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Description 

The  present  invention  relates  to  a  semiconductor 
device  as  defined  in  the  preamble  of  claim  1. 

A  proposal  for  increasing  the  current  gain  of  a 
vertical  transistor  is  known  from  the  patent  document 
US-A-4032957.  According  to  this  document,  a  solu- 
tion  can  be  given  by  providing  an  additional  region,  of 
a  type  which  is  opposite  to  the  type  of  the  emitter  re- 
gion,  and  which  covers  a  substantial  portion  of  the 
emitter  surface,  outside  the  emitter  contact  window. 

It  is  an  object  of  the  present  invention  to  propose 
another  solution  to  improve  the  current  gain  of  a  vert- 
ical  transistor,  with  which  a  simpler,  standard  process 
of  obtaining  transistors  can  be  used. 

In  order  to  obtain  a  maximum  amplification,  it  is 
considered  hitherto  that  either  only  the  doping  profile 
of  the  base  or  only  the  doping  profile  of  the  emitter 
can  be  influenced.  This  permits  of  optimizing  inter 
alia  the  value  of  the  current  amplification,  which  is 
proportional  to  the  injection  efficiency  of  the  emitter- 
base  junction  defined  by  the  ratio  X0  between  the  cur- 
rent  of  minority  charge  carriers  injected  into  the  base 
and  that  injected  into  the  emitter. 

The  present  invention  is  based  on  the  recognition 
that  in  the  case  in  which  the  thickness  and  the  doping 
level  of  the  emitter  region  are  such  that  the  diffusion 
length  of  the  minority  charge  carriers  injected  verti- 
cally  into  the  emitter  is  larger  than  the  said  thickness, 
the  injection  phenomena  would  have  to  be  considered 
in  a  quite  different  manner. 

In  French  Patent  FR-2  592  525,  the  injection  phe- 
nomenon  concerning  the  lateral  transistors  has  al- 
ready  been  envisaged.  The  basic  idea  then  was  to 
minimize  the  vertical  injection  into  the  base  of  the 
transistor  in  favour  of  the  lateral  injection  whilst  util- 
izing  the  fact  that  the  vertical  injection  into  the  emitter 
is  considerably  smaller  under  the  surface  isolation 
than  under  a  contact  zone.  An  analysis  utilizing  a  sim- 
plified  model  of  the  phenomenon  then  has  permitted 
of  determining  the  optimum  conditions  of  dimensions 
of  the  emitter  contact  surface  leading  to  an  optimum 
amplification. 

On  the  contrary,  for  a  vertical  transistor,  a  high 
amplification  can  only  be  obtained  by  promoting  to 
the  highest  possible  extent  the  vertical  injection  into 
the  base,  and  the  preceeding  remarks  logically  lead 
to  the  conventional  theory  according  to  which  the 
emitter  contact  zone  must  occupy  the  largest  possible 
emitter  surface  because  the  injection  under  a  (metal) 
contact  zone  is  much  higher  than  under  the  isolation. 

The  object  of  the  invention  i.a.  consists  in  consid- 
erably  increasing,  preferably  at  least  by  a  factor  10, 
this  injection  efficiency  solely  by  the  modification  of 
the  geometry  of  the  surface  of  the  emitter. 

According  to  the  invention,  a  semiconductor  de- 
vice  of  the  kind  described  in  the  opening  paragraph 
further  includes  the  features  defined  in  the  character- 

izing  part  of  claim  1. 
The  inventor  has  been  able  to  ascertain  that  the 

mechanism  of  the  vertical  injection  was  anything  but 
that  which  would  be  expected  and  that,  in  the  afore- 

5  mentioned  case  and  paradoxically  with  the  same 
emitter  surface,  a  reduction  of  the  surface  of  the  emit- 
ter  contact  zone  exerts  a  very  favourable  influence  on 
the  global  injection  efficiency  of  the  emitter-base 
junction  and  hence  on  the  current  amplification  of  the 

10  transistor. 
Particularly  the  ratio  between  the  area  of  the 

emitter  surface  and  that  of  the  emitter  contact  region 
is  at  least  equal  to  or  larger  than  10,  for  instance  be- 
tween  20  and  300.  This  results  in  that  the  global  in- 

15  jection  efficiency  of  the  emitter-base  junction  is  mul- 
tiplied  by  a  considerable  factor,  which  may  exceed  20. 
Thus  vertical  transistors  are  obtained  whose  current 
amplification  is  much  higher  than  in  a  comparable 
conventional  transistor  and  even  may  exceed  1000. 

20  According  to  a  preferred  embodiment,  the  base 
and/or  the  collector  have  an  annular  highly  doped 
contacting  region. 

A  method  of  manufacturing  the  device  according 
to  the  invention  comprises  steps  of,  forming  a  first  re- 

25  gion  of  a  first  conductivity  type  above  a  part  of  a  sub- 
strate  of  a  second  conductivity  type  opposite  to  the 
first  type,  the  first  region  adjoining  a  major  surface  of 
the  body,  as  well  as  forming  a  second  region  of  the 
second  conductivity  type  included  in  the  first  region, 

30  such  that  the  first  and  second  regions  are  arranged 
so  that  they  form  the  base  region  and  the  emitter  re- 
gion  respectively  of  the  transistor,  whose  collector  re- 
gion  is  constituted  by  the  said  part  of  the  substrate, 
providing  an  insulating  layer  on  the  major  surface  of 

35  said  semiconductor  body,  forming  a  contact  window 
in  the  insulating  layer  above  an  emitter  contact  region 
and  providing  an  electrical  contact,  through  the  con- 
tact  window  to  the  emitter  contact  region.  The  emitter 
region  is  given  a  thickness  and  a  doping  level  such 

40  that  the  diffusion  length  of  the  minority  charge  carri- 
ers  vertically  injected  into  the  latter  is  larger  than  or 
equal  to  the  thickness  of  the  said  emitter  region.  The 
contact  window  is  given  lateral  dimensions  substan- 
tially  equal  to  the  minimum  permissible  dimension  in 

45  the  method,  and  the  distance  between  the  contact 
window  and  any  side  portion  of  the  emitter  region  is 
taken  at  least  equal  to  three  times  the  nominal  align- 
ment  spread  of  the  method. 

The  invention  will  be  more  clearly  understood  af- 
50  ter  reading  the  following  description,  given  by  way  of 

non-limitative  example,  in  conjunction  with  the  draw- 
ings,  in  which: 

-  Figs  1a  and  1b  show  in  plan  view  and  in  sec- 
tional  view  XX,  respectively,  a  first  embodi- 

55  ment  of  the  invention; 
-  Figs.  2a  and  2b  show  in  plan  view  and  in  sec- 

tional  view,  respectively,  a  preferred  embodi- 
ment  of  the  invention; 

2 
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-  and  Figs.  3  and  4  show  the  curves  representing 
the  value  of  the  amplification  p  as  a  function  of 
SE/SM  and  of  the  collector  current  lc,  respec- 
tively. 

According  to  Figs.  1a  and  1b,  the  integrated  cir- 
cuit  has  a  substrate  1  of  the  p_-type  comprising  a  part 
21  on  which  a  region  2  of  the  n-type  is  deposited  by 
epitaxy,  which  is  surrounded  by  an  isolation  island  20 
of  Si02  (deep  oxide).  At  the  centre  of  the  region  2,  a 
p_-type  region  5  is  implanted  (thickness  of  the  layer 
0.6  urn)  (Rn  =  500  Q/n)  so  that  a  region  3  is  left  be- 
tween  the  lower  part  of  the  latter  and  the  part  21  of 
the  substrate  1.  The  regions  5,  3  and  the  part  21  of 
the  substrate  1  constitute  the  emitter,  the  base  and 
the  collector,  respectively,  of  a  vertical  transistor.  The 
remaining  part  of  the  region  2  serves  as  base  contact- 
ing  region  from  the  upper  surface  of  the  region  2, 
which  constitutes  a  part  of  the  major  surface  of  the  in- 
tegrated  circuit. 

With  a  view  to  the  said  contacting  regions,  the 
major  surface  of  the  integrated  circuit  is  coated  at 
least  on  the  upper  surface  of  the  region  2  (inclusive 
of  the  region  5)  with  an  isolating  layer  6  (thin  oxide) 
having  an  emitter  contact  window  1  0  and  at  least  one 
base  contact  window  14.  In  the  base  contact  windows 
14,  local  n+  regions  4  are  diffused,  which  are  intended 
in  known  manner  to  facilitate  the  contacting. 

An  emitter  metallization  surface  has  at  least  one 
region  12  situated  in  the  window  10  so  as  to  form  an 
electrical  emitter  contact  only  in  a  local  region  of  the 
latter.  As  will  be  shown  hereinafter,  this  disposition  is 
paradoxically  favourable  for  obtaining  a  high  current 
amplification  p  for  the  vertical  transistor. 

At  least  one  base  metallization  surface  has  at 
least  one  region  16  situated  in  the  corresponding  win- 
dow  14  so  as  to  form  an  electrical  base  contact  on  a 
substantial  part  of  the  surface  available.  In  this  case, 
two  surfaces  are  shown,  which  are  situated  on  either 
side  of  the  emitter  region  5. 

Let  it  be  assumed  that  lM  is  the  electron  injection 
current  in  the  emitter  5  under  the  emitter  contact  zone 
5.  Let  it  be  assumed  that  lx  is  the  injection  current  of 
electrons  in  the  emitter  5  under  the  oxide  layer  6.  Let 
is  finally  be  assumed  that  lc  is  the  injection  current  of 
holes  in  the  base.  The  emitter  contact  zone  is  12  has 
a  surface  SM,  the  oxide  layer  6,  in  its  part  covering  the 
emitter  5  has  a  surface  Sx  and  the  emitter  5  has  a  sur- 
face 

Se  =  Sx  +  SM. 
The  Applicant  has  been  able  to  show  that  in  the 

case  in  which  the  emitter  5  has  a  doping  and  a  thick- 
ness  such  that  the  diffusion  length  of  the  minority 
charge  carriers  injected  into  the  emitter  was  greater 
than  or  equal  to  the  thickness  of  the  emitter,  the  vari- 
ous  currents  lM,  lx  and  lc  could  all  be  expressed  as  a 
function  of  the  base-emitter  voltage  VBE  of  the  tran- 
sistor,  independently  of  any  geometrical  factor. 
It  follows  that: 

lM  =  SMJM(e-̂ :-1)  e  =  exponential  (1) 

lx  =  SxJx(e^-1)  (2) 

lc  =  SEJ0  (e^-1)  (3) 
JM,  Jx  and  J0  are  constants  representing  the  current 
densities  of  injection  of  electrons  under  a  metallic  lay- 
er,  of  electrons  under  an  oxide  layer  and  of  holes  into 
the  base,  respectively. 

10  This  basic  property  of  the  vertical  injection,  per- 
mits  of  obtaining  the  expected  results. 

In  fact,  the  amplification  p  is  then  expressed  by: 

p  =  ^  
Sm̂m  +  (Se  -  SM)  Jx 

15  or 

p  _  Jq/Jx 

(Jm/Jx-i)!^  +  1 

It  only  depends  upon  the  ratio  SE/SM  and  is  higher  as 
20  this  ratio  is  higher.  The  variation  of  the  curve  of  am- 

plification  is  given  in  Fig.  3.  It  increases  upto  an 
asymptotic  value  J0/Jx-  The  ratio  Jo/JM  represents  the 
injection  efficiency  X0  according  to  the  conventional 
junction  theory. 

25  By  way  of  example,  the  following  values  are  giv- 
en: 
JM  =  50  ■  1  0-21  A/nm2  J0/JM  =  58 
Jx=  1,3  ■  10-21  A/nm2 
J0  =  2900  ■  1  0-21  A/nm2  J0/Jx  =  2230 

30  with  a  base  having  a  doping  of  2.1  016  atoms/cm3  and 
a  depth  of  0.8  urn. 

a)  For  SE  =  2350  p.2,  SM  =  16  urn2. 
If  it  is  assumed  that  SE/SM  =  146,  an  amplification 
P  of  1620  is  measured  (for  a  calculated  amplifi- 

35  cation  of  1  765). 
b)  For  SE/SM  of  the  order  of  5  to  7,  an  amplifica- 
tion  p  of  about  150  is  measured. 
The  formula  given  above  neglects  the  influence 

of  the  lateral  injection  into  the  base,  which  explains 
40  partly  the  differences  between  calculated  and  meas- 

ured  values,  which  differences  remain  within  reason- 
able  limits. 

Fig.  4  shows  the  variation  of  the  curve  giving  the 
value  of  the  amplification  p  as  a  function  of  the  col- 

45  lector  current  lc  at  a  collector-base  voltage  zero.  The 
slight  decrease  of  the  amplification  at  low  level  is  due 
mainly  to  the  currents  lx,  which  could  rather  be  rep- 
resented  by  the  following  equation: 

lx  =  SxJx(e^-1)  (2) 
50 

Mx  being  a  constant  having  a  value  slightly  largerthan 
unity. 

On  the  contrary,  it  is  verified  by  experiments  that 
the  current  lc  accurately  follows  the  relation  (3). 

The  decreases  of  the  amplification  at  high  cur- 55 rent  is  the  consequence  of  several  effects  occurring 
successively. 

These  effects  are  the  influence  of  the  base  resis- 

3 
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tance,  the  increasingly  higher  level  of  the  injection 
into  the  base  and  the  state  of  saturation  attained  due 
to  the  collector  resistance. 

Figs.  2a  and  2b  show  a  preferred  embodiment  of 
the  invention,  in  which  the  emitter  is  provided  with  an 
n+  base  contacting  ring  24  extending  over  the  whole 
depth  of  the  base  and  permitting  of  reducing  the  base 
resistance  and  with  a  p+  collector  contacting  ring  30 
so  as  to  reduce  the  collector  resistance  by  establish- 
ing  the  collector  contact  through  the  major  surface  of 
the  circuit  (metallization  31).  The  rings  24  and  30  are 
mutually  isolated  by  a  ring  20'  of  deep  oxide  formed 
simultaneously  with  the  layer  20  of  deep  oxide. 

The  embodiments  shown  relate  to  the  case  of 
isolation  by  oxide.  It  stands  to  reason  that  the  inven- 
tion  is  not  limited  to  this  kind  of  process  and  that  it  may 
also  be  applied,  for  example,  to  the  case  of  integrated 
circuits  having  a  junction  isolation.  Although  the  in- 
vention  has  been  described  for  the  case  of  transistors 
of  the  pnp  type,  it  should  be  noted  that  it  may  also  be 
applied  to  the  case  of  transistors  of  the  npn  type. 

Claims 

1.  A  semiconductor  device  comprising  an  integrated 
circuit  having  a  major  surface  and  comprising  a 
vertical  bipolar  transistor  having  a  first  region 
(21)  of  a  first  conductivity  type  forming  a  collector 
region,  a  second  region  (2,3)  of  a  second  conduc- 
tivity  type  opposite  to  the  first  type  forming  a 
base  region  (3)  and  a  base  contact  region  (2)  dis- 
posed  on  the  collector  region  and  exposed  at  said 
major  surface,  and  a  third  region  (5)  on  the  first 
conductivity  type  disposed  within  the  second  re- 
gion  (2,3)  exposed  at  said  major  surface  and 
forming  an  emitter  region,  the  said  base  region 
(3)  being  the  portion  of  the  second  region  (2,3) 
which  is  located  between  the  said  collector  region 
(21)  and  the  said  emitter  region  (5),  wherein  the 
said  major  surface  is  covered  by  an  insulating 
layer  (6)  at  least  on  the  exposed  portions  of  said 
second  region  (2,3)  and  said  emitter  region  (5), 
said  insulating  layer  (6)  being  provided  with  a 
contact  window  (10)  located  above  said  emitter 
region  (5)  and  through  which  an  electrical  contact 
(11)  is  provided  at  the  said  major  surface  with  a 
contact  zone  (12)  of  the  emitter  region,  and 
wherein  the  emitter  region  has  a  thickness  and  a 
doping  level  such  that  the  diffusion  length  of  the 
minority  carriers  in  this  region  is  larger  than  the 
thickness  of  the  emitter  region,  characterized  in 
that  the  ratio  between  the  total  surface  area  of 
the  emitter  region  and  that  of  the  contact  zone 
(12)  within  the  contact  window  is  equal  to  or  larger 
than  10. 

2.  A  semiconductor  device  as  claimed  in  claim  1, 

characterized  in  that  the  said  ratio  lies  between 
20  and  300. 

3.  A  semiconductor  device  as  claimed  in  one  of 
5  claims  1  or  2,  characterized  in  that  the  second  re- 

gion  (2,3)  has  a  highly  doped  region  (24)  of  the 
second  conductivity  type  extending  along  its 
whole  periphery. 

10  4.  A  semiconductor  device  as  claimed  in  any  one  of 
claims  1  to  3,  characterized  in  that  the  collector 
region  has  a  highly  doped  contacting  region  (30) 
of  the  first  conductivity  type. 

15 
Patentanspruche 

1.  Halbleiteranordnung,  die  eine  integrierte  Schal- 
tung  mit  einer  Hauptf  lache  enthalt  und  einen  ver- 

20  tikalen  Bipolartransistoraufweistmiteinerersten 
Zone  (21)  eines,  eine  Kollektorzone  bildenden, 
ersten  Leitfahigkeitstypes,  einer  zweiten  Zone 
(2,  3)  eines,  gegenuberdem  ersten  Typ  ausgebil- 
deten,  zweiten  Leitfahigkeitstypes,  welche  eine 

25  Basiszone  (3)  und  eine  Basiskontaktzone  (2)  bil- 
den,  auf  der  Kollektorzone  angeordnet  sind  und 
auf  der  Hauptf  lache  belichtet  werden,  einer  Emit- 
terzone  (5)  des  ersten  Leitfahigkeitstypes  sowie 
einen,  innerhalb  der  zweiten  Zone  (2,  3)  angeord- 

30  neten,  auf  der  Hauptflache  belichteten  und  eine 
Emitterzone  bildenden  dritten  Typ,  wobei  die  Ba- 
siszone  (3)  einen  Teil  derzwischen  der  Kollektor- 
zone  (21)  und  der  Emitterzone  (5)  angeordneten 
zweiten  Zone  (2,  3)  darstellt,  bei  welcher  die 

35  Hauptflache  zumindest  auf  den  belichteten  Ab- 
schnitten  der  zweiten  Zone  (2,  3)  und  der  Emit- 
terzone  (5)  mit  einer  Isolierschicht  (6)  versehen 
ist,  welche  ein  oberhalb  der  Emitterzone  (5)  an- 
geordnetes  Kontaktfenster  (10)  aufweist,  durch 

40  welches  ein  elektrischer  Kontakt  (11)  auf  der 
Hauptflache  zu  einer  Kontaktzone  (12)  der  Emit- 
terzone  hergestelltwird  und  bei  welcher  die  Emit- 
terzone  eine  Starke  und  einen  Dotierungspegel 
dergestalt  aufweist,  daft  die  Diffusionslange  der 

45  Minoritatsladungstrager  in  dieserZone  grolier  ist 
als  die  Starke  der  Emitterzone,  dadurch  gekenn- 
zeichnet,  dali  das  Verhaltnis  zwischen  der  ge- 
samten  Oberf  lache  der  Emitterzone  und  der  der 
Kontaktzone  (12)  innerhalb  des  Kontakfensters 

so  gleich  oder  grolier  als  10  ist. 

2.  Halbleiteranordnung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dali  das  Verhaltnis  zwischen  20 
und  300  liegt. 

55 
3.  Halbleiteranordnung  nach  Anspruch  1  oder  2,  da- 

durch  gekennzeichnet,  dali  die  zweite  Zone  (2,  3) 
eine  hochdotierte  Zone  (24)  des  sich  entlang  sei- 

4 
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ner  gesamten  Peripherie  erstreckenden  zweiten 
Leitfahigkeitstypes  aufweist. 

4.  Halbleiteranordnung  nach  einem  der  Anspruche 
1  bis  3,  dadurch  gekennzeichnet,  dali  die  Kollek-  5 
torzone  eine  hochdotierte  Kontaktzone  (30)  des 
ersten  Leitfahigkeitstypes  aufweist. 

conque  des  revendications  1  ou  3,  caracterise  en 
ce  que  la  region  de  collecteur  possede  une  region 
de  contact  fortement  dopee  (30)  du  premier  type 
de  conductivite. 

Revendications  10 

1.  Dispositif  a  semi-conducteurs  comprenant  un  cir- 
cuit  integre  ayant  une  surface  principale  et 
comprenant  un  transistor  bipolaire  vertical  ayant 
une  premiere  region  (21)  d'un  premier  type  de  15 
conductivite  formant  une  region  de  collecteur, 
une  seconde  region  (2,  3)  d'un  second  type  de 
conductivite  oppose  au  premier  type  formant  une 
region  de  base  (3)  et  une  region  de  contact  de 
base  (2),  disposee  sur  la  region  de  collecteur  et  20 
exposee  a  ladite  surface  principale,  et  une  troi- 
sieme  region  (5)  du  premier  type  de  conductivite, 
disposee  a  I'interieur  de  la  seconde  region  (2,  3) 
exposee  a  ladite  surface  principale  et  formant 
une  region  d'emetteur,  ladite  region  de  base  (3)  25 
etant  la  partie  de  la  seconde  region  (2,  3)  qui  est 
situee  entre  ladite  region  de  collecteur  (21)  et  la- 
dite  region  d'emetteur  (5),  dans  lequel  ladite  sur- 
face  principale  est  recouverte  d'une  couche  d'iso- 
lation  (6)  au  moins  sur  les  parties  exposees  de  la-  30 
dite  seconde  region  (2,  3)  et  de  ladite  region 
d'emetteur  (5),  ladite  couche  d'isolation  (6)  etant 
pourvue  d'une  fenetre  de  contact  (10),  situee  au- 
dessus  de  ladite  region  d'emetteur  (5)  et  a  tra- 
vers  laquelle  un  contact  electrique  (11)  est  prevu  35 
sur  ladite  surface  principale  avec  une  zone  de 
contact  (12)  de  la  region  d'emetteur,  et  dans  le- 
quel  la  region  d'emetteur  a  une  epaisseur  et  un 
niveau  de  dopage  tels  que  la  longueur  de  diffu- 
sion  des  porteurs  de  charge  minoritaire  dans  cet-  40 
te  region  est  superieure  a  I'epaisseurde  la  region 
d'emetteur,  caracterise  en  ce  que  le  rapport  entre 
la  surface  totale  de  la  region  d'emetteur  et  celle 
de  la  zone  de  contact  (12)  a  I'interieur  de  la  fene- 
tre  de  contact  est  egal  ou  superieur  a  1  0.  45 

2.  Dispositif  a  semi-conducteurs  suivant  la  revendi- 
cation  1,  caracterise  en  ce  que  ledit  rapport  est 
compris  entre  20  et  300. 

50 
3.  Dispositif  a  semi-conducteurs  suivant  I'une  quel- 

conque  des  revendications  1  ou  2,  caracterise  en 
ce  que  la  seconde  region  (2,  3)  possede  une  re- 
gion  fortement  dopee  (24)  du  second  type  de 
conductivite  s'etendant  le  long  de  son  entiere  pe-  55 
ripherie. 

4.  Dispositif  a  semi-conducteurs  suivant  I'une  quel- 
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