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New Wire Cutting Fluid Suitable for Multi-wire Saw of Silicon Crystals
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Abstract: In this paper through the silicon wafer wear test simulation wire cutting process to evaluate
the liquids cutting performance. Firstiy selecting the main components of wire cutting fluid from the
contrast experiment; then optimizationing the content of the components by orthogonal experiment and
optimal formula was obtained; finally the optimal formula and a market cutting fluid were compared
under the same conditions. The results showed that MRR was 7820 nm/min and Ra was 9. 12 nm under
the optimal formula. Compared with the market cutting fluid MRR was a little less but obtained better
surface roughness. The reason is that new cutting fluid improved the dispersity and lubricity. More
alkaline increased the chemical actions and effective improved the wafer surface quality.
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Table 1 Main material name in the wire cutting fluid
Type 1# 2#
Dispersant Polyethylene glycol 400( PEG 400) Polyethylene glycol 200( PEG 200)
Organic alkali Diethanolamine Trolamine
Surfactant Sodium dodecyl benzene sulfonate( SDBS) Sodium dodecyl sulfate( SDS)
Grits 800# SiC( 14m) 3204 SiC(40wm)
Defoaming agent Silicone oil
Chelating agent Ethylene diamine tetraacetic acid disodium salt
2.3
6 ° 100 mL
(1) o
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§ = x 100% (1)
6 H h o
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Fig. 1 The wafer wear device schemes Fig.2 The wafer surface morphology after the wear
MMW- A o o

1 ~2 mm



1728

41

1
(20 N; 60 r/min; ; :30 min.
2.5
o XS205DU
3 (2) .
m, m, —m,
MRR = = — (2)
pta(r,” —r’)
m,— ym,— P = P T °
CSPM5000 4 o
3.1
2 800# SiC
SiC
10000 7000
14 & 15
8000 » 65007
| —a—MRR 112 & %]
T == o g oo g
E 6000 - 10 2 £ 55001 5
5 & E 5000r = "%
% 40000 8 5 :
= Z E 4500F 124
2000 6 g £
= 4000r 5
14 B 1n s
of 3500r
0 10 20 30 40 3000 I#dispersant 2#dispersant 1#dispersant 1#dispersant !
#cﬁl;g?.mc l#aor%afnc 2#orgzi;11c l#aor%?.imc
SiC particle size/pm I#suttactant 1#surtactant l#sgrngcltam 2#surfactant
3 4 MRR  Ra

Fig.3 MRR and Ra of different size of grits

6 h.12 h.24 h
35% 800#SiC
5.6

800#

320#

Fig.4 MRR and Ra of different dispersant

organic alkali and surfactant

60% 54% 45% 320# 50% 43%

o

800#

o 800#51C


zhk
铅笔


6 : 1729

5 800# SiC ( x250) 6 3204 SiC ( x250)
Fig.5 Surface morphology of 800# SiC cutting fluid ( % 250) Fig.6  Surface morphology of 320# SiC cutting fluid ( x250)
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MRR SDBS. MRR
: Zeta
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Table 2 The results of orthogonal experimental

Number Dispersant A/wt% Surfactant B/wt%  Organic alkali C/wt% Grits D/mguiq: myng MRR/nm * min ~" Ra/nm
1 1 (40%) 1(2%) 1(6%) 1(1:0.4) 4877 13.56
2 1 2(4%) 2(8%) 2(1:0.5) 3799 10.33
3 1 3(6%) 3(10%) 3(1:0.6) 5013 9.04
4 1 4(8%) 4(12%) 4(1:0.7) 7631 10.89
5 2(50%) 1 2 4 3439 10.76
6 2 2 1 3 6759 11.37
7 2 3 4 2 4551 12.94
8 2 4 3 1 4021 11.55
9 3(60%) 1 3 2 6553 10.63
10 3 2 4 1 6228 9.87
11 3 3 1 4 7631 9.95
12 3 4 2 3 6143 8.80
13 4(70%) 1 4 3 5869 13.58
14 4 2 3 4 7067 10. 65
15 4 3 2 1 4124 9.05
16 4 4 1 2 5989 9.21
T, 21320 20738 19266 19249
T, 18770 23852 19369 20892
T 26556 21320 22654 23783
T, 23048 23784 24280 25769
R 7785 3114 5013 6519

11 MRR 7631 nm/min A,B,C,D,
o A,B,C,D, 4wt% 2wt% o
MRR 7820 nm/min 7631 nm/min o
3.4
3 8 °
MRR o
o 9 10 o
3
Table 3 The comparison with optimal formula and a market cutting fluid
pH 0( after 6 h) MRR /nm * min ™! Ra/nm
Optimal formula 11.4 68 % 7820 9.12

Market cutting fluid 8.4 62% 8179 11.6
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Fig.9  Surface morphology under optimum formula Fig. 10 Surface morphology under a market cutting fluid
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