
(12) United States Patent 
Elia et al. 

USOO8642195B2 

(10) Patent No.: US 8,642,195 B2 
(45) Date of Patent: Feb. 4, 2014 

(54) MODULAR CIDASSEMBLY FOR A LITHIUM 
ON BATTERY 

(75) Inventors: Mimmo Elia, Belmont, MA (US); 
Jan-Roger Linna, Boston, MA (US); 
Philip E. Partin, Grafton, MA (US); 
Raymond G. Kairawicz, Watertown, CT 
(US) 

(73) Assignee: Boston-Power, Inc., Westborough, MA 
(US) 
Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 817 days. 

(21) Appl. No.: 12/695,803 

(*) Notice: 

(22) Filed: Jan. 28, 2010 

(65) Prior Publication Data 

US 2010/O178539 A1 Jul. 15, 2010 

Related U.S. Application Data 
(63) Continuation-in-part of application No. 12/641,871, 

filed on Dec. 18, 2009, now abandoned. 
(60) Provisional application No. 61/203,157, filed on Dec. 

19, 2008, provisional application No. 61/166.580, 
filed on Apr. 3, 2009, provisional application No. 
61/206,461, filed on Jan. 30, 2009. 

(51) Int. Cl. 
HOLM 2/2 (2006.01) 

(52) U.S. Cl. 
USPC ............................................................ 429/56 

(58) Field of Classification Search 
USPC .......................... 429/163-187,50–52, 53-56 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,025,696 A 5, 1977 Tucholski et al. 

10 

YZZZZZ 1 2a2A222 

NC2 --re east 2 
12 24 

2 

6, 1977 Tucholski 

(Continued) 
4,028,478 A 

FOREIGN PATENT DOCUMENTS 

CA 2099657 2, 1994 
CA 21631.87 5, 1997 

(Continued) 
OTHER PUBLICATIONS 

Notice of Allowance and Fee(s) Due for U.S. Appl. No. 12/214.535, 
Date Mailed: Jul. 16, 2010. 

(Continued) 

Primary Examiner — Patrick Ryan 
Assistant Examiner — Kiran Quraishi 
(74) Attorney, Agent, or Firm — Hamilton, Brook, Smith & 
Reynolds, P.C. 

(57) ABSTRACT 
A modular current interrupt device includes an electrically 
conductive rupture disc, an electrically-conductive pressure 
disc attached to the rupture disc to forman electrical pathway. 
An electrically-insulating ring partitions a perimeter of the 
rupture disc from a perimeter of the pressure disc, and a 
seating element secures the electrically-insulated ring to the 
pressure disc. At least one of the rupture disc and electrically 
insulating ring defines a conduit, whereby exposure of one 
side of the pressure disc to sufficient force through the conduit 
causes the pressure disc to separate from the rupture disc to 
thereby sever the electrical pathway. A low pressure current 
interrupt device (CID) activates at a minimal threshold inter 
nal gauge pressure in a range of, for example, between about 
4 kg/cm and about 9 kg/cm. Preferably, the CID includes a 
pressure disc that includes a frustum having a first end and a 
second end, a base extending radially from a perimeter of the 
first end of the frustum, and an essentially planar cap sealing 
the second end of the frustum. The first end has a broader 
diameter than the second end, with a cross-section of at least 
one of the first and second end being non-circular. 

56 Claims, 10 Drawing Sheets 
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1. 

MODULAR CIDASSEMBLY FOR ALITHIUM 
ON BATTERY 

RELATED APPLICATION(S) 

This application is a continuation-in-part of U.S. applica 
tion Ser. No. 12/641,871, filed Dec. 18, 2009, now abandoned 
which claims the benefit of U.S. Provisional Application No. 
61/203,157, filed on Dec. 19, 2008 and U.S. Provisional 
Application No. 61/166,580, filed Apr. 3, 2009. This applica 
tion also claims the benefit of U.S. Provisional Application 
No. 61/206.461, filed on Jan. 30, 2009. The entire teachings 
of the above applications are incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

Li-ion batteries in portable electronic devices typically 
undergo different charging, discharging and storage routines 
based on their use. Batteries that employ Li-ion cell chemistry 
will produce gas when they are electrically overcharged 
beyond established safety limits. This gas may be used to 
trigger pressure activated safety devices to improve the reli 
ability and safety of batteries. A current interrupt device 
(CID) is typically employed to provide protection against any 
excessive internal pressure increase in a battery by interrupt 
ing the current path from the battery when pressure inside the 
battery is greater than a predetermined value. The CID typi 
cally includes a rupture disc and a pressure disc in electrical 
communication with each other. The rupture disc and the 
pressure discare, in turn, in electrical communication with an 
electrode and a terminal of the battery, respectively. The 
pressure disc separates from (e.g., deforms away or is 
detached from) the rupture disc of the CID when pressure 
inside the battery is greater than a predetermined value, 
whereby a current flow between the electrode and the termi 
nal is interrupted. 

Generally, however, CIDs known in the art activate at a 
relatively high pressure, for example, at an internal gauge 
pressure greater than about 15 kg/cm. Typically, when any 
excessive internal pressure increase that triggers such CID 
activation occurs, the internal temperature of the battery is 
also relatively high, causing additional safety issues. High 
temperatures are a particular concern in relatively large cells, 
such as cells larger than “18650 cells (which have an outer 
diameter of about 18 mm and a length of 65 mm). 

Further, CIDs typically are fabricated in conjunction with 
fabrication of the remainder of the battery and require a low 
tolerance for variation to ensure activation at an appropriate 
pressure. In some designs the Surface area available for weld 
ing of a tab from the jelly roll of a battery typically is limited 
due to need to provide gas pressure conduits. The gas pressure 
conduits in the disc often includes at least one through-hole 
that must not be blocked during welding of tabs from the 
jellyroll to the rupture disc. 

The surface area of the pressure disc is one of the factors 
that affect its actuation or reversal pressure, material thick 
ness being another. In prismatic or non-circular cells, the 
shortest side of the cell typically dictates the maximum size of 
a circular pressure disc that can be used. Within the envelope 
of any given prismatic cell design, it is possible to achieve 
lower activation or reversal pressures by using an elongated 
pressure disc (oblong, oval, etc.) compared to a circular pres 
Sure disc of the same material thickness. 
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2 
Therefore, there is a need for CIDs for batteries, particu 

larly relatively large lithium-ion batteries, that can reduce or 
minimize the aforementioned problems. 

SUMMARY OF THE INVENTION 

The present invention generally is directed to a modular 
current interrupt device, a battery that includes a modular 
current interrupt device of the invention, and a method of 
forming a modular current interrupt device of the invention. 
The modular current interrupt device includes an electri 

cally-conductive rupture disc and an electrically-conductive 
pressure disc attached to the rupture disc to form an electrical 
pathway. An electrically-insulating ring partitions a perim 
eter of the rupture disc from a perimeter of the pressure disc. 
A seating element of the current interrupt device secures the 
electrically-insulating ring to the pressure disc. At least one of 
the ruptured discs and the electrically-insulating ring defines 
a conduit, whereby exposure of one side of the pressure disc 
to Sufficient pressure through the conduit will cause the pres 
sure disc to separate from the rupture disc to thereby sever the 
electrical pathway. The seating element can be electrically 
conductive and electrically connected to the pressure disc. 
The rupture disc and the electrically-insulating ring together 
can define the conduit. The rupture disc can include a plurality 
of retention points that form an interference fit with the elec 
trically-insulating ring. The perimeter of the rupture disc can 
be a polygon. The polygon can define the retention points. 
The polygon can have from 10 sides to 20 sides, such as 14 
sides. In some embodiments, the conduit can be defined in 
part by the perimeter of the rupture disc. The perimeter of the 
rupture disc can be beveled. In some embodiments, the perim 
eter of the rupture disc can include a double bevel. The angle 
of at least one of the bevels can be in a range of between about 
40 degrees and about 55 degrees, such as about 47 degrees. In 
some embodiments, the angle of both bevels can be about 47 
degrees. In some embodiments, the electrically insulating 
ring can define a lip at a periphery of the ring, whereby the lip 
overlaps the periphery of the rupture disc. In these embodi 
ments, the rupture disc can define a groove at the periphery of 
the rupture disc, whereby the lip of the insulating ring over 
laps the rupture disc at the groove, and a surface of the lip of 
the insulating ring can be essentially flush with a Surface of 
the rupture disc. In some embodiments, the electrically insu 
lating ring can define at least one channel that, together with 
the rupture disc, defines at least a portion of the conduit. The 
channel can have a major axis that is essentially normal to a 
tangent of a circle defined by the electrically-insulating ring. 
In some embodiments, the rupture disc, the pressure disc and 
the seating element can be aluminum. The electrically-insu 
lating ring can include a polymer. 

In certain embodiments, the rupture disc can define at least 
one conduit. Alternatively, the electrically-insulating ring 
defines at least one conduit at a periphery of the ring, whereby 
fluid communication exists between a frustoconical compo 
nent of the pressure disc and an external Surface of the current 
interrupt device. The pressure disc can further include an 
elevated surface and a peripheral base, the elevated surface 
being linked to the peripheral base by the frustoconical com 
ponent, and wherein the rupture disc is electrically connected 
to the pressure disc at the elevated surface. The pressure disc 
can be electrically connected to the rupture disc at least one 
point. The point can include a weld. In some embodiments, 
the seating element can be electrically-conductive. In those 
embodiments, the pressure disc can be in electrical commu 
nication with the seating element, and the seating element can 
secure the electrically-insulating ring to the pressure disc by 



US 8,642,195 B2 
3 

a crimp at a periphery of the seating device. In some embodi 
ments, the seating element can define a seating element con 
duit. In other embodiments, the rupture disc can define the 
conduit. The electrical connection between the rupture disc 
and the pressure disc is severed when a gauge pressure 
applied to a Surface of the pressure disc facing the rupture disc 
is in a range of between about 4 kg/cm and about 9 kg/cm or 
between about 7 kg/cm and about 9 kg/cm. 

In another embodiment, the invention is a battery, such as 
a lithium-ion based battery, that includes a modular current 
interrupt device, wherein the current interrupt device includes 
an electrically-conductive rupture disc and an electrically 
conductive pressure disc attached to the rupture disc to form 
an electrical pathway. An electrically-insulating ring parti 
tions a perimeter of the rupture disc from the perimeter of the 
pressure disc. A seating element of the current interrupt 
device secures the electrically-insulating ring to the pressure 
disc. At least one of the rupture disc and the electrically 
insulating ring define a conduit, whereby exposure of one side 
of the pressure disc to sufficient pressure through the conduit 
will cause the pressure disc to separate from the rupture disc 
to thereby sever an electrical pathway. In some embodiments, 
the modular current interrupt device is at a recessed portion of 
alid of the battery, the recessed portion defining an opening in 
the lid. The modular current interrupt device can be a com 
ponent of a positive terminal of the battery. In those embodi 
ments, at least one lead of a positive terminal of the battery 
can be in electrical communication with the rupture disc of 
the modular current interrupt device. The battery can further 
include a first terminal in electrical communication with a 
first electrode of the battery, a second terminal in electrical 
communication with a second electrode of the battery, and a 
battery can having a cell casing and a lid which are in elec 
trical communication with each other, the battery can being 
electrically insulated from the first terminal, wherein at least 
a portion of the battery can is at least a component of the 
second terminal, or is electrically connected to the second 
terminal. In some embodiments, the cell casing can be a 
prismatic cell casing. In certain embodiments, the current 
interrupt device can be in electrical communication with the 
battery can. In those embodiments, the current interrupt 
device can be in electrical communication with the lid of the 
battery can, and the lid can include a recess facing toward the 
pressure disc. The recess can be co-terminous with the perim 
eter of the first end of a frustum variant. 

In still another embodiment, a method of forming a modu 
lar current interrupt device includes combining a pressure 
disc and a seating element of the current interrupt device, and 
combining a rupture disc and an electrically-insulating ring. 
The combined pressure disc and seating element and the 
combined rupture disc and electrically-insulating ring are 
then assembled, and the rupture disc is laser or resistance spot 
welded to the pressure disc to form an electrical pathway 
therebetween. A battery can be formed by subsequently plac 
ing the modular current interrupt device within a recessed 
portion of a lid of the battery, wherein the recessed portion 
defines an opening of the lid. The method can further include 
the step ofjoining the seating element to the lid at the recessed 
portion of the lid. The electrical communication can be inter 
rupted when a gauge pressure between the discs is in a range 
of for example, between about 4 kg/cm and about 10 kg/cm 
or between about 4 kg/cm and about 9 kg/cm. The method 
can further include the step of forming at least one venting 
means on the cell casing, wherein gaseous species inside the 
battery exit through the venting means when an internal 
gauge pressure is in a range of between about 10 kg/cm and 
about 20 kg/cm. 
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In yet another embodiment, the present invention is 

directed to a CID comprising a pressure disc that includes a 
frustum variant having a first end and a second end, wherein 
a cross-section of at least one of the first or second ends is 
non-circular. A base extends radially from a perimeter of the 
first end of the frustum variant, and an essentially planar cap 
seals the second end of the frustum variant. The first end has 
broader dimensions than the second end. The rupture disc is in 
electrical contact with the essentially planar cap, preferably 
through a weld. The cross-section at least one of the first end 
and second end can be oblong. In some embodiments, the 
cross-section of both the first and second end can be non 
circular. In other embodiments, the cross-section of both the 
first and second end can be oblong. The pressure disc and the 
rupture disc can be bonded together by at least one weld, and 
the rupture disc can define at least one opening. The rupture 
disc can define a depression, and the weld can be at the 
depression. The weld can be at least one spot weld. In some 
embodiments, at least one of the spot welds can include 
aluminum. In certain embodiments, the weld can be two spot 
welds. At least one of the pressure disc and the rupture disc 
include aluminum. In some embodiments, both the pressure 
disc and the rupture disc can include aluminum. In certain 
embodiments, the thickness of the cap can be in a range of 
between about 0.05 millimeter and about 0.5 millimeter, such 
as about 0.127 millimeter. The diameter of the cap can be in a 
range of between about 2 millimeters and about 8 millimeters. 
The height of the cap from the base can be in a range of 
between about 0.5 millimeter and about 1 millimeter, such as 
about 0.762 millimeter. The frustum variant can have an angle 
to a plane parallel to the base of the pressure disc in a range of 
between about 15 degrees and about 25 degrees. In some 
embodiments, an electrically insulating ring can extendabout 
the perimeter of the frustum variant and between the base of 
the pressure disc and the rupture disc. In those embodiments, 
the base of the pressure disc can include at least one tab and 
the electrically insulating ring can define at least one opening, 
the tab and the opening being capable of alignment when the 
insulating ring and the base are concentric, wherein the tab 
can be malleably adjusted to secure the insulating ring to the 
pressure disc. The electrically insulating ring can define a 
groove about a perimeter of the insulating ring. These 
embodiments can further include a metal ring having tabs, 
whereby the metal ring can rest inside the groove and 
whereby the tabs can be malleably adjusted and secured to a 
metal Surface on which the pressure disc is resting, thereby 
securing the insulating ring over the pressure disc. The thick 
ness of the rupture disc proximate to the weld with the pres 
Sure disc can be less than the thickness of the pressure disc 
proximate to the weld, more preferably equal to or less than 
one-half of the thickness of the pressure disc proximate to the 
weld. The weld connecting the pressure disc and the rupture 
disc ruptures when a gauge pressure between the discs is in a 
range of between about 4 kg/cm and about 9 kg/cm, pref 
erably in a range of between about 5 kg/cm and about 9 
kg/cm, more preferably in a range of between about 7 
kg/cm and about 9 kg/cm. 

This invention has many advantages. For example, the 
modular current interrupt device can be fabricated separately 
from the lithium ion battery, thereby significantly reducing 
the costs of fabrication of the battery and increasing the types 
of applications to which the modular CID can be applied. 
Further, the modular CID includes a significantly increased 
Surface area relative to typical conventional current interrupt 
devices for welding a tab from a cell jellyroll and, conse 
quently, significantly increasing battery yield during produc 
tion. In addition, in certain embodiments, because a conduit is 
defined by both a pressure disc and an electrically-insulating 
ring, the pressure disc does not need to include through-holes 
to allow passage of gas, thereby eliminating the likelihood of 
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blockage of the hole during welding of a tab from a cell 
jellyroll. Also, the modular current interrupt device of the 
invention can be universal in at least one orientation, such as 
by having a circular shape, thereby eliminating the need to 
orient the current interrupt device during assembly. The like 
lihood of error during fabrication and consequent rejection 
during quality checks is thereby significantly reduced. A bev 
eled edge on the rupture disc, in one embodiment, defines a 
channel and provides a means to mechanically secure the 
rupture disc to an electrically-insulating ring of the current 
interrupt device, thereby eliminating the need for the rupture 
disc to define through-holes to communicate gas pressure to 
the pressure disc. 
An advantage of an elongated, non-circular pressure disc is 

that within the envelope of any given prismatic cell design, it 
is possible to achieve lower activation or reversal pressures by 
using an elongated pressure disc (oblong, oval, etc.) com 
pared to a circular pressure disc of the same material thick 
CSS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing will be apparent from the following more 
particular description of example embodiments of the inven 
tion, as illustrated in the accompanying drawings in which 
like reference characters refer to the same parts throughout 
the different views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating embodi 
ments of the present invention. 

FIG. 1 is a cross-sectional view of one embodiment of a 
modular current interrupt device of the invention. 

FIGS. 2A and 2B are plan and cross sectional views, 
respectively, of an electrically-conductive rupture disc com 
ponent of the modular current interrupt device of FIG. 1. 

FIGS. 3A and 3B are plan and cross sectional views, 
respectively, of an electrically-conductive pressure disc com 
ponent of the modular current interrupt device of FIG. 1. 

FIGS. 4A, 4B and 4C are perspective, cross-sectional and 
plan views of one embodiment of an electrically-insulating 
ring component of the modular current interrupt device of 
FIG 1. 

FIG. 5 is a partial cross-sectional view of the modular 
current interrupt device of FIG. 1, taken along line V-V. 

FIGS. 6A and 6B are plan and cross-sectional views, 
respectively, of a seating element component of the modular 
current interrupt device of FIG. 1. 

FIGS. 7A through 7D show steps in one method of the 
invention to fabricate one embodiment of the modular current 
interrupt device of the invention. 

FIGS. 8A, 8B and 8C are exterior, cross sectional, and 
interior views, respectively, of a lid of a prismatic battery cell 
showing a modular current interrupt device of the invention 
affixed to the lid. 

FIG.9 is a cross sectional view of a prismatic battery cell of 
the invention, showing a modular current interrupt device of 
the invention, also in cross section, set in place in the lid. 

FIG. 10 is a plan view of an elongated, or oblong, pressure 
disc of the invention, having a frustum variant-type shape, 
shown next to a circular pressure disc having a frustum shape 
that is not a variant. 

FIG. 11 is a cross-sectional view of one embodiment of a 
CID of the invention. 

FIG. 12 shows one embodiment of a pressure disc of the 
CID of FIG. 11. 

DETAILED DESCRIPTION OF THE INVENTION 

The foregoing will be apparent from the following more 
particular description of example embodiments of the inven 
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6 
tion, as illustrated in the accompanying drawings in which 
like reference characters refer to the same parts throughout 
the different views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating embodi 
ments of the present invention. 
The invention generally is directed to a modular current 

interrupt device for a battery, such as a lithium ion battery, 
and, particularly, a prismatic lithium ion battery. In another 
embodiment, the invention is a battery that includes the 
modular current interrupt device. In still another embodi 
ment, the invention is a method of fabricating a modular 
current interrupt device. 
As used herein, the “terminals' of the batteries of the 

invention mean the parts or surfaces of the batteries to which 
external electric circuits are connected. Also, as used herein, 
the phrases “electrically connected' or “in electrical commu 
nication' or “electrically contacted mean certain parts are in 
communication with each other by flow of electrons through 
conductors, as opposed to electro-chemical communication 
which involves flow of ions, such as Li", through electrolytes. 

FIG. 1 is a cross-sectional view of one embodiment of 
modular current interrupt device 10, and includes electri 
cally-conductive rupture disc 12, electrically-conductive 
pressure disc 14, electrically-insulating ring 16, and seating 
element 18. 
As shown in FIGS. 2A and 2B, electrically-conductive 

rupture disc 12 includes central recessed portions 11, 13, each 
of which, independently, has a depth in a range of between 
about 0.16 mm and about 0.26 mm, and a width in a range of 
between about 2.95 mm and about 3.05 mm. Alternatively, as 
shown in FIG. 11, electrically-conductive rupture disc 240 
can include a single central recessed portion 280. Electri 
cally-conductive rupture disc 12, as shown in FIG. 2A, is a 
polygon. Although shown having fourteen sides in FIG. 2A, 
electrically-conductive rupture disc 12 typically can have 
between about 10 and 20 sides 48. Sides 48 of electrically 
conductive rupture disc 12 intersect and thereby define reten 
tion points 50. Optionally, or alternatively, rupture disc 12 
includes vent through-holes, not shown. Beveled edges 20, 22 
of rupture disc 12 have an angle to a major plane of rupture 
disc 12 that is typically in a range of between about 40 degrees 
and 55 degrees. Preferably, the angle of beveled edges 20, 22 
is in a range of between about 45° and about 49, and most 
preferably is about 47°. Typically, rupture disc 12 has a major 
diameter D in a range between about 6 mm and about 16 mm 
and a thickness T in a range between about 0.3 mm and 0.7 
mm. Preferably, rupture disc 12 has a diameter of about 11 
mm and a thickness of about 0.5 mm. The thickness of rupture 
disc 12 at recessed portions 11, 13 generally is in a range of 
between about 0.065 mm and preferably about 0.085 mm. 
Rupture disc 12 is fabricated of a suitable material. Examples 
of Suitable materials include aluminum, nickel and copper. 
Examples of suitable materials include Aluminum 3003 
series, such as Aluminum 3003H-0 or H-14 series, and pref 
erably H-14 series. 

Referring back to FIG. 1, electrically-conductive pressure 
disc 14 is attached to electrically-conductive rupture disc 12 
at weld points 24, 26. Optionally, electrically-conductive 
pressure disc 14 can be connected to electrically-conductive 
rupture disc 12 without any weld points, a single weld point, 
or three or more weld points. Typically, the weld points are 
spot welds. Preferably the spot welds are separated from each 
other. In a particularly preferred embodiment the spot welds 
include aluminum. 

Although other configurations of electrically-conductive 
pressure discs can be employed in the modular current inter 
rupt device of the invention, electrically-conductive pressure 
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disc 14, as shown in FIGS. 3A and 3B, preferably includes 
frustum 28. Frustum or frustoconical component 28 has first 
end 30 and second end 32. First end 30 has abroader diameter 
than second end 32. Electrically-conductive pressure disc 14 
also includes base 34 extending radially from a perimeter of 
first end 30 of frustum 28. Cap 36 seals second end 32 of 
frustum 28. As used herein, the term “frustum' means the 
basal wall part (excluding the bottom and top ends) of a solid 
right circular cone (i.e., Solid generated by rotating a right 
triangle about one of its legs) the top of which is cut off. In one 
embodiment, cap 36 is essentially planar. In an alternative 
embodiment, not shown, frustum 28 can be a frustum variant, 
such as where a cross-section of first end 30 or second 32 is 
each, independently, non-circular. In one embodiment, the 
cross-section of each of first and 30 and second and 32 is 
oblong, as indicated at FIG. 10 with reference to pressure disc 
120. 
As used herein, the term "essentially planar or cap” means 

a surface that Sufficiently resembles a plane so as to poten 
tially contact another planar Surface randomly at one or more 
points and to which the surface can be fused by a suitable 
means. Such as by spot welding. Returning to FIGS. 3A and 
3B, in some embodiments, despite deformation caused by 
fabrication of pressure disc 14 or by assembly to form modu 
lar current interrupt device 10, shown in FIG. 1 (e.g., by 
welding electrically-conductive rupture disc 12 to electri 
cally-conductive pressure disc 14), cap 36 nevertheless is 
considered to be essentially planar. 
A forming pin deforms both cap 36 on pressure disc 14 and 

coined feature 11 on rupture disc 12 at the same time. Next, 
pressure disc 14 is attached to rupture disc 12 to form an 
electrically conductive pathway. Preferably, pressure disc 14 
and rupture disc 12 are spot welded together with the number 
of weld spot locations in the range of between 1 and about 6, 
such as 2 weld spots. Preferably, laser welding is used. Pref 
erably, the laser welding equipment is set-up to hit each weld 
spot in rapid Succession with multiple repeated laser pulses. 
The energy of each of the repeated laser pulses is adjusted so 
that the combined energy of all repeated laser pulses in one 
weld spot is sufficient to locally melt the aluminum in pres 
sure disc 14 and rupture disc 12, thereby binding them metal 
lically together in a weld spot. The advantage of using mul 
tiple repeated laser pulses is that the variation in the total laser 
energy provided to each weld spot is significantly reduced, 
thereby creating less variation in the spot weld strength, com 
pared to using a single laser pulse of higher power. 

Preferably, cap 36 and/or base 34 each, independently, has 
a thickness of material (indicated with reference character 
“d in FIG. 3B) in a range between or about 0.05 mm and 
about 0.5 mm such as between about 0.05 mm and about 0.3 
mm, between about 0.05mmand 0.2 mm, between about 0.05 
mm and about 0.15 mm (e.g., about 0.127 mm) or about 5 
milli-inches. 

Preferably, the diameter of cap 36 (indicated with reference 
character “b’ in FIGS. 3A and 3B) is in a range of between 
about 2 mm and about 10 mm, more preferably between 5 mm 
and about 10 mm, even more preferably between about 5 mm 
and about 10 mm even more preferably between about 5 mm 
and about 8 mm (e.g., between about 0.20 inches and 0.25 
inches) such as about 5.5 mm (or about 0.215 inches). 

Preferably, the surface of cap 36 is elevated from peripheral 
base 34. The height of cap 36 from base 34 (indicated with 
reference character 'c' in FIG. 3B) is in a range of between 
about 0.5 millimeter and about 1 millimeter, more preferably 
between about 0.55 millimeter and about 0.65 millimeter, 
such as about 0.596 millimeter (or about 0.024 inch). 
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8 
Preferably, frustum 28 has an angle relative to a plane 

parallel to base 34 in a range of between about 15 degrees and 
about 25 degrees, such as between about 18 degrees and about 
23 degrees, or between about 19 degrees and about 21 
degrees. More preferably, frustum 28 has an angle of about 21 
degrees relative to a plane parallel to base 34. Preferably, 
frustum 28 has a diameter ratio of first end 30 to second end 
32 (i.e., ratio of “b” to “a” in FIG.3B) in a range of between 
about 1:1.20 and about 1:1.35, such as between about 1:1.23 
and about 1:1.28. 

Referring back to FIG. 1, electrically-conductive rupture 
disc 12 and electrically-conductive pressure disc 14 separate 
when an internal gauge pressure applied to a surface of elec 
trically-conductive pressure disc 14 contacting electrically 
conductive rupture disc 12 is in a range of between about 4 
kg/cm and about 10 kg/cm, such as between about 4 kg/cm 
and about 9 kg/cm, between about 5 kg/cm and about 9 
kg/cm or between about 7 kg/cm and about 9 kg/cm. Sepa 
ration of electrically-conductive pressure disc 14 from elec 
trically-conductive rupture disc 12 activates modular current 
interrupt device 10. As used herein, “activation of modular 
current interrupt device 10 means that current flow between 
electrically-conductive rupture disc 12 and electrically-con 
ductive pressure disc 14 is interrupted. Preferably, when elec 
trically-conductive pressure disc 14 separates from electri 
cally-conductive rupture disc 12, the integrity of electrically 
conductive pressure disc 14 is maintained, whereby pressure 
disc 14 does not fracture or otherwise permit gas to flow from 
one side of pressure disc 14 to another side of pressure disc 
14. Typically, separation of pressure disc 14 from rupture disc 
12 causes fracture of any spot welds electrically connecting 
pressure disc 14 to rupture disc 12. 

Pressure disc 14 can be formed of a suitable metal such as 
aluminum, copper and nickel. An example of Suitable alumi 
numis Aluminum 3003 series, such as Aluminum 3003H-0 or 
H-14 series. Preferably, the pressure disc 14 includes alumi 
num and, more preferably, consists essentially of aluminum. 

Electrically-insulating ring 16 partitions a perimeter of 
rupture disc 12 from a perimeter of pressure disc 14. Refer 
ring to FIGS. 4A, 4B and 4C, electrically-insulating ring 16 
includes base 38 and rim 40. Typically, rim 40 is spaced from 
perimeter of base 38 by a distance “b’ in a range between 
about 0.40 mm and about 0.55 mm. Rim 40 typically has a 
height “h” in a range of between about 0.80 mm and about 
0.90 mm. Lip 44 extends from rim 40 and overlaps electri 
cally-conductive rupture disc 12. In one embodiment, lip 44 
contacts rupture disc 12 to thereby cause an interference fit 
between base 38 and rupture disc 12. As shown in FIG. 4A, 
electrically-insulating ring 16 defines channels 46 at base 38. 
In one embodiment, and as shown in FIG. 4C, at least one of 
channels 46 has a major axis that is essentially normal to a 
tangent of a circle defined by ring 16. Examples of suitable 
materials of electrically-insulating ring 16 include polypro 
pylene, such as high-density polypropylene, and perfluoro 
alkoxy copolymer resin. 
As can be seen in FIG. 5, points 50 of rupture disc 12 

typically are in interfering relation with rim 40 of electrically 
insulating ring 16. Sides 48 of electrically-conductive rupture 
disc 12 and rim 40 of electrically-insulating ring 16 define 
conduits 42 that provide fluid communication of gas pressure 
from one side of rupture disc 12 to the other side of rupture 
disc 12. Channels 46 of ring 16 also provide fluid communi 
cation between the major surfaces of rupture disc 12. 

Seating element, or seating cup, 18 overlays pressure disc 
14. Seating element 18, also shown in FIGS. 6A and 6B, 
includes base 52, and raised portion 54 that defines through 
opening 56. Crimp 58 at periphery of seating element 18 
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secures pressure disc 14 to electrically-insulating ring 16. 
Optionally, seating element 18 can be secured to pressure disc 
14 by welds (not shown) where seating element 18 contacts 
electrically-conductive pressure disc 14. Preferably the diam 
eter of opening 56 is in a range of between about 2 mm and 
about 4 mm. Seating element 18 is fabricated of a suitable 
material. Such as aluminum, nickel and copper. Preferably, 
seating element 18 is formed of metal and is electrically 
connected to pressure disc 14. In one embodiment, seating 
element 18 includes aluminum, and more preferably consists 
essentially of aluminum. 

Alternatively, where pressure disc 14 is otherwise con 
nected to an electrical terminal of a battery, such as a battery 
can, seating element 18 can be formed of an electrically 
insulating material. Such as polypropylene. A plan view of 
seating element 18, shown in FIG. 6A, shows that seating 
element 18 is circular in configuration, whereby, in one 
embodiment, raised portion 54 essentially tracks base 34 of 
pressure disc 14. Typically, the thickness of the material 
employed to form seating element 18 is in a range of between 
about 0.3 mm and about 0.5 mm. 
A method of fabricating a modular current interrupt device 

of the invention includes combining electrically-conductive 
pressure disc 14 with seating element 18, and combining 
electrically-conductive rupture disc 12 with electrically-insu 
lating ring 16. The combined electrically-conductive pressure 
disc 14 and seating element 18, and combined electrically 
conductive rupture disc 12 and electrically-insulating ring 16. 
are then secured to one another by mechanically or by other 
means joining the electrically-conductive rupture disc 12 and 
electrically-conductive pressure disc 14 by a suitable method, 
Such as by laser or resistance spot welding. The edges of 
seating element 18 can be crimped around the edges of pres 
Sure disc 14 and insulating ring 16. In another embodiment, 
shown in FIGS. 7A through 7D, pressure disc 14 and seating 
element 18 are combined, as shown in FIG. 7A, and then a 
single seam is formed by a suitable method. Such as crimping, 
as shown in FIG. 7B. Optionally, a suitable lining compound, 
Such as a sealing material (e.g., an asphaltic-based sealing 
material) that is electrolyte-resistant, as is known in the art, 
can be placed between joining Surfaces of pressure disc 14 
and seating element 18. As shown in FIG.7C, a double seam, 
as a hermetic Seal, is then formed. Insulating ring 16 is then 
placed at pressure disc 14, and pressure disc 14 and seating 
element 18 are then crimped again to clamp down insulating 
ring 14. As shown in FIG.7D, pressure disc 12 is then put into 
place, as shown in FIG.1, and spot welded to pressure disc 14, 
as described above. Preferably, electrically-conductive pres 
sure disc 14 and electrically-conductive rupture disc 12 are 
made of Substantially the same metals. As used herein, the 
term “substantially the same metals.” means metals that have 
substantially the same chemical and electrochemical stability 
at a given Voltage, e.g., the operating Voltage of a battery. 

In one specific embodiment, at least one of electrically 
conductive rupture disc 12 and electrically-conductive pres 
sure disc 14 includes aluminum, such as Aluminum 3003 
series. In one more specific embodiment, electrically-con 
ductive pressure disc 14 includes aluminum which is softer 
than that of electrically-conductive rupture disc 12. Prefer 
ably, electrically-conductive pressure disc 14 and electri 
cally-conductive rupture disc 12 both include aluminum. 
More preferably, rupture disc 12 is formed of Aluminum 
3003H-14 series and pressure disc 14 is formed of Aluminum 
3003H-0 series. Pressure disc 12 and rupture disc 14 can be 
made by any Suitable method known in the art, Such as, for 
example, stamping, coining, and/or milling techniques. 
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FIGS. 8A, 8B and 8C show, respectively, exterior plan, 

cross-sectional and interior plan views of a lid assembly of a 
battery that includes a modular current interrupt device of the 
invention. As can be seen in FIGS. 8A, 8B and 8C, current 
interrupt device 10 is set within through-opening 62 defined 
by lid 60 of a battery. The majority of modular current inter 
rupt device 10 is located within the battery while raised por 
tion 54 of seating element 18 resides within through-opening 
62 of lid 60. Seating element 18 is fixed to lid 60 by a suitable 
method, such as by an interference fit, welding, crimping, 
riveting, etc. Preferably, seating element 18 and lid 60 are 
welded to each other. Any suitable welding technique known 
in the art can be used. Preferably, seating element 18 and lid 
60 are hermetically joined. Preferably, a laser welding tech 
nique is employed in the invention. More preferably, a cir 
cumferential laser welding technique is employed to hermeti 
cally join seating element 18 and lid 60, for example, either by 
means of seam welding at the circumferential interface 
between two parts or by means of penetration welding at base 
62 of seating element 18. Preferably, the welding is circum 
ferentially placed around the middle of base 52 or the edge of 
base 52. Preferably, during the welding process, e.g., a laser 
welding process, a temperature of seating element 18 is con 
trolled so as not to exceed the melting point of a Surface of 
seating element 18 opposite the weld. Such temperature con 
trol can be obtained using any suitable cooling method known 
in the art. Preferably, lid 60 is fabricated out of substantially 
the same material as that of seating element 18, Such as 
Aluminum 3003H-0 or H-14 series. 
As can be seen in FIG. 8A, which is a plan view of the 

outside of lid 60 of a battery, raised portion 54 of seating 
element 18 is visible and essentially circular in configuration. 
Typically, seating element 18, as well as the remainder of lid 
60 and a can of a battery to which lid 60 is electrically 
connected, serves as a positive terminal, whereas feed 
through assembly 64, also shown in FIG. 8A through 8C, 
serves as the negative terminal of the battery and is electri 
cally insulated by component 66 from the remainder of lid 60, 
from modular current interrupt device 10 and from a can of a 
battery to which lid 60 is electrically connected. 

FIG. 9 shows a cross-sectional view of a battery 70 of the 
invention that includes lid 60, in which modular current inter 
rupt device 10 is seated. Tab 72 connects one electrode, pref 
erably a positive electrode, to rupture disc 12. Tab 72 can be 
joined to rupture disc 12 by a Suitable method, such as laser or 
resistance spot welding. Tab 74 connects the other electrode 
to feed-through assembly 64, also by a suitable method, such 
a laser or resistance spot welding. 

Optionally, the electrically conductive components of 
modular current interrupt device 10 can be formed of mate 
rials other than aluminum such as nickel-plated iron, particu 
larly when the current interrupt device 10 is electrically con 
nected to the anode of the battery, rather than to the cathode. 

In another embodiment, a pressure disc of non-circular 
shape provides a larger Surface area as compared to a circular 
pressure disc that fits in the same size (non circular) envelope. 
The larger available area allows for a lower activation pres 
Sure compared to a circular pressure disc that fits in the same 
rectangular envelope base. 
As the cell design moves from circular to prismatic, the 

space available for the pressure disc decreases. For thin form 
factor prismatic cells in particular, the maximum size of a 
circular pressure disc is so small that the force due to the 
pressure is insufficient to actuate the pressure mechanism in 
the preferred pressure range. Making the pressure disc mate 
rial very thin could bring the reversal pressure down to the 
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preferred range. However, using very thin material weakens 
the structural integrity of the pressure disc and increases the 
risk of punctures and leaks. 
The elongated, or oblong, disc 120 of the invention is 

shown in FIG. 10, and is shown in comparison to a pressure 
disc 80 having a circular cross-section at both first and second 
ends of a frustum. Table 1 below shows the results of tests of 
an elongated pressure disc of the invention. The elongated, or 
oblong, shape of the disc increases the area available for the 
pressure force as compared to a circular pressure disc that a 
given prismatic cell could accommodate, therefore improv 
ing the sensitivity of the pressure disc and allowing operation 
with a thin form factor prismatic cell. 

TABLE 1. 

Elongated Pressure Disc Prototype Sample 
Reversal Pressure Observations 

Observed Activation 
(i.e. reversal) Pressure 

psig 

85 
85 
76 
82 
62 
82 
65 
8O 
79 
60 

Elongated Pressure 
Disc Prototype Sample No. 

— 

1 

Material: Aluminum 3004-HO. Material Thickness: 0.005" 
Cone base dimensions: 6 x 9mm 
Pressurizing Medium: Helium. Room Temperature 

In some embodiments, the CID of the battery of the inven 
tion, which employs a pressure disc and a rupture disc that is 
in electrical communication with, and pressure (i.e., fluid 
Such as gas) communication with, the pressure disc and with 
the battery can of the battery, activates at an internal gauge 
pressure in a range of for example, between about 4 kg/cm 
and about 9 kg/cm, such as between about 5 kg/cm and 
about 9 kg/cm or between about 7 kg/cm and about 9 
kg/cm. In these embodiments, preferably, the pressure disc 
includes a cone- or dome-shaped part. More preferably, at 
least a portion of the top (or cap) of the cone- or dome-shaped 
part is essentially planar. Preferably, the pressure disc and the 
rupture disc are in direct contact with each other at a portion 
of the essentially planar cap. More preferably, the pressure 
disc includes a frustum having an essentially planar cap. As 
used herein, “activation' of the CID means that current flow 
of an electronic device through the CID is interrupted. In a 
specific embodiment, the CID of the invention includes a 
pressure disc and a rupture disc in electrical communication 
with each other (e.g., by welding, crimping, riveting, etc.). In 
this CID, “activation' of the CID means that the electrical 
communication between the pressure disc and the rupture 
disc is interrupted. Preferably, when the rupture disc sepa 
rates from (e.g., deforms away or is detached from) the pres 
Sure disc, no rupture occurs in the pressure disc. 

FIG. 11 shows a cross-section of one specific embodiment 
of the CID of the invention. CID 100 shown in FIG. 10 
includes pressure disc 120 and rupture disc 240. Pressure disc 
120 includes frustum variant 140 (also referred to as frustum 
140) that includes first end 160 and second end 180. Frustum 
variant has a cross-sectional shape (such as that taken along 
line I-I with respect to second end 180) that is non-circular, 
Such as an elongated, or oblong shape, shown in FIG. 10, at 
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12 
least one of first end 160 or second end 180. First end 160 has 
broader dimensions than second end 180. Pressure disc 120 
also includes base 200 extending radially from a perimeter of 
first end 160 of frustum 140. Essentially planar cap 220 seals 
second end 180 of frustum 140. As used herein, the term 
“frustum variant’ means the basal wall part (excluding the 
bottom and top ends) of a Solid right non-circular cone which 
lies between two parallel planes cutting the cone. In other 
words, the frustum variant would be a right circular cone, but 
for the fact that the base or the cross-section of the portion of 
the cone that has been truncated, is not circular, but rather, 
elongated, or oblong, as shown in the left-hand portion of 
FIG. 10, or some other non-circular shape. The length and 
width of the base of the elongated cone can have a ratio in a 
range of between about 1:1.3 and about 1:2, preferably about 
1:1.5, as shown in FIG. 10. 

Preferably, flat cap 220 and/or base 200 has a thickness 
(indicated with reference character 'd' in FIG. 12) in a range 
of between about 0.05 millimeters and about 0.5 millimeters, 
such as between about 0.05 millimeters and about 0.3 milli 
meters, between about 0.05 millimeters and 0.2 millimeters, 
between about 0.05 millimeters and about 0.15 millimeters 
(e.g., about 0.127 millimeter (or about 5 milli-inch)). 

Preferably, the narrowest dimension of flat cap 220 (indi 
cated with reference character “b' in FIG. 12) is in a range of 
between about 1 millimeters and about 10 millimeters, more 
preferably between 2 millimeters and about 10 millimeters, 
even more preferably between about 2 millimeters and 6 
millimeters, such as about 3 millimeters. 

Preferably, the height of essentially planar cap 220 from 
base 200 (indicated with reference character'c' in FIG.12) is 
in a range of between about 0.5 millimeter and about 1 mil 
limeter, more preferably between about 0.6 millimeter and 
about 0.8 millimeter, such as about 0.762 millimeter (or about 
0.315 inch). 

Preferably, frustum 140 has an angle relative to a plane 
parallel to base 200 in a range of between about 15 degrees 
and about 25 degrees, such as between about 18 degrees and 
about 23 degrees, or between about 19 degrees and about 21 
degrees. More preferably, frustum 140 has an angle of about 
21 degrees relative to a plane parallel to base 20. Preferably, 
frustum 140 has a diameterratio offirst end 160 to second end 
180 (i.e., ratio of “b” to “a” in FIG. 12) in a range of between 
about 1:1.20 and about 1:1.35, such as between about 1:1.23 
and about 1:1.28. 

EQUIVALENTS 

While this invention has been particularly shown and 
described with references to example embodiments thereof, it 
will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the scope of the invention encompassed by the 
appended claims. 
What is claimed is: 
1. A modular current interrupt device for a battery, com 

prising: 
a) an electrically-conductive rupture disc; 
b) an electrically-conductive pressure disc attached to the 

rupture disc to form an electrical pathway; 
c) an electrically-insulating ring partitioning a perimeter of 

the rupture disc from a perimeter of the pressure disc; 
and 

d) a seating element, the seating element securing the elec 
trically-insulating ring to the pressure disc, 

wherein the rupture disc and the electrically-insulating ring 
only together define a conduit, whereby exposure of one side 
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of the pressure disc to sufficient force through the conduit will 
cause the pressure disc to separate from the rupture disc to 
thereby sever the electrical pathway. 

2. The modular current interrupt device of claim 1, wherein 
the seating element is electrically conductive and electrically 
connected to the pressure disc. 

3. The modular current interrupt device of claim 1, wherein 
the rupture disc includes a plurality of retention points that 
form an interference fit with the electrically-insulating ring. 

4. The modular current interrupt device of claim3, wherein 
the perimeter of the rupture disc is a polygon. 

5. The modular current interrupt device of claim 4, wherein 
the polygon defines the retention points. 

6. The modular current interrupt device of claim 4, wherein 
the polygon has from 10 sides to 20 sides. 

7. The modular current interrupt device of claim 6, wherein 
the polygon has 14 sides. 

8. The modular current interrupt device of claim 1, wherein 
the conduit is defined in part by the perimeter of the rupture 
disc. 

9. The modular current interrupt device of claim 8, wherein 
the perimeter of the rupture disc is beveled. 

10. The modular current interrupt device of claim 8, 
wherein the perimeter of the rupture disc includes a double 
bevel. 

11. The modular current interrupt device of claim 10, 
wherein the angle of at least one of the bevels is in a range of 
between about 40 degrees and about 55 degrees. 

12. The modular current interrupt device of claim 11, 
wherein the angle of a least one of the bevels is about 47 
degrees. 

13. The modular current interrupt device of claim 12, 
wherein the angle of both bevels is about 47 degrees. 

14. The modular current interrupt device of claim 1, 
wherein the electrically insulating ring defines a lip at a 
periphery of the ring, whereby the lip overlaps the periphery 
of the rupture disc. 

15. The modular current interrupt device of claim 14, 
wherein the rupture disc defines a groove at the periphery of 
the rupture disc, whereby the lip of the insulating ring over 
laps the rupture disc at the groove. 

16. The modular current interrupt device of claim 15, 
whereina Surface of the lip of the insulating ring is essentially 
flush with a surface of the rupture disc. 

17. The modular current interrupt device of claim 1, 
wherein the electrically insulating ring defines at least one 
channel that, together with the rupture disc, defines at least a 
portion of the conduit. 

18. The modular current interrupt device of claim 17, 
wherein the channel has a major axis that is essentially normal 
to a tangent of a circle defined by the electrically-insulating 
r1ng. 

19. The modular current interrupt device of claim 1, 
wherein the rupture disc, the pressure disc and the seating 
element are aluminum. 

20. The modular current interrupt device of claim 1, 
wherein the electrically-insulating ring includes a polymer. 

21. The modular current interrupt device of claim 1, 
wherein the rupture disc defines at least one conduit. 

22. The modular current interrupt device of claim 1, 
wherein the electrically-insulating ring defines at least one 
conduit at a periphery of the ring, whereby fluid communica 
tion exists between a frustoconical component of the pressure 
disc and an external Surface of the current interrupt device. 

23. The modular current interrupt device of claim 1, 
wherein the pressure disc includes a frustoconical compo 
nent. 
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24. The modular current interrupt device of claim 23, 

wherein the pressure disc further includes an elevated surface 
and a peripheral base, the elevated surface being linked to the 
peripheral base by the frustoconical component, and wherein 
the rupture disc is electrically connected to the pressure disc 
at the elevated surface. 

25. The modular current interrupt device of claim 24, 
wherein the pressure disc is electrically connected to the 
rupture disc at at least one point. 

26. The modular current interrupt device of claim 25 
wherein the point includes a weld. 

27. The modular current interrupt device of claim 1, 
wherein the seating element is electrically-conductive. 

28. The modular current interrupt device of claim 27, 
wherein the pressure disc is in electrical communication with 
the seating element. 

29. The modular current interrupt device of claim 28, 
wherein the seating element secures the electrically-insulat 
ing ring to the pressure disc by a crimp at a periphery of the 
seating device. 

30. The modular current interrupt device of claim 1, 
wherein the seating element defines a seating element con 
duit. 

31. The modular current interrupt device of claim 1 
wherein the rupture disc defines the conduit. 

32. The modular current interrupt device of claim 1, 
wherein the electrical connection between the rupture disc 
and the pressure disc is severed when a gauge pressure 
applied to a Surface of the pressure disc facing the rupture disc 
is in a range of between about 4 kg/cm and about 9 kg/cm or 
between about 7 kg/cm and about 9 kg/cm. 

33. The modular current interrupt device of claim 1, 
wherein the pressure disc includes: 

i) a frustum variant, having a first and a second end, the first 
end having a broader diameter than the second end, at 
least one of the first and second end varying from a 
frustum variant in that a cross-section of the end is not 
circular, 

ii) a base extending radially from a perimeter of the first 
end of the frustum variant, and 

iii) an essentially planar cap sealing the second end of the 
frustum variant. 

34. The modular current interrupt device of claim 33, 
wherein the cross-section at least one of the first end and 
second end is oblong. 

35. The modular current interrupt device of claim 33, 
wherein the cross-section of both the first and second end is 
non-circular. 

36. The modular current interrupt device of claim 33, 
wherein the cross-section of both the first and second end is 
oblong. 

37. The modular current interrupt device of claim 33, 
wherein the rupture disc is in electrical contact with the essen 
tially planar cap of the pressure disc through a weld. 

38. The modular current interrupt device of claim 37, 
wherein the weld connecting the pressure disc and the rupture 
disc ruptures when a gauge pressure between the discs is in a 
range of between about 4 kg/cm and about 9 kg/cm. 

39. The modular current interrupt device of claim 37, 
wherein the weld ruptures when a gauge pressure between the 
discs is in a range of between about 7 kg/cm and about 9 
kg/cm. 

40. The modular current interrupt device of claim 37, 
wherein the rupture disc defines a depression, and wherein the 
weld is at the depression. 

41. The modular current interrupt device of claim 40, 
wherein the weld is at least one spot weld. 
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42. The modular current interrupt device of claim 41, 
wherein at least one of the spot welds includes aluminum. 

43. The modular current interrupt device of claim 41, 
wherein the weld is two spot welds. 

44. The modular current interrupt device of claim 33, 
wherein the rupture disc defines at least one opening. 

45. The modular current interrupt device of claim 37, 
wherein at least one of the pressure disc and the rupture disc 
includes aluminum. 

46. The modular current interrupt device of claim 45. 
wherein the pressure disc and the rupture disc both include 10 
aluminum. 

47. The modular current interrupt device of claim 46, 
wherein the thickness of the cap is in a range of between about 
0.05 millimeter and about 0.5 millimeter. 

48. The modular current interrupt device of claim 47. 
wherein the thickness of the cap is about 0.127 millimeter. 

49. The modular current interrupt device of claim 47. 
wherein the diameter of the cap is in a range of between about 
2 millimeters and about 8 millimeters. 

50. The modular current interrupt device of claim 49, 
wherein a height of the cap from the base is in a range of 20 
between about 0.5 millimeter and about 1 millimeter. 

51. The modular current interrupt device of claim 50, 
wherein the height of the cap from the base is about 0.762 
millimeter. 

52. The modular current interrupt device of claim 50, 25 
wherein the frustum variant has an angle to a plane parallel to 
the base of the pressure disc in a range of between about 15 
degrees and about 25 degrees. 
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53. The modular current interrupt device of claim 33, fur 

ther including an electrically insulating ring that extends 
about the perimeter of the frustum variant and between the 
base of the pressure disc and the rupture disc. 

54. The modular current interrupt device of claim 53, 
wherein the base of the pressure disc includes at least one tab 
and wherein the electrically insulating ring defines at least 
one opening, the tab and the opening being capable of align 
ment when the insulating ring and the base are concentric, and 
wherein the tab can be maleably adjusted to secure the insu 
lating ring to the pressure disc. 

55. The modular current interrupt device of claim 54, 
wherein the electrically insulating ring defines a groove about 
a perimeter of the insulating ring, and further including a 
metal ring having tabs, whereby the metal ring can rest inside 
the groove and whereby the tabs can be maleably adjusted and 
secured to a metal Surface on which the pressure disc is 
resting, thereby securing the insulating ring over the pressure 
disc. 

56. The modular current interrupt device of claim 53, 
wherein the thickness of the rupture disc proximate to the 
weld with the pressure disc is less than the thickness of the 
pressure disc proximate to the weld, more preferably equal to 
or less than one-half of the thickness of the pressure disc 
proximate to the weld. 

k k k k k 
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