
Single-mode UV-wr:itten buried channel waveguide 

lasers in direct-bonded neodymium-doped SGBN 

C. B. E. Gawith, A. Fu, T. Bhutta, D. P. Shepherd, E. R. M. Taylor, and P. G. R. Smith
Optoelectronics Research Centre, University of Southampton, SO17 1BJ,  UK

D. Milanese and M. Ferraris
Politecnico di Torino, C. so Duca deg/i Abruzzi 24, 10129 Torino, Italy 

We present the first demonstration of single-mode buried channel waveguide lasers in Nd:SGBN by combined 
direct bonding and direct UV writing. Characterised devices exhibit milliwatt-order lasing thresholds and 

propagation losses of< 0.3 dB cni1
• 

Direct UV writing provides an attractive route towards low-cost integrated optical components in silica-on-silicon 
wafers. Extending these results towards bulk glass types offers more versatile host compositions, improved 
spectroscopy, and an extended range of integrated devices and structures. In this paper we present the first 
demonstration of single-mode buried channel waveguide lasers in neodymium-doped SGBN glass [1] by a 
combination of direct bonding [2] and direct UV writing [3] techniques. Based on intersubstrate ion-exchange 
between specifically-designed glass substrate materials [4], we have used direct bonding to provide a region of 
atomic contact between Nd:SGBN and a potassium-rich borosilicate cladding substrate, between which K+-Na+ ion­
exchange can occur. By taking this approach we have achieved a low-loss buried planar waveguide layer in the 
Nd:SGBN glass, which retains the photosensitive characteristics of the bulk material and into which single-mode 
channel waveguide structures can be directly written using a focussed UV beam (Fig. l ). 
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Fig. I. Key processing stages in the design and fabrication of a buried channel laser waveguide by a combination of direct 
bonding and direct UV writing techniques. 
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Fig.2. Typical dimensions of the buried channel waveguide lasers used for device characterisation. In each structure a 
separation of 50 µm was allowed between UV-written waveguides, facilitating multiple devices in every sample. 

For this initial demonstration, a Nd:SGBN substrate containing Si02 (60 wt.%), Ge02 (10 wt.%), B203 (10 wt.%), 
Na20 (19 wt.%), and Nd203 (1 wt.%), was prepared and direct-bonded to a potassium-rich glass of similar 
composition to BK-7. The potassium-rich BK-7-type substrate was prepared with an additional - 4 wt.% ofK20, for 






