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(57) ABSTRACT 

A loW pressure current interrupt device (CID) activates at a 
minimal threshold internal gauge pressure in a range of, for 
example, between about 4 kg/cm2 and about 9 kg/cm2. Pref 
erably, the CID includes a ?rst conductive plate and a second 
conductive plate in electrical communication With the ?rst 
conductive plate, the electrical communication between the 
?rst and the second conductive plates being interrupted at the 
minimal threshold internal gauge pressure. More preferably, 
the ?rst conductive plate includes a frustum having a ?rst end 
and a second end, a base extending radially from a perimeter 
of the ?rst end of the frustum, and an essentially planar cap 
sealing the second end of the frustum. The ?rst end has a 
broader diameter than the second end. More preferably, the 
second conductive plate is in electrical contact With the es sen 
tially planar cap through a Weld. A battery, preferably a 
lithium-ion battery, comprises a CID as described above. A 
method of manufacturing such a CID comprises forming ?rst 
and second conductive plates as described above, and Weld 
ing the second conductive plate onto the ?rst conductive plate 
While a temperature of the ?rst conductive plate is controlled 
so as not to exceed the melting point of a surface of the ?rst 
conductive plate opposite the Weld. 
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CID RETENTION DEVICE FOR LI-ION CELL 

RELATED APPLICATIONS 

[0001] This application is a continuation of Us. applica 
tion Ser. No. 12/214,535, ?led Jun. 19, 2008, Which claims 
the bene?t of Us. Provisional Application No. 60/936,825, 
?led on Jun. 22, 2007. The entire teachings of the above 
applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Li-ion batteries in portable electronic devices typi 
cally undergo different charging, discharging and storage 
routines based on their use. Batteries that employ Li-ion cell 
chemistry may produce gas When they are improperly 
charged, shorted or exposed to high temperatures. This gas 
can be combustible and may compromise the reliability and 
safety of such batteries. A current interrupt device (CID) is 
typically employed to provide protection against any exces 
sive internal pres sure increase in a battery by interrupting the 
current path from the battery When pres sure inside the battery 
is greater than a predetermined value. The CID typically 
includes ?rst and second conductive plates in electrical com 
munication With each other. The ?rst and second conductive 
plates are, in turn, in electrical communication With an elec 
trode and a terminal of the battery, respectively. The second 
conductive plate separates from (e.g., deforms aWay or is 
detached from) the ?rst conductive plate of the CID When 
pressure inside the battery is greater than a predetermined 
value, Whereby a current ?oW betWeen the electrode and the 
terminal is interrupted. 
[0003] 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/cm2. 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 has an outer 
diameter of about 18 mm and a length of 65 mm). 
[0004] Therefore, there is a need for CIDs for batteries, 
particularly relatively large batteries, that can reduce or mini 
miZe the aforementioned safety issues. 

SUMMARY OF THE INVENTION 

[0005] The present invention generally relates to a loW 
pressure CID, to a battery, such as a lithium-ion battery, 
comprising such a loW pressure CID, to a method of manu 
facturing such a loW pressure CID, and to a method of manu 
facturing such a battery. The CID typically includes a ?rst 
conductive plate and a second conductive plate in electrical 
communication With the ?rst conductive plate. The electrical 
communication can be interrupted When a gauge pressure 
betWeen the plates is in a range of, for example, betWeen 
about 4 kg/cm2 and about 10 kg/cm2 or betWeen about 4 
kg/cm2 and about 9 kg/cm2. 
[0006] In one embodiment, the present invention is directed 
to a CID comprising a ?rst conductive plate and a second 
conductive plate. The ?rst conductive plate includes a frus 
tum having a ?rst end and a second end, a base extending 
radially from a perimeter of the ?rst end of the frustum, and an 
essentially planar cap sealing the second end of the frustum. 
The ?rst end has a broader diameter than the second end. The 
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second conductive plate is in electrical contact With the es sen 
tially planar cap, preferably through a Weld. 
[0007] In another embodiment, the present invention is 
directed to a battery, preferably a lithium-ion battery, that 
includes at least one CID as described above. The battery 
further includes a battery can having a cell casing and a lid 
Which are in electrical communication With each other. The 
battery further includes a ?rst terminal and a second terminal. 
The ?rst and second terminals are in electrical communica 
tion With a ?rst electrode and a second electrode, of the 
battery, respectively. In the battery, the base of the CID is 
proximal to the battery can, such as the cell casing or the lid, 
and the essentially planar cap is distal to the cell can. The 
battery can is electrically insulated from the ?rst terminal, and 
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. 

[0008] In yet another embodiment, the present invention is 
directed to a lithium-ion battery comprising a CID that 
includes a ?rst conductive plate and a second conductive 
plate. The second conductive plate is in electrical communi 
cation With the ?rst conductive plate. The lithium-ion battery 
further includes a battery can that includes a cell casing and a 
lid that are in electrical communication With each other. The 
?rst conductive plate of the CID is in electrical communica 
tion With the battery can. This electrical communication is 
interrupted When a gauge pressure betWeen the plates is in a 
range of betWeen about 4 kg/cm2 and about 9 kg/cm2. 
[0009] The present invention also includes a method of 
manufacturing a CID. The method includes the steps of form 
ing a ?rst conductive plate and forming a second conductive 
plate. The ?rst conductive plate includes a frustum having a 
?rst end and a second end, a base extending radially from a 
perimeter of the ?rst end of the frustum, and an essentially 
planar cap sealing the second end. The ?rst end of the frustum 
has a broader diameter than the second end of the frustum. 
The method of manufacturing a CID further includes Welding 
the second conductive plate onto the essentially planar cap of 
the ?rst conductive plate While a temperature of the ?rst 
conductive plate is controlled so as not to exceed the melting 
point of a surface of the ?rst conductive plate opposite the 
Weld. 

[0010] The present invention also includes a method of 
manufacturing a battery of the invention as described above. 
The method includes forming a CID and attaching either a 
?rst electrode or a second electrode of the battery to the CID. 
The formation of the CID includes forming a ?rst conductive 
plate that includes a frustum, having a ?rst end and a second 
end having a diameter less than that of the ?rst end, a base 
extending radially from a perimeter of the ?rst end of the 
frustum, and an essentially planar cap sealing the second end 
of the frustum. The formation of the CID further includes 
forming a second conductive plate, and Welding the second 
conductive plate onto the essentially planar cap of the ?rst 
conductive plate. The Welding is performed While a tempera 
ture of the ?rst conductive plate is controlled so as not to 
exceed the melting point of a surface of the ?rst conductive 
plate opposite the Weld. The method further includes attach 
ing the CID to a battery can including a cell casing and a lid, 
i.e., either to the cell casing or to the lid. The method further 
includes forming a ?rst terminal in electrical communication 
With the ?rst electrode, and a second terminal in electrical 
communication With the second electrode. 




























