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@  Hollow  plastic  package  for  semiconductor  devices. 

(g)  A  cavity  or  hollow-type  package  for  optically  and  nonopti- 
cally  active  semiconductor  devices  is  entirely  made  with 
moldable  plastic  material  by  utilizing  a  preformed  box-like  shell 
of  a  rigid  plastic  material  for  enclosing  the  semiconductor  die 
and  the  electrical  connection  wires  before  molding  the  whole  in 
an  epoxy  resin.  The  protection  shell  is  composed  by  two 
matching  halves  and,  in  the  case  of  optically  active  devices,  the 
top  half  of  the  shell  is  provided  with  a  window  closed  by  a 
transparent  pane  which  is  sealed  during  the  encapsulation. 
Preferably  the  two  halves  of  the  protection  shell  have  two 
spaced  lateral  walls  forming  two  spaced  sealing  perimeters  and 
an  auxiliary  perimetral  chamber  therebetween  surrounding  a 
central  cavity  of  the  shell  for  accommodating  any  encapsulating 
resin  which  may  eventually  extrude  through  the  outer  sealing 
perimeter  during  molding.  The  central  cavity  of  the  shell  may  be 
filled  with  a  nonrigid  silicone  resin  before  molding  for  increasing 
further  the  protection.  The  entirely  plastic  hollow  package  may 
be  formed  through  a  normal  plastic  molding  process. 
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escription 

HOLLOW  PLASTIC  PACKAGE  F 

ACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  invention 
The  present  invention  relates  to  semiconductor 

devices  and  to  the  assembly  techniques  thereof.  In 
Darticular  it  relates  to  an  entirely  plastic,  cavity-type 
aackage  which  may  be  easily  equipped  with  a 
transparent  window  for  encapsulating  optically  ac- 
tive  devices. 

I.  Description  of  the  prior  art 
Optically  active  devices  such  as  EPROM,  optical 

sensors  and  video  camera  sensors,  as  well  as 
ntegrated  circuits  buiit  on  relatively  large  size  silicon 
ships  and  consequently  very  sensitive  to  stresses 
induced  by  the  shrinkage  of  an  encapsulating  epoxy 
resin  such  as  the  resin  commonly  used  for  molded 
wholly  plastic  packages,  require  the  use  of  metallic 
or  ceramic  hollow-type  packages  which  are  relatively 
very  expensive  both  for  the  materials  utilized  and  for 
the  fabrication  process  used. 

OBJECTIVE  AND  SUMMARY  OF  THE  INVENTION 

An  objective  of  this  invention  is  to  provide  a  hollow 
Dr  cavity-type  package  which  is  made  entirely  with  a 
elastic  material,  is  compatible  with  substantially 
standard  fabrication  techniques  and  has  a  relatively 
ow  cost. 

Essentially  the  package  of  the  present  invention 
jtilizes  a  box-like  shell  of  a  substantially  rigid  plastic 
naterial,  formed  by  two  matching  halves  for  enclos- 
ng  the  semiconductor  die  bonded  on  the  central 
Dad  of  a  metallic  frame  and  the  electrical  connection 
/vires  thereto,  thus  preventing  the  encapsulating 
resin  from  .  encroaching  inside  the  shell  during 
molding.  When  encapsulating  optically  active  de- 
vices,  one  of  the  two  halves  of  the  box-like  shell  is 
provided  with  a  window,  sealed  by  means  of  a  small 
pane  of  glass  or  of  an  equivalent  transparent 
material.  Moreover,  the  free  space  within  a  central 
cavity  of  the  shell  containing  the  semiconductor  die 
may  be  filled,  at  least  partially,  with  a  protecting 
silicone  resin  in  order  to  improve  the  protection 
provided  by  the  shell  and  for  more  effectively 
preventing  encroachment  of  encapsulating  resin 
inside  the  central  cavity  during  the  molding  of  the 
package. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  sectional  view  of  a  semiconduc- 
tor  device  encapsulated  in  a  hollow  plastic 
package  of  the  present  invention,  provided  with 
a  trasparent  window; 

OR  SEMIUUNUUU  i  uh  ueviues 

Figure  2  is  a  perspective  view  of  the  top  half 
of  the  rigid  plastic  box  used  in  the  package  of 

5  Fig.  1  ; 
Figure  3  is  a  perspective  view  of  the  bottom 

half  of  the  rigid  plastic  box  used  in  the  package 
of  Fig.  1  ;  and 

Figure  4  is  a  perspective  schematic  view  of 
0  the  semiconductor  device  entirely  encapsu- 

lated  in  a  plastic  package  in  accordance  with 
the  present  invention. 

5  UtSUI-lin  iuin  ur  me  r n c r c n n c u  
EMBODIMENTS 

Figures  1-4  show  a  preferred  embodiment  of  the 
invention  as  applied  to  the  case  of  an  optically  active 

0  semiconductor  device  requiring  a  package  provided 
with  at  least  an  optically  transparent  window  through 
which  the  front  of  the  semiconductor  device  contain- 
ing  the  optically  active  components  may  be  illumi- 
nated. 

>5  With  reference  to  the  figures,  a  silicon  die  1 
constitutes  the  semiconducting  substrate  on  which, 
by  means  of  deposition,  implantation  and  diffusion 
techniques,  circuit  components  of  various  types  may 
be  formed,  among  which  also  optically  active 

?0  components,  as  well  as  the  necessary  electrical 
interconnections  for  realizing  a  certain  integrated 
circuit.  Distributed  along  the  perimeter  of  the  top 
face  of  the  die  1  there  is  a  plurality  of  metallized  pads 
to  which  wires  for  electrical  connection  to  the 

35  external  pins  of  the  device  are  welded.  Such 
electrical  connections  are  realized  by  metai  wires 
(2a,  2b,  ...)  welded  at  one  end  onto  respective 
connection  pads  of  the  top  surface  of  the  die  1  and 
at  the  other  end  to  respective  coplanar  metal  fingers 

40  (3a,  3b,  ...)  extending  generally  in  a  radial  direction 
and  resulting,  upon  completion  of  the  assembly, 
electrically  insulated  one  from  the  others  and 
extending  outside  the  encapsulating  plastic  package 
thus  forming  as  many  pins  of  the  device  for 

45  electrically  connecting  it  to  an  external  circuit.  Said 
coplanar  fingers  are  originally  part  of  a  metal  frame, 
commonly  of  copper  or  of  silvered  copper,  made  by 
stamping  a  thin  continuous  metal  band.  The  metal 
frame,  indicated  with  3  as  a  whole  in  Fig.  1,  is 

50  provided  with  a  central  pad  3c,  which  is  preferably 
"lowered"  in  respect  to  the  plane  of  the  radial 
sectors  constituting  said  fingers:  3a,  3b  The 
silicon  die  1  is  bonded  on  the  top  surface  of  such  a 
central  pad  of  the  metal  frame  utilizing  an  adhesive 

55  resin  loaded  with  metal  powders  and  which,  after 
curing,  becomes  essentially  a  good  conductor  of 
electricity  and  heat.  The  metal  frame  thus  con- 
stitutes  an  essential  means  for  heat  dissipation. 

The  silicon  die  1  ,  the  inner  of  central  ends  of  sad 
60  coplanar  fingers  3a,  3b,  as  well  as  the  connecting 

metal  wires  2a,  2b  welded  thereto,  are  enclosed 
within  a  box-like  shell,  indicated  as  a  whole  with  4, 
made  of  a  rigid  plastic  material  and  formed  by  two 
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matching  halves,  4a  and  4b  respectively.  As  it  is 
observed  in  Fig.  1,  the  coplanar  fingers  of  the  metal 
frame  extend  outside  the  shell  4  passing  through  a 
gap  between  the  matching  edges  of  the  two  halves 
4a  and  4b  of  the  box.  The  two  halves  of  the  shell  may 
be  molded  using  a  moldable  resin  such  as  for 
example  a  powder  loaded  nylon  or  any  other 
moldable  thermoplastic  resin  capable  of  retaining  a 
sufficient  stiffness  up  to  a  temperature  of 
180-  190°  C,  for  at  least  a  relatively  brief  period  of 
exposition  commonly  comprised  between  10  and  15 
seconds. 

The  box  4,  having  a  size  sufficient  to  enclose  the 
die  and  the  connecting  wires  welded  to  the  ends  of 
the  fingers  of  the  metal  frame,  must  be  capable  to 
act  as  a  protection  shell  during  the  molding  of  the 
resin  package  of  the  device  by  preventing  the 
encapsulating  resin  to  flow  into  contact  with  the 
silicon  die  and  with  the  connecting  wires.  The  resin 
encapsulates  the  shell  and  an  intermediate  portion 
of  the  metal  fingers  of  the  frame  in  an  entirely  plastic, 
hollow-type  package  8.  Therefore  problems  caused 
by  the  shrinkage  of  the  encapsulating  resin  when 
cooling  down,  after  molding,  such  as  the  generation 
of  stresses  in  the  silicon  die,  and/or  of  breakages  of 
wire  connections,  are  effectively  prevented.  Other 
problems  of  chemical  and  electrochemical  nature 
due  to  the  fact  that  generally  the  encapsulating 
resins,  commonly  based  on  epoxy  resins,  have 
strong  ionic  charges  which  may  negatively  interfere 
and/or  originate  electrocorrosion  and  migration 
phenomena  which  may  cause  failure  of  the  inte- 
grated  circuit  are  also  prevented. 

Moreover  the  practice  of  using  a  so-called 
"coating"  resin  applied  on  the  surface  of  the  die  and 
on  the  electrical  connection  wires  for  protecting 
them  during  molding  of  the  plastic  package  is  made 
particularly  simple  and  effective  when  associated  to 
the  use  of  the  protecting  shell  of  the  package  object 
of  the  present  invention.  Therefore,  according  to  a 
preferred  embodiment  of  the  invention,  the  empty 
space  inside  the  central  cavity  of  the  shell,  contain- 
ing  the  die  and  the  connecting  wires,  is  advant- 
ageously  filled  with  a  trasparent,  nonrigid  plastic 
material,  e.g.  a  particularly  pure  silicone  resin  having 
a  hardness  not  higher  than  about  70  Shore.  The  use 
of  such  a  "coating"  resin  enhances  the  "sealing-off" 
of  the  die  in  respect  to  potentially  possible  intrusions 
of  encapsulating  resin  inside  the  cavity  by  extrusion 
through  gaps  between  the  matching  edges  of  the 
two  halves  of  the  shell. 

In  order  to  increase  further  the  protection  pro- 
vided  by  the  shell,  the  latter  is  preferably  furnished 
with  an  auxiliary  perimetral  chamber  5  around  the 
central  cavity  6  enclosing  the  semiconductor  die  and 
the  electric  connecting  wires.  Such  a  perimetral 
chamber  5  is  obtained  by  forming  both  halves  4a  and 
4b  of  the  shell  with  two  spaced  (double)  lateral  walls, 
7a  and  7a',  7b  and  7b',  respectively,  thus  forming  a 
first  inner  sealing  perimeter  (i.e.  the  juxtaposed 
edges  of  the  inner  lateral  walls  7a  and  7b)  and  a 
second  outer  sealing  perimeter  (i.e.  juxtaposed 
edges  of  the  outer  lateral  walls  7a'  and  7b')  around 
the  central  cavity  6  of  the  shell.  In  this  way,  during  the 
molding  of  the  encapsulating  plastic  body  8,  the 

encapsulation  resin  which  occasionally  may  extrude 
through  gaps  of  such  an  external  sealing  perimeter 
is  accommodated  into  such  an  aux  iliary  perimetral 
chamber  5  without  encroaching  inside  the  central 

5  cavity  6  of  the  shell.  The  box-like  shell  4  may  be 
provided  with  suitable  centering  pins  for  making 
easy  the  positioning  of  the  metal  frame  carrying  the 
semiconductor  die  inside  the  shell.  In  the  example 
shown  in  Fig.  1,  the  edge  of  the  inner  wall  7b  of  the 

10  lower  half  4b  of  the  shell  is  provided  with  at  least  two 
centering  pins  9  cooperating  with  centering  holes 
formed  in  the  metal  frame  3.  These  centering  pins 
may  be  projections  formed  on  the  edge  of  the  shell's 
half  during  molding  thereof. 

15  In  the  case  shown  in  the  figures,  relative  to  a 
device  containing  optical  active  components,  the  top 
half  4a  of  the  shell  is  provided  with  a  central  window 
10  which  is  closed  by  a  sheet  of  a  transparent  rigid 
material  11,  e.g.  of  quartz.  The  opening  of  the 

20  window  in  the  top  half  of  the  shell  may  be 
conveniently  configured  in  a  way  such  as  to  provide 
a  perimetral  flange  portion  12  on  which  the  transpar- 
ent  pane  11  may  rest.  The  window's  .  opening  is 
contoured  by  a  frame  portion  13  inside  which  the 

25  glass  pane  11  may  be  forcibly  inserted.  The  frame 
may  be  provided  with  slots  14  distributed  along  the 
sides  of  the  perimeter  thereof  for  facilitating  the 
spreading  of  the  encapsulating  resin  during  the 
molding  of  the  encapsulating  resin  body  8  in  order  to 

30  seal  the  perimeter  of  the  transparent  window  pane 
11  by  forming  a  sealing  seam  along  the  inner 
perimeter  of  the  frame  13  of  the  top  half  of  the  shell. 
Naturally  when  molding  the  encapsulating  body  8, 
the  top  counter-plate  of  the  mold  will  have  an 

35  appropriate  projection  which  will  abut  on  the  top 
surface  area  of  the  transparent  window  pane  11 
which  must  not  be  covered  by  the  encapsulating 
resin. 

The  finished  device  is  encapsulated  in  a  substan- 
40  tially  hollow,  entirely  plastic  package  in  accordance 

with  the  present  invention  and  may  be  provided  with 
a  transparent  window  as  shown  in  Fig.  4,  wherein  by 
means  of  dash  lines,  the  shape  of  the  embedded 
shell  4  containing  the  die  and  the  connecting  wires 

45  within  the  encapsulating  resin  body  8  is  depicted. 
Although  the  embodiment  shown  relates  to  the 

case  of  optically  active  devices  requiring  the 
presence  of  a  transparent  window  in  the  package,  it 
is  clear  that  the  package  of  the  invention,  charac- 

50  terized  by  the  use  of  a  protection  shell  of  a  rigid 
plastic  material,  is  useful  also  for  other  types  of 
devices  for  which  although  an  optically  transparent 
window  in  the  package  may  not  be  required,  it  is  for 
other  reasons  unrecommendable  to  use  a  conven- 

55  tional  molded  plastic  package.  In  all  these  cases,  the 
entirely  plastic  package  of  the  invention  may  be 
advantageously  used  in  lieu  of  a  more  expensive, 
hollow,  ceramic  or  metallic  package.  As  it  will  be 
evident  to  the  skilled  technician,  the  entirely  plastic, 

60  hollow  package  of  the  invention  may  be  made  using 
a  conventional  process  of  plastic  encapsulation  of 
semiconductor  devices.  The  operations  of  bonding 
the  silicon  die  to  the  metal  frame  and  of  welding  the 
connecting  wires  to  the  pads  on  the  silicon  die  and 

65  to  the  fingers  of  the  metal  frame  by  gold  wire  welding 

3 
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nay  be  performed  according  to  standard  tech- 
niques.  The  positioning  of  the  two  halves  of  the 
jrotecting  box-like  shell  around  the  die  and  the 
/vires,  optionally  applying  a  certain  amount  of  a 
'coating"  resin  to  the  die  and  wires,  is  clearly  5 
3ompatible  with  a  conventional  assembly  flow-sheet. 

The  molding  of  the  encapsulating  body  using  a 
conventional  epoxy  resin  may  also  be  carried  out  by 
a  normal  injection  molding  technique  of  the  so- 
sailed  "transfer-molding"  type.  This  technique  con-  10 
templates  molding  of  an  epoxy  resin  at  a  tempera- 
ture  of  about  160°C  and  the  material  of  the 
protective  shell  must  of  course  be  capable  of 
retaining  a  sufficient  stiffness  at  such  a  molding 
temperature  of  the  encapsulating  epoxy  resin.  15 

6.  The  package  according  to  claim  1  ,  wherein 
:he  two  halves  of  said  box-like  shell  have  two 
spaced  lateral  walls  forming  a  first  inner  sealing 
serimeter  and  a  second  outer  sealing  perimeter 
ind  a  perimetral  chamber  therebetween  and 
surrounding  a  central  cavity  of  the  shell  enclos- 
ng  said  semiconductor  die  and  said  welded 
metal  wire  connections; 
said  perimetral  chamber  accommodating  any 
ancapsulating  resin  material  extruding  through 
gaps  in  said  outer  sealing  perimeter  during  the 
molding  of  said  encapsulating  resin  body. 

Claims 

1.  A  package  for  a  semiconductor  device  20 
comprising  a  semiconductor  die  having  two 
major  parallel  surfaces  and  a  plurality  of  metal 
pads  defined  on  a  face  thereof  for  electrical 
connections,  the  other  face  thereof  being 
bonded  by  means  of  a  heat  and  electricity  25 
conducting  adhesive  to  a  central  pad  of  a  metal 
frame  having  a  plurality  of  coplanar  fingers 
extending  substantially  in  a  radial  direction  and 
electrically  insulated  one  for  the  others,  each  of 
said  metal  pads  being  connected  to  atteast  one  30 
of  said  fingers  by  means  of  a  metal  wire  welded 
to  the  pad  and  to  a  relative  finger  of  the  metal 
frame, 
characterized  by  comprising 
a  box-like  shell  of  a  substantially  rigid  plastic  35 
material,  formed  by  two  matching  halves, 
enclosing  said  die,  said  welded  metal  wires  and 
at  least  the  inner  ends  of  said  radially  extending 
coplanar  fingers  which  extend  outside  said  shell 
passing  through  a  gap  between  the  juxtaposed  40 
edges  of  the  two  halves  of  said  shell  ; 
an  encapsulating  plastic  body  molded  around 
said  box-like  shell  and  from  which  the  outer 
ends  of  said  radially  extending  fingers  of  the 
metal  frame  project;  45 
said  box-like  shell  preventing  the  encapsulating 
plastic  from  contacting  said  die  and  said  welded 
connecting  wires. 

2.  The  package  according  to  claim  1  ,  wherein 
the  empty  space  of  the  cavity  of  said  box-like  50 
shell  enclosing  said  die  and  welded  wire 
connections  is  filled  with  a  nonrigid  inert  resin 
before  molding  the  encapsulating  plastic  body. 

3.  The  package  according  to  claim  2,  wherein 
said  nonrigid  inert  resin  is  a  silicone  resin  55 
having  a  hardness  not  higher  than  70  Shore. 

4.  The  package  according  to  claim  1  ,  wherein 
at  least  one  half  of  said  box-like  shell  is 
provided  with  at  least  two  centering  pins 
cooperating  with  centering  holes  present  in  60 
said  metal  frame. 

5.  The  package  according  to  claim  1  ,  wherein 
one  half  of  said  box-like  shell  is  provided  with  a 
window  hermetically  closed  by  a  pane  of  a 
transparent  rigid  material.  65 
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