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ELECTRODE COLLECTOR MANUFACTURING METHOD AND
MANUFACTURING APPARATUS, AND BATTERY PROVIDED WITH SAID
COLLECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a method of manufacturing an electrode
collector used as a constituent element of a battery, and an apparatus for manufacturing
that electrode collector. The invention also relates to a battery provided with that
collector.
2. Description of the Related Art

[0002] The demand for lithium secondary batteries (such as a lithium-ion
batteries), which charge and discharge by lithium ions moving back and forth between an
anode and a cathode, as on-board power supplies for vehicles and power supplies for
personal computers and mobile terminals is expected to increase due to their light weight
and high output. In one typical structure of this kind of secondary battery, an ¢lectrode
is provided that has a structure in which material (electrode active material) capable of
irreversibly storing and releasing lithium ions is retained on a conductive member (an
electrode collector). For example, a typical example of electrode active material used
for the anode (i.e., anode active material) is an oxide that includes lithium and one or two
or more types of transition metal elements as a component metal element (hereinafter this
oxide may also be referred to as a “lithium transmission metal oxide”). VAlso, another
typical example of an electrode collector used for the anode (i.e., anode collector) is a
sheet or foil-like member of mainly aluminum or an aluminum alloy. |

[0003] An anode collector made of aluminum or an aluminum alloy oxidizes
easily. For example, when exposed to air, the surface of an anode collector made of
aluminum or an aluminum alloy immediately oxidizes and therefore always has an oxide

film. When the surface of the collector is covered by an oxide film, the oxide film acts

CONFIRMATION COPY
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as an insulating film (such as an insulating film having a resistivity of 1014 Q x cm) so
the interface resistanée between the anode collector and the anode active material
increases. Japanese Patent Application Publication No. 11-250900 (JP-A-11-250900),
for example, describes technology for preventing the formation of such an oxide film on

the surface of a collector. The technology described in JP-A-11-250900 forms an

overcoat layer from highly conductive material such as carbon (e.g., a carbon overcoat

layer) on a collector using an electron beam evaporation apparatus, while removing the
oxide film from the surface of the collector by etching.the collector (aluminum foil)
surface using a sputter ion beam etching apparatus. ’

[0004] However, with the technology described in .JP-A-11-250900, when
etching the collector (aiuminum foil) surface, sputter ion beam etching is performed
using an ion beam of an inert gas, which reduces productivity of the electrode collector.
That is, an ion beam of an inert gas has a low etching rate so etching must be performed
for a long time to reliably remove the oxide film from the surface of the collector, which
is undesirable from the viewpoint of productivity.

[0005] For example, according to the results of tests performed .by the
inventors of this application, when a plasma treatment is performed while supplying
argon (Ar) gas at a flowrate Qf 15 ml / min with the pressure of the atmosphere being 0.1
Pa; and 200 W of sputtering power using a cbmmon sputtering apparatus when the oxide
film on the aluminum foil surface is approximately 5 nm thick, it took five minutes to
remove the oxide film from the aluminum foil surface and the etching rate at that time

was around 1 nm / min. Upon examination by the inventors of this application, it was

‘deduced that an etching rate of at least 20 nm / min to 40 nm / min is necessary to

continuously perform the etching process in-line suitable for continuous manufacture.
Therefore, with the electrode collector manufacturing apparatus according to the related
art described in JP-A-11-250900, it is difficult to perform the foregoing etching process

and carbon process successively in-line.

SUMMARY OF THE INVENTION
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[0006] This invention thus provides an electrode collector manufacturing
method by which it is possible to efficiently manufacture an electrode collector provided
with a carbon film. The invention also provides an electrode collector manufacturing
apparatus that can efficiently manufacture an electrode collector that is preferably used in
that manufacturing method. |

[0007] A first aspect of the invention relates to a method of manufacturing an
electrode collector covered with a carbon film. This method includes arranging a
conductive substrate in a chamber; reducing the pressure in the chamber, creating a mixed
gas atmosphere of a fluorine gas and an inert gas in the chamber, and dry etching a
surface of the arranged substrate in that atmosphere; and forming a carbon film on the
surface of the dry etched substrate.

[0008] According to this structure, an oxide film and the like which naturally
forms on the surface of the conductive substrate is first removed by etching, and then a
highly conductive carbon film is formed on the surface of the substrate. As a result, an
electrode collector having superior collecting performance can be manufactured. In
addition, etching with a mixed gas atmosphere of fluorine gas and inert gas in the
chamber increases the substrate surface etching rate (i.e., etching speed). As a resﬁlt,
the oxide film and the like formed on the substrate surface can be removed quickly,
thereby enabling the electrode collector provided with a carbon film suitable for the
purpose of the invention to be efficiently produced.

[0009] In the manufacturing method according to the first aspect, the carbon
film may be made essentially of carbon, and dry etching the surface of the substrate and
forming the carbon film may be performed in the same chamber. According to this
structure, an electrode collector in which a carbon film is formed on the substrate can be
obtained by passing the substrate through the chamber only once. As a result,

productivity of the electrode collector having the carbon film can be improved even

more.

[0010] In the manufacturing method according to the structure described above,
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a mixture ratio of the fluorine gas and the inert gas in the chamber may be adjusted such
that a fluorine concentration in the carbon film obtained by forming the carbon film is no
more than 15 at%.

[0011] As described above, when the etching process and the carbon film
forming process are performed in the same chamber, fluorine mixes in with the obtained
carbon film because thé carbon film forming process is performed in a mixed gas
atmosphere of fluorine gas and inert gas.

[0012] In this case as well, with the foregoing structure, an increase in the
resistance of the carbon film that is caused by the fluorine being mixed in can be
suppressed so a highly conductive carbon film can be formed on the substrate surface.

[0013] In the manufacturing method according to the structure described above,
a ratio of the fluorine gas in the mixed gas atmosphere in the chamber may be adjusted so
as to be in a range between 1 mol% and 15 mol%, inclusive. According to this structure,
the fluorine concentration in the carbon film can easily be adjusted so that it is no more
than 15 at%. | ‘ -

| [0014] In the manufacturing method according to the stfucture described above,
the mixture ratio of the fluorine gas and the inert gas’ in the chamber may be adjusted
such that the fluorine concentration in the carbon film obtained by forming the carbon
film is no more than 10 at%. Also, the ratio of the fluorine gas in the mixed gas
atmosphere in the chamber may be adjusted so as to be no less than 2 mol%.

[0015] In the manufacturing method according to the structure described above,
the fluorine gas may be one or more types of gas selected from the group consisting of
CF4, SF6, and CHF3. According to this structure, a fluorine gas such as CF4 produces
an extremely active species so a high etching rate can be realized.

[0016] In the manufacturing method according to the structure described above,
forming the carbon film may be performed by depositing, via physical vapor deposition
or chemical vapor deposition, carbon on the substrate.

[0017] In the manufacturing method according to the structure described above,

the conductive substrate may be a long foil-like conductive sheet made from aluminum or
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an aluminum alloy, and dry etching the surface and forming the carbon film may be
performed successively in the lengthwise direction of the loﬁg conductive sheet.
According to this structure, dry etching the surface and forming the carbon film are
performed successively with reépect to the long conducti\‘le sheet so a sheet-shaped
electrode collector having a carbon film can be obtained efficiently.

[0018] A second aspect of the invention relates to an apparatus for
manufacturing an electrode collector covéred with a carbon film. This apparatus
includes a chamber, the inside of which can be reduced in pressure, in which are provided
an etching portion that dry etches a surface of a conductive substrate and a carbon film
forming portion that forms a carbon film on the etched substrate surface; a substrate
retaining mechanism which is arranged in the chamber and retains the substrate; and a
gas introducing mechanism which introduces a fluorine gas and an inert gas into the
chamber, and is structured to create in the chamber a mixed gas atmosphere in which the
fluorine gas and the inert gas are mixed at a predetermined molar ratio.

[0019] According to this structure, a group of processes, including the process
of etching the surface of the conductive substrate and the process of forming the carbon
film, are performed abpropriately in the same chamber. In addition, the gas introducing
mechanism is structured so as to create a mixed gaé atmosphere, in which a fluorine gas
and an inert gas are mixed at a predetermined molar ratio (volume ratio), in the chamber
so the substrate surface etching rate (i.e., the etching speed) is able to be increased. That
is, this structure enables a ménufacturing apparatus to be provided which enables an
electrode colléctor to be produced efficiently.

[0020] In the manufacturing apparatus according to this aspect, the carbon film
may be made essentially of carbon, and a mixture ratio of the fluorine gas and the inert
gas may be adjusted such that a fluorine content of the carbon film formed by the carbon
film forming portion is no more than 15 at%. According to this structure, an electrode
collector manufacturing apparatus can be provided which enables an increase in the
resistance of the carbon film Which is caused by fluorine being mixed in to be suppressed.

[0021] In the manufacturing apparatus according to the structure described
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above, a ratio of the fluorine gas in the mixed gas atmosphere in the chamber may be’
adjusted so as to be in a range between 1 mol% and 15 mol%, inclusive. This structure
makes it possible to create a mixed gas atmosphere in which the fluorine content of the
carbon film can be controlled so that it is no more than 15 at% in the chamber.

[0022] In the manufacturing apparatué according to the structure described
above, the mixture ratio of the fluorine gas and the inert gas may be adjusted such that the
fluorine content of the carbon film formed by the carbon film forming portion is no more
than 10 at%. Also, the ratio of the fluorine gas in the mixed gas atmosphere in the
chamber may be adjusted so as to be no less than 2 mol%.

[0023] In the manufacturing apparatus according to the structure described
above, the fluorine gas may be one or more types of gas selected from the group
consisting of CF4, SF6, and CHF3. A fluorine gas such as CF4 produces an extremely
active species so a high etching rate can be realized by this structure.

[0024] In the manufacturing apparatus according to the structure described
above, the substrate retaining mechanism may be structured to successively pass the
substrate to the carbon film forming portion after the etching portion. According to this
structure, an electrode collector in which a carbon film is formed on the substrate by
passing the substrate through the chamber only once can be continuously obtained.
Hence, a manufacturing apparatus capable of even more efficiently manufacturing the
collector can be provided.

[0025] In the manufacturing apparatus according to the structure described
above, the carbon film forming portion may be structured to deposit, via physical vapor
deposition or chemical vapor deposition, carbon on the substrate.:

[0026] A third aspect of the invention relates to an electfode collec;tor
manufactured by a method that includes arranging a conductive substrate in a chamber;
reducing the pressure in the chamber, creating a mixed gas atmosphere of a fluorine gaS
and an inert gas in the chamber, and dry etching a surface of the arranged substrate in that
atmosphere; and forming a carbon film made essentially of carbon on the surface of the

dry etched substrate.
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[0027] Also, a fourth aspect of the invention relates to an electrode collector

manufactured by an apparatus that includes a chamber, the inside of which can be

reduced in pressure, in which are provided an etching portion that dry etches a surface of

a conductive substrate and a carbon film forming portion that forms a carbon film made
essentially of carbon on the etched substrate surface; a substrate retaining mechanism

which is arranged in the chamber and retains the substrate; and a gas introducing

“mechanism which introduces a fluorine gas and an inert gas into the chamber, and is

structured to create in the chamber a mixed gas atmosphere in which the fluorine gas and
the inert gas are mixed at a predetennined molar raﬁo.

[0028] A fifth aspect of the invention relates to a battery that includes the
electrode collector according to the third or fourth aspect. This electrode collector
includes at least one of an anode or a cathode.  This structure enables even better battery
performance to be displayed. | |

[0029] A sixth aspect of the invention relates to a vehicle that includes the
battery according to the fifth aspect. In the vehicle, this battery is a power supply of the
vehicle. According to this structure, a vehicle provided with a lightweight, high-output

battery as a power supply can be obtained.
BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The foregoing and further objects, features and advantages of the

“invention will become apparent from the following description of example embodiments

with reference to the accompanying drawings, wherein like numerals are used to
represent like elemcnts' and Wherein:

FIG. 1 is a schematic diagram showing a frame fonqat of the overall structure of
an apparatus according to an exémple embodiment of the invention;

FIG. 2 is a flowchart illustrating the process flow in manufacturing an electrode
according to the example embodiment;

FIGS. 3A, 3B, 3C, and 3D are process sectional views showing the
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manufacturing proéess of the electrode according to the example embodiment;

FIG. 4 is a graph showing the relétionship between resistivity and fluorine
concentration in a carbon film;

FIG. 5 is a graph showing the relationship between the concentration of added
CF4 and the fluorine concentration in the carbon film;

FIG. 6A is a graph showing the discharge charaéteristics of a battery that uses an
anode collector of the example embodiment;

FIG. 6B is a graph showing the discharge chéracteristics of a battery that uses an
anode collector of a comparative example; |

FIG. 7 is a front view showing a frame format of an example of a wound
electrode body;

FIG. 8 is a perspective view showing a frame format of a secondary battcfy
according to the example embodiment; and

FIG. 9 is a side view showing a frame format of a vehicle (automobile) provided

with the secondary battery of the example embodiment.
DETAILED DESCRIPTION OF EMBODIMENTS

[0031] Example embodiments of the present invention will be described in

greater detail below with reference to the accompanying drawings. Members and

portions in the drawings which have the same function will be denoted by like reference
characters in the description. Incidentally, the dimensional relationships in the drawings
(i.e., length, width, thickness, etc.) do not reflect the aciual dimensional relationships.
Also, topics which are not specifically mentioned in the specification but which are
necessary to carry out the invention (such as the general technology related to the
manufacturing method of an electrode active material, the method for adjusting the
composition for forming. an electrode composite layer, the structure and manufacturing
method of a separator and an electrolyte, and the structure of a lithium secondary battery

and other batteries, and the like) are understood to be design topics of those skilled in the
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art based on the related art in this field. |

[0032] Although not intended to be particularly limiting, an example
embodiment of the invention will hereinafter be described in detail with reference to FIG.
1 using, as an example, a case in which an anode collector (and anode) for a lithium
secondary battery (such as a lithium-ion battery) is manufactured using a foil-like
substrate of mainly aluminum (i.e., aluminum foil). FIG 1 is a schematic diagram
showing a frame format of the overall structure of an apparatus 50 according to this
example embodiment.

[0033] The apparatus 50 according to this example embodiment is an apparatus

used to manufacture an anode collector that is covered by a carbon film. The electrode

~ collector manufacturing apparatus 50 includes a chamber 51 structured such that the

pressure inside it can be reduced, a substrate retaining mechanism 55 that is arranged in
the chamber 51 and retains a-conductive substrate 12, and a gas introducing mechanism
54 that is connected to the chamber 51 and introduces fluorine gas and inert gas into the
chamber 51. Also, an etching portion 52 that dry etches the substrate surface, and
carbon film forming portions 56a and 56b that form a carbon film of essentially carbon
on the etched substrate surface are provided in the chamber 51.

[0034] The conductive substrate 12 is a long foil-like conductive sheet made of
aluminum or an aluminum alloy, for example. This conductive sheet 12 is pulled off of
a supply roller 58a and undergoes a series of processes (i.e., an etching process by the
etching portion 52 and the carbon film forming process by the carbon film forming"
portions 56a and 56b) on the substrate retaining mechanism 55, after which it is then
rolled up by a receiving roll 58b. Tension rollers 59a and 59b which apply a constant
tension to the conductive sheet 12 as it is convéyed are provided in the conveyer line of
the conductive sheet 12.

[0035] The substrate retaining mechanism 55 is arranged inside the chamber
51 so as to retain the conductive sheet 12 in the chamber 51. In this example
embodiment, the substrate retaining mechanism 55 successively pésses the conductive

sheet 12 to the carbon film forming portions 56a and 56b after the etching portion 52.
, _ C
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That is, in this example embodiment, the long conductive sheet 12 is moved in one.
direction (i.e., clockwise in FIG. 1) by the substrate retaining mechanism 55 whilé the
etching portion 52 and the carbon film forming portions 56a and 56b are operated such
that the etching process and the carbon film forming process are successively carried out
in the length direction of the conductive sheet 12. As a result, an electrode collector 10
in which a carbon film is formed on the substrate surface is able to be continuously
obtained. Also, the effects from forming a highly conductive carbon film on the surface
of the substrate are remarkable in an electrode collector (such as an anode collector)
made of an aluminum or aluminum alloy substrate because aluminum or an aluminum
alloy oxidizes easily.

[0036] The gas introducing mechanism 54 is structured such that the gas
atmosphere and pressure inside the chamber can be adjusted as desired, and introduces a
fluorine gas and an inert gas into the chamber 51. This gas introducing mechanism 54 is
then able to create a mixed gas atmosphere, in which the fluorine gas and the inert gas are
mixed at a predetermined molar ratio, within the chamber 51. Incidentally, in the
example shown, the gas introducing mechanism 54 introduces the fluorine gas and the
inert gas into the chamber 51 through the same nozzle, but the invention is not limited to
this. For example, 'the gas introducing mechanism 54 may also be structured to
introduce the fluorine gas and the inert gas through separate nozzles. . Furthermore,
when introducing the fluorine gas and the inert gas through separate nozzles, the gas
introducing mechanism 54 may also be structured to selectively (locally) introduce the
fluorine gas to an area around the etching portion 52 and selectively (locally) introduce
the inert gas to an area around the carbon film fonﬁing portions 56a and 56b. In this
way, it is possible to effectively inhibit the fluorine gas from mixing in with the carbon

film, which will be described later, by disproportionately distributing the fluorine gas and

" the inert gas in the chamber 51. As a result, it is possible to easily adjust the fluorine

concentration in the carbon film so that it is no more than 15 at%. Incidentally, “at%” in
this specification refers to the atomic percentage (%). The atomic percentage of the

fluorine (F) in the carbon film can be easily measured using the XPS analysis method or
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the EDS analysis method, for example.

[0037] The fluorine gas introduced into the chamber 51 is not particularly
limited. For example, one or more types of fluorine gas selected from the group
consisting of CF4, SF6, CHF, C2F6, C3F8, C4F6, C4F8, C1F3, F2, and COF2 may be
used. Among these, CF4, SF6, and CHF3 gases produce an extremely active species
(such as fluorine radicals and ﬂuorihe ions and the like).

[0038] The inert gas introduced into the chamber 51 is élso not particularly
limited. For example, an inert gas may be used which is inert with respect to carbon (C)
and thus tends not to produce a reaction product with carbon. One example of such an
inert gas is argon (Ar) gas.

[0039] The etching portion 52 is provided upstream in the path along which the
conductive sheet 12 is conveyed, and is structured to dry etch the surface of the sheet (i..,
the substrate) 12 while the sheet 12 is being conveyed. The dry etching method may be
a dry etching mcthod according to related art and is_not panicularly limited. Some
possible examples include a reactive ion etching method, a plasma etching method, and
an ion beam etching method. For éxample, when a reactive ion etching method is used,
the etching portion 52 can be structured to turn the mixed gas, which is a mixture of the
inert gas and the fluorine gas introduced into the chamber 51, into plasma by
plasma-generating means such as high frequency waves or the like, and bombard the
substrate surface with radicals and ions produced from the plasma.

[0040] The carbon film forming portions S56a and 56b are provided
downstream in the path along which the conductive sheet 12 is conveyed, and are
structured to form a carbon film of essentially carbon on the substrate surface that has
been etched by the etching portion 52. The method for forming the carbon film may be
a film forming method according to related art and is not particularly limited. Some
possible examples include a physical vapor deposition method (PVD method) such as the
sputtering method or the ion plating (AIP) method and a chemical vapor deposition
method (CVD method) such as the plasma CVD method. For example, when the

sputtering method is used, the carbon film forming portions 56a and 56b can be
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structured so that a carbon film can be formed on the surface of the substrate by

sputtering in a mixed gas atmosphere of a fluorine gas and an inert gas using carbon as

the target. Incidentally, in this example embodiment, the carbon film forming. portions

56a and 56b are arranged separated in two locations within the chamber 51.  Arranging

the carbon film forming portions 56a aﬁd 56b in a plurality of locations in the chamber in
this way enables a carbon film of a desired thickness to be formed easily without
reducing the speed at which the sheet 12 is conveyed.

[0041] Next, a method of manufacturing an anode collector and an anode using
the electrode collector manufacturing apparatus 50 described’ above will be described
with reference to the flowchart in FIG. 2 and the process sectional views in FIGS. 3A to
3D, in addition to FIG. 1. The manufacturing apparatus 50 uses a mixed gas that
contains chlorofluorocarbon (CF4) gas and an inert gas such ,asr argon (Ar) gas at a
volume ratio of 5 : 95 as the clean gas for etching described above.

[0042] First in step S10, the conductive substrate (i.e., the conductive sheet) 12
is arranged in the chamber 51. In.this example embodiment, metal foil (in this case
aluminum foil) approximately 10.pm to 30 pm thick, for example, is prepared as the
conductive sheet 12, and pulled off of the supply roller 58a in the chamber 51 and set on
the substrate retaining mechanism 55. Incidentally, because the surface 14 of the
substrate (i.e., the aluminum foil) 12 oxidizes immediately upon exposure to air, it is
covered by an oxide film (such as A1203) or grease or the like, as shown in FIG. 3A.

[0043] Next in step S20, the pressure in the chamber 51 is reduccd and a mixed
gas atmosphere of fluorine gas and inert gas is created in the chamber 51, and the surface-
of the arranged substrate is dry etched in this atmosphere. In this example embodiment,
the mixed gas, which contains chlorofluorocarbon (CF4) gas and an inert gas such as
érgon (Ar) gas at a vdlume ratio of 5 : 95, is supplied into the chamber 51 after tﬁe
pressure therein has been reduced (by evacuation, for example), and the surface of the
conductive sheet (i.e., the substrate) 12 is etched in the mixed gas atmosphere. More
specifically, the etching portion 52 is operated and plasma of the mixed gas (CF4 / Ar

gas) is produced above the conductive sheet (i.e., the substrate) 12, and the substrate
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surface is bombarded with radicals and ions produced from this plasma. As a result, the
surface 14 of the substrate 12 is etched so the oxide film (such as Al203) or grease or the
like éovering the fubstrate surface can be removed, as shown in FIG. 3B.

[0044] At this time, in the apparatus 50 of this example embodinient, the
mixed gas of CF4 / Ar is supplied into the chamber 51 as the clean gas for etching so the
etching rate can be increased compared with when just argon (Ar) gas is sﬁpplied. For
example, in this example embodiment, CF4 gas is mixed in with the clean gas so not only
is physical etching performed as a result of the bombardment by the active species (such
as CF3 or F radicals and the like), but also chemical etching by the active species and the
like can be performed simultaneously with that physical etching. As a result, the oxide
film can be quickly (and efficiently) removed from the substrate surface.

[0045] Next, in step S30, a carbon film 16 of essentiélly carbon is formed on |
the surfac'e of the etched substrate 12. In this example embodiment, the carbon film
forming portions 56a and 56b are operated and sputtering is performed using carbon as
the target. The sputtering conditions can be set such that the mixed gas pressure is 0.1
Pa and the sputtering power is 400 W, for example. As a result, the cafbon film 16 can
be formed on the surface of the substrate 12, as shown in FIG. 3C. |

[0046] The thus formed carbon film 16 may be a carbon film which at least
contains no non-conductive organic polymeric material, or a carbon film that essentially
contains no organic components. The carbon film 16 may also be a carbon film that
essentially contains only carbon. The structure of the carbon film is not particularly
limited. For example, the structure may be an amorphous structure, a graphite structure,
or a combination of the two.

[0047] The thickness of the carbon film 16 is not particularly limited as long as
it is thick enough to evenly cover the substrate. For example, the carbon film may be
approximately 1 nm to 100 nm thick, though it may normally be approximately 3 nm to
20 nm (e.g., 3 nm to 10 nm) thick. If the carbon film is too thick, the energy density of
the battery that is made using this electrode tends to de;:rease, and the strength of the

carbon film tends to be insufficient. Incidentally, the thickness of the carbon film can be
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appropriately controlled by édjusﬁng the conditions under which the carbon film is
formed (such as the evaporation conditions).
[0048] Like the apparatus shown in FIG. 1, when the etching process and the

carbon film forming process are performed in the same chamber 51, fluorine mixes in

- with the obtained carbon film 16 because the carbon film forming process is performed in

a CF4 / Ar gas atmosphere. In this case, the fluorine concentration in the carbon film
may be controlled (adjusted) so that it is no more than 15 at(%) (and more preferably, no
more than 10 at%). This makes it possible to suppress the resistance of the carbon film
16 from increasing which occurs as a result of the fluorine being mixed in.

[0049] FIG. 4 shows the results obtained from examining the relationship
between the resistivity (€ x cm) and fluorine concentration (at%) in the carbon film.
Upon examination of these results, the inventors of this application discovered that the
resistivity of the carbon film rapidly increases when the fluorine concentration in the
carbon film exceeds 15 at%. However, when the fluorine concentration in the carbon
film is controlled (adjusted) so that it is no more than 15 at%, the increase in the
resistivity of the carbon film can be suppressed. Moreover, if the fluorine concentration
in the carbon film is controlled (adjusted) so that it is no more than 10 at%, the resistivity
hardly increases at all and can be maintained at substantially the same level as that in a. ,
carbon film which does not contain fluorine. That is, by controlling (adjusting) the
fluorine concentration in the carbon film 16 so that it is not more than 15 at% (and more
preferably, not more than 10 at%), a high etching rate can be maintained during the
etching process, while an increase in resistance of the carbon film that is caused by
fluorine being mixed in can be suppressed in the carbon film forming process.

[0050] Incidentally, the fluorine concentration in the carbon film can be easily
controlled (adjusted) by appropriately adjusting the mixture ratio of the inert gas and the
fluorine gas in the chamber 51. FIG. 5 is a graph showing the relationship between the
concentration (vol%) of added chloroﬂuofocarbon (CF4) in the mixed gas and the
fluorine concentration (at%) in the carbon film. As shown in the drawing, in order to

control (adjust) the fluorine concentration in the carbon film so that it is no more than 15
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at%, for examplé, the ratio of fluorine gas (such as CF4 gas) in the mixed gas atmosphere
inside the chamber 51 is adjusted so that it is no more than 15 mol% (e.g., 1 to 15 moll%),
and preferably no more than 10 mol% (e.g., 1 to 10 mol%). For example, the mixture
ratio of the fluorine gas (such as CF4 gés) to the inert gas (Ar gas in this case) may be
adjusted so as to be 1 : 99 to 15 : 85, and more preferably 1 : 99 to 10 : 90. More
specifically, when controlling (adjusting) the fluorine gas concentration in the carbon film
so that it is no more than 10 at%, the ratio of fluorine gas (i.e., CF4 gas) in the mixed gas
atmosphere inside the chamber 51 may be adjusted so that it is no more than 5 mol% (e.g.,
1to 5 mol%). For example, the mixture ratio (the molar ratio or the volume ratio) of the
fluorine gas (e.g., CF4 gas) to the inert gas (Ar gas in this case) may be adjusted so that it
is1:99to5:95. Also, when the concentration of fluorine gas (e.g., CF4 gas) in the
mixed gas atmosphere is less than 1 mol%, the effect obtained by the fluorine gas mixture
is low so the fluorine gas concentration in the mixed gas atmosphere may be 2 mol% or
higher. For example, the mixture ratib of fluorine gas (e.g., CF4 gas) to inert gas (Ar
gas in this case) may be adjusted so that it is 2 : 98 to 15 : 85, more preferably 2 : 98 to
10 : 90, and even more preferably 2: 98 to 5: 95. Incidentally, the relaltionship between
the ratio of fluorine gas (such as CF4 gas) in the mixed gas atmosphere inside the
chamber 51 and the fluorine concentration in the carbon film may differ depending on the
structure (e.g., the flowrate of the supply gas, the pressure of the mixed gas atmosphere,
and the sputtering power, and the like) of the electrode collector manufacturing apparatus
used so the mixtﬁre ratio may actually fall slightly outside of the ranges of the preferable
mixture ratios described above.

[0051] In this way, an electrode collector (the anode collector 10 in this
example) in which the carbon film 16 is provided on the surface of the substrate (i.c., the
aluminum foil) 12 can be obtained in step S40. Therefore, the steps described above
can vbe understood to be the process for manufacturing the electrode collector 10.

[0052] According to the manufacturing method of this example embodiment,
the oxide film and the like that naturally foﬁns on the surface of the conductive substrate

12 is first removed through the etching process, and then the highly conductive carbon -
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film 16 is formed on the >surface of the substrate 12. Hence, an electrode collector
having superior collecting performance with respect to the electrode composite layer (i.e.,
the layer containing electrode active material), for example, can be manufactured. In
addition, performing the etching process with a mixed gas atmosphere of fluorine gas and

inert gas inside the chamber 51 increases the substrate surface etching rate (i.e., etching

speed). As a result, the oxide film and the like formed on the substrate surface can be

removed quickly, thereby enabling the electrode collector 10 provided with a carbon film
16 suitable for the purpose of the invention io be efficiently produced.

[0053] Furthermore, in the structure of the apparatus shown in FIG 1, the
etching process and the carbon film forming process are performed in the same chamber
51. Therefore, the electrode collector 10 in which the carbon film 16 is formed on the
substrate 12 can be obtained by the substrate 12 passing through the chamber 51 only
once, which further improves productivity of the electrode collector 10 provided with the
carbon film 16. In addition, in this example embodiment, the conductive substrate 12 is
a long foil-like conductive sheet 12 formed of aluminum, and the etching process and the
carbon film forming process are performed successively in the lengthwise direction of the
long conductive sheet. According to this structure, the etching process and the carbon
film fofming process are performed successively on the long conductive sheet 12 so the
sheet-shaped electrode collector provided with the carbon film 16 can be obtained even
more efficiently.

[0054] Moreover, in the structure of the apparatus of the example embodiment,
the carbon film forming process is performed in a.mixed gas atmosphere of fluorine gas
and inert gas so fluorine may be mixed in with the obtained carbon film 16. Even in this
case, however, an increase in resistance of the carbon film caused by fluorine being
mixed in can be suppressed so a highly conductive carbon film can be formed on the
substrate surface by controlling the conditions under which the carbon film is formed (for
example, adjusting the ratio of fluorine gas in the mixed gas atmosphere inside the _
chamber so that it is no more than 15 mol%) so that the fluorine concentration in the

carbon film is no more than 15 at% (and more preferably, no more than 10 at%).
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[0055] Continuing on, the process for manufacturing an electrode 100 using
the electrode collector 10 in which the carbon film 16 is formed on the surface in this
way will now be described referring back to FIG. 2. That is, in step SSO, an anode
composite layer 20 is formed on the electrode cbllector 10 obtained in the manner
described above. In this example embodiment, first an electrode compbsite in the form
of a paste, into which has been mixed a powder .of anode active material and another
component that forms an anode composite layer (such as conductive material or a binder),
which is used as necessary, that have been di_spersed (e.g., dissolved) in an appropriate
dispersion medium, is adjusted and then applied onto the anode collector 10.

[0056] The dispersion medium may be water or a mixed solvent having water
as its main component, or a non-aqueous organic medium (such as N -
methylpyrrolidone).  Also, the pasfy electrode mixture is applied by coating a
predetermined amount of it on the anodé collector 10 ﬁt a uniform thickness using an
appropriate application device (such as a slit coater, a die coater, or a comma coater), for
example.

[0057] Next, the dispersion medium in the pasty electrode composite is
removed by drying (at 70 to 200°C, for example) the pasty electrode composite using
appropriate drying means. Then, as shown in FIG. 3D, the anode composite layer 20
that includes the anode active material is formed by removing the dispersion medium
from the' pasty electrode member. |

[0058] In this way, the anode sheet (i.e., an anode) 100 in which the anode
composite layer is formed on the surface of the anode collector 10 can be obtained in step
S60. Incidentally, after drying, the thickness and density of the anode composite layer
20 can be appropriately adjusted through an appropriate press process (such as a roll
press process) as necessary.

[0059] Next, an example embodiment of a lithium secondary battery made
using the anode (i.e., the anode sheet) 100 manufactured by using the method according
to the invention will be described with reference to the frame format views shown in

FIGS. 7 and 8. The method for manufacturing this lithium secondary battery uses the
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anode collector manufactured according to the method described above as the anode
collector.

[0060] As shown in the drawings, a lithium ion battery 1000 according to this
example embodiment includes a case 110 made of metal (this case may alternatively be
made of resin or laminated film): This case (éuter container) has a flat, rectangular
parallelepiped case main body 120, the upper end of which is open, and a lid 130 that
closes off the open portioh. A positive terminal 170 that is electrically connected to the
anode of a wound electrode body 90, and a negative terminal 180 that is electrically
connected to a cathode of the wound electrode body 90 are provided on the upper sﬁrface
(i.e., the lid 130) of the case 110. The flat wound electrode body 90, which is made by
laminating and rolling a long sheet-shaped anode (i.e., an anode sheet) 100 and a long
sheet-shaped cathode (i.e., a cathode sheet) 80 together with two long sheet-shaped
separators (i.e., separator sheets), and then squashing the obtained rolled body from the
side to flatten it out, is housed inside the case 110. |

[0061] The anode sheet 100 and the cathode sheet 80 each have a structure in
which an electrode composite layer, which has electrode active material as its main
component, is provided on both sides of a long sheet-like electrode collector. On one
end in the v?idth direction of the electrode sheets 100 and 80 is formed a portion where
there is no electrode composite layer formed on either side. During the lamination
process, the anode sheet 100 and the cathode sheet 80 are overlapped while being slightly
offset in the width direction so that portion of the anode sheet 100 where there is no
anode composite layer and the portion of the cathode sheet 80 where there is no cathode
composite layer protrude from both sides in the width direction of the separator 60. As
a result, the portions of the anode sheet 100 and the cathode sheet 80 where theré is no
electrode composite layer protrude to the outside of a rolled core portion 92 (that is, a
portion where the portion of the anode sheet 100 where the anode composite layer is
formed and the portion of the cathode sheet 80 where the cathode composite layer is
formed and the two separator sheets 60 are tightly rolled together). An anode lead

terminal 71 is provided on the anode protruding portion (i.e., the portion where the anode
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composite layer is not formed) 100A and a cathode lead terminal 81 is provided on the
cathode side protruding portion (i.e., the portion where the cathode composite layer is not
formed) SOA. The anode lead terminal 71 is electrically connected to the positive
terminal 170 and the cathode lead terminal 81 is electrically connected to the negative
terminal 180.

[0062] Incidentally, the constituent elements other than the anode sheet 100
that form the wound electrode body 90 are not particularly limited and may be the same
as they are in the electrode body of the lithium ion battery according to the related art.
For example, the cathode sheet 80 may be formed by applying a cathode composite layer,
the main component of which is cathode active material for a lithium battery, to a long
cathode collector. C‘opper foil or other metal foil suitable for use as a cathode may be
suitably used for the cathode collector. The cathode active material that can be used is
not limited to the one or two or more types of material used in lithium ion batteries.
Some examples include carbon material such as graphite carbon or amorphous carbon, a
lithium-transition metal compbsite oxide (such as a lithium-titanium composite oxide),
and a lithium-transient metal complex nitride. For example, a suitable cathode sheet 80
can be obtained by forming a cathode composite layer, the main component of which is
graphite, (e.g., 98 percent by mass of graphite, 1 percent by mass of styrene-butadiene
rubber, and 1 percent by mass of carboxymethylcellulose) in the usual rrianner on a
predetermined region of a surface of a piece of long copper foil that serves as the
collector.

[00631 Also, one example of the separator sheet 60 used between the anode
sheet 100 and the cathode sheet 80 is a porous polyolefin resin separator sheet. For
example, a composite resin (e.g., a polyolefin such as polyethylene) porous separator
sheet that is approximately 5 to 30 um (e.g., 25 um) thick can be used. Incidentally,
when a solid electrolyte or a gel-like electrolyte is used as the electrolyte, a separator may
be unnecessary (that is, in this case, the electrolyte itself is able to function as the
separator).

[0064] Next, the wound electrode body 90 is placed in the case main body 120
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through the open portion in the upper end of the main body 120 and electrolyte solution
containing a suitable electrolyte is arranged (poured) into the case main body 120. The
electrolyte is a lithium salt such as LiPF6, for example. For example, an appropriate
amount (such as 1 M concentration) of lithium salt such as LiPF6 can be dissolved in a
nonaqueous electrolyte solution such as a mixed solvent of diethyl carbona‘te and
ethylene carbonate (at‘a mass ratio of 1 : 1). |

[0065] Then the open portion is sealed off by securing the lid 130 in place by
welding or the like, thus completing assembly of the lithium ion battery 1000 accdrding
to this example embodiment. The process of sealing the case 110 and the process of
arranging (pouring) the electrolyte may be the same as the methods used to manufacture
the lithium ion battery according to the related art, and do not define the invention. In
this way, the construction of the lithium ion battery 1000 according to the example
embodiment is completed.

[0066] The thus constructed battery displays excellent battery performance
because it is provided with the electrode collector 10 in which the surface of the substrate
10 is covered by the carbon film 16 and which has excellent collecting performance with
respect to the electrode composite layer 20 (i.e., the layer that includes the electrode
active material). A battery with excellent output characteristics can be provided by
constructing a battery using the electrode collector, for example.

) [0067] The following tests were conducted as examples to confirm that a
battery (such as a lithium secondary battery) with excellent output characteristics can be
constructed by making a battery using an anode collector manufactured according to the
manufacturing method of the invention. |

[0068] That is, an anode collector was manufactured using aluminum foil as
the substrate, then etching the surface of that substrate, and forming a cerbon film of a
predetermined thickness (film thickness : 10 nm) on the etched surface. The etching
process and the carbon film forming process were performed using a common ECR
sputtering apparatus. The etching and carbon film forming conditions were as follows.

A mixed gas including CF4 and Ar at a volume ratio (molar ratio) of 5 : 95 was
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introduced (at a gas flowrate of 20 ml / min) at a constant pressure of 0.1 Pa, and solid
cérbon was used as the target with a sputtering power of 400 W. Incidentally, the
fluorine concentration in the carbon film formed in this way was approximately 10 at%
when measured by the EDS analysis method.

[0069] Next, an evaluation battery (i.e., a lithium secondary battery) was made
using the manufactured anode collector, and the discharge characteristics of the battery
were evaluated. More specifically, an anode sheet in which an anode material layer is
provided on both sides of an anode collector was made by adjusting an anode material
paste by dispersing 89% by mass of lithium-nickel oxide as an anode active material, 5%
by mass of acetylene black as an anode conductive agent, 5% by mass of PTFE
(polytetrafluoroethylene) as an anode binder, and 1% by mass of CMC

(carboxymethylcellulose) as a thickener into a suitable solvent, and applying this paste to

~ the top of the carbon film on the anode collector. Meanwhile, a cathode sheet in which

a cathode material layer is provided on both sides of a cathode collector was made by
adjusting a cathode material paste by dispersing 98% by mass of graphite, 1% by mass of
SBR (styrene-butadiene rubber) as a cathode binder, and 1% by mass of CMC as a
thickener into a suitable solvent, and applying this paste to the cathode collector (copper
foil). Then, a wound electrode body is made by rolling the anode sheet and the cathode
sheet with two separator sheets (i.e., porous polypropylene) in between. Next, the
wound electrode body obtained in this way is placed in a battery case (18650 type cell).
Next, a test lithium secondary battery (an example) is constructed by pouring electrolyte
solution into the battery case through a filler hole and sealing the filler hole. For the
electrolyte solution, 50 ml ofﬁ 1 : 1 (mass ratio) mixed solvent of ethylene carbonate and
diethyl carbonate into which approximately 1 M of LiPF6 has been dissolved is used.
Incidentally, for the comparative example, a lithium secondary battery was made using an
anode collector having no carbon film. Other Fhan using the anode collector having no
carbon film, the lithium secondary battery of the comparative example was the same as
the battery of the example embodiment.

[0070] Next, a discharge characteristics test was performed on the test batteries
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of the comparative example and the example embodiment described above, and the
discharge rate characteristics were evaluated. The conditions of the discharge
characteristics test were such that the measurement temperature was 25°C and the current
density was 1 C, 1.5 mA /g. The results are shown in FIGS. 6A and 6B. Incidentally,
the horizontal axis in the drawings represents the capacity density (mAh / g) and the
vertical axis in the drawings represents the voltage (V).

[0071] As shown in FIG 6B, the battery (comparative example) made using
the anode collector iiaving no carbon film indicates a discharge capacity of close to 150
mAbh / g, and maintains a discharge capacity of approximately 120 mAh / g even at a 10
C discharge rate. However, at a 20 C discharge rate, which is an extremely high current

density, the capacity falls drastically, with the discharge capacity dropping to around 70

mAh/g.

[0072] In contrast, as shown in FIG 6A, the battery (example embodiment)
using the anode collector manufactured according to the manufacturing method of the
invention indicates a discharge capacity of close to 150 mAh / g, which is the same as the
comparative example, and maintains a discharge capacity of around 125 mAh / g even at
a 10 C discharge rate. * Furthermore, even at a 20 C discharge rate, which is an extremely
high current density, there is rio large drop in capacity. Instead, the discharge capacity
of 100 mAg / h is able to be maintained. That is, at a 20 C discharge rate, the battery
output characteristics can be drastically improved. This confirmed that a battery with
superior output characteristics (high rate characteristics) can be made using an anode
collectcr manufactured according to the manufacturing method of the invention.

[0073] 4Moreover, the folldwing experiment was conducted to confirm that the
substrate surface etching rate is able to be increased by creating a mixed gas atmosphere,
in which a fluorine gas and an inert gas are mixed, inside the chamber 51. That is,
etching was performed using a common ECR sputtering apparatus on aluminum foil on
which an oxide film approximately 5 nm thick was formed. The time it took to remove
the oxide film from the aluminum foil was measured and the etching rate was calculated.

The etching conditions were as follows. A mixed gas that includes CF4 and Ar at a
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volume ratio of 5 : 95 was introduced (at a gas flowrate of 20 ml / min) at a constant
pressure of 0.1 Pa, and with a sputtering power of 200 W at 400 MHz. The results'
showed that when etching was performed in a CF4 / Ar mixed gas atmosphere, the
etching rate was approximately 185 nm / min so it was confirmed fhat an etching rate of
20 nm / min to 40 nm / min, wﬁich enables the etching process to be performed in-line
suitable fof continuous manufacture, is able to be achieved.

[0074] Although the invention has been described in terms of the .foregoing
example embodiments, it is not limited to these example embodiments. That is, various
modifications are of course possible.

[0075] For example, the dry etching method by the etching portion is not
limited to the reactive ion etching method described above. For example, a plasma
etching method or an ion beam etching method or the like may also be employed.
When a plasma etching method is used, for example, the etching .portion can be
structured to etch the substrate surface by a chemical reaction with activated atoms (i.e.,
radicals) in the plasm.a‘from the mixed gas of inert gas and fluorine gas introduced into
the chamber. |

[0076] . When the ion beam etching is used, for example, the etching portion
can be structured to physically etch the substrate surface by sputtering, by bombarding
the substrate surface with a beam of inert gas (such as Ar) ions in a mixed gas atmosphere
of an inert gas and fluorine gas introduced into the chamber. In this case as well, fhe
substrate surface etching rate can be increaséd if there is fluorine gas around the substrate
that is bombarded with ions. Alternatively, the etching portion may be structured to etch

the substrate surface by bombarding it with a beam of ions of a mixed gas of an inert gas

and a fluorine gas.

[0077] Moreover, in the example described above, the electrode collector
described is mainly an anode collector. However, the structure of the invention may be
applied regardless of whether the electrode is an anode or a cathode. That is, the
invention also provides a method for manufacturing a cathode collector having a carbon

film, as well as an apparatus for manufacturing the cathode collector. When the
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electrode collector is a cathode collector, according to the manufacturing method of the
example embodiment, the surface of the conductive substrate (such as copper foil) is first
washed by etching and then a highly conductive carbon film is formed on the surface of
the substrate (e.g., the copper foil). This enables a cathode that adheres well to a
cathode composite layer (i.c., a layer that includes cathode active material), for example,
to be manufactured efficiently.

[0078] Incidentally, as described above, the battery (such as a lithium ion
battery) according to this example embodiment displays superb battery characteristics
(such as at least one of low internal resistance,‘high output characteristics, aﬁd high
durability) and stable quality, which enables it to be particularly well suited for use as a
power supply for a motor (i.e., an electric motor) onboard a vehicle such as an
automobile. Therefore, the invention provides a vehicle (such as an automobile, and
more particularly, a vehicle provided with an elect}ic motor such as a hybrid vehicle, an
electric vehicle, or a fuel cell vehicle) 1 which uses the battery (such as a battery pack
formed of a plurality of batteries connected together in series) 1000 as a power supply, as

shown in the frame format view in FIG 9.
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CLAIMS:

1. A method of manufacturing an electrode collector covered with a carbon film,
characterized by comprising:

arranging a conductive substrate in a chamber;

reducing the pressure in the chamber;

creating a mixed gas atmosphere of a fluorine gas and an inert gas in the
chamber; |

dry etching a surface of the arranged substrate in that atmosphere; and

forming a carbon film on the surface of the dry etched substrate.

2. The manufacturing method according to claim 1, wherein the carbon film is

made essentially of carbon.

3. The manufacturing method according to claim 1 or 2, wherein dry etching the

surface of the substrate and forming the carbon film are performed in the same chamber.

4. The manufacturing method according to claim 3, wherein a mixture ratio of the
fluorine gas and the inert gas in the chamber is adjusted such that a fluorine concentration

in the carbon film obtained by forming the carbon film is no more than 15 at%.

5. The manufacturing method according to any one of claims 1 to 4, wherein a
ratio of the fluorine gas in the mixed gas atmosphere in the chamber is adjusted so as to

be in a range between 1 mol% and 15 mol%, inclusive.

6. The manufacturing method according to claim 4, wherein the mixture ratio of
the fluorine gas and the inert gas in the chamber is adjusted such that the fluorine
concentration in the carbon film obtained by forming the carbon film is no more than 10

at%.
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7. The manufacturing method according to claim 5, wherein the ratio of the
fluorine gas in the mixed gas atmosphere in the chamber is adjusted so as to be no less

than 2 mol%.

8. The manufacturing method according to any one of claims 1 to 7, wherein the
fluorine gas is one or more types of gas selected from the group consisting of CF4, SF6,

and CHF3.

9. The manufacturing method according to any one of claims 1 to 8, wherein
forming the carbon film is performed by depositing, via' physical vapor deposition or

chemical vapor deposition, carbon on the substrate.

10. The manufacturing method according to any one of claims 1 to 9, wherein:

the conductive substrate is a long foil-like conductive sheet made from
aluminum or an aluminum alloy; and

dry etching the surface and forming the carbon film are performed successively

in the lengthwise direction of the long conductive sheet.

11.  An apparatus for manufacturing an electrode collector covered with a carbon film,
characterized by comprising:

a chamber, the inside of which can be reduced in pressure, in which are provided
an etching portion that dry etches a surface of a conductive substrate and a carbon film
forming portion that forms a carbon film on the etched substrate surface;

a substrate retaining mechanism which is arranged in the chamber and retains
the substrate; and

a gas introducing mechanism which introduces a fluorine gas and an inert gas

\

into the chamber, and is structured to create in the chamber a mixed gas atmosphere in

which the fluorine gas and the inert gas are mixed at a predetermined molar ratio.
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12. The manufacturing method according to claim 11, wherein the carbon film is
made essentially of carbon.
13. The manufacturing apparatus according to claim 1lor 12, wherein a mixture

ratio of the fluorine gas and the inert gas is adjusted such that a fluorine content of the

carbon film formed by the carbon film forming portion is no more than 15 at%.

14. The manufacturing apparatus according to any one of claims 11 to 13, wherein a
ratio of the fluorine gas in the mixed gas atmosphere in the chamber is adjusted so as to

be in a range between 1 mol% and 15 mol%, inclusive.

15. The manufacturing apparatus according to claim 13, wherein the mixture ratio of
the fluorine gas and the inert gas is adjusted such that the fluorine content of the carbon

film formed by the carbon film forming portion is no moré than 10 at%.

16. The manufacturing apparatus according to claim 14, wherein the ratio of the
fluorine gas in the mixed gas atmosphere in the chamber is adjusted so as to be no less

than 2 mol%.

17. The manufacturing apparatus according to any one of claims 11 to 16, wherein
the fluorine gas is one or more types of gas selected from the group consiéting of CF4,

SF6, and CHF3.
18. The manufacturing apparatus according to any one of claims 11 to 17, wherein
the substrate retaining mechanism is structured to successively pass the substrate to the

carbon film forming portion after the etching portion.

19. The manufacturing apparatus according to any one of claims 11 to 18, wherein
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the carbon film forming portion is structured to deposit, via physical vapor deposition or

chemical vapor deposition, carbon on the substrate.

20. An electrode collector characterized by being manufactured by using the

manufacturing method according to any one of claims 1 to 10.

21. An electrode collector characterized by being manufactured by the

manufacturing apparatus according to any one of claims 11 to 19.

22. A battery characterized by comprising the electrode collector according to claim

20 or 21, wherein the electrode collector includes at least one of an anode or a cathode.

23. A vehicle characterized by comprising the battery according to claim 22,

wherein the battery is a power supply of the vehicle.
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