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1. In developed variants  of surface- 
plasma sources /2 ,3 /  the minimum energy 
necessary f o r  H- generation , is about 
704 eV/ion. The fur ther  increase i n  e f f i -  
ciency of negative ion generation ia de- 
s i r ab l e  f o r  construction of long term ope- 
r a t i on  sources. The most evident way t o  
increase the energy efficiency is the more 
complete u t i l i a a t i o n  of negative ions em- 
i t t e d  from electrodes /2/, In experiments 
presented here, more complete extract ion 
of generated negative ions was provided 
with loca l iza t ion  of the discharge near 
the emission s l i t  and with geometrical 
focusing or  negative ions emitted by a 
half-cylindrical cathode surface to  the 
emission slit.  

2. The diagram of the source with 
discharge locat ion near the emission 
sli t  (so-called semiplanotron - SP) is 
shown i n  Pig. 1 . 

a 

Fig. 1 Semiplanotron diagram: 
a - with one groove, b - with f i v e  
grooves; 1 - cathode, 2 - anode, 
3 - magnetic i n se r t s ,  4 - poles of 
magnet, 5 - emission slit ,  6 - ex- 

t rac tor ,  7 - cathode groove, 8 - 
end cathode hollow. 

Similar t o  the planotron /2/, the dis- 
charge takes place i n  a th in  gap between 
the-long cathode 1 and enode 2, which em- 
braces the cathode. For the e f fec t ive  

plasma u t i l i z a t i o n ,  SP discharge is main- 
tained only i n  e region near the emission 
slit. In  t h i s  place the magnetic f i e l d  
l i n e s  a re  special ly  bent with magnetic 
i n se r t s  3. The magnetic f i e l d  l i n e s  two 
times cross the half-cyl indrical  cathode 
surface without crossing the anode, prov- 
iding conditions f o r  confinement of f a s t  
electrons emitted by cathode, These elec- 
trons o s c i l l a t e  i n  the cathode groove and 
d r i f t  along the emission sli t  sawed per- 
pendicular t o  magnetic f i e l d  l i nes ,  The 
deeper hollow 8 is made a t  one of the ca- 
thode end f o r  b e t t e r  discharge t r igger-  
ing. Electromagnetic valve and heated 
container provide t h i s  hollow with hyd- 
rogen portions and cesium vapour. For 
preventing discharge i n  other par t s  of 
the cathode-anode gap, SF electrodes have 
the special  shape preventing electron os- 
c i l l a t i o n s  i n  these regions. Electrons 
i n  the s ide  gaps f a l l  quickly t o  the ano- 
de along the magnetic f i e l d  l i n e s . .  
A half-cylindrical shape of the cathode 
operation surface provides geometrical 
focusing of negative ions emitted by the 
surface t o  emission slit.  Extraction 
voltage of up t o  35 kV is applied to  
discharge chamber, extractor  6 is under 
ground potent ial ,  The pulse mode of such 
sources was under study. An amplitude of 
the discharge current pulse was up to  
0.2M1, duration 7mS, r e p e t i t l o n r a -  
t e  up t o  10 Hz. 

3. The charac te r i s t ics  of high cur- 
ren t  glow discharge in  SP, t h e i r  depen- 
dencies on magnetic f i e l d ,  hydrogen and 
cesium density,  discharge current were 
s imi la r  t o  those of planotron discharge 
/2/. The dependencies of extracted H- 
and D' current on discharge current a r e  
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given in  Pig.2. 

Fig.2 Current of H- and D- (crossed) beams 
a s  a funct ion of discharge current .  
Figures near  the curves - width of 

the  emission slit.  The emission s l i t  
length  is  40 ma. 

Taxinurn H- emission densi ty  up t o  3-4A/cm 2 

was achieved wi th  discharge current  densi- 

t y  a t  cathode 50 ~ / c m ~ .  A t  l i n e a r  p l o t  

of dependence emission H- current  densi ty  

mounts t o  17$ of , t h e  cathode discharge cur- 

r e n t  densi ty  and energy expenditure on H- 

generation was 5 keV/ion. It is explain- 
ed by more e f f e c t i v e  plasma u t i l i z a t i o n  i n  
SP and by geometrical focusing of negative 

ions  t o  emission slit.  Negative ions  focus- 
ing a l s o  i s  confirmed by in tense  spu t te r ing  

of anode p a r t s  located opposite t o  the  
ha l f -cy l indr ica l  cathode surface  of the 
groove, Sput ter ing t r a c e  looks l i k e  a ca- 

nel of 0;8 mm width. 
Under the  same condit ions H- current  

was two times l e s s  than D- current .  Becau- 
se of the  l a r g e r  deuterium mass the  leaving 
times a r e  increased both f o r  discharge po- 

sit ive ions  and negative ions moving from 
cathode t o  emiasion slit.  These e f f e c t s  
can v i s i b l y  i n t e n s i f y  the  D- des t ruc t ion  

i n  plasma /2/. Also, due t o  lower energy 
0." bombarding deuterium p a r t i c l e s  /4/ t h e  

reduct ion of secondary D- emission coef f i -  
c i e n t  may play a c e r t a i n  ro le .  
The f ive-grooves SP with multiple-aperture 

ex t rac t ion  system was t e s t e d  ( ~ i g . ? b ) .  

Quite a uniform glow,discharge'was achiev- 
cd a t  a l l  the  cathodes grooves & i t h  ca- 

thode current  densi ty  up t o  30 ~/cm'. With 

l a rge  s i z e e  of emission slit some d i f f i -  

c u l t i e s  a r i s e  f o r  providing necessary den- 

s i t y  of hydrogen i n  discharge grooves. 
The hydrogen densi ty  gradient  along the  
groove r e s u l t e d  i n  non-uniform discharge 
and brought t o  v i s i b l e  reduction of nega- 

t i v e  ions along the  emission slit. 
I n  t h e  described vers ions  of SP the 

problem of e lect rodecool ing is qu i te  sim- 
ply aolved. To t h i s  end, the  channels f o r  
cooling l i q u i d  a r e  d r i l l e d  c lose  t o  work- 

ing  p a r t s  of  t h e  cathode, anode and ex- 
t r ac to r .  Note, that SP with  one groove 

of + 3 x 15 nun2 is' e f f e c t i v e  as compact 

dc source of negative ions. 7 i t h  dischar-  

ge current  .v 5 A and average power a t  

cathode d l  k!V/crn2 i t  is r e a l l y  t o  ob- 
t a i n  dc H- current  of 0.1 A. 
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