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fective and must not be subject to loss in reliability due to complicated
and variable manufacturing pro- ELECTRICAL COMPONENT (FUSE) AND
cedures. METHOD OF MAKING IT                                   Such a fuse
must have the lowest possible impe- 5   dance, even when operating at high
frequencies of Technical Field                                    100 MHz
or more, so that losses in the fused compo- nent are reduced to an absolute
minimum. This invention relates to electrical components    The fuse must
carry a significant current without and methods of making them. It has
particular appli-  serious overall increases in Impedance to the series-
cation to a sub-miniature fuse for electronic compo-  10  connected
component, yet open rapidly with a small nents and most particularly for
surface mount devic-  increase in current before the component approaches
es where small size, low energy actuation, low resis-  its critical failure
temperature. For example, one tance, high frequency signal handling, and
high open  specification for a fuse for a tantalum capacitor re- resistance
are desired. As used herein, the term "sub-  quires that the fuse carry
0.75 amperes D.C. for five miniature indicates a component less than 0.3 cm
15  seconds but must blow within five seconds on appli- (0.1") on a side in
at least two dimensions. The inven-  cation of 1.4 amperes D.C. tion will
be described in connection with such fuses,  The open fuse must have a very
high resistance but the utility of some aspects of the Invention is not  so
that minute residual currents can not flow through limited thereto.
the protected component over long periods of time. In 20  the case of
tantalum capacitors even the continuous Background of the Invention
flow of a few microamps can reestablish high temper- atures in the failed
component, so that a resistance In some of its aspects, the present
Invention is a  on the order of ten megohms may be required in the
modification of the structures and processes descri-  open fuse. bed in
commonly owned U.S. Patent 4,749,980, the   25  Finally, the fuse must be
able to be manufactured disclosure of which Is hereby incorporated by
refer-  economically and reliably using high volume techni- ence.
ques such as those found in the semiconductor indus- With the advent of
surface mount technology,   try. burning and charring of surface mount
boards by run-  U.S. Patent Nos. 4,107,759 (Shirn et al), away components
has become much more prevalent.  30  4,107,762 (Shirn et al), and 4,193,108
(Coleman) are The closer proximity of components, as found on sur-  among
the earlier patents that discuss the problems face mount boards,
contributes to this problem along  of fuse protection for capacitors. These
patents use with thinner dielectric materials required to reduce
exothermic wire fuses buried in molded plastic hous- component size. In
addition, the area available to  ings in thermal contact with the
capacitor. They have conduct away or radiate energy during normal opera-
35  proven to be an unreliable solution because of serious tion or
catastrophic failure is reduced.           thermal variables that can
prevent actual exothermic Large, high component density, surface mount
action due to chilling of the wire link. If the exothermic boards may cost
thousands of dollars in today's mar-  wire does not ignite, the fuse may
carry enough cur- ket so that the protection offered by fused compo-  rent
to ignite the tantalum capacitor. nents can result in an extreme cost
savings over the   40  U.S. Patent No. 4,224,656 (DeMatos et al) is sim-
life of the board or the equipment incorporating such  ilar to the
foregoing patents, but shows a method for a board. The complete destruction
by fire of the  isolating the exothermic wire in space to overcome
equipment or structure in which these components   the erratic behavior of
exothermic wire molded in are housed is also prevented by proper fusing at
the  plastic surface mount board level.                    45      In
US-A-4 749 980, there is described an electri- Surface mount monolithic
ceramic capacitors,   cal component and a method of making it according
electrolytic (e.g., tantalum) capacitors and power  to the preamble of
claims I and I 9. transistors are typical of some of the componentsthat
U.S. Patent No. 4,814,946 (Su) discloses that can produce board burning and
charring during fail-  exothermic wire is used for protecting capacitors
be- ure.                                          50  cause the reliability
of low melting temperature met- A fuse to protect these and similar
components  als as a fusible link in a capacitor assembly is very from
generating destructive temperatures on surface  poor. Su therefore uses a
bimetallic exothermic wire, mount boards must be small enough to be
incorporat-  made of aluminum wire, with a ruthenium or palladium ed within
the housing of the component or externally  cladding, and covered with a
silicone adhesive com- attachable to the housing so that no additional
board  55  position. This wire ignites at a temperature of around real
estate or change in component footprint is re-  [err] and reaches a maximum
temperature during quired.                                           its
reaction of about [err] The fuse must have extreme reliability to be ef-
All of these patents suffer from high manufactur- 2    



3          EP0513246 B1                     4 ing costs due to difficulties
in handling tiny wire, high  Another object is to provide an electrical
compo- impedance at high frequencies, and difficulties with  nent of
extremely small dimensions, which may be termination of the wire to the
outside of the package.  made inexpensively, reliably, reproducibly,
automati- The necessary small diameter fuse wire, on the  cally, and in
large quantities. order of 0.0025 cm (one mil), is extremely hard tofab-
5  Another object of this Invention is to provide such ricate into a
surface mount package and causes rel-  a component which may easily be
tested during the atively high manufacturing cost because manufac-
manufacturing process. ture is nottractableto mass production methods such
Another object of this invention is to provide such as found in the
semiconductor industry.            a component which is easily handled and
mounted in The small surface area of small diameter wires  10  or on a
standard package of another, surface mount- impedes high frequency signals
which flow only on  ed, component. the surface of a conductor, thereby
increasing the     Another object of this invention Is to provide a high
frequency impedance of the fused component.   fuse of the foregoing type.
In addition, small diameter wires show significant in-  Another object of
this invention is to provide such ductance. The effective series resistance
(ESR) of  15   a fuse which has extremely low D.C. resistance and the fuse
is therefore generally objectionably high  ESR in normal operation, and
which has extremely when used in high frequency applications.          high
residual resistance when the fuse opens. The extreme small diameter of the
exothermic       Another object of this invention Is to provide such wire
Is necessary to bring a short length of It to the  a fuse which may be
accurately and simply controlled exothermic reaction temperature and
requires that  20  and modified in its electrical and mechanical charac-
the fuse have a relatively high D.C. resistance, there-  teristics. by
adding to the overall Impedance of the fuse com-    Another object is to
provide such a fuse which Is ponent combination. I have found that making
the link  protected from ambient, whether ambient is atmos- element flat,
or placing it in contact with a heat sink,  phere or a plastic casing.
prevents reproducible Ignition of the fuse link under  25  To achieve this,
the electrical component of the the desired overcurrent conditions.
invention is characterized by the features of the char- U.S. Patent No.
4,757,423 (Franklin) forms a    acterizing part of claim 1 and the method
of the inven- fused tantalum capacitor in another way. This patent  tion by
the features of claim 19. utilizes as the fuse link, a pad of spherical
polystyr-  Other objects of this invention will be apparent to ene
particles coated with about 1% by weight of a   30  those skilled in the
art in light of the following descrip- metal and molded at high temperature
and pressure  tion and accompanying drawings. into plaques, in which the
metallic shell continuity is  In accordance with one aspect of this
invention, preserved in a continuous polystyrene matrix formed  generally
stated, electrical components are formed from the coated particles during
the molding opera-  by metallizing at least one electrical conductor on the
tion. This approach eliminates the tiny wire problem   35  outer surface of
a dielectric tube, bonding a curable in a tantalum capacitorfuse, but it
Introduces new va-  dielectric jacket to the tube and conductor to protect
riables that are difficult to control. The overall D.C. re-  the conductor,
and cutting the tube and jacket into sistance and current carrying
characteristics of the  electrical components. Preferably, the jacket is
fuse are so sensitive to the polymer and metal phase  formed by sleeving
the metallized glass tube into a ratio in the matrix along with the need
for precise con-  40  sleeve, filling the space between the tube and the
trol of internal and external geometries that a practi-  sleeve with a
curable material, curing the material to cal fuse to protect a tantalum
capacitor becomes ex-  bond it to the tube, and cutting at least the tube
and tremely difficult to manufacture. Moreover, the poly-  the curable
material into a plurality of components. styrene particles are easily
damaged at temperatures  Preferably, the cutting step includes cutting the
tube, encountered in surface-mount techniques.      45  the curable
material, and the sleeve. U.S. Patent 4,749,980 (Morrill et al) discloses a
Preferably, and in accordance with another as- fuse whose link has a large
surface area, hence a low  pect of the invention, a plurality of assemblies
are D.C. resistance and ESR, but the fuse shows too high  mounted generally
parallel in a fixture, and the space a residual resistance for use in an
electrolytic capac-  between the assemblies is also filled with the curable
itor and is difficult to make small enough to be used   50   material.After
the material is cured to form a mono- without enlarging the footprint of,
for instance, a stan-  lith, it is cut into plates with the individual
components dard D" sized capacitor package.                   held together
by the curable material. Terminals are applied to the individual compo-
Summary of the Invention                           nents while they are
held together by the curable ma- 55  terial. Preferably, the terminals
include a metallized One of the objects of this Invention is to provide
layer applied to an entire broad face of the plate. a high-volume, low-cost
method for forming electrical  In accordance with another aspect of the
inven- components.                                        tion, the
components in the plate are initially connect- 3    



5       EP 0 513 246 B1                     6 ed mechanically and
electrically. The components  tube and sleeve is less critical than in
Morrill et al, are held individually between electrodes, the binding  U.S.
Patent 4,749,980. material is stripped from between the components     In
another embodiment, the interior of the sleeve while they are held by the
electrodes, and the com-  is pre-treated to reduce bonding between the
sleeve ponents are tested before being released.     5   and the filler,
and the sleeve is removed along with In the preferred method-of the
invention, a plur-  the matrix of curable material, leaving the metallized
ality of square tubes are masked and metallized by  tube surrounded
byajacket of curable material which vacuum sputtering, the tubes are
sleeved, a bundle  forms a sleeve over the tube. In this embodiment, the of
sleeved tubes is held in a fixture, thefixture is filled  jacket of curable
material is preferably a circular cy- with an RTV silicone elastomeric
adhesive and cen-  10  linderover a square tube, with the thickest portion
of trifuged to ensure that all air is removed, the silicone  the cylinder
overlying a metal conductor on the tube. is cured, the bundle is cut normal
to the axes of the  In this embodiment, it Is also preferred that the tube
tubes into thin plates, the silicone is etched back to  be a solid rod.
expose a small part of the metallization on the tubes,  In accordance with
another aspect of the inven- the plates are metallized by sputtering,
individual  15  tion, the component is a sub-miniature component sleeved
components on the plate are supported be-  having a diameter less than 0.3
cm (0.11 and having tween two arrays of electrodes, the components are  a
thickness substantially less than its diameter. In the mechanically and
electrically separated from each  first embodiment, a filler in the annular
space be- other, the components are electrically tested while  tween the
tube and sleeve provides a barrier between being held by the electrodes,
and the components are  20  the ends of the tube. The second embodiment may
be individually released from the electrodes and placed  even smaller in
diameter than the first, and the cured according to how they tested.
jacket provides a barrier above the electrical conduc- The solid filler is
preferably a material which fills  tor on the tube. the space between the
tube and the sleeve, as well   In accordance with another aspect of the
inven- as the interior of the tube when it is hollow, without  25  tion,
the component includes a tube, a conductormet- leaving any substantial
voids. Preferably, it leaves no  allized to an axial face of the tube, a
dielectric jacket passages larger than a few microns, and in any event
bonded to the tube and covering a portion of the con- it leaves no passages
large enough to provide a met-  ductor, the jacket terminating short of at
least one end allized path axially through the device during metalli-  of
the tube to expose an end of the conductor adja- zation of the ends of the
device. A preferred filler is  30  cent the end of the tube, and
metallization covering an adhesive material or an elastomeric material,
most  at least one end of the tube and the exposed conduc- preferably a
material which is both. A particularly use-  tor. Preferably, the
metallization also covers the axial ful such material is a silicone
elastomer, preferably a  end of the jacket. two-part, room temperature
vulcanizing (RTV) sill-   In accordance with another aspect of the inven-
cone elastomer. The silicone, when cured, clings to  35  tion, the
component Includes a metallized hollowtube the tube and provides a good
environmental seal.  and asleeve, and a dielectric fillerfilling both the
an- The filler is preferably etched back, mechanically  nular space between
the tube and sleeve and the In- orchemically, to expose a short portion of
the conduc-  side of the hollow tube. tor on the tube, and a contact is
applied to the end of  In accordance with another aspect of the inven- the
tube, extending across the exposed conductor.  40  tion, the electrical
component Is a fuse, and the fuse Preferably, the contact includes a
metallized layerap-  may be utilized in or on a surface mounted compo-
plied across the entire end of the assembly, including  nent. The
conductormay be made of a metal which re- the tube, the sleeve and the
filler. More generally, the  acts with the filler at elevated temperature
to provide etching back of a filler applied between a cover and  a
chemically augmented fuse. Examples of suitable a metallized substrate, in
order to expose the metal-  45  metals for the link are aluminum and
aluminum cov- lization on the substrate, constitutes another aspect  ered
with antimony pentoxide. The size and geome- of the invention.
try of the link are easily controlled by masking the flat In one embodiment
of the invention, the finished  side of the square tube. Conductors may be
sputtered components include the sleeve for protection. In that  onto more
than one side of the square tube, and the embodiment, the filler bonds the
tube to the sleeve.  50  link portion of the conductor may be made
different Preferably, the tube is hollow and square. The prefer-  in
geometry or composition on each side. If desired, red tube fits snugly
within the sleeve. The electrical  othercomponents may be sputtered ontoone
or more conductor is metallized, preferably by sputtering, as  sides of the
tube. in the Morrill et al U.S. Patent 4,749,980, on one or  In accordance
with another aspect of the inven- more of itsflatfaces. The tube and the
sleeve are pre-  55  tion, a method of forming fuses is provided Including
ferably both formed of high temperature glass. Be-  metallizing a substrate
to form a plurality of conduc- cause the volume between the tube and the
sleeve  tors on the substrate, each conductor including a fu- is filled
with an elastomer, the spacing between the  sible link, covering the
fusible links with a synthetic 4    



7                   EP 0 513 246 B1                    8 polymer adhesive
which adheres to the links and the  ner link of the same size has an
impedance of under substrate around the links, and severing the sub-  0.2
ohms, carries 0.75 amps for five seconds, but strate and conductors toform
a plurality offuses. Pre-  opens within five seconds when carrying 1.4
amps. ferably, the fuse link is made of aluminum or an alu-  When the fuse
opens, it exhibits a resistance in ex- minum alloy metallized on a glass
substrate. The link   5   cess of 10 megohms, with no tendency to reconnect
is preferably covered with an elastomeric silicone  with time. polymer
adhesive which reacts with the aluminum un-   The extremely small size of
the fuse, its symme- derovercurrentconditions. The substrate may, forex-
try, and the fact that it is so rugged that it may be han- ample, be the
tube of the preferred embodiment, or it  died by conventional automated
pick-and-place may be a thin glass sheet which is severed by the dic-  io
equipment enable the fuse to be placed within a com- ing techniques used in
severing semiconductors.    ponent package, under the component package, or
When a thin glass sheet is the substrate, it is prefer-  separately surface
mounted with minimal effort. red to leave a small gap between fuses on the
sub-    Other aspects of the invention will become more strate, ratherthan
depositing a continuous conductor,  apparent in light of the following
description. to prevent peeling or tearing of the conductor during   15 the
cracking operation. Such a fuse may be made    Brief Description of the
Drawings very inexpensively, but it produces a fuse which has both contacts
on a single face of the substrate, there-  In the drawings, Figure 1 is a
view in perspective by making connection of the fuse into a circuit more
of a fuse of the present invention, partially broken complex than with the
tubular fuse having contacts at  20  away to show the interior
construction. its opposed axial ends.                               Figure
1A is a view in perspective of the fuse of The combination of an aluminum
fuse link cov-  Figure 1. eredwith a silicone elastomer is
anotheraspectofthe   Figure 2 is a sectional view taken along the line
invention. The combination is particularly effective  2-2 of Figure 1. when
the aluminum link is deposited on a dielectric  25  Figure 3 is a sectional
view taken along the line glass substrate, and the silicone is an adhesive
which  3-3 of Figure 2. adheres both to the substrate and to the link.
Figure 4 is an enlarged view in cross section tak- In the preferred
embodiment, the fuse body is  en along the line 4-4 of Figure 3. less than
0.25 cm (0.10") in diameter and less than    Figure 5 is a plan view of a
mask used for sput- 0.13 cm (0.05") in length. The ends of the fuse are  30
tering conductors onto square tubing in the manufa- metallized, and are
optionally soldered to provide  ture of the fuse of Figures 1-4. contacts
at the axial ends of the fuse body. The pres-  Figure 6 is a view in
perspective of a portion of the ent fuse is much shorter than the fuse
illustrated in  square metallized tubing, inserted in an outer tube or
prior U.S. Patent No. 4,749,980. If the space between  sleeve in the
production of the fuse of the present in- the tube and the sleeve were
notfilled with a solid fill-  35  vention. er, the process of metallizing
the axial endsofthefuse  Figure 7 is a view in elevation, partially
diagram- could create a bridge of material extending axially  matic and
partially cut away, of a bundle of sleeved through the fuse independent of
the fuse link. The  tubesof Figure 6, being inserted Into a closed-end cy-
danger of this occurring is greatly increased by the  linder for filling
with an elastomer. use of a square tube, which leaves a larger gap be-  40
Figure 8 is a view in plan of a disk or plate of fuse tween its flat sides
and the sleeve, rather than a  blanks cut from the bundle of Figure 7.
round tube. The use of an elastomericor adhesive fill-  Figure 9 is a
sectional view, taken along the line er has the further advantage that it
eliminates the  9-9 of Figure 8. need for waxing the tube and the sleeve
together for  Figure 10 is a sectional view, corresponding to cutting them.
There is also nowaxto be removed, and   45   Figure 9, during a further
step in the processing of the handling the cut pieces is simplified and
made easy  plate of fuse blanks, showing the elastomer etched to automate.
back. The use of a square tube, rather than round,       Figure 11 is a
somewhatdiagrammaticviewofthe makes masking the tube during the metallizing
oper-  plate of Figures 8-10, after further metallizing steps, ation much
easier and more precise. It also simplifies  50  held between electrodes of
a stripping and testing de- the metallization of plural conductors running
axially  vice. of the tube, spaced [err] circumferentially     Figure 12
isa view inside elevation of the assem- apart.
bled fuse of Figures 1-4, assembled under an electri- Using a single
conductor having a 0.025 cm     cal component. (0.010") square link, the
fuse of the present invention  55  Figure 13 is a view in partial
cross-section of the may have an impedance of 0.1 +/- 0.05 ohms over a
assembled fuse of Figures 1-4, assembled in a pack- full range of
frequencies from below 0.1 megahertz  age with an electrolytic capacitor.
to over 200 megahertz. Afuse with a somewhat thin-    Figure 14 is a view
in partial cross-section of the 5    



9                   EP 0 513 246 B1                10 assembled fuse of
Figures 1-4, assembled in a stand-  205. At its center, the conductor 207
is necked down alone surface-mount package.                     to form a
fuse link 211. The link 211 is 0.025 cm Figure 15 is a view in perspective
corresponding  (0.010") across and 0.025 cm (0.010") long. The con- to Fig
6, of another embodiment of the invention, util-  ductor 207 Is two microns
thick. The conductor207 is izing tubing having conductors metallized on
more   5   applied by masking and vacuum sputtering as descri- than one
face.                                   bed hereinafter. The dimensions and
the composition Figure 16 is a sectional view, corresponding to  of the
conductor 207 and its link 211 are chosen to Figure 2, of another
embodiment of the invention, in  provide a fuse suitable for use with a
high frequency which an outer sleeve portion has been removed.
electrolytic capacitor, for which a fuse is required Figure 17 is a
sectional view, corresponding to  10  which will carry 0.75 amps but which
will open com- Figure 3, of the fuse of Figure 16.              pletely and
quickly when carrying an overload current Figure 18 is a view in
perspective, corresponding  of less than two amps. to Figure 6, showing a
step in the manufacture of the  The space between the sleeve 203 and square
fuse of Figures 16 and 17.                       tube 205 is completely
filled with a dielectric elasto- Figure 19 is a view in perspective of a
fuse made  15  mer 212 as is the interior of the square tube 205. The in
accordance with another embodiment of the inven-  elastomer212 terminates
0.008 cm (0.003") from the tion.
axial ends of sleeve 203 and square tube 205. The Figure 20 is a view in
side elevation of the fuse  elastomer 212 is illustratively a high
durometer sill- of Figure 19.                                    cone
polymer. A suitable polymer is sold by Dow Figure 21 is a view in
perspective of the fuse of  20  Corning Corporation under the name Sylgard
Q3- Figures 19 and 20 with terminals attached to it.  6605 thermally
conductive elastomer. The cured Q3- Figure 22 is a top plan view of a
portion of a sheet  6605 elastomer 212 has a Shore A hardness of 80, is of
fuses, showing steps in the manufacture of the  stable against reversion,
has excellent dielectric fuse of Figures 19-21.
properties, and is thermally stable above [err] Figure 23 is a view in
perspective of a fuse made  25  Each axial end of the fuse 201 is
completely cov- in accordance with another embodiment of the inven-  ered
with a 1.5-micron thick layer 216 of a nickel/va- tion.
nadium alloy. The nickel/vanadium is a 7% vanadium Figure 24 is a view in
side elevation of the fuse  alloy. The nickel/vanadium layer is intimately
bonded of Figure 23.                                    to the 0.008 cm
(0.003") exposed end of the conduc- Figure 25 is a top plan view of a
portion of a sheet  30  tor 207, as well as to the axial ends of the sleeve
203, of fuses, showing steps In the manufacture of the  the elastomer 212,
and the square tube 205. The fuse of Figures 23 and 24.
nickel/vanadium alloy is in turn covered by a 3-micron Figure 26 is a view
in perspective of the fuse of  thick layer 217 of silver. An electrical
contact 221 is Figures 23 and 24 with terminals attached to It.  applied to
each axial end of the fuse 201. The axial 35  contact 221 may be formed of
solder or a conductive Description of the Preferred Embodiments
epoxy. It is preferably about 0.003 cm (0.001") thick. Asultable epoxy is a
commercially available silver-fil- Referring now to the drawings, and in
particular  led epoxy. A suitable solder is a high temperature to Figures
1-4, reference numeral 201 indicates one  solder, for example a
commercially available solder illustrative embodiment of electrical device
of the  40  made of 95% lead and 5% tin, having a solidus point present
invention, particularly a sub-miniature fuse.  of [err] and a liquidus
point of [err] In some ap- The fuse 201 includes a dielectric sleeve 203
sur-  plications, the metallized layer may itself form the rounding a
square tube 205. The sleeve 203 and   contact. square tube 205 are both
formed from high tempera-   Referring now to Figures 5-11, in an
illustrative ture KG-33 borosilicate glass having a softening point  45
process of making the fuse 201, sixty-one pieces of above [err] The sleeve
203 has an outer diameter  high precision KG-33 borosilicate glass tubing
251 of 0.23 cm (0.090"), a wall thickness of 0.051 cm  are sputtered in a
single operation. The lengths of (0.020"), an inner diameter of 0.13 cm
(0.050"), and  tubing 251 are commercially available square tubing a length
of 0.076 cm (0.030"). The square tube 205  formed by a conventional vacuum
redraw process, to has an outer diagonal diameter of 0.12 cm (0.049"),  50
give the tubing the cross-sectional shape and dimen- an outer face-to-face
width of 0.10cm (0.040"), a wall  sions previously described for the inner
tube 205. thickness of 0.01 cm (0.004"), and a length of 0.076  Each length
of tubing 251 is 15 cm (6" long. cm (0.030"). The square tube 205 has
rounded cor-    The tubing 251 is cleaned and placed In a va- ners
characteristic of the redraw techniques by which  cuum sputtering machine
using a fill of argon gas at it is made.
55  a pressure of about 20 millitorrs with a mechanical The square tube 205
has an aluminum film con-  mask 252 (Figure 5) covering all of the tubing
251 ex- ductor 207 applied to one of its outer faces. The con-  cept the
portions desired to be metallized. The mask ductor207 extends axially from
end to end of the tube  252 includes openings 254 extending axially over 6



1              EP 0 513 246 B1                12 each length of tubing 251.
Each axial opening 254 in-  relatively hard elastomer which supports the
sleeved cludes a series of wide portions 256 connected by re-  tubing
lengths during cutting and which prevents for- strictions 258. Chamfers 260
at each end of each  mation of electrical bridges during subsequent sput-
wide portion 256 provide a smoothing of the transition  tering steps and
soldering orgluing steps. The two liq- between the wide portion 256 and the
restriction 258.   5   uid parts of the elastomer system are thoroughly The
wide portions 256 are 0.061 cm (0.024") wide,  mixed and dealred under
vacuum in accordance with and the restrictions 258 are 0.025 cm (0.010")
wide.  the manufacturers instructions, and the mixture is Each restriction
258 is 0.025 cm (0.010") long, and  poured into the vessel 277. The loaded
fixture 270 is each wide portion 256 is 0.097 cm (0.038") long.  then
forced into the vessel 277. 0-rings 279 on the Therefore, the repeat length
of the wide portions and  10  caps 271 prevent the elastomer from extending
into restrictions is 0.12 cm (0.048"), and overone hundred  the space
between the glass cylinder 273 and the twenty repeats may be provided on
each tubing    side wall of the vessel 277. Forcing the fixture 270 length
251. The linear openings 254 are parallel with  into the vessel 277 causes
the liquid elastomer to fill each other and are spaced 0.25 cm (0.100") on
cen-  all of the spaces in the cylinder 275, including the in- ters.
Therefore, all sixty-one tubing lengths 251 may  15  side of the tubing
lengths 251, the space between the be mounted in a fixture which Is about
16.5 cm (6.5")  tubing lengths 231 and 251, and the spaces between square.
outer tubing lengths 231. The vessel 277, carrying In accordance with known
procedures, a radio  the fixture 270, is then centrifuged at two thousand
frequency sputter etching step is carried out, to re-  RPM on a 56 cm (22")
diameter rotor to remove all air move a few molecules of glass from the
surface to be  20  and leave a nonporous elastomeric adhesive filling
metallized. The masked glass is then exposed to an  the fixture 270. The
elastomer Is then cured at 100C aluminum target by DC magnetron sputtering
for a  for 60 minutes to firmly adhere it to the tubing lengths sufficient
time to permit two microns of aluminum to  231 and 251 and to the
conductors 253. be drawn from the target and deposited on one face  After
the elastomer 212 has cured, the cylindrical of the tubing 251 through the
mechanical mask 252.  25  bundle of tubing assemblies 280 in the fixture
270 is The sputtering process provides a tightly bonded  removed from the
vessel 277 and is cut with a dia- electrical conductor 253 on one flat face
of each tub-  mond saw into one hundred twenty discs 276, each ing length
251, running axiallyof the tubing 251. Each  having a thickness of 0.076 cm
(0.030"), as shown in conductor 253 includes wide portions 255 of the same
Figures 8 and 9. The cuts are made through the cen- dimensions as the wide
portions 256 of the mask 252  30  ter of each wide portion 255 of the
conductors 253, and fuse link portions 211 corresponding to the re-  with a
kerf of 0.046 cm (0.018"). Suitable saws are a strictions 258 in the mask
252.                  diamond saw, a wire saw, or a slurry saw, preferably
The metallized tubes 251 are removed from the  with multiple blades to make
all the cuts through the sputtering machine and inserted into 15 cm (6")
cylindrical bundle simultaneously. Each disc contains lengths of outer
tubing 231, as shown In Figure 6 to  35  sixty-one fuse blanks 281
consisting of a metallized form assemblies 280. The lengths of outertubing
231,  square tube 205 cutfrom the tubing 251 sleeved with- as shown in
Figure 6, are formed of the same borosi-  in a sleeve 203 cut from the
outer tubing 231, and licate glass as the Inner tubing 251 and have an
outer  bonded to the sleeve 203 by the elastomer 212. diameter of 0.223 cm
(0.090") and an inner bore di-  The discs 276 are cleaned, and a small
amount ameter of 0.13 cm (0.050").                 40  of the silicone
elastomer 212 is etched back from The sixty-one sleeved tubing assemblies
280 are  each face of the disc, as shown in Fig 10. Preferably placed in a
carrier fixture 270 as shown in Figure 7.  the elastomer is etched
chemically by known means, The fixture 270 has upper and lower caps 271 and
a  such as with methylene chloride or a mixture of me- circumferential
glass cylinder 275. The caps 271 in-  thylene chloride and benzenesulfonic
acid containing clude counter-bored axial openings 273 through  45
predominantly methylene chloride. A suitable methy- them. The openings 273
position the tube assemblies  lene chloride etchant is sold commercially by
Dyna- 280 parallel with each other and spaced 0.025 cm  loy, Inc., Hanover,
NJ., under the name Dynasolve (0.010") from each other. The length of the
glass cy-  210. The etchant dissolves and removes about 0.008 linder 275
and the diameters and depths of the open-  cm (0.003") of silicone
elastomer from each face of ings 273 are chosen to permit fluid to flow
into and  50  the disc, without appreciably softening the underlying around
the tube assemblies 280 from the axial ends  silicone mass. In particular,
the etchant exposes of the fixture 271. The glass cyllnder275 has an inner
about 0.008 cm (0.003") at each end of each tube 205 diameter of about 2.44
cm (0.960").              of the wide portion 255 of the conductor 207. A
cup-shaped vessel 277 is partially filled with a  Alternatively, the
elastomer may be etched back pourable, curable elastomer212. The
illustrative Dow  55   mechanically from the ends of the conductor 207,
Corning Sylgard Q3-6605 elastomer is a two-part liq-  either by cutting or
by vacuum plasma etching, for ex- uid silicone elastomer which may be cured
at room  ample. temperature (RTV) or elevated temperature to form a  The
discs 276 are then placed in the vacuum 7    



13                  EP 0 513 246 B1                14 sputtering machine
for two-sided DC magnetron      machine if they do meet specifications.
sputtering, to place a metallic layer over both faces of  The illustrative
fuse described has an operating the disc simultaneously. First, the nickel
vanadium  impedance of under 0.2 ohms over a full range of fre- layer 216
is sputtered onto each face, then the silver  quencies up to and exceeding
two hundred mega- layer 217 is sputtered over it Because the silicone   5
hertz, carries 0.75 amps for five seconds, but opens elastomer 212
completely fills and seals the space  within five seconds when carrying 1.4
amps. When between the tube 205 and the sleeve 203, as well as  the fuse
opens, it exhibits a resistance in excess of filling the inside of the tube
205 and the outside of  ten megohms, with no tendency to reconnect with
each sleeve 203, no conductive path can be created  time. When the fuse is
exposed to overcurrent condi- during the sputtering process between the
axial ends   10  tions, the link211 appears to react chemicallywith the of
the fuses 201. Because of the much shorter lengths  silicone elastomer, and
forms a cavity within the elas- of the fuses 201 than the lengths of the
fuses of prior  tomer 212 which acts to disperse any residual metal U.S.
Patent 4,749,980, and because of the extremely  conductive particles
resulting from the melting of the high impedance path which they must offer
when they  fuse link. The combined effects of these actions give open, the
use of a sealant surrounding the tube and   15  the open fuse its high
resistance after activation. sleeve is important during this step to
prevent residual  The fuse 201, when molded into a separate pack-
conductivity when the fuse blows. It is believed that  age 297, may be
mounted under a surface-mount an opening between thefaces of the disc 276
as small  component such as an electrolytic tantalum capacitor as several
microns may be sufficient to permit the for-  301, as shown in Figure 12.
This mounting of thefuse mation of a conductive path through the sealant.
20  201 as a separate component does not generally The fact that the
sealant 212 has been etched  raise the capacitor 301 too far above the
surface of away from the axial face of the conductor 207 is also  the
surface mount board and therefore takes up no important in assuring good
electrical conductivity be-  additional real estate on the board. Because
the con- tween the conductor 207 and the metallic layers 216  ductor 207
extends across the short dimension of the and 217, even after extreme
thermal cycling of the   25  fuse 201, between the broad faces of the fuse
201, fuse 201. A contact made only with the thin axial end  making
electrical connection to the fuse is simplified. of the conductor 207 is
likely to break during normal  As shown in Figure 13, the fuse 201 may also
be operation of the fuse because of thermal expansion  formed within a
standard "D" package of an electro- of the parts, particularly the silicone
elastomer, Fail-  lytic tantalum capacitor 311, without changing the ure of
the fuse at a point other than the link 211 is un-  30  length of the
package. Mounted thus, the fuse 201 is desirable not only for the
inconvenience caused by  invisible to the user. Again the round cylindrical
shape disrupting the circuit, but also because the failure is  of the fuse
201, and the fact that its terminals are con- liable to lead to a
relatively low resistance path which  stituted by its flat faces, make
mounting the fuse par- can draw enough current to ignite the
electrolyticCa-  ticularly simple. By contrast, some prior art flat fuses
pacitor it is supposed to protect.             35  require proper
orientation and alignment of the fuse The faces of the disc 276 are then
preferably  with respect to the component in order to make proper coated
with a 0.003 cm (0.001") layerof a conductive  contact with the component.
material, such as a solder or a conductive epoxy, to  As shown in Figure
14, the fuse 201 may also be form a more substantial contact on each face
of the  mounted as a separate, stand-alone surface-mount disc.
40  component on a printed circuit board. As shown in Fig 11, the discs 276
are then indi-  In Figure 15, the fuse assembly 480 differs from vidually
placed in a testing device 291 having sixty-  the assembly 280 of the first
embodiment in that sep- one pairs of opposed electrodes 293 corresponding
arate conductors 407 may be provided on each face in diameter and position
to the sixty-one fuses 201 in  of the square tube 451, each with a fuse
link 411 and each disc. The fuses are trapped between the elec-  45  411a,
respectively, designed to carry a different trodes 293, and a stripping
form 295, in the form of a  amount of current. Thus, when the assembly 480
is perforated plate, is forced along the electrodes 293 to  cut into
individual fuses, the links open sequentially strip away the excess
silicone elastomer2l2from be-  in cascade when exposed to an overcurrent
condi- tween the fuses 201, together with the metallized  tion, but carry
current with less ESR during normal coating on the excess elastomer 212.
The fuses are  50  operation. thereupon isolated mechanically and
electrically from  A much smaller fuse 501 Is shown in Figures 16- each
other, and are individually supported between  17. This fuse has the same
thickness (0.08 cm or pairs of electrodes 293. Each fuse is then tested by
0.03") as the fuse 201 of the first embodiment, but it running a current
through Its electrodes and its elec-  has a diameter of 0.13 cm (0.05"). It
may therefore be trical characteristics are noted electronically. The fu-
55  incorporated in components having a smaller pack- ses 201 are then
individually released into a reject pile  age sizethan a standard OD size,
for instance "C" and if they do not meet electrical specifications, or onto
a  "B" sizes. tape for transfer to a pick-and-place surface-mount   The
fuse 501 is formed by modifying the method 8    
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described. In this method, as shown in Fig-  act with the link when it
melts, and disperses Its rem- ure 18, tubing 551, corresponding in
composition and  nants sufficiently to provide over ten megohms resid-
outer dimensions to tubing 251, is in the form of a sol-  ual resistance
even after long periods. id rod. The tubing 551 is metallized in precisely
the  As shown in Figures 19-22, a fuse 601 having same manner as in the
first embodiment to form a con-   5   many of the virtues of the preferred
fuses of Figures ductor 553 having links 511. Sleeving 531, Identical with
1-18 may be formed by an even simpler process. The the sleeving 231, is
pretreated byfilling it with 1,1,1,3,3,3-  fuse 601 Includes a substrate
base 603 of flat sheet hexamethyldisilazane, [err] for a short
borosillcate glass. The substrate base 603 has a period of time, to reduce
adhesion between the Inside  thickness of 0.013 cm [err] a width of 0.23 cm
of the sleeving 531 and a silicone filler. The pretreated   10  (0.090"),
and a length of 0.15 cm (0.060"). On an up- sleeving is then washed with
ethanol, in accordance  per face 604 of the substrate base 603 is a an
alumi- with known techniques, and dried. The metallized tub-  num conductor
605, having a necked-down link por- ing lengths 551 are sleeved in the
pretreated sleeving  tion 607. The conductor 605 is metallized onto the
531, and the assemblies are placed in the same fix-  substrate 603, and is
covered at its ends by a layer ture 270 as utilized in the first embodiment
In this  15  of nickel-vanadium overwhich is a second layerof sil-
embodiment, the preferred silicone 512 is a two-part  ver, which form a
bonding surface 610. The link por- liquid siliconeelastomersold by
DowCorning Corpor-  tion is a 0.025 cm by 0.025 cm (0.010" by 0.010") ation
under the name Sylgard-577 elastomer. The    square. A spot 609 of
synthetic polymer silicone ad- cured Sylgard-577 elastomer 512 has a Shore
A hard-  hesive completely covers the link portion 607 and ex- ness of
60-65, Is stable against reversion, has excel-  20  tends beyond the link
607 to cover and adhere to por- lent dielectric properties, and is
thermally stable  tions of the conductor605 and substrate base 603 ad-
above [err].It differs from the Sylgard Q-6605 elas-  jacent the link 607.
The adhesive 609 is illustratively tomer of the first embodiment primarily
in that it lacks  Dow Corning Sylgard-577 elastomer silicone adhe- the
aluminum oxide loading and Is thus less thermally  sive. The adhesive 609
has a thickness of approxi- conductive. A more complete description of this
ma-  25   mately 0.008cm (0.003"). As shown in Figure 21, iron- terial is
found in Schulz, U.S. Patent 4,087,585.  nickel 42-alloy terminals 611 and
613 are attached to After the silicone elastomer has been cured, the
opposed ends of the conductor 605 with a silver- assemblies 580 and their
silicone support matrix are  epoxy adhesive. sawed Into disks, the silicone
is etched back, and     In the production of the fuse 601, a 15 cm (6")
bothfacesofthedisksare metallizedtoform contacts  30  square sheet 617 of
0.013 cm (0.005") borosilicate 521, all in the same way as in the first
embodiment.  glass is mechanically masked and metallized with The
metallized disks are placed in a separating and  three microns of aluminum
by vacuum sputtering to testing machine identical with the the machine 291,
produce approximately six thousand fuse blanks 619 except that the
diameters of the electrodes 293 are  (Figure 22). Asecond mask is applied,
and the sheet smaller, and the openings in the stripping form 295   35  is
metallized with one micron of nickel-vanadium and are 0.13 cm (0.050") in
diameter. Therefore, the seg-  then two microns of silver, to produce the
bonding ments of sleeving 531 are held in the silicone matrix,  surfaces
610. Athin layer of uncured silicone elasto- leaving onlythe metallized
tubes 505 and thesilicone  meric adhesive is spread over the entire surface
of elastomer 512, with their metallized ends 521, form-  the sheet 617.
Using a laser or other concentrated ing the fuses 501. The pretreatment of
the sleeving   40  heat source, spots of the silicone 621 over the links
531 permits the silicone jacket 512 to be stripped  607 are cured. Uncured
silicone adhesive is then cleanly from the sleeving segments. The silicone
washed from the face of the sheet 617. The glass is jacket 512, however,
clings tenaciously to the tube  scored along horizontal dotted lines 623
and cracked 505 and its metallized conductor 507. Moreover, the  to form
0.23 cm (0.090")-wide strips, each containing jacket 512 is thickest over
the center of each face of  45  one hundred fuses arranged end-to-end and
spaced the tube 505, directly overthe conductor 507 and par-  apart about
0.008 cm (0.003"). Because the glass ticularly its link 511, which are
centered on one face  may be cracked rather than sawed, production is eas-
of the tube 505. Therefore, the jacket 512 provides  ier, faster, and
withoutwaste. The strips are then scor- protection for the link even when
the fuse is handled  ed between the fuses along vertical lines 625 with a
by its axial face above the link 511. The jacket 512   50  diamond scribe,
individual fuses are cracked off also shields the link from any contactwith
the various  along the score lines, a silver-epoxy conductive ad- plastic
molding compounds used to package compo-   hesive is spotted onto the ends
of the conductors 605 nents for mounting on circuit boards. This shielding
of the fuses, and leads 611 and 613 are connected to prevents any arcs that
may form during or after over-  the ends of the conductor 605. current
conditions, when the fuse link opens, from   55  In use, the fuse 601
provides very low ESR. The carbonizing the ambient plastic molding material
and  silicone adhesive protects the link from ambient making a carbon trace
conductive path. As In the first  (whether ambient be atmosphere or a
synthetic plas- embodiment, the silicone sealant also appears to re-  tic
casing) under both normal current conditions and 9    



17                  EP 0 513 246 B1                 18 overcurrent
conditions, and, together with the preci-  and a layerof silverare
sequentially deposited on the sion link, provides electrical
characteristics which are  edge, extending 0.025 cm (0.010") over each
broad highly reproducible between samples and through    face of each
strip. The individual fuses are then test- time. The apparent reaction
between the silicone ad-  ed after being cracked from the strip, along the
hori- hesive and the aluminum link, and the complete dis-   5   zontal
dotted lines 677 of Figure 25, and each fuse is persion of the link by the
silicone, provide very high  placed in a lead frame and attached to leads
661 and residual resistance after blow.                    663, on its
upper and lower faces respectively. It will Because the fuse 601 Is
terminated at two ends  be seen that the fuse 651 may be positioned with
little of a single broad face of the fuse, it is more difficult  difficulty
on the top of a component when terminal to incorporate into a component
than the fuse 201 or  10  663 is replaced by a component such as a tantalum
501. A fuse 651 which is easier to incorporate into a  capacitor. component
is shown in Figures 23-26. The fuse 651      Numerous variations in the
electrical component is similar to the fuse 601, but it is manufactured and
of the present invention, and in the construction terminated somewhat
differently. The fuse 651 in-  method of the present invention, within the
scope of cludes a base 653, conductor 655, and fuse link 657   15  the
appended claims will occur to those skilled in the identical with the base
603, conductor 605, and link  art in light of the foregoing disclosure. In
the fuse of portion 607, respectively of the foregoing example,  the
preferred embodiments, the geometries, sizes, with the exception that one
end of the conductor 655  and relative proportions of the inner tube, the
outer extends around an end of the base 653, to the lower  sleeve, the
conductor, the fusible element, and the face of the base 653. Astrip 659 of
synthetic polymer  20  sealant, as well as their chemical composition, may
silicone adhesive completely covers the link portion  be changed to suit
the application. 657 and extends beyond the link 657 to coverand ad-    The
characteristics of the fuse of the present in- here to portions of the
conductor 655 and base 653  vention may easily be varied to meet the needs
of par- adjacentthe link 657. The adhesive 659 is illustrative-  ticular
applications. ly Dow Corning Sylgard Q3-6605 elastomer silicone   25  For
example, such operating characteristics as adhesive. The adhesive 659 has a
thickness of ap-  its resistance, particularly its high frequency ESR or
proximately 0.008 cm (0.003"). As shown In Figure  impedance, may be
decreased by increasing the sur- 26, terminals 661 and 663 are attached to
opposed  face area ofthe link and conductor. This characteristic ends of
the conductor 655 with a silver-epoxy adhe-  is particularly Important in
radio-frequency applica- sive, with the terminal 661 attached to the upper
face   30  tions. of the fuse 651, and the terminal 663 attached to the
The sensitivity of the fuse to moderate and ex- lower face of the fuse 651.
treme overcurrent conditions may be controlled by In the production of the
fuse 651, a 15 cm (6")  controlling the variables which are known to change
square sheet 667 of 0.013 cm (0.005") borosilicate  the sensitivity of the
fuse to blow with a given current glass is metallized by vacuum sputtering
firstwith five   35   passing through the link. The most obvious, and easi-
hundred angstroms of nickel-vanadium to provide a  est to control, is the
cross-section of the link. For a bonding surface for the aluminum, then
with three mi-  given cross-section, the sensitivity of the fuse de- crons
of aluminum. The metallized sheet is covered  pends on the melting point of
the link material, the with a photoresist, and the pattern shown in Figure
25  heat sinking and thermal conductivity of the materials is developed
with a photomask and etch to produce   40  In the area of the link and In
the fuse package itself, approximately six thousand fuse blanks 669 (Figure
and the extent and distribution of the surface area of 25). A mechanical
mask is then applied, and two-mi-  the link. A large surface area in
contact with a good cron-thick strips 670 of silver are metallized onto the
heat sink may reduce the sensitivity of the fuse. aluminum. A thin layer
671 of uncured silicone elas-   To eliminate as much resistance in the wide
por- tomeric adhesive is spread in strips across the sur-  45  tions 255 as
possible, so that current needed to blow face of the sheet 667, between the
silver strips 670  the fuse is concentrated in the link area 211, It may
and over the links 657, by a silk-screening process.  be desirable to
sputter deposit the link portions as a The sheet 667 is baked in an oven
according to the  narrow continuous strip In a first step, then deposit
instructions of the manufacturerof the silicone adhe-  the wide portions as
discrete pads In a second step. sive to cure the adhesive layer 671. The
glass is scor-  50  Although this approach requires two masks and two ed
and cracked along vertical dotted lines 675 to form  sputtering steps, it
permits the link portion to be thin- 0.15 cm (0.060")-wide strips, each
containing about  ner than, or of a different composition from, the wide
sixty fuses arranged side-to-side. The strips are  portions of the
conductor. stacked on edge, with their broad faces separated by   The tube
and sleeve may be made of ceramic. metal spacer strips having a width of
about 0.13 cm   55   The tube may have a very thin wall on the order of
(0.050"), so as to leave a 0.025 cm (0.010") edge of  0.005 cm (0.002")
thick, and the hollow tube may be each strip exposed. The strips are then
placed in a  left unsupported inside, so thatthe reaction of the link
sputtering machine and a layer of nickel-vanadium  with the filler blows a
hole in the tube, to provide an 10    



19                EP 0 513 246 B1                 20 even more complete
break in the conductor. Because  other components. the present design does
not require a tightfit between  In the embodiment of the fuse formed on a
flat the inner tube and its sleeve, the tube may be made  glass sheet, the
adhesive may be spotted onto the in different shapes.
link portions individually, using standard adhesive ap- The fusible
elementof the conductormay be cov-   5   plicators. Cover glass may be
applied to the fuses be- ered with a material with which it reacts at
elevated tem-  fore or after the cracking operation, if desired. peratures,
such as antimony pentoxide over the prefer-  These variations are merely
illustrative. red aluminum link. The link may be formed of a different
conductive material, such as a zinc/aluminum alloy which has a lower
melting point, to lower the current at  10  Claims which it blows. The
linkmay be made thickeror broad- er to carry more current without opening,
or it may be  1. An electrical component (201 ;501;601 ;651) com- made
still thinner to carry less current.            prising a dielectric
substrate (205;251;451; The solid sealant between the inner tube and Its
551;603), at least one electrical conductor sleeve may be made of different
materials, so long as  15  (207;407;507;605;655) metallized on an outer
they meet the other criteria for the product and the  surface of the
substrate, the conductor (207,407; method of making it For example, for
some of the     507;605;655) extending to an edge of the sub- methods of
the invention, it is important that the sea-  strate, and a dielectric
cover (203;231 ;531 ;609) lant support the glass during cutting; this
requires a  over the substrate, relatively rigid material. For some
purposes, a softer,  20  characterized by a solid filler (212;512; less
thermally conductive material may be desirable   609;659) between the
substrate (205;251;451; and usable. For other aspects of the methods of the
551;803) and the cover (203;231;531;609), the invention, it Is important
thatthe sealant have no pas-  solid filler (212;512;609;659) exposing a
small sages through it and that it adhere sufficiently to the  portion of a
surface of the conductor (207;407; tube and sleeve to prevent metal from
forming a   25  507;605;655) adjacent the edge of the substrate bridge
through the fuse during sputtering of the ter-  (205;251;451;551;603), and
metallizing (218; minals. For other aspects of the operation of the fuse,
610) on the edge of the substrate, the metallizing the sealant should react
with the fuse link at elevated  (21 6;61 0) extending around the edge of
the sub- temperatures in order to chemically augment the      strate (205;
251;451;551;603) and over the ex- blowing of the fuse link and disperse the
link material.  30  posed surface of the conductor (207;407;507; For this
purpose, for example, a fuse link of tungsten,  605;655). with a fill of
silver chloride provides a highly desirable fuse. The silver chloride may
be etched back with so-  2. The component of claim 1, characterized in that
dium thiosulfate ("hypo"). That design, however, per-  the component is an
electric fuse (201;501; mits the link to reestablish Itself with time and
an ap-  35  601;651), the conductor including a fusible link plied voltage,
and its reestablishment may not be de-  (211;411;411a;511 ;607;657).
sirable In many applications. The embodiment of the component having only a
3. The component of claim 2, characterized by a di- curable jacket, without
a separate glass sleeve, in  electric synthetic polymer adhesive (212;512;
particular, may be made by other methods, although   40  609;659)overthe
link (211;411;511;607;657), the the preferred method has many advantages.
For ex-    adhesive (212;512;609;659) bonding to the link ample, extrusion
or dipping may be utilized to cover  and to the substrate. at least a
portion of the conductor, in the fuse embodi- ment, the link is the
critical portion to cover. The por-  4. The component of claim 3,
characterized in that tion of the conductorat the end of the tube may be
ex-  45  the conductor (207;407;507;605;655) includes posed by masking,
photoresist, or other methods.     end portions, the fusible link (211;411;
511; The term "metallizing" Is used broadly to indicate  607;657) differing
from the end portions in at any method of adhering a thin, flat conductor
to the  least one of cross-sectional area and composi- dielectric tube.
tion, the dielectric adhesive (212;512;609;659) The electrical component Is
preferablyafuse, but  50  covering the link (211;411;511;607;657) and at
may be another electrical component. The configur-   least a part of the
end portions of the conductor ation of the component provides a good
contact with  (207;407;507;605;655) and isolating the link the internal
conductor and a component of a shape    (211:411;511:607;657) from ambient,
the ahesive and sturdiness which make handling it easy to auto-  (212;512;
609;659) reacting with the link (211; mate. If desired, the metallized
termination may be  55  411;511;607;657) when the link is exposed to
provided at only one end of the tube and sleeve, and  overcurrent
conditions and producing a perma- another treatment provided at the other.
The method  nently open link, the adhesive (212;512;609;659) of making the
preferred fuse is also usable in making  maintaining Isolation of the link
area from ambi-    19                  EP 0 513 246 B1                 20 



even more complete break in the conductor. Because  other components. the
present design does not require a tightfit between  In the embodiment of
the fuse formed on a flat the inner tube and its sleeve, the tube may be
made  glass sheet, the adhesive may be spotted onto the in different
shapes.                               link portions individually, using
standard adhesive ap- The fusible element of the conductor may be cov-   5
plicators. Cover glass may be applied to the fuses be- ered with a material
with which it reacts at elevated tem-  fore or after the cracking
operation, if desired. peratures, such as antimony pentoxide over the
prefer-  These variations are merely illustrative. red aluminum link. The
link may be formed of a different conductive material, such as a
zinc/aluminum alloy which has a lower melting point to lower the current at
10   Claims which it blows. The link may be made thicker or broad- er to
carry more current without opening, or it may be  1. An electrical
component (201 ;501 ;601;651) com- made still thinner to carry less
current.              prising a dielectric substrate (205;251 ;451; The
solid sealant between the inner tube and its   551 ;603), at least one
electrical conductor sleeve may be made of different materials, so long as
15  (207;407;507;605;655) metallized on an outer they meet the other
criteria for the product and the   surface of the substrate, the conductor
(207;407; method of making it. For example, for some of the      507;605;
655) extending to an edge of the sub- methods of the invention, it is
important that the sea-  strate, and a dielectric cover (203;231;531 ;609)
lant support the glass during cutting; this requires a  over the substrate,
relatively rigid material. For some purposes, a softer,  20  characterized
by a solid filler (212;512; less thermally conductive material may be
desirable    609;659) between the substrate (205;251;451; and usable. For
other aspects of the methods of the    551 ;603) and the cover (203;231;531
;609), the invention, it is important that the sealant have no pas-  solid
filler (212;512;609;659) exposing a small sages through it and that it
adhere sufficiently to the  portion of a surface of the conductor (207;407;
tube and sleeve to prevent metal from forming a   25   507;605;655)
adjacent the edge of the substrate bridge through the fuse during
sputtering of the ter-  (205;251;451;551;603), and metallizing (216;
minals. For other aspects of the operation of the fuse,  610) on the edge
of the substrate, the metallizing the sealant should react with the fuse
link at elevated  (21 6;61 0) extending around the edge of the sub-
temperatures in order to chemically augment the        strate (205;251;451;
551;603) and over the ex- blowing of the fuse link and disperse the link
material.  30  posed surface of the conductor (207;407;507; For this
purpose, for example, a fuse link of tungsten,  605;655). with a fill of
silver chloride provides a highly desirable fuse. The silver chloride may
be etched back with so-  2. The component of claim 1, characterized in that
dium thiosulfate ("hypo"). That design, however, per-  the component is an
electric fuse (201;501; mits the link to reestablish itself with time and
an ap-  35  601;651), the conductor including a fusible link plied voltage,
and its reestablishment may not be de-  (211;411;411a;511;607;657). sirable
in many applications. The embodiment of the component having only a   3.
The component of claim 2, characterized by a di- curable jacket, without a
separate glass sleeve, in   electric synthetic polymer adhesive (212;512;
particular, may be made by other methods, although   40  609;659) overthe
link (211;411;511;607;657), the the preferred method has many advantages.
For ex-      adhesive (212;512;609;659) bonding to the link ample,
extrusion or dipping may be utilized to cover   and to the substrate. at
least a portion of the conductor; in the fuse embodi- ment, the link is the
critical portion to cover. The por-  4. The component of claim 3,
characterized in that tion of the conductor at the end of the tube may be
ex-  45  the conductor (207;407;507;605;655) includes posed by masking,
photoresist, or other methods.       end portions, the fusible link (211;
411;511; The term "metallizing" is used broadly to indicate  607;657)
differing from the end portions in at any method of adhering a thin, flat
conductor to the   least one of cross-sectional area and composi-
dielectric tube.                                      tion, the dielectric
adhesive (212;512;609;659) The electrical component is preferably afuse,
but  50  covering the link (211;411;511;607;657) and at may be another
electrical component The configur-     least a part of the end portions of
the conductor ation of the component provides a good contact with   (207;
407;507;605;655) and isolating the link the internal conductor and a
component of a shape      (211;411;511;607;657) from ambient, the ahesive
and sturdiness which make handling it easy to auto-   (212;512;609;659)
reacting with the link (211; mate. If desired, the metallized termination
may be  55  411;511;607;657) when the link is exposed to provided at only
one end of the tube and sleeve, and  overcurrent conditions and producing a
perma- another treatment provided at the other. The method    nently open
link, the adhesive (212;512;609;659) of making the preferred fuse is also
usable in making  maintaining isolation of the link area from ambi-    21
EP 0 513 246 B1                 22 ent when the link (211;411;511;607;657)
is ex-    in comprising a fuse (201;501;601;651) in accor- 



posed to overcurrent conditions.                  dance with any of claims
2-8. 5. The component of claim 3 or 4, characterized in  17. The
combination of claim 16, characterized in that the adhesive (212;512;609;
659) is a silicone   5  that the component (301;311) is an electrolytic
elastomer.                                        capacitor (301;311). 6.
The component of any of claims 3-5, character-  18. The combination of
claim 16 or 17, characterized Ized in that the link (211;411;511;607;657)
Is   In that the component (301;311) has a dielectric formed of a material
selected from the group con-  10  housing, the housing having an
interiorand an ex- sisting of aluminum and aluminum alloys.
terior, and leads extending from the interiorto the exterior of the
housing, the fuse (201) being 7. The component of any of claims 3-6,
character-    mounted in or on the housing. ized in that the dielectric
adhesive (212;512; 609;659) is thickest above the center of the link  15
19. A method of making an electrical component (211;411;511;607;657).
(201;501;601;651) comprising: metallizing a con- ductor(207:407;507;605;
655) on a dielectricsub- 8. The component of any of claims 3-7, character-
strate (205;251;451;551;603), the conductor ized in that the substrate is a
tube (205), the cov-  (207;407;507;605;655) extending to an edge of er
(203) being a sleeve (203) surrounding the   20  the substrate (205;
251,451;551;603), tube, the dielectric adhesive (212) comprising a
characterized by positioning a cover filler means (212) between the tube
(205) and     (203;231;531;609) spaced above the substrate the sleeve (203)
for providing a barrier between  (205;251;451;551;603), filling the space
be- axial ends of the fuse (201).                     tween the cover (203;
231;531;609) and the sub- 25     strate (205;251;451;551;603) with a solid
materi- 9. The component of any of claims 1-8, character-    al (212;512;
609;659), etching the solid material ized in that the component (201) is
smaller than  (212;512;609;659) a shortdistance backfrom the 3 mm in at
least two dimensions.                  edge of the substrate (205;251 ;451
;551;603) to expose a portion of the conductor (207;407;507; 10. The
component of any of claims 1-9, character-  30  605;655) on the substrate,
and thereafter electri- ized in that the substrate (205;251;451;551;603)
cally connecting a terminal (221;521;611;655) to is made of glass.
the portion of the conductor (207;407;507;605; 655) exposed by etching. 11.
The component of any of claims 1-10, character- ized in that the substrate
is a tube (205).  35  20. The method of claim 19 wherein the dielectric
substrate is a tube (251:451;551) and the cover 12. The component of claim
11, characterized in that  is a dielectric sleeve (231;531), the solid
material the component has a diameter less than 3 mm       (212;512)
beingacurablematerial initiallyinaflu- and a length substantially less than
its diameter.  id state, characterizing by filling the space be- 40
tween the tube (251:451;551) and the sleeve 13. The component of any of
claims 1-10, character-  (231;531) with the curable material (212;512),
ized in that the substrate (603) is a plate having  curing the material to
form a rigid assembly a thickness much less than either its length or
(280;480;580) of the tube and sleeve, and cutting breadth.
the assembly (280;480;580) into a plurality of 45      components (201;
501), each component includ- 14. The component of any of claims 1-13,
character-  ing at least a metallized tube portion formed from ized in that
the metallizing (216) covers at least  the dielectric tube (251;451;551)
and an insula- one end of the substrate (205;251;451;551;603)  tive portion
formed from the cured curable mate- and at least one end of the filler
(212;512;      rial (212;512). 609;659).                                 50
21. The method of claim 20, characterized in includ- 15. The component of
claims 14, characterized in     ing a step of mountinga plurality of
sleeved tubes that the metallizing (216) also covers at least one  (280)
generally parallel in a fixture (270), filling end of the cover (203;231;
531;609).               the space between the tube (205) and the sleeve 55
(203) and the space between sleeves with the 16. The combination of an
electric component (301;   curable material (212), curing the material
(212), 311) having a plurality of leads, and a fuse inter-  and thereafter
cutting the plurality of sleeved posed in at least one of the leads,
characterized  tubes (280) into plates (276) held together by the 12    23
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(212; 512; 809; 859) zwischen dem Substrat (205; 251; 451; 551; 803) und
der Deckschicht 



22. The method of claim 21, characterized in that the  (203; 231; 531;
609), wobei der fest Fullstoff step of etching back the solid material
(212) corn-  (212, 512; 609; 659) einen kleinen Tell einer prises etching
back the curable material on at   5  Oberflache des Leiters (207; 407; 507;
605; 655) least one side of the plate (276), to expose a por-  frelgibt,
der an den Rand des Substrates (205; tion of the conductor on each tube
(205).         251; 451; 551; 603) angrenzt und mit Metall- schicht (216;
610) am Rand des Substrates, wo- 23. The method of claim21 or22,
characterized in in-  beisich die Metallschlcht (216; 610) um den Rand
cluding a step of electrically testing the compo-  10  des Substrates (205;
251; 451; 551; 603) herum nents while they are held in the plate (276).
und Ober die freigelegte Oberflache des Leiters (207; 407; 507; 605; 855)
erstreckt. 24. The method of any of claims 20-23, characterized in
including a step of pre-treating the Interior of  2. Bauteil nach Anspruch
1, dadurch gekennzeich- the sleeve (203) to reduce bonding between the   15
net, dass das Bauteil eine elektrische Sicherung sleeve (203) and the
curable material (212), and  (201; 501; 601; 651) ist und der Leiter eine
further including a step of removing the sleeve   Schmelzsicherung (211;
411; 411a; 511; 607; (203) after the cutting step.                     657)
aufweist. 25. The method of any of claims 19-24, characterized   20  3.
Bauteil nach Anspruch 2, gekennzeichnet durch in that the solid material Is
a dielectric adhesive  einen dielektrischen, synthetischen, polymeren (212;
512) which adheres to the conductor          Klebstoff (212; 512; 609; 659)
fber der Sicherung (207;507) and to the substrate (205;551).         (211;
411; 511; 607; 657), wobel der Kiebstoff (212; 512; 609; 659) an der
Sicherung und am 26. The method of claim 25, characterized in that the   25
Substrat haftet. component (201;501;601;651) is a fuse, the con- ductor
(207;407;507;605;655) including a fusible  4. Bautell nach Anspruch 3,
dadurch gekennzeich- link (211;411,411a;511;607;657), the dielectric   net,
dass der Leiter (207; 407; 507; 605; 655) adhesive (212;512;621 ;671)
adhering to the sub-  Endstficke aufweist, die schmelzbare Sicherung strate
and the link.                      30      (211; 411; 511; 607; 657) sich
von den End- stucken wenigstens durch die Querschnittsfla- 27. The method
of claim 26, characterized in includ-  che oder die Zusammensetzung
unterscheidet, ing a step of severing the substrate (205) to form  der
dielektrische Klebstoff (212; 512; 609; 659) a plurality of fuses (201),
each including a con-  die Sicherung (211; 411; 511; 607; 657) und we-
ductorelement (207) formed from said conductor  35  nigatens einen Tell der
EndstOcke des Leiters and each including a said fusible link (211) cov-
(207; 407; 507; 605; 655) Oberdedct und die Si- ered with said adhesive
(212).                    cherung (211; 411; 511; 607; 657)von derUmge-
bung isoliert und der Klebstoff (212; 512; 609; 28. The method of any of
claims 19-27, characterized  659) mit der Sicherung (211; 411; 511; 607;
657) in thatthestep of metallizing a conductor(207) on   40  reagiert, wenn
die Sicherung Oberstrombedin- the substrate (205) produces a continuous
con-    gungen ausgesetzt ist und eine dauernd ge6ffne- ductor in at least
one dimension, and a step of   to Sicherung erzeugt und der Klebstoff (212;
512; severing the substrate (205) and the continuous   609; 659) die
Isolation der Sicherung gegenflber conductor.
der Umgebung welter aufrecht erhalt wenn die 45      Sicherung (211; 411;
511; 607; 657) Oberstrom- bedingungen ausgesetzt ist. Patentanspriche 5.
Bauteil nach Anspruch 3 oder4, dadurch gekenn- 1. Elektrisches Bauteil
(201; 501; 601; 651) mit ei-  zelchnet dass der Klebstoff (212; 512; 609;
659) nem dielektrischen Substrat (205; 251; 451; 551;  50  ein
Silikon-Elastomer lit. 603), mit wenigstens elnem elektrischen Leiter (207;
407; 507; 605; 655) der auf die aussere  6. Bauteil nach einem
derAnsprfiche 3 - 5, dadurch Oberflache des Substrates aufmetallisiert ist,
gekennzeichnet, dass die Sicherung (211; 411; wobel sich derLeiter(207;
407; 507; 605; 655) bis  511; 607; 657) aus elnem Material besteht, des zu
einem Rand des Substrates erstreckt und mit  55  aus der Gruppe Aluminium
und Aluminiumlegie- einer dielektrischen Deckschicht (203; 231; 531;
rungen ausgewihit ist. 609) Ober dem Substrat, gekennzeichnet, durch einen
F70lstoff    7. Bauteil nach einem derAnsprache 3 - 6, dadurch 13    25
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das Bauteil (301; 311) ein (212; 512; 609; 659) Ober dem Zentrum des Si-
dielektrisches Gehause aufweist, das ein Inneres 



cherung (211; 411; 511; 607; 657) am dicksten Ist.  und ein Ausseres
aufweist und Anschlfisse vom Inneren des Gehiuses aus dem GehauseffOhren,
8. Bauteil nach einem derAnsprfiche 3 - 7, dadurch   5  wobel die Sicherung
(201) im oder auf dem Ge- gekennzeichnet, dass das Substrat ein Rohr
hause montiert ist. (205) ist, die Abdeckung (203) sine UmhOllung (203)ist,
welche das Rohr umgibt und der dlelok-  19. Verfahren zum Hersetllen sines
elektrischen trische Kiebstoff (212) FOllstoff (212) zwlschen  Bauteils
(201; 501; 601; 651) das umfasst Metal- dem Rohr (205) und der Umhfllung
(203) urn-  10  lisieren eines Leiters (201; 407; 507; 605; 655) fasst, um
olne Barriere zwischen den axialen En-  aufo in Substrat (205; 251; 451;
551; 603), wobei den der Sicherung (203) zu bilden.                sich der
Loiter (207; 407; 507; 605; 655) bis zu ei- nem Rand des Substrates (205;
251; 451; 551; 0. BautelI nach elnem derAnsprfiche 1 - 8, dadurch   803)
erstreckt, gekennzeichnet, dass das Bauteil (201) in minde-  15
gekennzeichnet durch das Aufbringen ei- stons zwei Dimensionen kioiner als
3 mm ist       ner Deckschicht (203; 231, 531; 609) der zum Substrat (205;
251; 451; 551; 603) einen Abstand 10. Bautell nach elnem derAnspruche 1 -9,
dadurch    hat, Fullen des Raumes zwlschen der Deck- gekennzeichnet, dass
das Substrat (205; 251;      schicht (203; 231; 531; 609) und dem Substrat
451; 551; 603) aus Glas gemacht let.      20      (205; 251; 451; 551; 603)
mit elnem festen Mate- rial (212; 512; 609; 659), ein kurzes StOck zurfuck-
11. Bauteil nach einem der AnsprOche 1 bis 10, da-   atzen des feastn
Materials (212; 512; 609; 659) durch gekennzeichnet, dass das Substrat ein
vom Rand des Substrates (205; 251; 451; 551; Rohr (205) ist.
603) um elnen Teil des Leiters (207; 407; 507; 25      605; 655) auf dem
Substrat freizulegen und 12. Bauteil nach Anspruch 11, dadurch gekennzelch-
nachherelnen Anschluss (221; 521; 611; 655) mit net, dass das Bautoll einen
Durchmesservon we-    dem Teil des Leibtrs (207; 407; 507; 605; 655)
nigerals 3 mm und eine Lange hat, die wesentlich  elektrisch zu verbinden,
der durch Atzen freige- weniger ale sein Druchmesser bt.
Iegt wurde. 30 13. Bauteil nach einem der AnsprOche 1 - 10, da-  20.
Verfahren nach Anspruch 19, bel dem das dielek- durch gekennzeichnet, dass
das Substrat (603)     trische Substrat ein Rohr (251; 451; 551) ist und
ine Platte ist, deren Dicke viel kWiner als entwe-  die Deckschicht eine
dielektrische Umhullung der seine Linge oder Breite !et.
(231, 531) Ist, das feste Material (212; 512) ein 35      aushirtbares
Material et, das anffinglich in flOs- 14. Bautell nach einem der Anspruche
I - 13, da-     sigem Zustand ist, gekennzeichnet durch das durch
gekennzebchnet, dass die Metallschicht      FOllen des Raumes zwischen dem
Rohr (251; (216) wenigstens ein Ende des Substrates (205;    451; 551) und
der UmhOllung (231, 531) mit dem 251; 451; 551; 603) und wenigsetns ein
Ende des   aushartbaren Material (212; 512), Ausharten des Fullstoffs (212;
512; 609; 659) abdeckt.  40      Materials um eine starre Anordnung (280;
480; 580) zu bilden aus dem Rohr und der Umhfillung 15. Bautoil nach
Anspruch 14, dadurch gekennzeich-   und Schneiden derAnordnung (280; 480;
580) in net, dass die Metallschicht (216) auch wenig-     mehrere Bautbile
(201; 501) wobei jedes Bauteil stens ein Ende der Deckschicht (203; 231;
531;    wnigstens elnen metallbeschichteotn Teil des 609) abdeckt.
45      Rohres enthfilt, der aus dem dielektrischen Rohr (251; 451; 551)
gemacht Ist und elnem isolieren- 16. Kombination elnes elektrischen
Bauteils (301;    den Toil, der aus ausgehArtotem, aushArtbarem 311) mit
mehreren Anschlfrssen und einer Siche-   Material (212; 512) gemacht let.
rung, die an wenigsbens einem der AnschlOsse zwischengeschaltet ist,
gekennzeichnot durch e1-  5o  21. Verfahren nach Anspruch 20,
gekennzeichnet ne Sicherung (201; 501; 601; 651) nach elnem      durch inen
Schritt, mehrerederumhrOllten Rohre der AnsprOche 2 - 8.
(280) im wesentlichen parallel in elner Halterung (270) zu befestigen, den
Raum zwischen den 17. Kombinatlon nach Anspruch 16, dadurch go-
Rohren mit dem aushartbaren Material (212) zu kennzeichnet, dass das
Bautbil (301, 311) ein  ss  fOllen, Ausharten des Materials (212) und dann
Elektrolytkondensator (301; 311) ist.             die mehreren umhOliten
Rohre (280) in Platten (278) schneiden, welche durch des aushirtbare 18.
Kombination nach Anspruch 16 oder 17, dadurch    Material (212)
zusammengehalten werden. 14    27                 EP 0 513 246 B1
28 22. Verfahren nach Anspruch 21, dadurch gekenn-      et une enveloppe
dielectrique (203;231;531; zeichnet, dass der Schritt, das feste Material
609), par dessus le substrat, 



(212) zurflckzuatzen, das aushartbare Material         caracterls6 par une
matiere de remplissa- auf wenigstens einer Seite der Platte (276) zu-  ge
solids (212;512;609;659), entre le substrat rfckzultzen umfasat, um einen
Tell des Leiters   5  (205;251;451;551;603) et l'enveloppe (203;231; auf
jedem Rohr (205) freizulegen.                531 ;609), la matiere de
remplissage solids (212; 512;609;659) exposant une petite portion d'une 23.
Verfahren nach Anspruch 21 oder 22, gekenn-      surface du conducteur
(207;407;507;605;655) zeichnet durch einen Schrltt die Bauteil zu prffen,
adjacentb au bord du substrat (205;251;451; wlhrend sie in der Platte (276)
festgehalten sind.   10  551;603) et, une metallisation (216;610) sur le
bord du substrat, la m6tallisation (216;610) 24. Verfahren nach einem
derAnspruiche 20-23, ge-    s'6tendant autour du  bord  du  substrat
kennzeichnet durch sinen Schritt bei dem des In-  (205;251;451 ;551 ;603)
et par-dessus la surface nere der Umhullung (203) vorbehandelt wird, um
exposee du conducteur (207;407;507;605;655). das Haften zwischen der
Umhillung (203) und   15 dem aushartbaren Material (212) zu vermindern  2.
Le composant de la revendication 1, caract6rlse und welter mit einem
Schritt, die UmhIllung (203)  en ce que le composant est un fusible
electrique nach dem Schritt des Schneidens zu entfernen.    (201;501;601;
651), le conducteur comprenant une lame fusible (211;411 ;411a;511
;607;657). 25. Verfahren nach einem der Ansprflche 19 bis 24,  20 dadurch
gekennzelchnet, dass das ausgehartete  3. Le composant de la revendicatlon
2, caracteris6 Material sin dielektrischer Klebstoff (212; 512)  parun
adhhsif polymbre synth6tique dielectrique Ist, der am Leiter (207; 507) und
am Substrat    (212;512;609;659), par-dessus la lame (211; (205; 551)
haftet.                               411;511;607;657), I'adh6sif (212;512;
609;659) 25     etant reli6 A la lame et au substrat. 26 Verfahren nach
Anspruch 25, dadurch gekenn- zeichnet, dass das Bauteil (201; 501; 601;
651)  4. Le composant de la revendication 3, caracterlse sine Sicherung
ist, der Leiter (207; 407;507; 605;  en ce que le conducteur (207;407;507;
605;655) 651) sine Schmelzsicherung (211; 411; 411a;      comprend des
portions dextr6mit6, la lame fusi- 511; 607; 657) aufweist und der
dielektrische  3o  ble (211;411;511;607;657) diff6rant des portions
Klebstoff (212; 512; 621; 671) am Substrat und   d'extrhmlt6 dans au moins
une des aires en cou- an der Sicherung haftet.                          pe
transversale et en composition, I'adh6sif di6- lectrique (212;512;609;659)
couvrant la lame 27. Verfahren nach Anspruch 26, gekennzelchnet       (211;
411;511;807;657) et au moins une partie durcheinen Schritt, das Substrat
(205) zuschnei-  35  des portions d'extr6mit6du conductour(207;407; den um
mehrere Sicherungen (201) zu machen,      507;605;655) et Isolant la lame
(211;411;511; wobei jede sin Leltrelement (207) aufweist, des  607;657) du
milieu ambient, l'adh6sif (212;512; aus dem Loiter gebildet ist und Jedes
sine der   609;659) r6agissant avec la lame (211;411;511;
Schmelzsicherungen (211) enthilt, die mit dem    607;657) quand la lame est
expos6e A des condi- Klebstoff (212) beschichtet ist.         40      tions
de courant de surcharge et produisant une lame grill6e en permanence,
l'adhesif (212;512; 28. Verfahren nach olnem derAnsprcche 19- 27, go-
609;659) maintbnant lisolatlon de l'aire de la kennzeichnetdadurch, dass
beim Schrittdes Me-    lame, du milieu ambiant, quand la lame (211;411;
tallisieren sines Leiters (207) auf dem Substrat  511;607;657) est expos6e
A des conditions de (205) ein zusammenhingender Leiter in wenig-  45
courant de surcharge. stens einer Richtung entstoht und durch einen Schritt
das Substrat (205) und den zusammen-  5. Le composant de la revendlcathon 3
ou 4, carao- hingenden Loiter zu schneiden.                   teris6 en ce
quo l'adhesif (212;512;609;659) est un 6lastomere A silicone. 50
Revendlcatlons                                   6. Le composant de l'une
quelconque des revendi- catlons 3-5, caracteris6 en co quo la lame 1. Un
composant electrique (201;501;601;651)         (211;411;511;607;657) est
form6e d'une matiere comprenant un substrat dihlectrique (205;251;
s6lectionnee dans le groups consistant en NWalu- 451;551;603), au molns un
conducteur6lectrique  66  minium et en des alliages A base d'aluminium.
(207;407;507;605;655) metallis6 sur une surface externe du substrat, Is
conducteur (207:407;507;  7. Le composant de l'une quelconque des revendi-
605;655) s 'endantjusqu'A un bord du substrat,   catlons 3-6, caracterise
en ce quo l'adhesif di6- 15    *;   29            EP0513246B1
30  '11111   Niil II  11II lectrique (212;512;609;659) eat le plus 6pais,
au-  1. La combinaison de la revendlcation 16 ou 17, ca- dessus du centre
de la lame (211;411;511;         racteriseeencequelecomposant(301;311)aun 



607;857).                                         logement di6lectrique, le
logement ayant un inte- riour et un extereur et des plombs s'6tendant de 8.
Le composant de l'une quelconque des revendi-   5  l'int6rieurjusqu'A
I'exte6reur du logement, le fusi- cations 3-7, caracterise en ce que le
substrat est  ble (201) 6tant monte dans, ou sur, le logement. un tube
(205), 1'enveloppe (203) etant une gaine (203) entourant le tube, I'adh6sif
di6lectrique  19. Une m6thode de fabrication d'un composant (212)
comprenant un moyen de matiere de rem-      6lectrique (201;501 ;601 ;651)
comprenant: la m6- plissage (212) entre le tube (205) et la gaine  10
tallisation d'un conducteur (207;407;507;605; (203) pour fournir une
barriere entre les extremi-  655) sur un substrat dielectrique (205;251;
tes axiales du fusible (201).                     451;551 ;603), le
conductsur (207;407;507;605; 655) s'dtendant jusqu'A un bord du substrat 9.
Le composant de l'une quelconque des revendl-     (205;251 ;451 ;551;603),
cations 1-8, caracterise en ce quo le composant  i5    caract6ris6e par le
positionnement d'une (201) est plus petit quo 3 mm, dans au moins
enveloppe (203;231;531;809) A l'cart, au-des- deux dimensions.
sus du substrat (205;251;451;551;603), Is rem- plissage de l'espace entre
I'enveloppe (203; 10. Le composant de une quelconque des revendl-      231;
531;609) et le substrat (205;251;451; cations 1-9, caract6rls6 en co quo le
substrat  20  551;803) avoc une matiere solide (212;512;609; (205;251;451;
551;603) eat fait de verre.          659), le gravage de la matlere solide
(212; 512;609;859) en retrait, sur une court. distance, 11. Le composant de
l'une quelconque des revendi-    A partir du bord du substrat (205;251;451;
551; cations 1-10, caract6rise en ce quo Io substrat   603) pour exposer
une portion du conducteur est un tube (205).                        25
(207;407;507;605;655), sur le substrat et, par la suite, connector
61ectriquement une borne (221; 12. Le composant de la revendication 11,
caract6ris6  521;611;855) A la portion du conducteur (207; en ce que le
composant a un diametre inf6rieur A  407;507;605;655) expos6e par gravage.
3 mm et une longueur essentiellement inf6rieure A son diametre.
30  20. La m6thode de la revendication 19, dans laquelle le substrat
di6lectrique eat un tube (251;451;551) 13. Le composant de l'une quelconque
des revendi-    et l'enveloppe eat une gaine di6lectrique (231; cations
1-10, caractdris6 on ce quo le substrat   531), Ia matiere solids (212:512)
6tantune matie- (803) est une plaque ayant une 6paisseurtres in-  re
traitable Initialementi l'etat de fluids, caract6- f6rioure soit a sa
longueur, soit A sa largour.  35  ris6e par le romplissage de 'espace entre
le tube (251;451;551) et la gain. (231;531) avec la ma- 14. Le composant de
l'une quelconque des revendl-    tiere traitable (212;512), le traitement
de la ma- cations 1-13, caract6rls6 en co quo la m6tallisa-  tiere pour
former un assemblage rigide (280; tion (216) recouvre au moins une
extrdmit6 du     480;580) du tube et de la gains, et le decoupage substrat
(205;251;451;551;603) et au molns une   40  de l'assemblage (280;480;580)
en une pluralit6 extr6mit6 de la matibre de remplissage (212;512;  de
composants (201;501), chaque composant 609;659).
comprenant au moins une portion de tube m6tal- lis6e, form6e A partir du
tube di6lectrique 15. Le composant de la revendicatlon 14, cractris6  (251;
451;551) et une portion isolee, form6e A en ce la m6tallisation (216)
recouvre 6galement  45  partirde la matiere traitable traitee (212;512). au
moins une extr6mit6 de l'enveloppe (203;231; 531;609).
21. La methode de la revendication 20, caracterishe en ce qu'ello comprend
une 6tape de montage 16. La combinaison d'un composant 6lectrique
d'une pluralit6 de tubes gain6s (280) generale- (301 ;311) ayant une
pluralite de plombs et d'un   50  ment paralleles,.dans un support (270),
de rem- fusible, intbrpose dans au molns un des plombs,   plissage de
l'ospaco compris entre le tube (205) caracterisee en ce qu'elle comprend un
fusible    et la gains (203) et de 'espace compris entre les (201;501;801;
651) conform6ment A l'une quel-      gaines, avec la matiere traitable
(212), de traite- conque des revendications 2-8.                    ment de
la matibre (212) et, par la suite, de de- 55      coupage d'une pluralit6
de tubes gain6s (280), en 17. La combinaison de la revendication 16,
caracte-  plaques (276), maintonus ensemble par la matie- ris6e en ce quo
le composant (301;311) eat un     re traitable (212). condensatbur
6lectrolytique (301;311). 16    31                 EP 0 513 246 B1
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en ce quo I'etape de gravage en retralt de la ma- tiere solide (212)
comprend le gravage en retralt de la matibre traitable sur au molns un ofte
de la plaque (276), pour exposer une portion du   5 conducteur, sur chaque
tube (205). 23. La m6thode de la revendlcation 21 ou 22, carac- terisee en
ce qu'elle comprond une 6tape de controler electriquement les composants,
tandis  io qu'ils sont maintenus dans la plaque (276). 24. La m6thode de
l'une quelconque des revendica- tions 20-23, caracterls6e en ce qu'elle
comprend une etape de pr6-traitement de l'int6rieur de la  15 gaine (203)
pour reduire la liaison entre la gaine (203) et la matiere traitable (212)
et, en outre, en ce qu'elle comprend une Mtape d'enlibvement de la gaine
(203), apres I'etape de d6coupage. 20 25. La m6thode de 'une quelconque des
revendica- tions 19-24, caract6risee en ce quo la matibre so- lide est un
adhesif dillectrique (212;512) qui adhere au conducteur (207;507) et au
substrat (205;551).                                25 26. La m6thode de la
revendication 25, caract6risee en co que le composant(201;501;601;651) est
un fusible, le conducteur (207;407;507;605;655) comprenant une lame fusible
(21 1;41 1 ;411 a;511;  30 607;657), I'adh6sif di6lectrique (212;512;821;
671) adherant au substrat et A la lame. 27. La methode de la revendication
26, caract6risie on ce qu'elle comprend une Mtaps de decoupage   35 du
substrat (205) pobr former une pluralIte de fu- sibles (201), chacun
comprenant un 6l6ment conducteur (207) forme A partir dudcit conducteur et
chacun comprenant une desdites lames fusi- bles (211) recouverte avec ledit
adh6sif (212).    40 28. La m6thode de l'une quelconque des revendica-
tions 19-27, caract6risee en ce quo l'6tape de metallisatlon d'un
conducteur (207), sur le subs- trat (205), produit un conductour continu
dans au   45 moins une dimension et une 6tape de d6coupage du substrat
(205) et du conducteur continu. 50 55 17    


