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Study of sawing force in ultrasonic vibration assisted monocrys-
talline silicon dicing

LI Zheng-cai, WANG Jiang-quan, SHEN Jian-yun
(College of Mechanical Engineering & Automation, Huagiao University, Xiamen 361021, Fujian, China)

Abstract: In the monocrystalline silicon dicing process with ultra-thin diamond blade, a bigger sawing force can be
generated, which leads to a big chipping damage. The rotary ultrasonic assisted machining with ultrasonic vibration can
reduce cutting force in processing and obtain good machining precision. Thus this machining method has been more and
more widely used in hard brittle materials processing. In order to reduce the sawing force in monocrystalline silicon di-
cing process, ultrasonic vibration is applied to the saw blade, which makes the blade having a radial vibration, to com-
plete the dicing of monocrystalline silicon. The characteristics of ultrasonic sawing force are analyzed through the
comparison of sawing force between ultrasonic dicing and non-ultrasonic dicing. The experimental results show that the
sawing force generated by the ultrasonic assisted dicing is smaller than that by the non-ultrasonic dicing, and so is the
chapping damage. It indicates that chipping of silicon wafer can be inhibited by the smaller force generated in ultrasonic

machining.
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Fig.1 The cutting model of grains in ultrasonic dicing
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Fig.2 The special ultrasonic cutting handle
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Fig.3 Vibration transmission principle of specially shaped horn
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Fig.4 The experimental processing system
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Table 1 The experimental processing parameters

i H ZHE
4R n/(r/min) 800, 1300, 1800, 2300
L v,/(mm/min) 20, 35, 50, 65
YA a,/um 545
B A fHz 28000
B8 7 Y8 4/pm 3
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Fig.5 Force analysis of saw blade
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Fig.6 The relationship between feed rate and sawing force
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Fig.7 The relationship between spindle speed and sawing force
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Fig.8 The relationship between material removal rate and sawing force
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(a) Chipping of silicon wafer in non-ultrasonic sawing
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(b) Chipping of silicon wafer in ultrasonic sawing
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Fig.9 Chipping under different processing conditions
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