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Use of an hf discharge in science and technology is connected to the relative ease with 
which a stable nonequilibrium plasma can be produced over a wide range of pressures. The ex- 
citation winding for an inductive hf discharge is usually a coil containing several (sometimes 
3-5) turns of conductor. However, for some applications [i] this "loose" winding must be re- 
placed by a dense one compressed into a roll which surrounds the cylindrical discharge cham- 
ber. The goal of the present study is experimental production of a gas discharge plasma with 
homogeneous electron concentration distribution along the discharge chamber axis. 

It is known that in an inductive hf discharge the parameters of the excitation winding 
and the plasma generated are related by an expression [2] which is valid for high electron 
temperature T e: 
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where  o (T)  and I ( T )  a r e  t h e  e l e c t r i c a l  and t h e r m a l  c o n d u c t i v i t i e s  o f  t h e  p l a s m a ,  H0 i s  t h e  
a m p l i t u d e  o f  t h e  m a g n e t i c  c o m p o n e n t ,  and I 0 n  i s  in  A - t u r n s .  

F i g u r e s  1 and 2 show a d i a g r a m  and t h e  e q u i v a l e n t  c i r c u i t  o f  t h e  w i n d i n g  u n d e r  c o n s i d e r -  
a t i o n .  For  c o n v e n i e n c e  in  c a l c u l a t i o n  we c h o o s e  t h e  e q u i v a l e n t  c i r c u i t  in  t h e  fo rm shown in  
F i g .  2b.  C o n s i d e r i n g  t h e  c o i l  t o  be  " t h i n "  ( r  c - rmi  n << rmi  n and s  >> r 2 ) .  We w r i t e  t h e  
c u r r e n t  f l o w i n g  t h r o u g h  an e l e m e n t a r y  r i n g  o f  w i d t h  ds d i  = jdZ  = j d x  ( j  = I 0 / Z  = c o n s t )  and 
t h e  m a g n e t i c  f i e l d  dH c r e a t e d  by t h i s  c u r r e n t  a t  t h e  c e n t e r  o f  t h e  c o i l :  dH = [ r 2 c / 2 ( r a  c + 
x 2 ) S / 2 ] d i .  We t h e n  sum up t h e  m a g n e t i c  f i e l d  o f  t h e  e n t i r e  w i n d i n g  
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A simplification has been introduced in Eq. (2) in accordance with the assumption that s 
4 >> r2c . Using known relationships between inductance L and the magnetic induction, and as- 
suming that the areas of individual turns are approximately the same, we define the winding 
inductance L = ~z0(rc/s (where n is the number of turns). 

Considering two adjacent turns as a cylindrical capacitor, we find the interturn capaci- 
tance of the coil C k = 4~eg0s (r2/rl)], where r I and r 2 are theradiiof the adjacent turns�9 
Inasmuch as r 2 - r I = 6 and in (r2/r I) -~ in (i + 6/r c) -~ 6/r c, then, considering C I = C a -~ 
�9 ..Ck, we obtain C = 4~ee0s 

We will define the active resistance R and the loss resistance in the coil dielectric 
Rcd. It can easily be shown that these values are equal respectively to R = 2~Prcn/(s and 
Rcd= pd6n/(2~s (where p and Pd are the resistivities of the coil material and dielectric). 

Substituting the values obtained for L and C in the expression for the resonant frequency 

of the circuit we find /--4 .z nrc38 (where c is the speed of light). 

It is evident from Fig. 2b that such an excitation winding compressed into a roll is a 
parallel tank circuit for the hf generator in which one finds current resonance, i.e., the 
tank circuit current exceeds the current in the external circuit by a factor of Q times. It 
follows from Eq. (i) that this fact has a significant effect on the amplitude of the magnetic 
component of the hf field and the plasma parameters. 
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The resonant resistance of the tank circuit Roe = Q2R is determined by the quality factor 
of the excitation winding 
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I t  f o l l o w s  f rom Eq. ( 3 )  t h a t  t o  o b t a i n  Qmax i t  i s  n e c e s s a r y  t h a t  6 + 5ma x and r § Cmin o S i n c e  
f o r  t h e  m a j o r i t y  o f  s o l i d  d i e l e c t r i c s  a = 3 - 5 ,  t h e  o p t i m a l  r e s o n a n c e  c a s e  w i l l  be t h a t  i n  w h i c h  
o r d i n a r y  a i r  s e r v e s  a s  t h e  i n s u l a t i o n  b e t w e e n  l a y e r s  (E = 1 ) .  

E f f i c i e n c y  o f  o p e r a t i o n  o f  such  a w i n d i n g  f o r  e x c i t a t i o n  o f  an h f  i n d u c t i v e  d i s c h a r g e  
was t e s t e d  u s i n g  a g e n e r a t o r  ( f  = 35-37 MHz, P = 40-50  kW, < = 10-50 msec ,  F = 1-5 Hz) a t  p r e s -  
s u r e s  f rom f r a c t i o n s  t o  t h o u s a n d s  o f  Pa u s i n g  a q u a r t z  t u b e  as  t h e  d i s c h a r g e  chamber  ( - 9 "  
10 -2 m, E ~ l m).  A c o m p a r i s o n  was made w i t h  an h f  c a p a c i t i v e  d i s c h a r g e  p r o d u c e d  u n d e r  
t h e  same e x p e r i m e n t a l  c o n d i t i o n s .  The p l a s m a  c o n c e n t r a t i o n  was m e a s u r e d  by an s h f - - z n t e r f e r o m e -  
t e r  ( l  ~ 3"10 -2 and 8 .10  -3 m). A t y p i c a l  i n t e r f e r o g r a m  i s  shown i n  F i g .  3 ( t i m e  m a r k e r s  e v e r y  
20 p s e c ) .  

F o r  t h e  c a p a c i t i v e  d i s c h a r g e  and f o r  two p a i r s  o f  e x t e r n a l  r i n g  e l e c t r o d e s  made i n  t h e  
fo rm o f  p l a t e s  0 . 1  m wide  [ 3 ] ,  t h e  a v e r a g e  e l e c t r o n  c o n c e n t r a t i o n  i n  t h e  p l a s m a  n e a t  t h e  ends  
and i n  t h e  m i d d l e  o f  t h e  d i s t a n c e  b e t w e e n  t h e  e l e c t r o d e s  d i f f e r s  by n o t  l e s s  t h a n  an o r d e r  
o f  m a g n i t u d e ,  w h i l e  f o r  t h e  t h r e e - t u r n  w i n d i n g  c o n s i d e r e d  h e r e  t h e  c o n c e n t r a t i o n  g r a d i e n t  d i d  
n o t  e x c e e d  t h e  m e a s u r e m e n t  a c c u r a c y ,  i . e . ,  15-20%. Thus ,  i n  t h e  s e c o n d  c a s e  t h e  p l a s m a  d i s -  
t r i b u t i o n  a l o n g  t h e  d i s c h a r g e  chamber  p r o v e s  t o  be more u n i f o r m ,  w h i c h  may be o f  p r a c t i c a l  
use [i]. 

As for the other plasma characteristics (temperature, collision frequency, etc.), within 
the limits of measurement accuracy (~20%) they were practically identical in the capacitive 
and inductive discharges. Thus, in particular, for a pressure of the order of ~10 s Pan e 
10i9-1020 m -3 while T e ~ 1 eV. 
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