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ABSTRACT
In this article, theoretical analysis and simulation of a wideband dual-band balanced to
unbalanced Gysel power divider using coupled lines are proposed for dual-band WiFi
applications. The proposed power divider consists of three coupled line sections, steppedimpedance stub, two grounded resistors, and a dual-band phase inverter. The dual-band phase
inverter is used to perform the differential functionality at the input port. The use of the
coupled lines results in a wide frequency range, compact size, flexible structure, and more
freedom in choosing the design parameters. The closed-form equations and the ABCD matrix
are derived using even and odd mode analysis and precise electrical design parameters are
determined. The power divider was simulated at 2.4 GHz and 5 GHz, and great performance
had been achieved; all ports are matched at the two frequencies with a 10-dB input fractional
bandwidth of 45.83% at 2.4 GHz and 21.7% at 5 GHz. The isolation between output ports was
more than 15 dB within the frequency bandwidth and the power was divided equally between
output ports with the same phase. In addition, a perfect common mode suppression was
reached, and the differential functionality was a success. Moreover, the device is simulated
using Keysight-ADS and the results agreed well with the derived equations results. The
device can be used for any application requiring dual-band WiFi connectivity.
Keywords: Dual-band; power divider; WiFi ; coupled lines; balanced-to-unbalanced; evenodd mode; ABCD matrix; mixed mode.
INTRODUCTION
Power dividers or power splitters are passive microwave devices that usually splits an
input signal into two or more equal output signals, and unequal power division between
output signals is also possible. Moreover, power dividers may have any number of ports and
because of the design symmetry, they can also be used as power combiners. Power handling,
output isolation, and phase and port matching are required for these devices (Yoon and Kim,
2021; Alazemi and Kourah, 2019). Power dividers/combiners are commonly implemented in
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modern communication systems, RF, and microwave circuits.
Wilkinson and Gysel power dividers are examples of the most important and well-known
power dividers. Lately, the need of enhancing the standards of the multi-band microwave
components was necessary for the development of microwave circuits and wireless
communications systems. Differential RF circuits are used instead of single ended circuits in
modern communication systems because of their capability to immunize noise and
electromagnetic interference since they can suppress common mode noise. Therefore,
differential passive components like balanced filters (Wu et al., 2007; Lim et al., 2010),
balanced couplers (Jiao et al., 2018; Li et al., 2019), diplexers (Lobato-Morales et al., 2012;
Zhou et al., 2014), and balanced power dividers (Zhang et al. 2017; Yu and Sun, 2015) have
been recently widely used in communication systems. Power dividers can be classified based
on the type of differential input/output ports into four categories: unbalanced to unbalanced
(UTU) (Sun et al., 2011; Wang et al., 2014), unbalanced to balanced (UTB) (Zhang et al.
2017; Wu et al., 2018), balanced to unbalanced (BTU) (Xu et al., 2015; Zhu et al., 2020), and
balanced to balanced (BTB) (Wu et al., 2013; Xia et al., 2012; Li et al., 2018). Power dividers
are implemented using various methods such as open and short stubs (Sun et al., 2011; Yoon
and Kim, 2021), coupled lined and lumped resistors (Wang et al., 2014; Wang et al., 2013),
and stepped impedance transmission lines (Yu and Sun, 2015).
Many recent works presented dual-band designs of differential power dividers which are
highly required in contemporary communications systems with dual communications
standards (Feng et al., 2019; Zhu et al., 2020; Zhuang et al., 2018; Liu et al., 2022). In dualband receivers, dual-band balanced receiving antennas are typically used for the
aforementioned advantages of differential devices. They are usually connected to other singleended dual-band components using a combination of dual-band baluns and dual-band
dividers. Recent works suggested a better alternative to this structure by using BTU dividers
to combine the balun and the divider into one device and hence achieving size reduction. Zhu
et al., 2020 proposed a dual-band BTU divider by introducing a dual-band phase inverter to a
modified Gysel divider with a single isolation resistor. Another dual-band BTU divider was
developed in (Zhuang et al., 2018) by replacing each line in a single-band BTU divider with a
dual-band impedance transformer. A recent dual-band BTU divider was presented in (Liu et
al., 2022) which used two layers of slotted circular patch resonators that are aperture-coupled.
However, the dual-band BTU dividers in (Zhu et al., 2020; Zhuang et al., 2018; Liu et al.,
2022) have some drawbacks related to their structures. The designs in (Zhu et al., 2020;
Zhuang et al., 2018) are developed by replacing single-band components with their dual-band
counterparts which tends to increase their size. Similarly, the design in (Liu et al., 2022) is of
two-layered structure which is difficult to fabricate. Therefore, it is our aim in this article to
design a dual-band BTU divider that has a compact and simple form. Such a design will be
particularly useful in reducing the size of dual-band receivers which is one of the main
motivations behind BTU dividers in the first place.
In this article, a wideband dual-band balanced to unbalanced (BTU) Gysel power divider
designed using coupled lines is proposed for 2.4 and 5 GHz operating frequencies. The
proposed device consists of three coupled line sections, a dual-band phase inverter, a stepped
impedance stub, and two grounded resistors. With such a structure, a compact, simple, and
flexible design is achieved with wideband dual-band capability. The proposed device is
theoretically analyzed and is also simulated using Keysight’s Advanced Design System
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(ADS). The simulated results demonstrate the excellent performance achieved by proposed
device at both operating frequencies in terms of power division, common mode suppression,
and output isolation.
The rest of the paper is organized as follows. First, the design and analysis of the proposed
device are presented. In this section, the mixed mode S-parameters of the proposed device are
derived using even- and odd-modes analysis. Also, the effect of the frequency ratio of the
design’s line impedances (and hence the size) is studied. Then, the results and discussion
section is presented. In this section, the device is built and simulated in Keysight’s Advanced
Design System (ADS), and the results are demonstrated and show a great agreement with
theoretical results. Finally, the paper is concluded.
DESIGN AND ANALYSIS
In this sections, the development of the proposed dual-band BTU divider is presented.
First, a dual-band unbalanced Gysel power divider is presented, and it will be the core of the
proposed device. By incorporating a dual-band phase inverter and a stepped-impedance stub,
this core divider will be developed into the proposed dual-band BTU divider.
Core Dual-Band Unbalanced Divider
Fig. 1 shows the schematic of a dual-band unbalanced Gysel power divider. The device
consists of three coupled line sections, a transmission line section, two grounded resistors, and
an open stub. The ports have an internal resistor, which is commonly equal to 50 Ω. The
circuit parameters are calculated as follow: 𝑍1 = 55 Ω, 𝑍𝑒1 = 52 Ω, 𝑍𝑜1 = 40 Ω, 𝑍𝑒2 = 50 Ω,
𝑍𝑜2 = 32 Ω , 𝑍𝑒3 = 60.37 Ω , 𝑍𝑜3 = 50 Ω , 𝑍𝑆 = 80 Ω , and 𝑅1 = 𝑅2 = 54.9 Ω using the
equations in (Wang et al., 2014). All transmission lines and stubs have the same length which
is 58.4o.
Fig. 2 shows the simulated S-parameters of the power divider at operating frequencies (2.4
GHz & 5 GHz). Fig. 2a shows that all ports are matched (|S11|, |S22|, |S33| < -10 dB), the power
is divided equally between ports 2 and 3 (|S21| = |S31|= -3 dB), the output signals are in phase
(|𝜙2 | = |𝜙3 | = 90° ), and the output ports are isolated from each other (|S23|, |S32| < -20 dB).

Figure 1. A schematic of a dual-band Gysel power divider using coupled lines.
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Figure 2. The simulated S-parameters of dual-band Gysel power divider using coupled lines:
(a) The return loss at the input and output ports, (b) The isolation between output ports, (c)
The insertion loss from port 1 to ports 2 or 3, (d) The phases of the insertion loss parameters.
Dual-Band Phase Inverter
An essential component to develop the divider in Fig. 2 into a BTU Gysel power divider is
the dual-band phase inverter shown in Fig. 3. This inverter is equivalent to a line with
impedance 𝑍1 and length 180° at both design frequencies. The structure parameters
(impedances 𝑍𝑎 and 𝑍𝑏 ; and lengths 𝜃𝑎 and 𝜃𝑏 defined at 𝑓1 ) are calculated based on a design
value of 𝑍1 using the following equations (Zhu et al., 2020):

Figure 3. The schematic model of a dual-band phase inverter.
𝜃𝑎 =

𝑍𝑎 =

𝜋
,
1+𝑛

𝑍1
,
tan 𝜃𝑎

𝜃𝑏 =

𝑍𝑏 =

2𝜋
,
1+𝑛

𝑛=

𝑓2
𝑓1

𝑍𝑎 sin 𝜃𝑎 cos 𝜃𝑎 tan 𝜃𝑏
cos2 𝜃𝑎 − sin2 𝜃𝑎

(1)

(2)

Figure 4 shows the effects of the frequency ratio (n) on the values of inverter`s
transmission line impedances ( 𝑍𝑎 & 𝑍𝑏 ). The analysis shows that with the increase of
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frequency ratio (n), higher values of line impedances are required. The inverter's line
impedances are also increasing with the increase of the original line impedance (𝑍1 ).

(a)
(b)
Figure 4. Inverter`s transmission line impedances (𝑍𝑎 and 𝑍𝑏 ) versus the frequency ratio (n)
with different values of line impedance 𝑍1 . (a) 𝑍𝑎 vs. n (b) 𝑍𝑏 vs. n
The Proposed Dual-Band Balanced to Unbalanced Gysel Power Divider
The schematic of the proposed wideband dual-band balanced to unbalanced (BTU) Gysel
power divider is shown in Fig. 5 after inserting the dual-band phase inverter. The divider is
now a 4-port network with ports 1 and 4 as a differential input, and ports 2 and 3 as output
ports. The divider consists of a dual-band phase inverter, three coupled line sections, two
directly grounded isolation resistors (R), and a stepped-impedance stub on the right side. The
stepped-impedance stub is used instead of just the open stub to maintain the output matching
and isolation. All the ports are 50 Ω.

Figure 5. The schematic of a dual-band balanced to unbalanced (BTU) Gysel power divider.
Even and Odd Mode Analysis
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Figure 6. The schematic of the even-mode half circuit.

Figure 7. The schematic of the odd-mode half circuit.
The proposed structure is analyzed using even and odd mode analysis. The divider is
simplified into two half equivalent circuits as shown in Figs. 6 and 7, by separating the even
and odd mode characteristic impedances of the coupled line.
Even Mode Analysis
In the even-mode half (Fig. 6), the isolation resistor (R) has no current or voltage since the
power divider must be matched at the two ports with lossless transmission. Therefore, the
resistor (R) in Fig. 6 must be bypassed to the ground.
The input impedance seen at port 1 (𝑍𝑖𝑛,𝑒 ) is derived as follows,
2𝑍𝑠
𝑍𝑖𝑛5,𝑒 =
(3)
𝑗 tan 𝜃𝑠

𝑍𝑖𝑛4,𝑒 = 2𝑍𝑚

𝑍𝑖𝑛5,𝑒 + 𝑗 2𝑍𝑚 tan 𝜃𝑚
2𝑍𝑚 + 𝑗 𝑍𝑖𝑛5,𝑒 tan 𝜃𝑚

(4)

𝑍𝑖𝑛4,𝑒 + 𝑗 𝑍𝑒3 tan 𝜃
𝑍𝑒3 + 𝑗 𝑍𝑖𝑛4,𝑒 tan 𝜃

(5)

𝑍𝑖𝑛3,𝑒 = 𝑍𝑒3
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Since the power divider must be matched at all ports and the power must be divided equally
into the output ports at the two operating frequencies without any losses, the even-mode half
circuit must be matched at both ports without any losses. As a results, the input impedance
(𝑍𝑖𝑛3,𝑒 ) must equal to zero and shorten the isolation resistor which removes its effects in this
mode. Based on that, if 𝜃𝑠 = 𝜃𝑚 = 𝜃, the characteristic impedance (𝑍𝑒3 ) can be calculated as
[𝑍𝑚 − 𝑍𝑠 (tan 𝜃)−2 ]
(6)
𝑍𝑒3 = 2𝑍𝑚
[𝑍𝑚 + 𝑍𝑠 ]
The impedance seen at port 2 (𝑍𝑖𝑛2,𝑒 ) is now a parallel combination of the short stub (𝑍𝑒2 , θ)
with port 2 internal impedance (𝑅𝑜 ),
𝑍𝑖𝑛2,𝑒 = 𝑅𝑜 ∥ 𝑗 𝑍𝑒2 tan 𝜃 =

𝑗 𝑅𝑜 𝑍𝑒2 tan 𝜃
𝑗 𝑍𝑒2 tan 𝜃 + 𝑅𝑜

(7)

And from (𝑍𝑖𝑛2,𝑒 ), the impedance (𝑍𝑖𝑛1,𝑒 ) can be calculated by
𝑍𝑖𝑛2,𝑒 + 𝑗 𝑍𝑒1 tan 𝜃
𝑍𝑖𝑛1,𝑒 = 𝑍𝑒1
𝑍𝑒1 + 𝑗 𝑍𝑖𝑛2,𝑒 tan 𝜃

(8)

In the inverter circuit,
𝑍𝑖𝑛𝑦,𝑒 = 𝑍𝑖𝑛𝑣,𝑒 ∥ 𝑍𝑖𝑛𝑤,𝑒 =

𝑍𝑎
𝑍𝑏
𝑍𝑎 𝑍𝑏
∥
=
𝑗 tan 𝜃𝑎
𝑗 tan 𝜃𝑏
𝑗 [𝑍𝑎 tan 𝜃𝑏 + 𝑍𝑏 tan 𝜃𝑎 ]

(9)

Then,
𝑍𝑖𝑛𝑥,𝑒 = 𝑍𝑎

𝑍𝑖𝑛𝑦,𝑒 + 𝑗 𝑍𝑎 tan 𝜃
𝑍𝑎 + 𝑗 𝑍𝑖𝑛𝑦,𝑒 tan 𝜃

(10)

From Equations (8) and (10), the input impedance seen at port 1 (𝑍𝑖𝑛,𝑒 ) is
𝑍𝑖𝑛1,𝑒 𝑍𝑖𝑛𝑥,𝑒
𝑍𝑖𝑛,𝑒 = 𝑍𝑖𝑛𝑥,𝑒 ∥ 𝑍𝑖𝑛1,𝑒 =
𝑍𝑖𝑛1,𝑒 + 𝑍𝑖𝑛𝑥,𝑒
In addition, the ABCD matrix of the even mode excitation, from port
obtained as follows:
1
0 cos 𝜃 𝑗𝑍𝑒1 sin 𝜃
1
𝐴𝑒 𝐵𝑒
1
j sin 𝜃
[
]= [
][ 1
1] [
𝐶𝑒 𝐷𝑒
cos 𝜃
𝑍𝑖𝑛𝑥,𝑒
𝑍𝑖𝑛2,𝑒
𝑍𝑒1

(11)
1 to port 2 can be
0
1]

(12)

Odd Mode Analysis
The odd-mode half circuit is shown in Fig. 7, where the inverter circuit and open stub line are
now bypass to the ground. The input impedance seen at port 1 (𝑍𝑖𝑛 ) is derived as follows,
𝑍𝑖𝑛3,𝑜 = 𝑗 Zo3 tan 𝜃
(13)
and
𝑍𝑖𝑛2,𝑜 = 𝑍𝑜2

𝑍2 + 𝑗 𝑍𝑜2 tan 𝜃
𝑍𝑜2 + 𝑗 𝑍2 tan 𝜃

Where 𝑍2 is defined as
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(14)

𝑍2 = 𝑅 ∥ 𝑗 𝑍𝑒3 tan 𝜃 =

𝑗 𝑅 𝑍𝑜3 tan 𝜃
𝑗 𝑍𝑜3 tan 𝜃 + 𝑅

(15)

Also,
𝑍𝑖𝑛1,𝑜 = 𝑍𝑜1

𝑍4 + 𝑗 𝑍𝑜1 tan 𝜃
𝑍𝑜1 + 𝑗 𝑍4 tan 𝜃

(16)

Where 𝑍4 is defined as
𝑍4 = 𝑍𝑖𝑛2,𝑜 ∥ 𝑅𝑜 =

𝑍𝑖𝑛2,𝑜 𝑅𝑜
𝑍𝑖𝑛2,𝑜 + 𝑅𝑜

(17)

In the inverter circuit,
𝑍𝑖𝑛𝑦,𝑜 = 𝑍𝑖𝑛𝑣,𝑜 ∥ 𝑍𝑖𝑛𝑤,𝑜 = 𝑗 𝑍𝑎 tan 𝜃𝑎 ∥

𝑍𝑏
𝑍𝑎 𝑍𝑏
=
𝑗 tan 𝜃𝑏
𝑗 [𝑍𝑎 tan 𝜃𝑏 − 𝑍𝑏 tan 𝜃𝑎 ]

(18)

Then,
𝑍𝑖𝑛𝑥,𝑜 = 𝑍𝑎

𝑍𝑖𝑛𝑦,𝑜 + 𝑗 𝑍𝑎 tan 𝜃
𝑍𝑎 + 𝑗 𝑍𝑖𝑛𝑦,𝑜 tan 𝜃

(19)

From Equations (16) and (19), the input impedance seen at port 1 (𝑍𝑖𝑛,𝑜 ) is
𝑍𝑖𝑛1,𝑜 𝑍𝑖𝑛𝑥,𝑜
𝑍𝑖𝑛,𝑜 = 𝑍𝑖𝑛1,𝑜 ∥ 𝑍𝑖𝑛𝑥,𝑜 =
𝑍𝑖𝑛1,𝑜 + 𝑍𝑖𝑛𝑥,𝑜

(20)

The ABCD matrix of the odd mode excitation, from port 1 to port 2 can be obtained as
follows:
1
0 cos 𝜃 𝑗𝑍𝑜1 sin 𝜃
1
0
𝐴𝑜 𝐵𝑜
1
1
j sin 𝜃
(21)
[
]= [
][
1] [
1]
𝐶𝑜 𝐷𝑜
cos 𝜃
𝑍𝑖𝑛𝑥,𝑜
𝑍
𝑍𝑜1
𝑖𝑛2,𝑜
S-Parameters of the Proposed Device
To evaluate the performance of the proposed BTU Gysel power divider, the standard
scattering matric [𝑆 𝑆𝐸 ] of the proposed design are obtained as follow
1
1
−
𝑆21
𝑆31
−
2
2
𝑆
0
0
−𝑆
21
21
[𝑆 𝑆𝐸 ] =
(22)
𝑆31
0
0
−𝑆31
1
1
−
−𝑆
−𝑆
−
21
31
[ 2
2]
The above matrix is derived to obtain perfect input matching at all ports and perfect isolation
between output ports and they can be calculated from the ABCD matrices of the even and odd
circuits (Equations (12) and (21)). Based on the standard S-parameters in Equation (22), The
mixed mode scattering matrix [𝑆 𝑀𝑀 ] is derived as
𝑆𝑑1𝑑1
𝑆
[𝑆 𝑀𝑀 ] = [ 𝑠2𝑑1
𝑆𝑠3𝑑1
𝑆𝑐1𝑑1

𝑆𝑑1𝑠2
𝑆𝑠2𝑠2
𝑆𝑠3𝑠2
𝑆𝑐1𝑠2

𝑆𝑑1𝑠3
𝑆𝑠2𝑠3
𝑆𝑠3𝑠3
𝑆𝑐1𝑠3

0
𝑆𝑑1𝑐1
𝑆𝑠2𝑐1
] = √2𝑆21
𝑆𝑠3𝑐1
√2𝑆31
𝑆𝑐1𝑐1
[ 0
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√2𝑆21
0
0
0

√2𝑆31
0
0
0

0
0
0
−1]

(23)

The above matrix has the following targets: (a) perfect input matching at all ports, (b) equal
power division from port 1 into ports 2 and 3, (c) perfect isolation between output ports (2 and
3), (d) perfect common mode rejection at port 1, (e) no common mode transmission from port
1 into ports 2 and 3. For dual-band operation, the center frequencies are 𝑓1 and 𝑓2 = 𝑛𝑓1 ,
where n ≥ 1, and the simplest condition for electrical length is represented as:
𝜋
𝑛𝜋
𝜃𝑓1 =
,
𝜃𝑓2 =
(24)
1+𝑛
1+𝑛
Parametric Studies
Equation (6) shows that there are two degrees of freedom to choose the design parameters
(𝑍𝑠 , 𝑍𝑚 , and 𝑍𝑒3 ). Fig. 8a shows the effects of the frequency ratio (n) on the transmission line
impedance ( 𝑍𝑒3 ) with line impedance ( 𝑍𝑚 = 100 Ω) and different values of the line
impedance (𝑍𝑠 ). In general, the transmission line impedance (𝑍𝑒3 ) decreases with the increase
of (n) but it was decreasing faster with the increase of the line impedance (𝑍𝑠 ).

(a)
(b)
Figure 8. Transmission line impedance (𝑍𝑒3 ) versus the frequency ratio (n). (a) with line
impedance (𝑍𝑚 = 100 Ω) and different values of line impedance (𝑍𝑠 ). (b) with line
impedance (𝑍𝑠 = 100 Ω) and different values of line impedance (𝑍𝑚 ) .
Fig. 8b shows the effects of the frequency ratio (n) on the transmission line impedance (𝑍𝑒3 )
with line impedance ( 𝑍𝑠 = 100 Ω) and different values of the line impedance ( 𝑍𝑚 ). In
general, the transmission line impedance (𝑍𝑒3 ) decreases with the increase of (n) but it was
increasing faster with the increase of the line impedance (𝑍𝑚 ).

RESULTS AND DISCUSSION
A wideband dual-band BTU power Gysel power divider is implemented at two operating
frequencies (2.4 and 5 GHz) which results in 𝑛 = 2.083. The implementation starts when
𝜃 = 𝜃𝑓1 is equal to 58.4o which is calculated from Equation (24), the design parameters
(𝑍𝑆 , 𝑍𝑚 , and 𝑍𝑒3 ) are designed using Equation (6). The following parameters (𝑍𝑎 , 𝑍𝑏 , 𝑍𝑒1 ,
𝑍𝑜1 , 𝑍𝑒2 , 𝑍𝑜2 , 𝑍𝑜3 , and 𝑅) can be designed using the above equations with large area of
9

freedom.
In order to implement the transmission lines, their characteristic impedances are chosen to be
between 30 Ω and 150 Ω, which are reasonable to manufacture using standard etching
machine, and with considering the mixed mode scattering matrix of the proposed design, the
design parameters are: 𝑍𝑎 = 54 Ω, 𝑍𝑏 = 115 Ω, 𝑍𝑒1 = 115.5 Ω, 𝑍𝑜1 = 48.5 Ω, 𝑍𝑒2 = 70 Ω,
𝑍𝑜2 = 65 Ω , 𝑍𝑒3 = 108 Ω , 𝑍𝑜3 = 30 Ω , 𝑍𝑚 = 140 Ω , 𝑍𝑆 = 90 Ω , 𝑅 = 110 Ω , 𝜃 = 𝜃𝑠 =
𝜃𝑚 = 𝜃𝑎 = 58.4𝑜 , and 𝜃𝑏 = 116.8𝑜 . The mixed mode S-parameters of the proposed power
dividers are shown in Figs. 9-12.

(a)
(b)
Figure 9. (a) The differential mode input return loss |Sd1d1| versus frequency. (b) The common
mode input return loss |Sc1c1| versus frequency.
Fig. 9a shows that the differential mode signal going into the differential input port (input
return loss at port 1) is perfectly matched at the desired frequencies, where |Sd1d1| = -27.25 dB
at 2.4 GHz with a 10-dB bandwidth of 45.83% (1100 MHz) and |Sd1d1| = -26.39 dB at 5 GHz
with a 10-dB bandwidth of 21.4% (1070 MHz). Fig. 9b shows that the common mode noise
going into the differential port (port 1) is totally reflected where |Sc1c1| = 0 dB at both 2.4 GHz
and 5 GHz. In Fig. 10, the differential/balanced signal from port 1 is transmitted into the two
single output ports (port 2 and 3) with equal power division where, |Ss2d1| = |Ss3d1| = |Sd1s2| =
|Sd1s3| = -3.33 dB at 2.4 GHz with a 3-dB bandwidth of 61.37% (1473 MHz), and -3.34 dB at 5
GHz with a 3-dB bandwidth of 29.42% (1471 MHz). The proposed device has a wideband
power division performance which makes it a great candidate for wideband applications.
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Figure 10. The output power division parameters (|Ss2d1| = |Ss3d1| = |Sd1s2| = |Sd1s3|) versus
frequency.

(a)

(b)

Figure 11. (a) Output return loss S-parameters at ports 2 and 3 (|Ss2s2| = |Ss3s3|) vs. frequency.
(b) Isolation S-parameters between the output ports (|Ss2s3| = |Ss3s2|) vs. frequency.
Fig. 11a shows that the output return loss S-parameters at ports 2 and 3 (|Ss2s2| = |Ss3s3|) are
equal to -17.41 dB at 2.4 GHz and -18.01 dB at 5 GHz which results in a good matching at
these ports. The isolation S-parameters between the output ports (|Ss2s3| = |Ss3s2|) were perfect
with -24.97 at 2.4 GHz and-25.39 at 5 GHz as shown in Fig. 11b. Fig. 12 shows a perfect
common mode suppression as there is no power converted to the common mode with |Sc1s2| =
|Sc1s3| = |Ss2c1| = |Ss3c1| = -34.61 dB at 2.4 GHz and -47.49 dB at 5 GHz.
A summary of the simulated mixed-mode S-parameters results are shown in Table 1 at the
operating frequencies (2.4 GHz & 5 GHz). The results are found using Keysight-ADS and
show a great power divider performance. Moreover, the result was verified, and the exact
same results were found using the ABCD matrix by MATLAB.
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Figure 12. The common mode S-parameters (|Ss2c1|, |Ss3c1|, |Sc1s2|, and |Sc1s3|) versus
frequency.
Table 1. The simulated S-parameters of the proposed design at the operating frequencies.
S-Parameters at
S-Parameters at 5
2.4 GHz (dB)
GHz (dB)
Sd1d1
-27.25
-26.39
Sd1s2 = Sd1s3
-3.33
-3.34
Ss2d1 = Ss3d1
-3.33
-3.37
Sc1d1 = Sd1c1
-300
-300
Ss2s2
-17.41
-18.01
Ss2s3 = Ss3s2
-24.97
-25.39
Ss3s3
-17.41
-18.01
Sc1s2 = Sc1s3 = Ss2c1 = Ss3c1
-34.61
-47.49
Sc1c1
0
0
Table 2. Comparison between the performance of the proposed divider and similar existing
devices.
Parameter
Zhu et al., 2020
Zhuang et al.,
This Work
2018
1&2
1 & 6.4
2.4 & 5
𝑓1 & 𝑓2 in GHz
-27.1 & -24.1
-27 & -28
-27.25 & -26.39
Sd1d1 (at 𝑓1 & 𝑓2 ) in dB
-21.9 & -16.3
-22 & -14
-24.97 & -25.39
Ss2s3 (at 𝑓1 & 𝑓2 ) in dB
Sc1s2 = Sc1s3 = Ss2c1 = Ss3c1
-36.3 & -28.4
-38.3 & -28.2
-34.61 & -47.49
(at 𝑓1 & 𝑓2 ) in dB
In Table 2, the performance of the proposed divider is compared to the results reported for
the dividers presented in (Zhu et al., 2020; Zhuang et al., 2018). The comparison is conducted
in terms of the differential return loss, the isolation between the output ports, and the common
mode suppression. It can be seen that the proposed device offers a performance comparable to
the existing device while providing improved output isolation. This asserts its suitability for
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applications requiring reliable performance.
CONCLUSION
A wideband dual-band balanced to unbalanced (BTU) Gysel power divider using coupled
lines for dual-band WiFi applications is verified. The design of divider incorporates a dualband phase inverter to implement the differential functionality at the input port, and steppedimpedance stub was added to improve the output matching and isolation. The electrical design
parameters and the ABCD matrix were derived from the even and odd mode analysis. The
proposed theoretical derivation shows that the proposed device has many parameters that can
be designed with high area of freedom. The parameters can be chosen to obtain a compact
size and wideband response, and flexible design was achieved by using coupled lines.
Moreover, the simulated results show a great performance at the operating frequencies (2.4
GHz and 5 GHz) in terms of wideband response, perfect common mode suppression, and
excellent output isolation.
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