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A high frequency glow discharge in its high current form differs from adc dis- 
charge in that there is a significant decrease in the role of the pre-anode region 
in plasma generation [i], thus leading to greater stability [2]. In a dc discharge 
the pre-anode current-voltage characteristic (CVC) is falling [3], which causes 
electrodynamic instability of the plasma column and leads to its contraction over 
times much shorter than the thermal times [4]. It is characteristic that conduc- 
tivity in the volume of a dc discharge at moderate pressures is caused by drift of 
ions from the pre-anode region. In an hf discharge the plasma distribution is sym- 
metric about the midpoint of the interelectrode gap and the space charge zones near 
the electrodes are separated from the volume by narrow zones with high conductivity. 
Under such conditions, together with volume ionization processes a noticeable con- 
tribution to maintenance of conductivity can be produced by ambipolar diffusion and 
plasma drift due to disruption of quasineutrality [5, 6]. In order to study the 
stability of an hf discharge plasma column it is of interest to find the current- 
voltage characteristic of this part of the discharge under conditions of high longi- 
tudinal inhomogeneity and low values of E/p. In connection with the experimentally 
observed weak current form of the discharge [i, 2], which is characterized by a 
unique value of the normal current density and lacks a proper theoretical explana- 
tion, there has been increased interest in the properties of the hf discharge which 
are produced by phenomena in the pre-electrode regions. In particular, it is neces- 
sary to theoretically confirm the similar properties of the dc discharge and the hf 
discharge in the normal current density regime. The present study will present re- 
sults of a numerical calculation of an hf discharge in nitrogen with consideration 
of space charge effects within the framework of a two-dimensional model and calcu- 
lated the CVC of a plasma column with the diffusion-drift mechanism for maintenance 
of conductivity. 

Formulation of the Problem. We will numerically study a discharge occurring in nitro- 
gen at a pressure p = 666.6 Pa between two planar electrodes connected in a circuit with re- 
sistance R = 250 k~ and ac voltage source 

~ '  = ~' ,~ s in  cot, ~ m =  700 B,. to = 2 n . 1 0  e see  -1 .  

Interelectrode distance L = i cm, with transverse chamber dimensions of L and 2L, and the 
discharge is assumed homogeneous along the shorter dimension (z-axis). Direct ionization, 
recombination, electron and ion drift in the self-consistent electric field, and y-processes 
at the cathode were considered. For the electron n e and ion n i concentrations we have the 
equations [7 ] 

8n e 
0-~- + Vj, = a i .  - -  [~neni,: j, = ~tenevq); (1 )  

On i 
a"~" + V j l =  ~ ] , -  [~n~ni, Ji -= - -  ~tiniVq), ( 2 )  

where ~ is the first Townsend coefficient for nitrogen, ~.i0 -7 cm3/sec is the dissociative 
recombination coefficient; ~e = 0"88"105 cm2/(V'sec) and Ui = 290 cm2/(V-sec) are the elec- 
tron and ion mobility coefficients. System (i), (2) is supplemented by boundary conditions 
at cathode and anode: 

(Je + ~J~)I~ - O ,  j~ IA = 0 ( 3 )  
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(where 7 is the secondary emission coefficient for electrons from the cathode). The poten- 
tial distribution ~ is found from the Poisson equation 

A~ = --eo(ni - -  ne), (4 )  

solved simultaneously with the boundary conditions at the electrodes (x = 0, x = L) and lateral 
boundaries of the chamber (y = L, y = -L) 

~(0, y)= O, ~(L, y)= U, (5) 
L 

--L 

Here e 0 = 1.81"10 -6 V.cm, U is the voltage across the discharge, Q is the quantity of excess 
ions accumulated at the upper electrode (x = L) as a result of unbalance between the current 
from the plasma and in the extenal circuit. The value of Q satisfies the ordinary differ- 
ential equation 

L 
dQ ~f U j- (Ji - -  j.) l,-i. Ldy' (6) at ~" 

--L 

To initiate the discharge, at the initial moment within the chamber volume there is situated 
a quasineutral plasma with density of -108 cm -3, monotonically decreasing to zero at the 
lateral boundaries of the chamber; the voltage on the capacitor at the initial moment is as- 
sumed equal to zero: 

ne  = n i  : I0 s s i n  [ a y / 2 L  ], r -3 , Q ] t = o  = O. ( 7 )  

Pre-Electrode Models of Low and High Current Forms of the hf Discharge. Before present- 
ing the solution of Eqs. (i)-(7), we will consider the relationship between the displacement 
current Jd = ~E/4~ and the ohmic current Jo = e~iniE in the cathode layer of the hf glow dis- 
charge. In the zeroth approximation in the parameter Jo/Jd [8] established that the normal 
regime of the low current (capacitive) discharge can be achieved under the condition 

(i + >> 0,5. (8) 
~ipAB 

We will perform a similar study for the opposite limiting caes jo/Jd ~ i, relying on the 
cathode potential shift theory of Engel and Shteenbek. Let us assume that the characteris- 
tics of the cathode layer in the ac discharge occurring in the normal current density regime 
differ only slightly from the parameters of adc discharge. Then for the standard approxima- 
tion of the ionization coefficient ~ = Ap exp (-Bp/E) we obtain 

]d = h 2~In(I + 7 -I ) 
Tj -'-- 

Consequently, the normal regime of the high current (ohmic) discharge can be realized if 

In (I + ?-I) ~ "<<5. (9) 
~pAe p 

I t  follows from the above that depending on the value of ~/p there are three types of pre- 
electrode CVC's. For low frequencies, at which Eq. (8) is not satisfied, only one normal 
current density exists, corresponding to the ohmic discharge, while in the intermediate fre- 
quency range of Eqs. (8), (9) there are two values, one of which corresponds to the weak cur- 
rent form, and the other to the ohmic discharge. Finally, for high enough frequencies, at 
which Eq. (9) is not satisfied, there is one normal current density corresponding to the 
weak current regime. Only in the intermediate frequency range of Eqs. (8), (9) does the 
transition from the weak current stage to the high current one occur discontinuously with an 
abrupt change in current density at the electrode. 

It should be stressed that simultaneous satisfaction of the two severe inequalities (8) 
and (9) is difficult. Therefore the range of intermediate frequencies at which two normal 
current densities can be realized, corrsponding to capacitive and ohmic discharges, is very 
narrow or completely absent. This can be confirmed by comparison of the values of the normal 
current density in a capacitive discharge J0 = Bp~/8~i (~i = 0.57) [8] and in adc discharge 
Jn = uipAB2p 2/6~In(I + y-l). It follows from Eqs. (8), (9) that in the intermediate fre- 
quency range 
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The left side of this relationship contradicts the theoretical concept of increase in ohmic 
component and decrease in capacitive component with increase in current [8]. In practice also 
the current density of a high current discharge is less than an order of magnitude greater 
than that of a weak current discharge, so that it is difficult to identify the given Jn and 
Jo values with the current density of these two forms of discharge. It is possible that 
agreement could be reached by refinement of the pre-electrode models and expansion of the 
intermediate frequency range. We will note that the modification to the theory would have to 
be significant, since in practice no limiting value of ~/p is observed above which the normal 
combustion regime is realized only in the weak current (capacitive) form. Another escape 
from the difficulties created may be that one of the two forms of the discharge in the normal 
combustion regime cannot be reduced solely to pre-electrode phenomena, but is related to vol- 
ume processes. An indication of the role of volume processes is offered by the critical de- 
pendence on value of the interlectrode gap L [I]. 

The values of ~ and p chosen for the numerical experiment are such that inequality (8) 
is violated and the weak current form of the discharge is not realized in the normal combus- 
tion regime. Here we study an ohmic discharge, while the conditions chosen are such that for- 
mation of current spots on the electrodes can be expected [4]. 

Calculation Results. After connecting the capacitor to the circuit, after about three 
periods a quasisteady state arc combustion regime is reached - the plasma parameters change 
from period to period only weakly. With passage of time (over 50 ~sec) the amplitude of the 
current density at the cathode in the center of the electrode JC monotonically increases from 
~1.8 to 2.7 mA/cm 2, with a corresponding increase at the anode from 1.3 to ~2.6 mA/cm 2 (Fig. 
i: current densities on axis discharge at anode JC and anode JA and total current I vs time). 
In accordance with the estimate made the displacement currents are less than the ohmic ones 
and current spots develop on the electrode [Fig. 2: current (a) and field intensity (b) dis- 
tributions over cathode and anode surface at time of maximum total current, t = 49.86 usec]. 
The current distribution over the cathode surface is similar to that observed in adc discharge 
[4]. However the value of JC reached at time t = 50 ~sec in the hf discharge exceeds the 
current density in a de discharge of ~2.4 mA/cm 2. Moreover, it follows from the time depen- 
dence (Fig. i) that at following times the current density on the electrode in an ac dis- 
charge can significantly exceed the normal current density in a steady state discharge. 

In the quasisteady state stage a decrease in total current and continuous growth in 
current density and field intensity in the volume of the quasineutral plasma occur (Fig. 3: 
current density j and field intensity E at center of discharge vs time). The current density 
increases from 1.4 to 3.5 mA/cm 2, while the parameter E/p increases from 0.075 to 0.13 V/(cm" 
Pa). Under similar conditions in adc discharge the current in the volume increases to 4 mA/ 
cm 2, however the field intensity in the volume is markedly higher - E/p = 0.23 V/(cm-Pa) [4]. 
This difference is related to the important role of the anode region of adc discharge in 
generation of ions and maintenance of conductivity in the volume. As in a dc discharge, so 
in the case under study narrowing of the current channel in the volume occurs: with passage 
of time the section of the conductive channel in the volume becomes less than at the cathode 
[Fig. 4: ion density n i (109 cm-3), t = 49.86 ~sec]. 
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In the quasisteady state regime the plasma distribution on the discharge axis is sym- 
metric about the midpoint, the plasma density is at a minimum in the center of the chamber 
and increases monotonically in the direction toward the electrodes from 3"i0 e to 15"i0 e cm -3. 
Plasma formation about the electrodes is related to ionization processes in the cathode 
layer, with the role of the anode in ion generation being negligibly small. The mechanism of 
conductivity maintenance in the volume of the quasineutral plasma deserves special attention. 
The value of E/p = 0.13 V/(cm.Pa) established is insufficient for ionization maintenance of 
conductivity. Nor is an ionization mechanism of plasma formation in the volume compatible 
with the character of the plasma and electric field distributions [Fig. 5: ion and electron 
distributions (a), current density and field intensity on discharge axis (b), t = 49.86 
~sec]: at the electrodes where the plasma density is maximum, the field intensity is at a 
minimum, while conversely in the center of the chamber where the plasma density is minimum, 
the intensity is maximum. The analysis to be performed below will show that conductivity 
within the volume of an hf discharge in the given case is maintained due to ion drift from 
the electrode regions. 

We will note the properties of the discharge observed in the calculation which are char- 
acteristic of the high current form of an hf discharge. First, we have the inhomogeneous 
distribution of field intensity on the discharge axis, correlating with the distribution of 
luminosity. Second, the calculated current density at the spot on the electrodes, although 
less than in the volume, is still not constant as in a steady state discharge with compres- 
sion in the volume [4], but increases together with the current density in the volume. This 
can be compared to the property of a high current discharge of having identical normal identi- 
cal normal current density on the electrodes and within the volume [2]. 

Quasineutral hf discharge column. In order to compare the possible mechanisms for main- 
tenance of conductivity in the volume of the hf discharge, we will derive equations averaged 
over a period for motion of the quasineutral plasma in a one-dimensional model. We assume 
that the plasma concentration varies little over the period: 

T T 

t ( t  + ~)dT = n~ n =  T n~ -p-- 
0 " 0  

n >> <(n - -  n~) 2 >~/~, n >> ((n - -  n~) ~ >~/~. 

Here and below the angle brackets <...> denote averaging over a period of the hf field. The 
field intensity oscillates and its mean value is close to zero: <E> ~ <E2> I/2. We note that 
strict equality <E> = 0 is not assumed. Dividing Eq. (i) by Ue and Eq. (2) by Ui and adding 
them, after averaging we obtain 

an at + ~ i ~  <E (hi  - -  n~)> = <v~> n - -  fin ~. ( 1 0 )  

8 0 6  



In accordance with the original formulation of the problem processes of ambipolar diffusion 
and plasma drift due to dependence of the mobilities Ue, ui on field intensity [9] remains 
unconsidered here. Detailed analysis reveals that plasma drift due to dependence of mobility 
on field under hf discharge conditions is always much less than drift due to disruption of 
the strict equality n e = n i. Plasma drift due to disruption of quasineutrality is described 
by the second term on the left side of Eq. (i0). With consideration of the Poisson equation 
it follows from Eq. (i0) that 

an O~ + < E2> = < vi> n -- ~n ~. ( 11 ) 

It can easily be seen that the term describing plasma drift is nothing else but motion under 
the action of the gradient in the hf pressure. 

From the condition of conservation of electron flux one can find the relationship be- 
tween the plasma distribution n and the mean square intensity <E2>: 

�9 2 2 2 < E D  = <j~>/~n . ( ~ 2)  

In this relationship <j~> does not depend on the spatial coordinate z and is assumed to be a 
known function of time, its value being found from the known applied voltage Uef f = /<--07> and 
the resistance of the interelectrode gap: 

</~>11' = Veff \ ~e ~ n : 

Equations (Ii), (12), supplemented by the symmetry condition in the center of the chamber 
! 

n x = 0 and the asymptotic boundary condition near the electrodes n = ~, describe the quasi- 
neutral hf discharge column. Neglecting recombination and ionization, a self-similar solu- 
tion of Eqs. (Ii), (12) can be found, describing growth in conductivity in the volume due to 
drift of ions from the electrode regions. Let <j~>z/2 ~ ta ' then 

n = noN(t/ tgp) b, b = (2a ~ t)/3, 

(N+0'5)  N~/-N-~ i = I x - - O ' 5 L I  (13) 
Na/2 0~5Lml 

t g p =  8 4~iE ~ " 

Here n o and E 0 a r e  t h e  p lasma  d e n s i t y  and mean s q u a r e  f i e l d  i n t e n s i t y  a t  t h e  c e n t e r  o f  t h e  
i n t e r e l e c t r o d e  gap a t  t i m e  t = t g p ;  Lps i s  t h e  l e n g t h  o f  t h e  p lasma column,  t h e  f u n c t i o n  N 
becomes i n f i n i t e  n e a r  t h e  e l e c t r o d e s  and i s  n o r m a l i z e d  by t h e  c o n d i t i o n  N = 1 in  t h e  c e n t e r  
o f  t h e  gap.  For  a l i n e a r  i n c r e a s e  i n  c u r r e n t  d e n s i t y  a = 1, and t a k i n g  n 0 = 3"109 cm - s ,  
Lps = 5 cm, and E 0 = 0 .45  V/cm, we f i n d  t g p  = 300 ~sec .  Th i s  v a l u e  f o r  t h e  c h a r a c t e r i s t i c  
t ime  o f  i n c r e a s e  i n  c o n d u c t i v i t y  i n  t h e  chamber volume i s  t h r e e  t i m s  g r e a t e r  t h a n  f o l l o w s  
f rom c a l c u l a t i o n s .  The d i v e r g e n c e  i s  r e l a t e d  t o  d e v i a t i o n  f rom a s e l f - s i m i l a r  r eg ime  and 
t h e  t w o - d i m e n s i o n a l  n a t u r e  o f  t h e  p rob l em.  A c c o r d i n g  t o  t h e  a n a l y s i s  p e r f o r m e d  ion  d r i f t  i s  
an e f f i c i e n t  mechanism f o r  f o r m a t i o n  o f  d e p e n d e n t  c o n d u c t i v i t y  in  a p o s i t i v e  h f  d i s c h a r g e  
arc column, 

CVG of Quasineutral Column with Drift Mechanism of Conductivity Maintenance. Since 
compression of the current channel in the volume of the quasineutral plasma was observed in 
the calculations, it is of interest to find the GVC of this portion of the discharge on the 
basis of Eqs. (Ii), (12). 

In this section we will not consider ambipolar plasma diffusion, assuming the thickness 
of the diffusion region located directly about the electrodes to be much less than the length 
of the plasma column, i.e., 2L D ~ Lps 

Transforming to dimensionless variables ~ = Ix - 0.5LI/0.5Lps and w = <E2>/E~ = (n0/n) 2, 
where E 0 and n o are the mean square field intensity and plasma density at the center of the 
interelectrode gap, we obtain 

w ~  + ~2/w : 0; (14) 

<i~> (15)  w ( o ) . =  t ,  w [ ( o )  = o., w ( l )  = 
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L t.i2" I/2 
. ,~. = l~% v z ~  e /  ( 1 6 )  

where nr is the plasma density on the boundary of the plasma column and the electrode layer. 
Under the conditions considered the state of the electrode layer experiences a weak disturbing 
action from the quasineutral volume. The parameter involved is the ratio of the ion fluxes 
from the electrode layer into the quasineutral volume and onto the electrode surface, averaged 
over an oscillation period. The ion flux into the volume can be evaluated from the rate of 
recombination losses in half the interelectrode gap: 

L 

0,5 S 0 
o 

f o r  nchar : 5"109 cm -3,  Lps = 1 cm t h i s  va lue  i s  equa l  t o  3"1012 cm-2"sec -1 or  10 -3 r~/cm 2, 
which is much less than the ion current density of 1 mA/cm 2 on the electrode. Thus, the as- 
sumption of independence of the electrode layer from the quasineutral column is justified, 
and in this case the plasma distribution in the electrode layer depends only on the value of 
the current, i.e., on <j2>i/2 It is natural to assume that the limiting value of the plasma 
density n, is also caused only by the current density in a first approximation. 

The solution of Eq. (14) can be expressed in terms of an error function 

err z = 2 / ~ / ~  ] exp (-- z '~) dz'. 
o 

With c o n s i d e r a t i o n  of  Eqs. (15 ) ,  (16)  we have 

err ] / ln  w -~ = ~ ~ ;  (17) 

( 1 8 )  = __%- ,, 

where E.~ -- <j~>i/2/Uen , is the mean square intensity of the electric field on the boundary 
of the electrode layer. For a known relationship between n, and <j~>i/2 Eq. (18) defines the 
dependence of E 0 on current density. Differentiating Eq. (18) with respect to Jeff = e<J 2>I/2, 
we obtain 

E0 = (t ~ Q -- ~,)/(t + 2Q); (19) 

Here and below A indicates the double logarithmic derivative with respect to current, for 
example, E 0 = dlnE0/dlnjeff. The effective voltage on the plasma column 

Geff -- EILp! f ~V'I'~-- ~ y  EI~ ed ]:rS In (Eo/E,), (21 ) 
8 

Hence, differentiating with respect to current, we find 

(2 ~ ) 
Ueff= i---"~ 3__28--I n ,  ; (22) 

eri ~' 31n/E~ 
\E~*] (23)  Gaff= ~L,,Eo ' ~) = 1/T 

�9 V I E, err | /  - - ,  - : 2 1 r / E ~  

It follows from Eq. (22) that the CVC of a quasineutral column with conductivity maintained 
by plasma drift from the electrodes is an increasing function, if 

^ 2 + Q _ 6  -1 
n,<rt,0----- 3__26_t. (24) 

The q u a n t i t i e s  X, 6, and fi*0 a r e ,  accord ing  to  Eqs. (18) ,  (23 ) ,  (24 ) ,  f u n c t i o n s  of  the  pa ra -  
meter  E0/E,, which characterizes the degree of inhomogeneity of the plasma. With increase in 
plasma inhomogeneity X, 6, and fi*0 increase monotonically (Fig. 6: fi*0, 6, and X vs degree 
of plasma column inhomogeneity). 

We will represent the CVC in parametric form. Using Eqs. (16), (23) for a nitrogen 
plasma [8 = 2-10 -7 cm3/sec, ~eP = 5"9"107 cma'pa/(V'sec), ~iP = 1"9"i05 cm2"Pa/(V'sec)] we 
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obtain 

~ 0,07 ] / ~  (E0~ %, O,|SLplP]eff~n.. (25) 
jeff = Lpf \E,] Ueff = 

D e p e n d i n g  on t h e  v a l u e  o f  f i ,  = d i n n , / d  i n  J e f f  t h r e e  c a s e s  e x i s t :  

1) fin < 0 . 5 .  The CVC i s  i n c r e a s i n g  e v e r y w h e r e ,  t h e  d e g r e e  o f  i n h o m o g e n e i t y  in  t h e  plasma 
d i s t r i b u t i o n  i s  maximal in  t h e  low c u r r e n t  range  and d e c r e a s e s  m o n o t o n i c a l l y  w i t h  i n -  
c r e a s e  i n  c u r r e n t  d e n s i t y :  

l i ra  (Eo/E,)  = oo~ l i ra  ( E J E , )  = i ;  
Jeff -~o Jeff ~~ 

2) 0.5 < fin < 1. The CVC is increasing everywhere, the degree of inhomogeneity in the 
plasma distribution increases monotonically with increase in current: 

l i m  (Eo/E,) = oo~ lim (E~/E.) ------i; 
%ff~o ~ff~O 

3) fin > i. The CVC in the low current range is decreasing, and increasing in the high 
current range. The degree of plasma inhomogeneity corresponding to the voltage mini- 
mum in the CVC can be found from the condition fi, = fi*0 (Fig. 6). With increase in 
current the plasma inhomogeneity increases monotonically: 

i l im(Eo/E,)  = oo. 
ieff*~ 

Thus, for a quasineutral column with drift mechanism for formation of conductivity the 
possibility of existence of a normal current density and the character of the plasma distri- 
bution along the field are determined by the form of the functional dependence of the plasma 
density on the column boundary upon current density. One may, for example, consider the 
plasma density in the electrode layer of the hf discharge to be proportional to the ion con- 
centration in the cathode potential step, described by the theory of Engel and Shteenbek. 
Then n n ~ Jeff and the plasma column proves stable. In order to ascribe the experimentally 
observed quasisteady state compression of the plasma column to instability, it is necessary 
to assume a quite strong dependence of plasma density nn on current density. This could be 
related, in particular, to an active role being played by the anode region in plasma genera- 
tion. Nor can it be excluded that in the calculations a process of transition into a steady 
state is being observed. Unfortunately, limited availability of computer time prohibited an 
unambiguous answer to this question. 

CVC of Quasineutral Column with Consideration of Ambipolar Plasma Diffusion. A real 
quasineutral plasma column is composed of a segment with diffusion mechanism for maintenance 
of conductivity, located close to the electrode, and a segment with drift mechanism, located 
at the center. In the majority of cases the thickness of the diffusion layer is very small, 
and its conductivity is high, so that the contribution of this region to the overall voltage 
drop is negligibly small. Nevertheless, the diffusion region is of significance, since plasma 
diffusion affects the character of the dependence of plasma density on the boundary of the 
drift segment upon current density, and thus, upon the column CVC. Neglecting ionization 
processes and considering ambipolar diffusion, on the basis of Eqs. (ii), (12) we obtain 
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I, ~< ,> d t d. 

If the diffusion coefficient is independent of the electric field intensity, the limiting 
density value which separates the segments with diffusion and drift mechanisms of conduction 
formation is equal to 

/ ~' [ ]eff'~ 2/1/S " t,5" t07 . �9 x2/, 
n,  -~ [2~oD a k ~ . j . j  ~e/a [p]eff ) . ( 2 7 )  

The right side of Eq. (27) was calculated for a nitrogen plasma; T e is the character- 
istic electron energy in eV. It is necessary to require continuity of n and the derivative 

! 
n x on the boundary of the two regions. For simplicity we will assume that for the diffusion 
region on the boundary the condition n = n,, n'~ = 0 is satisfied to sufficient accuracy. From 

I! 
the balance equation Danxx = 8n 2 we find the density distribution and length LD: 

1 (28) 
ID = g 3D~12~n,, L ~  = IDO (n*/n,) ,  

where n* is the plasma density on the boundary of the diffusion and electrode regions. If 
n*/n, increases with increase in current, L D proves to be a nonmonotonic function, reaching 
a maximum at n*/n, = 1.4. We do not consider the effect of this factor on the plasma column 
CVC here. Let n* } n,, then L D = s and the length of the diffusion region, according to 
Eqs. (27), (28) proves to be a monotonically decreasing function of current density. From 
the condition L D = 0.5Lps and Eqs. (27), (28) we determine the current density 

4 f f  6 V6 @~---=- 

w h i c h  when  e x c e e d e d  p r o d u c e s  a segment w i t h  d r i f t  m e c h a n i s m  f o r  maintaining c o n d u c t i v i t y  a t  
the center of the interelectrode gap. If Jeff < Jtr, then the diffusion mechanism extends 
over the entire column and the voltage across the plasma is proportional to the current: 

~L~Jeff 
U e f f  ~ . 

6r e D a 

If Jeff > Jtr the full voltage is composed of the voltages across the diffusion and drift 
segments. On the basis of Eqs. (16), (23), (27), (28) the column CVC can be written in 
parametric form as 

/12eoD~ a 
Net f = Utr ~ + Ugp, Ut~ = ~| ~ , 

Ug~ -~ L~z~) V eI~e~ [Jeff -- Itr 

(57. 
k .J t . r  / 

The quantities 6 and X are monotonically increasing functions of the parameter E0/g,, Eqs. 
(18), (23) (see Fig. 6). With unlimited growth in E0/E, 6 § r X + r and the 
voltage on the column Nef f ~ j~/f~. It follows from Eq. (27) that 

E ,  = ( 2%Da] ef  f/ e~te~q ) ~/8. 

In the normal current density regime for an ohmic discharge E,/p proves to be independent 
of pressure, and for a discharge in nitrogen, for example, E,/p = 0.19 V/(cm.Pa). Hence it 
following that in the high current form of the discharge no drift segment exists in the plas- 
ma, and the diffusion region either directly transforms to a region with volume ionization, 
or is limited by the length of the discharge chamber. For the weak current form of the dis- 
charge in the normal current density regime Jeff ~ mP and the value E,/p ~ (~0/p) I/3 decreases 
with increase in pressure. For a discharge in nitrogen at a frequency of 13.6 MHz at a pres- 
sure of 0.23 Pa [i] we obtain E,/p = 0.04 V/(cm-Pa). Consequently, the theory of the diffu- 
sion-drift column presented above is applicable to description of an hf discharge in weak 
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current form. Examples of the CVC are presented in Fig. 7 (lines 1-3 are voltage Uef f on 
plasma column, field intensity E0/P, E,/p on current density in nitrogen, p = 0.23 Pa, Lp~.~ 
2 cm). Thus it is evident that the quasineutral column in a weak current discharge is stable. 

We will offer some clarification regarding the ambipolar diffusion of the plasma which 
remains unconsidered in the calculations performed. It follows from the analysis performed 
that in a real experiment the basic mechanism for maintenance of conductivity in an hf dis- 
charge column under the conditions considered is plasma diffusion. Of the calculation re- 
suits, the conclusion of formation of a current spot on the electrode with the same normal 
current density retains its significance. It also seems probable that with consideration 
of plasma diffusion the quasisteady state compression of the plasma column is maintained. In 
fact, both diffusion and drift lead to qualitatively identical plasma distributions on the 
discharge axis, both mechanisms encouraging movement of the plasma from the electrode regions 
to the volume. It is simple to show that as in the case of a drift mechanism for maintenance 
of conductivity, the CVC of a quasineutral column with diffusion mechanism of conductivity 
maintenance is nonmonotonic when and only when the plasma density on the column boundary n* 
increases sufficiently rapidly with current (fi* > I). There is also a difference which ap- 
pears in a real space~ ambipolar diffusion is isotropic, while drift is described by a tensor 
diffusion coefficient 

28~ ~ O~(<j~jB>O~(~)}. 
Zf t he  plasma column compress ion  obse rved  in  t he  c a l c u l a t i o n s  i s  caused by t h i s  f a c t ,  then  
compress ion  o f  a d i f f u s i o n  column would be i m p o s s i b l e .  

The a u t h o r s  e x p r e s s  t h e i r  g r a t i t u d e  to  N. A. Yatsenko f o r  i n f o r m a t i o n  p r o v i d e d  dur ing  
t he  c ou r s e  of  t he  s t u d y ,  and to  L. G. Gryukanov f o r  pe r fo rming  t h e  n u m e r i c a l  c a l c u l a t i o n s  and 
a s s i s t a n c e  in  f o r m u l a t i n g  t he  r e s u l t s .  
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