
J  

Europaisches  Patentamt 

European  Patent  Office  @  Publication  number:  0   1  8 0   0 9 0  

Office  europeen  des  brevets  r^c- 

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85113091.4  ©  lnt.CI.«:  Q  01  N  27/56,  G  01  N  27 /46 ,  

n,  G 0 1 N   27/42,  G  01  D  21 /02 ,  
®  Dateoffihng:  15.10.85  c 2 3 c   1 8 / 1 6 i C 2 5 D   2 1 / 1 2  

@  Priority:  30.10.84  US  666512  ©  Applicant:  International  Business  Machines  Corporation, 
Old  Orchard  Road,  Armonk,  N.Y.  10504  (US) 

@  Inventor:  Arbach,  Gary  Vincent,  Mexico  Lane,  Mahopac 
New  York  10541  (US) 
Inventor:  Bindra,  Permlnder  Singh,  56  Shinglehouse 
Road,  Millwood  New  York  10546  (US) 

®  Date  of  publication  of  application:  07.05.86  l E T ^ i ^   ^ v ^ E J n   mXP>q,W  R°ad' 
Bulletin  86/19  Brlarclrff  Manor  New  York  10510  (US) 

Inventor:  Rath,  David  Lee,  Scarsdale  Road  Route  4, 
Carmei  New  York  10512  (US) 
Inventor:  Roldan,  Judith  Marie,  62  Eastern  Avenue, 
Ossining  New  York  10562  (US) 

@  Representative:  Lewis,  Alan  John,  IBM  United  Kingdom 
Patent  Operations  Hursley  Park,  Winchester,  Hants, 

@  Designated  Contracting  States  :  DE  FR  GB  S021  2JN  (GB) 

@)  System  and  method  for  automatically  monitoring  and  maintaining  desired  concentrations  of  metal  plating  baths. 

  A  system  for  the  automatic,  on-line  analysis  and  control 
of  additives  in  chemical  processing  solutions  in  manufactur- 
ing  processes  is  disclosed. 

The  automatic  control  system  embodiment  includes  a 
sensing  system  such  as  measuring  a  cell  (10)  in  which 
appropriate  sensors  are  located.  For  electrochemical  mea- 
surements,  a  three  electrode  cell  with  a  rotating  disk  sensor 
is  employed  to  control  agitation  of  the  sample  solution. 
Other  sensors  on  electrodes  are  used  to  measure  pH  and 
a  thermometer  is  provided  to  monitor  temperature.  The 
sensing  process,  like  the  sampling  process,  is  automatically 
controlled  by  a  controller  (18). 

The  system,  in  addition  to  the  sensing  means  and  con- 
troller,  further  includes  a  plating  tank  (20),  a  mixing  tank 
(22),  a  pump  or  control  valve  (24)  and  a  reservoir  (26).  The 
measuring  cell  (10)  may  be  disposed  in  the  bath  in  a  stan- 
dard  plating  tank  in  which  the  plating  bath  solution  is  con- 
tained.  Alternatively,  a  flow  through  tank  may  be  used  in 
which  the  plating  solution  may  flow  into  and  from  as  desired. 

When  the  sensing  means  so  determines,  a  replenish- 
ment  bath  from  the  reservoir  can  be  pumped  into  the  mixing 
tank  by  means  of  the  pump  or  control  valve  means  under  the 
command  of  signals  from  the  controller  which  in  turn  re- 
ceives  output  signals  from  the  measuring  cell. 



This  i n v e n t i o n   r e l a t e s   to  a  system  and  method  for  mon i to r ing   m e t a l  

p l a t i n g   bath  c o n c e n t r a t i o n s ,   and  more  p a r t i c u l a r l y   to  a  system  o r  

method  for  e l e c t r o l y t i c a l l y   measuring  the  c o n c e n t r a t i o n   of  a  m e t a l  

p l a t i n g   bath  and  a u t o m a t i c a l l y   r e p l e n i s h i n g   the  b a t h .  

U.S.  Pa ten t   4 ,317,705  of  Hamada  et  al  for  "Method  for  Measu r ing  

C o n c e n t r a t i o n   of  Oxidant  or  Reductant"   d e s c r i b e s   the  use  o f  

p o t e n t i o s t a t   in  an  e l e c t r o l y t i c   c e l l   to  measure  the  c o n c e n t r a t i o n   of  an  

or  a  r e d u c t a n t .   A  so l id   disk  p la t inum  or  gold  e l e c t r o d e   is  employed  as  

a  working  e l e c t r o d e   l oca t ed   near  the  c o u n t e r e l e c t r o d e   and  the  r e f e r e n c e  

e l e c t r o d e   in  a  capsule   through  which  e l e c t r o l y t e   pa s se s .   The  p a t e n t  

po in t s   out  the  advantages   of  using  a  s t a t i c   e l e c t r o d e   r a t h e r   than  a 

r o t a t i n g   disk  e l e c t r o d e .  

This  p a t e n t   does  not  d i scuss   o rgan ic   a d d i t i v e s   which  is  one  of  t h e  

primary  f e a t u r e s   of  the  p r e s e n t   i n v e n t i o n .   Also,  the  a d d i t i v e s  

employed  in  the  Hamada  p a t e n t   are  n e i t h e r   ox idan t s   nor  r e d u c t a n t s .  

U.S.  Pa ten t   4 ,331,699  of  Suzuki  et  al  for  "Method  for  E v a l u a t i n g  

E l e c t r o l e s s   P l a t i n g "   shows  in  FIG.  1,  the  use  of  the  c o u l i s t a t i c  

method  of  measuring  an  e l e c t r o l e s s   p l a t i n g   bath  using  a  m e t a l l i c  

working  e l e c t r o d e   2,  a  r e f e r e n c e   e l e c t r o d e   8  of  Pt,  Cu,  Ni,  Pd,  Cr,  Rh, 

Ir  or  the  l i k e ,   and  a  c o u n t e r e l e c t r o d e   6.  A  pulse   g e n e r a t o r   p r o d u c e s  

pu l se s   which  t e s t   the  s o l u t i o n   from  the  e l e c t r o l e s s   p l a t i n g   bath  which  

is  in  the  c e l l   4.  This  is  r e l e v a n t   in  t ha t   an  e l e c t r o l e s s   p l a t i n g   b a t h  

is  being  measured  e l e c t r o l y t i c a l l y .   The  p a t e n t   d e s c r i b e s   use  of  c o p p e r  
s u l f a t e   and  EDTA  in  the  Examples.  The  Suzuki  p a t e n t   t eaches   the  use  o f  

charge  pu l ses   app l i ed   to  the  working  e l e c t r o d e .   The  p r e s e n t   i n v e n t i o n  

does  not  apply  any  charge  to  the  working  e l e c t r o d e .  



U.S.  Pa ten t   4 ,336,111  of  Graunke  for  a  "Method  for  Determining  t h e  

S t reng th   of  a  Metal  P rocess ing   So lu t ion"   d e s c r i b e s   an  in  s i t u   method 

for  measuring  the  s t r e n g t h   of  an  e l e c t r o l e s s   p l a t i n g   s o l u t i o n   or  an  

e tch ing   s o l u t i o n .   This  ar rangement   invo lves   only  two  e l e c t r o d e s ,  

n e i t h e r   of  which  r o t a t e s .  

U.S.  Pa ten t   4 ,350,717  of  Araki  et  al  for  " C o n t r o l l i n g   E l e c t r o l e s s  

P l a t i n g   Bath"  d e s c r i b e s   an  au tomat ic   system  for  c o n t r o l l i n g   t h e  

composi t ion   of  the  bath  by  measuring  a  c o n s t i t u e n t   which  is  consumed 

and  o p e r a t i n g   a  c o n t r o l l e r   to  add  the  c o n s t i t u e n t   being  consumed  to  t h e  

r e q u i r e d   degree.   The  c o n c e n t r a t i o n   of  the  element  in  the  bath  i s  

measured  by  a  s p e c t r o p h o t o m e t e r   3  which  senses  the  t r a n s m i t t a n c e   at  t h e  

f requency  of  the  metal  complex  in  the  bath  which  v a r i e s   as  a  f u n c t i o n  

of  the  c o n c e n t r a t i o n   of  the  c o n s t i t u e n t   being  d e p l e t e d .   The  s o l u t i o n  

is  enr iched   by  c o n t r o l l i n g   the  valves   22  and  32  in  response   to  t h e  

values   measured.  In  a  c o n t r o l   c i r c u i t ,   a  vo l t age   is  gene ra t ed   i n  

response  to  the  output   of  the  s p e c t r o p h o t o m e t e r   and  i t   is  compared  w i t h  

a  f ixed  vo l t age   to  provide   the  c o n t r o l   s i g n a l s   to  the  devices   b e i n g  

c o n t r o l l e d .   The  p r e s e n t   i n v e n t i o n   does  not  employ  a  s p e c t r o p h o t o m e t e r .  

Araki  t eaches   the  measurement  of  a  metal  complex  and  not  t h e  

measurement  of  any  organic   a d d i t i v e s .  

U.S.  Pa ten t   4 ,353,933  is  s i m i l a r   to  '717  above  but  i t   also  i nc ludes   a  

sensor   4  compris ing  a  s p e c i f i c   g r av ime te r   for  making  measurements  o f  

the  f l u i d s   in  the  bath .   It  d i f f e r s   from  the  p r e s e n t   i n v e n t i o n   in  t h e  

same  ways  as  the  above  Araki  p a t e n t .  

SUMMARY  OF  THE  INVENTION 

An  ob jec t   of  the  p r e s e n t   i n v e n t i o n   is  to  provide   a  system  and  a  method 

of  a u t o m a t i c a l l y   moni to r ing   and  c o n t r o l l i n g ,   through  r e p l e n i s h m e n t ,   t h e  

c o n c e n t r a t i o n   l eve l   of  an  a d d i t i v e   employed  in  a  metal  p l a t i n g   bath  by 

means  of  an  automat ic   monitor   and  con t ro l   s y s t e m .  



Another  ob jec t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rovide   a  system  and 

method  for  measuring  the  p resence   of  the  a d d i t i v e   in  an  e l e c t r o l e s s   o r  

e l e c t r o l y t i c   p l a t i n g   bath  by  t ak ing   a  sample  of  the  bath  and  m e a s u r i n g  

i t   in  s i t u .  

A  f u r t h e r   ob jec t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rovide   an  a u t o m a t i c  

system  for  c o n t r o l l i n g   the  c o n c e n t r a t i o n   of  an  a d d i t i v e   to  a  p l a t i n g  

bath  in  rea l   time  i n c l u d i n g   means  for  measuring  the  mixed  p o t e n t i a l   o f  

the  bath  at  zero  net  c u r r e n t   app l i ed   to  the  ba th ,   means  f o r  

i n t e r p r e t i n g   the  mixed  p o t e n t i a l   as  a  f unc t i on   of  the  v e l o c i t y   of  t h e  

bath  with  r e s p e c t   to  the  measuring  means,  and  means  for  r e f u r b i s h i n g  

the  bath  as  a  f u n c t i o n   of  the  i n t e r p r e t e d   v a l u e .  

The  i n v e n t i o n   wi l l   now  be  f u r t h e r   d e s c r i b e d   with  r e f e r e n c e   to  t h e  

accompanying  drawings ,   in  w h i c h : -  

FIG.  1  is  a  measuring  c e l l   used  in  an  embodiment  of  a  system  and  method 

for  p l a t i n g   accord ing   to  the  p r e s e n t   i n v e n t i o n .  

FIG.  2  is  a  schemat ic   block  diagram  i l l u s t r a t i n g   an  embodiment  of  an 

au tomat ic   c o n t r o l   system  for  c a r r y i n g   out  a  p l a t i n g   bath  p rocess   and 

method  accord ing   to  the  p r e s e n t   i n v e n t i o n .  

FIG.  3  is  a  c a l i b r a t i o n   curve  for  one  embodiment  of  an  o rgan ic   a d d i t i v e  

which  may  be  used  in  the  p r e s e n t   i n v e n t i o n .  

FIG.  4  is  a  c a l i b r a t i o n   curve  for  ano ther   embodiment  of  an  o r g a n i c  

a d d i t i v e   which  may  be  used  in  the  p r e s e n t   i n v e n t i o n .  

FIG.  5  is  a  c a l i b r a t i o n   curve  for  a  f u r t h e r   embodiment  of  an  o r g a n i c  

a d d i t i v e   which  can  be  employed  in  the  p r e s e n t   i n v e n t i o n .  

FIG.  6  is  a  c a l i b r a t i o n   curve  for  s t i l l   ano ther   embodiment  of  an 

organ ic   a d d i t i v e   u se fu l   in  the  p r e s e n t   i n v e n t i o n .  



FIG.  7  is  a  c a l i b r a t i o n   curve  for  the  embodiment  of  FIG.  5  using  a 

d i f f e r e n t   p l a t i n g   b a t h .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Re fe r r i ng   to  FIG.  1,  the  schemat ic   drawing  i l l u s t r a t e s   an  embodiment  o f  

a  system  for  the  au toma t i c ,   o n - l i n e   a n a l y s i s   and  c o n t r o l   of  c h e m i c a l  

p r o c e s s i n g   s o l u t i o n s .   Moni tor ing   and  con t ro l   of  such  s o l u t i o n s   i n  

manufac tu r ing   p r o c e s s e s   is  p a r t i c u l a r l y   c r i t i c a l   in  order   to  m a i n t a i n  

high  s t anda rds   of  q u a l i t y ,   th roughput   and  e f f i c i e n c y   of  p l a t i n g  

s o l u t i o n s   used  in  p r i n t e d   c i r c u i t   board  p l a t i n g   and  magnetic   disk  and 

head  p l a t i n g .  

The  au tomat ic   con t ro l   system  embodiment  is  shown  in  the  block  d i a g r a m  

in  FIG.  2  and  i nc ludes   a  sens ing  system  such  as  measuring  ce l l   10  which  

is  i l l u s t r a t e d   in  d e t a i l   in  FIG.  1.  The  system  of  FIG.  2  a l s o  

r e p r e s e n t s   an  embodiment  for  c a r r y i n g   out  the  p rocess   c o n t r o l   method  o f  

the  p r e s e n t   i n v e n t i o n .  

The  sensing  system  10  c o n s i s t s   of  one  or  more  sens ing  c e l l s   in  which  

a p p r o p r i a t e   sensors   are  l o c a t e d .   For  e l e c t r o c h e m i c a l   measurements ,   a  

th ree   e l e c t r o d e   system  10  as  shown  in  FIG.  1  with  a  r o t a t i n g   d i s k  

sensor   12  is  employed  to  c o n t r o l   a g i t a t i o n   of  the  sample  s o l u t i o n .  

Other  sensors   30  and  32  on  e l e c t r o d e s   14  and  16  are  used  to  measure  pH 

and  a  thermometer   is  p rovided   to  moni tor   t e m p e r a t u r e .   The  s e n s i n g  

p r o c e s s ,   l ike   the  sampling  p r o c e s s ,   is  a u t o m a t i c a l l y   c o n t r o l l e d   by  t h e  

c o n t r o l l e r .   A  number  of  t e c h n i q u e s   of  the  sens ing   subsystem  have  b e e n  

s u c c e s s f u l l y   performed,   i n c l u d i n g   the  g a l v a n o s t a t i c   pulse   method,  t h e  

p o t e n t i o s t a t i c   pulse   method,  l i n e a r   sweep  methods,  the  p o l a r i z a t i o n  

r e s i s t a n c e   method,  the  mixed  p o t e n t i a l   method,  and  a  number  o f  

s p e c t r o p h o t o m e t r i c   t e c h n i q u e s .  

The  system  of  FIG.  2,  in  a d d i t i o n   to  the  sensing  means  10,  f u r t h e r  

inc ludes   a  c o n t r o l l e r   18,  a  p l a t i n g   tank  20,  a  mixing  tank  22,  a  pump 

or  con t ro l   valve  24  and  a  r e s e r v o i r   26.  The  measuring  ce l l   10  may  be  



disposed   in  the  bath  in  a  s t anda rd   p l a t i n g   tank  20  shown  in  FIG.  1,  i n  

which  the  p l a t i n g   bath  s o l u t i o n   is  con t a ined .   A l t e r n a t i v e l y ,  

a  flow  through  tank  may  be  used  as  shown  in  FIG.  1  which  the  p l a t i n g  

s o l u t i o n   may  flow  into  and  from  as  d e s i r e d .  

When  the  sens ing  means  10  so  d e t e r m i n e s ,   a  r e p l e n i s h m e n t   bath  from 

r e s e r v o i r   26  can  be  pumped  in to   mixing  tank  22  by  means  of  pump  o r  

c o n t r o l   valve  means  24  under  the  command  of  s i g n a l s   from  c o n t r o l l e r   18 

which  in  turn  r e c e i v e s   ou tput   s i g n a l s   from  the  measuring  c e l l   10.  

Thus,  FIG.  2  i l l u s t r a t e s   an  au tomat ic   p l a t i n g   bath  r e p l e n i s h m e n t   sy s t em 

wherein  in  s i t u   measurement  devices   sense  the  c o n d i t i o n   of  the  bath  i n  

the  p l a t i n g   tank  (or  in  a  flow  through  t a n k ) ,   then  feedback  such  

measurements  to  a  c o n t r o l l e r   which  in  turn  c o n t r o l s   a  pump  or  v a l v e  

which  i n t r o d u c e s   r e p l e n i s h m e n t   bath  as  needed  for  mixing  with  t h e  

sensed  ba th .   The  purpose  for  such  system  is  as  f o l l o w s :  

Metal  d e p o s i t s   from  p l a t i n g   baths   which  con ta in   o rganic   a d d i t i v e s   a r e  

g e n e r a l l y   b r i g h t   and  possess   p r o p e r t i e s   which  are  impor tan t   to  t h e  

manufac ture   of  m u l t i l a y e r   p r i n t e d   c i r c u i t   boards  and  m u l t i l a y e r  

ceramics .   The  e x t e n t   to  which  an  o rganic   a d d i t i v e   a f f e c t s   t h e  

d e p o s i t i o n   mechanism  and  hence  the  p r o p e r t i e s   of  the  metal  fi lm  depends  

on  the  c o n c e n t r a t i o n   of  the  a d d i t i v e   in  the  p l a t i n g   ba th .   T h e r e f o r e ,  

in  order   to  ma in ta in   p r e c i s e   c o n t r o l   over  the  p l a t i n g   p r o c e s s ,   i t   i s  

neces sa ry   to  a c c u r a t e l y   monitor   the  a d d i t i v e s   and  to  ma in ta in   t h e i r  

c o n c e n t r a t i o n s   wi th in   s p e c i f i e d   l i m i t s .   The  p r e s e n t   i n v e n t i o n   i n c l u d e s  

a  t echn ique   for  mon i to r ing   the  c o n c e n t r a t i o n   of  the  o rgan ic   a d d i t i v e   i n  

the  bath  by  obse rv ing   the  mixed  p o t e n t i a l   of  the  p l a t i n g   s y s t e m .  

This  t echn ique   u t i l i z e s   the  concept   of  the  mixed  p o t e n t i a l   to  d e t e r m i n e  

the  o rgan ic   a d d i t i v e   c o n c e n t r a t i o n   in  an  e l e c t r o l e s s   p l a t i n g   b a t h .  

Organic  a d d i t i v e s   g e n e r a l l y   p a r t i c i p a t e   in  the  p l a t i n g   p rocess   via  a  
su r face   i n t e r a c t i o n   and  as  such  p l a y  a   major  role  in  de t e rmin ing   t h e  

value  of  the  mixed  p o t e n t i a l .   The  mixed  p o t e n t i a l   is  bes t   de f ined   by  

c o n s i d e r i n g   two  or  more  r e a c t i o n s   o c c u r r i n g   s i m u l t a n e o u s l y .   Fo r  



example,  in  an  e l e c t r o l e s s   p l a t i n g   ba th ,   the  anodic  r e a c t i o n   is  t h e  

decompos i t ion   of  the  reducing  a g e n t .  

and  the  ca thod ic   r e a c t i o n   the  r e d u c t i o n   of  the  metal   complex 

A  necessa ry   c o n d i t i o n   for  e l e c t r o l e s s   p l a t i n g   to  occur  is  t h a t   t h e  

e q u i l i b r i u m   p o t e n t i a l   for  the  reducing   agent ,   EOR,  is  more  ca thod ic   t h a n  

the  co r r e spond ing   p o t e n t i a l   EOM,  for  the  metal  d e p o s i t i o n   r e a c t i o n .   At  

s teady  s t a t e ,   the  p l a t i n g   r a t e ,   i p l a t i n g ,   ,  i s   given  b y :  

where  iR  and  iM  are  the  anodic  and  ca thod ic   p a r t i a l   c u r r e n t s  

r e s p e c t i v e l y .   The  p o t e n t i a l   a s s o c i a t e d   with  t h i s   s t e a d y - s t a t e  

c o n d i t i o n   is  r e f e r r e d   to  and  h e r e i n a f t e r   de f ined   as  the  mixed  p o t e n t i a l  

EMP.  The  value  of  the  mixed  p o t e n t i a l   l i e s   between  EOR  and  EOM  and 

depends  on  pa ramete r s   such  as  exchange  c u r r e n t   d e n s i t i e s   iOR  and  iOM, 

Tafel   s lopes   bR  and  bM,  t e m p e r a t u r e ,   e tc .   Organic  a d d i t i o n   a g e n t s  

which  d i r e c t l y   p a r t i c i p a t e   in  the  mechanism  for  the  d e p o s i t i o n   of  t h e  

reducing   agent  or  the  d e p o s i t i o n   of  the  meta l ,   or  both,   a f f e c t   t h e s e  

pa ramete r s   thereby   a l t e r i n g   the  mixed  p o t e n t i a l .   Changes  in  the  v a l u e  

of  the  mixed  p o t e n t i a l   r e s u l t i n g   from  d i f f e r e n t   c o n c e n t r a t i o n s   of  a  

p a r t i c u l a r   o rganic   a d d i t i v e   (such  as  t h i o d i g l y c o l i c   acid  in  the  Ni /B 

bath)  can  then  be  used  to  monitor   the  c o n c e n t r a t i o n   of  the  o r g a n i c  

a d d i t i v e   in  the  e l e c t r o l e s s   p l a t i n g   bath.   This  is  i l l u s t r a t e d   in  t h e  

examples  which  f o l l o w .  



EXAMPLE  1 

I n i t i a l   measurements  were  performed  in  a  p r o p r i e t a r y   n i c k e l - b o r o n   b a t h .  

A  r o t a t i n g   disk  system  was  employed  wherein  the  s u b s t r a t e   to  be  p l a t e d  

was  c e n t r a l l y   p o s i t i o n e d   in  a  p l a s t i c   j a cke t   or  c y l i n d e r .   The 

s u b s t r a t e   was  composed  of  pure  n i cke l   while  the  r e f e r e n c e   e l e c t r o d e   was 

a  s a t u r a t e d   calomel  e l e c t r o d e   immersed  in  the  e l e c t r o l e s s   p l a t i n g   b a t h .  

C a l i b r a t i o n   curves  ob t a ined   as  a  f u n c t i o n   of  r o t a t i o n   r a te   f o r  

t h i o d i g l y c o l i c   acid  are  i l l u s t r a t e d   in  FIG.  3.  The  c r i t i c a l  

c o n c e n t r a t i o n   range  l i e s   between  50  and  150  ppm.  It  can  be  seen  f rom 

FIG.  3  tha t   t h i s   t echn ique   is  h igh ly   s e n s i t i v e   to  the  c o n c e n t r a t i o n   o f  

t h i o d i g l y c o l i c   acid  in  t h i s   c o n c e n t r a t i o n   r a n g e .  

EXAMPLE  2 

Measurements  of  the  mixed  p o t e n t i a l   were  also  performed  w i t h  

t h i o d i p r o p i o n i c   acid  in  the  p l a t i n g   bath .   This  data  is  shown  in  FIG.  4 

as  a  f unc t i on   of  r o t a t i n g   r a t e .   It   can  be  seen  t ha t   while  the  r o t a t i o n  

ra te   dependence  is  d i f f e r e n t   in  the  case  of  t h i o d i p r o p i o n i c   a c i d  

compared  to  t h i o d i g l y c o l i c   ac id ,   the  t echn ique   is  once  again  v e r y  
s e n s i t i v e   to  the  c o n c e n t r a t i o n s   of  t h i s   a d d i t i v e   in  the  p l a t i n g   b a t h .  

Fu r the r   i n v e s t i g a t i o n s   have  r e v e a l e d   tha t   the  a d d i t i v e   m o n i t o r i n g  

t echn ique   d e s c r i b e d   in  t h i s   d i s c l o s u r e   can  also  be  used  to  m o n i t o r  

o rgan ic   a d d i t i v e s   in  o ther   e l e c t r o l e s s   and  e l e c t r o l y t i c   p l a t i n g   b a t h s .  

D e t a i l s   are  given  in  the  examples  which  f o l l o w .  

EXAMPLE  3:  Add i t ive   mon i to r ing   in  e l e c t r o l y t i c   copper  p l a t i n g   b a t h s .  

An  o rgan ic   b r i g h t e n i n g   agent  used  commonly  in  copper  p l a t i n g   ba ths   i s  

t h i o u r e a ,   H2NCSNH2.  The  mixed  p o t e n t i a l   t echn ique   was  app l i ed   to  an 

e l e c t r o l y t i c   copper  bath  c o n t a i n i n g   t h i s   a d d i t i v e .   The  c o m p l e t e  

compos i t ion   of  the  p l a t i n g   bath  was  as  f o l l o w s :  



The  c a l i b r a t i o n   curve  ob ta ined   for  t h i o u r e a   ob ta ined   in  t h i s   p l a t i n g  

bath  is  shown  in  FIG.  5. 

EXAMPLE  4:  2 - B e n z o t h i a z o l e t h i o l   moni to r ing   in  copper  p l a t i n g   b a t h s .  

2 - B e n z o t h i a z o l e t h i o l   is  o f ten   a  p r e f e r r e d   organic   a d d i t i v e   in  b o t h  

e l e c t r o l y t i c   and  e l e c t r o l e s s   copper  p l a t i n g   ba ths .   The  t e c h n i q u e  

d e s c r i b e d   in  t h i s   d i s c l o s u r e   was  app l i ed   to  m o n i t o r  

2 - b e n z o t h i a z o l e t h i o l   in  such  a  bath .   The  c a l i b r a t i o n   curve  ob ta ined   i s  

d i s p l a y e d   in  FIG.  6.  The  p l a t i n g   bath  had  the  fo l lowing   c o m p o s i t i o n :  

EXAMPLE  5:  Addi t ive   moni to r ing   in  e l e c t r o l e s s   copper  b a t h s .  

E l e c t r o l e s s   copper  baths   f r e q u e n t l y   con ta in   t h i o u r e a   as  a  b r i g h t e n e r .  

The  c o n c e n t r a t i o n   of  the  b r i g h t e n e r   d r i f t s   u n p r e d i c t a b l y   as  i t   g e t s  

i n c o r p o r a t e d   into  the  f i lm  or  undergoes  chemical   r e a c t i o n s .   In  o r d e r  

to  monitor   the  c o n c e n t r a t i o n   of  t h i o u r e a   in  e l e c t r o l e s s   p l a t i n g   b a t h s ,  

the  mixed  p o t e n t i a l   t echn ique   was  app l i ed   to  the  bath  with  t h e  

fo l lowing   c o m p o s i t i o n :  

The  c a l i b r a t i o n   curve  given  in  FIG.  7  shows  tha t   t h i s   t echn ique   is  v e r y  
s e n s i t i v e   to  the  c o n c e n t r a t i o n   of  t h i o u r e a .  

What  has  been  d e s c r i b e d   is  a  novel  system  and  appa ra tu s   for  m o n i t o r i n g  

and  c o n t r o l l i n g   the  c o n c e n t r a t i o n s   of  a d d i t i v e s   in  a  p l a t i n g   bath  b o t h  



in  s i t u   and  in  rea l   time.  The  appa ra tu s   may  be  employed  in  t h e  

mon i to r ing   and  c o n t r o l l i n g   of  o ther   chemical   p r o c e s s e s   as  w e l l .  

Likewise ,   one  s k i l l e d   in  the  a r t   w i l l   a p p r e c i a t e   tha t   the  p r o c e s s  
method  d e s c r i b e d   he re in   can  also  be  u t i l i z e d   in  o ther   c h e m i c a l  

p r o c e s s e s .  



1.  A  system  for  p l a t i n g   m a t e r i a l s   of  the  type  i n c l u d i n g   a  f i r s t  

ve s se l   c o n t a i n i n g   a  p l a t i n g   bath  i n i t i a l l y   having  a  d e s i r e d  

c o n c e n t r a t i o n   of  an  organic   a d d i t i v e   and  a  second  ve s se l   c o n t a i n i n g   a  

supply  of  said  organic   a d d i t i v e   for  said  p l a t i n g   ba th ,   said  sy s t em 

being  c h a r a c t e r i s e d   by  compris ing  an  ar rangement   for  a u t o m a t i c a l l y  

c o n t r o l l i n g   the  c o n c e n t r a t i o n   of  said  a d d i t i v e   in  said  p l a t i n g   b a t h  

c o m p r i s i n g :  

means  for  o b t a i n i n g   an  e l e c t r i c a l   measurement  of  said  p l a t i n g   b a t h  

wherein  said  e l e c t r i c a l   measurement  is  a  pa ramete r   dependent   on  t h e  

c o n c e n t r a t i o n   of  said  a d d i t i v e   in  said  b a t h ,  

means  for  d e t e c t i n g   changes  in  said  e l e c t r i c a l   measurement  

i n d i c a t i v e   of  changes  in  said  a d d i t i v e   c o n c e n t r a t i o n   in  said  b a t h ,  

means  r e spons ive   to  said  d e t e c t i n g   means  for  p r o v i d i n g   a  c o n t r o l  

s igna l   r e p r e s e n t a t i v e   of  said  changes  in  a d d i t i v e   c o n c e n t r a t i o n   in  s a i d  

bath ,   and 

means  connected  between  said  f i r s t   and  second  v e s s e l s   f o r  

i n t r o d u c i n g   a  s e l e c t e d   amount  of  said  organic   a d d i t i v e   from  said  s e c o n d  

ves se l   into  said  f i r s t   ves se l   in  accordance  with  said  c o n t r o l   s igna l   t o  

main ta in   said  d e s i r e d   c o n c e n t r a t i o n   of  said  a d d i t i v e   in  said  p l a t i n g  

b a t h .  

2.  A  system  for  p l a t i n g   m a t e r i a l s   accord ing   to  Claim  1,  in  which  

said  means  for  o b t a i n i n g   an  e l e c t r i c a l   measurement  i n c l u d e s  



means  for  measuring  the  mixed  p o t e n t i a l   EMP  (as  h e r e i n b e f o r e  

def ined)   of  said  p l a t i n g   bath  wherein  said  mixed  p o t e n t i a l   is  a  

pa ramete r   dependent   on  the  c o n c e n t r a t i o n   of  said  a d d i t i v e   in  s a i d  

bath ,   and  said  d e t e c t i n g   means  i n c l u d e s  

means  for  d e t e c t i n g   changes  in  said  mixed  p o t e n t i a l   i n d i c a t i v e   o f  

changes  in  said  a d d i t i v e   c o n c e n t r a t i o n   in  said  b a t h .  

3.  A  system  for  p l a t i n g   m a t e r i a l s   according   to  Claim  2,  s a i d  

measuring  means  being  a  app l i ed   d i r e c t l y   in  s i t u   to  said  p l a t i n g   b a t h  

in  said  f i r s t   v e s s e l ,   and  wherein  said  measuring  means  i nc ludes   an 

e l e c t r o d e   system  having  a  r o t a t i n g   disc  sensor  and  r e f e r e n c e   e l e c t r o d e s  

for  pe r fo rming   an  e l e c t r o l y t i c   measurement  of  the  mixed  p o t e n t i a l   E  
of  said  b a t h .  

4.  A  system  for  p l a t i n g   m a t e r i a l s   accord ing   to  Claim  2,  f u r t h e r  

i n c l u d i n g   a  by-pass   tank  connected  to  said  f i r s t   vesse l   for  o b t a i n i n g   a 

sample  of  said  p l a t i n g   bath  in  said  f i r s t   v e s s e l ,   and  wherein  s a i d  

measuring  means  is  app l ied   to  said  sample  of  p l a t i n g   bath  in  s a i d  

by-pass   tank  and  i nc ludes   an  e l e c t r o n i c   system  having  a  r o t a t i n g   d i s c  

sensor   and  r e f e r e n c e   e l e c t r o d e s   for  pe r forming   an  e l e c t r o l y t i c  

measurement  of  the  mixed  p o t e n t i a l   E MP  of  said  b a t h .  

5.  A  system  for  p l a t i n g   m a t e r i a l   accord ing   to  Claim  2,  3  or  4,  i n  

which  said  d e t e c t i n g   means  i n c l u d i n g   an  e l e c t r o n i c   data  p r o c e s s i n g  

means  having  c a l i b r a t i o n   data  r e l a t i n g   p l a t i n g   c o n c e n t r a t i o n   to  s a i d  

e l e c t r o l y t i c   measurement  for  p roducing   an  output   s igna l   s p e c i f y i n g  

a d d i t i v e s   value  for  measured  c o n c e n t r a t i o n s .  

6.  A  system  for  p l a t i n g   m a t e r i a l s   accord ing   to  Claim  5,  in  which  s a i d  

means  r e spons ive   to  said  d e t e c t i n g   means  i nc ludes   a  pump  and  v a l v e  

combinat ion  d i sposed   between  said  f i r s t   and  second  v e s s e l s   r e s p o n s i v e  

to  said  output   s igna l   from  said  e l e c t r o n i c   data  p r o c e s s i n g   means  from 

t r a n s f e r r i n g   an  amount  of  said  a d d i t i v e   from  said  second  vesse l   to  s a i d  



f i r s t   ves se l   to  main ta in   said  d e s i r e d   c o n c e n t r a t i o n   of  said  a d d i t i v e   i n  

said  p l a t i n g   b a t h .  

7.  A  system  for  p l a t i n g   m a t e r i a l s   according  to  Claim  6,  in  which  s a i d  

r o t a t i n g   disc  sensor   and  said  e l e c t r o d e   system  measuring  the  mixed 

p o t e n t i a l   of  said  p l a t i n g   bath  with  a  zero  net  c u r r e n t   app l ied   to  s a i d  

bath,   and 

said  e l e c t r o n i c   data  p r o c e s s i n g   d e t e c t i n g   means  i n t e r p r e t i n g   s a i d  

mixed  p o t e n t i a l   measurement  as  a  f unc t ion   of  the  r e l a t i v e   v e l o c i t y   o f  

said  p l a t i n g   bath  and  said  r o t a t i n g   s e n s o r .  

8.  A  system  for  p l a t i n g   m a t e r i a l s   accord ing   to  Claim  7,  s a i d  

e l e c t r o n i c   data  p r o c e s s i n g   d e t e c t i n g   means  having  s t o r ed   t h e r e i n   d a t a  

a s s o c i a t e d   with  p l a t i n g   bath  c o n c e n t r a t i o n   valves   measured  as  a  

func t ion   of  r o t a t i o n   v e l o c i t i e s   of  said  r o t a t i n g   disc  s e n s o r .  

9.  A  system  for  p l a t i n g   m a t e r i a l s   according   to  Claim  8,  said  a d d i t i v e  

in  said  p l a t i n g   bath  and  said  second  vesse l   being  t h i o u r e a .  

10.  A  system  for  p l a t i n g   m a t e r i a l s   accord ing   to  Claim  8,  said  a d d i t i v e  

in  said  p l a t i n g   bath  and  said  second  v e s s e l   being  2 - b e n z o t h i a z o l e t h i o l .  

11.  A  method  for  c o n t r o l l i n g   the  c o n c e n t r a t i o n   of  an  o rganic   a d d i t i v e  

in  a  system  for  p l a t i n g   m a t e r i a l s   of  the  type  i n c l u d i n g   a  f i r s t   v e s s e l  

con ta in ing   a  p l a t i n g   bath  having  a  de s i r ed   c o n c e n t r a t i o n   of  an  o r g a n i c  

a d d i t i v e   and  a  second  vesse l   c o n t a i n i n g   a  supply  of  said  o r g a n i c  

a d d i t i v e   for  said  p l a t i n g   bath ,   compris ing  the  s teps   o f :  

e l e c t r i c a l l y   measuring  the  mixed  p o t e n t i a l   E MP  (as  h e r e i n b e f o r e  

degined)  of  said  p l a t i n g   bath  wherein  said  mixed  p o t e n t i a l   is  a  

parameter   dependent  on  the  c o n c e n t r a t i o n   of  said  a d d i t i v e   in  said  b a t h ,  

d e t e c t i n g   and  ana lyz ing   changes  in  said  mixed  p o t e n t i a l   f o r  

de te rmin ing   changes  in  said  a d d i t i v e   c o n c e n t r a t i o n   in  said  bath ,   and 



a u t o m a t i c a l l y   adding  a  s e l e c t e d   amount  of  said  o rganic   a d d i t i v e  

from  said  second  vesse l   into  said  f i r s t   ve s se l   in  accordance  with  s a i d  

de te rmined   changes  in  said  a d d i t i v e   c o n c e n t r a t i o n   to  main ta in   s a i d  

d e s i r e d   c o n c e n t r a t i o n   of  said  a d d i t i v e   in  said  p l a t i n g   b a t h .  

12.  A  method  for  c o n t r o l l i n g   the  c o n c e n t r a t i o n s   of  a  p l a t i n g   b a t h  

accord ing   to  Claim  11,  wherein  said  e l e c t r i c a l   measuring  step  i s  

app l i ed   d i r e c t l y   in  s i t u   to  said  p l a t i n g   bath  in  said  f i r s t   v e s s e l ,   and 

wherein  said  e l e c t r i c a l   measurement  s tep  inc ludes   per forming   an  

e l e c t r o l y t i c   measurement  of  the  mixed  p o t e n t i a l   E   of  said  b a t h .  
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