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©  A  method  of  monitoring  in-tank  and  on-line  metal 
ion  content  within  a  plating  bath.  The  method  in- 
volves  the  steps  of  applying  a  pretreatment  signal  to 
a  sensing  electrode  positioned  within  the  plating 
bath,  applying  a  sweep  signal  to  the  pretreated 
sensing  electrode,  and  measuring  the  voltammetric 
peak  current  of  the  resultant  response  signal.  The 
voltammetric  peak  currant  is  proportional  to  the  met- 
al  ion  content  of  the  plating  bath.  The  method  com- 
plements  and  is  easily  integrated  with  known  voltam- 
metric  techniques  for  analysis  of  trace  and  major 
constituents,  and  is  thus  an  integral  part  of  an  effi- 
cient  overall  plating  bath  analysis  system. 
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BACKGROUND  OF  THE  INVENTION 

1_.  Field  of  the  Invention 

The  present  invention  relates  generally  to  plat- 
ing  baths  and  methods  for  monitoring  the  constitu- 
ents  contained  therein.  More  particularly,  the  meth- 
od  of  the  present  invention  relates  to  a  voltam- 
metric  analysis  method  which  accurately  indicates 
metal  ion  concentrations  within  the  bath.  The  meth- 
od  can  be  used  to  maintain  desired  metal  ion 
concentrations  in  order  to  ensure  optimal  plating 
bath  performance. 

2.  Description  of  Related  Art 

A  typical  plating  bath  solution  is  comprised  of  a 
combination  of  several  distinct  electrochemical 
constituents  which  can  be  broadly  divided  into  ma- 
jor  constituents  and  trace  constituents.  The  major 
constituents  typically  make  up  about  2  to  30  per- 
cent  of  the  total  bath  weight  or  volume.  Trace 
constituents  are  present  in  smaller  quantities,  usu- 
ally  less  than  1  percent  of  the  total  weight  or 
volume.  Metal  ions  are  the  source  of  plated  metal, 
and,  therefore,  are  an  important  type  of  major  con- 
stituent  found  in  all  plating  baths. 

The  concentration  levels  of  both  major  and 
trace  constituents  will  influence  the  quality  of  the 
resultant  plating  deposit,  and  should  therefore  be 
regularly  monitored.  Methods  have  been  developed 
for  in-tank  monitoring  of  trace  constituents  as  well 
as  certain  major  constituents.  For  example,  U.S. 
Patent  No.  4,631,116  discloses  a  method  for  moni- 
toring  trace  constituents  such  as  organic  addition 
agents  using  an  in-tank  electrochemical  sensor. 
The  above  patent  is  owned  by  the  same  assignee 
as  the  present  invention  and  is  hereby  incorporated 
by  reference. 

In  general,  the  high  concentrations  of  metal 
ions  in  their  respective  plating  baths  can  interfere 
with  voltammetric  analysis  and  other  wet  chemical 
measurement  techniques.  Therefore,  a  sample  of 
the  plating  bath  solution  is  usually  drawn  from  the 
plating  tank  and  diluted  or  added  to  a  buffer  solu- 
tion  prior  to  analysis  of  metal  ion  concentration. 
Supporting  electrolytes  may  then  be  added  to  the 
diluted  or  buffered  sample  to  improve  measure- 
ment  accuracy.  The  sample  can  be  either  manually 
or  automatically  drawn.  (See  EG&G  Princeton  Ap- 
plied  Research,  Application  Note  Plat-2,  "Applica- 
tion  of  Polarography  to  the  Plating  Industry,"  1985 
for  further  detail.) 

The  diluted  sample  is  typically  analyzed  using 
either  wet  chemical  analysis  or  voltammetry.  Linear 
sweep  voltammetry  is  one  voltammetric  technique 
which  may  be  used,  typically  in  conjunction  with  a 
dropping  mercury  electrode.  The  dropping  mercury 

electrode  provides  a  continuously  renewed  inter- 
face  and  therefore  repeatable  measurement  results. 
However,  the  mercury  electrode  is  not  well-suited 
for  in-tank  use  due  to  the  practical  difficulties  of 

5  incorporating  a  dropping  mercury  electrode  into  an 
in-tank  sensor  as  well  as  the  danger  of  inadvertent 
mercury  contamination  of  the  plating  bath  solution. 

Monitoring  the  concentration  of  certain  types  of 
metal  ions  using  currently  available  techniques  is 

io  thus  costly  and  time-consuming.  The  measure- 
ments  must  be  performed  by  highly  skilled  per- 
sonnel  using  specialized  equipment  and  supplies. 
The  techniques  are  not  suitable  for  in-tank  mea- 
surements.  Furthermore,  the  delay  between  draw- 

75  ing  samples  and  receiving  measurement  results 
can  be  anywhere  from  several  hours  to  several 
days.  The  slow  response  time  of  the  current  tech- 
niques  therefore  limits  the  extent  to  which  a  high 
quality  plating  bath  can  be  continuously  main- 

20  tained. 
As  is  apparent  from  the  above,  there  presently 

is  a  need  for  an  inexpensive  real  time  method  of 
monitoring  the  concentration  of  metal  ions  within  a 
plating  bath.  The  method  should  measure  metal  ion 

25  content  without  drawing  a  sample  of  the  plating 
bath  solution  or  using  a  dropping  mercury  elec- 
trode.  The  method  should  complement  and  be 
easily  integrated  with  known  techniques  and  equip- 
ment  suitable  for  measuring  trace  and  major  con- 

30  stituents,  resulting  in  an  efficient  and  complete 
plating  bath  analysis  system. 

SUMMARY  OF  THE  INVENTION 

35  In  accordance  with  the  present  invention,  a 
method  for  monitoring  the  concentration  of  metal 
ions  within  a  plating  bath  is  provided.  The  present 
invention  is  based  upon  the  discovery  that  dc 
sweep  voltammetry  applied  to  a  properly  cleaned 

40  and  activated  electrode  can  be  used  to  make  rapid 
and  accurate  in-tank  and  on-line  measurements  of 
metal  ion  concentration.  Although  dc  sweep  vol- 
tammetry  has  been  used  for  measuring  diluted  or 
buffered  samples  of  plating  bath  solution  using 

45  special  probes,  it  has  not  heretofore  been  consid- 
ered  possible  to  apply  these  techniques  to  direct 
in-tank  measurements  of  the  solution. 

The  method  of  the  present  invention  involves 
the  steps  of  applying  a  pretreatment  signal  to  a 

50  sensing  electrode  positioned  within  a  plating  bath 
solution  containing  metal  ions.  A  sweep  signal  is 
then  applied  to  the  pretreated  sensing  electrode, 
producing  a  response  signal  having  a  voltammetric 
peak  current  which  can  be  measured.  The  voltam- 

55  metric  peak  current  is  proportional  to  the  con- 
centration  of  metal  ions  in  the  plating  bath. 

As  a  feature  of  the  present  invention,  the  meth- 
od  eliminates  the  delay,  expense  and  complexity 
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typically  associated  with  presently  used  metal  ion 
measurement  methods.  Specialized  equipment  and 
analysis  personnel  are  no  longer  required.  The 
measurement  results  are  available  on-line  in  real 
time  so  that  desired  metal  ion  concentration  levels, 
and  thereby  the  quality  of  the  plating  bath,  can  be 
continuously  and  efficiently  maintained. 

As  another  feature  of  the  present  invention,  the 
response  signal  includes  a  readily  identifiable  cur- 
rent  peak,  the  magnitude  of  which  provides  an 
accurate  indication  of  metal  ion  concentration. 

As  a  further  feature  of  the  present  invention, 
the  method  is  easily  integrated  with  known  plating 
bath  constituent  measurement  methods  and  equip- 
ment,  thus  permitting  measurement  of  all  plating 
bath  constituents  using  a  single  set  of  equipment. 
For  example,  in  the  case  of  an  acid  copper  plating 
bath,  the  present  invention  monitors  copper  ions 
using  equipment  compatible  with  that  used  for 
monitoring  trace  organic  addition  agents,  as  dis- 
closed  in  U.S.  Patent  No.  4,631,116. 

As  an  additional  feature  of  the  present  inven- 
tion,  the  measurements  may  be  made  using  an  in- 
tank  sensor.  A  dropping  mercury  electrode  is  no 
longer  required,  and  a  variety  of  solid  electrodes 
suitable  for  immersion  in  a  plating  bath  may  be 
used.  It  is  therefore  no  longer  necessary  to  draw  a 
sample  of  the  plating  bath  solution  for  analysis. 

The  above-discussed  features  and  attendant 
advantages  of  the  present  invention  will  become 
better  understood  by  reference  to  the  following 
detailed  description  of  the  preferred  embodiment 
and  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  schematic  representation  of  a  pre- 
ferred  embodiment  for  conducting  the  method  of 
the  present  invention. 

FIG.  2  shows  an  exemplary  response  signal 
obtained  by  applying  the  method  of  the  present 
invention  to  an  acid  copper  plating  bath. 

FIG.  3  is  a  graph  of  the  response  signal  vol- 
tammetric  peak  current  as  a  function  of  copper  ion 
concentration  in  acid  copper  plating  baths. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

The  present  invention  uses  dc  voltammetry  to 
perform  in-tank  measurement  of  metal  ion  con- 
centration  levels.  The  method  is  particularly  well- 
suited  to  measuring  the  concentration  of  certain 
types  of  metal  ions  which  are  typically  present  in 
high  concentrations  and  plate  at  a  high  current 
efficiency,  including  nickel,  tin  and  copper  ions. 
These  metal  ions  are  typically  present  in  a  con- 
centration  of  about  1  to  12  oz/gallon  (7.5  to  90 

grams/liter).  The  preferred  embodiment  described 
herein  will  be  applied  to  an  exemplary  acid  copper 
plating  bath  for  purposes  of  demonstrating  the 
method.  It  should  be  understood,  however,  that  the 

5  method  discloses  general  techniques  which  are 
useful  for  monitoring  many  other  types  of  plating 
baths  and  the  metal  ions  contained  therein. 

The  exemplary  system  described  herein  is 
similar  to  the  equipment  used  in  the  trace  constitu- 

io  ent  analysis  system  disclosed  in  U.S.  Patent  No. 
4,631,116. 

The  schematic  diagram  of  FIG.  1  illustrates  a 
preferred  embodiment  of  a  voltammetric  system 
used  to  conduct  the  method  of  the  present  inven- 

15  tion.  The  plating  bath  solution  is  located  within  an 
electrochemical  cell  9.  The  electrochemical  cell  9 
is  preferably  port  of  an  in-tank  electrochemical 
sensor  submerged  within  the  plating  bath.  A  pump 
(not  shown)  can  be  used  to  draw  the  solution 

20  through  the  cell  9.  A  potentiostat  8  generates  ap- 
propriate  pretreatment  and  dc  voltage  sweep  sig- 
nals  which  are  applied  to  sensing  electrode  10 
within  cell  9  via  output  15  and  line  18.  Alternatively, 
the  pretreatment  and  sweep  signals  are  supplied  to 

25  potentiostat  8  by  an  external  function  generator 
(not  shown).  The  specific  characteristics  of  the 
pretreatment  and  sweep  signals  will  be  described 
in  greater  detail  below.  The  potentiostat  8  limits 
fluctuations  in  the  pretreatment  and  sweep  signal 

30  waveforms  resulting  from  changes  in  current  flow 
through  the  electrochemical  cell  9.  The  exemplary 
system  of  FIG.  1  uses  a  PAR  273  potentiostat, 
available  from  Princeton  Applied  Research,  Prin- 
ceton,  New  Jersey. 

35  The  sensing  electrode  10  is  preferably  con- 
structed  of  platinum.  Other  inert  materials  such  as 
gold  or  palladium  may  also  be  used.  The  cell  9 
also  contains  a  counter  electrode  12  and  a  stan- 
dard  calomel  reference  electrode  1  1  .  The  reference 

40  electrode  11  and  counter  electrode  12  are  con- 
nected  to  potentiostat  ports  16,  17  via  lines  19,  20, 
respectively.  This  three-electrode  sensor  design  is 
suitable  for  use  with  many  different  voltammetric 
measurement  techniques.  It  should  be  understood, 

45  however,  that  alternative  electrode  arrangements 
may  also  be  used  with  the  method  of  the  present 
invention. 

When  the  sweep  signal  is  applied  to  sensing 
electrode  10,  a  response  current  is  generated  be- 

50  tween  sensing  electrode  10  and  counter  electrode 
12.  Response  current  signal  characteristics  vary 
depending  upon  the  electrochemical  processes  oc- 
curring  at  the  surface  of  the  sensing  electrode  10. 
Since  the  electrochemical  processes  are  a  function 

55  of  metal  ion  concentration,  the  response  current 
reflects  this  concentration  in  a  manner  to  be  further 
discussed  below. 

3 
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The  response  current  passes  back  through 
potentiostat  8  and  is  applied  to  the  input  22  of  strip 
chart  recorder  7  via  line  23  from  potentiostat  volt- 
age  output  21.  Strip  chart  recorder  7  displays  the 
response  current  (DCV  data)  as  a  function  of  time 
as  shown  in  FIG.  2.  Alternative  display  or  measure- 
ment  means  could  also  be  used.  One  response 
current  characteristic  which  provides  an  accurate 
indication  of  metal  ion  content  is  the  voltammetric 
peak  current.  This  peak  is  designated  as  P1  in  FIG. 
2.  One  type  of  voltammetric  peak  current  is  a 
limiting  current  which  represents  the  maximum  de- 
position  current  for  the  particular  metal  ion  being 
measured.  The  magnitude  and  position  of  the  vol- 
tammetric  peak  current  as  a  function  of  time  will 
therefore  vary  depending  upon  the  type  of  metal 
ions  present  in  the  plating  bath  solution.  The  exem- 
plary  response  current  of  FIG.  2  was  produced  by 
applying  a  dc  voltage  sweep  to  an  exemplary  acid 
copper  bath  containing  copper  ions.  The  response 
current  displays  thus  represent  unique  spectra 
which  indicate  the  metal  ion  content  of  the  plating 
bath  solution. 

The  pretreatment  and  sweep  signal  parameters 
used  to  produce  response  current  spectra  as  illus- 
trated  in  FIG.  2  will  now  he  described.  The 
pretreatment  signals  serve  to  remove  organic  addi- 
tion  agents  or  other  plating  bath  constituents  which 
may  have  adsorbed  on  sensing  electrode  10.  In 
addition,  the  pretreatment  signal  activates  the  elec- 
trode  and  prepares  it  for  subsequent  deposition  of 
metal  ions.  Measurement  repeatability  is  signifi- 
cantly  improved  by  proper  cleaning  and  activation 
of  the  electrode  prior  to  measurement.  The 
pretreatment  signal  is  preferably  an  anodic  poten- 
tial  of  about  2  to  3  volts  applied  for  a  period  of 
about  5  to  15  seconds.  The  exact  potential  and 
duration  will  vary  depending  upon  the  type  of  plat- 
ing  bath  and  the  constituents  it  contains.  In  certain 
cases  it  may  be  preferable  to  apply  two  or  more 
pretreatment  signals  in  sequence  prior  to  measure- 
ment.  An  example  of  a  pretreatment  signal  se- 
quence  is  3  volts  applied  for  10  seconds  followed 
by  1.5  volts  applied  for  10  seconds. 

In  general,  the  voltammetric  sweep  signal  will 
be  swept  from  about  +  1  .0  volts  to  about  -1  .0  volts 
at  a  sweep  rate  of  about  10  to  100  mv/second. 
Although  the  exact  parameter  values  will  vary  de- 
pending  upon  the  type  of  plating  bath,  the  negative 
limit  of  the  voltage  sweep  should  be  such  that  the 
metal  ion  maximum  deposition  current  is  reached. 
The  response  current  will  then  exhibit  a  voltam- 
metric  peak  current  which  can  be  used  to  monitor 
metal  ion  content. 

The  pretreatment  and  sweep  signal  parameters 
described  above  should  be  varied  to  determine  the 
appropriate  range  of  settings  for  a  given  plating 
bath.  The  signal  parameters  which  should  be  var- 

ied  include  pretreatment  signal  potential  and  dura- 
tion,  the  number  of  pretreatment  signals  applied, 
and  the  sweep  signal  voltage  range  and  sweep 
rate.  These  parameters  were  independently  varied 

5  to  determine  suitable  ranges  for  using  the  preferred 
voltammetric  system  of  FIG.  1  to  monitor  copper 
ion  concentration  in  an  exemplary  LeaRonal  CLX 
acid  copper  plating  bath,  available  from  LeaRonal 
of  Freeport,  New  York.  It  should  be  emphasized 

io  that  while  the  parameter  ranges  below  are  particu- 
larly  well-suited  to  copper  ion  content  measure- 
ments,  the  method  may  produce  useful  results 
using  parameters  outside  the  specified  ranges. 

The  parameters  found  to  be  most  suitable  for 
is  measurement  of  copper  ions  in  an  acid  copper 

plating  bath  are  as  follows.  A  single  pretreatment 
signal  having  an  anodic  potential  of  about  +3.0 
volts  was  applied  for  a  period  of  about  10  seconds. 
A  linear  dc  voltage  ramp  signal  was  then  applied  to 

20  the  sensing  electrode.  The  ramp  was  swept  from 
about  +  0.5  volts  to  about  -0.6  volts  at  a  sweep  rate 
of  about  20  mv/second.  An  exemplary  current 
waveform  produced  in  response  to  the  sweep  sig- 
nal  is  shown  in  FIG.  2.  The  magnitude  of  peak  P1 

25  measures  approximately  0.13  volts  and  corre- 
sponds  to  a  copper  ion  concentration  of  about  2.6 
oz/gallon  (19.5  grams/liter). 

The  measurements  were  repeated  with  solu- 
tions  having  different  copper  ion  concentrations  to 

30  produce  the  calibration  curve  shown  in  FIG.  3.  The 
curve  shows  the  change  in  the  magnitude  of  the 
voltammetric  peak  current  as  a  function  of  copper 
ion  concentration.  Point  P1  in  FIG.  3  corresponds 
to  the  peak  P1  in  FIG.  2.  Point  P2  measures  about 

35  0.11  volts  and  shows  the  effect  of  reducing  the 
copper  ion  concentration  to  about  2.2  oz/gallon 
(16.5  grams/liter).  Point  P3  measures  about  0.15 
volts  and  corresponds  to  an  increase  in  copper  ion 
content  to  about  2.93  oz/gallon  (22  grams/liter).  It 

40  can  be  seen  from  FIG.  3  that  the  response  signal 
voltammetric  peak  current  is  a  linear  function  of 
copper  ion  content.  Further  measurements  (not 
shown)  over  a  range  of  about  1.8  to  3.6  oz/gallon 
(13.5  to  27  grams/liter)  also  conformed  to  the  linear 

45  calibration  curve  of  FIG.  3.  In  addition,  the  mea- 
surements  are  consistent  with  results  produced  us- 
ing  wet  chemical  analysis  of  the  same  solutions. 

The  measurements  shown  in  FIG.  3  were  per- 
formed  on  three  distinct  acid  copper  plating  bath 

50  solutions.  In  addition  to  the  differences  in  copper 
ion  content,  the  solutions  contained  different  con- 
centrations  of  other  plating  bath  constituents  such 
as  sulfuric  acid,  chloride  ions  and  organic  addition 
agents.  Therefore,  the  linear  curve  of  FIG.  3  also 

55  indicates  that  the  method  of  the  present  invention 
is  insensitive  to  the  concentrations  of  other  plating 
bath  constituents. 

4 
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Although  the  above  description  has  been  di- 
rected  to  monitoring  the  voltammetric  peak  current 
produced  in  response  to  a  linear  dc  voltage  sweep, 
this  is  by  way  of  illustration  and  not  limitation.  For 
example,  alternative  voltammetric  measurement  5 
signals  could  be  used,  and  other  signal  characteris- 
tics  of  the  response  current  could  be  monitored.  It 
will  be  understood  by  those  skilled  in  the  art  that 
many  such  alternate  implementations  of  this  meth- 
od  are  possible  without  deviating  from  the  scope  of  10 
the  invention,  which  is  limited  only  by  the  appen- 
ded  claims. 

Claims 
75 

1.  A  method  of  monitoring  the  concentration  of 
metal  ions  within  a  plating  bath  solution,  said 
method  comprising  the  steps  of: 

applying  at  least  one  pretreatment  signal 
to  a  sensing  electrode  positioned  within  said  20 
plating  bath  solution,  producing  a  pretreated 
sensing  electrode; 

applying  a  sweep  signal  to  said  pretreated 
sensing  electrode  to  thereby  produce  a  re- 
sponse  signal  having  a  voltammetric  peak  cur-  25 
rent,  said  voltammetric  peak  current  having  a 
magnitude  proportional  to  said  concentration  of 
metal  ions;  and 

measuring  said  magnitude  of  said  voltam- 
metric  peak  current.  30 

9.  The  method  of  claim  1  wherein  said  plating 
bath  solution  is  contained  within  a  plating  tank 
and  said  method  is  performed  on-line. 

10.  A  method  of  monitoring  the  concentration  of 
metal  ions  within  a  plating  bath  solution,  said 
method  comprising  the  steps  of: 

applying  at  least  one  pretreatment  signal 
having  a  potential  and  a  duration  to  a  sensing 
electrode  positioned  within  said  plating  bath 
solution,  producing  a  pretreated  sensing  elec- 
trode; 

applying  a  sweep  signal  having  a  voltage 
range  and  a  sweep  rate  to  said  pretreated 
sensing  electrode  to  thereby  produce  a  re- 
sponse  signal  having  a  voltammetric  peak  cur- 
rent,  said  voltammetric  peak  current  having  a 
magnitude  proportional  to  said  concentration  of 
metal  ions;  and 

measuring  said  magnitude  of  said  voltam- 
metric  peak  current  while  varying  in  combina- 
tion  each  parameter  comprising  said  potential 
and  said  duration  of  said  pretreatment  signal, 
and  said  voltage  range  and  said  sweep  rate  of 
said  sweep  signal,  to  determine  the  specific 
value  of  each  said  parameters  which,  when 
taken  in  combination  with  the  remaining  said 
parameters,  provides  maximum  accuracy  of 
said  voltammetric  peak  current  as  an  indicator 
of  said  concentration  of  metal  ions. 

2.  The  method  of  claim  1  wherein  two  pretreat- 
ment  signals  are  applied  in  sequence  prior  to 
application  of  said  sweep  signal. 

35 
3.  The  method  of  claim  1  wherein  three  pretreat- 

ment  signals  are  applied  in  sequence  prior  to 
application  of  said  sweep  signal. 

4.  The  method  of  claim  1  wherein  said  sweep  40 
signal  is  a  linear  dc  voltage  sweep  signal. 

5.  The  method  of  claim  1  wherein  said  plating 
bath  is  an  acid  copper  plating  bath  and  said 
metal  ions  are  copper  ions.  45 

6.  The  method  of  claim  5  wherein  said  pretreat- 
ment  signal  is  an  anodic  potential  of  about  3.0 
volts. 

50 
7.  The  method  of  claim  5  wherein  said  sweep 

signal  is  swept  from  about  +  0.5  volts  to  about 
-0.6  volts. 

8.  The  method  of  claim  5  wherein  said  sweep  55 
signal  has  a  sweep  rate  of  about  20  mv/sec. 

5 
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