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GHz laser technologies
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Optical 
resonators

• Laser medium
• Active or 

passive ML
• Very small 

cavities
• Frequency 

comb
• Limited 

tunability
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Frequency comb
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Time Frequency
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ν =10 GHz



Electro-optical comb
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- Well known architecture, several publications at 1,5 µm [1,2]
- First demonstration at 1 µm [3,4]
- Octave spanning repetition rate tunability
- 1030 nm to benefit from the Yb fiber technology power scaling potential

[1] James et al. Opt. Lett. 32, 1408-1410 (2007)
[2] Ishizawa et al. Electronics Letters, 2010, 46, (19), p. 1343-1344

1.5 µm 1.03 µm

[3] Prantil et al. Opt. Lett. 38, 3216-5613 (2013)
[4] Aubourg et al. Opt. Lett. 40, 5610-5613 (2015)
[5] Ye et al. Opt. Lett. 46(7), 1652 (2021)



EO-comb generation principle
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Gigapico laser system
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Gigapico:
Wavelength (Yb):      
Average power: 
Maximum pulse energy: 
Pulse repetition rate :
Pulse duration: 

1030 nm
100 mW - 200 W
0.2 µJ
0.25 GHz  to 18 GHz
< 200 fs to 2 ps

CW laser Phase 
modulators

Amplitude 
modulator

EO-comb

AmplifiersCompressor
Ultrafast 

pulse picker
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Frequency tunability

Native frequency tunabiltiy (11 to 18 GHz) Arbitrary pulse division



All fibered 200 W GHz frequency comb
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200 W 2 GHz
< 200 fs

To be pubblished



Burst mode operation
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GHz burst mode operation
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GHz burst mode operation
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GHz burst mode operation
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T" =
1

16 GHz

Example: 80 MHz burst repetition rate with 10 pulses at 16 GHz 

T) =
1

80 MHz



Burst mode Gigapico laser system
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CW laser Phase 
modulators

Amplitude 
modulator

EO-comb

Fiber
Amplifiers Burst generatorCompressor

Ultrafast 
pulse picker

Gigapico Burst Mode:
Wavelength (Yb):      
Average power: 
Maximum burst energy:
Maximum pulse energy: 
Pulse repetition rate :
Burst repetition rate:
Pulse duration: 
Number of pulses per burst:

1030 nm
40 W
1 mJ
10 µJ
0.25 GHz  to 18 GHz
50 kHz to several MHz
800 fs to 2 ps
10 to several 1000



X-band photo-injector
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LINear electron ACcelerators: LINAC
S band: 2-4 GHz, 8-15 cm
C band: 4-8 GHz, 4-8 cm
X band: 8-12 GHz, 2.5-4 cm

[1] Prantil et al. OL 38, 3216 (2013)
[2] Aubourg et al. OL 40, 5610 (2015)

« Fill all the buckets » configuration  

Bursts of GHz UV pulses



Burst mode GHz source for X-band photo-injectors
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EO-comb Burst generation Post compression

Power amplifiers
Vis/UV conversion

500 pulses @ 11.414 GHz

NIR



Burst mode GHz source for X-band photo-injectors
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EO-comb Burst generation Post compression

Power amplifiers
Vis/UV conversion

500 pulses @ 11.414 GHz

31.8 µJ/burst, 64 nJ/pulse

VIS

NIR



Burst mode GHz source for X-band photo-injectors
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EO-comb Burst generation Post compression

Power amplifiers
Vis/UV conversion

UV

500 pulses @ 11.414 GHz

31.8 µJ/burst, 64 nJ/pulse

4.5 µJ/burst, 9nJ/pulse

VIS

NIR



The kw-Flexiburst project
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Ultrafast laser processing
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Laser turning at GFH GmbH of carbide
metal with a diameter of 1 mm © GFH 
GmbH

High throughput laser engraving at Daetwyler
Graphics of a rotogravure cylinder using high 
power 500 W fiber laser at 100 kHz pulse 
repetition rate © Daetwyler Graphics

https://www.kw-flexiburst.eu



Laser micro-machining
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ns regime

fs regime

GHz burst regime



Laser ablation in the GHz regime
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• Ablation cooling regime ?
• ns regime ablation rate
• fs regime ablation quality ?
• Material dependent optimal rep. Rate

3.5 GHz

Kerse et al. Nature Phys. doi:10.1038/nature18619 

1 MHz



Flexiburst Laser system
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Fibered
Gigapico BM

SSL
Pre-amplifiers

ThinDisk Booster 
amplifier Compressor

kW-Flexiburst :
Wavelength (Yb):      
Average power: 
Maximum burst energy:
Maximum pulse energy: 
Pulse repetition rate :
Burst repetition rate:
Pulse duration: 
Number of pulses per burst:

1030 nm
1000 W
10 mJ
3 mJ
0.25 GHz  to 18 GHz
100 kHz to several MHz
1.2 ps
1 to several 1000

10 mJ
3 mJ

> 1 kW



Partnership
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ICT H2020

kW-Flexiburst

https://www.kw-flexiburst.eu

2019 - 2023
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Thank you for your attention


