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the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).
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copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor
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patent application publication.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2} furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is used by the U.5. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested informaticn, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

A record from this systemn of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of Naticnal Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recemmend improvements in records management practices and
programs, under authority of 44 U.5.C. 2604 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GS5A or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 US.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a viclation or potential violaticn of law or regulation.
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CATHODE, ELECTROCHEMICAL DEVICE AND ELECTRONIC
DEVICE COMPRISING SAME

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of priority from the China Patent
Application No. 201811308841.3, filed on 5 November 2018, the disclosure of

which is hereby incorporated by reference in its entirety.
BACKGROUND
1. Field of the Invention

Embodiments of the present application relate to the field of
electrochemical devices, and more particularly, to a cathode and a lithium-ion

battery.
2. Description of the Related Art

Electrochemical devices (for example, lithtum-ion batteries) have entered
our daily lives with advances in technology and environmental protection. With
the large-scale popularization of lithtum-ion batteries, safety problems caused
by an external force puncturing lithtum-ion batteries occasionally occur on the
user side, and their safety performance has received more and more attention.
In particular, the numerous incidents of battery fermentation in some mobile
phones resulting in explosions has caused users, resellers and lithium-ion
battery manufacturers to put forward new requirements for the safety

performance of lithium-ion batteries.

At present, the methods for improving the safety of lithium-ion batteries
comes at the expense of the energy density of lithium-ion batteries. Therefore,
it is imperative to provide a technical means capable of significantly improving
the safety performance of lithium-ion batteries while realizing higher energy

density in them.
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SUMMARY

The embodiments of the present application are directed to a cathode. A
region covered by an active material layer on the cathode current collector of
the cathode adopts an active material layer in a two-layer structure, and a region
not covered by the active material layer is provided with an insulating layer. By
adjusting the gap between the active material layer and the insulating layer, the
overlapping problem that may occur when the active material layer and the
insulating layer are disposed can be effectively alleviated, and a failure caused
by an internal short circuit generated when the electrochemical device is pierced
by an external force is avoided, thereby effectively improving the safety

performance of the electrochemical device in a penetration test.

Some embodiments of the present application provide a cathode, including
a cathode current collector, a first cathode active material layer, a second
cathode active material layer and an insulating layer, where the first cathode
active material layer includes a first cathode active material, and the second
cathode active material layer includes a second cathode active material. The
cathode current collector has a first surface, where the first cathode active
material layer is disposed between the cathode current collector and the second
cathode active material layer and covers a first portion of the first surface of the
cathode current collector, and the insulating layer covers a second portion of the
first surface of the cathode current collector that is different from the first

portion.

According to some embodiments of the present application, a first distance
exists between the insulating layer and the first cathode active material layer in
a longitudinal direction of the cathode current collector, a second distance exists
between the insulating layer and the second cathode active material layer in the
longitudinal direction of the cathode current collector; and the first distance and
the second distance are respectively greater than or equal to 0 and the second

distance is less than or equal to the first distance.
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According to some embodiments of the present application, the second
cathode active material layer completely covers the surface of the first cathode

active material layer.

According to some embodiments of the present application, the first

distance 1s from about 0 mm to about 83 mm.

According to some embodiments of the present application, the thickness

of the first cathode active material layer is from about 0.1 pm to about 20 pm.

According to some embodiments of the present application, the thickness
of the insulating layer 1s greater than the thickness of the first cathode active

material layer.

According to some embodiments of the present application, the first
cathode active material and the second cathode active material are each
independently selected from the group consisting of lithium cobaltate, lithium
iron phosphate, lithium manganese iron phosphate, sodium iron phosphate,
lithium vanadium phosphate, sodium vanadium phosphate, oxy-lithium-
vanadium phosphate, oxy-sodium-vanadium phosphate, lithium vanadate,
lithium manganate, lithtum nickelate, lithtum nickel cobalt manganese oxide,
lithtum-rich manganese-based material, lithitum nickel cobalt aluminum oxide,

lithium titanate and combinations thereof.

According to some embodiments of the present application, the first
cathode active material layer and the second cathode active material layer
respectively further include a binder and a conductive agent, wherein the binder
is selected from the group consisting of polyvinylidene fluoride, a vinylidene
fluoride-hexafluoropropylene  copolymer, polyamide, polyacrylonitrile,
polyacrylate ester, polyacrylic acid, polyacrylate salt, sodium carboxymethyl
cellulose, polyvinylpyrrolidone, polyvinyl ether, polymethyl methacrylate,
polytetrafluoroethylene, polyhexafluoropropylene, styrene butadiene rubber

and combinations thereof, and

0013



the conductive agent is selected from the group consisting of carbon
nanotubes, conductive carbon black, acetylene black, graphene, Ketjen black,

carbon fibers and combinations thereof.

According to some embodiments of the present application, the insulating
layer includes at least one of inorganic particles and a polymer, where the
inorganic particles are selected from the group consisting of aluminum oxide,
silicon dioxide, magnesium oxide, titanium oxide, hafnium oxide, tin oxide,
cerium dioxide, nickel oxide, zinc oxide, calcium oxide, zirconium dioxide,
yttrium oxide, silicon carbide, boehmite, aluminum hydroxide, magnesium
hydroxide, calcium hydroxide, barium sulfate and combinations thereof, and the
polymer is selected from the group consisting of a homopolymer of vinylidene
fluoride, a copolymer of vinylidene fluoride, a copolymer of
hexafluoropropylene, polystyrene, polyphenylacetylene, sodium poly(vinyl
acid), potassium poly(vinyl acid), polymethyl methacrylate, polyethylene,
polypropylene, polytetrafluoroethylene and combinations thereof.

Some embodiments of the present application provide an electrochemical
device, including a anode, a separator and a cathode, where the cathode includes
a cathode current collector, having a first surface; a first cathode active material
layer, including a first cathode active material; a second cathode active material
layer, including a second cathode active material; and an insulating layer, where
the first cathode active material layer is disposed between the cathode current
collector and the second cathode active material layer and covers a first portion
of the first surface of the cathode current collector, and the insulating layer
covers a second portion of the first surface of the cathode current collector that
is different from the first portion; and the separator is disposed between the
anode and the cathode, and the anode, the separator, and the cathode are wound

to form an electrode assembly.

According to some embodiments of the present application, a first distance

exists between the insulating layer and the first cathode active material layer in
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the longitudinal direction of the cathode current collector, a second distance
exists between the insulating layer and the second cathode active material layer
in the longitudinal direction of the cathode current collector; and the first
distance and the second distance are respectively greater than or equal to 0 and

the second distance is less than or equal to the first distance.

According to some embodiments of the present application, the first
distance and the second distance are disposed at a corner of the electrode

assembly.

According to some embodiments of the present application, the thickness

D of the electrode assembly is from about 1.5 mm to about 50 mm.

According to some embodiments of the present application, the first
distance between the insulating layer and the first cathode active material layer
in the longitudinal direction of the cathode current collector satisfies the

following formula:

0 < the first distance < ED + 4mm.

According to some embodiments of the present application, the second
distance between the insulating layer and the second cathode active material
layer in the longitudinal direction of the cathode current collector satisfies the

following formula:

0 < the second distance < gD + 4mm.

Some embodiments of the present application provide an electronic device,

including the electrochemical device in the above embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

The drawings that are necessary to describe the embodiments of the present

application or the prior art will be briefly described below to facilitate the
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descriptions of the embodiments of the present application. Obviously, the
drawings of the following descriptions are only partial embodiments of the
present application. For those skilled in the art, the drawings of other
embodiments can still be obtained according to the structures illustrated in the

drawings without the need for creative labor.

Fig. 1 is a schematic structural view of a cathode in which an active material
layer and an insulating layer overlap according to some embodiments of the

present application.

Fig. 2 is a schematic structural view of a cathode according to some

embodiments of the present application.

Fig. 3 is a schematic structural view of a cathode in which an end of a
second cathode active material layer is shorter than an end of a first cathode

active material layer according to some embodiments of the present application.

Fig. 4A is a schematic structural diagram of an electrode assembly in which
the first distance and the second distance are in the minimum range thereof

according to some embodiments of the present application.

Fig. 4B 1s a schematic structural diagram of an electrode assembly in which
the first distance and the second distance are in the maximum range thereof

according to some embodiments of the present application.
DETAILED DESCRIPTION

Embodiments of this application are described below in detail. Throughout
the entire specification of this application, same or similar components or
components having same or similar functions are represented by using similar
reference numerals. The embodiments related to the accompanying drawings
that are described herein are illustrative and schematic, and are used to provide
basic understanding for this application. The embodiments of this application

should not be construed as limitations to this application.
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In this specification, unless otherwise particularly indicated or limited,
relativistic wordings such as "central”, "longitudinal”, "lateral", "front", "back",

"non n"non

"right", "left", "inner", "outer",

"non

relatively low", "relatively high", "horizontal",
"vertical", "higher than", "lower than", "above", "below", "top", "bottom", and
derived wordings thereof (such as "horizontally", "downward", and "upward")
should be construed as referenced directions described in discussion or shown
in the accompanying drawings. These relativistic wordings are merely for ease
of description, and require constructing or operating this application in a

particular direction.

In addition, amounts, ratios, and other numerical values are sometimes
presented herein in a range format. It should be understood that such range
formats are for convenience and brevity, and should be interpreted with
flexibility, and include not only those numerical values that are specifically
designated as range limitations, but also include all individual numerical values
or sub-ranges that are within the range, as each value and sub-range is specified

explicitly.

Further, for convenience of description, "first", "second", "third" and the
like may be used herein to distinguish different components of one drawing or
series of drawings. Unless otherwise specified or limited, "first", "second",

"third" and the like are not intended to describe the corresponding components.

As used herein, the term "about" is used for describing and explaining a
small variation. When being used in combination with an event or a case, the
terms can refer to an example in which the event or case exactly occurs, or an
example in which the event or case similarly occurs. For example, when being
used in combination with a value, the terms may refer to a variation range being
less than or equal to £10% of the value, for example, less than or equal to +5%,
less than or equal to +4%, less than or equal to £3%, less than or equal to +2%,
less than or equal to £1%, less than or equal to +0.5%, less than or equal to

+0.1%, or less than or equal to £0.05%. In addition, amounts, ratios, and other

0017



numerical values are sometimes presented herein in a range format. It should be
understood that such range formats are for convenience and brevity, and should
be interpreted with flexibility, and include not only those numerical values that
are specifically designated as range limitations, but also include all individual
numerical values or sub-ranges that are within the range, as each value and sub-

range 1s specified explicitly.

The embodiments of the present application provide a cathode. An active
material layer in a region covered by a cathode active material layer is in a two-
layer structure, and a region not covered by the cathode active material layer is
provided with an insulating layer. By adjusting the gap between the active
material layer and the insulating layer, the problem of damage to the cathode
due to the overlapping of the active material layer and the insulating layer is
alleviated, so that the contact resistance between the cathode current collector
and the anode active material layer can be effectively enhanced when the
cathode is damaged by an external force, thereby enhancing the safety
performance of the lithium-ion battery in the corresponding test (i.e., nail

penetration test).

Lithium-ion batteries usually have four types of short-circuit events during
the nail penetration test where the layers are comprised: a cathode active
material layer-anode active material layer, a cathode active material layer-anode
current collector, a cathode current collector-anode current collector, and a
cathode current collector-anode active material layer. Among the four short-
circuit events, the cathode current collector-anode active material layer short-
circuit event is the most dangerous because the amount of energy released

during this type of short-circuit event is greatest.

In an electrochemical device (e.g., a lithium-ion battery), the lithium-ion
battery includes a cathode, a anode, a separator, an electrolytic solution and the
like. The cathode includes a cathode current collector, a cathode active material

layer and the like, where the cathode current collector includes a region not
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covered by the active material layer (also referred to as an uncovered foil region)
in addition to the region covered by the active material layer. For example, when
the electrode assembly of the lithium-ion battery is a wound electrode assembly,
its uncovered foil region includes an outer layer region of the electrode

assembly and an inner layer tab welding region of the electrode assembly.

In the region covered by the cathode active material layer, the cathode
current collector may be protected by coating a cathode active material layer in
a two-layer structure. However, during the nail penetration test, the cathode
current collector of the uncovered foil region will come directly into contact
with the nail, and the nail will electrically connect to the anode active material
layer inside the electrode assembly to create a cathode current collector-anode
active material layer or a cathode current collector-nail-anode active material
layer short-circuit event. Therefore, by providing an insulating layer on the
uncovered foil region, the uncovered foil region of the cathode current collector
in the cathode can be effectively protected, thereby avoiding a cathode current
collector-anode active material layer or a cathode current collector-nail-anode
active material layer short-circuit event, where the higher the coverage of the
insulating layer on the uncovered foil region of the cathode current collector,
the more obvious the effect of avoiding a short circuit. However, since the
thickness of the insulating layer is greater than the thickness of the first cathode
active material layer on the bottom layer of the active material layer, when the
second cathode active material layer is coated on the first cathode active
material layer, the second cathode active material layer easily overlaps with the
insulating layer due to fluctuations in processing tolerance, and the insulating

layer covers above or below the second cathode active material layer.

Fig. 1 is a schematic structural view of a cathode in which an active material
layer and an insulating layer overlap according to some embodiments of the
present application. As shown in Fig. 1, the cathode 10 includes a cathode
current collector 11, a first cathode active material layer 12, a second cathode

active material layer 13 and an insulating layer 14. The first cathode active
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material layer 12 is disposed between the cathode current collector 11 and the
second cathode active material layer 13 and covers a first portion on one surface
of the cathode current collector 11, the insulating layer is disposed on a second
portion on the surface not covered by the first cathode active material layer 12
in a longitudinal direction of the cathode current collector 11, where no gap
exists between the insulating layer and the first cathode active material layer 12
in the longitudinal direction of the cathode current collector 11, and the
insulating layer and the second cathode active material layer overlap in the
longitudinal direction of the cathode current collector 11. The above technical
solution can significantly improve the nail penetration test performance of the
lithium-ion battery. However, since the thickness of the overlapping portion of
the second cathode active material layer 13 and the insulating layer 14 1s
excessively large, the second cathode active material in the second cathode
active material layer 13 may exceed the limit of its compaction density in the
subsequent cold pressing step, so that the particles of the second cathode active
material in the second cathode active material layer 13 are ruptured. The rupture
of the second cathode active material may affect the intercalation and de-
intercalation of lithium ions, resulting in undesirable phenomena such as low

battery capacity of the electrode assembly and the like.

Some embodiments of the present application provide a cathode, which
avoids the problem of overlapping caused by the poor design of the above
cathode by setting the gap size between the cathode active material layer and

the insulating layer.

Fig. 2 is a schematic structural view of a cathode according to some

embodiments of the present application.

As shown in Fig. 2, the cathode 10 includes a cathode current collector 11,
a first cathode active material layer 12, a second cathode active material layer
13 and an insulating layer 14. In particular, by adjusting the positions of the first

cathode active material layer 12, the second cathode active material layer 13
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and the insulating layer 14 in the longitudinal direction of the cathode current
collector, a first distance 15 and a second distance 16 respectively exist between
the first cathode active material layer 12 and the insulating layer 14 and between
the second cathode active material layer 13 and the insulating layer 14, where
the first cathode active material layer 12 is disposed between the cathode current
collector 11 and the second cathode active material layer 13 and covers a first
portion on one surface of the cathode current collector 11, and the insulating
layer 1s disposed on a second portion of the surface not covered by the first
cathode active material layer 12 in the longitudinal direction of the cathode
current collector 11. A first distance 15 exists between the insulating layer 14
and the first cathode active material layer 12 in the longitudinal direction of the
cathode current collector 11, a second distance 16 exists between the insulating
layer 14 and the second cathode active material layer 13 in the longitudinal
direction of the cathode current collector 11, and the first distance and the
second distance are respectively greater than or equal to O and the second
distance is less than or equal to the first distance. The arrangement of the first
distance 15 and the second distance 16 effectively avoids the overlapping of the
first cathode active material layer 12, the second cathode active material layer
13 and the insulating layer 14, thereby enhancing the reliability of the cathode
in the preparation process, and lowering the possibility of a rupture of the
second cathode active material in the second cathode active material layer 13

during the cold pressing technique.

In some embodiments of the present application, an end of the second
cathode active material layer 13 in the longitudinal direction of the cathode
current collector is longer than or equal to an end of the first cathode active
material layer 12 in the longitudinal direction of the cathode current collector,
so that the second cathode active material layer 13 completely covers the surface

of the first cathode active material layer 12.

Fig. 3 is a schematic structural view of a cathode in which an end of a

second cathode active material layer 13 is shorter than an end of a first cathode
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active material layer 12 according to some embodiments of the present
application. As shown in Fig. 3, the end of the second cathode active material
layer 13 in the longitudinal direction of the cathode current collector is shorter
than the end of the first cathode active material layer 12 in the longitudinal
direction of the cathode current collector, so that the tail end of the first cathode
active material layer 12 in the longitudinal direction of the cathode current
collector has an exposed portion not covered by the second cathode active
material layer 13. The above technical solution can significantly enhance the
nail penetration test performance of the lithium-ion battery. However, the
exposed portion of the first cathode active material layer 12 causes the de-
intercalation of lithium ions from the first cathode active material layer during
charging, the de-intercalated lithium ions may form lithtum metal particles on
the anode current collector opposite the exposed portion, and the lithium metal
particles increasingly intensify as the number of cycles of lithium-ion battery
increases, thereby causing lithium metal particle pits to appear on the electrode

assembly and lower storage capacity of the lithium-ion battery.

In some embodiments of the present application, the first distance is from
about 0 mm to about 83 mm, which ensures the reliability of the cathode in the
preparation process and does not lower the safety performance of the cathode
in the nail penetration test. In some embodiments of the present application, the

first distance is from about 6 mm to about 83 mm.

In some embodiments of the present application, the second distance is
from about 0 mm to about 83 mm, which ensures the reliability of the cathode
in the preparation process and does not lower the safety performance of the
cathode in the nail penetration test. In some embodiments of the present

application, the second distance is from about 6 mm to about 83 mm.

In some embodiments of the present application, the particle size of the
cathode active material may be measured by a Malvern particle size tester: the

cathode active material is dispersed in a dispersing agent (ethanol or acetone, or
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other surfactants), and after 30 mins of ultrasound, the sample is added to a
Malvern particle size tester to start the test. In the volume-based particle size
distribution of the first cathode active material, the particle diameter cumulated
to 50% by volume of the small particle diameter (Dv50), i.e., the average
particle diameter, in a range of from about 0.2 um to about 15 um, and in the
volume-based particle size distribution of the first cathode active material, the
particle diameter cumulated to 90% by volume of the small particle diameter
(Dv90) 1n a range of less than or equal to about 40 pm. The first cathode active
material having a smaller Dv90 enables higher coverage and adhesion to the
cathode current collector 11, where the coverage is the total coated area of the
region to be coated minus the exposed area of the layer to be coated exposed
through the pores in the coating layer as a percentage of the total coated area.
In some embodiments of the present application, the average particle diameter
(Dv50) of the second cathode active material: the average particle diameter
(Dv50) of the first cathode active material is from about 1:1 to about 40:1. The
smaller the particles of the first cathode active material, the smaller the

thickness of the first cathode active material layer can be made.

In some embodiments of the present application, the thickness of the first
cathode active material layer 12 is from about 0.1 um to about 20 um. In some
embodiments of the present application, the thickness of the first cathode active
material layer 12 is from about 0.5 pm to about 15 um. In some embodiments
of the present application, the thickness of the first cathode active material layer
12 is from about 2 um to about 8 um. In particular, the thickness of the first
cathode active material layer 12 is not less than the particle size Dv90 of the
first cathode active material, thereby ensuring the coverage of the first cathode

active material layer 12.

In some embodiments of the present application, the thickness of the first
cathode active material layer 12 is less than or equal to the thickness of the
insulating layer 14. In some embodiments of the present application, the

thickness of the insulating layer 14 is greater than about 0.1 um to achieve a
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certain insulating effect. In some embodiments of the present application, the

thickness of the insulating layer 14 is from about 8§ um to about 30 um.

According to some embodiments of the present application, the insulating
layer includes at least one of inorganic particles and a polymer, a suitable
dispersing agent may also be added, and the dispersing agent includes, but is
not limited to, ethanol or acetone, or other surfactants. The inorganic particles
are selected from the group consisting of aluminum oxide, silicon dioxide,
magnesium oxide, titanium oxide, hafnium oxide, tin oxide, cerium dioxide,
nickel oxide, zinc oxide, calcium oxide, zirconium dioxide, yttrium oxide,
silicon carbide, boehmite, aluminum hydroxide, magnesium hydroxide, calcium
hydroxide, barium sulfate and combinations thereof; and the polymer is selected
from the group consisting of a homopolymer of vinylidene fluoride, a
copolymer of vinylidene fluoride, a copolymer of hexafluoropropylene,
polystyrene, polyphenylacetylene, sodium poly(vinyl acid), potassium
poly(vinyl acid), polymethyl methacrylate, polyethylene, polypropylene,

polytetrafluoroethylene and combinations thereof.

According to some embodiments of the present application, the first
cathode active material and the second cathode active material are each
independently selected from the group consisting of lithium cobaltate, lithium
iron phosphate, lithium manganese iron phosphate, sodium iron phosphate,
lithtum vanadium phosphate, sodium vanadium phosphate, oxy-lithium-
vanadium phosphate, oxy-sodium-vanadium phosphate, lithium vanadate,
lithtum manganate, lithium nickelate, lithium nickel cobalt manganese oxide,
lithium-rich manganese-based material, lithtum nickel cobalt aluminum oxide,

lithium titanate and combinations thereof.

In some embodiments of the present application, the first cathode active
material layer 12 and the second cathode active material layer 13 further include
a binder, and the binder includes, but is not limited to, one or a combination of

polyvinylidene fluoride, a vinylidene fluoride-hexafluoropropylene copolymer,
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polyamide, polyacrylonitrile, polyacrylate ester, polyacrylic acid, polyacrylate
salt, sodium carboxymethyl cellulose, polyvinylpyrrolidone, polyvinyl ether,
polymethyl methacrylate, polytetrafluoroethylene, polyhexafluoropropylene
and styrene butadiene rubber. On the one hand, the binder allows a better
adhesion between the active material layer to the cathode current collector, and
on the other hand, as the content of the binder increases, the compaction density
of the first cathode active material layer 12 lowers. The content of the binder of
the first cathode active material layer 12 is from about 1.5 wt% to about 6 wt%
based on the total weight of the first cathode active material layer 12, and the
content of the binder of the second cathode active material layer 13 is from
about 0.5 wt% to about 4 wt% based on the total weight of the second cathode

active material layer 13.

In some embodiments of the present application, the first cathode active
material layer 12 and the second cathode active material layer 13 may further
contain a certain amount of conductive agent. The conductive agent includes,
but is not limited to, one or a combination of carbon nanotubes, conductive
carbon black, acetylene black, graphene, Ketjen black and carbon fibers. The
content of the conductive agent of the first cathode active material layer is from
about 0.5 wt% to about 5 wt% based on the total weight of the first cathode
active material layer, and the content of the conductive agent of the second
cathode active material layer is from about 0.5 wt% to about 5 wt% based on

the total weight of the second cathode active material layer.

Further, the first cathode active material layer 12 or the second cathode
active material layer 13 may be subjected to some other treatments, or the
cathode current collector 11 may be subjected to some treatments, such as
roughness treatment, heat treatment, etc. The principle or effect may be to
enhance adhesion to the cathode current collector. Although not described in
detail in the present application, it is included within the scope of the present

application.
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In some embodiments of the present application, the first distance and the
second distance are disposed at a corner of a side edge of the electrode assembly.
In the use of a lithtum-ion battery having a wound electrode assembly, the
probability of an external force impact (such as nail penetration) on the corner
of the side edge of the electrode assembly is much less than the probability on
the upper and lower outer layers of the electrode assembly, so that disposing the
first distance and the second distance at the corner of the side edge of the
electrode assembly can effectively ensure the reliability of the preparation

technique and maintain the safety performance of the electrode assembly.

Fig. 4A and Fig. 4B are respectively a schematic structural diagram of an
electrode assembly in which the first distance and the second distance are the
minimum range and maximum range thereof according to some embodiments
of the present application. As shown in Fig. 4A, according to the electrode
assembly of the lithium-ion battery provided by some embodiments of the
present application, the electrode assembly of the lithium-ion battery is in a
wound structure, including the cathode, a anode and a separator 41 of the
embodiments of the present application, where the anode includes a anode
active material layer 42 and an anode current collector 43, and the cathode
includes a cathode current collector 11, a first cathode active material layer 12,
a second cathode active material layer 13 and an insulating layer 14. The
separator is disposed between the anode and the cathode, where a first distance
exists between the insulating layer and the first cathode active material layer in
the longitudinal direction of the cathode current collector, a second distance
exists between the insulating layer and the second cathode active material layer
in the longitudinal direction of the cathode current collector, and the first
distance and the second distance are respectively equal to O (i.e., the minimum

value).

As shown in FIG. 4B, in some embodiments of the present application, the
first distance having a maximum range 44 is disposed at the corner of the side

edge of the electrode assembly, where if the maximum range of the first distance
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1s too large, the excessive exposure of the cathode current collector 11 may be
caused, and the first distance may further be beyond the corner of the side edge
of the electrode assembly so as to expose the cathode current collector 11 at the
upper and lower outer layers of the electrode assembly, so that the protection
on the cathode current collector 11 by the insulating layer 14 is lowered, thereby
reducing the safety performance and the nail penetration test pass rate of the
electrode assembly. In some embodiments of the present application, the
maximum range 44 of the first distance and the second distance are
correspondingly adjusted according to the thickness D of the electrode assembly,
thereby ensuring that the maximum range of the first distance and the second
distance at the corner of the side edge of the electrode assembly cannot be

beyond the corner of the side edge of the electrode assembly.

The thickness D of the electrode assembly is a distance from the junction
between the tail end of the cathode active material layer and the uncovered foil
region of the cathode current collector to the outermost uncovered foil region

on the opposite side of the electrode assembly.

In some embodiments of the present application, the thickness D of the

electrode assembly is from about 1.5 mm to about 50 mm.

In some embodiments of the present application, the first distance 15
between the insulating layer and the first cathode active material layer in the

longitudinal direction of the current collector satisfies the following formula:
" ] T[
0 < the first distance < 5 D + 4mm.
In some embodiments of the present application, the second distance 16
between the insulating layer and the second cathode active material layer in the

longitudinal direction of the current collector satisfies the following formula:

T
0 < the second distance < ED + 4mm.
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It should be clearly understood by those skilled in the art that 4 mm in the
above formula is an allowable error range (i.e., a processing tolerance) of the
error generated when the electrode assembly is processed, and the numerical
range of the processing tolerance can be adjusted according to the actual

operation process without being limited thereto.

The cathode current collector of the cathode in some embodiments of the
present application may be aluminum foil or nickel foil, and the anode current
collector of the anode may be copper foil or nickel foil. However, other cathode
current collectors and anode current collectors commonly used in the art may

be used.

The conductive agent and the binder of the anode active material layer in
some embodiments of the present application are similar to the conductive agent
and the binder of the cathode active material layer described above, and will not
be described herein. The anode active material layer includes a anode active
material including, but not limited to, selected from the group consisting of
carbon materials, metal compounds, oxides, sulfides, nitrides of lithium such as
LiNj3, lithium metal, metal elements and semimetal elements that form alloys

with lithium, polymer materials, and combinations thereof.

In the above anode active materials, examples of the carbon material may
include low graphitized carbon, easily graphitizable carbon, artificial graphite,
natural graphite, mesophase carbon microspheres, soft carbon, hard carbon,
pyrolytic carbon, coke, glassy carbon, organic polymer compound sintered
body, carbon fibers and activated carbon, where the coke may include pitch
coke, needle coke and petroleum coke. The organic polymer compound sintered
body refers to a material obtained by calcining a polymer material such as a
phenol plastic or a furan resin at a suitable temperature to carbonize it, and some
of these materials are classified into low graphitized carbon or easily
graphitizable carbon. Examples of the polymer material may include

polyacetylene and polypyrrole.
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Further, in the above anode active material, a material whose charging and
discharging voltages are close to the charging and discharging voltages of
lithium metal 1s selected. This is because the lower the charging and discharging
voltages of the anode active material are, the higher the energy density of the
lithium-ion battery is achieved, where the anode active material may be a carbon
material because their crystal structures have little change during charging and
discharging, and therefore, better cycle performance and greater charging and
discharging capacities can be obtained. In particular, graphite may be selected
because it can provide a large electrochemical equivalent and a high energy
density.

Further, the anode active material may include elemental lithium metal, a
metal element and a semimetal element capable of forming an alloy together
with lithium (Li), an alloy and a compound including such element, etc. In
particular, they are used together with carbon materials to obtain good cycle
performance and high energy density. In addition to the alloys including two or
more metal elements, the alloys used herein also include alloys containing one
or more metal elements and one or more semimetal elements. The alloy may be
in the form of a solid solution, a eutectic crystal (eutectic mixture), an

intermetallic compound, and a mixture thereof.

Examples of the metal elements and the semimetal elements may include
tin (Sn), lead (Pb), aluminum (Al), indium (In), silicon (S1), zinc (Zn), antimony
(Sb), bismuth (Bi), cadmium (Cd), magnesium (Mg), boron (B), gallium (Ga),
germanium (Ge), arsenic (As), silver (Ag), zirconium (Zr), yttrium (Y) and
hafnium (Hf). Examples of the above alloys and compounds may include a
material having a chemical formula: MasMbLi, and a material having a
chemical formula: MapMcqMd:. In these chemical formulae, Ma represents at
least one of metal elements and semimetal elements capable of forming an alloy
together with lithium; Mb represents at least one of metal elements and
semimetal elements other than lithium and Ma; Mc represents at least one of the

non-metal elements; Md represents at least one of metal elements and semimetal
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elements other than Ma; and s, t, u, p, q and r satistfy s>0, >0, u>0, p>0, >0

and r>0.

Further, an inorganic compound not including lithium (L1), such as MnO,

V»0s, VeOi3, NiS and MoS, may be used in the anode active material layer.

The separator in some embodiments of the present application includes, but
is not limited to, at least one selected from the group consisting of polyethylene,
polypropylene, polyethylene terephthalate, polyimide and aramid. For example,
the polyethylene includes at least one component selected from the group
consisting of high-density polyethylene, low-density polyethylene and ultra-
high molecular weight polyethylene. In particular, polyethylene and
polypropylene, which have a good effect on preventing short circuits, can

improve the stability of the battery in a shutdown event.

The surface of the separator may further include a porous layer, where the
porous layer is disposed on at least one surface of the separator, and the porous
layer includes inorganic particles and a binder, wherein the inorganic particles
are selected from one or more of a combination of aluminum oxide (Al,O3),
silicon oxide (Si0:), magnesium oxide (MgO), titanium oxide (TiO), hafnium
oxide (HfO,), tin oxide (SnO,), cerium dioxide (CeOy), nickel oxide (NiO), zinc
oxide (ZnO), calcium oxide (CaO), zirconium dioxide (ZrO:), yttrium oxide
(Y203), silicon carbide (SiC), boehmite, aluminum hydroxide, magnesium
hydroxide, calcium hydroxide and barium sulfate. The binder is selected from
one or more of a combination of polyvinylidene fluoride, a vinylidene fluoride-
hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate
ester, polyacrylic acid, polyacrylate salt, sodium carboxymethyl cellulose,
polyvinylpyrrolidone,  polyvinyl  ether,  polymethyl  methacrylate,
polytetrafluoroethylene and polyhexafluoropropylene.

The porous layer can improve the heat resistance, oxidation resistance and
electrolytic solution wettability of the separator, and enhance the binding

property between the separator and the cathode or anode.
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The lithium-ion battery of the present application further includes an
electrolyte, the electrolyte may be one or more of a gel electrolyte, a solid
electrolyte and an electrolytic solution, and the electrolytic solution includes a

lithium salt and a non-aqueous solvent.

In some embodiments of the present application, the lithium salt is one or
more selected from the group consisting of LiPFs, LiBF4, LiAsFs, LiClOs4,
LiB(CeHs)s, LiCH3SO3, LiCF3SOs, LiN(SO:CFz),, LiC(SO:CF3)s, LiSiFe,
LiBOB and lithium difluoroborate. For example, the lithium salt is LiPFs
because it can provide a high ionic conductivity and improve the cycle

performance.

The non-aqueous solvent may be a carbonate compound, a carboxylate

compound, an ether compound, other organic solvents, or a combination thereof.

The carbonate compound may be a chain carbonate compound, a cyclic

carbonate compound, a fluorocarbonate compound, or a combination thereof.

Examples of the chain carbonate compound are diethyl carbonate (DEC),
dimethyl carbonate (DMC), dipropyl carbonate (DPC), methylpropyl carbonate
(MPC), ethylpropyl carbonate (EPC), methylethyl carbonate (MEC) and
combinations thereof. Examples of the cyclic carbonate compound are ethylene
carbonate (EC), propylene carbonate (PC), butylene carbonate (BC), vinyl
ethylene carbonate (VEC), propyl propionate (PP) and combinations thereof.
Examples of the fluorocarbonate compound are fluoroethylene carbonate (FEC),
1,2-difluoroethylene  carbonate, 1,1-difluoroethylene carbonate, 1,1,2-
trifluoroethylene carbonate, 1,1,2,2-tetrafluoroethylene carbonate, 1-fluoro-2-
methylethylene carbonate, 1-fluoro-1-methylethylene carbonate, 1,2-difluoro-
I-methylethylene carbonate, 1,1,2-trifluoro-2-methylethylene carbonate,

trifluoromethylethylene carbonate and combinations thereof.

Examples of the carboxylate compound are methyl acetate, ethyl acetate,

n-propyl acetate, t-butyl acetate, methyl propionate, ethyl propionate, propyl
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propionate, y-butyrolactone, decalactone, valerolactone, mevalonolactone,

caprolactone, methyl formate and combinations thereof.

Examples of the ether compound are dibutyl ether, tetracthylene glycol
dimethyl ether, diglyme, 1,2-dimethoxyethane, 1,2-diethoxyethane, ethoxy
methoxyethane, 2-methyltetrahydrofuran, tetrahydrofuran and combinations
thereof.

Examples of other organic solvents are dimethyl sulfoxide, 1,2-dioxolane,
sulfolane, methyl sulfolane, 1,3-dimethyl-2-imidazolidinone, N-methyl-2-
pyrrolidone, formamide, dimethylformamide, acetonitrile, trimethyl phosphate,
triethyl phosphate, trioctyl phosphate, phosphate and combinations thereof.

In some embodiments of the present application, the cathode, the separator
and the anode are sequentially wound or stacked into an electrode assembly,
and then loaded into, for example, an aluminum plastic film, the electrolytic
solution is injected, and formation and packaging are performed to prepare the
lithium-ion battery. Subsequently, the prepared lithium-ion battery is subjected

to a performance test, capacity test and nail penetration test.

Those skilled in the art will appreciate that while the above is illustrated
with a lithium-ion battery, the electrochemical device of the present application
further includes any other suitable electrochemical device. Such an
electrochemical device includes any device that generates an electrochemical
reaction without departing from the disclosure of the present application, and
its specific examples include all kinds of primary batteries, secondary batteries,
fuel cells, solar cells, or capacitors. In particular, the electrochemical device is
a lithium secondary battery, including a lithium metal secondary battery, a
lithium-ion secondary battery, a lithium polymer secondary battery or a lithium-
ion polymer secondary battery.

The use of the electrochemical device of the present application is not

particularly limited and can be used for any use known in the art. In one
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embodiment, the electrochemical device of the present application may be used
for, but not limited to, a notebook computer, a pen input computer, a mobile
computer, an e-book player, a portable phone, a portable fax machine, a portable
copy machine, a portable printer, stereo headphones, a video recorder, a liquid
crystal display television, a portable cleaner, a portable CD player, a mini disk,
a transceiver, an electronic notebook, a calculator, a memory card, a portable
recorder, a radio, a backup power supply, a motor, a car, a motorcycle, a power
bicycle, a bicycle, a lighting fixture, a toy, a game console, a clock, an electric
tool, a flash light, a camera, a large household battery, a lithium-ion capacitor
and the like.

Some specific embodiments and comparative embodiments are listed
below and battery capacity tests and battery nailing tests are separately
performed to better illustrate the present application. Those skilled in the art
will appreciate that the preparation methods described in the present application
are merely exemplary embodiments, and that any other suitable preparation

method is within the scope of the present application.
Embodiment 1

Using aluminum foil as a cathode current collector, a layer of small-particle
lithium iron phosphate slurry, including the first cathode active material (where
the lithium iron phosphate had a particle size of Dv50: 3 um and Dv90: 10 um),
was uniformly coated on the surface of the aluminum foil. The lithium iron
phosphate slurry, composed of 95.8 wt% of lithitum iron phosphate (LiFePOy),
2.8 wt% of polyvinylidene fluoride (PVDF) and 1.4 wt% of conductive carbon
black, was dried at 85°C to form a first cathode active material layer; a layer of
aluminum oxide slurry was coated at a position 3 mm away from the first
cathode active material layer in the longitudinal direction of the cathode current
collector (i.e., the first distance was 3 mm), and the aluminum oxide slurry,
composed of 98 wt% of aluminum oxide (Al2Os3) and 2 wt% of polyvinylidene
fluoride (PVDF) was dried at 85°C to form an insulating layer having a
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thickness of 15 um; then a layer of lithitum cobaltate slurry (slurry of a second
cathode active material layer) was coated on the dried first cathode active
material layer, and the lithium cobaltate slurry, composed of 97.8 wt% of
lithium cobaltate (LCO) (where the lithium cobaltate had a particle size of Dv50:
13 um and Dv90: 38 pm), 0.8 wt% of polyvinylidene fluoride (PVDF) and 1.4
wt% of conductive carbon black, was dried at 85°C to form the second cathode
active material layer, the distance of the tail end of the second cathode active
material layer in the longitudinal direction of the cathode current collector
beyond the first cathode active material layer being 3 mm and not covering the
insulating layer (i.e., the second distance was 0 mm); and then the first cathode
active material layer and the second cathode active material layer were cold-
pressed, where the cold pressing pressure was 60T and the cold pressing speed
was 40 m/min, and after cutting and slitting, the first cathode active material
layer and the second cathode active material layer were dried at 85°C under
vacuum for 4 hours to obtain a cathode, where the thickness of the first cathode
active material layer was 8 um and the thickness of the second cathode active

material layer was 50 pm.

Using copper foil as an anode current collector, a layer of graphite slurry,
composed of 97.7 wt% of artificial graphite, 1.3 wt% of sodium carboxymethyl
cellulose (CMC) and 1.0 wt% of styrene butadiene rubber (SBR), was
uniformly coated on the surface of the copper foil, dried at 85°C, and subjected

to cold pressing, cutting and slitting to obtain a anode.

A solution prepared from a lithium salt LiPFs and a non-aqueous organic
solvent (ethylene carbonate (EC):diethyl carbonate (DEC):propylene carbonate
(PC):propyl propionate (PP):vinylene carbonate (VC)=20:30:20:28:2, mass
ratio) in a mass ratio of 8:92 was used as an electrolytic solution of the lithitum-

ion battery.

The cathode and the anode were wound, and separated by a polyethylene

separator, so as to prepare a wound electrode assembly, where the first distance
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and the second distance were disposed at the corner of the side edge of the
electrode assembly, and the thickness D of the electrode assembly was 3.2 mm.
After the electrode assembly was subjected to top side sealing, code spraying,
vacuum drying, electrolytic solution injection and high-temperature standing,
formation and capacity grading were performed to obtain the finished lithium-

ion battery.
Embodiment 2

The preparation method was the same as that of Embodiment 1, except that
a layer of aluminum oxide slurry was coated at a position 5 mm away from the
first cathode active material layer in the longitudinal direction of the cathode
current collector (i.e., the first distance was 5 mm, and the second distance was

2 mm) in Embodiment 2.
Embodiment 3

The preparation method was the same as that of Embodiment 1, except that
a layer of aluminum oxide slurry was coated at a position 9 mm away from the
first cathode active material layer in the longitudinal direction of the cathode
current collector (i.e., the first distance was 9 mm) and the tail end of the second
cathode active material layer in the longitudinal direction of the cathode current
collector was beyond the tail end of the first cathode active material layer by 5

mm (i.e., the second distance was 4 mm) in Embodiment 3.
Embodiment 4

The preparation method was the same as that of Embodiment 1, except that

the thickness of the insulating layer was 10 pm in Embodiment 4.
Embodiment 5

The preparation method was the same as that of Embodiment 1, except that

the thickness of the insulating layer was 20 pm in Embodiment 5.
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Embodiment 6

The preparation method was the same as that of Embodiment 1, except that

the thickness of the insulating layer was 5 um in Embodiment 6.
Embodiment 7

The preparation method was the same as that of Embodiment 1, except that

the thickness of the insulating layer was 1 pm in Embodiment 7.
Embodiment 8

The preparation method was the same as that of Embodiment 2, except that

the thickness D of the electrode assembly was 2.8 mm in Embodiment 8.
Embodiment 9

The preparation method was the same as that of Embodiment 2, except that

the thickness D of the electrode assembly was 3.6 mm in Embodiment 9.
Embodiment 10

The preparation method was the same as that of Embodiment 2, except that

the thickness D of the electrode assembly was 4.8 mm in Embodiment 10.
Embodiment 11

The preparation method was the same as that of Embodiment 1, except that
a layer of aluminum oxide slurry was coated at a position 20 mm away from the
first cathode active material layer in the longitudinal direction of the cathode
current collector (i.e., the first distance was 20 mm) and the tail end of the
second cathode active material layer in the longitudinal direction of the cathode
current collector was beyond the tail end of the first cathode active material

layer by 2 mm (i.e., the second distance was 18 mm) in Embodiment 11.

Embodiment 12
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The preparation method was the same as that of Embodiment 1, except that
the tail end of the second cathode active material layer in the longitudinal
direction of the cathode current collector was shorter than the tail end of the first
cathode active material layer by 7 mm (i.e., the second distance was 10 mm) in
Embodiment 12.

Embodiment 13

The preparation method was the same as that of Embodiment 1, except that
a layer of aluminum oxide slurry was coated at a position 0 mm away from the
first cathode active material layer in the longitudinal direction of the cathode
current collector and the second cathode active material layer covered a portion

of the insulating layer (i.e., the second distance was -3 mm) in Embodiment 13.
Comparative Embodiment 1

Using aluminum foil as a cathode current collector, a layer of small-particle
lithium iron phosphate slurry, including the first cathode active material (where
the lithium iron phosphate had a particle size of Dv50: 3 um and Dv90: 10 um),
was uniformly coated on the surface of the aluminum foil. The lithium iron
phosphate slurry, composed of 95.8 wt% of lithium iron phosphate (LiFePOy),
2.8 wt% of polyvinylidene fluoride (PVDF) and 1.4 wt% of conductive carbon
black, was dried at 85°C to form a first cathode active material layer; a layer of
lithtum cobaltate slurry (slurry of a second cathode active material layer) was
coated on the dried first cathode active material layer, and the lithium cobaltate
slurry, composed of 97.8 wt% of lithium cobaltate (LCO) (where the lithium
cobaltate had a particle size of Dv50: 13 um and Dv90: 38 um), 0.8 wt% of
polyvinylidene fluoride (PVDF) and 1.4 wt% of conductive carbon black, was
dried at 85°C to form the second cathode active material layer, the distance of
the tail end of the second cathode active material layer in the longitudinal
direction of the cathode current collector beyond the first cathode active
material layer being 3 mm; and then the first cathode active material layer and

the second cathode active material layer were cold-pressed, where the cold
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pressing pressure was 60T and the cold pressing speed was 40 m/min, and after
cutting and slitting, the first cathode active material layer and the second
cathode active material layer were dried at 85°C under vacuum for 4 hours to
obtain a cathode, where the thickness of the first cathode active material layer
was 8 um and the thickness of the second cathode active material layer was 50

um.

Using copper foil as an anode current collector, a layer of graphite slurry,
composed of 97.7 wt% of artificial graphite, 1.3 wt% of sodium carboxymethyl
cellulose (CMC) and 1.0 wt% of styrene butadiene rubber (SBR), was
uniformly coated on the surface of the copper foil, dried at 85°C, subjected to
cold pressing, cutting and slitting, and dried under vacuum at 85°C for 4 hours

to obtain a anode.

A solution prepared from a lithium salt LiPFs and a non-aqueous organic
solvent (ethylene carbonate (EC):diethyl carbonate (DEC):propylene carbonate
(PC):propyl propionate (PP):vinylene carbonate (VC)=20:30:20:28:2, mass
ratio) in a mass ratio of 8:92 was used as an electrolytic solution of the lithium-

ion battery.

The cathode and the anode were wound, and separated by a polyethylene
separator, so as to prepare a wound electrode assembly, where the thickness D
of the electrode assembly was 3.2 mm. After the electrode assembly was
subjected to top side sealing, code spraying, vacuum drying, electrolytic
solution injection and high-temperature standing, formation and capacity

grading were performed to obtain the finished lithium-ion battery.

After the finished lithium-ion batteries of the above embodiments and
comparative embodiments were completed, the capacity, thickness, width and
length of the finished products were recorded to determine the volumetric
energy density of the lithium-ion battery. The battery capacity test and the
battery nail penetration test were subsequently carried out on the finished

lithtum-ion batteries of the above embodiments and comparative embodiment.
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Battery capacity test:

The electrochemical device (lithium-ion battery) to be tested was allowed
to stand in a 25 +3°C environment for 30 minutes, charged at a constant current
of 0.5 C to a voltage of 4.4 V (rated voltage), and then charged at a constant
voltage until the charge and discharge rate reached 0.05 C, and then the
electrochemical device to be tested was allowed to stand for 30 minutes. The
lithium-ion battery to be tested was discharged to 3.0 V at a rate of 0.2 C, and
allowed to stand for 30 minutes. Finally, the discharge capacity was taken as

the actual battery capacity of the battery.

Lithium-ion  battery energy density =  discharge capacity/
(length*width*thickness of lithium-ion battery).

Battery nail penetration test:

10 electrochemical devices (lithium-ion batteries) to be tested were taken
and charged at a constant current of 0.5 C at room temperature to a voltage of
4.4V, and further charged to a current of 0.05 C at a constant voltage of 4.4 V
to a fully charged state of 4.4 V. After that, the lithium-ion battery was subjected
to nail penetration under room temperature conditions, where a nail with a
diameter of 2.5 mm (steel nail, made of carbon steel, and having a taper of 16.5
mm and a total length of 100 mm) was used for nail penetration at a nail
penetration speed of 30 mm/s, and the nail penetration depth was determined by
the taper of the steel nail through the lithium-ion battery. Whether the lithtum-
ion battery produced smoke, fire or explosion was observed. If no smoke, fire
or explosion was produced, it was considered that the lithtum-ion battery passed

the nail penetration test.

The experimental parameters and measurement results of the embodiments

and a comparative embodiment are shown in Table 1 below.

Table 1
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Group

Positional
Relationship
between First
cathode active

material Layer and
Second cathode

active material
Layer

Thickness
of Electrode
Assembly
(mm)

First
Distance
(mm)

Second
Distance
(mm)

Thickness
of First
cathode

active
material

Layer

(um)

Thickness
of
Insulating
Layer (um)

Nail
Penetration
Pass Rate

Energy
Density of
Lithium-ion
Battery
(WI/L)

‘Whether to
Precipitate
Lithium

Embodiment 1

Upper Layer
Beyond Lower
Layer

32

15

10/10

680

No

Embodiment 2

Upper Layer
Beyond Lower
Layer

32

15

10/10

680

No

Embodiment 3

Upper Layer
Beyond Lower
Layer

32

15

10/10

680

No

Embodiment 4

Upper Layer
Beyond Lower
Layer

32

10

8/10

682

No

Embodiment 5

Upper Layer
Beyond Lower
Layer

32

20

10/10

678

Embodiment 6

Upper Layer
Beyond Lower
Layer

32

7/10

683

Embodiment 7

Upper Layer
Beyond Lower
Layer

32

6/10

684

Embodiment 8

Upper Layer
Beyond Lower
Layer

238

15

10/10

680

Embodiment 9

Upper Layer
Beyond Lower
Layer

3.6

15

10/10

680

Embodiment 10

Upper Layer
Beyond Lower
Layer

438

15

10/10

680

Embodiment 11

Upper Layer
Beyond Lower
Layer

32

20

18

15

5/10

680

No

Embodiment 12

Lower Layer
Beyond Upper
Layer

3.2

10

15

8/10

678

Yes

Embodiment 13

Upper Layer
Beyond Lower
Layer

32

-3

15

8/10

678

Yes

Comparative
Embodiment 1

Upper Layer
Beyond Lower
Layer

32

2/10

685

No
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By comparing Comparative Embodiment 1 and Embodiments 1 to 13, it
can be seen that by using the cathode active material layer in a two-layer
structure in the region covered by the cathode active material layer and using
the insulating layer in the uncovered foil region, the nail penetration test pass
rate of the lithium-ion battery can be greatly improved, and the energy density

1s almost not affected.

By comparing Embodiment 12 and Embodiment 1, it can be seen that when
the tail end of the second cathode active material layer in the longitudinal
direction of the cathode current collector is shorter than the tail end of the first

cathode active material layer, a lithium precipitation phenomenon occurs.

It can be seen from Embodiment 13 and Embodiments 1, 2, 3 and 11 that
the covering of the second cathode active material layer and the insulating layer

causes the lithium precipitation phenomenon.

It can be seen from Embodiments 1 and 4 to 7 that as the thickness of the
insulating layer decreases, the energy density of the lithium-ion battery is
slightly increased; however, if the thickness of the insulating layer is too low,

the nail penetration pass rate of the lithium-ion battery is lowered.

It can be seen from Embodiments 2 and 8 to 10 that for a lithium-ion battery
including electrode assemblies having different thicknesses, the reasonable
disposing of the first distance and the second distance significantly enhances
the safety performance of the lithitum-ion battery without significantly lowering
the energy density of the lithium-ion battery and generating the side effect of

lithium precipitation.

The above description summarizes the features of several embodiments,
which will enable a person of ordinary skill in the art to understand the various
aspects of the present application. A person of ordinary skill in the art can
readily use this application as a basis for designing or modifying other

compositions to achieve the same objectives and/or the same advantages as the
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embodiments herein. It is also to be understood by a person of ordinary skill in
the art that these equal examples do not depart from the spirit and scope of the
present application, and it is possible to make various changes, substitutions and
modifications to the present application without departing from the spirit and
scope of the present application. Although the methods disclosed herein have
been described with reference to the specific operations that are carried out in a
specific order, it should be understood that these operations can be combined,
subdivided, or reordered to form an equivalent method without departing from
the teachings of the present application. Therefore, the order and grouping of
operations are not a limitation to the present application unless specifically

indicated herein.
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What is claimed is:

1. A cathode, comprising:
a cathode current collector, having a first surface;

a first cathode active material layer, comprising a first cathode active

material;

a second cathode active material layer, comprising a second cathode

active material; and
an insulating layer, wherein

the first cathode active material layer is disposed between the cathode
current collector and the second cathode active material layer and covers a first
portion of the first surface of the cathode current collector, and the insulating
layer covers a second portion of the first surface of the cathode current collector
that 1s different from the first portion.

2. The cathode according to claim 1, wherein a first distance exists
between the insulating layer and the first cathode active material layer in a
longitudinal direction of the cathode current collector, a second distance exists
between the insulating layer and the second cathode active material layer in the
longitudinal direction of the cathode current collector; and the first distance and
the second distance are respectively greater than or equal to 0 and the second

distance is less than or equal to the first distance.

3. The cathode according to claim 1, wherein the second cathode
active material layer completely covers the surface of the first cathode active

material layer.

4, The cathode according to claim 2, wherein the first distance is from

about 0 mm to about 83 mm.

5. The cathode according to claim 1, wherein the thickness of the first

cathode active material layer is from about 0.1 um to about 20 um.
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6. The cathode according to claim 1, wherein the thickness of the
insulating layer is greater than the thickness of the first cathode active material

layer.

7. The cathode according to claim 1, wherein the first cathode active
material and the second cathode active material are each independently selected
from the group consisting of lithium cobaltate, lithium iron phosphate, lithium
manganese iron phosphate, sodium iron phosphate, lithtum vanadium
phosphate, sodium vanadium phosphate, oxy-lithium-vanadium phosphate,
oxy-sodium-vanadium phosphate, lithium vanadate, lithium manganate, lithium
nickelate, lithium nickel cobalt manganese oxide, lithium-rich manganese-
based material, lithium nickel cobalt aluminum oxide, lithium titanate and

combinations thereof.

8. The cathode according to claim 1, wherein the first cathode active
material layer and the second cathode active material layer each further
comprise a binder and a conductive agent, wherein the binder is selected from
the group consisting of polyvinylidene fluoride, a vinylidene fluoride-
hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate
ester, polyacrylic acid, polyacrylate salt, sodium carboxymethyl cellulose,
polyvinylpyrrolidone,  polyvinyl  ether,  polymethyl  methacrylate,
polytetrafluoroethylene, polyhexafluoropropylene, styrene butadiene rubber

and combinations thereof; and

the conductive agent is selected from the group consisting of carbon
nanotubes, conductive carbon black, acetylene black, graphene, Ketjen black,

carbon fibers and combinations thereof.

9. The cathode according to claim 1, wherein the insulating layer
comprises at least one of inorganic particles and a polymer, wherein the
inorganic particles are selected from the group consisting of aluminum oxide,
silicon dioxide, magnesium oxide, titanium oxide, hafnium oxide, tin oxide,

cerium dioxide, nickel oxide, zinc oxide, calcium oxide, zirconium dioxide,
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yttrium oxide, silicon carbide, boehmite, aluminum hydroxide, magnesium

hydroxide, calcium hydroxide, barium sulfate and combinations thereof; and

the polymer is selected from the group consisting of a homopolymer of
vinylidene fluoride, a copolymer of vinylidene fluoride, a copolymer of
hexafluoropropylene, polystyrene, polyphenylacetylene, sodium poly(vinyl
acid), potassium poly(vinyl acid), polymethyl methacrylate, polyethylene,

polypropylene, polytetrafluoroethylene and combinations thereof.

10.  An electrochemical device, comprising an anode, a separator and
a cathode, wherein the cathode comprises a cathode current collector, having a
first surface; a first cathode active material layer, comprising a first cathode
active material; a second cathode active material layer, comprising a second
cathode active material; and an insulating layer, wherein the first cathode active
material layer is disposed between the cathode current collector and the second
cathode active material layer and covers a first portion of the first surface of the
cathode current collector, and the insulating layer covers a second portion of the
first surface of the cathode current collector that is different from the first

portion; and

the separator is disposed between the anode and the cathode, and the

anode, the separator, and the cathode are wound to form an electrode assembly.

11.  The electrochemical device according to claim 10, wherein a first
distance exists between the insulating layer and the first cathode active material
layer in a longitudinal direction of the cathode current collector, a second
distance exists between the insulating layer and the second cathode active
material layer in the longitudinal direction of the cathode current collector; and
the first distance and the second distance are respectively greater than or equal

to 0 and the second distance is less than or equal to the first distance.

12.  The electrochemical device according to claim 11, wherein the

first distance and the second distance are disposed at a corner of the electrode
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assembly.

13.  The electrochemical device according to claim 10, wherein the

thickness D of the electrode assembly is from about 1.5 mm to about 50 mm.

14.  The electrochemical device according to claim 11, wherein the
first distance between the insulating layer and the first cathode active material
layer in the longitudinal direction of the cathode current collector satisfies the

following formula:
T
0 < the first distance < 5 D + 4mm.

15.  The electrochemical device according to claim 11, wherein the
second distance between the insulating layer and the second cathode active
material layer in the longitudinal direction of the cathode current collector

satisfies the following formula:

0 < the second distance < gD + 4mm.

16. An electronic device, comprising an electrochemical device,
wherein the electrochemical device comprises an anode, a separator and a
cathode, wherein the cathode comprises a cathode current collector, having a
first surface; a first cathode active material layer, comprising a first cathode
active material; a second cathode active material layer, comprising a second
cathode active material; and an insulating layer, wherein the first cathode active
material layer is disposed between the cathode current collector and the second
cathode active material layer and covers a first portion of the first surface of the
cathode current collector, and the insulating layer covers a second portion of the
first surface of the cathode current collector that is different from the first

portion; and

the separator is disposed between the anode and the cathode, and the

anode, the separator, and the cathode are wound to form an electrode assembly.
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17. The electronic device according to claim 16, wherein a first
distance exists between the insulating layer and the first cathode active material
layer in a longitudinal direction of the cathode current collector, a second
distance exists between the insulating layer and the second cathode active
material layer in the longitudinal direction of the cathode current collector; and
the first distance and the second distance are respectively greater than or equal

to 0 and the second distance is less than or equal to the first distance.

18.  The electronic device according to claim 17, wherein the first
distance and the second distance are disposed at a corner of the electrode

assembly.

19.  The electronic device according to claim 16, wherein the thickness

D of the electrode assembly is from about 1.5 mm to about 50 mm.

20. The e electronic device according to claim 17, wherein the first
distance between the insulating layer and the first cathode active material layer
in the longitudinal direction of the cathode current collector satisfies the

following formula:

0 < the first distance < ED + 4mm; and

the second distance between the insulating layer and the second cathode
active material layer in the longitudinal direction of the cathode current

collector satisfies the following formula:

0 < the second distance < gD + 4mm.
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ABSTRACT OF THE DISCLOSURE

The present application relates to a cathode, an electrochemical device
and an electronic device including the same. The cathode includes: a cathode
current collector, a first cathode active material layer, a second cathode
active material layer and an insulating layer; where the first cathode active
material layer covers a first portion of a first surface of the cathode current
collector, and the insulating layer covers a second portion of the first surface
of the cathode current collector that is different from the first portion, where
a first distance exists between the insulating layer and the first cathode active
material layer in a longitudinal direction of the cathode current collector. By
providing a gap between the active material layer in a two-layer structure
and the insulating layer in the cathode, the potential problem of the
overlapping of the active material layer in a two-layer structure and the
insulating layer on the cathode is alleviated, thereby ensuring that the
electrochemical device cannot catch fire and lead to failure in the event of
being punctured, and further ensuring the mechanical safety performance of

the electrochemical device.

0048



0049



0050



0051



S
IS

13 12 11 42 43

B e e o
AT P RO R A AT
e

e R e S A SR AR S o0

e oY

T R R R T T TS
S

s Nl

TS AR S e S S S

%
Rl

s

Ty A T T Ty A 2y A e L o T F ST

T e T N e A U
e
L T T e S L e I R

TR

e

e

> = s
R

0052



bbb e e

Signuture \figﬁ &3& - §§;§

PELINABT (R
Appreuved [T wi Hrough QLB 120N G“\\%vc‘i‘;ﬁif&:ﬁ
G, Patenit and Trswrark Offce; U8 RERARTMENT O QOMMBRLE
_ Uader S ?‘wﬁ"«\w Redntion Aotd 1995, 1o sermans s rauied O s is @ cmecw*} O SRntation sEHss H cinptans X vald OMB rantal sumber

4 DECLARATION {37 OFR 1.83) FORUTIITY OR &&Si&?«ﬁ APPLICATION USING AN
&F‘?w{?ﬁﬁ{}ﬁ i}é‘{& SHEET (37 OFR 1 ?ﬁ}

S
Tide of
weentinn CATHORE, BLECTROGUHEMICAL DEVICE AND BLECTRONIC RDEVICGE COMPRIZING SaARE
Aathe %zaamsss yravasd owanior, Lhargoy daciare Bt
T deciaraben 571 ~
i divacter fo 51 Thaallached applicstdon, o

. E Unied Rates apniicalinn or PCT intermational appiisation numtsey

fiad on

The above-iderdifind sppiivaliva wag mede o sulhorized i b mads by ma.

1 Phalisva thiat Uamhaor §§§ o Inventor oF arcarinieal jolad ey of @ dlained vvention In e appieation.

F1 hovaby ackbowintgs that soy wiliul false sonterent readein sim decieration s punishebie snder 1R S8 109G
‘\S* fing

oF paprisonenant of a0t more than Bve {51 vears, or ot

YWARNNG:

Rignariappiivant 18 suataned o svoid submiiing persensd inkeratian i dosuments. Sied It 8 padent sgplivation that raay
oorirtots fo RIenRy Hioft. Paracrial Iaidoralien S0l 58 SOCH BAUSY BUMESNS, LA RCONOt SUMBS. I coadil Sund sumbers
-{Gf??&f %&ﬂ 2 &‘*&»ii o geadit cand authrizadion forer BTGA2008 submitiod 00 paynient purpeass] B ey sequlrsd By e UERTG

B i aran apglivation. ¥ his tpe of parsonal informiation g hgudes e Qooumenty sibnstiad 5 fhe UK P,

memk* c{\"x’i&&*\r redavting such. *‘(&&»s\e, Fformatineg Fom the dosuments hefem subm bey i thg
sevised i harasard of patent spglicationts ayss mbin o tha publo gfsr p matssr ofthe
plion *mmeezst m \,63"‘{3-338{:-9 wfiiz ?“ ’C?‘R u?“i 3at i aady és‘s the spg i’s:st\’t}m Qi‘ :ssis,askﬂ@ of &

: 2’\'3& wamziss He pk yma“et p{sr*\?ms \:f% mst s’z‘siaimfti is: t%s@ apgsiicatisém film sm@ imt ;“ar% am ES m%:izciy awsi t\‘

CLRGAL K&‘a‘i&? OF NVERTOR

ety SunRu SU

Date {Ogtonal)y

Note: &4 eikaﬁ\*‘ SEO datis sheet (PTOISE B ur equivedent), ntduding Daming 1 snlies Hreasiivg ARV, BLst JTouwpany this Rt of musi have
Deen provituely Sed. re s sditons! PTOONAGY vy B cack miStional nvanior,

st 53 @s R \>§E~ g &&é ¥ \':FR EAS ) s‘éms&m* i PO 0 GO Hr AR 3 VAR by e OubRe S udion s e NG fand
% 5‘

iI {,i‘!\ 341 82% } 18T O:‘t-\‘}cib"z‘é 3 mb\mmm 33 xS&S 3 %ﬁs&\" 3

?”353 J\C&‘%ES&\ BEND TS r{m SR fea‘ Niﬁma 5’ 0> aax %s&& ﬁi@xamdsim W& &?}?3 Msa‘

Fyr reed e ) RPFIAG T SR 89 f &%\a“"{}-&“s\} A it SIS R

&

0053



SRS SR
ARpproved Ry wsw Hrough TUEIRTTY, OME SQOnIUEX
LK, Paterd 2ot Trademath QoY UK DERSKTMENT OF CORIR0R

Sasar S Fapewank Ra:iaw Aot of \!é%x» NS s}e;'scrs ser faupied 13 sespund 6 & sollegiireed ifannaBon unjesa it (sts;s;syw * w8l 4:3%&8 sonie gua\i:e\

ﬁﬁﬁ&é&&ﬁ{}?@ {3‘? CFR 1.83} FOR UTIITY OR DESBIGN ﬁ&??i&&&ﬁﬁ& USING ﬁ?\%
&?Fﬂﬁ&ﬁi}ﬁ ﬁ&“ﬁ’s& SHEETY {3? LCFR 1 ?§}

fhvaniion | CATHODE, FLECTHOOHEMICAL BEVIOR AND BLECTRONID DEVICE COMPRIMNG B8ME

As i:%}& halow namng invendor, | hass isy duclve that

Thiv deglaration + ¢ wrelinas
o Sroctod o g The slisched apphioatian, or

71 Urited States sppliostion or POT internaficns application numbsy

Haed on

Tha sbove-ideniifiad sppiivalion wak mads of siihorized R ks rogde by s

Foalieve thet T aer the orighadvvsnior of i arigingd Nint invenior o & olddmed vention iy the spplicetion,

{ hraly anknowdadge thataay it {xiee stulemand roads in thie dodaration is punishabls godad S8 BLR.L, DY
thy s or im‘m sorenent o nolmors than fme {3} yours, or hadh .

WARNING:

‘Fatitonsaioppicant iy osutionad & sendd submilting parsorsst informsiine in dosumenis Bad s patent appiication thal reay
contrbute s Mentity thalt Peracnatinfemalinn suh s soddsl seculty raamhars, banl posouns numbes, or eradit card auenbarg
fathar than @ cheok or cradit cand sutharboniion Rt PTO-2038 sutaniiled for payrent purpases ] is never regoirad by e URRTO
i suppent © peliton or 30 spplicetion. 1 i ype of personat infrmation i veludad v dooisnents subodiad e USPTR,

: nnsrsiarpiicanis shauld consider reducting such parstasa Information finen B documenia bafors submiting them Betha
Hilonernplivant i avlvised St e moord of g gxaieerﬁ appication i avadiabie 1 the pubiic afier pudlication ot ths
slsas & non-publioation requeat B oompianse with 37 OFR 13181 made By the sppivadion urvsasﬁw ofa
Sy, the rerord ot an ahandened spplivation may sidobe wvaliavis o he pullic ifthe Heitd)
y o published spnfication o ar Ibsind palent {sse 3T OFR 114}, Chavkisand aradit earg sl zation fme
Q38 submitiod for pument purpoves are red Bigingd it the sopiication e and tharslire ars ool puliisly mﬁ&i}ks

LEGAL Nﬁ%‘»&ﬁ QR INVENTOR

S&'\r}g%aﬁg L st {Optionalis

Faieton

&‘%f;_g%tsm: 0

Bolel An agzzeimn date shasl PTONERI R o &cgss«a,en& Pckading nating the antire Bvenbve anity, st sosormpany s foree o ust hieve
fe&sr\ gsrwﬁxmg fladd, Uee m andifoos P‘{Gfﬁs&&\? S o ssch adalions? weniar.

B - & 3B e
‘.mxa ApERen &E&&‘i"(} ?&ammis&ssm o F‘a&@s@s( § & &w «;:ssis 3&;&3&:&:&, 8 2323»%&5@
¥ yoo sord S3nuaate B o0mniasog 25 fum, o8 DROOTINETES and st spyRit &

0054



CROAND  BLECTRONIC

S )
- RN

SRR

INOVEIGTR

EL‘\'} BT

0055



O Padeed gaid ™ a&&r”a
SHEe H‘B%S 5 SETSOVIS A 18 q\zz T 0 respnond i & ieckx\ of Nc{*\zaix.k SRRE

- Urlerine Pagas w»s Rad x-\\

ﬁﬁﬂ&&%ﬁ&& {37 CFR 1.83) FOR UTILITY OR DESIGN &§§&§{3§?§$§ §W§$§¥’s§f§ s&?@
APPLICATION DATA Sﬁﬁ%"? {37 CFR *§ T8

RSEONSS > SRS RS AN A

Tila of

fnegntion CATHRLE, CLEQCTRQCHEMICAL DEVICE AND SLEQTRORNIC DEVINE COUPRISING SAME

Axihe haiow named venter, Choreby slentars that:

This daclaration - o <
T ﬁ Tha sttaohed application, or
is drentad ; he 1 applicat

Unitod Stafee appiicsticn of RCT i ~€:‘e~‘d?€l}"a§ apphnation *mmtsaf

3

flas on

Tha sbove-ideniifad appinalicn was made or autharizad 1o ke mads by ran.

11 batiovs thatt amaihs orging! invardor or an orignad ot seantor of @ dlalmed ioventiceviivihe application.

Tinerehy semowlotigy thet biv willlid falve sintement mads o this deciarstion s punishatls seder T8 UG, 1ED
Fhy Sre o impriaserant of oud more Hort five (8 vears, orbuth,

WARNING:
Pelifioherapaicant s oagtiopad i svoid submilting porsonal information it dosmionds 8led n & patent seplicaton thal may
- nontribide to Mentity thalt. Personal informatineg such ue sooial zenirily numbers, ke aosount munbes) o gredd candinunlian
other thuns shuok or neadit card authanzation o BTILI0M submitted for pagmenl GLIRcass) it naver renaired I o USPTD
10 ;}gsm 8 gsl Rt o ancappiication: I S type o parsena information s isludad i dogumants submiisd o He e L6 S
: % : 5 smss@ onsigar sedacing such parasnsl lnalion fom the dotusmente hafore sehmiling they o the
sichdsed gt the rogoict of © paten ppifcation ravaliabinds e public alter pubiic o pfthe
. fagueat n conpliance with 3T OFR 1.213() Iv rmade i ihe appication) arissianes of o
TR ;%za m‘m}: frorn set abandnned spolicgtion mady aleo e avaiable 1o he publicif he appiicatands

srces By apubishad appliontiver or wvisnoad potent (See 3% CFR 1.18), Cracks angd orsdi cand sthoralpaey formme
ot publicly svailabis

038 sutnrition for payment purposes ara not retaines n Hie appficstion e snd therelore arano

LRGAL NAMEOF INVERTOR

z:*imwgr; Xigo ‘ v Date (Optional

?23“9‘.8%‘&(3%*: 5
‘3:@*&&& \\s«}’t\ &ﬁw ¥ R\

B4 0y sauheaient), incleding naining the safire nvantive SRty LSt asoampany this fon Ry of st %»xve

1 Ngte &n application shate shogt (87
»?Q‘Ais&f“? an) for sl soditional nveniay

-4 basn s \?zs.zsiy fiad. Usean sc&\

*&“i“&iz\z §; s,s-zssma s obtain

% 3 *o«vwm
m: ﬁs ea‘r“ex

}Gb Hevnl Rnuisianeg S"‘ Ccf??:f‘z&‘i's g: 3}‘\9 & SR DHRRTRE IS g swedd iﬁ(&\h‘z‘ 2.

0056



Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

CATHODE, ELECTROCHEMICAL DEVICE AND ELECTRONIC DEVICE

COMPRISING SAME

First Named Inventor/Applicant Name:

Xinru SU

Filer: Juan Carlos A. Marquez/Lily Niu
Attorney Docket Number: LEEL-0101
Filed as Large Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sull:’-s'l'g(t;)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 300 300
UTILITY SEARCH FEE 1111 1 660 660
UTILITY EXAMINATION FEE 1311 1 760 760
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount SUB'ST;:;)I in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1720
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Electronic Acknowledgement Receipt

EFS ID: 35387620

Application Number: 16298738

International Application Number:

Confirmation Number: 3478

CATHODE, ELECTROCHEMICAL DEVICE AND ELECTRONIC DEVICE

Title of Invention: COMPRISING SAME

First Named Inventor/Applicant Name: Xinru SU
Customer Number: 38327
Filer: Juan Carlos A. Marquez/Lily Niu
Filer Authorized By: Juan Carlos A. Marquez
Attorney Docket Number: LEEL-0101
Receipt Date: 11-MAR-2019
Filing Date:
Time Stamp: 17:49:58
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type EFT

Payment was successfully received in RAM $1720

RAM confirmation Number 031219INTEFSW17513800

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (ifappl.)
223626
1 Transmittal of New Application Aopli .LEEHO]_ ittal.odf no 1
pp |Cat|0n_tran5m|tta p 5a4d6b8cffoed15edc22ad81b4253afd 12a5)
of62
Warnings:
Information:
1823371
2 Application Data Sheet LEEL-101-ADS.pdf no 9
b3cec8d6f6167dad724ad38cd2ac8f0b5922
afo7
Warnings:
Information:
266075
3 Specification LEEL-101-Specification.pdf no 32
1040364795b538cb6fe17158b36d6ce3e75)
ed55e
Warnings:
Information:
159620
4 Claims LEEL-101-Claims.pdf no 5
418a74b7cf03791d4561ceefd8775253ff79
Warnings:
Information:
60025
5 Abstract LEEL-101-Abstract.pdf no 1
793f4€726076a325ef122ea19dd6574b152
Warnings:
Information:
1328586
6 Drawmgs—onlél bIaFk and white line LEEL-101-Drawings.pdf no 4
raWIngS a9615550fed629259d8be92bbd2b80391f2
f22e8
Warnings:
Information:
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2349918

7 QOath or Declaration filed LEEL-101-Declaraations.pdf no 4

13eb7628587fa8f8ea725fale46a62c495a8)|
40a7

Warnings:

Information:

34602
8 Fee Worksheet (SB06) fee-info.pdf no 2
13e4103d693bdd980c34baa72f946e0db8
bas7ff
Warnings:
Information:
Total Files Size (in bytes){ 6245823

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Customized PTOAIABZE (07-13)
Approved for use Yough 11/30/2014. OMB DS51-0051
U.5. Satent and Tracemark Office; U.S. DEPARTMENT GF COMMERCE

Uncer the Papsrwork Reduction Act of 1985, no persons are required to taspond 1o a colloction of Information unfeas i displays a vaid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke ali previous powaers of attorney given in the application identified in either the attached transmittal
letter or the boxes below.

Application Number Filing Date

{Note: The boxes above may be left blank if information is provided on form PTO/AIAIBZA.}

DX] 1 hereby appaint the Patent Practitioner(s) associated with Customer Number 38327 as mylour attorney(s) or
agent{s), and {0 fransact all business in the United Stales Patent and Trademark Office connected therewith for
the application referenced in the attached fransmittal lefter {form PTO/AIA/B2A) or identified abave:

OR

[ ] 1 hereby appoint Practitioner(s) named in the sttached list (form PTO/AIA/82C) as mylour attorney(s) or agent(s),
and to transact alf business in the United States Patent and Trademark Office connected therewith for the patent
application referenced in the attached transmittal letter (form PTO/AIA/82A) or identifled above. {Note: Complete
form PTO/AIAB2C.)

[}
Please recognize or change the correspondence address for the application identified in the attached transmitial letter or the boxes above to:

K The address associated with Customer Number 38327:
QR
O

Firm or individuai Name
Address
Gy | State 1S

Country

Telephone i Email

PLEASE FILL IN ALL BOXES AND SPACES BELOW THAT APPLY TO SIGNER.

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name hereinbelow):
NINGDE AMPEREX TEGCHNGCLOGY LIMITED

inventor or Joint inventer (title not required below)

Legal Representative of a Deceased or Legally Incapacitated inventor {titia not required balow)
Assignee or Person to Whom the Inventor is Under an Obligation to Assign

{provide signer’s title if applicant is a juristic entity)

Persen Who Otherwise Shows Sufficient Proprietary Interest (e.g., see 37 CFR 1.48(b)}{2)}

O moQo

SIGNATURE of Apnlicant for Patent

Signature C},gﬁy Uﬁ l/fgf\ Date I’VM( H { il

Name [}}\pﬂgy (,}’\} U{[\ ) Telephone

Titie & Applicant Name P panndly T NINGDE AMPEREX TECHNOLOGY LIMITED

NOTE: Signeiure - This form must be signed by the applicant in accgrdance wilh 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. f mere
than one applicant, use muttiple forms.

7 Total of forms are submitted.

This collestion of information is required by 35 U1.5.C, 115 and 37 GFR 1.82. The informatian is required to obtain or retain & panefit by the public which Is to file {and
by the USPTQC to process) an application. Confidentiallty (s governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14, This coilection is estimated to take 1 minute to
eomplete, including gathering, preparing, and submitting the completed appiication farm to the USPTO. Time wik vary depending upon the Individual case. Any
comments on the amount of time you ranuire to complate this form andfer suggestions for reducing this burden, should be sent to ths Chief information Cfficer, U.S.
Patent and Trademark Cifice, U.S. Department of Comimerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TQ: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
ApplicantPatent Owner: NINGDE AMPEREX TEGHNOLOGY LIMITED

Application No./Patent No.: 16/298,738 Filed/Issue Date: March 11, 2019
Tileq: CATHODE ELECTROCHEMICAL DEVICE AND ELECTRONIC DEVICE COMPRISING THE SAME

NINGDE AMPEREX TECHNOLOGY LIMITED , company

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4, |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4} is evidenced by either (choose one of options A or B below):

A An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/juan.carlos.a.marquez/ March 11, 2019
Signature Date

Juan Carlos A. Marquez 34,072

Printed or Typed Name Title or Registration Number

[Page 2 of 2]

0064




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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ABRIGRMENT

WHEREAS, L X Si of Fuitan Provines, China {("Assignor’) s the imantor of s
anlionentiied © CATHODE SLECTROUHEMIIAL DEVICE AND S{ECTRONIC DEVIOE COMPRISING S8AME 7
that s e subjectmattarol (theokall that appy:

e

X1 alS apddication for Mettms Patert which clgims the prioviy nf t?ss Ohinese Patent &ppilication
Mo, JOISTISABRYL 3 fiadg on 2OIRM Y

£ 13 an auplicationrande under the Patent Cs:s@w&&m Trawty which i deniifishie st WIRO by
Application Ra POV Sedon

P i anapplisation §m Latters Patentwhich is identifisble in the Patent Ofice of the LA by Rpplication
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o dorsatic legat protecting

¥ inthe Uniled Skades
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NOW THEREFORE fr good and walusble conyitaeating, the recalpt ant adequacy of which fs hershy
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oAssignen, s suctassuns and a&ssgm sifactheras of s, BUBC DR R,
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roneld S spplivations, any cortirnaation, divsion, rengwal, or substituls for the apphications, all Latters
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Caesigns; o memtinide arumant the fling éateéx} and apolication numbers when sscorained. We further
emihu the Acsignes #Q susosesons and assigns, O aryons 1 ray prapey designate. toapplyior
Letters Patont or siniliar fogd profaction, iy Bsawnynames # degead, inthy above named countriss and
jurisdictions and appoint Assiones Tie common representative inthe show-idaentiieg mtan«a*\\m&%
spplicationand any mta**ztaéz on applicatint hr the hwention.

Wé mprasem i}.\ the Aoxignes s SUCCRSRONS anﬁ ea\::g;\s :mt 3 shaii *zt;t ekeou%e my m}&m:; ¥ «:ie any

0066



antrendar ot nssistanne 1 making apriication iy and obilaining, mainkaining, sod enforuing the Lettars
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ASBIGNMENT.

WHEREAS, § Sgezhang £ of Fuisn Province, Ching {fAsasigner’y, is the invantor of an
Frentonsotiiegd © CATHODE, E:SCTROOHERICAL DEVICE AND SLECTROMIC DEVICE DOMPRIMNG 3ANME ®
hat b esobiscimatierol {chosk ol i aoply)

(X} aU8. application for Letlers Patent .&sh&hcfﬁw& tha prioyity of the Chingee Patent &pplication
3 P v

e 20181 1308841 fedon 2018434058
§1 s appfivetionmads undsr the Patant Cooparation Trenty witsh isidenifishis st WP Qs
Appiicaton Mo, PQY! Hladon

Fo3 a0 appliontianfor Lattars Patentwhivh fo enfifiable in the Palent Offce of (he 1L 8 by Applioation
» Nao. filadon : _

VWHEREAS, Ningde Smperes Tachnolony Limifad, a corporstion organized and ﬁxm%;ng under the
awes of Ching \;"ékszs‘tmmz 1, and havog officas at, Nod KnGang Road, LhangWen Town, disobheng
District, Ningde City, Su jan Provinge, PRQ 352100 & desivous of scaulting the-antirsg :‘ﬁ’;";i} fitlg
and interest in and 1o the invention, the spplications, and any and sl Letters Palant or sioflar forsign
or domaetis legal protection : :

x}ooingws Uinted Stalas
} it ol other couniries of funsdinlons:

CROW THEREFORE , for good and walusble considsration, the recsipt anst ;s&e«.;&sacg» ofahich is havely
ackaowisdged,

arwe nnves v ianady amf
15} we do heraby transier,

o ARasignes, e stcoassors and assigng, effsctive gy of FEE pro fune,

s;\zf sntirs ight, Hig andintersst in the abows raensd countddas ang _§t.§f"$€§$u§i€3¥“\ in and tothe Slawing
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Palen, any reissus, re-examination, or siofiar iegal sotaction lasuing rslated fothe Latters Patent, ar*i
gl and ifm«n&fﬁs angder sny a;}pis{:abie froaty or convention, and Ve suthorize the Direcior ol th
United Statas Paent and Trademak Offive or forst ign equivlent (o insugths m‘:\i&m Fatentay bmsiaf
fonat ws“zgc&m m %he s\wcgma

We authorize the {}\:?3. Alttwneys handigs Ui setter inths U.B. and e Assignes, s sucressws and
sagians, toinesrt Inthis mtnerent the Blng siatsis and agspige,a%sm rmanbers when sscenained, We further
authories the Assigies ReSucoessors and SoNgns, aranyomna i mEy properhe designate, toappl

Latters Palnatar »mzs arlegd protection, i s own name i desired, o the abowe oamed countriss sod.
jurfsdictions and gopoint Assgbhes e corerion represeniitive in the abowe-identifled intormatinat
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aa& 8s imv» Assignne, & successors and ssykng, may deent desiretie to parfect its srjovrrent of the grany,
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arnd randher ol assistanme iy making ai;’;géimiim for angd obtaining, rosiniaining, and enforsing the Lettars
Patent or simiter logel protection o the invardion in any and afl oouniries and hasdictions indduding withost
imitation providing testiraony in any relsted interforsnos, Htgation or roseeding. Ta the exient tha we, sy
sxecuton orahninizaions am wnable or unsvaiiable {o execute and delbar to Acsighes or it legst
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# |y provisioni) of this Assx‘;rﬁwﬁ ars held unenfeneabis ov in cenlint with the lnw of ey fursdintiony the

iy of the gm'sa;zmq preadsions wil e by alectad by such holding and the padt held unsnforcesids nor
i confipt Wil the e i One ursdition will mmain iy affpot for diher urisdictions wnlil hedd ubhanforcealde
or i confiint vl thedaw of Ihat junisdiction,

Banzhang L

%
7

0069



ASDIGNMENT

WHERERASR, L Yisong Siﬁ of Fufian Frovinge, Ghing (Assignor’y s the imenter of an
Fnerion arilleg © CATH SPE E LECTRULREMIUAL DEVICE AND BLEC TROSIC DEVIOR COMPRISING SAME

that s thesubjscimatierad {{é‘i&i:kai\ it appivy

X1 aUS spplivation o Letlers Falent which clafims the oty of the Chinase Patent Appioation
Mo, SgigiiyEsst . fiad e 218111408

£ an apglication mads underthe Palant Cooparation Trasty which i idenifiabls sl WP QLy
— Applicefion Mo PFOT flodon

srmmnp
T el

an appliceticnfoyr betlers Fajent wiich isidentifisble in e Palant O of the LS by Aplivation
A, Stedon : :

VEHEREAR, Ningds Amperex Teohnology Limsited, s sorporstion organized aad oxsling undsr (e
ks of Ching CAssignies’ and bavng offices.at, No, ’3 XinGany Road, ShangWan Town Jdiselheng
Ristdct, MNinade Ty, Fuflan Provigor, BRO 358166 s dosirous of acquinng the ontits dght, Stle
and nterast i angd o the invention, the applicslions, angd any and ol Letters Patent or shrilar forsign
ar devanatic legal pratection '

¥ 1 in the United Siates
] ina¥olhsr gountias oF visdicions;

WOW THEREPFORE, e good and waluabds congiduoation, the receipt end adeguasy of which s borshy
acknowiadgad,

a1 wa agree 1o ransler, and
by we do bemby banstes

tr Assignes, e sucoassirs and sasigns, effectie as of o S g JR

Cour avdineight, Hile sndintersst in the abosve named crambias and jurisdisions in ans to the Glowing

Including 1he nght o sue & pastinkingement: the invention, the shove-iantifad applications, all

sppfiostions Fom wiich sny of the sbowsJdontified applications daimprionty, conpsponding WS and
LS applications, 3y cordinuatiod, Sivision, renewad, Sraubsiiuie iy the applications, aif Lellers

sty sny mssaf:‘. re-sxarninagion, or simdar fonsl protection lesudn redulad tothe Letters Patant, and
} ﬁ& is'r%d{%;’ amg aspi%ca de E‘;'e«qi} oF'g i‘}*}‘&%’!‘iiﬁfh ;ms?i Yaw asiﬁhmi?a ‘zhe *‘kireckx zxf t%*‘e

<

nt-s e tsum{“{ *Eze ﬁi;;}g da%s{sk afxzi &m&aﬁ % s';mmrs w?zer: amﬁasmﬁ We fmf?w
wire t?%& &a g&m&a iy synesesaes and gesigns, of anvoler B may propeddy designgia Inapply for
Lattars Paentorsimibsr ings profogtinn ity owroname Y dosined, in the sbowamed gountnias angd
udsdictions and sppors %@gaw 1 ponunan reprasaniathe in the showadentied inlermational

apy§§ca wi ety ntenational applestion iy the inwertion.

Wae rsprasent i the Assipne. §5 suonessors andassigns, that we shal not execute sy wriling or do sy
act whatsomver confiicting with (s Assignment. W, cuir oxections or adnimsirate's, il alany e upon
request, without sdditionst s'\(}-%}::iamma but sl the exponse of the Assignes, s suoosssors and assigns,
ernouts s divher o Assignge orits iuga ropresaniatives suoh addiiors wiiings o ad o such addiionat
agts as e Assignas, s sucoessors and assigns, may desm desinaiie o parfrct its enjoyment s ;3‘5 this grany,
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and rander ol gosistance It making spplication Bir and obialning, msiniainiby, and enfrcing the Lettars
Patent oy sinflar lngal protecion on the imention in any and sl countles and jurkdctions, induding without
finftation prodding toslimony in ay related intedferancy, Hitigation or provesding. Tothe ssdant thal we, tuy
exerutors or administalors ars unabde oF anavaliabls toaxectls snd deliver o Assignes o s lsgnl
raprasanaties such sdational withgs and do such addiional acs a3 Asaignes, s sucresses and
sesigns may deamdesitable i parfont By arjoymant of thy grarg, and rendet o assstance in making
appicationiorand oblaining, menlaining, and stdoming the Lations Patent o similar Jegs! profecticrron the
irnpertion i any and ol counirbes and juvisdictions, s, our execuiors or adminisitatons haveby suthorias
Assignes, B sucsassors and assigrs o aol on our behalf,

¥ ary provisfonds) of this Assignment are held ungofsveatie orinconint with the lew of aay junsdiction, the
walidyy of the ensinmy provisions will ot be affsciad by such holding anad the pait held unenforcaablainor

in oondiict with thefawe of one geriscdidion Wil sy in effent Seolher Jurisdifions vl held useniorcaalis
ot ¥y eonfich with the law of thatjurisdiction

s
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ASSIBNMENT

WHEREAS, 4 Chiwen X140  of Fullan Frovings, Ghing CMlssignnd™y s the teentor of &
Frosnbion ertitied * *‘*wrsrs SLECTROUKEMIDAL DEVILE ARD SLECTRONIO DEVIOE COMPRISING Samg  »

that is thesubisctmatiacrcl {(Chook all that apgly

fA1 aUS spplicative for Latters Palerd which cigdmy the priovity of the Shinsse Patent Applcatiay
Mo, FRIRLISLSEET filed oy IHT RIS

prnry
St

an appliostion rmoads under the Patad C\\};t}&?aﬁm‘? Troaty which is deniifitdee st ‘&%?C} by
Apphoatiosy Mo PO ‘iiez:i on

il an . application or Latiers Palont wiioh i idaniliabis inthe ?’*«ﬁuﬁ Ofics oftha U Etsy Applicston
Mo, . filged vt o

WHEREAS, f\i;vgﬁfe Amperes Technolony LimBed, a ourporation arganized ad sxi%%@a underibe
taws ot {.’hsna {Assignee’;, and having offioss al, Nod XinGang Boad, ZhangWen Town, Jisctheng
y Mmgt}g Oty &ts;sarz Provinee, PRO 2100 Js desrous of aoquiing the eniw fights Mg
st i and to the invenlion, the spplications, sad any and aff Letiers Patant or sinils forsigs
ov domestic legal protection :

¥1  intheUnifed Slales
1 inalicther countios or junisdictions

THOW THEREFORE, for goud antd waluadis conslderation, the reosipt and sdeguacy of which is heneby
acknowiadyed,

a) waagres to ransfer and
b we do hereby travster

i §§"§S§GE‘§®& Hx suncessrs wd wesigns, efscthe as o‘? srg o,
our snfire SR, 1 and interest in the above named counities and furisdicions nand o the following
- ingluding the right 1o sue fr past infingement: the invention, the showe-identifisd spetications, s
- appliogtions frewn whinh any oithe show-identifed applicatibng dlaim priodty, &m&mﬁzﬁg Whoand
nondl s, 6@??&3&!0&’3& sy continuation:, division, rancewsl, or substute Drihe soplications, slilatleny
: ?3‘ dont, any reissus, re-examination, o simdar logst profaciion issuing related inthe Lettory Patent and
&l s’sgiﬁs and banefils under any anplinabis realy or convention, and Yws authonze the Director of the
Liniied States Pateat and Trademark Ofies cv ixeign sauivient 1o vsue the Latters Patont or sirmilsy
fegal rotectontothe ﬁwgﬂe@.

Yo authoriseithe UL & Aloimeyehanding this satierinthe U8, and the Assignes s sucdassors sud
sesinng, ninasct in thig insbumentthe Bling datels) and application nurrhens whan asostained. We Ruther
authunize the Asdignes, IS sutousenrs an astigns, or anyone i may propetly desigasts, to appiydor -

- Latters Paterd or sinllar g protection, in s own Narve # dadired, i the sbow named countties and
junisdictions and sppoint Assigise fie common rapresaniatia in the ahove-identfied infernghonal
Sppdication and s intemationsl sopdication By ihe mention.

We reprosent fo the Assignes, ity sucosssors and sssigns, that we shal not execute any willing or doany
act whatsoswer conllicting with s Ssgigrmment. W, owr axeguions of sdhvinisirators, wil st any fimeupon
reguest, without addifonat considoration, bl stthe ax;}m% of $he Asgignes, e sucopsears sid I_[YNE,
axecute and defiver fo Sssiguse or ifs §s:§ai rapreseniaiite steh sdoilional writings snd do such addiinal
acts as the Assignes. s sutoessors and assigns, may deemdesirabie foperfect its &aga:mzea of tivis gra:}i :

e
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and render it assistones inmaking application for snd oblaining, mgntaindg. and enkucing he Leers
Patent or shviler fegsd protection o the vention in any and all couniies and jurkdictions, including withowt
firnitation providing testionny s any reigsd interfsrance, fitigation or procaeding. Tothe sxientthst we. ey
axecutors or sdminisiaions are unabie or unsssiate fo wacule and dedier in Assignee or its eo
reprasantathas such sddifonst witings and do such addSoral acte a3 Assignes, #8 successars and
aesinne ey desmdasinio to perfact s enjoyment of this grant, and render ol sssistarce inmaking
sppication oy and obiainng, mavdainhg, S eniorging the Leltors Patent or siiviler loga!l prolectionon the
frrentinn vany and sl couniries s jursdiclions, we, sut ereciorg oF sufvnisirators haredy authories
Assighes, s stoopssors and assigne et oa gur behal,

if a;‘y prondsionis) of s Assignmest are hald unenforceable or in confict with the law ofary Surisdton, the

wilidity ofthe s*amasz\ﬁ prndsions witl nd be alfeciad by such hoklng andthe pad held uneniorceable nor
in confict with the law of one risdiction will revain in effect Ry séher reisdivlions anlil hetd uneninepalie
acin ponlict with thelaw of that | jurdsdintion,

3
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Marquez Intellectual Property Law Office PLLG AR AL L A MU
1629 K Street, NW
Suite 300

Washington, DC 20006
Date Mailed: 03/28/2019

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Xinru SU, Ningde City, CHINA;

Baozhang LI, Ningde City, CHINA;

Yisong SU, Ningde City, CHINA;

Zhiwen XIAO, Ningde City, CHINA;
Applicant(s)

NINGDE AMPEREX TECHNOLOGY LIMITED, Ningde City, CHINA;
Assignment For Published Patent Application

NINGDE AMPEREX TECHNOLOGY LIMITED

Power of Attorney: The patent practitioners associated with Customer Number 38327

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
CHINA 201811308841.3 11/05/2018 Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 03/26/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/298,738

Projected Publication Date: 05/07/2020

Non-Publication Request: No

Early Publication Request: No

Title

CATHODE, ELECTROCHEMICAL DEVICE AND ELECTRONIC DEVICE COMPRISING SAME
Preliminary Class

429
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 4 of 4

0083



WIPO

. . WORLD
Digital Access Service INTELLECTUAL PROPERTY

(DAS) ORGANIZATION

CERTIFICATE OF AVAILABILITY OF A CERTIFIED PATENT DOCUMENT IN A
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The International Bureau certifies that a copy of the patent application indicated
below has been available to the WIPQO Digital Access Service since the date of
availability indicated, and that the patent application has been available to the
indicated Office(s) as of the date specified following the relevant Office code:

Document details:  Country/Office: CN
Filing date: 05 Nov 2018 (05.11.2018)
Application number: 2018113088413

Date of availability of document: 15 Nov 2018 (15.11.2018)

The following Offices can retrieve this document by using the access code:
JP, US, GE, SE, NZ, KR, EA, IN, BR, GB, AU, CA, EP, ES, NL, IB,
EE, CN, MA, FI, DK, CL

Date of issue of this certificate: 11 Apr 2019 (11.04.2019)
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Application/Control Number: 16/298,738 Page 2
Art Unit: 1724

DETAILED ACTION

Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AIA.

Claim Objections

2. Claim 20 is objected to because of the following informalities: the limitation “The e
electronic device” in line 1 appears to include a drafting error. Appropriate correction is
required.

Claim Rejections - 35 USC § 112

3. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

4. Claims 3, 5, and 6 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA),
second paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AlA the applicant regards as the
invention.

5. Claim 3 recites the limitation "the surface of the first cathode active " in line 2. There is
insufficient antecedent basis for this limitation in the claim. For the purpose of this Office
Action, the limitation has been interpreted as "a surface of the first cathode active ".

6. Claim 5 recites the limitation "the thickness" in line 1. There is insufficient antecedent
basis for this limitation in the claim. For the purpose of this Office Action, the limitation has

been interpreted as "a thickness".
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7. Claim 6 recites the limitation "the thickness" in lines 1 and 2. There is insufficient
antecedent basis for this limitation in the claim. For the purpose of this Office Action, the
limitation has been interpreted as "a thickness".
8. Claim 13 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject
matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the
invention.
9. Claim 13 recites the limitation "the thickness" in lines 1-2. There is insufficient
antecedent basis for this limitation in the claim. For the purpose of this Office Action, the
limitation has been interpreted as "a thickness".
10. Claim 19 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject
matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the
invention.
11. Claim 19 recites the limitation "the thickness" in line 1. There is insufficient antecedent
basis for this limitation in the claim. For the purpose of this Office Action, the limitation has
been interpreted as "a thickness".

Claim Rejections - 35 USC § 102
12.  In the event the determination of the status of the application as subject to AIA 35 U.S.C.
102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the
statutory basis for the rejection will not be considered a new ground of rejection if the prior art

relied upon, and the rationale supporting the rejection, would be the same under either status.

0118



Application/Control Number: 16/298,738 Page 4
Art Unit: 1724

13. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, on sale or
otherwise available to the public before the effective filing date of the claimed invention.

14. Claim(s) 1-4, 7 and 8 is/are rejected under 35 U.S.C. 102(a)(1) as being anticipated by
Tanaka et al. (US 2016/0294015).

Regarding claim 1, Tanaka discloses a cathode (positive electrode 1, Fig. 10, [0027]),
comprising: a cathode current collector (positive electrode current collector 3, Fig. 10, [0074]),
having a first surface (see Fig. A as annotated Fig. 10);

L

Fig. 10 ¥ %
Fig. 1 st swetaee

oy

spcond cathnde woflector
Antive mgedad
tayer 2b o
S i e
£ * ® *
Tast - tathode ; e i :;;‘ o o
suiive material * 1 2 s i
faysr 23 = ® * & coleckar 3
) st
portiof ﬁrcp.ﬂd
portion Fi g. A

a first cathode active material layer (first active material layer 2a, Fig. 10, [0071]), comprising a
first cathode active material(positive electrode active material [0040]); a second cathode active
material layer (second active material layer 2b, Fig. 10, [0071]), comprising a second cathode
active material(positive electrode active material [0040]); and an insulating layer (insulating
member 40, Fig. 10, [0074]), wherein the first cathode active material layer is disposed between
the cathode current collector and the second cathode active material layer and covers a

first portion of the first surface of the cathode current collector (Fig. A), and the insulating layer
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covers a second portion of the first surface of the cathode current collector that is different from
the first portion (Fig. A).

Regarding claim 2, Tanaka discloses all of the claim limitations as set forth above.
Tanaka further discloses a first distance exists between the insulating layer and the first cathode
active material layer in a longitudinal direction of the cathode current collector (see Fig. B as

annotated Fig. 10),

isssulating
evond layer
distaice ~ €,

second cathoge  Fig. 10
nclive ukstedsl m
ryer

Sient cathode  ee®™
active ssatesial.
fayer

cattinge
lovgindius Yt ciyent

—  eection ! dstasce coliestor
Fig. B
a second distance exists between the insulating layer and the second cathode active material
layer in the longitudinal direction of the cathode current collector(Fig. B); and the first distance
and the second distance are respectively greater than or equal to O (Fig. B)and the
second distance is less than or equal to the first distance(Fig. B).

Regarding claim 3, Tanaka discloses all of the claim limitations as set forth above.
Tanaka further discloses the second cathode active material layer completely covers a surface of
the first cathode active material layer(Fig. B).

Regarding claim 4, Tanaka discloses all of the claim limitations as set forth above.
Tanaka further discloses the first distance is from 0.5 to 5 mm (single-layer part S in Fig. 10,

[0066]) which is within the claim limitation of about 0 mm to about 83 mm. According to the

MPEP, “"[W]hen, as by a recitation of ranges or otherwise, a claim covers several compositions,
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the claim is ‘anticipated’ if one of them is in the prior art." Titanium Metals Corp. v. Banner, 778
F.2d 775, 227 USPQ 773 (Fed. Cir. 1985) See MPEP 2131.03.

Regarding claim 7, Tanaka discloses all of the claim limitations as set forth above.
Tanaka further discloses the first cathode active material and the second cathode active material
are each independently selected from the group consisting of lithium cobaltate ([0040]), lithium
vanadium phosphate(LiMPO4 [0040]), lithiom manganate([0040]), lithium nickelate ([0040]),
lithium nickel cobalt manganese oxide([0040]), lithium-rich manganese-based material([0040]),
lithium nickel cobalt aluminum oxide([0040]), and combinations thereof ([0040]).

Regarding claim 8, Tanaka discloses all of the claim limitations as set forth above.
Tanaka further discloses the first cathode active material layer and the second cathode active
material layer each further comprise a binder (binding agent [0042]) and a conductive
agent(conductive assistant [0042]), wherein the binder is selected from the group consisting of
polyvinylidene fluoride ([0042]), polytetrafluoroethylene ([0042]), and combinations thereof;
and the conductive agent is selected from the group consisting of conductive carbon black
([0042]), carbon fibers ([0042]) and combinations thereof([0042]).

Claim Rejections - 35 USC § 103
15. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is not
identically disclosed as set forth in section 102, if the differences between the claimed invention and the
prior art are such that the claimed invention as a whole would have been obvious before the effective
filing date of the claimed invention to a person having ordinary skill in the art to which the claimed
invention pertains. Patentability shall not be negated by the manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35

U.S.C. 103 are summarized as follows:
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1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.

16.  This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was commonly
owned as of the effective filing date of the claimed invention(s) absent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and
effective filing dates of each claim that was not commonly owned as of the effective filing date
of the later invention in order for the examiner to consider the applicability of 35 U.S.C.
102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art against the later invention.

17.  Claim 5 is/are rejected under 35 U.S.C. 103 as being unpatentable over Tanaka et al. (US
2016/0294015) as applied to claim 1 above.

Regarding claim 5, Tanaka discloses all of the claim limitations as set forth above.
Tanaka further discloses a thickness of the active material layer is preferably about 5 to 200 um
([0064]) which overlaps the claim limitation of the thickness of the first cathode active material
layer is from about 0.1 um to about 20 um. The thickness of the active matenial layer may be an
arbitrary value, and 1s not particularly Bimited (JOU641). In the case of the use for 4 portable
electronic device, an electric bicycle, an electric assist bicycle, a stationary charger, an electric
vehicle, a hybrid vehicle or the like, from the standpoint of battery capacity and weight, it is
preferable that the active matenial laver that is positioned on at least one surface of the current

coliector be about 5 10 200 wm in thickness (100841}
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According to the MPEP, “in the case where the claimed ranges "overlap or lie inside
ranges disclosed by the prior art" a prima facie case of obviousness exists”. In re Wertheim, 541
F.2d 257, 191 USPQ 90 (CCPA 1976); In re Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed.
Cir. 1990). MPEP 2144.05. It would have been obvious to the skilled artisan to select the
overlapping portion of the disclosed ranges as the skilled artisan would have had a reasonable
expectation of achieving the desired effect disclosed by Tanaka.
18. Claim 9 is/are rejected under 35 U.S.C. 103 as being unpatentable over Tanaka et al. (US
2016/0294015) as applied to claim 1 above, in view of Yamafuku et al. (US 2015/0147624).

Regarding claim 9, Tanaka discloses all of the claim limitations as set forth above.
Tanaka further discloses the insulating layer comprises at least one of a polymer ([0048]),
the polymer is selected from the group consisting of polypropylene([0048]), but does not
disclose at least one of inorganic particles, wherein the inorganic particles are selected from the
group consisting of aluminum oxide, silicon dioxide, magnesium oxide, titanium oxide, hafnium
oxide, tin oxide, cerium dioxide, nickel oxide, zinc oxide, calcium oxide, zirconium dioxide,
yttrium oxide, silicon carbide, boehmite, aluminum hydroxide, magnesium hydroxide, calcium
hydroxide, barium sulfate and combinations thereof. Tanaka discloses polyimide, glass fiber,
polvester, polypropylene, or materials containing them can be used and insulating member 40
cant be formed by bonding a tape-like resin member o border part 4 by heat, or by applving a
gel-like resin on border part 4 and then dryving the resin ({0048, Fig. 21

Yamafuku teaches a similar energy storage device {abstract). At least one of the
clectrodes inciudes a current collecting substrate, an active material layer arranged on the current
collecting substrate, an intermediate layer arranged hetween the current collecting substrate and

the active material layer, and an insulating laver arranged on the corrend collecting sobstrate
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{abstract). Yamatuku teaches an energy storage device having an insuiating layer high in
nsutation properties{{0046}), Yamafuks teaches the insulating material include inorganic
particles and a resin ({0127}, wherein the inorganic particles are selected from the group
consisting of aluminum oxide([0129]), silicon dioxide([0129]), titanium oxide([0129]),
boehmite ([0134]), barium sulfate ([0131]) and combinations thereof ([0135]).

It would have been obvious to one of ordinary skill in the art to provide the insulating
member of Tanaka with inorganic particles and a resin, wherein the inorganic particles are
selected from the group consisting of aluminum oxide, silicon dioxide, titanium oxide, boehmite,
barium sulfate and combinations thereof as taught by Yamafuku in order to provide an
insulating layer high in insulation properties.

19.  Claims 10-13 and 15-19 is/are rejected under 35 U.S.C. 103 as being unpatentable over
Tanaka et al. (US 2016/0294015), in view of Yamafuku et al. (US 2015/0147624).

Regarding claim 10, Tanaka discloses an electrochemical device (lithium ion secondary
battery 100, Fig. 1, [0031]), comprising an anode(negative electrodes 6, Fig. 1, [0031]), a
separator (20, Fig. 1, [0031]) and a cathode (positive electrodes 1, Fig. 1, [0031]), wherein the
cathode comprises a cathode current collector(positive electrode current collector 3, Fig. 10,

[0074]), having a first surface (see Fig. C as annotated Fig. 10);
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a first cathode active material layer (first active material layer 2a, Fig. 10, [0071]), comprising a
first cathode active material(positive electrode active material [0040]); a second cathode active
material layer (second active material layer 2b, Fig. 10, [0071]), comprising a second cathode
active material(positive electrode active material [0040]); and an insulating layer (insulating
member 40, Fig. 10, [0074]), wherein the first cathode active material layer is disposed between
the cathode current collector and the second cathode active material layer and covers a

first portion of the first surface of the cathode current collector (Fig. C), and the insulating layer
covers a second portion of the first surface of the cathode current collector that is different from
the first portion (Fig. C); and the separator is disposed between the anode and the cathode (Fig.
1), and the anode, the separator, and the cathode form an electrode assembly ([0031]) but does
not disclose the anode, the separator, and the cathode are wound to form an electrode assembly.
Tanka teaches an electrode lanunate body thatiery electrode asseimbly) o which positive
electrodes {positive electrode sheets) 1 and negative electrodes {negative electrode sheets} & are
abternately laminated with separator 20 interposed therehetween such that layers are formed (Fig.
1 {00310,

Yamafuku teaches a similar energy storage device (abstract). At least one of the
electrodes includes a current coliecting subsirate, an active material layer arranged on the corrent
collecting substrate, an interraediate layer arranged between the current collecting substrate and
the active matenial layer, and an insulatiog layer arranged on the curvent collecting subsirate
{ahstract). Yamafuku teaches a sheet-like positive electrode 3 and a sheet-like negative elecirode
5 are overlapped via a separator, after which those are wound to form an electrode assembly as

shown in FIG. 7 (J0202]).
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It would have been obvious to one of ordinary skill within the art at the time of the
effective filing date of the invention to use the anode, the separator, and the cathode are wound
to form an electrode assembly as taught by Yamafuku as obvious to try choosing from a finite
number of identified, predictable solutions, with a reasonable expectation of success. See MPEP
2143.

Regarding claim 11, modified Tanaka discloses all of the claim limitations as set forth
above. Modified Tanaka further discloses a first distance exists between the insulating layer and
the first cathode active material layer in a longitudinal direction of the cathode current collector

(Tanaka, see Fig. D as annotated Fig. 10),
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a second distance exists between the insulating layer and the second cathode active material
layer in the longitudinal direction of the cathode current collector(Fig. D); and the first distance
and the second distance are respectively greater than or equal to O (Fig. D)and the
second distance is less than or equal to the first distance(Fig. D).

Regarding claim 12, modified Tanaka discloses all of the claim limitations as set forth
above. Modified Tanaka further discloses the first distance and the second distance are
disposed at a corner of the electrode assembly (Tanaka, in order to prevent the occurrence of a

short circuit with negative electrode terminal 16, insulating member 40 is formed so as to cover
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border part 4 between the applied part where positive electrode active material layer 2 is formed
and the non-applied part where positive electrode active material layer is not formed, Figs. 1 &
2, [0036]).

Regarding claim 13, modified Tanaka discloses all of the claim limitations as set forth
above. Modified Tanaka does not explicitly disclose a thickness D of the electrode assembly is
from about 1.5 mm to about 50 mm. However, Tanaka discloses the thickness of the active
material laver may be an arbitrary valoe, and 18 not particalarty Bmited{]0064]). In the case of the
use for a portable electronic device, an electric bicyele, an electric assist bicyele, a stationary
charger, an electric vehicle, a hybiid vehicle or the like, from the standpoint of battery capacity
and weight, it is preferable that the active material layer that is positioned on at least one surface
of the current collector be about 5 1o 200 wo in thickness{{G064 1.

It would have been obvious to one having ordinary skill in the art to provide the thickness
D of the electrode assembly from about 1.5 mm to about 50 mm in order to balance battery
capacity and weight, since it has been held that where the general conditions of a claim are
disclosed in the prior art, discovering the optimum or workable ranges involves only routine skill
in the art. MPEP §2144.05 (I1I-A).

Regarding claim 15, modified Tanaka discloses all of the claim limitations as set forth
above. Modified Tanaka further discloses the second distance between the insulating layer and
the second cathode active material layer in the longitudinal direction of the cathode current
collector satisfies the following formula: 0 < the second distance < 7/2 * D + 4mm (second
distance is 0 as shown in Fig. D).

Regarding claim 16, Tanaka discloses an electronic device ([0064]), comprising an

electrochemical device (lithium ion secondary battery 100, Fig. 1, [0031]), wherein the
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electrochemical device comprises an anode(negative electrodes 6, Fig. 1, [0031]), a separator
(20, Fig. 1, [0031]) and a cathode (positive electrodes 1, Fig. 1, [0031]), wherein the cathode
comprises a cathode current collector(positive electrode current collector 3, Fig. 10, [0074]),

having a first surface (see Fig. E as annotated Fig. 10);
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a first cathode active material layer (first active material layer 2a, Fig. 10, [0071]), comprising a
first cathode active material(positive electrode active material [0040]); a second cathode active
material layer (second active material layer 2b, Fig. 10, [0071]), comprising a second cathode
active material(positive electrode active material [0040]); and an insulating layer (insulating
member 40, Fig. 10, [0074]), wherein the first cathode active material layer is disposed between
the cathode current collector and the second cathode active material layer and covers a

first portion of the first surface of the cathode current collector (Fig. E), and the insulating layer
covers a second portion of the first surface of the cathode current collector that is different from
the first portion (Fig. E); and the separator is disposed between the anode and the cathode (Fig.
1), and the anode, the separator, and the cathode form an electrode assembly ([0031]) but does
not disclose the anode, the separator, and the cathode are wound to form an electrode assembly.
Tanka teaches an clectrode laminate body {(battery electrode assembly) in which positive

electrodes {positive electrode sheets) | and negative electrodes (negative electrode sheets) 6 are
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alterpately laminated with separator 20 interposed therebetween such that layers arc formed (Fig.
10031,

Yaroaluku teaches a sirsilar cnergy storage device (abstract). At least one of the
electrodes inchudes a current collecting subsirate, an active material layer arranged on the current
collecting substrate, an intermediate layer arranged between the current collecting substrate and
the active material laver, and an insulating layer arranged on the current collecting substrate
{abstract). Yamafuku teaches a sheet-like positive electrode 3 and a sheet-like pegative electrode
5 are overlapped via a separator, after which those are wound 1o form an electrode assembly as
shown in FIG. 7 ({02021,

It would have been obvious to one of ordinary skill within the art at the time of the
effective filing date of the invention to use the anode, the separator, and the cathode are wound
to form an electrode assembly as taught by Yamafuku as obvious to try choosing from a finite
number of identified, predictable solutions, with a reasonable expectation of success. See MPEP
2143.

Regarding claim 17, Tanaka discloses all of the claim limitations as set forth above.
Tanaka further discloses a first distance exists between the insulating layer and the first cathode
active material layer in a longitudinal direction of the cathode current collector (see Fig. F as

annotated Fig. 10),
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a second distance exists between the insulating layer and the second cathode active material
layer in the longitudinal direction of the cathode current collector(Fig. F); and the first distance
and the second distance are respectively greater than or equal to 0 (Fig. F)and the
second distance is less than or equal to the first distance(Fig. F).

Regarding claim 18, modified Tanaka discloses all of the claim limitations as set forth
above. Modified Tanaka further discloses the first distance and the second distance are
disposed at a comer of the electrode assembly (Tanaka, in order to prevent the occurrence of a
short circuit with negative electrode terminal 16, insulating member 40 is formed so as to cover
border part 4 between the applied part where positive electrode active material layer 2 is formed
and the non-applied part where positive electrode active material layer is not formed, Figs. 1 &
2, [0036]).

Regarding claim 19, modified Tanaka discloses all of the claim limitations as set forth
above. Modified Tanaka does not explicitly disclose a thickness D of the electrode assembly is
from about 1.5 mm to about 50 mm. However, Tanaka discloses the thickness of the active
material layver may be an arbitrary valoe, and 18 pot particalarty Bruited{]00641). In the case of the
use for a portable electronic device, an electric bicyele, an electric assist bicycle, a stationary
charger, an electric vehicle, a hybwid vehicle or the like, from the standpoint of battery capacity
and weight, it is preferable that the active material layer that is positioned on at least one surface
of the current collector be about 3 1o 200 wo in thickness({0064 ).

It would have been obvious to one having ordinary skill in the art to provide the thickness
D of the electrode assembly from about 1.5 mm to about 50 mm in order to balance battery

capacity and weight, since it has been held that where the general conditions of a claim are
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disclosed in the prior art, discovering the optimum or workable ranges involves only routine skill
in the art. MPEP §2144.05 (II-A).

Allowable Subject Matter
20. Claim 6 is objected to as being dependent upon a rejected base claim, but would be
allowable if rewritten in independent form including all of the limitations of the base claim and
any intervening claims and the rejections under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlIA),
second paragraph, set forth in this Office Action on claims 3, 5, and 6 are overcome.

In particular the allowable limitation is a thickness of the insulating layer is greater than a
thickness of the first cathode active material layer.

In the instant invention, since the thickness of the insulating layer is greater than the
thickness of the first cathode active material layer on the bottom layer of the active material
layer, when the second cathode active material laver is coated on the first cathode active material
laver, the second cathode active material layer casily overiaps with the insulating laver due to
fluctnations in processing tolerance, and the insulating layer covers above or below the second
cathode active material Taver(J00371 US 2020/01446035). The thickness of the first cathode
active material layer 12 is less than or equal to the thickness of the insulating layer 14{Fig. 1.
[OG48 1. In some embodiments of the present application, the thickness of the insulating layer 14
is greater than about 0.1 wm fo achieve a certain insulating effect({0048]).

Tanaka discloses a difference between an average thickness at 2 multi-layer part where
both active material layers are laminated on current collecior and a thickness of the active
material laver at a part where the insulating member is positioned on active material layer is 30%
or more of a thickness of the insulating member (abstract, Fig. 23, It is desirable that insulating

memnber 40 be smaller than the average thickness of wult-layver part M of positive electrode
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active muaterial 2 (Fig. 3, {00511}, The thickness of insulating member 40, preforably, is 20% oy
iess of the average thickoess of multi-layer part M of positive electrode active material 2, and
more preferably, is 60% or less of the average thickness of multi-layer part M{[0051]). Tanaka
does not disclose, teach or render obvious the noted claim Himdtation.

21. Claim 14 is objected to as being dependent upon a rejected base claim, but would be
allowable if rewritten in independent form including all of the limitations of the base claim and
any intervening claims and the rejection under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
second paragraph, set forth in this Office Action on claim 13 is overcome.

In particular the allowable limitation is the first distance between the insulating layer and
the first cathode active material layer in the longitudinal direction of the cathode current collector
satisfies the following formula: O < the first distance < 7/2 * D + 4mm.

In the instant invention, 4 nym in the above formula is an allowable error range {1e., 3
processing olerance} of the error generated when the electrode assembly is processed, and the
rumerical range of the processing tolerance can be adjusted according to the actual operation
process without being lumited thereto JO061 1. The arrangeroent of the fivst distance 13 and the
second distance 16 effectively avoids the overlappiog of the {irst cathode active material layer
12, the second cathode active material layer 13 and the insulating layer 14, thereby enhancing the
reliability of the cathode in the preparation process, and lowering the possibility of a rupture of
the second cathode active material in the second cathode active material layer 13 during the cold
pressing techniquedlig. 2, 0041 1) The first distance is from about & mm o about 83 mm, which
ensures the reliability of the cathode in the preparation process and dogs not lower the safety

performance of the cathode 1n the nail ponetration test ({00447
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Tanaka discloses the distance between the end part (termination position) of the applied
part of the first active material layer and the end part (termination position) of the applied part of
the second active material layer, that is, the length of single-layer part 5 where the insulating
member is formed, may be an arbifrary valoe, and is oot particularly limited{] 00661}, Taking into
account the energy density per unit volume of the battery clectrode assembly, the distance,
preferably, 18 005 to 5 mm. and more preferably, 15 0.5 0 3 mm{[0066] 5. In this case, it is
alowable 1o arbirarily select whether the end part of the applied pant of the second active
material layer is positioned on the first active material layer such that siogle-layer part 5 1s
configured by the first active material layer similarly to the exemplary embodiment {FIGS. 2 to
33, or whether the end part of the applied part of the second active material Iayer is postiioned on
the current collector beyond the end part of the apphied part of the first active material layer such
that single-layer part 8 is configured by the second active material layer similarly to another
exemplary embodiment (FIG. 10, [0066]. However, Tanaka does not disclose, teach or render
obvicus the noted claire Hmutation.

22. Claim 20 is objected to as being dependent upon a rejected base claim, but would be
allowable if rewritten in independent form including all of the limitations of the base claim and
any intervening claims and the rejection under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
second paragraph, set forth in this Office Action on claim 19 is overcome.

In particular the allowable limitation is the first distance between the insulating layer and
the first cathode active material layer in the longitudinal direction of the cathode current collector
satisfies the following formula: 0 < the first distance <7/2 * D + 4mm; and the second distance
between the insulating layer and the second cathode active material layer in the longitudinal

direction of the cathode current collector satisfies the following formula: 0< the second distance
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<m/2 *D + 4mm. The reasons for allowance are substantially the same as provided in paragraph
21 above and apply herein.
Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to VICTORIA HOM LYNCH whose telephone number is
(571)272-0489. The examiner can normally be reached on 7:30 AM - 4:30 PM EST M-F.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Miriam Stagg can be reached on 571-270-5256. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to
the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-
1000.

/VICTORIA H LYNCH/
Examiner, Art Unit 1724
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? : :second double multi$5 multiple) with {USPAT; } .14:23 :
{insulat$5) {USOCR 1 : :

2517 and (@pd or @ptad or @prad or @ad | US-PGPUB; :OR ON
‘or @rlad)<"20181105" - USPAT; :

1519 6,250 S14 and ((cathode positive) near3 active  US-PGPUB; ' OR 'ON  2020/06/02
5 :material near3 (first second double : USPAT; : :14:24 :
- multi$5 multiple) with insulat$5) :USOCR : 5 '

'S20 19 S14 and ((cathode positive) near3 active US-PGPUB; OR ON  2020/06/02
5 E :near material near3 (first second double : USPAT; : :14:25 :
-multi$5 multiple) with insulat$5) :USOCR ‘ : :

S21 .17 S20and (@pd or @ptad or @prad or @ad | US-PGPUB; OR ‘ON  2020/06/02
: ‘or @rlad)<"20181105" : USPAT; } 14:25 5
: -USOCR : ' :

S22 43 ((("NINGDE") near3 ("AMPEREX") near3  USPAT ‘OR ‘ON  2020/06/02
P  ("TECHNOLOGY") near3 3 114:30 5
("LIMITED"))).AS,AANM. : ' f '

523 4 L((("SU") near3 ("Xinru"))).INV. -US-PGPUB; OR ON 2020/06/02
L (USPAT; : 14:30 %
USOCR : z

524 2 - ((("LI") near3 ("Baozhang"))).INV. _US-PGPUB; OR ON  2020/06/02
o (USPAT; : 14130 :
USOCR f '

S25.8  ((("SU") near3 ("Yisong"))).INV. _US-PGPUB; OR ‘ON  2020/06/02
i : :USPAT; } 114:30 5
USOCR | |

1526 10 ((("XIAO") near3 ("Zhiwen"))).INV. _US-PGPUB; OR 'ON  2020/06/02
- _USPAT; ; 114:31
USOCR ' '

S27 3 (S22 S23 524 S25 S26) and (active near US-PGPUB; OR ‘ON 12020/06/02
- material with insulat$5) {USPAT; ; 14:31
' - USOCR ' f '

1528 12,503 ((("NINGDE"))).AS,AANM. .FPRS; EPO; :OR 'ON  2020/06/02
e L7 R R £ S
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 DERWENT;
IBM_TDB

'FPRS; EPO;

JPO;

_DERWENT;

‘IBM_TDB

.FPRS; EPO;

:JPO;

_DERWENT;

IBM_TDB

52

~ SlandS36

((("SU") near3 ("Yisong"))).INV.

(CXIAO") near3 (Zhiwen IV,

_FPRS; EPO;
-JPO; .
. DERWENT;
IBM_TDB
‘FPRS; EPO;
:JPO; :
. DERWENT;

'IBM_TDB

5(528 S29 S30 S31 S32) and (acitve near
material) and insulat$5

FPRS; EPO; -
-JPC; :
_DERWENT;

:IBM_TDB

%(528 S29 S30 S31 S32) and (active near
material) and insulat$5

_FPRS; EPO;
-JPO; :
 DERWENT;

-IBM_TDB

1534 and (@pd or @ptad or @prad or @ad
-or @rlad)<"20181105" :

FPRS; EPO;
: JPO; :
:DERWENT;

- IBM_TDB

i ((cathode positive) near3 active near
material near3 (first second double
-multi$5 multi$2layer$3 layer$4 multiple)
:with insulat$5)

US-PGPUB;
USPAT;
_USOCR

- US-PGPUB;
:USPAT;

-USOCR

:US-PGPUB;

USPAT;

12020/06/02
:14:33

12020/06/02
14:33 s

12020/06/02
114:33 s

2020/06/02
14 34 ?

12020/06/02
14:34 e

12020/06/02
14:34 5

1 2020/06/02
:14:35 :

2020/06/02
1445

© 2020/06/02

1446

12020/06/02
14:46

'US-PGPUB;

- USPAT;
'USOCR

§S39 and (@pd or @ptad or @prad or @ad
-or @rlad)<"20181105"

0140

US-PGPUB;
 USPAT;
'USOCR

12020/06/02 -
14:46

12020/06/02
14:47 :



41318

 (lithium near cobaltate or lithium near {US-PGPUB; :OR ‘ON
-iron near phosphate or lithium near {USPAT; 5 3
- manganese near iron near phosphate or - USOCR
-sodium near iron near phosphate or ;
lithium near vanadium near phosphate or
:sodium near vanadium near phosphate or
‘oxy$llithium$1vanadium near phosphate :

-or oxy$1sodium$lvanadium near '

i phosphate or lithium near vanadate or

¢ lithium near manganate or lithium near

“nickelate or lithium near nickel near

. cobalt near manganese near oxide or
:lithium$1rich near manganese$1based

near material or lithium near nickel near

- cobalt near aluminum near oxide or

lithium near titanate) and S40

© 2020/06/02

14:59

i ((cathode positive) near3 active near ‘US-PGPUB; :OR :ON
- material near3 (first second double - USPAT; :
‘multi$5 multi$2layer$3 multiple) with :USOCR

‘insulat$5) 3

12020/06/02
115:02 :

:S42 and (@pd or @ptad or @prad or @ad %US—PGPUB; ‘OR “ON
gor @rlad)<"20181105" :USPAT; 3 :

12020/06/02
115:03 é

("20050175892" | "20050277022" | _US-PGPUB; ' OR "ON
"20060269835" | "20080280197" | USPAT; f
1"20100035144" | "20110217576" | _USOCR

1"20110274953" | "20130316209" | :
1"20150125738" | "5591522").PN. OR
("10411243").URPN.

12020/06/02
115:39 5

547

492

%("20040202928" | "20080280197" | %US-PGPUB; ‘OR “ON
:"20110020703" | "20120202105").PN. :USPAT : 5

 ((cathode positive) and active near ﬁFPRS; EPO; :OR “ON
- material and (first second double multi$5 :JPO; E
gmulti$2layer$3 multiple) and insulat$5)  :DERWENT;

{IBM_TDB

‘sa6andhOlmcpd.  FPRS;EP0; OR  ON

-JPO; :
‘DERWENT;
:IBM_TDB

12020/06/02
:15:51 ?

2020/06/02
116:16 5

 2020/06/02
16:17 |

/547 and (@pd or @ptad or @prad or @ad FPRS; EPO; OR ON
or @rlad)<"20181105" JPO; : 3

_DERWENT;
IBM_TDB

12020/06/02
16:17 f

548 not fuel adj cell$1 FPRS; EPO; OR ON

-JPO; ;
:DERWENT;
IBM_TDB

12020/06/02
16:18 5

"2010262773" 'FPRS; EPO; 'OR ON

-JPO;

12020/06/02
17:12 f
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 DERWENT;
IBM_TDB

S51:6 :"2015147624" 'FPRS; EPO; ‘OR ‘ON  2020/06/02
-JPO; 118:16
. DERWENT; :
IBM_TDB

S52 0 "2015147624" 'US-PGPUB; OR ON  2020/06/02
L % _USPAT;, g 18:16 s
S53.2  "20150147624"  USPGPUB; OR ON  2020/06/02
o z (USPAT; ; 18:16 f
USOCR
1S54 1 1"20160294015" 'US-PGPUB; OR ‘ON  2020/06/02
- (USPAT; 18:57 %
_ ; USOCR ; | |
S55:1 "20160294015"  US-PGPUB; OR ON  2020/06/03
: - USPAT; : :11:04 5
USOCR ; ;

1561 :S55 and (thickness with insulating) _US-PGPUB; OR ‘ON  2020/06/03
_USPAT; ; 11:57 :

557 1 "20160294015"  US-PGPUB; ' OR 'ON  2020/06/03
§ : ‘USPAT; ? 113:19 5
USOCR : ?

S58:1 557 and (thickness with electrode near  US-PGPUB; OR 'ON  2020/06/03
P _assembly) (USPAT; : 13119 5
s _USOCR : : :

S59 1 S57and (thickness with battery) ~ US-PGPUB; OR  ON  2020/06/03
o _USPAT; 13:24 ;
JUsocR

6/3/2020 2:58:27 PM
C:\Users\vlynch\Documents\EAST\Workspaces\16298738.wsp
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(57) There is provided an energy storage device hav-
ing an insulating layer excellent in insulation properties.
There is provided an energy storage device including an
electrode assembly having a pair of electrodes over-
lapped with each other. At least one of the electrodes
includes a current collecting substrate, an active material
layer arranged on the current collecting substrate, an in-
termediate layer arranged between the current collecting

Energy storage device and energy storage module

substrate and the active material layer, and an insulating
layer arranged on the current collecting substrate. The
active material layer contains an active material and a
first binder. The intermediate layer contains a carbona-
ceous material and a second binder. The insulating layer
contains an insulating material and a third binder. The
second binder is a nonaqueous binder. The third binder
is an agqueous binder.
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1 EP 2876 711 A1 2

Description
FIELD

[0001] The presentinventionrelates to an energy stor-
age device and an energy storage module.

BACKGROUND

[0002] Inrecentyears, as a power source for a vehicle
such as an automobile and a motorcycle, a variety of
equipment such as a portable terminal and a notebook
personal computer, an energy storage device capable of
discharging and charging, which includes a battery such
as alithium ion battery and a nickel metal hydride battery,
and a capacitor such as an electric double layer capac-
itor, has been employed.

[0003] As such an energy storage device, an energy
storage device provided with an electrode assembly for
a lithium ion secondary battery in which the electrode
assembly has a pair of sheet-like electrodes and a sep-
arator arranged between the pair of electrodes has hith-
erto been known.

[0004] In this type of energy storage device, each of
the pair of electrodes of the electrode assembly has cur-
rent collecting foil and an active material layer which is
arranged at one face of the current collecting foil and
contains an active material.

Moreover, in this type of energy storage device, in the
electrode assembly, the electrodes are opposite to each
other so that the respective active material layers are
adjacent to each other via a separator.

[0005] In this type of energy storage device, the sep-
arator of the electrode assembly may shrink, and more-
over, a foreign substance may intrude into a space be-
tween the electrodes of the electrode assembly. Thiscan
cause a minute short circuit between the electrodes in
this type of energy storage device.

[0006] In contrast, in order to prevent a minute short
circuit between the electrodes, an energy storage device
which has an insulating layer cn one electrode of an elec-
trode assembly has been known (JP-A-2013-045659).
[0007] However, in the above-mentioned energy stor-
age device, it is desirable thatinsulation properties of the
insulating layer be further enhanced.

SUMMARY

[0008] An object of the present invention is to provide
an energy storage device having an insulating layer ex-
cellent in insulation properties and an energy storage
module.

[0009] An energy storage device according to an as-
pect of the present invention includes an electrode as-
sembly having a pair of electrodes overlapped with each
other. At least one of the electrodes includes a current
collecting substrate, an active material layer arranged on
the current collecting substrate, an intermediate layer ar-
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ranged between the current collecting substrate and the
active material layer, and aninsulating layer arranged on
the current collecting substrate. The active material layer
contains an active material and a first binder. The inter-
mediate layer contains a carbonaceous material and a
second binder. The insulating layer contains aninsulating
material and a third binder. The second binder is a non-
aqueous binder. The third binder is an aqueous binder.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Fig. 1 is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in
accordance with one embodiment;

Fig. 2 is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in
accordance with another embaodiment;

Fig. 3 is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in
accordance with another embodiment;

Fig. 4 is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in
accordance with another embadiment;

Fig. 5 is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in
accordance with another embadiment;

Fig. 8 is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in
accordance with another embadiment;

Fig. 7 is a view schematically illustrating an outer
appearance of an electrode assembly;

Fig. 8 is a schematic view schematically illustrating
an outer appearance of a nonaqueous electrolyte
secondary battery as an example of an energy stor-
age device;

Fig. 9 is a schematic view schematically illustrating
the inside of a case for a nonaqueous electrolyte
secondary battery as an example of an energy stor-
age device;

Fig. 10 is a cross-sectional view taken along the line
H-Hl'in Fig. 9;

Fig. 11 is a cross-sectional view schematically illus-
trating a cross section of a nonaqueous electrolyte
secondary battery as an example of an energy stor-
age device; and

Fig. 12 is a schematic view schematically illustrating
an outer appearance of an example of an energy
storage module.

DESCRIPTION OF EMBODIMENT

[0011] An energy storage device according to an as-
pect of the present invention includes an electrode as-
sembly having a pair of electrodes overlapped with each
other. At least one of the electrodes includes a current
collecting substrate, an active material layer arranged on
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the current collecting substrate, an intermediate layer ar-
ranged between the current collecting substrate and the
active material layer, and an insulating layer arranged on
the current collecting substrate. The active material layer
contains an active material and a first binder. The inter-
mediate layer contains a carbonaceous material and a
second binder. The insulating layer contains an insulating
material and a third binder. The second binder is a non-
aqueous binder. The third binder is an aqueocus binder.
[0012] In an aspect of the energy storage device ac-
cording to the present invention, the first binder is a non-
aqueocus binder.

[0013] In another aspect of the energy storage device
according to the present invention, the active material
layer contains a carbonaceous material.

[0014] In another aspect of the energy storage device
according tothe presentinvention, the insulating material
comprises inorganic particles.

[0015] In another aspect of the energy storage device
according to the present invention, each of the pair of
electrodes includes at least the active material layer and
the active material layers are each arranged to face each
other. The insulating layer of one electrode is arranged
toface atleasta partofthe end edge of the active material
layer in the other electrode.

[0016] In another aspect of the energy storage device
according to the present invention, in one electrode, the
insulating layer is arranged to cover the face of the active
material layer which is opposed to the other electrode.
[0017] In another aspect of the energy storage device
according to the present invention, in one electrode, the
insulating layer is arranged to cover the face of the current
collecting substrate which is opposed to the other elec-
trode.

[0018] In another aspect of the energy storage device
according to the presentinvention, the intermediate layer
has an intermediate layer-protruding portion protruded
outside from the end edge of the active material layer.
Theinsulating layer is arranged to cover the intermediate
layer-protruding portion while being in contact with the
current collecting substrate.

[0019] In another aspect of the energy storage device
according to the present invention, the pair of electrodes
correspond o a positive electrode and a negative elec-
trode, respectively. The positive electrode has a positive
active material layer as the active material layer, the in-
termediate layer, and the insulating layer. The negative
electrode has a negative active material layer as the ac-
tive material layer. The negative active material layer has
an end edge arranged outside from the end edge of the
positive active material layer facing the negative active
material layer. The intermediate layer has an intermedi-
ate layer-protruding portion protruded outside from the
end edge of the positive active material layer. The insu-
lating layer is arranged to face the end edge of the neg-
ative active material layer and is arranged to cover a sur-
face of the intermediate layer-protruding portion which
faces the negative electrode while covering the end edge
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of the positive active material layer.

[0020] In an aspect of an energy storage module ac-
cording to the presentinvention, the module includes the
above-described energy sterage device and a bus bar
member electrically connected to the energy storage de-
vice.

[0021] A method for producing an energy storage de-
vice according o an aspect of the present inventionis a
method for producing an energy storage device including
an electrode assembly having a pair of electrodes over-
lapped with each other. The method includes an inter-
mediate layer-forming step of applying a composition for
an intermediate layer containing a carbonaceous mate-
rial and a nonaqueous binder to a current collecting sub-
strate of atleastone of the electrodes. The method further
includes an active material layer-forming step of applying
a composite containing an active material and a non-
aqueous binder on the intermediate layer. The method
further includes an insulating layer-forming step of ap-
plying a compaosition for an insulating layer containing an
insulating material and an aqueous binder on atleastone
of the intermediate layer, the active material layer and
the current collecting substrate.

[0022] [n an aspect of the method for producing an
energy storage device according to the present invention,
the active material layer-forming step and the insulating
layer-forming step are simultaneously performed.
[0023] In another aspect of the method for producing
an energy storage device according to the presentinven-
tion, the composite contains a carbonaceous material.
[0024] In another aspect of the method for producing
an energy storage device according to the presentinven-
tion, the insulating material contains inorganic particles.
[0025] In another aspect of the method for producing
an energy storage device according to the presentinven-
tion, in the insulating layer-forming step, the composition
for an insulating layer is applied on a portion of the inter-
mediate layer on which the compaosite is not applied.
[0026] Hereinafter, one embodiment of the electrode
assembly according tothe aspect of the presentinvention
will be described with reference to the drawings.

[0027] An energy storage device of the present em-
bodiment includes an electrode assembly having a pair
of electrodes overlapped with each other. At least one of
the electrodes includes a current collecting substrate, an
active material layer arranged on the current collecting
substrate, an intermediate layer arranged between the
current collecting substrate and the active material layer,
and an insulating layer arranged on the current collecting
substrate. The active material layer contains an active
material and a first binder. The intermediate layer con-
tains a carbonaceous material and a second binder. The
insulating layer contains an insulating materialand a third
binder. The first binder and the seccnd binder are non-
aqueous binders. The third binder is an aqueous binder.
[0028] Inthe energy storage device of the presentem-
bodiment, at least one of a pair of electrodes 3 and 5 in
an electrode assembly 2 includes an active material layer
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3b or 5b, an intermediate layer 8, and an insulating layer
7 in contact with at least the intermediate layer, men-
tioned above. A binder contained in the insulating layer
7 is an aqueous binder, and each of binders contained
in the active material layers 3b and 5b and the interme-
diate layer 6 is a nonaqueous binder. Furthermore, the
intermediate layer 6 contains a hydrophobic carbona-
ceous material.

Thus, the aqueous binder contained in the insulating lay-
er 7 is relatively high in polarity, and on the other hand,
the nonaqueous binders contained in the active material
layers 3b and 5b and the intermediate layer 6 and the
carbonaceous material contained in the intermediate lay-
er 6 are lower in polarity than the aqueous binder con-
tained in the insulating layer 7. That is, the agueous bind-
er is low in affinity with the nonaqueous binder and the
carbonaceous material, and the nonaqueous binder and
the carbonaceous material are high in affinity to each
other.

[0029] In the intermediate layer 6, the nonaqueous
binder and the carbonaceous material, which are high in
affinity to each other, are contained. Thus, the nonaque-
ous binder prevents the carbonaceous material from
moving to the outside of the intermediate layer 6. More-
over, in the insulating layer 7, the agueous binder, which
is low in affinity with the carbonaceous material, is con-
tained. Thus, the aqueous binder can prevent the car-
bonaceous material from moving into the insulating layer
7.

[0030] Since the carbonacecus material is prevented
from intruding into the insulating layer 7, it is possible to
prevent the lowering in insulation properties of the insu-
lating layer 7 caused by the intrusion cfthe carbonaceous
material. Thus, itis possible to provide an energy storage
device having an insulating layer high in insulation prop-
erties.

[0031] The nonaqueous binder is contained in the ac-
tive material layers 3b and 5b, and therefore, even in the
case where the carbonaceous material contained in the
intermediate layer 6 moves into the active material layers
3b and 5b, it is possible to prevent the carbonaceous
material from moving into the insulating layer 7 through
the active material layers 3b and 5b.

[0032] Inthe energy storage device of the presentem-
bodiment, the carbonaceous material is contained as a
conductive additive in the active material layers 3b and
5b. In the active material layers 3b and 5b, the nonague-
ous binder and the carbonaceous material, which are
high in affinity to each other, are contained. Thus, the
nonagueous binder prevents the carbonaceous material
from moving to the outside of the active material layers
3b and 5b. Moreover, in the insulating layer 7, the ague-
ous binder, which is low in affinity with the carbonaceous
material, is contained. Thus, the aqueous binder can pre-
vent the carbonaceous material contained in the active
material layers 3b and 5b from moving into the insulating
layer 7.

[0033] Inthe energy storage device of the presentem-
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bodiment, inorganic particles are contained as an insu-
lating material in the insulating layer 7. In the case where
the carbonacecus material is contained in the interme-
diate layer 6 or the active material layers 3b and 5b and
the inorganic particles are contained in the insulating lay-
er 7, the carbonaceous material is relatively high in hy-
drophobicity and the inorganic particles are relatively
high in hydrophilicity, and thus the inorganic particles
having hydrophilicity prevent the carbonaceous material
from moving into the insulating layer 7.

[0034] Inthe energy storage device of the presentem-
bodiment, as shown in Fig. 1 to Fig. 3, each of a pair of
electrodes 3 and 5 in an electrode assembly 2 includes
at least a current collecting substrate 3a or 5a and an
active material layer 3b or 5b, and the active material
layers 3b and 5b are each overlapped so as to face each
other.

Moreover, an insulating layer 7 of one electrode is ar-
ranged so as to face at least a part of the end edge of
the active material layer 5b in the other electrode.
[0035] As showninFig. 2, in one electrode 3 including
an insulating layer 7, the insulating layer 7 may be ar-
ranged so as to further cover the face of the current col-
lecting substrate 3a, which faces the other electrode 5.
[0036] As shown inFig. 3, in one electrode 3 including
an insulating layer 7, the insulating layer 7 may be ar-
ranged so as to further cover the face of the active ma-
terial layer 3b, which faces the other electrode 5.
[0037] As shown in Figs. 1 to 3, an intermediate layer
6 may have an intermediate layer-protruding portion 6a
protruded outside from the end edge of the active material
layer 3b or 5b. The intermediate layer & has the interme-
diate layer-protruding portion 6a, and therefore, even the
end edge of the active material layer 3b or 5b can be in
contact with the intermediate layer 6. As a result thereof,
the peel strength of the active material layer 3b or 5b is
enhanced.

[0038] As shown in Figs. 1 to 3, an insulating layer 7
may be arranged so as to cover an intermediate layer-
protruding portion 6a. The insulating layer 7 covers the
intermediate layer-protruding portion 6a, and therefore,
the contact area with the intermediate layer 6 is in-
creased. Meanwhile, inthe insulating layer 7, an aqueous
binder, which is low in affinity with the carbonaceous ma-
terial, is contained. Thus, the agueous binder can prevent
the carbonaceous material from moving into the insulat-
ing layer 7.

[0039] As shown in Figs. 2 and 3, an insulating layer
7 may be arranged so as to cover an intermediate layer-
protruding portion 6a while being in contactwith a current
collecting substrate 3a or 5a. Thatis, the insulating layer
7 may be arranged so as to cover the end edge of the
intermediate layer 6. At the end edge of the intermediate
layer 8, the intermediate layer 6 is exposed by the thick-
ness ofthe intermediate layer 6. Thus, the insulating layer
7 covers the end edge of the intermediate layer 6, and
therefore, the contact area with the intermediate layer 6
is increased. Meanwhile, in the insulating layer 7, an
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aqueous binder, which is low in affinity with the carbon-
aceous material, is contained. Thus, the aqueous binder
can prevent the carbonaceous material from moving into
the insulating layer 7.

[0040] As shown in Fig. 3, an insulating layer 7 may
be arranged so as to cover an active material layer 3b or
5b and an intermediate layer-protruding portion 6a while
being in contact with a current collecting substrate 3a or
5a. The insulating layer 7 may be arranged so as to cover
only a part of the active material layer 3b or 5b.

[0041] For more details, for example, as shown in Fig.
1to Fig. 3, an electrode assembly 2 inthe energy storage
device of the present embodiment includes a sheet-like
positive electrode 3 and a sheet-like negative electrode
5 overlapped with the positive electrode 3 as a pair of
electrodes. Moreover, the electrode assembly 2 includes
a separator 4 arranged between the positive electrode 3
and the negative electrode 5.

[0042] For example, the electrode assembly 2 in the
energy storage device 1 of the present embodiment
forms a nonaqueous electrolyte secondary battery 1 such
as a lithium ion secondary battery.

[0043] A negative electrode 5 includes a negative cur-
rent collecting substrate 5a as a current collecting sub-
strate, and moreover, includes a negative active material
layer 5b, which contains a negative active material, as
an active material layer.

Inthe meantime, a positive electrode 3 includes apositive
current collecting substrate 3a as a current collecting
substrate, and moreover, includes a positive active ma-
terial layer 3b, which contains a positive active material
and is arranged at least at one surface of the positive
current collecting substrate 3a, as an active material lay-
er. Furthermore, the positive electrode 3 includes an in-
termediate layer 6, which contains a carbonaceous ma-
terial and is arranged between the positive current col-
lecting substrate 3a and the positive active material layer
3b, andaninsulating layer 7, which contains an insulating
material.

The positive electrode 3 and the negative electrode 5 are
overlapped via a separator 4 so that the negative active
material layer 5b and the positive active material layer
3b face each other.

[0044] Theintermediate layer 8, the positive active ma-
terial layer 3b, and the insulating layer 7 in the positive
electrode 3 each contain a binder. The binder contained
in the insulating layer 7 is an aqueous binder, and each
of the binders contained in the positive active material
layer 3b and the intermediate layer 6 is a nonaqueous
binder.

[0045] Since the binder contained in the insulating lay-
er 7 is an agueous binder, and each of the binders con-
tained in the positive active material layer 3b and the
intermediate layer 6 is a nonagueous binder, the affinity
between the aqueous binder and the nonagueous binder
isrelatively low. Moreover, as described above, the aque-
ous binder is low in affinity with the carbonaceous mate-
rial, and the nonaqueous binder is high in affinity with the
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carbonaceous material. Thus, as described above, the
aqueous binder can prevent the carbonaceous material
from moving into the insulating layer 7. Thus, itis possible
to sufficiently enhance the insulation performance of the
insulating layer 7. In the case where the aqueous binder
contained in the insulating layer 7 is a binder which is
soluble in water, the binder can more effectively prevent
the carbonaceous material from moving into the insulat-
ing layer 7, and thus the aqueous binder is preferably a
binder which is soluble inwater (hereinafter, alsoreferred
to as water-soluble binder).

[0046] The binder contained in the insulating layer 7 is
an agueous binder which is dispersible or soluble in wa-
ter.

As the aqueous binder, a water-scluble binder (agueous
binder which is soluble in water) having a solubility of not
less than 1 part by mass thereof in 100 parts by mass of
water at 20°C is preferred.

[0047] As the aqueous binder, preferred is at leastone
kind selected from the group consisting of polyethylene
oxide (polyethylene glycol), polypropylene oxide (poly-
propylene glycol), polyvinyl alcchol, polyacrylic acid,
polymethacrylic acid, polytetrafluoroethylene (PTFE), a
styrene butadiene rubber (SBR), polyolefin, a nitrile-
butadiene rubber and cellulose, and more preferred is at
least one water-soluble binder selected from the group
consisting of polyethylene oxide (polyethylene glycol),
polypropylene oxide {polypropylene glycol), polyvinyl al-
cohol, polyacrylic acid and polymethacrylic acid.

[0048] On the other hand, the nonaquecus binder is a
binder which is lower in water solubility than the aqueous
binder.

As the nonaqueous binder, a binder having a solubility
of less than 1 part by mass thereof in 100 parts by mass
of water at 20°C is preferred.

[0049] Examples of the nonaquecus binder include
polyvinylidene fluoride (PVDF), a copolymer of vinyli-
dene fluoride and hexaflucropropylene, a copolymer of
ethylene and vinyl alcohol, palyacrylonitrile, polyphosp-
hazene, polysiloxane, polyvinyl acetate, poclymethyl
methacrylate, polystyrene, polycarbonate, polyamide,
polyimide, polyamideimide, a crosslinked polymer of cel-
lulose and chitosan pyrrolidone carboxylate, and a de-
rivative of chitin or chitosan.

[0050] Examples of the derivative of chitosan include
a polymer compound, glyceryl chitosan, and a
crosslinked body of chitosan.

[0051] The nonaqueous binder contained in the inter-
mediate layer 6 is preferably at least one kind selected
from the group consisting of polyvinylidene fluoride, a
derivative of chitosan and a pelyimide in that they are
higher in affinity with the carbonaceous material and ca-
pable of further preventing the carbonaceous material
from diffusing into the insulating layer 7.

The nonaqueous binder contained in the positive active
material layer 3b is preferably at least one kind selected
from the group consisting of polyvinylidene fluoride, a
copolymer of ethylene and vinyl alcohol and polymethyl
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methacrylate inthat they are excellent in binding property
or low in electrical resistance.

[0052] The electrode assembly 2 is formed in a belt-
like shape. Moreover, for example, as shown in Fig. 7,
the electrode assembly 2 is wound to be used.

As shown in Fig. 1 to Fig. 3 which are cross-sectional
views obtained by cutting the electrode assembly 2 along
the width direction of the electrode, the electrode assem-
bly 2 includes a sheet-like positive electrode 3, a sheet-
like negative electrode 5 and a sheet-like separator 4
arranged between the positive electrode 3 and the neg-
ative electrode 5.

[0053] The positive electrode 3 is formed in a rectan-
gular shape such as a belt-like shape. The thickness of
the positive electrode 3 is usually 35 to 250 pm.

[0054] For example, as shown in Fig. 1 to Fig. 3, the
positive electrode 3 has a belt-like positive current col-
lecting substrate 3a, a belt-like positive active material
layer 3b arranged at the negative electrode 5 side from
the positive current collecting substrate 3a, an interme-
diate layer 6 arranged between the positive current col-
lecting substrate 3a and the positive active material layer
3b, and a belt-like insulating layer 7 covering at leastone
of the side faces (end faces) in the width direction of the
intermediate layer 6.

The positive active material layer 3b is arranged so as
to face the separator 4 and so as to be in contact with
the separator 4 directly or via the insulating layer 7.
[0055] For example, as shown in Fig. 1 to Fig. 3, the
negative electrode 5 has a belt-like negative current col-
lecting substrate 5a, and a belt-like negative active ma-
terial layer 5b arranged at the positive electrode 3 side
from the negative current collecting substrate 5a.

The negative active material layer 5b of the negative elec-
trode 5 is arranged so as to face the separator 4 and so
as to be in contact with the separator 4. The thickness
of the negative electrode 5 is usually 35 to 250 um.
[0056] The separator 4 is farmed in, for example, a
belt-like shape and arranged between the positive elec-
trode 3 and the negative electrode 5 in order to prevent
the electrical connection between the positive electrode
3 and the negative electrode 5. The thickness of the sep-
arator 4 is usually 5 to 50 pm.

[0057] In the electrode assembly 2, for example, as
shown in Fig. 1 to Fig. 3, the negative active material
layer 5b has an end edge arranged outside from the end
edge of the positive active material layer 3b facing the
negative active material layer 5b.

[0058] For example, as shown in Fig. 1 to Fig. 3, the
intermediate layer 6 has an intermediate layer-protruding
portion 6a protruded outside from the end edge of the
positive active material layer 3b, and the intermediate
layer-protruding portion 8a is arranged so as to face the
end edge of the negative active material layer 5b.
[0059] For example, as shown in Fig. 1 to Fig. 3, the
insulating layer 7 is arranged so as to face the end edge
of the negative active materiallayer 5b, and furthermore,
the insulating layer 7 is arranged sc as to cover the neg-
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ative electrode 5 side of the intermediate layer-protruding
portion 6a while being in contact with the end edge of the
positive active material layer 3b.

[0060] Preferably, in the electrode assembly 2, as
shown in Fig. 1 to Fig. 3, in the width direction of the
electrode, both end edges of the negative active material
layer 5b are arranged outside from both end edges of
the positive active material layer 3b, respectively. That
is, at both sides in the width direction of the positive elec-
trode and the negative electrode, the respective end edg-
es of the negative active material layer 5b are protruded
outside from the respective end edges of the positive
active material layer 3b.

The electrode assembly 2 has such a configuration, and
therefore, ion components such as Li ions which have
moved from the positive active material layer 3b to the
negative electrode 5 side at the time of charging can be
sufficiently occluded into the negative active material in
the negative active material layer 5b.

[0061] Moreover, at one side in the width direction of
the electrode assembly 2, the end edge of the negative
active material layer 5b is arranged inside from the end
edge of the intermediate layer 6 of the positive electrode
3, and outside from the end edge of the positive active
material fayer 3b of the positive electrode 3. That is, the
negative active material layer 5b is protruded outside
from the end edge of the positive active material layer
3b, and the intermediate layer 8 is protruded outside from
the protruding end edge of the negative active material
layer 5b. Furthermore, the protruding portion of such an
intermediate layer (intermediate layer-protruding portion
6a) faces the end edge of the negative active material
layer 5b.

[0062] Furthermore, at one side in the width direction
of the electrode assembly 2, at least a part of the insu-
lating layer 7 in the positive electrode 3 faces the end
edge of the negative active material layer 5b. Thus, a
short circuit caused by a foreign substance which has
intruded into the end portion of the electrode assembly
2 can be prevented by the insulating layer 7.

In this connection, although a short circuit caused by a
foreign substance canalso be prevented by the separator
4, there is a case where a foreign substance breaks
through the separator. Even in such a case, itis possible
to prevent a short circuit by the insulating layer 7.

In this connection, there is a case where a short circuit
is not only caused by aforeign substance but also caused
accompanied with the contact between the positive elec-
trode 3 and the negative active material layer 5b by
shrinkage or displacement of the separator. Even in such
a case, it is possible to prevent a short circuit by the in-
sulating layer 7.

[0063] Meanwhile, at least at a part of the other side
in the width direction of the electrode assembly 2, the
end edge of the negative active material layer 5b is ar-
ranged outside from the end edge of the positive elec-
trode 3. Moreover, the negative current collecting sub-
strate 5a has a portion protruded outside from the end
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edge of the negative active material layer 5b. That is, the
end edge of the negative current collecting substrate 5a
is protruded outside from the end edge of the negative
active material layer 5b.

Such a configuration makes it easy to take in and out the
electricity from the current collecting substrate (negative
current collecting substrate 5a).

[0064] Although the material for the positive current
collecting substrate 3a is not particularly limited, for ex-
ample, aluminum is employed. The shape of the positive
current collecting substrate 3ais usually a foil-like shape.
The thickness of the positive current collecting substrate
3ais usually 5 to 50 p.m.

[0065] For example, the positive active material layer
3b extends along at least one surface of the positive cur-
rent collecting substrate 3a.

The positive active material layer 3b contains a positive
active material, a conductive additive, and a binder. The
thickness of the positive active materiallayer 3bis usually
30 to 200 pm.

[0066] Examples of the positive active material include
a material capable of occluding and releasing lithium
jons.

The positive active materialis usually formedin a particle-
like shape.

[0067] Examples of the positive active materialinclude
a composite oxide represented by LiXMOy {M represents
at least one transition metal) (such as Li,CoO,, Li,NiO,,
Li,Mn,O,, Li,MnO,, LiyNi, €040z, LiyNi,M-
nZCom_y_z)Oz, and LixNinn(z_y)O4).

Moreover, examples of the paositive active material in-
clude a polyanion compound represented by Li,-
l\/IeX(XOy)z (Me represents at least one transition metal
and examples of X include P, Si, B and V) (such as
LiFePO,, LiMnPO,, LiNiIPO,, LiCoPO,, LizV,(POy)s,
LisMnSiQ,, and Li,CoPO4F).

Anelementin these compounds or a part of the polyanion
may be substituted with another element or anionic spe-
cies.

Moreover, the surface of the positive active material may
be coated with a metal oxide such as ZrO,, MgO and
Al,Og or carbon.

Furthermore, although examples of the positive active
material include disulfide, a conductive polymer com-
pound such as polypyrrole, polyaniline, polyparastyrene,
polyacetylene and a polyacene-based material, and a
pseudo graphite structure carbonaceocus material, the
positive active material is not limited thereto.

As the positive active material, these compounds may
be used alone and may be used as a mixture of two or
more thereof.

[0068] The conductive additive is not particularly limit-
ed, and examples thereof include a carbonaceous ma-
terial such as ketjen black, acetylene black, graphite, and
coke powder.

[0069] For the binder contained in the positive active
material layer 3b, both of the aqueous binder and the
nonaqueous binder described above can be used. As

10

15

20

25

30

35

40

45

50

55

0156

the binder contained in the positive active material layer
3b, the nonaqueous binder is preferred.

[0070] In the positive electrode 3, the positive active
material layer 3b may be formed at each of both faces
of the positive current collecting substrate 3a.

[0071] Itis preferred that the intermediate layer 6 have
sufficient adhesive properties to the current collecting
substrate (positive current collecting substrate 3a). That
is, it is preferred that the intermediate layer 6 have a
sufficiently high peel strength to the current collecting
substrate.

It is preferred that the intermediate layer 6 be higher in
electron conductivity than the active material layer (pos-
itive active material layer 3b).

[0072] The intermediate layer 6 contains at least a car-
bonaceous material as a conductive material, and a bind-
er.

Since the intermediate layer 6 contains a carbonaceous
material, the intermediate layer 6 forms an electronic path
between the positive current collecting substrate 3a and
the positive active material layer 3b. Morecver, since the
intermediate layer 6 contains a binder (binding agent),
the peeling of each of the positive current collecting sub-
strate 3a and the positive active material layer 3b can be
prevented.

In this connection, the thickness of the intermediate layer
6 is usually 0.1 to 10 pm.

[0073] Thecarbonaceous material usually hasanelec-
trical conductivity of not less than 10-€ S/m.

[0074] Examplesofthe carbonaceous materialinclude
carbon black and graphite.

[0075] For example, an electrode comprises the insu-
lating layer 7 in order to prevent a short circuit between
electrodes (between the positive electrode 3andthe neg-
ative electrode 5).

The insulating layer 7 contains at least an insulating ma-
terial and a binder.

[0076] For example, as shown in Fig. 1, the insulating
layer 7 is arranged sc as to face the end edge of the
negative active material layer 5b, and furthermore, ar-
ranged so as to cover the negative electrode 5 side of
the intermediate layer-protruding portion 6a while being
in contact with the end edge (end face) of the positive
active material layer 3b.

The insulating layer 7 is arranged in this way, and there-
fore the insulating layer 7 exists at a position facing the
end edge of the negative active material layer 5b. Thus,
itis possible to prevent a short circuit caused by a foreign
substance, which has intruded into the end portion of the
electrode assembly 2, by the insulating layer 7.

In this connection, there is a case where a short circuit
is not only caused by aforeign substance but also caused
accompanied with the contact between the positive elec-
trode 3 and the negative active material layer 5b caused
by contraction or displacement of the separator. Even in
such a case, it is possible to prevent a short circuit by
the insulating layer 7.

[0077] Moreover, for example, as shown in Fig. 2, itis
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preferred that the insulating layer 7 be arranged so as to
cover the negative electrode 5 side of the intermediate
layer-protruding portion 6a while being in contact with
the positive current collecting substrate 3a outside from
the intermediate layer-protruding portion 6a.

The insulating layer 7 is arranged in this way, and there-
fore the positive current collecting substrate 3a facing
the end edge of the negative active material layer 5b is
further widely covered with the insulating layer 7. Thus,
it is possible to further surely prevent a short circuit
caused by a foreign substance which has intruded into
the end portion of the electrode assembly 2.

In this connection, there is a case where a short circuit
is notonly caused by a foreign substance but also caused
accompanied with the contact between the positive cur-
rent collecting substirate 3a and the negative active ma-
terial layer 5b caused by contraction or displacement of
the separator. Even in such a case, it is possible to pre-
vent a short circuit by the insulating layer 7.

[0078] Moreover, for example, as shown in Fig. 3, the
insulating layer 7 may be arranged sc as to further cover
the face of the positive active material layer 3b which
faces the negative electrode 5.

The insulating layer 7 arranged in this way is formed by
a porous material so that Li ions and the like can move
between the positive electrode 3 and the negative elec-
trode 5.

In the case where the electrical resistance of the insulat-
ing layer 7 is higher than the electrical resistance of the
active material layer (positive active material layer 3b),
the insulating layer 7 is formed as mentioned above, and
thus it is possible to suppress a short circuit caused by
the contact between the active material layer (positive
active material layer 3b) and the counter electrode (neg-
ative electrode 5). In the case where the electrical resist-
ance of the negative active material layer 5b is smaller
than that of the positive active material layer 3b, it is pre-
ferred that the above-mentioned insulating layer 7 be
formed on the negative electrode rather than the positive
electrode.

[0079] Theinsulating material is higher in electrical re-
sistance than the carbonaceous material.

For details, the insulating material has an electrical con-
ductivity of less than 106 S/m.

[0080] Examples of the insulating material include in-
organic particles and a resin.

[0081] Examples of the inorganic particles include ox-
ide particles, nitride particles, ion crystal particles, cova-
lent crystal particles, clay particles, and particles of sub-
stances derived from mineralresources and artificial sub-
stances thereof.

Examples of fine oxide particles include particles made
from iron oxide, SiO,, Al,O4, TiO,, BaTiO,, ZrO, an alu-
mina-silica composite oxide, and the like.

Examples of the nitride particles include particles made
from aluminum nitride, silicon nitride, and the like.
Examples of the ion crystal particles include particles
made from calcium fluoride, barium fluoride, barium sul-
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fate, and the like.

Examples of the covalent crystal particles include parti-
cles made from silicon, diamond, and the like.
Examples of the clay particles include particles made
from talc, montmorillonite, and the like.

Examples of the particles made from substances derived
from mineral resources or artificial substances thereof
include particles made from boehmite (hydrated alumi-
na), zeolite, apatite, kaolin, mullite, spinel, olivine, seric-
ite, bentonite, mica, and the like.

[0082] As the inorganic particles, cne kind of particles
mentioned above, a mixture thereof, or a compasite
thereof can be employed.

As the inorganic particles, preferred is at least one kind
of SiO, particles, Al,O, particles, boehmite (hydrated
alumina), and alumina-silica composite oxide particles.
[0083] The separator 4 allows the passage of an elec-
trolyte solution 9 (described below) while preventing the
electrical connection between the positive electrode 3
and the negative electrode 5.

From the viewpoint of being capable of further surely pre-
venting a short circuit, it is preferred that the width of the
separator 4 be greater than the width of the positive active
material layer 3b. Moreover, the width of the separator 4
is preferably greater than the width of the negative active
material layer 5b.

The thickness of the separator 4 is usually 5 to 50 p.m.
[0084] The separator 4 may be made of a single layer
and may be made of a plurality of layers.

[0085] Although the material for the negative current
collecting substrate 5a is not particularly limited, for ex-
ample, copper is employed.

The shape of the negative current collecting substrate
5a is usually a foil-like shape. The thickness of the neg-
ative current collecting substrate 5ais usually 5 to 50 pm.
[0086] Fcr example, the negative active material layer
5b extends along at least cne surface of the negative
current collecting substrate 5a.

The negative active material layer 5b contains a negative
active material and a binder, and can further contain a
conductive additive. The thickness of the negative active
material layer 5b is usually 30 to 200 pm.

[0087] The negative active material is a substance ca-
pable of contributing to the electrode reaction of charge
reaction and discharge reaction in the negative electrode
5. The negative active material is usually formed in a
particle-like shape.

[0088] The negative active material is not particularly
limited, and for example, a carbon-based substance such
as amorphous carbon, hardly graphitized carbon, easily
graphitized carbon, and graphite can be used.

[0089] As the binder contained in the negative active
material layer 5b, the same binder as the above-de-
scribed binder contained in the positive active material
layer 3b is employed.

[0090] In this connection, in the negative electrode 5,
the negative active material layer 5b may be formed at
each of both faces of the negative current collecting sub-
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strate 5a.

[0091] In the electrode assembly 2 mentioned above,
as shown in Fig. 1 to Fig. 3, the intermediate layer 6 has
an intermediate layer-protruding portion 6a. On the other
hand, as shown in Fig. 4, the electrode assembly 2 may
have no intermediate layer-protruding portion 6a in the
intermediate layer 6. That is, in the electrode assembly
2,the intermediate layer 6 and the positive active material
layer 3b may be formed so as to have the same length
in the width direction, and each of both end edges in the
width direction of the intermediate layer 6 and each of
both end edges in the widthwise direction of the positive
active material layer 3b may be overlapped with each
other in the thickness direction.

[0092] Moreover, in the electrode assembly 2 men-
tioned above, as shown in Fig. 1 toFig. 3, bothend edges
in the width direction of the negative active material layer
5b are arranged outside from both end edges of the pos-
itive active material layer, respectively. However, in the
electrode assembly 2, as shown in Fig. 5, the positive
active material layer 3b and the negative active material
layer 5b may be formed so as to have the same length
in the width direction, and both end edges in the width
direction of the positive active material layer 3b may be
opposite to both end edges in the width direction of the
negative active material layer 5b, respectively.

[0093] Moreover, in the electrode assembly 2 men-
tioned above, as shown in Fig. 1 to Fig. 3, the positive
electrode 3 includes the intermediate layer 6, but, in an
electrode assembly 2, as shown in Fig. 6, the negative
electrode 5 may include the intermediate layer 6.

In this connection, the embodiments of the intermediate
layer 6 and the insulating layer 7 in the positive electrode
3 described in Fig. 1 to Fig. 3, and the binders contained
in respective layers of the positive electrode 3 can be
similarly employed as those for the negative electrode 5.
[0094] One example of an energy storage device 1 of
the presentembodiment includes a nonaqueous electro-
lyte secondary battery 1 shown in Fig. 8 to Fig. 11.
[0095] As shown in Fig. 8 to Fig. 11, the nonaqueous
electrolyte secondary battery 1 mentioned above in-
cludes the above-described electrode assembly 2. For
example, the electrode assembly 2 forms the nonaque-
ous electrolyte secondary battery 1 in such a winding
state as shown in Fig. 7.

For details, the nonaqueous electrolyte secondary bat-
tery mentioned above includes a case 8, an electrolyte
solution 9 accommodated in the case 8, two external gas-
kets 12 attached on the outer face of the case 8, an elec-
trode assembly 2 accommodated in the case 8, two cur-
rent collecting parts 10 electrically connected tc the elec-
trode assembly 2, and two external terminals 11 electri-
cally connected to the two current collecting parts 10,
respectively.

[0096] As shown in Fig. 8, the case 8 has a case main
body 8a which has an opening in one direction and ac-
commodates the electrode assembly 2, and a plate-like
lid body 8b which closes the opening of the case main
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body 8a. For example, the case main body 8a and the
lid body 8b are formed by an aluminum-based metal ma-
terial such as aluminum and an aluminum alloy, and are
welded to each ather.

[0097] For example, the shape seen from one side of
the lid body 8b is a rectangular shape. The lid body 8b
is formed so as to air-tightly close the opening of the case
main body 8a.

Moreover, twa openings are formed in the lid body 8b.
[0098] Ontheouterface ofthe lid body 8b, two external
gaskets 12 are attached. An opening is formed in each
of the external gaskets 12. The lid body 8b and the ex-
ternal gaskets 12 are arranged so that one opening of
the lid body 8b and the opening of cne external gasket
12 are continued to each other. The same holds true for
the other opening of the lid body 8b and the opening of
the other external gasket 12. inside the openings contin-
ued to each other, parts of respective external terminals
11 are arranged. Moreover, an insulating member which
is not illustrated is further arranged between each of the
external terminals 11 and the lid body 8b, and each of
the externalterminals 11 and the lid body 8b are insulated
with the insulating member.

[0099] The external terminals 11 are each connected
to the two current collecting parts 10, which are connect-
ed to the electrode assembly 2, respectively. Moreover,
each of the current collecting parts 10 is electrically con-
nected to the electrode assembly 2. That is, each of the
external terminals 11 is electrically connected to the elec-
trode assembly 2 via each of the two current collecting
parts 10.

For example, the external terminal 11 is formed by an
aluminum-based metal material such as aluminum and
an aluminum alloy.

[0100] With regard to the external gasket 12, the cur-
rent collecting part 10, and the external terminal 11, there
are ones for the positive electrode and ones for the neg-
ative electrode.

The external gasket 12, the current collecting part 10,
and the external terminal 11 for the positive electrode are
each arranged atone end side inthe longitudinal direction
of the lid body 8b. On the other hand, the external gasket
12, the current collecting part 10, and the external termi-
nal 11 for the negative electrode are each arranged at
the other end side in the longitudinal direction of the lid
body 8b.

[0101] As shown in Fig. 11, the electrode assembly 2
is accommodated inside the case main body 8a of the
case 8.

Inside the case 8, one electrode assembly 2 may be ac-
commodated, and a plurality of electrode assemblies
may be accommodated. In the latter case, the plurality
of electrode assemblies are electrically connected in par-
allel to each other.

[0102] As shown in Fig. 11, the electrolyte solution 9
as an electrolyte is accommodated inside the case main
body Ba, and the electrode assembly 2 is immersed in
the electrolyte solution 9. Thatis, the electrode assembly
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2 and the electrolyte solution 9 are included inside the
case main body 8a.

[0103] The electrolyte solution 9 (nonaqueous electro-
lyte) is prepared by dissolving an electrolyte salt in an
organic solvent.

Examples of the organic solvent include nonaqueous sol-
vents such as ethylene carbonate, propylene carbonate,
butylene carbonate, triflucropropylene carbonate, y-bu-
tyrolactone, y-valerolactone, sulfolane, 1,2-dimethox-
yethane, 1,2-diethoxyethane, tetrahydrofuran, 2-methyl-
tetrahydrofuran, 2-methyl-1,3-dioxolane, dioxclane,
fluoroethyl methyl ether, ethylene glycol diacetate, pro-
pylene glycol diacetate, ethylene glycol dipropionate,
propylene glycol dipropicnate, methyl acetate, ethyl ac-
etate, propyl acetate, butyl acetate, methyl propionate,
ethyl propicnate, propyl propionate, dimethyl carbonate,
diethyl carbonate, ethyl methyl carbonate, methyl propy!
carbonate, ethyl propyl carbonate, dipropyl carbonate,
methyl isopropyl carbonate, ethyl isopropyl carbonate,
diisopropyl carbonate, dibutyl carbonate, acetonitrile,
flucroacetonitrile, alkoxy- and halogen-substituted cyclic
phosphazenes or linear phosphazenes including ethox-
ypentafluoro cyclotriphosphazene, diethoxytetraflucro
cyclotriphosphazene, phenoxypentafluoro cyclotriphos-
phazene and the like, phosphoric acid esters including
triethyl phcsphate, trimethyl phosphate, trioctyl phos-
phate and the like, boric acid esters including triethyl bo-
rate, tributyl borate and the like, N-methyloxazolidinone,
and N-ethyloxazolidinone.

[0104] No particular limitation is put on the electrolyte
salt, and examples thereof include ionic compounds such
as LiCIO4, LiBF,, LiAsFg, LiPFg LICF3SO,,
LIN(SO,CF3)5, LIN(SO,C,Fs),,
LIN(SO,CF3)(SO,C4Fg), LISCN, LiBr, Lil, Li;SOy,
LiyB4gClyg. NaClO,4, Nal, NaSCN, NaBr, KCIO, and
KSCN, and mixtures of two or more thereof.

[0105] In this connection, the electrolyte solution 9
(nonagueous electrolyte) can further contain a known ad-
ditive.

As the electrolyte solution 9 (nonaqueous electrolyte), a
solvent prepared by mixing ethylene carbonate, dimethy!
carbonate and methyl ethyl carbonate is preferred in that
the conductivity of Li ions is heightened.

[0106] Subsequently, the method for producing a non-
aqueous electrolyte secondary battery 1 asone example
of the energy storage device of the present embodiment
will be described.

[0107] For example, an electrode assembly 2 consti-
tuting the nonaqueous electrolyte secondary battery 1 is
produced by overlapping (superimposing) a sheet-like
positive electrode 3 and a sheet-like negative electrode
5 via a separator 4.

Moreover, the nonaqueous electrolyte secondary battery
1is produced by accommodating the prepared electrode
assembly 2 and an electrolyte solution 9 in a case 8.
[0108] Fordetails, for example, the method for produc-
ing an electrode assembly 2 includes a negative elec-
trode-preparing step of preparing a negative electrode
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5, a positive electrode-preparing step of preparing a pos-
itive electrode 3, and an overlapping step of overlapping
the negative electrode 5 and the positive electrode 3. In
the negative electrode-preparing step, a negative active
material layer 5b is formed from a negative compasite
containing a negative active material and a solvent. The
positive electrode-preparing step includes an intermedi-
ate layer-forming step of forming an intermediate layer
B, a positive active material layer-forming step of forming
apositive active materiallayer 3b, and an insulating layer-
forming step of forming an insulating layer 7. The inter-
mediate layer 8 is formed by applying 2 compaosition for
an intermediate layer containing a carbonaceous mate-
rial, a nonaqueous binder and a solvent to one face of a
positive current collecting substrate 3a. A positive active
material layer 3b is formed by applying a positive com-
posite containing a positive active material, a nonaque-
ous binder and a solvent on the intermediate layer. An
insulating layer 7 is formed from a composition for an
insulating layer containing an insulating material, an
agueocus binder and a solvent.

In the positive active material layer-forming step, in order
to form an intermediate layer-protruding portion 6a, the
positive composite can be applied so that at least a part
of the intermediate layer is protruded outside from the
applied positive composite.

In the insulating layer-forming step, the composition for
an insulating layer can be applied so that the end edge
of the positive active material layer and the composition
for an insulating layer to be applied are in contact with
each other. Moreover, the composition for an insulating
layer can be applied so that the exposed face of a portion
protruded outside of the intermediate layer is covered.
In the overlapping step, a positive electrode 3 and a neg-
ative electrode 5 can be overlapped so that the formed
negative active material layer 5b and the formed positive
active materiallayer 3bface each other, and furthermore,
at least a part of the end edge of the negative active
material fayer 5b faces the insulating layer 7.

[0109] Inthe negative electrode-preparing step, for ex-
ample, a negative active material and a binder are mixed,
and the mixture is added to a solvent and kneaded to
prepare a negative composite. The negative compasite
is applied to one face of a belt-like negative current col-
lecting substrate 5a. The negative composite is applied
so that the width of the negative active material layer 5b
is wider than that of the positive active material layer 3b
in the width direction of the negative current collecting
substrate 5a. Then, the solvent is evaporated from the
applied negative composite.

Thus, a negative electrode 5 in which the negative active
material layer 5b is formed on the negative current col-
lecting substrate 53 is prepared.

[0110] [n the positive electrode-preparing step, each
of an intermediate layer-forming step, a positive active
material layer-forming step, and an insulating layer-form-
ing step is performed.

[0111] In the intermediate layer-forming step, for ex-
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ample, a carbonaceous material and a nonagueous bind-
er are mixed, and the mixture is added to a solvent and
kneaded to prepare a composition for an intermediate
layer. The composition for an intermediate layer is ap-
plied to one face of a positive current collecting substrate
3a. Furthermore, the solvent is evaporated from the ap-
plied composition for an intermediate layer.

In the intermediate layer-forming step, for example, a
composition for an intermediate layer is applied to one
face of a positive current collecting substrate 3a so that
a belt-like portion on which the composition for an inter-
mediate layer is not applied is left at cne side in the width
direction of the belt-like positive current collecting sub-
strate 3a.

[0112] In the positive active material layer-forming
step, for example, a positive active material, a carbona-
ceous material as a conductive additive, and a nonaque-
ous binder are mixed, and the mixture is added to a sol-
vent and kneaded to prepare a positive compaosite. The
positive composite is applied on the intermediate layer.
Then, the solvent is evaporated from the applied positive
composite.

When the positive composite is applied on the interme-
diate layer, the intermediate layer may still contain a sol-
vent or the solvent may have been already evaporated
from the intermediate layer by drying.

In the positive active material layer-forming step, for ex-
ample, a positive composite is applied on the intermedi-
ate layer so that a belt-like portion on which the positive
composite is not applied is left at a side where a portion
on which the composition for an intermediate layer is not
applied is provided in the positive current collecting sub-
strate 3a.

[0113] In the insulating layer-forming step, for exam-
ple, an insulating material and an agueous binder are
mixed, and the mixture is added to a solventand kneaded
to prepare a composition for an insulating layer. Thecom-
paosition for an insulating layer is applied on the interme-
diate layer. Then, the solvent is evaporated from the ap-
plied composition for an insulating layer.

When the compasition for an insulating layer is applied,
the positive active material layer or the intermediate layer
may still contain a solvent or the solvent may have been
already evaporated from the positive active material layer
or the intermediate layer by drying.

In the insulating layer-forming step, for example, a com-
position for an insulating layer is applied on a portion on
which the positive composite is not applied in the inter-
mediate layer.

Moreover, in the insulating layer-forming step, for exam-
ple, a composition for an insulating layer can be applied
so as to further cover a part of the positive current col-
lecting substrate 3a.

Moreover, in the insulating layer-forming step, for exam-
ple, furthermore, a composition for an insulating layer
can be applied so as to thoroughly cover the surface of
the positive active material layer.

[0114] In the positive electrode-preparing step, each
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step can be separately performed. Specifically, in the in-
termediate layer-forming step, the solvent is evaporated
from the intermediate layer, after which a positive active
material layer-forming step can be performed. Then, in
the positive active material layer-forming step, the sol-
vent is evaporated from the positive composite, after
which an insulating layer-forming step can be performed.
[0115] Ontheotherhand, inthe positive electrode-pre-
paring step, the compaosition for an intermediate layer is
applied in the intermediate layer-forming step, after which
a positive active material layer-forming step and an in-
sulating layer-forming step can be simultaneously per-
formed. That is, before the solvent is completely evapo-
rated from the intermediate layer, a positive compasite
and a composition for an insulating layer can be simul-
taneously applied along the longitudinal direction of the
belt-like current collecting substrate so that the positive
composite and the composition foran insulating layer are
adjacent to each other.

In the positive electrode-preparing step, even when a
positive composite and a composition for an insulating
layer are simultaneously applied in this way, the positive
composite contains the above-mentioned nonaqueous
binder and the composition for an insulating layer con-
tains the above-mentioned aqueous binder. Thus, the
affinity between the respective binders is relatively low
and the respective binders can be thus prevented from
moving between the applied positive composite and the
applied composition for an insulating layer.

Moreover, when the compaosition for an intermediate lay-
er contains a carbonaceous material and the composition
for an insulating layer contains inarganic particles, the
carbonaceous material is relatively high in hydrophobic-
ity and the inorganic particles are relatively high in hy-
drophilicity, and thus the inorganic particles having hy-
drophilicity can prevent the carbonaceous material from
moving into the composition for an insulating layer.
[0116] In this connection, as the application methods
in the positive electrode-preparing step and the negative
electrode-preparing step, a general method is employed.
[0117] In the overlapping step, a positive electrode 3,
a negative electrode 5 and a separator 4 are overlapped
in a state where the respective longitudinal directions are
aligned. Specifically, a positive electrode 3 and a nega-
tive electrode 5 are disposed so that the positive active
material layer 3b and the negative active material layer
5b face each other, and a separator 4 is disposed be-
tween the positive electrode 3 and the negative electrode
5. Furthermore, the positive electrode 3 and the negative
electrode 5 are disposed and overlapped so thatthe end
edge of the negative active material layer 5b faces the
insulating layer 7 of the positive electrode 3 at one side
in the width direction of the negative current collecting
substrate 5a.

[0118] Forexample, anonaqueous electrolyte second-
ary battery is produced in the following manner.

That is, a current collecting part 10 is attached to each
of the pcositive electrode 3 and the negative elecirode 5
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inthe prepared electrode assembly 2. Next, the electrode
assembly 2 and the current collecting parts 10 attached
to the electrode assembly 2 are disposed inside the case
main body 8a of the case 8. In the case where there are
a plurality of electrode assemblies 2, for example, the
current collecting parts 10 of the electrode assemblies 2
are electrically connected in parallel to each other to be
disposed inside the case main bodies 8a. Then, by caulk-
ing of rivet or welding, the external terminal 11 inside the
external gasket 12 attached to the lid body 8b and the
current collecting parts 10 are connected, after which the
lid body 8b is attached to the case main body 8a.
[0119] Subsequently, an electrolyte solution 9 is inject-
ed into the case 8 through a liquid injection hole provided
in the case B. Then, the liquid injection hole is sealed. As
the electrolyte solution 9, for example, an electrolyte so-
lution prepared by blending LiPFg into a mixed solvent
of ethylene carbonate (EC) : dimethyl carbonate (DMC) :
ethyl methyl carbonate (EMC) = 3 : 2 : 5 (volume ratio)
is employed. Furthermore, a known additive may be add-
ed to the electrolyte solution 9.

[0120] Asstated above, a nonaqueous electrolyte sec-
ondary battery can be produced.

[0121] In the above-mentioned embodiment, a sheet-
like positive electrode 3 and a sheet-like negative elec-
trode 5 are overlapped via a separator, after which those
are wound to form an electrode assembly as shown in
Fig. 7. However, the electrode assembly of the present
embodiment is not limited to a winding type assembly,
and for example, the electrode assembly may be a
stacked type assembly prepared by stacking a plurality
of positive electrodes and a plurality of negative elec-
trodes. With regard to the positive electrode or the neg-
ative electrode which forms a stacked type electrode as-
sembly, an intermediate layer-protruding portion 6a and
an insulating layer 7 may be arranged at both end parts
inthe width direction and both end parts in the longitudinal
direction orthogonal to the width direction.

[0122] Inthe above-mentioned embodiment, although
a nonaqueous electrolyte secondary battery as an ener-
gy storage device is described as an example, the energy
storage device in accordance with one embodiment of
the present invention is not limited to the ncnhaqueous
electrolyte secondary battery, and for example, the en-
ergy storage device may be a capacitor. The energy stor-
age device in accordance with one embodiment of the
present invention is preferably a nonaqueous electrolyte
secondary battery, more preferably a lithium ion second-
ary battery. Moreover, the energy storage device in ac-
cordance with one embodiment of the present invention
may be a capacitor, and specifically, a lithium ion capac-
itor or an ultracapacitor.

[0123] Moreover, the presentinventionrelates notonly
to the above-mentioned energy storage device but also
to an energy storage module including at least one en-
ergy storage device mentioned above.

For example, an energy storage module 20 in accord-
ance with one embodiment of the present invention in-
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cludes a plurality of energy storage devices exemplified
above. Moreover, the energy storage module includes a
plurality of bus bar members 13, each of which electrically
connects energy storage devices.

[0124] An example of the energy storage module 20
of the present embodiment is shown in Fig. 12.

In the energy storage module 20 of the present embod-
iment, for example, a plurality of energy storage devices
1 (nonaqueous electrolyte secondary batteries 1), each
of which is formed into a rectangular shape in a top view,
are arranged so as to line up in the lateral direction of
the energy storage device 1 when seen from the upper
side.

Moreover, energy storage devices 1 adjacent to each
other are in contact with each other.

In the energy storage module 20, energy storage devices
1 adjacent to each other are electrically connected to
each other by a bus bar member 13. Then, the energy
storage module 20 is constituted sc as to be charged and
discharged by all the respective energy storage devices
1 forming the module.

[0125] According to a first aspect of the invention, the
energy storage device exerts an effect such that the de-
vice has an insulating layer excellent in insulation prop-
erties.

Claims

1. An energy storage device comprising an electrode
assembly having a pairof electrodes overlapped with
each other,
at least one of the electrodes including a current col-
lecting substrate, an active material layer arranged
on the current collecting substrate, an intermediate
layer arranged between the current collecting sub-
strate and the active materiallayer, and an insulating
layer arranged on the current collecting substrate,
the active materiallayer containing an active material
and a first binder, the intermediate layer containing
a carbonaceous material and a second binder,
the insulating layer containing an insulating material
and a third binder, the second binder being a non-
aqueous binder, and
the third binder being an agueous binder.

2. The energy storage device according to claim 1,
wherein the first binder is a nonaqueous binder.

3. The energy storage device according to claim 2,
wherein the active material layer contains a carbon-
aceous material.

4. The energy storage device according to any one of
claims 1 to 3, wherein the insulating material com-

prises inorganic particles.

5. The energy storage device according to any one of
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claims 1 to 4, wherein each of the pair of electrodes
includes at least the active material layer and the
active material layers are each arranged toface each
other, and

the insulating layer of one electrode is arranged to
face at least a part of the end edge of the active
material layer in the other electrode.

The energy storage device according to any one of
claims 1to5,wherein, in one electrode, the insulating
layer is arranged to cover the face of the active ma-
terial layer, the face of the active material layer facing
the other electrode.

The energy storage device according to any one of
claims 110 6, wherein, in one electrode, the insulating
layer is arranged to cover the face of the current col-
lecting substrate, the face of the current collecting
substrate facing the other electrode.

The energy storage device according to any one of
claims 1 to 7, wherein the intermediate layer has an
intermediate layer-protruding portion protruded out-
side from the end edge of the active material layer,
and

the insulating layer is arranged to cover the interme-
diate layer-protruding portion while being in contact
with the current collecting substrate.

The energy storage device according to any one of
claims 1 to 7, wherein the pair of electrodes corre-
sponds to a positive electrode and a negative elec-
trode, respectively;

the positive electrode has a positive active material
layer as the active material layer, the intermediate
layer, and the insulating layer;

the negative electrode has a negative active material
layer as the active material layer;

the negative active material layer has an end edge
arranged outside from the end edge of the positive
active material layer facing the negative active ma-
terial layer;

the intermediate layer has an intermediate layer-pro-
truding portion protruded outside from the end edge
of the positive active material layer; and

the insulating layer is arranged to face the end edge
of the negative active material layer and is arranged
to cover a surface of the intermediate layer-protrud-
ing portion, the surface of the intermediate layer-pro-
truding portion facing the negative electrode while
covering the end edge of the pasitive active material
layer.

10. An energy storage module comprising:

the energy storage device according to any one
of claims 1 to 9; and
a bus bar member electrically connected to the
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11.

12.

13.

14.

15.

24
energy storage device.

A method for producing an energy storage device
including an electrode assembly having a pair of
electrodes overlapped with each other, the method
comprising:

an intermediate layer-forming step of applying
a composition for an intermediate layer contain-
ing a carbonaceous materialand a nonaqueous
binder to a current collecting substrate of atleast
one of the electrodes;

an active material layer-forming step of applying
a composite containing an active material and
a nonaqueous binder on the intermediate layer;
and

an insulating layer-forming step of applying a
composition for an insulating layer containing an
insulating material and an aqueous binder on
the intermediate layer or the active material lay-
er.

The method for producing an energy storage device
according to claim 11, wherein the active material
layer-forming step and the insulating layer-forming
step are simultaneously performed.

The methed for producing an energy storage device
according to claim 11 or 12, wherein the compasite
contains a carbonaceous material.

The method for producing an energy storage device
according to any one of claims 11 to 13, wherein the
insulating material contains inorganic particles.

The method for producing an energy storage device
according to any one of claims 11 to 14, wherein, in
the insulating layer-forming step, the composition far
an insulating layer is applied on a portion of the in-
termediate layer on which the composite is not ap-
plied.
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Abstract of JP2013051040A

PROBLEM TO BE SOLVED: To enable flexure of a foil like electrode plate to be
suppressed as much as possible in an electrode for a battery while a conductive layer is
arranged between the foil like electrode plate and the active material layer. SOLUTION:
When the electrode for the battery is manufactured by laminating the conductive layer 21
and the active material layer 23 in order in a region other than a formation region of an
uncoated part 3a which causes a surface of a foil like electrode plate 22 having
conductivity to be exposed, the conductive layer 21 and the active material layer 23 are
laminated in the state that an end edge of the active material layer 23 of an upper layer
side 1s positioned closer to the uncoated part 3a side than an end edge of the conductive
layer 21 of a lower layer side, in at least a part of end edge parts in the formation region
of the active material layer 23 at an existing side of the uncoated part 3a, and then the
uncoated part 3a is subjected to pressing force to be extended as well as the formation
region of the active material layer 23 being subjected to pressing force.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
SU et al.

Application Number: 16/298,738

)
)
)
)
)
)
Filed: March 11,2019 )
)
For: CATHODE ELECTROCHEMICAL DEVICE AND )
ELECTRONIC DEVICE COMPRISING THE SAME )

)

)

Attorney Docket No. LEEL-0101

Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

COVER LETTER

Sir:

[x] The fee for submission of claims is calculated as shown below:

Examiner:
Victoria Hom Lynch

Confirmation No. 3478

Art Unit 1724

FOR TOTAL WITH ToOTAL CLAIMS RATE CALCULATION
NEw CLAIMS CURRENTLY ALREADY
ADDED ON FILE PAID
Total Claims 19 20 x $100 0
(Over 20)
Independent Claims 3 3 (Over 3) x $460 0
Multiple Dependent + $820 0
Claim(s)
REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.FR. §§ 1.9, 1.27, 1.28). x ¥
TOTAL $0

In addition, the below-identified communications are submitted in the above-captioned application or

proceeding:
[ x ] Response to Non-Final Office Action [ ] Information Disclosure Statement
(with claim amendments and arguments) [ 1 __ sheetof replacement drawings
[ ] Terminal Disclaimer [ ] Other:
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[ 1 Applicant(s) hereby request and petition that the time for taking action in this case be
extended pursuant to 37 C.F.R. § 1.136(a) for:

[ ]Jone (1) month [ ]two (2) months [ ]three (3) months

The fee setin 37 C.F.R. § 1.17 for the extension of time is $ for a large/small entity.

[ 1 Paymentof$ is made by Deposit Account via the EFS payment system.

[X] The Commissioner is hereby authorized to charge any additional fees associated with this
communication, including fees under 37 CFR. § 1.16 and 1.17, or credit any overpayment to
Deposit Account Number 60-0155.

Respectfully submitted,

/juan.carlos.a.marquez/

Juan Carlos A. Marquez
Registration Number 34,072

Marquez IP Law Office, PLLC
1629 K Street, NW

Suite 300

Washington, DC 20006

Voice: (202) 349-1690

Fax: (202) 754-9829

Customer No. 38327

September 8, 2020
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
SU et al.

Application Number: 16/298,738
Filed: March 11, 2019

For: CATHODE ELECTROCHEMICAL DEVICE AND
ELECTRONIC DEVICE COMPRISING THE SAME

Attorney Docket No. LEEL-0101

Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

N N S ' ' ' ' ' ' ' ' “—'

Confirmation No. 3478

Art Unit 1724

Examiner:
Victoria Hom Lynch

RESPONSE AND AMENDMENT UNDER 37 C.F.R. §1.111

Sir:

This is in response to the Office Action mailed on June 9, 2020, the period of response to

which is set to expire on September 9, 2020. Please amend and reconsider the above-referenced

application as follows:
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IN THE CLAIMS:

(98]

This listing of claims will replace all prior versions and listings of claims in the application:

(Currently amended) A cathode, comprising:

a cathode current collector, having a first surface;

a first cathode active material layer, comprising a first cathode active material;

a second cathode active material layer, comprising a second cathode active
material; and

an insulating layer, wherein

the first cathode active material layer is disposed between the cathode current
collector and the second cathode active material layer and covers a first portion of the
first surface of the cathode current collector, and the insulating layer covers a second
portion of the first surface of the cathode current collector that is different from the first
portion,

wherein a thickness of the insulating laver is greater than a thickness of the first

cathode active material layer.

(Original) The cathode according to claim 1, wherein a first distance exists between the
insulating layer and the first cathode active material layer in a longitudinal direction of the
cathode current collector, a second distance exists between the insulating layer and the
second cathode active material layer in the longitudinal direction of the cathode current
collector; and the first distance and the second distance are respectively greater than or

equal to 0 and the second distance is less than or equal to the first distance.
(Currently amended) The cathode according to claim 1, wherein the second cathode
active material layer completely covers [[the]].a surface of the first cathode active

material layer.

(Original) The cathode according to claim 2, wherein the first distance is from about 0

mm to about 83 mm.
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(Original) The cathode according to claim 1, wherein the thickness of the first cathode

active material layer is from about 0.1 um to about 20 pum.

(Cancelled).

(Original) The cathode according to claim 1, wherein the first cathode active material and
the second cathode active material are each independently selected from the group
consisting of lithium cobaltate, lithium iron phosphate, lithium manganese iron
phosphate, sodium iron phosphate, lithium vanadium phosphate, sodium vanadium
phosphate, oxy-lithium-vanadium phosphate, oxy-sodium-vanadium phosphate, lithium
vanadate, lithium manganate, lithium nickelate, lithium nickel cobalt manganese oxide,
lithium-rich manganese-based material, lithium nickel cobalt aluminum oxide, lithium

titanate and combinations thereof.

(Original) The cathode according to claim 1, wherein the first cathode active material
layer and the second cathode active material layer each further comprise a binder and a
conductive agent, wherein the binder is selected from the group consisting of
polyvinylidene fluoride, a vinylidene fluoride-hexafluoropropylene copolymer,
polyamide, polyacrylonitrile, polyacrylate ester, polyacrylic acid, polyacrylate salt,
sodium carboxymethyl cellulose, polyvinylpyrrolidone, polyvinyl ether, polymethyl
methacrylate, polytetrafluoroethylene, polyhexafluoropropylene, styrene butadiene rubber
and combinations thereof; and

the conductive agent is selected from the group consisting of carbon nanotubes,
conductive carbon black, acetylene black, graphene, Ketjen black, carbon fibers and

combinations thereof.

(Original) The cathode according to claim 1, wherein the insulating layer comprises at
least one of inorganic particles and a polymer, wherein the inorganic particles are selected
from the group consisting of aluminum oxide, silicon dioxide, magnesium oxide, titanium
oxide, hafnium oxide, tin oxide, cerium dioxide, nickel oxide, zinc oxide, calcium oxide,

zirconium dioxide, yttrium oxide, silicon carbide, boehmite, aluminum hydroxide,
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10.

11.

12.

magnesium hydroxide, calcium hydroxide, barium sulfate and combinations thereof;, and
the polymer is selected from the group consisting of a homopolymer of vinylidene
fluoride, a copolymer of vinylidene fluoride, a copolymer of hexafluoropropylene,
polystyrene, polyphenylacetylene, sodium poly(vinyl acid), potassium poly(vinyl acid),
polymethyl methacrylate, polyethylene, polypropylene, polytetrafluoroethylene and

combinations thereof.

(Currently amended) An electrochemical device, comprising an anode, a separator and a
cathode, wherein the cathode comprises a cathode current collector, having a first surface;
a first cathode active material layer, comprising a first cathode active material; a second
cathode active material layer, comprising a second cathode active material; and an
insulating layer, wherein the first cathode active material layer is disposed between the
cathode current collector and the second cathode active material layer and covers a first
portion of the first surface of the cathode current collector, and the insulating layer covers
a second portion of the first surface of the cathode current collector that is different from
the first portion,

wherein a thickness of the insulating layer is greater than a thickness of the first

cathode active material layer; and

the separator is disposed between the anode and the cathode, and the anode, the

separator, and the cathode are wound to form an electrode assembly.

(Original) The electrochemical device according to claim 10, wherein a first distance
exists between the insulating layer and the first cathode active material layer in a
longitudinal direction of the cathode current collector, a second distance exists between
the insulating layer and the second cathode active material layer in the longitudinal
direction of the cathode current collector; and the first distance and the second distance
are respectively greater than or equal to O and the second distance is less than or equal to

the first distance.

(Original) The electrochemical device according to claim 11, wherein the first distance

and the second distance are disposed at a corner of the electrode assembly.
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13.

14.

15.

16.

17.

(Currently amended) The electrochemical device according to claim 10, wherein [[the]] a

thickness D of the electrode assembly is from about 1.5 mm to about 50 mm.

(Original) The electrochemical device according to claim 11, wherein the first distance
between the insulating layer and the first cathode active material layer in the longitudinal

direction of the cathode current collector satisfies the following formula:

T
0 < the first distance < ED + 4mm.

(Original) The electrochemical device according to claim 11, wherein the second distance
between the insulating layer and the second cathode active material layer in the

longitudinal direction of the cathode current collector satisfies the following formula:

0 < the second distance < ED + 4mm.

(Currently amended) An electronic device, comprising an electrochemical device,
wherein the electrochemical device comprises an anode, a separator and a cathode,
wherein the cathode comprises a cathode current collector, having a first surface; a first
cathode active material layer, comprising a first cathode active material; a second cathode
active material layer, comprising a second cathode active material;, and an insulating
layer, wherein the first cathode active material layer is disposed between the cathode
current collector and the second cathode active material layer and covers a first portion of
the first surface of the cathode current collector, and the insulating layer covers a second
portion of the first surface of the cathode current collector that is different from the first
portion,

wherein a thickness of the insulating layer is greater than a thickness of the first

cathode active material layer; and

the separator is disposed between the anode and the cathode, and the anode, the

separator, and the cathode are wound to form an electrode assembly.

(Original) The electronic device according to claim 16, wherein a first distance exists

between the insulating layer and the first cathode active material layer in a longitudinal
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18.

19.

20.

direction of the cathode current collector, a second distance exists between the insulating
layer and the second cathode active material layer in the longitudinal direction of the
cathode current collector; and the first distance and the second distance are respectively

greater than or equal to 0 and the second distance is less than or equal to the first distance.

(Original) The electronic device according to claim 17, wherein the first distance and the

second distance are disposed at a corner of the electrode assembly.

(Currently amended) The electronic device according to claim 16, wherein [[the]] a

thickness D of the electrode assembly is from about 1.5 mm to about 50 mm.

(Currently amended) The [[e]] electronic device according to claim 17, wherein the first
distance between the insulating layer and the first cathode active material layer in the

longitudinal direction of the cathode current collector satisfies the following formula:
0 < the first distance < ED + 4mm; and
the second distance between the insulating layer and the second cathode active
material layer in the longitudinal direction of the cathode current collector satisfies the
following formula:

0 < the second distance < ED + 4mm.
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REMARKS

The above amendments to the above-captioned application along with the following
remarks are being submitted as a full and complete response to the Office Action dated June 9,
2020 (USPTO Paper No. 20200602). In view of the above amendments and the following remarks,
the Examiner is respectfully requested to give due reconsideration to this application, to indicate

the allowability of the claims, and to pass this case to issue.

Status of the Claims

As outlined above, Claims 1-5 and 7-20 stand for consideration in this application, wherein
Claims 1, 3, 10, 13, 16 and 19-20 are being amended to more particularly point out and distinctly
claim the subject invention; Claim 6 is being canceled without prejudice or disclaimer. Any and
all amendments to the specification and/or to the claims are fully supported throughout the
disclosure of the invention. Applicant submits that no new matter is being introduced into this

application through the submission of this response.

Formality Objections and Rejections

The Examiner objected to Claim 20 for a minor drafting error. Further, Claims 3, 5, 6, 13
and 19 were rejected under 35 U.S.C §112(b) or 35 U.S.C §112(pre-AIA), as allegedly being
indefinite for failing to particularly point out and distinctly claim the subject matter.

As outlined above, the claims are being amended to more particularly point out and
distinctly claim the subject invention. As such, Applicant will submit that the Examiner’s

formality objection and rejection have been obviated and/or rendered moot.

Prior Art Rejections

Claims 1-4, 7 and 8 were rejected under 35 U.S.C §102(a)(1) as allegedly being anticipated
by Tanaka et al. (U.S. Patent Publication No. 2016/0294015). Claim 5 was rejected under 35
U.S.C §103 as allegedly being unpatentable over Tanaka ef al. Claim 9 was rejected under 35
U.S.C §103 as allegedly being unpatentable over Tanaka et al., and further in view of Yamafuku
et al. (U.S. Patent Publication No. 2015/0147624). Claims 10-13 and 15-19 were rejected under

35 U.S.C §103 as allegedly being unpatentable over Tanaka ef al., in view of Yamafuku ez al.
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(U.S. Patent Publication No. 2015/0147624). Applicant has reviewed the above-noted rejections
and hereby respectfully traverses.

Applicant respectfully submits that the above-noted rejections have been obviated and/or
rendered moot by the amendment of Claims 1, 10 and 16 incorporating the subject matter previous
recited in Claim 6 that was indicated as allowable. See Office Action, pages 16-17.

Claims 1, 10 and 16 are thus allowable. Since Claims 2-5, 7-9, 11-15 and 17-20 directly
or indirectly depend from Claims 1, 10 or 16 and recite additional features therefore, these

dependent claims are patentable over the cited references.

Conclusion

In view of all the above, Applicant respectfully submits that certain clear and distinct
differences as discussed exist between the present invention as now claimed and the prior art as a
whole. These differences are more than sufficient that the present invention as now claimed would
not have been anticipated nor rendered obvious given the prior art. Rather, the present invention
as a whole is distinguishable, and thereby allowable over the prior art.

Favorable reconsideration of this application as amended is respectfully solicited. Should
there be any outstanding issues requiring discussion that would further the prosecution and
allowance of the above-captioned application, the Examiner is invited to contact the Applicant's

undersigned representative at the address and phone number indicated below.

Respectfully submitted,

/juan.carlos.a.marquez/

Juan Carlos A. Marquez
Registration Number 34,072

MARQUEZ IP LAW OFFICE, PLLC
1629 K Street, NW

Suite 300

Washington, DC 20006

Voice: (202) 792-7303

Fax: (202) 754-9829

Customer No. 38327

September 8, 2020
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
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| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NoO. |
16/298,738 03/11/2019 Xinru SU LEEL-0101 3478
| EXAMINER |
38327 7590 10/30/2020
Juan Carlos A. Marquez LYNCH, VICTORIA HOM
Marquez Intellectual Property Law Office PLLC
1629 K Street, NW | ART UNIT PAPER NUMBER |
Suite 300 1724

Washington, DC 20006 DATE MAILED: 10/30/2020

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
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patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as aroutine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
] i 16/298,738 SU et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
VICTORIA H LYNCH 1724 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to 9/8/20.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. An election was made by the applicant in response to a restriction requirement set forth during the interview on

; the
restriction requirement and election have been incorporated into this action.

3.} The allowed claim(s) is/are 1-5 and 7-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4.} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) MAll b) (JSome  *c) [J None of the:

1. ] Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.

3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5[] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. Notice of References Cited (PTO-892)

2. Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date 6/11/20.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (J Other .
of Biological Material

4.0 Interview Summary (PTO-413),
Paper No./Mail Date.
/VICTORIA H LYNCH/

Primary Examiner, Art Unit 1724

5. [J Examiner's Amendment/Comment
6. Examiner's Statement of Reasons for Allowance

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13)

Notice of Allowability Part of Paper No./Mail Date 20201020
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Application/Control Number: 16/298,738 Page 2
Art Unit: 1724

DETAILED ACTION

Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AIA.

Remarks
2. Applicant’s amendments submitted on 9/8/20 have been received. Claims 1, 3, 10, 13, 16,
19, and 20 have been amended. Claim 6 has been cancelled.
Claim Objections

3. The objection to claim 20 is withdrawn because the Applicant amended the claim.

Claim Rejections - 35 USC § 112
4. The rejection under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second paragraph, on
claims 3, 5, 6, 13, and 19 is withdrawn because the Applicant amended the claims.

Claim Rejections - 35 USC § 102
5. The rejection under 35 U.S.C. 102(a)(1) as being anticipated by Tanaka et al. (US
2016/0294015) on claim(s) 1-4, 7 and 8 is/are withdrawn because the Applicant amended the
claims.

Claim Rejections - 35 USC § 103
6. The rejection under 35 U.S.C. 103 as being unpatentable over Tanaka et al.
(US 2016/0294015) on claim 5 is/are withdrawn because the Applicant amended the claims.
7. The rejection under 35 U.S.C. 103 as being unpatentable over Tanaka et al. (US
2016/0294015), in view of Yamafuku et al. (US 2015/0147624) on claim 9 is/are withdrawn

because the Applicant amended the claims.
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8. The rejection under 35 U.S.C. 103 as being unpatentable over Tanaka et al. (US
2016/0294015), in view of Yamafuku et al. (US 2015/0147624) on claims 10-13 and 15-19 is/are
withdrawn because the Applicant amended the claims.

Allowable Subject Matter
9. Claims 1-5 and 7-20 are allowed.
10. The following is an examiner’s statement of reasons for allowance: the invention in
independent claim 1 is directed to a cathode, comprising a cathode current collector, having a
first surface; a first cathode active material layer, comprising a first cathode active material; a
second cathode active material layer, comprising a second cathode active material; and an
insulating layer, wherein the first cathode active material layer is disposed between the cathode
current collector and the second cathode active material layer and covers a first portion of
the first surface of the cathode current collector, and the insulating layer covers a second portion
of the first surface of the cathode current collector that is different from the first portion, wherein
a thickness of the insulating layer is greater than a thickness of the first cathode active material
layer. Previously indicated allowable subject matter was incorporated into the independent claim,
thus rendering it also allowable. The reasons for allowance are substantially the same as
provided in the Office Action mailed 6/9/20 and apply herein.
11.  The following is an examiner’s statement of reasons for allowance: the invention in
independent claim 10 is directed to an electrochemical device, comprising an anode, a separator
and a cathode, wherein the cathode comprises a cathode current collector, having a first
surface; a first cathode active material layer, comprising a first cathode active material; a
second cathode active material layer, comprising a second cathode active material; and

an insulating layer, wherein the first cathode active material layer is disposed between
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the cathode current collector and the second cathode active material layer and covers a

first portion of the first surface of the cathode current collector, and the insulating layer covers a
second portion of the first surface of the cathode current collector that is different from the first
portion, wherein a thickness of the insulating layer is greater than a thickness of the first cathode
active material layer; and the separator is disposed between the anode and the cathode, and the
anode, the separator, and the cathode are wound to form an electrode assembly. Previously
indicated allowable subject matter was incorporated into the independent claim, thus rendering it
also allowable. The reasons for allowance are substantially the same as provided in the Office
Action mailed 6/9/20 and apply herein.

12. The following is an examiner’s statement of reasons for allowance: the invention in
independent claim 16 is directed to an electronic device, comprising an electrochemical

device, wherein the electrochemical device comprises an anode, a separator and a

cathode, wherein the cathode comprises a cathode current collector, having a first surface; a
first cathode active material layer, comprising a first cathode active material; a second

cathode active material layer, comprising a second cathode active material; and an

insulating layer, wherein the first cathode active material layer is disposed between the

cathode current collector and the second cathode active material layer and covers a first portion
of the first surface of the cathode current collector, and the insulating layer covers a

second portion of the first surface of the cathode current collector that is different from the

first portion wherein a thickness of the insulating layer is greater than a thickness of the first
cathode active material layer; and the separator is disposed between the anode and the cathode,
and the anode, the separator, and the cathode are wound to form an electrode assembly.

Previously indicated allowable subject matter was incorporated into the independent claim, thus
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rendering it also allowable. The reasons for allowance are substantially the same as provided in
the Office Action mailed 6/9/20 and apply herein.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for
Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to VICTORIA HOM LYNCH whose telephone number is
(571)272-0489. The examiner can normally be reached on 7:30 AM - 4:30 PM EST M-F.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Miriam Stagg can be reached on 571-270-5256. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to
the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-
1000.
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/VICTORIA H LYNCH/
Primary Examiner, Art Unit 1724
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public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 06/11/2020 16/298,738 - GAU: 1724

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to ancother federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17
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POWER OF ATTORNEY TO PROSEGUTE APPLICATIONS BEFORE
THE UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

I hereby revoke all previous powers of attorney given in the application identified in the
attached statement under 37 CFR 3.73(c).

| hereby appoint the practitioners of Morgan, Lewis & Bockius LLP, Customer Number
24341 as attorneys or agents to represent the undersigned and to transact all business before
the United States Patent and Trademark Office (USPTO) in connection with any and all patent
applications and patents assigned only to the undersigned according to the USPTO assignment
records or assignment documents attached to this form in accordance with 37 C.F.R. § 3.73(c),
said appointment to be to the exclusion of the inventor(s) and their altorney(s) in accordance
with the provisions of 37 C.F.R. § 3.71, provided that, if any one of these attorneys ceases
being affiliated with the law firm of Morgan, Lewis & Bockius LLP as partner, counsel, or
employee, then the appointment of that attorney and all powers derived therefrom shall
terminate on the date such attorney ceases being so affiliated.

Assighee Name and Address:
Ningde Amperex Technology Limited
No. 1, Xingang Road, Zhangwan Town

Jiaechenyg Zone, Ningde City
Fujian Province, P. R, China 352100

SIGNATURE of Assignee of Record
The undersigned whose signature and title is supplied below is authorized to act on behalf of the assignee.

Signature V[M%"ﬁ L

Name Houyong L1 Date Feb. 24, 2014

Title IP_Manager Telephone +86-0593-258-2597

A copy of this form, together with a statement under 37 C.F.R. § 3.73(c) (Form PTO/SBY6 or equivalent) is
required to be fited in each application in which this form is used. The statement under 37 C.F.R. § 3.73(¢) may
be completed by one of the practitioners appointed in this form if the appointed practitioner is authorized to act
on behalf of the assignee and must identify the application in which this Power of Attorney is to be filed.

PYB2/ 24723014 |
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Electronic Acknowledgement Receipt

EFS ID: 41375745
Application Number: 16298738
International Application Number:
Confirmation Number: 3478

Title of Invention:

CATHODE, ELECTROCHEMICAL DEVICE AND ELECTRONIC DEVICE
COMPRISING SAME

First Named Inventor/Applicant Name: Xinru SU
Customer Number: 38327
Filer: Yalei Sun
Filer Authorized By:
Attorney Docket Number: LEEL-0101
Receipt Date: 14-DEC-2020
Filing Date: 11-MAR-2019
Time Stamp: 19:01:33

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
133697
1 . 924607;02—5073— " yes 5
U _ASSIgnee_ tatementvz'p dcab97d3aa4b23dc577d6e01ect 4a2f4bfo

a682b
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Multipart Description/PDF files in .zip description
Document Description Start End
Assignee showing of ownership per 37 CFR 3.73 1 1
Power of Attorney 2 2
Warnings:
Information:
Total Files Size (in bytes){ 133697

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Electronically filed December 14, 2020

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of:  Xinru SU, et al. Confirmation No.: 3478

Serial No.: 16/298,738 Art Unit 1724

Filed: March 11, 2019 Examiner: LYNCH, VICTORIA

HOM

For: CATHODE, Attorney Docket No.:  024607-02-5073-US
ELECTROCHEMICAL
DEVICE AND
ELECTRONIC DEVICE

COMPRISING SAME

STATEMENT UNDER 37 C.F.R. § 3.73(¢)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:
NINGDE AMPEREX TECHNOLOGY LIMITED, a corporation, states that it is the
assignee of the entire right, title and interest in the patent application/patent identified above

by virtue of an assignment from the inventor(s) of the patent application/patent identified

above.

The assignment was recorded in the United States Patent and Trademark Office on

March 11, 2019 at Reel 048565, Frame 0112, or for which a copy thereof is attached.

The undersigned is authorized to act on behalf of the assignee.

Date:  December 14, 2020 /Yalei Sun/ 57,765
Yalei Sun (Reg. No.)

MORGAN, LEWIS & BOCKIUS rir
1400 Page Mill Road

Palo Alto, CA 94304

(650) 843-4000
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁ:ﬁéﬂ;&;@,g\ézgﬂa 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/298,738 03/11/2019 Xinru SU LEEL-0101
CONFIRMATION NO. 3478
24341 POA ACCEPTANCE LETTER
Morgan, Lewis & Bockius LLP (PA)

1400 Page Mill Road

140 Poa il Fons T

Date Mailed: 12/17/2020

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/14/2020.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/ytdemisse/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPO.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/298,738 03/11/2019 Xinru SU LEEL-0101

CONFIRMATION NO. 3478

38327 POWER OF ATTORNEY NOTICE

Juan Carlos A. Marquez

Marquez Intellectual Property Law Office PLLC 0O A AL A

1629 K Street, NW 000000122048787

Suite 300

Washington, DC 20006

Date Mailed: 12/17/2020

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/14/2020.

« The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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PART B - FEE(S) TRANSMITTAL Electronically filed January 6, 2021

Complete and send this form with applicable fee(s).

,to: Mail

or Fax

Mail Stop ISSUE FEE
Commissioner of Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
(571) 273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks | through 5 should be completed where appropriate. All further
correspondence including the Patent, advanced orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected below or directed
otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS

MORGAN, LEWIS & BOCKIUS LLP
1400 Page Mill Road
Palo Alto, CA 94304

Note: A certificate of mailing below can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must have
its own certificate of mailing.

Certificate of Mailing
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTY'S DOCKET NO. CONFIRMATION NO.
16/298,738 03/11/2019 Xinru SU 024607-02-5073-US 3478
TITLE OF INVENTION CATHODE, ELECTROCHEMICAL DEVICE AND ELECTRONIC DEVICE COMPRISING SAME
| APPLN.TYPE | ENTITY STATUS | ISSUE FEE | PREV.PAID ISSUEFEE | TOTAL FEE(S)DUE | DATE DUE
nonprovisional UNDISCOUNTED $1200 0 $1200 02/01/2021
( EXAMINER | ART UNIT | CLASS-SUBCLASS |
LYNCH, VICTORIA HOM 1724 429-405000
1. Change of correspondence address or indication of “Fee Address” (37 2. For printing on the patent front page, list . .
CFR 1.363). (1) the names of up to 3 registered patent 1. _Morgan, Lewis & Bockius LLP

[ Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ “Fee Address” indication (or “Fee Address” Indication form PTO/SB/47)
attached. Use of a Customer Number is required.

attorneys or agents OR, alternatively,
(2) the name of a single firm (having as a

member a registered attorney or agent) and the

names of up to 2 registered patent attorneys or
agents. If no name is listed, no name will be 3.

printed

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for recordation
as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE:

NINGDE AMPEREX TECHNOLOGY LIMITED

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

(©) NINGDE CITY, FUJIAN PROVINCE, CHINA

Please check the appropriate assignee category or categories (will not be printed on the patent)

[ Individual [ Corporation or other private group entity [] Government

4a. The following fee(s) are submitted:
X Issue Fee
[0 Advanced Order - # of Copies

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above.)

[ A check in the

amount of the fee(s) enclosed

[ Paymentby credit card. Form PTO-2038 is attached.

X The Director is hereby authorized to charge the required fee(s), or credit any overpayment, to
Deposit Account Number 50-0310 (order no. 024607-02-5073-US).

5. Change in Small Entity Status (from status indicated above)
[ a. Applicant certifying micro entity status. See 37 CFR 1.29.

NOTE: Absent a valid certification of Micro Entity (see form PTO/SB/15A and 15B), issue fee payment in
the micro entity amount will not be accepted at the risk of application abandonment.

[0 Applicant asserting small entity status. See 37 CFR 1.27.

NOTE: If the application was previously under micro entity status, checking this box will be taken to be a
notification of loss of entitlement to micro entity status.

[ Applicant changing to regular undiscounted fee status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro entity

status, as applicable.

NOTE: This form must be sign in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /Yalei Sun/

Printed Name: Yalei Sun

Date: January 6, 2021

Registration No. 57,765

0236



Electronic Patent Application Fee Transmittal

Application Number:

16298738

Filing Date:

11-Mar-2019

Title of Invention:

CATHODE, ELECTROCHEMICAL DEVICE AND ELECTRONIC DEVICE

COMPRISING SAME

First Named Inventor/Applicant Name:

Xinru SU

Filer:

Yalei Sun/Cheryl Rogers

Attorney Docket Number:

024607-02-5073-US

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull:’-s'l'g(t;)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200
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Description Fee Code Quantity Amount Sull:’-s'l'g(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200
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Electronic Acknowledgement Receipt

EFS ID: 41573913
Application Number: 16298738
International Application Number:
Confirmation Number: 3478

Title of Invention:

CATHODE, ELECTROCHEMICAL DEVICE AND ELECTRONIC DEVICE

COMPRISING SAME

First Named Inventor/Applicant Name: Xinru SU
Customer Number: 24341
Filer: Yalei Sun

Filer Authorized By:

Attorney Docket Number: 024607-02-5073-US
Receipt Date: 06-JAN-2021
Filing Date: 11-MAR-2019
Time Stamp: 17:55:23

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1200

RAM confirmation Number E202116H57035699

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

123419

1 Issue Fee Payment (PTO-85B) 024607-02-5073- no 1
y US_|SSUE_FEE_TI’an5mItta|pdf 715f974e4ff574b1f6c6df9ed8d8ec9484c00)

Warnings:

Information:

30316
2 Fee Worksheet (SB06) fee-info.pdf no 2
f83376b2be39ba74cab71f91ae1deeeec80
Warnings:
Information:
Total Files Size (in bytes)# 153735

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. ISSUE DATE | PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/298,738 02/09/2021 10916769 024607-02-5073-US 3478
24341 7590 01/20/2021
Morgan, Lewis & Bockius LLP (PA)
1400 Page Mill Road

Palo Alto, CA 94304-1124

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 29 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

NINGDE AMPEREX TECHNOLOGY LIMITED, Ningde City, CHINA;
Xinru SU, Ningde City, CHINA;

Baozhang LI, Ningde City, CHINA;

Yisong SU, Ningde City, CHINA;

Zhiwen XTAO, Ningde City, CHINA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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