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Two-dimensional periodic structures in a nonlinear
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The formation of a periodic transverse structure in the light field in a resonator consisting of mirrors and a thin layer
of a nonlinear medium is considered. It is shown that, when the resonator length is a multiple of one half of the Tal-
bot length, there exist periodic structures that are self-imaged under propagation through both the empty part of
the resonator and the nonlinear medium. The influence of aperture losses is estimated. It is suggested that this
type of a resonator may be useful for diode-array-pumped solid-state lasers.

1. INTRODUCTION

Transverse effects in nonlinear-optical devices are now be-
ing widely investigated. Recently experiments have dem-
onstrated synchronization of a laser array by means of the
Talbot effect,' spatial turbulence and self-organization in a
nonlinear-optical system with two-dimensional feedback,2

and transverse mode locking in a CO2 laser.3 The most
interesting theoretically, in my opinion, is the development
of analytical approaches; their importance can not be over-
estimated because they provide ways to analyze experimen-
tal situations and to test numerical codes.

A wide spectrum of approaches is being discussed. One
approach considers the nonlinear coupling of the different
transverse modes of an empty resonator (Gauss-Hermite or
Gauss-Laguerre modes) and considers the patterns that
arise as a result of transverse mode locking. 4 5 Another
approach relies on the possibility of solving exactly some
envelope equations, by means of inverse scattering transfor-
mation within a sufficiently long nonlinear medium, and
adjusting their solutions at the boundaries and reflecting
surfaces. This method describes the transverse effects in a
passive bistable nonlinear interferometer as the formation of
the solitary waves of the nonlinear Schrodinger equation.6

A third approach reduces the nonlinear diffusion equation
that describes a semiconductor bistable interferometer7 to a
kicked dynamics problem. The input laser field is approxi-
mated by a set of equidistant spikes, so, for one spatial
dimension, the integration becomes straightforward and the
values of a bistable parameter in nearest-neighbor pixels are
connected by a two-dimensional area-preserving map. A
fourth approach lies in the approximation of the nonlinear
medium as a thin layer, within which the diffraction is negli-
gible. The other part of the resonator is considered to be
empty, and the wave field there is transformed by a Fresnel-
Kirchhoff integral. As a result, the dynamics of the trans-
verse (and temporal) structure is computed by successively
iterating a nonlinear local map (one- or two-dimensional)
and a linear nonlocal map (generally speaking, of an infinite
number of dimensions).8 Historically, this method was de-
veloped in microwave radiophysics for a traveling-wave tube
generator with delayed feedback (see Ref. 9 and references

therein). Recently this method has been rediscovered'0 and
has been applied to the passive bistable nonlinear interfer-
ometer, for which the occurrence of transverse period dou-
blings and switching waves was predicted. A nonlinear res-
onator with a phase-conjugate mirror also has been modeled
by this method."

In Ref. 12 it was assumed that a wide-aperture (large
Fresnel number), active optical resonator with a thin active
element and nonlinear losses (due to generation of optical
harmonics or stimulated light scattering) could be approxi-
mately described by a one-dimensional map. This provides
a possibility of observing period-doubling behavior, which
results in the formation of regular and chaotic transverse
structures. It was assumed that such a description is valid
only if the effective Fresnel number ka 2/27rnLR is sufficient-
ly high [k is the wave number, LR is the resonator length, n is
the number of passes through the resonator (iterates of the
map), a is the effective size of the transverse inhomogeneity
of the wave field]. Fortunately, this restriction is not neces-
sary for periodic transverse structures. Our goal is to show
that when the resonator length is a multiple of one half of the
Talbot length, the phenomenon of self-imaging of the peri-
odic fields will still take place in the presence of a thin layer
of an arbitrary nonlinear medium. The paper is organized
as follows: In Section 2 the essential features of self-imag-
ing are described, an exact expression for Talbot beam dif-
fraction at a finite aperture is obtained, and its propagation
through the thin nonlinear slice is considered. In Section 3
the problem of the efficiency of diode-array-pumped lasers
is briefly discussed, and afterward a Talbot cavity with a
thin nonlinear amplifying slice inside is proposed. In Sec-
tion 4 the results are summarized.

2. TALBOT RESONATORS WITH A THIN
NONLINEAR LAYER

In 1836 Talbot 3 viewed with a magnifying lens white light
passing through an equidistant grating made by Fraunhofer.
Talbot was intrigued by the fact that, when the focus of the
lens was shifted gradually away from the grating, distinct
color bands arose parallel to the lines of the grating. For a
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