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Exploration on Ultrasonic Vibration Aided Femtosecond Laser
Machining Process of Fiber Optic Materials
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National Engineering Laboratory for Fiber Optic Sensing Technology, Wuhan University of Technology,
Wuhan, Hubei 430070, China

Abstract To study the effects of the ultrasonic vibration on femtosecond laser micromachining, an ultrasonic aided
device is designed, and the laser micromachining experiments of fiber optic materials are carried out. The effects
of the ultrasonic vibration with different powers on surface quality and the drilling depth are investigated. And the
mechanism of the ultrasonic vibration aided laser machining is analyzed. After introducing the ultrasonic vibration,
the inner surface of the ablated trench is cleaner, the residue debris on surface is significantly reduced, and the
drilling depth is increased. When the ultrasonic power is 30 W, the taper of the hole is reduced from 7.34° to 4.17°.
The results show that, ultrasonic vibrations can effectively improve the surface quality of materials, increase the
depth of the drilled hole, improve the efficiency of the femtosecond laser processing. It is also confirmed that, the
ultrasonic vibration has significant effect on improving femtosecond laser processing performance.
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Fig.1 Diagram of ultrasonic—aided femtosecond laser micromachining system
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Fig.2 Diagram of ultrasonic vibration device structure Fig.3 Diagram of conical amplitude transformer
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Table 1 Design parameters of ultrasonic vibration device

Name Parameter
Emission power /W 500
Working frequency /kHz 30
Length of transducer /mm 65.5
Diameter of transducer /mm 30
Output amplitude of transducer & /pm 4
Length of amplitude transformer / /mm 88.9
Diameter of transformer larger end D, /mm 30
Diameter of transformer smaller end D, /mm 18
Amplification factor M 1.65
Output amplitude of transformer & /pm 6.5
Total length /mm 154.4
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Fig.4 Surface topography of rectangular trench ablated by femtosecond laser with ultrasonic-assisted. (a) P=0 W; (b) P=60 W
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