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Abstract—A novel dual-band filter power divider (DB-FPD) with controllable transmission zeros
(TZs) is designed using a slotline multimode resonator (SLMR) in this letter. Using the stub loading
technology, each resonator mode of the SLMR can be easily controlled. Accordingly, a dual-band
bandpass filter is realized. Four TZs are generated due to the loaded stubs on the SLMR and feeding
network, which can improve the out-of-band selectivity. Finally, without introducing additional circuits,
a DB-FPD with good performance is realized. For verification, a prototype operating at 2.01 and
4.79 GHz is fabricated and measured. The measured results are basically consistent with simulated
ones. The 3-dB fractional bandwidths are 29.7% (1.72 ~ 2.32GHz) and 7.99% (4.58 ~ 4.96 GHz),
respectively, and the isolation in each band is better than 14 dB.

1. INTRODUCTION

In wireless communication systems, the multi-functional integration to achieve the compactness of
devices has become one of the current research hotspots of radio frequency (RF) devices [1,2]. Filters
and power dividers (PD) are indispensable components of RF circuits, and their integrated design, that
is filter power divider (FPD), has also received attention. At present, there are mainly two methods for
the design of FPD: the direct cascade between the filter and the PD [3,4], and the integrated design
of the filter and the PD. The former has the advantages of simple circuit structure, but the size of the
circuit is inevitably increased, and the latter not only realizes the miniaturization of the circuit, but
also reduces the additional insertion loss, which has become a popular method for the design of FPDs.
For example, to meet the requirements of the miniaturization and low insertion loss, a novel three-way
FPD based on SIW is designed in [5] by integrating slotline-microstrip structures with resonant cavities.
However, multiple application scenarios not only require miniaturization of the FPD circuit, but also
need dual-/multi-band functions. Single or multiple resonators can be used to design dual-/multi-
band FPDs. In [6] and [7], multiple resonator structures are used to realize dual-band FPDs. On the
other hand, multiple resonators will inevitably increase the difficulty of circuit design and impedance
matching to a certain degree. In [8] and [9], a multimode resonator is used to implement FPDs design,
respectively. In this way, the functions of power distribution and filtering response of the dual-band
FPDs are simultaneously achieved, and the insertion loss is effectively reduced. Although these works
show good performance, the out-of-band selection performance and bandwidth need to be improved.
Therefore, for dual-/multi-band FPDs, in addition to meeting miniaturization requirements, bandwidth
and out-of-band suppression level of each passband should be considered.

In this letter, a novel DB-FPD based on the integrated design method is designed. A slotline
multimode resonator (SLMR) is introduced to obtain the functions of dual-band filter and power
distribution simultaneously. A modified WPD and the SLMR are vertically cascaded, which can
effectively decrease the circuit size. By adjusting the coupling strength between the resonant modes of
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the SLMR, a wider dual-band response is achieved. For improving the out-of-band selectivity of the
DB-FPD, four controllable transmission zeros (TZs) are introduced on both sides of each passband. In
addition, through introducing two isolation resistances, good isolation is achieved in each passband of
the proposed DB-FPD.

2. DESIGN AND ANALYSIS OF MULTIMODE BANDPASS FILTER

The architecture of the proposed slotline bandpass filter is shown in Fig. 1(a). It mainly consists of
a slotline stepped impedance resonator loaded with stubs, which can achieve the effect of multimode
resonance. The physical length and width of the slotline are expressed by Lg; and Wg;, respectively,
and the corresponding electrical length and characteristic admittance are represented by 6; and Y;
respectively (i = 1,2...). Among them, 6, = SLsy, 03 = fLsg, 03 = fLs3, 04 = BLs4, where 3 is the
phase shift constant. The frequency response of the filter is shown in Fig. 1(b). It can be seen that the
filter has four resonant modes, and two TZs are generated due to the loaded stub on the SLMR. By
adjusting the coupling strength between the modes, dual-band effect can be achieved.
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Figure 1. Configuration and simulation results of dual-band bandpass filter. (a) Configuration of the
proposed filter. (b) Simulation results of S;.

Since the SLMR is symmetrical about the center line AA’, odd- and even-mode analysis method
can be utilized to analyze its resonance property [10,11]. According to current distribution of the
proposed SLMR under odd- and even mode excitation, it can be found that the odd- and even-mode
equivalent circuits of the proposed SLMR and its corresponding microstrip form are dual [12]. The
detailed analysis is as below.

As shown in Fig. 2(a), in the case of odd-mode excitation, the symmetry plane AA’ can be regarded
as an ideal electric wall, and the input admittance can be described by:

Yino1 + jY1tan 01

Vi odd = 1
T YL Yinon tan 0y .
of which:
Yino2 + jY1 tan 62
Y: =Y 2
inol 1 Yl + jY:ino2 tan 02 ( )
Y; iYs tan 0
Y;no2 _ },2 ino3 T J Y2 tan 03 (3)

1/2 + jifino?) tan 93
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Figure 2. Odd- and even-mode equivalent circuit of multimode resonator. (a) Odd-mode equivalent
circuit. (b) Even-mode equivalent circuit.

For the convenience of analysis, assume that Yo = Y3, 04 = 05 = 0, then:

2tanf — tan® 6 (@)
1—2tané

where 0; = 2nfL;\/e,/c, c is the speed of light in free space, and ¢, is the effective dielectric constant.

As shown in Fig. 2(b), the symmetry plane AA’ can be regarded as an ideal magnetic wall under

even-mode excitation. The input admittance can be described by:

Yine1 + jY1 tan 01
naeven Y1 4 jYine1 tan 01 ( )

Yinos = .7}/2

of which:

Yine2 + jY1 tan 6y (6)
Y1 + jYipe2 tan 0o

Y;ne2 = _]YE‘B cot 03 (7)

From the above analysis, it can be found that according to formulas (1)-(4), the two modes of
fo1 and fye can be adjusted respectively by changing parameters 61, 62, 03, 64, and 05 of the SLMR,
which can form passband-2. According to formulas (5)—(7), by changing parameters 61, 62, and 63 of
the SLMR, the two modes of f.; and feo are adjusted respectively, which is used to form passband-1.
Therefore, in the final design, when the values of f.; and fe.o in passband-1, i.e., 61, 62 and 03, are
determined, the required f,; and f,2 can be obtained by adjusting parameters 64 and 05, so passband-2
is formed, and then dual-band filter is realized. The correctness of the design is verified by using software
Sonnet, and due to space limitations, the simulation results are not attached here.

Yvinel =

3. ANALYSIS AND DESIGN OF THE DB-FPD

As shown in Fig. 3(a), the configuration of the proposed DB-FPD is presented. It consists of an SLMR
and a modified microstrip WPD. In order to make the DB-FPD have better isolation performance in
both passbands, two isolation resistors R; and Rs are introduced. To explain the principle of DB-FPD,
the coupling topology is introduced as shown in Fig. 3(b). E; and E3 represent two even-modes of the
SLMR, respectively, which can form passband-1, and O; and O4 represent two odd-modes, respectively,
which are used to form passband-2. It can be clearly seen that the input signal is transmitted along
the common input line at port 1, and then equally allocated to port 2 and port 3 through the coupling
function of the SLMR.
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Figure 3. Configuration and coupling topology of DB-FPD. (a) Configuration of DB-FPD. (b) Coupling
topology.

According to formulas (1)—(7) and parameter optimization with the help of the simulation software
Sonnet, the main design parameters of the DB-FPD are determined are listed in Table 1.

Table 1. Main design parameters of DB-FPD (mm).

Ls1 | Lsa | Lsz | Lsa | Lss | Ws1 | W | Wes | Lyt | Lgo
253 | 74 | 10.7 | 30.85 | 2.5 1.5 | 835 | 04 | 25.7 | 5.11

The simulated S-parameters of the proposed FPD are shown in Fig. 4. It can be seen from
Fig. 4(a) that the DB-FPD generates four resonant modes and four TZs in the required frequency band.
According to the above analysis, the positions of fe1, fe2, fo1, and fo2 can be adjusted by changing
the corresponding parameters of the SLMR. In order to improve the isolation of the DB-FPD, two
isolation resistors R; and Ry are introduced into the circuit, and their influence on the isolation of the
two passbands is analyzed. As shown in Fig. 4(b), it is found that R; mainly affects the isolation of
passband-1, while Ry mainly affects the isolation of passband-2. Finally, after simulation optimization,
the resistance values of R; and Ry are obtained as R; = 35082 and Ro = 1002, respectively, and the
isolation between the two output ports are better than 25 and 14 dB respectively at passband-1 and
passband-2.

4. ANALYSIS OF TZS OF DB-FPD

In order to demonstrate the TZs generation mechanism of the DB-FPD, the effects of the relevant
parameters on the TZs are analyzed. As shown in Fig. 4(a), TZ; and TZj are controlled by the L
and Lygy loaded on the feeding structure. As shown in Fig. 5(a) and Fig. 5(b), when Ly increases,
the frequency of TZ; decreases, while the frequencies of the rest TZs remain unchanged. However, the
frequency of TZ3 varies with Lo, and the frequencies of other TZs are not affected.

In addition, according to Fig. 1(b), the proposed SLMR can produce two TZs, that is TZ3 and TZ4
shown in Fig. 4(a). Through the simulation analysis, it is found that the location of two TZs can be
adjusted by the length of Lg; and Ty on the SLMR, respectively. As shown in Fig. 6(a) and Fig. 6(b),
it can be seen that as Ls; increases, the frequency of TZs decreases, while the frequencies of other TZs
are not affected. When T} increases, the frequency of TZ4 decreases, but no effect on the other TZs.
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Figure 4. S-parameter simulation results of DB-FPD.
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Figure 5. Variation of TZs with important parameters of DB-FPD. (a) Variation of TZs with L¢;. (b)
Variation of TZs with Lo.

5. RESULTS AND DISCUSSION

The proposed DB-FPD adopts an AD450L substrate with relative dielectric constant of 4.4 and thickness
of 0.762mm. In order to verify the validity of the design, a prototype of the proposed DB-FPD is
fabricated and measured, Fig. 7 shows the measured and simulated S-paraments of the DB-FPD.
It can be seen from Fig. 7(a) and Fig. 7(b) that the measured and simulated results are in good
agreement. The measured center frequencies of the two passbands are 2.01 and 4.79 GHz, with the 3-dB
fractional bandwidths of 29.7% and 7.99%, respectively. Correspondingly, the measured insertion losses
at passband-1 and passband-2 are 3.10 and 3.17 dB, while the return losses are better than 15.86 and
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Figure 6. Variation of TZs with important parameters of DB-FPD
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Figure 7. Measured and Simulated S-paraments of the Prototype. (a) S11 and Sa2;. (b) Ssa.

Table 2. Compared with previous FPDs.

ne | Ju/fu | FBW | Number 11;12?21 In-band | In-band Size
. (GHz) (%) of TZs (dB) IL (dB) | RL(dB) | (AgxA,)
2 5.5/8.3 | 14.5/9.6 2 >20/20 | 3.9/45 14/22 | 2.15%0.89
6 1.8/2.96 | 8/7.4 3 > 8/10 3.8/3.9 10/15 | 0.28%0.57
7 35/5 | 7.4/42 1 > 8/6 3.9/4.9 13/15 | 0.35#0.27

VTVEE{ 2.01/4.79 | 29.7/7.99 4 >928/14 | 3.10/3.17 | 15.86/15.12 | 0.49 * 0.42
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15.12dB, respectively. Meanwhile, the isolations in two passbands between the output ports are better
than 25 and 14 dB, respectively.

Table 2 gives a comparison of the proposed DB-FPD with other reference works. It can be seen
that this divider has the advantages of wider bandwidths, more TZs, lower insertion loss, and higher
return loss.

6. CONCLUSION

In this letter, a DB-FPD is implemented using a multimode resonator. After the parameter optimization
of SLMR, the FPD realizes two frequency bands with wider bandwidth. In addition, four individually
controllable TZs are generated by using the resonance characteristics of the SLMR and the stubs
loaded on the feeding network, which effectively improves the out-of-band suppression level of the
two passbands. The center frequencies of the two passbands of the proposed DB-FPD are at 2.01 and
4.79 GHz, respectively. The measured fractional bandwidths are 29.7% and 7.99%, respectively, and the
isolation in the two passbands is good, reaching 25 and 14 dB, respectively. The designed DB-FPD with
lower insertion loss and wider bandwidth in each passband is very suitable for WiMax communication
systems.
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