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Description 

This  invention  relates  to  a  method  according  to  the  preamble  of  claim  1. 
FR—  A—  2  449  663  discloses  a  method  of  bonding  a  ceramic  article  to  a  metallic  counterpart,  which 

5  comprises  forming  a  metal  film  on  the  surface  of  the  ceramic  article,  supplying  brazing  alloy  to  the  surface 
of  the  metallic  film  and  brazing  the  ceramic  article  to  the  metallic  counterpart.  In  this  case  the  metallic  film 
comprises  a  palladium  containing  alloy.  In  order  to  enhance  the  bonding  power  of  the  metallic  film  on  the 
surface  of  the  ceramic  article  this  surface  is  cleaned  and  slightly  roughened  by  a  ion  bombardment  (glow 
discharge  or  sputter  etching)  before  forming  the  metallic  film  on  this  surface.  The  metallic  film  has  a 

10  thickness  of  usually  0.2  to  5  urn. 
It  is  known  from  the  periodical  "Nuclear  Instruments  and  Methods  in  Physics  Research  ,  volume  198 

(1982),  pages  607—609,  that  the  adherence  of  a  metallic  film  to  a  ceramic  article  can  be  improved  by 
irradiating  the  surface  of  the  metallic  film  with  high  energy  ions  having  an  acceleration  energy  in  the  range 
of  1  to  20  MeV.  The  metallic  film  has  a  thickness  from  0.02  to  0.05  |im. 

15  In  case  of  this  method  it  is  assumed  that  an  improvement  of  the  bonding  power  can  be  obtained  only 
by  a  very  high  energy  bombardment,  which  is  associated  with  a  sputtering  effect  at  the  boundary  between 
the  metallic  film  and  the  ceramic  article.  Compared  with  low  energy  ion-induced  mixing  high  energy  ion 
beams  are  considered  as  being  advantageous  whereby  the  beam  particles  travel  far  beyond  the  bonded 
interface.  It  is  assumed  that  the  improved  bond  is  a  sort  of  spot  weld. 

20  It  is  an  object  of  the  invention  to  improve  in  a  method  according  to  the  preamble  of  claim  1  the  bonding 
strength  between  the  ceramic  article  and  its  counterpart  to  which  the  ceramic  article  is  brazed  by  a  brazing 
alloy. 

The  invention  is  characterized  by  the  features  of  claim  1.  Advantageous  embodiments  of  the  invention 
are  disclosed  in  the  further  claims. 

25  Accordingly  the  acceleration  energy  shall  be  far  less  than  in  case  of  the  above-mentioned  prior  art 
method.  The  magnitude  of  the  energy  given  to  the  ion  particles  is  selected  such  that  the  distance  of  ion 
penetration  in  the  metallic  film  formed  on  the  surface  of  the  ceramic  article  is  equal  or  slightly  greater  than 
the  thickness  of  the  metallic  film. 

The  characteristic  features  of  the  present  invention  will  become  more  apparent  from  the  description 
30  given  in  detail  hereinbelow. 

This  invention  is  directed  to  a  method  of  bonding  a  ceramic  article,  comprising  a  film-forming  step  for 
forming  a  film  of  metal  on  the  surface  of  the  ceramic  article,  an  irradiation  step  for  irradiating  the  surface  of 
the  metallic  film  with  high-energy  ions  thereby  bonding  the  metallic  film  fast  to  the  ceramic  article,  and  a 
brazing  step  for  supplying  solder  or  brazing  alloy  to  the  surface  of  the  metallic  film  and  soldering  or  brazing 

35  the  ceramic  article  to  a  counterpart. 
This  invention  is  applicable  to  conventionally  known  ceramics,  typically  oxide  ceramics  such  as 

aluminum  oxide  (AI2O3)  and  zirconium  oxide  (ZrO2)  and  non-oxide  ceramics  such  as  silicon  nitride  (Si3N4) 
and  silicon  carbide  (SiC).  These  ceramics  may  be  in  the  form  of  single  crystal  or  polycrystal.  In  the  case  of 
using  ceramics  obtained  by  sintering  powdered  ceramics,  sintering  assistant  such  as  yttrium  oxide  (Y2O3) 

io  and  other  additives  may  be  incorporated  therein. 
Production  of  sintered  ceramics  can  be  carried  out  by  means  of  atmospheric  pressure  sintering  or  hot 

pressing. 
The  method  of  this  invention  starts  with  a  film-forming  step  for  forming  a  metallic  film  on  the  surface 

of  a  ceramic  article.  The  aforementioned  formation  of  the  metallic  film  may  be  limited  at  the  portion  of  the 
45  surface  of  the  ceramic  article  intended  for  contact  with  a  counterpart.  Optionally,  the  metallic  film  so 

applied  may  stretch  far  out  of  the  portion  actually  required  for  contact  with  the  counterpart. 
The  metal  selected  as  the  material  for  the  aforementioned  metallic  film  is  desired  to  be  capable  of 

being  brazed.  If  the  selected  metal  happens  to  be  incapable  of  being  brazed,  some  other  metal  capable  of 
being  brazed  may  be  superposed  as  by  vapor  deposition  on  the  metallic  film  already  formed  on  the  surface 

so  of  the  ceramic  article.  The  formation  of  the  superposed  layer  of  such  other  metal  may  follow  the  irradiation 
with  ions. 

Concrete  examples  of  the  metal  include  titanium  (Ti),  zirconium  (Zr),  niobium  (Nb),  nickel  (Ni),  cobalt 
(Co),  iron  (Fe),  copper  (Cu),  silver  (Ag),  gold  (Au),  hafnium  (Hf)  and  aluminum  (Al). 

The  formation  of  the  metallic  film  on  the  surface  of  the  ceramic  article  can  be  effected  by  any  of  various 
55  methods  of  physical  vapor  deposition  such  as  thermal  vapor  deposition,  spattering  and  ionic  plating, 

chemical  vapor  deposition  and,  when  the  metal  happens  to  be  nickel  or  some  other  similar  substance,  by  a 
non-electrolytic  plating  method. 

The  surface  of  the  ceramic  article  is  desired,  prior  to  the  formation  of  the  metallic  film,  to  be  polished 
by  abrasion  to  surface  roughness  of  not  more  than  0.2  s,  i.e.  a  maximum  peak-to-valley  height  of  0.2  |im. 

60  The  abraded  surface  is  desired  to  be  washed  with  an  organic  solvent  such  as  acetone  so  as  to  expose  a 
clean  surface.  The  thickness  of  the  metallic  film  to  be  formed  is  desired  to  fall  in  the  range  of  0.05  to  1  urn, 
though  it  is  variable  with  the  energy  of  ions  used  for  irradiation  in  the  next  step.  If  the  thickness  of  the 
metallic  film  is  small,  it  is  difficult  to  form  the  metallic  film  with  uniformity.  If  the  thickness  is  large,  the 
formation  of  the  film  calls  for  a  great  deal  of  time  and  the  energy  of  ions  for  the  irradiation  must  be 

65  increased  excessively. 
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In  most  cases,  the  metallic  film  formed  on  the  surface  of  the  ceramic  articles  is  not  bonded  fast  to  the 
ceramic  article,  so  it  may  be  peeled  off  as  by  scratching.  It,  therefore,  demands  careful  handling. 

Then,  the  method  proceeds  to  an  irradiation  step  for  irradiating  the  ceramic  article  through  the 
aforementioned  metallic  film  with  high-energy  ions.  The  ions  so  used  for  the  irradiation  have  only  to  be 

5  capable  of  being  easily  accelerated  in  an  electric  field.  Those  ions  which  are  in  a  gaseous  state  at  ambient 
temperature  render  the  work  of  irradiation  easy.  Concrete  examples  of  the  ion  species  which  warrants  easy 
use  are  nitrogen  (N),  helium  (He),  neon  (Ne),  argon  (Ar),  and  xenone  (Xe),  etc.  The  ions  to  be  used  for  the 
irradiation  are  not  limited  to  those  which  are  in  a  gaseous  state  at  ambient  temperature.  Ions  of  such  a 
metal  as  nickel  may  be  used. 

10  The  substance  selected  as  an  ion  source  is  transformed  by  heating  under  a  vacuum  into  a  plasma  and 
the  plasma  is  released  into  an  electric  field  to  be  accelerated  to  a  prescribed  level  of  energy.  The  magnitude 
of  the  energy  given  to  the  ion  particles  is  preferably  such  that  the  distance  of  ion  penetration  into  the  metal 
film  is  equal  to  or  slightly  greater  than  (i.e.  1  to  1.1  times)  the  thickness  of  the  metallic  film  formed  on  the 
surface  ofthe  ceramic  article.  The  distance  of  ion  penetration  is  defined  by  the  average  distance  over  which 

15  the  high-energy  ions  enter  the  metallic  film  and  continue  to  proceed  therethrough  while  repeating  collision 
with  metal  atoms  until  they  loose  their  energy. 

The  acceleration  of  the  ions  can  be  carried  out  by  any  of  well-known  accelerators  such  as  the 
Cockcroft-Walton  accelerator  and  the  Van  de  Graaff  accelerator. 

The  acceleration  energy  falls  in  the  range  of  30  to  800  keV,  preferably  30  to  400  keV.  If  the  acceleration 
20  energy  is  less  than  30  keV,  it  becomes  necessary  to  decrease  the  thickness  of  the  metallic  film.  Then,  the 

metallic  film  cannot  be  easily  formed  with  uniformity. 
If  the  acceleration  energy  exceeds  400  keV,  the  acceleration  itself  requires  use  of  an  accelerator  of  large 

scale  which  is  expensive.  If  the  acceleration  energy  exceeds  800  keV,  the  thickness  of  the  metallic  film 
needs  to  be  increased  further  and  the  excess  of  the  energy  brings  about  no  additional  effect. 

25  The  dosage  of  ions  is  desired  to  fall  in  the  range  of  5x1013  to  2x1018  ions/cm2.  Any  excess  of  the 
dosage  brings  about  no  additional  effect.  If  the  dosage  falls  short  of  the  lower  limit  of  the  range  described 
above,  the  irradiation  with  ions  is  not  so  effective  as  expected. 

When  the  ions  used  for  the  irradiation  are  those  of  argon,  the  adhesion  of  the  metallic  film  to  the 
ceramic  article  is  obtained  with  ample  fastness  by  the  dosage  of  about  5x1015  ions/cm2.  When  the  ions  are 

30  those  of  an  element  of  small  mass  such  as  helium,  the  dosage  is  preferably  above  1  x1017  ions/cm2.  If  the 
dosage  exceeds  2x1018  ions/cm2,  however,  the  fastness  of  the  adhesion  of  the  metallic  film  begins  to 
decline.  In  the  manner  described  above,  the  metallic  film  can  be  applied  fast  on  the  surface  of  the  ceramic 
article.  The  mechanism  of  the  fast  adhesion  has  not  been  clarified.  The  fast  adhesion,  however,  may  be 
logically  explained  by  a  supposition  that  the  irradiation  with  ions  causes  the  so-called  atomic  mixture  near 

35  the  boundary  between  the  metallic  film  and  the  ceramic  article. 
Then,  a  brazing  step  is  carried  out  for  bonding  the  ceramic  article  to  a  counterpart  through  the  medium 

of  the  metallic  film  applied  fast  on  the  surface  of  the  ceramic  article. 
When  the  material  for  the  metallic  film  is  Ni,  Co,  Cu,  Fe,  Ag,  Au,  Ti  or  Al,  brazing  alloy  and  the 

counterpart  are  superposed  on  the  metallic  film  and  heated  to  a  temperature  at  least  exceeding  the  melting 
<to  point  ofthe  brazing  alloy.  After  the  brazing  alloy  is  fused,  the  composite  is  cooled  and,  through  the  medium 

of  the  metallic  film,  the  ceramic  article  and  the  counterpart  are  brazed  to  each  other.  The  counterpart  is 
possessed  of  a  joining  surface  formed  of  the  same  metal  as  that  of  the  metallic  film  or  its  alloy,  which  is 
capable  of  being  bonded  with  the  brazing  alloy.  Thus,  the  counterpart  may  be  formed  solely  of  a  metal  or  in 
the  form  of  a  composite  like  a  ceramic  article  having  a  metallic  film  formed  thereon.  Optionally,  during  the 

45  course  of  the  brazing,  flux  may  be  supplied  together  with  the  brazing  alloy  to  the  site  of  brazing.  When  the 
metallic  film,  especially  made  of  Ti,  Fe  or  Al,  is  irradiated  with  rather  excessive  ions,  the  brazing  may  prove 
difficulty.  The  difficulty  may  be  overcome  by  using  a  spattering  device,  for  example,  so  as  to  keep  the 
surface  ofthe  metallic  film  clean  by  reverse  spattering.  Otherwise,  the  surface  ofthe  metallic  film  may  be 
abraded  by  buffing  with  fine  particles  of  Al2O3. 

50  When  the  metallic  film  is  formed  of  a  metal  such  as  Ti,  Zr,  Nb  and  Hf  which  is  not  readily  capable  of 
being  brazed,  a  metal  such  as  Fe,  Cu  and  Ni,  which  is  capable  of  being  easily  brazed  may  be  superposed  by 
physical  vapor  and  deposition  or  plating  in  a  thickness  of  at  least  about  0.1  urn  on  the  metallic  film  after  the 
metallic  film  has  been  treated  by  etching,  that  is,  reverse  spattering  or  polishing  subsequently  to  the 
irradiation  with  ions.  In  consideration  of  the  time  required  for  the  superposition,  the  upper  limit  of  the 

55  thickness  of  the  superposed  metal  is  desired  to  be  about  5  urn.  As  the  brazing  alloy  for  this  treatment,  silver 
solder  which  enjoys  popular  use  can  be  adopted  where  the  material  for  the  metallic  film  is  Fe,  Ni,  Cu,  or  Co, 
for  example. 

By  the  method  described  above,  fast  joining  can  be  formed  between  the  ceramic  article  and  the 
opposed  material. 

60  In  accordance  with  the  present  invention,  since  the  adhesion  of  the  metallic  film  to  the  surface  of  the 
ceramic  article  can  be  obtained  with  great  fastness,  the  ceramic  article  can  be  bonded  strongly  to  the 
counterpart  by  brazing,  for  example,  through  the  medium  of  the  metallic  film. 

Further,  since  the  fast  adhesion  of  the  metallic  film  can  be  obtained  for  ceramics  of  both  the  oxide  type 
and  the  non-oxide  type,  this  invention  does  not  discriminate  the  combination  of  two  articles  for  joining  by 

65  their  materials. 
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Generally,  in  the  bonding  of  a  ceramic  article  with  a  metallic  article,  there  is  a  possibility  of  the  bonded 
portions  of  the  two  articles  being  disrupted  owing  to  the  difference  of  thermal  expansion  coefficient 
between  ceramics  and  metal.  In  accordance  with  this  invention,  however,  since  the  combination  between 
ceramics  and  metal  can  be  freely  selected  to  form  a  pair  of  materials  involving  no  large  difference  of 

s  thermal  expansion  coefficient,  the  joining  is  allowed  to  form  bonded  portions  which  withstand  a  harsh 
environment  susceptible  of  heavy  temperature  variation. 

Example  1 
A  multiplicity  of  sintered  pieces  of  silicon  nitride  measuring  5x7x25  mm  were  prepared  and  polished 

10  on  one  side  to  surface  roughness  of  not  more  than  0.2  s.  By  subjecting  the  polished  surfaces  to  ultrasonic 
cleaning  with  acetone,  the  pieces  were  finished  as  ceramic  samples  according  with  this  invention. 

On  the  samples,  Ni,  Co,  Fe,  and  Cu  were  vapor  deposited  to  form  metallic  films  with  an  electron  beam 
vapor  deposition  device.  The  thickness  of  the  metallic  films  was  about  0.3  urn.  Then,  in  a  Cockcroft-Walton 
accelerator,  the  metallic  films  were  irradiated  with  accelerated  N  ions.  The  dosage  of  the  irradiation  was 

is  fixed  at  2x1017  ions/cm2  for  all  the  metallic  films. 
The  voltage  for  the  ionic  acceleration  was  selected  so  that  the  range  of  N  ions  approximated  0.3  urn. 

After  the  irradiation  with  ions,  the  surfaces  of  the  metallic  films  were  abraded  by  buffing  with  powdered 
alumina.  With  silver  solder  supplied  to  the  surfaces  of  the  metallic  films,  counterparts  were  allowed  to 
adhere  fast  to  the  surfaces.  The  samples  and  the  counterparts  so  joined  were  secured  with  a  jig. 

20  The  counterparts  were  Ni-plated  pieces  of  cast  iron  dimensionally  identical  with  the  aforementioned 
sintered  pieces  of  silicon  nitride. 

Subsequently,  the  ceramic  samples  as  joined  to  the  counterparts  were  placed  in  an  oven  filled  with 
nitrogen  gas  and  then  heated  at  800°C  for  15  minutes  to  effect  brazing  and  give  rise  to  composites  of 
ceramics  and  metal. 

25  The  bonded  portions  of  the  composites  were  tested  for  strength  with  a  tester  designed  to  subject 
bonded  surfaces  to  vertical  separation  (cross  tensile  test)  to  determined  bonded  surface  stress  on  rupture. 
For  comparison,  composites  were  prepared  by  following  the  foregoing  procedure,  except  for  omission  of 
the  step  of  irradiation  with  N  ions.  These  comparative  samples  were  subjected  to  the  same  test.  The  results 
of  the  test  are  shown  in  Table  1. 

15 

20 

25 

30 
TABLE  1 

Metallic  film  Ni  Co  Fe  Cu 

Use  of  ionic  irradiation  Yes  No  Yes  No  Yes  No  Yes  No 

Strength  of  bonded  portion  (daN/mm2)  9.0  0.1  8.0  0.2  7.5  0.1  6.5  0.1 

35 

It  is  noted  from  the  data  that  use  of  the  ionic  irradiation  enables  the  metallic  films  of  Ni,  Co,  Fe,  and  Cu 
invariably  to  be  bound  with  great  fastness  to  ceramics,  so  that  the  ceramics  can  be  fast  combined  with  the 
counterpart. 

Example  2 
By  following  the  procedure  of  Example  1,  Nb  and  Zr  were  vapor  deposited  in  a  thickness  of  0.3  urn  on 

sintered  pieces  of  silicon  nitride  as  samples.  The  surfaces  of  the  metallic  films  so  formed  were  irradiated 
with  N  ions  at  a  dosage  of  2x  1  017  ions/cm2.  The  voltage  for  acceleration  of  ions  was  fixed  at  270  kV  for  Nb 
and  200  kV  for  Zr  respectively  so  that  the  range  of  ions  within  the  metallic  films  approximated  0.3  urn. 

After  the  irradiation  with  N  ions,  the  samples  were  removed  from  the  ionic  irradiation  tank,  and  set  up 
in  a  spattering  device.  In  this  device,  the  surfaces  of  the  samples  which  had  undergone  the  ionic  irradiation 
were  subjected  to  reverse  spattering  with  Ar  ions  for  about  10  minutes.  On  the  cleaned  surfaces,  Fe  was 
vapor  deposited  by  spattering.  The  thickness  of  the  Fe  films  so  formed  was  about  0.3  urn. 

After  the  vapor  deposition  of  Fe,  the  samples  were  brazed  by  following  the  procedure  of  Example  1  .  For 
comparison,  composites  were  prepared  by  faithfully  following  the  procedure  of  Example  1,  except  for 
omission  of  the  step  for  irradiation  with  N  ions.  After  the  brazing,  the  bonded  surfaces  of  the  samples  were 
tested  for  strength.  The  samples  which  were  not  irradiated  with  N  ions  were  similarly  tested.  The  results  of 
the  tests  are  shown  in  Table  2.  It  is  noted  from  the  data  that  use  of  the  ionic  irradiation  enables  the  metallic 
films  to  be  bonded  to  ceramics  with  added  fastness  so  that  the  ceramics  can  be  fast  combined  with  the 
counterpart. 
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TABLE  2 

Metallic  film  Nb  Zr 

Use  of  ionic  irradiation  Yes  No  Yes  No 

Strength  of  bonded  portion  (daN/mm2)  10.2  0.1  12.3  0.2 

10 Example  3 
On  the  same  sintered  samples  of  silicon  nitride  as  used  in  Example  1,  Ti  was  vapor  deposited  in  a 

thickness  of  about  0.3  urn.  The  metallic  films  thus  formed  were  irradiated  with  N  ions  accelerated  with  a 
voltage  of  150  kV.  The  dosage  of  the  ionic  irradiation  was  varied  in  the  range  of  5x101s  to  1  x1018  ions/cm2 
as  indicated  in  Table  3.  After  the  ionic  irradiation,  the  samples  were  subjected  to  vapor  deposition  of  Fe  and 
then  to  brazing  in  the  same  procedure  of  Example  2.  The  composites  so  produced  were  subjected  to  a 
separation  test  to  determine  their  strength  of  union.  The  results  are  shown  in  Table  3.  It  is  noted  from  the 
data  that  the  effect  of  the  ionic  irradiation  is  not  obtained  when  the  dosage  is  below  5x1015  ions/cm2. 

TABLE  3 

15 

20 
Dosage  of 
irradiation  n  5x10is  ix1016  5x1016  1x1017  2x1017  5x1017  1x1018 

with  N  ions 
(1/cm2) 

Strength  of 
bound  portion  0.2  0.5  5.0  10.0  12.2  14.1  13.8  2.1 

(daN/mm2) 

25 

30 
It  is  further  noted  from  the  data  that  the  strength  of  union  notably  increases  when  the  dosage  rises 

above  1x1016  ions/cm2  but  that  the  strength  of  union  begins  to  decline  as  the  dosage  rises  past 
1x1018  ions/cm2. 

Example  4 
Sample  pieces  of  silicon  carbide,  alumina,  and  zirconia  measuring  5x7x25  mm  were  prepared  and 

subjected  to  surface  treatment  by  the  same  method  as  used  in  Example  1.  On  the  samples,  Ti  was  vapor 
deposited  in  a  thickness  of  0.3  urn  to  form  metallic  films.  The  metallic  films  were  irradiated  with  N  ions 
accelerated  at  150  kV  at  a  dosage  of  2x1017  ions/cm2. 

Then,  the  samples  were  subjected  to  vapor  deposition  of  Fe  by  spattering  and  then  to  brazing  by 
following  the  procedure  of  Example  3.  For  comparison,  samples  were  prepared  by  following  the  procedure 
of  Example  3,  except  for  omission  of  the  step  for  irradiation  with  N  ions. 

The  samples  were  tested  for  strength  of  bonded  portions.  The  results  are  shown  in  Table  4. 

TABLE  4 

35 

40 

45 

Ceramics  Silicon  carbide  Alumina  Zirconia 

Use  of  ionic  Yes  Nq  Yes  No  Yeg  No irradiation 

Strength  of  bonded  123  Q1  1Q6  Q1  86  Q1 
portion  (daN/mm  ) 

50 

55 
It  is  noted  from  the  data  that  fast  union  is  invariably  obtained  for  all  the  ceramics  tried. 

Example  5 
By  following  the  procedure  of  Example  3,  Ti  was  vapor  deposited  on  sintered  samples  of  silicon  nitride. 

The  metallic  films  so  deposited  on  the  samples  were  irradiated  with  varying  high-energy  ions,  i.e.  He  ions, 
Ne  ions,  and  Ar  ions,  at  a  fixed  dosage  of  2x  1017  ions/cm2.  The  voltage  for  ionic  acceleration  was  50  kV  for 
He  ions,  200  kV  for  Ne  ions,  and  400  kV  for  Ar  ions  respectively. 

After  the  ionic  irradiation,  Ni  was  vapor  deposited  by  spattering  on  the  samples.  The  samples  of  same 
material  were  brazed  to  each  other  in  a  crossed  state  with  silver  solder.  The  brazed  samples  were  subjected 
to  a  separation  test  to  determine  strength  of  bonded  portion.  The  results  are  shown  in  Table  5. 
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TABLE  5 

Kind  of  ion  He  Ne  Ar 

Strength  of  bonded  portion  (daN/mm2)  3.4  12.4  13.8 

It  is  noted  from  the  data  that  the  ionic  irradiation  is  effective  in  enhancing  the  strength  of  bonded 
portion  without  reference  to  the  kind  of  ion  used. 

In  the  separation  test  performed  in  each  of  the  working  examples  cited  above,  rupture  invariably 
occurred  between  a  ceramic  article  and  a  metallic  film. 

Claims 

1.  A  method  of  bonding  a  ceramic  article  which  comprises: 
forming  a  metallic  film  on  the  surface  of  said  ceramic  article;  and 
supplying  brazing  alloy  to  the  surface  of  said  metallic  film  and  brazing  said  ceramic  article  to  a 

counterpart,  characterized  in  that 
said  metallic  film  has  a  thickness  of  0.05  to  1  urn  and  that 
the  surface  of  said  metallic  film  is  irradiated  with  ions  having  an  acceleration  energy  from  30  to  800  keV 

to  allow  said  metallic  film  to  adhere  fast  to  said  ceramic  article. 
2.  A  method  according  to  claim  1,  wherein  said  metallic  film  is  formed  of  at  least  one  metal  selected 

from  Co,  Ni,  Cu,  Ag,  Au,  Ti,  Fe,  Al,  Zr,  Hf  and  Nb. 
3.  A  method  according  to  claims  1  or  2,  wherein  said  ions  are  selected  from  He,  Ar,  Ne,  Xe  and  N  ions. 
4.  A  method  according  to  claim  3,  wherein  the  dosage  of  said  ions  is  in  the  range  of  5x10  to 

2x1018  ions/cm2. 
5.  A  method  according  to  any  of  claims  1  to  4,  wherein  said  irradiating  is  carried  out  in  a  manner  that 

the  distance  of  ion  penetration  into  said  metallic  film  is  1  to  1.1  times  the  thickness  of  said  metallic  film. 
6.  A  method  according  to  any  of  claims  1  to  5,  wherein  said  ceramic  article  is  selected  from  aluminum 

oxide  (AI2O3),  zirconium  oxide  (ZrO2),  silicon  nitride  (Si3N4)  and  silicon  carbide  (SiC). 

7.  A  method  according  to  any  of  claims  1  to  6,  wherein  said  metallic  film  is  formed  by  one  of  physical 
vapor  deposition  and  chemical  vapor  deposition. 

8.  A  method  according  to  any  of  claims  1  to  7,  further  comprising,  after  the  step  of  said  irradiating, 
subjecting  the  surface  of  said  metallic  film  to  etching. 

9.  A  method  according  to  claim  8,  wherein,  after  the  step  of  said  etching,  another  metallic  film  of  a 
metal  capable  of  being  brazed  is  formed  on  said  metallic  film  subjected  to  said  etching,  said  metallic  film 
being  selected  from  Ti,  Zr,  Hf  and  Nb,  and  said  another  metallic  film  being  selected  from  Fe,  Cu  and  Ni. 

10.  A  method  according  to  any  of  claims  1  to  9,  wherein  said  brazing  alloy  is  silver  solder. 

Patentanspriiche 

1  .  Verfahren  zum  Verbinden  eines  Keramikkdrpers,  bei  dem  auf  der  Oberflache  des  Keramikkorpers  ein 
Metallfilm  gebildet,  auf  die  Oberflache  des  Metallfilms  ein  Lot  aufgetragen  und  der  Keramikkorper  an  ein 
Gegenstiick  angelotet  wird,  dadurch  gekennzeichnet, 

dal5  der  Metallfilm  eine  Dicke  von  0,05  bis  1  urn  aufweist  und  dalS  die  Oberflache  des  Metallfilms  mit 
lonen  bestrahlt  wird,  die  eine  Beschleunigungsenergie  von  30  bis  800  keV  aufweisen,  urn  ein  festes 
Anhaften  des  Metallfilms  am  Keramikkorper  zu  gewahrleisten. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dalS  der  Metallfilm  aus  wenigstens  einem 
Metall  gebildet  ist,  das  aus  der  Gruppe  Co,  Ni,  Cu,  Ag,  Au,  Ti,  Fe,  Al,  Zr,  Hf  und  Nb  ausgewahlt  ist. 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daB  die  lonen  ausgewahlt  sind  aus  der 
Gruppe  He-,  Ar-,  Ne-,  Xe-  und  N-lonen. 

4.  Verfahren  nach  Anspruch  3,  dadurch  gekennzeichnet,  dalS  die  Dosierung  der  lonen  im  Bereich  von 
5x1013  bis  2x1018lonen/cm2  liegt. 

;  5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  dadurch  gekennzeichnet,  daB  die  Bestrahlung  derart 
durchgefuhrt  wird,  daB  die  Eindringtiefe  der  lonen  in  den  Metallfilm  dem  1  bis  1,1-fachen  der  Dicke  des 
Metallfilms  entspricht. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  dadurch  gekennzeichnet,  daS  der  Keramikkorper 
ausgewahlt  ist  aus  Aluminiumoxid  (AI2O3),  Zirkonoxid  (ZrO2),  Siliziumnitrid  (Si3N4)  und  Siliziumkarbid 

>  (SiC). 
7.  Verfahren  nach  einem  der  Anspruche  1  bis  6,  dadurch  gekennzeichnet,  date  der  Metallfilm  durch 

physikalische  oder  chemische  Gasphasenabscheidung  gebildet  wird. 
8.  Verfahren  nach  einem  der  Anspruche  1  bis  7,  dadurch  gekennzeichnet,  dalS  die  Oberflache  des 

Metallfilms  nach  dem  Bestrahlen  einem  Atzvorgang  unterworfen  wird. 
j  9.  Verfahren  nach  Anspruch  8,  dadurch  gekennzeichnet,  daB  nach  dem  Atzvorgang  auf  dem  geatzten 
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Metallfilm  ein  weiterer  Metallfilm,  der  lotbar  ist,  gebildet  wird,  wobei  der  erste  Metallfilm  aus  der  Gruppe 
Ti,  Zr,  Hf  und  Nb  und  der  zweite  Metallfilm  aus  der  Gruppe  Fe,  Cu  und  Ni  ausgewahlt  ist. 

10.  Verfahren  nach  einem  der  Anspruche  1  bis  9,  dadurch  gekennzeichnet,  daS  das  Lost  ein  Silberlot 
ist. 

5 
Revendications 

1.  Un  procede  d'assemblage  d'un  article  ceramique  comprenant: 
la  formation  d'une  pellicule  metallique  sur  la  surface  de  I'article  ceramique;  et 

io  i'application  d'un  alliage  de  brasage  sur  la  surface  de  la  pellicule  metallique,  et  le  brasage  de  I'article 
ceramique  sur  un  autre  article,  caracterise  en  ce  que 

la  pellicule  metallique  a  une  epaisseur  de  0,05  a  1  urn,  et  en  ce  que 
la  surface  de  la  pellicule  metallique  est  irradiee  avec  des  ions  ayant  une  energie  d'acceleration  de  30  a 

800  keV,  pour  permettre  a  la  pellicule  metallique  d'adherer  fortement  a  I'article  ceramique. 
15  2.  Un  procede  selon  la  revendication  1,  dans  lequel  la  pellicule  metallique  est  formee  a  partir  d'au 

moins  un  metal  selectionne  parmi  Co,  Ni,  Cu,  Ag,  Au,  Ti,  Fe,  Al,  Zr,  Hf  et  Nb. 
3.  Un  procede  selon  les  revendications  1  ou  2,  dans  lequel  les  ions  sont  selectionnes  parmi  les  ions  He, 

Ar,  Xe  et  N. 
4.  Un  procede  selon  la  revendication  3,  dans  lequel  la  dose  des  ions  est  dans  la  plage  de  5x1013  a 

20  2x1018  ions/cm2. 
5.  Un  procede  selon  I'une  quelconque  des  revendications  1  a  4,  dans  lequel  I'irradiation  est  effectuee 

d'une  maniere  telle  que  la  distance  de  penetration  des  ions  a  I'interieur  de  la  pellicule  metallique  soit  de  1  a 
1,1  fois  I'epaisseur  de  la  pellicule  metallique. 

6.  Un  procede  selon  I'une  quelconque  des  revendications  1  a  5,  dans  lequel  I'article  ceramique  est 
25  selectionne  parmi  I'oxyde  d'aluminium  (AI2O3),  I'oxyde  de  zirconium  (ZrO2),  le  nitrure  de  silicium  (Si3N4)  et 

le  carbure  de  silicium  (SiC). 
7.  Un  procede  selon  I'une  quelconque  des  revendications  1  a  6,  dans  lequel  la  pellicule  metallique  est 

formee  soit  par  depot  physique  en  phase  vapeur,  soit  par  depot  chimique  en  phase  vapeur. 
8.  Un  procede  selon  I'une  quelconque  des  revendications  1  a  7,  comprenant  en  outre,  apres  I'etape 

30  d'irradiation,  I'application  d'une  operation  d'attaque  a  la  surface  de  la  pellicule  metallique. 
9.  Un  procede  selon  la  revendication  8,  dans  lequel,  apres  I'etape  d'attaque,  on  forme  sur  la  pellicule 

metallique  precitee  qui  a  ete  soumise  a  I'attaque,  une  autre  pellicule  metallique  en  un  metal  qui  se  prete  au 
brasage,  et  la  pellicule  metallique  precitee  est  selectionnee  parmi  Ti,  Zr,  Hf  et  Nb,  tandis  que  I'autre 
pellicule  metallique  est  selectionnee  parmi  Fe,  Cu  et  Ni. 

35  10.  Un  procede  selon  I'une  quelconque  des  revendications  1  a  9,  dans  lequel  I'alliage  de  brasage  est  un 
alliage  de  brasage  a  base  d'argent. 
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