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©  Metal  vapor  laser  apparatus. 

©  In  a  metal  vapor  laser  apparatus  of  this  inven- 
tion,  a  cathode  electrode  side  end  portion  (7)  is 
made  longer  along  a  tube  axis  than  an  anode  elec- 
trode  side  end  portion  (9).  A  distance  (di)  between  a 
cathode  side  end  of  the  discharge  tube  (2)  and  a 
cathode  electrode  (10)  is  longer  along  a  tube  axis 
direction  than  a  distance  (d2)  between  an  anode  side 
end  of  the  discharge  tube  (2)  and  an  anode  elec- 
trode  (12). 
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Metal  vapor  laser  apparatus 

ranged  next  to  one  window  to  reflect  a  laser  beam 
transmitted  through  window  122,  and  output  mirror 
126  is  arranged  next  to  the  other  window.  Cooling 
pipe  128  is  wound  around  the  outer  surface  of  tube 

s  102.  Gas  supply  unit  130  is  located  at  end  portion 
1  05  of  tube  1  02,  and  vacuum  pump  1  32  is  located 
at  end  portion  107  thereof. 

The  conventional  metal  vapor  laser  apparatus 
having  the  above  arrangement  oscillates  a  laser 

w  beam  as  follows.  First,  pump  132  is  activated  to 
evacuate  tube  102  to  obtain  a  negative  pressure 
therein.  A  buffer  gas,  e.g.,  Ne  gas  is  supplied  at  a 
pressure  of  about  10  to  20  Torr  from  gas  supply 
unit  130  to  tube  102.  Then,  electrical  discharge  is 

75  generated  between  electrodes  112  and  114  by, 
e.g.,  a  pulse  voltage  applied  from  power  source 
unit  118.  Copper  materials  110  as  a  metal  vapor 
source  are  heated  by  this  discharge.  Heated  cop- 
per  materials  110  are  partially  evaporated  to  be 

20  metal  atoms  and  diffused  in  tube  102.  In  the  above 
state,  the  buffer  gas  is  ionized  or  excited  by  dis- 
charge.  When  the  buffer  gas  collides  against  the 
metal  atoms,  energy  is  transferred  to  the  metal 
atoms  to  excite  them.  The  excited  metal  atoms 

25  transit  to  generate  a  laser  beam.  This  laser  beam  is 
resonated  and  amplified  between  mirrors  124  and 
126.  As  a  result,  a  laser  beam  is  emitted  from 
mirror  126. 

In  the  metal  vapor  laser  apparatus  which  os- 
30  dilates  a  laser  beam  as  described  above,  core  tube 

108  is  heated  by  electrical  discharge  between  elec- 
trodes  112  and  114.  The  temperature  of  tube  108 
is  heated  to  a  thousand  and  several  hundred  de- 
grees.  Metal  atoms  evaporated  in  this  state  are 

35  partially,  positively  charged  by  discharge.  The 
positively  charged  metal  atoms  move  toward  cath- 
ode  electrode  112.  Sealing  members  123  are  used, 
however,  in  order  to  airtightly  mount  windows  122 
and  125  on  tube  102.  In  this  case,  a  material  of 

40  sealing  members  123  must  be  kept  at  a  tempera- 
ture  of  200  'C  or  less.  For  this  reason,  the  metal 
vapor  evaporated  in  high-temperature  core  tube 
108  and  moving  toward  cathode  electrode  112 
tends  to  collide  against  window  122  located  along 

45  its  moving  direction.  Since  window  122  is  at  a 
relatively  low  temperature,  a  metal  vapor  or  an 
impurity  is  adhered  and  solidified  on  window  122. 
In  addition,  a  temperature  distribution  in  the  core 
tube  is  not  uniform  but  a  highest  temperature  por- 

50  tion  is  offset  to  the  cathode  side.  For  this  reason, 
the  density  of  the  metal  vapor  is  higher  at  the 
cathode  side,  and  therefore  the  metal  vapor  or  the 
like  tends  to  be  adhered  on  window  22.  As  a  result, 
the  transmission  windows  are  contaminated  by  the 
metal  vapor  and  their  light  transmittivity  is  reduced 

The  present  invention  relates  to  a  laser  appara- 
tus  and,  more  particularly,  to  a  metal  vapor  laser 
apparatus  using,  e.g.,  copper  as  a  laser  medium. 

A  metal  vapor  laser  has  attracted  attention  as  a 
light  source  used  in  uranium  enrichment.  In  ura- 
nium  enrichment,  2 | |   U  serving  as  a  fuel  for 
atomic  fission  nuclear  electric  power  generation  is 
separated  from  natural  uranium  and  enriched. 
Since  an  abundance  of  2 | |   U  is  0.71%  in  the 
natural  uranium,  2 | |   U  must  be  enriched  to 
be  about  3%  in  order  to  be  used  as  a  nuclear  fuel. 
For  this  purpose,  in  an  uranium  enrichment  atom 
method  using  a  laser  beam,  only  2g2^  's 
excited  and  ionized  by  a  dye  laser  or  the  like  and 
separated  by  an  electrode  applied  with  a  voltage. 
In  this  case,  the  dye  laser  is  a  special  laser  in 
which  in  order  to  oscillate  a  dye  laser  beam,  an- 
other  type  of  laser  beam  is  used.  That  is,  in  order 
to  excite  a  laser  medium  of  the  dye  laser,  another 
type  of  laser  beam  is  used.  An  example  of  the 
laser  used  for  oscillating  the  dye  laser  beam  is  a 
metal  vapor  laser.  An  example  of  the  metal  vapor 
laser  for  dye  laser  excitation  is  a  copper  vapor 
laser. 

Fig.  1  shows  a  conventional  metal  vapor  laser 
apparatus.  The  apparatus  has  discharge  tube  102, 
the  interior  of  which  •  is  kept  airtight.  Tube  1  02 
consists  of  central  portion  103  and  two  end  por- 
tions  105  and  107.  Central  portion  103  of  tube  102 
has  heat  insulating  member  106.  Cylindrical  airtight 
vessel  104  is  arranged  outside  member  106.  Ves- 
sel  104  is  concentrically  arranged.  Cylindrical  core 
tube  108  is  located  inside  member  106.  A  metal 
vapor  source,  e.g.,  a  plurality  of  grains  of  copper 
materials  110  are  located  inside  tube  1  08.  Substan- 
tially  annular  cathode  and  anode  electrodes  112 
and  114  are  located  at  both  ends  of  tube  108  and 
member  106.  Each  of  electrodes  112  and  114  has 
an  L-shaped  section  along  a  plane  including  an 
optical  axis.  Electrodes  1  1  2  and  1  1  4  are  connected 
to  electric  wires  116  extending  from  power  source 
unit  118.  In  order  to  reliably  insulate  electrodes  1  1  2 
and  114,  annular  high-voltage  insulating  member 
1  20  is  formed  to  be  in  contact  with  electrode  1  1  2 
and  vessel  104.  Laser  beam  transmission  windows 
122  and  125  are  arranged  at  end  portions  105  and 
107  of  discharge  tube  102,  respectively.  Sealing 
members  123  are  arranged  between  window  122 
and  portion  105,  and  between  window  125  and 
portion  107.  Windows  122  and  125  are  mounted  at 
equal  distances  from  electrodes  112  and  114,  re- 
spectively.  In  this  case,  windows  122  and  125  are 
arranged  to  form  a  Brewster  angle  with  respect  to 
the  optical  axis.  High  reflecting  mirror  124  is  ar- 

of  2 | |U  is  0.71%  in  the 
2 | |   U  must  be  enriched  to 
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from  the  following  detailed  description  when  taken 
in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  longitudinal  sectional  view  show- 
5  ing  a  conventional  metal  vapor  laser  apparatus; 

Fig.  2  is  a  longitudinal  sectional  view  show- 
ing  a  metal  vapor  laser  apparatus  according  to  an 
embodiment  of  the  present  invention; 

Fig.  3  is  a  longitudinal  sectional  view  show- 
10  ing  a  metal  vapor  apparatus  according  to  another 

embodiment  of  the  present  invention;  and 
Fig.  4  is  a  longitudinal  sectional  view  show- 

ing  a  metal  vapor  apparatus  according  to  other 
embodiment  of  the  present  invention. 

75 
An  embodiment  of  the  present  invention  will  be 

described  below  with  reference  to  Fig.  2. 
Fig.  2  shows  a  copper  vapor  laser  apparatus  as 

an  embodiment  of  a  metal  vapor  laser  apparatus. 
20  First,  a  structure  of  the  laser  apparatus  will  be 

described  below. 
Copper  vapor  laser  apparatus  1  comprises  cy- 

lindrical  discharge  tube  2.  Tube  2  consists  of  cen- 
tral  portion  5  and  two  end  portions  7  and  9.  Trans- 

25  mission  windows  24  and  26  are  formed  in  end 
portions  7  and  9  of  tube  2,  respectively,  so  that  the 
interior  of  tube  2  is  kept  airtight.  Central  portion  5 
of  tube  2  has  heat  insulating  member  4.  Member  4 
is  made  of  zirconia  fibers  or  alumina  fibers.  Cylin- 

30  drical  core  tube  6  is  located  in  an  inner  surface 
portion  of  member  4.  Tube  6  is  made  of  alumina 
ceramics.  Airtight  vessel  8  is  located  on  an  outer 
surface  portion  of  member  4.  Vessel  8  is  made  of 
copper.  Substantially  annular  cathode  and  anode 

35  electrodes  1  0  and  1  2  are  formed  at  both  inside  end 
portions  of  heat  insulating  member  4  and  core  tube 
6.  Electrodes  10  and  12  are  connected  to  electric 
wires  14  extending  from  power  source  unit  16. 
Electrodes  1  0  and  1  2  oppose  each  other  at  the  end 

40  portions  of  tube  6  and  are  exposed  in  discharge 
tube  2.  In  order  to  reliably  insulate  electrodes  10 
and  12  from  each  other,  annular  high-voltage  in- 
sulating,  member  18  is  formed  to  be  in  contact  with 
electrode  10  and  airtight  vessel  8.  Member  18  is 

45  made  of  ceramics  or  plastics.  Transmission  win- 
dows  24  and  26  are  located  on  an  optical  path 
through  which  a  laser  beam  to  be  generated  by 
electrical  discharge  between  electrodes  10  and  12 
passes.  Windows  24  and  26  are  airtightly  mounted 

so  on  discharge  tube  2  by  O-rings  28  so  as  to  form  a 
Brewster  angle  with  respect  to  an  optical  axis  of 
the  laser  beam.  High  reflecting  mirror  30  and  out- 
put  mirror  32,  made  of,  e.g.,  BK7  plate  coated 
dielectric,  for  amplifying  the  laser  beam  are  located 

55  on  the  optical  path  of  the  laser  beam  transmitted 
through  windows  24  and  26.  Mirrors  30  and  32  are 
arranged  perpendicularly  to  the  optical  axis.  Gas 
supply  unit  38  for  supplying  a  buffer  gas  such  as 

over  time.  If  the  transmittivity  of  the  windows  is 
reduced,  an  oscillation  efficiency  of  a  laser  beam  is 
reduced.  This  oscillation  efficiency  reduction  poses 
a  problem  of  reduction  in  a  service  life  of  the  metal 
vapor  laser  apparatus. 

In  order  to  solve  the  above  problem,  the  two 
transmission  windows  arranged  at  the  both  ends  of 
the  discharge  tube  may  be  separated  sufficiently 
from  the  corresponding  electrodes.  In  this  method, 
however,  the  overall  length  of  the  discharge  tube  is 
increased  to  undesirably  enlarge  the  apparatus.  In 
addition,  when  a  pulse  width  of  the  pulse  voltage  to 
be  applied  to  the  electrodes  is  about  20  ns,  the 
number  of  times  of  oscillation  of  the  laser  beam 
between  the  mirrors  is  reduced.  Therefore,  prob- 
lems  such  as  degradation  in  a  short  pulse  laser 
beam  quality  or  ASE  (Amplified  Spontaneous  Emis- 
sion)  are  posed. 

The  present  invention  has  been  made  in  con- 
sideration  of  the  above  situation  and  has  as  its 
object  to  provide  a  metal  vapor  laser  apparatus 
which  can  prevent  contamination  of  tube  ends 
caused  by  adhesion  of  a  metal  vapor  without  en- 
larging  the  laser  apparatus  itself  and  can  therefore 
oscillate  a  laser  beam  for  a  long  time  period  with 
high  efficiency. 

The  above  object  of  the  present  invention  is 
achieved  by  the  following  metal  vapor  laser  appara- 
tus.  That  is,  the  metal  vapor  laser  apparatus  com- 
prises  a  discharge  tube,  a  vacuum  pump,  a  gas 
supply  means,  two  electrodes  arranged  in  the.  dis- 
charge  tube,  a  power  source  means  for  applying  a 
voltage  to  the  electrodes,  a  metal  vapor  source 
arranged  in  the  tube,  and  a  pair  of  resonator  mir- 
rors.  The  interior  of  the  discharge  tube  is  kept 
airtight,  and  the  end  portion  closer  to  the  cathode 
electrode  is  longer  along  a  tube  axis  than  the  end 
portion  closer  to  the  anode  electrode.  That  is,  since 
the  transmission  window  at  the  cathode  side  is 
contaminated  by  a  metal  vapor  or  the  like  more 
easily  than  the  transmission  window  at  the  anode 
side,  a  distance  between  the  cathode  electrode  and 
the  transmission  window  at  cathode  side  is  set 
longer  than  that  between  the  anode  electrode  and 
the  transmission  window  at  anode  side. 

According  to  the  present  invention,  the  cathode 
side  end  portion  of  the  discharge  tube  is  made 
longer  along  the  tube  axis  direction  than  the  anode 
side  end  portion  thereof  without  changing  the  over- 
all  length  of  the  tube.  Therefore,  a  metal  vapor  is 
prevented  from  being  solidified  and  adhered  on  the 
cathode  side  transmission  window  which  is  more 
easily  contaminated  by  the  metal  vapor.  As  a  re- 
sult,  since  light  transmittivity  of  the  transmission 
window  is  not  much  reduced  as  an  operation  time 
passes,  a  service  life  of  the  metal  vapor  laser 
apparatus  can  be  prolonged. 

This  invention  can  be  more  fully  understood 
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side  and  the  outmost  end  of  anode  electrode  12. 
For  this  reason,  the  positively  charged  metal  vapor 
moves  toward  the  cathode  electrode  and  is  ad- 
hered  and  solidified  on  a  peripheral  portion  of 

5  cathode  electrode  10  at  a  relatively  low  tempera- 
ture.  Window  24  is,  however,  separated  away  from 
electrode  10,  and  therefore  a  metal  vapor  is  rarely 
adhered  thereon.  In  addition,  an  amount  of  the 
metal  vapor  moving  toward  the  anode  electrode  is 

10  relatively  smaller  than  that  at  the  cathode  side. 
Therefore,  although  the  distance  between  window 
26  and  the  outmost  end  of  electrode  12  is  short, 
window  26  is  not  much  contaminated  by  the  metal 
vapor.  For  this  reason,  contamination  of  the  trans- 

r5  mission  windows  caused  by  a  metal  vapor  can  be 
prevented  without  increasing  the  overall  length  of 
tube  2.  In  this  case,  since  a  peripheral  portion  of  0- 
ring  28  of  window  26  which  must  be  maintained  at 
a  comparatively  low  temperature  is  sufficiently  sep- 

20  arated  from  tube  2  as  a  high-temperature  portion, 
sealing  is  not  adversely  affected. 

Fig.  3  shows  a  second  embodiment  according 
to  the  present  invention.  Metal  vapor  laser  appara- 
tus  1  shown  in  Fig.  3  is  inner  mirror  type.  Similar  to 

25  the  apparatus  shown  in  Fig.  2,  apparatus  1  com- 
prises  discharge  tube  2.  Tube  2  consists  of  central 
portion  5  and  two  end  portions  7  and  9.  High 
reflecting  mirrors  30  and  32  are  formed  in  end 
portions  7  and  9  of  tube  2,  respectively,  so  that  the 

30  interior  of  tube  2  is  kept  airtight.  Central  portion  5 
of  tube  2  has  heat  insulating  member  4.  Cylindrical 
core  tube  6  is  located  in  an  inner  surface  portion  of 
member  4.  A  plurality  of  grains  of  copper  materials 
44  as  a  laser  medium  are  located  in  a  space 

35  defined  by  tube  6.  Airtight  vessel  8  is  located  on  an 
outer  surface  portion  of  member  4.  Substantially 
annular  cathode  and  anode  electrodes  10  and  12 
are  formed  at  both  inside  end  portions  of  member 
4  and  tube  6.  Electrodes  10  and  12  are  connected 

40  to  electric  wires  14  extending  from  power  source 
unit  16.  Electrodes  10  and  12  are  located  at  the 
end  portions  of  tube  6  and  are  exposed  in  dis- 
charge  tube  2.  In  order  to  reliably  insulate  elec- 
trodes  10  and  12  from  each  other,  annular  high- 

45  voltage  insulating  member  18  is  formed  to  be  in 
contact  with  electrode  10  and  airtight  vessel  8. 
High  reflecting  mirror  30  and  output  mirror  32  are 
airtightly  mounted  on  tube  2  by  O-rings  28  and 
arranged  on  an  optical  path  of  a  laser  beam  to  be 

so  generated  by  electrical  discharge  between  elec- 
trodes  10  and  12.  Mirrors  30  and  32  are  arranged 
perpendicularly  to  the  optical  axis.  Gas  supply  unit 
38  for  supplying  a  buffer  gas  is  located  at  portion  7 
of  tube  2.  Assume  that  a  length  of  portion  7  along 

55  the  tube  axis,  i.e.,  a  distance  along  the  tube  axis 
between  an  outmost  end  of  electrode  10  and  mirror 
30  is  di.  Vacuum  pump  40  is  located  in  portion  9 
to  evacuate  discharge  tube  2.  Assume  that  a  length 

He  gas  or  Ne  gas  is  arranged  at  portion  7  of  tube 
2.  Assume  that  a  length  of  portion  7  along  the  tube 
axis,  i.e.,  a  distance  along  the  tube  axis  between  an 
outmost  end  of  electrode  10  and  window  24  is  di. 
Vacuum  pump  40  is  arranged  at  portion  9  to  evac- 
uate  discharge  tube  2.  Assume  that  a  length  of 
portion  9  along  the  tube  axis,  i.e.,  a  distance  along 
the  tube  axis  between  an  outmost  end  of  electrode 
12  and  window  26  is  d2.  Portions  7  and  9  are 
formed  such  that  lengths  di  and  d2  satisfy  a  rela- 
tion  di  £  1.3d2.  More  specifically,  if  portion  7  is 
formed  such  that  di  becomes  200  mm,  portion  9  is 
formed  such  that  d2  becomes  100  mm.  Cooling 
pipe  42  for  cooling  is  wound  around  the  outer 
surface  of  tube  2.  A  plurality  of  grains  of  copper 
materials  44  as  a  laser  medium  are  arranged  inside 
tube  6. 

Apparatus  1  having  the  above  arrangement  os- 
cillates  a  laser  beam  as  follows.  First,  pump  40  is 
activated  to  evacuate  tube  2  to  obtain  a  negative 
pressure  therein.  In  this  state,  a  buffer  gas,  e.g.,  Ne 
gas  is  supplied  from  gas  supply  unit  38.  The  buffer 
gas  is  filled  in  tube  2  to  maintain  10  to  20  Torr 
therein.  A  pulse  voltage  is  applied  from  power 
source  unit  16  to  cathode  and  anode  electrodes  10 
and  12  for  electrical  discharge  and  heating.  Dis- 
charge  is  intermittently  continued  between  elec- 
trodes  10  and  12  to  heat  discharge  tube  6.  Espe- 
cially  by  heating  tube  6,  copper  materials  44  are 
melted  and  evaporated  as  a  copper  vapor  gas.  The 
buffer  gas  is  excited  by  discharge  .  and  collides 
against  copper  atoms  so  that  energy  of  the  gas  is 
transferred  to  the  copper  atoms.  The  copper  atoms 
are  excited.  As  a  result,  the  copper  atoms  transit 
between  two  energy  levels  to  generate  a  laser 
beam.  The  laser  beam  is  incident  on  high  reflecting 
mirror  30  through  transmission  window  24.  Since 
mirror  30  is  arranged  perpendicularly  to  the  optical 
axis,  the  incident  laser  beam  is  reflected  in  the 
same  optical  axis  direction.  The  reflected  laser 
beam  is  transmitted  through  window  24  and  propa- 
gates  along  an  optical  axis  direction  in  core  tube  6. 
The  reflected  laser  beam  is  incident  on  output 
mirror  32  through  transmission  window  26.  Al- 
though  mirror  32  is  semitransparent,  a  laser  beam 
is  reflected  if  the  laser  beam  output  is  weaker  than 
a  threshold  level.  The  laser  beam  reflected  by 
mirror  32  propagates  along  the  optical  axis  in  tube 
6  through  window  26.  The  laser  beam  is  amplified 
while  it  is  reciprocated  between  mirrors  30  and  32. 
When  the  laser  beam  output  is  increased  higher 
than  a  threshold  level,  a  laser  beam  is  emitted  from 
mirror  32. 

In  apparatus  1,  length  di  of  portion  7  is  set 
longer  than  length  d2  of  portion  9.  In  other  words, 
the  distance  between  window  24  at  the  cathode 
side  and  the  outmost  end  of  cathode  electrode  10 
is  longer  than  that  between  window  26  at  the  anode 
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eration  of  a  melting  point  of  the  metal. 
As  has  been  described  above,  according  to  the 

present  invention,  the  distance  along  the  tube  axis 
between  the  cathode  electrode  and  the  end  of  the 

5  discharge  tube  is  longer  than  that  between  the 
anode  electrode  and  the  other  end  of  the  tube. 
Therefore,  the  metal  vapor  is  prevented  from  being 
solidified  and  adhered  on  the  ends  of  the  discharge 
tube.  That  is,  the  ends  of  the  discharge  tube  are 

w  not  contaminated  over  a  long  operation  time. 
Therefore,  according  to  the  present  invention,  there 
is  provided  a  metal  vapor  laser  apparatus  having  a 
long  service  life  in  which  the  ends  of  the  discharge 
tube  are  not  contaminated. 

75 

Claims 

1  .  A  metal  vapor  laser  apparatus  comprising: 
20  a  discharge  tube  (2)  for  generating  a  laser  beam, 

said  tube  (2)  containing  a  buffer  gas  under  a  pre- 
determined  pressure  and  having  at  least  a  set  of  a 
cathode  electrode  (10)  and  an  anode  electrode 
(12); 

25  power  source  means  (16)  for  applying  a  voltage  to 
said  electrodes  (10,  12); 
a  metal  vapor  source  (44)  arranged  in  said  dis- 
charge  tube  (2);  and 
a  pair  of  resonator  mirrors  (30,  32)  for  reflecting  a 

30  laser  beam  generated  in  said  discharge  tube  (2)  to 
cause  optical  resonation, 
characterized  in  that  a  distance  (di)  between  said 
cathode  electrode  (10)  and  a  cathode  side  end  of 
said  discharge  tube  (2)  is  longer  along  a  tube  axis 

35  direction  than  a  distance  (d2)  between  said  anode 
electrode  (12)  and  an  anode  side  end  of  said 
discharge  tube  (2). 

2.  An  apparatus  according  to  claim  1,  char- 
acterized  by  further  comprising  transmission  win- 

40  dows  (24,  26)  arranged  on  said  discharge  tube  (2) 
to  cross  an  optical  axis  of  a  laser  beam  at  Brewster 
angle,  the  transmission  windows  (24,  26)  comprise 
of  the  ends  of  said  discharge  tube  (2). 

3.  An  apparatus  according  to  claim  1,  char- 
45  acterized  in  that  said  resonator  mirrors  (30,  32)  are 

arranged  on  said  discharge  tube  (2)  to  form  the 
ends  of  said  discharge  tube  (2). 

4.  An  apparatus  according  to  claim  1,  char- 
acterized  in  that  a  distance  (di  )  between  said  cath- 

50  ode  electrode  (10)  and  a  cathode  side  end  of  said 
discharge  tube  (2)  is  not  less  than  1.3  times  a 
distance  (d2)  between  said  anode  electrode  (12) 
and  an  anode  side  end  of  said  discharge  tube  (2). 

5.  An  apparatus  according  to  claim  1,  char- 
55  acterized  in  that  said  metal  vapor  source  (44)  is 

copper. 

of  portion  9  along  the  tube  axis,  i.e.,  a  distance 
along  the  tube  axis  between  an  outmost  end  of 
electrode  12  and  mirror  32  is  d2.  Portions  7  and  9 
are  formed  such  that  lengths  di  and  d2  satisfy  a 
relation  di  2:  1.3d2.  Cooling  pipe  42  for  cooling  is 
wound  around  the  outer  surface  of  tube  2. 

Similar  to  the  first  embodiment,  the  second 
embodiment  having  the  above  arrangement  can 
oscillate  a  laser  beam.  Also  in  the  second  embodi- 
ment,  since  distance  di  between  mirror  30  and  the 
outmost  end  of  cathode  electrode  1  0  is  longer  than 
distance  d2  between  mirror  32  and  the  outmost 
end  of  anode  electrode  12,  the  mirrors  mounted  on 
tube  2  are  much  less  contaminated  by  the  metal 
vapor.  Therefore,  a  service  life  of  the  metal  vapor 
laser  apparatus  can  be  prolonged  without  increas- 
ing  the  entire  length  of  tube  2.  In  the  second 
embodiment,  since  transmission  windows  are  not 
arranged  at  the  end  portions  of  the  tube,  the  entire 
length  of  the  discharge  tube  can  be  shortened. 

Fig.  4  shows  a  third  embodiment  according  to 
the  present  invention.  Metal  vapor  laser  apparatus 
1  is  similar  in  structure  and  function  to  the  appara- 
tus  of  the  first  embodiment  shown  in  Fig.  2.  Only 
distance  di  and  d2  are  different  between  them.  In 
this  embodiment,  di  denotes  a  distance  along  the 
tube  axis  between  an  inmost  end  of  cathode  elec- 
trode  10  and  transmission  window  24,  and  d2  de- 
notes  a  distance  along  the  tube  axis  between  an 
inmost  end  of  anode  electrode  12  and  transmission 
window  26.  End  portions  7  and  9  are  formed  such 
that  distances  di  and  d2  satisfy  a  relation  di  S 
1.3d2. 

Window  24  in  the  third  embodiment  is  also 
separated  away  from  electrode  10.  Therefore,  a 
metal  vapor  is  rarely  adhered  thereon,  due  to  which 
contamination  of  the  transmission  windows  caused 
by  a  metal  vapor  can  be  prevented  without  increas- 
ing  the  overall  length  of  tube  2. 

The  second  embodiment  shown  in  Fig.  3  can 
be  modified  in  the  similar  way.  In  this  case,  di 
denotes  a  distance  along  the  tube  axis  between  an 
inmost  end  of  cathode  electrode  10  and  high  re- 
flecting  mirror  30,  and  d2  denotes  a  distance  along 
the  tube  axis  between  an  inmost  end  of  anode 
electrode  12  and  output  mirror  32.  End  portions  7 
and  9  are  formed  such  that  distances  di  and  d2 
satisfy  a  relation  di  5;  1.3d2.  This  modification  can 
also  prevent,  without  increasing  the  overall  length 
of  the  tube,  contamination  of  the  mirrors  caused  by 
a  metal  vapor. 

In  the  above  embodiments,  the  copper  vapor 
laser  apparatus  has  been  described  as  a  metal 
vapor  laser.  The  present  invention  is,  however,  not 
limited  to  the  above  embodiment  but  can  be  ap- 
plied  to  a  laser  apparatus  using  another  metal  as  a 
medium.  In  a  laser  apparatus  using  another  metal, 
the  values  of  di  and  d2  may  be  changed  in  consid- 
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6.  An  apparatus  according  to  claim  1,  char- 
acterized  in  that  said  power  source  means  (16) 
generates  a  pulse  voltage. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 



EP  0  319  898  A1 

\ \ 8  

P O W E R   S O U R C E  
U N I T  

& °   \ q q   <28  108  r i 0 4  
L i  ± = ^  J3- 

; > / ' • • > > / ? ' > >  

<-;  .  PiA-^ 
x   ^   /   /   /   ^ y ^ y  

s  vj  r  
)10  ( 0 3   \   1 2 8  

1 0 2  

( 3 0  

F   I  G .   \  

^ ■ 4 0  

F I G .   2  



EP  0  319  898  A1 

\ 6  

P O W E R   S O U R C E  
U N I T  14 -  

1 8  
C  4  

v\V1  ( 
8  4 2  

1 ^  

3 0  
d ]  

/ V /   S / / 7 L Z 5 L  
2 8  S ^  

10  S  4  
5  4 4   12  

4 2   V   5  
2  

- 3 8   4 0 ^  

G A S  
S U P P L Y  
U N I T  

V A C U U M  
P U M P  

F   I  G .   3  



EP  0  319  898  A1 

\ 6  I 

P O W E R   S O U R C E  
U N I T  14-  

18  a  
4 2  6  

R ^ 5  <, 
T   / ' / / / /  7  

A '   /   1   '   '   ' { '   y \  

5  (  4 2   4 4  

2  
4 0  

F I G .   4  



J  European  Patent  EUROPEAN  SEARCH  R E P O R T  
Office 

Application  Number 

EP  88  12  0305 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 
Citation  of  document  with  indication,  where  appropriate, 

of  relevant  passages 
Relevant 
to  claim 

CLASSIFICATION  OF  THE 
APPLICATION  ant.  C1.4) Category 

APPLIED  OPTICS,  vol.  25,  no.  9,  May 
1986,  pages  1383-1388,  New  York,  US;  E. 
SCHMIDT  et  a l . ;   " T h r e e - c o l o r   He-Se+ 
l a se r   with  opt imized  output   power" 
*  Pages  1384-1386,  paragraph  IV; 
f i g u r e s   1,2  * 

Idem 

OPTICS  COMMUNICATIONS,  vol.  18,  no.  4,  
September  1976,  pages  485-487;  P. 
BURKHARD  et  al  .  :  "Quasi-CW  l ase r   a c t i o n  
from  Hg-III   l i n e s "  
*  Figure  1  * 

EP-A-0  009  965  (XEROX) 
*  Abs t rac t ;   page  5,  l ine  11;  f i g u r e s  
1-3  * 

1 , 2  H  01  S  3 /03  

2 , 3 , 5 , 6  

3 , 6  

2 , 3 , 5  

TECHNICAL  FIELDS 
SEARCHED  ant.  C1.4) 

H  01  S 

The  present  search  report  has  been  drawn  up  for  all  claims 
Date  of  completion  of  the  search 
09 -03 -1989  

Examiner 
MALIC  K. 

Place  of  search 
THE  HAGUE 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone 
Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background 
O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention 
E  :  earlier  patent  document,  but  published  on,  or 

after  the  filing  date 
D  :  document  cited  in  the  application 
L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding 

document 

3 

o a. 
O a. a 


	bibliography
	description
	claims
	drawings
	search report

