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INTRODUCTION 

This paper summarizes the e f fo r t to improve the operation of 
the "1 A surface-production H~ ion source developed by K.W. 
Ehlers and K.N. Leung. The plasma chamber consists of a large 
magnetic bucke". of oval cross section ( f i g . 1). A concave 
cy l indr ica l "converter" surface is suspended in the plasma chamber 
to direct any surface-produced negative ions through the exi t 
aperture. The ion source has been mated to a tetrode accelerator 
for the "proof-of-pr inciple" tests. Most of the problems 
discovered in the tests were associated with d i f f i c l t i es in 
control l ing the production process. This paper descr'bes the 
plasma chamber in greater detail and i l lus t ra tes the q l i t y of 
the present ion production. The acceleration d i f f i c u l r e s have 
been deferred unt i l a better test-stand is completed. 
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Figure 1 
Schematic of 
LBL ~1 A H" 
surf ace-produc­
t ion ion source, 
showing the con­
verter in rela­
t ion to the 
^'laments, the 
exi t aperture, 
and the accel­
erator elec­
trodes. 
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PLASMA CHAMBER DESCRIPTION 

The plasma chamber cathode cons is ts of e i gh t f i l amen ts (1 .5 mm 
diameter tungsten) having a t o t a l emission area of "55 cm 2 . 
They are d i s t r i b u t e d un i formly i n two magnetic f i e l d n u l l s ( F i g . 
2) which run p a r a l l e l to the c y l i n d r i c a l ax is of the chamber's 
anode w a l l . The anode i s sh ie lded by l i n e cusps ( t o t a l l eng th = 
950 cm) in the form of s ix hoops and two i s o l a t e d l i n e s of 
samarium-cobalt magnets. A weak f i l t e r ("50 G-cm) separates the 
f i l amen t nu l l from the conver ter n u l l s , which are separated by 
"300 G-cm from the aper ture nu l l and "1200 G-cm from the wa l l 
n u l l s . 

Figure 2 
Calculated 
magnetic f i e l d 
s t r uc tu re i n one 
quadrant of the 
plasma chamber 
showing the 
f i l amen t f i l t e r 
and e x i t f i l t e r 
i n r e l a t i o n to 
the f i l aments 
and the con­
v e r t e r . 

The negat ive ions created on the conver te r (-130 V r e l a t i v e t o 
the anode) are accelerated i n the plasma sheath and penet ra te the 
e x i t f i l t e r w i th a small displacement ("2 cm) p a r a l l e l to the 
c y l i n d r i c a l ax i s . The conver ter i s roughly in the center of the 
plasma chamber ( F i g . 3 ) , being suspended by i t s water coo l i ng 
p ipes . The e x i t surface (molybdenum) i s brazed onto a copper sub­
s t r a t e which runs co ld but i s shie lded by two hot molybdenum 
sh ie lds (F igs . 4 and 5 ) . Tha inner sh ie l d i s a t the conver te r 
p o t e n t i a l (w i t h the i n t e n t i o n of being hot enough to stay c lean) 
wh i le the outer sh i e l d f l o a t s (thereby reducing the conver ter 
power supply requirement) and pro tec ts the in termedia te boron 
n i t r i d e i n s u l a t o r from plasma bombardment and tungsten depos i t i on . 
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r ' igure 3 End photo showing tne con 
ve r te r and i t s sh ie lds in r e l a t i o n to 
the f i l aments and the la rye epoxy 
acce lera tor i n s u l a t o r . 

C33 330-8741 

f i g u r e 4 Photo of the conver ter and i t s insu­
la ted box (separated f o r de ta i l ed observa t ion ) . 
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Figure 5 E x i t view of the 8 x 25 cm conver ter showing the outer 
sh ie lds in operat ing p o s i t i o n . 

Both sh ie lds are creased and const ra ined i n a manner to minimize 
warpage whi le ho t . 

Cesium has been i n j ec ted at three l oca t i ons . At t h i s w r i t i n g , 
i t i s being i n jec ted behind the conver te r , from one end-plate 
where the i n j e c t o r ( F i g . 6) mounts onto a standard f l ange . The 
i n j e c t o r has a high temperature needle-valve which separates the 
cesium rese rvo i r from the main vacuum. 3oth the valve and the 
rese rvo i r operate ins ide a tempera ture-cont ro l led oven (259 - 270 
" d . The cesium vapor i s conducted to the plasma chamber by an 
ohmical ly heated tube. 

An in ter -cusp cage is being used to t e s t theor ies of cesium 
t r a n s p o r t . I t enhances the H- output only when i t i s negat ive 
(~S0 V, 4 A) and the ' . /al ls are somewhat loaded w i th cesium. The 
H- un i fo rm i ty i s diagnosed by a movable, screened, faraday cup 
operated w i t h the screen 12 V below anode and the cup 24 V above 
anode ( s u f f i c i e n t f o r the cup cu r ren t to be composed of only f a s t 
ri- and secondary e lec t rons from the screen. 

OPERArI ON 

At the standard "no cesium" operat ing po in t , there i s 9 kw of 
arc power (90 V, 100 A ) , 1.2 k.V of conver ter power (150 V, 8A) and 
o kw of f i lament power (8 f i l aments x 7.5 V, 100 A) . This 
produces an output cu r ren t i n the neighborhood of 20-50 mA. 
Optimum i n j e c t i o n of cesium (w i thou t o ther changes) near ly doubles 
the conver ter cu r ren t (14 A) , ra ises the arc cu r ren t 20 and 
i e l i v e r s over 1 A through the e x i t t h r o a t . F i g . 7 i s raw data 
i l l u s t r a t i n g t yp i ca l operat ion a f t e r the plasma system is 
w e l l - c o n d i t i o n e d . This data was c o l l e c t e d a f t e r f i v e hours of 
continuous operat ion a t the 1 A output l e v e l , so when the arc i s 
turned M, the f l o a t i n g conver ter produces some H- ene rge t i ca l l y 



f i g u r e 6 The cesium 
i n j e c t o r cons i s t s of a 
high temperature regu­
l a t i n g valve which 
separates the reser­
v o i r from the ohm-
i c a l l y - h e a t e d tube 
leading to the main 
plasma chamber. 
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capable of penet ra t ing the e x i t f i l t e r . Biasing the conver ter to 
i t s prev ious optimum produces a rap id l y r i s i n g , but s h o r t - l i v e d , 
surge of H" (as the accumulated cesium is dep le ted) . Biasing 
the cage to i t s prev ious optimum y i e l d s another 100 mA increase. 
The big increase i n H" occurs ~1 sec a f t e r the cesium valve i s 
opened. Steady s ta te i s a t t a i ned in "1 minute and maintained fo r 
10 minutes by slowly c l os ing the cesium supply va lve . Shutdown in 
t h i s h i s to r y was i n i t i a t e d by f i r s t f l o a t i n g the cage ( t o check 
i t s e f f e c t under steady Cs input c o n d i t i o n s ) . Closing the cesium 
valve immediately s t a r t s the decay of the ri- output ( the slope 
is u t i l i z e d to est imate the cesium "pumping" t ime) . "Re f l oa t i ng " 
the conver ter produces another (but smal ler) surge in ri" (as the 
conver ter passes through i t s optimum coverage aga in ) . The f o l l o w ­
ing negative conver ter cu r ren t r e s u l t s from e lec t ron c o l l e c t i o n 
caused by a " l o a d " r e s i s t o r to anode. I t disappears when the drz 
i s ex t ingu ished . 

f i g . 8 shows some p r o f i l e s taken under optimum cesium cond i ­
t i o n s . These ire not " t y p i c a l " p r o f i l e s (which su f fe r from non­
uni form c e s i a t i o n ) out they i l l u s t r a t e the v i g n e t t i n g and at tenua­
t i o n the r i- beam su f fe rs before a r r i v a l a t the acce le ra to r aper­
tu re [z = 18 cm). The non-uniform c e s i a t i o n i s inverse ly re la ted 
to the p o s i t i v e i o i v a r i a t i o n (Sput te r ing and cesium i o n i z a t i o n 
ar? be l ieved to be the mechanisms.) The focal plane non-uni form­
i t y i n the focussed d i r e c t i o n depends only upon the t ransverse 
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Figure 7 Standard operating sequence: ?8 minutes from arc 
on to are o f f , including converter on, cage on, cesium valve 
open. "10 minutes where the cesium valve was "sTowly closed to 
maintain a steady output, cage o f f , cesium valve closed, con­
verter o f f , arc o f f . 

H- temperature (a good f i t i s obtained by assuming a 6 eV Gauss­
ian velocity d is t r ibut ion) and the vignetting of the ex i t aperture. 
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Figure 8 The H- intensi ty , paral lel to the converter axis, 
suffers from vignetting and attenuation ( in spite of geometric 
focusing). Profi les were taken at iDrain *1 ampere wi th in four 
minutes of each other under very steady conditions. These are not 
typical prof i les (which also suffer from non-uniform cesiat ion) . 

ENGINEERING EFFORT 

Hardware modifications consumed much of the past year, but 
have recently permitted controlled and reproducible behavior (of 
the type shown in Fig. 7, 8 ) . Modifications were indicated by the 
types of problems ident i f ied in the "proof-of-pr inciple" tests : 
1. Lack of H" steadiness (caused by strong coupling between a 

poorly controlled cesium feed system and the fi lament 
emission). 

2. Lack of H- steadiness (caused by frequent cathode spotting 
from the converter and fi laments, which produced large cesium 
transients on the converter). 

3. Heavy cesium consumption (necessitating frequent clean-up and 
frequent spott ing). 

PHYSICS EFFORT 

Some phenomena are not yet "explained"; some are not even 
reproducible enough to study, but some, l i ke the pro f i les , seem 
well understood. Others, l i ke the high cesium consumption rate, 
the anomalously high cesium reservoir temperatures, the causes of 
the H" attenuation, the mechanism(s) for electron leakage, 
variations in the optimum converter voltage, and the non-linear 
input/output relat ions, remain subjects of speculation and 
investigation. 

7 



CONCLUSIONS 
The system, as i t s tands, works very we l l up t o 1.3 A. I n ­

deed, the hardware i s recen t l y capable of c o n t r o l l e d experimenta­
t i o n . I n v e s t i g a t i o n s are be l ieved t o be necessary t o examine 
engineer ing t r a d e - o f f s , and push-out (o r remove) fundamental 
l i m i t a t i o n s . Some hardware improvements already awai t t e s t i n g and 
upcoming beam t e s t s may reveal new problems. 
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