 5.3 times the design frequency
can be achieved for rejection levels of 20 and 30 dB, respectively.

Index Terms—Microstrip filter, rejection, stepped-impedance
resonator (SIR), tapped-line, upper stopband.

I. INTRODUCTION

PARALLEL-COUPLED microstrip bandpass filters (BPFs)
are known to have spurious responses which greatly deteri-

orate circuit performance in the upper rejection band. Recently,
many techniques [1]–[4] have been proposed to effectively sup-
press the second harmonic. As a result, the width of the upper
stopband can be doubled. The odd-order harmonics, however,
still arise due to the distributive nature of transmission line net-
works. Recently, the “wiggly-line” sections [5] are designed for
multispurious suppression. In addition, the idea of overcoupling
[2] is extended in [6] to construct BPFs with an upper stopband
up to five times the passband frequency.

Stepped-impedance resonators (SIRs) [7]–[11] are suitable to
design microstrip BPFs with good stopband performance. It is
because that the th resonance of an SIR can be tuned to a fre-
quency much higher than times the fundamental frequency

by adjusting the circuit geometry. For example, the mul-
tilayer structure in [8] is designed to implement BPFs with a
wide stopband. The filters in [9]–[11] also demonstrate a broad
rejection band.

In this letter, two second-order SIR BPFs are designed to have
wide upper stopbands with 20- or 30-dB rejection levels. For the
20-dB design, the SIR geometry and tapped input/output struc-
ture can be designed to simultaneously suppress the second, the
third, and the fourth resonances. If only the second resonance of
the SIR is concerned, a 30-dB rejection level can be achieved.
Both circuits feature simplicity and compactness since neither
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Fig. 1. Layout of the two-stage SIR BPF with tapped input/output.

extra transformer nor design with different SIRs is required. Ex-
periments are conducted to demonstrate the design.

II. FILTER DESIGN

Fig. 1 shows layout of the two-stage BPF. The circuit design
involves three parts: The SIR geometry, the distance , and
the tap position, or . The resonant conditions of the SIRs
are given as [8], [10]

(1)

(2)

where is called the impedance ratio. The gap space
is determined by the coefficient specified by

(3)

where is the fractional bandwidth and and are the el-
ement values of the low-pass prototype. The singly loaded

of a tapped resonator is defined as

(4)

where is the impedance seen by the resonator looking to-
ward the source or load, is the operation frequency, and
is the input susceptance of the SIR seen at the tap point. The
derived formula can be referred to [10]. The tap point is de-
termined by matching with the external

(5)

The excitation of the circuit can be performed by symmetric
or skew-symmetric feeds, since the values

are the same at points and . The latter will be used since it
creates two extra transmission zeros near the passband [12].
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Fig. 2. Simulated responses of two-stage bandpass filters. f = 2.45 GHz,
R = 3.33,� = 6%. (a) u = 0.5, 0.6, 07, and 0.8. (b) u = 0.2, 0.3, and 0.4.

III. OPTIMIZATION OF PARAMETERS

Based on (1) and (2), resonant spectrum of an SIR can be
predicted [10]. It can be validated that for all impedance ratio
the ratio of the first higher resonant frequency to has an
extreme value if the length ratio is 0.67. Thus,
it is intuitive to choose 0.67 for design of a broad upper
stopband. For a substrate of 2.2 and thickness 0.508 mm,

3.33, 100 , 2.45 GHz, bandwidth 6%,
Fig. 2(a) plots simulated responses for 0.8, 0.7, 0.6,
and 0.5. With properly designed tapped structures, all the cases
have nearly identical passbands, but possess distinct rejection
characteristics in the upper stopband. One can see that 0.6
has the farthest first unwanted peak away from the passband.
However, the levels of these peaks decrease as decreases. For
30- and 20-dB attenuation levels, the rejection bands extend to
3.3 (8 GHz) and 4.5 (11 GHz), respectively, if 0.5 is
used. Both bands are wider than those of the circuit with
0.6.

To see if a better rejection bandwidth exists, we further in-
vestigate the results with 0.4, 0.3, and 0.2 in Fig. 2(b). The
upper edges for the 20-dB rejection level using 0.2 and 0.4
are 12.1 GHz and 11.9 GHz, respectively. It can be validated
that these two frequencies are due to the fourth resonances of the
SIR which can be obtained by (2). The reason why the second

Fig. 3. Finding solutions for locating a transmission zero at the fourth
resonance.

and third resonances show low levels is that at these reso-
nances each circuit has improper (or the input/output cou-
pling ) values so that maximal power transfer does not occur.
Note that the value depends much on the tap position
which has been fixed by the passband function. For 0.3,
the rejection bandwidth of the 20-dB level can be improved to
14.5 GHz. It suggests that a better rejection bandwidth exist for
0.2 0.4.

The two-stage SIR BPFs with 0.21,0.22, 0.39 are
simulated. It is found that the fourth resonance can be sup-
pressed using 0.25. The rejection is due to a zero created
by two transmission paths of the signal from the input to the
output [12]

(6)

where and are the even- and odd-mode characteristic
impedances and and are the electric lengths, respec-
tively, of the coupled low- sections. Using as a variable,
Fig. 3 plots the curves for allocating the zero at the frequency
of the fourth resonance for 3.3, 4, and 5. The intersection
points indicate that all solutions are close to 0.25.

IV. EXPERIMENT AND MEASUREMENT

The circuit simulation is done by the full-wave software
package IE3D [13]. The experiment BPF is designed at
2.45 GHz with 6%. The parameters at are 104 ,

31 3.35 , 46.5 , 15.3 0.25 ,
and 11.6 . Fig. 4(a) plots the simulated and measured
results. In the passband, the measured return loss is better than
156 dB and the insertion loss is only 1 dB. The simulation data
have a peak slightly higher than the 20-dB level at 19.2 GHz
(7.83 ), which is the fifth resonance of the SIR. The upper
stopband of the measured response extends up to 20.8 GHz
(8.49 ). Fig. 4(b) is photograph of the circuit.

Both the SIR BPFs in [10] and [11] have a 30-dB rejection
band up to 8.2 . The former, however, has an order of five
and requires two extra quarter-wave transformers. The latter is
a four-pole quasi-elliptic circuit and its in-band insertion loss
is 2.5 dB. We also try to explore the upper edge of the 30-dB
rejection for the circuit under investigation. The design proce-
dure is similar to the previous filter and 6.26 and 0.48
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Fig. 4. (a) Simulation and measured responses for the circuit with a 20-dB
rejection bandwidth. (b) Photograph of the circuit. D = 0.18, L = 11.8,
L = 3.64, L = 2.93,W = 0.4,W = 2.9, all in mm.

Fig. 5. Simulation and measured responses for the circuit with a wide 30-dB
rejection bandwidth.D = 0.2, L = 5.2, L = 4.4, L = 1.6,W = 0.15,
W = 4.4, all in mm.

are obtained. Fig. 5 shows the results of the experiment circuit.
The measured data show that the stopband extends up to 5.3 ,
which is close to the third resonance of the SIR.

V. CONCLUSION

Two-stage SIR BPFs are designed to have a quasi-elliptic
function response and a wide upper stopband. The circuits have

a compact size, a simple design, and low insertion loss. The
measured results show that 20- and 30-dB rejection bandwidths
of 8.4 and 5.3 times the passband frequency can be achieved. In
the 20-dB design, the second and third unwanted resonances of
the SIR have low levels and the fourth one is suppressed
by a zero. To enhance the rejection to a 30-dB level, SIR with
larger impedance ratio is employed and the upper stopband of
the filter is found blocked by the third resonance of the SIR.

If the circuit is designed with higher order, the stopband may
be not as wide as the 20-dB case, since the second or the third
resonance of the SIR will arise. It is because the values in
(3) and (5) are changed, since the circuit order is increased, and
the new value may allow more power transfer and result in
significant spurious peaks.
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