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Method of Making Fusible Links

FIELD OF THE INVENTION:

The present invention relates to the field of batteries. More particularly, the present

invention relates to the field of batteries and battery packs that use fusible links and methods
of fabricating the fusible links.

BACKGROUND OF THE INVENTION:

A battery is a device that converts chemical energy to electrical energy. The battery is

a combination of one or more electrochemical cells, each cell consists of two half-cells
connected in series by a conductive electrolyte. One half-cell includes electrolyte and an
electrode to which negatively-charged ions migrate, for example the anode or negative
electrode. The other half-cell includes electrolyte and an electrode to which positively-
charged ions migrate, for example the cathode or positive electrode. The electrodes do not
touch each other but are electrically connected by the electrolyte. Many cells use two half-
cells with different electrolytes. In this configuration, each half-cell is separated by a
separator. The separator is porous to ions, but not the electrolytes, thereby enabling ions to
pass but preventing mixing of the electrolytes between the two half-cells.

A battery pack is a connected set of battery cells. Battery cells can be configured in
series, parallel, or a mixture of both to deliver the desired voltage, capacity, or power density.
Components of a battery pack include the individual battery cells and the interconnects which
provide electrical conductivity between them. In many battery packs, current collector plates
are used to collect the current output from each of the battery cells in the battery pack. A first
current collector plate is connected to the anodes of each of the battery cells, and a second
current collector plate is connected to the cathodes of each of the battery cells.

A fusible link is a type of electrical fuse. At least one electrode of a battery cell is
connected to an electrical terminal via a fusible link. The fusible link typically includes a
short piece of relatively thin metal wire or strip that melts when excessive current is applied,
which interrupts the connection between the battery cell and the electrical terminal. Short
circuit, overload, or device failure is often the reason for excessive current. The size and
construction of the fusible link is determined so that the heat produced for normal current
does not cause the wire to melt and open the circuit.

A method of forming fusible links between battery cell electrodes and an electrical
terminal is via a fusible wire bond. The fusible wire bond opens (melts) under excessive
current, thereby disabling current flow through the faulted battery cell and electrically
isolating the faulted battery cell. When used in a battery pack, the faulted battery cell is
isolated from the active battery cells in the battery pack. However, the wire bonds are very
fragile and are rigidly attached to the battery cell and a current collector element. Under
shock and vibration load, especially that seen in electric vehicles utilizing battery packs, the

wire bonds are prone to breakage. One approach is to use adhesive to firmly attach the
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battery cells to the current collector element to minimize relative motion between the two.

This adds manufacturing cost and complexity. Moreover, this approach loses the ability to
service individual battery cells since all battery cells are permanently attached to the current
collector element and cannot be reworked.

Various welding methods can be used to connect the fusible wire bond to the battery
cell electrode and to the current collecting element. Such welding methods include, but are
not limited to, ultrasonic welding, resistive welding, and laser welding. Aluminum is a
common material used to make a fusible wire bond due to its relatively low electrical
resistivity and low melting temperature. However, resistive welding and laser welding are
not particularly effective when applied to aluminum. Instead, ultrasonic welding is more
effective when applied to aluminum. However, ultrasonic welding equipment is more
expensive than equipment used for resistive welding and laser welding. Resistive welding
and laser welding are more effective when applied to nickel. However, nickel has a relatively
high electrical resistivity and high melting temperature, especially when compared to

aluminum, and as such is not particularly effective for use as a fusible wire bond.

SUMMARY OF THE INVENTION:

Embodiments of a fusible link include a current collector element, a battery cell

conductor pad, and at least one fusible conductor connecting the current collector element and
the battery cell conductor pad. The current collector element can be a current collector
conductor pad, a current collector conductor pad and a current collector plate, or a fuse sheet.
A battery cell has an anode electrode and a cathode electrode, at least one fusible link is
coupled to one of the electrodes. The battery cell conductor pad is electrically and
mechanically attached to each battery cell electrode to which a fusible link is coupled. The
fusible conductor opens under excessive current flow, and has sufficient service loop length
to allow relative in-plane and out-of-plane motions between the battery cell electrode and the
current collector element. The fusible links can be applied to each of a plurality of battery
cells included in a battery pack.

A variety of fabrication techniques can be used to fabricate the fusible link. In some
embodiments, a clad foil is used that includes at least a first layer and a second layer. The
clad foil is processed to form a first portion that can function as the battery cell conductor pad
to be electrically and mechanically coupled to one of the battery cell electrodes, and a second
portion that can function as either the current collector conductor pad or the fuse sheet,
depending on the particular embodiment of the current collector element. The clad foil is
further processed to form a third portion that separates the first portion from the second
portion. The third portion of the clad foil is selectively etched to remove the first layer,
leaving the second layer that forms the fusible conductor. In the case of an aluminum/nickel
clad foil, the nickel layer is etched in the third portion and the remaining aluminum layer in
the third portion forms the fusible conductor. A shape of the fusible conductor can be

configured during the etching step or during a subsequent stamping step. In some
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embodiments, the second layer, such as the aluminum layer, in the first portion of the clad foil

is selectively etched to form a tab made of the first layer, such as the nickel layer. The
material used for this layer is preferably selected according to the welding method to be used
to couple tabbed first layer to the battery cell electrode. In some embodiments, the second
layer, such as the aluminum layer, in the second portion of the clad foil is selectively etched
to form another tab made of the first layer, such as the nickel layer. This tab can be welded to
the current collector plate.

In one aspect, a method of fabricating one or more fusible links includes providing a
clad foil comprising a first layer and a second layer, wherein the first layer and the second
layer are made of different materials; applying one or more masks to the first layer and one or
more masks to the second layer; selectively etching the first layer and the second layer,
thereby forming one or more first portions wherein the first layer is removed and the second
layer remains, one or more second portions wherein the first layer is removed and the second
layer remains, and one or more third portions wherein the second layer is removed and the
first layer remains, wherein each third portion couples one of the first portions to one of the
second portions, further wherein each first portion forms a first welding pad and each second
portion forms a second welding pad; removing the one or more masks from the first layer;
removing the one or more masks from the second layer; and forming one or more fusible
conductors from each third portion.

In some embodiments, the one or more fusible conductors are formed by performing a
stamping step or a cutting step on each third portion after the one or more masks are removed
from the first layer. In other embodiments, the one or more fusible conductors are formed by
etching during the selective etching of the first layer, further wherein the one or more masks
applied to the first layer are configured to form the one or more fusible conductors. In some
embodiments, the first layer and the second layer are selectively etched using a single-step
etching process. In other embodiments, the first layer and the second layer are selectively
etched using a two-step etching process, further wherein during a first etching step of the two-
step etching process a first etchant is used that etches the first layer but not the second layer,
and during a second etching step of the two-step etching process a second etchant is used that
etches the second layer but not the first layer. In some embodiments, the clad foil is formed
into a single fusible link comprising one first welding pad that forms a battery cell electrode
pad, one second welding pad that forms a current collector conductor pad, and one or more
fusible conductors coupling the one first welding pad to the one second welding pad. In other
embodiments, the clad foil is formed into a fuse sheet having an array of fusible links, each
fusible link for coupling to one battery cell electrode of a battery pack. In some
embodiments, each third portion is coupled to one of the first welding pads via a first clad foil
portion that includes both the first layer and the second layer, and each third portion is
coupled to one of the second welding pads via a second clad foil portion that includes both
the first layer and the second layer. The second layer has a higher melting temperature and a

higher electrical resistivity than the first layer. In some embodiments, the first layer comprises
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aluminum and the second layer comprises nickel. In some embodiments, each first welding

pad comprises a battery cell conductor pad, and each second welding pad comprises a current
collector element. In some embodiments, the one or more first welding tabs are welded to
battery cell electrodes and the one or more second welding tabs are welded to a current
collector plate or to an electrical terminal using resistive welding or laser welding. In some
embodiments, the one or more masks applied to the first layer and the one or more masks
applied to the second layer are physical masks. In other embodiments, the one or more masks
applied to the first layer and the one or more masks applied to the second layer are applied
using photolithography. Each fusible conductor opens when a current flow through the
fusible conductor reaches a threshold current.

In another aspect, a method of fabricating a fusible link assembly includes fabricating
a fusible link having one or more first welding tabs and welding each of the one or more first
welding tabs to a corresponding one battery cell electrode. Fabricating the fusible link
includes providing a clad foil comprising a first layer and a second layer, wherein the first
layer and the second layer are made of different materials; applying one or more masks to the
first layer and one or more masks to the second layer; selectively etching the first layer and
the second layer, thereby forming one or more first portions wherein the first layer is removed
and the second layer remains, one or more second portions wherein the first layer is removed
and the second layer remains, and one or more third portions wherein the second layer is
removed and the first layer remains, wherein each third portion couples one of the first
portions to one of the second portions, further wherein each first portion forms a first welding
pad and each second portion forms a second welding pad; removing the one or more masks
from the first layer; removing the one or more masks from the second layer; and forming one

or more fusible conductors from each third portion.

BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1 illustrates a cut out side view of a clad foil according to an embodiment.

Figure 2 illustrates a mask applied to the clad foil of Figure 1.

Figure 3 illustrates the clad foil and mask of Figure 2 after a first etching step is
performed.

Figure 4 illustrates the clad foil of Figure 3 after the mask is removed.

Figure 5 illustrates a mask applied to the clad foil of Figure 4.

Figure 6 illustrates the clad foil and mask of Figure 5 after a second etching step is
performed.

Figure 7 illustrates the clad foil of Figure 6 after the mask is removed.

Figure 8 illustrates the application of all the masks to the clad foil of Figure 1.

Figure 9 illustrates the clad foil and masks of Figure 8 after a single-step etching
process is performed.

Figure 10 illustrates a top down view of the fusible link of Figure 7.

Figure 11 illustrates a bottom up view of the fusible link of Figure 7.
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Figure 12 illustrates a top down view of a fusible link fabricated with a narrower

aluminum conductor than the aluminum conductor of Figure 10.

Figure 13 illustrates a top down view of a sheet of clad foil and a mask.

Figure 14 illustrates a cut out side view of the clad foil sheet and mask of Figure 13.

Figure 15 illustrates the clad foil sheet and mask of Figure 14 after a first etching step
is performed.

Figure 16 illustrates the clad foil sheet of Figure 15 after the mask is removed.

Figure 17 illustrates a bottom up view of the sheet of clad foil and a mask.

Figure 18 illustrates a cut out side view of the clad foil sheet and mask of Figure 17.

Figure 19 illustrates the clad foil sheet and mask of Figure 18 after a second etching
step is performed.

Figure 20 illustrates the clad foil sheet of Figure 19 after the mask is removed.

Figure 21 illustrates a top down view of the fusible link of Figure 20.

Figure 22 illustrates a top down view of the fusible link of Figure 21 after a stamping
step has been applied.

Figure 23 illustrates an alternative configuration in which the stamping process forms
a single aluminum fusible conductor.

Figure 24 illustrates a top down view of a fusible link where the aluminum layer
including the aluminum conductor is processed to form aluminum flexible fusible conductors.

Figure 25 illustrates a top down view of a fusible link that is similar to the fusible link
of Figure 24 except that the outer nickel tab of Figure 24 is alternatively configured as a ring-
shaped nickel tab.

Figure 26 illustrates a cut out side view of a fusible link assembly according to a first
embodiment.

Figure 27 illustrates a cut out side view of a battery pack including a plurality of
fusible links according to a first embodiment.

Figure 28 illustrates a top down view of a sheet of clad foil and masks applied to an
aluminum layer.

Figure 29 illustrates a bottom up view of the sheet of clad foil and masks applied to a
nickel layer.

Figure 30 illustrates a cut out side view of the etched clad foil along the line A-A in
Figure 28 after the two-step etching process or the single step etching process is performed
and the masks are removed.

Figure 31 illustrates a cut out side view of a battery pack including a plurality of
fusible links according to a first embodiment.

Embodiments of the fusible link and methods of fabricating thereof are described
relative to the several views of the drawings. Where appropriate and only where identical
elements are disclosed and shown in more than one drawing, the same reference numeral will

be used to represent such identical elements.
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DETAILED DESCRIPTION OF THE EMBODIMENTS:

Embodiments of the present application are directed to a fusible link and methods of
fabricating thereof. Those of ordinary skill in the art will realize that the following detailed
description of the fusible link and fabrication methods are illustrative only and is not intended
to be in any way limiting. Other embodiments of the fusible link and fabrication methods
will readily suggest themselves to such skilled persons having the benefit of this disclosure.

Reference will now be made in detail to implementations of the fusible link and
fabrication methods as illustrated in the accompanying drawings. The same reference
indicators will be used throughout the drawings and the following detailed description to refer
to the same or like parts. In the interest of clarity, not all of the routine features of the
implementations described herein are shown and described. It will, of course, be appreciated
that in the development of any such actual implementation, numerous implementation-
specific decisions must be made in order to achieve the developer's specific goals, such as
compliance with application and business related constraints, and that these specific goals
will vary from one implementation to another and from one developer to another. Moreover,
it will be appreciated that such a development effort might be complex and time-consuming,
but would nevertheless be a routine undertaking of engineering for those of ordinary skill in
the art having the benefit of this disclosure.

Embodiments of the fusible link are directed to a battery cell conductor pad, a current
collector, and at least one fusible conductor connecting the battery cell conductor pad and the
current collector. A battery cell includes an anode electrode and a cathode electrode. In some
embodiments, the battery cell is secured within a battery cell holder having at least a first
opening for access to the anode electrode and a second opening for access to the cathode
electrode. In some embodiments, a fusible link is coupled to one of the battery cell
electrodes, while a non-fusible link is coupled to the other electrode. In other embodiments, a
first fusible link is coupled to the anode electrode, and a second fusible link is coupled to the
cathode electrode. A fusible link has a battery cell conductor pad electrically and
mechanically coupled to the battery cell electrode. In some embodiments, the current
collector is a current collector conductor pad. In some embodiments, the current collector
conductor pad is mechanically coupled to the battery cell holder. A current collector
conductor pad is coupled to the battery cell holder adjacent to the opening at the
corresponding battery cell electrode.

In other embodiments, the current collector includes a current collector plate and
current collector conductor pad. In some embodiments, the current collector plate is
mechanically coupled to the battery cell holder. The current collector plate has at least one
plate opening aligned with an opening in the battery cell holder and one of the electrodes of
the battery cell. If a second fusible link having a current collector plate is coupled to the other
electrode, then another current collector plate has at least one plate opening aligned with an
opening in the battery cell holder and the other electrode of the battery cell. In this
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embodiment, the current collector conductor pad is electrically and mechanically coupled to

the current collector plate. The current collector conductor pad is coupled to the current
collector plate adjacent to the current collector plate opening at the battery cell electrode. In
an exemplary configuration, the battery cell has a cylindrical shape, the current collector
conductor pad has a ring shape and the battery cell conductor pad has a circular shape, and the
current collector conductor pad, the battery cell conductor pad, and the battery cell are
concentric.

At least one fusible conductor is coupled between the current collector conductor pad
and the battery cell conductor pad. Current flows between the battery cell conductor pad and
the current collector conductor pad through the fusible conductor. Each fusible conductor
melts, and thereby opens, under excessive current flow. In this manner, the fusible conductor
functions as a fuse and stops current flow into and out of the battery cell.

In some embodiments, multiple battery cells are electrically connected as a battery
pack. The battery pack includes a plurality of battery cells, a battery cell holder, and a
plurality of fusible links, at least one fusible link coupled to at least one electrode of each
battery cell in the battery pack. In some embodiments, at least one current collector plate is
coupled to first electrodes of the plurality of battery cells. In some embodiments, the current
collector conductor pads are coupled to the current collector plate. In other embodiments, a
first fuse sheet is coupled to the current collector plate. The fuse sheet replaces all current
collector conductor pads. The fuse sheet is a conductive sheet with the fusible conductors
arranged into an array. The first end of each fusible conductor is integrally formed with the
fuse sheet and the second end of each fusible link forms the battery cell conductor pad, which
is coupled to the battery cell electrode.

Various welding methods can be used to connect a battery cell conductor pad to a
battery cell electrode, to connect a current collector conductor pad to an electrical lead, to
connect current collector conductor pads to a current collector plate, and to connect a fuse
sheet to a current collector plate. Such welding methods include, but are not limited to,
ultrasonic welding, resistive welding, and laser welding. The specific type of welding method
used is dependent in part upon the type of materials being welded. In some embodiments, the
battery cell housing including the battery cell electrodes are made of Ni-plated Fe (iron or
steel) and the fusible link is made of Al (aluminum). Resistive welding and laser welding are
not particularly effective when applied to aluminum. In this case, ultrasonic welding is more
effective. However, ultrasonic welding equipment is more expensive than equipment used
for resistive welding and laser welding. Resistive welding and laser welding are more
effective when applied to nickel. However, nickel has a higher resistivity and a higher
melting temperature than aluminum, and as such is not particularly effective for use as a
fusible link.

A clad foil has a first layer of one metal bonded to a second layer of a different metal.
In some embodiments, a clad foil includes a nickel layer bonded to an aluminum layer. Such

a clad foil can be processed to form nickel tabs and aluminum fusible conductors, which are
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used as, or part of, the fusible link. Resistive welding or laser welding can bed used to

appropriately weld the fusible link at the nickel tabs.

Methods of fabricating the fusible link are directed to processing a multi-layer clad
foil having at least a first layer suitable for forming a fusible link and a second layer suitable
for forming one or more welding pads. In some embodiments, the first layer is an aluminum
layer and the second layer is a nickel layer. A two-step etching process or a single step
etching process is performed on the clad foil to form an etched clad foil having a first nickel
only portion that forms one or more nickel pads used as current collector conductor pads, a
second nickel only portion that forms one or more nickel pads used as battery cell conductor
pads, and an aluminum only portion that forms aluminum conductors. The aluminum
conductors are shaped and sized to form aluminum fusible conductors. In some
embodiments, the aluminum conductors are formed into aluminum fusible conductors using a
stamping process. In other embodiments, the aluminum fusible conductors are formed during
the etching process. In this alternative case, masks specific to the fusible conductor shapes
and sizes are used. The method of fabricating can be applied to form a single fusible link or
to form an array of fusible links.

Figure 1 illustrates a cut out side view of a clad foil according to an embodiment. The
clad foil 2 includes an aluminum layer 4 and a nickel layer 6. In Figure 2, a mask 10 is
applied to the aluminum layer 4. The mask 10 can be a physical mask or the mask 10 can be
applied using photolithography. A first etching step is performed using an etchant that etches
aluminum but does not etch nickel, thereby forming an etched aluminum layer 14, as shown
in Figure 3. The mask 10 is removed, as in Figure 4. In Figure 5, a mask 20 and a mask 22
are applied to the nickel layer 6. The masks 20 and 22 can be physical masks or the masks 20
and 22 can be applied using photolithography. A second etching step is performed using an
etchant that etches nickel but does not etch aluminum, thereby forming etched nickel layers
16 and 18, as shown in Figure 6. The masks 20 and 22 are removed, as in Figure 7. In other
embodiments, the mask 10 is not removed prior to the second etching step. Instead, the mask
10 remains in place during the second etching step, after which the masks 10, 20, and 22 are
removed. The result is a fusible link 12 including the nickel layer 16 and the nickel layer 18
thermally and mechanically coupled via the aluminum layer 14. A portion of the nickel layer
16 overlaps with a portion of the aluminum layer 14. A remaining portion of the nickel layer
16 where the aluminum has been removed forms a nickel tab 26. Similarly, a portion of the
nickel layer 18 overlaps with a portion of the aluminum layer 14. A remaining portion of the
nickel layer 18 where the aluminum has been removed forms a nickel tab 28. A remaining
portion of the aluminum layer 14 where the nickel has been removed forms an aluminum
conductor 24. In some embodiments, the nickel tab 28 forms a battery cell conductor pad to
be coupled to a battery cell electrode, and the nickel tab 26 forms a current collector
conductor tab to be coupled to an electrical terminal.

In other embodiments, a single etching step is performed instead of a separate first

etching step and second etching step. Figure 8 illustrates the application of all the masks 10,
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20, and 22 to the clad foil 12. A single etching step is performed using an etchant that etches

both aluminum and nickel, thereby forming the etched aluminum layer 14 and the etched
nickel layers 16 and 18, as shown in Figure 9. The masks 10, 20, and 22 are removed after
the single etching step.

Figure 10 illustrates a top down view of the fusible link 12 of Figure 7. Figure 11
illustrates a bottom up view of the fusible link 12 of Figure 7. In the exemplary configuration
of Figures 10 and 11, the fusible link 12 forms a strip with the nickel tab 28 on one end of the
strip and the nickel tab 26 on the other end of the strip. In this case, the original clad foil 2
shown in Figure 1 is a strip. As shown in Figures 10 and 11, a width of the aluminum
conductor 24 is the same as the width of the nickel tabs 26 and 28. Depending on the
dimensions of the clad foil strip 2 (Figure 1) and the normal current that is to be passed
through the fusible link 12 during operation, the shape and/or dimensions of the aluminum
conductor 24 may or may not be sufficient for functioning as a fusible conductor. The shape
and/or dimensions of the aluminum conductor 24 can be customized to the application. For
example, the aluminum conductor can be narrowed relative to the aluminum conductor 24
shown in Figures 10 and 11. Figure 12 illustrates a top down view of a fusible link 22
fabricated with a narrower aluminum conductor 24' than the aluminum conductor 24 of
Figure 10. In some embodiments, the fusible link 22 is fabricated by performing a stamping
step on the aluminum conductor 24 of the fusible link 12. In other embodiments, the
aluminum conductor 24' is formed by etching during the aluminum etching step shown in
Figures 3 or 9. In this case, the mask 10 is replaced by a mask configured to form the
aluminum conductor 24" in Figure 12. It is understood that the shape, size, and orientation of
the aluminum conductor can be different than that shown in Figures 11 and 12.

The fabrication methods described above are applied to a clad foil that either starts as
a strip of clad foil, similar in configuration to the fusible link 12 shown in Figures 10 and 11,
or starts as a larger piece of clad foil that is eventually formed into a strip, such as using
cutting, etching or other conventional methods. Alternatively configured fusible links are
also contemplated.

In some embodiments, a fusible link is formed from a sheet of clad foil that is larger
than the strip of clad foil used in Figures 1-12. Figure 13 illustrates a top down view of a
sheet of clad foil 32. The clad foil 32 includes an aluminum layer 34 and a nickel layer 36, as
shown in the cut out side view of Figure 14. A mask 40 is applied to the aluminum layer 34.
As shown in Figure 14, the mask 40 is ring-shaped. In other embodiments, the mask is
alternatively shaped. In general, the mask 40 is shaped to form an aluminum fusible
conductor or an intermediate aluminum conductor that can be subsequently formed into an
aluminum fusible conductor, such as via a stamping step applied to the intermediate
aluminum conductor.

A first etching step is performed using an etchant that etches aluminum but does not
etch nickel, thereby forming an etched aluminum layer 44, as shown in Figure 15. The mask
40 is removed, as in Figure 16. In Figure 17, a mask 50 and a mask 52 are applied to the
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nickel layer 36. Figure 17 illustrates a bottom up view of the nickel layer 36 of Figure 16.

The dotted lines indicate the relative position of the aluminum layer 44 of Figure 16. Figure
18 illustrates a cut out side view of the structure of Figure 17. A second etching step is
performed using an etchant that etches nickel but does not etch aluminum, thereby forming
etched nickel layers 46 and 48, as shown in Figure 19. The masks 50 and 52 are removed, as
in Figure 20. In other embodiments, the mask 40 is not removed prior to the second etching
step. Instead, the mask 40 remains in place during the second etching step, after which the
masks 40, 50, and 52 are removed. The result is a fusible link 52 including the nickel layer
46 and the nickel layer 48 thermally and mechanically coupled via the aluminum layer 44. A
portion of the nickel layer 46 overlaps with a portion of the aluminum layer 44. A remaining
portion of the nickel layer 46 where the aluminum has been removed forms a nickel tab 56.
Figure 21 illustrates a top down view of the fusible link 52 of Figure 20. In the embodiment
shown in Figures 17-21, the nickel tab 56 is surrounds the ring-shaped aluminum layer 44.
Similarly, a portion of the nickel layer 48 overlaps with a portion of the aluminum layer 44.
A remaining portion of the nickel layer 48 where the aluminum has been removed forms a
nickel tab 48. In the embodiment shown in Figures 17-21, the nickel tab 58 is a circle formed
in the center hole of the aluminum layer 44. A remaining portion of the aluminum layer 44
where the nickel has been removed forms an aluminum conductor 54. In some embodiments,
the nickel tab 58 forms a battery cell conductor pad to be coupled to a battery cell electrode,
and the nickel tab 56 forms a current collector conductor tab to be coupled to an electrical
terminal.

In other embodiments, a single etching step is performed instead of a separate first
etching step and second etching step. For example, all the masks 40, 50, and 52 are applied
to the clad foil 52. A single etching step is performed using an etchant that etches both
aluminum and nickel, thereby forming the etched aluminum layer 44 and the etched nickel
layers 46 and 48. The masks 40, 50, and 52 are removed after the single etching step.

The aluminum conductor 54 is processed to form an aluminum fusible conductor
having application-specific shapes and sizes. In some embodiments, a stamping step is
applied to the aluminum conductor 54 to form the aluminum fusible conductor. Figure 22
illustrates a top down view of the fusible link 52 of Figure 21 after a stamping step has been
applied. In some embodiments, the stamping step is applied only to the aluminum conductor
54 of the aluminum layer 44. In other embodiments, the stamping step is applied to the
aluminum layer 44, including the portion of the aluminum layer that forms the aluminum
conductor 54, and the portions of the aluminum layer that overlap with the nickel layer 46
and/or the nickel layer 48. In this case, any portion of the nickel layers 46 and 48 that overlap
with a stamped portion of the aluminum layer 44 are also stamped. The stamping process
forms an aluminum fusible conductor. In the exemplary configuration shown in Figure 22,
the stamping process forms two aluminum fusible conductors 64 and 66. Figure 23 illustrates
an altemative configuration in which the stamping process forms a single aluminum fusible

conductor 68.
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In other embodiments, the aluminum fusible conductor(s) are formed by etching

during the aluminum etching step shown in Figure 15. In this case, the mask 40 is replaced
by a mask configured to form the aluminum fusible conductor(s), such as the aluminum
fusible conductors 64 and 66 in Figure 22 or the aluminum fusible conductor 68 in Figure 23.

The shapes and dimensions of the aluminum fusible conductors can be alternatively
configured. Figure 24 illustrates a top down view of a fusible link where the aluminum layer
including the aluminum conductor is processed to form aluminum flexible fusible conductors
74 and 76. The flexible fusible conductors 74 and 76 are configured to allow relative
movement of a battery cell electrode coupled to the aluminum tab 58 and a current collector
element coupled to the nickel tab 56. An example of such a flexible fusible conductor is
described in U.S. Patent Application Serial Number 12/779,884, filed on May 13, 2010, and
titled “Flexible Fusible link, Systems, and Methods”, which is hereby incorporated in its
entirety by reference.

The shapes and dimensions of the nickel tabs can also be alternatively configured.
Figure 25 illustrates a top down view of a fusible link that is similar to the fusible link of
Figure 24 except that the nickel tab 56 of Figure 24 is alternatively configured as a ring-
shaped nickel tab 78. The nickel tabs can be alternatively shaped during the etching steps
and/or during the stamping step. In general, it is understood that the numbers, shapes, and
dimensions of the aluminum fusible conductors, as well as the numbers, shapes, and
dimensions of the nickel tabs shown in Figures 22-25 are for exemplary purposes only and
that alternative configurations are contemplated.

The fabricated fusible link is used to electrically and mechanically couple an electrode
of a battery cell to an electrical terminal. In some embodiments, the nickel tab that functions
as the current collector conductor tab serves as a current collecting element that is coupled to
the electrical terminal. Figure 26 illustrates a cut out side view of a fusible link assembly
according to a first embodiment. The fusible link assembly includes a battery cell 80
positioned within a battery cell holder 70. The battery cell 80 has a first electrode 82 and a
second electrode 84. In an exemplary configuration, the first electrode 82 is an anode
clectrode and the second electrode 84 is a cathode clectrode. In some embodiments, the
battery cell holder 70 includes a battery cell chamber have a form factor suitable for
accommodating a battery cell within. The form factor of the battery cell chamber is form
fitting to the battery cell so as to minimize or prevent movement of the battery cell relative to
the battery cell holder. The battery cell holder 70 includes an opening 78 and an opening 76.
The openings 76 and 78 are aligned with the battery cell chamber, and in particular are
aligned with the anode electrode 82 and the cathode electrode 84 of the battery cell 80
positioned within the battery cell chamber. In some embodiments, the battery cell holder 70
is made of an electrically resistant and thermally conductive material. In some embodiments,
one or more of the side surfaces of the battery cell holder 70 are configured so as to enable

access to the battery cell chamber for repair or replacement of a battery cell. For example,
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one or more sides of the battery cell holder are panels that are attached using screws, latches,

or hinges.

In some embodiments, a fusible link is coupled to each of the battery cell electrode.

In other embodiments, a fusible link is coupled to one of the battery cell electrodes and a non-
fusible conductor is coupled to the other battery cell electrode. Figure 26 illustrates the
exemplary case where a fusible link is coupled to each of the battery cell electrodes. A first
fusible link is coupled to the battery cell holder 70 and to the anode electrode 82 of the battery
cell 80. A second fusible link is coupled to the battery cell holder 70 and to the cathode
electrode 84 of the battery cell 80. In an exemplary configuration, the fusible links are each
configured as the fusible link of Figure 23. In this configuration, each fusible link includes
the nickel tab 58, which functions as a battery cell conductor pad, the aluminum fusible
conductor 68, and the nickel tab 56, which functions as a current collector conductor pad.

The battery cell conductor pad of the first fusible link is electrically and mechanically coupled
to the anode electrode 82. The current collector conductor pad is mechanically coupled to the
surface of the battery cell holder 70. The current collector conductor pad is positioned
proximate an opening 78 in the battery cell holder 70. In the exemplary configuration where
the current collector conductor pad has a circular inner perimeter, as shown in Figure 22, the
current collector conductor pad is positioned around the opening 78.

The battery cell conductor pad of the second fusible link is electrically and
mechanically coupled to the cathode electrode 84. The current collector conductor pad of the
second fusible link is mechanically coupled to a surface of the battery cell holder 70. The
current collector conductor pad is positioned proximate the opening 76 in the battery cell
holder 70. In the exemplary configuration where the current collector conductor pad 44 has a
circular inner perimeter, as shown in Figure 22, the current collector conductor pad is
positioned around the opening 76. The current collector conductor pad of the first fusible link
is coupled to an electrical lead to form a negative terminal and the current collector conductor
pad of the second fusible link is coupled to an electrical lead to form a positive terminal. The
positive and negative terminals can be coupled to external components.

Various methods can be used to connect a battery cell conductor pad to a battery cell
electrode. Methods for connecting a battery cell conductor pad to a battery cell electrode
include, but are not limited to, resistance welding, laser welding, ultrasonic welding,
mechanical fasteners, and conductive adhesives. Various method can be used to connect a
current collector conductor pad to the battery cell holder. Methods for connecting a current
collector conductor pad to a battery cell holder include, but are not limited to, adhesives,
mechanical fasteners, and welding. As applied to the fusible link, the nickel tabs functioning
as the battery cell conductor pad and the current collector conductor pad are particularly
amenable to resistive welding and laser welding,

In other embodiments, the current collector conductor tab is coupled to an additional
current collecting element, such as a current collecting plate, which in turn is coupled to an

electrical terminal. A current collecting plate is used to collect current from a plurality of
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battery cells, such as in a battery pack. Figure 27 illustrates a cut out side view of a battery

pack including a plurality of fusible links according to a first embodiment. For simplicity,
Figure 27 shows an exemplary configuration including two battery cells. It is understood that
the concepts can be expanded to more than two battery cells.

The battery pack includes battery cells 180 and 181 positioned within a battery cell
holder 170. The battery cell 180 has a first electrode 182 and a second electrode 184, and the
battery cell 181 has a first electrode 183 and a second electrode 185. In an exemplary
configuration, the first electrodes 182 and 183 are anode electrodes and the second electrodes
184 and 185 are cathode electrodes. In some embodiments, the battery cell holder 170
includes a plurality of battery cell chambers each having a form factor suitable for
accommodating a battery cell within. The form factor of the battery cell chamber is form
fitting to the battery cell so as to minimize or prevent movement of the battery cell relative to
the battery cell holder. The battery cell holder 170 includes openings 176, 177, 178, and 179.
The openings 176 and 178 are aligned with a first battery cell chamber, and in particular are
aligned with the cathode electrode 184 and the anode electrode 182 of the battery cell 180
positioned within the first battery cell chamber. The openings 177 and 179 are aligned with a
second battery cell chamber, and in particular are aligned with the cathode electrode 185 and
the anode electrode 183 of the battery cell 181 positioned within the second battery cell
chamber. In some embodiments, the battery cell holder 170 is made of an electrically
resistant and thermally conductive material. In some embodiments, one or more of the side
surfaces of the battery cell holder 170 are configured so as to enable access to the battery cell
chambers for repair or replacement of a battery cell. For example, one or more sides of the
battery cell holder are panels that are attached using screws, latches, or hinges.

The battery pack further includes a first current collector plate 190 and a second
current collector plate 192 each coupled to the battery cell holder 170. Each current collector
plate has a plurality of through-holes that are aligned with corresponding openings in the
battery cell holder 170. As shown in Figure 27, the current collector plate 190 has through-
holes aligned with each of the openings 178 and 179 in the battery cell holder 170, and the
current collector plate 192 has through-holes aligned with each of the openings 176 and 177
in the battery cell holder 170. As such, the number of through holes in each current collector
plate matches the number of openings in a corresponding surface of the battery cell holder
170 to which the current collector plate is coupled. When the current collector plate 190 is
coupled to the battery cell holder 170, one through-hole in the current collector plate 190 and
the opening 178 in the battery cell holder 170 are aligned with the electrode 182 of the battery
cell 180, and another through-hole in the current collector plate 190 and the opening 179 in
the battery cell holder 170 are aligned with the electrode 183 of the battery cell 181.
Similarly, when the current collector plate 192 is coupled to the battery cell holder 170, one
through-hole in the current collector plate 192 and the opening 176 in the battery cell holder
170 are aligned with the electrode 184 of the battery cell 180, and another through-hole in the
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current collector plate 192 and the opening 177 in the battery cell holder 170 are aligned with

the electrode 185 of the battery cell 181.

In some embodiments, a fusible link is coupled to each of the battery cell electrodes.
In other embodiments, a fusible link is coupled to one battery cell electrode of each battery
cell and a non-fusible conductor is coupled to the other battery cell electrode. Figure 27
illustrates the exemplary case where a fusible link is coupled to each of the battery cell
electrodes. A first fusible link is coupled to the battery cell holder 170 and to the electrode
182 of the battery cell 180. A second fusible link is coupled to the battery cell holder 170 and
to the electrode 184 of the battery cell 180. A third fusible link is coupled to the battery cell
holder 170 and to the electrode 183 of the battery cell 181. A fourth fusible link is coupled to
the battery cell holder 170 and to the electrode 185 of the battery cell 181. In an exemplary
configuration, the fusible links are each configured as the fusible link of Figure 23. In this
configuration, each fusible link includes the nickel tab 58, which functions as a battery cell
conductor pad, the aluminum fusible conductor 68, and the nickel tab 56, which functions as
a current collector conductor pad. The battery cell conductor pad of the first fusible link is
electrically and mechanically coupled to the electrode 182. The current collector conductor
pad is electrically and mechanically coupled to the current collector plate 190. The current
collector conductor pad is positioned proximate an opening 178 in the battery cell holder 170.
In the exemplary configuration where the current collector conductor pad has a circular inner
perimeter, as shown in Figure 22, the current collector conductor pad is positioned around the
opening 178.

The second fusible link is similarly coupled to the battery cell electrode 184 and to the
current collector plate 192, the third fusible link is similarly coupled to the battery cell
electrode 183 and to the current collector plate 190, and the fourth fusible link is similarly
coupled to the battery cell electrode 185 and to the current collector plate 192. The current
collector plate 190 is coupled to an electrical lead to form a negative terminal and the current
collector plate 192 is coupled to an electrical lead to form a positive terminal. The positive
and negative terminals can be coupled to external components.

Various methods can be used to connect current collector conductor pads to a current
collector plate. Methods for connecting current collector conductor pads to a current
collector plate include, but are not limited to, resistance welding, laser welding, ultrasonic
welding, brazing, soldering mechanical fasteners, and conductive adhesives. Various method
can be used to connect a current collector plate to the battery cell holder. Methods for
connecting a current collector conductor plate to a battery cell holder include, but are not
limited to, adhesives, mechanical fasteners, and welding. In some embodiments, the battery
cell housing including the battery cell electrodes are made of Ni-plated Fe (iron or steel) and
the fusible link is made of Al (aluminum). In some embodiments, The current collector plate
is made of nickel. In other embodiments, the current collector plate is Ni-plated, such as a
Ni-plated aluminum current collector plate. As applied to the fusible link, the nickel tabs

functioning as the battery cell conductor pad and the current collector conductor pad are
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particularly amenable to resistive welding and laser welding to the Ni-plated battery cell

electrodes and the nickel or Ni-plated current collector plate.

Alternative embodiments are directed to replacing the individual fusible links with a
fuse sheet coupled to each current collector plate. A fuse sheet is fabricated from a clad foil
having at least two electrically conductive layers. An array of fusible links are integrally
formed from the clad foil. The number and positions of the fusible links matches the
openings in the battery cell holder and the through-holes in the current collector plate to
which the fuse sheet is coupled. In an exemplary configuration, each fusible link includes
one or more fusible conductors and a battery cell conductor pad. The current collector
conductive pads of each individual fusible link, such as the current collector conductive pad
56 in Figure 27, are collectively replaced by the fuse sheet. The fuse sheet is aligned with a
current collector plate so as to align the array of fusible links with the array of through holes
in the current collector plate. The fuse sheet can be coupled to the current collector plate
using one of the same methods used to couple the current collector conductive pad to the
current collector plate described above.

A clad foil sheet is processed in a similar manner as the clad foil 32 shown in Figures
13-20. Masks are applied to the clad foil sheet as part of the two step etching process or the
single step etching process described in relation to Figures 13-20. Figure 28 illustrates a top
down view of a sheet of clad foil 132 and masks applied to an aluminum layer 134. Figure 29
illustrates a bottom up view of the sheet of clad foil 132 and masks applied to a nickel layer
136. Itis understood that the numbers, shapes, and sizes of the masks are for exemplary
purposes only. The exemplary masks and clad foil shown in Figures 28 and 29 are
configured for the fabrication of a fuse sheet having four fusible links. It is understood that
the fabrication process can be applied to form more or less than four fusible links. Masks
140, 141, 142, and 143 are applied to the aluminum layer 134. As shown in Figure 28, each
of the masks 140, 141, 142, and 143 are ring-shaped. In other embodiments, each mask is
alternatively shaped. In general, the masks 140, 141, 142, and 143 are shaped to form
aluminum fusible conductors or intermediate aluminum conductors that can be subsequently
formed into aluminum fusible conductors, such as via a stamping step applied to the
intermediate aluminum conductors. Masks 150, 152, 153, 154, and 155 are applied to the
nickel layer 136. The dotted lines in Figure 29 indicate the relative position of the masks
140, 141, 142, and 143 in Figure 28.

Figure 30 illustrates a cut out side view of the etched clad foil along the line A-A in
Figure 28 after the two-step etching process or the single step etching process is performed
and the masks are removed. The etched clad foil includes etched aluminum layers 144 and
145 having the shapes of the masks 140 and 141, respectively, and etched nickel layers 146,
148, and 149 having the shapes of the masks 150, 152, and 153, respectively.

A first portion of the nickel layer 146 overlaps with a portion of the aluminum layer
144. A second portion of the nickel layer 146 overlaps with a portion of the aluminum layer

145. A third portion of the nickel layer 146 where the aluminum has been removed forms
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nickel tabs 156. In the embodiment shown in Figures 28-30, the nickel tabs 156 is surrounds

the ring-shaped aluminum layers 144 and 145. Similarly, a portion of the nickel layer 148
overlaps with a portion of the aluminum layer 144, and a portion of the nickel layer 149
overlaps with a portion of the aluminum layer 145. A remaining portion of the nickel layer
148 where the aluminum has been removed forms a nickel tab 158, and a remaining portion
of the nickel layer 149 where the aluminum has been removed forms a nickel tab 159. In the
embodiment shown in Figures 28-30, the nickel tab 158 is a circle corresponding to the center
hole of the aluminum layer 144, and the nickel tab 159 is a circle corresponding to the center
hole of the aluminum layer 145. A remaining portion of the aluminum layer 144 where the
nickel has been removed forms an aluminum conductor 164, and a remaining portion of the
aluminum layer 145 where the nickel has been removed forms an aluminum conductor 165.
In some embodiments, the nickel tabs 158 and 159 form battery cell conductor pads to be
coupled to battery cell electrodes, and the nickel tabs 156 form current collector conductor
tabs to be coupled to a current collector plate.

The aluminum conductors 164 and 165 are processed to form aluminum fusible
conductors having application-specific shapes and sizes. As such, the aluminum conductors
shown in Figure 30 also represent aluminum fusible conductors. A stamping step is applied
to the aluminum conductors 164 and 165 to form the aluminum fusible conductors. In some
embodiments, the stamping step is applied only to the portion of the aluminum layers 144 and
145 that form the aluminum conductor 164 and 165. In other embodiments, the stamping
step is applied to the entire aluminum layers 144 and 145, including the portions of the
aluminum layers that form the aluminum conductors 164 and 165, and the portions of the
aluminum layers that overlap with the nickel layers 146, 148 and 149. In this case, any
portions of the nickel layers 146, 148, and 149 that overlap with a stamped portion of the
aluminum layers 144 and 145 are also stamped. The stamping process forms the aluminum
fusible conductors. In an exemplary configuration, the stamping process forms two
aluminum fusible conductors, for example configured similarly to the fusible conductors 64
and 66 in Figure 22. It is understood that alternative numbers and shapes of the fusible
conductors can be formed. The shapes and dimensions of the nickel tabs can also be
alternatively configured.

In other embodiments, the aluminum fusible conductor(s) are formed by etching
during the etching process. In this case, the masks 140, 141, 142, and 143 are replaced by
masks configured to form the aluminum fusible conductor(s), such as the aluminum fusible
conductors 64 and 66 in Figure 22.

The clad foil 132 is similarly processed in the regions corresponding to the other two
fusible links not shown in the cut out side view of Figure 30, for example the two fusible
links formed using the masks 142, 143, 154, and 155.

Figure 31 illustrates a cut out side view of a battery pack including a plurality of
fusible links according to a first embodiment. The battery pack of Figure 31 is similar to that
of the battery pack of Figure 27 except that the fusible links in Figure 27 are replaced by fuse
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sheets such as those fabricated from the etched clad foil in Figure 30. For simplicity, only

one electrode of each battery cell is shown in Figure 31. It is understood that a fuse sheet can
be similarly applied to the other electrode of each battery cell. The battery pack of Figure 31
includes the battery cell holder 170 and the current collector plate 190 of Figure 27. The
battery pack also includes a fuse sheet coupled to the current collector plate 190. The cut out
side view shown in Figure 31 is the same as the cut out side view of Figure 27 except that the
individual fusible links in Figure 27 are replaced by the fuse sheet having the battery cell
conductor pads 158, 159, the fusible conductors 166, 167, 168, 169, and the current collector
conductor pads 156. In some embodiments, a fuse sheet having fusible links is coupled to
only one of the two current collector plates, and a conductive sheet having non-fusible links is
coupled to the other current collector plate.

Embodiments of the battery pack described in relation to Figures 27 and 31 are
directed to a single anode current collector plate and a single cathode current collector plate.
In other embodiments, more than one anode current collector plate and more than one cathode
current collector plate can be used. Embodiments of the battery pack described in relation to
Figures 28-31 are directed to a single anode-side fuse sheet and a single cathode-side fuse
sheet. In other embodiments, more than one anode-side fuse sheet and more than one
cathode-side fuse sheet can be used.

The method of fabricating a fusible link is described above as processing a clad foil
having an aluminum layer and a nickel layer. It is understood that the fabrication method can
be applied to alternatively configured clad foils. For example a clad foil can be used that
includes at least one layer suitable for forming a fusible conductor and a second layer suitable
for forming a welding pad. The types of materials used for each layer is application specific
and depends on the type of welding to be performed and the desired current rating of the
fusible conductor.

The fusible link has been described in terms of specific embodiments incorporating
details to facilitate the understanding of the principles of construction and operation of the
fusible link. Such references, herein, to specific embodiments and details thereof are not
intended to limit the scope of the claims appended hereto. It will be apparent to those skilled
in the art that modifications can be made in the embodiments chosen for illustration without

departing from the spirit and scope of the fusible link.
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CLAIMS
What is claimed is:
1. A method of fabricating one or more fusible links comprising:
a. providing a clad foil comprising a first layer and a second layer, wherein the

first layer and the second layer are made of different materials;

b. applying one or more masks to the first layer and one or more masks to the
second layer;

C. selectively etching the first layer and the second layer, thereby forming one or
more first portions wherein the first layer is removed and the second layer
remains, one or more second portions wherein the first layer is removed and
the second layer remains, and one or more third portions wherein the second
layer is removed and the first layer remains, wherein each third portion
couples one of the first portions to one of the second portions, further wherein
each first portion forms a first welding pad and each second portion forms a
second welding pad;

d. removing the one or more masks from the first layer;
removing the one or more masks from the second layer; and

forming one or more fusible conductors from each third portion.

2. The method of claim 1 wherein the one or more fusible conductors are formed by
performing a stamping step or a cutting step on each third portion after the one or

more masks are removed from the first layer.

3. The method of claim 1 wherein the one or more fusible conductors are formed by
etching during the selective etching of the first layer, further wherein the one or more
masks applied to the first layer are configured to form the one or more fusible

conductors.

4. The method of claim 1 wherein the first layer and the second layer are selectively

etched using a single-step etching process.

5. The method of claim 1 wherein the first layer and the second layer are selectively
etched using a two-step etching process, further wherein during a first etching step of
the two-step etching process a first etchant is used that etches the first layer but not the
second layer, and during a second etching step of the two-step etching process a
second etchant is used that etches the second layer but not the first layer.
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The method of claim 1 wherein the clad foil is formed into a single fusible link
comprising one first welding pad that forms a battery cell electrode pad, one second
welding pad that forms a current collector conductor pad, and one or more fusible

conductors coupling the one first welding pad to the one second welding pad.

The method of claim 1 wherein the clad foil is formed into a fuse sheet having an
array of fusible links, each fusible link for coupling to one battery cell electrode of a
battery pack.

The method of claim 1 wherein each third portion is coupled to one of the first
welding pads via a first clad foil portion that includes both the first layer and the
second layer, and each third portion is coupled to one of the second welding pads via a

second clad foil portion that includes both the first layer and the second layer.

The method of claim 1 wherein the second layer has a higher melting temperature than
the first layer.

The method of claim 1 wherein the second layer has a higher electrical resistivity than
the first layer.

The method of claim 1 wherein the first layer comprises aluminum.

The method of claim 1 wherein the second layer comprises nickel.

The method of claim 1 wherein each first welding pad comprises a battery cell

conductor pad, and each second welding pad comprises a current collector element.

The method of claim 1 wherein the one or more first welding tabs are welded to
battery cell electrodes and the one or more second welding tabs are welded to a
current collector plate or to an electrical terminal using resistive welding or laser

welding.

The method of claim 1 wherein the one or more masks applied to the first layer and

the one or more masks applied to the second layer are physical masks.

The method of claim 1 wherein the one or more masks applied to the first layer and

the one or more masks applied to the second layer are applied using photolithography.

The method of claim 1 wherein each fusible conductor opens when a current flow

through the fusible conductor reaches a threshold current.
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A method of fabricating a fusible link assembly comprising:
a. fabricating a fusible link comprising:

1. providing a clad foil comprising a first layer and a second layer,
wherein the first layer and the second layer are made of different
materials;

ii. applying one or more masks to the first layer and one or more masks to
the second layer;

iii. selectively etching the first layer and the second layer, thereby forming
one or more first portions wherein the first layer is removed and the
second layer remains, one or more second portions wherein the first
layer is removed and the second layer remains, and one or more third
portions wherein the second layer is removed and the first layer
remains, wherein each third portion couples one of the first portions to
one of the second portions, further wherein each first portion forms a

first welding pad and each second portion forms a second welding pad;

iv. removing the one or more masks from the first layer;

V. removing the one or more masks from the second layer; and

vi. forming one or more fusible conductors from each third portion; and
b. welding each of the one or more first welding tabs to a corresponding one

battery cell electrode.

The method of claim 19 wherein the one or more fusible conductors are formed by
performing a stamping step or a cutting step on each third portion after the one or

more masks are removed from the first layer.

The method of claim 19 wherein the one or more fusible conductors are formed by
etching during the selective etching of the first layer, further wherein the one or more
masks applied to the first layer are configured to form the one or more fusible

conductors.

The method of claim 19 wherein the first layer and the second layer are selectively
etched using a single-step etching process.

The method of claim 19 wherein the first layer and the second layer are selectively
etched using a two-step etching process, further wherein during a first etching step of
the two-step etching process a first etchant is used that etches the first layer but not the
second layer, and during a second etching step of the two-step etching process a

second etchant is used that etches the second layer but not the first layer.
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23.  The method of claim 19 wherein the clad foil is formed into a single fusible link

comprising one first welding pad that forms a battery cell electrode pad, one second
welding pad that forms a current collector conductor pad, and one or more fusible

conductors coupling the one first welding pad to the one second welding pad.

24.  The method of claim 19 wherein the clad foil is formed into a fuse sheet having an
array of fusible links, each fusible link for coupling to one battery cell electrode of a
battery pack.

25.  The method of claim 19 wherein each third portion is coupled to one of the first
welding pads via a first clad foil portion that includes both the first layer and the
second layer, and each third portion is coupled to one of the second welding pads via a

second clad foil portion that includes both the first layer and the second layer.

26.  The method of claim 19 wherein the second layer has a higher melting temperature
than the first layer.

27. The method of claim 19 wherein the second layer has a higher electrical resistivity
than the first layer.

28. The method of claim 19 wherein the first layer comprises aluminum.
29, The method of claim 19 wherein the second layer comprises nickel.
30.  The method of claim 19 wherein each first welding pad comprises a battery cell

conductor pad, and each second welding pad comprises a current collector element.

31.  The method of claim 19 wherein the one or more first welding tabs are welded to

battery cell electrodes using resistive welding or laser welding.

32.  The method of claim 19 further comprising welding each of the one or more second

welding tabs to a current collecting element using resistive welding or laser welding.

33.  The method of claim 19 wherein the one or more masks applied to the first layer and
the one or more masks applied to the second layer are physical masks.

34.  The method of claim 19 wherein the one or more masks applied to the first layer and

the one or more masks applied to the second layer are applied using photolithography.
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35.  The method of claim 19 wherein each fusible conductor opens when a current flow

through the fusible conductor reaches a threshold current.
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