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DESCRIPTION 

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR :MANUFACTURING

POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 

TECHNICAL FIELD 

[0001] 

One embodiment of the present invention relates to an object, a method, or a 

manufacturing method . The present invention relates to a process, a machine, manufacture, or 

10 a composition of matter. One embodiment of the present invention relates to a semiconductor 

device, a display device, a light-emitting device, a power storage device, a lighting device, an 

electronic device, or a manufacturing method thereof. In particular, one embodiment of the 

present invention relates to a positive electrode active material that can be used in a secondary 

battery, a secondary battery, and an electronic device including a secondary battery. 

15 [0002] 

In this specification, the power storage device is a collective term describing elements 

and devices having a power storage function . For example, a storage battery such as a 

lithium-ion secondary battery (also referred to as secondary battery), a lithium-ion capacitor, and 

an electric double layer capacitor are included in the category of the power storage device. 

20 [0003] 

Note that electronic devices m this specification mean all devices including power 

storage devices, and electro-optical devices including power storage devices, information 

terminal devices including power storage devices, and the like are all electronic devices. 

25 BACKGROUND ART 

[0004] 

In recent years, a variety of power storage devices such as lithium-ion secondary 

batteries, lithium-ion capacitors, and air batteries have been actively developed. In particular, 

demand for lithium-ion secondary batteries with high output and high energy density has rapidly 

30 grown with the development of the semiconductor industry, for portable information terminals 

such as mobile phones, smartphones, tablets, and laptop computers; portable music players; 

digital cameras; medical equipment; next-generation clean energy vehicles such as hybrid 

electric vehicles (HEV), electric vehicles (EV), and plug-in hybrid electric vehicles (PHEV); and 

the like. The lithium-ion secondary batteries are essential as rechargeable energy supply 

35 sources for today's information society. 
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[0005] 

The performance required for lithium-ion secondary batteries includes increased energy 

density, improved cycle performance, safe operation under a variety of environments, and 

longer-term reliability. 

5 [0006] 

Thus, improvement of a positive electrode active material has been studied to increase 

the cycle performance and the capacity of the lithium ion secondary battery (Patent Document 1 

and Patent Document 2). 

[Reference] 

10 [Patent Documents] 

[0007] 

[Patent Document l] Japanese Published Patent Application No. 2012-018914 

[Patent Document 2] Japanese Published Patent Application No. 2015-201432 

15 DISCLOSURE OF INVENTION 

[0008] 

Development of lithium ion secondary batteries and positive electrode active materials 

used therein is susceptible to improvement in terms of charge and discharge characteristics, cycle 

characteristics, reliability, safety, cost, and the like. 

20 [0009] 

An object of one embodiment of the present invention is to provide a positive electrode 

active material which suppresses a reduction in capacity due to charge and discharge cycles 

when used in a lithium ion secondary battery. Another object of one embodiment of the present 

invention is to provide a high-capacity secondary battery. Another object of one embodiment 

25 of the present invention is to provide a secondary battery with excellent charge and discharge 

characteristics. Another object of one embodiment of the present invention is to provide a 

highly safe or highly reliable secondary battery. 

[0010] 

Another object of one embodiment of the present invention is to provide a novel 

30 material, a novel active material particle, a novel secondary battery, or a formation method 

thereof 

[OOll] 

Note that the descriptions of these objects do not disturb the existence of other objects. 

In one embodiment of the present invention, there is no need to achieve all the objects. Other 

35 objects can be derived from the description of the specification, the drawings, and the claims. 
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[0012] 

To achieve the above objects, in one embodiment of the present invention, two kinds of 

reg10ns which are different from a region inside the positive electrode active material are 

provided in a superficial portion of the positive electrode active material. It is preferable that 

5 the inner region contain a non-stoichiometric compound and the outer region contain a 

stoichiometric compound. 

[0013] 

In addition, it is preferable that the inner region contain titanium and the outer region 

contain magnesium. Furthermore, these two kinds of regions may overlap. 

10 [0014] 

In addition, it is preferable that the inner region be formed through a coating process 

such as a sol-gel method and the outer region be formed by segregation due to heating. 

[0015] 

One embodiment of the present invention is a positive electrode active material 

15 including a first region, a second region, and a third region. The first region is present inside 

the positive electrode active material. The second region and the third region are present in a 

superficial portion of the positive electrode active material. The third region is present in a 

region closer to a surface of the positive electrode active material than the second region is. 

The first region contains an oxide of lithium and a first transition metal and has a layered 

20 

25 

rock-salt crystal structure. The second region contains a non-stoichiometric compound 

containing an oxide of a second transition metal and the non-stoichiometric compound has a 

rock-salt crystal structure. The third region contains a compound of representative elements 

and the compound of representative elements has a rock-salt crystal structure. 

[0016] 

In the above structure, it is preferable that the first transition metal be cobalt, the second 

transition metal be titanium, and the compound of representative elements be magnesium oxide. 

[0017] 

In the above structure, the third region may contain fluorine. Furthermore, the second 

region and the third region may each contain cobalt. 

30 [0018] 

35 

In the above structure, it is preferable that crystal orientations of the first region and the 

second region be partly aligned with each other and crystal orientations of the second region and 

the third region be partly aligned with each other. 

[0019] 

In the above structure, a degree of a mismatch between a (1-1-4) plane of the layered 
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rock-salt crystal structure in the first region or a plane orthogonal to the (1-1-4) plane and a 

{100} plane of the rock-salt crystal structure in the second region is preferably less than or equal

to 0.12, and a degree of a mismatch between the {100} plane of the rock-salt crystal structure in 

the second region and a { 100} plane of the rock-salt crystal structure in the third region is 

5 preferably less than or equal to 0.12. 

[0020] 

Another embodiment of the present invention is a positive electrode active material 

containing lithium, titanium, cobalt, magnesium, oxygen, and fluorine. When the concentration 

of cobalt which is present in a superficial portion of the positive electrode active material and is 

10 measured by X-ray photoelectron spectroscopy is 1, the concentration of titanium is greater than 

or equal to 0.05 and less than or equal to 0.4, the concentration of magnesium is greater than or 

equal to 0.4 and less than or equal to 1.5, and the concentration of fluorine is greater than or 

equal to 0.05 and less than or equal to 1.5. 

15 

[0021] 

Another embodiment of the present invention is a method for forming a positive 

electrode active material including: a step of mixing a source of lithium, a source of cobalt, a 

source of magnesium, and a source of fluorine; a step of heating the mixture of the source of 

lithium, the source of cobalt, the source of magnesium, and the source of fluorine at 800 °C or 

higher and 1100 °C or lower for 2 hours or longer and 20 hours or shorter to obtain particles 

20 containing lithium, cobalt, magnesium, oxygen, and fluorine; a step of dissolving titanium 

alkoxide into alcohol; a step of mixing the particles containing lithium, cobalt, magnesium, 

oxygen, and fluorine into the alcohol solution of the titanium alkoxide and stirring the mixed 

solution in an atmosphere containing water vapor; a step of collecting precipitate from the mixed 

solution; and a step of heating the collected precipitate at 500°C or higher and 1200 °C or lower 

25 in an atmosphere containing oxygen under a condition where a retention time is 50 hours or 

shorter. 

[0022] 

In the above formation method, a ratio of the number of atoms of lithium in the source 

of lithium to the number of atoms of cobalt in the source of cobalt is preferably greater than or 

30 equal to 1.00 and less than 1.07. 

[0023] 

In the above formation method, a ratio between the number of atoms of magnesium in 

the source of magnesium and the number of atoms of fluorine in the source of fluorine is 

preferably Mg:F = 1 :x (1.5 :s; x :S:4). 
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5 

In the above formation method, the number of atoms of magnesium in the source of 

magnesium is preferably greater than or equal to 0.5 atomic% and less than or equal to 1.5 

atomic% of the number of atoms of cobalt in the source of cobalt. 

[0025] 

In the above formation method, lithium carbonate, cobalt oxide, magnesium oxide, and 

lithium fluoride can be used as a source of lithium, a source of cobalt, a source of magnesium, 

and a source of fluorine, respectively. 

[0026] 

When the surface of the positive electrode active material is covered with a coating film 

10 to protect the above crystal structure, a decrease in capacity due to charge and discharge cycles 

can be suppressed. As the coating film covering the surface of the positive electrode active 

material, a coating film containing carbon ( a film containing a graphene compound) or a coating 

film containing lithium or a decomposition product of an electrolyte solution is used. 

[0027] 

15 In particular, powder in which the surface of the positive electrode active material is 

coated with graphene oxide using a spray dry apparatus is preferably obtained. The spray dry 

apparatus is a manufacturing apparatus using a spray dry method by which a dispersion medium 

is removed by supplying a hot wind to a suspension. 

[0028] 

20 When charge and discharge cycles are repeated, deformation of the particles of the 

positive electrode active materials, such as cracking or breaking, might occur. It is said that 

such deformation makes a new surface of the positive electrode active material exposed, and the 

surface is in contact with an electrolyte solution to cause a decomposition reaction or the like, so 

that the cycle characteristics and the charge and discharge characteristics of the secondary battery 

25 are degraded. 

[0029] 

Thus, a coating film is preferably provided to prevent the deformation of the particles of 

the positive electrode active materials, such as cracking or breaking. 

[0030] 

30 However, when suspension is formed and stirred by a rotary and revolutionary mixer to 

coat the surface of the positive electrode active material whose weight per unit volume is large 

with graphene oxide whose weight is relatively small, coating is insufficient. 

[0031] 

Thus, to coat the surfaces of the particles of the positive electrode active materials with 

35 the graphene oxide, a method in which the graphene oxide and a polar solvent (such as water) 
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are mixed and ultrasonic treatment is performed, the particles of the positive electrode active 

materials are mixed therein to prepare the suspension, and dried powder is produced with a spray 

dry apparatus is preferably used. The dried powder produced in this manner is referred to as a 

composite in some cases. 

5 [0032] 

The size of one drop of spray liquid sprayed from a nozzle of the spray dry apparatus 

depends on a nozzle diameter. 

[0033] 

When the particle diameter is smaller than the nozzle diameter, there are a plurality of 

10 particles in one drop of the spray liquid sprayed from the nozzle. When the surface of the 

particle after drying under the condition where the largest particle size is smaller than the nozzle 

diameter is observed, there are some portions where the surface is coated with the graphene 

oxide; however, the coating is insufficient. 

15 

[0034] 

The nozzle diameter of the spray dry apparatus is preferably substantially equal to the 

largest particle size of the active material because the coverage of the active material can be 

improved. Moreover, the largest particle size of the positive electrode active material is 

preferably adjusted to be substantially equal to the nozzle diameter in forming the positive 

electrode active material. 

20 [0035] 

Since the graphene oxide is well dispersed into water, the suspension of water and the 

graphene oxide can be formed by stirring using ultrasonic waves. The positive electrode active 

material is added to the suspension, and the suspension is sprayed with the spray dry apparatus, 

whereby powder in which the surface of the positive electrode active material is coated with the 

25 graphene oxide can be obtained. 

[0036] 

Note that the suspens10n becomes more acidic as the amount of graphene oxide is 

increased. Thus, part of the surface of the positive electrode active material (e.g., LiCoO2 

containing Mg and F) might be etched. Then, a hydrogen ion exponent (pH) of the suspension 

30 before being sprayed is preferably adjusted to be close to approximately pH7, that is, close to 

neutral, or higher than or equal to pH8, that is, alkaline. For the pH adjustment, a LiOH 

aqueous solution is preferably used. For example, in the case where LiCoO2 is used for the 

positive electrode active material and only pure water is used as the dispersion medium of the 

suspension, the surface of the positive electrode active material may be damaged. Thus, a 

35 mixed solution of ethanol and water is used as the dispersion medium of the suspension, 
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whereby damage to the surface of the active material may be reduced. 

[0037] 

The suspension is formed in the above manner, whereby the positive electrode active 

material whose surface is coated with the graphene oxide can be prepared efficiently. When the 

5 surface is coated with the graphene oxide, the deformation of the particles of the positive 

electrode active materials, such as cracking or breaking can be prevented. Moreover, even if 

the positive electrode active material whose surface is coated with the graphene oxide is exposed 

to the air after the formation, the change of properties or degradation can be suppressed. Here, 

"after the formation" refers to a period from the termination of the formation of the positive 

10 electrode active material to the start of the fabrication of the secondary battery containing the 

positive electrode active material and includes the storing, the transporting, and the like of the 

positive electrode active material. In addition, when the coating film is formed, the positive 

electrode active material and the electrolyte solution can be prevented from being in direct 

contact with each other to react; thus, the secondary battery using the coating film has high 

15 reliability. 

[0038] 

For the spray dry method, a known apparatus can be utilized, for example, a 

countercurrent pressure-nozzle-type spray dry apparatus and a counter-cocurrent 

pressure-nozzle-type spray dry apparatus can be utilized. 

20 [0039] 

Note that the graphene oxide coating the surface of the active material may be reduced 

when used in the secondary battery. The reduced graphene oxide is referred to as "RGO" in 

some cases. In RGO, in some cases, part of oxygen atoms remains in a state of oxygen or 

atomic group containing oxygen that is bonded to carbon. For example, RGO includes a 

25 functional group, e.g., an epoxy group, a carbonyl group such as a carboxyl group, or a hydroxyl 

group. 

[0040] 

Another embodiment of the present invention is a secondary battery which includes a 

positive electrode containing the above-described positive electrode active material or the 

30 above-described positive electrode active material coated with a coating film and a negative 

electrode. 

[0041] 

The secondary battery can have any of a variety of shapes to fit the form of the device to 

be used, for example, a cylindrical shape, a rectangular shape, a coin-type shape, and a laminated 

35 (flat plate) shape. 
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[0042] 

According to one embodiment of the present invention, a positive electrode active 

material which suppresses a reduction in capacity due to charge and discharge cycles when used 

in a lithium ion secondary battery is provided. In addition, a secondary battery with excellent 

5 charge and discharge characteristics is provided. In addition, a highly safe or highly reliable 

secondary battery is provided. In addition, a novel material, a novel active material particle, a 

novel secondary battery, or a formation method thereof is provided. 

BRIEF DESCRIPTION OF DRAWINGS 

10 [0043] 

15 

20 

25 

30 

35 

In the accompanying drawings: 

FIGS. IA to 1 C show examples of a positive electrode active material; 

FIGS. 2A and 2B illustrate crystal structures of a positive electrode active material; 

FIG. 3 illustrates crystal structures of a positive electrode active material; 

FIGS. 4A-1, 4A-2, 4A-3, 4B, 4C, 4D-1, and 4D-2 show a sol-gel method; 

FIGS. 5A to SC illustrate a segregation model of elements contained m a positive 

electrode active material; 

FIGS. 6A to 6D illustrate a segregation model of elements contained m a positive 

electrode active material; 

FIGS. 7 A and 7B are cross-sectional views of an active material layer containing a 

graphene compound as a conductive additive; 

FIGS. 8A to 8C illustrate a method for charging a secondary battery; 

FIGS. 9A to 9D illustrate a method for charging a secondary battery; 

FIG. 10 illustrates a method for discharging a secondary battery; 

FIGS. llA to llC illustrate a coin-type secondary battery; 

FIGS. 12A to 12D illustrate a cylindrical secondary battery; 

FIGS. 13A and 13B illustrate an example of a secondary battery; 

FIGS. 14A-1, 14A-2, 14B-1, and 14B-2 illustrate examples of secondary batteries; 

FIGS. 15A and 15B illustrate examples of secondary batteries; 

FIG. 16 illustrates an example of a secondary battery; 

FIGS. 17 A to 17C illustrate a laminated secondary battery; 

FIGS. 18A and 18B illustrate a laminated secondary battery; 

FIG. 19 is an external view of a secondary battery; 

FIG. 20 is an external view of a secondary battery; 

FIGS. 21A to 21C illustrate a formation method of a secondary battery; 
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5 

FIGS. 22A, 22B l, 22B2, 22C, and 22 D illustrate a bendable secondary battery; 

FIGS. 23A and 23B illustrate a bendable secondary battery; 

FIGS. 24A to 24H illustrate examples of electronic devices; 

FIGS. 25A to 25C illustrate an example of an electronic device; 

FIG. 26 illustrates examples of electronic devices; 

FIGS. 27 A to 27C illustrate examples of electronic devices; 

FIG. 28 is a transmission electron microscope image of a positive electrode active 

material in Example 1; 

FIGS. 29A l, 29A2, 29B l, 29B2, 29C l, and 29C2 are FFT images of transmission 

10 electron microscope images of a positive electrode active material in Example l; 

FIGS. 30A l, 30A2, 30B l, 30B2, 30C l, and 30C2 are element mapping images of a 

positive electrode active material in Example 1; 

FIGS. 31A l, 31A2, 31B l, 31B2, 31C l, and 31C2 are element mapping images of a 

positive electrode active material of a comparative example in Example 1; 

15 FIG. 32 is a graph showing TEM-EDX line analysis results of a positive electrode active 

material in Example 1; 

FIG. 33 is a graph showing charge and discharge characteristics of a secondary battery 

in Example l; 

FIG. 34 is a graph showing charge and discharge characteristics of a secondary battery 

20 of a comparative example in Example l; 

FIG. 35 is a graph showing cycle characteristics of a secondary battery in Example l; 

FIG. 36 is a graph showing cycle characteristics of a secondary battery in Example 1; 

FIGS. 37A, 37B l, 37B2, 37C l, 37C2, 37D1, 37D2, 37El, and 37E2 are TEM-EDX 

plane analysis images of a comparative example in Example 2; 

25 FIGS. 38A, 38B l, 38B2, 38C l, 38C2, 38D1, 38D2, 38El, and 38E2 are TEM-EDX 

plane analysis images of a positive electrode active material in Example 2; 

FIGS. 39A, 39B l, 39B2, 39C l, 39C2, 39D1, 39D2, 39El, and 39E2 are TEM-EDX 

plane analysis images of a comparative example in Example 2; 

FIGS. 40A, 40B l, 40B2, 40C l, 40C2, 40D1, 40D2, 40El, and 40E2 are TEM-EDX 

30 plane analysis images of a positive electrode active material in Example 2; 

FIGS. 4 lA and 4 lB are each a graph showing EDX point analysis results in Example 2; 

FIGS. 42A and 42B are each a graph showing EDX point analysis results in Example 2; 

FIG. 43 is a graph showing rate characteristics of a secondary battery in Example 2; 

FIG. 44 is a graph showing temperature characteristics of a secondary battery m 

35 Example 2; 
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FIG. 45 is a graph showing cycle characteristics of a secondary battery in Example 2; 

FIGS. 46A and 46B are each a graph showing XPS analysis results of a positive 

electrode active material in Example 3; 

FIGS. 47 A and 47B are each a graph showing cycle characteristics of a secondary 

5 battery containing a positive electrode active material in Example 3; 

10 

15 

20 

FIG. 48 is a graph showing cycle characteristics of a secondary battery containing a 

positive electrode active material in Example 3; 

FIG. 49 is a graph showing cycle characteristics of a secondary battery containing a 

positive electrode active material in Example 3; 

FIGS. 50A to SOC are each a graph showing charge and discharge characteristics of a 

secondary battery containing a positive electrode active material in Example 3; 

FIGS. 51 A to 51 C are SEM images of a positive electrode active material in Example 4; 

FIGS. 52A-1, 52A-2, 52B-1, 52B-2, 52C-1, and 52C-2 are SEM-EDX images of a 

positive electrode active material in Example 4; 

FIG. 53 is a process flow chart of Example 5; 

FIG. 54 illustrates a spray dry apparatus in Example 5; 

FIG. 55 is a TEM image showing one embodiment of the present invention in Example 

5· 
'

FIG. 56 is a SENI image showing one embodiment of the present invention in Example 

5· 
'

FIG. 57 is a SEM image showing a comparative example in Example 5; and 

FIGS. 58A and 58B are cross-sectional views of an active material layer containing a 

graphene compound as a conductive additive in Example 5. 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

[0044] 

Embodiments of the present invention will be described below in detail with reference 

to the drawings. Note that the present invention is not limited to the description below, and it is 

easily understood by those skilled in the art that modes and details of the present invention can 

30 be modified in various ways. In addition, the present invention should not be construed as 

being limited to the description in the embodiments given below. 

[0045] 

Note that in drawings used in this specification, the sizes, thicknesses, and the like of 

components such as a positive electrode, a negative electrode, an active material layer, a 

35 separator, and an exterior body are exaggerated for simplicity in some cases. Therefore, the 
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sizes of the components are not limited to the sizes in the drawings and relative sizes between the 

components. 

[0046] 

Note that in structures of the present invention described in this specification and the 

5 like, the same portions or portions having similar functions are denoted by common reference 

numerals in different drawings, and descriptions thereof are not repeated. Further, the same 

hatching pattern is applied to portions having similar functions, and the portions are not 

especially denoted by reference numerals in some cases. 

10 

[0047] 

In this specification and the like, the Miller index is used for the expression of crystal 

planes and orientations. In the crystallography, a superscript bar is placed over a number in the 

expression using the Miller index; however, in this specification and the like, crystal planes and 

orientations are expressed by placing a minus sign (-) at the front of a number instead of placing 

the bar over a number because of expression limitations. Furthermore, an individual direction 

15 which shows an orientation in crystal is denoted by"[]", a set direction which shows all of the 

equivalent orientations is denoted by "< >", an individual direction which shows a crystal plane 

is denoted by "( )", and a set plane having equivalent symmetry is denoted by " { } ". In the 

drawings, the crystal planes and orientations are expressed by a number with a bar placed 

thereover, which is an original crystallographic expression. Note that 1 A is 10-10 m. 

20 [0048] 

25 

In this specification and the like, segregation refers to a phenomenon in which, in a solid 

made of a plurality of elements (e.g., A, B, and C) , a certain element (for example, B) is 

non-uniformly distributed. 

[0049] 

In this specification and the like, a layered rock-salt crystal structure included in a 

composite oxide containing lithium and a transition metal refers to a crystal structure in which a 

rock-salt ion arrangement where cations and anions are alternately arranged is included and the 

lithium and the transition metal are regularly arranged to form a two-dimensional plane, so that 

lithium can be two-dimensionally diffused. Note that a defect such as a cation or anion vacancy 

30 can exist. In the layered rock-salt crystal structure, strictly, a lattice of a rock-salt crystal is 

distorted in some cases. 

[0050] 

In this specification and the like, a rock-salt crystal structure refers to a structure in 

which cations and anions are alternately arranged. Note that a cation or anion vacancy may 

35 exist. 
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[0051] 

Anions of a layered rock-salt crystal and anions of a rock-salt crystal each form a cubic 

closest packed structure (face-centered cubic lattice structure). When a layered rock-salt crystal 

and a rock-salt crystal are in contact with each other, there is a crystal plane at which directions 

5 of cubic closest packed structures formed of anions are aligned with each other. A space group 

of the layered rock-salt crystal is R -3m, which is different from a space group Fm-3m of a 

general rock-salt crystal and a space group Fd-3m of a rock-salt crystal having the simplest 

symmetry; thus, the Miller index of the crystal plane satisfying the above conditions in the 

layered rock-salt crystal is different from that in the rock-salt crystal. In this specification, in 

10 the layered rock-salt crystal and the rock-salt crystal, a state where the directions of the cubic 

closest packed structures formed of anions are aligned with each other is referred to as a state 

where crystal orientations are substantially aligned with each other. 

[0052] 

Whether the crystal orientations in two regions are aligned with each other or not can be 

15 judged by a transmission electron microscope (TEM) image, a scanning transmission electron 

microscope (STEM) image, a high-angle annular dark field scanning transmission electron 

microscopy (HAADF-STEM) image, an annular bright-field scan transmission electron 

microscopy (ABF-STEM) image, and the like. X-ray diffraction, electron diffraction, neutron 

diffraction, and the like can be used for judging. In the TEM image and the like, alignment of 

20 cations and anions can be observed as repetition of bright lines and dark lines. When the 

orientations of cubic closest packed structures of the layered rock-salt crystal and the rock-salt 

crystal are aligned with each other, a state where an angle between the repetition of bright lines 

and dark lines in the layered rock-salt crystal and the repetition of bright lines and dark lines in 

the rock-salt crystal is less than or equal to 5°, preferably less than or equal to 2.5° is observed. 

25 Note that, in the TEM image and the like, a light element such as oxygen or fluorine is not 

clearly observed in some cases; however, in such a case, alignment of orientations can be judged 

by arrangement of metal elements. 

[0053] 

Furthermore, in this specification and the like, a state where structures of 

30 two-dimensional interfaces have similarity is referred to as "epitaxy". Crystal growth in which 

structures of two-dimensional interfaces have similarity is referred to as "epitaxial growth". In 

addition, a state where three-dimensional structures have similarity or orientations are 

crystallographically the same is referred to as "topotaxy". Thus, in the case of topotaxy, when 

part of a cross section is observed, orientations of crystals in two regions ( e.g., a region serving 

35 as a base and a region formed through growth) are substantially aligned with each other. 
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[0054] 

(Embodiment I) 

[Structure of positive electrode active material] 

First, a positive electrode active material I 00, which is one embodiment of the present 

5 invention, is described with reference to FIGS. IA to IC. The positive electrode active material 

I 00 refers to a substance containing a transition metal which can receive and release lithium ion 

electrochemically. As illustrated in FIG. IA, the positive electrode active material 100 includes 

a first region 101 inside and a second region 102 and a third region 103 in a superficial portion. 

[0055] 

10 As illustrated in FIG. IB, the second region I 02 does not necessarily cover the entire 

first region IO 1. Similarly, the third region I 03 does not necessarily cover the entire second 

region 102. In addition, the third region 103 may be present in contact with the first region 101. 

[0056] 

The thicknesses of the second region I 02 and the third region I 03 may each differ 

15 depending on the positions. 

[0057] 

Furthermore, the third region I 03 may be present inside the positive electrode active 

material 100. For example, in the case where the first region 101 is a polycrystal, the third 

region I 03 may be present in the vicinity of a grain boundary. Furthermore, the third region 

20 I 03 may be present in a portion which includes crystal defects or a crack portion in the positive 

electrode active material I 00 or in the vicinity thereof. In FIG. IB, parts of grain boundaries 

are shown by dotted lines. In this specification and the like, crystal defects refer to defects 

which can be observed from a TEM image and the like, that is, a structure in which another 

element enters crystal, a cavity, and the like. In addition, a crack portion refers to a crack or a 

25 break formed in a particle like a crack portion I 06 illustrated in FIG. IC, for example. 

[0058] 

Similarly, as illustrated in FIG. IB, the second region I 02 may be present inside the 

positive electrode active material 100. For example, in the case where the first region 101 is a 

polycrystal, the second region I 02 may be present in the vicinity of a grain boundary. 

30 Furthermore, the second region 102 may be present in a portion which includes crystal defects or 

a crack portion in the positive electrode active material I 00 or in the vicinity thereof. Moreover, 

the third region 103 and the second region 102 inside the positive electrode active material 100 

may overlap. 

[0059] 

35 <First region 101> 
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The first region 101 contains a composite oxide of lithium and a first transition metal . 

In other words, the first region 101 contains lithium, a first transition metal, and oxygen. 

[0060] 

The composite oxide of lithium and a first transition metal preferably has a layered 

5 rock-salt crystal structure. 

[0061] 

As the first transition metal, only cobalt may be used, cobalt and manganese may be 

used, or cobalt, manganese, and nickel may be used. 

[0062] 

10 That is, the first region can include lithium cobalt oxide, lithium manganese oxide, 

15 

20 

lithium nickel oxide, lithium cobalt oxide in which manganese is substituted for part of cobalt, 

lithium nickel-manganese-cobalt oxide, or the like. In addition to the transition metal, the first 

region 101 may include a metal other than the transition metal, such as aluminum. 

[0063] 

The first region 101 serves as a region which particularly contributes to a charge and 

discharge reaction in the positive electrode active material 100. To increase capacity of a 

secondary battery containing the positive electrode active material 100, the volume of the first 

region 101 is preferably larger than those of the second region and the third region. 

[0064] 

A material having a layered rock-salt crystal structure has features such as high 

discharge capacity and low resistance due to lithium that can be diffused two-dimensionally, 

which is preferably used for the first region 101. In addition, in the case where the first region 

101 has a layered rock-salt crystal structure, a segregation of a representative element such as 

magnesium, which is described later, tends to occur unexpectedly. 

25 [0065] 

Note that the first region 101 may be a single crystal or a polycrystal. For example, the 

first region 101 may be a polycrystal in which an average crystallite size is greater than or equal 

to 280 nm and less than or equal to 630 nm. In the case of a polycrystal, a grain boundary can 

be observed from the TEM or the like in some cases. In addition, the average of crystal grain 

30 sizes can be calculated from the half width ofXRD. 

[0066] 

The polycrystal has a clear crystal structure; thus, a two-dimensional diffusion path of 

lithium ions can be sufficiently ensured. In addition, a polycrystal is easily produced as 

compared with a single crystal; thus, a polycrystal is preferably used for the first region 101. 

35 [0067] 
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Furthermore, the entire first region 101 does not necessarily have a layered rock-salt 

crystal structure. For example, part of the first region 101 may be amorphous or has another 

crystal structure. 

[0068] 

5 <Second region 102> 

The second region 102 contains an oxide of a second transition metal. In other words, 

the second region 102 contains a second transition metal and oxygen. 

[0069] 

As the second transition metal, a non-stoichiometric metal is preferably used. In other 

10 words, the second region 102 preferably includes a non-stoichiometric compound. For example, 

as the second transition metal, at least one of titanium, vanadium, manganese, iron, chromium, 

niobium, cobalt, zinc, zirconium, nickel, and the like can be used. Note that the second 

transition metal is preferably an element different from that of the first transition metal. 

[0070] 

15 In this specification and the like, a non-stoichiometric metal refers to a metal that can 

have a plurality of valences. In addition, a non-stoichiometric compound refers to a compound 

of a metal that can have a plurality of valences and another element. 

[0071] 

The second region 102 preferably has a rock-salt crystal structure. 

20 [0072] 

The second region 102 serves as a buffer region which connects the first region 101 to 

the third region 103 which is described later. In the non-stoichiometric compound, an 

interatomic distance can be changed in accordance with a change in valence of a metal contained 

in the non-stoichiometric compound. In addition, in the non-stoichiometric compound, a cation 

25 or anion vacancy and dislocation (what is called Magneli phase) are often formed. Thus, the 

second region 102, which serves as a buffer region, can absorb a strain generated between the 

first region 101 and the third region 103. 

[0073] 

Furthermore, the second reg10n 102 may contain lithium in addition to the second 

30 transition metal and oxygen. For example, lithium titanate or lithium manganite may be 

contained. Moreover, the second region 102 may contain a representative element contained in 

the third region 103 which is described later. The second region 102 that contains an element 

contained in the first region 101, such as lithium, and an element contained in the third region 

103 is preferable because the second region 102 serves as a buffer region. 

35 [0074] 
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5 

That is, the second region 102 can contain lithium titanate, titanium oxide, vanadium 

oxide, manganese oxide, iron oxide, copper oxide, chromium oxide, niobium oxide, cobalt oxide, 

zinc oxide, or the like. 

[0075] 

In addition, the second region 102 may contain the first transition metal. For example, 

the second transition metal may be present in part of a first transition metal site of the composite 

oxide including the first transition metal. 

[0076] 

For example, in the case where the second transition metal is titanium, titanium may be 

10 present as titanium oxide (TiO2) or lithium titanate (LiTiO2) in the second region 102. 

Alternatively, in the second region 102, titanium may be substituted for part of the first transition 

metal site of the composite oxide of lithium and the first transition metal. 

[0077] 

Moreover, the second region 102 may contain fluorine. 

15 [0078] 

20 

25 

The second region 102 preferably has a crystal structure which is the same as that of the 

third region 103 which is described later. In this case, orientations of crystals of the second 

region 102 and the third region 103 are likely to be aligned with each other. 

[0079] 

The second region 102 preferably has a rock-salt crystal structure; however, the entire 

second region 102 does not necessarily have a rock-salt crystal structure. For example, the 

second region 102 may have another crystal structure such as a spinel crystal structure, an 

olivine crystal structure, a corundum crystal structure, or a rutile crystal structure. 

[0080] 

Furthermore, a crystal structure may have a strain as long as a structure where six 

oxygen atoms are adjacent to cations is kept. In addition, a cation vacancy may be present in 

part of the second region 102. 

[0081] 

Moreover, part of the second region 102 may be amorphous. 

30 [0082] 

When the thickness of the second region 102 is too small, the function as the buffer 

region is degraded; however, when the thickness of the second region 102 is too large, the 

capacity might be decreased. Thus, the second region 102 is preferably provided in a range 

from the surface of the positive electrode active material 100 to a depth of 20 nm, preferably a 

35 depth of 10 nm, in a depth direction. The second transition metal may have a concentration 
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gradient. 

[0083] 

<Third region 103> 

The third region 103 contains a compound of representative elements. A compound of 

5 representative elements is a stoichiometric compound. As the compound of representative 

elements, a compound made of representative elements which are electrochemically stable is 

preferable, and at least one of magnesium oxide, calcium oxide, beryllium oxide, lithium fluoride, 

and sodium fluoride can be used, for example. 

[0084] 

10 The third reg10n 103 is in contact with an electrolyte solution when the positive 

electrode active material 100 is used in a secondary battery. Thus, for the third region 103, a 

material which is hardly changed electrochemically in the process of charging and discharging 

and is not easily transformed by contact with the electrolyte solution is preferably used. The 

compound of representative elements which is a stoichiometric compound and electrochemically 

15 stable is preferably used for the third region 103. The positive electrode active material 100 

includes the third region 103 in a superficial portion to improve stability in charging and 

discharging of the secondary battery. Here, a state where stability of a secondary battery is high 

refers to a state where the crystal structure of the composite oxide of lithium and the first 

transition metal contained in the first region 101 is more stable. Alternatively, it refers to a state 

20 where a change in capacity of the secondary battery is small even if charging and discharging are 

repeated or a state where a change in valence of a metal contained in the positive electrode active 

material 100 is suppressed even after charging and discharging are repeated. 

[0085] 

The third region 103 may contain fluorine. In the case where the third region 103 

25 contains fluorine, fluorine may be substituted for some anions in the compound of the 

representative elements. 

[0086] 

Fluorine is substituted for some anions in the compound of the representative elements, 

whereby diffusion properties of lithium can be improved. Thus, the third region 103 is less 

30 likely to prevent charging and discharging. In addition, when fluorine is present in a superficial 

portion of a positive electrode active material particle, corrosion resistance against a hydrofluoric 

acid generated by decomposition of an electrolyte solution is increased in some cases. 

[0087] 

Moreover, the third region 103 may include lithium, the first transition metal, and the 

35 second transition metal. 
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[0088] 

The compound of the representative elements contained in the third reg10n 103 

preferably has a rock-salt crystal structure. When the third region 103 has a rock-salt crystal 

structure, orientations of crystals are likely to be aligned with those of the second region 102. 

5 The orientations of crystals of the first region 101, the second region 102, and the third region 

103 are substantially aligned with each other, whereby the second region 102 and the third region 

103 can serve as a more stable coating layer. 

[0089] 

However, the entire third region 103 does not necessarily have a rock-salt crystal 

10 structure. For example, the third region 103 may have another crystal structure such as a spinel 

crystal structure, an olivine crystal structure, a corundum crystal structure, or a rutile crystal 

structure. 

[0090] 

Furthermore, a crystal structure may have a strain as long as a structure where six 

15 oxygen atoms are adjacent to cations is kept. In addition, a cation vacancy may be present in 

part of the third region 103. 

20 

[0091] 

Moreover, part of the third region 103 may be amorphous. 

[0092] 

When the thickness of the third region 103 is too small, the function of increasing 

stability in charging and discharging is degraded; however, when the thickness of the third region 

103 is too large, the capacity might be decreased. Thus, the thickness of the third region 103 is 

preferably greater than or equal to 0.5 nm and less than or equal to 50 nm, further preferably 

greater than or equal to 0.5 nm and less than or equal to 2 nm. 

25 [0093] 

In the case where the third region 103 contains fluorine, fluorine is preferably present in 

a bonding state other than magnesium fluoride (MgF2), lithium fluoride (LiF), and cobalt 

fluoride (CoF2). Specifically, when an XPS analysis is performed on the vicinity of the surface 

of the positive electrode active material 100, a peak position of bonding energy with fluorine is 

30 preferably higher than or equal to 682 eV and lower than or equal to 685 eV, further preferably 

approximately 684.3 eV The bonding energy does not correspond to those of MgF2, LiF, and 

CoF2. 

[0094] 

In this specification and the like, a peak position of bonding energy with an element in 

35 an XPS analysis refers to a value of bonding energy at which the maximum intensity of an 
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energy spectrum is obtained in a range corresponding to bonding energy of the element. 

[0095] 

In general, when charging and discharging are repeated, a side reaction occurs in a 

positive electrode active material, for example, a first transition metal such as manganese, cobalt, 

5 or nickel is dissolved in an electrolyte solution, oxygen is released, and a crystal structure 

becomes unstable, so that the positive electrode active material deteriorates. However, the 

positive electrode active material 100 of one embodiment of the present invention includes the 

second region 102 serving as a buffer region and the third region 103 which is electrochemically 

stable. Thus, the dissolution of the first transition metal can be effectively suppressed, and the 

10 crystal structure of the composite oxide of lithium and the transition metal contained in the first 

region 101 can be more stable. As a result, the cycle characteristics of the secondary battery 

including the positive electrode active material 100 can be significantly improved. In addition, 

in the case where charging and discharging are performed at a voltage higher than 4.3 V (vs. 

Li/Li
+

), in particular, a high voltage of 4.5 V (vs. Li/Li
+

) or more, the structure of one 

15 embodiment of the present invention is significantly effective. 

[0096] 

<Heteroepitaxial growth and topotaxy> 

The second region 102 is preferably formed by heteroepitaxial growth from the first 

region 101. Furthermore, the third region 103 is preferably formed by heteroepitaxial growth 

20 from the second region 102. A region formed by heteroepitaxial growih becomes topotaxy 

which has crystal orientations substantially three-dimensionally aligned with those of a region 

serving as a base. Thus, the first region 101, the second region 102, and the third region 103 

can be topotaxy. 

[0097] 

25 When the crystal orientations of the first region 101, the second region 102, and the 

third region 103 are substantially aligned with each other, the second region 102 and the third 

reg10n 103 serve as a coating layer which has a stable bond with the first region 101. As a 

result, the positive electrode active material 100 including a strong coating layer can be 

provided. 

30 [0098] 

Since the second region 102 and the third region 103 have a stable bond with the first 

reg10n 101, when the positive electrode active material 100 is used for the secondary battery, a 

change of the crystal structure in the first region 101 which is caused by charging and 

discharging can be effectively suppressed. Even when lithium is released from the first region 

35 101 due to charging, the coating layer having a stable bond can suppress release of cobalt and 
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oxygen from the first region 101. Furthermore, a chemically stable material can be used for a 

region in contact with the electrolyte solution. Thus, a secondary battery having excellent cycle 

characteristics can be provided. 

[0099] 

5 <Degree of mismatch between regions> 

To perform heteroepitaxial growth, the degree of a mismatch between crystals m a 

region serving as a base and crystals on which crystal growth is performed is important. 

[0100] 

In this specification and the like, the degree of a mismatch/is defined by the following 

10 Formula 1. The average of the nearest neighbor distances between oxygen and cations of the 

crystals in the region serving as a base is represented by a, and the average of the natural nearest 

neighbor distances between anions and cations of the crystals on which crystal growth is 

performed is represented by b. 

[0101] 

15 [Formula l] 

f = l b:a l (Formula 1)

[0102] 

To perform heteroepitaxial growth, the degree of a mismatch f between crystals in a 

region serving as a base and crystals on which crystal growth is performed needs to be less than 

20 or equal to 0.12. To perform more stable heteroepitaxial growth to form a layered shape, the 

degree of a mismatch f is preferably less than or equal to 0.08, further preferably less than or 

equal to 0.04. 

[0103] 

Thus, materials of the first region 101 and the second region 102 are preferably selected 

25 so that the degree of a mismatch f between the layered rock-salt crystal structure in the first 

region 101 and the rock-salt crystal structure in the second region 102 is less than or equal to 

0.12. 

[0104] 

Furthermore, materials of the second region 102 and the third region 103 are preferably 

30 selected so that the degree of a mismatch/between the rock-salt crystal structure in the second 

region 102 and the rock-salt crystal structure in the third region 103 is less than or equal to 0.12. 

[0105] 

Examples of materials and crystal planes of the first region 101, the second region 102, 

and the third region 103 are shown below, which satisfy the above-described conditions: the 
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degree of a mismatch/between the layered rock-salt crystal structure in the first region 101 and 

the rock-salt crystal structure in the second region 102 is less than or equal to 0.12; and the 

degree of a mismatch/between the rock-salt crystal structure in the second region 102 and the 

rock-salt crystal structure in the third region 103 is less than or equal to 0.12. 

5 [0106] 

<<Example 1: Lithium cobaltate, lithium titanate, and magnesium oxide>> 

First, FIGS. 2A and 2B and FIG. 3 show an example in which the first transition metal 

1s cobalt, the first region 101 contains lithium cobaltate having a layered rock-salt crystal 

structure, the second transition metal is titanium, the second region 102 contains lithium titanate 

10 having a rock-salt crystal structure, and the compound of the representative elements in the third 

region 103 is magnesium oxide having a rock-salt crystal structure. 

[0107] 

FIG. 2A illustrates a model of a layered rock-salt crystal structure (a space group 

R-3mH) of lithium cobaltate (LiCoO2), a model of a rock-salt crystal structure (a space group

15 Fd-3mZ) of lithium titanate (LiTiO2), and a model of a rock-salt crystal structure (a space group

Fd-3mZ) of magnesium oxide. FIG. 2A illustrates models each of which is seen from the

b-axis direction.

[0108] 

From FIG. 2A, it is not seen that the layered rock-salt crystals and the rock-salt crystals 

20 make topotaxy. Then, here, the layered rock-salt crystals are seen from a different direction 

( e.g., a direction indicated by an arrow in FIG. 2A). FIG. 2B illustrates a model of the layered 

rock-salt crystals seen from the <1-1-4> plane direction and models of the rock-salt crystals 

seen from the <100> plane direction. 

25 

[0109] 

As illustrated in FIG. 2B, when the layered rock-salt crystals are seen from the <1-1-4> 

plane direction, atomic arrangement of the layered rock-salt crystals is highly similar to those of 

the rock-salt crystals seen from the <l 00> plane direction. In addition, the nearest neighbor 

distances between metal and oxygen have similar values. For example, in the layered rock-salt 

lithium cobaltate, a distance between Li and O is 2. 089 A and a distance between Co and O is 

30 1.925 A. In the rock-salt lithium titanate, a distance between Li and O is 2.138 A and a 

distance between Ti and O is 2.051 A. In the rock-salt magnesium oxide, a distance between 

Mg and O is 2.106 A. 

[0110] 

Then, with reference to FIG. 3, the degree of a mismatch between the regions when the 

35 (1-1-4) crystal plane of the layered rock-salt crystal and the {100} crystal plane of the rock-salt 
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crystal are in contact with each other is described. 

[0111] 

As illustrated in FIG. 3, a distance between metals through oxygen in a (1-1-4) crystal 

plane l0l p  (1-1-4) of lithium cobaltate having the layered rock-salt crystal structure in the first 

5 region 101 is 4.01 A. Furthermore, a distance between metals through oxygen in a {100} 

crystal plane 102p {100} of lithium titanate having the rock-salt crystal structure in the second 

region 102 is 4.19 A. Thus, the degree of a mismatch/between the crystal plane l0lp (1-1-4) 

and the crystal plane 102p {100} is 0.04. 

[0112] 

10 In addition, a distance between metals through oxygen in a {100} crystal plane 103p 

15 

20 

{100} of magnesium oxide having the rock-salt crystal structure in the third region 103 is 4.21 A.

Thus, the degree of a mismatch f between the crystal plane 102p { 100} and the crystal plane 

103p {100} is 0.02. 

[0113] 

In this manner, the degree of a mismatch between the first region 101 and the second 

region 102 and the degree of a mismatch between the second region 102 and the third region 103 

are sufficiently small; thus, the first region 101, the second region 102, and the third region 103 

can be topotaxy. 

[0114] 

Although not illustrated in FIG. 3, if the crystal plane l0l p  (1-1-4) in the first region 

101 and the crystal plane 103p {100} in the third region 103 are in contact with each other, the 

degree of a mismatch f is 0.05. That is, owing to the second region 102, the degree of a 

mismatch can be small. Moreover, with the second region 102 that is a non-stoichiometric 

transition metal oxide, the first region 101, the second region 102, and the third region 103 can 

25 be more stable topotaxy. Thus, the second region 102 and the third region 103 can serve as a 

coating layer having a stable bond with the first region 101. 

[0115] 

In this embodiment, the (1-1-4) plane of the layered rock-salt crystal and the { 100} 

plane of the rock-salt crystal are in contact with each other; however, one embodiment of the 

30 present invention is not limited thereto as long as crystal planes which can be topotaxy are in 

contact with each other. 

[0116] 

<<Example 2: Lithium cobaltate, manganese oxide, and calcium oxide>> 

Next, an example in which the first transition metal is cobalt, the first reg10n 101 
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contains lithium cobaltate having a layered rock-salt crystal structure, the second transition metal 

is manganese, the second region 102 contains manganese oxide having a rock-salt crystal 

structure, and the compound of the representative elements in the third region 103 is calcium 

oxide having a rock-salt crystal structure is shown. 

5 [0117] 

Also in this case, as in FIGS. 2A and 2B and FIG. 3, when the layered rock-salt crystals 

are seen from the <1-1-4> plane direction, atomic arrangement of the layered rock-salt crystals 

in the first region 101 is highly similar to those of the rock-salt crystals in the second region 102 

and the third region 103 seen from the <100> plane direction. 

10 [0118] 

The degree of a mismatch between the regions when the (1-1-4) crystal plane of the 

layered rock-salt crystal and the {100} crystal plane of the rock-salt crystal are in contact with 

each other is described. A distance between metals through oxygen in a crystal plane (1-1-4) 

of lithium cobaltate having the layered rock-salt crystal structure in the first region 101 is 4.01 A. 

15 Furthermore, a distance between metals through oxygen in a crystal plane {100} of manganese 

oxide having the rock-salt crystal structure in the second region 102 is 4.45 A. Thus, the degree 

of a mismatch/between the crystal plane (1-1-4) in the first region 101 and the crystal plane 

{ 100} in the second region 102 is 0.11.

[0119] 

20 In addition, a distance between metals through oxygen in a crystal plane {100} of 

calcium oxide having the rock-salt crystal structure in the third region 103 is 4.82 A. Thus, the 

degree of a mismatch/between the crystal plane {100} in the second region 102 and the crystal 

plane {100} in the third region 103 is 0.08. 

[0120] 

25 In this manner, the degree of a mismatch between the first region 101 and the second 

30 

region 102 and the degree of a mismatch between the second region 102 and the third region 103 

are sufficiently small; thus, the first region 101, the second region 102, and the third region 103 

can be topotaxy. 

[0121] 

If the crystal plane (1-1-4) in the first region 101 and the crystal plane {100} in the 

third region 103 are in contact with each other, the degree of a mismatch f is 0.20; thus, it is 

difficult to perform the heteroepitaxial growth. That is, owing to the second region 102, the 

heteroepitaxial growth from the first region to the third region can be performed. Thus, the 

second region 102 and the third region 103 can serve as a coating layer having a stable bond with 
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the first region 101. 

[0122] 

<<Example 3: Lithium nickel-manganese-cobalt oxide, manganese oxide, and calcium oxide>> 

Next, an example in which the first transition metals are nickel, manganese, and cobalt, 

5 the first region 101 contains lithium nickel-manganese-cobalt oxide (LiNio_33Coo_33Mno_33O2) 

having a layered rock-salt crystal structure, the second transition metal is manganese, the second 

region 102 contains manganese oxide having a rock-salt crystal structure, and the compound of 

the representative elements in the third region 103 is calcium oxide having a rock-salt crystal 

structure is shown. 

10 [0123] 

Also in this case, as illustrated in FIGS. 2A and 2B and FIG. 3, when the layered 

rock-salt crystals are seen from the <1-1-4> plane direction, atomic arrangement of the layered 

rock-salt crystals is highly similar to those of the rock-salt crystals seen from the <100> plane 

direction. The degree of a mismatch between the regions when the (1-1-4) crystal plane of the 

15 layered rock-salt crystal and the {100} crystal plane of the rock-salt crystal are in contact with 

each other is described. 

[0124] 

A distance between metals through oxygen in a crystal plane (1-1-4) of lithium 

nickel-manganese-cobalt oxide having the layered rock-salt crystal structure in the first region 

20 101 is 4.07 A. Furthermore, a distance between metals through oxygen in a crystal plane {100} 

of manganese oxide having the rock-salt crystal structure in the second region 102 is 4.45 A. 

Thus, the degree of a mismatch/between the crystal plane (1-1-4) in the first region 101 and 

the crystal plane {100} in the second region 102 is 0.09. 

[0125] 

25 In addition, a distance between metals through oxygen in a crystal plane { 100} of 

calcium oxide having the rock-salt crystal structure in the third region 103 is 4.82 A. Thus, the 

degree of a mismatch/between the crystal plane {100} in the second region 102 and the crystal 

plane {100} in the third region 103 is 0.08. 

[0126] 

30 In this manner, the degree of a mismatch between the first region 101 and the second 

region 102 and the degree of a mismatch between the second region 102 and the third region 103 

are sufficiently small; thus, the first region 101, the second region 102, and the third region 103 

can be topotaxy. 

[0127] 
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If the crystal plane (1-1-4) in the first region 101 and the crystal plane { 100} in the 

third region 103 are in contact with each other, the degree of a mismatch/ is 0.18; thus, it is 

difficult to perform the heteroepitaxial growth. That is, the second region 102 is provided, 

whereby the heteroepitaxial growth from the first region to the third region can be performed. 

5 Thus, the second region 102 and the third region 103 can serve as a coating layer having a stable 

bond with the first region 101. 

[0128] 

<Boundaries between regions> 

As described above, the first region 101, the second region 102, and the third region 103 

10 have different compositions. The element contained in each region has a concentration gradient 

m some cases. For example, the second transition metal in the second region 102 may have a 

concentration gradient. In addition, the third region 103 may have a concentration gradient of a 

representative element because a representative element preferably segregates in the third region 

103 as described later. Thus, the boundaries between the regions are not clear in some cases. 

15 [0129] 

The difference of compositions of the first region 101, the second region 102, and the 

third region 103 can be observed using a TEM image, a STEJ\tI image, fast Fourier transform 

(FFT) analysis, energy dispersive X-ray spectrometry (EDX), an analysis in the depth direction 

by time-of-flight secondary ion mass spectrometry (ToF-SIMS), X-ray photoelectron 

20 spectroscopy (XPS), Auger electron spectroscopy, thermal desorption spectroscopy (TDS), or the 

like. 

[0130] 

For example, in the TEM image and the STEM image, difference of constituent 

elements is observed as difference of brightness; thus, difference of constituent elements of the 

25 first region 101, the second region 102, and the third region 103 can be observed. Furthermore, 

also in plane analysis of EDX ( e.g., element mapping), it can be observed that the first region 

101, the second region 102, and the third region 103 contain different elements. 

[0131] 

By line analysis of EDX and analysis in the depth direction using ToF-SIMS, a peak of 

30 concentration of each element contained in the first region 101, the second region 102, and the 

third region 103 can be detected. 

[0132] 

However, clear boundaries between the first region 101, the second region 102, and the 

third region 103 are not necessarily observed by the analyses. 

35 [0133] 
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In this specification and the like, the third region 103 that is present in a superficial 

portion of the positive electrode active material 100 refers to a region from the surface of the 

positive electrode active material 100 to a region where a concentration of a representative 

element such as magnesium which is detected by analysis in the depth direction is 1/5 of a peak. 

5 As the analysis in the depth direction, the line analysis of EDX, analysis in the depth direction 

using ToF-SIMS, or the like, which is described above, can be used. 

[0134] 

Furthermore, a peak of a concentration of a representative element is preferably present 

in a region from the surface of the positive electrode active material 100 to a depth of 3 nm 

10 toward the center, further preferably to a depth of 1 nm, and still further preferably to a depth of 

0.5 nm. 

[0135] 

Although the depth at which the concentration of the representative element becomes 

1/5 of the peak is different depending on the manufacturing method, in the case of a 

15 manufacturing method described later, the depth is approximately 2 nm to 5 nm from the surface 

of the positive electrode active material. 

[0136] 

The third region 103 that is present inside the first region 101 in the vicinity of a grain 

boundary, a crystal defect, or the like also refers to a region where a concentration of a 

20 representative element which is detected by analysis in the depth direction is higher than or equal 

to 1/ 5 of a peak. 

[0137] 

A distribution of fluorine in the positive electrode active material 100 preferably 

overlaps with a distribution of the representative element. Thus, fluorine also has a 

25 concentration gradient, and a peak of a concentration of fluorine is preferably present in a region 

from the surface of the positive electrode active material 100 to a depth of 3 nm toward the 

center, further preferably to a depth of 1 nm, and still further preferably to a depth of 0.5 nm. 

[0138] 

In this specification and the like, the second region 102 that is present in a superficial 

30 portion of the positive electrode active material 100 refers to a region where a concentration of 

the second transition metal which is detected by analysis in the depth direction is higher than or 

equal to 1/2 of a peak. The second region 102 that is present inside the first region 101 in the 

vicinity of a grain boundary, a crystal defect, or the like also refers to a region where a 

concentration of the second transition metal which is detected by analysis in the depth direction 

35 is higher than or equal to 1/2 of a peak. As the analysis method, the line analysis of EDX, 
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analysis in the depth direction using ToF-SIMS, or the like, which is described above, can be 

used. 

[0139] 

Thus, the third region 103 and the second region 102 overlap in some cases. Note that 

5 the third region 103 is preferably present in a region closer to the surface of the positive 

electrode active material particle than the second region 102 is. In addition, the peak of the 

concentration of the representative element is preferably present in a region closer to the surface 

of the positive electrode active material particle than the peak of the concentration of the second 

transition metal is. 

10 [0140] 

The peak of the second transition metal is preferably present in a region from a depth of 

0.2 nm or more to a depth of 10 nm or less from the surface of the positive electrode active 

material 100 toward the center, further preferably in a region from a depth of 0.5 nm or more to a 

depth of 3 nm or less. 

15 [0141] 

The measurement range of the XPS is from the surface of the particle of the positive 

electrode active material 100 to a region at a depth of approximately 5 nm. Thus, a 

concentration of an element present at a depth of approximately 5 nm from the surface can be 

analyzed quantitatively. Thus, the concentration of elements in the third region 103 and the 

20 second region 102 present at a depth of approximately 5 nm from the surface can be analyzed 

quantitatively. 

[0142] 

When the surface of the positive electrode active material 100 is subjected to the XPS 

analysis and the concentration of the first transition metal is defined as 1, a relative value of the 

25 concentration of the second transition metal is preferably greater than or equal to 0.05 and less 

than or equal to 0.4, further preferably greater than or equal to 0.1 and less than or equal to 0.3. 

In addition, a relative value of the concentration of the representative element is preferably 

greater than or equal to 0.4 and less than or equal to 1.5, further preferably greater than or equal 

to 0.45 and less than or equal to 1.00. Furthermore, a relative value of the concentration of 

30 fluorine is preferably greater than or equal to 0.05 and less than or equal to 1.5, further 

preferably greater than or equal to 0.3 and less than or equal to 1.00. 

[0143] 

Note that, as described above, elements contained in the first region 101, the second 

region 102, and the third region 103 may each have a concentration gradient; thus, the first 

35 region 101 may contain the element in the second region 102 or the third region 103, such as 
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fluorine. Similarly, the third region 103 may contain the element in the first region 101 or the 

second region 102. In addition, the first region 101, the second region 102, and the third region 

103 may each contain another element such as carbon, sulfur, silicon, sodium, calcium, chlorine, 

or zircomum. 

5 [0144] 

[Particle diameter] 

If the particle diameter of the positive electrode active material 100 is too large, 

diffusion of lithium is difficult, whereas if the particle diameter is too small, it is difficult to 

maintain a cry stal structure described later. Thus, D50 (also referred to as a median diameter) 

10 is preferably 5 µm or more and 100 µm or less, and further preferably 10 µm or more and 70 µm 

or less. In the case where the coating film is formed on the surface of the positive electrode 

active material 100 by a spray dry apparatus in a later step, it is preferable that the nozzle 

diameter and the maximum particle diameter of the positive electrode active material 100 be 

substantially the same. When the particle diameter is less than 5 µm and a spray dry apparatus 

15 having a nozzle diameter of 20 µm is used, secondary particles are covered collectively, which 

leads to a decrease in coverage. 

[0145] 

To increase the density of the positive electrode active material layer, it is effective to 

mix large particles (the longest portion is approximately 20 µm or more and 40 µm or less) and 

20 small particles (the longest portion is approximately 1 µm) and embed spaces between the large 

particles with the small particles. Thus, there may be two peaks of particle size distribution. 

[0146] 

The particle size of the positive electrode active material is influenced not only by the 

particle sizes of starting materials but also by a ratio between lithium and the first transition 

25 metal (hereinafter expressed as a ratio of Li to the first transition metal) which are contained in 

the starting material. 

[0147] 

In the case where the particle size of the starting material is small, the grain growth 

needs to be performed at the time of baking so that the grain size of the positive electrode active 

30 material is in the above-described preferred range. 

[0148] 

To promote the grain growth at the time of baking, it is effective to make the ratio of Li 

to the first transition metal of the starting material larger than 1, that is, to make the amount of 

lithium a little larger. For example, when the ratio of Li to the first transition metal is 

35 approximately 1.06, a positive electrode active material in which D50 is larger than or equal to 
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15 µm is easily obtained. Note that, as described later, lithium may be lost to the outside of a 

system in the formation process of the positive electrode active material; thus, the ratio between 

lithium and the first transition metal of the obtained positive electrode active material does not 

agree with the ratio between lithium and the first transition metal of the starting material in some 

5 cases. 

[0149] 

However, if the amount of lithium is too large to make the particle size be in the 

preferred range, the capacity retention rate of a secondary battery containing the positive 

electrode active material might be decreased. 

10 [0150] 

Then, the present inventors found that with the second region 102 containing the second 

transition metal in the superficial portion, the particle size can be in the preferred range by 

control of the ratio of Li to the first transition metal and a positive electrode active material 

having high capacity retention rate can be formed. 

15 [0151] 

In the positive electrode active material of one embodiment of the present invention 

including a region containing the second transition metal in the superficial portion, the ratio of Li 

to the first transition metal in the starting material is preferably greater than or equal to 1.00 and 

less than or equal to 1.07, further preferably greater than or equal to 1.03 and less than or equal 

20 to 1.06. 

[0152] 

[Formation of second region] 

The second region 102 can be formed by coating particles of the composite oxide of 

lithium and the first transition metal with a material containing the second transition metal. 

25 [0153] 

As the coating method of the material containing the second transition metal, a liquid 

phase method such as a sol-gel method, a solid phase method, a sputtering method, an 

evaporation method, a chemical vapor deposition (CVD) method, a pulsed laser deposition 

(PLD) method, or the like can be used. In this embodiment, the case where the sol-gel method 

30 which can be performed with a uniform coverage under an atmospheric pressure is used is 

described. 

[0154] 

<Sol-gel method> 

A method for forming a material containing the second transition metal using a sol-gel 

35 method is described with reference to FIGS. 4A-l, 4A-2, 4A-3, 4B, 4C, 4D-l, and 4D-2. 
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[0155] 

First, an alkoxide of the second transition metal is dissolved in alcohol. 

[0156] 

FIG. 4A-l shows a general formula of the alkoxide of the second transition metal. In 

5 the formula of FIG. 4A-l, M2 indicates the alkoxide of the second transition metal. R 

represents an alkyl group having 1 to 18 carbon atoms or a substituted or unsubstituted aryl 

group having 6 to 13 carbon atoms. Although FIG. 4A-l shows the general formula in which 

the second transition metal has a valence of 4, one embodiment of the present invention is not 

limited thereto. The second transition metal may have a valence of 2, a valence of 3, a valence 

10 of 5, a valence of 6, or a valence of 7. In this case, the alkoxide of the second transition metal 

includes an alkoxy group corresponding to the valence of the second transition metal. 

[0157] 

FIG. 4A-2 shows a general formula of the titanium alkoxide used when titanium is used 

as the second transition metal. R in FIG. 4A-2 represents an alkyl group having 1 to 18 carbon 

15 atoms or a substituted or unsubstituted aryl group having 6 to 13 carbon atoms. 

[0158] 

As the titanium alkoxide, tetramethoxyti tani um, tetraethoxytitani um, 

tetra-n-propoxytitanium, tetra-i-propoxytitanium (also referred to as tetraisopropyl orthotitanate, 

titanium (IV) isopropoxide, titanium tetraisopropoxide (IV), TTIP, and the like), 

20 tetra-n-butoxytitanium, tetra-i-butoxytitanium, tetra-sec-butoxytitanium, tetra-t-butoxytitanium, 

or the like can be used. 

[0159] 

FIG. 4A-3 shows a chemical formula of titanium (IV) isopropoxide (TTIP) described in 

a formation method below, which is a kind of titanium alkoxide. 

25 [0160] 

30 

As a solvent in which the alkoxide of the second transition metal is dissolved, an 

alcohol such as methanol, ethanol, propanol, 2-propanol, butanol, or 2-butanol is preferably 

used. 

[0161] 

Next, particles of composite oxide of lithium, a transition metal, magnesmm, and 

fluorine are mixed into the alcohol solution of the alkoxide of the second transition metal and 

stirred in an atmosphere containing water vapor. 

[0162] 

When the solution is put in an atmosphere containing H20, hydrolysis of water and an 

35 alkoxide of the second transition metal occurs as in FIG. 4B. Then, as in FIG. 4C, dehydration 
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condensation occurs between the products of FIG. 4B. When the hydrolysis of FIG. 4B and the 

condensation reaction of FIG. 4C occur repeatedly, a sol of an oxide of the second transition 

metal is generated. This reaction also occurs on a particle 110 of the composite oxide as in 

FIGS. 4D-1 and 4D-2, and a layer containing the second transition metal is formed on the 

5 surface of the particle 110. 

[0163] 

10 

After that, the particle 110 is collected, and the alcohol is vaporized. The details of the 

formation method are described later. 

[0164] 

Note that in this embodiment, an example in which the particles of the composite oxide 

of lithium, the first transition metal, the representative element, and fluorine are coated with the 

material containing the second transition metal before the particles are applied to a positive 

electrode current collector is described; however, one embodiment of the present invention is not 

limited thereto. After the positive electrode active material layer including the particles of the 

15 composite oxide of lithium, the first transition metal, the representative element, and fluorine is 

formed on the positive electrode current collector, the positive electrode current collector and the 

positive electrode active material layer may be both soaked into an alkoxide solution of the 

second transition metal to be coated with the material containing the second transition metal. 

[0165] 

20 [Segregation of third region] 

The third region 103 can be formed by a sputtering method, a solid phase method, a 

liquid phase method such as a sol-gel method, or the like. However, the present inventors 

found that when a source of a representative element such as magnesium and a source of fluorine 

are mixed with a material of the first region 101 and then the mixture is heated, the 

25 representative element is segregated on a superficial portion of the positive electrode active 

material particle to form the third region 103. In addition, they found that with the third region 

103 formed in this manner, the positive electrode active material 100 has excellent cycle 

characteristics. 

30 

[0166] 

In the case where the third region 103 is formed through the heating as described above, 

the heating is preferably performed after the particle of the composite oxide is coated with the 

material containing the second transition metal. This is because even after the particle is coated 

with the material containing the second transition metal, the representative element such as 

magnesmm is unexpectedly segregated on the surface of the particle when the heating is 

3 5 performed. 
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[0167] 

Segregation models of the representative element are described with reference to FIGS. 

SA to SC and FIGS. 6A to 6D. It is probable that the segregation model of the representative 

element such as magnesium is slightly different in accordance with the ratio between lithium and 

5 the first transition metal contained in a starting material. Then, a segregation model in which 

the ratio of Li to the first transition metal in the starting material is less than 1.03, that is, the 

amount of lithium is small, is described with reference to FIGS. SA to SC. In addition, a 

segregation model in which the ratio of Li to the first transition metal in the starting material is 

greater than or equal to 1.03, that is, the amount of lithium is large, is described with reference to 

10 FIGS. 6A to 6D. In these segregation models in FIGS. SA to SC and FIGS. 6A to 6D, the first 

transition metal is cobalt, the second transition metal is titanium, and the representative element 
. .

1s magnesmm. 

[0168] 

FIG. SA illustrates a model diagram of the vicinity of the surface of the particle 110 of 

15 the composite oxide containing lithium, cobalt, magnesium, and fluorine, which is formed at a 

ratio of Li to Co in the starting material of less than 1. 03. A region 111 in the drawings contains 

lithium, cobalt, magnesium, and fluorine, and lithium cobaltate (LiCoO2) is a main component of 

the region 111. Lithium cobaltate has a layered rock-salt structure. 

20 

[0169] 

It is generally known that, at the time of synthesizing particles of the composite oxide 

containing lithium, cobalt, magnesium, and fluorine, lithium partly moves outside a system (a 

particle on which lithium is formed). This is because lithium is volatilized at the time of baking, 

lithium is eluted to a solvent at the time of mixing the starting material, and the like. Thus, the 

ratio of Li to Co in the particle llO of the composite oxide containing lithium, cobalt, 

25 magnesium, and fluorine becomes smaller than the ratio of Li to Co in the starting material in 

some cases. 

[0170] 

When the ratio of Li to Co in the starting material is less than 1.03, on the surface of the 

particle 110, lithium is released from the lithium cobaltate and cobalt oxide is easily generated. 

30 Thus, as illustrated in FIG. SA, the surface of the particle llO of the composite oxide is covered 

with a cobalt oxide (CoO) layer 114 in some cases. 

[0171] 

The cobalt oxide has a rock-salt crystal structure. Thus, in the particle 110 in FIG. SA, 

the cobalt oxide layer 114 having a rock-salt crystal structure is provided over and in contact 

35 with the region 111 containing lithium cobaltate having a layered rock-salt crystal structure in 
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some cases. 

[0172] 

The particle 110 is coated with a material containing titanium by a sol-gel method or the 

like. FIG. SB illustrates a state where the particle 110 is coated with a layer 112 containing 

5 titanium by a sol-gel method. At the stage of FIG. SB, the layer 112 containing titanium is a gel 

of titanium oxide; thus, the crystallinity is low. 

[0173] 

Next, the particle 110 coated with the layer 112 containing titanium 1s heated. 

Although the details of the heating conditions are described later, for example, FIG. SC 

10 illustrates a state where the particle 110 is heated in an oxygen atmosphere at 800 °C for two 

hours to form the positive electrode active material 100, which is one embodiment of the present 

invention. By heating, titanium in the layer 112 containing titanium is diffused into the inside 

of the particle 110. At the same time, magnesium and fluorine contained in the region 111 are 

segregated on the surface of the particle 110. 

15 [0174] 

As described above, on the surface of the particle 110, cobalt oxide having a rock-salt 

structure is present. In addition, magnesium oxide also has a rock-salt crystal structure. Thus, 

it is probable that magnesium is more stable in the state of being present as magnesium oxide on 

the surface of the particle 110 as compared with the state of being present inside the particle 110. 

20 That could be why magnesium is segregated on the surface of the particle 110 when the particle 

110 is heated. 

[0175] 

Moreover, it is considered that fluorine contained in the starting material promotes the 

segregation of magnesium. 

25 [0176] 

Fluorine has higher electronegativity than oxygen. Thus, it is probable that even in a 

stable compound such as magnesium oxide, when fluorine is added, uneven charge distribution 

occurs and a bond between magnesium and oxygen is weakened. Furthermore, it is probable 

that fluorine is substituted for oxygen in the magnesium oxide, whereby magnesium easily 

30 moves around the substituted fluorine. 

[0177] 

Moreover, this can also be described from a phenomenon in which a melting point of a 

mixture decreases. When magnesium oxide (melting point: 2852 °C) and lithium fluoride 

(melting point: 848 °C) are added at the same time, the melting point of the magnesium oxide is 

35 lowered. It is considered that the melting point is lowered, whereby magnesium easily moves 

33 

AMPEREX Ex. 1002 
Page 33



at the time of heating, and the segregation of magnesium easily occurs. 

[0178] 

Lastly, the third region 103 becomes a solid solution of cobalt oxide and magnesium 

oxide which has a rock-salt crystal structure. Furthermore, fluorine is probably substituted for 

5 part of oxygen contained in the cobalt oxide and the magnesium oxide. 

[0179] 

Cobalt sites of lithium cobaltate are substituted for part of the diffused titanium and 

lithium titanate is substituted for another part of the diffused titanium. The second region 102 

after the heating contains lithium titanate having a rock-salt crystal structure. 

10 [0180] 

The first region 101 after the heating contains lithium cobaltate having a layered 

rock-salt crystal structure. 

[0181] 

Next, the case where the ratio of Li to Co in the starting material is larger than or equal 

15 to 1.03 is described with reference to FIGS. 6A to 6D. FIG. 6A illustrates a model diagram of 

the vicinity of the surface of the particle 120 of the composite oxide containing lithium, cobalt, 

magnesium, and fluorine, which is formed at a ratio of Li to Co in the starting material of greater 

than or equal to 1.03. A region 121 in the drawings contains lithium, cobalt, magnesium, and 

fluorine. 

20 [0182] 

Since the particle 120 in FIG. 6A contains a sufficient amount of lithium, even when 

lithium is released from the particle 120 at the time of baking the particle 120 of the composite 

oxide of lithium, cobalt, magnesium, and fluorine or the like, lithium is diffused from the inside 

of the particle 120 to the surface thereof to compensate; as a result, a cobalt oxide layer is not 

25 easily formed on the surface. 

[0183] 

FIG. 6B illustrates a state where the particle 120 in FIG. 6A is coated with a layer 122 

containing titanium by a sol-gel method. At the stage of FIG. 6B, the layer 122 containing 

titanium is a gel of titanium oxide; thus, the crystallinity is low. 

30 [0184] 

FIG. 6C illustrates the state where the particle 120 coated with the layer 122 containing 

titanium in FIG. 6B starts to be heated. By heating, titanium in the layer 122 containing 

titanium is diffused into the inside of the particle 110. The diffused titanium is bonded with 

lithium contained in the region 121 to become lithium titanate, and a layer 125 containing the 

35 lithium titanate is formed. 
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[0185] 

Since lithium is bonded with titanium to form lithium titanate, the amount of lithium is 

relatively insufficient at the surface of the particle 120. Thus, it is probable that, as illustrated 

in FIG. 6C, a cobalt oxide layer 124 is temporarily formed on the surface of the particle 120. 

5 [0186] 

FIG. 6D illustrates the state where the state of FIG. 6C is sufficiently heated to form the 

positive electrode active material 100, which is one embodiment of the present invention. It is 

considered that, since the cobalt oxide layer 124 having a rock-salt crystal structure is present on 

the surface, magnesium is more stable in the state of being present as magnesium oxide on the 

10 surface of the particle 120 as compared with the state of being present inside the particle 120. 

As in the case of FIGS. 5A to SC, fluorine promotes the segregation of magnesium. 

[0187] 

Thus, as illustrated in FIG. 6D, magnesium and fluorine contained in the region 121 are 

segregated on the surface to be the third region 103 with the cobalt oxide. 

15 [0188] 

20 

In this manner, the positive electrode active material 100, which includes the third 

reg10n 103 containing magnesium oxide and cobalt oxide, the second region 102 containing 

lithium titanate, and the first region 101 containing lithium cobaltate, is formed. 

[0189] 

Note that in the case where the representative element is segregated by heating, when 

the composite oxide containing lithium and the first transition metal included in the first region 

101 is a polycrystal or has crystal defects, the representative element can be segregated not only 

in the superficial portion but also in the vicinity of a grain boundary of the composite oxide 

containing lithium and the first transition metal or in the vicinity of crystal defects thereof. The 

25 representative element segregated in the vicinity of a grain boundary or in the vicinity of crystal 

defects can contribute to further improvement in stability of the crystal structure of the 

composite oxide containing lithium and the first transition metal included in the first region 101. 

[0190] 

When the composite oxide containing lithium and the first transition metal included in 

30 the first region 101 includes a crack portion, the representative element is also segregated in the 

crack portion by heating. In addition, not only the representative element but also the second 

transition metal can be segregated. The crack portion is in contact with the electrolyte solution 

like the surface of the particle. Thus, the representative element and the second transition metal 

are segregated in the crack portion, and the third region 103 and the second region 102 are 

35 generated, whereby a chemically stable material can be used for the region in contact with the 
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electrolyte solution. As a result, a secondary battery having excellent cycle characteristics can 

be provided. 

[0191] 

The ratio between a representative element (T) and fluorine (F) in a starting material is 

5 preferably in a range of T:F = l:x (1.5�:S:4) (atomic ratio) because the segregation of the 

representative element effectively occurs. Further preferably, the ratio between T and F is 

approximately 1:2 (atomic ratio). 

[0192] 

Since the third region 103 formed by segregation 1s formed by epitaxial growth, 

10 orientations of crystals in the second region 102 and the third region 103 are partly and 

substantially aligned with each other in some cases. That is, the second region 102 and the 

third region 103 become topotaxy in some cases. When the orientations of crystals in the 

second region 102 and the third region 103 are substantially aligned with each other, these 

regions can serve as a more favorable coating layer. 

15 [0193] 

However, not all of the representative elements such as magnesium which is added as a 

starting material need not be segregated in the third region 103. For example, the first region 

101 may contain a small amount of representative element such as magnesium. 

[0194] 

20 <Fourth region 104> 

In addition, as illustrated in FIG. IC, the positive electrode active material 100 may 

include a fourth region 104 on the third region 103. Furthermore, when the positive electrode 

active material 100 contains a defect such as a crack portion 106, the fourth region 104 may be 

present to embed the defect such as the crack portion 106. 

25 [0195] 

30 

The fourth region 104 contains some elements contained in the second region 102 and 

the third region 103. For example, the fourth region 104 contains the second transition metal 

and the representative element. 

[0196] 

The fourth region 104 may have a projection, a stripe shape, or a layered shape. The 

fourth region 104 is formed using the second transition metal and the representative element not 

contained in the second region 102 or the third region 103 of the second transition metals and the 

representative elements contained in the starting material and the like. That is, with the fourth 

region 104, the amount of the second transition metal and the representative element contained in 

35 the second region 102 and the third region 103 can be kept in an appropriate range and the 
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5 

10 

crystal structures of the second region 102 and the third region 103 can be stabilized in some 

cases. Moreover, with the fourth region 104, the defect such as the crack portion 106 included 

in the positive electrode active material 100 can be repaired. 

[0197] 

The presence of the fourth region 104 and the shape of the fourth region 104 can be 

observed by a scanning electron microscope (SEM) or the like. Elements contained in the 

fourth region 104 can be analyzed by SEM-EDX or the like. 

[0198] 

[Method for forming positive electrode active material] 

Next, an example of a method for forming the positive electrode active material 100, 

which is one embodiment of the present invention, is described. 

[0199] 

<Step 11: Preparation of starting materials> 

First, starting materials are prepared. From the starting materials prepared m this 

15 process, the first region 101 and the third region 103 are formed finally. 

[0200] 

As materials of lithium and the first transition metal contained in the first region 101, a 

source of lithium and a source of the first transition metal are prepared. In addition, as 

materials of the compound of the representative elements contained in the third region 103, a 

20 source of the representative element is prepared. 

[0201] 

In addition to these sources, a source of fluorine is preferably prepared. Fluorine used 

for the materials has an effect of segregating the representative elements contained in the third 

region 103 on the surface of the positive electrode active material 100 in a later step. 

25 [0202] 

As the source of lithium, for example, lithium carbonate and lithium fluoride can be 

used. As the source of the first transition metal, for example, an oxide of the first transition 

metal can be used. As the source of the representative element, for example, an oxide of the 

representative element contained in the third region and fluoride of the representative element 

30 contained in the third region can be used. 

[0203] 

As the source of fluorine, for example, lithium fluoride and fluoride of the 

representative element contained in the third region can be used. That is, lithium fluoride can 

be used as either the source of lithium or the source of fluorine. 

35 [0204] 
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The amount of fluorine contained in the source of fluorine is preferably 1. 0 time to 4 

times (atomic ratio), further preferably 1.5 times to 3 times (atomic ratio) the amount of 

representative element contained in the source of the representative element. 

[0205] 

5 <Step 12: Mixing of starting materials> 

Next, the source of lithium, the source of the first transition metal, and the source of the 

representative element are mixed. In addition, the source of fluorine is preferably added. For 

example, a ball mill and a bead mill can be used for the mixing. 

[0206] 

10 <Step 13: First heating> 

Next, the materials mixed in Step 12 are heated. In this step, the heating is referred to 

as baking or first heating in some cases. The heating is preferably performed at higher than or 

equal to 800 °C and lower than or equal to 1100 °C, further preferably at higher than or equal to 

900 °C and lower than or equal to 1000 °C. The heating time is preferably greater than or equal 

15 to 2 hours and less than or equal to 20 hours. The baking is preferably performed in a dried 

atmosphere such as dry air. In the dried atmosphere, for example, the dew point is preferably 

lower than or equal to -50 °C, further preferably lower than or equal to -100 °C. In this 

embodiment, the heating is performed at 1000 °C for 10 hours, the temperature rising rate is 200 

°C/h, and dry air whose dew point is -109 °C flows at 10 L/min. After that, the heated 

20 materials are cooled to room temperature. 

[0207] 

By the heating in Step 13, the composite oxide of lithium and the first transition metal 

having a layered rock-salt crystal structure can be synthesized. At this time, the representative 

element and fluorine contained in the starting materials form a solid solution in the composite 

25 oxide. However, some representative elements have been already segregated on the surface of 

the composite oxide in some cases. 

[0208] 

In addition, as the starting materials, particles of the composite oxide containing lithium, 

cobalt, fluorine, and magnesium which are synthesized in advance may be used. In this case, 

30 Step 12 and Step 13 can be omitted. For example, lithium cobalt oxide particles (C-20F, 

produced by NIPPON CHEMICAL INDUSTRIAL CO., LTD.) can be used as one of the starting 

materials. The lithium cobalt oxide particle has a diameter of approximately 20 µm and 

contains fluorine, magnesium, calcium, sodium, silicon, sulfur, and phosphorus in a region which 

can be analyzed by XPS from the surface. 

35 [0209] 
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<Step 14: Coating with second transition metal> 

Next, the composite oxide of lithium and the first transition metal is cooled to room 

temperature. Then, the surface of the composite oxide particle of lithium and the first transition 

metal is coated with a material containing the second transition metal. In the formation method 

5 example, a sol-gel method is used. 

[0210] 

First, the alkoxide of the second transition metal which is dissolved in alcohol and the 

composite oxide particles of lithium and the first transition metal are mixed. 

[0211] 

10 For example, in the case where titanium is used as the second transition metal, TTIP can 

be used as the alkoxide of the second transition metal. As alcohol, isopropanol can be used, for 

example. 

[0212] 

Next, the above mixed solution is stirred in an atmosphere containing water vapor. 

15 The stirring can be performed with a magnetic stirrer, for example. The stirring time is not 

limited as long as water and TTIP in an atmosphere cause hydrolysis and polycondensation 

reaction. For example, the stirring can be performed at 25 °C and a humidity of 90 %RH 

(Relative Humidity) for 4 hours. 

20 

[0213] 

As described above, when water and TTIP in an atmosphere are reacted, a sol-gel 

reaction can proceed more slowly as compared with the case where liquid water is added. 

Alternatively, when titanium alkoxide and water are reacted at room temperature, a sol-gel 

reaction can proceed more slowly as compared with the case where heating is performed at a 

temperature higher than the boiling point of alcohol which is a solvent, for example. A sol-gel 

25 reaction proceeds slowly, whereby a high-quality coating layer containing titanium with a 

uniform thickness can be formed. 

[0214] 

After the above process, precipitate 1s collected from the mixed solution. As the 

collection method, filtration, centrifugation, evaporation and drying, or the like can be used. In 

30 this embodiment, filtration is used. For the filtration, a paper filter is used, and the residue is 

washed by alcohol which is the same as the solvent in which titanium alkoxide is dissolved. 

[0215] 

Then, the collected residue is dried. In this embodiment, vacuum drying is performed 

at 70 °C for one hour. 

35 [0216] 
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<Step 15: Second heating> 

Next, the composite oxide particle coated with the material containing the second 

transition metal, which is formed in Step 14, is heated. This step is referred to as second 

heating in some cases. In the heating, the retention time within a specified temperature range is 

5 preferably shorter than or equal to 50 hours, further preferably longer than or equal to 2 hours 

and shorter than or equal to 10 hours, still further preferably longer than or equal to 1 hour and 

shorter than or equal to 3 hours. If the heating time is too short, there is concern that the 

segregation of the representative elements does not occur; however, if the heating time is too 

long, there is concern that the favorable second region 102 is not formed because diffusion of the 

10 second transition metal proceeds too much. 

[0217] 

The specified temperature is preferably higher than or equal to 500 °C and lower than or 

equal to 1200 °C, further preferably higher than or equal to 800 °C and lower than or equal to 

1000 °C. If the specified temperature is too low, there is concern that the segregation of the 

15 representative elements and the second transition metal does not occur. However, if the 

specified temperature is too high, there is concern that the first transition metal in the composite 

oxide particle is reduced to decompose the composite oxide particle, that a layered structure of 

lithium and the first transition metal in the composite oxide particle cannot be kept, and the like. 

[0218] 

20 In this embodiment, the specified temperature is 800 °C and kept for 2 hours, the 

temperature rising rate is 200 °C/h, and the flow rate of dry air is 10 L/min. 

[0219] 

By the heating in Step 15, the composite oxide of lithium and the first transition metal 

and the oxide of the second transition metal covering the composite oxide become topotaxy. In 

25 other words, the first region 101 and the second region 102 become topotaxy. 

[0220] 

By the heating in Step 15, the representative elements which form a solid solution inside 

the composite oxide particle of lithium and the first transition metal are unevenly distributed on 

the surface to form a solid solution, that is, the representative elements are segregated, the 

30 compound of the representative elements is formed, and the third region 103 is formed. At this 

time, the compound of the representative elements is formed by heteroepitaxial growth from the 

second region 102. That is, the second region 102 and the third region 103 become topotaxy. 

[0221] 

Since the second region 102 and the third region 103 contain crystals whose orientations 

35 are substantially aligned with each other and have a stable bond with the first region 101, when 
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the positive electrode active material 100 is used for the secondary battery, a change of the 

crystal structure in the first region 101 which is caused by charging and discharging can be 

effectively suppressed. Even when lithium is released from the first region 101 due to charging, 

the superficial portion having a stable bond can suppress release of oxygen and the first 

5 transition metal such as cobalt from the first region 101. Furthermore, a chemically stable 

material can be used for a region in contact with the electrolyte solution. Thus, a secondary 

battery having excellent cycle characteristics can be provided. 

[0222] 

Note that the entire first region 101 and second region 102 does not need to become 

10 topotaxy as long as part of the first region 101 and second region 102 becomes topotaxy. 

Furthermore, the entire second region 102 and third region 103 does not need to become 

topotaxy as long as part of the second region 102 and third region 103 becomes topotaxy. 

[0223] 

In the case where the compound of the representative elements contained in the third 

15 region contains oxygen, the heating in Step 15 is preferably performed in an atmosphere 

containing oxygen. Heating in an atmosphere containing oxygen promotes the formation of the 

third region 103. 

[0224] 

Furthermore, fluorine contained in the starting materials promotes the segregation of the 

20 representative elements. 

[0225] 

In this manner, in the method for forming the positive electrode active material of one 

embodiment of the present invention, after the elements forming the second region 102 are 

coated, heating is performed to form the third region 103, and two kinds of regions can be 

25 formed on the surface of the positive electrode active material 100. That is, in general, two 

coating steps are necessary for providing two kinds of regions in a superficial portion; however, 

in the method for forming the positive electrode active material of one embodiment of the 

present invention, only one coating step (sol-gel process) is needed, which is a formation method 

with high productivity. 

30 [0226] 

<Step 16: Cooling> 

Next, the particles heated in Step 15 are cooled to room temperature. The time of 

decreasing temperature is preferably long because topotaxy is easily generated. For example, 

the time of decreasing temperature from retention temperature to room temperature is preferably 

35 the same as the time of increasing temperature or longer, specifically longer than or equal to 10 
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hours and shorter than or equal to 50 hours. 

[0227] 

<Step 17: Collecting> 

Next, the cooled particles are collected. Moreover, the particles are preferably made to 

5 pass through a sieve. Through the above process, the positive electrode active material 100 

including the first region 101, the second region 102, and the third region 103 can be formed. 

[0228] 

This embodiment can be implemented in appropriate combination with any of the other 

embodiments. 

10 [0229] 

(Embodiment 2) 

In this embodiment, examples of materials which can be used for a secondary battery 

containing the positive electrode active material 100 described in the above embodiment are 

described. In this embodiment, a secondary battery in which a positive electrode, a negative 

15 electrode, and an electrolyte solution are wrapped in an exterior body is described as an example. 

[0230] 

[Positive electrode] 

The positive electrode includes a positive electrode active material layer and a positive 

electrode current collector. 

20 [0231] 

<Positive electrode active material layer> 

The positive electrode active material layer contains at least a positive electrode active 

material. The positive electrode active material layer may contain, in addition to the positive 

electrode active material, other materials such as a coating film of the active material surface, a 

25 conductive additive, and a binder. 

[0232] 

As the positive electrode active material, the positive electrode active material 100 

described in the above embodiment can be used. When the above-described positive electrode 

active material 100 is used, a secondary battery with high capacity and excellent cycle 

30 characteristics can be obtained. 

[0233] 

Examples of the conductive additive include a carbon material, a metal material, and a 

conductive ceramic material. Alternatively, a fiber material may be used as the conductive 

additive. The content of the conductive additive with respect to the total amount of the active 

35 material layer is preferably greater than or equal to 1 wt% and less than or equal to 10 wt%, 
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more preferably greater than or equal to 1 wt% and less than or equal to 5 wt%. 

[0234] 

A network for electric conduction can be formed in the active material layer by the 

conductive additive. The conductive additive also allows maintaining of a path for electric 

5 conduction between the positive electrode active material particles. The addition of the 

conductive additive to the active material layer increases the electric conductivity of the active 

material layer. 

[0235] 

Examples of the conductive additive include natural graphite, artificial graphite such as 

10 mesocarbon microbeads, and carbon fiber. Examples of carbon fiber include mesophase 

pitch-based carbon fiber, isotropic pitch-based carbon fiber, carbon nanofiber, and carbon 

nanotube. Carbon nanotube can be formed by, for example, a vapor deposition method. Other 

examples of the conductive additive include carbon materials such as carbon black (e.g., 

acetylene black (AB)), graphite (black lead) particles, graphene, and fullerene. Alternatively, 

15 metal powder or metal fibers of copper, nickel, aluminum, silver, gold, or the like, a conductive 

ceramic material, or the like can be used. 

[0236] 

Alternatively, a graphene compound may be used as the conductive additive. 

[0237] 

20 A graphene compound has excellent electrical characteristics of high conductivity and 

excellent physical properties of high flexibility and high mechanical strength. Furthermore, a 

graphene compound has a planar shape. A graphene compound enables low-resistance surface 

contact. Furthermore, a graphene compound has extremely high conductivity even with a small 

thickness in some cases and thus allows a conductive path to be formed in an active material 

25 layer efficiently even with a small amount. For this reason, it is preferable to use a graphene 

compound as the conductive additive because the area where the active material and the 

conductive additive are in contact with each other can be increased. It is preferable to form the 

graphene compound serving as a conductive additive as a coating film to cover the entire surface 

of the active material with a spray dry apparatus, in which case the electrical resistance may be 

30 reduced. Here, it is particularly preferable to use, for example, graphene, multilayer graphene, 

or RGO as a graphene compound. Note that RGO refers to a compound obtained by reducing 

graphene oxide (GO), for example. 

[0238] 

In the case where an active material with a small particle diameter (e.g., 1 µm or less) is 

35 used, the specific surface area of the active material is large and thus more conductive paths for 
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the active material particles are needed. Thus, the amount of conductive additive tends to 

increase and the supported amount of active material tends to decrease relatively. When the 

supported amount of active material decreases, the capacity of the secondary battery also 

decreases. In such a case, a graphene compound that can efficiently form a conductive path 

5 even in a small amount is particularly preferably used as the conductive additive because the 

supported amount of active material does not decrease. 

[0239] 

A cross-sectional structure example of an active material layer 200 containing a 

graphene compound as a conductive additive is described below. 

10 [0240] 

FIG. 7A shows a longitudinal cross-sectional view of the active material layer 200. 

The active material layer 200 includes positive electrode active material particles 100, a 

graphene compound 201 serving as a conductive additive, and a binder (not illustrated). Here, 

graphene or multilayer graphene may be used as the graphene compound 201, for example. 

15 The graphene compound 201 preferably has a sheet-like shape. The graphene compound 201 

may have a sheet-like shape formed of a plurality of sheets of multilayer graphene and/or a 

plurality of sheets of graphene that partly overlap with each other. 

[0241] 

The longitudinal cross section of the active material layer 200 in FIG. 7B shows 

20 substantially uniform dispersion of the sheet-like graphene compounds 201 in the active material 

layer 200. The graphene compounds 201 are schematically shown by thick lines in FIG. 7B but 

are actually thin films each having a thickness corresponding to the thickness of a single layer or 

a multi-layer of carbon molecules. The plurality of graphene compounds 201 are formed in 

such a way as to partly coat or adhere to the surfaces of the plurality of positive electrode active 

25 material particles 100, so that the graphene compounds 201 make surface contact with the 

positive electrode active material particles 100. 

[0242] 

Here, the plurality of graphene compounds are bonded to each other to form a net-like 

graphene compound sheet (hereinafter referred to as a graphene compound net or a graphene net). 

30 The graphene net covering the active material can function as a binder for bonding active 

materials. The amount of a binder can thus be reduced, or the binder does not have to be used. 

This can increase the proportion of the active material in the electrode volume or weight. That 

is to say, the capacity of the secondary battery can be increased. 

[0243] 

35 Here, it is preferable to perform reduction after a layer to be the active material layer 
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200 is formed in such a manner that graphene oxide is used as the graphene compound 201 and 

mixed with an active material. When graphene oxide with extremely high dispersibility in a 

polar solvent is used for the formation of the graphene compounds 201, the graphene compounds 

201 can be substantially uniformly dispersed in the active material layer 200. The solvent is 

5 removed by volatilization from a dispersion medium in which graphene oxide is uniformly 

dispersed, and the graphene oxide is reduced; hence, the graphene compounds 201 remaining in 

the active material layer 200 partly overlap with each other and are dispersed such that surface 

contact is made, thereby forming a three-dimensional conduction path. Note that graphene 

oxide can be reduced either by heat treatment or with the use of a reducing agent, for example. 

10 [0244] 

Unlike a conductive additive in the form of particles, such as acetylene black, which 

makes point contact with an active material, the graphene compound 201 is capable of making 

low-resistance surface contact; accordingly, the electrical conduction between the positive 

electrode active material particles 100 and the graphene compounds 201 can be improved with a 

15 smaller amount of the graphene compound 201 than that of a normal conductive additive. This 

increases the proportion of the positive electrode active material particles 100 in the active 

material layer 200, resulting in increased discharge capacity of the secondary battery. 

[0245] 

Alternatively, the graphene compound may cover the entire surface of the active 

20 material in advance with a spray dry apparatus. After that, at the time of forming the positive 

electrode active material layer, a graphene compound can be further added to make the 

conductive path between the active materials more favorable. 

[0246] 

As the binder, a rubber material such as styrene-butadiene rubber (SBR), 

25 styrene-isoprene-styrene rubber, acrylonitrile-butadiene rubber, butadiene rubber, or 

ethylene-propylene-diene copolymer can be used, for example. Alternatively, fluororubber can 

be used as the binder. 

[0247] 

For the binder, for example, water-soluble polymers are preferably used. As the 

30 water-soluble polymers, a polysaccharide and the like can be used. As the polysaccharide, a 

cellulose derivative such as carboxymethyl cellulose (CMC), methyl cellulose, ethyl cellulose, 

hydroxypropyl cellulose, diacetyl cellulose, or regenerated cellulose, starch, or the like can be 

used. It is more preferred that such water-soluble polymers be used in combination with any of 

the above rubber materials. 

35 [0248] 
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Alternatively, as the binder, a material such as polystyrene, poly(methyl acrylate), 

poly(methyl methacrylate) (PMMA), sodium polyacrylate, polyvinyl alcohol (PVA), 

polyethylene oxide (PEO), polypropylene oxide, polyimide, polyvinyl chloride, 

polytetrafluoroethylene, polyethylene, polypropylene, polyisobutylene, polyethylene 

5 terephthalate, nylon, polyvinylidene fluoride (PVdF), polyacrylonitrile (PAN), 

ethylene-propylene-diene polymer, polyvinyl acetate, or nitrocellulose is preferably used. 

[0249] 

A plurality of the above materials may be used in combination for the binder. 

[0250] 

10 For example, a material having a significant viscosity modifying effect and another 

material may be used in combination. For example, a rubber material or the like has high 

adhesion or high elasticity but may have difficulty in viscosity modification when mixed in a 

solvent. In such a case, a rubber material or the like is preferably mixed with a material having 

a significant viscosity modifying effect, for example. As a material having a significant 

15 viscosity modifying effect, for example, a water-soluble polymer is preferably used. An 

example of a water-soluble polymer having an especially significant viscosity modifying effect is 

the above-mentioned polysaccharide; for example, a cellulose derivative such as carboxymethyl 

cellulose (CMC), methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, diacetyl cellulose, 

or regenerated cellulose, or starch can be used. 

20 [0251] 

Note that a cellulose derivative such as carboxymethyl cellulose obtains a higher 

solubility when converted into a salt such as a sodium salt or an ammonium salt of 

carboxymethyl cellulose, and accordingly, easily exerts an effect as a viscosity modifier. The 

high solubility can also increase the dispersibility of an active material and other components in 

25 the formation of slurry for an electrode. In this specification, cellulose and a cellulose 

derivative used as a binder of an electrode include salts thereof. 

[0252] 

The water-soluble polymers stabilize viscosity by being dissolved in water and allow 

stable dispersion of the active material and another material combined as a binder such as 

30 styrene-butadiene rubber in an aqueous solution. Furthermore, a water-soluble polymer is 

expected to be easily and stably adsorbed to an active material surface because it has a functional 

group. Many cellulose derivatives such as carboxymethyl cellulose have functional groups 

such as a hydroxyl group and a carboxyl group. Because of functional groups, polymers are 

expected to interact with each other and cover an active material surface in a large area. 

35 [0253] 
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In the case where the binder covermg or being m contact with the active material 

surface forms a film, the film is expected to serve as a passivation film to suppress the 

decomposition of the electrolyte solution. Here, the passivation film refers to a film without 

electric conductivity or a film with extremely low electric conductivity, and can inhibit the 

5 decomposition of an electrolyte solution at a potential at which a battery reaction occurs in the 

case where the passivation film is formed on the active material surface, for example. It is 

preferred that the passivation film can conduct lithium ions while suppressing electric 

conduction. 

[0254] 

10 <Positive electrode current collector> 

The positive electrode current collector can be formed using a material that has high 

conductivity, such as a metal like stainless steel, gold, platinum, aluminum, or titanium, or an 

alloy thereof It is preferred that a material used for the positive electrode current collector not 

dissolve at the potential of the positive electrode. Alternatively, the positive electrode current 

15 collector can be formed using an aluminum alloy to which an element that improves heat 

resistance, such as silicon, titanium, neodymium, scandium, or molybdenum, is added. Still 

alternatively, a metal element that forms silicide by reacting with silicon can be used. 

Examples of the metal element that forms silicide by reacting with silicon include zirconium, 

titanium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten, cobalt, and 

20 nickel. The current collector can have any of various shapes including a foil-like shape, a 

plate-like shape (sheet-like shape), a net-like shape, a punching-metal shape, and an 

expanded-metal shape. The current collector preferably has a thickness of 5 µm to 30 µm. 

[0255] 

25 

30 

[Negative electrode] 

The negative electrode includes a negative electrode active material layer and a negative 

electrode current collector. The negative electrode active material layer may contain a 

conductive additive and a binder. 

[0256] 

<Negative electrode active material> 

As a negative electrode active material, for example, an alloy-based material or a 

carbon-based material can be used. 

[0257] 

For the negative electrode active material, an element which enables charge-discharge 

reactions by an alloying reaction and a dealloying reaction with lithium can be used. For 

35 example, a material containing at least one of silicon, tin, gallium, aluminum, germanium, lead, 
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antimony, bismuth, silver, zmc, cadmium, indium, and the like can be used. Such elements 

have higher capacity than carbon. In particular, silicon has a significantly high theoretical 

capacity of 4200 mAh/g. For this reason, silicon is preferably used as the negative electrode 

active material. Alternatively, a compound containing any of the above elements may be used. 

5 Examples of the compound include Si 0, Mg2Si, Mg2Ge, SnO, SnO2, Mg2Sn, SnS2, V2Sn3, FeSn2, 

C0Sn2, Ni3Sn2, Cu6Sns, Ag3Sn, Ag3Sb, Ni2MnSb, CeSb3, LaSn3, La3Co2Sn7, C0Sb3, InSb, and 

SbSn. Here, an element that enables charge-discharge reactions by an alloying reaction and a 

dealloying reaction with lithium, a compound containing the element, and the like may be 

referred to as an alloy-based material. 

10 [0258] 

In this specification and the like, SiO refers, for example, to silicon monoxide. SiO

can alternatively be expressed as SiOx. Here, x preferably has an approximate value of 1. For 

example, xis preferably 0.2 or more and 1.5 or less, more preferably 0.3 or more and 1.2 or less. 

[0259] 

15 As the carbon-based material, graphite, graphitizing carbon (soft carbon), 

non-graphitizing carbon (hard carbon), a carbon nanotube, graphene, carbon black, and the like 

can be used. 

[0260] 

Examples of graphite include artificial graphite and natural graphite. Examples of 

20 artificial graphite include mesa-carbon microbeads (MCJ\!IB), coke-based artificial graphite, and 

pitch-based artificial graphite. As artificial graphite, spherical graphite having a spherical 

shape can be used. For example, MCMB is preferably used because it may have a spherical 

shape. Moreover, MCMB may preferably be used because it can relatively easily have a small 

surface area. Examples of natural graphite include flake graphite and spherical natural graphite. 

25 [0261] 

Graphite has a low potential substantially equal to that of a lithium metal (higher than or 

equal to 0.05 V and lower than or equal to 0.3 V vs. Li/Li
+) when lithium ions are intercalated 

into the graphite (while a lithium-graphite intercalation compound is formed). For this reason, 

a lithium-ion secondary battery can have a high operating voltage. In addition, graphite is 

30 preferred because of its advantages such as a relatively high capacity per unit volume, relatively 

small volume expansion, low cost, and higher level of safety than that of a lithium metal. 

[0262] 

Alternatively, for the negative electrode active material, an oxide such as titanium 

dioxide (TiO2), lithium titanium oxide (Li4 Ti5O12), lithium-graphite intercalation compound 

35 (LixC6), niobium pentoxide (Nb2Os), tungsten oxide (WO2), or molybdenum oxide (MoO2) can 
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be used. 

[0263] 

Still alternatively, for the negative electrode active material, Li3 - xMxN (M = Co, Ni, or 

Cu) with a Li3N structure, which is a nitride containing lithium and a transition metal, can be 

5 used. For example, Li2 _6Co0 .4N3 is preferable because of high charge and discharge capacity 

(900 mAh/g and 1890 mAh/cm3
). 

[0264] 

A nitride containing lithium and a transition metal is preferably used, in which case 

lithium ions are contained in the negative electrode active material and thus the negative 

10 electrode active material can be used in combination with a material for a positive electrode 

active material which does not contain lithium ions, such as V205 or Cr308. In the case of using 

a material containing lithium ions as a positive electrode active material, the nitride containing 

lithium and a transition metal can be used for the negative electrode active material by extracting 

the lithium ions contained in the positive electrode active material in advance. 

15 [0265] 

Alternatively, a material which causes a conversion reaction can be used for the negative 

electrode active material; for example, a transition metal oxide which does not form an alloy 

with lithium, such as cobalt oxide (CoO), nickel oxide (NiO), and iron oxide (FeO), may be used. 

Other examples of the material which causes a conversion reaction include oxides such as Fe203 , 

20 CuO, Cu20, Ru02, and Cr203, sulfides such as CoSo.89, NiS, and CuS, nitrides such as Zn3N2 , 

Cu3N, and Ge3N4, phosphides such as NiP2, FeP2, and CoP3 , and fluorides such as FeF3 and 

BiF3 . 

[0266] 

For the conductive additive and the binder that can be included in the negative electrode 

25 active material layer, materials similar to those of the conductive additive and the binder that can 

be included in the positive electrode active material layer can be used. 

[0267] 

<Negative electrode current collector> 

For the negative electrode current collector, a material similar to that of the positive 

30 electrode current collector can be used. Note that a material which is not alloyed with a carrier 

ion such as lithium is preferably used for the negative electrode current collector. 

[0268] 

[Electrolyte solution] 

The electrolyte solution contains a solvent and an electrolyte. As a solvent of the 

35 electrolyte solution, an aprotic organic solvent is preferably used. For example, one of ethylene 
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carbonate (EC), propylene carbonate (PC), butylene carbonate, chloroethylene carbonate, 

vinylene carbonate, y-butyrolactone, y-valerolactone, dimethyl carbonate (DMC), diethyl 

carbonate (DEC), ethyl methyl carbonate (EMC), methyl formate, methyl acetate, ethyl acetate, 

methyl propionate, ethyl propionate, propyl propionate, methyl butyrate, 1,3-dioxane, 

5 1,4-dioxane, dimethoxyethane (DME), dimethyl sulfoxide, diethyl ether, methyl diglyme, 

acetonitrile, benzonitrile, tetrahydrofuran, sulfolane, and sultone can be used, or two or more of 

these solvents can be used in an appropriate combination in an appropriate ratio. 

[0269] 

Alternatively, when one or more kinds of ionic liquids (room temperature molten salts) 

10 which have features of non-flammability and non-volatility is used as a solvent of the electrolyte 

solution, a secondary battery can be prevented from exploding or catching fire even when the 

secondary battery internally shorts out or the internal temperature increases owing to 

overcharging or the like. An ionic liquid contains a cation and an anion. The ionic liquid 

contains an organic cation and an anion. Examples of the organic cation used for the electrolyte 

15 solution include aliphatic onium cations such as a quaternary ammonium cation, a tertiary 

sulfonium cation, and a quaternary phosphonium cation, and aromatic cations such as an 

imidazolium cation and a pyridinium cation. Examples of the anion used for the electrolyte 

solution include a monovalent amide-based amon, a monovalent methide-based anion, a 

fluorosulfonate amon, a perfluoroalkylsulfonate amon, a tetrafluoroborate amon, a 

20 perfluoroalkylborate anion, a hexafluorophosphate anion, and a perfluoroalkylphosphate anion. 

[0270] 

As an electrolyte dissolved in the above-described solvent, one of lithium salts such as 

LiPF6, LiClO4, LiAsF6, LiBF4, LiAlCl4, LiSCN, LiBr, Lil, LhSO4, LhB10Cl10, Li2B12Cl12, 

LiCF3SO3, LiC4F9SO3, LiC(CF3SO2)3, LiC(C2FsSO2)3, LiN(CF3SO2)2, LiN(C4F9SO2) (CF3SO2), 

25 and LiN(C2F5S02)2 can be used, or two or more of these lithium salts can be used in an 

appropriate combination in an appropriate ratio. 

[0271] 

The electrolyte solution used for a secondary battery is preferably highly purified and 

contains a small amount of dust particles and elements other than the constituent elements of the 

30 electrolyte solution (hereinafter also simply referred to as impurities). Specifically, the weight 

ratio of impurities to the electrolyte solution is less than or equal to 1 %, preferably less than or 

equal to 0.1 ?/o, and further preferably less than or equal to 0.01 %. 

[0272] 

Furthermore, an additive agent such as vinylene carbonate, propane sultone (PS), 

35 tert-butylbenzene (TBB), fluoroethylene carbonate (FEC), LiBOB, or a dinitrile compound such 
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5 

as succinonitrile or adiponitrile may be added to the electrolyte solution. The concentration of 

a material to be added with respect to the whole solvent is, for example, higher than or equal to 

0.1 wt% and lower than or equal to 5 wt%. 

[0273] 

Alternatively, a gelled electrolyte obtained in such a manner that a polymer is swelled 

with an electrolyte solution may be used. 

[0274] 

When a polymer gel electrolyte is used, safety against liquid leakage and the like is 

improved. Furthermore, a secondary battery can be thinner and more lightweight. 

10 [0275] 

As a polymer that undergoes gelation, a silicone gel, an acrylic gel, an acrylonitrile gel, 

a polyethylene oxide-based gel, a polypropylene oxide-based gel, a fluorine-based polymer gel, 

or the like can be used. 

[0276] 

15 Examples of the polymer include a polymer having a polyalkylene oxide structure, such 

20 

as polyethylene oxide (PEO); PVDF; polyacrylonitrile; and a copolymer containing any of them. 

For example, PVDF-HFP, which is a copolymer of PVDF and hexafluoropropylene (HFP) can be 

used. The formed polymer may be porous. 

[0277] 

Instead of the electrolyte solution, a solid electrolyte including an inorganic material 

such as a sulfide-based inorganic material or an oxide-based inorganic material, or a solid 

electrolyte including a high-molecular material such as a polyethylene oxide (PEO)-based 

high-molecular material may alternatively be used. When the solid electrolyte is used, a 

separator and a spacer are not necessary. Furthermore, since the battery can be entirely 

25 solidified, there is no possibility of liquid leakage to increase the safety of the battery 

dramatically. 

[0278] 

[Separator] 

The secondary battery preferably includes a separator. As the separator, for example, 

30 paper; nonwoven fabric; glass fiber; ceramics; or synthetic fiber using nylon (polyamide), 

vinylon (polyvinyl alcohol-based fiber), polyester, acrylic, polyolefin, or polyurethane can be 

used. The separator is preferably formed to have an envelope-like shape to wrap one of the 

positive electrode and the negative electrode. 

[0279] 

35 The separator may have a multilayer structure. For example, an organic material film 
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such as polypropylene or polyethylene can be coated with a ceramic-based material, a 

fluorine-based material, a polyamide-based material, a mixture thereof, or the like. Examples 

of the ceramic-based material include aluminum oxide particles and silicon oxide particles. 

Examples of the fluorine-based material include PVDF and a polytetrafluoroethylene. 

5 Examples of the polyamide-based material include nylon and aramid (meta-based aramid and 

para-based aramid). 

[0280] 

Deterioration of the separator in charging and discharging at high voltage can be 

suppressed and thus the reliability of the secondary battery can be improved because oxidation 

10 resistance is improved when the separator is coated with the ceramic-based material. In 

addition, when the separator is coated with the fluorine-based material, the separator is easily 

brought into close contact with an electrode, resulting in high output characteristics. When the 

separator is coated with the polyamide-based material, in particular, aramid, the safety of the 

secondary battery is improved because heat resistance is improved. 

15 [0281] 

For example, both surfaces of a polypropylene film may be coated with a mixed 

material of aluminum oxide and aramid. Alternatively, a surface of the polypropylene film in 

contact with the positive electrode may be coated with the mixed material of aluminum oxide 

and aramid, and a surface of the polypropylene film in contact with the negative electrode may 

20 be coated with the fluorine-based material. 

[0282] 

With the use of a separator having a multilayer structure, the capacity of the secondary 

battery per volume can be increased because the safety of the secondary battery can be 

maintained even when the total thickness of the separator is small. 

25 [0283] 

[Exterior body] 

For an exterior body included in the secondary battery, a metal material such as 

aluminum and a resin material can be used, for example. An exterior body in the form of a film 

can also be used. As the film, for example, a film having a three-layer structure in which a 

30 highly flexible metal thin film of aluminum, stainless steel, copper, nickel, or the like is provided 

over a film formed of a material such as polyethylene, polypropylene, polycarbonate, ionomer, or 

polyamide, and an insulating synthetic resin film of a polyamide-based resin, a polyester-based 

resin, or the like is provided as the outer surface of the exterior body over the metal thin film can 

be used. 

35 [0284] 
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[Charging and discharging methods] 

The secondary battery can be charged and discharged in the following manner, for 

example. 

[0285] 

5 < <CC charge>> 

First, CC charge, which is one of charging methods, is described. CC charge is a 

charging method in which a constant current is made to flow to a secondary battery in the whole 

charging period and charge is terminated when the voltage reaches a predetermined voltage. 

The secondary battery is assumed to be an equivalent circuit with internal resistance R and 

10 secondary battery capacitance C as illustrated in FIG. 8A. In that case, a secondary battery 

voltage VB is the sum of a voltage VR applied to the internal resistance Rand a voltage Ve applied 

to the secondary battery capacitance C. 

[0286] 

While the CC charge is performed, a switch is on as illustrated in FIG. 8A, so that a 

15 constant current I flows to the secondary battery. During the period, the current I is constant; 

thus, according to the Ohm's law (VR = R x I), the voltage VR applied to the internal resistance R 

is also constant. In contrast, the voltage Ve applied to the secondary battery capacitance C 

increases over time. Accordingly, the secondary battery voltage VB increases over time. 

20 

[0287] 

When the secondary battery voltage VB reaches a predetermined voltage, e.g., 4.3 V, the 

charge is terminated. On termination of the CC charge, the switch is turned off as illustrated in 

FIG. 8B, and the current I becomes 0. Thus, the voltage VR applied to the internal resistance R 

becomes O V Consequently, the secondary battery voltage VB is decreased by the lost voltage 

drop in the internal resistance R.

25 [0288] 

FIG. 8C shows an example of the secondary battery voltage VB and charging current 

during a period in which the CC charge is performed and after the CC charge is terminated. 

The secondary battery voltage VB increases while the CC charge is performed, and slightly 

decreases after the CC charge is terminated. 

30 [0289] 

< <CCCV charge>> 

Next, CCCV charge, which is a charging method different from the above-described 

method, is described. CCCV charge is a charging method in which CC charge is performed 

until the voltage reaches a predetermined voltage and then constant voltage (CV) charge is 

35 performed until the amount of current flow becomes small, specifically, a termination current 
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value. 

[0290] 

While the CC charge is performed, a switch of a constant current power source is on and 

a switch of a constant voltage power source is off as illustrated in FIG. 9A, so that the constant 

5 current I flows to the secondary battery. During the period, the current I is constant; thus, 

according to the Ohm's law (VR = R x /), the voltage VR applied to the internal resistance R is 

also constant. In contrast, the voltage Ve applied to the secondary battery capacitance C 

increases over time. Accordingly, the secondary battery voltage VB increases over time. 

[0291] 

10 When the secondary battery voltage VB reaches a predetermined voltage, e.g., 4.3 V, 

switching is performed from the CC charge to the CV charge. While the CV charge is 

performed, the switch of the constant voltage power source is on and the switch of the constant 

current power source is off as illustrated in FIG. 9B; thus, the secondary battery voltage J/13 is 

constant. In contrast, the voltage Ve applied to the secondary battery capacitance C increases 

15 over time. Since VB = VR + Ve is satisfied, the voltage VR applied to the internal resistance R

decreases over time. As the voltage VR applied to the internal resistance R decreases, the 

current I flowing to the secondary battery also decreases according to the Ohm's law (VR =Rx 

I). 

[0292] 

20 When the current I flowing to the secondary battery becomes a predetermined current, 

e.g., approximately 0.01 C, charge is terminated. On termination of the CCCV charge, all the

switches are turned off as illustrated in FIG. 9C, so that the current I becomes 0. Thus, the 

voltage VR applied to the internal resistance R becomes O V However, the voltage VR applied to 

the internal resistance R becomes sufficiently small by the CV charge; thus, even when a voltage 

25 drop no longer occurs in the internal resistance R, the secondary battery voltage VB hardly 

decreases. 

[0293] 

FIG. 9D shows an example of the secondary battery voltage VB and charging current 

while the CCCV charge is performed and after the CCCV charge is terminated. Even after the 

30 CCCV charge is terminated, the secondary battery voltage J"8 hardly decreases. 

[0294] 

<<CC discharge>> 

Next, CC discharge, which is one of discharging methods, is described. CC discharge 

is a discharging method in which a constant current is made to flow from the secondary battery 

35 in the whole discharging period, and discharge is terminated when the secondary battery voltage 
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VB reaches a predetermined voltage, e.g., 2.5 V 

[0295] 

FIG. 10 shows an example of the secondary battery voltage VB and discharging current 

while the CC discharge is performed. As discharge proceeds, the secondary battery voltage VB 

5 decreases. 

[0296] 

Next, a discharge rate and a charge rate will be described. The discharge rate refers to 

the relative ratio of discharging current to battery capacity and is expressed in a unit C. A 

current of approximately 1 C in a  battery with a rated capacity X (Ah) is X A. The case where 

10 discharge is performed at a current of 2X A is rephrased as follows: discharge is performed at 2 C. 

The case where discharge is performed at a current of X/5 A is rephrased as follows: discharge is 

performed at 0.2 C. Similarly, the case where charging is performed at a current of 2X A is 

rephrased as follows: charging is performed at 2 C, and the case where charging is performed at 

a current of X/5 A is rephrased as follows: charging is performed at 0.2 C.

15 [0297] 

(Embodiment 3) 

In this embodiment, examples of a shape of a secondary battery containing the positive 

electrode active material 100 described in the above embodiment are described. For the 

materials used for the secondary battery described in this embodiment, the description of the 

20 above embodiment can be referred to. 

[0298] 

[Coin-type secondary battery] 

First, an example of a coin-type secondary battery is described. FIG. llA is an 

external view of a coin-type (single-layer flat type) secondary battery, and FIG. l lB is a 

25 cross-sectional view thereof. 

[0299] 

In a coin-type secondary battery 300, a positive electrode can 301 doubling as a positive 

electrode terminal and a negative electrode can 302 doubling as a negative electrode terminal are 

insulated from each other and sealed by a gasket 303 made of polypropylene or the like. A 

30 positive electrode 304 includes a positive electrode current collector 305 and a positive electrode 

active material layer 306 provided in contact with the positive electrode current collector 305. 

A negative electrode 307 includes a negative electrode current collector 308 and a negative 

electrode active material layer 309 provided in contact with the negative electrode current 

collector 308. 

35 [0300] 
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5 

Note that only one surface of each of the positive electrode 304 and the negative 

electrode 307 used for the coin-type secondary battery 300 is provided with an active material 

layer. 

[0301] 

For the positive electrode can 301 and the negative electrode can 302, a metal having a 

corrosion-resistant property to an electrolyte solution, such as nickel, aluminum, or titanium, an 

alloy of such a metal, or an alloy of such a metal and another metal (e.g., stainless steel) can be 

used. Alternatively, the positive electrode can 301 and the negative electrode can 302 are 

preferably covered with nickel, aluminum, or the like in order to prevent corrosion due to the 

10 electrolyte solution. The positive electrode can 301 and the negative electrode can 302 are 

electrically connected to the positive electrode 304 and the negative electrode 307, respectively. 

[0302] 

The negative electrode 307, the positive electrode 304, and the separator 310 are 

immersed in the electrolyte solution. Then, as illustrated in FIG. l lB, the positive electrode 

15 304, the separator 310, the negative electrode 307, and the negative electrode can 302 are 

stacked in this order with the positive electrode can 301 positioned at the bottom, and the 

positive electrode can 301 and the negative electrode can 302 are subjected to pressure bonding 

with the gasket 303 located therebetween. In such a manner, the coin-type secondary battery 

300 can be manufactured. 

20 [0303] 

25 

When the positive electrode active material described in the above embodiment is used 

m the positive electrode 304, the coin-type secondary battery 300 with high capacity and 

excellent cycle characteristics can be obtained. 

[0304] 

Here, a current flow in charging a secondary battery is described with reference to FIG. 

llC. When a secondary battery using lithium is regarded as a closed circuit, lithium ions 

transfer and a current flows in the same direction. Note that in the secondary battery using 

lithium, an anode and a cathode change places in charge and discharge, and an oxidation reaction 

and a reduction reaction occur on the corresponding sides; hence, an electrode with a high 

30 reaction potential is called a positive electrode and an electrode with a low reaction potential is 

called a negative electrode. For this reason, in this specification, the positive electrode is 

referred to as a "positive electrode" or a "plus electrode" and the negative electrode is referred to 

as a "negative electrode" or a "minus electrode" in all the cases where charge is performed, 

discharge is performed, a reverse pulse current is supplied, and a charging current is supplied. 

35 The use of the terms "anode" and "cathode" related to an oxidation reaction and a reduction 
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reaction might cause confusion because the anode and the cathode change places at the time of 

charging and discharging. Thus, the terms "anode" and "cathode" are not used in this 

specification. If the term "anode" or "cathode" is used, it should be mentioned that the anode or 

the cathode is which of the one at the time of charging or the one at the time of discharging and 

5 corresponds to which of a positive (plus) electrode or a negative (minus) electrode. 

[0305] 

Two terminals in FIG. 11 C are connected to a charger, and the secondary battery 300 is 

charged. As the charge of the secondary battery 300 proceeds, a potential difference between 

electrodes increases. 

10 [0306] 

[Cylindrical secondary battery] 

Next, an example of a cylindrical secondary battery will be described with reference to 

FIGS. 12A to 12D. A cylindrical secondary battery 600 includes, as illustrated in FIG. 12A, a 

positive electrode cap (battery lid) 601 on the top surface and a battery can (outer can) 602 on 

15 the side and bottom surfaces. The positive electrode cap and the battery can ( outer can) 602 are 

insulated from each other by a gasket (insulating packing) 610. 

[0307] 

FIG. 12B is a schematic cross-sectional view of the cylindrical secondary battery. 

Inside the battery can 602 having a hollow cylindrical shape, a battery element in which a 

20 strip-like positive electrode 604 and a strip-like negative electrode 606 are wound with a 

strip-like separator 605 located therebetween is provided. Although not illustrated, the battery 

element is wound around a center pin. One end of the battery can 602 is close and the other end 

thereof is open. For the battery can 602, a metal having a corrosion-resistant property to an 

electrolyte solution, such as nickel, aluminum, or titanium, an alloy of such a metal, or an alloy 

25 of such a metal and another metal ( e.g., stainless steel) can be used. Alternatively, the battery 

can 602 is preferably covered with nickel, aluminum, or the like in order to prevent corrosion 

due to the electrolyte solution. Inside the battery can 602, the battery element in which the 

positive electrode, the negative electrode, and the separator are wound is provided between a pair 

of insulating plates 608 and 609 that face each other. Furthermore, a nonaqueous electrolyte 

30 solution (not illustrated) is injected inside the battery can 602 provided with the battery element. 

As the nonaqueous electrolyte solution, a nonaqueous electrolyte solution that is similar to that 

of the coin-type secondary battery can be used. 

[0308] 

Since the positive electrode and the negative electrode of the cylindrical secondary 

35 battery are wound, active materials are preferably formed on both sides of the current collectors. 
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A positive electrode terminal (positive electrode current collecting lead) 603 is connected to the 

positive electrode 604, and a negative electrode terminal (negative electrode current collecting 

lead) 607 is connected to the negative electrode 606. Both the positive electrode terminal 603 

and the negative electrode terminal 607 can be formed using a metal material such as aluminum. 

5 The positive electrode terminal 603 and the negative electrode terminal 607 are 

resistance-welded to a safety valve mechanism 612 and the bottom of the battery can 602, 

respectively. The safety valve mechanism 612 is electrically connected to the positive electrode 

cap 601 through a positive temperature coefficient (PTC) element 611. The safety valve 

mechanism 612 cuts off electrical connection between the positive electrode cap 601 and the 

10 positive electrode 604 when the internal pressure of the battery exceeds a predetermined 

threshold value. The PTC element 611, which serves as a thermally sensitive resistor whose 

resistance increases as temperature rises, limits the amount of current by increasing the 

resistance, in order to prevent abnormal heat generation. Barium titanate (BaTiO3)-based 

semiconductor ceramic can be used for the PTC element. 

15 [0309] 

Alternatively, as illustrated in FIG. 12C, a plurality of secondary batteries 600 may be 

sandwiched between a conductive plate 613 and a conductive plate 614 to form a module 615. 

The plurality of secondary batteries 600 may be connected in parallel, connected in series, or 

connected in series after being connected in parallel. With the module 615 including the 

20 plurality of secondary batteries 600, large electric power can be extracted. 

[0310] 

FIG. 12D is a top view of the module 615. The conductive plate 613 is shown by a 

dotted line for clarity of the drawing. As illustrated in FIG. 12D, the module 615 may include a 

wiring 616 which electrically connects the plurality of secondary batteries 600 to each other. It 

25 is possible to provide the conductive plate 613 over the wiring 616 to overlap with each other. 

In addition, a temperature control device 617 may be provided between the plurality of 

secondary batteries 600. When the secondary batteries 600 are overheated, the temperature 

control device 617 can cool them, and when the secondary batteries 600 are cooled too much, the 

temperature control device 617 can heat them. Thus, the performance of the module 615 is not 

30 easily influenced by the outside air temperature. 

[0311] 

When the positive electrode active material described in the above embodiment is used 

m the positive electrode 604, the cylindrical secondary battery 600 with high capacity and 

excellent cycle characteristics can be obtained. 

35 [0312] 
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[Structural examples of secondary battery] 

Other structural examples of secondary batteries will be described with reference to 

FIGS. 13A and 13B, FIGS. 14A-l, 14A-2, 14B-l, and 14B-2, FIGS. 15A and 15B, and FIG. 16. 

[0313] 

5 FIGS. 13A and 13B are external views of a secondary battery. The secondary battery 

includes a circuit board 900 and a secondary battery 913. A label 910 is attached to the 

secondary battery 913. As shown in FIG. 13B, the secondary battery further includes a 

terminal 951, a terminal 952, an antenna 914, and an antenna 915. 

[0314] 

10 The circuit board 900 includes terminals 911 and a circuit 912. The terminals 911 are 

15 

connected to the terminals 951 and 952, the antennas 914 and 915, and the circuit 912. Note 

that a plurality of terminals 911 serving as a control signal input terminal, a power supply 

terminal, and the like may be provided. 

[0315] 

The circuit 912 may be provided on the rear surface of the circuit board 900. The 

shape of each of the antennas 914 and 915 is not limited to a coil shape and may be a linear 

shape or a plate shape. Furthermore, a planar antenna, an aperture antenna, a traveling-wave 

antenna, an EH antenna, a magnetic-field antenna, a dielectric antenna, or the like may be used . 

Alternatively, the antenna 914 or the antenna 915 may be a flat-plate conductor. The flat-plate 

20 conductor can serve as one of conductors for electric field coupling. That is, the antenna 914 or 

25 

the antenna 915 can serve as one of two conductors of a capacitor. Thus, electric power can be 

transmitted and received not only by an electromagnetic field or a magnetic field but also by an 

electric field. 

[0316] 

The line width of the antenna 914 is preferably larger than that of the antenna 915. 

This makes it possible to increase the amount of electric power received by the antenna 914. 

[0317] 

The secondary battery includes a layer 916 between the secondary battery 913 and the 

antennas 914 and 915. The layer 916 has a function of blocking an electromagnetic field from 

30 the secondary battery 913, for example. As the layer 916, for example, a magnetic body can be 

used. 

[0318] 

Note that the structure of the secondary battery is not limited to that shown in FIGS. 

13A and 13B. 

35 [0319] 
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For example, as shown in FIGS. 14A- l and 14A-2, two opposite surfaces of the 

secondary battery 913 in FIGS. 13A and 13B may be provided with respective antennas. FIG. 

14A-l is an external view showing one side of the opposite surfaces, and FIG. 14A-2 1s an 

external view showing the other side of the opposite surfaces. For portions similar to those in 

5 FIGS. 13A and 13B, a description of the secondary battery illustrated in FIGS. 13A and 13B can 

be referred to as appropriate. 

[0320] 

As illustrated in FIG. 14A-l, the antenna 914 is provided on one of the opposite 

surfaces of the secondary battery 913 with the layer 916 located therebetween, and as illustrated 

10 in FIG. 14A-2, an antenna 918 is provided on the other of the opposite surfaces of the secondary 

battery 913 with a layer 917 located therebetween. The layer 917 has a function of blocking an 

electromagnetic field from the secondary battery 913, for example. As the layer 917, for 

example, a magnetic body can be used. 

15 

[0321] 

With the above structure, both of the antennas 914 and 918 can be increased in size. 

The antenna 918 has a function of communicating data with an external device, for example. 

An antenna with a shape that can be applied to the antenna 914, for example, can be used as the 

antenna 918. As a system for communication using the antenna 918 between the secondary 

battery and another device, a response method that can be used between the secondary battery 

20 and another device, such as NFC, can be employed. 

[0322] 

Alternatively, as illustrated in FIG. 14B- l ,  the secondary battery 913 in FIGS. 13A and 

13B may be provided with a display device 920. The display device 920 is electrically 

connected to the terminal 911. It is possible that the label 910 is not provided in a portion 

25 where the display device 920 is provided. For portions similar to those in FIGS. 13A and 13B, 

a description of the secondary battery illustrated in FIGS. 13A and 13B can be referred to as 

appropriate. 

[0323] 

The display device 920 can display, for example, an image showing whether charge is 

30 being carried out, an image showing the amount of stored power, or the like. As the display 

device 920, electronic paper, a liquid crystal display device, an electroluminescent (EL) display 

device, or the like can be used. For example, the use of electronic paper can reduce power 

consumption of the display device 920. 

[0324] 

35 Alternatively, as illustrated in FIG. 14B-2, the secondary battery 913 illustrated in FIGS. 
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13A and 13B may be provided with a sensor 921. The sensor 921 is electrically connected to 

the terminal 911 via a terminal 922. For portions similar to those in FIGS. 13A and 13B, a 

description of the secondary battery illustrated in FIGS. 13A and 13B can be referred to as 

appropriate. 

5 [0325] 

The sensor 921 has a function of measuring, for example, displacement, position, speed, 

acceleration, angular velocity, rotational frequency, distance, light, liquid, magnetism, 

temperature, chemical substance, sound, time, hardness, electric field, electric current, voltage, 

electric power, radiation, flow rate, humidity, gradient, oscillation, odor, or infrared rays. With 

10 the sensor 921, for example, data on an environment (e.g., temperature) where the secondary 

battery is placed can be determined and stored in a memory inside the circuit 912. 

[0326] 

Furthermore, structural examples of the secondary battery 913 will be described with 

reference to FIGS. 15A and 15B and FIG. 16. 

15 [0327] 

The secondary battery 913 illustrated in FIG. 15A includes a wound body 950 provided 

with the terminals 951 and 952 inside a housing 930. The wound body 950 is soaked in an 

electrolyte solution inside the housing 930. The terminal 952 is in contact with the housing 930. 

An insulator or the like inhibits contact between the terminal 951 and the housing 930. Note 

20 that in FIG. 15A, the housing 930 divided into two pieces is illustrated for convenience; however, 

in the actual structure, the wound body 950 is covered with the housing 930 and the terminals 

951 and 952 extend to the outside of the housing 930. For the housing 930, a metal material 

(such as aluminum) or a resin material can be used. 

25 

30 

[0328] 

Note that as illustrated in FIG. 15B, the housing 930 in FIG. 15A may be formed using a 

plurality of materials. For example, in the secondary battery 913 in FIG. 15B, a housing 930a 

and a housing 930b are bonded to each other, and the wound body 950 is provided in a region 

surrounded by the housing 930a and the housing 930b. 

[0329] 

For the housing 930a, an insulating material such as an organic resin can be used. In 

particular, when a material such as an organic resin is used for the side on which an antenna is 

formed, blocking of an electric field from the secondary battery 913 can be inhibited. When an 

electric field is not significantly blocked by the housing 930a, an antenna such as the antennas 

914 and 915 may be provided inside the housing 930a. For the housing 930b, a metal material 

35 can be used, for example. 
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[0330] 

FIG. 16 illustrates the structure of the wound body 950. The wound body 950 includes 

a negative electrode 931, a positive electrode 932, and separators 933. The wound body 950 is 

obtained by winding a sheet of a stack in which the negative electrode 931 overlaps with the 

5 positive electrode 932 with the separator 933 provided therebetween. Note that a plurality of 

stacks each including the negative electrode 931, the positive electrode 932, and the separator 

933 may be stacked. 

[0331] 

The negative electrode 931 is connected to the terminal 911 in FIGS. 13A and 13B via 

10 one of the terminals 951 and 952. The positive electrode 932 is connected to the terminal 911 

in FIGS. 13A and 13B via the other of the terminals 951 and 952. 

[0332] 

When the positive electrode active material described in the above embodiment is used 

in the positive electrode 932, the secondary battery 913 with high capacity and excellent cycle 

15 characteristics can be obtained. 

[0333] 

[Laminated secondary battery] 

Next, an example of a laminated secondary battery will be described with reference to 

FIGS. 17A to 17C, FIG. 18A and 18B, FIG. 19, FIG. 20, FIGS. 21A to 21C, FIGS. 22A, 22Bl, 

20 22B2, 22C, and 22D, and FIGS. 23A and 23B. When the laminated secondary battery has 

flexibility and is used in an electronic device at least part of which is flexible, the secondary 

battery can be bent as the electronic device is bent. 

[0334] 

A laminated secondary battery 980 is described with reference to FIGS. 17 A to l 7C. 

25 The laminated secondary battery 980 includes a wound body 993 illustrated in FIG. 17 A. The 

wound body 993 includes a negative electrode 994, a positive electrode 995, and a separator 996. 

The wound body 993 is, like the wound body 950 illustrated in FIG. 16, obtained by winding a 

sheet of a stack in which the negative electrode 994 overlaps with the positive electrode 995 with 

the separator 996 therebetween. 

30 [0335] 

Note that the number of stacks each including the negative electrode 994, the positive 

electrode 995, and the separator 996 may be determined as appropriate depending on capacity 

and an element volume which are required. The negative electrode 994 is connected to a 

negative electrode current collector (not illustrated) via one of a lead electrode 997 and a lead 

35 electrode 998. The positive electrode 995 is connected to a positive electrode current collector 
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(not illustrated) via the other of the lead electrode 997 and the lead electrode 998. 

[0336] 

As illustrated in FIG. 17B, the wound body 993 is packed in a space formed by bonding 

a film 981 and a film 982 having a depressed portion that serve as exterior bodies by 

5 thermocompression bonding or the like, whereby the secondary battery 980 can be formed as 

illustrated in FIG. l 7C. The wound body 993 includes the lead electrode 997 and the lead 

electrode 998, and is soaked in an electrolyte solution inside a space surrounded by the film 981 

and the film 982 having a depressed portion. 

10 

[0337] 

For the film 981 and the film 982 having a depressed portion, a metal material such as 

aluminum or a resin material can be used, for example. With the use of a resin material for the 

film 981 and the film 982 having a depressed portion, the film 981 and the film 982 having a 

depressed portion can be changed in their forms when external force is applied; thus, a flexible 

secondary battery can be fabricated. 

15 [0338] 

Although FIGS. 17B and l 7C illustrate an example where a space is formed by two 

films, the wound body 993 may be placed in a space formed by bending one film. 

[0339] 

When the positive electrode active material described in the above embodiment is used 

20 in the positive electrode 995, the secondary battery 980 with high capacity and excellent cycle 

characteristics can be obtained. 

[0340] 

In FIGS. 17 A to l 7C, an example in which the secondary battery 980 includes a wound 

body in a space formed by films serving as exterior bodies is described; however, as illustrated in 

25 FIGS. 18A and 18B, a secondary battery may include a plurality of strip-shaped positive 

electrodes, a plurality of strip-shaped separators, and a plurality of strip-shaped negative 

electrodes in a space formed by films serving as exterior bodies, for example. 

[0341] 

A laminated secondary battery 500 illustrated in FIG. 18A includes a positive electrode 

30 503 including a positive electrode current collector 501 and a positive electrode active material 

layer 502, a negative electrode 506 including a negative electrode current collector 504 and a 

negative electrode active material layer 505, a separator 507, an electrolyte solution 508, and an 

exterior body 509. The separator 507 is provided between the positive electrode 503 and the 

negative electrode 506 in the exterior body 509. The exterior body 509 is filled with the 

35 electrolyte solution 508. The electrolyte solution described in Embodiment 2 can be used for 
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the electrolyte solution 508. 

[0342] 

In the laminated secondary battery 500 illustrated in FIG. 18A, the positive electrode 

current collector 501 and the negative electrode current collector 504 also serve as terminals for 

5 an electrical contact with an external portion. For this reason, the positive electrode current 

collector 501 and the negative electrode current collector 504 may be arranged so as to be partly 

exposed to the outside of the exterior body 509. Alternatively, a lead electrode and the positive 

electrode current collector 501 or the negative electrode current collector 504 may be bonded to 

each other by ultrasonic welding, and instead of the positive electrode current collector 501 and 

10 the negative electrode current collector 504, the lead electrode may be exposed to the outside of 

the exterior body 509. 

[0343] 

As the exterior body 509 of the laminated secondary battery 500, for example, a 

laminate film having a three-layer structure can be employed in which a highly flexible metal 

15 thin film of aluminum, stainless steel, copper, nickel, or the like is provided over a film formed 

of a material such as polyethylene, polypropylene, polycarbonate, ionomer, or polyamide, and an 

insulating synthetic resin film of a polyamide-based resin, a polyester-based resin, or the like is 

provided over the metal thin film as the outer surface of the exterior body. 

[0344] 

20 FIG. 18B illustrates an example of a cross-sectional structure of the laminated 

secondary battery 500. Although FIG. 18A illustrates an example including only two current 

collectors for simplicity, an actual battery includes a plurality of electrode layers. 

[0345] 

The example in FIG. 18B includes 16 electrode layers. The laminated secondary 

25 battery 500 has flexibility even though including 16 electrode layers. FIG. 18B illustrates a 

structure including 8 layers of negative electrode current collectors 504 and 8 layers of positive 

electrode current collectors 501, i.e., 16 layers in total. Note that FIG. 18B illustrates a cross 

section of the lead portion of the negative electrode, and the 8 negative electrode current 

collectors 504 are bonded to each other by ultrasonic welding. It is needless to say that the 

30 number of electrode layers is not limited to 16, and may be more than 16 or less than 16. With 

a large number of electrode layers, the secondary battery can have high capacity. In contrast, 

with a small number of electrode layers, the secondary battery can have small thickness and high 

flexibility. 

[0346] 

35 FIGS. 19 and 20 each illustrate an example of the external view of the laminated 
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secondary battery 500. In FIGS. 19 and 20, the positive electrode 503, the negative electrode 

506, the separator 507, the exterior body 509, a positive electrode lead electrode 510, and a 

negative electrode lead electrode 511 are included. 

[0347] 

5 FIG. 21A illustrates external views of the positive electrode 503 and the negative 

electrode 506. The positive electrode 503 includes the positive electrode current collector 501, 

and the positive electrode active material layer 502 is formed on a surface of the positive 

electrode current collector 501. The positive electrode 503 also includes a region where the 

positive electrode current collector 501 is partly exposed (hereinafter referred to as a tab region). 

10 The negative electrode 506 includes the negative electrode current collector 504, and the 

negative electrode active material layer 505 is formed on a surface of the negative electrode 

current collector 504. The negative electrode 506 also includes a region where the negative 

electrode current collector 504 is partly exposed, that is, a tab region. The areas and the shapes 

of the tab regions included in the positive electrode and the negative electrode are not limited to 

15 those illustrated in FIG. 21A. 

[0348] 

[Method for manufacturing laminated secondary battery] 

Here, an example of a method for manufacturing the laminated secondary battery whose 

external view is illustrated in FIG. 19 will be described with reference to FIGS. 21B and 21C. 

20 [0349] 

First, the negative electrode 506, the separator 507, and the positive electrode 503 are 

stacked. FIG. 21B illustrates a stack including the negative electrode 506, the separator 507, 

and the positive electrode 503. The secondary battery described here as an example includes 5 

negative electrodes and 4 positive electrodes. Next, the tab regions of the positive electrodes 

25 503 are bonded to each other, and the tab region of the positive electrode on the outermost 

surface and the positive electrode lead electrode 510 are bonded to each other. The bonding can 

be performed by ultrasonic welding, for example. In a similar manner, the tab regions of the 

negative electrodes 506 are bonded to each other, and the negative electrode lead electrode 511 is 

bonded to the tab region of the negative electrode on the outermost surface. 

30 [0350] 

After that, the negative electrode 506, the separator 507, and the positive electrode 503 

are placed over the exterior body 509. 

[0351] 

Subsequently, the exterior body 509 is folded along a dashed line as illustrated in FIG. 

35 21C. Then, the outer edge of the exterior body 509 is bonded. The bonding can be performed 
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by thermocompression bonding, for example. At this time, a part (or one side) of the exterior 

body 509 is left unbonded (to provide an inlet) so that the electrolyte solution 508 can be 

introduced later. 

[0352] 

5 Next, the electrolyte solution 508 is introduced into the exterior body 509 from the inlet 

of the exterior body 509. The electrolyte solution 508 is preferably introduced in a reduced 

pressure atmosphere or in an inert gas atmosphere. Lastly, the inlet is bonded. In the above 

manner, the laminated secondary battery 500 can be manufactured. 

[0353] 

10 When the positive electrode active material described in the above embodiment is used 

in the positive electrode 503, the secondary battery 500 with high capacity and excellent cycle 

characteristics can be obtained. 

[0354] 

[Bendable secondary battery] 

15 Next, an example of a bendable secondary battery is described with reference to FIGS. 

22A, 22B 1, 22B2, 22C and 22D and FIGS. 23A and 23B. 

[0355] 

FIG. 22A is a schematic top view of a bendable secondary battery 50. FIGS. 22B 1, 

22B2, and 22C are schematic cross-sectional views taken along cutting line C 1-C2, cutting line 

20 C3-C4, and cutting line Al-A2, respectively, in FIG. 22A. The battery 50 includes an exterior 

body 51 and a positive electrode 11 a, and a negative electrode 11 b held in the exterior body 51. 

A lead 12a electrically connected to the positive electrode I la and a lead 12b electrically 

connected to the negative electrode 11 b are extended to the outside of the exterior body 51. In 

addition to the positive electrode lla and the negative electrode llb, an electrolyte solution (not 

25 illustrated) is enclosed in a region surrounded by the exterior body 51. 

[0356] 

FIGS. 23A and 23B illustrate the positive electrode lla and the negative electrode llb 

included in the battery 50. FIG. 23A is a perspective view illustrating the stacking order of the 

positive electrode I la, the negative electrode I lb, and the separator 14. FIG. 23B is a 

30 perspective view illustrating the lead 12a and the lead 12b in addition to the positive electrode 

lla and the negative electrode llb. 

[0357] 

As illustrated in FIG. 23A, the battery 50 includes a plurality of strip-shaped positive 

electrodes lla, a plurality of strip-shaped negative electrodes llb, and a plurality of separators 

35 14. The positive electrode lla and the negative electrode llb each include a projected tab
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portion and a portion other than the tab. A positive electrode active material layer is formed on 

one surface of the positive electrode l la other than the tab portion, and a negative electrode 

active material layer is formed on one surface of the negative electrode 11 b other than the tab 

portion. 

5 [0358] 

The positive electrodes Ila and the negative electrodes llb are stacked so that surfaces 

of the positive electrodes Ila on each of which the positive electrode active material layer is not 

formed are in contact with each other and that surfaces of the negative electrodes 11 b on each of 

which the negative electrode active material layer is not formed are in contact with each other. 

10 [0359] 

Furthermore, the separator 14 is provided between the surface of the positive electrode 

Ila on which the positive electrode active material is formed and the surface of the negative 

electrode l lb on which the negative electrode active material is formed. In FIG. 23A, the 

separator 14 is shown by a dotted line for easy viewing. 

15 [0360] 

20 

In addition, as illustrated in FIG. 23B, the plurality of positive electrodes l la are 

electrically connected to the lead 12a in a bonding portion 15a. The plurality of negative 

electrodes l lb are electrically connected to the lead 12b in a bonding portion 15b. 

[0361] 

22D. 

[0362] 

Next, the exterior body 51 is described with reference to FIGS. 22B 1, 22B2, 22C, and 

The exterior body 51 has a film-like shape and is folded in half with the positive 

electrodes 11 a and the negative electrodes 11 b between facing portions of the exterior body 51. 

25 The exterior body 51 includes a folded portion 61, a pair of seal portions 62, and a seal portion 

63. The pair of seal portions 62 is provided with the positive electrodes Ila and the negative

electrodes l lb positioned therebetween and thus can also be referred to as side seals. The seal 

portion 63 has portions overlapping with the lead 12a and the lead 12b and can also be referred 

to as a top seal. 

30 [0363] 

Part of the exterior body 51 that overlaps with the positive electrodes l la and the 

negative electrodes llb preferably has a wave shape in which crest lines 71 and trough lines 72 

are alternately arranged. The seal portions 62 and the seal portion 63 of the exterior body 51 

are preferably flat. 

35 [0364] 
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FIG. 22B 1 shows a cross section cut along the part overlapping with the crest line 71. 

FIG. 22B2 shows a cross section cut along the part overlapping with the trough line 72. FIGS. 

22B 1 and 22B2 correspond to cross sections of the battery 50, the positive electrodes I la, and 

the negative electrodes I lb in the width direction. 

5 [0365] 

The distance between an end portion of the negative electrode I lb in the width direction 

and the seal portion 62 is referred to as a distance La. When the battery 50 changes in shape, 

for example, is bent, the positive electrode lla and the negative electrode llb change in shape 

such that the positions thereof are shifted from each other in the length direction as described 

10 later. At the time, if the distance La is too short, the exterior body 51 and the positive electrode 

lla and the negative electrode llb are rubbed hard against each other, so that the exterior body 

51 is damaged in some cases. In particular, when a metal film of the exterior body 51 is 

exposed, there is concern that the metal film is corroded by the electrolyte solution. Thus, the 

distance La is preferably set as long as possible. However, if the distance La is too long, the 

15 volume of the battery 50 is increased. 

[0366] 

The distance La between the end portion of the negative electrode llb and the seal 

portion 62 is preferably increased as the total thickness of the stacked positive electrodes lla and 

negative electrodes 11 b is increased. 

20 [0367] 

Specifically, when the total thickness of the stacked positive electrodes lla and negative 

electrodes llb and the separators 214 (not illustrated) is referred to as a thickness t, the distance 

La is preferably 0.8 times or more and 3.0 times or less, further preferably 0.9 times or more and 

2.5 times or less, still further preferably 1.0 times or more and 2.0 times or less as large as the 

25 thickness t. When the distance La is in the above-described range, a compact battery which is 

highly reliable for bending can be obtained. 

[0368] 

Furthermore, when a distance between the pair of seal portions 62 is referred to as a 

distance Lb, it is preferable that the distance Lb be sufficiently longer than a width Wb of the 

30 negative electrode I lb. In this case, even when the positive electrode I la and the negative 

electrode 11 b come into contact with the exterior body 51 by change in the shape of the battery 

50 such as repeated bending, the position of part of the positive electrode I la and the negative 

electrode llb can be shifted in the width direction; thus, the positive and negative electrodes lla 

and 11 b and the exterior body 51 can be effectively prevented from being rubbed against each 

35 other. 
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[0369] 

For example, the difference between the distance Lb (i.e., the distance between the pair 

of seal portions 62) and the width Wb of the negative electrode I lb is preferably 1.6 times or 

more and 6.0 times or less, further preferably 1.8 times or more and 5.0 times or less, still further 

5 preferably 2. 0 times or more and 4. 0 times or less as large as the total thickness t of the positive 

electrode I la and the negative electrode I l b. 

[0370] 

In other words, the distance Lb, the width Wb, and the thickness t preferably satisfy the 

relation of the following Formula 2. 

10 [0371] 

[Formula 2] 

Lb-Wb 
---- '?:.a 

2t 

[0372] 

(Formula 2) 

In the formula, a is 0.8 or more and 3.0 or less, preferably 0.9 or more and 2.5 or less, 

15 further preferably 1.0 or more and 2.0 or less. 

[0373] 

FIG. 22C illustrates a cross section including the lead 12a and corresponds to a cross 

section of the battery 50, the positive electrode lla, and the negative electrode llb in the length 

direction. As illustrated in FIG. 22C, a space 73 is preferably provided between end portions of 

20 the positive electrode I la and the negative electrode I lb in the length direction and the exterior 

body 51 in the folded portion 61. 

[0374] 

FIG. 22D is a schematic cross-sectional view of the battery 50 in a state of being bent. 

FIG. 22D corresponds to a cross section along cutting line B 1-B2 in FIG. 22A. 

25 [0375] 

When the battery 50 is bent, a part of the exterior body 51 positioned on the outer side 

in bending is unbent and the other part positioned on the inner side changes its shape as it shrinks. 

More specifically, the part of the exterior body 51 positioned on the outer side in bending 

changes its shape such that the wave amplitude becomes smaller and the length of the wave 

30 period becomes larger. In contrast, the part of the exterior body 51 positioned on the inner side 

in bending changes its shape such that the wave amplitude becomes larger and the length of the 

wave period becomes smaller. When the exterior body 51 changes its shape in this manner, 

stress applied to the exterior body 51 due to bending is relieved, so that a material itself that 
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forms the exterior body 51 does not need to expand and contract. As a result, the battery 50 can 

be bent with weak force without damage to the exterior body 51. 

[0376] 

Furthermore, as illustrated in FIG. 22D, when the battery 50 is bent, the positions of the 

5 positive electrode l l a  and the negative electrode l lb  are shifted relatively. At this time, ends of 

the stacked positive electrodes l l a  and negative electrodes l l b  on the seal portion 63 side are 

fixed by the fixing member 17. Thus, the plurality of positive electrodes l la and the plurality 

of negative electrodes l lb are more shifted at a position closer to the folded portion 61. 

Therefore, stress applied to the positive electrode l la and the negative electrode l lb  is relieved, 

10 and the positive electrode Ila and the negative electrode l lb themselves do not need to expand 

and contract. As a result, the battery 50 can be bent without damage to the positive electrode 

Ila and the negative electrode llb. 

[0377] 

Furthermore, the space 73 is provided between the end portions of the positive and 

15 negative electrodes Ila and l lb and the exterior body 51, whereby the relative positions of the 

positive electrode Ila and the negative electrode l lb can be shifted while the end portions of the 

positive electrode Ila and the negative electrode l lb  located on an inner side when the battery 

50 is bent do not contact the exterior body 51. 

20 

[0378] 

In the battery 50 illustrated in FIGS. 22A, 22B 1, 22B2, 22C and 22D and FIGS. 23A 

and 23B, the exterior body, the positive electrode Ila, and the negative electrode l lb are less 

likely to be damaged and the battery characteristics are less likely to deteriorate even when the 

battery 50 is repeatedly bent and unbent. When the positive electrode active material described 

in the above embodiment is used for the positive electrode Ila included in the battery 50, a 

25 battery with more excellent cycle characteristics can be obtained. 

[0379] 

(Embodiment 4) 

In this embodiment, examples of electronic devices including the secondary battery of 

one embodiment of the present invention are described. 

30 [0380] 

First, FIGS. 24A to 24G show examples of electronic devices including the bendable 

secondary battery described in Embodiment 3. Examples of an electronic device including a 

flexible secondary battery include television sets (also referred to as televisions or television 

receivers), monitors of computers or the like, digital cameras or digital video cameras, digital 

35 photo frames, mobile phones (also referred to as cellular phones or mobile phone devices), 
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portable game machines, portable information terminals, audio reproducing devices, and large 

game machines such as pachinko machines. 

[0381] 

In addition, a flexible secondary battery can be incorporated along a curved 

5 inside/outside wall surface of a house or a building or a curved interior/exterior surface of an 

automobile. 

[0382] 

FIG. 24A illustrates an example of a mobile phone. A mobile phone 7400 is provided 

with a display portion 7402 incorporated in a housing 7401, an operation button 7403, an 

10 external connection port 7404, a speaker 7405, a microphone 7406, and the like. Note that the 

mobile phone 7400 includes a secondary battery 7407. When the secondary battery of one 

embodiment of the present invention is used as the secondary battery 7407, a lightweight mobile 

phone with a long lifetime can be provided. 

15 

[0383] 

FIG. 24B illustrates the mobile phone 7400 that is bent. When the whole mobile 

phone 7400 is curved by external force, the secondary battery 7407 included in the mobile phone 

7400 is also curved. FIG. 24C illustrates the curved secondary battery 7407. The secondary 

battery 7407 is a thin storage battery. The secondary battery 7407 is curved and fixed. Note 

that the secondary battery 7407 includes a lead electrode 7408 electrically connected to a current 

20 collector 7409. The current collector 7409 is, for example, copper foil, and partly alloyed with 

25 

gallium; thus, adhesion between the current collector 7409 and an active material layer in contact 

with the current collector 7409 is improved and the secondary battery 7407 can have high 

reliability even in a state of being bent. 

[0384] 

FIG. 24D illustrates an example of a bangle display device. A portable display device 

7100 includes a housing 7101, a display portion 7102, an operation button 7103, and a secondary 

battery 7104. FIG. 24E illustrates the bent secondary battery 7104. When the curved 

secondary battery 7104 is on a user's arm, the housing changes its form and the curvature of a 

part or the whole of the secondary battery 7104 is changed. Note that the radius of curvature of 

30 a curve at a point refers to the radius of the circular arc that best approximates the curve at that 

point. The reciprocal of the radius of curvature is curvature. Specifically, part or the whole of 

the housing or the main surface of the secondary battery 7104 is changed in the range of radius 

of curvature from 40 mm to 150 mm. When the radius of curvature at the main surface of the 

secondary battery 7104 is greater than or equal to 40 mm and less than or equal to 150 mm, the 

35 reliability can be kept high. When the secondary battery of one embodiment of the present 
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invention is used as the secondary battery 7104, a lightweight portable display device with a long 

lifetime can be provided. 

[0385] 

FIG. 24F illustrates an example of a watch-type portable information terminal. A 

5 portable information terminal 7200 includes a housing 7201, a display portion 7202, a band 7203, 

a buckle 7204, an operation button 7205, an input output terminal 7206, and the like. 

[0386] 

The portable information terminal 7200 is capable of executing a variety of applications 

such as mobile phone calls, e-mailing, viewing and editing texts, music reproduction, Internet 

10 communication, and a computer game. 

[0387] 

The display surface of the display portion 7202 is curved, and images can be displayed 

on the curved display surface. In addition, the display portion 7202 includes a touch sensor, 

and operation can be performed by touching the screen with a finger, a stylus, or the like. For 

15 example, by touching an icon 7207 displayed on the display portion 7202, application can be 

started. 

[0388] 

With the operation button 7205, a variety of functions such as time setting, power on/off, 

on/off of wireless communication, setting and cancellation of a silent mode, and setting and 

20 cancellation of a power saving mode can be performed. For example, the functions of the 

operation button 7205 can be set freely by setting the operation system incorporated in the 

portable information terminal 7200. 

[0389] 

The portable information terminal 7200 can employ near field communication that is a 

25 communication method based on an existing communication standard. For example, mutual 

communication between the portable information terminal 7200 and a headset capable of 

wireless communication can be performed, and thus hands-free calling is possible. 

[0390] 

Moreover, the portable information terminal 7200 includes the input output terminal 

30 7206, and data can be directly transmitted to and received from another information terminal via 

a connector. In addition, charging via the input output terminal 7206 is possible. Note that the 

charging operation may be performed by wireless power feeding without using the input output 

terminal 7206. 

[0391] 

35 The display portion 7202 of the portable information terminal 7200 includes the 
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secondary battery of one embodiment of the present invention. When the secondary battery of 

one embodiment of the present invention is used, a lightweight portable information terminal 

with a long lifetime can be provided. For example, the secondary battery 7104 illustrated in 

FIG. 24E that is in the state of being curved can be provided in the housing 7201. Alternatively, 

5 the secondary battery 7104 illustrated in FIG. 24E can be provided in the band 7203 such that it 

can be curved. 

[0392] 

A portable information terminal 7200 preferably includes a sensor. As the sensor, for 

example a human body sensor such as a fingerprint sensor, a pulse sensor, or a temperature 

10 sensor, a touch sensor, a pressure sensitive sensor, an acceleration sensor, or the like is preferably 

mounted. 

[0393] 

FIG. 24G illustrates an example of an armband display device. A display device 7300 

includes a display portion 7304 and the secondary battery of one embodiment of the present 

15 invention. The display device 7300 can include a touch sensor in the display portion 7304 and 

can serve as a portable information terminal. 

[0394] 

The display surface of the display portion 7304 is bent, and images can be displayed on 

the bent display surface. A display state of the display device 7300 can be changed by, for 

20 example, near field communication, which is a communication method based on an existing 

communication standard. 

[0395] 

The display device 7300 includes an input output terminal, and data can be directly 

transmitted to and received from another information terminal via a connector. In addition, 

25 charging via the input output terminal is possible. Note that the charging operation may be 

performed by wireless power feeding without using the input output terminal. 

[0396] 

When the secondary battery of one embodiment of the present invention is used as the 

secondary battery included in the display device 7300, a lightweight display device with a long 

30 lifetime can be provided. 

[0397] 

In addition, FIG. 24H, FIGS. 25A to 25C, and FIG. 26 show examples of electronic 

devices including the secondary battery with excellent cycle characteristics described in the 

above embodiment. 

35 [0398] 
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When the secondary battery of one embodiment of the present invention is used as a 

secondary battery of a daily electronic device, a lightweight product with a long lifetime can be 

provided. As the daily electronic devices, an electric toothbrush, an electric shaver, electric 

beauty equipment, and the like are given. As secondary batteries of these products, in 

5 consideration of handling ease for users, small and lightweight stick type secondary batteries 

with high capacity are desired. 

[0399] 

FIG. 24H is a perspective view of a device which is called a vaporizer. In FIG. 24H, a 

vaporizer 7500 includes an atomizer 7501 including a heating element, a secondary battery 7504 

10 supplying power to the atomizer, and a cartridge 7502 including a liquid supply bottle, a sensor, 

and the like. To improve safety, a protection circuit which prevents overcharge and 

overdischarge of the secondary battery 7504 may be electrically connected to the secondary 

battery 7504. The secondary battery 7504 in FIG. 24H includes an output terminal for 

connecting to a charger. When the vaporizer 7500 is held by a user, the secondary battery 7504 

15 becomes a tip portion; thus, it is preferable that the secondary battery 7504 have a short total 

length and be lightweight. With the secondary battery of one embodiment of the present 

invention which has high capacity and excellent cycle characteristics, the small and lightweight 

vaporizer 7500 which can be used for a long time for a long period can be provided. 

20 

[0400] 

Next, FIGS. 25A and 25B illustrate an example of a foldable tablet terminal. A tablet 

terminal 9600 illustrated in FIGS. 25A and 25B includes a housing 9630a, a housing 9630b, a 

movable portion 9640 connecting the housings 9630a and 9630b, a display portion 9631 

including a display portion 963 la and a display portion 963 lb, a display mode changing switch 

9626, a power switch 9627, a power saving mode changing switch 9625, a fastener 9629, and an 

25 operation switch 9628. A flexible panel is used for the display portion 9631, whereby a tablet 

terminal with a larger display portion can be provided. FIG. 25A illustrates the tablet terminal 

9600 that is opened, and FIG. 25B illustrates the tablet terminal 9600 that is closed. 

[0401] 

The tablet terminal 9600 includes a power storage unit 9635 inside the housings 9630a 

30 and 9630b. The power storage unit 9635 is provided across the housings 9630a and 9630b, 

passing through the movable portion 9640. 

[0402] 

Part of the display portion 963 l a  can be a touch panel region 9632a and data can be 

input when a displayed operation key 9638 is touched. Although a structure in which a half 

35 region in the display portion 963 la has only a display function and the other half region has a 
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touch panel function is shown as an example, the display portion 963 la is not limited to the 

structure. The whole region in the display portion 963 la may have a touch panel function. 

For example, the display portion 963 la can display keyboard buttons in the whole region to be a 

touch panel, and the display portion 9631 b can be used as a display screen. 

5 [0403] 

Like the display portion 9631 a, part of the display portion 9631 b can be a touch panel 

region 9632b. A switching button 9639 for showing/hiding a keyboard of the touch panel is 

touched with a finger, a stylus, or the like, so that keyboard buttons can be displayed on the 

display portion 963 l b. 

10 [0404] 

Touch input can be performed in the touch panel region 9632a and the touch panel 

region 9632b at the same time. 

[0405] 

The display mode switch 9626 can switch the display between a portrait mode and a 

15 landscape mode, and between monochrome display and color display, for example. The power 

saving mode changing switch 9625 can control display luminance in accordance with the amount 

of external light in use of the tablet terminal 9600, which is measured with an optical sensor 

incorporated in the tablet terminal 9600. Another detection device including a sensor for 

detecting inclination, such as a gyroscope sensor or an acceleration sensor, may be incorporated 

20 in the tablet terminal, in addition to the optical sensor. 

[0406] 

Although the display portion 963 la and the display portion 963 lb have the same area in 

FIG. 25A, one embodiment of the present invention is not limited to this example. The display 

portion 963 l a  and the display portion 963 lb may have different areas or different display quality. 

25 For example, one display panel may be capable of higher-definition display than the other 

display panel. 

[0407] 

The tablet terminal is closed in FIG. 25B. The tablet terminal includes the housing 

9630, a solar cell 9633, and a charge and discharge control circuit 9634 including a DCDC 

30 converter 9636. The power storage unit of one embodiment of the present invention is used as 

the power storage unit 963 5. 

[0408] 

The tablet terminal 9600 can be folded such that the housings 9630a and 9630b overlap 

with each other when not in use. Thus, the display portions 9631 a and 9631 b can be protected, 

35 which increases the durability of the tablet terminal 9600. With the power storage unit 9635 
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5 

including the secondary battery of one embodiment of the present invention which has high 

capacity and excellent cycle characteristics, the tablet terminal 9600 which can be used for a 

long time for a long period can be provided. 

[0409] 

The tablet terminal illustrated m FIGS. 25A and 25B can also have a function of 

displaying various kinds of data (e.g., a still image, a moving image, and a text image), a 

function of displaying a calendar, a date, or the time on the display portion, a touch-input 

function of operating or editing data displayed on the display portion by touch input, a function 

of controlling processing by various kinds of software (programs), and the like. 

10 [0410] 

The solar cell 9633, which is attached on the surface of the tablet terminal, supplies 

electric power to a touch panel, a display portion, an image signal processor, and the like. Note 

that the solar cell 9633 can be provided on one or both surfaces of the housing 9630 and the 

power storage unit 9635 can be charged efficiently. The use of a lithium-ion battery as the 

15 power storage unit 9635 brings an advantage such as reduction in size. 

[0411] 

The structure and operation of the charge and discharge control circuit 9634 illustrated 

in FIG. 25B will be described with reference to a block diagram in FIG. 25C. The solar cell 

9633, the power storage unit 9635, the DC-DC converter 9636, a converter 9637, switches SWl 

20 to SW3, and the display portion 9631 are illustrated in FIG. 25C, and the power storage unit 

9635, the DC-DC converter 9636, the converter 9637, and the switches SWl to SW3 correspond 

to the charge and discharge control circuit 9634 in FIG. 25B. 

[0412] 

First, an example of the operation in the case where power is generated by the solar cell 

25 9633 using external light is described. The voltage of electric power generated by the solar cell 

is raised or lowered by the DCDC converter 9636 to a voltage for charging the power storage 

unit 9635. When the power from the solar cell 9633 is used for the operation of the display 

portion 9631, the switch SWl is turned on and the voltage of the power is raised or lowered by 

the converter 963 7 to a voltage needed for operating the display portion 9631. When display on 

30 the display portion 9631 is not performed, the switch SWl is turned off and the switch SW2 is 

turned on, so that the power storage unit 963 5 can be charged. 

[0413] 

Note that the solar cell 9633 is described as an example of a power generation means; 

however, one embodiment of the present invention is not limited to this example. The power 

35 storage unit 9635 may be charged using another power generation means such as a piezoelectric 
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element or a thermoelectric conversion element (Peltier element). For example, the power 

storage unit 9635 may be charged with a non-contact power transmission module that transmits 

and receives power wirelessly (without contact) to charge the battery or with a combination of 

other charging means. 

5 [0414] 

FIG. 26 illustrates other examples of electronic devices. In FIG. 26, a display device 

8000 is an example of an electronic device including a secondary battery 8004 of one 

embodiment of the present invention. Specifically, the display device 8000 corresponds to a 

display device for TV broadcast reception and includes a housing 8001, a display portion 8002, 

10 speaker portions 8003, the secondary battery 8004, and the like. The secondary battery 8004 of 

one embodiment of the present invention is provided in the housing 8001. The display device 

8000 can receive electric power from a commercial power supply. Alternatively, the display 

device 8000 can use electric power stored in the secondary battery 8004. Thus, the display 

device 8000 can operate with the use of the secondary battery 8004 of one embodiment of the 

15 present invention as an uninterruptible power supply even when electric power cannot be 

supplied from a commercial power supply due to power failure or the like. 

[0415] 

A semiconductor display device such as a liquid crystal display device, a light-emitting 

device in which a light-emitting element such as an organic EL element is provided in each pixel, 

20 an electrophoretic display device, a digital micromirror device (DMD), a plasma display panel 

(PDP), or a field emission display (FED) can be used for the display portion 8002. 

[0416] 

Note that the display device includes, in its category, all of information display devices 

for personal computers, advertisement displays, and the like other than TV broadcast reception. 

25 [0417] 

In FIG. 26, an installation lighting device 8100 is an example of an electronic device 

using a secondary battery 8103 of one embodiment of the present invention. Specifically, the 

lighting device 8100 includes a housing 8101, a light source 8102, the secondary battery 8103, 

and the like. Although FIG. 26 illustrates the case where the secondary battery 8103 is 

30 provided in a ceiling 8104 on which the housing 8101 and the light source 8102 are installed, the 

secondary battery 8103 may be provided in the housing 8101. The lighting device 8100 can 

receive electric power from a commercial power supply. Alternatively, the lighting device 8100 

can use electric power stored in the secondary battery 8103. Thus, the lighting device 8100 can 

operate with the use of the secondary battery 8103 of one embodiment of the present invention 

35 as an uninterruptible power supply even when electric power cannot be supplied from a 
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commercial power supply due to power failure or the like. 

[0418] 

Note that although the installation lighting device 8100 provided in the ceiling 8104 is 

illustrated in FIG. 26 as an example, the secondary battery of one embodiment of the present 

5 invention can be used as an installation lighting device provided in, for example, a wall 8105, a 

floor 8106, a window 8107, or the like other than the ceiling 8104. Alternatively, the secondary 

battery can be used in a tabletop lighting device or the like. 

[0419] 

As the light source 8102, an artificial light source which emits light artificially by using 

10 power can be used. Specifically, an incandescent lamp, a discharge lamp such as a fluorescent 

lamp, and a light-emitting element such as an LED or an organic EL element are given as 

examples of the artificial light source. 

[0420] 

In FIG. 26, an air conditioner including an indoor unit 8200 and an outdoor unit 8204 is 

15 an example of an electronic device including a secondary battery 8203 of one embodiment of the 

present invention. Specifically, the indoor unit 8200 includes a housing 8201, an air outlet 

8202, the secondary battery 8203, and the like. Although FIG. 26 illustrates the case where the 

secondary battery 8203 is provided in the indoor unit 8200, the secondary battery 8203 may be 

provided in the outdoor unit 8204. Alternatively, the secondary batteries 8203 may be provided 

20 in both the indoor unit 8200 and the outdoor unit 8204. The air conditioner can receive electric 

power from a commercial power supply. Alternatively, the air conditioner can use electric 

power stored in the secondary battery 8203. Particularly in the case where the secondary 

batteries 8203 are provided in both the indoor unit 8200 and the outdoor unit 8204, the air 

conditioner can operate with the use of the secondary battery 8203 of one embodiment of the 

25 present invention as an uninterruptible power supply even when electric power cannot be 

supplied from a commercial power supply due to power failure or the like. 

[0421] 

Note that although the split-type a1r conditioner including the indoor unit and the 

outdoor unit is illustrated in FIG. 26 as an example, the secondary battery of one embodiment of 

30 the present invention can be used in an air conditioner in which the functions of an indoor unit 

and an outdoor unit are integrated in one housing. 

[0422] 

In FIG. 26, an electric refrigerator-freezer 8300 is an example of an electronic device 

using a secondary battery 8304 of one embodiment of the present invention. Specifically, the 

35 electric refrigerator-freezer 8300 includes a housing 8301, a refrigerator door 8302, a freezer 
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door 8303, the secondary battery 8304, and the like. The secondary battery 8304 is provided in 

the housing 8301 in FIG. 26. The electric refrigerator-freezer 8300 can receive electric power 

from a commercial power supply. Alternatively, the electric refrigerator-freezer 8300 can use 

electric power stored in the secondary battery 8304. Thus, the electric refrigerator-freezer 8300 

5 can operate with the use of the secondary battery 8304 of one embodiment of the present 

invention as an uninterruptible power supply even when electric power cannot be supplied from 

a commercial power supply due to power failure or the like. 

[0423] 

Note that among the electronic devices described above, a high-frequency heating 

10 apparatus such as a microwave oven and an electronic device such as an electric rice cooker 

require high power in a short time. The tripping of a circuit breaker of a commercial power 

source in use of electronic devices can be prevented by using the secondary battery of one 

embodiment of the present invention as an auxiliary power source for supplying power which 

cannot be supplied enough by a commercial power source. 

15 [0424] 

In addition, in a time period when electronic devices are not used, particularly when the 

proportion of the amount of power which is actually used to the total amount of power which can 

be supplied from a commercial power source (such a proportion referred to as a usage rate of 

power) is low, power can be stored in the secondary battery, whereby the usage rate of power can 

20 be reduced in a time period when the electronic devices are used. For example, in the case of 

the electric refrigerator-freezer 8300, power can be stored in the secondary battery 8304 in night 

time when the temperature is low and the refrigerator door 8302 and the freezer door 8303 are 

not often opened and closed. On the other hand, in daytime when the temperature is high and 

the refrigerator door 8302 and the freezer door 8303 are frequently opened and closed, the 

25 secondary battery 8304 is used as an auxiliary power source; thus, the usage rate of power in 

daytime can be reduced. 

[0425] 

According to one embodiment of the present invention, the secondary battery can have 

excellent cycle characteristics and improve reliability. Furthermore, in accordance with one 

30 embodiment of the present invention, a secondary battery with high capacity can be obtained; 

thus, the secondary battery itself can be made more compact and lightweight as a result of 

improved characteristics of the secondary battery. Thus, the secondary battery of one 

embodiment of the present invention is used in the electronic device described m this 

embodiment, whereby a more lightweight electronic device with a longer lifetime can be 

35 obtained. This embodiment can be implemented in appropriate combination with any of the 
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other embodiments. 

[0426] 

(Embodiment 5) 

In this embodiment, examples of vehicles including the secondary battery of one 

5 embodiment of the present invention are described. 

[0427] 

The use of secondary batteries in vehicles enables production of next-generation clean 

energy vehicles such as hybrid electric vehicles (HEVs), electric vehicles (EVs), and plug-in 

hybrid electric vehicles (PHEVs). 

10 [0428] 

FIGS. 27 A to 27C each illustrate an example of a vehicle using the secondary battery of 

one embodiment of the present invention. An automobile 8400 illustrated in FIG. 27 A is an 

electric vehicle that runs on the power of an electric motor. Alternatively, the automobile 8400 

is a hybrid electric vehicle capable of driving appropriately using either an electric motor or an 

15 engme. One embodiment of the present invention can provide a high-mileage vehicle. The 

automobile 8400 includes the secondary battery. As the secondary battery, the modules of the 

secondary batteries illustrated in FIGS. 12C and 12D may be arranged to be used in a floor 

portion in the automobile. Alternatively, a battery pack in which a plurality of secondary 

batteries each of which is illustrated in FIGS. 17 A to 17C are combined may be placed in a floor 

20 portion in the automobile. The secondary battery is used not only for driving an electric motor 

8406, but also for supplying electric power to a light-emitting device such as a headlight 8401 or 

a room light (not illustrated). 

[0429] 

The secondary battery can also supply electric power to a display device of a 

25 speedometer, a tachometer, or the like included in the automobile 8400. Furthermore, the 

secondary battery can supply electric power to a semiconductor device included in the 

automobile 8400, such as a navigation system. 

[0430] 

FIG. 27B illustrates an automobile 8500 including the secondary battery. The 

30 automobile 8500 can be charged when the secondary battery is supplied with electric power 

through external charging equipment by a plug-in system, a contactless power feeding system, or 

the like. In FIG. 27B, a secondary battery 8024 included in the automobile 8500 is charged 

with the use of a ground-based charging apparatus 8021 through a cable 8022. In charging, a 

given method such as CHAdeMO (registered trademark) or Combined Charging System may be 

35 employed as a charging method, the standard of a connector, or the like as appropriate. The 
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ground-based charging apparatus 8021 may be a charging station provided in a commerce 

facility or a power source in a house. With the use of a plug-in technique, the secondary battery 

8024 included in the automobile 8500 can be charged by being supplied with electric power from 

the outside, for example. The charging can be performed by converting AC electric power into 

5 DC electric power through a converter such as an AC-DC converter. 

[0431] 

Furthermore, although not illustrated, the vehicle may include a power receiving device 

so that it can be charged by being supplied with electric power from an above-ground power 

transmitting device in a contactless manner. In the case of the contactless power feeding 

10 system, by fitting a power transmitting device in a road or an exterior wall, charging can be 

performed not only when the electric vehicle is stopped but also when driven. In addition, the 

contactless power feeding system may be utilized to perform transmission and reception of 

electric power between vehicles. A solar cell may be provided in the exterior of the automobile 

to charge the secondary battery when the automobile stops or moves. To supply electric power 

15 in such a contactless manner, an electromagnetic induction method or a magnetic resonance 

method can be used. 

[0432] 

FIG. 27C shows an example of a motorcycle usmg the secondary battery of one 

embodiment of the present invention. A motor scooter 8600 illustrated in FIG. 27C includes a 

20 secondary battery 8602, side mirrors 8601, and indicators 8603. The secondary battery 8602 

can supply electric power to the indicators 8603. 

[0433] 

Furthermore, in the motor scooter 8600 illustrated in FIG. 27C, the secondary battery 

8602 can be held in a storage unit under seat 8604. The secondary battery 8602 can be held in 

25 the storage unit under seat 8604 even with a small size. The secondary battery 8602 is 

detachable; thus, the secondary battery 8602 is carried indoors when it is charged, and is stored 

before the motorcycle is driven. 

[0434] 

In accordance with one embodiment of the present invention, the secondary battery can 

30 have improved cycle characteristics and the capacity of the secondary battery can be increased. 

Thus, the secondary battery itself can be made more compact and lightweight. The compact 

and lightweight secondary battery contributes to a reduction in the weight of a vehicle, and thus 

increases the driving radius. Furthermore, the secondary battery included in the vehicle can be 

used as a power source for supplying electric power to products other than the vehicle. In such 

35 a case, the use of a commercial power source can be avoided at peak time of electric power 
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demand, for example. If the use of a commercial power source can be avoided at peak time of 

electric power demand, the avoidance can contribute to energy saving and a reduction in carbon 

dioxide emissions. Moreover, if the cycle characteristics are excellent, the secondary battery 

can be used for a long period; thus, the use amount of rare metals such as cobalt can be reduced. 

5 [0435] 

10 

This embodiment can be implemented m appropriate combination with the other 

embodiments. 

[Example l]  

[0436] 

In this example, the positive electrode active materials which are embodiments of the 

present invention are formed, and the observation results of the positive electrode active 

materials by STEM, the results of TEM images subjected to fast Fourier transform, and the 

analysis results obtained by energy dispersive X-ray spectroscopy (EDX) are described. In 

addition, the evaluation results of characteristics of secondary batteries containing the positive 

15 electrode active materials are described. 

[0437] 

[Formation of positive electrode active material] 

<<Sample 01>> 

In this example, a positive electrode active material of Sample 01, which contains 

20 lithium cobaltate as a composite oxide of lithium and a first transition metal contained in a first 

region, lithium titanate as an oxide of a second transition metal contained in a second region, and 

magnesmm oxide as an oxide of a representative element contained in a third region, was 

formed. 

25 

[0438] 

In this example, lithium cobalt oxide particles (C-20F, produced by NIPPON 

CHEMICAL INDUSTRIAL CO., LTD.) were used as a starting material. Thus, in this example, 

Step 12 and Step 13 described in Embodiment 1 were omitted. Note that the above-described 

lithium cobalt oxide particles each have a particle diameter of approximately 20 µm, and contain 

fluorine, magnesium, calcium, sodium, silicon, sulfur, and phosphorus in a region which can be 

30 analyzed by XPS. 

[0439] 

Next, as Step 14, the lithium cobalt oxide particles containing magnesium and fluorine 

were coated with a material containing titanium by a sol-gel method. Specifically, TTIP was 

dissolved in isopropanol, and an isopropanol solution of TTIP was formed. Then, the lithium 

35 cobalt oxide particles were mixed into the solution so that TTIP to lithium cobalt oxide 
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containing magnesium and fluorine was 0.01 ml/g. 

[0440] 

The above mixed solution was stirred with a magnetic stirrer for four hours, at 25 °C, 

and at a humidity of 90 %RH. Through the process, water in an atmosphere and TTIP caused 

5 hydrolysis and polycondensation reaction, and a layer containing titanium was formed on the 

surface of the lithium cobalt oxide particle containing magnesium and fluorine. 

[0441] 

The mixed solution which had been subjected to the above process was filtered to 

collect the residue. As a filter for filtration, Kiriyama filter paper (No. 4) was used. 

10 [0442] 

The collected residue was dried in a vacuum at 70 °C for one hour. 

[0443] 

Next, the lithium cobalt oxide particles coated with the material containing titanium was 

heated. With a muffle furnace, the heating was performed under the following conditions: the 

15 flow rate of dry air was 10 L/min; the temperature was 800 °C (the temperature rising rate was 

200 °C/h); and the retention time was two hours. The dew point of the dry air is preferably 

lower than or equal to -109 °C. 

[0444] 

Then, the heated particles were cooled to room temperature. The time of decreasing 

20 temperature from the retention temperature to room temperature was 10 hours to 15 hours. 

After that, crushing treatment was performed. In the crushing treatment, the particles were 

made to pass through a sieve. The sieve has an aperture width of 53 µm. 

[0445] 

Lastly, the cooled particles were collected, and the positive electrode active material of 

25 Sample 01 was obtained. 

[0446] 

<<Sample 02>> 

Sample 02 was formed as a comparative example by heating lithium cobalt oxide 

particles containing magnesium and fluorine without being coated with a material containing 

30 titanium. 

[0447] 

Lithium cobalt oxide particles produced by NIPPON CHEMICAL INDUSTRIAL CO., 

LTD. (product name: C-20F) were used as the lithium cobalt oxide particles containing 

magnesium and fluorine. 

35 [0448] 
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The lithium cobalt oxide particles containing magnesmm and fluorine were heated. 

The heating was performed under the following conditions: the temperature was 800 °C (the 

temperature rising rate was 200 °C/h); the retention time was two hours; and the flow rate of 

oxygen was 10 L/min. 

5 [0449] 

The heated particles were cooled and made to pass through a sieve like Sample 01 to 

obtain a positive electrode active material of Sample 02. 

[0450] 

It is probable that Sample 02 is a positive electrode active material which contains 

10 lithium cobalt oxide inside and includes a region containing magnesium in a superficial portion. 

[0451] 

<<Sample 03>> 

Sample 03 was formed as a comparative example in the following manner: a region 

containing titanium was formed in lithium cobalt oxide particles which do not contain 

15 magnesium by a sol-gel method and then the lithium cobalt oxide particles were heated. 

[0452] 

Lithium cobalt oxide particles produced by NIPPON CHEMICAL INDUSTRIAL CO., 

LTD. (product name: C-l0N) were used. In the lithium cobalt oxide particles, magnesium is 

not detected and fluorine is detected at approximately 1 atomic% by XPS. 

20 [0453] 

A region containing titanium was formed by a sol-gel method in the lithium cobalt oxide 

particles, and the lithium cobalt oxide particles were dried, heated, cooled, and made to pass 

through a sieve, like Sample 01. The obtained lithium cobalt oxide particles were used as a 

positive electrode active material of Sample 03. 

25 [0454] 

It is probable that Sample 03 is a positive electrode active material which contains 

lithium cobalt oxide inside and includes a region containing titanium in a superficial portion. 

[0455] 

<<Sample 04>> 

30 For Sample 04, as a comparative example, lithium cobalt oxide particles were used as it 

is without being heated. 

[0456] 

Lithium cobalt oxide particles produced by NIPPON CHEMICAL INDUSTRIAL CO., 

LTD. (product name: C-l0N) were used. 

35 [0457] 
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Sample 04 is a positive electrode active material which does not have a coating layer. 

[0458] 

<<Sample 05>> 

For Sample 05, as a comparative example, lithium cobalt oxide particles containing 

5 magnesium and fluorine were used as it is without being heated . 

[0459] 

Lithium cobalt oxide particles produced by NIPPON CHEMICAL INDUSTRIAL CO., 

LTD. (product name: C-20F) were used as the lithium cobalt oxide particles containing 

magnesium and fluorine. That is, Sample 05 was used as the same as the starting material of 

10 Sample 01. 

[0460] 

15 

Table 1 shows the conditions of Sample 01 to Sample 05. 

[0461] 

[Table l] 

Sample 01 

Sample 02 

Sample 03 

Sample 04 

Sample 05 

[0462] 

[STEM] 

Conditions 

LiCoO2+Mg+F, coated with a material containing T� heated 

LiCoO2+Mg+F, heated 

LiCoO2, coated with a material containing T� heated 

LiCoO2, not heated 

LiCoO2+Mg+F, not heated 

The obtained positive electrode active material of Sample 01 was observed by an 

electron microscope (JEM-ARM200F, manufactured by JEOL Ltd.) under the condition where 

20 the acceleration voltage was 200 kV FIG. 28 shows the obtained electron microscope image. 

As shown in FIG. 28, the positive electrode active material probably includes three different 

regions: the first region 101; the second region 102; and the third region 103. The third region 

103 is observed as a region brighter than the first region 101 and the second region 102. 

Furthermore, crystal orientations of the first region 101 and the second region 102 are partly 

25 aligned with each other, and crystal orientations of the second region 102 and the third region 

103 are partly aligned with each other. 

[0463] 

[STEM-FFT] 

FIG. 29Al shows a fast Fourier transform (FFT) image of a region 103FFT in the 
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STEM image of FIG. 28 . In FIG. 29A2, a center point O of FIG. 29Al is shown by a cross, 

and bright points A, B, and C are each surrounded by a circle . Similarly, FIG. 29B 1 shows an 

FFT image of a region 102FFT. In FIG. 29B2, a center point O of FIG. 29B 1 is shown by a 

cross, and bright points A, B, and C are each surrounded by a circle . In addition, FIG. 29Cl 

5 shows an FFT image of a region l 0lFFT. In FIG. 29C2, a center point O of FIG. 29Cl 1s 

shown by a cross, and bright points A, B, and C are each surrounded by a circle . 

[046 4] 

In FIG. 29A2, a distanced between the bright point A and the center point O is 0.256 

nm, a distance dbetween the bright point B and the center point O is 0.2 41 nm, and a distanced 

10 between the bright point C and the center point O is 0.209 nm. In addition, LCOA is 1 21 °, 

LCOB is 52°, and LAOB is 69° . From these results, the region 103FFT probably contains 

magnesium oxide (MgO, cubic crystal). 

[0465] 

Similarly, in FIG. 29B2, the distance dbetween the bright point A and the center point 0 

15 is 0.238 nm, the distance dbetween the bright point B and the center point O is 0.225 nm, and 

the distance d between the bright point C and the center point O is 0.198 nm . In addition, 

LCOA is 1 23°, LCOB is 52°, and LAOB is 71° . From these results, the region 102FFT 

probably contains lithium titanate (LiTiO2, cubic crystal). 

20 

[0466] 

In FIG. 29C2, the distance dbetween the bright point A and the center point O is 0.240 

nm, the distance d between the bright point B and the center point O is 0.235 nm, and the 

distance d between the bright point C and the center point O is 0 .196 nm. In addition, LCOA is 

126°, LCOB is 52°, and / AO B is 74° . From these results, the region l0lFFT probably 

contains lithium cobaltate (Li CoO2, rhombohedral). 

25 [0467] 

[EDX] 

FIGS . 30Al, 30A2, 30B 1, 30B2 , 30Cl, and 30C2 show a high-angle annular dark field 

scanning transmission electron microscopy (HAADF-STEM) image and element mapping 

images with EDX of the positive electrode active material of Sample 01 . FIG. 30Al shows a 

30 HAADF-STEM image, FIG. 30A2 shows a mapping image of oxygen atoms, FIG. 30Bl shows 

a mapping image of cobalt atoms, FIG. 30B2 shows a mapping image of fluorine atoms, FIG. 

30C 1 shows a mapping image of titanium atoms, and FIG. 30C2 shows a mapping image of 

magnesium atoms . Note that in EDX element mapping images in FIGS . 30A2, 30Bl , 30B2, 

30Cl, and 30C2 and FIGS . 31 A2, 31Bl, 31B2, 31 Cl, and 31C2, a region where the number of 

35 elements is less than or equal to a lower limit of the detection is indicated in white, and as the 
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number of elements is increased, the white region becomes black. 

[0468] 

As shown in FIGS. 30A2 and 30B 1, it is found that the oxygen atoms and the cobalt 

atoms are distributed in the whole of the positive electrode active material particle. In contrast, 

5 as shown in FIGS. 30B2, 30Cl, and 30C2, it is found that the fluorine atoms, the titanium atoms, 

and the magnesium atoms are unevenly distributed in a region close to the surface of the positive 

electrode active material. 

[0469] 

Next, FIGS. 31Al, 31A2, 31Bl, 31B2, 31Cl, and 31C2 show a HAADF-STEM image 

10 and element mapping images with EDX of the positive electrode active material of Sample 05, 

which is a comparative example. FIG. 3 lAl shows a HAADF-STEM image, FIG. 31A2 shows 

a mapping image of oxygen atoms, FIG. 3 lB 1 shows a mapping image of cobalt atoms, FIG. 

31B2 shows a mapping image of fluorine atoms, FIG. 31 C 1 shows a mapping image of titanium 

atoms, and FIG. 31C2 shows a mapping image of magnesium atoms. 

15 [0470] 

As shown in FIGS. 31B2 and 31 C2, it is found that, even in Sample 05 which is not 

heated, a certain amount of magnesium and fluorine is unevenly distributed in the vicinity of the 

surface. 

[0471] 

20 [EDX line analysis] 

FIG. 32 shows results of line analysis with TEM-EDX performed on a cross section of 

the vicinity of the surface of the positive electrode active material of Sample 01. FIG. 32 is a 

graph showing data detected on a line connecting the outside of the positive electrode active 

material of Sample 01 to the inside of the positive electrode active material, and a distance of 0 

25 nm indicates the outside of the positive electrode active material and a distance of 14 nm 

indicates the inside of the particle. With EDX, the analysis region tends to be large, so that 

elements not only at a center of an electron beam irradiation region but also in a region around 

the center may be detected. 

[0472] 

30 As shown in FIG. 32, it is found that there are peaks of magnesium and titanium in the 

vicinity of the surface of the positive electrode active material of Sample 01, the distribution of 

magnesium is closer to the surface than the distribution of titanium is. It is also found that the 

peak of magnesium is closer to the surface than the peak of titanium is. In addition, it is 

probable that cobalt and oxygen are present from the outermost surface of the positive electrode 

35 active material particle. 
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5 

[0473] 

As shown in FIG. 32, fluorine is hardly detected. This is probably because fluorine, 

which is a light element, is difficult to detect with EDX. 

[0474] 

From the above STEM images, FFT images, element mapping images with EDX, and 

EDX line analysis, it is found that Sample 01 is a positive electrode active material of one 

embodiment of the present invention, which includes the first region containing lithium cobaltate, 

the second region containing lithium, titanium, cobalt, and oxygen, and the third region 

containing magnesium and oxygen. It is found that, in Sample 01, part of the second region 

10 and part of the third region overlap. 

[0475] 

In the graph of FIG. 32, the amount of detected oxygen is stable at a distance of 4 nm or 

more. Thus, in this example, the average value Oave of the amount of detected oxygen in the 

stable region is obtained, and a distance x of the measurement point at which the measurement 

15 value closest to 0.5 Oave, the value of 50 % of the average value Oave, is obtained is assumed to 

be the surface of the positive electrode active material particle. 

[0476] 

In this example, the average value Oave of the amount of detected oxygen in a range 

from a distance of 4 nm to a distance of 14 nm is 674.2. The x axis of the measurement point at 

20 which the measurement value closest to 337.1, which is 50 % of 674.2, is obtained indicates a 

distance of 1.71 nm. Thus, in this example, a distance of 1.71 nm in the graph of FIG. 32 is 

assumed to be the surface of the positive electrode active material particle. 

[0477] 

When the surface of the positive electrode active material particle is set at a distance of 

25 1.71 nm in FIG. 32, the peak of magnesium and the peak of titanium are present at 0.72 nm and 

1.00 nm, respectively, from the surface of the positive electrode active material particle. 

[0478] 

The concentration of magnesium is higher than or equal to 1/5 of the peak from the 

surface of the positive electrode active material particle to a distance of 4.42 nm, that is, to a 

30 region at 2.71 nm from the surface. The measurement value of magnesium is less than 1/5 of 

the peak at a distance of 4.57 nm or more, that is, at a depth of 2.86 nm or more from the surface 

of the positive electrode active material particle. Thus, it is found that in Sample 01, a region 

from the surface to a depth of 2. 71 nm is the third region. 

[0479] 

35 Furthermore, the concentration of titanium is higher than or equal to 1/2 of the peak 
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from a distance of 2.14 nm to a distance of 3.42 nm. Thus, it is found that a region from a 

depth of O .43 nm to a depth of 1. 71 nm from the surface of the positive electrode active material 

particle is the second region. 

[0480] 

5 Next, evaluation results of charge and discharge characteristics of secondary batteries 

10 

which are fabricated using the positive electrode active materials of Sample 01 to Sample 05 

formed in the above manner are described. 

[0481] 

[Fabrication of secondary batteries] 

CR2032 coin-type secondary batteries (with a diameter of 20 mm and a height of 3 .2 

mm) were fabricated using the positive electrode active materials of Sample 01 to Sample 05

formed in the above manner. 

[0482] 

A positive electrode formed by applying slurry in which a positive electrode active 

15 material (LCO), acetylene black (AB), and polyvinylidene fluoride (PVDF) were mixed at a 

weight ratio of95:2.5:2.5 to a current collector was used. 

[0483] 

A lithium metal was used for the counter electrode. 

[0484] 

20 As an electrolyte contained m an electrolyte solution, 1 mol/L lithium 

25 

hexafluorophosphate (LiPF6) was used, and as the electrolyte solution, a solution in which 

ethylene carbonate (EC) and diethyl carbonate (DEC) at a volume ratio of 3:7 and vinylene 

carbonate (VC) at a 2 weight% were mixed was used. 

[0485] 

(SUS). 

[0486] 

A positive electrode can and a negative electrode can were formed of stainless steel 

[Evaluation of charge and discharge characteristics] 

Next, charge and discharge characteristics of the secondary batteries of Sample 01 and 

30 Sample 05 formed in the above manner were evaluated. The measurement temperature was 25 

�C. Twenty cycles of charging and discharging were performed at 4.6 V (CCCV, 0.5 C, a cutoff 

current of 0.01 C) and 2.5 V (CC, 0.5 C), respectively. Here, lC was set to 137 mNg, which 

was a current value per weight of the positive electrode active material. 

[0487] 

35 FIG. 33 is a graph showing charge and discharge characteristics of the secondary battery 
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5 

using the positive electrode active material of Sample O 1. FIG. 33 shows excellent charge and 

discharge characteristics with a wide plateau. In addition, results of 20 cycles of charging and 

discharging almost overlap, which means that the cycle characteristics are excellent. 

[0488] 

FIG. 34 is a graph showing charge and discharge characteristics of the secondary battery 

of Sample 05, which is a comparative example. In the initial cycles, excellent charge and 

discharge characteristics are shown; however, as indicated by arrows in FIG. 34, charge capacity 

and discharge capacity decrease with an increase in cycles. 

[0489] 

10 [Evaluation of cycle characteristics] 

<<Charging at 4.4 V>> 

The cycle characteristics of the secondary batteries of Sample 01 and Sample 05 

charged at 4.4 V were evaluated. The measurement temperature was 25 °C. The charging was 

performed at 4.4 V (CCCV, 0.5 C, a cutoff current of 0.01 C), and the discharging was performed 

15 at 2.5 V (CC, 0.5 C). 

[0490] 

FIG. 35 is a graph showing the cycle characteristics of the secondary batteries charged 

at 4.4 V In FIG. 35, a solid line and a dotted line indicate secondary batteries containing the 

positive electrode active materials of Sample 01 and Sample 05, respectively. As shown in FIG. 

20 35, in the secondary battery containing Sample 01, an energy density retention rate is 99.5 % 

even after 50 cycles of charging and discharging were performed, which shows extremely 

excellent cycle characteristics. In the secondary battery containing Sample 05, an energy 

density retention rate is 94.3 % after 50 cycles were performed. 

[0491] 

25 <<Charging at 4.6 V>> 

The cycle characteristics of the secondary batteries of Sample 01 to Sample 04 charged 

at 4.6 V were evaluated. The measurement temperature was 25 °C. The charging was 

performed to 4.6 V (CCCV, 0.5 C, a cutoff current of 0.01 C), and the discharging was 

performed to 2.5 V (CC, 0.5 C). 

30 [0492] 

FIG. 36 is a graph showing the cycle characteristics charged at 4.6 V As shown in 

FIG. 36, in the secondary battery containing Sample 01, which is the positive electrode active 

material of one embodiment of the present invention, an energy density retention rate is 94.1 % 

even after 50 cycles of charging and discharging were performed at a high voltage of 4.6 V, 

35 which shows extremely excellent cycle characteristics. On the other hand, the secondary 
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5 

10 

batteries containing the positive electrode active materials of Sample 02, Sample 03, and Sample 

04, which are comparative examples, are inferior to that of Sample 01, and in Sample 04, for 

example, energy density retention rate is 33 .2 % after 50 cycles were performed. 

[0493] 

As described above, it is found that the positive electrode active material with the 

structure of one embodiment of the present invention can achieve an advantageous effect when 

charging and discharging is performed at a voltage higher than 4.4 V 

[Example 2] 

[0494] 

In this example, the positive electrode active materials which are embodiments of the 

present invention are formed, and results of analysis which is different from that in Example I 

are described. In addition, evaluation results of characteristics of secondary batteries 

containing the positive electrode active materials under conditions different from those in 

Example I are described. 

15 [0495] 

In this example, a positive electrode active material which contains lithium cobaltate as 

a composite oxide of lithium and a first transition metal contained in a first region, lithium 

titanate as an oxide of a second transition metal contained in a second region, and magnesium 

oxide as an oxide of a representative element contained in a third region, was formed. 

20 [0496] 

[Formation of positive electrode active material and fabrication of secondary battery] 

<<Sample 06 and Sample 07>> 

In this example, lithium cobalt oxide particles (C-20F, produced by NIPPON 

CHEMICAL INDUSTRIAL CO., LTD.) were used as a starting material. 

25 [0497] 

Next, as Step 14, the lithium cobalt oxide particles were coated with titanium oxide by a 

sol-gel method and dried. Step 14 was performed in a manner similar to that in Example 1 

except that mixture was performed so that TTIP to lithium cobalt oxide was 0.004 ml/g. The 

lithium cobalt oxide particles which are coated with the titanium oxide and are not heated yet are 

30 referred to as Sample 06. 

[0498] 

Next, Sample 06, which is the lithium cobalt oxide particles coated with the titanium 

oxide, was heated. With a muffie furnace, the heating was performed at 800 °C in an oxygen 

atmosphere under the following conditions: the retention time was two hours; and the flow rate 

3 5 of oxygen was 10 L/min. 
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[0499] 

Then, as in Example 1, the particles were cooled and collected to obtain the positive 

electrode active material. The heated positive electrode active material is referred to as Sample 

07. 

5 [0500] 

[TEM-EDX] 

Sample 06 and Sample 07, in particular, cracks generated m the particles and the 

vicinity of the cracks were subjected to analysis with TEM-EDX. 

[0501] 

10 First, results of TEM-EDX plane analysis of titanium are shown in FIGS. 37 A, 37B 1, 

37B2, 37Cl, 37C2, 37D1, 37D2, 37El, and 37E2 and FIGS. 38A, 38Bl, 38B2, 38Cl, 38C2, 

38D1, 38D2, 38El, and 38E2. 

[0502] 

FIGS. 37A, 37Bl, 37B2, 37Cl, 37C2, 37D1, 37D2, 37El, and 37E2 show TEM-EDX 

15 analysis results of Sample 06 before heating. FIG. 37A is a cross-sectional TEM image 

showing the surfaces of the particles and the crack portions. FIG. 37Bl and FIG. 37B2 show a 

HAADF-STEM image and a Ti mapping image of a region including the surface of the particle 

that is denoted by a circle marked with "l" in FIG. 37A, respectively. Similarly, FIG. 37Cl and 

FIG. 37C2 show a HAADF-STEM image and a Ti mapping image of a region at a depth of 

20 approximately 20 nm from the surface in the crack portion that is denoted by a circle marked 

with "2" in FIG. 37A, respectively. FIG. 37D1 and FIG. 37D2 show a HAADF-STEM image 

and a Ti mapping image of a region at a depth of approximately 500 nm from the surface in the 

crack portion that is denoted by a circle marked with "3" in FIG. 37A, respectively. FIG. 37El 

and FIG. 37E2 show a HAADF-STEM image and a Ti mapping image of a region at a depth of 

25 approximately 1000 nm from the surface in the crack portion that is denoted by a circle marked 

with "4" in FIG. 37A, respectively. Note that in EDX element mapping images in FIGS. 37A, 

37Bl, 37B2, 37Cl, 37C2, 37D1, 37D2, 37El, and 37E2, FIGS. 38A, 38Bl, 38B2, 38Cl, 38C2, 

38D1, 38D2, 38El, and 38E2, FIGS. 39A, 39Bl, 39B2, 39Cl, 39C2, 39D1, 39D2, 39El, and 

39E2, and FIGS. 40A, 40Bl, 40B2, 40Cl, 40C2, 40D1, 40D2, 40El, and 40E2, a region where 

30 the number of elements is less than or equal to a lower limit of the detection is indicated in white, 

and as the number of elements is increased, the white region becomes black. 

[0503] 

FIGS. 38A, 38Bl, 38B2, 38Cl, 38C2, 38D1, 38D2, 38El, and 38E2 show TEM-EDX 

analysis results of Sample 07 after heating. FIG. 38A is a cross-sectional TEM image showing 

35 the surfaces of the particles and the crack portions. FIG. 38B 1 and FIG. 38B2 show a 
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HAADF-STEM image and a Ti mapping image of a region including the surface of the particle 

that is denoted by a circle marked with " l" in FIG. 38A, respectively. Similarly, FIG. 38Cl and 

FIG. 38C2 show a HAADF-STEM image and a Ti mapping image of a region at a depth of 

approximately 20 nm from the surface in the crack portion that is denoted by a circle marked 

5 with "2" in FIG. 38A, respectively. FIG. 38D1 and FIG. 38D2 show a HAADF-STEM image 

and a Ti mapping image of a region at a depth of approximately 500 nm from the surface in the 

crack portion that is denoted by a circle marked with "3" in FIG. 38A, respectively. FIG. 38El 

and FIG. 38E2 show a HAADF-STEM image and a Ti mapping image of a region at a depth of 

approximately 1000 nm from the surface in the crack portion that is denoted by a circle marked 

10 with "4" in FIG. 38A, respectively. 

[050 4] 

As shown in FIGS. 37A, 37Bl, 37B2, 37Cl, 37C2, 37D1, 37D2, 37El, and 37E2 and 

FIGS. 38A, 38Bl, 38B2, 38Cl, 38C2, 38D1, 38D2, 38El, and 38E2, in Sample 06 before 

heating, segregation of titanium on the surfaces of the particles is observed; however, no 

15 segregation is observed in the crack portion. In contrast, in Sample 07 after heating, 

segregation of titanium is observed both on the surfaces of the particles and in the crack portion. 

That is, it is found that titanium is segregated at the surface of the crack portion by heating. 

[0505] 

Next, results of TEM-EDX plane analy sis of magnesium are shown in FIGS. 39A, 39Bl, 

20 39B2, 39Cl, 39C2, 39D1, 39D2, 39El, and 39E2, and FIGS. 40A, 40Bl, 40B2, 40Cl, 40C2, 

40D1, 40D2, 40El, and 40E2. 

[0506] 

FIG. 39A is a cross-sectional TEM image of Sample 06, which is the same as FIG. 37 A 

FIGS. 39Bl, 39Cl, 39D1, and 39El are HAADF-STEM images, which are the same as FIGS. 

25 37B 1, 37Cl, 37D1, and 37El. FIG. 39B2 shows a Mg mapping image of a region which is the 

same as FIG. 39B 1. FIG. 39C2 shows a Mg mapping image of a region which is the same as 

FIG. 39Cl. FIG. 39D2 shows a Mg mapping image of a region which is the same as FIG. 

39D 1. FIG. 39E2 shows a Mg mapping image of a region which is the same as FIG. 39El. 

[0507] 

30 FIG. 40A is a cross-sectional TEM image of Sample 07, which is the same as FIG. 38A. 

FIGS. 40Bl, 40Cl, 40D1, and 40El are HAADF-STEM images, which are the same as FIGS. 

38Bl, 38Cl, 38D1, and 38El. FIG. 40B2 shows a Mg mapping image of a region which is the 

same as FIG. 40B 1. FIG. 40C2 shows a Mg mapping image of a region which is the same as 

FIG. 40Cl. FIG. 40D2 shows a Mg mapping image of a region which is the same as FIG. 

35 40D1. FIG. 40E2 shows a Mg mapping image of a region which is the same as FIG. 40El. 
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[0508] 

As shown in FIGS. 39A, 39Bl, 39B2, 39Cl, 39C2, 39Dl, 39D2, 39El, and 39E2, and 

FIGS. 40A, 40Bl, 40B2, 40Cl, 40C2, 40Dl, 40D2, 40El, and 40E2, in Sample 06 before 

heating, segregation of magnesium is not observed on the surfaces of the particles or in the crack 

5 portion. In contrast, in Sample 07 after heating, segregation of magnesium is observed both on 

the surfaces of the particles and in the crack portion. 

[0509] 

Next, to quantify titanium and magnesium, EDX point analysis was performed on the 

regions indicated by circles marked with 1 to 6 in FIG. 37 A and the regions indicated by circles 

10 marked with 1 to 6 in FIG. 38A. In each region, two points were measured. 

[0510] 

FIGS. 41A and 41B show results of EDX point analysis in an atomic ratio of titanium to 

cobalt. FIG. 41A shows results of Sample 06 before heating. Detection points 1 to 6 in FIG. 

41A correspond to the regions indicated by circles marked with 1 to 6 in FIG. 37A. FIG. 41B 

15 shows results of Sample 07 after heating. Detection points 1 to 6 in FIG. 4 lB correspond to the 

regions indicated by circles marked with 1 to 6 in FIG. 38A. 

[0511] 

As shown in FIGS. 41A and 41B, in the crack portion of Sample 06, Ti/Co is less than 

or equal to 0.01 in each measurement point; in contrast, in the crack portion of Sample 07, the 

20 amount of titanium is increased in many points, and there are measurement points where Ti/Co is 

greater than or equal to 0.05. Furthermore, Ti/Co on the surfaces of the particles of Sample 07 

is between 0.10 and 0.18. 

[0512] 

Next, FIGS. 42A and 42B show results of EDX point analysis in an atomic ratio of 

25 magnesium to cobalt. The detection points are the same as those in FIGS. 4 lA and 4 lB. 

[0513] 

As shown in FIGS. 42A and 42B, in Sample 06, Mg/Co is less than or equal to 0.03 

both on the surfaces of the particles and in the crack portion; in contrast, in Sample 07, there are 

many points where the amount of magnesium is increased both on the surfaces of the particles 

30 and in the crack portion. Furthermore, Mg/Co on the surfaces of the particles is between 0.15 

and 0.50, and that in the crack portion is between O and 0.22. 

[0514] 

Next, CR2032 coin-type secondary batteries were fabricated using the positive electrode 

active material of Sample 07 after heating. A positive electrode formed by applying slurry in 

35 which a positive electrode active material (LCO) of Sample 02, AB, and polyvinylidene fluoride 
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(PVDF) were mixed at a weight ratio of 95: 3 :2 to a positive electrode current collector was used. 

As the positive electrode current collector, 20-µm-thick aluminum foil was used. The amount 

of positive electrode active material layer containing the positive electrode active material, AB, 

and PVDF was 7.6 mg/cm2
. 

5 [0515] 

A lithium metal was used for the counter electrode. 

[0516] 

An electrolyte solution formed in such a manner that 1 mol/L LiPF6 was dissolved in a 

solution in which ethylene carbonate (EC) and diethyl carbonate (DEC) were mixed at a volume 

10 ratio of 3:7, and vinylene carbonate (VC) was added to the solution at a 2 wt% was used. 

[0517] 

[Initial characteristics, rate characteristics] 

Initial characteristics and rate characteristics of the secondary battery using the positive 

electrode active material of Sample 07 formed in the above manner were measured. 

15 [0518] 

In the measurement of the initial characteristics, charging was performed at CCCV, 0.2 

C, 4.6 V, and a cutoff current of 0.05 C, and discharging was performed at CC, 0.2 C, and a 

cutoff voltage of 3. 0 V Here, 1 C was set to 160 mA/g, which was a current value per weight of 

the positive electrode active material. The measurement temperature was 25 °C. Table 2 

20 shows measurement results of initial characteristics. 

25 

[0519] 

[Table 2] 

Initial charge 

capacity 

[mAh/g] 

221.2 

[0520] 

Initial discharge 

capacity 

[mAh/g] 

217.5 

Initial charge and 

discharge efficiency 

[%] 

98.3 

The rate characteristics were measured after the initial characteristics were measured. 

The measurement was performed by changing a discharge rate in the following order: 0.2 C 

charge/0.2 C discharge; 0.2 C charge/0.5 C discharge; 0.2 C charge/1.0 C discharge; 0.2 C 

charge/2.0 C discharge; 0.2 C charge/3.0 C discharge; 0.2 C charge/4.0 C discharge; and 0.2 C 

charge/5.0 C discharge. Note that the conditions other than the discharge rate are the same as 

30 those of the measurement of the initial characteristics. The measurement temperature was 25 

oc. 

[0521] 
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5 

Table 3 shows the measurement results of the initial characteristics and the rate 

characteristics. In addition, FIG. 43 shows discharge curves of the rates. 

[0522] 

[Table 3] 

[0523] 

Rate 

[C] 

0.2 

0.5 

1.0 

2.0 

3.0 

4.0 

5.0 

Discharge capacity 

[mAh/g] 

218.2 

215.8 

213.1 

207.9 

204.0 

198.8 

184.3 

[Temperature characteristics] 

Discharge capacity 

retention rate 

% 

100.0 

98.9 

97.7 

95.3 

93.5 

91.1 

84.5 

Next, a cell was fabricated under conditions similar to those of a cell for evaluating the 

rate characteristics except that the amount of positive electrode active material layer was 8.2 

10 mg/cm2
, and the temperature characteristics were measured. Charging was performed at 25 °C, 

CCCV, 0.2 C, 4.6 V, and a cutoff current of 0.05 C. Discharging was performed at 25 °C, 0 °C, 

-10 °C, -20 °C, and 45 °C in this order, CC, 0.2 C, and a cutoff voltage of 3.0 V. FIG. 44

shows measurement results of temperature characteristics. 

[0524] 

15 [Cycle characteristics] 

Next, a cell was fabricated under conditions similar to those of the cell for measuring 

the temperature characteristics, and the cycle characteristics were measured. In the 

measurement of the cycle characteristics, charging was performed at CCCV, 1.0 C, 4.55 V, and a 

cutoff current of0.05 C, and discharging was performed at CC, 1.0 C, and a cutoff voltage of3.0 

20 V. The measurement temperature of the cycle characteristics was 45 °C and 100 cycles were

measured. The discharge capacity retention rate after 100 cycles was 86 %. FIG. 45 1s a 

graph showing the discharge capacity retention rate of the measured cycle characteristics. 

[0525] 

From the measurement results, the specific surface area of the positive electrode active 

25 material of Sample 07 was 0.13 m2/g. 
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[0526] 

Furthermore, from the measurement results of particle size distribution of the positive 

electrode active material of Sample 07, the average particle diameter was 21.5 µm, 10 %D was 

13.1 µm, 50 %D was 22.0 µm, and 90 %D was 34.4 µm. 

5 [0527] 

10 

The tap density of the positive electrode active material of Sample 07 is 2.21 g/cm3
. 

The tap density was measured with 1\tIULTI TESTER MT-1000 (manufactured by SEISHIN 

ENTERPRISE Co., Ltd.). 

[0528] 

As described above, it is found that the positive electrode active material of Sample 07 

which is one embodiment of the present invention shows excellent initial charge and discharge 

capacity, rate characteristics, and cycle characteristics. In particular, the initial charge and 

discharge capacity is high, which is 98 % or higher; thus, it is probable that a side reaction is 

inhibited. In addition, even at a high discharge rate of 2 C, an excellent capacity of 96.1 % is 

15 shown using 0.2 C as a  reference. 

[Example 3] 

[0529] 

In this example, a positive electrode active material including a region containing 

titanium and magnesium in a superficial portion was formed by changing the ratio of Li to the 

20 first transition metal of starting materials, and evaluation results of characteristics are shown. 

[0530] 

[Formation of positive electrode active material] 

In this example, positive electrode active materials of Samples 11 to 17, Samples 21 to 

28, and Samples 31 to 40 in which cobalt was used as the first transition metal were prepared. 

25 Formation methods and conditions of these samples are as follows. 

[0531] 

<<Samples 11 to 17>> 

First, a source of lithium, a source of cobalt, a source of magnesium, and a source of 

fluorine, which are to be starting materials, were individually weighed. In this example, lithium 

30 carbonate, cobalt oxide, magnesium oxide, and lithium fluoride were used as the source of 

lithium, the source of cobalt, the source of magnesium, and the source of fluorine, respectively. 

[0532] 

At that time, the starting materials of Sample 11 were weighed so that the ratio of Li to 

Co was 1.00. The starting materials of Sample 12 were weighed so that the ratio of Li to Co 

35 was 1.03. The starting materials of Sample 13 were weighed so that the ratio of Li to Co was 
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1.05. The starting materials of Sample 14 were weighed so that the ratio of Li to Co was 1.06. 

The starting materials of Sample 15 were weighed so that the ratio of Li to Co was 1.07. The 

starting materials of Sample 16 were weighed so that the ratio of Li to Co was 1.08. The 

starting materials of Sample 17 were weighed so that the ratio of Li to Co was 1.13. 

5 [0533] 

10 

In addition, the starting materials of each of Samples 11 to 17 were weighed so that, 

when the number of atoms of cobalt contained in the starting materials was set to 1, the number 

of atoms of magnesium was 0.01 and the number of atoms of fluorine was 0.02. 

[0534] 

sample. 

[0535] 

Next, the weighed starting materials were separately mixed with a ball mill for each 

Then, the mixed starting materials were baked. The baking was performed at 1000 °C 

for 10 hours under the following conditions: the temperature rising rate was 200 °C/h; and the 

15 flow rate of dry air was 10 L/min. 

[0536] 

20 

Through the above process, particles of a composite oxide containing lithium, cobalt, 

fluorine, and magnesium were synthesized. 

[0537] 

Next, TTIP was added to 2-propanol so that the amount of TTIP per weight of the 

positive electrode active material was 0.01 ml/g and then mixing was performed, so that a 

2-propanol solution of tetra-i-propoxy titanium was formed.

[0538] 

To the 2-propanol solution of TTIP, the particles of a composite oxide containing 

25 lithium, cobalt, fluorine, and magnesium were added and then mixing was performed. 

[0539] 

The above-described mixed solution was stirred with a magnetic stirrer for four hours, 

at 25 °C, and at a humidity of 90 %RH. Through the process, water in an atmosphere and TTIP 

caused hydrolysis and polycondensation reaction, and a layer containing titanium was formed on 

30 the surface of the lithium cobalt oxide particle containing magnesium and fluorine. 

[0540] 

35 

The mixed solution which had been subjected to the above process was filtered to 

collect the residue. As a filter for filtration, Kiriyama filter paper (No. 4) was used. 

[0541] 

The collected residue was dried in a vacuum at 70 °C for one hour. 
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[0542] 

The dried particles were heated. The heating was performed in an oxygen atmosphere 

under the following conditions: the temperature was 800 °C (the temperature rising rate was 200 

°C/h); and the retention time was two hours. 

5 [0543] 

The heated particles were cooled and subjected to crushing treatment. In the crushing 

treatment, the particles were made to pass through a sieve. The sieve has an aperture width of 

53 µm. 

[0544] 

10 The particles which were subjected to crushing treatment were used as the positive 

electrode active materials of Samples 11 to 17. 

[0545] 

<<Samples 21 to 27>> 

The starting materials of Samples 21 to 27 were the same as those of Samples 11 to 16. 

15 At that time, the starting materials of Sample 21 were weighed so that the ratio of Li to Co was 

1.00. The starting materials of Sample 22 were weighed so that the ratio of Li to Co was 1.03. 

The starting materials of Sample 23 were weighed so that the ratio of Li to Co was 1.05. The 

starting materials of Sample 24 were weighed so that the ratio of Li to Co was 1.06. The 

starting materials of Sample 25 were weighed so that the ratio of Li to Co was 1.07. The 

20 starting materials of Sample 26 were weighed so that the ratio of Li to Co was 1.08. The 

starting materials of Sample 27 were weighed so that the ratio of Li to Co was 1.13. 

[0546] 

Samples 21 to 27 were formed in manners similar to those of Samples 11 to 17 except 

that the concentration of TTIP in the 2-propanol solution was adjusted so that the amount of 

25 TTIP per weight of the positive electrode active material was 0.02 ml/g. 

[0547] 

<<Sample 28>> 

The ratio of Li to Co of the starting materials and the amount of TTIP of Sample 28 

were the same as the ratio of Li to Co of the starting materials and the amount of TTIP of Sample 

30 23. That is, in Sample 28, the starting materials were weighed so that the ratio of Li to Co was

1.05, and the amount of TTIP per weight of the positive electrode active material was 0.02 ml/g. 

[0548] 

Note that in Sample 28, after the starting materials were mixed, baking was performed 

at 950 °C. 

35 [0549] 
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Sample 28 was formed in a manner similar to that of Sample 23 except for the baking 

temperature. 

[0550] 

It is probable that Samples 11 to 17 and Samples 21 to 28 are each a positive electrode 

5 active material which contains lithium cobaltate inside and includes a region containing titanium 

and magnesium in a superficial portion. 

[0551] 

<<Samples 31 to 40>> 

Samples 31 to 40 were formed as comparative examples, each of which did not include 

10 a region containing titanium. 

[0552] 

The starting materials of Sample 31 were weighed so that the ratio of Li to Co was 1.00. 

The starting materials of Sample 32 were weighed so that the ratio of Li to Co was 1.01. The 

starting materials of Sample 33 were weighed so that the ratio of Li to Co was 1.02. The 

15 starting materials of Sample 34 were weighed so that the ratio of Li to Co was 1.03. The 

starting materials of Sample 35 were weighed so that the ratio of Li to Co was 1.035. The 

starting materials of Sample 36 were weighed so that the ratio of Li to Co was 1.04. The 

starting materials of Sample 37 were weighed so that the ratio of Li to Co was 1.051. The 

starting materials of Sample 38 were weighed so that the ratio of Li to Co was 1.061. The 

20 starting materials of Sample 39 were weighed so that the ratio of Li to Co was 1.081. The 

starting materials of Sample 40 were weighed so that the ratio of Li to Co was 1. 130. 

[0553] 

In addition, the starting materials of each of Samples 31 to 40 were weighed so that, 

when the number of atoms of cobalt contained in the starting materials was set to 1, the number 

25 of atoms of magnesium was 0.01 and the number of atoms of fluorine was 0.02. 

[0554] 

30 

Next, the weighed starting materials were separately mixed with a ball mill for each 

sample. 

[0555] 

Then, the mixed starting materials were baked. The baking was performed at 1000 °C 

for 10 hours under the following conditions: the temperature rising rate was 200 °C/h; and the 

flow rate of dry air was 10 L/min. 

[0556] 

Through the above process, particles of a composite oxide containing lithium, cobalt, 

35 fluorine, and magnesium were synthesized. 
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[0557] 

The synthesized particles were cooled and then heated. The heating was performed in 

an oxygen atmosphere under the following conditions: the temperature was 800 °C (the 

temperature rising rate was 200 °C/h); and the retention time was two hours. 

5 [0558] 

The heated particles were cooled and subjected to crushing treatment. In the crushing 

treatment, the particles were made to pass through a sieve. The sieve has an aperture width of 

53 µm. 

[0559] 

10 The particles which were subjected to crushing treatment were used as the positive 

electrode active materials of Samples 31 to 40. 

[0560] 

Table 4 shows the formation conditions of Samples 11 to 17, Samples 21 to 28, and 

Samples 31 to 40. 

15 [0561] 

[Table 4] 
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Li/Co 

Sample 11 1.00 

Sample 12 1.03 

Sample 13 1.05 

Sample 14 1.06 

Sample 15 1.07 

Sample 16 1.08 

Sample 17 1.13 

Sample 21 1.00 

Sample 22 1.03 

Sample 23 1.05 

Sample 24 1.06 

Sample 25 1.07 

Sample 26 1.08 

Sample 27 1.13 

Sample 28 1.05 

Sample 31 1.00 

Sample 32 1.01 

Sample 33 1.02 

Sample 34 1.03 

Sample 35 1.035 

Sample 36 1.04 

Sample 37 1.051 

Sample 38 1.061 

Sample 39 1.081 

Sample 40 1.130 

[0562] 

[XPS] 

TTIP 

0.01 mVg 

0.02 mVg 

0.02 mVg 

Baking 

temperature 

1000 °c 

1000 °c 

950 °C 

1000 °C 

The positive electrode active materials of Samples 11 to 17, Samples 21 to 28, and 

5 Samples 31 to 40 were subjected to an XPS analysis. Table 5 shows results of the XPS analysis 

of Samples 11 to 17, Table 6 shows results of the XPS analysis of Samples 21 to 28, and Table 7 

shows results of the XPS analysis of Samples 31 to 40. Tables 5 to 7 show a relative value of 

the concentration of each element under the condition where the concentrati on of cobalt is 1. 

[0563] 

10 [Table 5] 
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Relative value under corrlition where coucent:Iation of Co is 1 

Li/Co Li Co 0 C F Mg Ti Si Ca Na s 

Sample 11 1.00 0.82 1.00 2.87 0.25 0.37 0.57 0.15 0.00 0.04 0.27 0.01 

Sample 12 1.03 0.69 1.00 2.84 0.93 0.63 0.63 0.14 0.00 0.05 0.04 0.00 

Sample 13 1.05 0.96 1.00 3.22 0.66 0.47 0.61 0.14 0.00 0.03 0.09 0.03 

Sample 14 1.06 1.04 1.00 3.13 0.34 0.77 0.77 0.15 0.00 0.05 0.34 0.04 

Sample 15 1.07 0.84 1.00 3.42 0.58 0.60 0.23 0.18 0.00 0.08 0.27 0.00 

Sample 16 1.08 1.08 1.00 3.10 0.66 0.59 0.04 0.16 0.00 0.03 0.16 0.02 

Sample 17 1.13 1.29 1.00 3.70 0.83 0.87 0.00 0.19 0.00 0.04 0.20 0.02 

[0564] 

[Table 6] 

Relative value under condition where concentration of Co is 1 

Li/Co Li Co 0 C F Mg Ti Si Ca Na s 

Sample 21 1.00 1.08 1.00 3.23 0.47 0.45 0.49 0.20 0.00 0.06 0.35 0.01 

Sample 22 1.03 0.73 1.00 3.05 1.06 0.70 0.59 0.17 0.00 0.03 0.09 0.00 

Sample 23 1.05 1.19 1.00 3.40 0.73 0.48 0.58 0.23 0.00 0.05 0.10 0.04 

Sample 24 1.06 1.10 1.00 3.44 0.33 0.92 0.91 0.25 0.00 0.05 0.30 0.04 

Sample 25 1.07 1.05 1.00 4.26 0.74 0.20 0.25 0.29 0.00 0.07 0.30 0.02 

Sample 26 1.08 1.12 1.00 3.32 0.74 0.52 0.14 0.21 0.00 0.05 0.15 0.00 

Sample 27 1.13 1.49 1.00 3.80 0.60 0.41 0.00 0.12 0.00 0.00 0.16 0.02 

Sample 28 1.05 0.99 1.00 3.11 0.72 0.86 0.56 0.18 0.00 0.05 0.12 0.02 

5 [0565] 

[Table 7] 

Relative value under corrlition where concentration of Co is 1 

Li/Co Li Co 0 C F Mg Ca Na 

Sample 31 1.00 0.51 1.00 2.45 0.69 0.08 0.27 0.03 0.08 

Sample 32 1.01 0.67 1.00 2.65 0.77 0.08 0.28 0.03 0.08 

Sample 33 1.02 0.53 1.00 2.51 0.66 0.09 0.27 0.02 0.06 

Sample 34 1.03 0.79 1.00 2.93 0.92 0.09 0.35 0.04 0.14 

Sample 35 1.04 0.65 1.00 2.33 0.48 0.11 0.32 0.03 0.11 

Sample 36 1.04 0.69 1.00 2.73 0.56 0.11 0.38 0.05 0.16 

Sample 37 1.05 0.67 1.00 3.04 0.64 0.09 0.35 0.04 0.21 

Sample 38 1.06 0.83 1.00 2.65 1.03 0.29 0.10 0.05 0.11 

Sample 39 1.08 0.80 1.00 2.79 1.04 0.26 0.03 0.08 0.10 

Sample40 1.13 0.77 1.00 2.72 0.22 0.99 0.00 0.01 0.26 

[0566] 

FIGS. 46A and 46B are graphs in which the relative valueof magnesium and the relative 

10 valueof titanium are extracted from the analysis results of Tables 5 to 7. FIG. 46A is a graph 

showing the ratio of Li to Co and the relative valueof magnesium. FIG. 46B is a graph showing 
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the ratio of Li to Co and the relative valueof titanium. 

[0567] 

From the analysis results of Samples 31 to 40 in FIG. 46A, it is found that, in the case 

where a coating layer containing titanium is not included, the concentration of magnesium is 

5 high in samples where the ratio of Li to Co is greater than or equal to 1.00 and less than or equal 

to 1.05. This is probably because magnesium contained in the starting materials is segregated 

in a range where the element concentration can be detected by XPS by heating. In contrast, in 

samples where the ratio of Li to Co is greater than or equal to 1.06, the concentration of 

magnesium is low; thus, it is probable that the segregation of magnesium does not easily occur 

10 when the amount of lithium is too large. 

[0568] 

From the analysis results of Samples 11 to 16 and Samples 21 to 26 in FIG. 46A, it is 

found that the concentration of magnesium in a range where the element concentration can be 

detected by XPS is higher in the case where a region containing titanium is included m a 

15 superficial portion than in the case where the region containing titanium is not included. 

[0569] 

Moreover, in the case where the ratio of Li to Co is 1.06, in samples where the region 

containing titanium is not included, the concentration of magnesium in a range where the 

element concentration can be detected by XPS is low; in contrast, in samples where the region 

20 containing titanium is included, the concentration of magnesium in a range where the element 

concentration can be detected by XPS is high. That is, when the region containing titanium is 

formed in the superficial portion, magnesium is sufficiently segregated even in the case where 

the ratio of Li to Co is high. 

[0570] 

25 Note that even if the region containing titanium 1s included, the concentration of 

magnesium is lower in the case where the ratio of Li to Co is 1.07 than in the case where the 

ratio of Li to Co is 1.06. Furthermore, it is probable that, in the case where the ratio of Li to Co 

is greater than or equal to 1.08, the segregation of magnesium does not easily occur even if the 

region containing titanium is included. 

30 [0571] 

[Evaluation of cycle characteristics] 

<<Energy density retention rate>> 

Next, cycle characteristics were evaluated in a manner similar to that of Example 1 

using positive electrode active materials of Samples 11 to 14, Sample 16, Samples 21 to 24, and 

35 Sample 26. 
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[0572] 

The shape of the secondary battery, the materials and the mixture ratios of the positive 

electrode active material, the conductive additive, and the binder in the positive electrode, the 

counter electrode, the electrolyte solution, the exterior body, the conditions of the cycle 

5 characteristics test, and the like are the same as those in Example 1. 

[0573] 

FIG. 47 A is a graph showing the energy density retention rates and the number of 

charge and discharge cycles at the time of charging at 4.6 V of secondary batteries using the 

positive electrode active materials of Samples 11 to 14 and Sample 16 which were formed so that 

10 the amount of TTIP per weight of the positive electrode active material was 0.01 ml/g. FIG. 

4 7B is a graph showing the energy density retention rates and the number of charge and 

discharge cycles at the time of charging at 4.6 V of secondary batteries using the positive 

electrode active materials of Samples 21 to 24 and Sample 26 which were formed so that the 

amount of TTIP per weight of the positive electrode active material was 0.02 ml/g. 

15 [0574] 

As shown in FIG. 47A, in the case where TTIP is 0.01 ml/g, Samples 11 to 14, that is, 

the positive electrode active materials in which the ratio of Li to Co is greater than or equal to 

1.00 and less than or equal to 1.06 have excellent cycle characteristics. In particular, Samples 

11 and 12, that is, the positive electrode active materials in which the ratio of Li to Co is greater 

20 than or equal to 1.00 and less than or equal to 1.03 have extremely excellent cycle characteristics. 

In contrast, in Sample 16 in which the ratio of Li to Co is 1.08, the energy density retention rate 

decreases at a relatively early stage. 

[0575] 

As shown in FIG. 47B, in the case where TTIP is 0.02 ml/g, Samples 21 to 24, that is, 

25 the positive electrode active materials in which the ratio of Li to Co is greater than or equal to 

1.00 and less than or equal to 1.06 have excellent cycle characteristics. In particular, Samples 

23 and 24, that is, the positive electrode active materials in which the ratio of Li to Co is greater 

than or equal to 1.05 and less than or equal to 1.06 have extremely excellent cycle 

characteristics. 

30 [0576] 

35 

FIG. 48 is a graph showing comparison between Sample 11 having the most excellent 

cycle characteristics in Samples 11 to 15 and Sample 23 having the most excellent cycle 

characteristics in Samples 21 to 25. 

[0577] 

As shown m FIG. 48, both Sample 11 and Sample 23 have excellent cycle 
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characteristics; however, Sample 23 m which TTIP 1s 0.02 ml/g has more excellent cycle 

characteristics. 

[0578] 

<<Discharge capacity retention rate>> 

5 Next, FIG. 49 shows evaluation results of a discharge capacity retention rate, which is 

one of the cycle characteristics of each of Samples 21 to 26 and Sample 28. 

[0579] 

The shape of the secondary battery, the material and the mixture ratio of the positive 

electrode active material, the conductive additive, and the binder in the positive electrode, the 

10 counter electrode, the electrolyte solution, the exterior body, the conditions of the cycle 

characteristics test, and the like of Samples 21 to 26 are the same as those in Example 1. 

[0580] 

The secondary battery using Sample 28 was formed in a manner similar to those of the 

secondary batteries using Samples 21 to 26 except that PVDF was used as a binder and the 

15 positive electrode active material (LCO), AB, and PVDF were mixed such that the weight ratio 

ofLCO to AB and PVDF was 95:3:2, and evaluated. 

[0581] 

As shown m FIG. 49, Samples 21 to 24 and Sample 28 have excellent cycle 

characteristics. In particular, Sample 28 has extremely excellent cycle characteristics. In 

20 Sample 28, the discharge capacity retention rate after 50 cycles was higher than or equal to 85 %. 

[0582] 

25 

In contrast, in Sample 25 and Sample 26 in which the ratios of Li to Co are 1.07 and 

1.08, respectively, the discharge capacity retention rates decrease at a relatively early stage. 

[0583] 

From the above results, it is found that in the case where TTIP per weight of the positive 

electrode active material is 0.02 ml/g, the ratio of Li to Co preferably has a range of greater than 

or equal to 1.00 and less than 1.07. :Nioreover, it is found that a sample in which the ratio of Li 

to Co has a range of greater than or equal to 1.05 and less than or equal to 1.06 has extremely 

excellent cycle characteristics. 

30 [0584] 

35 

FIGS. 50A to SOC show charge and discharge curves of the secondary batteries using 

Sample 28, which has extremely excellent cycle characteristics in FIG. 49, Sample 24, and 

Sample 25, in which the degradation occurs at a relatively early stage. 

[0585] 

FIG. 50A, FIG. SOB, and FIG. SOC show charge and discharge curves of the secondary 
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5 

batteries using Sample 28, Sample 24, and Sample 25, respectively. Each of the figures shows 

overlap of results of 50 cycles of charge and discharge. As indicated by an arrow in each figure, 

the charge and discharge capacity decreases from the first cycle to the fiftieth cycle. 

[0586] 

As shown in FIGS. 50A and SOB, Sample 28 and Sample 24, which are positive 

electrode active materials of one embodiment of the present invention, have high charge and 

discharge capacity and excellent charge and discharge characteristics. In addition, it is found 

that a decrease in charge and discharge capacity of each of Sample 28 and Sample 24 in FIGS. 

50A and SOB is significantly suppressed as compared with Sample 25 in FIG. SOC. 

10 [Example 4] 

[0587] 

In this example, SEM observation results and SEM-EDX analysis results of the positive 

electrode active material of Sample 24 formed in Example 2 are described. 

[0588] 

15 Sample 24 was formed so that Li/Co was 1.06 and TTIP per weight of the positive 

electrode active material was 0.02 ml/g. FIG. SIA shows a SEM image of Sample 24. FIGS. 

5 IB and 5 IC each show an enlarged image of a part in FIG. SIA 

[0589] 

As shown in FIGS. SIA to SIC, there are a large number of projected regions in a 

20 superficial portion of the positive electrode active material. 

[0590] 

Next, FIGS. 52A-1, 52A-2, 52B-1, 52B-2, 52C-1, and 52C-2 show analysis results of 

the positive electrode active material of Sample 24 using SEM-EDX. FIG. 52A-1 shows a 

SEM image of a superficial portion of the positive electrode active material, FIG. 52A-2 shows a 

25 mapping image of titanium, FIG. 52B-1 shows a mapping image of magnesium, FIG. 52B-2 

shows a mapping image of oxygen, FIG. 52C-1 shows a mapping image of aluminum, and FIG. 

52C-2 shows a mapping image of cobalt. Note that in EDX element mapping images in FIGS. 

52A-2, 52B-1, 52B-2, 52C-1, and 52C-2, a region where the number of elements is less than or 

equal to a lower limit of the detection is indicated in black, and as the number of elements is 

30 increased, the black region becomes white. 

[0591] 

The same regions in FIGS. 52A-1, 52A-2, and 52B-1 are surrounded by dotted lines. 

When the regions surrounded by dotted lines are compared with each other, it is found that in the 

projected regions in the superficial portion of the positive electrode active material, titanium and 

35 magnesium are distributed. 
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10 

[0592] 

Thus, it is found that Sample 24 is a positive electrode active material including the 

projected fourth region 104 containing titanium and magnesium over the third region 103. 

[0593] 

As shown in Example 2, Sample 24 is one of the samples which show extremely 

excellent cycle characteristics. Thus, it is found that, even if the fourth region is provided in the 

superficial portion or when the fourth region is provided, the positive electrode active material 

with excellent cycle characteristics can be obtained. 

[0594] 

From the above results of Examples 1 to 3, it is found that when the region containing 

titanium is formed in the superficial portion, the positive electrode active material with excellent 

cycle characteristics can be obtained. In addition, it is found that, when the ratio of Li to Co is 

increased to increase the particle diameter of the positive electrode active material, the cycle 

characteristics might be degraded; however, the region containing titanium is formed in the 

15 superficial portion, whereby the range of the ratio of Li to Co in which excellent cycle 

characteristics is obtained can be widened. Furthermore, it is found that even when the fourth 

region containing titanium and magnesium is provided in the superficial portion of the positive 

electrode active material, excellent cycle characteristics is obtained. 

[Example 5] 

20 [0595] 

In this example, an example of a method for producing a positive electrode active 

material coated with graphene oxide is shown, and observation results of the positive electrode 

active material produced by the method with an electron microscope are described. 

[0596] 

25 As shown in a process flow chart in FIG. 53, a process for forming a coating film on a 

positive electrode active material includes the steps of: weighing graphene oxide (S 11 ); mixing 

and stirring the graphene oxide and pure water (S 12); controlling pH (S 13); adding an active 

material (Sl4); completing a suspension (Sl5); spraying the suspension using a spray dry 

apparatus (S 16); and collecting particles in a container (S 17). 

30 [0597] 

35 

Note that in (S 12), pure water is used as a dispersion medium; however, a dispersion 

medium is not particularly limited and ethanol or the like may be used. In addition, in (Sl4), 

the active material is a positive electrode active material. 

[0598] 

FIG. 54 is a schematic view of a spray dry apparatus 280. The spray dry apparatus 280 
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includes a chamber 281 and a nozzle 282. A suspension 284 is supplied to the nozzle 282 

through a tube 283. The suspension 284 is supplied from the nozzle 282 to the chamber 281 in 

the form of mist and dried in the chamber 281. The nozzle 282 may be heated with a heater 

285. Here, a region of the chamber 281 which is close to the nozzle 282, for example, a region

5 surrounded by dashed-two dotted line in FIG. 54, is also heated with the heater 285. 

[0599] 

In the case of using a suspension containing a positive electrode active material and 

graphene oxide as the suspension 284, powder of the positive electrode active material coated 

with the graphene oxide is collected in a collection container 286 through the chamber 281. 

10 [0600] 

The air in the chamber 281 may be suctioned by an aspirator or the like through a path 

indicated by an arrow 288. 

[0601] 

15 [0602] 

An example of conditions for forming the coating film is shown below. 

First, a suspension was formed by dispersing graphene oxide into a solvent. 

[0603] 

Although in pure water, graphene oxide is highly dispersible, pure water might react 

with an active material added later, so that Li might be dissolved or an active material might be 

20 damaged to change the surface structure. Thus, the graphene oxide was dispersed into a 

solution such that the ratio between ethanol and pure water was 4:6. 

[0604] 

Stirring to disperse the graphene oxide into a solution was performed under the 

following conditions: a stirrer and an ultrasonic wave generator were used; a rotation rate was 

25 750 rpm; and irradiation time with ultrasonic waves was 2 minutes. 

[0605] 

Then, a LiOH aqueous solution was dropped to adjust pH to be pH7 (25 °C). 

[0606] 

The positive electrode active materials (in this example, lithium cobalt oxide particles 

30 produced by NIPPON CHEMICAL INDUSTRIAL CO., LTD. (product name: C-20F)) were 

added, and stirring was performed using a stirrer and an ultrasonic wave generator under the 

following conditions: a rotation rate was 750 rpm; and irradiation time with ultrasonic waves 

was 1 minute. Through the above process, the suspension was prepared. The above lithium 

cobalt oxide particles produced by NIPPON CHEMICAL INDUSTRIAL CO., LTD. (product 

35 name: C-20F) contain at least fluorine, magnesmm, calcium, sodium, silicon, sulfur, and 
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phosphorus, and each have a diameter of approximately 20 µm. 

[0607] 

Next, the suspens10n was sprayed uniformly with a spray nozzle (having a nozzle 

diameter of 20 µm) of the spray dry apparatus to obtain powder. The inlet temperature was 160 

5 °C and the outlet temperature was 40 °C as the hot-air temperature of the spray dry apparatus, 

and the N2 gas flow rate was 10 L/min. 

[0608] 

FIG. 55 shows a cross-sectional TEM image of the obtained powder. In addition, FIG. 

56 shows a SEM image of the obtained powder. When a positive electrode active material 

10 which was the same as the sprayed positive electrode active material (C-20F, produced by 

NIPPON CHEMICAL INDUS TRIAL CO., LTD.) was mixed with the graphene oxide with a 

planetary centrifugal mixer as a comparative example, coating was insufficient. FIG. 57 shows 

a SEM image of the comparative example. 

[0609] 

15 It is found that, as compared with FIG. 57, the coating film is uniformly formed on the 

surface of the powder in FIG. 56. 

[0610] 

FIGS. 58A and 58B illustrate a cross-sectional structure example of an active material 

layer 200 which is coated with graphene oxide with a spray dry apparatus and includes a 

20 graphene compound as a conductive additive. 

[0611] 

FIG. 58A is a longitudinal sectional view of the active material layer 200. The active 

material layer 200 includes positive electrode active material particles 100 coated with graphene 

oxide, a graphene compound 201 as a conductive additive, and a binder (not illustrated). Here, 

25 graphene or multilayer graphene may be used as the graphene compound 201, for example. 

30 

The graphene compound 201 preferably has a sheet-like shape. The graphene compound 201 

may have a sheet-like shape formed of a plurality of sheets of multilayer graphene and/or a 

plurality of sheets of graphene that partly overlap with each other. 

[0612] 

In the longitudinal section of the active material layer 200, as illustrated in FIG. 58B, 

the positive electrode active material 100 coated with a coating film 105 formed of graphene 

oxide is in contact with the graphene compound 201. A plurality of graphene compounds 201 

are formed in such a way as to be partly in contact with the positive electrode active material 100 

coated with the coating film 105 and adhere to the coating film 105 of the adjacent positive 

35 electrode active material 100, so that the graphene compounds 201 are in contact with each of 
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the positive electrode active material 100. 

[0613] 

The graphene compound 201 and the coating film 105 are formed using carbon-based 

materials; thus, an excellent conductive path can be formed. 

5 [0614] 

The coating film 105 is effective in protecting the crystal structure of the positive 

electrode active material 100 so as not to be in contact with the electrolyte solution and in 

forming the excellent conductive path. 

10 REFERENCE NUMERALS 

[0615] 

Ila: positive electrode, llb: negative electrode, 12a: lead, 12b: lead, 14: separator, 15a: bonding 

portion, 15b: bonding portion, 17: fixing member, 50: secondary battery, 51: exterior body, 61: 

folded portion, 62: seal portion, 63: seal portion, 71: crest line, 72: trough line, 73: space, 100: 

15 positive electrode active material, 101: region, l0lp: crystal plane, 102: region, 102p: crystal 

plane, 103: region, 103p: crystal plane, 104: region, 105: coating film, 106: crack portion, 110: 

particle, 111: region, 112: layer, 114: cobalt oxide layer, 120: particle, 121: region, 122: layer, 

124: cobalt oxide layer, 125: layer, 200: active material layer, 201: graphene compound, 214: 

separator, 280: spray dry apparatus, 281: chamber, 282: nozzle, 283: tube, 284: suspension, 285: 

20 heater, 286: collection container, 288: arrow, 300: secondary battery, 301: positive electrode can, 

302: negative electrode can, 303: gasket, 304: positive electrode, 305: positive electrode current 

collector, 306: positive electrode active material layer, 307: negative electrode, 308: negative 

electrode current collector, 309: negative electrode active material layer, 310: separator, 500: 

secondary battery, 501: positive electrode current collector, 502: positive electrode active 

25 material layer, 503: positive electrode, 504: negative electrode current collector, 505: negative 

electrode active material layer, 506: negative electrode, 507: separator, 508: electrolyte solution, 

509: exterior body, 510: positive electrode lead electrode, 511: negative electrode lead electrode, 

600: secondary battery, 601: positive electrode cap, 602: battery can, 603: positive electrode 

terminal, 604: positive electrode, 605: separator, 606: negative electrode, 607: negative electrode 

30 terminal, 608: insulating plate, 609: insulating plate, 611: PTC element, 612: safety valve 

mechanism, 613: conductive plate, 614: conductive plate, 615: module, 616: w1nng, 617: 

temperature control device, 900: circuit board, 910: label, 911: terminal, 912: circuit, 913: 

secondary battery, 914: antenna, 915: antenna, 916: layer, 917: layer, 918: antenna, 920: display 

device, 921: sensor, 922: terminal, 930: housing, 930a: housing, 930b: housing, 931: negative 

35 electrode, 932: positive electrode, 933: separator, 950: wound body, 951: terminal, 952: terminal, 
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980: secondary battery, 981: film, 982: film, 993: wound body, 994: negative electrode, 995: 

positive electrode, 996: separator, 997: lead electrode, 998: lead electrode, 7100: portable display 

device, 7101: housing, 7102: display portion, 7103: operation button, 7104: secondary battery, 

7200: portable information terminal, 7201: housing, 7202: display portion, 7203: band, 7204: 

5 buckle, 7205: operation button, 7206: input output terminal, 7207: icon, 7300: display device, 

7304: display portion, 7400: mobile phone, 7401: housing, 7402: display portion, 7403: 

operation button, 7404: external connection port, 7405: speaker, 7406: microphone, 7407: 

secondary battery, 7408: lead electrode, 7409: current collector, 7500: vaporizer, 7501: atomizer, 

7502: cartridge, 7504: secondary battery, 8000: display device, 8001: housing, 8002: display 

10 portion, 8003: speaker portion, 8004: secondary battery, 8021: charging apparatus, 8022: cable, 

8024: secondary battery, 8100: lighting device, 8101: housing, 8102: light source, 8103: 

secondary battery, 8104: ceiling, 8105: wall, 8106: floor, 8107: window, 8200: indoor unit, 8201: 

housing, 8202: air outlet, 8203: secondary battery, 8204: outdoor unit, 8300: electric 

refrigerator-freezer, 8301: housing, 8302: refrigerator door, 8303: freezer door, 8304: secondary 

15 battery, 8400: automobile, 8401: headlight, 8406: electric motor, 8500: automobile, 8600: motor 

scooter, 8601: side mirror, 8602: secondary battery, 8603: indicator, 8604: storage unit under seat, 

9600: tablet terminal, 9625: switch, 9626: switch, 9627: power switch, 9628: operation switch, 

9629: fastener, 9630: housing, 9630a: housing, 9630b: housing, 9631: display portion, 963 la: 

display portion, 963 lb: display portion, 9632a: region, 9632b: region, 9633: solar cell, 9634: 

20 charge and discharge control circuit, 9635: power storage unit, 9636: DCDC converter, 9637: 

converter, 9638: operation key, 9639: button, 9640: movable portion. 

This application is based on Japanese Patent Application Serial No. 2016-133997 filed 

with Japan Patent Office on July 6, 2016, Japanese Patent Application Serial No. 2016-133143 

25 filed with Japan Patent Office on July 5, 2016, Japanese Patent Application Serial No. 

2017-002831 filed with Japan Patent Office on January 11, 2017, Japanese Patent Application 

Serial No. 2017-030693 filed with Japan Patent Office on February 22, 2017, Japanese Patent 

Application Serial No. 2017-084321 filed with Japan Patent Office on April 21, 2017,and 

Japanese Patent Application Serial No. 2017-119272 filed with Japan Patent Office on June 19, 

30 2017 the entire contents of which are hereby incorporated by reference. 

112 

AMPEREX Ex. 1002 
Page 112



5 

CLAIMS 

1. A positive electrode active material comprising:

a first region positioned inside the positive electrode active material; and 

a second region and a third region positioned in a superficial portion of the positive 

electrode active material, 

wherein the third region is positioned closer to a surface of the positive electrode active 

material than the second region is, 

wherein the first region comprises a first compound comprising an oxide of lithium and 

10 a first transition metal, 

wherein a type of a crystal structure of the first compound is a layered rock-salt crystal 

structure, 

wherein the second region compnses a second compound compnsmg an oxide of a 

second transition metal, 

15 wherein a type of a crystal structure of the second compound is a rock-salt crystal 

structure, 

wherein the second compound is a non-stoichiometric compound, 

wherein the third region comprises a third compound comprising representative 

elements, and 

20 wherein a type of a crystal structure of the third compound 1s the rock-salt crystal 

structure. 

2. The positive electrode active material according to claim 1,

wherein a degree of a mismatch between the crystal structure of the first compound and 

25 the crystal structure of the second compound is less than or equal to 0.12, and 

wherein a degree of a mismatch between the crystal structure of the second compound 

and the crystal structure of the third compound is less than or equal to 0.12. 

3. The positive electrode active material according to claim 1,

3 0 wherein a degree of a mismatch between a ( 1-1-4) plane of the crystal structure of the 

first compound or a plane orthogonal to the (1-1-4) plane and a {100} plane of the crystal 

structure of the second compound is less than or equal to 0.12, and 

wherein a degree of a mismatch between the { 100} plane of the crystal structure of the 

second compound and a {100} plane of the crystal structure of the third compound is less than or 

35 equal to 0.12. 
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4. The positive electrode active material according to claim 1,

wherein the first compound is a polycrystal. 

5. The positive electrode active material according to claim 4,

wherein an average crystallite size of the oxide of lithium and the first compound is 

greater than or equal to 280 nm and less than or equal to 630 nm. 

6. The positive electrode active material according to claim 1,

wherein the third compound essentially consists of the representative elements. 

7. The positive electrode active material according to claim 1,

wherein the third compound comprises at least one of magnesium oxide, calcium oxide, 

beryllium oxide, lithium fluoride, and sodium fluoride. 

8. A secondary battery comprising:

a positive electrode comprising the positive electrode active material according to claim 

l; and 

a negative electrode. 

9. A positive electrode active material comprising:

a first region positioned inside the positive electrode active material; and 

a second region and a third region positioned in a superficial portion of the positive 

electrode active material, 

wherein the third region is positioned closer to a surface of the positive electrode active 

material than the second region is, 

wherein the first region comprises lithium cobaltate, 

wherein the second region comprises lithium titanate, and 

wherein the third region comprises magnesium oxide. 

10. The positive electrode active material according to claim 9,

wherein a crystal orientation of a part of the lithium cobaltate of the first region and a 

crystal orientation of a part of the lithium titanate of the second region are substantially aligned 

with each other. 
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11. The positive electrode active material according to claim 9,

wherein a crystal orientation of a part of the lithium titanate of the second region and a 

crystal orientation of a part of the magnesium oxide of the third region are substantially aligned 

with each other. 

12. The positive electrode active material according to claim 9,

wherein a degree of a mismatch between a crystal structure of the lithium cobaltate of 

the first region and a crystal structure of the lithium titanate of the second region is less than or 

equal to 0.12, and 

wherein a degree of a mismatch between the crystal structure of the lithium titanate of 

the second region and a crystal structure of the magnesium oxide of the third region is less than 

or equal to 0.12. 

13. A positive electrode active material particle comprising lithium, titanium, cobalt,

15 magnesium, oxygen, and fluorine, 

wherein when a concentration of cobalt in a superficial portion of the positive electrode 

active material particle measured by X-ray photoelectron spectroscopy is 1, a concentration of 

titanium is greater than or equal to 0.05 and less than or equal to 0.4, a concentration of 

magnesium is greater than or equal to 0.4 and less than or equal to 1.5, and a concentration of 

20 fluorine is greater than or equal to 0.05 and less than or equal to 1.5. 

25 

30 

35 

14. The positive electrode active material particle according to claim 13, further

compnsmg: 

a first region positioned inside the positive electrode active material particle; and 

a second region and a third region positioned in the superficial portion of the positive 

electrode active material particle, 

wherein the third region is positioned closer to a surface of the positive electrode active 

material particle than the second region is, 

wherein the first region comprises a first compound comprising lithium and cobalt, 

wherein the second region comprises a second compound comprising titanium, 

wherein the second compound is a non-stoichiometric compound, and 

wherein the third region comprises a third compound comprising magnesmm and 

fluorine. 

15. The positive electrode active material particle according to claim 14,
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wherein a type of a crystal structure of the first compound is a layered rock-salt crystal 

structure, 

wherein a type of a crystal structure of the second compound is a rock-salt crystal 

structure, and 

5 wherein a type of a crystal structure of the third compound 1s the rock-salt crystal 

structure. 

16. A secondary battery comprising:

a positive electrode comprising the positive electrode active material particle according 

10 to claim 13; and 

a negative electrode. 

17. A method for forming a positive electrode active material comprising the steps of:

mixing a source of lithium, a source of cobalt, a source of magnesium, and a source of 

15 fluorine; 

20 

25 

heating the mixture of the source of lithium, the source of cobalt, the source of 

magnesium, and the source of fluorine at 800 °C or higher and 1100 °C or lower for 2 hours or 

longer and 20 hours or shorter to obtain particles comprising lithium, cobalt, magnesium, oxygen, 

and fluorine; 

dissolving an alkoxide of a second transition metal into alcohol; 

mixing the particles comprising lithium, cobalt, magnesium, oxygen, and fluorine into 

an alcohol solution of the alkoxide of the second transition metal to form a mixed solution, 

stirring the mixed solution in an atmosphere comprising water vapor; 

collecting precipitate from the mixed solution after stirring; and 

heating the collected precipitate at 500°C or higher and 1200 °C or lower m an 

atmosphere comprising oxygen for a retention time of 50 hours or shorter. 

18. The method for forming a positive electrode active material according to claim 17,

wherein a ratio of a number of atoms of lithium in the source of lithium to a number of 

30 atoms of cobalt in the source of cobalt is greater than or equal to 1.00 and less than 1.07. 

35 

19. The method for forming a positive electrode active material according to claim 17,

wherein a ratio between a number of atoms of magnesium in the source of magnesium 

and a number of atoms of fluorine in the source of fluorine is Mg:F = 1 :x (1.5 s x s4). 
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20. The method for forming a positive electrode active material according to claim 17,

wherein a number of atoms of magnesium in the source of magnesium is greater than or 

equal to 0.5 atomic% and less than or equal to 1.5 atomic% of a number of atoms of cobalt in the 

source of cobalt. 

21. The method for forming a positive electrode active material according to claim 17,

wherein the positive electrode active material and a graphene compound are mixed, and 

are subjected to treatment by a spray dry method. 

22. The method for forming a positive electrode active material according to claim 21,

wherein the graphene compound is a conductive additive. 
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ABSTRACT 

A positive electrode active material which can improve cycle characteristics of a 

secondary battery is provided. Two kinds of regions are provided in a superficial portion of a 

positive electrode active material such as lithium cobaltate which has a layered rock-salt crystal 

5 structure. The inner region is a non-stoichiometric compound containing a transition metal 

such as titanium, and the outer region is a compound of representative elements such as 

magnesium oxide. The two kinds of regions each have a rock-salt crystal structure. The inner 

layered rock-salt crystal structure and the two kinds of regions in the superficial portion are 

topotaxy; thus, a change of the crystal structure of the positive electrode active material 

10 generated by charging and discharging can be effectively suppressed. In addition, since the 

outer coating layer in contact with an electrolyte solution is the compound of representative 

elements which is chemically stable, the secondary battery having excellent cycle characteristics 

can be obtained. 
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For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 
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Publication Information: 
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Representative Information: 
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Prior Application Status I I· I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 
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responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 
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Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 

authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 

paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 

application (see paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 

authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 

application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 

authorization for access by a foreign IP office(s). Instead, Form PTO /SB/39 or PTO /SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDXl - Unless box A in subsection 2 (opt-out of authorization) is checked, the

undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office

(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of

China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office

participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign

application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed

and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the

instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1 ).

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked,

the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search

results from the instant patent application when a European patent application claiming priority to the instant patent

application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 

copy of search results from the instant application without delay in a European patent application that claims priority to 

the instant application. 

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant

D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent

D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 

application in accordance with 37 CFR 1.14. 

EFS Web 2.2.12 

AMPEREX Ex. 1002 
Page 182



PTO/AIN14 (11-15) 

Approved for use through 04/30/2017. 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 contains a valid 0MB control number. 

Attorney Docket Number 7 40756-004563 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE ELECTRODE 
ACTIVE MATERIAL, AND SECONDARY BATTERY 

Applicant Information: 
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Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 
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• Assignee

I 
Legal Representative under 35 U.S.C. 117 

I 
Joint Inventor

Person to whom the inventor is obligated to assign. I Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

1�1 

Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. � 

Organization Name I �EMICONDUCTOR ENERGY LABORATORY CO., LTD.

Mailing Address Information For Applicant: 

Address 1 398, Hase 

Address 2 

City l\tsugi-shi, Kanagawa-ken State/Province 

Country I �P Postal Code 243-0036

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
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patent application publication. 
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If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
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Phone Number Fax Number 
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Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature I/Jeffrey L. Costellia, Reg. No. 35,483/ Date (YYYY-MM-DD) 12017 -06-30 

First Name �effrey L. I Last Name I postellia Registration Number P5483 
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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 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime 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. 

EFS Web 2.2.12 
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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: 

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 

Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 

Information Act requires disclosure of these records. 

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 PatentCooperationTreaty. 

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 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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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: 
POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING 
POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 

First Named Inventor/Applicant Name: Teruaki OCHIAI 

Filer: Jeffrey Costellia/donald sias 

Attorney Docket Number: 740756-004563 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 280 280 

UTILITY SEARCH FEE 1111 1 600 600 

UTILITY EXAMINATION FEE 1311 1 720 720 

Pages: 

UTILITY APPL SIZE FEE PER 50 SHEETS >100 1081 1 400 400 

Claims: 

CLAIMS IN EXCESS OF 20 1202 2 80 160 

INDEPENDENT CLAIMS IN EXCESS OF 3 1201 1 420 420 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous-Filing: 

LATE FILING FEE FOR OATH OR DECLARATION 1051 1 140 140 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 2720 
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Electronic Acknowledgement Receipt 

EFSID: 29649048 

Application Number: 15638449 

International Application Number: 

Confirmation Number: 1074 

Title of Invention: 
POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING 
POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 

First Named Inventor/Applicant Name: Teruaki OCHIAI 

Customer Number: 22204 

Filer: Jeffrey Costellia/donald sias 

Filer Authorized By: Jeffrey Costellia 

Attorney Docket Number: 740756-004563 

Receipt Date: 30-JUN-2017

Filing Date: 

Time Stamp: 09:13:15 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $2720 

RAM confirmation Number 063017INTEFSW00009350192380 

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.) 

824796 

1 
740756_004563_Specification. 

yes 118 
pdf 

8469fd871 cf7bb01 a87f1 d4d2ed6dec6afeb 

d298 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 112 

Claims 113 117 

Abstract 118 118 

Warnings: 

Information: 

19980840 

2 
Drawings-only black and white line 

740756_004563_Drawings.pdf no 58 
drawings 

Sd 3d d 96e 522 70c8b4 708cb5 c8Sf3 967 e8d 1 

Sf18d 

Warnings: 

Information: 

1830031 

3 Application Data Sheet 
740756_004563_Application_L 

no 10 
ata_Sheet.pdf 

ee83a21 d98f0012214fedeb6c7577244b59 

81382 

Warnings: 

Information: 

41406 

4 Fee Worksheet (SB06) fee-info.pdf no 2 
998b2b0f9bed5Sd81 0bb337a6195399fe 1 d 

ef8e9 

Warnings: 

Information: 

Total Files Size (in bytes) 22677073 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 

Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 

Acknowledgement Receipt will establish the filing date of the application. 

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

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 

U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 

If a new international application is being filed and the international application includes the necessary components for 

an international filing date (see PCT Article 11 and MPEP 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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DocCodc SCORE 

SCORE Placeholder Sheet for IF\V Content 

Application Number: 15638449 Document Date: 06/30/2017

The presence of this form in the IFW record indicates that the following document type was received in 
electronic format on the date identified above. This content is stored in the SCORE database. 

• Dra\\'ings - Other than Black and White Line Drawings

Since this was an electronic submission, there is rio physical artifact folder, no arti fact folder is recorded in 
PALM. and no paper documents or physical media exist. The TIFF images in the IFW record were created 
from the original documents that are stored in SCORE. 

To access the documents in the SCORE database, refer to instructions below. 

/\t the time or document entry (noted above): 
• Examiners may access SCORE content via the eDAN interface.
• OtlllT USPTO cmpl1))ees 1.·an bookmark the current SCORE URL

(http:/ /Score .usptn.uov/Scorc /\ ccess Web/).
• External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Re, is ion l)nte: September 30. 2013 
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APPLICATION NUMBER 

15/638,449 

22204 
NIXON PEABODY, LLP 
799 Ninth Street, NW 
SUITE 500 
WASHINGTON, DC 20001 

FILING OR 3 71 (C) DATE 

06/30/2017 

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 

Teruaki OCHIAI 740756-004563 

CONFIRMATION NO.1074 

INFORMAL NOTICE 

1 11111111 1111 1111 lllll ll]�!l]!�l!�l!�HUHl!�ll 11111 11111 11111 1111 1111

Date Mailed: 07/19/2017 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Teruaki OCHIAI 
Takahiro KAWAKAMI 
Mayumi MIKAMI 
Yohei MOMMA 
Masahiro TAKAHASHI 
Ayae TSURUTA 

/kung/ 

Questions about the contents of this notice and the 

requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 

(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 15/638,449 

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 280 

(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE 
N/A N/A N/A N/A 600 

(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE 
N/A N/A N/A N/A 720 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 22 minus 20= 2 (37 CFR 1.16(i)) 
OR X 80 = 160 

INDEPENDENT CLAIMS 
4 minus 3 = 1 X 420 = 420 (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 0 ($155 for small entity) for each additional 400 
(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 2580 

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 

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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APPLICATION 

NUMBER 

15/638,449 

22204 

FILING or 

37l(c)DATE 

06/30/2017 

NIXON PEABODY, LLP 

799 Ninth Street, NW 
SUITE 500 
WASHINGTON, DC 20001 

GRPART 

UNIT 

2811 

FIL FEE REC'D 

2720 

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 

740756-004563 22 4 

CONFIRMATION NO.1074 

FILING RECEIPT 

1 11111111 11111111 11111m�m11w1111u,1 1111111111111111111 1111 

Date Mailed: 07/19/2017 

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) 

Teruaki OCHIAI, Atsugi, JAPAN; 
Takahiro KAWAKAMI, Atsugi, JAPAN; 

Mayumi MIKAMI, Atsugi, JAPAN; 
Yohei MOMMA, lsehara, JAPAN; 
Masahiro TAKAHASHI, Atsugi, JAPAN; 
Ayae TSURUTA, Atsugi, JAPAN; 

SEMICONDUCTOR ENERGY LABORATORY CO., LTD., Atsugi-shi, JAPAN; 

Power of Attorney: None 

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.) 

JAPAN 2016-133997 07/06/2016 
JAPAN 2016-133143 07/05/2016 
JAPAN 2017-002831 01/11/2017 
JAPAN 2017-030693 02/22/2017 
JAPAN 2017-084321 04/21/2017 
JAPAN 2017-119272 06/19/2017 

Permission to Access Application via Priority Document Exchange: Yes 
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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. 

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: 07/18/2017 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 

is US 15/638,449 

Projected Publication Date: 01/11/2018 

Non-Publication Request: No 

Early Publication Request: No 
Title 

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE 
ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 

Preliminary Class 

257 

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 
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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 

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). 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 

the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 

license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 

Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 

LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 

if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 

U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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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 

technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800.
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B JT 
JAPAN PATENT OFFICE 

5JU .� i,� 1-t (1) it �] f: BC � 2 n -c v� 6 "$ JJ[ ti T Bt. (1) tB )uj � ;;] �= BC � 2 tL -c 
v" 6 $ r_l c: firJ � --c- cf;; 6 -:. c: �IDE� --t 6 o 

This is to c ertify that the annexed is a true copy of the following application as filed 
with this Off ice. 

lli lffi -ff fi  B 
Date of Application: 2016-$ 7)=j 68 

lli 191 :ffl= % 
Application Number: 4�1eJl 2 0 1 6 - 1 3 3 9 9 7 

.1{ ') ��:= J:: 7.,�f.00-"--0J/:l:l.!}j 
1:m "' 7., 11:5t�O) £5i0)�� 
c � 7..i /:l:lffl!OJOO :1 - F c l±l& 
;ffi:� 
The country code and number 

of your priority application, 

to be used for filing abroad 

under the Paris Convention, is 

JP2016-133997 

Applicant(s): 
A 

tt� it JT-R '§ 
Commissioner, 
Japan Patent Office 

2 0 

.� 
I 7-$ 8)=j 1 58 
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ffi 2 O)'pJ'!t-'l¼ 1 o 2 /:i, ffi 1 O)'pJ'!t-'l¼ 1 o 1 c::, 1�Ja! 9 Q ffi 3 O)'pJ'!t-'l¼ 1 o 3 � � <- 1" ,y 7 7 'Ill 

t-'l¼c:: G--C�ji�9Qo �f$4:Jiit:i, 4:JiiO){jffi�/:: J:-::>--C��Fs9li'efflti)12t1t G 5 Qo -i-O)f::..llb
, �f$4:Jii0)®1t!J&Jt:i, ffi 2 O)'p]{tJl¼ 1 0 2 /2:ffiv'Q*,t�c:: L,--C:tff* L,v'o

(0034) 

*f::..ffi 2 O)'p]{t� 1 o 2 /:i, ffi 2 O)�f$4:Jii0)®1t!J&Jt::=1Jo3t--c, 1) 79.b.�flL,--c1;,--cti J:
v 'o t::.. c:: 3t /£, 7 � :,,-® 1) 7 9 .b., '7 :,,-jJ :,,-® 1) 7 9 .b. JJ: c' � fl L, --c ti J: v 'o * t::.., ffi 2
O)'llJ!t-'l¼ 1 0 2 /:i, f�Ja!9Qffi 3 O)'p]{t�i)ifl9Q.YG*�fll-Lv'Lti J:1,,,0 ffi 2 O)'p]{t� 1 0
2 i)i, ffi 1 O)'p]{� 1 0 1 * t::.. t:iffi 3 O)'p]{t.'l¼ 1 0 3 ,::fl9 Q .YG* � �,t} _::_ C:: /:i, J\ 'Y 7 Y'JJJ!
t-'l¼ c:: L, --C !ff * L, 1., 'o 

(0035) 

*f::..ffi 2 O)'pJ'!t� 1 o 2 i)ifl9Qffi 2 O)�f$4:Jii0)®1t!J&Jt:i, s.tl[MO)i1t6�lf@�fl9Q-::.
c:: i)itff * L, v 'o ;:,$:BJi*III�� t::= B v, --c, s.tl[MO)i1t6�lf@ c:: /:i, �-1 7t :,,-c:: �-1 7t :,,-i)i�l[
/2:l!lfi:!JIJ L, --C v' Qff@ � v' 5 o JJ: B�-1 7t / * t::.. t:i�-1 7t /O)?Zt'J.ii)ia,-::> --C ti J: v 'o * f::..i1t6

�O)a-'fH, b!liff!, c!liff!/:i:B!:�i)i�JJ:-::>--Cv"--Ctid::v'0 *f::..!liff!ft§a, /3, y/:i9 0
° 

t::=mUE'.
� ;;h T' T 0) 11!! 0) ft§ )3!'.--C a, -:) L t; J: I; '\ 0

(0036) 

<ffi 3 O)'p]{� 1 0 3 >

ffi 3 O)'pJ'!t-'l¼ 1 0 3 /:i, �Mn*0)®1t!J&J � fl9 Q o �Mn*0)®1t!J&J c:: L, --C t:i, t::.. c:: 3t /£ 
®1t '7 �

v 

,:Z--. 1/ 9 A, ®1t1J }V1/ 9 A, ®1tX J) J) 9 A 0)9''>7J: < C:: t! � � ffl 1., '\ Q S::. C:: i){--C � 
Qo 

(0037) 

ffi 3 O)'pJ'!t-'l¼ 1 0 3 /:i, iE�t�!J&J� 1 0 0 �=<xffllf!H::=ffiv"f::..�t::, fflf§�¥1'.C::mf§!t!9Q'JJJ'!t-'l¼ 
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--c � Q O t 0) t::.. ti)' ffi 3 0) 'JlJ! j:_!l¼ 1 0 3 t= ffl " \ Q :ft� t:t.' 3n ,W(ffl 0) � ,¥_¥. --c � 1 t iJ { g,, fJ: < ' ffl 
ffll/;1W�OJ��gr--c��Lt:: < v\tt�--c:�6-:::. �iJ{W* Lv\o {t"Fl'lkJ,::�JEIJ:��5c*OJ�1t 

!l&J/i., ffi 3 OJ'JlJij:Jl¼� L---CW* Lv\o

(0038) 

fJ: B, ffi 3 0J'JlJ!j:Jl¼ /i.1t"FElt/ t::�;J:'. IJ:;f,t)isf.
--

e �;;h/£, ��5c*OJ�1t!l&JJ;�� � fl L ---C v \ ---C ti 
J: "\0 t::.. � ;z t£ffi 3 OJiJij:JJ¼/i., �1t v Jv =i-= r; h., �1t-= ,y Jr Jv, �1tr 5t :.,,,��fl L ---c 
v\---Ctid:v\o

(0039) 

*f::..ffi 3 OJil� 1 o 3 iJ{fl9Q��ye*OJ�1t!l&Jti., s.f][�OJ��tf@�fl96-::. �iJ{W
* Lv\o

(0040)

fJ: B, -::. ;;h * -Cl§ 1 (A) OJ J: -5 t:: ffi 1 OJ'JlJ!j:Jl¼ 1 0 1 J:: t:: ffi 2 OJ'JlJ!j:Jl¼ 1 0 2 iJ{� L, iJ""-:> 

ffi 2 OJ'JlJ!j:Jl¼ 1 o 2 J:: t:: ffi 3 OJ'JlJ!j:Jl¼ 1 o 3 iJ{�9 6 WU t::-:> v \ ---Cfil2BJ1 Lt::.. iJ{, ,is:9'eBJ1 OJ� tt�tl 

ti.-:. ;ht:: �HG fJ: v \0

(0041) 
t::.. � ;z /£, I§ 1 ( B) t::m9 J: -5 t::, ffi 3 0J'JlJ!j:Jl¼ 1 0 3 /i.iE�?.-S!l&J� 1 0 0 0)9 X ---C � :Tl 
--:::, ---C v \ fJ: < ---C ti J: v \o ffi 1 0J'JlJ!j:Jl¼ 1 0 1 J:: t::ffi 2 0J'JlJ!j:Jl¼ 1 0 2 iJ{� L ---C v \ 6 iJ{, ffi 3 0J'JlJ! 
j:_!l¼ 1 0 3 iJ{fJ:v\tf�?J'iJ{�--:::,---C:t d:v\o

(0042) 

* t::.., ffi 2 0J'JlJ!j:Jl¼ 1 0 2 ti iE@i.-S!l&J� 1 0 0 0)9 X ---C � :Tf--:::, ---C v \ iJ: < ---C ti J: v \o ffi 1 0J'JlJ!

j:_!l¼ 1 0 1 J:: t::ffi 3 0J'JlJ!j:Jl¼iJ{� L, ffi 2 0J'JlJ!�iJ{IJ: v \tf�?J'iJ{�--:::, ---C ti J: v \o

(0043) 

� G t::, ffi 2 0J'JlJ!j:Jl¼ 1 0 2 BJ: ljffi 3 0J'JlJ!� 1 0 3 ti., }J1. � iJ{:f:� pfr t:: J: I) � fJ:--:::, ---C v \ ---C ti 
J: "\0 

(0044) 

* t::.., ffi 1 0J'JlJ!J!l¼ 1 0 1 OJ P'l ff� t::, ffi 2 0J'JlJ!j:Jl¼ 1 0 2 iJ{fl9 6 tt:¥4 iJ{f¥1f L ---C ti J: v \ o *

t::..ffi 1 0J'JlJ!J!l¼ 1 0 1 OJ P'Jtf� ,::, ffi 3 0J'JlJ!j:Jl¼ 1 0 3 iJ{fl9 6 tJ:¥4iJ{f¥1f L ---C ti J: v \o t::.. � ;z
/£1§ 1 (B) t::m9i£filjy.5!j&J� 1 0 0 ti., ffi 1 0J'JlJ!J!l¼ 1 0 1OJP'Jtf�t::ffi20J'JlJ!j:Jl¼ 1 0 2 iJ{
fl9 6 tt:¥4 iJ{f¥1f L ---C v \ 6 o

(0045) 

* t::.., -:. ;;h * --C i£,tn:)?i5fo/J� 1 0 0 iJ{ffi 1 OJ'JlJ!j:Jl¼ 1 0 1 , ffi 2 OJ'JlJ!j:Jl¼ 1 0 2 BJ: Uffi 3 OJ'JlJ!
j:_!l¼ 1 o 3 � fl9 6 WU t::-:> v \ ---Cfil2BJ1 Lt::.. iJ{, ,is:9'eBJ10J�Jf&�/;:t.-::. ;ht:: �HG fJ: v \0 t::.. � ;z /£,
1§1 (C) ,::m9J:'5t::, ffi40J'J1Jij:!l¼l 04�flL---Cv\---Ctid:v\o t::..�;z/£ffi30J'J1J!j:!l¼l
0 3 J:: t= ffi 4 O))lJ{j:_!l¼ 1 0 4 iJ{�9 Q J: -5 ,:: fl� t't Q -= � iJ{--C � Q O ffi 4 O))lJ{J!l¼ /i., t::.. � ;z /£
�* � fl9 6 tBzHl--C �--:::, ---c :t J: "\ L, 1) r r; h. * t::.. /;i.fflfflij;;1fl_0)7.J'ffjij;�ft\G!l&J � fl9 6 fBl�--C

�--:::>---Cti d:v\o ffi4 0J'JlJ!J!l¼iJ{�*�fl96tJ1lHl--C�6:f:�i';-, iEtiIE?.-S!l&J� 1 o o �±OJ�ffl

ti� rWJJt}) Q -= � iJ{--c � Q O * t::..ffi 4 O)iJij:Jl¼iJ{ 1J r r; L.. * t::.. ti.ffl'.M1fl.OJ?J'ff!lj;�ft\Gfm � fl9 Q

1J1lHt--c � 6 :f:�i'i-, fflM11?!'. � OJ��JtJ:&rit � trntu L, =1xfflll!!t=m" \t::..�-it-1 ,:;J Jvt�'l'1: � fn1
J:: � ti" Q -= � iJ{--C � Q 0 

(0046) 

CiE�1.-s!l&J�OJf1:�nmJ 
lxt::1§ 2 �fflv\---C, i£tilj?i5!1&J� 1 0 0 OJ11r=:�nmt::-:>v\---Ci1Jl8}1960 

(0047) 
<7To//Sll :ili9'e��OJ��> 

/i.l5tl)t::, ili9'e����fiffi960 -::.OJI.,f_¥.--Cffl�96�:¥4iJ""G, 1&*il'lkJt::ffi 1 OJ'JlJ!j:Jl¼ 1 o
lBJ:Uffi30Jffi�l03�mft\G�;;h6o

(0048) 

ffi 1 O))lJ{j:_!l¼ 1 0 1 iJ{fl9 6 1) r r; h. � ffi 1 0)��4::�0J�� � L ---C, 1) r r) h.i)J �, ffi 1 

OJ��:&:�¥JJ�ffl�960 *f::..ffi 3 OJ'JlJ!j:Jl¼ 1 0 3 iJ{fl96��5c*OJ�1t!l&JOJ�:¥4� L---C 

, ��jc*1}J�ffl�9Qo
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(0049) 

-=-;fl, G t= 1J□ ;z --c 7 'Y *� � ttL� 9 Q -=-� ;trt-f,ff * L, "\ 0 7 'Y * Ii., )]t:¥4 t= 1J□ ;z Q -=-� 
--

e' 

f�O)I;f�""C:'ffi 3 O)<p}'{:f:!lx 1 0 3 �iE�t�!fo/J� 1 0 0 O)�ffit,:;ffrlli�i±Q;,tlJ�:t>130Qo 

(0050) 
1) r r; L. t� � L, ---c ti., {yU :z tiwt� 1) r r; L. � ffl v, Q -:. � :ti1--e � Q o ffi 1 O)��ifi:�� � L,

L Ii., wU ;z liffi 1 O)��ifi:� 0) �1t!fo/J � ffl" \ Q -=- � :ti1--

e � Q O :!tlUtJ.n*� � L, L Ii., wU ;z

/iffi 3 O)<p}'{:f:!lx:tl1fl9 Q :!tf:UtJ.n*O)�{t�?JJ, ffi 3 O)<p}'{f�:t>1fl9 Q :!tf:UtJ.n*O) 7 'Y 1t!fo/J� � ffl

v, Q -:. � :t>1--c-� Q o 7 'Y *im � L, ---C ti., {yU ;z Ii 7 'Y 1t 1) r ry L., ffi 3 O)<p}'{f� :t>1fl9 Q �M

jc*O) 7 'Y {t!fo/J� � ffl v' Q -:_ � ;t)i""(:' � Q 0 

( 0 0 5 1 ) 

7 'Y *7�t='S'*;rl,Q 7 'Y *ti., �Mn*t�t=B' *;rl,Q�Mn*O), 1. 0 t}v{ffJ;J_J:: 4 t 

JHff J::J-T --e 30 Q -:. � :t>1-/fl * L < , 1 . 5 :i:: JHff J::J-J:: 3 :i:: JHff J::J-T --e 30 Q -:. � :t>1 � G t=-/fl *

L,1,,,0 

(0052) 

<AT'Y7°Sl2:iliffitt�O)m�> 

{JU=' 1) Try L.7),ljt ffi 1 O)��ifi:�7�, �Mn*7�, 7 'Y *7� � 7��9 Q O 7�� t= /i.wU ;z

ti;f-'-Jv � Jv � ffl", Q -=. � :ti1--

e � Q 0 

(0053) 

<AT'Y 7°S 1 3 : 1J□�> 

{JU=, AT'Y :ts 1 2--em�Lt:-.;f;;1J4�1J□�9Qo 1J□�/i.8 0 0
°

CJ;J_J:: 1 1 0 0
°

CJ::J-T--C­

fr-:> -:_ � :tJ{-/fl * L, <, 9 0 0 °C J;J_J:: 1 0 0 0 °C J::J-T--C-fr-:> -:_ � :tJ{ J:. IJ -/fl* L, V 'o 1J□��Fs9 

ti., 2 B�Fs9J::J-J:: 2 0 B�Fs9J::J-T � 9 Q-:. � :t>1-/fl * L, v 'o tO)f�jJ□� L, t:-.M� � �Ylffi. * --e�:tP

9-Q o

(0054) 

AT 'Y 7° S 1 3 O)jJ□�t= J:. I), ffi 1 O)<p}'{f�:t>ifl9 Q, 1) r ry L. � ffi 1 O)��ifi:�O)fJ!�� 

{t!fo/J � �JJ½9 Q-:. � :t>1--c-� Q o -:. 0)8�,¢,i:""C:'/i., iliffi-tJ:¥4 t= B' * tLt:-.�Mn* � 7 'Y * ti.,
1) rrJL. �ffi 1 O)��ifi:�O)fJ!��{t�?JJq=rt=Llfil��l,---Cv'Qo t:-.t�L,, -:.;tLi;O)jc*O)�{f�

:tJi, 1J r ry L. � ffi 1 O)��ifi:�O)fJ!��{r;!fo/jO)�ffi t,:{Jmitt L, ---C v 'Q :J:��ti 30 Q o
(0055) 

* t:-., iliffi)]H4 � L, ---c 30 G :tl" G &)�JJ½ � tLt:-. 1) r r; L. � ffi 1 O)��ifi:�O)fJ!��1t:!fo/JO)fft

r � ffl v, ---C ti J:. v 'o -:. O);J:��, AT 'Y 7° S 1 2 ;IS J:. O'A T 'Y 7° S 1 3 � !&'lllfr9 Q-:. � :tJi--c­

� Q O t:-. � ;z ti, B ::zls:{t"FI*���t±�O), ::I J'\}v }- � 1) Try L.fftr (iffiifi!i1'i : c-2

0 F) �t:l}ffim{:,¥40)�� l,---Cffiv'Q-:_ �:t>1--C-�Qo -:.;tLti.fftf£:t>1;fJ2 0 µm--C-301), �ffi

t= 7 'Y *' 7,;f 5(- Y r_J A, jJ }vV r_J A, T }- 1) 9 L., Y 1) =:I/', ,IiJitjL 1) /' � B'<G" ::I J'\}v

t- � 1J r r; L.fftr--c-30 Q o
(0056)

<AT'Y7°Sl4:ffi20)��ifi:�""C:'��> 

tR. t=, 1) r ry L. � ffi 1 O)��ifi:� O)ti��{t:�?JJfft rO)� ffi �, ffi 2 O)��ifi:� 0) �1t!fo/J--c-

1Bl�9 Q 
(0057) 

1Bl�0)1.im� L---ct:t., wU:zti'/Jv,r';vm, Al�'Y !J 1J /'-7,m, c vDm��ffiv'Q-=. �:ti1

--e � Q 0 

(0058) 

tJ: B::zls:BJ,!���t= Bv ,---c, V'Jv3/'Jvm � 1:t., ifi:�O)fl�1t�!fo/Jm11� � t::effimt:¥4 � L ---c, �� 

11�$0)1r:�!fo/J0)1J□1.1<n"�� • m:�t= J:. -::>---cm11� � ifi:�0)�1t!fo/J 30 Q ", 1:t., 1.1<�1r:!fo/JO)�fftr 

:t>1���� Lt:-. ',/}v � L, � G t=&Et � � * -1±---C 3/'}v{t L ---c ili*t:-.1Fi:ra�--e 30 Q �fL� ,r'}v �

n□� L ---cJffl;* t:-.t:t.�i:ra1*�-=> < Q 1.im� ", -s 0 

(0059) 

:fJv,r';vm�ffi"'Qt��t:t., ffi 2 O)��ifi:�0)7 Jv=:I =f-Y- r �, 1J rrJ L. �ffi 1 O)��ifi: 

�O)fJ!��1t!fo/Jfftr �, 7 Jv =i -Jv� 1��9 Q O 9 Q � ffi 2 O)��ifi:�O) 7 Jv =i =f-V r t:t. 
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, A�q=r 0)1J<.?J' c: &fit L,--C1J□7J<.7J'�� L,, ffi 2 O)���Jii0)7J<.i'iiHL!fo/J c: td°>�) o � Gt::, ffi 2 

O)���Jii0)1J<®1t�m c:, lJ r r; .L.. c: :m 1 O)���JiiO)fiE®1t!fo/J;¥ft--r�TIITO)'BtilH��iJl&

J;t L, --c, ffi 2 O)���JiiO)®{L!fo/J c: � 1), ffi 1 O)���JiiO)tiE®{L!fo/J;fft--r�TIIT �1£'Hl9

Qo :it::ffi 2 O)���Jii0)1J<®{L!lo/JO)n"'--r�±tH>llJ<.i%RiE&fitG--Cffi 2 O)���JiiO)®{L

!fo/J C: �Qo

(0060] 

/;: c: )t_ /£:ffi 2 O)���Jii c: L, L T-9 Y � fflv \, '.f}vlf'Jv1.t-C1£'Hl9 Q j�E, ffi 2 O)��� 

JiiO) 7 Jv =:I :f-V r C: L, L /iJ;: C: ;{_ 1£ T -9 Y-1 '/ 7°D iT-:f-V r � ffl" \ Q -=- C: iJlc· � Q O * /;: 

7 Jv =i -Jv c: G --c t.t, t:: c: ;{_ 1£-1 '/ 7°o 1" ,1 -Jv � m" \ Q -=. c: iJl-c � Q O 
-::) * 1J iJ r r; h. 

c:ffi 1 O)���JiiO)fiE®{L�JlJ;fft--rc:, r-9 Y-1 ',J 7°D iT-:f-Y l{ c:, -{ ',,I 7°DJ\J-Jvc: 

, �i'.EEEG, &rit�ttQ-=. c:c·, iJ 5-r;h.c:ffi 1 O)���JiiO)tiE®1L!fo/J;fft--rO)�ffit::r 

,1;; Y®{L!fo/J � 1£'lm9 Q -=- C: iJlc· � Q 0 

( 0 0 6 1 J 

V'Jvlf'Jv1.t�ffi"\Q c:, 1it1li!c·M1J!t::, 1J 5-r; h. c:ffi 1 O)���JiiO)fiE®ft�JlJ;fft--r�, 

:m 2 O)���Jii0)®1t�m-ci£'lm9 Q-=. c: iJlc· �tff * G "\0 

(0062] 

<7-T'Y 7°S 1 5 : 1J□�> 

<JU::, 7-T'Y7°S 1 4t:EAAGt::, ffi20)���JiiO)®{t!lo/J-C1£'lm�;hf;:, 1)5-r;h.c:ffi 

1 O)���JiiO)tiE®{L!fo/J;fft--r�1J□�9Qo 1J□�B�Fs9/.i, ;f;J[JEflir.Bt-CO){!,j;tJ�B�Fs9� 5 0 � 

Fs9PJTc·fi-S-:. c:iJltff:i L, <, 2 B�Fs9PJJ:: 1 0 B�Fs9PJT-Cfi-S-:. c:iJlJ:. IJte'-:i L,v\o �m 

JE:flir.Bt c: L, --C /.i 5 0 0 
2

C J;JJ:: 1 2 0 0 °C J;J T iJltff :i L, < , 8 0 0 °C J;JJ:: 1 0 0 0 CC J;J T iJ{ 

J:. IJ tff :i L, V 'o :i /;:, ®* � -£-t.,�[!tl� -CjJQ�9 Q-:_ C: iJ{tff-:i L, V 'o

(0063] 

7-T'Y7°S 1 50)1J□�t::J:.-=:>--C, 1) 5-r;h.c:ffi 1 O)���JiiO)tiE®{t!lo/Jc:, -i-O)J::t::1£'l 

m � ;hf;:ffi 2 O)���JiiO)®{L!fo/JiJ{, ;fta@O)l!!lc[nJiJ{-=::'..{,?ZjcElkJ t= -}&9 Q [" iT--9 :t-V C: � Q 

o -::) :i I) ffi 1 O)fJJ:!fJl¼ 1 0 1 c: ffi 2 O)'JlJ:!fJl¼ 1 0 2 iJ{ 1-- iT--9 :t-V c: � Q o 

(0064]

� Gt= 7-T 'Y 7° S 1 5 O)jJ□� t= J:.-=:> --C, 1) 5-r; .b. c: ffi 1 O)���JiiO)fiE®{L�JlJ;fft--rO) i;KJ

i'f� ,:: u1um G --c" \t:::iau1t1.5c*iJ{�ffi t=1Jm1tE G --c u1ui�L * t:: t.t,;t;trtB G, :!W:M5c*O)®ft!fo/J c: �

IJ, ffi30)ffl��mAA9Qo -:.O)c:�, ®*�-£-��l!tl�-cm�9Q-:.c:-c, ffi30)ffl�

O)mpx;iJl{,@� � ;h,Q o :i /;:, /:B9£}]0¥4t::-£-:i ;hf;: 7 'Y *':: J:. 1), :!W:M5c*O),tfr/:BiJl{,@� �

;h,Qo

(0065] 

:!W: �b1�* ii., Jffi 1%' l) T r; .b. C: ffi 1 0) ���Jii 0) fiE. {L !fo/J q=r 0) 1) T r; .b. 0) -1:t -1 [" t= fl'[fl � 

;h,Q O)iJlJ&:t�JE-Ci:b Qo L, 1.J'-> L,, /:B9£}]t¥4t= 7 'Y * � n□ ?t_ --C 1) 5-r; h. c:ffi 1 O)���Jii 

O)tiE®1t!lo/J�1��9 Q-:. c: -c, :!W:M5c*iJ{ffi 1 O)���JiiO)-l:t-1 t- t::fl'[fl� ;h-5 Qo -t­

O)ftt, 7-T 'Y 7° S 1 5 O)jJ□�t:: J:.-=:> --C, .t��Elk]��JE�ffi 1 O)���Jii0)-1:t-{ 1-- $0):!W:M 

5c*iJ{, �l!tl�$0)®*t:: sl ��i± G;h, ;fta�af;Jt:::!W:M5c*O)®{L c: L, --Ctfr/:B9 Q c: � ?t_ 

G;h,Qo

(0066] 

-=. 0) J:. -s 1::, *9BBJiO)-r1Jt1-c Jb Q iE�1i5!fo/J� O)f��:nm-c t.t, :m 2 O)fJJt]J¼ � mmG G tdtt 

, m��fi-s-=.c:-cffi30)ffl��mmGG, iE�m!fo/J�100�2mO)�mfi�mmG9Q-:. 

c: iJlPJtijg c: � Q O 
-::) * 1J Jffi1it, 2 ffl0)1£'lmfi � � i-t Q t::&1) t= t.t 2 @ 0)1£'lm::rJ�iJ{��-c-Jb 

Q c: -=. --s , * 9B s)j 0) -r1Jt1-c i:b Q if tiljfi5�m � 0) ,��:nm t.t 1 @ 0)1£'l m:rf� 0) dj--c J:. " \ t:: &') 

, �mH�O) J:. "\f��:nr*-c Jb Q o
(0067] 

� G t::, :m 3 O)fJJt]J¼ � tfr tB t= J:. -=:> --c mmG9 Qt::&'), m 2 O)fJJtJl¼iJ" G i 1::: ,1;; :t-v -v Jv IBG� t=

J:. I) ffi 3 O)'pjf]l¼ � mmG � --J± Q -:_ C: iJ{-C � Q O t 0) f;: &')ffi 2 O)'pjf]l¼ C: ffi 3 O)'pjf]l¼ /.i r" iT--9 :f­

Y C: 9 Q-:_ C:�t:�Qo ffi20)ffl�c:ffi30)ffl�O);fta@O)�[n} �-}&9 QC:, ffi20)ffl�

1 o 2 BJ:. am 3 O)iJt]J¼ 1 o 3 1.t�JE G t::ih'lmfi c: G --c�1ilg9 Q O -t-0) t::&')5tu1u �ih'lmfi
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�fl90ttgm�•l00�90,:_��c�60 

(0068] 

ffi2®ffl�l02B�ljffi3®ffl�l03� ffil®ffl�l01���L,k���fl90 

t:::..tb, ttfitjm�• 1 0 0 � -=11t�?f!! ,::J=§v ,f:::..l�t 7Bn)(fflt:: �--::> -c 1-: l5 6 ffi 1 ®{JJ!� 1 0 1 
®�1:rMl'i@®�{L � �:W:Elt/ t:::Jfpffmc � 6 o * t:::.., :1Bffl,:: �--::> -Cffi 1 ®{lJij:!!.lG 1 o 1 tr• G 1) 5-­

r; .b trtfJH:t t:::..�t!t� � �--::> -C :t, �� L, t:::..�� � fl9 6 f&'.�Jli t:: �--::> -Cffi 1 ®{lJij:!!.lG 1 0 1 iJ" 
G =i J'\Jv t- ��*iJ{N!fH}l9 0 ® � trPtU9 0::. � iJ{c � 0 o � G ,::, ffl��1� � mf§29 0 {lJij:!!.lG 

�, {L"FEltl t=�� L, t:::..;tt*4 � 9 6::. � iJ{
--
e � 6 o -f:®t:::..tb, -l:r-1 Y Jvf�'tlt®tf:ht:::..-=1?Z'�

tt!! � 9 6 ::. � iJ{c � 6 o 

(0069] 

�B, ffi 1 ®{lJij:!!.lG 1 0 1 �ffi 2 ®{l]ij:!!.lG 1 0 2 /;t.�'(f�iJi 1" ;N'.9 ::r-Vc�:h/i� <, ffi 1 ®{l]i 

j:!!JG 1 0 1 � ffi 2 ®{1][� 1 0 2 ®9 -"Z -C iJi }- ;N '.9 ::V-Vc � 6 ��/i.� v '0 * t:::.., ffi 2 ®{l]ij:!!.lG 

�ffi 3 ®{1][�/;t.�'(f�iJ{ 1" ;N'.9 ::r-Vc�:h/i� <, ffi 2 ®{l]i��ffi 3 ®{1][�®9-"Z-CiJ{ 1" ;N 

'.9 :cf-Ve'� 6 �-� ti.� v 'o � G ,::, t:::.. � ;z /iffi 1 ®{l]ij:!!JG 1 0 1 0�:(f�/i..:fp�-c �--::> -C :t 

�v'o *t:::..ffi 2 ®{1][�®�:(f�/i..:fp�-c'�--::>-C:t �v' o *f:::..ffi 3 ®{l]ij:!!.lG®�'(f�/i..:fp�-c 
�--::>-C'b�v'o 

(0070] 

<7--T'Y 7°S 1 6 : �!P> 

1JZ ,:: , 7-. T 'Y 7° S 1 5 c1J□� L, t:::..:fil--r �, �rlii. * c �!P9 6 o �irlii.B�Fa9 /i.� < � 6 �, 1" 
;N '.9 ::v-V � � i±-�9 <!ff* L, v 'o t:::.. � ;z Ii, {��rlitm'.iJ" G �rlit * c®�rlii.B�Fa9 /i., 1 0 B� 

Fa9J::JJ:: 5 O B�Fa9J::J T � 9 6::. � -jJ{tff * L, v 'o 

( 0 0 7 1 ] 

<7--T'Y7°S 1 7: @J�X> 

m:f�t::, �!P� :ht:::..:fil--r� @J�,£9 60 J::Bc®Ilic, ffi 1 ®{lJij:!!JG, ffi 2 ®{lJij:!!JGB � am 3 
®ffl��fl90tt�m�•l00��-90::.��c�60 

(0072] 

C � 1n!i ® * l� 2 ) 
*�1n!i®*:ftJc/i., *®�1n!i®*:ftJcm?.BJjL,t:::..tt,tii:)m�• 1 o o �fl90-=1?Z-�tt!!t::fflv"

6 ,:_ � ®c � 6tt*4®,WUt::-:::>v"-Cm?.BJj9 60 *�1n!i®*:ftJc/i., ttg, �gB � ljfflMtf�

iJi, :9t-lH,;,fq:: 1._g * t1., LV \ 0 -=1?Zffl?f!! �,WU,::�--::> -Cm?.B)j9 Q 0
(0073] 

[ttg] 

ttg/;t., ttg1i5�-JliB � atttitE�ffl{*�fl9 60 
(0074] 

<ttg1i5�-)li > 

ttgri5�•fli 1:t., ttgri5�• � fl9 0 0 * t:::.., ttgm�•fli 1:t., �ffl!IJJ1f!JB � rf1'\-1:,,, '.)(,, 
�flGLv'L'b � v'o 

(0075] 

ttg1i5�-� G-C/i., %®�1n!i®*:ftJcm?.BJjL,f:::..ttgri5�• 1 o o �fflv'0::. �iJ{c�6 

0 %®�1n!i®*:ftJcm?.BJj Gt:::..ttfitjri5�• 1 o o �fflv"0::. � c, -1:r-1 Y Jvf�tt,::£1:ht:::..-=
1JZffl?f!! � 9 6 ::. � iJ{c � 6 o 

(0076] 

�ffl!IJJ;&:U� G-C/i., W-t**t*4, ��*t*4, x./i.�ffl'l'l!:t:5 � ,y Y 7-.tt*4��fflv"6::. �iJ{

c�6o *I:::.., �ffl!IJJ:_&:U� L,-Cjii\lt�t®;tt*4�fflv"-C:t �v'o 1i5�-Jli®�J;.t::xf90�

ffl!IJJ1f!J®'2t"fl_m/i., 1 wt %J::JJ:: 1 Ow t %J::JTiJ{tff * L, <, 1 wt %J::JJ:: 5 wt %J::JT

iJ{ � 1) !ff* L, v 'o 

(0077] 

�ffl!IJJ:,&:Ut:: � 1), fflgq=r t::ffl�{��®;z, 'Y 1" 17 -Y � *fflG9 6 ,:_ � iJ{c � 6 o �ffl!IJJ:,&:Ut::
� 1J, ttfitjri5�• c' -s G ®ffl�{��®��� i\11�9 0::. � iJ{c � 0 0 ti5�•fli $ t=�·ffl!IJJ
jf!J � ?�1J09 6 ,:_ � ,:: � 1) , � v ,ffl�{��'tf!: � fl961i5�-Jli � �:EJl',9 6 ,:_ � iJ{c � 6 o 
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(0078) 

� ffl!IJJ :i"frJ � L, --C Ii., ,Wrj :z /;f;R �� �, :J. ',J jJ -;j{ Y 7 -1 Y D l:::' -;z:· � 0) AX§'��, liR:*ffi
• JJ: c· � m"" Q -::. � tJ{-c � Q O liR:*•• � G --c ti., ,wu :z ti :J. .,; 7 x -;z:· t:: 'Y =r *liR:*••
, �15 'ti. l:::' 'Y =f-*liR:*■-�O) liR:*■-� ffl v" Q _::_ � tJ{-C � Q o * t::JiR:*■- � l, --C, fJ
-;f-' Y -f- _; 7 Y -1 J\-� n -� Y-r _; =r ::i -7

V

JJ: c· �mi.," Q -::. � tJl-c � Q O n -;f-' Y -f- _;
=f- ::i -7

v 

ii., wrJ ;z ti� ;,f:§ AA:&:� JJ: c' -c fF� 9 Q -=- � tJl
""

C' � Q O * t::' � ffl!IJJ :i"frJ � L, L' {9rj
:z lifJ-�Y :1'5 'Y Y (Yt =f- v Y /7 'Y Y (AB) JJ: c') , Y

v

-5 7 7-1 1" (�&&) fft--F
, �f 5 7 x Y, 7 5 -v Y JJ: c'O)JiR:**t3f6f.� mi.," Q-::. � tJl-c � Q O * t::, ,wu x ti, Ir.I, =
o/��, Y��=�A, �- �JJ:�O)�-�*��-■-, �fflttt5'�o/YAM3f6f.��
mi.," Q -=- � tJ{-c � Q o 

(0079) 

* t::, �·ffl!IJJ:i"frJ � L, --C :7· 5' 7 x Y {ti'r!fo/J � ffl v '---C :t J: v '-o

(0080)

:7·5 7 x Y1ti'r�mti., �i., -.�·ffl'l'i. � fl9 Q � 1.," -5 fJE:ht::ffl�tt'ti. �, �i., "*-'X'l'i.B J: O'� 
1., \�,mxl'l'95lRB.E � fl9 Q � 1., \ -5 {Jt;hf;:!fo/Jfll[tt'['i. �' � fl9 Q :t�i'rtJl� Q O * t::, :7' 7 7 J. / 

1ti'r!fo/J ti.�001'1'9 JJ: ff;;tk � fl9 Q O :7· 5 7 x Y 1ti'r!fo/J ti., t&f§1rt.I£m0)1J:tv-. oot&f§!tt � TIJi'I� � 9 
Q0 *f::, M< --C:t�·ffl1['i.tJl::j.p1'jtr:�1.,-.:t�i'rtJl� I), 9,,"JJ:lt'-_m··c:m-$J: < 1i5�?lJ�JiilAJc·� 
ffil"A�Jt;/j)G9Q_::_ �tJ{-C�Qo -z:O)f;:N), :7'57.:r.Y{ti'r!fo/J��ffl!IJJ:i"frJ� l,--C}=§v'-Q_::_ 
� ,:: J: u , m!fo/1� � �ffl!IJJ:i"frJ � O)t&f§!ttOOffl � m* � tt Q -::. � tJ{c· �Qt:: tb-fff * G i., "o � t:: 

, ffl�l'f'9JJ:t.1£m� 1Jnx9,,"-C � Q :t�i'rtJl� Q f;:N)-fff � l, It "o _::_ _::_ -C :7· 7 7 x Y {ti'r�?JJ � l, --C {yrJ 
:z ti, :7· 5' 7 x Y * t:: Ii. 7 Jv=f-:7· 5' 7 x Y * t:: ii. r e d u c e d G r a p h e n e 0 
x i d e (J;� �, R GO) � fflt," Q _::_ � tJlttC::-/ff * L, It '-o _::_ _::_ c·, R GO li.{yrJ ;z ii, �{t 
�57.:r.Y (gr aphene oxide :GO) �§�l,--C�G;hQ�'E!!fo/J�ffi90

(0081) 
fft;f:¥:0)1J\ � 1; ,yi5/fo/J�, {yrJ :z Ii l µ mJ;� � 0)$/fo/J� � fflv '-Q :t�i'rc:: ii., ri!r!fo/J�O).f:t�OOffltJl 
A � < , }i!r!fo/J � � ± � � <· � ffl; '\ A tJ{ J: I) � < if� � JJ: Q o _::_ 0) J: -5 7J: :t�i'r C:: ti., 9> 7J: v" 
_m c·:t m-$ J: < �ffll'\A � ff;fflG9 Q-::. � tJl-c � Q y·· 5 7 x Y 1ti'r!fo/J �mi.,, Q-::. � tJ{, ttc= 
-fff*l,1;'-o

(0082)

J;� �-C/;t�{yrj � L, --C, }i!r!fo/J�flj 2 0 0 C::, �ffl!IJJj'flJ � L, --C :7· 5' 7 x Y{ti'r!fo/J � fflt," Q :t�i'r 
0) WrOOtlfflG{yrJ � �BJi9 Q o

(0083)

� 3 c A) ,:: , ri!r!fo/J�fli 2 o o O)�Wf oo� � m9 0 m!fo/J�fli 2 o o ti., f_vA*O) iE�ri!r!fo/J� 
1 O 0�, �ffl!IJJ:i"frJ�l,--C0):7'57xY1ti'r!fo/J2 O 1 �, J\---(Y":l C�ml±T) �, �'2i' 
<L' o -::. -::. -C, :7·5 7 x Y{ti'r!fo/J 2 0 1 � L, --C-WrJ:z /i:7'5 7 x Y * t:: /i.7 Jv=f-Y

v

-5 7 x Y � 
ffl 1., ";h ii J: 1; "o -::. -::. -C, :'.7'' 5' 7 x Y 1ti'r!fo/J 2 0 1 Ii. y - !-- �* 0) ff;;tk � fl9 Q -::. � tJ{-fff * L, 
i.,-. 0 * t::, :7· 5 7 x Y 1ti'r!fo/J 2 o 1 ti., ti� 0)-;;- Jv =r :7· 5 7 x Y, * t:: ti. c B J: rt) :ri�
0) :7· 5' 7 x Y tJ{�� 5-t 1'1'9 C:: !I! JJ: I) y - !-- �7' � JJ: -:::i --C v "--C :t J: v "o

(0084)
}i!r!fo/J�flj 2 0 0 O)�Wf[ffi t:: ;!St, '---C ii., � 3 (A) t::m9 J: -5 t::, }i!r!fo/J�flj 2 0 0 0) IAJ��(:: 
Bv'---C,ffi!�:t��(::y-j--;tk0):7'57xY{ti'r�?JJ2 0 1 tJl5J-M:9Q0 �3 (A) C::Bv'---Cti. 
y·· 5' 7 x Y 1ti'r!fo/J 2 0 1 � t�;i:\'.;1'1'9 c:: ::t:lJR -C� L, --C 1.," Q tJl, �� t:: ti.JiR:*5J----FO) �Jij x. Ii.� 
fljO)�<l).�fl9QMHi-C�Qo fi�0):'.7''7 7 x Y{ti'r!fo/J 2 0 1 Ii., ti�O)fft;tkO)i£�$�?lJ 
� 1 0 0 �ffi<G'J: -5 t::, 11-5 J: -5 c::, �Qv'-/i.ti�O);ifft;tkO)iEt�ri!r!fo/J� 1 0 0 O)�[ffiJ::t:: 
� I) 11 < J: -5 C::;ft;M � ;h --C v '-Q t::tb, l[t, '-C:: OOt&f§!tt l, --C v' Q o

(0085) 
-::. -::. -c, ti�O) :7· 5 7 x Y 1ti'r!fo/J � ± tJl�i'r9 Q -::. � c:: J: iJ , *'� El �*O) :7· 5 7 x Y 1ti'r!fo/J 
y- 1" (J;� � :7· 5' 7 x Y {ti'r!fo/J-t--. 'Y r- � tdi. Y

v 

5' 7 x Y ,t- 'Y 1" � Uf✓��) � ;ft;fflG9 Q -::. � tJl
-c � Q O ri!r!fo/J� � y

v 

7 7 J. / -t--- ';/ f' tJl1Slti9 Q :t�i'r t=' :7' 7 7 J. / -t- ';/ f' /i.$�?l)� � ± �

�'Er9 Q J\---( Y -:l � l, --C ti�ff�9 Q _::_ � tJl-C � Q o J: -:::i --C, J\---( /' -)(0) _m � 9--"JJ: < 9 Q _::_
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c: tf•-C � 15, Y... li.{�ffl L, � v \-::. c: tf-C � 15 t::.. tb, ffl�{*ffi-?fflt_ilEm_m t:: di tb 151is!f&J� 0) lt 
-��L�tt0-=-c:�-c�00 9�b�, �ffl��O)�_m�mm�tt0-=-c:�-c�00

(0086]

_::_ _::_ -C, ,7'' 7 7 x /' { t i'i-!f&J 2 0 1 C: L, -C ® { t '7
v 

7 7 x /' � ffl v \, 115/f&J � C: 1.EE.'Ei' L, -C 115 !f&J � 
Ji 2 o o c: � 15 Ji� MM1&, IBn915 -::. c: :trt-lfl * L, v \0 �1' 5' 7 x /' {ti'i-!f&J 2 o 1 O)MM t:: 

, �•[jj��tj=l-C:0)7.J'ffit'l'�iJ{fi!jttJ-C r'aJ v \®{t '7
v 

7 7 x /' � fflv \ 15 _::_ C: t:: J: I), ,7' 7 7 x /' {t 
i';-!f&] 2 0 l � 115/f&J�Ji 2 0 0 0) pg�� t:: JS v \ -C;OO;�:f:�� t:: 7.J'ffii: � tt 15 _::_ C: iJ{-C � 15 0 :f:� � t:: 
7.J'ffit L, t::..®{t '7

v 

5' 7x/'���915 7.J'ffii:tllib� G i��� fij!���$: L,, ®ft -7' 5' 7 x /' � IBn 

90/::..tb, tis!f&J�Ji2 0 Ot::�1i90'.7'5'7x/'{ti'i-/f&J2 0 1 li.��5J'-l'fk]t::m�t)i';-v\, 1i 

1, \ ,:: TIIT m f§!t! 9 0 f�Bt ,:: 7.J' ,� G -c 1, " 0 -=-c: -c-=:: 1x n akJ � � ffl j'\ A � -m AA 9 0 -=-c: iJ{--c-� 0 0
�JS, ®ft -7' 5' 7 x /' 0) �Jt ti., {7U ;z t£��f_l t:: J: 1) fr--:::, -C 'tJ J: v" L,, IBn.1fU � ffl v "-C fr 

--:::>-Ct;d:v"o

(0087] 

�--:::>-c, m!f&J�c:�m�90Yt+v/'/7o/'7�0)��0)�ffl@�c:•�u, �5'7x 

/' {t i'i-!f&J 2 0 1 Ii. m f§!R t.l& m 0) {.I& v \ ffi m f§!R � PJ 1J!g c: 9 15 'tJ 0) -C 2V 15 ib" G , Jffi. � 0) � ffl M *U J: 
I) 'tJ 9> _m -Cf1tR:O) iE�iis!f&J� 1 0 0 c: -7' 5' 7 x /' {ti'i-�m 2 0 1 c: O)ffl�{��,t� � � L � tt

0 -=-c: iJ{-c � 0 0 J: --:::, -c, iE@1is!f&J� 1 o o O)tis!f&J�li 2 o o ,:: JS i--t 01t-� � mn□ � tt 0

-=-c: iJ{--c-� 0 0 -=-t1,:: J: u, �ffl��0)1i5cffl�_m � mn□ �tt 0-=-c: iJ{-c � 0 0
(0088] 

J"\---( /' 5t c: L, -C Ii., ,WU ;z 1£, 7--+ v /'-7
v 

'.9 V: I/' =Lb, ( S BR) , 7--+ v /'--1 V /V 

/'-7--+v/'�A, Y'70□=�0�-/'.9YI/'�A, /'.9YI/'�A, i+v/'-/ 
□ l::: v /'-YI/' �mi';-{*� c:'O) ::f Attl¥4 � ffiv" 0 _::_ C: iJ{-/fl * L, v \o * t::..J"\---( /' '.9,, C: L, -C

, 7 'Y � ::f A� ffl v" 15 _::_ C: iJ{c, � 15 o
(0089] 

*f::.., 1"\1 /''.9,,c: G-cti., wU.:zt£JJ<i�'t�O)ra'J7.J'r�ffiv"0-::. c:iJ{-lfl* Gv"o JJ<��'f':i:O)ra'J?J'

r c: L, -C / i., ,WU ;z I£ 1P-ffiffi � c:' � ffl v " 15 -::. c: ib { -C � 15 o 1P-){:t.1f ffi c: L, -C / i., jJ J v ;j{ :\'-'V :J. +
�t�□-7--(CMC), :J.+�t�□-7--, i+�t�□-7--, �r□:f-Y/Dl:::�t

�□-7--, V:Yt+�t�□-7--, ��t�□-7--��0)t�□-7--���'?, -���

� ffl v \ 15 _::_ c: iJ{-C � 15 o * t::.., _::_ ;h G 0) JJ<i�,t� 0) ra'J 7.J' r � , 1ru JZt 0) ::f A tt l¥4 c: {* ffl L, -C ffl

v " 15 C: , � G t:: -/fl * L, v "o 

(0090] 

* t::.. Ii., 1 "'-1 / '.9,, c: G -c Ii., � 1J 7--+ v /, � 1J y ,7 1J Jv® :J. + Jk � 1J :J. '.9 ,7 1J Jv® :J.

+�(PMMA), �07'70�®7�0�A, �0l:::=�7��-�(PVA), �0
i + v / x :\'- ,v r c P E o ) , � 1J / □ r:: v / x :\'-,v r , � 1J -1 � r, � 1J ;tg ft 1:::::-= Jk

�0T�5'7�7t□i+v/', �0i+v/', �0/□l:::v/', -1v/+v/', �01+

V/'Tv7'.9v-�, T-1□/', �1)7,y{tl:::::'=1)7'/' (PVdF), �1)7,71)0=�

0�(PAN), �0l:::=�'7□5'1r, I7V/'/Dl:::v/'YI/'�07-, �0�®

1:::::'=Jk �1J :J.+Jv:J. '.9 ,7 1J v-�, = � □tJv□-7--�0)*Jl¥4�ffiv"0-::. c:iJ{-lfl* Gv"

( 0 0 9 1 J 

J"\---( /' '.9' '/i-LBcO) -5 � :ri?ZI(� ifJi<h-i'i-btt-C {!1!ffl L, -C 'tJ J: v "o 

(0092] 

17U ;z 1£:fi!iBtIDal�WJ�O)tf t:: ,£f;hf::..ttl¥4 c:, {i:f!O)tJl¥4 c: � ifJi<h-i'i-btt-C {!1!ffl L, -C 'tJ J: v "o {7U 
;z /£ ::f AM*4�1i.m�1J-?5!1i't�1J t::,ff;h,15 &ffi, ��frlt::}fili';- L, f::._;l:�i';-t::;fi!iBt!Jal�iJ{m L, v" 

;l:�i';-iJ{ £:> 15 o -::. 0) J: -5 �;1:�i';-t:: ti.17U .:z 1£, :fi!iBt�Jal�WJ�O)tf t:: tft1t::..M*4c:tfili';-915 -::. c: 
iJ{-/fl * L, v "o :fi!iBt!Jal�WJ�O)tf t:: ,£f;hf::..ttl¥4 c: L, -C /i., {7U ;z /£7J<i�,t�ra'J7.J'r � ffl v" 0 c: J: 

V \0 * t::.., :fi!iBtwaJ�WJ�,=�t::,ff;ht::..JJ<i�H':ira'J?J'r C: L, L Ii., 1ruJ?t0)1P-ffiffi, {7U ;z /;fjJ }v 

;j{:\'-'V:J.+�t�□-7--(CMC), :J.+�t�□-7--, i+�t�□-7--, �r□:\'-'V 

/Dl:::�t�□-7--JSJ:a:JYt+�t�□-7--, ��t�□-7--��0)t�□-7--�� 

{* '?, �J'.� � ffl v" 0 _::_ C: iJ{-C � 15 o 
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(0093) 

I'd: B' jJ }v if>'� y ;J. T }vt }v D -A I'd: t:' 0)-lz }v D -A a3§�{* Ii., {!iU ;z /£jJ }v ;f>' � y ;J. T }v 
t JvD-AO)T t- iJ r; 1>.m�Y :,;:r:=-r; 1>.mld: t:'O)m c: 9 Q-=-c: r= J: iJ mf9�JJ!'.tJ{J::tJ{ 1J, 
fr1J JJ!'. lJJ\'il � JfrJ C: L, L 0) ;t}J � � 9B ffli L, � 9 < I'd: Q o i� m JJ!'. 7J { r'ffl < I'd: Q ,::_ C: t:: J: I) ffl;f:ilJ;i 0) A 7 l) 
-� {'f::� 9 Q � t:: 13 �ilJ ��{ti! 0) t:i AA�* c: 0) 7.tff�'t� � r'ffl &') Q ,::. c: t; -C-� Q o * B}l ;%ffi � t:: B
v \ --c Ii., -�;fW 0) 1 \ -1 :,; /f c: L, --c �m 9 Q t }v o -A as J: at }v o -A��{* c: L, --c ti., -t­
tL G O).tl[t; '2i"i.."t; 0) c: 9 Qo

(0094) 

7](m'f'�tr'ffl7tr ti.7]( t=i�ffJ�9 Q -=-c: ,:: J: 1J fr1im'. � �YE fr:� -i±, * t:-J3!fo/J� �, 1\-1 :,; ti' c: G 
L {fJi dj-'Ef b-1± Q {ti! 0) ,tt :¥4, JU ;z ti A T V / -f ,5l y I / �J b. I'd: t:' � ' 7J<i�1,& g::r t= � YE L, L 7J' 
,�� -i± Q -=-c: tJ{-c-� Q O * t::-., 'Bti�� � fl9 Q t::-.&9 t::13!fo/J�lHro t=�YE t= 11&� G �91. \-=­
c: tJ{JJj � � tL Q o * t::-., {!iU ;z /£ jJ }v ;f>' � y ;J. T }vt }v D -A I'd: t:' 0) t }v D -A a3§�{* ti., 
{!iU :z t£7](���fJ Jv;f>'�v Jv�ld: t:'O)'Bti��� fl9 Q,tt:¥4tJ{� <, 'Bti��� fl9 Q t::-.&9 t= 
r'ffl7tr�±tJ�li�fflL,, m!fo/J�*®��<-�--c#�9Q,::.c:#ffl��tLQo

(0095) 

1i5!fo/J�*® � m-s, ;i tdi.*® t::�9 Q J\-1 :,; -!:l''tJ{)ffl; � MAA9 Q t�i'rt:: Ii., �tf:Jl�)ffl; c: L, 
--c 0)1�iu � �t::-. G --cfflffJ�1�0)7.tffJ�� tm :z Qm�tJ 1tJI1f � ttQ O -=--=--c-, �tt:J,&Jffl; c: ti., -� 
rO){��'l'�O) ld:v \gJt * t::-. ti.ffl�{��'t�O)�&')--c {ff;i. ,gJ-c-a, 1J, {!iU :z 1£13!fo/J�O)*® t=� 
tt:, '&gf tJ{M AA � tit::-. ;l:�i'r t= Ii., ffl?f!! J_�Jt ffl {ft t= B v \ --c, fflmtf;�•-0) 7t m � tm #JU 9 Q ,::. c: tJ{-C­
� Q o ;if:-_, �tf:J,&)ffi;/;t_, ffl�O){��ij'��tf�;zQC:C:t;t::, l)=f-f)J>.---(71:.,;t;t_{��'c'�Q 
c: � Gt::� ;i L, v \o 

(0096) 

<iE;fW�·�{*> 
iE;fW�·�{*c:L,--Cti., AT/VA, 4:, s4:, 7}v�=-r;i>., =f--!:l/'�0)4:Ji§t Bzlj,::.;ti 
G O)i'r4:ld: t:', �ffl't�tJ{r'ffl v \,tt:¥4 � t; 'G v \ Q ,::. C: tJ{-C-� Q o ;i f::-.iE;fW�ffl{*t::ffl v \ Q ;tt:¥4 
ti., iEf_itEO)ffl{ft-C-i�tti L, I'd: v \ ,::_ C: tJ{tlJ ;i L, v \o ;if::-., Y l) =1 /', =f-,!;l /', jj'-71 Yi>., A jJ 
:,;Vr;i>., 1::lJ��/'ld:�O)�Mtt��J::�-l±Q�*#�m�t1kY��=-r;1>.i'r4:�ffl
V \ Q,::. C: tJ{-C-� Q O * t::-., y l) =:I/ C: &Jt L, L 1/ l) -l:r-1 r � MAA9 Q 4:mbc*-C-MAA L, L 
t;d::v\o yl) =i:,;c:,&JZL,--Cyl)-lf-1 r�MAA9Q4:mi�*c: L,--Cli., Y}v=i=-r;i>., =f­
,!;l:,;, J'\7=-91>., }\j-yr;J>., =-7!�:1', '9/',;;l}v_ '.701>., 7::l) 7�::P':,;, '9/'-:fAT/ 
, =:IJ\Jvt-, =.,yJrJv�tJ{J,Qo �fflW/i., �;f:R:, ,t)j;f:R: (V-1--;f:R:), �it, f,:,;5-:.,;,:f 
;J. -!:l Jv;tR:, i � A 1":,; r ;J. -!:l Jvif�O)Mit � �'§:ffl i. \ Q -=-c: tJ{-c-� Q O �fflw ti., �,tj-tJ{ 
5 µ mJ;J_J:: 3 0 µ mJ;)_ � 0) t; 0) � ffl v \ Q C: J: v \0

(0097) 

[�;fWJ 
�;fW /i., �;fW73!fo/J�� BJ: O'�f_itE�ffl{* � fl9 Q o ;it::-., �;fW13!fo/J�� Ii., �ffl!!iJj'f!J BJ: 
O' J\---( /' ,!;l'' � fl L, --C v 'Lt; J: v \o 

(0098) 

< � ;fW73!fo/J � > 
�,tit�13!fo/J� c: L, --C ti., {!iU :z t£i'r4:*;tt:¥4��***t:¥4�� fflv 'Q,::. c: tJ{-C-� Q o

(0099) 

�;fW13!fo/J� c: L, --c, iJ =f-r; l>. c: O)i'r4:{r; · ij>?.i'r4:{r;,&JZ t= J: IJ 1E.1fs(ffl.&Jit � fr 5 ,::. c: tJ{TIJ 
ti� I'd: n* �mi.\ Q -=-c: tJ{-c-� Q O 1!iU :z t-£, v 1J =r :,; , A ;1::, iJ 1J r; 1>., Y Jv � =-r; 1>., 1f 

�7=-r;1>., � y:,;5-:r::,;, �A7A, �, oom, nr�r;1>., -1:,;Vr;1>.�0)5--s� 
I'd: < C: t; �--::) � '2i"iL,,ttf4 � ffl v \ Q,::. C: tJ{-C-� Q o ,::. 0) J: 5 I'd:�* ti.�* C: ,tt;rZ --C�_m-jJ{j;: 
� <, �tt:: V l) =i:,; /i.f!t!.B1llr�_mtJ{ 4 2 0 0 m Ah/ g c: r'fflv \o ,::. 0) t::-.&9, �;ta,73!fo/J� t:: V 
iJ =i :,; �mi., Q -=-c: tJ{tiJ * G i. \ 0 * t::-., -=-.ti G 0) �* � fl9 Q 1r:i'r!fo/J �mi.\ --ct; J: i. \ 0 JU 
:z Ii, S i O , M g 2 S i , M g 2 G e , S n O, S n O 2 , M g 2 S n , S n S 2 , V 
2Sn 3 , FeSn2, C0Sn2, Ni 3 Sn2, Cu6Sn5, Ag 3 Sn, Ag 3

Sb, NizMnSb, CeSb 3 , LaSn 3 , La 3 Co2Sn7, C0Sb 3 , I 
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n S b, S b S n �iJ{ � 6 0 
_::_ _::_ -C-, 1) Tr) A C: O)i'r�1f::: · H-5li'r�1f:::&Tit t:: J:. t) 1fi,fj)(ffl;,& 

Tit� fi .:s -=-c: iJ{--aJ1:f� 1;t. n*, BJ:. a�n* � fl9 01!:::i'r!l&J� � i'r�**,t�st. c: n-'F✓��t�i'riJ{ � 
0o 

( 0 1 0 0) 
;:;$:B)j*IIJ��r=Bv"""C Si Oti.{9U;z/i�itt{f:::yl) =:I✓�m9o �Ql,,\/j:_S i 0/i., Si 0 
x c: �9-=-c: ti -c-� 0 0 -=--=--ex ti. 1 ili:1%'0)fu't � fl9 0-=-c: iJ{W * L, 1, "o wu :z ii x ti., o

. 2 ,1;_;_-1::: 1 . 5 ,1;_;_ �iJ{W :i. L, <, o. 3 ,1;_;_-1::: 1 . 2 ,1;_;_ �iJ{W :i. L," "o

(0101) 
wz**M*4 c: G --c ti., �m, ��m1f:::it1:wz* c 'J 7 � n-if--✓) , •�m1f:::it1:wz* (/'\­
� fJ-;:}{✓) , fJ-;:}{✓-J-,; :f-::i-7', -;f:J 7 x /, fJ-;}{✓7'5 ,y-:7��ffiv"ti/iJ:.v" 

(0102) 

�m c: G --c ti., A@�m-?, x��m�iJ{* if' G ti0 0 A@�m c: G --c ti.wU :z ti, :J. ".J n 
-;f-'/'"7-1 -:7 tJ l:::'.'.'-;( (MC MB) ' =:I--:7 A*A.@�m, l::: ';/ T*A.@�m�iJ{*tf' G 
ti00 -=--=--c-A@�mc: G--c, f*iR:O)��*�fl90fiiR:�m�ffi""0-::. c:iJ{--c-�00 wu:z 
ii, MC MB /i.f*�*O)�iR: � fl9 6 :f:�i'riJ{� t), W ;i. L, 1, "o ;i. t:-., MC MB ti. tO)�ffiffl 
� tJ\ � < 9 Q-=-C: iJ{J:t.�Elt/�� C' � IJ' w ;i. L, I, \;f:�i'riJ{� Q O x��m C: L, L /j:_{:9U ;z Ii, 
MJt�*�m, ftiR:1f:::x����iJ{*'f' G ti0 0 

( 0 1 0 3) 
�m /j:_ 1) r r) i>.-1 71-/ iJ{�m r= �A� tit:-. c: � C 1) r r) 1::,.-�m Ji Fa91f:::i'r!l&J 0) :<:E.)J)G B�) t:= 
1) r r) l>. �� c: �f¥rn'.t= {I:!: 1, \ffl {ft� m 9 ( 0 . 0 5 V J;J_J:: 0 . 3 V J;J_ � v s . L i / L
i +) 0 -:. tit= J:. I)' 1) Tr) i>.-1 71-/ =1J\ffla!! /j:_�" "1'Fihfflff � 1T-9-=-C: iJ{-C-� Q O � G 
t::, ��Ii., �1ft1*ffl�t:-. 1J O)�J;.iJ{J:t.�EltJ�i,", 1*ffl!W*iJ{J:t.�E1t/1J\�v", �{iffi-C-�6 
' l) ::J--r)l>.��t=J:t.X.--C�".'£'t1:iJ{�1,\�0)'.frJ)��fl9Qfs:-.<lb, W;i. L,1,\0

( 0 1 0 4) 
:i.t:-., �tiljm!l&J�c: l,,--C, =itt1t:T'.9/ (Ti Oz)' l)7r)l::,.7'.)Z/\tt{f:::!l&J (Li 4 T 
i 5 0 1 2) ' 1) ::J--r) l>.-�mlira91f:::i'r!l&J ( L i X C 6) ' 1i.\tt1f:::=-?J-7' (Nb 2 0 5) 
, \tt{f::: '.9 / '.'.�t';z T / (\VO 2) , \tt{f:::t l) 7''7'/ (Mo O 2) �O)\tt{f:::!j&J � fflv" 0 _::_ c: iJ{ 
C'�Qo

(0105) 

:i.t:-., �tiljJi5!l&J�c: l,,--C, 1) ::J--r)l>.c:�f$.��O)ti�1f:::!l&J-C-�6, Li 3 N�tl@�ti-:J 
L i 3 _ x M x N c M = c o , N i , c u ) � ffl"" 0 -=-c: iJ{-c-� 0 0 wu :z ti, L i 2 . 6 
Coo. 4 N 3 li.A�i;t.1fi,fj)(ffl�� ( 9 0 0 mA h/ g, 1 8 9 0 mA h/ cm 3) �m
GW;i. L,1,"o

(0106) 
1J r 01>. c: �f$.��O)ti�1f:::!l&J � ffll, "0 c:, �tiljm�m�r::f="= 1J r 0 1>.-1 ?J-/ � -@;-<t} t:-.<lb,
_i__E,tit�1i5!l&J� C: L, L l) Tr) i>.-1 71- / � -@;-;i. i;t.1,, \ v 2 0 5' C r 3 0 8 �O)tJ:¥4 C: *Jldj.i'rbtt-
6-::. c:iJ{-c-�w* G""o l;t.B, iEf,IJlm�m�t= 1J r01>.-1 ?J-✓�'211}tJ:¥4�ffi""0t�i'r-c-ti 
, � G iJ,. b <lb iE f,IJl 1i5�m � t= -@;-* ti 0 1J r 0 1>. -1 ?J-/ � H-5l lit� tt-0 -=-c: -c-, � t� 1i5!l&J � c: G 
L 1) Tr) AC: �f$.��O)ti�1f:::!l&J � ffll,, \ Q-=-C: iJ{-C-� Q 0

(0107) 

:i. t:-., =1 / J'\-y 3 / &fitiJ{:<:E b 6 tJ:¥4 � �t�Ji5!l&J� c: L, --C fflv" 0-::. c: ti -C-� 6 o wU ;z Ii 
, \tt{f::: =:I J"\Jv � ( C o O) , \tt{f:::=. 'Y Jr Jv ( N i O) , \tt{f:::� ( F e O) �O), 1) Tr) l>. 
c: O)i'r� � f'F G i;t.1, "�f$.��ltt1f:::!l&J � �t�1i5�m� t::ffl 1, "--C ti J:. 1, "o =:I/ J'\-y 3 / ,&[itiJ{ 
:<:Eb 6 tJ:¥4 c: L, --C /i., � Gt::, F e 2 0 3, C u O, C u 2 0, R u O 2, C r 2 0 3 � 
O)\tt{f:::!l&J, C o S o. s g, N i S, C u S �O),Ii1it{f:::�m, Z n 3 N 2, C u 3 N, G e 3 
N 4�0)�{[:::!l&J, Ni P z, Fe P z, Co P 3�0) 1) ✓it:!l&J, Fe F 3, Bi F 3�0) 
7 ';/ 1f:::!l&J-C-ti�-=-Q 0

(0108) 
�f,JJlJi5!l&J�Ji iJ{fl9 6 -::. c: 0)-C- � 6 �ffllIJJJ'fU BJ:. cl J'\-{ / '.9,, c: L, --C ti., iEf,IJlJi5!l&J�Ji iJ{fl 
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9 6 s::. � 0)-e � 6 �fflllJJ*Ll :BJ: tf1\-1 /ti'� f1§1�0)*J:¥4 � ffl" \ 6 s::. � tl--e � 6 o 

(0109] 

<���-�{*> 

���ffl{,$:t:=ti., iE��ffl{,$:� fj§]�O),t,!:,¥4�fflv\Q s::. � ;o-r-e� Q o tJ::B���ffl{,$:/i., 1)

7 r; b. �O) � -\7 1) 7 -1 7l"" / � ,g4:{t G iJ: v \-tJ:¥4 � ffl v \ 6 s::. � iJ1-/ff * L, v \ o 

(0 1 1 0] 
[ fflff1�1W: J 

-�M11�ti., mY1�fflM��fl96o fflMu�O)i��� G-Cti., 1F'1't1 r-/''tl!:fl���yf;o1-fff*
G<, wLl.:zti, I7V/"fJ-;f-'�-}- (EC), '/Dl::v/"fJ-;j{�-}- (PC), �;/7
V/'fJ-;f-'�-r-, Yt1t1I7v/"fJ-;f-'�-r-, l:::'-=.v/'fJ-;f-'�-r-, y-7"7t17
Y }- /', y -; \ v t1 5 Y }- /', V ;,{ 7 }v fJ -;f-' � -}- ( D M C ) , Vi 7 }v fJ -;j{ � -r-

(DEC), I7�;,{7�fJ-;f-'�-r- (EMC), �-;,{7�, �-;,{7�, MM;,{7 
Jv_ 1 , 3 -y 7}-� --1:J-/', 1 , 4 -y 7}-� --1:J-/', :} ;,{ r-� VI � /' ( D M E ) , y ;,{ 7 Jv 
A�*�Vf, :J.:c7�I-T�, ;,{7�:J�5-1b., Ytr--=-r-0�, x/'V=r-0� 
, Tr-5�ft175/", A�*5/', A�r-/'�O)lffi, X�S::.�G0)5�0)2ffi�J::� 
{f:�O)*Jiifj.,gbtt:B J: t.fJ:t$-e fflv \ 6 s::. � ;o-r-e � 6 o 

( 0 1 1 1 ] 

* t::, -�ff1�1W:O)m� � G-c 3/'Jv{t � �6 r'i'�r51-=f--tJ:¥4 � m1v \ 6 s::. � -e, 1it1W:·ttt�t=xt9 6 �
"£•ttt;o-r � * 6 0 * t::, =1�ffl?ti!O)rw:� {t:B J: ViliI_m1tiJ1TIJtm-e tb 6 0 3/'Jv1t � �6 �71-=f­
M:-¥40)�*� � G-c �, V0�-/'3/�, 7Y0�3/�, 7Y0t1-=-r-0�3/�, �0.:c
7V/'7l""�--1:J--1f*3/�, �0'1'Dl::v/"7l""�--1:J--1f*3/�, 7o/•*�0�-0)3/��
iJ1tb Q 0 

(0 1 1 2] 

*k, m:m�O)m��G-c, •�tt:BJ:amm�tt-etb6-17l""/'��cmmmB�) �­
-:) Xti.:rj];Ji:J=§v \ 6 S::. � -C, �ffl�fll[O) pg{f��il\:a-?, �7Effl�t:: J: -:::i -C pgi'f�r!a.BriJ1J::� L, -C
:t , � ffl� fll[ 0) uEt�-? � j( tJ: �-� �JJ <- s::. � ;o-r-e � 6 o -1 7l"" / 11� 1,$: ti., fJ 7 7l"" / � 7 -=-7l"" /
iJ'-' G tJ: IJ, fl�fJ 7 7l"" / � 7 =7l"" / � � '2r'<G" o fflM11�t::J=§v \ 6 fl�7J7 7l"" / � L, -c, ll9M
Y/'�-=-r)b.fJ77}-/', �MA�*-=-r)b.fJ77}-/', :BJ:Lfll9if&*A*-=-9b.fJ77}-/'�
O)m��7l""-=-9b.fJ77}-/"-?, -1��V0r)b.fJ77}-/":BJ:Lfl::'0V-=-r;b.fJ77}-/�0)
3"f��fJ 7 7l"" /'iJ1�tj' G �6 o * t::, fflff1�11�t::J=§v \ 6 7 =7l"" /' � L, -c, 1 ,fjffiO) 7 � f * 7
=7l"" /, 1 ,fiffiO) ;,{ 7 f * Y =7l"" /, 7 ;1,,;1--o .AJv* /MY =7l"" /, J'\-7 Jv7l"" o Y Jv� Jv
.AJv* /• 7 =7l"" /, T r-5 7 ;1,,;1--o ;j{ v-r-Y =7l"" /, ;'\-7 ;1,,;1--o Y Jv� Jv;t,' v-r-
7 =7l"" /, A.�--l:J-7 ;1,,;1--o *.A 7 x-r- y =7l"" /, * t:: ti.1"'-7 ;1,,;1--0 y Jv� Jv*.A 7 x
-r-7-=-7l""/'�iJ1�t--f G�6o 

( 0 1 1 3]

*f::, --1:::icO)i�Ytt=i�ffl��i:t6fflffl��� l,-Cti., wLl.:ztiL i PF 6, Li C 104, Li
AsF5, LiBF4, LiAlCl4, LiSCN, Li Br, Li I, Li2SO4
, Li2B10Cl10, Li2B12Cl12, LiCF3SO3, LiC4FgSO
3, LiC (CF3SO2) 3, LiC (C2F5SO2) 3, LiN (CF3SO2)
2 , L i N ( C 4 F g S O 2 ) ( C F 3 S O 2 ) , L i N ( C 2 F 5 S O 2 ) 2 �O) 1) 7
r; b.� � -flt X/i.S::. � G 0) 5 � O)=ffiPJ_J:: � {f:�O)*Jiifj.,g;b-tt:B J: U'J:t$-CJ=§v '6 s::. �
;o-r-e � Q o 

(0114] 

� ffl� fll[ t:: ffl " \ 6 fflM 11� ti., llfft it 0) s:=.--ifj.-? fflM11� 0) ffl .fflG n * J;_j_ 5'1--0) 5c • C J;_j_ � , • t:: r :;f 
;WH!fo/J J � 'G v' 5 o ) 0)'2rfl _m;IJlj.,tJ: v \ �*1HB!'.{t � �/:: fflffl�tf'-� ffl v' 6 S::. � iJl-fff * L, v \o J! 
{,is:a� t= ti., m:m1w: t= xf9 6 :;f ;WH!fo/J 0) m_ml:t � 1 % ,1;_)_ �, -/ff* G < ti. o . 1 % PJ_ �, J: ,J -!ff 
* L, < /j:_ 0. 0 1 %J;_j_ � � 9 Q S::. � iJ{-/ff * L, V \o 

(0 1 1 5]

* t::, -�ffl�1,& t:: l:::'-=-v /' jJ -;f,' � -r-, '1' t1 J"' /' A Jv r-/' ( P S ) , t e r t -7'' 7 Jv X
/'7Z,/' (TBB), 7Jv;1-t1i7v/"fJ-;f,'�-r- (FEC), Li BOBfJ:�'O)j�1J□*Ll
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��1JDG--Cti d::v"o �1JD�UO)tJIB!'.li., fJU:zl:fm��1;$:t::xtG--c 0. I we i g ht %J;J-J:: 
5 we i g h t %J;J-1'° C: 9;ht;f J: v "o

(0 1 1 6J 

* t:::., � 1J 7 -� fflM11� c-lffl;t� � tt t:::. � 1J 7 -,'.f'JvfflM� � m '-' "--c ti J: '-' "0 

(0 1 1 7J

� 1J 7 - c: G --c 1:t., wu :z 1£� 1J i cf-v:,,, 7l"" ::r- ,v r c P E o) tJ: t:' 0) � 1J 7 Jv ::v-v:,,, ;,1--::v- ,v

rf�� � fl9 Q � 1J 7--?, P v D F, BJ: a� 1J 7 ,y 1J o =- 1" 1J Jv�, BJ: rr--=c-n G �
'2i' 1} � !fri'd*� � m '-'" Q = c: -JJ'5.c-� Q O 1YU :z 1£ P v D F c: A ::v--lf 7 Jv ;,1--o :to 1:::: v :,,, c H 

F P) O)�!fi:Er1;$:t!tD Q P v D F-H F P � fflv" Q,::. c: iJ{c-� Q O ;it:::., MM� ;h,Q � 1)
7-li., �:FL�Mtk�flG--Cti J: v"o

(0 1 1 SJ

;it:::., -�ffl�¥W0)1�b I) ,::, 111it1L!l&J*-?�1lJWI*�O)ffl�!l&J;f;tf4 � fl9 Q �1;$:·�ffl��-?, P 

E O ( � 1) I cf- v /' ;,1--::f-Y r) *�O) r'aJ7.J'--rttf4 � fl9 Q �1;$:fflffl�� � ffl v "Q ,::. C: iJ{t! � 
Q o �w-�ffl��� fflv" Q ;J:�Ert:: Ii., t J'\ v-9-? 7--�--lfO)�@tiJc;,�� c: tJ: Q o ;it:::., -� 
ttl!�1* � �1;$:11::c-�Qt:::. lb, lffi1i5t_O) B--E ;hiJ{IJ: < tJ: I) ��•tfi:iJ{�NIBkJ ,:: roJ J:: 9 Q 0

(0 1 1 9J 

[ t /'\ v - '.)< J 
;i t:::. = {JZ'�ttl! ti., t l" v -9 � fl9 Q ,::. c: iJ{!ff ;i L, v "o t l" v -9 c: L, --C ti., 17U ;z t:f, � 
, �•1'15", t.f 5 7--ijUiL t 5 � 'Y ,y 7--, �'-'" ti.-f--1 o:,,, c� 1J 7 � r) , �,=-o:,,, c� 1J
1::::"=-�7��-�*••), �0i7--T�, 7-'!70�, �07l""v7-r/', �00v9/'� 
fflv "f::ErMii*l�t:MM � :ht:::. ti 0) � fflv "Q,::. c: iJ{c-� Q o t J'\ v-9 ti.�tkt::1J□I G, 
_j__E� ;it:::. ti.��0)1., "T:hiJ'>�1J � 1-.Q.t: J: -5 t::]!l!c@t9 Q,::. c: iJ{:!ff ;i G v "o

(0120] 

[fP�wJ 

={>zfflaf!iJ{fl9 Q :9'H�1* c: G --c ti., f:7U :z t:£7 Jv � =-0 i>. tJ: t:'O)�mittf4-?ffif H�M*4 � fflv" 
Q = C: iJ{t! � Q O * t:::., 7 -1 Jv i>.tk0):9'f-�1* � m V" Q = C: ti C' � Q O 7 -1 Jv AC: L, L Ii., 
,fyU :z 1£� 1J i cf-v:,,,, � 1J :to 1:::: v:,,,, � 1J n -ffi'� - 1", 7 -1 ;,1--,; 7-, � 1J 7 � r �
O);f;,ff4iJ" G tJ: QmtJ::t::, 7 Jv � =-0 A, AT:,,, v A, ffl, =- '1/ Jr Jv�O)PJ:J:JHtt::-£1:ht:::.� 
mi�mt�ii!Ht, � Gt=��mi�mtJ::t=:7f-�1*0)fHru c: G--c� 1J 7 � r*ffiH�, � 1J i7--T 
Jv*ffifH��O)�fiH1ErMffiH�mt� ii�t-t t:::.-=-.Jlif��O) 7 -1 Jv i>. � fflv" Q,::. c: iJ{c-� Qo

(0121] 

C�1nffO)Ml� 3) 

*�1nffO)Ml�c-li., *0)�1nffO)M,Jc-fillBJ] G t:::.iE�m!l&J� I o o � fl9 Q ={>zfflaf!O)Mtk
O){yU ,:: -:=> '-' "--cfil2B]9 Q O *�1nff O)M,i!lc'fil2B]9 Q ={>zfflttl! t=m '-' "Q ;t;t*41:t., *0)�1nffO)M
,JO)aciPG�$�9Q,::. c:iJ{C'�Qo

(0122] 

[ � -1 / � = {)Zffl tt!! J 
;if�-1 /�O)={>zfflaf!O)�{JUt::-:=>v"--Cfil28Jj9Qo I§ 4 (A) li.�-1 /� (¥fli-OmP-JZ�) 
O)={>zffltli!O)j'f-�l§t!tDI), 1§4 (B) ti., --f-O)[)WrTIIfi§t:tDQ0

(0123] 

�-1 :,,,�O)={>zfflrl:!!3 0 0 ti., iE�Ylm--r��:tdt:::.iE�ifi3 0 1 c:��Ylm--r��.tdt::��ffi 
3 0 2 c:iJ{, � 1) :to 1::::"v/'�t:MM�:ht:::.#7--Jr,y }- 3 0 3 C'��'V-Jv�:h--Cv"Qo

iE,tit� 3 0 4 Ii., iE,tit��ffl1;$: 3 0 5 c:, ,::. :h c: �9 Q J: -5 t:: � t-t G :ht:::.iE�t��m�Jli 3 0 6 

t:: J: IJ MM� ;h,Q o ;it:::., �� 3 o 7 ti., �tfil!�ffl1;$: 3 o 8 c:, ,::. :nt::�9 Q J: -5 t:: ii� t-t 
G:ht:::.�tilJim!l&J�)li 3 0 9 ,:: J: I) MM� ;h,Qo

( 0 1 2 4 J 

tJ: B, � -1 :,,,�O)={>zfflrtl! 3 o o ,::mi.," Q iEtfil! 3 o 4 BJ: a�tfil! 3 o 7 1:t., --=c-:n--F't11�!1&J 

�}li /j:_J, [HJ 0) dj-,= MM9:h /£ J: V ',o

(0125] 

_j__E�ffi 3 0 I , �timffi 3 0 2 t= ti., fflM11�t=xt L, --CffiNft•[1:0) tD Q =- '1/ Jr }v_ 7 Jv � =-0 l>. 
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, T 5-7 /'�O)�mt x. ti.,:. n G O)i';-�-\=>,:. n G c: {-tl!O)�� c: O)i';-� Cf�U ;z t:f;z.. -=r /' v ;z..ffl 
�) � ffl i., \ 6 = c: t.r{

--

e � 6 0 * f:-., fflM11:§!. r= J:: 6 �ft� �n <-f:-. tb, =-,y Jr Jv-\=> 7 Jv � =-r'.7 
A�� f&'.�9 6 ,:_ C: tilru: ;i. L, v \0 iEfilJfffi 3 0 1 ti.iE� 3 0 4 C:, �,fit�ffi 3 0 2 ti.�� 3 0 
7 c: --=c-n--F' n ffl'.%BkJ c= �®G 9 6 o

(0126] 

,:. ;h G �fiij 3 0 7, i£filj 3 0 4 ;JS J:: cf'·-lz J'\ v-5' 3 1 0 � ffl:f!i� t= '2i'15t � tt, I§ 4 ( B) 
t=m9J::-St=, i£filjffi3 o 1 ��t=G-ciE�3 o 4, tJ'\v-5' 3 1 o, �t�3 o 7, � 
�$3O2�,:.0).--C-ffl�L,, iE�tfr3Olc:�8ffi3O2c:�fi;z,.Jy-��3O3�*L, 
-Cff�L,-c��/'MO)=�ffl�3OO��@96o

(0127] 
iE� 3 0 4 t=, :$t;O)�nt!!O)M,&--C-fillS_}j L,f;:-_i£filjy3!fo/J��J=§v\Q ,:_ c:--e, -lj-� 7 Jvlt'l'±t=� 
.ttk��/'MO)=�ffl�3OOc:96,:.c:�--c-�60

(0128] 
[ P3 mi M= 1�ffl� J 

1�t= P3tffiM0)=1�ffl�0)1�Ut=-:>v \-c I§ 5 ���,� L, -CfillS_}j9 6 o P3fffiM0)=1�·ffl� 6 0 0 ti. 
, I§ 5 (A) t=jJ;9 J:: -St=, J::00 t=iE�:f--Y 'Y 7° ( ffl�Ji) 6 0 1 � � L,, 1JIJTIITB J:: cf}gi 
TIU t= ffl� ffi (6't#&ffi) 6 0 2 � � L, -C v \ 6 o ,:_ ;h G i£filj :f--Y 'Y 7° c: ffl� ffi (6't#&ffi) 6 0 
2 C: ti., fi ;z.. Jr 'Y � (ffi�; � 'Y :f-/') 6 1 0 t= J::-=> -C ffi� � ;h-C v \ 6 o

(0129] 
I§ 5 ( B) ti., P3tffiM0)=1�·ffl�O) NvfTIIT � t�titl'l�H=jJ; L, f:-.1§--C-2V 6 o $�P3fi�O)ffl� ffi 
6 0 2 0) P-J1ffU t= ti., 11H:l\O)i£� 6 0 4 c: �-6 0 6 c: tilt J'\ v-5' 6 0 5 � Fs9 t=rJUv c':f� 
@I� ;hf;:-_ ffl�*rtil� tt G ;h L V \ Q o l§jJ; L, � V \til, ffl�*rti.t / 5' -t:' / � tj=r)L,\c=m 
@I�;h-Cv\Q o ffl�ffi 6 0 2 ti., �yiffitil&Jlj G.tt, {-tl!Yiffitilfmt,\-Cv\Q o ffl�ffi 6 0 2 t=ti. 
, ffl:f!i1{:§!.t=xtG-ClnM�ft'['f!:0)2V6=-·;1Jr}k 7Jv�=-r'.JA, 75'/'�0)��' x.ti.=nG 
O)i';-�-v = n G C: {-tl!O)�� C: O)i';-� Cf�U ;z t:!, AT/ V ;z..ffl�) � J=§t, \ Q = C: tile'� Q o 

;i. f:-., ffl:f!iY{:§!.t= J:: 6 �ft� 1W <-f:-.tb, =-'Y Jr }v-? 7 }v � =-r'.7 A�� f&'.�9 6,:. c: tilru: ;i. L, 
V \0 ffl�ffi 6 0 2 0) pg{JW t= ;!St, \L' iE�, �t�B J:: rFt J'\ v-5' tilffl@I � ;hf;:-_ ffl�*rti. 
' .X'JfnJ9 Q �_xjO)ffi�f}j 6 0 8' 6 0 9 t= J:: I)�* ;h L V \ Q O * f:-., ffl�*rtila� tt G ;h 
f:-.ffl�ffi 6 0 2 O)r-Jtf�ti., �F7J<ffl:f!i1-& (l§mi±"T) tila:A � ;h-Cv\Q o �Fll<ffl:f!i�{:§!./i., � 
� /'MO)={'�ffl� C: ��O)'t; 0) � J=§t, \Q ,:_ C: ti{--C-� Q o

(0130] 

P3fffiMO)�ffl�t=fflt, \ 6 iE�B J:: a��ti.ffl@I9 6 f:-.tb, mffl{*O)fi!TITIQ t=13!fo/J� � MJJ)G9 
Q = C: tilru: * L, V \0 i£filj 6 0 4 t= ti.iE�Y/Mr (iE�mffl 1) - r) 6 0 3 til�®G� ;h, �filj 
6 0 6 t=ti.��Yiffir (��mffl 1)- r) 6 0 7 til�®G�tt6o iE�Y/Mr6 0 3 BJ::U'�filj 
Y/Mr 6 0 7 ti., C: t; t= 7 }v � =-ry A� �-O)��M� � )=§ V \ Q = C: til--C-� Q O i£filjyiffir 6 0 
3 ti.�1:::#�tl 6 1 2 c=, ��Y/Mr 6 o 1 ti.ffl�ffi 6 o 2 O)Jg;c= --=c-n--=c'nt.I£m���� n6 
0 �1:::#�tl 6 1 2 ti., p T C*r ( p O s i t i Ve Temp e r a t u r e C 0
e ff i c i en t) 6 1 1 �*L,-CiEt�:f--Y '1/ 7°6 0 1 C:ffl:%1'1�H=�®G�.tt-Cv\Q o � 
1:::#�ti 6 1 2 ti.ffl�O) r-Jff O) J::�tilJ=iJrJEO) �fill� ,rn :z f:-.:f:�i'i-c=, iffilj=f- -y ,y :t 6 o 1 c: 
iE,fii� 6 0 4 c: O)ffl:%1'i���®G � W]Nvf9 6 t; 0)--C-2V 6 o ;i. f:-., PT C *r 6 1 1 ti.yHEJttilJ:: 
� G f:-.:f:�i'i-c=r.1£vttilttt:k9 6 tRH�H.1£vt*r--c-2V 1J, r.I£m0)�*'= J:: u fflrlrt.m � iumi G -c � 
1'tt58� � �n 11:: 9 6 t; 0)--C-2V 6 o PT C *rt= ti., T 5' /'®I'\ 1) ry A ( B a T i O 3) *�
�{*t 5 � '1/ 7 ;z.. � � )=§ v \ 6 ,:_ C: til--C-� 6 0 

(0131] 
iE� 6 0 4 t=, :$t0)�1n!iO)M,&--C-ml.S)j L,f:-.iEt�y3!fo/J��J=§v\6,:. c:--e, -l:J-� 7 Jvlt'l'-1C=� 
.ttkP3fffiMO)=�ffl�6OOc:96,:.c:�--c-�60

(0132] 

[HE t--f6,:. c: 0)--C-� 6 =1�ffl�J 
1� t=, HE t--f 6 ,:_ c: 0) c' � 6 =1�-ffl�O){�U t=-:> v \-CI§ 6 ;IS J:: ljl§ 7 � �!ffl L, -C mtS_)j 9 6 o 

(0133] 
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em6 (A) r:, EtiJtJG::.�oY--C�G=<?{ffllfi!5 O0)J::ffiffl�em��9o em6 (B 1), ( 
B 2) , ( C) r= t:i-t-:h--F';h, em 6 (A) g=rO)-lp]®ffJRC 1 -c 2, -lp]®ffJRC 3 -c 4, -f.pJ 

®ffJRA 1 -A 2 t::: B t't G ®rffiffl�em-c �Go ffllfi! 5 0 /;i, 7'f-.�{;$: 5 1 �, 7'f-.�{,;,fs: 5 1 0) IAJ 
{fBt=*��;ht;:.iEtilfil 1 aBJ:cf:�.tilfil 1 b�fl9Go iE�l 1 a�ffl��t=t£��;hf;:_ 
1) - r 1 2 a, BJ: cf�� 1 1 b � ffl��t=t£�� ;hf;:_ 1) - r 1 2 b /:i, 7'f-.�{,;,fs: 5 1 0)7'f-.

ffiH:::JJI;-tEG-Cv'-Go ;i.f;:_7'f-.�{;$:5 1 -Cl!El:i..:ht;:.iJij:!!JGt:::/:i, if�'j 1 1 aBJ:cf�tilfi 1 1 b t:::
1J□ ?t_ -Cffl��Yf� CemJT- L, IJ: v ") iJ{!t A� ;h -Cv" Go 

( 0 1 3 4] 
ffllfi!5 OiJ{fl9GiE�l 1 aBJ:0'��11 bt:::-:)v'--C, em7�ffiv'--CITTlB]'9Go em1 ( 

A) /;i, iE�l 1 a, ��1 1 bBJ:t.ftJ'\v-� 1 40)fflfljJI1!'[�iJJlB]9Gi4tiem-C�G 
0 em 7 ( B) /:iiEtilfi 1 1 a BJ: O'�tilfi 1 1 b t:::1J□ ?t_ -C, 1) - r 1 2 a BJ: cf 1) - r 1 2 b 

� m'9i4tiem-c� Q 0
(0135] 

em 7 (A) t:::m9 J: 5 t:::, ffllfi! 5 0 /:i, fi�O)m-!ffi�l\O)iEtJI:) 1 1 a, fi�O)m-!ffi�l\O)�filfi 

1 1 b BJ: O'ti�O)t J'\ v-� 1 4 � fl9 Go iEtilfi 1 1 a BJ: O'�ti1:) 1 1 b /:i-t-:h--F';h� 
/:ti L, f;:_ � :i{fp?.f �, � 7� J;�7'f-.O) {fp?.f � fl9 Go iE� 1 1 a 0) � 15 0) ffi 0) � :iJ:�Jf-0) {fp?.f t= 

iE�ri!r�m�fiiiJ{IDpj(;� ;h, �@ 1 1 b O)�--JjO)ffiO)� :lJ:�7'f-.O){fp7.tt=��1i!i�m�fiiiJ{IDpj(; 
�:hGo

(0136]

iE� 1 1 a O)i£�1i!i�m�fliO)IDpj(;� .:h-C1t'-IJ:1t,ffi�±, BJ: cf�tilfi 1 1 b O)�tilfiri!r/W�O) 

IDpj(;�;h-c1.,,t;t.1.,,ffi�±iJ{t£9GJ:5t:::, iEtilfil 1 aBJ:O'�tilfil 1 b/;ifflfii�.:hGo

(0137] 

;i.f;:_, iEtilfil 1 aO)iEtilfiri!r!W�iJ{IDpj(;�;hf;:_ffi�, �tilfil 1 bO)��ri!r!W�iJ{IDpj(;�;ht;:. 

ffiO) Fa9 t::: /:it J'\ v -� l 4 iJ{fl�t-t t; :hG o em 7 -C /:iJ! �9 < 9 G f;:.<lbt J'\ v-� 1 4 � 12-. 

fv�-CJT-9o

(0138] 

:i.t;:.em 7 (B) t:::JT-9 J: 5 t:::, ti�O)iEfilfi 1 1 a� 1)- r 1 2 a /;i, t£�{fp 1 5 a t:::Bv'­
-Cffl�l'l"Jt:::t£��.:hG0 ;i_f;:.tf�O)�@ 1 1 b � 1)- r 1 2 b /;i, t£�{fp 1 5 b t:::Bv'--C 
ffl��t=t£�� :hGo

(0139] 

<J{t:::, 7'f-.�{,;,fs:5 1 t:::-:)1t,-cem6 (B 1), (B 2), (C), (D) �ffiv'--CITTlB]9Go 

(0140] 
71--�W 5 1 /:i, 7 -1 JvA�O)ID�l\� fl G, iEf_ilE 1 1 a BJ: O'�;f;_iIE 1 1 b ��,t_.:, J: 5 t::: 2-:) 
t::::ttr t) EtB tf' t; ;h -C v" Go 7'f-.�{;$: 5 1 /;i, tfr t) EtB t'f{fp 6 1 �, �xtO) V-Jv{fp 6 2 �, V­
Jv{fp 6 3 �, � fl9 Go �xtO) V-Jv{fp 6 2 /:i, iE� 1 1 a BJ: tf�tilfi 1 1 b � �/v-Cil� 
tj- t; ;h, -l:t-1 r V-Jv � ti P-'¥ ✓�� ,:_ � iJ{-C �GO ;i. f;:_, V-Jv{fp 6 3 /;i, 1) - r 1 2 a Bz f_J' 
1) - r 1 2 b �i!IJ:G{fp?.f�flG, f' 'Y 7°V-Jv� tin-'¥ ✓��,:_ �iJ{-C�Go

(0141] 

71--�{;$:5 1 /:i, iE�l 1 aBJ:tf�tilfil 1 b�i!IJ:G{fp5t/:::, �fv�71�;§.fJR72iJ{x_1f 
,::: Sift 1v taBzID�l\ � fl 9 Q ::. � iJ{tif * G " , 0 * t;:., 6"f-. �w 5 1 0) v -Jv{fB 6 2 Bz av-Jv {fB 
6 3 /;i, �JJ::!-C � Q ,:_ � iJ{!lf ;i. L, V '0

(0142] 

em6 (B 1) /;i, �fJR7 1 �i!IJ:G{fp5t-C-t.p]®fl,f;:_®fffi-C�IJ, em6 (B2) /;i, ;§.f.,,�7 
2 � mtJ:. Q {fB5t-cwim Gt;:. imoo-c � Q O em 6 c B 1 ) , c B 2) t:t�t=, fflllli 5 o 1z rriE 
tilfi 1 1 a BJ: tr�� 1 1 b 0)$i'i3i--JjroJO)®fffit:::xtJ;t9 Go

(0143] 
::.::.-c, iE�llaBJ:O'��llbO)�--JjroJO).$, 9IJ:b�iE�llaBJ:O'��l 
1 b O)yJm{fp �, V-Jv{fp 6 2 � O)Fa90)file■� Ji!elfJt L a � 9 Go ffllt!! 5 0 t::: EtB /JG IJ: �'O)� 
ID� 1J□ ;t_f;:_ � �, ftt3zli'9 G J: 5 t:::iEtilfi 1 1 a BJ: O'�tilfi 1 1 b iJ{:R� 15roI t:::1I.1t, t::: T.:hG 

J:5��ID9Go -i-0)�, Ji!e■La#m9�G�, 7'f-.�{;$:51�iE�llaBJ:0'��1 
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1 b c: iJ{5lli < ffi;ri, ji-�{* 5 1 iJ{liBztJi L, --CL,* -5 :f:�i'riJ{l10 Q o ��t::ji-�{* 5 1 0)4:mi 7 � 
}v _biJ{D'.tf:r-t QC:, Mi�4:mi 7 � }v_biJ{·�f!�tffl.t= J: 1) •-.tt� ;ri--C L, *-:') f�;riiJ{d0 Qo L, t:-. 
iJ{ � --C, Jile■ L a � /:B * Q t� i-t � < �JE9 Q =. c: iJ{W * L, v, o -1

T

C, ffiit L a � _:k � < 

L,9�QC:, ffl�5O0)Wffl�m:kG--CG*-So

(0144] 
* t:-., ffl� � ;rit:-.iE� 1 1 a BJ: a�� 1 1 b O)i'ratO)/!J � iJ{f!Jv ,t� �', _i_E;j;aj 1 1 a BJ:
cf�� 1 1 b c:, 'V-Jv{fB 6 2 c:O)Fa1JO)ffi1JtL a �_:k� < 9Q =. c:iJ{W* Gv'o 

(0145] 
J: IJ J.!. Wi'fkJ t:: ti., ffl� � ;rit:-.iftaj 1 1 a BJ: a�taj 1 1 b O)i'ratO) f!J � � f!J � t c: L, t:-. c: 
�, Jilelt L a Ii., /!J � t 0) 0 . 8 {ff J;).J:: 3 . 0 {ff J;). T, W * L, < Ii. 0 . 9 {ff J;).J:: 2 . 5 {ff 
J;). T, J: IJ W * L, < ti. 1. O {ff J;).J:: 2 . O {ff J;). T -c l10 Q =. c: iJ{W * L, v, o Jilelt L a � =. 0) 
ilielffi c: 9 Q =- c: -c, =i / }\ � l-- -c, ii -:J Ettn-n=xt9 Q 1�m·t�O) rffl" ,ffl� � �:EJ[-c � Q 0 

(0146] 
*k, -MO)'V-�$620)000)ffi■�ffi■Lbc:L,kc:�, ffi■Lb�iE�llaBJ:
u��� 1 1 b 0)$j c=. =. -Cti., �� 1 1 b 0)$jWb) J: 1) :t+J:t:k� < 9Q-=:. c:iJ{W* L,
v'o =.;rit::J: IJ, ffl�5 0 ,::�t)JlgL,EiHtf'Q��,O)�M�:fJD:zt:-.c: �t::, iEt� 1 1 a BJ:
a��llbc:ji-�W51c:���L,--C:t, iE�llaBJ:a��llbO)-$��h�
t:: f;riQ =. c: iJ{-C � Q t:-.i\b, _i_E;j;aj 1 1 a BJ: a�taj 1 1 b c: ji-�{* 5 1 c: iJ{ffi;ri--C L, * -S
=. c: � m�EI� t:: �n <' =. c: iJ{-C � Q o

(0147] 
{7U:zti, -xtO)'V-Jv{fp 6 2 O)Fa1JO)ffi1JtL a c:, �� 1 1 b 0)$iWb C:O)�iJ{, iE� 1 1 
a BJ: tf�� 1 1 b 0)/!j � t 0) l . 6 {ff J;).J:: 6. 0 {ff J;). T, W * L, < Ii. 1 . 8 {ff J;).J:: 5. 
o {ff .PJ. T, J: IJ W * L, < Ii., 2 . o {ff .PJ.J:: 4. o {ff .PJ. T � mt:-. 9 =. c: iJ{W * L," 'o 

(0148]
§v'tl:ZQ c:, lile■L b, $iWb, JxtJJ!j� t iJ{, Tac�A 1 O)�{;��mt:-.9=. c:iJ{W*

l,,v'o

(0149] 
(� 1] 

Lb-fVb 

2t 

(0150] 
=. =. -c, a ii., o . 8 .PJ.J:: 3 . o .PJ. T, W * L, < ti. o . 9 .PJ.J:: 2 . 5 .PJ. T, J: 1J W * L, <

ti. 1 . o .PJ.J:: 2. o .PJ. T � mt:-. 9 o 

(0151] 
*t:-., l?Kl6 (C) ti. 1)-r 1 2 a��tdf!Jrimc'l10IJ, ffl�5 0, iE�l 1 aBJ:u���l

1 bO)��h�O)WfTifit::xtEt9Qo l?Kl6 (C) t::�9J:-S,::, tfrlJEiEtf'{fp6 1 t::Bv'L,
iE� 1 1 aBJ:a�� 1 1 bO)��h�O)fJimi'fBc:, ji-�{*5 1 c:O)Fa9t::�Fa97 3 �fl9Q
=. c:iJ{W* Gv'o

(0152] 

!?Kl 6 ( D) ,:: , ffl� 5 0 � EiE t-f t:-. c: � 0) WYimffi:�l?KI � � L, --C v, Q o !?Kl 6 ( D) ti., !?Kl 6 ( 

A) q::r 0) f.p] WffJR B 1 - B 2 t:: B t-:t Q Wf Im ,:: f§ Mi 9 Q o 

(0153] 
ffl�5 O�EiE(fQc:, EiEtf'O)ji-{JlUt::{ftfl'[9Qj}�W5 1 O)-{fB/i.{$a, 1AJfJI-U,::{ftfl'[9Q{i/! 
0)-{fB ti.�<t} J: -S t:: �M9 Q o J: IJ J.!.Wi'fkJ t:: Ii., ji-�w 5 1 O)ji-fflat::{ftfl'[9 Q {fBJ:t ti., rm. 
0)1J.IR$iiJ{tJ\ � <, ii -:J}Bz.O)JWJJJJiJ{_:k � < � Q J: -S ,::�_m9 Q o -h, Ji--�w 5 1 0) pgfflrrt:: 
1ftfl'[9Q{fpJ:t/i., rBz.O)tJ.IR$iiJ{_:k� <, ii-:JyBz.O)JWlJJJiJ{1J\� < �Q J: -S t::�M9Qo -:_O)J: 
5 t::, ji-�{* 5 1 iJ{�_m9 Q -:. c: ,:: J: 1), EiE tf' t::{� � --C ji-�{* 5 1 t:: iJ"iJ" Q EtJ:J iJ{�,f0 � 
;riQt:-.i\b, ji-�{*5 1 �t�JJx:9Qtt3fSl.§{*iJ{{$�9Q.&;,�iJ{�"'o -cO)��, ji-�w5 1 
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, i. �ffl 9 0 -::. c: tJ: < , 1 J \ � tJ: :fJ L" ffl ?ti! 5 o � rttn-f 0 -::. c: ;o-r L" � 0 0
( 0 1 5 4] 

*f::, �6 (D) t::=�9J:"5t::=, ffl?tl!5 O�El:f:Jt'f6c:, iE�l 1 aBJ:cf�fajl 1 b c:;o-r
-t-n-F';h;Httt� t::= f ;h6 o -::. 0) c: �, fJl�O)mJil � nt::iE� 1 1 a BJ: a�f� 1 1 b ti.,
v-Jv�B 6 3 1Jltl0) �)tjffi;o-r�JE�B*J 1 7 --c::-�JE � n -c", 15 t::tlb, .tfr u HH t-f�B 6 1 t::=ili:v, t:l c'
f ;h_m;o{* � < fJ: Q J: -5 (::=' -t-n-F'n T ;h6 0 -=- ;ht::= J: t)' _j__Efaj 1 1 a ;IS J: a�� 1 1 b
t::=iJ"iJ"1SJ7tjJ;ol�;fl]�;h, iE� 1 1 aBJ:cf�� 1 1 b §1;$:iJ11$.90&f�;ol;1J:1,,,o -t-0)
��- iE�lla;JSJ:lj��llb��ffl90-::.c:JJ:<ffl?tl!50�HH�6-::.c:�L"�6o

(0155] 
*I::, _i__E;f:ajl 1 aBJ:cf��l 1bc:JH�{,$:51 c:O)rait::�rai7 3 �flL,-ci.,,15-::.c:c::=J:
t), HHtft::B'ffpg1Jltlt::={ft@t90i£fajl 1 a;JSJ:lj�;f:it:)1 1 b;o-r, j'f-�{;$:5 1 t::=��9!90-::.c:
fJ: <, ;f;§_xc;f-E!� (::= f ;h6 _::_ C: iJic, � 15 o

(0156] 

� 6 BJ: a� 7 L"f7tl� Gt:: ffl?t!! 5 o ti., � 1J jg G HH t-f1$ ti G �fr� -ct;, 5'f-�f*O)�,tJL 
iE� 1 1 a BJ: a�� 1 1 b O)�,rJl/J: c'iJ11-: l5 t::= < <, ffl?t!!l'ff't-tf::'tJ �1[: L, t::= < v ,ffl?tl!c'ir) 
15 o ffl?t!! 5 o iJ1fl915 iE� 1 1 a c::=, )'i:;0)'%..&t!iO)IDJ'i&L"�BJj L, t::iE�1i5�� � m v, 15 -::. c: 
L", � G t= -l:J--1 � Jvl'ff'l'tf:: c= tint:: ffl?t!! c: 9 0 -::. c: ;o-r--c::-� 0 0

(0157] 

('%..&t!!O)IDJ'i& 4) 
;:;-t'%..&t!!O)IDJ'i&L"ti., ;:;,t3BBJjO)�J'i1Hil."ir) 0 =1xffl?t!! � ffl--rm�c='%�9 0 ,wu c= JV ,-cfil?.s)j 
900

(0158] 

* 9''%..&t!!O)IDJ'i& 3 L"fil?.B)j Gt::, HH tf 0 -::. c: 0) --e � 0 ={;zffl?t!! �-�-rm� t='%�9 0 f7tl � �
8 t::=m9 0 7 V � v-::i}v/J:IDtR: � {jffi ;z Q ={JZfflW! � �m L, t:: ffl -rm� C: L, L' {7U ;z ti, T
V l::::' y 3 / �@[ (TV l::::', X. ti.TV l::::' y 3 / �1§m C: t; "\ -5 ) ' =:I / l::: .:L -;z m fJ: c' 0) t

=;z, �:J;z�h�5, �:J;z�l:::�*h�5, �:J;z�7*�7v-A, mmffl�mc
mmfflili'L mmfflilE�@t c: t; ", -s) , mm� 7''-Am, mm,rw�f1™*- a•w1-:�@t, }\
5-Y =imtJ: c'0)*�7''-AmtJ: c'iJ1*t-f Gih1So

(0159] 

* t::, 7 v � V 7''}v fJ: ID�� {jffi ;z 15 ={JZfflW! �, *� � l::::' }vO) pg�* t:: /i.j'f-��, § lfJII[
0) pg�* t:: /i.7'f-�O) HHTID t::= 1& � -C*Jldj..i6ci}-::. c: 'tJ PJjt�c-£V 15 o

(0160]

� 8 c A) ii., mmfflilEmO) �,wu � � G -c", 0 0 mmfflilEm 7 4 o o ti., � 1* 7 4 o 1 c=
ffld}.,i6*;h�*�$74020)�, -��;zY7403, j'f-$���-�7404, �l::: 

-h 7 4 o 5 , '"'< -1 � 7 4 o 6 tJ: c' � fJffi :z -c", 0 0 tJ: B, mmfflilEm 7 4 o o ti., ={;zffl

?ti! 7 4 0 7 �flL,-ci.,,150

(0161] 
� 8 (B) /i., fflmfflilEm7 4 O O �1�HH�i±t::�:frJ'i&�mL,-c1,,,150 fflmfflilEm7 4 O O 
� j'f-�pO)jJ (::= J: I) �ID� i±-C �{;$:� f�HH �i± 15 c:, -t-0) pg�p(::=if'¾'. tj G;h -C v '15 ={JZfflW! 7 
4 0 7 t; 1�8±1 � ;h6 o * t::, -t-O)B'ff, 8±1 t-f G nt::={JZfflW! 7 4 0 7 O)�J'i& � � 8 ( C) (::= 
m9o ={JZfflW! 7 4 o 7 ti.$�0)�ffl?t!!L"£V00 ={JZfflW! 7 4 o 7 /i.HHt-f Gnt::�:frJ'i&L"� 
IE � ;h-C" \ Q O fJ: ;IS' ={JZfflW! 7 4 0 7 /i.fflffl1;$: 7 4 0 9 C: ffl�EI� t=��� ;ht:: 1) - }{ ffl 
faj7 4 0 8 �flL,Lv'Q 0 {7tl:z/i, fflffl{,$:7 4 0 9 /i.fflo/sl."ir)IJ, ��pjJl) 17AC:'21�1f: 
�-i±-c, fflffl�7409c:�90m��Jilc:O)��tt���G, =�ffl?tl!7407�HH� 
G iht::�J'i&L"0)1§}t!ff'ttf::iJ1r&J v ,;j®JJ>G c: fJ: � -C v' 15 o

(0162] 

�8 (D) /i., J\Y��fJv�O)*m�@tO)�f7Ll�mL,-c1,,,150 ffl**��@t7 100/i., � 
1* 7 1 o 1 , *��B 7 1 o 2, •1��-;z Y 7 1 o 3 , Bz a={;zfflW! 7 1 o 4 � fJffi :z 0 0 * 
t::, �8 (E) t::=HBt-fGnt::={1ZfflW!7 1 040)�:frJ'i&��9o ={1Zffln!!7 1 04/i.HHt':f'G 
nt::�:frJ'i&L"�J=§�O)nfi!/'-...O)��B'ff(::=, �1;$:iJl�ID L, -C ={JZfflW! 7 1 0 4 O)��p * t:: li.��p 
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0) HH$iJ{�{r;9 Q o JJ: B, HHtJRO){f�O) ,¢,Cr: B t't Q HHiJ{ t) J!.i'r � :t§ Mi 9 Q P3 0)¥;f:¥:0)1il[--C

* L, t::.. :t 0) � HH$¥;f:¥:--C2V 1J, HH$¥;f:¥:O)��� HE$ c: IJSJZ ✓.S�o _,.§!.1*akJr: ti., HH$¥;f:¥:iJ{ 4

O mmP,JJ:: 1 5 O mmPXFO)fiJlt£lpg--C'f!iH*;it::..ti.={xffln!! 7 1 O 4 0)3::*ffiO)�ffB;it::..ti.
"£ffBiJ{�1t:9Qo ={xffllfh 7 1 O 4 0)3::*ffit::Bt'tQHH$¥;f:¥:iJ{4 O mmP,JJ:: 1 5 O mm
P,J T O)f!ia!HI--C 2Vtl/£, � 1., '\1§WJ!'l'1: � i%1t�c' � Q o

(0163] 

�8 (F) ti., Mi!B�tt�0)�1ff•[i!f¥RYmi*O)�,tyU�mL,--C1.,'\Qo ffi;1ff'NJ¥RYifij*7 2 0 0ti., 
i!iH* 7 2 o 1 , *mffB 7 2 o 2, 1�:,,, r 7 2 o 3, 1� ,y y Jv 7 2 o 4, �f'F;j{ '.9:,,, 7 2 o

5, A tf:L1Jyifij� 7 2 O 6 JJ: c' � 1Jffi x Q o
( 0 1 6 4 J 

�1fr'NJ¥R)/W* 7 2 0 0 ti., �tJJffla�1L ffl � ;,< -}v_ ::X:J';'t00Ji'.Bz lj{�JJ3G, s�W:'t., -{ Y '.9
-�o/��&, �y��-'.93/-AJJ:�0)�40)7/07-V3Y��fi9Q=c:�--C�
Qo

(0165] 

*mff�7 2 o 2 ti.-t-O)*mffiiJ{t�HHG--Ca'¾'.t'tGtt, t�HHGt::..*mffit::r&-=>--C*m�fi-5 =
C: iJ{--C � Q O * t::..' *m ff� 7 2 0 2 /;i '.)( 'Y -=f-t / 4t � 1Jffi X' ti't-? A '.)< -{ 7 A 1d: c' C' lifilffi ,::
f§!1ttLQ = c: --c-�{�9 Q = c: iJ{c,� Qo wUxti, *mff� 7 2 o 2 t::*m� ttt::.. 7--f � Y 7 2

0 7 ,:: �tt Q = C: --c' 7 / l) 7-V 3 / � �liJ9 Q = C: iJ{--C � Q 0
(0166] 

��;j{'.9Y7205�, �M��O)��, ffl�O)*Y, *7li1�, �-�fflO)*Y, *7 

tJJ�, ��-�-rO)�fiBzrYM�, �fflh�-�O)�fiBzrYM�JJ:�, �4JJ:M��� 
t::.. it Q = c: iJ{--C � Q o {:9U x /£, ffi;1ff'NJ¥RYmi* 7 2 O O t:: *JldJ-� ;i tL t::.. * � v -T -1 Y ,:f V 

7--TA t:: J: IJ, �{�;j{ '.9 Y 7 2 O 5 O)fflHi� � El EE t:: B'¾'.�9 Q = c: :t --c � Q o
(0167] 

;ik, m1fffflffl)lw*7200�, �&m��ttkm:ffi■�•�&��fi9Q=c:�m�--c 
2V Q O ,wu x t£�*1�1§m§� JJ: A.. ,y rt ,y � c: :t§li�1§9 Q = c: ,:: J:-=> --c, 1,:,,, :X 7 1J ---c 

�a§9 Q = c: :t--c � Qo

(0168] 

;ik, ffl;1fffflffl)lw*7200�Affih)lw�7206�1Jffix, �O)fflffl)lw*c:��Y'.9-� 

*L,--C���-'.90)-?IJc:IJ�fi-S=c:�--c�Qo ;ikAffih)lw�7206�*G--C7Bffl

�fi-:') = C'.'b--C�Q0 JJ:B, ft'�liJ{�/j:_}s.ffih)fw�7 2 Q 6 �*�f(::=�tJRi%ff�(::J: /)fi

-::>--C:td:v'\o

(0169] 

ffi;1ff'fff¥R)lw* 7 2 o o O)*mff� 7 2 o 2 t::ti., ;;,t3£8JjO)�,JtJO)={xffllff!��L,--c1.,'\Qo

-WUxti, � 8 (E) t::mL,t::..={xffllfh 7 1 0 4 �' 1'!1* 7 2 0 1 O)IAJff�t=r�HHGt::..i::k,J--C

, ;it::..ti.J'\Y r 7 2 o 3 O)pgff�t=r�HHmN�JJ:i::k,J--C*JldJ-�1}= c:iJ{--C�Qo

(0170] 

�1ff'NJffiyifij * 7 2 0 0 ti. t Y 4t � �9 Q = c: iJ{-/Jf ;i L, 1., '\ o t Y 4t c: L, --c {:9U x ti, tl't*0C t Y 

-l:r, �ffitY-l:r, �mtY-f:r�O)A�tY-l:r-?, '.><o/-=f-tY-l:r, mfftY-l:r, m��tY 

-lj-, �iJ{Pcftx; � tl,Q = C'. iJ{-/Jf ;i L, 1., '\o

(0171] 

�8 (G) ti., M[J';'t�O)*m�fll[O)�,WU�ml,--Cv'\Qo *m�fll[7 3 O 0/i., *mffB7 3 
0 4 ��L,, ;;,t3£8JjO)�,JtJO)={xffllff!��L,--C1.,'\Qo ;it::.., *m�ul[ 7 3 0 0 ti., *m 

ff� 7 3 0 4 t:: '.9 'Y -=rt Y-l:r � 1Jffi x Q = c: :t --C �, ;it::.., �1ff'[i!ffflyifij* c: L, --CMjt� � it Q = 

C'.'b--C�Qo

(0172] 

*mffB 7 3 o 4 ti.-t-O)*mffiiJ{i�HH G--CB IJ, t�HB Gt::..*mffit::1&-=>--C*m�fi 5 = c: iJ{

--c � Q o ;i t::.., *m� fll[ 7 3 o o ti., � {§m� � tt t::.. Jlf:Ii'eE�tJR� {§ JJ: c' t:: J: tJ , *mi::k

1£ � �!l!:9 Q = c: iJ{c, � Q o
(0173] 
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;i f ;:_ , * m � ]]'[ 7 3 0 0 ti A /:ti 1J Y@--r � {Jffi :z , 11!! 0) '[ff� Y@ * � =r ;z ... '.7 :9 -� fr L, --C 00: �-=?' 
-:)l0)-?/)�l)�fi5=����Qo ;ikA/:tl1J�--r�Jrl,,--Cftffl�fi5=�t��Qo 

7d: B' ft -�if] 11f:: ti A /:ti jJ Y@--r � * � Tr: m€fJR�ffl r: J: 1) fi "=:) L t J: V \ 0 

( 0 1 7 4) 
i)U:':, �9 (A) BJ:L1�9 (B) ,::, 2-:);j:)rl)P.fjt�ld::97"1,ny f'��*0)�{7U�m9o 

�9 (A) BJ:L1�9 (B) t::m9:9:iv,y f'�Y@*9 6 0 0ti., 7'!1;,fs:9 6 3 0 a, f'!{;,fs: 
9 6 3 0 b, 7'!1;,fs: 9 6 3 0 a� 7'!1;,fs: 9 6 3 0 b ���9 6 P.fibff� 9 6 4 0, *mff� 9 6 3 
la�*m$963lb�fl96*m$9631, *mt-r@iJff:zA1o/79626 
, -�A1o/T9627, �ffl1Jt-rWiJff:zA1o/79625, m��9629, ffl 
{'f::A1 'YT9 6 2 8, �fl96o �9 (A) ti., :97'v,y f'�Y@*9 6 0 0 �lffl1,,,f;:;f;kl� 
�ml,,, �9 (B) ti., :97V'Y f'��*9 6 0 0 �MGt;:�t,&�mG--Cv"6o 

(0175) 

;if;:_, :9 7'v 'Y f' �Y@* 9 6 0 0 Ii., f'!{;,fs: 9 6 3 0 a BJ: L1f'!1;,fs: 9 6 3 0 b O)pgtf�t=�ffl 
1;,fs: 9 6 3 5 �fl9 60 �ffl{;,fs: 9 6 3 5 ti., P.fif:lff� 9 6 4 0 �Jffi I), f'!1;,fs: 9 6 3 0 a� f'!1;,fs: 

9 6 3 0 b t:: tJl "=:) --C �1Ht t; ti, --C v ' 6 o 

(0176) 

*mff� 9 6 3 1 a ti., �ff�� :9 'Y T J\,:Z--. JvO)iJ:!tl!¼ 9 6 3 2 a � 9 6 = �ti���, *m � ti,
f;:ffl11f:::t--9 6 3 8t::✓S,;h,6=��-=?'-:9>-J:J�96=�iJ{��60 ld:B, *mff�9 6 3
1 a t::as1,,,--c/i., �{JU� G--C#7.tO)'JlJ:!fl!¼iJ{*mO)Jj-O)�jt��fl96t:l'§:fflt t 5#5.tO)iJ:!t.'!¼
iJ{ :9 'YT J'\;t JvO)�jt� � fl9 6 f:l'§:M � m L, --C v '6 iJ{�f:l'§:M t:: mUE'. � ti,ld: v 'o *mff� 9 6 3
1 a O)�--C O)'p]!JJ!¼iJ{ :9 'YT l '\,:Z--. JvO)�jt� � fl9 6 f:l'§:M � L, --Ct ff!. v 'o 17U :z ti, *mff� 9 6
3 1 a O)�[ffi� :t--;j{-r ;j{:9 Y*m�i±--C :9 'Y 7J'\;tJv� l,,, *mff� 9 6 3 1 b �*m

nruoo � G --c ffl 1,,, 6 = � iJ{� � 6 0 

(0177) 
;if;:, *mff�9 6 3 1 b t::as1,,,--ct*mff�9 6 3 1 a ��tft::, *mff�9 6 3 1 bO)�tf� 
� :9 'YT J\;t JvO)'pjJ,i!¼ 9 6 3 2 b � 9 Q = � iJ{� � Q O * f;:_, :9 'YT J\;t JvO) :t--;t{-r 
*mW I) ff ;z ;f,' :9 Y 9 6 3 9 iJ{*m � ti, LV, 6{V:u'[t:':�-?A:91 5 A 1d: c:'� ✓S,;h,6 = � �
*mff� 9 6 3 1 b t= :t--;r,·-r ;j{ :9 Y*m9 6 = � iJ{

--

e � 6 0 

(0178)

;if;:_, :9 'YT J'\;t JvO)'JlJ:!� 9 6 3 2 a � :9 o/ T J\;t JvO)'JlJ:!fl!¼ 9 6 3 2 b ,::xt L, --C �B�t:: :9 
'Y 7,AjJ96 = � t-e�6o 

(0179) 

;if;:_, *mt -r@ I) ff ;z A 1 'Y T 9 6 2 6 ti., i%l*mx. /i.tit*m 7d: c:' O)*mO) fol� �@ 
l)ff;z, �ffl*m-?�5-*m0)@1Jff:zld:���m��6o �ffl1Jt-rWiJff:zA1
'Y T 9 6 2 5 ti., :9 7' v 'Y f' �Y@ * 9 6 0 0 t:: pg� L, --C v, 6 ::W; t Y-1:r �t� /:ti� ti, 6 {ij!ffi �
0) j} ::W; 0) ::Y6!1! ,:: fit {j L *m 0) •sr � �J@ld: t 0) � 9 Q = � iJ{� � Q O :9 7" V 'Y f' ��*ti.
::Y6tY-l:r�0�7d:<, ��1 □, W�BrtY-l:r�O)ffl���tti96tY-l:rld:�O)�O)�ttl
�]][�pg�� i±L t J: V 'o 

( 0 1 8 0) 

;if;:_, � 9 (A) �ti.*mff� 9 6 3 1 b �*mff� 9 6 3 1 a O)*mOOffiiJ{� G17U� m L, --C 
v"6 iJ{f�t::mUE'.� ;h,f, �1.JO)-l:r1 f.. � t 5 �1.JO)-l:r1 f..iJ{�ld: "=:)Lv'--Ct J: <, *mO) 
r:fi!i�t�ld: "=:)Lv'Lt J: v'o fJU:z1£�1.JiJ{1if!1.i J: IJ t ra1fi1J\%1Illd:*m�fi :z6*mJ'\;tJv� 
G--CtJ:1,,,0 

(0181) 
� 9 ( B) /i., MG f;:�t,&� J, I), :9 7' v o/ !-- �Yiffi* ti., 7'!1;,fs: 9 6 3 0, ::t:!Wfffl?fh 9 6 3 

3, DC DC =r Y 1\-:9 9 6 3 6 � �<G'ft1i!x:ffllU1f€11@J� 9 6 3 4 fl9 6 o ;if;:, �ffl,f;,fs: 9 

6 3 5 � l,,--C, *9B8)j0)�,&�C:':{*Q�ffl1;,fs:�}=§\,,>Qo 

(0182) 

7d: B, :9 7v 'Y f' �Y@* 9 6 0 0 Ii. 2 Jtfr 1) P.fjt�ld: f;:_�, *1!1!fflB�t::f'!{;,fs: 9 6 3 0 a BJ: 
rrf'! 1* 9 6 3 o b � m: �'Eli± 6 J: 5 ,:: tfr 1J t;: t;: t.' = � iJ{� � 6 0 tfr u t;: t;: t." = � t= J: u , 
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*mffB 9 6 3 1 a, *mffB 9 6 3 1 b � f*!.I-C � Q t::..fb, !J 7' v '1/ 1-- �!JJmL5K 9 6 0 0 O)ffiN
!Z'�It � �fb Q-::. � t.r{

--
e � Q O ;i. t::.., *3BBJ.lO)�JtJ,tJO)�ffl{*� fflv \f::..�ffl{* 9 6 3 5 ti.nJ

tJHit � fl L,, HBt--f{$ /£ L, ��I)� L, L tJ ftnj(ffl�_;-l:;b-qj:£� L, r:::: < 1; \0 J:-::> L' filt!J:i'i1:0){J!
nk!J�vo/r-��*�m�-c�Qo

( 0 1 8 3] 

;i.t::.., ,:_O)f-ff!t:::::'t;�9 (A) BJ:cl�9 (B) t:::::mL,t::..!J7''v';J }-��*Ii., �,q/J:'il'r¥i 
(ff�@, �@, T�Ar-@•IJ:�) �*m9Q-�, nvY�-, BMX���IJ:�� 

*mffBt=*m9 Qm1Jig, *mffBt=*m L, t::..'ll!r¥i � !J '1/ =f--A1Jf:i{'FXl:iifi!m9 Q !J '1/ =f--A1J
mnig, �,q tJ: '_) 7 1-- r; :r. Y c:1'o 7'' :1 A) ,= J:-=> -c �:E-' � iuriw9 Q 1�!Htlg, � � fl9 Q-=- �
iJi-C � Q 0 

( 0 1 8 4] 

!J 7'' v '1/ 1-- ��lffi*O)*ffi t=�� � nt::..::tJiffla!! 9 6 3 3 t,:::: J:-=> -C, ffljJ � !J '1/ =f--J'\,:Z-Jv_
*mffB, X /i.H,W:•1i ��:E_I ffB� t= f��9 Q -::. � iJi-C � Q o iJ: B, ::tJtffla!! 9 6 3 3 Ii., �
{* 9 6 3 o 0) JtffiXti.ruITffi t=B1Ht Q-::. � iJi-C �, �fflw 9 6 3 5 0)3t·� � 3tu$1'1kJ t=fr 5 ffl
fflG � 9 Q ,::. � iJi-C � Q o iJ: B�ffl{* 9 6 3 5 � L, -C /;i, 1) =f--r; .b-1 7t Yffla!! � ffl v \ Q �,
tj\�{t � �nQ�O)frj,r�iJ{�Qo 

(0185] 
;i.t::.., �g (B) t,::::m93tn5i:ffltLl1fW@J�9 6 3 40)fflifflG, BJ:cl�{fpt,::::-::,1;\-c�g (C) 
,= 7

y
o ,;; '7 � � m G �BJ.19 Q O � g cc) t= ti., ::.t:�fflatt g 6 3 3 , �fflf* g 6 3 5 , o

CDC =1 Y }�-!} 9 6 3 6, =1 Y }�-!} 9 6 3 7, A-1 ';/ =f--S vV 1 l'J� S vV 3, *mffB 9 
6 3 1 t,::::-::,1;\-cmG-CBIJ, �ffl{*9 6 3 5, ococ=i.y;\-!J g 6 3 6, =1Y1�-!J 
g 6 3 7, A-1 ,;; =rs vv 1 l'J� s vv 3 iJi, � g c B) t=m9.1En5i:ffltLlfiW@� g 6 3 4 c=x-t 
Et 9 Q ffif pfr � iJ: Q 0 

(0186] 
;i.f>7t-7'tJ,::::J: U::.t:�ffltl:!!9 6 3 3 t,::::J: IJ3BffliJi�nQ:f:�-3"0)�{'FO)f:JLlt,::::-::,1;\-c�BJ.l9Qo 

::.t:�ffltl:!!-C3Bffl L, t::..ffljJ ii., �ffl{* 9 6 3 5 � 3tffl9 Q t::..fbO)fflff � iJ: Q J: -5 DC DC =1 
Y ;�-!J 9 6 3 6 -C�EEX /i.�ff iJi!J: � nQ o -t-L,-C, *mffB 9 6 3 1 O)�{'F t=::.t:�ffltr:!! 
9 6 3 3:;b'>t;O)ffljJiJij=§l;\t:)nQ�t=ti.A-1'1/=f--SvVl �7tYt,::::L,, =1.YJ�-!}9 6 3 7 
-c*mffB 9 6 3 1 t=�-�IJ:fflff t=�EEX /i.�ff � 9 Q-::. � � iJ: Q o ;i. t::.., *mffB 9 6 3 1 
"1:0)*m�fr;b;IJ:l;\�,=1:i, SvVl �7t7c,::::L,, SW2�7tYC,::::L,-c�ffl{;t9 6 3 50)7E 
ffl � fr -s fflJJx: � 9nt£ J: 1; \0 

(0187] 

IJ:B::.t:�ffltr:!! 9 6 3 3 t,::::-::,1;\-C/i., 3Bffl-=fo�O)�f:JU� G-CmGt::..iJi, tit=m�JE�nf, EE 
ffl*r c 1::: .:c '-J'*r) ��•��*r c -"JvT-1 .:c*r) tJ: c'O){-ff!0)3Bffl-=¥-� c= J: Q �• 
{* 9 6 3 50)3tffl�fr-51:l'liJJx:-C �-=> -c 'tJ J: v \0 ,f:9U .:z 1£, m€,%l (�p�f§g!) c'ffl1J � ��{i L, 
-C:1tffl9Qffl��ffl1J���Vi-��, ;i.k�0).7Effl-=fo��fflhi'i-btt-Cfr-5fflJJx:�L, 
-C'tJJ:v\o 

(0188] 
� 1 O c,::::, {-ff!O)fflrm�O)f:9Ll�m9o � 1 O c,::::Bi;\-c, *m�ul[ 8 O O O Ii., *3BBJ.l0)� 
JtJ�t=tiQ=<xffltl:!!8 o o 4 �fflv\f::..fflrm�O)�fyLlc'�Qo J!A*El�t=, *m�ul[8 o o 

0 /;i, TVJ'.&��{§J=§O)*m�ul[C,::::t§¥iL,, �{*8 0 0 1, *mffB8 0 0 2, Al:::-nffB 
8 0 0 3, =<xffltl:!!8 0 0 4��fl9Qo *3B8J.jO)�)'tJ�t={*Q=<xffltl:!!8 0 0 4/;i, � 
{* 8 o o 1 O)IAJ'ffBt=B1Ht Gn-cv\Qo *m�ul[ 8 o o o Ii., lffifflfflilJiJ" GfflJJO){���� 
t-t Q -=- � tJ -c � Q G, =<xffltr:!! 8 o o 4 ,= �m � nt::.. fflJJ � ffl 1; \ Q -=- � tJ -c � Q O J:-=> -c
, wffltJ: c' c= J: 1J lffifflfflWRiJ" G fflJJ O){��iJ-r.�,-t G ntJ: 1; \Bi-C'tJ, *3BBJ.lO)�JtJ,tJc=f*Q 
=<xffla!! 8 0 0 4 � m€wfflffl1JJ � L,-C }=§1; \Q,::. � -C, *m�ul[ 8 0 0 0 O)frjffl iJinJtm � iJ: 
Qo 

(0189] 
*mffB 8 o o 2 t=ti., 11!l.mi*m�ul[, flmE L*r/J: c'0)3B3/6*r�:e-@*t=fiffi.:zt::..3B:Yt
�IL ffl�rik�*m�ul[, 0 MO ( 0 i g i t a 1 M i C r O ID i r r O r O e V i
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c e), PDP (Plasma Display Panel), FED (Field 

Em is s ion Dis p 1 a y) !;r_c'O), ��{;,fs:*��fl'[�J=l=n,Q-=:. �;iJ�-C�Q0

(0190] 

/;r_ B' *m�fl'[t:: /i., T Vti)(*�{§J§ 0){11!, }\-'} j-Jv =i / � .:1.. - � J=l=L J.t **mffl /;r_ t:' 
, �--C O)'[l'P��*�ffl*��fl'[t.Ji'2i' ;i ti,Q o 

(0191] 

� 1 0 t::Bv'L, }J.li;z{1tJMO)�B)j�fl'[ 8 1 0 0 /i., *9BBJ§O)�,J,tft::{*Q=tRffllt!! 8 1 

0 3 �ffiv,t::ffl--r�WO)�{fUc'd0Qo J!f*1¥Jt::, ?,ijBJ§�fl'[ 8 1 0 0 ti., ffi.{;,fs: 8 1 0 1, 'J6 

1� 8 1 0 2 , =<,J\ffl'.lfil 8 1 0 3 � � fl9 Q O � 1 0 -C Ii., =<,J\ffl'.lfil 8 1 0 3 t.Ji, i'! {;,fs: 8 1 

o 1BzO''J6�81o2t.ii}J.li;z11t-tGtLt::x#81 o 40)113ff�t=i�t-tGt1--c1.-,Q:f:���wum

G--Cv'Qt.Ji, =<,J\ffl'.lf!!8 1 0 3 /i., i'!-tfs:8 1010)113ff�t::�t'tGtL--Cv"--C'6J:i.lv'0 �ijBJ§�

fl'[ 8 1 0 0 ti., lffiffl'�t�i.>" Gffl:1:JO){����t't Q-=:. � :t-c � Q G, =<,J\ffl'.lfil 8 1 0 3 c::�

ffl � ;ht:: ffljJ � ffl v' Q ,:_ � :t -C � Q o J:. -:::i --C, Wffl /;r_ c' t:: J:. I) lffi ffl fflt�i.>" G ffljJ O){��t.Ji
� t't G ;hl;r_ v ,a�-c:t, *9£8Jj0)�,J,tf t={*Q =<,J\ffl'.lfil 8 1 0 3 � ffi€{¥'�ffl� � L, --C fflv, Q
-=-�-c, ���fl'[81000)�ffl�m��/;r_Qo

(0192] 

!;r_ B, � 1 0 -C/i.x# 8 1 0 4 t::� t't G tLt::}J.li;z{1tJMO) ?�BJ§�fl'[ 8 1 0 0 �{fU� L, --C v, 
Qt.Ji, *9£8Jj0)�,J;f1JH::1*Q={,J\ffi'.lf!!/i., x#8 104J;)J1k wU;ztifflU�8 1 0 5, W8 
1 0 6, � 8 1 0 7 � t:: �� t't G tLt::tJ.li ;z {1tJMO) �ijBJ§�fl'[ t::ffl v, Q -=:. � :t -C � Q L,, 1:j[J:: 
MO) �BJ§�fl'[!;r_ t:' t::fflv, Q-=:. � :t -c � Q 0 

(0193] 

;it::, 'J61� 8 1 0 2 t:: ti., ffl:1:J � %Uffl G --C AIEI� ,::'Jf, � f� Q AI'J61� � ffl v, Q -=:. � t.Ji-C � 
Q o J! W 1¥] t:: ti., El �l(�lsJt � 'Jt'RJ /;r_ c' 0) 1i!x:ffl 5 /' -;/, L E D V fl� E L * --r !;r_ c' 0) 9B'Jt 
*-rt.Ji, J::BcAI'Jtf�O)�,WU� G--C$tJ'GtLQo

( 0 1 9 4 J 

� 1 0 t:: Bv 'L, �113� 8 2 0 0 Bzlj�5f--� 8 2 0 4 � fl9 QI 7 ::I ::,,,-::f' 1' V 3 j--/i., 

*9BBJ§O)�,J�t::f*Q=1,J\ffl'.lf!! 8 2 0 3 �ffiv,t::ffl--r�WO)�,WU-Cd0Qo J!{;,fs:1¥Jt::, �113
� 8 2 0 0 ti., ffi.{;,fs: 8 2 0 1, *m□ 8 2 0 2, =1,J\ffl'.lfil 8 2 0 3 ��fl9 Qo � 1 0 -C

ti., =1,J\ffl'.lfil 8 2 0 3 t.Ji, �113�8 2 0 0 t=i�tj GtLLv'Q:f:���ffUmGLv'Qt.Ji, ={,?\
ffllt!! 8 2 0 3 ti.�71--� 8 2 0 4 t:: �� t't G ;h --C v, --C :ta v 'o Mv, /i., �113� 8 2 0 0 � �71-­

� 8 2 0 4 O)fiuJ:7:J t::, =<,J\ffi'.lfil 8 2 0 3 t.Ji��tj G ;h --C v 'L :t J:i,l v '0 I 7 ::I /'-r'1' V 3 j-­

ti., lffifflffl�t.J-. G ffl:1:J O){�� � � t't Q -=:. � :t -c � Q G, =1,J\ffl'.lfil 8 2 o 3 t:: �ffl � tLt:: ffl

jJ � ffl v' Q ,:_ � :t -C � Q O !rf t::, � 113� 8 2 0 0 � �71--� 8 2 0 4 0) fiuin t:: =1,J\ffl'.lfil 8 2
0 3 t.Ji��t't GtL--Cv'Q:f:��, {¥'�/;r_ c't:: J:. 1) lffifflffl�i.>" Gffl:1:JO)��t.Ji�t't G;h!;r_1,,,�-c
:t, *9BBJ§O)�,J�t::1*Q=<,J\ffl'.lf!!8 2 0 3 �m€wfflffl1�� G--Cffiv'Q-=:.�-c, iy=i::,,,
-=f' 1' 1/ 3 j--0) frJ ffl t.Jim im � l;r_ Q 0 

(0195] 

l;r_B, � 1 0-C/i., �113���71--�-Cffl��;hQtJ\v- J--MO).:cy=i::,,,-=r'1' y3j--� 
,ffU� G LV, Qt.Ji, �l13�0)�g� ��7t-�O)�g� � � 1 -:)O)ffi.{;,fs:t::fl9 Q �f*MO)I 7 =i::,,, 
-r'1' v 3 j--t::, *9BBJ§O)�,J�t={*Q =1,J\ffl'.lfil � fflv, Q-=:. � :t -c � Q o 

(0196] 

� 1 0 t::Bv'L, ffl��'t'!{:.[�Jl!;)_ij[ 8 3 0 0 /i., *9BBJ§O)�,J�t::{*Q=1,J\ffl'.lf!! 8 3 0 4 � 

ffiv,t::'�--r�WO)�,WU-cd0Qo J!{;,fs:l'i�t::, ffl��?!f:-[f't-J!!:)_ij[ 8 3 o o Ii., ffi.{;,fs: 8 3 o 1, � 
Jl!:�fflm s 3 o 2, f't-?!{:.[�fflm s 3 o 3, =<,J\ffllfil s 3 o 4 � � fl9 Q O � 1 o -c Ii., = 

1',J\ffl'.lf!! 8 3 0 4 t.Ji, ffi.{;,fs: 8 3 0 1 0)113ff�t=��tj GtL--Cv'Q0 ffl�f't-?!{:.[�Jl!;)_ij[ 8 3 0 0 /i., 
lffifflfflt�t.J-. Gffl:1:JO){��� �t't Q-=:. � :t -c � Q G, =?,J\ffl'.lf!! 8 3 o 4 t::�ffl� tLt::ffl:1:J � 
ffl v' Q ,:_ � :t -C � Q o J:. -:::i --C, {¥ffl!;r_ c' t:: J:. I) lffifflffl�i.>" G ffljJ O)��t.Ji� (j G ;hl;r_ v '� 
-c:t, *9BBJ§O)�,J�t::1*Q=<,J\ffl'.lfil 8 3 0 4 �ffi€{¥fflfflt�� G--Cffiv'Q-=:. � -c, ffl�� 

�f't--)_ij[83000)�ffl�m��/;r_Qo

(0197] 
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�B. L�Lkfflrmffl©5�. fflrvYV�©���mM��- -��&ffl��©fflr 
mfflti., mB'ffFa9-C�lt v�:i:J � �-� � 9 6 o J: ":) L. lffifflfflilffi-C/i.J!1n, � ,ti.,� 1t v�:i:J �M@ 
9 6 /;:-.&')©M@ffl'imU:: L -C. *9BS)j0�,J;ftH::{*6 =i'>zffl?lf! �)=§It, 6::. � -C, -�r-ffl© 
{!1!ffl B'ff ,:: lffi ffl fflt»R © -f v -jJ -tJ1� � 6 © � �n <:-::. � tJ1-C � 6 0

(0198] 
* t;:-., -� r•ffltJ1{!1!ffl � n� 1t ,�ra91ff. l'fft::, lffifflffl1lffi©{�Mi_:n;tJ1{�if-ifaJ1:1� ��ffl:i:J m©
5 �, �l�H::{!1!ffl � ,h.,6 ffl:i:Jm©�Lli'r (ffl:i:J{!1!ffl$ � Uf✓,;�) tJ1{H;1t "B'ffFa91ff,:: Bit ,-c, =i'JZ
-�?lf!t::·�:i:J ���-CB< ::. � -e, LElc�Fa91ff PJ-:9}t:: B1t ,-cffl:tJ�ffl$tJ1� * 6 © � tfP x 6
::.�#-C�6o ��� -����--8300©�i'r. �m#�<. �-�fflD830
2, �i'*�fflD8 3 0 3©!ffl!?JltJ1fi;b,h�1t,16zFa9,::B1.,,-c, =i'1Zffl?lf!8 3 0 4C::ffl:i:J��
x6o TL-C, �m#�<�1J. �-�fflD8302, ���fflD8303©!ffl00#fi;b
n 6 /Ef.Fa9 ,:: B 1t, -c, =i'>zffl?lf! 8 3 0 4 � M@ffly,J,ffi � L -c ffl 1t, 6 ::. � -c, /Ef.Fa9 0·�:i:J {!1!ffl $
� {fl; < tfP � 6 =- � tJ1-C � 6 0 

(0199] 

*9Bs)j0�,Jt!H= J: rJ. =i'>zfflrt!!®-1:t1 Y fvl'ff'l1:tJ1.&:llf � � 1J. {1tfJM1: � fnJL �tt 6::. �
tJ1-C � 6 o * /;:-_, *JBS)j0�,J;f1JH:: J: n/£, =i'>zfflrt!!©l'ff'f± � fnJL9 6::. � tJ1-C �, J: ":)
-C, =i'JZ'�rt!! El{;$:� 1JY�!J.!{[I_;L{�9 6::. � tJ1-C � 60 T©f;:-.&9*JBS)j©�,Jt!'fc'cD 6 =i'JZ'�
?If!�. *�1il!!®�'&c'fillS)j L /;:-_ fflr.fflt::mtx;9 6::. � -c. J: I) :lst�ifu-C. J: I) !{!I_;L�ffl 
r-ffl�96::.�#-C�60 *�1il!!0�g�, �©�1il!!0�g���ffl�i'rbtt-C�n1!!9
6 =- � tJ1n.rn� -c cl') 60 

(0200] 

(�nl!!®�'J 5) 
*�1il!!®�'J-Cti., 1$[fitITt::*JBS)j©�,Jtf-CcD 6 =i'>zffl?lf! � mtx;9 61:7Ll� m9o 

(0201]
=i'>zfflrt!! � 1$[fitITt=m1x;9 6 �. J\1 :f 1J ,y J--; • c HE v) • •� El'.ltl• c Ev) • x.ti. 7° 
5 ,:1·.,, y J\1 -:1· iJ ,y J--; • c P HE v) �®i'JZttt{� y iJ -y i;t-. Jv:¥-El 1JJ1$[ � �rJ?.-c � 6 

(0202] 

� 1 1 ,::B1.,,-c, *JBS)j0�,J,tf-CcD6=i'>zffl?lf!�ffi1t,t;:-.1$[fitil�-f:7Llm960 � 1 1 (A) 
c::m9EJ'.ltJ1$[8 4 o o Ii.. JEfi©t;:-.&9©'.ltl:iJWR� L-Cffl�=c-�-�ffi1.,,6ffl�El1JJ1$[-C 
cD 60 * t;:-. ti., JEfi©t;:-.&1)©:lt]jJy,J,ffi� L -Cffl�=c-� -� .:c YV Y ����tR L -CJ=§1t,6 
-:_ �tJ1PJfl'��J\.,Y 7''l) ';/}; El'.ltl$-CcD6o *9BS)j0�,J��ffl1t>6::. �c·, JaJ'U®'r:Ii'eWJt©:lst
1t '$fi!il � �lJ?,9 6 ::. � tJ1-C � 6 o * /;:-_, E11JJ1$[ 8 4 0 0 ti.=i'>zfflrt!! � fl9 6 o =i'>zfflrt!! /i. 
-�=c-�-8406�-:lt]96�0-C�<- Ao/};5-1'�8401��-A5-1'� (�
mttf) � c'®JB:Yt��,=ffln ��Mi9 6 =. � tJ1-c � 6 0

(0203] 

* t;:-., =i'>zffl?lf!ti.. EJ1JJ1$[ s 4 o o iJ1fl9 6 Y- 1::::- J--; ,){-� -. � =i ,){-� -� c:·0�m
�� ,:: ffl:i:J � {�Mi9 6 ::. � tJ1-c � 6 o * /;:-_, =i'>zfflrt!! Ii., El 1JJ1$[ 8 4 o o iJ1fl9 6 j- t:::' ,y·
-V 3 YV AT A� c:·0��1*��,::fflj:J �{�Mi9 6::. � tJ1-C � 60

(0204]
� I I ( B) ,::m9 EIIJJ1$[ 8 5 0 0 /i., EIIJJ1$[ 8 5 0 0 iJ1fl9 6 =i'>zffl?lf!,:: 7°5 -7·.,y Y15 
���F*f§!t!Miffl15��c:: J: 1J 51-i't�©YBffli�{imiJ" Gffl:i:J{�Mi� �tt-c. 7Bffl9 6::. � tJ1-c � 
60 � 1 I ( B) c::, itHL$'.ul[�©7Bffl�fll[ 8 0 2 1 iJ" G E11JJ1$[ 8 5 0 0 c::mtx;� ,ht;:.= 
i'JZfflrt!! 8 0 2 4 ,:: ' 7 - 7" Jv 8 0 2 2 �*LL ftffl � fi ":) L It\ 6 �,J � m9 0 ftffl ,:: � L 
-C/i., 1Bffl15m�=i;t-.Y�-©m��ti.CHAd eMO (��lffi:t�) �=iy;j{�©pfrJE'.© 
15�-C��fixt£J:1.,,o 1Bffl�fll[8 0 2 1 /i., lffiffl1il!!i�,::$'.ttGnt;:-.1BfflY-7-V3 Y-C 
ti J: <, * /;:-_�JE;©fflt»R-C cD ":) -C ti J: It ' o f:7Ll � ti, 7° 5 -7·.,y YiStffi ,:: J: ":) -C, 51-{f�iJ" G © 
ffl:tJf�Mic= J: ,J El'.ltl• s s o o ,::m1x;� nt;:-.=i'>zfflrt!! s o 2 4 � 1Bffl9 6 =. � tJ1-c � 6 0
7Bffl/i., AC DC =i Y J�- � �©���fl![� 1r L -C, �yJitffljJ � Il[yJitffl:iJ t::�� L -Cfi 5 
=- � tJ1-C � 6 0 
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(0205) 

* t:: , � m G � " " t.>1, � ffl� ui � $ TTfii ,:: m :i,,1t G , tif! --1::: 0) � ffl� ui n-. G -� n � 1F � f§!tn:: 13k Mr
G -c1E·�9 Q.:. � :t -e � Q o .:. 0)1p�f§!t!M:fffl1JAO):f:�i'i-t:: /:i, ��-?51-�t=�-��ui � ifJl
J:,.)6_,t}.:. �

--

e, W$tj=rt::13.N.Gi2�fiq=rt::1fiffl�fi5.:. � :t--e�Qo *f::, .:.0)1p�f§!t!M:fffl
0)7:JA�frJffll,-C, $TTui�'5 G--C-ffljJ0)��1��fi-=>-C:tJ:1,,-. o � Gt::, $TTfiJ0)9}�!f�t::
:i( �ffln!! � i� tt, {¥ $ B�-? � fi � t:= = 1'JZ ffln!! 0) 7fi ffl � fi -=> -C :t J: v "o .:. 0) J: 5 � 1F � f§!t! --C­
O) ffljJ 0){3kM:f t:= l:i, ffli1Hi�J:JA-?l,1tW::!¾ql1JA � fflv" Q.:. � t.>1--e � Q o 

(0206) 

*f::, � 1 1 (C) /:i, ::z!s:3BB)jO)�J1&�0)=1'Xffln!!�fflv"t::='1fa$0)�f:9U--C-J6Qo � 1 1
cc) t:=m97-.-:7-� 8 6 o o 1:t, ={xffln!!8 6 o 2, -it-1 r � 5-8 6 o 1, nfoJt!'tm

n 8 6 o 3 � fim � Q O =1xffln!! 8 6 o 2 1:t, 11 foJt!'tmn 8 6 o 3 ,:: ffl� � 13kM:f9 Q .:. � n1

'"C:'�Qo

(0207) 

* t::, � 1 1 ( C) t:=m9 7-.-:7-� 8 6 0 0 /;i, �frtl'" Jl:K*lf;J 8 6 0 4 t::, =1'JZ'�n!! 8 6 0
2 � �Xffi9 Q .:. � i.)1-e � Q O =1xffla!! 8 6 0 2 l:i, �frtl'" �Xffi 8 6 0 4 i.)i1j\� --e d0-::> L :t
, �frtl'" �x*lf;J 8 6 O 4 t:=�xffi9 Q.:. � f.>1--C-� Q o 

(0208) 

::z!s:3BB)j0)� :l1&tf t:: J: t11£, ={xffln!!O)-Jt-1 -:7 Jv�it±n1Nw � � ,J, 1��'1'± � fo1 --1::: � tt Q .:.
� t.>1--e � Q o * t::, ::z!s:§BBJjO)� :l1&�t:: J: ;hi£, =1'Xffln!!O)lt�·l>It � foJ J::9 Q .:. � t.>1--

e �, J:
-=> -c, =1xffln!! § 1* � ,J\��mfL9 Q.:. � n1 --

e � Q O =1xffln!! § 1* � 1J\��1i;.1L--e � t11£
, $ TTfii 0) �1i;. fL ,:: *-9-9 Q t:: 6b, J!!Jt�Ji!em � foJ --1::: � tt Q .:. � n1--

e � Q O * t::, $ TTfii ,:: m:i,,1t
l, t::=<Xffln!! � $TTfiJJ;_J,1}0)ffljJ{3kM:ftl!R � l, -C ffiv" Q.:. � :t '"C' � Q o .:. O):f:�i'i-, ffljJ'rffi�O) 
1::::--:7 B�t:: lffifflffl� � ffl 1,, "Q .:. � � @]�9 Q .:. � t.>1-e � Q o

(0209) 

::z!s:�1.n!! 0) ID :l1& /:i, {if! 0) �1.nfi 0) ID :l1& � J®1rifJlJ:,.i'i-btt-c �1.n!! 9 Q .:. � t.>11:iJjtjg --e J0 Q o 

( �1.n!!fJU 1 ) 
(0 2 1 0) 

::z!s:�1.n!!,WU--C- /;i, ::zls:3£8)jO)�J1&�--C-d6 Q i£filj$!WJ� � {'F� L,, �iE�t�fm� t:=-:=>v "-C S TE 

M--C-&.L,k��, TEM·���7-l)I��L,k��, BJ:Oi���-���XS

��tfr ( E D X) L, t::�� t:=-:=> v "-C fil?.B)j 9 Q o 

(0211) 

::z!s:�1.n!!fJU--C-/:i, i£filji�fm� � L, -C, ffi 1 0)'11Ji:f:.!!Xi.>1fl9 Q 1) =f-r) l>. � ffi 1 O)jlf$��0):rii'i­
®{L!W � G -c, =r J\Jv r- • 1J =r r; 1>. � fl G, ffi 2 O)iJit.l!¼t.>1fl9 Q, ffi 2 O)Jlf$��0)®{L
!WJ�l,-C, =f-�Y®l)=f-r)i>.�fll,, ffi30)ffl��fl9Q, -��-0)-�!WJ�l,-C, ® 
{f::: "? ,7'� V 9 l>. � fl9 Q :t 0) � {'F� L, t::o

(0 2 1 2) 

[iE�$/W�O){'f::�J 
::z!s: �1.n!! fJU--C-/:i, tti 3£ mt )¥1 � L, -c =r ; \ Jv 1" ® 1) =f-ry l>. lf!ft -i'- ( B ::z!s:{L "¥ IJ\�tt A� t± �, lffi rfi!i 
:fr : C - 2 0 F) � ffl 1,, "t::o -i-0) t:: clb::z!s:�1.n!!,WU--C-/;i, �1.nfiO)ID,& 1 --C-fil?.B)j L, t:: 7-. T 'Y 7° S 

1 2 B J: a AT';/ 7° s 1 3 � � � L, t:: 0 �BJ:: fJC =r J \ Jv }-- • 1) T ry l>. ;f!ft-j'- /;i, lf!ft{l i.)i� 2 
0µm--C-J61), �ffi�7o/., "?��Vr;l>., ��Vr;l>., �}--l)r;l>., Vl)=rY, afi 

, 1) Y�'2t"<l"=1J\Jvr-®1) =f-r)Alf!ft-i'---C-d6Qo

(0213) 

<JZ t:=' AT';/ 7° s 1 4 � L, L =r J\}v }-- • 1) Try l>.lf!ftr t= 'f}vlf'Jvm t:= J: I) T � Y®{f:::!W � 

1BHI L, t:: 0 J!A*EI� ,:: l:i, =r J \ Jv }--• 1) T ry l>. ;f!ft T ,:: ' T � / -1 ',) 7° tJ ;f-' :f- 1/ r � =r J \ Jv }-­
® lJ =f-ry 1>. t:= xt G -CO. o 1 m l/gO)�Ui'i---C-tfili'i-G, -1:J7°t1J"\_}-Jv�-i-O)�i'i-fmt:: 
xt L, -C 4 m 1 / g � � Q J: 5 t:=tfili'i- L, t::o t L, -C ::k� q=r 0) 7}(� �&Tit� ii Q .:. � --C-, =r J\ 
Jv 1" ® 1) =f-r; Alf!ft-i'-O)�ffi � =f-� Y®{L!W--C-1££.11 L, t::o

( 0 2 1 4) 

<JZ t:=, =f-� Y®{L!W--C-1££.11 � ;ht:: =r J\Jv 1" ® 1) =f-r; Alf!ft r � 1J□� L, t::o "? ,y 7 JvtP � ffl 1,,"
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--c 1JiL:;.1 0 L ""ID i nO)A i r jJ;z..�oo�t=--c 8 0 O°C, {5jtrf�Fa9 2 B�Fa9-C1J0�Gt::o 

(0 2 1 5] 
11U::, 1J□� � ttt::fft r � �flilLi -Cr{'rtP L, t::o {��flir.JJtiJ" G �flir. * -CO)Mcflir.B�Fa9 Lt 1 O ------1 
5 B�FaEJ � L, f::o 

(0 2 1 6] 

m:1� t:: �:tP � ttt::fft r � @J�Y. L,, iftiijm!fo/J� � f�t::o 

(0 2 1 7] 
[ST EM] 

f�G;ht::iE;f�IJUi!r�m��' ST EM CB*fflr;f¼;i:\;�t±�J EM-ARM 2 0 0 F, 1JDJ£ffl 
ff 2 0 0 kV) -Cij.L,f::o f� Gttt:: TE M�� � 1 2 t::m9o � 1 2 ,::m9 J: -5 ,::, iE 
fitffyi5!fo/J� /j:_, ffi 1 O){JJ{f!!JG 1 0 1 �, ffi 2 O){JJ{f!!JG 1 0 2 �, ffi 3 O){JJ{f!!JG 1 0 3 � � L, f::0 ffi 
3 O){J]it� 1 0 3 /i.®11:: 7 -::'f ;t -V r; A -C d0 t), ffi 1 O)iJt� � ffi 2 O){JJ{t� J: I) :-/:; B] Q It '-fJ]it� � 
G--C■-�tLko *kffi10)ffl��ffi20)ffl�O)��O)���-$-C-�L,, ffi20)ffl� 
�ffi30)ffl�O)��O)���-$-C-�Gko 

(0 2 1 8] 
[F FT] 

� 1 2 t::m9 ST EM�g=rO) 1 0 3 FF T-Cm9iJ�O), FF T (ia'JJ£7-1) I2£�) �
�� 1 3 (A 1) t::mL,f::0 � 1 3 (A 2) Ii., � 1 3 (A 1) O)g=r1t.\}i�o�+*-CmL, 
, *i}�A, B, C�J:L-Cl!tl-::>--CmL,t::�-Cd0Qo �f!H::, 102 FFT-Cm9fJJ{�O)FF 
T���l 3 (B 1) t::mL,f::0 �13 (B2) /i., �13 (B 1) O)q=i1t.\}�O�+*-c 

:rr-L,, *',�A, B, C�J:L-Cl!tl-::>--C:rr-L,f::�c-d0Qo *f:: 1 0 3 F FT-Cm9{1]{t!!JGO)F F 
T��� 1 3 (C 1) t::mL,f::0 � 1 3 (C 2) /i., � 1 3 (C 1) O)g=r1t,\,�o�+*-c 

mL,, *'�A, B, C�J:L-Cl!tl-::>--C:rr-L,k�-Cd0Qo 
(0 2 1 9] 

�1 3 (A2) t::mL,f::*',�A�q=rh,�OFaEJO)Ji'eliHi., d 0. 2 5 6 nmc'd0-::>f:: 
o *l,�B�g=r1t.\}i�OFaEJO)Ji'elilfHi., d 0. 2 4 1 nm-Cd0-::>f::o !1I,�C�g=r1t,\,�0Fa9
O)Ji'eliifUi., d 0. 2 0 9 nm-Cd0-::>f::0 *f::, LCOA= 121 ° , LCOB= 5
2 ° , LAO B = 6 9 ° "c' d0-::> f:: 0 ::_ ;f1 t::) 0)��7J'> t::), 1 0 3 F F T-C:rr-9{JJ{f!!JG li.W£1[:: 7
�;t-Vr;A (MgO, �n�)"c'd0Q::_��m-�ttko 

(0220] 
��t::, � 1 3 ( B 2) t::m L, t::*l,�A � g=r1t,\,� 0 FaEJO)Ji'eNitUi., d = 0. 2 3 8 nm -c 

d0-::>f::o *',�B�g=r1t,\,�OFaEJO)Ji'efflili., d=O. 2 2 5 nm-Cd0-::>f::o *l,�C�g=r1t,\,�O 
FaEJO)Ji'eliit/i., d = 0. 1 9 8 n m-Cd0-::>f::0 *f::, LC OA= 1 2 3 ° , LC OB= 5 2 
C ' LAO B = 7 1 ° -c d0-::> t::o =- ;h G O)��;iJ'> G' 1 0 2 F F T-C:rr-9{1]ft�/i.r :9 /'ltt 
1)rTJA (Li Ti 02, �n�) "c'd0Q::_�i)lm•�;hf::0 

( 0 2 2 1 ]
�13 (C2) t::mL,f::*l,�A�g=r1t,\,�OFaEJO)Ji'eliHi., d=O. 24Onmc'd0-::>f::o *' 
,�B�g=r)t,\,�OFaEJO)Ji'eliUi., d=O. 2 3 5 nm-Cd0-::>f::o *',�C�g=r1t,\,�OFaEJO)Ji'eliit/i. 
, d = 0 . 1 9 6 n rn -C d0 -::> t:: 0 * t::, LC O A = 1 2 6 ° , L C O B = 5 2 ° , LA 0 
B = 7 4 ° -C d0-::> f::0 ::. ;h G O)��;iJ-. G, 1 0 3 F F T-C:rr-9{1]{t!!JG Ii. ::I J�/v }- o£ 1) r r; A 

(Li Co O 2, Rho m b oh e d r a 1) "c'd0Q::. �;iJlm-�ttt::0 

(0222] 
[E DX] 

*k�G;hkiE�m!fo/J�O), ia'J������m�����e••mcHAADF-STE
M) �BJ:tfEDX�}=§lt'-/::jc*7'Yt::/'�-��� 1 4t::m90 � 1 4 (A 1) /i.HAA
D F-S T EM�, � 1 4 (A 2) /i.®*�r7'Y t::✓�-�' � 1 4 (B 1) /i.=:IJ�}v }­
� r 7 ,y l::: /' �-�, � I 4 ( B 2 ) Ii. 7 ,y *� r 7 ,y l::: /' �-�, � 1 4 ( C 1 ) /i. r :9 /'
�r7'Y l:::/'�·�, � 1 4 (C 2) li.7-:�i;t-Vr;A��7'Y l:::/'�-�"c'd0Q0 

(0223] 
� 1 4 t::m9 J: -s ,::, ®*�r, :11�Jv }-��BJ: tF7 'Y*��ti.iE;t:itffm!fo/J�fftr�1;$:t:: 
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::fr1'!i L,-C v, Q _=. c: t.r�BJF::d.f' c: 7d:-::=> t:.o �15, � l 4 ( C 1 ) BJ: cf� 1 4 ( C 2) t::�9 
J: -5 r= T !;i /' � --r B J: cf 7 '.7� � ... V TJ .b � --r ti., iE ;{:it:) m /W � 0) lHro t:: ili: v ', ffi 2 0) )JJ[ � JS J: 
u�ffi 3 O))JJ[j:!l.lG t::.fJm!tE L, -C v 'Q _:. c: iJ{BJj G iO" c: 7d:-::=> t:.o 

(0224] 
J:fJi:O) STEM�, FF T �BJ: cf ED X � J:J:H ,f:.jr:*7 'Y l::: Y �-�ib" G, ffi 1 O))JJ[�iJ{ 
=i J\/v l'-� 1J :r TJ .b � fl G, ffi 2 O))JJ!�ib�:r !;i :,,,� 1J :r TJ .b � fl G, ffi 3 O))JJ[j:!l.lGiJ{�1t 7 
��VTJ.b�fl9QiE�mtw������k_=.c:�-���ko 

('%11ffiwLl 2] 
(0225] 

*'%11ffi{JU� ti., '%11ffi{JU 1 �{'F� L, t:.iE�1i!;�m� � J=l=H, t:.=i'JZfflW! � f'F� L,, �=i'?Zfflr!f!O) 
J'tn�fflf�'[1::t= -:)I,, 'L�{jffi L, td�a:J;IH= -:)I,, ,-cfill.B)j9 Q 0 

(0226] 

['%ffffi1JU 1 c'{'F� G t:.iE�1i!;�m� � m", t:.=11Zfflr!f!O)f'F�J 
'%11ffiwLl 1 �{'F�Gt:.i£tiljii!;!W��ffiv"f:., CR 2 0 3 2 !;i-1 -;I ([l[:f¥2 0 mmr'ffl� 3. 2 

mm)0)=11Y�O)=�ffla!!���L,ko 

(0227]
iE� t= ti., '%11ffi{JU l c'{'F� L, t:.iE�ti!;�m� ( L C O) c:, 7 t :f-v Y 7" 5 ';/ '.7 ( A B) c: 
, iT-l) 7 ';/ 1t t::' =. l) T, /' ( P V D F ) � L C O : A B : P V D F = 9 5 : 2 . 5 : 2 . 5 

(m_mlt) c'}fili:i-L, t:.A 5 1) - � �ffl«s:t::rt:r L, t:. :t 0) � )=§1,, ,f;:_o 
(0228] 

xt� t= ti. 1J :r TJ .b 4: hi � m", t:. 0 

(0229] 
·ffl:Mtf�iJ{fl9 Q ffl:M� t:: ii., 1 mo 1 / L 0)1" 7 'Y 11:: 1) /'� 1) T TJ .b ( L i P F 6) � ffl
V', ffl:Mw:t::/i., i:rvYjJ-;f,'�-}- (EC) C: :}i:f-JvfJ-;j{�-}- (DEC) iJ{E
C: DEC=3: 7 ({,$:.ffUt), t:::'=-vYjJ-;j{�-}- (VC) iJ{2m_m%�¥filii-�nt:.
'b 0) � ffl V '\ f;:_o 

(0230] 
iE;f:ii:)ifi Bz lj��tfr t:: ti., '7--TY v '7-- ( S U S) �mJvG � ;h -C v' Q :/:; 0) � ffl 1,,, f;:_o 

(0231] 

[J:t�fJLlO)=i'?Zfflr!f!O){'F�J 
i'JZ t::, J:t�{7LJ0)=1JZ'fflW! � {'F� L, t:.o J:t�fJLlO)=i'?Zfflr!f!iJ{fl9 Q iE;f:it:)ii!;!W� c: L, -C ti., =i 

J\}v}-�l) :f-TJ.bfft--r CB*11::"FI*tt;i'.\;�t±�, jffi�:fr: C-2 0 F) �ffi1,,,f;:_o �=1 
1 \} v l'- � 1J :r TJ A fft --r , i., '%11ffi wu 1 � t±:L�e � :¥4 c: G -c m " , t:. :t 0) � a0 iJ , '%11ffi 1JU 1 � 1t � 
L,kiE�mtw�c:�ld:0'%n'ffiO)m�1�fili�L,k'7--T';//Sl4�GAT';//S17�fi 
-::=> -Cv '7d: v ,i£�mtw�� ib Q o 

(0232] 

J:t�{JLJO)i£�1i5/W�O), ED X � fflv ,f;:_jr:*7 '1/ l::: Y �-� � � 1 5 t::�9 o � 1 5 (A 1 
) /i.HAADF-STEM�, �1 5 (A2) ti.�*�--r7'Yt::Y,:f�, �1 5 (B 1) 
/i.=1J\Jvl'-�--r7';Jt::/'�·�, �1 5 (B2) ti.7'Y*�--r7'Yt::Y'.7''�, �1 5 (C 1 
) ii. :f-!;i Y � --r 7 '1/ l::: Y �-�, � 1 5 ( C 2 ) Ii. 7 �,� V TJ .b� --r 7 '1/ l::: Y ,:f�c' ib Q 0 

(0233] 
� 1 5 t::m9 J: -st::, �*�--r, =i J\Jv l'- � --rB J: cF7 ,y *� --rti., '%ffffi1JU 1 �f'F� Gt:.
i£;f:it:)7151WJ�fft--r c: �� t::, �.,tfs: t:: ::fr 1P L, -C v, Q _=. c: iJ{BJj G iO" c: 7d:-::=> t:.o 

(0234] 

�15, � 1 5 cc 1 ) t::m9.,¢,C ii.J\ ,y '.7 �- 5 TJ:,,, r 0),; -1 7-:' c: � .:z G n, J:t�1JLJO)i£tilj
1i51W�$ t:: :f-!;i Y � --r/i./;f: c: A, c:'1-¥-tE L, ld:ib"-::=> t:.o 

(0235] 

;it:., �1 5 cc2) t::m9J:-St=?�-�VTJ.b�--rti., iE�1i!;/W�O)*ffit::ili:v')JJij:!l.lGt= 
{Jm!-tE L, -C v, Q _=. c: iJ{BJj G iO" c: 7d:-::=> t:.o 

(0236] 
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c 1B me� t�'l'i 0) �'ILfiffi J 
1JU::, J:Bi:-C1'F� L, /;: 2 f-!0)=11Z-�IUl:!!0)751i!x:ffl�'t10)�fiffi � fr-:) t;: o tJ!UJE:1lir.rn'./i. 2 5 °Cc: 
L, /;:0 75-� Ii. 4 . 6 V ( C C C V, 0 . 5 C-0 . 0 1 C) , t&ffl Ii. 2 . 5 V ( C C, 0 
. 5 C ) -C, t ;n-.:f':tt 2 0 -lf -1 '.7 Jv ft 1i!x: ffl � fr -:) /;: o

(0237] 

� 1 6 ,::, '%ntJif9U 1 -e1'F� L, /;:iE�t�!fo/J�� ffi1; ,t;:=1>zfflllf!0)751i!x:ffl�'l'ft0) :1f 5 7 � m9 
0 � 1 6 ,::m9 J::-5 ,::, Jt;:1,,7°5 t--�fl9Q.NtfffJ:751i!x:ffl�'ti�mL,f;:o *f;:_ 2 0-lf-1 
'.7 JvO) 751i!x:ffi0) �1' 5 7 Ii.la: 1£:m fJ: IJ , -lf-1 '.7 Jv�'l'i /i.Ntff -c £:>-:) f;:_ o 

(0238] 
� 1 7 c::, J:t�f:7ti0)=1>zffl?lf!0)751i!x:fflt�•ti0)'.7

v

5 7 �m9o WJJIO)-lf-1 '.7 Jv-Cli..NtfffJ:75 
t&fflt�'ti � m L, /;: t.>1, �$0)*!::P-Cm9 J:: -5 ,::, -lf-1 '.7 Jv ��Qt= -:::>;h -c751&·��j;_t.>11� 

9,-'-L, f;:_ o

( '%ntri f:7U 3 J 
(0239] 

;;$:'%ntriwU-c Ii., '%ntrif:7U 1 -C1'F� L, t;:iE�1�/fo/J� � ffl 1;, t;:=1>zfflntt � 1'F� L,, �=1>zfflnf!O) 
-lf -1 '.7 Jvf�'f':1 C:':-::> v '-C �ffjffi L, /;: � � t::-::> v '-C ml B)j 9 Q o 

(0240] 

[ -lf-1 '.7 Jvf�'ti 0) �ffiffiJ 
'%nl!!f:7U 2 c: �ti1H::, '%nl!!f:7U 1 -C1'F� L, /;:iE�t�!fo/J� � ffl 1;, t;:=1>zfflltl! c:, J:t�,t:7U0)=1>zffl 
?if!� 1'F� L, f;:o t L,-C, 4. 4 V75fflO)tj'rE'r c:, 4. 6 V75fflO)t�ErO)-lf--{ '.7 Jvf�'ti � t 
;tt,-.:f' ;h �f fjffi L, /;: 0 

(0241] 

[YBffl 4. 4 VJ 
Jtffi 4 . 4 V O)t�ErO)-lf--{ '.7 Jvf�'l'Itt�JlJE1lir.rn'. Ii. 2 5 °C c: L, f;:o ftffi Ii. 4 . 4 V ( C C C V 
, 0. 5C-0. 0 1 C), ,fj!):ffl/i.2. 5V (CC, 0. 5C) -Cfr-:)/;:0 

(0242] 

� 1 8 c::, 75ffl4. 4 VO)t�ErO)-lf-1'.7Jv�'ti0)'.7''57 �m9o �$0)'%rJR/i.'%nl!!f:7U 1 -c 
1'F� G t;:iE�t�!fo/J� � fl9 Q =1>zffl?lf!, )�rJRli..tt�f:7UO)i£,tri:)m�m� � fl9 Q =1>zfflllf!O) ,:f 
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ffi 2 O)il:t-'l¼ 1 o 2 /:i, ffi 1 O)il.t-'l¼ 1 o 1 �, f&� 9 6 ffi 3 O)il:t-'l¼ 1 o 3 � � <:-;"' ,y 7 7 il 
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J: V 'o * f::ffi 2 O)'plj:J!.IG 1 0 2 b' J: ljffi 3 O)'plj:J!.IG 1 0 3 iJl :J 7 / j(J>. M;r,a�tl@ � fl L, L V'
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(0047] 

* t::, =-=>O)'Ill�O);r,a�O)lfficfi'rJibl��915 _::_ C:, -::> * t) ]--;j-{ 5Z :f-V---C&> 15 _::_ C: ti., TE M

AMPEREX Ex. 1002 
Page 258
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Qo -:>;il)ffi20)ffl�lO2�ffi30)ffl�lO3�}-�5<:r-V�JJ:Qo

( 0 1 0 0)

<7'-r 'Y 7° 1 6 : lt!IJ>

IX t::=, AT 'Y 7° I 5 c'1JD® L, t:-.fftr �' �ilia. ;i -Clt!IJ9 Q 0 

(0101)

<7' T 'Y 7° I 7 : @J�J>

-��, ltW�:hk�r�@J�9Qo J::�O)I�-C, ffilO)ffl�, ffi20)ffl�BJ:ljffi3
O)ffl��fl9QiE.m/J&J�lOO���9Q_::��-C�Qo

(0102) 

C � 1n!i 0) Ml� 2 ) 
*�tnfiO)JB.ftJ-c1i., %0)�1nfiO)JB.ftJ-cm?.B] G t:-.iE,tii:)m!J&J� 1 o o � fl9 Q =1x·�w.u=ffi""

Q-=:. � 0)-C � Qttf40)fJU t::= -:>v '-'"Cm?.B]9 Q o *�tnfiO)JB.JtJ-Cti., iE�, ��BJ: afflMtf�

iJ{, :9t-lH* t::= ffi ;i tL '"C 1,," Q = <Xfflllf! � ,WU t::= � ":) '"Cm?. B] 9 Q o
( 0 1 0 3) 

[iE�] 

iE�ti., iE�t�!J&J��B J: aiEtitE�ffl{*�fl9 Qo

( 0 1 0 4) 

<iE�?�!J&J�� > 

iE�1�!J&J�� ti., iE�t�!J&J� � fl9 Q O * t:-., iE�m!J&J�� ti., �ffl!IJJ1f!JB J: rf1"-1:,,, 5<'' 
�fll,,'"Cv'-'"C'5 J: v"o

(0105) 

iE�f�!J&j�� l,,'"C/i., %0)�1nJiO),f8.JtJ-Cm?.B]L,t:-.iE�1�/J&J� 1 0 0 �ffiv'Q-=:. �;iJ{-C�Q 

o %0)�1nfiO),f8.JtJ-Cm?.B] L,/:-__i_Efiljf�!J&j� 1 0 0 �ffiv'-Q _:: � -C, -lf-1 � Jvlt'ff'tit::=,£1,ht:-.= 

<Xfflllf! � 9 Q -=:. � iJ{-C � Q o
(0106) 

�ffl!IJJ;&:U� L,'"C/i., ffi.t*ttf4, 4:�;t;tf4, x./i.�ffl'['tf::t:5 � 'Y � 7'tt*4��ffll,,'-Q-=:. �;iJ{ 
-C � Q o ;it:-., �ffl!IJJ;&:U � L, -Cjii\lt�:fr0),f;ff4 � ffl v "'"C '5 J: v "o 1�/J&J��O)�J;. t::=xf9 Q � 

ffl!IJJ1fJJ0)'2r'fl_mli., I wt %PJJ:: I Ow t %PJTiJ{W;i L, <, 1 wt %PJJ:: 5 wt %PJT 
iJ{ J: I) 3lf ;i L, I,, '-o 

(0107) 
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�fflWJ¾Ut:: J:: U, ffl:@Jlg=r t:: ffl�{r��O)� ,y r- 1:7 -Y � MM9 Q ::. c: iJ{--C � Q o �fflWJ¾Ut:: 
J:: IJ, i£fi!j1tiw� c' 5 G O)ffl�{:r;;�O)ififfi!&� *i�9 Q::. c: iJ{--c � Q O 1tiw�J!l * t=�'fflWJ 
1f!J � �1Jo9 Q =-c: c:: J:: 1J, raJ 1,, ,ffl�{:r;;�'l'� � fl9 Q miw�J!l � '%:EJa9 Q =-c: iJ{--c � Q 0 

(0108) 

� fflWJ ¾U c: L, --C tt, ,WU ;z /;f:R �� �, :J. ',J fJ -;j{ Y 7 -1 Y D l:::' -7-:' � 0) AX§'��, �*­
*i JJ: c' � m 1,,, Q ::. c: iJ{--c � Q O �*•• c: G --c 1:t, ,wu 5z ti :J. .,; 7 x -;z:, l:::' ·;1 =r *�*•• 
, �15 't� l::: 'Y =f-*�*ffi*i�O) �*ffi*i � ffl v' Q ::_ C: iJ{--C � Q o * t::�*ffi*i C: L, --C, fJ 
-;f-'Y-f- _; 7 7-11\-� n-� Y-f- _; =r ::i -7

V

JJ: c' � mv, Q::. c: iJ{--c � Q O n-;f-'Y-f- _; 
=f-:::i-7

v

/;t, ,WU;z /i�:t§JJx:&:�JJ: c'--C{1f::�9 Q =- C: ;bl
""

(:'� Q O * t::, �fflWJ¾U C: L, L' {9U 
;z lifJ-�Y :1'5 'Y Y (Yt =f- v Y /7 'Y Y (AB) JJ: c') , Y

v

5 7 7-1 r- (�&&) fft--F 
, �f 5 7 x Y, 7 5 - v Y JJ: c'O)�*tt�� fflv, Q::. c: iJ{--C � Q o * t::, ,WU 5z Ii, Ir.I, = 
o/��, Y��=�A, �, �JJ:�O)�-�*��-■*i, �fflttt5�o/YAM��� 
m 1,,, Q =-c: iJ{--c � Q o

(0109) 

* t::, �'fflW:l¾U c: L, --C :7' 5 7 x Y {ti'r!W � ffl v '--C ti J:: v 'o

(0 1 1 0)

:7' 5 7 x Y {ti'r�?JJ /;t, raJV \�'ffl'l'� � fl9 Q c: v' 5 ,(Jt;hf;: ffl�tt't� c:, raJV '*-'X'l1:B J:: O't'aJ 
v '�,mxl'l-911lliJJE � fl9 Q c: v, 5 fJE:ht::/W:E_ltt'l1: c:, � fl9 Q :t�i'riJ{� Q o * t::, :7' 5 7 x Y 
{ti'r!W /:t�001'1'9JJ:M� � fl9 Q o :7' 5 7 x Y {ti'r!W t:t, t&f§1rt.1£mO){J:tv, OOt&f§!tt � TIJi'J� c: 9 
Qo *f::, rw:< --Cti�'ffl'[1:iJ{::j.p1'jtt::t'aJv':t�i'riJ{� iJ, 9--"7J:v'_m··c:m-$J:: < YE�?JJ�J!llAJc'�
ffi;"A�MM9Q::. c:iJ{--C�Qo -z:O)f::tb, :7'57.:r.Y{ti'r!W��fflWJ¾Uc: G--Cfflv'Q::. 
c: t:: J:: IJ, miw� c: �fflWJ1f!J c: O)t&f§!ttOOffl � m* � tt Q ::. c: iJ{c, � Q t::tb-fff * G v 'o * t:: 
, ffl�l'f'9JJ:t.1£m� 1Jnx9--"--C � Q :t�i'riJ{� Q t::tb-/ff * L, v 'o ::. ::. --C :7' 5 7 x Y {ti'r�?JJ c: L, --C {yU 
;z ii, :'.7'' 5 7 x Y * t:: /;t 7 Jv=f-:'.7'' 5 7 x Y * t:: i:t r e d u c e d G r a p h e n e 0 

Xi de (J;��' RGO) �fflv'Q::.c:iJ{ttt=-fff*L,1,,,0 ::.::.c', RGO/;t{yU;z/i, �{t
:7'57.:r.Y (gr aph en e oxide : GO) ��::n;G--C1��;hQ{ti'r!W�t�9o

(0111) 
fft{fO)Jj\�v'1EIW�, {yU;zti 1 µ m,!;��0)$/W��fflv'Q:t�i'rt::/;t, 1t/W�O),tt�OOffliJ{ 
A � < , 13/W � � ± � � <' � ffl;" A iJ{ J:: 1) � < if� C: 7J: Q o ::_ 0) J:: -'J 7J: :t�i'r t:: /;t, 9> 7J: v' 
_m c'ti m-$ J:: < �ffll"A � MM9 Q =-c: iJ{--c � Q y·· 5 7 x Y 1ti'riw � mv, Q =-c: iJ{, ttt= 
-fff*L,1,,,0

(0 1 1 2)

J;��--C/;t�{yU c: G--C, YE!W�J!l 2 0 0 t::, �fflWJ1f!J c: G--C :7·5 7 x Y{ti'r!W�fflv'Q:t�i'r 
0) WrOOtlJJx{yU � �BJi9 Q o

( 0 1 1 3)

� 4 (A) t::, 1t!W�J!l 2 o o O)�Wf1ffi��m9o miw�J!l 2 o o /;t, fft�7'0)i£�1t!W� 
1 0 0c:, �fflWJ¾Uc:L,--C0):7'57xY{ti'r!W2 0 1 c:, 1\---(Y":l C�m--l±T) c:, �'2i' 
<L' o ::. ::. --c, :7'5 7 x Y{ti'r!W 2 0 1 c: L, --C,WU;z /i:7'5 7 x Y * t:: /;t-;;- Jv=f-Y

v

5 7 x Y � 
J=§1,,,;t1/iJ::1,,,o ::. ::. --c, :7·5 7 x Y{ti'r!W 2 0 1 /;ty-- r-�7'0)M��fl9Q::. c:iJ{-fff* L, 
1,,, 0 * t::, :7' 5 7 x Y 1ti'riw 2 o 1 t:t, ti� 0)-;;- Jv =r :7' 5 7 x Y, * t:: i:t c B J:: rt) :ri� 
0) :'.7'' 5 7 x Y ;b { �� 71' a'9 t:: !I! JJ: iJ Y - r- �7' c: JJ: -:::i --C v ' --C ti J:: v 'o 

(0114)
1t!W�J!l2 0 0O)�WfOOt::;JS1,,,--c/:t, �4 (A) t::m9J::5t::, 1t!W�J!l2 0 00)1AJ��t:: 
;JS1,,,--c,ffi!�:t��t::y-},�0):'.7''77xY{ti'r�?JJ2 0 1 ;b{5J-M:9Qo �4 (A) t::;JS1,,,--c/;t 
y··5 7 x Y{ti'r!W 2 0 1 �;t;�;i:\'.;1'1'9t:::;t:lJR--C� L, --Cv 'Q iJ{, '%�t:: /;t�*5J----FO)�J!lx.l:t� 
}!lO)�dJ-�fl9QMHi--C�Qo fi�0):'.7''7 7 x Y{ti'r!W 2 0 1 /;t, ti�O)fft�O)i£:@Jl$�?JJ 
� 1 o o �ffi<L"J:: 5 t::, 115 J:: 5 t::, �Qv'i:iti�O)fft�O)i£f�1t!W� 1 o o 0)�1ffiJ::t:: 
� IJ {1 < J:: 5 t::MJJx � :h --c 1,,, Q t::tb, liv, t:: OOt&f§!tt G --c 1,,, Q o 

(0 1 1 5) 

::. ::. --c, :ri�O) :7' 5 7 x Y {ti'r!W � ± iJ{�i'r9 Q ::. c: t:: J:: IJ , *'� El �*O) :7' 5 7 x Y {ti'r!W 
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V-� (J;_J_ 7" �-5 7 .:r: Y 1r:i'i-lm:z- 'Y � * td:i '.�i 5 7 .:r: Y ;'(--. 'Y � � !PF-✓��) � :Jl�)VG9 0 _=. � iJi
-c � 0 0 1�!f&J� � �f 5 7 x:,,, -t--- ,y � 1Jiiez.t19 0 t�i'i-r=, �-5 7 x :,,, :z- ,y � t:imlm� � ± �

im 'E'i' 9 0 J "'\ ---( Y --!x'' � L, ---C ti � jtlg 9 0 _:. � iJic-� 0 o J: -:) ---C , J "'\ -1 Y --!x'' 0) _m � 9-' 1d: < 9 0 _:.

� iJi-C � 0, Y... l:i{�ffl L, 7d: v \ _:. � iJl-C � 0 t::.. clb, ffl�1*ffi-?fflt_i1Em_m t:: di 6b 0 Y�!f&J� 0) lt
•�foJL�-1±0-=-��-c-�00 9ld:b�, �ffl��O)�J;.�mm�-1±0-=-��-c-�00

(0 1 1 6J

_=. _=. -C, ,�f 5 7 .:r: Y 1 r; i'i-!f&J 2 0 1 � L, ---C fflH r; '.�i 5 7 .:r: Y � ffl v \, y�!f&j � � 1.EE.B L, ---C 1� !f&J � 
Ji 2 0 0 � 7d: 0 Ji� MfJx:1&, IBn9 0 _=. � iJi-lfl * L, v 'o �-5 7 .:r: Y 1r:i'i-!f&J 2 0 1 O)Mmtt:= 

, �•[1j��q::i-C0)7.J'ffii:'l�iJltiwclb---c ra'J 1, ,•1r: -:f 5 7 x Y � fflv, 0 _:. � t:: J: IJ, -7' 5 7 x Y 1r: 
'E'i'!l&J 2 0 1 � y�!f&j�Ji 2 0 0 0) pg��,:: ;JS v '---C;OO;�:f:�� t:: 7.J'ffii: � i± 0 _:. � iJl-C � 0 0 

:f:� � t:: 
7.J'ffii: L t::..•1t '.7

v

5 7 x Y � ��9 0 7.J'ffii:tlliJ� Gi���fij!���$: L, •1t �-5 7 x Y �IBn 
90/::..clb, 1�!f&J�Ji2 o o,::�1i90�'57.:r:Y1r:i'i-!f&J2 o 1 t:i��n"i'fkJt::mld:tJi'i-v', 1i 
1,, ,:: TIITmf929 0 f�nn= 7.J'ff� L ---c 1,, 0 -=-� -c -=::1xnakJ ld:�ffl)\,A � Ml¾9 0 -=-� iJic-� 0 0
7d: :B, •1r: �-5 7 .:r: Y 0) �Jt /;i, 17U x t£��f_l t:: J: 1) fr-:) ---C ti J: v \ L,, IBnJfU � ffl v, ---C fr 

-:)Lti J:v\o

(0 1 1 7J 

�-:)---c, m!f&J���m�90Yt+vY/7o/'.7�0)��0)�ffl@��•ld:u, �57.:r: 
Y 1r: i'i-!f&J 2 0 1 I :i m f§!R tl& m 0) 1.1:£ v \ ffi m f§!R � PJ jtlg � 9 0 ti 0) -C 2V 0 iJ" G , Jffi. � 0) � ffl M *U J: 
IJ ti 9> _m -Cf1tR:O) iE�Y�!f&J� 1 o o � �-5 7 x Y 1ti'i-lm 2 o 1 � O)ffl�1��'ti. � fol L � i± 
0 -=-� iJl-c � 0 0 J: -:) ---c, iE@1�!f&J� 1 o o O)y�!f&J�Ji 2 o o ,:: B i--t 01t-� � mn□ � -i± 0 

-=-� iJic-� 0 0 -=-t1,:: J: u, �ffl��0)1i5cffl�J;. � mn□�-i± 0-=-� iJl-c � 0 0
(0 1 1 8J 

J"'\---( Y --!x'' � L, ---C l:i, ,WU x 1£, 7--+ v Y-7
v 

--!x V: I Y =Lb, ( S B R) , 7--+ v Y--1 V / v 

Y-7--+vY�A, 7'.70□=�0�-/"9YIY�A, /"9YIY�A, i+vY-/
□ l::: v Y-y I Y �mi'i-1*ld: c:'O) ::f AtJJ¥4 � fflv' 0 _:. � iJl-/fl * L, v '0 * t::..J"'\---( Y--!x'' � L, ---C
, 7 'Y * ::f A � ffl v \ 0 _:. � iJl-C � 0 o 

(0 1 1 9J 

* t::.., J"'\---( Y --!x'' � L, ---C l:i, {9U x /£7J<i�'ti.O) ra'J?J'--r � ffl v' 0 _:. � iJl-/fl * L, v 'o 7J<i�'[�O) ra'J?J'
--r � L, ---C /;i, ,WU x /£1P-ffiffi 7d: c:' � ffl v, 0 _=. � iJi-C � 0 o 1P-){:t.1fffi � L, ---C /;i, jJ Jv ;j{ :\'-V :J. +
�t�□-7--(CMC), :J.+�t�□-7--, .:c+�t�□-7--, �r□:\'-V/Dl:::�t

�□-7--, V:Yt+�t�□-7--, ��t�□-7--ld:�O)t�□-7--���'?, -�ld:�

� ffl v '0 _:. � iJl-C � 0 o * t::.., _:. ;h G 0)7J<i�'ti.O) ra'J?J'--r �, filJJztO) ::f Attl¥4 � {* ffl L, ---C ffl

v , 0 � , � G ?:: -/fl * L, v 'o 

(0120] 

* t::.. Ii., 1 ""-1 :,,, --!x'' � L ---c ti., � 1J 7--+ v :,,, , � 1J y '.7 1J Jv• :J. + Jk � 1J :J. --!x '.7 1J Jv• :J.

+�(PMMA), �07'.70�-T�0�A, �0l:::=�7��-�(PVA), �0
i + v :,,, 7t :\'-v r c P E o ) , � 1J / □ r:: v :,,, 7t :\'-v r , � 1J -1 � r, � 1J ;tg 1r: 1:::::, = Jk

�0T�77�7t□i+vY, �0i+vY, �0/Dl:::vY, -11//TV/, �0.:c+

vYTv7--!xv-�, T-1□Y, �1)7,y{r;l:::'=1)7':,; (PVdF), �1)771)0=�

0�(PAN), �0l:::=�'.7□5-1r, I7V/'/Dl:::vYYIY�07-, �0�­
r::'=Jk �1J :J.+Jv:J. --!x '.7 1) v-�, = � □tJv□-7--�0)*Jl¥4�ffi1,,0 _=. �iJi-lfl* L,1,,

(0121] 

J"'\---( Y--!x''/:iLBcO) -5 � :ri?ZI(� ifJi<h-i'i-bi±---C {!1!ffl L, ---C ti J: v 'o 

(0122] 

17U x t£:fi!iB!'.Wffl�WJ�O)tf t::tf;hf::..ttl¥4 �, {i:f!O)tJl¥4 � � ifJi<h-i'i-bi±---C {!1!ffl L, ---C ti J: v 'o 17U 
x /£ ::f AM*4�1:im�1J-?5!1i'ti.1J ?::tft10 &ffi, i�frlt::=tfili'i- L, /::._;l:�i'i-t::;fi!int!JaJ�iJlm L, v' 

;l:�i'i-iJl 2V Q O -=-0) J: -5 7d:;l:�i'i-t= /;i{7U X 1£, :fi!int�Jal�WJ�O)tf ,:: tf;ht::..M*4 � 1.EE.B9 Q -=-� 
iJl-/fl * L, v \o :fi!int!Jal�WJ�O)tf t:: tf;hf::..ttl¥4 � L, ---C /;i, 17U x /£7J<i�'ti.ra'J7.J'--r � ffl v' 0 � J: 
v 'o * t::.., :fi!intwaJ�WJ!l:U::�t::tf;ht::..7J<i�H�ra'J7.J'--r � L, ---C /:i, wJJzl!0)1P-ffiffi, 17U x /£/J Jv 
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M�V�r�t�□-A (CMC), �r�t�□-A, Ir�t�□-A, �r□�v

�□��t�□-AB�aVYtr�t�□-A, ��t�□-A��©t�□-A�� 
{*-?. iit¥,t� Jfjlt '\ 6 = C: iJ{-C � 6 O 

(0123) 

�B. fJJvif>-�v � rJvtJv□-A� c'®tJv□-Aa3§�{*tt. {!iU:zlifJJvM�v � rJv 
t Jv□-A®T 1-- iJ r; 1>.m-?Y :,;:r:=-r; 1>.m� c'0m c: 9 6-:. c: r= � iJ mi9�JJtiJ{J::iJ{ 1J. 
ir1tm'.aJ\'il�1frJ c: G--c ®:tJJ� � 9Bf¥ G-?9 < � 6 0 i�mJJtiJ{t'ffl < � 6-:. c: r= � ,J ffl;ti!J;i® A :1 iJ 
-� {'f::� 9 6 � t:: 1!5 �ilJ �-?{ti!© ti$;�* c: © 7.tff�'t� � r'ffl &') 6 -:. c: :t -C � 6 o * B}l ;%ffi � t:: B
v'---C/i., -�;fW©J\---( :,;/fc: G--C�ffl96t}v□-AB�atJv□-A��{*c: l,--C/i., -t­

tL G 0m:t'2i"ct..":t 0 c: 9 60

( 0 1 2 4) 

7](m'f'�tr'ffl7tr ti.7]( t=i�ffJ�9 6 -:. c: ,:: � 1J fr1im'. � �YE {r: � -i±. * t:-.1i5!fo/J�-?. 1\-1 :,; ti' c: G 
--cffJidJ-i'rv-i± 6 {-tl!®;tt:¥4. tu :z ti Arv :,;-f-!:l vi:,; �J1>. � c' �. 7J<i�r,&g::r t=�Ji:'. G --c 7t 

ff�� -1± 6 -:. c: iJ{-C � 6 o ;it::-., 'Bti�� � fl9 6 t::-.&') t::1i5!fo/J�lf@ t::�Ji:'. t:: 11&� G-?9v"-:. 
c: iJ{JJI�� t16o ;it::-., {!iU:z/ifJ JvM�V � r Jvt Jv□-A� c'©tJv□-Al!3§�{*/i., 
{!iU:z /£7](��-?fJ JvM�v Jv�� c'®'Bt��� fl9 6;tt:¥4iJ{� <. 'Bti��� fl9 6 t::-.&')t:: 
r'ffl7tr�±ib�li�fflG. m!fo/J�*®��<m�--c#�96-:.c:#ffl��tt60

(0125) 

115/fo/J�*® � m-s, ;i tdi.*® t::�9 6 J\-1 :,; -!:l''iJ{)ffl; � MfflG9 6 t�i'rt:: ti., �tf:Jl�)ffl; c: G 
--c01�'lirn� �t::-. G --cfflffJ�1�®7.tffJ�� tm :z 6m�:t1tJI1i� tt6 0 = = -c. �tt:J,&Jffl; c: ti.. -� 
r©{��'I'�© �i. -.gJ, * t::-. ti.ffl�{��'t�©�&')--c {ff;i. -.gJ-ca, 1J. {!iU :z 1£1i5!fo/J�®*® t=� 
tt:J,&gJiJ{M$;� .tit::-.t�i'rt= ti.. ffl?f!!l�Jtffl{ftt= Bi. -.--c. fflmw�07.J'm�tmtu9 6-:. c: iJ{-c 
�60 ;it:-., �tt:J,&Jffi;/i., ffl�©{��'l'��tr�:z6c:c::tt::, l)r?l>.-17!/'li.{��-C�6 
c: � Gt::� ;i L, v '-o 

(0126) 

<iE;fW� ffl {* > 

iE;fW�ffl{*c: G--cti.. A-r/'vA, :&:. a:&:. YJv�=-r;1>., r-!:l/'�®:&:�. Bza-:..ti 
G ©i'r:&:� c', �ffl't�iJ{t'fflv '-tt�� :t 't> v '-6-:. c: iJ{-C � 60 ;i t::-.iE,tii){�ffl{*t::fflv '-6 tt� 
ti., iEf_itE©ffl{ft-Ci�ttiG�v'--:.c:iJ{tlJ;il,v'-o ;if:-., Vl)=:I/', r'9/', jj'-71Vl>., AfJ 
/'Y?i>., 7::l)��/��0�Mtt��J::�-1±6�*#�m�t1kY��=-r;1>.i'r:&:�m 
V '-6 = C: iJ{-C � 6 0 * t::-., V l) =:I/ C: &Jt L, L V l) -l:r-1 r � MM9 6 :&:�n*-CM$; L, L 
t;�v"o V 1) =i:,;c:,&JZL,--CVl)-lf-1 r�M$;96:&:��*c: l,--C/i., Y}v=r=.91>., r 
'9/', J'\7=-91>., }\TY'/A, =-7!�:1'. '9/',;;l}v_ '.7□1>., 7::l) 7�::P':,;, '9/'-:fAT/ 
• =11\Jvt-. =-·-1JrJv�iJ{cb60 �fflwti.. �;tR:, ,t)j;f:R: cv-t-;tR:). �it. f,:,;7:,;,:f
� ,5l }v;f;R:, I� Al\/ r � '9 Jvit�©Mit� �'§:fflv '\ 6 = C: iJ{-C � 60 �fflW/i., �dJ-iJ{
5 µ m J;J_J:: 3 0 µ m J;J_ � 0 t; 0 � ffl v "6 C: � v "0

(0127) 

[�;fWJ 

�;fW /i., �;fW1i5!fo/J�� B � a�f_itE�ffl{* � fl9 6 o ;it::-., �;fW1i5!fo/J�JiHi., �ffl!!iJ1f!J B � 
a J\---( /' ,!;l'' � fl L, --C v '---Ct; � v '-o

(0128) 

< � ;fW1i5 !fo/1 � > 

�,tii){7i5!fo/J� c: L, --c ti., {!iU :z tii'r:&:*;tt:¥4-?ER***t:¥4�� fflv '-6-:. c: iJ{-C � 6 o
(0129) 

�;fW1i5!fo/J� c: G --c, iJ r r; l>. c: ©i'r:&:{r; · ij>2i'r:&:{r:.&Jit t:: � IJ 1E.1fs(ffl.&Jit � fr 5 -:. c: iJ{TIJ 
ti�� n* �mi." 6 -:. c: iJ{-c � 6 0 1!iU :z 1£, v 1J =r :,; , A ;t:.', iJ 1J r; 1>.. Y Jv � =-r; 1>.. 1f 

�7=-r;1>., � y:,;7:r::,;, �A7A, �- oom. nr�r;1>., -1:,;Vry1>.�05t>� 
� < c: :t �--::) � '2i"iL'tt:¥4 � fflv '-6-:. c: iJ{-C � 6 o -:. © � 5 ��* Ii.ER* c: ,tt;rZ --C�_mib{j;: 
� <, �tt:: V l) =i /' /i.f!t!.B1llr�_mib{ 4 2 0 0 m Ah/ g c: r'fflv '-o -:. © f::-.&'), �;j;i!J;iji5!fo/]� t:: V 

iJ =i :,; �mi." 6 -:. c: iJ{tiJ * G i. "0 * t::-.. = .ti G 0 �* � fl9 6 {r:i'r!fo/J �mi." --c :t � i. "0 ,wu 
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;z Ii, S i O , M g 2 S i , M g 2 G e , S n O, S n O 2 , M g 2 S n , S n S 2 , V 
2Sn3, FeSnz, CoSnz, Ni3Sn2, Cu6Sn5, Ag3Sn, Ag3 
Sb, NizMnSb, CeSb3, LaSn3, La3Co2Sn7, C0Sb3, I 
n S b, S b S n �iJ{ � 6 0 _::_ _::_ -C-, 1) Tr) A C: O)i'r�1f::: · H-5li'r�1f:::&Tit t:: J:. t) 1fi,fj)(ffl;,& 
Tit� fi .:s -=-c: iJ{--aJ1:f� 1;t. n*, BJ:. a�n* � fl9 01!:::i'r!l&J� � i'r�**,t�st. c: n-'F✓��t�i'riJ{ � 
0o 

(0130) 

;:;$:B)j*IIJ��r=Bv"""C Si O/j:_{9U;z/i�itt1f:::yl) =:I✓�m9o �Ql,,\/j:_S i 0/i., Si 0 
x c: �9-=-c: ti -c-� 0 0 -=--=--ex ti. 1 ili:1%'0)fu't � fl9 0-=-c: iJ{W * G" "o wu xii x ti., o

. 2 ,1;_;_-1::: 1 . 5 ,1;_;_ �iJ{W :i. L, <, o. 3 ,1;_;_-1::: 1 . 2 ,1;_;_ �iJ{W :i. L," "o

(0131) 
wz**M*4 c: G --c ti., �m, ��m1f:::it1:wz* c 'J 7 � n-if--✓) , •�m1f:::it1:wz* (/'\­
� fJ-;:}{✓) , fJ-;:}{✓-J-,; :f-::i-7', -;f:J 7 x /, fJ-;}{✓7'5 ,y-:7��ffiv"ti/iJ:.v" 

(0132) 

�me: G--C/i., A@�m-?, x��m�iJ{*if'Gti6o A@�mc: G--C/i.wUx/i, :J. ".J fJ 
-;f-'/'"7-1 -:7 tJ l:::'.'.'-;( (MC MB) ' =:I--:7 A*A.@�m, l::: ';/ r*A@�m�iJ{*'f' G 
ti00 -=--=--c-A@�mc: G--c, f*iR:O)��*�fl90fiiR:�m�ffi""0-::. c:iJ{--c-�00 wux 
ii, MC MB /i.f*�*O)�iR: � fl9 6 :f:�i'riJ{� t), W ;i. L, v "o ;i. t:-., MC MB /i. tO)�ffiffl 
� tJ\ � < 9 Q-=-C: iJ{J:t.�Elt/�� C' � IJ' w ;i. L, I,, \;f:�i'riJ{� Q O x��m C: L, L /j:_{:9U ;z Ii, 
MJt�*�m, ftiR:1f:::x��m�iJ{*'f' G ti0 0

(0133) 

�m /j:_ 1) r r) i>.-1 71-/ iJ{�m r= �A� tit:-. c: � C 1) r r) 1::,.-�m Ji Fa91f:::i'r!l&J 0) :<:E.)J)G B�) t:= 
1) r r) l>. �� c: �f¥rn'.t= {fl; 1,, \ffl {ft� m 9 ( 0 . 0 5 V J;J_J:: 0 . 3 V J;J_ � v s . L i / L
i +) 0 -:. tit:= J:. I)' 1) Tr) i>.-1 71-/ =1J\ffla!! /i.r'aJ" "{'Fihfflff � 1T-9-=-C: iJ{-C-� Q O � G
t::, �mti., �{ft,f,tffl�t:-. iJ O)�JEiJ{J:t.�Elt/r'aJv", f,;.fs:ffl��iJ{J:t.�Elt/tJ\�v", �{illf-C-�6
' 1) ::J--r)l>.��t=J:t.X.--C��jt1:iJ{r'aJl,,\�0)5f[J,��fl9Qf:-_N), W:i. l_,,1,,\0

( 0 1 3 4) 
:i.t:-., �tiljm!l&J�c: l,,--C, =itt1t:T'.9/ (Ti Oz)' l)7r)l::,.7'.)Z/\tt{f:::!l&J (Li 4 T 
i 5 0 1 2) ' 1) ::J--r) l>.-�mlira91f:::i'r!l&J ( L i X C 6) ' 1i.\tt1f:::=-?J-7' (Nb 2 0 5) 
, \tt{f::: '.9 / '.:�t';z T / (\VO 2) , \tt{f:::t l) 7''7'/ (Mo O 2) �O)\tt{f:::!j&J � fflv" 0 _::_ c: iJ{ 
C'�Qo

(0135) 

:i.t:-., �tiljJ3!1&J�c: l,,--C, 1) ::J--r)l>.c:�f$.��O)ti�1f:::!l&J-C-�6, Li 3 N�tl@�ti-:J 
L i 3 _ x M x N c M = c o , N i , c u ) � ffl"" 0 -=-c: iJ{-c-� 0 0 wu x ti, L i 2 . 6 
Coo. 4 N 3 li.A�i;t.1fi,fj)(ffl�J:g ( 9 0 0 mA h/ g, 1 8 9 0 mA h/ cm 3) �m
GW:i. Gv"o

(0136) 
1J r 0 1>. c: �f$.��O)ti�1f:::!l&J � ffl" "0 c:, �tiljm�m� r::f="= 1J r 0 1>.-1 ?J-/ � -@;-<t} t:-.N),
_i__E,tit�J3!1&J� C: L, L l) Tr; i>.-1 71-/ � -@;-;i. i;t.1,, \ v 2 0 5' C r 3 0 8 �O)tJ:¥4 C: *Jldj.i'rbtt-
6-::. c:iJ{-c-�w* G""o l;t.B, iEf,IJlm�m�t= 1J r01>.-1 ?J-✓�'211}tJ:¥4�ffi""0t�i'r-c-ti 
, � G iJ,. b N)i£f,IJl13�m� t=-@;-* ti0 1J r 0 1>.-1 ?J-/ � H-5llit � tt-0 -=-c: -c-, �t�13!1&J� c: G 
L 1) Tr) AC: �f$.��O)ti�1f:::!l&J � ffll,, \ Q-=-C: iJ{-C-� Q 0

(0137) 

:i. t:-., =1 / J'\-y 3 / &fitiJ{:<:E b 6 tJ:¥4 � �t�J3!1&J� c: L, --C fflv" 0-::. c: ti -C-� 6 o wU ;z Ii 
, \tt{f::: =:I J"\Jv � ( C o O) , \tt{f:::=. 'Y Jr Jv ( N i O) , \tt{f:::� ( F e O) �O), 1) Tr) l>. 
c: O)i'r� � f'F G i;t. v "�f$.��ltt1f:::!l&J � �t�13�m� t::ffl v "--C ti J:. v "o =:I/ J'\-y 3 / ,&[itiJ{ 
:<:Eb 6 tJ:¥4 c: L, --C /i., � Gt::, F e 2 0 3, C u O, C u 2 0, R u O 2, C r 2 0 3 � 
O)\tt{f:::!l&J, C o S o. s g, N i S, C u S �O),Ii1it{f:::�m, Z n 3 N 2, C u 3 N, G e 3 
N 4�0)�{[:::!l&J, Ni P 2, Fe P 2, Co P 3�0) 1) ✓it:!l&J, Fe F 3, Bi F 3�0)
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7 'Y 1t!WJ--C ti�,:_ 6 o 

(0138] 

� ,§E 1� 1W � rii iJifl 9 6 -:. c: O
Y
-C' � 6 � ffl WJ ffLl B J: tY J \---( -Y ,!;l c: L, -C Ii., iE ,§E t�!W � Ji,l i)i fl

9 6 -:. c: 0)-e � 6 �fflllJJffLl BJ: (f;\---( :,; -!i' c: f1§1�0)-tJ:¥4 � ffl v \ 6 -:. c: iJi--C � 6 o 
(0139] 

<�,§E�-�1*> 
� ,@E � ffl 1:$: ,:: 'i., iE ,@E � ffl 1:$: C: fj§1 � 0) ,t,3" :¥4 � ffl " \ Q -=- C: i) i--C � Q O � ;JS � ,@E � ffl 1:$: ';i' 1)

7 r; b. �O) � -\7 1) 7 -1 7l"" -Y c: ,g4:1t L, � v \-tJ:¥4 � ffl v \ 6 -:. c: iJi-fff * L, v \ o 
(0140] 

[ fflflJ�t,W J 
-�Mt1�/i., mY1c:fflM��fl96o fflMtf�O)i��c: G-Cti., 1F'1't1 r--Y'tl!:fl�t�Yft>i-fff*
G<, wLl.:z/i, I7v-YfJ-;f-'�-}- (EC)' '/Dl:v-YfJ-;j{�-}- (PC)' �;/7
v-YfJ-;f-'�-r-, Yt1t1i7v-YfJ-;f-'�-r-, i::::-=v-YfJ-;f-'�- r-, y-7"7t15
Y }- -Y, y -; \ v t1 5 Y }- -Y, V ;,{ 7 }v fJ -;f-' � -}- ( D M C ) , Vi 7 }v fJ -;j{ � -}-

(DEC), I7�;,{7�fJ-;f-'�-}- (EMC), �-;,{7�, �-;,{7�, MM;,{7 
Jk 1 , 3 -y ;1--� --lj--Y, 1 , 4 -y ;1--� --lj--Y, V ;,{ }- � VI � -Y ( D M E ) , V ;,{ 7 Jv 
A�*�Vf, :,/I7�I-T�, ;,{7�:,/�7---(b., Ytr--=-r-0�, X-YV-=-r-0� 
, Tr-5�ft175-Y, A�*5-Y, A�r--Y�O)lffi, x�-=:.�G0)5�0)2ffi�J::� 
{f: � 0) *Ji ifj. ,g bit B J: U'J:t $ --c ffl v \ 6 -:. c: iJi--C � 6 o 

(0141] 

* t::, -�flJ�t,WO)m� c: G -c 1.f'Jv1t � �6 i'ffl71-=f--tJ:¥4 � m" \ 6 -=. c: --c, 1ii1,W•tf!:�t=xt9 6 �
"£•tf!:ti{ r'ffl * 6 0 * t::, =1�ffl?ti!O)rw:� 1tB J: tY!liI_m1ttiiTIJtm--c tb 6 0 3/'Jv1t � �6 i'ffl71-=f­
M:¥40)�*� c: G-c �, V0�--Y3/�, 7Y0�3/�, 7Y0t1-=-r-0�3/�, �0.:c
7v-Y7l""�--1j---ff*3/�, �0'1'or:v-Y7l""�--1j---ff*3/�, 7o/•*�0�-0)3/��
i)itb Q O 

(0142] 

*k, fflM�O)m�c:l,,-C, -�ttBJ:tlftffl�tt--Ctb6-17l""-Y��(�SmB�) �­
-::::> x /i.:ri�fflv \ 6-:. c: --C, 1-rffl�uiO) �:i'f�m��, :i@!YEffl�t:: J:-:) L �:i'f�tlir.rn'.t>iJ::� L, -C
ti , It ffl� ui 0) uEt� � � j( � �-� �JJ <- -:. c: iJi--C � 6 o -1 7l"" -Y 11� 1:$: ti., fJ 7 7l"" -Y c: 7 -=-7l"" -Y
ii'-' G � IJ , fl� fJ 7 7l"" -Y c: 7 -=-7l"" -Y c: � '2r' <G" o ffl Mtf� t:: ffl v \ 6 fl� fJ 7 7l"" -Y c: L, -c , ll9 M
Y-Y�-=-r)b.fJ77}--Y, �MA�*-=-r)b.fJ77}--Y, BJ:O'll9if&*A*-=-9b.fJ77}-:,;�
O)m��7l""-=-9b.fJ77}--Y�, -1��V0r)b.fJ77}--YBJ:tlr:0V-=-r;b.fJ77}--Y�O)

3"f ��fJ 7 7l"" -Y iJi� t'f G � 6 o * t::, fflflJ�11� t:: ffl v \ 6 7-=-7l"" -Y c: L, -c, 1 ,fjffiO) 7 � f * 7
=7l"":,;, 1 ,fiffiO) ;,{ 7 f * Y =7l"":,;, 7 Jv ;1--o A Jv* -YM 7 =7l"":,;, J'\-7 Jv ;1--o Y Jv� Jv
A}v* -YM 7 =7l""-Y, T r-5 7 ;1,,;1--o ;j{ v-r-Y =7l"":,;, ;'\-7 ;1,,;1--o Y Jv� Jv;t,' v-r-

7 =7l"":,;, A.�--lj-7 ;1,,;1--o *A 7 x-r-y =7l"":,;, * t:: ti-1"'-7 ;1,,;1--0 y Jv� Jv*A 7 x
-r-7-=-7l""-Y�t>i�t--f G�6o

(0143]

*I::, --1:::icO)i�Ytt=t�flJ��i:t6fflflJ��c: l,,-C/;i, wLl.:z/iL i PF 6, Li C 104, Li
AsF5, LiBF4, LiAlCl4, LiSCN, Li Br, Li I, Li2S04
, Li2B10Cl10, Li2B12Cl12, LiCF3S03, LiC4FgSO
3, LiC (CF3S02) 3, LiC (C2F5S02) 3, LiN (CF3S02)

2 , L i N ( C 4 F g S O 2 ) ( C F 3 S O 2 ) , L i N ( C 2 F 5 S O 2 ) 2 �O) 1) 7

r; b.� � -flt x /;t_-:_ � G 0) 5 � O)=ffiPJ_J:: � 13:�0)*Jiifj.,g;b-ttB J: U'J:t$--C J=§v' 6-:. c:
i)i-e � Q o

(0144] 

It ffl� ui t:: ffl " \ 6 fflM 11� 1 i., llfft it 0) -=.--ifj. � fflM11� 0) ffl .fflG 5c • ,1;_;_ 5'1--0) 5c • C ,1;_;_ � , • t:: r :;f 
;WH!WJ J C: ti"\ 5 0 ) 0)'2rfl _mi)ij., �" \ r'ffl*1Hrn'.1t � �t:: fflfg�;i{'-� ffl" \ Q -=- C: i)i-fff * L," \0 J! 
1:$:a� t= ti., fflM1,W t= xf9 6 :;f ;WH!W 0) m_ml:t � 1 % ,1;_;_ �, -/ff* G < ti. o . 1 % ,1;_;_ �, J: ,J -!ff 
* L, < /j:_ 0. 0 1 %J;_j_ � C: 9 Q ,:_ C: iJ{-/ff * L, V '0 
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(0145) 

*f::.., '�filij;y,W:t:::::l:::'.'.'-=.v:.,;jJ-�;r--}-, 7°DJ'\:.,;7-,Jv}-:.,; (PS), t e r  t-7''::J-JvX

:,;t(:,; (TBB), 7}v71DI=f-v:.,;jJ-�;r--}- (FEC), Li BOBIJ:c'O)mno1f!J

��hDL--Cti d::v"o �jJD�UO)tJIB!'.li., fJU:zl:fm��1;$:t:::::xtL--C 0. 1 we i g ht %J;J.J::
5 we i g h t %J;J.1'° C: 9;ht;f J: v "o

(0146) 

* t::.., � 1) 7-�fflM11�c-lffi;f��ttt::..� 1) 7-,'.f'JvfflM��fflv"--Cti J: v"o

(0147)

� 1J 7-c: L --c ti., wu :z ti� 1J i =r v:.,; 71::r-'V r c PE o) tJ: c'O) � 1J 7 Jv::r-v:.,; 71 ::v- ,v

rt��� fl9 Q � 1) 7--?, p VD F' BJ: a� 1) 7 ,y 1) D = f' 1) }v�, BJ: rr--=c-n G �
'2i'1}�!fi:i'd:;$:�� ffl'-'" Q,::. c: -JJ'5.c-� Q O 1JU:z Ii P v D F c: A::f--l:r 7 ;1,,71 o 7°o 1::::" v:.,; CH 
F P) O)�!fi:Er1;$:t!tD Q P v D F-H F P � ffiv" Q,::. c: iJ{c-� Q O * t::.., MM� ;h,Q � 1)

7-li., �:FL�Mtk � fl L, --C ti J: v "o

(0148)

* t::.., '�filij;y,&0)1�b I) ,:::::, 111it1L!l&J*-?�1lJWJ*�O)ffl�!j&J;f;,ff4 � fl9 Q �1*'�filij;�-?, P

E O ( � 1) ITV/ 71 ::f-Y r) *�O) r'aJ7.J'--rttf4 � fl9 Q �1;,fs:fflfilij;� � m V "Q = C: iJ{t! �
Q O �w,�fill/;�� ffl'-'" Q ;1:�Ert::::: ti., t J'\ v-9-? 7--�--l:rO)�@tiJ{�� c: tJ: Q O * t::.., ,�

ttl!�1* � �1;$:11::c-� Q t::..lb, �ji5!.0) B--E ;hiJ{tJ: < tJ: I) ��•tfi:iJ{�NIBkJ ,::::: ri'iJJ:: 9 Q 0 

(0149) 

[ t J'\ v -9 J 
* t::.. = {JZ'�ttl! ti., t J '\ v -9 � fl9 Q ,::. c: iJ{!ff * L, v "o t J '\ v -9 c: L, --C ti., {JU ;z ti, �

, �•1'15", t.f 5 7-.ijUiL t 5 � 'Y ,y 7--, �'-'" ti.-f--1 o:,; c� 1J 7 � r) , l:::'.'.'= o:,; c� 1J
1::::"=�7��-�*••), �0i7--T�, 7-'!70�, �071v7�:.,;, �00i,,,,9:,;�
ffiv "f::..ErMii*l�t:MM � :ht::.. ti 0) � ffiv "Q,::. c: iJ{c-� Qo t J'\ v-9 /i.��t:::::n□I L,,
iE� * t::.. ti.��0)1., "T:hiJ'>�1J � 1-.Q.t: J: -5 t:::::Wc@t9 Q,::. c: iJ{:!ff * L v "o

(0150) 

[)1}�1;$:J 
=1xffln!!iJ{fl'"t Q )1}�1* c: L --c Ii., 1JU:z li7 Jv � = 0 A tJ: c'0)4:�;t;t*4-?f!tH�*1*4� ffl'-'" 
Q,::. c: iJ{c-� Qo * t::.., 7 � Jvh.�0))1}�1;$'.� ffiv "Q,::. c: tit!� Qo 7 � Jvh. c: L, --C Ii., 

,fJU :z ti� 1J i =r v:.,;, � 1J 7°o 1:::: v:.,;, � 1J n-ffi';r-- 1--, 7 -1 71,; 7-, � 1J 7 � r �

O);f;,ff4iJ" G tJ: QmtJ::t:::::, 7 }v � = 0 h., AT:.,; v A, ffl, = '1/ Jr }v�O)PJ:J:JHtt:::::-£1:ht::..4: 

��mt�ii!Ht, � i;,:::::�4:��mtJ::,:::::)'}�1*0)6'f-® c: G--c� 1J 7 � r*ffiH�, � 1J i7--T 
Jv*t!MH��O)�fiHiETMffiH�mt� ii�t-t t::..-=-.JiHl�O) 7 � Jv h. � fflv" Q,::. c: iJ{c-� Qo

(0151) 

C�1nffO)Ml� 3) 

*�1nff O)Ml�t! ti., )t,O)�JJl!!O)M,Jc-fill8Jj L, t::..iE�m!l&J� 1 0 0 � fl9 Q ={xffl?fhO)Mtk
O){JU ,::::: -:=> '-' "--cfillB]'"t Q O *�1nff O)M,i!lc'fil2B]'"t Q ={xfflttl! ,:::::m '-' "Q ;t;t*41:t., *0)�1nffO)M 
,JO)aciPG�$�9Q,::. c:iJ{C'�Qo

(0152) 

[ � -1 :.,; � = 1Xffl tt!! J 
*f�-1 /�O)={xffl?fhO)�{JUt:::::-:=>v"--Cfil28Jj9Qo I§ 5 (A) li.�-1 /� (¥Ji,LfJmP-JZ�)

O)={Xffltli!O)j}�l§t!tDI), 1§5 (B) /i., --f-O)Wf1ffii§t:tDQo

(0153) 

�-1 :.,;�O)={xffln!!3 o o ti., iE�Ylm--r��:tdt::..iE:@1Hfi3 o 1 c:��Ylm--r��.tdt::..��ffi 
3 0 2 c:iJ{, � 1) 7°D 1::::°V/�t:MM�:ht::..#7--Jr,y 1--3 0 3 C'��'V-}v�:h--Cv"Qo

iE,tit� 3 0 4 Ii., iE,tit��ffl1;,fs: 3 0 5 c:, ,::. tL c: �9 Q J: -5 t::::: � t-t G :ht::..iE�1��m�rii 3 0 6 

t::::: J: IJ MM� ;h,Q o * t::.., �� 3 o 7 ti., �tfil!�ffl1;,fs: 3 o 8 c:, ,::. tLt:::::�'"t Q J: -5 t:::::il� t-t 

G:ht::..�tilJim!l&J�rii 3 0 9 ,::::: J: I) MM� ;h,Qo

( 0 1 5 4) 

tJ: B, � -1 :.,;�O)={Xffln!! 3 0 0 t:::::J=§v" Q iEtfil! 3 0 4 BJ: O'�tfil! 3 0 7 Ii., --E:h--F';hy�!j&J 
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�� ti.J,00 0) <1J-t::,Jt;JJx9ti/i J: v "o

(0155] 
iE,@Etfi 3 0 1 , �,@Etfi 3 0 2 ,:: ti., fflMi�t=xt L,-Cffir.tft1!1:0) 2V 6 = 'Y Jr Jk Y }v � = 17 1" 
, T 5' /' � 0) �mt x. ti. ,:_ ti G 0) ii�-? ,:_ ti G c: {-ti! 0) � � c: 0) ii� CWU ;z ti ;z.. -r /' v ;z.. ffl 
�) � J=§v '-6 = c: t.r{

--
e � 6 0 * t:-., fflM11:§!.t= J: 6 �ft� �n <-t:-.tb, = ,y Jr Jv-\=> Y Jv � = ry

1"� � f&'.�9 6 ,:_ C: t.Jlru: ;i. L, v '-0 iffiljtfi 3 0 1 ti.iE,@E 3 0 4 C:, �,fit:)tfi 3 0 2 ti.�,@E 3 0 
1 c: --=c-ti--=c' ti ffl � BkJ ,:: � ®G 9 6 0

(0156] 

,:. ti G �fiij 3 0 7, iffiij 3 0 4 ;JS J: cf'·-lz J\ v-5' 3 1 0 � ffl:f!i� t:: '2i'Y5t �it, � 5 ( B) 
t::m9J:-St::, i£filjtfr3 o 1 ��t::L,-CiE,@E3 o 4, tJ'\v-5' 3 1 o, �t�3 o 7, � 
�tfr3O2�,:.0)-�ffl�L,, iE,@Etfr3Olc:�8tfr3O2c:�fi;z..Jr,y�3O3�*L, 
Lff�L,L��/'Jt;O)=�ffl$3OO��@96o

(0157] 
iE,§E 3 o 4 t::, :$'20)'1tfit!!O)M,&�ml.SJi Gt:-.i£filjy3!fo/J��fflv'-6 = c: �- -l:J-� 7 Jvlt'l'±t=� 
tik��/'MO)=�ffl$3OOc:96,:.c:���60

(0158] 

[ P3 mi M= 1�ffl$ J 
1�t:: P3fffiM0)=1�ffl$0){9Ut::-:>v '--C � 6 ���,� G-Cml.SJi9 6 o P3fffiM0)=1�·ffl$ 6 O O ti. 
, �6 (A) t::jJ;9J:-St::, J::OOt::iE,@E:f-.Y•Y7° (ffl$JI) 6 0 1 ��L,, 1JI-UOOBJ:cf}gi 
TIU t:: ffl$ tfi (6't#&tfi) 6 0 2 � � L, -C v" 6 o ,:_ ti G iffilj :f- -Y 'Y 7° c: ffl$ tfi (6't#&tfi) 6 0 
2 C: ti., fi ;z.. Jr 'Y � (ffi�; \ 'Y :f-/') 6 1 0 t:: J:-=> -C ffi� � ti-C v" 6 o

(0159] 
� 6 ( B) ti., P3tffiM0)=1�·ffl$0) NvfOO �t�titl'I� t::jJ; L, t:-. �� 2V 6 o $�P3fi�O)ffl$tfi 
6 0 2 0) P-J{!W ,:: ti., 11Hl\O)i£,@E 6 0 4 c: �-6 0 6 c: t.Jlt }\ v-5' 6 0 5 � Fs9 ,::�/v C't� 
@I� tit:-.ffl$*rf.>l�tt G ti -Cv" 60 �jJ; L, �v -.t.Jl, ffl$*r/i.t /' 5'-l: /' � tj=r)t,,C::ffl 
@I� ti-c 1,," 6 0 ffl$ m 6 o 2 ti., �ylMt.JlOO t, G ti, flli.\'llMt.ilOOv "-c 1,," 6 0 ffl$ m 6 o 2 ,:: ti. 
, fflM1f�t=xtG-Cffir.t�ft'l1:.0)£:>6=\Y7}v, 7Jv�=91", 75'/'�0)��- x.ti.=tiG 
O)ii�-? = ti G C: {-tl!O)�� C: O)ii� ({9LJ ;z ti, AT/ V ;z..ffij�) � J=§v '-6 = C: t.Jlc' � 6 0
;i. t:-., ffl:f!iYf�t= J: 6 �ft� 1W <-t:-.tb, = 'Y Jr Jv-\=> Y Jv � = ry A�� f&'.�9 6,:. c: t.Jlru: ;i. L, 
v "o ffl$tfi 6 0 2 0) r-J{JW t:: Bv '--C, iE,@E, �t�B J: cft J\ v-5' t.Jlffl@I � tit:-. ffl$*rti. 
, :xtri'u9 6 �:xfO)ffi�tJx 6 o s, 6 o g ,:: J: rJ � * ti-c v" 6 0 * t:-., ffl$*rt.ila� it G ti 
t:-.ffl$m 6 o 2 O)r-Jtf�ti., �Fll<ffl:f!itfl. C�mttf) t.Jla:A � ti-Cv'-60 �Fll<ffl:f!i�f�/i., � 
� /'M0)=1�ffl$ c: ��O)t; 0) � J=§v '-6,:. c: t.Jl� � 60

(0160] 
P3fffiMO)�ffl$ t=ffl v" 6 iE,@EB J: a�,§Eti.ffl@9 6 t:-. tb, mfflf*O) fi!TITIIT ,:: 13/fo/J� � MJJx9 
6 ,:_ C: t.Jlru: ;i. L, v '-0 iffilj 6 0 4 t:: /i.iE,@EYlmr (iE,@Emffl 1) - r) 6 0 3 t.Jl�®G � ti, �filj 
6 o 6 ,:: ti.�,§E.\'llMr C�,§Emffl 1J - r) 6 o 1 t.il�®G� ti6 0 iE,§E.\'llMr 6 o 3 BJ: U'�tilj 
.\'llMr 6 o 7 ti., c: t; ,:: y Jv � = ry 1" � �-O)��M� � ffl 1,," 6 = c: t.Jl� � 6 0 JEti!j.\'llMr 6 o
3 ti.�1:::#�tl 6 1 2 t::, �,§E.\'llMr 6 o 7 ti.ffl$m 6 o 2 O)Jg;C::--=c-ti--=c'tit.1£:m���� ti6 
0 �1:::#�tl 6 1 2 ti., p T C*r ( p O s i t i Ve Temp e r a t u r e C 0
e ff i C i e Il t) 6 1 1 �*L,-Cift�=f-'17 '1/ 7°6 0 1 C:ffl�l'f�,=�®G�ti-Cv'-60 � 
1:::#�tl 6 1 2 ti.ffl$0) r-Jff O) J::�t.JlpfrJEO) �fill� ,rn ;z t:-.:l:�ii,=, iffilj=f--Y '1/ 7° 6 0 1 c: 
iE,fit:) 6 0 4 c: O)ffl�l'l���®G � "W]Nvf9 6 t; O)� 2V 6 o ;i. t:-., PT C *r 6 1 1 ti.1.ffilEJtt.>lJ:: 
� G t:-.:1:�ii,::t.1£:fnt.ilttt:k9 6 tRH�H.1£vt*r�£:> 1J, r.1£m0)�*'= J: u fflrlrt.m � iumi G -c � 
1'tt58���,nll::96t;0)�2V60 PTC*rt::ti., y-5'/'®J'\ 1) 91" (Ba Ti O 3) *�
�f*t 5 � '1/ 7 ;z.. � � )=§ v" 6 ,:_ C: t.Jl� � 6 0

(0161] 
iE,@E 6 0 4 ,::, :$'20)�,fj'ffiO),ft;'&�ml.SJi L,/:-.iEt�y3!fo/J��J=§v"6 ,:_ c: �- -lj-� 7 JvlttU=� 
tikP3fffiMO)=�ffl$6OOc:96,:.c:���60

(0162] 
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[HE tJ'G::. c: 0)-C � Q =1�ffl?t!!J 
{� t=, HE (j'Q,:. C: O)c' � Q =1�ffl?ti!O)wLl t:':-:)1., 'LI§ 7 ;JS J: rfl§ 8 � �!ffl L, -CmlBJl9 Q0 

(0163] 

I§ 7 (A) t::, HE tj' G ,:. c: 0)-C � G =1�ffl?t!! 5 0 0) J:: ffiffl�I§ � �9 o I§ 7 ( B 1 ) , ( 
B 2 ) , ( C) t:: t:i-t-:h--F';h, I§ 7 (A) g=r 0)-t.p] lmfJR C 1 -C 2 , -lp]®ffJR C 3 -C 4 , -f.pJ 
®ffJRA 1 -A 2 t:: ;JS t't G ®f ffiffl�i§-C �Go ffl?ti! 5 0 /;i, 7'f-.�{;$: 5 1 C:, 7'f-.�{,;,fs: 5 1 0) IA] 
{fBt::J&��;ht;:.iEtilfil 1 aBJ:cf:�.tilfil 1 b�fl9Go iE�l 1 ac:ffl��t:':t£��;hf;:_ 
1) - r 1 2 a, ;JS J: cf�� 1 1 b c: ffl��t:':t£�� ;hf;:_ 1) - r 1 2 b /:i, 7'f-.�{,;,fs: 5 1 0)7'f-.
ffiH::JJI;-tEG-Cv'Go ;i.f;:_7'f-.�{;$:5 1 -Cl!El:i..:ht;:.iJij:!!JGt::/:i, if�'j 1 1 aBJ:cf�tilfi 1 1 b t::
1J□ ?t_ -Cffi:��Yf� (!?mm L, IJ: v ') iJ{!t A� .:h -Cv' Go

( 0 1 6 4 J 

ffl?t!:!5 0iJ{fl9GiE�l 1 aBJ:rf��l 1 bt:':-:)t,,-C, 1§8�ffit,,-CmlBJl9Go 1§8 ( 
A) /;i, iE�l 1 a, ��1 1 bBJ:t.ftJ'\v-� 1 40)fflfljJ11!'[�iJJlB}l9Gi4tii?m-C�G 
0 I§ 8 ( B) /:iiEtilfi 1 1 a ;JS J: rf�tilfi 1 1 b t::,iJ□ ?t_ -C, 1) - r 1 2 a ;JS J: cf 1) - r 1 2 b 

� m'9i4ti!?m-C� Go

(0165] 

I§ 8 (A) t::m9 J: 5 t::, ffl?ti! 5 0 /:i, fi�O)m-!ffi�l\O)iEtJI� 1 1 a, fi�O)m-!ffi�l\O)�tilfi 
1 1 b BJ: rfti�O)t J'\ v-� 1 4 � fl9 Go iEtilfi 1 1 a BJ: rf�ti1� 1 1 b /:i-t-.:h--F';h� 
/:ti L, f;:_ � :i{fp?.f c:, � 7� J:�7'f-.O) {fp?.f � fl9 Go iE� 1 1 a 0) � 15 0) ffi 0) � :iJ:�Jf-0) {fp?.f t:: 
iE�ri!r�m�fiiiJ{IDpj(;� ;h, �@ 1 1 b O)�--JjO)ffiO)� :lJ:�7'f-.O){fp7.tt=��1i!i�m�fiiiJ{IDpj(; 
�:hGo

(0166]

iE� 1 1 a O)i£�1i!i�m�fliO)IDpj(;� ;h-ci.,,t;t_i.,,ffi�±, BJ: cf�tilfi 1 1 b O)�tilfiri!r/W�O) 
IDpj(;�;h-ci.,,IJ:t,,ffi�±iJ{t£9GJ:-'Jt::, iEtilfil 1 aBJ:rf�tilfil 1 b/;ifflfii�.:hGo 

(0167] 

:i.k, iE�llaO)iE�ffl!W��IDpj(;�;hkffic:, ��llbO)��ffl!W��ID��.:hk 
ffiO) Fsi t:: /:it J'\ v- � 1 4 iJ{� t-t G .:hG o I§ 8 -c /:iJ!-?9 < 9 Q f;:.dbt J'\ v-� 1 4 � 1#!-. 
fJR-Cm9o

(0168] 

;i.f;:_1§ 8 (B) t::m9 J: 5 t::, ti�O)iEtilfi 1 1 a C: 1)- r 1 2 a /;i, t£�{fp 1 5 a t::;JSi.,, 
-Cffi'.�l'l"]t:':t£��:hG0 ;i.f;:.tf�O)�@ 1 1 b c: 1)- r 1 2 b /:i, t£�{fp 1 5 b t::;JSi.,,-c 
ffl��t:':t£�� .:hGo

(0169] 

'?�t::, 7'f-.�{,;,fs:5 1 t:':-:)t,,-Cl§7 (B 1), (B 2), (C), (D) �ffiv"-CmlBJl9Go

(0170] 

71--�W 5 1 /:i, 7 -1 JvA�O)ID�l\� fl L,, iEf_ilE 1 1 a BJ: rf�f_iIE 1 1 b ��,t_.:, J: 5 t:: 2-:) 
t:::ttr t) HE t'f G .:h -c v, Q o 7'f-.�W 5 1 /:i, tfr tJ HE tf{fB 6 1 c:, �:xtO) V-Jv{fB 6 2 c:, V­
Jv{fB 6 3 c:, � fl9 Go �:xtO) V-Jv{fB 6 2 /:i, iE� 1 1 a BJ: tf�tilfi 1 1 b � �/v-Cil� 
t't G ;h, -l:t-1 r V-Jv c: ti P-'¥ ✓��,:. c: iJ{-C �Go ;i. f;:_, V-Jv{fp 6 3 /:i, 1) - r 1 2 a Bz f.J' 
1J - r 1 2 b c: _m tJ:. Q {fB5t � fl G, 1-- ,y 7°v-Jv c: ti nSJZ ✓��::. c: iJ{-c � Q 0 

(0171] 

71--�{;$:5 1 /:i, iE�l 1 aBJ:tf�tilfil 1 bc:i!IJ:G{fp5tt::, �fvi71C::§.fJR72iJ{x_1f 
,:: Sift 1v taBzID�l\ � fl 9 Q ::. c: iJ{tif * G i., , 0 * t;:., 6"f-. �w 5 1 0) v -Jv{fB 6 2 Bz av-Jv {fB 
6 3 /;i, �JJ::!-C � Q ,:. C: iJ{!lf ;i. L, V 'o 

(0172] 
1§7 (B 1) /;i, �fJR7 1 c:i!IJ:G{fp5t-C-t.p]®fl,f;:_®fffi-C�IJ, 1§7 (B2) /;i, :§.fvi7 
2 C: mlJ: G {fp7.t-C-f.p]®f L, f;:_ ®fffi-C �Go I§ 7 ( B 1 ) , ( B 2) /:i�t::, ffl?ti! 5 0 Jk tfiE 

tilfi 1 1 a BJ: tr�� 1 1 b 0)$!'i'i15roJO)®fffit::xtlt'9 Go

(0173] 

,:.,:.-c, iE�llaBJ:rf��llbO)�--JjroJO).$, 9IJ:b�iE�llaBJ:rf��l 
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1 b O))'I/riHfB c:, V-Jvi'tB 6 2 c: O)fs90)fi!elff � Ji!elil L a c: 9 0 o fflll!! 5 0 r: atn--f 0 fJ: c:'O)� 
� � JJU ;z t:: c: �, {3tJ&9 0 J:: -5 t:: iftilj 1 1 a BJ:: rf �titj 1 1 b ;iJ�� � J:J foJ t:: li v \ t:: f tL0 
J:: -5 t::��9 00 -t-0)�, fi!elill L a i)im9 �-0 c:, 5"f--�{,;,fs: 5 1 c: iE,fit:) 1 1 a BJ:: u��titj 1 
1 b c: i)i1li < ffitL, 5"f--�{,;,fs: 5 1 i)ili);z:rJi L, --c L, * -5 :f:�i'ri)il10 0 0 ��t::)7'f--�{,;,fs: 5 1 0)4:mi 7 � 
Jv .b i)iD'.tB 9 0 c:, Mi �4:mi 7 � Jv .b i)i·�f!�ufl.t= J: 1J •-.tt � tL--c G * -s r�t1i)1d0 0 0 Gt:: 
i)i � --C, fi!elff L a � ttl * 0 t;:: i-t � < �k9 0 =. c: i)iW * L, v \ o -1

T
C, Ji!elill L a � _:k � <

L,9�0c:, ffllf!!500)Wffl�m:kG--CG*-So 

( 0 1 7 4] 

* t::, ffl� � tLt::iE� 1 1 a BJ:: cf�� 1 1 b O)i'ritO)/!J � i)if!Jv \t� c:', iftitj 1 1 a BJ::
cf�� 1 1 b c:, V-Jvi'tB 6 2 c: 0) Fs90)Ji!effll L a � _:k � < 9 0 =. c: i)iW * L, v \0

(0175] 
J:: IJ J.!. Wi'fkJ t:: ti., ffl� � tLt::iftitj 1 1 a BJ:: rf�titj 1 1 b O)i'ritO) f!J � � f!J � t c: L, t:: c: 
�, fi!elill L a Ii., /!J � t 0) 0 . 8 {ff J;).J:: 3 . 0 {ff J;). T, W * L, < ti. 0 . 9 {ff J;).J:: 2 . 5 {ff 
J;). T, J:: IJ W * L, < ti. 1. 0 {ff J;).J:: 2 . 0 {ff J;). T -c l10 0 =. c: i)iW * L, v \ o fi!elill L a � =. 0) 
iliB IHI C: 9 Q =- C: -c' =1 / J \ � I" -c' H -:J Ettn-n= xt 9 Q {�ffl•t� 0) r'ffl V \ fflll!! � �:EJi[.-C � Q 0 

(0176] 
*k, -MO)V-�$620)000)Ji!elff�Ji!e■Lbc:L,kc:�, Ji!e■Lb�iE�llaBJ::
cf�� 1 1 b 0)$j (-:.-:. -C ti., �� 1 1 b 0)$jW b) J:: IJ :t +J:t:k � < 9 0-:. c: i)iW * L,
v\o =.t1t::J:: IJ, ffllf!!5 0 t::�tJ:ilgl,,EtBtf'01J:c:'O)���:fJU:zt::c: �t::, iEt� 1 1 a BJ:
rf��llbc:5"t-�W51c:���L,--C:t, iE�llaBJ::rf��llb0)-$��7:JfoJ

t:: ftL0 =. c: i)i-C � 0 t::i\b, iftitj 1 1 a BJ:: rf�titj 1 1 b c: j'f--�{,;,fs: 5 1 c: i)iffi;;h--C L, * -5
=. c: � m �El� t:: �n <- =. c: i)i-C � 0 o

(0177] 

{7U:zti, -xtO)V-Jvi'tB 6 2 O)fs90)Ji!eJillL a c:, �� 1 1 b 0)$iWb c:O)�i)i, iE� 1 1 
a BJ:: cf�� 1 1 b 0)/!j � t 0) l . 6 {ff J;).J:: 6. 0 {ff J;). T, W * L, < ti. 1 . 8 {ff J;).J:: 5. 
0 {ff J;). T, J:: IJ W * L, < ti., 2 . 0 {ff J;).J:: 4 . 0 {ff J;). T � oo t:: 9 =. c: i)iW * L, v \ o

(0178] 

i31;\�:z0 c:, 
l,,l;\o 

(0179] 
(g& 2] 

Lb-Wb 

2t 

( 0 1 8 0] 

>a

=. =. -c, a Ii., O . 8 J;).J:: 3 . O J;). T, W * L, < Ii. O . 9 J;).J:: 2 . 5 J;). T, J:: IJ W * L, <

Ii. 1 . O J;).J:: 2. OJ;). T � oot:: 9 o 

(0181] 
* t::, � 7 ( C) ti. 1) - l{ 1 2 a� �tdf!Jrffi-C l10 IJ, fflli!! 5 0, iE,fit:) 1 1 a BJ:: u��� 1
1 bO)��J:JfoJO)N9rffit::xt}Jt900 �7 (C) t::�9J::-St::, :rfrlJEtBi-ftt�6 1 t::Bv\--C,
iE� 1 1 a BJ:: cf�� 1 1 b O)�� J:JfoJO)Yi'ffitfB c:, 5"f--�{,;,fs: 5 1 c: O)fs9t::�Fs9 7 3 � fl9 0
=- C: i)iW * L, V \0 

(0182] 

� 7 ( D) t::, ffllf!! 5 0 � EtB i-ft:: C: � 0) l®rffiffl:18'.fr� � � L, --C v \ 0 o � 7 ( D) ti., � 7 ( 

A) q::i 0) f.p] Wr*JR B 1 - B 2 t:: B t't 0 l®r 00 t:: ;{;§ Mi 9 0 o 

( 0 1 8 3] 

fflll!! 5 o � EtB i-f 0 c:, EtB tJ0)5"f--1JlU t::{ftfll[9 0 5't-�{,is: 5 1 0)-tfB Ii.{$ cf, IAJfJI-U t:: {ftfll[9 0 {if! 
0)-i'fB ti.�<t} J:: -5 t:: ��9 0 o J:: IJ J.!. wi'fkJ t:: Ii., 5"f--�W 5 1 0)5"f--1JlU t::fftfll[9 0 ttBJ:t ti., 1Bl. 
O):r�$ji)i1J\ � <, _a -:J}Bl.O)ffll�i)i_:k � < fJ: 0 J:: -5 t::��9 0 o --:n, 5"f--�{,;,fs: 5 1 0) IAJfJI-U t:: 
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1ft @': 9 6 tm-5.t ti., rEl oyi:� $/i'i iJ� * � < , H -:) rEl 0) nu,� iJ�, 1 \ � < � 6 J:: -s ,:: �M 9 6 0 -=- 0) J:: 
-5 t::, 7f-.l!H,$: 5 1 t.r��M 9 6 _:. c: t:: J:: IJ , HH t-f t:: 1-¥-=> ---c 7}.�{t 5 1 t:: iJ" iJ'-' 6 Et 1J iJ{�fO � 
;h 6 t;:-. &9, 7f-.�{t$: 5 1 � llAA9 6 ,ttf4 El {,fs:iJ{{$�9 6 �,� iJ{� v 'o -=f O)��, 7f-.�{t$: 5 1 
/i.�ffl 9 6 _=. c: � < , 1J\ � � 1J --Cffl?t!! 5 o � HH t-f 6 _=. c: iJ{--C � 6 o

( 0 1 8 4] 

*f;:-_, �7 (D) t::�9J::"5t::, ffl?tl!5 0�HHtf'6c:, iE�l 1 aBJ::cf�fajl 1 b c:iJ{
-t-;h-F';h;H:Jxt� c:: f ;h,6 o _=. 0) c: �, fJl�O)mJil � ;ht;:-.iE� 1 1 a BJ:: a�;t� 1 1 b ti.,
v-Jv�B 6 3 1Jltl0) �YiffiiJ{'1filJE�B-tt 1 7 c''1filJE � ;h ---c 1,,, 6 t;:-.&9, .tfr u HH t-f�B 6 1 t::ili:v, t:l c'
f ;h_m;IJ{::k � < � 6 J:: -5 t::, t ;h-F';h f ;h,6 0 _:. ;ht:: J:: I), _i__Efaj l l a ;IS J:: lj�� l l b
t::iJ"iJ"6Jit1JiJ{�fO�;h, iE� 1 1 aBJ::cf�� 1 1 b E1{,$:iJ{{$�96�,�iJ{�1,,,o -=fO)
��, iE�llaBJ::a��llb��ffl96_=.c:�<ffl?tl!50�HH�6_=.c:�--C-�6o

(0185] 

*f;:-_, _i__E;f:ajl 1 aBJ::cf��l 1bc:7}.�{,$:51 c:O)rait::�rai7 3 �flL,---c1,,,6_=.c:t::J::
1), HHtft;:-.B'ffpg1Jltlt::1ft@':96i£fajl 1 a;JSJ::lj�f!t:)l 1 biJ{, 7f-.�1,$:5 1 t::��!f!96_=.c:
� <, -f§xtB�t::f;h,6 _=. c: iJ{c-� 60

(0186] 

� 7 BJ:: a� 8 --C17tl� L, /;:-_ ffl?t!! 5 O /i., � 1) jg L, HH t-f{$ ti L, � fr-=> ---c 'tJ, 7f-.�{,$:O)�,rJL 
iE� 1 1 a BJ:: a�� 1 1 b O)�,tJ.t� c'iJ{1-: l5 t:: < <, ffl?t!!l'ff't-tf::'tJ �{[: L, t:: < 1,, ,ffl7t!!c'£V 
6 o ffl?t!! 5 o iJ{fl9 6 iE� 1 1 a c::, )'i:;0)'%..&t!iO)MJ'iJ--c�s)j L, t;:-.iE�Y3�� � m v, 6 _:. c: 

--c, � G ,:: -l:J--1 � Jvl'ff'l'tf:: ,:: tf;h t;:-. ffl?t!! c: 9 6 -=- c: iJ{--c::-� 6 o 
(0187] 

C'%..&t!iO)MJ'iJ4) 
;:;-t'%nt!iO)MJ'iJ--cti., ;:;,t3BB)j0)� J'iJ�--c ir) 6 =1xffl?t!! � ffl--rm�c= '%�9 6 f7tl c::-:) 1,,, ---cfil?.s)j 
960 

(0188] 

* T'%..&t!iO)MJ'iJ 3 --Cfil?.8):j L, /;:-_, HH t-f 6 _=. c: 0)--C � 6 =lxffl?t!! �ffl--rm�t='%�9 617tl� �
9 ,::�9 0 7 V :f-Y / }v�Mtk� {jffi ;z Q =lxffl?t!! � j@J=§ L, /;:-_ ffl--rm� C: L, L' 17U ;z ti, T
V l::::>0 3 /�@[ (TV l:::::', x.ti. TV l:::::'y 3 /�1§m C: t; 1,, \ -5) ' =1 / 1:::: .::i -'.9 m � c'O)=E­
= '.9, �Y'.9�h�5, �Y'.9�1::::°�*h�5, �Y'.9�7*�7v-A, mmffl�mc 
mmfflilE, mmfflilE�@': c: t; 1,,, -s) , mm� 7''-Am, mm,rw�f1™*, a•w1-:�@':, }\ 
T/ =im� c'O)::k�7''-Am� c'iJ{*t-f G;h6o

(0189] 

* f;:-_, 7 v :f-V 7''}v � Mtk � {jffi ;z 6 =lxffl?t!! �, *� � l:::::' }vO) pg�*/;:-_ ti.7}.��, El lfJII[
0) pg�*/;:-_ ti.7f-.�O) HHTID t:: 1&-=> ---c *Jld).,i6 ,t} _=. c: 'tJ PJjf�c-£V 6 o

(0190]

� 9 c A) 1i., mmfflilEmO) �17u � � G ---c 1,,, 6 0 mmfflilEm 7 4 o o ti., � 1* 7 4 o 1 ,:: 
ffldj..i6*;h�*�$74020)�, -��'.9/'7403, 7}.$���-�7404, �1::::° 

-h 7 4 o 5 , '"'< -1 � 7 4 o 6 � c' � fiffi .:z ---c 1,,, 6 0 � B, mmfflilEm 7 4 o o ti., =1xffl
?ti! 7 4 0 7 �flGLv'G o

(0191] 
� 9 ( B ) /i., mmfflilE. 7 4 0 0 � 1� HH � i± /;:-_ tlt)'iJ � m L, L 1,, \ Q O mmfflilE. 7 4 0 0 
� 7}.�pO)jJ t:: J:: I) �M � i±---C �{,$:� f�HH �i± 6 c:, -=f O) pg�BC::ii'¾'. tj G;h ---C v, 6 =lxffl?t!! 7 
4 0 7 'tJ t�HH � ;h,6 o * /;:-_, -=f O)B'ff, HH t-f G ;ht;:-.=lxffl?t!! 7 4 0 7 O);!:;kJ'iJ � � 9 ( C) c:: 
m9o =lxffl?t!! 7 4 0 7 ti.$�0)�ffl?t!!--C-£V6o =lxffl?t!! 7 4 0 7 /i.HHt-f G;ht;:-.�]\J'iJ--C'1fil 
IE � ;h ---c 1,,, 6 0 � B, =1xffl?t!! 7 4 o 7 1i.fflffl1* 7 4 o 9 c: ffl�a� ,=��� ;ht;:. 1J - r ffl 
faj7 4 0 8 �flGLv'G o 17tl.:zti, fflffl1,$:7 4 0 9 ti.fflo/a--Cir)I), ��pjfl) 17AC:'2!�{[: 
�i±---c, fflffl�7409c:�96m��Jilc:O)��tt���L,, =�ffl?tl!7407�HH� 
G ;h/;:-_;!:;k)'iJ--C-0)1§}t!ff'ttf::iJ{r&J 1,, -�AA C: �-::> LV \ Q 0

(0192] 

�9 (D) /i., J\/'��fJv�O)*m�@':O)�fyLl�mL,---Cv'G o ffl**��@':7 100/i., � 
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1* 7 1 o 1, *jJ;ffB 7 1 o 2, �{Jp,j{;.,:,, 7 1 o 3, ».rr=<xfflll!! 7 1 o 4 �-Om.:zQo * 

t::.., I§ 9 ( E) t:: atH:f G nt::..=<xfflltl! 7 1 0 4 O)ij;:,.,.� � m'9 o =<xfflll!! 7 1 0 4 /i.atH:f G 

nt::..ij;:,J-C{�JtlifO))fi!A.O)���,=, i!t{*iJ{�fJl� L, --C =<xfflll!! 7 1 0 4 O)�ffB * t::.. ti.�ffB

0) B:H$iJ{�{r;9 Q o JJ: B, B:HtJRO){f:�O) ,¢,Ct:: B t--t Q B:HiJ-r t) J!.i'r � :t§ Mi 9 Q P3 0)¥;f:¥:O){il[-C
* L-t::.. :t 0) � B:H$¥;f:¥:-C2V tJ, B:H$¥;f:¥:O)��� B:H$ � IJSJZ ✓.S�o Jt{*ElkJt:: ti., B:H$¥;f:¥:iJ-r 4
O rnrnP,JJ:: 1 5 O rnrnPXFO)fiJlt£lpg-C'f'!{**t::..ti.=<xfflll!! 7 1 O 4 0)3::*ffiO)�ffB*t::..ti.

�ffBiJ{�{t:9 Q o =<xfflll!! 7 1 0 4 0) ±*TIU t:: B t--t Q B:H$¥;f:¥:iJ-r 4 0 rn rnP,JJ:: 1 5 0 rn rn
P,J T O)fia!HI-C 2Vnti, � 1., '\{§WJ'!'l'1: � i%1t�c' � Q o

(0193] 

1§9 (F) ti., Jfi!B�tt�O)ffl1ff•['i!f¥RYiffi*O)�,tyU�mL,--C1.,'\Qo ffi;1ff'NJ¥RYiffi*7 2 0 0ti., 
!'!{* 7 2 o 1 , *mffB 7 2 o 2, 1�:,,, r 7 2 o 3, 1� ,y y Jv 7 2 o 4, �11F�;.,:,, 7 2 o 
5, A tf:L1Jyiffi� 7 2 0 6 JJ: c' � -Om ;z Q o

( 0 1 9 4 J 

ffi1ff'NJ¥RYffii* 7 2 0 0 ti., �tvffla�1L ffl � ;,( -}v_ ::X:J';'tlffl)i'.Bz lj{fp]J3G, s�W:'t., -{ Y;.,
-�o/��&, �y��-;z3/-AJJ:�0)�40)7/07-V3Y��fi9Q=��-C�

Qo

(0195] 

*mffB7 2 o 2 ti.-t-O)*mffiiJ{t�B:HL---Ca'¾'.t--tG;tt, t�B:HL-t::..*mffit::r&-=>--C*m�fi-5 =
�ib-r-c�Qo *f::.., *jJ;ffB7 2 0 2/;t.;.,,y-=rtY-l:r�-Offi;z, ti't-?7--;z-{57--JJ:c'c,liruffit::
f§!1t;rtQ = � -c�{lp9 Q = � iJ{c,� Qo wU.:zti, *mffB 7 2 o 2 t::*m� nt::.. 7--f � Y 7 2

0 7 t= �;rt Q = � -c' 7 / l) 7-V 3 / � �lv9 Q = � iJ{-C � Q 0
(0196] 

���;z:,,72os�, �M��O)��, ffl�O)*Y, *7lv�, �-�fflO)*Y, *7 

Iv�, ��-�-rO)�fiBzVM�, �-h�-rO)�fiBzVM�JJ:�, �4JJ:M��� 
t::.. it Q = � ib-r-c � Q o {:9U ;z Ii, ffi;1ff'NJ¥RYiffi* 7 2 0 0 t:: *JldJ-� * ;tt t::.. * � v -T -1 Y ,:f V 

7--TAt::J::I), �{lp�;z:,,,7 2 0 50)•tm�§Etlt::��9Q=�:t-C�Qo

(0197] 

*k, ffl1ffffifflyiffi*7200�, �&m��nk�ffi•�•�&��fi9Q=��m�-c
2V Q O ,wu .:z ti�*l�1§m11� JJ:"" ,y rt ,y � � :t§li�1§9 Q = � ,:: J::-=> --c, 1,:,,, :X 7 1J --c
�a§9 Q = � :t-c� Qo 

(0198]

*k, ffl;1ffffifflyiffi*7200�Affihyiffi�7206�-0ffi;z, �O)fflfflyiffi*���y;.,-�

*L---C���-;.,O)-?IJ�IJ�fi-5=��-c�Qo *kAffihyiffi�7206�*L---C7Bffl

�fi-:') = �'b-C�Q0 JJ:B, ft'�liJ{/p/j:_}s.ffihyiffi�7 2 0 6 �*�ft=�tJRi%if�t=J:: /)fi

-=> --C :t J:: It '\o

(0199] 

ffi;1ff'fff¥RYffii* 7 2 o o O)*mffB 7 2 o 2 t::ti., ;;,t3£8JjO)�,JtJO)=<xfflll!!��L---c1.,'\Qo 

-WU ;z ti, I§ 9 ( E) t::jJ; L, t::..=<xfflltl! 7 1 0 4 �, i!t{* 7 2 0 1 0) IAJffB t=r�B:H L, t::..ij;:,J-C

, *f::..ti.J'\Y r 7 2 o 3 O)IAJffBt::r�B:Hm1t�JJ:ij;:,J-C*JldJ-�<t}= �iJi-C�Qo

(0200] 

ffi1ff'NJffiyiffi * 7 2 0 0 ti. t Y 4t � �9 Q = � iJ{-fff * L, 1., '\ o t Y 4t � L, --c {:9U ;z ti, tl't*0C t Y 

-l:r, �ffitY-l:r, �mtY-f:r�O)A�tY-l:r-?, ;co/.:f-tY-l:r, mfftY-l:r, m��tY 

-lj-, �iJ{Pcftx; � ;rlQ = � iJ{-/Jf * L, 1., '\o

(0201] 

1§9 (G) ti., Jfl!J';'t�O)*m�ul[O)�,WU�mL---Cv'\Qo *m�ul[7 3 0 0/i., *mffB7 3 
0 4 ��L,, ;;,t3£8JjO)�,JtJO)=<xfflll!!��L,--c1.,'\Qo *f::.., *m�ul[ 7 3 0 0 ti., *m 

ffB 7 3 0 4 t:: ;z 'Y -=rt Y-l:r � 1Jffi ;z Q = � :t -C �, * t::.., ffi1ff'['i!ffflyiffi* � L, --CM1!� � it Q = 

�'b-C�Qo

(0202] 

*mffB 7 3 o 4 /i.-t-O)*jJ;ffiiJ{t�B:H L---C B IJ, t�f±H L-t::..*mffi t::1&-=> --c *m � fi 5 = � iJ{
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--c: � Q O * f;:_, *m�ul[ 7 3 0 0 ti., �{g"t,5[� � ;;hf;:_Jlf:JEemffi€rrJJH!lH�:P'J: t:' ,= J:. I)' *m�t 

1£ � �!l!:9 Q ,::_ � ty{
--

-e � Q 0 

(0203] 

;i f:. , * m � fll[ 7 3 0 0 Ii. A /:ti 1J Y@--r � ,fJffi :z , {i!! 0) '[ff� Y@ * � =r ;z ... '.7 :9 -� fr L, --C 00: �-=?' 
-'.90)�/)�l)�fi5,:_��L:�Qo ;ikA/:tl1J�--r�Jrl,,--Cftffl�fi5-::.�tL:�Qo 

7d: B, ft'�if:l{'f::li.Atti1JY@--r � fr� f ,::ffi€rrJR�fflt:: J:. 1) fi ":)--Ct J:. v 'o 

(0204] 

i)U=, � 1 0 (A) BJ:.u�� 1 0 (B) ,::, 2-:::>}JrlJPJg�ld::97�}/,y }--_ftlJ@*O)�f9U�m 
9o � 1 0 (A) BJ:.lj� 1 0 (B) ,::m9:9:iv'Y r-�Y@*9 6 0 0 /i., ffi{,;,fs:9 6 3 0 

a, i'!W963Ob, i'!W963Oa�i'!W963Ob���9QPJif:1$964O, *m 
$963la�*m$963lb�fl9Q*m$9631, *mt-fWIJB:zA1o/T 

9626, ffl�A1o/T9627, �ffl1Jt-fWIJB:zA1o/79625, ffi�R96 
2 9, �{'f::A1'YT9 6 2 8, �fl9Qo �1 0 (A) /i., :97V'Y r-��*9 6 0 O� 
fffli.,f:.�,J�mL,, � 1 0 (B) Ii., :9 7�v,y r-�Y@* 9 6 0 0 �OObf:.�t,J�mG--Cv" 
Qo 

(0205] 

;if:., :9 7''v 'Y r-��* 9 6 0 0 Ii., i'!W 9 6 3 0 a BJ:. rYi'!W 9 6 3 0 b O)r-J:i'fp,::;if·� 

{,;,fs: 9 6 3 5 � fl9 Q O ;ifffl{,;,fs: 9 6 3 5 /;i, PJif:l{fp 9 6 4 0 � � IJ, ffi{,;,fs: 9 6 3 0 a � ffi{,;,fs: 
9 6 3 0 b t:: � "=:) --C � tt G ;;h --C v' Q o 

(0206] 

* m :ffB 9 6 3 1 a ti., � :ffB � :9 'Y T; \ ;z ... JvO) iJit.'!¼ 9 6 3 2 a � 9 Q -::. � iJ{--C: �, *m � ;;h
f:.�{'f:::f--9 6 3 8,::✓S,;;hQ-::.�--c:-=?'-:9A1J�9Q,::_�iJ{--C:�Qo ld:B, *m�B9 6 3

1 a t::asi.,--cti., �wu� Gt:'f.5-tO)iJi:f:J!¼iJ{*mO)dj.O)�fJ��fl9Qflm t t 5:'f.5-tO)iJit.'!¼

iJ{ :9 'YT)\� JvO)�fJ� � fl9 Q llfflG � m L, --C v, Q iJ{�llfflG ,= �.rUE � ;;hld: v 'o *m'ffp 9 6 3
1 a O)�--C O)'JlJ:!:f:.i!¼iJ{ :9 'YT J\,:Z--. JvO)�g� � fl9 Q flfflG � L, --Ct� v 'o {9U :z ti, *m�B 9 6

3 1 a0)�1fil�:f--;j{-f;f,':9y*m�i±--C:9·Y7/\�Jv�L,, *m��9 6 3 1 b�*m

TIIDOO � L, --C }=§ v 'Q -::. � iJ{--C: � Q o 

(0207] 

;if:., *m��9 6 3 1 b ,::asi.,--ct*m'ff�9 6 3 1 a ��tiu::, *m��9 6 3 1 bO)��� 

� :9 'YT)\� JvO)'pjt,i!¼ 9 6 3 2 b � 9 Q ,::_ � iJ{--C: � Q O * f;:_, :9 'Y 7 J\� JvO) :f--;f,'- r 

*mW 1) ff ;z ;t{ :9 Y 9 6 3 9 iJ{*m � ;;h LV, Q {ftfll[t::tl';� A :91 5 A 7d: t:'--c: ✓S<?1,Q ,::_ � --C:
*m'ffB 9 6 3 1 b ,= :f--7f.'- r ;t{ :9 Y*m9 Q-::. � iJ{-e � Q 0 

(0208]

;if:., :9 'YT J\� JvO)'JlJ:!t.'!¼ 9 6 3 2 a � :9 'YT J\� JvO)'JlJ:!t.'!¼ 9 6 3 2 b t::xt L, --C �B�t:: :9 
'Y T A1J 9 Q -::. � t --C: � Q o 

(0209] 

;if:., *mt-fW 1) 9:ZA1 'YT 9 6 2 6 /i., itmt*mx.li.ti*mld: t:'O)*mO)foJ � �W 

IJB:z, �ffl*m��5-*mO)WIJB:zld:E��m--c:�Qo �ffl1Jt-fWIJB:zA1 
'YT9 6 2 5/i., :97V'Y f'�Y@*9 6 0 o,=r-1�LLv'Q:1/6tY+J---C:l�tti�;;hQ{9!}=§� 
0) 5'f--::Y6 0) ::YtJ;. t:: fit b --C * m 0) �im'. � i&;i® ld: t 0) � 9 Q -::. � iJ{--C: � Q o :9 7'' v 'Y r-� Y@* Ii.
::YttY+J-�0--C:ld:<, V�1 □, W�m'.tY+J-�O)ffl���/:tl9QtY+J-ld:EO)�O)�ttl

�ul[ � r-1� � i±--C t J:. v 'o 

(0 2 1 OJ 

;if:., � 1 0 (A) --C:ti.*m'ff�9 6 3 1 b �*m�B9 6 3 1 aO)*mOOffiiJ{�b{1U�mG 

LV, Q iJ{ftt= mui �;;hf, �--JjO)+J-1 A'� t 5 �--JjO)+J-1 ;(iJ{�ld: "=:) LV 'Lt J:. <, *m 
O)Jt:i�t �ld: "=:) LV 'Lt J:. V 'o {yU ;z t£�1JiJ{{if!15 J:. 1) t r'a/¥li%11J ld:*m � fi ;z Q *mJ\�}v 
�L,--CtJ:.v'o 

( 0 2 1 1 J 

� 1 0 ( B) ti., 00 b f;:_�,&C'ct) 1J, :9 7v 'Y r-��*Ii., ffiw 9 6 3 0, :::k�ffl?I!! 9 6 

3 3, DC DC =r Y 1�-:9 9 6 3 6 � '2tiL'ftJJXffliliUffW@J� 9 6 3 4 fl9 Q o ;if:., ;ifffl{,;,fs: 
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9 6 3 5 c: G -C, *9'88JjO)�)'iJ�t::f;i6 �ffl{,,fs:� J=§v \ 6 o 

(0 2 1 2] 

ld:B, '.></V'Y }-�)fmt5K9 6 0 Oii.2-:J;ffrl)nJfi�ld:t:-.&9, *{!1!J=§B{ft::�{,,fs:9 6 3 0 a BJ:: 
-cY� {is: g 6 3 o b � m ;Ja�tt 6 J:: -s ,:: tfr 1J t:-. t:-. <t:..:- =. c: iJ{--c � 6 0 tfr u t:-. t:-. ,t, =. c: ,:: J:: u , 
*m'ff� 9 6 3 1 a, *m'ff� 9 6 3 1 b �{*!le'� 6 t:-. &9, '.)? 7" v 'Y 1--�)JIM* 9 6 0 0 0) ffiN
!7-..'11±:� t'ffl&96::. c: iJ{--c-� 60 ;it:-., *9'88�0)�JiJ�O)�ffl{,,fs:�J=§v\t:-.�ffl{,,fs: 9 6 3 5 ii.PI
:fJH1: � 1'f G, 8:B t-f{$ t£ G � � IJ � G -C ti 1fin!{ffl�_miJ{{Jf �Gt::< v \0 J::-:) -C, {§ffl't1:0)1Jt 
nk'.)Z7"vo/r-��*�m�--c�6o 

(0213] 

;it:-., ::_O){-tf!t=ti� l O (A) BJ::lj� 1 0 (B) t::mGt:-.yl/V'Y f'��*li., tf,;z7d: 
'f'i!rffl (Dll:@L if:l@L T:3f-7--r-ilru�ld:�') �*m96�fi�, /Jv/y1''-, B{1x.ii.B{i:�Llld: 
�-� *m'ff� t::*m9 6 �fl�, *m'ff� t::*m G t:-.'lffffl � y1 '>' r AJJ�{"Fx. ii.ifi!m9 6 y7 '>' r
AJJ�fi�, tf ,;z 7d: ',/ 7 !-- 17 x 7 ( 7°D �-5 A) t:: J:: -:J -C Ml1!. � tLl1ffll9 6�fi�, �� 1'f9 6 
::. c: iJ{--c-� 6 0 

( 0 2 1 4] 
y17

y

v·:1 r-�)f/M*O)*ffi'=���nt:-.::;t:�fflrl:!!9 6 3 3 c::J::-:J-c, fflJJ�y1-y5-1";z-Jk 
*m'ff�, x.ii.H!#:�{§%M:E1!.:ff��t::�Mt96::. c:iJ{--C�6o ld:B, ::;t:�·�fil! 9 6 3 3 Ii., �
{is: g 6 3 o 0) Jtffix. ti.filITTIIT ,:: B� t-t 6 =. c: iJ{--c-�, �fflfis: g 6 3 5 0)1fiffl � m-¥1¥'1 c::fr 5 •
JJ,IGc:96::. c:iJ{--C�6o ld:B�ffl{,,fs:9 6 3 5 c: G-Cti., 1) r'7A-17tYfflfil!�J=§v\6 c:,
tj\�{L� �n6�0)frJ,r�iJ{�6o 

(0 2 1 5] 
;it:-., � 1 0 (B) c::m91fin!{fflff:fLl1ffll@J�9 6 3 40)t:1'ftlG, BJ::O'Jfb{/pt::-:Jv\L� 1 0 ( 
C) ,:: :t'o '1/ :7 � � m G ml,8�9 Q O � 1 0 ( C) ,:: ti., *�ffla!! 9 6 3 3 ' �-�{* 9 6 3 
5, DCDC:1//\-'.)?9 6 3 6, =1//\-yT9 6 3 7, 7'-1·YrS\iVl7Y�SW3, * 

m:ff�9 6 3 1 t::-:Jv\-CmG-CBIJ, �ffl{,,fs:9 6 3 5, DCDC::IY/\-yl 9 6 3 6, ::IY 
J\-yl 9 6 3 7, 7-,-{ 'Yr SW 1 J:,� SW 3 iJ{, � 1 0 ( B) c::m91fi:f&ffltLl1fflJ@J� 9 6 

3 4 c::xt Et9 6 �J=ifr c: 7d: 6 0 

(0 2 1 6] 

;i T j}7'6t:: J:: IJ ::;t:�ffla!! 9 6 3 3 c:: J:: IJ 9'effliJ{� n6 :f:��O)ifJf"FO)f:fLl c:: -:J" \ -cmt8�9 6 o 

::;f;(�fflfil!--C9'effl G t:-.ffljJ ii., �ffl{,,fs: 9 6 3 5 � 1fiffl9 6 t:-.N)O)fflff c: 7d: 6 J:: 5 DC DC =i 
//\-'.)? 9 6 3 6--C�ffx.li.�ffiJ{ld:�h6o -t-G-C, *m'ff�9 6 3 1 O)ifJ{"Ft::::;t:�·�fil! 
9 6 3 3iJ'>i;O)ffljJiJ{)=§v\Gn6�t=ti.7'-1·YrSWl �7f/C::G, =1YJ\-y19 6 3 7 
--c*m'ff� 9 6 3 1 c:: �-� 7d: fflff c:: � ff x. ii.�ff � 9 6 =. c: c: 7d: 6 0 ;it:-., *m'ff� 9 6 3 1 
--CO)*m � frbld: v \�,= ti., S \V 1 � 7t 7 ,:: G, S vV 2 � 7t / ,:: G -C�ffl{,,fs: 9 6 3 5 O)jB 
ffl � fr 5 tlftlG c: 9 n t£ J:: "\ o 

(0 2 1 7] 

7d: B::;t:�-�ll!! 9 6 3 3 t:: -:Jv \-c /i., 9'effl=fo�O)�{JLl c: G -Cm G t:-.iJ{, �c:: mUi::� nf, ff 
ffl*--r ( l::" I 'I*--r) ��ffl�tt*--r ( �}VT-1 I*--r) 7d: �'O){-tf!0)'9'effl-=p� ,:: J:: Q �ffl 
{is: 9 6 3 5 0)3nffl� fr 5 tiftlG--C �-:) -C ti J:: v \0 ,fJLl ?U£, m€*i (�p�f§9!) --c-fflJJ � *�{§ G 
-C1fiffl96ffl€��fflJJ�*�v�-��, ;ik�0)3nffl-=p��fflh�btt-Cfr5fflft1Gc:G 
-ctiJ::v\o 

(0 2 1 8] 

� 1 1 t::, {-tf!O)ffl--r��O)f9Ll�m90 � 1 1 t::Bv\-C, *m�@r 8 0 0 0 Ii., *9'88�0)� 
!iJtft::�6 =1J\ffla!! 8 o o 4 � J=§v \t:-.ffl--r��O)�{JU--c-� 6 0 J!{is:BkJt::, *m�@r 8 o o 

0 ii., TV:l&*�{§J=§O)*m�@:C::t§¥iG, �{,,fs:8 0 0 1, *m'ff�8 0 0 2, 7--l::"-jJ:(f� 
8 0 0 3, =1J\fflll!!8 0 0 4��1'f96o *9'88�0)�JiJtft::{*6=1J\fflrl:!!8 0 0 41:i., � 
{is: 8 O O 1 O)P'J'ff�t::i�t't Gh-Cv\60 *m�@r 8 O O O Ii., lffifflffl�iJ" GfflJJO)�Mt�� 
t't 6 ::. c: ti --C � 6 G, =1J\ffla!! 8 0 0 4 t:: �m � nt:-. ffljJ � J=§ v \ 6 ::. c: ti --C � 6 o J:: -:J -C 
, {¥fflld: �-t:: J:: IJ lffifflfflt�iJ" G -�JJ O){i¾MtiJ{� t't G hld: v \B{f--C ti, *9'88� O)� !iJ�t::{* 6 
=1J\ffla!! 8 0 0 4 � ffi€{¥fflffl1� c: G -C J=§v \6::. c: --C, *m�@r 8 0 0 0 O)frJJ=§iJ{nJfi� c: 7d: 
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Qo 

(0 2 1 9] 

*�ff� 8 0 0 2 r:t.i, i�mr£R��@L fl�E L*rtU:::'0)�3/6*--r��@J*t=-Om.:zt:-.�:Yc
�@[, ffl�1zJ<ib£R��@[, DMD ( D i g i t a 1 M i c r o m i r r o r D e v i
c e), PDP (Plasma Display Panel), FED (Field

Emission Dis p 1 a y) i;t.e,'O), ��{;,fs:£R��J][�ffiv'Q,:_C:tJ{-C�Q0 

(0220] 

i;t. B ' * � � @[ t= t .i' T V n5Z � � {� ffl 0) {tlL J '\ - :J T JV =1 / l::: .::i - '.9 ffl ' J.t * * � ffl i;t. c' 
, �--C O)'['i!rffl£R�ffl£R��l][7J{'2i' * ;h,Q o 

( 0 2 2 1 ] 
� 1 1 t=asi.,--c, tE.:z11tJ�O)!fflBJ§�J][8 1 o o /.i, *�BJ§O)-Jtlttlt=�Q=11Zfflrl:!!8 1 
0 3 �ffii.,t:-.fflr��O)-,WUc'2DQo J!{1fs:1¥H=, ?,ijBJ§�l][8 1 0 0 /.i, 1!:fH;,fs:8 1 0 1, :Ye 
1»R 8 1 0 2' =11Zfflrtl! 8 1 0 3 � � fl9 Q O � 1 1 C' /.i, =11Zfflrtl! 8 1 0 3 tJ{, 'f'!1* 8 1 
0 1 Bz rY:YcYJlR 8 1 0 2 tJ{}E ,:z M t't G .:ht:-..:R# 8 1 0 4 0) P-Jff� t= g� t't G tL --c v, Q t�i'r � ,WU� 
G--Cv'Q7J{, =11Zfflrl:!!8 1 0 3 /.i, 'f'!{;,fs:8 101 O)r-J{f�t=�t'tGtL--ci.,--c:t.Nv'o ?,ijBJ§� 
1][8 1 o o /.i, iffifflffl1J!RtJ"Gffl1JO)����t'tQ-=:. c::t-c�Q G, =11Zfflrl:!!8 1 o 3 t=� 
ffl� .:ht:-.-�jJ � fflv \ Q-=- C: :t C' � Q O J:-:) L' {¥ffli;t. c' t= J: I) iffifflffliflRtJ'> G -�jJO){��tJ{ 
� t't G ;hi;t. v 'B�-C:t, *�B)jO)-JtJtlt=tiQ =11Zfflrtl! 8 1 0 3 � ffi€{¥fflffl1J!R c: L, --C fflv' Q 
-=:.c:-c, !ffl��l][81000)�ffl�m�c:i;t.Qo 

(0222] 

i;t. B, � 1 1 -C t.i.:R# 8 1 0 4 t= � t't G :ht:-.}Jlli ;z 11 tj�O) �ijB}j�J][ 8 1 0 0 � {;9U� L, --C v, 
Q7J{, *�8JjO)-JtJtlt=�Q={1Zfflrtl!/.i, .:R#8 104,l;_Jjf--, ,WU.:z/ifflUms 1 0 5, W8 
1 0 6, f§8 1 0 7�t=�t'tG:ht:-.}E.:z11tJ�O)?,ijBJ§�J][t=ffiv'Q-=:.c::t-C�Q L,, �J:: 
�O) �ijBJ§�j][i;t. c' t=m i., Q -=- c: :t -c � Q 0 

(0223] 

*I:-., :Y61J!R8 102t,:/.t, ffl1J�fUfflG--CAil'l�t=:Y6�1�QAI:Y61J!R�ffiv'Q-=:.c:tJ{-C�
Qo J!{;,$:�t=t.t, B�ffl.F.1t 1.t.t:Ycni;t. c'O),fj5(ffl5 /'/, LE D�fl�E L*ri;t. e,'0)�3/6
*r�, J::�AI3/61J!R0)-00c:G--C*�GtLQo 

(0224]

� 1 1 t,:asi.,--c, �P-1�8 2 0 0Bztf�j!--�8 2 0 4 �fl9QIY:JY-=f'-1 y3j--/.i, 
*�BJ§O)-JtJtft,:f*Q=11Zfflrl:!!8 2 0 3 �ffii.,t:-.fflr��O)-,WU-C2DQo J!1*�t=, �P-1
�8200/.i, 'f'!1,$:8201, �J!\.O8202, ={JZfflrl:!!8203��fl9Q0 �11-C
/.i, =1xfflrtl! 8 2 0 3 tJ{, � P-1� 8 2 0 0 t= El� t't G ;h --C v, Q t�i'r � wUm L, L V, Q tJ{, =1,JZ
fflrtl! 8 2 0 3 /.i�jf-� 8 2 0 4 t= � t't G tL --C v ,--c :t N v 'o �v, t.t, �P-1� 8 2 0 0 c: �jf­
� 8 2 0 40)fi!il1H=, =11Zfflrl:!!8 2 0 3-JJ{g�t'tGtL--ci.,--c:t.Nv'o i7=1y-=f'-1V=1j-­
t.i, iffifflfflYJlRtJ" G ffl1J O){�� � � t't Q -:. c: :t -c � Q L,, =11Zfflrtl! 8 2 o 3 t= �ffl � .:ht:-. ffl
1J �mi., Q-:. c: :t -c � Q O tr�t=, �P-1� 8 2 o o c: �jf-� 8 2 o 4 O)filil:n t==11Zfflltl! 8 2
0 3 tJ{g� tj G tL --C v 'Q t�i'r, {¥ffli;t. c' t= J: I) iffifflffliflRtJ'> G ffljJ O){��tJ{� t't G ;hi;t. v ,a�-c
:t, *�BJ§O)-JtJtf t,:f*Q =1xfflrtl! 8 2 0 3 � m€Wfflffl¥J!R c: L, --c fflv 'Q-:. c: -c, i 7 =i Y
-r'-1Y37-0)5fljffitJ{m§� C: 1;t_ Qo 

(0225] 

i;t. B, � 1 1 -C/.i, �P-1� c: �jf-�-CfflP½� :tl,Q t J'\ v- 1-- �O).I 7 =i Y-=f'-1 V 3 j--� 
17U� G--Cv, Q tJ{, �r-J�O)�ti� c: �j\--�O)�ti� c: � 1 -::::>O)'f'!{1fs:t,:fl9 Q -{;,fs:�O).:c 7 =i Y 
-=f'-1 V =1 j--t,::, *�BJ§O)-JtJtf t,:f*Q =1xffl11tt � fflv, Q-:. c: :t -C � Q o 

(0226] 

� 1 1 t=asi.,--c, ffl�X'ri*X'rixM[ 8 3 o o /.i, *�BJ§O)-JtJtlt=f*Q=11Zfflrtl! 8 3 o 4 � 
mi.,t:-.fflr��O)-fJU-C2DQo J!11fs:l'l�t=, ffl�X'r1!f;1:l�ixM[8 3 o o ii., 'f'!f;,fs:8 3 o 1, X'r 
ix�fflm 8 3 0 2, X'ri'*�mm 8 3 0 3, =1xffl1if! 8 3 0 4 �� fl9 Qo � 1 1 -C/.i, = 
i'JZfflrtl! 8 3 o 4 tJ{, 'f'!11fs: 8 3 o 1 O)r-J:i'f�t=g�t't G.:h--Cv'Qo ffl�X'r�X'rixM[ 8 3 o o ti., 
iffifflffliJ!RtJ" Gffl1JO){��� �t't Q-:. c: :t -c� Q G, =1xffl1if! 8 3 o 4 t=�ffl� :ht:-.ffl1J � 
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m", Q -:. c: t -c: � Q O J:-:) --c, f¥ffl� c' t= J: 1J iffifflffl1JJR;o� G ffl:fJ O)#tJi,;ol� i-t G ;n,�" ,� 

-c:t, *�BJjO)�ft�tiu=�Q=1Rffl?l:!!8 3 o 4 ��f¥fflffl1lffic: L--Cffiv'Q-:. c:-c:, ffl�� 
��--83000)�ffl�m�c:�Qo 

(0227) 

�B, J::JZtt. Lt:-.fflTMWO)-S 't>, fflT v /Y�O)ia'Jnff1&'.1JD��@L ffl�txj&W� c'O)'fflT 

MW ti., fflB�Fa9-C: ia'J v ,ffl:fJ � !ti'� c: 9 Q o J: -:J --C, iffifflfflilffi-C: ti.J!fiv' � ;h� v vffl:fJ � m@ 
9 Q t:-.&l)O)m@fflylffi c: L, --c, *�8Jj0)�,J�t:::�Q =1Rffl?I!! � fflv, Q-:. c: -c:, fflTMWO) 
{�ffl B�t::: iffifflffly,J,ffiO) �f v-jJ-iJlmt> Q 0) � �jj <('-:_ C: iJl-C: � Q 0 

(0228) 

* t:-., fflTMWiJl{�ffl � ;h�" ,�ra,*, t�t=, iffifflffl1JJRO)#t%ft�;o{��m1i��tf:ffljJJ;.O)
-S 't>, ��t:::{�ffl � ;h,Q ffljJJ;.O)�Lli'r ('ffl:fJ�ffl-$ c: U-'¥ ✓��) ;ol{E;v ,a�Fa9*t::: Bv 'L, =1R
ffl?I!! t:::'ffl:fJ � ;i-r :z --CB< -:. c: c', J::Elc�Fa9* P.J57t-t::: Bv ,--cffl:fJ�ffl$iJlia'J ;i Q 0) � tfP :z Q
-=-c:�-C:�Qo �:Z�, ffl����--83000)�i'r, �m��<, �-�fflm830
2, �:;,l[�fflm 8 3 0 3 0)00f;'!J;olfi;b;h�v"£Z.Fa9t:::Bv'L, =1R'ffl?I!! 8 3 0 4 t:::ffl:fJ �;i-r
XQo TL--C, �m�ia'J<�U, �-�fflm8302, ���fflm83030)00f;'!J�fi;b
;h Q /Ef.Fa9 t::: B v '--C, = 1Rffl?I!! 8 3 0 4 � m@ffly,J,ffi c: L, --C ffl v' Q -:. c: -c:, JEf. Fa9 0) ffl:fJ {�ffl $
� {E; < :jfp ;z Q -=-C: ;o{--c, � Q 0 

(0229) 

*�BJjO)�,JtJc::: J: u, =1Rffl?i!!O)-lt--f ,;1 Jvt�'l'�tiJl.&W c: � u, {§ffl'f'l!: � fi'iJJ:: � tt Q-:. c:
iJ{L:�Q0 ;it:-_, *�8Jj0)�,Jtf(:::J:;h/£, =1JZffl?i!!O)�•t��foJJ::9Q-:_C:iJ{-C:�, J:-:J
--c, =1R'ffl?I!! §ft$:� 1J\M!fiIJ;.ff::9 Q-:. c: ;o{--c, � Q O TO)t:-.&l)*�BJjO)�,Jtfc'i:D Q =1Rffl
?I!!�, *�1it!!O)m,J-c:Efils}j Lt:-. ffl TMW t::::t-iHf&9 Q -=-c: -c:, J: u :B!:�ift-c:, J: 1J !ft£J;. � ffl
TMWc:9Q-:.c:�-c:�Qo *�.1it!!O)Mg�, �O)�fll!!O)Mgc:��M�i'rbi:t--C�.1it!!9
Q -=-c: ;o{m 1i� -c: ct) Q o

(0230) 

c�.1it!!O)m,J s) 
*�1itl!O)m,J-c:li., 1$irmit:::*�8JjO)�,JtJ-c: i:D Q =1Rffl?I!! � :mf&9 Q{fLl � m9 o

(0231)

=1Rffl?l:!!�1$ifmjt::::m:1!<;9Q c:, 1,---( 7'' 1) 'Y rl$i (HE V) , ffl�§:ilJ1$i (EV) , x.li.7° 
5 :7'-1 :,; 1,-1 7'' l) ';/ r l$i ( P HE V) �O){'JZtlt{� ,;J l) -:,; I.:f. Jv:¥-§ ifJl$[ � �l�-C: � Q 

(0232) 

� 1 2 t:::Bv"--C, *�8Jj0)�,Jtf-C:i:DQ=1Rffl?l!!�ffiv"t:-.1$irmi�{9Llm9Qo � 1 2 (A) 
t:::m9§:ilJ1$i 8 4 o o Ii., J-EfiO)t:-.&l)O)ifJ:fJ1lffic: L--Cffl�=E--9-�ffiv'Q'ffl�§ifJ1$i-C: 
i:D Q o ;i tdi., J-EfiO) t:-.&1)0):ilJ:fJiJJR c: L --Cffl�=c--9-c: .:c:,; Y:,; � ���tR L, --c fflv, Q 
-:_ c:;olm1J��1,-17'' 1) 'Yr §:ilJ1$i-C:i:DQo *�8Jj0)�,J��ffiv'Q-=-C:c', Ja]t�fi!eWJIO):B!: 
v'$rmi��l�9Q-:_ c:iJl-C:�Qo ;it:-., §ifJl$[ 8 4 0 0 ti.=1Rffl?i!!�fl9Qo =1Rffl?i!!li. 
ffl�=c--9-s4os��ifJ9Q�0-c:�<, A';Jr5-1�s401v�-A5-1� c� 
mi:tT) � c'O)�:J'6�ul[t:::ffljJ ���9 Q-:. c: iJl-C:� Qo

(0233) 

* t:-., =1Rffl?l!!ti., §ilJ1$i s 4 o o iJ{fl9 QA r::-r ;,( --9 -, -9 =i ;,( --9 -� c'O)�m
�@[ t= ffljJ � {��9 Q -=-C: iJl-C: � Q O * t:-., =1Rffl?I!! ti., § ifJl$[ 8 4 0 0 iJ{fl9 Q j-1::::' y
-V 3 :,; V ;z_ TA� c' 0) "¥�-tis:� ul[ t::: ffljJ � ��9 Q -:. c: iJl-C: � Q o

(0234)

� 1 2 ( B) t:::m9 § :ilJ1$i 8 5 0 0 /i., §ilJ1$i 8 5 0 0 iJlfl9 Q =1Rffl?I!! t::: 7° 5 :7'-1 :,;15 
AV;Jp�f§!f!�ffl15A�t= J: I) 57t-'(f�0)7BffliJ�1imiJ� Gffl:fJ{��� �,-t--c, 7Bffl9 Q-:. c: ;o{--c, � 
Qo � 1 2 ( B) t:::, :tt!!J::�ul[M0)7Effl�ul[ 8 0 2 1 ;o� G §:ilJ1$i 8 5 0 0 t::::mf&� ;ht:-.= 
1Rffl?l:!!8 0 2 4t:::, Jr-7°Jv8 0 2 2 �frL--C7Effl�fi-:J--Cv'Q�,J�m9o 1Bfflt:::�L, 
--C/i., ft'ffl1i�v=i,t-..,;7-9-0)*f��ti.CHAd eMO (��jffi�) v=i:,;;j{�O)pfrJE'.O) 
1iA-C:��fi:zt£J:1,,,o 1Bffl�ul[8 0 2 1 Ii., iffiffllll!!il�t:::i�t-tG;ht:-.1Bffl;z_T-V3 :,;-c: 
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t; J:: < , ;if:. *�O)ffi:�--C i'D-=> --Ct; J:: v \o fyLl ;z /£, 7° 5 '7'-1 Y15tffltr t:: J:: -=> --C, JH�� iJ" t; 0) 

-�jJ{��t= J:: 1) §�-8 5 0 0 ,::rn:tz� ;tlJ:.=11\ffl:?lf! 8 0 2 4 � 3'tffl:9 Q = � ;o{--C � Q 0 

3'tffl:/i., AC DC =i YJ'\-'.)l�O)���@[�ftl,,--C, ?x':tliEffl::iJ�N:UJitffl:jJt::��G--Cfi-5
= � ;o{--C � Q 0 

(0235] 

* f:., �m G iJ: i.i \;o{, �ffl:�@[ � 1$[TTfii c::rn:tz G, tfuJ::O)*ffl:�@[iJ" i; ffl::fJ � 1F��gr--c{��
G --C 3't ffl: 9 6 ,:_ � t; --C � 6 o ,:_ 0) 1F� �!R�ffl: :n � 0) :f:�it t:: /i., ��'? 6'f-m t:: * ffl:� @[ � ffJl
dj-Jl,A} ,:_ � --c, {¥ $ g::r t:: �H t; T JE fi g::r c:: ft ffl: � fi -5 ,:_ � t; --c � 6 o ;i f:. , ,:_ 0) 1F � ��-�
0) 7:J � � frJ ffl L, --C , $ TTfiJ �--5 L, --C ffl: jJ 0) * � 1§ � fi -=> --C '6 J:: v \ o � I:> t:: , $ TTfiJ 0) 7f-� ff� t::
:::t:�ffl: ?If! � E11Ht' {¥ $ �'? JE fi � c:: = i'J\ffi:?lf! 0) ft ffl: � fi -::> L '6 J:: V \ 0 = 0) J:: -5 iJ: 1F� � --c
O)ffl:jJ O)��t:: Ii., ffl:111i��:n�-v1iitW�QJ�:n� � fflv, 6 ,:_ � iJ{--C � 6 o 

(0236] 

;if:., � 1 2 (C) /i., *9B8JjO)�Ji&�0)=1?\ffl:?lf!�fflv\f;:_=lliifn1$[0)�{yLl--Ci106 0 � 1 2 
CC) c::m9A'.'.7-?l86OO/i., =:;,J\-�?lf!86O2, -lf-1r�5-86O1, :nfn1:tl'im

n s 6 o 3 � 1im x Q O =11\ffl:?lf! s 6 o 2 ti., :n fn1:tl'i�n s 6 o 3 c:: m:� � 1��9 Q = � ;o{ 
t:�Q o 

(0237] 

;if:., � 1 2 (C) c::m9A'.'.7-?l 8 6 o O/i., �frtl"�iW38 6 o 4t::, =:;,J\-�?lf!8 6 o
2 � �;W;J 9 6 ,:. � ;o{--C � 6 o = 11\ffl:?lf! 8 6 0 2 /i., �fit 1" �x� 8 6 0 4 ;o{, J\ M --c i10 -=> --c t; 
, �frtl" �*113 s 6 o 4 t::�;W;J9 6 = � ;o{

--
e � 6 0 

(0238] 

* 9B B)j 0) � Ji&ti1H:: J:: ti/£, = 11\ffl:?lf! 0) -lf -1 '.'.7 Jvf,�'H1: ;o{ NW � iJ: IJ , {§J¥JH1: � fn1 J:: � ti" 6 ,:_
� iJ{--C � Q O * f;:_' *9B8Jj 0) � Ji&� t= J:: ;h/:i, =11\ffl:?lf! O)ft'l'1: � [n] J:: 9 Q = � ;o{--C �' J::
-=> --c, =11\ffl:?lf! § f* � ,J\Miliim 1t9 6 = � ;o{

--
e � 6 0 =11\ffl:?lf! § f* � ,J\Miliim ft--c � nt::t:

, • TTfii 0) iliim ft c:: * lj. 9 6 f:. tb, J!IJt�fi!elff � fn1 --1::: � tt 6 = � ;o{-c � 6 0 * f:., • TTfii ,:: mtz
L, f:.=11\ffl:?lf! � 1$[TTfii,l;_J7f-O)ffl:jJ{��tl!R � G --C ffiv \ 6 ,:_ � '6 --C � 6 o ,:_ O):f;�it, ffl:jJffl�O)
l:::-'.'.7 Btt:: iffifflffl:tl!R � ffl v \ 6 ,:_ � � @]�9 6 ,:_ � iJ{--C � 6 o 

(0239] 

*�J'.n!!O)mJJ& ti., 1-fBO)�J'.n!!O)mJJ& � J®1:tffJldj-itvtt--c�J'.n!!9 Q = � ;o{--aJjtig--c d0 Q 0 

(tt%0)fil?.8Jj]
(0240] 

1 1 a iE� 
llb �� 
12a 1)-r 
12b 1)-r 
1 4 tJ'\]/-'.)? 

1 5 a �itff� 
1 5 b �itff� 
1 7 ufilJE:ff�tt 
5 0 
5 1 

6 1 

6 2 
6 3 

7 1 

7 2 
7 3 

1 0 0 
1 0 1 

1 0 1 p 

-�rl!!
7f-�1*
tfr IJ HB t--f ff�
V-Jv'(f�
V-Jv!f�
t�Ui

�Fa9 
iE�tE!W 'if1! 
ffi 1 O){Jj:f;� 

*a�oo
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1 0 2 
1 0 2 p 
1 0 3 
1 0 3 p 
1 0 4 

2 0 0 
2 0 1 
3 0 0 
3 0 1 
3 0 2 
3 0 3 
304 
3 0 5 
3 0 6 
3 0 7 
3 0 8 
3 0 9 
3 1 0 
6 0 0 
6 0 1 
6 0 2 
6 0 3 
604 
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