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Abstract Diamond Like Carbon (DLC) is a metastable form of amorphous carbon that have superior material
properties such as high mechanical hardness, chemical inertness, abrasion resistance, and biocompatibility. Fur-
thermore, its material properties can be tuned by additional doping such as nitrogen or boron. However, either
pure DLC or doped DLC show poor adhesion property that makes it difficult to apply contact processing tech-
nique. Therefore we propose ultrafast laser micromachining which is non-contact precision process without
mechanical degradation. In this study, we developed precision machining process of DLC thin film using an ultra-
fast laser by investigating the process window in terms of laser fluence and laser wavelength. We have also
demonstrated various patterns on the film without generating any microcracks and debris.
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Table 1. B-DLC deposition conditions
Sample #1 #2 #3 #4 #5
Gas (sccm) CH, B,H;/ CH, B,H;/CH, B,H;/ CH, B,H;/CH,
Gas ratio (%) 100 10 20 30 40
RF Power (W) 300 300 300 300 300
Vacuum Pressure (Torr) 0.02 0.02 0.02 0.02 0.02
Deposition Time (Min.) 60 60 60 60 60
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Table 2. Peak position of G peaks and I(D)/I(G) ratio as B-DLC samples

Sample #1 #2 #3 #4 #5
G-peak Position (cm ™) 1545.5 1544.3 1542.9 1545.0 1544.9
FWHM (G) cm™) 164.71 171.57 170.53 172.07 171.15
IDYI(G) 0.444 0.518 0.513 0.522 0.517
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#1 Fig. 3. XPS result of B-DLC film (#4 sample).
Raman Shift (cm™1)
Fig. 2. Raman spectra B-DLC thin films. Table 3. Absorption of B-DLC film on boron ratio
Sample #1 #2 #3 #4 #5
3. Alslda o 1 343nm | 99.08% | 99.18% | 91.78% | 92.85% | 99.08%
1030 nm | 21.19% | 22.82% | 25.58% | 26.14% | 23.91%
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Table 4. Single pulse ablation threshold of B-DLC on the Si wafer

Sample #1 #2 #3 #4 #5
343 nm (f/sz) 0.046 0.048 0.041 0.041 0.046
1030 nm (]/cm2) 0.198 0.132 0.115 0.125 0.155
Attenuator Beam expander 60/ 7
M1 / '
ave e o
R /)

Galvano Scanner

Samples

7

Fig. 4. Schematic diagram of a laser micromachining
system and Galvano scanner.
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Fig. 5. Graph of single pulse ablation threshold on B-
DLC on the wafer at 1030 nm, 300 fs.
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Fig. 6. Graph of single pulse ablation threshold on B-
DLC on the wafer at 343 nm, 300 fs.
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Fig. 7. Optical microscope images of DLC.

(@) Non boron doped DLC, (b) Boron doped B-DLC (#3
sample).
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Fig. 8. Optical microscope images of #1 sample.
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Fig. 9. Optical microscope images of #3 sample.
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