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One-class Classification based Fault Classification
for Semiconductor Process Cyclic Signal

Minyoung Cho - Jun-Geol Baek
School of Industrial Management Engineering, Korea University

Process control is essential to operate the semiconductor process efficiently. This paper consider fault
classification of semiconductor based cyclic signal for process control. In general, process signal usually take
the different pattern depending on some different cause of fault. If faults can be classified by cause of faults,
it could improve the process control through a definite and rapid diagnosis. One of the most important
thing is a finding definite diagnosis in fault classification, even-though it is classified several times. This
paper proposes the method that one-class classifier classify fault causes as each classes. Hotelling T2 chart,
kNNDD(k-Nearest Neighbor Data Description), Distance based Novelty Detection are used to perform
the one-class classifier. PCA(Principal Component Analysis) is also used to reduce the data dimension
because the length of process signal is too long generally. In experiment, it generates the data based real
signal patterns from semiconductor process. The objective of this experiment is to compare between the
proposed method and SVM(Support Vector Machine). Most of the experiments’ results show that proposed
method using Distance based Novelty Detection has a good performance in classification and diagnosis
problems.
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Figure 1. Example of KNNDD(k = 2)

(3) Distance based Novelty Detection
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Figure 2. Example of Average Distance(k = 5)
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Figure 4. Distance based novelty detection(k = 3)

2 d7e FALEYE FoA A5 B4E FE3L
Hotelling’s 772, KNNDD, Distance based Novelty detection
A novelty score2 AlAFsIS AL A S B E3te] AL 3
292 2502 At %, B BF 2U2IWES

_12.4_ N

o EAA ATt VS £AE AXEAS det, 1 &
AU E AAE BTN AA SFE FAaAZD F U
7‘:[4}\} i]/\ 71—/\,‘: o])\]— e) 0]9_ ;l-o} 7H/§j3]-37_1]- 3L ~]9_ 7&/\].
e RS AN Q3 AA IS AN 5 9l
37}tk Al WHEL 7|2 gEF 4 EF7 B
G EFASGEEY A G F IATHA A= g ¥
HOZ oA}

24 el
Eihe o
el w940 oz & AT

199 % geleh ool & ATA
P B AH7k 9 ashe 71 Azl

>~
_1_,m
N

o
g 213 dolHE A3t AP S TS £ AP

/d Mf{ 6] O] ] = Park ¢ #/.(2011), Han er 4/.(2010)°] ©] 7 &
A A3 HolHE Auste] AA 4T

3144

B AGNA AHEE F710 5 HolH F A HA seep A
Typelys 72 322 A A 245 E 24 do|82
sk ZAojth, S HA Steep Al Z(Type2) = Diffusion 34 2] &%
AR A ZA 5 = sllo]E o], kA 2 A 5(Type3)+= Smooth A1
3 2 Photo-lithography 34 2] 2% o] o]t}

AA BEEA] FAR A A E A E Ao AT Fo]E
' 0] Z(white noise)7} E 3T A A Z HEEA| A o] A LAY =
= 771459 EAE wYsty] HOM 2ol 1008 #7145
gloJElol Hito] 0o]aL EAto] 1] AFEEE HEE o]=

£ Adste] datgith AAE Al %‘721“04 ol
5>9 22 e E 7H o

St 7] AT e 5THY steplE FAHM
A 5.9 stepdl| shife} drifegko] T & 7 o] AF 4l
o Y3t o) AT o] F Y 1FS <Table 1>} <Table
2>0 AF 3k 579 FFo|th <Table 1>2 Typel I} Type3 4l
39| o] 41 FA K| <Table 2>+ Type2 A& 9 o] 1%
AHolt.

Typel3} Type3 A1 Z.o B3| Type2 A &= FASHA & H+
9] ko] & HAL7] a4 9= 4 & shife 37} drift g
o] o} 2t} Typel 3 Type3 9 shift Fr-2 0.40] I Type22] shifte=
0.691t}. Typeld} Type3 | drift?] 7]€7]+& 0.0079] 1L Type22]
drifc 7] &7]+= 0.010|t}. A WA o] F A= upshiftr} EAY

1= 1:]0

A% = <Figure



250

200

150

100 ’I l
50
o T T t
o 20 40 60 80 100

(a) Typel : Step Signal

1200

P $4 77 A5 o 42 F 175

Table 1. Description of the Error for Type 1, Type 3 signal

Fault Class
1 Upshift(+0.4) in step 2, 3

2 Downshift(-0.4) in step 2, 3, 5

3 Updrift(+0.007) in step 4, 5

4 Downdrift(-0.007) in step 3, 4, 5

5

Description

High variance(1.2 times) in all step

Table 2. Description of the Error for Type 2

Fault Class
1 Upshift(+0.6) in stepl, 4
Downshift(-0.6) in step 2, 3, 5

Description

p AN
/
N

Updrift(+0.01) in step 1, 3
Downdrift(-0.01) in step 2, 3, 4

(VI VSN RSN I )

High variance(1.2 times) in all step

S~—
Table 3. Fault Mix Rate
200
Typel/Type2/Type3
0 T " " T Fault Class b P P
0 20 a0 60 80 100 Mix1(%) Mix2(%)
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350
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Figure 5. Characteristic of the three type of Signal
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