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Fluorine laser station

Results of our investigations on direct laser fabrication of blaze gratings in fused silica using fluorine laser pulses combined with a
special mask projection technology are presented. In particular, it is shown that gratings with nearly optimum blaze geometry and
relatively low surface roughness of the reflecting areas can be produced.
For the investigations, a largely automated high-precision fluorine-laser micromachining station manufactured by the
3D Micromac AG Chemnitz, Germany, was used.

Micromachining station using mask
projection technique with a demagni-fication
ratio of 26 : 1, (240 x 240) µm2 maximum
field size and up to 7 J/cm2 fluence on the
sample. Laser: LPF 220i by Coherent AG,
157 nm wavelength, 20 mJ pulse energy,
30 ns pulse duration, 200 Hz maximum
repetition rate.

Mask projection technique

�ƒ Fabrication of blaze gratings by mask
projection technique

�ƒ Masks with triangular aperture

�ƒ Demagnification ratio 26 : 1

�ƒ Motion along the small leg of the triangle
mask

�ƒ Grating constant determined by the length of
the big leg of the triangle

�ƒ Maximum ablation depth and blaze angle
determined by laser pulse fluence and pulse-
to-pulse overlap
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�ƒ Angle of the triangle in the mask can be much bigger than the manufactured blaze angle
because of the dependence of the scan velocity

�ƒ Mask angles in the range of 10 to 20 degrees result in blaze angels in the range of
1 to 5 degrees

�ƒ Mask material is Tantalum foil microstructured by femtosecond laser

�ƒ Blaze grating constants in the range of several 10 µm are possible

Functional schematic of the mask projection
technique using masks with triangular aperture.

Optical micrograph of a blaze grating in
fused silica (grating constant d = 52 µm,
blaze angle �J= 3.8°).

Profile of a blaze grating (grating period
d = 52 µm, blaze angle �J = 4.3°, mean
roughness of the slope Ra = 61 nm). The
red line denotes the real course of the
profile.

SEM images of a blaze grating in fused silica (grating period d = 52 µm, blaze angle �J= 3.9°, mean roughness of the
slope Ra = 70 nm), coated with aluminium (layer thickness d = 31 nm).

Outlook
�ƒ Novel scattering masks of CaF2 microstructured by

fluorine-laser itself allowing up to 25 times smaller grating
constants down to the submicron range

�ƒ Masks with many triangular apertures to increase
productivity

�ƒ Fabrication of blaze gratings for the visible range

�ƒ Average surface roughness of the reflecting areas along a blaze grating line: 38 nm

�ƒ Maximum variance of the blaze angle within one grating: 0.5°

Conclusions

Direct laser fabrication of blaze gratings in fused silica is possible by using a special fluorine
laser mask projection technique allowing plane and smooth reflecting areas and optimum
blaze geometry. The technique is a one-step method and has a high variability with regard to
grating geometry and also substrate materials.
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