
11-я Международная научно-техническая конференция «Приборостроение – 2018» 

256 

(ближняя зона) образцов транзисторов с наруше-
нием целостности кристаллической структуры 
в виде обширных трещин, берущих начало 
из области сварных точек затворного межсоеди-
нения (левая сторона п/п кристаллов). 

 

  
 

 
 

Рисунок 3 – Лазерные фотоакустические топограммы 
образцов транзисторов №№12, 14, 9 с нарушением 

целостности кристаллической структуры 
    

  
 

 
 

Рисунок 8 – Лазерные фотоакустические топограммы 
образцов №№ 16, 21, 20 

 

На рис. 4 приведены лазерные фотоакустиче-
ские топограммы (дальняя зона, охватывающая 
монтажную конструкцию «подложка –
эвтектика/припой – п/п кристалл»), на которых 
области качественного соединения окрашены 
синим цветом, а области отсутствия адгезии – 
зелёным, красным и белым, что в большей сте-
пени касается образца № 20.  

Выводы 
1. Монтаж п/п кристаллов №№ 14, 21, 9, 8 яв-

ляется неудовлетворительным. Вследствие этого 
готовые изделия не будут обладать эксплуатаци-
онной надёжностью. Это относится ко всей 
группе образцов кассетной технологии сборки, 
причём монтажная конструкция образца № 20 
разрушилась, о чём свидетельствует отсутствие 
остаточных механических напряжений. 

2. Исходя из анализа топограмм, приведенных 
на рис. 3, в кристаллической структуре образцов 
№№ 12, 14, 9 образовались обширные трещины и 
выколы, пересекающиеся со сварной точкой оди-
нарной перемычки (затвор) на контактной пло-
щадке кристалла. Это связано со сверхкритиче-
ским режимом сварки или нестабильностью рабо-
ты ультразвукового генератора во время 
формирования межсоединений, также существен-
ный  вклад в нестабильность процесса сварки вно-
сят пустоты и области частичной адгезии (или её 
отсутствие) в монтажном слое «подложка - эвтек-
тика/припой - п/п кристалл», что присуще всем 
исследованным образцам. 
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Computer modeling is one of the effective meth-
ods for studying complex systems. Computer models 
are simple and convenient for computing experi-
ments. Computer modeling provides an opportunity 
to study processes in dynamics, managing their du-
ration, perform multiple tests of the initial model, to 
obtain various characteristics of the object in numer-
ical or graphical form, to find the optimal design 

solution without the production of prototypes. In 
computer modeling, the method of final elements, 
the method of final differences, the method of node 
potentials, etc., is used [1]. 

The use of the final elements’ method for today 
is in fact the world standard for calculations of com-
ponent designs. The basis of this is the universality 
of the method, which allows the only way to calcu-



Секция 3. Физические, физико-математические, материаловедческие и технологические основы приборостроения 

257 

late the design of parts with different properties of 
materials. Flexibility of the final elements’ method 
provides multivariate design methods [2]. 

Therefore, the final elements’ method is a uni-
versal tool for analyzing component designs and, 
among many CAD / CAM / CAE models, the soft-
ware package for fina element analysis, is important. 

The main idea of the final elements’ method is 
that any continuous value, such as temperature, pres-
sure and displacement, can be approximated by a 
discrete model that is built on the set of piecewise 
continuous functions defined on a final quantity of 
subdomains. Piecewise continuous functions are 
defined by means of values of a continuous quantity 
at a final quantity of points in the domain under con-
sideration. 

A discrete model is very easy to create if we first 
assume that the numerical values of this value in 
each inner region are known. Then you can go to the 
general case. Consequently, when creating a discrete 
model of continuous value, proceed as follows:in 
this area, a final number of points is fixed. These 
points are called nodal points or nodes; the value of 
a continuous value at each point is considered as a 
variable to be determined; the area of definition of a 
continuous value is divided into a final number of 
areas called elements. These elements have common 
nodal points and in aggregate approximate the shape 
of the region; the continuous value is approximated 
for each element by a polynomial, which is deter-
mined by the nodal values of this bigness. 

For each element it is determined by its polyno-
mial, but the polynomials are selected so that the 
continuity of the value along the elements borders 
(which is called the element’s function) is preserved. 
The choice of the elements’ form and their functions 
for specific tasks determines the accuracy of an ap-
proximate solution and depends on the ingenuity and 
skill of the engineer [3]. 

The modern progressive software environment 
for solving engineering analysis’ issues is FEMAP, 
which allows the creation of final element models of 
components, complex products and systems, and 
perform analysis of the results. FEMAP helps to 
clearly present a pattern of behavior of the product 
under investigation [4]. 

Using FEMAP numerical simulation tools it is 
possible to: evaluate and improve performance and 
product quality; reduce the financial costs of parts’ 
manufacturing; compare different variants of con-
struction geometry and materials used; optimize the 
design of the parts and reduce the materials’ cost. 

Final elements’ method is a powerful tool for de-
termining the potential deformations caused by the 
machining process. Using the results of the final ele-
ments analysis, one can project and predict potential 
deformations and reduce overall production costs. 

The initial calculations’ stage of the structural el-
ement is an analysis of the body's geometry, condi-

tions of its loading, material properties, and the crea-
tion of a calculation model. The calculation model is 
a certain approximation to the real body from the 
material of its production and operating conditions. 
It allows doing a numerical calculation of the design 
of a part based on its geometry, material, initial and 
boundary conditions [5]. 

In order to perform computer modeling, the 
«rocker» piece with a length of 155 mm, the largest 
width of 30 mm and a height of 9.5 mm has been 
selected and has an axial hole with a diameter of 
6.1 mm made of steel 40X DSTU 7806: 2015. 

The drawing of the details in the software system 
FEMAP began with the definition of the coordinates 
of the «final and transitive» points of this detail and 
their inclusion in the program. After drawing these 
points, they were connected by lines, which allowed 
obtaining a two-dimensional drawing of the detail. 
Then, using the «Geometry → Boundary Surface → 
From Curves ...» command, the boundary surface is 
constructed. From the constructed boundary surface, 
with the help of the command "Geometry → Sol-
id → Extrude» received a solid detachment. In the 
future, using the same command, they rounded the 
details of the edges and made the holes in the neces-
sary places. 

To create a final elements’ model, you need to add 
all the material’s characteristics of the detail «rocker» 
(the command «Model → Material ...»). In these 
characteristics, all necessary values of its physical and 
mechanical properties are indicated: Poisson's coeffi-
cient, material density, Young's modulus, and others. 

The command «Model → Property...» initiated the 
dialog box «Define Property», which called the button 
«Elem / Property Type ...» for the corresponding pan-
el in which the type of final element "Solid" was se-
lected. To create a final element grid based on the 
created «firm» body, the command «Mesh → Geome-
try → Solids ...» was used. It calls the Automesh Sol-
ids dialog box, which selected the previously created 
final elements’ properties, and has the option «Mid-
side Nodes», which creates intermediate final ele-
ments’ nodes for the approximation of body geome-
try. After pressing the «OK» button, the KES genera-
tion was performed. Next, you need to specify the 
boundary conditions that simulate fastening the part in 
the assembly unit. Load on the model represented as 
arrows in its direction and numerical value. 

Thanks to the extensive final element library of 
the desired shape, the mesh generators of Femap SW 
allow the creation of high-quality CE mesh and ob-
tain accurate solution results. FEMAP gives you the 
ability to completely control all grid generation pa-
rameters, such as grid spacing, creating a grid for 
small parts, rising coefficients, accounting for small 
geometric elements, etc. With complex geometry, it 
is often necessary to modify the grid in those areas 
where special calculation accuracy is required. The 
tools of the Meshing Toolbox of the FEMAP soft-
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ware allow you to do this by modifying the grid step 
parameters in the source model in interactive mode; 
the grid will be updated automatically. In addition, 
by modifying the grid, you can immediately analyze 
the quality of the final elements created by means of 
a graphical scale in order to make sure that the cre-
ated final element model meets the quality criteria 

To display a tense-deformed state of the detail, 
the command «View→ Select» prompts the appro-
priate dialog box «View Select», where in the sec-
tion «Model Style» the option «Draw Model» is 
selected, in the section «Deformed Style» – «De-
form», in the section «Contour Style» – «Beam Dia-
gram». The button "«Deformed and Contour Da-
ta…» initiates the dialog box «Select PostProcessing 
Data», where in the section «Output Vectors» was 
selected from the list: «1..Total Translation» corre-
sponding to the total vector displacement, and in the 
section «Contour» – «60031..Solid Von Mises 
Stress», corresponding to the equivalent stress on the 
hypothesis of the energy of molding (Mises) for vol-
ume KE. After pressing the button «OK» the created 
model appears in a deformed state. The right side of 
the graphical interface of the program is a color dia-
gram that reflects the value of equivalent stresses for 
the Mises hypothesis for volume KE [5]. 

FEMAP allows you to view text information 
about the results of the analysis. To this end, the 
command «List → Output → Unformatted ...» was 
executed. In the dialog box «Entity Selection – Select 
Output Set(s) to List», all items were selected, and in 
the dialog box «List Unformatted Output», the line 
«1..Total Translation» was selected for information 
on the total vector displacement. Below the working 
plane in the dashboard «Messages» is a list of KE 
numbers and values of the corresponding values. 

The modelling results of the detail’s elastic state 
made it possible to determine the localization loca-

tion and the values of stresses and deformations that 
arise during the operation of the rocker in the as-
sembly unit. Thus, the method of final elements is a 
powerful tool for determining the potential defor-
mation caused by the machining process. Using the 
results of the analysis by the final elements’ method, 
it is possible to project and predict potential defor-
mations and reduce the total cost of production. 
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В последнее время достаточно широко изуча-
ются возможности ультразвукового метода для 
получения нанодисперсных оксидов металлов. 
Известно, что в большинстве случаев уменьшение 
размера частиц и увеличение удельной поверхно-
сти приводит к заметному возрастанию газовой 
чувствительности полупроводниковых оксидов.  

Одноэлектродные полупроводниковые рези-
стивные датчики, представляющие собой кера-
мическую капсулу на спирали из тонкой плати-
новой проволоки (20 ÷ 50 мкм), нашли широкое 
применение для анализа газов различной хими-

ческой природы, в частности для определения 
содержания кислорода, метана, пропана, моноок-
сида углерода, хлора и аммиака [1, 2]. В качестве 
газочувствительного материала в таких сенсорах 
обычно выступают твёрдые растворы (Ga, In)2O3, 
получаемые золь-гель методом. С целью повы-
шения газоадсорбционной активности к тем или 
иным газам в состав указанной композиции мо-
гут вводиться различные добавки. В частности, 
добавка WO3 позволяет практически на порядок 
повысить чувствительность одноэлектродных 
сенсоров к диоксиду азота [3].  




