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Non-self-sustained discharges a r e  known 
t o  be unstable.  I n s t a b i l i t i e s  which l i m i t  
t h e  maximum energy input i n  pulsed modes 

of operation may develop i n  d i f f e r e n t  ways. 
A t  a s u f f i c i e n t l y  high discharge vol tage 
an i n s t a b i l i t y  which occurs during a cur- 

r e n t  pulse can be observed. The mechanism 
of t h i s  i n s t a b i l i t y  has  already been s tu-  
died i n  d e t a i l .  A t  lower discharge (vol- 
tages  i n s t a b i l i t y  may develop when t h e  ex- 

t e r n a l  source of ion iza t ion  has been tu r -  
ned off .  A s  a r e s u l t  t h e  discharge volta-  
ge should be decreased fuather.  This leads  
t o  a reduced energy input per pulse i n  a 
C02 r e p e t i t i v e l y  pulsed l a s e r  when the  
frequency i s  high o r  t h e  gas ve loc i ty  is 

small [I, 27. 
This paper r e p o r t s  on t h e  r e s u l t s  of 

experiments on i n s t a b i l i t i e s  occurring af-  
t e r  turning o f f  t h e  ion iza t ion  source of a 

non-self-sustained discharge when a s i n g l e  
o r  two subsequent current  pulses  of the  

e lec t ron  beam current  were applied. 
The experiments were ca r r i ed  out i n  

pure N2 o r  i n  mixture of gases C02:N2=1:9 

at atmospheric pressure.  Pulsed 120 keV 
e lec t ron  beam having a current  dens i ty  200 

mk~/mn* a t  t h e  anode plane was introduced 
through an Al-foil  i n t o  a discharge cham- 
ber. Typical oscil lograms of current  pulse 
forms without i n s t a b i l i t y  a r e  shorn i n  
Fig. la,Fig.l b r e l a t e d  t o  an i n s t a b i l i t y  
developed after? turning o f f  the  ion iza to r  
and F ig .1~- to  a case when an i n s t a b i l i t y  
occur when the  ion iza to r  i s  act ive .  The in- 

s t a b i l i t y  development time was s tudied when 
s ing le  pulses  Zp and 2 rp o r  sequence a of 
two pulses  wi th  a durat ion each and a P 
period T were applied. 

Dependence of i n s t a b i l i t y  development 

time r, i n  a discharge plasma f o r  a mix- 

t u r e  CO :N -1 : 9  upon E/P  is given i n  2 2- 
Fig. 2a. It shows the  time of i n s t a b i l i t y  
development r e l a t i v e  t o  t h e  f ron t  of the  

current  pulse a f t e r  the  app l ica t ion  of a 

s i n g l e  current pulse. Points r e l a t e d  t o  
'Gp=0.3ms, a r e  marked( x )  and those t o  

-0.15~1~-(U ). Data obtained i n  a sequ- 
P - 

ence of two pulses  a t  Z,,, =0.15ms and T= 

0.75ms a re  i d e n t i f i e d  by ( A ) .  The same 
f i g u r e  a l s o  shows the  dependence r, (E/P) 

f o r  a case when the  i n s t a b i l i t y  develops 
before the  end o f  the  current  pulse i .e .  
when 'd, < rp. These experimental po in t s  
a r e  marked with 0. From the  f i b w e  it may 

be seen t h a t  the  l a g  of i n s t a b i l i t y  deve- 
lopment i n  a sequence of tvro pulses  coin- 

c ides  with the  l a g  observed i n  a s ing le  

pulse of double durat ion i f  t h i s  time i s  

g r e a t e r  than 0.9ms a t  t h i s  value the  in- 
s t a b i l i t y  is  formed durat ion t h e  second 

pulse of the  sequence. T i t h  f u r t h e r  increa- 
s e  of E/P the  i n s t a b i l i t y  development l a g  

reduces s l i g h t l y .  \\%en r,  =0.75ms a t  E/P= 
3.5 k~/cm-atm, za s t a r t s  again t o  increase  
rapidly .  When the  value ra diminishes t o  

0.15ms, the  i n s t a b i l i t y  occurs during the  

f i r s t  pulse. 
Similar  dependences were obtained i n  

N2 (f ig.2b) with s ing le  0.1 and 0.2ms pul- 
s e s  ( i n d i c a t e d  ( 0 ) and ( x ) , r e spec t ive ly )  

and with a sequence of two pulses  with 

~ p = O , l m s  and T=0.9ms( a ) , o r  wi th  Zp=0.5 
and rp =l.O'ms ( and + ) and -.vith two 

pulses  rp =0.5ms and T=l.5ms ( A ) .  

I n  our opinion the  na tu re  of i n s t a b i -  

l i t y  a t  ra>Zpis the  same a s  t h a t  observed 
a t  r,< rp. When t h e  e lec t ron  beam is  i n t e r -  
rupted the  plasma s t a r t s  t o  deionize and 

t h e  current  decreases. However, simultane- 
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o u ~ l y  with t h i s  process tne  se l f -sus ta in-  Phenom. i n  Ionized gases,  Ber l in ,  1977. 

ed ion iza t ion  continues t o  increase due 
t o  the  growth of the  mean energy of elec- 

t rons  i n  the  applied f i e l d  ( ~ 1 1 ~  increases  

as gas concentration IT decreases).  Another 
reason i s  the  increase  of the  number of 
f a s t  e lec t rons  with ioniz ing capabi l i ty .  

I n  t h i s  case u4/3t (Be-the e lec t ron  con- 
cen t ra t ion)  may become pos i t ive  with sub- 
sequent current and i n s t a b i l i t y  develop- 
ment. The non-self-sustained discharge 

t rmsforms  i n t o  a se l f -sus ta ined mode.The 

second pulse merely acce le ra tes  t h i s  pro- 

cess. The time of establishment of a con- 
s t a n t  gas densi ty  a f t e r  turning o f f  the  

source of ion iza t ion  i s  r e l a t i v e l y  shor t .  

I f  is of the  order  of o s c i l l a t i n g  relaxa- 
t i o n  time f o r  the  mixture of gases and 
corresponds t o  t h e  r o t a t i o n a l  r e laxa t ion  
time f o r  N2 where the  V-T r e laxa t ion  time 

i s  on the  contrary  very long, Thus t h e  
i n s t a b i l i t y  w i l l  not  develop a f t e r  t h e  
f i r s t  pulse but r a t h e r  a c e r t a i n  s t a b l e  
densi ty  may be es tabl ished.  After the  se- 

cond pulse t h e  densi ty  s t a r t s  again t o  re-  

duce,dnl,/d$ changes i t s  s ign and l eads  t o  
i n s t a b i l i t y .  Thus, the  r a r e f a c t i o n  of the  
gas  inf luences  e s s e n t i a l l y  the  time of in- 
s t a b i l i t y  development. 

Discharge vol tage i n  l a s e r s  when an 
ex te rna l  ion iza to r  i s  used f o r  current  mo- 

dula t ion should be chosen such t h a t  E/P 

does not exceed t h e  minimum value a t  which 

t h e  i n s t a b i l i t y  develops, o r  r, should be 
g r e a t e r  then t h e  time of gas  t r a n s i t  thro- 

ugh t h e  discharge gap. I n  both cases  t h i s  
voltage i s  appreciably lover  than t h e  li- 

m i t  ing  v o l t  age a t  vrhich ra = rp, thus  pum- 

ping would not  be performed i n  t h e  optimal 
condit ions.  It therefore  appears t h a t  the  

most promising means of punping would be 
provides anode vol tage modulation i n  such 
a way t h a t  t h e  p robab i l i ty  of i n s t a b i l i t y  
development be eliminated. 
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