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Beam interactions with a blocker soliton
in one-dimensional arrays
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We investigate experimentally and numerically the interaction of a highly localized, single-channel discrete
soliton (blocker) with a wide, tilted beam in a one-dimensional AlGaAs array. In agreement with theory the
blocker is observed to discretely shift its position by multiple channels, depending on the intensity and rela-
tive phase of the tilted beam. © 2005 Optical Society of America
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Light propagation in arrays of identical weakly
coupled channel waveguides exhibits many unique
features owing to discreteness.” In such systems light
diffracts in a discrete manner through tun-
neling (coupling) effects between nearest-neighbor
waveguides.” In general, energy transfer among
waveguides occurs with propagation distance and is
most efficient provided that all the sites exhibit the
same propagation wave vector. There are three im-
portant repercussions to this weak coupling process.
First, it leads to dispersion relations that are periodic
with the transverse wave vector. This in turn results
in angular regions of normal and anomalous diffrac-
tion and allows a direction for which diffraction is ef-
fectively zero. Second, the light is spatially localized
(or digitized) in discrete sites; i.e., the intensity is a
maximum in individual channels. Third, it is possible
to excite discrete spatial solitons in such periodic sys-
tems. This is possible through nonlinear processes,
such as the Kerr effect, that locally perturb the
propagation wave vector and hence detune the cou-
pling between neighboring channels.>” Of particular
interest are highly localized solitons in which the
light is confined to essentially a single channel with
only weak tails in the nearest neighbors.

Recently it was demonstrated that optical switch-
ing networks may be possible based on the unique
properties of two-dimensional (2D) waveguide
arrays.” The concept utilizes the transverse motion of

0146-9592/05/091027-3/$15.00

a wide signal soliton, or a weak nondiffracting beam,
whose routing is controlled by a sequence of highly
localized or blocker solitons at junction points inside
a 2D array. In such systems it is often required that a
blocker soliton be able to deflect a weaker signal
beam into a different path within the network. Or, if
transmission along already blocked paths is desir-
able, then perhaps interaction with a weak control
beam could be used to remove the blocker solitons
from the path.® For coherent interactions these
blocker functions are dependent on the relative phase
between the interacting beams.”!® Here we investi-
gate experimentally for the first time to our knowl-
edge the coherent interaction between a blocker and

Fig. 1. Geometry for the interaction between a blocker
beam essentially localized to a single channel and a signal
beam a few channels wide crossing the array at the zero-
diffraction angle.
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Fig. 2. Beam intensities (signal and blocker) versus propa-
gation distance calculated under cw conditions for different
power levels and relative phase. The highly localized soli-
ton is excited with 1 kW, the signal beam with (a) 150 W
and (b)—(d) 300 W. The relative phases between the two
beams are (a) 0, (b) 0, (¢) 0.257, and (d) 0.57.

a signal beam traversing the array. The sample and
interaction geometry is shown in Fig. 1. In our case
the signal beam is always assumed to propagate
along the diffraction-free direction of the array, thus
facilitating interactions even at low input power lev-
els. The experiments were performed in a one-
d1mens1ona1 nonlinear AlGaAs array. In agreement
with theory the blocker was observed to shift its po-
sition by multiple channels, depending on the inten-
sity and relative phase of the tilted beam.

The wave dynamics of the total electric field ampli-
tude within a discrete waveguide array is known to
obey the following discrete nonlinear Schrodinger
equation®:
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where a, represents the mode-field amplitude of
a single isolated channel at the nth waveguide
site, C is the coupling coefficient between adjacent
waveguides, and y is a measure of the strength of the
Kerr nonlinearity in the system; i.e., y*n,. In the in-
teraction geometry shown in Fig. 1 the input field is
assumed to have the form

a,(0) =g, exp(ind)exp(id) + s, (2)

where g,, is a Gaussian-like discrete envelope of the
tilted signal beam and s,, represents the contribution
from the blocking soliton. In this study the propaga-
tion angle of the signal beam g, was always taken to
be along the diffraction-free direction’; i.e., the phase
difference between adjacent channels is 6=7/2. We
note that along this direction the beam is essentially

free of modulational instability.'"'? Furthermore, we
assume that the blocking soliton contribution s, is
mostly localized in channel m; that is, s, = §,,,. In Eq.
(2), ¢ stands for the initial phase difference between
the two fields. The two field components are sepa-
rated by N waveguide sites at the input facet with
the broad beam input centered at the m-N site.
Similar settings have been previously analyzed theo-
retically for both coherent’ and incoherent® interac-
tions. According to predictions, a low-power signal
beam is expected to be partially deflected by the
blocker soliton, whereas at higher levels the same
beam should be able to drag the blocker (toward the
signal beam) in discrete steps. This process is illus-
trated in Fig. 2 after numerically solving Eq. (1) for
two different input signal power levels.

The experimental apparatus is shown in Fig. 3. A
1550-nm beam from a pulsed optical parametric am-
plifier (1-ps-long pulses) was attenuated with a vari-
able filter and split into two parts. One beam was
used to generate the highly localized soliton and was
shaped to excite only one channel in the array (8 um
by 2 um). The power in this beam was increased un-
til localization in essentially one waveguide site was
obtained at an input power of 2.5 kW, which was
used for all our observations. The second beam was
shaped by a lens combination to be elliptical with a
cross section of 40 um by 2 um. This signal beam
was wide enough to excite seven waveguides of the
array with an initial center-to-center separation of
nine waveguides from the highly localized blocker
soliton at the input. The signal was launched at the
zero-diffraction angle of the array toward the block-
ing soliton. A piezoelectric actuator was used to vary
the phase of this beam relative to the soliton. The
output of the waveguide array was then imaged on a
conventional vidicon camera and a highly sensitive
InGaAs detector array for different power levels of
the tilted beam. The AlGaAs array was 8 mm long,
had a coupling constant C of 0.9 mm~!, and consisted
of 101 waveguides. Effective nonlinear coefficient y
was estimated to be 5 m~! W-1. Waveguide spacing D
for this array was 9 um.

In Fig. 4 we show the output intensity distribution
for three peak powers of the tilted beam. The two im-
ages on the left of each figure show the location of the
two beams at the input, whereas the two images on
the right show the intensity at the end of the sample
if only one of the beams is present. As can be seen,
the tilted beam crosses the path of the highly local-
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Fig. 3. Experimental apparatus: OPA, optical parametric
amplifier; M, mirror; \/2, half-wave plate; \/4, quarter-
wave plate.
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Fig. 4. Experimentally measured intensities of the output
beams for three different pulsed input signal beams of dif-
ferent intensities crossing a pulsed blocker soliton as a
function of relative phase between the beams. The inten-
sity profiles show the blocker soliton in the absence of the
tilted beam (dashed curve) and the observed output inten-
sity during the interaction (solid curve) for a phase angle
indicated by the vertical line in the left central part. Peak
powers of (a) 350 W, (b) 780 W, and (¢) 1.4 kW were used
for the signal beams.

ized soliton. As expected, it essentially maintains its
initial width on propagation, even though some small
third-order diffraction effects are noticeable in the
output images.

The interaction dynamics of the two beams (inten-
sity at the output of the array) are shown in the cen-
tral parts of Fig. 4 as a function of relative phase
angle ¢ on the left and an example intensity profile
on the right. At the lowest shown power of 350 W the
blocker is split to cover two waveguides. Increasing
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the power of the tilted beam to 780 W results in the
dragging of the blocker by one waveguide site for
some phase angles as shown in the intensity profile.
For the highest shown power of 1.4 kW [Fig. 4(c)] the
blocker is dragged by two waveguide sites toward the
incoming signal. As for all the interactions, the out-
come of the interaction is phase sensitive. Note that,
even though the whole process is phase sensitive as
expected for a coherent interaction, the deflection of
the blocker soliton is always toward the incoming
weak beam. For a power of 1.4 kW the tilted beam
drags the soliton up to two sites to the side, again de-
pending on relative phase. For some phase angles the
interaction leads to splitting of the blocker beam. Be-
fore closing we would like to note that the agreement
between the modeling and the experiment is prima-
rily qualitative. This is because the simulations were
carried out under cw conditions, whereas in our ex-
periment we used picosecond pulses.

In summary, we have experimentally observed, for
the first time to our knowledge, the interaction of
highly localized discrete (blocker) solitons with a sig-
nal beam propagating at the zero-diffraction angle.
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