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Nonlinear Characteristics of the Photonic Frequency Up-converter
Using a Semiconductor Optical Amplifier
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Abstract

We investigate nonlinear intermodulation distortion characteristics of the photonic up-converter based on a
semiconductor optical amplifier for multi-frequency signal up-conversion. The third order intermodulation
distortions are measured with two-tone intermediate frequency signals for the photonic up-converter under
various conditions. The spurious free dynamic range is determined to be larger than 72 dB-Hz*”,

[.Introduction

Radio-on-fiber (RoF) systems are attracting much
ittention for broadband wireless applications such as
wireless local area networks and intelligent traffic
systems [1-3]. The remote up-conversion scheme is
e promising candidate to establish RoF systems. To
rilize such systems, we proposed a photonic up-
wnversion method using cross gain modulation
(XGM) of the semiconductor optical amplifier (SOA)
(3] Fig. 1 schematically shows the up-conversion
process.

The subcarrier multiplexing method is very useful
for RoF systems since it can merge several
gpplications  together and provide frequency
sectorization schemes [2, 4], which are important for
many wireless applications. Therefore, the data
buried in multiple IF frequencies should be up-
wonverted  simultaneously when photonic  up-
converters are used. However, since any frequency
up-converter is based on nonlinear properties of the
device used, distortion products from multi-channel
up-conversion are inevitable, which degrade system
performance severely. Therefore, we investigate the
distortion properties of the SOA-based photonic up-
converter under various conditions such as different
optical LO input powers and IF signal wavelengths.
The third order intermodulation distortions are
measured for the case of two-tone IF signals, and the

rsulting spurious free dynamic range (SFDR) is

determined.

I1. Experiment and Results

Fig. 1 shows the experimental setup. The optical
heterodyne LO signals at ., = 1555 nm, having two
modes separated by fio of 25 GHz, were generated
by the double sideband - suppressed carrier
modulation method. For generating IF subcarriers,
two MZMs were independently modulated at 995
MHz (f}) and 1005 MHz (f;). The reason for using
two modulators is to prevent the influence of the third
order intermodulation distortion effects of the
modulator itself. In order to prevent coherent beating
between two optical IF signals, an optical delay line
was introduced.

For SFDR measurement, we observed powers of
the 26.005 GHz (f.o +f3) USB signal and the IMP3 at
26.015 GHz (fiot+2f;-f)). Fig. 2 shows an SFDR
measurement example. The SOA input optical LO
signal power was set at -14 dBm, and the total SOA
input optical power for IF signals at 1545 nm was -13
dBm. The measured noise-floor was -139 dBm/Hz.
The SFDR was determined to be 76.1 dB-Hz™* as can
be seen in Fig. 2.

At first, we measured the SFDR as a function of
SOA input optical LO signal powers ranging from -
20 dBm to -8 dBm. The optical IF signals had in total
-13 dBm SOA input power at 1545 nm wavelength.
The SOA was biased at 150 mA. Fig. 3(a) shows the
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oise floor, Consequently, the SFDR increases. When
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increases, however, because distortion product
powers get reduced very much.

Next, we measured the SFDR dependence on the
input IF signal wavelength. The IF wavelength was
changed within the C-band (1530 nm - 1565 nm),
which covers the gain bandwidth of SOA biased at
150 mA. Figure 3(b) shows the measured SFDR. In
this case, the SFDR characteristics are determined by

the up-conversion efficiency and the noise floor level.

The up-conversion efficiency is determined by the Fig. 1. Experimental setup for the SFDR

SOA gain spectrum [3], and the efficiency is highest measurement for the third order distortion. TLS:
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gain spectrum at the saturated SOA [5]. Therefore,
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