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Monitoring of Wafer Dicing State by Using Back
Propagation Algorithm

DB ARG G FHY A

(Kyoung Yong Ko, Young Youp Cha, and Bum Sick Choi)

Abstract : The dicing process cuts a semiconductor wafer to lengthwise and crosswise direction by using a rotating
circular diamond blade. But inferior goods are made under the influence of several parameters in dicing such as blade,
wafer, cutting water and cutting conditions. This paper describes a monitoring algorithm using neural network in order
to find out an instant of vibration signal change when bad dicing appears. The algorithm is composed of two steps:
feature extraction and decision. In the feature extraction, five features processed from vibration signal which is acquired
by accelerometer attached on blade head are proposed. In the decision, back-propagation neural network is adopted to
classify the dicing process into normal and abnormal dicing, and normal and damaged blade. Experiments have been
performed for GaAs semiconductor wafer in the case of normal/abnormal dicing and normal/damaged blade. Based upon
observation of the experimental results, the proposed scheme shown has a good accuracy of classification performance
by which the inferior goods decreased from 35.2% to 6.5%.
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Fig. 1. Photograph of dicing machine.
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Fig. 2. Photograph of dicing part.
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Fig. 3. Moving axes in dicing machine.
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shape (b).
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Fig. 8. Signal analysis of wafer dicing process in
(a) time and (b) frequency domain

£ dFdMe BdolE =9 AEF dHoly FS5L 2
3lo] 7k A Z 5 PCB PiezotronicsAHe] 353B33S AMS
3k, A/D¥E, FFT, Wled2 deg agdu dandsE
TF8E A3t Strawberry TreeAl®] DataShuttle
Express H/W2} WorkBench PC for Windows S/WE A}
A=
2. AU e

ol o] FAHANN JIEE A3 &3 A o=
o} AH), A, Ak Wk oluE) o wo|ze] JE
T o8 o] o3 thold FA/EF ol &3 &
GEHA oA e geth gabA teld FA/EF B
ojgl-g sl ol W2 &< FY/EFHUAYL 93}
o 53 3t F21 9349 gndEe LI

Edol= 2o FF EEAZEE AL ol
HAE OHzelA 1000Hz7AA 0], ©] Fu4 FIHA &
AE FEIY B d7oiMe deg 2] 571X &4
&g Fosto ARt

i) 50-950Hz F3tollA] A& 3k : o] 77he AAFHel o
ol AN/ Y BHE & F e ez 53] B o]



Journal of Control, Automation and Systems Engineering, Vol. 6, No. 6, June, 2000 489

= 3A/EESE FEE Aok

ii) 50-400Hz 73t A H &3k - of M e Edo]
=7t go)d& Bl S Linel 2 ©)53t7] 3] 2%
FO g olFshe 499 SAo) Uevde LR, vl
A AR/EF BRL EE Euol=rt Adoluex thel
4 EFU Aol o8 #FY F gle FoITh

iii) 400-600Hz 3ol A 2 &3k : 500HzE E3H313 Q)
= o] FA Y HEGLS 30,000rpm e 2 I Hste B
oj=g} dol¥rt AR HEFT F Ao] o]F oA wje 2l
27t vehe FEo2A4 dol Ad A 3/ E% B
& ¥ F 3le #holrh

iv) 600-950Hz T3kl M HEgk : AA #2He]A HE
s 29 dHolHe AEAvE FYe] 2Aske= F4rt
Atk o)A F Hee EEol= & BEFH dojy Y F
o fRle® st AATY HEF AAE o=
e ARt Fsgo] wAsteE AS-oltt. o]Hd Ao oinlst
o o] 7ol e HEZE Tl AY/ T wHo 28
Lia=g '

v) 500Hze A9l ZZ3) 1 500HzoN A & J&E3S &3
FozA ol A A o= F=o HaAs 3
Dominant¥t 4E& 48t thold 33/ E2%E AT
o

ols} Zol £ & AR FRFo 2N e 7
viet dlols dd Al Fd/E%T Eyols /e
Aol thef D3A WAL, 2 M2 BaAY
T Ak

Feature |
Feature 2
Feature 3

Feature 4

Feature | >

gcalure § Neural Network

eature 1
—> Back-Propagation

Feature 4 ( Fopgtion)

Feature 5 —P>

a9 9 Told dE RUE Y A28

Fig. 9. Dicing process monitoring system.

V. o5 Aan2EsS HEe AN

thold el ZUEH Al2"E A% told FA/EF
a8 n BHols AA/vE BF dngEd Ut ¢Ax
7b 29 90l vl A7IMRE JME AR H A58
s e N=s2PE 9} FFT, 281 J&E-& 53t 5719
EAgeE gy 4xs duFd o3 cholydz
Edlol=9] F/EF WAo] o] FoJ7 & Eifo|H 4
ZE FHA7IL FAE AN

A AR U F AF S TS AAQ 9H
AP 19 107 2ok Gdg daE{1018 o) &
3t7] Yt MEAE 7H5AE 0914 17HA1 Y F& 5=
24 FZ9(random)2 %718 gt 7t 271315
A, AR 2EgE A& A Aoz JEYIE A
YA JAgE NER 7HFRE BHE o §o)8HH, o
HE vHE-g Fao AA 9% aTEHe £¥Abole A
HAexe o Uzt Egeld el MAWEE BT
g 83 A 718 713 (epoch)ol 8 JHTHY, dhte] 7]
HE vkl & B8 apt gt HE Fe vE
A=zt #8930 8 5 Aok

HEYZY F2EAX £ 2121 theldat Eo]
=9 /e %Y dneF 8§24 25S 938k,
EL AL YT o= 59 EAGE AE ALLT 3%
o 4R 5AZE A LS 4719 P S AR A%
Z o] dEstdth g el s E T=0.6
g5 9=0.8, 298 4F «=0.7 2 39 100,0003)
WHEE L A, vz 9t g oA B F =M (average error)

o} ) A (worst error)E ZHAFSG T

0001 :ClOla J&
0010 :CHOIY BIEA
0100 : Blade H&
1000 : Blade It

Desired Value

‘ +
Back-propagation
Training Atgorithm

Forward
Network

Output Value )
A A LA

Output Layer: L
.. Output Layer : L-1

Input Layer: 1

Input Layer: 0

2¥ 10, gHdv EYa 72
Fig. 10. Network of back-propagation.



490

Zt MEYZA §EAZ Fold uet d& dygoez 7}
Z} 8070 ¢) HEH S TrEo] AMR3ln, e Y+ 001, 18
I HesE T=0.8, 7=0.6, «=0.7 E 3l U EHY=A
7MENES FAT UEYTY 2H L FFLAHET Ay
Lx7) Yolol xS A2 T F Jerg Ao
A7} 74 A& VESIE EF VEHAE A% 1
23 AL 7o VEYALTE ALHD Alzlo] FoE
22 043 eAgolEtd YEYA 471 L A8 A
sfof 3th 29 112 99 HEzAd 93 vEYa 2
i}—E— BoErh e Yo es eI, 44E Hol
]_

Wi

45}‘411:} 71K H 5-8-2-4 ?19}4 4-498] F
2708 MEAZ 71 AL HUeAE 7HA
5-8-2-47%9 HEYAE 9% AIA=E HYx,
—4—4?&94 WEAIE 5% A= Bt & 50
@ AMES 73T7} AN AR AET O F
& I 4 AU

i
&y
r|r

TR N

[o]

flo o
i -'lm

mlm

%
#E de T Us

- =

Error

&E%Q%QQQEB..

(a)

Network structure

b
HiEY

4-5-6-3
4-8-6-4
4-10-6-4
4-2-8-4
4-4-84
4-6-84
4884
4-10-8-4
-10-4
4-4-104
4-6-10-4
4-8-104
4-10-10-4

Error

2g88886868s8-¢<c.

(b)

29 11 (a) 5709} (b) 4709 dHFHAA 5
HEL ST 23}

Fig 11. Network error of back-propagation in (a)
Five and (b) four input neuron

a¥ 128 1xs 23K aE 53x) AARFC e
500Hze] R Z3} 50004 950Hz gl A 2 Egre] AskE

Mot - Kisat - AixEtZst ==X Ml 6 2 Kl 6 = 2000. 6

BAZt o7|M EE 1xeh 24 fgFo]l Ho|AFE
500Hz #F-3k7} 50-950Hz WG] HE-gho] HolAle A
E 7t e ole gt EAEREA Eol= g
l I*BHH FHE 7137 gl fZol HAEFE thol
A FAd e fElsith A Aot e 3 FA
F7F e FAHEY EF 44 go] ¢ guh ol dis
7t dlelg o] trel el HAE e S AAA7|L A
Al %*351“ wA g HE AojFr] Mol wetA AT
& FF AdAe] Fasith B dTedMe B d¥HAA
Hat —)F%L% 12+l 0.8 // min, 239 0.6 / min 2 I3}
A FFP
1% 132 E#loj=r)t B4 &Y o) ZEdA 23
& 500Hze] WE3} 50014 950Hz th oA x—'1%%)((80711
dolele] IS HeFa Yt o] AFHE By £
ol=rt A4 Wt &Y W F FRVF EF ZM L3
olar k. = E#ol=rt BEd Wyl FFY HR F
A o ZA Gtk oje Edlol= & Al ZFol
osu A% 2E& ZEin.

14"
“ *

0
15’10 13’(29 12’(18 11/07 10’06‘ 0806

IRIZHZ 0012 aor2 0012 0012 0012 0012.
‘D’Ef-ﬁ’i/ 1% 152 121 1@ 10079 o843,

a9y 12 AaeEd e Agda
Fig. 12. Experimental result according to volume
of cutting water.

500Hz HEat

am

0
Bk /4 Bede 22
gz osn3 | 13718

0-
Bk gfgﬂ Bak 22/
oo 0012 "ot

a9 13. Edlol= Aol & 43943
Fig. 13. Experimental result according to blade
state.

LED A& GaAs fl°]5 & /o] 742 et M0 tho)
e Asted F 300-4008kA S Hke] B2 27t 10
el oA 1= FHAe] AE thol Yol



Journal of Control, Automation and Systems Engineering, Vol. 6, No. 6, June, 2000 491

35.2%9] E#Fo| B vhddl, 500Hz2 =3} 500 A
90Hz ol A HEgh& A8l FEAE Y/ BHS
WHE Aede 128%2 EFo] LA, 5719 EA 3k
< EF AMEste 9t dngFel AL Agoe
65%2 EZFEo] @A i3It EFES Uy 7
2A7IEH ZAZ He AL told T4 Foll A7 w4
E, & AA5FY W3, BYol= AT ol E,
7zt Edlol=9] thololE = QI Bud, rtEst A2
& thol el e Az WA, a2lu 7+ Fule EA
o @& =o]Z(noise) F&Fo wtA, YEDZY e
2 AMEE EAgto] BE tholA)ollA Zrzte] Aol A
A dAEA Y= Aol ofyr] W)

V.2#e

£ d7oMEe told Hale EolE F=d &
E &I 474 oAe AR AEE FFT

of Fabp Gde] AEz WEg FHo, {83 570
o SA%E FEIA A GuFd HEFomH
thold Aa/E%F a2n Byols A/Aes BT £
A Y& ALt ol E dng =L 083ty
tholA B e EfolE mi¢o] AR E 7o) 2SS
o2 ZYAA gl Alads FAY + AU

ZAnesl
{1] H. T. Grimmelius and P. P. Meiler, et al., “Three
state —of-the-art methods for condition monitoring,”
IEEE Trans. on Industrial Electronics, vol. 42, no. 2,
pp. 407-416, 1999.
[2] L. M. D. Owsley, L. E. Atlas, and G. D. Beranrd,

“Selforganizing feature maps and hidden markov

3B

1972 49 28948, 19979 Y3l
71AESE £, 1998I~FUlgd
A FA. BAEke AsAE, 9
e, ol FELE.

49 d

19619 11€¥ 18¥ 4. 19834 F2t) 7]
AZeH £ 19874 =58 7)E
4 ARFEIH(AHA, S
A2F87 9rAK1995). 1995 - HA)
43N FAFTERE z2ag B4l

Eoks o)l 2R, 9438, AsAol

models for machine-tool monitoring,“ IEEE Trans. on
Signal Processing, vol. 45, no. 11, pp. 2787-2797, 1997.

(3] S. Li and M. A. Elbestawi, “Tool condition
monitoring in machining by fuzzy neural networks,”
Journal of Dynamic Systems, Measurement, and
Control, vol. 118, pp. 665-672, 1996.

[4] Kwa, M. K. and Denoyer, K. K., “Dynamic modelling
and vibration suppression of a slewing structure
utilizing piezoelectric sensors and actuators,” Journal
of Sound and Vibration, vol. 189, no 1, pp. 13-31,
1996.

(5] T. C. Lim and G. C. Steyer, “Hybrid experimental
-analytical simulation of structure-borne noise an
vibration problems in automotive system”, SAE, vol.
408, 1992.

[6] A, “dlelHrtz71el JE 14 2 433 HAF,
o Aer|ed &9 =8, 1990.

[71 A. Hassui and A. E. Diniz, et al., “Experimental
evaluation on grinding wheel wear through vibration
and acoustic emission”, Wear, vol 217, pp. 7-14,
1998.

[8] K. Subramanian, S. Ramanath, and M. Tricard,
“Mechanism of material removal in the pression
production grinding of ceramics”, Journal of
Manufacturing science and Engineering, vol. 119,
pp. 509-519, 1997.

9] A8, A4}, “vIA A=A 27 J2YE o4
St HAAL G B3 IR, Ao} AE8) A28 FES
A, A4A, A3Z, pp. 387-383, 1998. 6.

[10l A, S. Pandya and R. B. Macy, “Pattern

recognition with neural networks in C++”, CRS
Press, 1995.

TRCIRY
19749 39 624, 20008 9t} 7)
AZET 2. 20008~ Fha A
AF T, BARORE A5 A, 94k
2. ojFER.



