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SPUTI.El< I NG NEGATl VE I ON SOURCE 

T .  Tactic . S. Fazinic . A .  Ga J ski. L .  Kukec and V. Va l kovic 

Ructer Boskov i c  i nst i tute. Zagreb 

I on sources based on che sput t e ring process proved to be 

versati l e  and capable of proaucin� a l arge variety ot negative

ion beams f or Tandem accelerators . A l though the mechan 1 sm ot 

the sputtering process 1s not ye t fully understood. some 

present models tor secondary ion emis1on give good agreement 

with experiments C l l carri ed out so t ar. lbe ion source of 

th 1 s  type is mounted at the Tandem accelerator of the Ru�er 

Boskovic I nstitute in Zagreb. The general layout of t he source 

and its principle of operat i on are presented. as well as some 

f urther modif ications f or the application 1n the Accelerator 

Mass Spectrometry. The expected negat i ve 10n yie l ds are listed 

[ 2 J  

1 .  S p u t t e r i n g p r o c e s s 

Sputtering process can be de fined as the emission of ions 

a�d/or neutrals from mater i a l  bombarded by beam of ions or 

neutr als . l n  the f i rst step surface atoms are dis lodged with 

severa l eV ot energy f rom the surr ace. Then. 1n  the second

s tep. 1on1za t i on oi sputtered a toms can occur. f'ract1on of the 

1,.,n1zed atoms range f rom 1 0-4 to one . Phenomeno l ogica l ly ,  the
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secondary ion y 1 e 1 ct  or e l ement A is g iven w ith 

y ,x l pY l' Sy
A A A 

,, 
where 1-·r ( '  SY . and I P  are t he ion1 zac i on prooab1 l 1tv.

A A A 

concent rati on. the sputter i ng coer t i c 1 ent and f l ux of the 

pr imary i ons. Sum goes over d 1 f f ererit bond i ng conf i gurati ons r. 

C l J . 

Clearly when neutra l atom s trikes and bounces of a surface 

having a work functi on l ess then or comparab l e  w ith the 

e l ectron aff i n i ty of the atom . there 1 s  a high probabil i ty 

that the atom wi l l  emerge as a negati ve 10n. I n  1962 V . E. 

Krohn showed that when a l arge range of so lid surfaces are 

sputtered by cesium ions a fair ly  h i gh f raction of the emi tt ed 

part i cles are negative ions of the surface. He f urther showed 

that the add i t i on of neutra l ces i um to the surface i ncreased 

the fraction of emitted negative i ons by as much as an order 

of magnitude C 3l . Undoubted l y ,  the ef ect of. the neutra l cesium 

is to depress the exit work f unction of the surface. Broade ly 

speaking . an oxidat i on of meta l l i c samples leads to higher 

pos itive ion y i e lds whereas depos i tion of a lka l i ne atoms on 

the surf ace i nduces a strong i ncrease of the negat i ve ion 

emiss ion f or a l l e l ements havi ng high e l ectron af f i niti es. The 

exper iments estab l i shed that ioni zat i on probabilities for 

negati ve ion creation var i es through an exponentia l  re lation 

(-
W - A 

V
J. ) 
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where W. A .  and vJ. are exit work f unction of the surr ace. 

elect ron af f i nity and norma l ve l ocit y ot the e J ected part i c l e 

C 4l .  Th i s  exponent i al dependence on t he inverse of vJ. ar i ses 

r rom u·ans i t  t ime ot the s put tered a tom t hrough the

1nterac t1on reg i on C l l . Since many ot' the negative i ons 

obs� rved by 1nvest1 gators have electron at' f 1 nit i es less than 2 

eV . and because i t  1 s  hard ly  l l kely that l�yer of neutra l 

ces1um w1 J l  reduce work function of the surrace be low about 1 

eV . there must be some other m1 t1gat1ng factor for secondary 

10n emission. That m i gnt be elec tr1ca 1 image potential be tween 

surf ace and sputtered atom. whi ch lowers exit work function. 

increas ing probab1 l1ty tor e l ect ron cunneling t rom surf ace �o 

atomic l evels C l l . C 5 l .  

Another ef f ec t  which have to be mentioned 1 s  increase of the 

yield of the sputtered negative ions when oxygen i s  sprayed 

onto sput t ered surface . A stra i gh t forward exp lanat ion could be 

that Cs
2
0 wh i ch has a l ower ex i t  work f unc t ion as compared to 

Cs forms a layer on the sputt ered surf ace £ 2 1 .  C 3 l .  Wi th this 

type of processes is possib l e  to get  signif icant negative ions 

yi elds even f rom e l ectropos i t i ve elements. A l so .  negat i ve ions 

of various gasses can be produced by sput tering of the gass 

sprayed in f ront of the so l id surf ace < as examp l e  Ti) C 2 l .  

C 31 • C 61 . 

2. S p u t t e r  1 n g

s o u r c e 1 n

n e g a t i v e 

Z a g r e b 

i o n 

The sec tiona l diagram ot the s puttering ion source 1n  Zagre b .  
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is shown 1n i 1 g .  l . a and l.b. The pr1mary beam ot  pos i tive 

ces1um ions 1s proauced DY surf ace 1on1zat1on of ces1um vapor 

on a not.  porous tungst e n  surf ace C 3) .  The porous tungsten 

a i  lows ces1um vapor t rom a 001 1 er C 1 )  to pass throu�m into the 

vacuum reg ion ot tne source. Temperature of the cesium boiler 

var ies aoout .:rno0 c ana i s  controled via termocouple C 2) .

I n_crease C\ I tr1e temperature- oi t he ces 1 um boiler causes 

1 ncreas� o r  p n:ssut·e 

t. ernpe t·a  tu 1·e  wou I d  oe 

o J' t 11 e c e s 1 um 

sur r 1 c1ent I Y  h19 h  

vapo1· . 

I U P to 

so i on i zer 

1 200°C )  to

1on1ze a l l i ncom i ng ces1um. The 1on1zer temperature 1s can be 

measurea w i th a pyrome ter v1ew1ng the top of the ion i zer by a 

removeaDle m irror on the beam ax i s. I on i zer and cesium boiler 

are on ground poten t ial. Positive ion extractor ( 5) 

accelerates and f ocuses cesium i ons toward a sputtering cone 

C S) made of material to be sputtere� and ionized to produce 

seconaary negat i ve output beam. Sputter cone ho l der C l O) is 

capab le  ot carry i ng 1 2  d i ff erent cones which can be rotated 

i nto the target position withou t breaking the vacuum . The 

i nner sh i eld tantalum tube C 7) l ocated in front of sputtered 

cone accumu l ates ces1um on its i nner surf ace to promote 

aepos1t1on of neutra l cesi um on sputtered surface C 6 l . Gas 

l i ne C 9) enables spray i ng ot various gasses onto sputtered 

surf ace . 

The pos·1 1:.1ve 1 0n extractor and t he sputter cone holder are 

ma1nta 1 neC1 at a h19n negative potent i al ( -30 kV > .  I n  f ront of 

the posi t i ve i on extractor 1s Cleccel e lectrode C 6) operated up 

to 2KV more negat i ve than extractor to suppress the 

bombardment of the 1on 1zer by sputtered negative ions and 
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e l ectrons [ 6 1 .  The negative i ons f ormed at the sputtering cone 

are ex trac ted through a c ircu lar ho t e  at the rear s i de of t he 

cone by a .negat i ve i on extractor C 1 1 ) . ma i nta ined at ground 

potent i a l. The sputter cone with the positi ve 10n extractor i s  

shown 1n f i g 2.a. TI1e def l ect i on magnet C 1 2) .  p l aced i nside of 

the negat i ve 10n extractor . removes e l ectrons from the 

negative ion beam. to i mprove f ocusi ng of the . negat i ve i on 

beam . The beam i s  f ocused by gri d  ( 1 3) and einzel C 1 4) 

e l ectrostatic lenses whose active elements are operated on 

h i gh pos i tive C up to +20 kV)  and h i gh negat ive ( up to -30 kV l 

potenti a l s. 

F i g . 1 . a .  The sect iona l d 1 agram of the sputt ering ion 

source 1n Zagreb 
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Fig. l. b. The sput ter cone and the negat ive 1 0n extractor 

1n the normal configurat i on 

The greatest number of the negat i ve ions produced in the 

sput tering process have only one excess electron. Wi th max i mum 

extract ion potent i al of -30 kV . that g ives maximum negat i ve 

ion beam energy of 30 keV . The absolute y i e ld  of certai n  

negat ive ion speci es can b e  influenced strongly b y  many 

factor�. The most .re l evant are : the shape of the s puttered

surface . cone prepar i ng process and the res idual gass pressure 

[ 2 1 .  C 3J .  The operating vacuum 1 n  the system would be below 

one t imes 1 0-3 Pa . A var i ety of t he sputter cone shapes have

been tr i ed Dv Middleton C 3 l and the otner 1 nvest 1 gators i n  
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order to oot a i n  tne mos t er r 1 c1e nt shape. fne 

1ntens1ty was t ounct wi t h  tne stanaar ct cone of 40° open i ng

angle and 2 mm 0 ex i t  ho t e. Tne expect ed negat ive 10n y i elds 

are l i sted i n  the Table 1 .  

I on 
H-

Li 
BeO­
BO­
c­
o­
AlO­
Si 
5-

N:i  
Au-

Table 1 .  

Tne e>:pected y i elds of  the negative i ons 

Target  c serayed q.A�..l 
Ti ( H2 >
Li  ( 02 >

CuBe3 c o2 ,
BN TiB2 AlB2 < 02 >
graphi te 
T i  ( 02 )  

A 1 l 02 )
monocryst.. 
FeS 
N i  
Au 

Yield C l 0-6 A)
6. 
1 .

1 .

3. 
23. 
27. 
2 .  
15 . 
20. 
1 .  

4 .  

For applicat i ons in  the Acce l erator Mass Specttometry certa i n  

modif ications are necessary. For that purpose the sputtering 

source would work . i n  so called "reflect i ng ' ' conf iguration as 

is shown i n  t' 1 g .  2 .  The "reflect i ng "  configuration a llows use 

of the much smaller sample s i zes w i thout penalty in the beam 

i ntens i ty .  The Cs+ be am dri f ts through the ope n i ngs in the

sample holder. The beam i s  ref l e cted back by a pos i t ive � + 100 

V bias on the f ront sect ion of the negat i ve i on extractor to 

strike the smal l p it contai ning the samp l e  to be sputtered 

C 7 l .  C 3 J .  The negati ve ions are then extracted as tor the 

norma l conf i gura t ion. 
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F i g . 2 .  The "ref l ec t i ng "  conf iguration 

R E F E R E N C E S 

[ l l M . L .  Yu. Nucl . l nstr. and Me t h. B 1 8  ( 1 987 )  542-548 

[ 2 1 G .  Braun -Elwert et . al . .  

Nuc l. l nstr. and Meth . 146 ( 1 977 )  129 

C 3l R. Mi ddle ton. I EEE Trans . Nucl. Sc i . .

NS-23 (1976)  1098-1 103  

C 4l M .  Bernheim and F .  l e  Borse. 

Nucl. l nstr . and Met h. B 27 ( 1987 1  94 

C 5 l G. I . D i mov et al . .  Zh . Tekh. Fiz . .

45 . No . 1 .  Jan. 1975 . 68 

C 6l R . Mi ddle ton and C. T .  Adams. 

Nucl. l nstr. and Me th . 1 18 C l 9 74) 334 

C 7 l R . K. Mon i ot e t. al . .  

Nucl. l nstr . and Me th. 203 ( 19 8 2 >  496  




