
 533. 915 

. . , . . , . .
, 61077, , .  4, 

e-mail: _nadine_@list.ru 

 15  2008 .

.

,

.

.

: , , ,

, , .

 ( )

: , , ,

, ,

, , . . ,

,

 ( ).

.

, ,

.  [1-3] 

. ,

.

.  [4] -

,

.  [5] ,

GEC reference cell ,

.

. ,

. , -

, ,

.

,

,

.

, .

,

.

p = 0,1 – 1 

Urf  600 f = 13,56 .  100 

L = 22 .  55 

L = 40 . ,

.

.1 .

100 .  ( )

.

. ,

 ( , ).

103
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 823,  2008 Â.À. Ëèñîâñêèé, Í.Ä. Õàð÷åíêî...

ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /39/ Ýêñïåðèìåíòàëüíîå èçó÷åíèå...



 10-3 

 13 3-

003. 

,

10 6 .

 - .

,

 2-12. 

 2-12 ,

.

,

.

 2-12 

f = 1  1 

 ( ).  

 (  100 L = 22 ,  55 

L = 40 ) . ,

ni - ,

 (  – 5,5 ,  – 0,18 ), 

.

 (  70 ),

.

,  13,56 ,  10 .

, . ni
,  [6, 7]. 

-  (

Ie Up,
).  ln(Ie) Up

, .

**
, III imeasuredi

,                                                                   (1) 

*

* *

1 2

,
2

,

e
i

i

i L

kT
I A n e

M

I I

                                                               (2) 

 - , k  - , Mi - ,   - 

, 1 2 – ,  [6] 

1 2 1,2, , ,i ef n T p ,                                                               (3) 

I*L - 

* 2
LI

,                                                                       (4) 

e

p

kT

eU
.  (2-4)  (1) ,

, ,  – ,

. ,

.

, -  ( .2), 

, ,

 ( ) . , ,

, ,

.  T ( )

.1. ,

.

104
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 823,  2008 Â.À. Ëèñîâñêèé, Í.Ä. Õàð÷åíêî...



400 ,  T (

 T) 

 150 .

 [8-18], 

:  ( )

 ( ).

,

. ,

.  [11] ,

- .

 " " ,

.  [11] 

, , " " ,

,

. ,

,

.

.

,  [1-3] ,

 ( )

. , ,

.

, ,

-

-,

.

.3 

, .

,  (

Urf = 50 , p = 0,1 To Urf = 100  165 ,

p = 1 To )

.

Te

, Te

2 , Te .

,

.

 ( Urf = 200 , p = 1 To ), 

.

. 4  55 

 40 .

r  22 ,

.2. - .

0 1 2 3 4 5
1.0

1.5

2.0

2.5

3.0

3.5

T
e ,

 

Ar,    0.1 To

U
rf
 = 50 

 100 

 200 

0 1 2 3 4 5
0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
Ar,   1 To

U
rf
 = 100 

 165 

 200 

 325 

 375 

 r,

 T
e
,

.3.

.

(  –  = 0,1 To ,  –  = 1 To ).

 22 ,  100 .

105
ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /39/ Ýêñïåðèìåíòàëüíîå èçó÷åíèå...



0

2

4

6

8

10

12 a

T
e

,

0 5 10 15 20 25 30
0

1x10
9

2x10
9

3x10
9

4x10
9

5x10
9

U
rf
 = 100 

 133 

 200 

 267 

 333 

 r,

 n
i
, 

c
-3

. 4. 

 ( ),  ( ).

 0,5 To ,

 40 ,  55 .

,

 J0(2.405r/R).

Te  2 .

 ( .

Urf = 333 ).

,  (

) .

,

 J0(2.405r/R), 

.4 .

,

.

,

.

,

J0(2.405r/R). , ,

, " "

 (

) [11]. 

,

.

,

,

.

,

. -

, - , ,

. ,

, ,

.

.

,  T- ,

.2. 

 ( . .5), 

, ,

-

.

,

.

.6

,

 T- .

.

,

.6 

 (

).

,    

. 5. 

.

 ( )

.  ( ) – .

106
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 823,  2008 Â.À. Ëèñîâñêèé, Í.Ä. Õàð÷åíêî...



. -

. ,

,

,

.

(p = 0,1 To , .6 )

 1 ,

.

p = 0,5 To  ( .6 )

 5 ,

.

,

,

.

p = 1 To

( .6 ). 

- ,

,

.6 .

.

 (ne > 108 c -3)

 [19]. 

e i

 (ne = ni = n) :

e = - e Er n De n,   (5) 

i = i Er n Di n,   (6) 

e i - , De Di  – 

, , Er – 

 (

r). 

e i = ,

 = Da n,    (7) 

Da – .

e i, De Di , e i

,  (

 (5)) 

,

 (  (5)) 

[19]. Er :

1 1e e
r

e

D kT
E n n

n e n

,      (8) 

De/ e = kTe/e, k – , e – 

. ,

Er Te . ,

Er .

Te,  ( . .7),

 ( Urf = 50  150 ).

,

,  " "

 [11], .

,

 ( ) . ,

100

150

200

250

,
.

.

467

600

167

533 

0 5 10 15 20 25
150

200

250

r,

,
.

.

367

433 

500 

150

200

250

,
.

.

200

367

. 6. 

,

- .

(  –  = 0,1 To ,  –  = 0,5 To , -  = 1 To ).

0 5 10 15 20
0

1

2

3

4

T
e
,

z,

U
rf

= 50 

 150 

 225 

 350 

. 7. 

 1 To .

 22 ,

100 .

107
ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /39/ Ýêñïåðèìåíòàëüíîå èçó÷åíèå...



 DC  [9]. 

, , -

 (

).  DC ,

 [19], , . .

,

.

.

( ) - -

. ,

. ,

, .

, , - ,  ( )

. .4 ,

, . , ,

, .

, .

 ( ) . , -

.

,

 ( ). -

.

.

,

 [15, 16]  [20]. 

, ,

[1 3]. 

,

.

,

.

.

1. Tsai J.H., Wu C. Two-dimensional simulations of rf glow discharges in N2 and SF6 // Phys. Rev. A. – 1990. – Vol.41, .10. – 

P. 5626-5644. 

2. Young F.F., Wu Ch.-H. Radial flow effects in a multidimensional, three-moment fluid model of radio frequency glow 

discharges // Appl. Phys. Lett. – 1993. – Vol.62, .5. – P. 473475. 

3. Young F.F., Wu Ch.-H. Comparisons of one- and two-dimensional three-moment fluid models for rf glow discharges // J. Appl. 

Phys. – 1993. – Vol.74, .2. – P. 839-847. 

4. Lieberman M.A., Booth J.P., Chabert P., Rax., J.M., Turner M.M. Standing wave and skin effects in large-area, high-frequency 

capacitive discharges // Plasma Sources Sci. Technol. – 2002. – Vol.11, .3. – P. 283-293. 

5. Overzet L.J., Hopkins M.B. Spatial variations in the charge density of argon discharges in the Gaseous Electronics Conference 

reference reactor// Appl. Phys. Lett. – 1993. – Vol.63, .18. – P. 2484-2486. 

6. Zakrzewski Z., Kopiczynski T. Effect of collisions on positive ion collection by a cylindrical Langmuir probe // Plasma Physics.

- 1974. - Vol.16, .12. - P. 1195-1198. 

7. Tichy M., Sicha M., David P., David T. A collisional model of the positive ion collection by a cylindrical Langmuir probe// 

Contrib. Plasma Phys. - 1994. - Vol.34, .1. - P. 59-68. 

8. . .

 // . – 1957. – .2,  5. – . 970-977. 

9. . ., . ., . . : . .

. - .: - ; - , 1995. - 320 .

10. . .

 // . – 1981. - .51, 6. - . 1195-1204. 

108
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 823,  2008 Â.À. Ëèñîâñêèé, Í.Ä. Õàð÷åíêî...



11. Belenguer Ph., Boeuf J.P. Transition between different regimes of rf glow discharges // Phys. Rev. A. – 1990. - Vol.41, .8. - P. 

4447-4459.

12. Godyak V.A., Khanneh A.S. Ion bombardment secondary electron maintenance of steady RF discharge // IEEE Trans. Plasma 

Sci. – 1986. - Vol.PS-14, .2. - P. 112-123. 

13. Godyak V.A., Piejak R.B., Alexandrovich B.M. Electrical characteristics of parallel-plate RF discharges in argon // IEEE Trans.

Plasma Sci. – 1991. - Vol.19, .4. - P. 660-676. 

14. Vidaud P., Durrani S.M.A., Hall D.K. Alpha and gamma RF capacitative discharges in N2 at intermediate pressures // J. Phys. 

D: Appl. Phys. – 1988. - Vol.21, .1. - P. 57-66. 

15. . .  -  // . – 1998. - .68,  5. - . 52 

- 60. 

16. Lisovskiy V.A., Yegorenkov V.D. Alpha–gamma transition in RF capacitive discharge in low-pressure oxygen // Vacuum. – 

2004. - Vol.74, .1. – P. 19-28. 

17. Lisovskiy V., Booth J.-P., Landry K., Douai D., Cassagne V., Yegorenkov V. Modes and the alpha-gamma transition in rf 

capacitive discharges in N2O at different rf frequencies // Physics of Plasmas, - 2006. - Vol.13, .10. - p. 103505.

18. Lisovskiy V., Booth J.-P., Landry K., Douai D., Cassagne V., Yegorenkov V. The Effect of Discharge Chamber Geometry on 

the Characteristics of Low-Pressure RF Capacitive Discharges // IEEE Transactions on Plasma Science. – 2007. - Vol.35, .2, 

Part 3. - pp. 416-424. 

19. . . . – .: . – 1987. – 592 c. 

20. Sommerer T.J., Kushner M.J. Numerical investigation of the kinetics and chemistry of rf glow discharge plasmas sustained in 

He, N2, O2, He/N2/O2, He/CF4/O2, and SiH4/NH3 using a Monte Carlo-fluid hybrid model  // J. Appl. Phys. - 1992. - Vol. 71, .

4. - P. 1654-1673. 

EXPERIMENTAL INVESTIGATION OF THE RF DISCHARGES RADIAL STRUCTURE

V.A. Lisovskiy, N.D. Kharchenko, V.D. Yegorenkov 
Kharkov National University, 4 Svobody sq., Kharkov, 61077, Ukraine 

e-mail: _nadine_@list.ru 

This paper studies the distribution of the glow intensity of the discharge plasma against the tube radius and reports the radial profiles 

of electron temperature and plasma concentration in the RF discharge registered with a Langmuir probe. An abrupt increase of 

electron temperature and glow intensity near the tube wall in the weak-current mode of the RF discharge is revealed, the radial 

distribution of plasma concentration possessing a maximum near the radial sheath boundary. In the mode of the RF discharge the 

electron temperature decrease in the total plasma volume leads to an ambipolar electric field weakening and the peak of the glow

intensity near the tube wall vanishes.  

KEY WORDS: radio-frequency capacitively coupled discharges, radial structure, mode of the RF discharge, mode of the RF 

discharge, low pressure, nitrogen. 
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