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A study of femtosecond laser controllable taper angle hole drilling with
vibration
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Fine Metal Masks (FMMs) used in the RGB evaporation process are an important
component in high-resolution AMOLED manufacturing [1]. FMM is made of Invar alloy
with low coefficient of thermal expansion, and it is made by chemical etching process. It is
difficult to make hole diameter below thickness [2]. Femtosecond laser machining with less
thermal damage to materials and precision machining is attracting attention because it
requires a pattern smaller than the thickness of the FMM and requires adjustment of the taper
angle of the pattern for high resolution AMOLED manufacturing. In this paper, we have
studied the taper angle adjustment during femtosecond laser hole drilling using a vibrator.

The machining system consists of a femtosecond laser (Light conversion), beam delivery
optics, a 3-axis stage, a coaxial illumination and vision, an objective lens, an oscillator, a
function generator and an oscilloscope. The objective lens is attached to the vibrator so that
the focus position is continuously changed by the signal input from the function generator.

Fig. 1 shows a Focused Ion Beam (FIB) cross-sectional image of the machined hole. The
blue line represents the boundary between the Invar alloy and the platinum coating and
represents the area of the platinum coated red circle. The change in the cross section of the
hole can be known according to the amplitude change of the vibrator. Fig. 2 shows the
definition of the taper angle and the graph of the calculated hole taper after varying the
amplitude of the vibrator. The taper angle was calculated as inlet diameter, outlet diameter,
and thickness. There was an error in machining and measurement, but the taper angle tended
to increase as the amplitude of the vibrator increased.

In this paper, we show that the hole taper angle of 31.8° - 43.9° can be controlled by
adjusting the amplitude of the oscillator using a femtosecond laser hole drilling system with a
vibrator. It is expected that the taper angle of the hole tends to increase as the amplitude of
the vibrator increases. This result is expected to be useful for FMM manufacturing and other
nano / micro machining that require adjusting the taper angle while maintaining the hole size.

*Corresponding Author: Sung-Hak Cho, Korea Institute of Machinery and Material (KIMM),
KOREA, shcho@kimm re kr
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