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The guid ing of l ight by l ight is one long term a im of non
linear photonics since it offers the possibi l i ty of developing 
all-optical circuitry where a control l ing light beam can rap
idly switch or modulate a second information-carrying beam. 
In this context, there has been considerable recent interest in 
spatial solitons and their interaction. 

Spatial solitons are optical structures that propagate 
without diffracting through a med ium w i th nonlinear opti
cal properties. To date, most interest has focused on so-
cal led br ight spat ial sol i tons that are two-d imens iona l 
structures rather l ike a laser beam confined in one d imen
sion in a slab waveguide. Bright spatial solitons are self-
guided beams that form in media whose refractive index 
increases wi th increasing light intensity. The center of the 
beam, where the light intensity is highest, thus sees a higher 
refractive index than the edge of the beam where the inten
sity is low. The beam, therefore, "wr i tes" a waveguide into 
the medium through which it propogates and stable "sol i ton" 
propagation occurs, prov ided the f ield of the light wave is 
also the fundamental mode of the waveguide created. 

Because the soliton writes a waveguide into the non
linear medium, a secondary information carrying beam can 
be launched into that waveguide and can propagate as one 
of its bound modes. This secondary beam can then be ma
nipulated by switching the soliton forming beam on or off. 

In recent work 1 we have extended these ideas to another 
type of spatial soliton, so-called dark spatial solitons. 2 Dark 
solitons are regions of low light intensity embedded in a 
quasi-plane wave. They form in media whose refractive 
index is reduced by increasing light intensity and are essen
tially zones of total or part ial destructive interference be
tween phase shifted waves ly ing on either side of the soliton. 
They are also self-guided beams since they write a waveguide 
into the nonlinear med ium, but in contrast w i th bright sol i 
tons, a dark soliton is a radiat ion mode of the waveguide it 
induces. 

We have shown that dark soliton induced waveguides 
form quite different structures from their bright soliton coun
terparts. For example, they can be used to write a range of 
technically important structured waveguides such as adia
bat ic tapers , Y - j u n c t i o n s , X - j u n c t i o n s , a n d o p t i c a l 
switchyards. 

The most interesting prospect is the possibi l i ty of devel
oping fast reconfigurable devices of wh ich the switchyard is 
one example. A computer simulat ion of a sample device is 

(a) A computer simulation shows three dark spatial solitons 
forming from a single input beam containing three phase jumps 
(0.65 π) - π - (-0.65 π). The intensity of the light beam is 
represented using a grey scale plot. (b), (c) and (d) plot the 
profiles of guided beams launched into the three soliton induced 
waveguides. In this simulation, the maximum refractive index 
change induced by the soliton forming beam was 0 . 0 0 8 , the 
propagation distance was 1000λ, and the width of the window 
in the transverse direction 83λ. 

shown in the figure. Here a single soli ton-forming beam 
containing three phase shifts at boundaries w i th in the beam 
fo rms a s t ruc tu re c o n t a i n i n g three so l i t on i n d u c e d 
waveguides. The propagation direction of the ind iv idua l 
guides is control led by the magnitude of the phase shifts and 
can be adjusted to connect the ind iv idua l input ports to an 
array of output ports. The figure shows the operation in a 
sample configuration where the phase shifts were (0.65π) -
π - (-0.65 π), respectively. Not ice that the solitons cross 
without interacting and that the guided beam also crosses 
the result ing junctions without loss. Devices such as this 
have obv ious potent ial for s ignal rout ing i n advanced 
photonics systems. 
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