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Numerical Computation of the Physical Shielding 

Irradiation  
 

S. Stankovi , ,  
 

 
Abstract  

aimed to determine 
 The purpose of this paper was to 

present the new possibilities of the Monte Carlo numerical 
simulations for interaction of gamma irradiation of 60Co and 137Cs 
with semiconductor devices that are often located as dosimeters 

of incident photon particles is simulated with Monte Carlo code 
2014. When kovar is used as a lid in the gamma 

radiation field, the implemented c

 
 

I. INTRODUCTION 
 

 when the stormy development of technology, 
f solid state detector, 

has been introduced in  electronics of power 
systems that can operate in radiation fields of high energy 
accelerators and applications in the field of nuclear industry, 
medical applications and space research 1 , 2 , 3 , 4 . The 

amma irradiation 
installation 5 , 6 . 
photons of 60Co and then are followed by changes in 
threshold voltage shift mean values depending on the change 

components are more than encouraging in terms of further 
research to improve the linearity of dosimeter [7]. Monte 
Carlo simulations of the energy response of a conventionally 

accident and military dosimetry 8 ,[9],[10]. One of a major 
goal of our work was the presentation the Physical Shielding 

 
  

II. P  SHIELDING  
 

Previous studies regarding the interaction  
radiation with the structure of  indicated on 
specific importance following radiation effects in gate 

: generate electron hole pairs in the path of the 
secondary electrons occurred after penetrating incident 

 radiation through the material ; fast electron 
recombination of most electron hole pairs; transport of free 
charge carriers in the ; trap of charge and the 
formation of positive spatial charge, with the occurrence of 
recombination centers and the local electric field; and the 
formation of the charge at the bond interface Si SiO2 
5 , 6 , 7 . In doing so, changes in the density of 

charge and the charge on the surface states affects the 
characteristics of  transistors. The sensitive 

ide layer and this charge 
and its long term trapping lead to a change of threshold 

 In the case of 
 T  produced by the 

photon  simple functional 
dependence of the absorbed dose  SiO2 
8 , 9 . 

effects,  it was necessary to define the physical shielding 
fac  energies p  
kovar as constructional materials of lid as: 
 

                   
barep2

shieldp2
p E,SiOD

E,SiOD
E               

 
 as the ratio of 

absorbed dose values 2  
shielded with protection D 2,EP shield, and when the 

 D 2,EP bare . 
2 as: 

 

                   
2SiO2SiO

p2D
p2 V

E,SiOE
E,SiOD            

Where ED 2,EP  SiO2 and VSiO2 are 
2.  
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III. N METHOD 
 

Numerical computation of values deposited energy in 
2  and  

2014 code for 
incident photons with different energies of radiation 
sources 60Co and 137Cs. 2014 code has great 
competency in successful resolving of radiation transport 
problems which review interactions incident photons and 
secondary electrons and positrons with electronic 

10 , 11 mploying the 
best available cross sections and high speed routines for 
random values sampling from their distributions, and the 
most complete physical model for describing the transport 
and production of the electron cascade from 100 MeV 

ELP 2014 is developed for numerical 

radiation protection, radiation damage in space engineering, 
radiation therapy and other actual applications of these 
particles 12 . The condensed history Monte Carlo method 
is used for the electron transport simulation. During a 
history the particles lose energy in collisions, and the 
secondary particles are generated on the step according to 
the probabilities for their occurrence. Electron energy loss 
is through inelastic electron , e
bremsstrahlung generation. The fluctuation of energy loss 

Westphal distributions with 9 gaussians. With atomic data, 
the electron Monte Carlo simulation is broadened to treat 

the codes permits them to be tailored to specific 
applications and allows the capabilities of the codes to be 

calculations of deposited energy and absorbed dose in 

routines of PENGEOM package for geometry modeling. In 
this way, Monte Carlo simulations were being improved, 
particularly at themselves energies that are typical for 
simulations in radiation and nuclear physics and 
applications on devices with semiconductors in nuclear 
engineering and space technology. 
 

IV. R DISCUSSION 
 

In this study conducte

of gamma ray interaction with the standard structure of the 
  . In order to use numerical methods in 

dosimeter was defined using adequate software. In this 
TELP 2014 code 

software modules for dosimeter geometry description. 
ensitive 

9 , 2 in area, 0.525 mm 

encapsulat
m thick SiO2 layer. It is 

substrate. It is noted that the dimensions of the Monte 
Carlo dosimeter model are as accurate as the information 
provided by the manufacturer. The only uncertainty in the 

may differ from the semi ellipsoid, as simulated in the Monte 
Carlo model, its impact on the dose is very small, due to the 
char
transport. 
which mechanically protects the chip. Package lid is a 250 m 
thick protection shell over 250 m vacuum layer, which up 

  

 
 
 
 
 
 
 
 
 
 
 
 
 

 1. . 

 
 
 
 
 
 
 
 
 
 

– 
 

 
In the second case, the basic struc

 

3, thick is 250 ; 2. vacuum, 250 
3. passivation, silicon nitride, 3,4 3

4. metallisation, aluminium,  2,7 3

2,27 3 2,3 
3

8.1 gold, 19,3 3 8,9 3

17 3, 0,25 
base, alumina,  3,6 3  
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In the part of the numerical simulations of gamma 
e of 

determination of the energy deposited in layers that are of 
interest for the analysis of microscopic processes related to 
the recombination of radiation induced electron hole pairs. 
Transport incident photons through all the layers of 

simulations of the Monte Carlo method using the software 
2014. On this occasion, were taken into 

account all the physical processes of interaction of photons 
with materials given structure. When we carried out the 
numerical application of mathematical and physical model 
for determining the value of the absorbed energy as the 
energy deposited per unit mass in a given layers with 
different materials, it could be accessed defining physical 

components. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

deposited energy in material 
2 in standard structure. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 

 Monte Carlo calculations for deposited energy in material 
2  structure. 

of absorbed dose values 2, which in fact means 
ET 

 
Monte Carlo simulations were performed for the transport 
of incident photons of 60Co and 137Cs gamma sources, as 
well as on some other photon energies. The results of 

calculations for deposited energy with Monte Carlo 
simulations for 107 photons per one simulation, presented 

photon 
beam 

2  
Calculated values of physical shielding factor for two types 

incident photons of 60Co 
and 137Cs gamma sources are shown in Table 1. 
 

 
R

 R M  STRUCTURE IN 
  60C 137CS SOURCE.   

 

 
 
 
 
 
 
 
 
When kovar is used as a lid in the gamma radiation field, 

than the P  

on gamma radiation energy, whereby it can be seen that 
 is higher for the source energy of the 137Cs than for the 

energy of the source 60Co. In addition, when we know the 

without armor, can be carried out the analysis for 
application of method for the required energy 
compensation on this electronic component. 
 

V. CONCLUSION 
 

It can be concluded that for the different energy of 
incident photons there is a significant influence of material 

2 and 
ot In this study confirmed 
the feasibility of numerical calculations based on Monte 

structure in order to achieve better performances of 
semiconductor components in the field of radiation. 

ty that by 

electronic component, an increase in the radiation resistance 
can be achieved. Such research enables the analysis of the 
obtained results of numerical calculations to consider the 
possibility of energy compensation for each electronic 
component individually, which is of great importance in 
the design of the technical characteristics of electronic 
devices. Considering that it is of the most importance 
increasing the packing density of semiconductor devices, 
and in this way it is possible to make progress by applying 
calculation method which is demonstrated in this paper. 

 

Type of model  
standard 
structure 

 
 

structure 
Photon Energy kovar kovar 
662 keV 137  1,077 5,814 
1250 keV 60  1,152 3,235 
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