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Description 

The  present  invention  is  concerned  with  a 
method  for  depositing  copper  metal  onto  a  sub- 
strate  from  an  electroless  plating  bath.  The 
present  invention  provides  a  process  for  insur- 
ing  against  large  changes  in  the  relative 
amounts  of  the  constituents  of  the  plating  bath. 
In  addition,  the  invention  makes  is  possible  to 
substantially  reduce  the  occurrence  of  nodule 
Formation. 

The  electroless  plating  of  copper  and  nickel, 
onto  a  substrate  is  well-known  in  the  art.  For 
instance,  an  electroless  or  autocatalytic  copper 
plating  bath  usually  contains  a  cupric  salt,  a 
reducing  agent  for  the  cupric  salt,  a  chelating  or 
complexing  agent,  and  a  pH  adjuster.  In  addi- 
tion,  if  the  surface  being  plated  is  not  already 
catalytic  for  the  deposition  of  the  desired  metal, 
a  suitable  catalyst  is  deposited  on  the  surface 
prior  to  contact  with  the  plating  bath.  Among 
the  more  widely  employed  procedures  for 
catalyzing  a  substrate  is  the  use  of  stannous 
chloride  sensitizing  solution  and  a  palladium 
chloride  activator  to  form  a  layer  of  metallic 
palladium  particles. 

Although  the  technology  relative  to  the  elec- 
troless  copper  plating  is  continually  being 
improved,  there  still  remains  room  for 
additional  improvement.  Certain  problems  are 
especially  pronounced  when  preparing  articles 
of  very  high  quality,  such  as  those  to  be 
employed  in  printed  circuit  applications,  e.g. 
printed  circuit  boards  which  contain  high-den- 
sity  circuits  and  large  numbers  of  holes,  such  as 
through-holes  and  blind  holes. 

A  major  reason  for  yield  loss  in  electroless 
plating  in  the  formation  of  what  is  known  as 
extraneous  copper  or  nodules.  The  formation  of 
nodules  in  unwanted  areas  on  a  substrate  can 
result  in  short-circuiting  by  bringing  circuit  lines 
on  the  substrate.  In  addition,  such  processes  as 
applying  protective  coatings  and  solder,  as  well 
as  pin  insertion  in  the  through  holes  are 
adversely  affected  by  the  presence  of  nodules 
on  the  surface. 

Another  problem  encountered  is  the  forma- 
tion  of  voids  on  the  surface  and  on  the  metalli- 
zation  located  in  the  holes.  This,  in  turn,  can 
cause  unreliable  electrical  connections.  More- 
over,  even  if  the  electric  connections  initially  are 
adequate,  the  presence  of  voids  tends  to  cause 
the  coatings  to  crack  during  use  of  the  circuits. 
During  operation,  integrated  circuit  boards  tend 
to  expand  and  contract  somewhat.  Any  discon- 
tinuities  in  the  metallization  represent  a  prime 
site  for  cracking  due  to  the  mechanical  stress 
from  such  expansion  and  contraction. 

Although  many  of  the  problems  of  void 
formation  and  nodule  formation  can  be  mini- 
mized  by  the  judicious  selection  of  the  bath 
constituents  and  the  conditions  of  plating,  rela- 
tively  small  changes  in  constituents  which  invar- 
iably  occur  from  time  to  time  can  result  in  the 
occurrence  of  nodules  and/or  voids  and/or 

failure  to  plate  at  all.  This,  mturn,  results  in 
discarding  potential  parts  and  loss  of  yield. 

The  present  invention  provides  a  method  for 
significantly  reducing,  if  not  entirely  eliminating, 

5  the  formation  of  nodules  during  plating  of  cop- 
per  from  an  electroless  plating  bath.  In  addition, 
the  present  invention  provided  for  a  method 
whereby  undesired  drastic  or  large  changes  in 
the  concentration  of  the  constituents  of  the  plat- 

10  ing  bath  can  be  prevented.  Another  advan- 
tageous  aspect  of  the  present  invention  is  the 
possibility  of  employing  increased  flow  rates  of 
the  plating  bath  relative  to  the  surfaces  being 
plated  which,  in  turn,  results  in  reduction  of 

15  plating  voids  and  increased  plating  rates. 
Subject  of  the  present  invention  is  a  method 

for  plating  copper  metal  onto  a  substrate  from 
an  electroless  plating  solution.  The  method 
includes  providing  a  source  of  an  electroless 

20  plating  bath  which  is  maintained  at  a  non-plat- 
ing  temperature  in  a  master  mixing  tank.  At 
least  a  portion  of  the  plating  bath  is  conveyed 
or  transferred  from  the  master  mixing  tank  to  at 
least  one  plating  cell  containing  the  substrate  to 

25  be  plated.  The  amount  of  plating  bath  trans- 
ferred  to  any  one  plating  cell  is  less  than  the 
total  of  the  plating  bath  in  the  master  mixing 
tank.  The  temperature  of  the  plating  bath  is 
changed  from  a  non-plating  to  a  plating 

30  temperature  while,  at  the  same  time,  maintain- 
ing  the  concentration  of  constituents,  except  for 
the  gases  in  the  plating  bath,  substantially  con- 
stant.  The  substrate  to  be  plated  is  contacted 
with,  the  plating  bath  at  the  plating  temperature 

35  in  the  plating  cell. 
In  the  following,  an  embodiment  of  the  inven- 

tion,  including  possible  variations,  is  described 
with  reference  to  the  drawing. 

The  figure  is  a  schematic  diagram  of  an 
40  arrangement  suitable  for  carrying  out  the  pro- 

cess  of  the  present  invention. 
The  various  constituents  of  the  plating  bath 

are  incorporated  into  the  master  mixing  tank  1 
via  conduits  2.  The  composition  is  maintained  in 

45  the  master  mixing  tank  1  at  a  temperature  at 
which  the  composition  is  not  capable  of  plating. 
For  instance,  with  respect  to  the  preferred 
aspects  of  the  present  invention,  the  bath  is 
maintained  at  a  sub-plating  temperature.  More- 

50  over,  with  respect  to  the  preferred  copper  elec- 
troless  plating  baths  employed  in  accordance 
with  the  present  invention,  the  temperature  in 
the  master  mixing  tank  is  maintained  at  a  sub- 
plating  temperature  of  about  25°C  to  about  65°C. 

55  The  plating  bath  is  well  agitated  in  the  master 
mixing  tank  by  mechanical  agitation  such  as 
propellers  and  baffles.  The  constituents  of  the 
bath  are  well  agitated  in  order  to  assure  against 
concentration  gradients  in  any  one  portion  of 

60  the  bath. 
The  preferred  copper  electroless  plating  baths 

are  disclosed  in  U.S.  Patents  3,844,799  and 
4,152,467. 

The  copper  electroless  plating  bath  is 
65  generally  an  aqueous  composition  which 
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ncludes  a  source  of  cupric  ion,  a  reducing  agent, 
i  compiexing  agent  for  the  cupric  ion,  and  a  pH 
idjustor.  The  plating  baths  also  preferably 
nclude  a  cyanide  ion  source  and  a  surface-active 
igent. 

The  cupric  ion  source  generally  uses  a  cupric 
;ulfate  or  a  cupric  salt  of  the  compiexing  agent  to 
je  employed. 

The  employing  cupric  sulfate,  it  is  preferred  to 
jse  amounts  from  about  3  to  15  gram/liter  and 
nost  preferably  about  8  to  about  12  gram/liter. 

The  most  common  reducing  agent  employed  is 
brmaldehyde  which,  in  the  preferred  aspects  of 
he  present  invention,  is  used  in  amounts  from 
about  0.7  to  about  7  gram/liter  and  most  prefer- 
ably  from  about  0.7  to  about  2.2  gram/liter. 

Examples  of  some  other  reducing  agents 
nclude  formaldehyde  precursors  or  derivatives 
such  as  paraformaldehyde,  trioxane,  dimethyl- 
lydantoin,  and  glyoxal;  borohydrides  such  as 
alkali  metal  borohydrides  (sodium  and  potassium 
jorohydride)  and  substituted  borohydrides  such 
as  sodium  trimethoxy  borohydrides;  and  boranes 
such  as  amine  borane  (isopropyl  amine  borane 
and  morpholine  borane). 

Examples  of  some  compiexing  agents  include 
Flochelle  salts,  ethylene  diamine  tetraacetic  acid, 
the  sodium  (mono-,  di-,  tri-,  and  tetra-  sodium) 
salt  of  ethylene  diamine  tetraacetic  acid, 
nitrolotetraacetic  acid  and  its  alkali  salts,  gluconic 
acid,  gluconates,  triethanol  amine,  glucono 
[gammaHactone,  modified  ethylene  diamine 
acetates  such  as  N-hydroxyethyl  ethylene 
diamine  triacetate.  Moreover,  a  number  of  other 
cupric  compiexing  agents  are  suggested  in  U.S. 
Patents  2,996,408;  3,075,856;  3,075,855;  and 
2,938,805.  The  amount  of  compiexing  agent  is 
dependent  upon  the  amount  of  cupric  ions 
present  in  the  solution  and  is  generally  from 
about  20  to  about  50  gram/liter. 

The  plating  bath  can  also  include  a  surfactant 
which  assists  in  wetting  the  surface  to  be  coated. 
A  satisfactory  surfactant  is,  for  instance,  an 
organic  phosphate  ester,  available  under  the 
trade  designation  'Gafac  RE—  610".  Generally,  the 
surfactant  is  present  in  amounts  from  about  0.02 
to  about  0.3  gram/liter. 

In  addition,  the  pH  of  the  bath  is  generally 
controlled,  for  instance,  by  the  addition  of  a  basic 
compound  such  as  sodium  hydroxide  or 
potassium  hydroxide  in  the  desired  amount  to 
achieve  the  desired  pH.  The  preferred  pH  of  the 
electroless  plating  bath  is  between  11.6  and  11.8. 

Also,  preferably,  the  plating  bath  contains  a 
cyanide  ion  and  most  preferably,  contains  about 
10  to  about  25  milligram/liter  to  provide  a  cyanide 
ion  concentration  in  the  bath  within  the  range  of 
0.0002  to  0.0004  molar.  Examples  of  some 
cyanides  which  can  be  employed  are  the  alkali 
metal,  alkaline  earth  metal,  and  ammonium 
cyanides.  In  addition,  the  plating  bath  can  include 
other  minor  additives  as  is  known  in  the  art. 

The  preferred  plating  baths  employed  have  a 
specific  gravity  within  the  range  of  1.06  to  1.08. 
Moreover,  during  plating,  the  temperature  of  the 

plating  oath  is  preteraoiy  maintainea  Deiween 
about  70°C  and  about  80°C  and  most  preferably, 
between  about  70°C  and  about  75°C.  For  a  discus- 
sion  of  the  preferred  plating  temperature  coupled 

5  with  the  preferred  cyanide  ion  concentrations  see 
U.S.  Patent  3,844,799. 

Also,  the  02  content  of  the  bath  can  be  main- 
tained  between  2  ppm  and  4  ppm  and  preferably, 
about  2.5  to  about  3.5  ppm  during  plating,  as 

<o  discussed  in  U.S.  Patent  4,1  52,467.  The  02  content 
can  be  controlled  by  injecting  oxygen  and  an  inert 
gas  such  as  nitrogen  into  the  bath.  The  overall 
flow  rate  of  the  gases  into  the  bath  is  generally 
from  about  1  to  about  20  SCFM  (ca.  30  to  570  liter/ 

15  min.  at  standard  air  conditions)  per  thousand 
gallons  (ca.  3'800  liter)  of  bath  and  preferably, 
from  about  3  to  about  8  SCFM  (ca.  85  to  225  liter/ 
min.)  per  thousand  gallons  (ca.3'800  liter)  of  bath. 
The  gases  can  be  injected  into  the  bath  via  the 

10  bottom  of  the  mixing  tank  from  conduits  3. 
The  various  constituents  of  the  bath  can  be 

conveyed  to  the  master  mixing  tank  in  the  proper 
relative  amounts  by  use  of  electronic  controllers 
(not  shown).  In  addition,  since  the  master  mixing 

is  tank  is  significantly  larger  than  any  of  the  indivi- 
dual  plating  cells,  the  bath  itself  acts  as  a  chemical 
sink  preventing  additions  of  chemicals  which 
would  significantly  alter  the  relative  concen- 
trations  of  ingredients.  In  particular,  because  of 

30  the  relative  size  of  the  mater  mixing  tank,  any 
minor  variations  in  amounts  of  material  or 
additional  chemicals  that  may  be  introduced  as 
impurities  is  significantly  minimized  and  diluted. 

Nodule  or  extraneous  copper  formation  is  sig- 
35  nificantly  reduced,  if  not  entirely  eliminated,  since 

the  bath  in  the  master  mixing  tank  is  not  capable 
of  plating  but,  instead,  if  preferably  at  a  tempera- 
ture  capable  of  deplating  or  of  etching.  First  of  all, 
formation  of  nodule  (e.g.  Cu20  or  CuOH  nuclei) 

40  that  can  form  due  to  small  concentration 
gradients  at  the  chemical  feedpoints  will  be  mini- 
mized  due  to  good  chemical  mixing  which  can  be 
achieved  in  the  master  mixing  tank.  Moreover, 
since  the  bath  is  in  a  non-plating  mode  and 

45  preferably  in  a  deplating  mode,  any  nodules  that 
may  form  will  not  grow  in  size  due  to  plating  of 
the  nuclei  as  can  occur  when  the  plating  bath  is  at 
plating  temperature. 

Another  advantage  attributable  to  the  use  of  the 
so  master  mixing  tank,  as  employed  in  accordance 

with  the  present  invention,  is  that  dummy  panels 
which  are  now  currently  used  in  manufacturing  in 
order  to  attempt  to  compensate  for  large  changes 
in  chemical  compositions  when  panels  are  loaded 

55  into  a  larger  bath  for  plating,  will  no  longer  be 
necessary.  The  control  will  be  done  in  the  main 
mixing  tank,  rather  than  at  the  site  of  the  actual 
plating  operation.  This  is  advantageous  since  the 
use  of  dummy  panels  is  not  always  sufficient  to 

60  provide  the  time  needed  to  respond  to  a  large 
chemical  concentration  change.  In  view  of  the 
mixing  of  the  constituents  of  the  bath  in  the 
master  mixing  tank,  large  local  chemical  changes 
are  avoided  and  the  need  to  respond  to  such 

65  changes  is  eliminated.  In  preferred  aspects  of  the 

3 
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jresent  invention,  the  amount  of  plating  bath  in 
he  master  mixing  tank  is  at  least  about  5  times 
md  usually  about  5  to  about  40  times  the  amount 
jf  the  bath  in  any  one  individual  plating  cell  and 
preferably,  is  at  least  10  times  and  most  prefer- 
ably  about  10  to  about  20  times  the  amount  of 
slating  bath  in  any  one  individual  plating  cell. 

The  plating  bath  is  conveyed  out  of  master 
mixing  tank  1  via  conduit  4  by  pumps  P1,  P2, 
33,  ...  Pn.  In  a  preferred  aspect  of  the  present 
nvention,  sub-micron  filters,  represented  by  filter 
Dank  5,  is  placed  before  the  pumps  in  order  to 
remove  sub-micron  undissolved  particles  from 
the  plating  bath.  Such  a  procedure  is  not  possible 
when  the  plating  bath  is  at  plating  temperature  in 
/iew  of  the  propensity  of  the  bath  to  form  at  least 
some  nodules  which  would  tend  to  clog  up  the 
sub-micron  filtering  system.  However,  because 
the  bath  is  at  a  temperature  below  plating 
temperature,  the  nodules  will  not  form  arid 
thereby,  sub-micron  filtration  can  be  employed.  If 
desired,  instead  of  a  bank  of  filters  5  before  the 
pumps,  individual  or  separate  filters  can  be  pro- 
vided  after  each  pump.  Portions  of  the  plating 
bath  are  pumped  through  any  one  individual 
pump  via  conduit  6  to  a  heat  exchanger  7  in  order 
to  change  the  temperature  of  the  plating  bath  to 
that  capable  of  plating  such  as  in  the  preferred 
case  raising  it  to  about  70°C  to  about  80°C  and 
preferably  about  70°C  to  about  75°C  for  the  pre- 
ferred  copper  plating  compositions  employed  in 
accordance  with  the  present  invention.  It  is  pre- 
ferred  that  the  temperature  be  changed  to  the 
plating  temperature  prior  to  entry  of  the  bath  into 
the  individual  plating  cells  8  (e.g.  C1f  C2,  C3  ...  C„). 
However,  if  desired,  but  less  preferred,  the  plating 
bath  can  be  changed  within  plating  cells  8  to  a 
temperature  capable  of  plating,  rather  than  being 
changed  prior  to  entering  therein  to  the  desired 
temperature.  The  flow  rate  of  the  plating  bath 
through  the  cells  8  can  be  regulated  as  desired 
and  employing  relatively  high  flow  rates  such  as 
at  about  50  gallons  (ca.  200  liter)  per  minute  to 
about  800  gallons  (ca.  3'000  liter)  per  minute,  and 
preferably  about  350  gallons  (ca.  1'300  liter)  per 
minute  to  about  700  gallons  (ca.  2'700  liter)  per 
minute  advantageously  tends  to  reduce  the  possi- 
bility  of  plating  voids.  These  flow  rates  are  based 
on  cells  typically  about  50  gallons  (ca.  200  liter)  to 
about  500  gallons  (ca.  2'000  liter)  and  more 
usually  about  100  gallons  (ca.  400  liter)  to  about 
300  gallons  (ca.  1'200  liter).  In  present  practice, 
the  panels  or  substrates  being  plated  are  actually 
mechanically  agitated,  which  tends  to  cause 
some  deterioration  in  the  panels  at  the  higher 
agitation  speeds.  However,  in  the  setup  of  the 
present  invention,  it  is  the  plating  solution  which 
provides  the  relative  movement  between  the 
panels  being  plated  and  the  plating  bath. 

The  relative  amounts  of  the  constituents, 
except  for  dissolved  gases  of  the  bath  in  the 
plating  cells,  are  substantially  the  same  as  those 
in  the  main  mixing  tank.  Dissolved  gases  may 
differ  since  the  temperature  of  the  bath  changes 
and  therefore  the  amount  of  dissolved  gases  will 

inherently  change.  For  instance,  tne  soluDiiity  or 
oxygen  in  the  plating  bath  decreases  as  the 
temperature  increases.  Accordingly,  when  an 
amount  of  gas  and  the  temperature  of  the  bath  for 

5  the  plating  cell  is  determined,  the  amount  of  gas 
to  be  incorporated  in  the  bath  in  the  mixing  tank 
can  be  readily  determined  by  the  relative  sol- 
ubilities  of  the  gas  or  gases  at  the  different 
temperatures  involved.  Also,  if  desired,  the 

w  oxygen  content  of  the  bath  in  the  individual 
plating  cells  can  be  controlled  by  injecting  gases, 
and  especially  inert  gases  such  as  nitrogen,  into 
the  individual  plating  cells  to  displace  oxygen  in 
the  bath. 

w  The  plating  bath  is  removed  from  the  plating 
cell  after  plating  via  conduits  9  and  can  be 
conveyed  to  heat  exchanger  10  for  cooling  the 
temperature  of  the  bath  back  down  to  tempera- 
ture  below  that  capable  of  plating  such  as  at 

?o  about  25°C  to  about  40°C.  The  heat  exchanger  can 
employ  cooling  water  in  conduit  11  at  a  tempera- 
ture  of  about  20°C.  The  cooling  water  employed 
can  be  the  exit  water  from  the  heat  exchanger  7 
that  is  used  to  heat  up  the  plating  bath  to  plating 

25  temperature.  The  cooling  water  can  be  conveyed 
from  heat  exchanger  10  via  conduit  12  to  holding 
tank  36  and  then  to  heater  13  to  raise  the  tempera- 
ture  thereof  to  about  80°C  and  then  returned  via 
conduits  14  to  heat  exchangers  7.  As  can  be 

30  appreciated,  the  energy  required  to  heat  and  cool 
the  bath  before  and  after  the  plating  cells  will  be 
relatively  small  for  the  following  reasons: 

1.  The  plating  itself  is  neither  endothermic  nor 
exothermic. 

35  2.  The  volume  of  the  bath  to  be  maintained  at 
the  plating  temperature  is  relatively  small  com- 
pared  to  the  total  volume  of  the  bath  in  the  master 
mixing  tank. 

3.  The  bath  leaving  the  plating  cells  at  the 
40  elevated  temperature  can  be  employed  to  preheat 

the  cooling  water  at  the  heat  exchanger  10  prior 
to  returning  the  cooling  water  to  the  heating 
system  and  heater  13. 

In  addition,  the  plating  cells  8  include  means, 
45  such  as  conduits  34,  to  provide  means  for  convey- 

ing  cleaning  and  rinsing  materials  for  precleaning 
the  substrates  to  be  coated  prior  to  the  plating 
operation.  In  addition,  this  precleaning  can  be 
carried  out  under  an  inert  gas  atmosphere  such  as 

so  a  nitrogen  atmosphere  in  order  to  minimize  oxi- 
dation. 

With  respect  to  the  surfaces  upon  which  the 
copper  is  plated,  they  must  be  catalytic  for  the 
deposition  of  copper.  In  the  event  the  surface 

55  being  plated  is  not  already  catalytic  for  the 
deposition  of  copper,  a  suitable  catalyst  is 
deposited  onto  the  surface  prior  to  contact  with 
the  plating  bath.  Among  the  more  widely 
employed  procedures  for  catalyzing  a  substrate  is 

60  the  use  of  a  stannous  chloride  sensitizing  solution 
and  a  palladium  chloride  activator  to  form  a  layer 
of  metallic  palladium  particles.  One  such  surface 
is  an  epoxy  fiberglass  laminate  containing 
already  deposited  copper  in  those  areas  where 

65  copper  is  to  be  plated  and/or  being  seeded  with  a 
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stannous  chloride  and  palladium  chloride  activat- 
ing  system. 

After  the  plating,  the  plated  substrates  can  be 
rinsed  and  dried  in  the  plating  cells  prior  to 
removal  therefrom.  In  addition,  after  completion 
of  the  plating  cycle  and  removal  of  the  plated 
substrates  therefrom,  the  plating  bath  can  be 
conveyed  to  the  cells  at  temperature  below  the 
plating  temperature,  rather  than  being  heated  to 
the  plating  temperature  in  order  to  etch  the 
plating  cell  walls  and  piping  in  conduits  leading 
from  the  master  mixing  tank  to  the  plating  cells 
prior  to  loading  subsequent  basket  of  plating 
substrates  into  the  plating  cell.  This  use  of  the 
plating  baths  in  an  etching  mode  eliminates  the 
need  for  separate  etching  operations  to  clean  the 
plating  cells.  This  also  eliminates  the  need  for 
shut  down  of  the  plating  cells  for  etching  and  use 
of  separate  etching  compositions.  The  used  plat- 
ing  bath  is  conveyed  from  heat  exchanger  10  via 
conduit  15  either  to  the  master  mixing  tank  1  via 
conduit  16  and/or  to  an  electrolytic  copper 
recovery  tank  17  via  conduit  18.  The  used  bath  at 
the  temperature  below  plating  can  be  used  to 
remove  or  dissolve  copper  which  has  electrically 
been  plated  out  of  any  overflow  via  conduit  19 
from  the  master  mixing  tank  and  this  returned  to 
the  master  mixing  tank  via  conduit  20.  After 
electrolytic  copper  removal,  the  used  bath  is 
conveyed  via  conduit  21  to  a  container  22  for 
recovery  of  compiexing  agent  as  is  known  and  the 
compiexing  agent  recovered  can  then  be  con- 
veyed  via  conduit  23  to  conduit  2  and  back  into 
the  master  mixing  tank  1.  Waste  composition  is 
then  removed  from  compiexing  recovery  unit  22 
via  conduit  24. 

Claims 

1.  A  process  for  plating  copper  metal  from  an 
electroless  copper  plating  bath  onto  a  substrate 
wherein  the  formation  of  nodules  during  plating 
is  significantly  reduced,  comprising  the  following 
steps: 

A)  providing  a  source  of  an  electroless  plating 
bath  maintained  at  a  non-plating  temperature  in  a 
master  mixing  tank  (1): 

B)  transferring  at  least  a  portion  of  the  plating 
bath  to  at  least  one  plating  cell  (8),  the  amount  of 
plating  bath  transferred  to  any  one  plating  cell 
being  less  than  the  total  of  plating  bath  in  said 
master  mixing  tank; 

C)  changing  the  temperature  of  said  bath  from  a 
non-plating  temperature  to  a  plating  temperature, 
while  maintaining  substantially  constant  the  con- 
centration  of  components  except  for  dissolved 
gases  in  said  bath;  and 

D)  contacting  a  substrate  to  be  plated  with  the 
bath  at  a  plating  temperature  in  the  plating  cell. 

2.  The  process  of  claim  1  wherein  the  plating 
bath  is  intermittently  transferred  to  at  least  one 
plating  cell  at  a  deplating  temperature. 

3.  The  process  of  claim  1  wherein  said  non- 
plating  temperature  is  a  sub-plating  temperature. 

4.  The  process  of  claim  1  wherein  said  non- 

plating  temperature  is  a  deplating  temperature  of 
about  25°C  to  about  40°C. 

5.  The  process  of  claim  4  wherein  said  plating 
temperature  is  about  70°C  to  about  80°C. 

5  6.  The  process  of  claim  5  wherein  said  plating 
temperature  is  about  70°C  to  about  75°C. 

7.  The  process  of  claim  1  wherein  the  amount  of 
plating  bath  in  said  master  mixing  tank  (1)  is  at 
least  five  times  the  amount  of  plating  bath  in  any 

10  one  individual  plating  cell  (8). 
8.  The  process  of  claim  1  wherein  the  amount  of 

plating  bath  in  the  master  mixing  tank  (1)  is  at 
least  ten  times  the  amount  of  plating  bath  in  any 
one  individual  plating  cell  (8). 

w  9.  The  process  of  claim  1,  further  including  the 
step  of  filtering  the  plating  bath  through  sub- 
micron  filters  (5)  prior  to  conveying  the  bath  to 
the  plating  cell  (8). 

1  0.  The  process  of  claim  1  wherein  the  tempera- 
20  ture  is  changed  to  the  plating  temperature  prior  to 

the  bath  entering  the  plating  cell  (8). 
1  1  .  The  process  of  claim  1  wherein  used  plating 

bath  is  removed  from  at  least  one  plating  cell  (8) 
and  is  transferred  back  to  the  master  mixing  tank 

25  (1),  and  the  temperature  of  the  plating  bath  is 
changed  to  a  non-plating  temperature  during  the 
transferring  back  to  the  master  mixing  tank. 

Patentanspriiche 
30 

1.  Verfahren  zum  Plattieren  von  Kupfer-Metail 
aus  einem  elektrolosen  Plattierbad  auf  ein  Sub- 
strat,  wobei  die  Bildung  von  Klumpen  wahrend 
des  Plattierens  erheblich  reduziert  ist,  umfassend 

35  folgende  Schritte: 
A)  Bereitstellen  eines  elektrolosen  Plattierbades 

in  einem  Haupt-Mischtank  (1)  bei  Nichtplattier- 
Temperatur; 

B)  Verbringen  wenigstens  eines  Teils  des  Plat- 
40  tierbades  in  mindestens  eine  Plattierzelle  (8), 

wobei  die  Menge  des  in  irgendeine  Plattierzelle 
verbrachten  Plattierbades  weniger  als  die 
Gesamtmenge  des  Plattierbades  im  Haupt-Misch- 
tank  ist; 

45  C)  Verandern  der  Temperatur  des  Bades  von 
einer  Nichtplattier-Temperatur  zu  einer  Plattier- 
Temperatur,  wobei  die  Konzentration  der 
Bestandteile,  ausser  im  Bad  geloster  Gase,  im 
wesentlichen  konstant  gehalten  wird;  und 

so  D)  Benetzen  eines  Substrates,  welches  plattiert 
werden  soli,  mit  dem  Bad  bei  Plattier-Temperatur 
in  der  Plattierzelle. 

2.  Verfahren  nach  Anspruch  1,  wobei  das  Plat- 
tierbad  intermittierend  mit  einer  Deplattier-Tem- 

55  peratur  zu  mindestens  einer  Plattierzelle  ver- 
bracht  wird. 

3.  Verfahren  nach  Anspruch  1,  wobei  die 
Nichtplattier-Temperatur  eine  Unterplattier-Tem- 
peratur  ist. 

60  4.  Verfahren  nach  Anspruch  1,  wobei  die  Nicht- 
plattier-Temperatur  eine  Deplattier-Temperatur 
von  ungefahr  25°C  bis  ungefahr  40°C  ist. 

5.  Verfahren  nach  Anspruch  4,  wobei  die  Plat- 
tier-Temperatur  ungefahr  70°C  bis  ungefahr  80°C 

65  betragt. 
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6.  Verfahren  nach  Anspruch  5,  wobei  die  Plat- 
ier-Temperatur  ungefahr  70CC  bis  ungefahr  75°C 
letragt. 
7.  Verfahren  nach  Anspruch  1  ,  wobei  die  Menge 

les  Plattierbades  im  Haupt-Mischtank  (1)  minde- 
tens  funfmal  so  gross  ist  wie  die  Menge  des 
'lattierbades  in  irgendeiner  einzelnen  Plattierzelle 
8). 

8.  Verfahren  nach  Anspruch  1,  wobei  die  Menge 
les  Plattierbades  im  Haupt-Mischtank  (1)  minde- 
tens  zehnmal  so  gross  ist  wie  die  Menge  des 
'lattierbades  in  irgendeiner  einzelnen  Plattierzelle 
8). 

9.  Verfahren  nach  Anspruch  1,  welches  weiter- 
lin  folgenden  Schritt  umfasst:  Filtern  des  Plattier- 
)ades  durch  Submikronfilter  (5)  von  der  Verbrin- 
jung  des  Bades  in  die  Plattierzelle  (8). 

10.  Verfahren  nach  Anspruch  1,  wobei  die 
remperatur  vor  dem  Eintreten  des  Bades  in  die 
'lattierzelle  (8)  auf  die  Plattiertemperatur 
jebracht  wird. 

11.  Verfahren  nach  Anspruch  1,  wobei  benutz- 
:es  Plattierbad  aus  wenigstens  einer  Plattierzelle 
8)  entferent  und  in  den  Haupt-Mischtank  (1) 
oiruckverbracht  wird,  und  wobei  die  Temperatur 
ies  Plattierbades  wahrend  der  zuruckubertra- 
gung  in  den  Haupt-Mischtank  auf  Nichtplattier- 
remperatur  gebracht  wird. 

Revendications 

1.  Un  procede  pour  deposer  par  metallisation 
un  metal  tel  que  du  cuivre  a  partir  d'un  bain  de 
metallisation  de  cuivre  par  voie  chimique  sur  un 
substrat,  selon  lequel  la  formation  de  nodules  en 
cours  de  metallisation  est  sensiblement  reduite, 
ce  procede  comprenant  les  etapes  suivantes 
consistant  a: 

A)  former  une  source  d'un  bain  de  metallisation 
par  voie  chimique  maintenu  a  une  temperature  de 
non-metallisation  dans  une  cuve  principale  de 
melange  (1); 

(b)  transferer  au  moins  un  partie  du  bain  de 
metallisation  dans  au  moins  une  cellule  de 
metallisation  (8),  le  quantite  de  bain  de  metallisa- 
tion  transferee  dans  I'une  quelconque  des  cellules 
de  metallisation  etant  inferieur  a  la  quanitite 
totale  de  bain  de  metallisation  se  trouvant  dans 
ladite  cuve  principale  de  melange; 

C)  changer  la  temperature  dudit  bain  d'une 
temperature  de  non-metallisation  en  une  tempe- 
rature  de  metallisation,  tout  en  maintenant  sensi- 

blement  constante  la  concenirauon  ue  uumpu- 
sants  a  I'exception  de  gaz  dissous  dans  ledit  bain; 
et 

D)  mettre  en  contact  un  substrat  a  metalliser 
>  avec  le  bain  a  une  temperature  de  metallisation 

dans  la  cellule  de  metallisation. 
2.  Le  procede  selon  la  revendication  1,  dans 

lequel  le  bain  de  metallisation  est  transfere'  par 
intermittence  dans  au  moins  une  cellule  de  metal- 

o  lisation  a  une  temperature  de  de-metallisation. 
3.  Le  "procede  selon  la  revendication  1,  dans 

lequel  ladite  temperature  de  non-metallisation  est 
une  temperature  d'infra-metallisation. 

4.  Le  procede  selon  la  revendication  1,  dans 
5  lequel  ladite  temperature  de  non-metallisation  est 

une  temperature  de  de-metallisation  comprise 
entre  environ  25°C  et  environ  40°C. 

5.  Le  procede  selon  la  revendication  4,  dans 
lequel  ladite  temperature  de  metallisation  est 

w  comprise  entre  environ  70°C  et  environ  80°C. 
6.  Le  procede  selon  la  revendication  5,  dans 

lequel  ladite  temperature  de  metallisation  est 
comprise  entre  environ  70°C  et  environ  75°C. 

7.  Le  procede  selon  la  revendication  1,  dans 
'.5  lequel  la  quantite  de  bain  de  metallisation  se 

trouvant  dans  ladite  cuve  principale  de  melange 
(1)  est  au  moins  egale  a  cinq  fois  la  quantite  de 
bain  de  metallisation  se  trouvant  dans  une  quel- 
conque  des  cellules  individuelles  de  metallisation 

?o  (8). 
8.  Le  procede  selon  la  revendication  1,  dans 

lequel  la  quantite  de  bain  de  metallisation  se 
trouvant  dans  la  cuve  principale  de  melange  (1) 
est  egale  a  au  moins  dixfois  la  quantite  de  bain  de 

35  metallisation  se  trouvant  dans  une  quelconque 
des  cellules  individuelles  de  metallisation  (8). 

9.  Le  procede  selon  la  revendication  1,  compre- 
nant  en  outre  I'etape  de  filtrage  du  bain  de 
metallisation  par  I'intermediaire  de  filtres  au 

40  sous-micron  (5)  avant  le  transfert  du  bain  dans  la 
cellule  de  metallisation  (8). 

10.  Le  procede  selon  la  revendication  1,  dans 
lequel  la  temperature  est  portee  a  la  temperature 
de  metallisation  avant  que  le  bain  ne  penetre 

45  dans  la  cellule  de  metallisation  (8). 
11.  Le  procede  selon  la  revendication  1,  dans 

lequel  le  bain  de  metallisation  utilise  est  enleve 
d'au  moins  une  cellule  de  metallisation  (8)  et  est 
renvoye  a  la  cuve  principale  de  melange  (1),  et  la 

50  temperature  du  bain  de  metallisation  est  changee 
en  une  temperature  de  non-metallisation  pendant 
le  renvoi  a  la  cuve  principale  de  melange. 
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