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©  Multilayer  capacitor. 

©  In  a  multilayer  capacitor,  which  is  made  of  al- 
ternate  layers  1  of  a  dielectric  oxidic  ceramic  ma- 
terial  and  an  electrode  material  2,  and  which  is 
provided  with  metallic  end  contacts  4  which  elec- 
trically  conductively  contact  a  prescribed  part  of  the 
layers  of  electrode  material  via  an  intermediate  layer 
3  of  a  conductive  metal  oxfde,  the  metallic  end 
contacts  containing  silver,  the  diffusion  of  silver  from 
the  end  contacts  to  the  layers  of  electrode  material 
is  suppressed  effectively  in  that  the  electrode  ma- 
terial  consists  of  palladium  with  1  to  10%  by  weight 

2   of  lead.  On  account  of  this,  the  end  contacts  can  be 
readily  manufactured  from  a  paste,  and  delamina- 

^"tion,  cracking  and  the  formation  of  cavities  in  the 
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viscinity  of  the  end  contacts  are  suppressed. 
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Multilayer  capacitor. 

bonding  of  the  end  contact  material  to  the  ceramic 
material  is  insufficient. 

In  experiments  leading  to  the  present  invention 
it  has  been  found  that  silver  diffusion  from  the  end 

5  contacts  to  the  inner  electrodes  takes  place  pre- 
dominantly  during  firing.  The  innner  electrodes  are 
made  in  the  usual  manner,  preferably,  of  palladium 
which  has  a  large  affinity  for  silver.  The  volume  and 
thickness  of  the  inner  electrodes  increases  locally 

to  which  may  lead  to  delamination  and  cracking.  Out- 
ward  migration  of  palladium  caused  by  diffusion  or 
increased  pressure  on  the  inner  electrodes  also 
takes  place,  albeit  to  a  lesser  extent.  Owing  to  this, 
the  material  of  the  end  contacts  may  become  lo- 

75  cally  detached  from  the  ceramic  material  and  cav- 
ities  may  be  formed.  The  formation  of  cavities  may 
be  counteracted  by  using  a  silver  paste  having  a 
high  glass-particle  content,  but  then  the  problem 
arises  that  it  is  difficult  to  apply  solderable  layers 

20  onto  such  end  contacts.  Moreover,  silver  diffusion 
continues. 

It  is  an  object  of  the  invention  to  provide  a 
ceramic  multilayer  capacitor,  having  inner  elec- 
trodes  which  are  mainly  composed  of  palladium, 

25  and  a  method  of  manufacturing  same,  in  which 
silver  diffusion  to  the  inner  electrodes  is  effectively 
counteracted  in  order  to  reduce  the  number  of 
rejects.  A  further  object  of  the  invention  is  to  pro- 
vide  products  which  have  no  cracks  and  cavities  in 

30  the  vicinity  of  the  end  contacts  and  in  which  elec- 
trical  faults  are  absent.  An  additional  object  of  the 
invention  is  to  provide  a  multilayer  capacitor  in 
which  the  end  contacts  can  be  manufactured,  if 
desired,  from  a  paste  in  a  readily  conceivable 

35  manner. 
These  objects  are  achieved  according  to  the 

invention  by  a  multilayer  capacitor  as  described  in 
the  opening  paragraph,  which  multilayer  capacitor 
is  characterized  in  that  the  electrode  material  com- 

40  prises  metallic  lead. 
The  electrode  material  of  the  inner  electrodes 

preferably  consists  of  palladium  with  1  to  10%  by 
weight  of  lead.  A  quantity  below  1%  by  weight  is 
substantially  ineffective  in  suppressing  silver  diffu- 

45  sion,  if  a  quantity  exceeding  10%  by  weight  of  lead 
is  used,  the  properties  of  the  dielectric  ceramic 
material  are  adversely  affected. 

In  a  preferred  embodiment  of  the  multilayer 
capacitor  in  accordance  with  the  invention,  in  which 

50  the  metallic  end  contacts  electrically  conductively 
contact  the  layers  of  electrode  material  via  an 
intermediate  layer  of  a  conductive  metal  oxide,  a 
further  improvement  of  the  result  is  obtained  in  that 
the  intermediate  layer  is  a  heterogeneous  layer 
which  comprises  glass  particles  in  addition  to  the 

The  invention  relates  to  a  multilayer  capacitor 
comprising  alternate  layers  of  a  dielectric  oxidic 
ceramic  material  and  a  palladium-containing  elec- 
trode  material,  and  having  metallic  end  contacts 
which  electrically  conductively  contact  a  prescribed 
part  of  the  layers  of  electrode  material,  the  metallic 
end  contacts  containing  silver. 

The  invention  also  relates  to  such  a  multilayer 
capacitor,  in  which  the  metallic  end  contacts  elec- 
trically  conductively  contact  the  layers  of  electrode 
material  via  an  intermediate  layer  of  a  conductive 
metal  oxide. 

The  invention  also  relates  to  a  method  of  man- 
ufacturing  such  a  multilayer  capacitor. 

In  United  States  Patent  Specification  US 
4604676  such  a  multilayer  capacitor  is  described, 
in  which  the  electrode  material  consists  of  a  mix- 
ture  of  silver  and  palladium  and  use  is  made  of  an 
intermediate  layer.  The  intermediate  layer  is  a 
homogeneous  thin  layer  having  a  thickness  which 
must  not  exceed  2  urn,  the  layer  being  applied  by 
means  of  a  thin-film  deposition  method  such  as 
sputtering,  vapour  deposition  or  chemical  deposi- 
tion  from  the  vapour  phase.  Subsequently,  for  ex- 
ample,  layers  of  Ni-Cr,  Ni  and/or  Ag  are  applied  by 
means  of  vapour  deposition  and  sputtering  so  as  to 
obtain  solderable  end  contacts. 

The  intermediate  metal  oxide  layer  is  provided 
to  avoid  a  reduction  of  the  ceramic  material.  Said 
reduction  may  occur  as  a  result  of  diffusion  of 
oxygen  from  the  ceramic  material  to  the  metallic 
end  contacts  at  a  raised  temperature,  and  it  causes 
the  insulation  resistance  of  the  ceramic  material  to 
be  substantially  reduced. 

In  an  alternative  method  of  manufacturing  me- 
tallic  end  contacts,  a  mixture  of  metal,  such  as 
silver  and,  for  example,  palladium  or  other  noble 
metais,  and  glass  in  the  form  of  a  paste  is  used. 
The  paste  can  readily  be  applied  by  immersing 
and  it  can  be  fired  together  with  the  internal  elec- 
trode  layers  of  the  multilayer  capacitor.  The  metal- 
lic  end  contacts  thus  obtained  contain  a  quantity  of 
glass  particles.  However,  in  this  method  a  number 
of  problems  are  encountered,  as  will  be  explained 
hereinafter. 

In  the  manufacture  of  multilayer  capacitors, 
which  are  generally  manufactured  in  large  num- 
bers,  cracks  are  formed  in  a  number  of  products 
and  delamination  occurs  in  the  ceramic  material 
near  the  end  contacts.  If  these  cracks  reach  the 
active  part  of  the  capacitor  they  may  induce  in- 
creased  leakage  currents,  silver  migration  under 
the  influence  of  an  electric  field  and  short-circuits 
between  the  inner  electrodes.  Moreover,  cavities 
are  then  formed  near  the  end  contact  and  the 
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tional  view  of  a  suitable  embodiment  of  a  multilayer 
capacitor  according  to  the  invention. 

conductive  metal  oxide,  and  which  has  a  thickness 
of  at  least  1  urn. 

In  a  very  suitable  embodiment,  the  glass  par- 
ticles  consist  of  a  glass  composition  comprising 
lead  oxide.  During  firing  the  paste,  a  part  of  the 
lead  oxide  is  reduced  to  lead  having  sufficient 
affinity  for  palladium  to  form  an  additional  protec- 
tive  layer  between  the  palladium  inner  electrodes 
and  the  silver-containing  end  contacts,  and  which 
lead  forms  a  very  effective  barrier  against  silver 
diffusion. 

In  a  particular  embodiment,  the  end  contact 
comprises  a  layer  of  glass  particles  and  a  noble 
metal,  preferably  selected  from  silver  and  mixtures 
of  silver  and  palladium.  In  a  suitable  embodiment 
the  glass  particles  consist  of  a  glass  composition 
comprising  lead  oxide,  the  lead  oxide  content  pref- 
erably  exceeding  15%  by  weight. 

In  order  to  obtain  a  suitable  solderability  of  the 
multilayer  capacitor  and  suppress  metal  diffusion  to 
the  solder  material,  it  is  efficacious  to  cover  the 
end  contact  with  a  common  solder  coating,  for 
example  a  nickel  layer  followed  by  a  layer  of  tin  or 
lead-tin. 

The  object  of  providing  a  method  of  manufac- 
turing  a  multilayer  capacitor  which  is  made  of  al- 
ternate  layers  of  a  dielectric  oxidic  ceramic  material 
and  an  electrode  material,  which  capacitor  is  pro- 
vided  with  metallic  end  contacts  which  electrically 
conductively  contact  a  prescribed  part  of  the  layers 
of  electrode  material,  the  metallic  end  contacts 
containing  silver,  is  achieved  in  that  the  layers  of 
electrode  material  are  manufactured  from  a  paste 
comprising  palladium,  a  temporary  binder  and  lead 
in  the  form  of  lead  oxide  or  metallic  lead,  the  paste 
being  fired  in  order  to  remove  the  temporary  binder 
to  form  electrodes  from  a  solid  solution  of  metallic 
lead  in  palladium. 

It  is  to  be  noted  that  in  Japanese  Patent  Ap- 
plication  JP  62-150808  a  description  is  given  of  a 
multilayer  capacitor,  in  which  lead  oxide  is  added 
to  the  material  used  for  the  manufacture  of  the 
inner  electrodes  in  order  to  obtain  the  desired 
composition  of  the  dielectric  ceramic  material 
which  contains  lead.  The  inner  electrodes  are  com- 
posed  mainly  of  silver,  to  which  palladium  is  ad- 
ded,  if  desired.  In  such  an  environment,  lead  oxide 
remains  present  as  an  oxide.  Due  to  the  large 
quantity  of  silver  in  the  inner  electrodes,  the  prob- 
lem  of  silver  diffusion  from  the  end  contacts  does 
not  occur.  Consequently,  this  problem  is  not  dis- 
cussed  or  indicated.  However,  electrode  materials 
which  consist  predominantly  of  silver  cannot  suit- 
ably  be  used  in  combination  with  all  the  commonly 
used  dielectric  materials. 

The  invention  will  be  explained  in  more  detail 
by  means  of  examples  and  with  reference  to  a 
drawing,  in  which  the  sole  Figure  is  a  cross-sec- 

5  Example  1 

A  finely  ground  ceramic,  dielectric  powder,  for 
example  manufactured  from  BaTiO3,  is  mixed  with 
a  binder,  such  as  polyvinyl  alcohol,  a  dispersing 

70  agent  and  water  to  form  a  slurry.  The  slurry  is 
deposited  in  thin  layers,  for  example  having  a 
thickness  of  50um,  which  are  dried  to  obtain  foils. 

A  lead-containing  palladium  paste  is  manufac- 
tured  from  pure  palladium  containing  less  than  1% 

rs  by  weight  of  impurities,  lead  in  the  form  of  finely 
dispersed  lead  oxide  is  added  to  this  paste,  for 
example  in  a  quantity  of  4%  by  weight,  and  the 
rest  is  palladium.  The  metal  paste  comprises,  for 
example,  70%  by  weight  of  metal  and  metal  oxide, 

20  2  to  3%  by  weight  of  ethyl  cellulose  as  a  binder, 
and  2-ethoxy-ethyl  acetate  as  a  solvent. 

The  ceramic  foils  are  provided  with  electrodes 
by  means  of  screen  printing  using  the  palladium 
paste.  The  foils  are  stacked,  for  example  in  ten 

25  layers,  compressed  and  divided  into  separate  ca- 
pacitor  bodies,  for  example,  having  dimensions  of  3 
x  1.5  mm2.  The  capacitor  bodies  are  sintered  at 
temperatures  between  1100  and  1400°  C,  depen- 
dent  upon  the  composition  of  the  ceramic  material, 

30  according  to  the  present  example  at  1250  C.  The 
ceramic  material  shrinks  during  sintering  and  den- 
sifies  into  a  dense  polycrystalline  structure.  The 
thickness  of  the  ceramic  layers  amounts  to  ap- 
proximately  25  urn.  The  powder  particles  of  the 

35  metal  paste  are  simultaneously  sintered  into  elec- 
trode  layers  of  metal  which  form  a  coherent  unity 
with  the  dielectric  layers.  Moreover,  the  palladium 
reacts  with  the  lead  oxide  to  form  a  solid  solution 
of  metallic  lead  in  palladium. 

40  A  metal  oxide  paste  is  manufactured  from  60% 
by  weight  of  RuO2  powder  and  40%  by  weight  of 
glass  particles,  ethyl  cellulose  being  used  as  a 
binder  and  2-ethoxy-ethyl  acetate  as  a  solvent  to 
obtain  a  suitable  viscosity.  The  solids  content  of 

45  the  paste  amounts  to  70  to  80%  by  weight,  the 
quantity  of  binder  amounts  to  2  to  3%  by  weight, 
and  the  rest  is  solvent.  The  composition  of  the 
glass  particles,  having  dimensions  from  1  to  2  urn, 
is  for  example:  37%  by  weight  of  PbO,  18%  by 

so  weight  of  B2O3,  22%  by  weight  of  SiO2,  11%  by 
weight  of  ZnO,  3%  by  weight  of  AI2O3,  1.5%  by 
weight  of  Na2O  and  7.5%  by  weight  of  BaO. 

Prior  to  the  manufacture  of  the  end  contacts, 
the  capacitor  bodies  are  partly  immersed  in  the 

55  metal  oxide  paste  and  fired  at  850°  C,  layers 
having  a  thickness  of  approximately  15  urn  being 
formed  on  both  sides.  The  resistivity  of  the  layers 
formed  amounts  to  approximately  0.01  fl  cm. 
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Subsequently,  end  contacts  are  manufactured 
from  a  metal  paste  consisting  of  95%  by  weight  of 
silver  particles  and  5%  by  weight  of  glass  particles, 
for  example  having  the  composition  as  described 
hereinbefore.  The  binder  and  the  solvent  used  are 
also  the  same  as  in  the  metal  oxide  paste.  The 
metal  paste  is  fired  at  a  temperature  of  750°  C.  If 
desired,  solderable  layers  of  Ni  and/or  Sn/Pb  are 
additionally  provided  electrolytically  or  by  means  of 
electro-deposition  or  vacuum  evaporation. 

The  Figure  is  a  schematic  cross-sectional  view 
of  a  ceramic  capacitor  according  to  the  invention, 
which  comprises  ceramic  layers  1  and  internal 
electrode  layers  or  inner  electrodes  2,  and  which  is 
provided  with  metallic  end  contacts  4  having  con- 
ductive  intermediate  layers  3. 

Microscopic  observations  have  shown  that 
cracking  and  delamination  do  not  occur  anymore  to 
an  appreciable  extent.  The  end  contacts  with  the 
intermediate  layers  are  firmly  bonded  to  the  ca- 
pacitor  body  and  the  number  of  cavities  in  the 
viscinity  of  the  end  contacts  is  strongly  reduced. 

Claims 

1.  A  multilayer  capacitor  comprising  alternate 
layers  of  a  dielectric  oxidic  ceramic  material  and  an 

5  electrode  material  which  consists  predominantly  of 
palladium,  the  capacitor  having  metallic  end  con- 
tacts  which  electrically  conductively  contact  a  pre- 
scribed  part  of  the  layers  of  electrode  material,  the 
metallic  end  contacts  containing  silver,  character- 

10  ized  in  that  the  electrode  material  comprises  metal- 
lic  lead. 

2.  A  multilayer  capacitor  as  claimed  in  Claim  1  , 
characterized  in  that  the  electrode  material  consists 
of  a  glass  composition  comprising  lead  oxide. 

15  3.  A  multilayer  capacitor  as  claimed  in  Claim  1 
or  2,  in  which  the  metallic  end  contacts  electrically 
conductively  contact  the  layers  of  electrode  ma- 
terial  via  an  intermediate  layer  of  a  conductive 
metal  oxide,  characterized  in  that  the  intermediate 

20  layer  is  a  heterogenous  layer  which  comprises 
glass  particles  in  addition  to  the  conductive  metal 
oxide,  and  which  has  a  thickness  of  at  least  1  urn. 

4.  A  multilayer  capacitor  as  claimed  in  Claim  3, 
characterized  in  that  the  glass  particles  consist  of 

25  glass  composition  comprising  lead  oxide. 
5.  A  multilayer  capacitor  as  claimed  in  any  one 

of  the  Claims  1  up  to  and  including  4,  character- 
ized  in  that  the  end  contact  comprises  a  layer  of 
glass  particles  and  a  noble  metal,  preferably  se- 

30  lected  from  silver  and  mixtures  of  silver  and  pal- 
ladium. 

6.  A  multilayer  capacitor  as  claimed  in  Claim  5, 
characterized  in  that  the  glass  particles  consist  of  a 
glass  composition  comprising  a  lead  oxide. 

35  7.  A  multilayer  capacitor  as  claimed  in  any  one 
of  the  Claims  1  up  to  and  including  6,  character- 
ized  in  that  the  end  contact  is  covered  with  a 
common  solder  coating. 

8.  A  method  of  manufacturing  a  multilayer  ca- 
40  pacitor  as  claimed  in  any  one  of  the  Claims  1  up  to 

and  including  7,  characterized  in  that  the  layers  of 
electrode  material  are  manufactured  form  a  paste 
comprising  palladium,  a  temporary  binder  and  lead 
in  the  form  of  lead  oxide  or  metallic  lead,  the  paste 

45  being  fired  in  order  to  remove  the  temporary  binder 
to  form  electrodes  from  a  solid  solution  of  metallic 
lead  in  palladium. 

Example  2 

Ceramic  multilayer  capacitors  are  manufac- 
tured  as  indicated  in  example  1,  the  intermediate 
layers  3  from  the  metal  oxide  paste  being  omitted. 

The  result  is  satisfactory  and  better  than  in  the 
case  of  ceramic  capacitors  having  leadless  inner 
electrodes,  but  it  is  not  as  good  as  the  result 
obtained  in  example  1  . 

The  invention  provides  ceramic  multilayer  ca- 
pacitors  and  a  method  of  manufacturing  thereof, 
their  quality  being  improved  and  the  number  of 
rejects  being  substantially  reduced.  Comparative 
experiments  have  shown  that  silver  diffusion  to  the 
inner  electrodes  can  be  effectively  suppressed  as 
well  as  the  negative  consequences  of  such  a  diffu- 
sion. 

A  number  of  additional  advantages  are  ob- 
tained  by  employing  the  measures  in  accordance 
with  the  invention.  The  glass  which  is  commonly 
added  to  the  metal  paste  used  for  the  manufacture 
of  end  contacts  is  mainly  used  to  fill  up  cracks  and 
cavities  so  as  to  suppress  the  harmful  effects  of 
silver  diffusion.  When  silver  diffusion  no  longer 
occurs,  the  glass  content  of  the  silver  paste  can  be 
selected  to  be  very  low  (less  than  5%  by  weight)  or 
the  glass  can  even  be  omitted.  It  is  alternatively 
possible  to  manufacture  an  end  contact  which  is 
composed  of  two  layers,  the  first  layer  consisting  of 
a  glass-containing  silver  paste  and  the  second  lay- 
er  consisting  of  a  glass-free  silver  paste,  which 
layers  can  be  fired  simultaneously. 

50 
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