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Abstract— A square dual-mode quasi-elliptic
bandpass filter (BPF) with a wide stopband is
proposed. To realize the quasi-elliptic response
and harmonic suppression for the filter, the
inductive source-load coupling is introduced. To
achieve wider stopband suppression, the
open-circuited stubs are adopted. A demonstration
filter with 3-dB fractional bandwidth (2.84 GHz —
3.28 GHz) about 14.3 % has been designed,
fabricated, and measured. Simulated and measured
results indicate that the proposed filter can
effectively suppress 6th harmonic response
referred to a suppression degree of 16.5 dB.

Index Terms— Bandpass filter, dual-mode,
quasi-elliptic, and wide upper stopband.

I. INTRODUCTION
To meet the requirements of modern
microwave communication systems, compact

microwave BPFs with wide stopband suppression
and low cost are highly required. The dual-mode
microstrip resonators are attractive because each
resonator can be used as a doubly tuned circuit,
therefore, the number of resonators required for a
given degree of filter is reduced by half, resulting
in a compact design [1]. Open stub loaded
dual-mode filters have an inherent transmission
zero [2]. The dual-mode filters with two
transmission zeros were obtained by introducing
capacitive and inductive source-load coupling in
[3] and [4], respectively. A hexagonal dual-mode
inductance-load filter with four transmission zeros
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was presented in [5]. Harmonic suppression is not
considered in [3-5]. Generally, designing bandpass
filters with wideband harmonic suppression is a
challenge [6-10]. Dual-mode filters with harmonic
suppression were realized by source-load coupling
in [6-7]. The stopband is extent to 3/, (fo: passband
center frequency) in [6], but there is only one
transmission zero and the selectivity is not good.
The BPF with a short-stub-loaded odd-even mode
open loop stepped impedance resonator achieving
60 % size reduction is presented in [7], but the
first spurious passband occurs at 3f;. Another
miniaturized dual-mode BPF with 67 % size
reduction in [8] is realized using odd-even mode
loop resonator. A coupling and routing scheme is
presented to suppress the first harmonic response,
yet the stopband is only extended up to 2.72f,.

In this letter, a square dual-mode quasi-elliptic
BPF using the short-circuited and open-circuited
stubs with a wide stopband is proposed. The
inductive source-load coupling introduces another
transmission zero at lower stopband edge to
realize quasi-elliptic response and harmonic
suppression partly. The stopband is extended to
6.4fo by employing the open-circuited stubs. The
theoretical design, simulation, and experimental
results are given and discussed.

II. ANALYSIS AND DESIGN OF
PROPOSED BPF
The circuit of the proposed square dual-mode
resonator under weak coupling is shown in Fig. 1
(a), consisting of a half- wavelength resonator with
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a shunt open stub. Z; is the characteristic
impedance of the half-wavelength resonator with
the electrical length 6, + 6>+ 6;= 90°, Z,/2 and Z»
are the characteristic impedance of the open stubs
with the electrical length 4 and 6y, respectively.
Two  microstrip lines with  characteristic
impedance Z, = 50 Q are connected to ports 1 and
2. The even-odd mode equivalent circuits of the
proposed filter are shown in Figs. 1 (b) and (c).
The frequency responses of the resonator under
weak coupling are shown in Fig. 2 (a) and (b) for
the case of different Lo and L. It is easy to see that
Lo only controls the even-mode resonant frequency
while the even-odd mode resonant frequencies are
controlled by L;. Thus, the required central
frequency and passband can be achieved by
controlling Lo and L, with the proper characteristic
impedance.
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Fig. 1. (a) Circuit of proposed dual-mode resonator,
(b) even-mode circuit, and (c¢) odd-mode circuit.

The layout of the proposed filter is shown in
Fig. 3. The via holes are used to realize the
required inductance. A transmission zero caused
by the inductive cross-coupling between source
and load is introduced at lower stopband for
improving the selectivity, which can be controlled
by tuning the coupling gap (S;). As shown in Fig.
4 (a), when S5 decreases from 1.5 mm to 0.5 mm,
the lower transmission zero moves towards the
passband edge while the upper inherent
transmission ~ zero  changes  barely.  The
quasi-elliptic response of the filter is realized with
the two transmission zeros. It may be seen that the
stopband is affected by S;. In order to achieve the
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narrower roll-off skirts and wider stopband
suppression, S; is designed as 1 mm. The stopband
may be further broadened by introducing two
quarter-wavelength open-circuited stubs [10].
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Fig. 2. (a) Simulated even-odd mode frequency
responses under different L, and (b) simulated
even-odd mode frequency responses under
different L,.

Figure 4 (b) shows the simulated frequency
responses of the proposed filter with two same
quarter-wavelength open-circuited stubs under the

optimized values of W3 and L4 (as shown in Fig. 3).
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With the introduction of the two different
embedded open-circuited stubs (EOCS) wider
stopband can be realized. The two open-circuited
stubs acts as bandstop way [11] to generate two
more transmission zeros in the upper stopband as
be seen in Fig. 4 (b) for harmonic suppression.
Figure 4 (b) shows the simulated frequency
responses of the proposed filter with the two
EOCS s under the optimized values of g1, g, g3, t,
t,, and Ws (as shown in Fig. 3). In this way, a
square dual-mode quasi-elliptic BPF with a wide
stopband  using the  short-circuited and
open-circuited stubs can be realized.

parameters | Fy | T3 Wy | Ws | W | Wy | Ly | Ly Ly | L
walues (mm) | 0.8 | 0.4 1 19 |06 |14 [ 07 |82 |14 [18[82
parameters | Ly | & | & | & | =1 | &2 | =3 1 ! r
wvaluegs (mm}| 32 | 05 (04 |10 (03 (04 )02 |30)26 |03

Fig. 3. Layout and parameters of proposed filter.

III. MEASURED RESULTS AND
DISCUSSIONS

One prototype of the proposed dual-mode
quasi-elliptic BPF with a wide stopband is
designed and fabricated on an RO4003c¢ substrate
with & = 3.38 and # = 0.8 mm. The structure
parameters of the filter are shown in Fig. 3. The
size of the filter is 19.3 mm X 20.0 mm, which
corresponds to an electrical size of 0.334, % 0.344,,
where 4, is the guided wavelength at the center
frequency of the passband. Figure 5 shows the
photograph of the fabricated filter. The measured
S-parameters are illustrated in Fig. 6. As can be
seen from this figure, the measured 3-dB fractional
bandwidth is about 14.3 % (2.84 GHz — 3.28 GHz),
with the minimum insertion loss less than 1 dB.
Inside the passband, the return loss is better than
15.3 dB. Two transmission zeros (at 1.87 GHz and
3.84 GHz) are near the edges of the passband,
realizing the quasi-elliptic response. Furthermore,
the proposed filter also exhibits a wide stopband
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performance of 6th harmonic suppression referred
to a 16.5 dB suppression degree. Table I shows the
performance comparison of the proposed design
with several previous designs. Hence, the
advantages of the proposed filter can be clearly
observed.
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Fig. 4. (a) Frequency responses of the BPF with
S-L coupling under different S5 and (b) frequency
responses of the BPF with/without EOCSs.

Table I: Performance comparison of filters.

Ref. Harmonic suppression
[2] No
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Fig. 6. Simulated and measured results of the

dual-mode BPF.

IV. CONCLUSION
A square dual-mode quasi-elliptic BPF with a
wide stopband is proposed. Both wide stopband
and the quasi-elliptic response can be obtained by
employing the open-circuited and short-circuited
stubs. Simulated and measured results show that
the proposed BPF has the properties of low

insertion loss, wider stopband, and high selectivity.

With all these good performances the proposed
filter could be applicable for modern wireless
communication system.
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