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Al and Machine Vision Integrated System for MLCC Defect Inspection

Kuk Won Ko*"

“ Department of Future Mobility, Halla University

This paper presents an inspection system developed for the final stage of
Multi-Layer Ceramic Capacitor (MLCC) production. It performs electrical
capacitance measurement and visual inspection of bulk-supplied MLCC chips,

separating defective units before packaging. To meet the required inspection rate
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of over 3,800 units per minute, a high-speed vision system (100 fps) and advanced
image processing algorithms were implemented. Visual inspection uses strobe
lighting and a hybrid method combining traditional feature extraction with Al to
detect defects. The system identifies electrode length issues, chipping, and cracks
with 98.98% accuracy. Tests on 3,245 non-defective and 543 defective samples
showed a false positive rate of 0.65% and a false negative rate of 3.2%, with a

processing speed of 3,875 units per minute. A multi-threaded architecture enables
real-time inspection with high accuracy, making the system suitable for
high-volume MLCC manufacturing.

FEdM(MLCC)<]
EE, IoT 7|71%¢ 747
oFA}o] A AQI

A Oﬂ ut

ko gl
ox. 4

rlo

ek offt
o o X
gl

N
%
gl_;{
2

o

oo 2ol

33
rg
>

o,
o
%

Fig. 13} Zo] B3t o2
FHlgk S22 AT

9y, A4 B4 57,

aga

* Corresponding author. Tel.: +82-33-760-1579
E-mail address: kukwon.ko@halla.ac.kr (Kuk Won Ko).

203

o)

% 2% 97 Hol¥(taping) 3782

= Agleler oo 44 AESHE A0 A1
47*01]*1 W3 AR FFEE MLCC%
é

% sk i E—aﬂ BYES

AE|
j=

N

1 2z e 91 é]ﬂfﬂ%
o v=gizs 4717144 8 24

[e]


https://crossmark.crossref.org/dialog/?doi=10.7735/ksmte.2025.34.4.203&domain=http://journal.ksmte.kr/&uri_scheme=http:&cm_version=v1.5

Kuk Won Ko

MLCC Manufacturing
Process

Ceramic Powder

e Electrode Metal Powder

T Ceramic Slurry

MLCC Manufacturing
Process2

® Firing ’
Frished MLCC /(;

Termination Firing

Fig. 1 MLCC manufacturing process

o] AgtElL ek
0 FfulEtet QABAS IS
o 77, A2 aA} 7

Eﬂ &J«L’%*OIU%, g HE A

oo

Y,
sk
r
1o
e
o
>~
>
>,
>
o

N o
ok
o
_O|L
= rlr rlo

e )

>
>
=
lo
il
i o

a2
| oo o = e
B

e oo
)
lo

o
o
re

053
rE
&

)
ol
_O‘L

N,
X
"

—?:—15]45 HP}\IO] y_g-ﬁgg gk
HAF AAE MLCCY| 54 A=/
ol antemze) 7juto] AAE A
TS 011:]-[5]

olo] & AoNE & &
83 MLCC 93 Ak zohﬂ 7H
A SFNE & A
Ast7] i3, HEA+ 78 A
B stoluels A b;;% AIQHgTY.
73, 32 = tiekel &
Sk & 9l A|AHIS 7]1131——}
ol O;Lza%

T ZZAZ02M, MLCC A4t
of 7]oig 7oz 7jtd.

H
ol
o
L

P
o

-1 Mo

gl

2

ft o

NOND
B
R:3

£

ok

N
i
o

dlmt
ol

T
utit)
o

N =
o 1 1P et

e,
Kl
iU

|

d
il

[@)

oy, e

e

A| AL AR

-
-6_14

204

MLCC Supply

b "

Capacitance Testing Vision Inspection MLCC insertion into reel

Illumination
Lens

Camera

Fig. 3 MLCC vision system
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(a) Auto ROI extraction

(c) Rotation (d) Center align

Fig. 7 Automatic detection of inspection area
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Table 1 Comparison of detection performance by MLCC defect

types
Defect | Accuracy p::iltsif/e n:;;tsieve Dettienclzon Recall
ope O py o) | EN) )| (ms) | )
9934 | 051 2.8 10.52
937 | 05 283 | 1043
Ellzggr?}fe 99.63 | 051 282 | 1052
953 | 053 279 | 10.53
927 | 05 281 | 1043
Avg. | 99.098 | 031 051 | 1049 |9729+0.15
9849 | 0.7 351 | 1011
98.51 0.7 3.5 10.23
Chipping | 99.09 | 071 353 | 1022
9847 | 067 3.5 10.11
9882 | 0.68 349 | 1024
Avg. | 9859 | 0.41 069 | 10.18 |9833+0.16
97.92 | 081 42 13.14
9811 | 08 | 418 | 13.13
Crack | 978 0.79 42 13.22
97.21 0.8 419 | 13.01
9799 | 081 419 | 13.13
Avg | 98196 | 059 | 079 | 13.126 |95.66+0.12
9923 | 065 319 | 1312
9891 | 066 | 321 | 13.11
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