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National Chiao Tung University

ABSTACT

Product quality is an important factor in semiconductor manufacturing.
Therefore, die defect inspection is an important quality control process before
packaging. Conventionally, the inspection of die surface defects by human

observation is labor intensive. It results in low efficiency and inaccuracy.

This research is to design and develop an automated visual inspection system for
die surface defects by using the machine vision technology. The mainly focused
inspection items of dice are particles, contaminations, pad missing, pad damage,

discoloration, and passivation.

A prototype of the automated visual inspection system for die surface defect
inspection will be implemented for inspection efficiency, cost down, and

full-inspection.
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2.1 R Sk tm iR 2

BTt Blen™ 2 4 & & 5 1 53 B (Defect Clustering) 22 4R % & iR
(Vision Inspection) % = ;2 > @ ARF & B|* ¥ &~ 5 @ P2 (Rule-based) ~ # 2 # »
/% (Golden Template) ~ #g#4¢ 5 4 B2 (Neural Network) o 12 F w fd & & e [ﬁ%#}? %t

BN EheT o
2.1.1 # feE 5 2 (Defect Clustering)

B g o A 3 ST S 0 R L 4 B R F R (Clustering) sh3k % g & g P e
#2340 % RIS f(Wafer Map) @ & 5 4 K=y 2.4 i S j2(Clustering Pattern)
A 17 B Ak BT AR oy A Bk RO o {1 LR A D

2)(Spatial Pattern) » § 31 4 e B] ~ 25045 4151420 H R 5 nBlAE R 7] o
LT et i fadhlags GRR HRRFY 58 RR 7 ROHER

ﬁ o

ip B %7 7 5 Albin and Friedman[2]% i * — 424 & &7 Poisson 4 fie § 3k
KA om R o 0 - A F R K & T KA RORIR > B3k e d R
(Acceptance Sampling) c4 #: 3+ % ° Friedman and Albin[3]#2 * 4 Fafic g 4] B
(Defect Control Charts)» & # J1 - i it %% 42 % 32(Out-of-control) 2 4 # # 1
i KAl as e 5 42 % 41 ) (In-control Process that Yields Clustered Defects) » i& 7

f8 W A% & 77 2 o Chen and Liu [4] 1 #* #g4 (5 4 52 75884 Fos 5 (Defect Spatial
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Teoh[6]2? Tobin etal.[7]% /=3 - 8@ » Zhang et al.[8]3% 5 #* 172 2 % &t * A F i*

Rl o
2.1.3 % # & ;% (Golden Template)

pt 3 E X fL 5 Image-to-image Reference o ¢ # %2 % 4 (Golden Template) §
HEHRAD G EfrRPlOR B RO DN AR 2 R P AR HEFORE
AR FET R E A R L RGE- BT e d MR A ¥ R ik
% (Pixel -by-pixel)dp i vb e £ B 0 A (7o e 0 B LR 0ok B o iR o
TAR G Z 7 i (Alignment) ~ T F BAr R E 4 o TR K F RIS
B AR B E IR AR ~ 7 o g 2 eDa IR 0 L 2 2 1 s B
Fireo B2 3 ARt v (78 EE 2o a1 5 Chou et al.[9]
A H R A E A R R HETRR e B R R 0 B U R R

3 KoA F 5 Zhang et al [8]41] % R4 A > 87 kY il E A R ehin g o 45 )
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eRpA SRR gud 2 8 S deeiE B & 3352 (Trial and Error) » % & & #8°
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G5 38cnA) o Ap b k7 3 Changetal.[14]% 7 7 -



2.2 B EALE k¥ ’f#_
221 B ERE & T il

# ® AR (Machine Vision){r & *54h % (Computer Vision) & ¥ 424 5 FF & F X
R RRBRT AN Ao G2 HvApMER T T3 R BERTE

VARG - PR REF AT L hE [15]
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WoER S RE R BRI RS o p B4R 1P (Automated Visual
Inspection, AVI) » 1% % 4 4% (Robot Vision) % ik ik 5 £.48 BALK 4 58 T a5

ji“‘ °

Mop it kB R P A 3T & ¥ A4k T 50:F & (Nomenclature) » p &5 it 5k & & P
(Automatic Optical Inspection, AO)# 7 7 4 ~ T ~ X F{r T fLHLNEFE o
Rokehp Bt KERPIDERSE § 0 T AT 5 R B R BT 5
(Motion Controlled XY-stage) ~ (2)% & #4# x %u(Optical-mechanical System) ~ (3)
PR ek BLE ()R s 172 P % 5L[16] o 1345 Batchelor and Charlier
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Software) ;

(5) ## 41,4 ¥u(Manufacturing Process Control Systems) °
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Tk B T B E L e g I ) TRl B 2 5 Wi 2
TR E2 - o RAEZTFTFIFI AR E N L E-RAE2S

5§27 &2 (Multi-thresholding)[18] % -

Bt E-fRR B FEX EE PR DR AR R E - TR R R
vH - TRR BT LR S R B B p i B MR Ae R Fae Ay
Bk — B ol ) PR A hd B o e A e @] 2.3(a) 1 -

AR e a- B2 Lt A E

® > [Bl(Histogram)+4r ] 2.3(b)

Aok o E BBt e o B - BIER B T()‘Pﬁ-vﬂe?

B ) ¥ f(x, y)=T b
- BLf{x, y) ¥R A4E & 4+ 48 2L(Object Point); % A1 B3 # % % # 2-(Background Point) -
B 1 R g (x,y) Tk A

(L f,y) =T
g(x!y) £ {0’ f(X,y) <Jif (2'1)

T s 1 m'z»'%?}‘@ﬁ*’”%ﬁ v fRT A Om'g»'%‘lf]'}@:ﬂ FF o
fzg&mFE] 2.3(c)#ror o

S R A A ¥

Histograrm

(a) B 4o e

(c)r1 T=128 th= & i B e

B 23 - @i s g g
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% TH - B W 8P & B2 E S FEHRR @2 (Global Thresholding) » i 3F

Tk e 2 L5 % 2 TR &% (Local Thresholding)[17, 18] -

A gt HE - R BT R B 8 Flen? 25 Otsu
i 2 P-tile % o Otsu ;% [19]8_p $ = @it e % > )% A5 B AP EPA G
pEAd - BIRhE > RERG EFAFEFEHb o BN AR e R ek
e pE A B PEFHAL B R ST R o Prile 2[20]8 2 P R 4B R oo
Fep% EB- BIRR ER @ AL TRR BT o f b (100-p)% 0

* gk @A B B e B AeE B o
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B & £ (Region Growing)®_ i % & + R BB FL T HDER - B &4 &

o X HRE AR o

A 2 B 8- B B(Seed Point)f & N3 B 2 EF B BT AR
FO e LA fF RS § )BT A G e R EFRB S £ FH - 2
S AR B K TR A o B BB AR R P RERE S LR R

R3S R AT R - BRI RS LR L -

FHGAES P R AT AR e B L A#H - mRES k

HiF oM FH S L FH 22 04 P BR > T R A A~ 3

IF

Fopw e AR hE L B adp i (G ArizE g A B SR R T Y
FrEantdin) ME L ¢ Rk o m e it anig ¥ o J A3

% R B T Arind o

13



26 e B

Ao FEgEB b Pl G F2FOzFHG SF* /ARG
Bk TR )Rtk it PRSI B @ TRA L8 22 T by )
Bate kbbb enfifeg RIS T L7 ¢

(x, »=T{(W 2)} (2-2)

Aot B B ¥ * 07558 B0 5 3 (Affine Transform) » 7 S48 3% it 43 12 4F

AN LA

ti1 tiz O
x ¥y 1]l=[w z 1]T=[w 2z 1]|t;1 tz 0 (2-3)
t3; t3p 1

PR AR R T R F ATE B E ) REHR RS ] R T A [1T]
AHT R I ) BESGEERGRPGEF L S F R % D aE

“iﬁ-’lﬂl_—&r’" %

% 2.2 O bk g 3 [17]

# o St T Bl A2 50
Se 0 0
=S
ol Gl A [o S, 0] x _ wa
0 0 1 Y= oyZ

; X =wcos0 —zsin0
—sin® cos® 0

[cose sin 6 O]
0 0 1

y=wsinf —zcosf
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2.7 ¢ il = A

i@ i = 4 (Connected Component) & ¥ ix e § ok » B Xk Z R pacr £
BAR I B R Bl (blhoh B EAR I ))& ik B 8 [17] ook B -
Fugid A fL 5@l & & (Component Set)e 5 R 5 Btk g+ ¥ RE- B

Wi & & B R £ % 2 (Region)(™ AL 5 Blob)[21] -
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2.8 26§ w2

¥ ¢ * )ik & (Morphology)i& & ¥ 8 if.® el i = A 8 (72 it & L > 7)1k
#iF 5 v 4~ 5 %k (Dilation) ~ %4 (Erosion) ~ 7B (Opening)¥2 B & (Closing) % -
BT o fln y) S B~ R R b(s, 05 2l B AT SRR R 0 D,

S LY

WIE R B PR R R (UESE S A [17] 0 kAo

(f@b)(s,t)ZmaX{f(s—x,t—yHb(x,y)l(S—x),(t—y)eDf ; (x,y)eDb} (2-4)
T ARG PRSP R RRIE S 2 [17] ) AT

(f@b)(s,t):min{f(s+x,t+y)—b(x,y)|(s+x),(t+y)eDf ; (x,y)eDb} (2-5)

i

SR AR R EREY 0 RDGLWIEEE  E s LR )

FEI S FTETE RGeS ) % RE E[17] - Bk 50
fob=(fOb)®b (2-6)

R O DR F Y R E R i

é‘ﬂ@'fﬁ-ﬂ'\j\ ig’?d’g 'z»ﬁ Z_o f?ﬁ'b iJP b%l/%%fﬂ[l7] ° t‘ iﬁ E

Seb=(fDb)Ob (2-7)
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2.9 Blob Analysis

“3) blob 2 B G ehd B2 R- BRABE > TE- EHGS F T

3 0k B o Blob 4 45 2 g #4158 A f? Shblob & (7 AR I o T

;}—L

(1)

(2)

(3)
(4)
(5) %

(1)

T BB o B T\.\.f‘z’a‘_li_%i‘fi;'iilfc"f?'J{Bloblb#‘rﬁq’fﬁﬂ}ﬁﬂ%iﬁ&ﬂ\*ﬁﬁ?[ﬂ]

T A LB e B G R o

EEFR A R RF B & blobs ~ 2 blobs 2. F'a“‘,i**/w\ o i FAIF Z B
B2 PP EXEZ 0> mH#-blob2 AfPFiERk s 1o

fie &5 85 2 > dvig F4 47 blob A5k ez 4 o

HOANE (5 SR )RR it 4 o i 7 blob A griv ¥

P R s S R
M= i€t I chblob #F HTheT !

# % (Boundary) ¥ - B & { 5 SiELG A RBY ik E B L E Rk
BAFLEE - FWmEGE GG B ET M E TR R o F N
- BEFARTE R v 8B G (IoB] 2.4 97 )b MK AT - B
FR ok TAodE 2 el L V2R AR 5 enB o @A

R

B 2.4 : 8 1@ i M hdgg
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(2) # R end S (Diameter) 2 EF + d BBz Fowm s 2 RS
(Euclidean distance) > H @ &4

Diam=maXi’j [D (pl' p])] (2'8)

Be DERYESLAIEREE PR pup, L E R 3 B8 Diam : 2
EE R @ B X fG R ehd dh(Major Axis) > i & @] #h(Minor Axis)
THE G ri b B P o

(3) * w(Orientation) % i #hfr x fhad ke & & o

(4) A #4&7)(Basic Rectangle) €. & = — B v % 2 ¢ L@} %83) > 4 dhfeodl
fhend B AR T E R Ea Bihehe B2 € Zeh- BRI, BN R
e RAER o

(5) # 7% £ (Bounding Box) & & #4E35ch4k i) » H A dhfe ] dh¥t i A 4R fh( £ &
b (7)o

(6)  F#(Area)¥ & 5 & Z 7 blob chuf & P enffF B -

(T) &+ (Centroid) % & # blob e/ P A & ¥ w2 o
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