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Influence of Thermal Expansion Coefficient in Laser Scribing of Glass
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Alumino silicate glass with relatively lower thermal expansion coefficient is used for the glass substrate of liquid
crystal display whereas soda lime glass is generally used for such as window. This research is aimed to clarify the in-
fluence for the thermal expansion coefficient of the glass substrate during the laser scribe with crack propagation by laser
heating followed by quick quenching afterward. Comparison of the laser scribe conditions between alumino silicate
glass and fused silica were obtained by laser irradiation experiments. Then two-dimensional thermal elasticity analysis
was conducted by a finite element method based on the experimental results.  As aresult, the laser scribable condition of
alumino silicate glass can be estimated from combination of the upper limit of maximum surface temperature and the
lower limit of maximum tensile stress in the cooling area. The tensile stress generated in the cooling area decreases
inversely as the thermal expansion coefficient decreases. Therefore, fused silica whose thermal expansion is much
lower than alumino silicate glass is rarely applicable for the laser scribe for separation.
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Fig. 1 Schematic of laser scribing mechanism
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Fig.3 Domain of laser scribable conditions and crack depth of alumino silicate glass and soda-lime glass, (i) Crossing marks at higher velocities represent conditions
in which crack progress was arrested, and crossing marks at lower velocities represent conditions in which the glass surface was damaged by laser heating, (if) -
Deeper crack depth corresponds to lower velocity condition.
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Table2 Physical-properties of glass substrates ]
Soda-lime Ref. Alumino silicate Ref. Fused silica Ref.
Density 2520 kg / m® 7) | 2540kg/m’ 11) 2200 kg / m?® 12)
Specific heat 800 /kgK 7 | 707.53/kgK 1) | 7307/kgK 13)
Thermal conductivity 1.03W/mK 7 0.9085 W/mK 11) 13W/mK 13)
Expansion coefficient 8.7x1076 K™ 8) 42x10° K™ 11) 0.6x10°K™! 12)
Young’s modulus 71.6 GPa 9) 70.9 GPa 11) 73.4 GPa 12)
Poisson’s ratio 0.23 9) 0.23 11) 0.17 12)
Softening temperature 720 - 730 °C . 9) 975 °C 11) 1600 °C 12)
Critical stress intensity factors (N, 300 K) 0.76 MPam"? 10) | 091 MPam"” 10) 0.79 MPam®? 10)
Fracture surface energy (N, 300 K) 391 /m? 10) | 471/m? 10) 447/ m? 10)
Reflectance 18.5 % 12.7% 12.83 % 14)
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mum tensile stress o, of fused silica with lower scribing velocity
and higher laser power compared with Fig. 5 (c)

Laser irradiation surface

(b) Separated plane

Fig. 8 An example of a separated plane of alumina ceramic (ALO;)
scribed by laser
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