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Description 

This  invention  relates  to  a  method  of  producing 
a  waveguide  for  transmitting  various  kinds  of  lights 
such  as  infrared  light  and  far  infrared  light  including 
carbon  dioxide  laser  light. 

A  carbon  dioxide  laser  has  been  used  as  a 
surgical  laser  knife  in  the  medical  field  and  used 
for  welding  and  cutting  materials  in  many  fields  of 
the  industry.  A  general  method  of  producing  a 
waveguide  for  transmitting  carbon  dioxide  laser 
light  is  described  in  the  Prior  Art  section  of  Japa- 
nese  Laid-Open  (Kokai)  Patent  Application  No. 
188506/86.  More  specifically,  a  thin  layer  of  germa- 
nium  (dielectric  layer)  is  formed  on  an  outer  periph- 
eral  surface  of  an  aluminum  pipe  by  sputtering, 
and  then  a  nickel  layer  (reflecting  layer)  is  formed 
on  the  germanium  layer  by  plating.  Thereafter,  the 
aluminum  pipe  is  dissolved  and  removed  by  an 
etchant,  composed  of  sodium  hydroxide,  to  provide 
a  waveguide  which  is  composed  of  the  inner  layer 
of  germanium  and  the  outer  layer  of  nickel.  The 
cross-sectionally  circular  central  bore  of  the 
waveguide  defined  by  the  inner  peripheral  surface 
of  the  germanium  layer  serves  as  a  waveguide 
path. 

In  the  waveguide  produced  by  the  above  con- 
ventional  method,  the  inner  peripheral  surface  of 
the  nickel  layer  serves  as  a  reflecting  surface 
which  reflects  and  transmits  light,  and  the  germa- 
nium  layer  cooperates  with  the  inner  peripheral 
surface  of  the  nickel  layer  to  enhance  the  efficiency 
of  reflection. 

Transmission  characteristics  of  the  laser  de- 
pends  on  the  smoothness  of  the  inner  peripheral 
surface  of  the  nickel  layer.  Therefore,  the  inner 
peripheral  surface  of  the  nickel  layer  must  be 
smooth.  To  achieve  this,  the  outer  peripheral  sur- 
face  of  the  pipe  must  be  rendered  smooth  by 
polishing. 

However,  in  the  case  of  polishing  the  pipe  of 
aluminum,  the  smoothness  of  the  polished  surface 
is  limited,  and  the  surface  can  be  polished  to  a 
surface  roughness  of  about  0.02  u.Rz  at  best,  and 
therefore  it  is  difficult  to  reduce  a  transmission  loss 
satisfactorily.  Also,  in  the  case  where  the  pipe  is 
narrow,  that  is,  small  in  diameter,  there  is  encoun- 
tered  another  problem  that  it  is  difficult  to  polish  or 
abrade  the  pipe  because  of  its  reduced  strength. 
Further,  the  nickel  layer  formed  by  plating  is  rela- 
tive  thick  so  that  it  can  withstand  a  bending  force 
or  the  like,  and  therefore  the  nickel  layer  is  disad- 
vantageous  in  that  it  is  not  sufficiently  flexible. 

In  the  above-mentioned  Japanese  Laid-Open 
Patent  Application  No.  188506/86,  there  is  dis- 
closed  a  method  of  producing  a  waveguide  in 
which  an  electrically-conductive  plastics  tube  is 
used  as  a  reinforcement  layer,  and  a  metallic  re- 

flecting  layer  and  a  dielectric  layer  are  formed  on 
the  inner  peripheral  surface  of  the  plastics  tube  by 
plating.  In  such  a  waveguide,  the  metallic  reflecting 
layer  can  be  made  thin  since  the  waveguide  is 

5  reinforced  by  the  plastics  tube,  and  therefore  the 
waveguide  is  excellent  in  flexibility.  However,  in  the 
case  where  the  plastics  tube  is  narrow,  it  is  difficult 
to  form  the  reflecting  layer  on  the  inner  peripheral 
surface  of  the  plastics  tube  by  plating. 

io  In  order  to  reduce  the  transmission  loss, 
waveguides  having  a  rectangular  cross-section  or 
an  oval  cross-section  have  been  proposed.  In  use 
of  such  a  waveguide,  laser  light  is  deflected  in 
such  a  manner  that  the  direction  of  the  electric  field 

75  coincides  with  the  longer  axis  of  the  cross-section 
of  the  central  bore  of  the  waveguide. 

Japanese  Laid-Open  Patent  Application  Nos. 
13412/82  and  140202/85  disclose  a  method  of  pro- 
ducing  a  waveguide  in  which  a  plurality  of  elon- 

20  gated  metallic  plates  each  having  a  mirror  surface 
at  its  inner  side  are  connected  together  by  welding, 
by  an  elastic  tube  surrounding  the  metallic  plates, 
or  by  fitting  one  metallic  plate  on  another,  to  there- 
by  provide  the  waveguide  of  a  rectangular  cross- 

25  section.  In  such  a  conventional  waveguide,  it  is 
difficult  to  highly  precisely  position  the  metallic 
plates  with  respect  to  one  another,  and  the  manu- 
facturing  cost  is  rather  high,  and  the  waveguide  is 
inferior  in  flexibility. 

30  Japanese  Laid-Open  Patent  Application  No. 
233705/86  discloses  a  waveguide  comprising  a 
metallic  pipe  of  an  oval  cross-section,  the  inner 
peripheral  surface  of  the  metallic  pipe  serving  as  a 
reflecting  surface.  This  conventional  waveguide  is 

35  also  inferior  in  flexibility. 
It  is  therefore  an  aim  of  this  invention  to  pro- 

vide  a  method  of  producing  a  waveguide  which  has 
a  reflecting  layer  having  a  very  smooth  inner  pe- 
ripheral  surface,  and  can  be  easily  manufactured  at 

40  lOW  COStS. 
According  to  the  present  invention,  there  is 

provided  a  method  of  producing  a  waveguide  com- 
prising  the  steps  of: 

(a)  forming  a  reflecting  layer  on  an  entire  outer 
45  periphery  of  a  pipe;  and 

(b)  dipping  said  pipe  with  said  reflecting  layer  in 
an  etchant  to  dissolve  and  remove  said  pipe, 
thereby  providing  the  waveguide  formed  by  said 
reflecting  layer,  said  waveguide  having  a  central 

50  bore  which  is  disposed  radially  inwardly  of  said 
reflecting  layer  and  serves  as  a  waveguide  path; 

characterised  in  that  said  pipe  is  made  of 
glass  which  is  soluble  in  said  etchant. 

Specific  embodiments  of  the  present  invention 
55  are  now  described,  by  way  of  example  only,  with 

reference  to  the  accompanying  drawings,  in  which:- 
Fig.  1  is  a  cross-sectional  view  of  a  glass  pipe 
used  for  the  production  of  a  waveguide  of  the 

2 
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present  invention; 
Figs.  2  and  3  are  cross-sectional  views  of  inter- 
mediate  products  of  the  waveguide,  respective- 
ly; 
Fig.  4  is  a  cross-sectional  view  of  the  waveguide 
(finish  product); 
Fig.  5  is  a  cross-sectional  view  of  an  intermedi- 
ate  product  of  a  modified  waveguide; 
Fig.  6  is  a  cross-sectional  view  of  the  modified 
waveguide  (finish  product); 
Fig.  7  is  a  cross-sectional  view  of  another  modi- 
fied  waveguide; 
Fig.  8  is  a  cross-sectional  view  of  an  intermedi- 
ate  product  of  a  further  modified  waveguide; 
Fig.  9  is  a  cross-sectional  view  of  forming  dies 
for  forming  a  flat-type  waveguide; 
Fig.  10  is  a  cross-sectional  views  of  the  forming 
dies  as  shown  in  their  operative  condition; 
Fig.  11  is  a  cross-sectional  view  of  forming  rolls 
for  forming  a  flat-type  waveguide;  and 
Fig.  12  is  a  cross-sectional  view  of  modified 
forming  rolls  for  forming  a  flat-type  waveguide. 
A  method  of  producing  a  waveguide  for  trans- 

mitting  carbon  dioxide  laser  light,  provided  in  ac- 
cordance  with  the  present  invention,  will  now  be 
described. 

First,  as  shown  in  Fig.  1,  there  is  prepared  a 
pipe  1  of  glass.  The  glass  pipe  1  is  produced  by  a 
conventional  method,  such  as  blowing  or  the  Dan- 
ner  method.  The  outer  peripheral  surface  of  the 
glass  pipe  1  is  very  smooth,  and  its  smoothness  is 
far  superior  to  that  of  a  polished  surface  of  a 
conventional  aluminum  pipe. 

As  described  later,  the  glass  pipe  1  is  dis- 
solved  and  removed  at  a  final  stage  of  the  produc- 
tion  process.  Therefore,  the  pipe  is  made,  for  ex- 
ample,  of  PbO-Na20  glass,  B203-Na20  glass, 
Si02-B203-BaO  glass,  P205-Na20  glass,  or  Si02- 
NaO  glass.  Such  glass  materials  are  soluble  in  an 
acid  or  an  alkali. 

Next,  as  shown  in  Fig.  2,  a  metal  having  a  high 
reflectance,  such  as  gold  (Au),  silver  (Ag),  copper 
(Cu)  and  nickel  (Ni),  is  deposited  on  the  entire 
outer  peripheral  surface  of  the  glass  pipe  1  by  a 
suitable  method,  such  as  vacuum  deposition,  sput- 
tering  and  ion-plating,  to  form  a  reflecting  layer  2 
on  the  outer  peripheral  surface  of  the  glass  pipe  1  . 

Then,  the  glass  pipe  1  with  the  reflecting  layer 
2  is  inserted  into  a  tube  of  a  heat-shrinkable  resin, 
and  then  heat  is  applied  to  this  tube,  so  that  the 
tube  is  shrunk  radially  to  be  tightly  fitted  on  the 
reflecting  layer  2.  This  shrunk  tube  serves  as  a 
reinforcement  layer  3  (see  Fig.  3).  Thus,  the  re- 
inforcement  layer  3  can  be  very  easily  provided. 
Examples  of  the  heat-shrinkable  resin  of  which  the 
tube  is  made  include  a  thermosetting  resin,  such 
as  an  epoxy  resin,  a  polyester  resin,  a  phenolic 
resin,  an  acrylic  resin,  a  melamine  resin  and  a 

polyimide  resin,  and  a  thermoplastic  resin,  such  as 
a  fluorine  resin  and  a  polyamide  resin. 

Preferably,  an  adhesive  made,  for  example,  of 
an  epoxy  resin  is  applied  to  at  least  one  of  the 

5  outer  peripheral  surface  of  the  reflecting  layer  2 
and  the  inner  peripheral  surface  of  the  heat-shrink- 
able  tube  before  the  glass  pipe  1  with  the  reflecting 
layer  2  is  inserted  into  the  tube.  With  this  arrange- 
ment,  the  reflecting  layer  2  is  positively  retained  on 

io  the  reinforcement  layer  3  by  the  adhesive  when  the 
tube  is  heat-shrunk. 

After  the  reflecting  layer  2  and  the  reinforce- 
ment  layer  3  are  formed  on  the  outer  peripheral 
surface  of  the  glass  pipe  1  as  described  above,  the 

is  pipe  1  is  dissolved  and  removed  by  dipping  the 
pipe  1  in  an  etchant  which  is,  for  example,  an  acid 
such  as  nitric  acid  or  an  aqueous  alkali  solution. 
The  acid  or  the  alkali  used  here  is  of  the  type 
which  will  not  dissolve  the  reflecting  layer  2  and 

20  the  reinforcement  layer  3. 
As  a  result,  a  waveguide  10  shown  in  Fig.  4  is 

produced.  The  waveguide  10  is  composed  of  the 
reinforcement  layer  3  of  the  resin  and  the  reflecting 
layer  2  disposed  inwardly  of  the  reinforcement  lay- 

25  er  3.  The  cross-sectionally  circular  central  bore  10a 
of  the  waveguide  10  defined  by  inner  peripheral 
surface  of  the  reflecting  layer  2  serves  as  a 
waveguide  path.  Laser  light  is  introduced  into  the 
waveguide  10  from  its  one  end,  and  is  passed 

30  through  the  central  bore  10a,  and  is  discharged 
from  the  other  end  of  the  waveguide  10.  The  laser 
light  is  reflected  by  the  inner  peripheral  surface  of 
the  reflecting  layer  2  while  it  passes  through  the 
central  bore  10a. 

35  The  dimensions  or  sizes  of  the  parts  used  for 
the  production  of  the  waveguide  10  will  now  be 
specifically  described.  The  glass  pipe  10  has  an 
inner  diameter  of  1.0  mm,  an  outer  diameter  of  1.5 
mm  and  a  thickness  of  0.25  mm.  It  is  preferred  that 

40  the  thickness  of  the  reflecting  layer  2  should  be  in 
the  range  of  between  5  urn  and  100  urn.  If  the 
thickness  of  the  reflecting  layer  2  is  less  than  5 
linn,  the  mechanical  strength  of  the  reflecting  layer 
2  is  reduced.  On  the  other  hand,  if  the  thickness  of 

45  the  reflecting  layer  2  is  more  than  100  urn,  the 
flexibility  of  the  reflecting  layer  2  is  reduced.  The 
reinforcement  layer  3  of  the  resin  has  a  thickness 
of  about  1  mm. 

For  comparison  purposes,  there  were  prepared 
50  a  waveguide  of  the  present  invention  (hereinafter 

referred  to  as  "present  waveguide")  and  a  com- 
parative  waveguide  according  to  the  procedure, 
described  above  for  the  waveguide  10  of  the 
present  invention,  except  that  a  pipe  for  the  com- 

55  parative  waveguide  is  made  of  aluminum.  More 
specifically,  the  glass  pipe  for  the  present 
waveguide  was  produced  by  the  Danner  method, 
and  the  surface  roughness  of  the  outer  peripheral 

3 
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surface  of  the  glass  pipe  was  measured.  This  sur- 
face  roughness  was  0.000035  u.Rz.  The  outer  pe- 
ripheral  surface  of  the  aluminum  pipe  of  the  same 
size  was  polished,  and  its  surface  roughness  was 
measured.  The  surface  roughness  of  the  polished 
surface  was  0.023  u.Rz.  A  reflecting  layer  of  gold 
was  formed  on  each  of  the  glass  pipe  and  the 
aluminum  pipe,  and  then  a  heat-shrinkable  tube  is 
tightly  fitted  on  the  reflecting  layer  to  form  a  re- 
inforcement  layer.  Then,  the  pipes  were  dissolved 
and  removed  to  provide  the  present  waveguide  and 
the  comparative  waveguide.  The  reflectance  of  the 
inner  peripheral  surface  of  the  reflecting  layer  of 
each  waveguide  was  measured.  As  a  result,  for  the 
comparative  waveguide  employing  the  aluminum 
pipe,  the  reflectance  was  75%  whereas  for  the 
present  waveguide  employing  the  glass  pipe,  the 
reflectance  was  96%.  From  this,  it  will  be  appre- 
ciated  that  the  use  of  the  glass  pipe  can  markedly 
reduce  the  transmission  loss. 

Also,  the  use  of  the  glass  pipe  obviates  the 
need  for  processing  or  working  the  pipe,  such  as  a 
polishing  operation.  Therefore,  the  method  accord- 
ing  to  the  present  invention  can  be  more  easily 
carried  out  as  compared  with  the  conventional 
methods,  and  the  waveguide  can  be  produced  at 
lower  costs.  Further,  with  the  method  of  the  present 
invention,  since  there  is  no  need  to  process  the 
outer  peripheral  surface  of  the  pipe,  the  pipe  can 
be  narrower,  so  that  a  waveguide  of  a  small  diam- 
eter  can  be  easily  produced. 

In  the  waveguide  10  shown  in  Fig.  4,  the  re- 
flecting  layer  2  of  metal  is  thin,  and  the  reinforce- 
ment  layer  3  is  made  of  a  resin  as  described 
above.  Therefore,  this  waveguide  10  is  flexible. 

A  method  of  producing  a  modified  waveguide 
will  now  be  described  with  reference  to  Figs.  5  and 
6.  As  shown  in  Fig.  5,  a  dielectric  layer  4  is  formed 
on  an  entire  outer  peripheral  surface  of  a  pipe  1  of 
glass  by  a  suitable  method  such  as  vacuum  depo- 
sition,  sputtering  and  ion-plating,  the  dielectric  layer 
4  being  made,  for  example,  of  germanium,  and 
having  a  thickness  of  about  0.4  urn.  Then,  the 
formation  of  a  reflecting  layer  2  on  the  outer  pe- 
riphery  of  the  dielectric  layer  4,  the  formation  of  a 
reinforcement  layer  3  on  the  outer  periphery  of  the 
reflecting  layer  2  and  the  removal  of  the  glass  pipe 
1  are  carried  out  in  the  manner  as  described  above 
for  the  waveguide  10  of  the  preceding  embodi- 
ment,  thereby  providing  a  waveguide  10A  shown  in 
Fig.  6.  The  waveguide  10A  comprises  the  rein- 
forcement  layer  3,  the  reflecting  layer  2  and  the 
dielectric  layer  4  arranged  in  this  order  from  its 
outer  side  to  its  inner  side.  The  waveguide  10A  has 
a  central  bore  10a  defined  by  the  inner  peripheral 
surface  of  the  dielectric  layer  4.  The  dielectric  layer 
4  allows  transmission  light  to  pass  therethrough, 
and  cooperates  with  the  reflecting  layer  2  to  en- 

hance  the  efficiency  of  the  reflection.  Since  the 
effects  of  the  dielectric  layer  4  are  well  known  and 
are  described  in  the  above-mentioned  prior  art 
publications,  a  detailed  description  of  such  effects 

5  is  omitted  here. 
Another  modified  waveguide  10B  shown  in  Fig. 

7  differs  from  the  waveguide  of  Fig.  4  in  that  a 
reflecting  layer  is  constituted  by  a  first  layer  2B  of 
metal  and  a  second  layer  5  of  metal.  More  specifi- 

io  cally,  the  first  layer  2B  is  formed  on  the  entire 
periphery  of  the  glass  pipe  1,  for  example,  by 
vacuum  deposition.  The  second  layer  5  is  formed 
on  the  entire  outer  peripheral  surface  of  the  first 
layer  2B,  for  example,  by  plating,  and  the  reinforce- 

15  ment  resin  layer  3  is  formed  on  the  entire  outer 
peripheral  surface  of  the  second  layer  5.  The  first 
layer  2B  is  made,  for  example,  of  gold  and  has  a 
thickness  of  1  to  10  urn.  The  second  layer  5  is 
made,  for  example,  of  nickel  and  has  a  thickness  of 

20  50  to  100  urn.  The  first  layer  2B  performs  a  reflect- 
ing  function,  and  the  second  layer  5  performs  a 
reinforcement  function.  Thus,  the  waveguide  10B 
comprises  the  reinforcement  resin  layer  3,  the  sec- 
ond  layer  5  and  the  first  layer  2B  arranged  in  this 

25  order  from  its  outer  side  to  its  inner  side.  The 
waveguide  10B  has  a  central  bore  10a  defined  by 
the  inner  peripheral  surface  of  the  first  layer  2. 

According  to  a  further  modified  form  of  the 
invention,  a  reflecting  layer  2C,  which  is  greater  in 

30  thickness  than  the  reflecting  layer  2  of  Fig.  2  and 
has,  for  example,  a  thickness  of  about  0.1  mm  to 
0.2  mm,  is  formed  on  the  entire  outer  peripheral 
surface  of  the  glass  pipe  1,  as  shown  in  Fig.  8,  and 
the  use  of  a  reinforcement  layer  is  omitted.  In  this 

35  case,  when  the  pipe  1  is  removed,  there  is  pro- 
vided  a  waveguide  composed  solely  of  the  reflect- 
ing  layer  2C.  This  waveguide  is  inferior  in  flexibility, 
but  has  good  transmission  characteristics,  and 
therefore  achieves  the  first  object  of  this  invention. 

40  A  dielectric  layer  may  be  additionally  provided 
as  an  innermost  layer  of  each  of  the  waveguides 
shown  respectively  in  Figs.  7  and  8,  as  is  the  case 
with  the  waveguides  of  Fig.  6. 

Next,  a  method  of  producing  a  flat-type 
45  waveguide,  for  example,  of  a  generally  rectangular 

cross-section  will  now  be  described  with  reference 
to  Figs.  9  and  10.  As  one  example,  a  method  of 
producing  such  a  flat-type  waveguide  from  the 
waveguide  10  of  a  circular  cross-section  shown  in 

50  Fig.  4  will  now  be  described.  In  this  case,  it  is 
necessary  that  the  reinforcement  layer  3  should  be 
made  of  a  thermoplastic  resin.  More  specifically, 
the  reinforcement  layer  3  is  heated  into  a  softened 
condition,  and  in  this  condition  the  waveguide  10  is 

55  pressed  or  shaped  using  a  pair  of  first  and  second 
forming  dies  21  and  22  slightly  longer  than  the 
waveguide  10  (see  Fig.  9).  The  first  die  21  has  an 
elongated  recess  21a  of  a  rectangular  cross-section 

4 
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extending  along  its  length.  The  second  die  22  has 
an  elongated  projection  22a  of  a  rectangular  cross- 
section  disposed  in  opposed  relation  to  the  recess 
21a  and  extending  along  the  length  of  the  second 
die  22.  The  projection  22a  is  disposed  in  registry 
with  and  is  complementary  in  shape  to  the  recess 
21a,  and  the  distal  surface  of  the  projection  22a 
facing  the  recess  21a  is  disposed  parallel  to  the 
bottom  surface  of  the  recess  21a.  As  shown  in  Fig. 
10,  when  one  of  the  two  dies  21  and  22  is  moved 
relative  to  the  other,  the  projection  22a  is  fitted  in 
the  recess  21a  to  a  predetermined  depth,  so  that 
the  reinforcement  layer  3  is  compressed  or  shaped 
to  have  a  pair  of  parallel  walls  3a  and  3a  extending 
respectively  along  the  bottom  surface  of  the  recess 
21a  and  the  distal  surface  of  the  projection  22a  in 
contiguous  relation  thereto.  At  the  same  time,  simi- 
larly,  the  reflecting  layer  2  is  shaped  to  have  a  pair 
of  parallel  opposed  flat  portions  2a  and  2a.  The 
central  bore  15a  of  the  thus  shaped  waveguide 
defined  by  the  inner  peripheral  surface  of  the  re- 
flecting  layer  2  has  a  generally  rectangular  cross- 
section. 

In  order  to  reduce  a  loss  of  the  transmission  of 
laser  light,  it  is  important  that  the  pair  of  flat  por- 
tions  2a  and  2a  should  be  made  flat  and  parallel  to 
each  other  with  high  precision.  To  achieve  this,  the 
opposite  ends  of  the  cross-sectionally  circular  cen- 
tral  bore  10a  of  the  waveguide  10  are  closed  by  a 
suitable  resin  or  suitable  closure  members  before 
the  above  pressing  or  shaping  operation  is  carried 
out.  In  this  condition,  when  the  above  pressing 
operation  is  carried  out,  the  volume  of  the  central 
bore  10a  is  gradually  decreased  so  as  to  compress 
the  air  within  the  central  bore  10a,  as  the  cross- 
section  of  the  central  bore  10a  is  gradually 
changed  from  a  circular  shape  to  a  flattened  shape. 
As  a  result,  the  outer  peripheral  surface  of  the 
reinforcement  layer  3  is  held  in  intimate  contact 
with  the  bottom  surface  of  the  recess  21a  and  the 
distal  surface  of  the  projection  22a,  so  that  the 
flatness  and  parallelism  of  the  walls  3a  and  3a  of 
the  reinforcement  layer  3  are  highly  precise,  and 
therefore  the  flatness  and  parallelism  of  the  flat 
portions  2a  and  2a  of  the  reflecting  layer  2  are  also 
highly  precise.  The  closed  opposite  ends  of  the 
waveguide  are  cut  off  after  the  pressing  operation. 

In  this  embodiment,  since  the  width  W1  of  the 
recess  21a  is  greater  than  the  width  W2  of  the 
flattened  waveguide  (final  product),  transverse 
forces  are  not  applied  to  the  waveguide  10  in  Fig. 
10.  Therefore,  the  flatness  and  parallelism  of  the 
walls  3a  and  3a  of  the  reinforcement  layer  3  as  well 
as  the  flatness  and  parallelism  of  the  flat  portions 
2a  and  2a  of  the  reflecting  layer  2  is  not  affected. 
The  opposite  sides  of  the  flattened  waveguide  are 
not  flat  but  curved;  however,  this  causes  no  prob- 
lem  with  transmission  characteristics. 

According  to  a  modified  form  of  the  invention 
shown  in  Fig.  11,  the  waveguide  10  of  a  circular 
cross-section  is  shaped  into  a  flattened  cross-sec- 
tion,  using  a  pair  of  forming  rolls  31  and  32  having 

5  annular  peripheral  grooves  31a  and  32a,  respec- 
tively.  The  waveguide  10  is  pressed  between  the 
opposed  bottom  surfaces  of  the  peripheral  grooves 
31a  and  32a.  This  method  is  particularly  useful  in 
the  case  where  the  waveguide  is  relatively  long.  In 

io  the  case  where  the  waveguide  is  particularly  long, 
a  plurality  of  pairs  of  forming  rolls  can  be  provided 
in  a  multistage  manner  so  as  to  gradually  increase 
the  degree  of  the  processing.  Also,  according  to 
another  modified  form  of  the  invention  shown  in 

is  Fig.  12,  an  annular  peripheral  groove  41a  is  formed 
in  one  of  pair  of  forming  rolls  41  and  42  (for 
example,  in  the  forming  roll  41).  The  other  forming 
roll  42  has  a  cylindrical  peripheral  surface.  In  this 
case,  the  waveguide  10  is  received  in  the  groove 

20  41a. 
With  the  above  methods  of  producing  the  flat- 

type  waveguide,  such  a  waveguide  can  be  more 
easily  produced  than  with  the  conventional  method 
in  which  a  plurality  of  metal  plates  are  combined 

25  together  to  provide  a  flat-type  waveguide.  There- 
fore,  the  production  costs  can  be  much  reduced. 
Another  advantage  is  that  the  waveguide  is  ex- 
cellent  in  flexibility  because  the  reinforcement  layer 
is  made  of  a  resin.  Utilizing  the  above  methods  of 

30  the  present  invention,  a  waveguide  of  an  oval 
cross-section  can  be  produced.  In  this  case, 
grooves  having  respective  cross-sections  corre- 
sponding  respectively  to  halves  of  an  oval  shape 
are  formed  respectively  in  the  opposed  surfaces  of 

35  a  pair  of  forming  dies.  Alternatively,  annular 
grooves  having  respective  cross-sections  corre- 
sponding  respectively  to  halves  of  an  oval  shape 
are  formed  respectively  in  peripheral  surfaces  of  a 
pair  of  forming  rolls. 

40  In  the  flat-type  waveguide-producing  methods 
described  above  with  respect  to  Figs.  9  to  12,  the 
waveguide  10A  of  Fig.  6  or  the  waveguide  10B  of 
Fig.  7  can  be  used  instead  of  the  waveguide  10  of 
Fig.  4. 

45  When  producing  such  a  flattened  waveguide, 
the  reinforcement  resin  layer  does  not  always  need 
to  comprise  a  heat-shrinkable  tube,  and  the  only 
requirement  for  the  reinforcement  layer  is  that  it 
should  be  made  of  a  thermoplastic  resin. 

50 
Claims 

1.  A  method  of  producing  a  waveguide  compris- 
ing  the  steps  of: 

55  (a)  forming  a  reflecting  layer  (2,  2C)  on  the 
entire  outer  periphery  of  a  pipe  (1);  and 
(b)  dipping  said  pipe  (1)  with  said  reflecting 
layer  (2,  2C)  in  an  etchant  to  dissolve  and 

5 
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remove  said  pipe,  thereby  providing  the 
waveguide  formed  by  said  reflecting  layer, 
said  reflecting  layer  defining  an  internal 
bore  (10a)  which  serves  as  a  waveguide 
path; 

characterized  in  that  said  pipe  (1)  is 
made  of  glass  which  is  soluble  in  said  etch- 
ant. 

2.  A  method  according  to  claim  1,  further  com- 
prising  the  step  of  forming  a  reinforcement 
layer  (3)  of  a  resin  on  the  entire  outer  periph- 
ery  of  said  reflecting  layer  (2,  2C)  after  the 
step  of  forming  said  reflecting  layer  and  before 
the  step  of  dipping  said  pipe  (1). 

3.  A  method  according  to  claim  1  or  claim  2,  in 
which  a  dielectric  layer  (4)  is  formed  on  the 
entire  outer  periphery  of  said  pipe  (1),  said 
reflecting  layer  (2)  being  subsequently  formed 
on  the  entire  outer  periphery  of  said  dielectric 
layer,  said  dielectric  layer  cooperating  with 
said  reflecting  layer  to  enhance  the  efficiency 
of  reflection. 

4.  A  method  according  to  claim  1,  wherein  said 
reflecting  layer  comprises  a  first  layer  (2B)  of 
metal  formed  on  the  entire  outer  periphery  of 
said  pipe  and  a  second  layer  (5)  of  metal 
formed  on  the  entire  outer  periphery  of  said 
first  layer. 

5.  A  method  according  to  claim  4,  in  which  said 
first  layer  (2B)  is  formed  by  vacuum  deposi- 
tion,  said  second  layer  (5)  being  formed  by 
plating. 

6.  A  method  according  to  claim  2,  wherein  said 
reinforcement  layer  (3)  is  formed  by  fitting  a 
tube  of  a  heat-shrinkable  resin  on  said  pipe  (1) 
with  said  reflecting  layer  (2),  said  tube  of  heat- 
shrinkable  resin  being  heated  so  that  it  shrinks 
radially  into  intimate  contact  with  said  reflect- 
ing  layer. 

7.  A  method  according  to  claim  6,  in  which  be- 
fore  said  tube  is  fitted  on  said  pipe  (1),  an 
adhesive  is  applied  to  at  least  one  of  the  inner 
peripheral  surface  of  said  tube  and  the  outer 
peripheral  surface  of  said  reflecting  layer. 

8.  A  method  according  to  claim  2,  in  which  said 
resin  is  thermoplastic,  and  in  which  after  said 
pipe  (1)  is  dissolved,  heat  is  applied  to  said 
reinforcement  layer  (3)  to  soften  it,  and  subse- 
quently  a  compressive  force  is  applied  to  the 
outer  surface  of  said  softened  reinforcement 
layer  (3)  to  flatten  said  reinforcement  layer 

together  with  said  reflecting  layer  (2),  thereby 
providing  a  flat-type  waveguide. 

9.  A  method  according  to  claim  8,  in  which  op- 
5  posite  ends  of  said  central  bore  (10a)  are 

closed  when  the  compressive  force  is  applied 
to  said  reinforcement  layer  (3). 

Patentanspruche 
10 

1.  Verfahren  zum  Herstellen  eines  Wellenleiters 
mit  den  Schritten: 

(a)  Ausbilden  einer  reflektierenden  Schicht 
(2,  2C)  auf  dem  gesamten  AuBenumfang 

is  des  Rohres  (1);  und 
(b)  Eintauchen  des  Rohres  (1)  mit  der  re- 
flektierenden  Schicht  (2,  2C)  in  ein  Atzmit- 
tel,  urn  das  Rohr  aufzulosen  und  zu  entfer- 
nen,  urn  hierdurch  den  Wellenleiter  zu 

20  schaffen,  der  durch  die  reflektierende 
Schicht  gebildet  ist,  wobei  die  reflektierende 
Schicht  eine  Innenbohrung  (10a)  definiert, 
welche  als  ein  Wellenleiterpfad  dient; 

dadurch  gekennzeichnet,  dafi 
25  das  Rohr  (1)  aus  einem  Glas  hergestellt  ist, 

welches  in  dem  Atzmittel  losbar  ist. 

2.  Verfahren  gemaB  Anspruch  1,  weiterhin  mit 
dem  Schritt,  eine  Verstarkungsschicht  (3)  aus 

30  einem  Harz  auf  dem  gesamten  AuBenumfang 
der  reflektierenden  Schicht  (2,  2C)  auszubil- 
den,  und  zwar  nach  dem  Schritt  des  Ausbil- 
dens  der  reflektierenden  Schicht  und  vor  dem 
Schritt  des  Eintauchens  des  Rohres  (1). 

35 
3.  Verfahren  gemaB  Anspruch  1  oder  2,  wobei 

eine  dielektrische  Schicht  (4)  auf  dem  gesam- 
ten  AuBenumfang  des  Rohres  (1)  ausgebildet 
wird,  wobei  die  reflektierende  Schicht  (2)  dar- 

40  auffolgend  auf  dem  gesamten  AuBenumfang 
der  dielektrischen  Schicht  ausgebildet  wird, 
wobei  die  dielektrische  Schicht  mit  der  reflek- 
tierenden  Schicht  zusammenwirkt,  urn  die  Re- 
flexionseffizienz  zu  erhohen. 

45 
4.  Verfahren  gemaB  Anspruch  1  ,  wobei  die  reflek- 

tierende  Schicht  eine  erste  Schicht  (2B)  aus 
Metall,  welche  auf  dem  gesamten  AuBenum- 
fang  des  Rohres  ausgebildet  ist,  und  eine 

50  zweite  Schicht  (5)  aus  Metall  umfaBt,  welche 
auf  dem  gesamten  AuBenumfang  der  ersten 
Schicht  ausgebildet  ist. 

5.  Verfahren  gemaB  Anspruch  4,  wobei  die  erste 
55  Schicht  (2B)  durch  Vakuumabscheidung  aus- 

gebildet  wird,  wobei  die  zweite  Schicht  (5) 
durch  Plattieren  ausgebildet  wird. 

6 
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couche  reflectrice  et  avant  I'etape  d'immersion 
dudit  tuyau  (1). 

3.  Methode  selon  la  revendication  1  ou  la  reven- 
dication  2,  dans  laquelle  une  couche  dielectri- 
que  (4)  est  appliquee  sur  toute  la  peripherie 
exterieure  dudit  tuyau  (1),  ladite  couche  reflec- 
trice  (2)  etant  appliquee  ulterieurement  sur  tou- 
te  la  peripherie  exterieure  de  ladite  couche 
dielectrique,  ladite  couche  dielectrique  contri- 
buant  avec  ladite  couche  reflectrice  a  augmen- 
ter  le  rendement  de  reflexion. 

6.  Verfahren  gemaB  Anspruch  2,  wobei  die  Ver- 
starkungsschicht  (3)  ausgebildet  wird  durch 
Aufpassen  einer  Rohre  aus  einem  warme- 
schrumpfbaren  Harz  auf  das  Rohr  (1)  mit  der 
reflektierenden  Schicht  (2),  wobei  die  Rohre  5 
aus  warmeschrumpfbarem  Harz  erwarmt  wird, 
so  daB  es  radial  in  engen  Kontakt  mit  der 
reflektierenden  Schicht  schrumpft. 

7.  Verfahren  gemaB  Anspruch  6,  bei  welchem  ein  10 
Klebstoff  auf  zumindest  eine  von  Innenum- 
fangsoberflache  des  Rohres  und  AuBenum- 
fangsoberflache  der  reflektierenden  Schicht 
aufgebracht  wird,  bevor  die  Rohre  auf  das 
Rohr  (1)  aufgepaBt  wird.  is 

8.  Verfahren  gemaB  Anspruch  2,  wobei  das  Harz 
ein  Thermoplast  ist  und  wobei,  nachdem  das 
Rohr  (1)  aufgelost  ist,  Warme  auf  die  Verstar- 
kungsschicht  (3)  aufgebracht  wird,  urn  sie  zu 
erweichen,  und  darauffolgend  eine  Kompres- 
sionskraft  auf  die  AuBenoberflache  der  er- 
weichten  Verstarkungsschicht  (3)  aufgebracht 
wird,  urn  die  Verstarkungsschicht  zusammen 
mit  der  reflektierenden  Schicht  (2)  abzuflachen, 
urn  hierdurch  einen  Wellenleiter  vom  flachen 
Typ  zu  schaffen. 

9.  Verfahren  gemaB  Anspruch  8,  wobei  gegen- 
uberliegende  Enden  der  Zentralbohrung  (10a) 
geschlossen  werden,  wenn  die  Kompressions- 
kraft  auf  die  Verstarkungsschicht  (3)  aufge- 
bracht  wird. 

Revendicatlons 

1.  Methode  pour  manufacturer  un  guide  d'ondes 
comprenant  les  etapes: 

(a)  d'application  d'une  couche  reflectrice  (2, 
2C)  sur  toute  la  peripherie  exterieure  d'un 
tuyau  (1);  et 
(b)  d'immersion  dudit  tuyau  (1)  avec  ladite 
couche  reflectrice  (2,  2C)  dans  un  agent 
d'attaque  pour  dissoudre  et  eliminer  ledit 
tuyau,  produisant  de  ce  fait  le  guide  d'on- 
des  forme  par  ladite  couche  reflectrice,  ladi- 
te  couche  reflectrice  definissant  un  trou  in- 
terieur  (10a)  qui  a  la  fonction  d'un  chemin 
de  guide  d'ondes; 

caracterisee  en  ce  que  ledit  tuyau  (1) 
est  en  verre  qui  est  soluble  dans  ledit  agent 
d'attaque. 

2.  Methode  selon  la  revendication  1,  comprenant 
en  outre  I'etape  de  I'application  d'une  couche 
de  renforcement  (3)  d'une  resine  sur  toute  la 
peripherie  exterieure  de  ladite  couche  reflectri- 
ce  (2,  2C)  apres  I'etape  d'application  de  ladite 

4.  Methode  selon  la  revendication  1  ,  dans  laquel- 
15  le  ladite  couche  reflectrice  comprend  une  pre- 

miere  couche  (2B)  de  metal  appliquee  sur 
toute  la  peripherie  exterieure  dudit  tuyau  et 
une  seconde  couche  (5)  de  metal  appliquee 
sur  toute  la  peripherie  exterieure  de  ladite  pre- 

20  miere  couche. 

5.  Methode  selon  la  revendication  4,  dans  laquel- 
le  ladite  premiere  couche  (2B)  se  forme  par 
depot  sous  vide,  ladite  deuxieme  couche  (5) 

25  se  formant  par  electrodeposition. 

6.  Methode  selon  la  revendication  2,  dans  laquel- 
le  ladite  couche  de  renforcement  (3)  est  forme 
en  montant  un  tube  constitue  d'une  resine 

30  thermoretractable  sur  ledit  tuyau  (1)  muni  de 
ladite  couche  reflectrice  (2),  ledit  tube  de  resi- 
ne  thermoretractable  etant  chauffe  de  sorte 
qu'il  retrecit  radialement  pour  entrer  en  contact 
etroit  avec  ladite  couche  reflectrice. 

35 
7.  Methode  selon  la  revendication  6,  dans  laquel- 

le  avant  que  ledit  tube  soit  monte  sur  ledit 
tuyau  (1),  un  adhesif  est  applique  sur  au  moins 
I'une  des  surfaces  suivantes:  surface  peripheri- 

40  que  interieure  dudit  tube  ou  surface  peripheri- 
que  exterieure  de  ladite  couche  reflectrice. 

8.  Methode  selon  la  revendication  2,  dans  laquel- 
le  ladite  resine  est  thermoplastique,  et  dans 

45  laquelle  apres  la  dissolution  dudit  tuyau  (1),  de 
la  chaleur  est  produite  sur  ladite  couche  de 
renforcement  (3)  pour  la  ramollir  et  ulterieure- 
ment  une  pression  est  appliquee  sur  la  surface 
exterieure  de  ladite  couche  de  renforcement 

50  ramollie  (3)  pour  aplatir  ladite  couche  de  ren- 
forcement  (3)  en  meme  temps  que  ladite  cou- 
che  reflectrice  (2),  fournissant  de  ce  fait  un 
guide  d'ondes  de  type  plat. 

55  9.  Methode  selon  la  revendication  8,  dans  laquel- 
le  les  extremites  opposees  dudit  trou  central 
(10a)  sont  fermees  quand  la  pression  est  appli- 
quee  a  ladite  couche  de  renforcement  (3). 
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