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3Université de Québec, INRS-EMT, Place Bonaventure, 800 de la Gauchère Ouest, Bureau 6900, Montréal (Québec) H5A 1K6

Abstract– This paper presents the design of a wideband six-port junction
based on the single layer technology. The proposed junction circuit uses a
single layer elliptic coupler which offer a wide bandwidth compared to the
hybrid one. This six-port circuit was designed and simulated using ADS soft-
ware of Agilent. Simulated and measured results show a good performance,
especially in terms of bandwidth (from 3.5 to 6 GHz). This novel architecture
is useful for low cost ultra-wideband application.
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1. INTRODUCTION

During recent years, six-port technology has been used for mi-
crowave and millimeter-wave measurement applications [1]. In
general, the circuitry of a six-port is used as an alternative to
vector network analyzers [2, 3]. whereas in the field of com-
munication, they have been used as direct conversion receivers
of quadrature phase shift keying (QPSK) signals and direct dig-
ital receiver in software-defined radio (SDR) [4], which are less
complex and allow a higher integration level compared to con-
ventional heterodyne receivers [5].

Several designs of six-port junctions with various configura-
tions have been presented and examined [6, 7]. For instance,
a single six-port circuit using microstrip technology has been re-
ported in [6]. In the same perspective, a multiband six-port circuit
using microstrip rounded couplers has been built [7]. However,
these designs offer a low bandwidth, which is not sufficient for
the high speed communication system. Recently, a multilayer
wideband six-port circuit is proposed in [8]. This

Technology needs an accurate fabrication process and align-
ment between the layers.

However, this structure is implemented using a CPW technol-
ogy, which have a limited bandwidth and a large size
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To overcome these problems, a new wideband single layer six-
port based on elliptical coupler is presented. The proposed design
allows achieving high performances in terms of low loss and wide
bandwidth.

2. ARCHITECTURE DESCRIPTION

The standard six-port has two inputs and four outputs. In order
to obtain the baseband signals, power detectors are connected
to these outputs [9]. As a result, complex impedance or phase
measurements can be obtained by simple power measurements at
the four outputs. Here, we concentrate on the design of six-port
circuit formed by four-port couplers using a microstrip elliptic
patch and transmission line phase shifters, as shown in Fig. 1.

Fig. 1. Block diagram of the proposed six-port junction.

The RF input and RF reference LO signals, related to the two
input normalized waves a1 and a6, are connected to ports 1 and 6
respectively. The outputs ports are nominated 3, 4, 7, and 8. The
scattering matrix of the proposed six-port junction is obtained
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using the six-port diagram of Fig. 1 [10], and it is defined as:

[S ] =
1
2



0 0 0 0 − j + j
0 0 0 0 +1 + j
0 0 0 0 +1 +1
0 0 0 0 − j −1
− j +1 +1 − j 0 0
+ j + j +1 −1 0 0


(1)

The signal values in this junction are calculated using the pa-
rameters of the elliptic coupler. The modulated signals can be
expressed using the phase and the amplitude variation of the RF
input signal, γ(t) and ϕ(t) respectively [10]:

a 1 = a. exp
[
j (ω 0 . t + φ 1)

]
(2)

a 6 = γ (t) . a . exp
[
j (ω . t + φ 6 (t))

]
(3)

The DC output voltage is proportional to the square magnitude
of the RF input signal.

Vi = Ki |bi|2 , i = 1, 2, 3, 4 (4)

Where: Ki constants are measured in V/W. bi normalized wave
outputs using six-port parameters.

bi = a1 . S 1i + a6 . S 6i , i = 3, 4, 7, 8. (5)

In order to obtain the DC output signals, four power detectors
composed of Schottky diodes with related matching networks,
are connected to the outputs six-port circuit.

Fig. 2. Layout of the elliptic coupler.

2.1. Elliptic coupler Design

The elliptic directional coupler was proposed by [11] to en-
hance the bandwidth of hybrid coupler as shown in the Fig. 2.
The elliptical coupler concept is designed on single layer, and its
parameters are defined as: eccentricity e, major axis a, and port
angle. The operational center frequency is determined by the ma-
jor axis of the elliptic patch.

This structure is designed with RT/Duroid 6010LM having a
thickness h= 0.508 mm and a relative dielectric constantεr =

3.38
By introducing modifications on the original structure, a scal-

ing procedure, based on the relation is used as illustrated in the
following equation:

f1 a1
√
εr 1 = f2 a2

√
εr 2 (6)

f1, f2 are the central frequencies of the two band (existed and de-

Table 1. Parameters of the proposed elliptic coupler.

Parameters Initial Values Optimum Values

Semi-major elliptical axis 25 mm 25.71 mm

w(width of the impedance steps) 2.1mm 2.31
mm

Ds (length of the impedance 5.2mm 5.2mm
steps, λ/4 transformers)

(the port angle) 51◦ 53◦

sired), a1, a2 are the corresponding characteristic dimensions of
the patch (semi-major elliptic axis) and εr 1, εr 2 are the dielectric
constants of the substrates. After scaling, the initial parameters
are found, and the final dimensions are obtained by using Ad-
vanced Design System of Agilent. An optimization was carried
out to determine the optimal values of the elliptic coupler dimen-
sions, which are a = 12.104 mm, b = 9.496 mm, w = 3.276 mm
and l = 10 mm.

The return loss, coupling and isolation of the designed coupler
were simulated using ADS. Fig. 3 shows the simulated ampli-
tudes and phases of the scattering parameters for the designed 3
dB elliptic coupler.

(a)

(b)

Fig. 3. Scattering parameters of the proposed coupler (a), magnitude, (b) Phase
difference.

From these results, it can be seen that the isolation and the
return loss are better than 15 dB over the frequency band of 3.5
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– 6 GHz. The coupling is about 3.4 dB over the band of 3.5 – 6
GHz. It is can be seen that this coupler has a broadband features
compared to the hybrid one.

In terms of phase shift, Fig.3b shows that the coupler produces
a phase shift of ∼90◦, which is suitable to six-port circuits or
other microwave networks.

3. CONFIGURATION OF THE PROPOSED SIX-PORT
CIRCUIT

Referring to Fig. 1, the standard six-port junction consists of
four 90◦ 3-dB hybrid couplers and one phase shifter [12].

Fig. 4 shows the layout of the wideband six-port configuration
based on four elliptical couplers, six-port Junction using single
layer Technology is compared with other method especially CPW
six-port circuits based on multilayer technology.

To demonstrate our approach, the six-port junction presented
in this section is designed and simulated at a center frequency
of 4.75GHz with a bandwidth of 3GHz. The proposed six-port
circuit was simulated and fabricated. Experimental results have
been performed by using a HP8722 network analyzer. It was
designed with RT/Duroid 6010LM having a thickness h = 0.508
mm and a relative dielectric constant εr = 3.38.

Simulated and measured results demonstrate that the proposed
circuit presents a large bandwidth from 3.5–6 GHz and low loss.
The elliptic coupler is a key component to overcome these short-
comings, because this structure is based in a single layer technol-
ogy.

This six-port circuit has a broadband features compared to the
multilayer one.

Fig. 4. six-port junction.

Fig. 5 shows the simulated and measured scattering parameters
of the proposed six-port junction.

It can be noted that the return loss is better than 15 dB over the
entire operating frequency band of interest (3.5–6 GHz). More-
over, it is found that the measured transmission coefficients are
close to the theoretical predicted values of −6 dB over the oper-
ating frequency band.

Fig. 6 illustrates the simulated and measured results of the

(a)

(b)

Fig. 5. Scattering parameters of single layer six-port, (a), simulated results, (b)
measured results.

phase shift of the outputs ports, where:

Phase difference1 = Phase(S (1, 3)) − Phase(S (1, 4)) (7)
Phase difference2 = Phase(S (1, 7)) − Phase(S (1, 4)) (8)
Phase difference3 = Phase(S (1, 8)) − Phase(S (1, 7)) (9)

The average phase difference of the adjoining output ports over
the operating frequency band is close to the theoretical value of
90◦. The simulated phase difference of the output ports over the
operating frequency band is close to the measured ones, which
confirm the proposed concept.

It can be shown that the comparison between simulated and
measured results indicates a good agreement.

However, Results obtained show clearly that single-layer six-
port junction provides a large bandwidth from 3.5–6 GHz and
low loss, compared to CPW six-port junction and other method.

With these features, the proposed six-port junction is suitable
for wideband communication systems applications.
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(a)

(b)

Fig. 6. Phase difference of six-port junction. (a), simulated results, (b) measured
results.

4. CONCLUSION

A wide-band six-port circuit, based on elliptic coupler has
been presented and experimentally verified using a single layer
structure. The elliptic coupler, which is also a part of the di-
rectional coupler family, is particularly suitable for low-cost and
UWB applications. The performances in terms of magnitude and
phase shift of this coupler are better than the hybrid one. Perfor-
mance of the proposed six-port in terms of magnitude and phase
shift is very promising compared to CPW multilayer six port cir-
cuit at 2.5 GHz band. With these features, the proposed six-port
circuit is suitable for wideband wireless applications system.
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