
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
H- ION FORMATION FROM A SURFACE CONVERSION TYPE ION SOURCE

Permalink
https://escholarship.org/uc/item/8gk4v4d4

Author
Leung, K.N.

Publication Date
1980-10-01
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8gk4v4d4
https://escholarship.org
http://www.cdlib.org/


LBL-11638 

<LG>kOe ~'%&[.Q&&-- 11 

[ E l Lawrence Berkeley Laboratory 
k J UNIVERSITY OF CALIFORNIA 

Accelerator & Fusion 
Research Division 

f i 

Presented at the Brookhaven National Laboratory 
Second International Symposium on the Production 
and Neutralization of Negative Ions and Beams, 
Upton, NY, October 6-10, 1980 

H ION FORMATION FROM A SURFACE CONVERSION TYPE ION 
SOURCE 

K.N. I^eung and K.Yi. E h l e r s 

O c t o b e r 1 9 8 0 

Prepared for the U.S. Department of Energy under Contract W-7405-ENG-48 

OlSriifBUTtON OF THIS DOCUMENT IS U I I U N I T ^ 



LBL-11638 
H" ION FORMATION FROM A SURFACE CONVERSION TYPE ION SOURCE* 

K. N. Leung and K. W. Ehlers 

Lawrence Berkeley Laboratory 
Universit* cT California 

Berkeley, California 94720 

Abstract 

Volume-produced H" ions have been 
extracted from a multi-cusp ion source by using 
a standard extraction system. In addition, a 
molybdenum converter is installed in the source 
to generate surface-produced H" ions. The 
H" ion yield is measured by a mass 
spectrometer. Without cesium, the production 
of H" ions by the surface process is very 
small compared with those generated by volume 
production. However, the presence of cesium 
ca-. greatly enhance the surface production 
yield. The energy spectrum shows that the 
surface-generated H" ions contain two 
distinct groups when cesium is added to the 
di scharge. The energy of one group i s 
essentially that of the sheath potential and 
appear to be produced by a desorption process. 
The second group of H" ions have slightly 
higher energies and appear to be formed by a 
reflection process. Different types of 
converter materials have also been tested. 
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Introduction 

In order to heat plasmas in future fusion 
reactors, the required neutral beam energy will 
be greater than 150 keV. The high 
neutral ization efficiency (--60%} of H~ or 
D" ions makes them favorable to form neutral 
beams with energies in excess of 150 keV. ̂  
There are different approaches for the 
production of negative ions.2,J H" ions 
can be extracted . rectly from a hydrogen 
discharge plasma. Low-energy positive hydrogen 
or deu ter i urn ions c an be converted i nto 
negative ions by double charge excnange in a 
sodium or cesium cell. There are also H" ion 
sources that are based on surface interactions. 

it has been reported that there is a 
substantial quantity of H~ ions in a hydrogen 
discharge plasma.* The purpose of this 
exper i ment is to compare the amount of H" 
ions extracted directly from a multi-cusp 
source with that generated by plasma surface 
interactions, principally via desorption or 
reflection. In order to optimize the surface 
product iun yield of H - ions, di fferent 
converter materials have been studied under the 
sa.ne gas pressure, cesium coverage, discharge 
current and converter voltage. 

Fig. 1 Schematic diagram of the multi-cusp 
negative ion source. 

Experimental Setup 

A schematic diagram of the experimental 
arrangement is shown ir. Fig. 1. The device is 
a cylindrical multi-cusp ion source^ (20 cm 
diam by 14 cm long) with the open end enclosed 
by a three-grid extraction system. The chamber 
i s surrounded externa Ily by 10 columns uf 
samarium-cobalt magnet ( B m a x = 4 kG) to form 
a line-cusp configuration for primary electrons 
and pi asma conf inament .*> A steady st ate 
hydrogen plasma is produced by primary ionizing 
electrons emitted from two 0.05 cm diameter 
tungsten filaments which are biased at -60 V 
with respect to the source chamber wall 
(anode). No actual source pressure has been 
measured. But in normal operation, the 
pressure indicated by a gauge located 
downstream after the mass spectrometer was 
2 x 10~4 Torr. The H" ions in the hydrogen 
plasma is extracted by means of a standard 
Berkeley accel-decel electrode system with the 
first (plasma) grid masked down to an 
extraction area of 0.2 x 2 cm2. This plasma 
grid is biased positively at a potential V g 

with respect to the anode which in turn is 
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mainta ined at a negat ive p o t e n t i a l V a 

r e l a t i ve t o ground. The center and the 
outermost g r i d are both grounded e l e c t r i c a l l y 
t o e x t r a c t and acce le ra te the H" i o n s . A 
compact m a g n e t i c - d e f l e c t i o n mass spec t ro 
meter ' i s i n s t a l l e d j u s t ou ts ide the 
e x t r a c t o r t o detec t the H" ions . 

In order to generate sur face-produced H" 
i ons , a moveable, concave molybdenum conve r te r 
(3 cm high by 5 cm long) i s i n s e r t e d i n t o the 
plasma through a h igh -vo l t age i n s u l a t o r mounted 
on the end f l a n g e . By b i a s i n g the conve r te r 
n e g a t i v e l y V c w i t h respect to the anode, 
p o s i t i v e ions from the plasma are acce le ra ted 
across the sheath and s t r i k e the conve r te r 
su r f ace . Any H" ions formed a t the su r face 
w i l l then be acce lera ted back across the sheath 
by the same p o t e n t i a l . Thay pass through the 
plasma and the e x t r a c t i o n s l o t and are focused 
g e o m e t r i c a l l y a t the entrance aper ture of the 
mass spect rometer . 

I t has been shown t ha t cesium coverage can 
reduce the work f u n c t i o n of a metal sur face and 
conseguent ly enhance the y i e l d o f H~ 
i o n s . ° * ^ I n t h i s source, cesium was 
deoos i t e d on the conver te r sur face by 
evapora t ing the metal d i r e c t l y i n t o the plasma 
from two 10 cm long S.A.E.S. g e t t e r d ispensers . 
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Fig. 2. Tne H - ion spectrometer signal as a 
function of extraction voltage V a at 
constant discharge power. 

The amount of cesium introduced can be easily 
controlled by adjusting the heater current of 
the dispenser strips. 

Experimental Results 

The source was first operated without 
ceMum with a discharge voltage of 60 V and a 
discharge current of 3.5 A. Langmuir probe 
characteristics indicated that the plasma 
density was 6 x 10'0 cm~3 and the electron 
temperature was 1.5 eV when the plasma grid 
bias voltage V g = 0. 

When an acceleration potential V a was 
applied to the source anode, a beam of H~ 
ions together with a 1arge quant ity of 
electrons were extracted from the source. The 
mass spectrometer output signal shows a sharp 
H - ion peak as illustrated in Fig. 2. The 
height of this H" ion peak increases as the 
bi as voltage V a increased unt i1 thi 
extraction becomes emission limited. These 
H~ ions are not formed on the converter 
surface because the spectrometer signal 
remained unaltered even when the converter was 
removed from the source. 

The following measurement also proves that 
the H" ions are not comi ng direct ly from the 
source anode. The energy level diagram of Fig. 
3 shows the relation between the energy of a 
H" ion and the potential of the source plasma 
Vp. If the H" icn i s generated i n the 
plasma by a volume process, then its energy 
E = eV a - eVp when it arrives at the 
detector. However, if the H~ ion is 
generated by a desorpt ion or a reflect ion 
process at the anode surface, then its energy E 
will range from a minimum of eV a to a maximum 
of eV a + eVp. In this multi-cusp source, 
the plasma potential Vp can be varied by 
adjusting the plasma grid bias voltage Vg. 
Figure 4 indicates that when Vg is increased 
from 0 to +36 V, the plasma potential V p 

increases by approximately 36 volts. At the 
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Fig. 3 Potential energy of the H~ ion produced 

in the plasma or at the anode surface. 



same time the spectrometer signals in Fig. 5 
show that the H - ion peak shifts to the low 
energy side by the same amount. This result 
demonstrates that the H" ions observed in 
Fig. 2 are indeed produced in the bulk of the 
plasma. 
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F ig . 4. Langmuir probe character is t ics obtained 
with two d i f f e ren t plasma gr id 
voltages. 

The amount of volume-produced H~ ions 
that can be extracted f r o * the source depends 
not only on the accelerat ion voltage V a , but 
also on the source pressure. With a constant 
discharge power. F i g . 6 shows that the H" ion 
peak can increase substant ia l ly as the pressure 
is increased from 1 x 1 ( H to 7 x 1 0 - 4 Ton*. 

When cesium was i ntroduced i nto the 
hydrogen plasma and the converter i s in p lace , 
a second group of H" Ions wi th energy 
E ^ ev» + eV c appear in the spectrometer 
signal (F1g. 7 ) . The charac ter is t ics of t h i s 
second group of H" ions can be sumnari z','d as 
fo l lows: ( 1 ) The height of th is second H" ion 
peak increases as More and more cesium is added 
to the plasma. However, there is no 
appreciable change in the s ize of the 
volume-produced H" ion peak. ( 2 ) As the 
converter bias voltage V c is varied from 100 
V to 300 V, the energy cf th is second group of 
H* ions changes accordingly as shown in F i g . 
8 but .:he energy of the voiume-produced H" 
ions remains unchanged. f 3 ; When the 
accelerat ion potent ia l V a = 0 , the 
volume-produced H - ion peak disappears and 
only the second group remains. In f a c t , these 
H~ ions are .iow "se l f -ex t rac ted" from the 
source. The energy of th is second group of 
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F ig . 5. The energy spectrum of the H~ ions 
for two d i f f e r e n t plasma grid bias 
voltages. 

F ig . 6. The H~ ion spectrometer signal as a 
funct ion of gas pressure at constant 
di&charge power. 



H" ions again changes with the converter bias 
voltage V c as illustrated in Fig. 9. On the 
basis of these results, one can conclude that 
the second group of higher energy H - ions are 
generated at the surface of the converter. A 
detailed study on the formation of these H~ 
ions 1s presented in the next section. ^4] 
Under the same cesium environment and discharge 
conditions, Figs. 8 and 9 also show that the 
amount of H" ions in the surface-generated 
group increases as V c is changed from 100 V 
to 200 V, and then decreases when V c is 
further increased to 300 V. A similar optimum 
converter voltage V c has also been found in 
the self-extract ion negative ion source.'^ 
It is suspected that the best cesium and 
Hydrogen coverage that favors the formation of 
H" ions may occur right at this optimum 
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Fig. 7. The energy spectrum of the H" ions 
when cesium is added to the discharge. 
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Fig. 8. The energy spectrum of the H" ions as 
a function of converter bias voltages 
at constant discharge power. 

converter bias voltage. (5) The energy 
spectrum of the second group of H- ions has a 
steep rise at E - eV c + eV a, and then 
decays towards the higher energy side. This 
group of surface-generated H~ ions therefore 
have a larger energy spread than the 
volume-produced ones. 

Figure 7 shows that the surface-generated 
H" ion peak is about four times bigger than 
the volume peak. When the source is operated 
at a higher pressure and extraction voltage, 
the amount of H~ ions produced by volume and 
surface processes are approximately equal 
(Fig. 8). However, when there is no cesium in 
the hydrogen discharge, the number of 
surface-generated H" ions will diminish by 
about two orders of magnitude. ̂  The second 
H" ion peak in the spectrometer output signal 
will therefore be much smaller than the first 
peak. 
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Fig. 9. The energy spectrum of the H~ ions as 
a function of converter bias voltages 
at constant discharge power with v a=o. 

It has been reported that there are two 
groups of H" ions in the energy spectrum of 
the nega t i ve ion beam extracted from a 
planotron'^ or a duoplasmatron.'* [ n both 
types of sources, the low-energy peak 
corresponds appro* imately to the anode 
potential while the high-energy peak 
corresponds to the cathode potential. The 
high-energy group appears only in the prefer^ 
of cesium an is formed at the cathode surface 
of the planotron and at the tip of the center 
rod of the duoplasmatron. In both sources, the 
amount of H" ions in the low-energy group 
depend only on the hydrogen content. This low 
energy group is interpreted to be produced by 
resonant charge exchange of fast H" ion of 
the high-energy group with hydrogen atoms in 
the extraction gap of the planotron,12 In 
the duoplasmatron however, it is believed that 
a volume process is responsible for the 
creation of the low-energy H" ions.'3 The 
results of the present experiment seem to 
confirm the latter interpretation. 

Fig. 10. A circular converter with four 
different materials brazed on the 
four quadrants. 

Converter Material Study 

In order to investigate different converter 
materials for use with the self-extraction 
negative ion source, a rotating converter disk 
with four different materials brazed on the 
four quadrants was employed (Fig. JO). This 
converter was installed in the multi-cusp ion 
source (Fig. 1) equipped with one exit aperture 
so that only the negative ions gene-'ted by one 
portion of the converter di sk woul J ex i t from 
the source. The source was operated in the 
presence of cesium with V a = 0 and the 
converter was biased at -200 V with respect to 
the anode. The energy spectrum of the 
"self-extracted" H~ ion beam was detected by 
the mass spectrometer. With this arrangement, 
the yield of H" ions for each metal could be 
compared under identical conditions of gas 
pressure, discharge power, cesium coverage and 
converter potential. 

Figures 11 - 13 show the energy spectrum of 
the H - ions produced by Mo, W, Pt, Ni, Cu, 
Re, Ta and P6. The sUape of the spectrum 
differs from one material to the other. In 
general, two distinct groups of surface-
generated H" ions can be identifier. The 
energy of one group is approximately equal to 
the sheath potential, indicating that the ions 
leave the converter surface with little or no 
energy. These H" ions can be prpducecL o n t n e 

converter by a desorption process.S,14-17 

Mo converter with CJ 
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The H" ions can be desorbed from the 
converter when posi t ive ions enter the surface 
layer provided the energy t ransferred in the 
c o l l i s i o n is equal to or greater than the 
adsorption energy of hydrogen. In t h i s case, 
the average energy gai ned by the H~ ions i s 
usually s m a l 1 , ^ and t h e i r f i n a l energy 
should be approx imately equal to the sheath 
p o t e n t i a l . The cross-section for hydrogen 
sputtering by hydrogen incident upon meta l l i c 
hydrides is s m a l l . 3 However, t h i s 
cross-section increases qui te rap id ly wi th the 
mass of the p r o j e c t i l e . ' 9 In addit ion to 
reducing the surface work funct ion , which is 
essential for the e f f i c i e n t production of H" 
ions, the Cs + ions in the plasma could also 
serves as a sputtering agent to enhance the 
hydrogen desorption r a t e . 

I t has been found that the coe f f i c i en t of 
secondary H~ emission from a molybdenum 
surface exposed to Cs + ion bombardment can be 
improved i f the surface loading of hydrogen is 
performed in a piasma rather than in ? gas 
atmosphere. ' ' However, the degree of 
hydrogen adsorbed on a cesiated surface may 
depend on the substrate m a t e r i a l . Perhaps th is 
is the reason why the very low energy H" ion 
y i e l d is t y p i c a l l y Myner for Mo and Re. 
Ref lect ion of neutral atomic hydrogen with 
energy E > i - E a , * 0 where ' is the surface 
work function and E a is the electron 
attachment energy of the H" ion , may also 
lead to the formation of H" i o n s . ' i The 
importance of this process w i l l de, end upon the 
concentration and the energy d i s t r i b u t i o n of 
atomic hydrogen in the source. 

200-V \ 300-V 

. . W . 0-5 10 
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Fig. 11. The energy spectrum of the H~ ions 
produced on Mo, W, Pt and Ni at 
constant converter voltage. 

Fig. 12. The energy spectrum of the H~ ions 
produced on Cu, Mo, Re and Ta at 
constant converter voltage. 



The second group of H- ions have a higher 
energy and appear to be produced by a 
r e f l e c t i o n process.*^ An incoming H* ion 
st r ikes the converter surface with energy 
E = 200 eV a f ter f a l l i n g through the sheath. 
The trolecular species (Hj and H$) are 
fragmented to form atomic hydrogen par t ic les 
with energy V2 ~ 100 and E/3 = 6G eV 
r e s p e c t i v e l y . " I f the H" *ons are 
converted from the three groups of 
backscattered atomic hydrogen p a r t i c l e s by 
capturing the addit ional e lect rons, then the i r 
average energy at the detector should be close 
to the l i m i t i n g valves, 21 ( = 4 0 0 eV) , E + t/2 
( = 300 eV) , or E + E/3 ( = 2 6 6 eV) . In the 
presence of cesium, the species current 
d i s t r i b u t i o n H+ : Ht : H+ = 7 : 33 : 60. 
Thus the dominant species is Ĥ  and most of 
the H* ions formed by r e f l e c t i o n of pos i t ive 
hydrogen ions should have energy equal to or 
less than 266 eV which is i l l u s t r a t e d by the-
energy spectra of F igs . 11-13. In case of Pd, 
the group of H" ions formed by the r e f l e c t i o n 
of H* ions is d ist inguishable . 

1 ' • — r — I — • — • — ' ' I — • • • • 

H2 + Cs V e =0 

V e=200V " 
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F i g . 13. The energy spectrum of the H" ions 
produced on Pd, Mo, W and Re at 
constant converter vol tage. 

The energy spectra of F i g . \\ »l$o 
demonstrate that Pt produces the biggest number 
of H" ions formed by r e f l e c t i o n . This resul t 
agrees wi th the Marlowe code ca lcu la t ion which 
shows that at a given energy, the f rac t ion of 
re f lec ted p a r t i c l e s increases with the Z of 
target m a t e r i a l . " Both Mo and Re give the 
highest to ta l H~ y i e l d at optimum conditions 
with the major i ty of the H" ions belonging to 
the low energy group. Re is a bet ter choice 
when used as a converter mater ia l because i t 
has lower sputter ing coe f f i c ien t than Ho. In 
add i t ion , i t s e lectron a f f i n i t y for negative 
ion formation is lower than that of Mo. '^ 
Both elements give a maximum H~ y i e l d with a 
converter bias voltage of about 200 V. 
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