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M ETH O D  FO R P RO D U CIN G S EM ICO N D UCTO R 

D EV IC E  A N D  A P PA RATU S F OR PRO D U CI N G  TH E 

S A M E 

 

Tec hn ic a l  F i e ld   

     The  p res e n t  inve n t i on  r e l a t e s  t o  a  me t ho d  fo r  p r od uc i n g  a  

s e mi co nd uc t o r  d e v i ce  a nd  a n  ap pa r a t us  fo r  p ro du c i n g  t h e  s a me.  

 

Ba ck gr ou n d  A r t  

     The se  da ys ,  s emi c on du c t o r  ch i ps  a r e  d ow ns iz ed  a n d  

h i gh -d ens e ly  mo un te d ,  so  th a t  i mp or ta nc e  o f  a  f l i p  c h i p  

bo nd i n g  t ec hno l o gy  us i n g  a n i s o t ro p i c  c on du c t iv e  p a s t e  (A CP )  

o r  a n i s o t r op ic  c on du c t i v e  f i l m (A CF )  has  bee n  h i gh l y  in c r e as e d .  

A n is o t ro p i c  co nd uc t i ve  p as te  c o n ta i n s  co nd uc t i ve  p a r t i c l e s  and  

b i nd e r,  a n d  t he r mos e t t i ng  r e s i n s ,  e . g . ,  epo xy  r e s i n ,  a r e  u s e d  a s  

b i nd e r  w i t h  co ns i de r i ng  h i g h - te mp e ra t u re  p ro pe r t i e s  an d  a  h i gh  

bo nd i n g  fo rc e .  

 

     Conv en t i on a l l y,  a  p ro du c t i o n  me t ho d  inc l ud in g  a  s t e p  o f  

p r e s s ing  an d  he a t i n g  a  w or k ,  in  w h i c h  p lu ra l i t y  o f  LED  

e le me n ts  a r e  mo u n t e d  on  mou n t i n g  su r f a c es  o f  a  c i r c u i t  bo a r d  

t h ro ug h  a n i s o t r op ic  c on d uc t i ve  p as te ,  has  b ee n  p ro p ose d  ( s e e  

P a t e n t  L i t e r a t u r e  1 :  J apa ne se  Pa t en t  N o .  656 59 02 ) .  A no t h e r  

p r od uc t i on  m e th od ,  in  w h ic h  b yp a s s  w i r in g  pa t t e r ns  a r e  

d i s c on ne c t ed  b y  co nn ec t i ng  L ED  ch ips  to  p a r t s  o f  a  c i r c u i t  

bo a r d  w her e  t he  by pas s  w i r i ng  p a t t e r ns  a r e  fo r m e d  th r ou gh  

a n i s o t ro p i c  co nd uc t i ve  pa s t e ,  has  bee n  p r o pose d  ( s e e  P a te n t  

L i t e r a t u r e  2 :  J ap a nes e  Pa te n t  N o .  614 76 45 ) .  A fu r t h e r  me t h od  

us i ng  a  r e f l ow  fu r na ce  ca p ab le  o f  h ea t i ng  a  w or k  be i ng  c a r r i e d  
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by  a  c o nve y or  ha s  be e n  know n  ( s e e  Pa t en t  L i t e r a t u r e  3 :  

J apa nes e  Pa t en t  N o.  48189 5 2) .  

 

S u mma ry  o f  In ve n t i o n  

Tec hn ic a l  P ro b l e m  

     A s  an  exa mpl e ,  a  s e mic on d uc t o r  d ev ic e ,  w h i c h  i s  u s ed  

f o r  a  bac k l i g h t  o f  a  h igh  de f i n i t i on  d i s p la y  un i t  a nd  in  w h i c h  a  

l a rg e  nu mb e r  o f  s e mic on du c t o r  ch i ps  hav i ng  a  w i d t h  o f  0 . 1  mm 

or de r  a r e  m a t r i ca l ly  mou n t ed  o n  a  c i r c u i t  b oa r d ,  ex i s t s .  I n  t h i s  

c as e ,  i f  a  w ork  i s  p re s s ed  and  he a t e d  a s  des c r ib e d  i n  P a te n t  

L i t e r a t u r e  1 ,  de f e c t i v e  ch i ps ,  w h i ch  a re  caus e d  by  d i s p l ac e me n t  

o f  s e mi co nd uc t o r  c h i ps ,  s t r e s s  an d  d i s t o r t i on  ap p l i e d  t he re to ,  

e t c . ,  w i l l  b e  e as i l y  p r od uc ed .  F u r th e r,  i n  cas e  o f  u s in g  t he  

c i r c u i t  bo a r d  i n  w h i c h  t h e  b yp a s s  pa t t e rns  a r e  fo r m ed  as  

de sc r i be d  i n  Pa t en t  L i t e r a t u re  2 ,  i t  i s  d i f f i cu l t  to  h i gh ly  

de nse l y  moun t  s e mi c on du c t o r  c h i ps .  Es pec i a l l y,  i n  ca se  o f  

u s i ng  a n i s o t r o p i c  con du c t iv e  p a s t e  i nc l ud in g  c o nd uc t i ve  

pa r t i c l e s  a nd  t h e r mos e t t in g  r e s i n ,  i f  t he  t he r mos e t t in g  r e s i n  i s  

t h e r ma l  c u r ed ,  i t  i s  imp os s ib l e  to  pe r fo r m r ew o rk .  H ow e ver,  

a n y  o f  Pa t en t  L i t e r a t u res  1 - 3  d o  no t  de s c r ib e  a b ou t  r ew or k  o f  

de fe c t iv e  ch i ps .    

 

S o lu t i on  t o  P ro b l e m 

     The  p re se n t  inve n t i on  has  be e n  i nv e n t e d  a c co rd i n g  t o  t h e  

a b ov e  des c r ib e d  c i r c u ms t a n ces ,  a nd  a n  ob j ec t  i s  t o  p r ov i d e  a  

m e th od  fo r  p r o du c i ng  a  s e mi co nd u c t o r  de v i ce  a nd  a n  app a r a t us  

f o r  p r od uc in g  t he  s a me ,  e ac h  o f  w h i c h  i s  ca pa b l e  o f  

d r a mat ic a l ly  i nc r ea s i ng  y i e ld  o f  th e  s e mi co n du c t o r  de v i c e  

ne ces s a r y  fo r  a  h i gh -d ens i t y  mou n t i ng  t e ch no lo g y  by  pu t t in g  a  



3 
 

w ork ,  i n  w h i c h  p l u ra l i ty  o f  s e mic on du c t o r  c h i ps  a r e  mo un t e d  

on  a  c i r c u i t  bo a r d  th ro ug h  a n i s o t r op i c  c on d uc t iv e  pa s t e  

i n c l ud i n g  c on duc t i ve  pa r t i c l e s  and  the r mos e t t i ng  r e s in ,  in  an  

e n e rg i za b l e - r ew o r ka b l e  s t a t e .   

 

I n  t he  p res e n t  i nv e n t i on ,  th e  ab ov e  de sc r i be d  p r ob le ms  a re  

s o l ve d  b y  th e  fo l l ow i n g  s o l u t i o n  d i s c lo s e d  a s  an  e mb od i m en t .  

 

Th e  me th o d  fo r  p r odu c i ng  a  s e mi c o nd uc t o r  d ev ic e  

r e l a t i ng  t o  t he  p r es en t  in ve n t i on  c o mpr i s es :  a  m o un t i ng  s t e p  

f o r  t r ans fe r r i ng  an i s o t r op i c  co nd uc t i ve  p a s t e ,  i n  w h i ch  

c o nd uc t i ve  pa r t i c l e s  a r e  d i s p e r s e d  in  uncu re d  t he r mos e t t in g  

r e s i n ,  to  s em ic o n du c t o r  c h i ps  and  m o un t i n g  the  s e mic on du c t o r  

c h ips  on t o  a  c i r c u i t  boa rd  by  f l i p  ch ip  mo u n t i n g  t ec hn o l og y ;  

a n d  a  f i r s t  he a t in g  s t e p  fo r  h e a t i ng  a  w ork ,  i n  w h i ch  p l u r a l i t y  

o f  t he  s e mi c o nd u c t o r  c h i ps  a r e  m ou n t ed  on  t he  c i r cu i t  b oa rd  

t h ro ug h  t h e  a n i s o t ro p i c  c ond uc t i v e  pas t e ,  in  a  f i r s t  r e f l ow  

f u r na c e ,  the  f i r s t  r e f l ow  fu rn ac e  c o mp r i s es :  a  he a t in g  zon e  in  

w h ic h  t e m p er a t u r e  i s  s e t  a t  a  me l t i ng  t e mp e ra tu re  o f  so l de r  

i n c l ud e d  i n  t h e  c on du c t iv e  pa r t i c l e s  o r  h i gh e r ;  a  c o o l in g  z o ne  

i n  w h ic h  t e mp er a t u r e  i s  s e t  l ow e r  t h an  t h e  me l t i n g  t e m p er a t u r e  

o f  t h e  so l de r  i n c l ud e d  in  th e  c o nd uc t i ve  pa r t i c l e s ;  a  f i r s t  

c o nv ey or  b e i ng  e x t e nde d  f r o m an  e n t r a nc e  to  th e  hea t i ng  zo ne ;  

a n d  a  s e con d  co n v ey or  be i ng  e x t en d ed  f r o m t he  c oo l i ng  z on e  t o  

a n  e x i t ,  t h e  w or k  i s  ca r r i e d  t h r ou gh  t h e  f i r s t  r e f l ow  fu r na c e ,  fo r  

a  pe r i od  o f  t i m e  sho r t e r  t ha n  a  c u r i ng  t i me  o f  th e  th e r mose t t i ng  

r e s i n ,  by  t he  f i r s t  c onv ey or  an d  th e  s e con d  con ve y o r,  and  t he  

f i r s t  hea t i n g  s t e p  co mp r i s e s :  h e a t i n g  th e  w ork ,  a l on g  a  

t e mp e r a t u r e  r i s i n g  c u rv e  w hos e  av e ra ge  t e mp e ra t u re  r i s i ng  r a t e  
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i s  4 - 8° C/ s e c on d ,  i n  a  f i r s t  he a t i n g  z on e  o f  t he  h e a t i n g  z on e  b y  

p i t c h - f e ed i ng  th e  w ork  to  t he  f i r s t  hea t i ng  zo ne  a nd  s t a y i ng  

t h e r e i n ;  n ex t ,  me l t i ng  t he  so l de r  by  p i t c h - fe e d i ng  t he  w ork  to  a  

s ec o nd  h e a t i ng  z on e  o f  t he  h ea t i n g  zo ne  a nd  s t a y i ng  t he re i n ;  

a n d  t he n  ca r r y i n g  th e  w or k  t o  th e  c oo l in g  z on e  s o  a s  t o  cu re  t h e  

s o l de r  a nd  p u t  t he  w ork  i n  a n  en e rg iza b le - r e w or ka b l e  s t a t e .  

P re fe r ab ly,  t he  f i r s t  he a t i n g  s t e p  co mp r i s es  s t e ps  o f :  

he a t i n g  the  w or k ,  in  t he  f i r s t  he a t i ng  zo ne ,  fo r  20 -4 0  s econ ds  

un t i l  r ea c h in g  a  pe ak  t e mp er a t u r e ;  he a t i ng  th e  w o rk ,  i n  t he  

s ec o nd  h ea t i ng  z on e ,  fo r  5 -3 0  s ec onds  so  a s  to  ma i n ta i n  t he  

pe ak  t e m pe ra t u re ;  and  c oo l i ng  t he  w ork  i n  th e  co o l i n g  zo ne .  A s  

a n  ex a mpl e ,  th e  s e mi co nd uc t o r  c h ips  a r e  L ED s ,  th e  me t ho d  

f u r t he r  c o mp r i s e s :  a  con t i nu i t y  t e s t  s t ep  fo r  pe r fo r mi ng  a  

c o n t in u i ty  t e s t  o f  t h e  w ork  a f t e r  the  f i r s t  h ea t i n g  s t ep ;  a  

de fe c t iv e  ch i p  r e mo v i n g  s t e p  fo r  r e m ov i ng  a  

c o n t in u i ty -d e fe c t i ve  c h i p ,  by  a  de fec t i ve  c h i p  r e mov in g  

m a ch i n e ,  w hen  th e  c o n t in u i t y - de fe c t i v e  ch ip  i s  de t e c t e d  f ro m  

t h e  LED s  i n  the  con t i nu i t y  t e s t  s t e p ;  and  a  r e - mo u n t i ng  s t ep  fo r  

t r a ns fe r r i ng  a n i s o t r op i c  c on d uc t i ve  pas te  to  a  new  L ED  w hi c h  

i s  u se d  in s te ad  o f  t he  c o n t in u i ty -d e fe c t i v e  c h i p ,  and  mo un t i n g  

t h e  ne w  L ED  on to  a  mo un t i n g  p l a c e  f r om w hi c h  t he  

c o n t in u i ty -d e fe c t i ve  c h i p  h a s  be en  r e m o ve d ,  an d  t he  de fe c t i v e  

c h ip  r e m ov i ng  s t ep  c o mp r i s e s  s t e ps  o f :  su c k in g  a  mo un t i ng  

p l ac e  o f  th e  c on t i n u i t y - de fec t i ve  ch ip ,  b y  a  va c uu m s uc t i on  

he ad ,  w i t h  h ea t i ng  t he  mo un t i n g  p l ac e  i n  a  no n co n t a c t  s t a t e ,  s o  

a s  to  r e - m e l t  t h e  so l de r ;  a nd  r e mov i ng  t he  c on t i nu i t y - de fe c t i v e  

c h ip  a n d  t he  t he r mos e t t in g  r e s i n  o f  a  bo nd in g  pa r t  f r o m t h e  

c i r c u i t  bo a r d .  F u r t he r,  a s  an  e xa mp l e ,  a f t e r  t he  r e - mo un t i n g  

s t ep ,  t he  f i r s t  h e a t i n g  s t ep  an d  th e  con t i n u i ty  t e s t  s t ep  a re  
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r e pe a t ed  u n t i l  d e t e c t i ng  n o  co n t i nu i t y - de fe c t iv e  c h i p ,  and ,  in  

t h e  co n t i nu i t y  t e s t  s t e p ,  d a t a  o f  p r es en c e /a bse n c e  o f  t he  

l i gh t i ng  L E D s ,  wh i ch  a r e  m ad e  co nn ec t i on  w i t h  a r r an ge me n t  

da ta  o f  t he  L ED s ,  a r e  s t o r ed  i n  s t o r in g  me ans ,  and  t h e  p la ce  o f  

t h e  co n t i n u i ty -d e fec t i ve  c h i p  i s  ide n t i f i e d  f r o m t he  d a ta .    

 

     Wi t h  t he  a bo ve  des c r i be d  s t r uc tu re ,  th e  s o l de r  o f  t h e  

a n i s o t ro p i c  con d uc t i ve  pas t e  ha s  bee n  c u r ed ,  s o  tha t  a  

c o n t in u i ty -d e fe c t i ve  c h i p  ca n  be  de t ec t e d  f r om t h e  

s e mi co nd uc t o r  ch ips  mo un te d  on  t he  c i r c u i t  bo a r d  by  e l e c t r i c  

e n e rg i za t i on .  Fu r t he r,  t h e  t he r mos e t t i ng  r e s in  o f  t he  

a n i s o t ro p i c  co nd u c t i v e  pas te ,  w h i c h  ha s  bee n  he a t e d  fo r  t he  

pe r i od  o f  t i me  s h o r te r  t ha n  th e  cu r i ng  t i me ,  i s  in  a  ge l  s t a t e ,  s o  

t h a t  t h e  co n t in u i t y -d e fec t i ve  ch ip  ca n  be  r e mo ve d  f r o m t he  

s e mi co nd uc t o r  ch i ps  mou n t ed  o n  the  c i r c u i t  bo a r d  and  the  w ork  

c a n  be  r e w o r ke d .  A s  t o  t he  c u r i ng  t i me  o f  th e  t he r mos e t t in g  

r e s i n  o f  t h e  a n i s o t r op ic  c o nd uc t i ve  p as te ,  a  r ec o mme n de d  

c u r i ng  c on d i t i on  o f  a  ma t e r i a l  ma n u fac t u re r  ma y be  e mpl oy ed  

a s  an  exa mp l e ;  ano th e r  c u r i n g  c ond i t i on ,  w h ic h  i s  a  t ime  o f  

be in g  i n  th e  g e l  s t a t e  o f  th e  t he r mose t t i ng  r e s in  o f  t he  

a n i s o t ro p i c  co nd u c t i v e  pas t e  sho r t e r  tha n  t h e  cu r i n g  t i me  an d  i s  

c a l c u l a t ed  o n  th e  bas i s  o f  e xp e r i me n t a l  d a t a ,  ma y  be  e mpl oy e d ;  

a n d  a  c on d i t i on  i n t ro du c e d  f r o m a  co mb in a t io n  o f  t h e  a b ov e  

c o nd i t i o ns  ma y  be  e mp l o ye d  a s  a  cu r i ng  c on d i t i on .   

 

Th e  a p p ar a t us  fo r  p r od uc i ng  a  s e mi c o nd uc t o r  d ev i c e  

r e l a t i ng  t o  t he  p r e s en t  in ve n t i o  co mpr i s e s :  an  ap p l y i n g  m ac h i n e  

f o r  t r ans fe r r i ng  an i s o t r op i c  co nd uc t i ve  p a s t e ,  i n  w h i ch  

c o nd uc t i ve  pa r t i c l e s  a r e  d i s p e r s e d  in  uncu re d  t he r mos e t t in g  
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r e s i n ,  to  s e mi c on duc t o r  c h i ps ;  a  mou n t i ng  mac h i ne  fo r  

m o un t i n g  t h e  s e mi c on du c t o r  c h i ps  on t o  a  c i r c u i t  boa rd  b y  f l ip  

c h ip  mo un t in g  t ec hn o l og y ;  a  f i r s t  r e f l ow  fu r na ce  fo r  hea t in g  a  

w ork ,  i n  w h i ch  p lu ra l i t y  o f  t h e  s e mic on du c t o r  c h i ps  a r e  

m o un t e d  o n  t h e  c i r cu i t  b oa rd  t h r o ugh  t he  an i s o t ro p i c  

c o nd uc t i ve  p a s t e ;  and  a  c o n t ro l  un i t ,   t he  f i r s t  r e f l o w  fu rn ac e  

c o mp r i s es :  a  he a t i ng  z on e  i n  w h i c h  t e mp e ra tu re  i s  s e t  a t  a  

m e l t in g  t e m pe r a t u r e  o f  s o l de r  i n c l ud ed  i n  t he  c on du c t i v e  

pa r t i c l e s  o r  h i gh e r ;  a  co o l in g  z o ne  i n  w h i ch  t e mp e ra t u r e  i s  s e t  

l ow e r  t h a n  th e  me l t i ng  t e mp er a t u r e  o f  t h e  so l de r  i nc l u de d  i n  

t h e  co nd uc t i ve  p a r t i c l e s ;  a  f i r s t  co nv ey or  b e i ng  e x t e nd ed  f ro m 

a n  e n t r a nc e  t o  t h e  he a t in g  zo ne ;  a nd  a  s e c on d  co n v ey or  b e i ng  

e x te nd e d  f r o m t h e  c o o l in g  z on e  t o  an  e x i t ,  t h e  w or k  i s  c a r r i ed  

t h ro ug h  t h e  f i r s t  r e f l ow  fu r na c e ,  fo r  a  pe r i od  o f  t i m e  sho r t e r  

t h an  a  cu r i ng  t i me  o f  t he  t h e r m os e t t i ng  r e s i n ,  by  the  f i r s t  

c o nv ey or  a n d  t h e  s ec on d  c on ve yor,  a  p res se r  ro l l e r ,  w h i ch  

c o n t ac t s  a n  up pe r  s u r fa c e  o f  t he  c i r c u i t  boa r d  w he n  

t r a ns fe r r i ng  th e  w ork  f r o m t h e  f i r s t  c on ve yo r  t o  t he  s e co nd  

c o nv ey or,  i s  p rov i de d  to  a  p la ce  b e t w e en  th e  f i r s t  c on ve yo r  an d  

t h e  s e co nd  c o nv e yor,  a n d  t he  c on t ro l  un i t  p e r f o r ms  s t eps  o f :  

he a t i n g  th e  w or k ,  a l on g  a  t e mpe ra t u re  r i s i ng  c u r ve  w hos e  

a v e r ag e  t e mpe ra t u r e  r i s in g  r a t e  i s  4 -8° C/ se co nd ,  in  a  f i r s t  

he a t i n g  zo ne  o f  t he  h ea t i ng  z on e  b y  p i t c h - f e e d in g  t he  w or k  t o  

t h e  f i r s t  h e a t i n g  zo ne  an d  s t a y i ng  the re i n ;  ne x t ,  me l t i ng  t h e  

s o l de r  by  p i t ch - f e e d i ng  t h e  w ork  t o  a  s ec on d  he a t i n g  z on e  o f  

t h e  he a t i n g  zo n e  a nd  s t a y i n g  t h e r e i n ;  a nd  t he n  c a r ry in g  t h e  

w ork  to  t h e  co o l i ng  zo ne  s o  a s  to  cu re  th e  s o lde r  and  pu t  t he  

w ork  i n  a n  e ne rg i z a b l e - r ew o rk a b le  s t a t e .  

P re fe r ab ly,  th e  p r es s e r  ro l l e r  co mp r i s es  ro l l e r s ,  w h i ch  
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a re  p i v o t ab ly  s u p po r t ed  on  a  sha f t  an d  a r r a n ge d  w i t h  p res c r i b ed  

i n te rva l s ,  an d  c o n tac t s  th e  s u r f a ce  o f  t he  c i r c u i t  boa rd ,  ex ce p t  

m o un t i n g  su r f a c e s ,  by  ow n  w e i gh t s  o f  t he  r o l l e r s ,  a n d  t h e  

c o n t ro l  un i t  pe r fo r ms  s t e ps  o f :  he a t i n g  the  w or k ,  in  the  f i r s t  

he a t i n g  z o ne ,  fo r  2 0 - 40  s ec on ds  un t i l  r ea c h i n g  a  pe ak  

t e mp e r a t u r e ;  h e a t i n g  th e  w or k ,  i n  t he  s ec on d  he a t in g  z on e ,  fo r  

5 - 30  s ec o nds  s o  a s  to  ma i n t a i n  th e  pe ak  t e m p er a t u r e ;  a nd  

c o o l in g  th e  w or k  i n  t h e  co o l i n g  z one .  A s  an  exa mp l e ,  t h e  

s e mi co nd uc t o r  c h i ps  a r e  L E D s ,  the  ap pa ra t us  fu r t h e r  

c o mp r i s es :  a  co n t in u i t y  t e s t  mac h i ne  fo r  pe r f o r mi ng  a  

c o n t in u i ty  t e s t  o f  t h e  w or k ;  a n d  a  de fe c t i v e  c h i p  r e mo v i ng  

m a ch i n e  fo r  r e mov in g  a  con t i nu i t y - de fe c t iv e  c h i p  w he n  t h e  

c o n t in u i ty -d e fe c t i ve  ch i p  i s  de t ec t ed  f r o m t he  LED s  by  t he  

c o n t in u i ty  t e s t  mac h i ne ,  the  d e fec t iv e  c h i p  r e mo v i n g  m ac h i n e  

pe r fo r ms  s t e ps  o f :  s uck i n g  a  mou n t i ng  p l a ce  o f  t h e  

c o n t in u i ty -d e fe c t i ve  c h i p ,  by  a  va c uu m s uc t i on  h e a d ,  w i th  

he a t i n g  a  mo un t i n g  p la c e  i n  a  no nc o n t ac t  s t a t e ,  s o  a s  t o  r e - me l t  

t h e  so l d e r ;  a nd  r e mo v i ng  t h e  co n t i nu i ty -d e fe c t i ve  c h i p  an d  t he  

t h e r mos e t t in g  r e s in  o f  a  bo n d i ng  p a r t  f r o m t he  c i r c u i t  b oa rd ,  

a n d  th e  c on t ro l  un i t  c on t r o l s  t h e  app l y in g  ma c h i n e  an d  t he  

m o un t i n g  mac h i ne  to  pe r fo r m s te ps  o f :  t r a ns fe r r in g  a n i s o t r op i c  

c o nd uc t i ve  p a s t e  t o  a  new  L E D ;  a nd  m ou n t in g  t he  new  LED  

on t o  t h e  mou n t in g  p l a c e  f ro m w h i c h  t he  c o n t in u i t y -d e fe c t i ve  

c h ip  ha s  bee n  r e mo ve d .  Fu r t h e r,  a s  a n  exa mp le ,  t h e  con t in u i t y  

t e s t  mac h i n e  s to r e s  da t a  o f  p res e n c e / a bs en c e  o f  t he  l ig h t i ng  

L ED s ,  w h ic h  a r e  ma de  c on ne c t i o n  w i t h  a r r an ge me n t  da ta  o f  t he  

L ED s ,  i n  s to r i n g  me ans ,  an d  i de n t i f i e s  th e  p l a ce  o f  t h e  

c o n t in u i ty -d e fe c t i ve  c h i p .  
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Wit h  th e  ab o ve  d e sc r ib ed  s t r uc tu re ,  t he  w ork  i s  ca r r i e d  

t o  t h e  he a t i ng  zo ne  by  t he  f i r s t  c o nv ey or  s o  a s  to  r a p i d l y  me l t  

t h e  so l de r  o f  t h e  c on du c t i v e  pa r t i c l e s  o f  t he  a n i s o t r op i c  

c o nd uc t i ve  pas te ,  t hen  t h e  w ork  i s  c a r r i e d  t o  t he  c oo l i ng  z o ne  

by  t he  s e c on d  co n ve yo r  so  a s  to  r a p i d l y  cu re  t he  s o l de r  o f  t he  

c o nd uc t i ve  pa r t i c l e s  o f  the  an i so t r op i c  co nd uc t i ve  pas t e ,  and  

t h e  w or k  i s  c a r r i e d  t h ro ug h  th e  f i r s t  r e f l ow  f u r na c e  fo r  a  pe r io d  

o f  t i me  s ho r t e r  t h a n  t h e  c u r i ng  t i m e  o f  t he  t h e r mos e t t in g  r e s in .  

T h er e fo r e ,  the  w ork  c an  be  p u t t e d  i n  t he  

e n e rg i za b l e - r ew o r ka b l e  s t a t e .   

 

A dva n t ag eo us  E f f ec t s  o f  In ve n t io n  

In  t he  me t ho d  fo r  p ro d uc i ng  a  s e m i co nd uc t o r  d ev i c e  an d  

t h e  ap pa ra t us  fo r  p r od uc i n g  t he  s a me  o f  t he  p re s en t  inv e n t i o n ,  

t h e  w or k  c an  be  pu t t e d  i n  t he  en e rg i za b l e - r e w o rk a b l e  s t a t e .  

T h er e fo r e ,  a s  a n  exa m pl e ,  in  c as e  o f  ma t r i c a l l y  mo un t i ng  a  

l a rg e  nu mb e r  o f  s e mic on du c t o r  ch i ps  hav i ng  a  w i d t h  o f  0 . 1  mm 

or de r  on t o  t h e  c i r c u i t  b oa rd ,  y i e l d  o f  t he  s e mic ond uc to r  de v i c e  

ne ces s a r y  fo r  a  h ig h - de ns i ty  m ou n t i n g  t ec hn o l o gy  c an  be  

d r a mat ic a l ly  i nc r eas e d .   

 

B r i e f  D e sc r i p t i o n  o f  D ra w i ngs  

[F ig .  1 ]  F ig .  1  i s  a  s che mat ic  d ia g r a m s how i ng  a n  i n s i de  

o f  a  f i r s t  r e f low  fu rn ac e  o f  an  ap pa ra tus  fo r  p r od uc in g  a  

s e mi co nd uc t o r  d e v i ce  r e l a t in g  t o  a n  e mb od i me n t  o f  t he  p re se n t  

i n ve n t i o n .  

[F ig .  2 ]  F i g .  2A i s  a  s che ma t i c  d ia g r a m i n  w h i ch  a  w ork  

i s  c a r r i e d  t o  a  f i r s t  he a t in g  zo ne  o f  a  f i r s t  r e f l ow  fu r n ac e  s how n  

i n  F ig .  1 ,  F ig .  2B  i s  a  s che m at i c  d i ag ra m in  w h ic h  th e  w or k  i s  
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c a r r i ed  to  a  s e c o nd  h ea t i ng  z one  a f t e r  t he  s t a t e  s h ow n  in  F ig .  

2A ,  a nd  F i g .  2C  i s  a  s che ma t ic  d ia g r a m i n  w h i c h  th e  w ork  i s  

c a r r i ed  t o  a  f i r s t  c o o l in g  zo ne  a f t e r  the  s t a t e  show n  i n  F ig .  2B .  

[F ig .  3 ]  F i g .  3A i s  a  s ch e m at i c  d i ag ra m  i n  w h i ch  t he  

w ork  i s  ca r r i e d  t o  a  s e con d  co o l in g  z one  a f t e r  th e  s t a t e  s h ow n  

i n  F i g .  2C ,  F ig .  3B  i s  a  s c he mat ic  d i a g r a m i n  w h i ch  t he  w ork  i s  

c a r r i ed  t o  a  l a by r i n th  o n  an  ex i t  s i de  a f t e r  th e  s t a t e  s how n  i n  

F ig .  3A ,  and  F i g .  3C  i s  a  s c he ma t i c  d ia g r a m in  w h ic h  t he  w o rk  

i s  ca r r i e d  t o  th e  e x i t  a f t e r  t h e  s t a t e  s how n  in  F i g .  3B .  

[F ig .  4 ]  F ig .  4  i s  a  g r a p h  o f  t e m pe r a t u r e  p r o f i l e  o f  t he  

w ork  i n  t h e  f i r s t  r e f l ow  fu rn a c e  s how n  i n  F ig .  1 .   

[F ig .  5 ]  F ig .  5  i s  a  s c he ma t ic  d ia g r a m o f  a  c i r c u i t r y  o f  

t h e  a pp ar a t us  fo r  p r od uc in g  t h e  s emi co nd uc t or  de v i c e  r e l a t i ng  

t o  t he  e mb od i me n t .  

[F ig .  6 ]  F i g .  6A i s  a  s che ma t ic  s e c t i o na l  v i ew  o f  t he  

w ork ,  in  w h i c h  a n i so t r op ic  c on d uc t i ve  p as te  i s  ap p l i e d  on t o  a  

c i r c u i t  bo a r d  an d  s emi c on du c t o r  c h i ps  a r e  mou n t ed  t he r eo n ,  

F ig .  6B  i s  a  s che ma t i c  s e c t i o na l  v ie w  o f  t he  w or k ,  in  w h i c h  

f i r s t  he a t in g  a n d  a  co n t in u i t y  t e s t  a r e  p e r fo r med  a f t e r  th e  s t a t e  

s how n  in  F ig .  6A ,  and  F ig .  6C i s  a  s c he ma t i c  s ec t i o n a l  v i e w  o f  

t h e  w or k ,  i n  w h i c h  a  de fe c t iv e  c h i p  i s  r e mov e d  a f t e r  t he  s t a t e  

s how n  in  F i g .  6B .  

[F ig .  7 ]  F i g .  7A i s  a  s che ma t ic  s e c t i o na l  v i ew  o f  t he  

w ork ,  in  w h ic h  a  new  s emi c o nd uc to r  ch i p  i s  mo un t e d  a t  t he  

p l ac e  f r o m w hi c h  t h e  de fe c t i ve  c h i p  has  be en  r e mo ve d  a f t e r  t he  

s t a t e  s how n  i n  F i g .  6C ,  F ig .  7B  i s  a  s c he ma t i c  s ec t i on a l  v ie w  o f  

t h e  w ork ,  in  w h i c h  t he  f i r s t  h e a t i ng  and  th e  co n t in u i t y  t e s t  a r e  

pe r fo r me d  a f t e r  t he  s t a t e  s how n  in  F i g .  7A ,  and  F i g .  7C  i s  a  

s che ma t i c  s e c t i on a l  v ie w  o f  t he  w o rk ,  in  w h i c h  s e co nd  he a t in g  
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a n d  e xa mi na t i on  a re  pe r fo r me d  a f t e r  t he  s t a t e  s how n  i n  F ig .  

7B .  

[F ig .  8 ]  F ig .  8  i s  a  f l ow c ha r t  show in g  a  p ro du c t i on  

p r oc es s  o f  t he  s e mi c o nd uc t o r  dev i ce  r e l a t i n g  to  t he  

e mbo d i me n t .  

[F ig .  9 ]  F i g .  9  i s  a  f low c ha r t  s how i ng  a n o t he r  

p r od uc t i on  p r oc es s  o f  th e  s e mi c o nduc to r  d ev ic e  r e l a t in g  t o  t he  

e mbo d i me n t .  

 

D es c r i p t io n  o f  E mb od i me n t s  

     A n  e mbo d i me n t  o f  t h e  p r es en t  i nv e n t i on  w i l l  now  be  

de sc r i be d  i n  de ta i l  w i th  r e f e r en ce  t o  the  a t t a c h ed  d ra w ings .  F i g .  

1  show s  a  pa r t  o r  w ho l e  o f  a n  a p pa ra tus  1  fo r  p ro du c i ng  a  

s e mi co nd uc t o r  d e v i ce  o f  t he  p r e se n t  e m b od i me n t ,  e spe c ia l l y  a  

s che ma t i c  s e c t i o n a l  v i ew  o f  an  i n s i de  o f  a  f i r s t  r e f l o w  fu r n ac e  

3  i s  show n .  In  the  d raw i ng ,  a  l e f t  s ide  i s  an  e n t r an c e  s ide  ( an  

ups t r e a m s i de ) ,  a nd  a  r i g h t  s i de  i s  an  e x i t  s i de  ( a  d ow ns t r ea m 

s i de ) .  The  f i r s t  r e f l ow  fu rn a c e  3  co mp r i s e s :  a  ma i n  b od y  30  in  

w h ic h  a  ca r ry i ng  me c ha n i s m a nd  a  hea t in g  me c ha n i s m a r e  

a cc o m mo d a te d ;  a nd  a  co n t ro l l e r  3 5 .  I n  t he  e xa mp l e  show n  in  

F ig .  1 ,  a  c on t r o l  un i t  2  fo r  c o n t ro l l in g  ea ch  o f  un i t s  

c o ns t i t u t i ng  t he  ap pa ra t us  1  i s  p ro v i de d  t o  t he  f i r s t  r e f low  

f u r na c e  3  o r  l oca t e d  c l o se  th e r e t o .  In  s ome  cas es ,  the  co n t ro l  

un i t  2  may  i nc lu de  t he  c on t r o l l e r  35 .  N o te  t ha t ,  i n  a l l  o f  t h e  

d r a w i n gs ,  s t ruc t u ra l  e l e me n t s  ha v in g  the  s a m e  fu nc t i on  a r e  

a s s i gn e d  t he  s a m e  s ymbo l  an d  r e -e xp l an a t io n  w i l l  b e  o mi t t e d .   

 

I n  a  p r od u c t i o n  p ro c es s ,  a  w ork  9 0  i s  an  in t e r me d i a t e  

be fo re  c o m p le t i n g  a  s e mi c on du c t o r  d ev ic e  9 4 ,  and  a  f i r s t  
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i n t e r med ia te  9 0 a ,  a  s e con d  i n t e r me d i a t e  90 b ,  a  th i r d  

i n te r med ia te  90 c ,  a  fo u r th  i n te r me d i a t e  90 d  a nd  a  f i f t h  

i n te r med ia te  9 0e  ex i s t  a s  s how n  i n  F i gs .  6A -7C.  Th e  w ork  90  

i n c l ud e s  a  c i r c u i t  bo a r d  93 ,  s emi co nd uc t o r  c h i ps  91  an d  

a n i s o t ro p i c  c o ndu c t i ve  pa s t e  92 .   

 

A s c he ma t i c  s ec t i on a l  v ie w  o f  a n  e xa mp le  o f  t h e  

s e mi co nd uc t o r  d e v ic e  9 4  i s  s ho w n  in  F i g .  7 C .  M oun t i n g  

s u r f ac es ,  in  w h ic h  w i r i n g  pa t t e r ns  co mp os ed  o f  a n  e le c t r i c  

c o nd uc to r,  e . g . ,  co pp er,  a r e  fo r m ed ,  a r e  fo r me d  i n  a n  u pp er  

s u r f ac e  93a  o f  t he  c i r c u i t  bo a r d  93 ,  and  e le c t ro de s  93e  a re  

e x pose d  t he re i n .  In  e a ch  o f  t h e  s e mic o nd uc to r  ch ips  9 1 ,  

e l e c t r od es  91e  a r e  r e s pe c t i ve l y  p r ov i d ed  t o  on e  e n d  s ide  o f  a  

c h ip - s ha pe d  ma i n  bod y  and  t he  o th e r  en d  s ide  t he r e o f ,  a  low e r  

s u r f ac e  91 b  o f  t h e  s e mi c on du c t o r  c h ip  9 1  i s  mou n t ed  o n  t he  

up pe r  s u r f ac e  93 a  o f  t he  c i r cu i t  b oa rd  9 3 ,  and  t he  e le c t r od es  

91 e  an d  the  e l e c t ro des  93e  a re  e l e c t r i c a l l y  con n ec t e d  to  ea ch  

o t he r  by  s o l de r.  Th e  s e mi co nd uc t o r  de v ic e  94  i s  a  p ro du c t ,  in  

w h ic h  p l u ra l i ty  o f  t h e  s e m ic on d uc t o r  c h i ps  91  a re  f l ip  

c h ip - mou n t e d  on  the  c i r c u i t  b oa rd  9 3  a nd  e lec t r i c a l l y  

c o nn ec t e d  t he re t o ,  a nd  a  l a rge  nu mb er  o f  th e  s e mi co nd uc to r  

c h ips  9 1  a r e ,  a s  a n  e x a mp le ,  ma t r i c a l l y  mo un te d  o n  t he  c i r cu i t  

bo a r d  93 .  T he  s e mi co nd uc t o r  c h i p  91  i s  a  k now n  c h i p - sh a p ed  

s e mi co nd uc t o r  a nd  use d  a s ,  fo r  exa mp le ,  L ED ,  t r a ns i s to r,  

i n t e gr a t e d  c i r c u i t  e l e men t ,  e t c .  The  an i so t ro p i c  c on du c t i v e  

pa s t e  92  i n c l ud e s :  c onduc t i v e  pa r t i c l e s  92a  fo r  e l ec t r i c a l l y  

s o l de r- c on ne c t i ng  the  e l e c t rode s  9 1 e  a n d  t he  e l e c t ro d es  93e  t o  

e ac h  o t he r ;  an d  t h e r mos e t t in g  r e s i n  92 b  fo r  bo n d i ng  a nd  f i x i ng  

t h e  s em ic o nd uc t o r  c h i ps  91  a nd  th e  subs t r a t e  93  t o  e a c h  o t h e r.  
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T h e  a n i so t r op ic  c on du c t i v e  p a s t e  9 2  i s  i n  a  l iq u i d  fo r m o r  g e l  

f o r m,  a n d  t he  c ond uc t i ve  p a r t i c l e s  92a  a r e  d i s pe r se d  i n  t h e  

un c u re d  t he r mos e t t in g  r e s i n  9 2b .  K now n  t h e r mos e t t i ng  r e s i n s ,  

e . g . ,  e pox y,  po l y i mi de ,  may  b e  e mp lo y ed .  Th e  c on du c t i ve  

pa r t i c l e s  92 a  a r e  c o mp ose d  o f  so l d e r  o r  a n  e l ec t r i ca l l y  

c o nd uc t i ve  me t a l  co ns t i t u t i n g  s o l de r,  a nd  o t he r  kn ow n  

e le c t r i ca l l y  co n d uc t i ve  me t a l s ,  e . g . ,  go ld ,  s i l v e r,  cop per,  t i n ,  

z i nc ,  n i c ke l ,  b i s mut h ,  in d i u m,  an d  t he i r  a l l o ys  ma y  b e  

e mpl oy e d .   

 

F ig .  1  s ch e m at i c a l l y  show s  t h e  i n s i de  o f  t he  f i r s t  r e f l ow  

f u r na c e  3 .  In  t h e  f i r s t  r e f low  fu r na c e  3 ,  a n  in pu t  c on v ey or  33 ,  a  

f i r s t  con ve yo r  31 ,  a  p res s e r  ro l l e r  34  and  a  s eco nd  co nv ey or  32  

a re  a r r an ge d ,  in  o r de r,  f ro m t h e  ups t r e a m s id e .  In  t he  ma in  

bo dy  30 ,  a n  en t r a nc e  30 a ,  a  l ab y r in t h  3 6 a ,  a  he a t in g  z o ne  3b ,  a  

c o o l in g  z on e  3c ,  a  l a by r i n t h  3 6 f  a nd  a n  e x i t  30 f  a r e  a r r a ng ed ,  

i n  o r de r,  f r o m t h e  ups t r e a m s id e .  The  in pu t  c on ve yo r  3 3  i s  

e x te nd e d  f r o m t he  ups t r ea m s i de  o f  th e  e n t r an c e  3 0a  to  t he  

ups t r e a m s i de  o f  t he  l a by r i n t h  3 6a ,  so  th a t  th e  w or k  9 0a  ( 9 0 )  i s  

c a r r i ed  f r o m t he  ups t r e a m s i d e  o f  t he  e n t r an c e  30a  t o  t h e  

ups t r e a m s i de  o f  t he  l a by r i n t h  3 6 a .  T he  f i r s t  c o nv e yo r  3 1  i s  

e x te nd e d  f r o m t he  dow ns t r e a m s i de  o f  t he  i np u t  con ve yo r  33  to  

t h e  u ps t r e a m s i de  o f  t he  s e c o nd  co nv ey or  32 ,  s o  t ha t  th e  w o rk  

90 ,  w h ic h  h a s  bee n  t r ans fe r r e d  f r o m th e  in p u t  c on v ey or  3 3 ,  i s  

c a r r i ed  t o  t he  h e a t i n g  zo ne  3b  v i a  t h e  l a by r i n t h  3 6a  o n  t h e  

e n t r an c e  s i d e .  Th e  p r e s s e r  ro l l e r  3 4  ma in ta in s  a  c a r r y i ng  spe e d  

o f  t h e  w ork  9 0  w he n  t he  w or k  90  i s  ca r r i e d  f r o m t he  he a t in g  

z o ne  3 b  t o  th e  c oo l i ng  z on e  3c .  Th e  s e co nd  c on v ey or  3 2  i s  

e x te nd e d  f r o m th e  dow ns t r e a m s i d e  o f  t h e  f i r s t  c o nv e yo r  3 1  t o  
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t h e  dow ns t r e a m s i de  o f  t he  e x i t  3 0 f ,  s o  t ha t  t he  w o rk  90 ,  w h i ch  

ha s  be en  t r a ns fe r r e d  f r o m t he  f i r s t  con ve yo r  3 1 ,  i s  c a r r i e d  to  

t h e  ne x t  s t e p  v ia  th e  co o l in g  zo n e  3c ,  t he  l a by r i n t h  36 f  on  t he  

e x i t  s id e  an d  th e  ex i t  3 0 f .   

 

N a me l y,  i n  t he  f i r s t  r e f low  fu rn ac e  3 ,  the  f i r s t  c on ve yo r  

31  i s  e x t e nde d  f r o m t he  en t r a n ce  s id e  to  th e  he a t in g  zone  3 b ,  

a n d  th e  s ec on d  c onv e y or  32  i s  s uc c es s i ve ly  e x te nd e d  f ro m t he  

c o o l in g  z on e  3c  t o  t he  ex i t  s i d e .  A s  a n  e xa mp le ,  the  f i r s t  

c o nv ey or  3 1  may  be  e x te nd e d  f ro m th e  ups t r e a m s id e  o f  t he  

e n t r an c e  30 a  to  t he  he a t in g  z o ne  3 b ;  a n d ,  i n  ano t he r  exa mpl e ,  

t h e  s eco nd  co nv ey or  3 2 ,  w h ic h  ca r r i e s  the  w o rk  v i a  th e  co o l in g  

z o ne  3c  an d  t h e  l a by r i n t h  36 f  o n  t he  ex i t  s ide ,  a n d  ano t he r  

c a r r y i ng  c o nve yo r,  w h ic h  c a r r i e s  t he  w ork  f ro m th e  l aby r i n t h  

36 f  o n  t he  ex i t  s i de  t o  t h e  n ex t  s t e p  v ia  t h e  e x i t  3 0 f ,  ma y  be  

s epa ra te ly  p ro v i d ed .   

 

Th e  f i r s t  r e f low  fu r na ce  3  pe r fo r m s  hea t i ng  o f  th e  w ork  

90  in  an  i n e r t  ga s  a t mos p he re ,  e . g . ,  n i t r og en  a t mos p he re ,  i n  a  

no nc on ta c t  s t a t e ,  w i t h  c a r ry in g  t he  w ork  9 0 .  Th e  f i r s t  c on ve yo r  

31 ,  the  s ec ond  c onve yo r  32  a n d  t h e  inp u t  c onve y or  33  a re  

r e s pe c t i ve l y  co ns t i t u te d  by  c h a i n  r a i l s  c o mp ose d  o f  a  me t a l  

c a pa b l e  o f  r e du c in g  th e r ma l  s t r a i n ,  e . g . ,  t i t a n i u m,  t i t an i u m 

a l l o y.  In  t he  h e a t i n g  z one  3b ,  a  f i r s t  he a t in g  z on e  3b 1  an d  a  

s ec o nd  he a t i ng  z on e  3 b2  a re  a r r a ng ed  in  o r de r,  a n d  t he y  a r e  

c o ns t i t u t e d  by,  fo r  e x a mpl e ,  pa ne l  ty pe  h o t  a i r  he a t e r s  c ap ab l e  

o f  e qu a l i z i n g  h ea t  d i s t r i bu t i o n .  In  t h e  co o l in g  z on e  3c ,  a  f i r s t  

c o o l in g  z one  3c 1  an d  a  s econ d  co o l in g  zo ne  3c 2  a r e  a r r a nge d  in  

o r de r,  an d  the y  a re  co ns t i tu t e d  by  coo l i n g  me c h an i s ms ,  e . g . ,  
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b l ow e r  fa n .  T he  l aby r i n t hs  36a  a n d  36 f  ma i n t a i n  a n  i nne r  

t e mp e r a t u r e  o f  th e  fu r na c e  a nd  r e s t r a i n s  l e ak a ge  o f  the  in e r t  

ga s  o u t s i de .  N o t e  tha t ,  kn ow n  tec hn o l og ie s  d i s c l o s ed  i n ,  fo r  

e x a mpl e ,  t he  ab ov e  de sc r ib ed  P a t e n t  L i t e r a t u r e  3  ma y  b e  

e mpl oy e d  as  t he  l ab y r i n t hs ,  the  hea te r s  a n d  t h e  co o l i ng  

m e ch a n i s ms .   

 

F ig .  5  i s  a  s che ma t i c  d i a g ra m o f  a n  e xa m p l e  o f  a  

c i r c u i t r y  o f  t he  a pp ar a t us  1  fo r  p r od uc i n g  t h e  s e mi co nd uc t o r  

de v i ce .  A s  an  e xa mp l e ,  th e  ap p ara t us  1  co mp r i s e s :  t he  c on t r o l  

un i t  2 ;  t h e  f i r s t  r e f l ow  fu r na c e  3 ;  an  ap p l y i ng  ma c h i ne  4 ;  a  

m o un t i n g  ma c h i n e  5 ;  a  con t i n u i t y  t e s t  ma ch in e  6 ;  a  de fe c t i ve  

c h ip  r e mov i n g  m a ch i ne  7 ;  a nd  a  s ec on d  r e f l ow  fu r na c e  8 .  In  t h e  

e x a mpl e  s how n  in  F ig .  5 ,  t he  c on t r o l  un i t  2  i s  a  c o mpu te r,  and  

c o n t ro l  p ro g r a ms  27  runn i ng  on  th e  co m pu t e r  a r e  i n s t a l l e d  

t h e r e i n .  A CP U 21  i s  ac c o mmo d a t ed  i n  th e  co n t ro l  un i t  2 .  A 

d i s p l a y  u n i t  2 4  a nd  d i s p la y  i np u t  m e ans  2 3 ,  e . g . ,  ke yb oa rd ,  

m o use ,  a r e  co nn e c t e d  t o  t h e  co n t r o l  un i t  2 .  The  d i s p l ay  i n pu t  

m e ans  23  ma y  be  a  t ouc h  p an e l  p r ov i d ed  on  a  s c r e en  o f  t h e  

d i s p l a y  u n i t  2 4 .  In  th e  c on t r o l  un i t  2 ,  a  da ta  b a se  2 2  i s  s to re d  in  

a  p r e sc r ib ed  s t o ra ge  a re a  o f  a  s ec o n da ry  s to ra ge  un i t .  The  d a t a  

ba se  2 2  m ay  b e  s to re d  in  a n  e x t e r na l  s to r ag e  un i t ,  e . g . ,  f l a s h  

m e mo ry,  o r  a  t e r t i a r y  s to ra ge  un i t .  N o te  t ha t ,  t he  co n t r o l  un i t  2  

m a y  b e  c ons t i t u t e d  b y  a  kn ow n  c o mpu te r  w hos e  s t ru c t u r e  i s  

pa r t i a l l y  cha ng e d .  F o r  exa mpl e ,  f i r mw a re  o f  t he  co n t ro l  

p r og ra ms  27  ma y  be  w r i t t e n  i n  C- l a ng ua ge ,  a s s e mbl e r,  e t c .  and  

c a n  be  u pd a t ed  t h ro ug h  w eb  b r ow s e r  an d  co mma nd  l i nes .   

 

     I n  the  e xa m pl e  show n  in  F i g .  5 ,  t he  f i r s t  r e f low  fu rn a c e  3  
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c o mp r i s es  th e  ma i n  body  3 0  an d  th e  con t r o l l e r  35 ;  the  app l y in g  

m a ch i n e  4  co mp r i s es  a  ma i n  bo d y  40  a nd  a  c o n t ro l l e r  45 ;  t h e  

m o un t i n g  mac h i n e  5  c o mp r i s es  a  ma i n  bo d y  50  a nd  a  co n t ro l l e r  

55 ;  th e  c on t i nu i t y  t e s t  ma c h i ne  6  c om p r i s es  a  ma i n  b o dy  6 0  a nd  

a  co n t r o l l e r  6 5 ;  t he  de fe c t iv e  ch ip  r e mo v i ng  m a ch in e  7  

c o mp r i s es  a  ma i n  bo dy  70  a n d  a  c o n t ro l l e r  75 ;  a n d  t he  s e c o nd  

r e f l ow  fu r na c e  8  co mpr i s e s  a  ma in  b od y  80  an d  a  con t ro l l e r  85 .  

T h e  co n t r o l l e r  25  a n d  t he  c on t r o l l e r  35  a re  s i g na l - c o n ne c t ed  to  

e ac h  o t he r ;  th e  co n t ro l l e r  25  an d  t he  c on t ro l l e r  45  a re  

s i gna l - c on ne c t e d  to  ea c h  o t he r ;  the  co n t ro l l e r  25  a nd  t he  

c o n t ro l l e r  5 5  a r e  s i gn a l - c on ne c t ed  to  e ac h  o t he r ;  t he  c on t ro l l e r  

25  a nd  t he  co n t ro l l e r  6 5  a r e  s i gna l - c on ne c t e d  t o  ea c h  o t he r ;  t h e  

c o n t ro l l e r  2 5  an d  t he  co n t ro l l e r  7 5  a re  s i gn a l - c on ne c t e d  to  ea c h  

o t he r ;  a n d  t h e  co n t ro l l e r  25  a nd  t h e  co n t r o l l e r  85  a re  

s i gna l - c on ne c t e d  t o  e ac h  o t he r.  Wi t h  t h i s  s t r uc tu re ,  r ea l  t i m e  

c o n t ro l  c an  be  pe r fo r me d  b y  t r ans fe r r i ng  da t a .  A s igna l  

c o nn ec t i on  ma y  b e  c o ns t i tu t e d  b y  a  know n  co n ne c t io n  s ys t e m,  

e . g . ,  w i r ed  LA N ,  w i re l e s s  L A N ,  U S B conn ec t i o n ,  ne tw ork  

c o nn ec t i on .   

 

     The  app l y i n g  mac h i ne  4  app l i e s  the  an i s o t ro p i c  

c o nd uc t i ve  pas t e  92  t o  t he  c i r c u i t  b oa rd  9 3  b y,  a s  an  ex a m pl e ,  a  

d i s pe ns i ng  s ys t e m o r  a  p r i n t i ng  sys te m.  Fu r t h e r,  t he  

a n i s o t ro p i c  c on d uc t i ve  pas t e  9 2  i s  t r a ns fe r r ed  t o  t he  

s e mi co nd uc t o r  c h ips  91  b y,  a s  a n  e x a mpl e ,  a  t r a ns fe r  s ys t e m.  

T h e  m oun t in g  ma ch i n e  5  mou n ts  t he  s e m ic o nd uc t o r  c h i ps  91  

on t o  t he  c i r c u i t  b oa rd  9 3  b y,  a s  a n  e xa mp l e ,  a  p ic k  a n d  p l ac e  

s ys te m.  A s  an  exa m p le ,  th e  ap p l y i n g  ma ch i ne  4  a nd  t he  

m o un t i n g  mac h i n e  5  ma y  be  c o m bi ne d .  The  con t i nu i t y  t e s t  
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m a ch i n e  6  de te r mi nes  qu a l i t y  o f  t he  s e mi c o nd uc t o r  c h i ps  91  by,  

a s  an  ex a m pl e ,  e ne rg iz in g  a nd  a c t ua t i ng  th e m.  T he  de fe c t i v e  

c h ip  r e mov i ng  ma ch in e  7  co m pr i s e s ,  a s  an  exa mp le ,  a  

no nc on ta c t  h ea t i ng  mec ha n i s m,  a nd  a  s uc t i on  o r  a dso rp t i on  

m e ch a n i s m,  a nd  r e mov es  a  con t i nu i t y - de fe c t iv e  ch ip  f r o m t h e  

s e mi co nd uc t o r  c h ips  91  w he n  t he  co n t i n u i ty -d e fec t i ve  c h i p  i s  

de te c t ed .  A s  an  exa mp le ,  the  co n t i nu i t y  t e s t  ma c h i n e  6  a nd  t he  

de fe c t iv e  ch i p  r e m ov i ng  ma ch in e  7  ma y  be  c o mb i ne d .  T he  

s ec o nd  r e f l ow  fu rn a c e  8  h ea t s  the  w ork  9 0 ,  i n  a  n on c o nt ac t  

s t a t e ,  so  a s  t o  t he r ma l  c u r e  t he  a n i s o t r op i c  c o nduc t i ve  pa s t e  

92 b  w he n  no  co n t i nu i t y - de fe c t iv e  ch ip  i s  d e t ec t e d  f r o m t he  

s e mi co nd uc t o r  c h ips  91 .  A s  an  e xa mp l e ,  t he  s e c o nd  r e f low  

f u r na c e  8  ma y  be  a  ba t c h  fu rn ac e .   

     

     S ucce s s ive l y,  t he  me t ho d  fo r  p r od uc in g  t he  

s e mi co nd uc t o r  d e v i ce  r e l a t in g  t o  t he  p re s e n t  i nve n t i on  w i l l  be  

e x p l a i ne d  be low.   

 

F igs .  8  and  9  a r e  f l ow ch ar t s  f o r  in d i c a t i ng  p ro d uc t i on  

p r oc es se s  o f  t he  s e mi c ond uc t o r  d e v i c e  9 4 .  T he  me t hod  o f  t he  

p r e se n t  e mb od i me n t  co mp r i s es :  a  mo un t i ng  s t ep  S1  in  w h i ch  

p l u r a l i t y  o f  t he  s e mic on du c t o r  c h i ps  91  a re  m o un t e d  on t o  t he  

c i r c u i t  bo a r d  93  t h r ou gh  t he  a n i s o t ro p i c  co nd uc t i ve  pas t e  92  t o  

p r od uc e  t he  f i r s t  i n t e r me d ia t e  90 a :  a  f i r s t  h e a t i ng  s t e p  S 2  i n  

w h ic h  the  f i r s t  in t e r me d i a te  90 a  i s  he a t ed  to  p r od uc e  a  s e con d  

i n te r med ia te  90 b ;  a  c o n t i nu i t y  t e s t  s t ep  S3  in  w h ic h  t he  

c o n t in u i ty  t e s t  o f  t he  s ec on d  in te r me d i a t e  90b  i s  pe r fo r m e d ;  a  

de fe c t iv e  ch ip  r e mov in g  s t ep  S 4  in  w h ic h  a  

c o n t in u i ty -d e fe c t i ve  ch i p  911  i s  r e mov ed  f r o m t he  mo un t e d  
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s e mi co nd uc t o r  c h ips  91 ,  t o  p r o du ce  t he  t h i r d  in t e r me d i a t e  90 c ,  

w hen  th e  co n t i nu i t y - de f e c t iv e  ch i p  911  i s  de tec te d ;  a  

r e - mo u n t i n g  s t ep  S5  in  w h i c h  a  ne w  s e mi co nd uc t o r  c h ip  9 12  i s  

m o un t e d ,  i n s te a d  o f  t he  co n t i n u i t y - de fe c t iv e  ch i p  911 ,  a t  a  

p l ac e  f ro m w hi c h  the  co n t in u i t y -d e fe c t i ve  ch i p  9 11  has  be en  

r e mo ve d ,  t o  p ro d uc e  the  fou r t h  in t e r me d i a t e  90 d ;  a n d  a  s e con d  

he a t i n g  s t e p  S 6  in  w h i ch  th e  w ork  i s  hea t e d  to  t he r m a l  cu re  t he  

t h e r mos e t t in g  r e s in  9 2 b  w he n  no  c on t i nu i t y - de fe c t i v e  ch ip  i s  

de te c t ed  i n  th e  co n t in u i t y  t e s t  s t ep  S 3 .  

 

I n  t h e  r e - mo un t in g  s t e p  S 5 ,  a s  an  e xa mp le ,  t he  

a n i s o t ro p i c  c on du c t i v e  p as te  92 b  i s  a p p l i e d  t o  t he  p l ac e  f r o m 

w hic h  t he  c o n t in u i t y  de t e c t i ve  c h i p  911  ha s  be en  r e mov e d ,  an d  

t h e  new  s e mi c o n du c t o r  c h i p  91 2  i s  mou n t ed  t o  p r od uc e  t h e  

f ou r t h  i n t e r me d i a te  90 d ;  a n d ,  in  a no t h e r  e xa mp le ,  t he  

a n i s o t ro p i c  c o nduc t i ve  pa s t e  92 b  i s  t r ans fe r r e d  t o  the  new  

s e mi co nd uc t o r  c h i p  9 12 ,  an d  t he  ne w  s emi c on du c t o r  c h ip  91 2  i s  

m o un t e d  o n t o  t he  p l ac e  o f  t h e  c i r c u i t  b oa r d  9 3 ,  f ro m w hic h  t he  

c o n t in u i ty  d e t e c t i ve  c h i p  911  has  b ee n  r e m ove d ,  to  p ro du ce  t he  

f ou r t h  i n t e r m e d i a t e  9 0d .  

 

N u mb er  o f  t i me s  o f  pe r fo r mi ng  t he  d e fe c t i ve  c h ip  

r e mo v i ng  s t ep  S 4  a nd  th e  r e - m o un t i ng  s t e p  S 5  w i l l  be  v a r i e d  

a cc o rd i n g  t o  t y pe ,  nu mb er,  a r r a n ge me n t ,  p i t c h ,  mo un t i ng  

de ns i t y,  p ro ces s in g  co nd i t i o ns ,  e t c .  o f  t he  s e mic on du c to r  ch ips  

91  t o  b e  m ou n t e d .  I n  t he  f l ow ch ar t  o f  t h e  exa m pl e  s how n  in  F ig .  

8 ,  t he  de fe c t i v e  c h ip  r e mo v in g  s t e p  S4  an d  th e  r e - mou n t in g  

s t ep  S5  a r e  r e pe a te d ,  a t  l eas t  o n e  t i me ,  un t i l  de t ec t i ng  n o  

c o n t in u i ty -d e fe c t i ve  c h ip .  In  t h e  f l ow ch a r t  o f  th e  e xa mpl e  
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s how n  i n  F i g .  9 ,  th e  de fe c t iv e  c h i p  r e mo v i ng  s t e p  S 4  an d  t h e  

r e - mo u n t i n g  s t ep  S5  a re  co mp l e t ed  by  p e r fo r mi n g  on e  t i m e .  In  

s o me  c as es ,  the  de fec t i ve  c h i p  r e m o v i ng  s t ep  S 4  an d  t h e  

r e - mo u n t i n g  s t ep  S 5  a re  pe r fo r me d  one  t i me ,  t w o  t i me s ,  th r e e  

t i me s ,  o r  fou r  t i me s  o r  mo re .  Co ns i d e r i ng  in f l ue n ces  o f  t h e  

he a t i n g  w i t h  r e sp ec t  t o  p r op e r t i e s  o f  p r od uc t s ,  p rod uc i n g  t i me ,  

p r od uc t i on  c os t ,  e t c . ,  p r e fe r ab le  n u m be r  o f  t i me s  o f  p e r f or m i n g  

t h e  de fe c t i ve  c h i p  r e mov i n g  s t ep  S4  a nd  the  r e - mo un t i ng  s t ep  

S 5  i s  l e s s  than  t e n  t i me s ,  mor e  p r e fe r a b l y  l e s s  tha n  f i ve  t i mes .  

 

F igs .  2A -3C sc h e ma t i ca l l y  s how  t he  i n s id e  o f  t he  f i r s t  

r e f l ow  fu rn ac e  3  fo r  he a t i n g  t he  w ork  9 0  be i ng  ca r r i e d  

t h e r e t h r ou gh .  F ig .  4  i s  a  g raph  o f  a  t e mpe r a tu re  p r o f i l e  o f  t h e  

w ork  9 0  i n  th e  f i r s t  r e f l ow  fu r na ce  3 .  The  ve r t i c a l  a x i s  o f  t h e  

g r a p h  ind ic a t e s  a  s u r f ac e  t e m pe ra t ur e  o f  the  w or k  90 ,  and  t he  

ho r i zo n t a l  a x i s  t h e re o f  i nd ic a t e s  ca r r y i ng  t i me  o f  t h e  w ork  90 .  

I n  t he  p r e se n t  e m bo d i m e n t ,  a  t e mp era t u re  o f  t h e  he a t i ng  z on e  

3b  o f  t he  f i r s t  r e f low  fu r nac e  3  i s  s e t  a t  a  me l t i ng  t e m p er a t u r e  

o f  so l de r  i n c l u de d  in  co n du c t i ve  pa r t i c l e s  9 2a  o f  t h e  

a n i s o t ro p i c  con d u c t i v e  pa s t e  92  o r  h i gh e r  a n d  s e t  a t  a  hea t i ng  

t e mp e r a t u r e  r e c o mme n de d  b y  a  m a te r i a l  ma nu fa c t u re r  o f  t he  

a n i s o t ro p i c  co nd uc t i ve  pas te  92  p l us  50° C o r  low er.  A 

t e mp e r a t u r e  o f  t h e  co o l i n g  z on e  3c  o f  t he  f i r s t  r e f l ow  fu r na ce  3  

i s  s e t  a t  a  t e mp e r a t u r e  l ow e r  th an  th e  me l t i ng  t e mp era t u re  o f  

s o l de r  i nc lu de d  i n  t he  c o nd uc t i ve  pa r t i c l e s  92a  o f  t h e  

a n i s o t ro p i c  co n du c t i v e  pas t e  92  a n d  s e t  a t  a  r oo m  t e m p er a t u r e  

o r  h ig he r.  T he  c o n t ro l  un i t  2  c on t r o l s  t o  c a r r y  t he  w or k  90  i n t o  

t h e  fu rn ac e ,  t o  hea t  t he  w o rk  90 ,  a l on g  a  p r es c r i b ed  

t e mp e r a t u r e  r i s i n g  c u rve ,  in  t he  f i r s t  he a t i n g  z o ne  3b 1 ,  to  
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m a in t a in  t he  w or k  90  a t  a  pea k  t e mp e r a t u r e ,  fo r  a  p r es c r i b ed  

pe r i od  o f  t i m e ,  i n  t h e  s ec ond  h ea t i ng  z one  3 b 2 ,  to  c oo l  t he  

w ork  90 ,  a lo ng  a  p r es c r ib e d  t e mpe r a t u r e  r ed u c i ng  c u rv e ,  i n  t he  

f i r s t  co o l in g  z on e  3c1 ,  so  a s  to  g ra du a l ly  c oo l  t he  w or k  90  in  

t h e  s eco nd  c o o l in g  zo ne  3 c2  a n d  p u t  t he  w or k  i n  a  ha nd la b l e  

s t a t e  fo r  th e  ne x t  s t ep ,  an d  t o  c a r ry  t he  w or k  90  o u t s id e .   

 

     S ucce s s ive l y,  the  p r od uc t i on  p r oc e s s  s how n  in  F ig .  8  w i l l  

be  e xp la i n ed .   

 

     A s  a n  e xa mp l e ,  t h e  a n i so t ro p i c  co nd u c t iv e  pa s t e  92  

c o mp r i s es :  t h e  co nd uc t i ve  pa r t i c l e s  92a  c o mp ose d  o f  l ea d - f r e e  

s o l de r  o r  a  c o nd uc t i v e  me ta l  c o ns t i tu t i ng  l ea d - f r e e  so l de r ;  a nd  

t h e  th e r m ose t t i n g  r e s in  9 2b ,  e . g . ,  e po xy  r e s i n .  

 

     I n  the  mou n t i ng  s t e p  S 1 ,  t he  a n i s o t r op i c  c on d uc t i ve  p a s t e  

92  i s  a p p l i e d  t o  e l ec t r o des  9 3e  o f  t he  c i r c u i t  b oa rd  93  by  t h e  

a p p l y i ng  ma ch in e  4 ,  and  p l u r a l i t y  o f  t he  s e m i c on du c t o r  c h i ps  

91  a r e  mo u n t ed  o n t o  t he  c i r c u i t  bo a r d  93  in  a  s t a t e  w he r e  l ow er  

s u r f ac es  91b  o f  th e  s e mi co n du c t o r  ch ips  91  f a c e  t h e  up pe r  

s u r f ac e  93 a  o f  th e  c i r cu i t  b oa rd  93 ,  by  t he  mo un t i ng  ma ch in e  5 ,  

s o  a s  to  p ro du ce  t he  f i r s t  in t e r me d i a t e  9 0a  a s  s how n  i n  F ig .  6A.  

A l t e rn a t iv e l y,  i n  t he  m o un t i n g  s t ep  S1 ,  t h e  a n i s o t r op i c  

c o nd uc t i ve  p a s t e  92  i s  t r ans fe r r e d  t o  th e  low e r  su r f a c es  91b  o f  

t h e  s emi c o nd uc t o r  ch i ps  91  by  th e  a pp ly in g  ma ch i ne  4 ,  and  

p l u r a l i t y  o f  t he  s e mic on du c t o r  c h i ps  91  a re  m o un t e d  on t o  t he  

c i r c u i t  bo a r d  9 3  i n  a  s t a t e  w h er e  t he  l ow er  s u r f a ce s  91b  o f  t h e  

s e mi co nd uc t o r  c h i ps  91  f ac e  t h e  uppe r  s u r f ac e  93 a  o f  t h e  

c i r c u i t  boa r d  9 3 ,  by  t he  mo un t i ng  ma c h in e  5 ,  so  a s  to  p ro du c e  
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t h e  f i r s t  i n t e r m ed i a t e  9 0a  a s  show n  in  F i g .  6A .  The  c on t ro l  un i t  

2  co n t r o l s  the  a c t i o ns  o f  t he  a p p l y i ng  mac h i ne  4  an d  t he  

m o un t i n g  ma ch i n e  5 .   

 

I n  t he  f i r s t  h ea t i n g  s t e p  S2  fo l l ow i ng  t he  mou n t i ng  s t ep  

S 1 ,  hea t in g  t h e  f i r s t  i n t e r me d i a t e  90 a  i s  pe r fo r med  s o  a s  t o  

p r od uc e  t he  s ec o nd  i n t e r me d ia t e  9 0b .  In  th e  f i r s t  h ea t i ng  s t e p  

S 2 ,  a s  s how n  i n  F i gs .  2A and  2 B ,  t he  c on t r o l  un i t  2  c on t r o l s  t he  

i n pu t  c on v ey or  3 3  t o  ca r ry  t he  f i r s t  in t e r me d i a t e  90 a  to  t h e  

e n t r an c e  3 0a .  N ex t ,  t h e  c on t ro l  un i t  2  pe r fo r ms  an  

i n te rc on ne c t ed  o p e r a t i o n  be tw ee n  t he  in p u t  c on ve yo r  33  an d  

t h e  f i r s t  c on ve yo r  31  so  a s  to  t r a ns fe r  t he  f i r s t  in t e r med i a te  9 0a  

f r om t he  i npu t  c onv e y or  33  t o  t he  f i r s t  c o nv e y or  31 .  Th en ,  t he  

c o n t ro l  un i t  2  c o n t r o l s  th e  f i r s t  c o nve yo r  31  s o  a s  t o  p i t c h - f e ed  

t h e  f i r s t  in t e r med i a t e  9 0a  t o  th e  f i r s t  hea t i ng  z on e  3 b1 .   

  

N ex t ,  t he  c on t r o l  un i t  2  co n t ro l s  the  f i r s t  c o nv e yo r  31  to  

s t ay  th e  f i r s t  in t e r med ia te  9 0a ,  in  t he  f i r s t  h ea t i ng  zo ne  3 b1 ,  

f o r  a  p r es c r i b e d  pe r i od  o f  t i m e ,  an d  th e n  i mme d i a te ly  

p i t c h - f e eds  t he  f i r s t  i n t e r me d i a t e  90 a  f r o m t he  f i r s t  he a t in g  

z o ne  3 b1  t o  t he  s econ d  hea t i n g  zo ne  3 b2 .  S ucc es s i ve ly,  a s  

s how n  i n  F ig .  2C ,  t he  co n t r o l  un i t  c on t r o l s  2  the  f i r s t  c onv ey o r  

31  an d  the  s ec on d  con ve yo r  32  t o  pe r fo r m a n  i n te r c o nn ec t e d  

op e r a t i o n  th e r eb e t w ee n  so  a s  to  t r ans fe r  t he  f i r s t  in t e r me di a t e  

90 a  i n  th e  hea te d  s t a t e  f ro m th e  f i r s t  c on ve y or  31  t o  t he  s e co nd  

c o nv ey or  3 2 ,  and  co n t ro l s  the  s eco nd  c o n ve yo r  32  to  c a r r y  t h e  

f i r s t  i n t e r me d i a t e  90 a  t o  t he  f i r s t  coo l i n g  zo ne  3c 1 ,  a t  a  

c o ns t a n t  s pe ed ,  s o  a s  to  coo l  th e  h ea t e d  f i r s t  i n t e r m ed i a te  9 0a ,  

a n d  t o  c a r ry  th e  f i r s t  i n t e r m e d i a t e  90 a  t o  t he  s e co n d  c oo l i ng  
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z o ne  3c 2  a t  a  c on s tan t  spe ed .  T he n ,  a s  show n  in  F i g s .  3B  an d  

3C ,  t h e  s e co nd  i n t e r m e d i a t e  90 b ,  w h i c h  ha s  be en  h ea t e d  an d  

c o o l ed ,  i s  ca r r i e d  ou t s i de  f ro m th e  ex i t  3 0 f .   

 

I n  t he  p res en t  e mbo d i me n t ,  t he  f i r s t  i n t e r med ia te  90 a  i s  

p i t c h - f e d  t o  th e  f i r s t  h ea t i n g  zo n e  3b 1  a nd  s t a y ed  th e re i n  fo r  

t h e  p res c r i be d  pe r io d  o f  t i m e ,  s o  th a t  t h e  f i r s t  in t e r m e d ia t e  90 a  

c a n  be  he a t ed ,  a l on g  t he  p r es c r ib e d  t e mp e ra tu re  r i s in g  c u r ve ,  

w i t h  e q ua l  he a t  d i s t r ib u t io n ,  a nd  t he  t e mp e r a t u r e  o f  the  f i r s t  

i n t e r med ia te  90 a  ca n  r a p id ly  r e a c h  the  pe a k  t e mp er a t u r e .  

F u r t he r,  t h e  f i r s t  in t e r me d i a t e  90 a ,  w h i ch  ha s  be e n  he a t e d  a t  

t h e  pea k  t e mp e r a t u r e ,  i s  p i t ch - f ed  t o  th e  s eco nd  h ea t i ng  z o n e  

3b 2  a n d  s t a ye d  th e re i n ,  so  t ha t  t he  f i r s t  i n t e r me d ia t e  90 a  ca n  be  

c o n t in uo us l y  he a t ed  a t  t he  pe a k  t e mp e r a t u r e  w i t h  e qu a l  h ea t  

d i s t r i bu t i on ,  a nd  s o  t ha t  t he  so l de r  o f  t he  c on d uc t i ve  pa r t i c l e s  

92 a  c a n  be  c om pl e t e l y  me l t ed .   

 

Th e  pea k  t e mp er a t u r e  o f  the  h e a te d  f i r s t  in t e r me d i a t e  90 a  

i s  s e t  a t  a  t e mpe r a t u r e  h i gh e r  t h an  t he  me l t i n g  t e m p e ra t u re  o f  

t h e  s o lde r  o f  th e  c on duc t i v e  pa r t i c l e s  92a .  A s  a  t a rg e t ,  t he  pe a k  

t e mp e r a t u r e  i s  s e t  a t  a  me l t i n g  t e mp era t u re  o f  th e  so l de r  o f  t h e  

c o nd uc t i ve  pa r t i c l e s  92 a  p l us / mi n us  w i t h in  10° C .  P re fe r a b ly,  

t h e  pe a k  t e mp er a t u re  i s  s e t  a t  a  me l t i n g  t e mp er a t u r e  o f  t h e  

s o l de r  o f  t he  c o n du c t i v e  pa r t i c l e s  92 a  p l us / mi nus  w i t h i n  5°C .  

Wi t h  th i s  man ne r,  hea t  da ma ge  a p p l i e d  to  t h e  s e mi co nd uc to r  

c h ips  9 1  i n  t he  f i r s t  i n t e r me d i a te  90 a  c a n  b e  m in i mi ze d ,  an d  

m e l t in g  t h e  s o l d e r  o f  t h e  c o ndu c t i v e  pa r t i c l e s  9 0a  c an  b e  

r a p i d l y  pe r fo r m e d .  
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A t a rg e t  pe r i od  o f  t i me  fo r  he a t in g  th e  f i r s t  i n t e r m e d ia t e  

90 a  un t i l  r e ac h i n g  t h e  pe ak  t e mp e ra t u re ,  in  t he  f i r s t  hea t i ng  

z o ne  3b 1 ,  i s  20 -4 0  s ec on ds .  A t a rg e t  p e r i od  o f  t i m e  fo r  

c o n t in uo us l y  he a t i n g  t he  f i r s t  i n t e r me d ia t e  90 a ,  w i t h  

m a in t a in i n g  t he  p ea k  t e mp e ra tu re ,  i n  t h e  s ec on d  h ea t i ng  z o ne  

3b 2  i s  5 - 30  s e co nds .  Wi t h  t h i s  man ner,  p r o du c i ng  de fe c t i ve  

s e mi co nd uc t o r  c h i ps  i n  th e  f i r s t  i n t e r me d i a t e  9 0a  c a use d  b y  

t h e r ma l  s t r a i n  a n d  s ca t t e r i ng  t he  a n i s o t r op ic  c on du c t i ve  p as t e  

92 b  c a n  be  p r e v e n t e d ,  t he r ma l  c u r i n g  t he  t h e r mose t t i ng  r e s i n  

92  c a n  be  h i g h ly  r e s t r a i ne d ,  coh e s i v e  p r op e r t i e s  o f  t he  

c o nd uc t i ve  pa r t i c l e s  92 a  c a n  b e  i mp ro ve d ,  an d  me l t i n g  t h e  

s o l de r  o f  t h e  c o nduc t i ve  pa r t i c l e s  9 2 a  ca n  b e  r a p i d l y  

pe r fo r me d .   

 

A s  a n  exa m p le ,  a n  a ve r ag e  r a t e  o f  the  t e mp e r a t u r e  r i s i n g  

c u rv e  o f  t he  f i r s t  in t e r me d i a t e  90 a  hea te d  i n  t he  f i r s t  hea t i ng  

z o ne  3 b 1  i s  4 - 8°C / se c on d .  A ma x i mu m r a t e  o f  th e  t e m p er a t u r e  

r i s i ng  c u r ve  i s ,  a s  a n  e xa mp l e ,  4 -2 0° C /s ec on d .  Co ns id e r in g  

l o s s  o f  h ea t  con d uc t i on ,  a  t e mpe ra tu re  o f  h o t  w i n d  in  t he  f i r s t  

he a t i n g  zon e  3b 1  i s  s e t  a t  a  t empe ra t u re  h i gh e r  t h a n  the  pe ak  

t e mp e r a t u r e  o f  t h e  f i r s t  i n t e r me d i a t e  90 a .  The  t e mp era t u re  o f  

ho t  w ind  in  t he  f i r s t  h ea t i ng  z o ne  3 b1  i s ,  a s  an  exa mp le ,  

20 -1 00° C  h ig he r  t ha n  t he  pe ak  t e mpe ra t u re  o f  the  f i r s t  

i n t e r med ia te  9 0a .  A t e mp e r a t u r e  o f  ho t  w ind  i n  t he  s e co n d  

he a t i n g  zo ne  3 b s  i s  s e t  a t  a  t e mp er a t u r e  low e r  tha n  t h e  

t e mp e r a t u r e  o f  h o t  w i n d  i n  t he  f i r s t  he a t i ng  z on e  3b 1  an d  i s  

c a pa b l e  o f  m a i n ta i n i ng  t he  p e a k  t e mp e ra t u r e  o f  the  f i r s t  

i n t e r med ia te  9 0a .   
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N a me ly,  w i t h  th e  a b ov e  des c r i be d  m a nn er,  th e  w ork  90  c an  

be  r a p i d l y  h ea te d  in  t he  f i r s t  he a t in g  z on e  3 b1 ,  a nd  m e l t i ng  t h e  

s o l de r  o f  t h e  co n du c t i v e  pa r t i c l e s  92 a  o f  the  w or k  90  c a n  be  

c o mp le te d ,  in  the  s e cond  h e a t i ng  z on e  3b 2 ,  i n  a  sho r t  t i me ,  s o  

t h a t  c u r i n g  t he  t he r mos e t t in g  r e s i n  9 2b  c a n  be  h i gh ly  

r e s t r a i n ed .   

 

T he n ,  t he  w or k  90 ,  w h i ch  has  b e e n  hea t e d  a t  t he  pe a k  

t e mp e r a t u r e  a n d  i n  w h ic h  t he  so l de r  o f  th e  con d uc t i v e  pa r t i c l e s  

92 a  has  be e n  c o m pl e t e l y  me l t ed ,  i s  ca r r i e d  t o  th e  f i r s t  coo l i ng  

z o ne  3c 1  a t  t h e  c ons t an t  spe ed  a nd  coo le d ,  b y  co o l  w ind ,  u n t i l  

c u r i ng  t he  s o l de r  o f  th e  c o nd uc t i ve  p a r t i c l e s  92a .  A t a rge t  

pe r i od  o f  t i me  fo r  t he  co o l i ng  i s  10 - 30  s e co n ds .  S ucce s s i ve ly,  

t h e  w ork  90 ,  in  w h i ch  t h e  so l d e r  o f  th e  con du c t i ve  pa r t i c l e s  92a  

ha s  b ee n  c u r ed ,  i s  c a r r i e d  t o  t h e  s ec on d  c oo l i ng  zo ne  3c 2  a t  t he  

c o ns t a n t  s pe ed  a nd  c oo le d ,  by  c oo l  w ind ,  u n t i l  r ea c h i ng  a  

t e mp e r a t u r e  ca pa b l e  o f  pe r fo r mi n g  t he  c on t i n u i t y  t e s t  and  

be in g  h an d l ed .  A t a rg e t  pe r i od  o f  t i m e  fo r  the  co o l in g  i s  10 -40  

s ec o nds .  A t a rg e t  t e mpe r a tu re  c a pa b le  o f  pe r f or m i ng  t h e  

c o n t in u i ty  t e s t  i s  20 - 40° C .  Wi t h  t h i s  ma n ner,  t h e  c on t in u i t y  

t e s t  c a n  be  r a p i d l y  s t a r t e d  w i t h  h i g h l y  r e s t r a i n i n g  t h e  t he r ma l  

c u r i ng  o f  t h e  t h e r mos e t t in g  r e s i n  9 2b  o f  th e  w ork  90 .  

 

      I n  th e  f i r s t  r e f low  fu r na c e  3 ,  the  p res s e r  ro l l e r  34 ,  

w h ic h  c o nt ac t s  t he  uppe r  s u r f ac e  9 3a  o f  t h e  c i r c u i t  bo a r d  93  

w hen  t r a ns fe r r i n g  the  w ork  90  f ro m  t he  f i r s t  c on ve yor  31  to  t h e  

s ec o nd  c o nve y or  32 ,  i s  p r o v i de d  t o  a  p la c e  be tw ee n  th e  f i r s t  

c o nv ey or  31  a nd  the  s e con d  con v ey or  32 .  By  p r o v i d i ng  t h e  

p r e s s e r  ro l l e r  34 ,  th e  w or k  90  ca n  be  r a p i d l y  c a r r i e d  t o  th e  f i r s t  
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c o o l in g  zo n e  3c 1  i n  a  s t a t e  w he re  the  c a r ry in g  s pe e d  o f  t he  

c o nv ey or  3 1  i s  ma i n t a i ne d .  A s  a n  ex a mpl e ,  t he  p r es s e r  ro l l e r  3 4  

c o mp r i s es  t w o  r o l l e r s ,  w h ich  a r e  a r r a nge d  an d  p iv o t a b l y  

s upp or te d  o n  a  sha f t  w i t h  a  p r e s c r i b ed  i n t e r va l  a nd  w h i ch  

c o n t ac t  pa r t s  o f  t he  u pp er  s u r f a c e  93 a  o f  t he  c i r cu i t  boa rd  9 3  

ne a r  b o t h  s i d e  e d ges  ex ce p t  t h e  mo un t i ng  s u r f ac e s ,  t he  c i r cu i t  

bo a r d  93  i s  p re s s ed  in  a  pa r a l l e l  s t a t e  by  ow n  w e i gh t s  o f  t he  

t w o  ro l l e r s ,  a nd  t h e  w ork  90  ca n  be  ca r r i e d  t o  t he  s e co nd  

c o nv ey or  3 2  in  t h e  s t a t e  w he re  t he  c a r r y i ng  s pe e d  of  t he  f i r s t  

c o nv ey or  31  i s  ma i n ta i n ed  w i t h  r e s t r a i n in g  i n f lu e nc e  o f  w e i g h t  

l o ad .  

 

     I n  the  p r es en t  e mb o d i me n t ,  by  t he  i n t e rc on ne c t ed  

op e r a t i o n  be t w e e n  t h e  f i r s t  c on ve yor  31  an d  t he  s e c on d  

c o nv ey or  3 2 ,  the  w ork  90  c a n  b e  ca r r i e d  t h r ough  the  f i r s t  

r e f l ow  fu r n ac e  3  fo r  t h e  p e r io d  o f  t i me  s h o r te r  t h an  t h e  c u r i ng  

t i me  o f  t he  t he r mos e t t i ng  r e s i n  92 b  o f  t he  a n i s o t r op i c  

c o nd uc t i ve  pas t e  92 .  F u r th e r,  in  t h e  f i r s t  he a t in g  s t ep  S 2 ,  t he  

w ork  90  i s  p i t ch - f e d  t o  t h e  he a t in g  zon e  3b ,  the  so l de r  o f  t he  

c o nd uc t i ve  p a r t i c l e s  92a  o f  th e  a n i s o t ro p i c  c o nd uc t i ve  pas te  9 2  

i s  r a p i d l y  me l t e d ,  a n d  the n  t he  w ork  90  i s  ca r r i ed  t o  t h e  coo l i n g  

z o ne  3 c  so  a s  to  c u r e  th e  s o l de r  o f  t he  c on d uc t i ve  p a r t i c l e s  9 2a  

o f  t he  a n i s o t ro p i c  c ondu c t i ve  p a s t e  92 ,  so  th a t  t h e  w ork  9 0  c an  

be  r a p id ly  p u t  i n  th e  en e rg i za b l e - r e w ork ab l e  s t a t e .  

 

     I n  t he  c on t i nu i t y  t e s t  s t e p  S 3  fo l l ow i ng  t h e  f i r s t  hea t i ng  

s t ep  S2 ,  t he  c o n t i nu i t y  t e s t  o f  t he  s eco nd  i n te r me d i a t e  9 0b  i s  

pe r fo r me d  b y  t he  co n t in u i t y  t e s t  ma c h in e  6 .  A s  an  exa mp l e ,  t h e  

s e mi co nd uc t o r  c h i ps  9 1  a r e  L E D s .  In  c a se  o f  L ED s ,  go od  on es  
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c a n  be  tu r ne d  on ,  bu t  de fe c t i ve  one s  ca nno t  be  t u rn e d  on  i n  t he  

t e s t ,  s o  t ha t  i t  c a n  b e  e as i l y  j ud ge d  w he th e r  th e  c h i ps  a r e  g oo d  

o r  n o t ,  a n d  p l a ce s  o f  t h e  de fe c t i v e  ch i ps  ca n  be  ea s i l y  

i d en t i f i e d  by  c o mb in in g  l i gh t  r e ce i v in g  mea ns ,  e . g . ,  CCD  

c a me ra ,  op t i c a l  s e nso r,  fo r  ge n e r a t i ng  l i gh t  r e ce i v i ng  s i g na l s  

a n d  s t o r i ng  me a ns  fo r  s t o r i ng  da ta  o f  t h e  l i gh t  r e c e i v i ng  s i gn a l s  

w h ic h  a r e  ma de  con ne c t io n  w i t h  a r r a n g e men t  da ta  o f  t h e  

s e mi co nd uc t o r  c h ips  91 .  T he  s e mi co nd uc t o r  c h i ps  91  may  be  

c h ip - s ha pe d  s e mi co nd uc to r s  to  w h ic h  th e  f l i p  c h i p  mou n t in g  

t ec hno l o gy  ca n  be  app l i e d .  T her e fo r e ,  the  s e mic on duc to r  ch i ps  

91  ma y  be  LE D s ,  t r a ns i s t o r s ,  i n t e gr a t e d  c i r cu i t  e l e me n ts  a nd  

o t he r  kn ow n  c h i p - s hap ed  s e mic o nd uc t o r s .   

 

I n  t he  c o n t in u i ty  t e s t  s t e p  S3 ,  a s  s how n  i n  F ig .  6 B ,  i f  a  

c o n t in u i ty -d e fe c t i ve  c h i p  9 11  i s  d e t e c t e d  f r o m th e  mou n t e d  

s e mi co nd uc t o r  c h ips  91 ,  t he  de fe c t i v e  ch i p  r e mo v i ng  s t e p  S4 ,  

i n  w h ic h  t he  c on t i nu i t y - de fe c t iv e  c h i p  9 11  i s  r e m ove d  f r o m t h e  

m o un t e d  s e mi co nd uc t o r  c h i ps  9 1  b y  t he  de fe c t i ve  c h i p  

r e mo v i ng  ma ch in e  7  t o  p r od uc e  t h e  th i r d  i n t e r m e d i a t e  90 c ,  i s  

pe r fo r me d .  A s  a n  exa mpl e ,  a i r  i s  suc ke d ,  by  a  va cu u m s uc t i on  

he ad ,  in  a  d i r e c t i on  F2  w i t h  i r r a d i a t i n g  a  low er  s u r f ace  o f  t he  

c o n t in u i ty -d e fe c t i ve  c h i p  9 11 ,  t h r ou gh  th e  c i r c u i t  bo a r d  9 3 ,  

w i t h  a  l a s e r  be a m F1  e mi t t e d  f r o m a  l a s e r  hea d  7 7 ,  s o  a s  to  h ea t  

t h e  mou n t i ng  p la ce  o f  t he  co n t i n u i t y - de fe c t iv e  c h i p  911  in  a  

no nc on ta c t  s t a t e ,  so  t ha t  t he  s o l de r  o f  t he  th e r mos e t t i ng  r e s i n  

92 b  i s  r e - me l t ,  and  th e  con t i nu i ty -d e fe c t i ve  ch i p  9 11  a nd  t he  

t h e r mos e t t in g  r e s i n  92b  o f  a  b on d i n g  pa r t  a r e  r e mov e d  f ro m t h e  

c i r c u i t  bo a r d  9 3 .  In  t he  r e - mo u n t i n g  s t ep  S5  fo l l ow i n g  t he  

de fe c t iv e  ch i p  r e mo v i ng  s t e p  S4 ,  t he  an i s o t ro p i c  c on du c t i v e  
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pa s t e  92  i s  app l i e d  to  t h e  p la c e  o f  th e  c i r c u i t  b oa rd  93 ,  f ro m 

w hic h  the  c on t i nu i t y - de fe c t iv e  ch i p  911  has  bee n  r e mo ve d ,  by  

t h e  a pp ly in g  mac h i ne  4 ,  t h en  a  n e w  s emi c on d uc to r  ch ip  912  i s  

m o un t e d  o n t o  s a i d  p l ac e ,  a s  show n  in  F i g .  7A ,  s o  a s  t o  p ro du c e  

t h e  fo u r t h  in te r m ed i a te  9 0 d .  A l te r na t i ve l y,  i n  th e  r e - mo un t i ng  

s t ep  S5 ,  the  a n i s o t ro p i c  c ond uc t i v e  pa s t e  92  i s  t r a n s fe r r e d  to  

t h e  new  se mic on du c t o r  ch ip  9 12  by  t h e  a p p l y i ng  ma ch i n e  4 ,  

t h en ,  a s  s how n  i n  F i g .  7A ,  the  ne w  s em ic on d uc t o r  c h i p  91 2  i s  

m o un t e d  o n t o  t he  p l ac e  o f  t h e  c i r c u i t  b oa r d  9 3 ,  f ro m w hic h  t he  

c o n t in u i ty -d e fe c t i ve  ch i p  9 11  has  bee n  r e mo v ed ,  so  a s  to  

p r od uc e  th e  fo u r t h  in te r med ia te  9 0 d .  

 

     A f t e r  p e r fo r mi ng  th e  r e - mo u n t in g  s t ep  S 5 ,  t he  con t r o l  

un i t  2  r ep ea t s  the  f i r s t  he a t i n g  s t e p  S 2  and  t h e  c o n t i nu i t y  t e s t  

s t ep  S3  un t i l  de te c t i n g  no  de fe c t i v e  ch i p  s o  a s  t o  p r oduc e  t he  

f i f t h  in t e r me d i a te  90e  s how n  i n  F ig .  7B ,  i n  w h ic h  a l l  o f  t h e  

m o un t e d  s e mic on du c t o r  c h i ps  91  a nd  9 12  a re  g oo d  o nes .  

 

I f  n o  de fe c t i v e  ch ip  i s  de t e c t ed  i n  t he  c on t i nu i t y  t e s t  s t ep  

S 3 ,  the  s ec on d  h e a t i ng  s t e p  S6 ,  i n  w h ic h  t he  t h e r mos e t t in g  

r e s i n  9 2b  i s  t h e r m a l  c u r ed  b y  h ea t i n g  t he  f i f th  in t e r m ed i a te  90 e  

i n  t h e  s ec on d  r e f l ow  fu rn ac e  8 ,  i s  pe r fo r me d .  Co ns id e r i n g  l o s s  

o f  he a t  co nd u c t io n ,  a  t a rge t  o f  a  t e mp er a t u r e  o f  ho t  w i nd  i n  t he  

s ec o nd  h ea t i ng  s t ep  S6  i s  2 -5°C  h i gh e r  th a n  t he  t he r ma l  c u r i ng  

t e mp e r a t u r e  o f  t he  t h e r mos e t t in g  r e s i n  9 2 ,  a nd  t he  s e co nd  

he a t i n g  i s  pe r fo r m e d  fo r  a  p r esc r i be d  pe r i od  o f  t i m e .  A t a rge t  

pe r i od  o f  t i me  fo r  t h e  hea t i n g  i s  20 -24 0  mi nu te s .  A s  an  

e x a mpl e ,  t he  h e a t i ng  i s  pe r fo r me d  a t  a  r a t e d  hea t i ng  

t e mp e r a t u r e  o f  th e  an i so t r op ic  c on du c t i v e  pas te  9 2  fo r  a  r a t e d  
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he a t i n g  t i m e  t he re o f .  In  ca se  t ha t  a  t a rge t  pe r i od  o f  t i me  fo r  t he  

s ec o nd  he a t in g  s t ep  S 6  i s  60  mi nu t es  o r  l o ng er,  o r  i n  cas e  th a t  

a n  a g i ng  s t e p  i s  fu r t he r  pe r fo r m e d ,  ba t c h  p r od uc t i o n  ma y  be  

pe r fo r me d  by  us i ng  a  ba t c h  fu rn a ce ,  in s te ad  o f  t h e  s e con d  

r e f l ow  fu r na ce  8 ,  so  tha t  p r od uc t i v i ty  c an  b e  i mpr o ve d .   

 

Th e  p ro du c t io n  p r oc es s  s how n  i n  F ig .  8  has  b e e n  

de sc r i be d  ab o ve .  In  c as e  t h a t  p r od u c t i o n  co nd i t i ons ,  e . g . ,  t ypes ,  

nu m be r,  a r r a n ge me n t ,  p i t c h  an d  mou n t in g  de ns i t y  o f  t he  

s e mi co nd uc t o r  ch i ps  91  to  b e  mo u n t ed ,  p r oce s s i ng  c o nd i t i o ns ,  

a r e  c o nso l i da t e d ,  t h e  d e fe c t i ve  c h i p  r e m o v i n g  s t e p  S 4  an d  t he  

r e - mo u n t i n g  s t e p  S 5  c an  be  c o mpl e t e d  b y  r e s pec t i ve ly  

pe r fo r mi ng  o ne  t i me ,  so  tha t  t he  p r oc es s  s how n  in  F i g .  9  ca n  be  

e mpl oy e d  a n d  p r o du c t i v i t y  ca n  be  i mp ro ve d .   

 

     I n  the  p r e se n t  e mb o d i me n t ,  t he  w or k  90  ca n  b e  pu t  i n  t he  

e n e rg i za b l e - r ew o r ka b l e  s t a t e .  A s  an  e x a mp l e ,  i n  ca se  o f  

m a t r i c a l ly  mou n t i ng  a  l a rg e  nu m be r  o f  L ED s  hav i ng  a  w id th  o f  

0 . 1  mm or de r  u se d  fo r  p r od u c i ng  a n  RG B d i sp l ay,  a  ba ck l i gh t  

o f  L CD ,  e tc . ,  y i e l d  o f  th e  s e mi c on d uc t o r  de v i ce  n e ce s s a ry  fo r  a  

h i gh -d ens i ty  mo un t i ng  t ec hn o l o gy  ca n  be  d r a ma t i c a l ly  

i n c r ea se d  

 

In  t he  a bo ve  de sc r i b ed  e mbo d i me n t ,  th e  c on t i nu i t y  t e s t  o f  

t h e  w ork  9 0  i s  pe r fo r me d  by  t he  c o n t in u i ty  t e s t  ma c h i n e  6 ,  bu t  

t h e  t e s t in g  me a ns  i s  no t  l i mi t e d ,  s o  i t  c an  b e  j ud ge d  w he t he r  

t h e  s e mi c o nd uc to r  ch i p  i s  go od  o r  no t  a c co rd i n g  t o  t y pes  o f  t h e  

s e mi co nd uc t o r  c h i p  9 1 ,  a s  f a r  a s  the  w o rk  90  i s  i n  t he  

e n e rg i za b l e - r ew o r ka b l e  s t a t e .  O t he r  ma t e r i a l s  co mp os ed  o f  
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kn ow n  c o nd uc t i ve  pa r t i c l e s  92 a  a n d  know n  t he r mos e t t i ng  r e s i n  

92 b  ma y  be  e mp l oye d  fo r  t he  a n i s o t ro p i c  co nd uc t i v e  pas t e  9 2 ,  

a n d  a  ma t e r i a l  i nc lu d i ng  n o  cu r i n g  a c ce l e ra t o r  i n  b i nd e r  ma y  b e  

e mpl oy e d .  In  so me  us e  app l i c a t i ons ,  l ea d  ma y  be  i n c l ude d  in  

t h e  con d uc t i ve  pa r t i c l e s  92a .  N o t e  t ha t ,  t he  p r es en t  in ve n t io n  i s  

no t  l i mi te d  to  t he  abo ve  d es c r i b ed  e mbo d i me n t .   
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CLA IM S  

 

[ C l a i m 1 ]     

A me t hod  fo r  p r od uc in g  a  s emi co nd uc t o r  de v i ce ,  

c o mp r i s i ng :  

a  mo un t i n g  s t ep  fo r  t r a ns fe r r in g  an i s o t r op i c  co nd u c t i ve  

pa s t e ,  i n  w h i ch  c on du c t iv e  pa r t i c l e s  a r e  d i sp e r s e d  i n  unc u r e d  

t h e r mos e t t in g  r e s i n ,  t o  s e mi c on du c to r  ch i ps  a nd  m o un t i ng  t he  

s e mi co nd uc t o r  c h i ps  on t o  a  c i r cu i t  b oa rd  by  f l ip  ch i p  mo un t i n g  

t ec hno l o gy ;  an d  

a  f i r s t  h e a t i ng  s t e p  fo r  he a t i ng  a  w or k ,  in  w hi c h  

p l u r a l i t y  o f  th e  s emi co nd uc t o r  c h i p s  a r e  mou n t ed  o n  th e  c i r cu i t  

bo a r d  th ro ug h  t he  an i so t ro p i c  c o nd uc t i ve  p as te ,  i n  a  f i r s t  

r e f l ow  fu r na ce ,  

w her e i n  th e  f i r s t  r e f l ow  fu r na ce  co mp r i s e s :  a  h ea t in g  

z o ne  i n  w h i c h  t e mp e r a t u r e  i s  s e t  a t  a  me l t i ng  t e m pe ra t u re  o f  

s o l de r  i nc l ude d  i n  t he  co nd uc t i ve  p a r t i c l e s  o r  h i g he r ;  a  co o l in g  

z o ne  in  w h i ch  t e mpe ra tu re  i s  s e t  l ow er  t ha n  th e  m e l t i n g  

t e mp e r a t u r e  o f  t h e  so l d e r  i nc lu de d  in  t he  c on du c t iv e  pa r t i c l e s ;  

a  f i r s t  co nv ey or  b e i ng  ex te nde d  f r o m a n  en t r a nc e  to  t he  he a t in g  

z o ne ;  a nd  a  s e c o nd  co n ve yo r  b e i ng  ex t e n d ed  f r o m t h e  co o l i ng  

z o ne  to  a n  ex i t ,  t h e  w ork  i s  ca r r i ed  th ro ug h  t h e  f i r s t  r e f low  

f u r na c e ,  fo r  a  p e r i o d  o f  t i me  sho r t e r  t ha n  a  cu r i ng  t i me  o f  t he  

t h e r mos e t t in g  r e s i n ,  by  th e  f i r s t  con ve yor  a nd  t he  s e c on d  

c o nv ey or,  a n d  

t h e  f i r s t  he a t i n g  s t ep  co m pr i s es :  hea t i ng  t he  w o rk ,  

a l on g  a  t e mpe ra t u r e  r i s i n g  cu rv e  w hos e  a v e r ag e  t e m p er a t u r e  

r i s i ng  r a t e  i s  4 - 8°C/ s e c on d ,  in  a  f i r s t  h ea t i ng  z o ne  o f  t h e  

he a t i n g  zon e  by  p i t c h - f ee d in g  the  w or k  to  t he  f i r s t  he a t i n g  z on e  
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a n d  s t ay i ng  t h e r e i n ;  nex t ,  me l t in g  th e  so l de r  by  p i t c h - f e e d in g  

t h e  w or k  t o  a  s e co nd  he a t in g  z on e  o f  th e  h ea t i ng  zo ne  a n d  

s t ay in g  th e r e i n ;  a nd  t he n  c a r r y i ng  t he  w or k  t o  t he  c o o l i n g  z o ne  

s o  a s  to  cu re  the  s o l de r  a n d  pu t  th e  w or k  in  a n  

e n e rg i za b l e - r ew o r ka b l e  s t a t e .  

 

[ C l a i m 2 ]     

Th e  me th o d  fo r  p r odu c i ng  a  s e mi co nd uc t o r  d ev ic e  

a cc o rd i n g  t o  c l a i m 1 ,   

w her e i n  t he  f i r s t  he a t i ng  s t e p  c o mpr i s es  s t eps  o f :  

he a t i n g  the  w or k ,  in  t he  f i r s t  he a t i ng  zo ne ,  fo r  20 -4 0  s econ ds  

un t i l  r ea c h in g  a  pe ak  t e mp er a t u r e ;  he a t i ng  th e  w o rk ,  i n  t he  

s ec o nd  h ea t i ng  z on e ,  fo r  5 -3 0  s ec onds  so  a s  to  ma i n ta i n  t he  

pe ak  t e mpe ra tu re ;  and  c oo l i ng  t he  w ork  i n  th e  c oo l i ng  z on e .   

 

[ C l a i m 3 ]     

Th e  me th o d  fo r  p r odu c i ng  a  s e mi co nd uc t o r  d ev ic e  

a cc o rd i n g  t o  c l a i m 1  o r  2 ,   

w her e i n  t h e  s e mi c on du c t o r  c h i ps  a r e  L ED s ,  

t h e  me t ho d  f u r th e r  co mp r i s es :  a  c o n t i n u i ty  t e s t  s t ep  fo r  

pe r fo r mi ng  a  c o n t in u i ty  t e s t  o f  t he  w ork  a f t e r  t he  f i r s t  hea t i ng  

s t ep ;  a  de f e c t i ve  ch i p  r e mo v i ng  s t ep  fo r  r e m ov i ng  a  

c o n t in u i ty -d e fe c t i ve  c h i p ,  by  a  de fec t i ve  c h i p  r e mov in g  

m a ch i n e ,  w hen  th e  c o n t in u i t y - de fe c t i v e  ch ip  i s  de t e c t e d  f ro m  

t h e  LED s  i n  the  con t i nu i t y  t e s t  s t e p ;  and  a  r e - mo u n t i ng  s t ep  fo r  

t r a ns fe r r i ng  a n i s o t r op i c  c on d uc t i ve  pas te  to  a  new  L ED  w hi c h  

i s  u se d  in s te ad  o f  t he  c o n t in u i ty -d e fe c t i v e  c h i p ,  and  mo un t i n g  

t h e  ne w  L ED  on to  a  mo un t i n g  p l a c e  f r o m w hi c h  t he  

c o n t in u i ty -d e fe c t i ve  c h i p  has  be en  r e mov ed ,  a nd  
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t h e  de fe c t i v e  c h i p  r e mo v i ng  s t e p  co mp r i s e s  s t e ps  o f :  

s uck i n g  a  mo un t i n g  p la ce  o f  t he  c on t i nu i t y - de fe c t i v e  ch i p ,  by  a  

va cu u m s u c t i o n  he ad ,  w i t h  h ea t i ng  t he  mo un t i ng  p l a c e  i n  a  

no nc on ta c t  s t a t e ,  so  a s  t o  r e - m e l t  t he  s o l d e r ;  a n d  r e m o v i ng  t h e  

c o n t in u i ty -d e fe c t i ve  c h i p  an d  t h e  the r mos e t t i ng  r e s in  o f  a  

bo nd i n g  pa r t  f ro m  the  c i r c u i t  b oa rd .      

 

[ C l a i m 4 ]     

Th e  me th o d  fo r  p r odu c i ng  a  s e mi co nd uc t o r  d ev ic e  

a cc o rd i n g  t o  c l a i m 3 ,   

w her e i n ,  a f t e r  t h e  r e - mou n t i ng  s t ep ,  th e  f i r s t  h ea t in g  

s t ep  a nd  t he  co n t i nu i t y  t e s t  s t e p  a re  r e pe a te d  un t i l  d e t ec t i n g  no  

c o n t in u i ty -d e fe c t i ve  c h i p ,  a nd  

i n  t he  co n t i n u i ty  t e s t  s t e p ,  da ta  o f  p r es en ce /a bs en ce  o f  

t h e  l ig h t i n g  L ED s ,  w h i ch  a r e  m ad e  c onn e c t i on  w i th  

a r r a ng e m en t  da t a  o f  t h e  LED s ,  a r e  s to re d  in  s to r i ng  mea ns ,  and  

t h e  p l a c e  o f  t he  c on t i nu i t y - de fe c t i v e  ch i p  i s  i de n t i f i e d  f r o m t h e  

da ta .   

 

[ C l a i m 5 ]     

Th e  me th o d  fo r  p r odu c i ng  a  s e mi co nd uc t o r  d ev ic e  

a cc o rd i n g  t o  c l a i m 3  o r  4 ,   

f u r t he r  co mp r i s i ng  a  s ec o n d  he a t i n g  s t e p  fo r  he a t i n g  t h e  

w ork  so  a s  t o  t he r ma l  cu re  t he  t he r mos e t t i ng  r e s in  i n  c as e  o f  

de te c t i ng  no  co n t i n u i ty -d e f ec t i ve  c h ip  i n  t he  c o n t i nu i t y  t e s t  

s t ep .  

 

[ C l a i m 6 ]     

A n  a ppa r a t us  fo r  p rod u c i ng  a  s emi co nd uc t o r  de v i ce ,  
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c o mp r i s i ng :  

a n  a p p l y i n g  ma c h in e  fo r  t r a ns fe r r i n g  an i s o t r o p i c  

c o nd uc t i ve  pas t e ,  in  w h i ch  co nd uc t i ve  pa r t i c l e s  a r e  d i s pe r s e d  

i n  u nc u r ed  t he r mo s e t t in g  r e s i n ,  t o  s e mi c on du c t o r  c h i ps ;  

a  mou n t in g  ma c h i n e  fo r  mo un t i ng  t h e  s e mic on du c t o r  

c h ips  on t o  a  c i r cu i t  b oa rd  b y  f l ip  c h i p  mo u n t i n g  t e ch no l ogy ;   

a  f i r s t  r e f l ow  fu rn ac e  fo r  he a t i n g  a  w ork ,  i n  w h i c h  

p l u r a l i t y  o f  th e  s emi co nd uc t o r  c h i p s  a r e  mou n t ed  o n  th e  c i r cu i t  

bo a r d  t h ro ugh  t he  an i s o t r op ic  c on d uc t i ve  p as te ;  an d  

a  co n t ro l  un i t ,  

w her e i n  th e  f i r s t  r e f l ow  fu r na ce  co mp r i s e s :  a  h ea t in g  

z o ne  i n  w h i c h  t e mp e r a t u r e  i s  s e t  a t  a  me l t i ng  t e m pe ra t u re  o f  

s o l de r  i nc l ude d  i n  t he  co nd uc t i ve  p a r t i c l e s  o r  h i g he r ;  a  co o l in g  

z o ne  in  w h i ch  t e mpe ra tu re  i s  s e t  l ow er  t ha n  th e  m e l t i n g  

t e mp e r a t u r e  o f  t h e  so l d e r  i nc lu de d  in  t he  c on du c t iv e  pa r t i c l e s ;  

a  f i r s t  co nv ey or  b e i ng  ex te nde d  f r o m a n  en t r a nc e  to  t he  he a t in g  

z o ne ;  a nd  a  s e c o nd  co n ve yo r  b e i ng  ex t e n d ed  f r o m t h e  co o l i ng  

z o ne  to  a n  ex i t ,  t h e  w ork  i s  ca r r i ed  th ro ug h  th e  f i r s t  r e f low  

f u r na c e ,  fo r  a  p e r i o d  o f  t i me  sho r t e r  t ha n  a  cu r i ng  t i me  o f  t he  

t h e r mos e t t in g  r e s i n ,  by  th e  f i r s t  con ve yor  a nd  t he  s e c on d  

c o nv ey or,   

a  p r es s e r  ro l l e r ,  w h ic h  co n t ac t s  an  upp e r  s u r f a ce  o f  t h e  

c i r c u i t  boa rd  w he n  t r a ns fe r r i n g  the  w ork  f r o m  the  f i r s t  

c o nv ey or  to  t he  s e con d  c on ve y o r,  i s  p rov id ed  t o  a  p la c e  

be tw ee n  th e  f i r s t  co nv e yor  a nd  t he  s eco nd  c on ve y or,  a n d  

t h e  con t r o l  un i t  pe r fo r ms  s t e ps  o f :  he a t in g  th e  w or k ,  

a l on g  a  t e mpe ra t u r e  r i s i n g  cu rv e  w hos e  a v e r ag e  t e m p er a t u r e  

r i s i ng  r a t e  i s  4 - 8°C/ s e c on d ,  in  a  f i r s t  h ea t i ng  z o ne  o f  t h e  

he a t i n g  zon e  by  p i t c h - f ee d in g  the  w or k  to  t he  f i r s t  he a t i n g  z on e  
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a n d  s t ay i ng  t h e r e i n ;  nex t ,  me l t in g  th e  so l de r  by  p i t c h - f e e d in g  

t h e  w or k  t o  a  s e co nd  he a t in g  z on e  o f  th e  h ea t i ng  zo ne  a n d  

s t ay in g  th e r e i n ;  a nd  t he n  c a r r y i ng  t he  w or k  t o  t he  c o o l i n g  z o ne  

s o  a s  to  cu re  the  s o l de r  a n d  pu t  th e  w or k  in  a n  

e n e rg i za b l e - r ew o r ka b l e  s t a t e .  

 

[ C l a i m 7 ]     

Th e  a p p ar a t us  fo r  p r od uc i ng  a  s e mi c o nduc t o r  d ev i c e  

a cc o rd i n g  t o  c l a i m 6 ,   

w her e i n  th e  p r es se r  ro l l e r  c o mp r i s e s  r o l l e r s ,  w h i ch  a re  

p i vo ta b l y  s uppor t ed  on  a  s ha f t  a n d  a r r a nge d  w i t h  a  p r es c r i b ed  

i n te rva l ,  a nd  co n t ac t s  t h e  s u r f a ce  o f  t he  c i r cu i t  b oa r d ,  ex ce p t  

m o un t i n g  su r f a c e s ,  by  ow n  w e i gh t s  o f  th e  ro l l e r s ,  an d  

t h e  c on t r o l  un i t  p e r fo r ms  s t e ps  o f :  he a t i n g  t he  w or k ,  in  

t h e  f i r s t  he a t i n g  z on e ,  fo r  2 0 - 40  s e c o nds  u n t i l  r e a c h i ng  a  p e a k  

t e mp e r a t u r e ;  h e a t i n g  th e  w or k ,  i n  t he  s ec on d  he a t in g  z on e ,  fo r  

5 - 30  s ec o nds  s o  a s  to  ma i n t a i n  th e  pe ak  t e m p er a t u r e ;  a nd  

c o o l in g  th e  w or k  i n  t he  c oo l i ng  z on e .   

 

[ C l a i m 8 ]     

Th e  a p p ar a t us  fo r  p r od uc i ng  a  s e mi c o nd uc t o r  d ev i c e  

a cc o rd i n g  t o  c l a i m 6  o r  7 ,   

w her e i n  t h e  s e mi c on du c t o r  c h i ps  a r e  L ED s ,  

t h e  ap p ara t us  fu r th e r  c o mp r i s es :  a  c on t i nu i t y  t e s t  

m a ch i n e  fo r  pe r fo r mi ng  a  c on t i nu i t y  t e s t  o f  th e  w or k ;  a n d  a  

de fe c t iv e  ch i p  r e mov i n g  ma c h i ne  fo r  r e mo v i ng  a  

c o n t in u i ty -d e fe c t i ve  ch i p  w he n  the  co n t in u i t y -d e fec t i ve  ch ip  i s  

de te c t ed  f ro m th e  LED s  by  th e  co n t i n u i ty  t e s t  ma ch i n e ,  

t h e  de fec t i ve  c h i p  r e m ov in g  ma ch i ne  pe r fo r ms  s t e ps  o f :  
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s uck i n g  a  mo un t i n g  p la ce  o f  t he  c on t i nu i t y - de fe c t i v e  ch i p ,  by  a  

va cu u m s u c t i o n  he ad ,  w i t h  h ea t i ng  t he  mo un t i ng  p l a c e  i n  a  

no nc on ta c t  s t a t e ,  so  a s  t o  r e - m e l t  t he  s o l d e r ;  a n d  r e m o v i ng  t h e  

c o n t in u i ty -d e fe c t i ve  c h i p  an d  t h e  the r mos e t t i ng  r e s in  o f  a  

bo nd i n g  pa r t  f ro m  the  c i r c u i t  b oa rd ,  and  

t h e  co n t r o l  u n i t  c on t r o l s  t he  a pp ly i ng  mac h i n e  an d  t he  

m o un t i n g  mac h i ne  to  pe r fo r m s te ps  o f :  t r a ns fe r r in g  a n i s o t r op i c  

c o nd uc t i ve  p a s t e  t o  a  new  L E D ;  a nd  m ou n t in g  t he  new  LED  

on t o  t h e  m ou n t in g  p l ac e  f ro m w h i c h  t he  c o n t in u i t y -d e fe c t i ve  

c h ip  h as  bee n  r e m ov ed .  

 

[ C l a i m 9 ]     

Th e  a p p ar a t us  fo r  p r od uc i ng  a  s e mi c o nduc t o r  d ev i c e  

a cc o rd i n g  t o  c l a i m 8 ,   

w her e i n  t he  c on t i nu i t y  t e s t  ma c h i ne  s t o r e s  da t a  o f  

p r e se n ce / a bs en ce  o f  t h e  l i g h t i ng  L ED s ,  w h ic h  a re  ma d e  

c o nn ec t i on  w i t h  a r r a ng e men t  d a t a  o f  t he  L ED s ,  in  s t o r i ng  

m e ans ,  and  i de n t i f i e s  the  p la ce  o f  t he  c on t i n u i ty - de fe c t i v e  

c h ip .  

 

[ C l a i m 1 0 ]     

Th e  a p p ar a t us  fo r  p r odu c i ng  a  s e mi c ond uc t o r  d ev i c e  

a cc o rd i n g  t o  c l a i m 8  o r  9 ,   

f u r t he r  c o mpr i s i n g  a  s ec o nd  r e f l o w  fu r na ce  o r  a  b a t c h  

f u r na c e  fo r  he a t i n g  t he  w o rk  s o  a s  t o  t he r ma l  cu re  t he  

t h e r mos e t t in g  r e s i n  w he n  no  c o n t in u i ty -d e fe c t i ve  ch i p  i s  

de te c t ed  b y  t h e  c on t i nu i t y  t e s t  ma c h i ne .  

  


