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plating,  although  it  is  conceivable  to  use  a 
calomel  electrode  or  silver-silver  chloride  elec- 
trode  at  a  reference  (comparison)  electrode 
thereby  to  measure  the  difference  of  potential 

5  from  the  object,  this  method  entails  troublesome 
maintenance  and  service  of  the  electrode  and 
complication  of  the  apparatus. 

Therefore,  it  is  an  object  of  the  present  inven- 
tion  to  provide  a  method  and  an  apparatus  cap- 

w  able  of  detecting  the  start  point  of  electroless 
plating  in  a  reliable  manner  e.g.  to  permit  exact 
control  of  the  plating  time  and  film  thickness.  The 
apparatus  can  be  of  simple  construction  which 
involves  no  troublesome  tasks  in  maintenance 

w  work  and  in  service  and  which  can  be  fabricated 
at  a  low  cost. 

In  accordance  with  the  present  invention,  there 
is  provided  a  method  which  comprises  the  steps 
of:  immersing  in  an  electroless  plating  solution  a 

20  couple  of  metal  electrodes  respectively  connected 
to  a  DC  power  supply,  and  acting  as  an  anode  and 
the  other  as  a  cathode,  passing  a  direct  current 
across  the  two  electrodes  at  least  immediately 
before  immersing  an  object  to  be  electroless 

25  plated  in  the  plating  solution  to  activate  the 
cathode  by  metal  deposition  from  the  plating 
solution;  and  measuring  the  potential  difference 
between  the  activated  cathode  and  the  coating 
object,  thereby  detecting  the  start  of  electroless 

30  plating  from  the  measured  values  of  potential 
difference. 

According  to  the  present  invention,  a  metal 
electrode  such  as  a  metal  wire  or  the  like  is  used 
as  a  reference  electrode  to  facilitate  its  main- 

35  tenance  and  service.  In  addition,  at  least  imme- 
diately  before  immersing  an  object  to  be  electro- 
less  plated  in  the  plating  solution,  metal  deposi- 
tion  from  the  plating  solution  is  imparted  to  the 
cathode  the  potential  of  which  is  to  be  compared 

40  with  that  of  the  object,  thereby  forming  thereon  a 
plated  film  of  the  same  condition  as  the  film 
which  will  be  formed  on  the  object  upon  initiation 
of  plating  after  immersion  in  the  plating  solution. 
Therefore,  the  comparison  for  the  difference  of 

45  potential  at  the  start  of  plating  of  the  object  is 
conducted  always  under  the  same  condition,  and 
the  surface  of  the  cathode  is  maintained  stably  in 
activated  state  at  the  time  of  determining  its 
potential  difference  from  the  object.  It  follows  that 

so  the  potential  difference  from  the  object  can  be 
determined  always  in  a  stable  manner,  and  vari- 
ations  tn  the  potential  difference  can  be  detected 
securely  with  high  sensitivity,  permitting  to  detect 
the  start  of  plating  reliably  without  errors. 

55  According  the  the  present  invention,  there  is 
also  provided  an  apparatus  for  carrying  out  the 
above-described  method  effectively,  the. 
apparatus  comprising  a  plating  tank  containing 
an  electroless  solution;  a  DC  power  supply;  a 

60  couple  of  metal  electrodes  connected  to  positive 
and  negative  terminals  of  the  DC  power  supply, 
respectively,  and  immersed  in  an  electroless  plat- 
ing  solution  to  serve  as  an  anode  and  a  cathode, 
an  object  to  be  electroless  plated,  said  object 

65  being  immersed  in  the  electroless  plating  sol- 

Description 

This  invention  relates  to  a  method  and  an 
apparatus  for  detecting  the  start  point  of  electro- 
less  plating  work  such  as  electroless  Co-P  plating 
and  electroless  Co-Ni-P  plating,  and  more  particu- 
larly  to  a  method  and  an  apparatus  for  detecting 
start  of  electroless  plating,  which  can  be  suitably 
used  for  controlling  the  film-thickness  in  electro- 
less  plating. 

The  electroless  plating  such  as  electroless  Co-P 
plating  and  electroless  Co-Ni-P  plating  has  been 
employed  widely  in  the  production  of  magnetic 
memories  or  the  like  as  means  for  producing 
magnetic  films.  In  such  electroless  plating,  the 
control  of  the  film  thickness  is  a  matter  of  utmost 
importance  since  the  thickness  of  a  plated  film 
has  great  influence  on  physical  properties  of  the 
product.  Especially,  in  a  case  of  a  magnetic  film 
which  is  formed  by  electroless  Co-P  plating  or 
electroless  Cu-Ni-P  plating,  it  is  important  to 
detect  the  start  of  plating  for  the  control  of  the 
film  thickness  as  the  film  is  normally  plated  in  a 
very  small  thickness  of  about  0.1  urn  and  within  a 
very  short  time  period  of  about  40  —  60  seconds. 

In  this  connection,  it  has  been  the  general 
practice  to  control  the  film  thickness  byway  of  the 
plating  time.  When  forming  a  film  of  a  relatively 
large  thickness  over  a  long  plating  time,  the 
difference  in  film  thickness  is  less  than  0.1  urn 
between  a  case  where  the  plating  is  initiated 
immediately  after  immersion  in  the  plating  solu- 
tion  of  an  object  or  material  to  be  coated  and  a 
case  where  the  plating  is  initiated  several  seconds 
or  ten  and  several  seconds  or  several  tens 
seconds  after  immersion  of  the  object  to  be 
coated  depending  upon  the  activeness  of  the 
plating  solution.  Namely,  when  plating  thick 
films,  there  occurs  no  objectionable  errors  in  film 
thickness  even  if  the  plating  time  is  regard  as  the 
time  of  immersion  of  the  object  to  be  coated  in  a 
plating  solution,  that  is  to  say,  the  time  length 
between  the  time  point  when  the  object  is 
immersed  in  the  plating  solution  and  the  time 
point  when  the  object  is  lifted  up  from  the  plating 
bath.  Accordingly,  the  film  thickness  can  be  con- 
trolled  suitably  on  the  basis  of  the  immersion 
time  of  the  object  to  be  coated  instead  of  the 
plating  time,  without  knowing  the  exact  stating 
point  of  plating  after  immersion  of  the  object. 
However,  in  the  case  of  the  above-mentioned 
electroless  plating  in  which  normally  a  film  with  a 
thickness  of  about  0.1  urn  is  plated  within  a  time 
period  of  about  40  —  60  seconds,  the  substitution 
of  the  plating  time  with  the  immersion  time  is 
perilous  since  the  plating  may  start  with  a  delay  of 
several  to  several  tens  seconds  after  immersion 
of  an  object  to  be  coated  in  a  plating  solution. 
Thus,  in  view  of  the  difficulty  of  controlling  the 
film  thickness  by  way  of  the  immersion  time,  it  is 
necessary  to  detect  the  exact  starting  point  of 
plating  and  to  control  the  plating  time  accordingly 
in  order  to  control  the  film  thickness  appro- 
priately. 

As  for  the  method  for  detecting  the  start  of 
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start  point  of  plating  can  be  detected  from  the 
results  of  measurement  of  the  potential  difference 
in  a  reliable  manner.  Besides,  as  the  start  point  is 
detected  after  complete  immersion  of  the  object 

5  in  the  plating  solution,  the  start  of  electroless 
plating  can  be  detected  with  high  reliability  and 
free  of  errors!  Thus,  the  apparatus  of  the  inven- 
tion  is  especially  suitable  for  controlling  the  actual 
time  of  electroless  plating  and  the  plated  film 

10  thickness,  in  addition  to  the  advantages  such  as 
easiness  of  maintenance  and  service,  simple  con- 
truction,  and  low  cost  of  manufacture. 

The  invention  will  now  be  further  explained, 
and  embodiments  thereof  given  by  way  of 

15  example,  in  the  following  description  in  connec- 
tion  with  the  accompanying  drawings  in  which: 

Fig.  1  is  a  diagrammatic  view  of  an  apparatus 
employed  for  carrying  out  the  method  of  the 
present  invention; 

20  Fig.  2  is  a  diagrammatic  view  of  a  plating  film 
thickness  control  system  incorporating  the 
apparatus  of  Fig.  1  ; 

Fig.  3  is  a  block  diagram  showing  a  more 
particular  embodiment  of  the  invention; 

25  Fig.  4  is  a  waveform  diagram  employed  for  the 
explanation  of  operations  by  the  embodiment  of 
Fig.  3;  and 

Figs.  5  to  9  are  charts  of  potential  difference 
between  the  cathode  and  coating  object. 

30  Referring  first  to  Fig.  1,  there  is  shown  an 
example  of  the  apparatus  for  carrying  out  the 
method  of  the  present  invention,  in  which  indi- 
cated  at  1  is  a  plating  tank,  at  2  is  an  electroless 
plating  solution  held  in  the  tank  1,  and  at  3  and  4 

35  are  metal  electrodes  connected  to  positive  and 
negative  terminals  of  a  DC  power  supply  5  for 
electrolysis  and  immersed  in  the  plating  solution 
2.  Denoted  at  6  is  a  potentiometer  with  its  nega- 
tive  terminal  connected  to  the  electrode  4 

40  (cathode)  which  is  connected  to  the  negative 
terminal  of  the  aforementioned  DC  power  supply 
5,  the  positive  terminal  of  the  potentiometer  6 
being  connected  to  an  object  or  material  7  to  be 
electroless  plated. 

45  In  order  to  carry  out  the  method  of  the  inven- 
tion  by  the  use  of  this  apparatus,  electricity  is 
applied  to  the  electrode  (anode  and  cathode)  at 
least  immediately  before  immersing  the  object  7 
in  the  plating  solution  2  to  plate  the  cathode  4.  By 

so  so  doing,  metal  is  caused  to  deposit  from  the 
plating  solution  at  the  cathode  4  to  form  thereon  a 
plated  film  at  least  immediately  before  immersion 
of  the  object  7,  in  the  same  condition  as  it  would 
be  in-  the  start  of  plating  of  the  object  7,  putting 

55  the  surface  of  the  cathode  in  activated  state 
suitable  for  the  comparison.  Accordingly,  the 
cathode  4  is  potentially  stabilized  when  its  poten- 
tial  difference  from  the  object  7  is  measured  by 
the  potentiometer  6  to  detect  the  start  point  of 

60  plating.  For  example,  in  a  case  where  an  object 
made  of  copper  is  immersed  in  an  electroless  Ni-P 
plating  solution,  the  potential  difference  between 
the  cathode  4  and  the  object  (copper)  7  is  about 
500  mV  before  start  of  plating.  Upon  start  of 

65  plating,  the  potential  difference  drops  to  approxi- 

ution;  an  electroless  control  means  adapted  to 
produce  an  electrolysis  command  signal  thereby 
to  let  the  DC  power  supply  pass  a  predetermined 
amount  current  across  the  electrodes  for  a  pre- 
determined  time  period  to  cause  metal  deposition 
from  the  plating  solution  at  the  cathode  con- 
nected  to  the  negative  terminal  of  the  DC  power 
supply;  a  non-operation  control  means  adapted 
to  be  actuated  for  a  predetermined  time  period 
immediately  after  termination  of  the  electrolysis 
command  signal;  a  potentiometer  for  measuring 
the  potential  difference  between  an  object  to  be 
electroless  plated  and  the  cathode  connected  to 
the  negative  terminal  of  the  DC  power  supply; 
and  a  comparison  means  adapted  to  be  actuated 
immediately  after  de-actuation  of  the  non-oper- 
ation  control  means  to  compare  the  measured 
potential  difference  with  a  present  value,  and  to 
produce  an  electroless  plating  start  signal  when 
the  measured  potential  difference  reaches  the 
preset  value. 

According  to  the  apparatus  of  the  invention,  the 
potential  difference  between  the  object  and 
cathode  is  compared  accurately  since  the  com- 
parison  is  started  by  the  non-operating  means 
upon  lapse  of  a  predetermined  time  after  termina- 
tion  of  the  electrolysis  command  signal  which 
causes  the  metal  deposition  on  the  cathode. 
Namely,  when  the  object  is  immersed  in  an 
electroless  plating  solution,  especially  when  the 
object  is  immersed  in  an  electroless  plating 
solution  by  means  of  an  automatic  feeder,  it 
usually  takes  several  seconds  for  the  upper  end  of 
the  object  to  be  immersed  completely  from  the 
time  point  when  its  lower  end  firstly  dipped  in  the 
plating  solution.  In  a  case  where  the  comparison 
is  made  without  a  time  lag,  there  are  possibilities 
of  misoperations,  detecting  the  start  of  plating 
upon  metal  deposition  on  part  of  the  object 
before  complete  immersion  of  the  object  even 
though  the  plating  has  not  yet  occurred  to  the 
object  as  a  whole.  However,  as  described  herein- 
before,  the  apparatus  of  the  invention  is  adapted 
to  start  the  comparison  with  a  time-lag,  corre- 
sponding  to  the  time  which  is  required  for 
immersing  the  object  completely  in  the  plating 
solution,  comparing  the  potentials  after  complete 
immersion  of  the  object  to  detect  the  exact  start 
point  in  a  reliable  manner. 

Further,  the  apparatus  of  the  invention  is 
variable  with  regard  to  the  electrolytic  current, 
time-lag  and  setting  value  of  the  potential  differ- 
ence  between  the  cathode  and  the  object  to  cope 
with  various  kinds  of  electroless  plating. 

Thus,  according  to  the  invention,  metal  deposi- 
tion  from  the  plating  solution  is  imparted  to  the 
cathode  immediately  before  immersion  of  an 
object  to  be  electroless  plated  in  the  plating 
solution  to  form  thereon  a  plated  film  of  the  same 
condition  as  the  film  which  would  be  formed  at 
the  start  of  plating  of  the  object,  putting  its 
surface  in  activated  state  suitable  for  comparison. 
That  is  to  say,  the  cathode  is  potentially  stabilized 
when  its  potential  difference  from  the  object  is 
measured  by  a  potentiometer,  so  that  the  exact 
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mately  to  0  mV  since  metal  deposition  occurs  on 
the  object  7  in  the  same  condition  as  on  the 
cathode  4,  immediately  covering  the  surface,  of 
the  object  7.  Thus,  the  start  point  of  plating  can  be 
detected  clearly  from  this  variation  in  potential  5 
difference. 

The  method  of  the  present  invention  is  not 
limited  to  any  particular  type  of  electroless  plating 
solution,  and  suitably  used  not  only  for  Co-P,  Co- 
Ni-P,  Ni-P  and  Ni-B  electroless  plating  solutions  10 
but  also  for  electroless  copper  plating  solutions. 
Any  case,  the  method  of  the  invention  is  particu- 
larly  suitable  for  application  to  electroless  plating 
indenting  to  plate  a  thin  film  in  a  short  period  of 
time.  •  15 

The  object  to  be  plated  by  the  method  of  the 
invention  may  be  of  any  material  as  long  as 
electroless  plating  is  feasible.  In  addition  to 
metals,  the  invention  is  applicable  to  electroless 

.plating  of  ceramics  or  plastics  having  metallic  20 
catalyst  nuclei  such  as  palladium  deposited  on 
the  surfaces  thereof. 

With  regard  to  the  metal  electrodes,  metal 
wires  or  rods  with  small  surface  areas  are  suitably 
used  in  order  to  reduce  wasteful  metal  deposition  25 
at  the  cathode,  The  metal  electrode  for  the  anode 
is  preferred  to  be  of  a  material  which  is  insoluble 
by  electrolysis,  for  example,  preferred  to  be 
platinum  or  the  like.  There  are  no  specific  restric- 
tions  on  the  material  of  the  metal  electrode  for  the  30 
cathode,  and  it  is  possible  to  use  various 
materials  though  it  is  preferred  to  be  selected 
from  platinum,  stainless  steel  or  other  metals 
which  are  insoluble  in  the  plating  solution. 

The  electricity  to  be  applied  across  the  metal  35 
electrodes  (anode  and  cathode)  for  electrolysis 
suffices  in  at  least  of  a  minimum  amount  of 
current  which  is  capable  of  forming  a  plated  film 
on  the  cathode.  Greater  the  amount  of  current, 
greater  becomes  the  amount  of  metal  deposition  40 
on  the  cathode  per  unit  time.  In  order  to  avoid 
wasteful  metal  deposition,  it  is  preferred  to  apply 
current  slightly  in  excess  of  the  above-mentioned 
minimum  amount,  normally  a  current  in  the 
range  of  about  50—500  mA/dm2.  In  this  instance,  45 
the  current  is  preferred  to  be  applied  always  in  a 
constant  amount,  and  for  this  purpose  the  DC 
power  supply  is  preferred  to  be  a  constant  current 
power  supply.  Also,  a  constant  voltage  power 
supply  can  be  suitably  used.  50 

The  electricity  can  be  applied  to  the  metal 
electrodes  either  continuously  or  intermittently. 
Any  way,  it  is  necessary  to  apply  the  current 
immediately  before  immersion  of  an  object  to  be 
plated  in  the  plating  solution  to  form  a  plated  film  55 
of  activated  state  on  the  cathode  beforehand. 
Namely,  by  applying  electricity  continuously 
across  the  two  electrodes  (anode  and  cathode), 
the  metal  deposition  takes  place  continuously  at 
the  cathode  to  keep  it  in  activated  state.  On  the  60 
other  hand,  for  intermittent  current  application,  it 
is  possible  to  employ  various  methods,  for 
example,  a  method  of  applying  current  only  when 
the  object  is  not  immersed  in  the  plating  solution 
and  cutting  the  current  supply  while  the  object  is  6S 

in  immersed  state,  a  method  of  applying  current 
only  for  a  period  of  several  seconds  or  several 
tens  of  seconds  immediately  before  immersion  of 
the  object  in  the  plating  solution,  or  a  method  of 
applying  current  for  a  period  from  a  point 
immediatley  before  immersion  of  the  object  in  the 
plating  solution  to  the  start  point  of  plating.  In  this 
connection,  from  an  operational  standpoint,  it  is 
recommended  to  employ  the  method  of  con- 
tinuously  supplying  small  current.  However,  in  a 
case  where  the  physical  properties  of  a  plating 
film  is  likely  to  be  influenced  by  the  current  which 
is  applied  across  the  two  electrodes  during  forma- 
tion  of  the  film,  for  example,  in  case  of  forming  a 
magnetic  film  by  electroless  plating,  it  is  preferred 
not  to  apply  the  current  while  the  object  is 
immersed  in  the  plating  solution  and  to  apply 
current  only  for  a  predetermined  time  period  from 
a  point  immediately  before  immersion  of  the 
object. 

In  this  manner  the  current  is  supplied  to  the 
electrode  at  least  immediatley  before  immersion 
of  the  object  in  the  plating  solution,  thereby 
always  activating  the  cathode  to  permit  stable 
measurement  of  its  potential  difference  from  the 
object.  In  contrast,  the  potential  at  the  surface  of 
the  cathode  is  instable  when  the  potential  differ- 
ence  from  the  object  is  measured  by  the  use  of  a 
single  metal  electrode,  failing  to  detect  the  start  of 
plating  in  a  reliable  manner. 

The  method  of  detecting  the  start  of  plating 
according  to  the  invention  can  be  effectively  used 
for  the  control  of  film  thickness  in  electroless 
plating. 

For  instance,  as  shown  in  Fig.  2,  the  potentio- 
meter  6  is  connected  to  a  controller  8  which 
incorporates  a  computer  and  in  which  the  value  of 
potential  difference  received  from  the 
potentiometer  6  is  compared  with  a  reference 
value  which  represents  the  start  of  plating.  Upon 
detecting  the  start  of  plating  of  the  object  7,  the 
signal  A  is  sent  to  a  loader-unloader  9  of  the 
object  7  after  lapse  of  a  predetermined  time 
period  from  the  time  point  of  the  detection, 
actuating  the  loader-unloader  9  to  lift  up  the 
object  7  from  the  plating  solution  2.  Thus,  the 
time  period  (the  actual  plating  time)  from  the  start 
of  plating  to  the  withdrawal  of  the  object  7  from 
the  plating  solution  2  is  controlled  constantly, 
controlling  the  film  thickness  depending  upon  the 
actual  plating  time. 

Referring  to  Fig.  3,  there  is  shown  a  more 
particular  example  of  the  system  for  detecting  the 
start  of  electroless  plating,  in  which  indicated  at 
11  is  a  DC  power  supply  having  the  positive  and 
negative  terminals  thereof  connected  to  a  couple 
of  metal  electrodes  12  and  13  which  are 
immersed  in'an  electroless  plating  solution  15  in  a 
plating  tank  14.  The  DC  power  supply  11  is  also 
connected  to  a  computer  17  through  a  manual 
switch  device  1  6  to  apply  a  predetermined  current 
across  the  electrodes  12  and  13  for  a  predeter- 
mined  time  period  in  response  to  an  electrolysis 
signal  A  from  the  computer  17,  causing  metal 
deposition  during  that  time  period  at  the  elec- 
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definitely  from  the  drop  of  the  measured  potential 
difference  D  below  the  preset  value  (D^S).  It  is 
preferred  that  the  preset  value  D  is  variable  and 
can  be  set  by  digital  switch  27  or  the  like. 

5  The  computer  17  is  connected  to  a  loader- 
unloader  28  of  the  object  22,  sending  the  afore- 
mentioned  electrolysis  command  signal  A  to  the 
DC  power  supply  11  when  the  object  22  is  trans- 
ferred  to  a  predetermined  position  by  the  loader- 

w  unloader  28  and  giving  a  descend  command  to 
the  loader-unloader  28  to  immerse  the  object  22 
in  the  plating  solution  15  as  soon  as  the  elec- 
trolysis  commande  signal  is  turned  off.  Upon 
lapse  of  a  predetermined  time  period  imme- 

15  diately  after  receipt  of  the  plating  start  signal  B 
from  the  comparator  means  21,  an  ascend  com- 
mand  is  given  to  the  loader-unloader  28  to  lift  up 
the  object  22  from  the  plating  solution  15.  Con- 
sequently,  workpieces  are  always  subjected  to  the 

20  plating  for  a  constant  time  length  (t3)  from  the 
start  of  plating  and  the  film  thickness  is  uniformly 
controlled. 

The  operation  time  t4  of  the  comparator  means 
21  ends  at  a  time  point  when  the  plating  start 

25  signal  is  turned  off  (at  a  time  point  when  the 
object  22  is  lifted  up)  as  shown  in  Fig.  4,  and  its 
operation  is  continuedly  held  in  off  state  until  the 
operation  of  the  timer  20  is  stopped  again.  How- 
ever,  the  comparator  means  21  can  be  arranged 

30  to  stop  its  operation  at  the  time  point  of  issue  of 
the  electrolysis  command  signal  A  or  the  plating 
start  signal  B  whichever  is  suitable. 

The  above-described  start  detection  system  is 
disconnectible  from  the  computer  17  for  manual 

35  operation,  in  which  the  start  of  plating  can  be 
shown  from  the  turn-on  of  the  plating  start  indi- 
cator  lamp  25.  In  order  to  control  the  plating  time 
without  the  above-described  computer  control, 
there  may  be  provided  a  timer  which  is  actuated 

40  by  the  plating  start  signal  B  to  control  the 
descending  and  ascending  movements  of  the 
loader-unloader  27. 

It  is  to  be  understood  that  the  present  invention 
is  not  limited  to  the  above-described  embodi- 

45  ments. 
Hereafter,  the  invention  is  illustrated  more  par- 

ticularly  by  the  following  examples. 

Example  1 
so  A  couple  of  platinum  wires  with  insulation 

setting  were  immersed  in  an  electroless  Ni-P 
plating  solution  of  the  composition  indicated 
below,  and  connected  to  a  constant  current  power 
supply,  continuously  applying  a  small  current 

55  across  the  platinum  wires.  On  the  other  hand,  a 
copper  wire  was  immersed  in  the  plating  solution 
as  an  object  to  be  electroless  plated  on  which  the 
electroless  plating  is  not  started  only  by  the 
immersion  in  the  plating  solution,  and  the  poten- 

60  tial  difference  between  the  copper  wire  and  the 
platinum  wire  of  the  cathode  was  measured  and 
recorded  on  a  recorder.  When  the  potentials 
equalized,  an  iron  plate  was  immersed  in  the 
plating  solution  and,  after  confirming  occurrence 

65  of  plating  reaction  on  the  iron  plate,  it  was 

trode  13  (cathode)  which  is  connected  to  the 
negative  teminal  of  the  DC  power  supply  11.  In 
this  instance,  if  the  switch  mechanism  16  is 
switched  to  a  manual  position,  the  computer  17  is 
disconnected,  and  the  electrolysis  command 
signal  A  is  produced  by  turning  on  a  start  switch 
18. 

The  above-mentioned  DC  power  supply  11  is 
preferred  to  be  of  constant  current  or  constant 
voltage  and  has  output  current  which  is  variably 
controllable  in  a  predetermined  range  (e.g.,  in  the 
range  of  0  —  1000  mA).  In  this  instance,  the 
amount  of  current  which  is  applied  across  the 
metal  electrodes  12  and  13  for  electrolysis  is 
preferred  to  be  slightly  larger  than  a  minimum 
current  which  can  form  a  plated  film  on  the 
cathode  13  as  described  hereinbefore,  and 
normally  in  the  range  of  50—500  mA/dm2.  The 
conduction  time  t,  is  variable  but  normally  pre- 
ferred  to  be  in  the  range  of  1—10  seconds.  The 
amount  of  applied  current  is  displayed  on  an 
indicator  panel  19. 

Indicated  at  20  is  a  timer  (a  non-operation 
control  means),  which  is  adapted  to  operate  for  a 
predetermined  time  period  immediately  after  ter- 
mination  of  the  electrolysis  command  signal  A, 
and  a  comparator  means  21  is  actuated  after  the 
timer  20  comes  to  a  stop.  The  operating  time  t2  of 
the  time  20  is  set  for  a  length  of  period  which  is 
sufficient  for  completely  immersing  the  object  22 
in  the  plating  solution  15,  and  normally  variable  in 
the  range  of  0.5—20  seconds. 

Further,  designated  at  21  is  a  potentiometer  (or 
a  sensor)  which  measures  the  potential  difference 
between  the  cathode  13  and  object  22. 

The  comparator  means  21  becomes  operable 
immediately  after  the  operation  of  the  timer  20 
comes  to  an  end  as  mentioned  hereinbefore,  the 
potential  difference  D  which  is  measured  by  the 
potentiometer  23  being  fed  to  a  comparator  24  for 
comparison  with  a  present  value  S.  As  soon  as 
the  measured  potential  difference  D  reaches  the 
preset  value  S  (D^S),  it  issues  a  plating  start 
signal  B  and  turns  on  a  start  indicator  lamp  25, 
sending  the  signal  B  to  the  computer  17  through  a 
relay  26. 

The  detection  of  the  start  of  plating  according  to 
the  invention  is  based  on  the  following  principles. 

For  example,  when  an  object  of  copper  is 
immersed  in  an  electroless  Ni-P  plating  solution 
in  the  manner  as  shown  in  Fig.  5,  the  potential 
difference  between  the  cathode  and  the  object  is 
about  500  mV  before  initiation  of  plating,  but  it 
drops  approximately  to  0  mV  upon  initiation  of 
plating  due  to  metal  deposition  which  occurs  on 
the  object  and  immediately  covers  the  surface  of 
the  latter  with  the  plating  metal  in  the  same 
metallic  condition  as  on  the  cathode.  Thus,  the 
start  of  plating  can  be  detected  clearly  from  this 
variation  in  the  potential  difference.  In  Fig.  5,  the 
reference  character  "L"  denotes  a  state  at  the 
start  of  plating,  "M"  a  state  before  initiation  of 
plating  reaction  and  "N"  a  state  after  plating 
reaction.  Thus,  by  presetting  the  value  S  at  or 
around  0  mV,  the  start  of  plating  can  be  detected 
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brought  into  contact  with  the  copper  wire  to 
initiate  plating.  Plotted  in  Fig.  5  is  the  potential 
difference  which  was  measured  during  the  fore- 
going  procedures,  wherein  the  referen.ce  charac- 
ter  "L"  indicates  a  state  of  the  start  of  plating,  "M" 
a  state  before  the  plating  reaction,  and  "N"  a  state 
after  the  plating  reaction. 

Electroless  Ni-P  Plating  Solution  Composition  & 
Plating  Conditions 

NIMDEN  HDX—  5M 
(Product  of  C.  Uyemura  Co. 
&Ltd.)  .200  ml/I 

NIMDEN  HDX—  A  („)  60  ml/I 

pH  4.6 

Temperature  90°C 

Example  2 
Example  1  were  repeated  except  for  the  use  of 

an  electroless  Co-Ni-P  plating  solution  of  the 
composition  indicated  below  and,  as  an  object,  a 
copper  wire  with  electroless  Ni-P  plating 
beforehand.  The  potential  difference  between  the 
object  and  the  cathode  was  measured. 

Composition  of  Co-Ni-P  Plating  Solution  &  Plating 
Conditions 

Nickel  sulfate  0.06  mol/l 

Cobalt  sulfate  0.04  mol/l 

Sodium  hypophosphite  0.2  mol/l 

Ammonium  sulfate  0.1  mol/l 

Sodium  malonate  0.3  mol/I 

Sodium  malate  0.4  mol/l 

Sodium  succinate  0.5  mol/l 

pH  9.0 

Temperature  80°C 

From  the  results  shown  in  Figs.  5  and  6,  it  was 
confirmed  that  the  start  of  plating  could  be 
detected  clearly  by  the  method  of  the  present 
invention. 

Example  3 
Small  current  was  continuously  passed  across 

a  couple  of  platinum  wires  which  were  set  in 
position  by  the  use  of  insulating  means.  Nextly, 
the  potential  difference  between  the  platinum 
wire  of  the  cathode  and  a  rack  which  hanged  an 
object  to  be  electroless  plated  and  was  electrically 
in  contact  with  the  object  when  the  latter  was  put 
in  the  plating  solution  was  sequentially  moni- 
tored  to  detect  the  start  point  of  plating  at  which 

the  potential  difference  abruptly  dropped  to  a 
small  value.  The  results  are  shown  in  Figs.  7  to  9. 

The  results  of  Figs.  7  and  8  are  of  electroless  Co- 
Ni-P  plating  at  80°C  of  the  object  consisting  of  an 

5  aluminum  plate  with  electroless  Ni-P  plating.  Fig. 
7  plots  the  potential  difference  in  a  case  where 
current  was  continuously  supplied  to  the 
platinum  wires  for  detection  of  the  start  point  of 
plating.  In  the  case  of  Fig.  8,  the  start  of  plating 

10  was  detected  by  supplying  current  for  a  period  of 
20  seconds  immediately  before  immersion  of  the 
object  in  the  plating  solution,  cutting  the  current 
supply  after  immersion  of  the  object.  Fig.  8  plots 
the  results  of  electroless  Ni-P  plating  at  80cC  of 

w  the  object  consisting  of  an  aluminum  plate  with 
plated  films  formed  thereon  beforehand  by  elec- 
troless  Ni-P  and  Co-Ni-P  plating. 

It  will  be  clear  from  the  foregoing  results  that, 
according  to  the  present  invention,  a  start  point  of 

20  plating  can  be  detected  from  an  abrupt  drop  of 
the  potential  difference  from  the  cathode  sharply 
due  to  the  potential  stability  of  the  cathode. 

Claims 
25 

1.  A  method  of  detecting  the  start  point  of 
electroless  plating,  comprising  the  steps  of: 

immersing  a  couple  of  metal  electrodes  in  an 
electroless  plating  solution; 

30  connecting  said  metal  electrodes  to  a  DC  power 
supply  to  serve  as  an  anode  and  a  cathode; 

applying  electric  current  across  said  metal  elec- 
trodes  at  least  immediately  before  immersing  an 
object  to  be  electroless  plated  in  said  plating 

35  solution  to  cause  metal  deposition  from  said 
plating  solution  at  said  cathode  to  activate  same; 

measuring  the  potential  difference  between  the 
activated  cathode  and  object;  and 

detecting  the  start  of  the  electroless  plating 
40  from  the  measured  value  of  said  potential  differ- 

ence. 
2.  The  method  according  to  claim  1,  wherein 

the  plating  solution  is  selected  from  a  Co-P 
electroless  plating  solution,  a  Co-Ni-P  electroless 

45  plating  solution,  a  Ni-P  electroless  plating  solu- 
tion  and  a  Ni-B  electroless  plating  solution. 

3.  The  method  according  to  claim  1,  wherein 
the  electric  current  applied  across  the  metal  elec- 
trodes  is  in  the  range  of  50  to  500  mA/dm2. 

so  4.  The  method  according  to  claim  1,  wherein 
the  electric  current  is  applied  continuously  across 
the  metal  electrodes  to  deposit  the  metal  from  the 
plating  solution  continuously  on  the  metal  elec- 
trode  served  as  an  cathode,  thereby  keeping  it  in 

55  activated  state. 
5.  The  method  according  to  claim  1,  comprising 

applying  the  electric  current  across  the  metal 
electrodes  only  when  the  object  is  not  immersed 
in  the  plating  solution  and  cutting  the  current 

60  supply  while  the  object  is  in  immersed  state. 
6.  The  method  according  to  claim  1,  wherein 

the  electric  current  is  applied  across  the  metal 
electrodes  only  for  a  period  of  several  seconds  or 
several  tens  seconds  immediately  before  immer- 

65  sion  of  the  object  in  the  plating  solution. 
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Patentanspriiche 7.  The  method  according  to  claim  1,  wherein 

the  electric  current  is  applied  across  the  metal 
electrodes  only  for  a  period  from  a  point  imme- 
diately  before  immersion  of  the  object  in  the 
plating  solution  to  the  start  point  of  plating. 

8.  An  apparatus  for  detecting  the  start  point  of 
electroless  plating,  comprising  in  combination: 

a  plating  tank  containing  an  electroless  plating 
solution; 

a  DC  power  supply; 
a  couple  of  metal  electrodes  connected  to 

positive  and  negative  terminals  of  said  DC  power 
supply  and  immersed  in  an  electroless  plating 
solution  to  serve  as  an  anode  and  a  cathode, 
respectively; 

an  object  to  be  electroless  plated,  said  object 
being  immersed  in  the  electroless  plating  solu- 
tion; 

an  electroless  control  means  adapted  to  pro- 
duce  an  electrolysis  command  signal  thereby  to 
let  said  DC  power  supply  pass  a  predetermined 
amount  of  current  across  said  electrodes  for  a 
predetermined  time  period  to  cause  metal  deposi- 
tion  from  said  plating  solution  at  said  cathode 
connected  to  the  negative  terminal  of  said  DC 
power  supply; 

a  non-operation  control  means  adapted  to  be 
actuated  for  a  predetermined  time  period  imme- 
diately  after  termination  of  said  electrolysis  com- 
mand  signal; 

a  potentiometer  for  measuring  the  the  potential 
difference  between  an  object  to  be  electroless 
plated  and  said  cathode  connected  to  the  nega- 
tive  terminal  of  said  DC  power  supply;  and 

a  comparison  means  adapted  to  be  actuated 
immediately  after  de-actuation  of  said  non-opera- 
tion  control  means  to  compare  the  measured 
potential  difference  with  a  preset  value,  and  to 
produce  a  plating  start  signal  when  said 
measured  potential  difference  reaches  said  preset 
value. 

9.  The  apparatus  according  to  claim  8,  wherein 
the  non-operation  control  means  is  a  timer  which 
is  actuated  for  a  length  of  period  sufficient  for 
completely  immersing  the  object  in  the  plating 
solution  after  termination  of  the  electrolysis  com- 
mand  signal. 

10.  The  apparatus  according  to  claim  8,  wherein 
a  computer  is  connected  to  the  DC  power  supply, 
the  comparison  means  and  a  loader-unloader  of 
the  object,  sending  the  electrolysis  command 
signal  to  the  DC  power  supply  when  the  object  is 
transferred  to  a  predetermined  position  by  the 
loader-unloader,  giving  a  descend  command  to 
the  loader-unloader  to  immerse  the  object  in  the 
plating  solution  when  the  electrolysis  command 
signal  is  turned  off,  and  giving  an  ascend  com- 
mand  to  the  loader-unloader  to  lift  up  the  object 
from  the  plating  solution  upon  lapse  of  a  pre- 
determined  time  period  immediately  after  receipt 
of  the  plating  start  signal  from  the  comparator 
means,  thereby  controlling  the  exact  plating  time 
to  the  object. 

1.  Verfahren  zum  Feststellen  des  Beginns  des 
stromlosen  Galvanisierungsprozesses,  das  fol- 
gende  Schritte  umfalSt: 

Eintauchen  eines  Metallelektrodenpaares  in  ein 
stromloses  Galvanisierungsbad; 

AnschliBen  der  Metallelektroden  als  Anode  und 
Kathode  an  eine  Gleichstromquelle; 

Zufuhr  von  eletrischem  Strom  uber  die  Metalle- 
lektroden  zumindest  unmittelbar  vor  dem  Eintau- 
chen  eines  stromlos  zu  galvanisierenden  Gegen- 
stands  in  das  Galvanisierungsbad  zum  Bewirken 
des  Metallniederschlags  aus  dem  Galvanisie- 
rungsbad  an  der  Kathode  zu  deren  Aktivierung; 

Messen  der  Potentialdifferenz  zwischen  der 
aktivierten  Kathode  und  dem  Gegenstand;  und 

Festellen  des  Beginns  des  stromlosen 
Galvanisierungsprozesses  auf  der  Grundlage  des 
gemessenen  Werts  der  Potentialdifferenz. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  das 
Galvanisierungsbad  ein  stromloses  Co-P-  Galva- 
nisierungsbad,  ein  stromloses  Co-Ni-O-Galvani- 
sierungsbad,  ein  stromloss  Ni-P-Galvanisierungs- 
bad  oder  ein  stromloses  Ni-B-Galvanisierungsbad 
ist. 

3.  Verfahren  nach  Anspruch  1,  bei  dem  der  an 
die  Metallelektroden  angelegte  elektrische  Strom 
in  Bereich  von  50  bis  500  mA/dm2  liegt. 

4.  Verfahren  nach  Anspruch  1,  bei  dem  der 
elektrische  Strom  kontinuierlich  uber  die  Metalle- 
lektroden  zugefiirt  wird,  urn  das  Metall  aus  dem 
Galvanisierungsbad  kontinuierlich  auf  der  als 
Kathode  dienenden  Metallelektrode  abzuschei- 
den,  wodurch  diese  im  aktivierten  Zustand  gehal- 
ten  wird. 

5.  Verfahren  nach  Anspruch  1,  bei  dem  der 
elektrische  Strom  nur  dann  an  die  Metallelektro- 
den  angelegt  wird,  wenn  der  Gegenstand  nicht  in 
das  Galvanisierungsbad  eingetaucht  ist,  und  die 
Stromquelle  abgeschaltet  wird,  wenn  sich  der 
Gegenstand  im  eingetauchten  Zustand  befindet. 

6.  Verfahren  nach  Anspruch  1,  bei  dem  der 
elektrische  Strom  nur  fur  eine  Zeitdauer  von 
einigen  Sekunden  oder  einigen  Zehn  Sekunden 
unmittelbar  vor  Eintauchen  des  Gegenstandes  in 
das  Galvanisierungsbad  an  die  Metallelektroden 
angelegt  wird. 

7.  Verfahren  nach  Anspruch  1,  bei  dem  der 
elektrische  Strom  wahrend  einer  Zeitdauer  ab 
einem  unmittelbar  vor  dem  Eintauchen  des 
Gegenstandes  in  das  Galvanisierungsbad  gege- 
benen  Zeitpunkt  bis  zum  Zeitpunkt  des  Galvani- 
sierungsbeginns  an  die  Metallelektroden  ange- 
legt  wird. 

8.  Vorrichtung  zum  Festellen  des  Begins  des 
stromlosen  Galvanisierens,  mit-  in  Kombination  - 

einem  eine  stromlose  Galvanisierungslosung 
enthaltenden  Galvanisierungsbehalter; 

einerGleichstromquelle; 
einem  Par  Metallelektroden,  die  mit  der  positi- 

ven  und  der  negativen  Klemme  der  Gleichstrom- 
quelle  verbunden  und  in  ein  stromloses  Galvanic 
sierungsbad  eingetaucht  sind  und  als  Anode  bzw. 
Kathode  dienen; 
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einem  zu  galvanisierenden  Gegenstand,  der  in 

das  stromlose  Galvanisierungsbad  eingetaucht 
ist; 

einem  Elektrolyse-Steuervorrichtung  zur  Leife- 
rung  eines  Electrolyse-Befehlssignals  durch  das  5 
die  Gleichstromquelle  wahrend  einer  vorbe- 
stimmten  Zeitdauer  zur  Abgabe  einer  vor- 
bestimmten  Strommenge  iiber  die  Elektroden 
zum  Erzielen  eines  Metallniederschlags  aus  dem 
Galvanisierungsbad  an  der  mit  der  negativen  10 
Klemme  der  Gleichstromquelle  verbundenen 
Kathode  veranlaBt  wird; 

einer  Ruhebetrieb-Steuervorrichtung,  die  wah- 
rend  einer  vorbestimmten  Zeitdauer  unmittelbar 
nach  Beendigung  des  Elektrolysebefehlssignals  15 
betatigbar  ist; 

einem  Potentiometer  zum  Messen  der  Potenti- 
aldifferenz  zwischen  einem  stromlos  zu  galvani- 
sierenden  Gegenstand  und  der  mit  der  negativen 
Klemme  der  Gleichstromquelle  verbundenen  20 
Kathode;  und 

einer  Vergleichseinrichtung,  die  unmittelbar 
nach  Deaktivierung  der  Ruhebetrieb-Steuer- 
vorrichtung  betatigbar  ist,  um  die  gemessen  Pot- 
entialdifferenz  mit  einem  vorgegebenen  Wert  zu  25 
vergleichen  und  ein  Galvanisierungsstartsignals 
zu  erzeugen,  wenn  die  gemessene  Potentialdiffe- 
renz  den  vorgegebenen  Wert  erreicht. 

9.  Vorrichtung  nach  Anspruch  8,  bei  der  die 
Ruhebetrieb-Steuervorrichtung  ein  Zeitgeber  ist,  30 
der  wahrend  einer  zum  vollstandigen  Eintauchen 
des  Gegenstandes  in  das  Galvanisierungsbad 
nach  Beendigung  des  Elektrolysebefehlssignals 
ausreichenden  Zeitspanne  betatigt  wird. 

10.  Vorrichtung  nach  Anspruch  8,  bei  der  ein  35 
Computer  mit  der  Gleichstromquelle,  der  Ver- 
gleichseinrichtung  und  einer  Tauch- 
Hebevorrichtung  fur  den  Gegenstand  verbunden 
ist,  der  das  Elektrolyse-Befehlssignal  an  die 
Gleichstromquelle  aussendet,  wenn  der  Gegen-  40 
stand  durch  die  Tauch-Hebevorrichtung  in  eine 
vorbestimmte  Stellung  uberfuhrt  wird,  einen 
Absenkbefehl  an  die  Tauch-Hebevorrichtung  zum 
Eintauchen  des  Gegenstandes  in  das  Galvanisie- 
rungsbad  bei  Abschalten  des  Elektrolysebefehls  45 
signals  ausgibt,  und  einen  Hebebefehl  an  die 
Tauch-Hebevorrichtung  zum  Herausheben  des 
Gegenstandes  aus  dem  Galvanisierungsbad 
nach  Ablauf  einer  vorbestimmten  Zeitdauer 
unmittelbar  nach  Empfang  des  Galvanisierungs-  50 
startsignals  aus  der  Vergleichseinrichtung  aus- 
gibt,  um  dadurch  die  genaue  Galvanisierungszeit 
fur  den  Gegenstand  zu  steuern. 

Revendications  55, 

1.  Procede  pour  deceler  le  point  de  depart  d'un 
placage  par  immersion,  comprenant  les  etapes 
de: 

immerger  un  paire  d'electrodes  en  metal  dans  60 
une  solution  de  placage; 

relier  lesdites  electrodes  en  metal  a  une  ali- 
mentation  en  courant  continu  pour  servir 
d'anode  et  de  cathode; 

appliquer  un  courant  electrique  entre  lesdites  65 

electrodes  en  metal  au  moins  immediatement 
avant  I'immersion  d'un  object  a  plaquer  par 
immersion  dans  ladite  solution  de  placage  pour 
provoquer  un  depot  de  metal  de  ladite  solution 
de  placage  a  ladite  cathode  pour  I'activer; 

mesurer  la  difference  de  potentiel  entre  la 
cathode  activee  et  I'objet;  et 

detecter  le  debut  du  placage  par  immersion  a 
partir  de  la  valeur  mesuree  de  ladite  difference 
de  potentiel; 

2.  Procede  selon  la  revendication  1,  ou  la 
solution  de  placage  est  choisie  parmi  une  solu- 
tion  de  placage  de  Co-P  par  immersion,  une 
solution  de  placage  de  Co-Ni-P  par  immersion, 
une  solution  de  placage  de  Ni-P  par  immersion, 
et  une  solution  de  placage  de  Ni-B  par  immer- 
sion. 

3.  Procede  selon  la  revendication  1,  ou  le 
courant  electrique  applique  entre  les  electrodes 
en  metal  est  compris  entre  50  et  500  mA/dm2. 

4.  Procede  selon  la  revendication  1,  ou  le 
courant  electrique  est  applique  continuellement 
entre  les  electrodes  en  metal  pour  deposer  le 
metal  de  la  solution  de  placage  continuellement 
sur  I'electrode  en  metal  servant  de  cathode,  pour 
ainsi  la  maintenir  a  I'etat  active. 

5.  Procede  selon  la  revendication  1,  consistant 
a  appliquer  le  courant  electrique  entre  les  elec- 
trodes  en  metal  uniquement  quand  I'objet  n'est 
pas  immerge  dans  la  solution  de  placage  et  a 
couper  I'alimentation  en  courant  lorsque  I'objet 
est  a  I'etat  immerge. 

6.  Procede  selon  la  revendication  1,  ou  le 
courant  electrique  est  applique  entre  les  elec- 
trodes  en  metal  uniquement  pendant  une 
periode  de  plusieurs  secondes  ou  plusieurs 
dizaines  de  secondes  immediatement  avant 
immersion  de  I'objet  dans  la  solution  de  placage. 

7.  Procede  selon  la  revendication  1,  ou  le 
courant  electrique  est  applique  entre  les  elec- 
trodes  en  metal  pendant  une  periode  allant  d'un 
point  immediatement  avant  I'immersion  de  I'ob- 
jet  dans  la  solution  de  placage  jusqu'au  point  de 
depart  du  placage. 

8.  Appareillage  pour  detecter  le  point  de  depart 
d'un  placage  par  immersion  comprenant  en 
combinaison: 

un  reservoir  de  placage  contenant  une  solution 
de  placage  par  immersion; 

une  alimentation  en  courant  continu; 
une  paire  d'electrodes  en  metal  connectees 

aux  bornes  positive  et  negative  de  ladite  alimen- 
tation  en  courant  continu  et  immergees  dans  une 
solution  de  placage  pour  servir  d'anode  et  de 
cathode  respectivement; 

un  objet  a  plaquer  par  immersion,  ledit  objet 
etant  immerge  dans  la  solution  de  placage; 

un  moyen  de  commande  d'electrolyse  adapte 
a  produire  un  signal  d'ordre  d'electrolyse  pour 
ainsi  permettre  a  ladite  alimentation  en  courant 
continu  de  laisser  passer  une  quantite  predeter- 
mined  de  courant  entre  lesdites  electrodes  pen- 
dant  une  periode  predeterminee  de  temps  pour 
provoquer  un  depot  de  metal  le  ladite  solution 
de  placage  a  ladite  cathode  connectee  a  la  borne 
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temps  suffisanrf  pour  immerger  completement 
I'objet  dans  la  solution  de  placage  apres  la  fin  du 
signal  d'ordre  d'electrolyse. 

10.  Appareillage  selon  la  revendication  8,  ou  un 
5  ordinateur  est  connecte  a  I'alimentation  en  cou- 

rant  continu,  au  moyen  de  comparaison  et  a  un 
chargeur-dechargeur  de  I'objet,  envoyant  le 
signal  d'ordre  d'electrolyse  a  I'alimentation  en 
courant  continu  quand  I'objet  est  transfere  a  une 

w  position  predetermined  par  le  chargeur-dechar- 
geur,  donnant  un  ordre  de  descente  au  chargeur- 
dechargeur  pour  immerger  I'objet  dans  la  solu- 
tion  de  placage  quand  le  signal  d'ordre  d'electro- 
lyse  est  arrete  et  donnant  un  ordre  de  montee  au 

15  chargeur-dechargeur  pour  elever  I'objet  de  la 
solution  de  placage  lors  de  I'ecoulement  d'une 
periode  predetermined  de  temps  immediatement 
apres  reception  du  signal  de  debut  de  placage  du 
moyen  comparateur,  pour  ainsi  controler  le 

20  temps  exact  de  placage  de  I'objet. 

negative  de  ladite  alimentation  en  courant 
continu; 

un  moyen  de  commande  de  non-fonctionne- 
ment  adapte  a  etre  actionne  pendant  un  temps 
predetermine  immediatement  apres  la  fin  dudit 
signal  d'ordre  d'electrolyse; 

un  potentiometre  pour  mesurer  la  difference  de 
potentiel  entre  un  objet  a  plaquer  par  immersion 
et  la  cathode  connectee  a  la  borne  negative  de 
I'alimentation  en  courant  continu;  et 

un  moyen  de  comparaison  adapte  a  etre 
actionne  immediatement  apres  arret  du  moyen 
de  commande  de  non-fonctionnement  pour  com- 
parer  la  difference  mesuree  de  potentiel  a  une 
valeur  preetablie,  et  produire  un  signal  de  debut 
de  placage  quand  ladite  difference  mesuree  de 
potentiel  atteint  ladite  valeur  preetablie. 

9.  Appareillage  selon  la  revendication  8,  ou  le 
moyen  de  commande  de  non-fonctionnement  est 
un  temporisateur  qui  est  actionne  pendant  un 
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