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Description 

The  invention  relates  to  a  method  of  eliminating 
short  circuits  in  electrical  circuitry  of  an  electrical 
board,  interconnected  by  a  hole  being  plated  with 
two  layers  each  of  electrically  conductive  material. 

The  most  rudimentary  printed  circuit  board  has  a 
relatively  stiff  substrate,  one  surface  of  which  sup- 
ports  an  electrical  circuit  made  of  deposited  con- 
ductive  material,  such  as  copper.  Soon  after  single 
surface  circuit  boards  were  made  and  used,  it  be- 
came  apparent  that  circuit  density  had  to  increase 
in  order  to  adequately  supply  logic  and  power  to  all 
parts  of  more  complex  electronic  systems.  Accord- 
ingly,  circuit  board  substrates  were  soon  devel- 
oped  to  support  printed  circuits  on  the  upper  as  well 
as  on  the  lower  major  substrate  surfaces.  The  cir- 
cuit  planes  were  substantially  parallel  to  one  anoth- 
er. 

As  the  sophistication  of  electrical  circuits  and 
printed  circuit  boards  increased,  designers  began 
to  consider  electrically  connecting  selected  termi- 
nals  on  an  upper  surface  circuit  to  selected  termi- 
nals  on  a  lower  surface  circuit.  In  order  to  achieve 
this  electrical  connection  between  circuits  on  major 
surfaces  of  the  board,  viaduct  holes  (vias)  were 
used.  These  vias  or  thru  holes  were  drilled, 
punched  or  etched  completely  through  the  board, 
from  the  upper  surface  to  the  lower  surface.  Elec- 
trically  conductive  wires  could  then  be  inserted  in 
the  vias  and  connected  to  points  or  terminals  on 
both  circuits,  thus  forming  the  desired  electrical  in- 
terconnections.  Alternatively,  the  walls  of  the  thru 
holes  could  be  plated  with  electrically  conductive 
material  to  accomplish  the  same  result.  The  latter 
technique  has  proved  to  be  the  more  efficient  and 
reliable  for  densely  packed  circuits  with  high  resolu- 
tion  electrical  lines. 

As  the  sophistication  of  electronic  circuitry  con- 
tinued  to  increase,  multiple  layers  of  circuitry  were 
provided  on,  sometimes  embedded  in,  one  printed 
circuit  board  substrate.  The  latter  technique  is  re- 
ferred  to  as  encapsulation.  Thus,  in  addition  to  cir- 
cuitry  being  provided  on  both  major  surfaces  of  the 
substrate,  other  layers  of  circuitry  were  disposed 
intermediate  the  major  surfaces  and  substantially 
parallel  thereto.  In  multiple  layer  circuit  cards  and 
boards,  plated  thru  holes  could  still  be  used  to  elec- 
trically  connect  circuitry  disposed  on  both  major 
surfaces  of  the  substrate. 

In  the  course  of  manufacturing  multilayer  circuit 
boards,  occasionally  a  short  circuit  occurs  due  to 
an  intermediate  conductive  layer  being  inadvertent- 
ly  allowed  to  contact  the  plated  wall  portion  of  a  via. 
Thus,  although  a  point  on  a  circuit  located  on  the  up- 
per  surface  is  designed  to  be  electrically  connected 
only  to  a  point  on  a  circuit  located  on  the  lower  sur- 
face,  for  example,  an  intermediate  layer  of  conduc- 
tive  material  may  short  circuit  this  connection  and 
cause  anomalous  operation,  unexpected  results  or 
even  serious  damage. 

Heretofore,  repairing  short  circuits  such  as 
those  hereinabove  described  required  mechanical 
drilling  of  the  thru  holes  to  remove  the  conductive 
material  with  which  their  walls  were  plated.  A  non- 

conductive  material  were  then  introduced  into  the 
thru  hole  to  fill  part  of  the  drilled  area.  The  walls 
were  then  replated  with  conductive  material  to  rees- 
tablish  the  desired  electrical  connection  between 

5  circuits  on  the  major  surfaces  of  the  substrate.  Un- 
fortunately,  while  this  mechanical  drilling  process 
has  generally  proved  to  be  effective  in  removing 
contaminants  that  cause  short  circuits,  in  the 
course  of  drilling,  the  diameter  of  the  thru  hole  of- 

10  ten  increases.  In  order  to  ensure  that  all  contami- 
nants  are  removed,  inevitably  the  thru  holes  are  en- 
larged  to  a  degree  beyond  that  which  is  strictly  re- 
quired.  Such  over-enlargement  often  becomes 
unacceptable  due  to  space  limitations  when  hun- 

15  dreds  of  thru  holes  are  provided  on  every  square 
inch  of  circuit  board  surface. 

Chemical  processes  for  repairing  short  circuits 
near  thru  holes  have  heretofore  not  been  generally 
used  due  to  the  difficulty  in  handling  and  controlling 

20  the  flow  of  caustic  etching  compositions  through  rel- 
atively  small  diameter  vias. 

Vacuum  systems  have  been  used  with  etchants, 
but  not  for  the  purpose  of  cleaning  thru  holes  and 
repairing  electrical  short  circuits.  U.S.  Patent  Nos. 

25  4,344,809  and  4,384,917  teach  the  use  of  a  jet  etch 
apparatus  and  method  for  decapsulation  of  molded 
devices.  An  etchant  solution  flows  through  an  etch- 
ing  block  forming  a  jet  spray  that  impinges  upon  a 
device  to  be  decapsulated.  The  etchant  solution  is 

30  drawn  through  the  etching  block  by  means  of  suc- 
tion  created  by  a  jet  pump.  Thus,  epoxy  is  removed 
from  an  encapsulated  chip  but  the  electrical  connec- 
tions  between  the  chip  and  printed  circuits  are  not 
affected. 

35  The  invention  as  claimed  is  intended  to  provide  a 
method  of  chemically  removing  electrically  conduc- 
tive  material  such  as  solder  and  copper  from  a  plat- 
ed  thru  hole  without  damage  to  adjacent  networks 
and  without  enlarging  the  hole. 

40  The  advantages  offered  by  the  invention  are 
achieved  by  a  method  of  eliminating  short-circuits 
caused  by  a  thru  hole  on  a  substantially  planar  elec- 
trical  circuit  board.  The  board  has  two  major  surfac- 
es,  upper  and  lower.  A  first  gas  and  liquid  transmis- 

45  sion  device  is  connected  to  the  board  to  introduce 
etching  gas  and  liquid  into  the  thru  hole.  The  trans- 
mission  device  is  connected  to  the  board  to  intro- 
duce  etching  gas  and  liquid  into  the  thru  hole.  The 
transmission  device  is  adapted  to  surround  the  thru 

50  hole  and  seal  the  periphery  thereof  on  one  surface 
of  the  board.  A  second  gas  and  liquid  transmission 
device  is  connected  to  the  board  to  remove  the 
etching  gas  and  liquid  from  the  thru  hole.  This  sec- 
ond  transmission  device  is  adapted  to  surround  the 

55  thru  hole  and  seal  the  periphery  thereof  on  the  oth- 
er  surface  of  the  board.  A  vacuum  system  is  used 
to  force  gas  and  liquid  to  move  through  the  thru  hole 
from  the  first  transmission  device  to  the  second 
transmission  device,  thereby  etching  material  from 

60  the  thru  hole. 
In  another  embodiment  of  an  apparatus  for  prac- 

tising  the  method  of  the  invention  the  two  transmis- 
sion  devices  are  adapted  to  surround  a  plurality  of 
thru  holes  and  seal  the  peripheries  thereof  on  both 

65  surfaces  of  the  board  so  that  more  than  one  electri- 
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cal  short  circuit  can  be  repaired  simultaneously. 
The  invention  is  described  in  detail  below  with  ref- 

erence  to  the  drawings  of  which: 

Figure  1  is  a  perspective  view,  including  a  cross  5 
sectional  view,  of  a  system  for  practising  the  meth- 
od  of  the  invention; 

Figure  2  is  an  exploded  cross  sectional  view  of  a 
nozzle; 

Figure  3  is  a  perspective  view  of  a  portion  of  an  10 
alternative  system  for  practising  the  method  of  the 
invention;  and 

Figure  4  is  an  exploded  cross  sectional  schemat- 
ic  view  of  a  thru  hole. 

15 
Referring  now  to  Figure  1  there  is  shown  a  thru 

hole  cleaning  apparatus  for  practising  the  method 
of  the  invention.  A  circuit  board  10,  not  drawn  to 
scale,  has  thru  holes  or  vias  1  2  drilled,  punched  or 
etched  therethrough.  A  via  12  is  shown  in  cross  20 
sectional  view  in  this  Figure,  as  is  a  portion  of  the 
circuit  board  10.  The  walls  of  the  vias  12  are  plated 
with  deposited  copper  or  other  electrically  conduc- 
tive  metallic  material  to  connect  circuitry  on  the  up- 
per  surface  of  the  board  1  0  to  circuitry  on  the  lower  25 
surface  thereof  or  to  intermediate  circuits,  if  any, 
embedded  therein. 

A  container  14  has  a  reservoir  of  etchant  16.  The 
etchant  16  chosen  has  a  composition  adapted  to  re- 
act  with  and  dissolve  the  material  with  which  the  30 
walls  of  the  thru  hole  12  is  plated.  When  the  plating 
material  is  copper,  for  example,  the  preferred  etch- 
ant  1  6  is  cupric  chloride  (GUCI2).  If,  however,  a  gas- 
eous  etchant  16  is  required,  the  container  14  must 
be  completely  enclosed  with  a  suitable  cover,  not  35 
shown.  Other  containers  18,  20,  22  containing  other 
liquid  or  gas  chemical  compositions  24,  26,  28  re- 
spectively,  such  as  solvents,  are  also  connected  to 
the  apparatus  for  purposes  hereinbelow  described. 
Container  18  is  filled  with  a  suitable  solvent  24  for  40 
rinsing  the  residual  etchant  16  from  the  via  12.  When 
cupric  chloride  is  used  as  an  etchant  16,  the  pre- 
ferred  solvent  24  is  water.  The  etchant  solutions 
16,  24,  26,  28  in  any  of  the  containers  14,  18,  20,  22 
can  be  cupric  chloride,  as  hereinabove  mentioned,  45 
ammonium  persulfate,  ferric  chloride  or  any  other 
etchant  that  reacts  with  copper.  These  containers 
14,  18,  20,  22  may  alternatively  contain  solutions 
that  react  with  tin  and  lead,  the  materials  most  com- 
monly  used  in  circuit  board  interconnection  sys-  50 
terns.  It  should  be  understood  that  any  number  of 
cannisters  filled  with  corresponding  gas  or  liquid 
compositions  may  be  connected  in  parallel  to  the 
hole  cleaning  apparatus,  depending  upon  the  plating 
materials  to  be  removed  and  the  etchants  and  sol-  55 
vents  required  for  those  operations. 

The  reservoir  containers  14,  18,  20,  22  are  con- 
structed  of  polypropylene,  but  may  be  made  of  any 
other  suitable  material  not  expected  to  react  with  the 
chosen  etchants  1  6,  24,  26,  28.  60 

A  hollow  pipe  or  tube  30  is  connected  to  the  con- 
tainer  14  for  removing  the  etchant  16  therefrom. 
Corresponding  tubes  32,  34,  36  are  similarly  con- 
nected  to  the  other  containers  18,  20,  22  respec- 
tively  for  the  same  purpose.  Connected  to  the  tube  65 

30  is  an  electrically  controlled  valve  38  for  control- 
ling  the  flow  of  the  liquid  or  gas  composition  1  6  from 
the  container  14.  The  other  tubes  32,  34,  36  are  sim- 
ilarly  equipped  with  electrically  controlled  valves 
40,  42,  44  respectively,  each  of  which  can  be  oper- 
ated  individually  and  independently  with  respect  to 
one  another. 

All  valves  used  in  the  hole  cleaning  system  are 
made  of  titanium,  silicone  rubber  or  low  durometer 
Teflon  material  in  the  preferred  embodiment.  (Teflon 
is  a  registered  trademark  of  E.  I.  du  Pont  de  Ne- 
mours,  Inc.)  It  should  be  understood,  however,  that 
any  material  having  suitably  compressible  charac- 
teristics  and  being  non-reactive  with  the  etchants 
and  solvents  used  would  be  acceptable  for  use  as 
valves  and  seals. 

An  elongated  hollow  manifold  46  connects  the 
tube  30,  32,  34,  36  associated  with  each  container 
14,  18,  20,  22  respectively  and  allows  the  contents 
of  one  or  more  of  the  containers  to  be  accessed  at 
a  predetermined  time. 

The  manifold  46  has  an  outlet  port  48  at  its  far 
end,  attached  to  which  is  another  hollow  pipe  or  tube 
50.  The  tube  50  is  connected  to  a  hollow  nozzle  inlet 
member  52.  The  opposite  end  of  the  nozzle  inlet 
member  52  is  attached  to  a  lower  nozzle  53  in  which 
is  also  inserted  a  hollow  post  54.  The  post  54,  in 
turn,  is  connected  to  a  compressed  air  cylinder  56. 

The  lower  nozzle  53  is  forced  to  contact  the  lower 
surface  of  the  circuit  board  10  and  in  particular  is 
pressed  against  the  circuit  board  10  by  the  use  of 
pressurized  air  supplied  by  the  compressed  air  cyl- 
inder  56  in  such  a  way  as  to  surround  one  and  only 
one  via  12  completely,  forming  a  substantially  air 
tight  seal  around  the  periphery  thereof.  It  can  be 
seen,  therefore,  that  the  diameter  of  the  outlet  por- 
tion  of  the  lower  nozzle  53  is  greater  than  the  diame- 
ter  of  the  via  12. 

Above  the  circuit  board  1  0  is  an  upper  nozzle  58, 
oppositely  disposed  to  the  lower  nozzle  53  and 
pressed  against  the  upper  surface  of  the  circuit 
board  1  0.  It  is  pressed  against  the  upper  surface  of 
the  circuit  board  1  0  in  such  a  manner  as  to  surround 
the  via  12  completely,  forming  a  substantially  air 
tight  seal  around  the  periphery  thereof.  The  upper 
nozzle  58  has  a  hollow  nozzle  outlet  member  60  in- 
serted  therein.  The  nozzle  outlet  member  60  is  at- 
tached  to  an  exhaust  pipe  or  hose  62  for  removing 
the  gas  and  liquid  etchants  and  solvents  from  the 
via  12.  Connected  to  the  upper  nozzle  58  is  hollow 
post  63  which,  in  turn,  is  connected  to  another  com- 
pressed  air  cylinder  64. 

The  exhaust  hose  62  is  connected  to  an  elongated 
hollow  waste  manifold  66  with  hoses  68,  70,  72,  74 
being  suitably  connected  thereto.  The  waste  mani- 
fold  66  allows  each  of  the  hoses  68,  70,  72,  74  con- 
nected  to  it  to  be  accessed  individually  at  a  prede- 
termined  time.  Each  of  the  hoses  68,  70,  72,  74  has 
a  corresponding  electrically  controlled  valve  76, 
78,  80,  82  respectively  associated  with  it,  individu- 
ally  and  independently  operable  to  regulate  the  flow 
of  liquid  or  gas  therethrough.  The  outlets  of  the  hos- 
es  68,  70,  72,  74  are  positioned  to  direct  waste  ma- 
terial  into  corresponding  waste  containers  84,  86, 
88,  90  respectively.  The  waste  containers  84,  86, 

3 
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88,  90  facilitate  closed  loop  system  operation,  as 
hereinbelow  described,  to  recycle  etchant  and  sol- 
vent  liquid  or  gas  chemicals  until  contamination 
eventually  renders  them  useless. 

An  elongated,  hollow  vacuum  manifold  92  is  also 
provided  to  distribute  a  vacuum  through  selected 
waste  containers  84,  86,  88,  90  to  draw  etchants 
and  solvents  through  the  via  12  from  their  respec- 
tive  container  reservoirs  14,  18,  20,  22.  The  vacu- 
um  manifold  92  has  hoses  94,  96,  98,  1  00  connected 
thereto  which  are  positioned  in  corresponding 
waste  containers  84,  86,  88,  90  respectively. 

Connected  to  the  outlet  of  the  vacuum  manifold 
92  is  a  vacuum  transfer  pipe  102  which,  in  turn,  is 
connected  to  a  suitable  vacuum  pump  1  04.  The  vac- 
uum  pump  104  is  capable  of  operating  at  a  capacity 
of  9.43  x  10-4  m3/j  at  6.2  bar. 

The  manifolds  46,  66,  92  are  adapted  to  distribute 
either  liquids  or  gases.  Thus,  the  connection  to  their 
ports  are  all  air  tight. 

Referring  now  also  to  Figure  2  there  is  shown  an 
exploded  cross  sectional  view  of  the  upper  nozzle 
58.  It  should  be  understood  that  the  lower  nozzle  53 
(Figure  1)  is  constructed  identically  to  the  upper 
nozzle  58  but  oriented  oppositely  thereto.  The  noz- 
zle  58  is  constructed  of  titanium,  silicone  rubber  or 
low  durometer  Teflon  material.  The  nozzle  58  has 
substantially  vertical  walls  106  which  are  tapered  in- 
wardly  108  to  form  a  smaller,  round  outlet  hole  or  ap- 
erture  110.  In  the  preferred  embodiment  of  an  appa- 
ratus  for  practising  the  method  of  the  invention  the 
outside  diameter  of  the  nozzle  outlet  hole  1  1  0  is  1  .9 
mm  and  the  diameter  of  the  nozzle  outlet  hole  is  0.63 
mm.  Inside  the  nozzle  58  a  viaduct  1  1  2  is  cut  with  a  di- 
ameter  of  1.58  mm.  Interior  viaduct  walls  114  are 
drilled  in  the  nozzle  58  almost  completely  through.  A 
smaller  concentric  portion  1  16  of  the  nozzle  58  is  cut 
out,  however,  to  form  a  concentric  hole  118  with  0.63 
mm  diameter  at  the  tip  of  the  nozzle  58.  A  typical 
thru  hole  has  a  diameter  of  between  0.75  and  1  .5  mm. 
Referring  now  also  to  Figure  3  there  is  shown  an  al- 
ternative  embodiment  for  practising  the  method  of 
the  invention  including  an  upper  housing  120  for 
containing  a  plurality  of  upper  nozzles  58,  all  of 
which  upper  nozzles  58  are  identical  to  the  upper 
nozzle  58  (Figure  2)  hereinabove  described.  The 
upper  nozzles  58  are  oriented  on  the  housing  120  in 
such  a  manner  as  to  correspond  to  the  thru  holes  or 
vias  12  (Figure  1)  in  the  circuit  board  10.  In  this  alter- 
native  embodiment,  it  is  contemplated  that  the  thru 
holes  12  are  formed  in  a  regular  grid  pattern,  but  it 
should  be  understood  that  any  pattern  incorporat- 
ing  a  plurality  of  thru  holes  can  be  utilized  with  an 
appropriate  modification  of  the  housing  120  and 
spacing  of  the  nozzles  58.  Moreover,  a  lower  hous- 
ing,  not  shown,  with  a  plurality  of  lower  nozzles  cor- 
responding  to  the  aforementioned  upper  housing 
120  must  be  used  for  proper  system  operation. 

Referring  now  also  to  Figure  4  there  is  shown  an 
exploded  cross  sectional  view  of  a  thru  hole  12.  On 
the  upper  surface  of  the  circuit  board  10  is  circuitry 
122. 

On  the  lower  surface  of  the  circuit  board  10  is  ad- 
ditional  circuitry  126.  Intermediate  circuits  130,  134 
are  also  identified  in  this  Figure. 

It  should  be  understood,  however,  that  a  greater 
number  of  intermediate  circuits  may  be  provided  be- 
tween  the  upper  circuit  122  and  the  lower  circuit  126 
and  substantially  parallel  thereto  depending  upon 

5  the  requirements  of  the  system  of  which  the  circuit 
board  10  is  a  part. 

Electrically  non-conductive  substrate  material, 
such  as  epoxy-glass  having  a  suitably  high  dielec- 
tric  constant,  is  used  to  separate  the  circuits  from 

10  one  another.  Such  substrate  material  is  identified 
by  reference  numeral  137. 

Electrically  conductive  material  138  such  as  cop- 
per  in  the  preferred  embodiment  plates  the  wall  140 
of  the  thru  hole  12.  This  electrically  conductive  ma- 

15  terial  138  may  interconnect  the  surface  circuitry  122 
and  126  and/or  any  of  the  intermediate  circuits  130, 
1  34  with  one  another  or  with  the  surface  circuitry.  It 
can  be  seen  that  intermediate  circuit  130  is  not  con- 
nected  to  the  plating  material  138  covering  the  wall 

20  140,  but  that  intermediate  circuit  134  is  connected  to 
the  plating  material  138  covering  one  wall  of  the  thru 
hole  12.  As  hereinbelow  described,  during  the  etch- 
ing  phase  of  the  process  the  plated  material  1  38  on 
the  wall  140  is  etched  as  is  the  part  of  the  intermedi- 

25  ate  circuits  134  bounded  by  phantom  lines  A  and  B 
and  shown  as  reference  numeral  144.  This  tech- 
nique  is  called  etchback. 

The  plating  material  138  that  covers  the  wall  140 
of  the  thru  hole  12  is  itself  covered  by  an  outermost 

30  layer  of  conductive  material  146,  such  as  tin,  tin- 
bismuth  or  tin-lead  in  the  preferred  embodiment,  or 
any  lead  composition  as  is  normally  found  in  solder 
compositions.  During  the  steps  of  the  etching  proc- 
ess,  the  outermost  layer  of  tin-lead  material  1  46  is 

35  first  etched  away  and  then  the  innermost  layer  of 
copper  138  is  etched,  as  well  as  the  portions  144  of 
the  intermediate  circuit  134  proximate  the  thru  hole 
wall  140. 

In  operation,  the  compressed  air  cylinders  56,  64 
40  are  energized  with  compressed  air  to  move  the  re- 

spective  nozzles  53,  58  against  the  circuit  board  1  0. 
To  determined  that  the  compressed  air  cylinders  56, 
64  are  leakproof,  the  vacuum  pump  104  is  turned  on 
and  a  solvent  28  is  introduced  into  the  hole  cleaning 

45  system  and  through  a  via  12  so  that  a  test  can  be 
performed.  In  the  preferred  embodiment,  contain- 
ers  14,  18,  20,  22  are  filled  with  cupric  chloride,  wa- 
ter,  tin-lead  etchant  and  water  respectively.  The 
corresponding  waste  containers  are  shown  at  ref- 

50  erence  numerals  84,  86,  88  and  90  respectively. 
Appropriate  valves  44,  76  are  opened  and  all  oth- 
ers  are  closed.  The  vacuum  pump  104  draws  the  sol- 
vent  28  through  hose  30,  manifold  46,  tube  50,  low- 
er  nozzles  53,  thru  hole  12,  upper  nozzle  58,  hose 

55  62,  waste  manifold  66  and  into  waste  container  84. 
Upon  determining  that  no  leak  exists,  the  first  tin- 

lead  etchant  16  is  introduced  through  the  thru  hole 
12  to  remove  the  outer  coating  146  of  the  wall  140 
thereof.  Appropriate  valves  38,  78  are  opened  and 

60  all  others  are  closed.  In  the  preferred  embodiment, 
the  via  walls  140  have  an  outer  layer  of  solder  com- 
prising  a  tin-lead  composition.  The  etchant  16  to  re- 
move  tin-lead  is  vacuum  drawn  through  the  manifold 
46,  hose  50,  lower  nozzle  53,  plated  thru  hole  12,  up- 

65  per  nozzle  58,  hose  62,  waste  manifold  66  and  into 
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waste  container  86  until  all  the  tin-lead  146  has  been 
removed.  Thereafter,  water  24  is  transferred 
through  the  manifold  46  and  thence  through  the  plat- 
ed  thru  hole  12  so  that  the  etchant  16  for  removing 
tin-lead  is  rinsed  thoroughly. 

The  above  mentioned  rinsing  operation  requires 
that  valves  32,  80  be  opened  and  all  others  be 
closed. 

A  solution  of  cupric  chloride  26  is  vacuum  drawn 
through  the  thru  hole  1  2  by  the  aforementioned  path 
to  remove  the  layer  of  plated  copper  138  therefrom. 
This  copper  138  is  not  only  plated  on  the  wall  140  but 
also  forms  an  unwanted  electrical  interconnection 
144,  145  internal  to  the  board  laminate.  Chemical 
etching  of  the  encapsulated  copper  144  proceeds 
until  it  is  etched  back  to  phantom  lines  A  and  B  re- 
spectively. 

Upon  removal  of  these  metallic  substances  138, 
146,  144  from  the  wall  140  and  from  the  intermediate 
circuit  134  a  solvent  28  is  drawn  through  the  thru 
hole  12  by  the  aforementioned  path  to  remove  the  re- 
sidual  etchant  materials  26.  Water  is  the  preferred 
solvent  28  and  is  drawn  through  the  thru  hole  12  and 
deposite  in  waste  container  90  until  the  via  12  is 
clean.  Acetone  or  alcohol  may  be  introduced  after 
rinsing.  Air  is  then  drawn  through  the  thru  hole  12 
until  the  area  is  dry.  The  vacuum  is  still  maintained 
by  the  vacuum  pump  1  04.  The  lower  nozzle  53  is  sep- 
arated  from  the  board  1  0  so  that  air  can  be  drawn 
through  to  dry  the  plated  thru  hole  12  of  residual  sol- 
vent  28. 

A  suitable  device,  not  shown,  such  as  an  ionome- 
ter,  may  be  used  to  detect  the  endpoint  of  the  etch- 
ing  process.  After  all  metal  has  been  removed  from 
the  plated  thru  hole  12  and  the  hole  12  has  been  thor- 
oughly  cleaned,  the  upper  and  lower  nozzles  58,  53 
are  separated  and  the  board  10  removed  therefrom. 
A  non-conductive  material  such  as  epoxy-glass  137 
is  inserted  into  the  thru  hole  12.  In  the  preferred  em- 
bodiment,  the  non-conducive  material  is  epoxy,  but 
any  material  electrically  compatible  with  the  sub- 
strate  137  and  having  a  similar  dielectric  constant 
can  be  used. 

If  an  electrical  connection  between  the  surface 
circuitry  122  and  126  is  desired,  the  thru  hole  12  is 
replated  with  copper  138  and  optionally  tin-lead  146 
to  connect  circuitry  on  both  surfaces  of  the  circuit 
board  1  0  but  not  the  intermediate  circuits.  Similarly, 
an  electrically  conductive  pin,  not  shown,  may  be  in- 
serted  in  the  thru  hole  and  its  ends  suitably  connect- 
ed  to  circuits  on  the  major  substrate  surfaces  122 
and  1  26  to  form  electrical  connections. 

Claims 

1  .  Method  of  eliminating  a  short  circuit  in  electri- 
cal  circuitry  of  a  multilayer  printed  circuit  board  (10) 
wherein  layers  (122,  130,  134,  126)  are  interconnect- 
ed  by  a  thru  hole  (1)  being  plated  with  two  layers 
(138,  146)  of  electrically  conductive  material,  and 
wherein  the  short  circuit  occurs  due  to  an  intermedi- 
ate  conductive  layer  (134)  contacting  the  plating  of 
the  thru  hole,  the  method  being  characterized  by  the 
steps  of: 

a)  introducing  a  first  etchant  (16)  into  the  thru 
hole  (12)  to  remove  the  first  layer  (146)  of  conduc- 
tive  material  therefrom; 
b)  introducing  a  first  solvent  (24)  into  said  thru 

5  hole  to  rinse  residual  first  etchant  therefrom; 
c)  introducing  a  second  etchant  (26)  into  the  thru 
hole  to  remove  the  second  layer  (1  38)  of  conduc- 
tive  material  therefrom,  and  further  to  etch  back 
conductive  material  (144)  of  said  intermediate 

10  conductive  layer; 
d)  introducing  a  second  solvent  (28)  into  said  thru 
hole  to  rinse  residual  second  etchant  therefrom; 
e)  drying  said  thru  hole;  and 
f)  introducing  a  non-conducting  material  (137)  into 

15  the  thru  hole  to  seal  exposed  conductive  material 
of  said  intermediate  conductive  layer. 
2.  The  method  in  accordance  with  claim  1  charac- 

terized  in  that  said  first  etchant  (16)  is  adapted  to 
etch  solder. 

20  3.  The  method  in  accordance  with  claim  1  charac- 
terized  in  that  said  second  etchant  (26)  is  adapted 
to  etch  copper. 

4.  The  method  in  accordance  with  claim  1  charac- 
terized  in  that  said  non-conducting  material  (137) 

25  comprises  an  epoxy-glass  composition. 
5.  The  method  in  accordance  with  claim  1,  charac- 

terized  by  the  further  step  of  inserting  a  conduc- 
tive  pin  in  the  thru  hole  before  the  sealing  step. 

30 
Patentanspriiche 

1.  Verfahren  zum  Beseitigen  eines  Kurzschlus- 
ses  in  der  elektrischen  Schaltung  einer  aus  mehre- 

35  ren  Schichten  bestehenden  gedruckten  Leiterplatte 
(1  0),  bei  der  Schichten  (1  22,  1  30,  1  34,  1  26)  durch  eine 
mit  zwei  Schichten  (138,  146)  aus  elektrisch  leiten- 
dem  Material  plattierte  Durchverbindungsoffnung 
(12)  miteinander  verbunden  sind,  und  bei  der  der 

40  KurzschluB  aufgrund  einer  leitenden  Zwischen- 
schicht  (134)  auftritt,  welche  die  Plattierung  der 
Durchverbindungsoffnung  beruhrt,  gekennzeich- 
net  durch  folgende  Schritte: 

a)  Einfuhren  eines  ersten  Atzmittels  (16)  in  die 
45  Durchverbindungsoffnung  (12)  zum  Entfernen 

der  ersten  Schicht  (146)  aus  leitendem  Material; 
b)  Einfuhren  eines  ersten  Losungsmittels  (24)  in 
die  Durchverbindungsoffnung  zum  Abspulen 
restlichen  Atzmittels; 

50  c)  Einfuhren  eines  zweiten  Atzmittels  (26)  in  die 
Durchverbindungsoffnung  zum  Entfernen  der 
zweiten  Schicht  (138)  aus  leitendem  Material,  so- 
wie  Abatzen  von  leitendem  Material  (144)  von 
der  leitenden  Zwischenschicht; 

55  d)  Einfuhren  eines  zweiten  Losungsmittels  (28)  in 
die  Durchverbindungsoffnung  zum  Abspulen  des 
restlichen  zweiten  Atzmittels; 
e)  Trocknen  der  Durchverbindungsoffnung;  und 
f)  Einfuhren  eines  nichtleitenden  Materials  (137) 

60  in  die  Durchverbindungsoffnung  zum  Versiegeln 
des  freiliegenden  leitenden  Materials  der  leiten- 
den  Zwischenschicht. 
2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dal3  das  erste  Atzmittel  (16)  zum  Atzen  ei- 
65  nes  Lotmittels  verwendet  werden  kann. 
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4.  verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da!3  das  zweite  Atzmittel  (26)  zum  Atzen 
von  Kupfer  verwendet  werden  kann. 

4.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  das  nichtleitende  Material  (137)  eine  5 
Epoxy-Glasverbindung  enthalt. 

5.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  auBerdem  vor  dem  Beginn  des  Versie- 
gelungsvorgangs  ein  leitender  Stift  in  die  Durch- 
verbindungsoffnung  eingefuhrt  wird.  10 

Revendications 

1  .  Un  precede  pour  eliminer  un  court-circuit  dans 
les  circuits  electriques  d'une  carte  a  circuits  impri-  15 
mes  multi-couches  (10)  dans  laquelle  les  couches 
(122,  130,  134,  126)  sont  interconnectees  par  un  ori- 
fice  de  passage  (1)  comportant  un  revetement  de 
deux  couches  (138,  146)  d'un  materiau  conducteur 
6lectrique,  et  dans  lequel  le  court-circuit  se  produit  20 
du  fait  qu'une  couche  conductrice  intermediaire 
(134)  entre  en  contact  avec  le  revetement  de  I'orifi- 
ce  de  passage,  le  procede  etant  caracterise  par  les 
etapes: 

a)  introduction  d'un  premier  decapant  (16)  dans  25 
I'orifice  de  passage  (12)  pour  en  extraire  la  pre- 
miere  couche  (146)  du  materiau  conducteur; 
b)  introduction  d'un  premier  solvant  (24)  dans  le- 
dit  orifice  de  passage  pour  y  rincer  le  premier  de- 
capant  residuel;  30 
c)  introduction  d'un  second  decapant  (26)  dans 
I'orifice  de  passage  pour  en  extraire  la  seconde 
couche  de  materiau  conducteur  (138)  et  pour  elimi- 
ner  en  outre  du  materiau  conducteur  (144)  de  ladi- 
te  couche  conductrice  intermediaire;  35 
d)  introducion  d'un  second  solvant  (28)  dans  ledit 
orifice  de  passage  pour  y  rincer  le  second  deca- 
pant  residuel; 
e)  sechage  dudit  orifice  de  passage;  et 
f)  introduction  d'un  materiau  non-conducteur  40 
(137)  dans  I'orifice  de  passage  pour  sceller  le  ma- 
teriau  conducteur  expose  de  ladite  couche  con- 
ductrice  intermediaire. 
2.  Le  procede  suivant  la  revendication  1  ,  caracte- 

rise'  en  ce  que  le  premier  decapant  (16)  est  adapte  45 
au  decapage  de  soudure. 

3.  Le  procede  suivant  la  revendication  1  ,  caracte- 
rise  en  ce  que  le  second  decapant  (26)  est  adapte 
au  decapage  du  cuivre. 

4.  Le  procede  suivant  la  revendication  1,  carac-  50 
tense  en  ce  que  ledit  materiau  non-conducteur  (137) 
comprend  une  composition  en  verre  epoxy. 

5.  Le  procede  suivant  la  revendication  1  ,  caracte- 
rise  par  une  elape  ulterieure  d'insertion  d'une  tige 
conductrice  dans  I'orifice  de  passage  avant  I'etape  55 
de  scellement. 

so 
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