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Abstract—A high-order dual-band bandpass filter using novel
combined stub-loaded resonators (CSLRs) is presented in this paper.
The key merits of the filter configuration are that the center
frequency and also the bandwidth of each passband can be controlled
conveniently.  Moreover, it can build the high-order dual-band
bandpass filters using the proposed resonators because of the sufficient
coupling through the four symmetric stubs. A fifth-order dual-band
bandpass filter designed at 2.5/3.5 GHz was built and tested. The
measurement and simulation results agree very well, demonstrating
the validity of the method.

1. INTRODUCTION

Recently, dual-band technology has been gaining much attention in
modern mobile and wireless communication systems. To meet various
application requirements, dual-band filters have been proposed and
exploited extensively as a key circuit block in dual-band wireless
communication systems. Many different methods, especially multi-
mode resonators like step-impedance resonators (SIRs), stub-loaded
resonators (SLRs) with controllable frequency response have been
widely used to design of dual-band BPFs [1-19]. In [1], the dual-band
filters were designed using centrally loaded resonators, where only the
second-order filters were considered. In [2-5], the authors presented
a dual-band filter with independently controlled bandwidths, but can
hardly extend to high-order filters. Additionally, several dual-band
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filters were designed as high-order BPFs described in [6,7], but the
bandwidths of the two passbands cannot be controlled independently.
To get more flexibility, the multi-stub loaded resonator configuration
is proposed [8], which can easily extend to high-order filters, but a
fly in the ointment is only the second bandwidth can be controlled
independently. And some other design procedures about dual-band
filter have been discussed in paper [9-19].

Although design methodologies of dual-band have been discussed
in many papers, few of them can extend to high-order BPFs, not to
mention the controllable of bandwidth and center frequency of the
two passbands independently. In this letter, combined stub-loaded
resonators (CSLRs), which contain four open stubs (two top stubs
and two bottom stubs), are proposed to develop dual-band BPF
with controllable center frequencies and bandwidths. The resonant
frequencies of the proposed resonator can be conveniently controlled by
tuning the stub parameters. Moreover, the required coupling strength
between the adjacent resonators can be obtained by appropriately
adjusting the position of four symmetric stubs. So, it is possible to
build the high-order dual-band filters using the proposed resonators.
To verify the design method, a fifth-order BPF is designed, fabricated,
and tested.

2. DETERMINE THE RESONANCE BEHAVIORS OF
COMBINED STUB LOADED RESONATOR

The basic structure of a CSLR is shown in Figure 1. It is carefully
combined by a via that connects the two SLRs to the ground plane.
The input admittance of a single SLR can be obtained as:

2tan 0} tan 0 — 1

Yin =Y . - 4 . =1,2 1
in =7 tan 0% — tan 0 — tan 0} tan? 0, (1)

Thus, the resonant condition can be expressed as:
2tan 6 tan 05 = 1 (2)

It can be observed from Formula (2) that the resonant condition of
SLR is the same as the resonant condition of \;/4 SIR. Moreover, an
advantage is that CSLR is more convenient to realize high order filter
than SIR. It will be described in the following sections.

It should be noticed that the two resonant conditions need not
be satisfied simultaneously. So, the two resonant frequencies can be
controlled independently. As shown in Figure 2, the first passband
frequency can be shifted with a wide range by changing the stub
length 61, while the second passband frequency is fixed. Besides that,
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Figure 1. Structure of the Figure 2. Simulated frequency
CSLR. responses under different lengths..

the second passband frequency can be tuned effectively by adjusting
62, while the center frequency of the first passband frequency keeps
constant.

3. COUPLING STRUCTURE AND EXTERNAL
QUALITY

Figure 3(a) shows the coupling structure of the dual-band filter, the
stubs are folded properly to obtain the required coupling strength. It is
designed on a substrate with dielectric e, = 2.65, thickness h = 1 mm,
and loss tangent § = 0.002, the stubs are placed properly to obtain the
required coupling strength. There are two kinds of coupled sections
between the adjacent resonators, the coupling between the bottom
stubs (Ll{i_H, G1) and the coupling between the top stubs (L%Hl, G2).
The required bandwidths of the two passbands depend on coupling
length and gap between resonators.

If fp1 and fpo are defined to be the lower and higher resonant
frequencies, respectively, the coupling coefficient can be obtained by

2 2
fpl - fp2

/ﬂ'j =t
i

(3)
where k;; represents the coupling coefficient between resonators ¢ and
j. Figure 3(b) shows the simulated coupling coefficient as a function of
coupling length L}’Hl (LZZ-Jrl = 4.1mm, G2 = 0.8 mm). The coupling
coefficient k; increases with the increasing Lzlz 41 While ko keeps fixed
(k1 and ko denote the coupling coefficients at low resonance fi, high
resonance fa, respectively), which means that the coupling between
the top stubs only affects the second passband. In this kind of similar

is the tendency of k1, ko with the increasing LZZJH (Lilﬂjrl = 5.4mm,
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Figure 3. (a) The circuit model for calculating coupling coefficients.
(b) Simulated coupling coefficients under Lzll +1- (c) Simulated coupling

s 2
coefficients under Li,i+1'

G1 = 0.8mm) as shown in Figure 3(c), where the coupling only affects
the first passband. Since filter order and ripple level are specified and
identical at the two passbands, the value of Aj/As can be deduced as:
A k
= (4)
2 2
where A1 and A, denote the bandwidth of the first and passbands,
respectively. It should be noted that, shown in Figure 3(b), A;/As
increases when LllZ 41 is adjusted from 0.7 to 5.7mm. And as shown
in Figure 3(c), A1/Ay decreases over a wide range, i.e., from 1.3 to
0.6, while L?z 41 changes from 1 to 4.5. Thus, it is possible to build
dual-band filter of Ay > As or A1 < Ay using the proposed resonator.
The coupled-line structure is employed to realize the input/output

coupling because it has more degrees of freedom in the design process.
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Four parameters (Lif, Lif, L3y and Ly in Figure 4(a)) can be tuned
to obtain different external quality factors. For simplification, here we
choose L3y = 6.1mm, Lsy = 4.8 mm. Thus, two independent coupled-
line structures (Liy and Los) are employed to realize the external
quality. In other words, there are two degrees of freedom in designing
the input/output coupled stages. Figure 4(b) illustrates the design
graph for the filter with different Li; and Loy, where Q.1 and Qe
denote the external quality factors of the first and second passbands,
respectively. Proper coupled-line lengths can be selected to meet the
filter specifications. Besides controlling bandwidth conveniently, this
structure also can be used to design high-order dual-band BPF.

20 25 30 35 40 45 50
Qe1

(b)

Figure 4. (a) The circuit model for calculating external quality.
(b) Simulated external quality factors under different coupled-line
length.

4. FILTER DESIGN AND MEASUREMENT

The design procedures of the presented dual-band filter can be
summarized as follows. First of all, deduce the admittance of resonator
to obtain the center frequencies of the two passbands. Then, tune
the coupling between the bottom and top coupled stubs to meet
the required bandwidth, properly selecting I/O coupled-line, and the
required of each passband can be obtained. Finally, the optimized
dual-band performance can be obtained.

From the above analysis procedure, it is obvious that both the
centers and the coupling coefficients of the two passbands can be
devised independently, and the passbands barely interfere each other.
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To verify the effectiveness of the design, a fifth-order dual-band BPF is
designed. KllZ 1 denotes the coupling coefficient between the adjacent

resonators at fi, and Kfz 41 denotes the coupling coefficient between
the adjacent resonators at fo. In general, Ki, = K}: and Ki; = K3,,
K%, = K}, and K3; = K3,. Figure 5 shows the structure of the fifth-
order filter, L1, and Li; (the coupling lengths between the bottom
stubs) are determined by Ki, and KJ;, respectively. L%, and L, (the
coupling lengths between the top stubs) are determined by K?, and
K223, respectively. These coupled section parameters can be got using
the same method proposed in Section 3. Simulation and measurement
are carried out using Zeland IE3D software and Agilent’s 8719ES
network analyzer, respectively.

O/P

Figure 5. Layout of the fifth-order dual-band filter.

As shown in Figure 6(a), when L1, and Ll varies from 2.6
to 4.6mm and from 1.2 to 3.1 mm, respectively (external quality is
properly adjusted and the other parameters are fixed), the bandwidth
of the first passband increases obviously (3%-4.5%), while the
bandwidth of the second passband keeps fixed (3%). Besides that,
the bandwidth of the second changes from 1.8% to 3.7% while the
bandwidth of the first passband is constant (3.7%), which can be seen
in Figure 6(b) with L?, and L2; varying from 2.1 to 4.1 and from 1.2
to 2.7, respectively.

A dual-band filter with a fifth-order Chebyshev frequency response
and 0.1-dB ripple level is designed with the following specifications:
the center frequencies of the two passbands are at 2.5 and 3.5 GHz.
And the fractional bandwidths are 3.8% and 5.2%, respectively. The
lumped circuit element values of the low-pass prototype filter are found
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Figure 6. Simulated insertion losses under different coupling lengths
(a) Lil,iJrl‘ (b) Ll%i+1'

to be g9 = 1, g1 = 1.1468, go = 1.3712, g3 = 1.9750, g4 = 1.3712,
gs = 1.1468. The required coupling coefficients and external quality
factors can then be found as

A 9igi+1 InGn+1
Vg e A % %TTa 0
Specifically, the coupling coefficients and external quality can be
deduced according to the bandwidths Ki, = K} = 0.030, Ki; =
Ki, =0.023, K}, = K} = 0.041, K3, = K3, = 0.032, Q.1 = 30.2 and
Qe2 = 22.1. After an efficient optimization process, the dimensions
parameters of the filter are L1 = 7.4, Lo = 5.5, L3 = 5.2, Ly = 1.6,
Ls=31,Lg=11.4, Ly =45, L, =85, Ly =4.3, W; = 1.0, Wy = 0.5,
W3 = 05, G = 08, Go = 0.8, G3 = 1.3, D = 04, L}, = 2.4,
Ly =11, L3, = 3, L3; = 2.4, Ly = 5.3, Loy = 7 (all are in mm).
Figure 7 presents a photograph of the fabricated filter. Figure 8 plots
the simulated and the measured frequency responses. The measured
parameters agree well with those obtained from the simulation. The
measured center frequencies of this filter are at 2.49 and 3.5 GHz
with the 3dB fractional bandwidths are 3.5% and 5.1%, respectively.
The minimum insertion losses are measured approximately 2.4 dB and
2.1dB, respectively. And the measured isolation is greater than 55dB
between the desired passbands, which means that the band selectivity
of this filter is very good.

Table 1 summarizes the comparison of the proposed filter with
those previously reported. This dual-band general chebyshev BPF
has the advantage of high order, high selectivity, compact size and
independent control of passband locations. As a result, it is quite

Kiivilizg ooy =
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Figure 7. Photograph of the Figure 8. Simulated and mea-
fabricated fifth-order dual-band sured results of the fifth-order

filter. dual-band filter.
Table 1.
1st/2nd Independent | Independent S
ize
Ref | Passband |Order||S11| (dB) Control (Both| Control (Both (O % Ap)
(GHz) of C.F.) of B.W.) g
4 | 25/57 | 2 | 11/22 No No 0.09 x 0.04
5] | 09/24 | 6 | 14/18 No No 0.35 x 0.18
(6] 25/5.9 | 5 | 12/12 No No 1.51/0.10
7 | 245/58 | 4 | 10/10 No No 0.72 x 0.15
8] 24/35 | 6 | 8/11 No No 0.93 x 0.26
P
roposed) o o a5 | 5 | 10710 Yes Yes 0.41 x 0.34
Filter

useful for multiservice applications in future mobile communication
systems.

5. CONCLUSION

In this paper, a novel combined stub-loaded resonators and its
application to high-order dual-band microstrip BPF has been
proposed, analyzed, and measured. The resonant frequency of the
proposed resonator is flexibly controlled. Moreover, the bandwidth of
each passband can be tuned conveniently by adjusting the top stubs
or bottom stubs. The design methodology has been described and two
passband have been implemented. As a result, with the advantage
of easily controlled center frequencies and bandwidths, the proposed
resonators will be widely used in practical applications.
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