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Modeling and experimental study on material removal rate of
quartz wafer by fixed abrasive lapping
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Abstract: The material removal rate of a quartz wafer by fixed abrasive lapping is difficult to predict;
therefore, a model of the material removal rate based on contact mechanics and a generalized regression
neural network (GRNN) is proposed. First, according to the ductile - brittle material removal mechanism
and the simplified form of micro-contact between the abrasive block and wafer, an ideal material removal
rate model was established by using calculus and the force balance principle. Then, a three-factor four-lev-
el orthogonal test was performed using the microelement method. The mapping relationship of the lapping
fluid flow, lapping fluid concentration, lapping disk speed, and material removal rate correction coefficient
was analyzed using the GRNN. The material removal rate model was further improved. Finally, to vali-
date the material removal rate model, a lapping experiment was conducted. The lapping disk speed was

set to 20 r/min, lapping fluid concentration to 5 wt. % , and lapping fluid flow rate to 36 ml/min. The pre-
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dicted and actual values of the wafer material removal rate were simulated and measured under different

lapping pressures and relative velocities. It was found that the increase in lapping pressure and relative ve-

locity accelerates the removal of the wafer material. The predicted value of the material removal rate mod-

el exhibited the same trend as the actual value, and the error of model was 8. 57%. The material removal

rate model meets the demand for predicting the material removal rate of quartz wafers in fixed abrasive lap-

ping.

Key words: {ixed abrasive lapping; quartz wafer; material removal rate; generalized regression neural

network
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Tab.1 Correspondence table of factor and level

Level Concentration Flow rate  Disc speed
S (wt. %) c(ml/min)  7,(r/min)

1 0 12 10

2 3 24 20

3 6 36 30

4 9 48 40
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Tab.2 Parameters used in the test

Parameter Value Parameter Value

0. 3.52 g/cm® g 5.3 mm

D 9 pm w 0.5g/cm’

o 9/12 0 2.2¢g/cm’
¥ 45° K 0.73 MPasm"?
r 1.9 mm H, 6.67 GPa

/ 1.5 mm E 72.5 GPa
P 48 kPa S 25 mm®
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Tab.3 MMR and K-value test results

No. f ¢ n,  MMR(pm/min) K
1 1 1 1 13.01 0.128
2 1 2 2 28.62 0.141
3 1 3 3 47.11 0.154
4 1 4 4 65. 68 0.161
5 2 1 2 48. 31 0.237
6 2 2 1 25.39 0.250
7 2 3 4 86.51 0.213
8 2 4 3 69.41 0. 227
9 3 1 3 59.50 0.195
10 3 2 4 85.99 0.211
11 3 3 1 23.49 0.231
12 3 4 2 42.79 0.210
13 4 1 4 57.96 0.142
14 4 2 3 55.73 0. 183
15 4 3 2 35.02 0.172
16 4 4 1 13.47 0.132
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