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Description 

Technical  Field 

The  invention  relates  generally  to  a  surface-mount- 
able  fuse  for  placement  into  and  protection  of  the  elec- 
trical  circuit  of  a  printed  circuit  board. 

The  invention  relates  to  a  surface-mount  fuse  ac- 
cording  to  the  preambles  of  claims  1,13  and  1  7  and  to 
a  method  of  manufacturing  a  surface-mount  fuse  ac- 
cording  to  the  preambles  of  claims  8  and  25  as  for  ex- 
ample  known  from  US-A-5  166  656. 

Background  Of  The  Invention 

Printed  circuit  (PC)  boards  have  found  increasing 
application  in  electrical  and  electronic  equipment  of  all 
kinds.  The  electrical  circuits  formed  on  these  PC  boards, 
like  larger  scale,  conventional  electrical  circuits,  need 
protection  against  electrical  overloads.  This  protection 
is  typically  provided  by  subminiature  fuses  that  are 
physically  secured  to  the  PC  board. 

One  example  of  such  a  subminiature,  surface- 
mounted  fuse  is  disclosed  in  U.S.  Patent  No.  5,  1  66,656 
('656  patent).  The  fusible  link  of  this  surface-mounted 
fuse  is  disclosed  as  being  covered  with  a  three  layer 
composite  which  includes  a  passivation  layer,  an  insu- 
lating  cover,  and  an  epoxy  layer  to  bond  the  passivation 
layer  to  the  insulating  cover.  See  '656  patent,  column  6, 
lines  4-7.  Typically,  the  passivation  layer  is  either  chem- 
ically  vapor-deposited  silica  or  a  thick  layer  of  printed 
glass.  See  '656  patent,  column  3,  lines  39-41  .  The  insu- 
lating  cover  may  be  a  glass  cover.  See  '656  patent,  col- 
umn  4,  lines  43-46.  The  fuse  from  the  '656  patent  has 
three  layers  protecting  its  fusible  link.  In  addition,  the 
fuse  from  the  '656  patent  has  relatively  thick  glass  cov- 
ering.  There  are  several  otherfeatures  in  the  '656  patent 
fuse  which  are  unnecessary  in  the  present  invention. 
Thus,  the  present  invention  is  designed  to  solve  these 
and  other  problems. 

Summary  Of  The  Invention 

The  invention  is  a  thin  film,  surface-mounted  fuse 
which  comprises  two  material  subassemblies.  The  first 
subassembly  comprises  a  fusible  link,  its  supporting 
substrate  and  terminal  pads.  The  second  subassembly 
comprises  a  protective  layer  which  overlies  the  fusible 
link  so  as  to  provide  protection  from  impacts  and  oxida- 
tion. 

The  protective  layer  is  preferably  made  of  a  poly- 
meric  material.  The  most  preferred  polymeric  material 
is  a  polyurethane  gel  or  paste  when  the  stencil  printing 
step  is  used  to  apply  the  cover  coat.  However,  polycar- 
bonates  will  also  work  well  when  an  injection  molding 
step  is  used  to  apply  the  cover  coat.  I  n  addition,  the  most 
preferred  supporting  substrate  is  an  FR-4  epoxy  or  a 
polyimide. 

A  second  aspect  of  the  invention  is  a  thin  film,  sur- 
face-mounted  fuse.  This  fuse  comprises  a  fusible  link 
made  of  a  conductive  metal.  The  first  conductive  metal 
is  preferably,  but  not  exclusively,  selected  from  the 

5  group  including  copper,  silver,  nickel,  titanium,  alumi- 
num  or  alloys  of  these  conductive  metals.  A  second  con- 
ductive  metal,  different  from  the  first  conductive  metal, 
is  deposited  on  the  surface  of  this  fusible  link.  One  pre- 
ferred  metal  for  the  surface-mounted  fuse  of  this  inven- 

10  tion  is  copper.  One  preferred  second  conductive  metal 
is  tin-lead.  Another  preferred  second  conductive  metal 
is  tin. 

The  second  conductive  metal  may  be  deposited  on- 
to  the  fusible  link  in  the  form  of  a  rectangle,  circle  or  in 

is  the  form  of  any  of  several  other  configurations,  depend- 
ing  on  the  configuration  of  the  fuse  link.  The  second  con- 
ductive  metal  is  preferably  deposited  along  the  central 
portion  of  the  fusible  link. 

Photolithographic,  mechanical  and  laser  process- 
20  ing  techniques  may  be  employed  to  create  very  small, 

intricate  and  complex  fusible  link  geometries.  This  ca- 
pability,  when  combined  with  the  extremely  thin  film 
coatings  applied  through  electrochemical  and  physical 
vapor  deposition  (PVD)  techniques,  enables  these  sub- 

25  miniature  fuses  to  control  the  fusible  area  of  the  element 
and  protect  circuits  passing  microampere-  and  ampere- 
range  currents.  This  is  unique,  in  that  prior  fuses  provid- 
ing  protection  at  these  high  currents  were  made  with  fil- 
ament  wires.  The  manufacture  of  such  filament  wire  fus- 

30  es  created  certain  difficulties  in  handling. 
The  location  of  the  fusible  link  at  the  top  of  the  sub- 

strate  of  the  present  fuse  enables  one  to  use  laser 
processing  methods  as  a  high  precision  secondary  op- 
eration,  in  that  way  trimming  the  final  resistance  value 

35  of  the  fuse  element. 

Brief  Description  Of  The  Drawings 

FIG.  1  is  a  perspective  view  of  a  copper-plated,  FR- 
40  4  epoxy  sheet  used  to  make  a  subminiature  surface- 

mounted  fuse  in  accordance  with  the  invention. 
FIG.  2  is  a  view  of  a  portion  of  the  sheet  of  FIG.  1  , 

and  taken  along  lines  2-2  of  FIG.  1  . 
FIG.  3  is  a  perspective  view  of  the  FR-4  epoxy  sheet 

45  of  FIG.  1,  but  stripped  of  its  copper  plating,  and  with  a 
plurality  of  bores  (partially  shown),  each  having  a  diam- 
eter  D,  spaced  apart  by  a  length  L  and  a  width  W,  and 
routed  into  separate  quadrants  of  that  sheet. 

FIG.  4  is  an  enlarged,  perspective  view  of  a  cut- 
so  away  portion  of  the  bored  sheet  of  FIG.  3,  but  with  a 

copper  plating  layer  having  been  reapplied. 
FIG.  5  is  a  cut-away  perspective  view  of  the  flat,  up- 

ward-facing  surfaces  of  the  replated  copper  sheet,  after 
the  sheet  was  masked  with  a  multi-squared  panel  of  an 

55  ultraviolet  (UV)  light-opaque  substance. 
FIG.  6  is  a  perspective  view  of  the  reverse  side  of 

FIG.  5,  rotated  about  one  of  the  fuse  rows  27,  but  after 
the  removal  of  a  strip-like  portion  of  copper  plating  from 

2 
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the  replated  sheet  of  FIG.  5. 
FIG.  7  is  a  perspective  view  of  the  top-side  of  FIG. 

6,  rotated  about  one  of  the  fuse  rows  27,  and  showing 
linear  regions  40  defined  by  dotted  lines. 

FIG.  8  is  a  perspective  view  of  a  single  fuse  row  27 
from  the  sheet,  cut  away  from  the  other  fuse  rows,  and 
cut  away  at  one  edge  of  one  of  the  fuses,  after  dipping 
the  sheet  into  a  copper  plating  bath  and  then  a  nickel 
plating  bath,  with  the  result  that  copper  and  nickel  layers 
are  deposited  onto  the  base  copper  layer  of  the  terminal 
pads,  including  the  grooves  of  the  pads. 

FIG.  9  is  a  perspective  view  of  the  strip  of  FIG.  8, 
but  prior  to  UV  light  curing,  and  showing  a  fuse-blowing 
portion  50  at  the  center  of  fusible  link  42  that  is  masked 
with  a  UV  light-opaque  substance. 

FIG.  10  shows  the  strip  of  FIG.  9,  but  after  immer- 
sion  into  a  tin-lead  plating  bath  to  create  another  layer 
over  the  copper  and  nickel  layers,  and  after  deposition 
of  a  tin-lead  alloy  onto  the  central  portion  of  the  fusible 
link. 

FIG.  11  shows  the  strip  of  FIG.  10,  but  with  an  added 
polymeric  gel  or  paste  layer  onto  the  top  of  the  fuse  row 
27. 

FIG.  12  shows  the  individual  fuse  in  accordance 
with  the  invention  as  it  is  finally  made,  and  after  a  so- 
called  dicing  operation  in  which  a  diamond  saw  is  used 
to  cut  the  strips  along  parallel  and  perpindicular  planes 
to  form  these  individual  surface-mountable  fuses. 

Detailed  Description  Of  The  Preferred  Embodiment 

While  this  invention  is  susceptible  of  embodiment 
in  many  different  forms,  there  is  shown  in  the  drawings 
and  will  herein  be  described  in  detail  a  preferred  embod- 
iment  of  the  invention.  It  is  to  be  understood  that  the 
present  disclosure  is  to  be  considered  as  an  exemplifi- 
cation  of  the  principles  of  the  invention.  This  disclosure 
is  not  intended  to  limit  the  broad  aspect  of  the  invention 
to  the  illustrated  embodiment  or  embodiments. 

One  preferred  embodiment  of  the  present  invention 
is  shown  in  FIG.  12.  The  thin  film,  surface-mounted  fuse 
is  a  subminiature  fuse  used  in  a  surface  mount  config- 
uration  on  a  PC  board  or  on  a  thick  film  hybrid  circuit. 
One  of  these  fuses  is  typically  known  in  the  art  as  an  "A" 
case  fuse.  The  "A"  case  fuse  standard  industry  size  for 
these  fuses  is  125  mils,  long  by  60  mils.  wide.  The  "A" 
case  fuse  is  also  designated  as  a  1  206  fuse.  In  addition, 
the  present  invention  includes  even  smaller  sized  fuses 
which  are  compatible  with  standard  sized  surface 
mountable  devices.  In  particular,  the  present  invention 
can  be  used  within  all  other  standard  sizes  of  such  sur- 
face  mountable  device  sizes,  such  as  1210,  0805,  0603 
and  0402  fuses,  as  well  as  non-standard  sizes. 

The  invention  generally  comprises  two  material  su- 
bassemblies.  As  will  be  seen,  the  first  subassembly  in- 
cludes  the  fuse  element  or  fusible  link  42,  its  supporting 
substrate  or  core  13,  and  terminal  pads  34  and  36  for 
connecting  the  fuse  58  to  the  PC  board.  The  second  su- 

bassembly  is  a  protective  layer  56  which  overlies  the 
fusible  link  42  and  a  substantial  portion  of  the  top  portion 
of  the  fuse  so  as  to,  at  least,  provide  protection  from 
impacts  which  may  occur  during  automated  assembly, 

5  and  protection  from  oxidation  during  use. 
The  first  subassembly  contains  and  supports  two 

metal  electrodes  or  pads  34,  36,  and  the  fusible  element 
or  link  42,  both  of  which  are  bonded  to  the  substrate  as 
a  single  continuous  film,  as  shown  in  FIGs.  5  and  6.  The 

10  pads  34,  36  are  located  on  the  top,  the  bottom,  and  a 
the  sides  of  the  substrate  or  core  13,  while  the  fusible 
link  42  is  located  at  the  top  of  the  substrate  13.  More 
specifically,  the  pads  34,  36  extend  into  the  two  grooves 
16  (each  groove  16  is  one  half  of  each  bore  14)  in  each 

is  fuse  created  by  the  bores  1  4  and  dicing  operation  during 
the  process  of  manufacture,  as  will  be  further  described 
below. 

As  will  be  seen,  in  the  preferred  embodiment,  pads 
are  made  up  of  several  layers,  including  a  base  copper 

20  layer,  a  supplemental  copper  layer,  a  nickel  layer  and  a 
tin-lead  layer.  The  base  copper  layer  of  the  pads  and 
the  thin  film  fusible  link  are  simultaneously  deposited  by 
(1)  electrochemical  processes,  such  as  the  plating  de- 
scribed  in  the  preferred  embodiment  below;  or  (2)  by 

25  PVD.  Such  simultaneous  deposition  ensures  a  good 
conductive  path  between  the  fusible  link  42  and  the  ter- 
minal  pads  34,  36.  This  type  of  deposition  also  facilitates 
manufacture,  and  permits  very  precise  control  of  the 
thickness  of  the  fusible  link  42. 

30  After  initial  placement  of  the  fusible  link  42  and  the 
base  copper  onto  the  substrate  13,  additional  layers  of 
a  conductive  metal  are  placed  onto  the  terminal  pads 
34,  36.  These  additional  layers  could  be  defined  and 
placed  onto  these  pads  by  photolithography  and  depo- 

ts  sition  techniques,  respectively. 
This  fuse  may  be  made  by  the  following  process. 

Shown  in  FIGS.  1  and  2  is  a  solid  sheet  10  of  an  FR-4 
epoxy  with  copper  plating  1  2.  The  copper  plating  1  2  and 
the  FR-4  epoxy  core  1  3  of  this  solid  sheet  10  may  best 

40  be  seen  in  FIG.  2.  This  copper-plated  FR-4  epoxy  sheet 
10  is  available  from  Allied  Signal  Laminate  Systems, 
Hoosick  Falls,  New  York,  as  Part  No. 
0200BED130C1/C1GFN0200  C1/C1A2C.  Although 
FR-4  epoxy  is  a  preferred  material,  other  suitable  ma- 

45  terials  include  any  material  that  is  compatible  with,  i.e., 
of  a  chemically,  physically  and  structurally  similar  nature 
to,  the  materials  from  which  PC  boards  are  made.  Thus, 
another  suitable  material  for  this  solid  sheet  1  0  is  poly- 
imide.  FR-4  epoxy  and  polyimide  are  among  the  class 

so  of  materials  having  physical  properties  that  are  nearly 
identical  with  the  standard  substrate  material  used  in  the 
PC  board  industry.  As  a  result,  the  fuse  of  the  invention 
and  the  PC  board  to  which  that  fuse  is  secured  have 
extremely  well-matched  thermal  and  mechanical  prop- 

55  erties.  The  substrate  of  the  fuse  of  the  present  invention 
also  provides  desired  arc  -tracking  characteristics,  and 
simultaneously  exhibits  sufficient  mechanical  flexibility 
to  remain  intact  when  exposed  to  the  rapid  release  of 
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energy  associated  with  arcing. 
In  the  next  step  of  the  process  of  manufacturing  the 

fuses  of  the  present  invention,  the  copper  plating  12  is 
etched  away  from  the  solid  sheet  10  by  a  conventional 
etching  process.  In  this  conventional  etching  process, 
the  copper  is  etched  away  from  the  substrate  by  a  ferric 
chloride  solution. 

Although  it  will  be  understood  that  after  completion 
of  this  step,  all  of  the  copper  layer  12  of  FIG.  2  is  etched 
away  from  FR-4  epoxy  core  13  of  this  solid  sheet  10, 
the  remaining  epoxy  core  13  of  this  FR-4  epoxy  sheet 
10  is  different  from  a  "clean"  sheet  of  FR-4  epoxy  that 
had  not  initially  been  treated  with  a  copper  layer.  In  par- 
ticular,  a  chemically  etched  surface  treatment  remains 
on  the  surface  of  the  epoxy  core  1  3  after  the  copper  lay- 
er  1  2  has  been  removed  by  etching.  This  treated  surface 
of  the  epoxy  core  13  is  more  receptive  to  subsequent 
operations  that  are  necessary  in  the  manufacture  of  the 
present  surface-mounted  subminiature  fuse. 

The  FR-4  epoxy  sheet  10  having  this  treated,  cop- 
per-free  surface  is  then  drilled  or  punched  to  create 
holes  or  bores  14  along  four  quadrants  10a,  10b,  10c, 
10d  of  the  sheet  10,  as  may  be  seen  in  FIG.  3.  Broken 
lines  visually  separate  these  four  quadrants  10a,  10b, 
10c,  10d  in  FIG.  3.  It  should  be  further  noted  that  in  FIG. 
3,  the  bores  14  are  lined  up  into  rows  27  and  columns 
29.  Although  only  four  rows  27  of  bores  14  are  shown 
in  FIG.  3  in  one  quadrant  10a  for  convenience,  the  rows 
27  of  holes  1  4  are  actually  disposed  over  almost  the  en- 
tire  sheet  1  0  in  all  four  quadrants  1  0a,  1  0b,  1  0c,  1  0d,  as 
is  designated  by  the  three  dots  11  .  For  the  "603"  stand- 
ard  sizing  of  surface  mounted  devices  mentioned 
above,  the  length  L  between  the  center  of  the  bores  14 
is  approximately  70  mils,  and  the  width  W  between  the 
center  of  the  bores  1  4  is  approximately  38  mils.  For  the 
"402"  standard  sizing  of  surface  mounted  devices  men- 
tioned  above,  the  length  L  between  the  center  of  the 
bores  14  is  approximately  50  mils,  and  the  width  W  be- 
tween  the  center  of  the  bores  14  is  approximately  30 
mils.  Again,  smaller  and  larger  standard  and  non-stand- 
ard  sizings  are  possible  for  the  present  invention.  The 
diameter  D  (FIG.  4)  for  each  bore  1  4  for  the  "603"  sizing 
is  approximately  18  mils. 

When  the  drilling  or  punching  of  the  bores  14  has 
been  completed,  the  etched  and  bored  sheet  10  shown 
in  FIG.  3  is  again  plated  with  copper.  This  reapplication 
of  copper  occurs  through  the  immersion  of  the  etched 
and  bored  sheet  of  FIG.  3  into  an  electroless  copper 
plating  bath.  This  method  of  copper  plating  is  well- 
known  in  the  art. 

This  copper  plating  step  results  in  the  placement  of 
a  copper  layer  having  a  uniform  thickness  along  each 
of  the  exposed  surfaces  of  the  sheet  10.  For  example, 
as  maybe  seen  in  FIG.  4,  the  copper  plating  18  resulting 
from  this  step  covers  both  (1  )  the  flat,  upper  surfaces  22 
of  the  sheet  1  0;  and  (2)  the  vertical  regions  of  the  groves 
16  and/or  the  vertical  regions  of  the  bores  14.  These 
vertical  portion  of  the  grooves  16  and/or  bores  14  must 

be  copper-plated  because  they  will  ultimately  form  a 
portion  of  the  terminal  pads  34,  36  of  the  final  fuse  as 
will  be  further  described  below. 

The  uniform  thickness  of  the  copper  plating  will  de- 
5  pend  upon  the  ultimate  needs  of  the  user.  Particularly, 

as  may  be  seen  in  FIG.  4,  for  a  fuse  intended  to  open 
at  1/16  ampere,  the  copper  plating  18  has  a  thickness 
of  2,500  Angstroms.  For  a  fuse  intended  to  open  at  5 
amperes,  the  copper  plating  18  has  a  thickness  of  ap- 

10  proximately  75,000  Angstroms  for  a  particular  width  of 
the  fusable  link. 

After  plating  has  been  completed,  to  arrive  at  the 
copper-plated  structure  of  FIG.  4,  the  entire  exposed 
surface  of  this  structure  is  covered  with  a  so-called  pho- 

15  toresist  polymer. 
An  otherwise  clear  mask  is  placed  over  the  replated 

copper  sheet  20  from  FIG.  4  after  it  has  been  covered 
with  the  photoresist.  Square  panels  are  a  part  of,  and 
are  evenly  spaced  across,  this  clear  mask  according  to 

20  the  sizing  of  the  fuse  being  manufactured.  These  square 
panels  are  made  of  an  UV  light-opaque  substance,  and 
are  generally  shown  as  the  rectangle  30  shown  in  FIG. 
5.  Essentially,  by  placing  this  mask  having  these  panels 
onto  the  replated  copper  sheet  20,  several  portions  of 

25  the  flat,  upward-facing  surfaces  22  of  the  replated  cop- 
per  sheet  20  from  FIG  4.  are  effectively  shielded  from 
the  effects  of  UV  light. 

It  will  be  understood  from  the  following  discussion 
that  these  square  panels  will  essentially  define  the 

30  shapes  and  sizes  of  the  so-called  fusible  link  42  and  the 
upper  terminal  areas  60  of  the  terminal  pads  34,  36  on 
the  upper  portion  22  of  the  fuse.  The  fusible  link  42  is  in 
electrical  communication  with  the  upper  terminal  areas 
60.  It  will  be  appreciated  that  the  width,  length  and  shape 

35  of  both  the  fusible  Iink42  and  these  upper  terminal  areas 
60  may  be  altered  by  changing  the  size  and  shape  of 
these  UV  light-opaque  panels. 

Additionally,  the  backside  of  the  sheet  is  covered 
with  a  photoresist  material  and  an  otherwise  clear  mask 

40  is  placed  over  the  replated  copper  sheet  20  after  it  has 
been  covered  with  the  photoresist.  A  rectangular  panel 
is  a  part  of  this  clear  mask.  The  rectangular  panels  are 
made  of  a  UV  light-opaque  substance,  and  are  of  a  size 
corresponding  to  the  size  of  the  panel  28  shown  in  FIG. 

45  6.  Essentially,  by  placing  this  mask  having  these  panels 
onto  the  replated  copper  sheet  20,  several  strips  of  the 
flat,  downward-facing  surfaces  28  of  the  replated  copper 
sheet  20  are  effectively  shielded  from  the  effects  of  the 
UV  light.  The  rectangular  panels  will  essentially  define 

so  the  shapes  and  sizes  of  the  lower  terminal  areas  62  of 
the  terminal  pads  34,  36,  and  the  lower  middle  portions 
28  of  sheet  20,  as  shown  in  FIG.  6. 

The  copper  plating  from  a  portion  of  the  underside 
of  a  sheet  20  is  defined  by  a  photoresist  mask.  Particu- 

55  larly,  the  copper  plating  from  the  lower,  middle  portions 
28  of  the  underside  of  the  sheet  20  is  removed.  The  low- 
er,  middle  portions  28  of  the  underside  of  the  sheet  20 
is  that  part  of  the  strip  along  a  line  immediately  beneath 

4 
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the  areas  30  of  clear  epoxy,  and  the  fuse  links  42.  A 
perspective  view  of  this  section  of  this  replated  sheet  20 
is  shown  in  FIG.  6. 

The  entire  replated,  photoresist-covered  sheet  20, 
i.e.,  the  top,  bottom  and  sides  of  that  sheet,  is  then  sub- 
jected  to  UV  light.  The  replated  sheet  20  is  subjected  to 
the  UV  light  for  a  time  sufficient  to  ensure  curing  of  all 
of  the  photoresist  that  is  not  covered  by  the  square  pan- 
els  and  rectangular  strips  of  the  masks.  Thereafter,  the 
masks  containing  these  square  panels  and  rectangular 
strips  are  removed  from  the  replated  sheet  20.  The  pho- 
toresist  that  was  formerly  below  these  square  panels  re- 
mains  uncured.  This  uncured  photoresist  may  be 
washed  from  the  replated  sheet  20  using  a  solvent. 

The  cured  photoresist  on  the  remainder  of  the  re- 
plated  sheet  20  provides  protection  against  the  next 
step  in  the  process.  Particularly,  the  cured  photoresist 
prevents  the  removal  of  copper  beneath  those  areas  of 
cured  photoresist.  The  regions  formerly  below  the 
square  panels  have  no  cured  photoresist  and  no  such 
protection.  Thus,  the  copper  from  those  regions  can  be 
removed  by  etching.  This  etching  is  performed  with  a 
ferric  chloride  solution  through  well  known  etching  con- 
cepts. 

After  the  copper  has  been  removed,  as  may  be  seen 
in  FIGS.  5  and  6,  the  regions  formerly  below  the  square 
panels  and  the  rectangular  strips  of  the  mask  are  not 
covered  at  all.  Rather,  those  regions  now  comprise  ar- 
eas  28  and  30  of  clear  epoxy. 

The  replated  sheet  20  is  then  placed  in  a  chemical 
bath  to  remove  all  of  the  remaining  cured  photoresist 
from  the  previously  cured  areas  of  that  sheet  20. 

After  completion  of  several  of  the  operations  de- 
scribed  in  this  specification,  this  sheet  20  will  ultimately 
be  cut  into  a  plurality  of  pieces,  and  each  of  these  pieces 
becomes  a  fuse  in  accordance  with  the  invention,  as  will 
be  further  described  below.  However,  for  the  purpose  of 
brevity,  only  a  cut-away  portion  of  the  overall  sheet  in- 
cluding  three  rows  27  and  four  columns  29  is  shown  in 
FIGS.  5  through  7.  As  may  also  be  seen  from  FIG.  5 
through  7,  the  bores  1  4  and  grooves  of  the  sheet  20  still 
include  copper  plating.  These  bores  14  and  grooves  16 
form  portions  of  the  pads  34,  36.  These  pads  34,  36  will 
ultimately  serve  as  the  means  for  securing  the  entire, 
finished  fuse  to  the  PC  board. 

FIG.  7  is  a  perspective  view  of  the  opposite  side  of 
the  sheet  20  from  FIG.  6.  Directly  opposite  and  coincid- 
ing  with  the  lower,  middle  portions  28  of  the  sheet  20 
are  linear  regions  40  on  the  top-side  38  of  the  sheet  20. 
These  linear  regions  40  are  defined  by  the  dotted  lines 
of  FIG.  7. 

FIG.  7  is  to  be  referred  to  in  connection  with  the  next 
step  in  the  manufacture  of  the  invention.  In  this  next 
step,  a  photoresist  polymer  is  placed  along  each  of  the 
linear  regions  40  of  the  top  side  38  of  the  sheet  20. 
Through  the  covering  of  these  linear  regions  40,  pho- 
toresist  polymer  is  also  placed  along  the  relatively  thin 
portions  which  will  comprise  the  fusible  links  42.  These 

fusible  links  42  are  made  of  a  conductive  metal,  here 
copper.  The  photoresist  polymer  is  then  treated  with  UV 
light,  resulting  in  a  curing  of  the  polymer  onto  linear  re- 
gion  40  and  its  fusible  links  42. 

5  As  a  result  of  the  curing  of  this  photoresist  onto  the 
linear  region  40  and  its  fusible  links  42,  metal  will  not 
adhere  to  this  linear  region  40  when  the  sheet  20  is 
dipped  into  an  electrolytic  bath  containing  a  metal  for 
plating  purposes. 

10  In  addition,  as  explained  above,  the  middle  portion 
28  of  the  underside  of  the  sheet  20  will  also  not  be  sub- 
ject  to  plating  when  the  sheet  20  is  dipped  into  the  elec- 
trolytic  plating  bath.  Copper  metal  previously  covering 
this  metal  portion  had  been  removed,  revealing  the  bare 

is  epoxy  that  forms  the  base  of  the  sheet  20.  Metal  will  not 
adhere  to  or  plate  onto  this  bare  epoxy  using  an  elec- 
trolytic  plating  process. 

The  entire  sheet  20  is  dipped  into  an  electrolytic 
copper  plating  bath  and  then  an  electrolytic  nickel  plat- 

20  ing  bath.  As  a  result,  as  may  be  seen  in  FIG.  8,  a  copper 
layer  46  and  a  nickel  layer  48  are  deposited  on  the  base 
copper  layer  44.  After  deposition  of  these  copper  46  and 
nickel  layers  48,  the  cured  photoresist  polymer  on  the 
linear  region  40,  including  the  photoresist  polymer  on 

25  the  fusible  links  42,  is  removed  from  that  region  40. 
Photoresist  polymer  is  then  immediately  reapplied 

along  the  entire  linear  region  40.  As  may  be  seen  in  FIG. 
9,  however,  a  portion  50  at  the  center  of  the  fusible  link 
42  is  masked  with  a  UV  light-opaque  substance.  The 

30  entire  linear  region  40  is  then  subjected  to  UV  light,  with 
the  result  that  curing  of  the  photoresist  polymer  occurs 
on  all  of  that  region,  except  for  the  masked  central  por- 
tion  50  of  the  fusible  link  42.  The  mask  is  removed  from 
the  central  portion  50  of  the  fusible  link,  and  the  sheet 

35  20  is  rinsed.  As  a  result  of  this  rinsing,  the  uncured  pho- 
toresist  above  the  central  portion  50  of  the  fusible  link 
42  is  removed  from  the  fusible  link  42.  The  cured  pho- 
toresist  along  the  remainder  of  the  linear  region  40,  how- 
ever,  remains. 

40  Plating  of  metal  will  not  occur  on  the  portion  of  the 
sheet  20  covered  by  the  cured  photoresist.  Because  of 
the  absence  of  the  photoresist  from  the  central  portion 
50  of  the  fusible  link  42,  however,  metal  may  be  plated 
onto  this  central  portion  50. 

45  When  the  strip  shown  in  FIG.  9  is  dipped  into  an 
electrolytic  tin-lead  plating  bath,  atin-lead  layer  52  (FIG. 
1  0)  is  overlain  over  the  copper  46  and  nickel  layers  48. 
A  tin-lead  spot  54  is  also  deposited  onto  the  surface  of 
the  fusible  link  42,  i.e.,  essentially  placed  by  an  electro- 

50  lytic  plating  process  onto  the  central  portion  50  of  the 
fusible  link  42.  This  electrolytic  plating  process  is  essen- 
tially  a  thin  film  deposition  process.  It  will  be  understood, 
however,  that  this  tin-lead  may  also  be  added  to  the  sur- 
face  of  the  fusible  link  42  by  a  photolithographic  process 

55  or  by  means  of  a  physical  vapor  deposition  process, 
such  as  sputtering  or  evaporation  in  a  high  vacuum  dep- 
osition  chamber. 

This  spot  54  is  comprised  of  a  second  conductive 
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metal,  i.e.,  tin-lead  or  tin,  that  is  dissimilar  to  the  copper 
metal  of  the  fusible  link  42.  This  second  conductive  met- 
al  in  the  form  of  the  tin-lead  spot  54  is  deposited  onto 
the  fusible  link  42  in  the  form  of  a  rectangle. 

The  tin-lead  spot  54  on  the  fusible  link  42  provides 
that  link  42  with  certain  advantages.  First,  the  tin-lead 
spot  54  melts  upon  current  overload  conditions,  creating 
a  fusible  link  42  that  becomes  a  tin-lead-copper  alloy. 
This  tin-lead-copper  alloy  results  in  a  fusible  link  42  hav- 
ing  a  lower  melting  temperature  than  the  copper  alone. 
The  lower  melting  temperature  reduces  the  operating 
temperature  of  the  fuse  device  of  the  invention,  and  this 
results  in  improved  performance  of  the  device. 

Although  a  tin-lead  alloy  is  deposited  on  the  copper 
fusible  link  42  in  this  example,  it  will  be  understood  by 
those  skilled  in  the  art  that  other  conductive  metals  may 
be  placed  on  the  fusible  link  42  to  lower  its  melting  tem- 
perature,  and  that  the  fusible  link  42  itself  may  be  made 
of  conductive  metals  other  than  copper.  In  addition,  the 
tin-lead  alloy  or  other  metal  deposited  on  the  fusible  link 
42  need  not  be  of  a  rectangular  shape,  but  can  take  on 
any  number  of  additional  configurations. 

The  second  conductive  metal  may  be  placed  in  a 
notched  section  of  the  link,  or  in  holes  or  voids  in  that 
link.  Parallel  fuse  links  are  also  possible.  As  a  result  of 
this  flexibility,  specific  electrical  characteristics  can  be 
engineered  into  the  fuse  to  meet  varying  needs  of  the 
ultimate  user. 

As  indicated  above,  one  of  the  possible  fusible  link 
configurations  is  a  serpentine  configuration.  By  using  a 
serpentine  configuration,  the  effective  length  of  the  fu- 
sible  link  may  be  increased,  even  though  the  distance 
between  the  terminals  at  the  opposite  ends  of  that  link 
remain  the  same.  In  this  way,  a  serpentine  configuration 
provides  for  a  longer  fusible  link  without  increasing  the 
dimensions  of  the  fuse  itself. 

The  next  step  in  the  manufacture  of  the  device  of 
the  invention  is  the  placement,  across  a  significant  por- 
tion  of  the  top  of  the  sheet  20  between  the  terminal  pads 
34,  36,  of  a  protective  layer  56  (FIG.  11).  This  protective 
layer  56  is  the  second  subassembly  of  the  present  fuse, 
and  forms  a  relatively  tight  seal  over  the  portion  of  the 
top  of  the  sheet  where  the  fusible  links  42  exist.  In  this 
way,  the  protective  layer  56  inhibits  corrosion  of  the  fu- 
sible  links  42  during  their  useful  lives.  The  protective  lay- 
er  56  also  provides  protection  from  oxidation  and  im- 
pacts  during  attachment  to  the  PC  board.  This  protective 
layer  also  serves  as  a  means  of  providing  for  a  surface 
for  pick  and  place  operations  which  use  a  vacuum  pick- 
up  tool. 

This  protective  layer  56  helps  to  control  the  melting, 
ionization  and  arcing  which  occur  in  the  fusible  link  42 
during  current  overload  conditions.  The  protective  layer 
56  or  cover  coat  material  provides  desired  arc  -quench- 
ing  characteristics,  especially  important  upon  interrup- 
tion  of  the  fusible  link  42. 

The  protective  layer  56  may  be  comprised  of  a  pol- 
ymer,  preferably  a  polyurethane  gel  or  paste  when  a 

stencil  print  operation  is  used  to  apply  the  cover  coat.  A 
preferred  polyurethane  is  made  by  Dymax  Corporation. 
Other  similar  gels,  pastes,  or  adhesives  are  suitable  for 
the  invention.  In  addition  to  polymers,  the  protective  lay- 

5  er  56  may  also  be  comprised  of  plastics,  conformal  coat- 
ings  and  epoxies. 

This  protective  layer  56  is  applied  to  the  strips  26 
using  a  stencil  printing  process  which  includes  the  use 
of  a  common  stencil  printing  machine.  In  the  past,  an 

10  injection  of  the  material  into  a  die  mold  was  performed 
while  the  sheet  20  was  clamped  between  two  dies.  How- 
ever,  stencil  printing  is  a  much  faster  process.  Specifi- 
cally,  it  has  been  found  that  the  use  of  a  stencil  printing 
process  while  using  a  stencil  printing  machine,  at  least, 

is  doubles  production  output  of  the  number  of  fuses  from 
a  previous  die  mold  operation.  The  stencil  printing  ma- 
chine  is  made  by  Affiliated  Manufacturers,  Inc.  of  North- 
branch,  New  Jersey,  Model  No.  CP-885. 

In  the  stencil  printing  process,  the  material  is  ap- 
20  plied  to  the  sheet  20  in  strips  simultaneously,  instead  of 

two  strips  at  a  time  in  the  die  mold/injection  filling  proc- 
ess.  As  will  be  further  explained  below,  the  material  is 
cured  much  fasterthan  the  injection  fill  process  because 
in  the  stencil  printing  process,  the  cover  coat  material  is 

25  completely  exposed  to  the  UV  radiation  from  the  lamps 
as  opposed  to  the  injection  filling  process  where  you 
have  a  filter  that  you  have  to  transmit  the  energy  from 
the  lamp  to  the  coating  itself  because  the  mold  itself  acts 
as  a  filter.  Furthermore,  the  stencil  printing  process  pro- 

30  duces  a  more  uniform  cover  coat  than  the  injection  filling 
process,  in  terms  of  the  height,  the  width  of  the  covet 
coat.  Because  of  that  uniformity,  the  fuses  can  be  tested 
and  packaged  automatically.  With  the  injection  filling 
process  it  was  sometimes  difficult  to  precisely  align  the 

35  fuses  in  testing  and  packaging  equipment  due  to  some 
non-uniform  heights  and  widths  of  the  cover  coat. 

The  stencil  printing  machine  comprises  a  slidable 
plate  70,  a  base  72.  a  squeegee  arm  74,  a  squeegee 
76,  and  an  overlay  78.  The  overlay  78  is  mounted  on 

40  the  base  72  and  the  squeegee  76  is  movably  mounted 
on  the  squeegee  arm  74  above  the  base  72  and  overlay 
78.  The  plate  70  is  slidable  underneath  the  base  72  and 
overlay  78.  The  overlay  78  has  parallel  openings  80 
which  correspond  to  the  width  of  the  cover  coat  56. 

45  The  stencil  printing  process  begins  by  attaching  an 
adhesive  tape  under  the  fuse  sheet  20.  The  fuse  sheet 
20,  with  the  adhesive  tape,  is  placed  on  the  plate  70  with 
the  adhesive  tape  between  the  plate  70  and  the  fuse 
sheet  20.  The  cover  coat  material  is  then  applied  with  a 

so  syringe  at  one  end  of  the  overlay  78.  The  plate  70  then 
slides  underneath  the  overlay  78  and  lodges  the  sheet 
20  underneath  the  overlay  78  in  correct  alignment  with 
the  parallel  openings  80.  The  squeegee  76  then  lowers 
to  contact  the  overlay  78  beyond  the  material  on  the  top 

55  of  the  overlay  78.  The  squeegee  76  then  moves  across 
the  overlay  78  where  the  openings  80  exist,  thereby 
forcing  the  cover  coat  material  through  the  openings  80 
and  onto  the  sheet.  Thus,  the  cover  coat  now  covers  the 

6 
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fuse  link  area  40  (FIGS.  8  &  9).  The  squeegee  76  is  then 
raised,  the  sheet  20  is  unlodged  from  the  overlay  78, 
and  the  sheet  20  is  placed  in  a  UV  light  chamber  so  that 
the  material  can  solidify  and  form  the  protective  layer  56 
(FIGS.  11  &  12).  The  openings  80  in  the  overlay  78  are 
wide  enough  so  that  the  protective  layer  partially  over- 
laps  the  pads  34,  36,  as  shown  in  FIGS.  11  &  12.  In  ad- 
dition,  the  material  used  for  the  cover  coat  should  have 
a  viscosity  in  the  gel  or  paste  range  so  that  after  the 
material  is  spread  onto  the  sheet  20,  it  will  flow  in  a  man- 
ner  which  creates  a  generally  flat  top  surface  49,  but  not 
flow  into  the  holes  14  or  groves  16. 

Although  a  colorless,  clear  cover  coat  is  aestheti- 
cally  pleasing,  alternative  types  of  cover  coats  may  be 
used.  For  example,  colored,  clear  materials  may  be 
used.  These  colored  materials  may  be  simply  manufac- 
tured  by  the  addition  of  a  dye  to  a  clear  polyurethane 
gel  or  paste.  Color  coding  maybe  accomplished  through 
the  use  of  these  colored  gels  and  pastes.  In  other  words, 
different  colors  of  gels  can  correspond  to  different  am- 
perages,  providing  the  user  with  a  ready  means  of  de- 
termining  the  amperage  of  any  given  fuse.  The  trans- 
parency  of  both  of  these  coatings  permit  the  user  to  vis- 
ually  inspect  the  fusible  link  42  prior  to  installation,  and 
during  use,  in  the  electronic  device  in  which  the  fuse  is 
used. 

The  use  of  this  protective  layer  56  has  significant 
advantages  over  the  prior  art,  including  the  prior  art,  so- 
called,  "capping"  method.  Due  to  the  placement  of  the 
protective  layer  56  over  the  entire  top  of  a  fuse  body,  the 
location  of  the  protective  layer  relative  to  the  location  of 
the  fusible  link  42  is  not  critical. 

The  sheet  20  is  then  ready  for  a  so-called  dicing 
operation,  which  separates  the  rows  and  columns  27, 
29  from  one  another,  and  into  individual  fuses.  In  this 
dicing  operation,  a  diamond  saw  or  the  like  is  used  to 
cut  the  sheet  20  along  parallel  planes  57  (FIG.  11),  and 
again  perpindicular  to  planes  57,  through  the  center  of 
the  holes  14,  into  individual  thin  film  surface-mounted 
fuses  58  (FIG.  12).  One  of  the  directions  of  cuts  bisect 
the  terminal  areas  through  the  center  of  the  holes  14, 
thereby  exposing  and  creating  the  grooves  1  6  of  the  ter- 
minal  pads  34,  36.  These  grooves  16  appear  on  either 
side  of  the  fusible  link  42. 

This  cutting  operation  completes  the  manufacture 
of  the  thin  film  surface-mounted  fuse  58  (FIG.  1  2)  of  the 
present  invention. 

Fuses  in  accordance  with  this  invention  are  rated  at 
voltages  and  amperages  greater  than  the  ratings  of  prior 
art  devices.  Tests  have  indicated  that  fuses  which  fall 
under  the  "603"  standard  sizing  would  have  a  fuse  volt- 
age  rating  of  32  volts  AC,  and  a  fuse  amperage  rating 
of  between  1/16  ampere  and  2  amperes.  Even  though 
the  fuses  in  accordance  with  this  invention  can  protect 
circuits  over  a  broad  range  of  amperage  ratings,  the  ac- 
tual  physical  size  of  these  fuses  remains  constant. 

In  summary,  the  fuse  of  the  present  invention  ex- 
hibits  improved  control  of  fusing  characteristics  by  reg- 

ulating  voltage  drops  across  the  fusible  link  42.  Consist- 
ent  clearing  times  are  ensured  by  (1  )  the  ability  to  con- 
trol,  through  deposition  and  photolithography  process- 
es,  the  dimensions  and  shapes  of  the  fusible  link  42  and 

5  terminal  pads  34,  36;  and  (2)  proper  selection  of  the  ma- 
terials  of  the  fusible  link  42.  Restriking  tendencies  are 
minimized  by  selection  of  an  optimized  material  for  the 
substrate  1  3  and  protective  layer  56. 

While  the  specific  embodiments  have  been  illustrat- 
10  ed  and  described,  numerous  modifications  come  to 

mind  without  significantly  departing  from  the  scope  of 
the  invention,  as  limited  by  the  scope  of  the  accompa- 
nying  Claims. 
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Claims 

1.  A  thin  film  surface-mount  fuse  (58),  said  fuse  (58) 
comprising  two  material  subassemblies: 

the  first  subassembly  comprising  a  fusible  link 
(42),  a  supporting  substrate  (13)  and  terminal 
pads  (34,  36),  the  supporting  substrate  (13) 
having  an  upper  surface,  lower  surface  and  op- 
posing  side  surfaces;  and, 
the  second  subassembly  comprising  a  protec- 
tive  layer  (56)  which  overlies  the  fusible  link 
(42)  so  as  to  provide  protection  from  impacts 
and  oxidation, 
said  fuse  (58)  characterized  in  that  the  terminal 
pads  (34,  36)  include  a  plurality  of  conductive 
terminal  pad  layers  (44,  46,  48,  52),  the  oppos- 
ing  side  surfaces  of  the  supporting  substrate 
(1  3)  each  have  a  groove  (16)  therein,  and  a  first 
of  the  plurality  of  conductive  terminal  pad  layers 
(44)  and  the  fusible  link  (42)  formed  as  a  single- 
continuous  layer  and  extending  across  the  up- 
per  surface  of  the  supporting  substrate  (1  3),  the 
first  of  the  conductive  terminal  pad  layers  (44) 
further  extending  over  the  grooves  (16)  of  the 
opposing  side  surfaces  wherein  the  protective 
layer  (56)  includes  a  single  layer  of  polymeric 
material  having  an  upper  surface  thereof,  which 
is  applied  as  a  gel  and  smoothed  across  the 
upper  surface  of  the  supporting  substrate  (1  3), 
and  wherein  the  polymeric  material  hardens 
with  a  substantially  flat  upper  surface  of  the  pol- 
ymeric  material 

2.  The  surface  mount  fuse  (58)  of  Claim  1  ,  wherein  the 
first  conductive  layer  (44)  terminates  on  the  lower 
surface  of  the  substrate  (1  3). 

3.  The  surface  mount  fuse  (58)  of  Claim  1  ,  wherein  the 
55  fusible  link  (42)  has  a  central  portion  (50),  the  cen- 

tral  portion  (50)  having  a  tin-lead  or  tin  spot  thereon. 

4.  The  surface-mount  fuse  (58)  of  Claim  1  ,  wherein 

40 
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said  polymeric  material  is  clear  and  colored. 

5.  The  surface-mount  fuse  (58)  of  Claim  1,  wherein 
said  protective  layer  (56)  is  made  of  polyurethane. 

5 
6.  The  surface-mount  fuse  (58)  of  Claim  1,  wherein 

said  supporting  substrate  (13)  is  made  of  an  FR-4 
epoxy  or  a  polyimide. 

7.  The  surface-mount  fuse  (58)  of  Claim  1,  wherein  10 
said  protective  layer  (56)  is  clear  and  colorless. 

8.  A  method  for  the  manufacture  of  a  thin  film  surface- 
mount  fuse  (58)  comprising  the  steps  of: 

15 
a.  providing  a  substrate  (13)  having  a  top,  a  bot- 
tom  and  opposing  sides; 
b.  depositing,  upon  the  top  of  the  substrate 
(13),  a  first  conductive  layer  (44);  and, 
c.  applying  a  protective  layer  (56),  20 

the  method  characterized  in  that  the  opposing 
sides  of  the  substrate  (13)  provided  each  have  a 
groove  (16)  therein,  and  the  step  of  depositing  the 
first  conductive  layer  (44)  forms  a  fusible  link  (42)  25 
and  terminal  pads  (34,  36)  at  opposite  ends  of  the 
fusible  link  (42),  the  fusible  link  (42)  and  terminal 
pads  (34,  36)  being  electrically  connected,  wherein 
the  protective  layer  (56)  includes  a  single  layer  of 
polymeric  material  having  an  upper  surface  thereof  30 
which  is  applied  as  a  gel  and  smoothed  across  the 
upper  surface  of  the  supporting  substrate  (1  3),  and 
wherein  the  polymeric  material  hardens  with  a  sub- 
stantially  flat  upper  surface  of  the  polymeric  mate- 
rial.  35 

9.  The  method  as  set  forth  in  Claim  8  wherein  the  first 
conductive  layer  (44)  extends  from  the  top  of  the 
substrate  (13)  and  is  deposited  upon  a  portion  of 
the  sides  of  the  substrate  (1  3)  so  that  the  terminal  40 
pads  (34,  36)  extend  from  the  top  of  the  substrate 
(1  3)  to  a  portion  of  the  sides  of  the  substrate  (1  3). 

10.  The  method  of  Claim  8,  wherein  the  first  conductive 
layer  (44)  extends  from  the  sides  of  the  substrate  45 
(13)  and  is  deposited  on  a  portion  of  the  bottom  of 
the  substrate  (1  3)  so  that  the  terminal  pads  (34,  36) 
extend  onto  a  portion  of  the  bottom  of  the  substrate 
(13). 

50 
11.  The  method  of  Claim  8,  wherein  the  first  conductive 

layer  (44)  which  forms  said  fusible  link  (42)  and  ter- 
minal  pads  (34,  36)  is  deposited  by  vapor  deposi- 
tion. 

55 
12.  The  method  of  Claim  8,  wherein  the  first  conductive 

layer  (44)  which  forms  said  fusible  link  (42)  and  ter- 
minal  pads  (34,  36)  is  electrochemically  deposited. 

13.  A  thin  film  surface  mount  fuse  (58)  comprising: 

a.  a  substrate  (13),  having  opposing  side  sur- 
faces; 
b.  a  fusible  link  (42); 
c.  a  first  terminal  pad  layer  (44);  and, 
d.  a  protective  layer  (56), 

the  fuse  (58)  characterized  by  further  includ- 
ing: 

each  of  the  opposing  side  surfaces  of  the  sub- 
strate  (13)  having  a  groove  (16)  therein; 
the  fusible  link  (42)  and  the  first  terminal  pad 
layer  (44)  formed  as  a  single  continuous  layer 
disposed  on  the  substrate  (1  3),  wherein  the  fu- 
sible  link  (42)  and  the  first  terminal  pad  layer 
(44)  are  made  of  a  metal  selected  from  a  group 
consisting  of  copper,  silver,  nickel,  titanium, 
aluminum  and  alloys  thereof; 
a  second  terminal  pad  layer  (46)  disposed  on 
the  first  terminal  pad  layer  (44),  wherein  the 
second  terminal  pad  (46)  is  made  of  the  same 
metal  as  the  first  layer  (44); 
a  third  terminal  pad  layer  (48)  disposed  on  the 
second  terminal  pad  layer  (46),  wherein  the 
third  terminal  pad  layer  (48)  is  made  of  nickel; 
a  fourth  terminal  pad  layer  (52)  disposed  on  the 
third  terminal  pad  layer  (48),  wherein  the  fourth 
terminal  pad  layer  (52)  is  made  of  tin-lead  ortin; 
a  protective  layer  (56)  which  includes  a  single 
layer  of  polymeric  material  having  an  upper  sur- 
face  which  is  applied  as  a  gel  and  smoothed 
across  the  upper  surface  of  the  supporting  sub- 
strate  (13)  over  the  fusible  link,  and  wherein  the 
polymeric  material  hardens  with  a  substantially 
flat  upper  surface  of  the  polymeric  material. 

14.  The  surface  mount  fuse  (58)  of  Claim  13,  wherein 
the  first,  second,  third  and  fourth  conductive  layers 
(44,  46,  48,  52)  extend  over  the  grooves  (16)  of  the 
opposing  side  surfaces  of  the  substrate  (13). 

15.  The  surface  mount  fuse  (58)  of  Claim  13,  wherein 
the  fusible  link  (42)  has  a  central  portion  (50)  with 
a  tin-lead  spot  being  disposed  on  the  central  portion 
(50). 

16.  The  surface  mount  fuse  (58)  of  Claim  13,  wherein 
the  protective  layer  (56)  is  also  applied  over  a  por- 
tion  of  the  fourth  terminal  pad  layer  (52). 

17.  A  thin  film  surface-mount  fuse  (58),  said  fuse  (58) 
comprising: 

a.  a  substrate  (13),  having  opposing  side  sur- 
faces; 
b.  a  fusible  link  (42)  made  of  a  first  conductive 

30 

8 



15 EP  0  830  704  B1 16 

metal  deposited  on  the  substrate  (13); 
c.  terminal  pads  (34,  36)  electrically  connected 
to  the  fusible  link  (42);  and, 
d.  a  protective  layer  (56).  the  fuse  (58)  charac- 
terized  by: 

each  of  the  opposing  side  surfaces  of  the 
substrate  (13)  having  a  groove  (16)  there- 
in; 
a  second  conductive  metal  (54),  other  than 
the  first  conductive  metal,  deposited  on  the 
surface  of  the  fusible  link  (42); 
the  terminal  pads  (34,  36)  having  a  plurality 
of  conductive  layers  (44,  46,  48,  52), 
wherein  a  first  of  the  plurality  of  conductive 
layers  (44)  and  the  fusible  link  (42)  form  a 
single  continuous  film;  and, 
wherein  the  protective  layer  (56)  includes 
a  single  layer  of  polymeric  material  having 
an  upper  surface  thereof  which  is  applied 
as  a  gel  and  smoothed  across  the  upper 
surface  of  the  supporting  substrate  (13) 
over  the  fusible  link,  and  wherein  the  poly- 
meric  material  hardens  with  a  substantially 
flat  upper  surface  of  the  polymeric  material. 

18.  The  surface-mount  fuse  (58)  of  Claim  17,  wherein 
a  second  of  the  plurality  of  conductive  layers  (46)  is 
deposited  on  the  first  of  the  plurality  of  conductive 
layers  (44)  and  consists  of  the  same  metal  as  the 
first  conductive  metal. 

19.  The  surface-mount  fuse  (58)  of  Claim  18,  wherein 
a  third  of  the  plurality  of  conductive  layers  (48)  is 
deposited  on  the  second  of  the  plurality  of  conduc- 
tive  layers  (46)  and  consists  of  nickel. 

20.  The  surface-mount  fuse  (58)  of  Claim  19,  wherein 
a  fourth  of  the  plurality  of  conductive  layers  (52)  is 
deposited  on  the  third  of  the  plurality  of  conductive 
layers  (48)  and  consists  of  tin-lead. 

21.  The  surface-mount  fuse  (58)  of  Claim  17,  wherein 
the  first  conductive  metal  is  selected  from  the  group 
including  copper,  silver,  nickel,  titanium,  aluminum 
or  alloys  thereof. 

22.  The  surface-mount  fuse  (58)  of  Claim  17,  wherein 
the  second  conductive  metal  (50)  is  a  tin-lead  alloy. 

23.  The  surface-mount  fuse  (58)  of  Claim  22,  wherein 
the  second  conductive  metal  (50)  is  deposited  onto 
the  fusible  link  (42)  in  the  form  of  a  rectangle. 

24.  The  surface-mount  fuse  (58)  of  Claim  23,  wherein 
the  fusible  link  (42)  has  a  central  portion  (50)  and 
the  rectangle  is  deposited  along  the  central  portion 
(50)  of  said  fusible  link  (42). 

25.  A  method  of  manufacturing  a  thin  film  surface- 
mount  fuse  (58)  comprising  the  steps  of: 

a.  providing  a  substrate  (13)  having  a  upper 
5  surface,  a  lower  surface  and  a  pair  of  bores 

(14); 
b.  depositing  a  first  conductive  layer  (44)  on  the 
upper  surface  of  the  substrate  (13);  and, 
c.  a  protective  layer  (56), 

10 
the  method  characterized  in  that  depositions 

of  the  first  conductive  layer  (44)  simultaneously 
forms  a  fusible  link  (42)  and  terminal  pads  (34,  36) 
on  the  upper  surface  of  the  substrate  (1  3),  the  fusi- 

15  ble  link  (42)  being  deposited  between  the  pair  of 
bores  (14)  and  being  electrically  connected  to  the 
terminal  pads  (34,  36),  wherein  the  protective  layer 
(56)  includes  a  single  layer  of  polymeric  material 
having  an  upper  surface  thereof  which  is  applied  as 

20  a  gel  and  smoothed  across  the  upper  surface  of  the 
supporting  substrate  (13),  and  wherein  the  poly- 
meric  material  hardens  with  a  substantially  flat  up- 
per  surface  of  the  polymeric  material. 

25  26.  The  method  of  Claim  25,  wherein  the  first  conduc- 
tive  layer  (44)  extends  from  the  upper  surface  of  the 
substrate  (1  3)  into  the  bores  (1  4)  so  that  the  termi- 
nal  pads  (34,  36)  extend  from  the  upper  surface  into 
the  bores  (14). 

30 
27.  The  method  of  Claim  26,  wherein  the  first  conduc- 

tive  layer  (44)  extends  from  the  bores  (14)  and  ter- 
minates  on  the  lower  surface  cf  the  substrate  (13) 
so  that  the  terminal  pads  (34,  36)  extend  from  the 

35  bores  (14)  and  terminate  on  the  lower  surface  of  the 
substrate  (13). 

28.  The  method  of  Claim  27,  further  including  the  step 
of  depositing  one  or  more  additional  conductive  lay- 

40  ers  (46,  48,  or  52)  on  top  of  the  terminal  pads  (34, 
36). 

29.  The  method  of  Claim  28,  further  including  the  step 
of  depositing  a  metallic  spot  (50)  onto  the  fusible 

45  link  (42). 

30.  The  method  of  Claim  25,  wherein  the  protective  lay- 
er  (56)  is  applied  to  the  fusible  link  (42)  using  a  sten- 
cil  printing  machine  (70,  72,  74,  76,  78,  80). 

50 

Patentanspriiche 

1.  Oberflachenmontierte  Dunnfilm-Sicherung  (58), 
55  welche  Sicherung  (58)  zwei  materielle  Baugruppen 

aufweist: 

die  erste  Baugruppe,  welche  einen  schmelzba- 

20 
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ren  Schmelzeinsatz  (42),  ein  Stutzsubstrat  (1  3) 
und  AnschluBflecken  (34,36)  aufweist,  wobei 
das  Stutzsubstrat  (13)  eine  obere  Oberflache, 
eine  untere  Oberflache  und  gegeniiberliegen- 
de  Seitenoberflachen  hat;  und 
die  zweite  Baugruppe,  welche  eine  Schutz- 
schicht  (56)  aufweist,  welche  so  iiber  dem 
schmelzbaren  Schmelzeinsatz  (42)  liegt,  dal3 
sie  einen  Schutz  gegeniiber  StoBen  und  Oxi- 
dation  bietet, 
wobei  die  Sicherung  (58) 

dadurch  gekennzeichnet 

ist,  dal3  die  AnschluBflecken  (34,36)  mehrere 
leitende  AnschluBflecken-Schichten  (44,46,48, 
52)  enthalten,  die  gegenuberliegenden  Seiten- 
flachen  des  Stutzsubstrats  (1  3)  jeweils  eine  Nut 
(16)  enthalten  und  eine  erste  der  mehreren  von 
leitenden  AnschluBflecken-Schichten  (44)  und 
der  schmelzbare  Schmelzeinsatz  (42)  als  eine 
einzelne  durchgehende  Schicht  ausgebildet 
sind  und  sich  quer  iiber  die  obere  Oberflache 
des  Stutzsubstrats  (13)  erstrecken,  wobei  sich 
die  erste  der  leitenden  AnschluBflecken- 
Schichten  (44)  weiterhin  iiber  die  Nuten  (16) 
der  gegenuberliegenden  Seitenflachen  er- 
streckt,  worin  die  Schutzschicht  (56)  eine  ein- 
lagige  Schicht  aus  polymerem  Material  mit  ei- 
ner  oberen  Oberflache  enthalt,  welche  als  ein 
Gel  aufgebracht  und  iiber  der  oberen  Oberfla- 
che  des  Stutzsubstrats  (13)  geglattet  wird,  und 
worin  das  polymere  Material  mit  einer  im  we- 
sentlichen  flachen  oberen  Oberflache  des  po- 
lymeren  Materials  aushartet. 

2.  Oberflachenmontierte  Sicherung  (58)  nach  An- 
spruch  1,  worin  die  erste  leitende  Schicht  (44)  auf 
der  unteren  Oberflache  des  Substrats  (13)  endet. 

3.  Oberflachenmontierte  Sicherung  (58)  nach  An- 
spruch  1,  worin  der  schmelzbare  Schmelzeinsatz 
(42)  einen  mittleren  Bereich  (50)  hat,  wobei  der  mitt- 
lere  Bereich  (50)  eine  Zinn-Blei-  oder  Zinn-Stelle 
darauf  hat. 

4.  Oberflachenmontierte  Sicherung  (58)  nach  An- 
spruch  1  ,  worin  das  polymere  Material  durchsichtig 
und  gefarbt  ist. 

5.  Oberflachenmontierte  Sicherung  (58)  nach  An- 
spruch  1,  worin  die  Schutzschicht  (56)  aus  Polyu- 
rethan  gebildet  ist. 

7.  Oberflachenmontierte  Sicherung  (58)  nach  An- 
spruch  1  ,  worin  die  Schutzschicht  (56)  durchsichtig 
und  farblos  ist. 

5  8.  Verfahren  zur  Herstellung  einer  oberflachenmon- 
tierten  Dunnfilm-Sicherung  (58),  welches  die 
Schritte  aufweist: 

a.  Vorsehen  eines  Substrats  (1  3)  mit  einer  obe- 
10  ren,  einer  unteren  und  gegenuberliegenden 

Seiten; 
b.  Aufbringen  einer  ersten  leitenden  Schicht 
(44)  auf  der  oberen  Seite  des  Substrats  (13); 
und 

is  c.  Aufbringen  einer  Schutzschicht  (56), 

welches  Verfahren 
dadurch  gekennzeichnet  ist,  dal3  die  gegenuber- 
liegenden  Seiten  des  vorgesehenen  Substrats  (1  3) 

20  jeweils  eine  Nut  (16)  enthalten  und  der  Schritt  des 
Aufbringens  der  ersten  leitenden  Schicht  (44)  einen 
schmelzbaren  Schmelzeinsatz  (42)  und 
AnschluBflecken  (34,36)  an  entgegengesetzten 
Enden  des  schmelzbaren  Schmelzeinsatzes  (42) 

25  bildet,  wobei  der  schmelzbare  Schmelzeinsatz  (42) 
und  die  AnschluBflecken  (34,36)  elektrisch  verbun- 
den  sind,  worin  die  Schutzschicht  (56)  eine  einlagi- 
ge  Schicht  aus  polymerem  Material  mit  einer  obe- 
ren  Oberflache  enthalt,  die  als  ein  Gel  aufgebracht 

30  und  iiber  die  obere  Oberflache  des  Stutzsubstrats 
(1  3)  geglattet  wird,  und  worin  das  polymere  Material 
mit  einer  im  wesentlichen  flachen  oberen  Oberfla- 
che  des  polymeren  Materials  aushartet. 

35  9.  Verfahren  nach  Anspruch  8,  worin  sich  die  erste  lei- 
tende  Schicht  (44)  von  der  oberen  Seite  des  Sub- 
strats  (1  3)  erstreckt  und  auf  einem  Bereich  der  Sei- 
ten  des  Substrats  (1  3)  niedergeschlagen  ist,  so  dal3 
die  AnschluBflecken  (34,36)  sich  von  der  Oberseite 

40  des  Substrats  (1  3)  zu  einem  Bereich  der  Seiten  des 
Substrats  (13)  erstrecken. 

10.  Verfahren  nach  Anspruch  8,  worin  die  erste  leitende 
Schicht  (44)  sich  von  den  Seiten  des  Substrats  (1  3) 

45  erstreckt  und  auf  einem  Bereich  der  Unterseite  des 
Substrats  (13)  so  abgeschieden  ist,  dal3  sich  die 
AnschluBflecken  (34,36)  auf  einen  Bereich  der  Un- 
terseite  des  Substrats  (13)  erstrecken. 

so  11.  Verfahren  nach  Anspruch  8,  worin  die  erste  leitende 
Schicht  (44),  welche  den  schmelzbaren  Schmelz- 
einsatz  (42)  bildet,  und  AnschluBflecken  (34,36) 
durch  Aufdampfen  niedergeschlagen  werden. 

25 

30 

35  9. 

6.  Oberflachenmontierte  Sicherung  (58)  nach  An- 
spruch  1,  worin  das  Stutzsubstrat  (13)  aus  einem 
FR-4-Epoxyd  oder  einem  Polyimid  hergestellt  ist. 

55  12.  Verfahren  nach  Anspruch  8,  worin  die  erste  leitende 
Schicht  (44),  welche  den  schmelzbaren  Schmelz- 
einsatz  (42)  bildet,  und  AnschluBflecken  (34,36) 
elektrochemisch  abgeschieden  werden. 

10 
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13.  Oberflachenmontierte  Dunnfilm-Schmelzsicherung 
(58),  welche  aufweist: 

a.  ein  Substrat  (13)  mit  gegenuberliegenden 
Seitenflachen;  s 
b.  einen  schmelzbaren  Schmelzeinsatz  (42); 
c.  eine  erste  AnschluBflecken-Schicht  (44);  und 
c.  eine  Schutzschicht  (56), 

jede  der  gegenuberliegenden  Seitenflachen 
des  Substrats  (1  3)  enthalt  eine  Nut  (1  6);  is 
der  schmelzbare  Schmelzeinsatz  (42)  und  die 
erste  AnschluBflecken-Schicht  (44)  sind  als  ei- 
ne  einlagige  durchgehende  Schicht  gebildet, 
welche  auf  dem  Substrat  (13)  angeordnet  ist, 
worin  der  schmelzbare  Schmelzeinsatz  (42)  20 
und  die  erste  AnschluBflecken-Schicht  (44)  aus 
einem  Metall  hergestellt  sind,  das  ausgewahlt 
wurde  aus  einer  Gruppe  bestehend  aus  Kupfer, 
Silber,  Nickel,  Titan,  Aluminium  und  Legierun- 
gen  hiervon;  25 
eine  auf  der  ersten  AnschluBflecken-Schicht 
(44)  angeordnete  zweite  AnschluBflecken- 
Schicht  (46),  worin  die  zweite  AnschluBflecken- 
Schicht  (46)  aus  demselben  Material  wie  die  er- 
ste  Schicht  (44)  hergestellt  ist;  30 
eine  dritte  AnschluBflecken-Schicht  (48),  wel- 
che  sich  auf  der  zweiten  AnschluBflecken- 
Schicht  (46)  befindet,  worin  die  dritte 
AnschluBflecken-Schicht  (48)  aus  Nickel  her- 
gestellt  ist;  35 
eine  vierte  AnschluBflecken-Schicht  (52),  wel- 
che  auf  der  dritten  AnschluBflecken-Schicht 
(48)  angeordnet  ist,  worin  die  vierte 
AnschluBflekken-Schicht  (52)  aus  Zinn,  Blei 
oder  Zinn  hergestellt  ist;  40 
eine  Schutzschicht  (56),  welche  eine  einlagige 
Schicht  aus  polymerem  Material  mit  einer  obe- 
ren  Oberflache  enthalt,  welche  als  ein  Gel  auf- 
gebracht  und  iiber  die  obere  Oberflache  des 
Stutzsubstrats  (13)  iiber  dem  schmelzbaren  45 
Schmelzeinsatz  geglattet  ist,  und  worin  das  po- 
lymere  Material  mit  einer  im  wesentlichen  fla- 
chen  oberen  Oberflache  des  polymeren  Mate- 
rials  aushartet. 

50 
14.  Oberflachenmontierte  Schmelzsicherung  (58)  nach 

Anspruch  1  3,  worin  die  erste,  zweite,  dritte  und  vier- 
te  leitende  Schicht  (44,46,48,52)  sich  iiber  die  Nu- 
ten  (1  6)  der  gegenuberliegenden  Seitenflachen  des 
Substrats  (13)  erstrecken.  55 

15.  Oberflachenmontierte  Schmelzsicherung  (58)  nach 
Anspruch  13,  worin  der  schmelzbare  Schmelzein- 

satz  (42)  einen  mittleren  Bereich  (50)  hat  mit  einer 
Zinn-Blei-Stelle,  die  auf  dem  mittleren  Bereich  (50) 
angeordnet  ist. 

16.  Oberflachenmontierte  Schmelzsicherung  (58)  nach 
Anspruch  13,  worin  die  Schutzschicht  (56)  auch 
iiber  einem  Bereich  der  vierten  AnschluBflecken- 
Schicht  (52)  aufgebracht  ist. 

17.  Oberflachenmontierte  Dunnfilm-Schmelzsicherung 
(58),  welche  Schmelzsicherung  (58)  aufweist: 

a.  ein  Substrat  (13)  mit  gegenuberliegenden 
Seitenflachen; 
b.  einen  schmelzbaren  Schmelzeinsatz  (42) 
aus  einem  ersten  leitenden  Metall,  der  auf  dem 
Substrat  (13)  niedergeschlagen  ist; 
c.  AnschluBflecken  (34,36),  die  elektrisch  mit 
dem  schmelzbaren  Schmelzeinsatz  (42)  ver- 
bunden  sind;  und 
d.  eine  Schutzschicht  (56), 

wobei  die  Schmelzsicherung  (58) 
gekennzeichnet  ist  durch: 

jede  der  gegenuberliegenden  Seitenflachen 
des  Substrats  (13)  enthalt  eine  Nut  (16); 
ein  zweites  leitendes  Metall  (54),  das  ein  ande- 
res  als  das  erste  leitende  Metall  ist,  welches  auf 
der  Oberflache  des  schmelzbaren  Schmelzein- 
satzes  (42)  niedergeschlagen  ist; 
die  AnschluBflecken  (34,36)  weisen  mehrere 
leitende  Schichten  (44,46,48,52)  auf,  worin  ei- 
ne  erste  der  mehreren  leitenden  Schichten  (44) 
und  der  schmelzbare  Schmelzeinsatz  (42)  ei- 
nen  einlagigen  durchgehenden  Film  bilden; 
und 
worin  die  Schutzschicht  (56)  eine  einlagige 
Schicht  aus  polymerem  Material  mit  einer  obe- 
ren  Oberflache  enthalt,  welche  als  ein  Gel  auf- 
gebracht  und  iiber  die  obere  Oberflache  des 
Stutzsubstrats  (13)  iiber  dem  schmelzbaren 
Schmelzeinsatz  geglattet  ist,  und  worin  das  po- 
lymere  Material  mit  einer  im  wesentlichen  fla- 
chen  oberen  Oberflache  des  polymeren  Mate- 
rials  aushartet. 

18.  Oberflachenmontierte  Schmelzsicherung  (58)  nach 
Anspruch  17,  worin  eine  zweite  der  mehreren  lei- 
tenden  Schichten  (46)  auf  der  ersten  der  mehreren 
leitenden  Schichten  (44)  niedergeschlagen  ist  und 
aus  demselben  Metall  wie  dem  ersten  leitenden 
Metall  besteht. 

19.  Oberflachenmontierte  Schmelzsicherung  (58)  nach 
Anspruch  18,  worin  eine  dritte  der  mehreren  leiten- 
den  Schichten  (48)  auf  der  zweiten  der  mehreren 
leitenden  Schichten  (46)  niedergeschlagen  ist  und 

wobei  die  Schmelzsicherung  (58)  10 
dadurch  gekennzeichnet  ist,  dal3  sie  weiterhin 
enthalt: 

11 
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aus  Nickel  besteht. 

20.  Oberflachenmontierte  Schmelzsicherung  (58)  nach 
Anspruch  1  9,  worin  eine  vierte  der  mehreren  leiten- 
den  Schichten  (52)  auf  der  dritten  der  mehreren  lei- 
tenden  Schichten  (48)  niedergeschlagen  ist  und 
aus  Zinn-Blei  besteht. 

21  .  Oberflachenmontierte  Schmelzsicherung  (58)  nach 
Anspruch  17,  worin  das  erste  leitende  Metall  aus 
der  Gruppe  enthaltend  Kupfer,  Silber,  Nickel,  Titan, 
Aluminium  oder  Legierungen  hiervon  ausgewahlt 
ist. 

22.  Oberflachenmontierte  Schmelzsicherung  (58)  nach 
Anspruch  17,  worin  das  zweite  leitende  Metall  (50) 
eine  Zinn-Blei-Legierung  ist. 

23.  Oberflachenmontierte  Schmelzsicherung  (58)  nach 
Anspruch  22,  worin  das  zweite  leitende  Metall  (50) 
auf  dem  schmelzbaren  Schmelzeinsatz  (42)  in  der 
Form  eines  Rechtecks  niedergeschlagen  ist. 

24.  Oberflachenmontierte  Schmelzsicherung  (58)  nach 
Anspruch  23,  worin  der  schmelzbare  Schmelzein- 
satz  (42)  einen  mittleren  Bereich  (50)  hat  und  das 
Rechteck  entlang  des  mittleren  Bereichs  (50)  des 
schmelzbaren  Schmelzeinsatzes  (42)  niederge- 
schlagen  ist. 

25.  Verfahren  zum  Herstellen  einer  oberflachenmon- 
tierten  Dunnfilm-Schmelzsicherung  (58),  welches 
die  Schritte  aufweist: 

26.  Verfahren  nach  Anspruch  25,  worin  die  erste  leiten- 
de  Schicht  (44)  sich  von  der  oberen  Oberflache  des 
Substrats  (13)  sich  so  in  die  Bohrungen  (14)  er- 
streckt,  dal3  die  AnschluBflecken  (34,36)  sich  von 

5  der  oberen  Oberflache  in  die  Bohrungen  (14)  er- 
strecken. 

27.  Verfahren  nach  Anspruch  26,  worin  die  erste  leiten- 
de  Schicht  (44)  sich  von  den  Bohrungen  (14)  er- 

10  streckt  und  auf  der  unteren  Oberflache  des  Sub- 
strats  (13)  so  endet,  dal3  sich  die  AnschluBflecken 
(34,36)  von  den  Bohrungen  (14)  erstrekken  und  auf 
der  unteren  Oberflache  des  Substrats  (13)  enden. 

is  28.  Verfahren  nach  Anspruch  27,  weiterhin  enthaltend 
den  Schritt  des  Niederschlagens  von  einer  oder 
mehreren  zusatzlichen  leitenden  Schichten  (46,48 
oder  52)  auf  der  Oberseite  der  AnschluBflecken 
(34,36). 

20 
29.  Verfahren  nach  Anspruch  28,  weiterhin  enthaltend 

den  Schritt  des  Niederschlagens  eines  metalli- 
schen  Fleckens  (50)  auf  dem  schmelzbaren 
Schmelzeinsatz  (42). 

25 
30.  Verfahren  nach  Anspruch  25,  worin  die  Schutz- 

schicht  (56)  auf  den  schmelzbaren  Schmelzeinsatz 
(42)  unter  Verwendung  einer  Schablonendruckma- 
schine  (70,72,74,76,78,80)  aufgebracht  wird. 

30 

Revendications 

1  .  Fusible  monte  en  surface  a  couche  mince  (58),  ledit 
35  fusible  (58)  comprenant  deux  sous-ensembles  de 

materiaux: 

le  premier  sous-ensemble  comprenant  une 
liaison  fusible  (42),  un  substrat  de  support  (13) 

40  et  des  plots  de  bornes  (34,  36),  le  substrat  de 
support  (13)  presentant  une  surface  superieu- 
re,  une  surface  inferieure  et  des  surfaces  late- 
rales  opposees,  et 
le  second  sous-ensemble  comprenant  une 

45  couche  protectrice  (56)  qui  recouvre  la  liaison 
fusible  (42)  de  maniere  a  assurer  une  protec- 
tion  vis-a-vis  des  impacts  et  de  I'oxydation, 
ledit  fusible  (58)  etant  caracterise  en  ce  que  les 
plots  de  bornes  (34,  36)  comprennent  une  plu- 

so  ralite  de  couches  de  plots  de  bornes  conductri- 
ces  (44,  46,  48,  52),  les  surfaces  laterales  op- 
posees  du  substrat  de  support  (1  3)  comportent 
chacune  une  rainure  (16)  dans  celle-ci,  et  une 
premiere  couche  de  la  pluralite  de  couches  de 

55  plots  de  bornes  conductrices  (44)  ainsi  que  la 
liaison  fusible  sont  realisees  sous  forme  d'une 
seule  couche  continue  qui  s'etend  sur  la  surfa- 
ce  superieure  du  substrat  de  support  (13),  la 

a.  Vorsehen  eines  Substrats  (1  3)  mit  einer  obe-  35 
ren  Oberflache,  einer  unteren  Oberflachen  und 
einem  Paarvon  Bohrungen  (14); 
b.  Aufbringen  einer  ersten  leitenden  Schicht 
(44)  auf  der  oberen  Oberflache  des  Substrats 
(13);  und  40 
c.  eine  Schutzschicht  (56), 

welches  Verfahren 
dadurch  gekennzeichnet  ist,  dal3  das  Nieder- 
schlagen  der  ersten  leitenden  Schicht  (44)  gleich-  45 
zeitig  einen  schmelzbaren  Schmelzeinsatz  (42) 
und  AnschluBflecken  (34,36)  auf  der  oberen  Ober- 
flache  des  Substrats  (1  3)  bildet,  wobei  der  schmelz- 
bare  Schmelzeinsatz  (42)  zwischen  dem  Paar  von 
Bohrungen  (14)  niedergeschlagen  wird  und  elek-  so 
trisch  mit  den  AnschluBflecken  (34,36)  verbunden 
wird,  worin  die  Schutzschicht  (56)  eine  einlagige 
Schicht  aus  polymerem  Material  mit  einer  oberen 
Oberflache  enthalt,  welche  als  ein  Gel  aufgebracht 
und  iiber  die  obere  Oberflache  des  Stutzsubstrats  55 
(1  3)  geglattet  wird,  und  worin  das  polymere  Material 
mit  einer  im  wesentlichen  flachen  oberen  Oberfla- 
che  des  polymeren  Materials  aushartet. 

12 
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premiere  des  couches  conductrices  de  plots  de 
bornes  (44)  s'etendant  en  outre  sur  les  rainures 
(16)  des  surfaces  laterales  opposees,  dans  le- 
quel  la  couche  protectrice  (56)  comprend  une 
seule  couche  de  materiau  polymere  compor- 
tant  une  surface  superieure  de  celle-ci,  qui  est 
appliquee  sous  forme  d'un  gel  et  etalee  sur  la 
surface  superieure  du  substrat  de  support  (1  3), 
et  dans  lequel  le  materiau  polymere  durcit  en 
formant  une  surface  superieure  pratiquement 
plate  du  materiau  polymere. 

2.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  1,  dans  lequel  la  premiere  couche  conductrice 
(44)  se  termine  sur  la  surface  inferieure  du  substrat 
(13). 

3.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  1,  dans  lequel  la  liaison  fusible  (42)  comporte 
une  partie  centrale  (50),  la  partie  centrale  (50)  com- 
portant  une  pastille  d'etain-plomb  ou  d'etain  sur  cel- 
le-ci. 

4.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  1,  dans  lequel  ledit  materiau  polymere  est 
transparent  et  colore. 

5.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  1  ,  dans  lequel  ladite  couche  protectrice  (56)  est 
faite  de  polyurethane. 

6.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  1  ,  dans  lequel  ledit  substrat  de  support  (1  3)  est 
fait  d'un  epoxy  FR-4  ou  d'un  polyimide. 

7.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  1  ,  dans  lequel  ladite  couche  protectrice  (56)  est 
transparente  et  incolore. 

8.  Procede  destine  a  la  fabrication  d'un  fusible  monte 
en  surface  a  couche  mince  (58)  comprenant  les  eta- 
pes  consistant  a  : 

a.  fournir  un  substrat  (13)  comportant  un  des- 
sus,  un  dessous  et  des  cotes  opposes, 
b.  deposer,  sur  le  dessus  du  substrat  (1  3),  une 
premiere  couche  conductrice  (44),  et, 
c.  appliquer  une  couche  protectrice  (56), 

le  procede  etant  caracterise  en  ce  que  les  co- 
tes  opposes  du  substrat  (13)  sont  chacun  munis 
d'une  rainure  (16)  dans  ceux-ci,  et  I'etape  de  depot 
de  la  premiere  couche  conductrice  (44)  forme  une 
liaison  fusible  (42)  et  des  plots  de  bornes  (34,  36) 
aux  extremites  opposees  de  la  liaison  fusible  (42); 
la  liaison  fusible  (42)  et  les  plots  de  bornes  (34,  36) 
etant  relies  electriquement,  dans  lequel  la  couche 
protectrice  (56)  comprend  une  seule  couche  de  ma- 

teriau  polymere  comportant  une  surface  superieure 
de  celle-ci  qui  est  appliquee  sous  forme  d'un  gel  et 
etalee  sur  la  surface  superieure  du  substrat  de  sup- 
port  (1  3),  et  dans  lequel  le  materiau  polymere  durcit 

5  en  formant  une  surface  superieure  pratiquement 
plate  du  materiau  polymere. 

9.  Procede  selon  la  revendication  8,  dans  lequel  la 
premiere  couche  conductrice  (44)  se  prolonge  a 

10  partirdu  dessus  du  substrat  (13)  et  est  deposee  sur 
une  partie  des  cotes  du  substrat  (13)  de  sorte  que 
les  plots  de  bornes  (34,  36)  s'etendent  depuis  le 
dessus  du  substrat  (1  3)  jusqu'a  une  partie  des  cotes 
du  substrat  (13). 

15 
10.  Procede  selon  la  revendication  8,  dans  lequel  la 

premiere  couche  conductrice  (44)  s'etend  a  partir 
des  cotes  du  substrat  (13)  et  est  deposee  sur  une 
partie  du  dessous  du  substrat  (1  3)  de  sorte  que  les 

20  plots  de  bornes  (34,  36)  s'etendent  jusque  sur  une 
partie  du  dessous  du  substrat  (13). 

11.  Procede  selon  la  revendication  8,  dans  lequel  la 
premiere  couche  conductrice  (44)  qui  forme  ladite 

25  liaison  fusible  (42)  et  lesdits  plots  de  bornes  (34, 
36)  est  deposee  par  depot  en  phase  vapeur. 

12.  Procede  selon  la  revendication  8,  dans  lequel  la 
premiere  couche  conductrice  (44)  qui  forme  ladite 

30  liaison  fusible  (42)  et  les  plots  de  bornes  (34,  36) 
est  deposee  par  depot  electrochimique. 

13.  Fusible  monte  en  surface  a  couche  mince  (58)  com- 
prenant: 

35 
a.  un  substrat  (1  3),  presentant  des  surfaces  la- 
terales  opposees, 
b.  une  liaison  fusible  (42), 
c.  une  premiere  couche  de  plots  de  bornes  (44), 

40  et, 
d.  une  couche  protectrice  (56), 

le  fusible  (58)  etant  caracterise  en  ce  qu'il 
comprend  en  outre  : 

45 
chacune  des  surfaces  laterales  opposees  du 
substrat  (13)  comportant  une  rainure  (16)  dans 
celle-ci, 
la  liaison  fusible  (42)  et  la  premiere  couche  de 

so  plots  de  bornes  (44)  formees  en  tant  qu'une 
seule  couche  continue  disposee  sur  le  substrat 
(1  3),  dans  lequel  la  liaison  fusible  (42)  et  la  pre- 
miere  couche  de  plots  de  bornes  (44)  sont  fai- 
tes  d'un  metal  selectionne  a  partir  d'un  groupe 

55  constitue  du  cuivre,  de  I'argent,  du  nickel,  du 
titane,  de  I'aluminium  et  des  alliages  de  ceux-ci, 
une  seconde  couche  de  plots  de  bornes  (46) 
disposee  sur  la  premiere  couche  de  plots  de 
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bornes  (44),  dans  laquelle  la  seconde  couche 
de  plots  de  bornes  (46)  est  faite  du  meme  metal 
que  la  premiere  couche  (44), 
une  troisieme  couche  de  plots  de  bornes  (48) 
disposee  sur  la  seconde  couche  de  plots  de 
bornes  (46),  dans  laquelle  la  troisieme  couche 
de  plots  de  bornes  (48)  est  faite  de  nickel, 
une  quatrieme  couche  de  plots  de  bornes  (52) 
disposee  sur  la  troisieme  couche  de  plots  de 
bornes  (48),  dans  laquelle  la  quatrieme  couche 
de  plots  de  bornes  (52)  est  faite  d'etain-plomb 
ou  d'etain, 
une  couche  protectrice  (56)  qui  comprend  une 
seule  couche  de  materiau  polymere  compor- 
tant  une  surface  superieure  qui  est  appliquee 
sous  forme  d'un  gel  et  etalee  sur  la  surface  su- 
perieure  du  substrat  de  support  (1  3)  au-dessus 
de  la  liaison  fusible,  et  dans  laquelle  le  materiau 
polymere  durcit  en  formant  une  surface  supe- 
rieure  pratiquement  plate  du  materiau  polyme- 
re. 

14.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  13,  dans  lequel  les  premiere,  seconde,  troisie- 
me  et  quatrieme  couches  conductrices  (44,  46,  48, 
52)  s'etendent  sur  les  rainures  (1  6)  des  surfaces  la- 
terales  opposees  du  substrat  (13). 

15.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  13,  dans  lequel  la  liaison  fusible  (42)  presente 
une  partie  centrale  (50)  comportant  une  pastille 
d'etain-plomb  qui  est  disposee  sur  la  partie  centrale 
(50). 

16.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  13,  dans  lequel  la  couche  protectrice  (56)  est 
egalement  appliquee  sur  une  partie  de  la  quatrieme 
couche  de  plots  de  bornes  (52). 

17.  Fusible  monte  en  surface  a  couche  mince  (58),  ledit 
fusible  (58)  comprenant  : 

a.  un  substrat  (1  3),  presentant  des  surfaces  la- 
terales  opposees, 
b.  une  liaison  fusible  (42)  faite  d'un  premier  me- 
tal  conducteur  depose  sur  le  substrat  (1  3), 
c.  des  plots  de  bornes  (34,  36)  relies  electrique- 
ment  a  la  liaison  fusible  (42),  et, 
d.  une  couche  protectrice  (56),  le  fusibie  (58) 
etant  caracterise  par: 

chacune  des  surfaces  laterales  opposees 
du  substrat  (13)  comportant  une  rainure 
(16)  dans  celle-ci, 
un  second  metal  conducteur  (54),  autre 
que  le  premier  metal  conducteur,  depose 
sur  la  surface  de  la  liaison  fusible  (42), 
les  plots  de  bornes  (34,  36)  comportant 

une  pluralite  de  couches  conductrices  (44, 
46,  48,  52),  ou  une  premiere  couche  de  la 
pluralite  des  couches  conductrices  (44) 
ainsi  que  la  liaison  fusible  (42)  torment  une 

5  seule  couche  continue,  et, 
dans  lequel  la  couche  protectrice  (56)  com- 
prend  une  seule  couche  de  materiau  poly- 
mere  comportant  une  surface  superieure 
de  celle-ci  qui  est  appliquee  sous  forme 

10  d'un  gel  et  etalee  sur  la  surface  superieure 
du  substrat  de  support  (13)  par-dessus  la 
liaison  fusible,  et  dans  lequel  le  materiau 
polymere  durcit  en  formant  une  surface  su- 
perieure  pratiquement  plate  du  materiau 

is  polymere. 

18.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  17,  dans  lequel  une  seconde  couche  de  la  plu- 
ralite  de  couches  conductrices  (46)  est  deposee  sur 

20  la  premiere  couche  de  la  pluralite  de  couches  con- 
ductrices  (44)  et  est  constitute  du  meme  metal  que 
le  premier  metal  conducteur. 

19.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
25  tion  1  8,  dans  lequel  une  troisieme  couche  de  la  plu- 

ralite  de  couches  conductrices  (48)  est  deposee  sur 
la  seconde  couche  de  la  pluralite  de  couches  con- 
ductrices  (46)  et  est  constitute  de  nickel. 

30  20.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  1  9,  dans  lequel  une  quatrieme  couche  de  la  plu- 
ralite  de  couches  conductrices  (52)  est  deposee  sur 
la  troisieme  couche  de  la  pluralite  de  couches  con- 
ductrices  (48)  et  est  constitute  d'etain-plomb. 

35 
21.  Fusible  monte  en  surface  (58)  selon  la  revendica- 

tion  1  7,  dans  lequel  le  premier  metal  conducteur  est 
selectionne  a  partir  du  groupe  comprenant  le  cui- 
vre,  I'argent,  le  nickel  le  titane,  I'aluminium  ou  des 

40  alliages  de  ceux-ci. 

22.  Fusible  monte  en  surface  (58)  selon  la  revendica- 
tion  17,  dans  lequel  le  second  metal  conducteur 
(50)  est  un  alliage  d'etain-plomb. 

45 
23.  Fusible  monte  en  surface  (58)  selon  la  revendica- 

tion  22,  dans  lequel  le  second  metal  conducteur 
(50)  est  depose  sur  la  liaison  fusible  (42)  sous  la 
forme  d'un  rectangle. 

50 
24.  Fusible  monte  en  surface  (58)  selon  la  revendica- 

tion  23,  dans  lequel  la  liaison  fusible  (42)  comporte 
une  partie  centrale  (50),  et  le  rectangle  est  depose 
le  long  de  la  partie  centrale  (50)  de  ladite  liaison  fu- 

ss  sible  (42). 

25.  Procede  de  fabrication  d'un  fusible  monte  en  surfa- 
ce  a  couche  mince  (58)  comprenant  les  etapes  con- 

14 
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sistant  a  : 

a  fournir  un  substrat  (13)  comportant  une  sur- 
face  superieure,  une  surface  inferieure  et  une 
paire  de  percages  (14),  s 
b.  deposer  une  premiere  couche  conductrice 
(44)  sur  la  surface  superieure  du  substrat  (1  3), 
et, 
c.  une  couche  protectrice  (56), 

10 
le  procede  etant  caracterise  en  ce  que  le  de- 

pot  de  la  premiere  couche  conductrice  (44)  forme 
simultanement  une  liaison  fusible  (42)  et  des  plots 
de  bornes  (34,  36)  sur  la  surface  superieure  du 
substrat  (13),  la  liaison  fusible  (42)  etant  deposee  is 
entre  la  paire  de  percages  (14)  et  etant  reliee  elec- 
triquement  aux  plots  de  bornes  (34,  36),  dans  lequel 
la  couche  protectrice  (56)  comprend  une  seule  cou- 
che  de  materiau  polymere  comportant  une  surface 
superieure  de  celle-ci  qui  est  appliquee  sous  forme  20 
d'un  gel  et  etalee  sur  la  surface  superieure  du  subs- 
trat  du  support  (13),  et  dans  lequel  le  materiau  po- 
lymere  durcit  en  formant  une  surface  superieure 
pratiquement  plate  du  materiau  polymere. 

25 
26.  Procede  selon  la  revendication  25,  dans  lequel  la 

premiere  couche  conductrice  (44)  s'etend  depuis  la 
surface  superieure  du  substrat  (1  3)  jusque  dans  les 
percages  (14)  de  sorte  que  les  plots  de  bornes  (34, 
36)  s'etendent  depuis  la  surface  superieure  jusque  30 
dans  les  percages  (14). 

27.  Procede  selon  la  revendication  26,  dans  lequel  la 
premiere  couche  conductrice  (44)  s'etend  a  partir 
des  percages  (14)  et  se  termine  sur  la  surface  su-  35 
perieure  du  substrat  (13)  de  sorte  que  les  plots  de 
bornes  (34,  36)  s'etendent  a  partir  des  percages 
(14)  et  se  terminent  sur  la  surface  superieure  du 
substrat  (13). 

40 
28.  Procede  selon  la  revendication  27,  comprenant  en 

outre  I'etape  consistant  a  deposer  une  ou  plusieurs 
couches  conductrices  supplementaires  (46,  48  ou 
52)  par-dessus  les  plots  de  bornes  (34,  36). 

45 
29.  Procede  selon  la  revendication  28,  comprenant  en 

outre  I'etape  consistant  a  deposer  une  pastille  me- 
tallique  (50)  sur  la  liaison  fusible  (42). 

30.  Procede  selon  la  revendication  25,  dans  lequel  la  so 
couche  protectrice  (56)  est  appliquee  sur  la  liaison 
fusible  (42)  en  utilisant  une  machine  d'impression 
au  stencil  (70,  72,  74,  76,  78,  80). 

15 
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