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(57) ABSTRACT

A negative-electrode active material layer having an uneven
pattern is formed on a surface of a copper foil as a negative-
electrode current collector by applying an application liquid
by a nozzle-scan coating method. Subsequently, an applica-
tion liquid containing a polymer electrolyte material is
applied by a spin coating method, thereby forming a solid
electrolyte layer in conformity with the uneven pattern. Sub-
sequently, an application liquid is applied by a doctor blade
method, thereby forming a positive-electrode active material
layer whose lower surface conforms to the unevenness and
whose upper surface is substantially flat. A thin and high-
performance all-solid-state battery can be produced by lami-
nating an aluminum foil as a positive-electrode current col-
lector before the application liquid is cured.
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BATTERY MANUFACTURING METHOD AND
BATTERY

CROSS REFERENCE TO RELATED
APPLICATION

The disclosure of Japanese Patent Applications enumer-
ated below including specifications, drawings and claims is
incorporated herein by reference in its entirety:

No. 2009-218524 filed on Sep. 24, 2009; and

No. 2010-063739 filed on Mar. 19, 2010.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a battery structured such that posi-
tive and negative active material layers face each other with
an electrolyte layer therebetween and a manufacturing
method for such a battery.

2. Description of the Related Art

Conventionally, as a method for producing a chemical bat-
tery such as a lithium-ion battery, a technology for superim-
posing metal foils as current collectors respectively having
positive-electrode and negative-electrode active materials
attached thereto with a separator disposed therebetween and
impregnating the separator with an electrolyte solution has
been known. However, a battery including a volatile organic
solvent as an electrolytic solution needs to be carefully
handled. Further, for required further miniaturization and
higher output, a technology for producing an all-solid-state
battery by microfabrication using a solid electrolyte in place
of an electrolytic solution has been and is being proposed in
recent years.

For example, JP2005-116248A discloses a technology for
forming an active material layer having an uneven surface on
a metal foil, which will become a current collector, by an ink
jet method and successively three-dimensionally laminating
a solid electrolyte layer and another active material layer by
the ink jet method so as to flatten the unevenness.

In the above prior art, the above space structure is obtained
by laminating a multitude of layers mixedly including difter-
ent functional layers such as the positive and negative active
material layers and the solid electrolyte layer formed by one
printing process by recoating. However, this technology has
the following problems.

Firstly, the ink-jet method can form a complicated structure
as above with high controllability since only a small amount
of ink is discharged, whereas it requires a long time for
production since recoating needs to be performed a plurality
of times to obtain a desired space structure and is low in
productivity. Secondly, it is difficult to separate the respective
functional layers. In other words, the functional layers are
mixed due to the contact of the ink containing mutually dif-
ferent materials to make boundaries between the respective
functional layers unclear, leading to a possibility of reducing
performance of the battery. Although drying is performed
after every printing process in the above prior art, this further
reduces productivity and increases production cost. Even if
the mixing of the respective layers formed by the respective
printing processes should be prevented, the mixing of a plu-
rality of functional layers formed adjacent to each other by
one printing process cannot be prevented.

SUMMARY OF THE INVENTION

In view of the above problems, an object of the invention is
to provide a low-cost and high-performance battery and a
technology capable of producing the battery with high pro-
ductivity.
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In order to accomplish the above object, the invention is
directed to a battery manufacturing method, comprising a first
active material layer forming step of forming a first active
material layer having a specified uneven pattern by applying
a first application liquid containing a first active material on a
surface of a base material; an electrolyte layer forming step of
forming an electrolyte layer having unevenness substantially
in conformity with the uneven pattern on a surface of a lami-
nated body, which is formed by laminating the first active
material layer on the surface of the base material, by applying
a second application liquid containing a polymer electrolyte
after the first active material layer forming step; and a second
active material layer forming step of forming a second active
material layer having a substantially flat surface opposite to a
surface touching the electrolyte layer by applying a third
application liquid containing a second active material on a
surface of the electrolyte layer after the electrolyte layer
forming step.

In the invention constituted as above, the first active mate-
rial layer having the uneven pattern is formed on the base
material by application, then the electrolyte layer in confor-
mity with this unevenness is formed by application and fur-
ther the second active material layer is formed by application.
Since the respective functional layers, i.e. the first active
material layer, the electrolyte layer and the second active
material layer are successively completed in the respective
operation steps in this way, recoating is not required, the
respective operation steps are simple and a time required for
the entire process is short. Therefore, a battery with high
productivity and good performance can be produced at a low
cost.

Further, in order to accomplish the above object, this inven-
tion is directed to a battery having a structure formed by
laminating a base material; a first active material layer formed
by curing an application liquid containing a first active mate-
rial and applied to a surface of the base material, and having
a surface with a specified uneven pattern; an electrolyte layer
containing a polymer electrolyte and having unevenness sub-
stantially in conformity with the uneven pattern of a lami-
nated body formed by laminating the first active material
layer on the surface of the base material; a second active
material layer containing a second active material and having
one surface touching the electrolyte layer and substantially in
conformity with the unevenness of the electrolyte layer and
another surface which is opposite to the one surface and
substantially flat; and a current collector layer corresponding
to the second active material.

In the invention constituted as above, the first active mate-
rial layer whose surface area is increased by having the
uneven surface and the second active material layer face each
other via the electrolyte layer in conformity with the uneven-
ness. Thus, an electrolyte liquid containing an organic solvent
is not necessary and a small size and a high output can be
obtained. In this way, according to this invention, a battery
with good performance can be obtained and this battery can
be produced at a low cost and with high productivity.

The above and further objects and novel features of the
invention will more fully appear from the following detailed
description when the same is read in connection with the
accompanying drawing. It is to be expressly understood,
however, that the drawing is for purpose of illustration only
and is not intended as a definition of the limits of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are drawings which show a schematic
structure of a first embodiment of a lithium-ion battery,
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FIG. 2 is aflow chart which shows a module manufacturing
method according to the first embodiment,

FIGS. 3A and 3B are drawings which diagrammatically
show a state of material application by the nozzle-scan coat-
ing method,

FIG. 4 is a drawing which diagrammatically shows a state
of material application by the spin coating method,

FIGS. 5A and 5B are drawings which diagrammatically
show a state of material application by the doctor blade
method,

FIGS. 6 A and 6B are drawings which show other examples
of the drawing pattern on the negative-electrode,

FIGS. 7A and 7B are drawings which show a schematic
structure of a second embodiment of the lithium-ion battery,

FIG. 8 is aflow chart which shows a module manufacturing
method according to the second embodiment,

FIG. 9 is a drawing which diagrammatically shows a state
of application of the first negative-electrode active material
by the knife coating method,

FIG. 10 is a drawing diagrammatically shows a state of
application of the first negative-electrode active material
application liquid by the nozzle-scan coating method,

FIGS. 11A, 11B and 11C are drawings diagrammatically
show a state of application of the second negative-electrode
active material by the nozzle-scan coating method,

FIG. 12 is a drawing which diagrammatically shows a state
of material application by the spin coating method, and

FIG. 13 is a drawing which diagrammatically shows a state
of application of the positive-electrode active material by the
knife coating method.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

FIGS. 1A and 1B are drawings which show a schematic
structure of a first embodiment of a lithium-ion battery. More
specifically, FIG. 1A is the drawing which shows a cross-
sectional structure of a lithium-ion battery module 1 as an
example of a battery produced by a first embodiment of a
manufacturing method according to this invention. This
lithium-ion battery module 1 has such a structure that a nega-
tive-electrode active material layer 12, a solid electrolyte
layer 13, a positive-electrode active material layer 14 and a
positive-electrode current collector 15 are successively lami-
nated on a negative-electrode current collector 11. In this
specification, X-, Y- and Z-coordinate directions are respec-
tively defined as shown in FIG. 1A.

FIG. 1B is a perspective view which shows a structure
when the negative-electrode active material layer 12 is
formed on a surface of the negative-electrode current collec-
tor 11. As shown in FIG. 1B, the negative-electrode active
material layer 12 has a line-and-space structure in which a
multitude of stripe-shaped pattern elements 121 extending in
a Y-direction are arranged at regular intervals in an X-direc-
tion. On the other hand, the solid electrolyte layer 13 is a thin
film with a substantially constant thickness formed by a solid
electrolyte, and uniformly covers the substantially entire
upper surface of a laminated body 100 in such a manner as to
conform to the unevenness of the surface of the laminated
body 100 in which the negative-electrode active material
layer 12 is formed on the negative-electrode current collector
11 as described above.

The lower surface of the positive-electrode active material
layer 14 has an uneven structure in conformity with the
unevenness of the upper surface of the solid electrolyte layer
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13, whereas the upper surface of the positive-electrode active
material layer 14 is a substantially flat surface. The positive-
electrode current collector 15 is laminated on the upper sur-
face of the positive-electrode active material layer 14 formed
to be substantially flat in this way, whereby the lithium-ion
battery module 1 is formed. A lithium-ion battery, which is an
all-solid-state battery, is formed by appropriately arranging
tab electrodes or laminating a plurality of modules on this
lithium-ion battery module 1.

Here, known materials for lithium-ion batteries can be used
as materials for the respective layers. For example, an alumi-
num foil and a copper foil can be respectively used as the
positive-electrode current collector 15 and the negative-elec-
trode current collector 11. Further, LiCoO, (lithium cobal-
tate), LiMnO, (lithium manganese oxide) and mixtures of
these can be, for example, used as a positive-electrode active
material. Mixtures of Li, TisO, , (lithium titanate) and graph-
ite can be, for example, used as a negative-electrode active
material. Further, a borate ester polymer electrolyte can be,
for example, used as the solid electrolyte layer 13. Note that
the materials for the respective functional layers are not lim-
ited to these.

The lithium-ion battery module 1 having such a structure is
thin and flexible. By forming the negative-electrode active
material layer 12 to have an uneven space structure as shown,
its surface area with respect to its volume is made larger.
Thus, the area of the surface facing the positive-electrode
active material layer 14 via the thin solid electrolyte layer 13
can be increased to ensure high efficiency and high output. In
this way, the lithium-ion battery having the above structure
can be small in size and have high performance.

Next, a method for producing the above lithium-ion battery
module 1 is described. Conventionally, a module of this type
has been formed by laminating thin film materials corre-
sponding to respective functional layers, but there is a limit in
increasing the density of the module by this manufacturing
method. Further, with a manufacturing method employing the
above prior art ink jet method, production takes time due to
many operation steps and it is difficult to separate the respec-
tive functional layers. In contrast, with the manufacturing
method described below, the lithium-ion battery module 1
having the above structure can be produced with a smaller
number of operation steps using an existing processing appa-
ratus.

FIG. 2 is a flow chart which shows a module manufacturing
method according to the first embodiment. In this manufac-
turing method, a metal foil, e.g. a copper foil, which will
become the negative-electrode current collector 11, is pre-
pared (Step S101). Since a thin copper foil is difficult to
transport and handle, it is preferable to improve transportabil-
ity, for example, by attaching one surface of the copper foil to
a carrier such as a glass plate.

Subsequently, an application liquid containing a negative-
electrode active material (a first application liquid) is applied
to one surface of the copper foil by a nozzle dispensing
method, in particular, by a nozzle-scan coating method for
relatively moving a nozzle for dispensing an application lig-
uid with respect to an application target surface (Step S102).
A mixture of the above negative-electrode active material,
acetylene black as a conduction aid, polyvinylidene fluoride
(PVDF) as abinder, N-methylpyrrolidone (NMP) as a solvent
and the like can be, for example, used as the application
liquid.

FIGS. 3A and 3B are drawings which diagrammatically
show a state of material application by the nozzle-scan coat-
ing method. More specifically, FIG. 3A is the drawing which
shows the state of application by the nozzle-scan coating
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method when viewed laterally, and FIG. 3B is the drawing
which shows the same state when viewed obliquely from
above. A technology for applying an application liquid to a
base material by the nozzle-scan coating method is known
and such a known technology can be applied also in this
method, wherefore an apparatus construction is not
described.

In the nozzle-scan coating method, a nozzle 21 perforated
with one or more dispense openings (not shown) for dispens-
ing the application liquid is arranged above a copper foil 11
and relatively moved at a constant speed in an arrow direction
Dnl with respect to the copper foil 11 while dispensing a
fixed amount of an application liquid 22 from the dispense
opening(s). By doing so, the application liquid 22 is applied
onto the copper foil 11 in a stripe in the Y-direction. If the
nozzle 21 includes a plurality of dispense openings, a plural-
ity of stripes can be formed by one movement. By repeating
this movement according to need, the application liquid can
be applied in stripes on the entire surface of the copper foil 11.
By drying and curing the application liquid, the negative-
electrode active material layer 12 is formed on the upper
surface of the copper foil 11. A photo-curable resin may be
added to the application liquid and the application liquid may
be cured by light irradiation after application.

At this point of time, the active material layer 12 is raised
on the substantially flat surface of the copper foil 11. Thus, as
compared with the case where the application liquid is
applied to have a flat upper surface, a surface area can be
increased with respect to the used amount of the active mate-
rial. Therefore, the area of the surface facing the positive-
electrode active material layer to be formed later can be
increased to obtain a high output.

The flow chart of FIG. 2 is further described. An electrolyte
application liquid (a second application liquid) is applied
onto the upper surface of the laminated body 100, which is
formed by laminating the negative-electrode active material
layer 12 on the copper foil 11, by a spin coating method (Step
S103). A mixture of a resin as the above polymer electrolyte
material such as polyethylene oxide and polystyrene, a sup-
porting salt such as LiPF ; (lithium hexafluorophosphate) and
a solvent such as diethylene carbonate can be, for example,
used as the electrolyte application liquid.

FIG. 4 is a drawing which diagrammatically shows a state
of' material application by the spin coating method. The lami-
nated body 100 formed by laminating the negative-electrode
active material layer 12 and the copper foil 11 is substantially
horizontally placed on a rotary stage 32 rotatable in a speci-
fied rotational direction Dr about a rotary shaft extending in a
vertical direction (Z-direction). Then, the rotary stage 32 is
rotated at a specified rotational speed and an application
liquid 33 containing a polymer electrolyte material is dis-
pensed toward the laminated body 100 from a nozzle 31
disposed at a position above the rotary shaft of the rotary stage
32. The application liquid dropped onto the laminated body
100 spreads around by a centrifugal force, whereby the excess
liquid is shaken off from an end portion of the laminated body
100. By doing so, the upper surface of the laminated body 100
is covered by a thin and uniform layer of the application
liquid, which is dried and cured to form the solid electrolyte
layer 13. In the spin coating method, film thickness can be
controlled according to the viscosity of the application liquid
and the rotational speed of the rotary stage 32. There is a good
track record in forming a thin film with a uniform thickness on
an object to be processed having an uneven surface structure
such as the laminated body 100 of this application in confor-
mity with the uneven surface.

10

15

20

25

30

35

40

45

50

55

60

65

6

The thickness of the solid electrolyte layer 13 is arbitrarily
set, but needs to be such that the positive and negative active
material layers are reliably separated and internal resistance
is equal to or below a permissible value. In order not to
eliminate the significance of the unevenness of the negative-
electrode active material layer 12 provided to increase the
surface area, the thickness (113 in FIG. 1A) of the solid
electrolyte layer 13 is preferably smaller than a height difter-
ence (t12 in FIG. 1A) of the uneven pattern of the negative-
electrode active material layer 12.

The flow chart of FIG. 2 is further described. An applica-
tion liquid containing a positive-electrode active material (a
third application liquid) is applied to a laminated body 101
(FIG. 5A), which is formed by laminating the copper foil 11,
the negative-electrode active material layer 12 and the solid
electrolyte layer 13, by a doctor blade method to form the
positive-electrode active material layer 14 (Step S104). A
mixture prepared by adding the above conduction aid, binder,
solvent and the like to the positive-electrode active material
can be, for example, used as the application liquid.

FIGS. 5A and 5B are drawings which diagrammatically
show a state of material application by the doctor blade
method. More specifically, FIG. 5A is the drawing which
shows the state of application by the doctor blade method
when viewed laterally, and FIG. 5B is the drawing which
shows the same state when viewed obliquely from above. A
nozzle 41 for dispensing an application liquid is relatively
moved in a direction Dn2 (Y-direction in this example) with
respect to the laminated body 101. A doctor blade 42 is
mounted on a rear side of the nozzle 41 with respect to the
moving direction Dn2 of the nozzle 41. The bottom end of the
doctor blade 42 is located above the solid electrolyte layer 13
formed on the upper surface of the laminated body 101 and
touches the upper surface of alayer ofa dispensed application
liquid 44. In this way, the upper surface of the application
liquid 44 is leveled.

The nozzle 41 may include a multitude of dispense open-
ings like the nozzle 21 shown in FIG. 3B or may include a
slit-like dispense opening extending in a direction (X-direc-
tion in this example) orthogonal to the moving direction Dn2.

By applying the application liquid containing the positive-
electrode active material to the laminated body in this way,
the positive-clectrode active material layer 14 whose lower
surface is uneven in conformity with the unevenness of the
solid electrolyte layer 13 and whose upper surface is substan-
tially flat is formed on the laminated body 101.

Referring back to FIG. 2, a metal foil, e.g. an aluminum
foil, which will become the positive-electrode current collec-
tor 15, is laminated on the upper surface of the thus formed
positive-electrode active material layer 14 (Step S105). At
this time, it is preferable to place the positive-electrode cur-
rent collector 15 on the upper surface of the positive-electrode
active material layer 14 formed in previous Step S104 before
the positive-electrode active material layer 14 is cured. By
doing so, the positive-electrode active material layer 14 and
the positive-electrode current collector 15 can be closely
bonded to each other. Since the upper surface of the positive-
electrode active material layer 14 is even, the positive-elec-
trode current collector 15 can be easily laminated without
forming any clearance. In the above manner, the lithium-ion
battery module 1 shown in FIG. 1A can be produced.

As described above, in this embodiment, the negative-
electrode active material layer 12 is formed by applying the
negative-electrode active material application liquid 22 to the
negative-electrode current collector 11, the solid electrolyte
layer 13 is formed by applying the electrolyte application
liquid 33 onto the negative-electrode active material layer 12
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and the positive-electrode active material layer 14 is formed
by applying the positive-electrode active material application
liquid 44 onto the solid electrolyte layer 13. Since the appli-
cation liquids as the materials for the respective functional
layers are successively applied one over another in this way,
the lithium-ion battery module 1 can be highly productively
produced with a small number of operation steps in a short
time.

Here, since application by the nozzle dispensing method is
employed to form the negative-electrode active material layer
12 needed to be formed with an uneven pattern, various
patterns can be formed in a short time. The nozzle dispensing
method can be suitably applied to form a micropattern. In this
manufacturing method, the micropattern needs to be formed
only in the first application step, i.e. in the application step of
the negative-electrode active material application liquid, and
in the following application steps, uniform application is
sufficient and no micropattern needs to be formed.

The solid electrolyte layer 13 is preferably a thin and uni-
form film in conformity with the uneven upper surface of the
negative-electrode active material layer 12. Accordingly, the
spin coating method is applied to form the solid electrolyte
layer 13. According to the spin coating method, a thin and
uniform film can be formed in a short time by allowing the
application liquid 33 to drop while rotating the laminated
body as an object to be processed.

Further, the positive-electrode active material layer 14
preferably has the lower surface in conformity the unevenness
and the flat upper surface. This purpose is accomplished by
employing the doctor blade method for leveling the applica-
tion liquid 44 by the doctor blade 42. By placing the alumi-
num foil, which will become the positive-electrode current
collector 15, before the thus applied application liquid 44 is
cured, the positive-electrode active material layer 14 and the
positive-electrode current collector 15 can be closely bonded
without forming any clearance.

The lithium-ion battery thus formed is thin and flexible.
Since the positive-electrode active material layer and the
negative-electrode active material layer face each other in a
large area via the thin solid electrolyte layer, a high output can
be obtained.

In the above description, a drawing pattern of the negative-
electrode active material layer 12 on the negative-electrode
current collector 11 has a so-called line-and-space structure
composed of a plurality of stripes arranged at regular inter-
vals. However, the drawing pattern is not limited to this and
any arbitrary pattern may be used provided that a large surface
area of the negative-electrode active material layer 12 can be
ensured. For example, the pattern may be as follows.

FIGS. 6 A and 6B are drawings which show other examples
of'the drawing pattern on the negative-electrode active mate-
rial layer. In the example of FIG. 6A, a negative-electrode
active material layer 12q is formed on the negative-electrode
current collector 11 by arranging a multitude of thick dot-like
masses of an active material independent of each other. In the
example of FIG. 6B, a thin layer of an active material is
applied also around stripes of a negative-electrode active
material extending in the Y-direction, so that a negative-elec-
trode active material layer 126 has such a structure that the
respective stripes are connected to each other. The negative-
electrode active material layer may have such patterns.

Any of these patterns can be formed by the nozzle dispens-
ing method for dispensing the application liquid from the
nozzle. In the nozzle dispensing method, the dispensed
amount and viscosity of the application liquid from the nozzle
and the scanning speed of the nozzle can be variously set,
whereby the widths and thicknesses of applied layers and an
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interval therebetween can be easily controlled. Thus, as com-
pared with the manufacturing method employing the ink-jet
method for forming a space structure by recoating thin layers,
a battery can be produced with higher productivity.

As described above, in this embodiment, the copper foil as
the negative-electrode current collector 11 corresponds to a
“base material” of the invention. Further, the negative-elec-
trode active material corresponds to a “first active material” of
the invention and the negative-electrode active material layer
12 to a “first active material layer” of the invention. Accord-
ingly, Step S102 of FIG. 2 corresponds to a “first active
material layer forming step” of the invention. Further, in this
embodiment, the nozzle 21 functions as a “first nozzle” of the
invention.

Further, the solid electrolyte layer 13 corresponds to an
“electrolyte layer” of the invention and Step S103 of FIG. 2 to
an “electrolyte layer forming step” of the invention. The
positive-electrode active material and the positive-electrode
active material layer 14 correspond to a “second active mate-
rial” and a “second active material layer” of the invention, and
Step S104 of FIG. 4 to a “second active material layer forming
step” of the invention. Further, the aluminum foil as the
positive-electrode current collector 15 corresponds to a “con-
ductive layer” of the invention and Step S105 of FIG. 2 to a
“current collector laminating step” of the invention.

Second Embodiment

FIGS. 7A and 7B are drawings which show a schematic
structure of a second embodiment of the lithium-ion battery.
More specifically, FIG. 7A is the drawing which shows a
lithium-ion battery module 5 as an example of a battery
produced by a second embodiment of the manufacturing
method according to this invention. FIG. 7B is the drawing
which shows a cross-sectional structure of this battery mod-
ule 5. The battery module 1 of the first embodiment is struc-
tured such that the negative-electrode active material layer 12
is directly formed on the surface of the negative-electrode
current collector 11 as the base material, whereas a negative-
electrode current collector 51 having one surface entirely
covered by a flat layer 52a of a negative-electrode active
material is used as the base material and a negative-electrode
active material layer 525 having a line-and-space structure is
formed on a surface of this flat layer 52¢ in this second
embodiment.

In other words, this lithium-ion battery module 5 has such
a structure that the substantially flat and continuous negative-
electrode active material layer 52a, the negative-electrode
active material layer 526 made up of a plurality of linear
pattern elements 521 separated from each other, a solid elec-
trolyte layer 53, a positive-electrode active material layer 54
and a positive-electrode current collector 55 are successively
laminated on the negative-electrode current collector 51.
Similar to the first embodiment, X-, Y- and Z-coordinate
directions are respectively defined as shown in FIG. 7A.

The negative-electrode active material layer 526 has such
line-and-space structure that a multitude of linear pattern
elements extending in a Y-direction are spaced at regular
intervals in an X-direction. On the other hand, the solid elec-
trolyte layer 53 is a continuous thin film having a substantially
constant thickness and formed by a solid electrolyte. The
solid electrolyte layer 53 uniformly covers substantially the
entire upper surface of a laminated body, in which the nega-
tive-electrode active material layers 52a, 525 are formed on
the negative-electrode current collector 51 as described
above, in such a manner as to conform to the uneven surface
of the laminated body.
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The positive-clectrode active material layer 54 has a lower
surface having an uneven structure in conformity with the
uneven upper surface of the solid electrolyte layer 53 and a
substantially flat upper surface. The positive-electrode cur-
rent collector 55 is laminated on the upper surface of positive-
electrode active material layer 54 formed to be substantially
flat in this way, whereby the lithium-ion battery module 5 is
formed.

Here, the same materials as in the above first embodiment
can be used as materials for the respective layers. However, as
described in detail later, the negative-electrode active mate-
rial layers 52a, 52b are made of active materials which have
the same or substantially the same composition, but contain-
ing particles having different specific surface areas. In the
following description, the following terms are used to distin-
guish two kinds of negative-electrode active materials and
active material layers. The negative-electrode active material
layer 52a and the active material forming this layer are
respectively called a “first negative-electrode active material
layer” and a “first negative-electrode active material”. Fur-
ther, the negative-electrode active material layer 5256 and the
active material forming this layer are respectively called a
“second negative-clectrode active material layer” and a “sec-
ond negative-electrode active material”. Next, a method for
producing the above lithium-ion battery module 5 is
described.

FIG. 8 is aflow chart which shows a module manufacturing
method according to the second embodiment. In this manu-
facturing method, a metal foil, e.g. a copper foil, which will
become the negative-electrode current collector 51, is pre-
pared (Step S201). Since a thin copper foil is difficult to
transport and handle, it is preferable to improve transportabil-
ity, for example, by attaching one surface of the copper foil to
a carrier such as a glass plate.

Subsequently, a first negative-electrode active material
application liquid containing the first negative-electrode
active material (a fourth application liquid) is applied to one
surface of the copper foil by a suitable application method,
e.g. a knife coating method (Step S202). The “first negative-
electrode active material” is a particulate negative-electrode
active material having the composition illustrated above and
particles thereof have a relatively large specific surface area.
For example, lithium titanate described above and having a
specific surface area of 10 m*/g to 20 m*/g or more is prefer-
able. Its particle diameter is preferably about 1 um to 7 um,
but the particle diameter may be larger, e.g. 10 um to 20 pum or
larger. A mixture of, for example, acetylene black as a con-
duction aid, polyvinylidene fluoride (PVDF) as a binder,
N-methylpyrrolidone (NMP) as a solvent and the like in addi-
tion to this first negative-electrode active material can be used
as the application liquid.

FIG. 9 is a drawing which diagrammatically shows a state
of application of the first negative-electrode active material
by the knife coating method. A coating applicator (knife
coater) for applying the application liquid by the knife coat-
ing method includes a dispensing nozzle movable in the X-di-
rection and adapted to dispense the first negative-electrode
active material application liquid, a knife-shaped blade 62 for
leveling the application liquid dispensed from the dispensing
nozzle 61 along a surface of the negative-electrode current
collector 51, and a moving mechanism 64 for horizontally
moving a supporting block 63 supporting the blade 62 in the
Y-direction. When the dispensing nozzle 61 moving in the
X-direction dispenses the first negative-electrode active
material application liquid onto the negative-electrode cur-
rent collector 51, the blade 62 supported such that the bottom
end thereof'is at a specified gap to the surface of the negative-
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electrode current collector 51 horizontally moves in the Y-di-
rection together with the supporting block 63 by the operation
of the moving mechanism 64. By doing so, the application
liquid is leveled on the negative-electrode current collector
51, thereby forming a laminated body in which the thin and
uniform first negative-electrode active material layer 524 is
formed on the upper surface of the negative-electrode current
collector 51. A knife coater disclosed, for example, in JPO7-
028997A can be used as the knife coater.

Note that the method for forming the first negative-elec-
trode active material layer 52qa is not limited to the above
knife coating method and may be, for example, the doctor
blade method illustrated in the first embodiment. Besides
these, various known coating applicators suitable for forming
a thin and smooth film such as a curtain coater, a fountain
coater (die coater), a bar coater and a spin coater can be, for
example, applied. Further, as described below, application
may be performed using a nozzle dispensing method, particu-
larly a nozzle-scan coating method for relatively moving a
nozzle for dispensing an application liquid and an application
target.

FIG. 10 is a drawing diagrammatically shows a state of
application of the first negative-electrode active material
application liquid by the nozzle-scan coating method. In the
application by the nozzle-scan coating method, a dispensing
nozzle 67 for continuously dispensing the first negative-elec-
trode active material application liquid is shifted little by little
in the X-direction for each scanning movement while being
reciprocated in the Y-direction on the negative-electrode cur-
rent collector 51. At this time, a feed pitch of the dispensing
nozzle 67 in the X-direction is set substantially equal to the
width of the application liquid 68 dispensed from the dispens-
ing nozzle 67. The diameter of a dispense opening of the
dispensing nozzle 67 can be set, for example, at about 0.2 mm
to 1 mm. By doing so as well, the first negative-electrode
active material layer 52a can be formed substantially on the
entire surface of the negative-electrode current collector 51.

In this application by the nozzle-scan coating method, a
periodical uneven pattern corresponding to the feed pitch of
the nozzle may appear on the upper surface of the first nega-
tive-electrode active material layer 52a obtained by applica-
tion, depending on the viscosity and application speed of the
application liquid. This presents no demerit in this embodi-
ment, rather brings about the following advantages.

Specifically, as described above, the first negative-elec-
trode active material layer 52 and the second negative-elec-
trode active material layer 526 formed by application later
function together as a negative-clectrode active material layer
and performance of the battery is improved by increasing a
surface area by forming this negative-electrode active mate-
rial layer to have a complicated surface shape in the lithium-
ion battery module 5 produced by the manufacturing method
of this embodiment. The surface shape becomes more com-
plicated if the upper surface of the first negative-electrode
active material layer 52 has an uneven structure as described
above, wherefore performance can be further improved by
increasing the surface area of the negative-clectrode active
material layer.

The application liquid applied by the appropriate method
in this way is cured by drying or burning, whereby the first
negative-electrode active material layer 524 is formed on the
upper surface of the copper foil 51 as the negative-electrode
current collector. In this way, a laminated body 500 is formed.
A photo-curable resin may be added to the application liquid
and the application liquid may be cured by light irradiation
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after application. The thickness of the first negative-electrode
active material layer 52a formed in this way is suitably about
50 um to 100 pm.

By applying the active material having a large specific
surface area to form the active material layer 524, a large
effective surface area of the active material layer 52a can be
ensured and the performance of the battery can be improved.
However, due to a low fluidity in the application liquid con-
taining particles with a relatively large specific surface area,
the nozzle 61 or 67 is easily clogged. In order to prevent this,
the diameter of the dispense opening of the nozzle is prefer-
ably set in consideration of the specific surface area and
particle diameter of the active material, for example, prefer-
ably set to be at least about ten times as large as the particle
diameter of the negative-electrode active material. Further, in
order to allow the dispensed liquid to uniformly spread on the
copper foil 51, the application liquid is preferably low in
viscosity (e.g. 5 Pas to 10 Pas).

Referring back to FIG. 8, the module manufacturing
method according to this embodiment is further described.
Subsequently, a second negative-electrode active material
application liquid containing the second negative-electrode
active material (a third application liquid) is applied to the
upper surface of the thus formed active material layer 52a by
the nozzle-scan coating method (Step S203). The “second
negative-electrode active material” has a composition equiva-
lent to that of the above first negative-electrode active mate-
rial, but the particles thereof have a smaller specific surface
area. For example, lithium titanate having a specific surface
area of about 1 m*g to 5 m*/g can be used. The particle
diameter suitable for continuous dispensing from the tiny
nozzle is preferably 1 pm to 7 pm. Components other than the
active material may be the same as the first active material
application liquid, but the application liquid may have a
higher viscosity (e.g. 50 Pa‘s to 100 Pa-s). Since viscosity
tends to be lower for particles with a smaller specific surface
area at the same concentration, viscosity can be appropriately
adjusted, such as by reducing a solvent component.

FIGS. 11A, 11B and 11C are drawings diagrammatically
show a state of application of the second negative-electrode
active material by the nozzle-scan coating method. More
specifically, FIG. 11A is the drawing which shows the state of
application by the nozzle-scan coating method when viewed
in the X-direction, and FIGS. 11B and 11C are respectively
the drawings which show the same state when viewed in the
Y-direction and obliquely from above. A nozzle 71 used in
this process has such a structure that a multitude of dispense
openings 711 having a smaller opening area than the nozzle
61 (FIG. 9) or 67 (FIG. 10) for dispensing the first negative-
electrode active material application liquid are arranged in the
X-direction. A dimension of the dispense openings 711 is
preferably about ten times as large as the particle diameter of
the second negative-electrode active material, i.e. about 10
pum to 70 um. By relatively moving the nozzle 71 for dispens-
ing a second negative-electrode active material application
liquid 72 in an arrow direction Dn3 with respect to the lami-
nated body 500, the second negative-electrode active material
application liquid is applied in lines separated from each
other in the X-direction and extending in the Y-direction on
the negative-electrode active material layer 52a formed on the
copper foil 51. The second negative-electrode active material
application liquid is cured by drying, burning or light irradia-
tion, thereby forming a laminated body 501 in which the
second negative-electrode active material layer 526 com-
posed of lines is formed on the substantially flat first negative-
electrode active material layer 52a.
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Since the particles of the second negative-electrode active
material contained in the second negative-electrode active
material application liquid have a small specific surface area,
fluidity is high and there is no likelihood of clogging the
dispense openings 711 having a small opening area. Further,
the spread of the application liquid after dispensing becomes
smaller by using the high-viscosity application liquid, where-
fore an uneven pattern with a high ratio of height to width in
a cross section, i.e. a high aspect ratio can be formed. Typical
dimensions of the second negative-electrode active material
layer 524, e.g. width and height of the respective lines and
spaces between the lines can be set at about 20 um to 100 um.

At this point of time, the substantially flat first negative-
electrode active material layer 52a and the second negative-
electrode active material layer 525 having the uneven pattern
are placed on the substantially flat surface of the copper foil
51. The first and second negative-electrode active material
layers 52a, 52b made of substantially the same material func-
tion together as the negative-electrode active material layer.
In this case, as compared with an active material layer having
ajust flat upper surface, a surface area with respect to the used
amount of the active material can be drastically increased,
wherefore an area facing the positive-electrode active mate-
rial to be formed later can be increased to obtain a high output.
The surface area can be increased by applying particles hav-
ing a large specified surface area in the flat first negative-
electrode active material layer 52a, whereas the surface area
can be increased by forming the uneven pattern while pre-
venting the clogging of the nozzle through the use of particles
having a small specific surface area in the second negative-
electrode active material layer 524.

Referring back to FIG. 8 again, the flow chart is further
described. An electrolyte application liquid is applied to the
upper surface of the thus formed laminated body 501, for
example, by a spin coating method (Step S204). An applica-
tion liquid similar to that in the above first embodiment can be
used as the electrolyte application liquid.

FIG. 12 is a drawing which diagrammatically shows a state
of' material application by the spin coating method. The lami-
nated body 501 formed by laminating the first and second
negative-electrode active material layers 52a, 525 on the cop-
per foil 51 is substantially horizontally placed on a rotary
stage 82 rotatable in a specified rotational direction Dr about
a rotary shaft extending in a vertical direction (Z-direction).
Then, the rotary stage 82 is rotated at a specified rotational
speed and an application liquid 83 containing a polymer
electrolyte material is dispensed toward the laminated body
501 from a nozzle 81 disposed at a position above the rotary
shaft of the rotary stage 82. The application liquid dropped
onto the laminated body 501 spreads around by a centrifugal
force, whereby the excess liquid is shaken off from an end
portion of the laminated body 501. By doing so, the upper
surface of the laminated body 501 is covered by a thin and
uniform layer of the application liquid, which is cured to form
the solid electrolyte layer 53.

The thickness of the solid electrolyte layer 53 is arbitrarily
set, but similar to the first embodiment, the thickness (t53 in
FIG. 7B) of the solid electrolyte layer 53 is preferably smaller
than a height difference (t52 in FIG. 7B) of the uneven pattern
of the negative-electrode active material layer 5264.

The flow chart of FIG. 8 is further described. An applica-
tion liquid containing a positive-electrode active material is
applied to a laminated body 502 (FIG. 13), which is formed
by laminating the copper foil 51, the negative-electrode active
material layers 52a, 525 and the solid electrolyte layer 53, by
an appropriate method, e.g. the knife coating method used to
form the first negative-electrode active material layer 52a,
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thereby forming the positive-electrode active material layer
54 (Step S205). The application liquid used may be, for
example, similar to the one of the first embodiment.

FIG. 13 is a drawing which diagrammatically shows a state
of application of the positive-electrode active material by the
knife coating method. The application liquid containing the
positive-electrode active material is dispensed from an unil-
lustrated nozzle to a surface of the laminated body 502
formed by laminating the negative-electrode current collector
51, the first and second negative-electrode active material
layers 52a, 525 and the solid electrolyte layer 53. Then, a
blade 92 is moved in an arrow direction Dn4 on the upper
surface of the laminated body 502 while the bottom end
thereof touches the application liquid. In this way, the upper
surface of the application liquid 94 is leveled.

By applying the application liquid 94 containing the posi-
tive-electrode active material to the laminated body 502 while
leveling the application liquid 94 by the blade 92 in this way,
the positive-electrode active material layer 54 whose lower
surface is uneven in conformity with the unevenness of the
solid electrolyte layer 53 and whose upper surface is substan-
tially flat is formed on the laminated body 502. An appropri-
ate thickness of the positive-electrode active material layer 54
is about 20 pm to 100 um, which is equivalent to that of the
second negative-electrode active material layer 524.

Referring back to FIG. 8, a metal foil, e.g. an aluminum
foil, which will become the positive-electrode current collec-
tor 55, is laminated on the upper surface of the thus formed
positive-electrode active material layer 54 (Step S206). Simi-
lar to the first embodiment, the positive-electrode current
collector 55 is preferably placed on the upper surface of the
positive-electrode active material layer 54 formed in previous
Step S205 before the positive-electrode active material layer
54 is cured. By doing so, the positive-electrode active mate-
rial layer 54 and the positive-electrode current collector 55
can be closely bonded to each other. Since the upper surface
of the positive-electrode active material layer 54 is leveled,
the positive-electrode current collector 55 can be easily lami-
nated without forming any clearance. In the above manner,
the lithium-ion battery module 5 shown in FIG. 7A can be
produced.

As described above, in this embodiment, after the first
positive-electrode active material application liquid is
applied to the entire upper surface of the negative-electrode
current collector 51 to form the substantially flat negative-
electrode active material layer 52qa, the negative-electrode
active material layer 526 composed of lines is formed by the
nozzle dispensing method. Then, the electrolyte application
liquid is applied onto the negative-electrode active material
layer 526 to form the solid electrolyte layer 53, and the
positive-electrode active material application liquid is
applied onto the solid electrolyte layer 53 to form the posi-
tive-electrode active material layer 54. Since the application
liquids as the materials for the respective functional layers are
successively applied one over another in this way, the lithium-
ion battery module 5 can be highly productively produced
with a small number of operation steps in a short time.

Since the first and second negative-electrode active mate-
rial layers 52a, 52b have substantially the same composition,
these function together as a negative-electrode active material
layer having a large surface area. Here, the surface area can be
increased by using particles having a large specified surface
area in the flat first negative-electrode active material layer
52a, whereas the surface area can be increased by forming the
minute uneven pattern by arranging a multitude of lines in the
second negative-electrode active material layer 5256. By dis-
pensing the first negative-electrode active material applica-
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tion liquid containing the particles having a large specific
surface area from the nozzle 61 or 67 including the dispense
opening having a large opening area and dispensing the sec-
ond negative-electrode active material application liquid con-
taining the particles having a small specific surface area from
the nozzle 71 including the dispense openings 711 having a
small opening area, the negative-electrode active material
layer having a large surface area can be formed with high
productivity without causing the clogging ofthe nozzle in any
case.

Here, since application by the nozzle dispensing method is
employed to form the negative-clectrode active material layer
52b needed to be formed with the uneven pattern, various
patterns can be formed in a short time. The nozzle dispensing
method can be suitably applied also to form micropatterns. In
this manufacturing method, the micropattern needs to be
formed only in the application step of the second negative-
electrode active material application liquid, and in the follow-
ing application steps, uniform application is sufficient and no
micropattern needs to be formed.

The solid electrolyte layer 53 is preferably a thin and uni-
form film in conformity with the unevenness of the upper
surface of the negative-electrode active material layer 52aq,
52b. Accordingly, the spin coating method is applied to form
it. According to the spin coating method, a thin and uniform
film can be formed in a short time by allowing the application
liquid 83 to drop while rotating the laminated body 501 as an
object to be processed.

Further, the positive-electrode active material layer 54
preferably has the lower surface in conformity the unevenness
and the flat upper surface. This purpose is accomplished by
applying the knife coating method for leveling the application
liquid 94 by the blade 92. By placing the aluminum foil,
which will become the positive-electrode current collector
55, before the thus applied application liquid 94 is cured, the
positive-electrode active material layer 54 formed by curing
the application liquid 94 and the positive-electrode current
collector 55 can be closely bonded without forming any clear-
ance.

The lithium-ion battery thus formed is thin and flexible.
Since the positive-electrode active material layer and the
negative-electrode active material layer face each other in a
large area via the thin solid electrolyte layer, a high output can
be obtained.

As described above, in this embodiment, the laminated
body 500 formed by laminating the first negative-electrode
active material layer 52a having a large specific surface area
on the copper foil as the negative-electrode current collector
51 corresponds to the “base material” of the invention. Fur-
ther, the first negative-electrode active material having a large
specific surface area out of the negative-electrode active
materials corresponds to a “third active material” of the
invention, and the first negative-electrode active material
layer 524 to a “third active material layer” of the invention.
Accordingly, Step S202 of FIG. 8 corresponds to a “third
active material layer forming step” of the invention. In this
embodiment, the nozzles 61, 67 function as a “second nozzle”
of the invention, whereas the nozzle 71 functions as a “third
nozzle” of the invention.

Further, in this embodiment, the second negative-electrode
active material having a small specific surface area corre-
sponds to the “first active material” and the second negative-
electrode active material layer 525 to the “first active material
layer” of the invention. Accordingly, Step S203 of FIG. 8
corresponds to the “first active material layer forming step” of
the invention.
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Further, the solid electrolyte layer 53 corresponds to the
“electrolyte layer” of the invention, and Step S204 of FIG. 8
to the “electrolyte layer forming step” of the invention respec-
tively. Further, the positive-electrode active material and the
positive-electrode active material layer 54 correspond to the
“second active material” and the “second active material
layer” ofthe invention, and Step S205 of FIG. 8 to the “second
active material layer forming step” of the invention. Further-
more, the aluminum foil as the positive-clectrode current
collector 55 corresponds to a “current collector layer” of the
invention and Step S206 of FIG. 8 to a “current collector
laminating step” of the invention.
<Miscellaneous>

The invention is not limited to the above embodiments and
various changes other than the above can be made without
departing from the gist of the invention. For example, the
application methods applied in the respective operation steps
are not limited to the above, and other application methods
may be applied if they fulfill the purposes of these operation
steps. For example, although the spin coating method is
applied to form the solid electrolyte layers 13, 53 in the above
respective embodiments, the application liquid containing the
polymer electrolyte may be applied by another method
capable of forming a thin film which conforms to the uneven-
ness of the application target surface, e.g. by a spray coating
method.

Further, although the doctor blade method and the knife
coating method are respectively applied to form the positive-
electrode active material layers 14, 54 in the above first and
second embodiments, any other application method may be
applied if this method can finish the positive-electrode active
material layer such that the lower surface touching the appli-
cation target surface can conform to the unevenness and the
upper surface is substantially flat. In order to accomplish such
apurpose, the viscosity of the application liquid is preferably
not too high. In other words, the positive-electrode active
material layer can be finished such that the lower surface can
conform to the unevenness and the upper surface is substan-
tially flat even without using a doctor blade or a knife by
appropriately selecting the viscosity of the application liquid.
For example, application may be performed by a nozzle-scan
coating method, a slit coating method or a bar coating method
and the like.

For example, the particles having a large specific surface
area are used as the first active material and the particles
having a small specific surface area are used as the second
active material in the above second embodiment. However,
without being limited to this, these active materials may be,
for example, same.

Although the first negative-electrode active material layer
52a is preferably formed to continuously cover the substan-
tially entire surface of the copper foil 51, i.e. so as not to
expose the surface of the copper foil in the above second
embodiment, it is not an essential requirement that the first
negative-electrode active material layer 52a be flat. Accord-
ingly, the first negative-electrode active material layer 52a
itself may be more actively formed to have a surface shape
with an uneven pattern. By doing so, the surface area of the
negative-electrode active material layer formed by uniting the
first and second negative-electrode active material layers can
be further increased. Here, if the first negative-electrode
active material layer 52a has an uneven pattern composed of
lines, an extending direction and an arrangement pitch of the
lines may be different from those of the second negative-
electrode active material layer 5254. By doing so, the surface
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shape of the negative-electrode active material layer as a
whole becomes more complicated and the surface area
thereof can be increased.

In the above respective embodiments, the negative-elec-
trode active material layer, the solid electrolyte layer, the
positive-electrode active material layer and the positive-elec-
trode current collector are successively laminated on the
negative-electrode current collector. However, contrary to
this, the positive-electrode active material layer, the solid
electrolyte layer, the negative-clectrode active material layer
and the negative-electrode current collector may be laminated
in this order on the positive-electrode current collector.

Since the micropattern needs to be formed only in the first
active material layer forming step in this manufacturing
method as described above, the layer may be formed by
recoating by the ink-jet method as with the prior art only in
this operation step and the other layers may be formed as
described above in the succeeding operation steps.

The materials such as the current collectors, the active
materials and the electrolytes illustrated in the above embodi-
ments are merely examples and there is no limitation to these.
Also inthe case of producing a lithium-ion battery using other
materials used as constituent materials for lithium-ion batter-
ies, the manufacturing method of the invention can be suit-
ably applied. The invention is also applicable to production of
chemical batteries (all-solid-state batteries) using other mate-
rials without being limited to lithium-ion batteries.

Further. in the battery manufacturing method according to
this invention, for example, in the first active material layer
forming step, the first application liquid may be dispensed to
the surface of the base material from a first nozzle which
relatively moves with respect to the surface of the base mate-
rial. According to such an application method, i.e. a so-called
nozzle dispensing method, a considerably larger amount of
application liquid can be applied in a short time as compared
with an ink-jet method, and the three-dimensional first active
material layer can be formed on a wide area of the base
material in a short time.

Further, for example, in the first active material layer form-
ing step, the first application liquid may be applied in a
plurality of lines separated from each other. By doing so, the
first active material layer has an uneven structure, a so-called
line-and-space structure composed of a plurality of lines
separated from each other. Thus, the first active material layer
having a large effective surface area can be formed by a
relatively simple application step. Therefore, a high-perfor-
mance and low-cost battery can be provided.

In this invention, the base material may be a current col-
lector corresponding to the first active material or a laminated
body in which a third active material layer containing a third
active material having the same polarity as the first active
material is formed on a surface of the current collector. For
example, in the case of forming the first active material layer
having a line-and-space structure on a surface of the current
collector, a part of the current collector surface is exposed
without being covered by the first active material layer. This
could cause a reduction in battery capacity. However, if the
first active material layer is formed on the surface of the
laminated body in which the third active material layer is
formed on the current collector, battery capacity can be
increased by avoiding the exposure of the current collector
surface.

In order to obtain such a structure, the first application
liquid may be applied to the surface of the base material at a
side, where the third active material layer is formed, in the
first active material layer forming step. By doing so, the first
active material and the third active material function together
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as an active material having one polarity, wherefore a battery
with higher performance can be produced by increasing the
volume and surface area of the active material layer having
this polarity.

Here, the first active material and the third active material
may have the same or substantially the same composition. By
doing so, an interface between the first active material layer
and the third active material layer substantially disappears
and both function together as an active material layer having
one polarity. For example, a material having the same com-
position as the first active material and having a larger specific
surface area can be used as the third active material. By doing
s0, the area of the active material layer can be increased by the
large specific surface area of the third active material itself in
the third active material layer and by the uneven pattern in the
first active material layer.

In order to improve performance of a battery by increasing
an effective surface area of an active material layer, it is
preferable to use particles having a large specific surface area
as the active material. On the other hand, since a material
having a large specific surface area has a low fluidity, it is
difficult to apply an application liquid containing such a mate-
rial in a micropattern. For example, in the case of applying the
application liquid by dispensing it from a tiny nozzle, the
particles having a large specific surface area cause clogging
of the nozzle to reduce productivity. In view of this problem,
a flat layer may be made of the third active material having a
relatively large specific surface area, whereas a layer having
an uneven pattern may be made of the first active material
having a smaller specific surface area. In this way, battery
performance can be improved by forming an active material
layer having a large surface area while ensuring good produc-
tivity.

Upon forming the third active material layer, a third active
material layer forming step of forming the third active mate-
rial layer on the surface of the current collector by dispensing
a fourth application liquid containing the third active material
from a dispense opening of a second nozzle for third active
material which includes the dispense opening having a larger
opening area than a dispense opening of a third nozzle for
dispensing the first application liquid and relatively moves
with respect to the surface of the current collector maybe
executed. Various known forming methods can be applied as
a method for forming the third active material layer. For
example, the third active material layer can be formed by
relatively moving the second nozzle for dispensing the fourth
application liquid with respect to the base material. In this
case, by using the second nozzle including the dispense open-
ing having a large opening area, even the application liquid
containing the active material having a large specific surface
area can be applied without causing clogging.

For example, in the second active material layer forming
step, the third application liquid may be applied by a knife
coating method, a doctor blade method, a bar coating method
or a slit coating method. The surface of the second active
material layer touching the electrolyte layer needs to have an
uneven shape in conformity with the unevenness of the elec-
trolyte layer, whereas the surface opposite to this surface
needs not similarly have an uneven shape or is rather prefer-
ably flat. This is because the current collector layer needs to
be formed on the second active material layer. Therefore, the
above method is preferable as an application method which
can allow the application liquid to spread in conformity with
the uneven shape for the surface touching the electrolyte layer
while finishing the flat opposite surface.

For example, in the electrolyte layer forming step, the
second application liquid may be applied by a spin coating
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method or a spray coating method. According to these meth-
ods, it is possible to form a thin and uniform thin film in
conformity with the unevenness of an application target sur-
face. A solid electrolyte is likely to lead to an increase of
internal resistance due to low ion mobility as compared with
an electrolytic solution. However, since a thin and uniform
solid electrolyte layer is obtained, a reduction in battery per-
formance resulting from the solid electrolyte can be pre-
vented.

The manufacturing method may further comprise a current
collector laminating step of laminating a conductive film,
which will become a current collector corresponding to the
second active material, on a layer of the third application
liquid in a state where the third application liquid applied in
the second active material layer forming step is not yet cured.
By doing so, the second active material layer and the current
collector are closely bonded and the current collector can
efficiently collect.

In this invention, a thickness of the electrolyte layer may be
smaller than a height difference of the uneven pattern of the
first active material layer. In order to obtain a high-perfor-
mance battery, the first and second active material layers are
preferably arranged in a wide area and as closely as possible.
Here, if the electrolyte layer is formed to be thick, the signifi-
cance of the uneven pattern provided on the first active mate-
rial layer to increase the surface area is eliminated and a
distance to the second active material layer also increases.
Accordingly, the thickness of the electrolyte layer is prefer-
ably smaller than the height difference of the uneven pattern
of' the first active material layer.

Although the invention has been described with reference
to specific embodiments, this description is not meant to be
construed in a limiting sense. Various modifications of the
disclosed embodiment, as well as other embodiments of the
present invention, will become apparent to persons skilled in
the art upon reference to the description of the invention. It is
therefore contemplated that the appended claims will cover
any such modifications or embodiments as fall within the true
scope of the invention.

What is claimed is:

1. A battery manufacturing method, comprising:

a first active material layer forming step of forming a first
active material layer having a specified uneven pattern
by applying a first application liquid containing a first
active material on a surface of a base material to form a
laminated body;

an electrolyte layer forming step of forming an electrolyte
layer having unevenness substantially in conformity
with said uneven pattern on said surface of said lami-
nated body, which is formed by laminating the first
active material layer on the surface of the base material,
by applying a second application liquid containing a
polymer electrolyte onto a surface of the laminated
body, at a side where the first active material layer is
formed, after the first active material layer forming step;
and

a second active material layer forming step of forming a
second active material layer having a substantially flat
surface opposite to a surface touching the electrolyte
layer by applying a third application liquid containing a
second active material on a surface of the electrolyte
layer after the electrolyte layer forming step, wherein

the first active material layer forming step is executed by a
nozzle-scan method, in which a nozzle having a plurality
of dispense openings arranged in a row in a first direction
each of which dispenses a fixed amount of the first
application liquid is moved relative to the surface of the
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base material so that the first application liquid is applied
onto the base material in stripes arranged in a second
direction orthogonal to the first direction, thereby form-
ing a plurality of separated stripes of the first active
material by one said movement of the nozzle.

2. The battery manufacturing method according to claim 1,
wherein:

in laminated body, a third active material layer containing

a third active material having the same polarity as the
first active material is formed on a surface of a current
collector; and

in the first active material layer forming step, the first

application liquid is applied to the surface of the base
material, at a side where the third active material layer is
formed.

3. The battery manufacturing method according to claim 2,
wherein the first active material and the third active material
have the same or substantially the same composition.

4. The battery manufacturing method according to claim 2,
wherein the third active material has a specific surface area
larger than a specific surface area of the first active material.

5. The battery manufacturing method according to claim 4,
further comprising a third active material layer forming step,
before the first active material layer forming step, of forming
the third active material layer by dispensing a fourth applica-
tion liquid containing the third active material to the surface
of'the current collector from a second nozzle which relatively
moves with respect to the surface of the current controller,
wherein:

in the first active material layer forming step, the first

application liquid is dispensed to the surface of the base
material from a third nozzle which relatively moves with
respect to the surface of the base material; and

a dispense opening of the second nozzle has a larger open-

ing area than a dispense opening of the third nozzle.
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6. The battery manufacturing method of claim 2, wherein
the first application liquid is applied onto a substantially flat
surface of the third active material layer.

7. The battery manufacturing method according to claim 1,
wherein in the second active material layer forming step, the
third application liquid is applied by a knife coating method,
a doctor blade method, a bar coating method or a slit coating
method.

8. The battery manufacturing method according to claim 1,
wherein in the electrolyte layer forming step, the second
application liquid is applied by a spin coating method or a
spray coating method.

9. The battery manufacturing method according to claim 1,
further comprising a current collector laminating step of
laminating a conductive film, which will become a current
collector corresponding to the second active material, on a
layer of the third application liquid in a state where the third
application liquid applied in the second active material layer
forming step is not yet cured.

10. The battery manufacturing method according to claim
1, wherein a thickness of the electrolyte layer is smaller than
a height difference of the uneven pattern of the first active
material layer.

11. The battery manufacturing method of claim 1, wherein
the base material is a metal which has a flat surface and
becomes a current collector.

12. The battery manufacturing method of claim 11,
wherein each of stripes or dots of the first active material is
independent from other stripes or dots on the base material.

13. The battery manufacturing method of claim 1, wherein
the nozzle is moved relative to the base material at a constant
speed.
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