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Abstract 

!be  paper introduczd a cross science of 
the chemis t ry  and t he  physics -- the tech- 
n i q u e  of the plasma chemical react ion in 
applying the r.f 1011 source, By this tech- 
nique, cke problem of drawing metal ions 
were solved. especial ly ,  tho  prablefii of 
drar:ing the high v o l a t i l i z e  te@erature 
metal ions were solved. The ions drabm are:  
Re4- : ti'' , I ~ o *  , pd' , Pt-' 'I Ta+ , h"" , A$, Ti', 
cr+? v+, ~ e +  CU+ si+ AI*, FI,$ Be+, ca* I 
In' 
rare earth element are: ?, Ce', Nd'and sa 
on. 
gears in a 4QOKev ion implenter in Beijing 
Normal UnSversity, good result has been 
obtained. 

Si+ I Li+ I and the drawn ions o f  t h e  

The technique has been used for f i v e  

1. Foreword 

The rrorl: of he p a s t  i n  r.f i o n  source 
g x 2 1  had been r e p o r t o  . This paper i s  mainly re- 

counted a cross d i s c i p l i n e  of the chemistry 
and the physics -- The technique of the 
plasma chemistry reaction. in applying the r.f 
ion source. By th i s  technique, the problem 
of drawing metal ions were solved, especial ly ,  
t h e  problem of drawing high volatilize 
temperature alia chemical property steady 
metal ions were solved. 

2. The experimental structure 
and the principle  

2 .  Tke e:cperimental structure 

In Fig.1 the sketch structure of the r.f 
i o n  source i s  shor.ni. 1 - 1 is t h e  discharge 
chamber from the quartz glass .  1 - 2 is the 
desired metal of producing ion,  m d  t k e  kind 
o f  the.metal i s  are cbangcd according to the 

requirement, t he  part that i s  unwanted to 
produce chemical reaction l a  shielded by a 
ouar t z  glass tube which in ter ior  diameter i s  
+ h a m .  1 - 3 i s  t he  shield cover from the 
quar t z  glass ,  provides with a +5mm hole at 
t he  centre.  I - 4 is the extracting elec- 
trode which is 8mm Long and with a 5mm outer 
diameter and 2.9" inner diameter. 
are a gap between its upper face and the 
quartz shiel'd. l- 5 is the  flange through 
which the gas enters into  the disharge cham- 
ber, -I- 6 is  the extracting electric 
source! forming a potent ia l  difference t h e  
andode ( ?  - 8 1 and t h e  cathode ( the  ex- 
t rac t ing  elec-trodc- ) ,  and the votnge can be 
adjusted continuously at a range 0 -- 5Kv. 
1 - 7 is the coil a f  t h e  r,f o s c i l l e t o r ,  
it is h o r i z o n t a l l y  i n s t a l l e d ,  of course, 
C a n  also be vertically sheathed to t h ~  outer 
discharge chamber. 1 - 9 is  the assistant 
poiier supply, it is made Tor producing a 

neptive potential .  in the reaction matter 
r e l o t i t r e  to plasma ( mode p o t e n t i a l  ) in 
a centain condition, f o r  some elements i t  
is used when the sput ter ing voltage needs 

be added. 1 - 10 is f u g u s  form con- 
nect ion f o r  t he  convenient chmge of the 
r eac t ion  matter and the anode at t h e  same 
t i m e  it cL7n be used for keeping vacuum. 

There 

2.2 'ITe working p r i n c i p l e  

According to the characterist ic af the  
r.f ion  source with a discharge chamber made 
of quartz glass, by meas of the  phsical and 
the chemical method a plasma which contain 
the halogen formily element and W e  metal 
element f o r  producing required ion i n  the 
discharge chamber i s  farmed, then by the  
drawing system of t h e  source and the magnet 
anelyser metal ion needed is  obtained. 
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Fig. 1 The structure of t h e  r.f ion 
source by the use of plasma 
chemistry reaction. 

For this purpose, firstly the  halogen 
family elemmnt is transported pass through 
falanee of feeding gas i n to  the  discharge 
chamber made of quartz g lass ,  and the gas 
is i on ized  by t h e  coil. of the r.9 oscillator, 
the  plasma of the halogen family element i s  
produced. Tben the halogen element and the 
ions of the halogen element chemically react 
With the  metal f o r  producing wanted ions, 
the plasma containing bath halogen ions and 
metal ions is furkher formed. For t h i s  
plasma, i ts  dynamic equilibrilrm of the com- 
binat ion ( synthesize 1 and t h e  resolution, 
the excitation and deexcftation , the iontza- 
'tion and the recombination, the gas f e e d  znd 
the exhaust and the other processed must be 
maintained, particles of varied sta ' tes ore 
present at some time. various prosesscd are 
proceeding simultaneously and the s t a b f l i t  
is over a long t i m e ,  but is not a single di- 
rection change ( e.  g. to synthesize o n l y  
ce r t a in  production o r  in  oppacition ) 

plasma which can be utilized? specially the 
hich- pnergy particles and activeted 
part ic ies .  

(1) 
one half of the  amount o f  charged p a r t i c l e s  
i n  plasma is must active in a l l  particles. 

131 
They have hirgher energy, ranged 1 - $0 ev. 
For such high enerLy, generally by the 
hea-L-ing method is d i f f i c u l t  t o  reach. The 

electrons is  the major transmitter (or 
transporter 1 of the energy. ~t m d e  . h e  

energy of electromapet ic  field be trzns- 

There are many favourable factors 07 this 

The electrons which cons t i tu te  about 

formed to kinetic energy of  the particles, the 
heat energy, -the licht energy in discharge 
chamber. Because t h e  e1ecl;rons have higher 
energy, it Lead to a r e so lu t ion  of the 
molecuera, a ac t iva t ion  and a ionization of 
the  atoms and the moleculers and so on,  as 
t hey  c o l l i s i o n  with t h e  pcrticl-es. 

12) The eas moleculers and the compounds 
of the halogen family elements ore resolved 
easily in the process of t h e i r  c o l l i s i o n  
w i t h  particles ( bombarded by particles  ) i n  
plasma. 
family are resolved they  xi11 ahsorb energy. 

When the moleculers of the  haloKen 

For examp 1 e : nr,-l =Xc'J fir+ ~r 
C $ 2 L k W  c 1*c ,> 

For two  Bromine atoms t he  energy increase 
q.97ev more than f a r  one molecule f "r-2 ) 
For two chlorine atoms the energy increase 
2 . 4 8 ~  more t h a n  f o r  a molecule Cc'$ ) . The 
clemical nature of atoms i s  more ac t ive  tnm 
that o f  molecules. 

(3 )  The atoms of the halogen is ionized 
i n t o  i o n s  and electrons in the plasma. 
this process, a port 05 energy i s  increased 
again. 

For example: B J - L E F J B ~ '  + e 
Cl-l2ev c p +  @ 

In 

A Bromine atom@ i s  ionized i n to  a ion 
( Br'} and an electron 1 e ~ the enercy is 
increased by 11.8ev, rrhhile two atoms ( be a 
molecule ) are ionized i n t o  tv:o ions and two 
electrons I the erierC,j: m e  increzsed by 2 3 . 6 ~  
-+ 9.97ev r 25.5'i'ev. 

is i on ized  i n t o  t v m  ions =and two e lec t rcns!  
the energy nre increased by ~ 3 J t : e v .  

' f i e  a b i l i t y  of the ioii acqui r ing  elec- 
trons are s&mn:*er t l m i  khz t  of molecule and 
atom, it is more eesily Tcr the chEr.!l.lsal 

r e n c t i c n  !:ith the mtzl to b ! : e  plnce. The 
fact t h a t  ions ;join chemical reectfon is a 
important character is t ic  o f  chemiczl reaction 
of the vlasma. In t h e  ?recess of t h e  ions 
of the  halocen col l i i l inc  ( ox the contacting 
tlith the neu.trnl atoms of. the metal each 
other ,  t h e  ions of t l e  halacen c,ul capture 
.the outer electrons of  the metal ( o r  called 
c h w m  transfer 1 ,  m.-l:inE metal ctom i n to  
i o n .  

For the same reason a molecule ( C% 
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Such CS:  Re + C1' ---- He" + C1 
+ c1 

Pd + Br' ---- Pd+ + Br 
This process i s  easily performed, 

4- Cl+ ---- ti' 

because three elements ( I?, C1, Br ) used in 
renlity , have the ionization energy of more 
than I l e v ,  while the ionization energy of 
all metals in the periodic table are under 
10.6ev. 

( 4 )  There are much atoms in excited sta te  
in the plasma in t h e  discharge chamber and 
t h e i r  chemical character are very viv id:  for 
chemical reaction easily taking place.  As 
i s  known to a l l  from t h e  plasma light a large 
number of t he  particles  are in excited. The 
light is given out mainly in the process at 
trlich the outer electrons of t h e  excited 
s t a t e  par t ic les  Jump to a lower energy level 
from a higher one. So long ils the plasma 
not  goes o u t ,  it indicates t ha t  a great 
quantity of the excited s t a t e  particles m e  
present. The excited atoms or nc lecu l~s  1 
alsa possess more energy than the not  excited 
ones. It can be calculeted from formule 

F -  A - -  C A i  
A 

Such as: Ta *(excited state) 2, 6ev 

energy more than Ta 
Pd *(excited state) ,44ev 

energy more than Pd. 
( 5 )  Tpe chemical reaction i s  more easy 

-to occur etween 'the positive ions and the 
n q a t i v e  ions in the plasma, Because it is  
a non so lvent  reaction, in which t h e  two 

react ionts  apposited charged are not keep 
apnrte by the so lu t ion ,  the a t t rac t ing  
electromagnetic force between the p o s i t i v e  
ions gqd the-negative ions is larger and the  
p o s i t i v e  ions and t h e  negative ions are 
rrnudet' reactive met-ter ! which can react 
directly, the reaction is extremely rapid. 

(6) Part of t h e  liEht energy in the 
plnsma can be used. In all processe's that 
t he  electrons in outer space o f  the excited 
state atoms (or molecules) from a higher 
enerey l eve l  jump to a lover  one; the posf- 
tive ions recombinate with the  negative ions 
and the electrons recombinate u ikh  ions I 

(4165 

e c t ,  photons w i l l  be e m i t t e d ,  these photons 
will be absorbed eas i ly  by the corresponding 
particles and the substances and new exci-ta- 
t i o n  w i l l  be Given, rise and so on. 

b489Au m v e  lonpth  

pd c----I----cc-- 3634h"trnve longth  -- Pdi' 

P a r t i a l  surface OS the metal reactant 
accmts being plasma li[:ht. I r l  makes p a r t  of 
photon energy being used. 

inherent ohysica!. characteristic at the  
boundary between the rlssma ZE?. the 
meta l .  

cvlrI the  electrons flow to t h e  surface of the  

metal from the plasma. 50, ( a )  i'm amount of 
the hddgen  contaction with the metal is  
increased; (b) 'thus pmticles have definike 
energy. 
physical and the chemical sputtering ere 
inevi tab i  y present . 
c i a l  factors existed in b e  plasna, make the  
compound being easily formed between 'the 

halogen element w i t h  metal. These compounds 
are  easy to be evaporated, resolved, ionized, 
and various processes are instantaneous and 
continuous I it provides with favourable con- 
dition t o  extract  metal ion. 

In add i t ion  to the inberent favourzble  
factors  in nlasma are u t i l i z e d ,  more advanta- 
geous c o n d i t i o n s  have been created.  

metal for producing needed ions.  
elements, The e::trpc Uric r!.cci.rode c"rc re-  
placed by t he  metal i c r  Froducin,r required 
ions  too. 

( 2 )  A v o l t q e  i s  zddea 'uctwen t h e  
plasma (mode)  am? 7 - 2 (-:he m e t ~ l  for pro-  
ducinc needed i0r.s) by I - 3 (the n o m r ) ,  
then 1- 2 is  a t  iiegtive p o t e n t i a l .  
P o t e n t i a l  differance can be adjusted in a 
ranee 0 -- 5Kv, a larEe number of charged 
pa r t i c l e s  w i t h  thousends e l ec t ron  volt  
energy are  {;ive rise %st thus mare hicher 
energs pos i t ive  ions with the halogen f a m i l y  

element are lormeci c o w e l l e d  to o:. .to 
'i - 2 CUXI the extrccting electrode (ca thode) ,  
''oweFer, a@ electrons =id t h e  neeative ions 

e-g; Re __-_-_ Re 

(7 )  ! h e  duo-pole d i f f u s e  effect  (6) is an 

Owing to t h i s  nature ,  t he  rnuch ions 

hs a resu l t  of  the e f f e c t ,  the 

Above mentioned fac tors  and o ther  benefi-  

(7> 1 - 2 and 1 - 8 are  replaced by the 
For c e r t a i n  

The 
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shoo t  ta anode. 

On t h e  one hand, the contaction number 
between t h e  halogen element with the metal 
is much more increased, on t h e  other  hand, 
the high -- energy particles bombard metals 
to heat qetals  and make t he  bond bredcbetwen 
ahme and a t "  of the metal, therefore 
t h e  chemical reaction speeds up. The halo- 
eenide of the metal is sputtered, volatiliz- 
ed , resolved, ionized inmediately owinc to 
t he  raised temperature and successive 

bombard by t h e  particles .  After this mea- 
sure has been taken, the ion beam of metal 
( e.&.  Ta, ?t, Cr, ect. 1, that is d i f f i c u -  
ltly to get in genaral condition, is 
conveniently obtained. SimultaqeousLy the  
percentage of t h e  metal ion in t o t a l  be" 
i s  r ised .  

applied to high melten point metals. 
low melten point metals the sputter voltage 
is not applied, but m e t a l s  i s  put 3-1 a boat 
made of quar t z  which is placed in discharge 
chamber. 

The method of thc i o n  bombardment can be 
Fer  

3.  The ewerimental results 
and their use 

3.1 The experimental results at the  
ion source bench 

By the use ~f this technique, t h e  !.om 
dram at the ion source bench are: Re+ W' . 

pe+, c:?, si+, u+! LE+ ~ I$, ~ a + ,  ~ n + !  ~i" 
and Li', 2nd the drawn ions  of t h e  rare 
earth elements are: l" I Ce' , Md' , and so on. 

G r a p h s  shown in Pic.2 t o  Pic.5 cre - h e  

i o n  mas? spectrum of Ta, Pd, V, Cr ~.nd some 
other elemenis respectively after a plasma 
chemical. reaction with the halogen f2nil.y 
elements. 

t$04', P$ 't p-k', ra+, tLu+, pL$ Ti' , C j f  , \",  

Fig.2 The ion mass spectrum of Ta t. CC14. 

Fig.3 l'be ion moss spectruii of P? + BBq. 
e 

L 

Y+ 

3' rig.4. The ion  mass spectrum of + 3 B r  
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êxposed to plasma, then useful metal ion con- 

anhle metal3 which are not  erhausi.ed in o n e 6  
me am be US& continuously in next time. It 
is no need to compose metals Snto compounds 
before puttinl., them in dfscl>arce chamber. 
For th i s  ression# it has advantages of simp- 

+ 
P tent is higher in t h e  draw ion beam. The 4 c r+ 4 

a 
2. 

1 -+ 

l i c i t y  +&e convenience and -the economy. 

implanters and acceXerators with r.f i o n  

d 1 2 a 4 6 6 'I %(A} 
Tb8 current  of anaLYs er This technology can be used at or:!inary i o n  

source, provided sone improvement of these 

machines is made, so as to e:lpend the usc?ge 
Fig.5 The ion mass spectrum of Cr + W3r  7' 

3.2 Used cases at ion implanter 
a d  br inc  i n t o  full r d n y  of t he  mpchines and 
raise the econcmic benefit.  

This technique have been w e d  at a LrOOkev 
ion implanter in Beijing normal university 
for several years. Tt is stable in operat- 
ing and becomes a ripe technology. Part of 
the results' for the i o n  cur ren t  intensity at 
the target after passing t h r o u f ,  t h e  magnet 
analyser were list in the 'cable, f o r  some 
kind ok ions good results have been obtain- 
ed. 

'I?lanlrs to comrades of t h e  i o n  source 
group, the aCC@lesatOr research croup and 
the others for their heln and simport. 
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4. Concluding remarks 

~ By applying a acr05~ science of the plasma technolo(;y, (1 W) 
physics and t h e  chemistry -_ the plasma 
chemical reaction technique, to draw metal 
ion beams from a r.f ion source,  t he  problem 
of drawing ions of metals with higher vola- 
tization temperature are solved. It has 5% 
own merit. Since it used quartz glass  dis- 
charge chamber, 
the quartz glpss is more ateady than t h a t  of 
metals, t h e  metals t h a t  i s  no need to pradu- 

c e  ions c m  be shielded and can not be 

plasma technolocy (chines e edition) 
Cu0 zengyuan :nd Fu weibiao translate 

(19eo) 

the chemical proper ty  of 
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