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Abstract

The wavelength-division multiplexing (WDM) passive optical network (PON) is one of the promising access
network systems that can satisfy cost-effectiveness, inter-operability, and providing simultaneously of various
services. Semiconductor optical amplifier (SOA) transceiver is an attractive devices achieving inter-operability
which corresponds to wavelength independency in each optical network unit (ONU). This paper reviews the

configuration of the WDM access systems and the performance of the SOA transceivers applied to the systems.
Keywords: semiconductor optical amplifier, transceiver, WDM access
1. Introduction

The expansion of broadband services requires the development of a high-capacity optical access network system
in recent years. In the design of the access network system, cost-effectiveness, inter-operability, and providing
simultaneously of various services are indispensable. The wavelength-division multiplexing (WDM) passive
optical network (PON) is one of the promising access network systems that can meet these requirements.

Many optical components for optical access network applications are being investigated with a view to reducing
their cost. Spectrally sliced spontaneous emission from a semiconductor optical amplifier (SOA) [1, 2], and from
an Er-doped fiber amplifier (EDFA) [3, 4], spectral slicing of an light-emitting diode (LED) [5], an integrated-optic
multifrequency laser (MFL) [6], an injection-locked Fabry-Perot laser [7], and a fiber grating semiconductor laser
(FGL) [8] have been proposed for use as WDM sources.

Semiconductor optical amplifier (SOA) transceiver is an attractive devices achieving inter-operability which
corresponds to wavelength independency in each optical network unit (ONU). This paper reviews the configuration

of the WDM access system and the performance of the SOA transceivers applied to the system.
2. Concept of WDM-PON System using SOA Transceiver

We have developed an ONU that employs a semiconductor optical amplifier transceiver (SOAT-ONU). A
concept of the proposed WDM-PON system is schematically shown in Fig. 1. In the access node, there are CW-LD
transmitters whose wavelengths are Al, A2, A3, and A4. Launched Al, A2, A3, and A4 CW lights reach
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SOAT-ONU-1, -2, -3, and -4, respectively, through filter-1, an access line, filter-2, and each upstream subscriber line
and are incident to a reflective SOA in each SOAT-ONU. The reflective SOA is modulated by the electrical signal,
is amplified, and forms the upstream signal light. The A1, A2, A3, and A4 upstream signals reach receivers of Rx1,
Rx2, Rx3, and Rx4, respectively. Since the wavelength of the upstream signal is the same as that of the incident
CW light, wavelengths can be assigned flexibly without any adjustment of the ONU. In addition, since the SOAT
has a gain over a wide range of wavelengths, one SOAT-ONU can handle multiple wavelengths. On the other hand,
the downstream signals of A5, A6, A7, and A8 are launched from LDI, LD2, LD3, and LD4, respectively. They
reach the SOAT-ONU-1, -2, -3, and -4, respectively, and are incident to the receiver in each SOAT-ONU.
The main advantages of this WDM-PON system are as follows:

1) Since the uni-directional upstream and downstream lines are installed between the subscriber node and each user,
a SOAT-ONU can be developed cost-effectively by only replacing the LD of a normal ONU with a reflective
SOA.

2) Since the wavelength filters are dissociated from the users, network security can be achieved in the optical layer.

3) Since the LD sources are installed only in the access node, it is easy to control the launched power and

wavelength.
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Fig.1 Schematic diagram of the WDM-PON system.

3. Performance of SOA transceiver

The reflective SOA module is installed in the Tx part of the SOAT-ONU. The SOAT gain is 12 -14 dB and the
SOAT-ONU will operate in a wavelength range of 1520 — 1590 nm. As for the reflective SOA, front and rear facets
are anti-reflected (AR) coated facet and uncoated cleaved facet, respectively.

We constructed a WDM-PON system that is similar to that in Fig. 1. The transmission characteristics between
the SOAT-ONU and ONU for the access node (AN-ONU) were investigated using a 100 Base-X analyzer. Fig. 2
shows the experimental setup for transmission characteristics. The access node consists of an ONU and a DFB LD.
The LD emits 1.5 um CW light with a power of 0 dBm. The light passed through a 10-km-long single-mode fiber

and illuminated an SOAT module, where it was modulated, amplified, and reflected as an upstream signal. This
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upstream signal was received by the receiver module in the ONU. On the other hand, the downstream signal, which

had a wavelength of 1.3 um, was output from the ONU and transmitted to the receiver module in the SOAT-ONU
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Fig. 2 Experimental setup for transmission characteristics.

Fig. 3 shows measured relationship between received optical power of the upstream signal and packet errors
while varying the intensity of the background reflection.

The number of the packet errors rises sharply as the
background reflection increases.

The upstream signal eye diagrams for background reflections of -46 dBm and
-36dBm are shown in Fig. 4(a) and (b), respectively. These results indicate that the main factor causing errors is
the interference between the background reflection and the upstream signal
attempted to broaden the linewidth of the CW-LD source by the dithering [9]
the 500-MHz clock signal on its DC bias.

To reduce the interference, we

We dithered the CW-LD by piling

The receiver sensitivity improves with increasing modulation depth
which is defined by the ratio of the amplitude of the clock signal to the total amplitude

We have clarified the
importance of dithering to prevent interference between the background reflection and the upstream signal
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Fig. 4 Upstream signal eye diagrams
.3 Measured relationship between received optical power

for background reflections of

of the upstream signal and packet errors. (a) -46 dBm and (b) -36dBm.
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4. Conclusion

We have proposed a novel WDM-PON system that can provide cost-effective and inter-operable optical access
network system for the next generation and developed its key components, a SOAT-ONU (Semiconductor optical
amplifier transceiver-ONU). This component showed the good performance for application to an actual
WDM-PON system.
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