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Material Removal Rate of Nano-Diamond Coating Ablated by
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Abstract By changing the repetition rate, energy-flux density of focusing spot and scanning speed of a femtosecond
laser, the effect of laser processing parameters on the removal rate of a diamond coating was investigated. Based on the
observation results by the white-light interferometer combined with the numerical fitting method, the material removal
rate function model was established. The analysis of experimental results shows that the accumulated laser energy within
the coating surface per unit time remained stable at different repetition rates, and the material removal rate did not change
significantly. The ablation intensity as well as the material removal rate raises with the increase of energy-flux density of
focusing spot. The processing results under different laser scanning speeds are different, and the material removal rates
exhibit a variance trend of first increasing and then decreasing with the increase of scanning speed.
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(a) PM
FLS: femtosecond laser source
HP: halfwave plate
AP: attenuator plate
M: mirror M2
ST: shutter
PM: power meter
BS: beam splitter
CCD: charge-coupled device
LS: light source
OL: objective lens

SM: sample

35: 3D stage
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Fig. 1 Diamond coating samples. (a) Cemented carbide

sample after deposition of nano-crystalline diamond

coating; (b) SEM image of coating surface
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Fig. 2 Schematic of femtosecond laser ablation of nano-crystalline diamond coating. (a) Schematic of femtosecond processing

system; (b) schematic of laser scanning of nano-crystalline diamond coating
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Fig. 3 Schematic of spot overlapping rate
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Fig.4 Cross-sectional coating morphologies under different repetition rates. (a)(e) 100 Hz; (b)(f) 500 Hz; (c¢)(g) 1 kHz;
(d)(h) 10 kHz

B0 220t 9 HE B VR E 0195 1 7%
1 ORI R R

Table 1  Ablation widths and depths under different
repetition rates
Energy flux density of Energy flux density of
Repetition 14.2 J/cm? 56.6 J/cm?
rate /Hz Width/  Depth/  Width/  Depth/
pm pm um pm
100 114.8 2.09 120. 3 2.81
500 113.7 2.10 121.1 2.96
10° 114.4 2.13 119.0 3.01
10 113.5 2.25 119.5 3.08
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Fig. 5 Material removal rates under different repetition rates
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Table 2 Laser output powers under different energy-flux densities of focusing spot

Energy flux density /(Jeem *) 14.2 19.8

22.7 28.3 34.0 42.5

Power /mW 50 70
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Fig. 6 Cross-sectional coating ablation morphologies under different energy-flux densities of focusing spot.
(a) 14.2 J/cm?; (b) 19.8 J/ecm?; (¢) 22.7 J/em?; (d) 28.3 J/em?; (e) 34.0 J/cm?; (f) 42.5J/cm?
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Table 3 Ablation widths and depths under different energy-flux densities of focusing spot

Energy flux density /( Jecm *) 14.2 19.8 22.7 28.3 34.0 42.5
Width /pm 101.9 104.9 110.6 114.1 122.4 128.2
Depth /pm 1.36 1.64 1.78 3.21 3.78 4.32
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Table 4 Spot overlapping rates under different scanning speeds

.
s
—
2

3X10%

-_/

Material removal rate /(pm®s™")
— [
X X
— —
= 2

B 7 N [R) RE L % T A R 5B R

Fig. 7 Material removal rates under different

Scanning speed /(mmes ™) 0.1 0.3 0.5 1.0 1.3 1.5 1.7 2.0
Spot overlapping rate / % 99.7 99.0 98.3 96.7 95.7 95.0 94.3 93.3
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(e)(m) 1.3 mm/s;(f)(n) 1.5 mm/s; (g)(o) 1.7mm/s; (h)(p) 2.0 mm/s
Fig. 8 Cross-sectional coating ablation morphologies under different scanning speeds. (a)(i)0.1 mm/s; (b)(j) 0.3 mm/s;
(c)(k) 0.5 mm/s;(d) (1) 1.0 mm/s; (e)(m) 1.3 mm/s; (£)(n) 1.5 mm/s; (g)(o) 1.7 mm/s; (h)(p) 2.0 mm/s
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Table 5 Ablation widths and depths under different scanning speeds

Energy flux density of 14. 2 J/cm”

Energy flux density of 56. 6 J/cm”

Scanning speed /( mmes™")

Width /pm Depth /pm Width /pm Depth /pm
0.1 116.6 9.80 127.2 17.7
0.3 114.8 8.29 128.6 15.46
0.5 115.2 5.03 128.3 14.51
1.0 118.1 2.24 126. 3 10. 03
1.3 118.0 1.53 127.5 7.39
1.5 117. 4 1.08 125.9 5.93
1.7 115.9 0.95 128. 6 5. 37
2.0 116.5 0.81 128.4 4.68
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Fig. 9 Material removal rates under different scanning speeds
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