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(57) ABSTRACT

An apparatus for detecting the location of a foreign material
of a low-voltage battery cell includes a first and second
measurement electrodes respectively on a positive electrode
and a negative electrode of the battery cell to measure a
leakage current; a current measuring device to measure a
leakage current; and a data processor to process a measured
leakage current data. The first and second measurement
electrodes each have a structure in which a plurality of unit
electrodes to which coordinate information is assigned are
collected. The current measuring device measures a leakage
current flowing through the unit electrode of the first mea-
surement electrode and the unit electrode of the second
measurement electrode that have the same coordinate infor-
mation. The data processing part checks the location of a
foreign material from a leakage current data through a
coordinate information of a unit electrode having a large
leakage current.
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[FIG. 1]

oty

FLot




Patent Application Publication  Feb. 22,2024 Sheet 2 of 6 US 2024/0060934 A1

hr4
b, : 5
e (3N
M ! o
; iy i
K
i B
o3 Lo ] el b3 £ o £
e oy Loy] o) i < Lo by’
G e 5] ks ; o s €2 o
e ey, Fex) 2 e} ol o o
& £2 3 ) bl rae! 3 g
e P oo B Fre o o o
% £3 i Py 3 ey o T3
Ly §
i o Eee] <ol oy ol thel W
O & L 3 T3 A ol o 3
=
T
i3 W To) LY i3 LS e 5y
i 5 &) e w v} e o

)
oy PR LA Ky s oy RG] b
5] LF -} =l fxd £ L3 3

g | R ] £y g o oy g Eat] e £

TR R s w3 R o o ol 5 w3

g e

L s pan s pons s poan g .

™ o £ X ) e e o v

T

povoeed
AW s i

B LW LW g

P




Patent Application Publication  Feb. 22,2024 Sheet 3 of 6 US 2024/0060934 A1

[FIG. 3]
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[FIG. 4]
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[FIG. 6]
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APPARATUS FOR DETECTING LOCATION
OF FOREIGN MATERIAL OF
LOW-VOLTAGE BATTERY CELL AND
ANALYTICAL METHOD USING THE SAME

TECHNICAL FIELD

[0001] This application claims the benefit of priority based
on Korean Patent Application No. 10-2021-0184656 filed on
Dec. 22, 2021.

[0002] The present invention relates to an analyzer
capable of accurately identifying a location of a foreign
material in a low-voltage battery cell, and a method for
analyzing a foreign material of a low-voltage battery cell
using the same.

BACKGROUND TECHNOLOGY OF THE
INVENTION

[0003] As the price of energy sources rises due to deple-
tion of fossil fuels and interest in environmental pollution
increases, the demand for eco-friendly alternative energy
sources is becoming an essential factor for a future life, and
in particular, as technology development and demand for
mobile devices increase, the demand for secondary batteries
as an energy source is rapidly increasing.

[0004] Typically, in terms of the shape of the battery, there
is a high demand for prismatic secondary batteries and
pouch-type secondary batteries that can be applied to prod-
ucts such as mobile phones with the thin thickness, and in
terms of materials, there is a high demand for lithium
secondary batteries such as lithium-ion batteries and
lithium-ion polymer batteries with high energy density, high
discharge voltage, and output stability.

[0005] Secondary batteries are also classified depending
on how an electrode assembly, which has a structure having
a positive electrode, a negative electrode, and a separator
interposed between the positive electrode and the negative
electrode, is structured, and representatively, there may be a
jelly-roll (wound type) electrode assembly having a struc-
ture in which long sheet-type positive electrodes and nega-
tive electrodes are wound with a separator interposed ther-
ebetween, a stack-type (layered type) electrode assembly in
which multiple positive electrodes and negative electrodes
units of a predetermined size are stacked in order with a
separator interposed therebetween, a stack-folding type elec-
trode assembly having a structure of winding unit cells such
as a bi-cell or a full cell, etc. in which positive electrodes and
negative electrodes of a predetermined unit are layered with
a separator interposed therebetween, etc.

[0006] In addition, secondary batteries are manufactured
by injecting an electrolyte solution, which is a liquid elec-
trolyte, in a state where the electrode assembly is accom-
modated inside a battery container, and sealing the battery
container.

[0007] A secondary battery that has been manufactured
may have various defects due to various causes during an
assembly process, manufacturing process, or during its
usage. Among them, a phenomenon in which a battery that
has been manufactured exhibits a voltage drop behavior
higher than a self-discharge rate is called a low-voltage.
[0008] This low-voltage defect phenomenon is typically
caused by a foreign material located inside the battery, and
typically, when a metal foreign material exists in a positive
electrode, the metal foreign material grows into a dendrite at
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a negative electrode, and such a dendrite causes an internal
short circuit (short) of a secondary battery. As a result, the
internal short circuit of the secondary battery causes failure,
damage, ignition, and the like of the secondary battery.

[0009] In order to identify the type of a foreign material
that causes such a low-voltage detect, in a low-voltage
defective battery cell, the foreign material is sampled, and
image analysis and elemental analysis are performed on the
foreign material using FE-SEM-EDS. Conventionally, in
order to sample foreign materials that cause low-voltage, an
open circuit voltage (OCV) is monitored in low-voltage
battery cells in units of monocells, monocells having an
amount of voltage drop that exceeds the amount of self-
discharge are selected, foreign materials in the correspond-
ing monocells and the monocells adjacent thereto are visu-
ally confirmed, and then the foreign materials were sampled.
However, such a conventional method requires a lot of time
because a foreign material has to be found with the naked
eye, and accordingly, fatigue due to analysis is accumulated
due to a long-term performance, and has a low probability
of finding a foreign material that causes an actual leakage
current.

[0010] In addition, as another method of sampling foreign
material, there is a HI-POT test. The HI-POT test freezes an
electrolyte under liquid nitrogen and then applies a high
voltage to induce burning by concentrating a current on a
potential short-circuit location, and after checking the loca-
tion of the burnt monocell by disassembling the battery cell,
the foreign material is sampled. But there was a problem that
there was a great concern about information loss of the
sampled specimen due to the explosive power caused by
applying the high voltage.

DESCRIPTION OF THE INVENTION

Technical Problem

[0011] The present invention is to solve the above prob-
lems of the prior art, and it is directed to provide an
apparatus for detecting the location of a foreign material
capable of solving fatigue due to a time-consuming analysis
and having a high probability of finding a foreign material
when searching for the location of foreign material by visual
inspection, and a detection method thereof.

Technical Solution

[0012] An apparatus for detecting the location of a foreign
material of a low-voltage battery cell according to the
present invention includes: a first measurement electrode
and a second measurement electrode disposed on a positive
electrode and a negative electrode of a battery cell to be
evaluated, respectively, to measure a leakage current; a
current measuring device for measuring a leakage current;
and a data processing part for processing a measured leakage
current data, wherein the first and second measurement
electrodes each have a structure in which a plurality of unit
electrodes to Which coordinate information is assigned are
collected, the current measuring device measures a leakage
current flowing through the unit electrode of the first mea-
surement electrode and the unit electrode of the second
measurement electrode that have the same coordinate infor-
mation and are electrically connected, and the data process-
ing part checks the location of a foreign material from a
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leakage current data through a coordinate information of a
unit electrode having a large leakage current.

[0013] The apparatus for detecting the location of a for-
eign material of a low-voltage battery cell according to an
exemplary embodiment of the present invention further
includes a first jig and a second jig, wherein the first and
second jigs are configured to press a laminate of the first and
second measurement electrodes and the battery cell to be
evaluated from both sides in a state in which the laminate is
interposed therebetween.

[0014] In an exemplary embodiment of the present inven-
tion, the battery cell is a monocell in which a low-voltage
defect has been confirmed, and is a monocell having a
positive electrode/a separator/a negative electrode structure.
[0015] In an exemplary embodiment of the present inven-
tion, the unit electrodes are arranged in a matrix in the
horizontal and vertical directions, having a coordinate infor-
mation according to the matrix.

[0016] In an exemplary embodiment of the present inven-
tion, the unit electrodes have the same volume and shape,
and have a rectangular parallelepiped or a regular hexahe-
dron shape.

[0017] In an exemplary embodiment of the present inven-
tion, the unit electrode of the first measurement electrode
and the unit electrode of the second measurement electrode
having the same coordinate information constitute a single
current circuit, and the current measuring device is config-
ured to simultaneously measure each leakage current of
current circuits corresponding to the number of the coordi-
nate information.

[0018] In an exemplary embodiment of the present inven-
tion, a printed circuit board (PCB) including a plurality of
current circuits corresponding to the number of the coordi-
nate information is further included.

[0019] In an exemplary embodiment of the present inven-
tion, the printed circuit board is a flexible printed circuit
board (FPCB).

[0020] The apparatus for detecting the location of a for-
eign material of a low-voltage battery cell according to an
exemplary embodiment of the present invention further
includes an amplifier for amplifying a leakage current.
[0021] The apparatus for detecting the location of a for-
eign material of a low-voltage battery cell according to an
exemplary embodiment of the present invention further
includes a power source for applying an external power
source to a current circuit formed by the unit electrode of the
first measurement electrode and the unit electrode of the
second measurement electrode.

[0022] A method for detecting the location of a foreign
material of a low-voltage battery cell according to an
exemplary embodiment of the present invention includes:
screening a low-voltage monocell causing a low-voltage in
the battery cell including a plurality of monocells; and
specifying the location of a foreign material using the
apparatus for detecting for the location of a foreign material
by measuring a leakage current of the screened low-voltage
monocell.

[0023] In an exemplary embodiment of the present inven-
tion, the screening a low-voltage monocell includes: an
insertion of an insulating film by opening a negative elec-
trode portion of the low-voltage battery cell, cutting a
negative electrode tab welding part, and inserting an insu-
lating film between each negative electrode; an initial volt-
age measurement of measuring an initial open circuit volt-
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age (OM) of each negative electrode; a pressurization of
pressurizing the low-voltage battery cell; and a screening of
a low-voltage monocell by monitoring an open circuit
voltage of each negative electrode over time.

[0024] A method for analyzing a foreign material of a
low-voltage defective battery cell according to an exemplary
embodiment of the present invention includes: screening a
low-voltage monocell causing a low-voltage in a battery cell
including a plurality of monocells; specifying the location of
a foreign material using the apparatus for detecting accord-
ing to claim 1 by measuring a leakage current of the
screened low-voltage monocell; and analyzing the type of a
foreign material by sampling the vicinity of the location of
the specified foreign material.

Advantageous Effects

[0025] A device and a method for detecting the location of
a foreign material in a low-voltage battery cell according to
the present invention measure a leakage current through a
plurality of unit electrodes having coordinate information,
and has an effect of quickly and accurately finding the
location of a foreign material from the coordinate informa-
tion of the unit electrode having a large leakage current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a side view of an apparatus for detecting
the location of a foreign material in a low-voltage battery
cell according to an exemplary embodiment of the present
invention,

[0027] FIG. 2 is a top view of an apparatus for detecting
the location of a foreign material in a low-voltage battery
cell according to an exemplary embodiment of the present
invention,

[0028] FIG. 3 is a flowchart of a method for detecting the
location of a foreign material in a low-voltage battery cell
according to an exemplary embodiment of the present
invention.

[0029] FIG. 4 is a flow chart of a low-voltage monocell
screening step according to an exemplary embodiment of the
present invention,

[0030] FIG. 5 is a diagram showing a leakage current
measured by an analyzer of the present invention.

[0031] FIG. 6 is a flowchart of a foreign material analysis
method of a low-voltage defective battery cell according to
an exemplary embodiment of the present invention.

REFERENCE NUMERALS

[0032] 10: BATTERY CELL (MONOCELL)

[0033] 100: APPARATUS FOR DETECTING LOCA-
TION OF FOREIGN MATERIAL OF LOW-VOLI-
AGE BATTERY CELL

[0034] 110: FIRST MEASUREMENT ELECTRODE

[0035] 120: SECOND MEASUREMENT ELEC-
TRODE

[0036] 130: FIRST JIG

[0037] 140: SECOND JIG

[0038] 150: CURRENT MEASURING DEVICE

[0039] 160: DATA PROCESSING PART

[0040] 170: PRINTED CIRCUIT BOARD

[0041] 1, 121: UNIT ELECTRODE

[0042] alpall, blpbl0, clucl0, d1~d10: COORDI-
NATE INFORMATION
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BEST MODE FOR CARRYING OUT THE
INVENTION

[0043] Since the present invention can apply various
modifications and have various embodiments, specific
embodiments will be exemplified and described in detail in
the description. However, it should be understood that the
present invention is not limited to specific embodiments, and
includes all modifications, equivalents or alternatives within
the spirit and technical scope of the present invention.
[0044] The terms used in the present invention are only
used to describe specific embodiments, and are not intended
to limit the present invention. Singular expressions include
plural expressions unless the context clearly dictates other-
wise. The terms “comprise” or “have” are used herein to
designate the presence of characteristics, numbers, steps,
actions, components or members described in the specifi-
cation or a combination thereof, and it should be understood
that the possibility of the presence or addition of one or more
other characteristics, numbers, steps, actions, components,
members or a combination thereof is not excluded in
advance.

[0045] Hereinafter the apparatus for detecting the location
of a foreign material in a low-voltage battery cell according
to the present invention will be described in detail.

[0046] FIG. 1 is a side view of an apparatus for detecting
the location of a foreign object in a low-voltage battery cell
according to an exemplary embodiment of the present
invention, and

[0047] FIG. 2 is a top view of an apparatus for detecting
the location of a foreign object in a low-voltage battery cell
according to an exemplary embodiment of the present
invention. Referring to these drawings, the apparatus for
detecting the location of a foreign material of a low-voltage
battery cell 100 according to the present invention includes:
a first measurement electrode 110 and a second measure-
ment electrode 120 disposed on a positive electrode 11 and
a negative electrode 12 of a battery cell 10 to be evaluated,
respectively, to measure a leakage current; a current mea-
suring device 150 for measuring a leakage current; and a
data processing part 160 for processing a measured leakage
current data.

[0048] The battery cell 10 is interposed between the first
measurement electrode 110 and the second measurement
electrode 120, and the first measurement electrode faces the
positive electrode 11 of the battery cell 10, and the second
measurement electrode 120 faces the negative electrode 12,
respectively.

[0049] The battery cell may be a monocell, and such a
monocell has a structure in which a positive electrode/a
separator/a, negative electrode are stacked. Since the appa-
ratus for detecting the location of a foreign material of the
present invention is for finding the location of a foreign
material in a low-voltage defective battery cell, the monocell
is a monocell in which the low-voltage defect has been
confirmed.

[0050] The first measurement electrode 110 and the sec-
ond measurement electrode 120 are electrically connected,
and as they directly contact a low-voltage battery cell
interposed therebetween, when a leakage current is induced
in the low-voltage battery cell, a leakage current flows in the
first measurement electrode 110 and the second measure-
ment electrode 120. Also, the current measuring device 160
measures leakage current flowing through the first measure-
ment electrode and the second measurement electrode.
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[0051] In order to detect the location of a foreign material
that causes a leakage current in a low-voltage battery cell,
the first measurement electrode 110 and the second mea-
surement electrode 120 has a structure in which a plurality
of unit electrodes 111, 121 to which coordinate information
is assigned, respectively, are aggregated. The plurality of
unit electrodes 111 constituting the first unit electrode are
arranged in a matrix along the horizontal direction (X-axis
direction) and the vertical direction (Y-axis direction), and
thus have coordinate information according to the matrix.
Accordingly, the coordinate information indicates the infor-
mation of the location the foreign material in the first
measurement electrode and the second measurement elec-
trode.

[0052] Referring to FIG. 2, in the first measurement elec-
trode 110, a plurality of unit electrodes 111 are arranged in
a matrix along the vertical direction (Y-axis direction) and
the horizontal direction (X-axis direction), and similarly, in
the second measurement electrode 120, a plurality of unit
electrodes 121 are arranged in a matrix along the vertical
direction (Y-axis direction) and the horizontal direction
(X-axis direction).

[0053] For example, the unit electrodes 111 constituting
the first measurement electrode form rows a, h, ¢, d along the
vertical direction, and columns 1, 2, 3 . . . 10 along the
horizontal direction. Coordinate information of al may be
given to the unit electrode located in row a, column 1, and
coordinate information of d10 may be given to the unit
electrode located in row d, column 10. A method of assign-
ing coordinate information to the unit electrodes 121 con-
stituting the second measurement electrode is the same as
above.

[0054] In addition, the unit electrode of the first measure-
ment electrode and the unit electrode of the second mea-
surement electrode having the same coordinate information
are electrically connected to form one current circuit, and the
current measuring device measures a leakage current flow-
ing through the unit electrode of the first measurement
electrode and the unit electrode of the second measurement
electrode having the same coordinate information.

[0055] Specifically, the unit electrode of al of the first
measurement electrode and the unit electrode of al of the
second measurement electrode form a pair to be electrically
connected, and the unit electrode of bl of the first measure-
ment electrode and the unit of b2 of the second measurement
electrode form a pair to be electrically connected. Although
not shown in FIG. 2, the unit electrodes to which the
remaining coordinate information is assigned are also paired
and electrically connected in this manner. Accordingly, a
plurality of current circuits corresponding to the number of
coordinate information are configured, and the current mea-
suring device simultaneously measures leakage current
flowing through each of the plurality of current circuits,
thereby enabling measurement of leakage current according
to the coordinate information.

[0056] Since the location of the foreign material should be
found according to the coordinate information, it is prefer-
able that the plurality of unit electrodes to which the
coordinate information is assigned have the same volume
and shape. This is because, if the volume and shape of the
unit electrodes are not the same, the leakage current is
affected by these factors, and thus it may be difficult to detect
the location of the foreign material through simple compari-
son of the leakage current.
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[0057] The data processing part 160 checks the location of
the foreign material from the leakage current data measured
by the current measuring device through coordinate infor-
mation of a unit electrode having a large leakage current.
The leakage current measured in the current circuit formed
by the unit electrode at the location where the foreign
material exists is larger than the leakage current measured in
the current circuit formed by the other unit electrodes.
[0058] FIG. 5 is a diagram showing a leakage current
measured by an analyzer of the present invention. The data
processing part 160 may process the plurality of leakage
current values measured by the current measuring device
150 according to the coordinate information, and print them
out as shown in FIG. 5. Accordingly, by checking the
coordinate information with a large leakage current, it can be
determined that there is a foreign material at the location of
the corresponding coordinate information.

[0059] Accordingly, since the apparatus for detecting the
location of a foreign material in a low-voltage battery cell of
the present invention can accurately detect the location of
leakage current in the low-voltage battery cell to be
inspected through the unit electrode to which coordinate
information is assigned, compared to the conventional
method of inspecting the location of a foreign material and
through visual inspection, when finding a suspected foreign
material or sampling multiple suspected locations, there is
an effect of dramatically improving work load and dramati-
cally enhancing time and analysis accuracy.

[0060] Inone specific example, the apparatus for detecting
the location of a foreign material in a low-voltage battery
cell according to the present invention may further include
a first jig 130 and a second jig 140. The first and second jigs
130, 140 may be configured to press a laminate from both
sides of the laminate in a state in which the laminate of the
first and second measurement electrodes 110, 120 and the
battery cell 10 to be evaluated are interposed between the
first and second jigs 130, 140.

[0061] Pressurizing both sides of the laminate of the first
and second measurement electrodes 110, 120 and the battery
cell 10 to be evaluated is to maximally induce a leakage
current. When the laminate is pressurized, the positive and
negative electrodes are applied with an electric current at the
location Where the foreign material is present by the pres-
surization, and the battery cell to be evaluated requires
current to maintain the voltage, so leakage current is gen-
erated. And the leakage current generated in this way flows
through the first and second measurement electrodes in
contact with the positive electrode and the negative elec-
trode, so that the leakage current can be measured through
a current measuring device.

[0062] The structure of the first jig 130 and the second jig
140 is not limited in the structure and shape as long as it is
capable of pressurizing the laminate of the first and second
measurement electrodes 110, 120 and the battery cell 10 to
be evaluated.

[0063] In one specific example, the first and second jigs
130, 140 may have a rectangular plate shape, and the size of
the pressing surface may correspond to the area the laminate
of the first and second measurement electrodes 110, 120 and
the battery to be evaluated face.

[0064] Inone specific example, the apparatus for detecting
the location of a foreign material in a low-voltage battery
cell according to the present invention may further include
an amplifier that amplifies the leakage current. This is to
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increase the discrimination of the leakage current value
when the leakage current value is low.

[0065] In addition, the apparatus for detecting the location
of a foreign material in a low-voltage battery cell according
to another specific example may include a power source for
applying external power to a current circuit formed by a unit
electrode of the first measurement electrode and a unit
electrode of the second measurement electrode. This is also
added to increase the discrimination of the leakage current
value when the leakage current value is low.

[0066] Inone specific example, the apparatus for detecting
the location of a foreign material in a low-voltage battery
cell according to the present invention may include a printed
circuit board (PCB) in which current circuits corresponding
to the number of the coordinate information are assembled.
Accordingly, wires for electrically connecting the unit elec-
trodes of the first measurement electrode and the unit
electrodes of the second measurement electrode are unnec-
essary, these circuits are stabilized, and uniformity and
reliability are increased. Also, the printed circuit board may
be a flexible printed circuit board (FPCB). A flexible printed
circuit board has the advantage of enabling a three-dimen-
sional wiling, miniaturization, and weight reduction.
[0067] Hereinafter, a method for detecting the location of
a foreign material in a low-voltage battery cell according to
the present invention will be described in detail.

[0068] FIG. 3 is a flowchart of a method for detecting the
location of a foreign object in a low-voltage battery cell
according to an exemplary embodiment of the present
invention. Referring to FIG. 3, the method for detecting the
location of a foreign object in a low-voltage battery cell
according to the present invention includes: screening S10 a
low-voltage monocell causing a low-voltage in the battery
cell containing a plurality of monocells; and specifying S20
the location of a foreign material using the apparatus for
detecting the location of a foreign material by measuring a
leakage current of the screened low-voltage monocell.
[0069] A stack type or a stack/folding type battery cell has
a structure in which a monocell having a positive electrode/a
separator/a negative electrode structure is stacked in num-
bers, and the screening S10 of a low-voltage monocell is a
step of screening the monocell in which the foreign material
is located in the low-voltage battery cell.

[0070] FIG. 4 is a flow chart of a monocell screening step
according to an exemplary embodiment of the present
invention. Referring to FIG. 4, the screening S10 of mono-
cell includes: an insertion of an insulating film S11 by
opening a negative electrode portion of the low-voltage
battery cell, cutting a negative electrode tab welding part,
and inserting an insulating film between each negative
electrode; an initial voltage measurement S12 of measuring
an initial open circuit voltage (OCV1) of each negative
electrode; a pressurization S13 of pressurizing the low-
voltage battery cell; and a screening S14 of a low-voltage
monocell by monitoring an open circuit voltage of each
negative electrode over time.

[0071] The insertion of an insulating film S11 inserts an
insulating film for insulating between monocells in order to
measure an open circuit voltage (OCV) in units of individual
monocells in a plurality of monocells.

[0072] The initial voltage measurement step S12 measures
for the comparison of the amount of voltage drop. A
low-voltage battery cell is a battery cell in which the amount
of voltage drop exceeds the self-discharge amount, and over
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time, a battery cell with a large voltage drop is selected as
a low-voltage monocell. To compare the amount of voltage
drop, the initial voltage is measured and recorded, and then
a low-voltage monocell is screened by calculating the dif-
ference to the voltage (amount of voltage drop) according to
the lapse of time. Here, the open circuit voltage is measured
for all negative electrodes.

[0073] After measuring the initial open circuit voltage, a
pressurization S13 of pressurizing the battery cell is per-
formed. The pressurization step is for accelerating the volt-
age drop. The pressurizing means is not particularly limited
as long as it can accelerate the voltage drop, and as a specific
example, it may be a press jig including a pair of press plates
capable of pressurizing both sides of the battery cell. Since
the electrolyte solution may leak in the pressurization step,
it is preferable to enclose and seal the electrolytic cell in a
packaging material capable of sealing the electrolytic cell
before proceeding with the pressurization step. Such a
packaging material is not particularly limited as long as it is
a material capable of preventing leakage of the electrolyte
solution, and specifically may be a plastic packaging mate-
rial.

[0074] In the screening step S14, the open circuit voltage
of each negative electrode is measured over time as the
amount of voltage drop is calculated, and a monocell includ-
ing a negative electrode having a large voltage drop is
screened as a low-voltage battery cell.

[0075] In this way, after screening the monocell causing
the low voltage in the low voltage battery cell, the step S20
of confirming the location of the foreign material causing the
leakage current is performed by measuring the leakage
current of the monocell using the above-described apparatus
for detecting the location of a foreign material.

[0076] The above-described apparatus for detecting the
location of a foreign material has a structure in which a
plurality of unit electrodes to which coordinate information
is assigned are assembled in a first measurement electrode
and a second measurement electrode for measuring leakage
current. Since it detects the location of a foreign material
according to the coordinate information showing a large
leakage current by measuring the leakage current for the
current circuit constituted by the first measurement electrode
and the second measurement electrode having the same
coordinate information, the method for detecting the loca-
tion of a foreign material according to the present invention
has an effect of quickly and accurately detecting the location
of a foreign material causing the low-voltage.

[0077] Hereinafter, a method for analyzing a foreign mate-
rial of a low-voltage battery cell according to the present
invention will be explained.

[0078] FIG. 6 is a flowchart of a foreign material analysis
method of a low-voltage defective battery cell according to
an exemplary embodiment of the present invention. Refer-
ring to FIG. 6, the method for analyzing a foreign material
of'a low-voltage battery cell according to the present inven-
tion includes: screening S31 of a low-voltage monocell of
screening a monocell causing a low-voltage in a battery cell
containing a plurality of monocells; specifying S32 the
location of a foreign material using the detection device
according to claim 1 by measuring a leakage current of the
screened low-voltage monocell; and analyzing S33 the type
of a foreign material by sampling the vicinity of the location
of the specified foreign material.
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[0079] Since the specific details of the step of screening
the monocell S31 and the step specifying the location of a
foreign material S32 have been described above, further
description will be omitted.

[0080] Analyzing the type of a foreign material S33 is a
step of sampling the vicinity of the specified location of a
foreign material, and analyzing the type of a foreign material
with the sampled specimen, and specifically, a FE-SEM-
EDS analysis method can be used. Here, sampling means
manufacturing a specimen so that the specified foreign
material can be included.

[0081] The FE-SEM-EDS analysis method uses equip-
ment used for a high-resolution, a high-magnification, and a
low-damage surface analysis, enabling microstructure
analysis, morphology, cross-section analysis, and particle
size analysis, etc., and qualitative and quantitative analysis
of an unknown sample are possible with an EDS equipment.
The analytical method of the present invention has an effect
of improving analysis accuracy because the sampled speci-
men has a very high probability of containing foreign
materials causing low-voltage.

[0082] As above, the present invention has been described
with reference to exemplary embodiments, but it should be
understood by those skilled in the art or those of ordinary
skill in the art that the present invention can be variously
modified and changed without departing from the spirit and
technical scope of the present invention described in the
accompanying claims.

[0083] Therefore, the technical scope of the present inven-
tion should not be limited to the contents described in the
detailed description of the specification, but should be
defined by the claims.

1. An apparatus for detecting the location of a foreign
material of a low-voltage battery cell, comprising:

a first measurement electrode and a second measurement
electrode disposed respectively on a positive electrode
and a negative electrode of the battery cell to measure
a leakage current;

a current measuring device configured to measure a
leakage current; and

a data processor configured to process a measured leakage
current data,

wherein the first and second measurement electrodes each
have a structure in which a plurality of unit electrodes
to which coordinate information is assigned are col-
lected,

wherein the current measuring device is configured to
measure a leakage current flowing through the unit
electrode of the first measurement electrode and the
unit electrode of the second measurement electrode that
have the same coordinate information and are electri-
cally connected, and

wherein the data processing part is configured to check
the location of a foreign material from a leakage current
data through a coordinate information of a unit elec-
trode having a large leakage current.

2. The apparatus for detecting the location of a foreign
material of a low-voltage battery cell of claim 1, further
comprising a first jig and a second jig, wherein the first and
second jigs are configured to press a laminate of the first and
second measurement electrodes and the battery cell to be
evaluated from both sides with the laminate being interposed
between the first and second jigs.
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3. The apparatus for detecting the location of a foreign
material of a low-voltage battery cell of claim 1, wherein the
battery cell is a monocell in which a low-voltage defect has
been confirmed, and is a monocell having a positive elec-
trode/a separator/a negative electrode structure.

4. The apparatus for detecting the location of a foreign
material of a low-voltage battery cell of claim 1, wherein the
unit electrodes are arranged in a matrix in horizontal and
vertical directions, having a coordinate information accord-
ing to the matrix.

5. The apparatus for detecting the location of a foreign
material of a low-voltage battery cell of claim 1, wherein the
unit electrodes each have a same volume and shape, and
each have a rectangular parallelepiped or a regular hexahe-
dron shape.

6. The apparatus for detecting the location of a foreign
material of a low-voltage battery cell of claim 1, wherein the
unit electrode of the first measurement electrode and the unit
electrode of the second measurement electrode having the
same coordinate information constitute a single current
circuit, and

wherein the current measuring device is configured to

simultaneously measure each leakage current of current
circuits corresponding to the number of the coordinate
information.

7. The apparatus for detecting the location of a foreign
material of a low-voltage battery cell of claim 6, further
comprising a printed circuit board (PCB) including a plu-
rality of current circuits corresponding to the number of the
coordinate information.

8. The apparatus for detecting the location of a foreign
material of a low-voltage battery cell of claim 7, wherein the
printed circuit board includes a flexible printed circuit board
(FPCB).

9. The apparatus for detecting the location of a foreign
material of a low-voltage battery cell of claim 1, further
comprising an amplifier for amplifying a leakage current.

10. The apparatus for detecting the location of a foreign
material of a low-voltage battery cell of claim 1, further
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comprising a power source configured to apply an external
power source to a current circuit formed by the unit elec-
trode of the first measurement electrode and the unit elec-
trode of the second measurement electrode.
11. A method for detecting the location of a foreign
material of a low-voltage battery cell comprising:
screening a low-voltage monocell causing a low-voltage
in a battery cell including a plurality of monocells; and

specifying the location of a foreign material using the
apparatus for detecting according to claim 1 by mea-
suring a leakage current of the screened low-voltage
monocell.

12. The method for detecting a location of a foreign
material of a low-voltage battery cell of claim 11, wherein
the screening a low-voltage monocell comprises:

opening a negative electrode portion of the low-voltage

battery cell, cutting a negative electrode tab welding
part,

inserting an insulating film between each negative elec-

trode;

measuring an initial open circuit voltage (OCV1) of each

negative electrode;

pressurizing the low-voltage battery cell; and

screening of a low-voltage monocell by monitoring an

open circuit voltage of each negative electrode over
time.
13. A method for analyzing a foreign material of a
low-voltage defective battery cell, comprising:
screening a low-voltage monocell causing a low-voltage
in a battery cell including a plurality of monocells;

specifying the location of a foreign material using the
apparatus for detecting according to claim 1 by mea-
suring a leakage current of the screened low-voltage
monocell; and

analyzing the type of the foreign material by sampling the

vicinity of the location of the specified foreign material.
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