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INTRODUCTION
Semiconductor and composite materials deposition
new technologies development, including nano- and
micro- dimensional in-homogeneities, requires the
development of modern research methods and mo-
dels that provide detailed information about the
homogeneity of particles/defects (P/D) distribution
and other characteristics of their shape. It is con-
venient to use the morphometric approach to build
such models. It is a proven instrument for study of
objects’ shapes in different fields of the science [1-
3]. Modern research tools should have high spatial
resolution, and must be nondestructive and non-
contact.  As an example, we can take a digital optical
microscopy (DOM). DOM development caused the

appearance of various image analysis methods and
dedicated digital microscopes nowadays.

CONCEPTUAL  PRINCIPLES  AND
METHOD
The development of the shape estimation and homo-
geneity of distribution of particles/defects rating
criteria is one of important question that arises in the
study of semiconductors and composite materials.
It allows to rate the quality of materials and compare
their actual parameters with expected. Table 1 shows
the number of morphometric parameters [4]. They
can be used in mathematical models of P/D homo-
geneity distribution estimation developments.

Let’s make a detailed investigation of some of
them, which we think could make comprehensive
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The theoretical justification of the distribution for particles/defects homogeneity estimation criterion
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the multilayer structure of Fe/NiP.
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Здійснено теоретичне обґрунтування критерію для оцінки гомогенності розподілу часток/де-
фектів. На його основі створена математична модель і побудована її об’єктно-орієнтована ре-
алізація. Показано, що використання об’єктно-орієнтованого програмування дозволяє з до-
статньою наочністю і простотою створити загальну математичну модель об’єкта, відобразивши
в ній як властивості самого об’єкта, так і методи, якими він може оперувати. Адекватність за-
пропонованої моделі та методу дослідження була перевірена експериментально на зразках
карбіду кремнію SiC депонованого на багатошарову структуру Fe/NiP.
Ключові слова: гомогенність, морфометричний аналіз, морфопараметри, об’єктно-орієнтоване
програмування.

Осуществлено теоретическое обоснование критерия для оценки гомогенности распределения
частиц/дефектов. На его основе создана математическая модель и построена ее объектно-
ориентированная реализация. Показано, что использование объектно-ориентированного про-
граммирования разрешает с достаточной наглядностью и простотой создать общую мате-
матическую модель объекта, отобразив в ней как свойства самого объекта, так и методы, ко-
торыми он может оперировать. Адекватность предложенной модели и метода исследования
была проверена экспериментально на образцах карбида кремния SiC депонированного на
многослойную структуру Fe/NiP.
Ключевые слова: гомогенность, морфометрический анализ, морфопараметры, объектно-ори-
ентированное программирование.
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relationships of other objects, because the object
does not exist separate from the others.

Digital optical system for the analysis of P/D
distribution homogeneity of semiconductor and
composite materials is a complex subject. It is
complex to construct model and implementation by
using methods of linear or block (structural) pro-
gramming. It is needed to do a lot of descriptive
work, but formalized information will not properly
classified, which greatly complicates further cal-
culations which is associated with these parameters.

It is much easier to create the model based on
object-oriented programming (OOP) [6 − 8]. It
allows generating mathematical model of the object
with sufficient clearness and simplicity, displaying the
object properties as well as methods which can be
operated. OOP properties allow using efficiently for
systems simulation of P/D distribution homogeneity
evaluation (HE) for semiconductor and composite
materials.

Thus, based on the above, we should use the
concept of simple technology to build mathematical
models based on the OOP principles.

Fig. 2 shows an appropriate object-oriented
morphometric model of P/D distribution homoge-
neity evaluation for semiconductor and composite
materials (HE).

Tabl. 2 presents a detailed description of pro-
perties and methods of HE class.

Based on the proposed HE model we built a
digital optical-mechanical system for P/D distribution
homogeneity analysis of semiconductor and
composite materials.

EXPERIMENTAL RESULTS AND
DISCUSSION
We made   a study of P/D distribution homogeneity
for SiC particles deposited on the multilayer Fe/NiP
structure for practical constructed model’s adequacy
confirmation.

Studies were conducted on the digital optical
video microscope − IntScope [9] at 100× optical
zoom with coaxial metal − halide light source. Typical
images of the surface were selected for the analysis
(fig. 3a) and made their binary equivalents (fig. 3b).

The analysis of SiC particles distribution
homogeneity and the detailed form calculations were
done for the deposited silicon carbide SiC on the
base of offered mathematical model. Calculations

Fig. 2. Object-oriented morphometric model of P/D distri-
bution homogeneity evaluation for semiconductor and
composite materials.
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Table 2

Surface image
The set of identified
particles/defects
The particle width
The particle length
The particle perimeter
The particle area
The particle roundness
The particle compactness
The particle elongation
The particle convexity
Gravity center (X coordinate)
Gravity center (Y coordinate)
Inscribed circle radius
Circumscribed circle radius
Convexity perimeter
Convexity area
Compactness convexity
Rotation angle of elongation
axes
Main elongation axis
Additional elongation axis
The particle form evaluation
(8)
Material homogeneity
 evaluation (12)
Getting information about
surface

The control parameters of
optical-mechanical system

DescriptionName
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show that for the studied samples ÷ = 0.98. This
testifies that the distribution of SiC particles deposited
on multilayer structure of  Fe/NiP is close to
homogeneous.

Fig. 4 shows particles distribution charts based
on elongation (fig. 4a) and the compactness (fig. 4b).
Profiles analysis of the particle distribution has
showed their approximation to the hyperbolic form
and allowed to get series of results:
•  Area of most of particles varies 0,5 − 2,5 мm2

•  Analysis of the area distribution shows that the
number of particles with small size is much higher.

•  Analysis of the elongation distribution shows that
most particles of silicon carbide SiC elongated
with

•  ratio Ѕ between the main and additional axis of
elongation.

•  Analysis of the compactness distribution shows
that the number of round particles is smaller.
Existing peak of particles quantity in the range
0,3 − 0,7 indicates that most SiC particles have
a complex form.

CONCLUSIONS
Morphometric parameters showed the new ways
of materials P/D form characteristics analysis. They
describe shape, reflecting a common non-uniform
shape as well as the relationship between different
characteristics on the different stage of investigation.
Based on their analysis we can conclude that the
detailed computerized evaluation of P/D distribution
homogeneity and shape non-uniformity is advisable
to do by use of morphometric parameters.
1.    Morphometric  parameters  are  a  convenient

tool to evaluate P/D distribution, which allows
constructing informative computerized asses-
sment tools of quality estimation for semicon-
ductor and composite materials and, consequ-
ently, improving the production process.

2.   The proposed criterion for assessing the P/D
distribution homogeneity of various materials
allows estimating their distribution including
spatial displacement and the mass of different
components (optional) that enables characteri-
zation of the complex multicomponent composite
materials in details.

3.    Developed morphometric object-oriented model
of P/D distribution homogeneity of semicon-
ductor and composite materials evaluation that
includes information about the object of in-
vestigation, the criteria for assessing and ma-
naging the installation allows to create a software
package based on new technologies and inte-
grate it into the management system.

Fig. 3a. Sample image (100× magnification).

Fig. 3b. Binary equivalent of the sample image.

Fig. 4a.  Silicon Carbide SiC particles quantity distribution
by elongation.

Fig. 4b. Silicon Carbide SiC particles quantity distribution
by compactness.
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