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ABSTRACT
Manufacturing of silicon wafers begins with growing silicon ingots and slicing these ingots into wafers by wire sawing. The sliced
wafers have to go through many processes before they can be used for various applications. The surface grinding of silicon wafer is
one of important processes used to flatten the wafers and to reduce the thickness of the wafer. As the diameter of the wafers becomes
larger and larger, the sliced wafers become thicker and thicker. Surface grinding has become more important and has attracted more
interest among investigators. Surface grinding can be divided into two steps, namely coarse grinding and fine grinding. In the coarse
grinding, high feedrate is used to obtain high material removal rate. In the fine grinding, low federate is used to assure high surface
quality. Among the grinding process parameters, wheel rotational speed, chuck rotational speed and federate are considered to have
the surface flatness and roughness. It is also known that interactions between these process parameters exist for these quality
characteristics. Widely used Taguchi experiment method uses partial factorial experiments to evaluate the main effects of the factors
O parameters(] and to identify the optimum settings of these factors. But Taguchi method is not adequate when there are strong
interaction effects between factors. In this research, second-ordered Box-Benkhen experiment design is employed to reveal the main
effects and the interaction effects of the process parameters of silicon wafer surface grinding. The process outputs studied include
spindle motor current, chuck motor current, surface roughness and total thickness variation TTVO of the wafer. The models that
relate the process parameters with respect to fine grinding will then be determined by mathematical programming methods to
increase the through put and quality of the silicon wafers.

Keywords : surface grinding of silicon wafer, grinding process parameters, factor interaction, Box-behnken experiment design, total
thickness variation

Table of Contents
OO0 OO ettt 112200 e 1120000000
L et 2130000 e S5O000 OOOO ki 6
OO0 OO0 it 1331000000 e, 13311000000
L et 1732000000 e 203210000000 ceeeeeeeenen, 203.3
TTV e 243400000 o, 273500000
L e 27351 000 oo 29000 OO0 et 33
A1 0000 e 3B3420 0000000000 e, 3643000
L e 0000 0000000 e 47510000000
L e 4752000000000 e, 5153000000
PSP 5553100000000 wiiiiieiieeecieeeeciieeenns 5553200000000 i 62
53300000000t (1S Y S I I T SSL55000000
L e 8356 0000 HOMOMO it 40000 00O0Oooa
L e S A 0 A T A 32 N I 8900
U RRR 90 O O oo 94

REFERENCES

[1]O0000 OO0D0D00000000" 000000002550 011501240 0 20040 0 O

[2] Z.j. Peild A. Strasbaughd “ Fine grinding of silicon wafers” [ International Journal of Machine Tools 0 tManufacture[d vol.4100 Page(s):659
— 672020010 O

[3] B. Zhangd J. Wang F. Yangd Z. ZhuO “ The effect of machine stiffness on grinding of silicon nitride” [ International Journal of Machine
Tools O Manufactured vol.390 Page(s):1263— 12830 199901 [

[4] H. HuangO L. YinO L. ZhouO “ High speed grinding of silicon nitride with resin bond diamond wheels” [ Journal of Materials Processing
TechnologyO vol.14100 Page(s):329— 3360 20030 O



[5] R. GahlinO H. BjorkmanO P. Rangsten S. Jacobson “ Designed abrasive diamond surfaces” [0 Wear[d 233— 2350 Page(s):387 — 394
019990 O

(0000 0000000000000 000” 0000000000000 00 0000O0oOoOoe200200

[7]1 Z.j. Peid A. StrasbaughC “ Fine grinding of silicon wafers: designed experiments” [ International Journal of Machine Tools O Manufacture
0 vol.420 Page(s):395— 4040 20020 O

[8] Z.j. Peill “ A study on surface grinding of 300 mm silicon wafer” [ International Journal of Machine Tools 0 Manufacture[d vol.42

0 Page(s):385— 3930 20020 O

[9] S. Chidambaram Z.J. PeiJ S. Kassir() “ Fine grinding of silicon wafer:a mathematical model for the chuck shape” International Journal of
Machine Tools 0 Manufactured vol.430 Page(s):739— 7460 20030 O

[10] L.B. ZhouOd H. Edald J. ShimizuO “ State-of-the-art technologies and kinematical analysis for one-stop finishing of ¢ 300 mm Si wafer”

O Journal of Materials Processing Technologyd vol.12900 Page(s):34— 4000 200201 O

[11] W. Sun Z.J. Peild G.R. Fisher “ Fine grinding of silicon wafers:a mathematical model for the wafer shape” O International Journal of
Machine Tools 0 Manufactureld vol.4400 Page(s):707— 7160 20040 O

[1210000 0000000000000 000000” 00000000000 000000199900

[1310000* 000000000000 0O0” oooooooooooooeze01ion

[14]000* 0000000000000 0000000” 00000000000 00000200300

[15]0 000 00000000000 0000000000000 o0o0on 200000

[16] W. Sun Z.J. Peild G.R. Fisher “ Fine grinding of silicon wafers:machine configurations for spindle angle adjustments” O International
Journal of Machine Tools 0 Manufacturel vol.450 Page(s):51— 610 200501 O

[17] S. Chidambaram[ Z.J. Peil S. Kassir(l “ Fine grinding of silicon wafer:a mathematical model for grinding marks” [ International Journal
of Machine Tools O Manufacture[] vol.43[0 Page(s):1595— 160201 20030 O

[18] P.L. TsoO C.C. Teng “ A study of the total thickness variation in the grinding of ultra-precision substrates” O Journal of Materials
Processing Technologyd vol.1160] Page(s):182— 1880 200101 O

[19] L. ZhouO J. ShimizuO K. Shinoharall H. Edall “ Three-dimensional kinematical analyses for surface grinding of large scale substrate”

O Precision Engineeringd vol.270 Page(s):175— 1840 20030 O

[2000000* 0000000000000 0000" 0000000000000 00D 0O200000

[21] Z.j. Peid S.R. Billingsleyd S. Miural “ Grinding induced subsurface cracks in silicon wafer” O International Journal of Machine Tools O
Manufacture[ vol.390 Page(s): 1103-111601 19990 O

[2210000 0000000000 OO0OO0OOOoOOoOoOoOooOoOOono2o03cO

[23] Y.C. Fud H.J. Xud J.H. XuO “ Optimization design of grinding wheel topography for high efficiency grinding” O Journal of Materials
Processing Technology vol.12900 pagr(s): 118-12200 20020 O

[24] H.H. Tsaill H. Hochengd “ Prediction of thermally induced concave ground surface of the workpiece in surface grinding” O Journal of
Materials Processing Technology vol.122[0 Page(s): 148— 15901 20020 [

[25]0 000 0000000 O0DO00OO0oOoOoOoOoooOoooezoeeonO

[26) 000000 OOODODOOOOO” DOoOOoOoOo,0oooOoOo19930 O

[2710000* 00000000000 00000000000000000 199900

[28]0 000 000000000 O0DO0O00OO0O0OODOOOOOOo2o0000O

[29]00000000000" JL-200sCccUOOOOoO” O



