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(54)  Vertically  isolated  monolithic  bipolar  high-power  transistor  with  top  collector. 

(57)  A  high  frequency,  high  power  transistor  is 
vertically  isolated  by  providing  a  thermally  con- 
ductive,  electrically  insulating  substrate,  upon  ]   ̂ S  S 
which  the  transistor  components  (including  col-  f \ W f f r  
lector,  base,  and  emitter)  are  grown,  positioned  0  o K \ ^ - ) J  
directly  on  the  heat  sink  and  a  planar  top  ""V 
surface  formed  on  the  transistor  by  the  base  jN;' 
metal  contact,  the  emitter  metal  contact,  and  O 
the  collector  metal  contact.  Vertical  isolation  \  
improves  the  thermal  management  capabilities 
of  the  transistor.  Moreover,  such  a  vertically 
isolated  transistor  is  well-adapted  for  lateral  0  
isolation,  which  solves  the  capacitance  prob-  ^Xj^y  J  
lems  inherent  in  conventional  devices.  _ 
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This  invention  relates  to  high  frequency  power 
transistors  and,  more  specifically,  to  bipolar,  mono- 
lithic,  high-power  RF  transistors  with  isolated  top  col- 
lector  contacts-having  improved  thermal  manage- 
ment  as  well  as  saturated  power,  gain,  efficiency,  and 
reliability  improvements. 

The  RF  (radio  or  high  frequency)  power  transistor 
is  today  a  mature  product  that  provides  solid-state 
sources  in  kilowatt  FM  broadcast  transmitters,  TV 
transmitters,  two-way  mobile  radios,  cellular  tele- 
phones,  aircraft  communications,  radar,  and  a  variety 
of  military  applications.  Power  levels  to  kilowatts  at- 
test  to  the  advances  in  this  area  of  the  semiconductor 
industry  in  the  last  25  years.  Higher  power  and  higher 
frequency  operation  are  much  desired. 

The  use  of  semiconductor  devices  for  RF  applica- 
tions  has  increased  dramatically  as  heat  dissipation, 
size,  dependability,  and  other  improved  characteris- 
tics  have  made  such  devices  well-suited  for  many  ap- 
plications.  Semiconductor  transistors,  including  an 
emitter,  a  base,  and  a  collector  as  the  three,  main 
components,  are  small;  therefore,  they  are  generally 
incorporated  into  packages.  RF  packages  are  used  to 
hold  semiconductor  components,  particularly  transis- 
tors,  and  to  provide  readily  available  terminals  for 
connection  to  other  components. 

In  designing  such  packages,  thermal  manage- 
ment  is  critical-especially  at  high  power  generation 
levels  which  increase  the  amount  of  heat  created. 
Heat  decreases  the  performance  and  operating  life  of 
the  transistor.  Moreover,  heat  generated  at  the  collec- 
tor-base  junction  can  create  a  temperature  buildup 
which  may  eventually  cause  the  device  to  short- 
circuit. 

RF  transistors  often  require,  therefore,  water- 
cooled  assemblies  to  carry  away  the  heat.  Alterna- 
tively,  the  transistor  may  be  mounted  on  a  thermally 
conductive  pad  which  acts  as  a  heat  sink  and  dissi- 
pates  the  heat  generated  by  the  transistor.  In  order  to 
prevent  electrical  losses,  however,  the  thermally  con- 
ductive  pad  must  also  be  electrically  insulating. 
Hence,  a  thermally  conducting,  electrically  insulating 
material  is  used  for  the  mounting  pad.  Typically,  that 
material  is  beryllia  (beryllium  oxide  -  BeO),  although 
alumina  (aluminum  oxide  -  Al203)  and,  more  recently, 
boron  nitride  (BN)  have  occasionally  been  used. 

Beryllia  (BeO)  has  better  thermal  conductivity 
than  Al203  and,  consequently,  is  more  commonly 
used.  Care  must  be  taken  in  handling  and  processing 
BeO,  however,  because  BeO  is  highly  toxic.  It  can  be 
hazardous  to  the  human  respiratory  system  when  in 
the  powder  form  created  as  the  BeO  pad  is  machined 
or  ground.  Proper  equipment  and  safeguards  are 
needed  to  insure  that  the  BeO  is  handled  safely  and 
that  improper  contact  with  humans  is  avoided.  The 
military  has  prohibited  the  use  of  BeO  except  under 
exceptional  circumstances.  There  is  a  government- 
funded  initiative  to  replace  BeO  with  BN. 

Another  disadvantage  of  the  prior  art  packages 
is  that,  when  BeO  is  a  component,  a  "thin"  pad  of  BeO 
is  used.  The  pad  is  attached  to  the  heat  sink  by  a  pre- 
form,  which  creates  two  interfaces:  pad-to-preform 

5  and  preform-to-heat  sink.  These  interfaces  decrease 
the  thermal  conductivity  of  the  connection  and  re- 
quire  extra  processing  steps. 

Further,  although  BeO  has  a  high  thermal  con- 
ductivity  up  to  about  200°C  to  250°C,  its  performance 

10  decreases  with  increasing  temperature.  Attempts  to 
drive  the  RF  transistor  past  the  normal  operating  level 
to  higher  power  levels  will  fail,  therefore,  because  the 
BeO  pad  becomes  thermally  saturated  and  unable  to 
dissipate  the  heat  generated.  When  heat  dissipation 

15  fails,  the  RF  transistor  will  slump  and  its  power  will 
simply  drop  off.  Such  a  slump  is  typical  of  existing  RF 
transistor  packages. 

To  improve  thermal  management,  diamond 
spreaders  have  been  used.  Diamond  is  an  excellent 

20  thermal  conductor  which  can  be  incorporated  in  the 
RF  transistor  package.  A  package  using  diamond  will 
dissipate  heat  much  faster  than  BeO  and  can  achieve 
higher  power  levels  without  slumping.  Diamond  is, 
however,  an  expensive  material.  Its  use  indicates  the 

25  importance  of  thermal  management  in  high  power  RF 
transistor  packages. 

The  BeO  pad  used  is  generally  about  1  to  1  .5  mm 
thick.  Such  thickness  is  required  because  the  mech- 
anical  strength  of  BeO  is  low.  If  insufficiently  thick, 

30  the  pad  may  crack  or  split  either  during  attachment  or 
later  upon  heating  during  use.  Thus,  the  overall  height 
of  the  RF  package  is  increased  when  a  BeO  pad  is 
used. 

Most  commonly,  RF  transistors  operating  in  high 
35  power  and  frequency  ranges  are  fabricated  from  sev- 

eral  semiconductor  die  operating  in  parallel  within  a 
single  housing  or  assembly.  Large  numbers  of  com- 
plex  internal  parts  having  high  cost  are  used  which  re- 
quire  an  excessive  number  of  welded  or  soldered  con- 

40  nections  adversely  affecting  reliability.  It  would  be  de- 
sirable  to  create  monolithic  circuits  in  which  the  sem- 
iconductor  die  are  operating  on  the  same  piece  of 
substrate  material. 

RF  transistors  also  typically  have  one  or  more  top 
45  surface  contacts  and  at  least  one  bottom  surface  con- 

tact.  Thus,  a  multi-plane  terminal  arrangement  exists. 
Such  an  arrangement  is  troublesome  because  it  re- 
quires  more  internal  interconnections,  increases  lead 
length,  and  raises  inductance.  Parasitic  couplings  be- 

50  tween  input  and  output  circuits  cause  losses  and  un- 
wanted  feedback  effects  which  degrade  perfor- 
mance.  Single,  top,  planar  surface  contacts  are  desir- 
able. 

To  improve  upon  the  existing  RF  transistor  pack- 
55  ages,  a  new,  bipolar,  monolithic,  high-power  RF  tran- 

sistor  with  isolated  top  collector  contacts  is  provided. 
An  object  of  the  present  invention  is  to  provide  an  im- 
proved  transistor  which  operates  efficiently  and  reli- 
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ably  even  in  high  power  and  high  frequency  ranges. 
A  related  object  is  to  improve  thermal  management  in 
the  RF  transistor  package,  dissipating  heat  as  rapidly 
as  it  is  generated,  by  providing  vertical  isolation.  Upon 
achieving  these  related  objects,  power  slumps  will  be 
avoided. 

Another  object  is  to  replace  the  typical  thermally 
conducting,  electrically  insulating  BeO  mounting  pad 
and,  thereby,  to  avoid  the  problems  inherent  in  using 
such  a  pad.  Such  replacement  is  preferably  done 
without  incorporating  expensive  materials  such  as  di- 
amond.  Further  objects  are  to  use  conventional  pla- 
nar  processing  steps  and  equipment,  and  to  simplify 
those  processing  steps  required,  in  manufacturing 
the  improved  RF  transistor  package.  Simplification  is 
possible,  for  example,  by  avoiding  the  typical  step  of 
attaching  the  BeO  pad  to  the  heat  sink. 

It  is  still  another  object  of  the  present  invention  to 
provide  all  contacts,  including  an  isolated  collector,  on 
the  top  surface  of  the  package.  Yet  another  object  is 
to  build  an  RF  transistor  on  an  intrinsic,  electrically  in- 
sulating  substrate  so  that  the  transistor  die  can  be 
mounted  directly  to  the  heat  sink.  A  related  object  is 
to  make  the  RF  transistor  into  a  monolithic  circuit  by 
laterally  isolating  the  RF  transistor;  different  electrical 
components  can  be  placed  on  the  same  piece  of  sub- 
strate  material.  Such  lateral  isolation  also  solves  the 
parasitic  capacitance  problem  which  is  especially  pro- 
nounced  in  high  power  RF  transistors. 

To  achieve  these  and  other  objects,  and  in  view 
of  its  purposes,  the  present  invention  provides  an  im- 
proved  high  frequency,  high  power  transistor  of  the 
type  having  a  bottom  surface  adapted  for  mounting 
on  a  metallic  heat  sink;  a  base  region;  a  base  metal 
contact  electrically  connected  to  the  base  region;  an 
emitter  region  within  the  base  region  forming  an  emit- 
ter-base  junction;  an  emitter  metal  contact  electrically 
connected  to  the  emitter  region;  a  collector  region 
forming  a  base-collector  junction;  a  collector  metal 
contact  electrically  connected  to  the  collector  region; 
and  an  insulating  layer  electrically  isolating  the  base 
metal  contact,  the  emitter  metal  contact,  and  the  col- 
lector  metal  contact.  The  improvement,  which  ach- 
ieves  a  vertically  isolated  transistor,  includes  a  ther- 
mally  conductive,  electrically  insulating  substrate 
positioned  directly  on  the  heat  sink,  and  upon  which 
the  transistor  components  (including  collector,  base, 
and  emitter)  are  grown,  and  a  planar  top  surface 
formed  on  the  transistor  by  the  base  metal  contact, 
the  emitter  metal  contact,  and  the  collector  metal  con- 
tact. 

It  is  to  be  understood  that  both  the  foregoing  gen- 
eral  description  and  the  following  detailed  description 
are  exemplary,  but  are  not  restrictive,  of  the  invention. 

The  invention  is  best  understood  from  the  follow- 
ing  detailed  description  when  read  in  connection  with 
the  accompanying  drawing,  in  which: 

Figure  1  is  a  cross-section  view  of  a  monolithic, 

high-power  RF  transistor  with  isolated  top  collector 
contacts  according  to  the  present  invention. 

Figure  1  shows  an  embodiment  of  the  present  in- 
vention.  It  is  emphasized  that,  according  to  common 

5  practice  in  semiconductor  representation,  the  various 
layers  of  the  drawing  are  not  to  scale.  On  the  contra- 
ry,  the  width  or  length  and  thickness  of  the  various 
layers  are  arbitrarily  expanded  or  reduced  for  clarity. 

The  bipolar  transistor  is  an  electronic  device  with 
10  two  p-n  junctions  in  close  proximity.  Such  a  transistor 

has  three  active  regions:  an  emitter,  a  base,  and  a  col- 
lector.  Typically,  the  two  p-n  junctions,  the  emitter-ba- 
se  and  collector-base  junctions,  are  in  a  single  piece 
of  semiconductor  material  and  are  separated  by  a 

15  certain  distance..  That  distance  is  very  important.  It 
is  almost  always  less  than  10  and,  for  high- 
performance  bipolar  transistors,  is  usually  less  than 
0.5  urn.  Modulation  of  the  current  flow  in  one  p-n  junc- 
tion  by  a  change  in  the  bias  of  the  nearby  junction  is 

20  called  bipolar-transistor  action. 
External  leads  can  be  attached  to  each  of  the 

three  regions.  Through  such  leads,  input  voltages  and 
currents  can  be  delivered  to,  and  output  voltages  and 
currents  can  be  taken  from,  the  device.  If  the  emitter 

25  and  collector  are  doped  n-type  and  the  base  is  doped 
p-type,  the  device  is  called  an  n-p-n  transistor-as 
shown  in  Figure  1.  If  the  opposite  doping  configura- 
tion  is  used,  the  device  is  a  p-n-p  transistor. 

Figure  1  shows  that  the  starting  material  for  the 
30  transistor  10  of  the  present  invention  is  a  highly  ther- 

mally  conductive,  electrically  insulating,  "100"-orient- 
ed,  intrinsic  silicon  substrate  12  having  a  resistivity 
greater  than  1,000  ohm-cm.  By  using  substrate  12, 
transistor  10  can  be  mounted  directly  to  the  heat  sink 

35  14  of  the  package  without  need  of  BeO.  Heat  sink  14 
is  typically  a  copper  or  elkonite  flange. 

All  "intrinsic"  materials  have  slight  residual  impur- 
ities.  If  an  n-p-n  transistor  will  be  fabricated,  intrinsic 
substrate  12  should  have  p-type  residual  impurities. 

40  If  a  p-n-p  transistor  will  be  fabricated,  intrinsic  sub- 
strate  12  should  have  n-type  residual  impurities. 
Thus,  the  slight  residual  impurities  in  intrinsic  silicon 
substrate  12  are  preferably  of  type  opposite  the  dop- 
ed  type  of  t  he  emitter  and  collector  and  I  ike  t  he  doped 

45  type  of  the  base.  Such  a  preferred  embodiment  will 
reduce  the  potential  leakage  path. 

Transistor  10  is  manufactured  using  the  well- 
known  planar  process.  The  specific  device  dimen- 
sions,  doping  concentrations,  and  process  sequenc- 

50  es  used  to  produce  transistor  10  are  those  typical  of 
the  art;  the  parameters  mentioned  below  are  included 
to  give  an  idea  of  the  relative  range  of  suitable  char- 
acteristics. 

The  collector  region  consists  of  a  heavily  n-doped 
55  (NT)  subcollector  layer  16  grown  beneath  a  lightly  n- 

doped  epitaxial  supercollector(N")  layer  18.  Both  lay- 
ers  are  typically  n-type  silicon.  NT  layer  16  has  high 
conductivity,  low  resistivity,  a  thickness  of  approxi- 
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mately  200  to  1  0,000  p.m,  and  a  concentration  of  1  018 
to  101  9  dopant  atoms  per  cubic  centimeter.  N"  layer  18 
is  grown  to  a  thickness  of  between  0.1  and  5  on 
NT  layer  16  in  a  conventional  fashion  by  using  liquid 
or  vapor  phase  epitaxy  or  by  deposition  of  a  polycrys- 
talline  layer  followed  by  recrystallization  (as  disclosed 
in  United  States  Patent  No.  4,651,410  issued  to  Fey- 
genson).  N"  layer  18  may  be  doped  to  a  concentration 
of  1015  to  1016  dopant  atoms  per  cubic  centimeter. 

Although  n-type  material  was  chosen  as  the 
composition  for  the  collector  region  for  the  purpose  of 
illustration,  it  should  be  understood  that  p-type  mate- 
rial  may  also  be  used.  If  so,  the  conductivity  type  of 
semiconductor  materials  and  dopants  would  accord- 
ingly  by  reversed,  thus  producing  a  p-n-p,  rather  than 
an  n-p-n,  transistor. 

The  heavily  doped  collector  region  effectively 
stops  thyristor  action  both  through  recombination  and 
the  reduction  in  injection  efficiency  from  substrate  12 
into  the  collector  region.  In  addition,  when  the  collec- 
tor  region  is  biased,  a  depletion  region  extends 
through  substrate  12.  The  thickness  of  the  depletion 
region  controls  the  parasitic  capacitance.  When  iso- 
lation  grooves  are  used  through  the  collector  region, 
however,  only  the  active  area  of  the  monolithic  circuit 
affects  the  parasitic  capacitance.  A  proper  design  lim- 
its  that  active  area  to  about  thirty  percent  of  the  chip 
area. 

Once  the  collector  region  is  in  place,  a  base  re- 
gion  22  and  an  emitter  region  24  are  formed.  Base  22 
is  a  p-type  silicon  with  a  typical  depth  of  0.5  to  3.25 
urn  and  a  concentration  of  1016  to  1019  atoms  per  cu- 
bic  centimeter.  Emitter  24  is  an  n-type  silicon  with  a 
typical  depth  of  0.25  to  2.5  urn  and  a  concentration  of 
1020  to  1022  atoms  per  cubic  centimeter.  By  conven- 
tional  thermal  oxide  growth,  photolithography,  and 
etching  techniques,  an  insulating  silicon  dioxide  layer 
20  is  provided  with  apertures  above  the  regions 
where  the  integratable  bipolar  transistor  is  to  be 
formed.  Layer  20  may  be  approximately  0.2  to  6 
thick  and  is  preferably  as  thick  as  possible  to  de- 
crease  parasitic  capacitance,  especially  at  high  fre- 
quencies. 

Because  the  current  flow  paths  within  transistor 
10  have  significant  resistivity,  parasitic  series  resis- 
tances  exist  in  each  of  the  three  main  regions  of  the 
device.  The  collector  series  resistance,  base  series 
resistance,  and  emitter  series  resistance  each  must 
be  as  small  as  possible.  Similar  parasitic  capacitanc- 
es  also  exist  and  must  be  minimized. 

The  dopant  used  to  create  the  n-type  layers  may 
be  phosphorous,  arsenic,  antimony,  or  the  like.  Ar- 
senic  is  often  preferable  because  it  has  a  lower  diffu- 
sion  coefficient,  providing  more  abrupt  base-emitter 
junctions,  enhanced  performance,  and  lower  resistiv- 
ity  layers.  Arsenic  has  a  solid  solubility  15  times  high- 
er  than  antimony  and  1.5  times  higherthan  phosphor- 
ous.  Thus,  arsenic  is  preferable  because  it  renders 

more  impurities  available  for  current  conduction.  Bor- 
on  is  typically  used  as  the  dopant  in  the  p-type  base 
22.  Typical  processes  used  to  dope  the  various  layers 
include  deposition  from  gaseous  or  oxide  sources,  ion 

5  implantation,  and  diffusion  to  adjust  concentrations 
and  depths. 

The  emitter,  base,  and  collector  metal  contacts 
are  then  formed--all  in  the  top  surface  of  transistor 
10.  Emitter  metal  contact  28,  base  metal  contact  30, 

10  and  collector  metal  contact  32  form  a  planar  surface 
26.  Such  placement  facilitates  the  interface  of  transis- 
tor  10  with  other  components  and  reduces  the  overall 
dimensions  of  the  transistor.  Placement  of  collector 
metal  contact  32  on  the  top  surface  of  transistor  10 

15  also  reduces  undesirable  capacitative  effects.  Leads 
36,  38,  and  40  are  then  electrically  attached  to  each 
of  the  three  metal  contacts. 

Turning  specifically  to  formation  of  the  isolated 
collector  metal  contact  32,  a  groove  is  first  provided 

20  in  the  top  of  transistor  10.  The  groove  extends 
through  oxide  20,  N"  layer  18,  and  partly  into  N+  layer 
16.  The  electrical  communication  between  collector 
metal  contact  32,  when  formed  in  the  groove,  and 
N+  layer  16  allows  collection  to  occur.  Collector  metal 

25  contact  32  extends  above  oxide  20  to  provide  a  top 
surface  contact  for  external  electrical  communication. 
Metallization  of  the  groove  to  form  collector  metal 
contact  32  is  done  using  conventional  physical  vapor 
deposition  processes  such  as  sputtering  and  electron 

30  beam  evaporation. 
Typically,  an  etching  process  is  used,  such  as  re- 

active  ion  etching,  to  create  the  groove.  Other  proc- 
esses  are  possible.  If  isotropic  etching  is  used,  the 
groove  will  be  as  wide  as  it  is  deep  and  will  have  a 

35  generally  annular  shape.  Anisotropic  etching  is  pre- 
ferred.  Wet  anisotropic  etching  provides  a  V-shaped 
groove  as  shown  in  Figure  1  .  Plasma  or  reactive  ion 
etching  can  produce  a  groove,  rectangular  in  shape, 
with  a  high  width-to-depth  aspect  ratio.  Typically,  a  7 

40  urn  deep  groove  can  have  a  top  opening  of  1  urn.  Each 
groove  shape  has  an  advantage  and  a  disadvantage. 

The  rectangular  groove  uses  less  area  than  does 
the  V-shaped  groove.  Consequently,  more  of  sub- 
strate  12  is  available  to  support  the  active  transistor 

45  and  transistor  cells  can  be  packed  more  closely  to- 
gether.  On  the  other  hand,  it  is  very  difficult  to  met- 
allize  a  groove  having  a  square  cross-section.  Al- 
though  the  V-shaped  groove  requires  more  area,  it  is 
easier  to  process  and,  specifically,  to  metallize.  Good 

so  contact  metallization  is  more  reliably  achieved  using 
the  V-shaped  groove. 

In  either  case,  once  the  groove  is  formed  it  is 
metallized  to  yield  a  collector  metal  contact  32  having 
good  ohmic  contact  to  N+  layer  16.  The  result  is  vert- 

55  ical  isolation  using  a  top  collector  and  an  electrically 
insulating  substrate.  Such  vertical  isolation  solves 
the  problem  inherent  in  conventional  RF  transistors  of 
thermal  management:  elimination  of  BeO  and  use  of 

4 
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intrinsic  silicon  substrate  12  will  achieve  thermal  im- 
provements  on  the  order  of  40-60%. 

Transistor  10  offers  a  number  of  distinct  process- 
ing  advantages  as  well.  The  processing  steps  used  to 
produce  transistor  10  are  well-established,  and  fewer 
are  required  than  for  conventional  transistors.  Thus, 
increased  yield  is  obtained.  Vertical  isolation  allows 
transistor  10  to  require  less  area  than  that  of  conven- 
tional  transistors.  Thus,  increased  packing  density  is 
obtained. 

Transistor  10  also  offers  electrical  advantages.  A 
prototype  successfully  built  with  the  design  target 
parameters  of  15  watts,  12.5  volts,  and  175  mega- 
hertz  provided  an  8.5  db  gain  and  65%  collector  effi- 
ciency.  It  also  showed  excellent  overdrive  capability 
without  power  slump  because  the  thermal  manage- 
ment  of  the  device  was  improved  over  conventional 
transistors  packages.  Similarly,  it  is  expected  that  the 
cooler  temperatures  will  increase  the  mean  time  to 
failure  of  the  device  and  that  the  cooler  junction  tem- 
peratures  will  foster  reliability. 

Transistor  10  of  the  present  device,  which  is  vert- 
ically  isolated,  is  well-adapted  for  lateral  isolation.  Lat- 
eral  isolation  would  solve  the  capacitance  problems 
inherent  in  conventional  devices.  Using  principles 
similar  to  those  discussed  above  with  respect  to  vert- 
ical  isolation,  the  RF  transistor  may  be  incorporated 
as  part  of  a  true  RF  "disc"  or  as  part  of  a  monolithic 
circuit  orgain  block.  Lateral  isolation  permits  addition- 
al  transistors  or  different  electrical  devices  to  operate 
on  the  same  substrate  12.  Such  lateral  isolation  be- 
tween  devices  may  be  achieved  in  a  variety  of  ways, 
such  as  by  using  a  vertical  trench  34,  designed  to  iso- 
late  the  electrically  active  regions  of  transistor  1  0  from 
similar  regions  in  adjacent  devices. 

Although  the  invention  is  illustrated  and  descri- 
bed  herein  as  embodied  in  a  a  bipolar,  monolithic, 
high-power  RF  transistor  having  a  planar  top  surface 
and  a  bottom  surface  adapted  for  mounting  on  a  met- 
allic  heat  sink,  the  transistor  including  a  thermally 
conductive  and  electrically  insulating  substrate 
placed  directly  on  the  heat  sink;  a  collector  region  of 
a  semiconductor  material  of  a  first  conductivity  type 
grown  on  the  substrate;  a  discrete  base  region  of  op- 
posite  conductivity  type  semiconductor  material 
formed  within  the  boundary  of  the  collector  region 
and  defining  therewith  a  base-collector  junction;  an 
emitter  region  of  first  conductivity  type  semiconductor 
formed  within  the  boundary  of  the  base  region  and 
defining  therewith  an  emitter-base  junction;  an  insu- 
lating  layer  overlying  the  exposed  top  surfaces  of  the 
base  region,  the  emitter  region,  and  the  collector  re- 
gion  with  discrete  apertures  allowing  isolated  electri- 
cal  contact  to  the  base  region,  the  emitter  region,  and 
the  collector  region;  and  a  base  metal  contact,  an 
emitter  metal  contact,  and  a  collector  metal  contact 
forming  a  planar  top  surface  of  the  transistor;  where- 
by  the  transistor  is  vertically  isolated,  the  invention  is 

nevertheless  not  intended  to  be  limited  to  the  details 
shown.  Rather,  various  modifications  may  be  made  in 
the  details  within  the  scope  and  range  of  equivalents 
of  the  claims  and  without  departing  from  the  spirit  of 

5  the  invention.  Specifically,  although  the  invention  is 
described  in  connection  with  a  bipolartransistor  pack- 
age,  this  is  byway  of  example  only,  inasmuch  as  the 
invention  may  have  application  in  appropriate  in- 
stances  to  other  semiconductor  devices  in  similar 

10  configurations. 

Claims 

15  1.  A  bipolar,  monolithic,  high-power  RF  transistor 
having  a  planar  top  surface  and  a  bottom  surface 
adapted  for  mounting  on  a  metallic  heat  sink,  said 
transistor  comprising: 

a  thermally  conductive,  electrically  insu- 
20  lating  substrate  positioned  directly  on  said  heat 

sink; 
a  collector  region  of  a  semiconductor  ma- 

terial  of  a  first  conductivity  type  having  an  ex- 
posed  top  surface  and  a  bottom  surface  formed 

25  on  said  substrate; 
a  discrete  base  region  of  opposite  conduc- 

tivity  type  semiconductor  material  formed  within 
the  boundary  of  said  collector  region  and  defin- 
ing  therewith  a  base-collector  junction,  said  base 

30  region  having  a  top  surface  with  portions  ex- 
posed  at  said  top  surface  of  said  collector  region; 

an  emitter  region  of  said  first  conductivity 
type  semiconductor  material  formed  within  the 
boundary  of  said  base  region  and  defining  there- 

35  with  an  emitter-base  junction,  said  emitter  region 
having  a  top  surface  exposed  at  said  top  surface 
of  said  base  region; 

an  insulating  layer  overlying  said  exposed 
top  surfaces  of  said  collector  region,  said  base  re- 

40  gion,  and  said  emitter  region,  said  insulating  layer 
having  discrete  apertures  allowing  isolated  elec- 
trical  contact  to  said  base  region,  said  emitter  re- 
gion,  and  said  collector  region; 

a  base  metal  contact  forming  a  portion  of 
45  said  planar  top  surface  of  said  transistor,  said 

base  metal  contact: 
(a)  overlying  said  base  region, 
(b)  electrically  connected  to  said  base  region 
through  a  first  aperture  in  said  insulating  lay- 

so  er,  and 
(c)  overlying  said  insulating  layer  in  areas 
where  said  base  metal  contact  overlays  said 
collector  region; 

an  emitter  metal  contact  forming  a  portion 
55  of  said  planar  top  surface  of  said  transistor,  said 

emitter  metal  contact: 
(a)  overlying  said  emitter  region, 
(b)  electrically  connected  to  said  emitter  re- 

5 
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gion  through  a  second  aperture  in  said  insu- 
lating  layer, 
(c)  overlying  said  insulating  layer  in  areas 
where  said  emitter  metal  contact  overlays  one 
of  said  collector  region  and  said  base  region, 
and 
(d)  being  insulated  from  said  base  metal  con- 
tact  by  said  insulating  layer; 

a  collector  metal  contact  forming  a  portion 
of  said  planar  top  surface  of  said  transistor  and 
electrically  connected  to  said  collector  region 
through  a  third  aperture  in  said  insulating  layer, 
said  collector  metal  contact  being  insulated  from 
said  base  metal  contact  and  from  said  emitter 
metal  contact  by  said  insulating  layer;  and 

external  leads  electrically  connected  to 
each  of  said  base  metal  contact,  said  emitter  met- 
al  contact,  and  said  collector  metal  contact; 

whereby  said  transistor  is  vertically  isolat- 
ed. 

6.  A  transistor  according  to  claim  1  or5  wherein  said 
collector  region  has  a  subcollector  layer  formed 
of  a  heavily  doped  said  first  conductivity  type  of 
semiconductor  material  grown  on  said  substrate 

5  and  a  supercollector  layer  formed  of  a  lightly  dop- 
ed  said  first  conductivity  type  of  semiconductor 
material  grown  on  said  subcollector  layer  and 
wherein  said  base  region  is  formed  within  the 
boundary  of  said  supercollector  layer  and  said 

10  collector  metal  contact  extends  through  said  su- 
percollector  layer  into  said  subcollector  layer. 

7.  A  transistor  according  to  claim  1  or2  wherein  said 
collector  metal  contact  has  an  aspect  ratio  of 

15  about  1  to  7. 

8.  A  transistor  according  to  claim  7  wherein  said  col- 
lector  metal  contact  is  rectangular. 

20  9.  Atransistoraccording  toclaim  1  or2  wherein  said 
collector  metal  contact  is  V-shaped. 

10.  A  bipolar,  monolithic,  high-power  RF  transistor 
disc  comprising: 

25  a  plurality  of  bipolar,  monolithic,  high- 
power  RF  transistors  according  to  claim  1  where- 
in  said  transistors  operate  on  a  single  thermally 
conductive,  electrically  insulating  substrate;  and 

means  for  vertically  isolating  each  said  RF 
30  transistor  from  adjacent  RF  transistors. 

11.  A  bipolar,  monolithic,  high-power  RF  transistor 
disc  according  to  claim  10  wherein  said  vertical 
isolating  means  is  a  vertical  trench. 

35 
12.  A  monolithic  circuit  comprising: 

a  bipolar,  monolithic,  high-power  RF  tran- 
sistor  according  to  claim  1  wherein  at  least  one 
other  electrical  component  operates  on  said  ther- 

40  mally  conductive,  electrically  insulating  substrate 
of  said  transistor;  and 

means  for  vertically  isolating  said  RF  tran- 
sistor  from  said  other  electrical  component. 

45  13.  A  monolithic  circuit  according  toclaim  12  wherein 
said  vertical  isolating  means  ia  a  vertical  trench. 

2.  An  improved  high  frequency,  high  power  transis- 
tor  of  the  type  having  a  bottom  surface  adapted 
for  mounting  on  a  metallic  heat  sink;  a  base  re- 
gion;  a  base  metal  contact  electrically  connected  25 
to  said  base  region;  an  emitter  region  within  said 
base  region  forming  an  emitter-base  junction;  an 
emitter  metal  contact  electrically  connected  to 
said  emitter  region;  a  collector  region  forming  a 
base-collector  junction;  a  collector  metal  contact  30 
electrically  connected  to  said  collector  region; 
and  an  insulating  layer  electrically  isolating  said 
base  metal  contact,  said  emitter  metal  contact, 
and  said  collector  metal  contact;  wherein  the  im- 
provement  comprises  vertically  isolating  said  35 
transistor  by  including: 

a  thermally  conductive,  electrically  insu- 
lating  substrate  positioned  directly  on  said  heat 
sink  and  upon  which  said  base  region,  said  emit- 
ter  region,  and  said  collector  region  are  grown;  40 
and 

a  planar  top  surface  formed  on  said  tran- 
sistor  by  said  base  metal  contact,  said  emitter 
metal  contact,  and  said  collector  metal  contact. 

45 
3.  Atransistoraccording  toclaim  1  or  2  wherein  said 

substrate  is  "100"  oriented  intrinsic  silicon. 

4.  Atransistoraccording  toclaim  1  or  2  wherein  said 
insulating  layer  is  silicon  dioxide.  so 

5.  A  transistor  according  to  claim  2  wherein  said  col- 
lector  region  is  of  a  semiconductor  material  of  a 
first  conductivity  type,  said  base  region  is  of  op- 
posite  conductivity  type  semiconductor  material,  55 
and  said  emitter  region  is  of  said  first  conductivity 
type  semiconductor  material. 
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