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Description 

The  present  invention  relates  to  a  method  of 
manufacturing  an  air-tight  ceramic  container  and  a 
method  of  manufacturing  a  vacuum  interrupter  us- 
ing  the  air-tight  ceramic  container. 

A  ceramic  is  an  insulative  material  having  a 
good  heat-resistance  and  hence  is  used  as  a  ma- 
terial  for  various  electrical  parts.  One  example  is  an 
air-tight  container  used  in  an  electrical  part  such  as 
a  vacuum  interrupter.  Such  an  air-tight  container  is 
used  in  such  a  manner  that  its  interior  is  main- 
tained  in  a  vacuum  state  or  filled  with  an  inert  gas. 
Therefore,  in  order  to  maintain  such  an  internal 
atmosphere,  an  air-tight  property  must  be  strictly 
maintained. 

As  shown  in  Fig.  1A,  a  conventional  air-tight 
ceramic  container  has  a  structure  in  which  opening 
end  faces  of  ceramic  tubular  member  1  are  shield- 
ed  by  metal  cover  members  2.  In  manufacturing 
such  an  air-tight  ceramic  container,  the  opening 
end  faces  of  ceramic  tubular  member  1  is  metal- 
lized,  then  metal  cover  members  2  is  bonded 
thereon  by  brazing.  In  this  conventional  method, 
since  a  coefficient  of  thermal  expansion  of  ceramic 
tubular  member  1  differs  from  that  of  each  metal 
cover  member  2,  a  thermal  stress  is  generated  at  a 
bonding  portion  when  the  portion  is  cooled  after 
being  heated  upon  brazing.  When  the  thermal 
stress  is  large,  cracks  are  generated  in  ceramic 
tubular  member  1,  and  no  sufficient  air-tight  prop- 
erty  can  be  obtained.  Therefore,  the  following  tech- 
niques  have  been  proposed  to  reduce  the  thermal 
stress  and  prevent  generation  of  cracks. 

According  to  a  first  technique,  a  metal  having  a 
small  coefficient  of  thermal  expansion  such  as  Mo 
or  W  or  an  alloy  having  a  small  coefficient  of 
thermal  expansion  such  as  Invar  or  Kovar  is  used 
for  the  metal  cover  member.  Alternatively,  as 
shown  in  German  patent  no.  1045  305,  a  metal 
sandwiching  layer  is  used  between  the  ceramic 
and  metal  cover  member  to  diffuse  the  heat  and 
thereby  moderate  the  thermal  stresses.  However, 
in  practice  such  moderation  is  not  sufficient. 

According  to  a  second  technique,  an  end  por- 
tion  of  each  metal  cover  member  2  is  bent  as 
shown  in  Fig.  1A,  and  its  end  face  is  bonded  to  the 
end  face  of  ceramic  tubular  member  1  (endface- 
bonding),  thereby  reducing  a  bonding  area.  Since 
the  magnitude  of  thermal  stress  generated  at  the 
bonding  portion  is  proportional  to  a  bonding  area 
between  the  two  members,  this  endface-bonding 
contributes  to  reduce  the  thermal  stress.  In  order  to 
obtain  a  sufficient  bonding  strength  and  an  air-tight 
property  at  the  bonding  portion  in  the  endface- 
bonding,  brazing  filler  metal  layer  8  must  be 
spread  like  an  unfolded  fan  from  the  end  portion  of 
metal  cover  member  2  toward  the  end  face  of 

ceramic  tubular  member  1,  as  shown  in  Fig.  1B. 
Metalization  used  in  manufacturing  the  above 

air-tight  ceramic  container  will  be  described  below. 
Conventional  metallizing  methods  are  as  follows. 

5  (1)  A  powder  mainly  consisting  of  Mo  or  W  is 
applied  on  a  surface  of  a  ceramic  member  and 
heated  up  to  1,400  to  1,  700  °C  in  a  reducing 
atmosphere  to  react  it  with  the  ceramic  material, 
thereby  performing  metallization.  Ni  or  the  like  is 

io  plated  on  a  metallized  layer  as  needed.  In  this 
method,  a  treatment  must  be  performed  at  a 
very  high  temperature  for  metallizing,  resulting 
in  complex  manufacturing  steps. 
(2)  Au  or  Pt  is  placed  on  a  surface  of  the 

75  ceramic  member  and  heated  while  a  pressure  is 
applied  thereto,  thereby  performing  metalliza- 
tion.  In  this  method,  since  an  expensive  noble 
metal  is  used,  the  manufacturing  cost  is  in- 
creased.  In  addition  since  a  high  pressure  is 

20  required  to  increase  a  contact  property,  it  is  not 
preferable  to  apply  this  method  to  electronic 
parts  not  allowing  deformation. 
(3)  An  active  metal  such  as  Ti  or  Zr  and  a 
transition  metal  such  as  Ni  or  Cu  are  placed  on 

25  a  ceramic  base  material  and  heated  at  a  tem- 
perature  higher  than  the  melting  point  of  the 
alloy  of  these  metals,  thereby  peforming  metal- 
lization  (Japanese  Patent  Disclosure  (Kokai)  No. 
56-163093).  This  method  utilizes  the  fact  that 

30  when  an  active  metal  such  as  Ti  or  Zr  is  used  to 
form  an  alloy  with  a  transition  metal  such  as  Cu 
or  Ni,  these  alloys  have  a  melting  point  lower  by 
several  hundreds  °C  than  that  of  either  of  the 
metals  in  their  eutectic  compositions.  In  this 

35  method,  since  the  active  metal  wets  the  ceramic 
material,  metallization  can  be  performed  sub- 
stantially  without  pressurization.  In  addition,  it  is 
possible  to  metallize  the  surface  of  ceramic 
member  with  a  strong  bond  by  an  effect  of  the 

40  active  metal. 
In  order  to  manufacture  an  air-tight  ceramic 

container  using  any  of  above  metallizing  methods 
(1)  to  (3),  the  end  faces  of  a  ceramic  tubular 
member  are  metallized  and  then  metal  cover  mem- 

45  bers  are  brazed  to  the  tubular  member.  That  is, 
since  metallizing  of  ceramic  tubular  member,  and 
brazing  of  the  metal  cover  members  must  be  in- 
dependently  performed,  manufacturing  steps  are 
undesirably  complicated. 

50  A  method  of  manufacturing  an  air-tight  ceramic 
container  is  also  disclosed  in  U.S.  patent  no.  3  063 
144.  In  this  manufacturing  method,  the  brazing  step 
comprises  preheating  for  removing  any  residual 
solvent  from  the  active  metal  coating  and  for  de- 

55  polymerizing  the  binder  and  then  heating  for  the 
brazing  of  the  metal.  Consequently,  this  method  is 
also  undesirably  complicated. 
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Therefore,  a  method  has  been  proposed  in 
which  metal  cover  members  are  brazed  to  the  end 
faces  of  a  ceramic  tubular  member  without  in- 
dependent  metallizing  step,  thereby  manufacturing 
an  air-tight  ceramic  container. 

The  following  one-step  bonding  method  (Japa- 
nese  Patent  Disclosure  (Kokai)  No.  59-32628)  has 
been  proposed  as  a  method  of  bonding  a  ceramic 
member  with  a  metal  member  without  independent 
metallizing  step.  In  this  method,  a  brazing  filler 
metal  having  a  low  melting  point  (especially  an  Ag- 
brazing  filler  metal)  which  contains  Ti  and/or  Zr  as 
the  active  metal  is  used.  Alternatively,  a  foil  of  the 
above  active  metal  and  the  Ag-brazing  filler  metal 
are  stacked,  and  the  stacked  body  is  inserted  and 
heated  between  the  ceramic  and  metal  members. 
Since  this  one-step  bonding  method  does  not  re- 
quire  independent  metallizing  step,  manufacturing 
steps  can  be  simplified. 

However,  in  the  above  one-step  bonding  meth- 
od,  a  preferred  bonding  structure  shown  in  Fig.  1B 
cannot  be  obtained.  When  a  bonding  area  between 
the  ceramic  and  metal  members  is  sufficiently 
large,  a  substantially  sufficient  bonding  property 
can  be  obtained  by  the  one-step  bonding  method. 
However,  if  the  bonding  area  is  small,  a  sufficient 
bonding  property  with  a  preferred  bonding  struc- 
ture  of  Fig.  1B  is  not  attained.  Therefore,  this 
method  is  not  suitable  to  manufacture  the  air-tight 
ceramic  container  described  above.  That  is,  even 
when  brazing  metal  foil  3  larger  than  the  end  face 
of  metal  cover  member  2  is  used  for  brazing  as 
shown  in  Fig.  1C,  a  filler  metal  layer  is  formed  only 
immediately  below  the  end  face  of  metal  cover 
member  2,  as  shown  in  Fig.  1D,  because  wet- 
tability  of  the  ceramic  surface  with  the  melted  filler 
metal  is  not  sufficient.  As  a  result,  a  clearance  is 
easily  produced  in  a  bonding  portion,  and  metal 
cover  member  2  is  removed  even  with  a  small 
external  force. 

A  conventional  vacuum  interrupter  using  the 
above  air-tight  ceramic  container  will  be  described 
below. 

Fig.  2  shows  a  structure  of  the  conventional 
vacuum  interrupter.  In  Fig.  2,  reference  numeral  1 
denotes  a  ceramic  tubular  member.  Metal  cover 
members  2a  and  2b  are  air-tightly  bonded  to  both 
opening  end  faces  of  ceramic  tubular  member  1  by 
brazing  with  Ag-filler  metal  layer  8a  and  8b,  there- 
by  constituting  a  vacuum  container  whose  interior 
is  maintained  in  a  vacuum.  In  this  vacuum  con- 
tainer,  fixed  and  movable  conductor  rods  5a  and  5b 
are  provided  to  oppose  each  other  and  extend 
through  metal  cover  members  2a  and  2b,  respec- 
tively.  As  shown  in  Fig.  2,  fixed  conductor  rod  5a  is 
fixed  to  metal  cover  member  2a,  and  movable 
conductor  rod  5b  is  movable  along  its  axial  direc- 
tion.  A  pair  of  contact  members  3a  and  3b  are 

placed  at  opposing  end  portions  of  conductor  rods 
5a  and  5b,  respectively.  Contact  member  3a  is  a 
fixed  contact  member,  and  contact  member  3b  is  a 
movable  contact  member.  Contact  member  3b  is 

5  brazed  to  movable  conductor  rod  5b  either  directly 
or  through  an  electrode  (not  shown).  The  other  end 
of  fixed  conductor  rod  5a  constitutes  fixed  terminal 
4a,  and  the  other  end  of  movable  conductor  rod  5b 
constitutes  movable  terminal  4b.  Therefore,  when 

io  movable  conductor  rod  5b  moves  in  the  axial  direc- 
tion,  contact  members  3a  and  3b  are 
opened/closed.  Bellows  7  is  mounted  on  movable 
conductor  rod  5b  so  that  movable  member  5b  can 
move  in  the  axial  direction  while  a  vacuum  air-tight 

is  state  in  the  container  is  maintained  by  bellows  7.  A 
metal  arc-shield  (not  shown)  is  provided  on  bellows 
7  to  prevent  bellows  7  from  being  covered  with  arc 
vapor.  In  addition,  metal  arc-shield  6  is  provided  to 
cover  contact  members  3a  and  3b,  thereby  pre- 

20  venting  ceramic  tubular  member  1  from  being  cov- 
ered  with  the  arc  vapor.  Therefore,  an  evaporated 
contact  member  material  is  prevented  from  being 
adhered  on  an  inner  surface  of  ceramic  tubular 
member  1  to  cause  short-circuiting. 

25  In  the  above  vacuum  interrupter,  the  arc-shield 
6  must  be  fixed  at  a  predetermined  position  in  the 
vacuum  container.  For  this  purpose,  projection  1'  is 
formed  in  ceramic  tubular  member  1  as  shown  in 
Fig.  2.  Projection  1'  is  formed  to  engage  with 

30  recess  6'  provided  to  arc-shield  6,  thereby  prevent- 
ing  removal  or  movement  of  arc-shield  6.  Alter- 
nately,  a  recess  may  be  formed  in  ceramic  tubular 
member  1  and  engaged  with  a  projection  formed 
on  arc-shield  6.  This  fixing  method  does  not  re- 

35  quire  metallization  when  arc-shield  6  is  mounted  on 
ceramic  tubular  member  1  and  therefore  is  ec- 
onomically  advantageous.  However,  since  a  gap  is 
inevitably  produced  between  ceramic  tubular  mem- 
ber  1  and  arc-shield  6,  arc-shield  6  is  vibrated  or 

40  moved  when  the  vacuum  valve  is  vibrated.  Further- 
more,  when  a  trouble  occurs  in  recess  6',  arc- 
shield  6  may  be  removed  from  a  predetermined 
mounting  portion,  thereby  degrading  withstand  volt- 
age  and  blocking  characteristics. 

45  As  a  second  method  of  fixing  arc-shield  6  to 
ceramic  tubular  member  1,  an  inner  surface  of 
ceramic  tubular  member  1  is  metallized  and  then 
arc-shield  6  is  brazed  to  the  inner  surface.  In  this 
method,  any  of  above  methods  (1)  to  (3)  can  be 

50  used  as  the  metallizing  method.  According  to  this 
method,  arc-shield  6  can  be  prevented  from  being 
removed  or  moved.  However,  with  any  of  methods 
(1)  to  (3),  problems  caused  by  metallization  occur 
as  described  above.  That  is,  in  method  (1),  com- 

55  plex  steps  such  as  a  high-temperature  treatment 
are  required.  In  method  (2),  not  only  an  economical 
problem  is  posed  but  also  productivity  is  degraded 
because  a  tool  for  obtaining  a  sufficient  pressure 
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occupies  a  predetermined  space  in  a  brazing  fur- 
nace.  In  method  (3),  it  is  difficult  to  obtain  a  desired 
bonding  strength. 

Fig.  3  shows  a  third  method  of  mounting  arc- 
shield  6  on  ceramic  tubular  member  1.  That  is, 
ceramic  tubular  member  1  in  Fig.  2  is  divided  into 
two  ceramic  members  1a  and  1b,  and  metallization 
is  performed  to  opposing  end  faces  9a  and  9b. 
Then,  a  flange  formed  on  arc-shield  6  is  inserted 
and  air-tightly  shielded  between  end  faces  9a  and 
9b.  Also  in  this  case,  any  of  above  methods  (1)  to 
(3)  is  used  as  the  metallizing  method.  Therefore, 
since  metallization  is  used,  the  same  drawbacks  as 
in  the  above  two  methods  are  present.  Further- 
more,  this  method  is  economically  disadvanta- 
geous  because  the  number  of  metallizing  portions 
is  increased.  In  addition,  since  the  number  of  por- 
tions  to  be  air-tightly  shielded  is  increased,  this 
method  is  disadvantageous  in  terms  of  reliability 
for  maintaining  the  air-tight  property. 

The  present  invention  has  been  made  in  con- 
sideration  of  the  above  situation  and  has  its  object 
to  manufacture  an  air-tight  ceramic  container  hav- 
ing  a  sufficient  bonding  strength  and  a  high  air-tight 
property  by  endface-bonding  a  peripheral  portion 
of  a  metal  cover  member  to  an  opening  end  face  of 
a  ceramic  tubular  member  without  any  independent 
metallizing  step  for  the  opening  end  face  of  the 
ceramic  tubular  member. 

It  is  a  second  object  of  the  present  invention  to 
provide  a  method  of  manufacturing  a  vacuum  inter- 
rupter  utilizing  the  above  air-tight  ceramic  con- 
tainer,  in  which,  part  of  an  inner  surface  of  a 
ceramic  tubular  member  can  be  simply  and  di- 
rectly  bonded  to  an  arcshield  with  a  sufficient 
strength  without  any  independent  step  of  metal- 
lizing  the  inner  surface  of  the  ceramic  tubular 
member. 

According  to  the  present  invention,  there  is 
provided  a  method  of  manufacturing  an  air-tight 
ceramic  container,  the  method  comprising  brazing 
a  peripheral  end  face  of  a  metal  cover  member  to 
an  opening  end  face  of  a  ceramic  tubular  member, 
characterised  in  that  the  opening  end  face  of  the 
ceramic  tubular  member  is  coated  with  an  active 
metal  consisting  of  Ti  and/or  Zr  in  an  amount  of 
from  0.1  to  10mg/cm2  to  form  an  active  metal 
layer,  a  brazing  filler  metal  is  placed  on  said  active 
metal  layer;  and  said  peripheral  end  face  of  said 
metal  cover  member  is  placed  in  contact  with  said 
brazing  material,  the  arrangement  being  such  that 
said  active  metal  layer  and  said  brazing  filler  metal 
are  sandwiched  between  said  end  face  of  said 
ceramic  tubular  member  and  said  peripheral  end 
face  of  said  metal  cover  member;  and  heating  to 
simultaneously  react  the  active  metal  layer  with  the 
ceramic  base  to  form  a  metal-ceramic  bond  and  to 
melt  said  brazing  material  to  braze  said  cover 

thereto. 
The  present  invention,  also  provides  a  method 

of  manufacturing  a  vacuum  interrupter,  as  set  forth 
in  the  accompanying  independent  claim  8. 

5  This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 
in  conjunction  with  the  accompanying  drawings,  in 
which: 

Figs.  1A  to  1D  are  sectional  views  for  explaining 
io  a  conventional  method  of  manufacturing  an  air- 

tight  ceramic  container; 
Figs.  2  and  3  are  sectional  views  of  conventional 
vacuum  valves,  respectively; 
Figs.  4A  and  4B  and  Figs.  5A  to  5C  are  per- 

15  spective  views  and  sectional  views,  respectively, 
of  brazing  metal  foil  conveniently  used  in  the 
present  invention; 
Fig.  6  is  a  sectional  view  for  explaining  a  meth- 
od  of  using  the  thin  brazing  metal  foil  shown  in 

20  Fig.  5C; 
Figs.  7  and  8  are  sectional  views  of  a  vacuum 
interrupter  obtained  by  an  embodiment  of  the 
present  invention;  and 
Figs.  9  to  11  are  sectional  views  of  the  main 

25  part  of  the  vacuum  interrupter  obtained  by  other 
embodiments  of  the  present  invention,  respec- 
tively. 

The  present  invention  will  be  described  in  de- 
tail  below. 

30  A  bonding  method  which  is  an  essential  part  of 
the  present  invention  will  be  described. 

In  the  present  invention,  in  order  to  bond  a 
ceramic  tubular  member  with  a  metal  cover  mem- 
ber,  an  active  metal  such  as  Ti  or  Zi  is  coated  on  a 

35  bonding  surface  of  the  ceramic  tubular  member. 
This  is  not  a  metallization  process,  but  rather  a 
coating  process  which  differs  from  a  conventional 
technique.  That  is,  a  preformed  layer  is  not  a 
metallized  layer  but  an  active  metal  layer.  Since 

40  the  metal  cover  member  is  brazed  on  this  active 
metal  layer,  the  active  metal  is  caused  to  react  with 
the  ceramic  upon  heating.  Therefore,  brazing  and 
metallization  are  simultaneously  performed.  This 
bonding  method  can  be  considered  to  be  a  one- 

45  step  bonding  method,  whereas  no  independent 
metallizing  step  is  performed  in  advance. 

It  is  important  in  the  above  one-step  bonding 
method  to  coat  the  active  metal  on  the  ceramic 
surface  while  it  is  in  tight  contact  therewith  and  to 

50  limit  its  coating  amount  to  0.1  to  10  mg/cm2.  There- 
fore,  this  method  differs  from  the  conventional 
method  in  which  the  active  metal  plate  is  merely 
placed  on  the  surface  of  the  ceramic  member.  As  a 
result  of  the  bonding  method  of  the  present  inven- 

55  tion,  a  desired  bonding  structure  as  shown  in  Fig. 
1B  can  be  obtained.  This  is  due  to  the  fact  that  the 
ceramic  member  surface  is  preferably  metallized 
by  coating  the  active  metal  thereon  and  setting  the 

5 



7 EP  0  286  335  B1 8 

coating  amount  of  the  active  metal  within  the  above 
range.  For  example,  a  powder  of  the  above  active 
metal  was  applied  on  a  surface  of  an  alumina 
ceramic  disk,  an  Ag-brazing  filler  metal  (72%  Ag- 
Cu)  was  placed  on  the  disk  and  heated  in  a  vacu- 
um,  and  the  spreading  of  the  melted  filler  metal 
was  checked.  As  a  result,  it  was  confirmed  that 
when  the  coating  amount  of  the  active  metal  pow- 
der  was  0.1  to  10  mg/cm2,  the  filler  metal  was 
sufficiently  spreaded,  and  a  sucessful  metallization 
was  performed.  Since  such  a  sucessful  metalliza- 
tion  can  be  performed,  even  when  a  bonding  area 
is  small  as  in  end  face-bonding,  a  good  bonding 
structure  having  a  sufficient  bonding  strength  can 
be  obtained  without  any  clearance.  To  the  contrary, 
when  the  coating  amount  of  the  active  metal  pow- 
der  is  too  small  or  too  large,  satisfactory  metal- 
lization  cannot  be  performed  in  subsequent  braz- 
ing,  and  the  spreading  of  the  brazing  filler  metal  is 
poor.  Therefore,  a  bonding  having  predetermined 
characteristics  cannot  be  obtained. 

According  to  the  present  invention,  by  applying 
the  above  bonding  method,  an  air-tight  ceramic 
container  having  a  highly  reliable  air-tight  property 
can  be  obtained  without  increasing  a  bonding  area 
between  the  ceramic  tubular  member  and  the  met- 
al  cover  member.  In  addition,  by  applying  the 
above  bonding  method  to  bond  the  arc-shield  with 
the  inner  surface  of  the  ceramic  tubular  member, 
the  arc-shield  can  be  easily  fixed  thereon  and  is 
not  removable  thereafter. 

Examples  of  methods  of  coating  the  active 
metal  powder  on  the  bonding  surface  of  the  ce- 
ramic  tubular  member  in  the  above  bonding  meth- 
od  are  as  follows. 

In  the  first  method,  an  organic  adhesive,  ob- 
tained  by  kneading  a  binder  and  a  solvent,  is 
applied  on  the  bonding  surface  of  the  ceramic 
tubular  member,  and  a  powder  of  the  active  metal 
is  sprayed  on  the  adhesive  layer.  Although  the 
binder  and  the  solvent  used  in  this  method  are  not 
limited,  it  is  preferable  that  they  are  completely 
decomposed  and  removed  in  a  subsequent  heat 
treatment.  Examples  of  the  binder  are  polyvinyl 
alcohol  and  ethyl  cellulose,  and  examples  of  the 
solvent  are  ethanol  and  tetralin. 

In  the  second  method,  the  active  metal  powder, 
an  organic  binder,  and  a  solvent  are  kneaded  to 
prepare  a  mixture,  and  the  mixture  is  applied  on 
the  bonding  surface  of  the  ceramic  tubular  member 
through  a  screen  consisting  of  a  metal  mesh  or  the 
like.  The  binder  and  the  solvent  are  selected  from 
those  elements  listed  above. 

In  the  third  method,  the  active  metal  is  coated 
on  the  bonding  surface  of  the  ceramic  tubular 
member  by  deposition,  sputtering,  or  the  like. 

In  the  above  applying  or  spraying  method,  a 
particle  size  is  preferably  not  more  than  40  urn  in 

order  to  control  the  coating  amount  of  the  active 
metal.  More  preferable  particle  size  is  0.1  to  10 
linn,  while  the  fluidity  of  the  paste  is  degraded  if  it 
is  too  large.  In  addition,  when  a  mixture  of  Ti  and 

5  Zr  is  used  as  the  active  metal,  a  mixing  ratio  is  not 
at  all  limited  and  can  be  arbitrarily  set. 

Examples  of  the  brazing  filler  metal  used  in  the 
above  bonding  method  are  preferably  Ag-brazing 
filler  metals  such  as:  Ag-Cu,  Ag-Cu-Sn,  and  Ag-Cu- 

io  Zn.  In  order  to  perform  brazing,  a  brazing  filler 
metal  is  placed  on  the  bonding  surface  of  the 
ceramic  tubular  member  on  which  the  above  active 
metal  powder  is  coated,  and  a  metal  member  (met- 
al  cover  member  or  arc-shield)  to  be  bonded  is 

is  brought  into  contact  with  the  brazing  filler  metal 
and  then  heated  to  a  temperature  which  causes  the 
brazing  filler  metal  to  melt.  In  this  brazing  step,  a 
non-oxidizing  atmosphere  such  as  a  vacuum  or 
argon  gas  atmosphere  is  suitable  as  a  heat  treat- 

20  ment  atmosphere. 
A  method  of  manufacturing  an  air-tight  ceramic 

container  according  to  the  present  invention  will  be 
described  below.  In  this  case,  a  material  of  ceramic 
tubular  member  1  is  not  limited.  For  example,  an 

25  oxide  ceramic  such  as  AI2O3  or  a  nitride  ceramic 
such  as  AIN  or  ShN  ̂ can  be  suitably  used.  As  for 
the  composition  of  metal  cover  member  2,  a  ma- 
terial  which  has  a  coefficient  of  thermal  expansion 
close  to  that  of  the  ceramic  tubular  member  is 

30  preferably  used.  It  is  preferable  that  such  a  ma- 
terial  be  used  because  the  thermal  stress  upon 
bonding  can  be  reduced  as  described  above.  Ex- 
amples  of  a  preferable  material  are  Mo,  W,  Invar, 
and  Kovar  (Both  Registered  Trade  Marks).  When 

35  ceramic  tubular  member  1  and  metal  cover  mem- 
ber  2  are  bonded  to  one  another,  endface-bonding 
as  shown  in  Figs.  1  B  is  used  in  order  to  reduce  the 
bonding  area,  thereby  reducing  the  thermal  stress. 
As  described  above,  in  the  present  invention,  a 

40  sufficient  bonding  strength  and  air-tight  property 
can  be  obtained  by  endface-bonding. 

In  the  method  of  manufacturing  an  air-tight 
ceramic  container  according  to  the  present  inven- 
tion,  a  brazing  metal  foil  as  shown  in  Fig.  4A  or  4B 

45  is  preferably  used  to  braze  ceramic  tubular  mem- 
ber  1  with  metal  cover  member  2.  As  shown  in 
Figs.  4A  and  4B,  these  brazing  metal  foils  have 
rough  upper  surfaces  with  projections  protruding 
thereform  and  smooth  lower  surfaces.  The  brazing 

50  metal  foil  shown  in  Fig.  4B  has  a  hole  formed 
through  each  projection.  When  each  of  these  braz- 
ing  metal  foils  is  used  for  brazing,  its  smooth  lower 
surface  is  brought  into  contact  with  the  bonding 
surface  of  ceramic  tubular  member  1,  and  the 

55  upper  surface  with  the  protruding  projections  is 
brought  into  contact  with  the  end  face  of  metal 
cover  member  2.  When  brazing  is  performed  in 
this  state,  the  following  effects  can  be  obtained. 

6 
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When  brazing  is  performed,  a  decomposition 
gas,  an  adsorption  gas,  and  the  like  are  released 
from  ceramic  tubular  member  1  into  the  container 
upon  heating.  Therefore,  in  order  to  achieve  a 
predetermined  atmosphere  such  as  a  vacuum  state 
in  the  container,  these  gases  must  be  exhausted  to 
the  outside  before  the  brazing  process  has  been 
completed.  When  the  above  brazing  filler  metal  foil 
is  used,  a  gap  is  formed  between  the  foil  and  the 
metal  cover  member  due  to  the  presence  of  the 
protruding  projections.  This  gap,  formed  by  the 
projections,  serves  as  a  gas  exhaust  path  located 
on  the  upper  surface  of  the  brazing  metal  foil.  This 
effect  is  further  improved  by  providing  the  through 
holes  as  shown  in  Fig.  4B.  However,  this  exhaust 
path  must  be  completely  closed  when  brazing  is 
finished  so  as  to  obtain  a  sufficient  air-tight  prop- 
erty.  In  consideration  of  this  and  the  stability  ob- 
tained  when  the  brazing  metal  foil  is  placed  on  the 
bonding  portion,  a  preferable  depth  or  height  of  the 
projections  is  20  urn  to  5  mm. 

Since  the  lower  surface  of  each  brazing  metal 
foil  is  smooth,  a  satisfactory  bonding  can  be  ob- 
tained  on  the  ceramic  end  face  having  poor  wet- 
tability  with  respect  to  a  melted  brazing  filler  metal. 
If  a  clearance  is  present  between  the  thin  solder 
plate  and  the  ceramic  tubular  member  surface,  the 
melted  brazing  filler  metal  cannot  sufficiently 
spread  on  the  bonding  surface  having  a  poor  wet- 
tability.  Therefore,  a  good  bonding  cannot  be  ob- 
tained,  resulting  in  a  poor  air-tight  property.  As 
described  above,  the  projections  are  formed  on  the 
upper  surface  of  each  of  the  brazing  filler  metal 
foils  in  Figs.  4A  and  4B  to  serve  as  the  gas  exhaust 
path,  while  at  the  same  time  producing  a  good 
bonding  with  its  smooth  lower  surface  which  is 
brought  into  contact  with  the  ceramic. 

Fig.  5A  shows  another  preferred  example  of  a 
brazing  metal  foil.  As  shown  in  Fig.  5A,  this  foil  has 
a  multi-layer  structure  in  which  two  brazing  filler 
metal  layers  31  and  32  sandwich  a  barrier  layer 
consisting  of  a  metal  having  a  higher  melting  point 
than  that  of  the  two  brazing  filler  metal  layers. 
These  two  brazing  filler  metal  layers  may  be  the 
same  or  different.  An  object  of  using  such  a  braz- 
ing  metal  foil  and  an  effect  obtained  thereby  are  as 
follows. 

Unlike  in  a  diffusion  bonding  or  a  melt  welding 
process,  in  a  technique  of  bonding  different  materi- 
als  by  brazing,  an  alloy  layer  is  not  formed  by 
causing  the  materials  to  be  bonded  to  react  with 
one  another.  Therefore,  the  bonding  strength  can 
not  be  degraded  by  a  weak  alloy  layer.  However, 
constituent  elements  of  these  members  are  some- 
times  caused  to  diffuse  rapidly  in  a  melted  brazing 
filler  metal  and  react  with  one  another,  thereby 
forming  a  weak  alloy  layer.  Therefore,  in  the  braz- 
ing  metal  foil  of  Fig.  5A,  barrier  layer  32  is  pro- 

vided  to  prevent  the  melted  and  diffused  elements 
in  the  melted  brazing  filler  metal  from  being 
brought  into  contact  with  one  another,  thereby  pre- 
venting  the  formation  of  a  weak  alloy  layer.  That  is, 

5  when  brazing  filler  metal  layers  31  and  33  are 
melted,  barrier  layer  32  remains  unmelted  because 
of  its  high  melting  point. 

Note  that  although  the  thickness  of  barrier  layer 
32  is  not  limited,  it  is  preferable  that  it  falls  within 

io  the  range  of  about  0.01  to  5  mm  so  as  to  reliably 
function  as  a  barrier  and  to  allow  easy  handling. 

A  brazing  metal  foil  which  have  both  features 
of  Fig.  5A  and  that  of  Figs.  4A  and  4B  can  also  be 
employed.  Figs.  5B  and  5C  show  examples  of  such 

is  a  brazing  metal  foil.  In  these  foils,  gas  exhaustion 
as  described  above  with  reference  to  Figs.  4A  and 
4B  can  be  simultaneously  performed. 

Fig.  6  shows  a  method  of  manufacturing  the 
air-tight  ceramic  container  using  the  brazing  metal 

20  foil  shown  in  Fig.  5C,  according  to  the  present 
invention.  As  is  apparent  from  Fig.  6,  an  effect 
other  than  those  described  above  can  be  obtained 
using  the  brazing  metal  foil  shown  in  Figs.  5A  to 
5C.  That  is,  barrier  layer  32  is  not  melted  upon  the 

25  heating  of  the  brazing  and  maintains  its  mechanical 
strength.  Therefore,  even  if  the  position  of  metal 
cover  member  2  is  caused  to  be  deviated  slightly, 
barrier  layer  32  functions  as  a  coupling  member  to 
obtain  a  predetermined  air-tight  container. 

30  In  the  method  of  manufacturing  a  vacuum  inter- 
rupter  according  to  the  present  invention,  the  arc- 
shield  shown  in  Fig.  2  is  directly  bonded  to  the 
inner  surface  of  ceramic  tubular  member  1  using 
the  above-mentioned  bonding  method.  Therefore,  a 

35  bonding  having  a  sufficiently  good  strength  can  be 
obtained  between  both  the  materials,  and  the  re- 
moval  or  movement  of  the  arc-shield  can  be  pre- 
vented.  As  a  result,  the  reliability  of  the  valve  can 
be  improved  because,  e.g.,  fluctuations  in  the  with- 

40  stand  voltage  characteristic  can  be  suppressed.  In 
addition,  since  no  independent  metallizing  step  is 
required,  the  manufacturing  steps  can  be  simpli- 
fied. 

In  the  manufacturing  of  the  vacuum  valve,  the 
45  above-mentioned  effects  can  also  be  obtained  by 

using  the  brazing  metal  foil  shown  in  Fig.  5A. 
In  the  vacuum  interrupter  manufacturing,  it  is 

preferable  that  the  ceramic  tubular  member  has  a 
surface  roughness  ranging  from  0.1  to  10  urn  in 

50  order  to  sufficiently  withstand  the  voltage  of  the 
vacuum  valve. 

The  present  invention  will  be  described  in 
more  detail  below  by  way  of  its  Examples. 

55 

7 
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Example  1  (Manufacturing  an  Air-tight  Ceramic 
Container) 

An  air-tight  ceramic  container  as  shown  in  Fig. 
1  was  manufactured  as  follows. 

First,  AI2O3  ceramic  tubular  member  1  having 
an  outer  diameter  of  60  mm,  an  inner  diameter  of 
50  mm,  and  a  height  of  60  mm  was  prepared.  A  Ti 
powder  and  a  Zr  powder  both  having  a  grain  size 
of  5  urn  or  less  were  mixed  at  a  ratio  of  9  :  1  and 
then  kneaded  with  an  ethanol  solution  of  methyl 
cellulose,  thereby  preparing  an  active  metal  paste. 
Then,  this  paste  was  applied  to  both  opening  end 
faces  of  ceramic  tubular  member  1  .  At  that  time,  a 
coating  amount  of  the  paste  was  adjusted  so  that 
the  active  metal  was  coated  in  an  amount  of  1 
mg/cm2. 

Subsequently,  a  50-um  thick  Ag  brazing  filler 
metal  (72%  Ag-Cu)  was  placed  on  the  above 
paste-applied  surface  of  ceramic  tubular  member 
1.  Then,  metal  cover  members  2  consisting  of  a 
kovar  (Registered  Trade  Mark)  (Ni-Co-Fe  alloy) 
were  placed  on  the  brazing  filler  metal  as  de- 
scribed  above  with  reference  to  Figs.  1A.  The 
resultant  multi-layered  structure,  similar  to  those 
shown  in  Figs.  5A  to  5C,  was  heated  in  a  vacuum 
furnace  1.5  x  10~7  N/m2  (2  x  10~5  Torr)  at  850  °C 
for  five  minutes  to  bond  metal  cover  members  2  to 
the  opening  end  faces  of  ceramic  tubular  member 
1. 

After  the  air-tight  ceramic  container  obtained  in 
the  above  manner  was  allowed  to  cool,  it  was  then 
taken  out  from  the  furnace,  and  the  bond  portions 
were  checked.  As  a  result,  brazing  filler  metal  layer 
8  which  bonded  metal  cover  member  2  with  ce- 
ramic  tubular  member  1  was  found  to  have  a  good 
bonding  structure  as  shown  in  Fig.  1B,  and  cover 
member  2  was  fixed  tightly  to  ceramic  tubular 
member  1.  The  air-tight  property  of  the  bonding 
portion  of  the  air-tight  ceramic  container  was  evalu- 
ated  by  an  He  leakage  test,  and  the  He  leakage 
amount  was  found  to  be  7.5  x  10-12  N/m2(10-10 
Torr).  I/sec  or  less,  i.e.,  no  substancial  leakage 
was  found. 

Example  2  (Manufacturing  an  Air-tight  Ceramic 
Container) 

As  shown  in  Fig.  4A,  a  donut-like  Ag  brazing 
foil  (72%  Ag-Cu)  having  projections  which  protrude 
to  a  height  of  50  urn  on  its  upper  surface,  an  outer 
diameter  of  50  mm,  an  inner  diameter  of  40  mm, 
and  a  thickness  of  100  urn  was  prepared.  In  addi- 
tion,  AI2O3  ceramic  tubular  member  1  having  an 
outer  diameter  of  50  mm,  an  inner  diameter  of  40 
mm,  and  a  height  of  60  mm  was  prepared. 

1  mg/cm2  of  a  Ti  powder  was  applied  to  both 
opening  end  faces  of  ceramic  tubular  member  1. 

The  above  Ag  brazing  metal  foils  were  placed  on 
Ti-applied  surfaces.  Following  the  same  procedures 
as  in  Example  1,  metal  cover  members  2  consist- 
ing  of  an  Ni-Fe  alloy  were  placed  on  the  Ag  braz- 

5  ing  metal  foil  and  heated  in  a  vacuum  furnace  1  .5  x 
10-7  N/m7  (2  x  10-5  Torr)  at  880  °C  for  six  min- 
utes.  As  a  result,  metal  cover  members  2  were 
bonded  to  the  opening  end  faces  of  ceramic  tubu- 
lar  member  1  . 

10  The  air-tight  ceramic  container  obtained  in  the 
above  manner  was  then  removed  from  the  furnace 
and  examined,  after  it  was  allowed  to  cool.  A 
resulting  internal  high  vacuum  was  maintained,  and 
the  bonding  state  was  good. 

15 
Example  3  (Manufacture  of  Air-tight  Ceramic  Con- 
tainer) 

As  shown  in  Fig.  4B,  a  donut-like  Ag  brazing 
20  foil  (72%  Ag-Cu)  having  projections  with  a  height  of 

100  urn  and  a  through  hole  provided  in  each 
projection  and  having  an  outer  diameter  of  40  mm, 
an  inner  diameter  of  30  mm,  and  a  thickness  of 
100  urn  was  prepared.  In  addition,  AI2O3  ceramic 

25  tubular  member  1  having  an  outer  diameter  of  40 
mm,  an  inner  diameter  of  30  mm,  and  a  height  of 
40  mm  was  prepared. 

1  mg/cm2  of  a  Ti  powder  was  applied  on  both 
opening  end  faces  of  ceramic  tubular  member  1. 

30  The  above  Ag  brazing  foil  were  placed  on  Ti- 
applied  surfaces.  Following  the  same  procedures 
as  in  Example  1,  metal  cover  members  2  consist- 
ing  of  an  Ni-Fe  alloy  were  placed  on  the  brazing 
foil  and  heated  in  a  vacuum  furnace  1.5  x  10-7 

35  N/m2  (2  x  10-5  Torr)  at  850  °C  for  six  minutes.  As 
a  result,  metal  cover  members  2  were  bonded  to 
the  opening  end  faces  of  ceramic  tubular  member 
1. 

The  air-tight  ceramic  container  obtained  in  the 
40  above  manner  was  taken  out  from  the  furnace  after 

cooling  and  then  checked.  As  a  result,  internal  high 
vacuum  was  maintained,  and  a  bonding  state  was 
good. 

45  Example  4 

In  this  Example  4  and  next  Example  5,  an 
effect  of  barrier  layer  32  in  the  brazing  metal  foil  of 
Fig.  5A  was  checked. 

50  As  shown  in  Fig.  5A,  50-u.m  thick  barrier  layer 
32  consisting  of  13%  Cr-Fe  was  interposed  be- 
tween  50-u.m  thick  Ag  brazing  filler  metal  layer  31 
consisting  of  4%Ti-69%Ag-Cu  and  50-um  thick  Ag 
brazing  filler  metal  layer  33  consisting  of  72%Ag- 

55  Cu,  thereby  preparing  a  brazing  metal  foil.  In  addi- 
tion,  AI2O3  ceramic  tubular  member  1  having  an 
outer  diameter  of  40  mm,  an  inner  diameter  of  30 
mm,  and  a  height  of  60  mm  was  prepared. 

8 
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The  above  brazing  metal  foil  were  disposed  on 
opening  end  faces  of  ceramic  tubular  member  1. 
Then,  Ni-plated  metal  cover  members  2  consisting 
of  an  Ni-Fe  alloy  were  placed  on  the  brazing  metal 
foil  and  heated  in  a  vacuum  furnace  1.5  x  10-7 
N/m2  (2  x  10-5  Torr)  at  850  °C  for  10  minutes.  As  a 
result,  metal  cover  members  2  were  bonded  to  the 
opening  end  faces  of  ceramic  tubular  member  1. 
The  air-tight  ceramic  container  obtained  in  this 
manner  was  taken  out  from  the  furnace  after  cool- 
ing  and  checked.  As  a  result,  good  bonding  was 
confirmed  throughout  the  entire  bonding  surface. 

For  comparison,  a  bonding  test  was  performed 
following  the  same  procedures  as  described  above 
except  that  a  100-um  thick  brazing  filler  metal  foil 
consisting  of  only  1%Ti-71%Ag-Cu  was  used.  As  a 
result,  incomplete  bonding  portions  were  partially 
found.  It  can  be  assumed  that  these  incomplete 
bonding  portions  were  produced  because  Ni  dif- 
fused  from  an  Ni-plated  layer  of  metal  cover  mem- 
ber  2  formed  an  alloy  together  with  Ti  in  the  solder 
material. 

Example  5 

As  shown  in  Fig.  5C,  40-um  thick  4%Ti- 
69%Ag-Cu  brasing  filler  metal  layer  31,  20-um 
thick  Mo  barrier  layer  32,  and  40-u.m  thick  72%Ag- 
Cu  brazing  filler  metal  layer  33  having  a  20-um 
deep  recess  in  its  lower  surface  for  gas  exhaustion 
were  sequentially  stacked  to  prepare  a  brazing  filler 
metal  foil.  In  addition,  AI2O3  ceramic  tubular  mem- 
ber  1  having  an  outer  diameter  of  50  mm,  an  inner 
diameter  of  40  mm,  and  a  height  of  60  mm  and 
42%  Fe-Ni  metal  cover  member  2  were  prepared. 

Then,  ceramic  tubular  member  1,  the  brazing 
metal  foil,  and  metal  cover  member  2  were  dis- 
posed  as  shown  in  Fig.  6  and  heated  in  a  vacuum 
furnace  1.5  x  10~7  N/m2  (2  x  10~5  Torr  at  850  °C 
for  10  minutes.  As  a  result,  metal  cover  member  2 
was  bonded  to  an  opening  end  face  of  ceramic 
tubular  member  1.  The  air-tight  ceramic  container 
obtained  in  this  manner  was  taken  out  from  the 
furnace  after  cooling  and  then  checked.  As  a  result, 
although  a  position  of  metal  cover  member  2  is 
deviated  slightly,  continuity  was  maintained  by  bar- 
rier  layer  32,  and  a  good  air-tight  property  was 
maintained. 

Examples  6  -  8  (Manufacture  of  Vacuum  Valve) 

In  Examples  6  to  8,  a  vacuum  valve  shown  in 
Figs.  7  and  8  was  manufactured.  In  Figs.  7  and  8, 
the  same  parts  as  in  Figs.  2  and  3  are  denoted  by 
the  same  reference  numerals. 

First,  AI2O3  ceramic  tubular  member  1  having 
an  outer  diameter  of  123  mm,  an  inner  diameter  of 
110  mm,  and  a  height  of  170  mm  was  prepared, 

and  its  inner  surface  21  was  polished.  A  degree  of 
polishing  was  adjusted  to  obtain  surface  roughness 
values  of  0.1  urn  (Example  6),  0.5  urn  (Example  7), 
and  10  urn  (Example  8),  respectively. 

5  Then,  a  Ti  powder  having  an  average  grain 
size  of  3.5  urn  was  prepared  and  uniformly  applied 
on  a  necessary  portion  (portion  to  be  bonded  to 
arc-shield  6)  on  polished  ceramic  tubular  member 
inner  surface  21,  thereby  forming  active  metal 

10  coating  layer  12.  The  Ti  powder  was  applied  in  an 
amount  of  1  mg/cm2  by  a  brush  through  a  metal 
mesh.  However,  the  Ti  powder  may  be  adhered  by 
sputtering,  vacuum  deposition,  or  ion  plating  after  a 
portion  other  than  the  necessary  portion  was 

15  masked. 
As  shown  in  Fig.  8,  0.2-mm  thick  silver  brazing 

filler  was  interposed  between  Ti-applied  surface  21 
and  projection  10  formed  on  SUS  arc-shield  6, 
thereby  performing  brazing.  This  brazing  was  per- 

20  formed  at  a  vacuum  pressure  of  1.5  x  10-7  N/m2  (2 
x  10-5  Torr)  and  a  temperature  of  850  °C  for  six 
minutes. 

As  a  result,  the  arc-shield  was  completely  con- 
nected  without  a  loosening  in  any  of  Examples  6, 

25  7,  and  8. 
An  impulse  withstand  voltage  test  was  per- 

formed  for  the  vacuum  valves  obtained  in  Exam- 
ples  6  to  8  by  a  voltage-elevating  method.  As  a 
result,  assuming  that  an  impulse  withstand  voltage 

30  value  of  the  conventional  vacuum  interrupter  shown 
in  Fig.  2  is  100%,  a  high  value  of  130%  was 
obtained  in  any  of  Examples  6  to  8.  This  is  be- 
cause  no  projection  1'  was  formed  on  the  inner 
surface  of  ceramic  tubular  member  1  and  a  perfect 

35  air-tight  property  was  obtained. 

Example  9  (Manufacture  of  Vacuum  Valve) 

In  this  Example,  a  bonding  structure  shown  in 
40  Fig.  9  was  formed  between  arc-shield  6  and  ce- 

ramic  tubular  member  1.  In  this  case,  projection  10 
shown  in  Fig.  6  was  not  provided  to  arc-shield  6. 
However,  SUS  spacer  13  (for  example  stainless 
steel  or  Cu)  and  silver  brazing  filler  14  were  inter- 

45  posed  between  a  bonding  portion  of  SUS  arc- 
shield  6  and  inner  surface  21  of  ceramic  tubular 
member  1  . 

Note  that  a  surface  roughness  of  polished  inner 
surface  21  of  the  ceramic  tubular  member  was  0.5 

50  urn.  In  addition,  following  the  same  procedures  as 
in  Examples  6  to  8,  1  mg/cm2  of  a  Ti  powder 
having  an  average  grain  size  of  3.5  urn  was  ad- 
hered  as  active  metal  powder  on  a  portion  to  be 
bonded,  thereby  forming  active  metal  layer  12. 

55  Silver  brazing  filler  11  and  14  were  melted  and 
brazing  is  performed  at  a  vacuum  pressure  of  1  .5  x 
10-7  N/m2  (2  x  10-5  Torr)  and  a  temperature  of 
850  0  C  for  six  minutes. 

9 
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An  impact  load  of  1,500  kgf  was  repeatedly 
applied  on  the  obtained  vacuum  interrupter  100 
thousand  times,  but  the  arc-shield  was  not  re- 
moved  or  got  out  of  the  place  nor  loosed. 

When  a  repeated  impulse  withstand  voltage 
test  was  performed,  a  value  of  140%  was  obtained 
assuming  that  an  impulse  withstand  voltage  value 
of  the  conventional  vacuum  interrupter  of  Fig.  2 
was  100%. 

Examples  10  &  11  (Manufacture  of  Vacuum  Valve) 

In  these  Examples,  a  stress  relaxation  mecha- 
nism  was  used  to  bond  ceramic  tubular  member  1 
with  arc-shield  6.  That  is,  in  Example  10,  stress 
relaxation  member  15  was  interposed  between  ce- 
ramic  tubular  member  1  and  arc-shield  6  as  shown 
in  Fig.  10.  In  Example  11,  projection  16  was 
formed  on  part  of  arc-shield  6  to  obtain  a  stress 
relaxation  effect  as  shown  in  Fig.  11. 

Since  a  coefficient  of  thermal  expansion  of  arc- 
shield  6  is  larger  than  ceramic  tubular  member  1 
by  about  10  times,  a  thermal  strain  may  be  gen- 
erated  in  the  arc-shield  upon  brazing.  Therefore, 
the  structures  of  Figs.  10  and  11  were  formed  in 
order  to  relax  a  thermal  stress. 

The  arc-shield  was  bonded  following  the  same 
procedures  as  in  Examples  6  to  8  except  that  the 
above  stress  relaxation  mechanism  was  adopted, 
thereby  manufacturing  a  vacuum  valve. 

As  a  result  of  performing  the  impulse  withstand 
voltage  test  as  described  above,  the  vacuum  valves 
obtained  in  Examples  10  and  11  had  withstand 
voltage  values  of  135%  and  140%,  respectively. 
The  arc-shield  did  not  cause  any  loosening  in 
either  vacuum  valve. 

Examples  12  &  13  (Manufacture  of  Vacuum  Valve) 

In  any  of  Examples  6  to  11,  the  active  metal 
powder  having  an  average  grain  size  of  3.5  urn 
was  used.  Therefore,  the  grain  size  of  the  active 
metal  powder  was  changed  and  results  were 
checked. 

That  is,  vacuum  valves  were  manufactured  fol- 
lowing  the  same  procedures  as  in  Example  9  ex- 
cept  that  active  metal  powders  having  average 
grain  sizes  of  1  urn  (Example  12)  and  10  urn 
(Example  13)  were  used. 

As  a  result,  in  either  of  Example  12  (1  urn)  and 
Example  13  (10  urn),  good  bonding  was  found  as 
in  Example  7  (3.5  urn). 

Examples  14  &  15,  Comparative  Examples  1  &  2 
(Manufacture  of  Vacuum  interrupter) 

In  order  to  check  an  effect  of  a  coating  amount 
of  the  active  metal  powder,  vacuum  interrupters 

were  manufactured  following  the  same  procedures 
as  in  Example  9  except  that  the  coating  amounts 
were  0.01  mg/cm2  (Comparative  Example  1),  0.1 
mg/cm2  (Example  14),  10  mg/cm2  (Example  15), 

5  and  50  mg/cm2  (Comparative  Example  2). 
As  a  result,  in  Comparative  Example  1  (0.01 

mg/cm2),  the  arc-shield  was  not  sufficiently  bonded 
to  the  ceramic  tubular  member  and  hence  was 
moved  when  an  impact  was  applied  thereto.  In 

io  addition,  fluctuations  were  found  in  withstand  volt- 
age  when  the  impulse  withstand  voltage  test  was 
performed.  In  Comparative  Example  2  (50 
mg/cm2),  incomplete  bonding  portions  were  found, 
i.e.,  no  good  bonding  was  obtained.  As  a  result, 

is  fluctuations  were  found  in  impulse  withstand  volt- 
age. 

To  the  contrary,  in  Examples  14  and  15  (0.1 
mg/cm2  and  10  mg/cm2),  the  arc-shield  was  not 
moved,  and  no  fluctuations  were  found  in  impulse 

20  withstand  voltage. 

Example  16 

In  this  Example,  a  vacuum  interrupter  was 
25  manufactured  following  the  same  procedures  as  in 

Example  9  except  that  a  powder  mixture  of  Ti  :  Zr 
=  1:1  was  used  as  an  active  metal  powder.  As  a 
result,  the  arc-shield  was  not  moved,  and  the  im- 
pulse  withstand  voltage  characteristic  was  as  good 

30  as  130%. 
As  has  been  described  above  in  detail,  accord- 

ing  to  the  present  invention,  an  air-tight  ceramic 
container  having  a  sufficient  bonding  strength  and 
a  high  air-tight  property  can  be  manufactured  by 

35  brazing  a  peripheral  endface  of  a  metal  cover 
member  to  an  opening  end  face  of  a  ceramic 
tubular  member,  without  independent  step  of 
metallizing  the  opening  end  face  in  advance.  In 
addition,  when  an  arc-shield  is  fixed  to  an  inner 

40  surface  of  the  air-tight  ceramic  container  to  manu- 
facture  a  vacuum  interrupter,  the  arc-shield  can  be 
easily  bonded  with  a  sufficient  strength,  thereby 
manufacturing  the  vacuum  interrupter  having  a  sta- 
ble  withstand  voltage  characteristic. 

45 
Claims 

1.  A  method  of  manufacturing  an  air-tight  ceramic 
container,  the  method  comprising  brazing  a 

50  peripheral  end  face  of  a  metal  cover  member 
(2a,  2b)  to  an  opening  end  face  of  a  ceramic 
tubular  member  (1), 

characterised  in  that  the  opening  end  face 
of  the  ceramic  tubular  member  (1)  is  coated 

55  with  an  active  metal  consisting  of  Ti  and/or  Zr 
in  an  amount  of  from  0.1  to  10mg/cm2  to  form 
an  active  metal  layer, 

a  brazing  filler  metal  is  placed  on  said 

10 
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active  metal  layer; 
and  said  peripheral  end  face  of  said  metal 

cover  member  (2a,  2b)  is  placed  in  contact 
with  said  brazing  material,  the  arrangement 
being  such  that  said  active  metal  layer  and  5 
said  brazing  filler  metal  are  sandwiched  be- 
tween  said  end  face  of  said  ceramic  tubular 
member  (1)  and  said  peripheral  end  face  of 
said  metal  cover  member  (2a,  2b); 

and  heating  to  simultaneously  react  the  10 
active  metal  layer  with  the  ceramic  base  to 
form  a  metal-ceramic  bond  and  to  melt  said 
brazing  material  to  braze  said  cover  thereto. 

2.  A  method  according  to  claim  1,  characterized  is 
in  that  the  step  of  coating  with  said  active 
metal  comprises  applying  a  paste  containing  a 
powder  of  said  active  metal. 

3.  A  method  according  to  claim  1,  characterized  20 
in  that  the  step  of  coating  with  said  active 
metal  comprises  spraying  a  powder  of  said 
active  metal  to  be  adhered  on  the  opening  end 
face  of  said  ceramic  tubular  member  (1)  on 
which  an  adhesive  material  is  applied.  25 

4.  A  method  according  to  claim  2  or  3,  character- 
ized  in  that  the  active  metal  powder  has  an 
average  grain  size  of  not  more  than  10  u.  m. 

30 
5.  A  method  according  to  any  one  of  claims  1  to 

4,  characterized  in  that  said  brazing  filler  metal 
comprises  a  foil  of  brazing  filler  metal  having 
an  upper  surface  (33)  on  which  a  projection  is 
formed  in  a  widthwise  direction  of  the  opening  35 
end  face  of  said  ceramic  tubular  member  (1) 
and  a  smooth  lower  surface  (31). 

6.  A  method  according  to  claim  5,  characterized 
by  forming  a  through  hole  in  the  projections  of  40 
said  foil  of  brazing  filler  metal. 

7.  A  method  according  to  any  one  of  claims  1  to 
6,  characterised  in  that  said  foil  of  brazing  filler 
metal  has  a  multi-layer  structure  in  which  two  45 
brazing  filler  metal  layers  (31,  33)  sandwich  a 
barrier  layer  (32)  consisting  of  a  metal  having  a 
higher  melting  point  than  that  of  the  brazing 
filler  metal. 

50 
8.  A  method  of  manufacturing  a  vacuum  inter- 

rupter,  the  vacuum  interrupter  comprising  a 
ceramic  tubular  member  (1)  having  metal  cov- 
er  members  (2a,2b)  brazed  to  opening  end 
faces  thereof  by  the  method  of  claim  1  ,  55 

a  pair  of  contact  rods  (4a,  4b)  extending 
through  the  respective  metal  cover  members, 
ends  of  the  rods  being  arranged  opposite  each 

other  and  at  least  one  of  said  contact  rods  (4b) 
being  moveable  in  an  axial  direction  so  that 
said  contact  rods  (4a,4b)  can  be  opened  and 
closed; 

metal  contact  members  (3a,3b)  arranged 
at  the  adjacent  ends  of  said  contact  rods  (4a, 
4b); 

a  bellows  (7)  for  moving  said  at  least  one 
moveable  contact  rod  in  the  axial  direction 
while  maintaining  a  vacuum  tight  connection 
between  the  rod  (4b)  and  the  respective  metal 
cover  member  (2b),  and 

a  metal  arc-shield  (6)  positioned  around 
said  contact  members  (3a,3b)  to  prevent  the 
metal  evaporated  from  said  contact  members 
from  adhering  to  an  inner  surface  of  said  tubu- 
lar  member,  said  method  comprising  the  steps 
of: 

coating  a  powder  of  an  active  metal  con- 
sisting  of  Ti  and/or  Zr  to  an  inner  surface  of 
the  ceramic  tubular  member  in  an  amount  of 
0.1  to  10  mg/cm2,  to  form  an  active  metal 
layer; 

placing  a  brazing  filler  metal  on  said  active 
metal  layer; 

placing  said  arc-shield  to  be  in  contact 
with  the  brazing  filler  metal;  and 

heating  to  simultaneously  react  the  active 
metal  layer  with  the  ceramic  base  to  form  a 
metal-ceramic  bond  and  to  melt  said  brazing 
material  to  braze  said  arc-shield  to  the  inner 
surface  of  said  tubular  member. 

9.  A  method  according  to  claim  8,  characterized 
in  that  the  step  of  coating  with  said  active 
metal  comprises  applying  a  paste  containing  a 
powder  of  said  active  metal. 

10.  A  method  according  to  claim  8,  characterized 
in  that  the  step  of  coating  with  said  active 
metal  comprises  spraying  a  powder  of  said 
active  metal  to  be  adhered  to  the  inner  surface 
of  said  ceramic  tubular  member  on  which  an 
adhesive  is  applied. 

11.  A  method  according  to  any  one  of  claims  8  to 
10,  characterized  in  that  a  stress  relaxation 
member  (15)  is  provided  on  said  arc-shield, 
and  said  stress  relaxation  member  is  bonded 
to  the  inner  surface  of  said  ceramic  tubular 
member. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  luftdichten  Ke- 
ramikbehalters,  bei  dem  eine  Umfangsstirnfla- 
che  eines  Metalldeckelglieds  (2a,  2b)  mit  einer 
Offnungsstirnflache  eines  Keramik-Rohrele- 
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merits  (1)  hartverlotet  wird, 
dadurch  gekennzeichnet,  daB  die  Off- 

nungsstirnflache  des  Keramik-Rohrelements 
(1)  mit  einem  aktiven  Metall,  bestehend  aus  Ti 
und/oder  Zr,  in  einer  Menge  von  0 , 1 - 1 0   5 
mg/cm2  beschichtet  wird,  urn  eine  aktive  Me- 
tallschicht  zu  formen, 

auf  die  aktive  Metallschicht  ein  Hartlot- 
Fullmaterial  aufgebracht  wird, 

und  die  Umfangsstirnflache  des  Metalldek-  10 
kelglieds  (2a,  2b)  mit  dem  Hartlotmaterial  in 
Beruhrung  gebracht  wird,  wobei  die  Anordnung 
so  getroffen  wird,  daB  die  aktive  Metallschicht 
und  das  Hartlot-Fullmetall  zwischen  die  Stirn- 
flache  des  Keramik-Rohrelements  (1)  und  die  is 
Umfangsstirnflache  des  Metalldeckelglieds  (2a, 
2b)  eingefugt  sind, 

und  ein  Erwarmen  zum  Reagierenlassen 
der  aktiven  Metallschicht  mit  der  Keramikbasis 
zwecks  Bildung  einer  Metall/Keramik-Bindung  20 
und  gleichzeitig  zum  Schmelzen  des  Hartlot- 
materials  zum  Hartverloten  des  Deckels  damit 
vorgenommen  wird. 

Verfahren  nach  Anspruch  1,  dadurch  gekenn-  25 
zeichnet,  daB  der  Schritt  des  Beschichtens  mit 
dem  aktiven  Metall  ein  Auftragen  einer  Paste, 
die  ein  Pulver  des  aktiven  Metalls  enthalt,  urn- 
faBt. 

30 
Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  der  Schritt  des  Beschichtens  mit 
dem  aktiven  Metall  ein  Aufspruhen  eines  Pul- 
vers  des  aktiven  Metalls  zum  Anhaftenlassen 
an  der  Offnungsstirnflache  des  Keramik-Rohre-  35 
lements  (1),  auf  welche  ein  Klebmittel  aufgetra- 
gen  ist,  umfaBt. 

Verfahren  nach  Anspruch  2  oder  3,  dadurch 
gekennzeichnet,  daB  das  Pulver  des  aktiven  40 
Metalls  eine  mittlere  KorngroBe  von  nicht  mehr 
als  10  urn  aufweist. 

Verfahren  nach  einem  der  Anspruche  1  bis  4, 
dadurch  gekennzeichnet,  daB  das  Hartlot-Full-  45 
metall  eine  Folie  aus  Hartlot-Fullmetall  mit  ei- 
ner  Oberseite  (33),  an  welcher  ein  Vorsprung 
in  einer  Breiten-  bzw.  Querrichtung  der  Off- 
nungsstirnflache  des  Keramik-Rohrelements 
(1)  geformt  ist,  und  einer  glatten  Unterseite  so 
(31)  umfaBt. 

Verfahren  anch  Anspruch  5,  gekennzeichnet 
durch  Ausbilden  einer  durchgehenden  Offnung 
in  den  Vorsprungen  der  Folie  aus  dem  Hartlot-  55 
Fullmetall. 

7.  Verfahren  nach  einem  der  Anspruche  1  bis  6, 
dadurch  gekennzeichnet,  daB  die  Folie  aus 
dem  Hartlot-Fullmetall  eine  mehrlagige  Struk- 
tur  aufweist,  bei  welcher  zwei  Hartlot-Fullme- 
tallschichter  (31  ,  33)  zwischen  sich  eine  Barrie- 
renschicht  (32)  aus  einem  Metall,  dessen 
Schmelzpunkt  hoher  ist  als  der  des  Hartlot- 
Fullmetalls,  einschlieBen. 

8.  Verfahren  zur  Herstellung  eines  Vakuumunter- 
brechers,  bestehend  aus  einem  Keramik-Roh- 
relement  (1),  an  dessen  Offnungsstirnflachen 
Metalldeckelglieder  (2a,  2b)  durch  Hartloten 
nach  dem  Verfahren  gemaB  Anspruch  1  ange- 
bracht  sind, 

zwei  die  jeweiligen  Metalldeckelglieder 
durchsetzenden  Kontaktstaben  (4a,  4b),  deren 
Enden  einander  gegenuberstehend  angeordnet 
sind,  wobei  mindestens  einer  der  Kontaktstabe 
(4b)  in  einer  Axialrichtung  so  verschiebbar  ist, 
daB  die  Kontaktstabe  (4a,  4b)  (zueinander)  ge- 
offnet  und  geschlossen  werden  konnen, 

an  den  einander  benachbarten  Enden  der 
Kontaktstabe  (4a,  4b)  angebrachten  Metallkon- 
taktstucken  (3a,  3b), 

einem  Balgen  (7)  zum  Verschieben  minde- 
stens  eines  verschiebbaren  Kontaktstabs  in  der 
Axialrichtung  unter  Aufrechterhaltung  einer  va- 
kuumdichten  Verbindung  zwischen  dem  Stab 
(4b)  und  dem  betreffenden  Metalldeckelglied 
(2b)  sowie 

einer  urn  die  Kontaktstucke  (3a,  3b)  herum 
angeordneten  Metall-Lichtbogenabschirmung 
(6)  zur  Verhinderung  eines  Anhaftens  des  von 
den  Kontaktstucken  verdampften  Metalls  an  ei- 
ner  Innenflache  des  Rohrelements,  wobei  das 
Verfahren  folgende  Schritte  umfaBt: 

Auftragen  eines  Pulvers  eines  aktiven  Me- 
talls,  bestehend  aus  Ti  und/oder  Zr,  auf  eine 
Innenflache  des  Keramik-Rohrelements  in  ei- 
ner  Menge  von  0,1  -  10  mg/cm2  zwecks  Bil- 
dung  einer  aktiven  Metallschicht, 

Plazieren  eines  Hartlot-Fullmetalls  auf  der 
aktiven  Metallschicht, 

Plazieren  der  Lichtbogenabschirmung  in 
Beruhrung  mit  dem  Hartlot-Fullmetall  und 

Erwarmen  zum  Reagierenlassen  der  akti- 
ven  Metallschicht  mit  der  Keramikbasis  zur  Bil- 
dung  einer  Metall/Keramik-Bindung  und  gleich- 
zeitig  zum  Schmelzen  des  Hartlotmaterials 
zwecks  Hartlotung  der  Lichtbogenabschirmung 
an  der  Innenflache  des  Rohrelements. 

9.  Verfahren  nach  Anspruch  8,  dadurch  gekenn- 
zeichnet,  daB  der  Schritt  des  Auftragens  des 
aktiven  Metalls  ein  Auftragen  einer  Paste,  die 
ein  Pulver  des  aktiven  Metalls  enthalt,  umfaBt. 
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10.  Verfahren  nach  Anspruch  8,  dadurch  gekenn- 
zeichnet,  daB  der  Schritt  des  Auftragens  des 
aktiven  Metalls  das  Aufspruhen  eines  Pulvers 
des  aktiven  Metalls  zum  Anhaftenlassen  (des- 
selben)  an  der  Innenflache  des  Keramik-Rohre- 
lements,  auf  welche  ein  Klebmittel  aufgetragen 
ist,  umfaBt. 

11.  Verfahren  nach  einem  der  Anspruche  8  bis  10, 
dadurch  gekennzeichnet,  daB  an  der  Lichtbo- 
genabschirmung  ein  Spannungsentlastungsele- 
ment  (15)  vorgesehen  ist,  welches  Spannungs- 
entlastungselement  mit  der  Innenflache  des 
Keramik-Rohrelements  verbunden  ist. 

Revendicatlons 

1.  Procede  de  fabrication  d'un  recipient  cerami- 
que  hermetique,  le  procede  comprenant  le  bra- 
sage  d'une  face  d'extremite  peripherique  d'un 
organe  metallique  de  couverture  (2a,  2b)  a  une 
face  d'extremite  d'ouverture  d'un  organe  tubu- 
laire  ceramique  (1), 

caracterise  en  ce  que  la  face  d'extremite 
d'ouverture  de  I'organe  tubulaire  ceramique  (1) 
est  revetue  d'un  metal  actif  constitue  de  Ti 
et/ou  Zr  en  quantite  comprise  entre  0,1  et  10 
mg/cm2  pour  la  formation  d'une  couche  de 
metal  actif, 

un  metal  d'apport  de  brasage  est  place  sur 
la  couche  de  metal  actif,  et 

la  face  peripherique  d'extremite  de  I'orga- 
ne  metallique  de  couverture  (2a,  2b)  est  placee 
au  contact  du  materiau  de  brasage,  la  disposi- 
tion  etant  telle  que  la  couche  de  metal  actif  et 
le  metal  d'apport  de  brasage  sont  disposes 
entre  la  face  d'extremite  de  I'organe  tubulaire 
ceramique  (1)  et  la  face  d'extremite  peripheri- 
que  de  I'organe  metallique  de  couverture  (2a, 
2b),  et 

un  chauffage  provoque  la  reaction  simulta- 
nee  de  la  couche  de  metal  actif  avec  la  base 
de  ceramique  pour  la  formation  d'une  liaison 
metal-ceramique  et  la  fusion  du  materiau  de 
brasage  pour  le  brasage  du  couvercle  sur  cet- 
te  base. 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  I'etape  de  revetement  par  un  metal 
actif  comprend  I'application  d'une  pate  conte- 
nant  une  poudre  du  metal  actif. 

3.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  I'etape  de  revetement  par  un  metal 
actif  comprend  la  pulverisation  d'une  poudre 
du  metal  actif  qui  doit  adherer  a  une  face 
d'extremite  d'ouverture  de  I'organe  tubulaire 
ceramique  (1)  sur  lequel  une  matiere  adhesive 

est  appliquee. 

4.  Procede  selon  la  revendication  2  ou  3,  caracte- 
rise  en  ce  que  la  poudre  de  metal  actif  a  une 

5  dimension  granulaire  moyenne  qui  ne  depasse 
pas  10  urn. 

5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  caracterise  en  ce  que  le  metal 

io  d'apport  de  brasage  est  une  feuille  de  metal 
d'apport  de  brasage  ayant  une  surface  supe- 
rieure  (33)  sur  laquelle  est  formee  une  saillie 
dans  la  direction  transversale  de  la  face  d'ex- 
tremite  d'ouverture  de  I'organe  tubulaire  cera- 

15  mique  (1)  et  une  surface  inferieure  lisse  (31). 

6.  Procede  selon  la  revendication  5,  caracterise 
par  la  formation  d'un  trou  debouchant  dans  les 
saillies  de  la  feuille  du  metal  d'apport  de  bra- 

20  sage. 

7.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  6,  caracterise  en  ce  que  la  feuille 
du  metal  d'apport  de  brasage  a  une  structure 

25  multicouche  dans  laquelle  deux  couches  de 
metal  d'apport  de  brasage  (31,  33)  entourent 
une  couche  de  barrage  (32)  constitute  d'un 
metal  ayant  une  temperature  de  fusion  supe- 
rieure  a  celle  du  metal  d'apport  de  brasage. 

30 
8.  Procede  de  fabrication  d'un  interrupteur  sous 

vide,  I'interrupteur  sous  vide  comprenant  un 
organe  tubulaire  ceramique  (1)  ayant  des  orga- 
nes  metalliques  de  couverture  (2a,  2b)  brases 

35  sur  les  faces  d'extremite  d'ouverture  de  I'orga- 
ne  tubulaire  par  le  procede  de  la  revendication 
1, 

une  paire  de  tiges  de  contact  (4a,  4b) 
passant  a  travers  les  organes  metalliques  res- 

40  pectifs  de  couverture,  les  extremites  des  tiges 
etant  placees  I'une  en  face  de  I'autre  et  I'une 
au  moins  des  tiges  de  contact  (4b)  etant  mobi- 
le  en  direction  axiale  afin  que  les  tiges  de 
contact  (4a,  4b)  puissent  etre  ouvertes  et  fer- 

45  mees, 
des  organes  metalliques  de  contact  (3a, 

3b)  places  aux  extremites  adjacentes  des  tiges 
de  contact  (4a,  4b), 

un  soufflet  (7)  destine  a  deplacer  au  moins 
50  une  tige  mobile  de  contact  dans  la  direction 

axiale  avec  maintien  d'une  connexion  hermeti- 
que  entre  la  tige  (4b)  et  I'organe  metallique 
respectif  de  couverture  (2b),  et 

un  organe  metallique  (6)  de  protection 
55  contre  Tare,  place  autour  des  organes  de 

contact  (3a,  3b)  et  destine  a  empecher  que  le 
metal  qui  s'evapore  des  organes  de  contact 
n'adhere  a  une  surface  interne  de  I'organe 
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tubulaire,  le  procede  comprenant  les  etapes 
suivantes  : 

le  revetement  d'une  surface  interne  de 
I'organe  tubulaire  ceramique  par  une  poudre 
d'un  metal  actif  constitute  de  Ti  et/ou  Zr,  en  5 
quantite  comprise  entre  0,1  et  10  mg/cm2, 
pour  la  formation  d'une  couche  de  metal  actif, 

la  disposition  d'un  metal  d'apport  de  bra- 
sage  sur  la  couche  de  metal  actif, 

la  disposition  de  I'organe  de  protection  afin  10 
qu'il  soit  au  contact  du  metal  d'apport  de  bra- 
sage,  et 

le  chauffage  qui  provoque  la  reaction  si- 
multanee  de  la  couche  de  metal  actif  avec  la 
base  ceramique  pour  la  formation  d'une  liaison  is 
metal-ceramique  et  la  fusion  du  materiau  de 
brasage  pour  le  brasage  de  I'organe  de  protec- 
tion  a  la  surface  interne  de  I'organe  tubulaire. 

9.  Procede  selon  la  revendication  8,  caracterise  20 
en  ce  que  I'etape  de  revetement  par  un  metal 
actif  comprend  I'application  d'une  pate  conte- 
nant  une  poudre  du  metal  actif. 

10.  Procede  selon  la  revendication  8,  caracterise  25 
en  ce  que  I'etape  de  revetement  par  un  metal 
actif  comprend  la  pulverisation  d'une  poudre 
du  metal  actif  qui  doit  adherer  a  une  face 
d'extremite  d'ouverture  de  I'organe  tubulaire 
ceramique  sur  lequel  une  matiere  adhesive  est  30 
appliquee. 

11.  Procede  selon  I'une  quelconque  des  revendi- 
cations  8  a  10,  caracterise  en  ce  qu'un  organe 
(15)  de  relaxation  des  contraintes  est  place  sur  35 
I'organe  de  protection  contre  Tare,  et  I'organe 
de  relaxation  des  contraintes  est  lie  a  la  surfa- 
ce  interne  de  I'organe  tubulaire  ceramique. 
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