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HOMOGENEITY ESTIMATION MORPHOMETRIC MODEL FOR PARTICLE
DISTRIBUTION ON EXAMPLE OF SiC DEPOSITED
ON MULTILAYER STRUCTURE Fe/NiP
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The theoretical justification of the distribution for particles/defects homogeneity estimation criterion
was done. The mathematical model was created on this basis and its object-oriented implementation
was realized. It is shown that the use of object-oriented programming allows getting a suffi-
cient clearness and simplicity of an object’s general mathematical model, displaying in it as the
object properties so and methods by which the model can operate. Adequacy of the proposed model
and research method was verified experimentally on samples of silicon carbide SiC deposited on
the multilayer structure of Fe/NiP.

Key words: homogeneity, morphometric analysis, morphometric parameters, object-oriented pro-
gramming.

3nilficCHeHO TEOpETHUIHE OOTPYHTYBaHHS KPUTEPItO IS OIIHKA TOMOTEHHOCTI PO3IIOILTY YacTOK/ fie-
¢exriB. Ha iioro 0CHOBI cTBOpeHa MaTeMaTHIHA MOJIENb 1 TOOyI0BaHa ii 00’ €KTHO-OpieHTOBaHa pe-
amizamis. [Toka3zaHo, 110 BUKOPUCTAaHHS 00’ €KTHO-OPIEHTOBAHOTO MPOTPaMyBaHHS JO3BOJISE 3 J0-
CTaTHBOIO HAOYHICTIO 1 IPOCTOTOIO CTBOPHUTH 3arallbHy MaTeMaTHYHy MOJIEh 00’ €KTa, BiIOOpa3UBIIN
B Hiil SIK BIACTHBOCTI caMOT0 00’€KTa, TaK 1 METO/TH, SIKMMH BiH MOXXE OTIepyBaTH. AJIEKBATHICTH 3a-
HPOITIOHOBAHOI MOJIEIi Ta METOY JOCIi/DKEHHs Oyia mepeBipeHa eKCIepUMEHTAIFHO Ha 3pa3Kax
kap0bimy kpemHito SiC menoHoBaHOTO Ha OararomapoBy cTpyKTypy Fe/NiP.

KirouoBi ci10Ba: roMoreHHicTh, MOPPOMETPUYHUI aHATI3, MOp(doIapaMeTpr, 00’ €KTHO-OpiEHTOBaHE
IporpaMyBaHHS.

Ocyl11ecTBICHO TeOpeTHIECKOe 000CHOBAaHHE KPUTEPHS IJIsl OLIEHKH TOMOTEHHOCTH PacIpeieeHus
yactun/nedexroB. Ha ero ocHoBe co3agaHa mMaTeMaTHuYecKas MOJCTb U TIOCTPOEHA €€ 00BEKTHO-
OpHEHTHpOBaHHAs peanu3alus. [lokazaHo, YTO UCTIOIb30BaHHE 0OBEKTHO-OPHEHTUPOBAHHOTO TIPO-
TpaMMHPOBaHUS pa3pelIaeT ¢ JOCTaTOYHOW HAITISAHOCTBIO M MPOCTOTOM cO3AaTh OOIIyI0 Mare-
MaTHYECKYI0 MOJETb 00BEKTa, 0TOOpa3HB B HEH KaK CBOWCTBA caMOTO 00BEKTa, TaK U METOJBI, KO-
TOPBIMH OH MOKET OTEPUPOBaTh. AJCKBATHOCTD MPEJIOKEHHONH MOJIETTH M METO/1a UCCIIEIOBAHMUS
OblTa TIPOBEPEHA IKCIEPUMEHTANIBHO Ha 00pasiax kapouaa kpemuus SiC JEMOHHPOBAHHOTO HA
MHOTOCIIOHHYIO cTpYKTypy Fe/NiP.

KaroueBble c10Ba: roMOTeHHOCTh, MOp(hOMETpUIecKuii aHai3, MopdomapaMeTpbl, 00bEKTHO-OpH-
EHTHPOBaHHOE IPOTPAMMHPOBAHHE.

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 /D homo-
geneity distribution estimation developments.

Let’s make a detailed investigation of some of
them, which we think could make comprehensive

308 [OT.Komenda, A. Korovytskyy, S. Misyuk, 2012



T. KOMENDA, A, KOROVYTSKYY, S. MISYUK

estimation of the form P/D — namely, numbers 3, 4,
5,7,8,9,11 (tabl. 1):

Table 1
1 | P/DX,Y Coordinates | 9 | P/D Convexity
2 | P/D Length, Width | 10 | P/D Convexity Area
3 | P/D Perimeter 11 | P/D Elongation
4 | P/D Area 2 P/D Elongation Main
Axes
5 P/D Gravity Center B P/D Convexity
Coordinates Perimeter
¢ | P/D Inscribed and 14 P/D Convexity
Circumscribed Circle Compactness
7 | P/D Roundness 15 P/D Angle of
Elongation Axes
P/D Additional
8 |P
/D Compactness 16 Elongation Axes

— perimeter (P) [5]:

n
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where » — quantities of polygon vertices.

— area (S) — polygon area — which is closed line
without cross-self sections, given its vertices in order
to bypass [5] and calculated by formula:
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— center mass coordinates of a plane figure [5]:
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— roundness (M) —defined as the ratio of inner
circle radius of the particle to its outer circle radius

M= Rmin @)

(fig. 1a) [4]: Riax ’

\\». /,/‘

a b) c)

Fig. 1. a) — Roundness, b) — Elongation, ¢) — Convexity.

where, R . — inscribed circle radius with center in
gravity center, R —circumscribed circle radius with
center in gravity center (fig. 1a).

In case R << R__, we have M, — 0.
If R =~ R .thenM — 1.

— compactness (M,) — defined as ratio of area to
its perimeter [4]:
4.n-S
My=—73", 5)
where, P — perimeter, S — area.

In case of huge P/D shape non-uniformity, P
significantly increases at virtually constant .S and
respectively M, — 0. When P/D shape is uniform,
itis a circle, where S = nR? and P = 2nR. Substi-

tuting these values in formula (6), we obtain M, = 1.

— elongation (M,) — defined as the ratio between
the length perpendicular to the P/D main axis (L,)
and length of the P/D main axis (L) (fig. 1b). The
main axis is defined as the longest axis through the
center of P/D gravity:
M,=LJL. 6)
If L,<<L,thenM, — 0.1f L,~ L, then
M, — 1.
— convexity (M,) calculated as the ratio between
the P/D area S and convex body area S,. An
example of convex body can be stretched “rubber
band” around the particle defect (fig. 1c):
M,=§/S,. (7)

If §<<§,then M,— 0.If S, ~S, then
M,— 1. We use M|, M,, M, M, morphoparame-
ters to analyze the P/D form as partial criterions,
the rest — in other calculations of the samples’
characteristics. As shown in 4 — 7, the values M,
M,, M, M, have the range from zero to one. If they
tend to zero, the irregularity of /D form s significant.
With the approach to the one, shape form is close
to the circle.

By grouping of M|, M,, M,, M, we get a criterion
for estimation of the P/D shape of semiconductor
and composite materials non-uniformity, describing
thus:
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— total P/D form shape non-uniformity, the
dynamics and magnitude of their changes based
on the parameter M ;

— detailed characteristic of the P/D compactness
based on the parameter M,;

— P/D elongation and their spatial orientation based
on the parameter M,;

— dynamics and the value of changing the shape as
the ratio of peaks and gaps of P/D shape based
onM,.

Let’s formulate a complex morphometric P/D
shape evaluation criteria as follows:

F= =1
, M, M, M, Me[0,1]. (8)

Calculated value of criterion F'(8) is a vector
that consists of four elements. If the value F7=(0,
0,0, 0), that is corresponding to big non-uniform
shape of P/D, while F"=(1, 1, 1, 1) shows that the
shape is close to the circle.

Criteria of P/D shape irregularity (8) M, mostly
decreases in response to the increasing size of peaks
or failures form, M, —in response to increased local
extreme form, M, — in response to overlapping
symmetric peaks/gaps form, M, — in response to
increasing of minor fluctuations or significant values
changes. Thus we can flexibly define the limits to
which the heading one or another component of the
criterion according to the task (8). This enables to
clearly define goals of leveling and implement
adequate assessment:

My > q
My —>ap
M3 —>a3, M, M, M,, M(e[0,1], (9)
My —ay

F=

Where a,, a,, a,, a, — values of partial limits for
each component criterion F, a,,a,, a,,a,€[0, 1].

Let’s determine the plane figure’s center of mass
offset (3) x ; y_relative to its geometric center x,; y,
by using binary image which was obtained by
modem recording digital data tools. Homogeneity
decreases with the offset increasing, i.c.,
homogeneity evaluation criteria can be represented
as follows:

2 2
(xc —x0)" +(¥c —»0)
2 2>
(xmax _xO) +(ymax _yO)

wherex ; y  —coordinates of the most distant
point from the geometric center; x ; y, calculate
according to the formula which defines the center
mass of a plane figure:

(10)

:

1

Xe = s Ve =

n
miX; 2. My
n n , 11
2 mj 2 M ()
i=1 i=1
where x; y, — points’ coordinates, m, — points’
masses, 7 — points quantity.

Asitis seen from the equation (10), the parameter
d hasranges 0 <d<1. Thus, for an ideal homo-
geneous distribution of P/D evaluation criterion
takes the value of homogeneity d = 1. Inthe case
of high non-homogenous distribution P/D—d— 0.

For calculations based on (10) and (11) let’s
present the binary image in the form ofa plane figure
which is consisting of individual points with a mass
m. = 1 at the points corresponding to the P/D and
with a mass m, = 0 of points not included P/D.

To improve the adequacy of the results for each
sample, we need to increase measurements
quantities of homogeneity m and calculate the
average homogeneity and standard deviation for a
series of experiments:

W

m 2
d; m _
]EI 7 st l(Z(di_d)J . (12)

b m j=1

Based on formulas (8), (9) and (10) we create a
morphometric mathematical model of /D form non-
uniformity and homogeneity of their distribution in
the semiconductor and composite materials and its
object-oriented implementation, which allows
realizing a detailed form evaluation and can be easily
integrated into modern production systems.

The more detailed object description gives the
higher degree of correspondence between him and
his mathematical model. So there is need for des-
cribing and processing a large number of parameters
and models communications that they influence on
each other as well as the parameters and models
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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 /D distribution homoge-
neity evaluation for semiconductor and composite
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Fig. 2. Object-oriented morphometric model of P/D distri-
bution homogeneity evaluation for semiconductor and
composite materials.

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.

Table 2
Name Description
HE.Surfacelmage Surface image
The set of identified
HE.PD() particles/defects
HE.PD().Width The particle width
HE.PD().Length The particle length
HE.PD().Length.Perimeter | The particle perimeter
HE.PD().Length.Area The particle area
HE.PD().M, The particle roundness
HE.PD().M, The particle compactness
HE.PD().M, The particle elongation
HE.PD().M, The particle convexity
HE.PD().X Gravity center (X coordinate)
HE.PD().Y, Gravity center (Y coordinate)
HEPD(.R Inscribed circle radius
HEPD(.R__ Circumscribed circle radius
HE.PD().M P Convexity perimeter
HE.PD().M A Convexity area
HE.PD().M M, Compactness convexity
HE.PD().M, Angle Rotation angle of elongation|
axes
HE.PD().M,L, Main elongation axis
HE.PD().M,L, Additional elongation axis
HE.ComplexCriteria() ;[é})le particle form evaluation|
HE.Homogeneity() Materia} homogeneity
evaluation (12)
HE GetData Getting information about
surface
. The control parameters of
HE.ControlEquipment optical-mechanical system

EXPERIMENTAL RESULTS AND
DISCUSSION

Wemade astudy 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 100x 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
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Fig. 3b. Binary equivalent of the sample image.

show that for the studied samples d= 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:

» Areaofmost of particles varies 0,5 — 2,5 Mmm?

* 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 S 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
acomplex form.

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

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

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.
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