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Monitoring and Evaluation of ID Blade Cutting Silicon Ingot

Zhongwei JIANG™*®, Seiji CHONAN,
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** Yamaguchi University, Dept. of Mechanical Engineering, 2-16-1, Tokiwadai, Ube, 755-8611 Japan

The silicon ingot must be cut to yield wafers with flat and smooth surface. However, the flatness
and the smoothness are easily affected by the cutting condition of the inner-diameter saw blade. In
this paper we present an experimental study on real time monitoring of the ID blade slicer cutting the
silicon ingot. The vibration and acoustic signals generated during slicing ingot are measured by a
piezoelectric 3-axis sensor fixed onto the supporter of the ingot. The collected data are analyzed by
wavelet analysis, and indexes for evaluation of the ID blade slicing state are proposed and discussed
in detail. The results show that the condition of the blade could be predicted and monitored by the
slicing signals with add of the wavelet analysis.
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Fig.1 Ingot slicing experimental setup.

Depth of Cut = 10 mm, 70 mm, 130 mm

Fig.2 Definition of the depth of cut of wafer.

2.1 YIESHBIC AT LA

X Lz = EIWrTRIC AT B IRE) - TBIER D
B AT LERT. v O, YVarvfrd
v PEABHEEELTHWAREAT L— FORLERL Y
XEFMICED Z It 0iThha. RAATL—FK
ERATVVREO F—FY RERT, NEAOTLEIK
Wbl osTHAYEY FIBRNBEICLVEES ST
W3, £7, ARART L— RitEln 228+ 57%-
DIZPRVELELNTRY, ZOLEHDTL—K&{E
AT 3BT R E 2 4R L2 D¥ B MAICRY i
THHIEH 252, 7L — FORIMEERSETWS.
L Leis, 7L— FEEDFEIERT IERE
FHERe, GIEIEREZ L CWBF AL v FORER Y
ERROBILIZ T = OEIBPRIBIC K& { % 5%
3. ZTROOFRITESERE TS Z EIXRETHDI
b, T TRETORE - FEES RV ar A
=y MEREEICEE Sz 3SEEEE Y (KISTLER)
ERAVTEHAIL, BEWLESEHETIZ LERS
3. BAETE, SEEER LY TELRIINER
EFADVENA B —VFnRa—Flc—BRE&EL,
GP-IB#7—FIiZ& ) a2y Ea—F IlEE LT — 7 BT
TV, E5 LUIBRRIEEL OXLEBFRERARS. §5
HEREHATTT L, ATy bRV ETRDLY
L—FDA 3y h~DE] Y IAHZED 10mm, 70mm IS
L T130mm OPLECITo%. EhF—F0H Y

— 144 —



WAIZ7V—FicksyVavdAydy FOUREOE=2Y > 7 L7l 4027

A
oSt

Il
o1 02 0 .1 0.2
Time [ sec ] Time [sec]
(a) 1st cut (b) 30th cut

Fig.3  Time histories of cutting signals in different
stages.
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Fig.6 Example of wavelet analysis results.
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Table 1  Ratio of maximum amplitude to the aver-

age.

Level | Damaged Blade | Normal Blade
J z y z Yy
-3 |5.09 5.95 395  3.70
-4 | 4.86 4.69 283 281
-5 |4.63 3.65 356  2.80
-6 |2.28 2.15 2.49 1.90
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Table 2 Properties of the blades
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Young’s Modulus Erop(GN/m?) || 174 191 191
Young's Modulus Egross(GN/m?2)|| 193 217 217
Width of diamond layer(mm) 2.0 2.0 2.0

Diamond grit size(zsm) 40~60 40~60 50~70

T7 L— FOEEBEHICHIEL TS, BladeL & M T
IR § = —8 DEBPRIBENZERDL, TL—
RO #HD—EFN T A AOERICECFELTNDZ
ERTREIN, TL— FOEAEMIIEEERIETT
EHOHB LD LHEEINRS.

T, M 3a) & D) EEELBRLTADE, LML
HWEDEEL0KEDERIIENRY DEVSALN
5. —fRIC T A OEINHENHE 2 DIV RRIO H
EEVIC LY OIHERAHAL, EREAEDREICK
7 L— FREDA Iy MIXT B0 AL H R
T3, ohbOBRKTIEIRE 25| EEZL, B
BHER AR SE 2 LD L5, ZOREL LTRSS

02

e
k3

o
S

©
8

Average Value Gma(j}

]
g

e

(a) Maximum of z signal

o
XY

Bj=¢
=5
01 E;,, 1]
£ Bj=7
? or | B8
=
]
-
G 0.8
H
2
< om
0
L-Y-MAX M-Y-MAX N-Y-MAX

{b) Maximum of y signal

o
S

o

°
2

°
4

Standard Deviation S ¢, ()
o
g

o
R

o

L-X-SD M-X-SD N-X-SD

0.05

]
g

o
28

o
8

Standard Deviation S g, (7)

[=3
2

o

L-Y-SD M-Y-SD N-Y-SD

(d) Standard deviation of (b)

Fig.9  Bar patterns of maximum and standard de-
viation values at each level(y).

— 148 —



AAXAZV—FRickayVav4ray bOYIREDE =5 ) » 7 L FHE 4031

Dressing

Load (kgf)

Position
10 mm o—
70 mm 8—

130 mm —+—

9 10 26 30 30
Narbers of the cut of wafer

Fig.10  Cutting force monitoring by DC ingredient

of the signal.
0.0 T T T T -
3 dressing
5 !
© :
8, 0% -
o h
g :
< i
n 1 1 n 1 L
0 10 20 30 40

Numbers of the cut of wafer

(a) z-direction signals
0.5 T T

' dressing

0 10 20 30 40
Numbers of the cut of wafer

Average Ga(j)

(b) y-direction signals
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