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(57) Abréegée/Abstract:
A repair apparatus of a sheet type cell that is capable of appropriately repairing and detoxifying defects of a sheet type secondary
cell having semiconductor characteristics Is provided. The sheet type cell includes a storage layer sandwiched between a positive
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electrode and It negative electrode and the storage layer has semiconductor characteristics. The repair apparatus includes an
electrical stimulation source that applies electrical stimulation between the positive electrode and the negative electrode, an
electrical characteristic measurement means that measures electrical characteristics of the sheet type cell when the electrical
stim
stim

ulation Is applied, and a control means that specifies and adjusts the value of the electrical stimulation by the electrical
ulation source while considering measured electrical characteristics during the repair.
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ABSTRACT

A repair apparatus of a sheet type cell that is capable of appropriately repairing
and detoxif{ying delcels of a sheet type secondary cell having semiconducior characteristics is
provided. The sheet type cell includes a storage layer sandwiched between a positive electrode
and a negative clectrode and the storage layer has semiconductor characicristics. The repate
apparatus includes an electrical stimulation source that applies electrical stimulation between
the positive clectrode and the negative electrode, an clectrical characteristic measurement
means that measures electrical characteristics of the sheet type cell when the cleetrical
stimulation is applied, and a control means that specifics and ad j;lSI‘S the value of the electrical
stimulation by the electrical stimulation source while considering measured clectrical

charactcristics during the repair.
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DESCRIPTION
REPAIR APPARATUS OF SHEET TYPE CELL

TECHNICAL FIELD

[0001]] The present invention relates to a repair apparatus of a sheet
type cell, which can be applied to repair of a cell based on an operation
principal of forming a new energy level in a band gap and capturing an
electron by utilizing a photoexcited structural change of a metal oxide

(hereinafter referred to as a quantum cell), for example.

BACKGROUND ART
[0002] As sheet type (parallel plate structure) secondary cells, nickel

-metal hydride cells (NiMH) and lithium ion secondary cells (LIB) are
known. However, it is considered to be difficult to electrically repair
defects of these secondary cells. This is because, after filling electrolytes,
the applicable electrical stimulation is allowed only in the range of a
charging operation, and a voltage of reversed polarity cannot be applied,
for example. This is the same as in solid LIBs and fuel cells.

10003] Here, solar cells are known as plate type devices. The solar
cell is not a cell, but has semiconductor characteristics, and the electrical
repair of defects thereof is implemented (see Patent Document 1 to Patent

Document 3). The suggested repair of a solar cell is performed by

electrical stimulation with a voltage source brought into contact with comb-
shaped electrodes of the solar cell. The voltage is applied between adjacent
comb-shaped electrodes so that a reverse bias voltage is applied to PN
Junctions of the solar cell. It is to be noted that in the technology

described in Patent Document 2, based on the application of a reverse bias
voltage while it is varied periodically (sawtooth waves, for example), a
forward bias voltage of an off area is applied for only short period of
time during the period in which a reverse bias voltage is applied so as to

let electric charge accumulated by application of the reverse bias voltage
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escape.

PRIOR ART DOCUMENT
PATENT DOCUMENT
[0004] Patent Document 1: Japanese Patent Laid-Open 2000-277775

Patent Document 2: Japanese Patent Laid-Open 2001-53303

Patent Document 3: Japanese Patent Laid-Open 2011-54482

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] However, the repair of the solar cell according to Patent
Document 1 to Patent Document 3 described above only mentions electrical
stimulation with a voltage source brought into contact with comb-shaped
clectrodes of the solar cell. That is, conventionally, there exists no
disclosure or suggestion of how to repair sheet type cells whose electrodes
are not comb-shaped such as quantum cells.

[0006] The 1nvention 1s made in view of the above-described
circumstances, and aims at providing a repair apparatus of a sheet type
cell that 1s capable of appropriately repairing and detoxifying defects of a

sheet type cell having semiconductor characteristics.

MEANS TO SOLVE THE PROBLEMS
[0007] In order to solve the above described problems, the present
invention provides a repair apparatus of a sheet type cell for repairing the

sheet type cell in which a storage layer is sandwiched by layers of a
positive electrode and a negative electrode and at least the storage layer
has semiconductor characteristics, the repair apparatus including (1) an
electrical stimulation source that applies electrical stimulation between the
positive electrode and the negative electrode, (2) an electrical characteristic
measurement means that measures electr.ical characteristics of the sheet
type cell when the electrical stimulation is applied, and (3) a control

means that specifies a value of the electrical stimulation by the electrical
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stimulation source while considering measured electrical characteristics.
FEFFECT OF THE INVENTION
[0008] According 1o the present invention, it is possible o provide a repair apparatus of «
sheet Lype cell that 1s capable of appropriately repairing and detoxifying delects of a shect type cell
having semiconductor characteristics.
BRIET DESCRIPTION OF THE DRAWINGS
10009 I'ig. 1 is an explanalory view showing a basic structure of a quanium cell which is
an objcct to be repalred by a repair apparatus of a sheet type eell according to an embodiment.

Figs. 2A to 21 show equivalent element represcntations of a quantum cell at different
limes during the repair process.

Fig. 3 13 a block diagram showing a configuration ol the repair apparatus of a sheet
type cell according 1o the cmbodiment.

Figs. 4A (o 4C arc cxplanatory views showing situations of repair with reverse bias
application according (o the embodiment.

Fig. 5 is a flowchart showing a reverse bias I-mode vepair operation n the repair
apparatus according to the embodiment.

Fig. 6 is a [lowchart showing a rcverse bias V-mode repair operation 1n the repair
apparatus according to the embodimenl.

Iigs. 7A to 7C are explanatory vicws showing situations of repair with forward bias
application according to the embodiment.

Fip. 8 1s a flowchart showing a lorward bias I-modc repair operation in the tepair
apparatus according (o the embodiment.

Fig. 9 is a flowchart showing a forward bias V-mode repair opceration in the repair
apparatus according to the embodiment.

FFig. 10 15 a block diagram showing a configuration of a repair apparatus of a sheet
lype ecll according to a variant emnbodiment.

BEST MODE I'OR CARRYING OUT THE INVENTION
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[0010] (A) Main Embodiment

An embodiment of a repair apparatus of a sheet type cell according
to the present invention is described below by referring to the attached
drawings.
[0011] A sheet type cell having semiconductor characteristics 1s
suitable for an object to be repaired. Hereinafter, the repair apparatus
according to the embodiment is described supposing that a quantum cell 1s
t.he object to be repaired, for example.
[0012] (A-1) Explanation of she.et type cell which can be object to
be repaired

Fig. 1 1s an explanatory view showing a layered structure of a
sheet type cell which is an object to be repaired.
10013 ] A sheet type cell to be repaired 1s not limited to the one
which is implemented as a secondary cell, but may be the one which is
implemented as a primary cell. Hereinafter, explanation is given supposing
that the sheet type cell is a secondary cell. Also, any sheet type (parallel
plate type) cell is suitable for an object to be repaired. For example, as
shown in Fig. 1, a solid state sheet type cell 1 in which a storage layer 2
having a function as an electricity storage unit 1s sandwiched between
layers of a positive electrode 4 and a negative electrode 3 may be an
object to be repaired. Fig. 1 shows the state where the sheet type cell 1 is
attached on a substrate 5, and a positive electrode terminal 7 and a
negative electrode terminal 6 are attached on the positive electrode 4 and
the negative electrode 3, respectively. For example, the above-described
quantum cell in which a photoexcited structural change 1s used may be an
object to be repaired.
[0014] Hereinafter, a quantum cell 1n which a photoexcited structural
change is used, which may be the object to be repaired, is briefly
described. The storage layer in the quantum cell 1s referred to as a

charging layer, in view of its characteristics.
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[0015] The charging layer stores electrons with a charging operation,
releases the charged electrons with a discharging operation, and keeps the
electrons (storage of electricity) in a state without charging/discharging.
The charging layer 1s formed by applying a technology of photoexcited
structural change.

[0016] The photoexcited structural change 1s described 1n
International Patent application JP2006/322011, for example, and is a
phenomenon (technology) found out by Akira Nakazawa, who 1s the
inventor of the above application (also an inventor of this application).
That 1s, Akira Nakazawa found out that, when effective excitation energy
is applied to an 1nsulation-coated translucent metal oxide which is a
semiconductor having a band gap as same as or more than a constant
value, a lot of energy levels with no electron are generated in the band
gap. The quantum cell is charged by capturing electrons in these energy
levels, and discharged by releasing the captured electrons.

[0017] In the quantum cell, the positive electrode 4 includes an
electrode main body layer 4A and a p-type metal oxide semiconductor
layer 4B formed to be in contact with the charging layer 2. The p-type
metal oxide semiconductor layer 4B 1s provided to prevent injection of
electrons from the electrode main body layer 4A to the charging layer 2.
[0018] The electrode main body layers of the negative electrode 3
and the positive electrode 4 are simply required to be formed as

conductive layers.

[0019] The charging layer 2 1s formed in a way where insulation-
coated n-type metal oxide semiconductor particles adhere to the negative

electrode 3 in a thin film shape, and i1s transformed to be capable of
storing electrons with a photoexcited structural change caused at the n-type
metal oxide semiconductor by ultraviolet irradiation.

[0020] (A-2) Equivalent element representation of quantum cell

The operation mechanism of a quantum cell is still not completely
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clarified, but it is considered that the quantum cell has an equivalent
configuration with an intermediate level in which electrons are stored in a
portion corresponding to a junction of diodes.

[0021] Fig. 2 shows the equivalent element representation of a

quantum cell. Fig. 2(A) represents a unit part of a quantum cell 1n the

empty state where electrons are not charged, which can be shown by a
series circuit with a resistor and a diode. Fig. 2(B) represents a unit part
of a quantum cell during charging, which can be shown by a series circuit
with a resistor, a diode, and a cell (DC power source) whose + terminal
is connected to a cathode of the diode. Fig. 2(C) represents a unit part of

a quantum cell during discharging, which can be shown by a series circuit
with a resistor and a cell (DC power source) whose + terminal is
connected to the resistor. The quantum cell i1tself 1s a new device, and

thus no symbol for the element exists. Here, the equivalent element

representation shown in Fig. 2(D) 1s applied. That is, the quantum cell 1s

shown by a series circuit with a resistor and an element in which a diode

and a cell are integrated. In Fig. 2(D), the element in which the diode and
the cell are integrated is shown by representation in which a line is

commonly shown as a horizontal line representing the side of the cathode
of the diode and a horizontal line representing the positive electrode of the
cell. It 1s to be noted that the resistor described above includes a junction
resistance with both electrodes and resistance of the electrodes.

10022} It 1s possible to express that the quantum cell has a

configuration 1in which a number of such equivalent elements are connected
in parallel. Strictly speaking, a resistor causing a leaking current (Rleak)
is also connected in parallel, but 1s omitted here regarding that the
resistance value thereof 1s sufficiently large.

10023] (A-3) Idea of repair (electrical repair) according to this

embodiment

In sheet type (pafallel plate structure) devices such as quantum
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cells, the occurrence of a pin hole may cause defects such as a short
circuit between layers and generation of foreign substances and unnecessary
voids. Moreover, the coating pyrolysis method is applied for generating a
charging layer of the quantum cell, and the charging layer formed by the
coating-pyrolysis method and the interface thereof may have molecules in
which the connection of atoms and electrons is insufficient.

(0024] In this embodiment, in view of the semiconductor
characteristics of the quantum cell, two kinds of electrical stimulation of
reverse bias and forward bias are applied to repair the above-described
detects. Incidentally, in chemical cells such as LIBs, the application with
reversed polarity may have a significant influence on safety and reliability.
In the reverse bias application on the quantum cell, it is possible to apply
electrical stimulation until a semiconductor VBD (breakdown voltage) or
until a charging layer VWS (withstand voltage) or VED (electrostatic
discharge voltage). Normally, VWS and VED are sufficiently higher than

VBD.
[0025] (A-4) Configuration of repair apparatus according to this

embodiment

Next, a configuration of a repair apparatus according to this
embodiment will be described. Fig. 3 1s a block diagram showing a
contiguration of a repair apparatus according to the embodiment.
[0026] A repair apparatus 10 according to this embodiment includes
an I-mode (current mode) repair unit 20, a V-mode (voltage mode) repair
unit 30, mode selection switches 40 and 41, a repair object connection

switch 42, a load resistor 43, and a controller 44.

[0027] The I-mode repair unit 20 applies (lets flow) a current for
repair to the quantum cell 1 to be repaired, under control of the controller
44. In this description, a mode for repair with action of a current is
referred to as an I-mode. The I-mode repair unit 20 includes a variable

current source 21, a current limit circuit 22, and a voltage meter 23. The
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variable current source 21 supplies a current to be applied to the quantum
cell 1, under control of the controller 44, and can vary not only the

supply current but also the direction of the current to be supplied. The
current limit circuit 22 Iimits the upper limit of a current flowing to the

quantum cell 1, under control of the controller 44, which can prevent the
flow of an excessive overcurrent to the quantum cell 1. The voltage meter
23 detects a both-end voltage of the quantum cell 1 while a current 1s

supplied to the quantum cell 1, and the detected voltage is provided to the
controller 44.

[0028] The V-mode repair unit 30 applies a voltage for repair to the
quantum cell 1 to be repaired, under control of the controller 44. In this

description, a mode for repair with action of a voltage is referred to as a

V-mode. The V-mode repair unit 30 includes a variable voltage source 31,

a voltage limit circuit 32, and an ammeter 33. The variable Voltage source

31 generates a voltage to be applied to the quantum cell 1, under control
of the controller 44, and can vary not only the applied voltage but also

the direction of the voltage to be applied (forward bias, reverse bias). The
voltage limit circuit 32 limits the upper limit of a voltage to be applied to
the quantum cell 1, under control of the controller 44, which can prevent

the application of an excessive overvoltage to the quantum cell 1. The

ammeter 33 detects a current flowing to the quantum cell 1 while a
voltage 1s applied to the quantum cell 1, and the detected current 1s

provided to the controller 44.

[0029] A pair of mode selection switches 40 and 41 are switched in
an interlocking manner under control of the controller 44, and connect
either of the I-mode repair unit 20 and the V-mode repair unit 30 to the
quantum cell 1.

[0030] The repair object connection switch 42 connects the quantum
cell 1 to be repaired to the I-mode repair unit 20 or the V-mode repair

unit 30 that is selected at that time, or separates the quantum cell 1 to be
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repaired from the I-mode repair unit 20 or the V-mode repair unit 30,

under control of the controller 44.

10031] The load resistor 43 is connected to the quantum cell 1 when
the quantum cell 1 to be repaired is separated from the I-mode repair

unit 20 or the V-mode repair unit 30, and discharges the quantum cell 1

into the empty state.

[0032] I'he controller 44 controls the entire operation of the

electrical repair apparatus 10. The control method of the controller 44 will
be clarified below.

[0033] Here, for the connection between the quantum cell 1 and the
electrical repair apparatus 10, a method of connecting terminals of the

electrical repair apparatus 10 to the positive electrode terminal 7 and the

negative electrode terminal 6 of the quantum cell 1 can be applied. Instead
of terminal connection to the positive electrode terminal 7, 2 method of
bringing ends of a plurality of probes whose base ends are connected in

common into contact with the surface of the positive electrode 4 may be
used. Instead, one probe may be brought into contact with the surface of
the positive electrode 4 and the controller 44 may specify a change of the
contact position. In the case of the quantum cell 1 removed from the

substrate 5, probe contact to the surface may be used also for the negative

electrode 3.

[0034] (A-5) Repair with reverse bias application

Fig. 4 schematically shows repair with reverse bias application. Also
in the repair with reverse bias application, I-mode repair and V-mode
repair can be applied. Fig. 4 shows the case in which I-mode repair is
performed before V-mode repair.
[0035] In Fig. 4, the element representation parts with a hatch
represent defected parts. The defect represented by diode element

representation with a hatch represents a defect whose diode characteristics

remain slightly, and the defect represented by a rectangle with a hatch
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represents a defect that does not exhibit diode characteristics.

[0036] In the repair by Joule heat, foreign substances causing a
short circuit are evaporated and the defected part becomes open, or
blackened (oxidized) and insulated, by Joule heat basically generated by
letting a current flow into a short circuit section. When the position of a

short circuit section is recognized, a current source may be brought into

contact with the position. Even when the position is not recognized, a
current flows in a concentrated manner into the short circuit section with
[1ttle decrease of a voltage because resistance values of the negative
electrode 3 and the positive electrode 4 are sufficiently low, which makes

i1t possible to generate Joule heat at the section. When there is a short

circuit, a voltage between electrodes generated by application of a current
t1s low. However, when the short circuit section is repaired, a voltage value
increases. It is to be noted that, depending on the condition of the short

circuit section, the defected part may not be open at once, causing a
change to a limited resistance value.

10037] Next, 1t 1s considered that, when VBG (voltage corresponding
to a band gap) is applied with reverse bias on a portion that does not
function sufficiently as a semiconductor due to insufficient electronic

coupling, insufficiently-coupled electrons are cut off from atoms and the

portion almost becomes into an open state. The charging layer 2 of the

quantum cell 1 is constituted by a semiconductor of metal oxide, and does

not become a semiconductor but an insulator unless electrons are coupled

to the metal oxide. When the material of the charging layer 2 includes a

plurality of kinds of semiconductors, there exist VBG1, VBG2, ... (the
value 1s smaller as the number of symbols is smaller) depending on the

kinds, and there exist VBDI1, VBD2, ..., as being unique to the respective

semiconductors having values sufficiently larger than VBG.

[0038] In the case of reverse bias application, repair with Joule heat

due to a current from the variable current source 21 (I-mode repair) 1s
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intended, as described above. The current application direction 1s a
direction in which a current flows 1n the order of the negative electrode 3,
the charging layer 2, and the positive electrode 4, as shown in Fig. 4(B).
In this case, the controller 44 performs control to gradually increase a
current value within a range in which the voltage between the electrodes 3
and 4 of the quantum cell 1 does not exceed VBG1 (that 1s currently
intended, among VBGI1, VBG2, ...) while monitoring the voltage using the
voltage meter 23. When the voltage exceeds VBGi, the controller 44
performs control to immediately return the current value to zero. The
controller 44 controls such that, every time a current 1s increased, the
current is kept during a certain period of time so that Joule heat is
sufficiently transmitted to the short circuit section, and returns, even 1in
such a period of time, the current value to zero once the measured voltage
value varies and exceeds VBGi. If the controller 44 controls such that the
voltage between the electrodes 3 and 4 becomes zero when the current is
returned to zero (reset through a resistor, or connection of a zero voltage
source, for example; Fi1g. 3 shows the configuration in the former case), it
1s possible to make residual electric charge of the quantum cell 1
generated by reverse bias application zero or make unnecessary charging
empty, which prevents unexpected damages to the device (quantum cell)
when the next step 1s performed. When a short circuit section 1s
considerably firm and 1s not repaired by Joule heat, it is possible that a
current continues flowing without increase of a voltage value and burns the
quantum cell 1 to be broken. Thus, when the upper limit of time in
. which a current 1s made flow continuously 1s set preliminarily and the
controller 44 returns the current to zero once time measured by an inner
timer reaches the upper limit of time, 1t 1s possible to prevent the burnout.
[0039] Fig. 5 1s a flowchart showing the processing of the controller
44 that executes the operation of reverse bias I-mode repair described

above. The operation contents have been already explained, and thus the
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detailed explanation thereof with the use of Fig. 5 is omitted. The
parameter notation in Fi1g. 5 1s explained as follows. ‘I represents an
applied current, Istart represents an initial applied current, and Al
represents an increase amount of an applied curreht. TI1 represents a timer
value for measuring the upper Iimit TIl1lmax of time during which an
applied current 1s made flow regardless of a value of the applied current I,
and is updated in every unit time A TI. TI2 represents a timer value for
measuring the upper limit TI2Zmax of time during which an applied current
of a currently-applied current value is made flow, and is updated in every
unit time A TI. Vdet represents voltage detected by the voltage meter 23.
(0040] For example, even when the quantum cell 1 includes a short
circuit section DEF1 as shown 1n Fig. 4(A), the short circuit section DEF]1
1s detoxified by I-mode repair with reverse bias application, as shown in
Fig. 4(B).

[0041] The reverse bias V-mode repair 1s performed after the reverse
bias I-mode repair. The controller 44 applies a voltage due to the variable
voltage source 31 on a portion between the electrodes 4 and 3 of the
quantum cell 1 in the reverse bias direction (see Fig. 4(C)), and gradually
increases the value of an applied voltage while monitoring the current
flowing at that time using the ammeter 33. A current flows unless a
semiconductor sufficiently develops the characteristics. However, when
insufficient coupling of electrons 1s cut off into nearly the state of an
insulator, a current flows hardly. The controller 44 increases the value of
an applied voltage until reaching VBG1, and returns, the applied voltage
value to zero once when a current flows hardly. In this case, once the
applied voltage value i1s returned to zero, no residual electric charge or
unnecessary charging exists. Also 1n V-mode repair, the upper limit of
operation time 1s set so that the operation time 1s not prolonged' uselessly.
[0042] Fig. 6 1s a flowchart showing the processing of the controller

44 that executes the operation of reverse bias V-mode repair described
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above. The operation contents have been already explained, and thus the
detailed explanation thereof with the use of Fig. 6 is omitted. The
parameter notation in Fig. 6 is explained as follows. V represents an
applied voltage, Vstart represents an initial applied voltage, and AV
represents an 1ncrease amount of an applied voltage. TV1 represents a
timer value for measuring the upper limit TVImax of time during which an
applied voltage is applied regardless of a value of the applied voltage V,
and is updated in every unit time ATV. TV2 represents a timer value for
measuring the upper limit TV2max of time during which a current voltage
value is applied, and is updated in every unit time A TV. Idet represents a
current detected by the ammeter 33.
[0043] For example, even when the quantum cell 1 includes defects
'DEF2 and DEF3 where electronic coupling is insufficient as shown in Fig.
4(A), the defects DEF2 and DEF3 with insufficient electronic coupling are
detoxified by V-mode repair with reverse bias application in a way where
the insufficiently-coupled electrons are cut off from atoms and the defected
part almost becomes into an open state, as shown in Fig. 4(C).
[0044] The operations with reverse bias of current-application/voltage
-monitoring (I-mode repair) and voltage-application/current-monitoring (V-
mode repair) are performed alternately with VBGI1, VBG2, ....... as
breakpoints, that is, such operations are performed alternately for each of
intervals of 0 to VBG1, VBGI1 to VBG2, VBG2 to VBG 3, ...... , Whereby
1t 1s possible to perform repair while suppressing damages caused to the
device (quantum cell 1) to minimum. Here, it is required, in any cases,
that the voltage value between the electrodes 3 and 4 of the quantum cell
I does not exceed VBDmin (smallest value among VBDI1, VBD2, ...... ).
[10045] (A-6) Repair with forward bias application .

Fig. 7 schematically shows repair with forward bias application.
Also 1in the repair with forward bias application, I-mode repair and V-mode

repair can be applied. Fig. 7 shows the case in which I-mode repair is
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performed before V-mode repair.

[0046] In Fig. 7, the element representation parts with a hatch
represent defected parts. The defect represented by quantum cell element
representation with a hatch represents a defect whose quantum cell
characteristics remain slightly, and the defect represented by diode element
representation with a hatch represents a defect whose diode characteristics
remain slightly. The defect represented by a rectangle with a hatch
represents a defect that does not exhibit diode characteristics.

[0047] The difference from reverse bias application lies in that the
quantum cell 1 performs an charging operation (and also performs a
discharging operation depending on a case) by forward bias application (of
any of a current and a voltage) as long as the quantum cell 1 is not in
the complete short circuit state.

10048] As described above, the short circuit section is repaired by
reverse bias current application. However, if the short circuit section has
pure resistance, it can be repaired by the same principle (by Joule heat)
even when a forward bias current is made flow.

[0049] Also 1n this case, the controller 44 gradually increases the
value of an applied current of the variable current source 21 in a range of
being equal to or less than a maximum allowable voltage for charging of
the quantum cell 1, while monitoring the voltage between the electrodes 4
and 3 by output of the voltage meter 23. The application direction in this
case is a forward bias direction as shown in Fig. 7(B). When the short
circuit section remains, a major part of a current is concentrated in the
short circuit section, and a voltage 1s generated in accordance with the
resistance value. However, when the short circuit section is repaired, the
voltage increases, and thus the controller 44 returns the applied current
value of the variable current source 21 to zero once at that time.

[0050] Next, when the controller 44 gradually increases the value of

an applied current of the variable current source 21 while monitoring the
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voltage between the electrodes 4 and 3, the current may flow in the
section where electronic coupling is insufficient, which recovers coupling.

Also 1n this case, the applied current value and the detection voltage value
are controlled not to exceed the maximum allowable value for charging.

The controller 44 lets a constant applied current flow from the variable

current source 21 for a predetermined period of time, and returns, when

the variation of a voltage value is within a set range, the applied current

from the variable current source 21 to zero. At that time, the controller 44
controls such that the voltage between the electrodes 4 and 3 becomes

zero (reset through a resistor or connection of a zero voltage source, for
example; Fig. 3 shows the configuration in the former case), and then

finishes the repair operation with a forward bias current. When the applied
voltage between the electrodes 4 and 3 is controlled to become zero, the

residual electric charge of the quantum cell 1 is emitted by a discharging
operation, and the quantum cell 1 is discharged into the empty state. This
can prevent unexpected damages to the device (quantum cell 1) when the

next step 1s performed.

[0051] . Fig. 8 is a flowchart showing the processing of the controller
44 that executes the operation of forward bias I-mode repair described

above. The operation contents have been already explained, and thus the

detailed explanation thereof with the use of Fig. 8 is omitted. The

parameter notation in Fig. 8 is explained as follows. I represents an

applied current, Istart represents an initial applied current for detoxifying
the short circuit section, and AT represents an increase amount of an

applied current. Icost represents a constant applied current for recovering

the coupling of a portion where electric coupling is insufficient. TI]
represents a timer value for measuring the upper limit TI1max of time
during which an applied current is made flow for detoxifying the short
circuit section regardless of a value of the applied current I, and is

updated in every unit time A TI. TI2 represents a timer value for
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measuring the upper limit TI2Zmax of time during which an applied current

of a currently-applied current value is made flow for detoxifying the short
circuit section, and is updated in every unit time A TI. TI3 represents a
timer value for measuring a period of time during which a constant current
value 1s made flow for recovering the coupling of a portion where

electronic coupling is insufficient, and is updated in every unit time A TI.
MAYV represents a maximum allowable voltage for charging of the quantum
cell 1. Vdet represents a voltage detected by the voltage meter 23.

[0052] For example, even when the quantum cell 1 includes a short
circuit section DEF 11 as shown in Fig. 7(A), the short circuit section

DEFI11 1s detoxified by I-mode repair with forward bias application, as

shown 1n Fig. 7(B). Also for example, even when the quantum cell 1

includes defects DEF12 to DEF14 where electronic coupling is insufficient

as shown in Fig. 7(A), some of such defects may be recovered by I-mode

repair with forward bias application in a way where electronic coupling
becomes sufficient. As shown in Fig. 7(B), the defect DEF14 is a defect in
which electronic coupling is recovered by I-mode repair with forward bias
application.

10053] The forward bias V-mode repair is performed after the

forward bias I-mode repair. The controller 44 applies a voltage due to the
variable voltage source 31 on a portion between the electrodes 4 and 3 of
the quantum cell 1 in the forward bias direction (see Fig. 7(C)), and
gradually increases the value of an applied voltage while monitoring the

current flowing at that time using the ammeter 33. The application of a

voltage causes an electric field on the portion where electronic coupling is
insufficient, which may recover the coupling. On the other hand, when the
portion hardly functions as a semiconductor, the insufficiently-coupled
electrons may be cut off for detoxification. Also in this operation, the

applied voltage value and the detection current value are controlled not to

exceed the maximum allowable value for charging. When the successive
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application of a plurality of constant voltages that requires predetermined
total necessary time is finished without exceeding the setting range of the
detection current value, the controller 44 returns the applied voltage value
to zero. Also 1n this case, the controller 44 subsequently performs an
operation to make the quantum cell 1 1n the state with no residual electric

charge and the state with empty charging by discharging through a

resistor, etc. and then finishes the repair operation with forward bias
voltage.

10054] Fig. 9 1s a flowchart showing the processing of the controller
44 that executes the operation of forward bias V-mode repair described

above. The operation contents have been already explained, and thus the

detailed explanation thereof with the use of Fig. 9 is omitted. The

parameter notation 1n Fig. 9 1s explained as follows. V represents an

applied voltage, Vstart represents an 1nitial applied voltage, and AV

represents an increase amount of an applied voltage. TV1 represents a
timer value for measuring the upper limit TVImax of time during which an
applied voltage 1s applied regardless of a value of the applied voltage V,

and is updated in every unit time ATV. TV2 represents a timer value for
measuring the upper limit TV2max of time during which a current voltage

value 1s applied, and i1s updated in every unit time A TV. Idet represents a
current detected by the ammeter 33. MAV represents a maximum
allowable voltage for charging of the quantum cell 1. MAI represents a
maximum allowable current for charging of the quantum cell 1.

[0055] For example, even when the quantum cell 1 includes the

defects DEF12 to DEF14 where electronic coupling is insufficient as shown
in Fi1g. 7(A), some of such defects are recovered in a way where

electronic coupling becomes sufficient, while some of them are detoxified

in a way where insufficiently-coupled electrons are cut off, by V-mode

repair with forward bias application. As shown in Fig. 7(C), the defect

DEF13 represents a defect in which electronic coupling is recovered by V-



CA 02854509 2014-05-07

18

mode repair with forward bias application. The defect DEF12 represents a
defect detoxified in a way that insufficiently-coupled electrons are cut off
by V-mode repair with forward bias application.
[0056] (A-7) Effect of embodiment

According to the above-described embodiment, the defects of the

sheet type cell having semiconductor characteristics can be appropriately

- recovered and detoxified.

[0057] Here, 1n order to physically remove foreign substances and
short circuit sections by a laser, etc., or fill pinholes causing short circuit
defects with a resist, etc., a position needs to be specified first. However,
the electrical repair applied in the above-described embodiment does not
need such specification. The repair is performed by evaluating electrical
characteristics after applying electrical stimulation that is preliminarily
regarded as effective. Thus, i1t is not necessary to specify a position of the

defect and physically repair the defect from the outside.
[0058] According to the above-described embodiment, the method of

generating Joule heat in the short circuit section by reverse bias and
evaporating or blackening (oxidizing) foreign substances to make the short
circuit section open 1s applied, and in addition, the operation for cutting
off insufficient electronic coupling or making coupling sufficient is

performed. Therefore, it is possible to not only merely detoxify the defect
but also improve the efficiency of the sheet type cell.

[0059] According to the sequence of the above-described embodiment
(reverse bias I-mode repair and V-mode repair => forward bias I-mode
repair and V-mode repair), it is possible to prevent unexpected damages to

the device 1n an electrical repair operation, and discharge the sheet type
cell to return the state to the empty state after a repair operation or

between different repair operations.

[0060] From another point of view, the controller controls such that,

when the kinds of electrical stimulation are switched, new kind of
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electrical stimulation 1s applied between the positive electrode and the
negative electrode after the empty state 1s realized or residual electric
charge is released (see S110 1n Fig. 5, S211 in Fig. 6, and S316 1in Fig.
8). Here, 1t 1s to be noted that the operation by the empty state realization
means in claims includes at least one of realization of empty electric
charge and release of residual electric charge. Therefore, it is possible to
prevent unexpected damages to the device even when the electrical
stimulation 1s switched to a new kind.
[0061] According to the above-described embodiment, the controller
controls such that all kinds of electrical stimulation to which the electrical
stimulation source of the repair apparatus 1s adaptive are sequentially
applied between the positive electrode and the negative electrode of the
quantum cell (reverse bias I-mode repair, reverse bias V-mode repair,
forward bias I-mode repair, and forward bias V-mode repair). Thus, repair
can be performed to the maximum.
[0062] (B) Other embodiments

The present invention 1s not limited to the above-described
embodiment. Hereinafter, some variant embodiments will be exemplified.
[0063] (B-1) According to the above-described embodiment, the
explanation 1s given to the case where [-mode (current mode) repair and V
-mode (voltage mode) repair can be performed. In addition to these, or
instead of all of these or a part of these, P-mode (power mode) repair may
be performed. For example, it 1s possible to consider that the blackening
of the short circuit section due to Joule heat is caused by supply power,
more specifically, rather than by a supply current. That 1s, the P-mode
repair can be also applied.
[0064] Fig. 10 1s a block diagram showing a repair apparatus 10A
of a variant example that 1s adaptive to P-mode repair, in which the same

numerals and symbols will be used to designate the same or corresponding

components as those 1in Fig. 3 showing the repair apparatus 10 of the
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above-described embodiment.

10065] In Fig. 10, a controller 44A controls such that a constant
current value 1s made flow by the variable current source 21 (direction is
also defined) and a constant voltage value is applied by the variable
voltage source 31 (direction is also defined), whereby constant power can
be applied (made flow) to the quantum cell 1 to be repaired. That is, P-

mode repair can be performed.

[0066] Moreover, the controller 44A controls such that the variable

voltage source 31 does not apply a constant voltage and the variable
current source 21 supplies a constant value of current, whereby I-mode

repair can be performed.

[0067] Furthermore, the controller 44A controls such that the

variable current source 21 does not supply a constant current and the

variable voltage source 31 applies a constant value of voltage, whereby V-
mode repair can be performed.

[0068] (B-2) According to the above-described embodiment, the

explanation 1s given to the case in which one electrical repair apparatus
can perform reverse bias [-mode repair and V-mode repair, and forward

bias I-mode repair and V-mode repair. It is natural that the electrical

repair apparatus may be configured to perform only a part of these four

kinds of repair. In such a case, it is required that a plurality of electrical

repair apparatuses sequentially perform repair so as to perform four kinds

of repair, for example.

[0069] (B-3) According to the above-described embodiment, the
explanation is given to the case in which four kinds of repair are
performed in the order of reverse bias I-mode repair and V-mode repair,
and forward bias I-mode repair and V-mode repair. The order of repair is
not limited to the order in the above-described embodiment as long as

damages to the device can be prevented by improving a current monitoring

function and a voltage monitoring function.
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[0070] (B-4) According to the above-described embodiment, the

explanation 1s given to the case in which the variable current source or the
variable voltage source, which i1s an electrical stimulation source, outputs

a DC current or DC voltage specified at that time. Instead of the variable

current source or the variable voltage source, an arbitrary waveform
generator (AWG) may be applied as an electrical stimulation source so that
AC stimulation 1s applied as well as DC stimulation. Examples thereof

include sine waves, square waves, sawtooth waves, and pulse waves. It is
considered that energy due to frequency components is added to a DC
current and a DC voltage, which makes it possible to efficiently perform
the repair operation.

[0071] Here, when a frequency with an arbitrary waveform is
selected as a unique frequency of the material of the charging layer, etc.,

1t 1s possible to add energy efficiently.

[0072] (B-5) According to the above-described embodiment, the
explanation 1s given to the case 1n which realization of empty charging or
discharging of residual electric charge is performed when the kinds of
repair are switched. Depending on the selection of a current value and a
voltage value at the start of new repair, realization of empty charging or

discharging of residual electric charge when the kinds of repair are

switched may be omitted.

10073] (B-6) According to the above-described embodiment, the
explanation 1s given to the case in which any objects to be repaired are
repaired 1n the same sequence. The information in the past repair may be
reflected 1n the subsequent repair of an object to be repaired. For example,
electrical repair 1s applied to a number of quantum cells manufactured
with the same materials and in the same process, and variation points of
voltage values and current values detected during repair operations are
collected. Then, the electrical stimulation amount corresponding to the

variation points 1s processed statistically, whereby conditions for the
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‘occurrence of repair are predicted. Thus, instead of varying electrical
stimulation gradually, electrical stimulation is set immediately for a target
condition for repair. Alternatively, electrical stimulation is controlled to
vary for a target condition from a value slightly deviated from the target

condition. In this manner, it is possible to improve throughput.
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CLAIMS:

1. A repair apparatus used to repair a short circuit section of a sheet type secondary cell
wherein the sheet type secondary cell includes a storage layer sandwiched by layers of a positive
electrode and a negative electrode and wherein at least the storage layer has semiconductor
characteristics allowing storing of electrons during a charging operation and releasing of electrons
during a discharge operation, the repair apparatus comprising:

an electrical stimulation source that applies electrical stimulation between the positive
electrode and the negative electrode to produce Joule heat in the short circuit section for repair
thereof;

an electrical characteristic measurement means that measures electrical characteristics of
the sheet type secondary cell when the electrical stimulation 1s apphed; and

a control means that specifies and adjusts a value of the electrical stimulation by the
electrical stimulation source while considering measured electrical characteristics indicative of
the short circuit section being repaired;

wherein said electrical stimulation is selected from current stimulation, voltage
stimulation and power stimulation; and

wherein the control means adjusts the electrical stimulation after detecting a voltage
increase indicative of repair of the short circuit section after application of said electrical

stimulation source.

2. The repair apparatus of the sheet type cell according to claim 1,
wherein the electrical stimulation applied between the positive electrode and the negative

electrode 1s current stimulation in a reverse bias direction of the semiconductor characteristics.

3. The repair apparatus of the sheet type cell according to claim 1,
wherein the electrical stimulation applied between the positive electrode and the negative

electrode 1s voltage stimulation in a reverse bias direction of the semiconductor characteristics.

CA 28549095 2017-06-21
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4. The repair apparatus of the sheet type cell according to claim 1.,
wherein the electrical stimulation applied between the positive electrode and the negative

electrode is power stimulation in a reverse bias direction of the semiconductor characteristics.

. The repair apparatus of the sheet type cell according to claim 1,
wherein the electrical stimulation applied between the positive electrode and the negative

electrode is current stimulation in a forward bias direction of the semiconductor characteristics.

6. The repair apparatus of the sheet type cell according to claim 1,
wherein the electrical stimulation applied between the positive electrode and the negative

electrode is voltage stimulation in a forward bias direction of the semiconductor characteristics.

7. The repair apparatus of the sheet type cell according to claim 1,
wherein the electrical stimulation applied between the positive electrode and the negative

electrode 1s power stimulation in a forward bias direction of the semiconductor characteristics.

8. The repair apparatus of the sheet type cell according to claim 1, further comprising
a limit means that limits an upper limit of the electrical stimulation to be applied between the

positive electrode and the negative electrode.

9. The repair apparatus of the sheet type cell according to claim 1,

wherein the electrical stimulation includes at least two types of electrical stimulation
selected from current stimulation in a reverse bias direction of the semiconductor characteristics,
voltage stimulation in the reverse bias direction of the semiconductor characteristics, current
stimulation in a forward bias direction of the semiconductor characteristics, and voltage
stimulation in the forward bias direction of the semiconductor characteristics, and

the control means controls such that all of said types of electrical stimulation are

sequentially applied between the positive electrode and the negative electrode.

CA 2854909 2017-06-21
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10. The repair apparatus of the sheet type cell according to claim 9, further comprising
a discharging realization means that discharges the sheet type cell to a fully discharging state,

wherein the control means includes switching means used to switch between said types
of electrical stimulation applied between the positive electrode and the negative electrode after a

discharging operation.

11. A repair apparatus of a sheet type cell for repairing the sheet type secondary cell in which
a storage layer is sandwiched by layers of a positive electrode and a negative electrode and at
least the storage layer having semiconductor characteristics stores electrons with a charging
operation, releases the charged electrons with a discharging operation, and keeps the electrons in
a state without discharging after charging by electrical stimulation including current stimulation,
voltage stimulation, or electric power stimulation, said repair apparatus comprising;

an electrical stimulation source that applies electrical stimulation in a reverse bias
direction of the semiconductor characteristics between the positive electrode and the negative
electrode to produce Joule heat in a short circuit section of the sheet type secondary cell for repair
thereof:

an electrical characteristic measurement means that measures electrical characteristics of
the sheet type secondary cell when the electrical stimulation is applied; and

a control means that specifies a value of the electrical stimulation by the electrical
stimulation source while considering measured characteristics,

wherein the control means controls such that voltage stimulation or electric power
stimulation in the reverse bias direction 1s adjusted after detecting voltage increase caused by
repair of the short circuit section after current stimulation or electric power stimulation in the

reverse bias stimulation 1s applied.
12. A repair apparatus of a sheet type cell for repairing the sheet type secondary cell in which

a storage layer 1s sandwiched by layers of a positive electrode and a negative electrode and at

least the storage layer having semiconductor characteristics stores electrons with a charging
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operation, releases the charged electrons with a discharging operation, and keeps the ¢lcctrons in
a state without discharging after charging, by electrical stimulation including current stimulation
and voltage stimulation, said repair apparatus comprising:

an electrical stimulation source that applies electrical stimulation in a forward bias
direction of the semiconductor characteristics between the positive electrode and the negative
electrode to produce Joule heat in a short circuit section of the sheet type secondary cell;

an electrical characteristic measurement means that measures electrical characteristics of
the sheet type secondary cell when the electrical stimulation 1s applied; and

a control means that specities a value of the electrical stimulation caused by the electrical
stimulation source while considering measured characteristics,

wherein the control means controls such that electrical stimulation in the forward bias
direction 1s adjusted after detecting voltage increase caused by repair of the short circuit section

after electrical stimulation in the forward bias direction 1s applied.

13. A repair apparatus of a sheet type cell for repairing the sheet type secondary cell in which
a storage layer 1s sandwiched by layers of a positive electrode and a negative electrode and at
least the storage layer having semiconductor characteristics stores electrons with a charging
operation, releases the charged electrons with a discharging operation, and keeps the electrons in
a state without discharging after charging by electrical stimulation including current stimulation,
voltage stimulation, or electric power stimulation, said repair apparatus comprising:

an electrical stimulation source that applies electrical stimulation in a forward bias
direction of the semiconductor characteristics between the positive electrode and the negative
electrode to produce Joule heat in a short circuit section of the sheet type secondary cell;

an electrical characteristic measurement means that measures electrical characteristics of
the sheet type secondary cell when the electrical stimulation is applied; and

a control means that specifies a value of the electrical stimulation caused by the electrical
stimulation source while considering the measured characteristics,

wherein the control means controls such that voltage stimulation or electric power

stimulation in the forward bias direction is adjusted after detecting voltage increase caused by
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repair of the short circuit section after current stimulation or electric power stimulation 1n the

forward bias direction i1s applied.

14.  The repair apparatus of sheet type cell according to claims 11, 12 or 13, further
comprising,
a limit means that limits an upper limit of the electrical stimulation to be applied between

the positive electrode and the negative electrode.

5.  Therepair apparatus of sheet type cell according to claims 11, 12 or 13, further comprising
a discharged state realization means that discharges the sheet type cell into a discharged

state.

16.  The repair apparatus of sheet type cell for repairing thé sheet type cell in which a storage
layer 1s sandwiched by layers of a positive electrode and a negative electrode and at least the
storage layer has semiconductor characteristics, the repair apparatus comprising;

an electrical stimulation source that applies electrical stimulation between the positive
electrode and the negative electrode;

an electrical characteristic measurement means that measures electrical characteristics of
the sheet type cell when the electrical stimulation 1s applied; and

a control means that specifies a value of the electrical stimulation caused by the electrical
stimulation source while considering measured electrical characteristics,

wherein the electrical stimulation source 1s adaptive to at least two types of electrical
stimulation among current stimulation 1n a reverse bias direction of the semiconductor
characteristics, voltage stimulation 1n the reverse bias direction of the semiconductor
characteristics, current stimulation in a forward bias direction of the semiconductor
characteristics, and voltage stimulation 1n the forward bias direction; and

the control means controls such that all said at least two types of electrical stimulation to
which the electrical stimulation source 1s adaptive are sequentially applied between the positive

clectrode and the negative electrode.
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17. The repair apparatus of the sheet type cell according to claim 16, further comprising

a discharged state realization means that discharges the sheet type cell into a discharged
state,

wherein the control means controls, when switching the kinds of electrical stimulation,
such that the switched electrical stimulation of a different type 1s applied between the positive
electrode and the negative electrode after an operation of the discharged state realization means

1s performed.

18. A repair apparatus of sheet type cell for repairing sheet type secondary cell in which a
storage layer 1s sandwiched layers of a positive electrode and a negative electrode and at least the
storage layer having semiconductor characteristics stores electrons with a charging operation,
releases the charged electrons with a discharging operation, and keeps electrons in a state without
discharging after charging, by electrical stimulation and wherein the electrical stimulation is
selected from current stimulation, voltage stimulation and electric power stimulation;

wherein an electrical stimulation source applies electrical stimulation in a reverse bias
direction of the semiconductor characteristics between the positive electrode and the negative
clectrode to produce Joule heat in a short circuit section of the sheet type secondary cell;

wherein an electrical characteristic measurement means measures electrical

characteristics of the sheet type secondary cell when the electrical stimulation is applied,

wherein a control means specifies a value of the electrical stimulation caused by the

electrical stimulation source while considering the measured electrical characteristics; and

wherein a control means controls such that voltage stimulation or current stimulation in
the reverse bias direction 1s adjusted after detecting voltage increase due to repair of the short
circuit scction after current stimulation or voltage stimulation is applied in the reverse bias

direction.
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