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Abstract-This paper presents a novel design of aWilkinson
power divider for dual-band operation. In the proposed design,
the conventional two quarter-wavelength transmission lines are
replaced with two stubs connected by a single coupled line.
Additionally, an isolation resistor is connected between the two
output ports. Using even-odd mode analysis and the ABCD
matrix method, the design equations for the proposed circuit are
derived. The divider is fabricated on an FR-4 substrate with a
dielectric constant of 4.3 and a thickness of 0.8 mm. Simulation
results show that the divider achieves good performance at both
design frequencies, 0.85 GHz and 2.3 GHz, with low return loss
at all ports (Sn1, S22, and S33), good transmission coefficients (S21
and S3), and high isolation (S23) between the two output ports.

KeywordsDual-Band, Even-Odd mode Analysis, Isolation
Loss, Wilkinson PowerDivider.
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This modification enhances the frequency ratio, bandwidth,
and isolation. In [8], a dual-band WPD is implemented using
dual coupled lines and a pair of open stubs, achieving good
performance across the two frequency bands. Similarly, [11]
employs multi-section coupled-line structures to provide both
dual-band and wide-band operations. Lastly, [12] introduces a
tri-band WPD that incorporates a quarter-wave open stub
along its 50 2 output ports to enable multi-band operations.

I. INTRODUCTION

Many microwave and millimeter-wave circuits, including
antenna feeding networks [1], RF mixers [2], and power
amplifiers [3], require power dividers (PDs) or combiners.
One of the most predominant types of PDs is the Wilkinson
power divider (WPD), invented in 1960 by Ernest Wilkinson
[4]. This divider is designed to split the input power from a
single port into two or more output ports. It can be used for
both equal and unequal power division.

The conventional WPD is a three-port network composed
oftwo quarter-wavelength (A/4) transmission line sections and
an isolation resistor of2Z connected between the two output
ports, as illustrated in Fig.l.The Wilkinson divider is
particularly notable due to its importance characteristics,
which include a simple design, impedance matching at all
ports, and high isolation between output ports. However, its
main disadvantages are its large physical size and narrow
bandwidth, especially at lower operating frequencies.

Modem wireless communication systems demand dual­
band operation and miniaturized power dividers. To meet
these requirements, numerous concepts and technologies for
designing dual-band, multi-band, and compact WPDs have
been developed in recent years. For instance, [5] presents a
compact dual-band WPD that uses a common inductor and a
complex load with lumped transmission lines. This approach
achieves port matching at both frequency bands and
significantly reduces the WPD's overall physical size
compared to a conventional design. Additionally, paper [6]
demonstrates a compact dual-band WPD realized using a
cascaded re-shape structure and dual transmission lines. The
divider proposed in [7] replaces the conventional A/4
transmission line with simplified L-type transmission lines.
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Fig. 1. Conventional WPD.
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Fig. 2. Structure of the proposed WPD for dual-band operation.

In our previous work, we introduced a four-port dual-band
WPD [ 13]. This paper presents an optimized and parametric
study ofthat design. The results show that the divider exhibits
good performance at both WLAN frequency bands (2.45 GHz
and 5.8 GHz). Additionally, [14] proposed the design and
simulation of coupled-line WPD. In this configuration, the
two conventional A/4 transmission lines are replaced with a
single coupled line, which offers several advantages, such as
compact size design, impedance matching at all ports, and
high isolation.

This work presents a novel design and simulation of a
compact WPD for dual-band operation. The proposed
structure is composed oftwo stubs; a single coupled line, and
an isolation resistor connected between the two output ports.
The design equations of the proposed WPD are derived
through theoretical analysis using even-odd mode analysis
and the ABCD matrix method. The proposed design is
simulated using CST Studio Suite simulator and fabricated on



an FR-4 substrate with dielectric constant er of 4.3 and a
thickness h of0.8 mm.

This paper is organized as follows: Section 1 provides the
introduction; the design analysis of the proposed design is
described in Section 2; Section 3 presents the simulation setup
and discusses the obtained results. Section 4 concludes the
paper.

II. PROPOSEDCIRCUIT ANDDESIGNEQUATIONS

Fig. 2 illustrates the structure of the proposed WPD. The
circuit comprises two stubs with characteristic impedances
(Zn and Zr), and a single coupled line with even- and odd­
mode characteristic impedances (Z and Za), which replaces
the two quarter-wavelength transmission lines used in the
conventional divider. The isolation network consists of a
lumped resistor R connecting the two output ports.

To achieve dual-band operation, the electrical length ofall
transmission lines at both operating frequencies (Ji and f)
should satisfy (1) and (2)
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By solving equation (4), the value of the characteristic
impedanceZ is given by:
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B. Odd-mode
The odd-mode equivalent circuit of the proposed WPD is

shown in Fig. 4.

(1)0,-" and0, -""fl (l+U) f2 (l+U)

where

The parameter U represents the frequency ratio, and 0 and
0 are the electrical lengths corresponding to the two operating
frequencies.

A. Even-Mode
To achieve input port matching of the Wilkinson divider,

the even-mode circuit must be matched; the circuit in Fig. 2
can be simplified to the equivalent half circuit shown in Fig.
3.

The above matrix equation can be simplified as follows:

Fig. 4. Equivalent half circuit of theproposedWPD for dual-band operation
under odd-mode excitation.
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The ABCD matrix of the odd-mode equivalent circuit is
derived as:

(2)
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The characteristic impedance of the odd-mode can be
calculated as:

Fig. 3. Equivalent half circuit of theproposedWPD for dual-band operation
under even-mode excitation.
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From (7) and (8), we obtain:
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After some mathematical manipulation, each element of
the ABCD matrix in (3) is obtained as:

p: .pr:•_ . sin8 9 X _sin8 9 XD ,J COS ,J COS
2Zr 27r

The ABCD matrix of the even-mode equivalent circuit is
expressed as follows:

A= 1 - Zn tan?o-=tan?0(Z,+ Zn)
Zrz Zev

(4a)
Fig. 5. Design parameters of the proposed WPD for dual-band operation
versus frequency ratio U.



(a) (b)
Fig. 6. Proposed model of the WPD for dual-band operation using CST
simulator: (a) Top view and (b) Bottom view.
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Fig. 5 shows the vanat10n of the calculated design
parameters as a function of the frequency ratio U. As
observed, an increase in the frequency ratio leads to a decrease
in the values of all impedances (Zn, ZT2 and Zev)- The
proposed WPD can operate effectively within a frequency
ratio range of 1.4 to 5. This performance is achievable if the
characteristic impedances ofthe first and the second stubs (Zn
and ZT2) are limited to the ranges of20 -100 n and 20-702,
respectively. Additionally, the characteristic impedance ofthe
coupled line is limited to a range of40 -140 n. Furthermore,
when the frequency ratio is U-2.7, the proposed WPD
operates at two distinct frequency bands:jl = 0.85 GHz andf
= 2.3 GHz. In this case, the characteristic impedances ofeach
transmission line are calculated as: Zn= 58.33 n, ZT2= 45.03
2,Z83.510,Za66.11 2, and R = 100 2.

III . SIMULATIONDESIGNAND RESULTS ANALYSIS

The proposed WPD is designed and simulated for dual­
band operation at 0.85 GHz and 2.3 GHz, which is dedicated
to 5G applications. The novel divider is fabricated on FR-4
substrate with a complete ground plane on the bottom layer,
as shown in Fig. 6. The substrate has a relative dielectric
constant of Sr = 4.3 and a thickness of 0.8 mm, while the
ground plane is a 35 µm thick copper layer. The dimensions
ofboth the substrate and the ground plan are 60x38 mm2. The
physical dimensions of the designed layer are listed in Table
1.
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Fig. 7. Simulated parameters ofthe proposed WPD for dual-band operation.
(a) Input and output return loss, (b) Transmission parameters and isolation
loss.

In this section, the simulation results ofthe proposed WPD
for dual-band operation are obtained using CST simulator
V202 l. The simulated S-parameters of the novel design are
plotted in Fig. 7. From Fig. 7(a), the input return loss (S1) is
below -20 dB for the first operating band at 0.85 GHz and
below -30 dB for the second band at 2.3 GHz. Additionally,
the output return losses (S22 and S33) are all below -15 dB at
both design frequencies. The transmission coefficients (S21
and S31) are approximately -3 dB for both frequency bands
with a deviation of0.2 dB at the first frequency band and 0.3
dB at the second, as shown in Fig. 7 (b). Furthermore, it is
observed that the isolation (S23) is less than -15 dB at both
operating frequencies.

To demonstrate the advantages of our proposed design,
Table 2 summarizes a comparison between our divider and
previous published dual-band WPDs. It was found that the
proposed design has a simpler topology than other works and
enhance the performance factors such as return loss,
transmission parameters and isolation loss. Furthermore, the
proposed divider operates at frequencies of0.85 and 2.3 GHz,
which are significant in modemwireless communications.

I

PHYSICAL DIMENSIONS OF THE PROPOSED WPD FOR
DUAL-BAND OPERATION
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TABLE IL COMPARISONS BETWEEN PREVIOUS PUBLISHED DUAL-BAND WPDs WITH THIS WORK

Referenes Operating Topology Retun Loss Transmission Parameters Isolation Loss
Frequencyflf [Sn+[(dB) [S5\, /S/ (dB) [S:a] (dB)

[7] 1/3.5 GHz 5-TLs & 1-R 27/25 3.4/3.4 25/20
5-TLs & 2-stubs 1-R

[8] 0.5/2.25 GHz 2-CL, 2-OS and 1-R 28/25 3.3/3.3 25/25

[9] 0.9/2.45 GHz 4-TLs, 2- short CRLH 23.7/17.0 3.19/3.18 20/15
TLs and 1-R

[10] 1/2 GHz 4-TLs and 1-RLC 20/25 3.14/3.19 20/15

This work 0.85/2.3 GHz 2-TLs, 1-CL and 1-R 22/31 3.2/3.3 20/15

TLs: Transmission Lines, R: Resistor, CL: Coupled Line, OS: Open Stub, CRLH: Composite Right-Left Handed and RLC: Resistor-Inductor-Capacitor.

IV. CONCLUSION

In this paper, a novel Wilkinson power divider (WPD) is
proposed for dual-band operation with a compact size.
Theoretical analysis using the even-odd mode and the ABCD
matrix has been carried out to determine the design equations
and parameters. The use of coupled line and stubs in the
proposed design provides several benefits, including a simpler
structure, a wider operating range, and a more compact size.
Simulation results show good performance in terms of
compactness, impedance matching at all ports, favorable
transmission characteristics, and high isolation at both
frequency bands. Finally, the theoretical and simulated results
are in very good agreement.
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