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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, lithium-ion batteries) have entered 

our daily lives with advances in technology and environmental protection. With 

the large-scale popularization of lithium-ion batteries, safety problems caused 

by an external force puncturing lithium-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 O 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 is 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 µm to about 20 µm. 

According to some embodiments of the present application, the thickness 

of the insulating layer is 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, lithium nickelate, lithium nickel cobalt manganese oxide, 

lithium-rich manganese-based material, lithium 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 
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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 O 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 comer 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 < ~ D + 4mm. 
2 

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 < ~ D + 4mm. 
2 

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 is 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", 

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

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 is 

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 is 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 lithium 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 O 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 O 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 µm to about 15 µm, 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) in a range of less than or equal to about 40 µm. 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 µm to about 20 µm. In some 

embodiments of the present application, the thickness of the first cathode active 

material layer 12 is from about 0.5 µm to about 15 µm. In some embodiments 

of the present application, the thickness of the first cathode active material layer 

12 is from about 2 µm to about 8 µm. 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 µm 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 µm to about 30 µm. 

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, 

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. 

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 comer of a side edge of the electrode assembly. 

In the use of a lithium-ion battery having a wound electrode assembly, the 

probability of an external force impact (such as nail penetration) on the comer 

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 comer 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 comer of the side 

edge of the electrode assembly, where if the maximum range of the first distance 
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is too large, the excessive exposure of the cathode current collector 11 may be 

caused, and the first distance may further be beyond the comer 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 comer of the side edge of the electrode assembly cannot be 

beyond the comer 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: 

TI 
0 < the first distance < 2 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: 

n: 
0 < the second distance < 

2 
D + 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 

LiN3, 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. 

18 

0028



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 is 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 (Si), 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: MasMb1Liu and a material having a 

chemical formula: MapMcqMdr. 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 satisfy s>0, Q:0, 112:0, p>0, q>0 

andr~0. 

Further, an inorganic compound not including lithium (Li), such as MnO2, 

V2Os, V6O13, 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 (AhO3), 

silicon oxide (SiO2), magnesium oxide (MgO), titanium oxide (TiO2), hafnium 

oxide (HfO2), tin oxide (SnO2), cerium dioxide (CeO2), nickel oxide (NiO), zinc 

oxide (ZnO), calcium oxide (CaO), zirconium dioxide (ZrO2), yttrium oxide 

(Y2O3), 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 LiPF6, LiBF4, LiAsF6, LiClQ4, 

LiB(C6Hs)4, LiCH3SQ3, LiCF3SQ3, LiN(S02CF3)2, LiC(S02CF3)3, LiSiF6, 

LiBOB and lithium difluoroborate. For example, the lithium salt is LiPF6 

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, l-fluoro-2-

methylethylene carbonate, l-fluoro-1-methylethylene carbonate, 1,2-difluoro­

l-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, tetraethylene 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 ofDv50: 3 µm and Dv90: 10 µm), 

was uniformly coated on the surface of the aluminum foil. The lithium iron 

phosphate slurry, composed of 95.8 wt% of lithium iron phosphate (LiFePQ4), 

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 (Ah03) 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 µm; then a layer of lithium 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 ofDv50: 

13 µm and Dv90: 38 µm), 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 O 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 µm and the thickness of the second cathode active 

material layer was 5 0 µm. 

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 LiPF6 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 first distance 
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and the second distance were disposed at the comer 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 µmin 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 µmin 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 µmin 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 µmin 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 O 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 ofDv50: 3 µm and Dv90: 10 µm), 

was uniformly coated on the surface of the aluminum foil. The lithium iron 

phosphate slurry, composed of 95.8 wt% of lithium iron phosphate (LiFePQ4), 

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 

lithium 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 µm and Dv90: 38 µm), 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 µm and the thickness of the second cathode active material layer was 50 

µm. 

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 LiPF 6 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 

lithium-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 Vat 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 oflithium-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 

4.4 V, and further charged to a current of 0.05 Cat 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 of30 mm/s, and the nail penetration depth was determined by 

the taper of the steel nail through the lithium-ion battery. Whether the lithium­

ion battery produced smoke, fire or explosion was observed. If no smoke, fire 

or explosion was produced, it was considered that the lithium-ion battery passed 

the nail penetration test. 

The experimental parameters and measurement results of the embodiments 

and a comparative embodiment are shown in Table I below. 

Table I 
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Positional 
Thickness 

Relationship 
of First Energy 

between First Thickness Thickness 
cathode active of Electrode 

First Second cathode 
of 

Nail Density of Whether to 
Group 

material Layer and Assembly 
Distance Distance active 

Insulating 
Penetration Lithium-ion Precipitate 

Second cathode (mm) 
(mm) (mm) material 

Layer (um) 
Pass Rate Battery Lithium 

active material 
Layer (Wh/L) 

Layer 
(um) 

Upper Layer 
Embodiment 1 Beyond Lower 3.2 3 0 8 15 10/10 680 No 

Layer 

Upper Layer 
Embodiment 2 Beyond Lower 3.2 5 2 8 15 10/10 680 No 

Layer 

Upper Layer 
Embodiment 3 Beyond Lower 3.2 9 4 8 15 10/10 680 No 

Layer 

Upper Layer 
Embodiment 4 Beyond Lower 3.2 3 0 8 10 8/10 682 No 

Layer 

Upper Layer 
Embodiment 5 Beyond Lower 3.2 3 0 8 20 10/10 678 No 

Layer 

Upper Layer 
Embodiment 6 Beyond Lower 3.2 3 0 8 5 7/10 683 No 

Layer 

Upper Layer 
Embodiment 7 Beyond Lower 3.2 3 0 8 1 6/10 684 No 

Layer 

Upper Layer 
Embodiment 8 Beyond Lower 2.8 5 2 8 15 10/10 680 No 

Layer 

Upper Layer 
Embodiment 9 Beyond Lower 3.6 5 2 8 15 10/10 680 No 

Layer 

Upper Layer 
Embodiment 10 Beyond Lower 4.8 5 2 8 15 10/10 680 No 

Layer 

Upper Layer 
Embodiment 11 Beyond Lower 3.2 20 18 8 15 5/10 680 No 

Layer 

Lower Layer 
Embodiment 12 Beyond Upper 3.2 3 10 8 15 8/10 678 Yes 

Layer 

Upper Layer 
Embodiment 13 Beyond Lower 3.2 0 -3 8 15 8/10 678 Yes 

Layer 

Comparative Upper Layer 
Beyond Lower 3.2 - - 8 0 2/10 685 No 

Embodiment 1 Layer 
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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 

is 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 lithium-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 is 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 µm to about 20 µm. 
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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, 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. 

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 

compnses 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, magnesmm 

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 O 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 comer 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: 

TI 
0 < the first distance < 2 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 < ~ D + 4mm. 
2 

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 comer 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 < ~ D + 4mm; and 
2 

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 < ~ D + 4mm. 
2 
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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. 
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National Stage of an International Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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OuS1omlmd PTOIAW82B (07-13) 
Approved tor U&e l'll'Ough 11/30/2014. 0MB D551-C051 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMM:RCE 
Under the ?-iwofk Reduction Act at 1995. no pen;00$ are required to tetpond to a cOl&Ction ottnformafion untess it diS"""'""' a val~ 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal 
letter or the boxes below. 

' 

l 
Aeelication Number 

I 
Filing Date 

I 
(Note: The boxes above may be left blank If information is provided on form PTO/AIA/82A.) 

[Zl I hereby appoint the Patent Practitioner(s) associated with Customer Number 38327 as my/our attorney(s) or 
agent(s), and to transact all business in the United Stales Patent and Trademark Office connected !herewith for 
the application referenced In the attached transmittal letter (form PTO/AIA/82A) or identified above: 

OR ' 

□ I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), 
and to transact all 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 Identified above. (Note: Complete 
form PTO/AIN82C.) 

' Please recognize or change the correspondence address for the application identified in the attached transmittal letter or the boxes above to: 

181 The address associated with Customer Number 38327: 
OR 

□ 
Firm or lndlvidual Name 

Addres& 

City I Stale I Zip 

Country 

Telephone j Email 

PLEASE FILL IN ALL BOXES AND SPACES BELOW THAT APPLY TO SIGNER. 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name hereinbelow): 

NINGDE AMPEREX TECHNOLOGY LIMITED 

□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

■ Assignee or Person to Whom the Inventor is Under an Obligation to Assign 

{provide signer's title if applicant is a juristic entity} 

□ Person Who Othetwise Shows Sufficient Proprietary Interest {e.g., see 37 CFR 1.46(b)(2)) 

SIGNATURE of Aoolicant for Patent 

Signature l B-IVY 0h '1 //'t n Date WI! r f 1 3 I 
Name (, \.Pt,~ Gh i ()(I\ Telephone 

Title & Applicant Name -~P V lhAlilP'lo,t€Y / NINGDE AMPEREX TECHNOLOGY LIMITED 

NOTE: Signature• This form mu1,t be signed by the appllcant in aceof'dance wllh 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certllicattcms. If more 
than one applicant, use multiple forms. 

0 Total of forms are subrnllted. 

This collection of information ls requlred by 35 U.S.C. 115and 37 CFR 1.83. The information is required to obtain or retain a henefitby the public which is. to file{and 
by the USPTO to process) an application. Confidentlallty ls governed by 35 U.S..C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute 1o 
complete, Including gathering. preparing, and submitting 1he completed appUcatron form to the USPTO. Time wll vary depending upon the lndMdual case. Any 
comments on the amount of time yCXJ require to oomplete this form and/or suggestions for reducing this burden, should be e:enl to the Chief Information Officer. U.S. 
Paton! and Trademark Office. U.S. Oepartmentof Commerce, P.O. Box 1450, Alexandria. VA22313-1450. DO NOT SENO FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: 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. 0MB 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 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicant!Patent Owner: NINGDE AMPEREX TECHNOLOGY LIMITED 

Application No./Patent No.: 161298,738 Filed/Issue Date: _M_a_r_c_h_1_1_, _2_0_19 _______ _ 

Titled: CATHODE ELECTROCHEMICAL DEVICE AND ELECTRONIC DEVICE COMPRISING THE SAME 

NINGDE AMPEREX TECHNOLOGY LIMITED, a 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. 0 The assignee of the entire right, title, and interest. 

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

LJ 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. 

D 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. D 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. D 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. 0 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 US PTO. 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-PTO-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 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 0MB 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. 

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

0 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 

Juan Carlos A. Marquez 
Printed or Typed Name 

[Page 2 of 2] 

Date 

34,072 

Title or Registration Number 
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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 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. 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)). 

7. 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. 

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 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. 

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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ASStGNMENT 

WHEREAS, !, Xinru SU of Ft.ij!an Province, China CAssignor''} is the in\~H1tor of an 
inwmtion entitled '.~"' t:ATi-10l)E, £!.ECH~OCH£MlGAL DEViCE .AND HECTRGN!C Df.:.V!CE COMPR!SH·m $AMS x 

that ls the subjectff4"!tterof: {check a!! that ap~y) 

a Lt S. applicatlori for Letters Patent which claims the prk:tlty of the Chinese Patoot Application 
No, 20·Hli i 3088-41.3 filed on 2018/i ·iJO& ,.__, __ _ 

fJ an app!ic:atlon made under the P.atant O:ioper~Hm'l Treaty which is identifi~e at VV!PO by 
App1icatlon No. PCT/ ______________ filed on------------~ 

an application for Letters Patent which is kmn!Hict)fo in the Patent omce of the U,S. by Ap~icaiion 
No. ______________ filed on _____________________ , 

VVHEREAS, Ningde Amperex T~hno!ogv. Umltoo, a corporafo:m organized and existing under the 
laws of Ch$na (Asslgn~··}. and ha\/lng offices at, No.1 XinGana R.o~i;L.6t°!J~Da½~an Town. JfooCheng 
District, Ningde City. FuHan Province, PRC 352iDO ls desirous of acquiring the entlfe right, title 
and lnfetest in and to the invention, the app!icatiorn~, and any and aH Letters Patent or similar forelgn 
or domestic legal protection 

f x J in the United States 
[ J in a!I other C-OUrtlries Of _jurlsdictior,..s; 

,;NOW THEREFORE, fl,r good and ¼iluab!e consid0ration, the re<::eipt ant! adequacy of ~mich ls hereby 
ackno·wtectged, 

n) we agree to transfer, and 
b) we do hereby transfer. 

to Assignee, lts suct.--.assors and assigns, efled1\.'e as of ____________ ~ nunc pn.; tune, 
our entire right tme and tntere$t in the abo~ named cOl..mtrles and jurlsdidk.'flS ln and to too fuik)'Ning 
including the right to sue for past infringement the in\.entlon, the abo\-e-kientlfloo appHcatlons, au 
applications from ¥Vhich any of the abow--h:1enH-fied appHcations dalrn priority, correspondlng L.tS, and 
non--U Jk ,app!icatkms.; any coniinu::1Uon, di~sion, renewal, v'f subsHh..l~ for the applications, aH Letters. 
Patent any rolssue, ro--exmnir.:-ation, or slrniar leg_.~! protmtinn issuing related to the letters Patent and 
aft ri.ghts ano benefits un..1er .any applicable treaty or convention. and 1!\-ve authorize the Diroctor 0Hh1;:; 
United States P awnt and Trademark Office or foreign eq1.fr1ta!ent to issue the Letwrs Patent or simila 
l~ga.! protection to the Assignee." 

\>Ve authorlz.-e the U,S, Attom1;,-ys handing thls rnaU:o'f in Hw U.S. and tt:~ Assignee, lts: st.H::<::es..~rs and 
assigns;to insert in this instrurnent the filing <late(s) and application numbers vmen ascertained. We further 
authorize th~ As..~ignae, Jtssut.:eeSS(...'lfS and assign.~, or anyone it may prop:,trty designate, to appty fur 
Letters Pat-ant {,'f sifrinar iega! prt)~t~ion, in its ov<m name if desired, ln the above named countries and 
jti/i$dictions and appoint l\$$lgnee the common represent.atl\e in the abowHdentmced shtemafa:,nal 
appHcatl<mand anytnternaffona! ap~lcatkm fl,r the inwntlon. 

We represent to the Assig11-00, its successors an<l assigns, tliat \'¥"e. shall not execute any writing or do any 
act \~•tiatsoc~r conillcting Wlfu thls Assignt11t1nt. vv~. our executors or adminlstra1t,"'tt·s, •t~11 at any time tJpon 
request ¼ittlootaddifiona! consider-at/on, but at th~ expoose of tt1e A$ignee, its successors and assigns, 
e;xecute.aoo delver to AssJgnoo or its !~al representat~~ st~~ additional <tailings ~t)d do such additional 
act$ $S the AS$lgn~, lts $t~ssore and a5$1'3ns, may deem desiratfo to perfect !ts enjpyrrientof this. grant, 
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and render al! asslstance ln making ap!ilcauon for and obtaining, maintaining, and enfo."L.ing the Letters 
Patent orslrnilar legal protectk .• <0 on the inwntion in any and al! cnmmes and Juri.sdictlons, including without 
Hmitatton prn\4dlng l~irnony ln any related interference, litigation or pR.s,.,":eedlng. To the extent that we, -our 
€ix-ez;utors orac.hn1nistrators are unaNe or t.n1a\tailabk to execute and deli\erto Assignee or its tegal 
rnprosentatl\J'es such addttbna! w1itlngs and do such addltk)r)at ads as Assignee, !ts sue<~ss:ors and 
assigns rnay deern desirable to perfed its ertjnvrnent i:.}f this g$rt, anrl render al as.s!Sta~ in making 
appHcatlon k)r and obtaining, malnt-alning .. and en1\.'1rcing th-:, Letters Patent or shrlllar legal protectlon on the 
ln\iention in any and aH cour1tlies and )urisok.;-tons, 'Ne, our executors or oorninistratcrs hereby autro,.tjze 
Assignee, its su(:R--:.eS.5'')ffi and asslgrn to act ori our behalf. 

If any prov:ision{s} of this Assignrnent are he¾d unenfrur.:ool~a or ln conflict \«J.th the law of anjt jurisdiction, the 
vaildlty of the rernainlng pmv\slons \tm nd be afff.h~ed by such hoh:fa,g and the part held unenRsm:eabla in or 
in corifiici )\.1th the la\\i of one _!E..Hisdlction will 1-ernain ln effect for ether 1urisdlctions mtlt had unenmeal:ie 
or in conflict with the law of that julisdictit.~, 

.Xinru SU 

2019/315 
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WHEREAS, t, Saozhanq U of Fuiian Prcvince1 G,b.tra {"As..~ignor"j, ~s the in\"$ntor of~ 
lt1\.~ntion entltled ~ Ct,THO:)E, E:.H~TW.H.::HEM!C,t,L O~V!CE. AND HECTRON,C OEViCE COMPRlSc!NG SAME " 

that is thesubjactrnatlerof: (checl<.a!l th~t appy) 

[XJ a U,S, apptic~tion for LBtters Patent wbichdaims the pr'lcrity ofthaChinese Patent Appijcafa:m 
No. 20i8i 13-08a.4i. 3 , med O!iw...42"'0,$,,,{,.:..:'&~lw:jwJ,..,l~Oc:.:5;....· -------------

an application ma4~ unoor the Patent <..~00peratlon Treaty v.t~'1k::h ts identlfl~e at WiPO by 
AppH:catlon No. PC'n_______ _ ____ flied on ___________ _ 

an <1PPliC$tkn, for Letta-s Patent which is id~ntifiable in ~ Patent Office of the U.S. by AppHcanon 
No. __________ " ____ fi!ad on ___________________ , 

'.\/HERE.AS, .J~Jtt9.£¥ Amperex. Technologv Lfrn1t~, a corporation organized and existing under the 
laws of £h~tlfil {"Assignee"}, and ha\ring offk.'t~s at ~{QJ .. ~tnQ.aQ.9J1aa~t< .. ~tl~D,9Jt'!:~D Town .. Jlao¾'J}eng 
Distlict Ningde City, fuiian ProviQ~~~.J:BC 352·100 ls <les~rous of acquiring the entirn right, title 
and interest in and to the invention, the app!icstbns, and any and an Letters Patent or similar fornign 
or domestic legal protection 

f x l !n the United Stales 
t ] in art s-;thercounties or jurisdictions; 

~NO¥/ THEREFORE, ibrgoc.<dand 'Jahmble consideration, tht:i receipt and adeqtmcy of which is hereby 
ackno½1edged, 

a) w--e agree to transfer. and 
be} '>¾'e do hereby transf.er, 

to Assignee, its st.·<x .. 'es.."'>ors and assign.,-s:, effect!~ as of ____ ......,-......,-,....--,....--- m .. mc pto tune, 
ourentlre•!ight, tme andlnt:erest in the aoo,~,.::: narned coi.mtrias and jurisdictions in and to the :fcilowing 
inchM:ilng the light to sue fl:w past infrir:gemenL the inw.,n:tion, the abo<,.,e--ldentiiied applicatlom;, al! 
applications worn which arw ofthe abo~-4dentit1ed appHcati()ns claim pnooty, Q..srrespnndh9 U.S. and 
nonU,S, applications; any contlnuatkm, dA4si◊n, rene'¥va!, orsubst!tuteforth~ apµ!lcations, all Letwrs 
Patent, .any reissue, re.-.examinatkm, or Similar iegal protection issuing !'Bclatoo to the L~tters Patent, and an tigttts and benefits under any appHcab!e treaty <)r com~'ntion, and 1/<t<,<a authorize the Dirac tor of the 
United States Patent and Trademark Office or foreign equivroent to issue the Letters Patent or similar 
legal protection to the l\$:Si~noo," · 

We authorizethii U.S. Attorn{,,ys handing this matter in the U.S. w1d the Assignee, its St.'<X:esoor-:sand 
assigns, to inSBrt in this imtrurriEmt. the ming i:f.ata{s} and appucatlo.n numbers when ~t'tait):.~d- ¼Ve further 
authotize theAssi~Jfi.,ae_. its succe:ssors and assigns, or anyone ii may property design~e. to api)$y ri.,")r 
Letters PattH'ttt}t slrnilar legal protection, fn its own narre if desired, in the above. named coontne..s <'.ind 
}unsdicfa::ins and appolnt A..~ignoothe mmrnon repreoontat~ in the above--!dentffied internafima! 
appllcat%on and any int ernat0>')at ap¢ic..~tlon for the i n\-ention, 

Vie represent to the AS$ignoo, its ~.icc:oosQ'S and assigns, that we sh~ll not ~>:Beute any vvrlling vY do any 
act,,..,hatsQe\~rc.::infflcilng \.\1th tlis Assignrnent We, ourex~mtom or adtnlnisumtoffi, wiij at an~'·ume upon 
r~~uest, ¼ith.'llJt (l.ddltlorial CO.."lsideratlon, hut at tt1e ~xpense of the Assignee, its suex~:ssor$ and assigns, 
~xooute and deij~toAss½gnoo or its .l-09~ r~preseniati'l'e:$ si.;cn addiuor~! wrftin~ and rlo .suo'1 additional 
acts ss the Assignoo, its successors and assigns, rnsy deem desiratje to perfect its ~nJoyment of this grant, 
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and render ~H assistai1ce ln rm~ing ap~icatkin lor and obtaining, malntainintJ, and enrorr)ng the Letters 
Patent or similar t~al pmtactk:n on the im.enHon in any and au coontrlw and jurisdictions, i1R?lKfo1g \<Vlthout 
Hmitatk.sn pr0".>1ding t~surnony in any related interfernnce, litl&<atlon or procoodng. To the exrentthat \~"e, our 
executors or administrators am 1.maNe oruna\~i!at~e to execute and deli'.-erlo Assignoo or its §~,gal 
rapms:entatiws such adtHh:.mal writings and do such additional acts as Ass.:gnee, its-st...<cces...~ors and 
assigns rnay doom deslrab~ to perfuci its enj,.0yiw,.mt ofthis gr-ant, and render ai as.c,:;iStan.::e in making 
application forand obtalning, maintaining, and enrorcing the LettersPatent er sirnilm-tegai protec.tion on the 
inventii:)n in any and aH countries and jurisdk:tbns, -,,,-.,e, our executors or adm1nis:t.ratt.'l"s hereby tiutronze 
Assignee, lts sucrossom and assign:, to act <m our beh.,ijf. 

ff any pro-.,1$10,-,{s) of thl<; ~'>Slgnrnent are had unenfc-rr;eab!e or in conff~:t \l\1ththe sav,,, of any juriSdk:ti>')n; the 
',iaHdHy oftm:! mn,alning pro\Jslons vi.II ntit be affi.?dad by such holding an<l the p&t held t.manfon.::oobh,i !nor 
ln cooffict ¼ith too law of one jurisd;l.:..i.lon 'Nill remain in effe:.:;t fur clher }.lrisdicikns until held unenforcea~e 
or in conflict wlth the law of that Jurisl.:fa:~ticn, 
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WHEREAS, !, --~Yi song SU ,_, of f uH~t1J-•rovh1{::e, Chln<} {"Assignor"\ is ttle inventor of an 
~"\',~fftiOnertmed " CAH:ODE. EU~CrnQCH_~~,MCAL D~VlCE AND n.£GTBD~!9. .. ~EV!CP. COMPl<lSlNG SAME " 

that is the.i subject matter of: (check aH that apt~Y} 

pq a U, S. app!k--.ation for Letters Pat$nt which daims the priority 0i the Chlnes.e Patent Ap~<'"~tion 
No, 2(Y1~:tt~08841,3 , fll$d on___ 20i811 i!y5 "'"" ________ "_, ___ , 

r J an application rnade under the Patent Coop .. ~rat10i"i Treaty iNhlch is identifiabl~ at WlPO by 
AppHc:anon No. PCT.! _______________ filed on ____________ _ 

an appflc:8tion for Letta-s Pawnt ½1)icri is klentifiable in the. Patert Office of the U,S, by Application 
No. ______________ moo on ________ _ 

WHEREAS, NJnqfJ&..btnPerex Teqt_y-iology UmLt?d, a corpornhon organ{z:ed and ~~xmt1ng under the 
!aw-s of _China r Assignee"}, and having offices at, f:ig-, 1 XinGang Road, .ZrtangVVan Town, 4.l~.g()heng 
Di$"tnCt · Ningde C!t.y, FuHan Provine~. PRC 352100 is desirous of acquiring the ent!re tight, titJe 
and interest ln and tot.he invent.km, me appHc:iti;::ms, and any and all Letters Patent or similar foreign 
or .ctomesuc !€gal pmtectfon 

fn the United States 
in an other 001.mtrles ot jurlooictcns: 

"'NO\<V 1HEREFORE, for gi:."lOd and valuable cons tderation, the racelpt w'Ki adequacy of ·~·vhich is hereby 
admowledged, 

a} ~ve. agree to transfer, and 
b} \<\'€ do hereby transfer, 

to Asslgnee, its successors and assigns, eff.ecH~~ as of ____ , ________ """ rwr10 pm tune, 
our entkB•rlght, Wfe, and interest in the abo~ named countries and jurisdictions in and to the fcHo\Mng 
lndtRiing theti.ght to sue fur past infringement: the in\~nth'1, ttw above---hienti'fied applications, at! 
flpp!icatlon-s fmm s..>Vhlch any ofthe a,,.~~'e•-identified applications daim pnonty, o::m-esponding LLS,and 
non-,U,S, aF.,--phcations, .any ccnunuanon, di¼sion, renewB!, or substitute for the ap.pHcations, an Let~"'S 
Patent, any reissue, re~examination, or sim~flr iek~I protei.."ltip,'1 ia~uing nsfatBd to the Letters Patent, and 
all rt@tlts an~ henents under any applicabie treaty or .;;om~ntion, and !/v.,<r;J authorize the Director of the 
Una~d States Patent and Trademark Office or fr1relgn equl\.~!ent to issue Hw Letters Pa~'lt or s1mlkw 
legal protection to ttw Assignoo." 

We at.tthoriz.e the U .S, Atrorn~•s handir~ this matter in the LtS. and the As..Signae, its sua::es&1t's and 
asslgns,. tojnwrt bt:his instrument the fifing date{:s) and appiicauon tiumbers when asce,rtalmd, ·•·lVt3 further 
authorize the Mslgne$. its Sl.JC<:e$$0fS and assigns. or anyone it rn,'.tl proi:~'iy designate, to <ippfy fur 
Letters Patent or sm-1~ar legal pmtedbn, In !ts own nanw if desimct, in the abo\:e named crn.intrles .anct 
jurl~rlictions and appOint l\sstn~ me commonrepreoontatl~~ in the abo\e--kwntffied inwmaffc.inaf 
app!icetion and any inten~tlona! appllcatiOn for the lnvsntion. 

VV e .mpresent to tho As..~iw~. its SlK"£~~scr-s and .isslgns, mat we shall m.)t execqte any \>wltit~ or do any­
act '>"..,f¾~t$0t.,~ conff ici:;ng \\<ith mis As.";i;lgronmt. \Ne, our ex-0cu10rn: (sr admlnlstrators, \t~ilt $1 any time upon 
request ,,_,vithnut &<dditional consideration, tx~t at theexpmse t'}fthe A&.~gi1ee, its ~sso,~ and assigns, 
execuie and deh~r to As:sign~ or its lega repreoontati'>-eS such addWona! ·•NriUng$ and cto suoo addiHona! 
acts as theAsslgr:ee, its succes~rs an<l assigns, may deem d~r-~'fu' lo perl'ectits enpyrntint oHhls mrant, 
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and r&nder au assistanre ln rn:.~king appfa.;-, .. ~tk~1 for and obtair~ng, maintaining. o,'10 enforcing 'the Letters 
Patent Of slmHar legal protec-fon on Hie inventk)n in .any at1d all coun!ties and Jurlsdid!ons, Including wit1out 
Hrnltation pro\~ding t-0stirnony in any mlatedinterferen~, litigation or i:.m:-ceedlng. To the extent that we, our 
e..xecutor$ or a<lministrarors are unable or unav2Hstie to ex-O(..'tf® and de~ver to Asslgnoo or its leg.1! 
reprasentati~s such additional vmtings and do such additional acts as A~s..ignee, Hs SUC(:essors and 
<=.1ssigns n~w deem <leskab!e to perfect its enjoytnent of this grant, and mnder a~ a..~ist.am, .. ~ in rm:.i~mg 
appHcation for and obtaining, maintaining, and enfof'dng tha L~tte.~ ?..~tent Of sirnHa- lega¾ protection on th~ 
im-entlon in any and all cctmtrles and jurisdictions, vve, our executors or admlnlstratcrs hereby authcw1zEi 
Assignee, its suet'";assors and asslgns. to act on our be~~f 

If any provision(s) of this Assignrnent are hijd urwnfotceatfo or in c~1ffict vJth the law of acy junsdlction, the 
'ialidlty of too ~ining provisions \~II not be affected by stX:h hddlr.g and the part hcld unenfurceab!~ In or 
in conftlt.i: ½ith the i~w of onEi ft..Hisd~·~uon wm reman in effect for ether Rir:s<lk:Ums until had unenfofC~tl€ 
or in contlic-t wltn the !aw of tiwt }urlsrlictioo, , 
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·.. . ..,: . . . ·. -_ ~ .. }:y_1_-:- . '/' t .. 
"'S"'i."'! .... , "'Y...:i.;.;s __ o=n,.t,""1 ........ .....,._,,.....,._·:;,"'"i""'··" .. '--...... '"'.:.:'·..__:.,.t;."".: ,{:}_" *'' » ,. >, : , . : ,< ,·, . ,. 

{h"l">'ffefstt#l'·ft,$~Jut~$'}' 
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ASSlGNMENT 

VVHEREAS, l, Zh:h•ven_ XIAO of Fujian Provh1ce, China ("Assignor"), is the inventz-)r of an 
in~nfa:h'1entn:led :, (~ATHODE, E:...ECTfH)ChEMlCAL DEVlC!:'. AND EU~E!,~5?.~~-:~ __ rn~viGE COMPR:SlNG SAMf 

that is thesubjecknattsrof: (chec~aU that apijy) 

f X 1 a US. app!~ation fQr Letters Patent which ciams th~ prkirity oftheCtiine-se Patent Application 
No. ~ttL~-,1soae.-n.} ti!edon rn~~{·:1rn5 , ___________ , 

f ] an application made Linder the Patent C'..<.X)peration Treaty- "l<\>h:ich is identifiable at VV!PO by 
A,ppHcafa)_n Nt'J, PCT!_"""'·----- ______ filed on ______ _ 

r J an application for Letters Patent v,<'hid1 is idenUf...ab!e in the Patent-OffiQ~ r,Hhe U.S. by Application 
No. ~------------filed Qn 

WHEREAS, Ningde Amp~rex Tegpno~ogy Un-:ilt~g, a corporation organized and exfsting under the 
laws of Chin~ tAs~~nee"), anct na'>Ang offices at, l'<k~, ·1 XinGang Road. ZhanqVVan To\ivn, ,d!s9 .. Chena 
D~~!!Ht Ningde Citv!, __ ,E_ujian Prov!nc~,_ __ f:f:~.C 35210Q is desirous of acquiring the entire ri9ht, tme 
and interest in and to the lnventlon, the ap~kmtlons, and any and au Letters Patent or simirar foreign 
or dOm$$lic legal protection 

L x J in the United Siates 
[ J in all other counm-OS or Jurisoicth:~)s; 

"f,,K)VV THEREFORE, for good and valuable consideration, the receipt and adequacy ohvhlch ls he~by 
ackncNYiooged, 

a) wa agree to tr~nsfur, and 
b} we do h~Ye:by transfer, 

to Assignee, tts successors and as~gns, effi:..~H\~ as of _______ .....,._-_,,,_ nunc pm tono, 
our ~ritire right, htle and lnteres1 in the above named countrles and Jwisaictions lri and to thefo!towing 
including the riHht to sue for past infrlngen1oot: the in\~nti◊tl, the ab>?\<tHdentined ap~icatk)ns, all 
appiicatioos from which any of1he atr..i\~~identlfiBd appHcatlons da\rnpr:iority, ~'tfrespondingU,S, and 
non.c.tLS. -applh:;ations< any continuation, dMsion, ren~~\'al, or substfoie furthe applications, au tet~ 
Patent, any reissue, re-exarninaHon, or simiar legal protection issulng related hHhe Letters Patent, anct 
all rights and benefits under any applicable trt--aty orcon~ntk.m, and l/we authorize the Dirwtorofthe 
United States Patent and Tradernark Office or foreign equi~lent to issue th~ Letters Patentor simlfaw 
iegai pmtecfa)n to the Assitinee." 

\Ne auth('Jr1ze the U.St Atlt'Jrr1eys handling this n~tter in the U.S. and the ASStgnee, its succesoorsand 
S$Signs, to insert in this insln.m-ientthe fiHng date{s) and appllcatkin ni.wnbers. when .ascettainad, \Ne forther 
auih>..,rlze the A$$§gnee, lts sut~ssors and assigns, or anyone it may properly designate, to apply fur 
Letters Patent or s#niar legat protectim, in Hs o,.vn name if desireo~ in the abQ~ nanmd countries and 
}uris:ctk-tlons ;3nd aµpolnt Assignee the common represen~iva ln the above-identified lcn't$m~tiooal 
appHcation and any' it)1$'f1atlona! applicatkm fer the in~ntlon. 

·vie represent to th~ A$-cs:;lgnee, its st.·ccooscr-s and asSfgns, that -..,ve shal not ex-ewte any w·riti~ or&) any 
actwnats(_~r confflcth1g with thls Assignrnent, V\le, oor ~~xet)Uk)fS or aurnlnistrators, wi!l at any "time upon 
reqµ$st, wHhoutaddltioool t.~nsictt.-Y-atk)n, biJf at the expsnse of the Assignee, Hs s~'CO?~<Ws .lnd assigns, 
execute and ti~!l~ to Assignee or its fegal mpt-esentati'..es st:cis $dd!tlona! wnnngs anti ct{) st~-h a(kHtbnal 
acts. as the Assignee,its sut~$$0fS and .as_~igris, may deem <ies¼rable to perfect lts enjoyment ofthis grant, 
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mw rer1d,~r.aH assistance ln making appi(;;:~uon fur and obtaining, rNinta.lning, and enforcing the Letters 
Patent or simi.!ar legal pmtectioo on the k~nhon in any and aH cwntries andjwisdictions, lnclucting willi-0ut 
limitation pro~d!ng tesfirnony in any r~lated inteierence, !lt1gation or pn::x::eeding, To the extent that v-.te, our 
execut()fS or ~dminls.trarora are unah!e or w1a'<lailatfo to l~XOOJte and deijver to Assignee or Its legeil 
representatlws such ~dditiona! writings and do such additional acts as Assignee, its sucoo...~rs arn:! 
ess\ms may deernde~rab~ to i)erfect its oojoymert of this grant and render an assistanc.e in rr1aklng 
appHcatkm fur and obtalrnng, maintaining, and enforcing the Lett~~m Patent or slmHar legal protection on the 
in~nfion in any and al! countries ~nd Jur-;sdlckms, we, our execurors or administrators heret?l autrortr.e 
Assignee, its Sl>'f.~$$0rs and assigns to act t)n our behaif. 

!f any pro"ison{s} or this Assignment ~re hsd tu,enfotceabte or in confik:;t wth the wwof any jurisdici:bn, the 
"~!k:Hty oHhe ren1ain\ng provisions V-<'ll! not be affected by such holdng and the pa.1 he§d utW::mkm.~eab!e in or 
in conflict ~th H)e !aw of one prisdictk'ti v1.1i!l rurn~n ln effect for clh~r jurlsdlcllms mm held i.Jr"H,n1fo1"Ceade 
or in conmct ~\•Uh the law of thatjuri-sdictim, 
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National Stage of an International Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
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Approved for use through 11/30/2014. 0MB 0651-0051 
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 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 16/298,738 

Filing Date March 11, 2019 

First Named Inventor 
Xinru SU 

Title CATHODE, ELECTROCHEMICAL DEVICE AND ELECTRONIC DEVICE 
COMPRISING THE SAME 

Art Unit 

Examiner Name 

Attorney Docket Number LEEL-0101 

SIGNATURE of Applicant or Patent Practitioner 

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

Name Juan Carlos A. Marquez Registration 34,072 
Number 

Title (if Applicant is a Attorney of Record 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

lvl *Total of 1 forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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 3 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, 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. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/298,738 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 300 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 
(37 CFR 1.16(i)) 

minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 3 minus 3 = X 460 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1720 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/298,738 

38327 

FILING or 
37l(c)DATE 

03/11/2019 

Juan Carlos A. Marquez 

GRPART 

UNIT 

1726 
FIL FEE REC'D 

1720 

Marquez Intellectual Property Law Office PLLC 
1629 K Street, NW 
Suite 300 
Washington, DC 20006 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

LEEL-0101 20 3 
CONFIRMATION NO. 3478 

FILING RECEIPT 

1111111111111111111111 m~mll!UHH~I~ 111111111111111 IIII IIII 

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 

lnventor(s) 

Applicant( s) 

Xinru SU, Ningde City, CHINA; 
Baozhang LI, Ningde City, CHINA; 
Yisong SU, Ningde City, CHINA; 
Zhiwen XIAO, Ningde City, CHINA; 

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.) 
CH I NA 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 (POX) program or contains a proper Request to 
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO 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 AIA (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 US PTO 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-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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. 
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Digital Access Service 
(DAS) 

WIPO 
WORLD 
INTELLECTUAL PROPERTY 
ORGANIZATION 

CERTIFICATE OF AVAILABILITY OF A CERTIFIED PATENT DOCUMENT IN A 
DIGITAL LIBRARY 

The International Bureau certifies that a copy of the patent application indicated 
below has been available to the WI PO 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, Fl, DK, CL 

Date of issue of this certificate: 11 Apr 2019 (11.04.2019) 

34, chemin des Colombettes 

1211 Geneva 20, Switzerland 
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~ t~bttJ -F ~ 00 a -:Ito 00 1 fo)f -F , £ ,t&.. ,t&.. ~ 10 ~ ,¼ £ ,t&... ii.L 1* 11 ~ • - £ ,t&.. 
~•r1.4h ~ & 12~ • ~£t&..i'-5•t1.*~ & 13 &t!tt& 14a foJr:r&.• -£,t&..~•r1. 
* ~ & 12 ii. I r foJr :r&. £ t&.. • ii.L ~ 11 ;fP foJr :r&. • ~ £ t&.. ~ •t1. * ~ & 13 z 1a1 * 
aA~~:i&.£~-~~11~-+¾~L~--~~,~:i&.~-&~I~~ 
¾~Lill.~:i&.£~-~~ll~*&-Ji"~L~~~~:i&.--£~~tt* 
~&12aA~-~~~, $o/~:r&.~-&~~:r&.--£~~tt*~&12 
~~:i&.£~-~~11~*&-Ji"~L~~~*~~~~,A~:i&.~-&~~ 
:i&.-~£~~tt*~&~~:i&.£~-~~ll~*&-Ji"~L~±~~,~L 
~~-Ji"t~~K*~~~~~~~~~*~~¾~o~k, ~r~:i&.-~ 
£~~tt*~&13~~:r&.~-&14~~~~~~4&~k, ~~~~* 
A~-~,½~~~:i&.-~£~~tt*~&l3o/~-~£~~tt*~~~ 
$A~~&~~~,~~~:i&.-~£~~tt*~&l3o/~~:i&.-~£~~ 
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tt~A~B~~-0 ~ffl~M-=-£~~tt~A~~-½~~$•~~~• 
A&~~, ~~~~tt#½~~~~%~~~·~~~~o 

~~-~-~~~~~*T-#£~~~, ffl~£~~~~~~I~ 

-t- £t&.~•t1.~ A ffi EJ ie.tfffiZ fa] a{J fa] f* k ,J, vAif!Jt.J:.~£t&.t&.~ ii. if~~ 

fo)T -1'-~ a{J ~ 11: I~ ~ o 

002k~•~~--~~~~~£~~~~M~~•mo 

-:!la 00 2 foJt ~ , £ t&. t&. ~ 1 o el..-¼£ t&. • if.L ~ 11 , M - £ t&. ~ •t1. 4h A & 
12, ~ -=- £ t&. ~ •t± ~ A & 13 a ie. tt & 14 o 4t 1i1J a{J , fiJt ~ £ t&. t&. ~ ~ ~ iftl 
~ffl~M-£~~tt~A&12,ffl~M-=-£~~tt~A&13~&ffl~~ 
•&14ff_ffl~£~-~~*Ji.~~J:.~~I~I,~~-£~~tt~A& 
12 a fiJt ~ ~ -=- £ t&. ~ •t± ~ A & 13 ~ fiJt ~ ie. tt & 14 a{J lf faJ ~ litl 4 ,(f. ~ - ie. 

~ 15 ~ ~ -=.ie.~ 160 $ lf, fiJr~~ -£t&.~•t1.~A & 12 ii.I-t- ftJt~£t&. 
• it.L 1* 11 :f P ftJt ~ ~ -=- £ t&. ~ •t± 1h A & 13 z faJ * a _A ff_ ftJt ~ £ t&. • iJ.t 1* 11 
~-+*~J:.~--~~' ffl~~•&~Iff_~*~J:.ill·ffl~£~-~ 
~ll~*Ji.~~J:.~~~ffl~~-£~~tt~A&12,tl__A~~-=-~~; 
ftJT ~ ie.. & 14 EJ ftJT ~ M - £ t&. ~ ·t1. 4h A & 12 ff_ ftJt ~ £ t&.. ~f.L ~ 11 *Ji.~ 

~ J:. 4 ff_ M - Ile. ~ 15 , foJr ~ ie.. & 14 EJ foJT ~ M -=. £ t&. ~ ·t1. 4h A & 13 ff_ foJr 

~£~.~~ll*Ji.~~J:.4ff_M-=-~~16, ffl~--~~&ffl~M-=­
Ile. ~ *TA. T O .il fo)T ~ M -=- Ile. ~ I J' TA. T fo)T ~ M - le.~ 0 J:. ~ fo)T ~ M 
-~~15EJffl~M-=-~~16~~•~~~if!Jt.Tffl~M-£~~tt~A 
&12&ffl~M-=-£~~tt~A&13EJffl~~•&14~~~.~~~~ffl 
~£~~~ff_~•~~lf~~•tt,-#-~~ffl~M-=-£~~tt~A&13lf 
~~-=-£~~tt~Aff_*ai~lf~~~~-M~o 

ff_~~-~-~~~~lf,ffl~M-=-£~~tt~A&13ff_ffl~£~• 
~~*Ji.~~J:.~~~*rA.-t-ffl~M-£~~tt~Affi12ff_ffl~£ 
~•~~*Ji.~~J:.~~~.~~ffl~M-=-£~~tt~Affi13~±,tl__Affl 
~ M - £ t&. ,1. ·t1. ~ A & 12 ~ * ~ o 

003k~•~~--~~~~~M-=-£~~tt~A&13~~~~-t-M 
-£~~tt~A&12~~~~£~~~~M~~•mo~003ffl~,ffl~ 
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M~£~~tt~A&13~ffl:i&.£~.~~*£~~i~~~~rffl:i&.M 
-£~~tt~A&l2~ffl:i&.£~.~~*£~~i~~~,~~ffl:t&.M­
£~~tt~A& l2~ffl:i&.£~•~~*£~~i~~~ili~~~ffl:i&.M 
~£~~tt~A&I3aA~-I--S~~o~i&~~-~~I~~~-~~ 
~~~~~~~•~a~k,ffl:t&.M-£~~tt~A&12~-I--S~~~£ 
~n«o/½~a•~~AM-£~~tt~A&o/~ili, ~ili~-~~½~ 
~ffl:t&.-I--S~~~~~~~•~~i~A•½£B~, *~*•~~~~ 
~ ~ ;x. 4t ~ Jt ff, ~ itJf 1]o J¾,J , A TtQ ~ a ~ t&. t111t 1r )A!. ili J,t 4£ ½ £ a ti I#- , ?r, , 

*Ft1t4£~~~~~~%-i. a 

~-$.-Tf7ita~-.itt.~~1f1]o/, fo)f:i&.M-le.~hi~ Omm~i~ 83mm, $J;~ 

~£~~~~~•n«o/~~#tt, A~½~~ffl:i&.£~~~~~~~~ 
o/~~±tt~•~a~-$.-o/it~-~~~~o/, ffl:i&.M-~~h~6mm~ 

i~ 83mmo 

~ ,$.. o/ it a~ - .itt. ~ ~ 1f1] o/ , fo)f :i&. M ~le.~ h i~ 0mm ~ i~ 83mm, $ i;~ 

~£~~~~~•n«o/~~•tt, A~½~~ffl:i&.£~~~~~~~~ 
o/~~±tt~•~a~-$.-o/it~-~~~~o/, ffl:i&.M~~~h~6mm~ 

i~ 83mmo 
~-$.-o/it~-~~~~o/, ~r£~~tt~AB~£~~~. ~~~ 

n~~k~£~~~~ff~i.:~£~~tt~A~-~~AMo/ C~~A 
pg i§~ , A $1~ a~ * mi ,1, ·ti. 1r1J o/ ) , ~ fo 3 Om in J§ , ~l {f- .Yo 1Jo A ! 1J ~ ~ k ti 

£ i1A1J iR..1x. rJ-J , ff-~~ i1A1J iR.. o fiJr :t&. M - £ t&. ~ •t± 1h A ~ 1* ;tR £ * a~ ti£~ ;ff o/ , 
A I J, ti 1£ 1~1 Af , Qi !tl 1* ;fR J ~ 5 o % ~ ti 1£ ( Dv 5 o ) , f!p + J51 fi 1£ , a~ ~ Ill 
hi~ 0.2µm~i~ 15µm, P] st fot:t&.M-£t&.~•t1.~A ~~~£;ft ~ti£~;!'f 
o/, },l,J,fi-1£1~1,lf, .Qi!U~:fRJ;fR 90%a~fi1£ (Dv90) ~~l}lh ,J,rA~ 

r i~ 40 µma * JiJr :i&. M - £ t&. ~ ·ti. 1h A * ~ .$~ ,J, ~ Dv90, ~~ 4JJ ~t foJr :i&. £ t&. 
·~~ll~~~~~•A£~~M~m,.'A-o/ffl:t&.aA£h#*•~~~ 
i;5 '/2,..._ :,,<g .z;.,, ..fu ,.}; + •;;:;; •-I- '/2,..._ i,<g P- rb .t-.h -iL rr· 1• YI. m;-. .t-.h il- '/2,..._ i,<g P- hh fl. m;-. .z;.,, ..fa c:. t;i;.. .;.,1c i;5 
•~ )if, ;{x_ 1--f.l.l -'I"-'' 'firX. ~ :t.!t!.~ )if, ;{x_,n:;; T l:l"J '-I r,'f-~~ l:l"J 1-r )if, ;{x_,n:;; t:l"J ..zy.:,..-~ 1--f.l.l -'I"-'' .,;c..J n, XC. •~ 

* a mi ;tR ~ ~ ~ J:t. o ~ -$.- T¥ it a~ - .itt. ~ ~ 11,J o/ , ftJt :t&. M ~ £ t&. ~ •t± 1h A ~ 
-f-J51 ti-1£ (Dv50) : fo)f :i&. M - £ t&. ~•ti.~ A+ J51 ti-1£ (Dv50) hi~ l: 1 ~ 

8 

0096



11111111111111111111111111111111111111111111111111111111111111111111 
20181105 

2018113088413 

#1 4 o : 1 o ftt :i£ M - _i1:. if&. nr •r± 4h lfft a{J ffi t1. ~ , J, , ftt :i£ M - _i1:. if&. nr •r± 4h lfft & 
a{J 4Ji. .if v,:,(1~ff~::t-a 

,,(f. 4-. - ;tt. ~ ;#i. 111] o/ , ftJT :i£ M - _i1:. if&. nr ·r± 4h Jfft & 12 a{} 4 Ji. lg i~ o .1 µm ~ 

~20~a,,(f.-$.~--~~;#i.~o/, fflj£ffl-_il:.~nrtt4hlfft&12a{74Ji.lg 
i~ o. 5 µm ~ i~ 15 µm a ,,(f. ,$. ~ • - ;tt. ~ ;#i.1111 o/ , ft Jr :i£ M - _i1:. if&. ,1r ·t± 4h Jfft & 12 
a{7 4 Ji. lg i~ 2 µm ~ i~ 8 µm a tt 1J1J a~ , ft Jr :i£ M - _i1:. if&. nr •t± 4h Jfft & 12 a~ 4 Ji. ;r-. 
1 J, r P)T :i£ ffl - _i1:. if&. ,{, ·t± 4h Jfft a{J ,~ ;fi. Ji. Dv9 0 , i!. ~ lg T ~ -iiE P)T :i£ ffl - _i1:. if&. nr 
•t± 4h lfft & 12 a~ a~ Ji. a 

,,(f. 4'- ~ • a~ - ;tt. ~ ;#i.1111 o/ , ftt :i£ M - _i1:. if&. nr •t± 4h lfft & 12 a~ 4 Jt. , J, r A 
.-j-fflj£~-&14a{74Ji.o,,(f.,$.~-a{J-~~;#i.~o/, fflj£~-&14{J{J 

4 Jt. ::k.. r i~ 0 .1 µm' VA Qi f 1J - 5t. a~ 1~ tt tk * 0 ,,(f_ 4- ~ • a{J - ;tt. ~ ;#i.111] o/ ' 
ft)f :i£ 1~ tt & 14 a~ 4 Jt. lg i~ 8 µm ,..,._, i~ 3 0 µm, a 

~-4-~-a{J-~~;#i.~, ffl:i£~-&~#k~~~~~½4ho/a{J½ 
~-#, ~,;y-~~A~~{J{J¾~M, ffl:i£¾~M~#,~;r-.~-t-, G~A 
~~. A$~{J{J.~nrttMaffl:i£k~~~~~~~~~, ~~~~,~ 

~~,~~~,~~~~,~~-,~~~#,~~-,~~#,~~~' 

~~~~, ~~~,4~~, ~~z, A~~~, A~~~, A~~~, 
~-~a$tt½fflttA{J{J~tt: ffl:i£.½4h~~~~~G~a{7~·4h,~ 
~G~a{7~·4h,~~~~{J{J~·4h,.*G~,.*G~,.G~-~, 

·G~-ff, •o/£~~-o/~, ·G~, ·~~, •~~G~R$tt½ 
ftt tn A a~ ~ tn a 

~-4-~-a{J-~~;#i.~, fflj£ffl-_il:.~n.tt4hlfft~fflj£ffl~_il:.~n, 
tt4hlfft~~~~~~~~~-~,·-~~,·-~~~,·-~~,. -~~,·-~~,·-~~~,·-~~~,~-~,~-~,--~' 
-~--~,~~•£#*,•~~-~,~-~a$tt½fflttA{J{J~tto 

,,(f.,$.~--~~;#i.~o/,ffl:i£ffl-_il:.~n;tt4hlfft&12~fflj£ffl~_il:.~ 
nrtt4hlfft&13~~#~MM,ffl:i£~MM~#~;f--~r•~~G~,~~ 

G~-~~~~a{7~·4h,.M~,.~~-, ·~~-~, ·~~-,. 
~~-~,.o/£~-·~, ·G~~4~~, ·G~M, •o/£~~-
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~0, •~~~~, •*~~~~T~-~~~-#a$tt½o~MM­
~~~~~tt*~&~..il:.~.~~~~~~*~~~, ~-~~~~M¼ 

i.~~,ffl~M-..i1:.~~tt*~&12~a~~£~~,ffl~M-..i1:.~~tt 
*~&12~~~M~¼i.~ffl~M-..i1:.~~tt*~&12~~Ytffh~ 
1. 5 Y :m. %~ it 6 Y :m. % , Ji)f ~ M -==. ..il:. *JL1. ·t1. 4h ~ & 13 ~ tt jt i 1J ~ ¼ :m. vA Ji)f 

~M-=-..i1:.*ll,1r•t1.*~ & 13 ~ ,& y :m. it hit o.5 y :m. %~it 4 y :m. o/oo 
~~~~-~~~~~,ffl~M-..i1:.~~tt*~&12~ffl~M-=-..i1:.~ 

~ •t1. 4h ~ & 13 ~ ;£ ~ vA ¼ ~ - ;t. :m. ~ * T£.. i 1J o Ji)f ~ * T£.. i 1J e1 #;, ,fa ;r::: F~ r , 
4M~f, *T£..~~, ~~~,k~~,#~~~4~~~~-#a$tt 
½offl~M-..il:.~~tt*~&~ffl~*T£..M~¼t~ffl~~-..il:.~~tt* 
~&~ ,&Ytit hit 0.5 Yto/o~it 5 Yi.%, fiJT~~-=-..i1:.*ll~•t1.4h~&~ 

P)T ~ * T£.. i 11 ~ ¼ :m. VA P)f ~ ~ -==. ..il:. *Ji~ •t1. 4h ~ & a~ ,& Y t-it h it O. 5 Y :m. %~ 
i9 5 Yi. o/oo 

~*'~~~ffl~M-..i1:.~~tt*~&12Affl~M-=-..i1:.~~tt*~& 
13~ff-~$~~~, A*~ffl~..il:.~.~~ll~ff-~~~, ~-­
£~~, ~~~•, $~m~~A*~m~*~~k~~~£~•~~~ 

~M, ~~~~~~~~#~~~' ~$e1#~~~~~~~~0 
~~~~~-~~~~~, ffl~M-~~affl~M-=-~~~I~ffl~ 

T£..~tt*~~~~~m~o ~r~~~•~AT£..~tt*~~~~T£..~~m 
~«~, ffl~T£..~tt*~~~~~m~~~~*h~¾C~~~~-)~ 
~.t ~ izl , J, r J.J.._ P)f ~ T£.. *Ji tK 14 ~ J:. r >'r & a~ ~.t ~ , ~t P)f ~ M - le. ~ a P)f ~ M 
-=-~~~•~ffl~T£..~tt*~~~~~m~~~~~~•D~•i~~~ 

#ttA~#ffl~T£..~tt*~~±tt~o 
004A~4B~Mk~~~~~-~~~~~ffl~M-~~~ffl~M-=­

le. ~hit ,J, ~~a it :k. ~ ~ ~ T£.. *llti!.14 a~ jt ¥;i -iF ~ 00 0 1t:r 00 4A Jr)f-iF' ~ ~ 

~~-~~~~~*~~~~T£..~~T£..~tt*, ffl~~~~T£..~~T£..~tt 
14 h • ti A jt ¥L $ e1 ;J-t, ~ ~ ~ ~ ~ 111] a~ _if_ *Jl*Jl J, ' ~ *Ji *Ji J, a Fi~ ~ ~ 41 ' 
$~ffl~~~~;,e1U;~~~tt*~&42~a~~~~~43, ffl~..il:.~ 
*ll;, e1 #; ..il:. *ll ~ ilit ~ 11 , M - ..il:. *ll ~ •t1. 4h ~ & 12, M -=- ..il:. *ll ~ •t1. 4h ~ & 
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13 fJ. 1l ie. ti & 14 o foJT if- F~ i% JJl fa] F~ -t- foJT if- 91 *J.IA& J'1 1J foJT if-_£ *& *& J'1 .:t.. fa] , 

$tfflif-~¥&1Jfflif-M-_£~~tt~A&~fflif-_£~•~~*£~~i 
4~M-~i%, fflif-~¥&1Jfflif-M~_JL~~tt~A&~fflif-_£~•~~ 
* £ ~ ~ i 4 ~ M ~ ie. i% , ftt if- M - ie. i% 1J ftt if- M ~ ie. i% ~ -t- o c J:Zr • , J ~ 

11i) 0 

~004Bffl~,~~~-~-~~~~t,fflif-~~tt*~~~~~i 
~~IT~~•k~~44~fflif-M-~i%,$tfflif-M-~i%~.k~~ 
la* .tt k 91 1] ½ -s'f- fi-1-a .tt Jr ~ foJT if-_£*&~ 5iit1* 11 , ~ ½ ½ :i¾ - :fr 1!1: foJT if- M 
-~i%~ilifflif-~~tt*~~~~~i~, :i!:~-1-a~fflif-~~tt*iT 
tr & ~ a~ P)T if__£ *& ~ ii.L ~ 11 , 1!1: 1J P)T if_ ie. .ii & 14 5Ct P)T if__£ *& ~ ii.L 1* 11 ~ 

~~T~, :i!:-:fr~~fflif-~~tt*~~±tt~&~*~~~.tt•o ~~ 
-~-~~~~~-fflif-~~tt*~4£D*~~~~~fflif-M-~i%1J 
fflif-M~~i%~.k~~44, ~~~~I~fflif-~~tt*~~~~~i~ 
~fflif-M-~i%1Jfflif-M~~i%~.k~~~½~ilifflif-~~tt*~~~ 
~Jni~o 

fflif-~~tt*~4£D hfflif-_£~~tt~A&*~1Jfflif-_£~.~~ 
~fflg~~~~~fflj£_~~tt*~~~i•~$,~~fflg~~~~i%a 

~ ~ ~ • a~ - Jtt. ~ ~ 1f1J t , foJT if-~ *& ii!.14 ~ 4 £ D h i~ 1.5mm r-.J i~ 

50mma 

~~~-~-~~~~t, fflif-~¥&1Jfflif-M-_£~~tt~A&~ 
fflif-~~~*£~~i~fflif-M-~i%15~~~T~A: 

o < M - Ite. i% < ~ D + 4mma 

~~~-~-~~~~t, fflif-~¥&1Jfflif-M~_JL~~tt~A&~ 
fflif-•~~*£~~i~fflif-M~~i%16~~~T~A: 

0 < M~Ite.i% < ~D + 4mmo 
2 

~~~~~Al~~~~~~Miif-~At~4mmh~fflif-~~~ 
*:i!:tt~i~ffl?~~~A~~*~~A~~, ~~i~A, ffl:r&_~i~ 
A~a«~~~~~-~~~~i:1~%~:i!:ff~~. ~~~$~~a 

~ ~ •-Jtt. ~ ~ 111] t a~ _£ *& *& J'1 ~ _£ *& ~ ii.L 1* ~ v~ h 4g f£ A 4! f£ , 91 
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~~~~m~•~~~h~fflA•ffl, ~~, ~~*m~~~*m~$~ 
..iJ..;f<&.ifiL~,&_ m ;f<&.iliL~a 

~~--~~~~~~m~~tt~A&~~~M~~MM~L~~~ 

~..iJ..~~tt~A&~~~M~~MM~~, ~~~~f~offl~m~~tt 
~A&~¼m~~tt~A, $~*, ~~~r, ~~~4#*,½4~¼ 
~,~~~,~~~,-~~~~~~L~,-½4, ~--~~A¼½ 
~½4~•~+½4~•,•¼~#*1l$~¼ffl~A~~~o 

~L~m~~tt~A~, ffl~4#*~~~~~~*~k4~~4, 
~k4~~4,A~k4, k~k4, ~~~4-*,~4,~4, ~M 

4,~.,-~4, ~~-¼~~¼~~M~,4~-~~tt4a$~, 
~·~~~*~•~•,#R~•~k~~·a~~-¼~~¼~~M~ 

~~k~~~~~~~£T•~-¼~#*~~*&~*A¼~~~~~ 

~~4~R~~#*, ~~~#*~~-~~A~k4~4A¼~k4~ 
~4o -¼~#*~~~~~~*-~~~-~4o 

~L~m~~tt~A~, ~~-ffe~, ~#£~~~~~a~~r• 

½4~£~~~~~li~#*a~kOOhm~~tt~A~£~~~~~li 
~~, ~~~%~~~~~~~•~£a$~, m~~tt~A~~~#4 
# *, 00 h ~ £ ~ ;;fP ii~ at ~ 1f1 a{J n\ 1* it¥~;; ~ 1 J, a{J 1lt 1,t , 00 Jl:L, ~ VAR 

~~*~•$#tt~llk~£~~~~%~a~$~~~#k4, OOh~ 
~~~~k~~~~~~~~~~~~£o 

tt tr , fiJr ~ ~ *11. ,1, •r± 4h A ~ VA ~ * -1'¥- A • ½ £ , nt JJ$ ;;f P 1:i c Li) - ~ 
~A¼½~½£~•~+½£~•, ~*~#~~•~¼½~~¼~•a 
#M~, ~~~~4#*-~~m, OOh~~#tt~~, ~~R~~*~ 
•$#tt~a~~~~£a~T~*~#A¼§#½4~•~¼½~~, 
~£~ffl~¼½~~*~¼-#A¼§#½4~•~-#A¼§#+½4 
~· ~¼½a i~¼½~ VA~ TVA T ~~?& ~ ~~1*, -¾t-n\ n\1*(4t-n\)~¼~), ½ 
4 faJ 1,t¼~ &$ )~¼4h a 

L ~ ½ 4 ~ • :fP + ½ 4 ~ • a{J ~ 111] ~ vA ~.ff,* C Sn) , 115 C Pb) , 4& 

(Al) , 41!1 Cln) , & (Si) , 4f (Zn) , 41 (Sb) , 1;& (Bi) , ~ (Cd) , 
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~ (Mg) , i;»J ( B) , 4t (Ga) , ~ ( Ge) , Jif (As) , 4tl (Ag) , 4½ (Zr) , 

~CY)~*Clli) ai~¼½~~¼~a{J~~~~~~*~~~A: 

MasMbtLiu a{J#1t{P*~1-t~ A: MapMcqMdra{J#tf-o ,,tf.i!_.itt.1-t~ Alf, 

~•~~~~--~~A¼½a{J½£7t.~4½£7t.lfa{J~~-#7't 

• : Mb ¾~!ti- 4£ ;fP Ma z tr a{J ½ £ 7't • ;fP 4 ½ £ 7't • lf a{J ~ ~y - 5f'f 7't • : 

Mc* ~-=l!=:½£7't• lf a{J ~~Y-#7't.; Md* ~)ti- Ma .:t..tra{J½£7't.{P 

4 ½ £ 7't. lf a{J ~ _),· - 5f'f 7't. : :#- _n_ s, L u, p, q ;f P r i~ X.. s > o, t~0, u~0, 

p>0, q>0 ;fP r>0a 

Jl:t tr , ~ f,( ,,tf. P)f ~ ~ t& ~ •t1. 4h JgL,~- lf 1t. Jfl ~ ~ .tfi • C Li) a{J Jc fJL 1-t ¼ 

~' 191]-:ka MnO2, V2Os, v6ol3, NiS ;fP MoSa 

~~--~~~~lfa{J~~-~~,~~~~'~§J-~~,-~~' 

-~*~o/-~~~e, --~~~*~lfa{J~~-#a*~*~' -~ 

~~~~§J~~&-~~,~~&-~~~~~~~~-~~lfa{J~~­

#-~a~~~-~~~-~~' ~~~~~~-*~~*a{J~Jfl, .jf-~ 

vA ii.ii -Jt ltif ji;}i_ ?±.¼ T£. ~{t a{J ::f.t ;t. •t1. o 

fo)f ~ F~ ~ JJt a{J ¾ TiJ i£ ~ ~ ;ffi § -JL §.. , fo)f ~ § -JL §.. i~ I ,,tf. fo)f ~ F~ ~ a a{J 

~ _),· -1-¾ TiJ i , P)f ~ !7 -JL Jl.. ~ ;ffi Jc fJL ffi fl. ;fP ;f& tt n1J , P)f ~ Jc fJL ffi fl.~ m 

fl 1-t 4g ( AbO3) , fl 1-t kl ( SiO2) , fl 1-t ~ ( MgO) , fl 1-t 1k ( TiO2) , 

~fl1-t* (HfO2) , fl1-t* (SnO2) , ~fl1-t4$ (CeO2) , fl1-tt! (NiO) , 

fl1-t# (ZnO), fl1-t4~ (CaO), fl1-t4½ (ZrO2), fl1-t4G CY2O3), 

~ 1-t kl C s i C ) , ~-½~ k , 1L fl 1-t ~ , 1L fl 1-t ~ , 1L fl 1-t 4~ ;f P ,;tf_. • ~ lf a{J -

#A§#a{J-¼a*~~Mm~m•~~~~,~~~~-~~~~a{J~• 

~,••~, -~~•, -~~•e, -~~•, -~~•~,•o/£~ 
-·~, •~~~4~~, •~~M, •o/£~~-o/0, •~~~~~ 
• _;, ~ ~ 1~ lf a{J - # A § # a{J iii.¼ o 

*~§~Jl..~~~**~~~-a{J~~tt~,~fl~tt~~i-£.M&~ 

~tt~, ~~*~~~-~~~~~A~~~~z~a{J~~tta 

~~-a{J•~~i-£.~it~~i-£.M~, *~i-£.M~~~~a&i-£.M~, 
~ ~ T£. f!l ~ ;fP T£. f!l ;1l lf a{J - # A § # , T£. M ;1l ~ .tfi • ~ ;fP -=I I=: 71<- ~z-n1J a 
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,,(f. .$. Yf7 it- .itt ~ ~1f1] lf , fo)f if4£ lt:izt §J LiPF 6 ._ LiBF 4 ._ LiAsF 6 ._ LiC104 ._ 

LiB(C6 H5 ) 4 ._ LiCH3 S03 ._ LiCF 3 S03 ._ LiN(S02 CF 3 )2._ LiC(S02 CF 3 ) 3 ._ LiSiF 6 ._ 

LiB0B :fP.:::.. ~ li,ij}j. 4£ lf €r9 - it A ~ it O ~1f1] *ix,' 4£ §£ :izt m LiPF 6' ltsl lg 

~~~~~~S9~~~~•*~•~~#tta 

ftJrif-=IP: 7J(.i%-1r1J ~ lg-6£.01-t½1h._ ¥t.._•01-t½1h._ M1-t½1h._ Jt ~ ~ 

:.l=JL ~%- i,1 A ~ 1n a~ ill½ o 

Lif4.O¼½1h~lgMR4•n¼½1h._~R4•n¼½1h._ ~R 

4. ifil~ 1-t ½ 1h A Jt ill½ 0 

LifMR4.O¼½1hfr9~~1g4•.::..GO(~C) ._4 • .:::..o/O 

(DMC) ._ 4•.:::.. ~ 0 (DPC) ._ 4. o/ ~ ifil~ (MPC) ._ 4. G ~ 0 (EPC) ._ 

4.o/GO(MEC)aJttt½a~if~R4.O¼½1hfr9~~1g4.~G 

im (EC) -- -6£. ~ ~ ifil~ (PC) -- -6£. ~ T ifil~ (BC) -- -6£. G ~ £ ~ G n 

(~C) ._ ~-~O(w)aJttt½a~if~R4.O¼½1hfr9~~1g4 

-~1\~ GO (FEC) ._ $£• 1,2-.:::..~~ G iffi~ ._ $£• 1,1-.:::.. ~~GO._ 4. 

1,1,2--=-~~Giffi~-- -6£• 1,1,2,2-~~~GO._ 4. 1-~-2-o/£~Gifil~-- $£ 

• 1-~-l-o/£~Gifil~-- 4. 1,2-.:::..~-1-o/£~GO._ -6£.1,1,2--=-~-2-o/ 

£~GO._~--=-~o/£~GOa$tt½a 

Lif¥t.._.O¼½1hfr9~~1gG.o/O._ G.GO._ G-£~O-- G. 

$lTifil~-- ~-o/ifil~-- ~-GO._ ~-~0-- y-Trl-JO._ ~P-JO._ ix.rl-JO._ 

o/~~-rl-JO._ ~rl-JO._ o/•o/naJttt½a 

L if M 1-t ½ 1h a~ ~ 111] lg .:::.. T M ._ ~ tr ffiil .:::.. o/ M ._ .:::.. tr ffiil .:::.. o/ M ._ 1,2-

.:::.. o/ ~£ G :J:;t ._ 1,2-.:::.. G ~£ G :J:;t ._ G ~£ o/ ~£ G :J:;t ._ 2- o/ £~A t1}t 'ifJ ._ 

~ A \1* 1WJ a Jt ill½ o 

L if$ ~ ~ :.l=JL ~%- i,J a~ ~ 111] lg .:::.. o/ ~ lift{. ._ 1,2-.:::.. ~ ix. ~ ._ ~ T lift{. ._ o/ £ ~ 

T lrft{. -- 1,3-.:::.. o/ £-2-ll* t1±:J:;t lli~ -- N- o/ £-2-t1tl: 11~:):;t lli~ -- o/ i$t.H'tc- -- .:::.. o/ £ o/ i$t 

~-- G•--*•-=-o/O._*•-=-GO._*•-=-~O--~*•naJttt½a 

,,(f..$.Yf7-it-~~~~lf, ~Lif£~~~-- ~~--- m~~~~~~ 

•~A*~A~~tt*, ~~-A~~~m•lf, ~A~M~, ¼A._# 

a, ~~A•~~~~o ~~, ~~•fr9•~~~~¼fftt~~~-- ~~ 
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JjJ.. -f: i.91~ ii\ vA J;l T£. ~~ ~ 4T i.91~ iJ., o 

~~¼~~~AM~~M, ~~ioo~~~~T£.~~tt7•~~~, 
~o/-~'"£.~~-•*-~~¼$~*~½~~'"£.~~-·o~~w~~ 
o/*~*~~%~£~i, ~#~T£.~~-•~#~~T£.~~~a~*~ 
aI, ~~~~~~~#~~#~~-~'"£.~,~~'"£.~,-*'"£.~,± 
~~T£.~AT£.%-a#M~, ~~T£.~~aik~~~T£.~, ~#~½£~ 
~T£.~,~~~~~T£.~,~~½*~~T£.~A~~~~½*~~T£.~o 

~o/•'"£.~~-•~rn~~~#M~~. $~rn~~~~~t~~~ 
*~ffi~o~-+~~~t, ~o/-~'"£.~~-•~rn~, ~~~~. ~ 
~~'"£.~, ~-A~~~~,~~'"£.~, T£.~~-~B,~aAT£.~,~ 
aA#~~'~aA~fy~,~aAhfy~,~AA~~fo4~,ffe.~, 
~AT£.~,+~A~~B,~aco~,~~~~,~~~,T£.~~•~, 
~~B, 4~*,~fflAffe*~' ~•~,~ffiT£.~, '"£.~, ~4,4~ 
4 , $/J -JJ m 1-t 4 , m 1-t 4 , ,~« aJJ B ~ , J,,;t ~ , i~ ~~ ;.tJL , 4t * , T£. ~ 1. ~ , 

R~h, ~~~, ~£ffik~.T£.~~~~~T£.%-B•o 
Too~•7-~~~~~~~~~~¾~M~$*ff7T£.~%~~~ 

~Jl.T£.~~*~~~~ff~~~o/-~ff~~o~~¼~~~AM~~M, 
~o/•t~~~~~~~~k~~~~~. $~*~½~~~~~~~~ 

~o/-€19~~ ~ 0 

~ ~111] 1 

* rn ~ ft, 1~ jg J1__ 1&.. ~ iiL 1~, ~ 4g f& * oo ;51 >1 a9 ~ ~ - A ,J, ~ ti.li4 ~ ~ 

~;ft.*, ~# ~ - J1..i&..~•t1. * }m ( $ t li4~4,l4lf €19 f}i fl.£ jg Dv50: 3µm, 

Dv90: IOµm) o li4~4,l4lf~{fa9i11.Ajg 95.8wt% li4~4,l4lf (LiFeP04 ) , 

2.8wt%~1'1~G:l"l (PVDF) 1P 1.4wt%~'"£.~,~, ~ 85°CT1#-f-, ffJA~ 
-J1..~~tt*JmA; ~~~illJ1..~~~~*£~~i~~~~-J1..~~tt 
*JmA~~3mm~~•~~-A~~~~*C~~-~~jg3mm), ~ 
1-t~;ft.;tt~~11.Ajg 98wt%~1,tcjg (Ab03) 1P 2wt%~1'1~G:tl (PVDF) , 

85°CT1#-t-, ffJA~Jt.jg 15µm a9 ie.~A; ~~ ~1#-t-~ a9 ~ -J1..i&..~•t1. 
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~~&~-~~~-&#•-~#(-~£~~tt~~&~~#), #. 

4£~4ttiLA h 97.8wt%#. 4£ (LCO) C Jt. lf #. 4£ ~ffi¾'i:.lt.h Dv50: 13µm, 

Dv90: 38 µm) , 0.8wt%~ 1-'i ~ Z:.. 1~ (PVDF) :fP l .4wt%--!r- 't!. ~.W-, fl:_ 85°C 

T*T, ~A-~£~~tt~~&, ~~-~£~~tt~~&fl:-~~£~ 

•~~*ft.~~~~*~~~~~--£~~tt~~&~*~~~~h 

3mm, .il~~;;f=f" ,rl..A!1J Ji)f~te.if& ( p!p • ~1§.~ h 0mm) ; )!ii}§ ~t •-£{/l 

~ •r± 1h ~ & a• ~ £ *JL ~ •r± ~ ~ & .ill: H- ,t-a, Jt. lf ;t-a a /J h 60T, ;t-a 
it.ft. 40m/min, * J:y , 5)--t7J Jf.i, fl:_ 85°C iT{; _Jt.. ?Z ~14-T T ~ 4 ,J, at, t•J ~-1~ 

~£~~,J:yo-Jt.lf~~--£~~tt~~&4Jt.h8~.il~~-~£~~ 

•t1.~~&4Jt.h 50µmo 

*ffl~ffl~h~~·~~, fl:-~%¾~~~~~~-&k~~#, ~ 

,tttKAh 97.7wt%Ai½k ,I,, 1.3wt%~ 'f £tfi-fi-#:4fJ (CMC) v~-&. 1.0wt% 

T Jt~,ij~ ( SBR) ~ii!.½, fl:_ 85 °CT :J:#T, :#-l!it.Jf.i ¼H-,t-a, * J:y , 5)--t7J, 

-m1J ~ -1~ Ju ~ *Jl *Jl ):y o 

~f 4£ l£ LiPF 6 1:j ;f p- 7j<. ;;f=f° :flL ~-t-1t1J ( -f~. Z:.. i:{fl iffi~ (EC) : ~. ~ Z:.. ~ (DEC) : 

~-1E~iffi~ (PC): ~-~~(PP): ~-1EZ:..flliiffi~ (VC) =20:30:20:28:2, 

~ -1: tt ) ~ ~ -1: tt 8 : 92 iffil t 1J im A ~ ~,t_ i-tl 1i h 4£ ~ :S- 't!. ~~ ~ 't!. il i-tl a 

~£~~,J:y~~~~J:y¼ff4~, £~~,J:y~~~~J:y~~~~z:..~ 

~~-¼ff-5)--~, Aim~~~~·~~'t!.~tt*, Jt.lf~~--~~1:j~ 

~-~~~~Ifl:-~~'t!.~tt*~~~~~i*, ~~'t!.~tt*~4Ji.D 

h 3 . 2 mm a Ji)f ~ 't!. {ll ti!. 14- K~ TJl 1~1 # , ~ i;_H; , -Jt- ?Z T ~ , ;:_i A 't!. }Wf- i,tl , ~ )lili. 

*IJf.i¼ff¼Aa~~, ~~~~A&•~:S-'t!.~a 

~ ~111] 2 

1:j~~~l~~~~~~~, ~~~~~~~~~2lffl:-ill£~·~ 

~*ft.~~~1:j~~--£~~tt~~&~~ 5mm~~I~~-&~¼ 

cjg;Jt# ( jj!p •-j§.~ h 5mm, .il. ~j§.~ T-1 2mm) a 

16 
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~~~~l~~•~~~~, ~~~~~~~~~3~~ill~~•~ 

~*ft.~~i~ffl~--~~~tt~A&~~9mm~~I~--&~¼ 
~¥*C~--~~h9mm), Affl~-~~~~tt~A&~ffl~~~• 
~~*ft.~~i~*~~~ffl~--~~~tt~A&~*~5mm(~-~ 
1§.~ h 4mm) o 

~ ~111] 4 

~~~~l~~•~~~~' ~~~~~~~~~4~~~-&~4 

Jt.h lOµmo 

~ ~111] 5 

~~~~l~~•~~~~, ~~~~~~~~~5~~~-&~4 

Jt.h 20µmo 

~ ~111] 6 

~~~~l~~•~~~~, ~~~~~~~~~6~~~-&~4 

Jt.h 5µmo 

~ ~111] 7 

~~~~l~~·~~~~' ~~~~~~~~~7~~~-&~4 

Jt.h lµmo 

~ ~111] 8 

~~~~2~~•~~~~' ~~~~~~~~~8~~~~tt*~ 

4ft. D h 2.8mma 

~ ~111] 9 

~~~~2~~·~~~~' ~~~~~~~~~9~~~~tt*~ 

4ft. D h 3.6mmo 

17 
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~ ~11,1 10 

~~~~2~~•~~~~,~~~~~k~~~1oi:r~~~tt*~ 

ff!-)!_ D jg 4.8mma 

~ ~11,1 11 

~~~~1~~·~~~~,~~~~~k~~~111t1~ill£~~~ 

~ * 1t. ~ foJ J:.. ~ ft)T :i&. ~ - £ ,t& ~ •t1. 4h 1m & 1§. ~ 20mm ~ 1JL 1f_ i;i-~ - & ~ 1-t 
4g ;Jt * ( f!p • - ff§. ~ jg 2 0mm ) , _fl_ ft)T :i&. • .=.. £ ,t& ~ •t1. 4h 1m & ~ ft)T :i&. £ ,t& 

~~~*lt.~fo)J:..~*~~ili~:i&.~-£~~tt4hlm&~*~~m(~~ 
.=..ie. ~ jg 18mm) a 

~ ~11,1 12 

~~~~1~~•~~~~,~~~~~k~~~121t1~~:i&.--=-L 

~~tt4hJm&~~:i&.£~~~~*lt.~foJJ:..~*~~~~:i&.~-£~~tt 
4h 1m & a~*~ a~ 1§. ~ jg 7mm ( f!p • .=..ie. ~ jg 10mm) 0 

~ ~11,1 13 

~~~~1~~•~~~~,~~~~~k~~~13i:f:1~ill£~~~ 

~*lt.~foJJ:..~~:i&.--£~~tt4hJm&~~~m~ftii;i-~-&~¼ 

~¥*, R~:i&.•-=-£~~tt4h1m&aA~~~:i&.~•&c~•-=-~~jg 
-3mm) a 

xt rt.1111 1 

* m 4g f& 1t jg £ ,t& ~ iiit 1*, ~ 4g f& * ar, J51 >J a~ i;t--~ - & , J, ~ ::ti. i;4 ~ ~ 
4£ ¥*, e!..~ • - £,f&~•t1.4h 1m ( Jt i:r i;4~4~4£ a~ ffli fi.}t_jg Dv50: 3µm, 

Dv90: l0µm) a i;4~4~4£1t1ta~t11.Ajg 95.8wt% i;4~4~4£ (LiFePO4) ... 

2.8wt%1it1'1'-.c..:J-l (PVDF) :fP 1.4wt%~~~.~. ~ 85°Cr:J:#f-, -JfJA• 

-£~~tt4hlm&; ~~~*f-~~--£~~tt4hJm&J:..~~i;t--~-& 

18 
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# ~ 4£ ;Jt :q:f C M .::.. _i1:. *&.. n. ·t± 4h JffLI£- €r-J ~ :q:f ) , # ~ 4£ ~ :q:f ii!. A h 9 7. 8wt% 

#~41£ (LCO) ($'i14t-~4£a~*Yifi.}t_h Dv50: 13µm, Dv90: 38µm) ... 

0.8wt%~1'1'-.G:t~ (PVDF) :fP 1.4wt%~-t!.~.~, fl:_ 85°Cr:J:#f-, ffJAM 

.::..£~nrtt4hA&, ffl~M-=-£~nrtt4hA&fl:-ffl~_il:.~.~~*;t_~~ 

i€r-J*~~~ffl~M-£~n.tt4hA&€r-J*~€r-J~~h3mm; M~~M­

_i1:. *&.. i'fi ·t± 4h A & a M .::.. £ *&.. i'fi ·t± 4h A & i!: ft;{'-a , $ 't1 ;{'-a a IJ h 60T, 

;t- ,ffi i!_)t_ 40m/min, ~ )4 ... '5t-t,JJ ~, fl:_ 85°C a~~ :Z 1k14 r f-Mc 4 ,J ... at, 1ff1J 

•~~_i1:.~~J4o$'t'ffl~M-£~nrtt4hA&4}t_h8~Rffl~M.::..£ 

*&.. i'fi ·r± 4h A & 4 h_ h 5 o µmo 

*ffl~ffl~h~~·~~. fl:-~%¾~~~€r-J~~-&k4~*• ~ 
:q:fii!.Ah 97.7wt%A~k ,I, ... 1.3wt%~ 'f £ifi-fi%"4iJ;J (CMC) v:,{J:l 1.0wt% 

T ~~,ij>;c_ ( SBR) , 85 °Cr:}:~ f-, :#- M~ :i!: 1r ,½- ,ffi... ~ J4 ... '5t-t,JJ, fl:_ 85 °C 

€r-J ~ ?Z 1k 14 r f- Mc 4 h, 1ff1J • ,ff f 1J ~ *&.. *&.. )4 o 

~tf-4£l£ LiPF 6 l:j -=II:- ~1f ;.tJL5~1frJ (-f£~ G :t~ iffi~ (EC):,?£~.::.. G ~(DEC): 

-?£~1Epgiffi~ (PC): pg~pg~ (PP): ~~JEG:t~iffi~ (VC) =20:30:20:28:2, 

A "i: 1:t. ) ~ A "i: 1:t. 8 : 92 iffic. 1ff1J im A €r-J 5~ i1l 1i h 4£ ~ -t- -t!. 5{t €r-J -t!. fill i-tl o 

~£~~)4~~~~)4i!:ff4~, £~~)4~~~~)4z~~~G~ 

~~-i!:ff-5t-~, Aim~·~~·~~-t!.~tt*, $'i1ffl~-t!.~tt*€r-J4 
}t_ D h 3 . 2 mm o fo)T ~ -t!. *&.. iii. 14 !.i T.Dl 1!i!tl # ... ~ ZJ!i ... ~ ?Z f- Mc ... ~j_ A. -t!. ilt- i,tl ... 

~~-I~:i!:ff¼All%~, ~~~~A£•~-t--t!.~o 

i~~~~a~~~€r-J-~-t--t!.~A£~A~. ~ffe$A£€r-J%~ ... 
4;t_ ... ~;t_ ... *;t_~~~-t!.~€r-J~~~~~;t_oM~~i~~~~a~~ 

~€r-J-~-t--t!.~A£i!:ff-t!.~%~~~a-t!.~~~~~o 
%~~-I-iJIJil..: 

~ts- ,ft iJR1J €r-J -t!.1,t ~*I C • ~ -t- -t!. 5{t) fl:- 2 5 + 3 °C ~ J;t 't' * I 3 o -5t- 4r , 
v:,{ o .5 c 1-~ * •1-0 iliL Jt -t!. ~ -t!. a ~ 4 .4 V C -'tffi. ~ -t!. a ) , M ~ v:,{ •1-0 a Jt -t!. A f 1J Jt 

jk_ -t!.1% * 2S. f 1J o. o 5 C at 1,f .i1:. Jt -t!. , :#-~ts-# iJR1J a~ -t!. 1,t ~ * I jk_ I 3 o -5t- 4r a z 
~ -ft J;:,{ 0. 2 C 1% * ~ts- -t!. 5{t j{. -t!. ~ 3 . 0 V, *~ts-# iJR~ a~ • ~ -t- -t!. 5{t j{. I 3 0 -5t- 4r 0 
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•~~~~%t~h~~~~~~~%~o 

4:l ~ -:S- ~ ~it n~ t ~ Ji. =ii~ % ~ I ( 4:l ~ -:S- ~ ~it~ *Ji.* Jil Ji.* 4 Ji.) o 

it!. x!i ~ ,tJ"iJllJ ~: 

Jtx. 1 o ~x. # iYl~ a¢J ~ 1,t. ~ ~ I ( 4:f ~ -:S- ~ ~it ) ,,(f. -;t i~ r v:,< o. 5 C 1% • ,te ;t 

~ ilrt. Jt ~ _f.. ~ a 4 .4 v, ill - :tv ,,(f. 4 .4 v ,t0 ;t ~ a r Jt ~ _f.. ~ ilit o. o s c, 1~ Jt 

~ r 4 .4 v i~ Jt ~~ ~ o z ~ ,,(f. 1t i~ ~ 1t r ~t 4:t ~ -:s- ~ ~it ill 1-t 1f ✓-tr , * m _m:_ ,1~ 

h 2.5mm 4T-:S- ( 4M4T, ,+t Jfft h $£ 4M, 41i-Ji.h 16.5mm, 4M4T ,& * h 100mm), 

v:,< 3 Omm/ s a¢J # 1T it. Ji. # 4T, # 4T '* Ji. v:,< 4M 4T 41! Ji. # ii 4£ ~ -=f ~ ~it h ;ft , )~ 

~ 4:l ~ -:S- ~ ~it ;;t. ~ JI- ffl , ~ k A fl. Yr o :=t=- ~~ ~ .W•J iJ... h 4:l ~ -:S- ~ ~it :ii. ii # 4T 

.1}-/i'-~ ~ {fr] v:,( a .xt J:t. {fr] ~ ~ ~ft-~~ ;f P iJlrJ :i it * -;(tt r * 1 P)T 7F 0 

*1 
"'3.tliH§.14 

3Jl;~iEt!U~ltt,JJv:tfzi':~3Jl; m~HJH~ ~~m w1~a-iti.1& 
W.f'f. m~11e m=11e ~H.im 

£.ll.;ljlj .=iEtlH~ltt,J mt Fzi': 1¥.J {ft ll ttt,Jmtfzi':W. W.f'f. ~13:B:Wf'f. 
(mm) ~(mm) ~(mm) J:1:$. *~ f'f.(um) (um) (Wh/L) 

~PID:190 1 ...t.m~t±:!rm 3.2 3 0 8 15 10/10 680 

~PID:190 2 ...t.m~t±:!rm 3.2 5 2 8 15 10/10 680 

~PID:190 3 ...t.m~t±:!rm 3.2 9 4 8 15 10/10 680 

~PID:190 4 ...t.m~t±:!rm 3.2 3 0 8 10 8/10 682 

~PID:190 5 ...t.m~t±:!rm 3.2 3 0 8 20 10/10 678 

~PID:190 6 ...t.m~t±:!rm 3.2 3 0 8 5 7/10 683 

~PID:190 7 ...t.m~t±:!rm 3.2 3 0 8 1 6/10 684 

~PID:190 8 ...t.m~t±:!rm 2.8 5 2 8 15 10/10 680 

~PID:190 9 ...t.m~t±:!rm 3.6 5 2 8 15 10/10 680 

~PID:190 10 ...t.m~t±:!rm 4.8 5 2 8 15 10/10 680 

~PID:190 11 ...t.m~t±:!rm 3.2 20 18 8 15 5/10 680 

~PID:fl!J 12 rfzi':~t±:1...t.m 3.2 3 10 8 15 8/10 678 

~PID:fl!J 13 ...t.m~t±:!rm 3.2 0 -3 8 15 8/10 678 

Mbl'..fl!J 1 ...t.m~t±:!rm 3.2 - - 8 0 2/10 685 

B 
le 

;a-; 

"" 
tfr 

i!I! 

1i' 

1i' 

1i' 

1i' 
;a-; 

"" 
1i' 

1i' 

1i' 

1i' 

1i' 
;a-; 
"" 
B 
le 

B 
le 

;a-; 

"" 

:ii. ii tt. ~ .xt tt.1frJ 1 ;fP ~ ~ 1frJ 1-13 <f ~ , :ii. ii tt 1;- ,,(f_ ..J1:._ ;tl.l n. ,t1. :ih Jfft & a 
A~~~%-ma&M~~..J1:._~nrtt~Jfft&~a,,(f.~M~~~*m~~&, 
4:f~-:S-~~~1f*~~:i!.ii·½~Ek~Ji.~~•, ¾A~Jt~t~Ji.£ 
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~~~~~~~12&~~~1~~,~-~~~~tt~A&~~~• 

~~*&~~~~*~Mr~~--~~~tt~A&~*~~, ½?~# 
4£J~ $}_ 0 

~~~~13~~~~1,2,3~11~~, ~~~-~~~~tt~A 

&~~~~•&•~~' ½~a#4£~$t-o 
~ ~ ~{~•] 1 ,fP 4-7 ~ ~µ, ~:I- it•& 4 & ~ ;~ ~y, 4£ ~ -=J- 1£. 5~d,~ ~~ :i 

t1f; & ½,J, rr£-t~fr; 1a k, ie..&4&~1t-t!!.½~a4:t~-=J-1£. 5~~ 1t 4T~~ 

*rFta 
~~ ~111J 2 ,fP s-10 ~ ~µ, xtr ~#;~Pl 4& ~ i£. *&~11.14-a~ 4£ ~ -=J- i£. 5~, 

~~~-~~~~~~~~½~~I, ~~~~I~~~4£~-=J-i£.~~~ 

:itfH&,~?~#4£·~~ffi~tt~r,K~~~4£~-=J-i£.~~~±tt~o 
~k~~~*~~ilift+~~~~#~, ~~~~~&~~¼lf*~ 

~*~~*~~~~~M~~-~§#~~o~~&~~¼lf*~~*~ 

~*~~~~~m~~-~~£~, ~~ffA*~~~~½~, ~~~~ 

~ JJ:t 5'J: ~ * ~ ~ ~ 1111 im Pl ~ §J a~ &/ A 3ii f•J im Pl ~ 1£ ,?i, o foJT ~ ~i_ ~4911~ lf * 
~~*~~*~~~M, ~~~•~~~¾~#~~~-~tt#~~~, 

R~~~~~-~ff~#~~,·~~•~, ~~½#~~~-~tt#~ 

~~a ~~~klf~~~~~~~~~~*~~ff~ff~*~~~~~~ 

~, 1a EL J.f. M , ~ ~ ~ IDi. ~ ~ ~ *a~~~ a~ ·rt ;x., r ~11. ½, ~w 5J-- A~ -HJT J4F ff 

~ ;ti:. 4* 1i v~ Jtj A• 1t ~,'-¼a ~ JJ:t , ~ ~I=- ~ k lf 4t iitl ;tlfi ~, i; 91•1 4* 1-'F a~ ;k_ ff 

&1J--~11.~kxt ~ ~-a~ F~t•J o 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
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Application/Control Number: 16/298,738 
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DETAILED ACTION 

Notice of Pre-AJA or AJA Status 

Page 2 

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 I 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-AIA), 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-AIA 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 

Page 3 

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. 
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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)(l) 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)(l) 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); 

i,>'COtld 

p,wii<.m Fig. 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 surf ace 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), 

~isulafa1£ 
l;iyer 

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 0 (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(LiMPQ4 [0040]), lithium 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. 

Page 7 

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 µm 

([0064]) which overlaps the claim limitation of the thickness of the first cathode active material 

layer is from about 0.1 µm to about 20 µm. The thickness of the active material layer may be an 

mbitrary value, and is not panicu1arly 1irnited ([0064];. 1n the case of the use for a 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 ,veight, it is 

preferable that the active material layer that is positioned on at least one surface of the current 

collector be abom 5 w 200 p.1n in thickness ([0064!). 
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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, 

polyester, polypropylene, or materials containing them can be used and insulating member 40 

can be formed by bonding a tape-like resin member to border pan 4 by heat or by applying a 

gel-like resin on border pa.rt 4 and ihen drying the resin ([0048], Fig. 2;. 

Yarnafuku teaches a similar energy storage device (abstract). 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 bet\iveen the current collecting substrate and 

lhe active 1nateria1 layer, and an insulating layer a.rranged on the cmTent colleding subslraie 
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( abstract), Yarnafuku teaches an energy storage device having an insulating layer high in 

insulation properties([0046]), Yamafuku teaches the insulating material include inorganic 

pa.rticles and a resin ([(H27]J, wherein the inorganic particles are selected from the group 

consisting of aluminum oxide([0l29]), silicon dioxide([0l29]), titanium oxide([0l29]), 

boehmite ([0134]), barium sulfate ([0131]) and combinations thereof ([0135]). 

Page 9 

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 Y amafuku 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 I 0, 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); 

portfon Fig. C 
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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 surf ace 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 laminate body (battery electrode assernbly) in which positive 

electrodes (positive electrode sheets) 1 and negative electrodes (negative electrode sheets) 6 are 

alternately laminated with separator 20 interposed therebetween such that layers are formed (Fig. 

1, [0031]). 

Y arnafuku teaches a similar energy storage device (abstract). At least one of the 

electrodes includes a current collecting substrate, an active material layer arranged on the current 

collecting substrate, an intermediate layer .:uTanged bet ween the current collecting substrate and 

the active material layer, and an insulating layer a1Tanged on the current collecting subslrate 

(abstract). Yarnafuku teaches a sheet-like positive electrode 3 and a sheet~like negative electrode 

5 are overlapped via a separator, after which those are ,vmrnd to form an electrode assembly as 

shown in FIG. 7 ([0202]). 
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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), 

illsula~ 
fayer 

Fig. D 

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 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 
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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. I & 

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 layer may be an arbilrary value, and is not particularly lirnited([0064]). 1n the case of lhe 

use for a pmtable electronic device, an electric bicycle, an electric assist bicycle, a stationary 

chargeL an electric vehicle, a hybrid 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 to 200 wn 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 

disclosed in the prior art, discovering the optimum or workable ranges involves only routine skill 

in the art. MPEP §2144.05 (II-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 :S the second distance :S n/2 * D + 4mm (second 

distance is Oas 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); 

portion ~tX-'.OHd 

pmiim, Fig. E 

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 surf ace 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 electrode laminate body (battery electrode assembly) in which positive 

electrodes (positive electrode sheets) l and negative electrodes (negative electrode sheets) 6 are 
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alternately laminated 'vYith separator 20 interposed therehetween such that layers are formed (Fig. 

L [0031]), 

Yarnafuku teaches a sirnilar energy storage device (abstract). Ai 1easi one of the 

electrodes includes a current collecting substrate, an active material layer aJranged on the current 

collecting substrate, an intermediate layer arranged bet\veen the current collecting substrate and 

the active material layer, and an insulating layer arranged on the current collecting substrate 

(abstract). Yamafuku teaches a sheel-like positive electrode 3 and a sheet-like negative electrode 

5 are overlapped via a separator, after '..vhich those are wound to form an electrode assernbly as 

shown in FlG. 7 ([0202]). 

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.Fas 

annotated Fig. 10), 

Fig. F 
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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. I & 

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 layer may be an arbilrary value, and is not particularly lirnited([0064]). 1n the case of lhe 

use for a pmtable 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 material layer that is positioned on at least one surface 

of the current collector be about 5 to 200 wn 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-AIA), 

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 ihe first cathode active material layer on the bottom layer of the active material 

layer, 'Nhen the second cathode active material layer is coated on the first cathode active rnaterial 

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 maierial 1ayer([0037] US 2020/0144605). The lhickness of the firsi calhode 

active rnaterial layer 12 is less than or equal to the thickness of the insulating layer 14(Fig. l, 

[0048]). In some embodiments of the present application, the thickness of the insulating layer 14 

is greater than about 0.1 ~tm to achieve a certain insulating effect([0048]), 

Tanaka discloses a difference betvveen an average thickness al a nmlti-layer pan where 

both actl ve material layers me laminated on current collector and a thickness of the active 

material layer at a part where the insulating member is positioned on active material layer is 5M7c 

or more of a thickness of the insulating member (abstract Fig, 2). It is desirable that insulating 

mernber 40 be s1na1ler than the average thickness of mu Hi-layer part M of positive electrode 
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active material 2 (Fig, 3, [0051]). The thickness of insulating member 40, preferably, is 90?o or 

less of the average thickness of multdayer part M of positive electrode active material 2, and 

rnon.: preferably, is 601;{; or less of the average lhickness of nmlti-layer pan M([0051 ]). Tanaka 

does not disclose, teach or render obvious the noted clairn limitatfrm, 

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-AIA), 

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: 0 :S the first distance :S n/2 * D + 4mm. 

In the instant invention, 4 mm in the above forrnula is an allov,,,able error range (i.e., a 

processing tolerance) of the error generated \vhen the electrode assembly is processed, and the 

numerical range of the processing tolerance can be adjusted according to the actual operation 

process without being 1irnited thereto (10061]). The ammgernent of the first distance 15 and the 

second distance 16 effectively avoids the overlapping of the first cathode active rnaterial 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 rnpture of 

the second caihode adive material in the second caihode adive material layer 13 during the cold 

pressing technique(Fig. 2, [004 ll). The first distance is from about 0 nun to about 83 mm, vv·hich 

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 ([0044 ]), 
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Tamtka discloses the distance between the end pait (termination position) of the applied 

pan of the first active material layer and the end pait (tenninalion position) of the applied part of 

the second adive material layer, that is, the length of single-layer pari S ,vhere the insulating 

rnember is forrned, rnay be an arhitrnry value, and is not particularly lirnited([0066]). Takjng into 

account the energy density per unit volume of the battery electrode assembly, the distance, 

preferably" is 05 to 5 mm. and more preferably, is 0.5 to 3 mm([0066]). In this case" it is 

allowable to arbilrari1y select ,vhether the end pan of ihe applied pari of the second active 

material layer is positioned on the first active rnaterial layer such that single-layer part Sis 

configured by the first active material layer similarly to the exemplary embodiment (FIGS, 2 to 

3). or vvhether the end part of the applied pait of the second active material layer is positioned on 

the crnTent collector beyond the end pari of ihe applied part of the first active 1nateria.l layer such 

that single-layer part S is configured by the second active rnaterial layer similarly to another 

exemplary embodiment (FIG. 10, [0066]), Hmvever, Tanaka does not disclose, teach or render 

obvious the noted claim limitation. 

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-AIA), 

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 :S the first distance :S n/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:S the second distance 
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:S n/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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(54) Energy storage device and energy storage module 

(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 

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 aqueous binder. 
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Description 

FIELD 

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

[0001) The present invention relates to an energy stor- 5 mediate layer contains a carbonaceous material and a 
age device and an energy storage module. 

BACKGROUND 

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 aqueous binder. 

[0002) In recent years, as a power source for a vehicle 10 BRIEF DESCRIPTION OF THE DRAWINGS 
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 a lithium ion battery and a nickel metal hydride battery, 15 

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 20 

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- 25 

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 30 

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- 35 

tween the electrodes of the electrode assembly. This can 
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 40 

which has an insulating layer on 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 that insulation properties of the 
insulating layer be further enhanced. 45 

SUMMARY 

[0008) An object of the present invention is to provide 
an energy storage device having an insulating layer ex- 50 

cellent in insulation properties and an energy storage 
module. 

[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 embodiment; 
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 embodiment; 
Fig. 5 is a cross-sectional view schematically illus­
trating a cross section of an electrode assembly in 
accordance with another embodiment; 
Fig. 6 is a cross-sectional view schematically illus­
trating a cross section of an electrode assembly in 
accordance with another embodiment; 
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 
111-111 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-
[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-

55 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-

of the positive active material layer. 
[0020] In an aspect of an energy storage module ac­
cording to the present invention, the module includes the 
above-described energy storage device and a bus bar 

5 member electrically connected to the energy storage de-
mediate layer contains a carbonaceous material and a vice. 
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 aqueous binder. 
[0012] In an aspect of the energy storage device ac­
cording to the present invention, the first binder is a non­
aqueous 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 to the present invention, 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 
to face at least a part of the 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 ofthe current 
collecting substrate which is opposed to the other elec­
trode. 
[0018] In another aspect of the energy storage device 
according to the present invention, the intermediate layer 
has an intermediate layer-protruding portion protruded 
outside from the end edge of the active material layer. 
The insulating 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 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 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 

[0021] A method for producing an energy storage de­
vice according to an aspect of the present invention is a 
method for producing an energy storage device including 

10 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-

15 strate of at least one 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-

20 plying a composition for an insulating layer containing an 
insulating material and an aqueous binder on at least one 
of the intermediate layer, the active material layer and 
the current collecting substrate. 
[0022] In an aspect of the method for producing an 

25 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 present inven-

30 tion, the composite contains a carbonaceous material. 

[0024] In another aspect of the method for producing 
an energy storage device according to the present inven­
tion, the insulating material contains inorganic particles. 
[0025] In another aspect of the method for producing 

35 an energy storage device according to the present inven­
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 composite is not applied. 
[0026] Hereinafter, one embodiment of the electrode 

40 assembly according to the aspect of the present invention 
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 

45 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 

50 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 material and a third 
binder. The first binder and the second binder are non-

55 aqueous binders. The third binder is an aqueous binder. 
[0028] In the energy storage device of the present em­
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 6, 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 aqueous 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 aqueous 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 carbonaceous 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 of the carbonaceous 
material. Thus, it is 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) In the energy storage device of the present em­
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 nonaque­
ous binder and the carbonaceous material, which are 
high in affinity to each other, are contained. Thus, the 
nonaqueous 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 aque­
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) In the energy storage device of the present em-

bodiment, inorganic particles are contained as an insu­

lating material in the insulating layer 7. In the case where 
the carbonaceous material is contained in the interme­
diate layer 6 or the active material layers 3b and 5b and 

5 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 

10 from moving into the insulating layer 7. 
[0034] In the energy storage device of the present em­
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 

15 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 

20 the active material layer 5b in the other electrode. 
[0035] As shown in Fig. 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. 

25 [0036] As shown in Fig. 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 

30 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 6 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 

35 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-

40 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, in the insulating layer 7, an aqueous 
binder, which is low in affinity with the carbonaceous ma-

45 terial, is contained. Thus, the aqueous 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-

50 protruding portion 6a while being in contact with a current 
collecting substrate 3a or 5a. That is, 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 6, the intermediate layer 6 is exposed by the thick-

55 ness of the 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. 
1 to Fig. 3, an electrode assembly 2 in the 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. 
In the meantime, a positive electrode 3 includes a positive 
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, and an insulating 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) The intermediate layer 6, 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 aqueous binder, and each of the binders con­
tained in the positive active material layer 3b and the 
intermediate layer 6 is a nonaqueous binder, the affinity 
between the aqueous binder and the nonaqueous binder 
is relatively 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 

carbonaceous material. Thus, as described above, the 
aqueous binder can prevent the carbonaceous material 
from moving into the insulating layer 7. Thus, it is possible 
to sufficiently enhance the insulation performance of the 

5 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 

10 binder which is soluble in water (hereinafter, also referred 
to as water-soluble binder). 
[0046] The binder contained in the insulating layer 7 is 
an aqueous binder which is dispersible or soluble in wa­
ter. 

15 As the aqueous binder, a water-soluble binder (aqueous 
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 least one 

20 kind selected from the group consisting of polyethylene 
oxide (polyethylene glycol), polypropylene oxide (poly­
propylene glycol), polyvinyl alcohol, polyacrylic acid, 
polymethacrylic acid, polytetrafluoroethylene (PTFE), a 
styrene butadiene rubber (SBR), polyolefin, a nitrile-

25 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. 

30 [0048] On the other hand, the nonaqueous 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 

35 of water at 20°C is preferred. 
[0049] Examples of the nonaqueous binder include 
polyvinylidene fluoride (PVDF), a copolymer of vinyli­
dene fluoride and hexafluoropropylene, a copolymer of 
ethylene and vinyl alcohol, polyacrylonitrile, polyphosp-

40 hazene, polysiloxane, polyvinyl acetate, polymethyl 
methacrylate, polystyrene, polycarbonate, polyamide, 
polyimide, polyamideimide, a crosslinked polymer of cel­
lulose and chitosan pyrrolidone carboxylate, and a de­
rivative of chitin or chitosan. 

45 [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 

50 from the group consisting of polyvinylidene fluoride, a 
derivative of chitosan and a polyimide 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. 

55 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 in that 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 µm. 
[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 least one 
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 µm. 
[0056] The separator 4 is formed 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 µm. 
[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 6a 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 material layer 5b, and furthermore, 
the insulating layer 7 is arranged so as to cover the neg-

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 

5 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-

10 trade 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 

15 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. 

20 [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 

25 material layer 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 6 is protruded outside from 
the protruding end edge of the negative active material 

30 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 

35 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 

40 2 can be prevented by the insulating layer 7. 
In this connection, although a short circuit caused by a 
foreign substance can also be prevented by the separator 
4, there is a case where a foreign substance breaks 
through the separator. Even in such a case, it is possible 

45 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 a foreign substance but also caused 
accompanied with the contact between the positive elec­
trode 3 and the negative active material layer 5b by 

50 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 

55 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 3a is usually a foil-like shape. 
The thickness of the positive current collecting substrate 
3a is usually 5 to 50 µm. 
[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 material layer 3b is usually 
30 to 200 µm. 
[0066) Exam pies of the positive active material include 
a material capable of occluding and releasing lithium 
ions. 
The positive active material is usually formed in a particle­
like shape. 
[0067) Exam pies of the positive active material include 
a composite oxide represented by LixMOy (M represents 
at least one transition metal) (such as LixCoO2, LixNiO2, 

LixMn2O4, LixMnO3, LixN~Co(1-y)O2, LixNiyM­
nzCo(1-y-z)O2, and LixNiyMn(2-yp4). 

Moreover, examples of the positive active material in­
clude a polyanion compound represented by Liw­
Mex(XOy)z (Me represents at least one transition metal 
and examples of X include P, Si, B and V) (such as 
LiFePO4 , LiMnPO4 , LiNiPO4 , LiCoPO4 , Li3V2(PO4h 
Li2MnSiO4 , and Li2CoPO4F). 
An element in 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 ZrO2, MgO and 
Al2O3 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 carbonaceous 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 

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 

5 of the positive current collecting substrate 3a. 
[0071) It is 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 

10 sufficiently high peel strength to the current collecting 
substrate. 
lt is preferred that the intermediate layer 6 be higher in 
electron conductivity than the active material layer (pos­
itive active material layer 3b). 

15 [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 

20 between the positive current collecting substrate 3a and 
the positive active material layer 3b. Moreover, 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 

25 prevented. 
In this connection, the thickness of the intermediate layer 
6 is usually 0.1 to 10 µm. 
[0073] The carbonaceous material usually has an elec­
trical conductivity of not less than 1 o-6 S/m. 

30 [0074] Examples of the carbonaceous material include 

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 3 and the neg-

35 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 so as to face the end edge of the 

40 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. 

45 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, 
it is possible to prevent a short circuit caused by a foreign 
substance, which has intruded into the end portion of the 

50 electrode assembly 2, by the insulating layer 7. 
In this connection, there is a case where a short circuit 
is not only caused by a foreign substance but also caused 
accompanied with the contact between the positive elec­
trode 3 and the negative active material layer 5b caused 

55 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, it is 
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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 notonlycaused by a foreign substance but also caused 
accompanied with the contact between the positive cur­
rent collecting substrate 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 so 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) The insulating material is higher in electrical re­
sistance than the carbonaceous material. 
For details, the insulating material has an electrical con­
ductivity of less than 10-6 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 mineral resources and artificial sub­
stances thereof. 
Examples of fine oxide particles include particles made 
from iron oxide, SiO2, Al2O3, TiO2, BaTiO2, 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-

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 

5 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-

10 ite, bentonite, mica, and the like. 
[0082] As the inorganic particles, one kind of particles 
mentioned above, a mixture thereof, or a composite 
thereof can be employed. 
As the inorganic particles, preferred is at least one kind 

15 of SiO2 particles, Al2O3 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 

20 and the negative electrode 5. 
From the viewpoint of being capable offurther 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 

25 is preferably greater than the width of the negative active 
material layer 5b. 
The thickness of the separator 4 is usually 5 to 50 µm. 
[0084] The separator 4 may be made of a single layer 
and may be made of a plurality of layers. 

30 [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-

35 ative current collecting substrate 5a is usually 5 to 50 µm. 
[0086] For example, the negative active material layer 
5b extends along at least one surface of the negative 
current collecting substrate 5a. 
The negative active material layer 5b contains a negative 

40 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 µm. 
[0087] The negative active material is a substance ca­
pable of contributing to the electrode reaction of charge 

45 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 

50 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 

55 layer 3b is employed. 
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[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 to Fig. 3, both end edges 
in the width direction of the negative active material layer 
Sb 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 Sb 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 present embodiment 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 to 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 

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 other. 

5 [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, two openings are formed in the lid body 8b. 

10 [0098] 0 n the outer face of the 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 one external gasket 

15 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 

20 is not illustrated is further arranged between each of the 
external terminals 11 and the lid body 8b, and each of 
the external terminals 11 and the lid body 8b are insulated 
with the insulating member. 
[0099] The external terminals 11 are each connected 

25 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-

30 trade assembly 2 via each of the t11vo 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. 

35 [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, 

40 and the external terminal 11 for the positive electrode are 
each arranged atone end side in the 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 

45 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 Ba of the 
case 8. 

50 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. 

55 [0102] As shown in Fig. 11, the electrolyte solution 9 
as an electrolyte is accommodated inside the case main 
body 8a, and the electrode assembly 2 is immersed in 
the electrolyte solution 9. That is, 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, trifluoropropylene carbonate, y-bu­
tyrolactone, y-valerolactone, sulfolane, 1,2-dimethox­
yethane, 1,2-diethoxyethane, tetrahydrofuran, 2-methyl­
tetrahydrofuran, 2-methyl-1,3-dioxolane, dioxolane, 
fluoroethyl methyl ether, ethylene glycol diacetate, pro­
pylene glycol diacetate, ethylene glycol dipropionate, 
propylene glycol di propionate, methyl acetate, ethyl ac­
etate, propyl acetate, butyl acetate, methyl propionate, 
ethyl propionate, propyl propionate, dimethyl carbonate, 
diethyl carbonate, ethyl methyl carbonate, methyl propyl 
carbonate, ethyl propyl carbonate, dipropyl carbonate, 
methyl isopropyl carbonate, ethyl isopropyl carbonate, 
diisopropyl carbonate, dibutyl carbonate, acetonitrile, 
fluoroacetonitrile, alkoxy- and halogen-substituted cyclic 
phosphazenes or linear phosphazenes including ethox­
ypentafluoro cyclotriphosphazene, diethoxytetrafluoro 
cyclotriphosphazene, phenoxypentafluoro cyclotriphos­
phazene and the like, phosphoric acid esters including 
triethyl phosphate, 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 4 , LiAsF6 , LiPF6, LiCF3SO3, 

LiN(SO2CF3h, LiN(SO2C2F5h, 
LiN(SO2CF3)(SO2C4 F9), LiSCN, LiBr, Lil, Li2SO4 , 

Li2B10Cl 10, NaCIO4 , Nal, NaSCN, NaBr, KCIO4 and 
KSCN, and mixtures of two or more thereof. 
[0105] In this connection, the electrolyte solution 9 
( nonaqueous electrolyte) can further contain a known ad­
ditive. 
As the electrolyte solution 9 (nonaqueous electrolyte), a 
solvent prepared by mixing ethylene carbonate, dimethyl 
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 as one 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 
1 is produced by accommodating the prepared electrode 
assembly 2 and an electrolyte solution 9 in a case 8. 
[0108] For details, for example, the method for produc­
ing an electrode assembly 2 includes a negative elec­
trode-preparing step of preparing a negative electrode 

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 

5 material layer 5b is formed from a negative composite 
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 
6, a positive active material layer-forming step of forming 

10 a positive active material layer3b, and an insulating layer­
forming step of forming an insulating layer 7. The inter­
mediate layer 6 is formed by applying a composition for 
an intermediate layer containing a carbonaceous mate­
rial, a nonaqueous binder and a solvent to one face of a 

15 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 

20 insulating layer containing an insulating material, an 
aqueous binder and a solvent. 
ln 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 

25 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 

30 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-

35 alive electrode 5 can be overlapped so that the formed 
negative active material layer 5b and the formed positive 
active material layer 3b face each other, and furthermore, 
at least a part of the end edge of the negative active 
material layer 5b faces the insulating layer 7. 

40 [0109] In the 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 composite 
is applied to one face of a belt-like negative current col-

45 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 

50 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 5a is prepared. 
[0110] In the positive electrode-preparing step, each 

55 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-

10 
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ample, a carbonaceous material and a nonaqueous 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. 
ln 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 one side in the width 
direction of the belt-like positive current collecting sub­
strate 3a. 
[0112) ln 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 composite. 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 aqueous binder are 
mixed, and the mixture is added to a solvent and kneaded 
to prepare a composition for an insulating layer. The com­
position 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 composition 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 

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 

5 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) On the other hand, in the positive electrode-pre­
paring step, the composition for an intermediate layer is 

10 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 composite 

15 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 for an insulating layer are 
adjacent to each other. 

20 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-

25 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. 

30 Moreover, when the composition for an intermediate lay­

er contains a carbonaceous material and the composition 
for an insulating layer contains inorganic particles, the 
carbonaceous material is relatively high in hydrophobic­
ity and the inorganic particles are relatively high in hy-

35 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 

40 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-

45 live 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 

50 electrode 5 are disposed and overlapped so that the 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. 

55 [0118) For example, a nonaqueous electrolyte second­
ary battery is produced in the following manner. 

11 

That is, a current collecting part 10 is attached to each 
of the positive electrode 3 and the negative electrode 5 
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in the 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 Bb 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 8. Then, the liquid injection hole is sealed. As 
the electrolyte solution 9, for example, an electrolyte so­
lution prepared by blending LiPF6 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) As stated 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 
in the width direction and both end parts in the longitudinal 
direction orthogonal to the width direction. 
[0122) In the above-mentioned embodiment, although 
a nonaqueous electrolyte secondary battery as an ener­
gy storage device is described as an exam pie, the energy 
storage device in accordance with one embodiment of 
the present invention is not limited to the nonaqueous 
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 present invention relates not only 
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-

eludes 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. 

5 [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 

10 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 

15 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 so as to be charged and 

20 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-

25 erties. 

Claims 

30 1. An energy storage device comprising an electrode 

assembly having a pair of electrodes overlapped with 
each other, 
at least one of the electrodes including a current col­
lecting substrate, an active material layer arranged 

35 on the current collecting substrate, an intermediate 
layer arranged between the current collecting sub­
strate and the active material layer, and an insulating 
layer arranged on the current collecting substrate, 
the active material layer containing an active material 

40 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 

45 the third binder being an aqueous binder. 

50 

55 

12 

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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6. 

7. 

8. 

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 to face each 
other, and 
the insulating layer of one electrode is arranged to 5 

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 1 to 5, wherein, in one electrode, the insulating 10 

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 15 

claims 1 to 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. 

20 

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 25 

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

9. The energy storage device according to any one of 30 

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 35 

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 40 

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 45 

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 50 

covering the end edge of the positive active material 
layer. 

10. An energy storage module comprising: 
55 

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

13 

energy storage device. 

11. 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 material and a nonaqueous 
binder to a current collecting substrate of at least 
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. 

12. 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. 

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

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

15. 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 for 
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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oo~~-••t•~*•x~t0~w~~0-±ffikH6 ■ 00~M~~~--U~WL W 
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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 is positioned closer to the uncoated part 3 a 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. 

0187



PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number I Filing Date I Substitute for Form PTO-875 
16/298,738 03/11/2019 □To be Mailed 

ENTITY: ~ LARGE D SMALL D MICRO 

APPLICATION AS FILED - PART I 

Column 1) (Column 2) 
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

LJ BASIC FEE 
(37 CFR 1.16(a), (bl, or (cl) 

N/A N/A N/A 

LJ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (i), or (m)) 

LJ EXAMINATION FEE N/A N/A N/A 
(37 CFR 1.16(0), (o), or /nii 

TOTAL CLAIMS 
minus 20 = * X $100 = 

(37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 
minus 3 = * X $460 = 

(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE (37 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

CFR 1.16(s)) fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

0 MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

/Column 1\ /Column 2\ /Column 3 
CLAIMS HIGHEST 

09/08/2020 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
I- AFTER PREVIOUSLY z AMENDMENT PAID FOR w 
::iii: Total * 19 Minus ** 20 =0 X $ 100 = 0 C 137 CFR 1.16"ill 

z Independent *3 Minus *** 3 =0 X $460 = 0 w (37 CFR 1.16(h)) 
::iii: D Application Size Fee (37 CFR 1.16(s)) c( 

0 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(j)) 

TOTAL ADD'L FEE 0 
(Column 1) (Column 2) (Column 3) 
CLAIMS HIGHEST 

REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 
I- AMENDMENT PAID FOR z w Total * Minus ** = X $0 = ::iii: (37 CFR 1.16(i)) 

C Independent * Minus *** X $0 z /37 CFR 1.16/hll = = 
w D Application Size Fee (37 CFR 1.16(s)) ::iii: 
c( 

lJ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(i)) 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. LIE 

** If the "Hiqhest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /KAREN T WASHINGTON/ 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. 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 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. 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-PTO-9199 and select option 2. 

0188



Electronic Acknowledgement Receipt 

EFSID: 40496615 

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: Juan Carlos A. Marquez 

Filer Authorized By: 

Attorney Docket Number: LEEL-0101 

Receipt Date: 08-SEP-2020 

Filing Date: 11-MAR-2019 

Time Stamp: 17:10:53 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

216117 

1 Transmittal Letter 
LEEL-1 0l_Claim_calculation_R 

no 2 
esponse_OA_06092020.pdf 

d7a0d34 73Sc5704802346f61 59f48798c3b 
70dd4 

Warnings: 

0189



Information: 

304232 

2 
Amendment/Req. Reconsideration-After LEEL-101 _Response_OA_06092 

no 8 
Non-Final Reject 020.pdf 

faf3ff370f230956a25a3fdf2bfce88c0cf9e2b 
d 

Warnings: 

Information: 

Total Files Size (in bytes) 520349 

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 AQQlications 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 AQQlication 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 AQQlication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 

0190



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 
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P.O. Box 1450 
Alexandria, VA 22313-1450 
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) 
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) 
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COVER LETTER 
Sir: 
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TOTAL $0 

In addition, the below-identified communications are submitted in the above-captioned application or 
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[ ] Terminal Disclaimer 
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Other: 
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[ ] Applicant(s) hereby request and petition that the time for taking action in this case be 
extended pursuant to 3 7 C .F .R. § 1.13 6( a) for: 
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The fee set in 37 C.F.R. § 1.17 for the extension of time is$ __ for a large/small entity. 
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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 

Septem her 8, 2020 

2 

Respectfully submitted, 

/juan. carlos. a. marquez/ 

Juan Carlos A Marquez 
Registration Number 34,072 
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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 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

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: 

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

1. (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 layer is greater than a thickness of the first 

cathode active material layer. 

2. (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 O and the second distance is less than or equal to the first distance. 

3. (Currently amended) The cathode according to claim 1, wherein the second cathode 

active material layer completely covers [[the]].J! surface of the first cathode active 

material layer. 

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

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

active material layer is from about 0.1 µm to about 20 µm. 

6. (Cancelled). 

7. (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. 

8. (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. 

9. (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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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 ofvinylidene fluoride, a copolymer of hexafluoropropylene, 

polystyrene, polyphenylacetylene, sodium poly(vinyl acid), potassium poly(vinyl acid), 

polymethyl methacrylate, polyethylene, polypropylene, polytetrafluoroethylene and 

combinations thereof. 

10. (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. 

11. (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. 

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

and the second distance are disposed at a comer of the electrode assembly. 
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13. (Currently amended) The electrochemical device according to claim 10, wherein [[the]].J! 

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

14. (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: 

TI 
0 ::::; the first distance ::::; 2 D + 4mm. 

15. (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: 
T[ 

0 ::::; the second distance ::::; - D + 4mm. 
2 

16. (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. 

17. (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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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. 

18. (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. 

19. (Currently amended) The electronic device according to claim 16, wherein [[the]].J! 

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

20. (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 ::::; ~ 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: 
T[ 

0 ::::; the second distance ::::; - D + 4mm. 
2 
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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)(l) 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 et 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 

3 5 U.S. C § 103 as allegedly being unpatentable over Tanaka et al., in view of Y amafuku et 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. 

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 

Sep tern her 8, 2020 

- 8 -

Respectfully submitted, 

ljuan. carlos. a.marquez/ 

Juan Carlos A Marquez 
Registration Number 34,072 
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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. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D 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). 

6.0 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. D Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 6/11/20. 

5. D Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/VICTORIA H LYNCH/ 
Primary Examiner, Art Unit 1724 

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 
Art Unit: 1724 

DETAILED ACTION 

Notice of Pre-AJA or AJA Status 

Page 2 

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)(l) 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 

Page 3 

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 ofreasons for allowance: the invention in 

independent claim I 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 IO 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 

Page 4 

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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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. 
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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. 

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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lithium near titanate) and 540 

0060269835" I "20080280197" I 
0100035144" I "20110217576" I 
0110274953" I "20130316209" I 
0150125738" I "5591522").PN. OR 

II 
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POWER OF ATTORNEY TO PROSECUTE 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). 

I 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 attorney(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. 

Assignee Name and Address: 

Ningde Amperex Technology Limited 
No. 1, Xingang Road, Zhangwan Town 
Jiaocheng 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 

Name 

Title 

Houyong LI 

IP Manager 

Date Feb. 24, 2014 ___ _ 

Telephone +86-0593-258-2597 

A copy of this form, together with a statement under 37 C,F.R. § 3.73(c) (Form PT0/8B96 or equivalent) is 
required to be filed in each application in which this form is used. The statement under 37 C.F.R. § 3.73(c) 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 tl1e application in which ttiis Power of Attorney is to be filed. 

IHJ2/ 2472J704 I 
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Electronic Acknowledgement Receipt 

EFSID: 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 I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

133697 

1 
024607-02-5073-

2 
US_Assignee_Statementv2.pdf 

yes 
d cab97 d3 aa4 b23 d cS 77d6e01 eel 4a2f4 bf9 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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, 
ELECTROCHEMICAL 
DEVICE AND 
ELECTRONIC DEVICE 
COMPRISING SAME 

Attorney Docket No.: 024607-02-5073-US 

STATEMENT UNDER 37 C.F.R. § 3.73(c) 

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. 

Date: 

The undersigned is authorized to act on behalf of the assignee. 

December 14, 2020 /Yalei Sun/ 
Yalei Sun 

MORGAN, LEWIS & BOCKIUS LLP 

1400 Page Mill Road 
Palo Alto, CA 94304 
(650) 843-4000 

57,765 
(Reg. No.) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/298,738 

24341 

FILING OR 3 71 (C) DATE 

03/11/2019 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Xinru SU LEEL-0101 
CONFIRMATION NO. 3478 

POA ACCEPTANCE LETTER 
Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 111111111111111111111111]~!1]!~1!~1! ~!~!~1,1111111 111111111111111 IIII IIII 
Palo Alto, CA 94304-1124 

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. 

/ytdemisse/ 

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. 

page 1 of 1 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/298,738 03/11/2019 

38327 
Juan Carlos A. Marquez 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Xinru SU LEEL-0101 
CONFIRMATION NO. 3478 

POWER OF ATTORNEY NOTICE 

Marquez Intellectual Property Law Office PLLC 
1629 K Street, NW 

11111111111111111 lllll ll]~!l]!~l!~IU!~!~!IJl!~ll 11111111111111111111111 

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). 

/ytdemisse/ 

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. 

page 1 of 1 
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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 Mail Stop ISSUE FEE 

Commissioner of Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571) 273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where appropriate. All further 
correspondence including the Patent, advanced ordeIS and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected below or directed 
otherwise in Block I, 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 
papeIS. 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) 

(Si nature) 

(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 PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1200 0 $1200 02/01/2021 

EXAMINER ART UNIT CLASS-SUB CLASS 

LYNCH, VICTORIA HOM 
I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

D Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/ 122) attached. 

1724 

D "Fee Address" indication (or "Fee Address" Indication form PTO/SB/47) 
attached. Use of a Customer Number is required. 

429-405000 
2. For printing on the patent front page, list 
(I) the names of up to 3 registered patent 
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 
printed 

1. 

2. 

3. 

Morgan, Lewis & Bockius LLP 

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: (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

NINGDE AMPEREX TECHNOLOGY LIMITED (C) NINGDE CITY, FUJIAN PROVINCE, CHINA 

Please check the appropriate assignee category or categories (will not be printed on the patent) D Individual ~ Corporation or other private group entity D Govermnent 

4a. The following fee(s) are submitted: 4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above.) 

~ Issue Fee 

D Advanced Order - # of Copies 

5. Change in Small Entity Status (from status indicated above) 

D a. Applicant certifying micro entity status. See 37 CFR 1.29. 

D Applicant asserting small entity status. See 37 CFR 1.27. 

D Applicant changing to regular undiscounted fee status. 

D A check in the amount of the fee(s) enclosed 

D Payment by credit card. Form PTO-2038 is attached. 

~ 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). 

NOTE: Absent a valid certification of Micro Entity (see formPTO/SB/15A and 15B), issue fee payment in 
the micro entity amount will not be accepted at the risk of application abandonment. 

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. 

NOTE: Checking this box will be taken to be a notification ofloss 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 -~/Y~a=le=1~· =S~u=nc.../ _______ _ 

Printed Name: Yalei Sun 

Date: January 6, 2021 

Registration No. 57,765 
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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 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

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 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1200 
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Electronic Acknowledgement Receipt 

EFSID: 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 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

123419 

1 Issue Fee Payment (PTO-85B) 
024607-02-5073-

1 
US_lssue_Fee_ Transmittal.pdf 

no 
715 f97 4e4ff57 4 b 1 f6c6df9ed Sd 8ec9484c00 

59d 

Warnings: 

Information: 

30316 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
f83376b2be39ba7 4cab71f91 ae1 deeeec80 

21bbb 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 

0240



UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/298,738 02/09/2021 

24341 7590 01/20/2021 

Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 
Palo Alto, CA 94304-1124 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

10916769 024607-02-5073-us 

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) 

CONFIRMATION NO. 

3478 

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 http://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 XIAO, 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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