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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a longitudinally
folding-type electrode assembly and an electrochemical
cell including the same, and, more particularly, to an elec-
trode assembly including a plurality of unit cells folded
by a continuous separation film wherein the unit cells are
arranged on the separation film such that electrode taps
of the unit cells face each other, the separation film has
openings corresponding to the electrode taps of the unit
cells, and the electrode assembly is manufactured by
folding the unit cells in the longitudinal (lengthwise) di-
rection of the separation film while the unit cells are dis-
posed such that the electrode taps of the unit cells are
inserted into the corresponding openings, and an elec-
trochemical cell, such as a secondary battery, including
the same.

BACKGROUND OF THE INVENTION

[0002] As mobile devices have been increasingly de-
veloped, and the demand of such mobile devices has
increased, the demand of secondary batteries has also
sharply increased as an energy source for the mobile
devices. Among them is a lithium secondary battery hav-
ing high energy density and high voltage, extended serv-
ice-life, and low self discharge rate, which has been com-
mercialized and widely used.
[0003] Based on the construction of electrodes and an
electrolyte, the lithium secondary battery may be classi-
fied as a lithium-ion battery, a lithium-ion polymer battery,
or a lithium polymer battery. Among them, the lithium-ion
polymer battery has been increasingly used because the
lithium-ion polymer battery has a low possibility of elec-
trolyte leakage and can be easily manufactured.
[0004] An electrode assembly having a cathode/a sep-
arator/an anode structure, which constitutes the second-
ary battery, may be generally classified as a jelly-roll
(winding) type electrode assembly or a stacking type
electrode assembly based on the structure of the elec-
trode assembly. The jelly-roll type electrode assembly is
manufactured by coating a metal foil to be used as a
current collector with an electrode active material, drying
and pressing the coated metal foil, cutting the dried and
pressed metal foil into the form of a band having a pre-
determined width and length, isolating an anode and a
cathode from each other using a separator, and winding
the anode/separator/cathode structure. The jelly-roll type
electrode assembly is suitable for cylindrical cells; how-
ever, the jelly-roll type electrode assembly is not suitable
for prismatic cells or pouch-shaped cells because the
electrode active material may be detached, and the spa-
tial utilizability is low. On the other hand, the stacking
type electrode assembly is an electrode assembly con-
structed in a structure in which a plurality of cathode and
anode units are sequentially stacked one on another. The

stacking type electrode assembly has an advantage in
that the stacking type electrode assembly can be con-
structed in a prismatic structure; however, the stacking
type electrode assembly has disadvantages in that a
process for manufacturing the stacking type electrode
assembly is complicated and troublesome, and, when
external impacts are applied to the stacking type elec-
trode assembly, electrodes of the stacking type electrode
assembly are pushed with the result that short circuits
occur in the stacking type electrode assembly.
[0005] In order to solve the above-described problems,
there has been developed an electrode assembly having
a novel structure, which is a combination of the jelly-roll
type electrode assembly and the stacking type electrode
assembly, i.e., an electrode assembly constructed in a
structure in which full cells having a cathode/separator/
anode structure of a predetermined unit size or bicells
having a cathode (anode)/separator/anode (cathode)/
separator/cathode (anode) structure are folded using a
long continuous separation film. Examples of such an
electrode assembly are disclosed in Korean Unexamined
Patent Publication No. 2001-82058, No. 2001-82059,
and No. 2001-82060, which have been filed in the name
of the applicant of the present patent application. Here-
inafter, the electrode assembly having the above-de-
scribed structure will be referred to as a hybrid type elec-
trode assembly.
[0006] A secondary battery having the above-de-
scribed stacking type or hybrid type electrode assembly
mounted in a battery case may constructed in various
shapes. A representative example of the secondary bat-
tery may be a lithium-ion polymer battery (LiPB) having
a pouch-shaped case made of an aluminum laminate
sheet.
[0007] The lithium-ion polymer battery is constructed
in a structure in which an electrode assembly manufac-
tured by thermally welding electrodes (cathodes and an-
odes) and separators is impregnated with an electrolyte.
Mostly, the lithium-ion polymer battery is constructed in
a structure in which the stacking type or the hybrid type
electrode assembly is mounted in the pouch-shaped
case made of the aluminum laminate sheet in a sealed
state. For this reason, the lithium-ion polymer battery is
often referred to as a pouch-shaped battery.
[0008] FIGS. 1 and 2 typically illustrate a general struc-
ture of a representative lithium-ion polymer battery in-
cluding a stacking type electrode assembly.
[0009] Referring to these drawings, a lithium-ion poly-
mer battery 100 is constructed in a structure in which an
electrode assembly 300 including cathodes, anodes, and
separators disposed between the cathodes and the an-
odes is mounted in a pouch-shaped battery case 200,
cathode and anode taps 310 and 320 of the electrode
assembly 300 are welded to two electrode leads 400 and
410, respectively, and the electrode assembly 300 is
sealed in the battery case 200 while electrode leads 400
and 410 are exposed to the outside of the battery case
200.
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[0010] The battery case 200 is made of a soft wrapping
material, such as an aluminum laminate sheet. The bat-
tery case 200 includes a case body 210 having a hollow
receiving part 230 for receiving the electrode assembly
300 and a cover 220 connected to the case body 210 at
one side thereof.
[0011] The electrode assembly 300 of the lithium-ion
polymer battery 100 may be constructed in the previous-
ly-described jelly-roll type structure in addition to the
stacking type structure shown in FIG. 1. The stacking
type electrode assembly 300 is constructed in a structure
in which the cathode taps 310 and the anode taps 320
are welded to the electrode leads 400 and 410, respec-
tively, and insulative films 500 are attached to the upper
and lower surfaces of the electrode leads 400 and 410
for securing electrical insulation and sealing between the
electrode leads 400 and 410 and the battery case 200.
[0012] When a lithium secondary battery, such as the
lithium-ion polymer battery, is exposed to high tempera-
ture, or when a large amount of current flows in a short
time due to overdischarge, an external short circuit, a nail
penetration, a local crush, or a drop-induced short circuit,
the battery is heated due to IR heat generation with the
result that the battery may catch fire or explode. As the
temperature of the battery is increased, the reaction be-
tween the electrolyte and the electrodes is accelerated.
As a result, heat of reaction is generated, and therefore,
the temperature of the battery is further increased, which
accelerates the reaction between the electrolyte and the
electrodes. As a result, the temperature of the battery is
sharply increased, and therefore, the reaction between
the electrolyte and the electrodes is accelerated. This
vicious cycle causes a thermal runaway phenomenon in
which the temperature of the battery is sharply increased.
When the temperature of the battery is increased to a
predetermined temperature level, the battery may catch
fire. Also, as a result of the reaction between the electro-
lyte and the electrodes, gas is generated, and therefore,
the internal pressure of the battery is increased. When
the internal pressure of the battery is increased to a pre-
determined pressure level, the lithium secondary battery
may explode. This possibility that the lithium secondary
battery catches fire and explodes is the most fatal disad-
vantage of the lithium secondary battery.
[0013] Especially, the battery case of the lithium-ion
polymer battery is made of a soft wrapping material hav-
ing low strength. As a result, the battery case of the lith-
ium-ion polymer battery is easily deformed when the bat-
tery case falls or external impacts are applied to the bat-
tery case. As shown in FIG. 2, a space 230a is provided
at the upper end of the electrode assembly 300 in the
battery case 200 such that the electrode taps of the elec-
trode assembly are connected to the electrode leads 400
and 410 by welding in the space 230a. Consequently,
when external impacts are applied to the battery at the
upper end of the battery due to the falling of the battery,
the electrode assembly 300 is moved toward the upper
end space 230a, and, therefore, the electrode leads 400

and 410 are brought into contact with the upper end or
the outermost electrodes of the electrode assembly 300
with the result that an internal short circuit may occur.
The falling of the battery frequently occurs during the use
of the battery. Consequently, the demand of a technology
for more efficiently securing the safety of the battery is
very high.
[0014] Some of conventional arts propose a method
of attaching adhesive tape to predetermined positions of
the electrode assembly and a method of filling the upper
space of the electrode assembly with a foreign material,
in order to prevent the internal short circuit due to the
movement of the electrode assembly. However, these
methods have a problem in that the adhesive tape and
the foreign material chemically react with the electrolyte,
and therefore, the performance of the battery is reduced.
[0015] In addition to the above safety-related problem,
one of the problems caused during the manufacture of
the battery is the impregnation of the electrodes with the
electrolyte, i.e., the wetting characteristic.
[0016] For example, the lithium secondary battery us-
es metal oxide, such as LiCoO2, as a cathode active ma-
terial, and carbon as an anode active material. Polyolefin-
based porous separators are disposed between the an-
odes and the cathodes, and a non-aqueous electrolyte
including lithium salt, such as LiPF6, is injected into the
lithium secondary battery. In this way, the lithium sec-
ondary battery is manufactured. During the charge of the
lithium secondary battery, lithium ions are discharged
from the cathode active material and inserted into a car-
bon layer of the anode. During the discharge of the lithium
secondary battery, on the other hand, lithium ions are
discharged from the carbon layer of the anode and in-
serted into the cathode active material. At this time, the
non-aqueous electrolyte serves as a medium to move
the lithium ions between the anode and the cathode. It
is necessary for the lithium secondary battery to be ba-
sically stable within the operating voltage range of the
battery and have a performance to transfer ions at suffi-
ciently high speed.
[0017] The non-aqueous electrolyte is injected into the
battery at the final stage of manufacturing the lithium sec-
ondary battery. At this time, the electrodes must be rap-
idly and completely wetted by the electrolyte so as to
reduce the time necessary for manufacturing the battery
and optimize the performance of the battery.
[0018] A non-protic organic solvent, such as ethylene
carbonate, diethyl carbonate, or 2-methyl tetrahydro-
furan, is mainly used as the non-aqueous electrolyte of
the lithium secondary battery. Such an electrolyte is a
polar solvent having polarity enough to effectively dis-
solve and dissociate the electrolyte salt, and, at the same
time, a non-protic solvent having no active hydrogen.
This electrolyte has high viscosity and surface tension
due to wide interaction in the electrolyte. Consequently,
the non-aqueous electrolyte of the lithium secondary bat-
tery has a low affinity for an electrode material including
a polytetrafluoroethylene and polyvinylidene fluoride
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bonding agent, and, as a result, the electrode material is
not easily wetted by the non-aqueous electrolyte. This is
one of principal factors to ineffectively increase the time
necessary for manufacturing the battery.
[0019] When the activating operation of the battery is
carried out while the electrodes are not efficiently wetted
by the electrolyte, a solid electrolyte interface (SEI) film
is not properly formed at the anode, and therefore, the
service life of the battery is reduced.
[0020] For this reason, an additional process, such as
aging, for maintaining the wet state of the anode, such
that the anode can be sufficiently wetted by the electro-
lyte, after the injecting the electrolyte, or a special process
for applying vacuum or pressure to the electrodes has
been performed in order to accelerate the wetting of the
electrolyte to the electrodes.
[0021] The hybrid type electrode assembly construct-
ed as described above has many advantages; however,
the hybrid type electrode assembly also has a disadvan-
tage in that the separation film covers the sides of the
electrodes, and therefore, the electrolyte can access only
to the upper and lower ends of the electrodes. Generally,
the sides of the electrodes are longer than the upper and
lower ends of the electrodes. In the hybrid type electrode
assembly, therefore, the area of the electrode contacting
the electrolyte is reduced with the result that the wetting
operation of the electrolyte is inevitably lengthened.
[0022] US 2002/160258 A1 and US 2002/160257 A1
both disclose stached electro chemical cells and prepa-
ration methodes.

SUMMARY OF THE INVENTION

[0023] Therefore, the present invention has been
made to solve the above-mentioned problems, and other
technical problems that have yet to be resolved.
[0024] Specifically, it is a first object of the present in-
vention to provide an electrode assembly having a struc-
ture in which an internal short circuit is minimized, even
when external impacts are applied to the electrode as-
sembly, for example, the electrode assembly falls, and
therefore, the safety of the electrode assembly is im-
proved.
[0025] It is a second object of the present invention to
provide an electrode assembly having a structure in
which an impregnating (wetting) operation of an electro-
lyte into electrodes is performed in a short time during
the assembly of an electrochemical cell.
[0026] It is a third object of the present invention to
provide an electrochemical cell including the above-de-
scribed electrode assembly.
[0027] In accordance with the present invention, the
above and other objects can be accomplished by the
provision of an electrode assembly including a plurality
of unit cells folded by a continuous separation film where-
in the unit cells are arranged on the separation film such
that electrode taps of the unit cells face each other, the
separation film has openings corresponding to the elec-

trode taps of the unit cells, and the electrode assembly
is manufactured by folding the unit cells in the longitudinal
(lengthwise) direction of the separation film while the unit
cells are disposed such that the electrode taps of the unit
cells are inserted into the corresponding openings.
[0028] The electrode assembly according to the
present invention is constructed in a structure in which
the upper ends of the electrodes are wrapped by the con-
tinuous separation film. Consequently, even when the
electrode assembly is moved in the inner space of a bat-
tery case due to the falling of the electrode assembly, it
is possible to prevent the occurrence of an internal short
circuit due to contact between the electrodes and elec-
trode leads. Also, the opposite sides of the electrode as-
sembly, which are relatively long, are exposed. As a re-
sult, it is easy to impregnate an electrolyte into the elec-
trodes, and therefore, the time necessary to wet the elec-
trodes is considerably reduced.
[0029] Typically, the unit cells according to the present
invention may be bicells or full cells.
[0030] The construction of the bicells and the full cells
and a method of constructing an electrode assembly us-
ing the bicells and the full cells are fully disclosed in Ko-
rean Unexamined Patent Publication No. 2001-82058,
No. 2001-82059, and No. 2001-82060, which have been
filed in the name of the applicant of the present patent
application.
[0031] The full cell, which is used as the unit cell, is a
cell constructed in a cathode/separator/anode unit struc-
ture. Specifically, the full cell is a cell having a cathode
and an anode positioned at the opposite sides thereof.
The basic structure of the full cell may be either a cathode/
separator/anode structure or a cathode/separator/an-
ode/separator/cathode/separator/anode structure. In or-
der to construct an electrochemical cell including sec-
ondary batteries using the full cells, it is necessary to
stack a plurality of full cells one on another, such that the
cathodes and the anodes face each other, while a sep-
aration film is disposed between the full cells.
[0032] On the other hand, the bicell, which is used as
the unit cell, is a cell constructed in either a cathode/
separator/anode/separator/cathode unit structure or an
anode/separator/cathode/separator/anode unit struc-
ture. Specifically, the bicell is a cell having identical elec-
trodes positioned at the opposite sides thereof. Repre-
sentative examples of the bicell are illustrated in FIGS.
3 and 4. Hereinafter, a cell having the cathode/separator/
anode/separator/cathod structure will be referred to as a
"C-type bicell," and a cell having the anode/separator/
cathode/separator/anode structure will be referred to as
an "A-type bicell." In other words, the cell having the cath-
odes positioned at the opposite sides thereof is the C-
type cell, whereas the cell having the anodes positioned
at the opposite sides thereof is the A-type cell.
[0033] The number of the cathodes, the anodes, and
the separators constituting the bicells is not particularly
restricted so long as the electrodes at the opposite sides
of the bicells have the same structure. In order to con-
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struct an electrochemical cell including secondary bat-
teries using the bicells, it is necessary to stack a plurality
of bicells one on another, such that the C-type bicells and
the A-type bicells face each other, while a separation film
is disposed between the bicells.
[0034] The full cells and the bicells are manufactured
by coupling the cathodes and the anodes with each other
while the separation film is disposed between the cath-
odes and the anodes. A preferable example of the cou-
pling method is thermal welding.
[0035] In the full cells and the bicells, the cathodes are
manufactured by applying a mixture of a cathode active
material, a conducting agent, and a binder onto a cathode
current collector, and drying and pressing the cathode
current collector. According to circumstances, a filler may
be added to the mixture.
[0036] Generally, the cathode current collector has a
thickness of 3 to 500 Pm. The cathode current collector
is not particularly restricted so long as the cathode current
collector has high conductivity while the cathode current
collector does not induce any chemical change in the
battery. For example, the cathode current collector may
be made of stainless steel, aluminum, nickel, titanium,
or plastic carbon. Alternatively, the cathode current col-
lector may be made of aluminum or stainless steel the
surface of which is treated with carbon, nickel, titanium,
or silver. The cathode current collector may have micro
concavo-convex parts formed at the surface thereof so
as to increase the attaching force of the cathode active
material. The cathode current collector may be construct-
ed in various forms, such as a film, a sheet, a foil, a net,
a porous body, a foam body, and a non-woven fabric
body.
[0037] The cathode active material may be, but is not
limited to, a layered compound, such as lithium cobalt
oxide (LiCoO2) or lithium nickel oxide (LiNiO2) or a com-
pound replaced by one or more transition metals; lithium
manganese oxide represented by a chemical formula
Li1+xMn2-xO4 (where, x = 0 to 0.33) or lithium manganese
oxide, such as LiMnO3, LiMn2O3, or LiMnO2; lithium cop-
per oxide (Li2CuO2); vanadium oxide, such as LiV3O8,
LiFe3O4, V2O5, or Cu2V2O7; Ni-sited lithium nickel oxide
represented by a chemical formula LiNi1-xMxO2 (where,
M= Co, Mn, Al, Cu, Fe, Mg, B, or Ga, and x = 0.01 to
0.3); lithium manganese composite oxide represented
by a chemical formula LiMn2-xMxO2 (where, M= Co, Ni,
Fe, Cr, Zn, or Ta, and x = 0.01 to 0.1) or a chemical
formula Li2Mn3MO8 (where, M= Fe, Co, Ni, Cu, or Zn);
LiMn2O4 having Li of a chemical formula partially re-
placed by alkaline earth metal ions; a disulfide com-
pound; or Fe2(MoO4)3.
[0038] The conducting agent is generally added such
that the conducting agent has 1 to 50 weight percent
based on the total weight of the compound including the
cathode active material. The conducting agent is not par-
ticularly restricted so long as the conducting agent has
high conductivity while the conducting agent does not
induce any chemical change in the battery. For example,

graphite, such as natural graphite or artificial graphite;
carbon blacks, such as carbon black, acetylene black,
Ketjen black, channel black, furnace black, lamp black
and thermal black; conductive fibers, such as carbon fib-
ers and metallic fibers; metallic powders, such as carbon
fluoride powder, aluminum powder and nickel powder;
conductive whiskers, such as zinc oxide and potassium
titanate; conductive metal oxides, such as titanium oxide;
and polyphenylene derivatives may be used as the con-
ducting agent.
[0039] The binder for the cathode active material is a
component assisting in binding between the active ma-
terial and conductive agent, and in binding with the cur-
rent collector. The binder according to the present inven-
tion is typically added in an amount of 1 to 50% by weight
based on the total weight of the compound including the
cathode active material. As examples of the binder, there
may be used polyvinylidene fluoride, polyvinyl alcohols,
carboxymethylcellulose (CMC), starch, hydroxypropyl-
cellulose, regenerated cellulose, polyvinyl pyrollidone,
tetrafluoroethylene, polyethylene, polypropylene, ethyl-
ene-propylene-diene terpolymer (EPDM), sulfonated
EPDM, styrene butadiene rubber, fluoro rubber and var-
ious copolymers.
[0040] The filler is an optional component used to in-
hibit expansion of the cathode. There is no particular limit
to the filler, so long as it does not cause chemical changes
in the battery and is a fibrous material. As examples of
the filler, there may be used olefin polymers, such as
polyethylene and polypropylene; and fibrous materials,
such as glass fiber and carbon fiber.
[0041] On the other hand, the anodes are manufac-
tured by applying an anode active material onto an anode
current collector, and drying and pressing the cathode
current collector. According to circumstances, a conduct-
ing agent, a binder, and a filler may be added to the anode
active material.
[0042] Generally, the anode current collector has a
thickness of 3 to 500 Pm. The anode current collector is
not particularly restricted so long as the anode current
collector has high conductivity while the anode current
collector does not induce any chemical change in the
battery. For example, the cathode current collector may
be made of copper, stainless steel, aluminum, nickel, ti-
tanium, or plastic carbon. Alternatively, the cathode cur-
rent collector may be made of copper or stainless steel
the surface of which is treated with carbon, nickel, titani-
um, or silver, or an aluminum-cadmium alloy. Like the
cathode current collector, the anode current collector
may have micro concavo-convex parts formed at the sur-
face thereof so as to increase the attaching force of the
anode active material. The anode current collector may
be constructed in various forms, such as a film, a sheet,
a foil, a net, a porous body, a foam body, and a non-
woven fabric body.
[0043] As the anode active material, for example, there
may be used carbon, such as non-graphitizing carbon or
a graphite-based carbon; a metal composite oxide, such
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as LixFe2O3 (0≤x≤1), LixWO2 (0≤X≤1), SnxMe1-xMe’yOz
(Me: Mn, Fe, Pb, Ge; Me’: Al, B, P, Si, Group 1, 2, and
5 elements of the periodic table, halogen; 0≤x≤1; 1≤y≤3;
1≤z≤8); lithium metal; lithium alloy; silicon-based alloy;
tin-based alloy; metal oxide, such as SnO, SnO2, PbO,
PbO2, Pb2O3, Pb3O4, Sb2O3, Sb2O4, Sb2O5, GeO,
GeO2, Bi2O3. Bi2O4, or Bi2O5; conductive polymer, such
as polyacetylene; or a Li-Co-Ni based material.
[0044] The separator is interposed between the cath-
ode and anode. As the separator, an insulating thin film
having high ion permeability and mechanical strength is
used. The separator typically has a pore diameter of 0.01
to 10 Pm and a thickness of 5 to 300 Pm. As the separator,
sheets or non-woven fabrics made of an olefin polymer,
such as polypropylene, or glass fibers or polyethylene,
which has chemical resistance and hydrophobicity, are
used. When a solid electrolyte, such as a polymer, is
employed as the electrolyte, the solid electrolyte may al-
so serve as both the separator and electrolyte. The sep-
aration film used in the present invention may be made
of the same material as the separator or may be made
of a material different from the that of the separator.
[0045] The lithium salt-containing, non-aqueous elec-
trolyte is composed of a non-aqueous electrolyte and lith-
ium. As the non-aqueous electrolyte, a non-aqueous
electrolytic solution, solid electrolyte or inorganic solid
electrolyte may be used.
[0046] As the non-aqueous electrolytic solution that
can be used in the present invention, for example, men-
tion may be made of non-protic organic solvents such as
N-methyl-2-pyrollidinone, propylene carbonate, ethylene
carbonate, butylene carbonate, dimethyl carbonate, di-
ethyl carbonate, gamma-butyro lactone, 1,2-dimethoxy
ethane, tetrahydroxy Franc, 2-methyl tetrahydrofuran,
dimethylsulfoxide, 1,3-dioxolane, formamide, dimethyl-
formamide, dioxolane, acetonitrile, nitromethane, methyl
formate, methyl acetate, phosphoric acid triester, tri-
methoxy methane, dioxolane derivatives, sulfolane, me-
thyl sulfolane, 1,3-dimethyl-2-imidazolidinone, propyl-
ene carbonate derivatives, tetrahydrofuran derivatives,
ether, methyl propionate and ethyl propionate.
[0047] As examples of the organic solid electrolyte uti-
lized in the present invention, mention may be made of
polyethylene derivatives, polyethylene oxide derivatives,
polypropylene oxide derivatives, phosphoric acid ester
polymers, poly agitation lysine, polyester sulfide, polyvi-
nyl alcohols, polyvinylidene fluoride, and polymers con-
taining ionic dissociation groups.
[0048] As examples of the inorganic solid electrolyte
utilized in the present invention, mention may be made
of nitrides, halides and sulphates of lithium such as Li3N,
LiI, Li5NI2, Li3N-LiI-LiOH, LiSiO4, LiSiO4-LiI-LiOH,
Li2SiS3, Li4SiO4, Li4SiO4-LiI-LiOH and Li3PO4-Li2S-
SiS2.
[0049] The lithium salt is a material that is readily sol-
uble in the above-mentioned non-aqueous electrolyte
and may include, for example, LiCl, LiBr, LiI, LiClO4,
LiBF4, LiB10C10, LiPF6, LiCF3SO3, LiCF3CO2, LiAsF6,

LiSbF6, LiAlCl4, CH3SO3Li, CF3SO3Li, (CF3SO2)2NLi,
chloroborane lithium, lower aliphatic carboxylic acid lith-
ium, lithium tetraphenyl borate and imide.
[0050] Additionally, in order to improve charge/dis-
charge characteristics and flame retardancy, for exam-
ple, pyridine, triethylphosphite, triethanolamine, cyclic
ether, ethylenediamine, n-glyme, hexaphosphoric tri-
amide, nitrobenzene derivatives, sulfur, quinone imine
dyes, N-substituted oxazolidinone, N,N-substituted imi-
dazolidine, ethylene glycol dialkyl ether, ammonium
salts, pyrrole, 2-methoxy ethanol, aluminum trichloride
or the like may be added to the non-aqueous electrolyte.
According to circumstances, in order to impart incombus-
tibility, the non-aqueous electrolyte may further include
halogen-containing solvents such as carbon tetrachlo-
ride and ethylene trifluoride. Furthermore, in order to im-
prove high-temperature storage characteristics, the non-
aqueous electrolyte may additionally include carbon di-
oxide gas.
[0051] When an electrode assembly according to the
present invention is constructed using the above-de-
scribed full cells or bicells as the unit cells, a plurality of
unit cells are first arranged on a continuous separation
film formed in the shape of a long sheet such that elec-
trodes of the respective unit cells, i.e., electrode taps,
face each other. The separation film has openings into
which the electrode taps of the unit cells are inserted.
The size of the openings is a size sufficient for the elec-
trode taps or a pair of electrode taps facing each other
to be inserted into the openings and protrude through the
openings. If possible, it is preferable that the width of the
openings is small sufficient to cover the majority of the
upper ends of the electrodes or the majority of the upper
ends of a pair of the electrodes facing each other. Con-
sequently, when the unit cells are sequentially folded in
the longitudinal direction of the separation film such that
the unit cells are stacked one on another, the electrode
assembly is manufactured in a structure in which the elec-
trode taps of the respective unit cells protrude through
the separation film while the electrical insulation between
the unit cells is accomplished by the separation film.

BRIEF DESCRIPTION OF THE DRAWING

[0052] The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a perspective view illustrating a process for
assembling a conventional pouch-shaped battery;

FIG. 2 is a see-through view illustrating the conven-
tional pouch-shaped battery after the assembly proc-
ess is completed;

FIGS. 3 and 4 are typical views respectively illustrat-
ing an exemplary C-type bicell and an exemplary A-
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type bicell that can be used as a unit cell of an elec-
trode assembly according to the present invention;

FIGS. 5 and 6 are typical views respectively illustrat-
ing a process for manufacturing an electrode assem-
bly using the bicells shown in FIGS. 5 and 6 accord-
ing to a preferred embodiment of the present inven-
tion; and

FIG. 7 is a typical view illustrating a process for man-
ufacturing an electrode assembly using full cells ac-
cording to another preferred embodiment of the
present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0053] Now, preferred embodiments of the present in-
vention will be described in detail with reference to the
accompanying drawings. It should be noted, however,
that the scope of the present invention is not limited by
the illustrated embodiments.
[0054] FIGS. 5 and 6 are typical views respectively il-
lustrating a process for manufacturing an electrode as-
sembly using the bicells according to a preferred embod-
iment of the present invention.
[0055] Referring to these drawings, a separation film
100 is a film formed in the shape of a long sheet. The
separation film 100 is constructed in the same porous
structure as the separators of the unit cells. The separa-
tion film 100 has a width slightly greater than that of the
unit cells.
[0056] C-type bicells 201 and 202 and A-type bicells
300 and 301 are arranged in the longitudinal direction of
the separation film 100 such that electrode taps 211 and
212 of the C-type bicells 201 and 202 face each other
and electrode taps 310 and 311 of the A-type bicells 300
and 301 face each other. The separation film 100 has
openings 110, into which the electrode taps 211 and 212;
310 and 311 are inserted.
[0057] The arrangement of the bicells will be de-
scribed. First, the first C-type bicell 200 is arranged at
one end 101 of the separation film 100, from which the
folding operation is initiated, such that the lower end of
the first C-type bicell 200 is located at the end 101 of the
separation film 100. Next, the first A-type bicell 300 is
arranged at a position spaced by a distance L corre-
sponding to the length of one bicell from the first C-type
bicell 200 such that the first A-type bicell 300 has the
same orientation as the first C-type bicell 200. The
spaced region between the first C-type bicell 200 and the
first A-type bicell 300 is a region where the first C-type
bicell 200 contacts the first A-type bicell 300 while the
separation film 100 fully surrounds the first C-type bicell
200. After the first C-type bicell 200 is folded once, the
first C-type bicell 200 is brought into contact with the first
A-type bicell 300 while the electrode taps 210 of the first
C-type bicell 200 are adjacent to the electrode taps 310

of the first A-type bicell 300.
[0058] The second A-type bicell 301 is arranged such
that the electrode taps 311 of the second A-type bicell
301 face the electrode taps 310 of the first A-type bicell
300. The second A-type bicell 301 contacts the first C-
type bicell 200 while the separation film 100 is disposed
between the second A-type bicell 301 and the first C-type
bicell 200. At the lower end of the second A-type bicell
301, the second C-type bicell 201 and the third C-type
bicell 202 are arranged such that the electrode taps 211
of the second C-type bicell 201 and the electrode taps
212 of the third C-type bicell 202 face each other. The
second C-type bicell 201 contacts the first C-type bicell
200 while the separation film 100 is disposed between
the second C-type bicell 201 and the first C-type bicell
200.
[0059] When the electrode assembly is manufactured
using the bicells as described above, bicells of the same
type are arranged such that the electrode taps of the
bicells face each other, and bicells of a type different from
the bicells of the same type are arranged at the lower
end of the bicells of the same type such that the bicells
of the different type are adjacent to each other. As a re-
sult, the electrode assembly is manufactured in a cath-
ode/anode/cathode/anode structure. At this time, no bi-
cell is arranged at the region adjacent to the first bicell,
and therefore, the spaced region corresponding to the
size of the bicell is provided. This spaced region sur-
rounds the front surface of the first bicell during the folding
of the bicells, whereby the electrical isolation between
the bicells is maintained. In the specification, when the
unit cells are positioned on the separation film prior to
the folding of the bicells, one surface of each bicell with
which the separation film is brought into contact is defined
as a rear surface, and the opposite surface of the each
bicell is defined as a front surface.
[0060] As the bicells are sequentially folded, the thick-
ness of the folded bicells is increased. For this reason,
the distance between the lower ends of the adjacent bi-
cells is gradually increased as shown in FIG. 6 (L1 < L2).
[0061] FIG. 7 is a typical view illustrating a process for
manufacturing an electrode assembly using full cells ac-
cording to another preferred embodiment of the present
invention.
[0062] Referring to FIG. 7, a first full cell 400 is ar-
ranged at one end 101 of a separation film 100, from
which the folding operation is initiated, such that the lower
end of the first full cell 400 is located at the end 101 of
the separation film 100, and a cathode surface of the first
full cell 400 is directed to the front surface of the first full
cell 400.
[0063] Next, in the same manner as in FIG. 5, a second
full cell 401 is arranged at a position spaced by a distance
corresponding to the length of one full cell from the first
full cell 400 such that the second full cell 401 has the
same orientation as the first full cell 400, i.e., a cathode
surface of the second full cell 401 is directed to the front
surface of the second full cell 401. When the first full cell
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400 is folded, a rear surface (an anode surface) of the
first full cell 400 is brought into contact with the front sur-
face (the cathode surface) of the second full cell 401 while
the both surfaces of the first full cell 400 are covered by
the separation film 100.
[0064] A third full cell 402 is arranged adjacent to the
second full cell 401 such that electrode taps 412 of the
third full cell 402 face electrode taps 411 of the second
full cell 401. A front surface (an anode surface) of the
third full cell 402 is brought into contact with the front
surface (the cathode surface) of the first full cell 400 while
the separation film 100 is disposed between the third full
cell 402 and the first full cell 400. The arrangement of a
fourth full cell 403 and a fifth full cell 404 is identical to
that of the second full cell 401 and the third full cell 402.
[0065] When the electrode assembly is manufactured
using the full cells as described above, the full cells are
arranged such that the electrode taps of the full cells face
each other while different electrode surfaces of the full
cells are directed to the same surface (the front surface),
and the full cells are arranged at the lower ends of the
respective full cells such that different electrode surfaces
of the full cells are directed to the same surface (the front
surface) while the full cells are adjacent to each other.
As a result, the electrode assembly is manufactured in a
cathode/anode/cathode/anode structure. At this time, no
full cell is arranged at the region adjacent to the first full
cell, and therefore, the spaced region corresponding to
the size of the full cell is provided. This spaced region
surrounds the front surface of the first full cell during the
folding of the full cells, whereby the electrical isolation
between the full cells is maintained.
[0066] In the same manner as the bicells of FIG. 6, the
distance between the lower ends of the adjacent full cells
is gradually increased in the folding direction.
[0067] In a preferred embodiment, when unit cells con-
structed in the form of the full cells or the bicells are po-
sitioned on the separation film, the unit cells may be at-
tached to the separation film in order to easily perform
the folding operation. This attachment may be accom-
plished by thermal welding.
[0068] The present invention also provides an electro-
chemical cell including the electrode assembly with the
above-stated construction.
[0069] A representative example of the electrochemi-
cal cell may be a secondary battery. Especially, a lithium
secondary battery using lithium ions as a medium is pref-
erably used.
[0070] Based on the shape of an electrode assembly
and the structure and shape of a battery case, the lithium
secondary battery may be classified as a cylindrical bat-
tery, a prismatic battery, or a pouch-shaped battery.
Among them, the pouch-shaped battery, which has a
safety-related problem when external impacts are ap-
plied to the battery, for example, the battery falls, is pref-
erably applied to the present invention.
[0071] As previously described, the pouch-shaped
battery is a battery having an electrode assembly mount-

ed in a pouch-shaped case made of a laminate sheet
including a metal layer and a resin layer. Generally, a
case made of an aluminum laminate sheet is widely used
for the pouch-shaped battery.
[0072] A method of manufacturing the electrochemical
cell, including the secondary batteries, using the elec-
trode assembly is well known, and therefore, a detailed
description thereof will not be given.

INDUSTRIAL APPLICABILITY

[0073] As apparent from the above description, the
electrode assembly is a hybrid type electrode assembly
solving the problems of the jelly-roll type electrode as-
sembly and the stacking type electrode assembly. Con-
sequently, when external impacts are applied to the elec-
trode assembly, for example, the electrode assembly
falls, it is possible to minimize the occurrence of internal
short circuits and thus to improve the safety of the elec-
trode assembly. Furthermore, it is possible to perform
the process for impregnating (wetting) the electrolyte into
the electrodes in a short time during the assembly of the
electrochemical cell.

Claims

1. An electrode assembly including a plurality of unit
cells folded by a continuous separation film wherein
the unit cells are arranged on the separation film such
that electrode taps of the unit cells face each other,
the separation film has openings corresponding to
the electrode taps of the unit cells, and the electrode
assembly is manufactured by folding the unit cells in
the longitudinal (lengthwise) direction of the separa-
tion film while the unit cells are disposed such that
the electrode taps of the unit cells are inserted into
the corresponding openings.

2. The electrode assembly according to claim 1, where-
in the unit cells are bicells or full cells.

3. The electrode assembly according to claim 1, where-
in the separation film is made of the same material
as separators constituting the unit cells or different
porous film.

4. The electrode assembly according to claim 1, where-
in the unit cells are attached to the separation film
by thermal welding.

5. The electrode assembly according to claim 2, where-
in, when bicells are used as the unit cells, bicells of
the same type (C-type bicells or A-type bicells) are
arranged such that electrode taps of the bicells face
each other, bicells of a type different from the bicells
of the same type are arranged at the lower end of
the bicells of the same type such that the bicells of
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the different type are adjacent to each other, no bicell
is arranged at the region adjacent to the first bicell
with the result that the spaced region corresponding
to the size of the bicell is provided, and the spaced
region surrounds the front surface of the first bicell
during the folding of the bicells, whereby the electri-
cal isolation between the bicells is maintained.

6. The electrode assembly according to claim 2, where-
in, when full cells are used as the unit cells, full cells
are arranged such that electrode taps of the full cells
face each other while different electrode surfaces
(cathode surfaces or anode surfaces) of the full cells
are directed to the same surface (the front surface),
full cells are arranged at the lower ends of the re-
spective full cells such that different electrode sur-
faces of the full cells are directed to the same surface
(the front surface) while the full cells are adjacent to
each other, no full cell is arranged at the region ad-
jacent to the first full cell with the result that the
spaced region corresponding to the size of the full
cell is provided, the spaced region surrounds the
front surface of the first full cell during the folding of
the full cells, whereby the electrical isolation between
the full cells is maintained.

7. The electrode assembly according to claim 5 or 6,
wherein the unit cells are arranged such that the dis-
tance between the lower ends of the unit cells is grad-
ually increased in the folding direction.

8. An electrochemical cell including an electrode as-
sembly according to claim 1.

9. The electrochemical cell according to claim 8, where-
in the electrochemical cell is a secondary battery.

10. The electrochemical cell according to claim 9, where-
in the secondary battery is a lithium secondary bat-
tery using lithium ions as a medium.

11. The electrochemical cell according to claim 10,
wherein the secondary battery is constructed in a
structure in which an electrode assembly is mounted
in a pouch-shaped case made of a laminate sheet
including a metal layer and a resin layer.

Patentansprüche

1. Elektrodenanordnung mit mehreren Einheitszellen,
die durch einen kontinuierlichen Trennungsfilm ge-
faltet sind, wobei die Einheitszellen derart an dem
Trennungsfilm angeordnet sind, dass Elektrodenab-
griffe der Einheitszellen zueinander zeigen, der
Trennungsfilm Öffnungen aufweist, die den Elektro-
denabgriffen der Einheitszellen entsprechen, und
die Elektrodenanordnung durch Falten der Einheits-

zellen in die longitudinale (längsgerichtete) Richtung
des Trennungsfilms hergestellt wird, während die
Einheitszellen derart angeordnet sind, dass die Elek-
trodenabgriffe der Einheitszellen in die entsprechen-
den Öffnungen eingesetzt sind.

2. Elektrodenanordnung nach Anspruch 1, bei der die
Einheitszellen Bi-Zellen oder Vollzellen sind.

3. Elektrodenanordnung nach Anspruch 1, bei welcher
der Trennungsfilm aus demselben Material wie
Trennungen, welche die Einheitszellen darstellen,
oder aus einem anderen porösen Film besteht.

4. Elektrodenanordnung nach Anspruch 1, bei der die
Einheitszellen an dem Trennungsfilm durch thermi-
sches Schweißen angebracht sind.

5. Elektrodenanordnung nach Anspruch 2, bei der,
wenn Bi-Zellen als die Einheitszellen verwendet wer-
den, Bi-Zellen derselben Art (Bi-Zellen der C-Art
oder A-Art) derart angeordnet sind, dass Elektroden-
abgriffe der Bi-Zellen zueinander zeigen, Bi-Zellen
einer Art unterschiedlich zu Bi-Zellen derselben Art
an dem unteren Ende der Bi-Zellen derselben Art
angeordnet sind, sodass Bi-Zellen der unterschied-
lichen Art aneinander angrenzen, keine Bi-Zelle in
dem Bereich angeordnet ist, der an die erste Bi-Zelle
angrenzt, mit dem Ergebnis, dass der beabstandete
Bereich vorgesehen ist, welcher der Größe der Bi-
Zelle entspricht, und der beabstandete Bereich die
Vorderoberfläche der ersten Bi-Zelle während des
Faltens der Bi-Zellen umgibt, wodurch die elektri-
sche Isolierung zwischen den Bi-Zellen erhalten
bleibt.

6. Elektrodenanordnung nach Anspruch 2, bei der,
wenn Vollzellen als Einheitszellen verwendet wer-
den, Vollzellen derart angeordnet sind, dass Elek-
trodenabgriffe der Vollzellen zueinander zeigen,
während unterschiedliche Elektrodenoberflächen
(Kathodenoberflächen oder Anodenoberflächen)
der Vollzellen zu derselben Oberfläche (der Vorde-
roberfläche) ausgerichtet sind, Vollzellen an den un-
teren Enden der jeweiligen Vollzellen derart ange-
ordnet sind, dass unterschiedliche Elektrodenober-
flächen der Vollzellen zu derselben Oberfläche (der
Vorderoberfläche) ausgerichtet sind, während die
Vollzellen aneinander angrenzen, keine Vollzelle an
dem Bereich angeordnet ist, der an die erste Voll-
zelle angrenzt, mit dem Ergebnis, dass der beab-
standete Bereich vorgesehen ist, welcher der Größe
der Vollzelle entspricht, der beabstandete Bereich
die Vorderoberfläche der ersten Vollzelle während
des Faltens der Vollzellen umgibt, wodurch die elek-
trische Isolierung zwischen den Vollzellen erhalten
bleibt.
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7. Elektrodenanordnung nach Anspruch 5 oder 6, bei
der die Einheitszellen derart angeordnet sind, dass
der Abstand zwischen den unteren Enden der Ein-
heitszellen fortwährend in die Faltungsrichtung zu-
nimmt.

8. Elektrochemische Zelle mit einer Elektrodenanord-
nung nach Anspruch 1.

9. Elektrochemische Zelle nach Anspruch 8, bei der die
elektrochemische Zelle eine Akkumulatorbatterie
ist.

10. Elektrochemische Zelle nach Anspruch 9, bei der die
Akkumulatorbatterie eine Lithium-Akkumulatorbat-
terie ist, die Lithium-Ionen als ein Medium verwen-
det.

11. Elektrochemische Zelle nach Anspruch 10, bei der
die Akkumulatorbatterie in einem Aufbau konstruiert
ist, bei dem eine Elektrodenanordnung in einem ta-
schenförmigen Gehäuse angebracht ist, das aus ei-
ner Verbundlage mit einer Metallschicht und einer
Harzschicht besteht.

Revendications

1. Ensemble d’électrodes incluant une pluralité de cel-
lules unitaires repliées par un film de séparation con-
tinu dans lequel les cellules unitaires sont agencées
sur le film de séparation de telle manière que des
connexions d’électrodes des cellules unitaires se
font face les unes les autres, le film de séparation a
des ouvertures correspondant aux connexions
d’électrodes des cellules unitaires, et l’ensemble
d’électrodes est fabriqué en repliant les cellules uni-
taires dans le sens longitudinal (de la longueur) du
film de séparation tandis que les cellules unitaires
sont disposées de telle manière que les connexions
d’électrodes des cellules unitaires sont insérées
dans les ouvertures correspondantes.

2. Ensemble d’électrodes selon la revendication 1,
dans lequel les cellules unitaires sont des bi-cellules
ou des cellules pleines.

3. Ensemble d’électrodes selon la revendication 1,
dans lequel le film de séparation est constitué du
même matériau que des séparateurs constituant les
cellules unitaires ou d’un film poreux différent.

4. Ensemble d’électrodes selon la revendication 1,
dans lequel les cellules unitaires sont fixées au film
de séparation par soudure thermique.

5. Ensemble d’électrodes selon la revendication 2,
dans lequel, lorsque des bi-cellules sont utilisées

comme les cellules unitaires, des bi-cellules du mê-
me type (bi-cellules de type C ou bi-cellules de type
A) sont agencées de telle manière que des con-
nexions d’électrodes des bi-cellules se font face les
unes les autres, des bi-cellules d’un type différent
des bi-cellules du même type sont agencées à l’ex-
trémité inférieure des bi-cellules du même type, de
telle sorte que les bi-cellules du type différent sont
adjacentes les unes aux autres, aucune bi-cellule
n’est agencée au niveau de la région adjacente à la
première bi-cellule, avec le résultat que la région es-
pacée correspondant à la taille de la bi-cellule est
prévue, et la région espacée entoure la surface avant
de la première bi-cellule pendant le repliage des bi-
cellules, d’où il résulte que l’isolation électrique entre
les bi-cellules est maintenue.

6. Ensemble d’électrodes selon la revendication 2,
dans lequel, lorsque des cellules pleines sont utili-
sées comme les cellules unitaires, des cellules plei-
nes sont agencées de telle manière que des con-
nexions d’électrodes des cellules pleines se font face
les unes les autres, tandis que des surfaces d’élec-
trodes différentes (surfaces de cathodes ou surfaces
d’anodes) des cellules pleines sont dirigées vers la
même surface (la surface avant), des cellules plei-
nes sont agencées aux extrémités inférieures des
cellules pleines respectives, de telle manière que
des surfaces d’électrodes différentes des cellules
pleines sont dirigées vers la même surface (la sur-
face avant) tandis que les cellules pleines sont ad-
jacentes les unes aux autres, aucune cellule pleine
n’est agencée au niveau de la région adjacente à la
première cellule pleine, avec le résultat que la région
espacée correspondant à la taille de la cellule pleine
est prévue, la région espacée entoure la surface
avant de la première cellule pleine pendant le replia-
ge des cellules pleines, d’où il résulte que l’isolation
électrique entre les cellules pleines est maintenue.

7. Ensemble d’électrodes selon la revendication 5 ou
6, dans lequel les cellules unitaires sont agencées
de telle manière que la distance entre les extrémités
inférieures des cellules unitaires est graduellement
augmentée dans le sens de repliage.

8. Cellule électrochimique incluant un ensemble
d’électrodes selon la revendication 1.

9. Cellule électrochimique selon la revendication 8,
dans laquelle la cellule électrochimique est une bat-
terie secondaire.

10. Cellule électrochimique selon la revendication 9,
dans laquelle la batterie secondaire est une batterie
secondaire au lithium utilisant des ions lithium com-
me milieu.
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11. Cellule électrochimique selon la revendication 10,
dans laquelle la batterie secondaire est construite
en une structure dans laquelle un ensemble d’élec-
trodes est monté dans un boîtier en forme de poche
constitué d’une feuille stratifiée incluant une couche
de métal et une couche de résine.
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