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Abstract—The six-port network has been identified in recent
years as the best candidate to implement a Software Defined
Radio (SDR). However, it is difficult in practice to implement a
device without impairments if a broadband design is addressed.
In this paper we present a three octave six-port network,
covering the frequency range from 698 MHz to 5850 MHz. The
six-port network is part of a SDR receiver prototype for a novel
broadband mobile communications system. It has been measured
with good performance.

. INTRODUCTION

Initially, the six-port network was introduced as an
alternative network analyzer in the seventies [1]. It was ji
1994 when the six-port network was first used as a
communication receiver [2]. From that moment on, thi
promising structure has been using for many application

Output) systems [6], etc. But it is especiall
application to an emerging radio concept:
Defined Radio (SDR) [7].

The six-port receiver is a zero-1F archite
of the most interesting techniques
advantages: no image frequen ulky
frequency (IF) components, low 7high levelhef integration,
flexibility, and reconfigurabidity: X-port architecture
does not use an 1-Q mixerffor the,frequency conversion, so it
I-Q mixer problems. The
ork is its extremely large
ulti-band and  multi-standard
it’can be implemented in MMIC or
compact size and low cost
rable radio terminals.

main advantage of
bandwidth, providi
capabilities. In ad

implementation of the six-port network.

Il. PRINCIPLE OF OPERATION OF SIX-PORT ARCHITECTURE

The principle of operation of the six-port network as a zero-
IF receiver is based on the measurement of four independent
power observations, when radiofrequency (RF) and local
oscillator (LO) signals are introduced into the other two ports

[
[8]. A power detector and a low- fi located at each
out port, as showninFig.l. _A,
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Fig. 1 Zero-IF receiver based on six-port network

n order to understand the six-port architecture behaviour,
onsider the next two input signals:

a0 (t) = AL, cos(2nf ot + b0 ) 1)
app(t) = Agp (t)cos(QRfRFt + (I)Rp(t)) )

Being aio(t) the local oscillator signal, and are(t) the I-Q
modulated RF signal. Six-port network is a passive and linear
network, so output signals s; are linear combinations of the
input signals:
s;(t)=AA, cos(anwt + o + b4, )+ BiARF(t)cos(2rrfRFt + g (6) + )

®)

With i={3,...,6}. A, Bi, ®aj, and ®g; are constant values
depending on the six-port scattering parameters and the
frequency of operation. The power detector has a response
described by the next expression:

K , K
.(6)=K, K, (6)+ 2 os, (0 sl () (4)

Substituting (3) into (4), we obtain the instantaneous power
at the detectors outputs:

p, () =K, + K, |A A cos(2uf ot +, )+ B Ay (t)cos(2ufapt + dpe () + 0y, )]+

K, . K
Tz[AfAio + B?A%F(t)]+72[AiALOBiARF(t)cos(%r(fm — )t +7(0))]+

%[AiALOBiARF (t) cos(2m(fy, + Frp )t +7(1))]+

% [A?Aio C(’5(27":2th>t +0u0 + 0y, )+ BiAg: (t) 005(27'52fm?t + e () + b, )]"'
®)

With:
YO = i + b, — e (D) =y, ©)
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Six-port receiver is a zero-IF architecture, that is, LO
frequency is equal to RF. Therefore, after low-pass filtering,
the signal becomes:

K K K
B(0) =K, + —* ATAL +— T BIAL (D + [A,A,oB, A (t)cos(y(t))]

Each output signal contains a DC term, whose predominant
component is the self-mixing of the local oscillator, the self-
mixing of the modulated signal, and the desired signal. It is
convenient to eliminate the DC term, as it can saturate next
stages, as the A/D converters. In addition, the six-port
architecture is a direct conversion architecture, so DC-offset
distorts the received signal. A digital DC-offset cancellation is
also required.

Original 1-Q components are regenerated from the four

power measurements and some calibration constants
depending on the system response.

I(t)=h, -B,(t) +h, -P,(t)+h, - P,(t) + h, - P, (t) (8
QW =q, Py () +a, P, (t)+ a5 - By(0) + g, - B (t) ©)

The objective of the calibration process is to determine
these calibration constants. Calibration process is a key factor
in the six-port architecture.

I11. SIX-PORT NETWORK DESIGN

The objective is to implement a software configurable
receiver prototype, with multi-band and multi-standarg
capabilities for broadband mobile applications. Nowadays, the
aim of a SDR for mobile applications can be reduced t
receive every standard up to 6 GHz, approximately, where a
cellular and WLAN communications are located. A six-po
network covering the frequency range from 698 MH
MHz (three octave bandwidth) will be designed. Alth
not presented in this paper, the entire receier h

developed, including a low noise amplifier, RFfilters and
wideband power detectors. Fig. 2 shows cture” of the
six-port network. It consists on a powerfdivider and three 3dB

quadrature couplers.
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& Fig. 2 Six-port network topology

The system bandwidth is conditioned by the hybrid
couplers, as they must ensure a frequency independent phase
shift. The greatest difficulty is to design a 3 dB coupler over
three octave bandwidth. Branch-line and rate-race couplers are
suitable for obtaining tight coupling values, such as 3 dB.
However, these couplers are inherently narrowband circuits
(<20% bandwidth). The use of 3 dB Lange couplers enhances
the bandwidth, but only up to one octave. A tight coupler can
also be obtained by connecting two couplers in tandem. In a

tandem connection, the direct and coupled ports of the first
coupler are connected to the isolated and input ports of the
second coupler, respectively. The tandem connection of two

(7) 8.34 dB couplers gives rise to a 3 dB coupler [9]. A three

octave 3 dB coupler can be obtained from two 8.34 dB
multisection couplers. From the design tables [10], we obtain
that it is possible to cover the specified bandwidth with five
M4 sections and a ripple of 0.7 dB. With seven A/4 sections it
is possible to achieve a 0.3 dB ripple. In a six-port
network design it is convenient to minimi litude
imbalance, so seven A/4 sections are more a;
case, the highest coupling level requiredg
dB, which corresponds to the central sé
coupled structures do not pro

8 dB. Broadside-coupled lines
achieve coupling levels up to 20r 3

implement a seven sectign B
broadside-coupled stripli

coupling. Edge-

moremstitable, as they
In conclusion, we will
ndem coupler with

rameters is conditioned by
level. Coupling can be maximised
of the inner conductors, and
the ground planes. A low dielectric
ximises the highest coupling, as the

the central section
by reducing t
increasing t

have chosen a &=2.17 Cu-Clad substrate, with 380 pm inner
onductor separation, and 1143 um ground separation. The

%n al section coupling is achieved with 50 Q overlap
O

Fig. 3 Layout of the 3 dB tandemcoupler in stripline technology.

Fig. 4 illustrates a photograph of one of the three
constructed couplers. The structure is formed by a 1143-380-
1143 sandwich of 2.17 Cu-Clad substrate, where metallization
lines are printed on the top and bottom side of the central layer
in order to reduce alignment errors.

Fig. 4 Photograph of 3 dB tandem coupler in stripline technology.

Final published version of the paper in Proc. of 40th European Microwave Conference (EuMC 2010), Paris, France, pp. 1110-
1113, 28-30/09/2010. ISBN 978-2-87487-016-3, Print ISBN 978-1-4244-7232-1. doi: 10.23919/EUMC.2010.5616435.
Accesible in: https://ieeexplore.ieee.org/document/5616435.



https://ieeexplore.ieee.org/document/5616435

0
N P
5 v Ay
Direct port
-10[ Coupled port
15} Return loss
[y Isolation
= -20 N\ JAY f
NIAWr If \\‘ Xl ! Al

WY

35
05 1 15 2 25 3 35 4 45 5 55 6
Freq. (GHz)

Fig. 5 Measured frequency response of 3dB tandem coupler.
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Fig. 6 Measured phase difference between direct and coupled ports of 3
tandem coupler.

The couplers have been characterized with go
performance. Fig. 5 and Fig.6 present the coupler ampli
and phase frequency response, respectively. Input r
and isolation are better than 15 dB over the entirg’b
The maximum phase imbalance is 4°, and
amplitude imbalance is 1.2 dB.

The entire six-port network can be seg
3 dB couplers have been assembled o
They are interconnected by exte
must have the same length in o
phase behaviour. The power divi
divider. It is connected to
which must be identical.

Fig. 7 Six-port network physical realization.
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Fig. 9 Attenuation from LO port to output ports (a) Simulated (b) Measured.

IV. SIX-PORT SIMULATION AND MEASUREMENTS RESULTS

This section describes the characterization of the developed
six-port network. Both simulated and measured results are
presented. Simulations have been realized using ADS
Momentum.
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Fig. 10 Simulated and measured input return loss at LO and RF ports.
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The
shown i

s from LO and RF ports to output ports are
ig.9. Ideally, these attenuations are -6
dB. The sured‘attenuation curves present a loss factor that
increases With the increase of frequency, in part due to the
interconnection coaxial cables. Best results would be obtained
with LTCC technology, as the components can be internally
interconnected, in addition to more compact size. At present
we are working on a new version of the six-port network
based on LTCC technology.

Fig. 10 and Fig. 11 illustrate input return loss and isolation,
respectively. Input return losses at LO and RF port are below
-20 dB up to 2.4 GHz. From 2.4 GHz to 6 GHz, input return
loss at RF port is below -16 dB, and below -13 dB for the LO

port. Simulated and measured isolation curves bear strong
resemblance. Measured isolation is better than 20 dB over the
whole bandwidth.

To analyse the six-port phase behaviour, we will define the
parameter ADp; as the phase difference between Si; and Siy,
with i=3,...,6. According to the chosen six-port topology (see
Fig. 2), Adp; parameters must be 180°, 90° and -90° phase
shifted each other. The phase shifts referred to A®dp; are

presented in Fig. 12. Measured results show a um error
of 10° compared to the theoretical behaviour.
V. CONCLUSIONS
The six-port architecture reemerges f e search of low-
cost, multi-band and multi-standard tran . Its inherent

aviour, make this a
SDR. In this paper,
fundamentals of the
presented a three octave
is part of a SDR receiver

six-port technique. W
bandwidth six-port nefisiork, whi
prototype for bro n bile applications. The system has
been measured gqodjperformance. Currently an LTCC
version of the\Wmétwork is under development in order to
miniaturize the
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