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ABSTRACT

Purpose: We used a data analysis method to improve semiconductor manufacturing yield. We defined and
optimized important factors and applied our findings to a real-world process. The semiconductor industry
is very cost—competitive; our findings are useful.

Methods: We collected data on 15 independent variables and one dependent variable (yield); we removed
outliers and missing values. Using SPSS Modeler ver. 18.0, we analyzed the data both continuously and dis-
cretely and identified common factors.

Results: We optimized two independent variables in terms of process conditions; yield improved. We used
DS Leak software to model netting and Contact CD software to model meshes. DS Leak shows smaller the
better characterisrics and Contact CD shows normal the best characteristics

Conclusion: Various efforts have been made to improve semiconductor manufacturing yields, and many studies
have created models or analyzed various characteristics. We not only defined important factors but also

showed how to control processing to improve semiconductor yield.

Key Words: Response Surface Method, Semiconductor Manufacture, Contact CD(Critical Dimension),

Data Mining, Yield Improvement
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Figure 1. Power Semiconductor application field
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Table 2. Process variables

No Process variables Description Unit

1 DS LEAK Drain Source Leakage 1A

2 STI CD Deep Shallow Trench CD Measure £m

3 P-WELL Drive THK P-WELL Drive Thickness A

4 HardMask Etch CD Hard Mask Etch CD Measure Lm

5 HardMask DEP THK Hard Mask DEP Thickness A

6 Poly OX THK Poly OX Thickness A

7 Poly Etch Back THK Poly Etch Back Thickness A

8 Doped Poly DEP THK Doped Poly DEP Thickness A

9 Contact CD Contct CD Measure m

10 SW CD Sidewall Etch CD m

11 Ti Dep THK Ti Dep Thickness A

12 Mt Dep THK Metal Dep Thickness A

13 Ti Dep THK Ti Dep Thickness A

14 MtPt Metal Pitch £m

15 Ox Dep THK Oxide Dep Thickness A
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Table 3. Continuous data analysis result

Analytical method Linear correlation Important Factor

DS Leak

Linear regression 0.795 Contact CD

Hardmask Etch CD

.. . DS Leak

Decision tree analysis 0.6 Contact CD
e DS Leak

Artificial neural network 0.694 Contact CD

ob] Table 3& SAVAHURRAN B4R o] O3 2974 5 249 0] D B S22 9
dlolele] A%, AAl dlole & s wolele] H&< BoFa gtk of7]e)A4] Contact CDE 05536014031 DS
Leak7} 0.29018told H43k 93.72% o14e) &3 &= F Hoew Eoi-rl Ao Flgure 4& Q1FAl
Aolr EEH oSHe ok 3k 2= S

A ol ol EEA S FUHH 2 stk

Table 4. Top Level Decision Rule

rule 1D rule Average yield Number of data Data rate
1 (Contact CD < 0.5536) 92.311 83 40.7

(Contact CD =0.5536) and
(DS Leak < 1.6)

(Contact CD =0.5536) and
(DS Leak = 1.6 ¥ DS Leak < 2.9)

94.242 71 34.8

93.720 50 24.5

Predictor Importance
Object : yield

Contact CD J
D35 LEAK
P-WELL Drive THI |
Ox Dep THK
WPt | Il
Ti Dep THK (1)
Poly Etch Back THI 4]
HardMask DEP THE :’
]
|
o

STICD

Mt Dep THE

T T T T
0z 0.4 06 o8 1.0

Figure 4. Neural Network Predictive Variables Importance



732 J Korean Soc Qual Manag \ol. 47, No. 4: 725-737, December 2019

4.2, oIFEM(AEAUTZA(C 5.0), A3AEE, ZALEDALA)

oA M= JAMAFUTREA, AFANFLIEA, BA LY TR S ARRstler B RS Sk
A8 eo} ol e &5 vl o]k HlolH &A1& 98l &9 HlolHE H3E B 93%E 7O 9301
FEoz, 93vHkel A= EFo s BRI 1o st 43 = Table 4, Table 59} 2t}
Table 4. Decision tree analysis, Neural network, Logistic regression confusion matrix table
o . Predictive Classification
Decision tree analysis Total
O(below) 1(more than)
Actual classi- O(below) 53 8 61
fication 1(more than) 2 141 143
Total 55 149
accuracy = 95.1%, Error rate = 4.9%, AUC = 0.936, Gini = 0.873
o Predictive Classification
Artificial neural network Total
O(below) 1(more than)
Actual classi- O(below) 44 17 61
fication 1(more than) 5 138 143
Total 49 151
accuracy = 89.22%, Error rate = 10.78%, AUC = 0.918, Gini = 0.836
o . Predictive Classification
Logistic Regression Total
O(below) 1(more than)
Actual classi- O(below) 50 11 61
fication 1(more than) 1 142 143
Total 51 153
accuracy = 94.12%, Error rate = 5.88%, AUC = 0.921, Gini = 0.842
Table 5. Comparison of classification matrix table results of each technique
Decision tree analysis Artificial neural network Logistic Regression
accuracy 95.1 89.22 94.12
Error rate 4.9 10.78 5.88
AUC 0.936 0.918 0.921
Gini 0.873 0.836 0.842
Contact CD
Major factor Cgr?taLc(taaléD DS Leak Cgréta]iaiD
STI CD

doElo] @ HA AT o LRo|A L AAGUTEA 0] 95.1%, 1A EO] 89.22%, EA2~E 3]
Aol 94.12% % A APAU-EA oA 7P 52 ALEE HolH ogf&o s AR o] 4.9%, <1E4)
73“*01 10.78%, ZAI =Y 3] 71242 5.88% = SAPAAUHFEA ol A 7P w2 kS Holal Stk Al 4 &
< AYES wolal glou AU o] F ok, dlglE Ertoluel RHle] A S R s AUCS
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Figure 5. Decision Tree Predictive Variables Importance
Yield_Code

Node 0 I
Catcgoy % n
w0000 29902 61)
51000 70.098143[
Total 100.000 204 |

DS LEAK
== 2.500 =2.500
Node 1 Node 12
Category % n Category % n

W 0000 9032 14| (Y0000 95918 47
¥ 1.000 90.968 141 ®1000 4082 2
Total  75.980 155 Total 24.020 49

1=
HardMask DEP THK
== (532840 = 6532.840
Node 2 Node 3
Categoy % n Category % n

Sooo0 5556 7| |M000D0 24138 7
W1000 94444119 |™1.000 75862 22
Total 61765126 Total 14216 29
=

Contact CD
Figure 6. C5.0 Decision Tree



734 J Korean Soc Qual Manag \ol. 47, No. 4: 725-737, December 2019

4.3 3243}

oA AAA ol P3FS F= FEAAE DS Leak® Contact CDel| thzk F
A

[ o & Aol tel 2dS oA Ak

B AN AP0l dig A ] : :
d FAA o HolHE s HA APoR Hu JRE Azt AgsteE S AdAG ol Gt
glov] MSEARAYE sh} m Tole] WgnSsh Huaete] wAE skl ALgEE AY 4A ¥
Moz WMEWFE HAS & 5 gl A £0E Fd ASHCLI10] BAES MU 1802 S v
SxW A A gk FAHEA Aijel g0k of#f Table 63 Table 7l A= AT}
Table 6. Variance Analysis for Response Surface Analysis
Sources DF Adj SS Adj MS F-Value P-Value
Model 3 256.348 85.4494 101.26 0.000
Linear 2 159.145 79.5724 94.30 0.000
DS LEAK 1 45.075 45.0754 53.42 0.000
Contact CD 1 12.650 12.6497 14.99 0.000
Squared 1 8.108 8.1083 9.61 0.002
Contact CD*Contact CD 1 8.108 8.1083 9.61 0.002
Error 200 168.767 0.8438
Lack of conformity 189 161.982 0.8570 1.39 0.281
Pure error 11 6.785 0.6168
Total 203 425.115
Table 7. Model summary of Variance Analysis for Response Surface Analysis
S R-Squared R-Square (modified) R-Square (predictive)
0.918605 60.30% 59.71% 58.60%
BARA HolEL sAls] B DS Leak®} Contact CDE 89 AFAAY J3S F1 9lon E3] Contact

[¢}
TP BAE AEE & 7 vk ReAlgke] B oF 60% P2 HERaL 9lo] Al tik A
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Figure 8. Contact Etch Process
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