
   3, 2010 
 
42 

 533.9:621.039.6 
 

-       
   

 
. . , . . , . . , . . , . . ,  

. . , . .   
 

    -  
        

  Ar+  30      -
. 

 
PACS: 79.20 –m; 79.20.Rf 

 
 :   , -  ,   -

  ,  . 
 

 
 

      
    

      -
 —     -

 , - -
    , -

   , -
,   -

     [1—3]. 
 ,    
    -

  ,    -
      -

 . -  -
     -

.  
     

 ,   , 
 ,  - 

 
 

  , . . . 
  , . .- . , 

 . 
  , -  .- . ,  

, . . . 
  ,  . 

  , -  .- . , -
, . . . 

  , . .- . , -
. . . 

-      
. . . .   . . . . 

 , 119991, ,  , 1, . 2.  
.: 939-41-67, 939-39-04.  

E-mail: avilkina-v25@yandex.ru, anatoly_borisov@mail.ru. 
   , -  . , , 

  .  
 . 

, 111141, , . , . 2. 
.: 672-16-82, 672-72-77. 

 

    18  2009 . 

     -
 N2

+  30     
  [4].   -

     -
   -
 ,    -

     -
,     - 
   T  Ta.   

Ta = 100—200        
   .   

    -
 -   ( ) -

      
      

     -
 (  )  -
       

T < Ta     T > Ta [5]. 
 ,      -

      
     -

     T < Ta. 
   (T > Ta) -

    -
   .  

  -
     -

      -
      

 .  ,  
     
    -

,     -
 [3, 6].    -

    -
   

-   [4, 6].  
 

 

©  . .,  . .,  . .,  . .,  . .,  . .,  . ., 2010 



   3, 2010 
 

43 

    -
  ,    -

    -
 [7].    

      -
,         

   .  -
  ,   -

  ,  -
     

.     
    -

 [8].  
   —  

     
     

   
 . 

 
    

 

     
  -

    -1 .  -
 -1      

 .    
     

[001],    , -
      

 50 .     
      

  .   Ar+  
30       -1  -

  -    [9].  
    0,4  A/ 2, 

  0,3 2.   -
   1017  1019 / 2, -
     400 . -

      
    , 
  ( )  -  

( ) . 
    -

    -
  [10].   

   ,   
  (20 20  ).    ( -

 )  —    0,3  ,  
    

50    50   3 . 
     -

    -
    -

     
 g  -  

      -

.  g    
       . 

 
    

 

  -
  Ar+  30     -

      
( ) (   ,    Ta -

     -
 ),    -

   Tt  150 C ( . 1). 
   [11]  -

    -
      -

     Tt, 
    

 T < Tt. 
 
 

               100                 200                 300                 400 
  T,  

30  Ar+ – HOPG ( -1 ),  = 0  

, 
./

 

2,6 

2,8

3,0

3,2

 
 

. 1.    ð  
 -   

 
     

      
      1018 -2  

  ,   
    -

    150 ,  
. .  ,  -

 -     
 .   . 2 

-     
. , ,  -

   , , 
      -

       -
    .   

 = 150     
  -1    

 , , , -
   .  -

  (  > Tt = 150 C)  
    



   3, 2010 
 
44 

  ,   
 400    

   . 
 

 |-| 
200 nm 

 

 |-| 
1 m 

 |-| 
200 nm 

 

 | | 
1 m 

 | | 
1 m 

  

 |-| 
200 nm 

 

 
 

. 2. -     
 -1      

  Ar+  30    1,5 1018 -2: 
 —   ;  —    
  T = 150 C;  —      30 ; 

 —  T = 260 C;  — T = 400 C 
 

     
    -

     
 .     

150      
     : -

,   -
 ( . . 3, - ),  

  —     -
. 

     -
,       

      
,     

    ( . 3, ).  
     -

      -
       

     ( . . 3, 
— ).    , -

   .   
 100—300 ,  — 100—500 . -

    -
  108 -2.     

   0,5 ,   
    ó   -

,     .  
    -

 ,    , -
  . 4.    

  ,    
.        

       . 

  

 |—| 
200 nm 

 

 |—| 
200 nm 

 

 | | 
200 nm 

 | | 
200 nm 

 a 

 
 
. 3. -     

-1     Ar+  T = 150 C  
  7,5 1017 -2:  

 —     ;  —   
 ;   —      30 ; 

 —     
 

 

-200 

0             2000          4000          6000          8000   

-100

0

100

200

1000

 

0 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

 
 

. 4. -   -1    
    T = 150 C    

1,5 1018 -2 
 

     
 (   1,5 1018 -2) -
   -1    

10 15      
     

 [10].     -
     -
 ,    -

    .  
     

     -
    .  -

     
    

  ,  -
     ( . 5). , 

      
  .  



   3, 2010 
 

45 

 

 
 

. 5.      -1  
   Ar+  30   T = 150 C  

  ~ 1,5 1018 -2 

 
 ,    Ar+ 

  Tt  150 C   -
     -

      
 -    -
     [11].  

,     -
    [10]   

   , -
    -

 [12].     
      

    .  -
    -

     5—7  
[12]. 

 
 

 

    -
   

-1     Ar+   
30     

    ,  
  ,   -

. 
     -

   1018 -2   
  Tt = 150 , -

  -    -
  .  

     
, , ,   
  . -

   108 -2.  -
  ,  Tt,    

  .  , 

 Tt,   -
   . 

   -
    

-1   ,  -
    -

-  ,   -
     

  ,  -
 .  

 ,   -
      

    -
 Ar+   Tt  150 C  

     
   ,  

 ,    -
 . 

 
 

      
 02.740.11.0389   -

     
 "      

 ". 
 
 
 

          
 
1. Carter G.// J. Phys. D: Appl. Phys. 2001. V. 34. P. R21. 
2. Habeninicht S.// Phys. Rev. B. 2001. V. 63. P. 125419. 
3. Chan W. L., Chason E.// J. Appl. Phys. 2007. V. 101.  

P. 121301-1. 
4.  . .,  . .,  . .// -

. ., .  . . 2008.  1.  
. 58—74. 

5. Borisov  A.  V.,  Mashkova  E.  S.// Nucl. Instr. Meth. 2007.  
V. B 258. P. 109. 

6.  . .,  . .,  . ., -
 . .,  . .,  . .,  . .// 

    . .  -
. 2008. . 4. . 37. 
7.  . .    -
   .  — .:  -  ,  

2001.  
8. Stepanova A. N., Zhirnov V. V., Bormatova L. V., 

Givargisov E. I., Mashkova E. S., Molchanov V. A.// Journal de 
Physique IV, Colloque C5. Suppl. Au Journal de Physique III. 6. 
1996. P. 5—103. 

9.  . .,  . .   -
    . — .: , 

1980. 
10.  Rakhimov A. T., Seleznev B. V., Suetin N. V., Timofeev M. A.// 

Proc. Applied Diamond Conf. 11. Suppl. (Gaithersburg: 
NIST5692, 1995). 

11.   . .,  . .,  . ., -
 . .,  . .,  . .// -
    ( -2009): . 19-  . 
. 21—25  2009 . — .: . 2009. . 1.  

. 100—103. 
12.   . .// . 2000. . 170.  9. . 996.  

 



   3, 2010 
 
46 

Ion-induced morphology and electron field emission for HOPG surface 
 

V. S. Avilkina, N. N. Andrianova, A. M. Borisov, V. V. Borisov, E. S. Mashkova, M. A. Timofeev 
Institute of Nuclear Physics, Moscow State University, 1/2 Leninskyi gory, Moscow, 119991, Russia 

E-mail: anatoly_borisov@mail.ru 
 

Yu. S. Virgiliev 
NIIgraphite, 111141, Moscow, Russia 

 
The regularities of nanodimentional ion-induced morphology formation on HOPG basal surface 

under 30 keV Ar+ ion high-fluence irradiation and emission properties of the modified surface have 
been studied. 
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