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Two variants of a new DC arc plasmatron’s design, their assembly drafts and part specifications 

are presented. The main feature of the new plasmatron is very low anode erosion rate that was 
measured to be 4 through 5 orders of magnitude lower than the one for conventional devices. Arc 
Volt-Ampere characteristics, manifestations of the anode spot’s diffuse character and technologic 
gas plasma-chemical activation are considered. 

 
PACS: 52.50.Dg; 52.50.Nr; 52.75.Hn 

 
Keywords: plasmatron, electric arc, erosion, anode, channel, plasma chemical process. 
 

_________________________ 
 

  ,   
  ,    

  ,  . . 
125080, ,  , 5,    

. (499) 158-43-81;  (499) 158-03-67; -mail: riame@sokol.ru 
 - ,  

  , -  
Chiju University, 66, Chijudelchakno Chiju City, Chiju-DO 690-154, Korea 
 
 
 
 

 537.9 
 

     -  
 

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

   . . .  , ,  
 

  -    - -   ,   
   ,   ,    , 

 -6         -
-  .       

  .        -
     H       2.  

 

PACS: 52.70-m; 52.77-j; 52.80-s 
 

 : - ,  , , , , ,  . 
 

 
 

    -
    [1—3]   

"   -
   ( )   

  ".  -
     CVD-  

(chemical vapor deposition).  -
     -

    [4].  
    , 
 ,    
 ,  , -

   ,  ( ) 
,    2- -

 

 

©  . .,  . .,  . .,  . .,  . .,  . ., 2009 



   6, 2009 
 

108 

.     - 
 ( )    :   

103 < p < 104 ;      
1 /       1000 ; 

  ,   
 2500—3000 ,  ,  

      
 ( , ),   

 " "  . 
    ,   , 

  : -
      , 

    
      

    
,     -

    -
 ,    . 

            
    ——          

          (( --
))..       

    - , 
   "microwave 

plasma enhanced" CVD — ( PECVD) [5].  -
  PECVD  -
      -

  1   .  
  [6]     -

   -  -
-     , -

      -
. -     

     -
   [7, 8].   , -

 —    -
      

2-  [9]. -   -
   ,  -

 “torch” ( ) — MPTECVD.  
 

   
MPTECVD-    

  
 

  -  -
  .  1.     -

  P = 0,7 ,  -
 2,45 .    10  

   45 90  ,   
    TEM-  -
      

 5  20 , . -
      -

     
   1,5 ,  

      
.    -

   
    , 

      -
.    -
     -
    ,  

      
  .  - , -

     ,  -
  . 2.   — (2—2,5) 25 . 

     -
 .      

 .      -
  :   .  

 

1 2 

4 

3 

5

 
 

. 1.  MPTCVD- : 
1 —      TE10  

  OM75P(31); 2 —    
   ; 3 —  , 

    ;  
4 —         

; 5 —     
(  —     ( )    

  ( )) 

 

 
 

. 2.  
-    

 (5 / ), 
   

 .  
(   25 . 

   
 —  

) 



   6, 2009 
 

109 

     
    ,  ,  

  ,     
     . 

      -
      -

       
       
  .   

       5  -
   .   

      . 
     300—

1000   -  FSD-8, 
 -    -

 ,    -
.    10 .  

    -
    . , 

   ,   
      

     ,  -
      

 .   -
   800—1100   

       
 .      -

     -
     -

   ,    
           .   

 
 

   3 .  -
    -
    S3000 Horiba Jobin 

Yvonn  LABRAM HR ("Horiba")  -
 Ar-     514,5 .  

    -
   , -

  . 3.  ,  H  -
 ,    2  

   .   ,   438   
 2      

 ,     
 [10].  

   -    -
    [11]: -

  Te  1,5 ,  
  ne  1015 -3.  -

 Tg        (Ar : H2 : 
: CH4 = 5 : 1 : 0,01)    -

  ,      
    . 

,      ( .  .  2)  
   2    

 C—H    -
 1 : 4      

  [12]   , 
     Tg  3000 . 
      

     -
     - - 

. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

0 

1    2 

3 
5 7 11 

9 
10 

12 

8 
6 

4 

  w,  
180 220 260 300 

 I,
 %

 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 
340 380 420 460 500 540 580 620 660 700 740 780 820 860 900 940 980 1020 1080 

 
. 3.    (     )    . 

     (  )     :  
1 —  (389 )  2 (385 ); 2 —  (402 ); 3 —  (431 ), 2 (436 ),  — ( , 434 ); 4 — 2 (469, 471, 473 ); 

5 —  — ( , 486 )   (489 );  6 — 2 (509, 512, 516 ); 7 — 2 (558 ); 8 —  — ( , 655 );  
9—11 —  2 (752—834 )   Ar — (738, 801, 811 ); 12 — Ar (826 ) 



   6, 2009 
 

110 

    
     

 

 -    
     

 [6],  -6,   -
    — —

.  
     

  3     -
  ,     

 ,   , 
  .    

.    :  Ar  —  7,  H2 — 0,5, 
CH4 — 0,017 . / .   2,5 . 

    1000    
    .  

    
  . 4.   -

  ,    1332 -1   
     -

 50    100  -
,     ,  
 ,    -

     200  
 .    ,  -

        
      

,        
(  ).       

    
   ,   .  

 
 

900    1000    1100   1200    1300   1400    1500   1600    1700 
 , -1 

1 

2 

3 

1332 -1 
500 

, 
. 

. 

400 

300 

200 

100 

0 

 
 
. 4.    ,   : 

1 —    100 ,   50  
; 2 —    100 , 

   10  ; 3 —  
  200 ,    10   

 
 

  ..  55          
,,          --

    --66    1122 55 11  ,,  --
      ..    --

  33  ..          
  ——          55  ..  

          --
,,        880000——990000  ..    

  ::  AArr  ——  00,,55——11,,  HH22  ——  00,,99,,  CCHH44  ——  
00,,001177  ..  // ..      --

  (( ))    11115500    11447700  --11      
          DD    GG  --

            
,,            --

    ..      --
            

        ,,    
          

        --
          ,,      

            --
,,              --
      ..  

  
 

800             1000           1200            1400           1600            1800 
 , -1 

1150 -1 

65 

, 
. 

. 

60 

55 

50 

45 

40 

70 

1470 -1 
1332,5 -1 

 G D 

  
  

. 5.    ,   
    -6,    

 
  

  ..  66        --
        --

    ,,      
      11      --

      ..    --
      2277      ,,          

        ..    --
    33  ..        

::  AArr  ——  44,,  HH22    ——  11,,  CCHH44  ——  00,,001155  ..  // ..  
  11  (( ..  ..  66,,  ))          

        55      ,,  
            

44  ,,        88  ,,    



   6, 2009 
 

111 

   33  // ..      
  ((110000))..    22  (( ..  ..  66,,  ))    

      55,,55        ..  
          11,,55    

    ,,  ,,        
          --

            
..      ((110000))    

                  
    ,,      --

            
..        

        ..  77..    --
                --

  ,,      ..    --
  77,,55            

    ..      --
            11  22..  

  ,,    ,,      --
    --       --

,,            
    --       --

          --  
..    

 

10 m 

1 2 

10 m   
  

                  
  

. 6.     
,     : 

 —    ,   5   
  ;  —   5,5  

  

          --
          --

..              --
        1155      ..    

          
      ,,      

      (( ..  88))..  --
      5500  ..      

     1155  // ..    --
        --

          --
  ..  

  
 

2 

7000 

, 
. 

. 

6500 

6000 

5500 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

500 

1150        1200          1250         1300          1350         1400         1450          1500         1550         1600          1650 
 , -1 

4 

3 
1 

  
  

. 7.             
   : 

1 —  5 ; 2 — 6,5 ; 3 — 7,5 ; 4 —  11 . C   (1)  1332  1339 –1 —    
    

  



   6, 2009 
 

112 

 

50  

  
  

. 8.     
    

  
  

  
          

              
    (( ,,  --66,,  ))  

    MMPPTTEECCVVDD--
          

  ,,        
          --

  ..      
      33  //           --

          ,,  --
      ..    

          --
              

    ,,        
              --

          
..    
        --

        ,,    --
          --

            
..  

  
 

     
,  3616. 

 
 

          
 
1. Spitsyn B. V., Bouilov L. L., Derjaguin B. V.// J. Cryst. 

Growth. 1981. V. 52. P. 219.  
2.  . .,  . .    -

     //  
  . — .: , 2005. . 350—368. 

3.  .  .,   .  .,   .  .,  -  
 . .  .  ,   : 

   , , // . -
  —   / . . . , 

. . . . . — .: , 2007. — 206 .  
4. Varnin V. P.,  Laptev V.  A.,  Ralchenko V. G. The State of 

the Art in the Growth of Diamond Crystals and Films// Inorganic 
Materials. 2006. V. 42. Suppl. I. P. 1—18. 

5. Bachman P. K. Microwave plasma chemical vapor 
deposition of diamond// in Handbook of Industrial Diamonds 
Films/ CRC Press 1997. Chapter 21. P. 821—850. 

6.  . .,  . .,  . ., -
 . .  .//  . 2008.  6. . 39—43. 

7. Matsui Y., Yabe H.,  Hirose Y.// Jpn. J. Appl. Phys. 1990. 
V. 29. No. 8. P. 1552—1560. 

8. Ravi K. V.// Diamond Relat. Mater. 1995. V. 4. P. 243—249. 
9.  . .,  . .,  . ., -
 .  .   .//  . 2008. . 38. . 2.  

. 165—168.  
10. Gorbachev A. M., Muchnikov A. B., Vikharev A. L. et al.// 

Proc. VI Int. Workshop "Microwave discharges: fundamentals and 
applications". Sept. 11—15, 2006. Zvenigorod, Russia. Ed. Yu. A. Le-
bedevYanus-K.  Moscow, 2006. P. 303—308.  

11. Jin Q., Yang W., Liang F., Zhang H. et al.// J. of Analyt. 
Atomic Spectrom. 1998. V. 13. P. 377—384. 

12.      /  
. . .   . . . — .: , 1970. — 256 . 
 

    30  2009 . 

 
 

Polycrystal diamond growth in the microwave plasma torch 
 

K. F. Sergeichev, N. A. Lukina, A. P. Bolshakov, V. G. Ralchenko, 
N. R. Arutiunian, I. I. Vlasov 

A. M. Prokhorov General Physics Institute of the RAS, 38 Vavilov str., 119991, Moscow, Russia 
E-mail: kserg@fpl.gpi.ru 

 
Diamond films of different structures on quartz, alloy VK-6 and molybdenum substrates were 

deposed by CVD-method in the MPT (microwave plasma torch) jet discharge in gas mixture (argon-
hydrogen-methane) at atmosphere pressure. Views of the diamond polycrystal film, separate 
crystalits and Raman spectroscopy data are presented. The MPT-optic spectra at conditions of 
diamond growth process showed presence of intense emission of H  hydrogen and radical strips C2, 
famous as Swan atrips. 

 
PACS: 52.70-m; 52.77-j; 52.80-s 

 
Keywords:  microwave discharge, mix of gases, diamond, plasma, torch, film, optical spectrum. 
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