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1. INTRODUCTION

Laser machining allows to achieve relatively high processing speeds and high quality when it
comes to glass processing. The two major laser milling techniques are direct ablation and laser
rear side ablation (Fig. 1). The milling efficiency of direct ablation is limited due to plasma
shielding [1]. Additionally, the milled sidewalls has a taper angle of 8 – 10 degrees [2]. Therefore,
direct ablation is only convenient for the relatively thin (<1 mm) glass milling. For thicker glass
(>1 mm) rear side milling is more suitable. During the rear side milling process the laser beam is
focused onto the bottom surface of the sample. This small difference allows us to achieve higher
efficiency and taper-less walls. Studies show that high milling efficiencies can be achieved when
nanosecond pulses are used [3-4].

In this study, laser rear side milling of fused silica using 1064 nm, 60 μJ, 50 kHz and 5 ns pulses
was investigated. The investigation of the milling was done by changing the distance between the
subsequent pulses (pitch) and the distance by subsequent scanning lines (spacing). With every
parameter set 3 mm x 3 mm squares with 1, 2 and 3 layers were milled.

At first, no stable milling could be achieved – the machined surface had high roughness and
large cracks. To achieve stable milling, higher absorption of the laser beam was needed. This was
done by coating the rear surface of the sample with black dye.

2.  EXPERIMENTAL SETUP

■ With 1064 nm, 5 ns (FWHM) pulse duration, 50 kHz repetition rate and 43 J/cm2 fluence,
stable rear side milling of fused silica could be achieved by increasing the absorption of the
surface. One of the methods is to cover the surface with black dye which is absorptive to the
laser beam.

■The highest milling efficiency of 0.094 mm3/J was achieved with 7 µm pitch and 30 µm
spacing values. The average roughness of the surface was 8.2 µm.

■The lowest surface roughness obtained with stable milling regime was 4.9 um (Ra). This was
achieved using 8 µm pitch and 10 µm spacing values. Milling efficiency at this point was
0.033 mm3/J.

■The undamaged surface milling efficiency (0.059 mm3/J) was 1.6 times lower than the
damaged surface (0.094 mm3/J).

■In order to achieve the highest milling efficiency, the first layer (with undamaged surface)
milling must be done with smaller spacing values (5 µm – 15 µm) than the following ones
(20 µm –30 µm).

Fig 2. Optical microscope pictures of a machined surface. The left picture corresponds to unstable laser
milling with no additional film on the sample. On the right the sample was coated with black dye.
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Fig. 1 Experimental setup.

Fig. 5 Surface roughness (Ra) dependence on spacing and pitch. The depth dependencies are shown for the
first, second and the third layers. The black line separates the unstable regime (on the right of the line)
from the stable regime (on the left of the black line).

Fig 4. Milled depth per one layer dependence on spacing and pitch. The depth dependencies are shown for
the first, second and the third layers. The black line separates the unstable regime (on the right of the line)
from the stable regime (on the left of the black line).

Fig. 6 Milling efficiency dependence on spacing and pitch. The depth dependencies are shown for the first,
second and the third layers. The black line separates the unstable regime (on the right of the line) from
the stable regime (on the left of the black line).

2. STABLE AND UNSTABLE GLASS MILLING REGIMES

Fig 3. Line profiles of the machined surfaces taken with Dektak 150 mechanical profilometer. On the left is
shown a line profile of a surface machined with an unstable regime (15 µm spacing and pitch values were
used). On the right, line profile of a surface machined with 9 µm pitch and 10 µm spacing values is shown.
With these parameter stable regime was achieved, and more homogenous surface profile was obtained.

Wavelength 1064 nm

Pulse duration 
(FWHM)

5 ns

Beam radius at 
the waist (1/e2)

9.4 µm

Pulse repetition 
rate

50 kHz

Power 3 W

Pulse energy 60 µJ

Fluence 43 J/cm2

Table 1 Laser parameters.

4. SUMMARY

Fig. 7 Milled depth per one layer dependence on pitch for a) 5 µm and b) 10 µm spacing values. The data
was linearly fit. The milling efficiency dependence on pitch for 5 µm and 10 µm spacing values are shown
respectively on c) and d) graphs. The data was fit using linear parameter fit values from a) and b) parts. In
the e) part optimal pitch value dependence on spacing is shown. The optimal pitch values were calculated
from the linear fit parameters from milled depth dependency on pitch. The data in part e) were fit with
exponential decay function to guide the eye.


