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Description 

The  invention  relates  to  a  capacitor  structure 
naving  a  ceramic  body  of  particular  length,  width, 
and  height  the  structure  including  multiple  body 
sections  comprising  capacitor  plates  and  dielec- 
tric  sheets  located  at  intervals  displaced  in  the 
body  in  the  direction  of  the  body  length  each  plate 
having  one  or  more  tabs,  whose  number  and 
location  on  the  plate  define  the  plate  type  the  tabs 
being  exposed  at  a  common  body  face  tabs  of  the 
different  plate  types  being  displaced  relative  to 
one  another  in  the  direction  of  the  body  width,  the 
capacitor  structure  additionally  having  buses  for 
selectively  electrically  interconnecting  the  tabs 
such  that  the  buses  may  be  electrically  inter- 
connected  to  establish  one  or  more  capacitors  or 
particular  capacitance  value  and  voltage  rating  for 
integrated  circuits  and  a  method  for  making  such 
a  capacitor  structure,  the  method  including  form- 
ing  multiple  sections,  each  section  including  a 
ceramic  dielectric  of  desired  thickness  upon 
which  a  metallic  plate  of  one  or  more  types  is 
provided,  the  plates  having  multiple  plate  tabs 
whose  number  and  location  on  the  plate  define 
the  plate  type;  combining  the  sections  to  form  a 
capacitor  body  of  desired  height,  width,  and 
length  such  that  the  tabs  of  the  plate  types  are 
exposed  at  a  common  body  face,  the  tabs  of 
various  plate  types  being  alternately  spaced  in  the 
direction  of  the  body  width  and  the  plate  types 
being  alternately  spaced  in  the  direction  of  the 
body  length;  and  applying  a  metallization  pattern 
to  form  buses  at  the  common  termination  face  to 
interconnect  corresponding  tabs  of  like  plate 
types. 

The  continuing  objective  of  data  processing 
equipment  designers  is  to  produce  equipment 
having  increased  operating  speed,  reduced  physi- 
cal  size  and  lower  manufacturing  cost. 

Designers  seek  this  objective  today  by  attempt- 
ing  to  pack  as  many  circuit  devices  as  possible 
into  the  integrated  circuit  chips  that  go  to  make  up 
the  equipment.  By  packing  as  many  devices  as 
possible  on  a  chip,  the  designer  reduces  the 
length  of  interconnections  needed  to  join  the 
devices  which  tend  to  slow  circuit  operation 
down,  thereby  enabling  faster  operation. 
Additionally,  by  increasing  the  number  of  circuit 
devices  per  chip,  the  designers  eliminate  pre- 
viously  unused  space  with  the  result  that  the 
physical  size  of  the  equipment  is  reduced.  Finally, 
since  the  manufacturing  cost  per  chip  tends  to  be 
fixed,  by  fitting  more  devices  on  a  chip,  designers 
are  able  to  reduce  the  manufacturing  cost  per 
device  i.e.,  less  chips  are  required  for  the  same 
number  of  devices. 

Efforts  to  produce  more  devices  per  chip  have 
resulted  in  the  so-called  very  large  scale  inte- 
grated  circuit  technology  (VLSI)  which  today 
represents  the  state  of  the  semiconductor  art. 
This  technology  is  capable  of  producing  as  many 
as  20,000  memory  uits  and  associated  circuitry  on 
a  single  chip  or  as  many  as  4,000  logic  units  and 
associated  circuitry  on  a  single  chip. 

Unfortunately,  however,  VLSI  and,  in  fact  inte- 
grated  circuits  generally,  have  not  been  a  com- 
plete  answer  for  designers.  Because  of  limitations 
associated  with  semiconductor  materials  and 

5  integrated  circuit  size,  it  has  not  not  been  possible 
to  conveniently  build  in  an  integrated  form  the  full 
range  of  circuit  elements  the  designer  desires. 
While  it  is  relatively  simple  to  build  transistors, 
diodes  and  even  resistors,  it  has  not  proven 

10  convenient  to  build  capacitors  and  inductances  of 
the  values  typically  required. 

Capacitors  are  a  particular  problem.  Where 
capacitance  of  other  than  a  very  low  value  are 
desired,  the  dielectric  material  constant  and  plate 

w  area  available  in  integrated  circuit  form  make 
such  capacitors  difficult  or  impossible  to  build. 

To  deal  with  this,  designers  have  used  discrete 
capacitors,  i.e.  capacitors  separate  from  the  cir- 
cuit  chip,  to  cooperate  with  the  chip  to  form  the 

20  full  circuit.  However,  to  retain  the  advantages  of 
integrated  form,  the  designers  have  sought  dis- 
crete  capacitors  of  small  size,  high  speed  and  low 
cost. 

A  particular  capacitor  design  found  to  be  suit- 
25  able  for  use  with  VLSI  circuits  is  described  by 

Chance  et  al  in  European  Patent  Application 
0042987,  assigned  to  the  assignee  of  this  applica- 
tion.  The  Chance  et  al  structure  is  of  small  size, 
high  speed  and  low  manufacturing  cost.  The 

30  structure  is  of  the  laminated  ceramic  parallel  plate 
type,  and  includes  multiple  capacitor  sections, 
each  having  a  ceramic  dielectric  layer  which  has 
been  metallized  to  form  a  capacitor  plate.  The 
structure  is  formed  to  a  desired  size  by  combining 

35  the  multiple  sections. 
The  structure  has  low  inductance  and,  there- 

fore,  high  speed  as  well  as  small  size  because  the 
capacitor  plates  are  exposed  at  a  common 
capacitor  body  face  and  joined  by  means  of 

40  metallic  strips  which  act  as  low  inductance  inter- 
connection  buses.  To  facilitate  this  construction, 
each  capacitor  plate  is  provided  with  one  or  more 
tabs  which  are  spaced  in  the  direction  of  the  body 
width.  The  tabs  thereafter  are  interconnected  by 

45  means  of  the  interconnect  buses.  Final  connec- 
tion  of  the  capacitor  structure  to  other  circuit 
elements,  for  example  the  VLSI  chips,  is  accom- 
plished  by  flip-chip  mounting  the  structure  on  a 
multi-layer  ceramic  substrate  with  the  use  of 

so  solder  balls  as  also  described  in  the  Chance  et  al 
patent  application  above  noted. 

To  make  the  Chance  et  al  structure  as  small  as 
possible,  the  lateral  spacing  of  the  plate  tabs  is 
reduced  to  a  minimum.  For  example,  the  plate 

55  tabs  are  typically  102  to  203  urn  in  width  spaced 
178  to  154  urn  apart. 

Unfortunately,  due  to  the  small  sizes  involved  it 
is  difficult  to  properly  locate  the  tabs  and  buses  to 
avoid  undesired  interaction.  Additionally,  due  to 

60  ceramic  shrinkage  in  curing,  it  is  common  for  the 
plate  teb  location  to  drift,  further  aggravating  the 
misalignment.  Because  of  these  problems,  mini- 
mal  size  for  the  capacitor  structures  has  been 
difficult  to  attain. 

65  It  is  the  object  of  the  invention  to  provide  a 
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common  face  terminated  multi-layer  ceramic  cap- 
citor  structure  of  minimal  size  for  providing  the 
capacitors  on  integrated  circuits  wherein  particu- 
larly  the  plated  tabs  and  their  interconnect  buses 
are  of  minimal  separation  and  wherein  the  corre- 
sponding  tabs  of  like  plates  are  aligned  and 
separated  from  the  tabs  of  other  plate  types  and 
their  interconnect  buses,  and  also  to  provide  a 
method  for  producing  such  a  structure. 

This  object  is  achieved  by  a  capacitor  structure 
as  defined  at  the  beginning  of  this  specification 
having  the  features  of  the  characterizing  part  of 
claim  1  and  by  a  method  as  defined  at  the 
beginning  of  this  specification  having  the  feature 
of  the  characterizing  part  of  claim  8. 

The  provision  of  grooves  permits  minimal  tab 
and  bus  spacing,  to  align  tabs  of  particular  tab 
groups  and  to  separate  them  from  the  tabs  and 
associated  interconnect  buses  of  other  tab 
groups. 

From  DE  —  A  —  25  45  596  a  capacitor  cascade 
with  a  dielectric  body  is  known  having  dielectric 
layers  and  metallic  capacitor  plates  being  stacked 
one  over  the  other  in  a  staggered  mode.  The 
ceramic  body  has  mesalike  extensions  that  are 
separated  by  grooves  and  into  which  tabs  of  the 
metallic  capacitor  plates  extend.  Besides  being  a 
different  type  of  capacitor  the  known  device 
differs  from  the  subject  of  the  present  application 
in  that  its  dimensions  are  much  larger,  that  the 
extension  of  the  ceramic  body  has  a  completely 
different  purpose,  that  is  to  apply  solder  in  a 
simple  way  to  the  tabs,  and  in  that  only  one  plate 
type  is  used. 

In  accordance  with  the  invention,  the  structure 
is  improved  by  arranging  the  grooves  such  that 
the  grooves  align  the  corresponding  tabs  of  like 
plate  types  in  the  direction  of  the  body  length 
while  separating  the  tabs  of  unlike  plate  types  and 
their  associated  interconnect  buses  in  the  direc- 
tion  of  the  body  width.  Additionally,  with  this 
configuration,  the  grooves  are  located  at  either 
side  of  the  desired  location  of  the  plate  tabs,  in  the 
direction  of  the  body  width,  to  define  mesa 
structures  which  proved  a  boundary  for  corre- 
sponding  plate  tabs  of  like  plate  types.  The  result 
is  that  mislocated  tabs  are  in  effect  aligned  to 
their  intended  locations  by  trimming  the  mis- 
aligned  portions. 

In  this  preferred  form  of  the  structure,  a  layer  of 
insulating  material  is  provided  atop  the  individual 
interconnect  buses.  Each  such  insulating  layer 
includes  one  or  more  cavities  having  bases  at 
which  the  respective  interconnect  buses  are 
exposed.  The  cavities  are  configured  to  receive 
solder  balls  which  contact  the  exposed  bus  and 
extend  above  the  upper  surface  of  the  insulating 
layer  so.  that  the  structure  may  be  inverted  and 
bonded  to  a  suitable  substrate  in  the  well  known 
flip-chip  fashion.  In  this  configuration,  the 
patterned  insulating  layers  act  as  a  solder  dam  to 
confine  the  solder  balls  when  they  are  flowed.  In 
accordance  with  the  invention,  the  insulating 
layers  are  made  to  extend  laterially  in  the  direc- 
tion  of  the  body  width  between  the  interconnect 

buses  into  the  grooves  which  define  th  mesa 
structures  to  form  a  single  layer  that  fully 
passivates  the  grooved  common  termination 
face. 

5  In  another  preferred  form  of  the  invention,  a 
frame  in  the  shape  of  a  metallic  plate  having 
aligned  rectangular  slots  is  positioned  atop  the 
common  face  of  the  structure.  The  frame  is 
located  on  the  structure  to  overhang  the  struc- 

w  ture's  perimeter  and  such  that  it  is  positioned 
atop  and  extends  laterally  beyond  the  width  of 
individual  interconnect  buses  while  the  slots  are 
positioned  generally  above  the  grooves.  In  this 
form,  the  frame  is  bonded  to  the  interconnect 

is  buses  such  that  the  frame's  perimeter  may  be 
trifrimed  away  to  leave  isolated  frame  sections 
atop  and  extending  beyond  the  width  of  the 
interconnect  buses.  An  additional  layer  is  located 
atop  the  frame  sections  and  patterned  with 

20  cavities  having.  bases  at  which  the  frame  sections 
are  at  least  partially  exposed.  As  in  other  forms  of 
the  invention,  the  patterned  layer  acts  as  a  solder 
dam  to  solder  ball  flow.  The  cavities  are  con- 
figured  to  receive  solder  balls  which  contact  the 

25  exposed  buses.  As  in  the  previous  embodiment, 
the  solder  balls  extend  above  the  upper  surface  of 
the  layer  so  the  structure  may  be  flip-chip 
mounted.  In  this  form  of  the  invention,  the  solder 
dam  may  be  a  patterned  layer  of  either  insulating 

30  or  conducting  material. 
In  yet  another  form  of  the  invention,  the  struc- 

ture  is  provided  with  a  first  layer  of  insulation 
over  the  grooved  common  termination  face,  the 
first  insulating  layer  extending  to  a  height  above 

35  the  upper  surfaces  of  the  mesas.  In  this  form,  the 
first  insulation,  layer  is  patterned  at  the  mesas' 
upper  surfaces  to  receive  the  metallic  inter- 
connect  buses  for  connection  to  the  plate  tabs.  In 
one  version  of  the  preferred  embodiment,  a  fur- 

40  ther  patterned  metallic  layer  may  be  applied  to. 
the  respective  buses  to  act  as  a  solder  dam.  In 
another  version  of  this  embodiment,  a  second 
layer  of  insulation  is  located  atop  the  first  insula- 
tion  layer  and  the  metallic  interconnect  buses  to 

45  act  as  a  solder  dam.  The  solder  dam  layers  are 
provided  with  one  or  more  cavities  having  bases 
at  which  the  buses  are  exposed.  Again,  the 
cavities  are  such  as  to  receive  solder  balls  which 
contact  the  exposed  buses  and  extend  above  the 

so  upper  surface  of  the  solder  dam  so  the  structure 
may  be  flip-chip  mounted  to  a  suitable  substrate. 

In  a  preferred  method  for  making  the  improved 
structure  the  grooves  can  be  cut,  for  example,  by 
ultrasonic  grinding  or  sawing  the  common  face. 

55  The  grooves  are  cut  to  extend  in  the  direction  of 
the  body  length  to  pattern  the  metallization  in 
strips  and  to  align  the  corresponding  tabs  of  like 
plate  types.  Additionally,  the  grooves  extend  in 
the  direction  of  body  width  to  isolate  the  buses 

so  and  the  tabs  of  unlike  plate  types.  Following 
simultaneous  formation  of  the  buses  and 
grooves,  a  layer  of  insulating  material  is 
deposited  over  the  entire  common  face.  There- 
after,  cavities  are  patterned  in  the  insulating  layer 

65  in  the  region  of  the  interconnect  buses  having 
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bases  at  which  at  least  portions  of  the  buses  are 
exposed.  The  insulating  layer  may  be  patterned 
using  conventional  masking  and  etching  tech- 
niques.  Finally,  solder  balls  are  added  to  the 
cavities  so  as  to  contact  the  metal  buses  and 
extend  above  the  upper  surface  of  the  insulating 
layer. 

In  another  preferred  method  of  making  the 
structure,  following  the  formation  of  the  capacitor 
body,  and  after  formation  of  the  interconnect 
buses  and  grooves  a  second  metallic  layer  in  the 
form  of  a  frame  having  rectangular  slots  therein  is 
bonded  at  the  upper  surface  of  the  interconnect 
buses.  As  mounted,  the  frame  perimeter  extends 
beyond  the  perimeter  of  the  capacitor  body  while 
the  frame  body  extends  beyond  the  lateral  extent 
of  the  buses.  The  frame  slots  are  located  above 
the  grooves  of  the  common  face.  Following  bond- 
ing  of  the  frame  to  the  buses,  the  perimeter  of  the 
frame  is  cut  away  to  leave  isolated  sections  or 
elements  of  the  frame  bonded  atop  the  buses  and' 
extending  beyond  their  widths.  After  the  frame  is 
trimmed,  solder  dams  are  applied  to  the  isolated 
frame  sections.  The  solder  dams,  as  noted  above, 
may  be  layers  either  of  insulating  or  conductive 
material  patterned  with  cavities  having  bases  at 
which  the  respective  frame  sections  are  exposed. 
Convenient  photolithographic  techniques  may  be 
used  to  deposit  the  solder  dams  and  provide  the 
cavities  in  them.  Finally,  the  cavities  are  provided 
with  solder  balls  which  contact  the  frame  and 
extend  above  the  upper  surface  of  the  solder  dam 
layer. 

Alternatively,  the  solder  dams  may  be  prepared 
on  the  frame  before  the  frame  is  bonded  to  the 
capacitor  body. 

In  a  yet  further  preferred  method  of  making  the 
improved  structure,  following  formation  of  the 
body,  and  before  the  common  face  is  metallized, 
grooves  are  cut  in  the  common  face  again  to  align 
corresponding  tabs  of  like  plate  types  in  the 
direction  of  the  body  length  while  separating 
plate  tabs  of  unlike  plate  type  in  the  direction  of 
the  body  width.  Thereafter  a  first  layer  of  insula- 
tion  is  provided  atop  the  common  face  so  as  to  fill 
the  grooves  and  extend  above  the  height  of  the 
mesa  structures.  Next,  the  first  insulating  layer  is 
planarized  and  contured  using  standard  tech- 
niques  so  as  to  expose  the  upper  surface  of  the 
mesa  structures.  Subsequently,  a  layer  of  metalli- 
zation  is  deposited  at  the  surface  of  the  mesa 
structures  to  form  the  interconnect  buses.  After 
deposition  of  the  interconnect  buses,  the  first 
insulation  layer  and  the  bus  surfaces  are  again 
planarized  and  a  solder  dam  layer  deposited.  The 
solder  dam  layer  is  thereafter  patterned  to  form 
cavities  having  bases  at  which  the  interconnect 
buses  are  at  least  partially  exposed.  Finally,  sol- 
der  balls  are  provided  in  the  cavities  in  contact 
with  the  buses  and  extending  above  the  upper 
surface  of  the  solder  dam  layer.  As  noted,  the 
solder  dam  layer  may  be  either  a  conductive  layer 
deposited  only  over  the  interconnect  buses  or  a 
second  insulating  layer  deposited  over  the  entire 
first  insulation  layer  and  the  buses. 

These  and  other  objectives  and  advantages  of 
the  present  invention  will  be  more  clearly  under- 
stood  when  considered  in  connection  with  the 
accompanying  drawings  in  which: 

5  Fig.  1  is  an  exploded  isometeric  view  of  the 
capacitor  structure  as  previously  known. 

Fig.  2  is  a  cut-away  isometric  view  of  the 
capacitor  structure  as  previously  known. 

Fig.  3  is  a  fragmented  top  view  of  the  capacitor 
10  structure  as  previously  shown. 

Fig.  4  is  a  cut-away  isometric  view  of  the 
improved  structure  in  accordance  with  this  inven- 
tion. 

Figs.  5A  —  5D  are  cross-sectional  views  of 
w  successive  phases  in  the  formation  of  one  form  of 

the  improved  structure  in  accordance  with  this 
invention. 

Figs.  6A  —  6D  are  views  of  a  further  embodiment 
of  the  improved  structure  in  accordance  with  this 

20  invention. 
Figs.  7A  —  7G  are  cross-sectional  views  of 

successive  phases  in  the  formation  of  a  yet 
further  form  of  the  improved  structure  in  accord- 
ance  with  this  invention. 

25  A  low  inductance  ceramic  capacitor  structure 
suitable  for  use  with  VLSI  semiconductor  chips  is 
described  by  Chance  et  al  in  European  Patent 
Application  0042987,  entitled  "A  Multiple  Layer 
Ceramic  Carrier  For  High  Switching  Speed  VLSI 

30  Chips".  Fig.  1  is  an  illustration  of  that  structure. 
As  shown,  capacitor  structure  1  is  defined  by  a 

body  2  of  generally  rectangular  cross  section 
having  width  W,  height  H  and  length  L.  While 
body  2  is  shown  rectangular  in  cross  section,  it 

35  will  be  appreciated  that  for  convenience  of  use  it 
may  take  other  forms  as  well,  as  for  example  a 
circular  cross  section.  Body  2  is  seen  in  Fig.  1  to 
be  composed  of  a  plurality  of  body  sections  3. 
Sections  3  include  dielectric  elements  in  the  form 

40  of  dielectric  sheets  4A,  B,  C  of  desired  length, 
width  and  thickness.  As  shown,  sheets  4A,  B,  C 
are  of  substantially  equal  size  i.e.,  length,  width 
and  thickness.  By  virtue  of  the  construction  of. 
body  2,  its  width  and  height  correspond  to  the 

45  width  and  height  of  sheets  4A,  B,  C  while  the 
length  of  body  2  corresponds  to  the  combined 
thickness  of  elements  4A,  B,  C.  To  maximize 
structure  1's  capacitance  per  unit  size  dielectric 
sheets  4A,  B,  C  are  made  of  a  high  dielectric 

so  constant  material,  as  for  example,  barium  titanate 
BaTi03  or  the  like. 

Body  sections  3  also  include  capacitor  plates 
5A,  B,  C  in  the  form  of  layers  of  metallization 
respectively  located  on  principal  faces  6A,  B,  C  of 

55  dielectric  sheets  4A,  B,  C.  Plates  5A,  B,  C  are 
respectively  located  generally  centrally  of  faces 
6A,  B,  C  and  displaced  from  perimeters  of  sheets 
4A,  B,  C  by  boundaries  7A,  B,  C.  In  preferred  form, 
plates  5A,  B,  C  are  of  substantially  equal  areas.  As 

60  seen  in  Fig.  1,  plates  5A,  B,  C  are  respectively 
provided  with  groups  of  plate  tabs  8A,  B,  C  which 
extend  from  a  main  plate  sections  9A,  B,  C  to 
edges  10A,  B,  C  of  sheets  4A,  B,  C. 

As  will  be  described  more  fully  hereinafter,  in 
65  prefered  form  the  plates  of  structure  1  are  of 
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different  types  to  enable  formation  of  multiple 
individual  capacitors  of  different  capacitance  and 
voltage  rating.  As  shown,  structure  1  has  three 
types  of  plates,  5A,  5B  and  5C  to  facilitate  forma- 
tion  of  capacitors  having  two  different  capacita- 
tive  and  voltage  ratings.  In  this  arrangement,  the 
plate  types  are  defined  by  the  number  of  tabs  per 
plate  and  their  location  on  the  plate.  Particularly 
tab  group  8A  includes  tabs  8A1  to  8A5  while 
group  8B  includes  8B1,  8B2  and  group  C  includes 
tabs  8C1,  8C2.  The  tabs  of  particular  groups  are 
located  such  that  they  are  displaced  from  one 
another  in  the  direction  of  the  width  of  sheets  4 
which  is  the  direction  of  body  2's  width. 

As  shown,  body  2,  sheets  4A,  B,  C,  plates  5A,  B, 
C  and  tabs  8A,  B,  C  are  generally  rectangular  in 
cross  section  in  order  to  provide  efficient  use  of 
space.  It  will  be  appreciated  that  if  the  cross 
section  of  body  2  were  other  than  rectangular,  the 
shape  of  sheets  4A,  B,  C,  plates  5A,  B,  C  and  tabs 
8A,  B,  C  could  also  be  varied  as  desired.  Plates  5A, 
B,  C  and  associated  tab  groups  8A,  B,  C  may  be, 
for  example,  layers  of  silver  paste  which  have 
been  screened  onto  faces  6A,  B,  C  in  a  conven- 
tional  manner. 

As  seen  in  Fig.  1,  the  plate  tabs  of  the  various 
plate  types  extend  respectively  to  edges  10A,  B,  C 
of  sheets  4A,  B,  C.  Additionally,  edges  10A,  B,  C 
are  aligned  such  that  as  the  sheets  are  combined 
edges  10A,  B,  C  combine  to  form  a  common  face 
11  of  the  body  at  which  the  plate  tabs  are 
exposed.  With  further  reference  to  Fig.  1,  the  plate 
tabs  of  various  plate  types  are  located  on  their 
respective  sheets  4A,  B,  C  such  that  when  the 
sheets  are  combined  the  tabs  of  particular  plate 
types  align  between  the  plate  tabs  of  other  plate 
types  in  the  direction  of  the  body  width.  Particu- 
larly,  plate  type  A  is  provided  with  5  tabs,  8A1  to 
8A5,  equally  spaced  over  the  width  of  its  corre- 
sponding  sheet  4A.  Plate  type  B  is  provided  with 
two  tabs  8B1  and  8B2  positioned  on  its  respective 
sheet  4B  such  that  when  combined  with  sheet  4A, 
tab  8B1  lies  between  tabs  8A1  and  8A2  and  tab 
8B2  lies  between  tabs  8A3  and  8A4.  Similarly, 
plate  type  C  is  provided  with  two  tabs  8C1  and 
8C2  positioned  on  its  respective  sheet  4C  so  that 
when  combined  with  sheets  4A,  4B,  tab  8C1  lies 
between  tabs  8A2  and  8A3  and  tab  8C2  lies 
between  tabs  8A4  and  8A5. 

Toe  facilitate  formation  of  capacitors  within 
body  2,  interrconnect  bus  groups  12A,  B,  C  are 
provided  at  common  face  1  1  of  body  2.  In  accord- 
ance  with  the  Chance  et  al  structure  shown  in  Fig. 
1,  the  interconnect  buses  are  arranged  to  connect 
corresponding  plate  tabs  of  like  plate  types. 
Accordingly,  buses  12A1,  12A2,  12A3,  12A4  and 
12A5  are  provided  at  face  11  running  the  length  of 
body  2  to  interconnect  plate  tabs  8A1  through  8A5 
of  plate  type  A.  Additionally,  buses  12B1  and  12B2 
are  provided  at  face  1  1  running  the  length  of  body 
2  to  interconnect  plate  tabs  8B1  and  8B2  of  plate 
types  B  and  buses  12C1  and  12C2  provided  at  face 
11  running  the  length  of  body  2  to  interconnect 
plate  tabs  8C1  and  8C2  of  plate  type  C. 

Like  the  plate  tab,  bus  groups  12A,  B,  C  are 

arranged  at  common  face  11  spaced  at  intervals 
in  the  direction  of  the  body  width  W.  Also,  as  the 
plate  tabs  of  various  plate  types  were  located 
between  the  tabs  of  other  plate  types,  so,  too  are 

5  the  buses  for  particular  plate  types  so  located. 
Particularly,  bus  12B1  is  located  between  bus 
12A1  and  12A2,  bus  12C1  between  12A2  and 
12A3,  bus  12B2  between  12A3  and  12A4  and  bus 
12C2  between  12A4  and  12A5  as  measured  in  the 

io  direction  of  the  body  width. 
With  this  construction,  capacitor  sub-units  are 

formed  by  variously  connecting  the  tabs  of  the 
various  plate  types  such  that  one  or  more  dielec- 
tric  elements  are  sandwiched  between  two 

is  capacitor  plates.  Since  the  capacitor  sub-units  are 
of  the  parallel  plate  type,  the  capacitance  per  sub- 
unit  is  in  accordance  with  the  well-known 
expression: 

20  A 

L 

where  C  is  the  capacitance,  A  the  area  of  the 
25  plates,  L  the  thickness  of  dielectric  between  plates 

and  E;  the  constant  of  the  dielectric.  Therefore,  for 
a  given  dielectric  constant,  as  the  area  of  the 
capacitor  plates  increases,  the  capacitance 
increases  and  as  the  distance  between  plates 

30  increase,  the  capacitance  decreases,  where  the 
subunits  are  connected  in  parallel,  as  would  be 
the  case  here,  the  total  capacitance  for  the  struc- 
ture  would  then  be  equal  to  the  sum  of  the 
capacitance  of  the  individual  sub-units. 

35  Additionally,  for  a  parallel  plate  capacitor,  the 
maximum  voltage  the  capacitor  can  withstand  is 
determined  by  the  expression: 

V = D t  
40 

where  V  is  the  maximum  voltage  the  structure 
can  withstand  without  rupturing,  D  the  dielectric 
strength  of  the  dielectric  material  and  t  the  thick- 
ness  of  the  dielectric  between  plates.  As  this 

45  expression  shows,  with  increases  in  dielectric 
thickness,  the  maximum  voltage  the  capacitor  can 
withstand  is  increased.  Accordingly,  for  struc- 
tures  shown  in  Fig.  1,  the  maximum  voltage 
rating  is  dependent  upon  the  thickness  of  dielec- 

50  trie  between  active  plates. 
As  noted,  for  structure  1,  three  different  plate 

types  are  provided.  Additionally,  the  plate  types 
are  located  at  spaced  intervals  in  the  direction  of 
the  body  length  having  a  sequence  A,  B,  A,  C,  A, 

55  B,  etc.  With  this  arrangement,  two  different 
capacitances  of  two  different  voltage  ratings  may 
be  formed  where  corresponding  plate  tabs  of  like 
plate  type  are  interconnected. 

A  capacitor  of  first  capacitance  and  voltage 
so  rating  can  be  formed  by  treating  plate  types  A  and 

B  together  and  a  second  capacitor  by  treating 
plate  types  A  and  C  together.  Based  on  the 
placement  of  the  plate  types  a  capacitor  utilizing 
plate  types  A  and  B  in  parallel  fashion  would  have 

65  a  first  capacitance  and  voltage  rating  and  a 
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capacitor  utilizing  plate  types  A  and  C  in  a  similar 
Fashion  would  have  a  second  capacitance  rating 
squal  to  one-half  the  capacitance  of  unit  AB,  but 
having  a  voltage  rating  of  twice  that  of  unit  AB.  As 
sxplained  above,  where  plate  area  and  dielectric 
material  remains  constant,  voltage  rating 
increases  proportionally  and  capacitance  rating 
decreases  inversely  proportionally  as  the  distance 
between  plates  is  increased.  As  seen  in  Fig.  1,  the 
distance  between  plate  types  A  and  B  is  one  unit, 
i.e.,  one  thickness  of  sheet  4.  The  distance  between 
plate  types  A  and  C  is  two  units,  i.e.,  two  thick- 
nesses  of  sheet  4.  Accordingly,  where  equal 
number  of  plates  are  connected  in  the  AB  and  AC 
capacitor,  only  the  distance  between  plates  is 
different  with  the  results  noted.  It  has  been  found 
that  the  presence  of  a  B-type  plate  in  the  AC 
capacitor  dielectric  has  no  appreciable  adverse 
affect  where  the  B  plate  is  electrically  isolated  from 
the  circuit  that  utilizes  the  AC  capacitor.  It  should 
also  be  noted  that  where  a  capacitor  could  be 
defined  by  combining  plates  BC,  it  would  be  of 
values  equal  to  those  of  AB,  i.e.,  one  unit  of 
dielectric  thickness.  Additionally,  since  in  accord- 
ance  with  a  Chance  et  al  structure,  it  is  preferred  to 
connect  all  like  plate  types  together,  no  considera- 
tion  is  given  here  to  capacitors  which  might  be 
formed  by  selectively  arranging  like  plate  types  to 
form  a  capacitor  e.g.,  AA,  BB,  CC  or  by  omitting 
certain  corresponding  tabs  of  like  plate  types  to 
vary  dielectric  thickness. 

Final  formation  of  the  variously  rated  capacitors 
is  accomplished  by  mounting  capacitor  structure  1 
on  a  multi-layer  ceramic  (MLC)  substrate  (not 
shown).  The  MLC  substrate  contains  the  wiring 
elements  necessary  to  connect  the  various 
capacitor  buses  to  the  integrated  circuits  to  which 
structure  1  is  to  be  coupled.  For  the  details  of  the 
MLC  substrate  and  the  coupling  of  structure  1, 
reference  should  be  made  to  the  Chance  et  al 
application  above  noted. 

To  facilitate  mounting  on  the  MLC  substrate, 
structure  1,  is  provided  with  solder  balls  13  as 
shown  in  Fig.  2.  Solder  balls  13  are  arranged  at 
structure  1's  common  face  11  to  electrically  con- 
nect  buses  12A,  B,  C,  to  the  interconnect  pattern  of 
the  MLC  substrate.  Additionally,  to  confine  solder 
flow  when  structure  1  is  joined  to  the  MLC 
substrate,  a  solder  dam  in  the  form  of  a  layer  14  is 
provided  at  common  face  11.  Layer  14  is  made  of  a 
material  which  will  not  wet,  i.e.,  stick  to  the  solder 
ball,  for  example,  a  layer  of  polyimide  which  has 
been  applied  to  face  1  1  in  a  conventional  manner. 

As  seen  in  Fig.  2,  layer  14  is  patterned  to  include 
an  array  of  cavities  15  which  extend  through  the 
layer  to  expose  the  underlying  interconnect  buses 
1  2A,  B,  C  at  cavity  bases  1  6.  The  pattern  of  cavities 
15  in  layer  14  is  termed  the  structure's  "foot  print" 
and  is  designed  to  place  the  solder  balls  at  the 
proper  location  on  the  MLC  substrate  to  correctly 
interconnect  it.  The  cavities  1  5  may  be  patterned  in 
layer  14  using  conventional  masking  and  etching 
techniques.  In  preferred  form  the  so-called  lift-off 
process  as  defined  in  U.S.  Patent  No.  4  004  044, 
Franco  et  al  is  used. 

As  explained  in  the  Background  remarks,  to 
retain  the  size,  speed  and  low  cost  advantages  of 
VLSI  intergrated  circuit  chips,  designers  have 
sought  to  make  discrete  capacitors  for  use  with 

5  such  chips,  also  of  small  size  and  capable  of  high 
speed  operation.  To  this  end.  Chance  et  al  in  their 
above-noted  application  proposed  the  multi-layer 
common  face  terminated  capacitor  structure 
shown  in  Figs.  1  and  2  and  described  above. 

w  However,  and  as  also  pointed  out  above,  practical 
difficulties  are  encountered  in  realizing  the  full 
reduction  in  size  possible  with  the  Chance  et  al 
structure. 

Particularly,  to  maximize  size  reduction, 
15  designers  have  sought  to  make  the  width  of  the 

plate  tabs  as  measured  in  the  direction  of  body  2's 
width  as  small  as  possible  and  to  locate  the  plate 
tabs  as  closely  together  in  the  direction  of  body  2's 
width  as  possible.  These  reductions  in  size  and 

20  spacing  of  plate  tabs  has  been  sought  so  as  to 
minimize  the  width  of  structure  1. 

Unfortunately,  however,  as  the  width  and  spac- 
ing  of  tabs  is  reduced,  it  becomes  difficult  to 
position  the  tabs  and  interconnect  buses  to  avoid 

25  points  of  close  proximity  at  which  the  breakdown 
voltage  would  fall  below  that  for  the  plate  dielec- 
tric.  Where  the  spacing  between  tabs  of  one  plate 
type  and  buses  of  another  plate  type  is  equal  to  or 
less  than  the  thickness  of  dielectric  between  the 

30  capacitor  plates,  the  breakdown  voltage  of  the  unit 
becomes  the  voltage  which  that  point  of  proximity 
can  sustain.  If  corresponding  plate  tabs  of  like 
plate  types  are  not  in  alignment  in  the  direction  of 
the  body  length,  when  the  buses  of  one  plate  types 

35  are  formed,  it  is  possible  for  them  to  come  into 
close  proximity  to  one  or  more  tabs  of  another 
plate  type  causing  the  maximum  operating  volt- 
age,  for  the  structure  to  be  less  than  the  capacitor 
dielectric  thickness  is  capable  of  providing. 

40  Plate  tab  misaligment  arises  from  several 
sources.  It  has  been  found  difficult  to  precisely 
locate  plate  tabs  on  their  respective  dielectric 
sheets  and  to  thereafter  combine  the  sheets  so  that 
in  the  unf  ired  state,  the  plate  tabs  of  corresponding 

45  types  are  aligned  in  the  direction  of  the  structure's 
length.  This  problem  is  further  aggravated  by 
shrinkage  of  the  structure  when  the  green  ceramic 
is  fired.  During  firing  it  is  common  for  the  structure 
to  experience  irregular  shrinkage  in  all  dimen- 

50  sions.  This  shrinkage  is  substantially  uncontroll- 
able  and  gives  rise  to  further  misalignment  of  the 
tabs.  Additionally,  due  to  precision  limitations  in 
the  process  for  forming  the  interconnect  buses  at 
common  face  11,  it  has  been  found  difficult  to 

55  precisely  locate  the  interconnect  buses  at  the 
center  line  for  the  corresponding  plate  tabs  of  like 
plate  types.  This  results  is  skewing  of  the  buses  to 
one  or  the  other  side  of  the  designed  tab  center 
lines. 

eo  The  difficulties  associated  with  alignment  are 
better  appreciated  when  it  is  realized  that  the 
typical  tab  width  ranges  from  102  to  178  um  while 
the  distance  between  tab  centers  of  alternating 
plate  types  is  on  the  order  of  203  to  254  um. 

65  Additionally,  the  width  of  the  shorting  bar  in 
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preferred  form  typically  ranges  from  127  to 
178  um.  When  it  is  realized  that  the  diameter  of  a 
human  hair  is  approximately  380  um,  it  is  appreci- 
ated  that  the  tabs  and  shorting  bars  are  on  the 
order  of  1/3  the  width  of  a  human  hair  and  that 
accordingly  their  location  and  alignment  can 
represent  a  significant  problem. 

Fig.  3  is  a  top  view  of  a  fragmented  section  of 
structure  1  in  which  misalignment  of  plate  tabs 
causing  reduced  voltage  rating  is  illustrated.  As 
shown  in  Figs.  1  and  3,  plate  tabs  8A,  B,  C  of 
respective  plate  types  5A,  B,  C  are  spaced  in 
alternating  sequence  in  the  direction  of  body  2's 
width,  while  plate  types  5A,  B,  C  are  shown 
located  in  alternating  sequence  in  the  direction  of 
body  length.  The  successive  rows  of  plate  types 
located  in  the  direction  of  the  body  length  have 
been  designated  I  to  IV.  Also  shown  in  Figs.  1  and 
3  are  interconnect  buses  12A,  B,  C  extending  in 
the  length  of  the  body  length  L  to  respectively 
interconnect  tabs  8A,  B,  C. 

In  Fig.  3,  the  design  positions  for  tabs  and  buses 
are  shown  in  phantom  while  the  misaligned 
actual  position  of  tabs  and  buses  is  shown  in  solid 
lines.  As  seen  in  Fig.  3,  where  the  tabs  and  buses 
are  skewed  from  their  design  positions,  the  dis- 
tance  between  tabs  of  one  plate  type  and  buses  of 
another  plate  type  can  be  less  than  the  thickness 
of  dielectric  between  the  capacitor  plates. 
Examples  of  this  are  shown  in  rows  designated  I 
and  III.  Particularly,  in  row  I,  tab  8A1  is  proximate 
to  bus  12B1  and  in  row  IV  tab  8A2  is  proximate  to 
bus  12C.  As  shown,  the  distances  between  the  A 
plate  tabs  and  the  B  and  C  buses  are  less  than  the 
thickness  of  dielectric  between  the  AB  and  AC 
plate  combinations.  The  result  is  the  maximum 
operating  voltage  of  the  AB  and  AC  capacitors 
would  be  reduced.  To  avoid  potential  reduction  in 
maximum  operating  voltage  arising  from  tab  and 
bus  misalignment,  it  is  the  teaching  of  this  inven- 
tion  to  provide  grooves  in  the  capacitor  body's 
common  termination  face  to  align  and  separate 
the  tabs  and  buses  of  the  various  plate  types. 

An  illustration  of  the  improved  structure  in 
accordance  with  the  invention  is  shown  in  Fig.  4. 
As  shown,  the  elements  of  the  improved  structure 
that  correspond  to  the  Chance  et  al  structure  of 
Figs.  1  and  2  are  identified  with  like  numerals. 
Accordingly,  the  improved  structure  100  is 
defined  by  a  body  2  comprised  of  multiple  sec- 
tions  3.  Sections  3  including  insulating  sheets  4A, 
B,  C,  respectively  having  principal  faces  6A,  B,  C 
upon  which  capacitor  plates  5A,  B,  C  are  centrally 
located.  As  shown,  plates  5A,  B,  C  are  respectively 
provided  with  tabs.  As  in  the  case  of  the  pre- 
viously  known  structure,  plates  5A,  B,  C  of  the 
improved  structure  are  provided  with  multiple 
tabs,  the  number  and  location  of  which  define  the 
respective  plate  types.  As  in  the  earlier  structure, 
the  plate  types  are  spaced  in  alternating  sequence 
in  the  direction  of  the  body  length  and  the  tabs  of 
the  respective  plate  types  alternately  spaced  in 
the  direction  of  the  body  width.  Again,  as  in  the 
previously  known  structure,  plates  5A,  B,  C  and 
sheets  4A,  B,  C  are  aligned  and  combined  to 

define  a  common  termination  face  1  1  at  which  all 
the  plate  tabs  are  exposed. 

In  the  case  of  improved  structure  100,  common 
face  11  is  provided  with  grooves  17  located 

5  between  the  tabs  of  unlike  plate  types  in  the 
direction  of  the  body  width.  As  best  seen  in  Fig.  4, 
grooves  17  extend  the  entire  length  of  body  2. 
Further,  grooves  17  are  dimensioned  so  as  to  fill 
the  space  between  the  tabs  of  unlike  plate  types 

10  as  measured  in  the  direction  of  the  body  width.  By 
arranging  grooves  17  in  this  fashion,  they 
interrupt  and  eliminate  portions  of  plate  tabs 
which  are  skewed  from  their  design  positions. 
Accordingly,  since  grooves  17  run  the  length  of 

15  body  2,  they  act  to  align  remaining  portions  21A, 
B,  C,  of  corresponding  tabs  8A,  B,  C  in  the 
direction  of  the  body  width.  Grooves  17  thus  act 
to  reduce  the  width  of  tabs  8A,  B,  C  which  have 
skewed.  Accordingly,  grooving  is  effective  where 

20  tab  skewing  is  less  than  the  tab  width.  In  this 
regard,  to  extend  the  range  of  effectiveness  of 
grooving,  it  is  a  further  feature  of  this  invention  to 
increase  the  width  of  plate  tabs  8A,  B,  C  beyond 
that  which  would  otherwise  be  used.  In  this  way  a 

25  tab  remnant  of  adequate  width  may  be  found 
.within  the  design  tab  boundaries.  Stated  other- 
wise,  where  the  tap  width  is  widened,  greater 
amounts  of  drift  can  be  corrected.  There  is, 
however,  a  limit  both  to  the  ability  for  grooving  to 

30  correct  drift  and  for  the  enhancement  effect  of 
increased  tab  width.  Particularly,  where  tab  drift 
extends  so  far  in  the  direction  of  body  width  as  to 
intercept  the  design  boundary  for  the  tabs  of  the 
adjacent  plate  type,  the  drift  cannot  be  corrrected. 

35  Because  the  groove  is  located  and  dimensioned 
to  remove  only  material  between  the  design  tab 
locations,  if  the  tab  of  one  plate  type  drifts  into  the 
normal  boundary  of  another  plate  type,  a  portion 
of  the  drifted  tab  will  remain  within  the  adjacent 

40  plate  tab  boundary  after  grooving.  Accordingly, 
when  the  tab  remnants  are  interconnected,  the 
drifted  tab  remnant  will  remain  to  short  the 
capacitor  structure. 

A  further  consideration  for  groove  dimension- 
's  ing  is  that  the  width  be  sufficient  so  that  the 

maximum,  voltage  the  groove  can  withstand  is  in 
excess  of  the  voltage  which  the  dielectric  thick- 
ness  between  plates  can  withstand.  Groove  width 
may  vary  depending  upon  the  nature  of  insulation 

so  which  is  used  to  face  it.  For  example,  where  a 
groove  is  left  uncovered,  the  resulting  air  dielec- 
tric  for  a  given  groove  width  would  have  a  first 
maximum  withstanding  voltage.  If  the  groove 
were  coated  with  a  insulating  material  such  as 

55  polyimide  having  a  higher  dielectric  strength,  the 
maximum  withstanding  voltage  for  the  same 
width  groove  would  be  higher.  Accordingly, 
groove  width  may  be  reduced  if  the  dielectric 
strength  of  the  insulating  medium  is  increased. 

so  Because  potential  reduction  in  maximum  oper- 
ating  voltage  arises  from  proximity  of  plate  tabs 
to  interconnect  buses,  the  greatest  sensitivity  is 
experienced  at  the  surface  of  common  face  11 
where  the  buses  are  located.  Accordingly,  groove 

65  depth  is  not  critical  provided  it  is  of  sufficient 
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dimension  as  to  remove  the  proximity  of  exposed 
plate  tab  and  the  nearest  bus  of  a  dissimilar  plate 
type.  In  preferred  form,  the  depth  of  grooves  17  is 
dimensioned  to  be  approximately  equal  to  its 
width. 

Since  grooves  17  are  located  to  either  side  of 
the  design  position  of  the  plate  tabs,  a  mesa 
structure  18A,  B,  C  for  the  respective  plate  tabs 
8A,  B,  C  is  created  when  the  grooves  are  formed. 
Mesas  18A,  B,  C  so  created  define  boundaries  in 
the  direction  of  the  body  width  for  their  respective 
plate  tabs  8A,  B,  C.  That  is  to  say  as  the  grooves 
interrupt  and  terminate  the  lateral  extent  of  the 
plate  tabs,  they  thereby  align  corresponding  tabs 
of  like  plate  tabs  in  the  direction  of  the  body 
length.  Further,  this  alignment  establishes  the 
remnant  21  A,  B,  C  of  the  respective  plate  tabs 
within  the  nominal  boundaries  on  face  11 
intended  by  the  designer. 

Mesas  18A,  B,  C  have  respective  upper  surfaces 
20A,  B,  C  at  which  remnants  21  A,  B,  C  of  plate 
tabs  8A,  B,  C  are  exposed  as  seen  in  Figs.  4  and 
5d.  Atop  surfaces  20A,  B,  C  and  in  conenction  with 
the  tab  remnants  21  A,  B,  C,  buses  12A,  B,  C  are 
respectively  located. 

In  a  preferred  form  of  the  invention,  a  solder 
dam  a  medium  not  solder  wettable  in  the  form  of 
a  layer  of  insulation  14  is  provided  over  common 
termination  face  11  covering  grooves  17  and  bus 
groups  12A,  B,  C.  As  in  the  case  of  the  previously 
known  structure,  the  insulation  layer  14  may  be, 
for  example,  a  layer  of  polyimide  which  has  been 
applied  in  a  conventional  manner.  Again  as  in  the 
case  of  previously  known  structure  layer  14  is 
patterned,  using  conventional  techniques,  with 
cavities  15  located  over  buses  12A,  B,  C,  the 
cavities  having  bases  16  at  which  the  respective 
buses  are  exposed.  Cavities  15  are  contoured  to 
receive  solder  balls  13  to  confine  solder  flow 
when  structure  100  is  mounted  to  an  MLC  sub- 
strate.  As  in  the  previously  known  structure,  the 
pattern  of  cavities  15  in  layer  14  is  designed  to 
properly  couple  the  respective  buses  12A,  B,  C 
and  their  plate  types  5A,  B,  C  to  the  MLC  substrate 
so  that  the  capacitor  units  may  be  fully  formed. 

Fig.  5d  is  a  cross  section  of  structure  100  taken 
through  the  A  —  A  of  Fig.  4  and  shows  mesas 
18A1,  B1,  A2  and  C1.  As  seen  there,  tab  remnants 
21A1,  A2  are  exposed  at  mesa  surface  20A1,  A2 
respectively  in  contact  with  buses  12A1,  A2.  Also 
seen  in  Fig.  5d  solder  dam  layer  14  covers  surface 
11  and  buses  12A1,  B1,  A2  and  C1.  Buses  12A1, 
A2  are,  however,  partially  exposed  at  bases  16  of 
cavities  15  where  they  are  contacted  by  solder 
balls  13.  As  further  seen  in  Fig.  5D,  solder  balls  13 
extend  above  that  upper  surface  of  layer  14.  As 
noted,  cavitied  layer  14  acts  as  a  dam  to  solder 
flow  when  structure  1  is  mounted  to  a  substrate. 

A  further  preferred  form  of  the  invention  is 
shown  in  Figs.  6A  —  C.  Again,  like  elements  are 
designated  with  like  numerals.  In  the  case  of  the 
embodiments  shown  in  Figs.  6A  —  C,  a  second 
metallic  layer  24A,  B,  C,  D  is  provided  to  form  a 
broadened  base  for  supporting  the  structure's 
solder  dam.  Where  tab  width  and  spacing  is 

reduced  to  compress  the  width  of  structure  100,  it 
is  desirable  to  provide  a  broadened  base  atop 
buses  12A,  B,  C  to  accommodate  the  solder  dam 
for  solder  balls  13.  Additionally,  such  a  frame 

s  facilitates  ease  of  handling  and  alignment  to  the 
reduced  size  mesas  18A,  B,  C. 

In  preferred  form,  the  second  metallic  layer 
24A,  B,  C,  D,  shown  in  fragmented  in  Fig.  6B,  has 
the  form  of  a  frame  of  generally  rectangular 

10  shape  having  a  length  L,  width  W  and  thickness  T, 
and  is  mounted  atop  common  face  1  1  of  structure 
1.  The  second  metallic  layer  24A,  B,  C,  D  is  a  flat 
plate  having  a  series  of  generally  rectangular 
slots  25  spaced  at  intervals  in  the  direction  of  the 

15  frame  width  and  extending  in  the  direction  of  the 
frame  length.  Slots  25  are  centered  in  the  frame  in 
the  direction  of  the  frame  length  and  are  dimen- 
sioned  so  that  their  length  does  not  exceed  the 
frame  length.  Accordingly,  an  apron  24D  is 

20  defined  in  the  region  of  the  frame  perimeter.  By 
virtue  of  the  spacing  of  slots  25  in  the  direction  of 
the  frame  width,  elements  24A,  B,  C  at  the  second 
metallic  layer  are  defined  in  the  body  of  the 
frame.  The  elements  24A,  B,  C  are  thus  joined  by 

25  apron  24D. 
In  assembly,  the  second  metallic  layer  24A,  B, 

C,  D  is  mounted  on  common  face  11  such  that  its 
elements  24A,  B,  C  are  positioned  atop  and 
centered  on  buses  12A,  B,  C  respectively,  while 

30  slots  25  are  centered  over  grooves  17  as  best  seen 
in  Fig.  6C.  Elements  24A,  B,  C  are  dimensioned  so 
as  to  be  approximately  50%  wider  than  mesas 
18A,  B,  C  and  companion  buses  12A,  B,  C.  As  a 
result,  when  centered  on  buses  12A,  B,  C,  the 

35  elements  24A,  B,  C  respectively  extend  into 
grooves  17  bounding  mesas  18A,  B,  C.  Since  the 
elements  24A,  B,  C  are  dimensioned  to  extend 
beyong  the  width  of  buses  1  2A,  B,  C  respectively, 
slots  25  are  accordingly  sized  in  width  to  be  less 

40  than  the  width  of  slots  17.  In  preferred  form,  slots 
25  are  dimensioned  to  be  approximately  equal  to 
50%  of  the  width  of  slots  17  and  to  be  of  a  length 
of  approximately  10%  longer  than  the  length  of 
structure  1's  body  2. 

45  The  second  metallic  layer  24A,  B,  C,  D  may  be 
made  of  a  copper  alloy,  the  alloy  depending  upon 
the  physical  and  electrical  characteristics  desired, 
and  is  bonded  to  buses  12A,  B,  C  in  any  con- 
venient  manner  as,  for  example,  by  brazing  or 

so  high  temperature  lead-tin  solder  which  has  a 
melting  point  in  excess  of  that  for  solder  balls  13. 

Once  second  metallic  layer  24A,  B,  C,  D  is 
bonded  to  structure  1,  frame  apron  24D  may  be 
trimmed  so  as  to  leave  elements  24A,  B,  C, 

55  dependent  and  is  connected.  Thereafter,  and 
again  with  reference  to  Fig.  6c,  a  solder  dam  layer 
14  i.e.,  non-solder  metal  is  applied  to  the  frame 
section  and  subsequently  patterned  with  conven- 
tional  techniques  to  form  cavities  15  having  bases 

60  16  at  which  the  elements  are  exposed,  similar  to 
other  embodiments,  for  receiving  solder  balls  13. 
The  solder  dam  material  may  be  either  an  insulat- 
ing  layer  such  as  polyimide  or  a  metallic  layer  as 
for  example,  chromium.  Solder  balls  13  are  pro- 

65  vided  in  cavities  15  such  that  they  contact  the 
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elements  24A,  B,  C  and  extend  above  the  upper 
surface  of  insulating  layer  14  with  this  arrange- 
ment  structure  1  may  be  mounted  to  a  substrate 
as  described. 

As  an  alternative  to  forming  the  solder  dam 
after  the  second  metallic  layer  24A,  B,  C,  D  is 
mounted,  the  solder  dam  layer  14  may  be  formed 
on  the  second  metallic  layer  prior  to  bonding  the 
second  metallic  layer  to  the  capacitor  body.  With 
this  alternative,  the  solder  dam  must  be  selected 
to  withstand  the  process  for  bonding  the  frame  to 
body  2. 

A  yet  further  embodiment  of  the  invention  is 
shown  in  Figs.  7a  —  g.  Again,  as  in  the  case  of  the 
previously  described  embodiments,  common 
elements  are  designated  similarly.  In  the  pre- 
ferred  embodiment  shown  in  Figs.  7a  —  g,  the 
structure  is  provided  with  grooves  17  and  mesas 
18A,  B,  C  similar  to  those  of  the  previously 
described  embodiments.  In  the  case  of  the 
embodiment  shown  in  Figs.  7a  —  g,  however,  a 
first  layer  of  insulation  26  is  shown  deposited 
over  the  common  face  11.  First  insulating  layer  26 
is  arranged  so  as  to  fill  grooves  17.  Insulating 
layer  26,  however,  is  patterned  in  the  region  of 
mesas  18A,  B,  C  so  that  the  upper  surface  20A,  B, 
C  of  the  respective  mesas  are  exposed  and  may 
receive  metallization  for  formation  of  buses  12A, 
B,  C.  As  in  the  case  of  other  embodiments,  buses 
12A,  B,  C  at  mesa  tops  20A,  B,  C  make  contact 
with  the  remnants  of  plate  tabs  21  A,  B,  C  located 
within  the  boundary  of  the  respective  mesas. 

As  seen  in  Fig.  7g,  structure  100  has  a  solder 
dam  layer  14  i.e.,  non-solder  metallic  layer  as  for 
example  a  second  insulating  layer  applied  in  a 
conventional  manner  located  atop  first  insulating 
layer  26  and  interconnect  buses  12A,  B,  C.  As  in 
the  case  of  other  embodiments,  solder  dam  layer 
14  is  patterned  using  conventional  techniques  to 
include  cavities  15  having  bases  16  at  which  the 
interconnect  buses  12A,  B,  C  are  exposed.  The 
form  of  the  cavities  are  such  as  to  receive  solder 
balls  13  which  while  contacting  interconnect 
buses  12A,  B,  C  extend  above  the  upper  surface 
29  of  the  solder  dam  layer  14  so  that  the  structure 
may  be  mounted  to  a  MLC  substrate.  Solder  dam 
layer  14  may  also  be  a  metallic  layer,  which  is 
patterned  with  cavities  and  confined  to  be  atop 
respective  interconnect  buses  12A,  B,  C. 

For  the  preferred  embodiment  shown  in  Figs. 
7a  —  g,  the  first  insulating  layer  may  be,  for 
example,  silicon  dioxide  established  in  grooves 
17  by  any  deposition  process  as  for  example 
sputtering.  Second  insulating  layer  14  may  be,  as 
in  the  case  of  the  previously  embodiment,  a  layer 
of  polyimide  applied  conventionally  which  has 
been  patterned  using  conventional  masking  and 
etching  techniques  while  the  metallic  solder  dam 
layer  could  be  chromium  patterned  using  conven- 
tional  techniques. 

In  accordance  with  this  invention,  there  are 
preferred  methods  for  making  the  described 
embodiments.  In  the  case  of  the  embodiment 
shown  in  Figs.  5a  to  d,  the  preferred  method  of 
making  this  structure  would  include  the  steps  of 

first  forming  the  capacitor  body;  thereafter 
blanket  depositing  a  layer  of  metallization  at  the 
common  face  11;  next  forming  grooves  17  in 
common  face  11  so  as  to  align  corresponding 

5  tabs  8A,  B,  C  of  like  plate  types  5A,  B,  C  in  the 
direction  of  the  body  length  and  to  simul- 
taneously  define  mesas  18A,  B,  C,  and  inter- 
connect  buses  12A,  B,  C;  next  forming  a  solder 
dam  as  a  layer  of  insulation  at  base  11  so  as  to 

w  cover  the  surfaces  of  grooves  17  and  buses  12A, 
B,  C;  subsequently  patterning  insulating  layer  14 
to  form  cavities  15  over  buses  12A,  B,  C  having 
bases  at  which  the  buses  are  exposed  and  there- 
after  depositing  solder  balls  13  in  cavities  15  so 

is  that  the  solder  balls  make  contact  with  the 
respective  buses  12A,  B,  C  and  extend  above 
upper  surface  14. 

More  particularly,  body  2  of  the  embodiment 
shown  in  Figs.  5a  to  d  may  be  formed  by  prepar- 

20  ing  sheets  of  "green"  i.e.,  unfired  ceramic 
material  as  for  example  barium  titanate  in  a 
conventional  manner.  Following  formation  of  the 
sheets,  capacitor  plates  may  be  applied  by 
screening  a  layer  of  metallic  paste  for  example 

25  silver  of  desired  pattern  and  dimension  on  the 
sheets  in  the  known  manner.  Thereafter, 
capacitor  sections  of  desired  pattern  and  dimen- 
sion  having  the  plate  formed  thereon  may  be 
punched  from  the  sheets,  oriented  as  desired  and 

30  combined  with  one  another  under  the  application 
of  heat  and  pressure  to  form  a  cured  body  2. 

Alternatively,  the  capacitor  body  may  be 
formed  by  pouring  successive  layers  of  ceramic 
slurry  into  a  mold  of  desired  width  and  height, 

35  dried  and  thereafter  supplied  with  metallic  plate 
using,  for  example,  screening  techniqes.  Succes- 
sive  layers  would  be  formed  in  this  manner  until  a 
desired  length  for  the  structure  is  attained.  There- 
after,  the  combined  layers  would  be  fired  to  form 

40  the  cured  body. 
It  is  to  be  noted  that  the  above-described 

methods  for  forming  the  ceramic  capacitor  body 
is  considered  well  known  in  the  capacitor  man- 
ufacuting  art  and  is  not  a  part  of  this  invention. 

45  Following  formation  of  body  2,  a  layer  of 
metallization  12  deposited  at  capacitor  face  11  in  a 
conventional  manner.  For  example,  the  layer  may 
be  made  by  successively  vacuum  depositing 
chrome,  copper  and  chrome  or  other  substrate 

so  alloys  entirely  over  face  1  1  . 
Once  the  metallization  has  been  blanket 

deposited,  face  11  is  grooved.  Grooves  17  may  be 
formed,  for  example,  by  sawing  furrows  of 
desired  width  and  depth  at  desired  points  in  the 

55  surface.  To  accomplish  this,  a  water-cooled  abra- 
sive  wheel  can  be  used. 

After  the  grooves  have  been  formed  by  sawing, 
the  structure  may  be  annealed  to  ameliorate 
damage  caused  by  the  action  of  the  saw. 

so  As  an  alternative  to  sawing,  the  grooves  may  be 
formed  by  ultrasonically  abrating  common  face 
1  1  .  In  the  case  of  ultrasonic  abrasion,  an  abrading 
tool  in  the  form  of  a  comb  whose  teeth  corre- 
spond  to  the  location  and  dimension  of  the 

65  desired  groove  is  positioned  at  common  face  11 
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and  ultrasonically  driven  while  an  abrasive  slurry 
is  supplied.  Abrasion  is  continued  for  a  predeter- 
mined  time  until  a  desired  groove  depth  is 
obtained. 

Subsequently,  face  1  1  is  provided  with  a  solder 
dam  in  the  form  of  a  layer  of  insulating  material, 
for  example  polyimide.  The  polyimide  is  applied 
to  common  face  1  1  so  as  to  cover  the  surfaces  of 
mesas  18A,  B,  C  and  grooves  17.  The  polyimide 
may  be  applied  in  any  conventional  manner  as  for 
example  by  spraying  or  dipping. 

After  the  solder  dam  layer  14  is  formed,  it  may 
be  patterned  using  conventional  masking  and 
etching  techniques  to  form  cavities  15.  Cavities  15 
are  located  in  layer  14  over  buses  12A,  B,  C  and 
formed  with  bases  16  at  which  the  buses  are 
exposed.  Conventional  lift  off  masking  techniques 
as  described  by  Franco  et  al  in  the  above  ref- 
erenced  patent  may  be  used  in  combination  with 
dry  or  wet  etching  to  pattern  the  cavities.  There- 
after,  solder  balls  13  are  deposited  in  cavities  15 
so  as  to  contact  buses  12A,  B,  C  and  extend  above 
the  upper  surface  of  solder  dam  layer  14. 

In  the  case  of  the  embodiment  shown  in  Figs. 
6a  to  c,  grooves  17  mesas  18A,  B,  C  and  inter- 
connect  buses  12A,  B,  C  are  formed  substantially 
as  described  in  connection  with  the  embodiment 
shown  in  Fig.  6a  to  b.  Following  formation  of  the 
grooves,  mesas  and  interconnect  buses,  how- 
ever,  a  second  metallic  layer  24A,  B,  C,  D  in  the 
form  of  a  frame  as  described  above  is  located  at 
common  face  11  and  bonded  to  buses  12A,  B,  C 
respectively.  The  frame  may  be  bonded  to  buses 
12A,  B,  C  as  for  example  by  brazing  of  with  a  lead- 
tin  solder  of  a  melting  point  greater  than  that  for 
solder  balls  13.  Once  bonded,  apron  24D.as 
shown  in  Fig.  6b  is  trimmed  so  as  to  leave 
individual  elements  atop  buses  12A,  B,  C.  Apron 
24D  may  be  trimmed  for  example  by  shearing. 
Thereafter,  conventional  mask  and  etch  tech- 
niques  may  be  used  to  apply  solder  dam  layers  in 
the  form  of  either  a  layer  of  insulation  or  a 
metallic  layer  atop  elements  24A,  B,  C,  respec- 
tively.  Layers  14  are  thereafter  patterned  in  a 
conventional  manner  to  form  cavities  15  above 
elements  24A,  B,  C  so  as  to  have  bases  at  which 
these  segments  are  exposed.  Following  forma- 
tion  of  the  cavities  15,  solder  balls  13  are  provided 
so  as  to  contact  elements  24A,  B,  C  while  extend- 
ing  above  the  upper  surface  of  layer  14.  Alterna- 
tively,  the  solder  dam  layer  14  may  be  formed 
atop  second  metallic  layer  24A,  B,  C,  D,  before  the 
frame  is  mounted  on  the  capacitor  body.  This 
approach  has  the  advantage  of  lessening 
alignment  and  handling  difficulties. 

With  regard  to  the  embodiment  shown  in  Figs. 
7a  to  g,  a  preferred  method  for  its  formation 
would  be  as  follows.  Following  formation  of  the 
ceramic  body,  grooves  17  are  formed  at  common 
face  11  in  a  manner  as  described  in  connection 
with  the  embodiments  shown  in  Figs.  5a  to  d  and 
6a  to  c,  but,  however,  prior  to  blanket  deposition 
of  the  metallization  layer  used  to  form  buses  12A, 
B,  C,  as  shown  in  Fig.  7a.  Following  formation  of 
grooves  17  and  resulting  mesas  18A,  B,  C,  a  layer 

of  first  insulating  material  as  for  example  silicon 
dioxide  is  formed  over  common  face  11  so  as  to 
fill  grooves  17  and  cover  mesa  surfaces  20A,  B,  C. 
The  first  insulating  layer  may  be  formed  of  silicon 

5  dioxide  by  any  suitable  process  as  for  example 
sputtering. 

Following  formation  of  first  insulating  layer  26, 
the  layer  is  planarized,  as  for  example,  by  ion 
milling  or  grinding  to  form  the  intermediate  struc- 

w  ture  as  shown  in  Fig.  7b.  Thereafter,  conventional 
masking  and  etching  techniques  are  used  to 
pattern  insulating  layer  26  so  as  to  expose  upper 
surfaces  20A,  B,  C  of  mesas  18A,  B,  C  and  their 
respective  plate  tab  remnants  21  A,  B,  C.  The 

15  resulting  structure  would  appear  as  shown  in  Fig. 
7c.  Thereafter,  using  conventional  techniques,  a 
layer  of  metallization  as  for  example  chrome, 
copper,  chrome  is  deposited  at  the  exposed  sur- 
face  20A,  B,  C  of  respective  mesas  18A,  B,  C  to 

20  produce  the  intermediate  structure  as  shown  in 
Fig.  7b.  Next,  the  upper  surface  of  the  structure  is 
planarized  again  using  a  conventional  process  as 
for  example  electron  milling  or  grinding  to  pro- 
duce  the  intermediate  structure  as  shown  in  Fig. 

25  7e.  Following  formation  of  the  intermediary  struc- 
ture  as  shown  in  Fig.  7e,  a  solder  dam  in  the  form 
of  a  second  layer  of  insulating  material  14  for 
example  polyimide,  is  deposited.  The  polyimide 
or  other  insulating  material  used  for  the  solder 

30  dam  layer  could  be  formed  with  conventional 
techniques  resulting  in  the  intermediate  structure 
shown  in  Fig.  7e.  Alternatively,  a  metallic  solder 
dam  could  be  used  patterned  to  be  confined  to 
the  top  surface  of  the  formed  interconnect  buses 

35  12A,  B,  C.  Finally,  and  as  in  the  case  of  previously 
described  structures,  solder  dam  layer  14  would 
be  patterned  using  conventional  techniques  to 
form  cavities  15  having  bases  16  at  which  the 
buses  are  exposed.  Finally,  solder  bails  13  are 

40  deposited  in  cavities  15  so  as  to  contact  the 
interconnect  buses  and  to  extend  above  the  upper 
surface  of  the  solder  dam  layer  as  in  previously 
described  embodiments. 

45  Claims 

1.  Capacitor  structure  having  a  ceramic  body  (2) 
of  particular  length,  width,  and  height  the  struc- 
ture  including  multiple  body  sections  (3)  compris- 

50  ing  capacitor  plates  (5A,  5B,  5C)  on  dielectric 
sheets  (4A,  4B,  4C)  located  at  intervals  displaced 
in  the  body  in  the  direction  of  the  body  length 
each  plate  (5A,  5B,  5C)  having  one  or  more  tabs 
(8A,  8B,  8C),  whose  number  and  location  on  the 

55  plate  define  the  plate  type  the  tabs  being  exposed 
at  a  common  body  face  (11)  tabs  of  the  different 
plate  types  being  displaced  relative  to  one 
another  in  the  direction  of  the  body  width,  the 
capacitor  structure  (1)  additionally  having  buses 

60  (12A,  12B,  12C)  for  selectively  electrically  inter- 
connecting  the  tabs  (8A,  8B,  8C)  such  that  the 
buses  (12A,  12B,  12C)  may  be  electrically  inter- 
connected  to  establish  one  or  more  capacitors  of 
particular  capacitance  value  and  voltage  rating  for 

65  integrated  circuits,  characterized  in  that  grooves 
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(17)  are  provided  in  the  ceramic  body  (2)  at  the 
common  face  (11)  to  interrupt  and  eliminate 
portions  of  plate  tabs  which  are  skewed  from  their 
design  positions  in  order  to  align  the  tabs  (8A,  8B, 
8C)  in  groups  and  to  insure  separation  of  the 
resulting  tab  groups. 

2.  The  capacitor  structure  of  claim  1,  wherein 
the  grooves  (17)  are  located  in  the  common  body 
face  (11)  so  as  to  align  the  tabs  (8A,  B,  C)  of  like 
types  plates  (5A,  B,  C)  in  the  direction  of  the  body 
length  and  to  separate  the  tabs  (8A,  B,  C)  of  unlike 
type  plates  (5A,  B,  C). 

3.  The  capacitor  structure  of  claim  1  or  2, 
wherein  the  grooves  (17)  are  located  adjacent 
either  side  of  the  desired  position  of  corre- 
sponding  tabs  (8A,  B,  C)  of  like  plate  types,  the 
grooves  (17)  extending  in  the  direction  of  the 
body  length  so  as  to  define  tab  mesas  (18A,  B,  C) 
containing  at  least  portions  of  the  corresponding 
tabls  (8A,  B,  C)  of  like  type  plates  (5A,  B,  C)  and 
wherein  the  interconnect  buses  (12A,  B,  C)  are 
individually  located  atop  respective  mesas  (18A, 
B,  C)  in  contact  with  the  tabs  (8A,  B,  C)  remnants 
therein  to  electrically  interconnect  like  type  plates 
(5A,  B,  C). 

4.  The  capacitor  structure  of  any  one  of  claims  1 
to  3,  wherein  the  grooves  (17)  define  the  lateral 
extent  of  corresonding  tabs  (8A,  B,  C)  of  like  type 
plates  (5A,  B,  C). 

5.  The  capacitor  structure  of  any  one  of  claims  1 
to  4  further  including  a  second  metallic  layer 
(24A1,  B1,  C1,  D)  atop  the  respective  interconnect 
buses,  the  second  metallic  layer  (24A1,  B1,  C1,  D) 
extending  laterally  beyond  the  width  of  the 
respective  mesa  (18A,B,  C)  and  interconnect 
buses  (12A,  B,  C). 

6.  The  capacitor  structure  of  any  one  of  claims  1 
to  5  further  including  solder  dam  layers  (14)  of 
insulative  or  conducting  material  covering  at  least 
a  portion  of  respective  buses  (12A,  B,  C)  or  the 
second  metallic  layer  (24A1,  B1,  C1)  and  prefer- 
ably  also  the  grooves  (17)  or  a  first  layer  (26)  of 
insulation  filling  grooves  (17). 

7.  The  capacitor  structure  of  claim  6,  wherein 
the  respective  solder  dam  layers  (14)  include  one 
or  more  cavities  (15)  having  bases  at  which  the 
buses  (12A,  B,  C)  or  the  second  metallic  layer 
(24A1,  B1,  C1)  respectively  are  exposed  and 
wherein  solder  balls  (13)  are  provided  within  the 
cavities  (15)  in  contact  with  the  respective  buses 
(12A,  B,  C)  which  extend  above  the  plane  of  upper 
surfaces  of  the  respective  solder  dam  layers  (14). 

8.  Method  for  making  a  common  face  termi- 
nated  multilayered  ceramic  capacitor  structure 
according  to  any  one  of  claims  1  to  7,  the  method 
including  forming  multiple  sections  (3),  each  sec- 
tion  (3)  including  a  ceramic  dielectric  (4A,  B,  C)  of 
desired  thickness  upon  which  a  metallic  plate  (5A, 
B,  C)  of  one  or  more  types  is  provided,  the  plates 
(5A,  B,  C)  having  multiple  plate  tabs  (8A,  B,  C) 
whose  number  and  location  on  the  plate  define 
the  plate  type;  combining  the  sections  (3)  to  form 
a  capacitor  body  (2)  of  desired  height,  width,  and 
length  such  that  the  tabs  (8A,  B,  C)  of  the  plate 
types  are  exposed  at  a  common  body  face  (11), 

the  tabs  (8A,  B,  C)  of  various  plate  types  being 
alternately  spaced  in  the  direction  of  the  body 
width  and  the  plate  types  being  alternately 
spaced  in  the  direction  of  the  body  length;  and 

5  applying  a  metallization  pattern  to  form  buses 
(12A,  B,  C)  at  the  common  termination  face  (11)  to 
interconnect  corresponding  tabs  (8A,  B,  C)  of  like 
plate  types,  characterized  in  that  prior  to  or  after 
the  application  of  the  metallization  pattern 

10  grooves  (17)  are  formed  in  the  common  face  (11) 
to  interrupt  and  eliminate  portions  of  plate  tabs 
which  are  skewed  from  their  design  positions  in 
order  to  align  the  plate  tabs  (8A,  B,  C),  where  in 
the  former  case  grooves  (17)  are  filled  with  a  first 

15  layer  (26)  of  insulation  before  the  metallization 
pattern  is  formed  and  where  in  the  latter  case  a 
blanket  layer  of  metallization  is  deposited  over 
the  common  face  (11)  of  the  capacitor  body  (2) 
and  then  the  grooves  (17)  and  the  interconenct 

20  buses  (12A,  B,  C)  are  formed  in  the  same  process 
step. 

9.  The  method  of  claim  8,  wherein  the  grooves 
(17)  are  formed  to  a  desired  width,  length  and 
depth  by  sawing  or  ultrasonically  abrade  the 

25  common  face  (11). 
10.  The  method  of  claim  8  or  9,  wherein  follow- 

ing  grooving  and  bus  formation  bonding  a  slot- 
ted,  second  metallic  layer  (24A1,  B1,  C1,  D)  to  the 
interconnection  buses  (12A,  B,  C);  thereafter  trim- 

30  ming  the  layer  (24A1,  B1,  C1,  D)  to  form  isolated 
elements  (24A1,  B1,  CD  of  the  second  metallic 
layer  bonded  atop  the  respective  interconnection 
buses  (12A,  B,  C). 

11.  The  method  of  any  one  of  claims  8  to  10, 
35  wherein  following  grooving  and  bus  and  possibly 

second  metallic  layer  formation,  a  solder  dam 
layer  (14)  of  insuiatng  material  is  applied  to  cover 
the  common  termination  face  (11);  thereafter 
patterning  the  solder  dam  layer  (14)  with  cavities 

40  (15)  located  above  the  buses  (12A,  B,  C)  or  the 
second  metallic  layer  (24A1,  B1,  C1,  D),  the 
cavities  (15)  having  bases  at  which  the  buses 
(12A,  B,  C)  or  the  second  metallic  layer  (24A1,  B1, 
C1,  D)  are  exposed  and  depositing  solder  balls 

45  (13)  in  the  cavities  (15),  so  that  the  solder  balls 
(13)  extend  above  the  upper  surface  of  the  solder 
dam  layer  (14). 

Patentanspruche 
50 

1.  Kondensatorstruktur  mit  einem  Keramikkor- 
per  (2)  einer  bestimmten  Lange,  Breite  und  Hohe, 
und  mit  mehreren  Korper-Abschnitten  (3)  mit 
Kondensatorplatten  (5A,  5B,  4C)  auf  dielektri- 

55  schen  Folien  (4A,  4B,  4C),  welche  in  Abstanden 
angeordnet  und  im  Korper  in  Richtung  der  Kor- 
perlange  versetzt  sind,  wobei  jede  Platte  (5A,  5B, 
5C)  eine  oder  mehrere  Vorsprunge  (8A,  8B,  8C) 
aufweist,  deren  Anzahl  und  Position  auf  der  Platte 

60  den  Plattentyp  definieren,  und  wobei  die  Vor- 
sprunge  an  einer  gemeinsamen  Korperflache  (11) 
freiliegen  und  Vorsprunge  der  verschiedenen 
Plattentypen  gegeneinander  in  Richtung  der  Kor- 
perbreite  versetzt  werden,  und  wobei  die  Konden- 

65  satorstruktur  (1)  auSerdem  Sammelleitungen 
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[12A,  12B,  12C)  aufweist  zur  selektiven  elektri- 
schen  Verbindung  der  Vorsprunge  (8A,  8B,  3C), 
sodaS  die  Sammelleitung  (12A,  12B,  12C)  elek- 
trisch  zur  Bildung  von  einem  oder  mehr  Konden- 
satoren  einer  bestimmten  Kapazitat  und  Span- 
nung  fur  intergrierte  Schaltungen  vorbunden 
werden  konnen,  dadurch  gekennzeichnet,  daft 
Nuten  (17)  im  Keramikkorper  (2)  an  der  gemeinsa- 
men  Flache  (11)  vorgesehen  werden,  um  aus  ihrer 
Positionen  herausragende  Teil  von  Plattenvor- 
sprungen  zu  unterbrechen  und  zu  beseitigen, 
damit  die  Vorsprunge  (8A,  8B,  8C)  in  Gruppen 
ausgerichtet  werden  konnen  und  eine  Trennung 
de  sich  ergebenden  Vorsprungsgruppen  sicher- 
gestellt  werden  kann. 

2.  Kondensatorstruktur  nach  Anspruch  1,  in 
welcher  die  Nuten  (17)  in  der  gemeinsamen  Kor- 
perflache  (11)  so  angeordnet  sind,  da(S  die  Vor- 
sprunge  (8A,  B,  C)  gleicher  Platten  (5A,  B,  C)  in  der 
Richtung  der  Korperlange  zueinander  ausgerich- 
tet  und  die  Vorsprunge  (8A,  B,  C)  ungleicher 
Platten  (5A,  B,  C)  getrennt  werden  konnen. 

3.  Kondensatorstruktur  nach  Anspruch  1  oder  2, 
bei  der  die  Nuten  (17)  auf  beiden  Seiten  der 
erwunschten  Position  entsprechender  Vorspiinge 
(8A,  B,  C)  gleicher  Platten  angebracht  sind  und 
sich  in  Richtung  de  Korperlange  erstrecken  und 
somit  Vorsprungs-Mesas  (18A,  B,  C)  ergeben, 
welche  mindestens  Teile  der  entsprechenden 
Vorsprunge  (8A,  B,  C)  gleicher  Platten  (5A,  B,  C) 
enthalten,  und  bei  der  die  Verbindungssammel- 
leitungen  (12A,  B,  C)  jeweils  auf  entsprechenden 
Mesas  (18A,  B,  C)  vorgesehen  sind  in  Kontakt  mit 
den  darin  befindlichen  VOrsprungsresten  (8A,  B, 
C)  zur  elektrisqhen  Verbindung  gleichartiger  Plat- 
ten  (5A,  B,  C). 

4.  Kondensatorstruktur  nach  einem  der  Ansprii- 
che  1  bis  3,  bei  der  die  Nuten  (17)  die  seitliche 
Ausdehnung  von  entsprechenden  Vorsprunge 
(8A,  B,  C)  gleicher  Platten  (5A,  B,  C)  definieren. 

5.  Kondensatorstruktur  nach  einem  der  Anspru- 
che  1  bis  4,  weiterhin  enthaltend  eine  zweite 
metallische  Schicht  (24A1,  B1,  CI,  D)  auf  den 
entsprechenden  Verbindungssammeileitungen, 
die  sich  seitlich  uber  die  Breite  der  entsprechen- 
den  Mesa  (18A,  B,  C)  und  der  Verbindungssam- 
meileitungen  (12A,  B,  C)  hinaus  erstrekckt. 

6.  Kondensatorstruktur  nach  einem  der  Anspru- 
che  1  bis  5,  weiterhin  enthaltend  Lotdammschich- 
ten  (14)  aus  isolierendem  oder  leitendem  Mate- 
rial,  die  zumindest  einen  Teil  entsprechender 
datensammelleitungen  (12A,  B,  C)  oder  der  zwei- 
ten  metallischen  Schicht  (24A1,  B1,  CD  und 
bevorzugt  auch  die  Nuten  (17),  oder  eine  erste 
Schicht  (26)  der  die  Nuten  (17)  fiillenden  Isolie- 
rung  bedeckt. 

7.  Kondensatorstruktur  nach  Anspruch  6,  bei 
der  die  jeweiligen  Lotdammschichten  (14)  einen 
oder  mehr  Hohlraume  (15)  aufweisen,  an  deren 
Basis  die  Sammelleitungen  (12A,  B,  C)  oder  die 
zwiete  metallische  Schicht  (24A1,  B1,  C1)  freige- 
legt  sind,  und  bei  der  Lotkugeln  (13)  in  den 
Hohlraumen  (15)  vorgesehen  sind  in  Kontakt  mit 
den  entsprechenden  Sammelleitungen  (12A,  B, 
C),  welche  aus  der  Ebene  der  Oberflachen  der 

entsprechenden  Lotdammschichten  (14)  heraus- 
ragen. 

8.  Verfahren  zum  Herstellen  einer  keramischen 
Kondensatorstruktur  mit  den  Anschlussen  an 

5  einer  gemeinsamen  Flache  und  mehreren  Schich- 
ten  nach  einem  der  vorhergehenden  Anspruche  1 
bis  7,  folgendes  umfassend:  Vorsehen  mehrerer 
Korper-Abschnitte  (3)  mit  jeweils  einer  kerami- 
schen  dielektrischen  Folie  (4A,  B,  C)  erwunschter 

10  Starke,  auf  welcher  eine  Metallplatte  (5A,  B,  C) 
eines  oder  mehrerer  Typen  vorgesehen  ist,  wobei 
die  Platten  (5A,  B-,  C)  mehrefache  Plattenvor- 
spriinge  (8A,  B,  C)  aufweisen,  deren  Anzahl  und 
Plazierung  auf  der  Platte  den  Plattentyp  definie- 

15  ren;  Verbinden  der  Abschnitte  (3)  zur  Bildung 
eines  Kondensatorkorpers  (2)  erwunschter  Hohe, 
Breite  und  Lange,  sodalS  die  Vorsprunge  (8A,  B,  C) 
der  Plattentypen  an  einer  gemeinsammen  Kor- 
perflache  (11)  freiliegen,  und  wobei  die  Vor- 

20  spriinge  (8A,  B,  C)  verschiedener  Plattentypen 
abwechselnd  in  Richtung  der  Korperbreite  und 
die  Plattentypen  abwechselnd  in  Richtung  der 
Korperlange  angeordnet  sind;  Anbringen  eines 
Metallisierungsmusters  zur  Bildung  von  Sammel- 

25  leitungen  (12A,  B,  C)  an  der  gemeinsamen  Flache 
(11)  zur  Verbindung  entsprechender  Vorsprunge 
(8A,  B,  C)  gleicher  Plattentypen,  dadurch  gekenn- 
zeichent,  daB  vor  oder  nach  dem  Aufbringen  des 
Metallisierungsmusters  Nuten  (17)  in  der  der 

30  gemeinsamen  Flache  (11)  gebildet  werden,  um 
sich  aus  ihren  Positionen  herausragende  Teile 
von  Plattenvorsprungen  zu  unterbrechen  oder  zu 
beseitigen  und  um  die  Plattenvorsprunge  (8A,  B, 
C)  auszurichten,  wobei  im  ersteren  Falle  die 

35  Nuten  (17)  mit  einer  ersten  Schicht  (26)  aus 
lsolationsmaterial  vor  Bildung  des  Metallisie- 
rungsmusters  gefullt  werden,  und  wobei  im  letz- 
teren  Fall  eine  ganzflachige  Metallisierungs- 
schicht  auf  der  gemeinsammen  Flache  (11)  des 

40  Kondensatorkorpers  (2)  aufgebracht  wird  und 
anschlieBend  die  Nuten  (17)  und  die  Verbin- 
dungssammeileitungen  12A,  B,  C)  im  selben  Ver- 
fahrensschritt  hergestellt  werden. 

9.  Verfahren  nach  Anspruch  8,  bei  dem  die 
45  Nuten  (17)  auf  eine  bestimmte  Breite,  Lange  und 

Tiefe  gebracht  werden,  indem  die  gemeinsame 
Flache  (11)  gesagt  oder  mit  Ultraschall  geschliffen 

'  wird. 
10.  Verfahren  nach  den  Anspruchen  8  oder  9, 

so  bei  dem  nach  dem  Herstellen  der  Nuten  und 
Sammelleitungen  eine  geschlitzte,  zweite  metalli- 
sche  Schicht  (24A1,  B1,  C1,  D)  mit  den  Verbin-. 
dungssammelleitungen  (12A,  B,  C)  verbunden 
wird,  und  bei  dem  anschlielXend  die  Schicht 

55  (24A1,  B1,  C1,  D)  so  in  Form  gebracht  wird,  dalS 
sie  isolierte  Elemente  (24A1,  B1,  C1)  der  zweiten 
metallischen  Schicht  bildet,  die  auf  den  entspre- 
chenden  Verbindungssammeileitungen  (12A,  B, 
C)  befestigt  sind. 

60  11.  Verfahren  nach  einem  der  Anspruche  8  bis 
10,  bei  dem  nach  dem  Anbringen  der  Nuten  und 
Sammelleitung  und,  wenn  erforderlich,  der  zwei- 
ten  metallischen  Schicht  eine  Ldtdammschicht 
(14)  aus  Isolierungsmaterial  uber  der  gemeinsa- 

65  men  Flache  (11)  aufgebracht  wird,  und  bei  dem 
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anschlielSend  die  Lotdammschicht  (14)  mit  Hohl- 
raumen  (15)  uber  den  Sammelleitungen  (12A,  B, 
C)  oder  der  zweiten  metallischen  Schicht  (24A1, 
B1,  C1,  D)  versehen  wird,  wobei  an  der  Basis  der 
Hohlraume  (15)  die  Sammelleitungen  (12A,  B,  C) 
oder  die  zweite  metallische  Schicht  (24A1,  B1,  C1, 
D)  freiliegen,  und  bei  dem  Lotkugeln  (13)  in  den 
Hohlraumen  (15)  vorgesehen  werden,  so  daB  die 
Lotkugeln  (13)  uber  die  Oberflache  der  Lotdamm- 
schicht  (14)  hinausragen. 

Revendications 

1.  Structure  de  condensateur  comprenant  un 
corps  de  ceramique  (2)  de  longueur,  largeur  et 
hauteur  particulieres,  cette  structure  comprenant 
des  sections  de  corps  multiples  (3)  comprenant 
des  plaques  de  condensateurs  (5A,  5B,  5C)  sur 
des  feuilles  de  dielectrique  (4A,  4B,  4C)  situees  a 
des  intervalles  espaces  dans  le  corps  dans  la 
direction  de  la  longueur  du  corps,  chaque  plaque 
(5A,  5B,  5C)  comprenant  un  ou  plusieurs  contacts 
(8A,  8B,  8C)  dont  le  nombre  et  ('emplacement  sur 
la  plaque  definissent  le  type  de  plaque,  les 
contacts  etant  exposes  au  niveau  d'une  face 
commune  (11)  du  corps,  les  contacts  des  diffe- 
rents  types  de  plaques  etant  decales  I'un  par 
rapport  a  I'autre  dans  le  direction  de  la  largeur  du 
corps,  la  structure  de  condensateur  comprenant 
en  outre  des  lignes  (12A,  12B,  12C)  pour  intercon- 
necter  electriquement  et  selectivement  les 
contacts  (8A,  8B,  8C)  de  sorte  que  les  lignes  (12A, 
12B,  12C)  peuvent  etre  electriquement  intercon- 
nectees  pour  etablir  un  ou  plusieurs  condensa- 
teurs  de  valeur  de  capacite  et  de  tension  nominale 
particulieres  pour  des  circuits  integres,  caracte- 
rise  en  ce  que  des  rainures  (17)  sont  prevues  dans 
le  corps  de  ceramique  (2)  au  niveau  de  la  face 
commune  (11)  pour  interrompre  et  eliminer  des 
parties  des  contacts  de  plaques  qui  sont  decalees 
par  rapport  a  leurs  positions  prevues  de  fagon  a 
aligner  les  contacts  (8A,  8B,  8C)  par  groupes  et  a 
assurer  une  separation  des  groupes  de  contacts 
resultants. 

2.  Structure  de  condensateur  selon  la  revendi- 
cation  1,  dans  laquelle  les  rainures  (17)  sont. 
disposees  dans  la  face  commune  (1  1  )  du  corps  de 
fagon  a  aligner  les  contacts  (8A,  8B,  8C)  de 
plaques  de  meme  type  (5A,  B,  C)  dans  la  direction 
de  la  longueur  du  corps  et  a  separer  les  contacts 
(8A,  B,  C)  de  plaques  de  type  differents  (5A,  B,  C). 

3.  Structure  de  condensateur  selon  Tune  des 
revendications  1  ou  2,  dans  laquelle  les  rainures 
(17)  sont  disposees  de  fagon  adjacente  a  chaque 
cote  de  la  position  desiree  des  contacts  corres- 
pondents  (8A,  B,  C)  de  types  de  plaques  analo- 
gues,  les  rainures  (17)  s'etendant  dans  la  direction 
de  la  longueur  du  corps  de  fagon  a  definir  des 
mesas  de  contacts  (18A,  B,  C)  contenant  au  moins 
des  parties  des  contacts  correspondants  (8A,  B,  C) 
de  plaques  de  types  analogues  (5A,  B,  C)  et  dans 
lequel  les  lignes  d'interconnexion  (12A,  B,  C)  sont 
disposees  individuellement  au  sommet  des 
mesas  respectives  (18A,  B,  C)  en  contact  avec  les 
restes  des  contacts  (8A,  B,  C)  pour  interconnecter 

electriquement  des  plaques  de  types  analogues 
(5A,  B,  C). 

4.  Structure  de  condensateur  selon  I'une  quel- 
conque  des  revendications  1  a  3,  dans  laquelle  les 

5  rainures  (17)  definissent  I'etendue  laterale  des 
contacts  correspondants  (8A,  B,  C)  des  plaques  de 
type  analogues  (5A,  B,  C). 

5.  Structure  de  condensateur  selon  I'une  quel- 
conque  des  revendications  1  a  4,  comprenant  en 

10  outre  une  seconde  couche  metallique  (24A1,  B1, 
C1,  D)  s'etendant  lateralement  au  dela  de  la 
largeur  de  la  mesa  respective  (18A,  B,  C)  et  des 
lignes  d'interconnexion  (12A,  B,  C). 

6.  Structure  de  condensateur  selon  I'une  quel- 
15  conque  des  revendications  1  a  5,  comprenant  en 

outre  des  couches  servant  de  barriere  pour  la 
soudure  (14)  en  un  materiau  isolant  ou  conduc- 
teur  recouvrant  au  moins  une  partie  des  lignes 
respectives  (12A,  B,  C)  ou  de  la  seconde  couche 

20  metallique  (24A1,  B1,  C1)  et  de  preference  egale- 
ment  les  rainures  (17)  ou  une  premiere  couche 
(26)  d'isolant  remplissant  les  rainures  (17). 

7.  Structure  de  condensateur  selon  la  revendi- 
cation  6,  dans  laquelle  les  couches  barriere  de 

25  soudure  respectives  (14)  comprennent  une  ou 
plusieurs  cavites  (15)  ayant  des  fonds  au  niveau 
desquels  les  lignes  (12A,  B,  C)  ou  la  seconde 
couche  metallique  (24A1,  B1,  C1),  respec- 
tivement,  sont  exposees  et  dans  laquelle  des 

30  billes  de  soudure  (13)  sont  prevues  dans  la  cavite 
(15)  en  contact  avec  les  lignes  respectives  (12A,  B, 
C)  qui  s'etendent  au  dessus  du  plan  des  surfaces 
superieures  des  couches  barriere  de  soudure 
respectives  (14). 

35  8.  Procede  de  fabrication  d'une  structure  de 
condensateur  ceramique  multicouche  a  terminai- 
son  a  face  commune  selon  I'une  quelconque  des 
revendication  1  a  7,  ce  procede  comprenant  les 
etapes  consistant  a:  former  des  sections  multi- 

40  pies  (3),  chaque  section  (3)  comprenant  une  cera- 
mique  dielectrique  (4A,  B,  C)  d'epaisseur  desiree 
sur  lequel  une  plaque  metallique  (5A,  B,  C)  d'un 
ou  plusieurs  types  est  prevue.  Les  plaques  (5A,  B, 
C)  comprenant  des  contacts  de  plaques  multiples 

45  (8A,  B,  C)  dont  le  nombre  et  I'emplacement  sur  la 
plaque  definissent  le  type  de  plaque;  combiner 
les  sections  (3)  pour  former  un  corps  de  conden- 
sateur  (2)  de  hauteur,  largeur  et  longueur  desiries 
de  sorte  que  les  contacts  (8A,  B,  C)  des  types  de 

so  plaques  sont  exposes  a  une  face  de  corps  com- 
mune  (11),  les  contacts  (8A,  B,  C)  des  divers  types 
de  plaques  etant  alternativement  espaces  dans  la 
direction  de  la  largeur  du  corps  et  les  types  de 
plaques  etant  alternativement  espaces  dans  la 

55  direction  de  la  longueur  du  corps;  et  appliquer  un 
motif  de  metallisation  pour  former  des  lignes 
(12A,  B,  C)  au  niveau  de  la  face  de  terminaison 
commune  (11)  pour  interconnecter  des  contacts 
correspondants  (8A,  B,  C)  de  types  de  plaques 

60  correspondants,  caracterise  en  ce  que,  avant  ou 
apres  ('application  du  motif  de  metallisation,  des 
rainures  (17)  sont  formees  dans  la  face  commune 
(11)  pour  interrompre  et  eliminer  des  parties  des 
contacts  de  plaques  qui  sont  decalees  par  rapport 

65  a  leur  position  prevue  pour  aligner  les  contacts  de 
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plaques  (8A,  B,  C),  en  ce  que  dans  le  premier  cas, 
les  rainures  (17)  sont  remplies  d'une  premiere 
couche  (26)  d'isolant  avent  que  le  motif  de  metal- 
lisation  ne  soit  forme  et  en  ce  que,  dans  le 
deuxieme  cas,  une  couche  uniforme  de  metallisa- 
tion  est  deposee  sur  la  face  commune  (11)  du 
corps  de  condensateur  (2)  et  ensuite  les  rainures 
(17)  et  les  lignes  d'interconnexion  (12A,  B,  C)  sont 
formees  dans  la  meme  etape  de  traitement. 

9.  Procede  selon  la  revendication  8,  dans  lequel 
les  rainures  (17)  sont  formees  selon  une  largeur, 
longueur  et  epaisseur  souhaites  en  sciant  ou  en 
abrasant  par  ultrasons  la  face  commune  (11). 

10.  Procede  selon  I'une  des  revendications  8  ou 
9,  dans  lequel,  apres  la  formation  des  rainures  et 
des  lignes,  on  lie  une  seconde  couche  metallique 
fendue  (24A1,  B1,  C1,  D)  aux  lignes  d'intercon- 
nexion  (12A,  B,  C);  apres  quoi,  on  ajuste  la  couche 
(24A1,  B1,  C1,  D)  pour  former  des  elements  isoles 
(24A1,  B1,  CD  de  la  seconde  couche  metallique 

liee  au  dessus  des  lignes  d'interconnexion  res- 
pectives  (12A,  B,  C). 

11.  Procede  selon  i'une  quelconque  des  reven- 
dications  8  a  10,  dans  lequel  apres  le  rainurage  et 

5  la  formation  des  lignes  et  eventuellement  la 
formation  d'une  seconde  couche  metallique,  une 
couche  barriere  de  soudure  (14)  en  un  materiau 
isolant  est  appliquee  pour  recouvrir  la  face  de 
terminaison  commune  (11);  apres  quoi,  on  forme 

jo  dans  la  couche  barriere  de  soudure  (14)  un  motif 
par  des  cavites  (15)  situees  au  dessus  des  lignes 
(12A,  B,  C)  ou  de  la  seconde  couche  metallique 
(24A1,  B1,  C1,  D),  les  cavites  (15)  ayant  des  fonds 
au  niveau  desquels  les  lignes  (12A,  B,  C)  ou  la 

w  seconde  couche  metallique  (24A1,  B1,  C1,  D)  sont 
exposees;  eton  depose  des  billes  de  soudure  (13) 
dans  les  cavites  (15),  de  sorte  que  le  billes  de 
soudure  (13)  s'etendent  au  dessus  de  la  surface 
superieure  de  la  couche  barriere  de  soudure  (14). 
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