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COMMUNICATIONS

A low profile compact three-way Wilkinson
power divider with size reduction

Ömer Kasar1

In this study, a three-way Wilkinson power divider (WPD) was proposed the circuit whose center frequency was selected
as 1.9 GHz operates between 0.95-2.95 GHz frequencies and has a bandwidth of approximately 105%. The simulation and
measurement results of the designed circuit were well aligned with each other below 10 dB return loss and 13 dB isolation. In
addition, 0.4, 0.3 and 1.0 dB insertion loss were obtained in the output ways, respectively. The circuit is made more compact
thanks to the curved structure of the output ways. It has been found that the proposed three-way power divider takes about
35% less space than the conventional circuit design.
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1 Introduction

In the microwave, the dimensions of the circuits that
do the same work at different frequencies are different
from each other. As an engineering requirement, broad-
band structures are preferred instead of designing individ-
ual circuits for each communication band. Thus, compact
structures are produced that cover more communication
bands and take up less space in the systems [1, 2]. In
electronics, at least three-way circuit elements that di-
vide applied input power to the number of gates at the
output are called power dividers. The Wilkinson Power
Divider is the circuit that can make the power division
lossless when the output ports are matched [3].

There are a lot of broadband WPD circuits in the lit-
erature [4-8]. Some studies have also been specifically de-
signed to divide the input power into more than two out-
put ways [9-15]. These generally include communication
frequencies. However, in recent designs, microwave power
divider circuits have focused on achieving higher band-
width levels covering more frequency by performing lower
return loss (RL), insertion loss (IL) and higher isolation
(IS) analyses [16-22].

In this study, a WPD circuit was proposed which di-
vides the input power into three equal ways (four ports).
The length of each way was curved, so that the circuit
takes up less space. The curvature of the transmission
line reduces the area of the substrate material used and
reduces the amount of free space on the structure. There-
fore, a more compact circuit will be formed according to
the frequency of operations.

In this article, the structure of the proposed three-way
circuit is explained. The characteristics of the transmis-
sion lines in the output arms, impedance calculation and
even-odd mode analysis, and the dimensions and prop-
erties of the circuit were given. Finally, the simulation

(performed in ADS 2009) and the measurement results
are compared.

2 Design of three-way WPD

The proposed design is a four-portWilkinson power di-
vider circuit, three of which are outputs. Schematic view
of the circuit is in Fig. 1, where port 1 represents the
single input port and ports 2, 3, and 4 are the output
ports. The input power was divided along these branches.
The distance of each output arm is a quarter wavelength
( l = λ/4). The characteristic impedance of the transmis-
sion line in each branch where the power drops to one
third is Z1 = 86.6 Ω calculated from (1), [3]. The width
of the line according to the characteristic impedance is
WL = 0.97 mm. The transmission line on all ports is
Z0 = 50 Ω and its width is W0 = 2.9 mm.

Z1 = Z0

√
3 . (1)

There are two isolation resistors between the output ter-

Fig. 1. Schematic view of three-way WPD

minals. The calculation of these two resistor was made by
even-odd mode analysis according to (2)

R = re + r0. (2)
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Fig. 2. even (a) and odd (b) mode analysis of three-way WPD

Fig. 3. Inner dimension of proposed threeway WPD

In even mode calculation, the transmission lines Z1

were open circuited (OC). Since all outputs are equal
split, the source impedance calculation seen at the in-
put is 3Z0 . Figure 2(a) shows the even mode equivalent
circuit model. The resistors ended the transmission lines
(re ) are actually not affect the isolation resistors value.
In odd mode calculation, the input was short-circuited.

The re resistors are placed at the end of the matching
sections (Z1 ). The odd mode equivalent circuit of the
WPD design is shown in Fig. 2(b) [3,8]. Eventually, the
isolation resistors were calculated to be 120 Ω.

In this study, the line impedance and lengths of the
three-way were designed to be equal. The first and third

ways are symmetrical to each other. In addition, the
length of the second branch was slightly more curved than
the others so that it can have the same length as the other
ways. This curve affects the length L′ of the circuit. If
there were no folds provided that the width of the circuit
remains the same (due to the butterfly stub), the length
of the circuit would be L′ = L1+L2+L5+λ/4+Lp . Here,
Lp is the output point to which the connectors were com-
bined. Thus, approximately 35% of space has been saved

in the current situation.

Ideally, in a three-wayWPD with equal power division,
approximately -4.77 dB of power can be transmitted to
each way from the input port [3]. In non-ideal circuits,
insertion loss (IL) occurs, [23] IL = Si1 − 4.77 where
Si1 , is the transmission parameter of each output port,

and i = 2, 3, and 4 respectively.

To ensure wide band operation and impedance com-
patibility, butterfly stub was placed at the input of the
divider. The dimensions of the stub with length Lrad = 5
mm and angle Rad = 20 ◦were determined by parameter
sweep. The internal dimensions of the design were given
in Fig. 3.

Fig. 4. Circuit: (a) – substrate outer dimensions, and (b) – manu-
factured circuit

In the three-way WPD circuit, the center frequency
was selected as f0 = 1.9 GHz. The electrical permittiv-
ity of the FR4 substrate material is εr = 4.3 and the
tangential loss tan(δ) = 0.025. The thickness of the ma-
terial is 1.5 mm. At the frequencyf0 , the length of each
layer selected in the quarter wavelength was calculated
as l = λ/4 = 22 mm. The external dimensions of the de-
sign and the manufactured circuit were shown in Fig. 4.
All dimension, length and numerical values of the design
were listed in Tab. 1. The lengths of the circuit according
to wavelength are 0.272×0.215 λ2 .

3 Simulation and measurement

The simulation and measurement results of the three-
way WPD circuit S11 , S22 ,S33 , and S44 were shown in
Fig. 5 and Fig. 6. The frequencies in which the return
loss (RL) is 10 dB or less on all gates are in the range
BW = 0.95− 2.95 GHz. According to these frequencies,
Fractional Bandwidth (FBW) of 105% is achieved.

During BW, the average insertion losses were
ILS21

= 0.4 dB, ILS31
= 0.3 dB, and ILS41

= 1.0
due to the transmission parametersS21 ,S31 , and S41



Journal of ELECTRICAL ENGINEERING 71(2020), NO6 421

Fig. 5. Return losses of and Fig. 6. Return losses of and

Fig. 7. Insertion losses of output ports Fig. 8. Isolation between output ports

could not meet the ideal conditions. The transmission pa-
rameters and IL graphs are given in Fig. 7. The graph of
the parametersS32 ,S42 , and S43 , which are the isolation
between the ports (IS) were shown in Fig. 8. The fact that
the middle arm is not symmetrical with the other ways
affected the isolation slightly. Nevertheless, it is possible
to mention about 13 dB isolation in the BW range.

Table 1. Parameters

Param. Value Param. Value

L 24 mm W0 2.9 mm

W 19 mm W1 6.4 mm

h 1.5 mm W2 4.5 mm

t 35 µm W3 4 mm

εr 4.3 W4 2.6 mm

R 120 L1 3 mm

λ/4 22 L2 6 mm

Rad 20 L3 13.7 mm

Lrad 5 mm L4 2.5 mm

WL 0.97 mm L5 1 mm

In the proposed three-way WPD circuit, in terms of
simulation and measurement results, return loss (RL) and
insertion loss (IL) are quite low, and its isolation (IS) is
quite high. Table 2 shows the superiority of three-way
WPD over previous studies. Graphs of S parameters gave

similar results to other studies in the literature. In ad-
dition, a very large fractional bandwidth (FBW=105) is
an important feature that highlights the proposed three-
way WPD. The three-way WPD has 35 % smaller in size
compared to the conventional design It can be said that
it is a compact structure in terms of the area it covers
according to the frequencies it operates. The best advan-
tage of compact WPD is that the area covered in terms of
dimensions (mm2 ) and wavelength (λ2 ) is ahead of the
examples in the literature.

4 Concluson

In this study, a three-way WPD circuit was designed.
The WPD operating in the broadband range has been
chosen as the center frequency of 1.9 GHz to cover more
communication bands. The WPD circuit provided about
105% fractional bandwidth at frequencies of BW =
0.95− 2.95 GHz where it operates. Simulation and mea-
surement results were in good agreement with each other.
In terms of simulation and measurement performance, re-
turn loss (RL) and insertion loss (IL) are quite low, and
its isolation is quite high.

An important advantage of the design is its small
space. In this respect, the design is compact. It can be said
that the curved structure of the ways for the purpose of
size reduction provide better performance than the stud-
ies in the literature according to their sizes. The fact that
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Table 2. Comparison with previous works

Reference Method
f0 RL IL IS FBW Size Size

(GHz) (dB) (dB) (dB) (%)or *BW (mm) (λ2 )

(21) Gysel power divider 3.45 20 0.32 24 20.3 – large

(9) Band pass power divider 3 10 – 15 49.4 – 0.50×0.50

(13) Filtering power divider 1.36 19.5 0.4 min 11.6 57.3 – 0.568×0.327

(10) Unequal split WPD 7 10 – 10 *2–12 GHz 59.18×11.81 large

This work Curved line WPD 1.9 10 0.40.31.0 13 105 24×19 0.272×0.215

* In the article given as Bandwidth, - Not mentioned in the article

the proposed three-way WPD circuit covers many com-
munication bands indicates its high usability in power
division or combining applications.

References
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