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Light-Induced Self-Writing Effects in Bulk
Chalcogenide Glass

Ami M. Ljungström, Member, OSA,and Tanya M. Monro, Member, OSA

Abstract—A waveguide can be self-written by a beam of light
propagating in a photosensitive material. We report the first
observation of self-writing effects in bulk chalcogenide glass
and investigate the influences of different writing beam sizes
and powers. We observe increases in refractive index of 2.5
10 4 due to illumination at 1047 nm in Ce-doped Ga–La–S.
Simulations of the self-writing process show a good agreement
with the experimental results. This verifies our numerical model
and allows the dynamics of this process to be explored. Using
this knowledge, we predict the experimental parameters and
conditions required to write waveguides, tapers, and ultimately
complex three-dimensional (3-D) structures.

Index Terms—Chalcogenide glass, channel, photosensitivity,
self-writing, taper, waveguide.

I. INTRODUCTION

T HIS paper exploresself-writingprocesses in which a beam
of light induces refractive index changes that dynamically

evolve to form a waveguide, which then guides this light [1]. To
perform self-writing, aphotosensitivematerial must be used;
materials are described as photosensitive if they experience a
long-lasting refractive index change when exposed to light. We
begin by briefly illustrating this concept, which is described in
detail in [1]–[4].

Consider a Gaussian beam focused on a material with an ini-
tially uniform refractive index. If the material is photosensi-
tive at the writing wavelength, this diffracting light distribution
starts to change the index within the material. The largest refrac-
tive index changes occur at positions where the light intensity
is highest, which, in this case, is along the propagation axis. If
the indexincreasesin response to illumination, this change acts
to reduce the diffraction of the incoming beam. In these early
stages, diffraction imprints an adiabatic taper within the mate-
rial, and, over time, this taper can evolve into a channel wave-
guide, guiding the writing beam through the material.

This process is called self-writing because the same beam that
creates the waveguide is subsequently guided by it. After it has
formed, a self-written waveguide can be used to guide light at
other wavelengths. As these changes in index can be permanent
and local, this process is distinct from other self-action effects,
such as spatial and photorefractive solitons.

Waveguides are currently formed using many different
techniques, including epitaxial growth, diffusion methods,
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and direct-writing [5]. The direct-writing technique has the
advantage that using photosensitivity avoids the complex
lithographical steps used in the other techniques. However, in
direct writing, either the sample or the beam must be translated
to pattern the waveguide. In contrast, using self-writing, the
waveguide evolves dynamically, and so it is a one-step process
that requires no translation. Theoretical work [2] shows that the
form of the resulting waveguide can be tailored by appropriate
choice of writing beam shape, which allows the formation
of a wide range of complex structures. In addition, because
self-written waveguides evolve dynamically, they vary adia-
batically along their length, and so should experience minimal
radiation losses due to the absence of sharp bends. This is a
relatively new area of research and in this paper only channel
waveguides are considered. The evolution of self-written
waveguides in bulk glasses is a rich new area of physics that
has not yet been explored.

Self-writing can be realized in a variety of photosensitive
materials; what is required is a long-lasting change in refractive
index in response to illumination. Previously, self-written
channel waveguides have been created in both planar ger-
manosilicate glass [3] and AsS chalcogenide glass [6].
This process has also been studied experimentally in bulk
geometry, in which solid waveguides have been formed in a
liquid photopolymer [7], tapers have been formed in ultraviolet
(UV)-cured epoxy [8], and, recently, a three-dimensional (3-D)
photonic crystal was fabricated by self-writing channels in a
photopolymerizable resin [9], [10]. The fact that self-writing
has been carried out in such a wide range of materials demon-
strates that it is a robust process that can occur regardless of
the precise chemical or structural mechanisms responsible for
the index change.

Simulations of the self-writing process completed to date
have principally considered the planar geometry, which is less
computationally demanding than the bulk case. These studies
have been performed both for glass [1] and liquid photopoly-
mers [7]. Some preliminary simulations for bulk glasses have
also been done, which show that a channel waveguide can form
in a bulk material provided that a sufficiently large refractive
index change is possible in the material [4].

In this paper, we explore self-writing in bulk glass, both ex-
perimentally and theoretically. Self-writing has not previously
been experimentally demonstrated in any bulk glass. The bulk
geometry offers greater flexibility than the planar geometry
to form complex, 3-D waveguides. In addition, glasses offer
the advantage of straightforward integration with conventional
glass technologies. Most photosensitive glasses are fabricated
using plasma-enhanced chemical-vapor deposition (PECVD)
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[11] or flame hydrolysis techniques [12], whereas the bulk
glasses we use require no such complex processing.

II. M ATERIAL

In these experiments, a compound chalcogenide glass,
gallium lanthanum sulphide (Ga–La–S, n 2.5 [13]), is
used. This family of glasses typically has the potential for
large photosensitive index changes under illumination [13],
although this photosensitivity is not yet well characterized. The
properties of Ga–La–S can be altered somewhat by doping the
glass, and in our experiments, pure Ga–La–S, Ga–La–S oxide,
and cerium-doped Ga–La–S have been used. We find that
the biggest index changes are achieved in the cerium-doped
sample. These results are presented here. The composition of
this glass is 70GaS : 27.5La S : 1La O : 1.5Ce S , which
corresponds to a doping concentration of 1.5 mol% cerium.

Light with a wavelength near the band edge typically induces
changes inamaterial, becausesignificantabsorptionoccurshere,
and, for Ga–La–S, the band edge is located near 500 nm [14].
Therefore,onemightexpect thatatwo-photonabsorptionprocess
would lead to photosensitivity around 1m. This wavelength is
preferablebecause losses throughthematerialare lowerhere than
near thebandedge. Inourexperiments,adiode-pumpedNd–YLF
fiber-coupled laser (1.047m) is used to illuminate the sample.
For theseexperiments,ahighspatialqualityof thewritingbeamis
required and, therefore, fiber lasers are favorable. Also, the input
and output facesof the sample are both polished in order to obtain
parallel high-quality faces.

III. EXPERIMENT

In these experiments, a Gaussian beam is focused down to a
waist on the input edge of a 5-mm-long sample using a lens. An-
other lens is used to image the output beam onto a beam profiler.
The evolution of the index change is observed by monitoring the
beam shape at the output face of the sample. Alignment is cru-
cial in this experiment, and good care must be taken to position
the waist on the sample edge; it is also important not to preex-
pose the sample to light.

Initially, the writing beam diffracts freely in the uniform bulk
material. If the refractive index of the glass increases in response
to light, then we expect the beam at the output edge of the sample
to narrow and become more intense as the light begins to be
guided by the index change it induces. Fig. 1 shows this evolu-
tion for a typical experiment; the change in beam shape confirms
that self-writing has begun to occur in the material.

Fig. 2 shows the full-width at half-maximum (FWHM) and
the peak intensity of the output beam as functions of time for two
different experiments. In both of these experiments, a writing
beam of 9 m and a power of 650 mW are used. First, we con-
centrate on Fig. 2(a), which correspond to the output beams
shown in Fig. 1. It can clearly be seen how the beam narrows
and the peak intensity increases during the exposure (both by
a factor of 1.5). During this exposure, the loss does not change
significantly (the power decreases by 4%).

Unlike the experiment in Fig. 2(a), in Fig. 2(b), the FWHM
and the peak intensity do not change by the same degree, and

Fig. 1. The shape of the beam emerging from the sample. The beam narrows
and becomes more intense during the exposure.

the intensity even starts to decrease toward the end of the ex-
posure. One explanation for this difference is that these sam-
ples are somewhat inhomogeneous due to crystalization within
the glass. We have confirmed the presence of inhomogeneity
by performing both beam quality and loss measurements. Even
for the experiment in Fig. 2(a), the beam becomes slightly non-
Gaussian over time, as shown in Fig. 1.

Approximately 7 h after the start of the exposure, the FWHM
levels off and stops changing. It seems likely that, at this point,
the saturation value of the refractive index has been reached
and the material cannot change any further; this behavior is dis-
cussed later.

The longevity of this change in refractive index has been in-
vestigated by monitoring the sample a number of times after the
initial exposure, as shown in Fig. 3. It can be seen that the index
changes are long lasting and do not decay significantly when the
light is removed, at least over the time scale of a day. However,
over a longer time scale of a few days, the changes are observed
to decay. In future experiments, it may be possible to make these
changes permanent by annealing the glass after the initial expo-
sure.

For a given writing beam, the structure that evolves in the ma-
terial is principally determined by the maximum change in re-
fractive index that can be induced. We show that this necessitates
a careful choice of the writing beam size. To obtain significant
diffraction, at least a few Rayleigh ranges must fit within the ma-
terial. However, very narrow beams cannot be used, because a
prohibitively largerefractive indexchangeis thenneededtocoun-
teract their diffraction. In the other extreme, the relatively large
Rayleigh range of a wide beam results in a need for long sam-
ples. This is not only impractical for devices, but, in addition,
losses in the material then become problematic. In practice, for
any particular material, there exists an optimum choice of exper-
imental parameters. In order to explore how self-writing depends
on the writing beamwidth and power, a range of experiments was
conducted, as shown in Fig. 4. These experiments correspond to
10–20 Rayleigh ranges within the 5-mm-long sample.

First, we consider the changes in FWHM. Notice that, for this
case, the best result was achieved by the experiment shown in
Fig. 2(a), using a writing beamwidth of 9m and a power of
650 mW. It can be seen that there exists a complex relation-
ship between the writing-beam size and power and the resulting
degree to which the beam is guided by the index distribution
written in the sample. These trends are explored here.
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(a)

(b)

Fig. 2. The FWHM and the peak intensity of the output beam from two
different experiments using a writing beamwidth of 9�m and a power of
650 mW.

Fig. 4 shows that narrow beams and high power together result
in bigger overall changes. Hence, we observe that high light in-
tensities cause slightly greater index changes in the material that
allow self-writing to proceed further. For wider beams, although
bigger changes are achieved when high powers are used, the re-
sults are not as sensitive to the power as for narrower beams. Be-
cause wider beams require a higher power in order to achieve the
same light intensity, in order to get more dramatic changes in this
material, the power would have to be increased significantly.

Fig. 3. Measurements of the width of the outcoming beam after the initial
exposure [corresponding to Fig. 2(a)]. The changes within the material are long
lasting.

Some experiments carried out using high-intensity beams,
i.e., 9.5- m beam and 650 mW, resulted in only minor overall
changes (these are not included in Fig. 4). We believe that when
these high intensities see imperfections on the sample edge, in
these cases, damage to the edge occurs. This damage prevents
a waveguide from forming, hence, it results in smaller changes.
In conclusion, although we find that self-writing proceeds fur-
ther at high intensities, in such cases, damage of the sample is
more likely; thus, more consistent results are obtained using a
slightly wider beam.

It can also be seen in Fig. 4 that the FWHM and the peak
intensity do not always change by the same amount. The peak
intensity is particularly dependent on the loss in light intensity
in the material. Due to sample inhomogeneities, the sample loss
varies somewhat with position, and, in addition, the loss may
change during the exposure, a behavior that has been observed
previously in planar glass [2]. In Fig. 4, only a selection of ex-
periments are presented, which show reasonable losses in inten-
sity, good-quality beams, and no damage to the sample.

We observe that self-writing proceeds faster when the light
intensity is higher (i.e., a narrow beam with high power pro-
duces the fastest change). This observation is consistent with
theoretical models for photosensitivity [7], [15]. However, the
inhomogeneities in the sample make it hard to interpret the rate
of change in refractive index.

These experiments unambiguously demonstrate self-writing
effects in these glasses and help to ascertain the parameters that
are most critical in this process. In the experiments carried out
here, a typical change in FWHM is of a factor of 1.5, when using
a 9- m-wide beam in a 5-mm-long sample. However, to form
a mature channel waveguide, much larger changes are typically
expected (see Section V). Next, we use simulations in order to
predict how to increase the magnitude of the self-writing effect
in bulk glass.

IV. SIMULATIONS

In order to obtain a deeper understanding of the dynamics of
the self-written evolution and to predict the effects of using dif-
ferent experimental parameters, we have conducted numerical
simulations of this process.
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Fig. 4. Summary of experiments carried out using different writing-beam sizes and powers.

A Gaussian beam is used as the writing beam. Thus, the initial
condition at the input face ( ) is

(1)

Here, is the electric field envelope ampli-
tude, is the propagation direction, andand are the trans-
verse coordinates. The beamwidth at the input face is, which
corresponds to an FWHM in the intensity of . Two
differential equations can be used to describe self-writing [1];
the paraxial wave equation describes the propagation of light
through the material

(2)
whereas the photosensitivity equation describes the refractive
index evolution

(3)

Here, is the initial refractive index, is the
wavenumber, and the loss in decibels per unit length is 4.343

. The intensity is defined as , and is the number of
photons involved in the process (typically 1 or 2). Here,is a
normalized time defined as

(4)

where is a real coefficient that depends on, the material
properties, and , and is the time in seconds.

In (3), a saturation index is introduced to limit the
change in index that can occur, and in this model, the index
change slows down exponentially as it approaches this value.
This simple physical model has been shown to agree well with
experiments in photopolymers [7] and germanosilicate glass
[3]. It is also consistent with our observation that the process
proceeds faster at high light intensities. However, this simple
model cannot be completely accurate, because we observed that

the degree of index change is somewhat intensity dependent.
In bulk geometry, is crucial because the incoming light
is focused in two transverse directions, resulting in a high
intensity and, hence, a larger change in refractive index. Indeed,
it has been shown previously that a saturation index must be
included to prevent catastrophic collapse of the beam [4].

The propagation of light through a material must, in general,
be described using the vector wave equation [16]. However, if
the beam properties vary only slowly in the propagation direc-
tion, the paraxial approximation can be used, as given by (2).
The Gaussian beam considered here propagates along theaxis;
thus, this approximation is valid as long as the diffraction of the
beam is not too large. In other words, there exists a minimum
beam size that is always satisfied here.

To solve the equations describing the self-writing process, ad-
vantage is taken of the difference in time scales for the processes
involved. Typically, the light propagation occurs in nanosec-
onds, whereas the evolution of the refractive index takes minutes
or hours. Therefore, (2) and (3) can be treated as two indepen-
dent processes that can be solved separately. This is done numer-
ically on a grid inside the material using a split-step beam-prop-
agation model. Note that, for the bulk geometry, these calcu-
lations are computationally intensive, and no simulations have
previously been done using real parameters and conditions for
these compound glasses. Typical calculations use grids ranging
from 128 128 500 to 256 256 600, which requires
about 0.1–2 Gb computer memory; these calculations take be-
tween days and weeks to run on a 1-GHz processor.

To compare the simulation results with experimental data, the
time in the simulation must be scaled, because a normalized time

is used in the model and the parameteris unknown [recall
(4)]. In these materials, the index change that can be achieved
by illumination ( ) depends critically on the glass composi-
tion and is typically in the range 0.0001–0.001 [11]. Therefore,
within this range, we choose to fit the experimental data.

In Fig. 5, experimental results from Fig. 2(b), using a writing
beam size of 9 m, are shown together with the results from
the corresponding simulation. This experiment was chosen be-
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Fig. 5. Change in FWHM for experimental data (FWHM= 9�m, solid lines)
and simulation using a�n of 2.5� 10 (dashed lines). The inset shows the
corresponding changes in peak intensity.

cause it demonstrates a smooth change in FWHM, which should
make it easier to compare with theory. In this particular simula-
tion, we obtain good agreement for the shape of the width evolu-
tion when is 2.5 10 , which is a physically reasonable
value. It can be seen that the experimental result and the simu-
lation start to differ somewhat at later times (for min),
which is caused by either inhomogeneities in the sample or our
simplified model for the index change; these discrepancies ac-
cumulate over time.

The inset in Fig. 5 shows that, although the simulation accu-
rately predicts the behavior of the FWHM, the change in peak
intensity differs significantly between experiment and simula-
tion. As mentioned earlier, it has previously been shown that loss
has greater influence on the peak intensity than on the FWHM
[17]; thus, simulations including loss were undertaken. Initially,
the simplest case of constant loss was considered, but agreement
with observations could not be improved significantly. Next, the
model was extended to include a variable exposure-dependent
loss in which the local value of the loss increases in response to
changes in the refractive index, as in [17].

Fig. 6 shows again the experimental and simulation data from
Fig. 5, together with results from a simulation including this
variable loss, represented by solid, dashed, and dotted lines,
respectively. The best agreement was found using a variable
loss of 6.5 10 dB/cm, which corresponds to a max-
imum loss of 6.5 dB/cm at localized positions where the sat-
uration value of the refractive index has been reached. It can
be seen that, although the magnitude change in intensity can be
matched by introducing this variable loss, the shape of the evo-
lution differs significantly. Also, the agreement with experiment
for the FWHM is reduced. Clearly, a more sophisticated model
is needed to get a good agreement between experiment and sim-
ulation when a large absorption loss is present.

The shape of the beam emerging from the sample often
changes slightly during the exposure, as in Fig. 1, where
the beam grows a shoulder at late times in the experiment.
Because the writing beam is Gaussian at the input face and
the self-written structure is single moded (see Section V),
this asymmetry must be caused by some inhomogeneity in

Fig. 6. FWHM at the sample output edge from experiment (solid lines)
and simulations. The change in peak intensity is shown in the inset. Dashed
curves represent results without loss and dotted lines include a variable
exposure-dependent loss of 6.5� 10 �n dB/cm.

the sample; indeed, we find that, in some experiments, the
beams retain their Gaussian shape throughout the evolution. In
addition, we find that the shape of the beam is not particularly
sensitive to the launch conditions, which is further evidence
of single-modedness. Because the model used here assumes
that the material is homogeneous, we cannot expect perfect
agreement with the experimental data, especially at late times.

Clearly, the model used in these simulations captures the
essential physics of these self-writing experiments. Next, we
use the experimental parameters deduced from this approach
to achieve a deeper understanding of the self-written evolution
occurring inside the material.

V. ANALYSIS

It has been shown previously [1] that, in order to form a
channel waveguide, the refractive index at the input face must
grow large enough to counteract the diffraction of the beam and
focus the light in to an intensity maximum inside the material.
This maximum is referred to as theprimary eyeand has, so far,
always been viewed as a precursor to waveguide formation. Typ-
ically, this eye is located near the input face so that series expan-
sions can be used to explore its behavior at small distances in the
propagation direction . This method has been applied to the
planar geometry for 1 and 2 and in bulk for [2], cor-
responding to bulk photopolymer experiments from [7]. Here,
we extend this treatment to correspond to the two-photon ab-
sorption process in bulk cerium doped Ga–La–S glass with the
aim of achieving a greater understanding of our experimental
results.

At early times, the refractive index is too small to focus the
incoming beam; thus, a primary eye cannot form and the beam
simply diffracts. We find, from the series expansions, that, in
our case, the primary eye forms at time [as defined in
(4)] that satisfies

(5)
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Fig. 7. The primary eye formation time (T ) as a function of beamwidth and
�n . Dots show the formation time for four different choices of experimental
parameters.

Fig. 8. Case A. The refractive index distribution within the material using a
writing beam size of 9�m and�n = 2.5� 10 . This corresponds to the
simulation shown in Fig. 5 att = 195 min.

For further details about this approach, see [2].
From (5), it can be seen that, for any specific , there exists

a minimum writing beamwidth for an eye to form. If the beam
is too narrow, the material cannot ever change index enough to
counteract its diffraction. For the glass in our experiment,is
approximately 2.5, and a good agreement with experiments oc-
curs when is taken to be 2.5 10 (see Section IV). Using
these values, (5) is plotted in Fig. 7 and the times at which the
primary eye forms with four different choices of experimental
parameters are marked A–D. Each of these cases is discussed
here.

1) Case A: This case corresponds to the experiments in
Fig. 2. It can be seen in Fig. 7 that the primary eye can never
form using this beamwidth; therefore, a waveguide will not
form. This is verified in Fig. 8, where the contour plot of
the index distribution inside the material is plotted late in the
evolution ( min in Fig. 5). Here, the saturation value
has been reached near the input face. Observe from Fig. 8 that
the index change penetrates 1 mm into the material and, thus,
no waveguide is formed. This resulting structure functions as
an adiabatic taper, reducing the diffraction of the input beam.

Note that, at the input face, the waveguide width is approx-
imately 12 m and , so the waveguide pa-

Fig. 9. Case B. The refractive index distribution when a beam of 23�m is
used. Here, a�n of 2.5� 10 is enough for a channel to form through the
material. However, this will require a very long time; here,t = 740 min.

rameter [18] (assuming a step-index profile), which
implies that the structure is rigorously single moded. The struc-
ture becomes somewhat wider further into the material and, at
its widest, (width 26 m), so that, at most, two
modes would be supported. However, because the taper is single
moded at the input face, where the beam is launched, it is effec-
tively single moded throughout the material.

2) Case B: Leaving the saturation index the same as in case
A, but increasing the beamwidth to 23m, (5) can be satis-
fied and an eye can form. However, this will take a relatively
long time; in Fig. 7. By using (4), the real physical
time corresponding to this can be determined. For practical
reasons, we assume that, when a different width is chosen, the
total power in the writing beam remains unchanged. Hence, we
scale in (3) by ( here), and the primary eye
forms after 8 min. In Fig. 9, the refractive index distribution that
evolves inside the material using these parameters is shown at

min. It can be seen that this wider beam has allowed
the structure to penetrate through the material.

Note that, here, , and, thus, the waveguide is mul-
timoded. It has been shown, previously, that self-written
structures typically become multimoded at the writing wave-
length before a mature channel forms [1]. However, once
written, the channel can guide light at other wavelengths, and at
longer wavelengths it can be single moded. Although a channel
can form using this beamwidth, the primary eye has a very long
formation time, and, thus, a mature waveguide takes a long
time to evolve, which is not ideal.

3) Case C: Here, the beamwidth has been increased even
further to 57 m. For this case, the time at which the primary eye
forms is (16 min using the same power as in Case
B). This would be the ideal experiment using cerium-doped
Ga–La–S, where the saturation index, of course, is fixed. In
Fig. 10, the refractive index distribution is shown when a ma-
ture channel has formed, min. Although the channel
takes longer to evolve, here, and, thus, the channel will
be single moded at shorter wavelengths than in Case B. Recall
that, in our simplified model, the same change in refractive index
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Fig. 10. Case C. The refractive index distribution inside the material when a
writing beam of 57�m is used. Here,t = 1500 min and a mature, uniform
channel is formed.

Fig. 11. Case D. The refractive index distribution when�n = 2 � 10

and a writing beam of 23�m is used, which results in the formation of a mature
channel waveguide. Here,t = 318 min.

will ultimately occur, regardless of the intensity. However, we
see from Fig. 4 that this is not strictly true for this material, and
that, in order to use such a wide beam, the power needs to be
increased.

4) Case D: Another way to form a mature channel is to use a
material with a larger saturation refractive index. For example,
if , the formation time will be
(3 min) using a beamwidth of 23m (see Fig. 7). Fig. 11 shows
that a mature uniform channel waveguide has formed by

min ( ). Not surprisingly, a large refractive index
increase is favorable because it makes the self-writing proceed
more quickly. Recall that, in these simulations, the speed of the
process scales with the writing beam power. For example, if
twice the power were used here, the waveguide would evolve
four times faster. In this simulation, the FWHM decreased by
a factor of 9, which is significantly larger than the change of
1.5 that was observed in the experiments shown in Fig. 2. This
saturation index (2 10 ) is achievable in other materials, and,
thus, this experiment should be practical in the future.

Information about the primary eye can be used to predict the
parameters required to form a channel waveguide. It explains
why a mature channel did not form in our experiments, in which
the narrow beams used prevent the primary eye from forming. In
addition, it helps to determine which materials should be most
suitable for future experiments.

VI. DISCUSSION ANDCONCLUSION

These experiments represent the first observations of self-
written effects in a bulk glass. The refractive index within the
cerium-doped Ga–La–S glass increased under illumination and,
thus, the diffraction of the propagating beam was decreased.
By increasing the beam intensity, a significant change in index
occurred and the process progressed faster. Numerical simula-
tions of the process show good agreement with the experiments,
which validates the model and indicates that we understand the
basic principles of the process. Using this modeling, we have
shown that self-written channel waveguides can form in these
bulk materials using appropriate parameters and conditions.

To obtain deeper physical insight into our experimental re-
sults, analytical series expansions have been used. The behavior
of the primary eye was explored, and, hence, the formation of
waveguides using different experimental parameters was ana-
lyzed. It was found that using narrow beams ( m), as in
the experiments with cerium-doped Ga–La–S glass, the refrac-
tive index change in the sample, , was not
large enough to form an eye and thus create a waveguide through
the material. Despite this limitation, the diffraction of the beam
propagating through the material decreased significantly during
the experiment and a weak taper was formed.

By introducing different dopants, the photosensitivity of
these glasses can be improved, which would enable bigger
refractive index changes and, therefore, more sophisticated
structures. Because these self-written structures are typically
long lasting, waveguides in these glasses could be subsequently
used to guide light at other wavelengths. Such compound glass
materials transmit light in the far infrared from 0.5 to 10m
[19]; thus, long-wavelength devices could be formed using this
approach.

Although, in this early work, only Gaussian writing beams
are considered, theoretical work shows that the shape of the re-
sulting waveguide can be tailored via the writing beam [2]. This
3-D bulk geometry should enable great flexibility for creating
complicated waveguide structures.
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