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(57) Abréegée/Abstract:

Disclosed Is a secondary battery intermediate structure (100) whereln a secondary battery (21) and a test structure (22) are
provided on a same base material (10). In the secondary battery intermediate structure 100, each of the secondary battery (21) and
the test structure (22) Is provided with a first electrode layer (1) and a second electrode layer (5). In the secondary battery (21), a
plurality of layers are laminated between the first electrode layer (1) and the second electrode layer (5). The layers include at least a
metal oxide semiconductor layer and a charging layer (3). In the test structure (22), one or some of the layers are provided between
the first electrode layer (1) and the second electrode layer (5).
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ABSTRACT

An intermediate structure unit (100) for a secondary cell according to the present
invention is the intermediate structure unit (100) for a secondary cell having a secondary cell
(21) and a test structure unit (22) on a common substrate (10). Each of the secondary cell (21)
and the test structure unit (22) includes a first electrode layer (1) and a second electrode layer (5).
A plurality of layers are layered at the secondary cell (21) between the first electrode layer (1)
and the second electrode layer (5). The plurality of layers include at least a metal oxide
semiconductor layer and a charging layer (3). A part of the plurality of layers is formed at the

test structure unit (22) between the first electrode layer (1) and the second electrode layer (5).,
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DESCRIPTION

INTERMEDIATE STRUCTURE UNIT FOR SECONDARY CELL AND METHOD FOR
MANUFACTURING SECONDARY CELL

Technical Field
[0001]

The present invention relates (o an intermediate structure unit for a cell capable of
repeatedly performing charging-discharging (also called a secondary cell in the present
specification) and a method for manufacturing a secondary cell.

Background Art
[0002]

Patent Documcents 1, 2 discloscs a quantum ccll that is an all-solid-state physical
secondary cell. The quantum cell disclosed in Patent Documents 1, 2 has a structure, for
example, that a first electrode, a charging layer, a p-type meltal oxide semiconductor layer, and a
sccond clcctrode arc layered on a substratc.  The charging layer is a layer capable of capturing

electrons obtained through photoexcited structural change caused on a particle-like n-type metal

oxide semiconductor that 1s covered with an insulating material.

[0003]

In Patent Documents 1, 2, electrical characteristics of a cell are to be measured. In
Patent Document 1, electrical characteristic values are measured by an electrode probe being
contacted to a measurement position on an external surface of at least one of a positive electrode

and a ncgative clectrode.  For example, a voltage source and a current source are arranged to be

selectively connectable to the electrode probe and a voltage meter is connected thereto.
Charging-discharging characteristics and the like are evaluated based on measured voltage with
thc voltage mcter, charging-discharging time, and the like during charging-discharging and at the
time of fully-charged. In this manner, determining quality of a cell and specifying a failure
position are performed.
[0004]

An evaluation apparatus of Patent Document 2 evaluates characteristics of a charging

layer of a cell while contacting a semiconductor probe to a charging layer of a quantum cell

‘during manufacturing.  Specifically, similarly to a quantum cell, a semiconductor probe in

which a metal oxide semiconductor layer and an electrode layer are layered is prepared. Then,

the semiconductor probe 1s intimatcly contacted to the charging layer of the quantum cell during
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manufacturing after the charging layer 1s layered. According to the above, the quantum cell

during manufacturing becomes operable as a cell. Accordingly, it is possible to evaluate
electrical characteristics of the charging layer of the quantum cell during manufacturing.

Citation List

Patent Literature

[0005]

Patent Document 1: International Patent Publication W02012/035149

Patent Document 2: International Patent Publication W02013/065094

Patent Document 3: Japanese Unexamined Patent Application Publication 2009-105402
Summary of Invention .

Technical Problem

(0006]

It has been desired, for such a quantum cell, to perform a variety of kinds of cvaluation
and measurement on a various functional layers such as an electrode layer, a metal oxide
semiconductor layer, and a charging layer. For example, if characteristics of each layer can be
evaluated, manufacturing processes, characteristics of each layer, and the like can be improved.
That 18, at the time when a failure occurs at a manufactured cell, a layer that has caused the

fatlure and a manufacturing process that has caused the failure can be easily specified.

Consequently, characteristics of each layer can be improved and quality can be stabilized. The

‘above contributes to improvement of characteristic, productivity, and the like of cells.

[0007]
However, with an evaluation method disclosed in Patent Document 1, electrical

characteristics are measured for a completed cell.  Accordingly, there may be a case that a

functional layer or a manufacturing process in trouble is difficult to be accurately specified.

Further, therc may be a case that a cell 1s required to be broken and analyzed for specifying a
cause. With an evaluation method disclosed in Patent Document 2, it 1s possible to cvaluatc a
charging layer, an electrode layer, and the like during manufacturing a cell. However, it is
difficult to be operative when a failure occurs at the layers as a consequence of a subsequent
manutacturing process.
[0008]

Patent Document 3 discloses a process determination vehicle (PDV) for a solar cell not
for a secondary cell.  In Patent Document 3, a TCO {ilm, a silicon absorption layer, and a rear

contact layer (conductive layer) are layered on a glass substrate. Thereafter, an evaluation unit

1s formed on the same substrate as a PV cell as arranging a groove (scparation groove) by
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eliminating the layers.
[0009]

The evaluation unit is arranged so that electrical resistance of the rear contact layer can
be measured as connecting a voltage source and a voltage measuring unit to between two
positions on the rear contact layer. Further, it also discloses an evaluation unit that can measure

electrical resistance of the TCO film as arranging a contact region between the rear contact layer

‘and the TCO film and an evaluation unit that can measure electrical resistance of a TCO-S1

phase boundary as arranging a TCO-S1 phase boundary region.
[(0010]

According to the method of Patent Document 3, the resistance 1s measured by
mecasuring voltage drop between the two positions on a surface of the rear contact layer.
Therefore, it is required to perform processing (groove forming and layering thereafter) for
forming a measurement path connecting the two positions at the evaluation unit. However,
such processing is not requircd for a solar ccll region.  Accordingly, there has been a problem
that measurement results of the evaluation unit do not always reflect layer characteristics of the
solar cell region.

[0011]

For example, there may be a case that the contact region between the rear contact layer

and the TCO film arranged at the evaluation unit influences the measurement results of the

measurement path. Further, owing to that the TCO-S1 phase boundary that is newly formed on

‘the path of the evaluation unit structurally differs from a phase boundary of a cell region and that

the processing itself influences thereto, the measurement results of the evaluation unit do not
always reflect characteristics values of the TCO-S1 phase boundary of the solar cell.
[0012]

In a quantum cell, as disclosed in Patent Document 2, the charging layer and one or
more metal oxide semiconductor layers are formed as being layered between the first electrode
and the second electrodec. A forming method for the charging layer is extremecely diffcrent from
that for the metal oxide semiconductor layer. Accordingly, if it is possible to dctcrmine which
layer has a failure, a manufacturing process can be appropriately improved. If the
semiconductor layer and the charging layer can be appropriately evaluated, productivity can be
improved.

[0013]
In view of the abovementioned problems, an object of the present invention is to

provide an intermediate structure unit for a secondary cell and a2 method for manufacturing a
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secondary cell enabling to perform appropriate evaluation.

Solution to Problem
[0014]

An intermediate structure unit for a secondary cell according to an aspect of the present
invention includes one or more secondary cells and one or more test structure units, arranged on
a common substrate. Here, each of the secondary cell and the test structure unit includes a first

electrode layer and a second electrode layer, the first electrode layers are formed in an integrated

‘pattern for the secondary cell and the test structure unit, the second electrode layers are separated

between the secondary cell and the test structure unit, a plurality of layers are layered at the
secondary cell between the first electrode layer and the second electrode layer, the plurality of
layers include at Icast a metal oxide semiconductor layer and a charging laycr, and a part of the
plurality of layers is formed at the test structure unit between the first electrode layer and the
second electrode layer. According to the above, evaluation on each layer can be performed
more accurately.

[0015]

In the abovementioned intermediate structure unit for a secondary cell, a plurality of the
test structure units may be included and the second electrode layers may be separated between
the test structurc units.

[0016]
In the abovementioned intermediate structure unit for a secondary cell, the plurality of

test structure units may include a test structure unit in which the charging layer is not formed

‘between the fist electrode layer and the second electrode layer.  Accordingly, characteristics of

the charging layer can be appropriately evaluated.
[0017]

In the abovementioned intermediate structure unit for a secondary cell, the plurality of
test structure units may include a test structure unit in which the charging layer between the first
electrode layer and the second electrode layer is 1n contact with at least one of the first electrode
layer and the sccond clectrode layer.

[0018]

In the abovementioned intermediate structure unit for a secondary cell, the second
electrode layers of the plurality of test structure unts are equally shaped in a plane view.
[0019]

In the abovementioned intermediate structure unit for a secondary cell, some units of

the plurality of the test structure units may be arranged as being adjacent (o a single seconddry
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cell.
[0020]

In the abovementioned intermediate structure unit for a secondary cell, the plurality of
test structure units may include test structure units, layer structures of which, each arranged
between the first electrode layer and the second electrode layer, are different from each other.
Accordingly, characteristics of the plurality of layers can be approprately evaluated.

[0021]

In the abovementioned intermediate structure unit for a secondary cell, the secondary

‘cell may have a layer structure layered between the first electrode layer and the second electrode

layer, the layer structure being a two-layer structure having the metal oxide semiconductor layer
and the charging layer; and the plurality of test structure units may include a test structure unit in
which the charging layer is arranged between the {irst electrode layer and the second electrode
layer, and a test structure unit in which the metal oxide semiconductor layer is arranged between
the first clectrode laycer and the sccond electrode layer.

[0022]

In the abovementioned intermediate structure unit for a secondary cell, the metal oxide
semiconductor layer may include a first metal oxide semiconductor layer and a second metal
oxide semiconductor layer that are different from each other; the first metal oxide semiconductor
layer, the charging layer, and the second metal oxide semiconductor layer may be arranged at the
secondary cell between the first electrode layer and the second electrode layer; and the plufality
of test structure units may includc a test structure unit in which the first metal oxide

semiconductor layer and the charging layer are arranged between the first electrode layer and the

second electrode layer, a test structure unit in which the charging layer and the second metal

oxide semiconductor layer are arranged between the tirst electrode layer and the second

electrode layer, a test structure unit 1n which the charging layer is arranged between the first
electrode layer and the second electrode layer, a test structure unit 1n which the first metal oxide
semiconductor layer and the second metal oxide semiconductor layer are arranged between the
first electrode layer and the second electrode layer, a test structure unit in which the first metal
oxide semiconductor layer is arranged between the first electrode layer and the second electrode
layer, and a test structure unit in which the second metal oxide semiconductor layer is arranged

betwecen the first clectrode layer and the second electrode layer.
10023]

[n the abovementioned intermediate structure unit for a secondary cell, the secondary

cell and the test structure unit may be arranged on both faces of the substrate,
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(0024}

In the abovementioned intcrmediate structurc unit for a sccondary cell, the test structure
Units may' further include a test structure unit in which the same layer structure as a layer
structure layered at the secondary cell between the first electrode layer and the second electrode
layer is formed between the first electrode layer and the second clectrode layer.  Accordingly,
performance of the cell can be evaluated more appropriately.
[0025]

In the abovementioned intcrmediate structure unit for a secondary cell, the substrate

may be conductive and double with the first electrode layer.

[0026]

A method for manufacturing a secondary cell according to an aspect of the present
invention may include preparing the abovementioned intermediate structure unit for a secondary
cell and measuring electrical characteristics of the test structure unit.  Accordingly,
characteristics of layers can be appropriately evaluated.

[0027]

In the abovementioned method for manufacturing a secondary cell, i1t is also possible (o
further include evaluating pcfformancc of the secondary cell arranged in the mtermediate
structure unit for the secondary cell, and the measuring electrical characteristics of the test |
structure unit may be performed in a case that the performance of the secondary cell does not

satisfy predetermined criteria.
[0028]
In the abovementioned method for manufacturing a secondary cell, it 1s also possible to

further include separating the test structure unit from the secondary cell 1n a case that the

performance of the secondary cell satisfies the predetermined criteria. Accordingly,

high-performance cells can be manufactured with high productivity.

The present invention includes a secondary cell in which a first electrode layer, a first
conductive semiconductar layer, a charging layer, a second conductive semiconductor layer, and
a sccond elcctrode layer arc layered; and a test structurc unit in which one or two layers out of
three layers being the first conductive semiconductor layer, the charging layer, and the second
conductive semiconductor layer are [ormed between the first electrode layer and the second
electrode layer. According to the above, characteristics of the layers can be appropriately

cvaluated.
(0029]

In the abovementioned intermediate structure unit for a secondary cell, the charging
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layer may not be arranged in the test structure unit. According to the above structure,

measurement of the first conductive semiconductor layer and the second conductive
semiconductor layer can be appropriately evaluated. Alternatively, 1n the test structure unit, the
charging layer may be in contact with at least one of the first electrode layer and the second
electrode layer. According to the above, characteristics of the charging layer can be
appropriately evaluated.
[0030]

In the abovementioned intermediate structure unit for a secondary cell, a plurality of the

test structure units may be includced and the plurality of test structurce units may havce layer

structures, each arranged between the first electrode layer and the second electrode layer, the

layer structures being different from each other.

(0031]

In the abovementioned intermediate structure unit for a secondary cell, the test structure
units may include a first test structure unit in which the first conductive semiconductor layer and
the charging layer are arranged between the first electrode layer and the second electrode layer, a
second test structure unit in which the charging layer and the second conductive semiconductor
layer are arranged between the first electrode layer and the second electrode layer, a third test
structure unit in which the charging layer is arranged between the first electrode layer and the
sccond clcctrode layer, a fourth test structure unit 1n which the first conductive secmiconductor
layer and the second conductive semiconductor layer are arranged between the first electrode
layer and the second electrode layer, a fifth test structure unit 1n which the first conductive
semiconductor layer 1s arranged between the first electrode layer and the second electrode layer,
and a sixth test structure unit in which the second conductive semiconductor laycr is arranged

between the first electrode layer and the second electrode layer.

{0032]

In the abovementioned intermediate structure unit for a secondary cell, the sccondary

cell and the test structure unit may be arranged on both faces of a substrate. Accordingly, both

the faces can be evaluated [or the secondary cells arranged on both faces.

10033]

A method for manufacturing a secondary cell according to an aspect of the present
invention may include preparing the abovementioned intermediate structure unit for a secondary
cell and measuring electrical characteristics of the test structure unit.

10034]

In the abovementioned method for manufacturing a sccondary cell, it is also possible to
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further include evaluating performance of the secondary cell arranged in the intermediate

structure unit for the secondary cell, and the measuring electrical characteristics of the test
structure unil may be performed in a case that the performance of the secondary cell does not
satisfy predetermined criteria. Accordingly, it 1s possible to determine whether a failure 1s
present or absent during abnormality occurrence.
10035]

[n the abovementioned method for manufacturing a secondary cell, 1t 1s also possible to
further include separating the test structure unit from the secondary cell 1n a case that the
performance of the secondary cell satisties the predetermined criteria.

Advantageous Effects of Invention

(0036]

An object of the presen't invention 18 to provide an intermediate structure unit for a
secondary cell and a method for manufacturing a secondary cell enabling to perform appropriate
cvaluation.

Brief Description of Drawings
[0037]

FIG. 1 is a sectional view illustrating a structure of a quantum cell;

FIG. 2 1s a plane view illustrating a structure of an intermediate structure unit;

FI1G. 3 is a sectional view illustrating a structure of an intermediate structure unit
according to a first embodiment;

F1G. 4 1s a flowchart indicating manufacturing processes of a cell;

FIG. S is a view 1llustrating an [-V curve of a p-type semiconductor layer;

FIG. 6 1s a sectional view illustrating a structure of an intermediate structure unit
according to a second embodiment;

FIG. 7 is a sectional view illustrating a structure of an intermediate structure unit

according to a third embodiment;

FIG. 8 1s a plane view tllustrating a structure of an intermediate structure unit according
to a fourth embodiment; and

FIG. 9 is a sectional view illustrating the structure of the intermediate structure unit
according to the fourth embodiment.
Description of Embodiments

[0038]

In the following, embodiments of the present invention will be described with reference

to the drawings. The description 1n the following is simply for preferable embodiments of the
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present invention and is not intended to limit the scope of the present invention to the following

embodiments. In the following, elements having the same reference are to be substantially the

same.
[0039]
[Structure of quantum cell]

A technology of a quantum cell 1s applied to cells of respective embodiments described
in the following. Before describing the respective embodiments, brief description will be
provided on a quantum cell. A quantum cell is a cell capable of repeatedly performing,
charging-discharging (a secondary cell) based on an operational principle of enabling to capture
electrons by utilizing a photoexcited structural change of a metal oxide semiconductor that is

covered with an 1nsulating material.

[0040]

A quantum cell 1s an all-solid-state physical secondary cell and solely functions as a cell.
A structural example of a quantum cell is tllustrated in FIG. 1. FIG. 1 is a view illustrating a
sectional structurc of a quantum ccll to which the present invention is applied.  Here, terminal
members such as a positive electrode terminal and a negative electrode terminal and component

members such as an exterior member and a cover member are not illustrated in FIG. 1.
[0041]

A cell 21 has a structure that a first electrode layer 1, an n-type semiconductor laycr 2, a
charging layer 3, a p-type semiconductor layer 4, and a second electrode layer S are layered on a
substrate 10. Charging operation 1s performed when a charging voltage (or a charging power)
1s applied between the first electrode layer 1 and the second electrode layer 5 and discharging
operation 1s performed when a load is connected between the first electrode layer 1 and the

second electrode layer 5. The charging layer 3 1s a layer to store (capture) electrons with

charging operation, to release the charged electrons with discharging operation, and (o keep the

electrons (perform storage of electricity) in a state without charging-discharging. The charging

Iayer 3 is formed by applying a photoexcited structural change technology.
[0042]

The photoexcited structural change 1s described, for example, in Intcrnational Patcent
Publication No. WO2008/053561. When effective excitation energy is applied to an
insulation-coated metal oxide semiconductor having a band gap at a predetermined value or
higher, a number of energy levels with no electrons are generated in the band gap. ‘The
quantum ccll 1s charged by being caused to capture clectrons in these energy levels and

discharged by being caused to release the captured electrons.
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(0043]

The charging layer 3 1s varied to be capable of storing clectrons by being filled with
insulation-coated n-type metal oxide semiconductor particles and causing the photoexcited
structured change to happen at the n-type metal oxide semiconduclor with ultrasonic irradiation.

The charging layer 3 includes a number of the insulation-coated n-type metal oxide

semiconductor particles. It is preferable to use titanium dioxide (T10,), tin dioxidc (SnO,), or
zinc oxide (ZnO) as a material of the n-type metal oxide semiconductor that is capable of being
used for the charging layer 3. It 1s also possible to use a material in which titanium dioxide, tin
oxide, and zinc oxide are combined. The n-type metal oxide semiconductor in the charging
layer 3 is covered, for example, with silicon insulating coating,

(0044]

The substrate 10 may be made of an insulating matcrial or a conductive matcrial. For

‘example, it is possible to use a glass substrate, a resin sheet of a polymer film, or a metal foil

sheet. 1In a first embodiment, an 1nsulating substrate 1s used as the substrate 10. In a case that
an 1nsulating material 1s used as the substrate 10, 1t 1s also possible to use the substrate 10 as the
first electrode layer 1.  That 1s, the conductive substrate 10 functions as the first electrode layer
1. The substrate 10 is plate-shaped or sheet-shaped. The shape in a plane view is not
specifically limited as long as that a cell forming region and a test structure unil region described
later can bc formed thercat.  For example, it 1s possiblc to be shapcd 1nto a rectangle, an
elongated belt shape, or the like.
[0045]

In the present embodiment, the first clectrode layer 1 is a negative electrode and the
second electrode layer 5 1s a positive electrode. The first ¢lectrode layer 1 and the sccond

electrode layer 5 are simply required to be formed as conductive films. For example, a silver

(Ag) alloy {ilm containing aluminum (Al) or the like may be used as the metal malterial thereof.

Alternatively, the furst clectrode layer 1 and the second clectrode layer 5 may be translucent

‘conductive films of indium tin oxide (ITO) or the like. Examples of a method for forming the

conductive [ilm include vapor phase film [ormation such as sputtering, ion plating, electron
beam deposition, vacuum deposition, and chemical deposition. Further, the first electrode layer
1 and the second electrode layer 5 may be formed with an electrolytic plating process, a
non-electrolytic plating process, or the like. In general, it is possible to use copper, copper
alloy, nickel, aluminum, silver, gold, zinc, tin, or the like as a melal to be used for plating. Here,
as described above, 1n the case that a conductive material 1s used for the substrate 10, the

substratc 10 functions as thc first electrode layer 1 and a forming proccss of the first clectrode
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.‘layer 1 can be skipped.

[0046]

The n-type semiconductor layer 2 is, for example, an n-type metal oxide semiconductor
layer and the material thereof may be titanium dioxide (T10,), tin dioxide (SnO3), or zinc oxide
(ZnO).

(0047}

The n-type semiconductor layer 2 1s formed to prevent the n-type metal oxide
semiconductor from directly contacting to the first clectrode layer 1 and clectrons from being
injected to the n-type metal oxide semiconductor due to recombination in a case that insulation
coating of the n-type metal oxide semiconductor in the charging layer 3 1s insufficient. As
illustrated in FIG. 1, the n-type semiconductor layer 2 1s formed between the first electrode layer
1 and the charging layer 3. It is also possible to eliminate the n-type semiconductor layer 2.
[0048]

The p-type semiconductor layer 4 on the charging layer 3 1s formed to prevent electrons

from being injected from the second electrode layer 5 arranged at the above. A p-type metal

oxide semiconductor such as nickel oxide (NiO), copper-aluminum oxide (CuAlQO,), and the like
may be used as a4 malerial of the p-lype semiconductor layer 4. As illustraied in FIG. 1, the
p-type semiconductor layer 4 1s formed between the sccond clectrode layer 5 and the charging
layer 3.

[0049]

In the above description, the n-type semiconductor layer 2 is arranged below the

charging layer 3 and the p-type semiconductor laycr 4 1s arranged thereabove. Howecver, the
n-type semiconductor layer 2 and the p-type semiconductor layer 4 may be arranged in an
opposite manner. That 1s, it is also possible that the n-type semiconductor layer 2 is arranged
above the charging layer 3 and the p-type semiconductor layer 4 1s arranged therebelow.

Further, in the case that the n-type semiconductor layer 2 is eliminated, the p-type semiconductor

layer 4 may be arranged below the charging layer 3. In such cases, the first electrode layer 1 is

a positive electrode and the second electrode layer 5 1s a negative electrode. Thus, as long as

having a Structure that, between\the first electrode layer 1 and the second electrode layer S, the
charging layer 3 is sandwiched by the n-type semiconductor layer 2 and p-type semiconductor
layer 4 or having a structure including the charging layer 3 and the p-type semiconductor layer 4,
the layers may be arranged in any order.  In other words, the cell 21 i1s simply required to have a
structure, between the first electrode layer 1 and the second electrode layer 5, that the first metal

oxide semiconductor layer, the charging layer 3, and the second metal oxide semiconductor layer
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‘are layered in the order thereof or that the charging layer 3 and the metal oxide semiconductor

layer are layered in the order thereof.
[0050]
[First embodiment]

In the following, description will be provided on an intermediate structure unit for a
quantum cell according to a first embodiment. Here, the intermediate structure unit is a
structure unit for manufacturing a quantum cell.  That 1s, the intermediate structure unit 1s
prcpared 1n midstream of a manufacturing process of a quantum cell.  For cxample, a quantum
cell may be obtained by processing (e.g., cutting) the intermediate structure unit.

[0051]

FIG. 2 1s a plane view illustrating a structure of an intermediate structure unit 100.
FIG. 2 1s illustrated 1n an X-Y orthogonal coordinate system in which X-direction and
Y -direction represent directions along sides of the rectangular substrate 10. The intermediate

structure unit 100 includes a cell forming region 11 and a test structure unit forming region 12.

‘On the substrate 10, the test structure unit forming region 12 1s arranged outside the cell forming

region 11. In FIG. 2, four cell forming regions 11 are arranged in a 2x2 matrix manner. The
test structure unit forming region 12 1s arranged so that the four cell forming regions 11 are
surrounded thereby respectively. That 1s, the test structure unit forming region 12 is arranged
between the cell forming region 11 and an edge of the substrate 10 and between the adjacent cell
forming regions 11. Here, location of the test structure unit forming region 12 1s not limited to
the above. For example, the test structure unit forming region 12 may not be arranged between
the adjacent cell forming regions 11 or may be arranged only between a part of plural sides of
the substrate 10 and the cell forming region 11.
[0052]

The ccll 21 1llustrated in FIG. 1 1s formed at cach of the cell forming regions 11. A
plurality of the test structure units 22 are arranged at the test structure unit forming region 12.
The plurality of test structure units 22 are arranged along X-direction and Y-direction. Here,

each of the test structure units 22 is formed in a rectangular pattern. The test structure unit 22 is

‘a layered structure unit for evaluating characteristics of the respective layers that form the cell 21.

The test structure unit 22 1s formed in a smaller size than the cell 21 in a plane view. A
plurality of the test structure units 22 are arrangced as being adjacent to one cell. The plurality
of test structure units 22 are arranged side by side around the cell 21. Naturally, it is only

required that one or more test structure units 22 and one or more cells 21 are formed on the

substrate 10.
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[0053]

FIG. 3 illustrates a sectional structure of the intermediate structure unit 100. As
illustrated in FIG. 3, the cell 21 1s formed at the cell forming region 11.  The cell 21 has a
structure that the first electrode layer 1, the n-type semiconductor layer 2, the charging layer 3,

the p-type semiconductor layer 4, and the second electrode layer 5 are layered on the substrate
10.
[0054]

A plurality of test structure units 22a to 22h are formed at the test structure unit forming
region 12. Similarly to the cell 21, each of the test structure units 22a to 22h includes the [irst
electrode layer 1 and the second electrode layer 5. One or more layers are formed between the
first electrode layer 1 and the second electrode layer (hereinafter, called inter-electrode-layer).
Then, the test structure units 22a to 22h include cquivalently-laycred test structure units 22g, 22h
and layer-missed test structure units 22a to 22f. In the equivalently-layered test structure units
22g, 22h, the inter-electrode-layer structure 1s the same as the inter-electrode-layer structure of

the cell 21. In the layer-missed test structure units 22a to 22f, the inter-electrode-layer structure

1s different from the inter-electrode-layer structure of the cell 21.  In FIG. 3, the

equivalently-layered test structure units are illustrated as two kinds of test structure units being
the test structure unit 22g and the test structure unit 22h, separation states of which from the
layer structure of the cell 21 being different from each other.  Further, the layer-missed test
structure units are illustrated as six kinds of test structure units being the test structure units 22a
to 22f, layer structures ol which are different from one another. In the {ollowing description, in
a case that a layer structure is not specified, the test structure units 22a to 22h are described as
test structure units 22.

[0055]

The test structure unit 22g and the test structure unit 22h have the same layer structure
as the cell 21. Therefore, the test structure units 22g, 22h function as a quantum ccll similarly
to the cell 21. The test structure units 22g, 22h are different from each other from a viewpoint
that respective layers thereof are common to the layers of the cell 21 (i.e., a continuous pattern)

or arc scparatcd thercfrom.

[0056]

The test structure unit 22g has a pattern that the {irst electrode layer 1, the n-type
semiconductor layer 2, the charging layer 3, and the p-type semiconductor layer 4 are not

separatcd from thosc of the cell 21 and the second electrodc layer 5 is separated from that thereof.

That is, the first electrode layers 1 are formed in an integrated pattern for the cell 21 and the test
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structure unit 22g.  Similarly, the n-type semiconductor layers 2, the charging layers 3, and the

p-type semiconductor layers 4 are formed respcctively in an integrated pattern for the cell 21 and

‘the test structure unit 22g. In other words, the first electrode layers 1, the n-type semiconductor

layers 2, the charging layers 3, and the p-type semiconductor layers 4 of the cell 21 and the test
structure unit 22g are formed respectively in a continuous pattern.  On the other hand, the
second electrode layer 5 of the cell 21 and the second electrode layer S of the test structure unit
22g are formed 1n a separated patiern.

[0057]

In the test structure umit 22h, f.he first electrode layer 1 and the charging layer 3 are not
separaled from those of the cell 21. The n-type semiconductor layers 2, the p-type
semiconductor layers 4, and the second electrode layers 5 of the cell 21 and the test structure unit
22h are formed respectively 1n separated manner. That 1s, the first electrode layers 1 of the cell
21 and the test structure unit 22h are formed in an integrated pattern, Similarly, the charging
layers 3 of the cell 21 and the test structure unit 22h are formed 1n an integrated pattern. In
other words, the first electrode layers 1 and the charging layers 3 of the cell 21 and the test

structure unit 22h are tormed respectively in a continuous pattern. The second electrode layer 5

of the cell 21 and the second electrode layer 5 of the test structure unit 22h are formed in a

separated pattern.  Similarly, the p-type secmiconductor laycer 4 and the n-type semiconductor
layer 2 of the cell 21 are formed in a separated pattern respectively from the p-type
semiconductor layer 4 and the n-type semiconductor layer 2 of the test structure unit 22h. Thus,
the n-type semiconductor layer 2, the p-type semiconductor layer 4, and the second electrode
layer 5 of the test structure unit 22h are formed respectively 1n an independent pattern.

[0058]

Further, the [irst electrode layers 1 are formed continuously in an integrated pattern for
the cell 21, the test structure unit 22h, and the test structurc unit 22g. The charging layers 3 are
formed continuously in an integrated pattern for the cell 21, the test structure unit 22h, and the
test structure unit 22g.

[0059]
Similarly to the cell 21, each of the test structure units 22a to 22f includes the first

electrode layer 1 and the second electrode layer 5. The test structure units 22a to 22f are

layer-missed test structure units.  In the test structure units 22a to 22f, the inter-electrode-layer

structure includes only a part of the inter-electrode-layer structure of the cell 21.  For example,
in the present embodiment, the cell 21 has three functional layers (i.c., thc n-type semiconductor

layer 2, the charging layer 3, and the p-type semiconductor layer 4) between the ¢lectrode layers.
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In the test structure units 22a to 22f, one or two layers out of the three layers are formed. In

othcr words, 1n the inter-electrode-layer structure of the test structure units 22a to 221f, one or two

layers are missed out of the three layers.

[0060]

The test structure unit 22a has a four-layer structurc that the first electrode laycr 1, the
n-type semiconductor layer 2, the charging layer 3, and the second electrode layer 5 are layered
on the substrate 10. That is, the test structure unit 22a has a layer structure that the p-type
semiconductor layer 4 1s eliminated from that ot the cell 21. The lower tace of the n-type
semiconductor layer 2 1s in contact with the upper face of the first electrode layer 1 and the upper
face of the n-type semiconductor layer 2 is in contact with the charging layer 3. The upper facc
of the charging layer 3 is in contact with the lower face of the second electrode layer 5. The

first electrode layer 1 and the charging layer 3 are common to those of the cell 21.

[0061]

That is, the first electrode layer 1 and the charging layer 3 of the test structure unit 22a
arc not separated from the first electrode layer 1 and the charging layer 3 of the cell 21. The
first electrode layers 1 and the charging layers 3 are formed respectively 1n an integrated pattern

for the test structure unit 22a and the cell 21.  The n-type semiconductor layer 2 of the test

structure unit 22a is formed in a pattern independent from the n-type semiconductor layers 2 of

other test structure units. The second electrode layer S of the test structure unit 22a 1s formed in
a pattern independent from the second electrode layers 5 of other test structure units 22.
[0062]

The test structure unit 22b has a four-laycr structurc that the first clectrode layer 1, the
charging layer 3, the p-type semiconductor layer 4, and the second electrode layer 5 are layered
on the substrate 10. That is, the test structure unit 22b has a layer structure that the n-type
semiconductor layer 2 1s eliminated from that of the cell 21. The lower face of the p-typc
semiconductor layer 4 is in contact with the upper face of the charging layer 3 and the upper face
of the p-type semiconductor layer 4 is in contact with the second electrode layer 5. The lower
face of the charging layer 3 is in contact with the upper face of the first electrode layer 1. The
first electrode layer 1 and the charging layer 3 are common to those of the cell 21.

[0063]
That is, the first electrode layer 1 and the charging layer 3 of the test structure unit 22b

‘are not separated from the first electrode layer 1 and the charging layer 3 of the cell 21. The

first clectrode laycrs 1 and the charging layers 3 are tormed respectively in an intcgrated pattern

for the test structure unit 22b and the cell 21, The p-type semiconductor layer 4 of the test
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structure unil 22b is formed in a patiern independent [rom the p-lype semiconductor layers 4 of

other test structure units. The sccond clectrode layer 5 of the test structurc unit 22b is formed in
a pattern independent from the second electrode layers 5 of other test structure units 22.
[0064]

The test structure unit 22¢ has a three-layer structurce that the first clectrode laycer 1, the
charging layer 3, and the second electrode layer 5 are layered on the substrate 10. ~ That is, the
test structure unit 22¢ has a layer structure that the n-type semiconductor layer 2 and the p-type
semiconductor laycr 4 are eliminated from that of the cell 21.  In other words, in the test
structure unit 22¢, a single layer of the charging layer 3 1s formed between the first electrode
layer 1 and the second electrode layer 5.  The lower face of the charging layer 3 is in contact
with the upper face of the first electrode layer 1 and the upper face of the charging layer 3 is in
contact with the lower face of the second electrode layer 5.  The first electrode layer 1 and the
charging layer 3 are common to those of the cell 21.

[0065]

That 1s, the first clectrode layer 1 and the charging layer 3 of the test structure unit 22¢
are not separated from the first electrode layer 1 and the charging layer 3 of the cell 21. The
first electrode layers 1 and the charging layers 3 are formed respectively in an integrated pattern

for the test structure unit 22¢ and the cell 21.  The second electrode layer 5 of the test structure

-unit 22c¢ 1s formed 1n a pattern independent from the second electrode layers 5 of other test

structure units 22.

[0066]

The test structurc unit 22d has a tour-laycr structure that the first electrode layer 1, the
n-type semiconductor layer 2, the p-type semiconductor layer 4, and the second electrode layer S

are layered on the substrate 10. That 1s, the test structure unit 22d has a layer structure that the

charging laycr 3 1s eliminated from that of the cell 21.  The lower face of the n-type
semiconductor layer 21 1s in contact with the upper face of the first electrode laycf 1 and the
upper layer of the n-type semiconductor layer 2 1s in contact with the lower face of the p-type
semiconductor layer 4. The upper face of the p-type semiconductor layer 4 is in contact with

the lower face of the second electrode layer 5. The first electrode layer 1 1s common to that of

the cell 21.
0067}

That 1s, the first electrode layer 1 of the test structure unit 22d is not separated from the

tirst electrode layer 1 of the cell 21.  The first electrode layers 1 are formed in an integrated

pattern for the test structure unit 22d and the cell 21.  The second electrode layer 5 of the test



10

15

20

25

30

ca 02992808 2018-01-10

17
structure unit 22d is formed in a pattern independent from the second electrode layers 5 of other

test structure untts 22. The n-type semiconductor layer 2 of the test structure unit 22d is formed
in a pattern independent from the n-type semiconductor layers 2 of other test structure units 22.
The p-type semiconductor layer 4 of the test structure unit 22d is formed in a pattern independent

from the p-type semiconductor layers 4 of other test structure units 22.

[0068]

The test structure unit 22¢ has a three-layer structure that the first electrode layer 1, the
n-type semiconductor layer 2, and the second electrode layer 5 are layered on the substrate 10.
That 1s, the test structure unit 22e has a layer structure that the charging layer 3 and the p-type
semiconductor layer 4 are eliminated from that of the cell 21. The lower face of the n-type
semiconductor layer 2 is in contact with the upper face of the first electrode layer 1 and the upper
face of the n-type semiconductor layer 2 1s 1n contact with the lower face of the second electrodc
layer 5. The first electrode layer 1 1s common to that of the cell 21.

[0069]

That 1s, the first electrode layer 1 of the test structure unit 22e is not separated from the
first electrode layer 1 of the cell 21. The first electrode layers 1 are formed in an integrated
pattern for the test structure unit 22¢ and the cell 21.  The second electrode layer 5 of the test
structure unit 22¢ 1s formed in a patiern independent [rom the second electrode layers 5 of other

test structure units 22.  The n-type semiconductor layer 2 of the test structure unit 22¢ 1s formed

‘1n a pattern independent from the n-type semiconductor layers 2 of other test structure units 22.

10070]

The test structure unit 22f has a three-layer structure that the first electrode layer 1, the
p-type semiconductor layer 4, and the second electrode laycr 5 are laycred on the substrate 10.

That 1s, the test structure unit 22f{ has a layer structure that the charging layer 3 and the n-type

semiconductor layer 2 are climinated from that of the cell 21. The lower [ace of the p-type
semiconductor layer 4 is in contact with the upper facce of the first electrode layer 1 and the upper
face of the p-type semiconductor layer 4 1s in contact with the lower face of the second clectrode
layer 5. The first electrode layer 1 1s common to that of the cell 21.
[0071]

That is, the first electrode layer 1 of the test structure unit 22f is not separated from the
first electrode layer 1 of the cell 21. The first electrode layers 1 are formed in an integrated

pattern for the test structure unit 22f and the cell 21. The second electrode layer 5 of the test

structure unit 221 is formed in a pattern independent from the second electrode layers 5 of other

‘test structure units 22. The p-type semiconductor layer 4 of the test structurc unit 22f is formed
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1n a pattern independent from the p-type semiconductor layers 4 of other test structure units 22.

[0072]

Thus, 1n the cell 21 and the test structure units 22a to 22g, the first electrode laycrs 1 are
formed 1n an integrated pattern as not being separated from one another. Here, the first
electrode layer 1 1s formed in a solid pattern as being formed on approximately all the surface of

the substrate 10. In the cell 21, the test structure unit 22a, the test structure unit 22b, the test

‘Structure unit 22c¢, the test structure unit 22g, and the test structure unit 22h, the charging layers 3

are formed in an integrated pattern as not being separated from one another. The second
electrode layers 5 are separated between the cell 21 and the test structure unit 22.  Further, the
second electrode layers 5 are separated between the test structure units 22. That is, the second
electrode layers 5 are formed in an independent 1sland-like pattern for the test structure units 22
and the cell 21. The second electrode layers 5 are formed as being separated for the respective
test structure units 22.

[0073]

As described above, in the present embodiment, the plurality of test structure units 22
are arranged on the substrate 10 on which the cell 21 is arranged. Two kinds of the test
structure units (equivalently-layered test structure units) 22g, 22h each having the same layer
structure as that of the cell 21 are [ormed at the test structure unit forming region 12. Further,
six kinds of the tcst structurc units (layer-missed structure units) 22a to 22f each having a layer

structure different from that of the cell 21 are formed at the test structure unit forming region 12.

‘The layer structures of the six kinds of the test structure units 22a to 22f are different from one

another. Thus, the test structure units 22a to 22h being eight kinds in total are arranged around
the cell 21. Further, it 13 also possible that a plurality of the test structurc units may be arranged

on the substrate 10 for each kind of the test structure units 22a to 22h. For example, two or

more of the test structure units 22a are arranged on the substrate 10.  Similarly, a plurality of

the test structurc units are arranged on the substrate 10 for cach of the test structure units 22b to

22h.
[0074]

The number and location of the test structure units 22 to be arranged at the test structure
unit forming region 12 are not specifically limited. For example, in the intcrmediate structure
unit 100 illustrated 1in F1G. 2, 50 pieces of the test structure units 22 are arranged at the test
structure unit forming region 12. Specifically, the test structure unit 22 is arranged at each of
four corners of the substrate 10. At four sides of the substrate 10, eight pieces of the test

structurc units 22 arc arranged in line along each side thereof in addition to the test structure



10

15

20)

25

30

ca 02992808 2018-01-10

19

units arranged at four corners.  Further, at the test structure unit forming region 12 betwceen the
cells 21, eight pieces of the test structure units are arranged in line along Y-direction and six
pieces of the test structure units 22 are arranged in line along X-direction in addition to the test
structure units 22 arranged along the respective sides. Any one kind out of the eight kinds of
the test structure units 22 1s arranged at each position where a test structure unit is arranged.
The kind, number, and position of the test structure units 22a to 22h to be arranged are not

specifically mited.

{0075]

Here, 1t is preferable that the test structure units 22 being of the same kind are arranged
to be scattered on the substrate 10.  That 1s, the test structure units 22 having the same layer
structure are arranged at a plurality of positions on the substrate 10.  According to the above, it
1S possible to evaluate variation, gradient, and the like on a plane of the respective layers. For
example, in FIG. 2, the test structure units 22a are arranged at different positions along
X-direction. Accordingly, it 1s possible to cvaluate characteristics of variation, gradient, and
the like of the test structure units 22a in X-direction. Further, it is also possible to evaluate
variation thereof in Y-direction by scattering a plurality of the test structure units 22a similarly in
Y -direction. Similarly, regarding the test structure units 22b to 22h each having another layer
structure, variation and the like on a plane can be evaluated by arranging, on the substratc 10, a
plurality of the test structure units 22 having the same layer structure.

[0076]

Further, 1n a case that a plurality of lincs on which the test structure units 22 are

‘arranged exist at different positions and in different directions, it is preferable that all kinds of

lest structure units are arranged on each line.  According to the above, it is possible to evaluate
layer characteristics on each line and to compare measurement results of different lines. For

example, in the case of having six lines being an upper side line, a lower side line, a left sidc line,
a right side line, an X-direction center line, and a Y-direction center line as illustrated in FIG. 2,

all kinds of the test structure units 22a to 22h may be arranged on each line.

[0077]

The second electrode layers 5 of the test structure units 22a to 22h are formed
respectively in a separated pattern. Here, the test structure units 22a to 22h can be
independently examined while the second electrode layers 5 of the test structure units 22a to 22h
function as test element group (TEG) pads respectively.

[0078]

For example, for forming the cell 21 and the test structure units 22a to 22h, all the layers
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being the first electrode layer 1, the n-type semiconductor layer 2, the charging layer 3, the

p-type semiconductor layer 4, and the second electrode layer 5 are layered on the substrate 10.
After the layering, a power supply source (a voltage source, a current source, and the like)
required for measurement and measurement equipment (a voltage meter, a current meter, and the
like) required for measuring electrical characteristics are connected to between the first electrode
laycr 1 and the second electrodc layer 5 of any of the test structure units 22a to 22h to be
measured. Electrical characteristics of the test structure unit 22 to which the measurement

equipment is connected are evaluated. Each layer of the test structure unit 22 and each layer of

the cell arc formed at the same timing with the same process.  Accordingly, owing to that the

electrical characteristics of the test structure unit 22 are measured and compared with those of
other test structure units 22, 1t 1s possible to evaluate the respectlive layers of the cell 21.
[0079]

[t is preferable that the second electrode layer S of the respective test structure units 22
have the same shape in a plane view from a viewpoint of easiness for performing comparison
and evaluation of the measurement results. For example, the second electrode layers 5
independently formed for the respective test structure units 22 are formed 1n a pattern having the
same shape in the X-Y plane view. It is also preferable that separated layers other than the
second electrode layers 5 have the same shape in a plane view for each layer. For example, in
the example illustrated in FIG. 3, the second electrode layers 5 have the same shape in a plane
view for the respective test structure units 22a to 22h. The n-type semiconductor layers 2 have
the same shape 1n a plane view for the respective test structure units 22h, 22a, 22d, 22e.

Further, 1t 1s preferable that the p-type semiconductor layers 4 have the same shape 1n a plane

view for the respective test structure units 22h, 22b, 22d, 22{. In other words, measurement

conditions for evaluation can be matched owing to that the patterns of the test structure units 22

formed independently from other test structure units 22 have the same shape.

[0080]
Next, a method for manufacturing a cell according to the present embodiment will be

described with relerence to FIG. 4. FIG. 4 1s a flowchart indicating a method for manufacturing

the cell 21.
[0081]

For manufacturing a quantum cell, first, the substrate 10 is prepared (step S1). As
describe above, the substrate 10 is plate-shaped or sheet-shaped as being insulating or conductive.
For example, it is possible to use therefor a glass substrate, a resin sheet of a polymer film, or a

metal foil sheet. The substrate 10 has a shape 1n a plane view on which the cell forming region
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and the test structure unit region can be arranged.
[0082]

Subsequently, the first electrode layer 1 1s formed on the substrate 10 (step S2) prepared
in step S1. As described above, the first electrode layer 1 is a silver (Ag) alloy film containing
aluminum (Al) or the like and can be formed with vapor phase film formation such as sputtering,
ton plating, electron beam deposition, vacuum deposition, and chemical deposition. The first
electrode layer 1 is formed on approximately all the surface of the substrate 1(). Thus, the first
electrode layer becomes common for the cell 21 and the test structure units 22. Here, 1n the

case that the substrate 10 is made of a conductive material to function as the first electrode layer

as well, the first electrode layer 1 can be eliminated and step S2 can be skipped.

[0083]

Subsequently, the n-type semiconductor layers 2 are formed on the first electrode layer
1 (step S3). As described above, the n-type semiconductor layers 2 are n-type metal oxide
semiconductor layers made of titanium dioxide (T10,), tin dioxide (SnO,), zinc oxidc (Zn0O), or
the like. For example, the n-type semiconductor layers 2 are formed with sputtering. Here,
the n-type semiconductor layers 2 are formed in a predetermined pattern with sputllering using a
mask. That is, the n-type semiconductor layers 2 are formed by using a mask having openings
at positions where the cell 21, the test structure unit 22¢, the test structure unit 22h, the test
structure unit 22a, the test structure unit 22d, or the test structure unit 22e is arranged.
[0084]

At that time, owing to using a mask having a common opening, the n-type
semiconductor layers 2 are formed in a continuous pattern for the cell 21 and the test structure

unit 22g.  Accordingly, the n-type semiconductor layers 2 are integrally formed for the cell 21

and the test structurc unit 22g.  Further, the n-typé semiconductor layers 2 are formed by using

a mask having individual openings at positions where the test structure unit 22h, the test
structure unit 22a, the test structure unit 22d, or the test structure unit 22e is arranged. Thus, at
positions where the test structure unit 22h, the test structure unit 22a, the test structure unit 22d,
or the test structure unit 22¢ is arranged, the n-type semiconductor layers 2 are formed in a
mutually-separated pattern. Here, in the case that the n-type semiconductor layer 2 is
eliminated, step S3 can be skipped.
10085 ]

The charging layer 3 1s formed on the first electrode layer 1 and the n-type
semiconductor layer 2 (S4). For example, the charging layer 3 can be formed with a coating

pyrolysis method. Specifically, coatling liquid obtained by mixing aliphatic acid titanium and
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silicon o1l into solvent is coated, 1s dried, and thereafter, 1s burned. Thus, a particle layer of
titanium dioxide covercd with an insulting film 1s formed.
[0086]

Owing to that the formed layer is irradiated with ultraviolet, an interatomic distance of
titanium dioxide 1s changed and the photocexcited structural change phenomenon 1s caused.  As
a result, a new energy level is formed in a band gap of the titanium dioxide. Charging can be
performed by electrons being captured to the new energy level. The charging layer 3 1s formed
through the above processes.

[0087]

The charging layer 3 is formed in a continuous pattern at each position where the cell 21,
thc test stfucture unit 22g, the test structurc unit 22h, the test structure unit 22a, the test structure
unit 22b, or the test structure unit 22¢ 1s arranged. Here, the coating liquid may be coated only
at a predetermined pattern for forming the charging layer 3 in the predetermined pattern.
Alternatively, it 1s also possible to eliminate the coating hiquid at positions other than the
predetermined pattern after the coating liquid 1s coated. In this case, for example, the coating
liquid before being dried is wiped off. Alternatively, it 1s also possible that the charging layer
at positions other than the predetermined pattern 1s eliminated after the charging layer 3 is
formcd. In this manncr, it is possiblc to form the test structurc units 22g, 22h, 22a, 22b, 22¢
cach having the charging layer 3 and the test structure units 22d, 22e¢, 22f each not having the
charging layer 3.

[0088]
As described above, the n-type semiconductor layers 2 are formed in the predetermined

pattern in step S3.  Accordingly, the charging layer 3 is formed on the n-type semiconductor

layer 2 where the n-type semiconductor layer 2 1s formed and the charging layer 3 is formed

directly on the first electrode layer 1 where the n-type semiconductor layer 2 is not formed.
[0089]

Here, when the test structure units 22g, 22h, 22a, 22b, 22c¢ each having the charging
laycr are arranged at adjacent positions, it 1s preterable from a viewpoint of casiness of charging
layer forming operation. In particular, the operation is facilitated for coating or eliminating the
coating liquid for the charging layer forming.

[0090]

For example, it 1s preferable that the test structure unit 22d, 22e, 22f is not arranged

between the test structure units 22¢g, 22h, 22a, 22b, 22¢. Here, 1n the X-Y plane view, the test

structure unit 22d, 22e¢, 22f is not arranged between the test structure unit 22g and the test
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structure unit 22h.  Further, the test structure unit 22d, 22¢, 22f is not arranged at a region

between other test structure units 22a, 22b, 22¢. In other words, the test structure units 22d, 22e,
22f each not having the charging layer 3 are 10 be continuously arranged.
[0091]

Here, the present embodiment discloses a case that the charging layers 3 are integrally
formed for the cell 21 and the test structure units 22g, 22h, 22a, 22b, 22¢c. However, it 1s also
possible to form the charging layers 3 in a predetermined separated pattern. For example, the
charging layer is formed in a mutually-separated pattern at positions where the cell 21, the test
structure unit 22g, the test structure unit 22h, the test structure unit 22a, the test structure unit

22b, or the test structure unit 22c¢ is arranged. In such a case, as described above, the coating

liquid may be coated only at the predetermined pattern as well. ~ Alternatively, 1t is also possible

to eliminatc the coating liquid at positions other than the predctermined pattern atter the coating
liquid is coated. In this case, for example, the coating liquid before being dried is wiped off.
Alternatively, il is also possible that the charging layer at positions other than the predetermined
pattern is eliminated after the charging layer 3 1s formed. Here, the charging layers 3 may have
the same shape in a plane view for the respective test structure units 22.
[0092]

Subsequently, the p-type semiconductor layers 4 are formed on the first electrode layer
1, the n-type semiconductor layer 2, and the charging layer 3 (step S5). As described above, the
p-type semiconductor layers 4 are p-type metal oxide semiconductors made of nickel oxide
(N10), copper-aluminum oxide (CuAlQy), or the like. For example, the p-type semiconductor
layers 4 are formed with sputtering. Here, similarly to the n-type semiconductor layers 2, the
p-type semiconductor layers 4 are formed in a predetermined pattern with sputtering using a

mask. That is, the p-type semiconductor layers 4 are formed by using a mask having openings

at positions where the cell 21, the test structure unit 22¢, the test structure unit 22h, the test

structure unit 22b, the test structure unit 22d, or the test structure unit 22f 1s arranged. At that
time, owing to using a mask having a common opening, the p-type semiconductor layers 4 are
formed 1n a continuous pattern for the cell 21 and the test structure unit 22g.  Further, the p-type
semiconductor layers 4 are formed by using a mask having individual openings at positions
where the test structure unit 22h, the test structure unit 22b, the test structure unit 22d, or the test

structure unit 22f is arranged, so that the p-type semiconductor layers 4 are formed in a

mutually-separated pattern.
(0093

As described above, according to step S3 and step S4, the n-type semiconductor layers 2
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and the charging layers 3 are formed respectively 1n a predetermined pattern. At positions

whcre the n-type semiconductor layer 2 or the charging layer 3 1s formed as the uppermost laycr,
the p-type semiconductor layer 4 1s formed thereon. At positions where the n-type
semiconductor layer 2 and the charging layer 3 are not formed, the p-type semiconductor layer 4
1s formed directly on the tirst electrode layer 1.

[0094]

Subsequently, the second electrode layers 5 are formed on the first electrode layer 1, the
n-type semiconductor layer 2, the charging layer 3, and the p-type semiconductor layer 4 (step
S6). Here, as described above, similarly to the first electrode layer 1, the second electrode
layers 5 are silver (Ag) alloy films containing aluminum (Al) or the like and can be formed with

vapor phase film formation such as sputtering, 10n plating, electron beam deposition, vacuum

‘deposition, and chemical deposition.  For example, the second electrode layers 5 are formed in

a predetermined pattern by using a mask. Spectfically, the second electrode layers S are formed

1n a mutually-separated pattern for the cell 21, and the test structure units 22a to 22h.
[0093]

As described above, according to step S3 to step S5, the n-type semiconductor layers 2,
the charging layers 3, and the p-type semiconductor layers 4 are formed respectively in a
predetermined pattern. At positions where the n-type semiconductor layer 2, the charging layer
3, or the p-type semiconductor layer 1s formed as the uppermost layer, the second clectrode layer

5 is formed thereon.

[0096]

In this manner, according to step S1 to step S6, the intermediate structure unit 100 that
includes the cells 21 and the test structure units 22 is completed.

[0097]
Performance of the cell 21 prepared through step S1 to step S6 is evaluated (step S7).

‘Here, characteristics of the cell 21 arranged in the intermediate structure unit 100 are measured

respecltively.  For example, it 1s determined whether or not electrical performance of the cell 21

such as charging-discharging characteristics satisties predetermined criteria.

(0098}

Regarding an evaluation method of the cell 21, it is possible to utilize an evaluation

apparatus and an evaluation method disclosed, for example, in Patent Document 1.  For
example, the evaluation apparatus includes a first probe and a second probe. The evaluation

apparatus includes a voltage source that applies charging current and a current source (load) that

extracts discharging current.  According to the evaluation apparatus, the voltage source or the
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current source 1s connected to between both the probes in an alternatively selectable manner.

Further, the evaluation apparatus includes a voltage meter that mcasures voltage between both
the probes and a current meter that measures current flowing between both the probes.
[0099]

Then, the first probe 1s connected to the first clectrode layer and the second probe is
connected to the second electrode layer. For example, the first probe 1s connected to a position
where the first electrode layer 1 1s exposed to a [ront [ace in the cell forming region 11 or the test
structurc unit forming region 12 (including a back face when the substrate 10 functions as the
first electrode layer 1 as well). The second probe is connected to any position on a front face of

the second electrode layer 5 of the cell 21. Thus, both the probes are connected to the cell 21 to
be cvaluated to be 1n a state of being capable of performing charging-discharging.
10100]

Then, the voltage source is connected to between both the probes, so that the evaluation
apparatus charges the cell 21 with a predetermined charging method (e.g., charging at constant
current or constant voltage etc.). The evaluation apparatus measures voltage and charging time
from a non-charged state to a fully-charged state. Further, the current source is connected to
between both the probes, so that the evaluation apparatus discharges the cell 21 (o cause current
to tlow 1n a direction oppositc to that during charging. The evaluation apparatus measures
voltage and discharging time from the fully-charged state to the non-charged state. Further, it 15
also possible (o perform evaluation as measuring voltage right after fully-charged. The sccond
probe may be connected to a single point or a plurality of points on the second electrode layer.
The cell 21 1s evaluated based on the electrical characteristics measured as described above.
[0101]

Here, electrical characteristics of the equivalently-layered test structure unit 22g, 22h
may be measured and used tor evaluation as evaluation of the ccll 21.  Further, treatment such

as conditioning and aging may be performed by performing charging-discharging operation of

‘the cell 21 before the evaluation in step S7. In this case, electrical characteristics of the cell 21

measured during the treatment may be uscd for evaluation in step S7.

[0102]

In step S7, when the performance of the cell 21 satisfies the predetermined criteria, the
cell 21 1s determined as being normal. When all the cells 21 arranged in the single intermediate
structure unit 100 are determined as being normal, the intcrmediate structure unit 100 is

determined as being normal (“normal” in step S7).

[0103]
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The test structure unit forming region 12 is removed (step S8) from the intermediate
structure unit 100 determined as being normal in step S7, so that a basic structure of a quantum cell is
completed. The removal of the test structure unit forming region 12 can be performed by cutting off
the test structure units 22 from the cell 21, for example, with cutting at the boundary between the test
structure unit forming region 12 and the cell forming region 11 of the intermediate structure unit 100).
Accordingly, the test structure units 22 are separated from the cell 21. The cells 21 arranged at the
intermediate structure unit 100 are divided into pieces. Thus, the cells 21 satisfying the
predetermined criteria can be manufactured. Here, it is also possible that a part of the test structure
units 22 1s left without completely removing the test structure unit forming region 12. For example,
the test structure units 22 can be used for testing after manufacturing cclls or diverted to terminal

memberts.

[0104]

The cell 21 manufactured as described above functions alone as a quantum cell. Here, it is
possible to arrange terminal members such as a positive electrode terminal and a negative electrode

tcrminal and component members such as an exterior member and a cover member as required.

Further, at that time, 1t 1s also possible to combine a plurality of the cells 21 to be a single cell.
[0105]

In step S7, when the pertormance of the cell 21 does not satisfy the predetermined criteria, i
is determined as being abnormal with the performance of the cell 21. The intermedialc structure
unit 100 having the cell 21 that has been determined as being abnormal with the performance is
determined as being abnormal (“abnormality occurrence” in step S7). The intermediate structure
unit 100 determined as being abnormal 1s evaluated based on the electrical characteristics of the test

structure units 22 (88). Causes of malfunction are investigated based on the evaluation results and

teedback 1s provided to each step.
[0106]

As a method of the determination, it i1s determined whether or not the measurement result of
the test structure untt 22 is included in an allowable range. For example, the allowable range of
electrical characteristic values for each kind of the test structure units 22 is established in advance.

It 1s determined whether or not each test structure unit 22 of the intcrmediate structure unit 100 that
has been determined as being abnormal is within the allowable range. In a case that a bias exists for
kinds of test structure units 22 being out of the allowable range, it is possible to presume, based on
the above, which layer forming process has failed. In a case that a bias exists for positions of the

test structure units 22 being out of the allowable range,
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presumption can be obtained on a failure relating positions.

[0107]

As another method of the determination, it is possible to compare electrical
characteristic values between the same kinds of test structure units arranged at the same
intermediale structure unit 100. In this case, presumption can be obtained on a failure relating
to positions for forming each laycr.

[0108]

Further, it is also possible to compare with the test structure unit 22 of the same kind at
the same position in a different intermediate structure unit 100 that has been determined as being
normal. In this case, presumption can be obtained on a failure caused by difference of timing of
manufacturing, used equipment, and the hke.

(0109]

As the electrical characteristics to be used for the determination, for example, electrical

characteristics such as current-voltage (I-V) characteristics may be measured for each of the test

.structure units 22a to 22h.  Further, it 1s also possible to measure electrical characteristics (e.g.,

charging-discharging charactcristics) being the same as the electrical characteristics measured
for the cell 21 in step S7.
[0110]

FIG. 5 illustrates I-V characteristics of a structure that a single layer being the p-type
semiconductor layer 4 1s arranged between the first electrode layer 1 and the second electrode
layer 5, that is, the test structure unit 22f.  In FIG. 5, the horizontal axis represents voltage (V)
and the vertical axis represents current (A).  FIG. 5 1llustrates I-V characteristics of a normal
p-type semiconductor layer 4 and I-V characteristics of an abnormal p-type semiconductor layer

4. It 1s possible to determine whether the test structure unit is normal or abnormal by utilizing
[-V characteristics of each test structure unit.
(0111]

Specifically, an [-V curve is measured while terminals (probes) of the measurement
equipment are contacted to the second electrode layer 5 and the first electrode layer 1 of each test
structure unit 22. The I-V curve of each test structure unit 22 1s independently measured.
Measurement of the electrical characteristics of the test structure unit 22 may be performed

concurrently or sequentially.
[0112]
For example, with the test structure units 22¢, 22f each having one kind of the

semiconductor layers without having the charging layer 3, I-V characteristics of the n-type



10

15

20

20

30

ca 02992808 2018-01-10

28

semiconductor layer 2 or p-type semiconductor layer 4 can be evaluated. With the test structure
unit 22d having two kinds of semiconductor layers without having the charging layer 3, I-V
characteristics of a diode to which the n-type semiconductor layer 2 and the p-type semiconductor
layer 4 are joined can be evaluated. With the test structure units 22a, 22b each having the charging
layer 3 and one kind of the semiconductor layers, I-V characteristics of a secondary cell in which
the n-type semiconductor layer 2 or the p-typc semiconductor layer 4 1s layered to the charging
layer 3 can be evaluated. With the test structure unit 22¢ having the charging layer 3 and without
having any of two kinds of the semiconductor layers, I-V characteristics of a secondary cell having

the charging layer 3 as a single layer can be evaluated. With the test structure units 22¢g, 22h each
having the same layer structure as the cell 21, I-V characteristics of a secondary cell can be

evaluated. Thus, a failed process can be reliably specified by evaluating each test structure unit

22.
(0113]

For example, a failed layer can be specified based on I-V characteristics of the test
structure units 22a to 22f.  Any of the test structure units 22a to 22f having [-V characteristics
without satistying prcdetermined criteria 1s specified among six kinds of the layer-missed structure
units 22a to 22f. For example, [-V characteristics of the test structure units 22a to 22f are
measured in advance for the iniermediate structure unit 100 having normal cells 21. Then, the

evaluation criteria for determining the allowable range is established bascd on the above results.
The characteristic results of the test structure units 22a to 221 1s compared with the evaluation

criteria.

(0114]

That 1s, when the characteristics of the measured test structure unit satisfy the ¢valuation
criteria, the tehst' structure unit is determined as being normal. When it does not satisfy the
evaluation criteria, the test structure unit 22a to 22f 1s determined as being abnormal. Based on
difference belween layer structures of the test structure unit 22a 1o 22f determined as being
abnormal and the test structure unit determined as being normal, it is possible to discriminate
between a normal layer and an abnormal layer.  Specifically, in a case that characteristics of the
test structure units 22b, 22d, 22f, 22h, 22g cach having the p-type semiconductor layer 4 does not
satisty the evaluation critcria and the test structure units 22a, 22¢, 22e cach not having the p-typc
semiconductor laycr 4 satisty the cvaluation criteria, it is dctermined that the p-type semiconductor

laycr 4 1s abnormal.
10115]

In this manner, 1t 1s possible to specify which process has caused a failure. When the
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failed process is specified, feedback is provided to the manufacturing process. According to the

above, the manufacturing process can be improved and occurrence of a process failure can be

prevented in subsequent lots.  Accordingly, yield can be improved and productivity can be

improved.
[0116]

Thus, 1n the present embodiment, the test structure units 22 are arranged for evaluating
process states based on measured characteristic values. Further, since a plurality of the test
structure units 22a to 22f are arranged on the substrate 10, it is possible to evaluate relations with
a unit process and a unit device as well as a process failure. It 1s possible for a quantum cell to
improve characteristics and stabilize quality by providing feedback to process conditions when a
failure is detected. Naturally, 1t 1s possible, for each test structure unit 22, to perform
measurement of characteristics other than I-V characteristics and measurement of a plurality of
characteristics.

(0117]
Further, the present embodiment includes the test structure units 22¢, 22e, 22f in which

a single layer of each layer 1s formed between the first electrode layer 1 and the second electrode

layer 5 and the test structure units 22d, 22e¢, 22f without having the charging layer 3. In a case

that cell performance 1s lowered, owing to that electrical characteristics of the single layer of
cach layer structurc arc cvaluatced in step S7, it 18 possible to casily detect which layer has failed
and from when the failure has occurred. For example, in a case that a failure has occurred
during evaluating performance of the cell 21 in the intermediate structure unit 100, -V
characteristics of the test structure unit 22 1n the same intermediate structure unit 100 1s
measured. As illustrated in FIG. 5, by comparing the I-V characteristics of cach layer in
normality with the I-V characteristics in abnormality, it is possible to evaluate which layer has
failed. Further, it 1s also possible to obtain relations among electrical characteristics of the
respective layers and to utilize the relations for improving characteristics and stabilizing quality
by providing feedback to process conditions. According to the method for manufacturing of the
present embodiment, since quality of the cells 21 can be controlled, productivity can be
improved.

[0118]

‘ As described in the present embodiment, more appropriate evaluation can be performed

by arranging the test structure units 22 in the intermediate structure unit 100. For example, it is

possible to 1dentify a failed layer and to measure distribution on a plane.

[0119]
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Here, there may be a case that a cell determined as being normal 18 included as a part of

the plurality of cells 21 1n the intermediate structure unit 100) determined as being abnormal in

step S7. In this case, the normal cell 21 1s cut off from the test structure units 22 and the cells

21 determined as being abnormal. Thus, it becomes possible to extract only the cell 21

determined as being normal. With the method described as step S9, the normal cell 21 can be

separated from the test structure units 22 and the cells 21 determined as being abnormal.

[0120]

Further, there may be a case that a part of the plurality of cells 21 is determined as being
abnormal 1n the intermediate structure unit 100 determined as being abnormal 1n stcp S7.  In
this case, only the test structure unit 22 being adjacent to the cell 21 determined as being
abnormal may be evaluated 1n step S8.

[0121]

Here, an insulating substrate 1s used as the substrate 10 in the present embodiment. It
1S also possible to use a sheet-shaped member as the substrate 10.  Further, it is disclosed that
four cells 21 are arranged on the substrate 10. However, the number, size, and shape of cells 21
to be arranged on the substrate 10 are not specifically limited.

[0122]

The test structure units 22 are separated from the cells 21 by cutting the substrate 10
aftcr ccll performance 1s cvaluated 1n step S7.  According to the above, an unnecessary region
of the substrate 10, that 1s, the test structure unit forming region 12, is separated from the

finally-obtained cell 21. Accordingly, the cell 21 can be downsized.
[0123]

In the above description, six kinds of the test structure units 22a to 22f are arrangcd for

all the combinations of the n-type semiconductor layer 2, the charging layer 3, and the p-type

semiconductor layer 4 that are arran ged between the first electrode layer 1 and the second
electrode layer 5. According to the above, cvaluation can be performed more appropriately.
Naturally, all of the six kinds of the test structure units 22a to 22f may not be arranged. That is,
it 1S simply required that at least one kind of the lest structure units 22a to 22f is arranged in the
intcrmediate structure unit 100.  Owing to measuring electrical characteristics of the test

structure unit 22, each layer can be appropriately evaluated.
[0124]

For example, it 1s also possible to arrange the test structure unit 22, the layer structure of
which does not include the charging layer 3. Accordingly, characteristics of the n-type

semiconductor layer 2 and the p-type semiconductor laycr 4 can be appropriately evaluated.
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0125]

Further, it 1s also possible to arrange the test structure unit 22, the layer structure of
which does not include either the n-type semiconductor layer 2 or the semiconductor layer 4. In
other words, the test structure unit 22 in which the charging layer 3 is in contact at least with one
of the first electrode layer 1 or the second electrode layer 5 is arranged. Accordingly,
characteristics of the charging layer 3 can be appropriately evaluated.

[0126]

It is also possiblc that a plurality of the test structure units 22 are arranged and the
plurality of test structure units 22 have layer structures, each arranged between the first electrode
layer 1 and the second electrode layer 5, being different from one another. Accordingly, each
layer can be appropriately evaluated and the failed manutacturing process can be specitfied.
[0127]

[Second embodiment]

Structure of an intermediate structure unit 200 for a cell according to the present
embodiment will be described with reference to FIG. 6. FIG. 6 1s a sectional view
schematically illustrating a structure of the intermediate structure unit 200. In the present
embodiment, a sheet-shaped member 1s used as the substrate 10. The cells 21 are arranged on

both faces being the upper face and lower face of the insulating substrate 10.

10128]

In the present embodiment, the cells 21 are arranged on both faces of the sheet-shaped
substratec 10. Accordingly, cells 21 having higher-capacity can be obtained. Further, the test
structure units 22a to 22h are arranged on both faces of the substrate 10 as well.  Similarly to
the first embodiment, electrical characteristics are measured for the test structure units 22a to 22h
arranged on both faces of the substrate 10.  Accordingly, it 1s possible to evaluate performance
variation on both faces of the substrate 10, tendency on each face, and the like.

[0129]

Manufacturing processes of a cell according to the present embodiment are similar to
the flow of FIG. 4 as described in the first embodiment. For example, after the first electrode
layer 1 is formed on one face of the substrate 10, the first electrode layer 1 is formed on the other
face. After layer forming is performed on both faces of the substrate 10 as described above, the
next layer forming is to be performed. Owing to that each step is performed alternatcely on the

upper face and lower face, characteristics of the cells 21 on both faces can be approximately

evened. Owing to that the burning process is performed at once for the charging layers 3 on

both faces, the charging layer 3 on both faces can have the same thermal history. Naturally, it
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is also possible to form two or more layers continuously on one face of the substrate 10 and form

layers on the other face thereof. Further, layers may be formed concurrently on both faces.
[0130]
In FIG. 6, planar arrangement of the test structure units 22a to 22h 1s the same on both

faces of the substrate 10. Accordingly, the test structure units 22 on the upper face and the test

‘structure units 22 on the lower face can be formed under the same conditions. Further, the

same mask can be used for layer forming.
0131}

Naturally, the planar arrangement of the test structure units 22a to 22h of both faces of

the substrate 10 may be different from each other. For example, in FIG. 6, the test structure
unit 22a on the upper face is at the same planar position as the test structure unit 22a on the
lower face. However, for example, the test structure units 22 having different layer structures
may be arranged at the same planar position. For example, the test structure unit 22a on the
upper face is at the same planar position as the test structure unit 22b.  Alternatively, the test
structurc units 22 on the upper face and the test structurc units 22 on the lower face are arranged
as being shifted to each other, For example, the test structure unit 22a on the lower face is
arranged at a planar position between the test structure unit 22a and the test structure unit 22b on
the upper face. According to the above, it becomes possible to evaluate distribution on a plane

in more detail. Here, 1t 1s also possible to cause the substrate 10 to function as the first

‘electrode layer 1 as well by using a conductive material for the substrate 10. In this case, the

first electrode layers 1 on both faces of the substrate 10 can be eliminated.
[(0132]
[Third embodiment]

Structure of an intermediate structure unit 300 for a cell according to the present

embodiment will be described with reference to FIG. 7. FIG. 7 1s a sectional view
schematically illustrating a structure of the intermediate structure unit 300. In the third
embodiment, a sectional structure of a cell 31 is different from that of the cell 21 in the first and
second embodiments. Since a plane view of the intermediate structure unit 300 is the same as
FIG. 2, it is skipped here. Further, description reductant to the first and second cmbodiments 1s
appropriately skipped as well.
[0133]

In the intermediate structure unit 300 according to the present embodiment, the cell 31

has a layer structure without having the n-type semiconductor layer 2. That is, in the cell 31,

‘the first electrode layer 1, the charging layer 3, the p-type semiconductor layer 4, and the second
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electrode layer 5 are formed on the substrate 10 sequentially from the bottom.

[0134]

Since the layer structure of the cell 31 is different from that of the first embodiment,
kinds of the test structure units 32 are different from those of the first embodiment. Since the
cell 31 does not include the n-type semiconductor layer 2, the test structure units 32 do not

include the n-type semiconductor layer 2 as well.  Accordingly, the number of the kinds of the

test structure units 32 is lessened. Here, four kinds of test structure units 32g, 32h, 32¢, 32f are

arranged on the substrate 10. Specifically, since two layers are formed between the electrode

layers of the cell 31, one or two layers are formed between the electrode layers of the test

structure unit 32.
[0135]

The test structure units 32g, 32h arc equivalently-layered test structure units havingthe
same layer structure as the cell 31. That is, each of the test structure units 32g, 32h has a laycr
structure that the first electrode layer 1, the charging layer 3, the p-type semiconductor layer 4,
and the second electrode layer 5 are formed on the substrate 10 1n the order thereol. Each of

the test structure units 32g, 32h has a two-layer structure being the p-type semiconductor layer 4

and the charging layer 3 between the electrode layers.
[01306]
Each of the test structurc units 32¢, 32t has a single-layer structure including the p-type

semiconductor layer 4 or the charging layer 3 between the electrode layers.  The test structure

‘units 32c, 32f are layer-missed test structure units, of which layer structure 1s different from that

of the cell 31.
[0137]

The layer structure of the test structure unit 32¢ 18 the same as that of the test structure

unit 22c of the first embodiment. That 1s, in the test structure unit 32c, the first electrode layer
1, the charging layer 3, and the sccond clectrode layer 5 are formed on the substrate 10. That 1s,
the test structure unit 32¢ has a layer structure that the p-type semiconductor layer 4 is eliminated
from the cell 31.
[0138]

The layer structure of the test structure unit 32f is the same as that of the test structure
unit 22f of the first embodiment. That is, 1n the test structure unit 32f, the first electrode layer 1,
the p-type semiconductor layer 4, and the second electrode layer 5 are formed on the substrate 10.

That is, the test structure unit 32f has a layer structure that the charging layer 3 is eliminated

from the ccll 31.
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[0139]

The p-type semiconductor layers 4 are formed in an integrated pattern for the test structure
unit 32g and the cell 31. The p-type semiconductor layer 4 of the test structure unit 32h 1s formed
in a pattern independent from the p-type semiconductor layers 4 of the cell 31 and other test structure
units 32. The p-type semiconductor layer 4 of the test structure unit 32t 1s formed 1n a pattern

independent from the p-type semiconductor layers 4 of the cell 31 and other test structure units 32.
[0140]

The charging layers 3 are formed in an integrated pattern for the test structure unit 32g, the
test structure- unit 32h, the test structure unit 32¢, and the cell 31. That is, the charging layers 3 are
not separated respectively between the test structure unit 32g, the test structure unit 32h, the test
structure unit 32¢, and the cell 31.

[0141]

The second electrode layers S are formed 1n a pattern independent from one another tor the
cell 31, the test structure unit 32g, the tcst structure unit 32h, the test structurc unit 32c¢, and the test
structure unit 32f.

[0142]

Thus, even though the cell 31 has the layer structure being different from that of the first
embodiment, evaluation can bc appropriatcly performed by forming the test structure units 32 on the
substrate 10. Thus, it is possible to obtain effects similar to the first embodiment.

[0143]
[Fourth embodiment]
Structurc of an intcrmediatc structure unit 400 for a cell according to the present

embodiment will be described with reference to FIGs. 8 and 9. FIG. 8 is a plane view schematically

illustrating the structure of the intermediate structure unit 400 and FIG. 9 is a sectional view thereof.
[0144]

In the fourth embodiment, an elongated belt-shaped conductive sheet i1s used as the substrate
10. Specifically, as illustrated in FIG. 8, the belt-shaped conductive sheet, a longitudinal direction
of which is oriented in Y-direction and a latitudinal dircction (width direction) of which 1s oricnted in
X-direction, is used as the substrate 10. Here, the conductive substrate 10 doubles with the first
clectrode layer 1. That is, the substrate 10 functions as the first electrode layer 1. Accordingly,
the substrate 10 is to be connected to a probe or a terminal during evaluation and

charging-discharging.
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[0145]

As illustrated in FIG. 8, the cell forming region 11 is a belt-shaped region, the
longitudinal direction of which is oriented 1n Y-direction. The test structure unit forming
region 12 is arranged on each side of the belt-shaped cell forming region 11.  That 1s, the test
structure unit forming region 12 is arranged respectively on +X side and —X side of the cell
forming region 11. In FIG. 8, the test structure unit forming region 12 on +X side is illustrated
as a test structure unit forming region 12a and the test structure unit forming region 12 on -X
side 1s illustrated as a test structure unit forming region 12b.

[0146]

A plurality of test structure units 22 are arranged along Y-direction at each of the test
structure unit forming regions 12a, 12b. For example, a plurality ol test structure unils 22a to
22h are arranged 1n line along Y-direction at the test structure unit forming region 12a on +X

side. Similarly, a plurality of test structure units 22a to 22h are arranged in line along

Y-direction at the test structure unit forming region 12b on -X side.
[0147]

At cach of the test structure unit forming regions 12a, 12b, the test structure unit 22a,
the test structure unit 22b, the test structure unit 22¢, the test structure unit 22d, the test structure
unit 22e, the test structure unit 22f, the test structure umt 22g, and the test structure unit 22h are
sequentially arranged. That 1s, diffcrent kinds ot the test structure units 22a to 22h arc arranged
sequentially 1n Y-direction.

[0143]

Further, at the test structure unit forming regions 12a, 12b on both sides, the same kinds

of the test structure units 22 are arranged at the same position in Y-direction. For example, the

test structure unit 22a at the test structure unit forming region 12a is at the position in Y-direction

of the tesl structure unit 22a at the test structure unit forming region 12b.  Similarly, regarding
the test structure units 22b to 22h, the positions 1n Y-dircction for the same kind thercof are
matched in the test structure unit forming region 12a and the test structure unit forming region
12b.

[0149]

As 1llustrated in FIG. §, the cell forming region 11 is elongated in Y-direction. The
test structure units 22 arranged on both sides of a position where the evaluated cell 21 exists are
to be evaluated. For example, the test structure units 22 at the vicinity of a position in
Y -direction where a failure occurs with performance evaluation of the cell 21 are to be evaluated.

According to the above, appropriate evaluation can be performed. Thus, 1t 1s possible to obtain
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cffects similar to the first embodiment. Here, the normal cell 21 1s separated from the test
structure unit forming regions 12a, 12b on both sides thereof.
[0150]

In FIG. 8, the test structure unit forming regions 12a, 12b are arranged on both sides of
the cell forming regions 11. However, it is also possible to arrange the test structure unit
forming region 12 only on one side of the cell forming region 11. That 1s, in FIG. 8, only the
test structure unit forming region 12a on +X side may be arranged. In this case, eliminating and
separating the test structure unit forming region 12 can be easily performed.

[0151]

Further, 1n the example of the fourth embodiment, all the layers of the cells 21 are
continuously formed 1n Y-direction. However, the second electrode layers S may be formed
intermittently as being separated in Y-direction. Further, the second electrode layers 5 and the
p-type semiconductor layers 4 may be formed intermittently as being separated in Y-direction.
In such cases, a failed position of the cell 21 can be easily specified and the test structure unit 22
to be used for evaluation can be easily selected. Further, in a case that a failure 1s detected at a
part of the cell 21, the intermediate structure unit 400 may be cut in X-direction to eliminate the
failed part.

[0152]
In the first to fourth embodiments described above, both of the equivalently-layered test

structure units and the layer-missed test structure units are arranged. However, it is also

possible that only the layer-missed structure units are arranged.
10153}

In the above description, the n-type semiconductor layer 2, the charging layer 3, and the
p-type semiconductor layer 4 are arranged between the electrode layers of the cell 21. However,
it 18 also possible that a layer other than the n-typc semiconductor layer 2, the charging layer 3,
and the p-type semiconductor layer 4 is arranged. In such a case as well, it 1s preferable that the
layer at a part between the electrode layers of the cell 21 is formed in the test structure unit 22.

According to the above, the added functional layer can be evaluated.
0154

The embodiments of the present invention are described in the above. Here, the

present invention includes appropriate modifications thereof without departing from the object

and effects thereof and is not limited to the abovementioned embodiments.
[0155]
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Reference Signs List

(0156]

1 First electrode layer

2 n-type semiconductor layer
3 Charging layer

4 p-type semiconductor layer
5 Second electrode layer

10 Substrate
11 Cell forming region

12 Test structure unit forming region
21 Cell

22 Test structure unit

31 Cell

32 Test structure untt
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CLAIMS

1. An 1ntermediate structure unit for a secondary cell, comprising one or more
secondary cells and one or more test structure units, arranged on a common substratce,

wherein each of the secondary cell and the test structure unit includes a first electrode
layer and a second e¢lectrode layer,

the first electrode layers are formed in an integrated pattern for the secondary cell and
the test structure unit,

the second clectrode layers are scparated between the secondary cell and the test
structure unit,

a plurality of layers are layered at the secondary cell between the first electrode layer
and the second electrode layer,

the plurality of layers include at least a metal oxide semiconductor layer and a charging
layer, and

a part of the plurality of layers 1s formed at the test structure unit between the first

electrode layer and the second electrode layer.

2. The intermediate structure unit for a secondary cell according to claim 1, including a
plurality of the test structure units,

whereln the second electrode layers are separated between the test structure units.

3. The intermediate structure unit for a secondary cell according to claim 2,
whereln the plurality of test structure units include a test structure unit in which the

charging layer 1s not formed between the fist electrode layer and the second electrode layer.

4, The intermediate structure unit for a secondary cell according to claim 2 or claim 3,
wherein the plurality of test structure units include a test structure unit in which the
charging layer between the first electrode layer and the second electrode layer is in contact with

at least one of the first electrode layer and the second electrode layer.

5. The intermediate structure unit for a secondary cell according to any one of claims 2
to 4,
whereln the second electrode layers of the plurality of test structure units are equally

shaped 1n a plane view.
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6. The intermediate structure unit for a secondary cell according to any one of claims 2
to 5,
wherein some units of the plurality of the test structure units are arranged as being

adjacent to a single secondary cell.

7. The intermediate structure unit for a secondary cell according to any one of claims 2
to 6,

wherein the plurality of test structure units include test structure units, layer structures
of which, each arranged between the first electrode layer and the second electrode layer, are

different from each other.

8. The intermediate structure unit for a secondary cell according to claim 7,

wherein the secondary cell has a layer structure layered between the first electrode layer
and the second electrode layer, the layer structure being a two-layer structure having the metal
oxide semiconductor layer and the charging layer,

the plurality of test structure units include a test structure unit in which the charging
layer 1s arranged between the first electrode layer and the second electrode layer, and a test
structure unit in which the metal oxide semiconductor layer 1s arranged between the first

electrode layer and the second electrode layer.

9. The intermediate structure unit for a secondary cell according to claim 7,
wherein the metal oxide semiconductor layer includes a first metal oxide semiconductor

layer and a second metal oxide semiconductor layer that are different from each other,

the first metal oxide semiconductor layer, the charging layer, and the second metal

'oxide semiconductor layer are arranged at the secondary cell between the first electrode layer

and the second electrode layer, and

the plurality of test structure units include a test structure unit in which the first metal
oxide semiconductor layer and the charging layer are arranged between the first electrode layer
and the second electrode layer, a test structure unit in which the charging layer and the second
metal oxide semiconductor layer are arranged between the first electrode layer and the second
electrode layer, a test structure unit in which the charging layer 1s arranged between the first
electrode layer and the second electrode layer, a test structure unit in which the first metal oxide

semiconductor layer and the second metal oxide semiconductor layer are arranged between the
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first electrode layer and the second electrode layer, a test structure unit in which the first metal
oxide semiconductor layer is arranged between the first electrode layer and the second electrode

layer, and a test structure unit in which the second metal oxide semiconductor layer is arranged

between the first electrode layer and the second electrode layer.

10. The intermediate structure unit for a secondary cell according to any one of claims 2

to 9,

wherein the secondary cell and the test structure unit are arranged on both faces of the
substrate.

11. The intermediate structure unit for a secondary cell according to any one of claims 2
to 10,

wherein the test structure units further include a test structure unit in which the same
layer structure as a layer structure layered at the secondary cell between the first electrode layer

and the second electrode layer is formed between the first electrode layer and the second

electrode layer.

12. The intermediate structure unit for a secondary cell according to any one of claims 1
to 11,

wherein the substrate is conductive and doubles with the first electrode layer.

13. A method for manufacturing a secondary cell, comprising:

preparing the intermediate structure unit for a secondary cell according to any one of

claims 1 to 12, and

measuring electrical characteristics of the test structure unit.

14. The method for manufacturing a secondary cell according to claim 13, further
comprising evaluating performance of the secondary cell arranged in the intermediate structure
unit for the secondary cell,

wherein in a step of evaluating the performance of the secondary cell, voltage or time is
measured when the secondary cell is charged or discharged, and a measurement result is
compared with predetermined criteria,

wherein the measuring electrical characteristics of the test structure unit is performed in

a case that the performance of the secondary cell does not satisfy the predetermined criteria,

CA 2992808 2019-01-11
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15. The method for manufacturing a secondary cell according to claim 14, further

comprising separating the test structure unit from the secondary cell in a case that the

performance of the secondary cell satisties the predetermined criteria.
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QUANTUM CELL MANUFAGTURING

PREPARE SUBSTRATE
52 - ‘1 FORM FIRST ELECTRODE

FORM N-TYPE SEMICONDUGTOR LAYER
FEEDBACK
S4 - .
FORM CHARGING LAYER
S5
FORM P-TYPE SEMICONDUGTOR LAYER
INVESTIGATION
OF CAUSES
S6 FORM SECOND ELECTRODE
EVALUATE TEST STRUCTURE UNIT

FEEDBACK

FEEDBACK

ABNORMALITY OCCURRENCE X
PERFORMANCE EVALUATION S8
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59 ELIMINATE TEST STRUCTURE UNIT

QUANTUM CELL COMPLETION

Fig. 4
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