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©  Surface-mounting  type  semiconductor  package  having  an  improved  efficiency  for  heat  dissipation. 
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©  A  semiconductor  device  comprises  a  semicon- 
ductor  chip;  a  resin  package  body  (11)  for  accom- 
modating  the  semiconductor  chip;  a  plurality  of  inter- 
connection  leads  (14)  provided  on  the  resin  package 
body  along  a  lower  edge  of  the  package  body  such 
that  the  interconnection  leads  project  outward  from 
the  lower  edge;  and  a  heat  dissipation  lead  (31)  held 
on  the  resin  package  body  for  dissipating  heat  gen- 
erated  by  the  semiconductor  chip.  The  heat  dissipa- 
tion  lead  (31)  comprises  a  plate  of  a  heat  conducting 
material  having  a  stage  part  and  a  heat  sink  part, 
wherein  the  stage  part  is  held  inside  the  resin  pack- 
age  body  and  supporting  the  semiconductor  chip 
thereon,  while  the  heat  sink  part  projects  outward 
from  the  resin  package  body  and  including  a  part 
that  extends  in  a  downward  direction.  The  heat  sink 
part  has  a  lower  edge  (31a)  that  is  formed  at  a  level 
substantially  flush  with  the  outer  lead  part  of  the 
interconnection  leads  such  that  the  semiconductor 
device  is  held  upright,  when  placed  on  the  substrate, 
by  the  outer  lead  part  of  the  interconnection  leads 
and  by  the  lower  edge  of  the  heat  sink  part  of  the 
heat  dissipation  lead. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  generally  relates  to 
semiconductor  devices  and  more  particularly  to  a 
semiconductor  package  having  the  so-called  single 
in-line  structure. 

In  order  to  improve  the  efficiency  for  mounting 
semiconductor  devices  on  a  support  substrate  such 
as  a  printed  circuit  board,  a  package  structure 
designed  for  the  surface  mounting  technology 
(SMT)  is  used  extensively.  By  using  the  surface 
mounting  technology,  the  semiconductor  device 
can  be  mounted  on  the  circuit  board  without  pro- 
viding  holes  for  inserting  leads  of  the  device.  The 
soldering  of  the  leads  is  achieved  by  merely  plac- 
ing  the  device  on  the  circuit  board  and  passing 
through  a  heating  furnace  for  causing  a  reflowing  of 
the  solder  alloy.  Thereby,  the  efficiency  of  the 
mounting  process  is  improved  significantly  and  the 
fabrication  cost  of  electronic  apparatuses  that  use 
the  semiconductor  devices  is  significantly  reduced. 

In  order  to  mount  the  semiconductor  devices 
as  many  as  possible  on  a  single  support  substrate, 
a  so-called  single  in-line  package  (SIP)  is  pro- 
posed.  In  the  single  in-line  package,  the  leads  are 
provided  along  a  single  edge  of  a  flat  package 
body  to  extend  perpendicularly  with  respect  to  the 
edge,  and  the  package  body  is  held  upright  on  the 
substrate  by  inserting  the  leads  into  the  corre- 
sponding  holes  of  the  substrate.  As  the  package 
body  is  held  vertically  on  the  substrate,  one  can 
increase  the  number  of  the  packages  that  are 
mounted  on  the  single  substrate.  Further,  such  a 
structure  is  advantageous  for  cooling  the  device. 

In  order  to  combine  the  advantageous  feature 
of  the  single  in-line  package  with  the  advantageous 
feature  of  the  surface  mounting  technology,  a  pack- 
age  structure  shown  in  FIG.1  is  proposed  in  the 
United  States  Patent  4,975,763. 

Referring  to  FIG.1,  the  package  designated  by 
a  numeral  1  includes  a  flat  resin  package  body  2 
that  accommodates  therein  a  semiconductor  chip 
3.  At  an  edge  2a  of  the  flat  package  body  2,  there 
are  provided  a  number  of  leads  each  having  an 
inner  lead  part  4a  connected  to  a  bonding  pad  of 
the  chip  3  and  an  outer  lead  part  4b  extending 
outward  from  the  edge  2a.  Further,  the  outer  lead 
part  4b  of  the  leads  4  is  bent  laterally  with  respect 
to  the  extending  direction  of  the  leads  4.  In  order  to 
support  the  package  body  2  on  the  substrate  at  the 
time  of  mounting,  there  is  provided  a  pair  of  studs 
5a  each  including  a  stop  portion  6  and  a  cylindrical 
clip  portion  7  of  a  reduced  diameter  for  inserting 
into  a  corresponding  hole  provided  on  the  sub- 
strate. 

FIG.2  shows  the  mounting  of  the  package  1  on 
a  substrate  8,  wherein  the  substrate  8  is  formed 
with  a  hole  8a  for  holding  the  clip  portion  7  of  the 

stud  5.  There,  the  portion  7  is  inserted  into  the  hole 
8a  as  shown  in  FIG.2  and  the  package  body  2  is 
held  upright  on  the  substrate  8.  The  substrate  8 
carries  thereon  a  conductor  pattern  8b  for  wiring, 

5  and  the  lead  4  is  contacted  with  the  conductor 
pattern  8b  when  the  package  1  is  held  on  the 
substrate  8.  By  passing  the  substrate  8  together 
with  the  package  1  in  the  state  shown  in  FIG.2,  the 
soldering  alloy  provided  on  the  conductor  pattern 

io  8b  causes  a  reflow  and  the  lead  4  is  soldered 
firmly  upon  the  conductor  pattern  8. 

In  this  conventional  package  structure,  there  is 
a  problem  in  that  one  has  to  provide  the  hole  8a  on 
the  substrate  8  in  correspondence  to  the  stud  5  for 

75  holding  the  package  body  2  on  the  substrate  8.  As 
each  lead  4  has  to  engage  with  corresponding 
pattern  8b  when  the  package  is  mounted,  it  is 
necessary  that  the  hole  8a  be  formed  with  high 
precision.  This  requirement  is  particularly  acute  in 

20  the  recent  semiconductor  devices  that  have  a  large 
number  of  leads  on  the  package  body.  Obviously, 
such  a  formation  of  the  hole  and  the  insertion  of 
the  stud  into  the  hole  undermine  the  advantageous 
feature  of  the  surface  mounting  technology,  and 

25  the  efficiency  of  mounting  is  inevitably  deteriorated. 
Meanwhile,  there  are  various  semiconductor 

devices  that  generate  heat  upon  operation.  Thus, 
there  are  needs  for  a  semiconductor  package  that 
facilitates  efficient  cooling  of  the  device.  The  con- 

30  ventional  package  of  FIG.1  has  a  drawback  with 
respect  to  this  point  in  that  the  package  lacks  a 
cooling  fin.  Thus,  the  dissipation  of  the  heat  has  to 
be  achieved  via  the  resin  package  body.  As  will  be 
easily  understood,  such  a  process  of  heat  dissipa- 

35  tion  is  inefficient  and  the  package  structure  of 
FIG.1  can  be  used  only  for  those  devices  that 
produce  little  heat.  The  process  for  mounting  a 
cooling  fin  on  the  resin  package  body  complicates 
the  fabrication  process  of  the  device. 

40 
SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  a  general  object  of  the 
present  invention  to  provide  a  novel  and  useful 

45  semiconductor  device  wherein  the  foregoing  prob- 
lems  are  eliminated. 

Another  and  more  specific  object  of  the 
present  invention  is  to  provide  a  semiconductor 
device  that  has  a  single  in-line  package  of  the 

50  surface  mounting  type  wherein  the  efficiency  for 
heat  dissipation  is  improved. 

Another  object  of  the  present  invention  is  to 
provide  a  semiconductor  device  comprising  a 
semiconductor  chip;  a  resin  package  body  that 

55  accommodates  therein  said  semiconductor  chip, 
said  package  body  having  a  lower  edge;  a  plurality 
of  interconnection  leads  provided  on  said  resin 
package  body  along  said  lower  edge  of  the  pack- 
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age  body  such  that  the  interconnection  leads  pro- 
ject  outward  from  said  lower  edge,  each  intercon- 
nection  leads  having  an  inner  lead  part  held  inside 
the  package  body  and  connected  electrically  to 
said  semiconductor  chip,  and  an  outer  lead  part 
located  outside  said  resin  package  body  for  en- 
gagement  with  a  substrate  that  supports  the  semi- 
conductor  device  thereon;  and  a  heat  dissipation 
lead  held  on  said  resin  package  body  for  dissipat- 
ing  heat  generated  by  said  semiconductor  chip, 
said  heat  dissipation  lead  comprising  a  plate  of  a 
heat  conducting  material  having  a  stage  part  and  a 
heat  sink  part,  said  stage  part  being  held  inside 
said  resin  package  body  and  supporting  said  semi- 
conductor  chip  thereon,  said  heat  sink  part  projec- 
ting  outward  from  said  resin  package  body  and 
including  a  part  that  extends  in  a  downward  direc- 
tion,  said  heat  sink  part  having  a  lower  edge  that  is 
formed  at  a  level  substantially  flush  with  said  outer 
lead  part  of  said  interconnection  leads. 

According  to  the  present  invention,  one  can 
provide  a  semiconductor  device  that  can  be  held 
upright  on  the  substrate  such  as  a  printed  circuit 
board  while  maintaining  an  excellent  efficiency  of 
heat  dissipation.  It  should  be  noted  that  the  device 
is  held  upright  on  the  substrate  by  the  outer  lead 
part  of  the  interconnection  leads  and  the  heat  dis- 
sipation  lead.  As  the  outer  lead  part  of  the  intercon- 
nection  leads  is  bent  laterally  for  contacting  with  a 
conductor  pattern  on  the  substrate,  such  a  semi- 
conductor  device  is  particularly  suitable  for  mount- 
ing  on  the  substrate  by  the  surface  mounting  tech- 
nology.  Thereby,  the  heat  dissipation  lead  is  used 
simultaneously  as  a  heat  sink  and  a  mechanical 
support. 

Another  object  of  the  present  invention  is  to 
provide  a  semiconductor  device  comprising:  first 
and  second  semiconductor  chips  that  are  separate 
from  each  other;  a  first  resin  package  body  for 
accommodating  said  first  semiconductor  chip,  said 
first  resin  package  body  having  a  lower  edge;  a 
second  resin  package  body  for  accommodating 
said  second  semiconductor  chip,  said  second  resin 
package  body  having  a  lower  edge;  first  group 
interconnection  leads  provided  on  said  first  pack- 
age  body  to  project  outward  from  said  first  pack- 
age  body  at  said  lower  edge  thereof,  said  first 
group  interconnection  leads  including  a  plurality  of 
leads  each  having  an  inner  lead  part  held  inside 
the  first  package  body  and  connected  electrically 
to  said  first  semiconductor  chip,  and  an  outer  lead 
part  located  outside  said  first  resin  package  body 
and  is  bent  laterally  for  engagement  with  a  sub- 
strate;  second  group  interconnection  leads  pro- 
vided  on  said  second  package  body  to  project 
outward  from  said  second  package  body  at  said 
lower  edge  thereof,  said  second  group  interconnec- 
tion  leads  including  a  plurality  of  leads  each  having 

an  inner  lead  part  held  inside  the  second  resin 
package  body  and  connected  electrically  to  said 
second  semiconductor  chip,  and  an  outer  lead  part 
located  outside  the  package  body  and  is  bent 

5  laterally  for  engagement  with  said  substrate;  and  a 
heat  dissipation  lead  connecting  said  first  resin 
package  body  and  said  second  resin  package  body 
with  each  other,  said  heat  dissipation  lead  compris- 
ing  a  first  stage  part  embedded  within  said  first 

io  resin  package  body  for  holding  said  first  semicon- 
ductor  chip  thereon,  a  second  stage  part  embed- 
ded  within  said  second  resin  package  body  for 
holding  said  second  semiconductor  chip  thereon, 
and  a  heat  sink  part  located  outside  said  first  and 

is  second  resin  package  bodies  for  bridging  said  first 
stage  part  and  said  second  stage  part. 

According  to  the  present  invention,  the  semi- 
conductor  device  is  held  upright  on  the  substrate 
by  the  first  group  interconnection  leads  and  the 

20  second  group  interconnection  leads.  Thus,  the  de- 
vice  is  suitable  for  the  mounting  on  the  substrate 
by  the  surface  mounting  technology.  Simultaneous- 
ly,  the  device  achieves  an  efficient  cooling  by  the 
heat  sink  part  that  connects  the  first  and  second 

25  resin  package  bodies. 
Other  objects  and  further  features  of  the 

present  invention  will  become  apparent  from  the 
following  detailed  description  when  read  in  con- 
junction  with  the  attached  drawings. 

30 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.1  is  a  diagram  showing  a  conventional  semi- 
conductor  package  for  surface  mounting; 

35  FIG.2  is  a  diagram  showing  the  mounting  of  the 
semiconductor  device  on  a  substrate; 
FIG.3  is  a  diagram  showing  a  semiconductor 
device  having  a  package  according  to  a  first 
embodiment  of  the  present  invention  in  a  plan 

40  view; 
FIG.4  is  a  diagram  showing  the  semiconductor 
device  in  a  side  view  in  the  state  that  the  device 
is  mounted  on  a  substrate; 
FIG.5  is  a  diagram  showing  the  semiconductor 

45  device  of  FIG.3  in  an  elevational  cross  section; 
FIG.6  is  a  diagram  showing  a  modification  of  the 
device  of  FIG.3; 
FIG.7  is  a  diagram  showing  the  mounting  of  the 
semiconductor  device  of  FIG.6  on  a  substrate; 

50  FIG.8  is  a  diagram  showing  a  modification  of  the 
device  of  FIG.6; 
FIG.9  is  a  diagram  showing  another  modification 
of  the  device  of  FIG.6; 
FIG.1  0  is  a  diagram  showing  a  semiconductor 

55  device  having  a  package  according  to  second 
embodiment  of  the  present  invention  in  a  per- 
spective  view; 
FIG.1  1  is  a  diagram  similar  to  FIG.4  showing  the 

3 
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semiconductor  device  of  FIG.1  0  in  a  side  view  in 
the  state  that  the  device  is  mounted  on  a  sub- 
strate; 
FIG.1  2  is  a  diagram  showing  the  internal  struc- 
ture  of  the  device  of  FIG.1  0  in  the  state  that  the 
heat  dissipation  lead  is  extended; 
FIG.1  3  is  a  diagram  showing  a  modification  of 
the  device  of  FIG.1  0; 
FIG.1  4  is  a  diagram  showing  another  modifica- 
tion  of  the  device  of  FIG.1  0  in  a  cross  sectional 
view; 
FIG.1  5  is  a  diagram  showing  the  construction  of 
a  composite  heat  dissipation  lead  used  in  the 
package  of  the  present  invention; 
FIG.1  6  is  a  diagram  showing  various  combina- 
tions  of  the  materials  used  for  the  heat  dissipa- 
tion  lead  of  FIG.1  5; 
FIGS.  17(A)  -  17(C)  are  diagrams  showing  the 
structure  of  other  composite  heat  dissipation 
leads;  and 
FIGS.  18(A)  -  18(F)  are  diagrams  showing  var- 
ious  examples  of  the  stress  relaxation  structure 
used  in  the  package  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Hereinafter,  the  description  will  be  made  on  a 
semiconductor  device  10  according  to  a  first  em- 
bodiment  of  the  present  invention  with  reference  to 
FIGS.3  -  5,  wherein  FIG.3  shows  the  device  10  in  a 
perspective  view  while  FIG.4  shows  the  device  10 
in  a  side  view.  Further,  FIG.5  shows  the  device  10 
in  an  elevational  cross  section. 

Referring  to  the  drawings,  the  semiconductor 
device  10  includes  a  package  body  11  of  an  epoxy 
resin  in  which  a  semiconductor  chip  15  is  embed- 
ded  as  shown  in  FIG.5  by  a  transfer  molding  pro- 
cess.  The  package  body  11  has  a  flat  shape  de- 
fined  by  a  pair  of  opposing  flat  major  surfaces.  At 
the  bottom  edge  of  the  package  11,  a  plurality  of 
interconnection  leads  14  are  provided  to  extend  in 
a  downward  direction,  while  there  is  provided  a 
heat  dissipation  lead  12  to  extend  in  an  upward 
direction  from  the  top  edge  of  the  package  body 
11.  The  heat  dissipation  lead  12  thus  extending  in 
the  upward  direction  is  then  bent  twice  succes- 
sively,  each  time  by  an  angle  of  about  90  degrees, 
and  extends  in  the  downward  direction  along  the 
flat  major  surface  of  the  package  body  1  1  .  There- 
by,  the  part  of  the  heat  dissipation  lead  12  that  is 
located  outside  the  package  body  1  1  forms  a  heat 
sink  part  12b  that  is  ended  at  a  lower  edge  part 
12a.  On  the  other  hand,  the  heat  dissipation  lead 
12  has  a  stage  part  12c  that  is  embedded  in  the 
package  body  11  such  that  the  stage  part  12c 
supports  the  semiconductor  chip  15  thereon.  See 
the  cross  sectional  view  of  FIG.5. 

Referring  to  FIG.5,  it  should  be  noted  that  each 
lead  14  is  formed  of  an  outer  lead  part  14a  projec- 
ting  outward  from  the  package  body  11  and  an 
inner  lead  part  14b  held  inside  the  package  body 

5  11.  The  inner  lead  part  14b  is  connected  to  the 
semiconductor  chip  15  by  a  bonding  wire  14c. 
There,  the  outer  lead  part  14a  is  bent  laterally  by 
an  angle  of  about  90  degrees  as  shown  in  FIG.4  for 
the  engagement  with  a  substrate  19  such  as  a 

io  printed  circuit  board.  It  should  be  noted  that  the 
substrate  19  carries  thereon  conductor  patterns  for- 
ming  a  circuit  with  a  solder  18  provided  thereon. 
Further,  the  heat  dissipation  lead  12  is  formed  such 
that  the  lower  edge  part  12a  is  formed  at  a  level 

is  substantially  flush  with  the  level  of  the  laterally-bent 
outer  lead  part  14a  of  the  interconnection  leads  14. 

By  constructing  the  device  as  such,  the  device 
is  held  upright  on  the  substrate  19  by  the  intercon- 
nection  lead  14  and  the  heat  dissipation  lead  12. 

20  Thus,  by  passing  the  device  together  with  the 
substrate  19  through  a  heating  fixture,  a  reflowing 
of  the  solder  18  occurs  and  the  device  is  mounted 
firmly  upon  the  substrate  19  as  indicated  in  FIG.4. 
Thereby,  the  device  of  the  present  embodiment 

25  can  be  mounted  on  the  substrate  by  the  surface 
mounting  technology  and  the  efficiency  of  produc- 
tion  of  electronic  apparatuses  is  improved  signifi- 
cantly.  Further,  the  package  structure  as  disclosed 
in  the  present  embodiment  is  applicable  to  the 

30  devices  wherein  the  semiconductor  chip  15  gen- 
erates  substantial  heat.  The  heat  is  transferred  from 
the  chip  15  to  the  heat  sink  part  12b  along  the  heat 
dissipation  lead  12  and  radiated  into  the  space.  In 
the  embodiment  of  FIG.4,  it  can  be  seen  that  the 

35  heat  sink  part  12b  of  the  heat  dissipation  lead  12  is 
fixed  upon  the  flat  major  surface  of  the  package 
body  11  by  a  heat-conductive  adhesive  13.  There- 
by,  the  efficiency  of  heat  dissipation  from  the  semi- 
conductor  chip  15  to  the  heat  sink  part  12b  and 

40  further  to  the  space  is  even  more  improved. 
FIG.6  shows  a  semiconductor  device  30  ac- 

cording  to  a  modification  of  the  semiconductor 
device  10  of  FIG.3.  In  the  device  of  FIG.6,  a  heat 
dissipation  lead  31  substantially  identical  with  the 

45  heat  dissipation  lead  12  is  used,  wherein  the  heat 
dissipation  lead  31  is  different  from  the  heat  dis- 
sipation  lead  12  in  one  point  that  the  heat  dissipa- 
tion  lead  31  has  a  lower  edge  part  31a  that  is 
formed  into  a  comb-shape  and  is  bent  laterally  for 

50  improved  mechanical  stability  of  the  device.  By 
bending  the  part  31a  laterally,  the  area  for  solder- 
ing  the  lead  31  on  the  substrate  is  increased.  See 
FIG.7.  Preferably,  the  teeth  of  the  lower  edge  part 
31a  are  provided  in  correspondence  to  the  gap 

55  formed  between  the  adjacent  interconnection  leads 
14  for  avoiding  possible  short  circuit  connection. 
Further,  the  comb-shape  construction  of  the  lower 
edge  part  31a  facilitates  the  bending  process. 

4 
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FIG.8  shows  a  semiconductor  device  40  ac- 
cording  to  a  modification  of  the  device  30  of  FIG.6, 
wherein  the  device  has  a  heat  dissipation  lead  41 
similar  to  the  heat  dissipation  lead  31  except  that 
the  heat  dissipation  lead  41  has  a  lower  edge  part 
41a  that  is  bent  in  two,  opposite  lateral  directions. 
There,  each  tooth  of  the  comb-shaped  part  41a  is 
bent  laterally  and  alternately  in  two  opposing  direc- 
tions  for  improved  mechanical  stability  on  the  sub- 
strate.  Alternatively,  the  teeth  of  the  comb-shaped 
part  31a  is  bent  in  either  of  the  two  opposing 
directions  to  avoid  any  obstacles  provided  on  the 
substrate. 

FIG.9  shows  a  semiconductor  device  50  ac- 
cording  to  a  modification  of  the  device  30  of  FIG.7, 
wherein  the  device  50  has  interconnection  leads  50 
corresponding  to  the  interconnection  leads  14  ex- 
cept  that  each  lead  has  an  outer  lead  part  that  is 
bent  laterally  at  the  lower  edge  of  the  package 
body  11  where  the  lead  projects  outward  from  the 
package  body.  Thereby,  the  length  of  the  lead  50 
is  reduced  and  the  delay  in  the  signal  transmission 
through  the  lead  is  minimized.  Further,  such  a 
reduction  in  the  length  of  the  lead  50  minimizes  the 
chance  that  external  noises  penetrate  into  the  cir- 
cuit  from  the  exposed  part  of  the  interconnection 
lead  50.  In  correspondence  to  the  reduced  length 
of  the  interconnection  lead  50,  the  heat  dissipation 
lead  31  is  formed  with  a  reduced  length  such  that 
the  lower  edge  31a  is  formed  with  a  flush  relation- 
ship  with  the  outer  lead  part  of  the  interconnection 
lead  50. 

FIG.1  0  shows  a  semiconductor  device  70  ac- 
cording  to  a  second  embodiment  of  the  present 
invention. 

Referring  to  FIG.1  0,  the  semiconductor  device 
70  includes  first  and  second  resin  package  bodies 
71  and  72  connected  with  each  other  by  a  heat 
dissipation  lead  73.  As  shown  in  the  cross  sectional 
view  of  FIG.1  1,  the  heat  dissipation  lead  73  in- 
cludes  a  first  stage  part  73a  supporting  thereon  a 
first  semiconductor  chip  76  and  embedded  in  the 
first  resin  package  body  71,  and  a  second  stage 
part  73b  supporting  thereon  a  second  semiconduc- 
tor  chip  77  and  embedded  in  the  second  resin 
package  body  72.  Further,  the  heat  dissipation  lead 
73  includes  a  heat  sink  part  73c  that  is  located 
outside  the  package  bodies  71  and  72  and  con- 
necting  the  first  and  second  stage  parts  73a  and 
73b  with  each  other.  There,  the  heat  sink  part  73c 
extends  upward  from  the  upper  edge  of  the  pack- 
age  bodies  71  and  72.  On  the  other  hand,  intercon- 
nection  leads  74  are  provided  to  extend  in  the 
downward  direction  at  the  lower  edge  of  the  pack- 
age  body  71,  while  interconnection  leads  75  are 
provided  to  extend  in  the  downward  direction  at  the 
lower  edge  of  the  package  body  72.  It  should  be 
noted  that  each  interconnection  lead  74  is  con- 

nected  to  the  semiconductor  chip  76  by  a  bonding 
wire  74a.  Similarly,  each  interconnection  lead  75  is 
connected  to  the  semiconductor  chip  77  by  a 
bonding  wire  75a.  Further,  the  outer  ends  of  the 

5  interconnection  leads  74  and  75  are  bent  laterally 
at  substantially  an  identical  level  as  indicated  in 
FIG.1  1.  Thereby,  the  semiconductor  device  70  is 
held  upright  on  the  substrate  19  by  the  intercon- 
nection  leads  74  and  75  as  shown  in  FIGS.  10  and 

70  11. 
FIG.1  2  shows  the  semiconductor  device  70  in 

the  state  that  the  heat  dissipation  lead  73  is  unfol- 
ded.  In  FIG.1  2,  it  will  be  seen  that  there  are  pro- 
vided  anchor  holes  78  and  cutouts  79  for  improving 

75  the  intimate  contact  between  the  resin  that  forms 
the  package  body  and  the  heat  dissipation  lead  73. 
Further,  V-shaped  grooves  80  are  provided  on  the 
heat  dissipation  lead  73  for  facilitating  the  bending 
thereof.  The  molding  of  the  device  is  achieved  in 

20  the  state  of  FIG.1  2,  and  the  heat  dissipation  lead 
73  is  bent  subsequently  to  form  the  device  shown 
in  FIG.  10. 

FIG.1  3  shows  a  semiconductor  device  80  ac- 
cording  to  a  modification  of  the  device  70  wherein 

25  inter  connection  leads  81  and  82  are  used  in  place 
of  the  interconnection  leads  74  and  75.  There,  the 
leads  forming  the  interconnection  leads  81  are  bent 
laterally  in  opposite  directions  to  avoid  any  ob- 
stacles  formed  on  the  surface  of  the  substrate  19, 

30  similarly  to  the  embodiment  of  FIG.8. 
FIG.1  4  shows  a  semiconductor  device  90  ac- 

cording  to  another  modification  of  the  device  80 
wherein  interconnection  leads  91  and  92  are  bent 
at  the  lower  edge  of  the  package  bodies  71  and  72. 

35  By  constructing  the  device  as  such,  the  signal 
delay  caused  by  the  interconnection  lead  is  mini- 
mized  similarly  to  the  embodiment  of  FIG.9.  Asso- 
ciated  therewith,  the  penetration  of  noise  into  the 
semiconductor  circuits  in  the  chips  76  and  77  via 

40  the  interconnection  leads  91  and  92  is  minimized. 
FIG.1  5  is  a  diagram  showing  the  cross  section 

of  a  lead  frame  from  which  the  heat  dissipation 
lead  12  and  the  interconnection  leads  14  of  the 
semiconductor  device  of  FIG.3  are  formed.  It 

45  should  be  noted,  however,  that  the  description  giv- 
en  hereinafter  with  respect  to  the  structure  of  the 
lead  frame  is  applicable  also  to  the  heat  dissipation 
leads  and  the  interconnection  leads  of  other  em- 
bodiments. 

50  Referring  to  FIG.1  5,  it  will  be  seen  that  the  heat 
dissipation  lead  12  includes  a  plate  20c  of  a  copper 
alloy  (MF202  -  a  trade  name,  an  alloy  of  Cu-Sn- 
Zn),  and  clad  layers  20a  and  20b,  both  of  a  Fe-Ni 
alloy,  cover  the  first  and  second,  mutually  opposing 

55  major  surfaces  of  the  plate  20c,  respectively.  The 
clad  layers  20a  and  20b  may  be  provided  for 
example  by  a  thermal  bonding  process.  By  using 
such  a  composite  structure  for  the  heat  dissipation 

5 
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frames  12  as  well  as  for  the  interconnection  leads 
14,  it  is  possible  to  impart  various  preferable  fea- 
tures  to  these  parts  such  as  a  high  electrical  con- 
ductivity,  a  high  mechanical  strength  and  a  high 
thermal  conductivity. 

In  order  to  obtain  the  desirable  property  as  set 
forth  above,  it  is  preferable  to  set  the  thicknesses 
ti  and  t2  of  the  clad  layers  20a  and  20b  with 
respect  to  the  thickness  T  of  the  copper  alloy  plate 
20c  to  satisfy  a  relationship 

0.3^(t/T)^2,  (1) 

where  t  represents  the  total  thickness  of  the  clad 
layers  20a  and  20b  (t  =  ti  +  t2).  Designating  the 
total  thickness  of  the  heat  dissipation  lead  12  by  a 
parameter  W  as  indicated  in  FIG.1  5,  it  is  also 
preferable  to  set  the  ratio  t/W  to  fall  in  the  range 

0.4  H  (t/W)  H  0.7.  (2) 

Within  the  range  where  the  foregoing  two  con- 
ditions  (1)  and  (2)  are  met,  one  can  set  the  thick- 
ness  of  the  layers  20a,  20b  and  20c  as  desired. 
FIG.1  6  shows  a  few  examples  of  the  combination 
that  satisfy  the  foregoing  requirements,  under  a 
constraint  that  the  thickness  ti  is  set  equal  to  the 
thickness  t2  and  that  the  total  thickness  W  is  set  to 
about  150  urn. 

Further,  it  should  be  noted  that,  as  long  as  the 
foregoing  conditions  (1)  and  (2)  are  met,  one  may 
modify  the  construction  of  the  lead  frame  as  shown 
in  FIGS.17(A)  -  17(C),  where  FIG.1  7(A)  shows  a 
case  that  clad  layers  20e  and  20f  of  the  copper 
alloy  are  used  to  cover  a  core  layer  20d  of  the  Fe- 
Ni  alloy,  whereas  FIG.1  7(B)  shows  a  structure 
wherein  a  single  clad  layer  20g  of  the  Fe-Ni  alloy 
covers  a  core  layer  20h  of  the  copper  alloy.  Fur- 
ther,  FIG.1  7(C)  shows  a  structure  similar  to  the 
structure  of  FIG.1  5  except  that  the  thickness  of 
both  clad  layers  20j  and  20k,  provided  at  both 
sides  of  a  core  layer  20i  of  the  copper  alloy  in 
correspondence  to  the  clad  layers  20a  and  20b,  is 
made  non-uniform.  Even  in  the  case  of  FIGS.  17(A) 
-  17(C),  one  can  obtain  a  lead  frame  member  that 
has  a  sufficient  electric  and  thermal  conductivity  as 
well  as  a  sufficient  mechanical  rigidity,  as  long  as 
the  foregoing  conditions  (1)  and  (2)  are  met. 

FIGS.  18(A)  -  18(F)  are  diagrams  showing  the 
construction  of  the  stage  part  12c  of  the  device 
shown  in  FIG.5. 

Referring  to  the  drawings,  the  stage  part  12c  is 
provided  with  one  or  more  apertures  or  openings 
such  as  an  aperture  21a  shown  in  FIG.1  8(A)  for 
absorbing  a  mechanical  stress  that  occurs  in  the 
stage  part  12c  at  the  time  when  the  reflowing  of  the 
solder  alloy  is  achieved.  It  should  be  noted  that, 
without  such  apertures  provided  on  the  stage  part 

12c,  there  is  a  substantial  risk  that  the  semiconduc- 
tor  chip  15  comes  off  from  the  stage  part  12c  due 
to  the  mechanical  deformation  caused  by  the  dif- 
ference  in  the  thermal  expansion  between  the  lead 

5  frame  and  the  chip  15. 
The  aperture  21a  of  FIG.1  8(A)  extends  laterally 

through  the  stage  part  12c,  while  FIG.1  8(B)  shows 
four  apertures  21b  that  are  disposed  laterally  and 
vertically  to  form  a  cross-shaped  pattern.  FIG.1  8- 

io  (C),  on  the  other  hand,  shows  apertures  21c  that 
includes  a  cross-shaped  opening  at  the  center  of 
the  stage  part  12c  and  four  elongated  openings 
that  extend  obliquely  to  surround  the  central  cross- 
shaped  pattern.  FIG.1  8(D)  shows  an  aperture  pat- 

15  tern  21  d  that  includes  a  pair  of  T-shaped  openings 
disposed  to  oppose  with  each  other  vertically  and  a 
pair  of  E-shaped  openings  that  are  disposed  to 
oppose  with  each  other  laterally.  FIG.1  8(E)  shows 
an  aperture  pattern  21  e  that  includes  four  elon- 

20  gated  openings  disposed  radially.  Further,  FIG.1  8- 
(F)  shows  four  elongated  apertures  21  f  that  are 
disposed  parallel  with  each  other  to  extend  lat- 
erally.  Any  of  these  apertures  are  effective  in 
avoiding  the  concentration  of  the  thermal  stress 

25  particularly  at  the  time  of  the  reflowing  of  the 
solder  alloy. 

Further,  the  present  invention  is  not  limited  to 
the  embodiments  described  heretofore,  but  various 
variations  and  modifications  may  be  made  without 

30  departing  from  the  scope  of  the  invention. 

Claims 

1.  A  semiconductor  device  comprising: 
35  a  semiconductor  chip  (15);  a  resin  pack- 

age  body  (11)  for  accommodating  therein  said 
semiconductor  chip,  said  package  body  having 
a  lower  edge;  and  a  plurality  of  interconnection 
leads  (14)  provided  on  said  resin  package 

40  body  along  said  lower  edge  of  the  package 
body  such  that  the  interconnection  leads  pro- 
ject  outward  from  said  lower  edge,  each  inter- 
connection  leads  having  an  inner  lead  part 
(14b)  held  inside  the  package  body  and  con- 

45  nected  electrically  to  said  semiconductor  chip, 
and  an  outer  lead  part  (14a)  located  outside 
said  resin  package  body  for  contacting  with  a 
surface  of  a  substrate  that  supports  the  semi- 
conductor  device  thereon; 

50  characterized  in  that  the  device  further 
comprises: 

a  heat  dissipation  lead  (12)  held  on  said 
resin  package  body  (11)  for  dissipating  heat 
generated  by  said  semiconductor  chip  (15), 

55  said  heat  dissipation  lead  comprising  a  plate  of 
a  heat  conducting  material  having  a  stage  part 
(12c)  and  a  heat  sink  part  (12b),  said  stage 
part  being  held  inside  said  resin  package  body 

6 
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and  supporting  said  semiconductor  chip  there- 
on,  said  heat  sink  part  projecting  outward  from 
said  resin  package  body  and  including  a  part 
that  extends  in  a  downward  direction,  said  heat 
sink  part  having  a  lower  edge  that  is  formed  at 
a  level  substantially  flush  with  said  outer  lead 
part  of  said  interconnection  leads  such  that  the 
semiconductor  device  is  held  upright,  when 
placed  on  the  substrate  (19),  by  said  outer 
lead  part  of  said  interconnection  leads  and  by 
said  lower  edge  of  said  heat  sink  part  of  said 
heat  dissipation  lead. 

2.  A  semiconductor  device  as  claimed  in  claim  1 
characterized  in  that  said  outer  lead  part  (14a) 
of  said  interconnection  lead  is  bent  laterally  for 
the  engagement  with  said  substrate  (19). 

3.  A  semiconductor  device  as  claimed  in  claim  1 
characterized  in  that  said  outer  lead  part  of 
said  interconnection  lead  (81)  is  bent  laterally 
in  one  of  two  opposite  directions. 

4.  A  semiconductor  device  as  claimed  in  claim  3 
characterized  in  that  said  outer  lead  part  (81)  is 
bent  alternately  in  said  two  opposite  directions. 

5.  A  semiconductor  device  as  claimed  in  claim  1 
characterized  in  that  said  package  body  (11) 
has  an  upper  edge,  wherein  said  heat  sink  part 
(12b)  of  said  heat  dissipation  lead  extends 
from  said  package  body  in  an  upward  direction 
at  said  upper  edge  and  is  bent  subsequently  in 
the  downward  direction. 

6.  A  semiconductor  device  as  claimed  in  claim  5 
characterized  in  that  said  package  body  (11) 
has  a  substantially  flat  side  wall,  and  said  heat 
sink  part  (12b)  of  said  heat  dissipation  lead 
extends  in  the  downward  direction  along  said 
flat  side  wall. 

7.  A  semiconductor  device  as  claimed  in  claim  6 
characterized  in  that  said  heat  sink  part  (12b) 
establishes  an  intimate  contact  with  said  side 
wall  of  said  package  body  (11). 

8.  A  semiconductor  device  as  claimed  in  claim  7 
characterized  in  that  said  heat  sink  part  (12b) 
is  bonded  to  said  side  wall  of  said  package 
body  (11)  by  an  adhesive  (13). 

9.  A  semiconductor  device  as  claimed  in  claim  6 
characterized  in  that  said  lower  edge  (31a)  of 
said  heat  sink  part  (31)  is  bent  laterally  for 
engagement  with  said  substrate. 

10.  A  semiconductor  device  as  claimed  in  claim  6 

characterized  in  that  said  lower  edge  (31a)  of 
said  heat  sink  part  (31)  includes  a  plurality  of 
teeth  spaced  from  each  other  and  projecting 
laterally  in  correspondence  to  said  lateral 

5  bending  of  said  lower  edge. 

11.  A  semiconductor  device  as  claimed  in  claim  10 
characterized  in  that  each  tooth  (41a)  of  said 
teeth  projects  in  one  of  two  opposing  direc- 

io  tions. 

12.  A  semiconductor  device  as  claimed  in  claim  10 
characterized  in  that  each  tooth  (31a,  41a)  of 
said  teeth  is  formed  in  correspondence  to  a 

is  space  formed  between  adjacent  interconnec- 
tion  leads. 

13.  A  semiconductor  device  as  claimed  in  claim  1 
characterized  in  that  each  interconnection  lead 

20  (51)  has  said  outer  lead  part  such  that  the 
outer  lead  part  is  bent  laterally  at  a  part  where 
the  interconnection  lead  emerges  from  the  low- 
er  edge  of  the  package  body  (11). 

25  14.  A  semiconductor  device  as  claimed  in  claim  1 
characterized  in  that  said  stage  part  (12c)  in- 
cludes  an  aperture  (21a  -  21  f)  for  relieving  a 
concentration  of  thermal  stress  in  correspon- 
dence  to  where  said  stage  part  contacts  with 

30  said  semiconductor  chip. 

15.  A  semiconductor  device  as  claimed  in  claim  1 
characterized  in  that  said  heat  dissipation  lead 
(12)  comprises  a  composite  plate  comprising 

35  one  or  more  of  first  alloy  layers  (20a,  20b,  20d, 
20g,  20j,  20k)  containing  iron  and  one  or  more 
of  second  alloy  layers  (20c,  20e,  20f,  20h,  20i) 
containing  copper,  said  first  alloy  layers  having 
a  total  thickness  t  and  said  second  alloy  layers 

40  having  a  total  thickness  T  that  satisfy  a  rela- 
tionship 

0.3  =s  t/T  H  2. 

45  16.  A  semiconductor  device  as  claimed  in  claim  1 
characterized  in  that  said  heat  dissipation  lead 
(12)  comprises  a  composite  plate  comprising 
one  or  more  of  first  alloy  layers  (20a,  20b,  20d, 
20g,  20j,  20k)  containing  iron  and  one  or  more 

50  of  second  alloy  layers  (20c,  20e,  20f,  20h,  20i) 
containing  copper,  said  first  alloy  layers  having 
a  total  thickness  t  and  said  composite  plate 
having  a  thickness  W  that  satisfy  a  relationship 

55  0.4   ̂ t/W   ̂ 0.7. 

17.  A  semiconductor  device  characterized  by: 
first  and  second  semiconductor  chips  (76, 

7 
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77)  that  are  separate  from  each  other; 
a  first  resin  package  body  (71)  for  accom- 

modating  said  first  semiconductor  chip,  said 
first  resin  package  body  having  a  lower  edge; 

a  second  resin  package  body  (72)  for  ac-  5 
commodating  said  second  semiconductor  chip, 
said  second  resin  package  body  having  a  low- 
er  edge; 

first  group  interconnection  leads  (74)  pro- 
vided  on  said  first  package  body  to  project  10 
outward  from  said  first  package  body  at  said 
lower  edge  thereof,  said  first  group  intercon- 
nection  leads  including  a  plurality  of  leads 
each  having  an  inner  lead  part  held  inside  the 
first  package  body  and  connected  electrically  is 
to  said  first  semiconductor  chip,  and  an  outer 
lead  part  located  outside  said  first  resin  pack- 
age  body  for  engagement  with  a  substrate 
(19); 

second  group  interconnection  leads  (75)  20 
provided  on  said  second  package  body  to  pro- 
ject  outward  from  said  second  package  body 
at  said  lower  edge  thereof,  said  second  group 
interconnection  leads  including  a  plurality  of 
leads  each  having  an  inner  lead  part  held  25 
inside  the  second  resin  package  body  and 
connected  electrically  to  said  second  semicon- 
ductor  chip,  and  an  outer  lead  part  located 
outside  the  package  body  for  engagement  with 
said  substrate  (19);  and  30 

a  heat  dissipation  lead  (73)  connecting 
said  first  resin  package  body  and  said  second 
resin  package  body  with  each  other,  said  heat 
dissipation  lead  comprising  a  first  stage  part 
(73a)  embedded  within  said  first  resin  package  35 
body  for  holding  said  first  semiconductor  chip 
thereon,  a  second  stage  part  (73b)  embedded 
within  said  second  resin  package  body  for 
holding  said  second  semiconductor  chip  there- 
on,  and  a  heat  sink  part  located  outside  said  40 
first  and  second  resin  package  bodies  for 
bridging  said  first  stage  part  and  said  second 
stage  part; 

each  lead  forming  said  first  group  intercon- 
nection  leads  (74)  having  said  outer  lead  part  45 
at  a  level  substantially  flush  with  said  outer 
lead  part  of  said  second  group  interconnection 
leads  (75)  such  that  said  semiconductor  device 
is  held  upright  on  the  substrate  (19)  by  said 
outer  lead  parts  of  said  first  and  second  group  so 
interconnection  leads. 

8 



EP  0  521  335  A1 

F   I  G .   I 

P R I O R   A R T  

7 X f  

4b   ( 4 )  

4 a   ( 4 )  



EP  0  521  335  A1 

F   I  G .   2   P R I O R   A R T  

F   I  G .   3  

10 



EP  0  521  335  A1 

F   I  G .   4  

I 0  

14  

I2  

J 3  

J 2 b  

I 2 a  

^ 1 8  19 

11 



EP  0  521  335  A1 

F   I  G .   5  

12 



EP  0  521  335  A1 

F   I  G .   7  

3 0  

1 4  

18 

1  

. 3 1  

13  

3 1 a  

.18  

F   I G .   8  



EP  0  521  335  A1 

F   I  G .   9  

14 



EP  0  521  335  A1 

F   I  G .   I  0  

15 



EP  0  521  335  A1 



EP  0  521  335  A1 

F I G .   1  3  

8 0  

7 



EP  0  521  335  A1 

F I G .   1  5  

F   I  G .   1 6  

\ ^   THICKNESS  ( / x m )  

Fe  AiXoy  (  t  )  C  u  AiXoy  (  T  )  Fe  Afioy  (  T  ) 

(  I  )  2 0   I  10  2 0  

(  2  )  25  1  0  0  2 5  

(  3  )  30  9 0   3 0  

(  4  )  4 0   70  4 0  

(  5  )  50   50   5 0  

W = l 5 0 / x m  

18 



EP  0  521  335  A1 

19 



EP  0  521  335  A1 

F I G .   I 8 A  

I 2 c  

2 l c  

F l   G .   I 8 E  

I 2 c  

2 l e  

F   I  G .   I 8 B  

I 2 c  

2 l b  

F   I  G   I 8 D  

I 2 c  

2  Id 

F   I  G   I 8 F  

I2c  



J  European  Patent 
Office 

EUROPEAN  SEARCH  REPORT Application  Number 

EP  92  11  0122 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  daim 

CLASSIFICATION  OF  THE 
APPLICATION  ant-  CI.  5  ) 

PATENT  ABSTRACTS  OF  JAPAN 
vol.  12,  no.  146  (E-605)(2993)  6  May  1988 
&  JP-A-62  263  667  (  HITACHI  TOBU  SEMICONDUCTOR  ) 
16  November  1987 
*  abstract  * 

RESEARCH  DISCLOSURE. 
no.  316,  August  1990,  HAVANT  GB 
pages  628  -  631;  'Snap-On  Heatslnk  Clamp1 
*  paragraph  1  -paragraph  3;  figure  3  * 

DE-A-3  421  539  (SIEMENS  AG) 
*  page  6,  line  16  -  page  7,  line  15;  figure  1  * 

PATENT  ABSTRACTS  OF  JAPAN 
vol.  8,  no.  264  (E-282)(  1701)  4  December  1984 
&  JP-A-59  136  956  (  ROOMU  K.  K.  )  6  August  1984 
*  abstract  * 

PATENT  ABSTRACTS  OF  JAPAN 
vol.  10,  no.  259  (E-434)(2315)  4  September  1986 
&  JP-A-61  084  841  (  TOSHIBA  CORP  )  30  April  1986 
*  abstract  * 

PATENT  ABSTRACTS  OF  JAPAN 
vol.  9,  no.  332  (E-370)26  December  1985 
&  JP-A-60  164  346  (  HITACHI  DENSEN  )  27  August 
1985 
*  abstract  * 

1-3,5-7, 
9.13,17 

1-3.5-7, 
9.13,17 

1.17 

1.17 

14 

15,16 

H01L23/495 

TECHNICAL  FIELDS 
SEARCHED  (Int.  C1.5  ) 

H01L 

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  March. 

BERLIN 
Date  ef  caaylettoa  of  tie  learca 
21  SEPTEMBER  1992 LE  MINH  I. 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date 
D  :  document  cited  in  the  application L  :  document  cited  for  other  reasons 
A  :  member  of  the  same  patent  family,  corresponding document 


	bibliography
	description
	claims
	drawings
	search report

