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Description 

The  invention  relates  to  a  method  of  selectively 
providing  a  metal  on  a  surface  of  a  substrate, 
comprising  immersing  solid  substrate  in  a  solution 
of  a  salt  of  said  metal  and  locally  irradiating  said 
surface  with  a  laser  beam. 

Such  a  method  is  described  in  WO-A- 
82/03801  .  In  said  Application  a  description  is  given 
of  the  provision  of  a  metal  track  of,  for  example, 
platinum  on  a  semiconductor  surface  of  a  lll-V 
compound  such  as,  for  example,  InP.  To  this  end, 
such  a  surface  is  brought  into  contact  with  an 
aqueous  or  alcoholic  solution  of  a  platinum  salt,  for 
example  H2PtClG.  A  laser  beam  is  focussed  onto 
the  InP  surface,  and  the  semiconductor  surface  is 
displaced  relative  to  the  laser  beam.  At  the  location 
where  the  laser  impinges  on  the  semiconductor 
surface  a  chemical  reaction  takes  place  between 
said  semiconductor  surface  and  the  solution,  such 
that  platinum  is  deposited  on  the  semiconductor 
surface  in  the  form  of  a  metal.  According  to  the 
present  recognitions,  this  mechanism  is  based  on 
the  generation  of  electron-hole  pairs  at  the  semi- 
conductor  surface  by  irradiation  by  means  of  the 
laser,  provided  that  the  energy  of  the  photons  is  at 
least  equal  to  the  gap  of  the  semiconductor.  The 
electrons  generated  reduce  the  metal  ions  to  metal. 
In  this  manner  a  metal  track  having  a  width  of  2 
mm  is  provided  selectively  and  without  mask  on  a 
semiconductor  surface.  Such  a  method  can  be 
used  for  the  manufacture  of,  for  example,  contact 
areas  on  Integrated  Circuits  (ICs). 

A  disadvantage  of  the  known  method  is  that  it 
can  only  be  used  to  plate  semiconductor  surfaces. 
The  said  method  cannot  be  used  to  plate  metal 
surfaces  or  surfaces  of  insulators. 

In  US-A-4  526  807  a  method  is  disclosed  in 
which  a  solution  of  a  reducible  metal  compound, 
and  oxidisable  nytrogen-containing  organic  com- 
pound,  and  a  solvent  is  coated  on  a  substrate.  The 
substrate  is  dried  by  heating  after  which  the  coated 
substrate  is  contacted  with  a  laser  beam,  where- 
upon  metal  lines  are  produced  on  the  substrate. 

It  is  an  object  of  the  invention,  inter  alia,  to 
provide  a  method  of  the  type  described  in  the 
opening  paragraph  by  means  of  which  semicon- 
ductor  surfaces  and  metal  and  insulator  surfaces 
can  be  plated. 

According  to  the  invention,  this  object  is 
achieved  by  a  method  as  described  in  the  opening 
paragraph,  which  is  characterized  in  that  said  solu- 
tion  consists  essentially  of  a  solvent,  said  salt  and 
a  compound  selected  from  the  group  consisting  of 
ammonia,  a  cyclohexanol  and  an  amine  and  while 
said  surface  is  immersed  in  said  solution  the  local 
irradiation  with  the  laser  beam  takes  place  through 
said  solution,  the  power  density  of  which  beam  at 

said  surface  is  at  least  105  W  per  cm2  thereby 
causing  said  metal  to  be  deposited  on  said  sub- 
strate.  It  has  been  found  that  from  a  solution  of,  for 
example,  PdCb  in  water  to  which  ammonia,  amine 

5  or  cyclohexanol  is  added,  palladium  can  be  depos- 
ited  on  a  substrate  surface  by  means  of  a  laser.  In 
this  case,  the  surface  may  be  an  insulator,  a  semi- 
conductor  or  a  metal  surface.  The  mechanism  is 
based  on  thermochemical  decomposition  of  ammo- 

io  nia,  amine  or  substituted  or  unsubstituted  cyclohex- 
anol  under  the  influence  of  the  high  energy  density 
of  the  laser  beam.  Under  such  conditions  the  said 
compounds  are  dehydrogenized,  thereby  forming 
atomic  hydrogen  in  accordance  with  the  equations: 

75 
2NH3  -->  N2  +6H 
cyclohexanol  -->  phenol  +  6H 

The  atomic  hydrogen  formed  reduces  the  pal- 
20  ladium  ions  to  the  corresponding  palladium  metal. 

The  said  compounds  which  are  added  to  the  metal- 
lic  salt  solution  do  not  form  part  of  the  well-known 
reducing  agents  such  as  hypophosphite,  formal- 
dehyde,  hydrazine  and  dimethyl  aminoborane 

25  which  are  used  in  electroless  plating  baths.  The 
latter  reducing  agents  are  reductive  at  tempera- 
tures  below  100°  C.  When  the  method  according  to 
the  invention  is  used,  substances  such  as  ammo- 
nia,  amine  and  cyclohexanol  are  reductive,  such 

30  that  metal  ions  are  reduced  to  the  corresponding 
metal.  To  increase  the  solubility  in  aqueous  solu- 
tions  cyclohexanol  may  be  substituted  with,  for 
example,  one  or  more  sulphonate  groups.  The  re- 
action  only  takes  place  where  the  substrate  surface 

35  is  irradiated  by  the  laser.  The  wavelength  of  the 
laser  light  is  to  be  selected  such  that  absorption  of 
the  laser  light  by  the  substrate  surface  takes  place, 
so  that  the  substrate  surface  is  heated  locally.  The 
solution  of  Pd  salt  in  ammonia  is  transparent  for  a 

40  large  wavelength  range,  so  that  no  undesirable 
absorption  of  laser  light  takes  place  in  the  solution. 
Water  or  other  solvents  in  which  metallic  salts 
dissolve  such  as  alcohols,  for  example  glycol,  can 
be  used  as  a  solvent.  Mixtures  of  such  solvents 

45  can  also  be  used.  In  principle,  all  soluble  metallic 
salts  can  be  used.  To  deposit  metal  alloys  a  solu- 
tion  is  used  in  which  two  or  more  different  metallic 
salts  are  dissolved.  According  to  this  method,  me- 
tallic  contact  areas  and  patterns  can  be  formed  on 

50  each  substrate  surface  without  using  a  mask.  Metal 
tracks  can  be  formed  on  the  substrate  surface  in 
any  pattern  by  displacing  the  substrate  surface  and 
the  laser  beam  relative  to  each  other.  The  sub- 
strate  may  be  displaced  relative  to  the  laser  beam, 

55  for  example,  by  means  of  an  XY  table.  Another 
possibility  consists  in  displacing  the  laser  beam 
over  the  substrate  surface  by  means  of  a  tilting- 
mirror  mechanism.  Nucleation  with,  for  example, 
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SnCb/PdCb  as  is  required  in  the  case  of  elec- 
troless  plating  of  non-metallic  substrate  surfaces 
can  be  omitted  in  the  method  according  to  the 
invention.  Nucleating  the  substrate  with 
SnCb/PdCb  promotes  the  initiation  of  the  metal 
deposition  and  the  bonding  of  the  said  metal.  The 
solution  used  in  the  method  according  to  the  inven- 
tion  does  not  comprise  a  reducing  agent  such  as 
hypophosphite,  formaldehyde,  hydrazine  or 
dimethyl  aminoborane. 

It  is  to  be  noted  that  in  US-A-4239789  a  de- 
scription  is  given  of  a  method  by  means  of  which 
each  substrate  can  be  provided  with  a  metal  layer 
from  the  liquid  phase  by  means  of  a  laser.  The 
plating  solution  described  therein  is  an  electroless 
plating  bath  in  which  a  reducing  agent  such  as 
sodium  hypophosphite  (NaH2P02)  is  dissolved. 
The  so-called  "background  plating"  takes  place  in 
the  unexposed  areas  of  the  substrate,  and  in  the 
exposed  areas  the  deposition  rate  is  increased  by 
a  factor  of  103  to  10+.  As  is  the  case  with  many 
electroless  plating  processes  the  substrate  surface 
also  has  to  be  activated  previously,  for  example,  by 
PdCb.  In  the  method  according  to  the  invention,  no 
reducing  agent  is  used  in  the  plating  solution,  so 
that  no  "background  plating"  occurs.  The  above 
deposition  rate  is  maximally  0.08  u.m/s,  whereas 
the  deposition  rate  obtained  by  the  method  accord- 
ing  to  the  invention  is  approximately  6  u.m/s.  In  the 
method  according  to  the  invention  activation  by 
means  of,  for  example,  PdCb  is  not  necessary. 

In  US-A-4349583  a  description  is  given  of  a 
method  by  means  of  which  a  metal  layer  can  be 
deposited  from  the  liquid  phase  on  a  metal  sub- 
strate  by  means  of  a  laser.  The  plating  solution 
used  does  not  contain  a  reducing  agent  and  is  a 
so-called  metal  exchange  solution.  This  method 
can  only  be  used  with  substrates  having  such  a 
metal  surface  that  at  the  location  where  the  laser 
beam  impinges  on  the  metal  surface  the  less  noble 
metal  of  the  surface  is  exchanged  at  an  acceler- 
ated  rate  with  the  more  noble  metal  from  the  plat- 
ing  solution.  In  the  method  according  to  the  inven- 
tion,  also  nonmetallic  substrate  surfaces  can  be 
plated. 

An  embodiment  of  the  method  according  to  the 
invention  is  characterized  in  that  an  insulator  is 
used  as  the  surface  of  the  substrate.  The  method 
according  to  the  invention  can  be  advantageously 
used  to  apply  or  repair  metal  patterns  on  surfaces 
of  semiconductor  devices.  Such  surfaces  often 
comprise  insulators  such  as  Si02  or  Si3N+. 

An  embodiment  of  the  method  according  to  the 
invention  is  characterized  in  that  the  metal  is  se- 
lected  from  the  group  formed  by  Pd,  Pt,  Rh,  Ir,  Ru 
and  Ag.  Using  the  method  according  to  the  inven- 
tion  these  metals  are  not  subject  to  oxidation  into 
the  corresponding  oxides.  Less  noble  metals  such 

as  Cu  often  lead  to  the  formation  of  oxides,  so  that 
no  conducting  tracks  are  formed  on  the  substrate 
surface.  The  addition  of  a  noble-metal  salt  to  the 
copper-salt  solution,  thereby  forming  a  copper  alloy 

5  on  the  substrate  surface,  does  lead  to  a  conducting 
track.  Aqueous  solutions  of  the  metallic  salts  of  the 
said  metals,  for  example  acetates,  chlorides  or 
sulphates,  are  colourless  after  the  addition  of  am- 
monia  or  amine,  so  that  no  absorption  of  visible 

io  laser  radiation  takes  place  in  the  solution.  For  ex- 
ample,  1,  2-diaminoethane  can  be  used  as  the 
amine.  The  metal-ion  concentration  in  the  solution 
is  not  critical  and  ranges,  for  example,  between 
0.002  and  0.2  mol/l.  The  concentration  of  the  am- 

is  monia  or  amine  is  not  critical  either,  provided  that  it 
is  present  in  excess  relative  to  the  stoichiometric 
quantity. 

A  preferred  embodiment  of  the  method  accord- 
ing  to  the  invention  is  characterized  in  that  at  the 

20  location  of  the  substrate  surface  the  laser  beam  is 
formed  into  an  elongated  spot.  The  diameter  of  the 
circle  circumscribed  is  approximately  100  urn,  the 
majority  of  the  intensity  being  concentrated  in  an 
elongated  area  having  a  long  and  a  short  axis  of 

25  100  and  20  urn,  respectively.  The  elongated  area 
may  be  in  the  form  of,  for  example,  an  ellipse  or  a 
rectangle.  An  ellipsoidal  spot  is  generated  by  locat- 
ing  a  cylindrical  lens  in  the  light  path  between  the 
laser  and  the  substrate.  A  rectangular  spot  can  be 

30  generated  by  locating  a  rectangular  diaphragm  in 
the  light  path.  In  the  manufacture  of  metal  tracks,  in 
which  process  the  substrate  is  displaced  relative  to 
the  laser  spot,  the  long  axis  of  the  ellipse  or 
rectangle  coincides  with  the  longitudinal  axis  of  the 

35  metal  track.  An  improved  mass  transport  of  the 
metal  ions  takes  place  in  the  longitudinal  direction 
of  the  metal  track  by  virtue  of  the  local  boiling 
phenomena  occurring  at  the  location  of  the  laser 
spot,  so  that  a  smaller  line  width  is  obtained  than  in 

40  the  case  of  a  circular  laser  spot. 
The  invention  will  be  explained  in  more  detail 

by  means  of  the  following  exemplary  embodiments 
and  with  reference  to  the  accompanying  drawings, 
in  which: 

45  Fig.  1  is  a  diagrammatic  representation  of  an 
arrangement  for  carrying  out  the  method  con- 
sisting  in  plating  a  substrate  according  to  a 
pattern  by  means  of  a  laser, 
Fig.  2  is  a  diagrammatic  top  view  of  a  substrate 

50  during  the  application  of  a  metal  track  on  said 
substrate, 
Fig.  3a-c  is  a  diagrammatic  representation  of  a 
number  of  steps  of  a  method  according  to  the 
invention. 

55 
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Example  1  : 

Ammonia  is  added  to  deionized  water  to  a 
concentration  of  2  mol/l.  At  the  boiling  temperature 
PdCb  is  dissolved  in  this  solution  to  a  concentra- 
tion  of  0.02  mol/l.  After  cooling  to  room  tempera- 
ture  this  solution  3  is  introduced  into  a  beaker  1  as 
shown  in  Fig.  1.  A  semiconductor  device  5  is 
present  in  the  solution.  The  beaker  is  located  on  an 
XY-table  7.  An  Ar+  laser  (power  5  W)  manufactured 
by  Spectra  Physics,  type  165  (not  shown)  is  ar- 
ranged  over  the  solution.  The  wavelength  of  the 
laser  light  is  488-514  nm.  The  laser  light  is  incident 
on  the  semiconductor  device  via  a  cylindrical  lens 
11,  and  forms  a  spot  13  on  said  semiconductor 
device.  By  means  of  the  XY  table  the  semiconduc- 
tor  device  is  displaced  relative  to  the  spot  in  the 
direction  of  arrow  15.  Fig.  2  diagrammatically 
shows  a  top  view  of  the  semiconductor  device  and 
the  laser  spot  13  used.  At  the  location  of  the 
semiconductor  surface  15  the  spot  has  a  diameter 
of  100  urn.  The  intensity  of  the  laser  light  in  the 
spot  is  approximately  1.5«105  W/cm2  and,  due  to 
the  use  of  the  cylindrical  lens  11  (Fig.  1),  it  is 
largely  concentrated  in  the  form  of  an  ellipse  17 
having  a  length  of  100  urn  and  a  width  of  20  urn. 
The  substrate  moves  relative  to  the  laser  spot  in 
the  direction  of  arrow  21  at  a  velocity  of  500  u.m/s. 
In  this  process,  a  Pd  track  19  is  formed  having  a 
width  of  20  urn  and  a  thickness  of  10  urn.  This 
corresponds  to  a  Pd  deposition  rate  of  105  u.m3/s. 

Fig.  3a  is  a  cross-sectional  view  of  a  part  of  a 
semiconductor  device,  comprising  a  Si  slice  31 
carrying  a  layer  of  SiCb  33  having  a  thickness  of 
0.6  urn  and  a  layer  of  ShN  ̂ 35  which  also  has  a 
thickness  of  0.6  urn.  Al  tracks  37  and  39  are 
present  in  the  SiCb  layer.  Two  contact  holes  41 
and  43  (Fig.  3b)  having  a  diameter  of  1-2  urn  are 
burnt  in  the  ShN  ̂ layer  in  ambient  air  by  means  of 
a  pulsated  Florod  Xe  laser  (pulse  time  1  usee; 
power  700  W).  By  means  of  the  method  according 
to  the  invention,  the  holes  are  filled  with  Pd  metal 
47  and  49  (Fig.  3c)  and  the  Pd  metal  track  45  is 
written.  This  method  can  be  used  advantageously 
for  repairing  metal  tracks  of  Integrated  Circuits 
(ICs)  or  for  making  changes  in  existing  ICs  in  the 
test  and  development  phase. 

Example  2: 

Example  1  is  repeated  using  an  aqueous  solu- 
tion  of  0.02  mol/l  of  H2PtCIG«6H20  and  a  final 
concentration  of  1  mol/l  of  1  .2-diaminoethane.  In 
this  case,  Pt  metal  47  and  49  is  formed  in  the 
holes  41  and  43  and  a  Pt  metal  track  45  is  ob- 
tained. 

Example  3: 

Example  1  is  repeated  using  100  nl  of  an 
aqueous  solution  of  0.02  mol/l  of  AgN03.  A  few 

5  drops  of  cyclohexanol  are  added  to  this  solution, 
after  which  the  solution  is  shaken.  In  this  case,  Ag 
metal  47  and  49  is  formed  in  the  holes  41  and  43 
and  a  Ag  metal  track  45  is  obtained. 

w  Claims 

1.  A  method  of  selectively  providing  a  metal  on  a 
surface  of  a  substrate,  comprising  immersing 
said  substrate  in  a  solution  of  a  salt  of  said 

is  metal  and  locally  irradiating  said  surface  with  a 
laser  beam,  characterized  in  that  said  solution 
consists  essentially  of  a  solvent,  said  salt  and 
a  compound  selected  from  the  group  consist- 
ing  of  ammonia,  a  cyclohexanol  and  an  amine 

20  and  while  said  surface  is  immersed  in  said 
solution  the  local  irradiation  with  the  laser 
beam  takes  place  through  said  solution,  the 
power  density  of  which  beam  at  said  surface  is 
at  least  105  W  per  cm2  thereby  causing  said 

25  metal  to  be  deposited  on  said  substrate. 

2.  A  method  as  claimed  in  claim  1  ,  characterized 
in  that  the  surface  of  the  substrate  is  an  in- 
sulating  surface. 

30 
3.  A  method  as  claimed  in  claim  1  or  2,  char- 

acterized  in  that  the  metal  is  selected  from  the 
group  consisting  of  Pd,  Pt,  Ir,  Ru  and  Ag. 

35  4.  A  method  as  claimed  in  claim  1,  2  or  3, 
characterized  in  that  the  laser  beam  is  formed 
into  an  elongated  spot  at  the  location  of  the 
substrate  surface. 

40  Patentanspruche 

1.  Verfahren  zum  selektiven  Auftragen  eines  Me- 
talls  auf  einer  Oberflache  eines  Substrats,  wo- 
bei  dieses  Verfahren  die  nachfolgenden  Ver- 

45  fahrensschritte  aufweist:  das  Eintauchen  des 
genannten  Substrats  in  eine  Salzlosung  des 
genannten  Metalls  und  das  ortliche  Bestrahlen 
der  genannten  Oberflache  mit  einem  Laser- 
strahl,  dadurch  gekennzeichnet,  dal3  die  ge- 

50  nannte  Losung  im  wesentlichen  aus  einem  L6- 
sungsmittel,  dem  genannten  Salz  und  einer 
Verbindung  besteht,  die  gewahlt  wird  aus  der 
Gruppe  bestehend  aus  Ammoniak,  einem  Cy- 
clohexanol  und  einem  Amin  und  wahrend  die 

55  genannte  Oberflache  in  die  genannte  Losung 
getaucht  wird,  die  ortliche  Bestrahlung  mit 
dem  Laserstrahl  durch  die  genannte  Losung 
hindurch  erfolgt,  wobei  die  Leistungsdichte  des 

4 
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Strahles  an  der  genannten  Oberflache  minde- 
stens  105  W/cm2  betragt,  wodurch  das  ge- 
nannte  Metall  sich  auf  dem  genannten  Substrat 
ablagert. 

5 
2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dal3  die  Substratoberflache  eine  iso- 
lierende  Oberflache  ist. 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  10 
gekennzeichnet,  dal3  das  Metall  gewahlt  ist  aus 
der  Gruppe,  die  aus  Pd,  Pt,  Ir,  Ru  und  Ag 
besteht. 

4.  Verfahren  nach  Anspruch  1  ,  2  oder  3,  dadurch  is 
gekennzeichnet,  dal3  der  Laserstrahl  an  der 
Stelle  der  Substratoberflache  zu  einem  langli- 
chen  Punkt  gebildet  wird. 

Revendicatlons  20 

1.  Procede  pour  deposer  selectivement  un  metal 
sur  une  surface  d'un  substrat,  comportant  I'im- 
mersion  dudit  substrat  dans  une  solution  de 
sel  dudit  metal  et  le  rayonnement  local  de  25 
ladite  surface  a  I'aide  d'un  faisceau  laser,  ca- 
racterise  en  ce  que  ladite  solution  est  essen- 
tiellement  constitute  d'un  solvant,  dudit  sel  et 
d'un  compose  choisi  parmi  le  groupe  constitue 
d'ammoniaque,  d'un  cyclohexanol  et  d'une  30 
amine  et  que  lorsque  ladite  surface  est  immer- 
gee  dans  ladite  solution,  le  rayonnement  local 
avec  le  faisceau  laser  a  lieu  a  travers  ladite 
solution,  la  densite  de  puissance  dudit  faisceau 
a  ladite  surface  etant  au  moins  egale  a  105  W  35 
par  cm2  faisant  en  sorte  que  ledit  metal  soit 
depose  sur  ledit  substrat. 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  la  surface  du  substrat  est  une  40 
surface  d'isolateur. 

3.  Procede  selon  la  revendication  1  ou  2,  caracte- 
rise  en  ce  que  le  metal  est  choisi  parmi  le 
groupe  constitue  par  Pd,  Pt,  Ir,  Ru  et  Ag.  45 

4.  Procede  selon  la  revendication  1,  2  ou  3,  ca- 
racterise  en  ce  qu'a  I'endroit  de  la  surface  de 
substrat  le  faisceau  laser  est  forme  de  maniere 
a  constituer  un  spot  allonge.  50 
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