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Since the discovery that refractive index changes can be induced in glasses that are irradiated by a femtosecond 
laser, waveguide writing for the development of photonic devices has become an active area of research [1].  
Although this technique is coming of age, many aspects of the underlying physics are not fully understood and 
the optimum processing parameters are still debated. While the majority of early experiments have been carried 
out utilising ultrafast amplifiers at kHz repetition rates, it became apparent that the extremely low writing speeds 
represent a major disadvantage, especially with regard to industrial mass fabrication. 
Most recently, many research groups have reported promising high speed effects with low power high-MHz 
oscillators and medium power amplifiers elevated to pulse rates >1 MHz [2, 3], but a comprehensive 
investigation of all possible processing windows is restricted by the available laser pulse energy at high 
repetition rates above 2 MHz. However, these studies indicate that exactly this combination, namely a higher 
repetition rate coupled with higher pulse energies hold promise because the benefits of heat accumulation and 
heat diffusion can then be exploited in an optimal way [4]. 
    In our approach we study waveguide writing in various transparent dielectric materials using a highly flexible 
chirped-pulse femtosecond oscillator (CPO) as the laser source. This unique device allows us to investigate an 
unprecedented parameter range up to 5.2 MHz in repetition rate, 50 fs – 2 ps in pulse duration and up to 600 nJ 
in energy per pulse (at the full range of repetition rates), providing enough scope to investigate parameter 
regimes that have not been accessible before. Thus the CPO closes the gap between high energy amplifier- and 
high repetition oscillator- direct waveguide writing. We experimentally investigate the influence of parameters 
like pulse energy, focusing geometry, translation speed and especially repetition rate on the induced cumulative 
heating which effects the diameter, geometry and hence the quality of the machined waveguides. 
    We demonstrate that the complex dynamics involved in the waveguide fabrication process at high pulse 
energies and high repetition rates can have unexpected effects, e.g. the onset of damage in the central region of 
the waveguides as the pulse energy is reduced to below 50 nJ, for a range of writing speeds. We have for the first 
time observed that the full benefits of cumulative heating effects in Borosilicate glass can be exploited only 
above a certain writing speed, independent of the pulse energy. In addition, we will present refractive index 
profiles measured with a refracted-near-field (RNF) profilometer. We compare and contrast our results with 
previously measured data and discuss the suitability of the CPO for the inscription of optical waveguides. We 
believe that our work will open the way to the realisation of photonic devices with unprecedented performance 
and fabrication speeds. 

 Fig. 1 Waveguide diameter vs. pulse energy at different writing speeds. The bar marks a region where no cumulative heating could be 
observed at any speeds. The open circles mark waveguides that included a small central void. 
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