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In this paper, a compact dual-band fltering power divider (FPD) combined by conventional Wilkinson power divider and dual-
mode resonators is proposed.Te resonators submitting the quarter wavelength transmission line can act as a flter. Te proposed
resonator is composed of two cascading symmetrical ring branches connected to the ground in the middle. Te inter-digital
coupling structure constitutes the feed lines of the band-pass flter (BPF) operating at 2.45/5.8 G. Te resonator with symmetrical
structure is analyzed by the odd-even mode method in detail. Te two resonant frequencies can be adjusted by the length of the
stub separately. In addition, two isolation resistors are placed at proper position for ensuring the isolation efect. Te proposed
FPD is fabricated for verifying simulation results, and good agreements between the simulated and measured results are
achieved here.

1. Introduction

With the increasing demand for technology in wireless
communication system, diversifed functions and minia-
turization of wireless devices have attracted more attention..

As indispensable microwave components, power divider
with the function of dividing/combining signal is the hot-
spot of research in antenna arrays, RF, and wireless com-
munications [1–5B1B2B3B4B5]. Up to date, the Wilkinson
power divider is one of the most popular circuits because of
the characteristics of excellent isolation.

Poor band selectivity and operating in a signal center
frequency restrict the application of the conventional Wil-
kinson power divider. Recently, new modifed Wilkinson
power dividers have been proposed for satisfying the de-
velopment of microwave components.

In [1], by cascading the multi-section hybrid power
divider, the synthesis method for increasing the bandwidth
was proposed. A compact UWB power divider can be
designed by various methods, such as complementary
structures of microstrips to slotlines [2], multi-layer
broadside-coupled structure [3], and multi-layer slotline
structure [4]. Te slotted microstrip cross junction method
can also be used to achieve dual frequency [5]. A compact

single circular patch FPD was proposed for improving
bandwidths [6]. Te out-of-phase FPD integrating imped-
ance transformer was proposed, which realized inherent
impedance transformation [7]. Defected ground structure
(DGS) and inter-digital coupled-lines technologies were
employing for achieving excellent wide band performances
[8]. Te structure consisting of complementary split ring
resonator (CSRR) and an inter-digital capacitor was pro-
posed for improving wide stop band and high selectivity [9].

Several eforts for integrating the power divider and
band-pass flters (BPFs) have been proposed to meet the
demand for size and frequency band operations. Coupled
lines can be utilized to replace the quarter wavelength
transmission line of Wilkinson power divider for realizing
dual-band fltering power dividers [10–14]. Te novel sub-
strate integrated suspended line (SISL) technology was used
in the design [14]. In these design schemes, the coupled lines
play the role of fltering and splitting at the same time. For
the FPD with the same structure, dual-composite right/left
handed (CRLH) unit was adopted for achieving better
isolation [15].

Te dual-bandWilkinson power divider was achieved by
adding the stub lines or modifying structure on the base of
the conventional power divider [16–18]. In many design
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schemes, the Wilkinson power divider embedded with dual-
mode ormulti-mode resonators can show the desired central
frequency and mode. Te required power dividers can be
realized by diferent resonators on dual-mode [19], tri-band
[20], and quad-band [21], respectively.

In this paper, a compact dual-band Wilkinson power di-
vider embedded with a dual-mode resonator is presented and
analyzed.Te proposed power divider operating at 2.45/5.8G is
very suitable for Wi-Fi application. Te odd-even mode ana-
lytical method is utilized to guide the design process. According
to the research on the current distribution of the proposed FPD,
the design fexibility has been enhanced. By adjusting the length
of stub, diferent central frequencies can be obtained for more
application scenarios. Te remarkable performance on inser-
tion/return losses and frequency selectivity will be obtained by
simulation and measured. Tree more transmission zeroes
(TZs) achieved by unique coupling structure and resonant
mode reveal high-frequency selectivity.

2. Resonator Design and Analysis

Te dual-band BPF which will be utilized in the Wilkinson
power divider is analyzed in this section.Te schematic diagram
of the novel ring resonator known as multi-mode resonator
(MMR) is given in Figure 1.Te BPF combining two cascading
MMRs and the feed lines of inter-digital coupling structure
shows the center frequency at 2.45/5.8G. Te ring resonator is
composed by two ring stubs and a shorted stub. It is very
suitable to analyze the proposed resonator by the odd-even
mode method for its symmetrical structure.

Te equivalent circuit of even mode consisting of two
open end stubs and one grounded end stub is shown in
Figure 2(a). Te following formula is the input admittance:

Yine � jY
tan θ2 + tan θ3 − cot θ5

1 − (tan θ3 − cot θ5)tan θ2
+ jY tan θ1. (1)

According to resonant condition Yine � 0, the calculation
equation of the resonant frequency is shown as

tan θ2 + tan θ3 − cot θ5 + tan θ1+

tan θ1 · tan θ2 · (cot θ3 + cot θ4) � 0.
(2)

In Figure 2(b), the equivalent circuit of odd mode
consists of three grounded end stubs, the input admittance
of which is expressed as

Yino � jY
tan θ2 − cot θ3 − cot θ4

1 +(cot θ3 + cot θ4)tan θ2
− jY cot θ1. (3)

Similar to the even mode, the resonant condition is
Yino � 0. According to the calculation equation, the resonant
frequency is derived as follows:

tan θ2 − cot θ3 − cot θ4 − cot θ1−

cot θ1 · tan θ2 · (cot θ3 + cot θ4) � 0,
(4)

θi � βli. (5)

From formulas (2) and (4), fe and fo can be derived,
respectively. Te analysis process and related discussion of

similar resonator are given in [21, 22]. Te proposed res-
onator can only be analyzed using the odd-even mode
method once. Because the even-mode equivalent circuit and
odd-mode equivalent circuit are not symmetrical structures,
these circuits cannot be analyzed by the same way again. So,
the two resonant frequencies can be obtained separately
from two equivalent circuits. Based on the analysis above,
the proposed resonator is the dual-mode resonator with two
resonant frequencies [20, 21].

Te coupling scheme of the resonators and feeding lines
is given in Figure 3. One part of the energy is coupled
through the cascaded dual-mode resonators, and the other
part is coupled through the feeding lines.

Te simulated results of the resonator presented in
Figure 1 are shown in Figure 4. Te above analysis may be
confrmed by dual-band responses on the central frequen-
cies of 2.45G/5.8G. Tree transmission zeroes are produced
owing to resonant mode and mixed electric and magnetic
coupling, which contribute to high-frequency selectivity.

Because the flter given in Figure 1 must be utilized in the
power divider, the interaction of the feed lines and reso-
nators afects the performance of the power divider. So, the
resonator and power divider will be analyzed together in the
next section.

3. PD Design and Analysis

Based on the designed BPF above, the design schematic of
dual-mode FPD is shown in Figure 5. Te two BPFs con-
stitute the two branches of the Wilkinson power divider.
Adopting the scheme with two isolation resistors is to
achieve better isolation efect.

Where the specifc sizes are as follows: W1 = 1.2mm,
W2 = 1.2mm, W3 = 0.25mm, L1 = 5mm, L2 = 9.44mm,
L3 = 8.64mm, L4 = 4.05mm, L5 = 2mm, L6 = 3mm,
L7 = 5.4mm, L8 = 0.65mm, S1 = 0.1mm, S2 = 0.12mm,
S3 = 0.1mm, R1 = 200 ohm, R2 = 200 ohm, Rvia = 0.5mm.

Because the whole FPD is symmetrical, a pair of reso-
nators below will operate in the same way as the pair above.
Te same resonant frequency will ensure that the power
divider works at the desired frequency point.

It is an efective way to determine which stub afects the
resonant frequency by observing the current distribution of
the FPD operating at resonant frequency point. When the
proposed FPD operates at 2.45G and 5.8G, the diagram of
current distribution is shown in Figure 6.

According to the diagram of current distribution, the
change of resonant frequency could be analyzed easily. Te
length of L3 is not proper to be changed in case of the
feeding lines. Figure 7 shows the relationship between
frequency and length of microstrip lines. Te length of L4

Figure 1: Schematic of the proposed ring resonator.

2 International Journal of Antennas and Propagation



and L5 decides the change of resonant frequency. It can be
concluded that f1 depends on L5, and L5 has little efect on
f2. f2 mainly depends on L4, and L4 has no efect on f1. If the
dimension of L4 is too large, f2 cannot complete the re-
quired resonance. Firstly, determine f1 through adjusting L5
and then determine f2 by adjusting L4 after determining f1.
So, the two resonant frequencies can be adjusted
independently.

4. Analysis of Test Results

Based on simulation, the fabricated FPD is implemented for
verifying the design method, the photograph of which is
shown in Figure 8. Te overall size of the PCB is 30mm∗
44mm (0.46 λg× 0.68 λg, where λg is the guided wavelength
at the center frequency of 2.45GHz). Te proposed FPD is

fabricated using Rogers 4350 and the thickness of the
substrate is 0.508mm. Te measured process is verifed by
Agilent vector network responses. Te measured and sim-
ulated results are shown in Figure 9. Two pass-bands with
sharp skirt ensure the frequency selectivity and three TZs
contribute to the band-to-band rejection. Terefore, the
fltering property of the proposed FPD is verifed. At 2.45G,
the measured value is in good agreement with the simulated
value. Te insertion loss is less than 5 dB. At 5.8G, the
insertion loss is larger than the simulated value. Te return
loss is around 18 dB at 2.45G and 28 dB at 5.8G. Te
performance of isolation is better than − 10 dB. Due to
fabricating reasons, there is a certain deviation in the
measured results.

Compared with some reported dual-band FPDs, the
results of performance comparison are shown in Table 1.
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Figure 2: (a) Even-mode equivalent circuit. (b) Odd-mode equivalent circuit.
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Figure 3: Coupling scheme of the proposed resonator.
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Figure 5: (a) Schematic of dual-mode flter power divider. (b) Te size of inter-digital coupling lines.
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Figure 7: Resonant frequency with varied dimensions. (a) L5. (b) L4.

Figure 8: Photograph of the fabricated FPD.
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Figure 6: Current distribution of the resonator. (a) 2.45G. (b) 5.8G.
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Due to the fact that the proposed FPD has similar perfor-
mance as others, the design scheme in this paper is ac-
ceptable.Te fact that the specifc operating frequency meets
the Wi-Fi application is the merit of this work.

5. Conclusion

On the base of designing and analyzing a novel reso-
nator, the dual-band FPD with good performance is
presented in this paper. Two pairs of cascading MMRs
have been loaded at the two branches of the Wilkinson
power divider, respectively. Experiments on the pro-
posed FPD operating at 2.45/5.8 G are carried out to
validate the design methodology. It exhibits excellent
characteristics in terms of the low insertion loss and high
return loss. A good in-band isolation is achieved due to
two isolation resistors at the right position. Tese fea-
tures of designing easily, fexible center frequency set-
ting, and high selectivity will contribute to the
application of the proposed FPD.
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