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Abstract- We report on a bidirectional 85 km long reach PON
system supported by distributed fiber Raman amplification with
a record 7.5 Gb/s remote carrier modulated upstream signal by
employing a reflective SOA-EA monolithically integrated circuit.
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INTRODUCTION

In fiber-to-the-customer premises networks, cost effective
solutions for both the optical network units (ONUs) at the
customer premises and the optical access feeder are of crucial
importance. The use of carrier re-modulation at the customer
terminal rather than a local light source has been suggested as
a way of reducing installation and maintenance costs by
avoiding stabilization and provisioning issues associated with
a local laser [1,2]. Regarding the optical access feeder, the
concept of long reach access network has been introduced
which aims at building a high split passive optical network
(PON) architecture with high capacity and extended reach
(over 80 km) to merge optical access and metro networks into
a single system [3,4]. Commonly, the backhaul link of the
above systems uses two fibers (one each for upstream and
downstream communication between the core node and the
local exchange) supported by optical amplification by using
erbium doped fibre amplifiers (EDFAs). Future access
networks will need to accommodate the constantly growing
demand for capacity, both for the up and downstream channel,
and data speeds in the order of 10 Gb/s are foreseen, e.g. due to
the introduction of Gigabit Ethernet solutions. Therefore,
solutions for ONUs supporting high bit-rates will be needed
while still satisfying the stringent cost-effective requirements.
We report on a long reach access system, see Figure 1, whose
backhaul link is composed of a single fiber by introducing bidirectional communication, supported by distributed Raman
fiber amplification. Moreover, our proposed long reach system
employs a remote carrier modulator at the ONU that avoids the
need for a local laser source at the customer premise. We show
experimentally the feasibility for remote carrier modulation at
a bit-rate up to 7.5 Gb/s by using a novel monolithically
integrated reflective modulator comprising a concatenated
semiconductor amplifier (SOA) and an electro-absorber (EA)
section: R-SOA-EA. Transmission over a bidirectional 80 km
long backhaul link supported by distributed Raman
amplification introduces a power penalty below 0.4 dB.
II. EXPERIMENTAL SETUP
The experimental set-up is shown in Fig. 2. A continuous wave
(CW) generated by a DFB laser source λl at a 1553.3 nm
wavelength is directed via an optical circulator towards the
ONU over a span of 5.7 km of standard single mode fiber
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Figure 1. Extended reach access system with single fiber. Bidirectional
backhaul link and distributed Raman fiber amplification.
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Figure 2. Experimental setup. PPG: pulse pattern generator. BERT: bit-error
rate test set. Rx: optical direct detection receiver.

(SMF). The remote carrier source can be located at the central
node or alternatively at the local exchange as illustrated in
Fig. 1. At the ONU, the EA section of the R-SOA-EA chip is
directly modulated by a 231-1 pseudorandom bit sequence
(PRBS) derived form a pulse pattern generator (PPG). This
modulated signal is used as the upstream channel that is first
transmitted to the local exchange and subsequently propagates
towards the core node over a link of 80 km of TrueWave®
reduce slope (TWRS) optical fiber with a measured loss of
16.3 dB and a total dispersion of 400 ps/nm at 1550 nm.
Raman distributed fiber amplification (DRFA) is used to
compensate for the transmission loss and to allow for a large
wavelength and/or power splitting ratio at the local exchange.
The pump signals were at the wavelength 1437.2 nm and
1464.5 nm with corresponding power levels of 22.0 dBm and
22.30 dBm, respectively. The Raman pump on-off gain is
measured to be 13.9 dB. DRFA offers bidirectionality, wide
wideband operation with high OSNR values [5]. At the core
node an optical bandpass filter (OBPF) with a 3-dB bandwidth
of 0.3 nm is used to reject spontaneous emission noise (ASE)
from the R-SOA-EA device. The optical receiver (Rx) uses no
optical pre-amplification.
III. R-SOA-EA MODULATOR DESIGN AND FABRICATION
A photograph and schematic layout of the fabricated
R-SOA-EA component are shown in Fig. 3. The device
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respect to the back-to-back configuration. Transmission over
the 80 km TWRS link introduces a power penalty of only 0.3
dB. For the case of 7.5 Gb/s, Figure 5 (right), the power
penalty at the local exchange with respect to back-to-back is
1.3 dB. However, transmission over the 80 km TWRS links
introduces a power penalty of only 0.4 dB.
5.0 Gb/s

7.5 Gb/s

Back-toback

consists of a waveguide separated in two sections defined by
the top electrodes shown in the figure. The SOA and EA
sections are 300 μm and 45 μm long, respectively. The
waveguide is bent in order to have one facet with high and one
with low reflection. The two facets are also coated with high
and anti-reflection coatings, respectively. The active material
consists of eight, compressively strained, 7.0 nm thick
InGaAsP quantum wells in a strain compensated structure and
is the same for both sections.
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Coupling to the R-SOA-EA chip is realized by using a tapered
fiber. The coupling loss is estimated to be 3 dB. The average
input power to the pigtail that connects to the R-SOA-EA was
set to 2.7 dBm and kept fixed through the experiments reported
here. A polarization controller was used to align the state of
polarization of the signal at the input of the chip. Although, the
current chip under study shows both polarization dependent
operation and requires a relative high input optical power lever,
superior performance of this device can be achieved by
optimizing the waveguide geometry and the use of tensile
strain material to increase the polarization insensitivity.
Moreover, fiber pigtailing and packaging would provide better
power coupling efficiency and temperature stable operation.
The average output power from the R-SOA-EA was measured
to be 4 dBm for a SOA bias current of 100 mA, and the bias of
the EA section set to zero Volt. Modulation is achieved by
direct modulation of the bias voltage applied to the EA section
of the R-SOA-EA device with a bias voltage of 0.25 V and
signal amplitude of 1.5 Vpp. The average input power level at
the input to the 80 km TWRS fiber link (at the local exchange
after transmission over 5.7 km of SMF) is measured to be
around 0 dBm. The back-to-back configuration is referred to
the case where the 5.7 km of SMF is removed. Figure 4
presents the eye-diagram of the modulated signal by using the
R-SOA-EA chip for bit-rates at 5 Gb/s and 7.5 Gb/s,
respectively, at different points of the setup shown in Figure 2.
The measured extinction ratio for the 5 Gb/s and 7.5 Gb/s were
11.6 dB and 9.5 dB, respectively. These bit-rates are higher
than those reported with conventional reflective SOA
modulators that are in the order of 1.25 Gb/s[1].
Figure 5 shows the results of the bit-error rate measurements.
The left curves at Figure 5 correspond to the case of 5 Gb/s.
We can observe that a receiver sensitivity penalty at a bit-error
rate of 10-9 of 0.7 dB is incurred at the local exchange with

Figure 4. Eye-diagrams for the upstream signal at different point of the
systems for a modulated signal at 5 Gb/s and 7.5 Gb/s by employing a
reflective semiconductor electro-absorption (R-SOA-EA) modulator.
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Figure 3. Photograph and schematic layout of the reflective
semiconductor electro-absorption (R-SOA-EA) modulator.
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Figure 5. Bit-error rate measurement results for an upstream signal at 5 Gb/s
(left) and 7.5 Gb/s (right). Signal modulation is imposed by using a reflective
semiconductor electro-absorption (R-SOA-EA) modulator.

V. CONCLUSION
We have successfully demonstrated remote carrier
modulation at bit-rates up to 7.5 Gb/s by using a R-SOA-EA
monolithically integrated circuit. Error-free transmission over a
link with a total length of 85 km with no observable power
penalty and without dispersion compensation is reported by
employing distributed fiber Raman amplification. The
proposed link is an attractive solution for simplified high bitrate, bidirectional, long-reach PON systems.
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