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Description 

This  invention  relates  to  a  cold-cathode  ion-gen- 
erating  and  ion-accelerating  device  as  described  in 
the  first  part  of  claim  1  . 

Such  a  device  is  disclosed  in  IBM  Technical  Dis- 
closure  Bulletin  Vol.  19,  No.  11,  April  1977,  New  York, 
US,  pages  4451-4452;  N.  Penebre:  "Cold-cathode- 
sputtering  ion  source". 

From  the  "Journal  of  Vacuum  Science  and  Tech- 
nology":  Part  A,  Vol.6,  No.  1,  1988,  New  York,  US,  pa- 
ges  9-12;  S.N.  Mei  et  al:  it  is  disclosed  "a  high  ionisa- 
tion  efficiency  source  for  partially  ionized  beam  de- 
position"  comprising  means  to  generate  a  single  plas- 
ma  and  to  accelerate  it  as  in  the  previous  cited  prior 
art. 

This  invention  has  for  its  object  the  construction 
of  a  cold-cathode  ion  beam  source  for  generating  ion 
beams  of  any  ionizable  material,  no  matter  whether  it 
is  in  the  solid,  liquid,  or  gaseous  state.  This  object  is 
solved  according  to  the  second  part  of  claim  1.  Par- 
ticular  embodiments  of  the  invention  are  defined  in 
the  dependent  claims,  one  embodiment  for  the  pro- 
duction  of  low-energy  ions  (100  to  1000  eV)  in  claim 
5,  another  for  the  production  of  high-energy  ions  (1  to 
beyond  200  keV)  in  claim  6. 

The  accompanying  drawings  represent: 
-  in  figs.  1,  2a,  2b,  2c,  2d  the  device  in  question 

according  to  a  first  variant; 
-  in  figs.  3a,  3b,  3c,  3d,  3e  the  device  in  question 

relative  to  the  second  variant. 
The  detailed  description  of  the  various  devices 

will  be  given  below,  taking  as  reference  for  the  polar- 
ities  and  voltages,  cited  in  the  entire  text,  the  common 
pole  of  the  power  supply  sources  of  the  various  vol- 
tages  and  not  the  ground. 

In  fig.  1  cold  medium  voltage  (from  -200  to  -1  500 
volts)  cathode  1  will  be  called  "magnetron  cathode" 
below  since,  to  promote  the  ionization  of  the  gas  and 
to  be  able  to  reduce  the  supply  voltage,  a  magnetic 
field  is  used  in  addition  to  the  electric  field.  Such  a 
field  is  generated  by  magnet  (or  electromagnet)  4. 

The  elements  indicated  by  1,  2,  3,  4,  5,  in  the  va- 
rious  figures,  constitute  the  magnetron  cathode 
which  can  be  shaped  as  a  container  that  is  circular, 
square,  elliptical,  rectangular  or  in  another  shape, 
without  altering  the  feature  of  the  invention. 

This  cathode  exhibits  a  feature  that  distinguishes 
it  from  those  known  so  far  and  consisting  in  the  fact 
that  target  2  is  contained  in  a  nonmagnetic  metal  con- 
tainer,  without  having  to  be  fastened  in  anyway.  Thus, 
if  the  target  is  a  metal  with  a  low  melting  point,  it  re- 
mains  in  container  1  when  it  melts  and  is  cooled  by 
duct  5  (fig.  1)  in  which  cooling  liquid  flows.  If  then  the 
metal  has  a  high  melting  point,  it  is  possible  to  place 
under  it  a  strip  of  material  with  a  low  melting  point, 
which  guarantees  a  good  thermal  conduction.  Of 
course,  the  specific  weight  of  the  material  constitut- 

ing  the  strip  should  be  greater  than  that  of  the  material 
constituting  the  target. 

Permanent  magnets  are  indicated  by  4  (fig.  1) 
and  the  relative  pole  pieces  by  3.  This  group  obviously 

5  can  be  replaced  by  an  electromagnet.  The  first  low 
voltage  (0  +100  V)  anode  is  represented  by  cover  7, 
the  second  anode  by  disk  13,  which  can  be  supplied 
at  the  same  voltage  as  the  first,  or  at  a  slightly  differ- 
ent  voltage.  Fins  13'  and  7'  of  the  first  anode  protect 

10  walls  1  '  and  1  "  of  tank  1  from  the  discharge  and  pre- 
vent  its  erosion  by  the  ions. 

It  is  found,  in  the  sputtering  phenomenon,  thatthe 
energy  used  for  sputtering  into  atoms  the  material 
constituting  cathode  plate  2,  target,  corresponds  with 

15  very  good  approximation  to  the  energy  of  sublimina- 
tion  of  the  material  itself.  In  substance,  the  magnetron 
cathode  is  able  to  gasify  the  substances  that  are  not 
already  in  this  state,  or  produces  gas  of  the  latter  sub- 
stances,  intended  for  the  ionization  and  subsequent 

20  acceleration  by  the  unit. 
The  electric  discharge  is  generated  between  the 

electrodes  at  a  pressure  less  than  atmospheric  pres- 
sure,  the  magnetron  cathode  being  contained  in  a 
closed  environment,  emptied  of  any  gas  and  supplied 

25  auxiliary  gas  for  the  discharge,  introduced  through 
hole  10. 

The  chamber  being  suitably  made,  it  is  possible 
to  reduce  to  a  minimum  and  even  to  eliminate  com- 
pletely,  after  starting  the  source,  the  gas  used  for 

30  sputtering  which  is  introduced  through  opening  10, 
using  as  the  single  gas  that  generated  by  the  target 
atoms. 

In  case  it  is  desired  to  use  substances  already  in 
the  gaseous  state  or  easily  vaporizable  in  a  vacuum, 

35  without  the  need  of  supplying  additional  energy,  the 
target  can  be  reduced  to  minimal  dimensions  and 
made  of  graphite  which  exhibits  an  extremely  re- 
duced  sputtering  effect. 

The  third  element  of  the  ion  source  consists  of 
40  electrostatic  lenses  1  3",  12'  (fig.  1  )  for  extraction  and 

acceleration  of  the  ions,  consisting  of  holes  or  slots 
through  which  the  ion  beam  is  formed.  Said  electro- 
static  lenses  can  optionally  be  replaced  by  magnetic 
lenses. 

45  The  ionization  chamber  is  constituted  by  the  sec- 
ond  cathode,  or  ionizer  6  (fig.  1)  and  by  low-voltage 
anode  13.  A  second  electric  discharge  is  formed  be- 
tween  the  cathode  and  anode,  promoted  by  the  elec- 
trons  and  ions  of  the  first,  and  this  second  discharge 

so  produces  a  high  amount  of  ions  by  using  the  atoms 
that  are  detached  from  the  target  of  the  magnetron 
cathode.  By  suitably  making  this  ionization  chamber, 
it  is  possible  to  have  a  plasma  rich  in  ions. 

The  third  element,  i.e.,  the  unit  of  extraction  lens- 
55  es,  consists  of  central  part  13"  of  low-voltage  anode 

13  and  top  12'  of  high-voltage  cathode  12  which  form 
two  slots  through  which  an  ion  beam  is  created.  The 
indicated  form  of  the  lenses  is  not  limiting,  as  the 

2 
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number  of  elements  that  make  them  up  is  not  limiting, 
they  being  able  to  be  more  than  two  to  obtain  special 
characteristics  of  the  beam.  Also  extraction  of  the 
beam  toward  the  bottom  is  not  a  limiting  condition,  it 
also  being  able  to  be  extracted  on  the  side  or  toward 
the  top.  The  slots  of  the  lenses  can  be  more  than  one, 
parallel  to  one  another  or  can  be  made  up  of  perfo- 
rated  grids.  The  various  electrodes  of  this  system  are 
supplied  at  different  voltages  to  be  established  de- 
pending  on  the  energy  to  be  supplied  to  the  ions  and 
the  type  of  such  ions. 

Generally,  target  2  should  have  a  voltage  be- 
tween  -200  and  -1500  V,  anodes  7  and  13  between  0 
and  +100  V,  ionizer  6  between  -500  and  -3000  V  and 
acceleration  lens  12  between  -10  kV  and  -500  kV.  In 
case  there  are  targets  2  consisting  of  insulating  ma- 
terial,  the  related  power  supply  should  be  in  alternat- 
ing  current  rather  than  direct  current  at  frequencies 
normally  between  1  and  50  MHz. 

The  value  of  the  indicated  voltages  can  vary  to  be 
able  to  obtain  from  the  device  of  fig.  1  the  maximum 
efficiency  necessary  in  the  most  diverse  applications 
that  require  energy  and  dosages  depending  on  the  re- 
sults  it  is  desired  to  obtain. 

Two  other  examples  of  practical  application  of  the 
invention  with  electrodes  or  perforated  grids  are  now 
presented:  the  first  (fig.  2a)  for  use  of  low-energy  ions 
and  the  second  (fig.  3a)  for  use  of  high-energy  ions; 
from  these  two  applications  others  can  be  deduced 
that  use  intermediate  energy  by  suitable  modifica- 
tions  of  the  two  systems  represented,  without  altering 
the  validity  of  the  patent. 

EXAMPLE  I: 

In  the  use  of  ion  sources,  one  of  the  best  known 
processes  is  the  so-called  IBAD  (Ion  Beam  Assisted 
Deposition).  In  this  process,  a  low  energy  (100  to 
1  000  eV)  ion  source  is  used  to  obtain  an  improvement 
of  the  PVD  (Physical  Vapor  Deposition)  coating  proc- 
ess,  performed  with  devices  such  as  thermal  evapor- 
ators,  electron  guns,  sputtering  cathodes  and  others. 
The  energy  used  is  linked  to  the  ions  used  and  to  the 
material  constituting  the  substrate  to  be  coated  be- 
sides  the  coating  material. 

The  solution  described  here  makes  it  possible, 
with  a  single  device,  to  perform  the  process  and  is  not 
limited  to  the  IBAD-PVD  process  but  can  also  be  use- 
fully  used  for  other  types  of  processes  such  as,  for  ex- 
ample,  ion  beam  etching  or  chemical  vapor  deposi- 
tion. 

There  exist  sources  of  this  type  described  in 
American  patents  US-A-4,652,795;  US-A-4,71  0,283; 
US-A-4,716,340;  US-A-4,774,437,  which  describe 
similar  devices  but  none  of  them  make  it  possible  to 
use  just  any  material,  solid,  liquid,  gaseous  or  those 
solids  in  granular  form  or  that  melt  at  low  temperature. 
A  typical  example  of  the  latter  is  that  of  tin,  used  in 

sputtering  units;  in  this  case,  the  cathodes  must  be 
used  at  reduced  power  so  as  not  to  melt  the  tin  target, 
while  according  to  the  present  invention  the  unit  can 
be  used  at  maximum  power. 

5  Further,  there  is  a  notable  difference  between 
the  device  described  in  the  cited  patents  and  that  of 
the  present  invention,  since  in  the  latter  the  atoms 
generated  in  the  sputtering  are  ionized  by  the  second 
cathode,  while  this  does  not  happen  in  all  the  cited  pa- 

10  tents.  This  ionization,  by  suitably  adjusting  the  dimen- 
sions  of  the  various  elements  of  the  device,  makes  it 
possible  to  reduce  to  a  minimum  and  even  eliminate 
completely  the  gas  used  to  start  the  sputtering  dis- 
charge,  as  soon  as  it  has  begun,  a  fact  that  was  fore- 

is  seen,  with  different  perception,  even  in  patent  US-A- 
4,774,437,  already  cited.  The  second  cathode,  not 
provided  in  said  patent,  provides  the  system  a  greater 
elasticity  and  therefore  a  better  ionization  efficiency, 
as  was  already  described  in  the  preceding  invention 

20  and  as  also  appears  below. 
The  device  according  to  the  first  example,  with 

extraction  of  the  ions  toward  the  top,  is  shown  in  fig. 
2a. 

The  system  of  gasification  of  the  materials  repre- 
25  sented  with  numbers  1  ,  2,  3,  4,  5  and  7  can  use  a  me- 

dium-voltage  (from  -200  to  -1000  V)  discharge, 
whose  value  is  linked  to  the  type  of  material  of  the  tar- 
get  and  to  the  gas  used  for  the  discharge,  in  the  area 
of  the  so-called  abnormal  discharge,  or  low-voltage  (- 

30  15  to  -25  V)  discharge,  in  the  area  of  the  arc  dis- 
charge,  without  altering  the  validity  of  the  device. 

In  the  two  cases,  if  materials  are  deposited  that 
melt  at  high  temperatures,  target  2  can  also  be  solidly 
anchored  to  pole  pieces  3,  for  example,  by  screws 

35  countersunk  in  its  periphery,  and  thus  the  device  can 
be  installed  in  any  position,  all  without  altering  the  val- 
idity  of  the  invention. 

In  the  device  represented  in  fig.  2a,  6  represents 
the  second  cathode  that  ends  in  a  perforated  grid  6', 

40  13  represents  the  second  anode  that  ends  in  a  per- 
forated  grid  13',  with  holes  of  a  diameter  different 
from  the  first  but  coaxial,  and  12'  represents  the  ac- 
celeration  grid  with  holes  of  a  diameter  different  from 
the  second,  but  coaxial. 

45  The  holes  of  the  grids  can  be  replaced  by  slots. 
The  system  of  three  perforated  grids  constitutes  a 
lens  system,  all  parallel,  for  which  the  method  of  cal- 
culation  is  known  for  determining  the  diameter  of  the 
holes  and  the  distance  between  the  grids.  These 

so  grids  can  be  made  of  graphite,  silicon  or  refractory 
metal  and  the  voltages  applied  to  them  can  vary  for 
the  first  and  last  from  -1  00  to  -3000  V  and  for  the  in- 
termediate  one  from  0  to  +1  50  V,  with  reference  to  the 
common  pole  of  the  power  supplies  and  not  to  the 

55  ground. 
The  exact  value  of  these  voltages  depends  on  the 

density  and  type  of  ions,  as  well  as  on  the  energy  to 
be  supplied  to  the  ions  on  the  basis  of  the  type  of  proc- 

3 
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ess  to  be  performed. 
The  distance  between  second  cathode  6'  and  tar- 

get  2  is  linked  to  the  intensity  of  the  magnetic  field,  on 
which  also  depends  the  confining  of  the  primary  plas- 
ma,  or  that  provided  by  the  cathode  sputtering.  If  this  5 
confining  is  correct,  the  distance  between  the  second 
cathode  and  the  target  can  be  contained  between  10 
and  20  mm.  This  distance  and  the  number  of  holes, 
on  the  basis  of  their  diameter,  are  linked  to  the  ratio 
between  the  ions  of  the  primary  gas  used  for  sputter-  10 
ing  the  target  and  the  ions  of  the  target  itself.  This  ra- 
tio  is  also  linked  to  the  type  of  gas  used,  to  the  type 
of  target  and  to  the  working  pressure. 

In  some  cases  it  is  preferable  to  have  a  small 
number  or  no  ions  of  the  gas;  but  in  other  cases  it  is  15 
desired  that  the  ions  of  the  gas  react  with  the  atoms 
of  the  material  of  the  target  and  therefore  in  these  cas- 
es  it  is  necessary  to  have  a  sufficient  amount  of  gas. 

On  the  average,  a  ratio  can  be  used  between  the 
sum  of  the  area  of  the  holes  and  the  total  area  of  0.5.  20 

According  to  tests  performed  in  the  laboratory 
with  a  similar  device,  it  turned  out  that  the  ratio  be- 
tween  ions  and  atoms  of  the  material  sputtered  from 
the  target  is  4/1  for  energies  of  900  eV  and  2/1  already 
for  energies  of  1  00  eV.  Another  advantage  of  the  sec-  25 
ond  cathode  is  that  of  causing  a  second  discharge, 
therefore  with  broad  limits  independent  of  the  first,  of 
ionizing  the  atoms  sputtered  from  the  target,  under 
the  best  efficiency  conditions.  Further,  it  is  known  that 
the  maximum  concentration  of  ions  is  located  in  the  30 
cathode  dark  space  and  therefore  the  ions  are  ex- 
tracted  precisely  in  this  zone,  guaranteeing  the  max- 
imum  efficiency  of  the  device. 

The  gas  used  to  generate  the  sputtering  dis- 
charge  of  the  target  can  be  introduced  through  two  35 
openings  10  and  10'  made  in  the  back  side  of  the 
anode. 

For  better  understanding  of  the  drawing,  the  out- 
side  cover  and  the  system  of  insulators  for  fastening 
the  various  electrodes  and  maintaining  the  correct  40 
distance  between  them,  as  well  as  the  intake  and  dis- 
charge  pipes  for  cooling  the  target  are  omitted. 

Fig.  2a  represents  only  a  section  of  the  device 
that  actually  can  have  any  shape:  circular  fig.  2b, 
square  fig.  2c,  rectangular  fig.2d,  etc.,  absolutely  45 
without  altering  the  validity  of  the  invention.  In  partic- 
ular,  in  the  rectangular  embodiment  the  longer  side 
can  even  be  in  the  meters;  consequently  the  present 
device,  without  losing  any  of  its  validity,  is  suitable 
both  for  use  in  small  laboratory  units  and  in  "in-line"  50 
industrial  units  for  continuous  production. 

EXAMPLE  II: 

The  device  described  in  fig.  3a,  differing  from  the  55 
preceding  one,  generates  and  accelerates  only  ions. 

This  type  of  device  is  used  mainly  in  two  types  of 
processes:  ion  implantation  and  ion  mixing. 

In  the  example  of  application  that  will  be  descri- 
bed,  all  the  elements  for  gasification  of  the  material 
represented  in  fig.  3a  by  elements  indicated  by  num- 
bers  1,  2,  3,  4,  5  and  7  remain  common  to  what  has 
already  been  described  in  example  I  (fig.  2a),  there- 
fore  reference  is  made  to  example  I  fig  2a.,  all  the  in- 
formation  already  described  remaining  valid  for  ex- 
ample  II. 

The  new  part  consists  of  second  cathode  6  (ion- 
izer)  and  lenses  (13",  6"',  12')  for  extraction  of  the  ion 
beam. 

Said  extraction,  unlike  the  preceding  example, 
can  be  performed  toward  the  bottom,  toward  the  top 
(fig.  3b)  or  also  on  the  side,  either  (fig.  3c)  on  one  side 
or  both  sides;  obviously  it  can  be  performed  simulta- 
neously  from  several  parts,  without  thereby  altering 
the  validity  of  the  invention. 

The  ionization  chamber  in  this  case  consists  of  a 
box,  generally  of  graphite  or  refractory  metals,  con- 
sisting  of  walls  6,  6'  and  6"  and  having  a  series  of 
holes  or  slots  in  wall  6"  at  the  target  intended  to  allow 
the  atoms,  which  are  detached  from  the  target,  to 
pass  in  the  ionization  chamber.  In  the  low  central  part 
of  the  ionizer  is  also  a  slot  6"'  that  constitutes  the  ex- 
traction  slot  of  the  ion  beam  and  that  can  be  replaced 
by  a  series  of  holes. 

Fig.  3a  represents  the  solution  with  extraction  of 
the  beam  toward  the  bottom,  but  in  a  perfectly  ana- 
logous  way  the  beam  can  also  be  extracted  toward 
the  top  or  side,  by  placing  the  extraction  slot  in  the 
most  suitable  place  eitherfor  the  ionizer  or  for  second 
anode  13'  and  accelerator  12'. 

On  the  bottom  of  wall  6""  of  the  box  of  the  ionizer 
there  are  made  a  slot  alone  (fig.  3d  and  3e)  or  more 
than  one,  to  uncover  a  part  of  second  anode  (13"'),  in 
this  way  making  it  possible  at  the  proper  moment  to 
trigger  the  second  discharge,  intended  for  the  ioniza- 
tion  of  the  atoms  of  the  target  which,  as  already  said, 
being  detached  from  it,  are  hurled  into  the  ionizer 
through  the  holes  of  grid  (6"). 

Second  cathode  12'  is  supplied  at  voltages  be- 
tween  -500  and  -3000  V  and  the  second  anode  at  vol- 
tages  between  0  and  +50  V,  always  with  reference  to 
the  pole  common  to  the  power  supplies  and  not  to  the 
ground. 

The  box-shaped  construction  of  the  ionizer  offers 
two  advantages:  the  first  is  that  of  having  a  large  area 
of  ionization  of  the  atoms  and  the  second  is  that  of  be- 
ing  able  to  reevaporate  the  non  ionized  atoms  that  had 
been  deposited;  in  fact,  by  using  as  target  materials 
that  evaporate  at  high  temperature  it  is  possible  to 
construct  said  box  with  the  same  material,  thus  guar- 
anteeing  a  greater  purity  of  the  ions,  without  the  nec- 
essity  of  using  a  magnetic  analyzer  of  the  ions.  Ac- 
tually,  this  source  is  provided  to  be  used  without  an 
analyzer,  which  represents  a  great  burden  and  a 
waste  of  energy  for  industrial  uses. 

However,  obviously  the  analyzer  can  be  used  in 

4 
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all  cases  where  it  is  absolutely  necessary;  moreover, 
the  analyzer  is  not  part  of  the  present  device,  object 
of  the  invention,  and  therefore  this  type  of  comple- 
mentary  use  is  not  described. 

The  atoms  of  the  target  can  also  be  deposited  on 
the  anode,  but  in  negligible  amount  since  in  the  place 
where  it  is  located,  uncovered,  it  is  not  necessary  to 
make  holes  in  the  base  of  the  ionizer  and,  further,  the 
voltage  of  the  second  anode  can  be  regulated  so  that 
the  electrons  collected  by  it  bring  its  surface  temper- 
ature  to  such  a  value  as  not  to  allow  the  incoming 
atoms  to  condense.  Further,  it  is  not  difficult  to  pro- 
vide  a  masking  that  removes  it  from  the  arrival  of  said 
atoms.  The  particular  construction  of  the  box  cathode 
can  also  be  carried  out  with  walls  not  at  a  right  angle 
as  in  the  figure,  but  can  have  any  configuration  in- 
tended  to  promote  a  greater  density  of  ions,  without 
thereby  altering  the  validity  of  the  invention. 

As  already  said  in  example  1,  extraction  of  the 
ions  by  ionizing  cathode  12'  makes  it  possible  to  per- 
form  this  extraction  where  the  concentration  of  ions 
is  greater,  namely  in  the  cathode  dark  space. 

Another  advantage  offered  by  this  extraction  sys- 
tem  is  represented  by  the  fact  that  the  ions  attracted 
by  the  negative  wall  of  cathode  6'  being  positive  (neg- 
ative  ions  require  a  different  device)  are  subjected  to 
a  preacceleration  that  improves  the  functioning  of  the 
system  for  extraction  of  the  ion  beam. 

The  extraction  system  consists  of  three  slots  (6"', 
13",  12")  (or  holes)  located,  respectively,  on  the  ion- 
izer,  on  the  second  anode  and  on  the  accelerator, 
slots  that  can  be  thought  of  as  a  system  of  electric 
lenses  that  can  be  calculated  according  to  existing 
manuals  and  tables  or  also  by  resorting  to  suitably 
programmed  computers. 

Acceleration  lens  12'  can  be  provided  at  a  certain 
distance  from  the  other  two  (6"',  13")  to  allow  evac- 
uation  of  possible  residual  gases  in  this  zone  by  a 
suitable  auxiliary  pump,  so  as  to  have  the  minimum 
possible  pressure  in  this  acceleration  zone,  which 
means  the  smallest  possible  number  of  nonionized 
particles,  with  advantage  for  the  correct  functioning 
of  this  device.  In  some  cases,  the  slots  can  be  more 
than  one,  all  parallel,  and  further  the  acceleration 
lenses  can  consist  of  a  series  of  slots  with  increasing 
negative  voltage,  without  thereby  altering  the  validity 
of  the  invention. 

The  voltage  of  acceleration  lenses  12'  depends 
on  the  type  of  process  for  which  the  device  is  used 
and  generally  varies  between  -20  and  -200  kV.  All  the 
power  supplies  of  the  ion  source,  as,  moreover,  is 
verified  in  the  actually  existing  ones,  have  variable 
voltage  regulated  to  be  able  to  optimize  the  process. 

The  maximum  energy  obtainable  with  the  ion 
source  as  described,  for  ions  with  single  charge,  ex- 
ceeds  200  keV.  However,  it  is  possible,  by  using  the 
well-known  post-acceleration  system,  to  double  this 
energy.  The  post-acceleration  system  is  not  part  of 

the  present  device  and  therefore  is  not  described. 
By  constructing  the  ionizer  with  a  sufficiently  re- 

duced  volume  with  respect  to  its  surface  and  by  sup- 
plying  it  a  sufficient  voltage  it  is  possible  to  obtain  mul- 

5  tiple-charge  ions. 
Therefore,  if  double-charge  ions  are  available  to 

obtain  the  above-mentioned  energies,  acceleration 
voltages  equal  to  half  are  sufficient,  with  notable  sav- 
ing  for  the  cost  of  power  supplies;  or  with  the  same 

10  voltage,  double  energies  with  respect  to  single-char- 
ge  ions  can  be  obtained,  which  means  it  is  possible 
to  obtain,  with  the  post-acceleration  system,  energies 
of  1  MeV  for  ions  of  any  element. 

The  device  represented  in  fig.  3a,  in  cross  see- 
rs  tion,  can  have  any  shape,  such  as  circular,  square, 

rectangular,  etc.,  as  represented  in  figures  3d  and  3e. 
Thus  in  the  embodiment  with  circular  or  square 

shape,  it  is  possible  to  provide  ion  beams  with  circular 
section  even  of  very  small  section,  while  in  the  rec- 

20  tangular  shape  it  is  possible  to  generate  beams  with 
even  very  wide  rectangular  section,  up  to  about  a  me- 
ter,  which  can  be  used  for  large  industrial  productions 
both  for  single  chamber  units  and  "in-line"  units  for 
continuous  production. 

25 

Claims 

1.  A  cold-cathode  ion-beam  source  for  generating 
30  an  ion  beam  from  any  ionizable  material,  electri- 

cally  conductive,  semiconductive,  or  insulating, 
containing: 

(1)  a  cold-cathode  sputtering  unit  comprising  a 
first  cold-cathode  (1)  and  a  first  anode  (7)  for 

35  generating  a  first  electric  discharge  to  sputter 
atoms  or  molecules  from  a  source  material 
(2)  ,  said  first  cold-cathode  (1)  being  charge- 
able  with  said  source  material  (2); 
(ii)  an  ionizing  unit  for  ionizing  the  atoms  or 

40  molecules  already  existing  in  the  gaseous 
state  at  the  use  temperature  or  being  sput- 
tered  from  said  source  material  (2); 
(iii)  an  accelerating  unit  (12,  13)  to  form  said 
ion  beam  by  accelerating  and  extracting  the 

45  ions  generated  in  the  ionizing  unit; 
characterized  in  that: 
said  cold-cathode  (1)  has  the  shape  of  a  contain- 
er  (1  ,  1  ',  1  ")  such  that  said  source  material  (2)  can 
be  placed  into  said  container  without  having  to  be 

so  fastened  in  any  way,  even  when  being  in  granular 
or  liquid  form,  and  in  that  said  ionizing  unit  com- 
prises  a  second  cold-cathode  (6)  and  a  second 
anode  (13)  for  generating  a  second  electric  dis- 
charge  to  achieve  high  ionization  efficiency. 

55 
2.  Device  according  to  claim  1,  wherein  said  ioniz- 

ing  unit  comprises  at  least  one  grid  electrode  (6, 
6',  6")  placed  in  front  of  said  ionizable  material  (2) 

5 
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while  said  accelerating  unit  comprises  accelerat- 
ing  electrodes  (12,  12",  13")  constituting  the  ac- 
celeration  means. 

3.  Device  according  to  claim  1,  wherein  said  cold- 
cathode  sputtering  unit  consists  of  a  cathode  (1) 
of  the  so-called  magnetron  type  having  negative 
medium  voltage  (-200  -1500V)  and  consisting 
of  magnets  (4)  or  electromagnets,  with  pole 
pieces  (3),  cooling  circuit  (5),  metal  tank  (1)  in- 
tended  to  contain  target  (2),  whether  it  is  liquid, 
solid  or  granular,  and  a  first  positive  low-voltage 
(0  +100V)  anode  (7',  7"),  the  electric  discharge 
between  said  electrodes  being  generated  at  a 
pressure  lower  than  atmospheric  pressure,  said 
magnetron  cathode  being  contained  in  a  closed 
environment  which  is  emptied  of  any  gas  and  fed 
with  an  auxiliary  gas  for  the  discharge,  intro- 
duced  by  holes  (10,  10')  to  generate  said  first 
electrical  discharge. 

4.  Device  according  to  claims  1,  2,  and  3,  wherein 
the  magnetron  cathode  (1),  or  a  gasifying  unit, 
even  different  from  the  magnetron  sputtering 
cathode,  is  supplied  at  high  frequency  altern.  cur- 
rent,  instead  of  direct  current,  especially  for  using 
targets  consisting  of  materials  that  do  not  exhibit 
a  good  electrical  conduction. 

5.  Device  according  to  claims  1,2,3  and  4,  wherein 
for  the  production  of  low-energy  (100  100ev) 
ions  a  second  negative  medium  voltage  (-500  - 
3000  V)  grid  cathode  (6,  6'),  a  second  low-voltage 
grid  anode  (13,  13')  (0  +200V),  and  a  third  me- 
dium  voltage  (-100  -1000V)  accelerating  grid 
cathode  (12,  12')  is  provided  to  extract  the  ions 
from  the  unit  of  three  grids  (6',  13',  12');  second 
grid  anode  (13')  being  placed  between  second 
grid  cathode  (6')  and  third  grid  cathode  (12')  the 
holes  or  openings  of  said  grids,  of  different  diam- 
eters  or  dimensions,  being  coaxial. 

6.  Device  according  to  claims  1,  2,  3,  4,  5,  wherein 
for  the  production  of  high-energy  (from  10  to  be- 
yond  200  keV)  ions  there  are  provided  in  succes- 
sion  starting  from  target  (2):  a  first  low-voltage  (0 
+  +100V)  grid  anode  (7',  7"),  a  second  low-vol- 
tage  (0  +  +200V)  grid  anode  (13""),  a  second  me- 
dium  negative  voltage  (-500  -3000  V)  acceler- 
ating  grid  cathode  (6,  6"),  and  a  third  accelerating 
cathode  (12,  12")  which,  with  its  central  opening 
12",  completes  the  acceleration  lenses,  the  ion 
beam  being  directed  toward  the  bottom  of  the  de- 
vice;  said  second  grid  anode  (13)  forming  a  kind 
of  first  outside  cover  that  contains  a  second  in- 
side  cover  (6)  insulated  from  the  first  and  consti- 
tuting  second  accelerating  grid  cathode  (6). 

Patentanspruche 

1.  Kaltkathoden-lonenstrahlquelle  zum  Erzeugen 
eines  lonenstrahls  aus  einem  ionisierbaren  Mate- 

5  rial,  das  elektrisch  leitend,  halbleitend  oder  isolie- 
rend  ist,  mit: 

(1)  einer  Kaltkathoden-Zerstaubungsanlage 
mit  einer  ersten  Kaltkathode  (1)  und  einer  er- 
sten  Anode  (7)  zum  Erzeugen  einer  ersten 

10  elektrischen  Entladung,  urn  Atome  oder  Mole- 
kule  aus  einem  Quellenmaterial  (2)  zu  zer- 
stauben,  wobei  die  erste  Kaltkathode  (1)  mit 
dem  Quellenmaterial  (2)  beladen  werden 
kann; 

15  (ii)  einer  lonisierungsanlage  zum  lonisieren 
der  Atome  oder  Molekule,  die  sich  bereits  bei 
der  Betriebstemperatur  im  gasformigen  Zu- 
stand  bef  inden  oder  aus  dem  Quellenmaterial 
(2)  zerstaubt  werden; 

20  (iii)  einer  Beschleunigungsanlage  (12,  13) 
zum  Ausbilden  des  lonenstrahls,  indem  die 
lonen,  die  in  der  lonisierungsanlage  erzeugt 
werden,  beschleunigt  und  extrahiert  werden; 

dadurch  gekennzeichnet,  daR: 
25  die  Kaltkathode  (1)  die  Form  eines  Behalters  (1, 

1  ',  1  ")  hat,  so  dali  das  Quellenmaterial  (2)  in  dem 
Behalter  angeordnet  werden  kann,  ohne  dali  es 
auf  irgendeine  Weise  befestigt  werden  mull,  auch 
wenn  es  in  pulverformiger  oder  flussiger  Form 

30  vorliegt,  und  daft  die  lonisierungsanlage  eine 
zweite  Kaltkathode  (6)  und  eine  zweite  Anode 
(13)  zum  Erzeugen  einer  zweiten  elektrischen 
Entladung  aufweist,  urn  einen  hohen  lonisie- 
rungswirkungsgrad  zu  erreichen. 

35 
2.  Vorrichtung  nach  Anspruch  1,  wobei  die  lonisie- 

rungsanlage  mindestens  eine  Gitterelektrode  (6, 
6',  6")  aufweist,  die  vor  dem  ionisierbaren  Mate- 
rial  (2)  angeordnet  ist,  wahrend  die  Beschleuni- 

40  gungsanlage  Beschleunigungselektroden  (12, 
12",  13")  aufweist,  die  die  Beschleunigungsein- 
richtung  ausmachen. 

3.  Vorrichtung  nach  Anspruch  1,  wobei  die  Kaltka- 
45  thoden-Zerstaubungsanlage  eine  Kathode  (1)  in 

der  Art  eines  sogenannten  Magnetrons  mit  nega- 
tiver  Mittelspannung  (-200  -1  500  V)  enthalt  und 
Magnete  (4)  oder  Elektromagnete  mit  Polschu- 
hen  (3),  ein  Kuhlsystem  (5),  einen  Metallbehalter 

so  (1),  der  dazu  bestimmt  sind,  das  Target  (2),  das 
entweder  f  lussig,  fest  oder  pulverformig  ist,  auf- 
zunehmen,  und  eine  erste  positive 
Niederspannungs-  (0  +100  V)  Anode  (7',  7")  auf- 
weist,  wobei  die  elektrische  Entladung  zwischen 

55  den  Elektroden  bei  einem  Druck  erzeugt  wird, 
der  geringer  ist  als  der  atmospharische  Druck, 
und  wobei  sich  die  Magnetronkathode  in  einer 
geschlossenen  Umgebung  bef  indet,  die  von  jeg- 
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lichem  Gas  befreit  ist,  und  ein  Zusatzgas  fur  die 
Entladung  zugefuhrt  wird,  das  durch  L6cher(10, 
10')  eingeleitet  wird,  um  die  erste  elektrische  Ent- 
ladung  zu  erzeugen. 

4.  Vorrichtung  nach  den  Anspruchen  1  ,  2  und  3,  wo- 
bei  die  Magnetronkathode  (1)  oder  eine  Verga- 
sungsanlage,  die  von  der  Magnetronzerstau- 
bungskathode  verschieden  ist,  mit  einem  Hoch- 
frequenz-Wechselstrom,  anstelle  von  Gleich- 
strom,  gespeist  wird,  wobei  insbesondere  Tar- 
gets  verwendet  werden,  die  aus  Materialien  be- 
stehen,  die  keinen  guten  elektrischen  Leiter  dar- 
stellen. 

5.  Vorrichtung  nach  den  Anspruchen  1,  2,  3  und  4, 
wobei  fur  die  Erzeugung  von  langsamen  (100 
1000  eV)  lonen  eine  zweite  negative 
Mittelspannungs-  (-500  -3000  V)  Gitterkathode 
(6,  6'),  eine  zweite  Niederspannungs-  (0  +200 
V)  Gitteranode  (13,  13')  und  eine  dritte 
Mittelspannungs-  (-100  -1000  V)  Beschleuni- 
gungsgitterkathode  (12,  12')  vorgesehen  ist,  um 
die  lonen  aus  der  Einheit  der  drei  Gitter  (6',  1  3', 
12')  auszuscheiden;  wobei  die  zweite  Gitteran- 
ode  (13')  zwischen  derzweiten  Gitterkathode  (6') 
und  der  dritten  Gitterkathode  (12')  angeordnet 
ist,  und  wobei  die  Locheroder  Of  fnungen  der  Git- 
ter  unterschiedliche  Durchmesser  oder  Abmes- 
sungen  haben  und  koaxial  verlaufen. 

6.  Vorrichtung  nach  den  Anspruchen  1  ,  2,  3,  4,  5, 
wobei  fur  die  Erzeugung  von  schnellen  (von  10 
bis  uber  200  keV)  lonen  vom  Target  (2)  begin- 
nend  nacheinander  vorgesehen  sind:  eine  erste 
Niederspannungs-  (0  +100  V)  Gitteranode  (7', 
7"),  eine  zweite  Niederspannungs-  (0  +200  V) 
Gitteranode  (13""),  eine  zweite  negative 
Mittelspannungs-  (-500  -3000  V)  Beschleuni- 
gungsgitterkathode  (6,  6")  und  eine  dritte  Be- 
schleunigungskathode  (12,  12"),  die  mit  ihrer 
mittleren  Offnung  (12")  die  Beschleunigungslin- 
sen  vervollstandigt,  wobei  der  lonenstrahl  in 
Richtung  auf  den  Boden  der  Vorrichtung  gelenkt 
ist;  wobei  die  zweite  Gitteranode  (13)  eine  erste 
auliere  Abdeckung  bildet,  die  eine  zweite  innere 
Abdeckung  (6)  aufweist,  die  von  der  ersten  iso- 
liert  ist  und  die  zweite  Beschleunigungsgitterka- 
thode  (6)  enthalt. 

Revendications 

1.  Source  de  faisceau  d'ions  a  cathode  froide  pour 
creer  un  faisceau  d'ions  a  partird'un  materiau  io- 
nisable  quelconque,  electriquement  conducteur, 
semi-conducteur  ou  isolant,  comprenant  : 

(i)  un  dispositif  de  pulverisation  a  cathode 

froide  comportant  une  premiere  cathode  froi- 
de  (1)  et  une  premiere  anode  (7)  pour  creer 
une  premiere  decharge  electrique  af  in  de  pul- 
veriser  sous  forme  d'atomes  ou  de  molecules, 

5  un  materiau  source  (2),  ladite  premiere  catho- 
de  froide  (1)  pouvant  etre  chargee  par  ledit 
materiau  source  (2)  ; 
(ii)  un  dispositif  d'ionisation  pour  ioniser  les 
atomes  ou  molecules  existant  deja  a  I'etat  ga- 

10  zeux,  a  la  temperature  de  service,  ou  bien 
ceux  qui  ont  ete  pulverises  a  partir  dudit  ma- 
teriau  source  (2)  ; 
(iii)  une  unite  d'acceleration  (12,  13)  pour 
creer  ledit  faisceau  d'ions  en  accelerant  et  en 

15  extrayant  les  ions  crees  dans  le  dispositif  d'io- 
nisation  ; 

caracterise  en  ce  que  : 
ladite  cathode  froide  (1)  a  la  forme  d'un 

conteneur  (1,  1',  1")  si  bien  que  ledit  materiau 
20  source  (2)  peut  etre  place  dans  ledit  conteneur 

sans  avoir  en  aucune  facon  a  etre  fixe  dessus, 
meme  si  ce  materiau  est  sous  forme  de  granules 
ou  de  liquide,  et  en  ce  que  ledit  dispositif  ioniseur 
comprend  une  seconde  cathode  froide  (6)  et  une 

25  seconde  anode  (13)  pour  etablir  une  seconde  de- 
charge  electrique  afin  d'obtenir  un  grand  rende- 
ment  d'ionisation. 

2.  Dispositif  selon  la  revendication  1  ,  dans  lequel  le- 
30  dit  dispositif  d'ionisation  comprend  au  moins  une 

electrode  de  grille  (6,  6',  6")  placee  devant  ledit 
materiau  ionisable  (2)  alors  que  ledit  dispositif 
d'acceleration  comprend  des  electrodes  d'acce- 
leration  (12,  12",  13")  constituant  les  moyens 

35  d'acceleration. 

3.  Dispositif  selon  la  revendication  1  ,  dans  lequel  le- 
dit  dispositif  de  pulverisation  a  cathode  froide 
comprend  une  cathode  (1)  du  type  ditde  magne- 

40  tron,  soumise  a  une  tension  negative  moyenne 
(de  -200  a  -1500  V)  et  comprenant  des  aimants 
(4)  ou  des  electro-aimants,  avec  des  pieces  po- 
laires  (3),  un  circuit  de  refroidissement  (5),  une 
cuve  metallique  (1),  destinee  a  contenir  la  cible 

45  (2),  qu'elle  soit  liquide,  solide  ou  granulaire,  et 
une  premiere  anode  (7',  7")  a  tension  positive  fai- 
ble  (0  a  +100  V),  une  decharge  electrique  etant 
formee  entre  lesdites  electrodes  sous  une  pres- 
sion  inferieure  a  la  pression  atmospherique,  lad  i- 

50  te  cathode  de  magnetron  etant  placee  dans  un 
espace  ferme  qui  est  vide  de  tout  gaz,  et  qui  recoit 
un  gaz  auxiliaire  servant  a  la  decharge,  et  arri- 
vant  par  des  orifices  (10,  10')  pour  former  ladite 
premiere  decharge  electrique. 

55 
4.  Dispositif  selon  les  revendications  1  ,  2  et  3,  dans 

lequel  la  cathode  de  magnetron  (1)  ou  un  dispo- 
sitif  de  gazeif  ication,  meme  different  de  la  catho- 
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de  de  magnetron  servant  a  la  pulverisation,  recoit 
une  tension  alternative  a  haute  frequence  et  non 
une  tension  continue,  en  particulier  pour  I'emploi 
de  cibles  constitutes  par  des  materiaux  qui  n'ont 
pas  une  bonne  conduction  electrique.  5 

5.  Dispositif  selon  les  revendications  1,  2,  3  et  4, 
dans  lequel  pour  la  production  d'ions  a  basse 
energie  (1  00  a  1  000  eV),  il  est  prevu  une  seconde 
grille  (cathode  (6,6'))  a  tension  moyenne  negati-  10 
ve  (-500  a  -3000  V),  une  seconde  grille  d'anode 
(1  3,  1  3')  a  basse  tension  (0  a  +200  V),  et  une  troi- 
sieme  grille  d'acceleration  (cathode  12,  12')  a 
tension  moyenne  (-100  a  -1000  V)  est  prevue 
pour  extraire  les  ions  du  dispositif  a  trois  grilles  15 
(6',  13',  12')  ;  la  seconde  grille  d'anode  (13')  etant 
placee  entre  la  seconde  grille  de  cathode  (6')  et 
la  troisieme  grille  de  cathode  (12'),  les  orifices  ou 
ouvertures  desdites  grilles,  ayant  differents  dia- 
metres  ou  dimensions,  mais  etant  coaxiaux.  20 

6.  Dispositif  selon  les  revendications  1  ,  2,  3,  4,  5, 
dans  lequel,  pour  produire  des  ions  a  haute  ener- 
gie  (a  partirde  10  etjusqu'au  dela  de  200  keV)  il 
est  prevu  successivement  en  commencant  par  la  25 
cible  (2)  :  une  premiere  grille  d'anode  (7',  7")  a 
basse  tension  (0  a  +100  V),  une  seconde  grille 
d'anode  (1  3"")  a  basse  tension  (0  a  +200  V),  une 
seconde  grille  d'acceleration  de  cathode  (6,6")  a 
tension  negative  moyenne  (-500  a  -3000  V),  une  30 
cathode  (6,  6")  et  une  troisieme  cathode  d'acce- 
leration  (12,  12")  laquelle,  avec  son  ouverture 
centrale  (12"),  complete  les  lentilles  d'accelera- 
tion,  le  faisceau  d'ions  etant  dirige  vers  le  bas  du 
dispositif,  ladite  seconde  grille  d'anode  (13)  for-  35 
mant  une  espece  de  premier  couvercle  exterieur 
qui  contient  un  second  couvercle  interieur  (6)  iso- 
le  du  premier  et  qui  constitue  une  seconde  grille 
d'acceleration  de  cathode  (6). 
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