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Description 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  optical  pick-up 
devices  suitable  for  being  adapted  to  a  compact  disk 
player,  video  disk  player  and  optical  recording/repro- 
ducing  apparatus  of  both  write-once  type  and  rewrit- 
able  type;  and  to  optical  scan  devices  suitable  for  be- 
ing  adapted  to  an  optical  card  recording/reproducing 
apparatus  and  laser  beam  printer.  The  invention  par- 
ticularly  relates  to  optical  diffraction  grating  elements 
used  for  the  optical  systems  of  the  above  apparatus. 

BACKGROUND  OF  THE  INVENTION 

Fig.  1  9  shows  the  side  view  of  an  optical  pick-up 
device  comprising  a  conventional  optical  diffraction 
grating  element  22.  A  laser  beam  emitted  from  a  sem- 
iconductor  laser  21  is  focused  on  a  recording  medium 
25  through  an  optical  diffraction  grating  element  22, 
a  collimating  lens  23  and  an  objective  lens  24.  The  re- 
flected  light  from  the  recording  medium  25  passes 
through  the  objective  lens  24  and  the  collimating  lens 
23  and  then  is  diffracted  by  the  optical  diffraction  grat- 
ing  element  22  so  as  to  be  focused  on  two  points  on 
a  light  receiving  element  26. 

The  optical  diffraction  grating  element  22  is  com- 
posed  of,  as  shown  in  Fig.  21(a),  two  regions  22a  and 
22b  having  different  grating  pitches.  The  values  of 
grating  pitches  d21  and  d22  in  the  regions  22a  and  22b 
are  determined  such  that  lights,  which  are  incident  on 
the  regions  22a  and  22b  after  being  reflected  at  the 
recording  medium  25,  are  converged  to  two  points  on 
the  boundaries  of  the  light  receiving  element  26  as 
described  above. 

With  reference  to  the  perspective  view  of  Fig.  23, 
the  forming  process  of  the  focused  light  spots  will  be 
explained  in  more  detail  on  assumption  that  the  grat- 
ing  pitch  d2i  <  the  grating  pitch  d22.  The  Oth-order  dif- 
fracted  light  ofa  laser  beam  (indicated  by  the  solid  line 
in  Fig.  23)  incident  on  the  region  22a  after  being  emit- 
ted  from  the  semiconductor  laser  21  is  converted  to 
a  parallel  beam  at  the  collimating  lens  23.  Thereafter, 
the  light  beam  passes  through  the  objective  lens  24 
so  as  to  be  focused  on  a  point  on  an  optical  axis  R  of 
the  recording  medium  25  and  reflected  thereat.  The 
reflected  light  is  projected  back  to  the  region  22b 
through  the  objective  lens  24  and  the  collimating  lens 
23.  One  of  the  first-order  diffracted  lights  produced  at 
the  region  22b  is  focused  to  form  a  focused  light  spot 
S21  on  the  light  receiving  element  26.  On  the  other 
hand,  the  Oth-order  diffracted  light  of  a  laser  beam 
(indicated  by  the  chain  double-dashed  line  in  Fig.  23) 
incident  on  the  region  22b  having  a  relatively  large  dif- 
fraction  pitch  d22,  after  being  emitted  from  the  semi- 
conductor  laser  21  is  reflected  back  to  the  region  22a 
whose  diffraction  pitch  d21  is  relatively  small,  through 

the  objective  lens  24  and  the  collimating  lens  23.  One 
of  the  first-order  diffracted  lights  produced  at  the  re- 
gion  22a,  which  has  a  relatively  large  diffraction  an- 
gle,  is  focused  on  the  light  receiving  element  26  to 

5  form  a  focused  light  spot  S22. 
The  focused  light  spots  S21  and  S22  and  the  emis- 

sion  center  of  t  he  semiconductor  laser  2  1  are  al  igned 
on  the  same  plane  and  the  direction  of  the  array  (in- 
dicated  by  the  arrow  Q  in  Fig.  23)  is  parallel  with  the 

10  track  direction  of  the  recording  medium  25. 
The  light  receiving  element  26  is  equally  divided 

into  four  light  receiving  sections  26a,  26b,  26c  and 
26d  as  shown  in  Fig.  20.  On  the  basis  of  output  sig- 
nals  Sa  to  Sd  released  from  the  light  receiving  see- 

rs  tions  26a  to  26d  by  Push-Pull  Method,  a  radial  error 
signal  RES  is  obtained  by  the  following  equation:  RES 
=  (Sa  +  Sb)  -  (Sc  +  Sd).  The  objective  lens  24  is  ac- 
tuated  such  that  the  value  of  the  radial  error  signal 
RES  becomes  zero.  As  a  result,  the  laser  beam  emit- 

20  ted  from  the  semiconductor  laser  21  is  accurately  fo- 
cused  on  the  data  recording  track  of  the  recording 
medium  25.  When  the  radial  error  signal  RES  is  zero, 
the  center  of  the  focused  light  spot  S21  is  positioned 
on  the  boundary  of  the  light  receiving  sections  26a 

25  and  26b,  and  the  center  of  the  focused  light  spot  S22 
is  positioned  on  the  boundary  of  the  light  receiving 
sections  26c  and  26d. 

It  is  well  known  that  a  saw-tooth  configuration  in 
which  the  longer  one  of  two  inclined  surfaces  com- 

30  posing  a  groove  has  a  predetermined  groove  tilt  angle 
©,  is  most  suitable  for  the  configuration  of  the  optical 
diffraction  grating  element  22,  since  a  diffraction  grat- 
ing  element  in  this  configuration  possesses  a  partic- 
ularly  high  diffraction  efficiency.  For  fabricating  a  dif- 

35  fraction  grating  element  in  the  saw-tooth  configura- 
tion,  Ion  Beam  Etching  Method  is  widely  known.  In 
this  method,  a  material  such  as  GaAs  and  PMMA, 
t  hat  can  be  etched  by  ion  beams  at  faster  speed  t  han 
photoresist  27  to  be  covered  thereon,  is  used  as  a 

40  substrate  28  to  be  processed.  The  photoresist  27  cov- 
ered  on  the  substrate  28  is  masked  with  a  grating  that 
is  produced  by  a  holographic  method,  and  processed 
to  be  in  the  condition  shown  in  Fig.  22(a).  Thereafter, 
ion  beams  are  obliquely  projected  onto  the  substrate 

45  28  at  a  fixed  incident  angle  so  that  the  incident  direc- 
tion  of  the  ion  beams  is  orthogonal  to  the  direction  in 
which  the  photoresist  27  extends.  The  above  ion 
beams  are  made  from  e.g.  Ar  gas. 
As  shown  in  Fig.  22(b),  the  photoresist  27  formed  on 

so  the  substrate  28  has  pinning  functions,  and  the  sub- 
strate  28  is  etched  with  the  photoresist  27  serving  as 
a  vertex. 

In  the  case  the  ion  beams  are  made  from  Ar  gas, 
the  section  of  the  diffraction  grating  finally  obtained 

55  is  as  shown  in  Fig.  22(c):  i.e.,  the  grating  is  composed 
of  (i)  an  inclined  surface  having  a  groove  tilt  angle  © 
which  has  a  certain  relation  to  the  incident  angle  of 
the  ion  beams,  and  (ii)  an  inclined  surface  perpendic- 
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ular  to  the  first  inclined  surface. 
In  the  process  of  fabricating,  by  Ion  Beam  Etching 

Method,  the  optical  diffraction  grating  element  having 
different-pitched  regions  by  which  incident  light  there-  5 
on  is  diffracted  in  different  directions  and  focused,  dif- 
fraction  gratings  having  different  pitches  are  manu- 
factured  at  the  same  time  in  view  of  the  simplified 
manufacturing  process,  productivity  and  low  cost. 
With  the  conventional  processing  method,  diffraction  10 
gratings  having  different  pitches  d21  and  d22  are  ob- 
tained  by  either  of  the  following  ways:  (i)  the  diffrac- 
tion  gratings  are  made  identical  in  the  groove  depth  t 
but  different  from  each  other  in  the  groove  width  L 
and  the  width  M  of  the  land  that  is  a  flat  surface  be-  15 
tween  the  successive  grooves  (see  Figs.  21(b)  and 
21(c));  and  (ii)  the  diffraction  gratings  are  made  dif- 
ferent  from  each  other  in  the  groove  depth  t  and  the 
configurations  thereof  are  made  analogous  (see  Figs. 
21(d)  and  21(e)).  The  grating  pitches  of  the  diffraction  20 
gratings  are,  thus,  made  different  from  each  other  by 
varying  the  groove  configuration  or  groove  size.  This, 
however,  causes  the  regions  22a  and  22b  of  the  opt- 
ical  diffraction  grating  element  22  shown  in  Fig.  21  (a) 
to  have  different  diffraction  efficiencies.  As  a  result,  25 
a  difference  is  caused  between  the  light  amounts  of 
the  two  focused  light  spots  S21  and  S22  which  are 
formed  on  the  light  receiving  element  26.  This  is  be- 
cause  the  focused  light  spot  S21  for  example  is  formed 
by  light  undergone  Oth-order  diffraction  at  one  region  30 
(e.g.  the  region  22a)  and  first-order  diffraction  at  the 
other  region  (e.g.  the  region  22b).  Therefore,  it  is  un- 
derstood  that  the  light  amounts  of  the  focused  light 
spots  S21  and  S22  respectively  depend  on  the  product 
of  the  Oth-order  diffraction  efficiency  at  one  region  of  35 
the  optical  diffraction  grating  element  22  and  the  first- 
diffraction  efficiency  at  the  other  region  thereof  (this 
product  is  hereinafter  referred  to  as  "optical  efficien- 
cy").  If  the  lights  amounts  of  the  focused  light  spots 
521  and  S22  differ  from  each  other,  there  arises  such  40 
a  drawback  that  even  when  the  focal  point  of  the  ob- 
jective  lens  24  is  accurately  positioned  on  the  data  re- 
cording  track  of  the  recording  medium  25,  the  radial 
error  signal  RES  does  not  become  zero  and  therefore 
an  offset  is  required.  45 

There  is  still  another  disadvantage  that  a  laser 
beam  cannot  be  focused  on  the  recording  medium  25 
in  good  condition  because  the  laser  beam  is  diffract- 
ed  at  the  regions  22a  and  22b  with  different  diffrac- 
tion  efficiencies,  in  the  forwarding  path.  50 

Further,  unless  the  optical  diffraction  grating  ele- 
ment  22  is  designed  such  that  the  Oth-order  diffrac- 
tion  efficiency  of  one  region  and  the  first-order  dif- 
fraction  efficiency  of  the  other  region  are  optimum, 
the  optical  efficiency  (the  product  of  them),  namely,  55 
the  light  amounts  of  the  focused  light  spots  S21  and 
522  formed  on  the  light  receiving  element  26  will  be 
low.  If  such  an  optical  diffraction  grating  element  22 
is  used  for  e.g.  an  optical  pick-up  adapted  to  a  video 

disk  player  wherein  analog  signals  are  recorded  and 
reproduced  by  FM  modulation,  a  S/N  ratio  necessary 
for  the  processing  of  video  signals  cannot  be  ob- 
tained. 

If  the  optical  diffraction  grating  element  22  is 
used  for  an  optical  pick-up  adapted  to  a  compact-disk 
player,  the  signal  strength  depending  on  the  light 
amounts  of  the  focused  light  spot  S21  and  S22  will  be 
decreased.  In  order  to  solve  this  problem,  i.e.,  a  de- 
crease  in  the  signal  strength,  the  following  measures 
have  been  conventionally  taken:  the  sensitivity  of  the 
light  receiving  element  26,  the  amplification  factor  of 
electric  signals,  and/or  the  power  of  the  semiconduc- 
tor  laser  21  are  increased.  Consequently,  the  mem- 
bers  of  the  optical  pick-up  other  than  the  optical  dif- 
fraction  grating  element  22  are  overloaded  in  order  to 
obtain  high  quality  read-out  signals.  This  causes  an 
increase  in  the  production  cost. 

Furthermore,  in  the  case  the  optical  diffraction 
grating  element  22  is  adapted  to  an  optical  scan  de- 
vice  in  which  a  light  source  for  emitting  a  laser  beam 
and  optical  diffraction  grating  element  are  provided  so 
as  to  be  relatively  movable  to  each  other,  and  in  which 
linear  scanning  operation  is  performed  by  diffracting 
a  laser  beam  from  the  light  source  by  the  optical  dif- 
fraction  grating  element,  the  diffraction  efficiency  is 
also  varied  depending  on  the  regions  of  the  optical 
diffraction  grating  element  22.  This  makes  it  impossi- 
ble  to  perform  scanning  operation  with  a  constant 
light  amount. 

An  optical  head  which  employs  a  diffraction  grat- 
ing  element  comprising  two  regions  having  different 
grating  pitch  is  known  from  EP-A-0  228  620. 

An  asymmetrical  trapezoidal  diffraction  grating 
configuration  is  discussed  in  APPLIED  OPTICS, 
Vol.26,  No.  14,  15th  July  1987,  New  York:  "Asymmet- 
rical  trapezoidal  grating  efficiency",  L.B.  Mashevetal. 

A  method  of  light  beam  scanning  using  a  holo- 
gram  is  disclosed  in  EP-A-0  122  783. 

SUMMARY  OF  THE  INVENTION 

One  of  the  objects  of  the  present  invention  is  to 
provide  an  optical  diffraction  grating  element  as  de- 
fined  in  Claim  1  having  a  constant  diffraction  efficien- 
cy  and  regions  with  different  grating  pitch. 

Another  object  of  the  present  invention  is  to  pro- 
vide  an  optical  pick-up  device  as  defined  in  Claim  11 
wherein  the  above  optical  diffraction  grating  element 
is  employed  so  as  to  obtain  a  sufficient  S/N  ratio  re- 
quired  for  the  processing  of  signals  in  an  optical  re- 
cording/  reproducing  apparatus. 

A  further  object  of  the  present  invention  is  to  pro- 
vide  an  optical  scan  device  as  defined  in  Claim  12 
wherein  the  above  optical  diffraction  grating  element 
is  employed  so  as  to  produce  beams  of  uniform  light 
amounts  for  performing  scanning  operation. 

In  order  to  achieve  the  above  objects,  in  the  opt- 
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ical  diffraction  grating  element  according  to  the  pres- 
ent  invention  as  defined  in  Claim  1  the  groove  config- 
uration  (i.e.  the  groove  depth,  groove  width  and 
groove  tilt  angle)  is  made  uniform  in  the  regions  while 
the  grating  pitch  is  varied  by  changing  the  width  of  the 
land  formed  between  the  successive  grooves. 

With  the  above  arrangement,  even  though  the 
grating  pitches  of  the  regions  are  made  different  from 
each  other  by  setting  different  land  widths,  the  iden- 
tical  configurations  of  the  grooves  in  the  regions  en- 
able  substantially  constant  Oth-order  diffraction  effi- 
ciency  and  first-order  diffraction  efficiency  of  the  opt- 
ical  diffraction  grating  element  to  be  achieved  (within 
5%  tolerance).  Further,  the  optical  efficiencies  each 
obtained  by  the  product  of  the  Oth-order  diffraction 
efficiency  in  one  region  and  the  first-order  diffraction 
efficiency  in  the  other  region  enable  the  optical  dif- 
fraction  grating  element  to  be  suitable  for  use  in  the 
optical  system  of  an  optical  pick-up  device  adapted  to 
a  compact  disk  player,  video  disk  player  and  optical 
recording/reproducing  apparatus  of  both  write-once 
type  and  rewritable  type. 

In  the  optical  pick-up  device  of  the  invention,  the 
optical  diffraction  grating  element  positioned  between 
the  light  source  and  a  recording  medium,  which 
guides  a  light  beam  reflected  at  the  recording  medium 
after  emitting  from  the  light  source  to  the  light  receiv- 
ing  element,  has  grooves  having  the  identical  config- 
uration. 

In  the  above  arrangement,  the  light  beam  emitted 
from  the  light  source  is  diffracted  at  the  optical  diffrac- 
tion  grating  element  so  as  to  be  accurately  focused  on 
the  recording  medium  because  the  Oth-order  diffrac- 
tion  efficiency  and  first-order  diffraction  efficiency  of 
the  optical  diffraction  grating  element  are  respectively 
constant  even  though  the  optical  diffraction  grating 
element  has  different  grating  pitches.  In  addition,  the 
optical  diffraction  grating  element  diffracts  reflected 
light  from  the  recording  medium  to  produce  diffracted 
lights  of  an  equal  amount  and  therefore  a  plurality  of 
focused  light  spots  having  the  same  light  amount  are 
formed  on  the  light  receiving  surface  of  the  light  re- 
ceiving  element.  This  permits  the  tracking  control  op- 
eration  to  be  accurately  performed  based  on  the  light 
distribution  on  the  light  receiving  surface  of  the  light 
receiving  element.  As  a  result,  the  quality  of  signals 
is  highly  improved  in  the  optical  recording/reproduc- 
ing  apparatus. 

In  the  optical  scan  device  of  the  invention,  a  light 
source  for  emitting  a  light  beam  and  an  optical  diffrac- 
tion  grating  element  whose  grooves  have  the  identical 
configuration  as  described  above  are  formed  so  as  to 
be  relatively  movable,  and  the  optical  diffraction  grat- 
ing  element  diffracts  a  light  beam  from  the  light 
source  when  the  optical  diffraction  grating  element 
moves  relatively  to  the  light  source  so  that  linear 
scanning  operation  is  performed  in  a  predetermined 
direction. 

In  the  above  arrangement,  the  light  beam  emitted 
from  the  light  source  is  diffracted  by  the  optical  dif- 
fraction  grating  element  which  moves  relatively  to  the 

5  light  source,  such  that  the  recording  medium  is  line- 
arly  scanned  in  a  predetermined  direction  with  the 
light  beam.  At  that  time,  diffracted  lights  of  substan- 
tially  equal  amount  can  be  obtained  from  the  regions 
of  the  optical  diffraction  grating  element  because  the 

10  diffraction  efficiencies  obtained  from  the  regions  hav- 
ing  different  grating  pitches  are  equal.  The  optical 
scan  device  accordingly  supplies  a  constant  amount 
of  light  beams  to  the  area  to  be  scanned  and  therefore 
is  capable  of  performing  accurate  read/write  opera- 

is  tions. 
For  a  fuller  understanding  of  the  nature  and  ad- 

vantages  of  the  invention,  reference  should  be  made 
to  the  ensuing  detailed  description  taken  in  conjunc- 
tion  with  the  accompanying  drawings. 

20 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1  to  4  show  one  embodiment  of  the  present 
invention. 

25  Fig.  1(a)  is  a  schematic  front  diagrammatic  view 
showing  an  optical  diffraction  grating  element. 

Fig.  1(b)  is  a  section  taken  on  line  A-  Ain  Fig.  1(a). 
Fig.  1(c)  is  a  section  taken  on  line  B  -  B  in  Fig. 

1(a). 
30  Fig.  2  is  a  schematic  diagram  showing  the  struc- 

ture  of  an  optical  pick-up  device. 
Fig.  3  is  a  diagram  showing  focused  light  spots 

formed  on  a  light  receiving  element. 
Fig.  4  is  a  graph  showing  the  relationship  be- 

35  tween  the  optical  phase  difference;  and  the  Oth-order 
diffraction  efficiency,  first-order  diffraction  efficiency 
and  optical  efficiencies  of  the  optical  diffraction  grat- 
ing  element.  Fig.  4(a)  shows  the  case  where  the 
groove  tilt  angle  is  35°,  Fig.  4(b)  shows  the  case 

40  where  the  groove  tilt  angle  is  30°,  Fig.  4(c)  shows  the 
case  where  the  groove  tilt  angle  is  45°,  Fig.  4(d) 
shows  the  case  where  the  groove  tilt  angle  is  25°  and 
Fig.  4(e)  shows  the  case  where  the  groove  tilt  angle 
is  50°. 

45  Fig.  5  is  a  graph  showing  the  relationship  among 
the  optical  efficiencies,  groove  tilt  angle  and  optical 
phase  difference  in  the  optical  grating  diffraction  ele- 
ment. 

Fig.  6(a)  is  a  schematic  diagrammatic  front  view 
so  showing  another  optical  diffraction  grating  element. 

Fig.  6(b)  is  a  section  taken  on  line  C  -  C  in  Fig. 
6(a). 

Fig.  6(c)  is  a  section  taken  on  line  D  -  D  in  Fig. 
6(a). 

55  Fig.  6(d)  is  a  section  taken  on  line  E  -  E  in  Fig. 
6(a). 

Figs.  7  to  9  show  another  embodiment  of  the  in- 
vention. 

Fig.  7(a)  is  a  schematic  diagrammatic  front  view 

4 



7 EP  0  391  664  B1 8 

showing  an  optical  diffraction  grating  element. 
Fig.  7(b)  is  a  section  taken  on  line  F  -  F  in  Fig.  7(a). 
Fig.  7(c)  is  a  section  taken  on  line  G  -  G  in  Fig. 

7(a). 
Fig.  8  is  a  graph  showing  the  relationship  be- 

tween  the  optical  phase  difference;  and  the  Oth-order 
diffraction  efficiency,  first-order  diffraction  efficiency 
and  optical  efficiencies  of  the  optical  diffraction  grat- 
ing  element.  Fig.  8(a)  shows  the  case  where  the 
groove  tilt  angle  is  38°,  Fig.  8(b)  shows  the  case 
where  the  groove  tilt  angle  is  34°,  Fig.  8(c)  shows  the 
case  where  the  groove  tilt  angle  is  42°,  Fig.  8(d) 
shows  the  case  where  the  groove  tilt  angle  is  30°  and 
Fig.  8(e)  shows  the  case  where  the  groove  tilt  angle 
is  45°. 

Fig.  9  is  a  graph  showing  the  relationship  among 
the  optical  efficiencies,  groove  tilt  angle  and  optical 
phase  difference  in  the  optical  grating  diffraction  ele- 
ment. 

Figs.  10  to  12  show  still  another  embodiment  of 
the  invention. 

Fig.  1  0(a)  is  a  schematic  diagrammatic  front  view 
showing  an  optical  diffraction  grating  element. 

Fig.  10(b)  is  a  section  taken  on  line  H  -  H  in  Fig. 
10(a). 

Fig.  10(c)  is  a  section  taken  on  line  I  -  I  in  Fig. 
10(a). 

Fig.  11  is  a  graph  showing  the  relationship  be- 
tween  the  optical  phase  difference;  and  the  Oth-order 
diffraction  efficiency,  first-order  diffraction  efficiency 
and  optical  efficiencies  of  the  optical  diffraction  grat- 
ing  element.  Fig.  11(a)  shows  the  case  where  the 
groove  tilt  angle  is  35°,  Fig.  11(b)  shows  the  case 
where  the  groove  tilt  angle  is  32°,  Fig.  11(c)showsthe 
case  where  the  groove  tilt  angle  is  43°,  Fig.  11(d) 
shows  the  case  where  the  groove  tilt  angle  is  27°  and 
Fig.  8(e)  shows  the  case  where  the  groove  tilt  angle 
is  47°. 

Fig.  1  2  is  a  graph  showing  the  relationship  among 
the  optical  efficiencies,  groove  tilt  angle  and  optical 
phase  difference  in  the  optical  grating  diffraction  ele- 
ment. 

Figs.  13  to  15  show  still  another  embodiment  of 
the  invention. 

Fig.  13  is  a  schematic  perspective  view  showing 
the  structure  of  an  optical  scan  device. 

Fig.  14(a)  is  a  diagrammatic  front  view  showing 
an  optical  diffraction  grating  element. 

Fig.  14(b)  is  a  section  taken  on  line  J  -  J  in  Fig. 
10(a). 

Fig.  15  is  a  schematic  perspective  view  showing 
the  structure  of  another  optical  scan  device. 

Figs.  16  to  18  show  still  another  embodiment  of 
the  invention. 

Fig.  16  is  a  schematic  side  view  showing  the 
structure  of  an  optical  pick-up  device. 

Fig.  17  is  a  diagram  showing  an  optical  diffraction 
grating  element  on  which  reflected  light  from  a  record- 

ing  medium  is  incident. 
Fig.  18  is  a  diagram  showing  focused  light  spots 

formed  on  a  light  receiving  element. 
5  Figs.  19  and  23  show  prior  art. 

Fig.  19  is  a  schematic  side  view  showing  the 
structure  of  an  optical  pick-up  device. 

Fig.  20  is  a  diagram  showing  focused  light  spots 
formed  on  a  light  receiving  element. 

10  Fig.  21  (a)  is  a  schematic  front  view  of  typical  ex- 
amples  of  an  optical  diffraction  grating  element. 

Fig.  21  (b)  is  a  section  of  a  first  example  of  the  opt- 
ical  diffraction  grating  element,  taken  on  line  K  -  K  in 
Fig.  21(a). 

15  Fig.  21(c)  is  a  section  of  the  first  example  of  the 
optical  diffraction  grating  element,  taken  on  line  N  -  N 
in  Fig.  22(a). 

Fig.  21(d)  is  a  section  of  a  second  example  of  the 
optical  diffraction  grating  element,  taken  on  line  K  -  K 

20  in  Fig.  21(a). 
Fig.  21(e)  is  a  section  of  the  second  example  of 

the  optical  diffraction  grating  element,  taken  on  line  N 
-  N  in  Fig.  21(a). 

Figs.  22(a)  to  22(c)  are  longitudinal  sections 
25  which  show  the  etching  process  of  a  diffraction  grat- 

ing  by  ion  beams  made  from  Ar  gas. 
Fig.  23  is  a  schematic  perspective  view  showing 

the  structure  of  the  optical  pick-up  device. 

30  DESCRIPTION  OF  THE  EMBODIMENTS 

With  reference  to  Figs.  1  to  4,  one  embodiment 
of  the  present  invention  will  be  explained  below. 

The  optical  diffraction  grating  element  of  the  in- 
35  vention  is  used  for  the  optical  system  of  an  optical 

pick-up  device  adapted  to  a  compact  disk  player;  vid- 
eo  disk  player;  and  optical  recording/reproducing  ap- 
paratus  of  both  write-once  type  and  rewritable  type. 

An  optical  pick-up  device  comprises,  as  shown  in 
40  Fig.  2,  a  semiconductor  laser  1  ,  a  collimating  lens  3, 

an  objective  lens  4,  an  optical  diffraction  grating  ele- 
ment  2  and  a  light  receiving  element  6.  The  semicon- 
ductor  laser  1  emits  a  laser  beam  to  the  optical  diffrac- 
tion  grating  element  2;  the  collimating  lens  3  converts 

45  the  laser  beam  to  a  parallel  beam;  the  objective  lens 
4  focuses  the  incident  parallel  beam  onto  the  record- 
ing  medium  5;  the  optical  diffraction  grating  element 
2  diffracts  the  laser  beam  so  that  the  Oth-order  dif- 
fracted  lights  of  the  laser  beam  from  the  semiconduc- 

50  tor  laser  1  are  focused  on  the  recording  medium  5 
through  the  collimating  lens  3  and  the  objective  lens 
4  and  diffracts  the  reflected  light  from  the  recording 
medium  5,  which  has  passed  through  the  objective 
lens  4  and  collimating  lens  3,  so  that  the  first-order 

55  diffracted  lights  are  converged  on  the  light  receiving 
element  6;  and  the  light  receiving  element  6  converts 
the  incident  diffracted  lights  into  electric  signals. 

As  shown  in  Fig.  3,  the  light  receiving  element  6 
is  equally  divided  into  four  rectangular  light  receiving 

5 
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sections  6a,  6b,  6c  and  6d,  by  cross-shaped  boundar- 
ies.  In  accordance  with  the  received  light  amount,  the 
light  receiving  sections  6a,  6b,  6c  and  6d  issue  output 
signals  Sa,  Sb,  Sc  and  Sd  respectively.  The  radial  er- 
ror  signal  RES  is  obtained  by  the  following  equation 
with  Push-Pull  Method:  RES  =  (Sa  +  Sb)  -  (Sc  +  Sd). 
The  objective  lens  4  is  actuated  such  that  the  value 
of  the  radial  error  signal  RES  becomes  zero,  and  as 
a  result,  a  laser  beam  emitted  from  the  semiconductor 
laser  1  is  focused  on  the  data  recording  track  of  the 
recording  medium  5  with  high  accuracy. 

The  optical  diffraction  grating  element  2  may  be 
used  for  an  optical  pick-up  device  wherein  the  radial 
error  signal  RES  is  obtained  with  Three  Beam  Meth- 
od.  The  optical  system  of  such  an  optical  pick-up  de- 
vice  comprises,  as  shown  in  Fig.  16,  a  semiconductor 
laser  31,  an  optical  diffraction  grating  element  32-2, 
a  collimating  lens  33,  an  objective  lens  34,  the  optical 
diffraction  grating  element  2,  and  a  light  receiving  ele- 
ment  36.  The  semiconductor  laser  31  emits  a  laser 
beam  to  the  optical  diffraction  grating  element  32-2. 
The  optical  diffraction  grating  element  32-2  produces 
sub  beams  and  a  main  beam  from  the  laser  beam  in- 
cident  thereupon.  The  collimating  lens  33  receives 
the  sub  beams  and  main  beam  from  the  optical  dif- 
fraction  grating  element  2  to  produce  parallel  beams 
and  the  objective  lens  34  focuses  the  parallel  beams 
onto  a  recording  medium  35.  The  optical  diffraction 
grating  element  2  receives  the  sub  beams  and  main 
beam  reflected  off  the  recording  medium  through  the 
objective  lens  34  and  collimating  lens  33  to  focus 
them  onto  the  light  receiving  element  36.  The  light  re- 
ceiving  element  36  is  divided  into  five  light  receiving 
sections  36a  to  36e  and  has  a  function  of  converting 
incident  diffracted  light  into  electric  signals. 

Fig.  17  shows  the  optical  diffraction  grating  ele- 
ment  2  to  which  the  reflected  lights  of  the  sub  beams 
and  main  beam  are  projected  back  from  the  recording 
medium  35.  For  simplicity,  the  main  beam  is  depicted 
by  the  broken  line  circle  and  the  sub  beams  by  the 
solid  line  circles  in  Fig.  17.  As  shown  in  Fig.  18,  the 
reflected  light  of  the  main  beam,  which  comes  in  a  dif- 
fraction  grating  2a  is  focused  to  form  a  focused  light 
spot  S32  on  the  boundary  of  the  light  receiving  sec- 
tions  36b  and  36c,  while  the  reflected  light  of  the  main 
beam,  which  comes  in  a  diffraction  grating  2b  is  fo- 
cused  onto  the  light  receiving  section  36a  to  form  a 
focused  light  spot  S31.  The  reflected  lights  of  the  sub 
beams,  which  come  in  the  diffraction  grating  2a 
(these  reflected  lights  are  indicated  by  the  hatched 
part  in  Fig.  17,  whose  oblique  lines  ascend  rightward) 
are  focused  onto  the  light  receiving  sections  36d  and 
36e  to  form  focused  light  spots  S34  and  S36  respec- 
tively.  On  the  other  hand,  the  reflected  lights  of  the 
sub  beams,  which  come  in  the  diffraction  grating  2b 
(these  reflected  lights  are  indicated  by  the  hatched 
part  in  Fig.  17,  whose  oblique  lines  ascend  leftward) 
are  focused  onto  the  light  receiving  sections  36d  and 

36e  to  form  focused  light  spots  S33  and  S35  respec- 
tively.  With  Three  Beam  Method,  the  radial  error  sig- 
nal  RES  is  obtained  from  the  difference  between  the 

5  amounts  of  the  sub  beams,  and  calculated  by:  RES 
=  Sd'  -  Se'  where  Sd'  and  Se'  represent  the  output 
signals  released  from  the  light  receiving  sections  36d 
and  36e  respectively,  the  output  signals  being  re- 
leased  in  accordance  with  the  received  light  amounts 

10  thereat. 
The  optical  diffraction  grating  element  2  is  com- 

posed  of  a  region  2a  having  a  first  diffraction  grating 
and  a  region  2b  having  a  second  diffraction  grating, 
as  shown  in  Fig.  1(a).  The  pitch  6̂   of  the  first  diffrac- 

ts  tion  grating  and  the  pitch  d2  of  the  second  diffraction 
grating  differ  from  each  other  (6̂   <  d2).  The  reflected 
light  of  the  recording  medium  5  is  incident  on  the  re- 
gions  2a  and  2b  and  diffracted  thereat.  The  light  dif- 
fracted  at  either  of  the  regions  2a  and  2b  is  converged 

20  on  the  boundary  between  the  light  receiving  sections 
6a  and  6b  and  the  light  diffracted  at  the  other  region 
is  converged  on  the  boundary  between  the  light  re- 
ceiving  sections  6c  and  6d. 

The  interfacial  line  of  the  regions  2a  and  2b,  and 
25  the  boundary  between  the  light  receiving  sections  6a 

and  6b  (or  the  light  receiving  sections  6c  and  6d),  and 
the  boundary  on  which  the  emission  center  of  the 
semiconductor  laser  1  exists  are  parallel  with  the 
track  direction  (indicated  by  the  arrow  in  Fig.  2)  of  the 

30  recording  medium  5.  The  grating  lines  of  the  optical 
diffraction  grating  element  2  are  approximately  repre- 
sented  by  straight  lines  in  Fig.  1(a),  but  the  real  grat- 
ing  lines  are  gentle  curved  lines  so  that  the  aberration 
is  corrected.  Each  of  the  grating  pitches  6̂   and  d2  is 

35  determined  by  the  relative  positions  of  the  optical  dif- 
fraction  grating  element  2,  semiconductor  laser  1  and 
the  focal  point  on  the  light  receiving  element  6  and, 
in  fact,  is  gradually  varied  according  to  the  relative 
positions.  The  grating  pitches  6̂   and  d2  are  according- 

40  ly  an  average  value.  In  the  case  the  distance  between 
the  emission  center  of  the  semiconductor  laser  1  and 
the  recording  medium  5  is  not  equal  to  the  distance 
between  the  focal  point  formed  on  the  light  receiving 
element  6  and  the  recording  medium  5,  it  is  required 

45  to  give  the  functions  of  a  lens  to  the  optical  diffraction 
grating  element  2  and  the  grating  configuration  there- 
of  is  also  determined  by  the  relative  positions  of  the 
optical  diffraction  grating  element  2,  semiconductor 
laser  1  and  the  focal  point  formed  on  the  light  receiv- 

50  ing  element  6. 
In  the  case  the  optical  diffraction  grating  element 

2  is  etched  by  ion  beams  made  from  Ar  gas  for  exam- 
ple,  the  sections  of  the  regions  2a  and  2b  have,  as 
shown  in  Figs.  1(b)  and  1(c),  a  saw-tooth  configura- 

55  tion  which  possesses  a  high  diffraction  grating  effi- 
ciency.  This  saw-tooth  configuration  of  the  regions  2a 
and  2b  is  arranged  such  that  unsymmetrical  v-shap- 
ed  grooves  and  flat  lands  are  successively  alternately 
formed.  Each  groove  is  made  up  of  a  short  inclined 

6 
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surface  and  long  inclined  surface  and  these  two  in- 
clined  surfaces  make  a  substantially  right  angle, 
forming  the  bottom  portion  of  the  groove.  The  grating 
pitches  di  and  d2  are  respectively  equal  to  the  sum  of 
the  groove  width  L  and  land  width  M.  The  important 
feature  of  the  invention  lies  in  the  fact  that  the  groove 
width  L,  groove  depth  t,  and  groove  tilt  angle  ©  (i.e, 
the  tilt  angle  of  the  inclined  surface  of  the  groove  with 
respect  to  the  plane  which  intersects  the  bottom  of 
the  groove  and  is  parallel  with  the  land  surface)  are 
made  constant  irrespective  of  the  grating  pitches  6̂  
andd2.  Therefore,  the  grating  pitches  6̂   and  d2  are  re- 
spectively  varied  according  to  the  land  width  M.  In 
other  words,  the  land  width  M  of  the  region  2b  is  wider 
than  that  of  the  region  2a  by  the  difference  between 
the  grating  pitches  6̂   and  d2. 

The  object  in  employing  the  same  sectional  con- 
figuration  for  the  regions  2a  and  2b  is  to  obtain  the 
same  Oth-order  diffraction  efficiency  and  first-order 
diffraction  efficiency  from  the  regions  2a  and  2b  hav- 
ing  different  pitches.  If  the  optical  diffraction  grating 
element  2  having  the  above  arrangement  is  used  for 
the  optical  system  of  an  optical  pick-up  device  provid- 
ed  in  an  optical  recording/reproducing  apparatus,  a 
laser  beam  emitted  from  the  semiconductor  laser  1  is 
focused  on  the  data  recording  track  of  the  recording 
medium  5  with  high  accuracy  and  the  S/N  ratio  is  im- 
proved  in  output  signals  released  from  the  optical 
pick-up  device. 

The  following  description  concretely  discusses 
the  preferable  ranges  of  the  groove  tilt  angle  ©  and 
groove  depth  t  in  accordance  with  which  the  optical 
phase  difference  between  the  incident  light  and  out- 
going  light  is  determined. 

Suppose  the  average  grating  pitch  6̂   in  the  re- 
gion  2a  shown  in  Fig.  1(a)  is  (2.2  +  0.2)aand  the  aver- 
age  grating  pitch  d2  in  the  region  2b  is  (2.8  +  0.2)a 
where  a  represents  the  wavelength  of  light  incident 
on  the  optical  diffraction  grating  element  2.  In  the 
above  case,  the  allowable  range  of  the  optical  phase 
difference  is  0.7n  to  0.9n.  The  optical  phase  differ- 
ence  is  obtained  by:  8<|>  =  2rct(n  -  1)/a  where  8<|>  repre- 
sents  the  optical  phase  difference;  n  represents  the 
refractive  index  of  the  substrate  of  the  optical  diffrac- 
tion  grating  element  2;  t  represents  the  groove  depth 
and  a  represents  the  wavelength  of  the  incident  light. 
The  allowable  range  of  the  groove  tilt  angle  ©  is  30° 
to  45°  for  the  groove  depth  t  which  is  obtained  from 
the  above  equation  when  the  optical  diffraction  grat- 
ing  element  2  is  made  of  silica  glass  having  a  refrac- 
tive  index  (n)  of  1.454  and  the  wavelength  of  the  in- 
cident  light  (a)  is  780nm.  In  other  words,  when  the 
groove  depth  t  is  obtained  by  the  following  equation 
(converted  from  the  above  equation):  t  =  8<|>  x  a/2rc(n 
-1),  substituting  numerical  values  8<|>  =  0.7n  to  0.9n,  a  
=  0.78,  and  n  =  1.454,  the  allowable  range  of  the 
groove  tilt  angle  ©  is  30°  to  45°.  The  groove  tilt  angle 
©  and  groove  depth  t  are  determined  on  condition 

that  the  above  allowable  ranges  of  the  optical  phase 
difference  and  groove  tilt  angle  are  satisfied;  the  Oth- 
order  diffraction  efficiency  E10  at  the  region  2a  is  sub- 

5  stantially  equal  to  the  Oth-order  diffraction  efficiency 
E20  at  the  region  2b;  and  the  first-order  diffraction  ef- 
ficiency  En  at  the  region  2a  is  substantially  equal  to 
the  first-order  diffraction  efficiency  E21  at  the  region 
2b.  In  this  case,  the  Oth-order  diffraction  efficiencies 

10  may  deviate  from  each  other  within  an  allowable  tol- 
erance  of  +5%  and  so  may  the  first-order  diffraction 
efficiencies. 

Optical  efficiencies  obtained  from  the  above  ar- 
rangement  show  a  high  value,  i.e.,  12%  or  more:  one 

15  of  the  optical  efficiencies  is  obtained  by  the  product 
of  the  Oth-order  diffraction  efficiency  E10  in  the  region 
2a  having  the  grating  pitch  6̂   and  the  first  diffraction 
efficiency  E21  in  the  region  2b  having  the  grating  pitch 
d2  (the  optical  efficiency  thus  obtained  is  represented 

20  by  E102i);  and  the  other  is  obtained  by  the  product  of 
the  Oth-order  diffraction  efficiency  E20  in  the  region 
2b  and  the  first-order  diffraction  efficiency  En  in  the 
region  2a  (the  optical  efficiency  thus  obtained  is  rep- 
resented  by  E1120).  These  optical  efficiencies  E102i 

25  and  E1120  fundamentally  influence  the  amounts  of 
light  incident  on  the  light  receiving  element  6.  The  op- 
timum  values  of  the  grating  pitches  6̂   and  d2  are  re- 
spectively  in  the  range  of  2.2a  to  2.8a  having  a  toler- 
ance  of  +0.2a,  and  the  optical  efficiencies  E102i  and 

30  E1120  are  12%  or  more  in  this  condition.  The  wave- 
length  a  of  the  laser  beam  emitted  from  the  semicon- 
ductor  laser  1  in  this  invention  is  generally  the  oscil- 
lation  wavelength  of  a  semiconductor  laser  widely 
known  as  a  light  source  for  an  optical  pick-up  device, 

35  and  is  e.g.  780  nm. 
It  is  most  preferable  to  set  the  optical  grating  ef- 

ficiencies  E102i  and  E1120  to  12%  or  more  in  the  case 
the  optical  diffraction  grating  element  2  is  provided  in 
an  optical  pick-up  device  in  a  video  signal  record- 

40  ing/reproducing  apparatus  for  example.  More  specif- 
ically,  in  an  optical  pick-up  device  in  which  video  sig- 
nals  are  used,  at  least  45dB  of  S/N  ratio  is  required 
for  the  output  signals  in  order  to  obtain  high  quality 
video  signals.  To  obtain  the  above  S/N  ratio,  the  opt- 

45  ical  efficiencies  E102i  and  E1120  of  the  optical  diffrac- 
tion  grating  element  2  are  preferably  12%  or  more. 

In  order  to  determine  the  optimum  groove  tilt  an- 
gle  ©  and  optical  phase  difference,  the  groove  tilt  an- 
gle  ©  was  varied,  and  meanwhile  the  relation  was  ob- 

50  served  among  an  optical  phase  difference  caused  de- 
pending  on  the  groove  depth  t;  the  Oth-order  diffrac- 
tion  efficiencies  E10  and  E20  in  the  regions  2a  and  2b; 
the  first-order  diffraction  efficiencies  En  and  E21  in 
the  regions  2a  and  2b;  and  optical  efficiencies  E102i 

55  and  E112o-  The  results  are  shown  in  the  following  de- 
scription.  In  the  graph  of  Fig.  4,  the  diffraction  effi- 
ciency  obtained  when  the  groove  depth  (optical 
phase  difference)  is  the  calculated  maximum  value 
with  the  grating  pitches  6̂   and  d2  is  plotted,  for  con- 

7 
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venience,  for  the  diffraction  efficiency  obtained  when 
the  groove  depth  is  beyond  the  calculated  maximum 
value. 

The  graph  of  Fig.  4(a)  shows  the  dependence  of 
the  diffraction  efficiencies  on  the  groove  depth  t  of 
the  optical  diffraction  grating  element  2  made  of  silica 
glass  having  e.g.  a  refractive  index  of  1.454.  In  the 
case  the  groove  tilt  angle  ©  was  35°,  when  the  groove 
depth  t  was  in  the  vicinity  of  0.68  (this  groove 
depth  causes  an  optical  phase  difference  of  approx- 
imately  0.79tc),  the  Oth-orderdiffraction  efficiency  E10 
in  the  region  2a  was  substantially  equal  to  the  Oth-or- 
derdiffraction  efficiency  E20  in  the  region  2b,  the  first- 
order  diffraction  efficiency  En  in  the  region  2a  was 
substantially  equal  to  the  first-order  diffraction  effi- 
ciency  E2i  in  the  region  2b,  and  both  optical  efficien- 
cies  E102i  and  E112o  of  the  optical  diffraction  grating 
element  2  were  about  13.1%. 

In  the  case  the  groove  tilt  angle  ©  was  the  lower 
limit  of  the  above-mentioned  allowable  range  (30°  to 
45°),  that  is,  ©=30°,  when  the  groove  depth  t  was 
0.61  urn  and  the  optical  phase  difference  was  0.71  n, 
the  Oth-order  diffraction  efficiencies  E10  and  E20  be- 
came  substantially  equal,  the  first  diffraction  efficien- 
cies  En  and  E21  became  substantially  equal,  and  the 
optical  efficiencies  E102i  and  E112o  became  12%  or 
more,  as  shown  in  the  graph  in  Fig.  4(b). 

In  the  case  the  groove  tilt  angle  ©  was  the  upper 
limit  of  the  allowable  range,  that  is,  ©=45°,  when  the 
groove  depth  was  0.76  urn  and  the  optical  phase  dif- 
ference  was  O.8871,  the  Oth-order  diffraction  efficien- 
cies  E10  and  E20  became  substantially  equal,  the  first 
diffraction  efficiencies  En  and  E21  became  substan- 
tially  equal,  and  the  optical  efficiencies  E102i  and 
E112o  became  12%  or  more,  as  shown  in  the  graph  in 
Fig.  4(c). 

In  the  case  the  groove  tilt  angle  ©  was  smaller 
than  the  allowable  range,  e.g.  ©=25°,  the  Oth-order 
diffraction  efficiencies  E10  and  E20  became  substan- 
tially  equal,  and  the  first  diffraction  efficiencies  En 
and  E21  became  substantially  equal,  when  the  groove 
depth  t  was  0.50  urn  and  the  optical  phase  difference 
was  0.58w  as  shown  in  Fig.  4(d).  At  that  time,  the  opt- 
ical  efficiencies  E102i  and  E112o>  however,  became 
about  10%  which  was  below  the  optimum  value 
(12%). 

In  the  case  the  groove  tilt  angle  ©  was  above  the 
allowable  range,  e.g.  ©=50°,  the  Oth-orderdiffraction 
efficiencies  E10  and  E20  became  substantially  equal, 
and  the  first  diffraction  efficiencies  En  and  E21  be- 
came  substantially  equal,  when  the  groove  depth  t 
was  0.76  urn  and  the  optical  phase  difference  was 
0.887c  as  shown  in  Fig.  4(e).  The  optical  efficiencies 
E102i  and  E112o>  however,  became  about  11%  which 
was  below  the  optimum  value  (12%)  like  the  above 
case. 

When  the  relation  among  the  optical  efficiencies 
E102i  and  E112o>  groove  tilt  angle  ©  and  optical  phase 

difference  are  analyzed  from  the  above  cases,  the  re- 
sults  shown  in  the  graph  of  Fig.  5  are  obtained.  As  ap- 
parent  from  Fig.  5,  the  optical  efficiencies  E102i  and 

5  E112o  of  the  optical  diffraction  grating  element  2  are 
12%  or  more  on  condition  that  the  optical  phase  dif- 
ference  caused  depending  on  the  groove  depth  t  is  in 
the  range  of  0.7tc  to  0.9tc.  At  that  time,  the  groove  tilt 
angle  ©  is  in  the  range  of  30°  to  45°.  The  most  pre- 

10  ferable  higher  values  of  the  optical  efficiencies  E102i 
and  E112o  are  obtained  on  condition  that  the  optical 
phase  difference  is  in  the  range  of  0.77n  to  0.85n.  At 
that  time,  the  groove  tilt  angle  ©  is  in  the  range  of  34° 
to  40°. 

15  In  the  above  arrangement,  a  laser  beam  having 
a  wavelength  of  780  nm  which  is  emitted  from  the 
semiconductor  laser  1  is  incident  on  the  optical  dif- 
fraction  grating  element  2.  Of  the  lights  diffracted  at 
the  regions  2a  and  2b  of  the  optical  diffraction  grating 

20  element  2,  the  Oth-order  diffracted  lights  impinge 
upon  the  collimating  lens  3  to  produce  parallel  light 
which  is  focused  on  the  data  recording  track  of  the  re- 
cording  medium  5  by  the  objective  lens  4.  At  that  time, 
the  laser  beam  is  accurately  focused  on  the  recording 

25  track  of  the  recording  medium  5  since  the  Oth-order 
diffraction  efficiencies  E10  and  E20  in  the  regions  2a 
and  2b  are  equal.  Alight  reflected  off  of  the  recording 
medium  5  returns  to  the  optical  diffraction  grating  ele- 
ment  2  after  passing  through  the  objective  lens  4  and 

30  collimating  lens  3.  Of  the  lights  diffracted  at  the  re- 
gions  2a  and  2b,  the  first-order  diffracted  lights  are  re- 
spectively  focused  on  the  light  receiving  element  6. 
The  laser  beam  which  has  passed  through  one  region 
(e.g.  the  region  2a)  of  the  optical  diffraction  grating 

35  element  2  in  the  forward  path  is  projected  back  to  the 
other  region  (e.g.  the  region  2b)  of  the  optical  diffrac- 
tion  grating  element  2  after  being  reflected  at  the  re- 
cording  medium  5.  On  the  other  hand,  the  laser  beam 
which  has  passed  through  the  other  region  (the  re- 

40  gion  2b)  in  the  forward  path  is  reflected  at  the  record- 
ing  medium  5  to  be  incident  on  the  region  2a.  The  light 
incident  on  the  region  2a  having  a  relatively  smaller 
grating  pitch  6̂   is  focused  to  form  a  focused  light  spot 
S2  on  the  boundary  between  the  light  receiving  sec- 

45  tions  6c  and  6d  of  the  light  receiving  element  6,  while 
the  light  incident  on  the  region  2b  having  a  relatively 
larger  grating  pitch  d2  is  focused  to  form  a  focused 
light  spot  Si  on  the  boundary  between  the  light  re- 
ceiving  sections  6a  and  6b. 

50  At  that  time,  the  light  amounts  of  the  focused  light 
spots  Si  and  S2  formed  on  the  light  receiving  element 
6  become  equal  since  the  optical  efficiencies  E102i 
and  E112o  are  set  to  be  equal.  Hence,  when  the  focal 
point  of  the  objective  lens  4  is  positioned  on  the  data 

55  recording  track  of  the  recording  medium  5,  the  radial 
error  signal  RES  calculated  by  the  equation  RES  = 
(Sa  +  Sb)  -  (Sc  +  Sd)  becomes  zero.  In  case  the  focal 
point  is  shifted  from  the  data  recording  track,  the  ra- 
dial  error  signal  RES  corresponds  to  the  amount  of 

8 
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the  dislocation  and  thereby  the  dislocation  is  precise- 
ly  corrected.  This  arrangement  enables  a  highly  ac- 
curate  tracking  control. 

Further,  since  the  optical  efficiencies  E102i  and 
E112o  are  both  12%  or  more,  signal  noise  is  reduced 
and  high-quality  video  signals  with  a  S/N  ratio  of  at 
least  45dB  is  easily  obtained  when  the  optical  diffrac- 
tion  grating  element  2  is  adapted  to  a  video  signal  re- 
cording/reproducing  apparatus.  Also,  when  the  opti- 
cal  diffraction  grating  element  2  is  used  for  the  optical 
system  of  an  optical  pick-up  adapted  to  a  compact 
disk  player  or  the  like,  other  members  of  the  pick-up 
device  are  not  overloaded.  As  a  result,  high  quality 
read-out  signals  can  be  produced  without  increasing 
the  production  cost. 

The  foregoing  arrangement  is  suitable  for  fabri- 
cating  an  optical  diffraction  grating  element  compris- 
ing  at  least  two  different  pitched  regions  each  includ- 
ing  a  diffraction  grating  which  has  a  saw-tooth  config- 
uration  in  section,  wherein  the  amounts  of  lights  dif- 
fracted  at  the  regions  are  equal  to  each  other.  For  ex- 
ample,  in  an  optical  diffraction  grating  element  7  as 
shown  in  Fig.  6(a),  wherein  three  regions  7a,  7b  and 
7c  having  different  grating  pitches  dn,  d12and  d13are 
formed  and  gratings  formed  in  the  regions  7a,  7b  and 
7c  respectively  have  a  saw-tooth  configuration  in  sec- 
tion,  those  gratings  have  the  same  sectional  config- 
uration  (see  Figs.  6(b),  6(c)  and  6(d)),  i.e.,  the  same 
groove  width  L,  groove  depth  t  and  groove  tilt  angle 
©,  while  the  differences  among  the  grating  pitches 
dn,  d12  and  d13  are  determined  by  the  differences 
among  the  land  widths  M. 

Now,  reference  will  be  made  to  Figs.  7  to  9  for  ex- 
plaining  another  embodiment  of  the  invention.  As 
shown  in  Fig.  7(a),  an  optical  diffraction  grating  ele- 
ment  8  according  to  the  invention  is  composed  of  two 
regions  8a  and  8b  which  include  first  and  second  dif- 
fraction  gratings  respectively.  The  first  and  second 
diffraction  gratings  have  different  grating  pitches  6̂  
and  d2  like  the  optical  diffraction  grating  element  2  in 
the  foregoing  embodiment.  When  the  optical  diffrac- 
tion  grating  element  is  etched  by  ion  beams  made 
from  e.g.  CHF3  gas,  grooves  and  flat  lands  positioned 
between  the  adjacent  grooves  are  successively 
formed  as  shown  in  Figs.  7(b)  and  7(c)  which  show 
the  sectional  configurations  of  the  regions  8a  and  8b 
respectively.  These  configurations  possess  a  high 
diffraction  efficiency.  Each  groove  is  made  up  of  an 
inclined  surface  having  a  groove  tilt  angle  ©  and  a 
curved  surface  9  having  a  high  curvature.  The  point 
of  the  curved  surface  9  having  a  horizontal  tangent 
line  is  represented  by  x;  the  point  of  the  curved  sur- 
face  9  having  a  vertical  tangent  line  is  represented  by 
y;  and  the  intersection  point  of  the  above  horizontal 
and  vertical  tangent  lines  is  represented  by  z.  The  dis- 
tance  t'  between  the  tangent  point  y  and  intersection 
point  z  and  the  distance  d'  between  the  tangent  point 
x  and  intersection  point  z  are  constants  which  define 

the  configuration  of  the  curved  surface  9.  When  the 
optical  diffraction  grating  element  8  is  etched  by  ion 
beams  made  from  CHF3  gas,  the  distance  d'  in  the  re- 

5  gions  8a  and  8b  are  about  10-20%  of  the  grating 
pitches  di  and  d2  respectively,  while  the  distance  t'  is 
about  40-60%  of  the  groove  depth  t.  Like  the  optical 
diffraction  grating  element  2  in  the  first  embodiment, 
it  is  an  essential  characteristic  for  the  optical  diffrac- 

10  tion  grating  element  8  that  the  gratings  in  the  regions 
8a  and  8b  are  identical  in  the  groove  depth  t  and 
groove  tilt  angle  ©.  The  difference  between  the  grat- 
ing  pitches  of  the  two  regions  is  varied  in  accordance 
with  the  land  width  M.  In  other  words,  the  land  width 

15  M  of  the  region  8b  is  wider  than  that  of  the  region  8a 
by  the  difference  between  the  grating  pitches  6̂   and 
d2  of  the  two  regions.  The  sectional  configurations  of 
the  grooves  in  the  regions  8a  and  8b  are  designed  to 
be  identical  for  the  purpose  of  equalizing  the  Oth-or- 

20  der  diffraction  efficiencies  in  the  regions  8a  and  8b 
whose  grating  pitches  are  different,  as  well  as  equal- 
izing  the  first-order  diffraction  efficiencies  in  the  re- 
gions  8a  and  8b. 

The  following  description  discusses  a  preferable 
25  condition  for  the  optical  diffraction  grating  element  8 

having  the  above  curved  surface  9. 
Suppose  the  average  of  the  grating  pitch  6̂   is 

(2.2  +  0,2)a  and  the  average  of  the  grating  pitch  d2  is 
(2.8  +  0.2)a  in  the  optical  diffraction  grating  element 

30  8,  where  a  represents  the  wavelength  of  the  incident 
light.  In  this  case,  the  optical  phase  difference  is  in 
the  range  of  0.7n  to  1.1  n  and  the  groove  tilt  angle  © 
is  in  the  range  of  34°  to  42°  when  a  =  780nm  and  n  = 
1  .454.  The  groove  tilt  angle  ©  and  groove  depth  t  are 

35  determined  in  such  a  way  that  the  above  require- 
ments  are  satisfied;  and  the  Oth-order  diffraction  ef- 
ficiency  E10  and  first-order  diffraction  efficiency  En  in 
the  region  8a  are  substantially  equal  to  the  Oth-order 
diffraction  efficiency  E20  and  first-order  diffraction  ef- 

40  f  iciency  E21  in  the  region  8b  respectively.  In  this  case, 
the  Oth-order  diffraction  efficiencies  may  deviate 
from  each  other  within  an  allowable  tolerance  of  +5% 
and  so  may  the  first-order  diffraction  efficiencies. 
Compared  with  the  optical  diffraction  grating  element 

45  2,  in  the  optical  diffraction  grating  element  8,  the  al- 
lowable  range  of  the  groove  tilt  angle  ©  is  narrower 
due  to  the  curved  surface  9  while  the  allowable  range 
of  the  groove  depth  t  (i.e.  the  allowable  range  of  the 
optical  phase  difference)  is  widersincetheupperlimit 

so  is  extended. 
In  order  to  determine  the  optimum  groove  tilt  an- 

gle  ©  and  groove  depth  t,  the  groove  tilt  angle  ©  was 
varied  and  meanwhile  the  relation  was  observed 
among  the  optical  phase  difference  caused  depend- 

55  ing  on  the  groove  depth  t;  the  Oth-order  diffraction  ef- 
ficiencies  E10  and  E20  in  the  regions  8a  and  8b;  the 
first-order  diffraction  efficiencies  En  and  E21  in  the 
regions  8a  and  8b;  and  optical  efficiencies  E102i  and 
E112o  of  the  optical  diffraction  grating  element  8.  The 

9 
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following  description  describes  the  above  results.  In 
the  graph  of  Fig.  8,  the  diffraction  efficiency  obtained 
when  the  groove  depth  (optical  phase  difference)  is 
the  calculated  maximum  value  with  the  grating  pitch- 
es  di  and  d2  is  plotted,  for  convenience,  forthe  diffrac- 
tion  efficiency  obtained  when  the  groove  depth  is  be- 
yond  the  calculated  maximum  value. 

The  graph  of  Fig.  8(a)  shows  the  dependence  of 
the  diffraction  efficiencies  on  the  groove  depth  t  of 
the  optical  diffraction  grating  element  8  made  of  silica 
glass  having  a  refractive  index  of  1.454.  In  the  case 
the  groove  tilt  angle  ©=38°,  when  the  groove  depth  t 
was  in  the  vicinity  of  0.78  urn  (this  groove  depth  t 
causes  an  optical  phase  difference  of  approximately 
0.91tc),  the  Oth-order  diffraction  efficiency  E10  in  the 
region  8a  was  substantially  equal  to  the  Oth-order  dif- 
fraction  efficiency  E20  in  the  region  8b,  the  first  dif- 
fraction  efficiency  En  in  the  region  8a  was  substan- 
tially  equal  to  the  first  diffraction  efficiency  E21  in  the 
region  8b,  and  both  optical  efficiencies  E102i  and 
E112o  of  the  optical  diffraction  grating  element  8  are 
about  12.7%. 

When  the  optical  diffraction  grating  element  8  is 
used  for  e.g.  a  video  signal  recording/reproducing  ap- 
paratus,  desired  high  quality  video  signals  can  be  ob- 
tained  with  the  optical  efficiencies  of  12%  or  more, 
similarly  to  the  optical  diffraction  grating  element  2. 

In  the  case  the  groove  tilt  angle  ©  was  the  lower 
limit  of  the  above-mentioned  allowable  range  (34°  to 
42°),  that  is,  ©=34°,  when  the  groove  depth  t  was 
0.66  urn  and  the  optical  phase  difference  was  0.77n, 
the  Oth-order  diffraction  efficiencies  E10  and  E20  be- 
came  substantially  equal,  the  first  diffraction  efficien- 
cies  En  and  E21  became  substantially  equal,  and  the 
optical  efficiencies  E102i  and  E112o  became  12%  or 
more  as  shown  in  the  graph  of  Fig.  8(b). 

In  the  case  the  groove  tilt  angle  ©  was  the  upper 
limit  of  the  allowable  range,  that  is,  ©=42°,  when  the 
groove  depth  was  0.90  urn  and  the  optical  phase  dif- 
ference  was  1.05ti,  the  Oth-orderdiffraction  efficien- 
cies  E10  and  E20  became  substantially  equal,  the  first 
diffraction  efficiencies  En  and  E21  became  substan- 
tially  equal,  and  the  optical  efficiencies  E102i  and 
E112o  became  12%  or  more  as  shown  in  the  graph  of 
Fig.  8(c). 

In  the  case  the  groove  tilt  angle  ©  was  smaller 
than  the  allowable  range,  e.g.  ©=30°,  the  Oth-order 
diffraction  efficiencies  E10  and  E20  became  substan- 
tially  equal,  the  first  diffraction  efficiencies  En  and 
E21  became  substantially  equal,  when  the  groove 
depth  t  was  0.54  urn  and  the  optical  phase  difference 
was  0.63ti  as  shown  in  Fig.  8(d).  At  that  time,  the  opt- 
ical  efficiencies  E102i  and  E112o>  however,  became 
about  10.5%  which  was  below  the  optimum  value 
(12%). 

In  the  case  the  groove  tilt  angle  ©  was  above  the 
allowable  range,  e.g.  ©=45°,  the  Oth-orderdiffraction 
efficiencies  E10  and  E20  became  substantially  equal, 

the  first  diffraction  efficiencies  En  and  E21  became 
substantially  equal,  when  the  groove  depth  t  was  1  .00 
urn  and  the  optical  phase  difference  was  1.16tc  as 

5  shown  in  Fig.  8(e).  The  optical  efficiencies  E102i  and 
E112o>  however,  became  about  10.5%  which  was  be- 
low  the  optimum  value  (12%)  like  the  above  case. 

When  the  relation  among  the  optical  efficiencies 
E102i  and  E112o>  groove  tilt  angle  ©  and  optical  phase 

10  difference  are  analyzed  from  the  above  cases,  the  re- 
sults  shown  in  the  graph  of  Fig.  9  are  obtained.  As  ap- 
parent  from  Fig.  9,  the  optical  efficiencies  E102i  and 
E112o  of  the  optical  diffraction  grating  element  8  are 
12%  or  more  on  condition  that  the  optical  phase  dif- 

15  ference  caused  depending  on  the  groove  depth  t  is  in 
the  range  of  0.7n  to  1  An.  At  that  time,  the  groove  tilt 
angle  ©  is  in  the  range  of  34°  to  42°.  The  most  pre- 
ferable  higher  values  of  the  optical  efficiencies  E102i 
and  E112o  are  obtained  on  condition  that  the  optical 

20  phase  difference  is  in  the  range  of  0.81ti  to  0.95tc.  At 
that  time,  the  groove  tilt  angle  ©  is  in  the  range  of  36° 
to  40°. 

With  such  an  arrangement,  the  Oth-order  dif- 
fracted  lights  are  focused  on  the  recording  track  of  the 

25  recording  medium  5  with  high  accuracy,  since  the 
Oth-order  diffraction  efficiency  E10  in  the  region  8a  of 
the  optical  diffraction  grating  element  8  is  equal  to  the 
Oth-order  diffraction  efficiency  E20  in  the  region  8b 
thereof.  The  optical  efficiencies  E102i  and  E112o  are 

30  equal  in  the  optical  diffraction  grating  element  8,  so 
that  the  light  amounts  of  the  focused  light  spots  Si 
and  S2  become  equal.  This  enables  a  highly  accurate 
tracking  control  when  the  optical  diffraction  grating 
element  8  is  used  in  an  optical  recording/reproducing 

35  apparatus.  Further,  since  the  optical  efficiencies 
E102i  and  E112o  are  both  12%  or  more,  signal  noise  is 
reduced  and  high-quality  video  signals  with  a  S/N  ra- 
tio  of  at  least  45dB  are  easily  obtained  when  the  opt- 
ical  diffraction  grating  element  8  is  used  in  the  optical 

40  system  of  an  optical  pick-up  device  adapted  to  a  video 
recording/reproducing  apparatus. 

Also,  when  the  optical  diffraction  grating  element 
8  is  used  in  the  optical  system  of  an  optical  pick-up 
device  adapted  to  a  compact  disk  player  or  the  like, 

45  other  members  of  the  optical  pick-up  device  are  not 
overloaded  and  high  quality  read-out  signals  can  be 
obtained  without  increasing  the  manufacturing  cost. 

Now,  reference  will  be  made  to  Figs.  1  0  to  1  2  for 
explaining  another  embodiment  of  the  invention.  As 

50  shown  in  Fig.  10(a),  an  optical  diffraction  grating  ele- 
ment  10  according  to  the  invention  is  composed  of  re- 
gions  1  0a  and  1  0b  which  include  first  and  second  dif- 
fraction  gratings  respectively.  The  first  and  second 
diffraction  gratings  have  different  grating  pitches  6̂  

55  and  d2  like  the  optical  diffraction  grating  element  2  in 
the  first  embodiment.  When  the  optical  diffraction 
grating  element  1  0  is  etched  by  ion  beams  made  from 
e.g.  CF4  gas,  grooves  and  flat  lands  positioned  be- 
tween  the  adjacent  grooves  are  successively  formed 

10 
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as  shown  in  Figs.  10(b)  and  10(c)  which  illustrate  the 
sectional  configurations  of  the  regions  8a  and  8b  re- 
spectively.  These  configurations  possess  a  high  dif- 
fraction  efficiency.  Each  groove  is  made  up  of  an  in- 
clined  surface  inclined  at  a  groove  tilt  angle  ©  and  a 
curved  surface  11  having  a  low  curvature  and  a  por- 
tion  which  faces  the  inclined  surface,  being  substan- 
tially  perpendicular  to  the  land  surface.  The  point  u  of 
the  curved  surface  11  having  a  horizontal  tangent  line 
is  positioned  at  the  lower-most  part  of  the  curved  sur- 
face  11.  The  upper  portion  of  the  curved  surface  11 
is  raised  from  the  intersection  v  of  the  curved  surface 
11  and  a  vertical  line  so  as  to  make  a  substantially 
right  angle  with  the  land  surface.  When  the  intersec- 
tion  point  of  said  horizontal  tangent  line  and  said  vert- 
ical  line  is  represented  by  w;  the  distance  between 
the  tangent  point  u  and  intersection  w  is  represented 
by  d";  and  the  distance  between  the  intersections  v 
and  w  is  represented  by  t",  the  distances  t"  and  d"  are 
constants  which  define  the  configuration  of  the 
curved  surface  11.  In  the  case  the  optical  diffraction 
grating  element  1  0  is  etched  by  ion  beams  made  from 
CF4  gas,  the  distances  d"  in  the  regions  10a  and  10b 
are  about  10-20%  of  the  grating  pitches  6̂   and  d2  re- 
spectively,  while  the  distance  t"  is  about  20-40%  of 
the  groove  depth  t.  Like  the  optical  diffraction  grating 
element  2  in  the  first  embodiment,  it  is  an  essential 
characteristic  for  the  optical  diffraction  grating  ele- 
ment  10  that  the  diffraction  gratings  in  the  regions 
10a  and  10b  are  identical  in  the  groove  depth  t  and 
groove  tilt  angle  ©.  The  grating  pitch  is  varied  in  ac- 
cordance  with  the  land  width  M.  In  other  words,  the 
land  width  M  of  the  region  10b  is  wider  than  that  of 
the  region  1  0a  by  the  difference  between  the  grating 
pitches  di  and  d2  of  the  two  regions.  The  sectional 
configurations  of  the  grooves  in  the  regions  10a  and 
10b  are  designed  to  be  identical  for  the  purpose  of 
equalizing  the  Oth-orderdiffraction  efficiencies  in  the 
regions  1  0a  and  1  0b  whose  grating  pitches  are  differ- 
ent,  as  well  as  equalizing  the  first-order  diffraction  ef- 
ficiencies  therein. 

The  following  description  discusses  a  preferable 
condition  for  the  optical  diffraction  grating  element  10 
having  the  above  curved  surface  11. 

Suppose  the  average  of  the  grating  pitch  6̂   is 
(2.2  +  0.2)a  and  the  average  of  the  grating  pitch  d2  is 
(2.8  +  0.2)a  in  the  optical  diffraction  grating  element 
10,  where  a  represents  the  wavelength  of  incident 
light.  In  this  case,  the  optical  phase  difference  is  in 
the  range  of  0.65n  to  1rc  and  the  groove  tilt  angle  © 
is  in  the  range  of  32°  to  43°  when  a  =  780nm  and  n  = 
1  .454.  The  groove  tilt  angle  ©  and  groove  depth  t  are 
determined  on  condition  that  the  above  requirements 
are  satisfied;  and  the  Oth-order  diffraction  efficiency 
E10  and  first-order  diffraction  efficiency  En  in  the  re- 
gion  10a  are  substantially  equal  to  the  Oth-order  dif- 
fraction  efficiency  E20  and  first-order  diffraction  effi- 
ciency  E21  in  the  region  10b  respectively.  In  this  case, 

the  Oth-order  diffraction  efficiencies  may  deviate 
from  each  other  within  an  allowable  tolerance  of  +5% 
and  so  may  the  first-order  diffraction  efficiencies. 

5  Compared  with  the  optical  diffraction  grating  element 
2,  in  the  optical  diffraction  grating  element  10,  the  al- 
lowable  range  of  the  groove  tilt  angle  ©  is  narrower 
while  the  allowable  range  of  the  optical  phase  differ- 
ence  is  wider,  because  of  the  above-described  con- 

10  figuration. 
In  order  to  determine  the  optimum  groove  tilt  an- 

gle  ©  and  groove  depth  t  as  described  above,  the 
groove  tilt  angle  ©  was  varied  and  meanwhile  the  re- 
lation  was  observed  among  the  optical  phase  differ- 

15  ence  caused  depending  on  the  groove  depth  t;  the 
Oth-order  diffraction  efficiency  E10  in  the  region  10a 
and  Oth-order  diffraction  efficiency  E20  in  the  region 
1  0b;  the  first-order  diffraction  efficiency  En  in  the  re- 
gion  10a  and  first-order  diffraction  efficiency  E21  in 

20  the  region  10b;  and  the  optical  efficiencies  E102i  and 
E112oOf  the  optical  diffraction  grating  element  10.  The 
following  description  describes  the  above  results.  In 
the  graph  of  Fig.  11,  the  diffraction  efficiency  ob- 
tained  when  the  groove  depth  (optical  phase  differ- 

25  ence)  is  the  calculated  maximum  value  with  the  grat- 
ing  pitches  di  and  d2  is  plotted,  for  convenience,  for 
the  diffraction  efficiency  obtained  when  the  groove 
depth  is  beyond  the  calculated  maximum  value. 

The  graph  of  Fig.  11(a)  shows  the  dependence  of 
30  the  diffraction  efficiencies  on  the  groove  depth  t  of 

the  optical  diffraction  grating  element  10  made  of  sil- 
ica  glass  having  a  refractive  index  of  1.454.  In  the 
case  the  groove  tilt  angle  ©=35°,  when  the  groove 
depth  t  was  in  the  vicinity  of  0.62  urn  (this  groove 

35  depth  t  causes  an  optical  phase  difference  of  approx- 
imately  0.72n),  the  Oth-orderdiffraction  efficiency  E10 
in  the  region  10a  and  Oth-orderdiffraction  efficiency 
E20  in  the  region  10b  were  substantially  equal,  the 
first  diffraction  efficiency  En  in  the  region  10a  and 

40  first  diffraction  efficiency  E21  in  the  region  10b  were 
substantially  equal,  and  both  optical  efficiencies  E102i 
and  E112o  of  the  optical  diffraction  grating  element  10 
are  about  13.0%. 

Like  the  optical  diffraction  grating  element  2, 
45  when  the  optical  diffraction  grating  element  1  0  is  used 

for  e.g.  a  video  signal  recording/reproducing  appara- 
tus,  it  is  preferable  to  obtain  the  optical  efficiencies 
E102i  and  E112o  of  12%  or  more  in  order  to  obtain  high 
quality  video  signals. 

so  In  the  case  the  groove  tilt  angle  ©  was  the  lower 
limit  of  the  above-mentioned  allowable  range  (32°  to 
43°),  that  is,  ©=32°,  when  the  groove  depth  t  was 
0.56  urn  and  the  optical  phase  difference  was  0.65n, 
the  Oth-order  diffraction  efficiencies  E10  and  E20  be- 

55  came  substantially  equal,  the  first  diffraction  efficien- 
cies  En  and  E21  became  substantially  equal,  and  the 
optical  efficiencies  E102i  and  E112o  became  12%  or 
more  as  shown  in  the  graph  of  Fig.  11(b). 

In  the  case  the  groove  tilt  angle  ©  was  the  upper 

11 
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limit  of  the  allowable  range,  that  is,  ©=43°,  when  the 
groove  depth  was  0.86  and  the  optical  phase  dif- 
ference  was  1.007t,  the  Oth-orderdiffraction  efficien- 
cies  E10  and  E20  became  substantially  equal,  the  first 
diffraction  efficiencies  En  and  E21  became  substan- 
tially  equal,  and  the  optical  efficiencies  E102i  and 
E112o  became  12%  or  more  as  shown  in  the  graph  of 
Fig.  11(c). 

In  the  case  the  groove  tilt  angle  ©  was  smaller 
than  the  allowable  range,  e.g.  ©=27°,  the  Oth-order 
diffraction  efficiencies  E10  and  E20  became  substan- 
tially  equal,  the  first  diffraction  efficiencies  En  and 
E21  became  substantially  equal,  when  the  groove 
depth  t  was  0.46  urn  and  the  optical  phase  difference 
was  0.54tc  as  shown  in  Fig.  11(d).  At  that  time,  the  opt- 
ical  efficiencies  E102i  and  E112o>  however,  became 
about  10.0%  which  was  below  the  optimum  value 
(12%). 

In  the  case  the  groove  tilt  angle  ©  was  above  the 
allowable  range,  e.g.  ©=47°,  the  Oth-orderdiffraction 
efficiencies  E10  and  E20  became  substantially  equal, 
the  first  diffraction  efficiencies  En  and  E21  became 
substantially  equal,  when  the  groove  depth  t  was  0.98 
urn  and  the  optical  phase  difference  was  1.14rc  as 
shown  in  Fig.  11(e).  The  optical  efficiencies  E102i  and 
E112o>  however,  became  about  10.0%  which  was  be- 
low  the  optimum  value  (12%)  like  the  above  case. 

When  the  relation  among  the  optical  efficiencies 
E102i  and  E112o>  groove  tilt  angle  ©  and  optical  phase 
difference  are  analyzed  from  the  above  cases,  the  re- 
sults  shown  in  the  graph  of  Fig.  12  are  obtained.  As 
apparent  from  Fig.  12,  the  optical  efficiencies  E102i 
and  E112o  of  the  optical  diffraction  grating  element  10 
are  12%  or  more  on  condition  that  the  optical  phase 
difference  is  in  the  range  of  0.65rc  to  1rc.  At  that  time, 
the  groove  tilt  angle  ©  is  in  the  range  of  32°  to  43°. 
The  most  preferable  higher  values  of  the  optical  effi- 
ciencies  E102i  and  E112o  can  be  obtained  on  condition 
that  the  optical  phase  difference  is  in  the  range  of 
0.77tc  to  0.91tc.  At  that  time,  the  groove  tilt  angle  ©  is 
in  the  range  of  36°  to  40°. 

With  such  an  arrangement,  the  Oth-order  dif- 
fracted  lights  are  focused  on  the  recording  track  of  the 
recording  medium  5  with  high  accuracy  similarly  to 
the  first  and  second  embodiments,  since  the  Oth-or- 
der  diffraction  efficiencies  E10  and  E20  in  the  regions 
10a  and  10b  of  the  optical  diffraction  grating  element 
10  are  equal.  The  optical  efficiencies  E102i  and  E112o 
are  equal  in  the  optical  diffraction  grating  element  10, 
so  that  the  light  amounts  of  the  focused  light  spots  Si 
and  S2  which  are  to  be  formed  on  the  light  receiving 
element  6  become  equal.  This  enables  a  highly  accu- 
rate  tracking  control  when  the  optical  diffraction  grat- 
ing  element  10  is  used  in  an  optical  recording/repro- 
ducing  apparatus.  Further,  since  the  optical  efficien- 
cies  E102i  and  E112o  are  both  12%  or  more,  signal 
noise  is  reduced  and  high-quality  video  signals  with 
a  S/N  ratio  of  at  least  45dB  is  easily  obtained  when  the 

optical  diffraction  grating  element  10  is  used  in  the 
optical  system  of  a  pick-up  device  adapted  to  a  video 
recording/reproducing  apparatus. 

5  Also,  when  the  optical  diffraction  grating  element 
10  is  used  in  the  optical  system  of  an  optical  pick-up 
device  adapted  to  a  compact  disk  player  or  the  like, 
other  members  of  the  optical  pick-up  device  are  not 
overloaded  and  high  quality  read-out  signals  can  be 

10  obtained  without  increasing  the  manufacturing  cost. 
With  reference  to  Figs.  13  to  15,  another  embodi- 

ment  of  the  invention  will  be  explained  below.  In  this 
embodiment,  parts  that  function  substantially  similar- 
ly  to  those  in  the  foregoing  embodiments  are  indicat- 

15  ed  by  the  same  numerals  that  are  used  in  the  forego- 
ing  embodiments,  and  the  description  thereof  is  omit- 
ted  for  simplicity. 

This  embodiment  describes  the  case  in  which  a 
diffraction  grating  element  is  employed  in  the  laser 

20  beam  scan  section  of  an  optical  scan  device.  The  opt- 
ical  scan  device  comprises,  as  shown  in  Fig.  13,  the 
semiconductor  laser  1,  an  optical  diffraction  grating 
element  12  having  a  plurality  of  diffraction  gratings  13 
(e.g.  8  diffraction  gratings)  and  a  motor  14  for  rotating 

25  the  the  optical  diffraction  grating  element  12. 
Each  diffraction  grating  13  is  in  the  form  of  a  fan 

as  shown  in  Fig.  14(a).  As  apparent  from  Fig.  14(b), 
the  diffraction  grating  13  includes  grooves  having  a 
unsymmetrical  V-shaped  section  and  flat  lands  each 

30  positioned  between  the  adjacent  grooves,  the 
grooves  and  lands  being  successively  alternately 
formed.  It  is  also  an  essential  feature  for  this  embodi- 
ment  that  the  groove  depth  t,  groove  width  L  and 
groove  tilt  angle  ©  are  made  constant  while  the  grat- 

35  ing  pitch  d  is  changed  by  making  the  land  width  M  var- 
ied.  The  sections  of  the  grooves  are  made  identical 
for  the  purpose  of  having  a  constant  Oth-orderdiffrac- 
tion  efficiency  and  first-order  diffraction  efficiency  in 
the  diffraction  grating  13  even  though  the  grating 

40  pitch  d  is  varied. 
As  shown  in  Figs.  13  and  14(a),  one  example  of 

the  diffraction  grating  1  3  is  designed  to  have  a  grating 
pattern  coincident  with  interference  fringes  formed  by 
the  divergent  light  (spherical  waves)  from  a  focal  point 

45  P'  and  the  emitted  light  (spherical  waves)  from  the 
semiconductor  laser  1  .  The  grating  lines  of  the  diffrac- 
tion  grating  13  overlap  the  arcs  of  concentric  circles 
drawn  around  an  external  point  P  and  the  grating 
pitch  d  is  gradually  widened  toward  the  external  point 

so  P.  The  focal  point  P'  is  on  an  axis  which  is  perpendic- 
ular  to  a  plane,  the  plane  including  the  land  surfaces 
of  the  diffraction  grating  13,  and  passes  through  the 
external  point  P.  The  diffracted  light  of  the  diffraction 
element  13  is  accordingly  converged  onto  the  focal 

55  point  P'. 
A  laser  beam  incident  on  the  diffraction  grating  1  3 

is  diffracted  since  the  diffraction  grating  13  is  de- 
signed  to  function  as  a  lens,  and  the  focal  point  P'  mo- 
ves  according  to  the  movement  of  the  diffraction  grat- 

12 
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ing  13  rotated  by  the  motor  14,  thereby  performing 
clockwise  scanning  operation  as  shown  in  Fig.  13.  At 
the  instant  the  laser  beam  comes  in  the  adjacent  dif- 
fraction  grating  13,  the  focal  point  P'  immediately  re- 
turns  to  the  starting  pointfrom  which  the  scanning  op- 
eration  has  started.  This  movement  is  repeated  so 
that  during  one  rotation  of  the  optical  diffraction  grat- 
ing  element  12  which  comprises  8  pieces  of  diffraction 
gratings  13,  8  times  of  arced  and  approximately  linear 
movement  are  performed.  During  the  scanning  oper- 
ation,  the  amount  of  the  laser  beam  diffracted  at  the 
diffraction  grating  13  is  maintained  substantially  con- 
stant  thanks  to  the  fact  that  the  diffraction  grating  13 
has  a  sectional  configuration  which  possesses  a  high 
diffraction  efficiency,  the  same  groove  depth  t, 
groove  width  L  and  groove  tilt  angle  ©,  even  though 
the  grating  pitch  d  is  varied. 

The  effects  achieved  by  the  above  arrangement 
in  which  a  linear  scan  by  a  laser  beam  is  performed 
with  the  use  of  a  plurality  of  diffraction  gratings  13, 
may  be  obtained  by  the  arrangement  shown  in  Fig. 
15.  In  the  optical  scan  device  shown  in  Fig.  15,  the 
optical  diffraction  grating  element  15  has  a  diffraction 
grating  in  which  the  depth  and  width  of  unsymmetrical 
V-shaped  grooves  and  groove  tilt  angle  are  made 
constant  while  the  grating  pitch  is  varied  by  changing 
the  land  width,  like  the  foregoing  example.  Similarly 
to  the  case  wherein  the  diffraction  gratings  1  3  are  em- 
ployed,  emitted  light  from  the  semiconductor  laser  1 
impinges  on  the  optical  diffraction  grating  element  15 
and  is  diffracted  thereat  so  as  to  be  converged  on  the 
focal  point  P'.  The  focal  point  P'  exists  on  an  axis 
which  is  perpendicular  to  a  plane  including  the  land 
surfaces  of  the  diffraction  grating  element  15  and 
passes  through  the  external  point  P  around  which  the 
grating  lines  are  concentrically  formed.  The  grating 
pitch  is  gradually  widened  toward  the  external  point 
P.  The  optical  diffraction  grating  element  15  is  dis- 
posed  such  that  a  laser  beam  from  the  semiconductor 
laser  1  comes  therein  orthogonally  to  the  flat  surface 
of  the  land.  The  optical  diffraction  grating  element  15 
linearly  reciprocates  along  the  plane  where  the  grat- 
ing  lines  exist,  so  that  the  incident  laser  beam  succes- 
sively  crosses  the  grating  lines.  In  such  an  arrange- 
ment,  a  laser  beam  from  the  semiconductor  laser  1  is 
diffracted  and  the  focal  point  P'  moves  according  to 
the  movement  of  the  optical  diffraction  grating  ele- 
ment  15,  thereby  performing  linear  scanning  opera- 
tion.  In  this  arrangement,  the  light  amount  of  the  laser 
beam  diffracted  at  the  optical  diffraction  grating  ele- 
ment  15  is  maintained  to  be  substantially  constant 
throughout  the  optical  diffraction  grating  element  15. 

As  described  above,  the  optical  diffraction  grat- 
ing  element  according  to  the  present  invention  com- 
prises  diffraction  gratings  having  different  pitches, 
the  diffraction  gratings  having  a  configuration  in 
which  grooves  and  flat  lands  each  positioned  be- 
tween  the  adjacent  grooves  are  successively  alter- 

nately  formed,  the  diffraction  gratings  having  the 
same  groove  depth,  groove  width,  groove  tilt  angle 
and  the  substantially  same  Oth-d  if  fraction  efficiency 

5  and  first-diffraction  efficiency. 
When  such  an  optical  diffraction  grating  element 

is  provided  in  the  optical  system  of  an  optical  pick-up 
device  adapted  to  a  compact  disk  player,  video  disk 
player,  optical  recording/reproducing  apparatus  of 

10  both  write-once  type  and  rewritable  type  or  the  like, 
the  light  beam  focused  on  a  recording  medium  after 
passing  through  each  region  of  the  optical  diffraction 
grating  element  is  highly  accurate,  and  therefore  sig- 
nals  can  be  correctly  detected,  resulting  in  an  im- 

15  provement  in  the  signal  quality.  In  addition,  the  light 
amounts  of  a  plurality  of  focused  light  spots  formed  on 
the  light  receiving  element,  such  spots  being  formed 
by  the  light  which  have  passed  through  each  region 
of  the  optical  diffraction  grating  element  after  being 

20  reflected  at  the  recording  medium,  are  equalized 
thereby  to  perform  a  highly  accurate  tracking  control. 
The  optical  diffraction  grating  element  is  suitable  to  be 
used  in  the  optical  system  of  an  optical  pick-up  device 
adapted  to  a  video-signal  recording/reproducing  ap- 

25  paratus,  since  it  has  optical  efficiencies  high  enough 
to  produce  a  S/N  ratio  required  forthe  video-signal  re- 
cording/reproducing  apparatus. 

The  optical  pick-up  device  according  to  the  pres- 
ent  invention  comprises  an  optical  diffraction  grating 

30  element,  which  guides  a  light  reflected  at  the  record- 
ing  medium  after  being  emitted  from  the  laser  source 
onto  a  light  receiving  element,  positioned  between  a 
light  source  and  a  recording  medium,  the  diffraction 
grating  element  including  grooves  having  the  same 

35  configuration  as  described  above. 
In  the  above  arrangement,  the  light  beam  emitted 

from  the  light  source  is  diffracted  at  the  optical  diffrac- 
tion  grating  element  to  produce  diffracted  lights  and 
the  Oth-order  diffracted  light  of  them  are  focused  on 

40  the  recording  medium  with  high  accuracy.  The  optical 
diffraction  grating  element  diffracts  the  reflected  light 
from  the  recording  medium  to  produce  diffracted 
lights  of  the  same  light  amount  so  that  a  plurality  of 
focused  light  spots  formed  on  the  light  receiving  sur- 

45  face  of  the  light  receiving  element  have  the  same  light 
amount.  This  permits  the  optical  pick-up  device  to 
perform  a  highly  accurate  tracking  control. 

As  a  result,  the  signal  quality  is  highly  improved 
in  the  optical  recording/reproducing  apparatus  to 

so  which  the  optical  pick-up  device  of  the  invention  is 
adapted. 

Further,  the  optical  scan  device  according  to  the 
present  invention  comprises  a  light  source  foremitting 
a  light  beam  and  an  optical  diffraction  grating  element 

55  having  grooves  of  the  same  configuration,  the  light 
source  and  optical  diffraction  grating  element  being 
relatively  movable  to  each  other.  The  optical  diffrac- 
tion  grating  element  diffracts  a  light  beam  emitted 
from  the  light  source  so  that  substantially  linear  scan- 

13 
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ning  operation  is  performed  in  a  predetermined  direc- 
tion,  such  a  light  beam  being  incident  thereon  when 
moving  relatively  to  the  light  source. 

In  the  above  arrangement,  when  e.g.  a  recording 
medium  is  linearly  scanned  with  the  light  beam  dif- 
fracted  at  the  optical  diffraction  grating  element  after 
being  emitted  from  the  light  source,  the  light  amounts 
of  the  diffracted  beams  obtained  from  the  regions  of 
the  optical  diffraction  grating  element  are  substantial- 
ly  equal.  The  optical  scan  device  can  accordingly  sup- 
ply  a  constant  amount  of  light  to  the  overall  area  to  be 
scanned,  and  therefore  the  recording/reproducing 
apparatus  can  perform  precise  write/read  operations 
on  the  recording  medium. 

Claims 

1.  An  optical  diffraction  grating  element  (2;  7;  8;  10) 
comprising  a  series  of  alternate  grooves  and  flat 
land  portions  forming  a  diffraction  grating  pat- 
tern,  each  groove  having  an  inclined  surface  in- 
clined  at  an  angle  (9)  with  respect  to  the  surface 
of  the  flat  land  portions,  the  grating  element  in- 
cluding  at  least  two  grating  portions  (2a,  2b; 
7a,7b,7c;  8a,8b;  10a,  10b)  having  different  re- 
spective  grating  pitches  (d  ̂ d2;  d^,  d12,  d13)  char- 
acterised  in  that  all  the  grooves  of  the  grating  ele- 
ment  have  the  same  configuration  (t,  L,  9),  the 
grating  pitch  of  each  of  the  grating  portions  being 
determined  by  the  width  (M)  of  the  flat  land  por- 
tions  of  the  respective  grating  portion. 

2.  An  optical  diffraction  grating  element  according  to 
claim  1,  comprising  a  first  diffraction  grating  (2a) 
whose  average  pitch  is  set  to  (2.2  +  0.2)a  and  a 
second  diffraction  grating  (2b)  whose  average 
pitch  is  set  to  (2.8  +  0.2)a,  where  a  represents  the 
wavelength  of  incident  light,  wherein  the  grooves 
respectively  have  an  unsymmetrical  V-shaped 
section  and  a  right-angled  bottom  portion,  and 
wherein  the  groove  tilt  angle  (9)  and  groove  depth 
(t)  are  determined  on  condition  that  the  groove 
depth  is  set  so  as  to  cause  an  optical  phase  dif- 
ference  in  the  range  of  0.7tc  to  0.9tc  between  the 
incident  light  and  diffracted  light. 

3.  An  optical  diffraction  grating  element  according  to 
claim  2,  wherein  the  groove  depth  (t)  is  set  so  as 
to  cause  an  optical  phase  difference  in  the  range 
of  0.77tc  to  0.85tc  between  the  incident  light  and 
diffracted  light. 

4.  An  optical  diffraction  grating  element  according  to 
claim  3,  wherein  the  groove  tilt  angle  (9)  is  in  the 
range  of  30°  to  45°,  and  more  preferably  in  the 
range  of  34°  to  40°,  in  the  case  where  the  refrac- 
tive  index  of  the  optical  diffraction  grating  ele- 

ment  is  1  .454  and  t  he  wavelengt  h  of  a  laser  beam 
incident  on  the  optical  diffraction  grating  element 
is  780nm. 

5 
5.  An  optical  diffraction  grating  element  according  to 

claim  1,  comprising  a  first  diffraction  grating  (8a) 
whose  average  pitch  is  set  to  (2.2  +  0.2)a  and  a 
second  diffraction  grating  (8b)  whose  average 

10  pitch  is  set  to  (2.8  +  0.2)a,  where  a  represents  the 
wavelength  of  incident  light,  wherein  the  grooves 
are  respectively  composed  of  said  inclined  sur- 
face  inclined  at  a  groove  tilt  angle  (9)  and  a 
curved  surface  (9),  and,  when  the  point  of  the 

15  curved  surface  having  a  tangent  line  parallel  to 
the  flat  land  portions  is  represented  by  x,  the 
point  of  the  curved  surface  having  a  tangent  line 
normal  to  the  flat  land  portions  is  represented  by 
y  and  the  intersection  point  of  said  two  tangent 

20  lines  is  represented  by  z,  the  distance  between 
the  points  y  and  z  is  about  40  to  60%  of  the 
groove  depth  (t)  and  the  distance  between  the 
points  x  and  z  is  about  10  to  20%  of  the  pitch  of 
the  corresponding  grating  portion,  and  wherein 

25  the  groove  tilt  angle  (9)  and  groove  depth  (t)  are 
determined  on  condition  that  the  groove  depth  is 
set  so  as  to  cause  an  optical  phase  difference  in 
the  range  of  0.7tc  to  1.1tc  between  the  incident 
light  and  diffracted  light. 

30 
6.  An  optical  diffraction  grating  element  according  to 

claim  5,  wherein  the  groove  depth  (t)  is  set  so  as 
to  cause  an  optical  phase  difference  in  the  range 
of  0.81tc  to  0.95tc  between  the  incident  light  and 

35  diffracted  light. 

7.  An  optical  diffraction  grating  element  according  to 
claim  6,  wherein  the  groove  tilt  angle  (9)  is  in  the 
range  of  34°  to  42°,  and  more  preferably  in  the 

40  range  of  36°  to  40°,  in  the  case  where  the  refrac- 
tive  index  of  the  optical  diffraction  grating  ele- 
ment  is  1  .454  and  t  he  wavelengt  h  of  a  laser  beam 
incident  on  the  optical  diffraction  grating  element 
is  780nm. 

45 
8.  An  optical  diffraction  grating  element  according  to 

claim  1  ,  comprising  a  first  diffraction  grating  (1  0a) 
whose  average  pitch  is  set  to  (2.2  +  0.2)a  and  a 
second  diffraction  grating  (10b)  whose  average 

so  pitch  is  set  to  (2.8  +  0.2)a,  where  a  represents  the 
wavelength  of  incident  light,  wherein  the  grooves 
are  respectively  composed  of  said  inclined  sur- 
face  inclined  at  a  groove  tilt  angle  (9)  and  a 
curved  surface  (11)  which  is  raised  substantially 

55  perpendicularly  to  the  flat  land  portion  surface, 
and,  when  the  point  of  the  curved  surface  having 
a  tangent  line  parallel  to  the  flat  land  portions  is 
represented  by  u,  the  intersection  of  the  curved 
surface  and  a  vertical  line,  from  which  the  curved 

14 
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surface  is  raised  perpendicularly  to  the  flat  land 
portion  surface,  is  represented  by  v  and  the  inter- 
section  of  said  tangent  line  and  said  vertical  line 
is  represented  by  w,  the  distance  between  the 
points  v  and  w  is  about  20  to  40%  of  the  groove 
depth  (t)  and  the  distance  between  the  points  u 
and  w  is  about  10  to  20%  of  the  grating  pitch  of 
the  corresponding  grating  portion,  and  wherein 
the  groove  tilt  angle  (9)  and  groove  depth  (t)  are 
determined  on  condition  that  the  groove  depth  is 
set  so  as  to  cause  an  optical  phase  difference  in 
the  range  of  0.65rc  to  1tc  between  the  incident 
light  and  diffracted  light. 

9.  An  optical  diffraction  grating  element  according  to 
claim  8,  wherein  the  groove  depth  (t)  is  set  so  as 
to  cause  an  optical  phase  difference  in  the  range 
of  0.77tc  to  0.91tc  between  the  incident  light  and 
diffracted  light. 

10.  An  optical  diffraction  grating  element  according  to 
claim  9,  wherein  the  groove  tilt  angle  (9)  is  in  the 
range  of  32°  to  43°,  and  more  preferably  in  the 
range  of  36°  to  40°,  in  the  case  where  the  refrac- 
tive  index  of  the  optical  diffraction  grating  ele- 
ment  is  1  .454  and  the  wavelength  of  a  laser  beam 
incident  on  the  optical  diffraction  grating  element 
is  780nm. 

11.  An  optical  pick-up  device  comprising  an  optical 
system  including  a  light  source  (31)  for  emitting  a 
light  beam  and  an  optical  diffraction  grating  ele- 
ment  (2;  7;  8;  10)  as  defined  by  any  of  claims  1 
to  10,  said  grating  element  being  positioned  be- 
tween  the  light  source  and  a  recording  medium 
(35)  for  guiding  a  light  beam  emitted  from  the  light 
source  onto  the  recording  medium  and  for  guid- 
ing  reflected  light  from  the  recording  medium 
onto  a  light  receiving  element  (6). 

12.  An  optical  scan  device  comprising  a  light  source 
(1)  for  emitting  a  light  beam  and  an  optical  diffrac- 
tion  grating  element  (12;  15)  as  defined  by  claim 
1,  said  grating  element  (12;  15)  being  relatively 
movable  with  respect  to  the  light  source,  wherein 
the  optical  diffraction  grating  element  diffracts  a 
light  beam  emitted  from  the  light  source  when 
moving  relative  to  the  light  source  so  that  linear 
scanning  operation  with  the  light  beam  is  per- 
formed  in  a  predetermined  direction. 

13.  An  optical  scan  device  according  to  claim  12, 
wherein  the  optical  diffraction  grating  element 
(12)  is  in  the  form  of  a  disk  and  comprises  a  plur- 
ality  of  fan-shaped  diffraction  gratings  (13)  each 
having  grating  lines  coincident  with  interference 
fringes  formed  by  divergent  light  from  a  point  and 
divergent  light  from  the  light  source,  the  point  be- 

ing  on  an  axis  which  passes  through  an  external 
point  around  which  the  grating  lines  are  concen- 
trically  formed  and  is  perpendicular  to  a  plane  in- 

5  eluding  the  flat  land  portion  surfaces  of  the  dif- 
fraction  grating,  and  wherein  the  grating  pitch  is 
gradually  widened  toward  the  external  point. 

14.  An  optical  scan  device  according  to  claim  12, 
10  wherein  the  optical  diffraction  grating  element 

(15)  comprises  a  diffraction  grating  having  grat- 
ing  lines  coincident  with  interference  fringes 
formed  by  divergent  light  from  a  point  and  diver- 
gent  lightfrom  the  light  source,  the  point  being  on 

15  an  axis  which  passes  through  an  external  point 
around  which  the  grating  lines  are  concentrically 
formed  and  is  perpendicular  to  a  plane  including 
the  flat  land  portion  surfaces  of  the  diffraction 
grating,  wherein  the  grating  pitch  is  gradually  wid- 

20  ened  toward  the  external  point,  and  wherein  the 
optical  diffraction  grating  element  is  disposed 
such  that  a  light  beam  from  the  light  source  come 
therein  orthogonally  to  the  flat  surface  of  the 
land  portions,  and  linearly  moves  along  the  plane 

25  where  the  grating  lines  exist  so  that  the  incident 
laser  beam  successively  crosses  the  grating 
lines. 

30  Patentanspruche 

1  .  Optisches  Beugungsgitterelement  (2;  7;  8;  1  0)  mit 
einer  Reihe  abwechselnder  Graben  und  flacher 
Stegabschnitte,  die  ein  Beugungsgittermuster 

35  bilden,  wobei  jeder  Graben  eine  unter  einem  Win- 
kel  (©)  gegen  die  Flache  der  ebenen  Stegab- 
schnitte  geneigte  Flache  aufweist,  wobei  das  Git- 
terelement  mindestens  zwei  Gitterabschnitte  (2a, 
2b;  7a,  7b,  7c;  8a,  8b;  10a,  10b)  mit  verschiede- 

40  nen  jeweiligen  Gitterweiten  (d  ̂ d2;  d^,  d12,  d13) 
aufweist,  dadurch  gekennzeichnet,  dali  alle  Gra- 
ben  des  Gitterelements  dieselbe  Form  (t,  L,  ©) 
aufweisen,  wobei  die  Gitterweite  jeder  der  Gitter- 
abschnitte  durch  die  Breite  (M)  der  ebenen  Steg- 

45  abschnitte  des  jeweiligen  Gitterabschnitts  be- 
stimmt  ist. 

2.  Optisches  Beugungsgitterelement  nach  An- 
spruch  1,  mit  einem  ersten  Beugungsgitter  (2a), 

so  dessen  mittlere  Weite  auf  (2,2  +  0,2)a  eingestellt 
ist,  und  einem  zweiten  Beugungsgitter  (2b),  des- 
sen  mittlere  Weite  auf  (2,8  +  0,2)a  eingestellt  ist, 
wobei  a  die  Wellenlange  des  einfallenden  Lichts 
reprasentiert,  wobei  die  Graben  jeweils  einen  un- 

55  symmetrischen,  V-formigen  Abschnitt  und  einen 
rechtwinkligen  Bodenabschnitt  aufweisen,  und 
wobei  der  Grabenneigungswinkel  (©)  und  die 
Grabentiefe  (t)  unter  der  Bedingung  festgelegt 
sind,  daft  die  Grabentiefe  so  eingestellt  ist,  daft 

15 



29 EP  0  391  664  B1 30 

sie  zu  einer  optischen  Phasendifferenz  im  Be- 
reich  von  OJn  bis  0,9rc  zwischen  dem  einfallen- 
den  Licht  und  dem  gebeugten  Licht  fuhrt. 

3.  Optisches  Beugungsgitterelement  nach  An- 
spruch  2,  bei  dem  die  Grabentiefe  (t)  so  einge- 
stellt  ist,  dali  sie  zu  einer  optischen  Phasendiffe- 
renz  im  Bereich  von  0,77tc  bis  0,85tc  zwischen 
dem  einfallenden  Licht  und  dem  gebeugten  Licht 
fuhrt. 

7.  Optisches  Beugungsgitterelement  nach  An- 
spruch  6,  bei  dem  derGrabenneigungswinkel  (©) 
im  Bereich  von  34  bis  42°,  bevorzugter  im  Be- 

reich  von  36°  bis  40°  liegt,  wenn  der  Brechungs- 
index  des  optischen  Beugungsgitterelements 
1  ,454  betragt,  und  die  Wellenlange  des  auf  das 

5  optische  Beugungsgitterelement  fallenden  La- 
serstrahls  780  nm  betragt. 

8.  Optisches  Beugungsgitterelement  nach  An- 
spruch  1,  mit  einem  ersten  Beugungsgitter  (10a), 

10  dessen  mittlere  Weite  auf  (2,2  +  0,2)a  eingestellt 
ist,  und  einem  zweiten  Beugungsgitter  (10b),  des- 
sen  mittlere  Weite  auf  (2,8  +  0,2)a  eingestellt  ist, 
wobei  a  die  Wellenlange  des  einfallenden  Lichts 
reprasentiert,  wobei  die  Graben  jeweils  aus  der 

15  mit  einem  Grabenneigungswinkel  (©)  geneigten 
Oberflache  und  einer  gekrummten  Flache  (11) 
bestehen,  die  im  wesentlichen  rechtwinklig  von 
der  Flache  des  ebenen  Stegabschnitts  ausgeht, 
wobei  dann,  wenn  der  Punkt  der  gekrummten 

20  Flache,  der  eine  Tangente  parallel  zu  den  ebenen 
Stegabschnitten  aufweist,  mit  u  reprasentiert  ist, 
der  Schnittpunkt  der  gekrummten  Flache  und  ei- 
ner  vertikalen  Linie,  von  der  die  gekrummte  Fla- 
che  rechtwinklig  zur  Flache  des  ebenen  Stegab- 

25  schnitts  ausgeht,  mit  v  reprasentiert  ist,  und  der 
Schnittpunkt  dieser  Tangente  und  der  vertikalen 
Linie  mit  w  reprasentiert  ist,  der  Abstand  zwi- 
schen  den  Punkten  v  und  w  etwa  20  bis  40%  der 
Grabentiefe  (t)  und  der  Abstand  zwischen  den 

30  Punkten  u  und  w  etwa  1  0  bis  20%  der  Gitterweite 
des  entsprechenden  Gitterabschnitts  betragt, 
und  wobei  der  Grabenneigungswinkel  (©)  die 
Grabentiefe  (t)  unter  der  Bedingung  festgelegt 
werden,  dali,  die  Grabentiefe  so  eingestellt  ist, 

35  dali  eine  optische  Phasendifferenz  im  Bereich 
von  0,65tc  bis  1  re  zwischen  dem  einfallenden  Licht 
und  dem  gebeugten  Licht  hervorgerufen  wird. 

9.  Optisches  Beugungsgitterelement  nach  An- 
40  spruch  8,  bei  dem  die  Grabentiefe  (t)  so  einge- 

stellt  ist,  dali  sie  zu  einer  optischen  Phasendiffe- 
renz  im  Bereich  von  0,77tc  bis  0,91  n  zwischen 
dem  einfallenden  Licht  und  dem  gebeugten  Licht 
fuhrt. 

45 
10.  Optisches  Beugungsgitterelement  nach  An- 

spruch  9,  bei  dem  der  Grabenneigungswinkel  (©) 
im  Bereich  von  32  bis  43°,  bevorzugter  im  Be- 
reich  von  36°  bis  40°  liegt,  wenn  der  Brechungs- 

50  index  des  optischen  Beugungsgitterelements 
1  ,454  betragt,  und  die  Wellenlange  des  auf  das 
optische  Beugungsgitterelement  fallenden  La- 
serstrahls  780  nm  betragt. 

55  11.  Optische  Aufnehmereinrichtung  mit  einem  opti- 
schen  System  mit  einer  Lichtquelle  (31)  zum 
Emittieren  eines  Lichtstrahls,  und  einem  opti- 
schen  Beugungsgitterelement  (2;  7;  8;  10),  wie 
durch  einen  der  Anspruche  1  bis  10definiert,  wo- 

4.  Optisches  Beugungsgitterelement  nach  An- 
spruch  3,  bei  dem  derGrabenneigungswinkel  (©) 
im  Bereich  von  30  bis  45°,  bevorzugter  im  Be-  15 
reich  von  35°  bis  40°  liegt,  wenn  der  Brechungs- 
index  des  optischen  Beugungsgitterelements 
1,454  betragt,  und  die  Wellenlange  des  auf  das 
optische  Beugungsgitterelement  fallenden  La- 
serstrahls  780  nm  betragt.  20 

5.  Optisches  Beugungsgitterelement  nach  An- 
spruch  1  ,  mit  einem  ersten  Beugungsgitter  (8a), 
dessen  mittlere  Weite  auf  (2,2  +  0,2)a  eingestellt 
ist,  und  einem  zweiten  Beugungsgitter  (8b),  des-  25 
sen  mittlere  Weite  auf  (2,8  +  0,2)a  eingestellt  ist, 
wobei  a  die  Wellenlange  des  einfallenden  Lichts 
ist,  wobei  die  Graben  jeweils  aus  der  geneigten, 
mit  einem  Grabenneigungswinkel  (©)  geneigten 
Flache  und  einer  gekrummten  Flache  (9)  beste-  30 
hen,  und  dann,  wenn  der  Punkt  der  gekrummten 
Flache,  der  eine  Tangente  parallel  zu  den  ebenen 
Stegabschnitten  aufweist,  durch  x  reprasentiert 
ist,  und  der  Punkt  der  gekrummten  Flache,  der  ei- 
ne  Tangente  rechtwinklig  zu  den  ebenen  Stegab-  35 
schnitten  aufweist,  durch  y  reprasentiert  ist,  und 
der  Schnittpunkt  zwischen  den  zwei  Tangentenli- 
nien  durch  z  reprasentiert  ist,  der  Abstand  zwi- 
schen  den  Punkten  y  und  z  ungefahr40  bis  60% 
der  Grabentiefe  (t)  und  der  Abstand  zwischen  den  40 
Punkten  x  und  z  etwa  10  bis  20%  der  Gitterweite 
des  entsprechenden  Gitterabschnitts  ist,  und  wo- 
bei  der  Grabenneigungswinkel  (©)  und  die  Gra- 
bentiefe  (t)  unter  der  Bedingung  bestimmt  sind, 
dali  die  Grabentiefe  auf  einen  Wert  eingestellt  ist,  45 
der  zu  einer  optischen  Phasendifferenz  im  Be- 
reich  von  0,7tc  bis  1,1  n  zwischen  dem  einfallen- 
den  Licht  und  dem  gebeugten  Licht  fuhrt. 

6.  Optisches  Beugungsgitterelement  nach  An-  50 
spruch  5,  bei  dem  die  Grabentiefe  (t)  so  einge- 
stellt  ist,  dali  sie  zu  einer  optischen  Phasendiffe- 
renz  im  Bereich  von  0,81  n  bis  0,95tc  zwischen 
dem  einfallenden  Licht  und  dem  gebeugten  Licht 
fuhrt.  55 
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bei  das  Gitterelement  zwischen  der  Lichtquelle 
und  einem  Aufzeichnungsmedium  (35)  positio- 
niert  ist,  urn  einen  von  der  Lichtquelle  emittierten 
Lichts  trahl  auf  das  Aufzeichnungsmedium  zufuh- 
ren,  und  urn  das  am  Aufzeichnungsmedium  re- 
flektierte  Licht  auf  ein  Lichtempfangselement  (6) 
zu  fuhren. 

12.  Optische  Abtastvorrichtung  mit  einer  Lichtquelle 
(1)  zum  Emittieren  eines  Lichtstrahls,  und  mit  ei- 
nem  optischen  Beugungsgitterelement  (12;  15), 
wie  durch  Anspruch  1  def  iniert,  wobei  das  Gitter- 
element  (12;  15)  relativ  zur  Lichtquelle  beweglich 
ist,  wobei  das  optische  Beugungsgitterelement 
einen  von  der  Lichtquelle  emittierten  Lichtstrahl 
beugt,  wenn  er  sich  relativ  zur  Lichtquelle  be- 
wegt,  so  dali  ein  linearer  Abtastvorgang  in  vorge- 
gebener  Richtung  mit  dem  Lichtstrahl  ausgefuhrt 
wird. 

13.  Optische  Abtastvorrichtung  nach  Anspruch  12, 
bei  der  das  optische  Beugungsgitterelement  (12) 
in  Form  einer  Scheibe  vorliegt  und  es  mehrere  fa- 
cherformige  Beugungsgitter  (13)  aufweist,  von 
denen  jedes  uber  Gitterlinien  verfugt,  die  mit  In- 
terferenzringen  zusammenfallen,  die  durch  diver- 
gierendes  Licht,  das  von  einem  Punkt  ausgeht, 
und  divergierendes  Licht  von  der  Lichtquelle  ge- 
bildet  werden,  wobei  der  Punkt  auf  einer  Achse 
liegt,  die  durch  einen  aulienliegenden  Punkt 
geht,  urn  den  die  Gitterlinien  konzentrisch  ausge- 
bildet  sind,  und  die  rechtwinklig  auf  einer  Ebene 
steht,  die  die  ebenen  Stegabschnittoberflachen 
des  Beugungsgitters  enthalt,  und  wobei  die  Git- 
terweite  zum  aulienliegenden  Punkt  hin  allmah- 
lich  verbreitert  ist. 

14.  Optische  Abtastvorrichtung  nach  Anspruch  12, 
bei  der  das  optische  Beugungsgitterelement  (15) 
ein  Beugungsgitter  mit  Gitterlinien  aufweist,  die 
mit  Interferenzringen  zusammenfallen,  die  durch 
divergierendes  Licht  von  einem  Punkt  und  diver- 
gierendes  Licht  von  der  Lichtquelle  gebildet  wer- 
den,  wobei  der  Punkt  auf  einer  Achse  liegt,  die 
durch  einen  aulieren  Punkt  geht,  urn  den  die  Git- 
terlinien  konzentrisch  ausgebildet  sind,  und  die 
rechtwinklig  zu  einer  Ebene  steht,  die  die  ebenen 
Stegabschnittflachen  des  Beugungsgitters  ent- 
halt,  wobei  die  Gitterweite  allmahlich  zum  aulien- 
liegenden  Punkt  verbreitert  ist,  und  wobei  das  op- 
tische  Beugungsgitterelement  so  angeordnet  ist, 
dali  ein  von  der  Lichtquelle  emittierter  Lichtstrahl 
rechtwinklig  auf  die  ebene  Flache  der  Stegab- 
schnitte  fallt,  und  es  sich  linear  entlang  der  Ebene 
bewegt,  in  der  die  Gitterlinien  vorhanden  sind,  so 
dali  der  einfallende  Laserstrahl  aufeinanderfol- 
gend  die  Gitterlinien  kreuzt. 

Revendications 

1  .  Element  de  reseau  de  diffraction  optique  (2;  7;  8; 
5  10)  comprenant  une  serie  de  rainures  et  de  par- 

ties  d'intervalle  planes  disposees  en  alternance 
et  formant  une  configuration  de  reseau  de  dif- 
fraction,  chaque  rainure  ayant  une  surface  incli- 
nee  sous  un  angle  (©)  par  rapport  a  la  surface 

10  des  parties  d'intervalle  planes,  I'element  de  re- 
seau  comprenant  au  moins  deux  parties  de  re- 
seau  (2a,  2b;  7a,  7b,  7c;  8a,  8b;  10a,  10b)  ayant 
des  pas  de  reseau  respectifs  differents  (d  ̂ d2; 
dn,  d12,  d13),  caracterise  en  ce  que  toutes  les  rai- 

15  nures  de  I'element  de  reseau  on  la  meme  confi- 
guration  (t,  L,  ©),  le  pas  de  reseau  de  chacune 
des  parties  de  reseau  etant  determine  par  la  lar- 
geur  (M)  des  parties  d'intervalle  planes  de  la  par- 
tie  de  reseau  respective. 

20 
2.  Element  de  reseau  de  diffraction  optique  selon  la 

revendication  1,  comprenant  un  premier  reseau 
de  diffraction  (2a)  dont  le  pas  moyen  est  etabli  a 
(2,2  +  0,2)a  et  un  second  reseau  de  diffraction 

25  (2b)  dont  le  pas  moyen  est  etabli  a  (2,8  +  0,2)a, 
a  representant  la  longueur  d'onde  de  la  lumiere 
incidente,  dans  lequel  les  rainures  ont,  respecti- 
vement,  une  section  en  forme  de  V  asymetrique 
et  une  partie  de  fond  en  angle  droit,  et  dans  lequel 

30  Tangle  d'inclinaison  de  rainure  (©)  et  la  profon- 
deur  de  rainure  (t)  sont  determines  a  la  condition 
que  la  profondeur  de  rainure  soit  etablie  de  facon 
a  engendrer  une  difference  de  phase  optique 
dans  la  gamme  allant  de  0,7tc  a  0,9tc  entre  la  lu- 

35  miere  incidente  et  la  lumiere  diffractee. 

3.  Element  de  reseau  de  diffraction  optique  selon  la 
revendication  2,  dans  lequel  la  profondeur  de  rai- 
nure  (t)  est  etablie  de  facon  a  engendrer  une  dif- 

40  ference  de  phase  optique  dans  la  gamme  allant 
de  0,77tc  a  0,85rc  entre  la  lumiere  incidente  et  la 
lumiere  diffractee. 

4.  Element  de  reseau  de  diffraction  optique  selon  la 
45  revendication  3,  dans  lequel  Tangle  d'inclinaison 

de  rainure  (©)  se  situe  dans  la  gamme  allant  de 
30°  a  45°,  et,  de  preference,  dans  la  gamme  allant 
de  34°  a  40°,  dans  le  cas  ou  Tindice  de  refraction 
de  I'element  de  reseau  de  diffraction  optique  est 

so  egal  a  1,454  et  ou  la  longueur  d'onde  d'un  fais- 
ceau  laser  tombant  sur  I'element  de  reseau  de 
diffraction  optique  est  egale  a  780  nm. 

5.  Element  de  reseau  de  diffraction  optique  selon  la 
55  revendication  1,  comprenant  un  premier  reseau 

de  diffraction  (8a)  dont  le  pas  moyen  est  etabli  a 
(2.2  +  0.2)a  et  un  second  reseau  de  diffraction 
(8b)  dont  le  pas  moyen  est  etabli  a  (2,8  +0,2)a,  a  
representant  la  longueur  d'onde  de  la  lumiere  in- 
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cidente,  dans  lequel  les  rainures  se  composent, 
respectivement,  de  ladite  surface  inclinee  sous 
un  angle  d'inclinaison  de  rainure  (©)  et  d'une  sur- 
face  courbe  (9),  et,  lorsque  le  point  de  la  surface 
courbe  ayant  une  ligne  tangente  parallele  aux 
parties  d'intervalle  planes  est  represente  parx,  le 
point  de  la  surface  courbe  ayant  une  ligne  tan- 
gente  normale  aux  parties  d'intervalle  planes  est 
represente  pary  etle  point  d'intersection  desdites 
deux  lignes  tangentes  est  represente  parz,  la  dis- 
tance  entre  les  points  y  et  z  est  egale  a  environ 
40  a  60%  de  la  profondeur  de  rainure  (t)  et  la  dis- 
tance  entre  les  points  x  et  z  est  egale  a  environ 
10a  20%  du  pas  de  la  partie  de  reseau  corres- 
pondante,  et  dans  lequel  Tangle  d'inclinaison  de 
rainure  (©)  et  la  profondeur  de  rainure  (t)  sont  de- 
termines  a  la  condition  que  la  profondeur  de  rai- 
nure  soit  etablie  de  facon  a  engendrer  une  diffe- 
rence  de  phase  optique  dans  la  gamme  allant  de 
0,7tc  a  1  ,1tc  entre  la  lumiere  incidente  et  la  lumiere 
diffractee. 

6.  Element  de  reseau  de  diffraction  optique  selon  la 
revendication  5,  dans  lequel  la  profondeur  de  rai- 
nure  (t)  est  etablie  de  facon  a  engendrer  une  dif- 
ference  de  phase  optique  dans  la  gamme  allant 
de  0,81  tc  a  0,95tc  entre  la  lumiere  incidente  et  la 
lumiere  diffractee. 

7.  Element  de  reseau  de  diffraction  optique  selon  la 
revendication  6,  dans  lequel  Tangle  d'inclinaison 
de  rainure  (©)  se  situe  dans  la  gamme  allant  de 
34°  a  42°,  et,  de  preference  dans  la  gamme  allant 
de  36°  a  40°,  dans  le  cas  ou  Tindice  de  refraction 
de  I'element  de  reseau  de  diffraction  optique  est 
egal  a  1  ,454  et  ou  la  longueur  d'onde  d'un  fais- 
ceau  laser  tombant  sur  I'element  de  reseau  de 
diffraction  optique  est  egale  a  780  nm. 

8.  Element  de  reseau  de  diffraction  optique  selon  la 
revendication  1  ,  comprenant  un  premier  reseau 
de  diffraction  (10a)  dont  le  pas  moyen  est  etabli 
a  (2,2  +  0,2)a  et  un  second  reseau  de  diffraction 
(10b)  dont  le  pas  moyen  est  etabli  a  (2,8  +  0,2)a, 
a  representant  la  longueur  d'onde  de  la  lumiere 
incidente,  dans  lequel  les  rainures  se  composent 
respectivement  de  ladite  surface  inclinee  sous  un 
angle  d'inclinaison  de  rainure  (©)  et  d'une  surfa- 
ce  courbe  (11)  qui  s'eleve  sensiblement  perpen- 
diculairement  a  la  surface  des  parties  d'intervalle 
planes,  et,  lorsque  le  point  de  ia  surface  courbe 
ayant  une  ligne  tangente  parallele  aux  parties 
d'intervalle  planes  est  represente  par  u,  Tinter- 
section  de  la  surface  courbe  et  d'une  ligne  verti- 
cale,  a  partirde  laquelle  la  surface  courbe  s'eleve 
perpendiculairement  a  la  surface  de  la  partie  d'in- 
tervalle  plane,  est  representee  par  v  et  Tintersec- 
tion  de  ladite  ligne  tangente  et  de  ladite  ligne  ver- 

tical  est  representee  par  w,  la  distance  entre  les 
points  v  et  w  est  egale  a  environ  20  a  40%  de  la 
profondeur  de  rainure  (t)  et  la  distance  entre  les 

5  points  u  et  w  est  egale  a  environ  10a  20%  du  pas 
de  reseau  de  la  partie  de  reseau  correspondante, 
et  dans  lequel  Tangle  d'inclinaison  de  rainure  (©) 
et  la  profondeur  de  rainure  (t)  sont  determines  a 
la  condition  que  la  profondeur  de  rainure  soit  eta- 

10  blie  de  facon  a  engendrer  une  difference  de  pha- 
se  optique  dans  la  gamme  allant  de  0,65tc  a  l  it 
entre  la  lumiere  incidente  et  la  lumiere  diffractee 

9.  Element  de  reseau  de  diffraction  optique  selon  la 
15  revendication  8,  dans  lequel  la  profondeur  de  rai- 

nure  (t)  est  etablie  de  facon  a  engendrer  une  dif- 
ference  de  phase  optique  dans  la  gamme  allant 
de  0,77tc  a  0,91  tc  entre  la  lumiere  incidente  et  la 
lumiere  diffractee. 

20 
1  0.  Element  de  reseau  de  diffraction  optique  selon  la 

revendication  9,  dans  lequel  Tangle  d'inclinaison 
de  rainure  (©)  se  situe  dans  la  gamme  allant  de 
32°  a  43°,  et,  de  preference,  dans  la  gamme  allant 

25  de  36°  a  40°,  dans  le  cas  ou  Tindice  de  refraction 
de  I'element  de  reseau  de  diffraction  optique  est 
egal  a  1,454  et  ou  la  longueur  d'onde  d'un  fais- 
ceau  laser  tombant  sur  I'element  de  reseau  de 
diffraction  optique  est  egale  a  780  nm. 

30 
11.  Dispositif  de  lecture  optique  comprenant  un  sys- 

teme  optique  comportant  une  source  de  lumiere 
(31  )  pour  emettre  un  faisceau  laser,  et  un  element 
de  reseau  de  diffraction  optique  (2;  7;  8;  10)  tel 

35  que  defini  dans  Tune  quelconque  des  revendica- 
tions  1  a  10,  ledit  element  de  reseau  etant  posi- 
tionne  entre  la  source  de  lumiere  et  un  support 
d'enregistrement  (35)  pour  diriger,  sur  le  support 
d'enregistrement,  un  faisceau  laser  emis  par  la 

40  source  de  lumiere,  et  pour  diriger,  surun  element 
de  reception  de  lumiere  (6),  la  lumiere  reflechie 
par  le  support  d'enregistrement. 

12.  Dispositif  de  balayage  optique  comprenant  une 
45  source  de  lumiere  (1)  pour  emettre  un  faisceau  de 

lumiere,  et  un  element  de  reseau  de  diffraction 
optique  (1  2;  1  5)  tel  que  defini  par  la  revendication 
1,  ledit  element  de  reseau  (12;  15)  etant  relative- 
ment  mobile  par  rapport  a  la  source  de  lumiere, 

so  dans  lequel  I'element  de  reseau  de  diffraction  op- 
tique  diffracte  un  faisceau  de  lumiere  emis  par  la 
source  de  lumiere  lorsqu'il  se  deplace  par  rapport 
a  la  source  de  lumiere,  si  bien  que  Toperation  de 
balayage  lineaire  utilisant  le  faisceau  de  lumiere 

55  est  effectuee  dans  une  direction  predeterminee. 

13.  Dispositif  de  balayage  optique  selon  la  revendi- 
cation  12,  dans  lequel  I'element  de  reseau  de  dif- 
fraction  optique  (12)  a  la  forme  d'un  disque  et 
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comprend  une  multiplicity  de  reseau  de  diffrac- 
tion  en  eventail  (13)  presentantchacun  des  lignes 
de  reseau  qui  coincident  avec  des  franges  d'in- 
terference  formees  par  de  la  lumiere  divergente  5 
en  provenance  d'un  point  et  de  la  lumiere  diver- 
gente  en  provenance  de  la  source  de  lumiere,  le 
point  etant  situe  sur  un  axe  qui  traverse  un  point 
externe  autour  duquel  les  lignes  de  reseau  sont 
formees  de  facon  concentrique  et  qui  est  perpen-  10 
diculaire  a  un  plan  contenant  les  surfaces  de  par- 
ties  d'intervalle  planes  du  reseau  de  diffraction, 
et  dans  lequel  le  pas  de  reseau  est  progressive- 
ment  elargi  vers  le  point  externe. 

15 
14.  Dispositif  de  balayage  optique  selon  la  revendi- 

cation  12,  dans  lequel  I'element  de  reseau  de  dif- 
fraction  optique  (15)  comprend  un  reseau  de  dif- 
fraction  ayant  des  lignes  de  reseau  qui  coincident 
avec  des  franges  d'interference  formees  par  de  20 
la  lumiere  divergente  en  provenance  d'un  point  et 
de  la  lumiere  divergente  en  provenance  de  la 
source  de  lumiere,  le  point  etant  situe  sur  un  axe 
qui  traverse  un  point  externe  autour  duquel  les  li- 
gnes  de  reseau  sont  formees  de  facon  concentri-  25 
que  et  qui  est  perpend  iculaire  a  un  plan  contenant 
les  surfaces  de  parties  d'intervalle  planes  du  re- 
seau  de  diffraction,  dans  lequel  le  pas  de  reseau 
est  progressivement  elargi  vers  le  point  externe, 
et  dans  lequel  I'element  de  reseau  de  diffraction  30 
optique  est  dispose  de  telle  maniere  qu'un  fais- 
ceau  de  lumiere  en  provenance  de  la  source  de 
lumiere  penetre  dans  I'element  perpendiculaire- 
ment  a  la  surface  plane  des  parties  d'intervalle, 
et  se  deplace  lineairement  le  long  du  plan  ou  se  35 
situent  les  lignes  de  reseau  de  facon  a  ce  que  le 
faisceau  laser  incident  traverse  successivement 
les  lignes  de  reseau. 
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