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Figures
Fig. 1. Schematic diagram of the main production process for fabricating micro textures on cemented carbide tool by inductively coupled plasma etching technology.
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Fig. 2. SENTECH Si500 inductively coupled plasma etcher.
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Fig. 3. Etching rate varied with different gas flow ratios.
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Fig. 4. Variation of etching surface roughness with different gas flow ratios.
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Fig. 5. Three-dimensional morphology of etching surface formed at different gas flow ratios: (a) 20/20/10 sccm, (b) 20/40/10 sccm, (c) 20/60/10 sccm.
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Fig. 6. Etching rate varied with different ICP powers.
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Fig. 7. Variation of etching surface roughness with different ICP powers.
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Fig. 8. Three-dimensional morphology of etching surface formed at different ICP powers: (a) 200W, (b) 350W, (c) 500W, (d) 650W, (e) 800W.
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Fig. 9. Etching rate varied with different RF powers.
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Fig. 10. Variation of etching surface roughness with different RF powers.

[image: image13.emf]20/20/10 20/40/10 20/60/10

0.0

0.2

0.4

0.6

0.8

1.0

 

 

Etching rate (μm/min)

SF

6

/O

2

/Ar gas flow ratio (sccm)

Fig. 11. Three-dimensional morphology of etching surface formed at different RF powers: (a) 50W, (b) 100W, (c) 150W, (d) 200W, (e) 250W.
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Fig. 12. Etching rate varied with different gas pressures.
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Fig. 13. Variation of etching surface roughness with different gas pressures.
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Fig. 14. Three-dimensional morphology of etching surface formed at different gas pressures: (a) 1Pa, (b) 2Pa, (c) 3Pa, (d) 4Pa, (e) 5Pa.
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Fig. 15. Etching rate varied with different substrate temperatures.
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Fig. 16. Variation of etching surface roughness with different substrate temperatures.
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Fig. 17. Three-dimensional morphology of etching surface formed at different substrate temperatures: (a) 20℃, (b) 30℃, (c) 40℃, (d) 50℃, (e) 60℃.
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Fig. 18. Surface morphology images and a three-dimensional optical image of micro-textured cemented carbide tool prepared by inductively coupled plasma etching.
Coating





Development





Mask





Alignment and exposure





UV light





Negative photoresist





Lift-off





Dissolution





Etching





Deposition





Cutting tool





Etching region





Cemented


carbide





Micro textures





Aluminium film





Rake face





Cemented


carbide





Cemented


carbide





Cemented


carbide





Cemented


carbide





Cemented


carbide





Cemented


carbide





� EMBED Origin50.Graph  ���





� EMBED Origin50.Graph  ���





Ra=0.276μm





Ra=0.277μm





Ra=0.247μm





(a)





(b)





(c)





very flat surface





flat surface





flat surface





b





a





� EMBED Origin50.Graph  ���





� EMBED Origin50.Graph  ���





Ra=0.155μm





Ra=0.207μm





Ra=0.247μm





Ra=0.262μm





Ra=0.329μm





(a)





(b)





(c)





(d)





(e)





burrs





burrs





smooth surface





rugged surface





very flat surface





� EMBED Origin50.Graph  ���





� EMBED Origin50.Graph  ���





Ra=0.244μm





Ra=0.274μm





Ra=0.329μm





Ra=0.303μm





Ra=0.299μm





(a)





(b)





(c)





(d)





(e)





rugged surface





very flat surface





burrs





flat surface





� EMBED Origin50.Graph  ���





� EMBED Origin50.Graph  ���





Ra=0.250μm





Ra=0.290μm





Ra=0.299μm





Ra=0.344μm





Ra=0.456μm





(a)





(c)





(d)





(e)





(b)





very flat surface





flat surface





very rugged surface





burrs





� EMBED Origin50.Graph  ���





� EMBED Origin50.Graph  ���





Ra=0.344μm





Ra=0.326μm





Ra=0.299μm





Ra=0.318μm





Ra=0.330μm





(a)





(d)





(c)





(e)





(b)





rugged surface





flat surface





burrs





burrs





� EMBED Origin50.Graph  ���





1





2





1





2





(d)





(c)





Large particles


WC





Small particles


Co





1µm





1µm





200µm





20µm





(a)





(b)





(f)





(e)








18

[image: image21.emf]20 30 40 50 60

0.0

0.2

0.4

0.6

0.8

1.0

 

 

Etching rate 

(



m/min

)

Substrate tempreature (

o

C)

[image: image22.emf]20 30 40 50 60

0.0

0.1

0.2

0.3

0.4

0.5

 

 

Roughness of etched surface 

R

a

 (μm)

Substrate tempreature (

o

C)

[image: image23.jpg]200.0  289.9

10.0

20



[image: image24.jpg]Sonal A= nLens
Mag= 400




[image: image25.jpg]


[image: image26.emf]0 50 100 150 200

-2

0

2

4

6

8

10

 

 

Depth (μm)

Length (μm)

[image: image27.png]


[image: image28.png]Meg= 1000KX  GunVacwm=1336.000mbar  Dete 8Nov2017 Time 173707




[image: image29.png]. Sum

9
14
EN

EEBEGEBEEEE

40.0

\
T A

0. Opm
0. Opm 40.0 80.0 96.8



[image: image30.png]


[image: image31.png]


[image: image32.png]


[image: image33.png]


[image: image34.png]


[image: image35.png]


[image: image36.png]0. Opm 40.0 80.0 96.8



[image: image37.png]0. Opm 40.0 80.0 96.8



[image: image38.png]0.0pm 40.0 80.0 96.8



[image: image39.png]40.0

0. Opm 7 T \
0. Opm 40.0 80.0 96.8



[image: image40.png]0. 0pm 40.0 80.0 96.8



[image: image41.png]


[image: image42.png]0. Opm 40.0 B80.0 96.8



[image: image43.png]0. Opm 40.0 80.0 96.8



[image: image44.png]0. Opm



[image: image45.png]9
N
o

EesesREES S

40.0

0. Opm
0. Oum 40.0 80.0 96.8



[image: image46.png]0. Oum 40.0 80.0 96.8



[image: image47.png]0. Opm 40.0 80.0 96.8



[image: image48.png]


[image: image49.png]40.0

80.0 96.8



[image: image50.png]


[image: image51.png]0. Opm 40.0 80.0 96.8



_1603728748.bin

_1603729518.bin

_1603729902.bin

_1603729903.bin

_1603729554.bin

_1603728898.bin

_1603729401.bin

_1603728463.bin

_1603728657.bin

_1603728025.bin

_1602352253.bin

