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     BONDING APPARATUS AND BONDING METHOD 

 

FIELD OF THE INVENTION 

     The  present  invent ion  re la tes  to  a  bonding appara tus  and a  

bonding method for,  for  example ,  f l ip-chip-bonding bumps of  

semiconductor  devices ,  which  are  adhered  on a  subs t ra te  by  a  

non-conduct ive  adhes ive ,  to  te rminal  sec t ions  of  the  subs t ra te .  

 

BACKGROUND OF THE INVENTION 

In  Fig .  23A,  cable  pat terns  are  formed on a  subs t ra te  51 ,  

and semiconductor  devices  ( f l ip  chips)  53  are  adhered  to  

te rminal  sec t ions  51a  of  the  subs t ra te  51  by applying a  

non-conduct ive  adhes ive  52,  e .g . ,  NCF (non-conduct ive  f i lm) ,  

NCP (non-conduct ive  pas te) .  In  th is  s ta te ,  meta l  bumps 54,  e .g . ,  

so lder  bumps,  gold  bumps,  of  the  semiconductor  devices  53  are  

not  e lec t r ica l ly  bonded to  the  te rminal  sec t ions  51a .   

For  example ,  the  subs t ra te  51  i s  se t  on  a  lower  d ie  55  and 

c lamped between the  lower  d ie  55  and an  upper  d ie  56 .  In  th is  

s ta te ,  the  subs t ra te  51  i s  heated  unt i l  reaching a  mel t ing  point  of  

the  meta l  bumps 54,  so  tha t  the  semiconductor  devices  53  are  

e lec t r ica l ly  bonded to  the  te rminal  sec t ions  51a ,  the  

non-conduct ive  adhes ive  52 cures  and the  semiconductor  devices  

53  are  underf i l led .  

Fur ther,  a  convent ional  bonding appara tus ,  in  which  each 

of  semiconductor  devices  i s  temporal ly  compress ion-bonded to  a  

lead  f rame and then the  semiconductor  devices  are  comple te ly  

thermal-compress ion-bonded there to  a t  a  t ime,  i s  d isc losed  in  

Japanese  Laid-open Patent  Publ ica t ion  No.  2000-100837.  

     In  case  of  f l ip-chip-bonding the  semiconductor  devices  53  
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to  the  subst ra te  51 ,  whose  thermal  expansion coeff ic ient  i s  grea t ,  

a t  a  t ime,  the  subs t ra te  51  i s  heated  in ,  for  example ,  a  ref low 

furnace  unt i l  reaching the  mel t ing  point  of  the  meta l  bumps 54 ,  

e .g . ,  mel t ing  point  of  so lder,  cur ing  tempera ture  of  the  adhes ive .  

By heat ing  the  subs t ra te  51 ,  the  subs t ra te  51  i s  thermal ly  

expanded as  shown in  Fig .  23B.  I f  the  semiconductor  devices  53  

are  compress ion-bonded to  the  subst ra te  51  in  th is  s ta te ,  pos i t ion  

gaps  wi l l  be  occurred  between the  meta l  bumps 54 and the  

te rminal  sec t ions 51a  and poor  connect ion  wi l l  occur.  

Fur ther,  in  case  of  heat ing  and press ing  the  subs t ra te  51  

and the  semiconductor  devices  53  which  are  c lamped by the  d ies  

55  and 56,  heat  genera ted  by a  heater  of  the  upper  d ie  56  i s  

absorbed by the  lower  d ie  55  v ia  the  subs t ra te  51  and the  

semiconductor  devices  53 ,  and a  thermal  capaci ty  for  heat ing  the  

subs t ra te  51  and the  semiconductor  devices  53  are  increased.  

Therefore ,  a  heat ing  t ime unt i l  reaching the  mel t ing  point  of  the  

meta l  bumps 54,  e .g . ,  mel t ing  point  of  so lder,  cur ing  temperature  

of  the  adhes ive ,  must  be  long.  In  case  of  us ing  some types  of  

so lder,  the  adhes ive  52  cures  before  the  so lder  bumps 54 are  

e lec t r ica l ly  bonded,  so  there  i s  a  poss ib i l i ty  of  occurr ing  poor  

connect ion .  

I f  the  heat ing  t ime is  long,  a i r  inc luded in  the  adhes ive  52  

wi l l  be  expanded or  foamed and adhes ive  fo rce  for  re ta in ing the  

semiconductor  devices  wi l l  be  reduced.  

 

SUMMARY OF THE INVENTION 

     Accordingly,  i t  i s  objec ts  to  provide  a  bonding appara tus  

and a  bonding method capable  of  so lv ing  the  above descr ibed 

problems of  the  convent ional  bonding appara tus .  Namely,  the  
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bonding appara tus  and the  bonding method of  the  present  

invent ion  are  capable  of  effec t ive ly  increas ing tempera ture  o f  a  

subs t ra te  and reducing occurrence  of  pos i t ion  gaps  and poor  

connect ion  in  a  process  of  f l ip-chip-bonding semiconductor  

devices .  

To achieve  the  objec t ,  the  present  invent ion  has  fo l lowing 

s t ruc tures .  

Namely,  the  bonding appara tus  of  the  present  invent ion  

f l ip-chip-bonds  bumps of  semiconductor  devices ,  which  have 

been adhered  on a  subs t ra te  by  a  non-conduct ive  adhes ive ,  to  

te rminal  sec t ions  of  the  subst ra te .  The  bonding appara tus  

comprises :  

     suppor t ing  means  for  suppor t ing  the  subs t ra te ,  on  which  

the  semiconductor  devices  have  been adhered;  and 

     hea t ing/press ing means  for  hea t ing  and press ing  the 

subs t ra te ,  the  heat ing/press ing  means  hav ing a  bui l t - in  heat  

source  and a  c lamping face ,  onto  which  the  subs t ra te  suppor ted  

by the  suppor t ing  means  i s  pressed,  

     the  subs t ra te ,  which  i s  supported  by  the  suppor t ing  means ,  

i s  moved toward  the  c lamping face  of  the  heat ing/press ing  means  

so  as  to  preheat  the  subs t ra te  and the  semiconductor  devices  by  

radia t ion  heat ,  and 

     the  semiconductor  devices  are  pressed  onto  the  c lamping 

face  of  the  heat ing/press ing  means ,  in  the  s ta te  where  the  

subs t ra te  i s  suppor ted  by the  suppor t ing  means ,  so  as  to  cure  the  

non-conduct ive  adhes ive  and bond the  bumps of  the  

semiconductor  devices  to  the  te rminal  sec t ions  of  the  subs t ra te .   

Note  tha t ,  the  word “bonding”  means  not  only  e lec t r ica l  

connect ion  between the  bumps and the  terminal  sec t ions  but  a lso  
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connect ion  performed by a  conduct ive  adhes ive  and thermal  

compress ion  bonding the  mel ted  bumps.  

    Another  bonding appara tus  of  the  present  invent ion  bonds 

laminated  members  of  a  work ,  which are  laminated  wi th  an  

adhes ive  layer.  The bonding  appara tus  comprises :  

     an  upper  d ie ;  and 

     a  lower  d ie  for  c lamping the  work wi th  the  upper  d ie ,  

     the  upper  d ie  inc ludes  a  f i r s t  hea t ing/press ing  sec t ion  for  

heat ing  and press ing  the  work,  and 

     the  lower  d ie  inc ludes :  a  second heat ing/press ing  sec t ion  

for  heat ing  and press ing  the  work,  the  second heat ing/press ing  

sec t ion  being moved upward and downward;  and a  suppor t ing  

sec t ion  being re la t ive ly  re t rac ted in to  a  c lamping face  of  the  

second heat ing/press ing  sec t ion  by re la t ive ly  moving the  second 

heat ing/press ing  sec t ion  upward,  the  suppor t ing  sec t ion  be ing 

re la t ive ly  projec ted  f rom the  c lamping face  of  the  second 

heat ing/press ing  sec t ion  by rela t ive ly  moving the  second 

heat ing/press ing  sec t ion  downward.  

By employing the  bonding appara tus  of  the  present  

invent ion ,  re l iabi l i ty  of  bonding cons t ruc t ional  members  of  the  

work,  which  are  adhered  by the  adhes ive ,  can  be  improved.   

For  example ,  the  semiconductor  devices  and the  subs t ra te  

are  preheated ,  and then heated  to  bond the  semiconductor  device  

to  the  subs t ra te  a t  a  t ime,  so  tha t  occurrence  pos i t ion  gaps  

be tween the  bumps and the  te rminal  sec t ions  can be  prevented .  

The  subs t ra te ,  on  which  the  semiconductor  devices  are  

adhered ,  i s  suppor ted ,  by  the  suppor t ing  means ,  and separa ted  

f rom the  c lamping face ,  so  tha t  a  thermal  capaci ty  of  the  

subs t ra te  can  be  reduced and the  subst ra te ,  e tc .  can  be  heated  in  a  
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shor t  t ime.  Therefore ,  poor  connect ion ,  which  i s  caused by 

rapid ly  cur ing  the  non-conduct ive  adhes ive ,  can  be  prevented .  

Fur ther,  the  heat ing/press ing  s tep  i s  performed in  the  

reduced-pressure  a tmosphere  or  the  pressur ized  a tmosphere  

according to  proper t ies  of  the  adhes ive .  Therefore ,  inf luences  of  

voids  formed in  the  adhes ive  can  be  res t ra ined,  and enough 

adhes ive  force  for  re ta in ing the  semiconductor  devices  can  be  

mainta ined.  

 

BRIEF DESCRIPTION OF THE DRAWINGS 

     Embodiments  of  the  present  invent ion  wi l l  now be  

descr ibed by way of  examples  and wi th  reference  to  the  

accompanying drawings ,  in  which:  

     F igs .  1A and 1B are  sec t ional  v iews of  a  bonding appara tus  

of  Embodiment  1 ,  in  which  a  bonding s tep  i s  per formed;   

     F igs .  2A and 2B are  sec t ional  v iews of  the  bonding 

appara tus  of  Embodiment  1 ,  in  which  the  bonding s tep  i s  

performed;   

     F igs .  3A and 3B are  explanat ion  v iews expla in ing effec ts  

of  the  bonding s tep;   

     F igs .  4A and 4B are  sec t ional  v iews of  a  bonding appara tus  

of  Embodiment  2 ,  in  which  a  bonding s tep  i s  per formed;   

     F igs .  5A and 5B are  sec t ional  v iews of  the  bonding 

appara tus  of  Embodiment  2 ,  in  which  the  bonding s tep  i s  

performed;   

     F igs .  6A and 6B are  sec t ional  v iews of  a  bonding appara tus  

of  Embodiment  3 ,  in  which  a  bonding s tep  i s  per formed;   

     F igs .  7A and 7B are  sec t ional  v iews of  the  bonding 

appara tus  of  Embodiment  3 ,  in  which  the  bonding s tep  i s  
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performed;   

     F igs .  8A and 8B are  sec t ional  v iews of  a  bonding appara tus  

of  Embodiment  4 ,  in  which  a  bonding s tep  i s  per formed;   

     F igs .  9A and 9B are  sec t ional  v iews of  the  bonding 

appara tus  of  Embodiment  4 ,  in  which  the  bonding s tep  i s  

performed;   

     F igs .  10A and 10B are  sec t ional  v iews of  a  bonding 

appara tus  of  Embodiment  5 ,  in  which  a  bonding s tep  i s  

performed;   

     F ig .  11  i s  a  p lan  v iew of  the  bonding appara tus  showing 

layout  thereof ;   

     F ig .  12  inc ludes  sec t ional  v iews of  a  bonding appara tus  of  

Embodiment  6  in  opera t ion;  

     F ig .  13  i s  a  sec t ional  v iew of  the  bonding appara tus  

showing a  s tep  fo l lowing the  s teps  shown Fig .  12;  

     F ig .  14  i s  a  sec t ional  v iew of  the  bonding appara tus  

showing a  s tep  fo l lowing the  s tep  shown Fig .  13;  

     F ig .  15  inc ludes  sec t ional  v iews of  a  modif ied  example  of  

the  bonding appara tus  shown in  Fig .  12;  

     F ig .  16  inc ludes  sec t ional  v iews of  a  bonding appara tus  of  

Embodiment  7  in  opera t ion;  

     F ig .  17  i s  a  sec t ional  v iew of  the  bonding appara tus  

showing a  s tep  fo l lowing the  s teps  shown Fig .  16;  

     F ig .  18  i s  a  sec t ional  v iew of  the  bonding appara tus  

showing a  s tep  fo l lowing the  s tep  shown Fig .  17;  

     F ig .  19  i s  a  schemat ic  sec t ional  v iew of  a  semiconductor  

device  in  the  bonding s tep;  

     F ig .  20  i s  a  schemat ic  sec t ional  v iew of  the  semiconductor  

device  showing a  s tep  fo l lowing the  s tep  shown Fig .  19;  
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     F ig .  21  i s  a  schemat ic  sec t ional  v iew of  the  semiconductor  

device  showing a  s tep  fo l lowing the  s tep  shown Fig .  20;  

     F ig .  22  i s  a  graph showing effec ts  of  a  bonding method 

re la t ing  to  the  present  invent ion;  and 

     F igs .  23A and 23B are  sec t ional  v iews of  the  convent ional  

bonding appara tus ,  which  expla ins  the  problems thereof .  

 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Prefer red  embodiments  of  the  bonding appara tus  and the  

bonding method re la t ing  to  the  present  invent ion  wi l l  now be  

descr ibed in  de ta i l  wi th  reference  to  the  accompanying drawings .   

 

 (Embodiment  1)  

     Embodiment  1  of  the  present  invent ion  wi l l  be  expla ined 

wi th  reference  to  Figs .  1A-2B.  

     In  Fig .  1A,  a  subs t ra te  1 ,  on  which  cable  pa t terns  have  

been formed,  has  te rminal  sec t ions  1a ,  on  which  semiconductor  

devices  3 ,  e .g . ,  semiconductor  chips ,  a re  adhered  by a  

thermoset t ing  non-conduct ive  adhes ive  2 ,  e .g . ,  NCF,  NCP.  The 

subs t ra te  1 ,  on  which  the  semiconductor  devices  3  are  adhered ,  i s  

an  organic  subs t ra te ,  but  o ther  types  of  subs t ra tes ,  e .g . ,  

inorganic  ceramic  subs t ra te ,  may be  employed.  Fur ther,  lead  

f rames ,  semiconductor  wafer,  e tc .  may be  employed as  the  

subs t ra te .  A plura l i ty  of  l ines  and rows of  the  semiconductor  

devices  3  are  adhered  by a  known f l ip-chip  bonder  (not  shown) .  

Edges  of  the  subs t ra te  1  are  he ld  by  chucks  4a ,  so  tha t  the  

subs t ra te  1  i s  he ld  by  a  subs t ra te  holding p la te  4 .  A bot tom face  

of  the  subs t ra te  holding p la te  4  i s  suppor ted  by a  p lura l i ty  of  

suppor t ing  rods 5  so  as  to  hold  the  subs t ra te  1  wi thout  
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deformat ion .  As  shown in  Fig .  1A,  the  suppor t ing  rods  5  are  

located  a t  the  pos i t ions  shi f ted  f rom the  semiconductor  devices  3  

so  as  to  prevent  the  semiconductor  devices  3  f rom being 

d ispropor t ionate ly  suppor ted  or  pressed .  Coi l  spr ings  7  are  

provided to  a  lower  d ie  (suppor t ing  means)  6  so  as  to  

f loa t ing-suppor t  the  suppor t ing  rods  5  in  a  s ta te  where  upper  

ends  of  the  suppor t ing  rods  5  are  separa ted  f rom a  c lamping face  

6a  of  the  lower  d ie  6 .  In  a  normal  s ta te ,  pro jec t ing  lengths  of  the  

suppor t ing  rods  5 ,  f rom the  c lamping face  6a ,  a re  equal ,  so  tha t  

the  subs t ra te  hold ing p la te  4  are  uni formly  separa ted  f rom an  

upper  d ie  8 .  The  suppor t ing  rods  5  are  equal ly  spaced,  so  tha t  the  

subs t ra te  hold ing p la te  4  i s  hor izonta l ly  he ld  wi thout  be ing bent  

by  own weight .  The  lower  d ie  6  i s  moved upward and downward 

by a  d ie  dr iv ing  mechanism (not  shown) .  Note  tha t ,  in  case  of  

us ing  a  hard  and less  f lexib le  subs t ra te ,  e .g . ,  ceramic  subs t ra te ,  

the  subs t ra te  hold ing p la te  4  may be  omi t ted  and the subs t ra te  1  

may be  d i rec t ly  suppor ted  by the  suppor t ing  rods  5 .  

With  th is  s t ruc ture ,  when the  subs t ra te  1  i s  heated  by 

heaters  (heat  source)  13  provided in  an  upper  d ie  

(heat ing/press ing  means)  8 ,  thermal  res is tance  immedia te ly  

under  the  subs t ra te  1  can  be  increased and heat  loss  can  be  

res t ra ined.  In  o ther  words ,  a  tempera ture  of  the  subs t ra te  1  can  

be  increased  in  a  shor t  t ime by reducing heat  capaci ty  of  the  

s t ruc tura l  members  contac t ing  the  subs t ra te  1 .  Therefore ,  poor  

connect ion  caused by rapid  cur ing  of  the  non-conduct ive  

adhes ive  2  can  be  res t ra ined.  

     For  example ,  as  shown in  Fig .  3A,  the  tempera ture  T of  the  

subs t ra te  1  can  be  increased in  a  shor t  t ime.  Therefore ,  t iming of  

minimizing v iscos i ty  ηn of  the  non-conduct ive  adhes ive  2  can  be  
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corresponded to  t iming of  minimizing v iscos i ty  ηb of  the  mel ted  

bumps 3a .  Note  tha t ,  the  v iscos i ty  ηn of  the  non-conduct ive  

adhes ive  ( thermoset t ing  res in)  2  i s  minimized when a  prescr ibed 

amount  of  hea t  i s  appl ied .  In  a  range  where  the  v iscos i ty  ηn i s  

lower  than a  dot ted  l ine ,  the  v iscos i ty  of  the  mel ted  bump 3a  i s  

su i tably  decreased and the  bumps 3a  can be  bonded.  Therefore ,  

the  bumps 3a  of  the  semiconductor  devices  3  can  be  secure ly  

e lec t r ica l ly  bonded to  the  subs t ra te  1 .  Note  tha t ,  in  case  tha t  the  

tempera ture  T of  the  subs t ra te  1  cannot  be  increased  in  a  shor t  

t ime as  shown in  Fig .  3B,  the  t iming of  minimiz ing the  v iscos i ty  

ηn is  ear l ie r  than  tha t  of  minimizing the  v iscos i ty  ηb.  Namely,  

the  t imings  cannot  be  corresponded.  So,  there  i s  poss ib i l i ty  tha t  

the  bumps 3a  are  not  securely  e lec t r ica l ly  connected .  

As  shown in  Fig .  1A,  the  upper  d ie  8  i s  cons t i tu ted  by an  

upper  d ie  base  9  and an  upper  d ie  b lock 10,  which  i s  suspended,  

f rom the  upper  d ie  base  9 ,  by  coi l  spr ings  11.  Spr ing  force  of  the  

coi l  spr ings  11  i s  grea ter  than tha t  of  the  coi l  spr ings  7 .  Note  tha t ,  

the  coi l  spr ings  11  may be  omit ted .  Coolers  12 ,  which  

respect ive ly  correspond to  the  semiconductor  devices  3 ,  and  the  

heaters  13 ,  which do not  correspond to  the  semiconductor  

devices  13 ,  a re  a l te rnate ly  ar ranged in  the  upper  d ie  b lock 10.  

The upper  d ie  b lock 10 preheats  the  subs t ra te  1  and the  

semiconductor  devices  3  by  radia t ion  heat  when the  subs t ra te  1  

and the  semiconductor  devices  3  are  moved c lose  to  the  upper  d ie  

b lock 10.  Fur ther,  the  upper  d ie  b lock 10 bonds  ( f l ip-chip-bonds)  

the  bumps 3a ,  e .g . ,  so lder  bumps,  gold  bumps,  to  the  te rminal  

sec t ions  1a  of  the  subs t ra te  1  when the  semiconductor  devices  3  

are  pressed  onto  the  upper  d ie  b lock 10.   

For  example ,  i f  the  d ies  6  and 8  are  opened in  a  s ta te  where  
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the  bumps 3a  are  mel ted ,  there  i s  poss ib i l i ty  tha t  poor  connect ion  

occurs  between the  bumps 3a  and the  te rminal  sec t ions  1a .  

Therefore ,  the  coolers  12  are  provided.  The d ies  6  and 8  are  

opened in  a  s ta te  where  the  bonded par ts  be tween the  bumps 3a  

and the  te rminal  sec t ions  1a  are  fu l ly  cooled  and cured  by  the  

coolers  12 .  Coolers  6b ,  which  correspond to  the  te rminal  sec t ions  

1a ,  may  be  provided in  the  lower  d ie  6  in  l ight  of  cool ing  

eff ic iency.  I f  a  tempera ture  of  the  lower  d ie  6  i s  overheated  by 

repeat ing  the  bonding opera t ions  of  the  semiconductor  devices ,  

cur ing  the  non-conduct ive  adhes ive  2  i s  excess ively  accelera ted .  

However,  the  problem can be  solved by the  coolers  6b .  Fur ther,  

the  ent i re  d ies  can  be  cooled  rapid ly,  so  tha t  throughput  of  the  

bonding opera t ion  can be  improved.  

Note  tha t ,  the  upper  d ie  8  inc luding no  coolers  12  may be  

used  as  a  heat ing  d ie ,  and the  lower  d ie  6  may be  used as  a  

cool ing  d ie .  Fur ther,  the  lower  d ie  6  may have  heaters ,  the  both  

d ies  6  and 8  may be  used  as  hea t ing  d ies .  In  th is  case  too ,  the  

subs t ra te  hold ing p la te  4  i s  f loa t ing-suppor ted  by the suppor t ing  

rods  5 ,  so  tha t  conduct ing  heat  to  the  subs t ra te  1  f rom the  both  

d ies  6  and 8  can  be  effec t ive ly  prevented .  Therefore ,  cur ing  the  

non-conduct ive  adhes ive  2  can  be  delayed whi le  the  subs t ra te  1  

i s  se t  and pressed.  

A re lease  f i lm 14 i s  sucked and he ld  on  a  c lamping 

(contac t ing)  face  10a  of  the  upper  d ie  b lock 10,  which  wi l l  c lamp 

(contac t )  the  semiconductor  devices  3 .  The  re lease  f i lm 14 has  

enough heat  res is tance  to  heat  of  the  heaters  13 .  The  re lease  f i lm 

14 can be  eas i ly  peeled  off  f rom the  c lamping face  10a  and has  

enough f lexib i l i ty  and extens ib i l i ty.  The  re lease  f i lm 14 may be  

composed of  PTFE,  ETFE,  PET,  FEP f i lm,  g lass  c lo th  inc luding 
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f luor ine ,  polypropylene  f i lm,  polyvinyl idene  chlor ide ,  e tc .  

By us ing the  re lease  f i lm 14,  he ight  var ia t ion  of  the  

semiconductor  devices  3 ,  f rom the  subs t ra te  1 ,  can  be  absorbed.  

Fur ther,  the  re lease  f i lm 14 prevents  the  mel ted  adhes ive  2  f rom 

at taching onto  upper  faces  of  the  semiconductor  devices  3 .  

Therefore ,  contaminat ing  the  upper  faces  of  the  semiconductor  

devices  3  and the  c lamping face  10a,  wi th  the  adhes ive  2 ,  can  be  

prevented .  

Next ,  a  bonding s tep  of  the  semiconductor  devices  3  wi l l  

be  expla ined.  In  the  bonding s tep ,  the  semiconductor  devices  3 ,  

which  have  been mounted  or  adhered  by the  non-conduct ive 

adhes ive  2 ,  a re  e lec t r ica l ly  bonded to  the  subs t ra te  1 .  

F i rs t ly,  the  f l ip-chip  bonder  (not  shown)  adheres  the  

semiconductor  devices  3 ,  whose  bumps 3a  have  been 

corresponded to  the  te rminal  sec t ions 1a  of  the  subs t ra te  1 ,  to  the  

subs t ra te  1  by  the  non-conduct ive  adhes ive  2 .  I f  the  

semiconductor  devices  3  can be correc t ly  pos i t ioned on the  

subs t ra te  1  and held  there  whi le  conveying them,  the  

semiconductor  devices  3  need not  be  adhered .  Fur ther,  i f  the  

semiconductor  devices  3  can be correc t ly  pos i t ioned on the  

subs t ra te  1 ,  the  non-conduct ive  adhes ive  2  may be  appl ied  to  the  

ent i re  surface  of  the  subs t ra te  1  to  adhere the  semiconductor  

devices  3 .  

Next ,  in  Fig .  1A,  the  upper  d ie  8  i s  hea ted  by  the  hea ters  13 ,  

the  subs t ra te  1  i s  t ransfer red  onto  the  subst ra te  hold ing p la te  4 ,  

which  has  been suppor ted  by the  suppor t ing  rods  5  of  the  opened 

lower  d ie  6 ,  and then the  edges  of  the  subs t ra te  1  are  he ld  by  the  

chucks  4a .  In  th is  case ,  one  subs t ra te  1  may be  se t  a t  the  center  

par t  of  the  subs t ra te  holding p la te  4 ,  fur ther  a  p lura l i ty  of  
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subs t ra tes  1  may be  symmetr ica l ly  se t  on  the  subs t ra te  holding 

p la te  4 .  The  subs t ra te  hold ing  p la te  4  i s  f loa t ing-suppor ted  by 

the  suppor t ing  rods  5  and located  above the  c lamping face  6a  of  

the  lower  d ie  6 .  The  re lease  f i lm 14 has  been prev ious ly  sucked 

and held  on  the  c lamping face  10a  of  the  upper  d ie  b lock 10 .  Note  

tha t ,  the  heaters  13  may be  turned on af ter  se t t ing  the  subs t ra te  1 .  

Next ,  in  Fig .  1B,  the  lower  d ie  6  i s  moved upward to  move 

the  semiconductor  devices  3  toward the  c lamping face  10a  of  the  

upper  d ie  b lock 10.  Therefore ,  the  subs t ra te  1  and the  

semiconductor  devices  3 ,  which  are  he ld  by  the  subs t ra te  holding 

p la te  4 ,  a re  preheated ,  by  radia t ion  heat  f rom the  c lamping face  

10a  heated  by the  heaters  13 ,  unt i l  reaching a  prescr ibed  

tempera ture ,  so  tha t  the  subst ra te  1  i s  thermal ly  expanded 

( l inear ly  expanded) .  Preferably,  the  prescr ibed tempera ture  i s ,  

for  example ,  10-30ºC lower  than a  mel t ing  poin t  of  the  bumps 3a .  

In  case  of  so lder  bumps,  the  mel t ing  poin t  i s  260ºC,  so  the  

prescr ibed tempera ture  may be  around 240ºC.  In  case  of  gold  

bumps,  the  mel t ing  point  i s  180ºC,  so  the  prescr ibed tempera ture  

may be  around 160ºC.  

In  compar ison wi th  a  case  of  hea t ing  a  subst ra te  on  a  

cooled  b lock of  a  lower  d ie ,  the  non-conduct ive  adhes ive  2  and 

the  bumps 3a  can  be  rapid ly  heated  by preheat ing  the  subs t ra te  1  

he ld  on  the  subs t ra te  hold ing  p la te  4 .  Fur ther,  the  subs t ra te  1  can  

be  fu l ly  expanded before  c lamping.  On the  o ther  hand,  in  the  

case  of  heat ing  and press ing  the  subs t ra te  on  the  cooled  b lock of  

the  lower  d ie  for  compress ion  bonding,  a  non-conduct ive  

adhes ive  wi l l  cure  before  mel t ing  bumps.  In  the  present  

embodiment ,  th is  problem can be  so lved by  the  above  descr ibed  

rapid  heat ing .  
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Next ,  in  Fig .  2A,  the  subs t ra te  1  has  been expanded by the  

preheat ing.  In  th is  s ta te ,  the  lower  d ie  6  i s  fur ther  moved upward 

to  press  the  semiconductor  devices  3  onto  the  c lamping face  10a  

of  the  upper  d ie  b lock 10,  and then the  semiconductor  devices  3  

are  pressed  and heated  unt i l  reach ing the  mel t ing  point  of  the  

bumps 3a .  Therefore ,  the  bumps 3a  are  mel ted  and e lec t r ica l ly  

bonded to  the  te rminal  sec t ions  1a .  

In  th is  ac t ion ,  the  subs t ra te  1  and the  semiconductor  

devices  3  are  c lamped,  be tween the  upper  d ie  b lock 10 and the  

subs t ra te  hold ing p la te  4 ,  by  the  spr ing  force  of  the  coi l  spr ings  7  

of  the  lower  d ie  6 .  

As  shown in  Fig .  2B,  the  lower  d ie  6  i s  fur ther  moved 

upward.  The suppor t ing  rods  5  are  re t rac ted  in to  the  lower  d ie  6 ,  

wi th  compress ing the  coi l  spr ings  7 .  Namely,  the  semiconductor  

devices  3  are  pressed and heated  unt i l  the  subs t ra te  holding p la te  

4  contac ts  the  c lamping face  6a  of  the  lower  d ie  6 .  In  th is  ac t ion ,  

the  subs t ra te  1  and the  semiconductor  devices  3  are  c lamped,  

be tween the  upper  d ie  b lock 10 and the  subs t ra te  hold ing p la te  4 ,  

by  the  spr ing  force  of  the  coi l  spr ings  11  of  the  upper  d ie  8 .  Note  

tha t ,  the  upward movement  of  the  lower  d ie  6  may be  s topped a t  

the  pos i t ion  shown in  Fig .  2A,  and the  semiconductor  devices  3  

may be  heated  and pressed there .  

By the  above descr ibed ac t ions ,  the  non-conduct ive  

adhes ive  2  can  cure  af ter  fu l ly  expanding the  subs t ra te  1 ,  and the  

bumps 3a  can  be  e lec t r ica l ly  bonded to  the  te rminal  sec t ions  1a ,  

so  tha t  the  semiconductor  devices  3  can  be  secure ly  bonded to  

the  subs t ra te  1 .  With  the  above descr ibed s t ruc ture ,  hea t  capaci ty  

of  the  s t ruc tura l  members  contac t ing  the  subs t ra te  1  and the  

semiconductor  devices  3  i s  smal l ,  so  tha t  the  preheat ing  can be  
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eff ic ient ly  performed.  Fur ther,  the  c lamping ac t ion  i s  per formed 

and the  bumps 3a  are  bonded to  the  te rminal  sec t ions  1a  in  the  

s ta te  where  the  subst ra te  1  i s  expanded,  and the  bumps 3a  can  be  

bonded to  the  te rminal  sec t ions 1a  wi thout  occurr ing  pos i t ion  

gaps  therebetween.  The subs t ra te  1  i s  f loat ing-supported  and can  

be  heated  in  a  shor t  t ime by reducing heat  capaci ty,  so  tha t  poor  

connect ion ,  which  i s  caused by heat ing  the  non-conduct ive  

adhes ive  2  for  a  long t ime and rapid ly  cur ing  the  non-conduct ive  

adhes ive  2 ,  can  be  prevented .  

Next ,  in  Fig .  2B,  the  heaters  13  are  turned off ,  and then the  

coolers  6b  and 12 are  turned on so  as  to  cure  the  bonded par ts  

be tween the  bumps 3a  and the  terminal  sec t ions  1a .  Next ,  the  

d ies  6  and 8  are  opened by moving the  lower  d ie  6  moved 

downward,  and then the  subs t ra te  1  i s  taken out  and 

accommodated in  an  accommodat ing  sec t ion  (not  shown) .  By 

accommodat ing the  subs t ra te  1 ,  the  process  of  bonding the  

semiconductor  devices  3  i s  comple ted .  In  th is  ac t ion ,  even i f  pul l  

force  i s  appl ied  to  the  bumps 3a whi le  opening the  d ies  6  and 8 ,  

the  e lec t r ica l  connect ion  between the  bumps 3a  and the  subs t ra te  

1  can  be  secure ly  mainta ined.  Therefore ,  connect ion  re l iabi l i ty  

can  be  improved.  

(Embodiment  2)  

Next ,  the  appara tus  and the  method of  Embodiment  2  wi l l  

be  expla ined.   

In  compar ison wi th  Embodiment  1 ,  the  subs t ra te  holding 

p la te  4  of  the  present  embodiment  has  a  d i fferent  s t ruc ture ,  and 

the  semiconductor  devices  3  are  located  on the  lower  s ide  of  the  

subs t ra te  1 .  Other  s t ruc tura l  e lements  of  the  appara tus  of  

Embodiment  2  are  the  same as  those  of  Embodiment  1 .  Therefore ,  
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the  s t ruc tura l  e lements  descr ibed in  Embodiment  1  a re  ass igned 

the  same symbols  and explanat ion  wi l l  be  omit ted .  In  the  

fo l lowing descr ip t ion ,  unique  s t ruc tures  of  Embodiment  2  wi l l  be  

mainly  expla ined.  

In  Fig .  4A,  suppor t ing  sec t ions  4b ,  whose  p lanar  s ize  i s  

s l ight ly  smal ler  than  tha t  of  the  semiconductor  devices  3 ,  a re  

upwardly  projec ted  f rom the  subs t ra te  holding p la te  4 .  Therefore ,  

in  the  subs t ra te  hold ing p la te  4 ,  grooves  4c  are  formed between 

the  adjacent  suppor t ing  sec t ions  4b .  Edges  of  the  semiconductor  

devices  3  are  not  he ld  by  the  suppor t ing  sec t ions  4b ,  but  widths  

of  the  edges  are  smal l  so  tha t  they are  not  deformed by the  press  

ac t ion .  A dis tance  between the  adjacent  suppor t ing  sec t ions  4b  i s  

near ly  equal  to  tha t  of  the  ad jacent  semiconductor  devices  3 .  

When the  subs t ra te  1  i s  t ransfer red  onto  the  subs t ra te  hold ing 

p la te  4 ,  centers  of  the  semiconductor  devices  3  are  corresponded 

to  centers  of  the  support ing  sec t ions  4b ,  and the  suppor t ing  

sec t ions  4b  suppor t  the  semiconductor  devices  3  in  th is  s ta te .  

Preferably,  a  thermal  expans ion coeff ic ient  of  the  subs t ra te  

holding p la te  4  i s  near ly  equal  to  tha t  of  the  subst ra te  1 .  For  

example ,  in  case  of  us ing the  ceramic  subs t ra te  1 ,  a  preferable  

mater ia l  of  the  subs t ra te  hold ing  p la te  4  i s  ceramic  or  a  mater ia l  

whose  thermal  expansion coeff ic ient  i s  equal  to  or  near ly  equal  

to  ceramic .  

As  shown in  Fig .  4B,  a  rear  face  (an  upper  face)  of  the  

subs t ra te  1  i s  moved c lose  to  the  c lamping face  10a  of  the  upper  

d ie  b lock 10  so  as  to  preheat  the  subs t ra te  1 ,  e tc .  The  subst ra te  1 ,  

the  non-conduct ive  adhes ive  2 ,  the  semiconductor  devices  3  and 

the  subs t ra te  holding p la te  4  are  preheated  f rom the  rear  face  of  

the  subs t ra te  1  by  radia t ion  heat  radia ted  f rom the  c lamping face  
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10a.  By the  preheat ,  the  subs t ra te  1  and the  subs t ra te  hold ing 

p la te  4 ,  whose  thermal  expansion coeff ic ients  are  near ly  equal ,  

a re  equal ly  expanded.  Therefore ,  the  semiconductor  devices  3  

can  fo l low displacement  of  the  te rminal  sec t ions  1a  of  the  

subs t ra te  1 ,  which  i s  caused by the  thermal  expans ion of  the  

subs t ra te  1 .  Therefore ,  d isp lacement  of  the  semiconductor  

devices  3  wi th  respect  to  the  subs t ra te  1  can  be  prevented .   

Next ,  as  shown in  Fig .  5A,  the  subs t ra te  1  i s  pressed  onto  

the  c lamping face  10a  of  the  upper  d ie  b lock 10 so  as  to  increase  

the  temperature  of  the  subs t ra te  1 .  As  descr ibed above,  the  

thermal  expansion coeff ic ients  of  the  subs t ra te  1  and the  

subs t ra te  hold ing  p la te  4  are  near ly  equal .  Therefore ,  even i f  the  

subs t ra te  1  i s  expanded af ter  be ing  c lamped,  the  c lamped 

subs t ra te  1  can  be  heated  and pressed  wi thout  d isp lac ing  the  

semiconductor  devices  3  mounted  on the  subs t ra te  hold ing p la te  

4  wi th  respect  to  the  subs t ra te  1 .  Fur ther,  as  shown in  Fig .  5B,  in  

case  tha t  the  c lamping face  6a  of  the  lower  d ie  6  contac ts  the  

subs t ra te  holding p la te  4  to  c lamp the  subs t ra te  1  wi th  grea t  

c lamping force ,  the  subs t ra te  1  can  be  heated  and pressed  wi thout  

d isplac ing the  semiconductor  devices  3  wi th  respect  to  the  

subst ra te  1  as  wel l  as  the  case  shown in  Fig .  5A.  Therefore ,  even  

i f  the  semiconductor  devices  3  which  are  loca ted  on  the  lower  

s ide  of  the  subs t ra te  1  are  mounted on the  subs t ra te  hold ing  p la te  

4 ,  the  bumps 3a  can  be  secure ly  e lec t r ica l ly  bonded to  the  

te rminal  sec t ions  1a  of  the  subs t ra te  1 .  

Whi le  performing th is  ac t ion ,  the  mel ted  non-conduct ive  

adhes ive  2  wi l l  f low down via  spaces  be tween the  subs t ra te  1  and 

the  semiconductor  devices  3 .  I f  the  subs t ra te  hold ing  p la te  4  i s  a  

f la t  p la te  having no suppor t ing  sec t ions  4b ,  there  i s  a  poss ib i l i ty  
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tha t  the  mel ted  non-conduct ive  adhes ive  2  f lows to  the  subs t ra te  

holding p la te  4  and invades  in to  gaps  between the  subs t ra te  

holding p la te  4  and the  semiconductor  devices  3  by  capi l la ry  

phenomenon.  I f  the  non-conduct ive  adhes ive  2  invades  in to  the  

gaps ,  f lashes  are  formed on surfaces  of  the  semiconductor  

devices  3 ,  or  the  subst ra te  hold ing p la te  4  i s  contaminated  and a  

c leaning opera t ion  i s  required .  

In  the  present  embodiment ,  the  suppor t ing  sec t ions  4b  are  

upwardly  projec ted  f rom the  upper  face  ( the  grooves  4c)  and the  

p lanar  s ize  of  the  suppor t ing  sec t ions  4b  i s  smal ler  than  tha t  of  

the  semiconductor  devices  3 ,  lower  ends  of  s ide  faces  of  the  

semiconductor  devices  3  are  separa ted  f rom the  subs t ra te  holding 

p la te  4 .  Therefore ,  the  f low of  the  mel ted  non-conduct ive  

adhes ive  2  i s  s topped a t  the  lower  ends  of  the  s ide  faces  of  the  

semiconductor  devices  3  by  surface  tens ion.  S ince  the  

non-conduct ive  adhes ive  2  i s  re ta ined on the  s ide  faces  of  the  

semiconductor  devices  3  wi thout  invading in to  the  gaps  be tween 

the  semiconductor  devices  3  and the  subs t ra te  holding p la te  4 ,  

the  re ta ined adhes ive  2  becomes f i l le ts  so  tha t  the  above  

descr ibed problems,  which  are  caused by f lowing the  adhes ive  2  

downward,  can  be  solved.  The surp lus  adhes ive  2  i s  col lec ted  and 

re ta ined on the  s ide  faces  of  the  semiconductor  devices  3 ,  widths  

of  the  f i l le ts  can  be  narrow,  and a  dens i ty  of  mount ing  the  

semiconductor  devices  3  on  the  subs t ra te  1  can  be  increased .  

Fur ther,  in  case  of  us ing  a  subst ra te  in  which  contaminat ion  of  

sur face  becomes  a  problem,  e .g . ,  semiconductor  wafer,  the  

contaminat ion  caused by the  surplus  adhes ive  can  be  secure ly  

prevented .   

To  prevent  the  contaminat ion ,  the  re lease  f i lm 14 may be  
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fed  between the  semiconductor  devices  3  and the  subs t ra te  

holding p la te  4  before  se t t ing  the  subs t ra te  1 .  In  th is  case ,  a  f la t  

p la te  may be  employed as  the  subs t ra te  hold ing p la te  4 .  By 

performing the  above descr ibed ac t ion  wi th  press ing the  re lease  

f i lm 14 by a i r,  the  f low of  the  non-conduct ive  adhes ive  2  can  be  

prevented .  In  case  tha t  the  non-conduct ive  adhes ive  2  does  not  

f low down,  the  f la t  subs t ra te  hold ing  p la te  4  can  be used  wi thout  

feeding the  re lease  f i lm 14.  

Fur ther,  even i f  the  subs t ra te  1  i s  heated  and pressed  in  the  

c lamped s ta te ,  the  semiconductor  devices  3  never  d isp lace  wi th  

respect  to  the  subs t ra te  1 .  Therefore ,  the  heat ing  and press ing  the  

subs t ra te  1 ,  e tc .  can  be  s tar ted ,  wi thout  preheat ing  the  subs t ra te  

1 ,  a f ter  se t t ing  the  subs t ra te  1 ,  unt i l  reaching the  prescr ibed 

tempera ture ,  so  tha t  throughput  of  the  bonding opera t ion  can  be  

improved.  

Note  tha t ,  in  case  of  t rea t ing  the  work  of  Embodiment  1  in  

which  the  semiconductor  devices  3  are  adhered  on the  upper  s ide  

of  the  subs t ra te  1 ,  a  p la te  whose  thermal  expansion coeff ic ient  i s  

near ly  equal  to  tha t  of  the  subs t ra te  1  i s  provided above the  

semiconductor  devices  3 .  The  appara tus  of  the  present  

embodiment  can  t rea t  the  work as  wel l ,  and the  same effec ts  can  

be  obta ined.  In  th is  case ,  the  p la te  expands ,  in  the  

heat ing/press ing s tep ,  as  wel l  as  the  subs t ra te  1 .  Therefore ,  

d isp lacement  of  the  semiconductor  devices  3  wi th  respect  to  the  

subs t ra te  1  can  be  prevented .  The p la te  may be  mounted  on the  

semiconductor  devices  3 .  Fur ther,  the  p la te  may be  provided on 

the  subs t ra te  holding p la te  4  and suppor ted  above  the  

semiconductor  devices  3 ,  by  sui table  means ,  e .g . ,  e las t ic  member,  

unt i l  s ta r t ing  the  press  ac t ion .  
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(Embodiment  3)  

Next ,  the  appara tus  and the  method of  Embodiment  3  wi l l  

be  expla ined wi th  reference  to  Figs .  6A-7B.  Note  tha t ,  the  

s t ruc tura l  e lements  descr ibed in  the  above descr ibed 

embodiments  are  ass igned the  same symbols  and explanat ion  wi l l  

be  omit ted .  

In  the  present  embodiment ,  the  subs t ra te  1  i s  

accommodated in  a  c losed space ,  which  i s  c losed  by 

heat ing/press ing means  and suppor t ing  means ,  a  

reduced-pressure  a tmosphere  or  a  pressur ized  a tmosphere  i s  

produced in  the  c losed  space ,  and then the  semiconductor  devices  

3  are  heated  and pressed in  the  c losed space .     

As  shown in  Fig .  6A,  a  subst ra te  hold ing p la te  15  has  an  

a i r  pa th  15a  and a  p lura l i ty  of  sucking holes  15b,  which  are  

opened in  a  sur face .  An a i r  tube 16a  of  a  sucking mechanism 16,  

which  i s  provided in  a  lower  d ie  b lock 19,  i s  connected  to  the  a i r  

pa th  15a .  A s t re tchy spi ra l  tube  16b i s  provided to  a  par t  of  the 

a i r  tube  16a .  When the  subs t ra te  hold ing p la te  15  i s  pressed  by 

the  upper  d ie  8 ,  the  sp i ra l  tube  16b absorbs  a  surplus  of  the  a i r  

tube  16a .  The sucking mechanism 16 is  communicated  to  a  

sucking pump (not  shown) .  A lower  surface  of  the  subst ra te  1 ,  

which  i s  an  opposi te  surface  of  a  mount ing  surface  (upper  

surface)  on  which  the  semiconductor  devices  3  are  adhered ,  i s  

sucked by the  sucking holes  15b,  so  tha t  the  subs t ra te  1  i s  sucked 

and held  by the  subs t ra te  hold ing  p la te  15 .  

In  a  lower  d ie  17 ,  the  lower  d ie  b lock  19  i s  suppor ted  by  a  

lower  d ie  base  18,  and the  suppor t ing  rods  5  are  provided in  the  

lower  d ie  b lock 19 and f loa t ing-suppor ted  by  the  coi l  spr ings  7 .  

A movable  c lamper  20 ,  which  encloses  the  lower  d ie  b lock 19,  i s  
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suppor ted  by coi l  spr ings  21 ,  which  are  e las t ica l ly  provided 

between the  movable  c lamper  20  and the  lower  d ie  base  18.  An 

a i r  pa th  22 i s  formed in  the  lower  d ie  base  18  and the  lower  d ie  

b lock  19 .  

A sea l ing  member  23a ,  e .g . ,  O-r ing ,  i s  provided between 

the  movable  c lamper  20  and s ide  faces  of  the  lower  d ie  b lock 19.  

A sea l ing  member  23b,  e .g . ,  O-r ing,  i s  provided on a  c lamping 

face  (upper  face)  20a  of  the  movable  c lamper  20 .  The re lease  

f i lm 14 i s  sucked and held  on  the  c lamping face  10a  of  the  upper  

d ie  b lock 10.  As  shown in  Fig .  6B,  the  c lamping face  20a  of  the  

movable  c lamper  20  contac ts  the  c lamping face  10a  of  the  upper  

d ie  b lock 10,  on  which  the  re lease  f i lm 14 i s  he ld ,  when the  

lower  d ie  17  i s  moved upward.  By th is  ac t ion ,  a  c losed  space  K 

(see  Fig .  6B)  i s  formed between  the  upper  d ie  8  and the  lower  d ie  

17 .   

In  Fig .  6A,  the  subs t ra te  hold ing p la te  15  i s  suppor ted  by  

the  suppor t ing  rods  5  and located  a t  a  pos i t ion ,  a t  which  upper  

faces  of  the  semiconductor  devices  3  are  located  lower  than the  

c lamping face  20a  of  the  c lamper  20 ,  when the  subst ra te  1  i s  se t .  

Therefore ,  when the  c losed  space  K is  formed,  the  c lamping face  

10a  of  the  upper  d ie  b lock 10 i s  separa ted  f rom the  

semiconductor  devices  3 ,  so  tha t  the  preheat ing  can  be  performed 

in  the  c losed space  K.  A reduced-pressure  a tmosphere  can  be  

produced in  the  c losed space  K by d ischarging a i r  theref rom via  

the  a i r  path  22,  or  a  pressur ized a tmosphere  can be  produced in  

the  c losed space  K by in t roducing compressed  a i r  there in to  v ia  

the  a i r  pa th  22 .  As  shown in  Fig .  6A,  the  coolers  6b  and 12 are  

omit ted ,  but  they  may be provided to  the  d ies .  

Next ,  the  process  of  bonding the  semiconductor  devices  
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wil l  be  expla ined.   

In  Fig .  6A,  the  upper  d ie  b lock 10  i s  hea ted  by  the  hea ters  

13 ,  and the  re lease  f i lm 14 i s  sucked and held  on  the  c lamping 

face  10a  of  the  upper  d ie  b lock 10.  In  th is  s ta te ,  the  subs t ra te  1  i s  

fed  and se t  on  the  subs t ra te  holding  p la te  15 .  In  th is  ac t ion ,  the  

d ies  8  and 17 are  opened and the  subs t ra te  hold ing  p la te  15  i s  

suppor ted  by the  suppor t ing  rods  5  of  the  lower  d ie  17 .  Next ,  the  

sucking mechanism 16 sucks  a i r  f rom the  sucking holes  15b so  as  

to  suck and hold  the  subs t ra te  1  on  the  upper  face  of  the  subs t ra te  

holding p la te  15 .  Even i f  the  subs t ra te  1  i s  or ig ina l ly  bent  or  bent  

by  being unevenly  heated ,  the  subs t ra te  1  can  be  secure ly  he ld  on  

the  subs t ra te  hold ing p la te  15 .  Namely,  the  subst ra te  1  can  be  

f la t ly  he ld  wi thout  be ing deformed or  inc l ined.  Therefore ,  the  

ent i re  subs t ra te  1  can  be  he ld  para l le l  to  the  c lamping face  10a ,  

so  tha t  the  subs t ra te  1  can  be  uni formly heated  and pressed.  

Next ,  as  shown in  Fig .  6B,  the  lower  d ie  17  i s  moved 

upward unt i l  the  movable  c lamper  20  contac ts  the  upper  d ie  

b lock 10 so  as  to  form the  c losed  space  K,  and then a i r  in  the  

c losed  space  K is  d ischarged,  v ia  the  a i r  pa th  22 ,  so  as  to  reduce  

inner  pressure  of  the  c losed space  K.  Whi le  performing th is  

ac t ion ,  the  semiconductor  devices  3  are  moved toward  the  

c lamping face  10a  of  the  upper  d ie  b lock  10  so  as  to  preheat  the  

subs t ra te  1  and the  semiconductor  devices  3  in  the  c losed space  

K,  unt i l  reaching the  prescr ibed tempera ture ,  by  radia t ion  heat .  

Next ,  as  shown in  Fig .  7A,  the  lower  d ie  17  i s  fur ther  

moved upward  so  as  to  press  the  semiconductor  devices  3  onto  

the  c lamping face  10a  of  the  upper  d ie  b lock 10,  and the  

subs t ra te  1  and the  semiconductor  devices  3  are  heated  and 

pressed,  in  the  c losed  space  K,  unt i l  reach ing the  mel t ing  poin t  
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of  the  bumps 3a .   

Whi le  th is  hea t ing  and press ing  ac t ion ,  the  subs t ra te  1  i s  

c lamped between the  upper  d ie  b lock 10 and the  subs t ra te  

hold ing p la te  15  by the  spr ing  force  of  the  coi l  spr ings  7  of  the  

lower  d ie  17 .  The movable  c lamper  20  i s  moved downward,  

together  wi th  the  upper  d ie  b lock 10,  wi th  compress ing  the  coi l  

spr ings  21.  

Next ,  as  shown in  Fig .  7B,  the  lower  d ie  17  i s  fur ther  

moved upward,  so  tha t  the  support ing  rods  5  are  re t rac ted  in to  

the  lower  d ie  b lock 19 wi th  compress ing the  coi l  spr ings  7 .  

Therefore ,  the  subs t ra te  hold ing  p la te  15  i s  moved unt i l  

contac t ing  the  c lamping face  19a  of  the  lower  d ie  b lock  19 ,  and 

the  heat ing  and press ing  ac t ion  i s  cont inued.  In  th is  ac t ion ,  the  

subs t ra te  1  i s  s t i l l  c lamped between the  upper  d ie  b lock 10  and 

the  subs t ra te  holding p la te  15 .   

The  heat ing  and press ing  ac t ion  i s  performed in  the  

reduced-pressure  a tmosphere .  Even i f  voids  have  been inc luded 

in  the  non-conduct ive  adhes ive  2 ,  the  voids  can  be  purged f rom 

the  non-conduct ive  adhes ive  2  and the  semiconductor  devices  3  

can  be  wel l  underf i l led .  The subs t ra te  1  i s  preheated  to  l inear ly  

expand before  be ing c lamped as  wel l  as  the  former  embodiments ,  

so  tha t  occurr ing  pos i t ion  gaps,  which  are  caused by thermal  

expansion of  the  subs t ra te  1 ,  can  be  prevented .  The  subs t ra te  1  i s  

f loa t ing-suppor ted  and can be  heated  in  a  shor t  t ime,  so  tha t  

occurrence  of  poor  connect ion  can be prevented .  Next ,  in  Fig .  7B,  

the  reduced-pressure  s ta te  in  the  c losed  space  K is  re leased,  and 

the  d ies  8  and 17 are  opened.  Then,  the  sucking mechanism 16 

re leases  the  subs t ra te  1 ,  and the  subs t ra te  1  i s  taken out  and 

accommodated.  By accommodat ing the  subs t ra te  1 ,  the  process  of  
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bonding the  semiconductor  devices  3  i s  comple ted .  

According to  types  of  the  non-conduct ive  adhes ive  2 ,  a  

proper ty  of  adher ing  the  semiconductor  devices  3  can  be  

mainta ined,  wi thout  be ing badly  inf luenced by voids ,  by  

performing the  heat ing  and press ing  ac t ion  in  the  

reduced-pressure  a tmosphere .  

On the  o ther  hand,  the  non-conduct ive  adhes ive  2  may cure  

in  a  pressur ized  a tmosphere .  Namely,  the  pressur ized a tmosphere  

i s  produced in  the  c losed  space  K,  and the  preheat ing  s tep  and 

the  bonding s tep  are  performed in  the  c losed space  K in  which 

the  pressur ized  a tmosphere  i s  produced.  In  th is  case ,  even i f  

voids  are  inc luded in  the  non-conduct ive  adhes ive  2 ,  the  voids  

are  compressed and minia tur ized  so  tha t  the  semiconductor  

devices  3  can  be  wel l  underf i l led .  Fur ther,  the  reduced-pressure  

a tmosphere  and the  pressur ized  a tmosphere  may be  a l te rna te ly  

produced in  the  c losed space  K for  per forming the  preheat ing  

s tep  and the  bonding s tep .  

(Embodiment  4)  

Next ,  the  appara tus  and the  method of  Embodiment  4  wi l l  

be  expla ined wi th  reference  to  Figs .  8A-9B.  Note  tha t ,  the  

s t ruc tura l  e lements  descr ibed in  the  above descr ibed 

embodiments  are  ass igned the  same symbols  and explanat ion  wi l l  

be  omit ted .  

In  the  present  embodiment ,  the  c losed  space  K is  d iv ided 

in to  a  p lura l i ty  of  cavi t ies ,  each  of  which  corresponds  to  each of  

the  semiconductor  devices  3 .   

In  Fig .  8A,  an  upper  d ie  24  has  an  upper  d ie  b lock 25,  in  

which  a  concave  sec t ion  25a  i s  formed.  A c lamper  27  i s  

suspended in  the  concave sec t ion  25a .  An upper  end of  the  
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clamper  27  i s  connected  to  guide rods  27a ,  each of  which  i s  

suspended,  f rom the  upper  d ie  b lock 25,  by  a  coi l  spr ing  26a .  The  

guide  rods  27a  are  respect ive ly  p ierced through guide  holes  25b 

formed in  the  upper  d ie  b lock 25.  The  c lamper  27  i s  provided 

above the  suppor t ing  rods  5  and capable  of  c lamping the  

subs t ra te  1  wi th  the  suppor t ing  rods  5 .  Lat t ice-shaped par t i t ions  

27b,  which  correspond to  ar rangement  of  the  semiconductor  

devices  3 ,  a re  formed in  the  c lamper  27 .  The  par t i t ions  27b 

c lamp the  outer  edges  of  the  subs t ra te  1  and par ts  of  the  subs t ra te  

1  each of  which  i s  loca ted  between the  adjacent  semiconductor  

devices  3 .  S ince  the  c losed space  K is  d iv ided by the  par t i t ions  

27b of  the  c lamper  27 ,  cavi t ies  27c ,  each  of  which  i s  capable  of  

accommodat ing the  semiconductor  device  3 ,  a re  formed.  A 

presser  28  i s  provided in  each of  the  cavi t ies  27c .  The pressers  

28  are  respect ive ly  connected  to  lower  ends  of  guide  rods  28a .  

The guide  rods  28a  are  suspended,  f rom the  upper  d ie  b lock 25,  

by  coi l  spr ings  26b.  The  guide  rods  28a  are  respect ive ly  p ierced 

through guide  holes  25c  formed in  the  upper  d ie  b lock 25.   

To  prevent  invas ion of  the mel ted  non-conduct ive  adhes ive  

2  which  i s  caused by capi l la ry  phenomenon,  a  p lanar  s ize  of  the  

pressers  28  i s  made smal ler  than  tha t  of  the  semiconductor  

devices  3 .  The  pressers  28  are  heated  by  heaters  (not  shown)  

provided in  the  upper  d ie  b lock 25.  As  shown in  Fig .  8A,  in  a  

normal  s ta te  where  the  subs t ra te  1  i s  not  c lamped,  press ing  faces  

( lower  end faces)  of  the  pressers  28  are  loca ted  above the  level  

of  a  lower  end (c lamping face)  of  the  c lamper  27 .  The  he ight  

d i fference  between the  press ing  face  of  the  presser  28  and the  

c lamping face  of  the  c lamper  27  i s  grea ter  than  a  to ta l  th ickness  

of  the  non-conduct ive  adhes ive  2  and the  semiconductor  device  3 .  
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Spr ing force  of  the  coi l  spr ings  26a  and 26b i s  grea ter  than tha t  

of  the  coi l  spr ings  7 .  With  th is  s t ruc ture ,  the  press ing  faces  of  

the  pressers  28  are  separa ted  f rom the  semiconductor  devices  3  

and the  preheat ing  can be  performed unt i l  the  subs t ra te  1  i s  

c lamped by the  c lamping face  17a  and the  c lamper  27 .  

The guide  rods  28a  of  the  pressers  28  are  guided  by  the  

guide  holes  25c ,  which are  ver t ica l ly  bored  in  the  upper  d ie  b lock 

25,  and the  press ing  faces  of  the  pressers  28  can  be  moved wi th  

mainta in ing para l le l  to  the  c lamping face  of  the  c lamper  27 .  

Therefore ,  the  pressers  28  are  capable  of  press ing  the  

semiconductor  devices  3  onto  the subs t ra te  1  wi th  uni form 

press ing  force ,  so  tha t  each of  the  semiconductor  devices  3  can  

be  hor izonta l ly  bonded wi thout  he ight  var ia t ion .   

An a i r  pa th  25d,  which  i s  communicated  to ,  for  example ,  a  

compressor  (not  shown) ,  i s  formed in  a  s ide  wal l  of  the  concave 

sec t ion  25a  of  the  upper  d ie  b lock 25.  A sea l ing  member  29 ,  e .g . ,  

O-r ing ,  i s  provided between the  c lamper  27  and the  concave  

sec t ion  25a  so  as  to  form the  c losed space  K.  When the  subs t ra te  

1  i s  c lamped as  shown in  Fig .  8B,  the  c losed space  K is  formed 

by the  subs t ra te  1 ,  the  concave  sec t ion  25a ,  the  c lamper  27  and 

the  sea l ing  member  29 ,  so  tha t  inner  pressure  of  the  c losed space  

K can be  reduced.  

Pos i t ioning p ins  4d ,  which  correspond to  the  outer  edges  of  

the  subs t ra te  1 ,  a re  projec ted  f rom the  subst ra te  hold ing  p la te  4 .  

The  posi t ioning p ins  4d  are  respect ive ly  p ierced  through 

subs t ra te  holes  ( through-holes)  1d  of  the  subs t ra te  1 ,  so  tha t  the  

subs t ra te  1  i s  correc t ly  pos i t ioned and held  by  the  subs t ra te  

hold ing p la te  4 .  Preferably,  a  p lura l i ty  of  the  subs t ra te  holes  1d  

are  e longate  through-holes ,  which  are  e longated  in  a  d i rec t ion  of  
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a  center  l ine  of  the  subs t ra te  1 .  With  th is  s t ruc ture ,  the  subs t ra te  

1  can  be  secure ly  se t  a t  a  p redetermined pos i t ion  on  the  subs t ra te  

hold ing  p la te  4 ,  and the  semiconductor  devices  3  can  be  su i tab ly  

pos i t ioned wi th  respect  to  the  press ing  faces  of  the  p ressers  28 .  

On the  o ther  hand,  pos i t ioning holes  27d,  in to  which  upper  ends  

of  the  pos i t ioning p ins  4d  can  f i t ,  a re  formed in  the  lower  end 

face  of  the  c lamper  27 .  When the  d ies  17  and 24 are  c losed as  

shown in  Fig .  8B,  the  pos i t ioning  p ins  4d  respect ive ly  f i t  in to  the  

pos i t ioning holes  27d,  and the  subs t ra te  1  i s  c lamped by the  

c lamper  27 .  

Next ,  the  process  of  bonding the  semiconductor  devices  3  

wi l l  be  expla ined.  

In  Fig .  8A,  the  subs t ra te  1 ,  on  which the  semiconductor  

devices  3  have  been adhered ,  i s  se t  on  the  subs t ra te  holding p la te  

4 ,  which  i s  provided in  the  opened lower  d ie  17 ,  and the  

pos i t ioning p ins  4d  respect ive ly  f i t  in to  the  pos i t ioning holes  1d .  

Next ,  the  lower  d ie  17  i s  moved upward unt i l  the  c lamper  

27  contac ts  the  subs t ra te  1  to  form the  c losed  space  K as  shown 

in  Fig .  8B.  Then,  a i r  i s  d ischarged  f rom the  c losed space  K via  

the  a i r  pa th  25d,  so  tha t  the  reduced-pressure  a tmosphere  i s  

produced in  the  c losed space  K.  In  th is  ac t ion ,  the  semiconductor  

devices  3  are  moved c lose  to  the  press ing faces  of  the  pressers  28 .  

Therefore ,  the  subs t ra te  1  and the  semiconductor  devices  3  are  

preheated ,  in  the  reduced-pressure  a tmosphere ,  by  radia t ion  heat  

f rom the  press ing faces  heated  by the  heaters  (not  shown) ,  unt i l  

reaching the  prescr ibed tempera ture ,  so  tha t  the  subs t ra te  1  i s  

thermal ly  expanded.  By moving the  lower  d ie  17  upward,  the  

sea l ing  member  23b provided on the  c lamping face  of  the  

movable  c lamper  20  contac ts  the  upper  d ie  b lock 25.  
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Note  tha t ,  the  subs t ra te  1  i s  c lamped in  the  s ta te  where  the  

pos i t ioning p ins  4d  f i t  in  the  pos i t ioning holes  27d,  but  the  

c lamping force  i s  genera ted  by the  coi l  spr ings  7  only.  So,  the  

subs t ra te  1  can  thermal ly  expand.  In  the  present  embodiment ,  the  

subs t ra te  holes  1d  are  e longate  holes  extended in  the  d i rec t ion  of  

the  center  l ine  of  the  subs t ra te  1 .  Therefore ,  even i f  the  subs t ra te  

1  thermal ly  expands ,  deformat ion  of  the  subs t ra te  1  i s  not  l imi ted  

and no s t ress  i s  appl ied  there to .   

Next ,  as  shown in  Fig .  9A,  the  lower  d ie  17  i s  fur ther  

moved upward,  so  tha t  the  suppor t ing  rods  5  compress  the  coi l  

spr ings  7  and the  support ing  rods  5  are  re t rac ted  in to  the  lower  

d ie  b lock 19.  In  th is  ac t ion ,  the  movable  c lamper  20  contac ts  the  

upper  d ie  b lock 25 wi th  the  sea l ing  member  23b,  so  tha t  the  

movable  c lamper  20  i s  moved downward.  S ince  the  press ing  face  

of  the  presser  28  can be  mainta ined para l le l  to  the  c lamping face  

of  the  c lamper  27  whi le  moving the presser  28 ,  the  ent i re  sur face  

of  each semiconductor  device  3  can be  uni formly separa ted  f rom 

the  press ing  face  of  the  presser  28 .  Therefore ,  the  ent i re  sur face  

of  each semiconductor  device  3  can  be  uni formly heated ,  so  tha t  

the  non-conduct ive  adhes ive  2  can  cure  uni formly.  Fur ther,  the  

bumps 3a  can  be  uni formly heated .   

Next ,  as  shown in  Fig .  9B,  the  lower  d ie  17  i s  fur ther  

moved upward  so  as  to  press  the  semiconductor  devices  3  onto  

the  press ing  faces  of  the  pressers  28 ,  and the  semiconductor  

devices  3  are  heated  unt i l  reaching the  mel t ing  poin t  of  the  

bumps 3a .  In  th is  case ,  the  c lamper  27  and the  pressers  28  are  

pressed  onto  the  lower  d ie  17 ,  wi th  the  subs t ra te  1 ,  by  the  upward  

movement  of  the  lower  d ie  17 ,  so  tha t  the  coi l  spr ings  26a  and 

26b are  compressed.  In  th is  ac t ion ,  the  subs t ra te  1 ,  e tc .  a re  
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clamped by the  spr ing  force  of  the  coi l  spr ings  26a  and 26b.  

Therefore ,  even  i f  the  subst ra te  1  thermal ly  expands ,  the  

subs t ra te  1  can  be  secure ly  he ld  wi thout  f lopping.  Fur ther,  the  

ent i re  surface  of  each semiconductor  device  3  i s  hea ted  and 

pressed in  the  horizonta l  s ta te  wi thout  he ight  var ia t ion ,  so  tha t  

each semiconductor  3  can  be  secure ly  bonded by the  

non-conduct ive  adhes ive  2 .  

As  descr ibed above,  the  semiconductor  devices  3  are  

respect ive ly  pressed  by the  pressers  28 .  Even i f  he ights  of  the  

semiconductor  devices  3  f rom the  subs t ra te  1  are  d i fferent ,  the  

d i fferences  can  be  absorbed by the  coi l  spr ings  26b so  tha t  the  

semiconductor  devices  3  can  be  secure ly  bonded.  

Note  tha t ,  the  means  for  press ing  the  c lamper  27  and the  

pressers  28  i s  not  l imited  to  the  coi l  spr ings  26b.  For  example ,  

a i r  spr ings ,  e las t ic  members ,  e tc .  may be  employed.  Fur ther,  a  

su i table  dr ive  mechanism,  e .g . ,  hydraul ic  cyl inder,  motor,  which  

i s  capable  of  ver t ica l ly  dr iv ing  the  c lamper  27  and the  pressers  

28  and l inking with  the  ver t ica l  movement  of  the  lower  d ie  17 ,  

may be  employed.    

In  case  tha t  the  pressur ized  a tmosphere  i s  produced in  the  

c losed space  K shown in  Fig .  8B,  compressed a i r  i s  in t roduced 

in to  the  c losed space  K,  v ia  the  a i r  pa th  25d of  the  upper  d ie  24 

and the  a i r  pa th  22  of  the  lower  d ie  17  so  as  to  press  the  subs t ra te  

1 ,  f rom above and below,  by  the  a i r.  Wi th  th is  s t ruc ture ,  the  

pressur ized  a tmosphere  can  be  produced in  the  cavi t ies  27c ,  and 

the  preheat ing  and the  bonding s teps  can  be  performed in  the  

cavi t ies  27c  wi thout  bending the  subs t ra te  1 .  

In  case  of  us ing the  re lease  f i lm 14,  a  communicat ion  

groove 27e ,  which  i s  indica ted ,  in  Fig .  8A,  by  dot ted  l ine ,  i s  
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formed.  The  communica t ion  groove 27e  i s  formed in  the  

c lamping face  of  the  c lamper  27 .  The cavi t ies  27c  are  mutual ly  

communica ted  by  the  communicat ion  groove 27e ,  and the  

communicat ion  groove 27e  i s  communicated  to  the  outs ide  v ia  

the  cavi t ies  27c .  Therefore ,  even i f  the  re lease  f i lm 14 is  he ld  on 

the  c lamping face  of  the  upper  d ie  24 ,  a i r  can  be  f lown via  the  

communicat ion  groove 27e,  so  tha t  the  pressure  can  be  reduced 

or  increased through the  a i r  pa th  22 (see  Fig .  6A)  of  the  lower 

d ie  17 .  Note  tha t ,  in  case  of  press ing  by  a i r,  the  re lease  f i lm 14 

must  be  pressed  f rom above by in t roducing compressed  a i r  v ia  

the  a i r  pa th  25d of  the  upper  d ie  24 .  As  descr ibed above,  even i f  

the  c losed space  K is  d iv ided in to  the  cavi t ies  27c ,  the  

semiconductor  devices  3  can  be  heated  and pressed ,  in  the  

reduced-pressure  a tmosphere  or  the  pressur ized  a tmosphere ,  wi th  

us ing  the  re lease  f i lm 14.  

(Embodiment  5)  

Next ,  the  appara tus  and the  method of  Embodiment  5  wi l l  

be  expla ined wi th  reference  to  Figs .  10A and 10B.  Note  tha t ,  the  

s t ruc tura l  e lements  descr ibed in  the  above descr ibed 

embodiments  are  ass igned the  same symbols  and explanat ion  wi l l  

be  omit ted .  

In  the  present  embodiment ,  the  upper  d ie  ( f i r s t  d ie)  8  

inc ludes  the  upper  d ie  b lock 10,  which has  the  bui l t - in  heaters  13  

and s topper  b locks  30  provided on the  c lamping face  10a;  the  

lower  d ie  (second die)  6  inc ludes  s topper  b locks  31 provided on 

the  c lamping face  6a .  A height  of  each of  the  s topper  b locks  30  

and 31 i s  equal  to  a  to ta l  th ickness  of  “ the  heated  and pressed  

subs t ra te  1  inc luding the  semiconductor  devices  3  and the  

non-conduct ive  adhes ive  2”  p lus  “ the  subs t ra te  hold ing p la te  4” .  
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As shown in  Fig .  10A,  the  subs t ra te  1  i s  se t  on  the  

subs t ra te  holding p la te  4 ,  and the  edges  of  the  subs t ra te  1  are  

he ld  by  the  chucks  4a .   

Next ,  in  Fig .  10A,  the  lower  d ie  6  i s  moved upward to  

move the  semiconductor  devices  3  toward  the  c lamping face  10a  

of  the  upper  d ie  b lock 10a .  In  th is  s ta te ,  the  subst ra te  1  and the  

semiconductor  devices  3  are  preheated  unt i l  reaching the  

prescr ibed tempera ture ,  and then the  lower  d ie  6  i s  fur ther  moved 

upward as  shown in  Fig .  10B.  Therefore ,  semiconductor  devices  

3  are  pressed  onto  the  c lamping face  10a  of  the  upper  d ie  b lock 

10 and heated ,  in  th is  s ta te ,  unt i l  reaching the  mel t ing  point  of  

the  bumps 3a .   

By c los ing  the  d ies  6  and 8  unt i l  the  s topper  b locks  30  and  

31 contac t  each o ther,  the  semiconductor  devices  3 ,  which  have  

been mounted  on the  subs t ra te  1  he ld  by  the  subs t ra te  hold ing 

p la te  4 ,  i s  c lamped between the  upper  d ie  b lock 10  and the  

subs t ra te  hold ing p la te  4 .  The  semiconductor  devices  3  are  

heated  and pressed  in  th is  s ta te .  

By heat ing  and press ing  the  semiconductor  devices  3  wi th  

s topping levels  of  the  d ies ,  the  semiconductor  devices  3  can  be 

uni formly bonded.  In  th is  case ,  a  c learance  for  c lamping can  be  

eas i ly  adjus ted  by changing heights  of  the  s topper  b locks  30  and 

31.  Therefore ,  even i f  th icknesses  of  the  subs t ra te  1 ,  e tc .  a re  

changed,  the  appara tus  can  deal  wi th  the  change eas i ly.  Note  tha t ,  

the  s topper  b locks  30  and 31 need not  be  provided to  both  of  the  

d ies  6  and 8 .  The  s topper  b locks  may be  provided one  of  the  d ies  

6  and 8 .  Fur ther,  mechanisms for  adjus t ing  the  he ights  of  the  

s topper  b locks  30  and 31 may be  provided so  as  to  dea l  wi th  the  

change of  the  th ickness  of  the  subs t ra te  1 .  The  s topper  b locks  30  
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and 31 may be  provided to  an  upper  p la ten  (not  shown) ,  to  which 

the  upper  d ie  8  i s  a t tached,  and a  lower  p la ten  (not  shown) ,  to  

which the  lower  d ie  6  i s  a t tached.  In  th is  case ,  i t  i s  hard  to  

conduct  the  heat  of  the  heaters  13  to  the  s topper  b locks  30  and 30,  

so  tha t  the  he ights  of  the  s topper  b locks  30  and 31 can  be  

mainta ined wi thout  thermal  expansion.  

In  the  above descr ibed embodiments ,  the  lower  d ie  i s  

moved upward  and downward,  but  the  upper  d ie  may be  moved 

upward and downward.  Fur ther,  the  upper  and lower  d ies  may be  

moved upward  and downward.   

F ig .  11  i s  a  p lan  v iew showing layout  of  the  bonding 

appara tus .  The  layout  may be  appl ied  to  the  bonding appara tuses  

of  Embodiments  1-5 .  Note  tha t ,  the  appara tus  shown in  Fig .  11 

t ransfers  the  subs t ra te  holding p la te  4 ,  and a  semiconductor  

wafer  (subs t ra te)  1 ,  on  which  cable  pa t terns  are  formed and  

semiconductor  devices  are  mounted ,  i s  he ld  by  the  subs t ra te  

holding p la te  4 .  The bonding appara tus  comprises :  a  loader  32  

for  conveying the  subs t ra te  to  a  press  sec t ion  (pressure  bonding 

sec t ion)  P;  an  unloader  33  for  tak ing  out  and accommodat ing  the  

subs t ra te  on  which the  semiconductor  devices  have  been bonded;  

and a  common ra i l  34  for  guid ing the  loader  32  and the  unloader  

33 .    

In  a  subs t ra te  feeding sec t ion  S ,  the  semiconductor  devices  

3 ,  which  are  semiconductor  chips  produced by d ic ing  a  

semiconductor  wafer,  a re  adhered on the  subs t ra te  

(semiconductor  wafer)  1 ,  on  which  no semiconductor  devices  

have  been adhered.  Preferably,  the  adher ing  s tep  i s  per formed in  

a  vacuum atmosphere  so  as  to  prevent  voids  f rom being formed in  

the  non-conduct ive  adhes ive  2 .  The  loader  32  rece ives  the  
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subs t ra te  1 ,  on  which  the  semiconductor  devices  3  have  been 

adhered,  f rom the  subs t ra te  feeding sec t ion  S  and t ransfers  onto  

the  subs t ra te  holding p la te  4 ,  which  has  wai ted  on a  p la te  feeding 

s tage  T.  Next ,  the  loader  32  conveys  the  subs t ra te  holding p la te  4 ,  

on  which  the  subs t ra te  1  i s  mounted ,  to  the  press  sec t ion  P.  In  the 

press  sec t ion  P,  the  semiconductor  devices  3  are  bonded to  the  

subs t ra te  1  by  the  bonding method descr ibed in  each  of  

Embodiments  1-5 .  The  loader  32  takes  out  the  subs t ra te  hold ing 

p la te  4 ,  which  has  been heated  and pressed ,  f rom the  press  

sec t ion  P and t ransfers  the  same to  a  s tage  U.  Next ,  the  unloader  

33  rece ives  the  subs t ra te  1  f rom the  s tage  U and conveys  the  

same to  an  accommodat ing  sec t ion  35 .  The  subs t ra te  hold ing  

p la te  4  le f t  on  the  s tage  U is  re turned to  the  p la te  feeding s tage  T,  

by  the  loader  32 ,  and cooled .  

In  the  present  embodiment ,  a  p lura l i ty  of  the  p la te  feeding 

s tages  T are  provided,  so  a  p lura l i ty  of  the  subs t ra te  holding 

p la tes  4  are  cooled  outs ide  of  the  press  sec t ion  P for  reuse .  S ince 

the  subs t ra te  1  i s  se t  on  the  cooled  subs t ra te  hold ing  p la te  4  and 

conveyed to  the  press  sec t ion  P,  the  subs t ra te  1  can be  rapidly  

heated  and the  non-conduct ive  adhes ive  2  never  cures  before  

heat ing  and press ing  the  subs t ra te  1 .  The  two subs t ra te  hold ing 

p la tes  4  can  be  a l ternate ly  used ,  so  tha t  one  of  the  subs t ra te  

hold ing  p la tes  4  can  be cooled  and the  subst ra te  1  can  be  se t  

thereon whi le  the  o ther  subs t ra te  hold ing  p la te  4  i s  used  for  

performing the  bonding s tep .  Therefore ,  no  wai t ing  t ime for  

cool ing  and se t t ing  the  subs t ra te  holding p la te  4  i s  requi red ,  so  

tha t  product ion  eff ic iency can be  improved.  Note  tha t ,  the  

subs t ra te  1 ,  on  which  the  semiconductor  devices  3  have  been 

adhered ,  may be  suppl ied  f rom outs ide  of  the  bonding appara tus .  
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The appara tus  and the  method of  the  prefer red  

embodiments  have  descr ibed,  but  the  present  invent ion  i s  not  

l imi ted  to  the  above descr ibed embodiments .  The  suppor t ing  rods  

5  are  not  loca ted  immedia te ly  under  the  semiconductor  devices  3 ,  

but  the  present  invent ion i s  not  l imi ted  to  th is  s t ruc ture .  For  

example ,  the  suppor t ing  rods  5 ,  whose  number  i s  equal  to  tha t  of  

the  semiconductor  devices  3 ,  may be  f loa t ing-suppor ted  by  the  

coi l  spr ings  7 ,  and the  suppor t ing  rods  5  may be  provided  

immedia te ly  under  the  semiconductor  devices  3  so  as  to  suppor t  

the  subs t ra te  hold ing p la te  4 .  In  th is  case ,  the  press ing  force  for  

press ing  the  semiconductor  devices  3  can  be  adjus ted  by 

adjus t ing  the  spr ing  force  of  the  coi l  spr ings  7 .  By uni formly 

adjus t ing  the  spr ing  force  of  the  coi l  spr ings  7 ,  the  

semiconductor  devices  3  can  be  uni formly  pressed .  A rod  

suppor t ing  p la te ,  on  which  the  suppor t ing  rods  5  are  erec ted ,  may 

be  provided in  the  lower  d ie  6 .  In  th is  case ,  by  suppor t ing  the  rod 

suppor t ing  p la te  wi th  the  coi l  spr ings  7 ,  pro jec t ion  lengths  of  the  

suppor t ing  rods  5  can  be  equal ized .  

The s t ruc tures  of  the  upper  d ie  8  and the  lower  d ie  6  may 

be  inver ted .  For  example ,  the  subs t ra te  hold ing p la te  4  hold ing  

the  subs t ra te  1  may be  suspended f rom the  lower  face  of  the  

upper  d ie ,  and the  heaters  may be  provided in  the  lower  d ie .  In  

th is  case ,  preferably,  a  sh ie ld  p la te  i s  se t  be tween the  subst ra te  

holding p la te  4  and the  heaters  of  the  lower  d ie  so  as  to  sh ie ld  the  

radia t ion  heat  unt i l  the  preheat ing  begins ,  so  tha t  hea t ing  the  

subs t ra te  1  can  be  prevented .  Note  tha t ,  the  sh ie ld  p la te  may be  

used,  for  sh ie ld ing the  radia t ion  heat ,  in  the  above descr ibed 

embodiments .  Pel t ie r  e lements  may be  provided in  the  subs t ra te  

holding p la te  4  so  as  to  mainta in  the  cooled  s ta te  unt i l  beginning 
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the  press ing  s tep .  In  th is  case ,  the  problem of  cur ing  the  

non-conduct ive  adhes ive  2  ear ly  by  the  radia t ion  heat  can  be  

secure ly  prevented .  In  case  tha t  the  subs t ra te  holding p la te  4  i s  

omi t ted  and the  suppor t ing  rods  5  d irec t ly  suppor t  the  subs t ra te  1 ,  

f lange  sec t ions  may be  provided to  upper  ends  of  the  suppor t ing  

rods  5  so  as  to  broaden suppor t ing  areas  (contac t  a reas) .  

In  Embodiments  3-5  too ,  the  subs t ra te  1  to  be  heated  and 

pressed may be  inver ted  as  wel l  as  Embodiment  2 .  Sui table  

means  (e .g . ,  chucks ,  sucking mechanism,  pos i t ioning p ins ,  

e lec t ros ta t ic  chucks)  may be  employed as  means  for  holding and 

pos i t ioning the  subs t ra te  1 .  In  the  above descr ibed embodiments  

except  Embodiment  1 ,  the  bonding s tep  may be  comple ted  in  the  

s ta te ,  where  the  subs t ra te  holding  p la te  4  or  15  i s  c lamped by 

c lamp force  appl ied  by the  coi l  spr ings  7 ,  before  the  subs t ra te  

hold ing  p la te  4  or  15  contac ts  the  c lamping face  6a  of  the  lower  

d ie  6 .  In  case  of  us ing the  subst ra te  1  whose  thermal  expans ion 

coeff ic ient  i s  grea t ,  e .g . ,  organic  subs t ra te ,  i t  i s  preferable  to  

perform the  preheat ing  s tep  af ter  s topping the  d ie-c los ing ac t ion .  

On the  o ther  hand,  in  some cases  where  the  subs t ra te  1 ,  e .g . ,  

semiconductor  wafer,  has  a  smal l  thermal  coeff ic ient ,  a  t ime for  

the  preheat ing  s tep  may be  shor tened,  so  the  preheat ing  s tep  can  

be  performed wi thout  c los ing  the  d ies .     

The  suppor t ing  rods  5  are  used  as  the  suppor t ing  means .  

Fur ther,  in  case  tha t  thermal  res is tance  of  the  member  on  which 

the  subst ra te  1  i s  se t  i s  grea t  and the  tempera ture  of  the  subs t ra te  

1  can  be  eff ic ient ly  increased,  o ther  suppor t ing  means  can  be  

employed.  For  example ,  la t t ice-shaped grooves  may  be  formed in  

the  c lamping face  6a  of  the  lower  d ie  6 ,  and la t t ice-shaped  

suppor t ing  members ,  which  can be  inser ted  in to  the  
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la t t ice-shaped grooves ,  may be  used  as  the  suppor t ing  means  for  

suppor t ing  the  subs t ra te  holding p la te  4  or  15 .  In  th is  case ,  the  

suppor t ing  members  may suppor t  the  par ts  of  the  subs t ra te  

immedia te ly  under  the  semiconductor  devices  3  or  o ther  par t s  

thereof .  With  th is  s t ruc ture ,  the  subs t ra te  1  can  be  hor izonta l ly  

he ld  wi thout  he ight  var ia t ion .  

The s t ruc ture  for  suppor t ing  the  subs t ra te  holding p la te  4  

or  15  by the  coi l  spr ings  7  has  been descr ibed.  In  the  present  

invent ion ,  the  subs t ra te  hold ing  p la te  4  or  15  may be  supported  

by other  means .  For  example ,  a i r  spr ing  or  o ther  e las t ic  members  

may be  employed.  The  e las t ic  member  may be  omit ted ,  and a  

su i table  ver t ica l  dr ive  mechanism,  e .g . ,  hydraul ic  cyl inder,  

motor,  which  i s  capable  of  l inking wi th  the  ver t ica l  movement  o f  

the  lower  d ie  6 ,  may be  employed.  For  example ,  the  dr ive  

mechanism is  cont ro l led  to  make the  subs t ra te  hold ing  p la te  4  or  

15  separa te  a  prescr ibed d is tance  f rom the  c lamping faces  6a  and 

10a  whi le  performing the  preheat ing  s tep .  On the  o ther  hand,  

whi le  performing the  heat ing  and press ing  s tep ,  the  dr ive  

mechanism is  control led  to  mainta in  a  cer ta in  d is tance  between 

the  c lamping face  10a  and the  subst ra te  holding p la te  4  or  15  

c lamped.  With  th is  cont ro l ,  the  press ing  force  can  be  prec ise ly  

contro l led ,  so  tha t  the  semiconductor  devices  3  can  be  wel l  

underf i l led .   

In  the  above descr ibed embodiments ,  the  suppor t ing  rods  5  

are  f loa t ing-suppor ted  by the  coi l  spr ings  7  provided in  the  lower  

d ie  6 .  However,  o ther  suppor t ing  means  may be  employed as  far  

as  the  work can be  pressed  onto  the  heat ing/press ing  means .  For  

example ,  the  suppor t ing  rods  5  may be  moved upward and 

downward by a  su i table  dr iv ing mechanism,  e .g . ,  a i r  cyl inder,  
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hydraul ic  cyl inder,  motor.  In  th is  case ,  the  support ing  rods  5  may 

be  f ixed to  a  rod  suppor t ing  p la te  and in tegra l ly  moved upward 

and downward.  By respect ive ly  moving the  suppor t ing  rods  

upward and downward according to  f lexure ,  inc l ina t ion  and swel l  

of  the  work,  an  upper  face  of  the  work  can  be  hor izonta l ly  se t ,  

wi thout  he ight  var ia t ion ,  so  tha t  the  work can  be  uni formly 

pressed  wi thout  reference  to  the  shape  of  the  work.  Note  tha t ,  the  

suppor t ing  means  i s  not  l imi ted  to  the  rod .  Other  means  having a  

smal l  sec t ional  a rea  and being capable  of  adiabat ica l ly  

suppor t ing  the  subs t ra te  1  may be  employed as  the  suppor t ing  

means .  

(Embodiment  6)  

Next ,  the  appara tus  and the  method of  Embodiment  6  wi l l  

be  expla ined.  Note  tha t ,  the  s t ruc tura l  e lements  descr ibed in  the  

above descr ibed embodiments  are  ass igned the  same symbols  and 

explanat ion  wi l l  be  omit ted .  

In  the  present  embodiment ,  the  bonding appara tus  bonds  

laminated  members  of  a  work  W, which are  laminated  wi th  an  

adhes ive  layer,  wi th  c lamping the  work between an  upper  d ie  and 

a  lower  d ie .  The work W before  be ing c lamped is  shown in  Fig .  

19;  the  work  W being c lamped is  shown in  Fig .  21 .  In  the  work  W 

shown in  Fig .  19 ,  an  e lec t ronic  component  103 i s  temporar i ly  

bonded (adhered)  to  a  c i rcui t  board  102 with  an  adhes ive  layer  

104,  which i s  composed of ,  for  example ,  NCF or  NCP.  In  the  

work W, a  p lura l i ty  of  connect ion  pads ,  e .g . ,  copper  pads ,  105,  

which  are  exposed f rom an insulat ing  layer  108,  a re  respect ive ly  

corresponded to  connect ion  bumps,  e .g . ,  so lder  bumps,  106.  In  

the  work  W shown in  Fig .  21 ,  the  connect ion  bumps 106 of  the  

e lec t ronic  component  103 are  respect ive ly  e lec t r ica l ly  bonded to  
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the  connect ion  pads  105 of  the  c i rcui t  board  102,  and the  

e lec t ronic  component  103 i s  f l ip-chip-bonded to  the  c i rcui t  board  

102 wi th  the  adhes ive  layer  104.    

Next ,  a  bonding appara tus  101A of  the  present  embodiment  

wi l l  be  expla ined wi th  reference  to  Fig .  12 ,  e tc .  The bonding  

appara tus  101A produces  a  semiconductor  device  107 (see  Fig .  

21) ,  in  which  a  p lura l i ty  of  e lec t ronic  components  103 are  

e lec t r ica l ly  bonded to  the  c i rcui t  board  102.  

The bonding appara tus  101A has  an  upper  d ie  111 and a  

lower  d ie  112,  which  are  ver t ica l ly  ar ranged to  c lamp the  work  W.  

In  the  present  embodiment ,  the  upper  d ie  111 i s  f ixed  to  a  center  

of  a  movable  p la ten  (not  shown);  the  lower  d ie  112 i s  f ixed to  a  

center  of  a  f ixed p la ten  (not  shown) .  Outer  edge  par ts  of  the  

f ixed p la ten  and outer  edge  par ts  of  the  movable  p la ten  are  

connected  by t ie  bars  (not  shown) .  The  f ixed p la ten  i s  f ixed  to  

the  t ie  bars ,  and the  movable  p la ten  i s  capable  of  moving,  upward  

and downward,  on  the  t ie  bars .  The  movable  p la ten  i s  dr iven by a  

known ver t ica l  d r iv ing mechanism (not  shown) ,  e .g . ,  a  ba l l  

bear ing  screw dr iven by an  e lec t r ic  motor.   

By moving the  movable  p la ten  away f rom the  f ixed  p la ten ,  

the  d ies  111 and 112 are  separa ted  and opened.  In  th is  s ta te ,  the  

work W is  se t  on  the  lower  d ie  112 (see  Fig .  12) .  On the  o ther  

hand,  by  moving the  upper  d ie  111 toward  the  lower  d ie  112 and 

c los ing the  d ies  111 and 112,  a  c losed space  (chamber)  131 i s  

formed and the  work W is  accommodated  there in  (see  Fig .  14) .  

Note  tha t ,  the  upper  d ie  111 may be  f ixed to  the  f ixed p la ten ,  the  

lower  d ie  112 may be  f ixed to  the  movable  p la ten  and the  lower  

d ie  112 may be  ver t ica l ly  moved wi th  respect  to  the  upper  d ie  

111.  
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The bonding appara tus  101A fur ther  comprises :  a  

suppor t ing  mechanism 110,  a  heat ing/press ing  mechanism 113;  a  

sea l ing  mechanism 114 and a  pressure  adjus t ing  mechanism 115.  

The suppor t ing  mechanism 110 f loa t ing-suppor ts  the  work W,  

which  i s  se t  be tween the  upper  d ie  111 and the  lower  d ie  112.  The  

sea l ing  mechanism 114 sea ls  the  c losed space  131 

accommodat ing the  c lamped work W. The pressure  adjus t ing  

mechanism 115 increases  inner  pressure  of  the  c losed space  131 

sea led  by the  sea l ing  mechanism 114.  The  suppor t ing  mechanism 

110,  the heat ing/press ing  mechanism 113 and the  sea l ing  

mechanism 114 are  const i tu ted  by  the  upper  d ie  111 and the  

lower  d ie  112.  The pressure  adjus t ing  mechanism 115 is  loca ted  

outs ide  of  the  d ies  111 and 112.   

F i rs t ly,  the  heat ing/press ing mechanism 113 wi l l  be  

expla ined.  As  shown in  Fig .  12 ,  the  upper  d ie  111 has  an  upper  

heat ing/press ing  sec t ion  (a  f i r s t  hea t ing/press ing  sec t ion)  116,  

which  faces  the  lower  d ie  112 and heats  and presses  the  work W.  

The lower  d ie  112 has  a  lower  heat ing/press ing  sect ion  (a  second 

heat ing/press ing  sec t ion)  117,  which faces  the  upper  d ie  111 and 

heats  and presses  the  work W. Namely,  in  the  heat ing/press ing  

mechanism 113,  the  upper  heat ing/press ing  sec t ion  116 and the  

lower  heat ing/press ing  sec t ion  117,  which  respect ive ly  genera te  

heat ,  a re  moved c lose  to  each o ther  so  as  to  heat  and press  the  

work  W. 

The upper  heat ing/press ing  sec t ion  116 i s  a  b lock 

composed of ,  for  example ,  a l loy  tool  s tee l ,  and has  a  p lura l i ty  of  

bui l t - in  heaters  118 as  heat  sources .  The lower  heat ing/press ing 

sec t ion  117 is  a  b lock composed of ,  for  example ,  a l loy  tool  s tee l ,  

and has  a  p lura l i ty  of  bui l t - in  heaters  119 as  heat  sources .  The 
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work W is  c lamped and heated  by the  upper  heat ing/press ing  

sec t ion  116,  which  i s  hea ted  by  the  heaters  118,  and the  lower  

heat ing/press ing  sec t ion  117,  which  i s  heated  by the  heaters  119.  

By moving the  lower  heat ing/press ing  sec t ion  117 toward  the  

upper  heat ing/press ing  sec t ion  116,  the  work  W located  be tween 

the  upper  heat ing/press ing  sec t ion  116 and the  lower  

heat ing/press ing  sec t ion  117 are  c lamped and pressed  by  the  

heat ing/press ing sec t ions  116 and 117 (see  Fig .  14) .  

To improve heat ing  funct ion  of  the  heaters  118 and 119,  the  

heaters  118 and 119 are  provided in  the  upper  heat ing/press ing  

sec t ion  116 and the  lower  heat ing/press ing  sec t ion  117 and 

e longated  in  the  d i rec t ion  perpendicular  to  the  paper  surface  of  

the  drawing of  Fig .  12 .  Heat ing  proper t ies  of  the  heaters  118 and 

119 are  se t  on  the  bas is  of  heat  capaci t ies  of  the  s t ructura l  

members  cons t i tu t ing  the  upper  heat ing/press ing  sec t ion  116,  the  

lower  heat ing/press ing  sec t ion  117,  e tc .  I t  i s  necessary  to  heat  

the  c lamped work W unt i l  reaching the  mel t ing  poin t  of  the  

connect ion  bumps (e .g . ,  so lder  bumps)  106 of  the  e lec t ronic  

component  103 (see  Fig .  21)  and the  cur ing  tempera ture  of  the  

adhes ive  layer  (e .g . ,  NCF,  NCP) 104.  For  example ,  the  mel t ing  

point  of  so lder  i s  about  250-260ºC.  The NCF or  NCP is  cured  by 

heat ing  a t  the  cur ing  tempera ture  (about  200-260ºC)  for  a  

prescr ibed t ime.   

The  upper  heat ing/press ing  sec t ion  116 and the  lower  

heat ing/press ing  sec t ion  117 ac t  as  c lamping sec t ions  (press ing  

means)  for  c lamping the  work W. Therefore ,  a  lower  face  of  the  

upper  heat ing/press ing sec t ion  116 ac ts  as  a  c lamping face  116a ,  

and an  upper  face  of  the  lower  heat ing/press ing  sec t ion  117 ac ts  

as  a  c lamping face  117a.  
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In  the  upper  d ie  111,  an  upper  base  121,  which  i s  composed 

of ,  for  example ,  a l loy  tool  s tee l ,  i s  f ixed  to  the  movable  p la ten  

(not  shown) .  The upper  heat ing/press ing  sec t ion  116 i s  f ixed  on  a  

lower  face  of  the  upper  base  121.  A f ixed spacer  sec t ion  122,  

which  i s  composed of ,  for  example ,  a l loy  tool  s tee l ,  i s  f ixed  on 

the  c lamping face  116a  of  the  upper  heat ing/press ing  sec t ion  116.  

A th ickness  of  the  f ixed spacer  sec t ion  122 i s  adjus ted  according 

to  a  th ickness  of  the  work W so as  to  su i tab ly  c lamp the  work W 

between the  upper  heat ing/press ing  sec t ion  116 and the  lower  

heat ing/press ing  sec t ion  117.  In  some cases ,  no  f ixed  spacer  

sec t ion  122 i s  requi red  according to  the  th ickness  of  the  work W. 

In  the  lower  d ie  112,  a  lower  base  123,  which i s  composed 

of ,  for  example ,  a l loy  tool  s tee l ,  i s  f ixed  to  the  f ixed  p la ten  (not  

shown) .  A plura l i ty  of  suppor t ing  p ins  (suppor t ing  sec t ions)  124,  

which are  composed of ,  for  example ,  a l loy  tool  s tee l ,  a re  erec ted  

upward f rom the  lower  base  123.  Preferably,  the  suppor t ing  p ins  

124 are  composed of  a  mater ia l  having low heat  conduct iv i ty,  

e .g . ,  ceramic ,  heat  res is tance  g lass ,  so  as  to  res t ra in  hea t  

conduct ion  f rom the  lower  d ie  112 to  the  work  W via  the  

suppor t ing  p ins  124.   

Through-holes  123a ,  through which the  suppor t ing  p ins  

124 pass ,  a re  formed in  the  lower  base  123.  In tervals  be tween the  

suppor t ing  p ins  124 are  de termined according to  a  s ize  of  the  

work W. Lower  ends  of  the  suppor t ing  p ins  124 are  secure ly  

f ixed to  a  re ta iner  125,  which  i s  composed of ,  for  example ,  a l loy  

tool  s tee l ,  so  as  not  to  d isconnect  theref rom.  The suppor t ing  p ins  

124 have the  same length ,  and the  work W is  suppor ted  by  upper  

ends  of  the  suppor t ing  p ins  124.   

The  lower  heat ing/press ing  sec t ion  117 i s  provided above  
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the  lower  base  123 and capable  of  moving upward  and downward 

in  the  lower  d ie  112.  A plura l i ty  of  through-holes  117b are  

formed in  the  lower  heat ing/press ing  sec t ion  117.  The  suppor t ing  

p ins  124 are  respect ive ly  p ierced through the  through-holes  117b 

of  the  lower  heat ing/press ing  sec t ion  117.  With  th is  s t ruc ture ,  

when the  lower  heat ing/press ing  sec t ion  117 i s  moved upward  

and downward,  the  suppor t ing  p ins  124 s l ide  on  inner  faces  of  

the  through-holes  117b.  Preferably,  thermal  expansion 

coeff ic ients  of  the  lower  heat ing/press ing  sec t ion  117 and the  

re ta iner  125 are  equal .  Therefore ,  even i f  the  lower  

heat ing/press ing  sec t ion  117 and the  re ta iner  125 thermal ly  

expand,  the  suppor t ing  p ins  124 can  smoothly  s l ide  on  the  inner  

faces .  Note  tha t ,  i f  an  inner  d iameter  of  the  through-holes  117b is  

suff ic ient ly  grea ter  than  an  outer  d iameter  of  the  suppor t ing  p ins  

124,  the  lower  heat ing/press ing  sec t ion  117 and the  re ta iner  125 

may have  d i fferent  thermal  expansion coeff ic ients .  

A plura l i ty  of  suppor t ing  rods  126 are  composed of ,  for  

example ,  a l loy  tool  s tee l .  Upper  ends  of  the  suppor t ing  rods  126 

are  f ixed  to  the  lower  hea t ing/press ing  sec t ion  117 so  as  to  

suppor t  the  lower  heat ing/press ing  sec t ion  117.  Through-holes  

123a  are  formed in  the  lower  base  123 and the  re ta iner  125,  

which  i s  f ixed  on the  lower  base  123,  wi th  a  prescr ibed in terval .  

The  suppor t ing  rods  126 are  respect ive ly  p ierced through the  

through-holes  123a.  Lower  ends  of  the  suppor t ing  rods  126 are  

f ixed to  an  e levat ing  sec t ion  128,  which  i s  composed of ,  for  

example ,  a l loy  tool  s tee l ,  wi th  insula t ion  members  127.  The  

e levat ing  sec t ion  128 i s  l inked to  a  ver t ica l  dr iv ing  mechanism 

(not  shown) .  By ac tuat ing  the  ver t ica l  dr iv ing mechanism,  the  

suppor t ing  rods 126,  which  are  erec ted  upward  f rom the  
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elevat ing  sec t ion  128,  move the  lower  heat ing/press ing  sec t ion  

117 upward and downward.  When the  lower  heat ing/press ing  

sec t ion  117 i s  moved upward  and downward,  the  suppor t ing  rods 

126 s l ide  on inner  faces  of  the  through-holes  123a ,  which  are  

formed in  the  lower  base  123 and the  re ta iner  125.  

By f loa t ing-suppor t ing  the  lower  hea t ing/press ing  sec t ion  

117 wi th  the  suppor t ing  rods  126,  the  heat  of  the  lower  

heat ing/press ing  sec t ion  117 is  not  eas i ly  conducted  to  the  

e levat ing  sec t ion  128.  By providing the  insula t ion  members  127 

between the  suppor t ing  rods  126 and the  e levat ing  sec t ion  128,  

the  heat  conduct ion  can  be fur ther  res t ra ined.  

Next ,  the  suppor t ing  mechanism 110 of  the  bonding 

appara tus  101A wi l l  be  expla ined.  As  shown in  Fig .  12 ,  the  

suppor t ing  p ins  124,  which  are  ver t ica l ly  p ierced through the  

lower  heat ing/press ing  sec t ion  117,  a re  provided to  the  lower  d ie  

112.  By moving the  lower  heat ing/press ing  sec t ion  117 upward,  

the  suppor t ing  p ins  124 are  re t rac ted  in to  the  c lamping face  117a 

(see  Fig .  14) .  On the  o ther  hand,  by  moving the  lower  

heat ing/press ing  sec t ion  117 downward,  the  suppor t ing  p ins  124 

are  projec ted  f rom the  c lamping face  117a (see  Fig .  13) .  

For  example ,  a  matr ix  of  the  suppor t ing  p ins  124 are  

provided on the  lower  base  123 and suppor t  a  suppor t ing  p la te  

129,  on  which  the  work W is  se t .  Namely,  the  lower  d ie  112 has  

the  suppor t ing  p la te  129,  which  are  provided above the  lower  

heat ing/press ing  sec t ion  117 and the  support ing  p ins  124,  so  as  

to  suppor t  the  work W. The suppor t ing  p ins  124 are  equal ly  

spaced,  so  tha t  the  suppor t ing  p la te  129 is  not  bent  by  i t s  own 

weight  and can be  hor izonta l ly  suppor ted  wi thout  he ight  

var ia t ion .  By suppor t ing  the  work W wi th  us ing  the  suppor t ing  
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pla te  129,  the  work W can be  suppor ted  para l le l  to  the  upper  

heat ing/press ing  sec t ion  116 ( f ixed spacer  sec t ion  122)  when the  

work W is  c lamped.  Note  tha t ,  in  case  of  t rea t ing  a  r ig id  and 

undeformable  work ,  e .g . ,  ceramic  subs t ra te ,  as  the  c i rcui t  board  

102,  the  suppor t ing  p la te  129 may be  omit ted .  

The  suppor t ing  mechanism 110 suppor ts  the  suppor t ing  

p la te  129,  on  which the  work W has  been se t ,  in  a  s ta te  where  the  

suppor t ing  p ins  124 are  projec ted  f rom the  c lamping face  117a  of  

the  lower  heat ing/press ing  sec t ion  117 (see  Figs .  12  and 13) .  The  

suppor t ing  mechanism 110 t ransfers  the  work  W from the  

suppor t ing  p ins  124 to  the  lower  heat ing/press ing  sec t ion  117,  

together  wi th  the  suppor t ing  p la te  129,  by  re la t ive ly  re t rac t ing  

the  suppor t ing  p ins  124 in to  the  c lamping face  117a (see  Fig .  14) .  

Namely,  the  work W t ransfer red  to  the  lower  heat ing/press ing  

sec t ion  117 is  se t  on  the  c lamping face  117a together  wi th  the  

suppor t ing  p la te  129.  

In  the  suppor t ing  mechanism 110,  the  work W is  

f loa t ing-suppor ted  by the  suppor t ing  p ins  124 unt i l  the  work W is  

fed  between the  upper  d ie  111 and the  lower  d ie  112 and 

t ransfer red  f rom the  support ing  p ins  124 to  the  lower  

heat ing/press ing sec t ion  117.  Therefore ,  even i f  the  upper  

heat ing/press ing  sec t ion  116 and the  lower  heat ing/press ing  

sec t ion  117 are  heated ,  heat  conduct ion  to  the  work W can be  

res t ra ined because  the  work W is  f loa t ing-supported  by the  

suppor t ing  p ins  124,  which  are  p ierced through the  lower  

heat ing/press ing  sec t ion  117.  Namely,  progress  of  cur ing  the  

adhes ive  layer  104 (Fig .  19) ,  which  temporar i ly  bonds the  

e lec t ronic  components  103 to  the  c i rcui t  board  102 of  the  work W, 

can be  res t ra ined.  The suppor t ing  p ins  124 act  as  insula t ing  p ins .   
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In  the  heat ing/press ing  mechanism 113,  the  work W is  

pressed  onto  the  c lamping face  116a of  the  upper  

heat ing/press ing  sec t ion  116,  in  a  s ta te  where  the  work W 

suppor ted  by  the  suppor t ing  p la te  129 i s  se t  on  the  c lamping face  

117a of  the  lower  heat ing/press ing  sec t ion  117,  so  as  to  c lamp 

the  work W. Then,  the  upper  hea t ing/press ing  sect ion  116 and the  

lower  heat ing/press ing  sec t ion  117 c lamp and heat  the  work W.  

Namely,  the  lower  heat ing/press ing  sec t ion  117 is  fur ther  moved 

upward  in  the  s ta te  of  c lamping the  work  W so  as  to  s t rongly  

press  the  work  W onto  the  upper  heat ing/press ing  sec t ion  116.  

Therefore ,  the  work W is  hea ted  and pressed  by the  upper  

heat ing/press ing  sec t ion  116 and the  lower  heat ing/press ing  

sec t ion  117,  and the  e lec t ronic  components  103 can be  secure ly  

bonded to  the  c i rcui t  board  102 (see  Fig .  21) .  

By c lamping the  work W between the  upper  

heat ing/press ing  sec t ion  116 and the  lower  heat ing/press ing  

sec t ion  117,  the  work W, in  which the  c i rcui t  board  102 and the  

e lec t ronic  components  103 are  laminated  by  the  adhes ive  layer  

104,  can  be  rapid ly  heated .  

In  the  bonding appara tus  101A,  even i f  the  work  W 

includes  the  connect ion  bumps 106 mel ted  a t  prescr ibed 

tempera ture  and the  adhes ive  layer  104 mel ted  or  cured  

according to  to ta l  heat  quant i ty,  the  work W can be  secure ly  

bonded.  Namely,  before  thermal ly  cur ing  the  adhes ive  layer  104,  

the  connect ion  bumps 106 are  mel ted ,  in  a  shor t  t ime,  so  as  to  

bond the  connect ion  bumps 106 to  the  connect ion  pads  105.  And 

then,  the  adhes ive  layer  104 cures ,  so  tha t  re l iab i l i ty  of  bonding 

the  e lec t ronic  components  103 to  the  c i rcui t  board  102 can be  

improved.  Next ,  e ffec ts  of  the  bonding appara tus  101A wi l l  be  
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expla ined wi th  reference  to  Figs .  3A and 3B.  In  each  of  F igs .  3A 

and 3B,  the  hor izonta l  axis  indica tes  t ime t ,  the  le f t  ver t ica l  ax is  

indica tes  v iscos i ty  η  and the  r ight  ver t ica l  axis  indica tes  

tempera ture  T.  The graphs  show tempera ture  T of  the  work W, 

v iscos i ty  ηn of  the  mel ted  adhes ive layer  104 and v iscos i ty  ηb of  

the  mel ted  connect ion  bumps 106.  

As  shown in  Fig .  3A,  the  v iscos i ty  ηn of  the  adhes ive  layer  

104 var ies  l ike  a  U-shaped curve  wi th  respect  to  the  t ime t .  In  the  

adhes ive  layer  104,  the  v iscos i ty  ηn i s  minimized when a  

prescr ibed quant i ty  of  heat  i s  appl ied ,  and the  mel ted  connect ion  

bumps 106 can  be  bonded around the  minimum viscos i ty  ηn.  In  

Fig .  3A,  the  bondable  range  of  the  v iscos i ty  ηn i s  be low a  dot ted  

l ine .  By bonding the  mel ted  connect ion  bumps 106 to  the  

connect ion  pads  105 in  the  range  below the  dot ted  l ine ,  

re l iabi l i ty  of  bonding the  e lect ronic  components  103 to  the  

c i rcui t  board  102 wi th  the  adhes ive  layer  104 can  be  improved 

(see  Fig .  21) .  

As  shown in  Fig .  3B,  in  case  tha t  the  tempera ture  T of  the  

c i rcui t  board  102 cannot  be  increased in  a  shor t  t ime,  t iming of  

reducing the  v iscos i ty  ηn of  the  adhes ive  layer  104 i s  ear l ie r  than  

tha t  of  the  v iscos i ty  ηb of  the  connect ion  bumps 106.  Namely,  the  

both  t iming cannot  be  coincided wi th  each o ther.  The  v iscos i ty  

ηb of  the  connect ion  bumps 106 i s  not  lowered in  the  range  where  

the  v iscos i ty  ηn of  the  adhes ive  layer  104 i s  be low the  dot ted  

l ine .  In  th is  case ,  there  i s  a  poss ib i l i ty  tha t  the  connect ion  bumps 

106 of  the  e lec t ronic  components  103 cannot  be  secure ly  

e lec t r ica l ly  bonded to  the  connect ion  pads  105 of  the  c i rcui t  

board  102.  However,  by  employing the  bonding appara tus  101A,  

the  tempera ture  T of  the  work W can be  increased rapidly.  
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Therefore ,  the  t iming of  reducing the  v iscos i ty  ηn of  the  

adhes ive  layer  104 can be  coincided wi th  tha t  of  the  v iscos i ty  ηb 

of  the  connect ion  bumps 106.  

Next ,  the  sea l ing  mechanism 114 of  the  bonding appara tus  

101A wi l l  be  expla ined.  As  shown in  Fig .  12 ,  the  sea l ing  

mechanism 114 is  cons t i tu ted  by  an  upper  sea l  b lock 132 and a  

lower  sea l  b lock 133.  The upper  sea l  b lock 132 encloses  the  

upper  heat ing/press ing  sec t ion  116,  and the  lower  sea l  b lock 133 

encloses  the  lower  heat ing/press ing  sec t ion  117.  The sea l  b locks  

132 and 133 sea l  and c lose  a  space  for  accommodat ing  the  work  

W. 

The lower  sea l  b lock 133 is  composed of ,  for  example ,  

a l loy  tool  s tee l ,  and has  a  hol low frame- l ike  shape .  The lower  

sea l  b lock 133 is  f ixed  on an  upper  edge  par t  of  the  lower  base  

123.  A box sec t ion  137,  whose  upper  face  i s  opened,  i s  formed,  

by  the  lower  base  123 and the  lower  sea l  b lock  133,  in  the  lower  

d ie  112.  The lower  heat ing/press ing  sec t ion  117 and the  

suppor t ing  p ins  124 are  accommodated  in  the  box sec t ion  137 of  

the  lower  d ie  112.  A sea l ing  member  134,  e .g . ,  O-r ing ,  i s  

provided on an  upper  face  of  the  lower  sea l  b lock 133.  

The upper  sea l  b lock 132 is  composed of ,  for  example ,  

a l loy  tool  s tee l ,  and has  a  hol low frame- l ike  shape .  The upper  

sea l  b lock 132 i s  f ixed  on a  lower  edge  par t  of  the  upper  base  121.  

A box sec t ion  136,  whose  lower  face  i s  opened,  i s  formed,  by  the  

upper  base  121 and the  upper  sea l  b lock 132,  in  the  upper  d ie  111.  

The upper  heat ing/press ing sec t ion  116 i s  accommodated  in  the  

box sec t ion  136 of  the  upper  d ie  111.  A lower  face  of  the  upper  

sea l  b lock 132 faces  the  upper  face  of  the  lower  sea l  b lock 133,  

on  which the  sea l ing  member  134 is  provided.  
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In  the  bonding appara tus  101A,  a  smal l  gap  must  be  formed 

between each of  the  suppor t ing  rods  126 and an  inner  face  of  

each of  the  through-holes  123a so  as  to  smoothly  move the  

suppor t ing  rods  126 in  the  through-holes  123a of  the  lower  base  

123.  Thus ,  the  sea l ing  mechanism 114 inc ludes  sea l ing  members  

135,  e .g . ,  O-r ing ,  a re  respect ive ly  provided in  the  through-holes  

123a so  as  to  c lose  the  gaps  be tween the  suppor t ing  rods  126 and 

the  inner  faces  of  the  through-holes  123a of  the  lower  base  123.  

By moving the  upper  base  121 toward  the  lower  base  123,  

edges  of  the  box sec t ions  136 and 137 contac t  each  o ther  so  tha t  

a  c losed space  131 is  formed (see  Fig .  13) .  By accommodat ing  

the  work W in  the  c losed space  131,  the  work W can be  rapid ly  

heated  by the  upper  heat ing/press ing  sec t ion  116 and the  lower  

heat ing/press ing  sec t ion  117.  In  the  present  embodiment ,  hea ters  

(heat ing  sec t ions)  138 are  provided in  the  lower  base  123 and the  

lower  sea l  b lock 133.  With  th is  s t ruc ture ,  the  work  W 

accommodated in  the  c losed space  131 can be  rapid ly  heated .  

The lower  sea l  b lock 133 of  the  lower  d ie  112 has  inner  

faces  133a ,  which  enclose  outer  faces  of  the  lower  

heat ing/press ing  sec t ion  117.  The inner  faces  133a are  hea ted  by  

the  heaters  138 provided in  the  lower  sea l  b lock 133.  Therefore ,  

the  lower  heat ing/press ing sec t ion  117 i s  moved upward  and 

downward a long the  heated  inner  faces  133a.  S ince  the  lower  

heat ing/press ing  sec t ion  117,  the  lower  sea l  b lock 133 and the  

lower  base  123 are  composed of  the  same mater ia l ,  e .g . ,  a l loy  

tool  s tee l ,  the i r  thermal  expansion coeff ic ients  are  equal .  

Therefore ,  i f  the  sec t ions  in  the  lower  d ie  112 are  uni formly 

heated ,  the  lower  heat ing/press ing sec t ion  117 and the  lower  sea l  

b lock 133 s imi lar ly  expand so  tha t  the  lower  heat ing/press ing  
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sec t ion  117 can be  smoothly  moved upward  and downward.  

Next ,  the  pressure  adjus t ing  mechanism 115 of  the  bonding 

appara tus  101A wi l l  be  expla ined.  As  shown in  Fig .  13 ,  the  

pressure  adjus t ing  mechanism 115 has  a  compressor  141,  which  

i s  capable  of  supplying compressed a i r  in to  the  sea led  c losed 

space  131 via  an  a i r  pa th  139 formed in  the  upper  sea l  b lock 132.   

In  the  c losed space  131,  the  adhes ive  layer  104 (see  Fig .  

19)  i s  hea ted  by radia t ion  heat  f rom the  upper  hea t ing/press ing  

sec t ion  116 and the  lower  heat ing/press ing  sec t ion  117.  By 

heat ing  the  adhes ive  layer  104,  voids  wi l l  be  formed in  the  

adhes ive  layer  104,  the  adhes ive  layer  104 i s  expanded and the  

e lec t ronic  components  103 wi l l  be  separa ted  f rom the  c i rcui t  

board  102.  Thus ,  forming voids  can  be  prevented  by increas ing  

the  inner  pressure  of  the  c losed space  131.  Fur ther,  in  the  

bonding appara tus  101A,  a  p lura l i ty  of  the  e lec t ronic  components  

103 are  bonded to  the  c i rcui t  board  102 a t  a  t ime,  so  tha t  the 

heat ing  ac t ion  can be  performed,  wi th  applying uni form press ing  

force ,  wi thout  forming voids .  Therefore ,  re l iabi l i ty  of  bonding 

the  e lec t ronic  components  103 to  the  c i rcui t  board  102 can be  

improved.  

The pressure  ad jus t ing  mechanism 115 may have  a  

decompressor,  e .g . ,  vacuum pump,  for  reducing the  inner  

pressure  of  the  c losed space  131 ins tead  of  the  compressor  141.  

By reducing the  inner  pressure  of  the  c losed space  131,  a i r  in  the  

adhes ive  layer  104 can  be  removed.  Fur ther,  fore ign  par t ic les  

suspended in  a i r  f i l l ing  the  c losed space  131,  e .g . ,  f ine  dus t ,  and  

oxides  badly  inf luencing the  adhes ive  layer  104 can  be  ac t ive ly  

removed.  The pressure  adjus t ing  mechanism 115 may have  the  

compressor  141 and the  decompressor  so  as  to  increase  the  inner  



49 
 

pressure  of  the  c losed space  131 af ter  reducing the  inner  pressure  

of  the  c losed space  131 to  remove a i r  in  the  adhes ive  layer  104.  

In  th is  case ,  the  re l iabi l i ty  of  bonding the  e lec t ronic  components  

103 to  the  c i rcui t  board  102 can be  fur ther  improved.  

The  method of  bonding the e lec t ronic  components  103 onto  

the  c i rcui t  board  102 and the  method of  producing the  

semiconductor  devices  107,  which  are  performed by the  bonding 

appara tus  101A,  wi l l  be  expla ined wi th  reference  to  Figs .  12-14 

and 19-21.  F igs .  12-14 are  schemat ic  sec t ional  v iews of  the  

bonding appara tus  101A in  opera t ion .  F igs .  19-21 are  enlarged 

sec t ional  v iews of  the  work W t rea ted  by the  bonding appara tus  

101A.   

In  the  bonding method of  the  present  embodiment ,  the  

work W, which inc ludes  the  c i rcui t  board  102 and the  e lec t ronic  

components  103 laminated  thereon wi th  the  adhes ive  layer  104,  

i s  c lamped between the  upper  d ie  111,  which has  the  upper  

heat ing/press ing  sec t ion  116,  and the  lower  d ie  112,  which  has  

the  lower  heat ing/press ing sec t ion  117 capable  of  be ing moved 

upward and downward and the  suppor t ing  p ins  124 ver t ica l ly  

erec ted ,  so  as  to  bond the  e lec t ronic  components  103 to  the  

c i rcui t  board  102.   

F i rs t ly,  as  shown in  Fig .  19 ,  the  c i rcui t  board  102 and the  

e lec t ronic  components  103 are  correc t ly  pos i t ioned so  as  to  

match  the  connect ion  bumps 106 wi th  the  connect ion  pads  105.  

The work W, in  which a  p lura l i ty  of  the  e lec t ronic  components  

103 have  been laminated  on the  c i rcui t  board  102 wi th  the  

adhes ive  layer  104,  i s  prepared .  Fur ther,  the  upper  d ie  111 

having the  upper  heat ing/press ing  sec t ion  116 and the  lower  d ie  

112 having the  lower  heat ing/press ing  sec t ion  117 and the  
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suppor t ing  p ins  124,  which  have  been expla ined above as  the  

s t ruc tura l  members  of  the  bonding appara tus  101A,  are  used .  

In  the  work W, the  adhes ive  1ayer  104 i s  f i rs t ly  appl ied  on  

the  c i rcui t  board  102,  and then  a  matr ix  of  the  e lec t ronic  

components  103 are  correc t ly  pos i t ioned and temporar i ly  bonded 

onto  the adhes ive  layer  104 by a  known f l ip-chip  bonder  (not  

shown) .  For  example ,  the  c i rcui t  board  102 i s  a  g lass  epoxy 

board ,  cable  pa t terns  are  formed ins ide  of  the  c i rcui t  board  102,  

and the  connect ion  pads  105 are  exposed f rom the  insula t ing  

layer  108.  The  e lec t ronic  components  103,  e .g . ,  semiconductor  

chips ,  capaci tors ,  have  the  connect ion  bumps 106,  which  are  

composed of ,  for  example ,  so lder.  In  the  present  embodiment ,  the  

so lder  bumps 106 are  mel ted  and bonded to  the  connect ion  pads  

105.   

Next ,  as  shown in  Fig .  12 ,  the  work W is  se t  on  the  lower  

d ie  112,  by  a  known feeder  (not  shown) ,  in  the  s ta te  of  opening 

the  upper  and lower  d ies  111 and 112.  In  the  lower  d ie  112,  the  

suppor t ing  p ins  124,  which  have  been projec ted  f rom the  

c lamping face  117a  of  the  lower  heat ing/press ing  sec t ion  117,  

suppor t  the  work W. 

Next ,  as  shown in  Fig .  13 ,  the  upper  and lower  d ies  111 and 

112 are  c losed unt i l  the  edges  of  the  box sec t ion  136 ( the  lower  

end of  the  upper  sea l  b lock 132)  and the  edges  of  the  box sec t ion  

137 ( the  upper  end of  the  lower  sea l  b lock 133)  contac t  each 

o ther,  so  tha t  the  c losed space  131,  which i s  a i r- t ight ly  c losed by 

the  sea l ing  member  134,  can  be  formed.  Then,  the  pressure  

adjus t ing  mechanism 115 suppl ies  compressed a i r  in to  the  sea led  

c losed  space  131 so  as  to  increase  the  inner  pressure  of  the  

sea led  c losed space  131.  The pressur ized space  i s  mainta ined 
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unt i l ,  for  example ,  the  sea l  of  the  c losed space  131 is  re leased.  

Preferably,  the  c losed space  131 is  formed unt i l  a t  leas t  the  

adhes ive  layer  104 cures  so  as  to  prevent  foam genera t ion  and 

ac tual ly  d ischarge  a i r.   

Af ter  forming the  c losed space  131,  the  inner  pressure  o f  

the  c losed  space  131 may be  reduced,  by  the  decompressor,  e .g . ,  

vacuum pump,  v ia  the  a i r  path  139,  before  producing the  

pressur ized  space .  By reducing the  inner  pressure ,  a i r  in  the  

adhes ive  layer  104 and fore ign  par t ic les  suspended in  a i r  f i l l ing  

the  c losed  space  131,  e .g . ,  f ine  dus t ,  can  be  removed.  Therefore ,  

mixing fore ign  par t ic les  in to  the  semiconductor  device  107 

inc luding the  c i rcui t  board  102 and the  semiconductor  

components  103 can be  prevented .  

Next ,  as  shown in  Fig .  14 ,  the  lower  heat ing/press ing  

sec t ion  117 i s  moved upward  f rom the  s ta te  shown in  Fig .  13 .  

With  th is  ac t ion ,  the  projec ted  suppor t ing  p ins  124 are  re la t ive ly  

re t rac ted  in to  the  c lamping face  117a of  the  lower  

heat ing/press ing  sec t ion  117 so  as  to  t ransfer  the  work W from 

the  suppor t ing  p ins  124 to  the  c lamping face  117a.  And then,  the 

lower  heat ing/press ing sec t ion  117 i s  fur ther  moved upward  so  as  

to  press  the  work  W,  which  has  been se t  on  the  c lamping face  

117a,  onto  the  c lamping face  116a of  the  upper  heat ing/press ing  

sec t ion  116.  Further,  the  work  W is  c lamped by the  upper  

heat ing/press ing  sec t ion  116 and the  lower  heat ing/press ing  

sec t ion  117,  and the  work W is  heated  and pressed  in  th is  

c lamping s ta te .  

The  upper  heat ing/press ing  sec t ion  116 and the  lower  

heat ing/press ing  sec t ion  117 have  been previous ly  heated .  

Therefore ,  the  lower  heat ing/press ing  sec t ion  117 s tar t s  to  
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direc t ly  heat  the  work  W when the  work W is  t ransfer red  f rom the  

suppor t ing  p ins  124.  On the  o ther  hand,  the  upper  

heat ing/press ing  sec t ion  116 s tar t s  to  d i rec t ly  heat  the  work W 

when the  work W is  pressed  by the  lower  heat ing/press ing  

sec t ion  117.  The work W, which  i s  c lamped by the  upper  

heat ing/press ing  sec t ion  116 and the  lower  heat ing/press ing  

sec t ion  117 f rom the  both  s ides ,  i s  rapid ly  heated .  Note  tha t ,  

tempera ture  of  the  c losed space  131 has  been increased  by 

radia t ion  heat  f rom the  upper  heat ing/press ing  sec t ion  116 and 

the  lower  heat ing/press ing sec t ion  117,  so  the  work  W is  

indi rec t ly  heated .  

As  shown in  Fig .  3A,  i f  the  tempera ture  T of  the  work W is  

rapid ly  increased,  the  connect ion  bumps 106 are  rapid ly  mel ted .  

Namely,  the  v iscos i ty  ηb of  the  mel ted  connect ion  bumps 106 i s  

rapid ly  lowered.  The adhes ive  layer  104 is  in  the  mol ten  s ta te  

when the  v iscos i ty  ηn of  the  adhes ive  layer  104 i s  in  the  range  

below the  dot ted  l ine  shown in  Fig .  3A.  Therefore ,  the  mol ten  

connect ion  bumps 106 can  be  secure ly  bonded to  the  connect ion  

pads  105 by press ing  the  both .  Namely,  re l iabi l i ty  of  bonding the  

e lec t ronic  components  103 to  the  c i rcui t  board  102,  wi th  the  

adhes ive  layer  104,  can  be  improved.  

In  the  boding appara tus  101A,  the  work  W, in  which  the  

e lec t ronic  components  103 are  adhered  to  the  c i rcui t  board  102,  

i s  c lamped to  bond the  s t ruc tura l  members  of  the  work W at  a  

t ime.  Therefore ,  the  semiconductor  device  107,  in  which  the  

e lec t ronic  components  103 are  mounted  on the  c i rcui t  board  102,  

can  be  produced.  

In  the  present  embodiment ,  the  heat ing  ac t ion  and the  

press ing  ac t ion  are  s imul taneously  performed,  so  tha t  the  
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connect ion  bumps 106 can  be  mel ted  when the  connect ion  bumps 

106 are  bonded to  the  connect ion  pads  105.  Therefore ,  the  

connect ion  bumps 106 can be  eas i ly  bonded 

(compress ion-bonded)  to  the  connect ion  pads  105.  The 

pressur ized  space  i s  mainta ined unt i l  the  e lec t ronic  components  

103 are  mounted  on the  c i rcui t  board  102.  Therefore ,  even i f  t iny  

amount  of  a i r  i s  inc luded in  the  adhes ive  layer  104,  the  t iny  a i r  

can  be  compressed and minimized,  so  tha t  gaps  be tween the  

c i rcui t  board  102 and the  e lect ronic  components  103 can  be  wel l  

underf i l led  wi th  the  adhes ive  layer  104.  By wel l  underf i l l ing  the  

gaps ,  poor  connect ion  between the  connect ion  bumps 106 and the  

connect ion  pads  105 can be  prevented ,  and re l iabi l i ty  of  bonding 

the  e lec t ronic  components  103 to  the  c i rcui t  board  102 can be  

improved.   

Upon comple t ing  the  s tep  of  bonding the  work W, the  

pressure  adjus t ing  mechanism 115 s tops  the  pressur iza t ion ,  and  

the  lower  heat ing/press ing sec t ion  117 i s  moved downward to  

separa te  the  work W from the  c lamping face  116a of  the  upper  

heat ing/press ing  sec t ion  116.  Next ,  as  shown in  Fig .  13 ,  the  

lower  heat ing/press ing  sec t ion  117 i s  moved downward f rom the  

s ta te  shown in  Fig .  14  so  as  to  projec t  the  suppor t ing  p ins  124 

f rom the  c lamping face  117a  of  the  lower  heat ing/press ing  

sec t ion  117 and t ransfer  the  work  W to  the  suppor t ing  p ins  124.  

Next ,  as  shown in  Fig .  12 ,  the  upper  d ie  111 and the  lower  d ie  

112 are  opened (separa ted) ,  so  tha t  the  c losed space  131,  which  

i s  cons t i tu ted  by the  box sec t ions  136 and 137,  i s  opened.  Next ,  

the  work W is  taken out  f rom the  lower  d ie  112 by known 

conveying means  (not  shown) .  By taking  out  the  work  W, the  one  

cycle  of  bonding the  work W is  completed .  Note  tha t ,  the  work W 
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may be  cooled ,  in  the  s ta te  of  be ing suppor ted  by the  suppor t ing  

p ins  124,  unt i l  the  connect ion  bumps 106 cure ,  and then  the  work  

W may be  taken out .   

In  the  present  embodiment ,  the  suppor t ing  rods  126 are  

f ixed to  the  one  e levat ing  sec t ion  128,  but  the  suppor t ing  rods  

126 may be  indiv idual ly  moved upward  and downward.  For  

example ,  as  shown in  Fig .  15 ,  a t  leas t  three  suppor t ing  rods  126 

may be  respect ive ly  moved upward and downward,  by  dr iv ing  

sec t ions  128a,  so  as  to  suppor t  the  lower  heat ing/press ing  sec t ion  

117 wi th  mainta in ing balance .  In  th is  case ,  posture  and pos i t ion  

of  the  c lamping face  117a,  wi th  respect  to  the  c lamping face  116a,  

can  be  contro l led  on the  bas is  of  amounts  of  moving the  

suppor t ing  rods  126 dr iven by the  dr iv ing sec t ions  128a  and 

heights  of  the  par ts  of  the  c lamping face  117a corresponding to  

the  suppor t ing  rods  126.  With  th is  s t ruc ture ,  a  c learance  between 

the  c lamping faces  116a  and 117a can be  h ighly  prec ise ly  

equal ized  when c lamping the  work  W begins .  Therefore ,  the  work  

W can be  uni formly c lamped,  so  tha t  no  s ide l ing  force  ac ts  on  the  

e lec t ronic  components  103 and the  bonding can be  performed 

sui tably.  Even i f  the  work W is  la rge ,  the  ent i re  work W can be  

c lamped wi th  uni form c lamping force ,  so  tha t  the  bonding can  be  

performed sui tably.  

(Embodiment  7)  

Next ,  the  appara tus  and the  method of  Embodiment  7  wi l l  

be  expla ined.  Note  tha t ,  the  s t ruc tura l  e lements  descr ibed in  the  

above descr ibed embodiments  are  ass igned the  same symbols  and 

explanat ion  wi l l  be  omit ted .  

In  the  present  embodiment ,  a  bonding appara tus  101C wi l l  

be  expla ined wi th  reference  to  Figs .  16-18.  In  Embodiment  6 ,  the  
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suppor t ing  p ins  124 f ixed  to  the  lower  base  123 are  used  as  the  

suppor t ing  means .  In  the  present  embodiment ,  movable  

suppor t ing  p ins  141,  which  are  not  f ixed,  a re  used.  Fur ther,  in  

Embodiment  6 ,  the  f ixed spacer  sec t ion  122 i s  used  as  the  spacer  

sec t ion ,  but  a  movable  spacer  sec t ion  144 i s  used  in  the  present  

embodiment .  The  unique  s t ruc tures  of  the  present  embodiment  

wi l l  be  mainly  expla ined.   

In  the  lower  d ie  112,  a  p lura l i ty  of  the  movable  suppor t ing  

p ins  141 are  respect ive ly  p ierced through through-holes  123b 

formed in  the  lower  base  123.  Lower  ends  of  the  movable  

suppor t ing  p ins  141 are  f ixed to  a  p in  e levat ing  sec t ion  142,  

which  can be  moved upward and downward.  In  the  present  

embodiment ,  the  work W is  moved to  a  pos i t ion  shor t  of  the  

upper  heat ing/press ing  sec t ion  116,  wi thout  moving the  lower  

heat ing/press ing  sec t ion  117,  so  as  to  res t ra in  the  cur ing  of  the  

adhes ive  layer  104 unt i l  shor t ly  before  contac t ing  the  upper  

heat ing/press ing  sec t ion  116.  Seal ing  members  143 are  

respect ive ly  provided in  the  through-holes  123b so  as  to  t ight ly  

c lose  gaps  be tween the  movable  suppor t ing  p ins  141 and inner  

faces  of  the  through-holes  123b.  

The upper  d ie  111 of  the  present  embodiment  has  the  

movable  spacer  sec t ion  144,  which  i s  provided under  the  upper  

heat ing/press ing sec t ion  116.  Namely,  the  movable  spacer  

sec t ion  144 i s  capable  of  moving upward and downward under  

the  upper  base  121.  

The movable  spacer  sec t ion  144 i s  composed of ,  for  

example ,  a l loy  tool  s tee l .  A plura l i ty  of  cool ing  paths  147 are  

formed in  the  movable  spacer  sec t ion  144,  a t  regular  in tervals ,  

a long a  contac t  face  which contac ts  the  work W (see  Fig .  17) .  By 
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running a  cool ing  medium,  e .g . ,  cooled  l iquid ,  cooled  gas ,  which  

i s  cooled  by an  external  cool ing  source  (not  shown) ,  through the  

cool ing  paths  147,  the  movable  spacer  sec t ion  144 can  be  cooled .  

Namely,  the  movable  spacer  sec t ion  144 has  cool ing  funct ion .  

Fur ther,  a  p lura l i ty  of  heaters  (heat  sources)  148 are  provided in  

the  movable  spacer  sec t ion  144,  a t  regular  in tervals ,  a long the  

contac t  face  which  contac ts  the  work W (see  Fig .  17) .  Namely,  

the  movable  spacer  sec t ion  144 has  heat ing  funct ion  too .  

Note  tha t ,  the  cool ing  funct ion  and the  heat ing  funct ion  of  

the  movable  spacer  sec t ion  144 are  not  used  s imul taneously.  

Therefore ,  the  cool ing  paths  147 and the  heaters  148 are  

a l te rnate ly  provided,  so  tha t  the  work W contac t ing  the  movable  

spacer  sec t ion  144 can be  fu l ly  cooled  and heated ,  the  movable  

spacer  sec t ion  144 can be  made th inner  to  reduce  heat  capaci ty  

and the  tempera ture  of  the  work W can be  rapid ly  increased and 

reduced.  Note  tha t ,  the  cool ing  paths  147 and the  heaters  148 

may be  ar ranged in  two rows (an  upper  row and a  lower  row)  so  

as  to  equal ize  the  tempera ture  of  the  movable  spacer  sec t ion  144.  

For  example ,  the  cool ing  paths  147 may be  ar ranged in  the  lower  

row located  c lose  to  the  c lamping face ,  and the  heaters  148 may 

be  ar ranged in  the  upper  row above the  lower  row.  

The movable  spacer  sec t ion  144 i s  f ixed  to  lower  ends  of  

hold ing rods  145,  which  are  composed of ,  for  example ,  a l loy  tool  

s tee l ,  and suspended by the  hold ing rods  145.  A plura l i ty  of  

through-holes  116b are  fo rmed and equal ly  spaced in  the  upper  

heat ing/press ing  sec t ion  116,  which i s  f ixed to  the  upper  base  

121.  A plura l i ty  of  through-holes  121a,  which  are  respect ive ly  

communicated  to  the  through-holes  116b,  a re  formed in  the  upper  

base  121.  The  holding rods  145 are  p ierced  through the  
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through-holes  116b and 121a.  

Upper  ends  of  the  holding rods 145 are  f ixed  to  an  

e levat ing  sec t ion  146,  which i s  composed of ,  for  example ,  a l loy  

tool  s tee l .  The  e levat ing  sec t ion  146 i s  connected  to  a  ver t ica l  

dr iv ing  mechanism (not  shown) ,  which  i s  capable  of  moving the  

e levat ing  sec t ion  146 upward and downward.  By moving the  

movable  spacer  sec t ion  144 upward and downward by ac tuat ing  

the  ver t ica l  dr iv ing  mechanism,  the  holding rods  145 s l ide  on  

inner  faces  of  the  through-holes  116b and 121a.  Note  tha t ,  co i l  

spr ings  may be  provided between the  upper  base  121 and the  

e levat ing  sec t ion  146 so  as  to  adjus t  the  upward  and downward 

movement  of  the  movable  spacer  sec t ion  144.   

In  the  present  embodiment ,  the  cool ing  funct ion  of  the  

movable  spacer  sec t ion  144 is  obta ined by the  cool ing  paths  147.  

Therefore ,  the  cool ing  funct ion  i s  suspended in  a  s ta te  where  the  

movable  spacer  sec t ion  144 contac ts  the  upper  heat ing/press ing  

sec t ion  116,  and the  work W suppor ted  by the  suppor t ing  p ins  

141 i s  cooled  in  a  s ta te  where  the  movable  spacer  sec t ion  144 i s  

separa ted  f rom the  upper  heat ing/press ing  sec t ion  116.  Namely,  

when the  work W is  separa ted  f rom the  upper  hea t ing/press ing  

sec t ion  116 and the  lower  heat ing/press ing  sec t ion  117,  the  

heated  work  W can  be  cooled  by  the  movable  spacer  sect ion  144.  

With  th is  s t ruc ture ,  for  example ,  as  shown in  Fig .  22 ,  the  work  W 

can be  compulsor i ly  cooled ,  and the  connect ion  bumps 106 can  

be  rapid ly  cured .  

The adhes ive  layer  104 comple te ly  cures  in  a  shor t  t ime 

and the  bonded par ts  be tween the  connect ion  pads  105 and the  

connect ion  bumps 106 are  cooled  by  the  cool ing  funct ion  of  the  

movable  spacer  sec t ion  144,  so  tha t  the  bonded par ts  and the i r  
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per iphery  can  be  t ight ly  connected .  Namely,  re l iabi l i ty  of  

bonding the  e lec t ronic  components  103 to  the  c i rcui t  board  102 

can  be  improved.  For  example ,  the  tempera tures  of  the  adhes ive  

layer  104 and the  connect ion  bumps 106 are  reduced in  the  s ta te  

of  c lamping the  work  W, so  tha t  so l id i fy ing  (cur ing)  the  bumps 

106,  which  have  been adhered  to  the  connect ion  pads  105,  can  be  

accelera ted .  The tempera ture  of  the  adhes ive  layer  104 can  be  

lower  than  a  g lass- t rans i t ion  point .  Therefore ,  the  connect ion  

bumps 106 and the  connect ion  pads  105 can be  secure ly  

e lec t r ica l ly  bonded each o ther,  and warping the  work  W, which  i s  

cause  by  shr inkage  of  the  adhes ive  layer  104,  can  be  prevented .  

Fur ther,  t ime for  cool ing  the  work  W can be  shor tened,  so  tha t  a  

throughput  speed of  the  bonding appara tus  can  be  improved.  

In  some cases ,  smal l  gaps  are  formed between the  holding  

rods  145 and the  inner  faces  of  the  through-holes  121a ,  because  

the  holding rods  145 s l ide  on  the  inner  faces  of  the  through-holes  

121a.  Seal ing  members  149,  e .g . ,  O-r ings ,  a re  provided in  the  

through-holes  121a  of  the  upper  base  121 so  as  to  sea l  the  gaps  

be tween the  holding rods  145 and the  inner  faces  of  the  

through-holes  121a.  With  th is  s t ruc ture ,  the  c losed space  131 is  

formed between the  upper  d ie  111 and the  lower  d ie  112 (see  Fig .  

17) ,  so  tha t  the  work  W can be  rapid ly  heated  in  the  c losed  space  

131.   

Success ively,  the  bonding method performed in  the  

bonding appara tus  101C,  in  which  the  e lec t ronic  components  103 

are  bonded to  the  c i rcui t  board  102,  a t  a  t ime,  to  produce  the  

semiconductor  device  107,  wi l l  be  expla ined wi th  reference  to  

Figs .  16-18.   

F i rs t ly,  as  shown in  Fig .  16 ,  the  upper  d ie  111,  which  
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inc ludes  the  upper  heat ing/press ing  sec t ion  116 and the  movable  

spacer  sec t ion  144,  and the  lower  d ie  112,  which  inc ludes  the  

lower  heat ing/press ing  sec t ion  117 and the  movable  suppor t ing  

p ins  141,  are  prepared.  Next ,  the  work W (see  Fig .  19)  i s  se t  on  

the  lower  d ie  112,  by  a  feeder  (not  shown) ,  in  the  opened s ta te  of  

the  d ies  111 and 112.  Concre te ly,  in  the  lower  d ie  112,  the  work 

W is  suppor ted  by the  movable  suppor t ing  p ins  141,  which  are  

projec ted  f rom the  c lamping face  117a  of  the  lower 

heat ing/press ing  sec t ion  117.   

Next ,  the  upper  d ie  111 and the  lower  d ie  112 are  moved 

c lose  to  each  other,  so  tha t  the  edges  of  the  box sec t ions  136 and 

137 contac t  each o ther,  wi th  the  sea l ing  member  134,  so  tha t  the  

c losed space  131 is  formed.  Then,  the  pressure  adjus t ing  

mechanism 115 suppl ies  compressed a i r  in to  the  sea led  c losed  

space  131 so  as  to  increase  the  inner  pressure  of  the  sea led  

c losed space  131 (see  Fig .  13) .  Next ,  the  movable  suppor t ing  

p ins  141 are  moved upward ,  together  wi th  the  lower 

heat ing/press ing  sec t ion  117,  unt i l  the  work W reaches  a  pos i t ion  

shor t  of  the  upper  heat ing/press ing  sec t ion  116 (see  Fig .  17) .  

Next ,  as  shown in  Fig .  17 ,  the  lower  heat ing/press ing  

sec t ion  117 i s  moved upward  and/or  the  movable  suppor t ing  p ins  

141 are  moved downward so  as  to  re la t ive ly  re t rac t  the  movable  

suppor t ing  p ins  141,  so  tha t  the  work W is  t ransfer red  f rom the  

movable  suppor t ing  p ins  141 to  the  lower  heat ing/press ing  

sec t ion  117.  Then,  the  lower  heat ing/press ing  sec t ion  117 i s  

fur ther  moved upward,  in  a  s ta te  where  the  movable  spacer  

sec t ion  144 whose  cool ing  funct ion  has  been suspended contac ts  

the  upper  heat ing/press ing sec t ion  116,  to  make the  work  W 

contac t  the  movable  spacer  sec t ion  144,  so  tha t  the  work W is  
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clamped.  Next ,  the  work  W is  heated  and pressed ,  in  the  s ta te  

where  the  work W is  c lamped by the  movable  spacer  sec t ion  144 

of  the  upper  heat ing/press ing sec t ion  116 and the  lower  

heat ing/press ing  sec t ion  117,  so  as  to  bond the  laminated  

members  ( i .e . ,  the  c i rcui t  board  102 and the  e lec t ronic  

components  103) .   

Next ,  as  shown in  Fig .  18 ,  the  lower  heat ing/press ing  

sec t ion  117 i s  moved downward so  as  to  pro jec t  the  suppor t ing  

p ins  141 theref rom.  Therefore ,  the  work  W is  t ransfer red  f rom 

the  lower  heat ing/press ing  sec t ion  117 to  the  suppor t ing  p ins  141,  

so  tha t  the  work W is  suppor ted  by  the  suppor t ing  p ins  141.  The  

movable  spacer  sec t ion  144 i s  moved downward in  the  s ta te  

where  the  movable  spacer  sec t ion  144 contac ts  the  work W, so  

tha t  the  work  W is  separa ted  f rom the  upper  hea t ing/press ing  

sec t ion  116.  And then,  the  work  W suppor ted  by the  suppor t ing  

p ins  141 i s  cooled  by the  cool ing  funct ion  of  the  movable  spacer  

sec t ion  144.  

By cool ing  the  work W suppor ted  by the  suppor t ing  p ins  

141,  the  adhes ive  layer  104 can  comple te ly  cure  in  a  shor t  t ime.  

S imul taneously,  the  bonded par ts  be tween the  connect ion  pads  

105 and the  connect ion  bumps 106 can be  cooled .  Therefore ,  the  

bonded par ts  and the ir  per iphery  can be  t ight ly  connected .  

Therefore ,  re l iabi l i ty  of  bonding  the  e lec t ronic  components  103 

to  the  c i rcui t  board  102 can be  improved.  

As  descr ibed above,  in  the  bonding appara tus  101C,  the  

work W, which  inc ludes  the  e lec t ronic  components  103 adhered  

on the  c i rcui t  board  102,  i s  c lamped and the  laminated  members  

can  be  bonded a t  a  t ime.  Fur ther,  the  semiconductor  device  107,  

in  which the  e lec t ronic  components  103 are  mounted  on the  
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ci rcui t  board  102,  can  be  produced.  

Af ter  the  movable  spacer  sec t ion  144 i s  moved upward  to  

separa te  f rom the  cooled  work  W and i t s  cool ing  funct ion  i s  

suspended,  the  movable  spacer  sec t ion  144 may be  pressed  onto  

the  upper  heat ing/press ing  sec t ion  116 wi th  heat ing  the  movable  

spacer  sec t ion  144 by the  heat ing  funct ion .  In  th is  case ,  the  next  

work W can be  fed  in  a  s ta te  where  reduct ion  of  tempera ture  of  

the  upper  heat ing/press ing  sec t ion  116 is  res t ra ined.  Therefore ,  

the  work W can be  rapidly  heated ,  so  tha t  re l iabi l i ty  of  bonding  

the  e lec t ronic  components  103 to  the  c i rcui t  board  102,  wi th  the  

adhes ive  layer  104,  can  be  improved.  

The  prefer red  embodiments  of  the  present  invent ion  have  

been concre te ly  descr ibed above,  but  the  present  invent ion  i s  not  

l imi ted  to  the  above descr ibed embodiments .  The  embodiments  

can  be  modif ied  wi thout  devia t ing  f rom the  scope  of  the  present  

invent ion .  

In  the  above  descr ibed  embodiments ,  a  f i r s t  member,  e .g . ,  

the  c i rcui t  board ,  and a  second member,  e .g . ,  semiconductor  chip ,  

a re  laminated  in  the  work .  However,  fur ther  members  (a  th i rd  

member,  a  four th  member  ….. )  may  be  laminated  in  the  work.  For  

example ,  a  c i rcui t  board  ( the  f i rs t  member) ,  f i r s t  semiconductor  

chips  (second member)  and second semiconductor  chips  ( th i rd  

member)  may be  laminated ,  wi th  adhes ive  layers ,  in  the  work.  

In  the  work W shown in  Fig .  19 ,  the  connect ion  pads  105 of  

the  c i rcui t  board  102 ( the  f i r s t  member)  do  not  contac t  the  

connect ion  bumps 106 of  the  e lec t ronic  components  103 ( the  

second member) .  However,  the  work  W shown in  Fig .  20 ,  in  

which  the  connect ion  pads  105 of  the  c i rcui t  board  102 contac t  

the  connect ion  bumps 106 of  the  e lec t ronic  components  103,  may 



62 
 

be used.  In  th is  case  too ,  the  work  W is  c lamped and the  

e lec t ronic  components  103 are  bonded to  the  c i rcui t  board  102 a t  

a  t ime,  so  tha t  the  semiconductor  device  107 (see  Fig .  21)  can  be  

produced.  

In  the  above descr ibed embodiments ,  the  connect ion  bumps 

106 of  the  e lec t ronic  components  103 are  mel ted  by  applying 

heat .  Fur ther,  the  connect ion  pads  105 of  the  c i rcui t  board  102 

may be  mel ted ,  and the  both  of  the  connect ion  pads  105 and the  

connect ion  bumps 106 may be  mel ted .  In  these  cases  too ,  the  

work W is  c lamped and the  e lec t ronic  components  103 are  

bonded to  the  c i rcui t  board  102 as  wel l .  

In  the  above descr ibed embodiments ,  the  work  W is  se t  on  

the  lower  d ie  112.  However,  the  work  W may be  he ld  on  the  upper  

d ie  111 by us ing a i r  suct ion  means ,  holding c laws,  e tc .  

In  the  above descr ibed embodiments ,  an  u l t rasonic  

t ransducer,  which  i s  capable  of  applying  u l t rasonic  v ibra t ion  to  

the  c lamped work W,  may be  provided a t  leas t  one  of  the  upper  

d ie  and the  lower  d ie .  Concre te ly,  the  work W is  c lamped in  the  

c losed space  formed between the  upper  d ie  and the  lower  d ie ,  and  

the  connect ion  bumps are  respect ive ly  brought  in to  contac t  wi th  

the  connect ion  pads .  In  th is  s ta te ,  the  u l t rasonic  t ransducer  i s  

v ibra ted ,  and the  connect ion  bumps and the  connect ion  pads ,  

which  have  been mutual ly  contac ted ,  a re  heated  by heaters .  

Fur ther,  the  connect ion  bumps and the  connect ion  pads ,  which  

have  been heated ,  a re  pressed ,  so  tha t  the  connect ion  bumps and 

the  connect ion  pads  can  be  bonded to  each o ther.    

The  u l t rasonic  t ransducer  v ibra tes  the  connect ion  bumps 

and the  connect ion  pads ,  which  have been mutual ly  contac ted ,  so  

as  to  remove the  adhes ive  layer  and oxides .  By applying 
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ul t rasonic  v ibra t ion  to  the  work W unt i l  mel t ing  the  connect ion  

bumps,  the  adhes ive  layer  and oxides  can  be  effec t ive ly  removed.  

Therefore ,  re l iabi l i ty  of  bonding  the  connect ion  bumps and the  

connect ion  pads  of  the  work  can  be improved.  Note  tha t ,  in  case  

of  applying u l t rasonic  v ibra t ion  to  the  work  W, there  i s  a  

poss ib i l i ty  tha t  voids  are  genera ted  in  the  adhes ive  layer.  Thus ,  

preferably,  the  work  W is  accommodated in  the  c losed  space ,  in to  

which  compressed  a i r  i s  suppl ied  to  produce  the  pressur ized  

space ,  and ul t rasonic  i s  appl ied  to  the  work  W. 

Al l  examples  and condi t ional  language rec i ted  here in  are  

in tended for  pedagogica l  purposes  to  a id  the  reader  in  

unders tanding the  invent ion  and the  concepts  cont r ibuted  by  the  

inventor  to  fur ther ing  the  ar t ,  and are  to  be cons t rued  as  be ing  

wi thout  l imi ta t ion  to  such speci f ica l ly  rec i ted  examples  and 

condi t ions ,  nor  does  the  organiza t ion  of  such examples  in  the  

speci f ica t ion  re la te  to  a  showing of  the  super ior i ty  and 

infer ior i ty  of  the  invent ion .  Al though the  embodiments  of  the  

present  invent ion has  been descr ibed in  de ta i l ,  i t  should  be  

unders tood tha t  the  var ious  changes ,  subs t i tu t ions ,  and 

a l te rnat ions  could  be made here to  wi thout  depar t ing  f rom the  

sp i r i t  and scope  of  the  invent ion.  
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CLAIMS 

 

1 .   A bonding  apparatus  for  f l ip -ch ip-bonding  bumps  of  

semiconductor  devices ,  which have  been  adhered  on  a  subs t ra te  

by a  non-conduct ive  adhes ive ,  to  termina l  sec t ions  of  the  

subs t ra te  in  a  s ta te  where  the  semiconductor  devices  a re  c lamped  

be tween an  upper  die  and  a  lower  die ,  the  bonding  appara tus  

compr is ing:  

 the  upper  d ie  having  a  bui l t - in  hea t  source  and  a  c lamping 

face,  the  upper  d ie  be ing  capable  of  hea t ing  and  press ing  the 

semiconductor  devices  onto  the  c lamping  face  in  a  s ta te  where 

the  subs tra te  i s  suppor ted  by the  lower  die ;  and  

the  lower  d ie  having  a  subs tra te  hold ing  p late  and  a  

c lamping  face ,  the  subst ra te  on  which the semiconductor  devices  

have  been  adhered  be ing  mounted  on  the  subs t ra te  ho ld ing  p la te ,  

the  subst ra te  ho lding p late  be ing  f loa t ing-supported ,  by a  

plural i ty of  suppor t ing  rods,  in  a  s ta te  where  the  subs t ra te  

hold ing  p late  i s  separated  f rom the  c lamping  f ace  of  the  lower  

die  so  as  to  increase  thermal  res i s tance ,  

     wherein  the  subs tra te ,  which is  mounted on  the  subs tra te  

hold ing  p late  and  f loat ing -suppor ted ,  is  moved toward  the  

c lamping  face of  the  upper  d ie ,  by a  c losing  ac t ion  of  the  upper  

die  and  the  lower  d ie ,  so  as  to  prehea t  the  subs t ra te  and the  

semiconductor  devices  by rad ia t ion  hea t ,  

     the  semiconductor  devices ,  w hich  a re  mounted on  the 

subs t ra te  he ld by the  subs tra te  ho ld ing pla te ,  a re  pressed  onto the 

c lamping  face  of  the  upper  d ie  by progress ion  of  the  c los ing 

ac t ion ,  
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a  p lura l i ty of  the  support ing rods are  re t rac ted  in to  the  

lower  d ie  and the  subs t ra te  hold ing  pla te  is  moved unt i l  t igh t ly 

contac t ing  the  c lamping f ace  of  the  lower  die  by comple t ing  of  

the  c los ing  ac t ion ,  and  

the  semiconductor  devices ,  which  a re  mounted  on  the 

subs t ra te  held  by the subs t ra te  ho ld ing p la te  and which a re  

c lamped be tween  the  upper  d ie  and  the  lower  d i e ,  a re  hea ted  and  

pressed  so  as  to  cure  the  non -conduct ive adhes ive  and bond the  

bumps  of  the  semiconductor  devices  to  the  termina l  sec t ions  of  

the  subs tra te .  

 

2 .   The  bonding appara tus  accord ing to  c la im 1 ,  where in  the  

lower  d ie  has  a  sucking  mechanism capable  of  sucking and 

hold ing  a  surface of  the  subs t ra te .  

 

3 .  The  bonding  apparatus  accord ing  to  c la im 1 ,  

      wherein   

 a  re lease  f i lm is  sucked and  he ld on  the c lamping  face of  

the  upper  d ie .  

 

4 .  The  bonding  apparatus  accord ing  to  c la im 1 ,  

     wherein  the  subst ra te  suppor ted  by the  subst ra te  ho ld ing 

pla te  i s  accommodated in  a  c losed space ,  which i s  formed by the  

c los ing  ac t ion ,  and   

the  subs tra te  and the  semiconductor  devices  are  hea ted  and 

pressed  in  a  reduced -pressure  a tmosphere  or  a  pressur ized 

atmosphere  produced  in  the  c losed  space ) .   
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5.  The  bonding  apparatus  accord ing  to  c la im 1 ,  

     wherein   

     the  semiconductor  devices ,  which  a re  mounted  on the 

subs t ra te  he ld by the  subs t ra te  ho ld ing  p la te ,  are  hea ted  and 

pressed ,  in  a  s ta te  where the semiconductor  devices  are  pressed  

onto  the c lamping  face of  the  upper  die  and t he subs t ra te  ho ld ing  

pla te  i s  c lamped by the c lamping  face  of  the  lower  die ,  by 

performing  the c losing act ion  unt i l  s topper  blocks ,  which are  

respec t ive ly formed in  f ac ing  surfaces  of  the  upper  d ie  and  the  

lower  d ie ,  contac t  each  o ther.  

 

6 .  The  bonding  apparatus  accord ing  to  c la im 1 ,  where in  a  

cooler  is  p rovided  to  a t  l eas t  one of  a  par t  of  the  upper  die ,  which  

cor responds  to  the  semiconductor  devices ,  and a  par t  o f  th e  lower  

die ,  which  cor responds  to  the  te rminal  sec t ions  of  the  subs t ra te .  

 

7 .  The  bonding  apparatus  accord ing  to  c la im 1 ,  where in  the  

plural i ty of  the  suppor t ing  rods  are  provided  to  the  lower  d ie  and 

loca ted  at  pos i t ions  which  do not  cor respond to  the  pos i t ions  

immedia te ly under  the  semiconductor  devices .  

 

8 .  The  bonding  apparatus  accord ing  to  c la im 1 ,  where in  the  

subs t ra te  ho ld ing pla te  i s  f loa t ing -suppor ted  by the  suppor t ing  

rods ,  which a re  b iased  by a  co i l  spr ing  provided in  the  lower  d ie ,  

in  a  s ta te  where upper  ends of  the  suppor t ing  rods a re  pro jec ted  

and  separa ted f rom the c lamping f ace  of  the  lower  d ie .  




