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©  Semiconductor  device  having  a  region  doped  to  a  level  exceeding  the  solubility  limit. 

CM 
<  between  the  emitter  region  and  the  base  region 

decreases  substantially  with  increasing  impurity  level 
in  the  base  region. 

©  A  bipolar  transistor  comprises  a  base  region  (52) 
f   made  of  silicon  crystal  doped  with  a  first  impurity  to 
® a   first  level  so  as  to  establish  a  first  carrier  con- 
^centration  in  the  base  region  and  an  emitter  region 
fM(53)  made  of  silicon  crystal  doped  with  a  second 
CO 
CO J2  impurity  to  a  second  level  substantially  larger  than 

the  first  level  by  a  predetermined  factor  so  as  to 
©  establish  a  second  carrier  concentration  in  the  emit- 
Q.ter  region,  in  which  the  second  impurity  exceeds  the 
111  solubility  limit  of  the  second  impurity  in  silicon  cry- 

stal.  The  first  and  second  levels  are  chosen  in  such 
a  range  that  a  difference  in  the  carrier  concentrations 
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SEMICONDUCTOR  DEVICE  HAVING  A  REGION  DOPED  TO  A  LEVEL  EXCEEDING  THE  SOLUBILITY  LIMIT 

level  in  the  base  region  is  increased  to  about  1  X 
1019  /cm3.  As  it  is  necessary  to  maintain  the  impu- 
rity  level  of  the  emitter  region  larger  than  that  of 
the  base  region  with  a  factor  of  about  1000,  the 

5  corresponding  arsenic  concentration  level  in  the 
emitter  region  should  be  in  the  order  of  1022  /cm3. 
However,  this  level  of  the  emitter  region  exceeds 
the  solubility  limit  of  arsenic  in  the  silicon  crystal  at 
1000°  C.  The  value  of  the  solubility  limit  is  about  4 

w  X  1021  /cm3.  Thus,  the  precipitates  appears  as 
already  described  when  the  emitter  region  is  doped 
to  such  an  impurity  level.  In  order  to  avoid  the 
various  disadvantages  accompanying  the  appear- 
ance  of  the  precipitate,  one  has  to  limit  the  impurity 

75  level  of  the  emitter  region  to  a  value  substantially 
smaller  than  the  solubility  limit.  However,  by  limit- 
ing  the  impurity  level  of  the  emitter  region  as  such, 
the  ratio  of  the  carrier  density  in  the  emitter  region 
to  that  of  the  base  region  is  reduced  to  below 

20  1000.  With  such  a  small  difference  in  the  carrier 
concentration  level  in  the  emitter  and  the  base,  the 
common  emitter  current  gain  of  the  transistor  is 
expected  to  be  reduced  to  lower  than  about  100. 
The  excessive  increase  in  the  impurity  level  in  the 

25  emitter  also  invites  contraction  of  the  band  gap  in 
emitter  and  such  a  contraction  of  the  band  gap  also 
leads  to  the  decrease  of  the  common  emitter  cur- 
rent  gain. 

Meanwhile,  semiconductor  devices  of  various 
30  type  are  constructed  on  a  silicon  wafer,  and  such  a 

semiconductor  device  uses  doped  single  crystal  or 
polycrystal  silicon  as  a  conductive  region.  For  ex- 
ample,  such  a  doped  silicon  is  used  as  a  gate 
electrode  of  a  MOS  transistor  or  a  bit  line  of 

35  memory  device.  In  a  bipolar  transistor,  too,  such  a 
doped  silicon  conductive  region  is  used  as  elec- 
trodes  as  well  as  a  diffusion  source  layer  which 
releases  the  impurity  into  the  base  region  to  form  a 
shallow  emitter  region  in  the  base. 

40  Such  devices  are  required  to  exhibit  improved 
response  or  operational  speed,  and  for  this  pur- 
pose,  it  is  necessary  to  lower  the  resistivity  of  such 
a  conductive  region  as  much  as  possible  so  as  to 
reduce  the  time  constant  of  input  and  output  signal 

45  path  of  the  device  formed  by  such  a  conductive 
region.  For  this  purpose,  it  is  desired  to  dope  the 
impurity  as  much  as  possible.  However,  when  the 
silicon  is  doped  with  impurity  by  diffusion  from  a 
source  material  contacting  with  the  silicon  as  is 

so  practised  conventionally,  the  level  of  the  impurity  to 
be  introduced  into  the  silicon  is  limited  by  the 
thermodynamic  equilibrium  at  the  boundary  of  the 
silicon  and  the  source  material.  In  other  words, 
there  is  an  upper  limit  in  the  level  of  impurity  to  be 
introduced  into  the  silicon,  and  corresponding 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  generally  relates  to 
semiconductor  devices  and  more  particularly  to  a 
semiconductor  device  having  a  region  doped  with 
impurity  to  such  a  level  that  the  concentration  of 
the  impurity  exceeds  the  solubility  limit  of  the  re- 
gion. 

With  ever  increasing  demand  to  improve  the 
operational  speed  of  transistors,  efforts  are  made  to 
manufacture  a  base  region  of  bipolar  transistor  as 
thin  as  possible.  By  doing  so,  one  can  reduce  the 
time  for  a  carrier  to  move  across  the  base  region 
by  diffusion.  However,  such  a  decrease  in  the 
thickness  of  the  base  region  leads  to  an  increase  in 
the  spreading  resistance  in  lateral  directions. 

In  order  to  cancel  or  compensate  the  effect  of 
this  increased  spreading  resistance,  it  is  desired  to 
increase  the  concentration  of  the  impurities  in  the 
base  region  so  that  the  resistance  thereof  is  de- 
creased.  However,  such  an  increase  in  the  impurity 
in  the  base  region  has  to  be  accompanied  with 
corresponding  increase  in  the  impurity  level  in  a 
corresponding  emitter  region  which  has  an  impurity 
level  much  higher  than  the  impurity  level  of  the 
base  region.  The  impurity  level  of  the  emitter  re- 
gion  is  chosen  such  that  the  carrier  density  in  the 
base  region  maintains  an  optimum  proportion  or 
ratio  with  respect  to  the  carrier  density  in  the 
emitter  region. 

When  the  impurity  level  in  the  emitter  region 
becomes  excessive,  the  emitter  region  is  saturated 
with  the  impurity  and  there  appears  a  precipitation 
of  the  doped  impurity  as  separate  phase.  Thus,  the 
impurity  level  in  the  base  region  is  limited.  When 
such  a  precipitate  appears  in  the  emitter  region, 
the  increase  in  the  impurity  or  dopant  does  not 
contribute  to  the  increase  of  the  carrier  density  any 
more,  and  the  proportion  of  the  carrier  density  in 
the  emitter  region  to  that  in  the  base  region  is 
deviated  from  the  optimum  ratio  when  the  impurity 
level  of  the  base  region  is  increased.  Further,  such 
an  existence  of  the  precipitates  in  a  host  silicon 
crystal  causes  a  scattering  of  carrier  in  the  silicon 
and  facilitates  its  recombination.  Thus,  such  an 
increase  in  the  impurity  level  in  the  base  region  is 
conventionally  thought  as  a  disadvantage. 

For  example,  a  conventional  npn  bipolar  tran- 
sistor  has  a  base  region  having  a  thickness  of 
about  3000  A  and  the  base  region  is  doped  with 
boron  with  a  level  of  5  X  1017  -  1  X  1018  /cm3.  The 
transistor  also  has  an  emitter  region  doped  with 
arsenic  with  a  level  of  about  1  X  1020  /cm3.  When 
the  thickness  of  the  base  region  is  reduced  to 
about  1000  -  1500  A,  it  is  desired  that  the  impurity 
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doped  in  correspondence  thereto  to  a  level  of  1  X 
1022  /cm3  which  substantially  exceeds  the  solubility 
limit  of  the  impurity  in  the  emitter  region.  Such  a 
result  is  quite  contradictory  to  what  is  believed 

5  hitherto  in  bipolar  transistor  that  the  common  emit- 
ter  current  gain  should  be  decreased  when  the 
emitter  region  is  saturated  with  the  impurity. 

Still  another  object  of  the  present  invention  is 
to  provide  a  method  of  manufacturing  a  semicon- 

w  ductor  material  containing  an  impurity  to  a  level 
exceeding  the  solubility  limit  of  the  impurity  in  the 
semiconductor  material  in  which  the  semiconductor 
material  is  formed  as  an  amorphous  material  from 
source  materials  including  the  impurity,  and  the 

75  amorphous  material  is  annealed  at  a  temperature 
higher  than  at  least  about  600  °C  to  provide  the 
semiconductor  material.  According  to  the  present 
invention,  the  impurity  is  introduced  easily  into  the 
amorphous  material  which  is  to  be  converted  to  the 

20  semiconductor  material  later  by  crystalization  to  a 
level  substantially  exceeding  the  solubility  limit, 
and  the  semiconductor  material  thus  obtained  has 
a  significantly  low  resistivity. 

Other  objects  and  further  features  of  the 
25  present  invention  will  become  apparent  from  the 

following  detailed  description  when  read  in  con- 
junction  with  attached  drawings. 

thereto,  there  is  a  lower  limit  in  the  resistivity  of 
silicon.  In  the  case  of  a  polysilicon  film  having  a 
thickness  of  about  4000  A,  the  lowest  possible 
surface  resistivity  is  about  10(2/  a. 

Conventionally,  various  silicides  are  also  used 
for  the  conductive  region  in  order  to  achieve  low 
resistivity.  However,  the  formation  of  silicide  re- 
quires  heat  treatment  for  a  substantial  time  period 
and  there  is  a  substantial  risk  that  such  a  heat 
treatment  deteriorates  the  profile  of  the  impurity 
distribution  in  the  semiconductor  device.  Further, 
the  silicides  tend  to  be  detached  from  the  silicon 
substrate  underneath.  For  example,  the  tungsten 
silicide  requires  heat  treatment  at  900  'C  for  a 
substantial  period  of  time  and  is  easily  detached 
from  the  substrate. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  a  general  object  of  the 
present  invention  to  provide  a  novel  and  useful 
semiconductor  device  wherein  the  aforementioned 
problems  are  eliminated. 

Another  and  more  specific  object  of  the 
present  invention  is  to  provide  a  high  speed  semi- 
conductor  device  wherein  the  specific  resistance  of 
a  conductive  region  thereof  is  substantially  re- 
duced. 

Another  object  of  the  present  invention  is  to 
provide  a  semiconductor  device  having  a  high 
operational  speed,  wherein  the  semiconductor  de- 
vice  has  a  conductive  region  which  is  doped  with 
impurity  to  a  level  exceeding  the  solubility  limit  of 
the  impurity  in  the  region.  According  to  the  present 
invention,  the  resistivity  of  the  conductive  region  is 
substantially  reduced  and  the  delay  in  operation  of 
the  device  due  to  the  time  constant  of  input  and 
output  signal  path  including  the  conductive  region 
is  minimized. 

Another  object  of  the  present  invention  is  to 
provide  a  high  speed  bipolar  transistor  having  a 
base  region  with  reduced  thickness  but  still  ca- 
pable  of  providing  a  high  common  emitter  current 
gain. 

Another  object  of  the  present  invention  is  to 
provide  a  bipolar  transistor  having  an  emitter  region 
and  a  base  region  doped  with  respective  impurities 
such  that  the  impurity  level  of  the  emitter  region  is 
substantially  larger  than  the  impurity  level  of  the 
base  by  a  predetermined  factor,  wherein  said  base 
region  is  doped  to  such  a  level  that  the  impurity 
level  of  the  corresponding  emitter  region  exceeds 
the  solubility  limit  of  the  impurity  in  the  emitter 
region.  According  to  the  present  invention,  a  com- 
mon  emitter  current  gain  exceeding  about  600  is 
obtained  even  when  the  base  region  is  doped  to  a 
level  of  1  X  1013  /cm3  and  the  emitter  region  is 

30  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.1  is  a  phase  diagram  showing  the  solu- 
bility  limit  of  various  impurities  in  silicon  crystal; 

FIG.2  is  a  diagram  schematically  showing  an 
35  apparatus  used  for  growing  an  amorphous  silicon 

material  in  which  impurities  are  added  to  a  level 
exceeding  the  solubility  limit  of  silicon  crystal; 

FIG.3  is  a  cross  sectional  view  showing  a 
structure  of  a  MOS  transistor  in  which  a  semicon- 

40  ductor  material  containing  the  impurity  to  a  level 
exceeding  the  solubility  limit  is  used  for  a  gate 
electrode; 

FIG.4  is  a  cross  sectional  view  showing  a 
structure  of  a  bipolar  transistor  in  which  the  semi- 

45  conductor  material  containing  the  impurity  to  the 
level  exceeding  the  solubility  limit  is  used  as  a 
diffusion  source  layer  for  releasing  the  the  impurity 
to  form  a  shallow  emitter  region; 

FIG.5  is  a  cross  sectional  view  showing  a 
so  structure  of  a  bipolar  transistor  which  is  another 

embodiment  of  the  present  invention; 
FIG.6  is  a  cross  sectional  view  showing  an 

estimated  structure  of  an  emitter  region  of  the 
transistor  of  FIG.5  in  which  precipitates  are  ap- 

55  peared  as  a  result  of  saturation  of  the  impurity; 
FIG.7  is  a  diagram  showing  a  relation  of  the 

carrier  concentration  in  a  base  and  an  emitter  re- 
gion  of  a  bipolar  transistor; 
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There  are  several  known  methods  of  growing 
the  amorphous  silicon  phase  on  the  silicon  sub- 
strate  or  on  other  semiconductor  device  structures. 
For  example,  the  plasma  CVD  method  or  the  photo 

5  assisted  CVD  method  are  the  well  known  tech- 
nique.  However,  the  plasma  CVD  method,  using 
hydrogen  as  a  carrier  gas,  requires  heat  treatment 
in  order  to  expel  the  hydrogen  molecule  from  the 
formed  amorphous  silicon,  and  there  is  a  substan- 

70  tial  risk  that  such  a  heat  treatment  causes  change 
in  the  profile  of  the  impurity  distribution  in  various 
parts  of  semiconductor  device.  The  photo  assisted 
CVD  method  has  a  possibility  that  the  deposition 
rate  changes  with  the  proceeding  of  reaction  due  to 

75  the  deposition  of  material  on  an  inner  wall  of  a 
reaction  chamber  and  the  reaction  becomes  in- 
complete. 

Atmospheric  pressure  CVD  method  and  low 
pressure  CVD  method  are  advantageous  as  they 

20  do  not  suffer  from  these  limitations.  FIG.2  shows  an 
apparatus  used  for  growing  an  amorphous  silicon 
material  having  a  high  level  impurity  by  a  pyrolitic 
CVD  procedure.  Referring  to  the  drawing,  a  source 
gas  containing  silicon  is  introduced  from  a  first  inlet 

25  conduit  20  and  an  impurity  gas  is  introduced  from 
a  second  inlet  conduit  21.  The  gases  thus  intro- 
duced  are  mixed  one  another  by  a  mixer  22  and  a 
gas  mixture  is  formed.  The  gas  mixture  is  then 
introduced  into  a  reaction  chamber  24  through  a 

30  gas  inlet  23.  In  the  reaction  chamber  24,  a  silicon 
wafer  or  substrate  25  on  which  a  region  having  the 
impurity  level  exceeding  the  solubility  limit  is  to  be 
formed  is  placed  on  a  stage  or  holder  26.  As  a 
result  of  pyrolysis  of  the  gas  mixture,  amorphous 

35  silicon  including  impurity  exceeding  the  solubility 
limit  is  grown  on  the  surface  of  the  substrate  25  as 
a  film  27.  The  residual  gas  remained  after  the 
pyrolysis  is  evacuated  from  the  reaction  chamber 
24  by  an  evacuating  system  28.  By  increasing  the 

40  proportion  of  the  impurity  gas  relative  to  the  pro- 
portion  of  the  source  gas  of  silicon,  the  impurity 
exceeding  the  solubility  limit  in  silicon  is  easily 
added  to  the  amorphous  silicon  phase  and  a  homo- 
geneous  distribution  of  the  impurity  in  the  amor- 

45  phous  silicon  is  achieved. 
The  amorphous  silicon  phase  27  is  preferably 

grown  in  the  temperature  range  of  350  C  to 
550  'C,  more  preferably  in  the  temperature  range 
of  350  'C  to  540°  C.  The  source  gas  containing 

so  silicon  may  be  monosilane  Sil-U,  disilane  SiaHs  or 
trisilane  SisHs  which  decomposes  at  a  low  tem- 
perature.  The  impurity  gas  is  a  gas  containing 
elements  of  group  III  or  group  V,  and  a  hydride  of 
a  group  III  or  group  V  element  is  preferred.  When 

55  doping  arsenic,  the  gas  may  be  arsenic  hydride 
AsH3.  When  doping  boron  or  phosphorus,  diborane 
B2Hs  or  phosphine  PH3  may  be  used  as  the  impu- 
rity  gas. 

FIG.8  is  a  graph  showing  a  prediction  of  a 
common  emitter  current  gain  hFE  as  a  function  of 
the  impurity  level  of  an  emitter  region  and  a  base 
region  of  a  bipolar  transistor  together  with  actually 
measured  common  emitter  current  gain;  and 

FIG.9  is  a  diagram  showing  the  carrier  dis- 
tribution  in  various  parts  of  the  bipolar  transistor  of 
FIG.5; 

DETAILED  DESCRIPTION 

First,  the  present  invention  will  be  described  for 
a  procedure  of  forming  a  silicon  semiconductor 
material  containing  impurity  exceeding  the  solubil- 
ity  limit  of  silicon. 

FIG.1  shows  the  solubility  limit  of  various  ele- 
ments  in  silicon  (crystalized  phase)  in  the  tempera- 
ture  range  of  600  to  1400°  C.  Referring  to  the 
drawing,  the  solid  line  represents  the  phase  bound- 
ary  between  a  single  phase  region  containing  the 
silicon  phase  alone  and  a  multi-phase  region  con- 
taining  the  silicon  and  the  precipitate.  In  the  draw- 
ing,  the  left  hand  side  of  the  phase  boundary 
represents  the  multi-phase  region  and  the  right 
hand  side  of  the  phase  boundary  represents  the 
region  of  single  phase  silicon. 

As  a  procedure  to  form  a  silicon  based  semi- 
conductor  material  containing  impurity  to  a  level 
exceeding  the  solubility  limit  of  silicon,  convention- 
ally  used  solid  diffusion  technique  which  introduces 
the  impurity  by  solid  diffusion  is  not  appropriate. 
This  is  because  the  maximum  impurity  level  possi- 
ble  to  be  reached  by  such  a  procedure  is  limited 
by  the  thermodynamic  equilibrium  of  the  impurity 
source  and  the  semiconductor  material  to  be  dop- 
ed.  In  other  words,  the  impurity  level  exceeding  the 
solubility  limit  cannot  be  reached  by  the  solid  diffu- 
sion  technique. 

Ion  implantation  is  a  useful  technique  to  intro- 
duce  impurity  of  a  desired  impurity  to  a  semicon- 
ductor  material.  However,  there  is  a  case  in  which 
it  is  desired  to  form  a  doped  semiconductor  over  a 
large  surface.  In  such  a  case,  it  is  preferred  to 
grow  the  silicon  material  containing  impurity  to 
such  a  level  from  the  beginning. 

The  applicant  studied  various  procedures  to 
grow  semiconductor  material  doped  with  impurity 
with  a  level  exceeding  the  solubility  limit  over  the 
surface  of  a  silicon  substrate.  In  any  of  these 
procedures,  it  was  found  that  it  is  preferable  to 
form  amorphous  silicon  phase  as  an  intermediate 
phase  when  adding  the  impurity  beyond  the  solu- 
bility  limit  of  crystalline  silicon.  In  the  case  of  ion 
implantation,  too,  it  is  well  known  that  the  amor- 
phous  phase  appears  when  the  ion  implantation  is 
made  even  if  the  amount  of  dose  not  exceed  the 
solubility  limit. 
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apparatus  of  FIG.2.  The  holder  26  is  held  at  a 
temperature  of  450°  C,  and  the  pressure  of  the 
reaction  chamber  was  set  to  1  Torr  similarly  to  the 
case  of  EXAMPLE  1.  From  the  inlet  circuit  20,  the 

s  disiiane  gas  is  introduced  as  the  source  gas  with 
the  flow  rate  of  10.3  cc/min,  and  from  the  inlet 
conduit  21  the  phosphine  gas  was  introduced  with 
the  flow  rate  of  0.3  -  0.4  cc/min  using  hydrogen  as 
the  carrier  gas.  After  annealing  as  described,  the 

10  material  thus  obtained  showed  a  resistivity  of  about 
5  X  10~4Qcm  which  is  lower  than  the  resistivity  of 
the  conventional  polysiiicon  at  least  by  a  factor  of 
ten. 

The  amorphous  silicon  thus  obtained  contains 
the  impurity  exceeding  the  solubility  limit  in  the 
crystalline  silicon.  However,  the  impurity  in  such  an 
amorphous  phase  is  not  in  the  active  state.  In  other 
words,  the  impurity  element  is  not  settled  in  the 
site  of  silicon  in  the  silicon  crystal  structure  and 
therefore  the  carrier  is  not  released.  In  order  to 
make  the  impurity  to  occupy  the  site  of  silicon 
atom  of  the  crystal  structure,  it  is  necessary  to 
anneal  the  amorphous  phase  so  that  the  amor- 
phous  phase  crystalizes.  This  annealing  is  prefer- 
ably  made  in  the  temperature  range  of  about 
600°  C  or  more.  When  the  anneal  is  made  at 
600°  C,  the  annealing  time  is  about  1  -10  hours.  As 
a  result  of  annealing,  the  silicon  is  crystalized  and 
the  silicon  becomes  no  more  able  to  contain  the 
impurity  exceeding  the  solubility  limit.  Thus,  the 
impurity  is  precipitated  as  a  compound  of  the  im- 
purity  element  and  silicon.  In  the  case  that  the 
impurity  is  arsenic,  the  precipitate  is  silicon  ar- 
senide  (SiAsx). 

In  a  series  of  experiments  for  preparing  various 
semiconductor  materials  saturated  with  impurity, 
the  applicant  found  that  such  a  semiconductor  ma- 
terial  has  a  significantly  low  resistivity  which  is 
much  lower  than  the  hitherto  achieved  resistivity  of 
the  doped  polysiiicon.  The  followings  are  examples 
of  the  semiconductor  material  obtained  by  the 
pyrolitic  CVD  technique  described  above. 

75 
EXAMPLE  3 

An  amorphous  silicon  material  is  grown  on  a 
silicon  substrate  under  reduced  pressure  using  the 

20  apparatus  of  FIG.2.  The  holder  26  is  held  at  a 
te:aperature  of  about  600°  C,  and  the  pressure  of 
the  reaction  chamber  24  was  set  to  1  Torr.  From 
the  inlet  conduit  20,  the  disiiane  gas  was  intro- 
duced  with  a  flow  rate  of  500  cc/min,  and  a  100  % 

25  arsenic  hydride  (ASH3)  gas  was  supplied  from  the 
conduit  21  with  a  flow  rate  of  50  cc/min.  The 
amorphous  silicon  was  grown  on  the  holder  26  until 
its  thickness  reaches  about  4000  A.  The  amor- 
phous  silicon  was  then  annealed  as  already  de- 

30  scribed  and  the  silicon  crystal  thus  obtained  was 
subjected  to  resistivity  measurement.  As  a  result,  a 
resistivity  of  about  1  X  10"40cm  is  obtained.  This 
value  is  comparable  to  the  resistivity  of  the  material 
obtained  in  the  EXAMPLE  2  and  substantially  lower 

35  than  the  resistivity  of  polysiiicon  conventionally  ob- 
tained. 

Using  such  a  semiconductor  material  having 
low  resistivity  for  a  gate  of  a  MOS  transistor,  one 
can  realize  a  high  operational  speed  of  the  transis- 

40  tor.  FIG.3  shows  an  example  of  such  a  MOS  tran- 
sistor  in  the  case  of  n-channel  type.  Referring  to 
the  drawing,  a  gate  electrode  30  is  made  from  the 
semiconductor  material  doped  with  impurity  ex- 
ceeding  the  solubility  limit  of  silicon.  As  usual  in 

45  the  MOS  transistor  design,  a  source  region  31  and 
a  drain  region  32  are  formed  in  a  p-type  substrate 
33  on  both  sides  of  the  gate  electrode  30.  Further, 
electrodes  34  and  35  are  formed  on  the  source 
region  31  and  the  gate  region  32  respectively.  The 

50  gate  electrode  30  is  separated  from  the  substrate 
33  by  a  gate  insulator  layer  36.  In  the  MOS  transis- 
tor  of  FIG.3,  the  time  constant  of  a  signal  path 
including  the  gate  electrode  30  at  the  gate  of  the 
transistor  is  reduced  and  the  delay  of  response  due 

55  to  the  time  constant  of  the  signal  path  is  reduced. 
Further,  when  it  was  the  case  that  the  reduction  of 
the  resistivity  is  not  critical,  one  can  reduce  the 
thickness  of  the  gate  electrode. 

EXAMPLE  1 

An  amorphous  silicon  material  is  grown  on  a 
silicon  substrate  under  reduced  pressure  using  the 
apparatus  of  FIG.2.  The  holder  26  is  held  at  a 
temperature  of  450  °  C,  and  the  pressure  of  the 
reaction  chamber  24  was  set  to  1  Torr.  From  the 
inlet  conduit  20,  a  disiiane  (Si2He)  gas  was  intro- 
duced  with  a  flow  rate  of  20  cc/min,  and  a 
hydrogen-diluted  diborane  gas  (1  %  B2HS/H2)  was 
supplied  from  the  conduit  21  with  a  flow  rate  of  80 
cc/min.  The  amorphous  silicon  was  grown  on  the 
holder  26  until  its  thickness  reaches  about  4000  A. 
The  amorphous  silicon  was  then  annealed  as  al- 
ready  described  and  the  silicon  crystal  thus  ob- 
tained  was  subjected  to  resistivity  measurement. 
As  a  result,  a  resistivity  of  about  8  X  10"*ncm  is 
obtained.  This  value  is  at  least  lower  than  the 
lowest  possible  resistivity  of  polysiiicon  convention- 
ally  achieved  which  is  in  the  order  of  10~2  - 
10~3ncm. 

EXAMPLE  2 

An  amorphous  silicon  material  is  grown  on  a 
silicon  substrate  under  reduced  pressure  using  the 
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oxide  wall  50b  and  isolates  the  region  which  it 
surrounds  from  other  devices  in  the  substrate  50. 
The  space  50c  defined  in  the  isolating  structure 
50a  by  the  oxide  wall  50b  is  filled  by  a  polysilicon. 

5  The  buried  collector  region  51a  is  doped  also  by 
arsenic  up  to  an  n*  level  so  as  to  reduce  the 
collector  resistance. 

A  thin  base  region  52  is  formed  on  a  part  of 
the  surface  of  the  collector  region  51  as  illustrated 

10  by  ion  implantation  using  a  group  III  element  such 
as  boron  as  the  dopant.  Thus,  the  base  region  52 
is  doped  to  the  p-type.  In  order  to  improve  the 
operational  speed  or  response  of  the  transistor,  the 
thickness  of  the  base  region  52  is  set  to  about 

75  1000  A  which  is  substantially  thinner  as  compared 
to  the  conventional  thickness  of  the  base  region 
which  is  usually  set  to  about  3000  -  4000  A. 
Further,  in  order  to  cancel  or  compensate  the  effect 
of  increased  resistivity  associated  with  such  a  thin 

20  base  region,  the  base  region  52  is  doped  to  an 
impurity  level  of  about  1  X  1019  ''cm3  so  that  the 
resistivity  of  the  base  region  is  reduced.  Further,  an 
emitter  region  53  is  formed  on  the  surface  of  the 
base  region  52  so  that  the  emitter  region  53  and 

25  the  base  region  52  make  a  direct  contact.  The 
emitter  region  53  has  a  thickness  of  about  3000  A 
and  comprises  a  polysilicon  which  is  doped  with  a 
group  V  element  such  as  arsenic  to  the  n  -type  as 
will  be  described.  Each  of  the  collector  region  51, 

30  base  region  52  and  the  emitter  region  53  are 
connected  to  respective  electrodes  54,  55  and  56. 

In  such  a  bipolar  transistor,  the  common  emit- 
ter  current  gain  hFE  is  given  by  an  equation: 
hFE  =  Mb  =  A.ne/'np.exp(-AEg/kT)  (1) 

35  where  lc  stands  for  collector  current,  IB  stands  for 
base  current,  A  stands  for  a  proportional  coeffi- 
cient,  np  stand?  for  the  density  of  electron  in  the 
conduction  band  of  the  emitter  region,  and  np 
stands  for  the  hole  density  in  the  valence  band  of 

40  the  base  region.  AEg  stands  for  the  difference  in 
band  gap  of  the  semiconductor  material  at  the 
bese-emitter  junction  of  the  transistor.  In  conven- 
tional  bipolar  transistors  having  the  base  and  emit- 
ter  regions  doped  with  boron  and  arsenic  respec- 

45  tively,  the  band  gap  in  the  emitter  region  is  gen- 
erally  equal  to  the  band  gap  in  the  base  region  and 
the  term  exp(-AEgzkT)  is  about  1,  although  aE9 
increases  slightly  in  the  positive  direction  when  the 
level  of  the  impurity  in  the  emitter  region  is  in- 

50  creased  significantly  due  to  the  contraction  of  the 
band  gap  in  the  emitter  region.  Such  a  contraction 
of  the  band  gap  causes  the  decrease  in  the  com- 
mon  emitter  current  gain  hFE. 

From  Equation  (1),  it  can  be  easily  understood 
55  that  the  common  emitter  current  gain  hFE  increases 

when  the  number  of  electrons  ne  in  the  emitter 
region  is  increased  relative  to  the  number  of  holes 
np  in  the  the  base  region.  This  means  that  in  order 

FIG.4  shows  a  structure  of  a  bipolar  transistor 
using  the  semiconductor  material  as  a  source  of 
impurity  to  be  incorporated  into  the  emitter  region. 
Referring  to  the  drawing,  a  collector  region  41 
doped  to  a  n~-type  is  formed  epitaxially  in  a  p-type 
silicon  substrate  40,  and  a  buried  collector  layer  42 
doped  to  a  n*-type  is  formed  at  a  boundary  be- 
tween  the  collector  region  41  and  the  substrate  40. 
Further,  the  buried  collector  layer  42  is  connected 
to  a  collector  electrode  43  at  the  surface  of  the 
transistor  structure  via  a  n*-type  diffusion  region  44 
extending  through  the  epitaxial  collector  region  41. 
In  the  collector  region  41  ,  a  p-type  base  region  45 
is  formed.  This  p-type  base  region  45  makes  a 
contact  with  a  base  electrode  46.  On  a  surface  45a 
of  the  base  region  45,  an  impurity  source  region  47 
is  grown  in  accordance  with  the  procedure  de- 
scribed  previously.  In  other  words,  this  impurity 
source  region  47  has  an  impurity  level  exceeding 
the  solubility  limit.  On  the  region  47,  an  electrode 
49  is  deposited  for  external  connection.  From  this 
region  47,  the  impurity  is  diffused  into  the  p-type 
base  region  45  for  a  minute  distance  across  the 
surface  45a  and  a  shallow  emitter  region  48  doped 
to  the  n*-type  is  formed.  In  such  a  structure,  the 
resistivity  of  the  region  47  is  substantially  reduced 
and  the  operational  speed  of  the  bipolar  transistor 
is  improved. 

When  manufacturing  the  bipolar  structure  of 
FiG.4,  one  can  deposit  the  amorphous  silicon  con- 
taining  the  impurity  exceeding  the  solubility  limit  of 
silicon  on  the  base  45  and  apply  a  heat  treatment 
at  a  temperature  of  about  800°  C.  During  this  heat 
treatment,  the  impurity  is  released  from  the  source 
region  47  and  the  emitter  48  is  formed.  At  the 
same  time,  the  amorphous  silicon  is  crystalized 
and  its  resistivity  is  significantly  reduced.  The  tem- 
perature  of  heat  treatment  of  800  '  C  is  sufficient  for 
forming  the  emitter  region  48  with  sufficient  impu- 
rity  levei.  In  contrast,  a  temperature  of  about 
900  *C  is  required  when  using  a  conventional  poly- 
siiicon.  Thus,  the  use  of  the  semiconductor  material 
of  the  present  invention  enables  the  construction  of 
a  bipolar  transistor  having  an  extremely  shallow 
emitter  region. 

Next,  the  present  invention  will  be  described 
for  a  bipolar  transistor  using  the  semiconductor 
material  doped  to  the  level  exceeding  the  solubility 
limit  for  its  emitter  region.  Such  a  transistor  has  a 
high  common  emitter  current  gain  even  if  the  thick- 
ness  of  the  base  region  is  reduced. 

Referring  to  FIG.5,  the  bipolar  transistor  com- 
prises  a  collector  region  51  defined  in  a  silicon 
substrate  50  by  an  isolating  structure  50a  and  a 
buried  collector  layer  51a.  In  the  illustrated  exam- 
ple,  the  collector  region  51  is  doped  by  a  group  V 
element  such  as  arsenic  to  the  n-type.  The  isolat- 
ing  structure  50a  is  a  known  structure  having  an 
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centration  in  the  emitter  region  53  does  not  in- 
crease  any  more  as  a  result  of  precipitation  of  the 
silicon  arsenide.  Thus,  the  difference  in  the  carrier 
concentration  between  the  emitter  region  53  and 

5  the  base  region  52  is  decreased  with  increasing 
impurity  level  when  the  emitter  region  is  doped 
beyond  the  solubility  limit,  and  the  common  emitter 
current  gain  hpE  is  deteriorated  as  can  be  under- 
stood  from  Equation  (1). 

70  FIG.8  shows  the  result  of  simulation  predicting 
the  change  of  the  common  emitter  current  gain  hFE 
in  a  conventional  npn  bipolar  transistor  as  a  func- 
tion  of  the  impurity  level  in  the  base  region.  In  this 
simulation,  the  impurity  level  of  the  emitter  region 

75  is  assumed  to  be  1000  times  higher  than  the 
impurity  level  of  the  base,  the  thickness  of  the 
emitter  region  53  is  assumed  to  be  1500  A,  the 
thickness  of  the  base  is  assumed  to  be  2500  A, 
and  the  thickness  of  the  collector  region  51  is 

20  assumed  to  be  1.8  urn.  It  can  be  clearly  seen  that 
the  value  of  hFE  decreases  rapidly  with  increasing 
impurity  level  in  the  base  region  and  in  the  emitter 
region.  For  example,  the  common  emitter  current 
gain  hFE  of  the  transistor  having  the  base  impurity 

25  level  exceeding  1  X  1019  /cm3  is  expected  to  be 
substantially  lower  than  100. 

Because  of  the  reasons  as  set  forth  heretofore, 
conventional  bipolar  transistors  avoided  the  use  of 
the  impurity  level  which  invites  the  precipitation  in 

30  the  emitter  region.  And  this  is  the  reason  why  the 
bipolar  transistor  having  the  emitter  region  doped 
to  the  impurity  level  in  the  order  of  1019  /cm3  has 
never  been  constructed. 

During  the  study  of  fast  speed  bipolar  transis- 
35  tors,  the  applicant  of  the  present  invention  dared  to 

dope  the  emitter  region  53  of  the  structure  of  FIG.5 
to  a  level  exceeding  the  solubility  limit  of  the  ar- 
senic  in  silicon. 

In  the  experiment  conducted  by  the  applicant, 
40  the  emitter  region  53  having  the  thickness  of  about 

3000  A  is  subjected  to  ion  implantation  using  ar- 
senic  ion  As*  as  the  dopant  under  acceleration 
voltage  of  100  keV.  The  amount  of  dose  was  1  X 
1017  /cm2.  The  emitter  region  thus  doped  generally 

45  takes  an  amorphous  structure  and  was  then  an- 
nealed  at  850  °C  for  30  minutes  and  later  at 
1500°  C  for  30  seconds,  together  with  other  part  of 
the  transistor  structure  of  FIG.5.  FIG.9  shows  the 
profile  of  impurity  distribution  and  the  correspond- 

so  ing  carrier  concentration  in  various  part  of  the  bi- 
polar  transistor  of  the  present  invention.  It  should 
be  noted  that  the  carrier  concentration  in  the  poly- 
silicon  emitter  region  53  remains  stationary  with 
increase  in  the  impurity  level  of  the  emitter  region 

55  when  the  impurity  level  has  exceeded  the  level  of 
about  1  X  1021  /cm3.  Thus,  the  difference  in  the 
carrier  concentration  between  the  emitter  region  53 
and  the  base  region  52  is  about  100  which  is 

to  obtain  a  bipolar  transistor  having  a  substantial 
gain,  it  is  necessary  that  a  large  number  of  carrier, 
much  larger  than  the  number  of  carrier  present  in 
the  base  region,  should  be  present  in  the  emitter 
region.  For  this  reason,  the  impurity  level  of  the 
emitter  region  is  usually  made  larger  than  the  im- 
purity  level  of  the  base  region  by  a  factor  of  about 
1000. 

In  the  transistor  of  FIG.5,  the  impurity  level  of 
the  base  region  52  is  about  1  X  1019  /cm3  so  as  to 
reduce  the  resistance.  This  means  that  in  order  to 
achieve  a  satisfactory  operation  of  the  transistor, 
the  level  of  arsenic  in  the  emitter  region  53  should 
be  at  least  in  the  order  of  1022  /cm3  when  a  factor 
of  1000  is  to  be  secured  between  the  impurity  level 
of  the  emitter  region  53  and  the  base  region  52. 
However,  such  a  high  impurity  level  in  the  emitter 
region  53  exceeds  the  solubility  limit  of  arsenic  in 
silicon,  and  when  such  a  solubility  limit  is  ex- 
ceeded,  there  appears  precipitate  in  the  emitter 
region  53. 

Referring  to  FIG.1  again,  it  is  obvious  that  at 
the  impurity  level  exceeding  1  X  1022  /cm3,  the 
emitter  56  of  the  transistor  of  FIG.5  cannot  be  a 
single  phase  and  silicon  arsenide  appears  as  the 
precipitate  in  the  silicon  as  already  described. 
FIG.6  shows  such  a  precipitate  57  appeared  in  the 
polysilicon  emitter  region  53.  Some  of  the 
precipitates  may  scatter  in  the  polysilicon  emitter 
region  53  in  isolated  state  while  some  of  the 
precipitates  may  grow  epitaxially  on  the  surface  of 
the  base  region  52.  The  existence  of  such 
precipitates  distorts  the  crystal  structure  of  the  host 
silicon  and  is  thought  to  provide  deteriorative  effect 
to  the  property  of  the  transistor  by  scattering  the 
carrier  or  by  facilitating  the  recombination  of  the 
carrier. 

As  such  a  precipitate  of  silicon  arsenide  does 
not  contribute  to  the  creation  of  carrier,  the  addition 
of  arsenic  to  the  emitter  region  53  beyond  the 
solubility  limit  of  arsenic  in  silicon  does  not  in- 
crease  the  carrier  concentration  in  the  emitter  re- 
gion  53.  FIG.7  shows  the  change  of  carrier  con- 
centration  in  the  base  region  52  and  the  emitter 
region  53  as  a  function  of  impurity  level  in  the 
respective  regions.  In  the  region  in  the  graph  in 
which  the  impurity  level  of  the  emitter  and  the  base 
is  low,  the  carrier  concentration  in  the  emitter  re- 
gion  53  and  the  base  region  52  increases  linearly 
with  increasing  impurity  level.  As  already  de- 
scribed,  the  impurity  level  of  the  emitter  region  53 
is  made  higher  by  a  factor  of  1000  than  the  impu- 
rity  level  of  the  base  region  52,  and  corresponding 
thereto,  the  carrier  concentration  in  the  emitter  re- 
gion  53  is  1000  times  larger  than  the  carrier  con- 
centration  in  the  base  region  52.  However,  when 
the  impurity  level  of  the  emitter  region  53  reaches 
the  level  of  about  1  X  1022  /cm3,  the  carrier  con- 
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the  emitter  region  53  and  the  base  region  52  forms 
a  heterojunction,  and  the  bipolar  transistor  operates 
as  a  hetero-bipolar  transistor. 

With  further  increase  in  the  impurity  level  in  the 
5  base  region  52  and  in  the  emitter  region  53,  the 

common  emitter  current  gain  hFE  decreases  slight- 
ly  but  still  remains  above  100  (about  120)  even  if 
the  base  region  52  is  doped  to  the  level  of  about  2 
X  1019  /cm3  and  the  emitter  region  53  is  doped  to 

w  the  level  of  about  2  X  1022  /cm3  (point  "B"  of 
FIG.5).  On  the  contrary,  the  prediction  indicates 
that  the  corresponding  common  emitter  current 
gain  hFE  should  be  somewhere  between  10  and  20. 

Thus,  the  bipolar  transistor  of  the  present  em- 
75  bodiment  of  the  present  invention  achieves  a  high 

operational  speed  and  a  high  common  emitter  cur- 
rent  gain  using  an  emitter  doped  with  a  group  V 
element  to  the  impurity  level  exceeding  the  solubil- 
ity  limit  of  the  impurity  in  the  emitter  and  a  base 

20  correspondingly  doped  to  a  high  level. 
Further,  the  present  invention  is  not  limited  to 

these  embodiments,  but  various  variations  and 
modifications  may  be  made  without  departing  from 
the  scope  of  the  present  invention. 

25 

Claims 

1  .  A  bipolar  transistor  comprising  a  base  region 
30  (52)  made  of  silicon  doped  with  a  first  impurity  to  a 

first  level  so  as  to  establish  a  first  carrier  con- 
centration  in  the  base  region,  and  an  emitter  region 
(53)  made  of  silicon  doped  with  a  second  impurity 
to  a  second  level  substantially  larger  than  the  first 

35  level  by  a  predetermined  factor  so  as  to  establish  a 
second  carrier  concentration  in  the  emitter  region, 
said  second  impurity  exceeding  the  solubility  limit 
of  the  second  impurity  in  silicon  crystal,  character- 
ized  in  that  said  first  and  second  levels  are  chosen 

40  in  such  a  range  that  a  difference  in  the  carrier 
concentrations  between  the  emitter  region  and  the 
base  region  decreases  substantially  with  increasing 
impurity  level  in  the  base  region. 

2.  A  bipolar  transistor  as  claimed  in  claim  1 
45  characterized  in  that  said  second  impurity  is  a 

group  V  element. 
3.  A  bipolar  transistor  as  claimed  in  claim  1 

characterized  in  that  said  second  impurity  is  ar- 
senic. 

so  4.  A  bipolar  transistor  as  claimed  in  claim  3 
characterized  in  that  said  first  impurity  is  boron, 
said  first  level  is  at  least  larger  than  about  1  X 
1019/cm3,  and  said  predetermined  factor  is  about 
1000. 

55  5.  A  bipolar  transistor  as  claimed  in  claim  4 
characterized  in  that  the  second  level  is  at  least  4 
X1021/cm3. 

usually  thought  to  be  too  small  for  a  satisfactory 
operation  of  bipolar  transistor. 

Surprisingly  enough,  the  transistor  thus  ob- 
tained,  having  the  base  region  52  doped  to  the 
level  of  1019  'cm3  and  the  emitter  region  53  doped 
to  the  level  of  1022  /cm3  which  substantially  ex- 
ceeds  the  solubility  limit  of  the  arsenic  in  silicon, 
showed  the  common  emitter  current  gain  hFE  of 
about  600  (data  "A"  in  FIG.8).  Such  a  result  is 
quite  contradictory  to  what  is  believed  hitherto  for 
bipolar  transistors.  It  should  be  noted  that  the  com- 
mon  emitter  current  gain  hFE  of  600  is  a  satisfac- 
tory  value  for  a  bipolar  transistor.  Thus,  the  bipolar 
transistor  of  FIG.5  having  the  base  and  emitter 
regions  thus  doped  exhibits  a  high  operational 
speed  and  still  maintains  a  high  common  emitter 
current  gain. 

The  reason  why  the  bipolar  transistor  thus  con- 
structed  can  exhibit  such  a  high  common  emitter 
current  gain  is  not  fully  understood  yet.  One  possi- 
ble  explanation  is  that  the  silicon  arsenide 
precipitate  having  the  formula  of  SiAsx  has  a  band 
gap  larger  than  that  of  silicon,  and  as  a  result,  the 
common  emitter  current  gain  hFE  is  increased  in 
accordance  with  the  exponential  term  of  Equation 
(1).  When  the  band  gap  in  the  emitter  region  is 
larger  than  the  band  gap  of  the  material  forming 
the  base  region,  the  band  gap  difference  A&3  in 
Equation  (1)  is  increased  in  negative  direction  and 
as  a  result  the  exponential  term  increases  the  value 
of  hFE  against  the  effect  of  the  term  ne/np  which 
tends  to  decrease  the  value  of  hFE  because  of  the 
reason  already  described.  For  the  band  gap  of 
silicon  arsenide,  various  researches  report  a  rela- 
tively  large  value,  in  the  order  of  about  2  eV. 
Among  others,  Kunioka,  Ho  and  Sakai  for  example 
report  a  value  of  2.18  eV  (Kunioka  et  al.  J.  Appl. 
Phys.  Voi.44,  No.4,  April  pp.1895  -  1896,  1973). 
Chu,  Kelm  and  Chu  report  a  value  of  2.2  eV  (Chu 
et  al.  J.  Appl.  Phys.  Vol.43,  No,3,  March  pp.1169  - 
1173).  Chu,  Kunioka  and  Kelm  report  a  value  of 
2.03  eV  ("Electrical  Properties  of  Melt-grown  Sili- 
con  Monoarsenide",  Solid  State  Electronics,  Per- 
gamon  Press  1971,  Vol.14,  PP.1259  -1263).  Ing, 
Chiang  and  Haas  report  a  value  of  2.2  eV  (Ing  et  al. 
J.  Electrochem.  Soc.  SOLID  STATE  SCIENCE, 
pp.761  -  762,  July  1967).  Lewerenz  and  Wetzel 
report  a  value  of  1  .42  eV  (Lewerenz  et  al.  J.  Elec- 
trochem.  Soc:  ACCELERATED  BRIEF  COMMU- 
NICATION,  pp.1228  -  1230,  May  1983).  All  of  these 
values  substantially  exceed  the  band  gap  of  silicon 
which  is  about  1.12  eV.  Thus,  it  is  plausible  that  the 
emitter  region  53  of  the  transistor  of  FIG.5  has  a 
band  gap  substantially  larger  than  the  band  gap  of 
the  base  region  52  and  as  a  result  the  decrease  in 
the  common  emitter  current  gain  hFE  is  compen- 
sated  by  the  increase  in  the  exponential  term  of 
Equation  (1).  In  this  case,  the  boundary  between 
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type  or  with  a  group  111  element  when  the  base  is 
doped  to  the  n-type  up  to  a  level  exceeding  the 
solubility  limit  of  the  element  in  silicon  crystal,  and 
diffusing  the  group  III  or  group  V  element  into  the 
base  region  across  said  surface  to  form  an  emitter 
region  (48). 

15.  A  method  of  manufacturing  a  semiconduc- 
tor  material  characterized  by  the  steps  of  forming 
an  amorphous  silicon  phase  (27)  containing  an 
impurity  with  a  level  exceeding  the  solubility  limit 
of  the  impurity  in  the  silicon  crystal,  and  crystaliz- 
ing  the  amorphous  silicon  phase  at  a  temperature 
exceeding  600°  C. 

16.  A  method  as  claimed  in  claim  15  character- 
ized  in  that  the  impurity  is  a  group  III  or  group  V 
element. 

17.  A  method  as  claimed  in  claim  15  character- 
ized  in  that  the  amorphous  silicon  phase  (27)  is 
formed  from  a  mixture  of  a  first  gas  containing 
silicon  and  a  second  gas  containing  the  impurity. 

6.  A  semiconductor  device  characterized  by  a 
conductive  region  (30,  47,)  made  of  silicon  crystal 
which  is  doped  with  a  group  III  element  to  a  level 
exceeding  the  solubility  limit  of  the  element  in 
silicon  crystal.  s 

7.  A  semiconductor  device  as  claimed  in  claim 
6  characterized  in  that  said  group  III  element  is 
boron. 

8.  A  metal  oxide  semiconductor  transistor  com- 
prising  a  substrate  (33),  a  source  region  (31)  de-  w 
fined  in  a  part  of  the  substrate,  a  drain  region  (32) 
defined  in  another  part  of  the  substrate,  a  gate 
insulator  (36)  formed  on  the  substrate  at  a  portion 
located  between  said  source  and  drain  regions,  and 
electrode  means  (30,  34,  35)  provided  on  said  ts 
source  region,  drain  region  and  gate  insulator  at  a 
side  opposite  to  said  substrate  for  external  connec- 
tion,  characterized  in  that  said  electrode  means 
comprises  a  conductive  region  made  of  silicon 
which  is  doped  with  a  group  III  or  group  V  element  so 
to  a  level  exceeding  the  solubility  limit  of  the  ele- 
ment  in  silicon  crystal,  so  that  the  conductive  re- 
gion  has  a  substantially  low  resistivity. 

9.  A  MOS  transistor  as  claimed  in  claim  8 
characterized  in  that  said  conductive  region  is  a  25 
gate  electrode. 

10.  A  bipolar  transistor  comprising  a  substrate 
(40),  a  collector  region  (41)  defined  in  the  sub- 
strate,  a  base  region  (45)  defined  in  the  collector 
region,  an  emitter  region  (48)  defined  in  the  base  so 
region,  and  a  conductive  region  (47)  in  contact  with 
the  emitter  region,  characterized  in  that  said  con- 
ductive  region  is  made  of  a  silicon  doped  with  a 
group  III  or  group  V  element  to  a  level  exceeding 
the  solubility  limit  of  the  element  in  silicon  crystal,  35 
so  that  the  conductive  region  has  a  substantially 
low  resistivity. 

11.  A  bipolar  transistor  as  claimed  in  claim  10 
characterized  in  that  said  group  III  element  is  bo- 
ron,  to 

12.  A  bipolar  transistor  as  claimed  in  claim  10 
characterized  in  that  said  group  V  element  is  phos- 
phorus. 

13.  A  bipolar  transistor  as  claimed  in  claim  10 
characterized  in  that  said  group  V  element  is  ar-  45 
senic. 

14.  A  method  of  manufacturing  a  bipolar  tran- 
sistor  comprising  the  steps  of  doping  a  part  of  a 
silicon  substrate  to  either  one  of  the  n-type  and  the 
p-type  to  form  a  collector  region  (41),  doping  a  part  50 
of  the  collector  region  to  the  p-type  when  the 
collector  region  is  doped  to  the  n-type  or  to  the  n- 
type  when  the  collector  region  is  doped  to  the  p- 
type  to  form  a  base  region  (45)  having  an  exposed 
surface  (45a),  forming  a  silicon  layer  (47)  on  the  55 
base  region  so  as  to  cover  the  exposed  surface, 
said  silicon  layer  being  doped  with  a  group  V 
element  when  the  base  region  is  doped  to  the  p- 
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