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Abstract—This letter presents a compact triple-band passband filter with high frequency selectivity.
The first and second passbands are formed by a multi-stub loaded resonator. The bandwidth of the
second passband can be independently adjusted by tuning the coupling strength between the two loaded
open stubs. The third passband is implemented using two asymmetrical stepped impedance resonators
(SIRs) with a tapped line structure as external coupling form. The asymmetrical SIRs also serve as one
part of the external coupling structure of the multi-stub loaded resonator so as to achieve a compact
circuit size. Additionally, a source-load coupling is introduced, thus, multiple transmission zeros are
generated to improve the frequency selectivity. After a detailed introduction of the operation principle,
a triple-band passband filter with centre passband frequencies of 1.5, 2.6 and 3.6 GHz is designed and
fabricated. The measured results verify the effectiveness of the proposed filter.

1. INTRODUCTION

As key components of the multi-band wireless service system, the multi-band passband filters have
been extensively studied for past decades. They should have a compact size, flexible design freedom,
high frequency selectivity and sufficient suppression of the parasitic harmonic modes. Many approaches
have been utilized to implement multi-band filters. The most common method is based on SIRs [1-3],
whose first two resonant modes can be controlled by properly selecting the relevant impedance or strip
width ratio. But this method often suffers from a large circuit size and limited design freedom. The stub
loaded multi-mode microstrip resonator [4-7] and the degenerate modes of perturbed ring resonators [8—
14] can also be utilized to construct multi-band filters. In [15], the multi-stub loaded resonator was
used to implement a dual-band passband filter with independently controlled bandwidth by inserting
a half-wavelength resonator between the loaded open stubs so as to introduce two signal paths. The
transmission zeros generated by the direct source-load coupling improved the isolation between the
passbands greatly and suppressed the parasitic harmonic modes to achieve a wider upper stopband.
Following [15], in this letter, a compact triple-band passband filter with high frequency selectivity is
proposed, whose first two passbands are implemented using the multi-stub loaded resonator in [15]. The
third passband is formed by using two asymmetrical electronically coupled SIRs. The SIR has a tapped
line structure as the external coupling form. Simultaneously, as one part of the input/output structure
of the multi-stub loaded resonator, the SIR not only accomplish the external coupling of the multi-
stub loaded resonator, but also can introduce source-load coupling to improve frequency selectivity.
Thus, the multi-stub loaded resonator combined with two SIRs achieves triple-band passband filtering
function, while the circuit size does not increase considerably. Structure and design of the filter are in
detail introduced in the remainder. A triple-band passband filter with center frequencies of 1.5, 2.6 and
3.6 GHz is fabricated and measured. The measured results verify the effectiveness of the proposed filter.
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2. STRUCTURE AND DESIGN

Shown in Fig. 1 is the configuration of the proposed triple-band passband filter. The filter is designed
on a substrate with thickness of 0.8 mm, dielectric constant of 2.55 and loss tangent of 0.0004.
Just like the multi-stub loaded resonator in [15], the uniform impedance half-wavelength resonator
(2(L1 + Lo + Ls + Ly4)) is loaded with two open microstrip lines (Lg + Lg + 2L19 + L11) and a shorted
stub (Lg). For a compact circuit size, in our proposed filter, a direct coupling between the two open
microstrip lines through gap g3 replaces the corresponding coupling, in [15], generated by adding an extra
resonator. Two asymmetrical stepped impedance resonators (SIRs) (Ls+ Lg + L7) are embedded within
the multi-stub loaded resonator, by which the third passband is formed with the tapped line structure as
the external coupling form and open parallel coupling microstrip lines (Ls, W3, g2) accomplishing inter-
resonator coupling. Additionally, for the multi-stub loaded resonator, the SIRs provide input/ouput
coupling through the gap ¢; and direct source-load coupling through open parallel coupling microstrip
lines.
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Figure 1. Configuration of the proposed triple-band passband filter.

Inset (a) of Fig. 2 shows the transmission line model of the asymmetrical SIR along with the tapped
line structure. According to the transmission line model, the following equations hold,

Y =Y1+Y; (1)

1

jZ tan 0 (2)
j(Zl tan 03 + Zs tan 92)
Z1Z2 — le tan (91 tan (93

where, Y is the input admittance at the tapped point, Y7 the admittance seen left from the tapped
point, and Y, the admittance seen right. The resonance occurs at frequencies where ¥ = 0. The
resonant frequency changes against different impedance ratios of Z3/Z; and different electrical lengths
of 1+ 6. Fig. 3 shows the details. It is noted that the electrical length values (61 +62) are referenced to
frequency of 3.5 GHz, and the total electrical length (61 + 65 + 63 = 180°) keeps unchanged. Therefore,
the resonance can be easily aligned within the third passband.

To extract the external quality factor, the reflection coefficient is computed using (4), in which Yy
is the internal admittance of the source.

Y1 =

Yy =

Y-V
S = Yo v (4)
Qe = 2 (5)

A(,Uigoo

The phase information of S1; is utilized to get the external quality factor Q. using (5) [16]. In (5),
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Awigge is the absolute bandwidth between the +90° phase points. Thus, the external quality factor for
different impedance values of 7, Zs and different electrical length values of 61 can be obtained.

Fig. 2 shows the simulated insertion loss for only the third passband (responding to the inset (b)
of Fig. 2) against different gaps go. A smaller go results in a stronger inter-resonator coupling, which
will generates a wider bandwidth. The simulations, in the letter, are all carried out using Ansoft HFSS
14.0. From Fig. 2, the transmission zero (Tz) is observed, which is from the Y7 = oo condition.

The multi-stub loaded resonator has already been discussed in detail in [15]. It can generate two
passbands, here, used as the first and second passbands. The center frequency of the first and second
passbands is mainly determined by the length of Lo+ L1+ Lo+ Ls+ L4 and Lo+ L1+ Lg+ Lo+2L19+L11.
They form a quarter-wavelength resonator respectively. The center frequency can be separately adjusted.
For the two passbands, their external coupling is accomplished by the fringe coupling of gap g1, which
cannot be tuned separately. The shorted stub Ly provides a convenient internal coupling in the two
passbands. A long Lg will result in more obvious resonant modes splitting, which means a strong
coupling. But it impacts the two passbands simultaneously, which is not desirable. Fortunately, tuning
the gap g3 can individually control the internal coupling in the second passband. In [15], the individually
controlled coupling is generated by adding an extra resonator between the loaded microstrip lines. So
a compact circuits size is achieved here.
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Figure 2. Simulated results of the third Figure 3. The resonance frequency of the
passband formed by the two asymmetrical asymmetrical SIR against different impedance
SIRs. (a) Transmission line model of the SIR, ratio and electrical length with 6; 46024603 = 180°
(b) simulation model, dimensions are Ls = 5.1,  unchanged.

L¢ = 3.35, Ly = 18.05, W = 2.2, Wy = 0.8,

W3 = 2.0. (All are in mm).
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Figure 4. Simulated insertion loss against (a) different ¢g; and (b) different Ly for case with only the
multi-stub resonator. Other dimensions are Wy = 1.5, W7 = 0.8, L1 = 2.7, Ly = 2.35, L3 = 15.9,
L4 == 605, Lg == 35, Lg == 49, L10 == 20, L11 = 4, g3 = 1.3, d= 10, (all are in mm)
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Figure 5. Simulated insertion loss against different g3 with Lg+ Lg+2L19+ L11 = 16.4 mm unchanged
for case with only the multi-stub loaded resonator. g; = 0.2, Ly = 2.0 (all are in mm).
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Figure 6. Comparison of the simulated insertion loss for three cases. (a) Simulation model for case I
(with only multi-stub loaded resonator), case II (with only asymmetrical SIRs) and case III (with both
multi-stub loaded resonator and asymmetrical SIRs), (b) simulated insertion loss for three cases.

Fig. 4 shows the simulated insertion loss against different g; and different Lg for the case with only
multi-stub loaded resonator, i.e., case I in Fig. 6(a). From Fig. 4(a), the bandwidths of two passbands
change simultaneously for different g;. It means that tuning g; can change the external couplings. The
external coupling can also be tuned by changing the length of gap g;. The simulated insertion loss
shown in Fig. 4(b) indicates that Lg affects internal coupling of two passbands simultaneously. Fig. 5
shows the simulated insertion loss against different values of g3. Obviously, the bandwidth of the second
passband can be independently adjusted in proper range by tuning gs.

Fig. 6 shows the comparison of the simulated insertion loss in three cases. For case III (with multi-
stub loaded resonator and SIRs), four transmission zeros (Tzl, Tz2, Tz3, Tz4) and an extra passband
(the third passband) are generated in comparison with case I (with only multi-stub loaded resonator),
which are obviously from the source-load coupling introduced by the embedded SIRs and tapped line
structure. Additionally, for case III, the frequency selectivity between the first and second passbands is
also improved. For the third passband, a frequency shift about 0.1 GHz in case III in comparison with
case IT (with only SIRs) is observed, which is from the loading effectiveness of the multi-stub loaded
resonator to the SIRs.

3. EXPERIMENTAL RESULTS

Fig. 7 shows a photograph of the fabricated filter and the simulated and measured results. The universal
test fixture (Anritsu 3680V) and vector network analyzer (Agilent N5224A) are used for measurement.
From Fig. 7, although a little frequency shift exists, three passbands with the centre frequencies of 1.63,
2.64 and 3.61 GHz can be clearly observed. The relative large discrepancy between the simulated and
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Figure 7. (a) Photograph of the fabricated filter and (b) the simulated and measured results.

measured results in the first two passbands exists, and it might be due to the unexpected tolerance of
fabrication and implement. The physical dimensions of the fabricated filter are indicated in the captions
of Fig. 2 and Fig. 4. The practical size is 26.9 x 16.0 mm?, about 0.21\, x 0.12),, where A, is the guided
wavelength at center frequency of the first passband.

4. CONCLUSION

This letter presents a compact triple-band passband filter implemented by embedding two asymmetrical
SIRs within a multi-stub loaded resonator. Multiple transmission zeros are introduced to improve the
frequency selectivity. The bandwidth of three passbands can be independently adjusted in a proper
range. After the operation principle of the filter is described in detail, a prototype filter is fabricated
and measured. The measured results verify the effectiveness of the proposed filter.
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