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Absfract

In recent years, a focus on the study of optical fiber
communication is All Optical Network (AON), and it is the
necessarily developing result for optical network. The key
techniques of AON include optical switching/routing, Optical
Cross Connecting ( OXC ), All Optical Wavelength
Conversion (AOWC) and all optical buffering, et al. Optical
switching/routing is wavelength switching/routing in fact.
OXC and WC are introduced into the cross nodes of gone
network of AON, thus, a “virtual wavelength path” is
established. Communication route can be formed by WC,
only if there is empty wavelength in individual segment link.
The use rate of wavelength is greatly increased. The blocking
rate of network can be reduced evidently by adding WCs,
especially for huge capacity, multiple nodes ones. WCs have
been paid great attention in the basic research of optical
communication, and used in some experiment networks. The
main contribution of this dissertation is classified into five
parts stated as follows.

Firstly, AOWC is demonstrated by using a spectrum-
sliced ASE in the SOA as the probe light and a delay
interference configuration. Spectral response of the ASE
output under the co-propagating injection by a signal light is
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analyzed theoretically. Analytical expressions for the ASE
output in terms of power and phase changes in the wavelength
conversion are deduced. An experimental system based on
this scheme is built and its operation principles are
introduced. System performances are investigated and several
experimental results are presented.

Secondly, a new scheme of variable optical delay line for
IP packets is reported. It may be used in access control of
HORNET (Hybrid Optoelectronic Ring Network) to avoid
collision of added packet and the packet already on the ring
and improve the loss rate of the packets. This architecture
uses the wavelength converter to specify the packets delay and
wavelength conversion is accomplished by the technique of
FWM with a SOA. The architecture is impact and the ratio of
performance to pricé is high. The delay line is transparent to
signal modulation and bit rate. The delay range of the delay
line is large enough and suitable to variable IP packets.

Having being improved, the delay line becomes a decade
scale and programmable buffer. So it can be used not only in
the field of optical signal processing, switching and access
system of optical packet switching, but also in martial field
such as guided missile precision bombing, or microwave radar
field for replacing of cable delay line. The multi-stage
structure makes its delay flexible and extendable. The buffer
can delay various bit rate signal by replacing the unit fiber
loop with different length. Wavelength channels can reduce
stage by stage in the same group channels by a FWM-WC in
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series with another. Each stage of the buffer is blocking, so
can be linked neatly according to need.

Thirdly, using the variable optical delay line in AP
(Access Point) of HORNET, two improved AP models and
IP-MAC ( Media Access Control ) schemes are brought
forward. Optical packet collision is avoided by adding a
variable optical delay line side circuit. The delay time is
determined by the length, transmitted time, and the bit rate
of the packet being added, without additional packet delay.
Both two schemes can transmit any size IP packet, do not
need centralized control, makes the network remain unslotted
and bandwidth is not wasted. The packet with higher priority
is ensured to transmit first when conflict emergence for the
second improved scheme.

Fourthly, analysis of monolithic integrated MOW (multi
quantum well) waveguide and passive waveguide with ATG
(asymmetric twin-waveguide) structure is presented by using
normal mode theory. The electric field distribution and
dispersion equation are reported. The process hasn’t
introduced any approximation, and physical meaning of each
parameter is clear. It provides good basis of designing optical
integrated devices with ATG structure.

Finally, we make a pilot study of chaos secure optical
communication. The PolSK modulation technology is used in
the chaos secure optical communication. A SOA-based fiber
ring laser as the transmitter is built to generate the chaos
carrier with dynamically fluctuating states of light

84—



2005 £F _F#g K3
2 Are sz W

polarization. In this scheme, the data transmit in the secure
optical communication is dynamically modulated onto the
state of the chaotic carrier’s polarization through a XPM
effect in the SOA induced by the input signal light. By direct
watching with eyes, the maximal Lyapunov index and self-
power spectrum method, the judgment of chaos for the signal
transmitted in the system is presented. The minimal embodied
dimension of the signal is given and it is higher. The anti-
attack ability is analyzed for the system too.

Key words  All Optical Wavelength Converter ( AOWC ),
Semiconductor Optical Amplifier (SOA), all optical buffer,
HORNET, Asymmetric Twin-waveguide (ATG ), normal mode,
chaos secure optical communication, PolSK modulation
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