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Cleaving Process of Brittle Materials with Pulsed YAG Laser
— Thermal Stress Analysis in Cleaving Process of Silicon Wafer —

Keiji YAMADA, Shingo NISHIOKA, Akira HOSOKAWA and Takashi UEDA

Laser cleaving process is a prospective technique to divide a thin plate of brittle materials into small pieces, because of its
high yield ratio and controllability. In addition, the process is carried out without coolant which causes the environmental
pollution and the contamination of the electrical devices etched on the wafer. In this paper, laser cleaving of silicon wafer is
conducted with pulsed Nd:YAG laser. The temperature of laser spot is measured by means of the two-color pyrometer with
optical fiber and the acoustic emission caused by crack propagation is also observed. When the laser spot is scanned at the
appropriate interval and velocity, the crack propagates in sequence by the corresponding laser irradiation. As a result, both
high linearity of cleaved edge and fine fractured surface roughness are obtained. The thermal stress distribution induced by
laser irradiation is analysed with FEM model, in which the stress intensity factor is calculated at the vicinity of the crack tip
in order to clarify the criterion of crack propagation. The analysis and experiments reveal that the maximum tensile stress at
the crack tip increases with temperature and the crack propagates when the stress intensity factor reaches the fracture toughness

of the‘material.
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Table 1 Experimental conditions in cleaving process
Workpiece
Material : Si wafer (surface {100}is irradiated)
Dimension : 10 X 20 X 0.5 mm

Laser
Wave length : A [nm] 1064
Peak power : P [W] 328~567
Pulse duration: 1 [ms] 0.7~3.0
Pulse cycle : f [Hz] 10
Beam radius : w [um] 900
Feed rate : vV [mm/s] 3.33~10

InSb-MCT two-color pyrometer
NTEG chalcogenide fiber : ¢$=300 um
Measuring distance : t=5 mm

AE measuring system
Sensor : Size ¢5 X 3.2 mm, Frequency band 1~4MHz
Preamplifier : Gain 40dB, Frequency band 100~20MHz
Discriminator :Gain 60dB, Frequency band 20k~2MHz
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Table 2 Conditions in thermal stress analysis
Laser (Nd:YAG)

Peak power P 567W
Pulse duration T 3.0 ms
Laser spot spacing L 1.0 mm
Beam radius w 900 um
Absorptivity o 63 %
Workpiece (Si wafer)
Dimension : 10 X 20 X 0.5 mm
Thermal conductivity'® 156 W/(m K)
Specific heat'” 761 J/(kg K)
Density'" 2.34 X 10° kg/m’®
Expansion coefficient'® 2,62 X 10°K"
Young modulus'? 117.4 GPa

Poison ratio'? 0.262
Initial temperature 20°C
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Fig.7 Finite element model in thermal stress analysis
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