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We Consider the change in the potential  of the e lec t r ic  f ield in the " f ree  fall" layer  at  the 
e lec t rodes  as a function of the cha rac t e r i s t i c s  of the surface  and the volume ionization. 
Systematic  calculations are  made of the e lec t rode  potential  drop for  a tungsten cathode 
and anode in a l i thium and ces ium plasma.  The potential  of the e lec t r ic  field is obtained 
as a function of the p lasma p r e s s u r e ,  the degree  of volume ionization, the e lec t ron t em-  
pera tu re ,  the e lec t rode  t empera tu re ,  and the cu r ren t  density.  

The g r e a t e s t  change in potential  in a gas discharge occurs  near  solid su r faces .  It is usually assumed 
that the change in potential  is confined to two plasma regions  adjacent  to the e lec t rodes .  In the f i r s t  zone, 
immediate ly  adjacent to the metal  sur face ,  which has a thickness of the o rde r  of the Debye radius  (less 
than the mean f ree  path of the charged par t ic les) ,  the re  is no quasineutral i ty,  i .e. ,  there  is a considerable  
volume charge.  In the second zone, which has a thickness which is considerably g r ea t e r  than the m ean f r ee  
path of the charged  par t i c les ,  quasineutral i ty  is maintained.  In the quasineutral  region the change in the 
potential  of the e l ec t r i c  f ield can be calculated by solving the usual equations of p lasma dynamics of the 
hydrodynamic type.  The change in potential  in the f r ee - f a l l  l aye r  immediately adjacent  to the e lec t rodes  
must  be calculated taking into account the specif ic  fea tures  of the col l is ionless  motion of the par t ic les  in 
the e lec t r i c  field. 

Below we invest igate the potential drops adjacent  to the e lec t rodes  in the col l is ionless  l ayer .  The 
problem of the par t ic le  fluxes is solved approximate ly .  The investigation is made for  e lec t rodes  which 
have a negative potential  with r e spec t  to the adjacent p lasma volume.  The case  of e lec t rodes  with posit ive 
potential  r equ i r e s  a more  complex considerat ion in o rde r  to obtain the neces sa ry  express ions  for  the e lec -  
t ron flux. Moreover ,  calculations show that a positive value of the e lec t rode  potential exists  in a compar -  
at ively smal l  range of var ia t ion  of the discharge p a r a m e t e r s .  

We will a ssume that the t empera tu re  of the heavy par t i c les  in the space-charge  l aye r  is equal to the 
t empera tu re  of the e lec t rode  sur face .  The potential  in the l aye r  adjacent to the e lec t rode  must  be found 
f rom the following equations [1, 2]: 

- -  t T /w=AoTw~exp [ evPV~--k-~-yeEw I , p=knes (Te + --~s w) 

Here j is the discharge c u r r e n t  density (the direct ion away f rom the e lec t rode  is taken as the pos-  
itive cu r r en t  direction);  Je and Ji a re  the densi t ies  of the cu r r en t  components due to motion of the e lec t rons  
and ions respec t ive ly ;  Jw is the thermionic  cu r r en t  density; p is the p re s su re ;  nes and his a re  the par t ic le  
densi t ies;  Ves and Vis a re  the the rmal  veloci t ies  of the par t ic les ;  T w is the surface t empera tu re ;  AU w is 
the potential  difference between the p lasma of the boundary l aye r  of the space charge (s) and the e lec t rode  
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(w); a s is the degree of volume ionization; e is the absolute value of the electron charge; E w is the electric 
f ie ld intensi ty on the su r face ;  k is Bo l tzmann ' s  constant;  ~es,  ~ s '  ~ s  a r e  co r rec t ion  f ac to r s  (the subsc r ip t  
s denotes the value of quanti t ies on the ex te rna l  f r ee  fal l  boundary layer ;  the minus  sign c o r r e s p o n d s  to 
pa r t i c le  motion f r o m  the p l a s m a  to the e lec t rode ,and  the plus sign denotes motion of the pa r t i c l e s  f r o m  the 
e lec t rode  to the p lasma) ,  approx imate  exp res s ions  for  which can be obtained by consider ing the pa r t i c l e  
balance on the ex te rna l  boundary (s) of the f r e e - f a l l  l aye r  : 

~e~- 2 -- exp [-- eAUw] kTesl a-T' is= a-7 
exp [ -  eAUw'/ kT w] a* 

~8= (ll~w)--t27exp[--eAUw/kTw] ' ~"~-- t-4-a*' 

r~ (~  _ vo] (3) 
ct* = A~ exp [ kTw j 

In these  e x p r e s s i o n s  fis is  the effect ive su r face  ionization coefficient ,  r e f e r r e d  to the conditions on 
the boundary;/}w is  the su r face  ionizat ion coeff icient  of the a toms  on the e lec t rode ;  a *  is the degree  of s u r -  
face ionization; V i is the ionization potential  of the a toms ;  A i and ~ a r e  the p a r a m e t e r s  in the Saha -Lang-  
mu i r  fo rmula  [1]. 

In the l imit ing cases  the flux of heavy pa r t i c l e s  which t r a v e l s  to the e lec t rode  through the su r face  s 
may  cons i s t  of e i ther  a toms only or ions only, so that  the degree  of volume ionization a s v a r i e s  in t h e l i m i t s  

~l~ ~ ~, ~ V~ (1 + ~) (4) 

To de te rmine  the potent ia l  drop adjacent  to the e lec t rode  the bas ic  fo rmulas ,  which follow f r o m  (1)- 
(3), a r e  

F(  1__ / K = -  Z- 

2K 
L = p  ~ me] 
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Here  T e is the e lec t ron  t empera tu re ,  and m e and m i a re  the e lec t ron and ion masses .  In the case  
of an a lka l i -e lement  p lasma and glowing high-melt ing point e lec t rodes  when surface  ionization can affect  
the value of AUw, the calculat ion is  c a r r i e d  out using Eqs.  (3) and (5), for  example,  by i terat ion.  

F igures  1-4 show the values  obtained for AUw, using the thermionic  emiss ion and surface  ionization 
cha rac t e r i s t i c s  taken f rom [3-9], for  tungsten e lec t rodes ,  ignoring the Schottky effect .  

Figure i shows potential  drop AUa adjacent  to the anode as  a function of Tw (~ the p r e s su re  of the 
ces ium plasma (curves 1, 2, 3, 4, 5, 6, 7 cor respond  to p=10,  102, 103, 104, 105, 106, 10 ? #bars ) ,  and thed is -  
charge cu r ren t  density j (j =3, 30 ,300  A / c m  2 a re  for  the continuous, dashed, and dot-dash l ines,  r e s p e c -  
tively) for  an e lec t ron  t empe ra tu r e  T e =5000~ and a s =1/2 fis" For  a given t empera tu re  T w the value of 
AUa inc reases  with p and falls as j i nc r ea se s .  It should be noted that the change in the sign of AU a occurs  
in the region of high Tw, low Te,  and large  j. It is easy  to show that as a s  increases , the  value of AUaWill 
inc rease .  

Figure 2 shows the potential  drop adjacent  to the cathode AUk as  a function of T w, the p re s su re  of 
the ces ium plasma p (the continuous l ines a re  for  p=102 p b a r s , a n d t h e  dashed lines a re  for p=104 ~bars) ,  
and T e (curves 1, 2, 3 co r respond  to Te=5,000 ,  10,000, and 20,000~ for j = - 3  A / c m  2 and a s =  ~/2 f~s- As 
T w inc r e a se s  the valu e of AU k on the graph falls,  while an increase  in T e and p produces  an increase  in AU k. The 
potential  difference AU k adjacent to the e lec t rode  changes sign in the region of high e lec t rode t empera tu res  and 
low p lasma p r e s s u r e s .  

Figure  3 shows the change in AUa as a function of a s ,  the p r e s s u r e  of a l i thium plasma p (curves ! 
and 2 co r respond  to p = 102 and 103 ~bars) ,andj  (the continuous l ines a re  for  j = 3 and the dashed l ines a re  
for  j =30 A / c m  2, respect ively)  for  Tw =2600~ The quantity a s takes l imi ted values as given by inequality 
(4). As a s  increases , the  value of AU a also inc reases ,  in the region of low values  of a s quite s trongly,  and 
for  a s  ~ 0.1 negligibly. An inc rease  in p and a reduct ion in j lead to an increase  in AUa, as in the case 
of a ces ium plasma.  

Figure  4 shows AUk as a function of a s  for  ces ium plasma and Tw, for p = 1 0 4 p b a r s a n d j =  - 3A/cm 2. 
The t empera tu re  Tw =2400~ (curve 1 )cor responds  to Jw <l J I, and Tw =3000~ (curve 2) cor responds  to 
Jw >l J l- The nature  of the change in AUk as  a function of a s  for  Tw =3000 ~ (Jw >l J l) is the same as for  
AUa (Fig. 3). In the f i r s t  case  (jw< I Jl) as a s inc reases , the  potential drop adjacent  to the cathode AUkfaUs. 
The lower l imit  of a s  is given by l im as~1 .91  '. 10 -2, below whichAUk,  according to the analytical  re la t ion-  
ships,  i nc reases  without l imit .  Fo r  a s < l i r a  a s the number  of ions reaching the cathode becomes  insuf-  
f icient  to supplement  the thermionic  emiss ion  cu r r en t  up to the given discharge cur ren t .  

The above investigation has shown the re la t ionship between the potential drop adjacent to the e lec -  
t rodes  and the volume and surface  ionization. The re la t ions  which have been obtained between the potential 
drop AU w and the degree  of volume ionization (~s and the coefficient  of surface  ionization flw should be borne 
in mind when designing and analyzing plasma devices .  
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