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In the recent years the demand for ultrafast laser systems with various parameters in terms of wavelength, power, and 
pulse repetition rate has risen continuously, as one can remarkably improve the minimal processed feature size and 
throughput with different laser parameters for different materials and different processes [1]. 

In the field of laser micromachining, the concept of ablation-cooling was introduced by Fatih Ömer Ilday’s team 
[2,3]. Using femtosecond pulses and very high pulse repetition rates in GHz range, which enables the ablation-
cooling process, it was demonstrated micromachining with an extremely low heat-affected zone. This principle 
reduces the single pulse energy required for the process and has a broad range of possible scientific, medical and 
industrial applications. 

Single and multimode diode pumped solid state ultrafast lasers in the GHz pulse repetition rate regime have been 
demonstrated previously, but each of them with very different laser cavity and not tunable in repetition rate [4–7]. In 
our work, we demonstrate a novel concept for a fundamentally modelocked laser cavity, which allows to 
continuously tune the pulse repetition rate from 0.5 to 1.3 GHz with the same optical components on a simple 
mechanical platform. Furthermore, we demonstrate that our femtosecond laser has a very low noise level, considering 
that the laser was an open breadboard setup. 

 
Fig. 1 Laser cavity setup (left), optical spectrum (middle) and SHG intensity autocorrelation trace (right) of a 1.23 GHz 
pulse repetition rate cavity 

 
The Yb:KYW crystal based cavity emits 230 femtosecond pulses at a central wavelength around 1040 nm, with a 

self-starting SESAM modelocking. In a robust modelocked operation mode, an average power up to 200 mW is 
achieved using a stabilized single mode pump diode at a wavelength of 981 nm, emitting 920 mW average power, 
while the laser in continuous wave (CW) mode delivers up to 400 mW with the pump power of 920 mw. 
Atmospheric air cooling was sufficient for both CW and modelocked laser operation. 

The developed laser will be used for investigation of the performance of 100 W-level amplifiers [8] and GHz fast 
modulators to achieve 100 W, GHz repetition rate, fs laser with single pulse switching capability. Moreover, this 
laser will be used as a widely tunable pulse repetition rate seed source for in-depth studies of micro machining in the 
regime of ablation-cooling, and other application where continuous tunability of the pulse repetition rate is beneficial. 
Furthermore, the low noise laser seems promising as a clocking signal for synchronization of other signal sources in 
various applications. 
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