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ency () and the damping factor (y) of such a damped har-
onic oscillation is linearly ional to the photon density in
e cavity. The slope of the linear fitting results in differential gain
efficient (dg/dn), which is ~ 1.2 x 10~ (cm?) for our 635nm low-
vergence laser diode. The gain coefficient is very much wave-
1gth dependent due to the lower carrier confinement in the short
velength region. A gain coefficient of ~3.5 x 10-'¢ (cm?) has
en obtained from our 650nm low-divergence singlemode laser
ode fabricated by similar design and processing. Those numbers
e comparable with other reported results [4].

L L L L
05 10 15 20 25 30 35
frequency, GHz =

& !

ig. 3 Modulation response of low-divergence ridge waveguide 635nm
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Stokes signal saturation in tunable BEFL
system

V. Sinivasagam, M.K. Abdullah, F. Isnin, P. Poopalan
and H. Ahmad

The Stokes shifted signal with 7nm tunability generated by a
hybrid _Brillouinerbium fibre laser (BEFL) system was
investigated. The results show that there is a saturation point after
which further increment of Brillouin pump power will no longer
increase the Stokes signal power. This saturation point determines
the optimum Brillouin pump power needed for a specific BEFL
configuration. A briel discussion on the methodology of
determining the saturation point and selecting the best Brillouin
pump power for a particular BEFL system is given. The results
show that this is a promising technique for suppressing the
stimulated Brillouin scattering effect, especially in areas that use
high signal power.
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For optical storage applications, the devices need to be capable
f operating at elevated temperatures of 50-60°C. We measured
he modulation response at 50°C. and found a 1.4GHz -3dB
andwidth at this elevated temperature (Fig. 3), which is suitable
or data storage applications where high data rates and high-fre-
uency noise reduction techniques may require a speed of ~1 GHz.
free low-di

In summary, we have nearly pa
ence ridge waveguide 635nm singlemode lasers, which demon-
trated a maximum bandwidth of 2.7GHz at 20°C and 1.4GHz at
0°C at ~3dB under the electrical bias condition. A maximum dif-
erential gain of 1.2 x 10 (cm?) and 3.5 x 10~ (cm?) has been
>btained for 635 and 650nm low-divergence laser diodes, respec-
ively.

The imp: of iplexi iplexing using
h - division in optical
communication has prompted researchers to investigate multiple
optical sources operating in the 1550nm long-haul optical commu-
nication window [1]. Besides the deployment of laser diodes, fibre
lasers are a promising choice of light source due to their various
advantages [2. 3). one of which is their ability to provide tunability
features. The Brillouin/erbium fibre laser (BEFL) provides multi-
ple optical sources that are closely spaced (~10GHz) for potential
use in dense WDM systems. This design functions by utilising the
Brillouin gain in singlemode fibre (SMF) and the linear gain ir
erbium-doped fibre (EDF).

Brillouin
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at; In this Letter we present an observation on the
nal power saturation of the BEFL system. The variation
kes signal power with launch power is discussed for var-
m laser diode (LD) powers. Launch power (LP) is the
inched into the SMF by the Brillouin pump. The experi-
tup is as shown in Fig. 1, whereby a tunable source was
he Brillouin pump and a programmable attenuator con-

ower.
tput of the system is a tunable Stokes shifted signal with
ty easily exceeding Snm, as compared to existing systems
sts of components used are as stated in Fig. 1. A 980nm
.d as the pump source for the EDF and the latter is con-
 a loop that carries the generated Stokes signal from the
en pumped by the Brillouin pump. This amplified Stokes
gnal propagates in the counter clockwise direction with
to Fig. 1, and part of the signal is extracted using a
al coupler and is monitored on an optical spectrum ana-
JA). With all other parameters such as EDF and SMF
flectivity, cavity loss and length fixed, the output is mon-
varying the Brillouin pump power with an attenuator at
LD powers. For each fixed laser diode power, the
pump power was increased and the peak power of the
gnal was taken from the OSA at a 1nm span with a reso-
0.05nm. The maximum launch power used in this experi-
s 4.16mW while the maximum LD power used was
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rding to Fig. 2, an increment in launch power into the
\creases the Stokes signal peak power until a point beyond
t no longer increases. This point is defined here as the satu-
point, which denotes the optimum launch power and the
um Stokes power obtainable from a BEFL system at a
D power. Simultaneous increments in LD power and LP
he saturation point to shift towards the right, as in Fig. 1.
uration points at 22.74 and 100.75mW of LD power are at
d 5.16mW of LP, respectively.
e results can be further explained according to the operat-
inciple of the system. The Stokes shifted signal power
es at the expense of launch power and this increase is sig-
t, especially below the saturation point. As the launch
is increased, the amount of Stokes signal generated
es due to Brillouin gain provided by the SMF. This increase
ted by the length of the SMOF which acts as the gain
m for the Stokes signal. As the launch power is increased
i the saturation point, the Stokes shifted signal does not
nce any increment as the amount of Stokes signal generated
fixed SMF length has reached its saturation level.
erring to Fig. 2, the saturation point increases and shifts
is the right (the saturation power increases) as the LD
is increased. This is because, at low LD powers, not all Er*
re excited and therefore the extra length of EDF causes re-
btion of the Stokes signal, which reaches the saturation point
auch lower launch power. However, when the LD power is

increased further, more Er** ions are excited, thereby reducing the
unpumped EDF length; thus, there is less re-absorption and a
greater Stokes signal is amplified whereby it reaches the saturation
point at a much higher launch power. Fig. 3 shows the efficiency
of the BEFL system against LD power at every saturation point
for a specific launch power. The efficiency increases from 1.82 to
6.94% as the LD power is increased, which further explains that
re-absorption of the Stokes signal occurs at low LD power and
reduces at high LD power for which the efficiency remains almost
constant. The Stokes signal was tunable around a 7nm range and
the tuning range is limited by the EDF lasing gain profile [5].
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Fig. 3 LD pump efficiency ar respective launch power

Conclusion:

We have demonstrated that there is an optimum

launch power needed in a BEFL system, and discussed ways of
determining this optimum launch power. Operating the BEFL
beyond this saturation point does not benefit the system, but only
causes other nonlinear effects to take place, thus degrading the
performance. In our BEFL configuration we have successfully
obtained up to 8.85mW of Stokes signal peak power and a con-
version efficiency of 6.94% for the 980nm LD pump. Further
studies are being carried out to increase the tuning range of the
Stokes signal and its potential use in suppressing the SBS effect in
fibre based optical communications.
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Appendix B : Exhibited Prototype Model
A prototype model of the multi-wavelength BEFL (MWBEFL) was developed and
exhibited at the International Invention, Innovation, Industrial Design & Exhibition
(ITEX "98) recently is shown below. This compact casing dimension is 9.5""x 4.3"'x 0.5"

and was designed for robust application.

PROTOTYPE
MULTI-WAVELENGTH

, BEFL
| TH Photonics Research Gontre

The prototype model of the MWBEFL system




