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Laser Cutting and Scribing of 96% Alumina Ceramic Substrate and
Parameter Optimization
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Abstract Processing of alumina ceramic substrate by laser scribing is introduced, and alumina ceramic surface
gasification threshold of laser processing is analyzed based on the three—dimensional heat conduction model. A laser
processing experimental platform used for alumina ceramic substrate is built with a Coherent E400 radio frequency
CO; laser and an IPG YLR-150/1500-QCW-AC fiber laser. 96% alumina ceramic substrate with the thickness within
1 mm is used for cutting and scribing experiments. The processing results are compared. During the experiment, in
fiber laser continuous wave mode, breaking problems during cutting and scribing are solved by using absorbent on
the ceramic surface and nitrogen as auxiliary gas. The experimental results show that 96% alumina ceramic substrate
with thickness within 1 mm can be processed by cutting and scribing by using air as auxiliary gas without absorbent
and with appropriate technology parameters in the qwasi—continuous wave mode.

Key words laser optics; laser ceramic scribing; alumina ceramic substrate; laser processing; qwasi—continuous
wave fiber laser; radio frequency CO, laser
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Fig.1 Schematic diagram of laser alumina ceramic Fig.2 Surface and fracture morphology of
scribing scribed ceramic
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Table 1 Primary thermal performance parameters of alumina ceramics

Parameter Value
Density /(g-cm™) 3.99
Heat capacity /(J-g"-K™) 1.0~1.52 (at 273 K~3000 K)
Thermal expansion coefficient /(10° K™) 5~7.5 (at 293 K~773 K)
Gasification point /C 2980
Melting point /C 2050+10
Thermal diffusivity /(cm*-s™) 1.0~0.012 (at 273 K~3000 K)
Thermal conductivity /[W/(m -K)] 0.07
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Fig.3 Melting and gasification threshold curves of alumina ceramic substrate. (a) Melting threshold; (b) gasification threshold
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Fig.4 Light paths of ceramic substrate processing platforms. (a) CO, laser ceramic processing platform;

(b) fiber laser ceramic processing platform
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Table 2 Laser parameters of YLR-150/1500-QCW-AC

Parameter CW mode QCW mode
Wavelength /nm 1070 1070
Maximum average power /W 250 150
Maximum peak power /W 250 1500

Duty cycle limitation -
Pulse width limitation /ms -

Maximum pulse energy /J -
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Fig.5 Peak power threshold of alumina ceramic. (a) Melting; (b) gasification

’ (D iilee ARRELLE 20
——pulse width 350 ps Ll o

B4 o pulsewidth500us A /| B80T TN 500 ps S
< | —o—pulse width 650 ps/”~” ./~ = =D ! S fof A
B3 2 y 260l —=—Pulse width 650 W
=2 = 40

1 20

0

Laser spot size /um

o 20 40 60 8 100 120 % 20 40 60 80 100

Laser spot size /um

[l 6 AL 6 P R TR R (. (K15 (b) ML

Fig.6 Pulse energy threshold of alumina ceramic. (a) Melting; (b) gasification
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Fig.7 Surface gasification threshold versus pulse width of ceramic
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Fig.9 Surface gasification threshold versus pulse width of alumina ceramic
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