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©  High  frequency  semiconductor  device. 

©  A  semiconductor  device  includes  a  silicon  sub- 
strate  (1)  on  which  a  circuit  having  a  predetermined 
function  is  formed  and  a  high  frequency  circuit  chip 
(6)  which  is  mounted  on  the  silicon  substrate  (1)  and 
operates  at  high  frequencies,  and  operates  with 
functions  of  the  silicon  substrate  (1)  and  the  high 
frequency  circuit  chip  (6),  wherein  a  thin  film  tape 
having  a  microstrip  structure  including  an  insulating 

F i g .   1  ( a )  

film  (3),  a  signal  line  (4)  on  a  surface  of  the  insulat- 
ing  film  (3)  and  a  grounding  layer  (8)  on  a  rear 
surface  of  the  insulating  film  (3),  is  disposed  on  the 
silicon  substrate  (1),  whereby  the  silicon  substrate 
(1)  is  electrically  connected  to  the  high  frequency 
circuit  chip  (6).  As  a  result,  a  conventional  silicon 
substrate  is  employed  and  a  production  cost  is  re- 
duced. 
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FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  semiconduc- 
tor  device  and,  more  particularly,  to  a  transmission 
line  of  high  frequency  signal  on  so-called  GaAs 
chip-on  Si  IC,  namely,  a  silicon  substrate  on  which 
high  frequency  GaAs  chips  are  mounted. 

BACKGROUND  OF  THE  INVENTIONS 

Figures  9(a)  and  9(b)  are  diagrams  showing  a 
prior  art  semiconductor  device  in  which  high  fre- 
quency  GaAs  chips  are  mounted  on  a  silicon  sub- 
strate  on  which  an  IC  pattern  is  formed.  While  it  is 
advantageous  to  constitute  a  circuit  by  employing  a 
GaAs  substrate  in  view  of  high  speed  operation,  it 
is  disadvantageous  in  view  of  production  cost  be- 
cause  a  GaAs  substrate  is  expensive.  Therefore,  in 
general,  after  only  a  high  frequency  circuit  in  which 
high  speed  operation  is  generally  required  is  pro- 
duced  with  the  GaAs  substrate,  and  other  circuits 
are  produced  with  employing  silicon  substrate, 
these  circuits  are  fabricated.  More  particularly,  as 
shown  in  Figure  9(a),  on  the  surface  of  a  silicon 
substrate  1  on  which  IC  patterns  such  as  memory 
circuit  and  wirings  are  formed,  chip  die  bonding 
grooves  1  1  are  formed  so  that  the  surface  part  of  a 
GaAs  chip  6  and  the  surface  part  of  the  silicon 
substrate  1  are  of  the  same  level  at  die  bonding 
the  GaAs  chip  6.  This  GaAs  chip  6  is  die-bonded  in 
the  die  bonding  groove  11  by  solder  or  the  like, 
and  this  GaAs  chip  6  is  connected  with  a  wire 
bonding  20  to  a  transmission  line  19  formed  on  the 
silicon  substrate  1.  As  described  above,  by  pack- 
aging  the  GaAs  chip  6  in  a  concaved  part  of  the 
substrate  1,  the  length  of  the  wire  bonding  20 
connecting  the  transmission  line  19  on  the  side  of 
the  silicon  substrate  1  to  the  GaAs  chip  6  is  short- 
ened,  reducing  reflection  of  high  frequency  signals. 

Figure  9(b)  is  a  portion  of  a  cross  section  taken 
along  a  line  in  the  longitudinal  direction  of  Figure  9- 
(a).  A  grounding  line  21  is  formed  on  the  rear 
surface  of  the  substrate  1  in  which  the  die  bonding 
groove  11  is  formed,  and  the  grounding  line  21  is 
electrically  connected  to  the  rear  surface  of  the 
GaAs  chip  6  through  a  via  hole  22  which  is  formed 
in  the  substrate  1  .  Characteristic  impedance  of  the 
transmission  line  19  produced  on  the  surface  of  the 
silicon  substrate  1  is  determined  by  such  param- 
eters  as  dielectric  constant  er  and  thickness  t  of  the 
substrate  1,  width  W  of  the  transmission  line  19  or 
the  like.  Thus,  a  semiconductor  device  (GaAs  chip- 
on  Si  IC)  80  is  constructed,  that  makes  the  function 
of  ICs  formed  on  the  silicon  substrate  1  and  the 
function  of  the  GaAs  chip  6  complexed. 

Further,  when  sealing  a  semiconductor  device 
operating  at  high  frequencies  such  as  a  GaAs  chip 
or  a  GaAs  chip-on  Si  substrate,  if  a  dielectric  resin 

material  adheres  onto  the  pattern  of  the  chip,  dete- 
rioration  in  high  frequency  characteristics  occurs,  in 
that  the  wavelength  of  a  high  frequency  signal 
generated  in  the  device  should  vary  and  deviate 

5  from  the  designed  value  or  the  dielectric  loss 
should  increase.  In  order  to  prevent  this  deteriora- 
tion,  the  chips  are  sealed  employing  a  hollow  pack- 
age,  as  illustrated  in  Figure  10.  In  other  words,  the 
semiconductor  device  80  is  encapsulated  in  a 

io  package  body  23  which  is  designed  according  to 
the  configuration  of  the  semiconductor  device  80, 
an  external  lead  25  fixed  to  the  package  body  23  is 
connected  to  an  electrode  of  the  semiconductor 
device  80  with  a  wiring  or  the  like,  so  as  to  ex- 

75  change  signals  between  the  semiconductor  device 
80  and  the  outside  of  the  package,  and  the  semi- 
conductor  device  80  is  sealed  by  fixing  a  cap 
material  24  to  the  package  body  23. 

In  the  prior  art  semiconductor  device  is  con- 
20  structed  as  described  above,  the  silicon  substrate 

mounting  high  frequency  IC  chips  thereon,  is  re- 
quired  to  have  a  high  insulating  property  to  obtain 
the  resistivity  over  several  KO  /cm  and  to  reduce 
the  loss  in  transmitting  high  frequency  signals. 

25  Therefore,  a  more  expensive  silicon  substrate  hav- 
ing  a  higher  purity  than  a  conventional  silicon  wafer 
must  be  employed,  resulting  in  a  high  cost.  In 
addition,  the  hollow  package  employed  for  pack- 
aging  the  high  frequency  IC  chip  is  not  widely 

30  used,  and  is  specially  oriented  for  each  chip,  re- 
sulting  in  extraordinarily  high  production  cost  with 
relative  to  a  case  of  employing  plastic  sealing. 

SUMMARY  OF  THE  INVENTION 
35 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  semiconductor  device  capable  of  mounting  a 
high  frequency  chip  on  an  IC  chip  comprising  a 
conventional  silicon  substrate. 

40  It  is  another  object  of  the  present  invention  to 
provide  a  semiconductor  device  which  is  cheap 
without  employing  a  hollow  package,  and  has  a 
sealing  structure  in  which  high  frequency  char- 
acteristics  do  not  deteriorate. 

45  Other  objects  and  advantages  of  the  present 
invention  will  become  apparent  from  the  detailed 
description  given  hereinafter;  it  should  be  under- 
stood,  however,  that  the  detailed  description  and 
specific  embodiment  are  given  by  way  of  illustra- 

50  tion  only,  since  various  changes  and  modifications 
within  the  spirit  and  scope  of  the  invention  will 
become  apparent  to  the  those  skilled  in  the  art 
from  this  detailed  description. 

In  a  semiconductor  device  in  accordance  with 
55  the  present  invention,  a  thin  film  tape  having  a 

microstrip  structure  comprising  an  insulating  film,  a 
signal  line  on  a  surface  of  the  insulating  film  and  a 
grounding  layer  on  a  rear  surface  of  the  insulating 
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film,  adheres  to  a  silicon  substrate,  and  a  high 
frequency  circuit  chip  and  a  circuit  on  the  side  of 
the  silicon  substrate  are  electrically  connected  by 
the  thin  film  tape.  As  a  result,  the  impedance  of  the 
signal  line  is  not  determined  dependent  on  the 
dielectric  constant  of  the  substrate. 

In  addition,  an  insulating  layer  having  an  ap- 
erture  is  disposed  between  the  thin  film  tape  and 
the  silicon  substrate  and  a  high  frequency  circuit 
chip  is  encapsulated  in  the  aperture,  or  a  concaved 
part  is  disposed  on  the  surface  of  the  silicon  sub- 
strate  and  a  high  frequency  circuit  chip  is  encap- 
sulated  in  the  concaved  part,  and  a  portion  over  the 
high  frequency  circuit  chip  is  covered  with  a  cap. 
As  a  result,  a  space  is  produced  over  the  high 
frequency  circuit  chip  and  plastic  sealing  is  em- 
ployed. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figures  1(a)  to  1(c)  are  cross  sectional  views 
showing  a  semiconductor  device  in  accordance 
with  a  first  embodiment  of  the  present  invention. 

Figure  2  is  a  perspective  view  showing  a  GaAs 
chip-on  Si  IC  having  the  structure  of  the  first  em- 
bodiment. 

Figure  3  is  a  diagram  explaining  a  setting  of 
impedance  of  a  Tape  Automated  Bonding  (TAB) 
tape  of  the  semiconductor  device  of  Figure  2. 

Figures  4(a)  to  4(c)  are  cross  sectional  views 
showing  a  semiconductor  device  in  accordance 
with  a  second  embodiment  of  the  present  inven- 
tion. 

Figure  5  is  a  perspective  view  showing  a  GaAs 
chip-on  Si  IC  having  the  structure  of  the  second 
embodiment. 

Figure  6  is  a  cross  sectional  view  showing  a 
semiconductor  device  in  accordance  with  a  third 
embodiment  of  the  present  invention. 

Figure  7  is  a  perspective  view  showing  a  GaAs 
chip-on  Si  IC  having  the  structure  of  the  third 
embodiment. 

Figure  8  is  a  cross  sectional  view  showing  a 
semiconductor  device  in  accordance  with  a  fourth 
embodiment  of  the  present  invention. 

Figures  9(a)  and  9(b)  are  a  perspective  view 
and  a  portion  of  a  cross  section  showing  a  prior  art 
semiconductor  device. 

Figure  10  is  a  cross  sectional  view  showing  the 
prior  art  semiconductor  device  which  is  encap- 
sulated  in  a  package. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

A  first  embodiment  of  the  present  invention  will 
be  described  in  detail  with  reference  to  Figures  1- 
(a)  to  1(c). 

In  Figure  1(a),  the  same  reference  numerals  as 
those  of  Figure  8  designate  the  same  or  cor- 
responding  parts.  A  Tape  Automated  Bonding 
(TAB)  tape  100  has  a  structure  in  which  a  lower 

5  insulating  film  10  comprising  such  material  as 
polyimide  to  connect  with  a  Si  IC  pattern,  a  trans- 
mission  line  4,  an  upper  insulating  film  3  and  a 
grounding  layer  8  are  successively  laminated  from 
the  bottom  and  a  microstrip  line  comprises  the 

io  grounding  layer  8,  the  upper  insulating  film  3  and 
the  transmission  line  4.  Actually,  as  described 
above,  the  insulating  film  3  equipped  with  the 
grounding  layer  and  the  transmission  line  is  in- 
stalled  in  the  lower  insulating  film  10  by  ther- 

15  mocompression  bonding  or  the  like  with  employing 
TAB  technique.  The  lower  insulating  film  10  has 
the  approximately  same  thickness  as  the  GaAs 
chip  6,  and  high  frequency  signals  are  transmitted 
by  connecting  an  electrode  pad  on  the  surface  of 

20  the  GaAs  chip  6  to  a  projection  part  4a  of  the 
transmission  line  4.  In  addition,  the  GaAs  chip  6  is 
connected  to  a  grounding  pad  17  formed  on  the 
silicon  substrate  1  with  solder  or  the  like  and  is 
fixed.  A  cap  15  covering  an  aperture  100a  of  the 

25  TAB  tape  100  comprises  a  metal  layer  15a  con- 
nected  to  the  grounding  layer  8  and  an  insulating 
material  15b  such  as  polyimide  formed  on  the 
metal  layer  15a  to  cover  the  aperture  100a.  This 
keeps  a  space  over  the  GaAs  chip  6  and  shields 

30  the  space  electrically.  In  addition,  as  shown  in 
Figure  1(b),  the  grounding  layer  8  is  electrically 
connected  to  a  grounding  line  16  which  is  formed 
on  the  same  plane  as  the  transmission  line  4  via  a 
through  hole  18. 

35  Figure  2  is  a  perspective  view  showing  a  GaAs 
chip-on  Si  IC  having  the  structure  of  Figures  1(a)  to 
1(c).  Here,  an  IC  pattern  region  27  in  which  an  IC 
pattern  2  is  formed  is  produced  on  the  silicon 
substrate  1.  And  a  GaAs  amplifier  comprising  an 

40  inductor  7  and  a  GaAs  chip  is  constructed  on  the 
silicon  substrate  1.  As  illustrated  in  the  figure,  the 
lower  insulating  film  10  having  an  aperture  in  a 
region  in  which  the  GaAs  chip  is  disposed  is  ar- 
ranged  on  a  half  surface  of  the  silicon  substrate  1  , 

45  and  an  upper  insulating  film  is  provided,  which  has 
a  transmission  line  4,  a  grounding  line  16,  DC  bias 
lines  12  and  outer  lead  bondings  13  on  a  first 
principal  plane,  formed  on  the  same  surface  by 
etching  a  metal  thin  film  formed  by,  for  example, 

50  metalling  copper  of  35  microns  thickness  with  gold 
of  several  microns  and  a  grounding  layer  8  on  a 
second  principal  plane.  The  grounding  layer  8, 
which  is  the  uppermost  layer,  is  connected  to  a 
grounding  pad  17  on  the  surface  of  the  silicon 

55  substrate  1  via  a  through  hole  18  and  the  ground- 
ing  line  16.  In  the  Si  IC  pattern  region  27,  elements 
of  the  IC  pattern  2  are  connected  by  wirings 
formed  on  the  rear  surface  of  the  lower  insulating 

3 
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film  10.  The  GaAs  chip  and  the  Si  IC  pattern  region 
27  are  connected  through  the  outer  lead  bonding 
13,  and  the  GaAs  chip  and  the  inductor  7  are 
connected  through  the  outer  lead  bonding  13.  Nu- 
meral  26  designates  an  external  connecting  pad  of 
the  IC  pattern  2.  Although  a  difference  in  level 
equivalent  to  a  thickness  of  the  lower  insulating  film 
10  is  generated  by  connecting  the  grounding  line 
16  to  the  grounding  pad  17,  it  is  possible  to  reduce 
the  difference  by  forming  the  grounding  pad  17 
into  a  bump  configuration  or  the  like. 

Figure  3  is  a  cross  sectional  view  showing  the 
proximity  of  a  polyimide  tape  (upper  insulating  film) 
3  constructing  the  microstrip  line.  In  order  to  fix  the 
characteristic  impedance  of  the  transmission  line  4 
at,  for  example,  500,  supposed  that  dielectric  con- 
stant  of  the  polyimide  tape  3  be  3.5  and  the 
thickness  thereof  be  50  microns,  a  line  width  14  of 
the  transmission  line  4  is  set  up  at  95  microns. 

Figure  1(c)  is  a  cross  section  showing  the 
proximity  of  the  DC  bias  line  12  or  the  transmission 
line  4  in  performing  plastic  sealing  of  the  GaAs 
chip-on  Si  IC  of  Figure  1(b).  In  this  structure,  even 
if  the  chip  is  sealed  by  a  mold  resin  28,  deteriora- 
tion  of  high  frequency  characteristics  does  not  oc- 
cur  because  the  portion  over  the  GaAs  chip  6  is 
space  state  covered  with  the  cap  15.  Then,  be- 
cause  the  aperture  100a  is  covered  with  the  in- 
sulating  material  15b,  even  employing  a  thin  metal 
layer  15a  for  the  cap  15,  there  is  no  case  that  the 
metal  layer  15a  would  be  destroyed  by  a  pressure 
in  molding  and  the  mold  resin  28  would  adhere  to 
the  GaAs  chip  6. 

As  described  above,  in  accordance  with  this 
embodiment,  the  TAB  tape  100  is  disposed  on  the 
silicon  substrate  1  on  which  IC  patterns  are  formed, 
the  GaAs  chip  6  is  encapsulated  in  the  aperture 
100a  of  the  TAB  tape  100,  the  rear  surface  of  the 
chip  6  is  connected  to  the  grounding  pad  17,  and 
the  transmission  line  4  formed  on  the  first  principal 
plane  of  the  upper  insulating  film  3  is  electrically 
connected  to  the  electrode  pad  on  the  surface  of 
the  chip  6.  Therefore,  the  characteristic  impedance 
of  the  transmission  line  4  is  determined  dependent 
not  on  dielectric  constant  of  the  silicon  substrate  1 
but  on  such  parameter  as  dielectric  constant  and 
thickness  of  the  polyimide  tape  3  or  a  width  of  the 
transmission  line  4,  resulting  in  a  low  cost  without 
receiving  such  constraints  as  material  of  the  silicon 
substrate  1  . 

In  addition,  the  GaAs  chip  6  is  encapsulated  in 
the  aperture  100a  of  the  TAB  tape  100  and  the 
aperture  100a  is  sealed  with  the  cap  15.  Therefore, 
the  space  is  kept  over  the  GaAs  chip  6  without 
employing  a  specially  oriented  hollow  package  and 
packaging  is  conducted  with  conventional  plastic 
sealing,  reducing  production  cost. 

Secondly,  a  second  embodiment  of  the  present 
invention  will  be  described  in  detail  with  reference 
to  Figures  4(a)  to  4(c). 

In  this  embodiment,  as  illustrated  in  Figure  4- 
5  (a),  a  chip  bonding  groove  1  1  having  approximately 

same  thickness  as  that  of  the  GaAs  chip  6  is 
formed  in  the  silicon  substrate  1,  the  GaAs  chip  6 
is  encapsulated  in  this  groove  11  and  the  ground- 
ing  pad  17  disposed  in  the  bottom  part  of  the 

io  groove  11  is  electrically  connected  to  the  rear 
surface  of  the  chip  6.  A  TAB  tape  101  which  is 
constructed  by  laminating  successively  the  trans- 
mission  line  4,  such  insulating  film  3  as  polyimide 
and  the  grounding  layer  8  and  has  an  aperture 

is  101a  in  a  predetermined  region,  adheres  to  the 
silicon  substrate  1,  so  that  the  transmission  line  4 
may  be  in  the  lower  side.  The  projection  part  4a  of 
the  transmission  line  4  is  connected  to  an  electrode 
pad  on  the  surface  of  the  GaAs  chip  6.  Further,  as 

20  illustrated  in  Figure  4(b),  the  grounding  layer  8  is 
electrically  connected  to  the  grounding  line  16 
formed  on  the  same  plane  as  the  transmission  line 
4  via  the  through  hole  18.  A  cap  15  covers  the 
aperture  101a  of  the  TAB  tape  101,  having  the 

25  same  construction  as  that  of  the  first  embodiment. 
This  keeps  a  space  over  the  GaAs  chip  6  and 
shields  the  space  electrically. 

Figure  5  is  a  perspective  view  showing  a  GaAs 
chip-on  Si  IC  having  the  structure  of  Figures  4(a)  to 

30  4(c).  As  shown  in  the  figures,  the  polyimide  tape  3 
having  the  aperture  101a  in  a  region  including  the 
GaAs  chip  6  is  arranged  on  the  silicon  substrate  1  . 
The  transmission  line  4,  the  grounding  line  16,  the 
DC  bias  lines  12  and  the  outer  lead  bondings  13 

35  which  are  formed  on  the  same  plane  by  etching  a 
metal  thin  film  metalled  copper  with  gold  are  dis- 
posed  on  a  first  principal  plane  of  the  tape  3.  In  the 
IC  pattern  2,  elements  are  connected  by  wirings, 
which  are  formed  in  the  same  plane  as  the  trans- 

40  mission  line  4,  the  grounding  line  16  and  the  DC 
bias  lines  12  and  are  electrically  isolated  with  these 
wirings.  The  grounding  layer  8  is  formed  on  a 
second  principal  plane  of  the  polyimide  tape  3  and 
is  connected  to  the  grounding  pad  17  via  the 

45  through  hole  18  and  the  grounding  line  16. 
Figure  4(c)  is  a  cross  section  showing  the 

proximity  of  the  DC  bias  line  12  or  the  transmission 
line  4  in  performing  plastic  sealing  of  the  GaAs 
chip-on  Si  IC  of  Figure  4(b).  In  this  structure,  simi- 

50  larly  as  in  the  first  embodiment,  even  if  the  chip  is 
sealed  by  the  mold  resin  28,  high  frequency  char- 
acteristics  do  not  deteriorate. 

As  constructed  as  described  above,  the  same 
effect  as  the  first  embodiment  is  obtained  with 

55  employing  less  components  and  difference  in  level 
is  reduced  in  connecting  the  grounding  line  16  and 
the  grounding  pad  17. 

4 
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Thirdly,  a  third  embodiment  of  the  present  in- 
vention  will  be  described  in  detail  with  reference  to 
Figure  6. 

In  this  embodiment,  the  TAB  tape  having  a 
microstrip  line  structure  is  fixed  so  that  the  ground- 
ing  layer  of  the  TAB  tape  may  adhere  to  the  silicon 
substrate.  In  the  figure,  numeral  102  designates  a 
TAB  tape.  The  grounding  layer  8  is  formed  on  a 
first  principal  plane  of  the  polyimide  tape  3,  and  the 
grounding  layer  8  is  connected  to  the  grounding 
pad  17  formed  on  the  surface  of  the  substrate  1. 
The  transmission  line  4  is  disposed  on  a  second 
principal  plane  of  the  polyimide  tape  3  and  the 
projection  part  4a  of  the  transmission  line  4  is 
connected  to  an  electrode  pad  on  the  surface  of 
the  GaAs  chip  6,  which  is  encapsulated  in  an 
aperture  102a  of  the  TAB  tape  102.  Still,  numeral  5 
designates  a  through  hole  for  which  such  tools  as 
bonding  blade  are  inserted  in  connecting  the 
grounding  layer  8  to  the  grounding  pad  17,  for 
example,  by  ultrasonic  welding. 

Figure  7  is  a  perspective  view  showing  a  GaAs 
chip-on  Si  IC  having  the  structure  of  Figure  6.  As 
shown  in  the  figure,  the  transmission  line  4,  the  DC 
bias  lines  12  and  the  outer  lead  bondings  13  are 
formed  in  the  same  plane  and  are  exposed  on  the 
polyimide  tape  3,  and  the  first  principal  plane  of  the 
polyimide  tape  3  adheres  to  the  substrate  1.  Ele- 
ments  in  the  IC  pattern  2  are  formed  in  the  same 
plane  as  the  grounding  layer  8  and  are  connected 
with  employing  wirings  electrically  isolated  with  the 
grounding  layer  8. 

As  constructed  as  described  above,  the 
grounding  layer  8  is  directly  connected  to  the 
grounding  pad  17  without  a  grounding  line,  result- 
ing  in  simplification  of  the  wiring  patterns.  By  con- 
necting  the  grounding  layer  8  and  the  grounding 
pad  17  in  plural  points,  adhesive  property  between 
the  substrate  1  and  the  TAB  tape  102  is  enhanced. 
Such  structure  is  unsuitable  for  the  plastic  sealing 
because  the  surface  of  the  GaAs  chip  6  encap- 
sulated  in  the  aperture  102a  of  the  TAB  tape  102  is 
exposed.  Therefore,  considering  reliability  after 
packaging,  it  is  desirable  to  strengthen  the  adhe- 
sive  property  between  the  TAB  tape  102  and  the 
silicon  substrate  1  by  forming  more  through  holes 
5. 

Next,  a  fourth  embodiment  of  the  present  in- 
vention  will  be  described  in  detail  with  reference  to 
Figure  8. 

In  this  embodiment,  when  the  TAB  tape  having 
a  microstrip  line  structure  is  fixed  so  that  the 
grounding  layer  of  the  TAB  tape  may  adhere  to  the 
silicon  substrate,  the  grounding  layer  and  the 
grounding  pad  are  connected  by  disposing  a  con- 
ductive  resin  between  the  substrate  and  the 
grounding  layer.  More  particularly,  as  illustrated  in 
Figure  8,  a  conductive  resin  9  such  as  epoxy  resin 

mixed  with  silver  powder,  is  provided  between  the 
TAB  tape  102  which  grounding  layer  8  is  directed 
downward  and  the  silicon  substrate  1  ,  thereby  con- 
necting  the  grounding  pad  17  on  the  surface  of  the 

5  substrate  1  to  the  grounding  layer  8  of  the  TAB 
tape  102.  As  a  result,  there  is  no  necessity  to 
provide  through  holes  for  compressing  the  TAB 
tape  102  on  the  substrate  1.  This  enables  the 
grounding  layer  8  to  be  easily  connected  to  the 

io  grounding  pad  17.  In  this  case,  however,  influences 
due  to  plastic  sealing  must  be  noted,  similarly  as  in 
the  third  embodiment.  Further,  the  conductive  resin 
9  should  be  carefully  disposed  in  a  region  where 
the  IC  pattern  2  is  formed,  so  that  such  electric 

is  deterioration  as  short-circuiting  between  elements 
may  not  occur. 

While  the  cap  15  comprises  the  metal  layer 
15a  and  the  insulating  material  15b  in  the  first  and 
the  second  embodiments,  the  insulating  material 

20  15b  need  not  be  employed  if  the  metal  layer  15a 
has  sufficient  intensity. 

As  described  above,  in  a  semiconductor  device 
in  accordance  with  the  present  invention,  since  a 
TAB  tape  in  which  a  grounding  layer  and  a  signal 

25  line  are  produced  on  both  sides  of  a  polyimide 
tape  as  a  microstrip  line  is  employed  for  a  line 
transmitting  a  high  frequency  signal  on  a  silicon 
substrate,  and  the  TAB  tape  is  electrically  con- 
nected  by  adhering  to  the  silicon  substrate,  the 

30  impedance  of  the  signal  line  is  determined  depen- 
dent  not  on  the  dielectric  constant  of  the  silicon 
substrate  but  on  the  dielectric  constant  of  the  TAB 
tape  and  the  width  of  the  transmission  line.  Thus,  a 
conventional  silicon  substrate  is  employed,  reduc- 

35  ing  a  production  cost. 
In  addition,  since  an  insulating  layer  having  an 

aperture  is  disposed  between  the  thin  film  tape  and 
the  silicon  substrate  and  a  high  frequency  circuit 
chip  is  encapsulated  in  the  aperture,  or  a  concaved 

40  part  is  disposed  on  the  surface  of  the  silicon  sub- 
strate  and  a  high  frequency  circuit  chip  is  encap- 
sulated  in  the  concaved  part,  and  a  portion  over  the 
high  frequency  circuit  chip  is  covered  with  a  cap,  a 
space  is  kept  over  the  high  frequency  circuit  chip 

45  and  plastic  sealing  is  performed.  As  a  result,  an 
expensive  hollow  package  is  not  required,  reducing 
a  production  cost. 

Claims 
50 

1.  A  semiconductor  device  including  a  silicon 
substrate  (1)  on  which  a  circuit  having  a  pre- 
determined  function  is  formed  and  a  high  fre- 
quency  circuit  chip  (6)  which  is  mounted  on 

55  said  silicon  substrate  (1)  and  operates  at  high 
frequencies,  and  operating  with  functions  of 
said  silicon  substrate  (1)  and  said  high  fre- 
quency  circuit  chip  (6),  wherein  a  thin  film  tape 

5 
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having  a  microstrip  structure  including  an  in- 
sulating  film  (3),  a  signal  line  (4)  on  a  surface 
of  said  insulating  film  (3)  and  a  grounding  layer 
(8)  on  a  rear  surface  of  said  insulating  film  (3), 
is  disposed  on  said  silicon  substrate  (1), 
whereby  said  silicon  substrate  (1)  is  electrically 
connected  to  said  high  frequency  circuit  chip 
(6). 

2.  A  semiconductor  device  according  to  Claim  1  , 
wherein  an  insulating  layer  (10)  having  an  ap- 
erture  in  a  predetermined  region  is  formed 
between  said  thin  film  tape  and  said  silicon 
substrate  (1),  said  high  frequency  circuit  chip 
(6)  is  encapsulated  in  said  aperture,  a  surface 
of  said  thin  film  tape  having  a  said  signal  line 
(4)  adheres  to  said  insulating  layer  (10),  said 
signal  line  (4)  is  connected  to  said  high  fre- 
quency  circuit  chip  (6),  an  aperture  (100a)  is 
formed  in  a  region  corresponding  to  said  ap- 
erture  of  said  insulating  layer  (10)  and  said 
aperture  (100a)  of  said  thin  film  tape  is  cov- 
ered  with  a  cap  material  (15). 

3.  A  semiconductor  device  according  to  Claim  1  , 
wherein  a  concaved  part  (11)  is  formed  in  the 
surface  of  said  silicon  substrate  (1),  said  high 
frequency  circuit  chip  (6)  is  encapsulated  in 
said  concaved  part  (11),  a  surface  of  said  thin 
film  tape  having  said  signal  line  (4)  adheres  to 
said  silicon  substrate  (1),  said  signal  line  (4)  is 
connected  to  said  high  frequency  circuit  chip 
(6),  an  aperture  (101a)  is  formed  in  a  region  of 
said  thin  film  corresponding  to  said  concaved 
part  (11)  of  said  silicon  substrate  (1)  and  said 
aperture  (101a)  of  said  thin  film  tape  is  cov- 
ered  with  a  cap  material  (15). 

4.  A  semiconductor  device  according  to  Claim  2, 
wherein  a  through  hole  (18)  is  formed  in  said 
insulating  film  (3)  constituting  said  thin  film 
tape,  and  said  grounding  layer  (8)  of  said  thin 
film  tape  is  connected  to  a  grounding  line  (16) 
formed  on  the  surface  of  said  thin  film  tape. 

5.  A  semiconductor  device  according  to  Claim  3, 
wherein  a  through  hole  (18)  is  formed  in  said 
insulating  film  (3)  constituting  said  thin  film 
tape,  and  said  grounding  layer  (8)  of  said  thin 
film  tape  is  connected  to  a  grounding  line  (16) 
formed  on  the  surface  of  said  thin  film  tape. 

6.  A  semiconductor  device  according  to  Claim  2, 
wherein  plastic  sealing  of  said  silicon  substrate 
(1)  including  said  cap  (15)  is  carried  out. 

7.  A  semiconductor  device  according  to  Claim  3, 
wherein  plastic  sealing  of  said  silicon  substrate 

(1)  including  said  cap  (15)  is  carried  out. 

8.  A  semiconductor  device  according  to  Claim  1  , 
wherein  an  aperture  (102a)  is  formed  in  said 

5  thin  film  tape,  a  rear  surface  of  said  thin  film 
tape  adheres  to  said  silicon  substrate  (1),  said 
high  frequency  circuit  chip  (6)  is  encapsulated 
in  said  aperture  (102a)  and  said  signal  line  (4) 
is  connected  to  said  high  frequency  circuit 

io  chip  (6). 

9.  A  semiconductor  device  according  to  Claim  8, 
wherein  said  grounding  layer  (8)  of  said  thin 
film  tape  is  connected  to  a  grounding  pad  (17) 

is  disposed  on  said  silicon  substrate  (1)  by  weld- 
ing. 

10.  A  semiconductor  device  according  to  Claim  8, 
wherein  said  grounding  layer  (8)  is  connected 

20  to  a  grounding  pad  (17)  disposed  on  said 
silicon  substrate  (1)  through  a  conductive  resin 
(9). 
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