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Design and Development of a CMOS Glass Lid AOI Machine

Student : Tsung-Ta Chen Advisor : Dr. Der-Baau Perng
Department of Industrial Engineering and Management
National Chiao Tung University

ABSTACT

The optical glass lid is the covering material of CMOS chip in the packaging
process. The function of optical glass lid is to protect the CMOS chip. The lid must be
highly penetrable and uniform, and will not affect the imaging result of CMOS. The major
defects of optical glass lid include scratches, cracks, bubbles, removable particles,
non-removable particles, greases, organic_contaminations, and watermarks. These defects

reduce the penetrability and uniformity of-optieal glass lid.

Up to now, most CMOS package factories use human operators to inspect the
optical glass lid by sample. But human inspection is too unstable and slow to satisfy the
costumers. In this paper, we will devise a light source system, an image collecting
mechanism, and a set of AOI software algorithms to construct an automatic optical system

for optical glass lid inspection.

The purpose of this paper is to develop a novel AOI system for optical glass lid.
This system can find out possible defects of optical glass lid and can improve the accuracy
and speed of inspection. In CMOS packaging factories, this system can replace human

inspection and work synchronously with the CMOS packaging line.

Keywords : Optical Glass, Computer Vision, Auto Optical Inspection, Defects detect
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# 2.3 Canny Edge Detection /zJZ # 3¢

Operation Description
Stepl | Smooth : Gaussian filter Eliminating noise
Step2 | Sobel operator Find edge strength

Edge strength =|G| = |Gx| + |Gy]|

Step3 | Find edge direction Get 0

O=tan™ (Gy / Gx)

Step4 | Relate the edge direction to a direction Get simple edge direction

StepS | Using Nonmaximum suppression to trace | Get a thin line in the output image

along the edge in the edge direction

Step6 | Hysteresis threshold, but using edge Get Edge image

strength t instead of distance
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S PR A 0 KK & 3t CMOS 7

3. Auto-thresholding

Auto-thresholding % % B ihendd b p # A2 4 — B § PR B> 2 - kR
Nakagawa £2 Rosenfeld[12]#74% 112_ 872 » &P s = F 8.3 Fij @ & R P2
P H B i Auto-thresholding ek - ¥ S i H > Flt Ay 7~ R ¥ 2 B

A 0 BR e 2 S B BT £ R A At gt 3 ik Auto-thresholding £ o

¥ 2

T

Auto-thresholding = /% enfd sf & B fadZAE B P 40§ F 0 Tl 5 g

Case-by-case e+ » & &3 ;2 i HF Sadg® fm FI AR EZ 2B

3\;

5 %ﬁ:}%:’i? P g o s ¥ L2202 5 Ostumethod &2 H %
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Fiz 7 L p R E S Bl(Histogram)d § 4 4 13 AR 2 FRF 4 00 20%0 B G F

Elmabrouk 22 Aggoun A.[7]# &1 8 P18 R % pF » P2 S BlY ¥ F ¥ e g4
P B HGEH R PAFE s M B2 THIRE AR IR Ak
SRT IS PR S B - i H(Edge) ¥ - Wil A R

AAHETEP AR B
Jiaoyan ¥ Xuefeng[8]4% 1! 4] * Fuzzy membership 2. #£ 4 > & = - #0 F]F 5
DA EEF R TN EZ A0 RA PR A 2 R R I TS

B 2 H0R 35S o

Xiaoyi ¥ Daniel[15]# ! Verification-based multithreshold = ;= » = % &

B
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LR BBy o pb 3 2 Ao B S BB B0 @ * A8 & (morphology) 2 #-
RMEBERRHE T TR L RBE BRI B GOT ARG JIr BEF A SR

AR BRI EICRE 222 & Y AR T ALP Yo (Television tube)

Muhammad £ Tae-Sun[11]3# 1 # * Local thresholding s % & 1 B 82 e ® eif
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4. B & (Closing)
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(@).= i B | (b).F & 15 B i
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5. Blob analysis
“r) Blob > R~ Rt 6 o B K APk i 12 & Bpheniih o 3 Ap 4R dp At

R T
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Blob analysis 2. & §_j& — %R F1h? > FREBAPF BT AR d B> T8 (T4
EB B E TR PR A BE B E R =B % o TS [19]B 7 Blob A 45 k3

ERGFAG o R R TR LT

P E_Blob /7 % * e i A A 4 Z[10]
LE T i3 Wi et Bk i
2587 H A 2] 0 EF B 42 Blob~ 2 Blob &2 Blob 2 B i # A g o i ¥ % = & it
FERF P2 A ERSE 0 A R-Blob 2 A FFER G
3.41* A58 (Morphology ) = i #-8 fege i 4 "$ o
435 %_Blob £ Blob I #pfenigit (kT2 LE 35> RefEa i )o

5.3+ % (Calculate) dp NPT 24155 % o
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Bl 3.22 5 A&7 o7k ) 2 BOR FELE L 9T A2 B 0 (FIRIF 5B low threshold
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B 3.22 B fadg ] % A2 )

[L.ow thres]
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3.2.3 Auto-thresholding
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Auto-thresholding = /2 & FigZAE 8 ¥ Ap§ 7 > LG - B R ehfrit > & 30
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3.2.5 Blob analysis
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% 3.4 80~ A WP 0 £

¥ A Grab_Image(i) Move(i) Image Processing(i)

4] CCD A | 42414 F 4 B 4
Ho ik RS BTN
BAE 7B | HBBIFIBTE -

@?]» FiB=E % 15k

BUSY or FREE » % 7+
OKorNG: %7 #
W @ 5 iER i BotAgre e ggr
#LF A

2 A o

H ¢ Grab Image()¥r Move() e T Z B 4nis » ZEHFAM Y R w e T3 2

= Tt Ao H 2 B AR EJT 2 g4 4 Algorithm 1 e

Algorithm A HE- AT 3742 4

1 Begin initialize 1&.0, 1,

2 doi € i+l

3 Move(i)

4 WAIT until Move(i) return “OK”

5 Grab_Image(i)

6 WAIT until Grab_Image(i) has grabbed Image 1
7 Image Processing(i)

8 WAIT until Image Processing(i) return “FREE”
9 until i=n

10 End

AF 7 % 5 R (Multi-thread) ™ 7 RIZEL > BB 1A & chle PR (7 9 1T o
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Flt A B SR A - B s g 2 TR AT S B S s

FHAT - BEGBELE R BT - B w2 F B 2 4 Algorithm 2 o

Algorithm 2 % 3T 7 eJ2 i 42 4

1 Begin initialize i < 0, n, Move(0)

2 doi € i+l

3 WAIT until Move(i) return “OK”

4 Grab_Image(1)

5 WAIT until Grab_Image () has grabbed Image i

6 Move(i+1)

7 WAIT until Image Processmg(l 1) return “FREE”
8 Image PI’OCCSSIH%(I)

9 until i=n j=: 25 R

10 End . -—
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B U CMOS BIZE H A s BBl TP ¢ 55(1)iF 82 2844 - QK

BLFE29% - 2C)CMOSHBE P HERBPIFTHR -~ 2 (DFshith o

4.2.1 78 2 $8b 7
AR R L 2 DR R R D N E e L &gl

2 %8,k & 35 oy > ap ¥ halo ratio °

4.2.1.1 LTB Auto-threshold a;

PR 3.22~323 % 412 AP - B £ Auto-threshold = /2 » LTB #p 5
ZEAF 0 REBOR i R R TR R e e 40097
T P AP BRI e 16 AR f A 4 L B kR 323
# 41 2. Auto-threshold = ;# » 3% @_LTB 2. Auto-threshold 2. o =4 ¥ low threshold

% 16 -
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241 3 BRI AR P AR A H o RE

3 B R T § B R
drpe | w® | Aree | kR | AmE | &E | AR

0 2048 0 2048 36 21 36 0
1 0 1 0 37 15 37 0
2 0 2 0 38 13 38 0
3 0 3 1 39 10 39 0
4 6 4 29 40 8 40 0
5 11 5 36 41 15 41 0
6 327 6 282 42 12 42 0
7 488 7 395 43 6 43 0
8 786 8 591 44 8 44 0
9 1585 9 869 45 6 45 0
10 173576 10 170207 46 10 46 0
11 324499 11 318285 47 10 47 0
12 442995 12 438505 48 16 48 0
13 323999 13 332343 49 8 49 0
14 36683 14 44578 50 0 50 0
15 2394 15 2543 51 5 51 0
16 314 16 7 52 4 52 0
17 147 17 1 53 4 53 0
18 99 18 0 54 7 54 0
19 &3 19 0 35 4 55 0
20 70 20 0 56 4 56 0
21 57 21 0 57 4 57 0
22 36 22 0 58 8 58 0
23 39 23 0 59 3 59 0
24 28 24 0 60 0 60 0
25 36 25 0 61 4 61 0
26 30 26 0 62 4 62 0
27 30 27 0 63 2 63 0
28 18 28 0 64 2 64 0
29 13 29 0 65 4 65 0
30 23 30 0 66 0 66 0
31 15 31 0 67 1 67 0
32 26 32 0 68 1 68 0
33 15 33 0 69 1 69 0
34 10 34 0 70 0 70 0
35 14 35 0
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Auto-threshold o =4 2% T P3E 0t 2 % H L % 4o@ 4.1 “7- Bl ¥ ¥ % L LTB

Auto-threshold o) =4 73K T 43z 110 5§ 325 3 2> K’% N

Y~ SHER -

4.2.1.2 HTB Auto-threshold a,

PR 322323402 = @B i 32 2 Auto-threshold = j* > HTB e1p eh i
*ﬂﬁct’ﬁ'“ RELE > RESH Y BR o B AR S ) HE ) R AT 4
HEHARB LB F 45 TR TR BB ERR > AU A 1

Frgd2 -

B 4.2(a) 5 5 2 R B o 5538 LTB AL 4 4 10 7 17 Tl4cFl 4.2(b)
2 7 REBRRF G HE 420b)RE * BlhoF 43 47 > AN E SRV E9 R

BREE L 26 2 Lk i E v BEh 0 R 323 & 412 Auto-threshold = i# > % %
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HTB Auto-threshold o, = 14 > B] 4.2(¢c) & BB B 5 X T ap =14 pFenp &= &

PEE CRBPAPTUFR =142 XK THRAER KR L sk T4 o

(a) Original image | (b) Defect with halo | (c) Defect without halo

“

Bl 42 % aBR B i

Count
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Bl 43 7 k32 FAFRIGE > B

W 44() 5 £ 52 BB B o 506 LTB Ao 4 4 15 7 @ 5140 4.4(0)
2.7 RBBRP G HEB 440b)ME > BlAcR 45 977 0 BB E S RT EFS A
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B2 A & Type Il » 397 10§ 2 27 ig b 8 0 @ISR § 0 ff B3-E

# & &2 % # HTB Auto-threshold o, 3% % 5 14 -
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4.2.1.3 Halo ratio

d 3tk g A e 5 - 22 BBk 0 323 AFTHERDT T
2 %7 Type Il defect &2 Type I1I defect 2. = % »

Let (HTB area) ~(LTB area) = (red area) ~(green area +red area) = H

Then if H > halo _ratio then defect blob is a type Il defect

Else defect blob is a type IlI defect

% 4.2 5 ¥ Type Il 3 #riicr HTB area 22 LTB area ** $ic & » AP # 3 3Lt 13
B Type Il B2 H B354 10%12 + > F]pt 257 7 ¥ Halo ratio 2_5 0.1 % B

2. HiE =3 0.1 RIAR 5 Type Il defect » & B 5 Type III defect °

# 4.2 Type Il defect 2. HTB area ¥2 LTB area '* fi %

P 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13

HTB| 14 | 6 2 | 107 |=25.| 41 | 18 | 218 | 62 | 333 | 93 | 384 | 293

LTB| 73 | 45 | 17 | 229 |37 [+92-43-| 548 | 113 | 477 | 237 | 771 | 795

% [19% | 13% | 12% | 47% | 44% [45% (42% [40% | 55% | 70% | 39% | 50% | 37%

422 B Rliw E 2R %
AERFHBEATR D ZRPIFE 2 o KPP AT L R 323 1k %
FEORIBRL G2 AR B R EHEE A LB RP o REFER

B2 Rk o

4.2.1.1 Type I defect
i@ * 13 5k Type I defect 2. B2 if> H P & 35 9 R A|R B~ 3 R-R AP
OISR R 5 P RBER BRP GBS ¢ AL > KR

B2 R 5 150%150 0 B2 ¥ % 4 ] 5 0.35Imm*0.351mm » ¥ - %
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¥Rz F %~ 5 2.34um *2.34um > * L BT RT B 2 4 Type I defect 2. #& iR

ek BExdrd 43 A1 0 BB & RIF B 2 ¥ Type I defect e B2 % 247 -
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# 4.3 Rl & % # Type I defect 57 %

i
Type of : : . : Defect area | i
NO. defects Defect image Binary image Blob analysis (pixels) |7
5
¢ * Label|Area
i * 4 973
1 Scratch -4 OK]
. I Label|Area
2 2 |1346
el W 10 7 | 85
2 Scratch - 0 fr;-_%' Lol OK|
e T A~ 10 | 161
Label|Area
2 | 198
3 [Scratch d 7 A 2124 ok
oo el a3
crate -, - - "‘ﬂi b - e .“ 6 ’74
7 24
8 32
Label|Area
2 88
4 Scratch OK]
2
= il el
Label|Area
2 20
2 4 | 140
5 Scratch S R 5 2 OK]

58



Scratch

*f_n.'l
g
b_l

Label

Area

46

33

38

Scratch

RY 2

Area

305

401

Scratch

Label

Area

199

13

160

17
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Scratch

Label

Area

90

194

15

107

23

32

30

52

10

Water
stain

11

Water
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Label

Area

2896

OK

Label

Area

1051
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. " |Label|Area
3 112
7 1377
12 Wat'er K
stain 9 71
15 | 42
- o | 16 1573
Label|Area
1 162
]
13 | Particle & y 4 OK

4.2.1.2 Type 1I defect

i * 21 5 Type Il defect 2 g o B ¢ & 42 14 5B BB (2 7 SRS

o 52 R PR BB GG S g AJT B 1 g BSRRTR &
150%150 > $tf2 F % * | 5 0.351mm*0.351mm » ¥ - & $ k2 F 5 | ;
2.34pm *2.34um > % 1 S iRl 8 i Type Idefect 2 1 iRl 0 ik 4ok
44 #1770 AT ART L AT Y 2 BRI 2 $ Type Il defect s Rl »2 % 2

¥ o
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# 4.4 & PLiF % 2 4 Type I defect 278 %

Type

Defect

NO. of Defect image Defect with halo Defect without halo area EQJ
defects (pixels)
| Partict 4] a 218 |OK
o
2 [Particle . ® s 60 |OK
3 [Particle 3 | » 331 |OK
4 [Particle * h . 93 |OK
5 |Particle ' ‘ ' 382 OK
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6 |Particle ‘ 251 OK
7 |Particle ¥ 14 |OK
8 [Particle ¢ 6 OK
9 |Particle = 2 OK
10 |Particle Y 106 |OK
11 |Particle 25 OK
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12 |Particle - 41 OK

13 |Particle - - - 18 OK
297

14 [Particle ﬂ ; g 465 |OK
' ' 80

15 | Fiber \ \ 1 84 OK

16 | Fiber ’ ' 2 s 72 OK

17 | Fiber \ \ 3 45 |OK

63




O

18 | Fiber 1276 |OK
7
19| Fiber \ kO \ 366 |OK
- . B
\' } \.’ \.’
20 | Fiber - 769 OK
21| Fiber ! f 1796 | OK

4.2.1.3 Type III defect

& * 6 3k Type IIl defect 2 o B2 1> B ¥ o 45 2 3RR & JBop B k% 4 5%
ARPGS 3R RBEZ BRPHGEF § JLr it 83 B3RPz
1R 5 150%150 > 2 7 %~ -] 5 0.351lmm*0.351mm - ¥ - f & ¥ k2 7%
Ao A 2.34um *2.34um 0 * B ZE K RIF B E ¥ Type 11 defect 2_ & pl»c % » &
% 4o 4.5 %77 > % 7 Binary image 3% > l% 5 HTB 2 % % > TR ¢ ek
mOxM% 5 LTB 2 %% @A fT 7 #7@ * 2 otk Rl % & 2 $F Type I defect

g PR T AF o
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4 4.5 ¥ pliw B % 4 Type 11 defect %3

INO.

Type
of
defects

Defect image

Scratch
+

PParticle

Scratch
+

Particle

Binary image

Blob analysis

Defect area
(pixels)

Label|Area

1 | 301

Crack

Crack

Crack

Label|Area

1 (1729

|Label Area

7 16701

8 | 123

Label|Area

1 5097

2 |26

4 |534

JLabel| Area

3 (6654
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AT EFERPTPABED  RPIEEFIRE A

4.2.3.3 & RIPFF
EER RPN T PRI E SV F R PRI PR (Initial setup time +
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