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Abstract—The  methods  of  multilayer  dielectric  defect 
parameteres  definition  on  thermal  quadrupoles  basis  are 
considered in  the  report.  Analytical  method for  determining 
the  defect  depth  and  thicknesses  or  thermal  resistance  are 
proposed. Objective is  to improve the accuracy and simplify 
the algorithm for calculating layer thicknesses. The results are 
obtained  for  the  depth  of  the  defect  by  determining  the 
cotangent  and  for  the  thicknesses  of  the  defect  or  thermal 
resistance by the basic trigonometric identity.

Keywords—  thermal  quadrupole,  layer  thickness,  heat 
transfer, model 

I. INTRODUCTION 
Modern  research  in  the  field  of  thermal  processes  in 

electronic  systems  increasingly  relies  on  mathematical 
models that allow describing the distribution of temperature 
and heat flows in complex multilayer structures [1-2]. One of 
the most effective tools for such analysis is the use of the 
concept  of  thermal  quadrupoles,  which  allow representing 
heat transfer in a form similar to electrical circuits. Due to 
this, thermal processes can be analyzed using the methods of 
linear system theory, which greatly simplifies modeling and 
allows  for  parametric  studies  of  the  system.  The  matrix 
representation of thermal quadrupoles is based on the use of 
vector-matrix  equations  that  relate  temperatures  and  heat 
flows on different surfaces of the body through matrices of 
thermal characteristics. This approach provides universality 
of  description  -  regardless  of  the  geometry,  material  or 
number  of  layers  of  the  system.  In  the  case  of  a 
homogeneous  medium  limited  by  a  closed  surface,  this 
allows  describing  the  processes  of  stationary  heat  transfer 
through the ratio between the input and output flows, similar 
to the transfer of current and voltage in electrical circuits.

In this work we determine the depth and thickness of the 
defect.  

II. MODEL OF MULTILAYER STRUCTURE AS 
THERMAL QUADRUPOLES

Structure  and  description  of  a  multilayer  structure.  In 
order to obtain a model of a multilayer structure consider fig. 
1. 

III. FIG.1. MODEL OF A MULTILAYER STRUCTURE

A vertical axis on the left represents the spatial coordinate 
x,  which  points  downwards.  The  top  boundary  of  the 
multilayered structure is  located at  x  = 0,  and the bottom 
boundary is marked at x = l.  drepresents the thickness of the 
top layers. δ represents the thickness of a defect internal layer 
or inclusion. h measures the depth from the top surface (x = 
0) to the upper boundary of the defect layer. 

The fig.1 depicts a composite or structure consisting of 
several horizontal layers. top and bottom outer layers: The 
system features  regular,  flat  parallel  layers  near  the  outer 
boundaries.  The  region  above  the  defect  layer  is 
characterized  by  thermal  diffusivity  ai and  thermal 
conductivity  λi.  The  region  below  the  defect  layer  is 
characterized  by  thermal  diffusivity  ad and  thermal 
conductivity λd. A layer of thickness δ is emphasized with 
diagonal hatching (shading), representing a defect material. 

IV. METHOD OF MULTILAYER DIELECTRIC DEFECT 
PARAMETERES DEFINITION

The model was adopted from [3]; however, a feature of 
model [3] is that it requires matrix inversion, what we will 
try to avoid. The thermal resistance approach from [4] was 
utilized instead of modeling the defective layer directly. Also 
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in  [4]  a  defect-free  sample  is  used  as  an  additional 
connection between the quantities. 

The proposed hybrid model is [5-6]

where  is thermal resistance for defect.

As a result,  we obtain for the element of the resulting 
matrix by equating the left and right sides of expression (1).

Let's assume that there is a defect-free sample, for this 
sample model is 

(6)

Аfter performing the multiplication we get

(7)

As a result,  we obtain for the element of the resulting 
matrix(7)

A. Defect Depth 
From the definition of arctangent and equations (2)-(3) 

and (8)-(9)

 

B. Thermal resistance

From difference of equation (3) and (9) expresses 
, and  squaring it, than difference of equation (5) and (11) 
express  and  squaring it too, and summarize them to 
get the basic trigonometric identity which is equal to one, 
let's express  under condition of known   from (12)

V. CONCLUSION

The  heat  transfer  processes  in  multilayer  structures 
represented  as  equivalent  thermal  quadrupoles  was 
considered in the report. Analytical method for determining 
the geometric parameters (thicknesses) of layers in thermal 
quadrupole  was  proposed.  Objective  is  to  improve  the 
accuracy  and  simplify  the  algorithm  for  calculating  layer 
thicknesses.  The  results  are  obtained  for  the  depth  of  the 
defect by determining the cotangent and for the thicknesses 
of the defect or thermal resistance by the basic trigonometric 
identity.
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