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Introduction

Topicality of the problem. The new self-formation simulation technologies
for electron devices and integrated circuit manufacturing were developed. The
topological approach allows performing the analysis and synthesis of real world
structures known in the areas of microelectronics, nanotechnology, photovoltaic
and fuel cell technology. Self-formation simulation results are two-dimensional
geometric figures from the Euclidean space. The analysis of such object
structures in order to meet defined characteristics becomes an actual problem
since it is an extremely labour consuming process. Automatic recognition of
self-formed semiconductor element can speed up the analysis process.

Subject of research is self-formed semiconductor elements structures.

Aim of the work — to propose the solution for the recognition of self-
formed semiconductor elements structures by classifying them into two classes,
namely, class Q; (good structure) and class Q, (bad structure).

Tasks of the work. In pursuance with this aim the following issues where
dealt with:
1. The creation of method and algorithm for recognition of the self-
formed semiconductor elements structures.
2. The creation of recognition system of the self-formed semiconductor
elements structures.
3. The performance of the proposed system suitability.

Methodology of research includes comparative analysis, induction and
experimental analysis of methods for the theoretical researches. The
semiconductor elements recognition system was built using Microsoft Visual
Studio .NET 2003 development environment.

Scientific novelty

1. The method for recognition of the semiconductor elements, based on
Regional Connection Calculus, was presented.

2. The algorithm of computer system in recognition of the self-formed
semiconductor elements structures has been created.

3. The software application for recognition of the self-formed
semiconductor elements structures has been developed.



4. The experimental research for the suitability of the software
application for recognition of the self-formed semiconductor elements
structures have been performed.

Practical value. The analysis proposed in the dissertation allows setting a
task for recognition of any self-formed semiconductor elements sets. This
method is useful for recognizing any self-formed two-dimensional elements
structures if the suitability of elements can be described by substances (regions)
which participate within the structure and connections between the substances
no matter what the forms of the regions are.

Automation of self-formed semiconductor elements structure recognition
can help to:

e accelerate objects selection;

e reduce designers work volume;

e get higher selection results.

This work presents a reliable criterion for various elements sets
classification with presumptive further use.

Defended propositions

1. Features set of the self-formed semiconductor elements are
characterized by the substances (regions) and connections between the
substances.

2. Analysis of the self-formed semiconductor elements structures is based
on spatial entities (regions of space) — the qualitative spatial reasoning
approach, instead of traditional point-based one.

3. The proposed qualitative spatial reasoning theory and created
recognition system method are suitable for the recognition of self-
formed semiconductor elements structures.

4. Developed self-formed semiconductor elements structures recognition
system is flexible for recognizing any self-formed two-dimensional
structures if the suitability of elements can be described by the
participation of the substances within the structure and by connections
between the substances.

Approval of the work. The main results were published in two reviewed
periodical publications from the list approved by the Science Council of
Lithuania. The results were presented in one international conference and in
seminars of the Institute of Mathematics and Informatics.



The scope of the scientific work. The scientific work consists of four
chapters, the list of publications and two appendixes. The total scope of
dissertation is 116 pages, 42 pictures, 8 tables and 2 appendixes. The
dissertation is written in Lithuanian.

1. Review of Image Recognition Methods

The problem is to classify two-dimensional geometrical figures into two
sets, two classes. Class Q; describes semiconductor elements structures which
are suitable for mass production, class , — unsuitable ones. In this case the
main objects for recognition are the regions of the two-dimensional image and
connections between those regions.

Extraction of separate objects in the image using special image processing
techniques is not important in this case. The essential reasons to assign pattern
to class €, are relations between the regions within the image not depending on
its geometrical form.

The importance of the inspection process has been magnified by the
requirements of the modern manufacturing environment. In electronics mass-
production manufacturing facilities, an attempt is often made to achieve 100 %
quality assurance. A variety of approaches for automated visual inspection of
printed circuits are widely used in the semiconductor industry for reliability
testing and product inspection due to its ability to non-destructively detect
defects in Integrated Circuit packaging.

In many cases recognition of two-dimensional pictures is based on
segmentation and image smoothing techniques, or furthermore, using multiple
classifiers, e.g. colour, shape and relational classifiers. Relational classifier has
been published by few authors where are two types of topological relationships
between two regions: one is adjacent relationship when two regions are adjacent
with each other, the other one is contained relationship when a region is
contained in another region. The distance between the regions is the most
important thing here. Nevertheless, colour, shape and relational classifiers uses
samples to find similarities, but do not analyze structure relevancy.

The criteria for qualitative evaluation of self-formed semiconductor
elements might be based on the theory of Qualitative Spatial Reasoning initially
developed by Clarke and further refined by many authors, including Cohn et al.

The fundamental approach of RCC is that extended spatial entities, i.e.
regions of space, are primary rather than the traditional mathematical
dimensionless point. The primitive relation between regions is that of
connection, thus giving the language the ability to represent the structure of
spatial entities.



Qualitative spatial reasoning theory is used for GIS, image analysis, etc.
This theory is also called C theory, as from ‘Connectivity’, and characterized by
essential axioms. The basis of the system is one primitive dyadic relation C(x,y)
read as “x connects with y”.

The essential axioms are as following:

Vx[C(x,x)] (reflexivity); (D)
VxVy [C(x,y) = C(y.x)] (symmetry); 2
DC(x,y) = 4 ~C(X,y) (x is disconnected from y); 3)

ECxy) = ¢ef C(X,y) A =O(x,y) (x is externally connected to y); )

O(X,y) = ger 3Z[P(z,X) A P(z,y)] (x overlaps y); %)
P(x,y) = ¢t VZ[C(x,2) > C(z,y)] (x is a part of y); 6)
EQ(X,Y) = ¢er P(X,y) A P(y,x) (x is identical with y); @)
CON(X) = ger Vyz[sum(y,z) =x — C(y,z)] (continuous), ®)

where sum(x,y) — the quasi-Boolean function sum of x and y.

Graphical interpretation of axioms illustrated in Fig. 1.

5380 ®

DC(x,y) EC(x,y) O(x,y) P(xyy) EQ(x)y)

Fig. 1. Essential RCC axioms

2. Qualitative Spatial Reasoning for Recognition of the Self-formed
Semiconductor Elements

Self-formation results — sets of semiconductor elements — depend on
different initial conditions, e.g., having a different geometric structure and
different substances (regions). According to these conditions self-formed
elements obtain a particular geometry, but probably don’t meet the definite
electrical characteristics.



Self-formed artificial objects structure contains n substances (regions) X =
(x1,...,X,). Presented feature vector describes object structure belonging to class

le
Zn

Zi2

where i=1,....k; j=1,...,]; where k,l € N;then
X (Z;))eQ;when i=1; (10)

X(Z,)eQ,;when i=2,.k. (1)

In order to satisfy the required electrical characteristics semiconductor
elements structure from set R1 has to meet the following requirements:

z; 1 — Structures must contain six different regions (P, F, N, C, N+, D),

z; ;— Regions P and C must be continuous,

z; 3 — Region F cannot be continuous,

z; 4— Regions C and D are externally connected, but not overlapping,

z;5— Regions C and N+ are externally connected, but not overlapping,

z;s— Regions P and N are externally connected, but not overlapping,

z; 7— Regions P and N+ are externally connected, but not overlapping,

z;3— Region D is isolated from regions P, N and N+.

(12)

More substances can participate in the process of self-formation of
semiconductor elements but they will not appear in the ultimate result.

The results of self-formation simulation of semiconductor elements are
two dimensional geometrical figures from the Euclidean space. The criteria for
qualitative evaluation of such results are based on the theory of Qualitative
Spatial Reasoning, the separate formalism — RCC (Regional connection
calculus), initially developed by Clarke and further refined by many authors,
including Cohn, Randell, Cui, Bennett.

An example of artificial semiconductor element (solar cell) structure is
given in Fig. 2. The notation of regions is given in Table 1.
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Fig. 2. Example of the structure of a semiconductor element

Table 1. Semiconductor element regions notation

Notation of Colour of region Substance
region
P Grey Silicon wafer p type
N Primrose yellow Silicon n type
C Black Nickel
N+ Yellow Silicon n+ type
D Blue Atmosphere
F Green Photoresist

In conformity with RCC axioms and requirements for the structure of
semiconductor elements, the rules which show that semiconductor element
belongs to class Q; have been described:

CON(P) A CON(C) A ~CON(F) A EC (C,D) A EC (C,N+) A EC (P,N) A
EC (P,N+) A DC(D,P) A DC (D,N+) A DC (D,N) (13)

CON (1,P) — Region P must be continuous.

—CON (0,F) — Region F cannot be continuous.

EC (P,N) — Region P is externally connected to region N.
DC (D,P) — Region P is disconnected from region D.

In case when n=6 and X = (P, N, N+, C, D, F), object belongs to class Q ;
(X € Q) unless and until all conditions of feature vector Z; are met:
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z;, =3(P,F,N,C, N+,D)

z,, =CON(I, P)

215 =CON(1,C)

z,4 = CON(0,F)

2,5 = EC(C,D)

7 -| Ae=ECCNY | 14

z,, = EC(P,N)
213 = EC(P,N+)
219 = NC(D, P)
Z110 = NC(D,N+)
2z, = NC(D,N)

The results from the set R1 can be classified by using the generated
criteria, based on RCC technique. The criteria can be refined if needed and be
used on the other sets of self-formed semiconductor elements if the initial
conditions are known.

An object belongs to class Q; if all the rules (13) are met. Otherwise, the
object belongs to class Q,. These rules are implemented within the recognizer.

3. Self-formed Semiconductor Elements Recognition System

The main task for a recognizer is to analyze generated patterns —
semiconductor elements — by using the proposed criteria, e. g. to extract
features of elements, to classify elements and to output results. The pattern is
divided into chromatic regions (substances) and connections between the
regions are identified for feature extraction. Then, the RCC rules are checked to
classify the object either into class Q; (when all the rules are met) or class Q,
(otherwise).

A sequence of the actions performed by the recognizer is as follows:

® Read image;

o System reads image pixels (RGB values) and coordinates into an
array;

o [nitialize regions;

o System initializes regions of the object while analyzing the label
values of each pixel. The result is the label of the region and ID of
the region;

11



o System identifies connections of the region with the other regions;
o Conjunction of the neighbouring regions with the same label;

o  Check rules,
o System checks all the rules;

e Output results.

The recognition system processes are presented in the use-case diagram,
shown in Fig. 3.

Initialize Regions

image : image data

Engq\neer Read Image Analyze Image Print Results

CheckRules

result data

results

Fig. 3. Processes of the recognition system

Read Image process (Fig. 3) describes image reading and normalisation
functions of pixel colour. Specification of the process is given in Fig. 4.

BMP image Read Image Normalize Object
‘ image(xy) ‘ ‘
values(xy,R,G,B,)

values|(xy,R,G,B) ‘

i | H |

Fig. 4. Sequence diagram for the Read Image process
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In this stage the image (semiconductor element) is read into an array
whose elements are RGB values of image pixels. The RGB values are
generalized according to the range of colour values (Table 2). Depending on the
RGB range, the pixel RGB value is recalculated to the pixel label value.

Table 2. RGB values — labels

Label Substance R G B
101 P 77 73 72
103 N 255 251 156
150 C 0 0 0
105 N+ 229 222 86

0 D 210 255 255
140 F 0 210 63
141 nF 0 147 221

The Process Analyze Image (Fig. 3) aggregates two particular processes —
Initialize Regions and Check Rules. First of all the system identifies image
regions using the read image data (array of image pixels) (Fig. 5).

Object ‘ ‘ RCC ‘

} SetRegions() }

InitialBuildRegions()

E—

Setlinks()

1

ConjugateRegions()

< 1

i
T |
| |
| |
| |
Fig. 5. Sequence diagram for the Initialize Regions process
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The system reads regions of the image structure while analyzing the array
of the image pixels. Each region is marked by the colour value-label (according
to pixel value-label) and the region ID number. This number is necessary in the
case where two or more not connected regions of the same colour exist within
the structure. The region initialization process also includes identification of
connections of the regions.

Analysis of image pixels starts from the top left pixel to the right and
moves down by one pixel row in each step. Due to that, the region often might
be divided into more regions with the same label, but different ID. Thus, the
system implements conjunction of the regions. The original view of a
semiconductor element and the same element with a few regions coloured after
the region initialization step is presented in Fig. 6. In this example 12 different
regions are coloured (other regions are in black), but lots of them will be
conjugated later (see Fig. 6).

N

\

Fig. 6. Initial result of regions initialization

Connected regions with the same label but different ID values will be
conjugated.

After the regions have been initialized, conjugated and connections
between the regions have been identified, the system checks the rules. The
sequence diagram of the process Check Rules is presented in Fig. 7.



Ry
(@]

Object Rules

CheckRules

ReadRule()

) |
InterpretRule(RULE) J

|

| | |

Fig. 7. Sequence diagram of the process Check Rules

In this stage application reads the RCC. Rules are specially described in an
external text file. The rules may vary according to the type of semiconductor
element, the structure of composing substances (regions) and connections
between them. Thus, the recognition system might be used in various
occurrences of self-formation.

4. Recognition System and Experimental Results

The System

The software application ,,BMPRCCvI* for the recognizing semiconductor
elements structures was realized. The software for recognizing semiconductor
elements is based on C++ dot Net technology. This recognition system is
designed for analysing bmp files.

The test results show that recognition of one element takes about 100
milliseconds. The computer parameters for testing software were as follows:

e Processor: Intel(R) Core™ 2 CPU, 6600 @ 2,4 GHz, 2 Cores, 2

Logical Processors; 8192 Kb cache memory

e Physical Memory (RAM): 2,00 GB

e OS Name: Microsoft(R) Windows Wista™ Ultimate

In the first step, the system reads a semiconductor element into the array
of RGB values of the pixels. Subsequently RGB values of the pixels are
generalized and the system outputs a re-coloured image to the user (this is
necessary when the quality of images is different or rough) (Fig. 8).

15



A BMPBanL. - Untitled El=] = ]
File Edit View Help MUSU Failai Puslaidininkiy elementy sablonai (bmp) ~ Spalvy konvertavimas  RCC taisyKliy taikymas

D@l s ER8]%

BMPBanl ==

TESTAS NESEKMINGAS. ..
Paveikslo regionai NEtenkina RCC taisykliy!!!

EE

Ready | num | A

Fig. 8. Recognition result

As we see in an example which is given in Fig. 8 the software outputs a
message about a failed test. The regions of semiconductor element don’t meet
the described connection rules — the structure of the semiconductor element is
not suitable.

The system forms the file of test results with the comprehensive results for
each test (see Fig. 9).

| RezultataiBendri.txt - Notepad E@g
P e

Eile Edit Format View Help

Testas NESEKMINGAS. ..

rRule: CoON-1 101 RC: OK
Rule: CON-1 150 RC: ERR
rRule: CON-2 140 RC: ERR
Rule: EC 150 O RC: ERR
rRule: EC 150 105 RC: ERR
Rule: EC 101 103 RC: OK
rule: EC 101 105 RC: OK
Rule: DC 0 101 RC: OK
rule: DC 0 105 RC: OK
‘|rRule: D 0 103 RC: OK

rRegionai ir rysiai tarp ju:

1 235

2 134516 8
3 121216
4 216 8 22
5 21810

8 4252210
10 5 8

12 3 16

16 12 22 3 2 4
22 B 16 4

Fig. 9. File of the recognition results (1)
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As we see in this file, four rules out of ten are not met. According to the
notation of substances (Fig. 2, Table 2), it is easy to find out that substance C
(nickel) is not continuous and substance F (photo resist) is continuous,
substances C and D (atmosphere) are not connected and substances C and N+
(silicon n+ type) are not connected.

The result of a successful test is given in Fig. 10.

> X e T
_ | RezultataiBendri.txt - Notepad |

File Edit Format View Help

Testas SEKMINGAS!

Rule: CON-1 101 RC: OK
Rule: CON-1 150 RC: OK
Rule: CON-2 140 RC: OK
Rule: EC 150 O I
Rule: EC 150 105 RC: OK

Rule: EC 101 103 RC: OK
Rule: EC 101 105 RC: OK
Rule: DC 0 101 RC: OK
Rule: DC 0 105 RC: OK
Rule: DL 0 103 RC: OK

regionai ir rysiai tarp juy:

1 2119

2 13145119
3 214520

5 322009

9 152

11 1 2 14
14 11 20 2 3
20 514 3

Fig. 10. File of the recognition results (2)

As we see in Fig. 10 all the required rules are met. The test has passed
with the verdict true.

The digits in the results file below the rules (Fig. 10) mean (from the left):
the region number (not the substance notation) and identifiers of those regions
connected with that region.

Recognition Experiments

The experiment was performed according to described features in
section 2. In this experiment solar cells have been evaluated. The structure of
semiconductor element is suitable if all the rules (13) are met. A total of 851
self-formed semiconductor elements have been analyzed while the experimental
test was accomplished.
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The test assigned 23 solar cells to class Q,. Results of the experiment are

given in Table 3.

Table 3. Solar cells recognition results (I)

Total Class Q, Class Q,
851 23 828
100% 2,7% 97.3%

After the visual check of recognition results I stated that all good
structures of the semiconductor elements where assigned to class Q;. But in
practice 17 of them were bad because of the new further factor — non exposed
photoresist (nF), which participates in self-formation process but cannot appear
in the result.

Initial conditions were supplemented with a few new rules for testing the
system flexibility. The algorithm wasn’t changed, only the rules where
renewed. The additional conditions — regions D and F cannot be connected with
region nF (see Fig. 2) — should be satisfied. Then the connection rules are as
follows:

CON(P) A CON(C) A =CON(F) A EC (C,D) A EC (C,N+) A EC (P,N) A
EC (P,N+) A DC(D,P) A DC (D,N+) A DC (D,N) A DC (D,nF) A DC (F,nF)

(15)

The recognitions test has assigned 6 solar cells to class Q;. The results of
the experiment are summarized in Table 4.

Table 4. Solar cells recognition results (II)

Total Class Q, Class Q,
851 6 845
100% 0,71% 99.29%

This system is flexible for recognizing of any self-formed (and not only)
two-dimensional structures if the suitability of the elements can be described by
substances which participates within the structure and by connections between
the substances. Thus, this system might be adapted to a particular case without
algorithm changes.

The main steps of adapting the system for recognizing of particular set of
semiconductor elements are:

18



1.

2.

Substance identification:

a. Identification of colour for each substance;

b. Identification of substances (notation assigning);
Description of the connections between the regions (rules are defined
to describe the regions connections).

Results and Conclusions

Using the developed recognition system based on the proposed method and
after performance of experimental research, the scientific conclusions are

drawn:
l.

Considering to special pattern specifics and depending on other authors
works in pattern recognition area, the Regional Connections Calculus,
the particular formalism for Qualitative Spatial Reasoning is the most
appropriate approach for the recognition of self-formed semiconductor
elements structures.

The method and algorithm of computer system in recognition of the
self-formed semiconductor elements have been created.

. The software application for the recognition of the self-formed

semiconductor elements has been realized.

. Experimental researches of the recognition of self-formed

semiconductor elements were performed. The experimental results
illustrate that software application is suitable for recognizing the self-
formed semiconductor elements.

. The developed system of semiconductor elements recognition could be

flexible for recognizing any two-dimensional patterns if the suitability
of pattern can be described by the participation of the substances
within the structure and by connections between the substances.
Automation of self-formed semiconductor elements structure
recognition can help to accelerate objects selection, reduce designers
work volume and get higher selection results. The recognition system
analyzes 10 — 20 structures per second.

Proposed recognition method, algorithm and computerized tool open
new way of:

a. accelerating recognition process of artificial objects,

b. reaching higher selection quality of artificial objects.
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SAVAIMINGAI BE§IFORMUOJANéIU PUSLAIDININKIU
ELEMENTU ATPAZINIMAS

Mokslo problemos aktualumas. Naudojantis savaimingo formavimosi
pagrindais buvo sukurtos naujos puslaidininkiy prietaisy ir integruoty schemy
gamybos technologijos. Savaimingo formavimosi dirbtinés ploks¢ios sistemos
imitacijos rezultatas yra atsitiktiniai spalvoti dvimaciai paveiksléliai — $ablonai.
Tokie Sablonai yra galimi efektyvesniy puslaidininkiy prietaisy ar integruoty
schemy modeliai. Bitina pabrézti, kad savaimingo formavimosi ploksciy
sistemy rezultaty automatinio atpazinimo procesai smarkiai sumazinty darbo
sanaudas ir pagreitinty tokiy sistemy modeliavimo procesus.

Taip pat svarbu yra tai, kad tokie procesai suteikia naujy galimybiy
tobulinti ploks¢iy sistemy atrankos kokybe. Inzinierius gali skirti daugiau
démesio detalesnei savaimingo formavimosi sistemos savybiy analizei.

Darbe sprendziama problema yra savaimingai besiformuojanciy
puslaidininkiy elementy struktiiry atpazinimo automatizavimas.

Tyrimy objektas. Disertacijos tyrimy objektas — savaimingai
besiformuojanciy puslaidininkiy elementy struktiiros.
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Darbo tikslas ir uZdaviniai
Darbo tikslas — savaimingai besiformuojanciy puslaidininkiy elementy
struktliry atpazinimas. Tam, kad biity pasiektas tikslas, sprendziami tokie
uzdaviniai:
1. Sukurti savaimingai besiformuojan¢iy puslaidininkiy elementy
struktliry atpazinimo metoda ir algoritma;
2. Sukurti savaimingai besiformuojan¢iy puslaidininkiy elementy
struktiiras atpazjstancia programing jranga;
3. Eksperimentiskai patikrinti programinés jrangos tinkamuma.

Mokslinis naujumas

1. Sukurtas savaimingo formavimosi sistemos koncepcija paremtas
puslaidininkiy elementy atpazinimo metodas, grindziamas regiony-
rys$iy teorija (RCC).

2. Naudojantis suformuluota pozymiy sistema bei atpazinimo metodu,
sukurtas savaimingai besiformuojan¢iy puslaidininkiniy elementy
struktiiry atpazinimo sistemos algoritmas.

3. Sukurta savaimingai besiformuojan¢iy puslaidininkiy elementy
struktliry atpaZinimo programiné jranga, vertinanti puslaidininkiy
elementy strukttiry tinkamuma.

4. Eksperimentiskai patikrinta savaimingai besiformuojanciy
puslaidininkiy elementy struktiry atpaZinimo programinés jrangos
praktiné nauda.

Tyrimy metodika. Disertacijos teoriniams tyrimams atlikti naudojami
lyginamosios analizés, indukcijos ir eksperimentinio tyrimo metodai.
Lyginamosios analizés metodai naudojami specifiniy savybiy dvimaciy vaizdy
atpazinimo metody jvairovei analizuoti. Tokiu biidu pasirinktas metodas
pritaikomas savaimingai besiformuojanciy puslaidininkiy elementy atpazinimui
panaudojant dedukcijos ir indukcijos metodus. Atsizvelgiant j savaimingai
besiformuojanéiy puslaidininkiy elementy ypatumus, dedukcija naudojama
metodui specializuoti, indukcija — konkretiems atpazinimo ir klasifikacijos
metodams apibendrinti. Indukcijos metodas taip pat naudojamas ir autoriaus
turimai bei literatliroje apraSytai konkreCiy dvimaciy vaizdy atpaZinimo
patir¢iai apibendrinti.

Eksperimentiniams tyrimams atlikti buvo naudojama paties sukurta
eksperimentiniams tyrimams skirta kompiuteriné atpazinimo sistema, kuri
realizuota C++ kalba, naudojant Visual Studio .NET 2003 aplinka.

21



Praktiné verté. Sukurtas savaimingai besiformuojanéiy puslaidininkiy
elementy struktiiry analizés metodas leidzia formuluoti bet kokiy savaimingai
besiformuojan¢iy dvimagiy paveiksléliy atpazinimo uzdavinj. Sis rezultatas
ypac naudingas kuriant jvairiy gamybai skirty puslaidininkiy elementy struktiiry
atpazinimo sistemas. Automatizuotas puslaidininkiy elementy struktiiry
atpazinimas gali padéti:

e pagreitinti puslaidininkiniy elementy atrinkima;

e sumazinti inzinieriy darbo sagnaudas;

e gauti aukstesnés kokybés atrankos rezultatus.

Siame darbe aprasytas metodas yra nepriklausomas nuo generuojamojo
elemento paskirties, todél ateityje jis gali buti pritaikomas ir kitokiy elementy
struktiiry atpazinimo sistemy kairimui.

Ginamieji teiginiai

1. Savaimingai besiformuojanc¢iy puslaidininkiy elementy pozymiy aibe
sudaro ty elementy struktiiroje dalyvaujancios medziagos (regionai) ir
rysiai tarp ju.

2. Savaimingai besiformuojan¢iy puslaidininkiy elementy struktiiry
analizei vykdyti naudotinos ne tradiciskai paplitusios analizés i$ tasko
perspektyvos, bet elementy struktiira sudaranéiy erdviniy primityvy —
regiony kokybiné analizé.

3. Pasiiilyta kokybinés analizés teorija ir sukurtas atpazinimo sistemos
metodas yra tinkamas savaimingai besiformuojan¢iy puslaidininkiy
elementy struktdiry atpazinimui.

4. Sukurta savaimingai besiformuojanciy puslaidininkiy elementy
struktliry atpazinimo sistema gali buati pritaikoma bet kokioms
savaimingai besiformuojan¢ioms dvimatéms struktliroms atpazinti, jei
elementy kokybe galima vertinti pagal juy struktiiras sudarancias
medziagas ir ty medziagy tarpusavio rysius.

Darbo apimtis. Disertacija sudaro jvadas, keturi skyriai ir literattros
sarasas. Disertacijos skyriai: Analitiné vaizdy atpazinimo metody apzvalga,
Kokybiné  struktiros analiz¢ puslaidininkiy  elementy  atpaZinimui,
Puslaidininkiy elementy struktliry atpazinimo sistema, AtpaZinimo sistemos
eksperimentiniai tyrimai. Disertacijos apimtis 116 puslapiy, 42 paveikslai ir 8
lentelés.

Ivade i3déstytas disertacijos tyrimo objektas, temos aktualumas,
suformuluotas darbo tikslas, apraSyti tyrimo metodai, mokslinis naujumas,
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praktiné reik§me, darbo rezultaty aprobavimas, apraSyta darbo struktiira bei
turinys.

Pirmajame skyriuje pateikiama dvimaciy paveiksly (Sablony) apdorojimo
metody analitiné apZzvalga, apzvelgiant vaizdy apdorojimo ir atpazinimo
metodus. Taip pat detaliai aptariama regiony erdviniy rySiy samprata ir
konkretus jos taikymo formalizmas — RCC.

Antrajame skyriuje i§samiai apraSytas savaimingo formavimosi sistemos
koncepcija paremtas puslaidininkiy elementy atpazinimo metodas naudojant
RCC taisykles. Taip pat suformuluota puslaidininkiy elementy pozymiy
sistema.

Treciajame skyriuje apraomas sukurtas savaimingai besiformuojanciy
puslaidininkiniy elementy struktiiry atpaZinimo sistemos algoritmas.

Ketvirtajame  skyriuje apraSomas savaimingai besiformuojanciy
puslaidininkiy elementy struktiry atpazinimo sistemos veikimas, atskiri
eksperimentiniai tyrimai, bei pateikiami kiekvieno jy rezultatai ir i§vados.

ISvadose pateiktos disertacijos darbo i§vados.

Prieduose pateikiami programinés jrangos algoritmai C++ programavimo
kalba ir paveikslai.

Bendprosios iSvados

Sukiirus  savaimingai  besiformuojanéiy  puslaidininkiy  elementy
atpazinimo programinge jrangg ir atlikus eksperimentinius tyrimus,
suformuluotos §ios mokslinés ir praktinés isvados:

1. Atsizvelgiant | analizuojamy savaimingai besiformuojanciy
puslaidininkiy elementy struktiiry specifika ir apzvelgus kity autoriy
darbus, daroma iSvada, kad tinkamiausias btidas puslaidininkiy
elementy struktiroms atpazinti yra formali sistema kokybiniams
erdviniams skai¢iavimams — regiony-rysiy teorija (RCC).

2. Sukurtas savaimingai besiformuojanciy puslaidininkiy elementy
struktliry atpazinimo metodas, leidziantis kokybiskai analizuoti
puslaidininkiy elementy struktiiras.

3. Naudojantis puslaidininkiy elementy atpazinimo metodu ir algoritmu
buvo sukurta savaimingai besiformuojanciy puslaidininkiniy elementy
struktiiry atpazinimo kompiuteriné programa.

4. Atlikti savaimingai besiformuojan¢iy puslaidininkiy elementy
struktliry atpazinimo eksperimentiniai tyrimai. Eksperimentiskai
patikrinus metodo (programinés jrangos) veiksminguma galima daryti
iSvada, kad disertacijoje apraSytas metodas yra tinkamas savaimingai
besiformuojanciy puslaidininkiy elementy strukttiry atpazinimui.

5. Sukurta programiné jranga pritaikoma bet kokiems dvimaciams
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Sablonams atpazinti, jei 3ablony kokybe galima vertinti pagal ju
struktiiras sudarancias medziagas ir ty medziagy tarpusavio rysius.

6. Puslaidininkiy elementy struktfiry atpazinimo metodas ir jo pagrindu
sukurta programiné jranga leidzia sumazinti inzinieriy darbo laiko
sanaudas ir pagreitinti savaimingo formavimosi sistemy atpaZinimo
darbus. Kompiuteriné programa per 1 sekunde¢ apdoroja 10 — 20
puslaidininkiy elementy struktiry.

7. Savaimingai besiformuojanciy puslaidininkiy elementy strukttiry
atpazinimo metodas ir jo pagrindu realizuota programiné jranga gali
atverti naujas galimybes:

a. pagreitinant savaiminio formavimosi sistemy atpazinimo darbus;
b. gaunant aukstesnés kokybés atrankos rezultatus.
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