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(sf)  Ion  laser  tube. 

©  A  discharge  portion  (5)  of  an  ion  laser  tube  (6)  is 
formed  of  either  amorphous  carbon  or  crystalline 
graphite  member  (1)  having  an  amorphous  carbon 
layer  (16)  on  its  surface. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  ion  laser 
tube  and,  particularly,  to  discharge  portion  of  a 
high  power  ion  laser  tube. 

In  an  ion  laser  tube  which  generates  laser 
oscillation  by  utilizing  transition  between  energy 
levels  of  ionized  gas  such  as  argon  or  krypton,  etc., 
it  is  required  generally  that  ion  density  is  increased 

It  is  preferable  that  amorphous  carbon  com- 
prises  either  glassy  carbon  or  Diamand  Like  Car- 
bon. 

5  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  cross  section  of  an  ion  laser  tube 
according  to  the  present  invention; 
Fig.  2  is  an  enlarged  cross  section  of  one  of 

io  disk  members  constituting  the  discharge  portion 
according  to  a  first  embodiment  of  the  present 
invention; 
Fig.  3  is  a  plan  view  of  the  disk  member  shown 
in  Fig.  2;  and 

75  Fig.  4  is  an  enlerged  cross  section  of  one  of 
disk  members  constituting  the  discharge  portion 
according  to  a  second  embodiment  of  the 
present  invention. 

20  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

According  to  the  first  embodiment  of  the 
present  invention,  a  major  part  of  the  discharge 

25  portion  is  made  up  of  a  plurality  of  axially  spaced 
disk  members  1  as  shown  in  Figs.  1  to  3.  Each  of 
the  disk  member  is  make  of  amorphous  carbon. 
The  amorphous  carbon  disk  1  is  a  circular  disk 
having  diameter  of  30  mm  and  thickness  of  5  mm. 

30  The  disk  1  is  provided  with  a  center  hole  2  and  a 
plurality  of  gas  return  holes  3.  The  center  hole  2 
has  a  diameter  of  2.5  mm  to  define  a  discharge 
path.  Each  of  the  gas  return  holes  3  has  a  diameter 
of  1.5  mm.  About  30  to  40  of  the  disk  members  1 

35  are  prepared  and  stacked  so  as  to  be  arranged 
along  a  laser  axis  of  the  ion  laser  tube  by  using 
supports  three  supporting  rods  4  and  spacer  mem- 
bers  45.  The  supporting  rods  4  and  the  spacer 
members  45  are  made  of  electrical  insulative  ma- 

to  terial  such  as  alumina  such  that  the  adjacent  disk 
members  1  are  electrically  separated  from  each 
other.  In  a  peripheral  portion  of  each  disk  1,  three 
holes  41  are  provided  to  pass  through  the  support- 
ing  rods  4,  respectively,  each  having  a  diameter  of 

45  1.0  mm.  Each  of  the  spacer  members  45  has  an 
outer  diameter  of  3.0  mm  and  a  length  of  5  mm. 
An  anode  12  is  fixedly  secured  to  one  end  of  the 
discharge  portion  5  and  then  inserted  into  a  quartz 
glass  tube  6  and  fixedly  supported  by  a  metal 

so  support  rod  7.  The  metal  support  rod  7  is  fixed  on 
a  metal  sealing  dish  8  which  is  connected  to  one  of 
openings  of  the  quartz  glass  tube  6.  Therefore, 
power  supply  to  the  anode  electrode  12  is  per- 
formed  through  the  metal  sealing  disk  8  and  the 

55  metal  support  rod  7.  The  other  opening  portion  of 
the  quartz  glass  tube  6  is  closed  by  one  end  of  a 
glass  bulb  10  having  a  cathode  electrode  9  in  the 
form  of  a  coil  provided  therein.  A  gas  reservoir  11 

with  increase  of  output  power  thereof.  In  order  to  10 
achieve  this  requirement,  it  is  general  to  flow  large 
current  exceeding  20  amperes  through  a  discharge 
portion.  Therefore,  the  discharge  portion  has  to  be 
made  of  material  having  high  heat  conductivity  so 
that  heat  generated  in  the  discharge  portion  can  be  is 
efficiently  radiated  and  durability  against  plasma  of 
high  ion  density.  An  example  of  such  material 
which  has  been  used  widely  is  crystalline  graphite 
in  view  of  heat  durability  and  easiness  of  treatment. 

Since,  however,  graphite  product  is  usually  po-  20 
rous,  it  is  easily  sputtered  by  high  ion  density 
plasma,  resulting  in  dust  as  well  as  gas  emission. 

In  order  to  measure  these  defects,  it  has  been 
proposed  to  coat  the  discharge  portion  of  graphite 
with  molybdenum  by  using  thermal  spray  technol-  25 
ogy.  An  example  of  this  technique  is  disclosed  in 
Japanese  Utility  Model  Application  Laid  open  No. 
Sho  58-39064. 

However,  for  many  reasons  such  as  that  ther- 
mal  expansion  coefficient  of  graphite  is  different  30 
from  that  of  molybdenum  and  adhesion  of  a  molyb- 
denum  layer  prepared  by  thermal  spray  to  the 
graphite  base  member  is  relatively  low,  such  mo- 
lybdenum  coating  is  easily  peeled  off  when  the 
discharge  portion  is  subjected  to  high  temperature  35 
due  to  discharge  of  a  working  laser  tube  and  sput- 
tering,  etc.,  and  the  molybdenum  layer  peeled  off 
may  clog  an  optical  path  of  the  laser  tube.  Further, 
a  large  amount  of  gas  may  be  emitted  from  a 
portion  of  the  graphite  member  exposed  from  the  40 
molybdenum  layer.  Such  gas  discharge  may  short- 
en  the  life  of  the  ion  laser  tube  and  may  cause  an 
initial  operational  failure  thereof.  Further,  dust  of  the 
molybdenum  layer  peeled  off  from  the  graphite 
member  may  deposited  on  opposite  optical  win-  45 
dows  of  the  ion  laser  tube  during  transportation 
thereof,  which  nay  cause  a  long  distance  trans- 
portation  of  the  ion  laser  tube  to  be  impossible. 

SUMMARY  Of  THE  INVENTION  50 

An  object  of  the  present  invention  is  to  provide 
a  long  life  ion  laser  tube. 

According  to  the  present  invention,  an  ion  laser 
tube  has  a  discharge  portion  formed  of  either  55 
amorphous  carbon  or  graphite  material  coated  with 
amorphous  carbon. 
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for  supplementing  a  portion  of  argon  gas  which  is 
consumed  by  electric  discharge  is  connected  to  a 
side  face  of  the  glass  bulb  10  through  a  valve  111 
and  a  pipe  112.  Terminals  91  and  92  to  be  con- 
nected  to  the  cathode  electrode  9  are  provided  on 
the  other  end  of  the  glass  bulb  10.  Opposite  ends 
of  an  enclosure  thus  constructed  are  sealed  by 
tube  members  13  each  having  a  Brewster  window 
14,  resulting  in  an  ion  laser  tube  of  the  present 
invention. 

Though,  in  this  embodiment,  each  disk  1  is 
formed  of  amorphous  carbon,  the  disk  may  be 
formed  according  to  the  second  embodiment  which 
will  be  described  with  reference  to  Fig.  4. 

According  to  the  second  embodiment  of  the 
present  invention,  a  disk  15  having  the  same  size 
as  that  of  the  disk  1  shown  in  Fig.  2  is  formed  of 
crystalline  graphite  and  an  entire  surface  thereof  is 
coated  with  an  amorphous  carbon  layer  16  as 
shown  in  Fig.  4.  The  amorphous  carbon  layer  16  is 
formed  by  painting  the  entire  surface  of  the  graph- 
ite  disk  15  with  carbon  powder  paste  dissolved  in 
an  organic  solvent  of  aliphatic  chlorine  and  then 
sintering  it  at  1200°C.  The  thickness  of  the  amor- 
phous  carbon  layer  thus  obtained  on  the  surface  of 
the  graphite  disk  15  is  in  the  order  of  1  to  2  urn 
and  amorphous  carbon  is  diffused  into  the  graphite 
disk  by  a  depth  in  the  order  of  0.5  to  1.5  mm.  The 
amorphous  carbon  layer  obtained  in  this  manner  is 
referred  to  as  "glassy  carbon"  whose  dust  and  gas 
emission  due  to  sputtering  are  smaller  than  those 
from  crystalline  graphite  by  three  figures  and  one 
figure,  respectively.  Further,  adhesion  of  the  amor- 
phous  carbon  layer  to  the  graphite  surface  is  ex- 
cellent  due  to  the  diffusion  of  amorphous  carbon 
into  the  graphite  member.  Further,  since  thermal 
expansion  coefficient  is  common  for  amorphous 
carbon  and  graphite,  there  is  no  peeling  off  of  the 
amorphous  carbon  layer  even  if  the  discharge  por- 
tion  is  heated  to  very  high  temperature.  The  glassy 
carbon  has  properties  of  density  of  1  .4  to  1  .6  g/cc, 
Shore  hardness  of  80  to  100,  heat  conductivity  of 
6.26  W/nrrK  and  bending  stress  of  2000  to  3000 
kg/cm2. 

Though,  in  the  second  embodiment,  the  amor- 
phous  carbon  layer  is  formed  by  painting  the 
graphite  surface  with  liquid  phase  amorphous  car- 
bon  and  sintering  it,  the  amorphous  carbon  layer 
can  be  formed  by  chemical  vapor  deposition 
(CVD).  In  the  latter  case,  the  so-called  DLC 
(Diamond  Like  Carbon)  layer  is  obtained.  Particu- 
larly,  when  a  low  pressure  CVD  is  used,  a  resultant 
DLC  layer  on  the  graphite  surface  is  1  urn  thick 
and  diffusion  depth  is  1.0  mm.  AS  the  glassy 
carbon,  the  DLC  has  advantages  that  discharge  of 
dust  and  gas  is  small  compared  with  crystalline 
graphite.  The  DLC  has  properties  of  density  of  2.0 
g/cc,  Shore  hardness  of  5000  and  heat  conductivity 

of  20.9  W/nrrK.  Thus,  DLC  is  excellent  compared 
with  glassy  carbon  since  its  hardness  and  heat 
conductivity  are  much  higher  than  those  of  the 
glassy  carbon.  Further,  since  degradation  due  to 

5  electric  discharge  is  also  smaller  than  glassy  car- 
bon,  it  is  suitable  for  the  material  of  the  discharge 
portion  of  an  ion  laser  tube. 

As  described  hereinbefore,  according  to  the 
present  invention,  the  discharge  disk  member  is 

io  formed  of  amorphous  carbon  or  crystalline  graphite 
coated  with  amorphous  carbon,  so  that  sputtering 
durability  of  the  discharge  portion  is  improved 
while  minimizing  dust  and  gas  discharge  due  to 
electric  discharge,  resulting  in  a  long  life,  high 

is  power  and  stable  ion  laser  tube.  According  to  the 
ion  laser  tube,  the  life  time  at  output  level  of  4W  is 
elongated  substantially  twice  the  life  time  of  the 
conventional  ion  laser  tube  of  2000  hours.  Further, 
reduction  rate  of  output  power  after  300  hours  is 

20  5%  or  less  which  is  much  improved  compared  with 
that  of  the  conventional  ion  laser  tube  of  about 
60%.  In  addition,  due  to  considerable  reduction  of 
dust  generation  from  the  discharge  portion,  a  long 
distance  transportation  of  the  ion  laser  tube  can  be 

25  done  without  any  trouble.  Thus,  according  to  the 
present  invention,  a  reliable,  nigh  power  ion  laser 
tube  is  realized. 

Claims 
30 

1.  An  ion  laser  tube  comprising:  an  air  tightly 
sealed  enclosure  containing  discharge  gas;  a 
plurality  of  disk  members  disposed  within  said 
enclosure  and  arranged  along  a  laser  axis  of 

35  the  ion  laser  tube  to  provide  a  discharge  por- 
tion,  each  of  said  disk  members  having  a  cen- 
ter  hole  to  define  a  discharge  path  and  at  least 
an  outer  surface  of  each  said  disk  member 
being  formed  of  amorphous  carbon;  and  an 

40  anode  electrode  and  a  cathode  electrode  posi- 
tioned  at  opposite  ends  of  said  discharge  por- 
tion,  respectively. 

2.  The  ion  laser  tube  claimed  in  claim  1,  wherein 
45  each  of  said  disk  members  is  formed  of  grap- 

jite  coated  with  an  amorphous  carbon  layer. 

3.  The  ion  laser  tube  claimed  in  claim  2,  wherein 
thickness  of  said  amorphous  carbon  layer  is  1 

50  to  2  urn. 

4.  The  ion  laser  tube  claimed  in  claim  2,  wherein 
amorphous  carbon  is  diffused  to  a  surface  of 
said  graphite  member  by  a  depth  of  0.5  to  1  .5 

55  mm. 

5.  The  ion  laser  tube  claimed  in  claim  1,  wherein 
each  of  said  disk  members  is  made  of  amor- 

3 
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phous  carbon. 

6.  The  ion  laser  tube  claimed  in  claim  1,  wherein 
said  amorphous  carbon  is  glassy  carbon. 

5 
7.  The  ion  laser  tube  claimed  in  claim  1,  wherein 

said  amorphous  carbon  is  diamond  like  car- 
bon. 

8.  An  ion  laser  tube  comprising:  an  air  tightly  10 
sealed  enclosure  containing  discharge  gas;  an 
anode  electrode  and  a  cathode  electrode  ar- 
ranged  in  said  enclosure;  and  a  discharge  por- 
tion  disposed  between  said  anode  electrode 
and  said  cathode  electrode,  said  discharge  is 
portion  being  constituted  with  a  plurality  of  disk 
members  stacked,  each  of  said  disk  members 
being  provided  with  a  center  hole  and  a  plural- 
ity  of  gas-return  holes  arranged  around  said 
center  hole,  at  least  an  outer  surface  of  each  of  20 
said  disk  members  being  formed  of  amor- 
phous  carbon. 

25 
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