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FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  the  field  of  inte- 
grated  circuit  devices.  More  specifically,  the  present 
invention  relates  to  a  device  having  a  thin  film  overlay 
that  electrically  connects  bond  pads  of  a  semiconduc- 
tor  device  to  a  lead  frame  or  flex  circuit. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  novel  features  believed  characteristic  of  the 
invention  are  setforth  in  the  appended  claims.  The  in- 
vention  itself,  however,  as  well  as  other  features  and 
advantages  thereof,  will  be  best  understood  by  refer- 
ence  to  the  detailed  description,  read  in  conjunction 
with  the  accompanying  drawings,  wherein: 

Figure  1  is  a  top  view  of  a  semiconductor  device 
wire  bonded  to  a  lead  frame. 

Figure  2  is  an  elevational  view  of  a  packaged 
semiconductor  device  having  lead  pins. 

Figure  3  is  a  side  view  of  a  semiconductor  device 
attached  and  wire  bonded  to  a  surface  of  a  printed 
wiring  board. 

Figure  4  is  a  side  view  of  a  semiconductor  device 
attached  to  the  surface  of  a  printed  wiring  board.  A 
tape  Automated  Bonded  (TAB)  package  electrically 
connects  the  semiconductor  device  to  the  printed  wir- 
ing  board. 

Figure  5  is  a  side  view  of  a  semiconductor  device 
mechanically  and  electrically  attached  to  a  printed 
wiring  board  via  a  flip  TAB  package. 

Figure  6  is  a  side  view  of  a  device  having  a  thin 
film  overlay  for  interconnecting  bond  pads  of  a  sem- 
iconductor  device  to  a  lead  frame  or  flex  circuit,  ac- 
cording  to  one  embodiment  of  the  invention. 

Figures  7-15  are  successive  process  steps  for  a 
method  of  making  a  device  according  to  one  embodi- 
ment  of  the  invention. 

Figures  16-21  are  additional  process  steps  for  a 
method  of  making  a  device  according  to  another  em- 
bodiment  of  the  invention. 

Figure  22  is  a  side  view  of  a  completed  device 
constructed  according  to  an  embodiment  of  the  in- 
vention. 

Figure  23  is  a  side  view  of  a  device  according  to 
another  embodiment  of  the  invention. 

Figure  24  is  a  side  view  of  a  device  according  to 
yet  another  embodiment  of  the  invention. 

Figure  25  is  a  side  view  of  a  device  according  to 
still  yet  another  embodiment  of  the  invention. 

Figure  26  is  a  top  view  of  a  device  according  to 
yet  still  another  embodiment  of  the  invention. 

Figure  27  is  a  top  view  of  a  device  according  to 
still  another  embodiment  of  the  invention. 

Figure  28  is  a  side  view  of  multiple  devices  at- 
tached  to  a  printed  wiring  board,  according  to  yet  still 
another  embodiment  of  the  invention. 

Figure  29  is  a  partial  side  view  of  two  devices 

each  having  a  flex  circuit  arm  folded  down  to  mini- 
mize  the  spacing  between  the  two  devices,  according 
to  another  embodiment  of  the  invention. 

Figure  30  is  a  top  view  of  multiple  devices  attach- 
5  ed  to  a  panel  or  printed  wiring  board,  according  to  still 

yet  another  embodiment  of  the  invention. 
Figure  31  is  a  side  view  of  a  device  according  to 

still  yet  another  embodiment. 
Figure  32  is  a  side  view  of  the  device  of  Figure  31 

10  after  the  substrate  or  packaging  material  is  removed. 
Figure  33  is  a  side  view  of  the  device  of  Figure  32 

attached  to  a  printed  wiring  board. 
Figure  34  is  a  side  view  of  multiples  of  the  device 

of  Figure  32,  attached  to  each  other  and  to  a  printed 
15  wiring  board. 

Figure  35  is  a  side  view  of  a  device  according  to 
yet  another  embodiment  of  the  invention. 

Figure  36  is  a  top  view  of  multiple  devices  accord- 
ing  to  an  embodiment  of  the  invention. 

20  Figure  37  is  a  top  view  of  multiple  devices  accord- 
ing  to  still  yet  another  embodiment  of  the  invention. 

Figure  38  is  a  side  view  of  a  device  of  Figure  37. 

BACKGROUND  OF  THE  INVENTION 
25 

The  electronics  industry  is  constantly  demanding 
improved  packaging  for  semiconductor  devices.  The 
demand  is  for  packaging  of  reduced  size  and  packag- 
ing  that  optimizes  the  operational  speed  of  semicon- 

30  ductor  devices. 
One  requirement  of  desired  packaging  is  that  it 

must  manage  thermal  requirements  that  are  driven  by 
the  heat  generated  by  the  semiconductor  devices.  An- 
other  requirement  of  desired  packaging  is  adaptabil- 

35  ity  to  the  constant  reduction  in  the  size  of  the  final 
electronic  system  of  which  the  packages  are  a  part. 
As  a  result,  packages  must  optimize  heat  dissipation 
while  displacing  minimal  volume  when  assembled 
into  an  electronic  system.  An  additional  requirement 

40  is  that  packaging  design  and  material  selection 
should  support  the  reduction  of  assembly  process  de- 
fects  and  not  require  new  assembly  capital  and  tool- 
ing. 

Figure  1  shows  a  conventional  method  of  wire 
45  bonding  a  semiconductor  device  to  a  lead  frame  prior 

to  packaging.  Figure  2  shows  the  device  of  Figure  1 
after  packaging  is  complete.  But  problems  are  begin- 
ning  to  arise  with  conventional  packaging  as  the  in- 
dustry  requires:  smaller  and  thinner  packages;  silicon 

so  devices  with  thinner  background;  smaller  and  closer 
together  bond  pads  and  lead  frame  circuits;  and  flat- 
ter  wire  bonds  and  thinner  plastic  mold.  The  problems 
include  lead  frame  handling  defects,  thermal  man- 
agement  by  thinner  materials  defects  and  assembly 

55  handling  defects. 
One  method  of  reducing  the  physical  area  re- 

quired  by  packaged  devices  is  shown  in  Figure  3.  An 
unpackaged  semiconductor  device  is  attached,  and 
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wire  bonded,  directly  to  the  printed  wiring  board 
(PWB).  A  protective  overcoat  of  glue  or  epoxy  (not 
shown)  is  then  formed  over  the  semiconductor  de- 
vice,  wire  bonds  and  the  corresponding  portion  of  the 
surface  of  the  printed  wiring  board.  The  advantage  of 
this  method  is  the  reduction  in  physical  area  required 
by  the  unpackaged  semiconductor  device,  as  com- 
pared  with  a  packaged  device.  One  disadvantage  is 
that  the  wire  bonds  are  long  and  unsupported  and 
susceptible  to  bending,  breaking  or  shorting  through- 
out  the  fabrication  process.  Another  disadvantage  is 
that  the  majority  of  the  heat  generated  by  the  integrat- 
ed  circuit  during  normal  operation  must  be  dissipated 
through  the  printed  wiring  board.  Since  most  glues  or 
epoxies  are  poor  conductors,  heat  transfer  is  inhibited 
if  the  printed  wiring  board  design  does  not  have  spe- 
cial  thermal  management  features. 

A  second  disadvantage  is  that  this  technique  is 
only  applicable  to  semiconductor  devices  with  rela- 
tively  few  bond  pads,  due  to  device  and  assembly 
yield  and  the  limited  PWB  design  feature  sizes.  An- 
other  disadvantage,  for  systems  for  multiple  devices, 
is  the  need  for  the  devices  to  be  tested  prior  to  assem- 
bly  so  that  the  final  system  has  an  acceptable  yield. 

Another  method  of  reducing  the  physical  area  re- 
quired  by  packaged  devices  is  shown  in  Figure  4.  A 
tape  automated  bonded  (TAB)  packaged  semicon- 
ductor  device  is  attached  directly  to  the  printed  wiring 
board  (PWB).  A  TAB  package  is  used  in  place  of  wire 
bonds  to  electrically  connect  the  semiconductor  die  to 
the  printed  wiring  board.  A  protective  overcoat  of  a 
polymer  or  plastic  lid  (not  shown)  is  then  formed  over 
the  semiconductor  device,  TAB  package  and  the  cor- 
responding  portion  of  the  surface  of  the  printed  wiring 
board.  As  with  the  device  of  Figure  3,  an  advantage 
of  this  method  is  the  reduction  in  physical  volume  re- 
quired  by  the  unpackaged  semiconductor  device,  as 
compared  with  a  conventional  lead  frame  packaged 
device.  Advantages  of  using  TAB  over  wire  bonds  in- 
clude  superior  electrical  performance,  more  physical 
stability  and  less  lead  breaking  or  shorting.  One  dis- 
advantage  is  that  the  TAB  leads  are  long  and  remain 
susceptible  to  bending,  breaking  and  occasional 
shorting  throughout  the  fabrication  process.  Another 
disadvantage,  as  previously  discussed,  is  that  the 
majority  of  the  heat  generated  by  the  integrated  circuit 
during  normal  operation  must  be  dissipated  through 
the  printed  wiring  board. 

Still  another  method  of  reducing  the  physical 
area  required  by  packaged  devices  is  shown  in  Figure 
5.  This  method  is  similar  to  that  described  above  and 
pictured  in  Figure  4,  except  that  the  semiconductor 
device  is  face  down  verses  face  up.  By  the  device  be- 
ing  face  down,  the  TAB  leads  are  shorter  and  typically 
do  not  fan  out  from  the  center  of  the  device  to  a  large 
radius.  This  shortened  package  lead  length  will  allow 
improved  electrical  signal  characteristics.  This  re- 
duced  lead  length  requires  the  center  to  center  spac- 

ing  of  each  lead  to  adjacent  lead  to  be  small.  Thus,  the 
assembly  of  this  package  is  significantly  complicat- 
ed.  Non-conventional  flip  TAB  assembly  equipment 
requires  further  development  if  cost  effect  iveassem- 

5  bly  is  to  occur.  Heat  transfer  may  be  achieved  via  a 
heat  sink  (not  shown)  assembled  to  the  TAB  package 
and  enhanced  with  thermal  grease.  The  thermal 
grease  is  applied  at  the  interface  between  the  TAB 
package  and  the  heat  sink. 

10  The  physical  volume  required  for  a  packaged 
semiconductor  device  also  includes  the  "footprint" 
(area)  required  to  accommodate  the  pins  of  a  pack- 
aged  device  and  the  total  height  of  the  assembled 
package.  A  packaged  device  having  a  larger  number 

15  of  pins  typically  requires  a  larger  footprint.  Recent 
trends  suggest  that  functions  once  accomplished 
through  many  devices  are  being  consolidated  into 
fewer  and  fewer  devices,  resulting  in  more  complex 
semiconductor  devices  having  more  pins  and  corre- 

20  sponding  larger  footprints.  These  complex  semicon- 
ductor  devices  can  be  connected  to  the  printed  wiring 
board  (PWB)  as  shown  in  Figures  3-5,  but  such  con- 
nection  schemes  do  not  fully  address  the  combined 
problems  of  heat  dissipation,  achieving  the  desired 

25  reduction  of  system  volume  or  acceptable  system  as- 
sembly  cost. 

Thus,  there  remains  a  need  for  a  packaging  tech- 
nique  that  provides  a  very  thin,  electrically  and  ther- 
mally  high  performance  package  for  single  or  multiple 

30  semiconductor  devices. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  disclosed  herein  compris- 
35  es  a  device  having  a  thin  film  overlay  for  intercon- 

necting  bond  pads  of  a  semiconductor  device  to  a 
lead  frame  or  flex  circuit,  that  combines  various  elec- 
tronic  packaging  techniques  in  a  unique  way  to  create 
a  very  thin,  electrically  and  thermally  high  perfor- 

40  mance  package  for  single  or  multiple  semiconductor 
devices. 

In  one  embodiment  of  the  invention,  a  thin  and 
mechanically  stable  substrate  or  packaging  material 
is  selected  that  also  has  high  thermal  conductivity. 

45  Cavities  in  the  substrate  or  packaging  material  ac- 
commodate  one  or  more  semiconductor  devices  that 
are  attached  directly  to  the  substrate  or  packaging 
material.  Athin  film  overlay  having  multiple  layers  in- 
terconnects  each  semiconductor  device  to  a  lead 

so  frame  or  a  flex  circuit.  If  two  or  more  semiconductor 
devices  are  placed  in  cavities  in  the  substrate  or 
packaging  material,  the  thin  film  overlay  can  also  be 
used  to  interconnect  the  two  or  more  semiconductor 
devices  to  each  other.  Lead  pins  of  the  lead  frame  or 

55  flex  circuit  arms  provide  electrical  and  mechanical  at- 
tachment  means  to  other  system  hardware. 

Adevice  according  to  the  invention  is  thinner  and 
electrically  faster,  with  higher  heat  dissipation  charac- 

3 
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teristics  than  traditional  packaged  devices.  The  de- 
vice  is  thinner  than  conventionally  packaged  devices 
because  one  or  more  semiconductor  devices  are 
placed  in  cavities  in  a  substrate  or  packaging  material 
that  is  thin,  mechanically  stable  and  having  high  ther- 
mal  conductivity.  The  device  is  faster  because  the 
distance  of  the  electrical  path  between  the  semicon- 
ductor  device  ordevices  and  the  lead  frame  orf  lex  cir- 
cuit  is  shorter  and  has  improved  electrical  shielding 
as  compared  to  the  distances  of  the  electrical  paths 
of  conventional  wire  bonded  devices.  The  device  has 
higher  heat  dissipation  characteristics  than  existing 
devices  because  the  substrate  or  packaging  material 
is  thin  and  it  has  high  thermal  conductivity.  Thus,  the 
distance  that  heat  must  travel  from  a  semiconductor 
device  to  the  environment  is  small.  In  addition,  a  heat 
sink  may  be  added  to  the  substrate  or  packaging  ma- 
terial  to  increase  heat  dissipation. 

Interconnecting  a  lead  frame  or  flex  circuit  to  one 
or  more  semiconductor  device  with  a  thin  film  over- 
lay,  according  to  the  invention,  is  adaptable  to  a  wide 
range  of  electronic  packaging  applications.  The  elim- 
ination  of  wire  bonds  or  TAB  attachment  solder  joints 
should  result  in  higher  packaged  device  reliability  and 
potentially  lower  cost  because  of  reduction  in  manu- 
facturing  and  assembly  process  steps. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Figure  6  discloses  a  device  having  a  thin  film 
overlay  for  interconnecting  bond  pads  of  a  semicon- 
ductor  device  to  a  lead  frame  or  flex  circuit,  shown 
generally  at  10.  The  device  combines  various  elec- 
tronic  packaging  techniques  in  a  unique  way  to  create 
a  thin,  electrically  and  thermally  high  performance 
package  for  single  or  multiple  semiconductordevices. 
The  size  and  shape  of  the  device  is  merely  descriptive 
for  the  purposes  of  this  application.  In  practice,  devic- 
es  according  to  the  invention  will  exist  in  various  sizes 
and  shapes. 

Device  10  includes  a  substrate  or  packaging  ma- 
terial  12  having  a  cavity  14  that  accommodates  sem- 
iconductor  device  1  6.  The  surface  of  semiconductor 
device  16  having  pads  for  electrical  connection  (not 
shown),  faces  away  from  cavity  14.  The  pads  of  sem- 
iconductor  device  16  are  connected  through  a  thin 
film  overlay  18  to  a  lead  frame  or  flex  circuit  20  sand- 
wiched  between  thin  film  overlay  18  and  substrate  or 
packaging  material  12. 

The  electrical  path  through  device  10  begins  with 
a  signal  coming  off  a  printed  wiring  board  (PWB)  or 
other  external  circuitry  (not  shown),  after  which  the 
signal  travels  through  a  lead  of  lead  frame  or  flex  cir- 
cuit  20,  through  signal  pathways  in  thin  film  overlay 
18  and  into  semiconductor  device  16.  A  signal  return- 
ing  to  the  printed  wiring  board  (PWB)  or  other  external 
circuitry  propagates  through  this  sequence  in  reverse 
order.  The  thin  film  overlay  1  8  may  be  designed  to  ac- 

commodate  special  electrical  requirements,  for  ex- 
ample  high  speed  transmission  lines,  by  adding  elec- 
trical  protective  signals  and/or  layers  in  the  thin  film 
overlay.  The  primary  thermal  path  for  semiconductor 

5  device  16  to  the  air  is  also  very  short  because  semi- 
conductor  device  16  is  attached  directly  to  the  sub- 
strate  or  packaging  material  12.  This  thermal  path 
may  be  enhanced  with  the  addition  of  a  heat  sink  (not 
shown)  to  the  substrate  or  packaging  material.  The 

10  secondary  path  is  through  thin  film  overlay  18. 
A  method  of  a  device  according  to  one  embodi- 

ment  of  the  invention  is  shown  in  Figures  7-15.  The 
method  begins  with  the  selection  of  a  substrate  or 
packaging  material  made  of  ceramic,  aluminum  nitr- 

15  ide,  molded  plastic,  compound  molded  plastic,  flex 
circuit/molded  plastic,  PWB  laminate,  metal,  artificial 
diamond,  a  combination  of  one  or  more  of  these  ma- 
terials  or  other  similar  types  of  material.  The  sub- 
strate  or  packaging  material  must  be  thin,  mechani- 

20  cally  stable  and  have  high  thermal  conductivity.  The 
substrate  or  packaging  material  may  also  be  formed 
with  heat  slugs  to  facilitate  heat  dissipation. 

Once  a  substrate  or  packaging  material  12  has 
been  selected,  a  cavity  14  is  formed  or  milled  out  in 

25  material  12,  as  shown  in  Figure  7,  to  match  the  dimen- 
sions  of  a  semiconductor  device.  A  lead  frame  of  flex 
circuit  20  may  be  either  molded  into  the  substrate  or 
packaging  material  12  in  a  one  step  process  or  added 
subsequently  in  a  separate  operation,  as  shown  in 

30  Figure  8.  Next,  a  semiconductor  device  16  is  posi- 
tioned  manually  or  by  machine  (i.e.  pick  and  place 
machine)  within  cavity  14,  as  shown  in  Figure  9.  Sem- 
iconductor  device  16  is  secured  within  cavity  14  of 
substrate  12  by  adhesive,  press  fit  or  other  similar 

35  means.  If  adhesive  material  is  used,  the  die  attach 
material  may  have  a  high  or  low  modulus  of  elasticity, 
be  thermally  conductive  or  non-conductive  and  elec- 
trically  conductive  or  non-conductive  depending  on 
the  die  characteristics  and  system  end  use  applica- 

40  tion.  The  adhesive  material  may  or  may  not  fill  the 
gap  between  the  edge  of  semiconductor  device  16 
and  cavity  14.  The  surface  of  semiconductor  device 
16  opposite  cavity  14  should  contain  the  bond  pads 
of  the  die. 

45  Next,  a  layer  of  dielectric  material  22  is  formed  or 
deposited  over  the  entire  substrate/die/lead  frame  or 
flex  circuit  subassembly,  as  shown  in  Figure  10.  The 
dielectric  material  selection  may  include  liquid  resin 
and/orf  ilms  or  combinations  of  these  materials.  Poly- 

50  etherimide  (G.E.  brandname  ULTEM)  is  but  one  ma- 
terial  that  may  be  used  as  an  effective  dielectric  for 
layer  22.  The  method  of  application  may  also  vary 
from  dispensing  a  liquid  to  placing  down  a  sheet  of 
cast  film.  The  film  may  be  a  thermal  plastic  or  ther- 

55  mal  set  material.  An  optional  step  at  this  point  would 
be  the  formation  of  a  polymer  layer  24  over  dielectric 
layer  22,  as  shown  in  Figure  11.  Thus,  if  dielectric  lay- 
er  22  is  a  layer  of  polyetherimide,  an  acceptable  ma- 

4 
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terial  for  poly  layer  24  would  be  polyimide  material 
(DuPont  brandname  KAPTON)  and  laminated.  Acom- 
bination  of  materials  22  and  24  (for  example,  material 
24  coated  on  material  26  film)  into  one  piece  of  ma- 
terial  is  an  alternative  to  separate  sheets  of  material. 

The  next  step  requires  the  construction  of  vias  26 
through  any  layer  or  layers  above  dielectric  layer  22, 
(e.g.  optional  poly  layer  24),  through  dielectric  mate- 
rial  22  and  down  to  the  bond  pads  of  semiconductor 
device  16,  and  down  to  selected  leads  of  lead  frame 
or  flex  circuit  20,  as  shown  in  Figure  12.  This  may  be 
accomplished  by  ablation  (i.e.,  laser  drilling),  chemi- 
cally  with  a  liquid,  gas,  plasma  or  other  suitable 
means.  Next,  a  metallization  layer  28  is  deposited  or 
formed  on  top  of  dielectric  layer  22  (on  top  of  poly  lay- 
er  24  if  optional  layer  used)  and  into  vias  26,  as  shown 
in  Figure  13.  If  deposition  is  used,  deposition  may  be 
performed  with  standard  HDI  dry  deposition  techni- 
ques  or  any  other  material  deposition  techniques.  A 
typical  metallization  material  may  be  sequential  lay- 
ers  of  metal  such  as  titanium,  copper  and  titanium. 
Imaging  and  photolithography  processes  are  then 
performed  on  metallization  layer  28,  resulting  in  met- 
allized  tracks  30  (only  two  shown),  as  shown  in  Figure 
14.  The  resulting  pattern  with  its  number  and  location 
of  metallized  tracks  can  be  varied  to  adapt  to  different 
semiconductor  device,  lead  frame  or  flex  circuit  and 
package  orientation  requirements.  A  solder  mask  or 
protective  overcoat  32  is  then  formed  on  metallized 
tracks  30  and  above  the  top  dielectric  layer,  as  shown 
in  Figure  15. 

In  another  embodiment  of  the  invention,  the 
steps  of  forming  or  depositing  dielectric  layer  22 
through  metallized  tracks  30  are  repeated,  beginning 
with  the  forming  or  depositing  of  a  dielectric  layer  34 
on  top  of  patterned  metallized  layer  30,  as  shown  in 
Figure  1  6.  As  stated  previously,  the  dielectric  material 
selection  may  include  liquid  resin  and/orf  ilms  or  com- 
binations  of  these  materials.  The  method  of  applica- 
tion  may  also  vary  from  dispensing  a  liquid  to  placing 
down  a  sheet  of  cast  film.  An  optional  step  at  this  point 
would  be  the  formation  of  a  polymer  layer  35  over  di- 
electric  layer  34,  as  shown  in  Figure  17.  Thus,  if  di- 
electric  layer  34  is  a  layer  of  partially  cured  resin,  an 
acceptable  material  for  layer  35  would  be  a  fully  cured 
polyimide  material. 

The  next  step  requires  the  construction  of  vias  36 
through  any  layer  or  layers  above  dielectric  layer  34, 
(e.g.  optional  polymer  layer  35),  through  dielectric 
layer  34  and  down  to  metallized  pads  30,  and  down 
to  selected  leads  of  lead  frame  or  flex  circuit  20,  as 
shown  in  Figure  18.  Next,  a  metallization  layer  38  is 
deposited  or  formed  on  top  of  dielectric  layer  34  (on 
top  of  poly  layer  35  if  optional  layer  used)  and  into  vias 
36,  as  shown  in  Figure  19.  If  deposition  is  used,  de- 
position  may  be  performed  with  standard  dry  depos- 
ition  techniques  or  any  other  material  deposition  tech- 
niques.  Imaging  and  photolithography  processes  are 

then  performed  on  medullization  layer  38,  resulting  in 
metallized  tracks  40  (only  two  shown),  as  shown  in 
Figure  20.  The  resulting  pattern  with  its  varied  num- 
ber  and  location  of  metallized  tracks  can  be  varied  to 

5  adapt  to  different  semiconductor  device  and  package 
orientation  requirements.  Asolder  mask  or  protective 
overcoat  42  is  then  formed  on  metallized  tracks  40 
and  above  the  top  dielectric  layer,  as  shown  in  Figure 
21.  Completed  thin  film  overlay  18  is  not  to  scale  in 

10  the  figures.  In  practice,  thin  film  overlay  18  will  usu- 
ally  be  much  smaller  in  height  as  compared  to  semi- 
conductor  device  16  and  substrate  or  packaging  ma- 
terial  12. 

The  steps  beginning  with  forming  or  depositing  a 
15  dielectric  layer  and  ending  with  the  patterning  of  a 

metallization  layer  may  be  repeated  as  necessary  to 
build  a  thin  film  overlay  18  with  the  required  number 
of  layers.  After  the  last  metallization  layer  is  pat- 
terned,  a  solder  mask  or  overcoat  layer  is  formed  to 

20  protectthe  metallized  tracks.  Aside  view  of  acomplet- 
ed  high  density  interconnect  (HDI)  land  grid  array 
package  is  shown  in  Figure  22.  Note  that  thin  film 
overlay  18  is  small  in  height  as  compared  to  substrate 
or  packaging  material  12. 

25  The  flex  circuit  or  lead  frame  previously  defined 
for  this  package  is  required  to  allow  the  assembly  of 
this  package  to  the  next  level  of  electronic  hardware, 
the  PWB  or  equivalent.  But,  this  extension  of  material 
utilizes  valuable  surface  area  of  the  material  during 

30  the  manufacturing  operation,  as  shown  in  Figure  36. 
Note  the  distance  between  each  package  that  is  re- 
quired  to  allow  for  the  flex  circuit  or  lead  frame. 

There  are  two  alternatives  to  increasing  the  util- 
ization  of  the  material  surface  area.  The  first  alterna- 

35  tive  is  to  eliminate  the  flex  circuit  or  lead  frame,  as 
shown  in  Figure  37  and  38.  This  will  be  possible  if  the 
flexible  arm  can  be  of  minimum  length  for  the  assem- 
bly  to  PWB  process.  This  will  allow  the  thin  film  over- 
lay  18  to  act  as  the  flex  circuit  or  lead  frame.  Then, 

40  the  distance  between  packages  during  the  manufac- 
turing  process  may  be  reduced. 

The  second  alternative,  if  the  length  of  the  flex- 
ible  arm  must  exceed  what  is  considered  efficient 
spacing  of  the  packages  10  during  manufacturing,  is 

45  to  bend  the  flex  circuit  52,  as  shown  in  Figure  29.  This 
will  allow  the  packages  to  be  packed  close  together 
in  a  multiple  package  carrier  54  during  manufactur- 
ing,  as  shown  in  Figure  30. 

In  another  embodiment  of  the  invention,  the  ther- 
50  mal  path  from  semiconductor  die  16  to  the  air  is  en- 

hanced  by  the  addition  of  a  heat  sink  44,  as  shown  in 
Figure  23.  Heat  sink  44  is  welded,  soldered,  glued, 
press  fit  or  attached  by  any  other  suitable  means  onto 
the  substrate  or  packaging  material  12,  depending 

55  upon  the  composition  of  substrate  or  packaging  ma- 
terial  12  and  heat  sink  44.  The  size  and  shape  of  heat 
sink  44  may  be  changed  as  needed  to  meet  specific 
design  heat  dissipation  and  physical  space  specif  ica- 
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tions.  Heat  sink  44  may  also  be  used  in  combination 
with  a  substrate  or  packaging  material  that  incorpor- 
ates  one  or  more  heat  slugs  in  the  substrate  or  pack- 
aging  material. 

In  yet  another  embodiment  of  the  invention, 
shown  in  Figure  24,  substrate  or  packaging  material 
12  is  PWB  laminate.  Cavity  14  in  substrate  or  pack- 
aging  material  12  may  be  designed  to  expose  a  metal 
base  46  for  the  semiconductor  device  attach.  The 
metal  may  be  selected  to  customize  the  substrate 
thermal  expansion  rate  and  maximize  the  overall 
package  heat  dissipation  characteristics.  A  heat  sink 
(not  shown)  may  also  be  attached  to  metal  base  46 
for  increased  heat  dissipation. 

In  still  another  embodiment  of  the  invention, 
shown  in  Figure  25,  a  second  semiconductor  device 
48  is  placed  within  substrate  or  packaging  material  12 
and  connected  to  semiconductor  lead  frame  or  flex 
circuit  20  by  thin  film  overlay  1  8.  The  additional  steps 
required  supplement  the  methods  steps  previously 
discussed  for  making  a  packaged  device  having  a  sin- 
gle  semiconductor  device.  An  additional  step  would 
require  the  formation  or  milling  of  a  second  cavity  50 
in  substrate  12.  Semiconductor  device  48  would  be 
placed  in  cavity  50  and  secured  in  the  same  manner 
as  semiconductor  device  16.  If  semiconductor  devic- 
es  1  2  and  48  are  not  to  be  interconnected,  the  method 
for  forming  thin  film  overlay  18  and  any  additional 
steps  are  the  same  as  previously  discussed,  only  ex- 
panded  to  include  and  account  for  semiconductor  de- 
vice  48.  But  if  semiconductor  devices  12  and  48  are 
to  be  interconnected,  an  additional  step  would  require 
that  thin  film  overlay  18  be  modified  to  include  some 
metal  layer  interconnection  between  the  two  semi- 
conductor  devices  as  well. 

A  packaged  device  according  to  the  invention  can 
also  be  expanded  to  include  more  than  two  semicon- 
ductor  devices  (not  shown).  The  size  of  the  substrate 
or  packaging  material  can  be  enlarged  as  necessary 
to  hold  the  desired  number  of  semiconductor  devices. 
Additional  cavities  will  have  to  be  formed  or  milled  in 
an  enlarged  substrate  or  packaging  material  for  the 
additional  semiconductor  devices.  If  the  semiconduc- 
tor  devices  are  not  to  be  interconnected,  the  method 
for  forming  the  thin  film  overlay  and  any  additional 
steps  are  the  same  as  previously  discussed,  only  ex- 
panded  to  include  and  account  for  the  additional  sem- 
iconductor  devices.  But  if  some  or  all  of  the  semicon- 
ductor  device  are  to  be  interconnected,  at  least  one 
additional  step  will  require  that  the  thin  film  overlay 
be  modified  to  include  some  metal  layer  interconnec- 
tion  between  the  semiconductor  devices. 

Figure  26  shows  a  top  view  of  a  packaged  device 
having  four  sides  of  flex  circuit  pads,  according  to  an- 
other  embodiment  of  the  invention.  A  packaged  de- 
vice  having  multiple  sides  of  flex  circuit  pads  can  be 
designed  to  have  l/O's  on  more  than  one  side  that  can 
serve  for  test  and/or  burn-in,  then  be  trimmed  off,  as 

)7  656A1  10 

shown  in  Figure  27.  The  circuit  going  to  the  l/O's  for 
test/burn-in  can  be  designed  as  a  fuse  so  if  a  die  fai  Is, 
it  blows  the  single  fuse  and  does  not  affect  the  bal- 
ance  of  the  test  set.  Figure  28  shows  multiple  pack- 

5  aged  devices  having  their  flex  circuit  pads  52  attach- 
ed  by  conductive  adhesive  or  solder  to  a  printed  wir- 
ing  board  (PWB). 

In  yet  another  embodiment  of  the  invention,  a  re- 
leasable  material  56  is  formed  on  the  upper  surface 

10  and  cavity  of  the  substrate  or  packaging  material  prior 
to  the  die  and  lead  frame  or  flex  circuit  being  attach- 
ed.  Figure  31  shows  a  packaged  device  having  re- 
leasable  material  56.  Material  56  should  release  the 
substrate  from  the  die  and  lead  frame  or  flex  circuit 

15  by  a  method  such  as  melting,  dissolving  or  separating 
due  to  a  peeling  force,  to  leave  the  device  of  Figure 
32.  The  device  of  Figure  32  can  then  be  directly  at- 
tached  to  a  PWB  with  a  conductive  adhesive  or  solder 
attachment  to  the  lead  pins  or  flex  circuit  arms,  as 

20  shown  in  Figure  33.  Packaged  devices  having  double 
sided  flex  circuits  can  also  be  stacked  onto  a  PWB  as 
shown  in  Figure  34.  The  attachment  means  can  be  by 
conductive  adhesive  or  solder  attachment.  The  de- 
vice  of  Figure  31  can  also  have  solder  balls  58  or 

25  bumps  attached  to  the  flex  circuit  as  shown  in  Figure 
35. 

While  this  invention  has  been  described  with  ref- 
erence  to  illustrative  embodiments,  this  description 
is  not  to  be  construed  in  a  limiting  sense.  Various 

30  modifications  to  the  illustrative  embodiments,  as 
well  as  other  embodiments  of  the  invention  will  be  ap- 
parent  to  persons  skilled  in  the  art  upon  reference  to 
this  description.  It  is  therefore  contemplated  that  the 
appended  claims  will  cover  any  such  modifications  or 

35  embodiments  as  fall  within  the  true  scope  of  the  in- 
vention. 

Claims 
40 

1.  A  device,  comprising: 
a  package; 
a  semiconductor  device  within  said  pack- 

age; 
45  a  lead  frame  or  flex  circuit  on  a  surface  of 

said  package  and  adjacent  at  least  one  side  of 
said  semiconductor  device;  and 

a  thin  film  overlay  electrically  connecting 
bond  pads  on  said  semiconductor  device  to  leads 

so  on  said  lead  frame  or  flex  circuit. 

2.  The  device  of  Claim  1,  in  which  said  package  in- 
cludes  a  cavity  having  dimensions  the  same  or 
greater  than  the  semiconductor  device. 

55 
3.  The  device  of  Claim  2,  wherein  said  package  in- 

cludes  at  least  one  heat  slug. 

6 
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4.  The  device  of  Claim  2,  including  a  device  attach 
adhesive  in  the  cavity. 

5.  The  device  of  Claim  1,  wherein  said  thin  film 
overlay  includes  at  least  one  layer  of  dielectric 
material  and  at  least  one  layer  of  conductive  ma- 
terial. 

6.  The  device  of  Claim  5,  wherein  a  layer  of  thin  film 
overly  adjacent  said  semiconductor  device  is  a 
layer  of  dielectric  material. 

7.  The  device  of  Claim  6,  wherein  said  layer  of  con- 
ductive  material  is  patterned  into  a  first  layer  of 
respective  conductors. 

8.  The  device  of  Claim  7,  including  vias  filled  with 
electrically  conductive  material  from  bond  pads 
of  said  semiconductor  device  through  said  layer 
of  dielectric  material  and  to  respective  conduc- 
tors,  and  additional  vias  filled  with  electrically 
conductive  material  from  said  respective  conduc- 
tors  to  leads  of  said  lead  frame  or  flex  circuit. 

9.  The  device  of  Claim  8,  including  a  second  layer 
of  dielectric  material  adjacent  said  first  layer  of 
respective  conductors  and  a  second  layer  of  con- 
ductive  material  patterned  into  a  second  layer  of 
respective  conductors. 

10.  The  device  of  Claim  9,  including  a  via  filled  with 
electrically  conductive  material  from  one  conduc- 
tor  of  said  first  layer  of  respective  conductors, 
through  said  second  layer  of  dielectric  material, 
and  to  a  conductor  of  a  second  layer  of  respective 
conductors. 

11.  The  device  of  Claim  10,  including  vias  filled  with 
electrically  conductive  material  from  conductors 
of  said  second  layer  of  respective  conductors  to 
respective  leads  of  said  lead  frame  or  flex  circuit. 

12.  The  device  of  Claim  10,  including  vias  filled  with 
electrically  conductive  material  from  conductors 
of  said  first  layer  of  respective  conductors, 
through  said  second  layer  of  said  dielectric  ma- 
terial,  and  to  conductors  of  said  second  layer  of 
respective  conductors. 

13.  The  device  of  Claim  9,  including  at  least  one  ad- 
ditional  alternating  pair  of  layers  of  dielectric  ma- 
terial  and  conductive  material  patterned  into  a 
layer  of  respective  conductors,  with  each  addi- 
tional  layer  of  dielectric  layer  being  adjacent  the 
previous  layer  of  respective  conductors. 

14.  The  device  of  Claim  13,  including  vias  filled  with 
electrically  conductive  material  from  conductors 

of  a  previous  layer  of  respective  conductors, 
through  an  adjacent  layer  of  dielectric  material 
and  to  conductors  of  another  layer  of  respective 
conductors. 

5 
15.  The  device  of  Claim  6,  including  at  least  a  second 

dielectric  layer  between  said  dielectric  layer  and 
said  layer  of  conductive  material. 

10  16.  The  device  of  Claim  13,  including  at  least  an  ad- 
ditional  dielectric  layer  between  each  dielectric 
layer  and  the  next  layer  of  conductive  material. 

17.  The  device  of  Claim  1,  including  at  least  one  ad- 
15  ditional  semiconductor  device  within  said  pack- 

age. 

18.  The  device  of  Claim  17,  wherein  said  thin  film 
overlay  connects  some  of  the  bond  pads  of  said 

20  semiconductor  devices  to  each  other  and  other  of 
the  bond  pads  to  electrically  conductive  pads  on 
a  layer  of  said  thin  film  overlay. 

19.  A  device,  comprising: 
25  a  semiconductor  device; 

a  lead  frame  or  flex  circuit;  and 
a  thin  film  overlay  electrically  connecting 

bond  pads  on  said  semiconductor  device  to  leads 
on  said  lead  frame  or  flex  circuit. 

30 
20.  A  method,  comprising: 

placing  a  semiconductor  device  in  a  pack- 
age; 

placing  a  lead  frame  or  flex  circuit  on  a 
35  surface  of  said  package  and  adjacent  at  least  one 

side  of  said  semiconductor  device;  and 
forming  a  thin  film  overlay  on  a  surface  of 

said  semiconductor  device  for  electrically  con- 
necting  bond  pads  on  said  semiconductor  device 

40  to  leads  on  said  lead  frame  or  flex  circuit. 

21.  The  method  of  Claim  20,  including,  placing  at 
least  one  additional  semiconductor  device  in  said 
package. 

45 
22.  The  method  of  Claim  21,  wherein  said  forming 

said  thin  film  overlay  includes  connecting  bond 
pads  on  said  at  least  one  additional  semiconduc- 
tor  device  to  electrically  conductive  pads  on  said 

so  layer  of  said  thin  film  overlay. 

23.  The  method  of  Claim  21,  wherein  said  forming 
said  thin  film  overlay  includes  connecting  some 
of  the  bond  pads  of  said  semiconductor  devices 

55  to  each  other  and  other  of  the  bond  pads  to  elec- 
trically  conductive  pads  on  a  layer  of  said  thin 
film. 

7 
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24.  The  method  of  Claim  21,  wherein  said  semicon- 
ductor  device  is  placed  in  a  cavity,  within  the 
package,  that  matches  the  dimensions  of  the 
semiconductor  device. 

5 
25.  The  method  of  Claim  24,  including  depositing  a 

layer  of  device  attach  adhesive  into  said  cavity 
before  said  semiconductor  device  is  placed  in 
said  cavity. 

10 
26.  A  device  comprising: 

a  semi-conductor  device, 
a  plurality  of  leads,  and 
a  thin  film  overlay  electrically  connecting 

bond  pads  on  said  semi-conductor  device  to  said  15 
leads. 
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