
1              EP0275980 B1                       2 Description
Furthermore, the traditional construction is not hermetically sealed.
Although some other construc- This invention relates to an improved fuse
for  tions provide a plastic seal, most do not provide electrical circuit
protection. It has particular applica-  the truly hermetic seal which can
be provided only -don to a sub-miniature fuse of the type which may   5
by a proper glass-to-metal seal. Therefore, they be used to protect printed
circuit boards and com-  can neither contain a given gas composition nor
ponents.                                           protect the interior
from external gas and vapor The term "sub-miniature fuse" as used herein
comtamination. As a result, the electrical character- means a fuse,
including its fusible element and its  istics of the traditional
sub-miniature fuse are sub- container, having a width of less than 0.254
cm.   10  ject to change with age and environmental con- (one-tenth inch),
to allow multiple fuses to be    ditions. mounted on (one-tenth inch)
centers on a printed       With the traditional sub-miniature fuse con-
circuit board. Ideally, the fuse has a volume of less  struction, high
current and high voltage fuses are than 0.163 cubic cm. (0.01 cubic
inches). It will be  not practical. The short length of fusible wire and
understood that the sub-miniature fuse may be   15  close proximity of
metal end caps causes a very mounted in additional external packaging and
may   energetic conductive plasma to establish itself in- include leads
extending beyond the dimensions of   side the fuse body during high voltage
and high the fuse body itself.                              current fault
interruption. The resulting vaporized In the past, sub-miniature fuses have
been      metal plasma arc heats the interior of the fuse made by
suspending a small fusible wire between   20  rapidly and generates high
internal pressures which the ends of glass or ceramic tubes. Electrical
con-  cause the device to explode destructively, thereby tact is made to
the fusible wire by metal end caps  putting in jeopardy other components on
the, print- which are soldered or mechanically crimped to the  ed circuit
board. Both physical damage and fire fusible element. The whole assembly is
held to-    hazards can result from such an explosion. gether by crimping
the end caps to the glass or  25    The traditional construction is
inherently weak ceramic tube.                                      when
subjected to axial pull loads because only the When axial leads must be
affixed to the end     encasing plastic holds the end caps and axial leads
caps, for mounting the fuse on a printed circuit   in place. The external
plastic cannot be made board, the fuse body and end caps must be held
heavy enough to support typical loads without in- together with a plastic
material to give the assem-   30  creasing the external fuse dimensions
beyond rea- bly enough strength to be handled normally.        son. The
traditionally sub-miniature fuse assembly      The need to hold traditional
sub-miniature as described has many shortcomings.                fuses
together with external plastic coatings makes The physical dimensions of a
fuse to be moun-   visible inspection of the interior, to determine ted on
a printed circuit board must be as small as   35   whether a fuse has
blown, virtually impossible. possible. When the length of the fusible wire
is       US-A-2769877 relates to a time delay fuse made short, its diameter
must be described to      having a fuse element formed of elongated mem-
maintain the required fuse characteristics. In some  ber of electrical
insulating material. A thin film of cases, the fusible wire must be as
small as 0.0007  low melting point metal is applied to the supporting cm.
(0.0003 inches) in diameter. Such small wires  40   member and extends
between spaced apart films are extremely hard to assemble into a
traditional  of high melting point material also applied to the
sub-miniature fuse and cause the cost of manufac-  supporting member. The
fuse element is carried turing to be high. As a result, very low current
within a tubular cartridge formed of electrical in- fuses are not practical
because of the small size  sulating material provided at its ends with
terminal wire required. Moreover, existing sub-miniature  45  caps for
connection into an electric circuit. fuses are specifically designed for a
particular       The principal object of this invention is to pro-
mounting, and are not easily modified for mounting  vide a method of
forming sub-miniature fuses by axial wire leads, surface mounting, or semi-
which may be made extremely small and which conductor type inline mounting.
resist physical breakage even under extreme elec- The typical sub-miniature
fuse using a wire  50  trical overloads. fusible element cannot be
controlled to extremely      The present invention provides the method of
close circuit interrupt characteristics because of  forming sub-miniature
fuses comprising the steps variations in fusible wire diamter, composition
and  of metallizing fusible elements onto a first insulative free length.
Crimping and solder type electrical   tube or rod bind assembling the first
tube or rod connections to the fusible wire element are notori-  55  into
an outer insulative tube, characterized by cut- ously inaccurate methods
for controlling the free  ting the assembled first tube or rod and outer
tube wire length.                                       into a plurality of
fuses. 2    A 



3                 EP0275980B1                        4 The fuse made by the
method of this invention   The soldering operation preferably provides a
her- is easily adapted for surface mounting, attachment  metic seal between
the inner and outer tubes of the by wire leads, or semi-conductor type
mounting to  fuse and provides extremely strong axial termina- a printed
circuit board,                           tions. The contacts at the ends of
the tube may be The fuse may easily be manufactured to pre-   5   formed in
various ways, to provide different types cisely defined normal and overload
electrical char-  of mountings for the fuse. In one embodiment, a
acteristics, from extremely low currents, on the   wire is inserted into
the inner tube, and solder is order of one milliampere, to currents of ten
am-   applied around the wire, to provide an axial lead. In peres or more.
another embodiment, the ends of the tubes are The fuse is so small that
plural fuses may be   10  sealed to each other by a solder ring, and the
fuse packaged together and connected electrically in    is surface mounted
to the printed circuit board. In parallel to provide higher amperage
ratings or in  other embodiments, radial leads are soldered to series to
provide higher voltage ratings.          the ends of the fuse, and a clear
plastic jacket and Further, the fuse made by the method of this    viewing
window are optionally molded around the invention is mechanically very
strong, and whose   15  fuse. In these last embodiments, the fuse may be
leads, when provided, are capable of withstanding  mounted as a single or
dual inline component, or substantial axial pulls. The fuse may be hermeti-
multiple fuses may be molded together in a single cally sealed to a very
high degree of hermeticity,  or dual inline package configuration. The dual
inline and may contain inert gas, or an arc-quenching     package may be
formed with the fuse assemblies gas, or a vacuum, in order to maintain
predictable  20  placed side by side on 0.254 cm  (0.100 inch) operation
over long periods and under widely vary-  centers, to yield packaging or
mounting densities ing environmental conditions. Further, the fuse can  far
greater than those presently known. be visually inspected to determine
whether it has      The present design allows metallization of the blown,
and which is easily handled for replace-    inner and outer tube ends, so t
hat electrical and ment.                                         25
mechanical connections of superior quality can be Preferably the inner and
outer tubes are both   made to the axial leads. Much higher strength and
made of an insulating material such as glass or    lower resistance at the
end terminations result ceramic. Most preferably, the tubes are made of
when compared with the traditional sub-miniature high temperature glass
having a softening point in  fuse construction. excess of 700 . Such a
glass can be drawn to  30       This invention allows a very close fit to
be extremely close tolerances. Under high voltage,    developed between the
inner and outer insulating high current conditions, e.g. 250 volts and 50
tubes, leaving a small space between the tubes, so amps, the high
temperature glass does not become   that during fault interruption
extremely high pres- sufficiently conductive to sustain an arc. The fuse
sures are developed. These pressures, that result therefore interrupts
without exploding or causing a   35  from an interrupt arc, are high enough
to extinguish fire.                                              the arc
before it can cause a destructive explosion Preferably, the fusible link is
applied to the  to occur. The 12T energy product of the sputtered inner
tube by deposition, most preferably by sput-  fusible link, when
extinghished by high pressure tering techniques adapted from well-known
sputter,  gases, is at least five times less than the conven- masking,
photolithography and etching techniques   40  tional sub-miniature wire
type fuse. used in the semi conductor industry. As a result,     It has
been found that many of the advantages the fine wire problem, as it exists
in conventional  of the present fuse require that the cross-sectional
sub-miniature fuses, is completely eliminated. This  area of the space
between the tubes be less than new construction allows for much lower
current     0.645 square millimeters (0.001 square inches). fuses to be
made since the wire problem is elimi-  45   The cross section is taken
perpendicularly to the nated.
conductor. In the preferred fuses, this corresponds Preferably, sputter
techniques are also utilized  to a difference in diameter of 200 microns
(0.008 to produce electrodes on the outer surface of the  inches) or a
spacing of less than 100 microns inner tube, to produced a strap over the
electrodes  (0.004 inches) if the inner tube is centered in the and fusible
link, to produce spacing pads at the   50  outer tube, and to a volume
between in inner tube ends of the inner tube, and to produce a low
and the outer tube of less than 6.55 cubic milliliters resistance
electrical connection on the axial ends of  (0.0004 cubic inches).
Preferably, the cross-sec- the tubes to the sputtered metal electrodes. The
tional area is less than 0.000045 square cm. sputtered axial connections
also provide excellent  (0.0001 square inches), and the spacing is between
binding surfaces for electrical contacts for the fuse   55  0.0025 cm.
(0.001 inch) and 0.0050 cm. (0.002 assembly.
inch) around. Sputtered metal end terminations can be sol-       The close
spacing between the tubes is impor- dered directly to contacts at the ends
of the fuse.  tant not only for quenching the arc, but also in the 3    



5                 EP 0 275 980 B1                    6 manufacture of the
fuse. The close spacing pre-       coating and lens applied over the fuse.
vents sputtering into the space between the tubes      Referring now to the
drawings, and in particular or capillary draw of solder into the space
between  to Figures 4, 5 and 8-10, reference numeral 1 he tubes. It also
facilitates sealing the ends of the  indicates one illustrative embodiment
of fuse of the use.                                          5   present
invention. The fuse 1 is formed from an The present invention also provides
a method    outer tube 3 (Figure 4) and an inner tube 5 (Figure for
controlling, much more closely than possible   4). The outer tube 3 and
inner tube 5 are both with conventional designs, the composition and di-
formed from high temperature KG-33 borosilicate mensions of the conductor
deposited on the inner   glass having softening point of [err] The outer-
tube, including particularly the fusible link and elec-  10  tube 3 has an
inner bore diameter of 0.1308 cm. trodes. The compositions of the conductor
ele-     (0.0515 inches) and outer diameter of 0.2286 cm. ments may be
controlled by choosing targets of     (0.090 inches) and a length of 0.7264
cm. (0.286 desired composition in the sputtering operation.   inches). The
inner tube 5 has an outer diameter of Preferably, the link is formed by
successively sput-  0.1257 cm. (0.0495 inches) and an inner bore di- tering
layers of different metals of predetermined   15  ameter of 0.0660 cm.
(0.026 inches) and a length thickness. In the preferred embodiment the
layers  of 0.7264 cm. (0.286 inches). are tin and copper having thicknesses
of a few         The inner tube 5 has metal film conductors 7 microns, but
conductive materials having thicknes-  applied to its outer surface The
conductors 7 are ses as low as a few angstroms may be used to       applied
by masking and vacuum sputtering as de- form alloys or quasi-alloys. By
controlling the com-   20  scribed hereinafter. position and dimensions of
the conductor, the          As shown in Figures 4 and 8-10, the conduc-
present invention controls the characteristics of the  tors 7 include two
copper electrodes 9 extending to fuse both during normal operation and
under cur-   the ends of the inner tube 5 and separated by a rent and
voltage overload conditions.              narrow gap 10, a fusible tin link
11, a copper strap Other features of this invention will become   25  13,
and two copper pads 15. The rating, the elec- more apparent in light of the
following description.  trical characteristics, and the thermal
characteris- In the drawings:                               tics of the
fuse are easily varied by varying the Figure 1 is an isometric view of an
outer hollow  materials and the geometries of the electrodes 9, tube
utilized in producing fuses of the present  link 11, and strap 13. The
following illustration is of invention.                                  30
a typical fuse having a rating of 5.5 amp and 250 Figure 2 is an isometric
view of an inner hollow  volts. In particular, the rating of the fuse may
be tube utilized in producing fuses of the present  changed by changing the
geometries and composi- invention.
tions of the electrodes 9, the gap 10, the link 11, Figure 3 is an
isometric view of the inner hollow  the strap 13, and the pads 15. tube of
Figure 2, with electrodes, fusible links,  35  The electrodes 9 extend
inward from each axial straps, and spacing pads sputtered onto its out-
end of the inner tube 5 a distance of 0.3479 cm. er surfaces.
(0.137 inches). The electrodes 9 are 0.101 cm. Figure 4 is an isometric
view of a portion of the  (.0040 inches) wide by 12 microns thick. A non-
outer hollow tube of Figure 1 and a portion of   conductive gap 10 is left
between the two elec- the inner hollow tube of Figure 2, cut to form a   40
trodes 9. The gap 10 is 0.030 cm. (0.012 inches) disassembled single fuse
of the present inven-   wide. tion.
The fusible link 11 is a round tin spot, 0.088 Figure 5 is an isometric
view of the assembled   cm. (0.035 inches) in diameter and 1.1 micron thick
fuse of Figure 4.                                bridging the 0.030 cm.
(0.012 inches) gap in the Figure 6 is an isometric view of the assembled
45  copper electrodes 9. fuse of Figure 5, with axial leads attached.
The conductive copper strap 13 covers the Figure 7 is an isometric view of
the assembled   center portion of tin spot 11 and runs from end to fuse of
Figure 5, ready for surface mount.       end of the inner tube 5. The
copper strap is 0.076 Figure 8 is an enlarged view in cross section    cm.
(0.030 inches) wide and 2.2 microns thick. The through a fusible link area
and an axial end area   50  strap assures an excellent electrical
connection be- of the fuse of Figure 5.                         tween the
link 11 and the electrodes 9. It also Figure 9 is an enlarged view taken
along the line  provides an effective alloy with the tin spot during 9-9 of
Figure 8.                                 voltage and current overloads of
the fuse 1, there- Figure 10 is an enlarged view taken along the    by
controlling the temperature at which the fuse lines 10-10 of Figure 8.
55  blows, as described in more detail hereinafter. Figure 11 is a view in
side elevation of the        The copper pads 15 are 0.1117 cm. (0.044
assembled fuse of Figure 5, with radial leads   inches) long, extending to
the ends of the inner attached to its axial ends and with a plastic   tube
5. The pads are 0.076 cm. (0.030 inches) wide 4    



7                 EP 0275980 B1                      8 by 10 microns thick.
The pads 15 ensure that the       The smaller diameter tubing 51 is cleaned
and link 11 is spaced from the outer tube 3.           placed in a vacuum
sputtering machine, using a fill To the axial ends of the inner tube 5 and
outer  of argon gas at a pressure of about ten millitors tube 3 are applied
copper layers 17 in electrical  with a mechanical mask covering all of the
tubing contact with the spacers 15, strap 13, link 11 and   5   51 except
the portions desired to be metallized. electrodes 7. The axial end layers
17 do not extend    In the first step, the mask exposes strips 0.101
substantially into the space between the tubes 3   cm. (0.040 inches) wide
by 0.731 cm. (0.288 and 5 or along the outer surface of the outer tube
inches) long for the electrodes 9. The strips are 3.
separated by 0.030 cm. (0.012 inches) wide bridge As shown in Figures 6 and
8-10, in one pre-  10  in the mask, to provide the gap 10 between the
ferred embodiment of the invention, wire leads 19  electrodes 9 of each
fuse 1. In accordance with extend into the inner tube 5, and solder 21 con-
known procedures, a radio frequency sputter etch- nects the leads 19 and
metallized ends 17 of the   ing step is carried out, to remove a few
molecules tubes. Each wire lead 19 is 0.063 cm. (0.025       of glass from
the surface to be metallized. The inches) in diameter and is 3.81 cm. (1.5
inches)  15   masked glass is then exposed to a copper target long and
extends 0.152 cm. (0.060 inch es) into the  by DC magnetron sputtering for
a sufficient time to inner tube 5. The solder 21 is preferably a high
permit twelve microns of copper to be drawn from temperature solder, for
example a commercially     the target and deposited on the tubing 51 to
form available solder made of 95% lead and 5% tin,      the electrodes 9.
The sputtering process provides a having a solidus point of 310 C and a
liquidus   20  tightly bonded coating of copper on the glass tub- point of
[err]. Such a solder is particularly well  ing 51. adapted to a modified
form of the fuse 1, shown in    In the second step, the tubing 51 is
withdrawn Figure 7 and described more fully hereinafter,     from the
sputtering machine, and a second mask which is surface mounted to a printed
circuit board.  replaces the first mask over the tubing 51. The The solder
21 applied to the metallized ends of  25  second mask covers the tubing 51
except for fuse 1 covers the annular space between tube 3     0.0889 cm.
(0.035 inch) diameter round spots and 5 as well as the faces 17, providing
an ex-    spaced 0.762 cm. (0.300 inches) apart along the cellent
electrical connection between the leads 19,  tubing 51. The spots are
centered over the gaps 10 faces 17, electrodes 9, strap 13, and pads 15.
The  between electrodes 9. The tubing 51 is returned to solder 21 also
forms a glass-to-metal hermetic seal  30  the sputtering machine, and a
lower melting ma- enclosing the volume between the outer tube 3 and
terial, tin, is used as the target. A radio frequency inner tube 5. The
solder 21 is sufficiently malleable  sputtering process produces a spot of
tin 1.1 to accommodate thermal stresses on itself and the  microns thick
over the gap 10 and extending up glass tubes 3 and 5 under a wide range of
thermal  and across the electrodes 9 on both sides of the conditions.
35  gap 10. The fuse 1 may be produced using vacuum            The next
fabrication step is the use of a third sputtering to metallize the
conductors on the fuse.  mask to produce copper strap 13. The opening in A
variety of sputtering techniques may be used,    the mask is 0.0762 cm.
(0.030 inches) wide and including DC sputtering, radio frequency
sputtering,  extends the length of the mask. The masked tubing triode
sputtering, a nd magnetron sputtering, in  40  51 is placed in the
sputtering machine, and a accordance with standard procedures in the sput-
copper strap 13 having a thickness of 2.2 microns tering art. An example of
a method found to be     is deposited by DC magnetron sputtering. The
effective in producing the preferred fuse is as fol-  strap 13 bridges the
gap 10 and covers the tin spot lows.
11 and electrodes 9 as shown in Fig. 3. Twenty fuses 1 are produced from
two lengths   45  The final metallization step on the length 51 is of high
precision KG-33 borosilicate glass tubing; a  the use of a fourth mask and
DC magnetron sput- larger diameter length 31, shown in Figure 1, hav-
tering to produce copper pads 15 of a controlled ing an outer diameter of
0.2286 cm. (0.090 inches)  thickness to hold the fusible center portion
depos- and an inner bore diameter of 0.1308 cm. (0.0515   ited on the
outside of tube 5 away from the inside inches), for the outer tubes 3, and
a smaller diam-   50  of tube 3 as shown in Fig. 8. The fourth mask has
eter length 51, shown in Figure 2, having an outer  openings which are
0.0762 cm. (0.030 inches) wide diameter of 0.1257 cm. (0.0495 inches) and
an      and 0.254 cm. (0.100 inches) long, centered be- inner bore diameter
of 0.0660 cm. (0.026 inches)   tween the gaps 10. The masked tubing 51 is
for the inner tubes 5.                             placed in the sputtering
machine, and a layer of As shown in Figure 3, the smaller diameter  55
copper 10 microns thick, is sputtered onto the tubing 51 is metallized by
sputtering conductors 7  tubing 51. onto it in separate operations.
As shown in Figure 10, the process of sputter etching, followed by
sputtering, lays down layers of 5    



9                 EP 0 275 90 B1                     10 copper which
becomes indistinguishable. There-     diameter are inserted 0.152 cm.
(0.060 inch) into fore, although separate layers are indicated in Fig-  the
bore of tube 5 and held in position during the ure 10, representing the
different steps in deposit-  final solder operation. g the layers, a cut
through the pad sections 15 of   Soldering is accomplished without flux by
heat- finished fuse would show a single layer of copper   5   ing the fuse
ends and axial copper leads with a rather than an electrode layer, a strap
layer, and a  typical hot gas resistance heated torch and apply- pad layer.
ing solder. ; The solder is applied as a 0.0254 cm. In practice, s everal
tubing lengths 51 are    (0.010 inch) thick ring having an inner diameter
of metallized simultaneously. The metallized inner    0.0762 cm. (0.030
inches) and an outer diameter of tubing lengths are inserted into the outer
tubing   10  0.2032 cm. (0.080 inches). During soldering the length 31 to
form assemblies. The assemblies are   ring thins to about 0.0025 cm. (0.001
inch) in held in a wax matrix, with rods inserted in the    thickness at
the outer edge of tube 3. The solder hollow inner tubes 31. The assemblies
are diamond  covers the entire axial ends of the fuse 1, forming a sawed
with a 0.35 cm. (0.14 inch) blade to length  hermetic seal between the
inner tube 5 and outer as shown in Figure 5. The sawed assemblies are  15
tube 3, but it does not extend appreciably into the then placed in a
fixture, dewaxed, and cleaned.    space between the tubes 3 and 5, or onto
the outer The fixtured assemblies are masked on their outer  face of the
outer tube 3, or into the inner bore of surfaces by the fixture, leaving
one of the sawed  the inner tube 5. The torch gas is a mixture of 80% axial
end faces of the inner and outer tubes ex-   argon and 20% hydrogen gas to
reduce any oxides posed. The inner surfaces of the inner tubes 5 are  20
that might have formed on the metal surfaces prior masked by the rod
segments. The fixtures and         to the soldering operation. assemblies
are then placed in the vacuum sputter       The resulting fuse made by this
process is deposition machine to deposit, by DC magnetron     about 0.762
cm. (0.300 inches) long by 0.2286 cm. sputtering, 500 angstroms of nickel
vanadium 16    (0.090 inch) outside diameter with 3.81 cm. (1.5 then 1.5
microns of copper 17 on one cut axial end   25  inch) by 0.063 cm. (0.025
inch) diameter copper of the tubes 3 and 5, as best shown in Figure 10.
leads on each end. The fuse has an operating The nickel vanadium is a 7%
vanadium alloy. The    resistance of about 15 or 16 milliohms. The fuse
fixtured assemblies with one end metallized are    has a rating of 5.5 amps
and is able to interrupt removed from the sputter machine, turned around,
250 volts AC at 50 amps on power factor of 0.9 and reinserted in the
sputter machine, and the   30  random  closing and 250 volts DC 300 amps
other ends of the sawed assemblies are provided    (Battery source) without
exploding or causing a fire. with the same nickel vanadium layer 16 and
copper  The 12T energy during interrupt is much less than layer 17. The
layers 16 and 17 cover the axial ends  the typical wire sub-miniature fuse,
on the order of of the tubes 3 and 5, bonding with the axial ends of
one-fifth or less of the [err] energy of the typical wire the conductors 7
to form a continuous physical and   35  fuse. electrical layer, but they do
not extend more than a   The strength of axial pull is at least 4.53 kg.
few microns, at most, into the space between the   (10 Ibs.), some 50% to
100% better than the typi- tubes 3 and 5, or onto the outer face of the
outer  cal wire and endcap sub-miniature construction. tube 3, or into the
inner bore of the inner tube 5.     The ability to interrupt such a high
voltage and The small clearance between the inner tube 5 and   40  high
current comes from the very small volume outer tube 3 prevents any
measurable or observ-    defined by the outside of the inner tube and the
able deposit of metal on the outer surface of the  inside of the outer
tube. inner tube 5 or the inner surface of the outer tube 3  During the arc
conditions at high voltage and during metallization of their ends.
high current short circuit, the temperature also Fig. 4 is an exploded view
showing a piece of  45  rises rapidly between the outside of the inner
glass hollow outer tube 3 for sleeving to a piece of     and the inside of
the outer glass in the fusible link hollow inner tube 5 with equal length.
Inner tube 5  area. The glass itself can be conductive at these has on its
outer surface electrode deposits 9 sepa-  high temperatures so that it is
necessary to use a rated by a gap 10, fusible spot 11 bridging the gap
high  temperature  material such  as a  hard 10, strap deposit 13 running
from end to end of the   50  borosilicate glass or aluminosilicate glass,
ceramic inner tube 5, and pads 15, which together make up  or pure silica
glass. These materials do not be- the conductor 7. The ends of the inner
tube 5 and  come sufficiently conductive under the conditions outer tube 3
have also been metallized with nickel  of even a high voltage and high
current short circuit vanadium layer 16 and copper layer 17.             to
support an arc in the fuse of the present inven- With metallization of the
glass tube ends com-   55  tion. It is believed that their ability to
withstand plete the assembly shown in Fig. 5 is placed in an  such
conditions without destruction of the fuse is inert gas glove box having an
argon atmosphere.    due at least in part to their having low electrical
Axial copper leads 19 with 0.063cm. (0.025 inch)   conductivity at
temperatures near their melting    11             EP0275980B1
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points.                                            must be avoided so that
uniform interrupt char- The thermal shock, caused by the internal high
acteristics are possible. voltage and high current arc at short circuit,
burns   Numerous variations in the fuse of the present back the conductor
and disturbs the outer surface  invention will occur to those skilled in
the art in of the inner tube and the inner surface of the outer   5   light
of the foegoing description. tube in such a way that the result is easily
visible   Merely by way of example, the inner and outer from outside the
transparent fuse.                 tubes of the fuse may be formed of
different high A further advantage of this fuse design is the  temperature
insulating  materials, such  as al- ability to hold any desired gas in the
enclosed    uminosilicate glass, quartz, or ceramic, although hermetically
sealed volume at any particular pres-  io  the preferred borosilicate glass
has the advantage sure between the outer surface of the inner glass,  of
being easily drawn to extremely close toleran- the inner surface of the
outer glass and the sealed  ces, while having a sufficiently high softening
point ends. Such a gas as sulfur hexafluoride is well    to be
substantially non-conductive during short cir- known for its ability to
squelch arc formation and  cuit interrupt of the fuse. The bore of the
inner tube can further reduce the 12T energy product by incor-  is   5 is
not only useful as a fixture for leads 19 but poration in the
aforementioned example.            also facilitates manufacturing the tube
to high pre- The hermetic seal has the further advantage of  cision, so as
to ensure the close fit between the reducing aging of the fuse and reducing
its sen-   tube 5 and the outer tube 3. The bore in inner tube sitivity to
moisture or conductive materials in the  5, however, does not affect the
performance of the atmosphere to which it is subjected. The hermetic  20
fuse. It will therefore be understood that the term seal is not, however,
required for quenching the arc  "tube", as applied to the inner tube 5, may
include during fuse blow. It has been found that the internal  a rod.
pressure rise is sufficient to quench the arc even     When a fuse with
overall length dimensions of when the ends of the fuse are not sealed.
0.726 cm. (0.286 inches) as set forth in the pre- The clearance between the
outer surface of the   25  ferred embodiment, is cut to overall dimensions
of inner glass, the inner surface of the outer glass and  0.472 cm. (0.186
inches), the disturbed glass area metallized fusible conductors is also
important in  (and conductor burn-back) changes from a length the preferred
manufacturing porcess. A clearance   of 0.381 cm. (0.150 inches) to 0.190
cm. (0.075 of more than approximately 0.00254 cm. (0.001      inches) after
high voltage and high current interrup- inch) between the metal fusible
link conductors and   30  tion occurs. The volume of enclosed gas changed
the inside of the outer glass surface will allow   from approximately
(0.000076 cm.3 to 0.000050 molten solder to wet onto the conductor surfaces
cm.3 (0.00003 in3 to 0.00002 in3) and as a result, inside the fuse. If such
wetting of solder onto the  the internal pressure rises more rapidly and
the 12T inner conductors and fusible link is allowed, the  energy is
reduced. Reducing the length of the fuse electrical characteristics of the
fuse can be se-  35  described in this invention, allows for higher current
verely affected.                                   ratings, without
changing any other physical dimen- The conjoining of the two disciplines of
low    sions of the fuse. This further contributes to min- internal volume
and close clearance, makes this    iaturization and the economic value of
such a fuse. invention unique and superior to all previous fuse     The
amerpage rating of the fuse may be cho- constructs.
40  sen merely by changing the size and thickness of The pads 15, as shown
in Fig. 8, hold the      the fusible element 11 and the strap 13, or by
inside of the outer glass 3 away from the outside of  changing the size of
the gap 10. By adjusting the the inner glass 5 so that a metallic
conductive    relative thickness of tin link 11 and copper strap 13 bridge
from electrodes 9 will not form on the inside  in the bridge area 10, the
melting point can be of outer glass 3 at the time of normal fuse blow. If
45  changed from [err] thereby giving the inside of outer glass 3 is in
direct physical  control over the temperature at which the fuse will
contact with the outside of inner glass 5 in the   open when using these
two metals. The operating electrodes 9 and spot 11 zone a metallic bridge
and opening characteristics of the fusible portion can form on the inside
of tube 1 after normal fuse  may be further controlled by reducing the
thick- blow and this bridge can be somewhat conductive   50  ness of each
layer down to a few angstroms, with causing the fuse to have some residual
current     more layers provided, to form an alloy link during carrying
capacity which could damage sensitive     normal operation as well as
during overload in- semi-conductors that the fuse is designed to pro-
terruption. Ideally, the thickness of each fusible link tect.
portion should approximate its width. A further advantage of the pads 15 is
to pre-  55  The fusible link can be a single metal such as vent any
thermal coupling to the inside of tube 1 in  copper with one or more
notches to produce a the electrode 9 link 11 area. Such thermal coupling
fusible link of smaller cross-sectional area than the can give variable
fuse interrupt characteristics and  electrodes 9, a single low melting
metal or alloy 7    13                EP 0 275 980 B1                    14



bridging the electrode gap or two or more metals   common practice in
sputtering metals onto glass, is bridging the gap as given in the examples
here-    to use a reactive first layer of titanium nickel vana- tofore.
dium or others, to act as a bond between the glass Many other single or
multiple combinations of   and first main metallic layer. The reactive
metal is elements can be used for the fusible portion to give   5   usually
very thin, on the order of 500 x [err] other melting points to meet special
requirements.  (500 angstroms), and can produce not only a better The
glass-to-metal seal may be formed with      bond but may also decrease the
sputter etch lead-free solder or by other means.                cleaning
time in the sputter equipment. For this The mounting of the fuse may be
easily          reason and others, the reactive metallic alloy, nick-
changed. For example, the axial wire leads can   10  el vanadium, is used
to make the glass to metal have a pre-soldered end like a nail head and may
seals on the ends of the fuse body. For similar be flush soldered directly
to the metallized fuse  reasons, thin reactive sputtered metal layers can
end surface by reflow of the solder.               be used between the
glass and conductors 7 when Instead of axial leads, the fuse may also be
deposited on tube 5. The copper axial end connec- mounted on a printed
circuit board by surface   15  tions may be eliminated, and solder applied
di- mounting by of integrated circuit type lead configu-  rectly to the
undercoat. rations.                                               Physical
masks for defining the various metal Fig. 7 shows a finished fuse assembly
101       elements or electrodes are relatively thick do not made without
axial leads and ready for surface     control the exact dimensions well and
can not be mount on a printed circuit board. The axial ends of  20   made
to produce extremely small detail. To obtain the fuse have been sealed,
except for inner tube   the most accuracy and best production results, the
bore 123, by inert gas soldering of solder rings   well known
semi-conductor masking and sputter 125. This modification is produced in
the same way  deposition process is more desirable for applying as the
previous embodiment except that the ends    the conductors 7 of the fuse to
the outside of the of the outer surface of the outer tube 103 have   25
inner electrical insulating tubing 51. been metallized to form band areas
106, and a          In the semi-conductor process, one outer side lower
melting point solder extends onto the band   of the inner insulating tubing
51, approximately areas 106. The solder in the band areas 106 re-    [err]
around, is metallized with copper to a thick- flows onto the printed
circuit board pads during   ness suitable to form pads 15 first. The tube
51 is normal surface mount procedures.              30  coated with a UV
sensitive resist material, a mask Figure 11 shows a finished fuse assembly
227    made by photolithography is applied, UV light is in which a fuse
201, corresponding to the fuse 1 of  used to expose the resist in the
desired areas, Figure 5 of the first embodiment, has been config-
unexposed resist is washed away, chemical etching ured as a single fuse in
a dual inline package.    removes all metallization not covered by
developed Leads 229 are attached to the metallized ends of  35  resist,
developed resist is removed by solvent and the fuse 201 by soldering. The
entire leaded fuse  tube 51 is ready for the next metallization. is then
encased in a plastic package 231 having a      In the second step, a metal
such as copper is lens 233 for viewing the condition of the fuse. If the
deposited as in step one, to form the electrodes 9. use assembly is mounted
in a socket on the          The tube 51 is coated with UV sensitive resist
printed circuit board, it may easily be removed and   40   material, a mask
is applied to develop resist in the changed after it has blown. It will be
seen that the  pad 15 area along with the electrode 9 area, UV extremely
small size of the fuse 201 permits sev-  light develops the resist,
unexposed resist and eral fuses to be mounted in a single package,
metallization is etched away and the tube 51 now particularly in a dual
inline package. This type of  has pads 15 and electrodes 9 deposited and
de- mounting permits either separate fuses for different  45  fined on its
outer surface, with small gaps in the circuits on a single board or
multiple fuses con-  spot 10 area. nected in parallel to provide higher
amperage rat-    In the third step, metallization of a different ings for a
single circuit or connected in series for  metal, such as tin, is deposited
the outside of tube higher voltage ratings. Higher voltage ratings may  51,
as in the first step and covering pads 15 and also be obtained simply by
cutting longer lengths   50  electrodes 9. Tube 51 is again coated with UV
of tubing 31 and 51, to include several links 11.  sensitive resist, a mask
is applied to develop resist The method of making the fuse of the present
a mask is applied to develop resist in the spot 11 invention may also be
modified. Although sputter   area, UV light develops the resist, unexposed
resist deposition of the conductors has great advantages,  is removed,
exposed metallization is etched by a other metallization methods may also
be used.  55  selective tin etch material and tube 51 is ready for The
sputter process may also be modified. The  the next step. At this time,
tube 51 has the pads layers may be laid down in different order. For    15,
electrodes 9 and spot 11 defined on its outer example, the tin link may be
laid down first. A    surface Fig. 3. 8    15                EP 0 275 980
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In the fourth step, metallization such as copper  3. The method of claim 1
or 2, characterized by for the strap 13 is applied over the entire tube 51
hermetically sealing the axial ends of the cut upper surface as in the
first step UV sensitive        tubes (5, 3) to form a sealed chamber
between resist is applied, a mask is applied to define the     the first
cut tube (5) or rod and the outer cut strap in the spot 11 area and leave
it the same   5     tube (3). width as the electrode 9 and pad 15 in those
areas, UV light develops resist, unexposed resist is re-  4. The method of
claim 3, characterized by a moved, exposed metallization is etched away and
further step of metallizing axial ends (17) of the the conductors are now
all in place on tube 51.        cut tubes (5, 3) after the cutting step and
The open area between electrode 9 is bridged   l0   before the sealing
step. physically and electrically by spot 11 and strap 13. Using a very
narrow mask in the order of a few     5. The method of claim 1,
characterized in that microns in this area, allows the formation of a
the sealing step includes applying solder (21) fusible link that can be
narrow and thick. The         to the metallized ends (17) of the tubes in a
photolithographic masks can also define various   15   non-oxidizing
atmosphere, the atmosphere fill- lengths and cross sections for the fusible
link not   ing the chamber between the first cut tube (5) possible with
metal masks of the type used inside      or rod and the outer cut tube (3).
the sputter metallization equipment of the preferred embodiment.
6. The method of claim 1 or 2, characterized in Because of the hermetic
seal formed by the   20    that the cutting step produces end surfaces on
solder, sputtered end-metallization and glass, the     the inner tube (51)
substantially perpendicular small volume between the tubes may be closely
to the axis of the inner tube (51), the method controlled. In the soldering
process of the preferred  including a further step, after the cutting step,
embodiment, the space is filled with the argon-        of metallizing the
end surfaces of the first cut hydrogen gas of the glove box. When the fuse
is  25    tube (5) or rod to form an electrical connection cooled to room
temperature, the argon-hydrogen         with the fusible element. fill is
at less than atmospheric pressure. Using reflow solder techniques, the
space may be filled  PatentansprUche with other gases at other pressures.
Round tubular elements are preferred for their  30  1. Verfahren zur
Herstellung von Mikrosicherun- ease of manufacture to close tolerances and
ease       gen, umfassend die Schritte des Spritzmetalli- of fabrication.
It will be understood, however, that   sierens von Schmeizelementen auf
einem er- many of the advantages of the present invention        sten
isolierenden Rohr (51) oder Stab und Emn- may be achieved with other
configurations such as      setzen des ersten Rohrs (51) oder Stabs in ein
square tubing or even flat substrates carrying the   35  zweites auIeres
isolierendes Rohr (31), ge- fuse element with a flat cover sheet spaced
from it.   kennzeichnet durch das Schneiden des zusam- These variations are
merely illustrative.           mengesetzten ersten Rohrs oder Stabs und
auBeren Rohrs im wesentlichen senkrecht zur Claims
Achse des auBeren Rohrs zu einer Vielzahl 40      von Sicherungen. 1. The
method of forming sub-miniature fuses comprising the steps of metallizing
fusible ele-  2. Verfahren nach Anspruch 1, dadurch gekenn- ments onto a
first insulative tube (51) or rod     zeichnet, daB die Schmelzelemente
aufweisen: and assembling the first tube (51) or rod into     ein Paar
Elektrodenstreifen, die auf der auBe- an outer insulative tube (31),
characterized by   45  ren Oberflache des ersten Rohrs (51) oder cutting
the assembled first tube or rod and        Stabs spritzmetallisiert sind
und dazwischen outer tube substantially perpendicular to the      einen
Spalt (10) bilden, und einen Schmelzein- axis of the outer tube into a
plurality of fuses.  satz (11), der den Spalt (10) Uberbr~ckt, wobei der
Schmelzeinsatz (11) direkt auf der auBeren 2. The method of claim 1,
characterized in that  so    Oberflache des ersten Rohrs (51) oder Stabs
the fusible elements include a pair of electrode   durch Vakuumzerstaubung
abgeschieden ist. strips metallized on the outer surface of the first tube
(51) or rod and forming a gap (10)   3. Verfahren nach Anspruch 2 oder 3,
gekenn- between them and a fusible link (11) bridging      zeichnet durch
hermetisches Abdichten der the gap (10), and the fusible link (11) is
depos-  55  achsialen Enden der abgeschnittenen Rohre ited directly on the
outer surface of the first    (5, 3), um zwischen dem ersten abgeschnitte-
tube (51) or rod by vacuum sputtering.             nen Rohr oder Stab und
dem auleren abge- schnittenen Rohr eine abgedichtete Kammer 9    15
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In the fourth step, metallization such as copper  3  The method of claim 1
or 2, characterized by for the strap 13 is applied over the entire tube 51
hermetically sealing the axial ends of the cut upper surface as in the
first step UV sensitive        tubes (5, 3) to form a sealed chamber
between resist is applied, a mask is applied to define the     the first
cut tube (5) or rod and the outer cut strap in the spot 11 area and leave
it the same   5     tube (3). width as the electrode 9 and pad 15 in those
areas, UV light develops resist, unexposed resist is re-   4. The method of
claim-3,- characterized by a moved, exposed metallization is etched away
and         further step of metallizing axial ends (17) of the the
conductors are now all in place on tube 51.         cut tubes (5, 3) after
the cutting step and The open area between electrode 9 is bridged   10
before the sealing step. physically and electrically by spot 11 and strap
13. Using a very narrow mask in the order of a few      5. The method of
claim 1, characterized in that microns in this area, allows the formation
of a         the sealing step includes applying solder (21) fusible link
that can be narrow and thick. The         to the metallized ends (17) of
the tubes in a photolithographic masks can also define various   15
non-oxidizing atmosphere, the atmosphere fill- lengths and cross sections
for the fusible link not     ing the chamber between the first cut tube (5)
possible with metal masks of the type used inside       or rod and the
outer cut tube (3). the sputter metallization equipment of the preferred
embodiment.                                         6. The method of claim
1 or 2, characterized in Because of the hermetic seal formed by the   20
that the cutting step produces end surfaces on solder, sputtered
end-metallization and glass, the     the inner tube (51) substantially
perpendicular small volume between the tubes may be closely          to the
axis of the Inner tube (51), the method controlled. In the soldering
process of the preferred  including a further step, after the cutting step,
embodiment, the space is filled with the argon-         of metallizing the
end surfaces of the first cut hydrogen gas of the glove box. When the fuse
is  25     tube (5) or rod to form an electrical connection cooled to room
temperature, the argon-hydrogen          with the fusible element. fill is
at less than atmospheric pressure. Using reflow solder techniques, the
space may be filled   Patentansprlche with other gases at other pressures.
Round tubular elements are preferred for their  30  1. Verfahren zur
Herstellung von Mikrosicherun- ease of manufacture to close tolerances and
ease        gen, umfassend die Schritte des Spritzmetalli- of fabrication.
It will be understood, however, that    sierens von Schmelzelementen auf
einem er- many of the advantages of the present invention         sten
isolierenden Rohr (51) oder Stab und Ein- may be achieved with other
configurations such as       setzen des ersten Rohrs (51) oder Stabs in ein
square tubing or even flat substrates carrying the   35  zweites auBeres
Isolierendes Rohr (31), ge- fuse element with a flat cover sheet spaced
from it.    kennzelchnet durch das Schneiden des zusam- These variations
are merely illustrative.           mengesetzten ersten Rohrs oder Stabs und
aulleren Rohrs im wesentlichen senkrecht zur Claims
Achse des auBeren Rohrs zu einer Vielzahl 40      von Sicherungen. 1. The
method of forming sub-miniature fuses comprising the steps of metallizing
fusible ele-  2. Verfahren nach Anspruch 1, dadurch gekenn- ments onto a
first insulative tube (51) or rod      zeichnet, daBi die Schmelzelemente
aufweisen: and assembling the first tube (51) or rod into      ein Paar
Elektrodenstreifen, die auf der AuIe- an outer insulative tube (31),
characterized by   45  ren Oberflache des ersten Rohrs (51) oder cutting
the assembled first tube or rod and         Stabs spritzmetallisiert sind
und dazwischen outer tube substantially perpendicular to the       einen
Spalt (10) bilden, und einen Schmelzein- axis of the outer tube into a
plurality of fuses.   satz (11), der den Spalt (10) Uberbrlckt, wobel der
Schmelzeinsatz (11) direkt auf der auBeren 2. The method of claim 1,
characterized in that  50     Oberfldche des ersten Rohrs (51) oder Stabs
the fusible elements include a pair of electrode    durch Vakuumzerstaubung
abgeschieden ist. strips metallized on the outer surface of the first tube
(51) or rod and forming a gap (10)   3. Verfahren nach Anspruch 2 oder 3,
gekenn- between them and a fusible link (11) bridging       zeichnet durch
hermetisches Abdichten der the gap (10), and the fusible link (11) is
depos-  55  achsialen Enden der abgeschnittenen Rohre ited directly on the
outer surface of the first     (5, 3), um zwischen dem ersten abgeschnitte-
tube (51) or rod by vacuum sputtering.              nen Rohr oder Stab und
dem AuBeren abge- schnittenen Rohr eine abgedichtete Kammer    17
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4. Verfahren nach Anspruch 3, gekennzeichnet       4. Proced6 selon la
revendication 3, caracterise durch einen weiteren Schritt des
Spritzmetalli-    par une etape supplementaire de metallisation J-'
sierens der achsialen Enden (17) der abge-   5     des extremites axiales
(17) des tubes coupes schnittenen Rohre (5, 3) nach dem Schritt des
(5, 3) apres I'etape de coupe et avant l'6tape Abschneidens und vor dem
Schritt des Abdich-       de scellement. tens. S. Procede selon la
revendication 4, caracterise 5. Verfahren nah Anspruch 4, dadurch gekenn-
lO       en ce que l'etape de scellement comprend zeichnet, daB der Schritt
des Abdichtens das       l'application de soudure (21) aux extremitds
Aufbringen von Lot (21) auf den spritzmetalli-     metallisees (17) des
tubes en atmosphere non sierten Enden (17) der Rohre in einer nichtoxi-
oxydante, I'atmosphere remplissant la chambre dierenden Atmosphare umfalt,
wobei die At-         entre le premier tube coupe (5) ou barreau et
mosphare die Kammer zwischen dem ersten   16       le tube externe coupe
(3). abgeschnittenen Rohr (5) oder Stab und dem auBeren abgeschnittenen
Rohr (3) ausfUllt.      6. Procede selon la revendication 1 ou 2, caracte-
rise en ce quo l'etape de coupe forme des 6. Verfahren nach Anspruch 1 oder
2, dadurch           surfaces d'extrfmit6, sur le tube interne (51),
gekennzeichnet, daB der Schritt des Abschnei-  20  qui sont sensiblement
perpendiculaires & l'axe dens an dem inneren Rohr (51) im wesentli-
du tube interne (51), le proc6d6 comprenant chen senkrecht zur Achse des
inneren Rohrs         l'etape supplementaire, apres l'etape de de- (51)
orientierte Stirnseiten erzeugt, wobei das    coupe, de metallisation des
surfaces d'extrdmi- Verfahren nach dem Schritt des Abschneidens        te
du premier tube coup6 (5) ou barreau pour einen weiteren Schritt des
Spritzmetallisierens   25  la formation d'une connexion electrique avec der
Stirnseiten des ersten abgeschnittenen         l'6l6ment fusible. Rohrs (5)
oder Stabs umfalt, um mit dem Schmelzelement eine elektrische Verbindung zu
bilden. 30 Revendleations 1. Proc6d6 de formation de fusibles subminiatu-
res, comprenant les etapes de mdtallisation d'6lments fusibles sur un
premier tube isolant  35 (51) ou un premier barreau, et I'assemblage du
premier tube (51) ou barreau a l'interieur d'un tube isolant externe (31),
caracterise par la decoupe du premier tube ou barreau assemble et du tube
externe en direction sensiblement  40 perpendiculaire A I'axe du tube
externe sous forme de plusieurs fusibles. 2. Proc6d6 selon la revendication
1, caracterise en ce quo les elements fusibles comportent  45 une paire de
bandes d'electrodes metallisees form6es a ia surface exteme du premier tube
(51) ou barreau et laissant un espace (10) entre elles, et une liaison
fusible (11) recou- vrant cot espace (10), et la liaison fusible (11)  50
est d6posee directement a la surface exteme du premier tube (51) ou barreau
par pulverisa- tion sous vide. 3. Procede selon la revendication 1 ou 2,
caracte-  55 rise par le scellement hermdtique des extremi- tes axiales des
tubes coupes pour la formation d'une chambre etanche entre le premier tube
10    


