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(57) Abstract: An object is to provide a method of manufacturing a lithium-ion secondary battery suitable for mass production. A
lithium-ion secondary battery is manufactured in such a manner that a positive electrode layer is formed on a base including a

o plane by chemical vapor deposition which is specifically metal-organic chemical vapor deposition, an electrolyte layer is formed
on the positive electrode layer, and a negative electrode layer is formed on the electrolyte layer. The positive electrode layer is
formed with a MOCVD apparatus. The MOCVD apparatus is an apparatus with which a liquid or a solid of an organic metal raw

o material is vaporized to produce a gas and the gas is reacted to undergo pyrolysis so that a film is formed. By forming all the lay
ers using sputtering, evaporation, or chemical vapor deposition, a solid lithium-ion secondary battery can also be realized.



DESCRIPTION

METHOD OF MANUFACTURINGPOWER STORAGE DEVICE

TECHNICAL FIELD

[0001]

A disclosed embodiment of the present invention relates to a method of

manufacturing a power storage device and particularly a method of manufacturing a

lithium-ion secondary battery.

BACKGROUND ART

[0002]

A significant advance has been made in the field of portable electronic devices,

such as personal computers and cellular phones. For the portable electronic devices,

there has been need of a chargeable power storage device having a high energy density,

which is small, lightweight, and reliable. As such a power storage device, a

lithium-ion secondary battery is known, for example. In addition, development of

electrically propelled vehicles incorporating secondary batteries has rapidly advanced

with a growing awareness to environmental problems and energy problems.

[0003]

For a lithium-ion secondary battery, lithium metal oxide is used as a positive

electrode material. The lithium metal oxide is a source of supply of lithium for the

positive electrode.

[0004]

Further, complete solidification of a lithium-ion secondary battery is under

development (see Patent Document 1).

[Reference]

[Patent Document]

[0005]

Patent Document 1: Japanese Published Patent Application No. 2009-64644

DISCLOSURE OF INVENTION



[0006]

If a positive electrode layer is formed by a technique in which a powder of a

raw material is pressured into a pellet shape and then a lithium-ion secondary battery is

manufactured, mass production providing inexpensive products is difficult to realize.

[0007]

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

of manufacturing a lithium-ion secondary battery suitable for mass production.

[0008]

One embodiment of the present invention disclosed in this specification is a

method of manufacturing a power storage device, in which a positive electrode layer is

formed on a base including a plane by a chemical vapor deposition method which is

specifically a metal-organic chemical vapor deposition method, an electrolyte layer is

formed on the positive electrode layer, and a negative electrode layer is formed on the

electrolyte layer.

[0009]

With the above structure, at least the above problem can be solved.

[0010]

Another embodiment is a method of manufacturing a power storage device, in

which a negative electrode layer is formed on a base including a plane, an electrolyte

layer is formed on the negative electrode layer, and a positive electrode layer is formed

on the electrolyte layer by a chemical vapor deposition method which is specifically a

metal-organic chemical vapor deposition method.

[0011]

For the positive electrode layer, a film can be formed by a metal-organic

chemical vapor deposition method, and there is no particular limitation as far as the

positive electrode layer contains a positive electrode active material. As the positive

electrode active material, a material known as an active material for a secondary battery

can be used without particular limitation. Examples of the positive electrode active

material are transition metal oxides containing lithium, such as LiFeP0 4, L n20 4, and

LiMnP0 4.

[0012]

Note that the positive electrode layer may have a stacked layer structure, for



example, a structure in which a positive electrode current collector and a positive

electrode are stacked. Further, the base having a plane may be used as the positive

electrode current collector.

[0013]

Furthermore, the negative electrode layer is preferably formed by a sputtering

method, an evaporation method, or a chemical vapor deposition method, such as a

metal-organic chemical vapor deposition method. By forming all the layers using a

sputtering method, an evaporation method, or a chemical vapor deposition method, a

solid lithium-ion secondary battery suitable for mass production can be realized.

Moreover, if all the layers can be formed by a sputtering method, an evaporation

method, or a chemical vapor deposition method, formation on a flexible film is made

possible with a manufacturing apparatus employing a roll-to-roll method.

[0014]

For the negative electrode layer, there is no particular limitation as far as it

contains a negative electrode active material. As the negative electrode active material,

a material known as an active material for a secondary battery can be used without

particular limitation. Examples of the negative electrode active material are silicon,

carbon, aluminum, and the like.

[0015]

Note that the negative electrode layer may have a stacked layer structure, for

example, a structure in which a stack of a negative electrode current collector and a

negative electrode are stacked. Further, the base having a plane may be used as the

negative electrode current collector.

[0016]

Further, for the electrolyte layer, a solid electrolyte that enables formation by a

sputtering method, an evaporation method, or a chemical vapor deposition method

(specifically a metal-organic chemical vapor deposition method) is used. For example,

the electrolyte layer is preferably formed using a phosphorus compound, specific

examples of which are lithium phosphate (Li3P0 4) and compounds thereof (e.g.,

Li2S-SiS2-Li3P0 , LiPOTi, UPON, and LiCON).

[0017]

Since a positive electrode layer is formed by a chemical vapor deposition



method so that a lithium secondary battery is manufactured, the structure of the battery

can be simple and the manufacture can be easy.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

FIG 1 is a cross-sectional view illustrating one embodiment of the present

invention.

FIGS. 2A and 2B are a cross-sectional view of a MOCVD apparatus and a top

view of a manufacturing apparatus.

FIG 3 is a cross-sectional view illustrating one embodiment of the present

invention.

FIGS. 4A and 4B are a top view and a cross-sectional view illustrating one

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019]

Hereinafter, embodiments of the present invention will be described in detail

with reference to the accompanying drawings. However, 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 disclosed herein can be modified in various ways without

departing from the spirit and the scope of the present invention. Therefore, the present

invention is not construed as being limited to description of the embodiments.

[0020]

(Embodiment 1)

In this embodiment, an example of a structure of a lithium secondary battery

and an example of a method of manufacturing the lithium secondary battery will be

described.

[0021]

The lithium secondary battery, a cross section of which is illustrated in FIG 1,

includes a positive electrode layer 101 which is provided over a base 100, an electrolyte

layer 102 which is provided over the positive electrode layer, and a negative electrode

layer 103 which is provided over the electrolyte layer. Note that a stack of a positive



electrode current collector and a positive electrode may be used as the positive electrode

layer. Further, a stack of a negative electrode and a negative electrode current

collector may be used as the negative electrode layer.

[0022]

The base 100 specifically refers to a substrate, for which glass or a ceramic

material, such as aluminum oxide, is used. Note that when a material that can be used

for the positive electrode current collector is used for the base, the base itself can also be

the positive electrode current collector.

[0023]

The base is transferred into a MOCVD apparatus, a reaction gas is introduced

thereinto and a gas phase reaction is made to take place, so that the positive electrode

layer is formed. The MOCVD apparatus refers to an apparatus with which a liquid or

a solid of an organic metal raw material is vaporized to produce a gas and the gas is

reacted to undergo pyrolysis so that a film is formed. Lithium tetrabutoxide

(abbreviation: LTB) and iron(III) acetylacetonate (chemical formula: Fe(CsH 0 )3

(abbreviation: Fe(acac)3)) are used for the reaction gas, and a film is formed as the

positive electrode layer containing lithium iron oxide. The temperature for the

pyrolysis can be 300 °C to 600 °C.

[0024]

An example of a structure of the MOCVD apparatus is illustrated in FIG 2A.

[0025]

A substrate stage 19 on which a substrate is heated is provided for a MOCVD

chamber 15 having a vacuum chamber. A substrate 20 is held by the substrate stage 19.

A shower head 51 from which a source gas blows is placed in the vacuum chamber of

the MOCVD chamber 15.

[0026]

Together with a carrier gas, the source gas is supplied from a raw material

vessel 25, in which a metal complex raw material is held, and the source gas flows into

the vacuum chamber of the MOCVD chamber 15 through the shower head 51. The

raw material vessel 25 is provided with a heater so that the metal complex raw material

can be heated. The same can be applied to a structure of a raw material vessel 27.

[0027]



As in this embodiment, when lithium tetrabutoxide (abbreviation: LTB) and

iron(III) acetylacetonate (chemical formula: Fe(CsH 70 2)3 are used, a mixture of the

organic metal vapors is supplied with the shower head 51 into the vacuum chamber of

the MOCVD chamber 15 using the two raw material vessels. When phosphine (PH3),

phosphorus trifluoride (PF3), or phosphorus trichloride (PC13) is used as a phosphorus

source, the source is supplied from a cylinder 23 into the vacuum chamber of the

MOCVD chamber 15. Furthermore, pipe arrangement is structured such that an

oxygen gas is supplied from a cylinder 52 and mixed with the source gas before

reaching the shower head 51, and reaction of oxygen and a metal complex in the pipe

arrangement is prevented.

[0028]

The vacuum chamber of the MOCVD chamber 15 is connected to an exhaust

portion 18. An exhaust pathway may be provided with an automatic pressure control

valve (also referred to as an APC) by which the pressure in the vacuum chamber of the

MOCVD chamber 15 is controlled. An exhaust processing apparatus includes, for

example, a harm abatement apparatus for rendering the source gas used harmless or the

like if the gas is harmful.

[0029]

Further, a top view of a single wafer multi-chamber manufacturing apparatus

including the MOCVD apparatus as a film formation chamber is illustrated in FIG. 2B.

The manufacturing apparatus includes a transfer chamber 13 which is connected to each

of the MOCVD chamber 15, sputtering chambers 16 and 28, and an evaporation

chamber 17, and further includes a load lock chamber 12 which is connected to the

transfer chamber 13, a substrate supply chamber 11 which includes three cassette ports

14 for accommodating a process substrate, and the like. Note that a transfer robot for

transferring the base or turning the base upside down is placed in each of the substrate

supply chamber 11 and the transfer chamber 13.

[0030]

Then, after the film formation for the positive electrode layer, the base is

transferred to the sputtering chamber 16 without exposure to the atmosphere, and the

electrolyte layer is formed. For the electrolyte layer, a LiPON film is formed in such a

manner that an RF magnetron sputtering method is used with lithium phosphate



(Li3P0 4) as a target and nitrogen is introduced into the film formation chamber of the

sputtering chamber 16.

[0031]

Next, after the film formation for the electrolyte layer, the base is transferred to

the evaporation chamber 17 without exposure to the atmosphere and part of the negative

electrode layer is formed. Lithium fluoride stored in a container is evaporated by a

resistance heating method to form a lithium fluoride film on the electrolyte layer,

lithium stored in a container is evaporated by an electron beam method to form a

lithium film on the lithium fluoride film, and lithium fluoride stored in a container is

further evaporated by a resistance heating method to form a lithium fluoride film on the

lithium film. Next, after the film formation for the lithium fluoride film, the base is

transferred to the sputtering chamber 28 without exposure to the atmosphere and a film

is formed as a layer containing copper. In this embodiment, the negative electrode

layer has a four-layer structure including the lithium fluoride film, the lithium film, the

lithium fluoride film, and the layer containing copper in this order.

[0032]

Note that a region in which part of the positive electrode layer is exposed is

formed for connection to an external terminal. In order to do that, it is preferable to

selectively perform film formation using a metal mask or the like as appropriate.

[0033]

Through the above process, the lithium-ion secondary battery illustrated in FIG

1 can be manufactured.

[0034]

As in this embodiment, a MOCVD method is used in such a manner that a

metal complex, a hydride, or a halide of an element used as a raw material for

manufacturing the positive electrode active material undergoes pyrolysis to be deposited

on the positive electrode current collector, so that the positive electrode active material

layer can be a thin layer.

[0035]

By a MOCVD method as performed above, the positive electrode active

material layer can be formed to a thickness ranging from 0.1 µ to 10 µ , preferably



from 0.2 µπ to 1 µ . Further, lithium, the melting point of which is relatively low, is

lost, and the positive electrode active material layer can be manufactured to contain a

lithium vacancy. Lithium in the positive electrode active material layer is thought to

move by hopping such a vacancy, which leads to realization of rapid charge and

discharge of the lithium-ion secondary battery, together with a reduction in the thickness

of the positive electrode active material layer.

[0036]

The lithium-ion secondary battery thus obtained can be utilized as a power

supply of a portable electronic device.

[0037]

(Embodiment 2)

In this embodiment, an example of a method of manufacturing a lithium

secondary battery, which differs from that described in Embodiment 1, will be

described.

[0038]

The base is transferred into a MOCVD apparatus, a reaction gas is introduced

thereinto, and a gas phase reaction is made to take place, so that the positive electrode

layer is formed. Lithium tetrabutoxide (abbreviation: LTB) and a dipivaloylmethanato

(DPM) chelate compound of Mn (Mn(DPM)3) or

tris(2,2,6,6-tetramethyl-3,5-heptanedionato)manganese(III) [abbreviated as Mn(thd) ]

are used for the reaction gas, and a film is formed as the positive electrode layer

containing LiMn20 4.

[0039]

Next, after the film formation for the positive electrode layer, the base is

transferred to a sputtering apparatus without exposure to the atmosphere and the

electrolyte layer is formed. For the electrolyte layer, a film is formed as the electrolyte

layer of Li20-V 20s-Si0 2 in such a manner that an RF magnetron sputtering method is

used with a target containing Li2C0 3, V20 5, and Si0 2 mixed in a predetermined ratio

and nitrogen is introduced into the film formation chamber.

[0040]

Next, after the film formation for the electrolyte layer, the base is transferred to

an evaporation apparatus without exposure to the atmosphere, and lithium stored in a



container is evaporated by an electron beam method to form a negative electrode layer

including a lithium film on the electrolyte layer. Then, after the film formation for the

negative electrode layer including a lithium film, the base is transferred to the sputtering

apparatus without exposure to the atmosphere, and a film is formed as a layer

containing titanium which covers the negative electrode layer. Note that copper or

nickel may be used instead of titanium, and lithium is prevented from being exposed to

the atmosphere.

[0041]

Through the above process, the lithium-ion secondary battery illustrated in FIG

1 can be manufactured. This lithium-ion secondary battery can be utilized as a power

supply of a portable electronic device.

[0042]

(Embodiment 3)

In this embodiment, an example of a method of manufacturing a lithium

secondary battery, which differs in stack order from the method described in

Embodiment 1, will be described.

[0043]

In this embodiment, an example is described in which a copper substrate is

used as a base 200 for use as the negative electrode current collector, as illustrated FIG.

3.

[0044]

The base 200 is transferred to the evaporation apparatus, and lithium stored in a

container is evaporated by an electron beam method to form a negative electrode layer

201 including a lithium film on the base 200. The base is transferred to the sputtering

apparatus without exposure to the atmosphere, and an electrolyte layer 202 is formed.

For the electrolyte layer, a LiPON film is formed in such a manner that an RF

magnetron sputtering method is used with lithium phosphate (L13PO4) as a target and

nitrogen is introduced into the film formation chamber.

[0045]

Next, after the film formation for the electrolyte layer, the base is transferred to

the MOCVD apparatus without exposure to the atmosphere and a positive electrode

layer 203 is formed. Lithium tetrabutoxide (abbreviation: LTB), iron(III)



acetylacetonate (chemical formula: Fe(C5H70 2)3 (abbreviation: Fe(acac) 3)), and

phosphine or tertiarybutylphosphine (C4 H 9)PH2 (abbreviation: TBP) are used for the

reaction gas, and a film is formed as the positive electrode layer containing lithium iron

oxide.

[0046]

Through the above process, the lithium-ion secondary battery illustrated in FIG.

3 can be manufactured. This lithium-ion secondary battery can be utilized as a power

supply of a portable electronic device.

[0047]

(Embodiment 4)

In this embodiment, a structure of a lithium-ion secondary battery will be

described using FIGS. 4A and 4B. An example in which a liquid such as a solvent is

used for the electrolyte will be described in this embodiment.

[0048]

A lithium-ion secondary battery using a metal oxide containing lithium, such as

LiCoO?, has a large discharge capacity and high safety. Therefore, a structure of a

lithium-ion battery which is a typical example of a secondary battery will be described

here.

[0049]

FIG 4A is a plan view of a lithium-ion secondary battery 151, and FIG. 4B is a

cross-sectional view taken along the line G-H in FIG. 4A.

[0050]

The lithium-ion secondary battery 151 illustrated in FIG 4A includes a power

storage cell 155 in an exterior member 153, and further includes terminal portions 157

and 159 which are connected to the power storage cell 155. For the exterior member

153, a laminate film, a polymer film, a metal film, a metal case, a plastic case, or the

like can be used.

[0051]

As illustrated in FIG 4B, the power storage cell 155 includes a negative

electrode layer 163, a positive electrode layer 165, a separator 167 which is provided

between the negative electrode layer 163 and the positive electrode layer 165, and an

electrolyte 169 with which the exterior member 153 is filled.



[0052]

The negative electrode layer 163 is formed to include a negative electrode

current collector 171 and a negative electrode active material layer 173. The positive

electrode layer 165 is formed to include a positive electrode current collector 175 and a

positive electrode active material layer 177. The negative electrode active material

layer 173 is formed on one or both of the surfaces of the negative electrode current

collector 171. The positive electrode active material layer 177 is formed on one or

both of the surfaces of the positive electrode current collector 175. As in Embodiment

1, the positive electrode active material layer 177 is formed by a sputtering method, an

evaporation method, or a chemical vapor deposition method, such as a metal-organic

chemical vapor deposition method.

[0053]

Further, the negative electrode current collector 171 is connected to the

terminal portion 159. In addition, the positive electrode collector 175 is connected to

the terminal portion 157. Further, the terminal portions 157 and 159 each partly

extend outside the exterior member 153.

[0054]

Note that although a sealed thin power storage device is described as the

lithium-ion secondary battery 151 in this embodiment, a power storage device having

any of a variety of structures, such as a button power storage device, a cylindrical power

storage device, and a rectangular power storage device, can be realized. Further,

although the structure where the positive electrode layer, the negative electrode layer,

and the separator are stacked is described in this embodiment, a structure where the

positive electrode layer, the negative electrode layer, and the separator are rolled may be

employed.

[0055]

For the negative electrode active material layer 173, an active material layer

formed with a crystalline silicon layer can be used. Note that the crystalline silicon

layer may be pre-doped with lithium. In addition, the active material layer can be

formed on either surface of the negative electrode current collector 171 at the same time

in such a manner that the active material layer formed with the crystalline silicon layer

is formed while the negative electrode current collector 171 is held by a frame-like



susceptor in an LPCVD apparatus; thus, the number of process steps can be reduced.

[0056]

Aluminum, stainless steel, or the like is used for the positive electrode current

collector 175. For the positive electrode current collector 175, a shape such as a foil

shape, a plate shape, a net shape, or the like can be used.

[0057]

As a solute of the electrolyte 169, a material in which transport of lithium ions

that are carrier ions is possible and the lithium ions are stably present is used. Typical

examples of the solute of the electrolyte are lithium salts such as LiC104, LiAsF , LiBF4,

LiPF6, Li(C2F5SO )2N, and the like. When carrier ions are ions of alkaline earth

metals or alkali metals other than lithium, as the solute of the electrolyte 169, it is

possible to use any of alkali metal salts such as sodium salts and potassium salts,

beryllium salts, magnesium salts, alkaline earth metal salts such as calcium salts,

strontium salts and barium salts, and the like as appropriate.

[0058]

Further, as the solvent of the electrolyte 169, a material in which transport of

lithium ions that are carrier ions is possible can be used. As the solvent of the

electrolyte 169, an aprotic organic solvent is preferably used. Typical examples of

aprotic organic solvents are ethylene carbonate, propylene carbonate, dimethyl

carbonate, diethyl carbonate, γ-butyrolactone, acetonitrile, dimethoxyethane,

tetrahydrofuran, and the like, one or more of which can be used. By using a polymer

that undergoes gelation as the solvent of the electrolyte 169, safety including leakproof

properties is enhanced. Further, the lithium-ion secondary battery 151 can be made

thinner and more lightweight. Typical examples of the polymer that undergoes

gelation are a silicon gel, an acrylic gel, an acrylonitrile gel, a polyethylene oxide, a

polypropylene oxide, a fluorine-based polymer, and the like.

[0059]

As the separator 167, an insulating porous material can be used. Typical

examples of the separator 167 are cellulose (paper), polyethylene, polypropylene, and

the like.

[0060]

In a lithium ion battery, the memory effect is small, the energy density is high,



the discharge capacity is large, and the operation voltage is high. Accordingly, the size

and weight of the lithium ion battery can be reduced. Further, a reduction in

deterioration due to repetitive charge and discharge allows use for a long time, so that

cost can be reduced.

[0061]

Note that a power storage device using an electrode which is a disclosed

embodiment of the present invention is not limited to the above-described device.

[0062]

This embodiment can be combined with any other embodiment.

REFERENCE NUMERALS

[0063]

100: base, 101: positive electrode layer, 102: electrolyte layer, 103: negative electrode

layer, 200: base, 201: negative electrode layer, 202: electrolyte layer, 203: positive

electrode layer.

This application is based on Japanese Patent Application serial No.

2010-139255 filed with the Japan Patent Office on June 18, 2010, the entire contents of

which are hereby incorporated by reference.



CLAIMS

1. A method of manufacturing a power storage device, comprising:

forming a positive electrode layer on a base including a plane by a chemical

vapor deposition method;

forming an electrolyte layer on the positive electrode layer; and

forming a negative electrode layer on the electrolyte layer.

2. The method of manufacturing a power storage device, according to claim 1,

wherein the chemical vapor deposition method is a metal-organic chemical vapor

deposition method.

3. The method of manufacturing a power storage device, according to claim 1,

wherein the negative electrode layer is formed by a sputtering method, an evaporation

method, or a chemical vapor deposition method.

4. The method of manufacturing a power storage device, according to claim 1,

wherein the electrolyte layer is formed by a sputtering method, an evaporation method,

or a chemical vapor deposition method.

5. A method of manufacturing a power storage device, comprising:

forming a negative electrode layer on a base including a plane;

forming an electrolyte layer on the negative electrode layer; and

forming a positive electrode layer on the electrolyte layer by a chemical vapor

deposition method.

6. The method of manufacturing a power storage device, according to claim 5,

wherein the chemical vapor deposition method is a metal-organic chemical vapor

deposition method.

7. The method of manufacturing a power storage device, according to claim 5,

wherein the negative electrode layer is formed by a sputtering method, an evaporation



method, or a chemical vapor deposition method.

8. The method of manufacturing a power storage device, according to claim 5,

wherein the electrolyte layer is formed by a sputtering method, an evaporation method,

or a chemical vapor deposition method.
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