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Ultra-wideband CPW Six-port Circuits Based on
Multilayer Technology

Mourad Nedil and Tayeb A. Denidni and Halim Boutayeb

Abstract: In this paper, a new multilayer six-port circuit using ultra-wideband
directional coupler is presented and implemented. The use of the multilayer
technology allows having a compact circuit and a very large bandwidth. To
validate this concept, a six-port prototype was fabricated and measured.
Simulation and measurement results show the proposed six-port circuit can

easily operate over an ultra-wide band from 4 to 7 GHz.

Introduction: During recent years, there was a great interest in six-port
technology due to its broad range of applications. Firstly, the six-port circuit has
been well known for its ability to perform accurate low-cost microwave
measurements of reflection coefficients of microwave networks [1]. In this area,
the six-port circuit was firstly used as a low cost alternative to a vector analyzer.
Secondly, the six-port technique was also applied to low-cost communication
direct receivers [2, 3], which are less complex and allow a higher integration level
compared to conventional heterodyne receivers [4].

Several six-port circuits with various configurations have been presented and

examined [5-7]. However, these structures are implemented using a single-layer



substrate or a waveguide structure, which have a limited bandwidth and a large
size.

To resolve these problems, a new two-layer conductor-backed coplanar
waveguide (CB-CPW) six-port circuit was designed and fabricated. With this
multilayer technology, the proposed design allows achieving high performances
in terms of low loss and ultra wideband. In addition, by using a multilayer
structure, the proposed six-port circuit allows to avoid cross lines compared to
single-layer structures [8]. To demonstrate the performance of the six-port circuit,
an experimental prototype was fabricated and measured. The simulation and

measured results are presented and discussed in the next sections.

Six-port circuit design: Basically, the six-port circuit is a passive linear device
composed of four couplers and a phase shifter. The block diagram of the
standard six-port junction is shown in Fig. 1. It has two inputs and four outputs
connected at power detectors. The output signals are functions of the two RF
input signals. As a result, complex impedance or phase measurements can be
obtained by simple power measurements at the four outputs.

Fig. 2 shows the proposed multilayer six-port. This six-port uses four slot-
coupled directional couplers [9]. The solid lines show the CPW lines on the top
side and broken lines show the CB-CPW lines on the bottom side.

However, in the CB-CPW technology, the main drawback is the parallel-plate
modes, which are considered as unwanted bulk modes [10]. The minimum

parasitic resonance frequency from the parasitic parallel-plate modes of the CB-
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CPW, which can be predicted, based on a simple rectangular patch theorem [10]

as illustrated in the following equation:

C m n
i) (2] "

where c is the velocity of light, & is the relative permittivity, and where W, (= 9

mm) and Ly (= 15 mm) are the width and length of the ground of the coupler as
shown in Fig. 1. Using the above equation, the lowest order mode resonance
frequency f;1 of 13.6 GHz is calculated. This parasitic resonance frequency has
been shifted to a higher frequency regime. In this case, it can be noted that the
leaky wave phenomenon does not affect the performance of the proposed six-
port junction, which allows avoiding the use of via in the circuit.

The problem met during the six-port design coupler [9], is related to the fact that
the amplitude imbalance is serious between the coupled and direct ports of the
six-port structure. The value of the imbalance is up to 3dB, and this is not
appropriate for six-port applications. For this raison, we have reduced the
coupling between the direct and coupled port of the coupler to obtain equal
power splitting within the passband. With IE3D software, an optimization was
carried out to determine the optimal values of the coupler dimensions, which are:

G=2.8 mm, S=1 mm, W=5.5 mm and L=12 mm.

Results and discussion: The six-port junction circuit was fabricated using a
Rogers RT/Duroid 5880 substrate with a dielectric constant of £=2.2 and a
thickness of h=0.254 mm. Using an HP8722 network analyzer, the S-parameters

of the prototype were measured. Fig. 3 shows the simulated and measured S-



parameters of the proposed six-port junction. It can be noted that the return loss
is lower than 25 dB over the entire operating frequency band (4—7 GHz). It is
found that the simulated and measured results are well matched, and the
transmission coefficients are close to the theoretical predicted value of 6 dB.
From, these results, it can be concluded that the proposed six-port provides a

bandwidth from 4 to 7 GHz (55%).

Fig. 4 illustrates the simulated and experimental results of the phase shift of the

outputs ports, where:

Phase difference 1= Phase(S (1, 3)) - Phase(S (1, 4)) (8)
Phase difference 2= Phase(S (1, 7)) - Phase(S (1, 4)) (9)
Phase difference 3= Phase(S (1, 8)) - Phase(S (1, 7)) (10)

The phase difference of the output ports over the operating frequency band is

close to the simulated ones, which confirm the proposed concept.

Conclusion: In this letter, a multilayer compact CPW six-port circuit has been
designed and implemented using broadside CPW slot-coupled couplers. The
obtained results show clearly that the two-layer six-port has a reduced size
compared to conventional single-layer ones and it provides a very large
bandwidth from 4 to 7 GHz. The performances in terms of magnitude and phase
shift of the proposed six-port are very promising. This six-port has a small
volume, light weight, and it ease of fabrication. With these features, the proposed

circuit can be used for applications in UWB communication systems.
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Fig. 1: Block diagram of the proposed six-port junction.
Fig. 2: Layout of the proposed six-port junction

Fig. 3: Scattering parameter of the proposed six-port (a) Simulated (b) Measured.

Fig. 4: Phase difference (a) Simulated (b) Measured

........................... Phase(s (1, 3)) - Phase(s (1, 4))
———————— Phase(S (1, 7)) - Phase(S (1, 4))
smemme Phase(S (1, 8)) - Phase(S (1, 7))
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Fig. 1: Block diagram of the proposed six-port junction.
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Fig. 2: Layout of the proposed six-port junction.
79x76mm (300 x 300 DPI)



Page 10 of 13

0
e ot octeon iyt oo e et Bl e

o -10 —+
m
=
q) E
z
2
‘E -20
[=)}
®
= j

a0 \

40 . : ; ’ . , : , . ' ;

4.0 4.5 50 5.5 5.0 5.5 7.0

Frequency (GHz)

Fig. 3: Scattering parameter of the proposed six-port (a) Simulated.
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Fig. 3: Scattering parameter of the proposed six-port (b) Measured.
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Fig. 4: Phase difference (a) Simulated.
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Fig. 4: Phase difference (b) Measured.
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