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Fig. 1 Schematic diagram in multi-wire sawing

=

2 3%

L

2.1 SLIG{UES R Zhm

SEUG F2 EB A 9 AT B HCT-BS 2 4 D) &)
B3 E5 7K 3C Sysmex FPIA-3000 83247 B FUkz 7Y 43 B
A5 b g B ) -759 B4 A1 53 S IERE T Mastersizer
2000 /R SCHOCARLEEAL .

S 24 A K IR & 1 (PEG) VTHI e (R
se AL 2= A BR 2 7] ) 5 150084k 60 filk fb e (5% RS 3=
FIEA B FRA ) 5 EALE (AR, B 25 4 L2
FIATBR 2 A 5 &K (AR, [ 24548 A 1k 2238500 47 BR A
A ) SR (AR, B 25 R ML 2R A R A A 5 &
AN (10% , 25 4 AR~ 7 R A BRA F] D 5 sk
R (45% , 1F 245 5 IR 2 1R A BR A 7)) 5 SRR B
(AR, BT ) 5 WA R (AR, [ 2548 Bk 20 A FR
) 5 B R A (AR, [ 24 48 LAk 27 3l R A BR 2
A))51,2,4-FR (AR, BRI T ) s iR (AR, [ 25 4 414k
PR PR A ) s RS AR (AR, BTHL T ) 5 £ 3
BRI O (P40, BERAEY TRA R TR A A,
1%) s 74K

R 3 BT A 2 22 G0 i A0 e B R A S T 01 348 5
P B BRI, BEALR AR 6 2H 2L U1 HIHL YT Hiy
JE RIBRACREEAT 0 AT o SEIRRY DRI S8 1R L d
12 m/s, V) EEE 445 wm/min,

22 KBRIR

B A Ak U0 R i F5 AR 2 A R AE
FOr AR I IR GG T E R SCHOL AL
JEEASCI 5 HORLRE 3 A o RO 5 6 ZH %5
222tk YRR R R

FEOT PRI IR A 51 60 mg WPIRE L 4K
YNGR (P40) 1 mL, Z5187K 4 mL, #7508
1A 5 /R 3C SysmexFPIA-3000 Y7267 i Ak 71 43
A ASC i HCAGORE (58 B2 S4 {8 . AR U & 6 2H U0 1 i
W RAF T Es R

2.2.1

223 UIEE6ER & =0

VI ELT R PRI IR A KR WS, A T
DN fk A9 i, S SCHl A = bR GB/T 3045—2003 X
IR R & AT 0 o R RS PR M-l R -
SRR AL B, VA A R AT L i A A R e (1 7k R T K
AR 2R, 1, 2, 4-FR 38 J )6 538 i a7t 4H
%, F 700 nm AR I G

3 mUrEERERERRE

HRE = A B S AR B s B P A o 2 A7
FNLLUF B RS < mr , R KN JEAR NS )
PESE o T AP SR VTR A BB AL AR SR A
I ES5 S

1) TAERP SRR AP e oS T DI B RE R, Sl i
SR T R I T, R R ARE R 2 i
(i) P P 44, 220 ik V1) ) R 4 R fL e =2 [T BV

2) FEe sk I HE AL

3) B AR AR O ik 2R T T 5 RO AR/ 5

D) IRACRERERIRIY , I dso (ETAUE U NER Y
Bz

S TRACEEARXT 2 fh A 58 2 NIPERY

HAJE Archaard &, B4 -

V. =b-F-L (1)
Ao, vV, — W A ik 0 B AR AR, L
b FEIFERE F —Z /18 ,N; L——1)
FATFE  mo

oy 5 DRI TR R AR T [ 2 1, AR SO AL A
(L B NG BE XS & EA T4, NSV, Sk i it
LB BE A O AR o
3.1 EREHLNITE

M2 SRR A3 AT R AR R, R 22 i RE
VR, T B A R ™, kA AR B AR 2
b=S'K (2)
K, K—BIERE; S — M@, m?, 4%
RS T B SB f E AR S=4R-h (Hor R Rk
FERERURL I BLAR , h BRI HITREE ,m) o
BRI e K VTR BE R AT 40 B

h{ 6PR ZT
ﬂma(tana)

b, m —— VI HI X A OB RLEL ;. o —— B KL [
HEE T, (°) 5 o — 8B AR B9 JE IR A2, Pa

(3)



34 BEEREARAE . ZeUTEIh i AR AR BB A7 793

R ——RALHE R4, m; P ——AEITEmRALAE |
(35 ) 1, N AEDTHE R B2 55 K- 07 1) L i
S ARV BT 1) BRI ) P oAl s

Pz#h%ﬁ$Tﬁ%%%ﬁwﬁmﬁ%%ﬁ%

B ,m; B MRS S, m,

FESEBR R FH A R TR R R o SR AR MEN & 1Y), — i
M5 R AR 22 B2 858 D) [ 3 {8 /)N, py ]
L4 an e € A

Cocaoctana (4)
FX(ORAK ()5
1/3
h{éﬁ% 5)
mmo(C)

T B R LU B R b 3 T U0 B K SR A A

ROEREC m A
m=— T8 (6)
Rz(l + p'i"WA)

X, A —— I T X B A, m?; p, ——SiC 25 B
32 g/m's p, —— MWK, gfem’s W —— PR
HiEl,

K GHRAR )]

b= {41{%} }K (7)

32 HEFHITE

Bxr LB ARG, 7R D) 2 e R v il
J1E B AR RS2 B BB A 2T AR -

1\] 6PE?
== 2= (8)
=(7) R(1-1)
X, E B AFRL Si Y LR BL & 182 GPa;
v TARN L ,0.142, R 22 5 h o A B8 JE 1k Z20 %, il

Aok 2 k1 B S X 4 SREAT B IE, A (8) FIr s, 2
F N

F= [(HITHQ)}(] (9)
K, H, SiC FE 1 A 9.5 kef/m’; H, Si
M 7 kgfim’;
33 V.HItE

A R SCHOE AL AR AR I D11 50 i) Bk A ek
PRBUME AL . DIRIET/AVRARIURIAR 2> 3 1 8

A UIEE R 2.8 wm LR /NBORE, AT fRIA
2.8 wm DA UKL Sy ROREARS JE R P 465 77 A 1) /)
WKL, A2 LA I rp B A5Um /NBURE o B AR 0 %
A3 S TE A A PR RN BB AR TR S, 5 R T
S, B .

S, _V,
n—S—E—VE (10)
V,=Vyn (11)

R e T AR, m®; Y, —— P IROR BR AL RE SRR
3
m o

w2, h(DR:

173) K 3
_ 6PR H 1)‘ 6PE’
V =<4R . - L
" { ero-cz:| } H1+H2K1T Rz(l_yz)2

(12)
FRAE Moller 2522 # Y BRIE , r RE V, Sk
2 I8 B AR AT R OC FR T U R AR Y
REIE: R IR AR e B AL AR, BT LA, B PR Tk S 2ok
&R dy, (ARE . X 12) AT B R AR R 14 5
PUAT S EERRAR S EAH G, SR R AAHC, —
JrEAEVIEI T A b AR ITE kLR A RE T 7 3 1)
JTERA, BRI B, DI RIA TR | B A Ak £k
T S 4 B B ™, g — T T AE [ T AR,
UL T AP IR VI EI e 7 5 e Ak UKL (R R E L,
5518 FE U L

4 HR5H

4.1 PIRIETERALERIR ST

Hi &l 2a W] & 3 VT EIET B AL RE 2 A SR v, B
IERS  RiAR F LR PAE 3~20 pmm Z [0, Y]
e R A il Ak R AR A3 A B, E 6.5~20 pm X [H]
DA R Bl P A B S ik /L, U138 5 ik A e AR A8 0 A A T
B8 1) e H, (] B 0 A 5 SARLRAIG , VDI A AL Ak dso
{54 9.297 um,6.5~20 pum XIa] AR S EE 92.78%,
PIEN ERACRE dyy (4 9.153 pm, 6.5~20 pm X [H] P
(BRALRE (5 75.77% . 458 RiAe o A 208K (& 2b)
AT, A 506,55 pm) 2 BRALEE S 5 DR I A
Rife , KT A SRR S 5 UI5IF 5y R
£ 0.05~2.8 wm Z [A] HH BUARR | R e 3 A4~ XA




794 p N A S 404
TRORE ) B4, AR SCH o oy 3 o S 00 R 0 e V) s _3.74x 105-(d50)'32 (13)
O RO & A A RE R R A Tb Ak AR S TR ot
&Y. it GB/T 3045—2003 S2H %k K — 44k F1 PIEISICERAX TR EIE
Bk SR AT I A, A U S R L R AR R AR Table 1 ~ Relevant experimental data about SiC abrasive wear
Bt 2151 1 2 3 4 5 6

12 . — e TIN 25 25 25 25 25 25
; 1;‘ - T T brEE S,/m 068 068 068 068 068 0.68
_% 10 I l\ B/m 001 001 001 001 001 001
g 8r ‘ Alem’ 243 243 243 243 243 243
= j plg'm™ 167 167 167 167 167 167
2F W 050 050 050 050 050 050
o 0 10 10 110 Lim 0.156  0.156 0.156 0.156 0.156 0.156
R /um
T e VoL 1063 1063 1063 1063 1063 106.3
20 Si/%vol 241 235 317 267 366 258
/% 9.00 102 882 7.5 9.05 897
g d/um 927 933 933 932 928 927
% c 0.929 0929 0928 0928 0928 0.928
% x2 EXWANNMKE
Table 2 K value of each group
oo 10 10 e 10 a1 2 3 4 > 6
REf2/um Kfi 0993 0987 0994 1.005 0993 0.993

b. UIEIH R 2
P2 S UrEI e R Rk ORLAR A1 BoRiAS AL A 22 E A
Fig. 2 Size distribution and d-value of SiC particles befor and

after wire-sawing

42 WREBHEROHES SN

# 1 A ZLU)E D BAR T Z S5 MK L0
B, 30 o X RE A B 0 I A AT SR A A X )N
WA (<2.8 pm) i Ab AE AR B4 550, ik Ak Ak 19 1R R
=V, pn— Vi s WACEE B 5UR TV, k0] 38 o
A (11)RAE

H vV, PLGR 1 AHCEHRICAZ(12)  2RIG R4
XERE K AH, a1 2 Frs o

T 6 AU R (1 3598, sl kTR K E AN
0.994, B BT A B AR AR REE BTV,
DAESKHY dy (85 1R B2 28 i, 15 BRI R4 %
LA ORI dy, SR C 1R RN

13 (13) T A5 HY < oAb T BB 451 A R 5 i A b 7k 1)
RS R 1.32 WO USAEAH G, 5 C 19 0.66
W5 BUAR G

B V) EN G (RPN A B Bl e I FLUT R k2%
FR<2.8 wm MIGEOBY ) R Al Ak Rk B 41 %X (13)
THAAH I B UR LR N 9.25% , 4N FTH D, b A
0137 b %5E 150088 LR R, dy, A 10.4~10.6 pm,
[/ C N 0.898~0.900, A4bF 5703 v b 5 [l i
P HLBI A 90.75%:9.25% o it BEIE R b 3L A% 53
AU R A, th 3 3 AT, 175 S* Ak A
DA [ B Kb F A 2 7K

2 X6} ) L R v e A e R A LA R (R B A T
R, AR B AE H AT T 2T MRk bk I AR
FELR AP IR P AR T BB 41 A il Ak Ak AT b ST R T
P BN FIHTRE 1K



34 BEEREARAE . ZeUTEIh i AR AR BB A7 795

R®3 SICHENTR
Table 3 Size distribution of SiC particles

iR/ um 1# 21 3# 4 54
dio 6.03 113 567 645 601
ds 952 849 932 1047  9.54
doo 1491 1522 1517 1678  15.05
dis 895 218 867 976 896
das) 1006 863 995 1112 10.11
d(6.5~20)/

Govel 9229 7323 8927 94.68  92.14
C(RIEEME)  0.927 — 0.930  0.900  0.926

T 1A YIRIFTRP I R SicoRidd o, 2 I HI b3  Sic
BRI, 3" VI E 5 £ B 2.8 pm OB 2 5 B AL Rk R AR 23
A, 4 R RAR A3 A, 5" 3k Ak 5 4T LL 90.75%
9.25% AR FR LLIR & Ji AL REAR AR 53 7

5 & i

I NIy e
Bl L 3 R R o B BB 4 L, 41
R 258

2 B A BT 2 F 181 F R e
T RCRLR Y 0.05-2.8 o, DTEI B4 A L2
S b LI T 1L 5 0 2.8 m LT /R
S,

D) HEFl— I T 2R R R 2
ﬂgﬁwﬂ@ﬁﬁﬁnzy”fﬂﬁmﬁ%ﬁm
W 8545 B, R OB P B 0 05 B o (i
S 2 A BV RIRE Sy I R A 2 R
TEERHER .

[ £ 30k ]

[1] Hahn P O. The 300 mm silicon wafer—A cost and
technology challenge [J]. Microelectronic Engineering,
2001, 56(1-2): 3—13.

(2] &R, B 8 W 24000 R -Z1-5171R
BMTHLEL) ] B ARREM, 2009,
15(5): 506—551.

[2] Cheng  Zhihua,

mechanism  of

Yang Min, Pei Renqing. The

"rolling- engraving- cutting"  mixed
machining for multi-wire sawing[J]. Journal of Shanghai

University : Nature Science, 2009, 15(5): 506—551

(3]

(7]

(8]

[10]

[10]

(11]

(11]

[12]

[13]

[14]

Nasch P M, Schneeberger S. A theoretical modelling of
consumables usage as a tool for cost reduction in silicon
wafering using multi-wire slurry saw [ A ]. Proceedings of
the 20th European PVSEC[C], Milan, [taly, 2005.
FRUIH . PSR AR M 8 0o B R R [T ). A
HLF 45, 2013, (16): 79—79.

Moller H J. Basic mechamisms and models of multi-wire
sawing [J]. Advanced Engineering Materials, 2004, 6
(7): 501—503.

Jasinevicius R G, Duduch J G, Piazani P S. Structure
evaluation of sumbmicrometre silicon chips removed by
diamond  tuening [J]. Semiconductor Science and
Technology, 2007, 22: 567—573.

Jasinevicius R G, Duduch J G, Piazani P S. The
influence of crystallographic ~ orientation on the
generation of multiple structural phases generation in
silicon by cylic microindentation [J]. Materials Letters,
2008, 62(6-7): 812—815.

Bhagavat S, Kao I. Ultra-low load multiple indentation
response of materials: In purview of wire- saw slicing
and other free abrasive machining (FAM) Processes [J].
International Journal of Machine Tool & Manufacture.
2007, 3-4(47): 666—672.

Burwell J T, Strang C D. On the empirical law of
adhesive wear| ] ]. Journal of Applied Physics, 1952, 23
(1): 18—28.

/NG, e T SRS BB A 1 AU
SHEARIM . JE5T: HUBR R, 1995.

Xie Xiaopeng. Abrasion loss calculation based on
experimental data. Mechanical science and technology
[M]. Beijing: mechanical science press, 1995.

PR, EAE, 5, S ORI Si I
i B P ORME BRI D] S SRR, 2010, 35
(10): 976—979.

He Jingliang, Wang Xuejun, Tong Liang. Research on
slurry action during Si slice cutting for solar cell[J].
Emiconductor Technology, 2010, 35(10): 976—979.
Bidiville A, Wasmer K, Van der Meer M. Wire-sawing
processes: parametrical study and modeling [J]. Solar
Energy Materials & Solar Cells, 2015, 32: 392—402.
Buijs M, Korpel-van Houten K. Three-body abrasion of
brittle materials as studied by lapping[J]. Wear, 1993,
166(2): 237—24.

Buijs M, Korpel-van Houten K. A model for lapping of
glass [J]. Journal of Materials Science, 1993, 28(11) :
3014—3020.



796 K FH it % W 404

VOLUME ABRASIVE WEAR OF SiC IN MULTI-WIRE SAWING PROCESS

Lu Jianwei, Zhang Lanyue, Zhu Minglu, Li Yingxu
(Changzhou GCL Photovoltaic Technology Co., Ltd., Changzhou 213031, China)

Abstract: A mathematical model is given for wear rate of silicon carbide (SiC) in multi-wire sawing process based on
the theory of three-body abrasive wear model. In a certain load process, firstly, according to the change of SiC size and
the distribution of broken debris before and after multi- wire sawing, the parameter adjustment of the on-line slurry
system can be used to remove the debris for slurry recovery. The results show that the particle size of the detritus is less
than 2.8 pwm. Secondly, volume wear calculated by the amount of new SiC guidance to supplement recovery after
recovering slurry sawing capacity and the amount of loss of circulating online slurry system. The results indicated that
adding the new SiC according to the wear volume of SiC could effectively stabilize slurry sawing capacity.

Keywords: slurry; distribution of SiC particles ; multi-wire sawing; volume abrasive wear; model





