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Abstract. The text deals with the information about application of cluster analysis for the purpose of
semiconductor elements classification. The technique of semiconductor elements classification on
groups based on application of k-means clustering is offered. Using the offered technique the research
of CMOS chips selection was conducted. A time delay on the leading edge of the signal and a critical
voltage supply were used as informative parameters of the chips. The recommendations about applica-
tion of this technique in case of large number of informative parameters are offered.
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INTRODUCTION

Nowadays a problem of improving quality and reliability of the electronic devices relates
to the priority areas of the technological development. The most actual aspect is looking for
ways to improve quality of the electronic components to achieve an acceptable level of prod-
uct reliability with minimum time and resource spends.

Predicting reliability is constantly being studied and widely distributed in electronics. At
the same time, the main attention is paid to the analysis of elements failures, physics of fail-
ures application in electronics and statistical failure data. In [1] there is the information about
multi-state and continuous-state system reliability with degradation analysis, maintenance
models for large repairable systems. Authors [2] present the results of reliability analysis of
MOS chips, bipolar transistors and diodes in stationary and mobile systems. At the same time,
methods of predicting failures of complex systems are being developed. Authors [3] describe
program HIRAP Honeywell (Honeywell In-Service Reliability Assessment Program), which
takes into account design failure rates, manufacturing process failure rates and other causes
for equipment removal.

A large number of works are devoted to the development of techniques for applying ma-
thematical methods and finding forecasting models. The use of these methods is justified in
terms of financial and labor costs to ensure the forecasting process, as well as in terms of the
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results, that satisfy manufacturers and consumers. Statistical forecasting methods allow ob-
taining acceptable accuracy of short and medium-term forecasts. By use of statistical methods
the long-term forecast accuracy, which satisfy the developers, is difficult to be obtained due to
the necessity of large bulk of data processing, which entails the use of many resources. Also,
there is no necessity in obtaining long-term forecasts because in many cases the operating
term less than the forecast time. Authors [4] offer Monte Carlo simulation using “Excel”
spreadsheet for forecasting reliability of a complex system.

The application of the theory of pattern recognition is of special interest. Authors [5] de-
scribe the developed system of principles and criteria of determining the relationship of
a specified electronic product with one of the preliminary identified product classes. Authors
[6] offer the forecasting models for the samples of CMOS chips and Zener diode by an extra-
polation method. Thus, research into the application of the theory of pattern recognition to
predict the reliability of electronic devices is relevant at this stage in the development of
science and technology.

The cluster analysis is related to the theory of pattern recognition. Cluster analysis is
a system of data processing algorithms for the distribution of the objects in the group of clus-
ters (cluster groups), which are instantiated by homogeneous objects.

Use of cluster analysis in the practical solution of data analysis problems is often charac-
terized by a known beforehand number of cluster groups. In this case, k-means clustering me-
thod got widespread. It involves a construction of & different cluster groups, which are located
at the greatest possible distance from one another. Initially £ randomly selected cluster groups
are formed, then each object belonging to each group is examined. The criterion for such rela-
tionship is to minimize the variability within the cluster and to maximize variability between
clusters.

This paper offers the technique of the microchips classification based on the k-means
clustering method. The technique is comprised of 3 steps:

— Step 1. Analysis of the initial data. Measurement scale settings. Justification and
a choice of proximity measures.

— Step 2. Conducting cluster analysis using method of hierarchical classification. Den-
drogram analysis and clusters quantification.

— Step 3. Conducting cluster analysis by k-means clustering. Analysis of the results.

INITIAL DATA
CMOS chips 765LN2 sample was investigated. The integrated circuits are represented by
six logic elements NAND. The sample includes 50 chips. Time delay on the leading edge of

the signal x; (¢',, ps) and critical voltage supply x; (Vs V) are selected as the informative pa-
rameters. Table 1 presents the initial data for cluster analysis.

PROBLEM FORMULATION

The research objective is to split elements into cluster groups (classes). The elements in
one group are characterized by a similar condition.

PROBLEM SOLUTION

Task solution by the cluster analysis performed using the program package STATISTI-
CA 10.
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The first step of the solution is to set a measurement scale, as cluster groups are characte-
rized by assessing the distance between elements. But as the measurement scale of values x;
and x; is different (x; is measured in microseconds, x, — in volts), the parameter values must
be centered, i.e. lead to the scale when average value of the parameters equals 0 and standard
deviation equals 1.

Table 1. The initial data for cluster analysis

1 4313 19 3.80 | 1.2 37 3.80 | 1.4
010 0 0
2 72129 20 370 | 1.2 38 6.40 | 2.5
010 0 0
3 32| 1.1 21 440 | 13 39 6.00 | 2.5
010 0 0
4 6.6 | 2.1 22 7.10 | 2.6 40 6.90 | 2.8
010 0 1
5 5317 23 5.10 | 1.6 41 7.10 | 1.7
) 0 4
6 4716 24 500 | 1.5 42 5.00 | 1.7
010 0 2
7 67118 25 15.6 | 3.5 43 7.30 | 2.9
010 0|0 0
8 62|17 26 5.00 | 2.8 44 8.10 | 2.8
013 0 0
9 6.6 | 24 27 440 | 17 45 520 | 2.3
010 1 0
10 39 (1.3 28 450 1.8 46 7.10 | 2.8
010 0 1
11 45 14 29 3.00 | 1.0 47 10.8 | 32
010 0 0| o
12 43| 14 30 420 | 1.5 48 350 | 1.5
010 6 0
13 46| 1.5 31 490 | 1.6 49 4.00 | 1.6
010 0 3
14 58 (1.7 32 7.50 | 2.8 50 510 | 1.9
010 0 0
15 92|29 33 450 | 1.6
010 2
16 6526 34 7.80 | 2.7
010 8
17 70 | 2.8 35 8.90 | 2.9
010 6
18 52017 36 480 | 1.7
0|5 0

Cluster analysis involves the use one of the ways to determine the proximity measure, the
use of which depends on the final version of the partition of objects into clusters. Selection of
the proximity measure depends on the research objectives, the nature of the probability distri-
bution and other parameters. In this example, the ordinary Euclidean Distance is used as the
proximity measure, because a sample is taken from a population with normal distribution, and
informative parameters x; and x, are equally important for the classification.
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Centered values of the informative parameters are shown in Table 2. Rounding made to
the third decimal place.
The Euclidean Distance is calculated for each pair of elements by the formula:

2 2
pE(ai:aj)=\/(x1ci_xlcj) +(Xei = X2¢7)" 5 (1)

where a; and a; — the i™ and jth elements of the sample; x;.; and x;.; — centered characteristic
value of parameter x; of the i and i elements of the sample; x».; and x,.; — centered characte-
ristic value of parameter x; of the i and jth elements of the sample.

In the program package STATISTICA a cluster analysis using the hierarchical classifica-
tion was selected, the rule of association “total communication method” was noted, the “Euc-
lidean distance” was selected as a measure of proximity. The results of hierarchical classifica-
tion are shown in Fig. 1. The vertical dendrogram of the cluster analysis using hierarchical

classification is shown in Fig. 2.

Table 2. Centered values of the informative parameters

1 - - 19 - - 37 - -
0.709 | 1.097 0.938 | 1.249 0.938 | 0.944
2 0.621 | 1345 20 - - 38 0.254 | 0.734
0.984 | 1.249
3 - - 21 - - 39 0.071 | 0.734
1.214 | 1.402 0.663 | 1.097
4 0.346 | 0.124 22 0.575 | 0.887 40 0.483 | 1.207
5 - - 23 - - 41 0575 | -
0.250 | 0.456 0.342 | 0.639 0.425
6 - - 24 - - 4 - -
0.526 | 0.639 0.388 | 0.792 0.388 | 0.456
7 0392 | - 25 4.474 | 2.260 43 0.667 | 1.345
0.334
8 0162 | - 26 — | 1192 44 1.034 | 1.192
0.441 0.388
9 0.346 | 0.582 27 - - 45 — | 0429
0.663 | 0.471 0.296
10 - - 28 - - 46 0.575 | 1.207
0.893 | 1.097 0.617 | 0.334
11 - - 29 - - 47 2.272 | 1.802
0.617 | 0.944 1.305 | 1.555
12 - - 30 - - 48 - -
0.709 | 0.944 0.755 | 0.700 1.076 | 0.792
13 - - 31 - - 49 - -
0.572 | 0.792 0.434 | 0.639 0.847 | 0.593
14 - - 32 0.759 | 1.192 50 - -
0.021 | 0.486 0.342 | 0.181
15 1.538 | 1.345 33 - -
0.617 | 0.609
16 0.300 | 0.887 34 0.896 | 1.162
17 0.529 | 1.192 35 1.401 | 1.436
18 - - 36 - -
0.296 | 0.410 0.480 | 0.486
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= Joining Results: Spreadsheet ?

Number of variables: Z

Number of cases: 50

Joining of cases

Missing data were casewise deleted

Imzlgamation (joining) rule: Complete Linkage

Distance metric is: Euclidean distances (non-standardized)

B2
Quiick |Advanced] Summary
— -Eancel
Harizantal hierarchical tree plat
W Options «

Wertical icicle plot

Fiectangular branches Lﬂ By Group
[ Scale tree to dlink/dmax100

Figure 1. The results of hierarchical classification of clustering analysis

The meaning of the vertical dendrogram is as follows. The shorter a distance between the
elements, the more similar in informative parameters they are, therefore they belong to the
same cluster. With increasing a distance between the elements the differences become larger.
Each node of the dendrogram indicates the union of two or more clusters. The distance, at
which the clusters are combined, is indicated on the vertical axis. The horizontal axis shows
the number of elements.

Analysis of the dendrogram demonstrates that on a distance of 6.924 the element No.25
combined with a large cluster, which is formed on a distance of 4.9065. It can be concluded
that the optimal number of clusters is 2, one of which is formed on a distance of 2.9142, and
the second - on a distance of 2.3456. The element No.25 can be considered as the outlier.

Tree Diagram for 50 Cases
Complete Linkage
Euclidean distances

Linkage Distance

ﬁf%m;jﬁﬁa b

mhmmnommnawo"-crvrmmstnh- Nw:r-mmg‘-Dlnoh-Dmmmmlwm‘-—f‘-l“flmﬂlwmgcmh—DN-—-—"
R A HROAR T AR P B T AN B e e B T AE S S VD = I B OO 21
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Hement Number

Figure 2. The vertical dendrogram of the cluster analysis using hierarchical classification
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The next step is carrying out a cluster analysis of sample using k-means clustering for
testing the significance of differences between groups of clusters. Using this method you can
specify the initial number of clusters, which are the center of group elements with the most
similar parameters. Thus at each iteration object composition of clusters varies. The optimali-
ty criterion is a minimization of variability in the cluster and maximization of variability be-

tween clusters.

Cluster analysis with clusterization by k-means clustering was carried out in the program
package STATISTICA. Based on the analysis of the dendrogram shown in Fig. 2, take the
number of clusters equals 2. The number of iterations is standard and equals 10. The results of

the cluster analysis by k-means clustering are shown in Fig. 3.

5F k - Means Clustering Results: Spreadsheet] ?

Number of wvariables: 2

Number of cages: 50

E-means clustering of cases

Missing data were casewise deleted
Number of clusters: 2

Scluticn was obtained after 1 iteratiomns

Guick 1 Advanced

Summary: Cluster means & Euclidean distances | | | Cancel |

LIE

iiii Analysis of varance [® Options -
Graph of means @E By Group

Figure 3. The results of the cluster analysis by k-means clustering

To determine the significance of differences between groups of clusters the dispersion

analysis should be carried out. The results are shown in Fig. 4.

Analysis of Variance (Spreadsheetl)

Between |df | Within |df F signif.
Variable 55 53 p
X1 23.823501 1) 2517050 48] 45,4427 0,000000
x2 40.43696

1856304 48 226,668  0,000000

Figure 4. The results of the dispersion analysis

The significance level p of each informative parameter less than 0.05 (acceptable limit of
error level). Thus, a significant difference in both parameters between clusters exists.

It is necessary to define the distance from each element included in the cluster to the clus-
ter center. In the program the button “Summary: Cluster means & Euclidean distances” was

selected (see Fig. 5).
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= k - Means Clustering Results: Spreadsheet? ? “

Nurber of warizbles: 2

Number of cases: 50

E-means clustering of cases

Missing data were casewise deleted
Nurber of clusters: 2

Solution was obtained after 1 iterations

Quick  Advanced

. Surmmary; Cluster means & Euclidean distances Cancel

Analysis of varance E Options +

Graph of means I.E_“,ﬂ By Group
Diesciiptive statiztics for each cluster
Members of each cluzster & distances

Save clazsifications and distances

Figure 5. Selection of items for sample analysis

Fig. 6a, 6b show the composition of the clusters and the distances between elements to
the clusters center calculated by the k-means clustering. The number of clusters specified in
initial data for the k-means clustering, equals 2. The element No.25, which was considered as
outlier, is contained in the cluster closest to him (cluster No.2). The distance between it and
the center of the cluster is relatively longer than distances between other elements of the clus-
ter and the cluster center.

Fig. 6b shows that the elements No.25, No.47 have a relatively long distance to the clus-
ter center. In the future it will increase the field of standard deviations in the cluster No.2.

For each informative parameter form the table of average values (table is shown in Fig. 7).
Fig. 8 shows a plot of means and confidence intervals for each parameter in each cluster.

According to the plot, which is shown in Fig. 8, it demonstrates that the informative pa-
rameter x; has a high standard deviation in the cluster No.1. It is explained by the influence of
the parameter x; values of elements No.25 and No.47. To exclude such a case we could set the
number of initial clusters to 3. Then elements No.25 and No.47 form another cluster, which
can’t be taken into account in further studies. Therefore, the standard deviation field of the
parameter x; in the cluster No.2 is significantly reduced.
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Case No_ | Distance
c1 0.302286
c3 0685738
L 0.269869
c6e

g

(o]

c 10 i
C 11 |0178358
Cc_12 0.207554
C 13 | 0065737
C 14 0.398170
c 18 0.270154
C19 | 0477439
C 20 | 0497250
c21 | 0291017
€23 |0147530
C 24 | 0,124308
C27 | 0186136
Cc.28 0.267342
c29 0.808927
C 30 0151737
C_31 0,088238
c 33 0,086717
C 3  |0159715
Car | 03673
c 4 0813128
C 42 0,205854
C 45 0819640
C 48 0.383790
C 49 0,230306
C_50 0,395344

(@

Members of Cluster Mumber 1 (Spreadsheet)
and Distances from Respective Cluster Center
Cluster contains 31 cases

(b)
Figure 6. The distances to the cluster center of each element, which is part of:
the cluster No.1 (a); the cluster No.2 (b)

Members of Cluster Number 2 (Spreadsheet1)
and Distances from Respective Cluster Center
Cluster contains 19 cases

Breakdown Table of Descriptive Statistics (Spreadshest1)
N=50 (Mo missing data in dep. var. list}

CLUSTER £ X1 x1 x X1 X2 x2 A2 X2 X2
Means | N | Std.Dev. | Minimum | Maximum | Means | M | Std.Dev. | Minimum | Maximum
1 4667742 31 0927501 3.000000 7.10000 1557419 31 0,263097 1000000, 2.300000
2 7.768421 19 2.283042 5000000 15.60000)2.771579 19/ 0298222 2.100000 3.500000
All Grps | 5,846000| 50| 2,180078  3,000000) 15,60000] 2.018500/ 50/ 0,655329 1.000000] 3,500000
Figure 7. Table of average values of each informative parameter
Plot of Means and Conf. Intervals (95,00%)
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Figure 8. Plot of means and confidence intervals for each parameter in each cluster
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CONCLUSION

Analyzing the results it is stated, that the use of cluster analysis for classification of semi-
conductor elements into classes have meaning when the element classes are well separated.
Otherwise, the characteristic values of some elements can increase the standard deviation field
that in the future will lead to the accuracy decrease of classification of the element from the
party to a particular class.

Increasing number of informative parameters there is a problem to measure the effect of
each particular parameter to the selected distance metric. In this case, it is advisable to use the
Weighted Euclidean Distance as a distance metric. Thus, the “weight” is attributed to each of
informative parameters. Therefore, the influence degree of each parameter on distance metric
is taken into account. The difficulty lies in the evaluation of these “weights”. One of the best
options for the “weights” evaluation of each parameter is the expert evaluation method.
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