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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  displacement 
detector  for  detecting  the  amount  of  displacement 
in  rotation  of  an  object  to  be  measured,  in  particu- 
lar,  to  a  displacement  detector  which  is  capable  of 
accurately  detecting  the  amount  of  displacement  in 
absolute  value  even  under  adverse  circumstances. 

Description  of  the  Prior  Art 

Heretofore,  in  the  rotary  encoder  which  is  a 
kind  of  displacement  detector,  the  absolute  value  of 
the  rotation  angle  of  rotation  shaft  is  obtained  as  a 
digital  signal  in  the  following  manner.  Namely,  as 
shown  in  Fig.  1,  a  disk-shaped  coded  plate  10 
having  digital  patterns  that  consist  of  slits  or  oper- 
tures,  as  indicated  by  hatches  in  the  figure,  at 
different  radial  positions  corresponding  to  every 
predetermined  central  angles,  is  mounted  coaxially 
on  a  rotation  shaft  16  that  is  held  with  a  bearing  14 
by  a  case  12  indicated  by  the  single-chained  line  in 
the  figure.  Then,  the  absolute  value  of  the  coded 
angle  of  rotation  of  the  rotation  shaft  16  is  obtained 
as  a  digital  signal  in  a  detection  unit  18,  by  irradiat- 
ing  the  digital  patterns  with  a  light  source  from  one 
side  of  the  coded  plates  10  and  by  detecting  the 
transmitted  light  with  an  optical  sensor.  In  order  to 
improve  the  resolving  power  of  the  rotation  angle 
that  is  detected  by  such  a  rotary  encoder,  it  is 
necessary  to  increase  the  number  of  digits  of  the 
digital  patterns  so  that  it  leads  to  a  problem  that 
the  diameter  of  the  coded  plate  10  has  to  be 
increased  and  the  size  of  the  device  has  to  be 
made  large,  resulting  in  a  higher  cost  for  the  prod- 
uct.  Further,  when  the  number  of  digits  is  increased 
by  arranging  the  digital  patterns  closely  in  the 
radial  direction,  there  is  required  a  higher  finishing 
precision  for  the  light  source  or  the  optical  sensor 
in  the  detection  unit  18. 

Moreover,  the  digital  patterns  in  the  existing 
rotary  encoder  as  in  the  above  are  composed  of 
Gray  code.  However,  no  special  measures  are  be- 
ing  taken  regarding  possible  failure  of  the  device. 
Now,  in  an  encoder  in  which  a  plurality  of  sensors 
are  arranged  in  a  line  with  predetermined  spacings, 
for  outputting  a  detection  signal  that  corresponds  to 
the  position  of  the  object  to  be  measured  that 
moves  along  the  line,  and  for  converting  the  detec- 
tion  signal  that  is  output  from  the  sensor  to  a 
corresponding  individual  code,  use  is  made  of  nu- 
merous  circuit  elements,  so  that  there  exists  a 
problem  that  the  probability  of  failure  of  the  device 
is  accordingly  high.  This  necessitates  then  the  pro- 

vision  of  a  failure  diagnosing  means  for  checking 
whether  or  not  the  device  is  operating  normally. 

US-A  4  086  488  discloses  a  pressure  gauge 
according  to  the  preamble  of  claim  1,  including  a 

5  rotary  encoder  in  which  a  plurality  of  light  receiving 
elements  detect  light  from  a  light  source  transmit- 
ted  via  fibre  optic  elements  on  a  rotary  disc.  A 
signal  processing  circuit  translates  the  signals  re- 
ceived  from  the  light-receiving  elements  into  a  form 

io  which  can  control  a  numeric  display.  US-A-3  573 
773  discloses  a  displacement  detector  having  a 
single  light  source  serving  a  plurality  of  light-emit- 
ting  elements  arranged  in  a  part-circle  via  optical 
fibre  elements.  A  further  array  of  optical  fibre  ele- 

75  ments  lead  to  a  plurality  of  photocells.  The  light  is 
reflected  from  a  rotary  element  between  a  given 
pair  of  light-emitting  and  receiving  elements  to 
indicate  position.  US-A-4427970  and  US-A-3750156 
disclose  displacement  detectors  having  a  circular 

20  array  of  photosensitive  elements  with  a  rotary  ele- 
ment  selectively  illuminating  the  detector  elements 
to  indicate  rotary  position.  The  device  disclosed  in 
FR-A-2  176  222  has  a  circular  array  of  photodetec- 
tors  and  a  rotary  element  selectively  blocking  off 

25  light  from  the  detectors  at  a  location  corresponding 
to  the  rotation  of  the  element  being  monitored.  It 
has  also  a  signal  processing  circuit  comprising 
groups  of  diodes,  resistors  and  inverters  for  gen- 
erating  signals  characteristic  to  the  photodetectors. 

30  In  BE-A-658649  an  integrating  device  is  disclosed 
in  which  an  AND  gate  is  used  to  combine  outputs 
from  optical  rotation  detectors.  A  first  integration 
variable  varies  the  speed  of  rotation  and  a  second 
variable  controls  the  number  of  counts  per  revolu- 

35  tion.  Adding  means  are  provided  to  add  the  counts 
from  successive  revolutions. 

SUMMARY  OF  THE  INVENTION 

40  An  object  of  the  present  invention  is  to  provide 
a  small-sized  displacement  detector  which  is  ca- 
pable  of  rapidly  detecting  the  absolute  position  of 
displacement  with  high  precision. 

Another  object  of  the  present  invention  is  to 
45  provide  a  small-sized  displacement  detector  which 

is  capable  of  detecting  the  absolute  value  of  the 
displaced  position  with  high  precision  even  under 
adverse  circumstances. 

Another  object  of  the  present  invention  is  to 
50  provide  a  displacement  detector  which  is  capable 

of  checking  whether  or  not  the  device  is  operating 
normally,  and  outputting  a  malfunction  signal  in 
case  there  is  detected  an  abnormality. 

According  to  the  present  invention,  there  is 
55  provided  a  displacement  detector  for  detecting  the 

amount  of  displacement  of  an  object  to  be  mea- 
sured,  comprising; 

means  for  generating  electromagnetic  energy; 
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sensing  means  that  are  disposed  with  pre- 
determined  spacing,  whose  state  changes  in  re- 
sponse  to  the  changes  in  received  electromagnetic 
energy; 

electromagnetic  energy  varying  means  which  5 
is  arranged  movably,  linked  to  the  motion  of  the 
object  to  be  measured,  along  the  row  of  said 
sensing  means  in  order  to  vary  the  amount  of 
electromagnetic  energy  in  said  sensing  means  in 
response  to  the  displacement  amount  of  the  object  10 
to  be  measured;  and 

a  signal  processing  circuit  for  converting  the 
detection  signal  that  is  obtained  from  said  sensing 
means  situated  at  the  position  where  the  elec- 
tromagnetic  energy  is  changed  by  said  electromag-  is 
netic  energy  varying  means,  to  a  coded  signal 
which  is  characteristic  to  the  position  of  the  sens- 
ing  means  at  the  position  where  there  was  a 
change  in  the  electromagnetic  energy  and  for  out- 
putting  the  coded  signal  as  a  displacement  detec-  20 
tion  signal; 

characterized  in  that  the  signal  processing  cir- 
cuit  comprises  diode  groups  for  generating  signals 
that  are  characteristic  to  each  of  the  sensing 
means,  based  on  the  output  obtained  from  the  25 
specified  sensing  means,  a  power  source  that  is 
connected  in  series  to  the  diode  groups  via  load 
resistors,  and  NOT  circuits  that  invert  the  digital 
output  signals  from  the  respective  load  resistors 
that  are  pulled  to  ground  via  the  diode  groups  to  30 
output  them  as  the  displacement  signal,  based  on 
the  output  from  the  specified  sensing  means;  and 
in  that 

said  signal  processing  circuit  further  includes  a 
rotation  number  measuring  unit  that  counts  the  35 
number  of  rotations  of  the  object  to  be  measured, 
which 

comprises  a)  a  flip  flop  whose  set  and  reset 
terminals  are  connected  to  receive  the  detection 
signals  of  two  sensing  means,  first  and  second  40 
AND  circuits  for  obtaining  logical  products  of  the 
signals  from  the  Q  and  Q  terminals  of  the  flip  flop 
and  the  signals  from  the  sensing  means  other  than 
the  above  two,  and  an  up-down  counter  whose  UP 
and  DOWN  input  terminals  are  respectively  con-  45 
nected  to  the  output  terminal  of  an  AND  circuit  for 
counting  the  output  signal  from  the  AND  circuits. 

These  and  other  objects,  features  and  advan- 
tages  of  the  present  invention  will  be  more  appar- 
ent  from  the  following  description  of  the  preferred  so 
embodiments,  taken  in  conjunction  with  the  accom- 
panying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
55 

Figure  1  is  a  perspective  view  of  a  prior  art 
rotary  encoder; 
Fig.  2  is  a  perspective  view  of  a  rotary  encoder; 

Fig.  3  is  a  cross-sectional  view  of  the  rotary 
encoder  shown  in  Fig.  2; 
Fig.  4  is  a  circuit  diagram  for  the  signal  process- 
ing  circuit  in  the  rotary  encoder  shown  in  Fig.  2; 
Fig.  5  is  a  circuit  diagram  for  a  modification  in 
which  a  trouble  shooting  unit  is  added  to  the 
signal  processing  circuit  shown  in  Fig.  4; 
Fig.  6  is  a  circuit  diagram  for  a  modification  to 
the  trouble  shooting  unit  of  the  signal  processing 
circuit  shown  in  Fig.  5; 
Fig.  7  is  a  circuit  diagram  showing  an  embodi- 
ment  of  the  present  invention,  comprising  a 
modification  to  the  signal  processing  circuit 
shown  in  Fig.  4  that  includes  a  rotation  number 
counting  function; 
Fig.  8  is  a  circuit  diagram  for  a  modification  to 
the  signal  processing  circuit  shown  in  Fig.  4  that 
includes  a  maximum  value  screening  function; 
Fig.  9  is  a  circuit  diagram  for  another  modifica- 
tion  to  the  signal  processing  circuit  shown  in 
Fig.  4; 
Fig.  10  is  a  cross-sectional  view  for  a  modifica- 
tion  in  which  a  prism  is  used  in  the  light  transfer 
route  between  the  light-emitting  element  and  the 
light-receiving  element  in  the  displacement  de- 
tection  unit  of  the  rotary  encoder  shown  in  Fig. 
3; 
Figs.  11  and  12  are  cross-sectional  views  of  the 
modifications  to  the  displacement  detection 
units  shown  in  Figs.  3  and  10,  respectively; 
Figs.  13  and  14  are  perspective  views  of  other 
modifications  to  displacement  detection  unit 
shown  in  Fig.  2; 
Fig.  15  is  a  dispositional  diagram  for  illustrating 
the  disposition  of  the  circuit  patterns  that  are 
formed  on  the  semiconductor  chip  in  the  en- 
coder  shown  in  Fig.  2; 
Fig.  16  is  a  circuit  diagram  for  illustrating  the 
circuit  patterns  of  the  signal  processing  circuit 
shown  in  Fig.  4  that  is  disposed  in  the  dis- 
positional  diagram  for  the  semiconductor  chip 
shown  in  Fig.  15; 
Fig.  17  is  a  perspective  view  which  shows  the 
construction  applied  to  the  linear  encoder; 
Fig.  18  is  a  perspective  view  of  a  rotary  en- 
coder; 
Fig.  19  is  a  cross-sectional  view  of  the  rotary 
encoder  shown  in  Fig.  18; 
Fig.  20  is  a  circuit  diagram  of  the  signal  pro- 
cessing  circuit  in  the  rotary  encoder  shown  in 
Fig.  18; 
Fig.  21  is  a  circuit  diagram  for  a  modification  to 
the  signal  processing  circuit  shown  in  Fig.  20; 
Fig.  22  is  a  cross-sectional  view  for  illustrating  a 
modification  to  the  displacement  detection  unit 
in  Fig.  19; 
Fig.  23  is  a  circuit  diagram  for  the  signal  pro- 
cessing  circuit  in  the  modification  shown  in  Fig. 
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22; 
Fig.  24  is  a  cross-sectional  view  for  showing  the 
modification  to  the  displacement  detection  unit 
in  the  encoder  shown  in  Fig.  19; 
Fig.  25  is  a  perspective  view  for  illustrating  the 
construction  of  the  case  of  the  linear  encoder; 
and 
Fig.  26  is  a  cross-sectional  view  of  the  modifica- 
tion  which  employs  an  optical  fiber  to  the  light 
transfer  route  in  the  displacement  detection  unit 
shown  in  Fig.  19. 

Fig.  7  shows  the  characterizing  features  of  the 
invention,  other  Figures  show  subsidiary  features, 
or  are  included  for  explanatory  purposes  only. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Referring  to  Figs.  2  and  3,  a  first  example  of 
the  rotary  encoder  is  shown  with  reference  numeral 
30. 

As  shown  in  Fig.  2,  on  the  plane  on  one  end  of 
a  case  32  consisting  of  a  cylindrical  shell  that  is 
shown  by  a  singlechained  line  in  the  figure,  a 
rotation  shaft  34  perpendicular  to  the  above  plane 
that  rotates  coaxially  with  the  rotation  shaft  of  the 
object  to  be  measured  is  inserted  to  the  case  32  so 
as  to  be  held  by  the  case  32  by  means  of  a 
bearing  36.  On  the  tip  of  the  rotation  shaft  34  in  the 
case  32  there  is  fixed  a  rotating  member  38  whose 
one  end  is  supported  by  the  rotation  shaft  34  and 
whose  the  other  end  rotates  around  the  axis  center 
of  the  rotation  shaft  34.  On  the  other  end  plane  of 
the  case  32  there  is  laid  a  semiconductor  chip  40 
that  serves  as  a  base.  At  the  portion  where  the 
rotation  shaft  34  intersects  with  the  semiconductor 
chip  40  there  is  arranged  a  light-emitting  diode  42 
that  works  as  a  light  source.  On  the  semiconductor 
chip  40  a  plurality  of  photodiode  44-1  and  44-n 
that  serve  as  light-emitting  elements  are  arranged 
so  as  to  be  positioned  below  the  other  end  of  the 
rotating  member  38,  on  the  circumference  of  a 
circle  with  the  1-emittiing  diode  42  as  the  center. 
That  is,  there  is  arranged  an  optical  fiber  46  with 
the  disposition  as  indicated  in  Fig.  3,  on  the  bottom 
on  the  semiconductor  40  side  of  the  rotating  mem- 
ber  38.  Light  emitted  from  the  light-emitting  diode 
42  impinges  through  the  optical  fiber  46  upon  one 
of  the  photodiode,  44-1  .  The  detection  signal  from 
the  photodiode  44-1  which  received  light  as  in  the 
above,  is  converted  to  a  characteristic  digital  signal 
by  means  of  a  signal  processing  circuit  (not  shown 
in  Fig.  2)  formed  on  the  semiconductor  chip  40  as 
a  conversion  means.  Accordingly,  it  becomes  pos- 
sible  to  obtain  the  absolute  value  of  the  rotation 
angle  of  the  rotation  shaft  34  from  the  characteristic 
digital  signal. 

Next,  referring  to  Fig.  4,  the  signal  processing 
circuit  52  will  be  described.  On  the  semiconductor 
chip  40  the  light-emitting  diode  42  is  lighted  by 
being  connected  to  a  power  source  54  via  a  resis- 

5  tance  56.  Light  emitted  from  the  light-emitting  di- 
ode  42  is  led  by  the  optical  fiber  46,  and  is 
detected  by  the  photodiode  44.  The  photodiode  44- 
1  which  received  light  becomes  conducting,  and 
short-circuits  a  resistor  62  connected  in  series  to  a 

io  DC  power  source  60  to  the  ground  64.  The  output 
current  generated  in  turning  on  or  turning-off  of 
each  of  the  photodiodes  44  is  amplified  by  amplifi- 
ers  66-1,  66-2  and  66-n.  The  DC  power  source 
60  is  then  short-circuited  to  the  ground  64  by  the 

is  diode  groups  68-1,  68-2  and  68-n  that  are 
surrounded  in  the  figure  by  single-chained  lines 
that  generate  signals  that  are  characteristic  to  each 
of  the  photodiodes  44,  via  the  load  resistances  70- 
1  ,  70-2  and  70-n  that  are  connected  in  series  to 

20  the  DC  power  source  60  and  the  photo-Darlington 
58  that  is  turned  on.  The  load  resistors  70-1,  70-2 

and  70-n  are  connected  to  the  NOT  circuits  72- 
1,  72-2  and  72-n,  respectively,  and  the  negative 
logic  output  obtained  from  the  short-circuited  load 

25  resistors  70  is  inverted  to  a  positive  logic  output 
signal  by  means  of  the  NOT  circuits  72.  Next,  by 
citing  a  concrete  example,  the  circumstance  will  be 
described  in  which  a  digital  signal  characteristic  to 
each  photodiode  44  is  output  from  the  circuit  men- 

30  tioned  above. 
As  the  rotation  shaft  34  is  rotated  accompany- 

ing  the  rotating  member  38,  interlocked  with  the 
rotation  of  the  object  to  be  measured,  the  rotating 
member  38  is  rotated  within  the  case  32  with  the 

35  rotation  shaft  34  as  the  center,  at  the  position 
facing  the  semiconductor  chip  40.  The  light  which 
is  output  from  the  light-emitting  diode  42  irradiates 
in  turn  the  individual  photodiodes  44  that  are  ar- 
ranged  on  the  circumference,  by  means  of  the 

40  reflecting  surfaces  48  and  50  of  the  prism  fixed  to 
the  rotating  member  38.  For  example,  if  the  rota- 
tion  of  the  rotating  member  38  is  stopped  and  the 
photodiode  44-1  detects  light,  then  the  photodiode 
44-1  becomes  conducting  and  short-circuits  the 

45  resistor  62  to  the  ground  64.  Then,  the  output 
current  obtained  due  to  the  conduction  of  the 
photodiode  44-1,  is  further  amplified  by  the  am- 
plifier  66-1  ,  and  short-circuits  the  load  resistors  70- 
1  ,  70-2  and  70-n  to  the  ground  64  via  the  diode 

50  group  68-1.  In  this  case,  signals  "010  ...  0"  are 
sent  to  the  NOT  circuits  72-1  ,  72-2  and  72-n  as 
respective  negative  logic  inputs.  The  NOT  circuits 
72  output  the  positive  logic  signals  "101  ...  1"  by 
inverting  these  negative  logic  signals.  In  the 

55  present  case,  the  digits  of  the  digital  signals  for  the 
NOT  circuits  72-1  ,  72-2,  72-3  and  72-n  are  set 
to  be  those  of  2°,  21,  22  and  2",  so  that  the 
positive  logic  signals  in  the  above  are  output  as 
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respectively  "1  ...  101". 
Next,  referring  to  Fig.  5,  a  modification  to  the 

signal  processing  circuit  shown  in  Fig.  2  will  be 
described.  The  circuit  74  for  this  modification  in- 
cludes  the  function  for  obtaining  the  absolute  value 
of  the  rotation  angle  of  the  rotation  shaft  34  by 
converting  the  detection  signal  at  a  photodiode  45- 
1  to  a  digital  signal  that  is  characteristic  to  it.  In 
addition,  the  circuit  74  has  a  function  for  diagnos- 
ing  failure  by  examining  whether  or  not  the  change 
in  the  output  is  within  the  range  of  a  predetermined 
values.  For  this  purpose  there  is  added  a  trouble 
shooting  unit  76  to  the  circuit  for  the  encoder 
shown  in  Fig.  4.  The  trouble  shooting  unit  76  com- 
prises  a  register  78  for  memorizing  the  digital  sig- 
nals  from  the  NOT  circuits  72-1,  72-2  and  72-n, 
an  EXCLUSIVE-OR  circuit  80  for  comparing  the 
values  for  the  previous  state  from  the  register  78 
and  the  values  for  the  present  digital  signals  from 
the  NOT  circuits  72,  and  for  taking  logical  dif- 
ference  between  them,  load  register  82-1,  82-2,  82- 
3  82-n  with  the  same  weight  for  D/A  converting 
the  output  from  the  EXCLUSIVE-OR  circuit  80,  and 
a  comparator  84  for  comparing  the  DC  voltage 
from  the  load  resistor  82-1  ,  82-2,  82-3  82-n  and 
the  voltage  from  a  voltage  generating  source  86  in 
one  digit. 

Namely,  the  comparator  84  outputs  a  malfunc- 
tion  signal  88  if  the  DC  voltage  ed  is  the  threshold 
value  that  is  set  in  the  DC  voltage  generating 
source  86  and  the  DC  voltage  corresponding  to  the 
output  signal  for  one  of  the  EXCLUSIVE-OR  circuit 
80  is  larger  than  ed. 

Next,  the  operation  of  the  trouble  shooting  unit 
76  will  be  described. 

In  order  to  examine  whether  or  not  the  digital 
signal  that  is  output  from  the  NOT  circuit  72  is 
normal,  one  needs  only  to  compare  the  value  that 
is  now  being  output  and  the  value  of  the  digital 
signal  that  was  output  prior  to  the  present  value, 
and  to  examine  whether  there  is  a  change  in  just 
one  digit  in  all  of  the  digits  of  the  digital  signal. 
Namely,  the  previous  digital  signal  is  kept  stored  in 
the  register  78,  and  logical  difference  is  taken  with 
the  digital  signal  that  is  output  later  in  the  EXCLU- 
SIVE-OR  circuit  80.  The  EXCLUSIVE-OR  circuit  80 
generates  an  output  signal  if  there  is  a  dirrerence 
between  the  two  values. 

This  signal  is  input  to  the  clock  terminal  78-1  of 
the  register  78  to  clear  the  value  for  the  previous 
value  and  memorize  the  present  value. 

Now,  if  the  digital  signals  that  are  output  from 
the  NOT  circuits  72-n  are  outputs  of  Gray  code, 
then  the  digital  signals  that  are  output  continuously 
are  output  with  a  change  in  one  of  the  total  digits 
without  fail.  Namely,  the  numbers  31  and  32  in  the 
decimal  code  are  represented  by  "010000"  and 
"110000",  respectively.  Because  of  this,  when  nor- 

mal  digital  signals  are  output  continuously,  there 
always  exists  an  output  signal  from  one  of  the 
EXCLUSIVE-OR  circuits  80.  Accordingly,  the  DC 
voltage  ed  becomes  lower  than  the  threshold  value 

5  for  the  voltage  generating  source  86  so  that  there 
will  be  no  output  of  a  malfunction  signal  88  from 
the  comparator  84.  However,  if  an  abnormal  digital 
is  output  due  to  malfunction,  the  DC  voltage  ed 
becomes  greater  than  the  threshold  value  of  the 

io  voltage  generating  source  86,  and  a  malfunction 
signal  88  is  output  from  the  comparator  84. 

In  this  way,  whether  or  not  the  output  digital 
signal  is  normal  can  be  judged  by  the  presence  or 
absence  of  such  a  malfunction  signal  88.  In  addi- 

15  tion,  it  should  be  noted  here  that  the  output  signal 
90  of  the  OR  circuit  89  may  be  used  as  a  relative 
angle  signal. 

By  changing  the  connecting  conditions  of  the 
diodes  in  the  diode  groups  68-1,  68-2  and  68-n, 

20  it  becomes  possible  to  change  the  digital  signals 
that  are  output  from  the  NOT  circuits  72-n  into 
outputs  in  binary  code.  To  do  this,  as  shown  in  Fig. 
6,  the  n-bit  binary  data  that  is  output  from  the  NOT 
circuits  72  is  recorded  first  in  a  register  94  in  order 

25  to  judge  whether  or  not  the  output  binary  digital 
signal  data  is  correct.  Then,  the  data  in  the  register 
94  and  the  binary  data  that  immediately  follows  the 
memorized  data  are  subtracted  in  a  subtraction 
circuit  96.  The  absolute  value  of  the  difference  is 

30  compared  with  the  numerical  value  "0  ...  001  "  of 
set  point  100  in  a  comparator  98. 

If  the  result  of  the  comparison  is  greater  than 
"1",  it  is  output  as  a  malfunction  signal  102.  If  the 
difference  in  the  subtraction  circuit  96  is  less  than 

35  "1",  a  signal  103  is  output  to  be  input  to  CP  94-1 
of  the  register  94.  The  n-bit  binary  data  recorded  in 
the  register  94  is  rewritten  by  the  binary  data  that 
follows  it  immediately,  and  the  result  is  memorized. 
Then,  the  correctness  of  the  digital  signal  that  is 

40  output  next  is  judged  in  similar  manner. 
As  in  the  above,  by  comparing  the  data  before 

and  after  change  of  the  output  signal,  it  becomes 
possible  to  determine  whether  or  not  the  displace- 
ment  detector  is  operating  normally. 

45  Next,  by  referring  to  Fig.  7,  a  first  embodiment 
of  the  invention,  constituted  by  a  modification  to 
the  processing  circuit  shown  in  Fig.  4  will  be  de- 
scribed.  The  circuit  106  for  the  modification  is 
obtained  by  adding  a  rotation  number  measuring 

50  unit  110  for  counting  the  number  of  rotations  of  the 
rotation  shaft  34,  to  a  conversion  circuit  108  that 
has  a  function  which  is  similar  to  the  signal  pro- 
cessing  circuit  shown  in  Fig.  4.  The  conversion 
circuit  108  comprises  amplifiers  112-1,  112-2 

55  and  112-n  for  amplifying  the  output  circuits  ob- 
tained  by  turning  on  specified  photodiodes  45  that 
are  similar  to  the  above  embodiment,  diode  groups 
114-1,  114-2  and  114-n  for  generating  signals 

5 
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characteristic  to  each  of  the  photodiodes  45,  based 
on  the  outputs  from  the  amplifiers  112,  a  DC  power 
source  (not  shown)  that  is  connected  in  series  to 
the  diode  groups  114  via  the  load  resistors  (not 
shown),  and  the  NOT  circuits  125-1,  125-2  and 
125-n  for  inverting  the  output  from  each  of  the  load 
resistors  that  are  short-circuited  via  the  diode 
groups  114.  The  operation  of  the  conversion  unit 
108  is  similar  to  the  above  embodiment  so  that 
further  description  will  be  omitted. 

In  the  rotation  number  unit  110,  noninverting 
amplifiers  112-1,  112-2  and  112-n  are  selected 
out  of  noninverting  amplifiers  112-1,  112-2  and 
112-n.  The  output  terminal  of  the  noninverting  am- 
plifier  112-n  is  connected  to  the  set  terminal  S  of  a 
flip-flop  circuit  122  and  the  output  terminal  of  the 
noninverting  amplifier  112-2  is  connected  to  the 
rest  terminal  R  of  the  flip-flop  circuit  122.  The 
output  Q  of  the  flip-flop  circuit  122  and  the  output 
signal  of  the  noninverting  amplifier  112-1  that  is 
obtained  via  an  inverter  123  are  ANDed  in  an  AND 
circuit  124a.  In  addition,  the  output  of  the  flip-flop 
circuit  122  and  the  output  signal  of  the  noninverting 
amplifier  112-1  obtained  via  the  inverter  123  are 
ANDed  in  an  AND  circuit  124b.  The  output  termi- 
nals  of  each  of  the  AND  circuits  124a  and  124b  are 
connected  respectively  to  an  UP/DOWN  counter 
126  which  is  supplied  power  and  driver  via  a  diode 
130  from  the  DC  power  source  V.  The  DOWN 
terminal  D  and  the  UP  terminal  U  are  connected  to 
the  AND  circuits  124a  and  124b,  respectively. 

The  UP/DOWN  counter  126  is  charged  by  the 
DC  power  source  V  during  normal  operation,  and  is 
equipped  with  a  battery  unit  127  which  is  a  back- 
up  battery  that  supplies  a  current  to  the  UP/DOWN 
counter  126  at  the  time  of  disconnection  of  the  DC 
power  source  V.  Namely,  a  diode  130  prevents  the 
reverse  flow  of  the  current  that  is  discharged  by 
the  battery  1  27  to  the  side  of  the  DC  power  V.  The 
power  source  of  the  UP/DOWN  counter  126  is 
always  backed  up  by  the  battery  127  so  that  the 
counted  value  is  held  even  during  the  time  of 
disconnection  of  the  DC  power  V.  In  Fig.  7,  the 
variable  m  represents  an  arbitrary  natural  number. 

The  output  signals  of  NOT  circuits  125-1,  125- 
2  and  125-n  and  the  UP/DOWN  counter  126 
are  output  as  parallel  signals  respectively  from  the 
output  terminals  129-1,  129-2,  129-3  129-(n-1), 
and  129-n  and  from  the  output  terminals  131-1, 
131-2  and  131-n.  At  the  same  time,  the  outputs 
of  the  NOT  circuits  125-1,  125-2  and  125-n  and 
the  UP/DOWN  counter  126  are  input  to  a  par- 
allel/series  shift  register  132,  and  are  output  from  a 
terminal  133  as  series  signals. 

Next,  the  counting  operation  of  the  rotation 
number  measuring  unit  110  will  be  described.  If  a 
photodiode  45-0  which  is  connected  to  the  nonin- 
verting  amplifier  112-n  in  Fig.  7,  among 

photodiodes  45  that  detect  light  from  the  optical 
fiber  46,  due  to  the  rotation  in  positive  direction  of 
the  object  to  be  detected,  receives  light,  the  nonin- 
verting  amplifier  112-n  outputs  a  "0"  signal  which 

5  is  input  to  the  flip-flop  circuit  122.  The  flip-flop 
circuit  122  is  set  by  this  input,  and  its  output  Q 
becomes  "1  "  level  and  the  output  Q  becomes  "0" 
level.  Further,  if  the  photodiode  45-1  detects  light, 
the  inverter  123  outputs  a  "1"  signal  which  is  input 

w  to  the  AND  circuit  124b.  The  AND  circuit  124b 
takes  the  AND  operation  of  the  "1  "  level  signal 
which  is  the  Q  output  of  the  flip-flop  circuit  122  and 
the  signal  "1  "  of  the  inverter  123  to  supply  a  signal 
"1"  to  the  UP  terminal  of  the  UP/DOWN  counter 

is  126,  increasing  the  counted  value  by  one.  Next,  if 
the  photodiode  45-2  detects  light,  the  noninverting 
amplifier  122-2  outputs  a  signal  "0"  which  resets 
the  flip-flop  circuit  122,  leading  to  "0"Jevel  for  the 
output  Q  and  "1  "  level  for  the  output  Q.  After  this, 

20  if  the  object  to  be  measured  further  continues 
rotation  in  the  positive  direction  and  the  irradiation 
of  light  continues  from  photodiode  45-0  to  the 
photodiode  45-2  through  the  optical  fiber  46,  the 
counted  value  by  the  UP/DOWN  counter  126  is 

25  similarly  increased  by  one. 
When  the  object  to  be  measured  is  rotated  in 

the  reverse  direction,  the  photodiode  45-2  detects 
light  first  and  outputs  a  signal  "0".  This  resets  the 
flip-flop  circuit  122,  and  the  output  Q  becomes  "0" 

30  level  while  the  output  Q  becomes  "1  "  level.  Fur- 
ther,  if  the  photodiode  45-1  detects  light  and  the 
noninverting  amplifier  112  outputs  a  "0"  signal,  the 
AND  circuit  124a  takes  the  AND  operation  of  the 
"1  "  level  which  is  the  output  Q  of  the  flip-flop 

35  circuit  126  and  the  "1"  signal  of  the  inverter  123, 
supplies  a  "1  "  signal  to  the  DOWN  terminal  of  the 
UP/DOWN  counter  126,  and  decreases  the  counted 
value  by  one.  Moreover,  if  the  photodiode  45-n 
detects  light,  the  noninverting  amplifier  112-n  out- 

40  puts  signal  "0"  to  set  the  flip-flop  circuit  122,  giving 
rise  to  "1  "  level  for  the  output  Q  and  "0"  level  for 
the  output  Q.  After  this,  if  the  object  to  be  mea- 
sured  further  continues  to  be  rotated  in  the  reverse 
direction  and  light  continues  to  irradiate  the 

45  photodiode  45-0  from  the  photodiode  45-n  through 
the  optical  fiber,  the  counted  value  by  the 
UP/DOWN  counter  122  is  decreased  similarly  by 
one. 

The  counted  value  of  the  UP/DOWN  counter 
50  126  can  be  obtained  from  the  output  terminals  131- 

1,  131-2  and  131-n.  For  instance,  if  the  counted 
value  is  "12"  in  decimal  code  and  if  it  is  output  as 
a  Gray  code  with  16  bits,  the  rotation  number 
signal  obtained  will  be  "0000000000001010."  The 

55  rotation  number  signal  and  the  angle  signal  are 
obtainable  as  parallel  signals  from  the  output  termi- 
nals  131-1,  131-2  and  131-n  and  the  output 
terminals  129-1,  129-2  and  129-n,  respectively. 

6 
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Further,  as  need  arises,  these  signals  may  also  be 
obtained  from  an  output  terminal  133  after  con- 
verted  to  series  signals  in  a  shift  register  132. 

In  the  rotary  encoder  shown  in  the  present 
embodiment,  when  the  power  source  V  is  discon- 
nected  and  then  turned  on  again,  there  will  arise  no 
problem  in  the  angle  signal  because  it  is  measur- 
ing  the  absolute  value  for  all  times.  However,  when 
the  power  source  V  is  disconnected,  the  UP/DOWN 
counter  126  loses  its  counted  value  and  the  mea- 
sured  value  of  the  rotation  number  with  no  be 
reproduced.  In  order  prevent  this  rawback,  a  bat- 
tery  (for  example,  a  lithium  battery)  127  is  incor- 
porated  on  the  terminal  of  power  source  V  for  the 
UP/DOWN  counter  126,  and  when  the  power 
source  V  is  disconnected,  the  UP/DOWN  counter 
126  alone  is  arranged  to  be  operated  by  preventing 
the  reverse  flow  of  the  current  in  the  battery  127. 

As  described  in  the  foregoing,  by  incorporating 
a  rotation  number  measuring  circuit  in  a  rotary 
encoder  which  can  detect  the  angle  signal  in  ab- 
solute  value,  and  in  addition,  by  backing  up  the 
counter  in  the  measuring  circuit,  it  becomes  possi- 
ble  to  prevent  the  disappearance  of  the  rotation 
number  due  to  disconnection  of  the  power  source. 

In  the  present  embodiment,  the  measurement 
of  the  rotation  number  was  carried  out  by  process- 
ing  the  detected  signal  of  photodiodes.  However  it 
may  also  be  done  by  processing  the  output  of  the 
encoder,  namely,  the  angle  signal.  In  this  case,  if 
signals  for  detecting  three  consecutive  photodiodes 
are  formed  in  the  decoder  from  the  angle  signal, 
subsequent  processing  will  become  realizable  by 
applying  the  composition  of  the  embodiment  de- 
scribed  in  the  foregoing. 

By  referring  to  Fig.  8,  another  modification  to 
the  signal  processing  circuit  shown  in  Fig.  4  will  be 
described.  The  circuit  134  for  this  modification  is 
obtained  by  adding  a  maximum  value  selection  unit 
136  that  selects  the  maximum  value  of  the  sensor 
outputs  in  the  case  when  light  is  incident  upon  a 
plurality  of  photodiodes,  to  a  conversion  circuit 
which  is  similar  to  the  conversion  circuit  shown  in 
Fig.  7.  The  maximum  value  selection  unit  136 
comprises  comparators  138-1,  138-2  and  138-n 
that  compare  the  outputs  of  the  respective  pairs  of 
adjacent  photodiodes,  inverters  140-1,  140-2 
and  140-n  for  inverting  the  outputs  of  two  adjacent 
comparators  in  the  preceding  stage,  and  NAND 
circuits  142-1,  142-2  and  142-n  for  taking  the 
NAND  operation  between  the  output  from  the  com- 
parator  138  and  the  output  from  the  inverter  140. 

Referring  to  Fig.  8,  the  operation  of  the  maxi- 
mum  value  selection  unit  136  will  be  described.  As 
shown  in  Fig.  8,  light  emitted  from  the  light-emitting 
diode  is  transmitted  by  an  optical  fiber  46  fixed  to 
the  rotating  member  and  is  detected  by  the 
photodiode  that  is  situated  at  the  position  that  faces 

the  tip  of  the  rotating  member.  The  light-receiving 
array  139  of  the  irradiated  photodiode  45  becomes 
on  condition,  and  a  current  flows  from  the  DC 
power  source  Vc  to  a  linear  amplifier  141  via  the 

5  light-receiving  array  139  and  is  amplified.  The  lin- 
ear  amplifier  141  is  provided  for  each  of  the 
photodiodes  45  and  power  is  supplied  by  the  DC 
power  source  Vc.  The  output  signal  of  each  of  the 
linear  amplifiers  141  is  input  along  with  the  output 

io  signal  of  another  linear  amplifier  141  that  corre- 
spond  to  the  adjacently  situated  photodiode  45,  to 
the  two  input  terminals  A  and  B  of  the  comparators 
138. 

A  comparator  138  compares  the  intensities  of 
is  the  output  signals  from  each  of  the  linear  amplifiers 

that  are  input  to  the  input  terminals  A  and  B.  If  the 
signal  that  is  input  to  the  terminal  A  is  stronger 
than  that  input  to  the  input  terminal  B,  the  com- 
parator  138  outputs  a  positive  voltage,  and  if  the 

20  signal  that  is  input  to  the  input  terminal  B  is  stron- 
ger  than  that  input  to  the  input  terminal  A,  it  out- 
puts  a  negative  voltage.  The  output  signal  from 
each  of  the  comparators  138  is  inverted  by  an 
inversion  amplifier  140  that  is  provided  for  each  of 

25  the  comparator  138.  The  output  signal  of  each  of 
the  inverting  amplifier  140  is  taken  the  NAND  op- 
eration  in  a  NAND  circuit  142,  with  the  output 
signal  of  a  comparator  138  whose  input  terminal  A 
is  connected  to  the  output  terminal  of  a  linear 

30  amplifier  141  that  is  connected  to  the  input  terminal 
B  of  a  comparator  138  that  is  connected  to  the 
inverting  amplifier  140  in  question.  The  output  sig- 
nal  of  the  NAND  circuit  142  is  input  to  the  control 
terminal  of  the  amplifier  112  that  is  provided  for 

35  each  of  the  NAND  circuits  142.  If  signal  "0"  is 
input  to  this  control  terminal  from  a  NAND  circuit 
142,  the  amplifier  opens  the  gate  and  outputs  the 
signal  that  is  input  from  the  linear  amplifier  141  by 
inverting  it. 

40  The  output  terminal  of  each  of  the  amplifiers 
112  is  connected,  via  diodes  144  whose  anode 
side  is  connected  to  each  of  the  load  resistors,  to 
predetermined  load  resistors  143  out  of  the  n  load 
resistors  143  that  are  connected  to  the  DC  power 

45  source  Vc,  in  a  connection  condition  which  is  dif- 
ferent  for  each  amplifier  112.  When  the  output 
voltage  of  an  amplifier  112  becomes  less  than  0, 
the  load  resistor  143  that  is  connected  to  the 
amplifier  112  via  diodes  144  is  short-circuited  to 

50  the  ground  that  is  built-in  but  not  shown  in  the 
amplifier  112.  One  end  of  the  load  resistor  143 
whose  the  other  end  is  connected  to  the  DC  power 
source  Vc  is  connected  to  the  input  terminal  of 
each  of  the  NOT  circuits  120.  After  the  negative 

55  logic  signals  that  are  obtained  in  short-circuiting  of 
the  load  resistors  143  are  input  to  the  NOT  circuits 
120,  and  the  negative  logic  signals  are  inverted  to 
positive  logic  signals  and  are  output  from  each  of 

7 



13 EP  0  213  368  B1 14 

the  terminals  145-1,  145-2  and  145-n. 
Further,  diodes  144  are  connected  between 

each  of  the  load  resistors  143  and  each  of  the 
amplifiers  112,  in  such  a  way  as  to  have  the 
positive  logic  signals  that  are  output  from  each  of 
the  terminals  145-1,  145-2  and  145-n  are  ob- 
tained  in  accordance  with  Gray  code  that  is  as- 
signed  to  each  of  the  photodiodes  45. 

Here,  if  the  rotation  of  the  rotating  member  is 
stopped  and  photodiodes,  for  example,  45-1  ,  45-2, 
and  45-3  detect  light,  then  each  of  the  photodiodes 
45-1  ,  45-2,  and  45-3  is  brought  to  the  on-state,  so 
that  currents  are  input  from  the  DC  power  source 
Vc  to  each  of  the  linear  amplifiers  141-1,  141-2, 
and  114-3  via  each  of  the  light-receiving  arrays 
139.  The  output  signals  of  each  of  the  linear  am- 
plifiers  141-1,  141-2,  and  141-3  are  input  to  the 
input  terminal.  A  of  the  respective  comparators 
138-2,  138-3,  and  138-4,  as  well  as  to  the  input 
terminal  B  of  the  respective  comparators  138-1, 
138-2,  and  138-3.  To  the  input  terminal  A  of  the 
comparator  138-1  there  is  input  the  output  signal  of 
the  linear  amplifier  141-0  to  which  is  connected  the 
photodiode  45-1  which  is  not  detecting  light.  Since 
the  light-receiving  area  of  the  light-receiving  array 
139  of  the  photodiode  45-2  is  greater  than  that  of 
the  photodiode  45-1  ,  the  value  of  the  current  output 
from  the  linear  amplifier  45-2  exceeds  that  of  the 
linear  amplifier  45-1.  Then,  the  current  value  that  is 
input  to  the  input  terminal  A  of  the  comparator  138- 
1  is  smaller  than  the  current  value  input  to  the 
input  terminal  B  of  the  same  comparator,  so  that 
there  is  output  a  negative  voltage  from  the  com- 
parator  138-1.  Similarly,  the  light-receiving  area  of 
the  light-receiving  array  139  of  the  photodiode  45-3 
is  greater  than  that  of  the  photodiode  45-2,  so  that 
the  comparator  138-2  outputs  a  negative  voltage. 
Further,  the  light-receiving  area  of  the  light-receiv- 
ing  array  139  of  the  photodiode  45-3  is  greater 
than  that  of  the  photodiode  45-4,  and  the  light- 
receiving  area  of  the  light-receiving  array  139  of 
the  photodiode  45-4  is  greater  than  that  of  the 
photodiode  45-5,  so  that  both  of  the  comparators 
138-3  and  138-4  output  positive  voltage. 

For  comparators  138  other  than  the  compara- 
tors  138-1,  138-2,  138-3,  and  138-4,  the  current 
values  that  are  input  to  both  of  the  input  terminals 
A  and  B  are  in  balance,  so  that  there  will  be  output 
neither  positive  nor  negative  voltage  from  these 
comparators.  The  inverting  amplifier  140-2  which 
receives  a  negative  voltage  from  the  comparator 
138-2  outputs  a  positive  voltage  which  is  input  to 
the  NAND  circuit  142-2.  The  NAND  circuit  142-2 
takes  the  NAND  operation  of  the  positive  voltage 
that  is  output  from  the  comparator  138-2  and  the 
positive  voltage  output  from  the  inverting  amplifier 
140-2,  and  outputs  "0"  signal.  The  amplifier  112-2 
receives  "0"  signal  that  is  output  by  the  NAND 

circuit  142-2,  in  its  control  terminal.  Therefore,  it 
opens  its  gate,  inverts  the  output  signal  that  con- 
sists  of  a  positive  voltage  from  the  linear  amplifier 
141-2,  and  gives  rise  to  a  negative  voltage  on  its 

5  output  terminal  side.  In  the  load  resistors  143-2  and 
143-n,  out  of  143-1,  143-2  and  143-n,  that  are 
connected  to  the  amplifier  112-2  via  the  diodes 
144,  there  flow  currents  from  the  DC  power  source 
Vc.  However,  in  the  rest  of  the  load  resistors  143 

io  there  will  flow  no  current  from  the  DC  power 
source  Vc  since  they  are  not  connected  to  the 
amplifier  112-2  via  the  diodes  144.  Therefore,  to 
the  NOT  circuits  120  there  are  input  negative  logic 
signals  of  "1,  0,  1  0"  corresponding  to  the 

15  respective  NOT  circuits  of  120-1,  120-2,  120-3 
and  120-n.  Each  of  the  NOT  circuits  120  inverts  the 
negative  logic  signal  "1,  0,  1  0"  to  a  positive 
logic  signal  "0,  1,  0  1",  and  outputs  the  cor- 
responding  result  from  each  of  the  terminals  145-1, 

20  145-2,  145-3  and  145-n.  Moreover,  the  amplifi- 
ers  112  except  for  the  amplifier  112-2  all  have  an 
output  signal  "1  "  for  the  NAND  circuits  142  that  are 
connected  to  their  control  terminals  so  that  their 
gates  are  not  opened  and  hence  the  output  signals 

25  of  these  amplifiers  have  all  positive  voltages.  Ac- 
cordingly,  none  of  the  amplifiers  other  than  the 
amplifier  112-2  will  short-circuit  the  load  resistors. 

As  in  the  above,  in  the  rotary  encoder  of  the 
present  embodiment,  it  is  possible  to  select  a 

30  photodiode  which  receives  light  most,  even  when 
the  output  light  that  is  irradiated  by  the  optical  fiber 
46  is  not  concentrated  to  a  single  photodiode  45 
and  extends  over  more  than  two  photodiodes,  and 
to  output  a  coded  signal  which  is  characteristic  to 

35  the  selected  photodiode  45.  Therefore,  it  becomes 
possible  to  reduce  the  separation  between  the 
photodiodes  that  are  arranged  in  a  row  to  be  less 
than  the  width  of  the  light  that  is  irradiated  by  the 
optical  fiber.  This  leads  to  a  higher  density  and 

40  more  compressed  arrangement  of  the  photodiodes 
45,  and  to  a  detection  of  the  amount  of  rotation 
with  higher  accuracy. 

It  is  apparent  that  the  structure  described  in  the 
above  will  include  various  modifications. 

45  Thus,  for  instance,  the  digital  signals  that  are 
output  from  the  NAND  circuits  72-1,  72-2,  72-3 
and  72-n  in  the  encoder  shown  in  Fig.  4  are  output 
as  parallel  signals  that  permit  rapid  processing. 
However,  they  may  also  be  output  as  series  signals 

50  by  converting  them.  Namely,  as  shown  in  Fig.  9, 
each  output  signal  from  the  NAND  circuits  72-1, 
72-2,  72-3  and  72-n  may  be  cheeked  as  to  its 
parity  in  the  parity  checking  circuit  150.  The  parity 
check  signal  152  and  the  angle  detection  signals 

55  154-1,  154-2,  154-3  and  154-n,  supplemented 
by  a  start  signal  156  and  a  stop  signal  158,  may  be 
output  as  a  series  signals  162  by  means  of  a  shift 
register  or  a  multiplexer  160. 
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Moreover,  the  optical  sensors  may  be  con- 
structed  using  elements  made  of  a  photo-electric 
body  or  elements  with  photo-voltaic  property  such 
as  CdS  or  PdS,  in  addition  to  be  constructed  by 
using  phototransistors  or  photodiodes  as  in  the 
above  embodiment.  When  the  output  current  due 
to  photo  Darlington  is  sufficiently  strong,  amplifica- 
tion  of  the  current  by  amplifier  can  be  done  with- 
out.  Further,  the  digital  signals  output  so  as  to 
show  the  rotation  angle  may  be  output  as  negative 
logic  signals  without  being  inverted  to  positive  logic 
signals  by  means  of  the  NAND  circuits  72-1,  72-2, 
72-3  and  72-n. 

Next,  referring  to  Fig.  10,  a  modification  in 
which  a  prism  is  used  in  the  optical  transfer  route 
between  the  light-emitting  and  light-receiving  ele- 
ments  in  the  displacement  detector  in  the  rotary 
encoder  shown  in  Fig.  3.  Namely,  light  emitted  by 
the  light-emitting  diode  42  is  led  to  the  photodiode 
44  by  the  use  of  the  prism  166  that  is  formed  and 
held  in  the  rotating  member  38.  In  other  words, 
light  emitted  from  the  light-emitting  diode  42  is 
reflected  by  a  first  reflecting  surface  166-1  of  the 
prism  that  is  formed  inclined  on  one  end  of  the 
rotating  member  38  that  faces  the  light-emitting 
diode  42  above  of  it.  The  reflected  light  is  reflected 
again  by  a  second  reflecting  surface  166-2  formed 
inclined  on  the  other  end  of  the  member  that  faces 
the  phototransistor  44  above  of  it,  and  then  im- 
pinges  upon  a  certain  photodiode  44-1.  In  addition, 
mirrors  may  be  used  in  place  of  the  reflecting 
surfaces  of  the  prism.  Further,  the  reflecting  sur- 
faces  or  mirrors  may  be  formed  curved  to  give  foci 
to  these  surfaces. 

Moreover,  the  disposition  of  the  light-emitting 
diodes  and  phtotransistors  that  are  arranged  on  the 
semiconductor  chip  40  needs  not  be  limited  to  the 
ones  shown  in  the  embodiments  shown  in  Figs.  3 
and  10,  and  may  be  such  as  shown  in  Fig.  11  or 
12.  Namely,  on  a  semiconductor  168,  with  the 
intersection  of  the  axis  center  of  the  rotation  shaft 
34  as  the  center,  there  are  arranged  a  plurality  of 
light-emitting  diodes  170  on  the  outer  circumfer- 
ence  of  one  of  the  two  concentric  circles,  and  on 
the  circumference  of  the  inner  concentric  circle 
there  are  arranged  photodiode  172  so  as  to  cor- 
respond  to  each  of  the  light-emitting  diode  170  on 
the  same  radial  direction.  With  this  set-up,  light 
emitted  from  a  light-emitting  diode  170  is  trans- 
ferred  to  a  corresponding  phototransistor  172  by 
means  of  a  prism  176  or  an  optical  fiber  178 
formed  in  a  rotating  member  174.  (The  arrange- 
ment  of  the  light-emitting  diodes  and  the  phototran- 
sistors  may  be  reversed.)  By  such  an  arrangement 
of  the  light-emitting  diodes  170  and  the  photodiode 
172,  a  relatively  spacious  area  can  be  secured  at 
the  center  of  the  semiconductor  chip,  so  that  it 
facilitates  the  design  and  arrangement  of  such  a 

circuit  as  for  generating  digital  signals. 
Still  another  arrangement  is  shown  in  Fig.  13. 

Namely,  a  plurality  of  photodiode  182  are  arranged 
on  a  circumference  with  an  equal  separation,  two 

5  strips  of  band-shaped  electrode  rings  188  are 
wound  in  parallel  on  the  side  surface  of  a  rotation 
shaft  186  that  is  supported  by  a  bearing  184,  and 
two  electrode  plates  192  are  connected  to  each  of 
the  electrode  rings  188.  The  electrode  rings  188 

io  and  the  light-emitting  diode  198,  which  is  posi- 
tioned  at  the  tip  of  the  rotating  member  194  so  as 
to  move  along  the  circumference  on  which  are 
arranged  phototransistors  182,  are  connected  by 
lead  wires  200  and  202  that  are  not  shown  in  the 

is  figure.  Electricity  that  is  supplied  to  the  electrode 
rings  188  from  an  external  power  source  190  via 
the  lead  wires  200  and  202,  is  sent  to  the  light- 
emitting  diode  198  to  light  up  the  diode  198.  Inter- 
locked  with  the  rotation  shaft  186,  the  light-emitting 

20  diode  198  encircles  over  the  phototransistors  182 
that  are  arranged  on  the  circumference.  Therefore, 
there  is  no  need  for  providing  a  light-emitting  diode 
and  a  power  source  for  lighting  on  the  semiconduc- 
tor  chip  180,  making  the  circuit  construction  on  the 

25  semiconductor  chip  simple.  Moreover,  there  is  a 
method  of  supplying  current  to  the  light-emitting 
diode  198  that  moves  around  over  the  photodiode 
182,  as  shown  in  Fig.  14.  Namely,  a  high  frequency 
wave  from  a  high  frequency  power  source  206  is 

30  supplied  to  a  coil  204  that  is  fixed  to  the  bearing 
184,  and  an  induced  electromotive  force  is  gnerat- 
ed  in  a  rotating  coil  208  that  is  fixed  to  the  rotation 
shaft  186.  The  exciting  current  that  is  generated  in 
the  rotating  coil  208  that  is  fixed  to  the  rotation 

35  shaft  186  is  rectified  by  a  rectifier  210  that  is 
provided  on  the  rotation  shaft,  and  lights  up  the 
light-emitting  diode  198.  With  such  a  construction  it 
becomes  possible  to  supply  current  to  the  rotating 
light-emitting  diode  by  a  simpler  method  and  in  a 

40  surer  way  than  by  the  previous  construction  in 
which  the  light-emitting  diode  is  lighted  by  means 
of  the  dectrode  rings  and  the  contact  plates.  Fur- 
thermore,  the  first  embodiment  in  accordance  with 
the  present  invention  may  also  be  applied  to  the 

45  linear  encoder,  as  shown  in  Fig.  17.  To  cite  an 
example,  a  plurality  of  photodiode  214  may  be 
disposed  in  a  row  on  a  rectangular  semiconductor 
chip  212  in  its  longitudinal  direction  with  a  pre- 
determined  separation,  and  two  parallel  linear 

50  guides  218,  that  serve  also  as  the  electrodes  to 
which  is  supplied  a  current  from  a  power  source 
216,  are  placed  in  the  longitudinal  direction  above 
the  semiconductor  chip  212.  Further,  a  linear  trav- 
eler  is  provided,  and  is  engaged  slidably  to  the 

55  linear  guides  218,  that  moves  linearly  facing  each 
of  the  phototransistors  214,  holding  a  light-emitting 
diode  220  that  lights  up  by  receiving  current  from 
the  linear  guides  218.  When  each  of  the 
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photodiode  214  detects  light  from  the  light-emitting 
diode  220,  it  outputs  a  characteristic  digital  signal 
from  a  signal  processing  system  that  is  not  shown. 
In  this  way,  it  becomes  possible  to  detect  the 
position  of  the  linear  traveler  217  that  holds  the 
light-emitting  diode  220,  from  the  knowledge  on  the 
digital  signal  that  is  output. 

Next,  by  referring  to  Figs.  15  and  16,  descrip- 
tion  will  be  given  about  the  disposition  on  the 
semiconductor  chip  40  of  the  signal  processing 
circuit  shown  in  Fig.  3  for  outputting  a  digital  signal 
which  is  characteristic  to  each  of  the  photodiode  44 
that  received  light.  Further,  as  shown  in  Fig.  15,  the 
surface  of  the  semiconductor  chip  40  is  subdivided 
into  four  annular  regions  A,  B,  C,  and  D  that  are 
partitioned  by  five  concentric  circles  and  one  re- 
gion  E  that  consits  of  a  circle  at  the  center.  At  the 
four  corners  (in  the  figure,  two  of  the  four  corners) 
on  the  surface  of  the  semiconductor  chip  40,  there 
are  formed  as  bonding  pads,  a  terminal  Pi  ,  for  the 
ground,  a  terminal  P2  for  a  power  source  Vc,  and 
digital  signal  output  terminals  P3,  P+,  P5  and 
Pn.  As  shown  in  Fig.  16,  in  each  of  the  regions  A, 
B,  C,  D,  and  E  there  are  arranged  a  circuit  which  is 
equivalent  to  the  circuit  for  outputting  digital  signals 
for  the  embodiment  shown  in  Fig.  4.  Namely,  in  the 
outermost  annular  region  A  there  are  arranged 
along  the  circumference  with  equal  spacing  a  plu- 
rality  of  sets,  each  set  consisting  of  a  photodiode 
222,  a  linear  amplifier  224  for  amplifying  the  cur- 
rent  that  is  detected  by  the  diode,  a  Schmitt  circuit 
226  for  binary  coding  the  amplified  detected  cur- 
rent,  and  an  open-collector  transistor  228  that  is 
operated  by  the  binary  coded  signal  that  is  ob- 
tained.  In  the  region  B  which  is  next  to  the  region  A 
on  the  inside,  there  are  arranged  diode  groups 
230-1,  230-2,  230-3  and  230-n,  each  group 
being  surrounded  by  the  single-chained  line  in  the 
figure,  that  are  connected  respectively  to  the  tran- 
sistors  228  in  the  region  A.  In  the  region  C  on  the 
inside  of  the  region  B,  there  are  arranged  load 
resistors  232-1,  232-2,  232-3  and  232-n  that 
serve  as  the  pull-up  resistors  and  NAND  circuits 
234-1,  234-2,  234-3  and  234-n.  In  the  region  D 
on  the  inside  of  the  region  C,  there  are  arranged  a 
terminal  223  for  the  ground,  a  terminal  236  for  the 
power  source  Vc,  and  output  terminals  238-1  ,  238- 
2,  238-3  and  238-n  of  the  NAND  circuits  234-1, 
234-2,  234-3  and  234-n.  In  the  region  E  is 
arranged  a  light-emitting  diode  42  that  is  lighted  up 
by  the  supply  of  current  from  the  ground  terminal 
223  and  a  power  source  terminal  236,  together  with 
a  resistor  240.  The  connection  between  each  of  the 
terminals  in  the  region  D  and  each  of  the  terminals 
at  the  corners  on  the  semiconductor  chip  40  may 
be  done  by  such  a  method  as  given  below.  Name- 
ly,  a  method  of  connecting  the  terminals  that  are 
taken  out  to  the  reverse  side  of  the  semiconductor 

chip  40  by  drilling  holes  on  the  semiconductor  chip 
40,  or  a  method  in  which  the  semiconductor  chip 
40  is  given  a  two-layer  structure  and  the  connec- 
tion  of  the  terminals  is  achieved  between  the  layers 

5  by  taking  out  the  terminals  to  the  interlayer  region. 
In  addition,  in  place  of  the  photodiode  222,  the 
linear  amplifier  224,  and  the  Schmidt  circuit  226,  a 
photo  Darlington  may  be  constructed  by  the 
phototransistor  and  the  transistor. 

10  As  in  the  above,  the  photodiode  222  are  ar- 
ranged  on  a  circumference  on  the  semiconductor 
chip  40  and  the  diode  groups  230-1  ,  230-2,  230-3, 

and  230-n  are  connected  to  the  load  resistors 
232-1  ,  232-2,  232-3  and  232-n  so  as  to  output 

15  characteristic  digital  signals,  so  that  the  rotation 
angle  of  the  rotation  shaft  34  can  be  detected  in 
absolute  value  from  the  digital  signal.  Moreover, 
the  light-emitting  diodes,  the  light-receiving  diodes, 
and  further,  the  circuits  for  generating  digital  sig- 

20  nals  that  are  characteristic  to  the  respective 
phototransistors  are  provided  in  a  united  body  as 
an  integrated  circuit  on  the  same  semiconductor 
chip.  An  extremely  high  accuracy  disposition  of  the 
light-emitting  and  the  light-receiving  diodes  can  be 

25  attained  with  high  density  as  a  characteristic  fea- 
ture  of  the  integrated  circuit,  so  that  it  becomes 
possible  to  improve  the  detection  precision  sharply, 
and  to  realize  a  rotary  encoder  which  is  super 
miniaturized  and  super  light  in  weight. 

30  Next,  referring  to  Figs.  18  to  26,  a  displace- 
ment  detector  will  be  described. 

As  shown  in  Figs.  18  and  19,  a  rotary  encoder 
is  shown  with  reference  numeral  250.  The  rotary 
encoder  250  has  a  case  252  that  consists  of  a 

35  cylindrical  shell  shown  by  the  single-chained  line  in 
Fig.  18,  and  has  a  rotation  shaft  256  that  is  inserted 
to  the  interior  of  the  case  252  perpendicular  to  the 
center  of  the  top  surface  of  the  case  252,  being 
supported  by  a  bearing  254.  The  rotation  shaft  256 

40  rotates  coaxially  with  the  rotation  shaft,  that  is  not 
shown,  of  the  object  to  be  measured,  and  at  the  tip 
of  the  rotation  shaft  256  in  the  case  252  there  is 
fixed  a  rotating  member  258  with  its  one  end 
supported  by  the  rotation  shaft  256  and  its  the 

45  other  end  arranged  to  rotate  around  the  axis  center 
of  the  rotation  shaft  256  together  with  the  rotation 
shaft  256.  On  the  inside  bottom  surface  of  the  case 
252  there  is  placed  a  square  semiconductor  chip 
260.  At  the  section  on  the  semiconductor  chip  260 

50  where  the  axis  center  of  the  rotation  shaft  256 
intersects  the  chip  there  is  arranged  a  phototran- 
sistor  262  that  serves  as  the  light-receiving  ele- 
ment.  Further,  on  the  semiconductor  chip  260  there 
are  arranged  a  plurality  of  light-emitting  diodes  that 

55  serve  as  light-emitting  elements  on  the  circum- 
ference  of  a  circle  that  has  the  phototransistor  262 
as  the  center,  in  such  a  manner  as  to  be  positioned 
below  the  other  end  of  the  rotating  member  258. 

10 
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Namely,  on  the  surface  of  the  rotating  member  258 
that  faces  the  semiconductor  chip  260  there  is 
provided  a  prism  266  as  shown  in  Fig.  19.  Light 
emitting  by  one  of  the  plurality  of  the  light-emitting 
diodes  264  is  reflected  by  a  first  reflecting  surface 
268  of  a  prism  266  that  is  arranged  inclined  on  one 
end  of  the  rotating  member  258  facing  the  light- 
emitting  diodes  264.  The  reflected  light  is  reflected 
again  by  a  second  reflecting  surface  270  that  is 
arranged  inclined  on  the  other  end  of  the  rotating 
member  that  faces  the  phototransistor  262,  and 
impinges  upon  the  phototransistor  262.  Here,  the 
light-emitting  diodes  are  flashed  in  turn  by  means 
of  a  signal  processing  circuit  that  will  be  described 
below  that  is  formed  on  the  semiconductor  chip 
260,  so  as  to  have  a  rotation  of  the  lighted  position 
of  the  light-emitting  diodes  264  that  are  arranged 
on  the  circumference  of  a  circle.  Thus,  when  the 
illuminating  light  from  one  of  the  light-emitting  di- 
ode  264-1  impinges  upon  the  phototransistor  262 
via  the  rotating  member  258,  the  signal  processing 
circuit  outputs  a  digital  signal  which  is  characteris- 
tic  to  the  light-emitting  diode  264-1  that  emitted  the 
illuminating  light.  In  the  following,  the  process  of 
outputting  a  digital  signal  which  is  assigned  individ- 
ually  to  each  of  the  light-emitting  diodes  264  by 
means  of  the  signal  processing  circuit  will  be  de- 
scribed  by  making  reference  to  Fig.  20. 

On  the  semiconductor  chip  260,  a  current  is 
supplied  to  the  light-emitting  diodes  264  so  as  to 
keep  the  lighted  position  of  the  light-emitting  di- 
odes  264  flash  successively  in  one  direction,  by 
means  of  a  flashing  circuit  that  is  provided  in  the 
above  circuit.  Namely,  the  clock  number  from  an 
oscillator  272  is  counted  by  a  counter  274  with 
scale  of  n  which  is  equal  to  the  number  of  light- 
emitting  diodes  264,  and  a  digital  output  signal  that 
corresponds  to  the  counted  value  is  output  to  a 
decoder  276.  In  the  decoder  276,  the  light-emitting 
diode  264  that  corresponds  to  the  counted  value  of 
the  counter  274  is  flashed  in  turn.  Light  from  an 
arbitrary  light-emitting  diode  264  that  is  flashed  in 
this  manner,  is  detected  by  the  phototransistor  262 
that  receives  light  via  the  reflecting  surfaces  268 
and  270  of  the  prism  266  that  is  arranged  in  the 
rotating  member  258.  Then,  a  collector  current  will 
flow  in  the  phototransistor  262  that  detected  the 
light,  the  current  is  amplified  by  the  photo-Dar- 
lington  278,  and  a  resistor  280  that  is  connected  to 
the  DC  power  source  Vcc  in  series  is  short-cir- 
cuited.  The  negative  pulse  which  is  a  negative  logic 
output  that  is  obtained  as  a  result  of  short-circuiting 
of  the  resistor  280  is  input  to  a  register  282.  When 
a  negative  pulse  is  input,  the  register  282  holds  the 
counted  value  of  the  counter  274  and  outputs  a 
digital  output  signal  that  corresponds  to  the  count- 
ed  value.  Since  the  values  counted  by  the  counter 
correspond  to  the  respective  light-emitting  diodes 

264,  so  that  the  signal  output  by  the  register  282 
represents  an  angle  signal  that  shows  the  rotation 
angle  of  the  rotation  shaft  256  in  absolute  value. 

In  this  manner,  as  a  result  of  rotation  that 
5  accompanies  the  rotating  member  258  of  the  rota- 

tion  shaft  256  that  is  interlocked  to  the  rotation  of 
the  object  to  be  measured,  light  from  a  certain 
light-emitting  diode  264  is  detected  by  a  phototran- 
sistor  262  via  the  reflecting  surfaces  268  and  270 

io  of  the  prism  266  provided  in  the  rotating  member 
258.  Then,  there  is  obtained  a  digital  signal  which 
is  characteristic  to  the  light-emitting  diode  264  that 
emitted  light  that  is  detected,  so  that  it  becomes 
possible  to  detect  the  rotation  angle  of  the  rotation 

is  shaft  256  as  an  absolute  angle.  Furthermore,  the 
light-emitting  diodes,  the  phototransistors,  and 
moreover,  the  circuits  for  generating  digital  signals 
that  are  characteristic  to  the  respective  light-emit- 
ting  diodes  are  provided  in  a  united  body  on  the 

20  same  semiconductor  chip  as  an  integrated  circuit. 
Therefore,  as  a  special  feature  of  the  integrated 
circuit  it  becomes  possible  to  mount  all  the  ele- 
ments  with  high  density,  and  hence,  to  realize  a 
rotary  encoder  which  is  super  miniaturized  and 

25  super  light  in  weight  that  sharply  improves  the 
detection  precision. 

Moreover,  it  is  apparent  that  various  modifica- 
tions  may  be  added  to  the  construction. 

Thus,  for  instance,  the  digital  signals  that  re- 
30  present  the  detected  signals  output  from  the  regis- 

ter  282  as  parallel  signals  in  the  second  embodi- 
ment  may  also  be  output  as  series  signals  by 
conversion.  Namely,  as  shown  in  Fig.  21,  each  of 
the  outputs  from  the  register  282  may  be  checked 

35  as  to  the  parity  in  a  parity  checking  circuit  284,  and 
may  be  output  as  series  signals  from  a  shift  regis- 
ter  or  a  multiplexer  294,  by  supplementing  the 
parity  checking  signal  286  and  the  angle  detection 
signals  288-1,  288-2,  288-3  and  288-n  by  a 

40  start  signal  290  and  a  stop  signal  292. 
Moreover,  the  photo  sensors  may  also  be  con- 

structed  using  photodiodes  or  elements  made  of 
photoelectric  material  or  with  photo-voltaic  property 
such  as  CdS  or  PdS,  in  addition  to  the  phototran- 

45  sistors. 
In  addition,  the  disposition  of  the  light-emitting 

diodes  and  the  phototransistors  on  the  semicon- 
ductor  chip  need  not  be  limited  to  that  of  the 
embodiment  described  in  the  foregoing.  Thus,  for 

50  example,  it  may  be  as  shown  in  Fig.  22.  Namely, 
on  a  semiconductor  chip  296  there  are  two  concen- 
tric  circles  with  the  intersection  of  the  rotation  shaft 
256  with  the  chip  296  as  the  center.  On  the  outer 
concentric  circle  there  are  arranged  a  plurality  of 

55  phototransistors  298.  On  the  inner  concentric  circle 
there  are  arranged  light-emitting  diodes  300  on  the 
radial  directions  corresponding  to  each  of  the 
phototransistors  298.  Between  a  pair  of  phototran- 
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sistor  298  and  light-emitting  diode  300,  light  emit- 
ted  by  the  light-emitting  diode  300  that  is  flashed  is 
transmitted  to  the  phototransistor  298  by  means  of 
a  prism  304  that  is  formed  in  the  rotating  member 
302.  In  this  modification,  as  shown  also  in  Fig.  23, 
a  negative  pulse  which  is  generated  by  the  detec- 
tion  of  the  incident  light  by  the  phototransistor  262, 
is  input  to  a  NOR  circuit  306,  and  the  positive 
pulse  outPut  from  the  NOR  circuit  306  is  sent  out 
to  the  register  282.  The  register  282  that  receives  a 
positive  pulse,  outputs  to  the  outside  the  counted 
value  of  the  counter. 

With  such  a  disposition  of  the  phototransistors 
298  and  the  light-emitting  diodes  300,  relatively 
spacious  region  can  be  secured  at  the  center  of 
the  semiconductor  chip  so  that  it  becomes  possible 
to  facilitate  the  design  and  arrangement  of  circuits 
such  as  the  one  for  generating  digital  angle  signals. 

Still  another  modification  is  shown  in  Fig.  24. 
Namely,  on  a  semiconductor  chip  308,  a  plurality 
of  light-emitting  diodes  310  are  arranged  on  a 
circumference  with  equal  separations.  On  the  side 
surface  of  a  rotation  shaft  314  that  is  supported  by 
a  bearing  312,  there  are  wound  in  parallel  two 
band-like  electrode  rings  316.  These  electrode 
rings  316  serve  as  electrodes  for  a  phototransistor 
320  that  is  arranged  at  the  tip  of  the  rotating 
member  318,  facing  to  each  of  the  light-emitting 
elements,  and  are  connected  by  lead  wires  322 
and  324  that  are  shown  by  dotted  lines  in  the 
figure.  The  phototransistor  320  constitutes  a  photo 
Darlington  via  a  transistor  326  and  the  electrode 
rings  316,  and  the  transistor  326  is  connected  to 
the  phototransistor  320  via  the  plates  328  that 
make  contact  with  the  electrode  rings  316.  When 
the  phototransistor  320  detects  light,  a  collector 
current  flows  to  the  transistor  326  which  short- 
circuits  a  resistor  330  to  the  ground  so  that  there  is 
obtained  a  negative  pulse  P.  Then,  the  negative 
pulse  P  is  sent  to  the  register  282.  With  such  a 
construction,  the  phototransistor  320  that  is  inter- 
locked  with  the  rotation  shaft  314  moves  round 
ever  the  light-emitting  diodes  310  that  are  arranged 
on  a  circumference.  Therefore,  there  is  no  need  for 
arranging  phototransistors  on  the  semiconductor 
chip  308,  making  the  circuit  construction  on  the 
semiconductor  chip  308  simple. 

An  example  of  a  linear  encoder  is  shown  in 
Fig.  25,  where  a  plurality  of  light-emitting  diodes 
334  are  disposed  in  a  row  with  a  predetermined 
separation  along  the  longitudinal  direction  of  a  rec- 
tangular  semiconductor  chip,  and  two  linear  guides 
consisting  of  rectangular  pillars  made  of  a  conduct- 
ing  material  are  laid  over  the  semiconductor  chip 
332  in  the  longitudinal  direction.  Then,  a  linear 
traveler  340,  that  holds  a  phototransistor  338  con- 
sisting  of  a  photo  Darlington  that  uses  the  linear 
guides  336  so  as  to  let  it  move  linearly  in  a  state  of 

facing  each  of  the  light-emitting  diodes  334,  is 
engaged  slidably  to  the  linear  guides  336.  Now,  the 
light-emitting  diodes  334  are  lighted  up  in  turn  so 
that  when  the  phototransistor  338  detects  light  from 

5  a  light-emitting  diode  at  an  arbitrary  position,  a 
resistor  342  that  is  connected  to  the  power  source 
Vcc  is  short-circuited  to  the  ground,  and  a  negative 
pulse  P  is  sent  out  to  the  register  282.  As  a  result, 
the  register  282  outputs  a  digital  signal  which  is 

io  characteristic  to  the  light-emitting  diode  334  that 
detected  the  light.  In  this  way,  it  becomes  possible 
to  detects  the  position  of  the  linear  traveler  that 
holds  the  phototransistor  338. 

Now,  in  Fig.  18,  transfer  of  light  from  a  light- 
15  emitting  diode  264  to  the  phototransistor  262  is 

carried  out  by  means  of  the  prism  that  is  fixed  to 
the  rotating  member  258.  However,  analogous  to 
the  first  embodiment,  light  emitted  from  a  light- 
emitting  element  may  also  be  led  directly  to  the 

20  light-receiving  element  by  using  optical  fibers  348 
that  are  held  by  the  rotating  member  258,  as 
shown  in  Fig.  26.  By  the  use  of  the  optical  fibers 
348,  it  becomes  possible  to  realize  a  securer  trans- 
fer  of  light  from  a  light-emitting  diode  264  to  the 

25  phototransistor  262.  In  addition,  light  transfer  may 
be  achieved  by  providing  mirrors  on  the  prism. 
Further,  by  forming  the  reflecting  surface  or  the 
mirror  so  as  to  have  a  focus,  its  operation  can  be 
made  more  precise. 

30  In  summary,  it  is  possible  to  output  a  signal 
which  is  characteristic  to  a  light-emitting  element 
that  outputs  the  light,  in  response  to  the  detection 
by  the  light-receiving  element  of  the  light  that  is 
output  by  the  light-emitting  element.  Therefore,  it 

35  becomes  possible  to  carry  out  rapid  detection  with 
high  precision  of  the  absolute  displaced  position, 
by  the  use  of  a  small-sized  displacement  detector. 

Claims 
40 

1.  A  displacement  detector  for  detecting  the 
amount  of  displacement  of  an  object  to  be 
measured,  comprising: 

means  (42,170,198,264,300,310)  for  gen- 
45  erating  electromagnetic  energy; 

sensing  means  (44,45,172,182,222, 
298,320,262)  that  are  disposed  with  predeter- 
mined  spacing,  whose  state  changes  in  re- 
sponse  to  the  changes  in  received  electromag- 

50  netic  energy; 
electromagnetic  energy  varying  means 

(38,258,302,186)  which  is  arranged  movably, 
linked  to  the  motion  of  the  object  to  be  mea- 
sured,  along  the  row  of  said  generating  or 

55  sensing  means  in  order  to  vary  the  amount  of 
electromagnetic  energy  received  in  said  sens- 
ing  means  in  response  to  the  displacement 
amount  of  the  object  to  be  measured;  and 
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a  signal  processing  circuit  (52,106,134)  for 
converting  the  detection  signal  that  is  obtained 
from  said  sensing  means  situated  at  the  posi- 
tion  where  the  electromagnetic  energy  is 
changed  by  said  electromagnetic  energy  vary-  5 
ing  means,  to  a  coded  signal  which  is  char- 
acteristic  to  the  position  of  the  sensing  means 
at  the  position  where  there  was  a  change  in 
the  electromagnetic  energy  and  for  outputting 
the  coded  signal  as  a  displacement  detection  10 
signal; 

characterised  in  that  the  signal  processing 
circuit  (52,106,134)  comprises  diode  groups 
(68,  114,  230)  for  generating  signals  that  are 
characteristic  to  each  of  the  sensing  means,  is 
based  on  the  output  obtained  from  the  speci- 
fied  sensing  means,  a  power  source  (60)  that 
is  connected  in  series  to  the  diode  groups  via 
load  resistors  (70,132),  and  NOT  circuits 
(72,125,120)  that  invert  the  digital  output  sig-  20 
nals  from  the  respective  load  resistors  that  are 
pulled  to  ground  via  the  diode  groups  to  output 
them  as  the  displacement  signal,  based  on  the 
output  from  the  specified  sensing  means;  and 
in  that  25 

said  signal  processing  circuit  (52,106,134) 
further  includes  a  rotation  number  measuring 
unit  (110)  that  counts  the  number  of  rotations 
of  the  object  to  be  measured,  which  com- 
prises:  30 

(a)  a  flip-flop  (122)  whose  set  and  reset 
terminals  (S,R)  are  connected  to  receive  the 
detection  signals  of  two  sensing  means, 
(b)  first  and  second  AND  circuits 
(124A.124B)  for  obtaining  logical  products  35 
of  the  signals  from  the  Q  and  Q  terminals  of 
the  flip-flop  (122)  and  the  detection  signals 
from  one  sensing  means  other  than  the 
above  two,  and 
(c)  an  up-down  counter  (126)  whose  UP  and  40 
DOWN  input  terminals  are  connected  to  the 
output  terminal  of  the  first  and  second  AND 
circuits,  respectively,  for  counting  the  output 
signal  from  the  AND  circuits  (124A.124B). 

45 
A  displacement  detector  as  claimed  in  claim  1  , 
in  which  the  generating  means  comprises  a 
light-emitting  element  (264  or  42)  arranged 
with  the  signal  processing  circuit  (52)  on  a 
disk-like  semiconductor  chip  (40).  so 

A  displacement  detector  as  claimed  in  any 
preceding  claim,  further  comprising  light-trans- 
mitting  means  comprising  a  prism 
(166,304,266)  provided  on  the  object  to  be  55 
measured,  for  transmitting  light  from  said  elec- 
tromagnetic  energy  generating  means  consti- 
tuted  by  a  light-emitting  element  or  elements 

(42  or  264)  by  reflection  to  the  sensing  means 
(44,45,172,298,320  or  262). 

4.  A  displacement  detector  as  claimed  in  claim  1 
or  2  comprising  light-transmitting  means  com- 
prising  an  optical  fibre  (46,178)  provided  on 
the  object  to  be  measured  for  transmitting  light 
from  the  electromagnetic  energy  generating 
means,  constituted  by  light-emitting  elements 
or  element  (264  or  42)  to  the  sensing  means 
(262  or  44,45,172,222,298,320). 

5.  A  displacement  detector  as  claimed  in  any 
preceding  claim,  in  which  the  sensing  means 
(44,45,172,222,298,320,262)  comprises  a 
phototransistor  or  photodiode  and  the  elec- 
tromagnetic  energy  generating  means  (42,264) 
comprises  a  light-emitting  diode  or  a  laser 
diode. 

6.  A  displacement  detector  as  claimed  in  claim  5, 
in  which  said  sensing  means  comprises  a  plu- 
rality  of  light-receiving  elements  that  are  ar- 
ranged  in  circular  form  with  predetermined 
spacing,  and  said  electromagnetic  energy  gen- 
erating  means  comprises  a  light-emitting  ele- 
ment  provided  on  the  object  to  be  measured 
for  radiating  light,  linked  to  the  circular  motion 
of  the  object  to  be  measured. 

Patentanspruche 

1.  Verschiebungsdetektor  zur  Bestimmung  des 
Betrags  einer  Verschiebung  eines  zu  messen- 
den  Gegenstands,  umfassend; 

eine  Vorrichtung  (42,170,198,264,300,310) 
zum  Erzeugen  von  elektromagnetischer  Ener- 
gie; 

Sensorvorrichtungen 
(44,45,172,182,222,298,320,262),  die  mit  vor- 
bestimmten  Abstand  angeordnet  sind,  deren 
Zustand  sich  ansprechend  auf  die  Veranderun- 
gen  der  empfangenen  elektromagnetischen 
Energie  andert; 

eine  Vorrichtung  (38,258,302,186)  zum 
Verandern  von  elektromagnetischer  Energie, 
die  mit  der  Bewegung  des  zu  messenden  Ge- 
genstands  gekoppelt  entlang  der  Reihe  der 
Erzeugungs-  oder  Sensorvorrichtungen  beweg- 
bar  angeordnet  ist,  urn  den  Betrag  an  elektro- 
magnetischer  Energie,  der  in  den  Sensorvor- 
richtungen  empfangen  wird,  ansprechend  auf 
den  Betrag  der  Verschiebung  des  zu  messen- 
den  Gegenstands  zu  verandern;  und 

eine  Signalverarbeitungsschaltung 
(52,106,134),  urn  das  Identifizierungssignal, 
das  man  von  der  Sensorvorrichtung  erhalt,  die 
an  der  Stelle  gelegen  ist,  wo  die  elektromagne- 
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tische  Energie  durch  die  Vorrichtung  zum  Ver- 
andern  von  elektromagnetischer  Energie  ver- 
andert  wird,  in  ein  codiertes  Signal  umzuwan- 
deln,  das  fur  die  Position  der  Sensorvorrich- 
tung  an  der  Stelle,  wo  eine  Veranderung  der 
elektromagnetischen  Energie  erfolgte,  charak- 
teristisch  ist,  und  urn  das  codierte  Signal  als 
Verschiebungsidentifizierungssignal  auszuge- 
ben; 

messenden  Gegenstand  vorgesehenes  Prisma 
(166,304,266)  zum  Ubertragen  von  Licht  durch 
Reflexion  von  der  durch  ein  lichtemittierendes 
Bauteil  oder  lichtemittierende  Bauteilen  (42 

5  oder  264)  gebildeten  Vorrichtung  zum  Erzeu- 
gen  von  elektromagnetischer  Energie  zur  Sen- 
sorvorrichtung  (44,45,172,298,320  oder  262). 

4.  Verschiebungsdetektor  nach  Anspruch  1  oder 
io  2,  umfassend  eine  Lichtubertragungsvorrich- 

tung,  die  eine  auf  dem  zu  messenden  Gegen- 
stand  vorgesehene  optische  Faser  (46,178) 
umfaBt,  zum  Ubertragen  von  Licht  von  der 
durch  lichtemittierende  Bauteile  oder  ein  lichte- 

15  mittierendes  Bauteil  (264  oder  42)  gebildeten 
Vorrichtung  zum  Erzeugen  von  elektromagneti- 
scher  Energie  zur  Sensorvorrichtung  (262  oder 
44,45,172,222,298,320). 

20  5.  Verschiebungsdetektor  nach  einem  beliebigen 
vorangehenden  Anspruch,  dadurch  gekenn- 
zeichnet,  daB  die  sensorvorrichtung 
(44,45,172,222,298,320,262)  einen  Phototransi- 
stor  oder  eine  Photodiode  umfaBt,  und  die 

25  Vorrichtung  (42,  264)  zum  Erzeugen  von  elek- 
tromagnetischer  Energie  eine  lichtemittierende 
Diode  oder  eine  Laserdiode  umfaBt. 

6.  Verschiebungsdetektor  nach  Anspruch  5,  da- 
30  durch  gekennzeichnet,  daB  die  besagte  Sen- 

sorvorrichtung  eine  Mehrzahl  von  lichtempfan- 
genden  Bauteilen  umfaBt,  die  in  kreisformiger 
Form  mit  vorbestimmtem  Abstand  angeordnet 
sind,  und  die  Vorrichtung  zum  Erzeugen  von 

35  elektromagnetischer  Energie  ein  auf  dem  zu 
messenden  Gegenstand  vorgesehenes  lichte- 
mittierendes  Bauteil  zum  Ausstrahlen  von  Licht 
umfaBt,  das  mit  der  Kreisbewegung  des  zu 
messenden  Gegenstands  gekoppelt  ist. 

40 
Revendicatlons 

1.  Detecteur  de  deplacement  afin  de  detecter  la 
valeur  du  deplacement  d'un  objet  a  mesurer, 

45  comprenant  : 
-  des  moyens  (42,  170,  198,  264,  300, 

310)  pour  produire  de  I'energie  electro- 
magnetique; 

-  des  moyens  de  detection  (44,  45,  172, 
50  182,  222,  298,  320,  262)  qui  sont  dispo- 

ses  avec  un  espacement  predetermine, 
dont  I'etat  change  en  reponse  aux  varia- 
tions  de  I'energie  electromagnetique  re- 
Que; 

55  -  un  moyen  pour  faire  varier  I'energie  elec- 
tromagnetique  (38,  258,  302,  186)  qui  est 
agence  de  fagon  mobile,  lie  au  mouve- 
ment  de  I'objet  a  mesurer,  le  long  de  la 

dadurch  gekennzeichnet,  daB  die  Signal-  10 
verarbeitungsschaltung  (52,106,134)  umfaBt: 
Diodengruppen  (68,  114,  230),  urn  auf  der 
Grundlage  der  von  der  spezifizierten  Sensor- 
vorrichtung  erhaltenen  AusgangsgroBe  Signale 
zu  erzeugen,  die  fur  jede  der  Sensorvorrichtun-  15 
gen  charakteristisch  sind,  eine  Energiequelle 
(60),  die  uber  Lastwiderstande  (70,132)  mit 
den  Diodengruppen  in  Reihe  geschaltet  ist, 
und  NICHT-Glieder  (72,125,120),  welche  die 
digitalen  Ausgangssignale  von  den  jeweiligen  20 
Lastwiderstanden,  die  uber  die  Diodengruppen 
an  Erde  gelegt  werden,  umkehren,  urn  sie  auf 
der  Grundlage  der  AusgangsgroBe  von  der 
spezifizierten  Sensorvorrichtung  als  das  Ver- 
schiebungssignal  auszugeben;  und  daB  25 

die  Signalverarbeitungsschaltung 
(52,106,134)  weiter  eine  Drehzahl-MeBeinheit 
(110)  einschlieBt,  welche  die  Anzahl  von  Dre- 
hungen  des  zu  messenden  Gegenstands  miBt, 
welche  umfaBt:  30 

a)  einen  Flipflop  (122),  dessen  Setz-  und 
RticksetzanschluB  (S,R)  so  geschaltet  sind, 
daB  sie  die  Identifizierungssignale  von  zwei 
Sensorvorrichtungen  empfangen, 
b)  ein  erstes  und  zweites  UND-Glied  35 
(12A.124B),  urn  Logikprodukte  der  Signale 
vom  Q-  und  Q-AnschluB  des  Flipflops  (122) 
und  der  Identifizierungssignale  von  einer 
Sensorvorrichtung,  die  von  den  beiden  oben 
genannten  verschieden  ist,  zu  erhalten,  und  40 
c)  einen  Vorwarts-Ruckwarts-Zahler  (126) 
zum  Zahlen  des  Ausgangssignals  von  den 
UND-Gliedern,  dessen  VORWARTS-  und 
RUCKWARTS-Eingangsanschlusse  mit  dem 
AusgangsanschluB  des  ersten  bzw.  zweiten  45 
UND-Gliedes  verbunden  sind. 

Verschiebungsdetektor  nach  Anspruch  1,  da- 
durch  gekennzeichnet,  daB  die  Erzeugungsvor- 
richtung  ein  lichtemittierendes  Bauteil  (264  50 
oder  240)  umfaBt,  das  mit  der  Signalverarbei- 
tungsschaltung  (52)  auf  einem  scheibenartigen 
Halbleiterchip  (40)  angeordnet  ist. 

Verschiebungsdetektor  nach  einem  beliebigen  55 
vorangehenden  Anspruch,  dadurch  gekenn- 
zeichnet,  daB  er  weiter  eine  Lichtubertragungs- 
vorrichtung  umfaBt,  umfassend  ein  auf  dem  zu 
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rangee  desdits  moyens  de  production  ou 
de  detection  de  fagon  a  faire  varier  la 
quantite  de  I'energie  electromagnetique 
regue  dans  lesdits  moyens  de  detection 
en  reponse  a  la  quantite  du  deplacement 
de  I'objet  a  mesurer;  et 

-  un  circuit  de  traitement  du  signal  (52, 
106,  134)  pour  convertir  le  signal  de  de- 
tection  qui  est  obtenu  a  partir  desdits 
moyens  de  detection  situes  a  la  position 
dans  laquelle  I'energie  electromagneti- 
que  est  modifiee  par  ledit  moyen  pour 
faire  varier  I'energie  electromagnetique, 
en  un  signal  code  qui  est  caracteristique 
de  la  position  des  moyens  de  detection  a 
la  position  dans  laquelle  il  y  a  eu  un 
changement  de  I'energie  electromagneti- 
que  et  pour  sortir  le  signal  code  comme 
signal  de  detection  du  deplacement; 

caracterise  en  ce  que  le  circuit  de 
traitement  du  signal  (52,  106,  134)  com- 
prend  des  groupes  de  diodes  (68,  114, 
230)  pour  produire  des  signaux  qui  sont 
caracteristiques  de  chacun  des  moyens 
de  detection,  sur  la  base  de  la  sortie 
obtenue  au  moyen  de  detection  specifie, 
une  source  d'alimentation  (60)  qui  est 
connectee  en  serie  aux  groupes  de  dio- 
des  via  des  resistances  de  charge  (70, 
132)  et  des  circuits  NON  (72,  125,  120) 
qui  inversent  les  signaux  numeriques 
sortant  des  resistances  respectives  de 
charge  qui  sont  mises  a  la  masse  via  les 
groupes  de  diodes  afin  de  les  sortir  au 
titre  du  signal  de  deplacement,  sur  la 
base  de  la  sortie  du  moyen  de  detection 
specifie;  et  en  ce  que  : 

-  ledit  circuit  de  traitement  du  signal  (52, 
106,  134)  comprend  en  outre  une  unite 
de  mesure  du  nombre  de  tours  (110)  qui 
compte  le  nombre  de  rotations  de  I'objet 
a  mesurer,  qui  comprend  : 
(a)  une  bascule  (122)  dont  les  bornes  de 
charge  et  de  remise  a  zero  (S,  R)  sont 
connectees  de  maniere  a  recevoir  les 
signaux  de  detection  de  deux  moyens  de 
detection, 
(b)  des  premier  et  second  circuits  ET 
(124A,  124B)  pour  obtenir  les  produits 
logiques  des  signaux  provenant  des  bor- 
nes  Q  et  Q  de  la  bascule  (122)  et  les 
signaux  de  detection  provenant  d'un 
moyen  de  detection  autre  que  les  deux 
ci-dessus,  et 
(c)  un  compteur  progressif  et  a  rebours 
(126)  dont  les  bornes  d'entree  progressi- 
ve  et  a  rebours  sont  connectees  a  la 
borne  de  sortie  des  premier  et  second 

circuits  ET,  respectivement,  afin  de 
compter  le  signal  sortant  des  circuits  ET 
(124A,  124B). 

5  2.  Detecteur  de  deplacement  selon  la  revendica- 
tion  1,  dans  lequel  les  moyens  de  production 
comprennent  un  element  electroluminescent 
(264  ou  42)  dispose  avec  le  circuit  de  traite- 
ment  du  signal  (52)  sur  une  puce  de  semi- 

io  conducteur  en  forme  de  disque  (40). 

3.  Detecteur  de  deplacement  selon  I'une  quelcon- 
que  des  revendications  precedentes,  compre- 
nant  en  outre  des  moyens  de  transmission  de 

is  la  lumiere  comportant  un  prisme  (166,  304, 
266)  prevu  sur  I'objet  a  mesurer,  afin  de  tran- 
smettre  la  lumiere  provenant  desdits  moyens 
de  production  d'energie  electromagnetique 
constitues  par  un  element  ou  des  elements 

20  electroluminescents  (42  ou  264)  par  reflexion 
sur  les  moyens  de  detection  (44,  45,  172,  298, 
320  ou  262). 

4.  Detecteur  de  deplacement  selon  la  revendica- 
25  tion  1  ou  2,  comprenant  des  moyens  de  tran- 

smission  de  la  lumiere  comportant  une  fibre 
optique  (46,  178)  fournis  sur  I'objet  a  mesurer 
afin  de  transmettre  la  lumiere  provenant  du 
moyen  de  production  d'energie  electromagne- 

30  tique,  constitues  par  des  elements  ou  un  ele- 
ment  electroluminescents  (264  ou  42)  au 
moyen  de  detection  (262  ou  44,  45,  172,  222, 
298,  320). 

35  5.  Detecteur  de  deplacement  selon  I'une  quelcon- 
que  des  revendications  precedentes,  dans  le- 
quel  le  moyen  de  detection  (44,  45,  172,  222, 
298,  320,  262)  comprend  un  phototransistor  ou 
une  photodiode,  et  le  moyen  de  production 

40  d'energie  electromagnetique  (42,  264)  com- 
prend  une  diode  electroluminescente  ou  une 
diode  laser. 

6.  Detecteur  de  deplacement  selon  la  revendica- 
45  tion  5,  dans  lequel  ledit  moyen  de  detection 

comprend  une  multitude  d'elements  recepteurs 
de  lumiere  qui  sont  disposes  sous  forme  cir- 
culaire  avec  un  espacement  predetermine,  et 
ledit  moyen  de  production  d'energie  electro- 

50  magnetique  comprend  un  element  electrolumi- 
nescent  fourni  sur  I'objet  a  mesurer  afin 
d'emettre  la  lumiere,  lie  au  mouvement  cir- 
culaire  de  I'objet  a  mesurer. 
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