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We use numerical simulations to predict the first complex self-written structure in a bulk material. 
A depressed-index "pipe" structure, which guides light like a channel, is created using a Laguerre-
Gaussian "donut" beam. 

A self-written waveguide can dynamically evolve in response to illumination in a photosensitive material [1]. 
We recently reported self-written taper structures created in bulk chalcogenide glass [2], and waveguides 
have been written in bulk photopolymers [3, 4]. Although in all these materials illumination increases the 
refractive index, some materials can exhibit a decrease (for example Ge-doped silica films [5]) and we recently 
observed such a decrease in bulk Nd-doped Bk7 glass. Negative index changes allow a new range of waveguide 
structures to be self-written, and this has not been previously explored. 

We here report the first numerical simulations of self-writing a depressed index structure, and present simu­
lations of complicated self-written structures in a bulk geometry. Note that few simulations have been carried 
out in the bulk geometry as these calculations are computationally intensive. The model used for self-writing 
is described in detail in Ref [1, 2, 6]. The paraxial wave equation describes the propagation of light, and 
a phenomenological photosensitivity equation describes the refractive index evolution. The equations are 
solved numerically using a split step beam propagation model. 

Previous theoretical work shows that the shape of the self-written waveguide that evolves can be tailored 
via the writing beam [6]. If a material experiences a decrease in index in response to light, the diffraction of 
a simple Gaussian beam would increase. Therefore a more complicated writing beam is required to form a 
useful waveguide, and here an mth order Laguerre-Gaussian "donut" beam is used [7]: 
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E(x,y,t) is the electric field amplitude, and x and y are the transverse coordinates. The beam width at 
the input face is a, corresponding to a peak-to-peak (PTP) value of the intensity distribution of av'2rn. In 
practice a "donut" shaped writing beam can be produced by several different techniques [8]. 

If this intensity distribution is used, the sample is illuminated by a ring of high intensity with a null in its 
centre. The refractive index decreases most where the intensity is highest, hence a ring-shaped depressed 
index structure starts to form at the input face. Over time the structure evolves and indeed our numerical 
simulations indicate that a relatively uniform unexposed region remains along the propagation axis. In Fig 1 
a donut beam witli m=l, PTP=30µm, and A=488 nm is used (the saturation index change is -10-4). Our
results show that the width of the unexposed central region can be controlled via m and PTP. 

The propagation characteristics of the induced depressed-index "pipe" structures have been determined by 
sending a Gaussian beam through the structure. Unsurprisingly, different guidance properties are obtained for 
structures written by donut beams of different widths. Fig 2 shows the intensity distribution of a Gaussian 
beam as it propagates through structures written using different beam widths. The cross-sections of the 
outcoming Gaussian beams are shown in the insets together with the same beam freely diffracting over this 
distance. It can clearly be seen how the central portion of bea_!ll is confined and guided by the structures. 

We have presented simulations of a depressed refractive index self-written structure, this also represents the 
first simulations using a complex writing beam in a bulk geometry. This structure can be used to guide light. 
Here a first order Laguerre-Gaussian donut beam is considered, however higher order beams, and different 
PTP values, offer the flexibility to tailor the properties and characteristics of the final waveguide structure. 



Fig. 1. Refractive index distribution along one transverse direction during the evolution of a depressed index 
structure, PTP=30µm. A channel of relatively higher index evolves along the propagation axis. 
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Fig. 2. A Gaussian beam (FWHM=lOµm, >.=1047 nm) propagating through structures with PTP values of 
20 (top) and 30µm (bottom). Insets show the outcoming guided beam together with beams travelling the 
same distance by free diffraction. 
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