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Abstract - 
An e x ~ a r b e m t  designed to  teat the feasibil-  

i t y  of negative ion sources based on plasma In- 
fectgon from a h o l l ~ t h o d e  discharge is d u -  
cribed. From the plasma colclnrn up to  2.3 gple/cla2 
of posit ive ioa c u r r a t  w e e  d tom oato a cesio- 
tad Mo cmverter. Strong d e n c e  was found for  
an ff- production a t  a conversion efficiency of 
25%. Based sn these eacouragiag resul ts  a 2 Amp/ 
3- source bas bean designed. 

Hollow-cathode discharges (HCD) 1,2,3,4 can 
produce plasmas which have ideal characterist ics 
for  negative ion sources: (1) very high hi- 
zation, (2) high plasm d e n s i ~ i u  (n - 1013 - 
1.01~ cc-I), (3) capabil i ty to opeirate dc, 
(4) HCD p l a s ~ s  follow the cooteur of magnetic 
, P ~ ~ I A  lines, (5) imekgrormsi pressure of 10'4 - 
10-5 torr . ,  ( 6 )  solw c a t W e s  run udU in cei~ium.~ 

The implicaUaa of these characteristics is 
clear: one would hope to conotmct a negative 
i ~ n  soutor whfcb would be fed wfth ItCD plaraus, 
thus produaing a ~ a t & v e  ion beams wirh a vary 
high goo efficia8ey. Thie mrce k l d  have a 
very low WkgrW preteaite and it would NO 
dc. In addltton, sirrce the plP.BP l a  injected 
la to  the suarce, tha bias am the cesium coo.ted 
grooved coaorrtu: could be tndependmatly ?just- 
ed t o  opei&i?e the c o a ~ u s i o n  effici-y. 

IT.  Flli~ih%litY RYrrsjpw 

Th.oretically, an ECD fad negative ion 
source a W d  work very -1. One aaoisioru a 
soutee in wbkh BCD p W s  a re  injectad along 
aagnttfc f i e l d  lines betworn two biased plates 
with a potentiof difference of 50-100 volts.  
To test for physical f eas ib i l i ty  we must verify 
that 

(1) The bias wr the plate8 won't have an 
adverse effect  on t h r  oprtation of the RCD. 

(2) A t  1-t 1 Amp/& of ion current 
can be collected on the pla te  whleh ac t s  a s  
a converter. 

(3) CesW, which reducas the are volmge 
and improvu the pover eff  tciorrcy, does not have 
adverse effects  oa the oyetanr.. 

(4) Tantalum BCD runs well fn %. 

( 5 )  9- ions a re  af f ic iant lp  produced 

(6) A t ea t  of a lanthnum h d o r i d e  
converter doped with cesium. 

TheoreticrrlZy, the discharge should not be 
affected by thr presence of bia8ed platem. The 
plasm which streams out of the  HCD w i l l  be sub- 
jactad to  an E x B d r i f t  which is negligible 
compared to  the t bnd  velocity of the  electrons; 
e.g., in a gap of 0.5 cm a t  80 vol ts  arid 1 kG, 
the 3 x & d r i f t  l a  1.6 x 10' emr/sec. while the 
thermal velocity corresponding to  a temperature 
of a 9 eV electron is 1.3 x lo8 cm/sec .  

The current dram by the convarter should 
easily exceed 1 Amp/& sknce the ion saturation 
current that  can be d ram from a hydrogen plasma 
with a density of 1013 cc-1 and an ectron tea- 9 perature of only 4 eV is 1.77 Aarp/cm . 

A number of urp perits ware perfolnrd a t  
MZT on an RCD device which has beeu wad to 
t r a in  students In b w i c  urpuismmtl tectmiques 
in p l a 8 ~  phpsiro. The vacuum chanba: is basic- 
a l l y  a cylindrical  tube which Is 2.5 f ee t  long 
and about 5 inches in diaumtes. It l a  pumpad by 
three diffusion pump8 with a pumpiag speed of 
close to  2,000 lieer/see. The wLal magnetic 
f i e ld  is produced by s i x  coofla which hoee 4 inch 
gaps betweeu them. Thus, tha  muiPrmP f i e ld  
strwagth var ies  from 640 G in ttrs canter of a 
c o i l  t o  430 G fn the c m t u  of the gap (+hate 
the upuinmats were dona). Oa OM ead of the 
machine the  utthode is mmmted on au insulated 
plate, tha rest of the cIumbtt is a r  ground po- 
tent ia l .  The cathode i t s e l f  is a 3 ioch long 
tantalum tube wish aa i,d. of 3 081. 

Two f l a t  eleatrodes, a conoer tu  and a col- 
l ac to t  were m ~ ~ a e d  on opporito w h d a s  in the 
center of the device, %.a. about 12 inchem 
"downstream" from the cathode. 30th thm comer- 
ter and collector could scan the discharge radl- 
al ly.  The converter coluiats of a water cooled 
Ho block with a surface area of 1 au r 3 cm 
facing the plasm. P rov i s i~ns  were aude to  mount 
small cesium pallat8 and gat tars  an t h i s  block; 
the get ters  and pel le ts  were to be heated by the 
dircharge i t s e l f .  The collector c m i a t a  of aa 
Al block 2.5 x 5 cm wtth p rwi r io ru  to  actach 
extenmion plates on top and bottom. The collector 
ham a hole in it, and it La mountad on a hollow 
rod such tha t  additional gas could be fed through 
the collector. Hollow cathod discharges of 

f P noble gases tha MIT device artd a similar 
device a t  RPI prod~cef~cyl indsical  plasmas whose 
pea5 d m s i t p  of 2 x 10 cc-1 f a l l s  off to  1 x . 
lo1 cc-1 in 1.5 cia. The electron temperature 
in the c m t e r  is about 9 eV. 

(1) Disturbance of the HCD operation. In 
the f i r s t  experheat,  the convkter  and collector 
were brought within .75 cm froa each other: the 
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c o l l e c t o r  was a t  ground p o t e n t i a l ,  t h e  conver t e r  
a t  -80 v o l t s ,  and t h e  magnetic f i e l d  at  430 G .  
There was no evidence of d i s r u p t i o n  nor were . 
t h e r e  any adverse  e f f e c t s  .o ther  than a phys ica l  
o b s t r u c t i o n  which caused a s l i g h t  r i s e  in t h e  
anode t o  cathode vo l t age .  

(2) Operation i n  t h e  hydroaen mode. Up 
u n t i l  t h i s  s e t  of experiments t h e  HIT machine 
.as operated i n  Argon, wi th  on ly  small t r a c e s  
of hydrogen. I n  our  experiment t h i s  tanta lum 
HCD r a n  very w e l l  in hydrogen. The "hot spot"  
on t h e  cathode s t ayed  a t  t h e  t i p  ( u n l i k e  in 
Argon where t h e  hot spo t  is in t h e  middle).  
This  f a c t  ind ica ted  t h a t  t h e  p ro jec ted  l i f e t i m e  
of a Ta cathode opera t ing  Fn t h i s  mode should be  
f a r  g r e a t e r  than t h e  20-25 hours of ope ra t ion  i n  
arqon. The s r c  c u r r e n t  Fn t h e  hydrogen node was 
12-19 .4mp and t h e  a r c  vo l t age  was 60-90 v o l t s .  
S l e c t r i c  probe measurements i n d i c a t e  t h a t  n and 
T, a r e  t h e  same a s  i n  noble  :as d i scha rges . l* '  
:iydtogen XCD d i scharges  seem t o  be  more qu iescen t  
than .Upon d i scha rges .  

(3) Cesium i n j e c t i o n  through t h e  cathode. 
Traces  of C s  were i n j e c t e d  through t h e  cathode. 
The r e s u l t s  were spec tacu la r :  t h e  a r c  v o l t a g e  
dropped t o  about 50 v o l t s  and t h e  a r c  c u r r e n t  
could be  v a r i e d  from 3 t o  LOO Amp wi th  t h e  a r c  
v o l t a g e  being almost cons tan t .  

(4) P o s i t i v e  ion c u r r e n t  c o l l e c t e d  by t h e  
conver t e r  a s  a func t ion  of t h e  conver t e r  b i a s  
and r a d i a l  p o s i t i o n ,  a r c  c u r r e n t  and g a s  feed.  
- -- 

Figure  1 shows t h e  conver t e r  c u r r e n t  d e n s i t y  
v e i s u s  b i a s  and r a d i a l  p o s i t i o n .  The maximum 
c u r r e n t  d e n s i t y  c o l l e c t e d  by t h e  conver t e r  M S .  

1.3 :4mp/cm2. 

F ig .  1: Current  d e n s i t y  c o l l e c t e d  by t h e  conver- 
ter a s  a func t ion  of i t s  r a d i a l  p o s i t i o n  
and b ias .  The a r c  v o l t a g e  and c u r r e n t  
were 66 v o l t s ' a n d  27 Amp r e s p e c t i v e l y ,  
and t h e  magnetic f i e l d  was 430 gauss.  
About 25X of t h e  gas  was f e d  through 
t h e  c o l l e c t o r .  

I n  t h i s  case ,  p a r t  of t h e  gas  was f ed  through t h e  
c o l l e c t o r .  When t h e  gas  was f ed  through t h e  cath-  
ode only ,  s l i g h t l y  l e s s  than  1 h p / c m 2  were co l -  
l e c t e d .  Next, a MACOR s h i e l d  was placed around t h e  
t h e  conver t e r  t o  i n s u r e  t h a t  c o n t r i b u t i o n s  t o  t h e  
c u r r e n t  c o l l e c t e d  from t h e  s i d e  a r e  n e g l i g i b l e ,  
a s  one would expect  from t h e  s t e e p  d e n s i t y  grad- 
i e n t .  Indeed, t h e  c u r r e n t  c o l l e c t e d  by t h e  con- 
v e r t e r  wi th  t h e  MACOR s h i e l d  in p l a c e  was over  
80% of t h e  c u r r e n t  c o l l e c t e d  wi thout  it. F i n a l l y ,  
t r a c e s  of C s  were i n j e c t e d  through t h e  cathode. 
and t h e  conver t e r  c u r r e n t  was measured a s  a func- 
t i o n  of a r c  c u r r e n t  a t  a f i x e d  r a d i a l  pos i t ion .  
A s  expected (Fig. 2 ) ,  t h e  conver t e r  c u r r e n t  in- 
creased l i n e a r l y  wi th  t h e  a r c  c u r r e n t .  
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Fig.  2: T o t a l  c u r r e n t  c o l l e c t e d  by t h e  conver t e r  
a t  a f i x e d  r a d i a l  p o s i t i o n  ve r sus  t h e  
a r c  c u r r e n t .  Hydrogen and t r a c e s  of 
cesium were f ed  through t h e  cathode 
only .  The conver t e r  b i a s  was f ixed  a t  
-74 v o l t s .  

(5) Cesium coated conver t e r .  I n  an  a t tempt  
t o  d e t e c t  g- i ons ,  cesium g e t t e r s  and p e l l e t s  
(composition 75% Ti ,  25% Cr2 Cs2 07) were placed 
on t h e  conver t e r ,  which was then immersed in t h e  
plasma. The p e l l e t s  heated up and t h e  r e l eased  
cesium was seen flowing from t h e  p e l l e t s  and get-  
t e r s  on t h e  conver t e r  su r face .  A marked i n c r e a s e  
in t h e  conver t e r  c u r r e n t  was observed. With some 
gas  feed through t h e  c o l l e c t o r ,  t h e  conver t e r -  
c u r r e n t  d e n s i t y  was recorded t o  be 2 . 3  Amp/cmi. 
Xext, t h e  conver t e r  was pushed i n  u n t i l  its su r -  
f a c e  reached t h e  c e n t e r  of t h e  plasma and t h e  
c o l l e c t o r  b lock was i n s e r t e d  f a r  enough such t h a t  
t h e  p l a t e  extended beyond t h e  conver t e r .  F igure  
3 is  a schematic r e p r e s e n t a t i o n  of t h e  exper i -  
mental se tup .  The conver t e r  was biased t o  -82 



. . 
v o l t s  with respec t  t o  ground, and measurements same, and there fore ,  t h e  e lec t ron  cont r ibu t ion  to 
were made of t h e  c o l l e c t o r  cur ren t  with t h e  p l a t e  t h e  cur ren t  co. l lected.by t h e  c o l l e c t o r  with the  
above and below t h e  converter .  p l a t e  i n  t h e  bottom pos i t ion  can be assumed t o  be 

, 0.8 ~ m p .  

COLL CTOR +hpa7iR 
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Fig. 3: Schematic of the  experimantal setup. 
Discharge conditions: a r c  cur ren t  26 
a p ,  a r c  vol tage 67 v o l t s ,  p a r t i a l  gas 
feed through t h e  cathode, cesium covered 
converter  biased t o  -82 v o l t s ,  and back- 
ground pressure 3 x 10'~ t o r r .  With t h e  
converter  a t  t h e  cen te r  of the  discharge,  
the  c o l l e c t o r  cur ren t  was (a)  0.8 Amp, 
(b) 2.9 Amp. 

The negat ive p o t e n t i a l  of an BCD plasma and t h e  
d i r e c t i o n  and s t r e n g t h  of the  magnetic f i e l d  a r e  
such t h a t  with t h e  p l a t e  above t h e  converter ,  t h e  
c o l l e c t o r ,  when connected to ground draws only 
e lec t rons .  I n  t h i s  configurat ion (Fig. 3a) .  0.8 
.hp  were recorded. With t h e  p l a t e  a t  the  bottom 
negative ions can be co l lec ted  a s  w e l l .  Indeed, 
by f l ipp ing  t h e  p l a t e  t o  the  bottom (Fig. 3 b ) ,  
2.9 .Amp were co l lec ted .  Ilext, with t h e  p l a t e  i n  
t h e  "bottom" pos i t ion ,  t h e  converter was r e t r a c t -  
ed. Figure 4 d i sp lays  t h e  c o l l e c t o r  cur ren t  
versus the  converter  cur ren t  f o r  var ious r a d i a l  
posi t ions.  The c o l l e c t o r  cur ren t  is strongly 
dependent on the  converter  cur ren t .  Since t h e  
XCD plasma is symmetric, the  top and bottom 
d e c t r o n  d e n s i t i e s  can be assumed t o  be t h e  

Fig. 4: Collector  cur ren t  versus converter  
cur ren t  and radial '  pos i t ion .  

Thus, with the  p l a t e  in t h e  bottom pos i t ion ,  t h e  
negative ion cur ren t  I- = Icollector - 0.8. Fig- 
u re  5, which is a p lo t  of I-'/IcO v s  t h e  r a d i a l  
pos i t ion  of the  converter ,  is i n x ~ a t i v e  of s t rong 
a t tenua t ion  of t h e  aega t ive  ion current .  

Fig. 5: The r a t i o  of negat ive ion cur ren t  t o  
converter  cur ren t  versus the  r a d i a l  po- 
s i t i o n  of t h e  converter .  !lith the  col-  
l e c t o r  i n  t h e  "top" pos i t ion ,  t h e  cur ren t  
co l lec ted  by t h e  c o l l e c t o r  wag constant  
regard less  of t h e  converter  posi t ion.  
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(6) LaBA converter dooed with cesium. The .......--f.,49023: . / .:r.   / /.-------- '
previous experiment was repeated with a La36 ts'ar -   t:/     l /'A.

.-:-q

converter doped with cesium.  This converter was
exposed to air for a prolonged period of time

I.V.r) '·W--...
----4/ 4/

before it was used.  Therefore, it had to be -"-

immersed and baked in the plasma to remove sur- . 1 /-4
face oxidation.  Initially, 0.8 Amp of current «451 4-AR--- -I-were drawn by the collector with the plate in
either the top or the bottom position.  After 1.5 12  =9*   u    
hours of baking the collector current with the .,

plate  at the bottom started to incrase  and                                                / \ .-   6 +   
..,4-   I.™99.,

reached a value of 1.5 Amp, while the current Amaiwi- 7.8*(F "F      -<2
collected with the plate in the top position -»Si \97.\'==remained constant. ,„.'..... - 1.8 it.---- -'44 .

IV. Conclusion

This set of experiments strongly suggests v« .--"Wa= -
that a substantial H- current was produced by

 R' e.   3 frithe converter from the plasma injected from the :334- -*4·riHCD.  The strongest evidence comes from the fact
/.-.I<-1566--=--1that the H- current collected is consistent with

the field direction and strength and from the «appearance of the H- signal only after the oxi-
dation was removed from the LaB6 surface. Also, Fig. 6:  Mark V magnetron fed by five hollow
in the case of the Cs coated Mo surface, che cathodes.
effect reduced  in  time  as  the  Cs was depleted.  I t
was not measured quantitatively since the Cs In a plasma density of 1013 ce-1 , 2 Amp/cmz

depletion could only be observed visually through can be easily drawn by a cesiated converter as
a window.  The remaining question, which cannot we have shown experimentally.  Since we have 30
be solved without a radical alteration of the cm2 of surface area, 60 Ampere of ion current

device, is what fraction of the negative ion can be drawn on the converter surface. This can
' current is due to H-.  The system is dirty and be  accomplished by plasma inj ection  from  five

F- and 0- currents are possible.  However, it is cathodes each yielding 50 Ampere.  If we assume
hard to imagine that they would amount to more conservatively a conversion efficiency of 10%,
than 10-20%. converter area utilization of 50% and 30% losses

in transport, the H- current extracted from such
Nevertheless, these experiments indicate a source should reach 2 Ampere.

that a negative ion source based on plasma in-
jection from a hollow-cathode discharge may work Acknowledgments
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