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Experimental investigation of various fiber la-
sers containing rare earth ions shows that the
polarization effects'-® with a Fabry-Perot cavity
can be characterized by three basic factors: (1)
The fluorescence caused by spontanecus emis-

sion is depolarized independently of the polariza-
tion of the pump light. (2) Two orthogonal phase-
independent polarization eigenmodes exist in the
single-mode fiber laser cavity. (3) The polariza-
tion state of the output from the fiber laser depends
on the orientation of the pump light polarization,
pump power level, and dopant characteristics.
The evidence of polarization effects in a Nd®%
doped fiber laser can be clearly seen from Figs. 1
and 2 and Ref. 1.

It is now possible to postulate a model for char-
acterizing polarization effects in fiber lasers based
on these three factors. Assuming a random orien-
tation of the electric dipole of the rare-earth ions in
the fiber, the concept of an effective pump power
for each of the polarization eigenmodes can be
introduced and may be expressed as
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In Egs. (1) and (2), the parameter A is the polarized
cross-section ratio® defined as A = o/ op, o is the
angle the pump polarization makes with the x axis,
Py is the total absorbed pump power, Pyand P, are
the effective absorbed pump power components
for the x and y polarization eigenmodes, respec-
tively.

The concept of an effective absorbed pump

power component presented above is now applied
to existing laser theory, which is valid only for one
individual lasing mode to analyze the polarization
eigenmodes in a fiber laser. Thus the laser perfor-
mance for each polarization mode can be predict-
ed.
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This model fits the experimental results rather
well. For example, the predicted ratio of the re-
laxation oscillation frequencies of the x and y
modes is
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Equation (3) indicates that w,/w, decreases as the
pump power increases, in accordance with experi-
ment and as illustrated for the particular case of «
= 0inFig. 2. Furthermore the predicted degree of
polarization (DOP) also fits well with measurement,
as seen in Fig. 1.

In particular, the relative slope efficiencies of
the x and y modes are found to be
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which again fits well with experimental measure-
ments (Fig. 3).

The ratio S,/ S, can be measured accurately and
enables values of the polarization cross-section
ratio A to be deduced. From the results given for
fibers containing erbium and neodymium A has
values of 0.11 and 0.01, respectively, showing that
these ions have very strong polarization anisotropy
of the stimulated emission cross section.
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TUJ25 Fig. 1. Measurements showing fluores-
cence depolarization, retained polarization of the
residual pump, and the DOP of the laser output as a
function of pumping power. The points represent
measured values, and the solid lines are derived
from the theoretical model.
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patterns, each showing two orthogonal eigen-
modes with different buildup times and oscillation
frequencies. The initial part of each trace repre-
sents the stronger, which appears first and has
been heavily attenuated by a nearly crossed polar-
izer: (a) wy/wy = 6 at Pap/Ppn = 5; (b) w/w, = 2.9
at Poy/Py = 7.
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TUJ25 Fig. 3. Experimental and theoretical
values of the slope efficiency ratio as a function of
launching angle showing a strong polarization an-
isotropy for Nd** and Er3* ions in silica optical
fiber.



