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Abstract 
Calculations of sputtering yield for Lithium,Sodium and Krypton bombarded by the 

same own ions are achieved by using TRIM program.The relation of angular dependent of 

sputtering yield for each ion/target is studied. Also, the dependence of the sputtering yield of 

target on the energy of the same ion is discussed and plotted graphically. Many researchers 

applied polynomials function to fit the sputtering data from experimental and simulation 

programs, however, we suggest to use Ior function for fitting the angular distribution of the 

sputtering yield. A New data for fitting coefficients of the used ion/target are presented by 

applying used function for the dependence of the sputtering yield on the ion energy.  
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Introduction 
Sputtering is a process whereby atoms are ejected from a solid target material due to 

bombardment of the target by energetic particles [1 – 4]. Sputtering begins when an energetic 

particle strikes a target surface atom. This particle is often called the incident, primary, or 

projectile particle.Sputtering  occurs as the  result of  a series  elastic collisions  where the 

momentum  is  transferred from the  incident  ions  to the  target  atoms  through a series of 

binary collisions or a collision  cascades  region. A surface  atom   may  be ejected  as a  

sputtered  particle  if  it   receives a component  of  kinetic  energy that   is  sufficient   to  

overcome  the   surface binding energy (SBE) of the target material [5]. The minimum ion 

energy required for sputtering is called threshold energy which depends on the heat of 

sublimation of target material; it is relatively insensitive to the nature of the bombarding ions 

[6].  

TRIM (Transport  of  Ions in  Matter) is a  simulation  program  which  employs 

Monte Carlo algorithm to simulate sputtering  process. It is part of the SRIM(Stopping  and 

Range of  Ions  in  Matter ),the software package which contains a set of programs that 

related to the stopping range of ions in matter calculations  through quantum  mechanical  

treatment  of   ion -  atom collisions [7].  

In   this paper we use TRIM program to calculate thesputtering yield of light/heavy target 

bombard by its own ion. We choose Li,Na and Kr to study the sputtering yield parameters that 

affect the sputtering process, such as kinetic energy of bombarding ions and incidence angle. 

In this way, we can explore how the sputtering yield is when the target is bombarded by its 

own ions. 

 

Theory 
Sputtering yield    can be defined as the mean number of atoms removed per incident 

particle: 

   
             

                   
 ………………………………………………………………..(1) 

The sputtering threshold       is defined as the minimum kinetic energy of the   

bombarding particle for sputtering to occur [8].Thus, the bombarding particle must   have a 

kinetic energy above      .The   sputtering   yield depends on the properties of   both   the 

incident particle (energy, mass and incidence angle) and the target(atomic mass, surface 

binding energy, surface etexture and crystal orientation) [9].The sputtering yield can be 

expressed as in the following expression [10]. 

                         ……………………………………………………….(2) 

where    is  a factor   associated   with   target   material, and                 have 

expression  used in numerical calculations given as [10]. 

                          ………………………………………………………..(3) 

in which   is a correction  factor, which is a function of the mass ratio between  bombarding  

target mass to the mass   of the   particle   projectile    ⁄ ,     is atomic density of the  

target  ,     is initial angle of incidence , and            is a nuclear stopping cross – 

section.The latter is given by [11]: 
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where   ,    are the  atomic  numbers  for each  of  the  incident  particle and material target 

bombard respectively, and       is the limit of the   decline in the nuclear cross section and it 

is  expressed by [10]. 

       
              

                               …………………………………………………(5) 

where  is the reduced energy which is given by equation [10] 
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Results and Discussion  
1. Effect of increasing incident ion angle on the sputtering yield 

Figures (1 – 3) show the sputtering yield as a function of ion incidence angle for 

Litarget bombarded by     , Na target bombarded by       and Kr target bombarded by       

at fixed ion energy of        and with constant ion number of      .In all figures mentioned 

the sputtering yield has a slight increase from the incident angle of (      ), and then a 

significant increase between (       ) of incident   angle until finally decreases rapidly at 

larger angles.The reason for the increase of the sputtering yield is that the deposited energy 

distribution is shifted closer to the surface. On the other hand, the drop – off of the sputtering 

yield at higher angles is thought to be caused by the increase of ion reflection from the target 

surface. This behavior is common and similar to most of elements and alloys target that are 

bombarded by various ions. The difference is in the sputtering yield values at different angles 

of incident as well as in the angle which provides the maximum of sputtering yield .For the 

sputtering yield of the elements used, it is clear that light Lithium has a higher sputtering yield 

than Krypton and sodium respectively. Obviously, from figures (1 – 3) the peak of sputtering 

yield of Krypton is located at lower angle than the other elements. Generally, the degree of 

effect of the bombarding angle on the sputtering yields depends on the target used. 

Since the calculations are distinct and singular for each individual angle, the fitting 

process has to be working to provide equation that describes the behavior. of course, the 

suggested fitting would result in different coefficients for each element under consideration. 

We use two types of best – fit function to express the sputtering yield data for comparison 

provided by Igor Pro program. The first function is a six degree polynomial  

            
     

     
     

 ……………………………………...(7) 

and the second is called (Ior) function:  

     
 

         
 …………………………………………………………………(8) 

where the coefficients of the best fit values of equation (7) which are given in table 1, and for 

equation (8) in table  2. Although, many researchers used polynomials function for fitting the 

sputtering yield vs. angle of incident ion , we suggest using and activating the other fitting 

given by Ior function due to the absence of fluctuations at small angles in compassion to the 

polynomial functions.  

2. Effect of increasing ion energy on the sputtering yield 
Figures (4 – 6) show the sputtering yield vs. ion energy for Li, Na, and Kr at direct 

incident of ions, respectively. The sputtering yield increases with the increase of incident ions 

energy until it reaches a maximum sputtering yield and then begins to decrease at higher ion 

energy. The width of the each target is         , and the ion number used for these 

colocations is      . This huge of ion number will interact per second with the target atoms at 

a direct bombardment and will stop at certain range of the target. The maximum energy 

transferred by ions to the target occurs approximately at a half distance of the ion range in the 

target. Therefore, the collision cascades regions are extended from the surface to the distance 

of maximum energy deposited in to the target. 

For the same reason mentioned above, we work the fitting process, but now we use a 

ready formula proposed earlier for a particular ion – target sputtering [11]: 
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For the presented work the coefficients of     ,    ,  ,  and  which give the best 

fitting of TRIM are tabulated in table (3).It is for a specific interaction between certain 

similarly ion/target using above equation and it is new and not mentioned before. 

3. The effect of the mass of both incident ions and target 
The calculations were carried out with      ion number for each       ions incident 

on the same width element targets of        . The following table describes the properties of 

ion/target used in the calculations.  

   Ion mass Target mass Target density 

Lithium                               ⁄  

Sodium                                ⁄  

Krypton                                  ⁄  

Figure (7) shows the angular dependent of sputtering yield for mentioned 

ion/target.Clearly, the higher the sputtering yield takes place for Li, Na and Kr respectively.  

This is due to the lower mass and atomic number of the Li in comparison with the other used 

ions.On average the light atoms in the cascades carry far greater momentum towards the 

surface of the target than do the heavy atoms. Thus, this leads to a higher sputtering yield. In 

this paper the scheme is to use similar ion/target monoatomic element. This means the mass 

of incident ion is equal or less than the target atom mass. Thus there is probability that an 

elastic reflection of ion from the target surface to takes place. The reflected particle becomes 

neutral because the ions are neutralized shortly before it impact the surface and it is not 

unaffected by sheaths. These neutral particles believe to be a source of losing energy from 

incident ion energy. Therefore, this aspect leads to a significant effect of the sputtering 

process.    

 

Conclusions 
There are many mathematical models that illustrate the interaction of ions with metals, 

as well as several of the simulation programs describing these interactions. In this paper, the 

global TRIM program has been used to calculate the sputtering yield of Li, Na and Kr target 

bombarded by its own ion, respectively. We found that the sputtering yield depends on the 

mass of the target and the atomic number of both ion and target. The same lighter ion/target 

gives lower sputtering yield at lower angles of ion incident and a maximum point of 

sputtering yield at higher angles. Further, the same lighter ion/target has a shifted peak of 

sputtering towards higher angles.  Moreover, the lower the sputtering yield of the same 

ion/target vs. ion energy is denoted by the lighter ion/target. Regard to the angular distribution 

of the sputtering yield we suggest to use (Ior) function instead of polynomial functions 

because it does not suffer from fluctuations and smother than the second functions.  
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Table (1): The fitting coefficients of polynomial function for sputtering for(Li, Na and 

Kr), which is shown in figure (1,2,3). 

 K0 K1 K2 K3 K4 K5 

Li-Li 1.4936 -0.39993 0.040218 -0.001451 2.1693e-3 -1.098e-7 

Na-Na 1.4668 0.05796 -0.05796 -1.688e-5 2.0182e-7 -1.820e-8 

Kr-Kr 2.0749 0.060443 -0.003202 0.007052 -8.694e-7 7.049e-10 

 

Table( 2): The fitting coefficients of Ior function for sputtering for (Li, Na and Kr), 

which is shown in figure (1,2, 3). 

 Y0 A X0 B 

Li-Li 0.22641 2295 79.976 174.4 

Na-Na 1.1915 2412.5 72.573 323.01 

Kr-Kr 1.3784 4958.4 73.026 863.88 

 

Table( 3): The fitting coefficients of equation (10) for the curves are shown in figure (4 – 

6). 

                

Li-Li 0.238 0.0004 3.000 0.688 2.000 

Na-Na 2.2638 0.0004 6.000 0.4398 9.000 

Kr-Kr 6.787 0.001 10.000 0.4154 62.000 

 

 

Figure( 1): The sputtering yield as a function of ion incident angle for Na target 

bombarded by Na ion.  The TRIM data are fitted using double functions; 

polynomial and Ior provided by Igor program. 
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Figure( 2): The sputtering yield as a function of ion incident angle for Li target 

bombarded by Li ion.  The TRIM data are fitted using double functions; polynomial 

and Ior provided by Igor program. 

Figure( 3): The sputtering yield as a function of ion incident angle for Kr target 

bombarded by Kr ion.  The TRIM data are fitted using double functions; 

polynomial and Ior provided by Igor program.  
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Figure( 4): Sputtering yield vs. ion energy for sputtering of Li with theoretical equation 

fitting. 

 
Figure( 5): Sputtering yield vs. ion energy for sputtering of Na with theoretical equation 

fitting. 
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Figure (6): Sputtering yield vs. ion energy for sputtering of Kr with theoretical equation 

fitting. 

 
Figure( 7): The angular dependent of the sputtering yield of Li,Na and Kr with fixed ion 

number, the width of the target and ions energy. 

 

 

 

 

 

 

 

 



 

Physics | 35 

 2016( عاو 3)انعذد   22انًجهذ                             يجهت إبٍ انهٍثى نهعهىو انصشفت و انتطبٍقٍت                                                 

Ibn Al-Haitham J. for Pure & Appl. Sci.                                           Vol.29 (3) 2016 

حساباث حاصل الترريز لكل هي اللثيىم و الصىديىم و الكريبتىى عٌذ قصفها 

 بٌفس ايىى الهذف باستخذام برًاهج هحاكاة التــــرم

 
يٌاس احوذ جىاد ا  

هصطفً كاهل جاسن    

هذي هجيذ تىفيق   

جايعت بغذاد /كهٍت انتشبٍت نهعهىو انصشفت )ابٍ انهٍثى(  /قسى انفٍضٌاء   

 

  6102/توىز/  01قبل في,6102 /ًيساى/01استلن في :
 

 الخلاصت
 بشَايج باستخذاو أٌىَاتها قصفها بُفسانكشٌبتىٌ عُذ و انصىدٌىوٍثٍىو ، وهان حاصم انتشرٌز نكم يٍ حساباث اَجضث    

حاصم  اعتًاد وتى يُاقشت، أٌضا. أٌىٌ/انهذف قٍذ انبحث نكم نحاصم انتشرٌز انضاويالاعتًاد تى دساستعلاقت . انتــــشو 

 بٍاَاثعُذ اجشاءهى يلائًت  انباحثٍٍ فً هزا انًجال اٌ انعذٌذ يٍ بٍاٍَا.سسى انهذف و أٌىٌ عهى طاقت َفس انهذف تشرٌز

 نًلائًتIOR دانت استخذاو َقتشح، ويع رنك، ٌستعًهىٌ يتعذدة انحذود وبشايج انًحاكاة انتجشٌبٍت تائجانُ رٌزحاصم انتش

قٍذ  /انهذفبٍاَاث حاصم انتشرٌز أٌىٌ نًلائًت يعايلاث جذٌذةقٍى ت قذو. فً هزا انبحث نحاصم انتشرٌز انضاوي انتىصٌع

 .انًعتًذ عهى انطاقت الاٌىَاث انساقطتانبحث 

 

 انكشٌبتىٌ، هٍثٍىو،انصىدٌىو، انبلاصياانتــــشو، بشَايج، :حاصم انتشرٌز كلواث الوفتاحيتال

 


