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We report the development of a waveguide laser source in a neodymium-doped chalcogenide (Ga:La:S) glass. Channel 
waveguide structures were directly written via above bandgap (t, .. =244nm) illumination provided by a focused UV-laser 
beam with fluencies 1.5 - 150 J/cm2. Effects of photoinduced material modification in the fom1 of surface compaction 
and photodensification were evident. Characterization revealed a low threshold waveguide laser with emission at 1075 nm 
and slope efficiency of 15 %. The active device was spatially single­mode and exhibited laser operation with 8.6 mW 
peak power and attenuation < 0.4 dB cm· 1
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Integrated optical sources in glass hosts are 
expected to augment optical processing in glass substrates. 
It is well known that chalcogenide glasses (ChGs) and 
amorphous films undergo structural changes when 
exposed to light. Some of these changes, can be either 
reversible or irreversible, and have been associated with 
transfom1ations at the atomic level involving non-radiative 
recombination of photoinduced electron-hole pairs [1]. 
The remarkable changes in ChGs when exposed to 
radiation can potentially provide an interesting route to 
developing passive and active devices. Direct writing of 
waveguides with light, either above or below the bandgap 
of a glassy material has become a topic of great interest 
[2-3]. Optical interconnects for high data rate systems 
requiring ultra-fast switching, gas sensors where the 
absorption bands lie in the near-mid-IR, and systems 
requiring compact IR laser sources, are just some of the 
applications where this technology can be utilized [4-6]. 
Gallium lanthanum sulphide (Ga:La:S) glass is an 
amorphous semiconductor with bandgap energy of 2.6 eV 
(475 nm) and a wide transmission window, typically 
between 0.6-7 µm. The high transition temperature, 
excellent rare-earth solubility, low-phonon energy, high 
non-linearity and well documented spectroscopic 
properties make it an interesting material for planar 
devices [7]. We have previously demonstrated passive 
waveguides in Ga:La:S ·glass through direct-UV writing 
[8]. In this letter we report, for the first time, active (Nd3+

­
doped) low-loss channe� waveguides in this novel host 
though direct-UV writing. 

Fabrication of Nd3+-Ga:La:S glass, with a typical 
molar ratio 65 Ga2S3 : 31.5 La2S3 : 3 La203 : 0.5 Nd2S3, 

was carried out from prepared batches of powders. These 
glass precursors were loaded into a vitreous carbon 
crucible while in a controlled atmosphere. The precursors 
are non-volatile at the glass melting temperature (1150°C 
for up to 24h) and were heated in an open (argon purged) 
atmosphere, after which the melt was quenched and 
annealed. The bulk glass was cut into slabs (20 x 17 x 2 
mm) and polished on the top and bottom faces. After laser

writing, the sample was polished at both end faces to 
allow optical coupling. 
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FIG. I. Schematic diagram of the set-up used to directly write channel 
waveguides into Nd3+

-Ga:La:S bulk glass.

The direct-UV writing set-up shown in Fig. 1 
consists of a frequency-doubled UV laser (Coherent 
FRED Sabre 500) with 200 mW of CW output at 244 nm. 
A UV grade spherical fused silica lens (35 mm focal 
length) provides a focused writing spot from the spatially 
filtered laser beam. The UV beam size is approximately 
3.1 mm and the measured spot size of the focused waist 
(1/e2 radius of intensity) is 3.3 µm. The sample, held in 
place by a vacuum chuck, was attached to a computer 
controlled translation stage. The stage, which provided the 
2D movement of ilie sample (X and Y dimensions), has a 
maximum scan velocity of up to 0.05 mis and relative 
position resolution of 0.1 µm. The size of a channel 
waveguide was determined by both ilie power density Ouv 
kW/cm2) of the focused laser beam and the scan velocity 
(VscAN mis). The average laser fluence (F J/cm2

) applied 
to the glass surface may then be expressed as [2]: 

(1) 

where a is the spot size. For our experiments, the UV spot 
size was varied between 25 - 50 µm, by varying the 






