
Progress In Electromagnetics Research C, Vol. 169, 48–54, 2026

(Received 8 February 2026, Accepted 16 March 2026, Scheduled 20 April 2026)

Wide Stopband Filtering Power Divider Based on Stepped-
Impedance Open Stub and Three-Line Coupled Structures

Chuanyun Wang1, Qian Cao1, and Pin Wen1, 2, *

1School of Information and Software Engineering, East China Jiaotong University, Nanchang 330013, China
2School of Information Engineering, Nanchang University, Nanchang 330031, China

ABSTRACT: A novel wide-stopband filtering power divider (FPD) is proposed in this paper. The proposed wide stopband FPD integrates
a pair of three-line coupled structures (TLCSs)-based bandpass filters (BPFs) and stepped-impedance open stubs. This topology achieves
a wide stopband through harmonic suppression and enhanced filtering simultaneously. Specifically, the stepped-impedance open stubs
effectively suppress harmonics to extend the stopband while also improving in-band impedance matching. Concurrently, the TLCS-
based BPFs generate multiple transmission zeros (TZs) on both sides of the passband, improving frequency selectivity. A prototype wide
stopband FPD operating at 3.5GHz is fabricated and measured. There is a favorable agreement between the measured and simulated
results, displaying a stopband up to 15GHz (4.3f0), which features a rejection level of −15.8 dB and −10 dB fractional bandwidths of
44.8%.

1. INTRODUCTION

Modern wireless communication systems have strict re-
quirements for circuit size and communication quality,

and the development of microwave passive components toward
integration and miniaturization has become a research hotspot.
As a crucial type of passive component, power dividers have
gained widespread attention. Meanwhile, filter power dividers
(FPDs), which integrate filtering functionality, are currently the
focus of research [1–9]. There are two methods for designing
an FPD. A power divider is cascaded with a filter in the first
method [4, 5], and a power divider and a filter are integrated in
the second method [6]. When the first method is adopted, di-
rectly cascading the filter and power divider will introduce ad-
ditional insertion loss. In contrast, the second method, relying
on an integrated design, can not only reduce insertion loss but
also make the circuit size more compact. Thanks to this advan-
tage, the second method has gradually become the mainstream
research direction among contemporary scholars.
As the pursuit of high-performance and interference-free

communication intensifies, the research and development ac-
tivities carried out for FPDs with wide stopband characteristics
are attracting increasing attention. At present, a range of meth-
ods have been developed to realize wide stopband FPDs, such
as stepped-impedance parallel coupling lines instead of tradi-
tional λ/4 transmission lines [10, 11] and etching different de-
fected ground structures (DGSs) on the ground plane utilizing
slow wave effect [12, 13]. Moreover, discriminating coupling
structure [14], short-circuited half-wavelength resonators [15],
and mixed electric and magnetic coupling structure [16] were
employed to suppress harmonic signals, thus realizing wide
stopbands for FPDs. In [17], researchers adopt a pair of half-
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wavelength open stubs, and this design allows high frequency
selectivity to be achieved. The output ports are loaded with
two additional open stubs, which can generate multiple trans-
mission zeros and enhance upper stopband rejection. In [18],
to achieve the design objectives of a steep passband cut-off
and high upper stopband rejection, the research team utilized
a pair of short-ended coupled line stubs to realize the introduc-
tion of multiple transmission poles and zeros. However, in [17]
and [18], the same drawback is also observed, namely that
the stopband bandwidth performance is deficient. Three-line
coupled structures (TLCSs) were first analyzed in [21]. The
wideband bandpass filtering power divider (WBFPD) is de-
signed using a wideband bandpass filter based on an asymmet-
ric stepped impedance resonator. Parallel coupled microstrip
lines are used to create both a wideband filtering characteristic
and two additional transmission poles [22]. Five-coupled-lines
[23] (FCLs) were first introduced for designing wideband FPD.
Stepped-impedance transmission lines are adopted to replace
quarter-wavelength transmission lines for bandwidth expansion
[24].
This paper designs and proposes a novel wide-stopband

FPD, and the components of this wide-stopband FPD include
stepped-impedance open stubs and band-pass filters (BPFs)
carefully designed based on the three-line coupled-line struc-
ture. This design’s unique advantages lie in the fact that
stepped-impedance open stubs achieve both stopband expan-
sion and the optimization of impedance matching within the
passband range. At the same time, the pair of BPFs based on
TLCS can generate controllable transmission zeros. To verify
the feasibility of this design idea, this paper has finally fabri-
cated a prototype sample of the wide-stopband FPD and con-
ducted tests.
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FIGURE 1. Schematic of the initial FPD.

(a) (b)

FIGURE 2. Equivalent circuit of the initial FPD. (a) Even mode circuit. (b) Odd mode circuit.

(a) (b)

FIGURE 3. Simulation results of the initial FPD: (a) S11, S21. (b) S22, S23.

2. THE INITIAL FPD

Figure 1 illustrates the schematic of the initial FPD. This initial
FPD is composed of a traditional Wilkinson power divider and
a pair of TLCS-based BPFs. The pair of TLCS-based BPFs is
respectively placed at port 2 and port 3. This TLCS’s trans-
mission properties can be characterized with three fundamental
impedance modes, which are Zoa, Zob, and Zoc. Every trans-
mission line and coupled line are equal to π/2, which is defined
as the quarter wavelength (λ/4). The impedance at both out-
put ports is defined as ZL, and the impedance at port 1 is de-
noted as ZS . Results of the even and odd-mode analysis on
the initial FPD are presented in Figs. 2(a) and (b), respectively.
Fig. 2(a) presents the even-mode equivalent circuit, fromwhich
the modal equations (I2 = I4 = I6 = 0, V5 = 0) can be de-

rived. Through substituting them into the six-port scattering
(S) matrix based on voltage and current [19], the impedance
(Z) parameters of the two-port even-mode equivalent circuit,
i.e.,Ze

11,Ze
12,Ze

21, andZe
22, can be derived. For i, j ∈ {1, 3, 5},

the impedance parameter Zij is defined as the ratio of the volt-
age at port i to the current injected into port j, with all other
ports open-circuited

Ze
11 = Z11 −

Z15Z51

Z55
(1)

Ze
12 = Z13 −

Z15Z53

Z55
(2)

Ze
21 = Z31 −

Z35Z51

Z55
(3)
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FIGURE 4. Coupling topology of the initial FPD.

(a) (b)

FIGURE 5. Variations of TZ1 and TZ2 with different parameters: (a) Variation withW1. (b) Variation with S2.

Ze
22 = Z33 −

Z35Z53

Z55
(4)

This enables the derivation of the following: under the condi-
tion of even-mode excitation, the reflection coefficients (|Se

11|
and |Se

22|) at port 1 and port 2 as well as the transmission co-
efficient |Se

22| of the initial FPD. Additionally, by referring
to the modal equations (I2 = I4 = I6 = 0, V5 = 0,
V3 = −I4Z1R/(2Z1 + R)) of the odd-mode equivalent cir-
cuit in Fig. 2(b), the odd-mode input-impedance Zo

in can be
obtained.

Zo
in = Zc

o

ZL + jZoc tan θ
Zoc + jZL tan θ

(5)

As a result, the reflection coefficient |So
22| of port 2 under odd-

mode excitation is

|So
22| =

Zo
in − ZL

Zo
in + ZL

(6)

Accordingly, the frequency responses of the initial FPD can
be obtained as [20]

|S11| = |Se
11|

=
(Ze

11 − 2ZS − Z1) (Z
e
22 + ZL)− Ze

12Z
e
21

(Ze
11 + 2ZS + Z1) (Ze

22 + ZL)− Ze
21Z

e
12

(7)

|S21| = |Se
21|/

√
2

=
2Ze

21

√
ZL

(
Z1

2 + ZS

)
(Ze

11 + 2ZS + Z1) (Ze
22 + ZL)− Ze

21Z
e
12

(8)

|S22| =
Se
22 + So

22

2
(9)

|S23| =
Se
22 − So

22

2
(10)

To facilitate the clear observation of the frequency response
characteristics of the initial FPD, corresponding simulation re-
sults are presented in Fig. 3.
As observed from Fig. 3(a), TZ1 (1.08GHz) and TZ2

(5.94GHz) are on both sides of the passband, and TZ3
(12.42GHz) is situated in the stopband. The transmission
zeros on both sides of the passband provide excellent frequency
selectivity. As depicted in Fig. 3(b), the proposed structure
realizes excellent in-band isolation across the operating band
and favorable matching performance at the output port.
TZ3 is a parasitic zero caused by parasitic coupling. Cross-

coupling within the compact TLCS gives rise to the transmis-
sion zeros located on both sides of the passband. Fig. 4 illus-
trates the topology of the three-line coupled line, in which the
cross coupling and parasitic coupling are clearly shown. In the
adopted three-line coupling structure, 1 denotes the bottom cou-
pling line, 2 denotes the middle short-circuited coupling line,
and 3 denotes the top coupling line.
Figure 5(a) indicates that the low-frequency transmission

zero TZ1 decreases as the length of W1 increases, with no sig-
nificant change observed in the high-frequency transmission
zero TZ2. In Fig. 5(b), the low-frequency transmission zero
TZ1 increases with the increasing length of S2, and the high-
frequency transmission zero TZ2 decreases as the length of S2
grows.
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(a) (b)

FIGURE 6. (a) Integrate uniform stepped-impedance open stubs. (b) Simulation results: S11, S21.

(a) (b)

(c)

FIGURE 7. (a) Schematic of the wide stopband FPD. (b) Layout of the wide stopband FPD. (c) Simulation results: S11, S21.

3. THE PROPOSED WIDE STOPBAND FPD
The initial FPD is designed in Section 2. To address the is-
sues of harmonic interference and improve impedance match-
ing within the passband, as shown in Fig. 6(a), first, uniform-
impedance open stubs are integrated at the central position of
the λ/4 transmission lines. The simulation results are shown in
Fig. 6(b). It can be observed that the out-of-band suppression is
poor. Subsequently, a wide stopband FPD is proposed by inte-
grating stepped-impedance open stubs (Z2, θ2 andZ3, θ3) at the

central position of the λ/4 transmission lines. The combination
of this λ/4 transmission line and the loaded stepped-impedance
open stub forms a low-pass filter structure. This low-pass filter
can effectively suppress the harmonic frequencies in the stop-
band and improve the impedancematchingwithin the passband.
The schematic and layout of the wide-stopband FPD are pre-

sented in Figs. 7(a) and (b), respectively. The simulation re-
sults of the wide stopband FPD are shown in Fig. 7(c). As il-
lustrated in Fig. 7(c), the TZ1 and TZ2 are unchanged, which
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FIGURE 8. Effect of loading resistance on isolation. FIGURE 9. Prototype of the proposed wide stopband FPD.

(a) (b)

(c)

FIGURE 10. The simulated and measured results of the wide stopband FPD. (a) Results of S11, S21. (b) Results of S22 and S23. (c) Results of phase
difference and amplitude imbalance.

presents high frequency selectivity, and the attenuation level of
TZ3 is significantly increased to 67 dB, showing a stopband up
to 4.3f0 with 15.8 dB rejection level. Fig. 8 illustrates the vari-
ation of isolation with different values of the isolation resistor.
With the isolation resistor rising in value from 50Ω to 150Ω,
the isolation performance first improves and then deteriorates.
Therefore, the resistor is set at 100Ω, resulting in markedly en-
hanced signal isolation between output ports.

4. RESULTS AND DISCUSSION
To verify the aforementioned analytical results, this wide stop-
band FPD is fabricated on a Rogers RO4003 substrate with a
thickness of 0.813mm, relative permittivity of 3.55, and loss

tangent of 0.0027. The photograph of the proposed wide stop-
band FPD is depicted in Fig. 9. All key physical parameters
of the wide stopband FPD designed in this work are detailed in
Table 1. As presented in Fig. 10(a), the center frequency corre-
sponding to the operating band is 3.5GHz, and the−10 dB frac-

TABLE 1. The physical parameters of the wide stopband FPD (unit:
mm).

Wf W1 W2 W3 W4

1.58 0.3 1 1 0.3
L1 L2 S1 S2 D

12 3 0.98 0.2 0.6
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TABLE 2. Comparison with previous wide stopband FPDs.

Ref. f0 (GHz) FBW (%) RL (dB) TZs Stopband Circuit Size (λg × λg)

[10] 2.0 49.5 > 15 4 4.4f0 0.23× 0.23

[16] 0.9 6.5 > 16.5 3 2.1f0 0.15× 0.14

[17] 3.0 65 > 29 6 1.1f0 0.33× 0.72

[18] 1.5 56.5 > 10.5 4 1.42f0 0.32× 0.32

[22] 4.0 53 > 18.5 3 2.8f0 0.53× 0.37

[23] 1.8 73 > 13 2 2.5f0 0.39× 0.11

This work 3.5 44.8 > 14.8 3 4.3f0 0.56× 0.75

tional bandwidth achieves a value of 44.8%. Moreover, within
the operating frequency band, the insertion loss is 3.7 dB, while
the return loss is greater than 14.9 dB. In Fig. 10(b), the mea-
sured isolation within the passband is greater than 17.7 dB.
From Fig. 10(c), the measured results of the amplitude im-

balance and phase difference between port 2 and port 3 can be
obtained. Within the passband, the value of the former is less
than 0.8 dB, while that of the latter is below 2.3◦. For the de-
signed wide-stopband FPD, the results from practical measure-
ments are basically in agreement with the simulation results. In
Table 2, the parameters of the proposed wide stopband FPD are
compared against the corresponding ones from other literature.
All structures in Table 2 adopt the second method. Compared
with [10], the fractional bandwidth and stopband performance
are comparable, while the proposed structure in this work is
simpler and easier to fabricate. Compared with [16], the frac-
tional bandwidth and stopband performance of this work are
superior. Compared with [17] and [22], this work has a better
stopband performance. Compared with [18] and [23], this work
exhibits superior return loss and stopband performance.

5. CONCLUSION
A wide-stopband FPD with high frequency selectivity is pro-
posed. Due to the existence of cross-coupling in the TLCS,
TZ1 and TZ2 are generated, thereby enabling the device to ex-
hibit high frequency selectivity. The combination of these λ/4
transmission lines and the loaded stepped-impedance open stub
forms a low-pass filter structure, which can expand the stop-
band. Meanwhile, the performance of impedance matching
within the passband has also been improved to a certain ex-
tent. Finally, by connecting an isolation resistor between the
two ends of the λ/4 transmission line, the isolation of the pro-
posed wide stopband FPD can be effectively improved. The
actual measurement data show that the designed wide stopband
FPD has a fractional bandwidth of 44.8%, with its stopband
extending up to 15GHz (corresponding to 4.3 times the center
frequency f0 and a stopband rejection level of −15.8 dB.
In subsequent work, to expand the stopband, the following

measures can be adopted: First, use multi-mode resonant struc-
tures to create transmission zeros in the stopband, which can
effectively suppress harmonic signals. Second, add harmonic
suppression components, such as open stubs or DGS to elimi-
nate spurious responses.
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