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E lec t ron  and ion t r a n s f e r  in a l o w - t e m p e r a t u r e  p l a sma  and a semiconduc tor  p l a sma  in some conditions 
involves the fo rma t ion  of dis t inct ly  inhomogeneous s t r u c t u r e s .  A possible  r e a s o n  for  this  p roces s ,  which is 
invest igated numer ica l ly  in this  paper ,  is the nonlineari ty in the ambipo la r  diffusion equation due to t h r e e -  
par t ic le  e l ec t ron  recombinat ion .  

In the i so ther  mie  ambipo la r  diffusion approximat ion  [([ N e - Nil )/N e << 1] the equations of ionizat i on -  r e -  
combinat ion k inet ics  for  unsteady e l ec t ron  (e) and ion (i) t r a n s f e r  have the f o r m  [1] 

O N  e ~tiD e -~- ~teD i O~N e : ~z~N N e - -  ~rNae, 
Ot }~e -~- ~ti Oz ~ 

oiv ~ D  e + ~ D~ 0 (~V:Ex) 
Ot ~- D e -  D i Ox a ~ N N e - -  a~N~. 

In d imens ion les s  f o r m  Eqs .  (1) a re  
Ou 02u 

Ou q~ - -  I 0 (uF)  
o~ ~- ~ o~ =~(u--u3), 

(i) 

(2) 

(3) 

where  
, * t t e + t L ~ "  

u = Ne/N~(oo);  �9 = t / t*;  ~ = x / x * ; F =  E::;Ex; r = 2 ~ t i  , 

\ - - ~ T ~  / ' %..,v~(~) ~kr ;  ' 

and the o ther  symbols  have the i r  usual  meaning [2]. We note only that  u is the e l ec t ron  concentra t ion N e, 
e x p r e s s e d  re la t ive  to Ne(~O), co r r e spond ing  to the es tab l i shed  homogeneous s teady s ta te ,  when ionization is 
comple te ly  compensa ted  by recombinat ion:  Ne(~)=  (~ i/~r)~/2. 

Since we will  be cons ider ing  only the p rob lem of concentra t ion  dis t r ibut ion,  Dir ich le t  boundary conditions 

u(~ = 0, ~) = u0 = coast, u(~ = 6, ~) = u6 = coast 

on the finite in te rva l  (0, 5) will  be imposed for  Eq. (2). 

The init ial  conditions 
u ( L  �9 = 0) = ~* (~ ) ,  

fo r  which we use a l inear ,  r ec t angu la r ,  o r  s inusoidM dis t r ibut ion,  a re  coupled with the boundary conditions 

u * ( ~  = 0) = u0, u*(~ = 6) = u~ 

to s impl i fy  the calcula t ion a lgor i thm.  

To obtain the speci f ic  r e la t ions  u(~, r) we used the s c a l a r  pivot method [3] with a nonl inear i ty  approxi -  
mat ion on the r igh t -hand  side of Eq. (2) by the quas i l inear iza t ion  method [4], when the value of u 3 on the i - th  
s tep  for  the coordinate  and the (j + l ) - t h  s tep  for  t ime  is given by the exp re s s ion  

, , ,  § 3 ( ~ i )  ~ ( . ~ + '  - ~). 
The condition fo r  convergence  of the s c a l a r  pivot method for  this  p rob lem is fulfilled when the t ime  s tep 

0 < 0.5. In the ca lcula t ions  the value of 0 was taken  as 0.05 and it was  a s sumed  that  the solution becomes  s t a -  
bi l ized when v ~  0% if the condition 
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Numer i ca l  calcula t ions  of the es tab l i shment  r e g i m e s  showed that  the spat ia l  d is t r ibut ion of e l ec t ron  con- 
cent ra t ion  is dis t inct ly inhomogeneous,  and the f o r m  of the es tabl i shed dis t r ibut ion does not depend so much 
on the f o r m  of the initial  dis t r ibut ion,  that  is mainly de te rmined  by the boundary values.  We f i r s t  consider  the 
e s t ab l i shment  p roce s s  fo r  a l inear  initial  dis t r ibut ion (Figs.  1-4).  Here  and in the other  f igures  th,~ continuous 
l ines r e p r e s e n t  the initial (v=0) and s teady ( T ~  ~) s t a tes ,  while the dashed l ines r e p r e s e n t  the in termedia te  
s t a t e s .  

The presented  re la t ions  show that  a dis t inct ly inhomogeneous e lec t ron  concentra t ion dis t r ibut ion is fo rmed  
with the passage  of t ime .  The degree  of inhomogeneity,  a possible  quantitative index of which is the max imum 
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modulus of the derivative ~u/8~, increases  monotonically with increase in the parameter  ~n (Fig. 2) and width 
of the segment (Fig. 3), if 75 lies in the interval  ~ (0-5). A fur ther  increase in 5 has pract ical ly no effect on the 
slope of the function u(~, v --~)o 

It is essent ia l  to note that the degree of inhomogeneity of the e lectron concentrat ion profile when u 0 =1 is 
g rea te r ,  the more  u 0 differs f rom the steady homogeneous state,  and reaches  a maximum when the s teady state 
is attained. 

Fo r  the steady state, following [2], we can obtain the relat ion 

0ul0~ = V ~ ) ( I  -- t~) + A, A = const. (4) 

If we bear  in mind the data presented in F igs .  1-3, and put au/a~ (u = l ) -  o, then A =0 and the maximum modulus 
of the derivative 0u/d~, which is attained at point ~ =0 due to the smoothness of the function u(~, v--~% increases  
with increase  in u 0 when u0 > 1 and with reduct ion of u0 when u 0 < 1. 

Similar  proper t ies  charac te r ize  the establ ishment  of the steady inhomogeneous profile f rom the initial 
l inear profile, if a value u 0 > 1 is assigned at one end of the interval,  and u 6 <1 at the other (Fig. 4). In the 
center  of the interval a plateau is formed,  the width of which is grea ter ,  the grea te r  the parameter  4o and the 
interval width 5. 

Another se r ies  of calculations was car r ied  out for  problems of spreading of a narrow plasma layer  of 
thickness  h (h<<6) with zero  boundary conditions at points } =0 and } =8 (Figs. 5, 6). As Figs .  5 and 6 show, 
the narrow rec tangular  e lec t ron  concentrat ion distr ibution is t r ans fo rmed  into a convex profile, and during s ta-  
bil ization there  may be oscil lat ions at the maximum of the function u(~, 73, if max u*(~) <1. When max u*(~)>l 
the maximum of the distr ibution u(~, r) tends monotonically to unity. 

Using Eq. (4), we can establ ish the relat ion between the maxima of the function u(~, r - -  o 9 and the values 
of the der ivat ives  at points ~ = 0 and ~ =6: 

f r o m  which follows the s y m m e t r y  of the particle flow on the walls in the steady state.  
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Spreading reg imes  for some other types of rec tangular  distr ibution are shown in Figs.  7 and 8. It is 

apparent that the steady state for such reg imes  coincides with those shown in Figs .  1-4. 

It follows f rom the data  d iscussed above that the inhomogeneous distr ibution of e lectrons where they are 
localized close to the ends of the interval  (0, 6) when u 0 or  u6 >1 and delocalized at the same points when u 0 or 
u 5 < 1 begins to appear at the very s tar t  of the establ ishment  process ,  and increases  steadily towards the end of 
the t ransient  p rocess .  

We also made a numerica l  investigation of the smoothing out of the electron concentrat ion in a stratif ied 
inhomogeneous p lasma (Figs. 9, 10). The resul t s  of the calculations indicated that the filling of the troughs is 
a monotonic process ,  i r respec t ive  of whether max u*(})-< 1 or max u*(})> 1, and cor responds  to the f i r s t  stage 
of establ ishment  of the convex concentrat ion profile for  the nonlinear chemical  kinetic p rocesses  examined in 
[5]. As dist inct  f rom [5], however,  no spatial  oscil lat ions are observed in the considered sys tem,  although 
when max u*(})-< 1 local oscil lat ions at the peaks are possible (see Fig.  9). Fo r  establishment p rocesses  when 
max u*(~)>l  there  are no osci l lat ions at the peaks. 

We note in conclusion that the reason  for  the e lec t ron localization and delocalizat ion effects in the con- 
s idered diffusion p rocesses ,  like the reason  for formation of inhomogeneous the rma l  s t ruc tu res  in media with 
nonlinear bulk absorption [6-9], is the change in the mechanisms of generation of charged part icles  when the 
sign of the source  on the r ight-hand side of Eq. (2) is changed by passage across  the boundary of the homo- 
geneous steady state u =1. 

We express  our thanks to N. Kh. l~rkenov for valuable recommendat ions  on the development of the al- 
gor i thm of the numerica l  calculation. 
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