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 الشكر والعرفان

 

 أ مدني به من قوة وصبر وبما أ عانني عليه في كل شئ لاتمام هذا العمل. الحمد لله رب العالمين على ما

 يسرني ان اقدم جزيل شكري وفائق تقديري الى مشرفي الفاضلين :

 خالد محمد هارون /الدكتور

 احمد الحسن الفكي /الدكتور

 وتسهيل لانجاز هذا البحثواتقدم بفائق الشكر والاحترام للبروفيسير مبارك درار عبدالله لما قدمه لي من عون 

 

 واتقدم بالشكر لكل من ساهم في اخراج هذا البحث

 واسال الله ان يجزيهم عني خير الجزاء
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Abstract 
          In this research includes theoretical Study of The Range and Electronic stopping power 

for Alpha particles falling on elements isotopes and vehicles of some polymers.                           

    

        The research aims to modify equation calculation Electronic stopping power for charged 

particles falling on elements to include effect of mass nuber for elements and isotopes and 

comparison results with the results of (SRIM(2013)) as well as knowing The Effect Range and 

Electronic stopping power for Alpha particles falling on elements isotopes and vehicles of some 

polymers.                                                                              

           The research issue represent is the same there is no equation to solve  in details to effect 

mass number of atom on stopping power and range for charged particles.                                      

                                                   

            The researcher uses inductive mathematic theoretical methods and computational and 

use computational of Srim program.                                                                                      

           The most Important Results that study found is Generalized of equation show that the 

change in stopping power may be resulted from increased neutrons number to increase the 

magnetic moment of atom, to increase distractive potential Energy and increase electron mass to 

decreased stopping power, and the results of Generalized equation where compared with the 

result of (SRIM (2013)) showed good agreement.                                                                    

          The  researcher recommends studying relativity theory in depth of relativity mass and 

large studied and application in field interaction radiation with matter.                                   
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 Interaction of heavy charged particles with matter                              
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W= E/n ……… (2-1)
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7.3  

                           Interaction of alpha particles with matter                                                                                       

7.4  

Interaction of low charged particles with matter 
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7.5.0  Energy loss by collision                                                                          
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Absorption of electrons in matter                      
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 مع الماده: بيتا  تفاعل جسيمات 7.6

Interaction of beta particles with matter                                    
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7.2. polystyrene(SE)                                                                              
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7.2. poly methyl methacrylate(PMMA) 
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Isotopes

 

 العناصر

 

الهيدروجين 
1
H 

%99.985(
1
H) 

 %0.015(
2
H) 

1.0:0 

 

هيليوم 
2
He 

 %0.0001(
3
He) 

 %99.9999(
4
He) 

1.0 : 0.5 

 

كربون 
6
C 

%89.9(
12

C)       %10.1(
13

C) 1.17 : 1.0 
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اكسجين 
8
O 

 %99.762(
16

O) 

 %0.038(
17

O) 

 %0.20(
18

O) 

1.25: 1.1: 1.0 

  Range of heavy charged Particlesدى الجسيمات الثقيلة المشحونة: م2.9 
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                                                                                  Range of Alpha Particles  مدى جسيمات ألفا: 10.2 
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 مدى جسيمات ألفا في الهواء-أ [(2-4الشكل )
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                                                                                  Range of beta Particles مدى جسيمات بيتا:  2..2
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 لنظرية النسبية الخاصة:ا الكتلة النسبية حسب اشتقاق 7.04

derivation of relativity mass to special relativity theory              

            Fm 

a 7  7  

                                       

v   

 

      ∫      ∫        ∫        

 

           

       

                

     (        



33 
 

 

t  

        
 

 
     

 

        
 

 

  

 
               

34  

      
 

  
                   

 

        

       
  

 

 
        

  
 

 
 
  

  
    



34 
 

 

       
  

 

 

  

  
                 

  

             (      
 

  
  )        7  

 

              (        
 

   
   )           

 

       

      

                                               ،     

   7 

            
 

   
    

    [(  
  

 
)   

 

   
 ] 

     

    [(  
  

 
)  

 

   
]                     (2-40) 

 

    

 

     [        
 

   
   ] 

 

   [  
  

 
 

 

   
]                              



35 
 

    

    [  
  

 
 

 

   
] [  

  

 
 

 

   
]   

 لذا 

γ  
 

√   
  

 
 

 
       

  

 
 

 
    

                         

                                     

γ   

γ  
 

√   
  

 
 

 
       

  

 
 

 
    

  
 

√  
  

 

  

                 

   7  

    
      

 
  

  

√   
  

 
 

 
       

  

 
 

 
    

               

 

   
        

 
  

  

√   
  

 
 

 
       

  

 
 

 
    

               

 

    

 

           
                            (2-47) 

42 7  



36 
 

   
   

 

√   
  

 
 

 
       

  

 
 

 
    

               

 

 

  
   

 

(  
  

 

  )

                                         

 

  
  

 
 

 

   
                                            

  

 

  
 

  

 
                                                   

    

                                              
 (  

  
 

  )

 

 
                     

  

                   (2-53                                   )
  

 
      

     
 [  

 

 

  
 

  
]                                        

  

     
                                                   

  

     
 [  

 

 

  
 

  
 

 

  
]

    
  

 

 
   

         
            



37 
 

  

                                                               

  
 

 
   

                                  (2-57)               

  

Literature review 7.05 



38 
 



39 
 



40 
 

 

 

 

 

CHAPTER THREE 

 

The Method of Research 

 

 

 

 

 

 



41 
 

 Introduction :المقدمة 7.3

SRIM 

 The Methodالطريقة:  3.2
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4.0  Introduction  

SRIM

SRIM

SRIM

SRIM

  :The results 

 حساب قدرة الايقاف حسب النظرية النسبية الخاصة المعممة: تعديل معادلة  4.2

Modify Stopping power equation to special relativity theory      
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 electronic stopping power :قدرة الايقاف الالكترونية  4.7.0

 (وبرنامج سريم:4-01لمعادلة)قدرة الايقاف الالكترونية لنظائر الهيدروجين من ا 4.7.0.0

 (4-01قدرة الايقاف الالكترونية لنظائر الهيدروجين من المعادلةالمعدلة)

 

 

( يوضح قدرة الايقاف لنظائر الهيدروجين من 4-1الشكل )

( 4-11المعادلة)  

 
  

قدرة الايقاف لنظائر الهيدروجين من ( يوضح 4-1الجدول)

(4-11المعادلة)  

 

Ion Energy 
(Mev) 

Stop power(Mev/(mg/cm2)) 
1H 2H 3H 

10 6.27 4.18 3.59 

11 6.26 4.17 3.58 

12 6.25 4.17 3.58 

13 6.25 4.16 3.57 

 14 6.24 4.16 3.57 

15 6.24 4.16 3.57 

16 6.23 4.15 3.56 

17 6.23 4.15 3.56 

18 6.22 4.15 3.56 

20 6.22 4.14 3.55 

22.5 6.21 4.14 3.55 

25 6.21 4.14 3.55 

27.5 6.2 4.13 3.54 

30 6.2 4.13 3.54 

32.5 6.19 4.13 3.54 

35 6.19 4.12 3.53 

37.5 6.18 4.12 3.53 

40 6.18 4.12 3.53 

45 6.17 4.11 3.52 

50 6.17 4.11 3.52 

55 6.16 4.11 3.52 

60 6.16 4.1 3.51 

65 6.15 4.1 3.51 

70 6.15 4.09 3.51 

80 6.14 4.09 3.5 

90 6.13 4.08 3.5 

100 6.12 4.08 3.5 
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( يوضح قدرة الايقاف لنظائر االهيدروجين 4-2الشكل )

 من برنامج اسريم 

 

 

 

 

( يوضح قدرة الايقاف لنظائر االهيدروجين من برنامج اسريم 4-2الجدول )   

 

Ion Energy 
(Mev) 

Stop power(Mev/(mg/cm2)) 
1H 2H 3H 

10 13.7 6.9 4.6 

11 12.5 6.34 4.22 

12 11.6 5.86 3.91 

13 10.8 5.46 3.64 

14 10.1 5.12 3.41 

15 9.56 4.82 3.21 

16 9.04 4.55 3.03 

17 8.57 4.32 2.88 

18 8.15 4.11 2.74 

20 7.44 3.75 2.5 

22.5 6.72 3.38 2.26 

25 6.14 3.09 2.06 

27.5 5.65 2.85 1.9 

30 5.25 2.64 1.76 

32.5 4.9 2.47 1.64 

35 4.6 2.31 1.54 

37.5 4.33 2.18 1.45 

40 4.1 2.06 1.37 

45 3.71 1.87 1.24 

50 3.39 1.7 1.13 

55 3.12 1.57 1.05 

60 2.9 1.46 0.975 

65 2.71 1.36 0.91 

70 2.54 1.28 0.855 

80 2.27 1.14 0.736 

90 2.05 1.03 0.691 

100 1.88 0.948 0.632 
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 (وبرنامج سريم:4-01قدرة الايقاف الالكترونية لنظائر الكربون من المعادلة) 4.7.0.7

( يوضح قدرة الايقاف لنظائر الكاربون من 4-3الشكل ) 

(4-11المعادلة)  

 

( يوضح قدرة الايقاف لنظائر الكاربون من 4-3الجدول)

(4-11المعادلة)  

 

تم حساب قدرة الايقاف الالكترونية لجسيمات ألفا الساقطة على نظائر الكاربون     

( ان قدر 4-2ولوحظ من خلال الشكل ) 

Ion Energy 
(Mev) 

Stop power(Mev/(mg/cm2)) 
12C 14C 

10 3.87 3.5 

11 3.86 3.49 

12 3.85 3.49 

13 3.84 3.48 

14 3.84 3.48 

15 3.84 3.47 

16 3.84 3.47 

17 3.83 3.47 

18 3.83 3.46 

20 3.83 3.46 

22.5 3.83 3.46 

25 3.82 3.45 

27.5 3.82 3.45 

30 3.82 3.45 

32.5 3.81 3.44 

35 3.81 3.44 

37.5 3.81 3.44 

40 3.8 3.43 

45 3.8 3.43 

50 3.8 3.42 

55 3.79 3.42 

60 3.79 3.42 

65 3.79 3.41 

70 3.78 3.41 

80 3.78 3.41 

90 3.78 3.4 

100 3.77 3.4 



50 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
 

( يوضح قدرة الايقاف لنظائر االكاربون 4-4الشكل  )

  من برنامج سريم  

  ( يوضح قدرة الايقاف لنظائر الكاربون من برنامج سريم  4-4الجدول )

Ion Energy 
(Mev) 

Stop power(Mev/(mg/cm2)) 

12C 14C 

10 4.85 4.16 

11 4.52 3.87 

12 4.23 3.63 

13 3.98 3.41 

14 3.76 3.22 

15 3.56 3.06 

16 3.39 2.91 

17 3.23 2.77 

18 3.09 2.65 

20 2.85 2.44 

22.5 2.59 2.22 

25 2.39 2.05 

27.5 2.21 1.9 

30 2.06 1.77 

32.5 1.94 1.66 

35 1.82 1.56 

37.5 1.71 1.48 

40 1.64 1.4 

45 1.49 1.28 

50 1.37 1.17 

55 1.26 1.08 

60 1.18 1.01 

65 1.1 0.894 

70 1.04 0.894 

80 0.934 0.802 

90 0.849 0.728 

100 0.779 0.668 
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 (وبرنامج سريم:4-10المعادلة)قدرة الايقاف الالكترونية لنظائر الاوكسجين من  4.7.0.3

( يوضح قدرة الايقاف لنظائر الاوكسجين 4-5الشكل )

(4-11من المعادلة)

 

 
( يوضح قدرة الايقاف لنظائر الاوكسجين 4-5الجدول )

 (4-11من المعادلة)
         

 

 

تم حساب قدرة الايقاف الالكترونية لجسيمات ألفا الساقطة على نظائر الاوكسجين 

( ان قدر 4-3ولوحظ من خلال الشكل ) 

 

 

 

Ion Energy 
(Mev) 

Stop power(Mev/(mg/cm2)) 
16O 18O 

10 3.86 3.34 

11 3.85 3.33 

12 3.84 3.33 

13 3.84 3.32 

14 3.84 3.32 

15 3.84 3.31 

16 3.83 3.31 

17 3.83 3.30 

18 3.83 3.30 

20 3.83 3.29 

22.5 3.82 3.29 

25 3.82 3.29 

27.5 3.82 3.28 

30 3.81 3.28 

32.5 3.81 3.28 

35 3.81 3.28 

37.5 3.8 3.27 

40 3.8 3.27 

45 3.8 3.27 

50 3.79 3.26 

55 3.79 3.26 

60 3.79 3.26 

65 3.78 3.26 

70 3.78 3.25 

80 3.78 3.25 

90 3.77 3.25 

100 3.76 3.25 
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( يوضح قدرة الايقاف لنظائر الاوكسجين 4-6الشكل )

  من برنامج اسريم  

 

( يوضح قدرة الايقاف لنظائر الاوكسجين 4-6الجدول )

  من برنامج اسريم  

 

SRIM

 

Ion Energy 
(Mev) 

Stop power(Mev/(mg/cm2)) 
16O 18O 

10 4.62 4.11 

11 4.3 3.82 

12 4.03 3.58 

13 3.79 3.37 

14 3.59 3.19 

15 3.4 3.02 

16 3.24 2.88 

17 3.09 2.75 

18 2.96 2.63 

20 2.73 2.42 

22.5 2.49 2.21 

25 2.29 2.03 

27.5 2.12 1.89 

30 1.98 1.76 

32.5 1.86 1.65 

35 1.75 1.56 

37.5 1.66 1.47 

40 1.58 1.4 

45 1.43 1.27 

50 1.32 1.17 

55 1.22 1.08 

60 1.14 1.01 

65 1.07 0.95 

70 1 0.895 

80 0.904 0.803 

90 0.821 0.73 

100 0.754 0.67 
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4.7.0.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

                                                                                                                  

 

 

 

Ion Energy 
(Mev) 

Stop power(Mev/(mg/cm2)) 

PMMA PE PS 

10 5.86 6.44 5.88 

11 5.85 6.43 5.87 

12 5.84 6.42 5.86 

13 5.84 6.42 5.86 

14 5.83 6.41 5.86 

15 5.83 6.41 5.86 

16 5.82 6.4 5.85 

17 5.82 6.4 5.85 

18 5.82 6.4 5.85 

20 5.82 6.39 5.84 

22.5 5.81 6.39 5.84 

25 5.81 6.38 5.83 

27.5 5.8 6.37 5.83 

30 5.8 6.37 5.82 

32.5 5.79 6.36 5.82 

35 5.79 6.36 5.81 

37.5 5.78 6.35 5.81 

40 5.78 6.35 5.80 

45 5.77 6.35 5.79 

50 5.77 6.34 5.79 

55 5.76 6.33 5.79 

60 5.76 6.33 5.79 

65 5.75 6.32 5.78 

70 5.75 6.32 5.78 

80 5.75 6.31 5.77 

90 5.74 6.3 5.76 

100 5.73 6.3 5.76 
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 4.7.0.5  (SRIM:) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

srim

Ion Energy 
(Mev) 

Stop power(Mev/(mg/cm2)) 

PMMA PE PS 

10 5.49 6.12 5.54 

11 5.1 5.67 5.14 

12 4.76 5.29 4.8 

13 4.47 4.96 4.51 

14 4.22 4.68 4.25 

15 3.99 4.42 4.03 

16 3.79 4.2 3.83 

17 3.62 4 3.65 

18 3.46 3.82 3.48 

20 3.18 3.51 3.2 

22.5 2.89 3.19 2.91 

25 2.66 2.93 2.68 

27.5 2.46 2.71 2.48 

30 2.29 2.52 2.31 

32.5 2.15 2.36 2.16 

35 2.02 2.22 2.04 

37.5 1.91 2.1 1.93 

40 1.82 1.99 1.83 

45 1.65 1.81 1.66 

50 1.51 1.66 1.52 

55 1.4 1.53 1.41 

60 1.3 1.42 1.31 

65 1.22 1.33 1.23 

70 1.15 1.25 1.15 

80 1.03 1.12 1.03 

90 0.937 1.02 0.942 

100 0.86 0.937 0.864 
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srim

.7.the Range of Alpha Particles

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 

 

Ion Energy 
(Mev) 

Range( mg/cm2) 

H C O 

10 5.47 12.42 13.66 

11 6.31 14.33 15.76 

12 7.19 16.32 17.96 

13 8.11 18.4 20.25 

14 9.06 20.57 22.63 

15 10.05 22.83 25.1 

16 11.07 25.15 27.65 

17 12.13 27.55 30.28 

18 13.21 30.01 32.99 

20 15.47 35.21 38.64 

22.5 17.85 40.55 44.58 

25 20.34 49.13 50.8 

27.5 24.27 55.14 60.61 

30 28.42 64.57 70.98 

32.5 31.31 71.14 78.2 

35 35.83 81.37 89.45 

37.5 38.93 88.45 97.23 

40 43.76 99.42 109.29 

45 52.22 118.63 130.41 

50 61.16 138.95 152.73 

55 70.57 160.3 176.21 

60 80.4 182.65 200.78 

65 90.66 205.95 226.39 

70 101.32 230.17 253.01 

80 123.79 281.21 309.11 

90 147.71 335.55 368.85 

100 173 393 432 
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4.7.7.7 (SRIM:)

()

(SRIM:) 

Ion Energy 
(Mev) 

Range(µm) 
1H 2H 3H 

10 0.61296 1.22 1.83 

11 0.71947 1.43 2.14 

12 0.83499 1.66 2.49 

13 0.95939 1.91 2.86 

14 1.09 2.17 3.26 

15 1.23 2.45 3.68 

16 1.38 2.75 4.12 

17 1.54 3.06 4.6 

18 1.71 3.4 5.1 

20 2.07 4.11 6.16 

22.5 2.56 5.09 7.63 

25 3.11 6.17 9.25 

27.5 3.7 7.35 11.02 

30 4.34 8.62 12.93 

32.5 5.03 9.99 14.98 

35 5.77 11.45 17.17 

37.5 6.55 13 19.5 

40 7.38 14.65 21.97 

45 9.17 18.2 27.31 

50 11.14 22.11 33.18 

55 13.29 26.38 39.57 

60 15.61 30.98 46.48 

65 18.1 35.93 53.9 

70 20.76 41.21 61.83 

80 26.58 52.75 79.14 

90 33.04 65.59 98.39 

100 40.15 79.69 119.56 
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(SRIM:)

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Ion Energy 
(Mev) 

Range( µm)    

12C 14C 

10 55.09 64.22 

11 64.56 75.26 

12 74.7 87.08 

13 85.51 99.68 

14 96.97 113.04 

15 109.08 127.16 

16 121.84 142.03 

17 135.22 157.63 

18 149.23 173.96 

20 179.1 208.78 

22.5 219.85 256.28 

25 264.35 308.15 

27.5 312.53 364.32 

30 364.34 424.71 

32.5 419.73 489.27 

35 478.63 557.94 

37.5 541.03 630.67 

40 606.87 707.42 

45 748.63 872.66 

50 903.78 1050 

55 1070 1250 

60 1250 1460 

65 1450 1690 

70 1650 1930 

80 2100 2450 

90 2600 3030 

100 3150 3670 
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(SRIM:)

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 

 

 

 

srim

Ion Energy 
(Mev) 

Range(µm) 

16O 18O 

10 94.75 106.61 

11 110.45 124.28 

12 127.26 143.19 

13 145.16 163.33 

14 164.14 184.68 

15 184.17 207.23 

16 205.26 230.95 

17 227.38 255.84 

18 250.53 281.89 

20 299.83 337.35 

22.5 367.03 412.96 

25 440.33 495.44 

27.5 519.64 584.67 

30 604.85 680.54 

32.5 695.88 782.96 

35 792.64 891.83 

37.5 895.07 1010 

40 1000 1130 

45 1240 1390 

50 1490 1680 

55 1770 1990 

60 2060 2320 

65 2380 2680 

70 2720 3060 

80 3450 3880 

90 4260 4800 

100 5150 5800 
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srim)

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Ion Energy 
(Mev) 

Range(mg/cm2) 

PMMA PE PS 

10 0.435 0.376 0.116 

11 0.502 0.433 0.134 

12 0.572 0.493 0.152 

13 0.644 0.556 0.171 

14 0.732 0.622 0.194 

15 0.805 0.69 0.213 

16 0.881 0.76 0.234 

17 0.965 0.833 0.257 

18 1.05 0.907 0.279 

20 1.23 1.06 0.328 

22.5 1.42 1.22 0.378 

25 1.7 1.46 0.446 

27.5 1.93 1.67 0.513 

30 2.26 1.95 0.602 

32.5 2.49 2.15 0.663 

35 2.85 2.46 0.759 

37.5 3.09 2.67 0.824 

40 3.48 3 0.927 

45 4.17 3.58 1.106 

50 4.88 4.2 1.295 

55 5.62 4.85 1.494 

60 6.41 5.52 1.703 

65 7.25 6.25 1.92 

70 8.06 6.94 2.146 

80 9.8 8.54 2.62 

90 11.76 10.14 3.135 

100 13.77 11.87 3.66 
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(SRIM:)

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Ion Energy 
(Mev) 

Range(µm) 

PMMA PE PS 

10 116.34 105.3 102.09 

11 136.21 123.51 119.75 

12 157.55 143.11 138.71 

13 180.33 164.06 158.96 

14 204.53 186.34 180.47 

15 230.13 209.95 203.23 

16 257.12 234.85 227.23 

17 285.48 261.04 252.44 

18 315.2 288.51 278.87 

20 378.6 347.17 335.26 

22.5 465.24 427.44 412.33 

25 559.98 515.31 496.62 

27.5 662.66 610.65 587.99 

30 773.16 713.35 686.34 

32.5 891.37 823.29 791.56 

35 1020 940.39 903.58 

37.5 1150 1060 1020 

40 1290 1200 1150 

45 1590 1480 1420 

50 1930 1790 1710 

55 2290 2130 2030 

60 2680 2490 2380 

65 3090 2880 2750 

70 3530 3290 3150 

80 4500 4190 4010 

90 5570 5190 4960 

100 6740 6290 6000 
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discution

 electronic stopping power 

: electronic stopping power for isotopes 

srim))

 electronic stopping power of polymer 

srim
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حيث  [66]

 استنتج ان قدرة الايقاف الالكترونية تختلف اختلافاً ملحوظاً في كل هدف من الاهداف . 

Range of Alpha Particle in elements and vehicles                                    

: Range of Alpha Particle in elements

Range of Alpha Particle in vehicles
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 اتمة:الخ 
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التوصيات:
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(0) ملحق  

Legal Notices about SRIM 
 

SRIM may be copied and distributed freely.  
 

   However, no commercial use may be made of the code, the associated files, or of its 

results (e.g. you may not incorporate any part of SRIM in a commercial product) 

without a written license from SRIM.org. See legal note below for details. 
 

   This program is quite complex and is undoubtedly full of little bugs. You 

are encouraged to send any comments to J. F. Ziegler at Ziegler@SRIM.org. 

E-mail is usually answered immediately. 

___________________________________________________________ 

 

   Program name: SRIM  (PC version only) 

   Copyright: SRIM.com, 1984 , 1986, 1989, 1991, 1992, 1994, 1995, 1998, 

2000, 2003, 2008, 2011. All Rights Reserved 

 

   SRIM.com Research Software Disclaimer 

   As experimental, research software, this program is provided free of 

charge on an "as is" basis without warranty of any kind, either expressed or 

implied, including but not limited to implied warranties of merchantability 

and fitness for a particular purpose. SRIM.com does not warrant that the 

functions contained in this program will meet the user's requirements or that 

the operation of this program will be uninterrupted or error-free. Acceptance 

and use of this program constitutes the user's understanding that he will have 

no recourse to SRIM.com for any actual or consequential damages, 

including, but not limited to, lost profits or savings, arising out of the use or 

inability to use this program. Even if the user informs SRIM.com of the 

possibility of such damages, SRIM.com expects the user of this program to 

accept the risk of any harm arising out of the use of this program, or the user 

shall not attempt to use this program for any purpose. 

 

   User agreement: 

By acceptance and use of this experimental program the user agrees to the 

following: 

 This program is provided for the user's personal, non-commercial, 

experimental use and the user is granted permission to copy this program 

to the extent reasonably required for such use. 

 All title, ownership and rights to this program and its associated files and 
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any copies remain with SRIM.com, irrespective of the ownership of the 

media on which the program resides. 

 The user is permitted to create non-commercial derivative works to this 

program. However, all copies of the program and its derivative works 

must contain the SRIM.com copyright notice, the Experimental Software 

Disclaimer and this User Agreement. 

 By furnishing this program to the user, SRIM.com does NOT grant either 

directly or by implication, estoppel, or otherwise any license under any 

patents, patent applications, trademarks, copyrights or other rights 

belonging to SRIM.com or to any third party, except as expressly 

provided herein. 

 The user understands and agrees that this program and its associated files, 

and any derivative works, are to be used solely for experimental uses and 

are not to be sold, distributed to a commercial organization, or be 

commercially exploited in any manner. 

 

   SRIM.com requests that the user supply to SRIM.com a copy of any 

changes, enhancements, or derivative works which the user may create. The 

user grants SRIM.com and its subsidiaries an irrevocable, nonexclusive, 

worldwide and royalty-free license to use, execute, reproduce, display, 

perform, prepare derivative works based upon, and distribute (internally and 

externally) copies of any and all such materials and derivative works thereof, 

and to sublicense others to do any, some, or all of the foregoing, (including 

supporting documentation).Copies of these modifications should be sent to: 

 

  J. F. Ziegler 

  SRIM.com 

  2835 Cox Neck Road 

  Chester, MD, 21619, USA 
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(7ملحق )  

Changes incorporated into versions of SRIM/TRIM 
SRIM-2013 
2013.00 Several bugs corrected, including bugs in Compound Dictionary. No major changes. 

2012.04 The SRIM community is deeply indebted to Xiao YU, Beihang University, Beijing, China, 

for translating the four SRIM Tutorials into Chinese. The SRIM software is downloaded into 

China about 400+ times every year, and the students will be deeply indebted to him for all 

his efforts. 

2012.03 An error in the XY 2D plotting axis was corrected by Hans Hofsaess (Göttingen). 
2012.02 An error in the Random Number Counter was discovered by Paul Gregory of SuVolta 

Co. This affected those who ran more than 10^31 collision events. 

2012.01 An error in the RANGE-3D datafile was discovered by Hervé Peyre, Université 

Montpellier, and after his persistent emails, it was corrected.  

2011.00 Major changes to TRIM by adding 3-D graphics. TRIM also includes very accurate 

damage calculations using monolayer steps with TRIM.DAT controls (see “Damage” 

help-button in the upper-right corner of TRIM setup window. This version of SRIM is 

consistent with the new SRIM Textbook (2008), and the recent paper: “SRIM – The 

Stopping and Range of Ions in Matter (2010)”, J. F. Ziegler, M. D. Ziegler and J. P. 

Biersack, Nucl. Instr. And Meth., B268, 1818-1823 (2010).  

 Note that versions 2011.00 to 2011.06 are all preliminary versions. It usually takes about 

six months to stabilize SRIM to all the various operating systems. 

 Versions 2011.08-2011.10 were various attempts to make SRIM run under Win-7. 

SRIM-2008 
2008.04 Corrected bug in resuming file of transmitted particles. (Jesús P. de Vicente) 
2008.03 Made changes to sputtering of targets Z=13 to21 to omit discontinuity in treatment. 

  Added Help buttons to TRIM plots, and included additional comments. 

  Changed ordinate units for Ion/Recoil distributions to same as for Ions. 

2008.02 Added Ordinate scales to ion trajectory plots. Removed bug in calc. for gas layers  

 within solid targets. Added Chapters 8 & 9 from SRIM textbook to SRIM Help. 

2008.01 No changes to basic calculation of SRIM-2003. Many small bugs have been corrected. 

 This version of SRIM is consistent with the new SRIM Textbook (2008). Allows 

 changes of Ion/Energy/Angle during calculation and added to previous TRIM results. 

SRIM-2006 
2006.01 No changes to basic calculation of SRIM-2003. This upgrade has the following changes: 

      (1) You can now download the complete plots showing the experimental/theoretical 

 stopping of any ion in any elemental target. This file is large (20MB+) but it 

 contains over 22,000 experimental data points reported since 1899. These plots 

 may be accessed using the button on the SRIM-2006 initial window. 

      (2) The Error Message "The number of recoils has exceeded SRIM memory" has been fixed. 

The fix has been tested for up to 1M recoiling atoms in a recoil cascade from a single 

recoil event, Typically, you run into this problem when you use heavy ions with high  

energies, approaching a GeV, in which a single collision can transfer a large amount of 

energy, and the recoiling atom may generate up to a million further recoils. If the number 

of recoils exceeds the current TRIM memory allocation, the above error message will pop 

up and explain how to enlarge the TRIM memory to fix the problem. The number of  

allowed recoils can be increased using the file: /Data/SRIM.cfg. This file contains  

instructions on how to increase the number of allowed recoils. 

      (3) You can now make a file EXYZ.txt which shows the position of the incident 

            ion at discrete energy points. For example, for Bi(500 keV) you can make 
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            a file showing its position at 100 keV increments. This option is at the bottom 

            of the new TRIM input window, along with a Help and an example. 

      (4) You can now enter individual damage energies for each atom in each layer. 

            Hence, silicon in crystalline silicon can have different displacement and 

            Binding energies that silicon in a separate SiO2 layer. This improves both damage 

            calculations and sputtering calculations. 

      (5) The TRIM output window "SHOW LIVE DATA" has been improved. FYI, 

            this is a button in the TRIM window during the calculation. It is on the upper 

            left corner. I think most people don't know it exists, but some people find it 

            very useful for ions with large recoil cascades. They can see what is going on. 

There has been NO CHANGES TO THE CALCULATION OF STOPPING POWER OR RANGES. 

SRIM-2003 
2003.30 Added ability to increase maximum number of recoils using file SRIM.cfg. 

2003.27 Added optional file EXYZ to show ion positions at discrete energies. 

2003.26 Added optional “Live Data” window to SRIM to show recoil calculations. (2005) 

2003.25 General release of SRIM-2003 (1/1/2004) 

2003.25 Final version of SRIM-2003 (1/1/2004) 

2003.24 Extended Max Energy to 10 GeV/u, plus fixed a few small bugs. 

2003.23 Added file for Transmission Sputtering of recoil atoms 

2003.18-22 Added new warnings/coments for special TRIM calculations. 

2003.17 Minor bug which led to Error 53- "File not found" 

2003.16 Corrected  display of Corrections to Compounds to be same definition as on website. 

2003.15 Bug in high energy light ions with full collisions corrected. 

2003.14 Initial versions (.09 to .14) have minor bugs corrected. 

2003.08 Initial versions (.00 to .08) have significant bugs. Please update to newer versions. 

2003.00 Totally new stopping powers, with significant improvement for Heavy Ions. 

  Introduction of Nuclear Stopping using specific atom/atom calculations. 

  SRIM Module is batch program to supply stopping and ranges to other software. 

SRIM-2000 

2000.41 Plots available for stopping of H and He ions into elemental targets. 

2000.40 Expiration date of SRIM led to file parity checks. Corrected. 

2000.39 Minor improvements. Fixed bug in neutron damage calculation. 

2000.38 Fixed significant bug in light ion stopping > 1 MeV/u.             

2000.37 Fixed "European" decimal problem in Stopping/Range tables. 

2000.36 Many minor improvements from beta-test email. 

2000.35 Fixed TRIM random numbers, which repeated after 256k cycles. 

2000.34 Modified PRINT commands for upgraded graphics. Minor bugs fixed. 

2000.32 Corrected bug in SR calculation of He, Li stopping in heavy gases. 

2000.31 Corrected bug on Resuming TRIM from an old calculation. 

2000.3x Introduction of TRIM as full 32-bit software, with unlimited memory. 

 

2000.11 Corrected serious bug in transferring compound stoiciometries to TRIM 

2000.10  Incorporated new high energy stopping power theory (E>1 MeV/u) in SR. 

  Setup TRIM to run in a window (not full screen) and in background. 

    Allowed TRIM to be run in automatic (batch) mode with no keyboard inputs. 

  Fixed bug in using TRIM.DAT file for direct input of recoil data. 

2000.08  Fixed decimal point (European problem) when use commas instead of periods.  

   Changed sputtering to monolayer steps. Add print button to Tables. 

2000.05  End of beta-test versions. First general release via web-site. 

2000.01  Converted to Visual Basic beginning in 1998. All programs converted 



80 
 

  except the TRIM Monte-Carlo program. 

 

SRIM-95 

97.06 Corrected Free-Flight-Path bug for very thin surface layers. 

96.01 Renamed "TRIM" disk to "SRIM" to avoid confusion with TRIM.EXE program. 

 Corrected bug in sputtering calculation (bug only in 96.00 versions). 

96.00   TRIM now allows up to 8 layers made of up to 12 elements. 

 Created new Setup for complex Biological Samples. 

95.9 Corrected bug in stopping in solid forms of gases (H,He,N,O,Ne,Ar,Kr,Xe) 

 Versions 95.0-95.6 in error 200% for very low energies (Baragiola,USA) 

 Corrected sputtering calculations so they were compatable to TRIM-SP, 

 the Biersack FORTRAN program. (Webb, England) 

 Clarified VACANCY.TXT to identify primary-knock-ons. (Littmark,Germany) 

95.5   Conversion of TRIM to "PowerBasic" with speed increase of 5x !!! 

         Corrected bug in stopping of heavy ions in silicon. 

95.2     Creation of standard Input/Output files for specialized TRIM calculations. 

         This allows output from TRANSIT.TXT to be used as input file TRIM.DAT 

         for multiple TRIM calculation (Calvino, Barcelona). Corrected bug in PRAL 

         in stopping of H and He in compound targets. 

95.1     Comprehensive change in all Ion Stopping Powers. New theory for heavy ions. 

         Reluctantly, stopping in gases is also included, although not too accurate. 

         PRAL updated with better straggling algorithm (J.P. Biersack). New feature 

         allows the starting of ions within the target, with any energy and angle. 

 

SRIM-91 

94.40    Redesigned sputtering tables to give full information. (D. Baldwin, USA) 

92.20 Corrected scaling of displayed plots of ions (U. Littmark @ Julich) 

92.15    Corrected sputtering so Resumes TRIM calculation with correct display. 

92.12    PRAL (quick calculation of ion ranges) - corrected Sn for compounds. 

         TRIM - Electronic straggling of ions included for all ions (used to be 

          only for H-Li ions. Now use Eq.4-32, the lower of Firsov or Bohr. 

          - Corrected energy loss files for very-very deep ions. 

92.05    Changed Nuclear Stopping Powers for Compounds to be LSS+Bragg's Rule. 

   (H. Paul @ Linz, Austria and M. Berger @ NIST, USA). 

92.02    Corrected neutron/electron damage bug (R. Macaulay-Newcombe @ McMaster). 

92.01    Corrected Lateral Straggling Bug (H. Paul @ U.Linz, Austria). 

91.05    Corrected statistical range distribution moments (H. Glawishnig, Siemens). 

         Revised Skewness and Kurtosis to fit VLSI modelling conventions. 

         Detailed analysis near layer edges to prevent artificial peaks and dips. 

         TRIM with No Graphics possible for background calculation. 

91.04    Neutron/Electron Damage using Primary Recoil File: RECOILS.DAT 

91.03    Bug fixed for ions with ranges > 1 meter, and more than 1,000,000 ions. 

91.00    Corrected bug in COLLISON.TXT which listed wrong primary collison atom. 

         Added lateral distribution to file COLLISON.TXT 

         Reduced memory required for TRIM for non-recoil calculations by 72k. 

"TRIM-xx" renamed "SRIM-xx" in 1991 to end confusion between the  

 Monte Carlo program TRIM and package of programs titled TRIM-xx. 

TRIM-90  
         (EGA three-dimensional TRIM- First general release, Feb.,1990). 

90.09    Plots of Sputtering Yield vs. Surface Binding Energy. 
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90.04    Allowed plots for calculation with only one ion. 

 

TRIM-89 

         A large dictionary of COMPOUNDS has been integrated into the programs. 

         The stopping of ions in compounds is executed using the formalism  

         described in "The Stopping of Ions in Compounds".  Also, a file of  

         vacancy production is made using hot-key "V" while executing TRIM.  

         (NOTE: Early release version 5.0 of TRIM-89 contains a bad bug.) 

5.5      Added Comments to file TDATA.OLD which contains ion/target data for TRIM. 

         Corrected Energy into Vacancies on main plot. 

         Added AutoSave feature for long calculations. 

5.4      Corrected printout of Sputtering if < 0.1 atoms/ion. 

5.3      Corrected COLLSION file to correctly account for all cascade recoils. 

5.2      Corrected Transmission angle-of-deflection Error. 

5.1      Changed Maximum Impact Parameter to Eq.(4-24) instead of (4-20) (page 117) 

 

TRIM-88 

         TRIM has been converted to Turbo-BASIC from the original FORTRAN.   

         This will allow the use of Enhanced Graphics for future versions.   

         A table of common compounds has been added for convenience.  

         Ion energies up to 2 GeV/amu now available.  The transport-equation  

         program, PRAL, has been extended to evaluated compound targets.   

         NOTE: This Version is incompatible with all earlier versions.  

         Earlier data can not be used with this TRIM. 

 

TRIM-87 

         Added transverse straggling of the ions, and ion sputtering of the  

         surface. Corrected many small bugs in various plots. Changed ion stopping 

         in silicon for Z1<19 because of much new data. 

 

TRIM-86 

         File TRIM.IN changed to make direct changes easier.  Set up disk files  

         for Transmitted and Backscattered ion data.  Corrected bug in lateral  

         spread of low-Z ions (minor thing). 

 

TRIM-86  
         Added command "P" which prints out the details of each collision to allow  

         access to the inner workings of TRIM. Major change made in definition of 

         cascade displacements and vacancies to make it agree closely with the  

         assumptions of Kinchin and Pease. 

 

TRIM-85 
         Original release in 8/85. This version, and all subsequent versions,  

        may differ from the FORTRAN version of TRIM maintained by J.P. Biersack  

         and used on mainframes and advanced workstations. 
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(:3ملحق)  

  -- Stopping Power Version -- 
SRIM stopping powers have undergone several complete revisions. First there was a six volume 

series of stopping powers and ranges published by Pergamon Press from 1977-1983. During this 

period the general framework for a unified stopping theory was developed. The first 

comprehensive set of stopping powers was published in 1984. This set was then updated in 1988, 

1995, 1998  and finally in 2003. Because each version took a separate set of coefficients, the 

SRIM size became too large for many people to download. Hence, only the stopping of SRIM-

2003 is included in the current version. SRIM-2000 contains three earlier versions and may be 

downloaded separately. 

 

SRIM-1995  
SRIM-1995 was the last comprehensive stopping power compilation. It included all published 

stopping power papers up to 1991. There were NO changes in the stopping values for high energy 

particles, E/M > 10 MeV/u, after 1983. 

 

SRIM-2000 
The SRIM-2000 calculation of stopping powers includes all published papers up through 1996. A 

major improvement was made to the high energy stopping powers of light ions. See J. F. Ziegler, 

"The Stopping of Energetic Ions in Matter", Reviews of Applied Physics, J. Appl. Phys., 85, 

1249-1272, 1999. Also, see the figures published in the CD-ROM (available 2000) which shows 

the values of the current calculation, the values of SRIM-1995, two theoretical estimates for low-

velocity stopping, and all available data. 

 

The high velocity stopping values for ions faster than 1 MeV/amu may be altered by editing the 

file SRIM2000\Data\IONIZ.DAT and changing the "Mean Ionization Potential", <I>, for any 

element. This term is defined in Bethe-Bloch theory. The value should be changed for elements 

which occur in compounds with band-gaps dissimilar to that of the elemental material. Usually, a 

band-gap increases the effective value of <I> and hence decreases the calculated stopping 

powers. There is no accurate theory about how much shift is required for compounds. 

 

Currently, there is a small discontinuity in tabulated stopping powers at 1 MeV/u because the 

low-energy stopping theory has not been smoothly joined to the high-energy theory. This will be 

corrected in early 2000. 

 

SRIM-2003  
The SRIM-2003 calculate is based on a expanded, more detailed calculation of stopping based on 

the model proposed by Werner Brandt. See the paper: 'Effective Stopping Power Charges of 

Swift Ions in Condensed Matter', Phys. Rev. B, 25, 5631-5637 (1982). The original paper was 

calculated using a Bohr Atom for both the ion and projectile. This has been expanded using 

realistic and detailed quantal atoms for both the ion and target, and has greatly improved the 

stopping of Heavy Ions in matter. 
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                Special Applications of TRIM (:4ملحق)

 

Ions starting with varying Energies, Angles and Depths 

 Calculating Plasma Ions Hitting a Solid 

 Simulating a Receding Surface from Sputtering 

 Simulating Reactor Radiation Damage in Metals 

Sometimes users wish to consider incident ions with various energies, with various angles of 

incidence and possibly starting at various depths. For this application the data file, TRIM.DAT, is 

used, see Table 1 below. It can be used to simulate the ions from a plasma hitting a surface 

(various angles and energies), e.g. solar wind effects on planetary materials. It can be used to 

simulate a receding surface with subsequent ions starting at increasing depths, e.g. from ion 

sputtering effects. Or it can be used to simulate nuclear reaction processes, e.g. neutron induced 

alpha-particles created throughout reactor materials. 

The top of file TRIM.DAT contains 10 lines of comments, which are not used in the TRIM 

calculation. (Ignore the special fonts used in the figure for emphasis; the data file on the disk will 

be in simple ASCII format.) One of the data lines, as noted in the sample file, will be included as 

an identifying comment in all output files (named *.TXT) which tabulates the statistics of each 

collision. This is the line: Ar Plasma Ions into Si (1000A thick) (Energies 20-80 keV, Various 

Angles). 

Table 1- TRIM.DAT -  Sample File for Varying Energy, Angle and 

Depth 

 

TRIM.DAT:  TRIM with various Incident Ion Energies/Angles and Depths 

Data Format: Top 10 lines are user comments, with line #8 describing experiment. 

Data Format: Line #8 will be written into all TRIM output files ( various files:  *.TXT). 

Data Format: Data Table line consist of: EventName(5 char.) + 8 numbers separated by 

spaces. 

Data Format: The Event Name consists of any 5 characters to identify that line.  

Typical Data File is shown below, with a variety of numerical formats, all acceptable. 

Note that cos(X) = 1 for normal incidence, and cos(X) = -1 for back towards the target surface. 

>> Ar Plasma Ions into Si (1000A thick) (Energies 20-80 keV, Various Angles)  

Event Atom Energy Depth Lateral-Position ------- Atom Direction ------- 

Name Numb __(eV)__ _X_(Å)_ _Y_(Å)_ _Z_(Å)_ Cos(X) Cos(Y)

 Cos(Z) 

  A-1   18 12345   0   0  0    1.00000  .000000 -

.000000 

  abcde   18 54321   0   0    0   0.62344 -.295513  

.003415 

  AA#1   18 1.31E4   123   0 -154  0.34234 -.336437 -

.017437 
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  C-3   18 123.55   1230  432  12.3E2 -0.23258 -.543453  

.443483 

  AA-1   18 0.123E2   0   -10 -12  0.99998  .000012 -

.000017 

Table 1 shows the data format for several ions using various numerical styles to show how to 

specify numbers (all are acceptable). The numbers must be separated by spaces or commas. The 

first column is a five character ID which will be displayed on the screen while that ion is active. 

Columns 2-3 show the ion atomic number and energy (eV). Column 4 indicates the depth (Å) in 

the target where the ion begins: this is its x-axis coordinate. The depth must be a positive number. 

Columns 5-6 are the initial lateral position of the ion (Å). TRIM normally uses (0,0,0) as the 

starting coordinates of the ion. The ion’s starting position is always randomly modified within an 

atomic diameter so that successive ions starting, for example, at (0,0,0) will not have the same 

impact parameter. The incident angle of the ion is specified by its directional cosines, columns 7-

9, with the x-axis corresponding to depth into the target. For normal incidence, the three 

directional cosines are: 1,0,0. Note that cos(X) is positive when the ion is going into the target, 

and negative when moving towards the target surface. The TRIM.DAT file may be up to 99999 

lines long. If any illegal input values are discovered, an error message is displayed on the screen 

and that input line is skipped. 

As an example, a file TRIM1.DAT is included in SRIM, located in the subdirectory: /SRIM 

Tools. This file contains data similar to that shown in the box above for Ar ions (20-80 keV) 

incident on a Si target (1000 Å thick) To illustrate various modes, we start the ions at different 

angles and at different depths in the target. To use this file to make a TRIM calculation, do the 

following: 

Copy the file TRIM1.DAT into the main SRIM directory. Rename it TRIM.DAT. 

Start SRIM. Go to TRIM. 

 In the upper right of the TRIM Setup window is a pull-down menu called: Type of TRIM 

Calculation, DAMAGE. Select item (5), “Varying Ion Energy/Angle/Position (full 

cascades) using TRIM.DAT”. 

 Go through the ion type, mass and energy for Ar ions at 80 keV. Note that you must use at 

least the maximum energy of ions which occurs in the TRIM.DAT file, column 3. 

 In the Target Data window, use the Periodic Table, PT, to enter the element  Si. 

 Specify 1000 Angstroms for the Width of the layer 

 Use the defaults to specify target density and description (2.32 g/cm2 and Silicon). 

 Specify no other layers 

 The rest of the inputs are optional. When done, press Save Input & Run TRIM. 

 A window will pop-up confirming that you want to run using TRIM.DAT. Click on OK. 

TRIM will load and start executing. The calculation will go VERY FAST since there are only a 5 

ions specified in TRIM.DAT (see Table 1). To be sure that things work OK, we have deliberately 

included an error in the input file. The Event in line 4 in Table 1 contains a mistake (depth > 1000 

Å) to illustrate the error messages associated with using TRIM.DAT. TRIM tries to check that the 

input conditions are within specifications of the TRIM Setup that you constructed, but there is 

always the chance of a crash. 
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When you run your own calculation, be sure that the ion that you specify in the TRIM Setup has 

an energy larger than any ion in your TRIM.DAT, and that the target is thick enough to include 

all the ions and recoils. Also, the numbers in TRIM.DAT must follow the convention of using a 

period for a decimal place. No commas! 

This application of TRIM was suggested by: K. Bodek, PSI, Switzerland, F. Calvino, Barcelona, 

Spain and many others. 
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(:5ملحق)  

Introduction to Ion Ranges, Doses and Damage 
This Tutorial will cover how to find the energy and dose of ions required to implant 

atoms into atarget at a given depth and concentration. To illustrate this, we will assume 

that we wish to implant the n-well of a CMOS semiconductor device. The implanted ions 

should be an n-type dopant (implanted atom) in silicon and have a peak concentration 

depth (projected range) of 

about 250 nm (2500Ǻ) below the silicon surface. The peak dopant concentration should 

be5x1018 atoms/cm3. Although this seems complicated (especially if you are not an 

electricalengineer) it merely asks that ions of elements phosphorus (P) or arsenic (As) or 

antimony (Sb) be directed into a silicon target to a certain depth and concentration (atoms 

of P, As and Sb are all ntype dopants to silicon). 

As an additional limitation, we will assume that your implanter (accelerator) is limited to 

200keV. [Note: TRIM sometimes uses Ǻ units because this is about the width of a 

monolayer of atoms in a solid. 10Ǻ = 1 nm. These units are common in assessing target 

microscopic damage.] 
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