210016)

Research A dvances of the State-of-A rt of Work-Rotation Grinding for
L arge-Scale Silicon W afers

Sun Yuli

Zuo Dunwen

Zhu Yongvei

Bu Guangbin

W ang Hongxiang
(College of M echanical & Electrical Engineering, Nanjing U niversity of A eronautics and A stranautics, Nanjing 210016)

Abstract Based on analysisof the typical processing technics for silicon wafers, the mechanisn and charac-
teristics of work-rotation grinding-based method are presented. The latest development in the experimental study of
ultra-precision machining technology for large-scale silicon wafers based on work-rotation and the mathematical
models are introduced The goplication of the finite elenentmethod in thisfield isanalyzed Finally, the problens

and development trends of this technique are pointed out

Key words Large-Scale silicon wafers, U Itra-Precision machining, W ork-Rotation grinding, Flathess

1
q )
95%
(1]
[2]
[4] C
300 mm
22005 - 11 - 01;
,1970
2006

2004

30%

12006 - 03 -

99%
1 5x10°

2130

( )
200 mm

40%"

13
(BK2005215)

mm :
2000 1 3%
(Sh)
, 2008 ,
0 074 m,
/an’ 7]
IC
2009 (

[8]

200 mm,
300 mm
21 1%

450 mm

1
300 mm)

300
2006

9 000

2006



1

Tah 1 Specification for the flatness of silicon wafer

(2006 2009 )

(fram 2006 to 2009)

(SFQR) /Tim

(26 mm x8 mm)

2006
2007
2008
2009

<71

[9 11]

(1)

(2)

(3)

(4)

= 300 mm

15U m

[12]

1988

S Matai

Fig 1 Principle of the work-rotation grinding method

(2)

[13]

Fig 2 Contact length and edge angle

2006

[13]

[13]



, 41
1988 S Matwi
ac[14] ,
; Ohmori (B D)
t f n , 4 ;
t=f/n (1) ,
(1) L L b
) ) , 60 mm
, A /AN =632 8 ),
L 1 0 4|J m1
, , 1/3 1/10™"
(3 e
3 ’
B!
B , D/D
7% KM
R4
BRX Q 4 B D
Fig 4 Work-rotation grinding for silicon wafer by B. D
s ||
Z J Pei
3 ’
Fig 3 Wafer shgpe control , ,
(4) el (2
' (1) :
5) , (9 |
) ; (2) , 200
; mm )
[20]
2006 5



(2)

200 mm

S RS

(

300 mm
[21]
1)
2) 1
3) L
L =at N
=R, N,
1RN L) NC
4)
[22]
4 2
L=21 -—1 R +
Y Yy
,r , R
Iy
’ [27]
4 3
Liu

— 24 —

17 6[S+RY - 1) 1

.S

(T1v)

,Z J Pei

(1) ,

[23]

(2) :

(241
(3) :
(25]

(4)

[26]

T

-152 +R -

IRt

152 +R -Ij (3)

2RS

[28]

Z J Pei

[29]

[30]

2006 5



[32]

(= 300 mm)

(1)

(3)

1 JakubowskiA, LukasialL , JurczakM. Silicon microe-
lectronics for peed In: Kumar V. Agamal S K ed Phys of

2006

300 mm

200 mm
= 300 mm
(= 300 mm)

5

smioon, devices99 vl USA. Allied punh Ltd , 2000: 297
302
2 Tricard M, Kassir S, Heron P et al New abrasive
trends in manufacturing of siliconwafers In: Proceedingsof Sil-
icon M achining Symposium, 1998: 165 170
3 Online Staff Silicon shipments, revenues rise, Elec-
tonics Nevs, 2/9/2005, 2005, available com/article/
CA502571
4 Online Staff Global sami sales hit record high, Elec-
tonics Nevs, 2/9/2005, 2005, available com/article/
CA502571
5 llluzzi £ Silicon wafer requirements for UL SI device
processing In: Raineri V, Priol F, KittlerMetal eds Solid
state phenomena 82/84  Switzerland: Scitee publications,
2002:1 6
6 , , .
, 2004; 124(3): 30 38
7 Hahn PO. The 300mm silicon wafer-A cost and tech-
nology M icroelectronic Engineering, 2001; 56 (2): 3 13
8 http: //Aww.  itrs  net/Cammon/2004Update/
2004Update hm
9 Bawa S, Petio E F, GrimesH M. Fracture strength of
large diameter siliconwafer Samiconductor International, 1995;
18(3): 115 118
10 Fukan| T,Masmura H, Suzuki K et al Method of
manufacturing samiconductor mirror wafers EP0782179A2,
1997 - 07 - 27
11  Tongoff H K, SchmiedenW V, Inaski | et al Abra
sive machining of silicon Annalsof CIRP, 1990; 39 (2): 621
630
12 Pei Z J, Fisher GR, Milind Bhagavat et al A grind-
ing-based manufacturing method for silicon wafers an experi-
mental investigation International Journal of M achine Tools and
M anufacture, 2005; 45(10): 1140 1 151
13 Matxui S An expermental study on the grinding of
silicon wafer-the wafer rotation grinding method (1% report).
Bull Jgpan ¢ Prec Eng , 1988; 22 (1): 295 300
14 unW P, Pei ZJ, Fisher GR Fine grinding of silicon
wafers effectsof chuck shgpoe on grinding marks International
Jourmnal of M achine Tools and M anufacture, 2005; 45 (6): 673
686
15 Bifano T G, Dow TA, Scattergopod R O. Ductile-re-
gime grinding a new technology for machining brittle materials
A S E Joumal of Engineering for Industry, 1991; 113 (2): 184
189



16 , '
. , 2003; (1):35 40

17 Ohmori H,Nakagava T. M irror surface grinding of sil-
icon wafers with electrolytic in-process dressing Annals of
CIRP, 1990; 39(1): 329 332

18 Pei Z J, Billigsoy S R,Miura S Grinding-induced
subsurface cracks in silicon wafers  Interational Joumnal of M a-
chine Tools and M anufacture, 1999; 39(7): 1103 1 116

19 Pei ZJ, Strasbaugh A.  Fine grinding of silicon wafers
Interational Journal of M achine Tools and M anufacture, 2001;
41(5): 659 672

20 Pei ZJ, Strasbaugh A. Fine grinding of silicon wafers
designed experiments Intemational Jourmal of M achine Tools
and M anufacture, 2002; 42(3): 395 404

21 PeiZJ A study on surface grinding of 300 mm war
fers Intemational Journal of M achine Tools and M anufacture,
2002; 42(3) 385 393

22 , , .
. , 2004;142(4):1 4

23 Chidanbaran S, Pei Z J, Kassir S Fine grinding of
silicon wafers amathematical model for the chunk shgpe Inter-
national Joumnal of M achine Tools and M anufacture, 2003; 43
(7): 739 746

24  Chidanbaran S, Pei Z J, Kassir S Fine grinding of
silioon wafers amathanatical model for grinding marks Inter-
national Joumnal of M achine Tools and M anufacture, 2003; 44
(1): 112 19

25 SunW P, Pei ZJ, Fisher GR Fine grinding of sili-
con wafers amathematical model for the wafer shgpe  Interna-
tional Journal of M achine Tools and M anufacture, 2004; 44

(7): 707 716

26 SunW P, Pei ZJ, Fisher GR Fine grinding of silicon
wafers effectsof chunk shape on grinding marks International
Journal of M achine Tools and M anufacture, 2005; 45(6): 673

686

27 To PL,TengCC A study of the thickness variation
in the grinding of ultraprecision substrates Joumal of M aterials
Processing Technology, 2001; 116(2 3): 182 188

28 LiuW J, PeizJ, XinX Jd Finite elanent analysis for
grinding and lgpping of wire-sawn silicon wafers Jourmnal of M a-
terials Processing Technology, 2002; 129(1): 2 9

29 PeizJ,XinXJ, LiuW J Finite elenent analysis for
grinding of wire-sawn silicon wafers a designed experment In-
ternational Journal of M achine Tools and M anufacture, 2003; 43
(1): 7 16

30 Xuekun Sun, Pei ZJ,Xin X J etal W aviness ranoval
in grinding of wire-sawn silicon wafers 3D finite elenent analy-
siswith designed eperiments Intemnational Journal of M achine
Tools and M anufacture, 2004; 44(1): 11 19

31 Pei ZJ,Kassir S, Milind Bhagavat et al An experi-
mental investigation into ft-grinding of wire-savn silicon war
fers Intemational Journal of M achine Tools and M anufacture,
2004; 44(2): 299 306

32 SunW P, Pei ZJ, Fisher GR Fine grinding of silicon
wafers machine configuration for indle angle adjusments In-
ternational Jourmnal of M achine Tools and M anufacture, 2005; 45
(1): 51 61

2000 1 1

2006 5



