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Description 

The  invention  relates  to  a  monolithically  in- 
tegrated  radiation-sensitive  semiconductor  device 
having  a  semiconductor  body  comprising  at  least 
two  radiation-sensitive  diodes,  on  which  a  luminous 
spot  can  be  imaged,  and  a  circuit  to  amplify  the 
photocurrent  generated  by  the  luminous  spot,  the 
said  circuit  comprising  transistors,  which  are  ar- 
ranged  outside  the  area  in  the  semiconductor  body 
occupied  by  the  photodiodes,  each  transistor  being 
assigned  to  and  connected  to  a  radiation-sensitive 
diode. 

The  invention  further  relates  to  a  focusing  ar- 
rangement  comprising  such  a  photosensitive  de- 
vice. 

A  photosensitive  semiconductor  device  of  the 
kind  mentioned  is,  e.g.,  described  in  US-A-4  314 
858  or  JEE-Journal  of  Electronic  Engineering, 
vol.25,  no.256,  April  1988,  pages  70-73. 

Such  devices  are  used  in  many  fields  and  in 
different  ways.  More  particularly  they  are  used  in 
the  field  of  reading  and  writing  optical  information, 
such  as  in  DOR  ("Direct  Optical  Recording"),  VLP 
("Video  Long-Play")  and  CD  ("Compact  Disk")  ap- 
paratuses  and  for  detecting  excursions  in  radial 
and  axial  direction  of  the  information-carrying  me- 
dium,  in  this  case  the  DOR,  VLP  or  CD  record. 

In  an  application  of  the  said  type,  the  radiation- 
sensitive  semiconductor  device  forms  part,  for  ex- 
ample,  of  a  Foucault  focusing  system,  as  described 
inter  alia  in  "Philips  Technical  Review,  Vol.  40, 
1981/82,  No.  9,  pp.  266-272.  In  this  case,  the 
radiation  beam  of  a  laser  focused  on  the  CD  or 
video  record  and  reflected  by  the  record  is  de- 
flected  by  a  semi-transparent  mirror  surface  and  is 
split  up  by  wedge-shaped  prisms  into  two  beams, 
which  are  each  imaged  as  a  luminous  spot  on  two 
photodiodes  of  a  photodetector  provided  on  a 
semiconductor  wafer  mutually  separated  by  a  nar- 
row  strip. 

By  means  of  a  circuit,  a  tracking  error  signal  is 
derived  from  the  signal  difference  of  the 
photodiodes,  which  signal  is  used  as  control  signal 
for  stabilizing  the  position  of  the  focused  laser 
beam  with  respect  to  the  record.  At  the  same  time, 
a  second  tracking  error  signal  can  be  derived  from 
the  signals  generated  by  the  photodiodes,  which 
signal  takes  into  account  any  ageing  or  dirtying  of 
the  optical  system.  In  the  said  article  in  "Philips 
Technical  Review",  this  is  extensively  explained  so 
that  reference  may  be  made  to  this  publication  for 
further  details. 

Since  the  information  on  the  record  has  the 
form  of  pits  and  non-pits  having  dimensions  of  1 
linn  or  smaller,  the  device  must  be  able  to  follow 
variations  of  high  frequency  in  the  detected  lu- 
minous  intensity.  Moreover,  the  generated 

photocurrents  must  have  a  sufficiently  high  signal- 
to-noise  ratio  and  must  therefore  not  be  too  weak. 

In  general,  photodiodes  will  be  sufficiently  rap- 
id.  The  photocurrents  supplied  by  the  diodes  are  in 

5  most  cases  too  weak,  however,  and  must  therefore 
be  amplified  with  the  aid  of  the  aforementioned 
(switching)  means. 

The  said  means  can  be  constituted  in  a  simple 
manner  by  transistors.  For  this  purpose,  an  addi- 

io  tional  emitter  zone  can  be  provided  in  the 
photodiodes  so  that  the  latter  change  into 
phototransistors,  which  supply  an  amplified  signal, 
which  has  the  desired  signal-to-noise  ratio. 

A  great  disadvantage  of  this  solution  is  that  the 
75  transistors  are  then  located  at  a  comparatively 

large  relative  distance.  As  a  result,  because  of  the 
inevitable  inhomogeneities  of  the  semiconductor 
material  it  is  difficult  to  make  the  transistor  prop- 
erties  equal  within  the  relevant  tolerances. 

20  The  invention  has  inter  alia  for  its  object  to 
eliminate  the  aforementioned  disadvantages  or  at 
least  to  reduce  them  to  a  considerable  extent. 

According  to  the  invention,  a  radiation-sensitive 
semiconductor  device  of  the  kind  described  in  the 

25  opening  paragraph  is  characterized  in  that  at  least 
the  active  parts  of  the  transistors  are  arranged 
more  closely  to  each  other  in  the  semiconductor 
body  than  the  radiation-sensitive  diodes  to  which 
they  are  assigned.  Preferably,  the  transistors  are 

30  arranged  as  closely  to  each  other  as  possible.  The 
term  "arranged  as  closely  to  each  other  as  possi- 
ble"  is  to  be  understood  herein  to  mean  a  con- 
centration  of  the  active  parts  of  the  transistors  on  a 
surface  as  small  as  possible,  taking  into  account 

35  the  tolerances  to  be  maintained  when  determining 
the  dimensions. 

It  should  further  be  noted  that  in  this  Applica- 
tion  the  terms  "photo"  and  "light"  also  include  the 
infrared  and  ultraviolet  electromagnetic  radiation  in- 

40  visible  to  the  eye. 
When  the  transistors  are  concentrated  on  a 

surface  as  small  as  possible,  the  differences  in  the 
transistor  properties  due  to  inhomogeneities,  ir- 
respective  of  the  distance  between  the  radiation- 

45  sensitive  diodes,  are  reduced  to  a  minimum. 
Although  a  larger  surface  area  is  required  for 

providing  the  transistors  outside  the  radiation-sen- 
sitive  diodes,  this  additional  surface  area  is  so 
small  in  a  device  according  to  the  invention  that 

50  this  practically  does  not  involve  disadvantages. 
According  to  a  first  preferred  embodiment  the 

radiation-sensitive  diodes  are  arranged  in  a  row 
and  the  transistors  are  arranged  in  a  row  substan- 
tially  parallel  thereto. 

55  An  important  preferred  embodiment  used  fre- 
quently  in  focusing  arrangements  is  characterized 
in  that  the  device  comprises  four  photodiodes  ar- 
ranged  in  quadrants  and  four  transistors. 

2 
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The  invention  further  relates  to  a  focusing  ar- 
rangement  comprising  optical  means  to  project  a 
light  beam  onto  a  surface,  optical  means  to  deflect 
a  part  of  the  light  beam  and  optical  means  to  split 
up  the  deflected  beam  into  at  least  two  beams, 
which  project  luminous  spots  onto  a  photodetector, 
which  generates  signals  to  stabilize  the  position  of 
the  said  light  beam  with  respect  to  the  said  sur- 
face,  characterized  in  that  photodetector  is  a  radi- 
ation-sensitive  semiconductor  device  according  to 
the  invention  of  the  kind  described  above. 

The  invention  will  now  be  described  more  fully 
with  reference  to  an  embodiment  and  the  drawing, 
in  which: 

Figure  1  shows  diagrammatically  in  plan  view  a 
photosensitive  semiconductor  device  according 
to  the  invention; 
Figure  2  shows  diagrammatically  a  cross-section 
of  Figure  1  taken  on  the  line  ll-ll,  and 
Figure  3  shows  diagrammatically  a  focusing  ar- 
rangement  according  to  the  invention. 
The  figures  are  schematic  and  not  drawn  to 

scale,  while  corresponding  parts  are  generally  des- 
ignated  by  the  same  reference  numerals. 

Figure  1  shows  diagrammatically  in  plan  view  a 
photosensitive  semiconductor  device  according  to 
the  invention.  Figure  2  shows  diagrammatically  a 
cross-section  of  this  device  taken  on  the  line  ll-ll  of 
Figure  1  . 

The  device  comprises  a  semiconductor  body 
1,  mostly  of  silicon,  although  in  certain  cases  other 
semiconductor  materials  may  also  be  used.  The 
semiconductor  body,  in  this  embodiment  a  silicon 
wafer  having  a  highly  doped  n+  substrate  2  and  an 
n~  epitaxial  layer  3  more  weakly  doped  and  dis- 
posed  thereon  comprises  at  least  two,  in  this  em- 
bodiment  four,  photodiodes  4  to  7,  on  which  a 
luminous  spot  can  be  imaged.  The  photodiodes 
each  consist  of  a  p-type  zone,  for  example  the 
zone  6  in  Figure  2,  which  zones  form  a  pn  junction 
with  the  adjoining  n-type  semiconductor  material.  In 
this  embodiment,  two  luminous  spots  8  and  9  origi- 
nating  from  a  Foucault  focusing  arrangement  are 
projected,  Le.  the  luminous  spot  8  onto  the  diodes 
4  and  5  and  the  luminous  spot  9  onto  the  diodes  6 
and  7.  The  device  further  comprises  means  for 
amplifying  the  photocurrent  generated  by  the  lu- 
minous  spot  or  spots.  By  means  of  a  further  circuit 
(not  shown  here),  which  may  also  be  incorporated, 
if  desired,  entirely  or  in  part  into  the  semiconductor 
body  1  ,  a  tracking  error  signal  is  then  derived  from 
the  analysis  of  the  ratio  of  the  signals  originating 
from  the  diodes  4,  5,  6  and  7,  as  described  in  the 
aforementioned  article  in  "Philips  Technical  Re- 
view". 

According  to  the  invention,  the  said  means  for 
amplifying  the  photocurrents  comprise  transistors 
14,  15,  16  and  17  provided  outside  the  area  of  the 

semiconductor  body  occupied  by  the  photodiodes 
4  to  7,  each  transistor  being  assigned  to  and  con- 
nected  to  a  photodiode  and  the  active  parts  of  the 
transistors  14  to  17  being  arranged  more  closely  to 

5  each  other  in  the  semiconductor  body  than  the 
diodes  4,  5,  6,  7.  In  this  embodiment,  the  transis- 
tors  14,  15,  16,  17  are  arranged  as  closely  to  each 
other  as  possible. 

The  transistors  14  to  17  are  provided  in  a 
io  common  n-type  island  18  constituting  the  common 

collector  zone  so  as  to  be  separated  from  the 
photodiodes  and  the  relative  distance  of  their  base 
zones  19  is  in  this  embodiment  10  urn.  The  active 
part  of  the  transistors,  that  is  to  say  the  surface 

is  area  occupied  by  their  base  zones,  is  therefore 
concentrated  on  a  very  small  and  consequently 
substantially  homogeneous  region  of  the  silicon 
wafer.  Therefore,  since  their  dimensions  are  equal, 
they  have  practically  the  same  electrical  properties, 

20  while  the  additional  surface  area  occupied  by  them 
is  only  small. 

The  base  zone  19  of  each  of  the  transistors  14, 
15,  16,  17  is  connected  to  one  of  the  photodiodes 
4  to  7  by  means  of  a  metal  track  20;  metal  tracks 

25  are  indicated  in  Figure  1  by  dotted  lines,  the  con- 
tact  windows  being  indicated  by  diagonal  lines.  The 
p-type  zones  6  of  the  photodiodes  are  provided,  for 
example,  by  diffusion  or  ion  implantation.  The  n- 
type  emitter  zones  21  of  the  transistors  are  con- 

30  nected  through  metal  tracks  to  contact  surfaces 
14A  to  17A,  to  which  the  further  peripheral  equip- 
ment  required  for  control  can  be  connected.  These 
further  parts  of  the  circuit  may  also  be  provided,  if 
desired,  within  the  semiconductor  wafer  1.  The 

35  substrate  is  applied  via  the  contact  window  22  to  a 
reference  potential,  in  this  case  to  the  highest 
supply  voltage. 

In  the  embodiment  of  Figures  1  and  2,  the 
photodiodes  4  to  7  are  arranged  in  a  row  and  the 

40  transistors  14  to  17  are  arranged  in  a  row  substan- 
tially  parallel  thereto.  This  is  often  practical,  but  not 
necessary,  and  other  configurations  may  also  be 
used,  if  desired. 

In  the  embodiment  described,  four  photodiodes 
45  4  to  7  are  used,  which  subdivide  the  device  into 

four  quadrants.  Depending  upon  the  application, 
however,  it  is  also  possible  to  use  a  different  num- 
ber  of  photodiodes  (at  least  two).  The  photodiodes 
may  also  be  each  subdivided,  if  desired,  into  two 

50  or  more  parallel-connected  subdiodes. 
Finally,  Figure  3  shows  diagrammatically  a  fo- 

cusing  arrangement  according  to  the  invention, 
which  comprises  as  photodetector  a  semiconductor 
circuit  of  the  kind  described  with  reference  to  one 

55  of  the  preceding  embodiments.  A  radiation  beam 
30  originating  from  a  laser  31  having  a  wavelength 
of,  for  example,  800  nm  is  imaged  via  a  semi- 
transparent  mirror  surface  32,  which  is  constituted, 

3 
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for  example,  by  the  separation  surface  of  a  prism 
combination  and  a  lens  system  33,  as  a  luminous 
spot  34  on  a  CD  or  VLP  record  35.  A  part  of  the 
radiation  reflected  by  the  record  35  is  deflected  by 
the  mirror  surface  32  via  two  wedge-shaped  prisms 
36,  37  and  is  projected  as  two  luminous  spots  (8, 
9,  see  also  Figure  1)  onto  the  photodiodes  4  to  7  of 
a  photodetector  of  the  kind  described  with  refer- 
ence  to  Figures  1  and  2.  By  means  of  the  signals 
originating  from  the  photodiodes,  deviations  of  the 
luminous  spot  34  with  respect  to  its  correct  position 
caused  by  the  excursions  of  the  record  35  can  be 
corrected. 

It  will  be  appreciated  that  the  invention  is  not 
limited  to  the  embodiments  described,  but  that 
many  variations  are  possible.  For  example,  the 
conductivity  types  of  the  various  semiconductor 
regions  may  all  be  replaced  (simultaneously)  by 
the  opposite  types  whilst  correspondingly  reversing 
the  polarities  of  the  voltages.  Further,  semiconduc- 
tor  materials  other  than  silicon  may  be  used,  whilst 
also  other  wavelengths  may  be  used.  The  invention 
may  further  also  be  used  for  other  than  the  focus- 
ing  and  positioning  purposes  described  here. 

Claims 

1.  A  monolithically  integrated  radiation-sensitive 
semiconductor  device  having  a  semiconductor 
body  comprising  at  least  two  radiation-sen- 
sitive  diodes,  on  which  a  luminous  spot  can  be 
imaged,  and  a  circuit  to  amplify  the  photocur- 
rent  generated  by  the  luminous  spot,  the  said 
circuit  comprising  transistors,  which  are  ar- 
ranged  outside  the  area  in  the  semiconductor 
body  occupied  by  the  photodiodes,  each  tran- 
sistor  being  assigned  to  and  connected  to  a 
radiation-sensitive  diode,  characterized  in  that 
at  least  the  active  parts  of  the  transistors  are 
arranged  more  closely  to  each  other  in  the 
semiconductor  body  than  the  radiation-sensi- 
tive  diodes  to  which  they  are  assigned. 

2.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  1,  characterized  in  that  the 
transistors  are  arranged  as  closely  as  possible 
to  each  other  in  the  semiconductor  body. 

3.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  Claim  1  or  2,  characterized  in  that 
the  radiation-sensitive  diodes  are  arranged  in  a 
row  and  in  that  the  transistors  are  arranged  in 
a  row  substantially  parallel  thereto. 

4.  A  radiation-sensitive  semiconductor  device  as 
claimed  in  any  one  of  the  preceding  Claims, 
characterized  in  that  the  device  comprises  four 
radiation-sensitive  diodes  arranged  in  quad- 

rants  and  four  transistors. 

5.  A  focusing  arrangement  comprising  optical 
means  to  project  a  light  beam  onto  a  surface, 

5  optical  means  to  deflect  a  part  of  the  light 
beam  and  optical  means  to  split  up  the  de- 
flected  beam  into  at  least  two  beams,  which 
project  luminous  spots  onto  a  photodetector, 
which  generates  signals  to  stabilize  the  posi- 

io  tion  of  the  said  light  beam  with  respect  to  the 
said  surface,  characterized  in  that  the  said 
photodetector  is  a  radiation-sensitive  semicon- 
ductor  device  as  claimed  in  any  one  of  Claims 
1  to  3. 

15 
Patentanspruche 

1.  Monolithisch  integrierte  strahlungsempfindliche 
Halbleiteranordnung  mit  einem  Halbleiterkorper 

20  mit  mindestens  zwei  strahlungempfindlichen 
Dioden,  auf  die  ein  Lichtfleck  abgebildet  wer- 
den  kann  sowie  mit  einer  Schaltung  zum  Ver- 
starken  des  von  dem  Lichtfleck  generierten 
Photostroms,  wobei  die  genannte  Schaltung 

25  Transistoren  umfaBt,  die  auBerhalb  des  von 
den  Photodioden  in  dem  Halbleiterkorper  ein- 
genommenen  Bereichs  angeordnet  sind,  wobei 
jeder  Transistor  einer  strahlungempfindlichen 
Diode  zugeordnet  und  mit  ihr  verbunden  ist, 

30  dadurch  gekennzeichnet,  dal3  mindestens  die 
aktiven  Teile  der  Transistoren  dichter  beieinan- 
der  in  dem  Halbleiterkorper  angeordnet  sind 
als  die  strahlungempfindlichen  Dioden,  denen 
sie  zugeordnet  sind. 

35 
2.  Strahlungsempfindliche  Halbleiteranordnung 

nach  Anspruch  1,  dadurch  gekennzeichnet, 
dal3  die  Transistoren  so  dicht  wie  moglich  bei- 
einander  in  dem  Halbleiterkorper  angeordnet 

40  sind. 

3.  Strahlungsempfindliche  Halbleiteranordnung 
nach  Anspruch  1  oder  2,  dadurch  gekenn- 
zeichnet,  dal3  die  strahlungempfindlichen  Dio- 

45  den  in  einer  Reihe  angeordnet  sind  und  die 
Transistoren  in  einer  dazu  nahezu  parallelen 
Reihe. 

4.  Strahlungsempfindliche  Halbleiteranordnung 
50  nach  einem  der  vorhergehenden  Anspruche, 

dadurch  gekennzeichnet,  dal3  die  Anordnung 
vier  in  Quadranten  angeordnete  stahlungempf- 
indliche  Dioden  und  vier  Transistoren  umfaBt. 

55  5.  Fokussierungsanordnung  mit  optischen  Mitteln 
zum  Projizieren  eines  Lichtstrahlenbundels  auf 
eine  Flache,  optischen  Mitteln  zum  Ablenken 
eines  Teils  des  Lichtstrahlenbundels  und  opti- 

4 



7 EP  0  400  754  B1 8 

schen  Mitteln  zum  Aufteilen  des  abgelenkten 
Strahlenbundels  in  mindestens  zwei  Strahlen- 
bundel,  die  Lichtflecke  auf  einen  Photodetektor 
projizieren,  der  Signale  erzeugt,  urn  die  Lage 
des  genannten  Lichtstrahlenbundels  bezuglich  5 
der  Flache  zu  stabilisieren  dadurch  gekenn- 
zeichnet,  dal3  der  genannte  Photodetektor  eine 
strahlungsempfindliche  Halbleiteranordnung 
nach  einem  der  Anspruche  1  bis  3  ist. 

7C 
Revendicatlons 

position  dudit  faisceau  lumineux  par  rapport  a 
ladite  surface,  caracterise  en  ce  que  le  photo- 
detecteur  est  un  dispositif  semiconducteur 
sensible  au  rayonnement  selon  I'une  quelcon- 
que  des  revendications  1  a  3. 

1.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  et  integre  de  fagon  monolithique,  pourvu 
d'un  corps  semiconducteur  comportant  au  is 
moins  deux  diodes  sensibles  au  rayonnement 
sur  lesquelles  peut  etre  formee  I'image  d'un 
spot  lumineux,  et  un  circuit  pour  amplifier  le 
courant  photo-electrique  engendre  par  le  spot 
lumineux,  circuit  comportant  des  transistors  si-  20 
tues  en  dehors  de  la  zone  qu'occupent  les 
photodiodes  dans  le  corps  semiconducteur, 
chaque  transistor  etant  attribue  et  relie  a  une 
diode  sensible  au  rayonnement,  caracterise  en 
ce  que  au  moins  les  parties  actives  des  tran-  25 
sistors  sont  plus  rapprochees  les  unes  des 
autres  dans  le  corps  semiconducteur  que  ne  le 
sont  les  diodes  sensibles  au  rayonnement  aux- 
quelles  elles  sont  attributes. 

30 
2.  Dispositif  semiconducteur  sensible  au  rayonne- 

ment  selon  la  revendication  1,  caracterise  en 
ce  que  les  transistors  sont  le  plus  etroitement 
rapproches  possible  dans  le  corps  semicon- 
ducteur.  35 

3.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  selon  la  revendication  1  ou  2,  caracterise 
en  ce  que  les  diodes  sensibles  au  rayonne- 
ment  sont  disposees  sur  une  premiere  ligne  et  40 
les  transistors  sont  disposes  sur  une  ligne  sen- 
siblement  parallele  a  la  premiere. 

4.  Dispositif  semiconducteur  sensible  au  rayonne- 
ment  selon  I'une  quelconque  des  revendica-  45 
tions  precedentes,  caracterise  en  ce  qu'il  com- 
porte  quatre  diodes  sensibles  au  rayonnement 
disposees  suivant  des  quadrants  ainsi  que 
quatre  transistors. 

50 
5.  Dispositif  de  focalisation  comportant  des 

moyens  optiques  pour  projeter  un  faisceau  lu- 
mineux  sur  une  surface,  des  moyens  optiques 
pour  devier  une  partie  du  faisceau  lumineux  et 
des  moyens  optiques  pour  diviser  le  faisceau  55 
devie  en  au  moins  deux  faisceaux  qui  projet- 
tent  des  spots  lumineux  sur  un  photodetecteur, 
qui  engendre  des  signaux  pour  stabiliser  la 
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