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Abstract— A heterodyne receiver scheme based on electro-
optical (EO) downconversion is introduced. The local oscillator
(LO) and the retrieved intermediate frequency (IF) signals are
remotely distributed over fiber to/from a single Ultra Non Linear
semiconductor optical amplifier device (SOA) that acts as a highly
nonlinear mixer device, enhancing the downconversion
performance of the system. The photonic LO is generated
modulating a DFB under Gain Switching (GS) eliminating the
need of external elements and the polarization dependency. We
evaluate the performance of the downconversion up to
frequencies much higher than the bandwidth of the devices (15
GHz). Results show broadband heterodyne detection
performance of the system. The presented scheme offers
advantages in terms of compactness, cost efficiency and can be
easily scaled to remotely reach multiple receivers in scalable
detection arrays.

Index Terms—Microwave photonics, heterodyne receiver,
optical mixing, Semiconductor Optical Amplifier,

I. INTRODUCTION

M ICROWAVE photonics has allowed to overcome many of
the limitations related to traditional electronic systems in
terms of bandwidth, electromagnetic interference (EMI)
immunity and power losses, becoming a fundamental
technology for signal distribution, broadband communications
and optical signal processing [1, 2]. Among the variety of new
technologies that have recently arisen following this approach
[2], the study of photonic heterodyne receivers in the GHz
range is an important field of study, for which the development
of an optoelectronic mixer would be advantageous, allowing
direct downconversion of the received RF signal to an
intermediate frequency (IF) modulated on an optical carrier for
further distribution and processing. Such component and their
associated functionality could be directly integrated in the
photonic local oscillator distribution architectures that are
common place today in Radar and other fields [3].

Several optical mixing schemes have been already
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introduced considering elements as Mach-Zehnder modulators
[4], electro-absorption modulators [5] or dual-mode monolithic
laser sources [6]. These configurations have shown
polarization dependence or low conversion efficiencies. These
drawbacks have somehow hidden the advantages of these
photonic schemes. Recently, Semiconductor Optical Amplifiers
(SOA) have also been proposed as optoelectronic mixers [7-
10].

Optical mixing using SOAs is usually accomplished in all-
optical [9, 10] configurations, but also Electro-Optical (EO)
schemes have been recently reported [7, 8]. In the EO
approach, which is the most interesting in terms of obtaining a
photonic heterodyne mixer, one of the electrical signals
involved (i.e. the local oscillator (LO) or the radio-frequency
(RF)) is modulated onto an optical carrier that is delivered to
the optical input of the SOA. The other electrical signal is
directly applied to the electrical port of the SOA modulating its
bias voltage. Both down-conversion [8] and up-conversion [7]
have been reported. These studies [7, 8] focus on the use of
SOA-based EO mixing schemes for modulated RF signal
distribution using Radio over Fiber (RoF) techniques. All the
reported systems use polarization-dependent  external
modulators, and provide with sufficient mixing efficiency only
in a limited range of frequencies [8].

In this work, we present the detailed study of a new scheme
for electro-optical (EO) downconversion using a SOA where
the LO and the retrieved IF signals are remotely distributed
over fiber to/from a single COTS Ultra Non Linear SOA (XN-
SOA) that acts as a mixer device in the RF detection front-end.
The photonic LO is generated modulating a DFB under Gain
Switching (GS) operation and the RF electrical signal is
directly applied to the mixer (SOA). This eliminates the
requirement of other optical components (e.g. external
modulators and polarization controllers) and the subsequent
polarization dependency, thus having a dramatically
improvement in complexity, size, cost, energy efficiency and
compactness of the system. Downconversion ratios up to -5.65
dB have been obtained in a wide frequency range (from 2 to 15
GHz), showing a broadband performance of the proposed
heterodyne optoelectronic receiver. These results are specially
promising for the development of scalable antenna arrays with
photonic distribution of LO.
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1. ELECTRO-OPTICAL MIXING SETUP

The scheme introduced in this work is depicted in Fig. 1.
The LO signal (f.o) is applied to a DFB diode laser
(QPhotonics QDFBLD-1550-50) that works under GS
conditions. This approach permits the modulation of the optical
carrier without external modulators. The photonic LO
produced has an optical frequency comb-like spectra [11] that
is distributed to the heterodyne receiver using a fiber link
(Fig.1a). The LO is then coupled to the optical input of the
Ultra Nonlinear SOA (CIP SOA-XN-OEC-1550), where the
EO mixing process takes place when the RF electrical signal
(fre) introduced in the electrical port of the XN-SOA
modulates its biasing point. The XN-SOA device has a small
signal gain of 20dB at bias at 150 mA and a maximum
saturated optical power of 13 dBm. The obtained IF appears
modulating the optical carrier at the output of the XN-SOA
(Fig. 1c) and is recovered at the end of the optical downlink
using a high bandwidth photodiode (u2t XPDV2120R)
followed by a low-pass filter. This scheme is cost effective and
takes advantage of the additional non-linearities of the mixer
and its polarization independence.
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Fig. 1. EO mixing concept using an Ultra Non Linear SOA. (a) Optical output
of GS DFB laser; (b) electrical signal modulating the XN-SOA bias; (c) optical
output of the XN-SOA (only sum and difference terms are represented)

I1l. EXPERIMENTAL RESULTS

A. Characterization of the optoelectronic devices

The electronic frequency response of the transmission
coefficients for the XN-SOA and the DFB are measured (Fig.
2). In both cases we obtain a 3-dB bandwidth below 2 GHz.
These preliminary results may lead to the wrong assumption
that the proposed system will show an operational upper
frequency limit in that range, but that it is not the case as it will
be demonstrated later. In this sense, we have to keep in mind
that we are using both DFB laser and XN-SOA in non-linear
regimes (GS and saturation, respectively).

To illustrate this later point, in Fig. 2 (bottom) we show that
for the optical input power values considered in our study (Pj,>
1.5mW) the transmission parameters of the XN-SOA remain
constant when its operating current is higher than 100mA. This
demonstrate that the SOA is working under saturation
condition; increasing its non-linear behavior and phenomena as
cross-gain modulation (XGM) are enhanced [12]. These are
the operating points of interest for the EO downconversion
scheme.
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Fig. 2. Electro-optical transmission coefficients for GS DFB (top), and bias-
modulated XN-SOA for 1.5mW and 10 mW optical input power (bottom).

B. Ultra-Non-Linear SOA performance as EO mixer

The parameter we have used to evaluate the performance of
the system has been the downconversion ratio, defined for
optoelectronics mixers as the ratio between the electrical
power of the downconverted signal at f- (output of the
photodiode) and the electrical power of the RF signal present
after mixing at fze [9]. The downconversion efficiency map for
a wide frequency range is depicted in Fig 3 (top) for the system
described in Fig.1. Also in Fig. 3 (bottom) the same map is
shown for the case where the LO is applied to the electrical
port of the SOA to allow a comparison with previously

published results [8].
-5.656
I -19.26
-37.39

-55.53

I -73.66
-91.80

Photonic LO

f, (GH2)

f.. (GHz)

Electrical LO

3.500
-11.50
-31.50

-51.50

I -71.50
-91.50

f, (GH2)

2 4 6 8
f (GHz)

10 12 14

Fig. 3. Down-conversion ratio for the GS DFB as photonic LO (top) and for the
bias modulated XN SOA as electrical LO (bottom).Contour lines represent 3dB
and 10dB bandwidth.

An analysis of the frequency dependence of the
downconversion ratio has been performed sweeping both f o
and frr up to 15GHz. The bias current applied to the DFB is
40 mA, for an average optical power around 5 mW. The XN-
SOA is biased at 150 mA (saturation) and shows an average
optical output power of 10 mW. Regardless of the relatively
high power introduced into the fiber, nonlinear effects in the

2



fiber are not of relevance as the transmission lengths involved
are small (<500 m).

The results shown in Fig.3 demonstrate some reciprocity in
the behavior of the scheme. The maximum downconversion
ratio when a photonic LO is used reaches -5.65 dB. This value
is smaller than the one obtained when the LO is applied to the
electrical port of the SOA (3.5dB); however, the optimum
downconversion area is flatter and wider with a photonic LO.
These regions with better conversion ratios appear for RF
frequencies in the ~4 to 13 GHz range and LO frequencies
below 4 GHz. The latter frequency limit for the LO is probably
associated to the direct modulation bandwidth of the DFB
under GS operation (Fig. 2, top). However, this limitation does
not hold for the RF frequency as the system behaves properly
even for frequencies much higher than the 3 dB bandwidth of
the transmission coefficients for the SOA shown in section Il
(Fig. 2, bottom). This demonstrates the advantages of the use
of a highly nonlinear SOA as presented in this work, since it
can be used as an optoelectronic mixer well above its linear 3
dB modulation bandwidth showing broadband performance as
a downconversion mixer. When both frequencies (LO and IF)
are close to each other, the conversion ratio falls as expected
(homodyne operation). Finally, and besides the demonstrated
reciprocity of this system, we have observed also the possibility
of using it for up-conversion [7]. This will be key to obtain a
low cost, compact and polarization independent bidirectional
system.

In order to complete the characterization of the
optoelectronic mixer, in Fig. 4 we show the evolution of the
downconversion ratio for a photonic LO scheme versus the
XN-SOA bias current at a given operation point (f_o=9.1 GHz,
frr=8 GHz). It can be seen that for saturated operation of the
XN-SOA (above 100 mA), the downconversion ratio presents
an almost constant value. This is advantageous, since other
optoelectronic mixing approaches do not show this stable
performance under variations in the operation point of the
SOA [8]. This confirms again the importance of operating the
XN-SOA in its high non-linear region to improve the mixing
features of the device.
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Fig. 4. Current dependence of the downconversion ratios (blue dashed), the
average optical output power of the XN-SOA (solid black) and the power of the
remotely recovered IF electrical signal (solid red).

IV. CONCLUSIONS

A RF heterodyne receiver scheme based on electro-optical
(EO) downconversion using a single COTS Ultra Non Linear
SOA (XN-SOA) without the use of any external modulator has
been presented. The performance of the system has been

evaluated under remote fiber distribution of a photonic LO to
the heterodyne receiver and optical retrieval of the IF signal.
Downconversion has been experimentally observed in a wide
range of frequencies showing a broadband operation. The
dependence of the downconversion ratio on the bias current
applied to the XN-SOA has also been studied, showing an
almost constant value for saturated operation, what is an
advantage over other mixing approaches that do not show this
stability under variations in the operation point of the SOA.
The proposed scheme presents reciprocity as it also behaves
properly when the LO is electrically applied to the XN-SOA
bias voltage.

This optoelectronic mixer could find applications in scalable
antennas arrays to remotely process the received signal as the
LO can be remotely delivered to the RF receiver (where the RF
signal is directly applied to the SOA electrical port) and the IF
retrieved using optical fiber. The final scheme will result in a
very compact system, with low transmission losses, lightweight
and EMI immunity, valid for a relatively wide frequency range
(4 to 13 GHz).
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