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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  a  laser  optical  system 
provided  with  a  laser  beam  source.  This  invention 
particularly  relates  to  a  laser  optical  system  wherein 
no  side  lobe  is  generated  to  around  a  convergence 
spot  at  the  time  a  laser  beam  emitted  by  the  laser 
beam  source  is  converged. 

Description  of  the  Prior  Art 

Laser  optical  systems  have  heretofore  been 
widely  used  as,  for  example,  a  means  for  generating 
a  scanning  light  beam  in  scanning  recording  appara- 
tuses  and  scanning  read-out  apparatuses.  Among 
the  laser  optical  systems,  the  laser  optical  system  us- 
ing  a  semiconductor  laser  as  the  laser  beam  source 
is  advantageous  in  that  the  semiconductor  laser  is 
smaller,  cheaper  and  consumes  less  power  than  a 
gas  laser  or  the  like,  and  the  direct  analog  modulation 
wherein  the  optical  output  is  changed  by  control  of  the 
drive  current  can  be  effected,  and  therefore  direct 
modulation  may  be  carried  out  by  use  of  signals  gen- 
erated  in  accordance  with  image  information  in  the 
case  where  the  laser  optical  system  is  used  in  a  scan- 
ning  recording  apparatus. 

In  the  aforesaid  laser  optical  system,  a  beam  di- 
ameter  adjusting  plate  having  an  aperture  through 
which  only  the  laser  beam  portion  at  the  center  of  the 
laser  beam  emitted  by  the  laser  beam  source  is  to  be 
passed  is  often  disposed  in  the  optical  path  of  the  las- 
er  beam.  The  beam  diameter  adjusting  plate  is  used 
for  various  purposes,  for  example  for  increasing  the 
focal  depth  at  the  time  the  laser  beam  is  converged, 
as  disclosed  in  Japanese  Patent  Publication  No. 
58(1983)-20015.  Also,  in  the  case  where  a  semicon- 
ductor  laser  is  used  as  the  laser  beam  source,  the 
beam  diameter  adjusting  plate  is  often  disposed  so 
that  the  light  in  a  low  output  region  in  the  laser  beam 
emitted  by  the  semiconductor  laser  can  also  be  util- 
ized  without  increasing  the  diameter  of  the  conver- 
gence  spot  at  the  convergence  position.  The  relation- 
ship  between  the  output  of  the  semiconductor  laser 
and  the  diameter  of  the  convergence  spot  and  the  ef- 
fects  of  the  beam  diameter  adjusting  plate  will  be  de- 
scribed  hereinbelow. 

It  has  heretofore  been  known  that  the  laser  beam 
emitted  by  the  semiconductor  laser  is  classified  into 
laser  oscillation  lightand  light  in  the  natural  light  emis- 
sion  region.  Figure  8  shows  the  relationships  be- 
tween  the  drive  current  for  the  semiconductor  laser  on 
one  hand  and  the  laser  oscillation  light  and  the  light 
in  the  natural  light  emission  range  on  the  other  hand. 
In  Figure  8,  line  "a"  indicates  the  relationship  between 

the  drive  current  and  the  output  of  the  light  in  the  natu- 
ral  light  emission  region  (hereinafter  referred  to  as  the 
natural  emission  light),  and  line  "b"  indicates  the  re- 
lationship  between  the  drive  current  and  the  output  of 

5  the  laser  oscillation  light.  As  shown,  in  the  case  where 
the  drive  current  is  applied  to  the  semiconductor  laser, 
no  laser  oscillation  light  is  emitted  and  only  the  natu- 
ral  emission  light  is  emitted  until  the  level  of  the  drive 
current  exceeds  a  threshold  current  lo.  As  the  level  of 

10  the  drive  current  increases,  the  output  of  the  natural 
emission  light  increases  gradually.  However,  the  laser 
oscillation  light  starts  to  be  generated  when  the  level 
of  the  drive  current  exceeds  the  threshold  current  lo, 
and  the  output  of  the  laser  oscillation  light  becomes 

15  large  thereafter.  At  this  time,  the  ratio  of  the  output  of 
the  natural  emission  light  to  the  output  of  the  laser 
beam  as  a  whole  diminishes,  and  substantially  the 
laser  oscillation  light  alone  is  emitted.  The  relation- 
ship  between  the  level  of  the  drive  current  and  the  to- 

20  tal  amount  of  the  natural  emission  light  and  the  laser 
oscillation  light  generated  by  the  semiconductor  laser 
is  indicated  by  curve  "c". 

The  natural  emission  light  contains  various  angle 
components  as  compared  with  the  laser  oscillation 

25  light,  and  therefore  the  natural  emission  light  cannot 
be  converged  to  a  spot  diameter  so  small  as  the  spot 
diameter  of  the  laser  oscillation  light.  Therefore,  in  the 
case  where  the  semiconductor  laser  optical  system  is 
used  in  a  scanning  recording  apparatus  wherein  the 

30  recording  light  must  be  modulated  overa  wide  dynam- 
ic  range  and  even  a  light  beam  of  the  low  output  region 
in  which  the  natural  emission  light  is  predominant 
must  be  utilized,  the  beam  diameter  in  the  low  output 
region  increases  and  the  spatial  resolution  of  the 

35  scanning  deteriorates.  Accordingly,  in  Japanese  Pa- 
tent  Application  No.  61  (1986)-1  96352,  the  applicant 
proposed  a  semiconductor  laser  optical  system  pro- 
vided  with  a  beam  diameter  adjusting  plate  having  an 
aperture  through  which  only  the  center  portion  of  the 

40  laser  beam  is  to  be  passed  on  the  basis  of  the  findings 
that  the  diameter  of  the  convergence  spot  can  be  re- 
duced  for  the  natural  emission  light  as  well  when  the 
beam  diameter  adjusting  plate  is  disposed  in  the  opt- 
ical  path  of  the  laser  beam  emitted  by  the  semicon- 

45  ductor  laser. 
As  mentioned  above,  the  beam  diameter  adjust- 

ing  plate  is  used  for  increasing  the  focal  depth,  or,  in 
the  case  of  the  semiconductor  laser,  for  preventing 
the  diameter  of  the  convergence  spot  of  the  natural 

so  emission  light  from  increasing.  In  the  case  where  a 
lens  such  as  a  collimator  lens  disposed  in  the  optical 
path  has  a  diameter  smaller  than  the  diameter  of  the 
incident  light  beam,  the  lens  itself  may  act  in  the  same 
manner  as  an  aperture  and  may  substantially  consti- 

55  tute  the  beam  diameter  adjusting  member. 
However,  in  the  case  where  the  beam  diameter 

adjusting  member  mentioned  above  is  disposed  in 
the  optical  path  of  the  laser  beam  emitted  by  the  laser 
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beam  source,  a  part  of  the  laser  beam  is  eclipsed  by 
the  contour  portions  of  the  aperture  of  the  beam  di- 
ameter  adjusting  member.  As  a  result,  when  the  laser 
beam  after  passage  through  the  beam  diameter  ad- 
justing  member  is  converged,  a  weak  first-order  light 
component,  a  weak  second-order  light  component 
and  the  like  are  generated  as  side  lobes  around  a 
zero-order  light  component  converged  to  a  predeter- 
mined  position.  When  such  side  lobes  are  generated, 
various  problems  consequently  arise,  for  example  im- 
age  ghosts  appear  in  the  case  where  the  laser  optical 
system  is  used  in  the  scanning  recording  apparatus 
and  recording  of  the  image  information  is  carried  out 
by  use  of  the  converged  laser  beam. 

SUMMARY  OF  THE  INVENTION 

The  object  of  the  present  invention  is  to  provide 
a  laser  optical  system  wherein  only  the  center  portion 
of  the  laser  beam  is  taken  up  and  no  side  lobes  are 
generated  when  the  laser  beam  portion  taken  up  is 
converged. 

The  present  invention  achieves  its  object  by  pro- 
viding  a  laser  optical  system  comprising  the  features 
set  out  in  claim  1. 

In  the  laser  optical  system  in  accordance  with  the 
present  invention,  the  density  distribution  filter  may 
be  of  an  absorption  type  for  absorbing  light  at  a  high- 
density  portion,  or  it  may  be  of  a  reflection  type  for  re- 
flecting  light  at  the  high-density  portion. 

With  the  laser  optical  system  in  accordance  with 
the  present  invention  wherein  the  density  distribution 
filter  adjusts  the  passage  of  the  laser  beam  in  accor- 
dance  with  the  optical  density  thereof,  there  is  no  risk 
of  a  part  of  the  incident  laser  beam  being  eclipsed  as 
in  the  case  of  the  beam  diameter  adjusting  member 
having  an  aperture,  and  no  side  lobe  is  generated  at 
the  time  the  laser  beam  after  passage  through  the 
density  distribution  filter  is  converged.  Also,  the  den- 
sity  distribution  of  the  density  distribution  filter  can  be 
selected  as  desired,  and  therefore  the  shape  of  the 
laser  beam  passing  through  the  density  distribution 
filter  can  easily  be  adjusted  as  desired  by  changing 
the  density  distribution  of  the  density  distribution  fil- 
ter. 

Therefore,  with  the  laser  optical  system  in  accor- 
dance  with  the  present  invention,  the  beam  diameter 
can  be  adjusted  efficiently  by  use  of  the  density  dis- 
tribution  filter  without  side  lobes  being  generated.  Ac- 
cordingly,  by  converging  the  laser  beam  passing 
through  the  density  distribution  filter,  the  focal  depth 
can  be  increased  and  blurring  of  the  beam  diameter 
can  be  eliminated.  Thus  a  good  converged  laser 
beam  can  be  obtained  at  the  convergence  position. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  side  view  showing  a  semiconductor 

laser  optical  system  in  accordance  with  the  pres- 
ent  invention, 
Figure  2  is  a  graph  showing  the  intensity  distrib- 
ution  in  accordance  with  the  radiation  angle  of  the 

5  laser  oscillation  light, 
Figures  3a  and  3b  are  schematic  views  showing 
examples  of  the  density  distribution  filters  and 
optical  transmittances  thereof, 
Figure  4  is  a  graph  showing  the  optical  transmit- 

10  tance  of  the  density  distribution  filter, 
Figure  5  is  a  graph  showing  the  relationship  be- 
tween  the  optical  output  and  the  diameter  of  a 
convergence  spot  in  the  case  where  the  density 
distribution  filter  is  provided  in  comparison  with 

15  the  relationship  in  the  case  where  no  density  dis- 
tribution  filter  is  provided, 
Figures  6  and  7  are  side  views  showing  semicon- 
ductor  laser  optical  systems  as  further  embodi- 
ments  of  the  present  invention,  and 

20  Figure  8  is  a  graph  showing  the  relationships  be- 
tween  the  drive  current  for  a  semiconductor  laser 
on  one  hand  and  the  output  of  the  natural  emis- 
sion  light  and  the  output  of  the  laser  oscillation 
light  on  the  other  hand, 

25  Figure  9  is  a  perspective  view  showing  the  optical 
scanning  apparatus  wherein  the  semiconductor 
laser  optical  system  in  accorance  with  the  pres- 
ent  invention  is  utilized. 

30  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

The  present  invention  will  hereinbelow  be  descri- 
bed  in  further  detail  with  reference  to  the  accompa- 

35  nying  drawings. 
Figure  1  shows  a  semiconductor  laser  optical 

system  in  accorance  with  the  present  invention. 
The  semiconductor  laser  1  emits  natural  emis- 

sion  light  and  laser  oscillation  light  as  mentioned 
40  above  in  accordance  with  the  level  of  the  applied  cur- 

rent.  As  shown  in  Figure  2,  the  laser  oscillation  light 
has  predetermined  intensity  distribution  in  a  prede- 
termined  radiation  angle  range,  and  the  intensity  in 
the  middle  of  the  radiation  angle  range  becomes  the 

45  maximum  intensity  L.  The  laser  oscillation  light  has 
an  elliptical  cross-sectional  shape  wherein  the  spread 
angle  is  different  between  the  longitudinal  direction 
and  the  transverse  direction,  and  the  gradient  of  a 
curve  1  differs  between  the  longitudinal  direction  and 

so  the  transverse  direction.  On  the  other  hand,  the  natu- 
ral  emission  light  contains  various  angle  components 
and  is  radiated  also  in  directions  different  from  the  di- 
rections  of  radiation  of  the  laser  oscillation  light. 

Referring  to  Figure  1,  a  current  is  applied  to  a 
55  semiconductor  laser  1,  and  the  semiconductor  laser 

1  emits  a  laser  beam  1Ain  a  light  emission  amount  in 
accordance  with  the  level  of  the  current.  The  laser 
beam  1  A  generated  by  the  semiconductor  laser  1  is 

3 
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collimated  by  a  collimator  lens  2  disposed  in  the  opt- 
ical  path,  and  then  impinges  upon  a  density  distribu- 
tion  filter  23  which  is  constituted  so  that  the  optical 
density  at  the  center  portion  is  lower  and  the  optical 
density  at  the  peripheral  portion  is  higher,  and  only  5 
the  low  density  portion  substantially  transmits  light. 

The  density  distribution  filter  23  is  used  for  de- 
creasing  the  diameter  of  the  convergence  spot  of  the 
laser  beam  in  the  low  output  region,  wherein  the  natu- 
ral  emission  light  is  predominant,  to  a  value  close  to  10 
the  diameter  of  the  convergence  spot  of  the  laser  os- 
cillation  light.  The  diameter  of  the  convergence  spot 
of  the  laser  beam  in  the  low  output  region  can  be 
made  smaller  as  the  size  of  the  low  density  portion  is 
made  smaller  to  decrease  the  diameter  of  the  laser  15 
beam  passing  through  the  low  density  portion.  By 
way  of  example,  the  density  distribution  filter  23  is 
constituted  as  shown  in  Figure  3Aso  that  a  rectangu- 
lar  low  density  portion  23a  is  formed  inward  from  a 
high  density  portion  23b,  which  substantially  inter-  20 
cepts  light.  The  optical  transmittance  of  the  density 
distribution  filter  23  in  the  transverse  direction  (i.e.  in 
the  x  direction)  and  the  optical  transmittance  thereof 
in  the  longitudinal  direction  (i.e.  in  the  y  direction)  are 
as  shown  in  Figure  3A.  The  sizes  of  the  low  density  25 
portion  23a  in  the  x  direction  and  in  the  y  direction  are 
smaller  than  the  beam  diameter  of  the  laser  oscilla- 
tion  light.  The  low  density  portion  23a  may  have  any 
shape  insofar  as  the  longitudinal  and  transverse 
widths  are  suitable  for  taking  up  the  laser  beam  of  a  30 
desirable  diameter.  For  example,  the  shape  of  the  low 
density  portion  23a  may  be  elliptical  as  shown  in  Fig- 
ure  3B.  In  the  case  where  the  shape  of  the  low  density 
portion  23a  is  elliptical,  the  optical  transmittance  of 
the  density  distribution  filter  23  in  the  x  direction  and  35 
the  optical  transmittance  thereof  in  the  y  direction  be- 
come  as  shown  in  Figure  3B.  Also,  the  density  distrib- 
ution  of  the  density  distribution  filter  23  need  not  be 
such  that  the  low  density  portion  and  the  high  density 
portion  are  continuously  changed  gradually  as  men-  40 
tioned  above,  and  may  be  such  that  the  density  de- 
creases  stepwise  toward  the  center  of  the  filter.  In  any 
case,  as  shown  in  Figure  4,  the  maximum  value  Tmax 
and  the  minimum  value  Tmin  of  the  transmittance  of 
the  density  distribution  filter  23  should  preferably  be  45 
different  from  each  other  by  at  least  one  order  of  ten. 
The  density  distribution  of  the  filter  need  not  be 
formed  in  two-dimensional  directions,  and  may  be 
formed  only  in  a  one-dimensional  direction  in  the 
case  where  problems  with  regard  to  increase  in  the  di-  50 
ameter  of  the  convergence  spot  of  the  natural  emis- 
sion  light  and  the  like  are  allowable  in  one  direction. 

As  shown  in  Figure  1,  the  laser  beam  1A'  passing 
through  the  density  distribution  filter  23  is  converged 
by  the  converging  lens  4  to  a  predetermined  conver-  55 
gence  position  Q.  In  the  case  where  the  density  dis- 
tribution  filter  23  is  not  disposed  in  the  optical  path  of 
the  laser  beam  lAemitted  by  the  semiconductor  laser 

1  ,  the  relationship  between  the  output  of  the  semicon- 
ductor  laser  1  and  the  diameter  of  the  convergence 
spot  becomes  as  indicated  by  the  broken  line  in  Fig- 
ure  5.  On  the  vertical  axis  of  the  graph  shown  in  Fig- 
ure  5,  the  diameter  of  the  convergence  spot  relative 
to  the  diameter  of  the  convergence  spot  at  the  time 
of  the  output  of  3mW  wherein  substantially  the  laser 
oscillation  light  alone  is  generated,  is  taken  as  1.  Thus 
in  the  case  where  the  density  distribution  filter  23  is 
not  used,  the  diameter  of  the  convergence  spot  of  the 
laser  beam  in  the  low  output  region  wherein  only  the 
natural  emission  light  is  generated  or  the  natural 
emission  light  is  predominant  becomes  very  large. 
However,  with  this  embodiment  of  the  laser  optical 
system  in  accordance  with  the  present  invention,  the 
diameter  of  the  convergence  spot  of  the  laser  beam 
in  the  low  output  region  can  be  reduced  by  the  effects 
of  the  density  distribution  filter  23.  Specifically,  in  the 
case  where  each  of  the  longitudinal  width  W  and  the 
transverse  width  W  of  the  portion  of  the  density  dis- 
tribution  filter  23  corresponding  to  the  transmittance 
range  from  the  maximum  value  Tmax  to  one-half  of 
the  maximum  value  Tmax,  i.e.  Tmax/2,  in  the  optical 
transmittance  distribution  as  shown  in  Figure  11  is, 
for  example,  0.6  times  the  diameter  (half  width)  of  the 
laser  beam  1A  incident  upon  the  density  distribution 
filter  23  after  being  collimated  by  the  collimator  lens 
2,  the  relationship  between  the  output  of  the  semicon- 
ductor  laser  1  and  the  diameter  of  the  convergence 
spot  becomes  as  indicated  by  the  solid  line  in  Figure 
5.  Thus  the  diameter  of  the  convergence  spot  can  be 
made  markedly  smaller  than  in  the  conventional  laser 
optical  system  in  the  low  output  region  as  well.  Also, 
no  side  lobe  is  generated  at  the  convergence  position, 
and  the  converged  beam  constituted  by  the  zero- 
order  light  component  alone  can  be  obtained. 

Though  the  density  distribution  filter  23  is  dis- 
posed  between  the  collimator  lens  2  and  the  converg- 
ing  lens  4,  the  density  distribution  f  i  Iter  23  may  be  dis- 
posed  at  any  position  in  the  optical  path  between  the 
semiconductor  laser  1  and  the  convergence  position 
Q.  Also,  the  density  distribution  filter  23  may  be  incor- 
porated  inside  of  the  collimator  lens  or  inside  of  the 
converging  lens  4.  The  size  of  the  low  density  portion 
of  the  density  distribution  filter  23  may  be  adjusted  to 
a  value  suitable  for  the  beam  diameter  of  the  incident 
laser  beam  in  accordance  with  the  location  of  the  den- 
sity  distribution  filter  23. 

In  the  case  where  the  density  distribution  filter  23 
is  positioned  normal  to  the  optical  axis  of  the  incident 
laser  beam  1  A  as  shown  in  Figure  1,  it  may  occur  that 
a  part  of  the  laser  beam  1  A  reflected  by  the  surface 
of  the  density  distribution  filter  23  passes  through  the 
collimator  lens  2  and  returns  to  the  semiconductor 
laser  1.  When  the  reflected  laser  beam  is  returned  to 
the  semiconductor  laser  1  in  this  manner,  mode  hop- 
ping  occurs  or  the  output  of  the  semiconductor  laser 
1  is  caused  to  fluctuate  by  optical  interference.  The 

4 
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adverse  effects  of  returning  of  the  reflected  laser 
beam  returning  also  arise  in  the  cases  of  lasers  other 
than  the  semiconductor  laser.  For  example,  in  the 
case  of  a  gas  laser  such  as  a  He-Ne  laser  too,  inter- 
ference  noise  is  generated  inside  of  the  resonator  by 
the  returning  laser  beam,  and  therefore  the  output  of 
the  laser  beam  emitted  by  the  laser  fluctuates.  Par- 
ticularly  in  the  case  where  the  density  distribution  fil- 
ter  23  is  of  the  reflection  type  wherein  the  high  density 
portion  reflects  the  incident  laser  beam  to  restrict  the 
passage  of  the  laser  beam,  a  large  amount  of  the  las- 
er  beam  is  reflected  by  the  high  density  portion,  and 
therefore  the  aforesaid  adverse  effects  become 
large.  To  eliminate  such  problems,  as  shown  in  Figure 
6,  a  density  distribution  filter  23'  may  be  positioned 
obliquely  with  respect  to  the  optical  axis  of  the  laser 
beam  1  A  emitted  by  the  semiconductor  laser  1.  With 
this  configuration,  the  optical  path  of  a  laser  beam  1B 
reflected  by  the  density  distribution  filter  23'  is  shift- 
ed  upward  obliquely,  so  that  no  laser  beam  is  re- 
turned  to  the  semiconductor  laser  1  and  the  aforesaid 
problems  can  be  avoided.  The  density  distribution 
(reflectivity  distribution)  of  the  density  distribution  fil- 
ter  23'  may  be  adjusted  to  an  appropriate  condition  in 
accordance  with  the  angle  of  inclination  of  the  density 
distribution  filter  23'. 

Also  in  the  optical  system  as  shown  in  Figure  7 
wherein  the  optical  output  of  a  semiconductor  laser  is 
automatically  controlled  by  use  of  a  photodetector25, 
it  is  often  desired  to  position  the  density  distribution 
filter  23'  obliquely.  Specifically,  in  the  optical  system 
shown  in  Figure  7,  a  semiconductor  laser  chip  1  '  sup- 
ported  by  a  supporting  base  26  is  disposed  so  that  a 
laser  beam  1  C  emitted  from  the  back  of  the  semicon- 
ductor  laser  chip  1'  is  detected  by  the  photodetector 
25.  The  photodetector  25  controls  the  drive  current  for 
the  semiconductor  laser  chip  1'  in  accordance  with 
the  output  of  the  laser  beam  1C,  so  that  the  optical 
amount  of  the  laser  beam  1  A  emitted  forward  by  the 
semiconductor  laser  chip  1'  is  always  kept  constant. 
In  such  an  optical  system,  when  the  laser  beam  re- 
flected  by  the  reflection  type  density  distribution  filter 
23'  is  returned  toward  the  semiconductor  laser  chip 
1',  the  returning  laser  beam  interferes  with  the  laser 
beam  1  C,  and  the  control  cannot  be  carried  out  accu- 
rately.  Accordingly,  the  density  distribution  filter  23'  is 
inclined  as  shown  to  eliminate  interference  of  the  re- 
flected  laser  beam  1  B  with  the  laser  beam  1  C  and  to 
carry  out  the  automatic  control  of  the  laser  power  ac- 
curately. 

An  example  of  the  optical  scanning  apparatus 
wherein  the  semiconductor  laser  optical  system  in  ac- 
cordance  with  the  present  invention  is  employed  will 
be  described  hereinbelow  with  reference  to  Figure  9. 

In  Figure  9,  a  laser  beam  11  Aemitted  by  a  sem- 
iconductor  laser  11  is  collimated  by  a  collimator  lens 
12,  and  is  then  made  to  impinge  upon  a  density  dis- 
tribution  filter  33.  The  density  distribution  filter  33  is 

of  the  light  absorbing  type,  and  is  therefore  disposed 
normal  to  the  optical  axis  of  the  laser  beam  11  A.  The 
laser  beam  11Ahasa  horizontally  long  elliptical  beam 
shape  as  indicated  by  the  broken  line  in  Figure  9,  and 

5  a  low  density  portion  33a  formed  inward  from  a  high 
density  portion  33b  of  the  density  distribution  filter  33 
is  provided  to  restrict  the  passage  of  the  laser  beam 
11  A  therethrough  only  in  the  shorter  axis  direction 
(i.e.  in  the  vertical  direction  in  Figure  9.  Therefore,  las- 

10  erbeam  11  A'  passing  through  the  density  distribution 
filter  33  has  its  beam  shape  contracted  vertically  as 
compared  with  the  beam  shape  of  the  laser  beam 
11  A.  The  laser  beam  11  A'  passing  through  the  densi- 
ty  distribution  filter  33  is  converged  by  a  cylindrical 

15  lens  17,  which  is  disposed  in  the  optical  path,  only  in 
the  vertical  direction.  The  laser  beam  11  A'  is  thus 
made  to  impinge  upon  a  rotating  polygon  mirror  18, 
which  is  rotating  in  the  direction  as  indicated  by  the 
arrow  A,  as  a  linear  image  normal  to  the  drive  axis  of 

20  the  rotating  polygon  mirror  18.  The  rotating  polygon 
mirror  18  reflects  and  deflects  the  laser  beam  11  A'  in 
a  main  scanning  direction,  and  the  deflected  laser 
beam  1  1  A'  is  passed  through  an  f9  lens  1  9  constituted 
by  a  combination  of  two  lenses.  The  deflected  laser 

25  beam  11  A'  is  then  passed  through  a  cylindrical  mirror 
20  disposed  in  the  optical  path  to  extend  in  the  main 
scanning  direction,  and  repeatedly  scans  a  surface 
21,  which  is  to  be  scanned  and  is  being  conveyed  in 
a  sub-scanning  direction  as  indicated  by  the  arrow  B, 

30  in  the  main  scanning  direction  indicated  by  the  arrow 
A'.  The  cylindrical  mirror  20  converges  the  incident 
laser  beam  11  A'  only  in  the  sub-scanning  direction  on 
the  surface  21  which  is  to  be  scanned,  and  the  dis- 
tance  between  the  f9  lens  19  and  the  surface  21 

35  which  is  to  be  scanned  is  adjusted  to  be  equal  to  the 
focal  length  of  the  f9  lens  19  as  a  whole.  Thus  in  this 
optical  scanning  apparatus,  the  cylindrical  lens  17 
and  the  cylindrical  mirror20  are  disposed,  and  the  las- 
er  beam  11A'  is  converged  onto  the  rotating  polygon 

40  mirror  18  only  in  the  sub-scanning  direction.  There- 
fore,  even  though  surface  inclination  or  axis  deviation 
arises  with  the  rotating  polygon  mirror  18,  the  scan- 
ning  position  of  the  laser  beam  11  A'  on  the  surface  21 
which  is  to  be  scanned  does  not  deviate  in  the  sub- 

45  scanning  direction,  and  scanning  lines  free  of  splits  in 
the  sub-scanning  direction  can  be  formed  at  equal  in- 
tervals.  Also,  in  such  an  optical  scanning  apparatus, 
high  accuracy  of  the  diameter  of  the  convergence 
spot  on  the  surface  21  which  is  to  be  scanned  is  re- 

50  quired,  particularly  in  the  sub-scanning  direction.  In 
the  optical  scanning  apparatus  shown  in  Figure  9,  the 
diameter  of  the  convergence  spot  is  adjusted  in  the 
vertical  direction,  which  corresponds  to  the  sub-scan- 
ning  direction,  by  the  density  distribution  filter  33  in 

55  the  optical  path  prior  to  the  impingement  of  the  laser 
beam  11  A'  upon  the  rotating  polygon  mirror  18  as 
mentioned  above,  the  therefore  the  problem  with  re- 
gard  to  beam  blur  in  the  sub-scanning  direction  on  the 

5 
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surface  21  which  is  to  be  scanned  does  not  arise. 
Also,  the  adjustment  of  the  diameter  of  the  conver- 
gence  spot  is  carried  out  by  the  density  distribution 
filter  33,  and  the  laser  beam  11  A  is  not  completely 
eclipsed  in  the  course  of  the  adjustment.  Therefore, 
no  side  lobe  is  generated  on  the  surface  21  which  is 
to  be  scanned  and  on  which  the  laser  beam  11  A'  is 
converged.  Accordingly,  scanning  can  be  carried  out 
accurately  on  the  surface  21  which  is  to  be  scanned 
so  that  no  beam  diameter  blur  appears  in  the  sub- 
scanning  direction  and  no  side  lobe  is  generated. 

Though  the  laser  optical  system  in  accordance 
with  the  present  invention  is  described  above  by 
mainly  taking  the  semiconductor  laser  optical  system 
as  an  example,  the  laser  optical  system  in  accor- 
dance  with  the  present  invention  is  also  applicable  to 
the  other  laser  optical  systems  wherein  the  beam  di- 
ameter  is  to  be  restricted  for  the  purpose  of  increasing 
the  focal  depth  or  for  other  purposes,  and  the  laser 
beam  source  is  not  limited  to  the  semiconductor  laser. 
Also,  the  desirable  density  distribution  of  the  density 
distribution  filter  varies  in  accordance  with  the  pur- 
pose  of  the  adjustment  of  the  beam  diameter.  Also,  in 
the  case  where  the  diameter  of  the  collimator  lens  is 
adjusted  to  be  smaller  than,  for  example,  the  diameter 
of  the  incident  laser  beam,  the  collimator  lens  as  a 
whole  acts  in  the  same  manner  as  an  aperture,  and 
a  part  of  the  laser  beam  is  eclipsed  by  the  collimator 
lens.  However,  when  the  density  distribution  filter  is 
disposed  in  the  optical  path  in  such  an  optical  system, 
the  density  distribution  filter  can  achieve  the  effects 
of  cutting  off  the  eclipsed  laser  beam  and  preventing 
the  generation  of  side  lobes  as  well  as  the  original 
purposes  of  the  density  distribution  filter. 

Claims 

1  .  A  laser  optical  system  comprising: 
a  semiconductor  laser  (1)  of  the  direct  ana- 

log  modulation  type; 
a  converging  lens  (4)  for  converging  a  las- 

er  beam  emitted  by  said  laser  to  a  predetermined 
convergence  position  (Q);  and 

a  density  distribution  filter  (23)  disposed 
in  an  optical  path  of  said  laser  beam  in  front  of 
said  converging  lens  (4)  and  constituted  such 
that  the  optical  density  at  the  centre  portion  is 
lower  and  the  optical  density  at  the  peripheral 
portion  is  higher  whereby  only  the  low  density 
portion  substantially  transmits  the  light  beam, 
characterised  in  that  the  transmittance  of  the 
density  distribution  filter  gradually  decreases 
from  its  center  portion  to  its  peripheral  portion. 

2.  A  laser  optical  system  as  defined  in  claim  1 
wherein  said  density  distribution  filter  is  inclined 
by  a  predetermined  angle  with  respect  to  the  opt- 

ical  path  of  said  laser  beam. 

3.  A  laser  optical  system  as  defined  in  claim  1 
wherein  said  density  distribution  filter  is  formed 

5  so  that  the  maximum  value  Tmax  and  the  mini- 
mum  value  Tmin  of  the  optical  transmittance  are 
different  from  each  other  by  at  least  one  order  of 
ten. 

10 
Patentanspruche 

1.  Ein  laseroptisches  System  mit: 
einem  Halbleiterlaser  (1)  des  Typs  mit  di- 

15  rekter  analoger  Modulation; 
einer  konvergierenden  Linse  (4)  zum  Kon- 

vergieren  eines  von  dem  Laser  emittierten  Laser- 
strahls  in  eine  vorbestimmte  Konvergenzstelle 
(Q);  und 

20  einem  Dichteverteilungsfilter  (23),  der  in 
einem  optischen  Weg  des  Laserstrahls  vor  der 
konvergierenden  Linse  (4)  angeordnet  und  derart 
aufgebaut  ist,  daft  die  optische  Dichte  in  dem 
zentralen  Abschnitt  niedriger  ist  und  die  optische 

25  Dichte  in  dem  Randabschnitt  hoher  ist,  wodurch 
nur  der  Abschnitt  mit  geringer  Dichte  im  wesent- 
lichen  den  Lichtstrahl  hindurchlaftt,  dadurch  ge- 
kennzeichnet,  daft  die  Durchlassigkeitdes  Dich- 
teverteilungsfi  Iters  allmahlich  von  seinem  zen- 

30  tralen  Abschnitt  zu  seinem  Randabschnitt  ab- 
nimmt. 

2.  Ein  laseroptisches  System  nach  Anspruch  1  ,  wo- 
bei  der  Dichteverteilungsfilter  urn  einen  vorbe- 

35  stimmten  Winkel  in  bezug  auf  den  optischen  Weg 
des  Laserstrahls  geneigt  ist. 

3.  Ein  laseroptisches  System  nach  Anspruch  1  ,  wo- 
bei  der  Dichteverteilungsfilter  derart  ausgebildet 

40  ist,  dali  der  Maximalwert  Tmax  und  der  Minimal- 
wert  Tmin  der  optischen  Durchlassigkeit  zueinan- 
der  urn  mindestens  eine  Grolienordnung  von 
zehn  unterschiedlich  sind. 

45 
Revendications 

1  .  Systeme  optique  pour  laser  comprenant  : 
un  laser  a  semiconducteur  (1)  du  type  mo- 

50  dulation  analogique  directe  ; 
une  lenti  lie  de  convergence  (4)  pourfaire 

converger  un  faisceau  laser  emis  par  ledit  laser 
en  une  position  de  convergence  predeterminee 
(Q)  ;  et 

55  un  f  iltre  de  distribution  de  densite  (23)  dis- 
pose  dans  un  chemin  optique  dudit  faisceau  laser 
a  I'avant  de  ladite  lentille  de  convergence  (4)  et 
constitue  de  telle  sorte  que  la  densite  optique  au 

6 
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niveau  de  la  partie  centrale  soit  inferieure  et  que 
la  densite  optique  au  niveau  de  la  partie  periphe- 
rique  soit  superieure  et  ainsi,  seule  la  partie  a  fai- 
ble  densite  transmet  significativement  le  fais- 
ceau  lumineux,  caracterise  en  ce  que  la  transmit-  5 
tance  du  filtre  de  distribution  de  densite  decroit 
progressivement  depuis  sa  partie  centrale  jus- 
qu'a  sa  partie  peripherique. 

Systeme  optique  pour  laser  selon  la  revendica-  10 
tion  1,  dans  lequel  ledit  filtre  de  distribution  de 
densite  est  incline  d'un  angle  predetermine  par 
rapport  au  chemin  optique  dudit  faisceau  laser. 

Systeme  optique  pour  laser  selon  la  revendica-  15 
tion  1,  dans  lequel  ledit  filtre  de  distribution  de 
densite  est  forme  de  telle  sorte  que  la  valeur 
maximum  Tmax  et  que  la  valeur  minimum  Tmin 
de  la  transmittance  optique  soient  differentes 
I'une  de  I'autre  d'au  moins  un  ordre  de  dix.  20 
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