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Description 

The  invention  relates  to  a  device  comprising  a  ra- 
diation  source,  an  optical  system  for  projecting  the  ra- 
diation  produced  by  the  radiation  source  on  at  least 
one  radiation-sensitive  detector  via  an  information 
carrier,  and  for  at  least  one  radiation-sensitive  detec- 
tor  an  AID  converter  constructed  to  convert  an  analog 
signal  proportional  to  the  detected  radiation  intensity 
into  a  digital  signal. 

Such  a  device  is  known  from  European  Patent 
Application  EP-A-0,  138,273.  This  known  device  em- 
ploys  a  number  of  photo-sensitive  semiconductors  to 
convert  the  light  reflected  from  the  information  carrier 
into  a  corresponding  number  of  analog  information 
signals.  These  information  signals  are  applied  to  an 
AID  converter  via  a  multiplexer,  which  converter  sup- 
plies  a  corresponding  number  of  digital  output  signals 
to  a  processing  circuit.  This  processing  circuit  sup- 
plies  a  digital  data  signal,  which  signal  is  representa- 
tive  of  the  information  recorded  on  the  optical  record 
carrier,  and  also  supplies  control  signals  for  position- 
ing  and  focus  control  of  the  optical  system. 

In  this  prior-art  device  problems  may  arise  if  the 
input  signal  range  of  the  AID  converter  is  not  adapted 
to  an  optimum  extent  to  the  conversion  range  of  the 
converter.  If  the  photo-sensitive  semiconductor  which 
converts  the  light  reflected  from  the  information  car- 
rier  into  an  analog  signal  supplies  signals  whose  am- 
plitude  exceeds  the  maximum  amplitude  which  can 
be  handled  by  the  AID  converter,  the  bit  sequence 
supplied  by  the  AID  converter  will  not  be  a  correct  rep- 
resentation  of  the  analog  input  signal.  Conversely,  if 
the  analog  signals  supplied  by  said  photo-sensitive 
semiconductor  vary  within  an  input  signal  range 
smaller  than  the  conversion  range  of  the  AID  conver- 
ter,  this  conversion  range  is  not  utilized  to  the  full  ex- 
tent  so  that  the  analog  input  signals  are  digitized  with 
a  resolution  smaller  than  attainable  with  the  AID  con- 
verter. 

It  is  an  object  of  the  invention  to  provide  a  device 
which  mitigates  the  above  drawbacks. 

According  to  the  invention  this  object  is  achieved 
in  a  device  of  the  type  defined  in  the  opening  para- 
graph  by  means  which  in  operation  enable  the  input 
signal  range  and  the  conversion  range  of  each  AID 
converter  to  be  adapted  to  each  other  in  such  a  man- 
ner  that  in  the  case  of  a  maximum  analog  input  signal 
on  the  input  of  the  AID  converterat  least  approximate- 
ly  the  maximum  digital  value  is  produced  on  the  out- 
put  of  the  AID  converter,  which  means  are  controlled 
by  an  indication  signal  which  is  generated  in  the  case 
that  the  value  of  the  analog  signal  exceeds  a  prede- 
termined  value. 

The  invention  enables  the  input  signal  the  input 
signal  range  of  the  AID  converter  to  be  gradually  ex- 
tended  until  the  input  signal  range  exactly  corre- 
sponds  to  the  conversion  range  of  the  AID  converter. 

This  embodiment  of  the  invention  is  to  be  preferred  in 
particular  if  the  conversion  range  of  the  AID  converter 
cannot  or  cannot  readily  be  adapted.  A  preferred  em- 
bodiment  of  the  invention  which  influences  the  input 

5  signal  range  of  the  converter  is  characterized  in  that 
said  means  comprise  a  signal  generator  which  in  op- 
eration  supplies  a  control  signal  to  the  power-supply 
source  of  the  radiation  source,  which  control  signal 
has  an  increasing  signal  value  until  an  overflow  sig- 

10  nal  occurs. 
Within  the  scope  of  the  invention  it  is  also  possi- 

ble  to  adapt  the  conversion  range  of  the  AID  converter 
to  the  input  signal  range.  This  is  to  be  preferred  in  par- 
ticular  if  controlling  the  laser  light  source  is  less  de- 

ls  sirable  for  reasons  which  are  further  irrelevant.  In  this 
respect  another  preferred  embodiment  of  the  inven- 
tion  is  characterized  in  that  the  AID  converter  is  of  a 
type  whose  input  signal  range  depends  on  a  refer- 
ence  signal  applied  to  the  converter,  and  in  that  said 

20  means  comprise  a  signal  generator  which  in  opera- 
tion  supplies  a  reference  signal  to  the  relevant  input 
of  the  AID  converter,  which  reference  signal  has  an  in- 
creasing  signal  value  until  an  overflow  signal  occurs. 

Both  embodiments  provide  an  optimum  adapta- 
25  tion  between  the  input  signal  range  and  the  conver- 

sion  range  of  the  AID  converter.  Once  this  optimum 
adaptation  is  achieved  this  situation  can,  in  principle, 
be  stabilized  without  further  control  being  required. 
Put  differently,  the  signal  supplied  by  the  generator, 

30  which  increases  until  the  optimum  situation  is  at- 
tained,  can  become  a  signal  of  fixed  value  when  the 
optimum  situation  is  reached.  In  practice,  it  is  found 
that  variations  may  occur  in  the  signal  supplied  by  the 
photo-sensitive  semiconductor,  i.e.  in  practice  the  dy- 

35  namic  range  of  the  signals  from  the  photosensitive 
semiconductor  may  vary  to  some  extent.  Variations  in 
the  signal  are  caused  by  variations  in  reflectance  of 
the  information-carrying  surface  as  a  result  of  the  use 
of  different  surface  materials,  such  as  silver,  alumini- 

40  urn  etc.  and  by  contaminants  in  the  light  path.  Other 
variations  which  may  occur  in  practice  result  from  an 
incorrect  alignment  of  the  photo-sensitive  semicon- 
ductors,  so  that  for  example  the  amount  of  light  is  not 
uniformly  distributed  over  the  various  detectors  in  the 

45  balanced  condition  (the  condition  in  which  the  focus 
error  and  the  radial  error  are  0). 

According  to  the  invention  it  is  therefore  preferred 
to  construct  the  signal  generator  generator  in  such  a 
way  that  during  the  appearance  of  an  overflow  signal 

so  the  generator  supplies  a  signal  of  decreasing  value. 
In  this  way  a  signal  of  alternately  increasing  and  de- 
creasing  signal  value  is  supplied  so  as  to  obtain  a  con- 
tinuous  control  which  continually  checks  whether  the 
adaptation  between  the  input  signal  range  and  the 

55  conversion  signal  range  of  the  AID  converter  is  opti- 
mal.  Suitably,  the  rate  at  which  the  signal  value  de- 
creases  is  higher  than  the  rate  at  which  the  signal  val- 
ue  increases.  This  yields  a  steady  control  such  that 
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when  the  device  is  switched  on  or  a  new  information 
carrier  is  loaded  into  the  device  the  device  is  rapidly 
optimized,  while  during  subsequent  use  of  the  infor- 
mation  carrier  a  continuous  and  comparatively  slow 
correction  is  applied  for  variations  in  light  output. 

The  invention  will  now  be  described  in  more  detail 
with  reference  to  the  accompanying  Figures. 

Figure  1  shows  a  first  embodiment  of  a  device  in 
accordance  with  the  invention  in  which  a  laser  light 
source  is  controlled  in  response  to  an  overflow  signal 
from  the  AID  converter. 

Figure  2  shows  a  more  practical  embodiment  of 
a  device  in  accordance  with  the  invention. 

Figure  3  shows  in  more  detail  the  voltage  gener- 
ator  supplying  the  control  voltages  for  the  laser  light 
source. 

Figure  4  shows  a  voltage  waveform  diagram  to  il- 
lustrate  the  operation  of  the  circuit  shown  in  Figure  2. 

Figure  5  shows  a  second  embodiment  of  a  device 
in  accordance  with  the  invention,  in  which  a  voltage 
generator  is  controlled  by  the  overflow  bit  of  the  AID 
converter  in  order  to  generate  an  output  voltage  which 
can  be  used  as  a  reference  voltage  in  the  AID  conver- 
ter. 

Figure  6  shows  an  example  of  an  AID  converter 
for  use  within  the  scope  of  the  invention. 

Figure  1  is  a  diagrammatic,  partly  sectional  view 
of  the  optical  record  carrier  1,  for  example  a  Compact 
Disc.  The  record  carrier  generally  comprises  a  sub- 
strate  6  formed  with  a  track  structure  comprising  pits 
3  in  the  substrate  6  spaced  by  intermediate  areas  4. 
This  track  structure  in  relief  is  covered  with  a  reflect- 
ing  layer  5  and  is  subsequently  provided  with  a  pro- 
tective  coating  2.  The  information  in  this  track  struc- 
ture  can  be  read  by  means  of  a  laser  beam  which  is 
generated  by  a  laser  light  source  7  and  projected  and 
focussed  on  the  track  structure  via  a  lens  system  8. 
The  reflected  beam  is  projected  onto  a  photo-sensi- 
tive  semiconductor  via  a  semitransparent  mirror  9, 
which  photo-sensitive  semiconductor  produces  a  cur- 
rent  proportional  to  the  light  intensity.  A  current/vol- 
tage  converter  11  converts  the  current  generated  by 
the  semiconductor  10  into  a  corresponding  voltage.  In 
the  AID  converter  1  2  the  voltage  on  the  output  of  the 
voltage/current  converter  1  1  is  converted  into  a  series 
of  digital  values  which  are  applied  to  an  output  13  for 
transfer  to  further  circuits  which  are  not  relevant  to 
the  present  invention. 

The  components  1  to  13  described  until  now  are 
known  per  se,  reference  being  made  to,  for  example, 
the  publication  mentioned  in  the  opening  part  of  this 
description. 

In  conformity  with  the  invention  the  AID  converter 
12  comprises  an  output  on  which  an  indication  signal 
appears  to  indicate  whether  the  voltage  value  applied 
to  the  input  of  the  AID  converter  12  via  the  current/vol- 
tage  converter  11  exceeds  a  predetermined  threshold 
value,  e.g.  the  maximum  value  which  can  be  handled 

by  the  converter  12.  Hereinafter  this  indication  signal 
will  be  referred  to  as  the  overflow  signal.  The  over- 
flow  signal  is  consequently  constituted  by  a  one-bit 
signal  and  is  applied  to  signal  generator,  for  example 

5  a  voltage  generator  14,  which  generator  14  produces 
a  continuously  rising  voltage  on  its  output  as  long  as 
the  overflow  bit  has  a  first  value,  which  indicates  that 
the  conversion  range  has  not  yet  been  exceeded. 
This  increasing  signal  is  applied  to  a  power  output 

10  stage  17  via  a  filter  comprising  a  capacitor  15  and  a 
resistor  16  to  control  the  laser  light  source  7. 

When  the  device  is  put  into  use  the  voltage  gen- 
erator  14  will  supply  a  comparatively  low  voltage  or  no 
voltage  after  the  electronic  circuits  have  been  reset, 

15  so  that  the  laser  light  source  7  will  emit  hardly  any  or 
no  light.  The  reflected  light  will  therefore  produce 
hardly  any  or  no  current  in  the  detector  1  0,  so  that  the 
AID  converter  also  receives  only  a  small  voltage 
which  certainly  does  result  in  the  conversion  range 

20  being  overstepped.  Under  these  conditions  the  over- 
flow  bit  will  have  a  first  value  and  under  control  of  this 
bit  the  generator  14  will  supply  a  continuously  in- 
creasing  voltage  to  the  laser  light  source  7  via  the  fil- 
ter  15,  16  and  the  output  stage  17.  As  a  result  of  this, 

25  the  light  output  increases  gradually,  causing  the  in- 
tensity  of  the  reflected  light  and  hence  the  current 
supplied  by  the  detector  to  increase  likewise.  At  a  giv- 
en  instant  the  voltage  on  the  output  of  the  current/vol- 
tage  converter  11  will  become  so  high  that  the  AID 

30  converter  12  is  no  longer  capable  of  correctly  con- 
verting  this  voltage  because  it  corresponds  to  a  digital 
value  beyond  the  maximum  range  of  the  converter 
12.  When  this  situation  occurs  the  overflow  bit  will 
change  to  another  state,  which  change  is  utilised  to 

35  inhibit  a  further  increase  of  the  voltage  supplied  by 
the  voltage  generator  14. 

The  generator  14  can  be  controlled  in  response 
to  this  transition  in  the  overflow-bit  signal  in  several 
ways.  It  is  conceivable  to  use  the  edge  in  the  over- 

40  flow-bit  signal  for  stabilizing  the  output  voltage  of  the 
generator  14  at  a  predetermined  fixed  value,  for  ex- 
ample  equal  to  the  instantaneously  reached  value  or 
a  slightly  smaller  value.  This  leads  to  a  stable  situa- 
tion  in  which  the  light  intensity  produced  by  the  laser 

45  light  source  7  is  adequate  for  the  detector  1  0  to  gen- 
erate  a  current  whose  magnitude,  after  conversion 
into  a  corresponding  voltage,  is  large  enough  to  drive 
the  AID  converter  12  (substantially)  to  its  full  maxi- 
mum  range.  However,  alternatively  the  voltage  gen- 

50  erator  14  may  be  constructed  in  such  a  manner  that 
in  the  case  of  an  overflow  bit  of  the  second  binary  val- 
ue  it  supplies  a  slowly  decreasing  voltage,  i.e.  in  such 
a  manner  that  after  overstepping  of  the  conversion 
range  the  intensity  of  the  light  produced  by  the  laser 

55  light  source  decreases  gradually.  At  a  certain  instant 
this  will  result  in  the  light  intensity  having  decreased 
so  far  that  the  voltage  on  the  input  of  the  AID  conver- 
ter  is  within  the  conversion  range,  causing  the  over- 

3 
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flow  bit  to  change  again.  As  a  result,  the  voltage  gen- 
erator  will  again  supply  an  increasing  voltage  etc.  By 
means  of  such  a  control  circuit  the  light  intensity  is 
corrected  continually  in  such  a  manner  that  the  A/D 
converter  always  effectively  operates  in  its  maximum 
range.  Particularly  in  the  case  of  a  varying  light  inten- 
sity  as  a  result  of  other  characteristics  of  the  informa- 
tion  carrier  1,  dust  or  dirt  in  the  optical  system, 
scratches  in  the  substrate  6  etc.  such  a  control  will  al- 
ways  automatically  provide  an  optimum  adaptation  of 
the  device  to  varying  conditions,  in  such  a  way  that 
the  A/D  converter  always  operates  effectively  in  its 
maximum  range. 

It  is  to  be  noted  that  Figure  1  shows  only  one  de- 
tector  10.  However,  it  is  common  practice  to  use  sev- 
eral  detectors,  for  example  four  detectors  as  in  the 
system  described  in  EP-A-0,  138,273.  Figure  2  spe- 
cifically  illustrates  a  system  comprising  four  detec- 
tors.  The  components  1  to  9  in  Figure  2  are  identical 
to  the  corresponding  components  in  Figure  1  and  re- 
quire  no  further  explanation.  The  optical  system  com- 
prises  a  beam  splitter  9a,  which  divides  the  incident 
lightamongfourdifferentdetectors  10a,  10b,  10cand 
10d.  Each  of  these  detectors  supplies  an  output  sig- 
nal  to  a  current/voltage  converter  referenced  lla,  lib, 
lie  and  lid  respectively  in  Figure  1  .  Each  of  these  con- 
verters  supplies  an  output  signal  to  an  A/D  converter, 
which  A/D  converters  are  referenced  12a,  12b,  12c 
and  12d  in  Figure  1.  The  overflow  inputs  of  the  A/D 
converters  12a...12d  are  connected  to  the  inputs  of 
an  OR-gate  14a  whose  output  supplies  a  control  sig- 
nal  for  the  voltage  generator  14.  If  an  overflow  signal 
appears  in  one  of  the  said  A/D  converters  12a...12d 
the  control  circuit  will  subsequently  operate  in  exactly 
the  same  way  as  described  for  the  simplified  circuit 
shown  in  Figure  1. 

Figure  3  shows  an  example  of  the  voltage  gener- 
ator  14  in  combination  with  a  further  development  of 
the  control  loop  for  controlling  the  laser  light  source 
7.  The  voltage  generator  14'  shown  in  Figure  3  com- 
prises  a  counter  18,  a  D/A  converter  19  and  a  com- 
parator  20.  The  comparator  20  supplies  an  output  sig- 
nal  to  the  power  stage  1  7'  via  filter  comprising  the  ca- 
pacitor  1  5'and  the  resistor  16',  the  laser  diode  21  be- 
ing  driven  by  said  power  stage.  Light  emitted  by  the 
laser  diode  21  is  received  by  (inter  alia)  the  photo- 
sensitive  diode  22,  which  supplies  a  signal  corre- 
sponding  to  the  intensity  of  the  incident  light  to  the 
other  input  of  the  comparator  20. 

If,  in  order  to  explain  the  operation  of  the  circuit, 
it  is  assumed  that  the  voltage  on  the  positive  input  of 
the  comparator  20  does  not  vary,  it  will  be  evident  that 
the  circuit  comprising  the  components  15',  16',  17', 
20,  21  and  22  constitutes  a  control  loop  which  main- 
tains  the  intensity  of  the  emitted  light  constant,  the 
voltage  on  the  positive  input  of  the  comparator  20  dic- 
tating  the  reference  level  at  which  the  light  intensity 
is  maintained. 

The  voltage  on  the  positive  input  of  the  compar- 
ator  20  is  supplied  by  the  digital/analog  converter  1  9, 
which  in  its  turn  is  controlled  by  the  counter  18.  The 
counter  1  8  is  used  in  combination  with  a  control  stage 

5  to  which  3  input  signals  can  be  applied,  i.e.  the  over- 
flow  signal  from  the  analog/digital  converter  12, 
which  overflow  signal  is  applied  to  an  input  23,  a  first 
time-constant  signal,  which  is  applied  to  an  input  24, 
and  a  second  time-constant  signal,  which  is  applied 

10  to  an  input  25. 
The  circuit  is  constructed  in  such  a  manner  that 

the  value  of  the  bit  on  the  input  23,  i.e.  the  value  of 
the  overflow  signal,  dictates  whether  the  counter 
counts  up  or  counts  down.  The  count-up  rate  of  the 

15  counter  depends  on  the  time-constant  signal  on  the 
input  24  and  the  count-down  rate  of  the  counter  de- 
pends  on  the  time-constant  signal  on  the  input  25. 
The  two  time-constant  signals  can  be  used,  for  exam- 
ple,  for  suitably  setting  a  divider  which  divides  the 

20  clock-pulse  frequency  by  a  specif  ic  value,  after  which 
the  divided  clock-pulse  signal  is  applied  to  the  clock 
input  of  the  actual  counter. 

Figure  4  shows  diagrammatically  the  output-vol- 
tage  waveform  of  the  D/A  converter  1  9  during  lock-in 

25  of  the  circuit.  When  the  circuit  is  started  the  counter 
1  8  is  reset  to  a  comparatively  low  initial  value  or  to  0, 
so  that  the  D/A  converter  supplies  a  small  voltage  or 
zero-voltage  to  the  comparator  20.  As  a  result  of  this 
low  voltage  the  intensity  of  the  light  emitted  by  the  di- 

30  ode  21  will  be  so  low  that  the  A/D  converter  12  sup- 
plies  only  comparatively  small  digital  values  for  which 
definitely  no  overflow  occurs.  The  overflow  signal  on 
the  input  23  of  the  counter  1  8  consequently  has  a  first 
predetermined  value,  which  causes  the  counter  18  to 

35  count  up.  This  results  in  an  ascending  series  of  digital 
values  being  applied  from  the  counter  18  to  the  D/A 
converter  19,  causing  the  output  voltage  of  the  con- 
verter  1  9  to  increase  gradually  (in  Figure  4  this  output 
voltage  is  represented  as  a  pure  sawtooth  waveform; 

40  however,  it  will  be  obvious  to  those  skilled  in  the  art 
that  in  reality  the  voltage  appearing  on  the  output  of 
the  converter  19  increases  in  small  steps).  This  in- 
creasing  output  voltage  of  the  converter  19  ensures 
that  the  setpoint  of  the  light-intensity  control  loop 

45  comprising  the  components  15',  16',  17',  20,  21  and 
22  is  continually  shifted  in  such  a  direction  that  the 
light  emitted  by  the  laser  diode  21  increases  continu- 
ally.  The  amplitude  of  the  voltage  values  to  be  con- 
verted  by  the  converter  1  2  therefore  increases  and  at 

so  the  instant  T1  an  overflow  condition  will  arise  in  the 
A/D  converter.  As  a  result  of  this,  the  value  of  the 
overflow  bit  on  the  input  23  of  the  counter  18  will 
change,  causing  the  counter  18  to  be  set  to  its  count- 
down  mode.  The  count-down  rate  is  dictated  by  a 

55  time-constant  signal  applied  to  the  input  25.  Prefer- 
ably,  this  rate  will  be  smaller  than  the  count-up  rate 
in  the  preceding  cycle,  said  count-up  rate  being  deter- 
mined  by  the  time-constant  signal  on  the  input  24.  As 
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a  consequence,  the  output  voltage  of  the  converter  1  9 
will  decrease  gradually  during  count-down  until  at  the 
instant  T2  it  is  detected  that  the  overflow  situation  has 
ceased.  This  gives  rise  to  another  transition  in  the 
overflow  signal  on  the  input  23  so  that  the  counter  18  5 
is  again  set  to  the  count-up  mode,  resulting  in  an  in- 
creasing  output  voltage  of  the  counter  19  until  at  the 
instant  T3  a  new  overflow  situation  is  detected  etc. 

For  completeness'  sake  it  is  to  be  noted  that  the 
use  of  control  loops  for  controlling  the  light  intensity  10 
of  the  laser  light  source  (7;  21)  is  known  perse,  for  ex- 
ample  from  United  States  Patent  Specification  US-A- 
4,093,961  .  However,  the  present  Application  does  not 
relate  to  the  actual  control  circuit  but  to  the  manner 
in  which  a  reference  signal  is  applied  to  this  control  15 
circuit. 

Figure  5  shows  another  embodiment  of  a  device 
in  accordance  with  the  invention.  The  components  1 
to  11  are  identical  to  the  corresponding  components 
shown  in  Figure  1  and  require  no  further  explanation.  20 
In  the  present  case  the  laser  light  source  7  is  control- 
led  by  a  separate  power-supply  unit  7',  which  may  be, 
for  example,  of  a  type  as  described  in  the  above- 
mentioned  United  States  Patent  Specification  US-A- 
4,093,961  .  The  output  voltage  of  the  converter  11  is  25 
applied  to  an  A/D  converter  12'  of  a  type  adapted  to 
receive  an  external  reference  voltage  Vref  on  a  sep- 
arate  input.  A  converter  which  is  very  suitable  for  this 
purpose  is  a  sigma-delta  modulator,  of  which  an  ex- 
ample  will  be  described  briefly  with  reference  to  Fig-  30 
ure  5.  The  conversion  range  of  such  a  sigma-delta 
modulator  is  dictated  by  the  reference  voltage  on  the 
input  Vref,  so  that  it  will  be  appreciated  that  a  change 
of  this  reference  voltage  results  in  a  change  of  the 
conversion  range.  The  invention  utilises  this  property  35 
by  providing  a  control  loop  which  begins  at  the  over- 
flow  signal  output  of  the  A/D  converter  12'. 

The  overflow  signal  is  applied  to  a  voltage  gen- 
erator  26,  which  produces  a  rising  output  voltage  on 
its  output  as  long  as  the  binary  overflow  signal  has  a  40 
first  value.  This  output  voltage  of  the  generator  26  is 
applied  to  a  driver  stage  29  via  filter  comprising  a  re- 
sistor  27  and  a  capacitor  28,  the  driver  stage  supply- 
ing  its  output  voltage  to  the  reference  signal  input  Vref 
of  the  converter  12'.  If  the  voltage  generator  26  is  of  45 
a  construction  similar  to  that  in  Figure  2,  it  will  be  evi- 
dent  that  the  reference  voltage  Vref  is  always  control- 
led  to  an  optimum  value  around  the  very  point  where 
input  signals  of  maximum  amplitude  value  are  con- 
verted  into  digital  signals  at  the  limit  of  the  conversion  50 
range  of  the  A/D  converter  12'. 

It  is  to  be  noted  that  the  circuit  shown  in  Figure  5 
may  also  be  employed  in  an  embodiment  comprising 
a  plurality  of  detectors,  in  which  case  each  of  the  A/D 
converters  may  be  provided  with  such  a  control  cir-  55 
cuit. 

Figure  6  shows  in  greater  detail  an  example  of  an 
analog/digital  converter  suited  for  use  within  the 

scope  of  the  present  invention.  The  input  signal  ap- 
plied  to  the  input  39  is  supplied  to  a  filter  30  having  a 
low-pass  characteristic,  for  example  an  integrator 
which,  in  a  customary  manner,  may  comprise  an  op- 
erational  amplifier  31  and  a  capacitor  32. 

The  output  signal  of  the  filter  30  is  applied  to  the 
non-inverting  inputs  of  each  of  a  plurality  of  compar- 
ators  33a  33p.  A  series  arrangement  of  resistors 
36a  36q  having  equal  resistance  values  is  connect- 
ed  between  a  terminal  33  at  a  reference  potential  Vref 
and  a  terminal  35  at  zero  potential.  The  nodes  be- 
tween  the  resistors  36  are  connected  to  the  inverting 
inputs  of  the  comparators  33a...33p.  The  output  sig- 
nals  of  the  sixteen  comparators  33  can  indicate  six- 
teen  different  signal  levels.  The  outputs  of  the  com- 
parators  33a...33p  are  coupled  to  a  clocked  parallel- 
in  parallel-out  register  36,  which  in  response  to  every 
pulse  of  a  clock  signal  having  a  frequency  f  is  loaded 
with  the  output  signals  of  the  comparators  33a...33p. 
The  outputs  of  the  register  36  are  connected  to  a  16- 
to-4  encoding  circuit  37,  which  converts  the  signal 
values  represented  by  the  outputs  of  the  register  36 
into  a  4-bit  code.  The  outputs  of  the  register  36  are 
each  connected  to  a  control  input  of  current  sources 
38a  38p.  The  current  sources  are  of  a  type  respon- 
sive  to  a  control  signal  of  a  predetermined  level  to 
generate  a  current  of  predetermined  value.  The  cur- 
rents  supplied  by  the  current  sources  38a...38p  are 
added  to  the  signal  current,  which  is  applied  to  the 
low-pass  filter  30  via  the  input  39.  The  output  signal 
of  the  comparator  33g  is  applied  to  a  current  source 
39q  via  a  clocked  flip-flop  36',  which  is  controlled  by 
the  clock  signal  of  the  frequency  f.  The  current  source 
38q  is  of  a  type  similar  to  the  current  sources 
38a  38p  and  supplies  a  current  of  said  predeter- 
mined  value  to  the  low-pass  filter  30  when  the  over- 
flow  signal  occurs. 

In  addition  to  the  resistors  36a...36q  a  resistor  34 
is  arranged  between  the  terminals  33  and  35  in  order 
to  derive  a  comparison  voltage  for  a  further  compar- 
ator  33q,  whose  other  input  receives  the  input  signal. 
If  the  amplitude  of  the  input  signal  is  so  large  that  it 
exceeds  the  reference  voltage  on  the  node  between 
the  resistors  34  and  36a  the  comparator  33q  will  sup- 
ply  an  overflow  signal  to  the  output  40. 

Claims 

1.  Adevice  comprising  a  radiation  source,  an  optical 
system  for  projecting  the  radiation  produced  by 
the  radiation  source  on  at  least  one  radiation- 
sensitive  detector  via  an  information  carrier,  and 
for  at  least  one  radiation-sensitive  detector  an 
A/D  converter  constructed  to  convert  an  analog 
signal  proportional  to  the  detected  radiation  in- 
tensity  into  a  digital  signal,  characterized  by 
means  which  in  operation  enable  the  input  signal 
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range  and  the  conversion  range  of  each  AID  con- 
verter  to  be  adapted  to  each  other  in  such  a  man- 
ner  that  in  the  case  of  a  maximum  analog  input 
signal  on  the  input  of  the  AID  converter  at  least 
approximately  the  maximum  digital  value  is  pro- 
duced  on  the  output  of  the  AID  converter,  which 
means  are  controlled  by  an  indication  signal 
which  is  generated  in  the  case  that  the  value  of 
the  analog  signal  exceeds  a  predetermined  val- 
ue. 

2.  A  device  as  claimed  in  Claim  1,  characterized  in 
that  said  means  comprise  a  signal  generator 
which  in  operation  supplies  a  control  signal  to  the 
power-supply  source  of  the  radiation  source, 
which  control  signal  has  an  increasing  signal  val- 
ue  until  an  indication  signal  occurs. 

3.  A  device  as  claimed  in  Claim  1,  characterized  in 
that  the  AID  converter  is  of  a  type  whose  input 
signal  range  depends  on  a  reference  signal  ap- 
plied  to  the  converter,  and  in  that  said  means 
comprise  a  signal  generator  which  in  operation 
supplies  a  reference  signal  to  the  relevant  input 
of  the  AID  converter,  which  reference  signal  has 
an  increasing  signal  value  until  an  indication  sig- 
nal  occurs. 

4.  A  device  as  claimed  in  Claim  2  or  3,  characterized 
in  that  the  signal  generator  is  adapted  to  supply 
a  signal  of  decreasing  signal  value  during  the  oc- 
currence  of  an  indication  signal. 

5.  A  device  as  claimed  in  any  one  of  the  Claims  2  to 
4,  characterized  in  that  the  signal  generator  is 
constituted  by  a  digital  signal  source  which  in  op- 
eration  supplies  digital  control  signals  of  a  prede- 
termined  repetition  frequency  to  an  analog/digital 
converter,  which  digital  control  signals  increase 
in  value  in  the  absence  of  an  overflow  signal  and 
decrease  in  value  if  an  indication  signal  is  pres- 
ent. 

6.  A  device  as  claimed  in  any  one  of  the  Claims  2  to 
5,  characterized  in  that  the  rate  at  which  the  sig- 
nal  supplied  by  the  signal  generator  increases  or 
decreases  depends  upon  an  incrementation  time 
constant  or  a  decrementation  time  constant  re- 
spectively. 

7.  A  device  as  claimed  in  any  one  of  the  Claims  2  to 
6,  characterized  in  that  the  rate  at  which  the  sig- 
nal  decreases  is  higher  than  the  rate  at  which  the 
signal  increases. 

8.  A  device  as  claimed  in  any  one  of  the  preceding 
Claims,  characterized  in  that  the  signal  value  of 
the  signal  supplied  by  the  generator  is  fixed  at  a 

predetermined  value  after  the  generator  has  first 
supplied  a  signal  of  increasing  signal  value  and 
subsequently,  when  an  indication  signal  occurs, 
has  supplied  a  signal  of  decreasing  signal  value. 

5 

Patentanspruche 

1  .  Anordnung  mit  einer  Strahlungsquelle,  einem  op- 
10  tischen  System  zur  Projizierung  der  von  der 

Strahlungsquelle  erzeugten  Strahlung  uber  ei- 
nen  Informationstrager  auf  wenigstens  einen 
strahlungsempfindlichen  Detektorund  mit  einem 
A/D-Umsetzer  fur  wenigstens  einen  strahlungs- 

15  empf  indlichen  Detektor,  wobei  der  A/D-Umsetzer 
so  eingerichtet  ist,  dali  er  ein  zur  detektierten 
Strahlungsintensitat  proportionales  analoges  Si- 
gnal  in  ein  digitales  Signal  umsetzt,  gekennzeich- 
net  durch  Mittel,  die  es  bei  Betrieb  ermoglichen, 

20  den  Eingangssignalbereich  und  den  Umset- 
zungsbereich  jedes  A/D-Umsetzers  so  aneinan- 
der  anzupassen,  daft  im  Falle  eines  maximalen 
analogen  Eingangssignals  am  Eingang  des  AID- 
Umsetzers  der  wenigstens  nahezu  maximale  di- 

25  gitale  Wert  am  Ausgang  des  A/D-Umsetzers  ge- 
liefert  wird,  wobei  die  Mittel  von  einem  Anzeige- 
signal  gesteuert  werden,  das  erzeugt  wird,  wenn 
der  Wert  des  analogen  Signals  einen  vorbe- 
stimmten  Wert  uberschreitet. 

30 
2.  Anordnung  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dali  die  genannten  Mittel  einen  Signal- 
geber  umfassen,  der  bei  Betrieb  der  Stromver- 
sorgungsquelle  der  Strahlungsquelle  ein  Steuer- 

35  signal  zufuhrt,  dessen  Signalwert  solange  zu- 
nimmt,  bis  ein  Anzeigesignal  auftritt. 

3.  Anordnung  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dali  der  A/D-Umsetzer  von  einem  Typ 

40  ist,  bei  dem  der  Eingangssignalbereich  von  ei- 
nem  dem  Umsetzerzugefuhrten  Bezugsignal  ab- 
hangt,  und  dali  die  genannten  Mittel  einen  Si- 
gnalgeber  umfassen,  der  bei  Betrieb  dem  betref- 
fenden  Eingang  des  A/D-Umsetzers  ein  Bezugs- 

45  signal  zufuhrt,  dessen  Signalwert  solange  zu- 
nimmt,  bis  ein  Anzeigesignal  auftritt. 

4.  Anordnung  nach  Anspruch  2  oder  3,  dadurch  ge- 
kennzeichnet,  daliderSignalgebersoausgefuhrt 

so  ist,  dali  er  wahrend  des  Auftretens  eines  Anzei- 
gesignals  ein  Signal  mit  abnehmendem  Signal- 
wert  liefert. 

5.  Anordnung  nach  einem  der  Anspruche  2  bis  4, 
55  dadurch  gekennzeichnet,  dali  der  Signalgeber 

von  einer  Dig  italsignalquellegebildet  wird,  die  bei 
Betrieb  digitale  Steuersignale  mit  einer  vorbe- 
stimmten  Wiederholungsf  requenz  an  einen  Ana- 
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log/Digital-Umsetzer  liefert,  wobei  der  Wert  der 
digitalen  Steuersignale  zunimmt,  wenn  kein 
Uberlaufsignal  vorliegt,  und  der  Wert  abnimmt, 
wenn  ein  Anzeigesignal  vorliegt. 

6.  Anordnung  nach  einem  der  Anspruche  2  bis  5, 
dadurch  gekennzeichnet,  dali  die  Geschwindig- 
keit,  mit  der  der  Wert  des  vom  Signalgebergelie- 
ferten  Signals  zu-  oder  abnimmt,  von  einer  Inkre- 
mentierungszeitkonstante  beziehungsweise  ei- 
ner  Dekrementierungszeitkonstante  abhangt. 

7.  Anordnung  nach  einem  der  Anspruche  2  bis  6, 
dadurch  gekennzeichnet,  dali  die  Geschwindig- 
keit,  mit  der  der  Signalwert  abnimmt,  hoher  istals 
die  Geschwindigkeit,  mit  der  der  Signalwert  zu- 
nimmt. 

8.  Anordnung  nach  einem  der  vorstehenden  An- 
spruche,  dadurch  gekennzeichnet,  dali  der  Si- 
gnalwert  des  vom  Geber  gelieferten  Signals  auf 
einen  vorbestimmten  Wert  festgelegt  wird,  nach- 
dem  der  Geber  erst  ein  Signal  mit  zunehmendem 
Signalwert  und  anschlieliend,  wenn  ein  Anzeige- 
signal  auftritt,  ein  Signal  mit  abnehmendem  Si- 
gnalwert  geliefert  hat. 

Revendications 

1.  Dispositif  comportant  une  source  de  rayonne- 
ment,  un  systeme  optique  pour  projeter  le  rayon- 
nement  engendre  par  la  source  de  rayonnement 
sur  au  moins  un  detecteur  sensible  au  rayonne- 
ment  par  I'  intermedia  ire  d'un  support  d'informa- 
tion,  et  pour  au  moins  un  detecteur  sensible  au 
rayonnement  un  convertisseur  analogique/nu- 
merique  concu  pour  convertir  un  signal  analogi- 
que  proportionnel  a  I'intensite  de  rayonnement 
detectee  en  un  signal  numerique,  caracterise  par 
des  moyens  permettant  en  fonctionnement  une 
adaptation  mutuelle  de  la  gamme  de  signaux 
d'entree  et  de  la  gamme  de  conversions  de  cha- 
que  convertisseur  analogique/numerique  de  fa- 
con  que  dans  le  cas  d'un  signal  d'entree  analogi- 
que  maximal  present  sur  I'entree  du  convertis- 
seur  analogique/numerique  au  moins  approxima- 
tivement  la  valeur  numerique  maximale  soit  en- 
gendree  sur  la  sortie  du  convertisseur  analogi- 
que/numerique,  lesd  its  moyens  sontcommandes 
par  un  signal  d'indication  engendre  dans  le  cas 
que  la  valeur  du  signal  analogique  depasse  une 
valeur  predeterminee. 

2.  Dispositif  selon  la  revendication  1  ,  caracterise  en 
ce  que  lesdits  moyens  comportent  un  generateur 
de  signaux  qui  en  fonctionnement  fournit  un  si- 
gnal  de  commande  a  la  source  d'alimentation  en 

energie  de  la  source  de  rayonnement,  led  it  signal 
de  commande  presente  une  valeur  de  signal  qui 
va  en  augmentant  jusqu'a  ce  qu'il  se  presente  un 
signal  d'indication. 

5 
3.  Dispositif  selon  la  revendication  1  ,  caracterise  en 

ce  que  le  convertisseur  analogique/numerique 
est  d'un  type  dont  la  gamme  de  signaux  d'entree 
depend  d'un  signal  de  reference  applique  au 

10  convertisseur,  et  en  ce  que  lesdits  moyens 
comportent  un  generateur  de  signaux  qui  en 
fonctionnement  fournit  un  signal  de  reference  a 
I'entree  en  question  du  convertisseur  analogi- 
que/numerique,  ledit  signal  de  reference  presen- 

15  te  une  valeur  de  signal  qui  va  en  augmentant  jus- 
qu'a  ce  qu'il  se  presente  un  signal  d'indication. 

4.  Dispositif  selon  la  revendication  2  ou  3,  caracte- 
rise  en  ce  que  le  generateur  de  signaux  est  concu 

20  pour  fournir  un  signal  qui  va  en  diminuant  pen- 
dant  la  presence  d'un  signal  d'indication. 

5.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  2  a  4,  caracterise  en  ce  que  le  generateur 

25  de  signaux  est  constitue  d'une  source  de  signal 
numerique  qui  en  fonctionnement  fournit  a  un 
convertisseur  analogique/numerique  des  si- 
gnaux  de  commande  numeriques  presentant  une 
frequence  de  repetition  predeterminee,  lesdits 

30  signaux  de  commande  numeriques  augmentent 
en  valeur  en  cas  d'absence  d'un  signal  de  depas- 
sement  et  diminuent  en  valeur  en  presence  d'un 
signal  d'indication. 

35  6.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  2  a  5,  caracterise  en  ce  que  la  vitesse  a  la- 
quelle  le  signal  delivre  par  le  generateur  de  si- 
gnaux  augmente  ou  diminue  depend  d'une  cons- 
tante  d'augmentation  de  temps  respectivement 

40  d'une  constante  de  diminution  de  temps. 

7.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  2  a  6,  caracterise  en  ce  que  la  vitesse  a  la- 
quelle  le  signal  diminue  est  superieure  a  celle  a 

45  laquelle  le  signal  augmente. 

8.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  que  la  va- 
leur  de  signal  du  signal  delivre  par  le  generateur 

so  est  fixee  a  une  valeur  predeterminee  apres  que 
le  generateur  a  d'abord  fourni  un  signal  presen- 
tant  une  valeur  de  signal  qui  va  en  augmentant  et 
qui  subsequemment,  lorsqu'il  se  presente  un  si- 
gnal  d'indication,  a  fourni  un  signal  presentant 

55  une  valeur  de  signal  qui  va  en  diminuant. 
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