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COMPOSITE MATERIAL TAPE FOR LITHIUM 
SECONDARY BATTERY AND LITHIUM 

SECONDARY BATTERY USING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to and the bene?t 
of Korean Patent Application Nos. 10-2004-0076136 ?led 
Sep. 22, 2004, 10-2004-0076137 ?led Sep. 22, 2004, and 
10-2005-0045758 ?led May 30, 2005 in the Korean Intel 
lectual Property Of?ce, the entire contents of Which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a composite mate 
rial tape and a lithium secondary battery using the same. 
More particularly, the present invention relates to a com 
posite material tape comprising an organic element and an 
inorganic element, and having improved adiabatic and heat 
resistant characteristics. 

BACKGROUND OF THE INVENTION 

[0003] In general, unlike primary batteries, secondary 
batteries are rechargeable, enabling repeated charge and 
discharge cycles. Secondary batteries are extensively used in 
advanced electronic appliances, such as cellular phones, 
notebook computers and camcorders. 

[0004] Secondary batteries are classi?ed into lithium sec 
ondary batteries, NiiCd batteries, and Ni-MH batteries. In 
particular, lithium secondary batteries operate at voltages of 
about 3.7 V, a voltage three times greater than that of 
Ni4Cd batteries and Ni-MH batteries, Which are used as 
poWer sources for portable electronic appliances. In addi 
tion, lithium secondary batteries have high energy density 
per unit Weight. For these reasons, lithium ion secondary 
batteries are being increasingly used in ?elds of advanced 
electronic technology. 

[0005] Lithium secondary batteries are classi?ed accord 
ing to the type of electrolyte used. Lithium ion batteries use 
liquid electrolytes and lithium polymer batteries use poly 
mer electrolytes. In addition, lithium secondary batteries can 
be manufactured in various shapes, for example cylinders 
and pouches. 

[0006] Since lithium secondary batteries have high energy 
densities relative to other secondary batteries, electric and 
thermal insulation of the positive electrode from the nega 
tive electrode is very important. A typical electrode assem 
bly in a lithium secondary battery includes a positive elec 
trode plate, a negative electrode plate and a separator, Which 
are Wound to form a jelly-roll structure. The separator is 
positioned betWeen the positive and negative electrode 
plates to insulate the positive electrode plate from the 
negative electrode plate. In addition, an electrode tab is 
connected to and extends from the electrode assembly and 
comprises an insulation tape for electrically insulating the 
electrode tab from the electrode assembly, the can, or the cap 
assembly. 
[0007] The higher energy densities of lithium secondary 
batteries may cause heat-generation in the lithium secondary 
batteries during charging and discharging. In particular, heat 
is generated in a lithium secondary battery if the lithium 
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secondary battery is overcharged, over-discharged or if the 
battery short circuits. Generally, the negative electrode plate 
is separated from the positive electrode plate such that an 
electrochemical reaction may occur betWeen the electrode 
plates through the separator. Thus, the electrode assembly 
generates a large amounts of heat. In particular, the section 
of the electrode assembly to Which the electrode plate and 
the electrode tab are Welded contacts different metals, caus 
ing the internal resistance in the section to increase, thereby 
generating large amounts of heat. For this reason, an insu 
lation tape comprising resin is attached to the section 
betWeen the electrode tab and the separator to prevent 
damage to the separator from the heat. 

[0008] As the capacity of the lithium secondary battery 
increases, so does the energy density. Thus, heat may 
frequently be generated in the lithium secondary battery, 
causing battery malfunction, such as a short circuit. Since 
the insulation tape or the adiabatic tape used for electrical or 
thermal insulation mainly comprises organic materials, such 
as PI (polyimide), PET (polyethyleneterephthalate) or PP 
(polypropylene), the heat generated in the lithium secondary 
battery may decrease the thermal or electric insulation 
characteristics of the insulation tape. 

SUMMARY OF THE INVENTION 

[0009] The present invention is directed to a composite 
material tape and a lithium secondary battery using the 
same. The composite material tape comprises an organic 
element and an inorganic element, and has improved insu 
lation and heat-resistant characteristics. 

[0010] According to one embodiment of the present inven 
tion, a composite material tape for a lithium secondary 
battery comprises an organic base and at least one inorganic 
element dispersed in the organic base. The composite mate 
rial tape further comprises an adhesive layer on at least one 
surface. The organic base may comprise a material selected 
from the group consisting of PI, PET, PP, PPS, PE, PPE and 
mixtures thereof. The inorganic element is selected from the 
group consisting of oxides and nitrides. The oxides are 
selected from the group consisting of A1203, TiO2, ZrO2, 
SiO2, MnO2, MgO and mixtures thereof, and the nitrides are 
selected from the group consisting of Si3N4, BN and mix 
tures thereof. 

[0011] The inorganic element takes a shape selected from 
the group consisting of spheres, Whiskers or plates. When 
the inorganic element takes the shape of a sphere or Whisker, 
the diameter of the element is less than half the thickness of 
the composite material tape. When the inorganic element 
takes the shape of a plate, the thickness of the plate is less 
than half the thickness of the composite material tape. 

[0012] In one embodiment, the composite material tape 
contains from about 20 to about 80 Weight percent inorganic 
elements, and contains from about 20 to about 80 volume 
percent inorganic elements. Alternatively, the composite 
material tape contains from about 20 to about 50 volume 
percent inorganic elements. The composite material tape has 
a thickness of about 5 to about 200 pm. 

[0013] According to another embodiment of the present 
invention, a lithium secondary battery comprises an elec 
trode assembly including ?rst and second electrode plates 
and a separator for insulating the ?rst electrode plate from 
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the second electrode plate. The battery further comprises an 
insulation tape for covering at least one of the electrode tabs, 
Which are attached to the electrode plates, and extend from 
the electrode assembly. The insulation tape comprises a 
composite material tape having an organic base and an 
inorganic element. 

[0014] According to still another embodiment of the 
present invention, a lithium secondary battery comprises an 
electrode assembly including a ?rst electrode plate having a 
?rst electrode collector and a second electrode plate having 
a second electrode collector. The ?rst electrode collector 
comprises a coated region and an uncoated region. The 
second collector also has a coated region and an uncoated 
region. The electrode assembly further comprises a separa 
tor for insulating the ?rst electrode plate from the second 
electrode plate, and ?rst and second electrode tabs attached 
to the uncoated regions of the ?rst and second electrode 
plates, respectively. In addition, the electrode assembly 
comprises an insulation tape adhered to a portion of the 
separator corresponding to the uncoated region of the second 
electrode collector. The tape is also adhered to the portion of 
the coated region bordering the uncoated region. The ?rst 
electrode, second electrode and the separator are Wound to 
form the electrode assembly. The insulation tape includes a 
composite material tape having an organic base and an 
inorganic element. 

[0015] The lithium secondary battery further includes an 
insulation tape adhered to a portion of the separator corre 
sponding to the uncoated region of the ?rst electrode col 
lector. The tape is also adhered to the portion of the coated 
region bordering the uncoated region. The insulation tape is 
adhered to a portion of the separator that does not contact the 
uncoated region of the second electrode collector. 

[0016] According to still yet another embodiment of the 
present invention, a pouch type secondary battery comprises 
a pouch, an electrode assembly contained in the pouch, and 
?rst and second electrode tabs extending from the electrode 
assembly out the pouch. A protective circuit module is 
electrically connected to the electrode assembly and aligned 
adjacent to the ?rst and second electrode tabs. An adiabatic 
tape having a predetermined siZe and thickness is attached 
betWeen the electrode assembly and the protective circuit 
module to ?x the protective circuit module to the electrode 
assembly. The adiabatic tape comprises a composite material 
tape having an organic base and an inorganic element. 

[0017] According to another alternative embodiment of 
the present invention, a pack type secondary battery com 
prises a can and an electrode assembly contained in the can. 
The electrode assembly has a positive electrode plate, a 
negative electrode plate and a separator. An electrolyte 
injected into the can. A protective circuit module is electri 
cally connected to the electrode assembly. The battery 
further comprises a container for containing the can, the 
container comprising ?rst and second cases. An adhesive 
tape is positioned betWeen the can and either the ?rst or 
second case to ?x the can to the inner surface of the 
container. The adhesive tape comprises a composite material 
tape as described above, and includes A1203 as an inorganic 
element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and other features and advantages of the 
present invention Will become more apparent With reference 
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to the folloWing detailed description When considered in 
conjunction With the accompanying draWings, in Which: 

[0019] FIG. 1 is a cross-sectional vieW of a composite 
material tape according to one embodiment of the present 
invention; 
[0020] FIG. 2 is a schematic perspective vieW of a can 
type lithium secondary battery according to one embodiment 
of the present invention; 

[0021] FIG. 3a is a side vieW of an unWound electrode 
assembly according to one embodiment of the present 
invention; 
[0022] FIG. 3b is a bottom vieW of a ?rst electrode plate 
of the electrode assembly of FIG. 3a; 

[0023] FIG. 4 is a plan vieW of the electrode assembly of 
FIG. 3a, shoWn after Winding; 

[0024] FIG. 5 is a plan vieW of a Wound electrode 
assembly according to another embodiment of the present 
invention; 
[0025] FIG. 6 is a side vieW of an unWound electrode 
assembly according to another embodiment of the present 
invention; 
[0026] FIG. 7a is a side vieW of a ?rst electrode plate 
according to one embodiment of the present invention; 

[0027] FIG. 7b is a plan vieW of the ?rst electrode plate 
of FIG. 7a; 

[0028] FIG. 8 is a side vieW of an unWound electrode 
assembly according to another embodiment of the present 
invention; 
[0029] FIG. 9a is a schematic perspective vieW of a pouch 
type lithium secondary battery according to one embodiment 
of the present invention; 

[0030] FIG. 9b is a cross-sectional vieW of the pouch type 
lithium secondary battery of FIG. 9a; 

[0031] FIG. 90 is a close-up vieW of regionA of FIG. 9a; 

[0032] FIG. 10a is a perspective vieW of a pouch type 
lithium secondary battery according to one embodiment of 
the present invention; 

[0033] FIG. 10b is a partial cross-sectional vieW of the 
pouch type lithium secondary battery of FIG. 10a; and 

[0034] FIG. 11 is a schematic perspective vieW of a pack 
type lithium secondary battery according to one embodiment 
of the present invention. 

DETAILED DESCRIPTION 

[0035] Exemplary embodiments of the present invention 
Will noW be described With reference to the accompanying 
draWings. In the folloWing description and draWings, like 
reference numerals are used to designate like components in 
order to avoid repetitive descriptions of same or similar 
components. 

[0036] FIG. 1 is a cross-sectional vieW of a composite 
material tape 10 according to one embodiment of the present 
invention. As shoWn, the composite material tape 10 
includes an organic base 12 and a plurality of plate shaped 
inorganic elements 14 dispersed in the organic base 12. The 
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composite material tape 10 is fabricated by mixing the 
organic base 12, Which has a relatively loW melting point, 
With the inorganic elements 14, Which have relatively high 
melting points. Composite material tapes having this com 
position maintain their insulative and adiabatic characteris 
tics as Well as their shapes under high temperature condi 
tions because the inorganic elements 14 remain intact even 
if the organic base 12 melts. Accordingly, When compared to 
a tape comprising only the organic base, the composite 
material tape 10 imparts improved insulative and adiabatic 
characteristics under high temperature conditions. 

[0037] In addition, the composite material tape 10 may 
further comprise an adhesive layer 16 on at least one of its 
surfaces. The adhesive layer 16 is formed by applying 
adhesives to the desired surface of the composite material 
tape 10. The adhesive layer 16 alloWs the composite material 
tape 10 to adhere to a desired place. The adhesive layer can 
be omitted because the composite material tape can gener 
ally be adhered to the desired place by application of 
pressure and heat. HoWever, When pressure and heat cannot 
be applied, the adhesive layer is formed on at least one 
surface of the composite material tape 10. 

[0038] The composite material tape 10 is generally plate 
shaped and can have various thicknesses and siZes depend 
ing on the desired function of the composite material tape 
10. For instance, the composite material tape 10 can be used 
as an insulation tape and attached to an electrode tab, Which 
is Welded to an uncoated region of an electrode plate to 
prevent heat from transferring to the separator. When the 
composite material tape 10 is used in this manner, it has a 
thickness ranging from about 5 to about 200 um. If the 
thickness of the composite material tape 10 is less than 5 pm, 
the insulative and adiabatic characteristics of the composite 
material tape 10 deteriorate. In addition, if the thickness of 
the composite material tape 10 exceeds 200 pm, the thick 
ness of the portion of the electrode assembly to Which the 
tape is attached may increase. 

[0039] In one embodiment, the composite material tape 10 
contains from about 20 to about 80 Weight percent inorganic 
elements 14. If the composite material tape 10 contains less 
than 20 Weight percent inorganic elements 14, the inorganic 
elements 14 may not support the structure of the composite 
material tape 10 When the organic base 12 melts. In addition, 
if the composite material tape 10 contains more than 80 
Weight percent inorganic elements 14, particles of the inor 
ganic elements 14 may protrude from the surface of the 
composite material tape 10, giving the composite material 
tape 10 an uneven shape and decreasing the strength of the 
tape. 
[0040] In addition, the composite material tape 10 com 
prises from about 20 to about 80 volume percent inorganic 
elements 14. Alternatively, the tape 10 comprises from about 
20 to about 50 volume percent inorganic elements 14. If the 
composite material tape 10 contains less than about 20 
volume percent inorganic elements 14, the inorganic ele 
ments 14 may not support the structure of the composite 
material tape 10 When the organic base 12 melts. In addition, 
1f the composite material tape 10 contains more than 80 
volume percent inorganic elements 14, the composite mate 
rial tape 10 takes an uneven shape. 

[0041] A ratio of the inorganic elements to the organic 
base can vary depending on the desired application and 
function of the composite material tape 10. 
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[0042] The organic base 12 of the composite material tape 
10 determines tensile strength, elongation and mechanical 
properties of the composite material tape 10. In addition, the 
organic base 12 determines the adiabatic and heat-resistant 
characteristics of the composite material tape 10 under 
relatively loW temperatures, in Which the organic base 12 
does not melt. Accordingly, the organic base 12 comprises a 
material having physical properties adapted to the desired 
application of the composite material tape 10. Also, since the 
organic base 12 contacts the electrolyte in the secondary 
battery, the organic base 12 comprises a material With good 
resistance to the electrolyte. For example, the organic base 
12 can comprise a material selected from the group consist 
ing of PI (polyimide); PET (polyethyleneterephthalate), PP 
(polypropylene), PE (polyethylene), PPS (polyphenylene 
sul?de), PE (polyethylene), PPE (polyphenyleneether) and 
mixtures thereof. 

[0043] The inorganic elements 14 are formed into a poW 
der and dispersed in the organic base 12 of the composite 
material tape 10. The inorganic element poWder maintains 
the insulative and adiabatic characteristics of the composite 
material tape 10 under high temperature conditions. 

[0044] In addition, the inorganic elements 14 comprise 
non-conductive materials having high melting points, such 
as non-metallic materials. For example, the inorganic ele 
ments 14 can comprise oxides selected from the group 
consisting of A1203, TiO2, ZrO2, SiO2, MnO2, MgO and 
mixtures thereof, or nitrides selected from the group con 
sisting of Si3N4, BN and mixtures thereof. The inorganic 
elements 14 comprise materials having properties adapted 
for the desired function and application of the composite 
material tape 10. For instance, the composite material tape 
10 can be used as an insulation tape attached to an electrode 
tab extending from the pouch of a pouch type secondary 
battery. When used in this manner, the tape 10 insulates the 
electrode tab from the pouch, and the inorganic elements 14 
comprise A1103, Which has good conductive and insulative 
characteristics. 

[0045] The particles of the inorganic element poWder 
dispersed in the organic base 12 can take a variety of shapes, 
such as spheres, Whiskers or plates. In addition, the inor 
ganic elements 14 are siZed to correspond to the thickness of 
the composite material tape 10. For instance, When the 
inorganic elements 14 are spherical in shape, they have 
diameters smaller than half the thickness of the composite 
material tape 10. In another embodiment, the spherical 
inorganic elements 14 have diameters smaller than 1/10 the 
thickness of the composite material tape 10. Also, When the 
inorganic elements 14 are plate or Whisker shaped, the 
inorganic elements 14 have thicknesses smaller than half the 
thickness of the composite material tape 10. In another 
embodiment, the plate or Whisker shaped inorganic elements 
14 have thicknesses smaller than 1/10 the thickness of the 
composite material tape 10. If the diameters or thicknesses 
of the inorganic elements 14 are larger than half the thick 
ness of the composite material tape 10, the composite 
material tape 10 has an irregular surface, resulting in a 
decrease in the adhesive force of the composite material tape 
10. If the diameters or thicknesses of the inorganic elements 
14 are larger than half the thickness of the composite 
material tape 10, the inorganic elements 14 must be aligned 
in the organic base 12 to prevent them from protruding from 
the surface of the composite material tape 10. If the adhesive 
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force of the composite material tape 10 is decreased due to 
an irregular surface, the composite material tape 10 may 
repeatedly shrink and expand during charging and discharg 
ing of the lithium secondary battery. This may cause the 
composite material tape 10 to separate from its desired 
position. In addition, if the composite material tape 10 
having an irregular surface is applied betWeen the electrode 
tab and the pouch of a pouch type lithium secondary battery, 
the sealing force of the composite material tape 10 is 
decreased. 

[0046] Applications of the composite material tape 
according to the present invention Will noW be described 
relative to uses in different lithium secondary batteries For 
example, in a can type lithium secondary battery, the com 
posite material tape may be attached to an electrode tab and 
coupled to the electrode assembly. Alternatively, the tape 
can be applied to a portion of the coated region of an 
electrode plate of electrode assembly. In another alternative, 
the tape may be applied to both ends of the separator of the 
electrode assembly. 

[0047] Similarly, in a pouch type lithium secondary bat 
tery, the composite material tape may be attached to a 
portion of an electrode tab that extends from pouch. Alter 
natively, the tape can be attached betWeen the pouch and 
protective circuit module. 

[0048] As shoWn in FIG. 2, a lithium secondary battery 
includes an electrode assembly 100, a can 160 for containing 
the electrode assembly 100, and a cap assembly 170 for 
sealing an opening 16011 of the can 160. The can 160 
comprise a metallic material and has a rectangular or square 
shape. In one embodiment, the can 160 comprises a light 
Weight metal having good erosion resistance. One nonlim 
iting example of such a metal is aluminum. The can 160 
comprises an opening 16011, through Which the electrode 
assembly 100 is inserted into the can 160. The cap assembly 
170 seals the opening 16011 of the can 160. The opening 
16011 of the can 160 is sealed after an electrolyte has been 
injected into the can 160. The can 160 acts as a terminal and 
is electrically connected to a positive electrode tab or a 
negative electrode tab of the electrode assembly 160 through 
the cap assembly 170. 

[0049] The cap assembly 170 includes a cap plate 171, an 
insulation plate 172, a terminal plate 173 and an electrode 
terminal 174. The cap assembly 170 is coupled to a separate 
insulation case 179 and ?tted over the opening 16011 of the 
can 160 to seal the can 160. The electrode terminal 174 is 
connected to a ?rst electrode tab 146 of the electrode 
assembly 100. HoWever, the electrode terminal 174 can be 
connected to a second electrode tab 136, instead of the ?rst 
electrode tab 146, depending on the structure of the lithium 
secondary battery. 

[0050] As shoWn in FIGS. 3a, 3b and 4, the electrode 
assembly 100 includes a ?rst electrode plate 140, a second 
electrode plate 130 and a separator 150 positioned betWeen 
the ?rst and second electrode plates 140 and 130. The ?rst 
and second electrode plates 130 and 140, respectively, and 
the separator are Wound to form a jelly-roll type electrode 
assembly. As described, the ?rst electrode plate 140 is a 
negative electrode plate and the second electrode plate 130 
is a positive electrode plate. HoWever, the ?rst electrode 
plate 140 can also be a positive electrode plate and the 
second electrode plate 130 a negative electrode plate. 
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[0051] In addition, the ?rst electrode tab 146 is Welded to 
the ?rst electrode plate 140 at a position on the inner 
periphery of the electrode assembly 100, and extends from 
the electrode assembly 100. The second electrode tab 136 is 
Welded to the second electrode plate 130 at a position on the 
outer periphery of the electrode assembly 100, an extends 
from the electrode assembly 100. As used, the inner periph 
ery of the electrode assembly 100 is located near the center 
of the Wound electrode assembly 100, and the outer periph 
ery of the electrode assembly 100 is located near the edge of 
the Wound electrode assembly 100. 

[0052] The ?rst electrode plate 140 includes a ?rst elec 
trode collector 142, a coated region 144, and a ?rst electrode 
tab 146. The ?rst electrode plate 140 also includes a ?rst 
adiabatic plate 120 comprising a composite material tape. 

[0053] The ?rst electrode collector 142 comprises thin 
copper foil, and the coated region 144 comprises carbon 
materials coated on both sides of the ?rst electrode collector 
142. In addition, the ?rst electrode collector has an uncoated 
region 143, in Which no carbon materials are coated on the 
?rst electrode collector 142. 

[0054] The ?rst electrode tap 146 can comprise nickel or 
a nickel alloy. The ?rst electrode tab 146 is ?xed to the 
uncoated region 143 of the ?rst electrode collector 142 by 
ultrasonic Welding such that the ?rst electrode tab 146 is 
positioned at an inner periphery of the Wound electrode 
assembly 100. The ?rst electrode tab 146 extends from the 
?rst electrode collector 140 such that it extends out of the 
Wound electrode assembly 100. 

[0055] The ?rst adiabatic plate 120 is attached to the 
uncoated region 143 of the ?rst electrode collector 142 and 
is attached to a side of the collector opposite the side to 
Which the ?rst electrode tab 146 is Welded. The area of the 
?rst adiabatic plate Which contacts the ?rst electrode col 
lector 142 is greater than the area of the electrode tab 146 
Which contacts the collector. 

[0056] The ?rst electrode adiabatic plate 120 comprises 
the composite material tape 10 described above, and has 
good thermal insulation and heat-resistant characteristics. 
The ?rst electrode adiabatic plate 120 is positioned on the 
uncoated region 143 of the ?rst electrode collector 142 on a 
side of the collector opposite the side to Which the ?rst 
electrode tab 146 is Welded, thereby shielding from the heat 
generated by the ?rst electrode tab 146. The heat generated 
from the ?rst electrode tap 146 is therefore not transferred to 
the separator 150 and the second electrode plate 130. Gen 
erally, a large amount of heat is generated from the section 
of the electrode plate to Which the electrode tab is Welded. 
In particular, the section betWeen the ?rst electrode tab 146 
and the ?rst electrode plate 140, Which is the negative 
electrode plate, generates the greatest amount of heat in the 
electrode assembly 100. Since the ?rst adiabatic plate 120 is 
positioned in the inner periphery of the electrode assembly 
100, a relatively great amount of heat is applied to the ?rst 
adiabatic plate 120. Accordingly, the ?rst adiabatic plate 120 
contains a large amount of inorganic materials in order to 
maintain the desired characteristics under the high tempera 
ture conditions. 

[0057] The ?rst adiabatic plate 120 comprises the com 
posite material tape 10, and can therefore maintain its shape 
even When the organic base 12 melts due to the heat 
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generated from the ?rst electrode tab 146. Accordingly, the 
?rst adiabatic plate 120 may perform the adiabatic function 
by preventing heat from being transferred to the separator 
150. 

[0058] The second electrode plate 130 comprises a second 
electrode collector 132 including a coated region 134, and a 
second electrode tab 136. The second electrode collector 132 
comprises thin aluminum foil and the coating region 134 is 
coated on both sides With lithium-based oxides. In addition, 
the second electrode collector 132 comprises an uncoated 
region 133, on Which no lithium-based oxides are coated. 

[0059] The second electrode tab 136 is ?xed to the 
uncoated region 133 located at one end of the second 
electrode collector 132 by ultrasonic Welding or laser Weld 
ing. The second electrode tab 136 extends from the second 
electrode collector 132. The second electrode tab 136 com 
prises nickel or a nickel alloy. 

[0060] FIG. 5 illustrates an alternative electrode assem 
bly. As shoWn in FIG. 5, the electrode assembly 400 
includes a ?rst electrode plate 440, a second electrode plate 
430, and a separator 450 positioned betWeen the ?rst and 
second electrode plates 440 and 430. The ?rst and second 
electrode plates 440 and 430, respectively, and the separator 
450 are Wound to form a jelly-roll type electrode assembly. 
The ?rst electrode plate 440 and the second electrode plate 
430 include ?rst and second adiabatic plates 420 and 422, 
respectively. The ?rst and second adiabatic plates 420 and 
422, respectively, are attached to the electrode collectors on 
the sides of the collectors opposite the sides to Which the 
electrode tabs are attached. 

[0061] The second electrode tab 436 is positioned at an 
outer periphery of the Wound electrode assembly 400, so that 
the heat generated in the electrode assembly 400 is trans 
ferred to the can. HoWever, if heat is rapidly generated in the 
electrode assembly 400, some of that heat may be trans 
ferred to the separator 450 and to the ?rst electrode plate 
440, thereby damaging the separator 450. The second adia 
batic plate 422 is provided to prevent this from occurring. 
The second electrode tab 136 is positioned at the outer 
periphery of the electrode assembly 400 and may generate a 
smaller amount of heat Which is easily released. Therefore, 
the second adiabatic plate 422 can be thinner than the ?rst 
electrode adiabatic plate 420. 

[0062] FIG. 6 illustrates another embodiment of the 
present invention. As shoWn in FIG. 6, the electrode assem 
bly 500 includes a ?rst electrode plate 540, a second 
electrode plate 530, and a separator 550 positioned betWeen 
the ?rst and second electrode plates 540 and 530. The ?rst 
electrode plate 540 and the second electrode plate 530 
include ?rst and second insulation plates 525 and 527, 
respectively, attached to the ?rst and second electrode tabs 
546 and 536, respectively. The ?rst and second insulation 
plates 525 and 527 each comprise the composite material 
tape 10 described above. The ?rst insulation plate 525 is 
positioned on the ?rst electrode plate 540 covering the ?rst 
electrode tab 546. Similarly, the second insulation plate 27 
is positioned on the second electrode plate 530 covering the 
second electrode tab 546. 

[0063] The ?rst and second electrode tabs 546 and 536 are 
fabricated by cutting a metal plate using a press. Conse 
quently, burrs may be formed along the edges of the metal 
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plate. These burrs may damage the separator 550 during 
Winding. In addition, the burrs may puncture the separator 
550, causing a short circuit betWeen the ?rst and second 
electrode plates 540 and 530. For this reason, the ?rst and 
second insulation plates 525 and 527 are attached over the 
?rst and second electrode tabs 546 and 536, thereby pre 
venting exposure of the burrs and preventing damage to the 
separator 550. In addition, the ?rst and second insulation 
plates 525 and 527 may prevent heat from being transferred 
to the separator 550, thereby preventing the separator 550 
from melting or shrinking. 

[0064] FIGS. 7a and 7b illustrate another embodiment of 
the present invention. Although FIGS. 7a and 7b shoW only 
the ?rst electrode plate, it is understood that the insulation 
layer can be formed on both the ?rst and second electrode 
plates. 

[0065] The ?rst electrode plate 640 includes a ?rst elec 
trode collector 642 including a coated region 644 on at least 
one surface of the ?rst electrode collector 642, an uncoated 
region 643 on the ?rst electrode collector 642, and an 
insulation tape 625 attached to a protrusion 145 on the 
coated region 644. In addition, a ?rst electrode tab 646 is 
positioned on one side of the uncoated region 643. Although 
FIGS. 7a and 7b illustrate a coated region 644 on only one 
surface of the ?rst electrode collector 642, it is understood 
that coated region can be on both surfaces of the ?rst 
electrode collector 642. 

[0066] The insulation tape 625 comprises the composite 
material tape 10 described above. Since the insulation tape 
625 should exhibit improved insulation characteristics under 
high temperature conditions, the Weight ratio of the inor 
ganic elements to the organic base of the composite material 
tape 10 is increased. The insulation tape 625 is siZed and 
shaped to correspond to the siZe and shape of the protrusion 
645. In one embodiment, for example, the insulation tape 
625 covers the entire area of the protrusion 645. The 
insulation tape 625 is attached to the protrusion 645 to 
prevent the separator from being damaged by the protrusion 
645 during Winding of the electrode assembly. 

[0067] The protrusion 645 is formed When the carbon 
materials are coated on the ?rst electrode collector 142 to 
form the coated region 144. The protrusion 645 can form at 
both ends of the coating region 144 of the ?rst electrode 
collector 142 due to slurry lumps. When pressure is applied 
to the electrode assembly during Winding, the pressure is 
partially concentrated on the protrusion 645. As a result, the 
protrusion 645 may damage the separator. For this reason, 
the insulation tape 625 covers the protrusion 645, thereby 
preventing the protrusion 645 contacting the separator. 

[0068] FIG. 8 illustrates another embodiment of the 
present invention. As shoWn in FIG. 8, the electrode assem 
bly 700 includes a ?rst electrode plate 740, a second 
electrode plate 730 and a separator 750. The insulation tape 
725 is attached to a portion of the separator 750. 

[0069] The insulation tape 725 has a thickness correspond 
ing to a thickness of the ?rst electrode plate 740 and a Width 
sufficient to cover a portion of the uncoated region 743 of the 
?rst electrode collector 742. The insulation tape 725 com 
prises the composite material tape 10 described above. The 
insulation tape 725 should maintain its shape under high 
temperature conditions to prevent the separator 750 from 
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shrinking. Therefore, the Weight ratio of the organic base to 
the inorganic elements of the composite material tape 10 is 
increased. The insulation tape 725 is attached to a portion of 
the separator 750 such that, upon Winding the electrode 
assembly, the insulation tape 725 contacts an end of the 
uncoated region 743 of the ?rst electrode collector 742. 
Since a separator 750 is positioned on both sides of the ?rst 
and second electrode plates 740 and 730, respectively, an 
insulation tape 725 is attached to one side of each separator 
750. The insulation tape 725 may support the separator 750 
such that the separator 750 does not easily shrink under heat. 
Thus, the separator 750 and insulation tape 725 stably 
insulates the ?rst electrode plate 740 from the second 
electrode plate 730. 

[0070] When the ?rst electrode plate 740 is the negative 
electrode plate, the ?rst electrode tab 746 is the negative 
electrode tab. The negative electrode tab is attached at an 
inner periphery of the electrode assembly, and the section of 
the negative electrode tab 146 that is Welded to the negative 
electrode plate 740 generates the greatest amount of heat in 
the electrode assembly 700. Accordingly, the insulation tape 
725 is attached to the end of the separator 750, Which 
corresponds to the uncoated region 743 of the ?rst electrode 
collector 142. Positioning the insulation tape 725 at this 
location effectively prevents the separator 750 from shrink 
mg. 

[0071] In one embodiment, the insulation tape 725 is 
bonded to a portion of the separator 750 that does not contact 
the uncoated region 733 of the second electrode collector 
732. HoWever, shrinkage of the separator 750 occurs at the 
portion of the separator corresponding to the position of the 
negative electrode tab 746. Accordingly, the insulation tape 
725 is attached to a region of the separator 750 that contacts 
the uncoated region 743 of the ?rst electrode collector 742, 
thereby preventing the separator 750 from directly contact 
ing the uncoated region 743 to Which the ?rst electrode tab 
746 is attached. Thus, the insulation tape 725 effectively 
prevents the heat from being transferred to the separator 750, 
thereby preventing shrinkage of the separator 750. In addi 
tion, the insulation tape 725 may also be attached to a 
portion of the separator 750 that contacts the uncoated 
region 733 of the second electrode collector 732. 

[0072] FIGS. 9a and 9b illustrate a pouch type lithium 
secondary battery 200 according to one embodiment of the 
present invention. As shoWn in FIGS. 9a and 9b, the pouch 
type lithium secondary battery 200 includes a pouch 210 and 
an electrode assembly 230 contained in the pouch 210. 

[0073] The pouch 210 comprises a ?rst region 212 and 
second region 213. The ?rst region 212 is rectangular in 
shape and is foldable relative to the second region 213. In 
addition, the second region 213 has a cavity 216 for con 
taining the electrode assembly 230. The cavity 213 can be 
formed by pressing or the like. In general, the pouch 210 
comprises a metallic foil 214 having polymer ?lms 215 
laminated on both surfaces of the metallic foil 214. Thus, 
When pressure and heat are applied to the pouch 210, the 
polymer layers 215 melted so that the ?rst and second 
regions 212 and 213 are bonded together. 

[0074] The electrode assembly 230 has a multi-layered 
structure including a positive electrode plate 231, a separator 
233 and a negative electrode plate 235. The positive and 
negative electrode plates 213 and 235, respectively, and the 

May 4, 2006 

separator are Wound to form a jelly-roll type electrode 
assembly. The electrode assembly 230 is contained in the 
cavity 216 of the pouch 210. After the electrode assembly 
230 is placed in the cavity 216 of the pouch 210, the ?rst and 
second regions 212 and 213, respectively, are sealed 
together. 

[0075] A positive electrode tab 237 is attached to the 
positive electrode plate 231 and a negative electrode tab 238 
is attached to the negative electrode plate 235. The positive 
electrode tab 237 and the negative electrode tab 238 extend 
out of the pouch 210 and are electrically connected to 
external devices. The positive electrode tab 237 and the 
negative electrode tab 238 extend from the electrode assem 
bly in direction perpendicular to the direction in Which the 
electrode assembly 230 is Wound. 

[0076] Insulation tapes 225 are attached to the portions of 
the electrode tabs 237 and 238 that contact the pouch 210. 
The insulation tapes 225 are attached to the outer surfaces of 
the positive and negative electrode tabs 237 and 238, respec 
tively. When the pouch 210 is heated, the insulation tapes 
225 are also heated, thereby melting the insulation tapes 225 
and laminating the insulation tapes 225 on the outer surfaces 
of the positive and negative electrode taps 237 and 238, 
respectively. Therefore, the insulation tapes 225 insulate the 
portions of the electrode tabs 237 and 238 that extends 
outside the pouch 210. The insulation tapes 225 comprise 
the composite material tape 10 described above. Because the 
pouch 210 is sealed by application of heat and pressure to 
the pouch 210, the insulation tapes 225 should have good 
insulative characteristics under high temperature conditions. 
To that end, the Weight ratio of the inorganic elements to the 
organic base of the composite material tape is increased. 
Accordingly, the inorganic elements in the tape enable the 
insulation tapes 225 to maintain their insulative properties 
under high temperature conditions. After heating and press 
ing the pouch 210, the portions of the electrode tabs 237 and 
238 that contact the pouch are subject to relatively high 
pressure, Which may cause deformation of the polymer ?lms 
215 of the pouch 210 and exposure of the metallic foil 214. 
For this reason, the insulation tapes 225 insulate the metallic 
foil 214 from the positive and negative electrode taps 237 
and 238. 

[0077] FIGS. 10a and 10b illustrate a pouch type lithium 
secondary battery 800 according to another embodiment of 
the present invention. As shoWn in FIGS. 10a and 10b, a 
pouch type lithium secondary battery 800 includes an elec 
trode assembly contained Within a pouch 810, ?rst and 
second electrode tabs 837 and 838, respectively, extending 
from the pouch 810, a protective circuit module 850 elec 
trically connected to the electrode tabs 87 and 838, and an 
adiabatic tape 860 attached betWeen the pouch 810 and the 
protective circuit module 850. 

[0078] The protective circuit module 850 is stably 
mounted on a portion of the pouch 810 and connected to the 
?rst and second electrode tabs 837 and 838. The adiabatic 
tape 860 is plate shaped and is attached betWeen the pouch 
810 and the protective circuit module 850 to ?x the protec 
tive circuit module 850 to the pouch 810. In addition, the 
adiabatic tape 860 prevents heat from being transferred to 
the protective circuit module 850. The adiabatic tape 860 is 
siZed and shaped to correspond to the protective circuit 
module 850. Because the adiabatic tape 860 prevents heat 
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from being transferred to the protective circuit module 850, 
the protective circuit module 850 can function normally in 
relatively loW temperature conditions. The adiabatic tape 
860 comprises the composite material tape 10 described 
above. The adiabatic tape 860 has adhesive layers on both 
surfaces. In addition, When the adiabatic tape 866 is attached 
to a portion of the pouch 210 having a relatively loW 
temperature, the Weight ratio of the organic base to the 
inorganic elements of the tape should be increased. 

[0079] FIG. 11 illustrates a pack type lithium secondary 
battery according to one embodiment of the present inven 
tion. As shoWn in FIG. 11, a pack type lithium secondary 
battery 300 comprises a pack 310, a protective circuit 
module 320, a container 330 and an adhesive tape 370. 

[0080] The pack 310 comprises a can and contains an 
electrode assembly including a positive electrode plate, a 
negative electrode plate and a separator. In addition, the 
pack 310 is sealed after injecting an electrolyte into the can. 
The positive electrode plate and the negative electrode plate 
are electrically connected to the protective circuit module 
320 by lead plates 312 and 314, respectively. The protective 
circuit module 320 comprises a connection terminal 322 for 
connecting the protective circuit module to external devices. 

[0081] The container 330 includes a ?rst case 332 and a 
second case 334. When the ?rst and second cases 332 and 
334 are coupled, they form a cavity. In addition, a terminal 
connection slot 336 is formed in either the ?rst case 332 or 
the second case 334 to expose the connection terminal 322. 
The pack 310 and the protective circuit module 320 are 
stably contained in the container 330. The ?rst case 332 is 
thermally coupled to the second case 334, thereby sealing 
the container 330. 

[0082] The adhesive tape 370 is positioned betWeen the 
second case 334 and the pack 310. Alternatively, the adhe 
sive tape 370 is positioned betWeen the ?rst case 332 and the 
pack 310. The adhesive tape 370 comprises the composite 
material tape 10 described above. The adhesive tape 370 
comprises adhesive layers on both surfaces. In addition, the 
adhesive tape 370 rapidly transfers heat generated from the 
pack 310 to the container 330, thereby preventing the 
temperature of the lithium secondary battery from increasing 
excessively. 
[0083] The inorganic element of the adhesive tape 370 
comprises A1203, Which has excellent thermal conductivity. 
In addition, because the adhesive tape 370 comprises an 
adhesive layer, the main function of the organic base is to 
support the shape of the adhesive tape 370, rather than to act 
as the adhesive. Thus, the Weight ratio of the inorganic 
elements to the organic base should be increased. 

[0084] It is understood that the present invention is not 
limited to the exemplary embodiments described, but 
includes various tapes performing insulative and adiabatic 
functions. In addition, the composite material tape of the 
present invention can be used not only in the square type and 
pouch type lithium secondary batteries described, but also 
for cylindrical and button type lithium secondary batteries 
and primary batteries. 

[0085] As described above, the insulative and adiabatic 
characteristics of the composite material tapes according to 
the present invention do not deteriorate due to the heat 
generated from the lithium secondary battery. Accordingly, 
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the safety of the lithium secondary battery is signi?cantly 
improved. In addition, the composite material tapes retain 
their insulative and adiabatic characteristics sue to the 
inorganic elements in the tapes, Which remain intact even if 
the organic base melts during charging, discharging or short 
circuiting. Thus, the composite material tapes of the present 
invention prevent additional short circuits. 

[0086] Exemplary embodiments of the present invention 
have been described for illustrative purposes only. Those 
skilled in the art Will appreciate that various modi?cations, 
additions and substitutions can be made Without departing 
from the spirit and scope of the invention as disclosed in the 
accompanying claims. 

What is claimed is: 
1. A composite material tape for a lithium secondary 

battery, the composite material tape comprising: 

an organic base; and 

at least one inorganic element dispersed in the organic 
base. 

2. The composite material tape as claimed in claim 1, 
further comprising at least one adhesive layer. 

3. The composite material tape as claimed in claim 1, 
Wherein the organic base comprises a material selected from 
the group consisting of polyimide (PI), polyethylenetereph 
thalate (PET), polypropylene (PP), polyphenylene sul?de 
(PPS), polyethylene (PE) and polyphenyleneether (PPE). 

4. The composite material tape as claimed in claim 1, 
Wherein the inorganic element comprises a material selected 
from the group consisting of oxides and nitrides, Wherein the 
oxide is selected from the group consisting of A1203, TiO2, 
ZrO2, SiO2, MnO2 and MgO and mixtures thereof, and the 
nitride is selected from the group consisting of Si3N4, BN 
and mixtures thereof. 

5. The composite material tape as claimed in claim 1, 
Wherein the inorganic element has a shape selected from the 
group consisting of spheres, Whiskers and plates. 

6. The composite material tape as claimed in claim 5, 
Wherein a diameter of a spherical inorganic element is less 
than half a thickness of the composite material tape, and 
Wherein a thickness of a Whisker shaped or plate shaped 
inorganic element is less than half the thickness of the 
composite material tape. 

7. The composite material tape as claimed in claim 1, 
Wherein the composite material tape comprises from about 
20 to about 80 Weight percent inorganic elements. 

8. The composite material tape as claimed in claim 1, 
Wherein the composite material tape comprises from about 
20 to about 80 volume percent inorganic elements. 

9. The composite material tape as claimed in claim 8, 
Wherein the composite material tape comprises from about 
20 to about 50 volume percent inorganic elements. 

10. The composite material tape as claimed in claim 1, 
Wherein the composite material tape has a thickness of about 
5 to about 200 um. 

11. A lithium secondary battery comprising: 

an electrode assembly comprising: 

a ?rst electrode plate having a ?rst electrode collector, 
the ?rst electrode collector comprising a coated 
region and an uncoated region; 
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a second electrode plate having a second electrode 
collector, the second electrode collector comprising 
a coated region and an uncoated region, and 

a separator positioned betWeen the ?rst and second 
electrode plates; 

a ?rst electrode tab attached to a ?rst surface of the 
uncoated region of the ?rst electrode collector; 

a second electrode tab attached to a second surface of the 
uncoated region of the second electrode collector, 

a ?rst adiabatic plate attached to a second surface of the 
uncoated region of the ?rst electrode collector, Wherein 
the ?rst adiabatic plate comprises an organic base and 
at least one inorganic element dispersed in the organic 
base. 

12. The lithium secondary battery as claimed in claim 11, 
further comprising a second adiabatic plate attached to a 
second surface of the uncoated region of the second elec 
trode collector, Wherein the second adiabatic plate comprises 
an organic base and at least one inorganic element dispersed 
in the organic base. 

13. The lithium secondary battery as claimed in claim 12, 
Wherein the ?rst and second adiabatic plates each comprise 
a composite material tape according to claim 2. 

14. The lithium secondary battery as claimed in claim 13, 
Wherein the organic base of the composite material tape 
comprises a material selected from the group consisting of 
polyimide (Pl), polyethyleneterephthalate (PET), polypro 
pylene (PP), polyphenylene sul?de (PPS), polyethylene 
(PE) and polyphenyleneether (PPE). 

15. The lithium secondary battery as claimed in claim 13, 
Wherein the inorganic element of the composite material 
tape comprises a material selected from the group consisting 
of oxides and nitrides, Wherein the oxide is selected from the 
group consisting of A1203, TiO2, ZrO2, SiO2, MnO2 and 
MgO and mixtures thereof, and the nitride is selected from 
the group consisting of Si3N4, BN and mixtures thereof. 

16. The lithium secondary battery as claimed in claim 13, 
Wherein the composite material tape comprises from about 
20 to about 80 Weight percent inorganic elements. 

17. The lithium secondary battery as claimed in claim 13, 
Wherein the composite material tape comprises from about 
20 to about 80 volume percent inorganic elements. 

18. The lithium secondary battery as claimed in claim 12, 
Wherein a thickness of the second adiabatic plate is less than 
a thickness of the ?rst adiabatic plate. 

19. The lithium secondary battery as claimed in claim 11, 
further comprising a ?rst insulation layer covering the 
positive electrode tab and a second insulation layer covering 
the negative electrode tab. 

20. A lithium secondary battery comprising: 

an electrode assembly comprising: 

a ?rst electrode plate having a coated region, the coated 
region having at least one protrusion, 

a second electrode plate having a coated region, the 
coated region having at least one protrusion, and 

a separator positioned betWeen the ?rst and second 
electrode plates; and 

an insulation tape covering the at least one protrusion on 
the coating regions of the ?rst and second electrode 
plates, Wherein the insulation tape comprises a com 

May 4, 2006 

posite material tape having an organic base and an 
inorganic element dispersed Within the organic base. 

21. The lithium secondary battery as claimed in claim 20, 
Wherein the insulation tape comprises a composite material 
tape according to claim 2. 

22. The lithium secondary battery as claimed in claim 21, 
Wherein the organic base of the composite material tape 
comprises a material selected from the group consisting of 
polyimide (Pl), polyethyleneterephthalate (PET), polypro 
pylene (PP), polyphenylene sul?de (PPS), polyethylene 
(PE) and polyphenyleneether (PPE). 

23. The lithium secondary battery as claimed in claim 21, 
Wherein the inorganic element of the composite material 
tape comprises a material selected from the group consisting 
of oxides and nitrides, Wherein the oxide is selected from the 
group consisting of A1203, TiO2, ZrO2, SiO2, MnO2 and 
MgO and mixtures thereof, and the nitride is selected from 
the group consisting of Si3N4, BN and mixtures thereof. 

24. The lithium secondary battery as claimed in claim 21, 
Wherein the composite material tape comprises from about 
20 to about 80 Weight percent inorganic elements. 

25. The lithium secondary battery as claimed in claim 21, 
Wherein the composite material tape comprises from about 
20 to about 80 volume percent inorganic elements. 

26. A lithium secondary battery comprising: 

a Wound electrode assembly comprising: 

a ?rst electrode plate having a ?rst electrode collector, 
the ?rst electrode collector having a coated region 
and an uncoated region, 

a second electrode plate having a second electrode 
collector, the second electrode collector having a 
coated region and an uncoated region, and 

a separator positioned betWeen the ?rst and second 
electrode plates; 

a ?rst electrode tab attached the uncoated region of the 
?rst electrode collector, 

a second electrode tab attached to the uncoated region of 
the second electrode collector; and 

a ?rst insulation tape attached to the separator at a position 
corresponding to the uncoated region of the second 
electrode collector, the insulation tape being positioned 
on an inner periphery of the Wound electrode assembly, 
Wherein the insulation tape comprises a composite 
material tape having an organic base and at least one 
inorganic element dispersed Within the base. 

27. The lithium secondary battery as claimed in claim 26, 
Wherein the ?rst insulation tape comprises a composite 
material tape according to claim 2. 

28. The lithium secondary battery as claimed in claim 26, 
Wherein the ?rst insulation tape is attached to a region of the 
separator that does not contact the uncoated region of the 
second electrode collector. 

29. The lithium secondary battery as claimed in claim 26, 
further comprising a second insulation tape attached to a 
region of the separator corresponding to the uncoated region 
of the ?rst electrode, a portion of the second insulation tape 
being attached to a portion of the coated region of the ?rst 
electrode collector, the second insulation tape being located 
at an outer periphery of the Wound electrode assembly. 




