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The goal of scaling fiber lasers to high power levels for
applications has created an interest in coherently com-
bine the beams of a number of fibers. However, success
in accurately controlling the frequencies and phases of the
fields by either passive, active or hybrid means has until
now been limited. Studies of the dynamics of passively
phased fiber arrays have been published, but the under-
standing of their instabilities is limited. We consider a
passively phased array of N rare earth doped fibers which
are coupled through an external cavity. Each fiber is in-
dependently optically pumped. The propagation of the
signal electrical field and the pump intensity within each
fiber can be described by:
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Where En(z, t) is the complex slowly varying envelope
of the signal electric field in the fiber n with respect
to the central frequency Ω0, and propagation constant
β0. Ipn(z, t) is the pump intensity at frequency ωp. The
primes denote derivatives with respect to the frequency
at ω = Ω0 or ω = ωp . β′

0 is the signal inverse group ve-
locity while β′

p is the pump inverse group velocity. σa and
σe are the effective emission and absorption cross sections
respectively. ϵs and ϵp are the energies of the photons at
the central and pump frequencies. Γs and Γp are the
signal-core and pump-core overlap factors. Finally N1n

and N2n are the lower and upper level populations of the
medium (with N1n + N2n = N0n) and n2 is the nonlin-
ear refractive index. The above equations are completed
with the boundary condition associated to the external
cavity coupling

En(0, t) =

N∑
m=1

KnmEm(Lm, t− τnm)ei(β0Lm+Ω0τnm) (6)

where Knm are the coefficients of the coupling matrix,
Lm is the length of fiber m and τnm are the delays in the
feedback loop.

By linear stability analysis and numerical simulations
we show that, for one fiber, the system has a stable CW
regime above threshold, for low pumping powers. We
also show that the system can become unstable for high
pump intensities first exhibiting pulsating behavior and
then becoming chaotic. For two fibers we show that phase
locking in a stable CW regime is possible, although this
regime becomes unstable when the pump is increased.
Instabilities appear for lower powers as the difference in
length between the fibers is increased. Examples of these
regimes are shown in Fig. 1

FIG. 1. Time traces for two fibers. From top to bottom:
CW emission, pulsed behavior, chaotic behavior.
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