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Defect Prediction Using Machine Learning Algorithm in Semiconductor Test Process
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Absgract: Because of the rapidly changing environment and high uncertainties, the semiconductor industry is in need of
appropriate forecasting technology. In particular, both the cost and time in the test process are increasing because the
process becomes complicated and there are more factors to consider. In this paper, we propose a prediction model that

predicts a fina “good” or

“bad” on the basis of preconditioning test data generated in the semiconductor test process.

The proposed prediction model solves the classification and regression problems that are often deat with in the
semiconductor process and constructs a reliable prediction model. We aso implemented a prediction model through
various machine learning algorithms. We compared the performance of the prediction models constructed through each
algorithm. Actual data of the semiconductor test process was used for accurate prediction model construction and

effective test verification.

Keywords: Machine learning, Semiconductor test process, Prediction model, Classification, Package test

1. M E

SLEA| ATl ADREEi} E

o

g 71710014
Atolo] =
. BRER] AR
o] Q%+
A/do=z Qlsto]
Aot vhe
o Ao 2 wafer fabrication (Fab
249 ZAHprobe test), £ 57(assembly)
1}7]X] ZAAHPackage test)Z FLAE|o] it [1].
2 AXHA gt gl fojy o ~H 79

ytel
2

oft
_>'{_I4
©
u
e
Hg m
E

SEERER ERT)
ARMIOIA 71 et
L whE 7129 wiale} ke

Plas WEED Aol

FE

A al ]

5270
9_}/\
=3

27
5

od o% M

ro o

L%

2 ol o of -z

w2 oX
z

B
100

A_v“
oK

©]
or
ajn

o

|2 of
L |E

M oox

t—;|2-’

-
Q
o

ok

o

a. Corresponding author; byungmoo@korea.ac.kr

Copyright ©2018 KIEEME. All rights reserved.

This is an Open-Access atide distributed under the terms of the Cregtive Commons
Attribution  Non-Commercid  License  (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercid use, digtribution, and reproduction in any
medium, provided the origind work is properly cited.

2

3] 2 (integrated circuit,
ZAARE glojmol g i
Bol=x] Zatsto] ¢

_I

2 HU
Pt o \n: toh

1o
1

[

Mol ot o M L oJm [H o2

oo an mo 2 -

|

=

cycling test), THT (temperature/hunudlty test), HAST
(highly accelerated stress test) S3} 742 ThFst Al

A AlEEE AXA @t
Preconditioning test:= mj7]X|Q] 48 E&of ohE
=4 T Jd=g FrteP] Yol 488H+= HAEZA

HAE ol S8 e, A7)d B4 5 st A
ZQ1AE mghEct (2],
o] Wgg Hojmct

2 12 preconditioning test

O



A7 1A & ote] =7 Al, AI3Ld A|7< pp. 450-454, 2018 119: 74

External Visual & O/S Test ‘

!

SAT Inspection ‘

!

Dry Bake ‘

!

Temperature / Humidity Soak ‘

!

85T /60% RH
168 hrs
(Level-2)

!

IR 3 Passes ‘

!

‘ External Visual & O/S Test ‘

!

‘ SAT Inspection ‘

85T /85%RH
168 hrs
(Level-1)

30C /60% RH
192/96/72/6 hrs
(Level-3/4/5/6)

Fig. 1. Preconditioning test procedure.
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Fig. 2. Overview of the prediction modeling procedure.
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Table 1. R packages and optima parameters of the prediction models.

Algorithm Package Optimal parameters
D-tree C50 model : tree, trials : 20
kNN class k value : 3

Logistic stats family : binomia, link : logit
ANN nnet hidden layer : 2

SVM Ksvm kernel : rbfdot, cost : 1
RF randomForest ntree : 500, mtry : 4

Table 2. 10-fold cross validation data for an experiment.
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Data Class Fold 1 Fold 2 Fold 3 Fold 4 Fold 5 Fold 6 Fold 7 Fold 8 Fold 9 Fold 10
_ Good 2,339 2,339 2,337 2,338 2,334 2,341 2,338 2,346 2,338 2,337
A Bad 263 263 265 265 259 262 265 267 267 266
Good 259 259 260 259 256 258 259 261 261 260
e Bad 31 31 30 30 33 31 30 28 28 29
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Fig. 3. Confusion matrix.
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Table 3. Performance of RF for different degrees of imbalance.

Dataset Sensitivity ~ Specificity GM
SMOTE (100:100) 95% 92% 93%
SMOTE (200:100) 81% 93% 90%
SMOTE (300:100) 69% 95% 81%
SMOTE (400:100) 66% 97% 79%
SMOTE (500:100) 53% 99% 2%

Without using SMOTE 23% 99% 47%
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Table 4. Experiment result (for al of the methods).

Dataset Model Sensitivity  Specificity GM

D-tree 93% 87% 90%

KNN 96% 82% 89%

SMOTE  Logistic 95% 87% 91%

(100:1000  ANN 98% 87% 92%

SVM 95% 87% 91%

RF 95% 92% 93%

D-tree 56% 98% 74%

KNN 19% 99% 43%

Without " ietic 31% 99% 56%

uang ANN 38% 99% 61%
SMOTE

SVM 8% 99% 27%

RF 23% 99% 47%
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