



































seeding mode two raises the question of the source of the mode two seed light. Its origin is not
entirely clear. The weak seed could be created by mechanical vibration of the fiber, particularly
at the fiber input where coupling into the fiber is highly position sensitive, or it could be created
by oscillations in the pump power or spectra, or by fluorescence from the upper laser level, or
it might be present in the injected signal light.

Detailed experimental studies will be necessary to verify our model and to identify sources
of the mode two seed light. However, our model for therma mode coupling appears to agree
at least qualitatively with certain reported behaviors of laboratory amplifiers: a sharp pump
threshold for mode degradation is predicted and reported; the pump power threshold is in the
observed range; the frequency offset of 2-3 kHz for maximum gain agrees with reported fluc-
tuation times; the mode coupling gain occurs primarily in the first half of the amplifier which
is consistent with observations that coiling the first half of the amplifier often suppresses mode
degradation.

If our model can be more fully validated, it should prove useful in improving amplifier de-
signs in order to raise the mode degradation threshold. For example, we can apply it to bent
fiber and to fiber with non-step index profiles or non-step Y b doping profiles. It can be used to
compare co-pumped and counter-pumped amplifiers and different pump spectra. We can sys-
tematically study trends with core to pump cladding size ratios, and the length variations this
implies.

Acknowledgments

We thank Dr. C. Jauregui of Friedrich-Schiller-Univ., Jena and J. Edgecumbe of Nufern for
illuminating discussions of modal instability in high power fiber amplifiers. Funding for this
work was provided by the Defense Advanced Research Project Agency (DARPA) under grant
#083081003 and Sandia National Laboratories through contract #1038955.

#144718 $15.00USD Received24 Mar 2011;accepted®9 Apr 2011;publishedd May 2011
(C)20110SA 23 May 2011/ Vol. 19, No. 11/ OPTICS EXPRESS 10192





