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ELECTRODE ASSEMBLY FOR SECONDARY
BATTERY AND METHOD FOR
FABRICATING THE SAME

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a secondary battery and,
more particularly, to an electrode assembly of a secondary
battery, which 1s designed to enhance battery safety, and a
method for making the same.

2. Description of Prior Art

A secondary battery comprises an electrode assembly dis-
posed within a can containing an electrolyte. The electrode
assembly comprises positive and negative electrodes on
which positive and negative active materials are deposited
respectively. Therefore, the charging and discharging of the
second battery 1s realized by the physical and chemical reac-
tions occurring between active materials and the electrolyte.

In such a secondary battery, a capacity ratio of the negative
active matenial to the positive active material (IN/P ratio) 1s
usually maintained within a range of 1.2-1.4 to obtain a
reserve for sullicient absorption of ions released from the

positive electrode nto the negative electrode.

If the N/P ratio 1s less than 1, a metal oxide material 1s
precipitated within the secondary battery or the electrolyte
may leak since 1ons discharged from the positive electrode
cannot be completely absorbed into the negative electrode.
This [result] results in the deterioration of the charging and
discharging performance or 1n the explosion of the battery by
increased internal pressure.

Secondary batteries are classified ito several types
depending on their shape: a cylindrical type, a package type
and a prism type. For example, the prism type secondary
battery, since the electrode assembly 1s rolled having an oval
section, 1t 1s very difficult to provide the suitable N/P ratio
throughout the entire surface of the electrode assembly.

This will be described more 1 detail with reference to
FIGS. 1-5.

FIG. 1 shows a conventional prism type secondary battery.

The conventional prism type secondary battery comprises
a can 4, a roll electrode assembly 2 disposed within the can 4,
and a cap assembly 6 [close-tightly] closely and tightly
mounted on an upper end of the can 4.

Rolling a group of plates makes the roll electrode assembly
2. That s, a separator plate, a negative electrode plate, another
separator plate, and a positive electrode plate are, 1n this order,
stacked to provide a group of stacked plates. The plate group
1s then rolled into the roll electrode assembly as shown 1n FIG.
2.

The cross section of the roll electrode assembly 2 1s track-
shaped so that 1t can be 1nserted into the prismatic rectangular
can 4. As shown 1 FIG. 2, the roll electrode assembly 2
comprises positive and negative electrodes 2a and 2b, and
separators 2¢ disposed between the positive and negative
clectrodes 2a and 2b. The track-shaped roll electrode assem-
bly 2 has a straight section St and a curved section C.

The N/P ratio 1s determined depending on which electrode
1s disposed on the outer surface of the separator 2c¢. That 1s,
when the curved section “C” of the roll electrode assembly 2
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2

is unrolled in a flat state, as shown in FIG. [3] 5, there is a
length difference AL between the positive and negative elec-
trodes 2a and 2b.

Therefore, a difference between the amount of the positive
active material and the amount of the negative active material
can be obtained according to the following equation:

A=ALXT

where,

A 1s the difference between the amount of the positive
active material and the amount of the negative active
material;

AL 1s the length difference between the positive and nega-
tive electrodes; and

T 1s a thickness of the active material of the electrode.
The difference between the amount of the negative and
positive active material causes variations in the capacity ratio
difference between the amount of negative active material
and positive active material, vrespectively, of the negative and
positive electrodes located adjacent to each other with the
separator disposed there between. That 1s, a region C where
the N/P ratio 1s less than 1 appears on the roll electrode
assembly 2 as shown 1n FIG. 4.

In the region C, the capacity of the positive electrode 2a 1s
larger than that of the negative electrode 2b, as shown 1n FIG.
5. Theretore, the 10ons released from the positive electrode 2a
are not [be] completely absorbed into the negative electrode
2b but precipitated as a metal oxide material 32 on a surface
of the negative electrode 2b.

However, 1n the conventional battery, since the thickness of
the separator 2¢ 1s uniform, the precipitated metal oxide mate-
rial 10 continues to grow, then may penetrate the separator 2c,
and contact the positive electrode 2a as charging and dis-
charging are repeated. This may cause the battery to explode,

deteriorating the safety of the secondary battery.

SUMMARY OF THE INVENTION

Therefore, the present invention has been made 1n an effort
to solve the above-described problems of the conventional
secondary battery.

It 1s an objective of the present mvention to provide an
clectrode assembly for a secondary battery in which any
hazardous problems, which may occur by the precipitation of
the metal oxide, can be prevented, thereby improving safety
of the secondary battery.

To achieve the above objective, the present invention pro-
vides a roll electrode assembly of a secondary battery includ-
ing a positive electrode, a negative electrode, and first and
second separators rolled into a plurality of turns.

The first separator 1s disposed between outer surface of the
turns of the negative electrode and inner surface of the turns of
the positive electrode. The second separator 1s disposed
between outer surface of the turns of the positive electrode
and 1nner surface of the turns of the negative electrode. The
thickness of the second separator 1s less than that of the first

separator.
Preferably, the thickness of the first separator 1s 2-3 times

that of the second separator.

More pretferably, the thickness of the first separator 1s about
30-45 um, while the thickness ol the second separator 1s about
15-23 um.

When the roll electrode assembly is for a prism type bat-
tery, thus having, in a cross section, a straight portion and a
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curved portion, the thickness of the first and second separa-
tors are equal 1n the straight portion.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate an embodi-
ment of the invention, and, together with the description,
serve to explain the principles of the imvention:

FIG. 1 1s a side sectional view of a conventional secondary

battery taken from FIG. I of Applicant’s U.S. Pat. No. 6,256,
478 issued on 10 Jul. 2001, where an electrode assembly
according to a preferred embodiment of the present invention
can be employed;

FIG. 2 1s a plane view of a conventional electrode assem-
bly:

FIG. 3 1s an enlarged view 1llustrating a curved portion of
a roll electrode assembly according to a preferred embodi-
ment of the present invention;

FIG. 4 1s a view 1llustrating an unrolled state of a roll
clectrode assembly according to a preferred embodiment of
the present invention; and

FIG. § 1s a view 1illustrating an unrolled state of a conven-

tional roll electrode assembly.

(L]
Y

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENTS

Reference will now be made in detail to the present pre-
terred embodiment of the invention, an example of which 1s
illustrated in the accompanying drawing.

FIG. 3 shows a curved portion of a roll electrode assembly
according to a preferred embodiment of the present invention.

The roll electrode assembly of the present mvention 1s
made by rolling a group of plates.

That 1s, the group of plates comprises a negative electrode
2b, first and second separators 2cc and 2¢ disposed on oppo-
site surfaces of the negative electrode 2b, and a positive
clectrode 2a.

As a feature of the present invention, the thickness of the
first separator 2cc 1s different from that of the second separa-
tor 2c.

Describing more 1n detail, 1n the roll electrode assembly,
the first separator 2c¢c 1s disposed between the outer surface of
the negative electrode 2b and the inner surface of the positive
clectrode 2a. The second separator 2¢ 1s disposed between the
inner surface of the negative electrode 2b and the outer sur-
face of the positive electrode 2a.

Therefore, as described above, 1n the curved portion of the
roll electrode assembly, the adjacent negative and positive
clectrodes 2b and 2a, between which the first separator 2cc 1s
disposed, has the N/P ratio less than 1. Accordingly, the first
separator 2cc 1s designed to be greater than the second sepa-
rator 2c.

That 1s, 1n the unrolled state of the roll electrode assembly
as shown 1n FIG. 4, the first and second separators 2cc and 2c,
which have a different thickness, are alternately disposed
between the positive and negative electrodes 2a and 2b. Par-
ticularly, 1t 1s shown that the thickness of the first separator
2cc 1s greater than that of the second separator 2¢. The thick-
ness of the first separator 1s 2-3 times that of the second
separator. More preferably, the thickness of the first separator
1s about 30-45 um, while the thickness of the second separator
1s about 135-23 um.

In the straight portion St of the roll electrode assembly
which has no portion having [the] @ N/P ratio less than 1, the
thickness of the first separator 2cc may be equal to that of the
second separator 2c.
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Accordingly, the cross-sectional distance cut between
adjacent positive and negative [electrode] electrodes where
the N/P ratio 1s less than 1 becomes longer due to the thicker
separator 2cc. As the result, even when the metal oxide mate-
rial is precipitated and is grown due to the [length] difference
in local length between the positive and negative electrodes at
the curved portion of the roll electrode assembly, the precipi-
tated metal oxide material can not penetrate the separator 2cc
and make contact with the positive electrode, thereby prevent-
ing [the] a short circuit and ar explosion of the battery.

It 1s to be understood that the form of the invention shown
and described 1s to be taken as exemplary, presently preferred
embodiments. Various modifications and changes may be
made without departing from the sprit and scope of the inven-
tion as set forth 1n the claims. It 1s intended that the following
claims be interpreted to embrace all such modifications and
changes.

For example, the concept of the present invention may be
applied to cylindrical type batteries that also have the N/P
ratio less than 1 between the positive and negative electrodes.

What 1s claimed 1s:

1. A roll electrode assembly of a secondary battery, com-
prising:

a positive electrode deposited with a positive active mate-

rial;

a negative electrode deposited with a negative active mate-
rial [and] adjacent to the positive electrode; and

successive turns of a separator disposed between the posi-
tive and negative electrodes, the successive turns having
alternately different thicknesses,

wherein|, the] adjacent positive and negative electrodes
have variable negative-to-positive active material [ratio]
capacity ratios, and a thickness of the separator disposed
between a portion of the adjacent positive and negative
clectrodes where the negative-to-positive active material
capacity ratio is less than 1 is greater than [that] a thick-
ness of [the] [other] another portion where the capacity
ratio is higher than 1.

2. A roll electrode assembly of a secondary battery, com-

prising;:

a positive electrode rolled having a plurality of turns;

a negative electrode rolled having a plurality of turns, each
turn of the negative electrode being adjacent to each turn
of the positive electrode; and

first and second separators each rolled to have a plurality of
turns, each turn of the first separator being disposed
between each outer surface of the turns of the negative
clectrode and each inner surface of the turns of the
positive electrode, and each turn of the second separator
being disposed between each outer surface of the turns
of the positive electrode and each inner surface of the
turns of the negative electrode,

wherein the thickness of the first separator 1s greater than
that of the second separator, and

wherein when the roll electrode assembly 1s for a battery
having, 1n a cross section, a straight portion and a curved
portion, with the thickness of the first and the second
separators equal in the straight portion.

3. The roll electrode assembly of claim 2 wherein the
thickness of the first separator 1s 2-3 times that of the second
separator.

4. The roll electrode assembly of claim 2 wherein the
thickness of the first separator 1s about 30-45 um.

5. The roll electrode assembly of claim 2 wherein the
thickness of the second separator about 15-23 um.

6. A roll electrode assembly of a secondary battery, com-
prising:



US RE43,241 E

S

a positive electrode deposited with a positive active mate-
rial;

anegative electrode deposited with a negative active mate-
rial [and] adjacent to the positive electrode;

a first separator disposed between the positive and negative
electrodes; and

a second separator disposed between the positive and nega-
tive electrodes|, wherein,];

the adjacent positive and negative electrodes [have] having
variable negative-to-positive active material [ratio]
capacity ratios, and the first and second separators hav-
ing diffevent thicknesses, with a thickness of the first
separator disposed between a portion of the adjacent
positive and negative electrodes where the negative-to-
positive active material capacity ratio is less than 1 [is]
being greater than [that of] a thickness of the second
separator disposed between a portion of the adjacent
positive and negative electrodes where the negative-to-
positive active material capacity ratio 1s higher than 1.

7. The roll electrode assembly of claim 6 wherein the

thickness of the first separator 1s 2-3 times that of the second

separator.

8. The roll electrode assembly of claim 6 wherein the

thickness of the first separator 1s about 30-45 um.

9. The roll electrode assembly of claim 6 wherein the

thickness of the second separator 1s about 15-23 um.

10. A voll electrode assembly of a secondary battery, com-

prising:

a positive electrode volled into a plurality of turns;

a negative electrode volled into a plurality of turns, each
turn of the negative electrode being adjacent to each
turn of the positive electrode; and

first and second separators each rolled to have a plurality
of turns, each turn of the first separator being disposed

between a corresponding neighboring outer surface of

the turns of the negative electrode and a corresponding
neighboring inner surface of the turns of the positive
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electrode, and each turn of the second separator being
disposed between a corresponding neighboring outer
surface of the turns of the positive electrode and a cor-
responding neighboring inner surface of the turns of the
negative electrode;

a thickness of the first separator being greater than a
thickness of the second separator in a curved portion of
a cross-section of the secondary battery, and the thick-
nesses of the first and the second separators being equal
in a straight portion of the cross-section of the second-
ary battery.

11. A roll electrode assembly of a secondary battery, com-

prising:

a positive electrode deposited with a positive active mate-
rial;

a negative electrode deposited with a negative active mate-
rial neighboring the positive electrode;

a first separator disposed between the positive and nega-
tive electrodes; and

a second separator disposed between the positive and
negative electrodes;

adjacent positive and negative electrodes having variable
negative-to-positive active matevial capacity ratios, and
the first and the second separvators having diffevent thick-
nesses alternately positioned between the positive and
negative electrvodes, with a thickness of the first separa-
tor disposed between a portion of the adjacent positive
and negative electrodes where the negative-to-positive
active material capacity ratio is less than 1 being
greater than a thickness of the second separator dis-
posed between a portion of the adjacent positive and
negative electrodes wherve the negative-to-positive
active material capacity vatio is higher than 1; and

the thicknesses of the first and the second separators being
equal in a straight portion of a cross-section of the
secondary battery.
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