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Abstract

Abstract

Due to the explosive growth of Internet traffic and the emergence of many new
broadband Internet services and applications such as IPTV, video conferencing and
online shopping, the bandwidth demand has been tremendously increased and the
trend will continue. It is predicted that the access bandwidth demand for each user
will reach 100 Mb/s in 2012, and more than 1 Gb/s in 2020. However, the existing
infrastructure based on the xDSL technology could not keep pace with the fast growth
in bandwidth demand. The all-fiber passive optical network (PON) is an effective
solution for the so-called “Last-mile” access problem, owing to its high-bandwidth,
high-quality and high-speed. At present, time-division multiplexed passive optical
networks (TDM-PON) including A/BPON, EPON and GPON have been well
developed, and their international standards have been also completed by the ITU-T
and IEEE. However, in a typical TDM-PON, only a single wavelength is used and
shared by all the users in the PON, the deployed EPON and GPON in some developed
countries can only provide an access bandwidth of about 30~80 Mb/s per user. With
the further development of “Triple-play” and some new emerging broadband services,
such access bandwidth from TDM-PON will be pushed to their limits soon.
Comparatively, using  the  point-to-point ~ communication  technology,
wavelength-division multiplexed PON (WDM-PON) can provide ultra-broad
bandwidth and transparent services, which is considered as the ultimate solution for
future broadband access networks.

WDM-PON is a frontier and hot research subject in recent years. However,
WDM-PON has not been commercially deployed, due to its ultra-high
implementation cost. Although internet users would like to have considerably higher
bandwidth, they do not want to pay subscription fee much higher than the current
access networks. It is a big risk for the telecommunication operators to widely deploy
WDM-PONs at present. The main cost of WDM-PON is the installing and
maintaining of many wavelength-specific optical transmitters at the central office (OC)
and optical network units (ONU). To address this issue, it is desirable to use
wavelength independent (colorless) light sources to replace those wavelength-specific

optical transmitters, for example, using the spectrum-sliced broadband optical sources
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Abstract

technology or their injection-locked FP-LD (or RSOA) technology. However, both of
the two technologies use the incoherent optical sources and induce some intensity
noise, hence can only make a lower rate WDM-PON. Instead of the incoherent optical
sources, multiwavelength lasers can provide the coherent sources, and have a
significant potential to develop a cost-efficient and high-speed WDM-PON.

The research work presented in this dissertation focused on the frontier area of
multiwavelength lasers as the centralized optical sources of WDM-PONs.
Considering the compatibility and integration between the centralized optical sources
and all-fiber WDM-PON, high-performance multiwavelength fiber lasers are specially
investigated, such as Raman-, SOA-, and FOPA-based multiwavelength fiber lasers.
The major achievements of this thesis are summarized as follows:

I) We have theoretically and experimentally investigated the high-power
Yb**-doped double-clad fiber laser (YDCFL) as a pump source of multiwavelength
Raman fiber lasers. Based on the steady-state rate equations, the simplified and exact
analytic solutions of YDCFL are deduced in the strongly pump condition. Moreover,
using the deduced analytic solutions, we have further performed the optimization
design of an YDCFL and obtained an output power of 88 W at 1082 nm with the slope
efficiency 84.4%. Then, using an high-power YDCFL as Raman pump source, we
have proposed and demonstrated, for the first time, a multiwavelength Raman fiber
laser based on the mixed-cascaded Raman scattering of Si0,/GeO, and P,Os in a
piece of 1-km phosphosilicate fiber. The multiwavelength Raman lasing around 1320
nm is generated with the tunable wavelength-spacing from 0.44 to 0.80 nm.

1) We have proposed a novel Mach-Zehnder interferometer (MZI) configuration,
namely, isolator-assisted double-pass MZI. The filtering characteristics of the
proposed isolator-assisted double-pass MZI are analyzed and examined theoretically
in comparison with those of the single-pass and direct double-pass MZI. It is shown
that the isolator-assisted double-pass MZI has some intriguing advantages, including
the narrower 3-dB bandwidth per transmission peak and the higher extinction ratio.
Using the three types of MZI configurations as a comb-like filter in the laser cavity,
experimental investigations for generating multiwavelength oscillations are carried
out. With a semiconductor optical amplifier (SOA) as gain medium, we have obtained
104-channel lasing in C-band and 115-channel lasing in L-band, respectively.

IIT) We have proposed, for the first time to the best of our knowledge, a

cost-effective parametric pumping configuration by introducing an intracavity pump
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Abstract

laser. Using the parametric pumping technology, we have developed a broadband fiber
optical parametric amplifier and a widely tunable fiber-optic parametric oscillator
with a single-wavelength output. Especially, we have reported what we believe to be
the first demonstration of a multiwavelength fiber optical parametric oscillator using a
continuous-wave dual-pump fiber optical parametric amplifier as gain medium. The
multiwavelength parametric lasing can realize wavelength-spacing tunable,
ultra-narrow lasing linewidth and high power output by designing the laser-cavity
configuration and using the advanced fiber Bragg gratings technology.

IV) We have experimentally investigated the feasibility of multiwavelength fiber
lasers as the centralized optical sources of WDM-PON. Firstly, two kinds of new
WDM-PON architectures for multiwavelength fiber lasers are designed, namely, the
externally modulated multiwavelength fiber laser architecture and the injection-locked
FP-LD or RSOA architecture. Using the second architecture, we have demonstrated
1.25 Gb/s downlink/uplink transmissions of WDM-PON using a dual-wavelength
fiber laser as the seeding light to injection-locking RSOA. By further improving the
lasing performance of multiwavelength fiber laser, it is believed that the transmission

speed of WDM-PON can be significantly increased.

Keywords: Fiber lasers; Multiwavelength; Passive optical networks; Wavelength

division multiplexed
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