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Schematic of diamond wire saw system
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Fig. 2 Diagram of artificial neural network
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Fig. 3 Relationship between iterations and loss function
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Fig. 4 TTV validation results of prediction samples
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granule density

222 LR XD E R ) R

2R R R 2 e D) En T i E B R
FESZ R I Tk A v s 2 o ] el 36 ik R A AR
ST TR 6 SRR R A HE AN ) 4 W 2 R 2 B A%
PR L BE A TTV B4 45 5%, 78 AS [ ks 2% 1 4%



2384 XK [H

394

PR TTV BlZR G FE f 38 35t B0 R R B AR, Horp
s 288 85 Sk v T 7)1 1 i) R ARURK , AE 2R R T
1500 m/min MAEHLT , =5 Uk 25 BEAEAS TTV FEAREL
U AELR R IR 3] 1700 m/min J5 45 2H 50 A 22
AR, TTV HFGETEL 6 pm,

- 18F S UL fem !
Sie B
2y, ——100
iz v 110
% 12F 120
0
Q 10
i
I
A

3l 6F

4

1200 1300 1400 1500 1600 1700 1800
LR /m - min !

K6 N[l 2 R0k 25 BE A0 S B X
SYEN st at AL
Fig. 6 ANN results of TTV versus V, for different DWS

granule density

PSRN IR NG o T NS S T A T 7
(scanning electron microscope, SEM ) X} #H ] £k # T
A [) UKL 2 15T TH <5 W 2k AT 0056 . Tl T a5 21
ZEAARL, SO PR 2y 1800 m/min AYZESRE, 4N
K7 s o AR BEANERAEVIH S B , BRI
F18) 4 P A ORI 7 D ., 8 Dol R 85 2 80 e
AIREAS R L T A BA UIHIGE Ty, 0k 2%
JERT 100 em™ FOREA AL AT S 22 w730 B 4 1)
ATRIUREL, AT DL g 4 T T 5 v ) <6 M A A 8 R AT
T UIRIRTH RS E -

c. HrEk 110 em™

d. IHZ 110 em™

f. IHZE 100 cm™

h. [HZ£90 em™

2 HZE90 cm™

i. H14 80 cm™ j. IHZE 80 cm™
2550 B 1800 m/min A [F) 50 2% B2 11
BT IH 4 W2 845 SEM €]

Fig. 7 SEM images of new and used wire with different DW'S

&7

granule density at 1800 m/min

FRAIE X EiE 12 A 20
AR F B Y1), 2400 b 75 2% )
SN Tl BRI . fERE AN T B P R4
JEAM AR AL (R (2 ) R R B AR
XU BIL R A R 2 FEAREF ST R, O T fi Ak
B A% R A A BE X D) E L R A S 3 o
LM, R 8 s B TTV BI{H 2 1A
KRKFR . TERIM TR B 650 mm 5, TTV ¥
[ERTE DI

ET SF U 5 Uk 25 B RE AR FE K AR K B 1
LR RIS SR B TTV , Ok %8 N 120 em ™' fUFE
ARTTV W E R o 5 4 B & il U I ROR 2
15, FE VIR R v B 4 WA JBORL T 7K AZ 1) )t 2%
SR S0 U ORI D B 4 W1
A1 BURLIE B 5 Ak, T 2 VI ENRE O, tE DI E
AIERYE LT AN 2 BB AS , i iR Sk >
()RR X7 B A, e e 2 T D BRI A TTV AR
SRR,

23



o B TR A MR T SR 2385
161 A 2 B fom multi-crystalline  silicon wafers for  texturing[J].
£ 14} —=— 80 Materials Science in Semiconductor Processing, 2016,
églz_ DU 53(11): 8—12.
g i 38 [2]  Liu Tengyun, Ge Peiqi, Bi Wenbo, et al. Prediction of
i:; 101 the thickness for silicon wafers sawn by diamond wire
g st saw|J ]. Materials Science in Semiconductor Processing,
inp . 2017, 71(7): 133—138.
= (3] K B AT 2R G R B RS
47500 550 600 650 700 750 [D]. 5 - IIZRREE, 2009.
b A /mm [3]  Gao Yufei. Study on the mechanism of monocrystalline
Pl AT IR RORLE B A A T e 1K silicon slicing by electroplated diamond wire saw [D].
BB AEAL Ji’nan: Shandong University, 2009.
Fig. 8 ANN results of TTV versus ingot length for [4]  Gao Yufei, Ge Peigi, Liu Tengyun. Experiment study
different DWS granule density on electroplated diamond wire saw slicing single-crystal
silicon[J]. Materials Science in  Semiconductor
3 & i Processing, 2016, 56(4): 106—114.
[5] Yu Xuegong, Wang Peng, Li Xiaogiang, et al. Thin
A W DI HAR B2 I T A T4 czochralski silicon solar cells based on diamond wire
W TESE MRMERE FEM SRR 2 52 ik b i sawing technology [J]. Solar Energy Materials and Solar
HROCHE R, 25 R Z AR AR A L OCH . AR Cells, 2012, 98(6) : 337—342.
g i — R AR XA A AR Al [6] Buchwald Rajko, Frohlich Kilian, Wiirzner Sindy, et
FH R4 75 19 B — 5507 a1 AL 455 A AN RE Rz e & A0 T 0 al. Analysis of the sub-surface damage of mc-and cz-Si
P RE B R RIS wafers sawn with diamond-plated wire[J]. Energy
f@ﬁ{ﬁﬁﬁ Tensorflow X‘_J.émuéfwguﬁ$%&—é&g% Procedia, 2013, 38(3): 901—909.
5 ’ %t 500 ZE#ZIKE’\JWUII%%DTD‘I@IJ ’ ﬁ%‘@ﬂ%lﬂﬂ%ﬂ%ﬂ [7] Bidi.ville A, Wasmer K, Va.m der Meer M, et al.. Wire-
i }q} 24 Wjéﬁﬁiﬂ ’ ﬁ‘;ﬂ i) MSE Jiiu 0.03. ﬂ?’;ﬁf@ﬂﬂ sawing processes : .Parametrlcal study and modeling [J].
Solar Energy Materials and Solar Cells, 2015, 132(7) :
TR S A5 5 Pl A 2 I AR AL ) BT LR AR (4G 300400,
ﬁg*ﬂﬁl%ﬁEXﬂ‘ﬁiﬁ TV E@%ﬁ Hﬂ ’ k}m%ﬁéﬁﬁ [8] Wang Peizhi, Ge Peiqgi, Bi Wenbo, et al. Effect of wire
JE (>1.4 mm/min) F175 422 (>1400 mm/min) 1] % % speed on subsurface cracks in wire sawing process of
1R URE 2 B (>100 em™) YA, FE 42 = VI HIB80R 1) single crystal silicon carbide [J]. Engineering Fracture
(7] IS AR A RAR Y TTV o 38 320 % A [7) B0 2% 32 1H Mechanics, 2017, 184(5): 273—285.
LR LB, K PR = Sk 8% R R N 2 T R 4 e [9]  Ge Mengran, Zhu Hongtao, Huang Chuanzhen, et al.
WA E RN T AR, Investigation on critical crack- free cutting depth for
ATRUCHR T 2 280l 48 5 ik B iy i T & single crystal silicon slicing with fixed abrasive wire saw
SR N 2 T 26 B A I FE B T Ak T AT 08 based. on th.e scrz.ltching. machining expel."iments [Jl.
M4k 5 T ¥ M5 ST 2 AL B AR A 3/2-352215126?(?;1266: in Semiconductor Processing, 2018,
%%i+% ’ )I%Eg 5% l]['ﬁj ?,ﬂzj\jﬁp el é% B/‘J%Aﬁ/\ [10] Zain A M, Haro.n H, Sharif S, et al. Prediction of
J2% R U S A Ay A 2 S 2 ) i 1 2= K surface roughness in the end milling machining using
ﬁjﬁﬁ” é}!ﬁfgﬁ\¥$ e éﬁ ’ 4%%)52?912“%1{:55%1,\~ Artificial Neural Network[]]. Expert Systems with
G GO Re Applications, 2010, 37(2) : 1755—1768.
[11] Mozammel Mia, Nikhil Ranjan Dhar. Prediction of

[ 5% 30k ]

[1]  Xiao Zhigang, Geng Guoying, Xiu Qinwei, et al. On the

mechanism of the vapor etching of diamond wire sawn

surface roughness in hard turning under high pressure
using Artificial

[J]. Measurement, 2016, 92(8): 464—A474.

coolant Neural Network



2386

X M

it 39%

[12]

[13]

[14]

[15]

[15]

[16]

Kayabasi E, Ozturk S, Celik E, et al. Determination
of cutting parameters for silicon wafer with a diamond
wire saw using an Artificial Neural Network [J]. Solar
Energy, 2017, 149(4) : 285—293.

Ahmed Y A, Hasegawa K. Automatic ship berthing
using artificial neural network trained by consistent
teaching data using nonlinear programming method [J].
Engineering  Applications
2013, 26(10) : 2287—2304.
Anspach O, Hurka B, Sunder K, et al. Structured wire:

of Artificial Intelligence,

From single wire experiments to multi-crystalline silicon
wafer mass production [J]. Solar Energy Materials and
Solar Cells, 2014, 131(7): 58—63.

fif A, SRR, R WL AR R D) EIR R e A AR
TS BE RS20 L) . BPRRb A 5 TR, 2015, 33
(5): 692—696.

He Jian, Xu Zhongmin, Song Li. Influence on surface
roughness of single-crystal silicon by reciprocating wire
cutting process [J]. Journal of Materials Science and
Engineering, 2015, 33(5): 692—696.

Lottspeich L, Herold I, Richter H, et al. New methods

to evaluate cleaning processes by detecting the particle

[17]

[18]

[19]

[19]

[20]

load on surfaces of diamond wire sawn silicon wafers[J].
Energy Procedia, 2017, 124(7): 752—758.

Wiirzner S, Falke A, Buchwald R, et al. Determination
of the impact of the wire velocity on the surface damage
of diamond wire silicon wafers[J]. Energy

Procedia, 2015, 77(8): 881—890.
Niu Yuchao, Liu Hsing-Tsun, Liu Xiangju, et al. Study

sawn

on nano-pores enlargement during  Ag-assisted
electroless etching of diamond wire sawn polycrystalline
silicon wafers [J]. Materials Science in Semiconductor
Processing, 2016, 56(2): 119—126.

R, ERRBL, RN RS D) AR 2 4
A3 )2 V5 B T 5 e [ ). P E LR TR, 2009, 20
(14): 1731—1735.

Gao Yufei,

measurement of subsurface damage thickness of silicon

Ge Peiqi, Li Shaojie. Prediction and
wafer in wire saw slicing [J]. China Mechanical
Engineering, 2009, 20(14): 1731—1735.

B, A, Kuna M. Numerical and

experimental of

Nassauer Hess

investigations micromechanical
processes during wire sawing [J ]. International Journal

of Solids and Structures, 2014, 51(14): 2656—2665.

OPTIMAZATION STUDY OF DIAMOND WIRE SAW PROCESS BASED ON
ARTIFICIAL NEURAL NETWORKS

Li Ning, Gu Shuhui, Chen Qiuying, Ren Bingyan

(School of Materials Science and Engineering, Hebei University of Technology, Tianjin 300019, China)

Abstract: In this study, Tensor flow deep leaning framework is taken to study the diamond wire saw (DWS) process,

500 samples are selected to set up the artificial neural network (ANN) , the sample dataset is divided into training and

testing set. The predictions of ANN indicated that high feed rate (>1.4 mm/min) and fast wire velocity (>1400 mm/min)

can take full advantages of high particle density (>100 cm™), which suggests cutting efficiency improved and wafer TTV

(total thickness variation) decreased. A high granular density of diamond wire will provide a wider process window, due

to granular duration extended. ANN represents the quantitative relationship between the process factors and the

experimental results, which provides a simplified and efficient method for optimizing DWS process.

Keywords: silicon wafers; artificial neural networks; process optimization; diamond wire sawing



