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Description 

The  present  invention  relates  to  a  method  of 
manufacturing  a  semiconductor  device  by  way  of 
forming  bumps,  wiring  lines,  or  the  like  by  plating, 
and  an  apparatus  therefor. 

Recently,  with  the  advancement  of  miniaturiza- 
tion  of  electronic  devices,  integration  densities  of 
ICs  and  LSIs  have  been  increased.  Furthermore,  in 
mounting  of  semiconductor  elements,  an  electrode 
pitch  is  reduced  and  the  number  of  I/O  terminals  is 
increased.  In  order  to  respond  to  a  trend  that 
electronic  devices  are  formed  into  card-like  shapes, 
e.g.,  card  type  calculators  and  IC  cards,  a  demand 
has  arisen  for  low-thickness  of  the  electronic  de- 
vices. 

A  semiconductor  element  has  aluminum  elec- 
trodes.  In  a  mounting  operation,  these  aluminum 
electrodes  are  connected  to  external  terminals. 
Wire  bonding  is  well  known  as  a  method  of  con- 
necting  them.  In  wire  bonding,  very  thin  Au  (Al  or 
Cu)  wire  having  a  diameter  of  25  to  30  urn  are 
sequentially  connected  by  thermocompression  or 
an  ultrasonic  technique.  In  this  method,  automatic 
wire  bonders  have  been  widely  applied  to  save 
labor,  and  hence  high  reliability  and  productivity 
are  realized.  However,  it  is  difficult  to  respond  to 
demand  of  an  increase  in  the  number  of  pins, 
reduction  in  pitch,  and  reduction  in  thickness  of 
electronic  devices  mounting  semiconductor  ele- 
ments,  associated  with  the  increase  in  integration 
density  of  semiconductor  elements.  That  is,  a  long- 
er  time  is  required  for  bonding  as  the  number  of 
pins  is  increased,  and  the  reduction  in  pitch  and 
the  reduction  in  thickness  of  the  electronic  devices 
are  interfered  because  of  the  presence  of  connect- 
ing  wires. 

In  contrast  to  the  above  method,  wireless 
bonding  such  as  the  TAB  and  flip  chip  methods,  to 
which  a  great  deal  of  attention  has  been  paid,  can 
solve  the  above-described  problems.  According  to 
this  method,  since  no  wire  is  used,  one-step  bond- 
ing  can  be  performed,  and  reduction  in  pitch  and 
reduction  in  thickness  of  electronic  devices  can  be 
realized.  In  addition,  automation  of  this  wireless 
bonding  method  is  promoted.  Thus,  it  is  expected 
that  wireless  bonding  becomes  the  mainstream  of 
mounting  techniques  of  semiconductor  elements 
from  now  on. 

Generally,  in  wireless  bonding,  metallic  projec- 
tions  called  bumps  are  formed  on  aluminum  elec- 
trodes  of  semiconductor  elements,  and  the  bumps 
are  directly  connected  to  external  electrode  termi- 
nals  (Solid  State  Technology.  Mar.  "Film  Carrier 
Assembly  Process"  (1979)  p.  52).  In  a  conventional 
method,  the  bumps  are  formed  by  the  following 
process. 

First,  a  plurality  of  semiconductor  elements  are 
formed  on  a  semiconductor  wafer,  and  a  large 
number  of  aluminum  electrodes  are  formed  on  the 
respective  semiconductor  elements. 

5  A  passivation  film  such  as  an  Si02  or  ShN^ 
film  is  formed  on  the  entire  surface  of  the  wafer. 
The  passivation  film  is  selectively  etched  to  expose 
the  aluminum  electrodes. 

An  underlying  metal  film  is  formed  on  the 
io  entire  surface  of  the  wafer  (including  the  residual 

portion  of  the  passivation  film)  by  deposition  or 
sputtering.  Then,  a  resist  film  is  formed  on  the 
underlying  metal  film  by  photoengraving  such  that 
portions  of  the  underlying  metal  film  corresponding 

75  to  the  exposed  portions  of  the  aluminum  electrodes 
are  formed  into  openings. 

Subsequently,  bumps  each  having  substantially 
the  same  thickness  as  that  of  the  resist  film  are 
formed  on  portions  corresponding  to  the  resist  film 

20  opening  portions  of  the  underlying  metal  layer  by 
electroplating  using  the  underlying  metal  film  as  a 
cathode. 

Then,  the  resist  film  is  removed,  and  the  ex- 
posed  underlying  metal  film  is  removed  using  the 

25  bumps  as  masks. 
The  above-described  conventional  bump  for- 

ming  method,  however,  has  the  following 
drawbacks.  In  a  plating  process,  if  bubbles  en- 
trapped  in  a  plating  solution  are  attached  to  the 

30  underlying  metal  and  the  resist  in  the  neighborhood 
of  the  opening  portions  of  the  resist  film,  the  bub- 
bles  are  not  removed  even  if  the  plating  solution  is 
agitated,  and  plating  is  performed  while  the  bub- 
bles  are  attached  to  the  underlying  metal  and  the 

35  resist.  As  a  result,  no  bump  may  be  formed  or 
bumps  having  insufficient  thicknesses  may  be 
formed.  Especially,  as  a  bump  size  is  decreased 
with  advances  in  micropatterning  of  the  semicon- 
ductor  elements,  even  a  small  bubble  may  serve 

40  as  a  mask  in  a  plating  and  interferes  with  formation 
of  bumps.  Therefore,  attachment  of  bubbles  causes 
a  great  decrease  in  yield  of  semiconductor  ele- 
ments. 

In  order  to  eliminate  such  drawbacks,  a  sur- 
45  face-active  agent  is  added  to  a  plating  solution  to 

prevent  bubbles  from  being  attached  to  an  under- 
lying  metal  layer  etc.  Such  a  surface-active  agent, 
however,  degrades  characteristics  of  the  plating 
solution,  thus  posing  another  problem.  Other 

50  means  of  semiconductor  bump  formation  are 
taught  in  US-A-4287029  and  US-A-4466864 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  method  of  manufacturing  a  semiconductor 
device,  which  can  prevent  a  plating  failure  caused 

55  by  the  attachment  of  bubbles  to  a  plating  portion  of 
the  semiconductor  device  without  changing  the 
composition  of  a  plating  solution,  and  an  apparatus 
therefor. 
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According  to  one  aspect  of  the  present  inven- 
tion,  there  is  provided  a  method  of  manufacturing  a 
semiconductor  device,  comprising  the  steps  of: 
plating  a  portion  of  a  semiconductor  member  to  be 
plated  by  bringing  a  plating  solution  into  contact 
with  said  portion  to  be  plated  to  form  a  bump;  and 
isolating  said  plating  solution  from  said  portion  to 
be  plated  a  plurality  of  times  during  said  plating 
step. 

The  method  of  manufacturing  a  semiconductor 
device  according  to  the  invention  has  the  advan- 
tage  of  greatly  reducing  the  occurrence  of  plating 
failure  caused  by  bubbles. 

According  to  another  aspect  of  the  present 
invention,  there  is  provided  an  apparatus  for  manu- 
facturing  a  semiconductor  device,  comprising:  a 
plating  solution  tank  for  storing  a  plating  solution;  a 
hold  member  for  holding  a  semiconductor  member 
in  said  tank;  bringing/isolating  means  for  bringing 
said  plating  solution  into  contact  with  a  portion  to 
be  plated  of  said  semiconductor  member  and  for 
isolating  the  plating  solution  from  said  portion  to  be 
plated  a  plurality  of  times  during  plating,  by  gen- 
erating  relative  movement  between  a  surface  of  the 
plating  solution  in  said  plating  solution  tank  and 
said  semiconductor  member;  and  plating  means  for 
forming  a  plating  layer  on  said  portion  to  be  plated 
while  said  plating  solution  is  contacting  said  portion 
to  be  plated  of  the  semiconductor  member. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 
in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  schematic  view  showing  an  arrange- 
ment  of  a  bump  forming  apparatus  to  be  used  in 
a  first  embodiment  of  the  present  invention; 
Figs.  2A  to  2D  are  sectional  views  for  explaining 
the  steps  involved  in  forming  bumps  on  a  semi- 
conductor  wafer; 
Figs.  3  to  5  are  graphs  showing  ON/OFF  timings 
of  a  pump  for  supplying  a  plating  solution  and 
the  flow  rates  of  the  plating  solution  of  the 
pump;  and 
Fig.  6  is  schematic  view  showing  an  arrange- 
ment  of  a  bump  forming  apparatus  to  be  used  in 
a  second  embodiment  of  the  present  invention. 
The  present  invention  will  be  described  in  de- 

tail  below.  A  method  of  manufacturing  a  semicon- 
ductor  device  according  to  the  present  invention 
can  be  applied  to,  e.g.,  the  manufacturing  of  a 
semiconductor  device  having  bumps.  Such  a  semi- 
conductor  device  is  manufactured  as  follows.  For 
example,  an  insulating  film  is  formed  on  a  surface 
of  a  semiconductor  member  such  that  a  large 
portion  of  each  electrode  formed  on  the  semicon- 
ductor  device  is  exposed.  The  insulating  film  and 
the  entire  the  exposed  surface  portion  of  the  elec- 
trode  are  covered  with  a  conductive  film.  A  mask 

having  an  opening  for  exposing  a  portion  of  the 
conductive  film  corresponding  to  the  exposed  por- 
tion  of  the  electrode  is  formed  on  the  conductive 
film,  and  a  bump  is  formed  on  the  exposed  portion 

5  (portion  to  be  plated)  of  the  conductive  film  by 
depositing,  thereon,  a  plating  layer  having  a  pre- 
determined  thickness.  According  to  the  present  in- 
vention,  plating  is  performed  by  bringing  the  plat- 
ing  solution  into  contact  with  a  portion  to  be  plated 

io  of  the  semiconductor  device  and  isolating  the  solu- 
tion  from  the  portion  to  be  plated  of  the  semicon- 
ductor  device  during  the  plating  step.  With  the 
above  operation,  the  occurrence  of  a  plating  failure 
caused  by  bubbles  can  be  greatly  reduced. 

is  The  reasons  why  such  effects  are  obtained 
with  the  method  of  the  present  invention  will  be 
described  below.  During  formation  of  a  plating  lay- 
er  in  the  conventional  method  of  manufacturing  a 
semiconductor  device,  bubbles  attach  themselves 

20  to  a  certain  area  of  a  portion  to  be  plated,  and  the 
bubbles  remain  thereon  during  a  plating  process. 
Therefore,  a  plating  layer  is  not  formed  on  the 
portion  to  which  the  bubbles  are  attached  and  thus 
a  plating  failure  occurs  on  this  portion.  These  bub- 

25  bles,  however,  can  be  removed  by  temporarily 
isolating  the  portion  of  the  semiconductor  device  to 
be  plated  from  the  plating  solution.  When  the  por- 
tion  to  be  plated  is  again  brought  into  contact  with 
the  plating  solution  after  the  isolation,  the  bubbles 

30  have  attached  themselves  to  the  other  area  which 
has  alreadly  been  plated.  Thus,  the  plating  solution 
contacts  the  previously  bubble-attached  area,  and 
a  plating  layer  is  deposited  on  this  area.  As  a 
result,  the  portion  has  no  area  left  unplated.  Hence, 

35  the  possibility  of  a  plating  failure  is  minimized.  In 
this  case,  the  step  of  isolating  the  portion  to  be 
plated  from  the  plating  solution  is  preferably  per- 
formed  a  plurality  of  times,  more  preferably,  ten 
times  or  more.  By  performing  this  step  a  plurality 

40  of  times,  the  probability  that  the  bubbles  have 
again  attached  themselves  to  an  area  of  the  portion 
to  be  plated,  to  which  the  bubbles  had  been  pre- 
viously  attached,  is  decreased,  and  hence  a  plating 
failure  can  reliably  be  further  prevented.  In  the 

45  case  wherein  the  plating  solution  is  isolated  from 
the  portion  to  be  plated  a  plurality  of  times,  the 
interval  between  one  isolating  step  and  the  next 
isolating  step  the  time,  during  which  plating  is 
performed,  is  short,  thereby  allowing  only  a  thin 

50  plating  layer  to  be  deposited  on  the  portion  to  be 
plated  during  the  interval.  For  this  reason,  even  if 
bubbles  remain  attached  to  a  certain  area  of  the 
portion  to  be  plated  after  plating  has  been  re- 
started,  a  difference  in  thickness  of  deposition  be- 

55  tween  the  area  to  which  the  bubbles  are  attached 
and  the  other  areas  will  be  smaller  than  in  the  case 
wherein  this  isolating  step  is  performed  only  once. 
Therefore,  the  plated  layer  on  the  portion  to  be 
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plated  can  be  deposited  to  have  a  substantially 
uniform  thickness  by  performing  this  isolating  step 
a  preferable  number  of  times. 

Note  that  the  number  of  times  the  isolaitng 
step  is  to  be  performed  is  preferably  determined  in 
consideration  of  the  properties  of  the  plating  solu- 
tion  (the  number  of  bubbles  and  the  like  in  the 
plating  solution),  the  thickness  of  a  plating  layer  to 
be  formed,  and  productivity  of  a  semiconductor 
device.  In  addition,  when  the  isolating  step  is  per- 
formed  a  plurality  of  times,  the  intervals  between 
one  isolating  step  and  the  next  isolating  step  is 
preferably  uniform. 

Electroplating  can  be  applied  to  the  plating 
step.  In  this  case,  gold-plating,  silver-plating,  or  the 
like  can  be  employed.  In  addition,  electroless  plat- 
ing  can  be  employed. 

The  present  invention  is  not  limited  to  the  case 
wherein  bumps  are  formed,  but  can  be  applied  to  a 
case  wherein,  e.g.,  wiring  lines  are  plated. 

Embodiments  of  the  present  invention  will  be 
described  in  detail  below  with  reference  to  the 
accompanying  drawings. 

Fig.  1  is  a  schematic  view  showing  an  arrange- 
ment  of  an  apparatus  to  be  used  in  a  first  embodi- 
ment  of  the  present  invention.  Referring  to  Fig.  1, 
reference  numeral  1  denotes  an  annular  plating 
storage  tank,  in  which  plating  solution  2  is  stored. 

Plating  tank  3  having  an  open  upper  portion  is 
arranged  in  a  hollow  portion  of  annular  plating 
solution  storage  1.  Mesh-like  anode  electrode  4  is 
arranged  on  a  bottom  portion  of  plating  tank  3. 
Lead  5  is  connected  to  electrode  4.  Three  hook- 
shaped  hold  members  6  (two  in  Fig.  1)  are  at- 
tached  to  an  upper  side  wall  of  plating  tank  3. 
Semiconductor  wafer  20,  on  which  a  plating  portion 
is  to  be  formed,  is  placed  on  hold  members  6.  One 
of  hold  members  6  is  connected  to  lead  7  on  the 
cathode  side  and  serves  as  a  cathode  electrode. 
Leads  5  and  7  are  connected  to  DC  power  source 
15. 

Plating  solution  discharging  port  12  is  formed 
in  a  lower  side  wall  of  plating  solution  storage  1. 
Plating  solution-supplying  port  11  is  formed  in  the 
bottom  portion  of  plating  tank  3.  Discharging  and 
supplying  ports  12  and  11  are  coupled  to  each 
other  through  pipe  8.  Pump  9  and  filter  10  are 
provided  in  pipe  8.  Pump  9  supplies  a  plating 
solution  from  storage  1  to  tank  3.  Filter  10  filters 
the  plating  solution.  Intermittent  drive  unit  13  is 
connected  to  pump  9.  Pump  9  is  intermittently 
operated  by  intermittent  drive  unit  13  at  predeter- 
mined  intervals.  In  addition,  intermittent  drive  unit 
13  is  connected  to  DC  power  source  15  described 
above.  DC  power  source  15  is  synchronized  with 
pump  9  and  is  ON/OFF-operated  in  accordance 
with  the  ON/OFF  intervals  of  pump  9. 

In  such  an  apparatus,  intermittent  drive  unit  13 
is  operated  at  predetermined  intervals  while  semi- 
conductor  wafer  20  is  placed  on  hold  members  6. 
When  intermittent  drive  unit  13  is  in  the  ON  state, 

5  pump  9  is  operated,  and  hence  plating  solution  2  is 
caused  to  flow  from  storage  1  to  plating  tank  3 
through  pipe  8.  When  plating  tank  3  is  filled  with 
the  plating  solution,  the  plating  solution  begin  to 
overflow  from  tank  3.  At  this  time,  the  plating 

io  solution  is  brought  into  contact  with  a  portion  to  be 
plated  of  semiconductor  wafer  20,  and  a  voltage  is 
applied  from  DC  power  source  15  to  anode  elec- 
trode  (mesh)  4  and  hold  member  6,  thereby  per- 
forming  the  step  of  plating.  When  intermittent  drive 

is  unit  13  is  in  the  OFF  state,  the  plating  solution  in 
plating  tank  3  is  returned  to  plating  solution  storage 
1  through  pipe  8.  Then,  the  plating  solution  is 
isolated  from  the  portion  to  be  plated,  and  DC 
power  source  15  is  turned  off.  With  such  an  inter- 

20  mittent  plating  operation,  plating  portions  such  as 
bumps,  wiring  lines,  or  the  like  can  be  formed  to 
have  very  few  defects  due  to  the  elimination  of 
bubbles. 

A  method  of  forming  bumps  using  the  above- 
25  described  apparatus  will  be  described  below  with 

reference  to  Figs.  2A  to  2D. 
A  plurality  of  semiconductor  elements  compris- 

ing  various  transistors  and  wiring  lines  were  formed 
on  silicon  wafer  31  by  a  conventional  method,  and 

30  a  large  number  of  Al  electrodes  32  were  formed 
on  the  respective  semiconductor  elements.  Then, 
Si3N+  passivation  film  33  was  formed  on  an  upper 
surface  of  wafer  31,  on  which  electrodes  32  had 
been  formed.  Passivation  film  33  was  selectively 

35  etched  to  exposed  a  large  portion  of  each  Al 
electrode  32  (Fig.  2A). 

Cr  film  34,  Cu  film  35,  and  Au  film  36  were 
sequentially  deposited  on  the  entire  surface  of  wa- 
fer  31  including  passivation  film  33  by  sputtering  to 

40  form  3-layer  conductive  film  37  having  a  thickness 
of  about  3,500  A  (10A  =  1nm).  After  20-u.m  thick 
photosensitive  dry  film  38  had  been  coated  on  the 
entire  surface  of  conductive  film  37,  film  38  was 
photo-engraved  to  form  opening  portions  39,  each 

45  having  a  square  area  of  80  urn  x  80  urn  for 
exposing  portions  of  the  conductive  film,  which 
corresponded  to  the  exposed  portions  of  Al  elec- 
trodes  32  (Fig.  2B). 

Silicon  wafer  31  was  placed  on  hold  members 
50  6  of  plating  tank  3  in  Fig.  1  such  that  the  surface  of 

photosensitive  dry  film  38  coated  thereon  faced 
tank  3.  In  this  case,  hold  members  6  were  con- 
nected  to  conductive  film  37.  Pump  9  was  driven 
by  intermittent  drive  unit  13  at  intervals  shown  in 

55  Fig.  3  to  intermittently  perform  electroplating.  More 
specifically,  a  plating  solution  was  supplied  to  tank 
3  for  five  minutes  at  a  predetermined  flow  rate, 
thus  plating  was  performed.  The  plating  solution 

4 
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was  isolated  from  wafer  31  by  stopping  the  supply 
of  the  plating  solution  for  30  seconds.  These  oper- 
ations  were  repeated  seven  times.  Finally,  the  plat- 
ing  solution  was  supplied  to  tank  3  for  five  minutes, 
thus  plating  was  performed.  Thereby,  metal  bumps 
40  were  selectively  formed  on  the  exposed  por- 
tions  corresponding  to  opening  portions  39  of  con- 
ductive  film  37  to  have  substantially  the  same 
thickness  as  that  of  film  38  (Fig.  2C). 

In  this  plating  operation,  upon  the  operation  of 
pump  9,  the  gold  plating  solution  (temperature: 
about  60  °C)  in  plating  storage  1  was  caused  flow 
to  plating  tank  3  through  pipe  8,  thereby  raising  the 
level  of  plating  solution  2  in  plating  tank  3.  The 
plating  solution  was  brought  into  contact  with  por- 
tions  39a  (corresponding  to  opening  portions  39)  of 
conductive  film  37  after  about  two  seconds,  and  a 
DC  voltage  was  applied  from  power  source  15  to 
hold  member  6  and  electrode  4,  thereby  gold- 
plating  portion  39a.  In  this  case,  the  plating  solution 
was  agitated  when  it  was  being  supplied  to  tank  3. 
After  the  level  of  the  plating  solution  had  reached 
the  upper  end  of  tank  3,  the  plating  solution  sup- 
plied  thereafter  overflowed  therefrom  into  storage 
1.  On  the  other  hand,  by  turning  off  intermittent 
drive  unit  13  during  the  plating  process  and  by 
stopping  the  operation  of  pump  9,  plating  solution  2 
was  returned  to  storage  1  and  the  level  of  the 
plating  solution  was  lowered  to  position  L.  In  this 
case,  plating  solution  2  was  instantaneously  sepa- 
rated  from  portions  39a,  and  bubbles  attached 
thereto  were  removed. 

Thereafter,  dry  film  38  was  removed,  and  then 
exposed  conductive  film  37  were  removed  by  etch- 
ing  using  the  metal  bumps  as  masks  (Fig.  2D). 

Wafer  31  having  metal  bumps  40  formed  there- 
on  in  the  above-described  manner  were  checked  to 
determine  the  shapes  of  the  bumps  40  and  wheth- 
er  or  not  the  bumps  had  been  formed  on  portions 
39a.  It  was  resultingly  confirmed  that  bumps  having 
uniform  thicknesses  were  formed  on  all  portions 
39a.  In  contrast  to  the  above  embodiment,  bumps 
were  formed  on  another  wafer  by  continuously  plat- 
ing  the  wafer  for  40  minutes  without  isolating  the 
plating  solution  from  the  wafer  during  the  process. 
As  a  result,  of  the  200  ICs  made  on  one  wafer, 
there  were  60  ICs  (about  30%  of  the  total  ICs) 
wherein  no  bumps  or  bumps  having  a  thickness 
less  than  20  urn  were  formed  on  the  bump-forming 
portions  (i.e.,  portions  39a). 

A  plurality  of  semiconductor  elements  were 
formed  by  cutting  wafer  31  in  this  embodiment. 
Then,  the  semiconductor  elements  were  mounted 
on  external  wiring  lines.  More  precisely,  gold 
bumps  40  were  mounted  on  the  extermal  wiring 
lines.  As  a  result,  the  semiconductor  elements  were 
found  to  have  a  high  reliablity  and  an  excellent 
bonding  ability. 

According  to  the  apparatus  shown  in  Fig.  1, 
since  intermittent  drive  unit  13  drives  DC  power 
source  15  to  perform  the  ON/OFF  operation  and 
drives  pump  9  to  perform  the  start/stop  operation  in 

5  synchronism  with  each  other,  a  plating  solution  can 
be  easily  isolated  from  portions  39a  of  wafer  31, 
and  a  bump  formation  with  a  high  reliability  can  be 
realized. 

In  the  above  embodiment,  the  conductive  film 
io  is  constituted  by  the  laminated  layer  of  three  films, 

i.e.,  the  Cr  film,  the  Cu  film,  and  the  Au  film. 
However,  the  conductive  film  may  be  constituted 
by  a  3-layer  structure  of  other  metals  such  as  a 
Ti/Pt/Au  layer. 

is  Although  the  photosensitive  dry  film  is  used  as 
a  mask  in  the  bump  forming  process,  a  resist  film 
may  be  used. 

Although  the  plating  solution  is  supplied  by 
pump  9  at  a  predetermined  flow  rate  and  at  pre- 

20  determined  intervals  as  shown  in  Fig.  3,  it  may  be 
supplied  at  irregular  intervals  as  shown  in  Fig.  4,  or 
the  flow  rate  may  be  varied  as  shown  in  Fig.  5. 

A  second  embodiment  of  the  present  invention 
will  be  described  below.  Fig.  6  is  a  schematic  view 

25  showing  an  arrangement  of  an  apparatus  to  be 
used  in  the  second  embodiment  of  the  present 
invention.  Referring  to  Fig.  6,  plating  solution  52 
such  as  a  gold  plating  solution  is  stored  in  plating 
tank  51.  Mesh-like  anode  electrode  53  is  arranged 

30  in  tank  51  and  immersed  in  plating  solution  52. 
Anode  electrode  53  is  connected  to  lead  54,  which, 
in  turn,  is  connected  to  DC  power  source  65. 

Plating  apparatus  60  comprises  hold  plate  61 
for  holding  wafer  70,  actuator  62  for  vertically  mov- 

35  ing  wafer  70  so  as  to  immerse  wafer  70  in  plating 
solution  52  and  to  remove  wafer  70  therefrom, 
support  rod  63  for  coupling  actuator  62  to  support 
plate  61,  and  contact  pin  64  for  connecting  wafer 
70  to  the  cathode  side  of  power  source  65.  Contact 

40  pin  64  is  connected  to  lead  55,  which,  in  turn,  is 
connected  to  power  source  65.  Drive  controller  66 
drives  actuator  64  at  predetermined  intervals  to 
vertically  move  wafer  70,  and  keeps  power  source 
65  in  an  ON  state  only  while  wafer  70  is  immersed 

45  in  plating  solution  52. 
Two  holes  56  and  57  are  formed  in  the  bottom 

portion  of  tank  51.  Both  ends  of  pipe  81  are  con- 
nected  to  holes  56  and  57.  Pump  82  and  filter  83 
are  provided  in  pipe  81  .  Pump  82  circulates  plating 

50  solution  52  in  tank  81  so  as  to  agitate  the  solution. 
Filter  83  purifies  plating  solution  52. 

With  such  an  apparatus,  by  operating  actuator 
62  at  predetermined  intervals  using  drive  controller 
66,  operations  of  isolating  the  plating  solution  from 

55  the  portions  of  wafer  70  to  be  plated  and  bringing 
the  plating  solution  into  contact  with  the  portions 
are  alternately  repeated,  and  thus  defects  of  plating 
portions  can  be  minimized. 

5 
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Bump  formation  using  such  an  apparatus  can 
be  basically  performed  in  accordance  with  the 
steps  shown  in  Figs.  2A  to  2D  described  above. 

In  this  embodiment,  bumps  having  the  same 
excellent  qualities  as  those  in  the  first  embodiment 
can  be  obtained. 

Claims 

1.  A  method  of  manufacturing  a  semiconductor 
device,  comprising  the  steps  of: 

plating  a  portion  (39a)  of  a  semiconductor 
member  to  be  plated  by  bringing  a  plating 
solution  (2,52)  into  contact  with  said  portion 
(39a)  to  be  plated  to  form  a  bump  (40);  and 

isolating  said  plating  solution  (2,52)  from 
said  portion  (39a)  to  be  plated  a  plurality  of 
times  during  said  plating  step. 

2.  A  method  according  to  claim  1,  characterized 
in  that  said  plating  step  is  performed  by  elec- 
troplating. 

3.  A  method  according  to  claim  1,  characterized 
in  that  said  plating  step  is  performed  by  elec- 
troless  plating. 

4.  An  apparatus  for  manufacturing  a  semiconduc- 
tor  device,  comprising: 

a  plating  solution  tank  (3,51)  for  storing  a 
plating  solution  (2,52); 

a  hold  member  (6,64)  for  holding  a  semi- 
conductor  member  (20,70)  in  said  tank 
(1,3,51); 

bringing/isolating  means  (9,13,62,66)  for 
bringing  said  plating  solution  (2,52)  into  contact 
with  a  portion  (39a)  to  be  plated  of  said  semi- 
conductor  member  (20,70)  and  for  isolating  the 
plating  solution  from  said  portion  (39a)  to  be 
plated  a  plurality  of  times  during  plating,  by 
generating  relative  movement  between  a  sur- 
face  of  the  plating  solution  (2,52)  in  said  plat- 
ing  solution  tank  (3,51)  and  said  semiconductor 
member  (20,70);  and 

plating  means  (4,6,15,53,64,65)  for  forming 
a  plating  layer  (40)  on  said  portion  (39a)  to  be 
plated  while  said  plating  solution  (2,52)  is  con- 
tacting  said  portion  to  be  plated  of  the  semi- 
conductor  member  (20,70). 

5.  An  apparatus  according  to  claim  4,  character- 
ized  in  that  said  bringing/isolating  means  (9,13) 
has  plating  solution-supplying  means  (9)  for 
supplying  said  plating  solution  to  said  tank  (3) 
thereby  bringing  said  plating  solution  (2)  into 
contact  with  a  portion  (39a)  to  be  plated  of  said 
semiconductor  member  (20),  and  contact 
means  (13)  for  causing  said  supplying  means 

(9)  to  perform  ON/OFF-operations  at  predeter- 
mined  intervals. 

6.  An  apparatus  according  to  claim  4,  character- 
5  ized  in  that  said  plating  means 

(4,6,15,53,64,65)  comprises  an  anode  elec- 
trode  (4,53)  to  be  immersed  in  the  plating 
solution,  a  cathode  electrode  (6,64)  to  be  con- 
nected  to  the  portion  (39a)  to  be  plated,  and  a 

io  DC  power  source  (15,64)  for  applying  a  voltage 
to  said  electrodes  (4,6,53,64). 

7.  An  apparatus  according  to  claim  4,  character- 
ized  in  that  said  bringing/isolating  means 

is  (62,66)  has  drive  means  (62)  for  driving  said 
semiconductor  member  (70)  to  bring  a  portion 
(39a)  to  be  plated  thereof  into  contact  with  said 
plating  solution  (52)  and  to  isolate  said  portion 
(39a)  to  be  plated  therefrom,  and  control 

20  means  (66)  for  causing  said  driving  means  (62) 
to  perform  bringing/isolating  operations  at  pre- 
determined  intervals. 

Patentanspruche 
25 

1.  Verfahren  zur  Herstellung  eines  Halbleiterbau- 
elements,  welches  die  folgenden  Schritte  urn- 
faBt: 
Plattieren  eines  zu  plattierenden  Abschnitts 

30  (39a)  eines  Halbleiterbauelements,  indem  eine 
Plattierungslosung  (2,  52)  mit  dem  zu  plattie- 
renden  Abschnitt  (39a)  zur  Bildung  einer  Kon- 
taktwarze  (40)  in  Kontakt  gebracht  wird;  und 
mehrmaliges  Trennen  der  Plattierungslosung 

35  (2,  52)  von  diesem  zu  plattierenden  Abschnitt 
(39a)  wahrend  des  Plattierungsschrittes. 

2.  Verfahren  gemaB  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  der  Plattierungsschritt  durch 

40  Elektroplattieren  erfolgt. 

3.  Verfahren  gemaB  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  der  Plattierungsschritt  durch 
stromloses  Plattieren  erfolgt. 

45 
4.  Vorrichtung  zur  Herstellung  eines  Halbleiter- 

bauelements,  welche  folgendes  umfaBt: 
einen  Plattierungslosungsbehalter  bzw.  ein 
Bad  (3,  51)  zur  Aufnahme  einer  Plattierungslo- 

50  sung  (2,  52); 
ein  Halterungselement  (6,  64)  zur  Halterung 
eines  Halbleiterelements  (20,  70)  in  diesem 
Behalter  (1,  3,  51); 
Zufuhr-/Trenneinrichtungen  (9,  13,  62,  66),  urn 

55  die  Plattierungslosung  (2,  52)  in  Kontakt  mit 
einem  zu  plattierenden  Abschnitt  (39a)  des 
Halbleiterelements  (20,  70)  zu  bringen  und  die 
Plattierungslosung  wahrend  der  Plattierung 

6 
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mehrmals  von  dem  zu  plattierenden  Abschnitt 
(39a)  zu  trennen,  indem  man  eine  relative  Be- 
wegung  zwischen  einer  Oberflache  der  Plattie- 
rungslosung  (2,  52)  in  diesem  Plattierungslo- 
sungsbehalter  (3,  51)  und  dem  Halbleiterbau- 
element  (20,  70)  erzeugt;  und 
eine  Plattierungseinrichtung  (4,  6,  15,  53,  64, 
65)  zur  Ausbildung  einer  Plattierungsschicht 
(40)  auf  dem  zu  plattierenden  Abschnitt  (39a), 
wahrend  sich  die  Plattierungslosung  (2,  52)  mit 
dem  zu  plattierenden  Abschnitt  (39a)  des  Halb- 
leiterbauelements  (20,  70)  in  Kontakt  befindet. 

5.  Vorrichtung  gemaB  Anspruch  4,  dadurch  ge- 
kennzeichnet,  daB  die  Zufuhr-/Trenneinrichtung 
(9,  13)  uber  eine  Zufuhreinrichtung  (9)  fur  die 
Plattierungslosung,  welche  die  Plattierungslo- 
sung  in  das  Bad  (3)  fordert,  wodurch  die  Plat- 
tierungslosung  (2)  in  Kontakt  mit  einem  zu 
plattierenden  Abschnitt  (39a)  des  Halbleiterele- 
ments  (20)  gebracht  wird,  und  uber  eine  Kon- 
takteinrichtung  (13),  welche  die  Zufuhreinrich- 
tung  (9)  veranlaBt,  in  vorgegebenen  Intervallen 
EIN-/AUS-Operationen  auszufuhren,  verfugt. 

6.  Vorrichtung  gemaB  Anspruch  4,  dadurch  ge- 
kennzeichnet,  daB  die  Plattierungseinrichtung 
(4,  6,  15,  53,  64,  65)  eine  in  die  Plattierungslo- 
sung  zu  tauchende  Anodenelektrode  (4,  53), 
eine  mit  dem  zu  plattierenden  Abschnitt  (39a) 
zu  verbindende  Kathodenelektrode  (4,  64)  und 
eine  Gleichspannungsquelle  (15)  zum  Anlegen 
einer  Spannung  an  die  Elektroden  (4,  6,  53, 
64)  umfaBt. 

7.  Vorrichtung  gemaB  Anspruch  4,  dadurch  ge- 
kennzeichnet,  daB  die  Zufuhr-/Trenneinrichtung 
(62,  66)  eine  Antriebseinrichtung  (62),  welche 
das  Halbleiterelement  (70)  in  der  Weise  an- 
steuert,  daB  es  einen  zu  plattierenden  Ab- 
schnitt  (39a)  davon  in  Kontakt  mit  der  Plattie- 
rungslosung  bringt  und  diesen  zu  plattierenden 
Abschnitt  (39a)  von  dieser  trennt,  und  eine 
Steuerungseinrichtung  (66),  welche  die  An- 
triebseinrichtung  (62)  veranlaBt,  Zufuhr-/Trenn- 
operationen  in  vorgegebenen  Intervallen  auszu- 
fuhren,  besitzt. 

Revendicatlons 

1.  Procede  de  fabrication  d'un  dispositif  a  semi- 
conducteur  comprenant  les  etapes  de  : 

placage  d'une  partie  (39a)  d'un  element 
semiconducteur  qui  doit  etre  plaque  en  ame- 
nant  une  solution  de  placage  (2,  52)  en  contact 
avec  ladite  partie  (39a)  qui  doit  etre  plaquee 
pour  former  un  bossement  (40)  ;  et 

isolation  de  ladite  solution  de  placage  (2, 

52)  vis-a-vis  de  ladite  partie  (39a)  qui  doit  etre 
plaquee,  une  pluralite  de  fois  pendant  ladite 
etape  de  placage. 

5  2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  ladite  etape  de  placage  est  realisee 
par  electroplacage. 

3.  Procede  selon  la  revendication  1,  caracterise 
io  en  ce  que  ladite  etape  de  placage  est  realisee 

au  moyen  d'un  placage  sans  electrode. 

4.  Appareil  de  fabrication  d'un  dispositif  a  semi- 
conducteur  comprenant  : 

is  un  reservoir  de  solution  de  placage  (3,  51) 
pour  stacker  une  solution  de  placage  (2,  52)  ; 

un  element  de  support  (6,  64)  pour  sup- 
porter  un  element  semiconducteur  (20,  70) 
dans  ledit  reservoir  (1,  3,  51)  ; 

20  un  moyen  d'amenee/isolation  (9,  13,  62, 
66)  pour  amener  ladite  solution  de  placage  (2, 
52)  en  contact  avec  une  partie  (39a)  qui  doit 
etre  plaquee  dudit  I'element  semiconducteur 
(20,  70)  et  pour  isoler  la  solution  de  placage 

25  vis-a-vis  de  ladite  partie  (39a)  qui  doit  etre 
plaquee,  une  pluralite  de  fois  pendant  le  placa- 
ge,  en  generant  un  deplacement  relatif  entre 
une  surface  de  la  solution  de  placage  (2,  52) 
dans  ledit  reservoir  de  solution  de  placage  (3, 

30  51)  et  ledit  element  semiconducteur  (20,  70)  ; 
et 

un  moyen  de  placage  (4,  6,  15,  53,  64,  65) 
pour  former  une  couche  de  placage  (40)  sur 
ladite  partie  (39a)  qui  doit  etre  plaquee  tandis 

35  que  ladite  solution  de  placage  (2,  52)  est  mise 
en  contact  avec  ladite  partie  qui  doit  etre  pla- 
quee  de  I'element  semiconducteur  (20,  70). 

5.  Appareil  selon  la  revendication  4,  caracterise 
40  en  ce  que  ledit  moyen  d'amenee/isolation  (9, 

13)  comporte  un  moyen  d'application  de  solu- 
tion  de  placage  (9)  pour  appliquer  ladite  solu- 
tion  de  placage  dans  ledit  reservoir  (3)  pour 
ainsi  amener  ladite  solution  de  placage  (2)  en 

45  contact  avec  une  partie  (39a)  qui  doit  etre 
plaquee  dudit  element  semiconducteur  (20),  et 
un  moyen  de  contact  (13)  pour  forcer  ledit 
moyen  d'application  (9)  a  realiser  des  opera- 
tions  MARCHE/ARRET  selon  des  intervalles 

50  predetermines. 

6.  Appareil  selon  la  revendication  4,  caracterise 
en  ce  que  ledit  moyen  de  placage  (4,  6,  15, 
53,  64,  65)  comprend  une  electrode  d'anode 

55  (4,  53)  qui  doit  etre  immergee  dans  la  solution 
de  placage,  une  electrode  de  cathode  (6,  64) 
qui  doit  etre  connectee  a  la  partie  (39a)  qui 
doit  etre  plaquee  et  une  source  d'alimentation 
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courant  continu  (15,  64)  pour  appliquer  une 
tension  auxdites  electrodes  (4,  6,  53,  64). 

7.  Appareil  selon  la  revendication  4,  caracterise 
en  ce  que  ledit  moyen  d'amenee/isolation  (62,  5 
66)  comporte  un  moyen  d'entraTnement  (62) 
pour  entraTner  ledit  element  semiconducteur 
(70)  pour  amener  une  partie  (39a)  qui  doit  etre 
plaquee  de  celui-ci  en  contact  avec  ladite  solu- 
tion  de  placage  (52)  et  pour  isoler  ladite  partie  10 
(39a)  qui  doit  etre  plaquee  vis-a-vis  de  celle-ci, 
et  un  moyen  de  commande  (66)  pour  forcer 
ledit  moyen  d'entraTnement  (62)  a  realiser  des 
operations  d'amenee/isolation  selon  des  inter- 
valles  predetermines.  is 
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