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ABSTRACT

|
A theoretical expression for the transfer function of the thermal FM response

of laser diodes is given, that is in excellént agreement with the experimentally
measured FM response and agrees in general with an empirical expression
reported earlier in .the literature. The characteristic dip in the FM response
and the time-domain step-response of the laser frequency are analyzed
theoretically as a function of a thermal cutoff frequency and the ratio of
thermal FM at dc to the carrier FM at dc. From the step response analysis,
the lower bound on the bitrate for penalty-free AMI-FSK transmission is derived

which tallies well with the experimental observations.

A theory given in the literature for the equalization of FM response using
passive RC ladder networks is questioned. It is shown that if an additional
low-pass filter is used along with the suggested RC ladder network, an acceptable
equalization is possible at low bit rates less than the frequency at which the

FM phase angle becomes 90°,

A novel method of equalizing the FM response of a laser diode is
proposed for optical FSK transmission. It is shown that a complete equalization
is possible when the ratio of thermal FM to carrier FM at dc, B, is less than
1. When B2 1, it is theoretically not possible to achieve a 100% equalization,
since an ideal equaliziﬁg filter required in this case represents an unstable

system. However, an approximate equalization is proposed for B2 l, A closed



loop system with an RC transmission line is proposed as an equalizing filter
for B <1 and a low-pass filter cum adder circuit for B 2 1, The low~pass filter
cum adder circuit is useful at higher bit rates greater than the frequency at
which the laser FM phase response is 90° For lower bit rates, the low-~pass

filter cum ladder network is desirable.

A bit-error-rate (BER) analysis for two types of optical FSK transmission
systems using a Mach-Zehnder interferometer as a discriminator is done. In
one case the discriminator is assumed to be kept on the transmitter side and
in the second case, on the receiver side. The analysis takes into Account the
linewidth of the source and other noises in the system. The discriminator
disperses the input pulse, and an optimum filter required to produce a raised
cosine output pulse spectrum is proposed. Such an optimum filter gives the
minimum noise bandwidth without causing any ISI at the decision instant. The
values of the equivalent noise-bandwidth factors 7/, and 75 of the filter vary
between 0.563 to 0.822 and 0,086 to 0.193, respectively, when the interferometer
delay time T is varied from zero to bit time. BER curves are given for various
conditions of the FSK systems. To avoid an error floor the linewidth of the

source should be less than 0.01/T.
When stabilising a fiber optic Mach-Zehnder interferometer using a PZT,

the maximum possible closed loop bandwidth is limited by the resonance frequency

of the PZT. A PZT control circuit using a current source drive is proposed

xi



that gives an improved control bandwidth when compared to a voltage source
drive. Equations are given to select the parameters of the system to get an

optimum second order response, along with experimental results.

Results of a theoretical simulation on the dynamic response of a dispersion
equalizing scheme employing a ring resonator are given, when transmitting
chirped Gaussian o’ptical pulses over a long distance fiber. It is shown that
two pulses which merge into each other due to dispersion are recovered by
the resonator. The selection of the optimum resonator parameters in relation

to the overall response is described,
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