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A Prediction of Chip Quality using OPTICS (Ordering Points
to Identify the Clustering Structure)-based Feature Extraction
at the Cell Level

Ki Hyun Kim

- Jun Geol Baek

School of Industrial Management Engineering, Korea University

The semiconductor manufacturing industry is managed by a number of parameters from the FAB which is the
initial step of production to package test which is the final step of production. Various methods for prediction for
the quality and yield are required to reduce the production costs caused by a complicated manufacturing process.
In order to increase the accuracy of quality prediction, we have to extract the significant features from the large
amount of data. In this study, we propose the method for extracting feature from the cell level data of probe test
process using OPTICS which is one of the density-based clustering to improve the prediction accuracy of the
quality of the assembled chips that will be placed in a package test. Two features extracted by using OPTICS are
used as input variables of quality prediction model because of having position information of the cell defect. The
package test progress for chips classified to the correct quality grade by performing the improved prediction
method is expected to bring the effect of reducing production costs.
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Figure 1. Semiconductor production process
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Figure 2. Cell Defects comparison between chips
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2.2 OPTICS(Ordering Points To Identify the Clustering
Structure)

2e12H7 7L 3A E(Partitional) FH2HH, A
A (Hierarchical) 22 2H¥, U= 7]4¥KDensity-based) 8] 2~
Eiﬂ oi ?E‘Qﬂr =& g‘ﬂi*ﬂ%% doje] RS 7HA

Ei DBSCAN(Densny Based Spatial Clustering of Applications
with Noise)(Ester ef al., 1996), OPTICS(Ordering Points To
Identify the Clustering Structure)(Ankerst et al., 1999) 5 ©] S1th.
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o], #ZA] 09 Core Distance BT &Z32] 09} plAe] 7} 4™ o
9} pl Akel 9] AE]7} Reachability Distance”} ¥ ™, #ZX] 09}
pl Akele] A7} Core Distance 2 tH 2O % Core Distance”}
Reachability Distance”} ¥ T}.
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of ZAtAA AZA] AN E st v AR TPk #
ZA7NA Y A E P #5A] oF 7IE L E #5A] pl
I #HZA p29}4 Reachability Distancex= Core_Distance(o) ]l
net 24 HAEE, #3534 ple BFA 0F VEOE
Core_Distance(o) #1173 Stoll EAtEE F+ #HZA] Abo] o] AE
7} Core_Distance(o) B0+ & 7] #<Zl Core_Distance(0)7} Rea-
chability Distance(o, p1)7} H ™, #Z3] p2+= Core_Distance(o)
w7 whol] EAJ3t 22 F BEX] Abo] 9] A7} Core Distance(o)
B A7) wj ol #2308 p2 Akl A2l 7} Reachability
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Figure 3. Core_Distance(o), Reachability Distance(o, p1),
Reachability Distance(o, p2) for MinPts = 4, Radius = ¢
(Ankerst et al., 1999)
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Figure 4. Reachability Distance Illustration of the Cluster
Ordering(Ankerst et al., 1999)
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<Figure 5> 4] B vke} Z-o] OPTICS S 731% A4 g}eju)
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Figure 5. Parameters sensitivity of OPTICS
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<Figure 6> A 4 dlo]E{ ol A OPTICS 7|Ho2 EA S
FE8 FHE o)Sele TEROY Z2H HAEES 59
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Figure 6. The proposed flow chart using OPTICS
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Figure 7. Segmentalized chip for using OPTICS
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Figure 8. DRAM cell architecture(Hsich, 1995)
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Table 4. Experiment result(logistic)
Model(1) Model(2) Model(3)
Used Chip Level - Chip Level
Variables - Cell Level Cell Level
Accuracy 70.3%( ) 79.5%(+9.2) 79.6%(+9.3)
Specificity 91.7%( -) 87.7%(-4.0) 88.2%(-3.5)
Sensitivity 19.4%( -) 58.6%(+39.2) | 58.9%(+39.5)
MERweight | 193%(-) | 11.1%(-8.2) | 11.1%(-8.2)
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Table 5. Experiment result(for all of the methods)

Model(1) Model(2) Model(3)

Used Chip Level Chip Level
Variables Cell Level Cell Level
Logistic 70.3%( ) | 79.5%(+9.2) | 79.6%(+9.3)
QDA T1.9%( ) | 78.7%(+6.9) | 78.8%(+7.0)
Decision Tree | 72.4%( ) | 77.6%(+5.3) | 79.6%(+7.3)
SVM T1L5%( ) | 74.4%(+2.9) | 74.7%(+3.3)

ANN T41%( ) | 78.0%(+3.9) | 76.4%(+2.3)
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