
S T I M U L A T I O N  O F  V O L U M E T R I C  D I S C H A R G E S  IN 

A T  H I G H  P R E S S U R E  BY A N  E L E C T R O N  B E A M  

O B T A I N E D  U S I N G  A L O W - P R E S S U R E  D I S C H A R G E  

Y u .  I .  B y c h k o v ,  Yu .  E .  K r e i n d e l ' ,  
G.  A .  M e s y a t s ,  a n d  A.  G. F i l o n o v  

A G A S  

UDC 537.52 

The pos s ib i l i t y  of t r i g g e r i n g  a s e m i - s e l f - s u s t a i n e d  d i scharge  in a gas  at  h igher  than a t m o s p h e r i c  p r e s -  
su re  through the ionizat ion of the gas in the volume of an e l ec t ron  beam [1] has opened up g rea t  p r o s p e c t s  
for  the c rea t ion  of powerful  gas l a s e r s  [2]. Cathodes opera t ing  on the p r inc ip le  of explos ive  e m i s s i o n  [3] 
as  well  a s  incandescent  cathodes  a r e  used as  the e l ec t ron  s ou r c e s  in the e l e c t r o n  guns. E l e c t r o n  sou rces  
with explos ive  e m i s s i o n  enable one to obtain high e l ec t ron  c u r r e n t  dens i t i e s  with a dura t ion  of 10-8-10 -G 
sec.  Using incandescent  ca thodes  one can obtain e l e c t r o n  b e a m s  in a wide range of pulse dura t ion but these  
sou rce s  have a number  of drawbacks  such as the h ighpower  consumption at  the hea te r  and the d e s t r u c -  
t ion of the cathode when a i r  e n t e r s  the chamber .  

F o r  e l ec t ro ion iza t ion  CO 2 l a s e r s  e l ec t ron  s ou r c e s  a r e  r e q u i r e d  which a r e  r e l i a b l e  in opera t ion  and 
which can provide  e l ec t ron  beams  of long durat ion (from 10 -5 see to continuous) at a high succes s ion  f r e -  
quency and with a l a r g e  e m i s s i o n  sur face .  

In a number  of c a s e s  this  p rob lem can be solved by the use of p l a s m a  s o u r c e s  of e l e c t r o n s  (PSEL) 
[4, 5] based  on the ex t rac t ion  of e l ec t rons  f rom l o w - p r e s s u r e  d i s c h a r g e s  containing a cold cathode.  The 
chief  m e r i t s  of this  method a r e  the following: 

1) in using P S E L , p u l s e d  b e a m s  can be obtained through the use of low-vol tage  pu lsed  d i s c h a r g e s  of 
low p r e s s u r e .  Pu l s ed  e l ec t ron  emiss ion ,  which is often diff icult  to achieve using t he rmoca thodes  because  
of t he i r  t h e r m a l  ine r t i a ,  is p rov ided  at a constant  a c c e l e r a t i n g  vol tage by the pu lsed  d i s c h a r g e s  in PSEL; 

2) l o w - p r e s s u r e  d i s c h a r g e s  can burn  s tab ly  in l a rge  volumes.  In p r inc ip le  th is  opens up the p o s s i -  
b i l i ty  of c r ea t i ng  l a rge  p l a s m a  e m i s s i o n  s u r f a c e s  and e l ec t ron  b e a m s  with a l a rge  a r e a  and the r equ i r ed  
c r o s s  sec t iona l  configurat ion.  The l a rge  e m i s s i o n  su r f aces  can be obtained at  low p r e s s u r e s  as  a r e s u l t  
of the p l a s m a  pa s s ing  f rom the d i scharge  chamber  into a spec ia l  equipotent ia l  cavi ty ,  ca l l ed  the expander ;  

3) the PSEL with a cold cathode a r e  not sens i t ive  to ion bombardmen t  o r  to a sudden breakdown in 
the a i r - t i g h t n e s s  of the vacuum s y s t e m  in a wide range of low p r e s s u r e s ,  which c o n s i d e r a b l y  i n c r e a s e s  the 
r e l i a b i l i t y  of ins t ruments  using them and s impl i f i e s  t he i r  operat ion.  

The s t imula t ion  of a h i g h - p r e s s u r e  vo lume t r i c  d i s c h a r g e ' u s i n g  an e l ec t ron  beam ex t r ac t ed  f rom a 
pulsed l o w - p r e s s u r e  d i scharge  was c a r r i e d  out using the expe r imen ta l  appa ra tus  i l l u s t r a t ed  s c he m a t i ca l l y  
in Fig. 1. The appa ra tus  includes a sec t ioned a c c e l e r a t i n g  tube containing the PSEL which p rov ides  an e l e c -  
t ron  beam c u r r e n t  of up to 3 A, an a c c e l e r a t o r  power pack based  on an A r k a d ' e v - M a r k s  gene ra to r  provid ing  
ident ical  vol tage pu l ses  up to 30 /~sec long with an ampli tude of up to 250 kV, and a h i g h - p r e s s u r e  d i scharge  
chamber .  The vol tage to the PSEL e l ec t rode s  and the sec t ioned a c c e l e r a t o r  tube was suppl ied f rom the 
A r k a d ' e v - M a r k s  gene ra to r  through an ohmic vol tage divider .  

A PSEL based  on an a r e  cons t r i c t ion  d i scha rge  with a cold cathode in a magnet ic  f ie ld [5] was used 
in the appara tus .  When gas was admi t t ed  into the source  and a pu lsed  vol tage was suppl ied  between the 
s tee l  cathodes  1 and 2 and the in t e rmed ia te  copper  loop anode 3 a Penning d i scharge  was ignited and con-  
v e r t e d  into an a r c  which was t r a n s f e r r e d  through the opening in the in t e rmed ia te  anode to the main anode 4. 
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The magnetic field between the cathodes, produced by permanent  mag-  
nets, did not exceed 600 Oe. The e lec t rons  were drawn off f rom the 
developed boundary of the p lasma with the help of an extract ing e l ec -  
trode, pass ing through a small opening in the main anode into an ex- 
pander  15 mm in diameter .  In the extract ion region the magnetic field 
is deformed by a fer romagnet ic  insert  molded into the intermediate 
anode and by the steel main anode. A grid with a t r ansparency  of 0.8 
mounted in the expander determines  the shape and position of the 
emitting surface.  This provides  the rigid e lectron optics for the ex t rac -  
tion of e lec t rons  f rom the plasma.  The grid also increases  the s ta-  
bility of the discharge and of the extract ion of e lect rons  f rom the" 
plasma.  

The extract ing voltage is 30 kV and the flow rate of the working 
gas (air, argon) does not exceed 80 cm3/h.  The ratio of the e lec t ron  

Fig. 3 cur rent  extracted f rom the p lasma to the discharge cur ren t  is 40%. 
The re la t ively  high efficiency of the e lec t ron extract ion makes it pos -  

sible to supply the electron source f rom the divider which dis t r ibutes  the voltage between the sections of 
the acce le ra to r  tube, and thus avoids having a separa te  emi t te r  power sys tem under high voltage, which is 
neces sa ry  when a thermoeathode is used. 

Thanks to the use of pulsed electron emiss ion  provided by the pulsed discharge the average power 
consumed by the discharge at a duration of 10 psec  and a repeti t ion frequency of 1 Hz does not exceed 0.1 
W, which increases  the economy of the e lec t ron-beam sys tem and el iminates  the difficulties of providing a 
thermal  sys tem of construction.  The acce le ra ted  e lec t ron beam with a d iameter  of 10 cm was admitted 
into the h igh :p re s su re  gas through aluminum foil or  mylar  film. The volume of the h igh-pressure  gas -  
discharge chamber  was 30 em 3 and it was supplied f rom a 2 p F capacitor .  

The volumetr ic  discharge was studied in pure N 2 and CO 2 gases  and in their  mixtures at p r e s s u r e s  of 
1-2.5 atm. With a field strength of less  than 8 kV/cm the discharge is semi-se l f - sus ta ined ,  burns for  the 
duration of the e lectron beam, and then ceases  with the voltage kept unchanged on the e lectrodes .  A typical 
dependence of the supply of energy  to the gas on the field strength is presented in Fig. 2, where the curves  
marked with numbers  pertain to different s tates of the gas: 1) pure N2; 2) COz:N 2 is 1:3; 3) CO2:N 2 is 1:2; 
4) pure CO 2. The beam current  is 0.3 A and the p r e s s u r e  is 1 arm. A spark discharge develops at higher 
field strengths.  For  example, with E ~ 10 k V / c m  a spark channel develops 10 psec  after  the extinction of 
the volumetr ic  discharge,  and with E > 11 kV/em the volumetr ic  discharge changes into a spark discharge.  

Thus, a stable volumetr ic  discharge occurs  at field s t rengths  of 8 kv / cm or less  and the duration 
of the discharge is equal to the duration of the e lec t ron  beam. 

The use of pulsed low-pres su re  d ischarges  makes it possible to obtain pulsed electron beams not only 
with a pulsed but also with a constant acce lera t ing  voltage. An electron beam is descr ibed in [4] which has 
a p lasma cathode based on the extract ion of e lect rons  f rom a half-cathode ref lected discharge which, with 
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modulation of the d ischarge  and a constant  acce le ra t ing  voltage of up to 30 kV, provided pulsed b e a m s  with 
durat ions of the t r apezo ida l  pulse of 10, 50, 100, 300, and 104 ~sec  at a repet i t ion f requency of f r o m  1 to 
600 Hz. Osc i l l og rams  of the modulating voltage (a) and the e lec t ron  beam (b) with a durat ion ~- =150 ~see  
a re  p resen ted  in Fig. 3. 

The poss ib i l i ty  of modulation using voltage pulses  of low power p e r m i t s  the c rea t ion  of sources  of 
e lec t ron  b e a m s  with a high repet i t ion frequency.  
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