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(57) A charge and discharge control device of a bat-
tery charges the battery with a constant current in a con-
stant current mode. When the voltage of the battery cor-
responds to an end-of-charge voltage, the charge and
discharge control device converts the constant current
mode to a constant voltage mode and thereby charges
the battery with a constant voltage. The end-of-charge
voltage is set as a first end-of-charge voltage minus a
negative electrode threshold potential from the
full-charge voltage of the battery, and the negative elec-
trode threshold potential is a potential value of the neg-
ative electrode where a negative electrode active mate-
rial contained in the battery causes a phase change.
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Description

[Technical Field]

[0001] The present invention relates to a charge and discharge control device of a battery and a control method thereof.

[Background Art]

[0002] A battery, which is a secondary battery, repeats the cycle of charge and discharge until the cycle-life runs out.
Various charge and discharge control methods are being attempted to extend the cycle-life of such a battery.
[0003] In conventional battery charge and discharge control methods, generally, a battery is charged and discharged
in the maximum voltage range during the initial use period of the battery, and the voltage use range is gradually reduced
as the number of cycles increases.
[0004] Such conventional charge and discharge control methods of a battery have drawbacks in that the deterioration
phenomenon at the time of battery discharge cannot be improved, and an increase in the thickness of a battery that
may occur during the initial use period of the battery cannot be prevented.

[DISCLOSURE]

[Technical Problem]

[0005] An exemplary embodiment of the present invention provides a battery charge and discharge control device
which can improve a deterioration phenomenon that occurs during battery discharge and prevent the phenomenon of
increasing a battery thickness that may occur during the initial-use period of the battery, and a control method thereof.

[Technical Solution]

[0006] A battery charge and discharge control device according to an exemplary embodiment includes: a voltage
sensor for measuring the voltage of a battery; and a controller, which charges the battery with a constant current in a
constant current mode, and is converted to a constant voltage mode when the voltage of the battery measured through
the voltage sensor corresponds to an end-of-charge voltage, thereby charging the battery with a constant voltage,
wherein the end-of-charge voltage is set as a first end-of-charge voltage minus a negative electrode threshold potential
from the full-charge voltage of the battery, and the negative electrode threshold potential is a potential value of the
negative electrode where a negative electrode active material contained in the battery causes a phase change.
[0007] The control unit measures or calculates the state of charge of the battery, and resets the end-of-charge voltage
to the end-of-charge voltage of a second charge when the state of charge is greater than a reference state of charge,
and the end-of-charge voltage of the second charge may be lower than the end-of-charge voltage of the first charge.
[0008] The control unit may set a cut-off current in the constant voltage mode to be higher than a default value when
the size of the constant current in the constant current mode exceeds the size of a reference current.
[0009] The control unit, during the discharge period of the battery, stops discharge of the battery when the measured
voltage of the battery corresponds to a discharge end voltage, and the end-of-discharge voltage may be a voltage at a
time when the slope of the measured voltage exceeds a threshold slope.
[0010] A battery charge and discharge control device according to an exemplary embodiment includes: a voltage
sensor for measuring the voltage of a battery; and a control unit, which controls the charge and discharge of the battery
to ensure that the measured voltage of the battery is within a use range of the voltage corresponding to the use period
of the battery, wherein the control unit controls the charge and discharge of the battery by setting the use range of the
voltage to be within the use range of a first voltage during the initial-use period, and setting the use range of the voltage
to be within the use range of a second voltage during an intermediate-use period; the use range of the voltage corresponds
to a voltage difference between an end-of-charge voltage and an end-of-discharge voltage; and the use range of the
second voltage is greater than the use range of the first voltage.
[0011] The control unit charges and discharges the battery by setting the use range of the voltage to be within the use
range of a third voltage during a late-use period, and the use range of the third voltage may be greater than the use
range of the second voltage.
[0012] The use range of the third voltage may be greater than the use range of the first voltage.
[0013] The intermediate-use period may start when the number of charge and discharge cycles of the battery exceeds
a certain number of charge and discharge cycles.
[0014] The late-use period may start when a measured maximum capacity of the battery becomes a certain ratio of
a first maximum capacity of the battery.
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[0015] The control unit may sequentially increase the end-of-charge voltage and sequentially reduce the end-of-
discharge voltage during the intermediate-use period.
[0016] When a first full-charge voltage of the battery is FCV, a negative electrode threshold potential is NECV, a
deterioration condition is AC, a capacity reduction rate is CRR, a reference end-of-charge voltage is REOC, a first
reference end-of-discharge voltage is REOD1, and a second end-of-discharge voltage is REOD2, the end-of-charge
voltage (EOC) may be determined according to the equation EOC=REOC+(FCV-NECV-REOC)*CRR/(100-AC); the
end-of-discharge voltage (EOD) may be determined according to the equation EOD=REOD1-(REOD1-
REOD2)*CRR/(100-AC); the negative electrode threshold potential may be a potential value of the negative electrode
where a negative electrode active material contained in the battery causes a phase change; the deterioration condition
is a percentage value corresponding to the certain discharge capacity that is reduced relative to the initial discharge
capacity of the battery; the capacity reduction rate may be a percentage value corresponding to the difference between
the initial discharge capacity and the present discharge capacity of the battery; the reference end-of-charge voltage and
the first reference end-of-discharge voltage correspond to the use range of the first voltage; and the second reference
end-of-discharge voltage may be lower than the first end-of-discharge voltage.
[0017] The use range of the first voltage and the use range of the second voltage may be use ranges of the battery
voltage when the temperature corresponds to the reference temperature range, and the control unit increases at least
one of the ranges of the first and second voltages used when the temperature is lower than the reference temperature
range, and reduces at least one of the ranges of the first and second voltages used when the temperature is higher than
a reference temperature range.
[0018] A method for controlling charge and discharge of a battery according to an exemplary embodiment includes:
setting an end-of-charge voltage of a battery; measuring a voltage of the battery during a constant current mode where
the battery is charged with a constant current; and converting the battery to a constant voltage mode where the battery
is charged with a constant voltage when the measured voltage of the battery corresponds to the end-of-charge voltage,
and in setting the end-of-charge voltage, the end-of-charge voltage is set as a first end-of-charge voltage minus a
negative electrode threshold potential from the full-charge voltage of the battery, and the negative electrode threshold
potential is a potential value of the negative electrode where a negative electrode active material contained in the battery
causes a phase change.
[0019] The method for controlling charge and discharge of a battery may further include: measuring or calculating a
state of charge of the battery; and resetting the end-of-charge voltage to the end-of-charge voltage of a second charge
when the state of charge is greater than a reference state of charge, wherein the end-of-charge voltage of the second
charge may be lower than the end-of-charge voltage of the first charge.
[0020] The method for controlling charge and discharge of a battery may further include resetting a cut-off current in
the constant voltage mode to be higher than a default value when a size of the constant current in the constant current
mode exceeds a size of the reference current.
[0021] The method for controlling charge and discharge of a battery may further include: measuring the voltage of the
battery during a discharge period of the battery; and stopping the discharge of the battery when the voltage of the battery
corresponds to an end-of-discharge voltage, wherein the end-of-discharge voltage is a voltage at a time point when a
slope of the measured voltage relative to time exceeds a threshold slope.
[0022] A method for controlling charge and discharge of a battery according to an exemplary embodiment includes:
charging and discharging a battery by having a voltage range of the battery used as a use range of a first voltage, during
an initial-use period; and charging and discharging the battery by having the voltage range of the battery used as a use
range of a second voltage, during an intermediate-use period, wherein the voltage range used corresponds to a voltage
difference between an end-of-charge voltage and an end-of-discharge voltage, and the use range of the second voltage
is greater than the use range of the first voltage.
[0023] The method for controlling charge and discharge of a battery may include charging and discharging the battery
by having the voltage range of the battery used as a use range of a third voltage, during the late-use period, wherein
the use range of the third voltage is greater than the use range of the second voltage.
[0024] The use range of the third voltage may be greater than the use range of the first voltage.
[0025] The intermediate-use period may start when the number of charge and discharge cycles of the battery exceeds
a certain number of charge and discharge cycles.
[0026] The late-use period may start when a measured maximum capacity of the battery becomes a certain ratio of
the first maximum capacity of the battery.
[0027] The charging and discharging a battery during the initial-use period may include: sequentially increasing the
end-of-charge voltage and sequentially reduces the end-of-discharge voltage; and sequentially reducing the end-of-
discharge voltage.
[0028] When the first full-charge voltage of the battery is FCV, the negative electrode threshold potential is NECV, the
deterioration condition is AC, the capacity reduction rate is CRR, the reference end-of-charge voltage is REOC, the first
reference end-of-discharge voltage is REOD1, and the second end-of-discharge voltage is REOD2, the end-of-charge
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voltage (EOC) may be determined according to the equation EOC=REOC+(FCV-NECV-REOC)*CRR/(100-AC); the
end-of-discharge voltage (EOD) may be determined according to the equation EOD=REOD1-(REOD1-
REOD2)*CRR/(100-AC); the negative electrode threshold potential is a potential value of the negative electrode where
a negative electrode active material contained in the battery causes a phase change; the deterioration condition is a
percentage value corresponding to the certain discharge capacity that is reduced relative to the initial discharge capacity
of the battery; the capacity reduction rate is a percentage value corresponding to the difference between the initial
discharge capacity and the present discharge capacity of the battery; the reference end-of-charge voltage and the first
reference end-of-discharge voltage correspond to the use range of the first voltage; and the second reference end-of-
discharge voltage may be lower than the first end-of-discharge voltage.
[0029] The use range of the first voltage and the use range of the second voltage are the use range of the battery
voltage when the temperature corresponds to a reference temperature range, and the method may further include:
increasing at least one of the ranges of the first and second voltages used when the temperature is lower than the
reference temperature range; and reducing at least one of the ranges of the first and second voltages used when the
temperature is higher than the reference temperature range.
[0030] When the temperature is higher than the reference temperature range, the end-of-discharge voltage during the
intermediate-use period may be lower than the end-of-discharge voltage during the initial-use period.

[Advantageous Effects]

[0031] A charge and discharge control device of a battery and a control method thereof according to an exemplary
embodiment can improve a deterioration phenomenon that may occur during the battery discharge and prevent the
phenomenon of increasing a battery thickness that may occur during the initial-use period of the battery, and a control
method thereof.

[Description of the Drawings]

[0032]

FIG. 1A is a drawing illustrating the configuration of an exemplary battery.
FIG. 1B is a drawing for explaining the charge and discharge control device of a battery according to a first exemplary
embodiment.
FIG. 2 is a drawing for explaining how to charge a battery according to an exemplary embodiment.
FIG. 3 is a drawing for explaining how to discharge a battery according to an exemplary embodiment.
FIG. 4 is a drawing illustrating the voltage range of a battery according to a use period according to an exemplary
embodiment.
FIG. 5 is a drawing illustrating the voltage range of a battery according to the intermediate-use period according to
an exemplary embodiment.
FIG. 6A is a drawing illustrating the voltage range of a battery according to a temperature increase according to an
exemplary embodiment.
FIG. 6B is a drawing illustrating the voltage range of a battery according to a temperature decrease according to
an exemplary embodiment.

[Mode for Invention]

[0033] Hereinafter, various exemplary embodiments will be described in detail so that those skilled in the art can easily
carry out the present invention with reference to the accompanying drawings. The exemplary embodiments may be
implemented in a variety of different forms and are not limited to the exemplary embodiments described herein.
[0034] For clear illustration of the exemplary embodiments, parts not related to the description are omitted, and the
same reference numerals are used throughout the specification for the same or similar constituent elements. Therefore,
the reference numbers of the constituent elements used in previous drawings can be used in following drawings.
[0035] In addition, since the size and thickness of each constitution shown in the drawings are arbitrarily shown for
convenience of description, the exemplary embodiments are not necessarily limited to those shown. The thicknesses
and areas may be exaggerated to clearly represent multiple layers and areas in the drawings.
[0036] The method to electrically connect two constituent elements includes not only a direct connection of two com-
ponents, but also a connection between two components through a different component.
[0037] FIG. 1A is a drawing for illustrating the configuration of an exemplary battery.
[0038] Referring to FIG. 1A, a battery 10 includes a positive electrode 110, a positive terminal 111 electrically connected
to the positive electrode 110, a negative electrode 120, a negative terminal 121 electrically connected to the negative
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electrode 120, and a separator membrane 130. Although not shown, an electrolyte for the transport of ions may be filled
between the positive electrode 110, the negative electrode 120, and the separator membrane 130.
[0039] The positive electrode 110 may include a positive current collector and a positive active material layer formed
on top of the positive current collector. The positive active material layer may include a positive electrode active material,
a binder, and optionally a conductive material.
[0040] As the positive current collector, aluminum (Al), nickel (Ni), etc. may be used, but the positive current collector
is not limited thereto.
[0041] As the positive electrode active material, a compound capable of reversible intercalation and deintercalation
of lithium ions may be used. Specifically, at least one kind of a complex oxide or complex phosphate between lithium
and a metal selected from cobalt, manganese, nickel, aluminum, iron, and a combination thereof may be used. More
specifically, lithium cobalt oxide, lithium nickel oxide, lithium manganese oxide, lithium nickel cobalt manganese oxide,
lithium nickel cobalt aluminum oxide, lithium iron phosphate oxide, or a combination thereof may be used.
[0042] The binder not only plays a role of well-attaching positive electrode active material particles with each other,
but also plays a role of well-attaching the positive electrode active material to the positive current collector. Examples
of the binder may include polyvinyl alcohol, carboxymethyl cellulose, hydroxypropylcellulose, diacetylcellulose, polyvinyl
chloride, carboxylated polyvinyl chloride, polyvinyl fluoride, an ethylene oxide-containing polymer, polyvinylpyrrolidone,
polyurethane, polytetrafluoroethylene, polyvinylidene fluoride, polyethylene, polypropylene, styrene-butadiene rubber,
acrylated styrene-butadiene rubber, epoxy resin, nylon, etc., but the binder is not limited thereto. These may be used
alone or in combination of two or more.
[0043] A conductive material confers conductivity to electrodes, and examples of the conductive material may include
natural graphite, artificial graphite, carbon black, carbon fiber, metal powder, metal fiber, etc., but the conductive material
is not limited thereto. These may be used alone or in combination of two or more. For the metal powder and the metal
fiber, metals such as copper, nickel, aluminum, silver, etc. may be used.
[0044] The negative electrode 120 may include a negative current collector and a negative electrode active material
layer formed on the negative current collector.
[0045] As the negative current collector, copper (Cu), aluminum (Al), gold (Au), nickel (Ni), a copper alloy, etc. may
be used, but the negative current collector is not limited thereto.
[0046] The negative electrode active material may include a negative electrode active material, a binder, and optionally
a conductive material.
[0047] As the negative electrode active material, a material capable of reversible intercalation and deintercalation of
lithium ions, a material capable of doping and dedoping a lithium metal, an alloy of lithium metals, and lithium, a transition
metal oxide, or a combination thereof may be used.
[0048] Examples of the material capable of reversible intercalation and deintercalation of lithium ions may include a
carbon-based material, such as crystalline carbon, noncrystalline carbon, a combination thereof, etc. Examples of the
crystalline carbon may include amorphous, planar, flake, spherical, or fibrous natural graphite or artificial graphite.
Examples of the noncrystalline carbon may include soft carbon, hard carbon, mesophase pitch carbide, calcined coke,
etc. Examples of the alloy of lithium metals may include alloys between lithium and a metal selected from the group
consisting of Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Si, Sb, Pb, In, Zn, Ba, Ra, Ge, Al, and Sn. Examples of the material
capable of reversible intercalation and deintercalation of lithium ions may include Si, SiOx (0<x<2), a Si-C complex, a
Si-Y alloy, Sn, SnO2, a Sn-C complex, Sn-Y, etc., or additionally, or may be used by combining at least one of these.
The atom Y may be selected from the group consisting of Mg, Ca, Sr, Ba, Ra, Sc, Y, Ti, Zr, Hf, Rf, V, Nb, Ta, Db, Cr,
Mo, W, Sg, Tc, Re, Bh, Fe, Pb, Ru, Os, Hs, Rh, Ir, Pd, Pt, Cu, Ag, Au, Zn, Cd, B, Al, Ga, Sn, In, TI, Ge, P, As, Sb, Bi,
S, Se, Te, Po, and a combination thereof
[0049] As the transition metal oxide, a vanadium oxide, lithium vanadium oxide, etc. may be used.
[0050] The kinds of the binder and conductive material used in the negative electrode 120 may be the same as the
binder and the conductive material used in the positive electrode 110.
[0051] The positive electrode 110 and the negative electrode 120 may be produced by preparing each active compo-
sition by mixing each active material and a binder and optionally a conductive material in a solvent followed by applying
each composition on each current collector. In particular, as the solvent, N-methylpyrrolidone, etc. may be used, but the
solvent is not limited thereto. Since these preparation methods are widely known in the art, the detailed description
thereof will be omitted in the present specification.
[0052] The separator membrane 130 separates the negative electrode 120 and the positive electrode 110 and provides
a pathway for the transport of lithium ions, and any separator that is conventionally used in lithium batteries may be
used. That is, separators which have an excellent electrolyte solution-containing ability while having low resistance to
the transport of electrolytic ions may be used. For example, those selected from glass fiber, polyester, polyethylene,
polypropylene, polytetrafluoroethylene (PTFE), and a combination thereof and in the form of a woven or non-woven
fabric may also be used. For example, polyolefin-based polymer separators such as polyethylene and polypropylene
are mainly used for lithium ion batteries, and coated separators containing ceramic or a polymer material may be used
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to ensure heat resistance or mechanical strength, and optionally, those that are single or multi-layered may be used.
[0053] FIG. 1B is a drawing for explaining the charge and discharge control device of a battery according to a first
exemplary embodiment.
[0054] Referring to FIG. 1B, a charge and discharge control device 80 is electrically interposed between the battery
10 and a device 90.
[0055] The device 90 may be a charger or a power-consuming device. For example, when the device 90 is a charger,
the charge and discharge control device 80 may be able to control the charge current (Ic), which flows from the charger
to the positive terminal 111 of the battery 10. Further, when the device 90 is a power-consuming device such as a motor,
etc., the charge and discharge control device 80 may be able to control the discharge current (Id) which flows from the
battery 10 to the power-consuming device.
[0056] The charge and discharge control device 80 according to an exemplary embodiment may include a voltage
sensor 810 and a control unit 820.
[0057] The voltage sensor 810 may be configured in such a manner that one end thereof is electrically connected to
the positive terminal 111 of the battery 10 while the other end thereof is electrically connected to the negative terminal
121 of the battery 10. The voltage sensor 810 can measure the voltage of a battery using a difference in voltage between
the positive electrode potential and the negative electrode potential of the battery, and transfer the measured battery
voltage value to the control unit 820.
[0058] The control unit 820 can charge the battery 10 with a constant current in a constant current mode, and can be
converted to a constant voltage mode when the voltage of the battery 10 measured through the voltage sensor 810
corresponds to an end-of-charge voltage, thereby charging the battery with a constant voltage.
[0059] Further, during the discharge period of the battery 10, the control unit 820 can stop the discharge of the battery
10 when the voltage of the battery 10 corresponds to the end-of-discharge voltage.
[0060] In the present exemplary embodiment, the control unit 820 can variably set the end-of-charge voltage and the
end-of-discharge voltage, thereby preventing the phenomenon of increasing the thickness and extending the life-cycle
of the battery 10.
[0061] The method for controlling the charge and discharge by the control unit 820 will be explained in more detail
with reference to FIGS. 2 to 6B below.
[0062] FIG. 2 is a drawing for explaining how to charge a battery according to an exemplary embodiment.
[0063] Referring to FIG. 2, graph 20 has a voltage axis and a current axis in the vertical axis and has a time axis in
the horizontal axis. A variation in charge current 210 and battery voltage 220 with respect to time will be described below.
The charge current 210 refers to a size of the current that flows from the charger of the battery 10 toward the positive
terminal 111, and the battery voltage 220 refers to the difference between the potential of the positive electrode 110 and
the potential of the negative electrode 120. The battery voltage 220 can be measured through the voltage sensor 810
described above.
[0064] The method for charging of the present exemplary embodiment may include a pre-charge mode, a constant
current mode, and a constant voltage mode.
[0065] First, at the time point of t20, the battery 10 can be slowly charged by receiving an input of a charge current
210 having a low current level in the pre-charge mode. When the battery voltage 220 is very low because the battery
10 has not been used for a long time, the pre-charge mode may be used.
[0066] At the time point of t21 when the battery voltage 220 has reached a certain level or higher, the constant current
mode may begin. The battery 10 is charged by receiving an input of the charge current 210, which is a constant current
having a constant size, in the constant current mode. Accordingly, the battery voltage 220 gradually increases, and the
constant current mode terminates at the time point of t22 when the battery voltage 220 corresponds to the end-of-charge
voltage.
[0067] In FIG. 2, the end-of-charge voltage is expressed as a first end-of-charge voltage. The end-of-charge voltage
of the battery 10 may be preset. The first end-of-charge voltage of the present exemplary embodiment is a voltage minus
a negative electrode threshold potential from the full-charge voltage of the battery 10. The full-charge voltage of the
battery 10 refers to a voltage difference between a positive electrode potential and a negative electrode potential when
the state of charge (SOC) of the battery 10 reached the acceptable maximum capacity of the battery, that is, when the
charge state of charge is 100 %. The full-charge voltage of the battery 10 may be determined based on the full-charge
voltage of the battery 10 at the initial stage. For example, when the full-charge voltage is 4.35 V and the negative electrode
threshold potential is 0.05 V, the first end-of-charge voltage may be set to approximately 4.3 V.
[0068] The negative electrode threshold potential may be a potential value where a negative electrode active material
contained in the battery 10 causes a phase change. The phase change of the negative electrode active material occurs
when the negative electrode potential becomes lower than the negative electrode threshold potential during the charge
process, so the structure where the lithium ions attach to the constituent elements of the negative electrode active
material vary thereby causing the expansion (swelling) of the negative electrode 120. That is, when the structure between
the constituent elements of a negative electrode active material and lithium ions when the negative electrode potential
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becomes higher than the negative electrode threshold potential is assigned as the first structure, and when the structure
between the constituent elements of a negative electrode active material and lithium ions when the negative electrode
potential becomes lower than the negative electrode threshold potential is assigned as the second structure, the expan-
sion of the negative electrode 120 may occur in the second structure. Accordingly, it is desirable to maintain the negative
electrode potential above the negative electrode threshold potential so as to maintain the first structure. The negative
electrode threshold potential may vary depending on the specification of a battery, but may be in a range from approx-
imately 0.05 V to 0.08 V.
[0069] As the battery 10 is charged, the positive electrode potential increases and the negative electrode potential
decreases, thereby increasing the battery voltage 220 which is the difference of a voltage between the positive electrode
potential and the negative electrode potential. According to the present exemplary embodiment, the battery voltage 220
increases up to the first end-of-charge voltage, and thus the final negative electrode potential can be maintained at a
level of the negative electrode threshold potential or higher thereby being capable of preventing the expansion of the
negative electrode 120. Since the expansion of the negative electrode 120 can be prevented, the phenomenon of
increasing the total thickness of the battery 10 can be prevented.
[0070] At the time point of t22 when the battery voltage 220 reaches the first end-of-charge voltage, a constant voltage
mode where the positive terminal and the negative terminal 121 of a battery are applied with a constant voltage starts.
The constant voltage may be substantially the same as the end-of-charge voltage.
[0071] As the battery voltage 220 is maintained as a constant voltage, the charge current 210 continuously decreases,
and at the time point of t23 when the reduced charge current 210 reaches the cut-off current, the charge of the battery
10 is considered to be completed such that the supply of the charge current 210 is stopped.
[0072] In another exemplary embodiment, the end-of-charge voltage may be reset to a second end-of-charge voltage.
First, with regard to the fully-charged battery 10, the state of charge (SOC) of the battery 10 can be determined by
measurement or calculation. In the calculation of the state of charge (SOC) of the battery 10, conventional methods for
determining state of charge (SOC), such as voltage measurement, current measurement, internal resistance calculation,
temperature measurement, etc. may be used. When the measured state of charge (SOC) of the battery 10 exceeds the
reference state of charge (SOC) (e.g., 90 %), the end-of-charge voltage may be reset as a second end-of-charge voltage.
In particular, the second end-of-charge voltage may be lower than the first end-of-charge voltage. The second end-of-
charge voltage may be set so that the state of charge (SOC) becomes approximately 85 % when the battery 10 is fully
charged. For example, when the first end-of-charge voltage is 4.3 V, the second end-of-charge voltage may be set to
4.25 V.
[0073] In another exemplary embodiment, the cut-off current may be set to be higher than the default value. For
example, since the battery voltage 220 rapidly increases when the constant current in the constant current mode exceeds
the size of the reference current, the end-of-charge voltage is set as the first end-of-charge voltage but the cut-off current
is set to be higher than the default value so that the supply of the charge current 210 can be terminated earlier. For
example, when the constant current exceeds 0.5 C, which is the reference current, and the default value of the cut-off
current is 0.02 C, the cut-off current may be reset to approximately 0.3 C. The unit C refers to C-rate.
[0074] In exemplary embodiments described above, commonly, the state of charge (SOC) of the fully-charged battery
10 may be set to be maintained at approximately an 85 % level. Accordingly, the negative electrode potential of the
battery 10 can be maintained to be the same as or higher than the negative electrode threshold potential. Further, the
side reaction with an electrolyte solution can be minimized by reducing the occurrence of Li plating and reducing the
generation of cracks and pores by preventing the destruction of the structure of the positive electrode active material.
[0075] FIG. 3 is a drawing for explaining how to discharge a battery according to an exemplary embodiment.
[0076] Referring to FIG. 3, a graph 30 has a voltage axis in the vertical axis and has a time axis in the horizontal axis.
In the graph 30, a change of battery voltage 320 over time is illustrated.
[0077] First, the battery voltage 320 is measured during a discharge period. The measurement of the voltage of the
battery 10 can easily be performed through the voltage sensor 810 described above. At the time point of t31 when the
measured battery voltage 320 corresponds to the end-of-discharge voltage, the discharge of the battery may be stopped.
[0078] In the present exemplary embodiment, the end-of-discharge voltage may be set as the voltage at the time point
when the slope of the measured battery voltage 320 relative to time exceeds a threshold slope. It can be confirmed that
the internal resistance rapidly increases and the battery voltage 320 rapidly decreases at the time point of t31. In order
to suppress such an increase of internal resistance and the change in the structure of the negative electrode active
material, the battery 10 may be controlled to be discharged within a range in which the slope of the battery voltage 320
relative to time does not exceed the threshold slope. In particular, the slope value refers to the absolute value of the slope.
[0079] FIG. 4 is a drawing illustrating the voltage range of a battery according to the use period according to an
exemplary embodiment.
[0080] Referring to FIG. 4, a graph 40 has a voltage axis in the vertical axis and has a time axis in the horizontal axis.
An end-of-charge voltage 421 and an end-of-discharge voltage 422 may be set differently according to the initial-use
period, intermediate-use period, and late-use period.
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[0081] The initial-use period of the battery 10 may be a period between the time point of t40 and the time point of t41,
the intermediate-use period may be a period between the time point of t41 and the time point of t42, and the late-use
period may be a period after the time point of t42.
[0082] During the initial-use period of the battery 10, the battery may be charged and discharged by setting the use
range of the voltage of the battery 10 to VR41, which is the use range of the first voltage. During the intermediate-use
period of the battery 10, the battery may be charged and discharged by setting the use range of the voltage of the battery
10 to VR42, which is the use range of the second voltage. During the late-use period of the battery 10, the battery may
be charged and discharged by setting the use range of the voltage of the battery 10 to VR43, which is the use range of
the third voltage. In the present exemplary embodiment, the use range of the voltage corresponds to a difference in
voltage between the end-of-charge voltage 421 and the end-of-discharge voltage 422.
[0083] For example, during the initial-use period, the end-of-charge voltage 421 of the battery 10 may be set as the
first end-of-charge voltage or the second end-of-charge voltage according to the exemplary embodiment of FIG. 2, and
the end-of-discharge voltage 422 may be set as the end-of-discharge voltage according to the exemplary embodiment
of FIG. 3. As such, during the predetermined initial-use period, the end-of-charge voltage 421 can have a voltage level
of EOC41 and the end-of-discharge voltage 422 may have a voltage level of EOD41. The use range of the first voltage,
VR41, becomes the difference between the voltage level EOC41 and the voltage level EOD41. As described above,
when the battery 10 is charged and discharged in the use range of the first voltage, VR41, the expansion of the negative
electrode 120 can be prevented, thereby being capable of preventing the phenomenon of the initial increase of the
thickness of the battery 10.
[0084] In the present exemplary embodiment, the use range of the second voltage, VR42, may be larger than the use
range of the first voltage, VR41. According to the experimental results shown below, the phenomenon of the initial
increase of the thickness of the battery 10 decreases during the intermediate-use period after the time point of t41, and
thus, even if the use range of the second voltage, VR42, is increased to be larger than the use range of the first voltage,
VR41, it would not be a big problem with regard to the battery thickness.
[0085] According to the experimental results, in the battery 10 where the end-of-charge voltage was set to 4.35 V and
the end-of-discharge voltage was set to 3.0 V, the increase of thickness was 0 % when the number of charge and
discharge cycles was 0; the increase of thickness was 1.12 % when the number of charge and discharge cycles was 1;
the increase of thickness was 5.99 % when the number of charge and discharge cycles was 50; the increase of thickness
was 5.99 % when the number of charge and discharge cycles was 150; the increase of thickness was 5.99 % when the
number of charge and discharge cycles was 200; the increase of thickness was 7.12 % when the number of charge and
discharge cycles was 250; and the increase of thickness was 8.61 % when the number of charge and discharge cycles
was 300.
[0086] Further, in a battery with the same standard where the end-of-charge voltage was set to 4.2 V and the end-of-
discharge voltage was set to 3.4 V, the increase of thickness was 0 % when the number of charge and discharge cycles
was 0; the increase of thickness was 1.50 % when the number of charge and discharge cycles was 1; the increase of
thickness was 3.76 % when the number of charge and discharge cycles was 50; the increase of thickness was 3.38 %
when the number of charge and discharge cycles was 150; the increase of thickness was 4.14 % when the number of
charge and discharge cycles was 200; the increase of thickness was 4.14 % when the number of charge and discharge
cycles was 250; and the increase of thickness was 4.14 % when the number of charge and discharge cycles was 300.
[0087] According to the experimental results described above, the thickness increasing phenomenon of the battery
10 was significantly reduced when the number of charge and discharge cycles was approximately 50, and thus, the time
point of t41 may be set to be approximately when the number of charge and discharge cycles was approximately 50.
The number of charge and discharge cycles that determines the time point of t41 may vary depending on the standard
and use environments of the battery 10 and it may be in the range of approximately 15 to 50.
[0088] Accordingly, the user may use the battery 10 within the use range VR42 between the voltage level EOC42 and
the voltage level EOD42, and may experience improved performance while the thickness is maintained.
[0089] Additionally, according to the experimental results described above, it can be confirmed that the initial thickness
increasing phenomenon and the final thickness increase of the battery 10 can be prevented by reducing the use range
of the first voltage, VR41.
[0090] The late-use period of the battery 10 may start from the time point of t42. The use range of the third voltage,
VR43, during the late-use period is the difference between the voltage level of EOC43 and the voltage level of EOD43.
[0091] The use range of the third voltage, VR43, may be smaller than the use range of the second voltage, VR42. As
such, the phenomenon of increasing thickness during the late period of the cycle-life of the battery 10 can be prevented.
In particular, the use range of the third voltage, VR4, may be the same as the use range of the first voltage, VR41.
Further, in still another exemplary embodiment, the use range of the third voltage, VR43, may be larger than the use
range of the first voltage, VR41.
[0092] In an exemplary embodiment, the time point t42 may be determined as the time when the measured maximum
capacity of the battery 10 becomes a certain ratio of the first maximum capacity of the battery 10. For example, when
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the measured maximum capacity of the battery 10 at a certain time point is 90 % of the first maximum capacity of the
battery 10, the certain time point may be determined as the time point t42.
[0093] FIG. 5 is a drawing illustrating the voltage range of a battery according to the intermediate-use period according
to an exemplary embodiment.
[0094] Referring to FIG. 5, a graph 50 has a voltage axis in the vertical axis and has a time axis in the horizontal axis.
The period from the time point t50 to the time point t51 is the initial-use period of the battery 10, and the period after the
time point t51 is the intermediate-use period of the battery 10. The definitions of the initial-use period and the intermediate-
use period and the distinction between the two periods are the same as described in the exemplary embodiment of FIG. 4.
[0095] The difference between the exemplary embodiment of FIG. 5 and the exemplary embodiment of FIG. 4 lies in
the intermediate-use period. In charging and discharging the battery 10 during the intermediate-use period in the exem-
plary embodiment of FIG. 5, an end-of-charge voltage 521 is sequentially increased and an end-of-discharge voltage
522 is sequentially decreased according to time.
[0096] For example, when the end-of-charge voltage 521 has the voltage level EOC51 and the end-of-discharge
voltage 522 has the voltage level EOD51 during the initial-use period, the end-of-charge voltage 521 may have the
voltage level EOC52 and the end-of-discharge voltage 522 may have the voltage level EOD52 during the intermediate-
use period of the time point t51 to the time point t52; the end-of-charge voltage 521 may have the voltage level EOC53
and the end-of-discharge voltage 522 may have the voltage level EOD53 during the intermediate-use period of the time
point t52 to the time point t53; and the end-of-charge voltage 521 may have the voltage level EOC54 and the end-of-
discharge voltage 522 may have the voltage level EOD54 during the intermediate-use period after the time point t53.
The voltage level of the end-of-charge voltage 521 may increase in the order of the voltage level EOC51, the voltage
level EOC52, the voltage level EOC53, and the voltage level EOC54. The voltage level of the end-of-discharge voltage
522 may decrease in the order of the voltage level EOD51, the voltage level EOD52, the voltage level EOD53, and the
voltage level EOC54.
[0097] According to an exemplary embodiment, when the first full-charge voltage of the battery 10 is FCV, the negative
electrode threshold potential is NECV, the deterioration condition is AC, the capacity reduction rate is CRR, the reference
end-of-charge voltage is REOC, the first reference end-of-discharge voltage is REOD1, and the second end-of-discharge
voltage is REOD2, the end-of-charge voltage (EOC) 521 may be determined according to the following Equation 1. 

[0098] Further, the end-of-discharge voltage (EOD) 522 may be determined according to the following Equation 2. 

[0099] In particular, the negative electrode threshold potential may be a potential value of the negative electrode 120
where a negative electrode active material contained in the battery 10 causes a phase change. The deterioration condition
may be a percentage value corresponding to the certain discharge capacity that is reduced relative to the initial discharge
capacity of the battery 10. The capacity reduction rate may be a percentage value corresponding to the difference
between the initial discharge capacity and the present discharge capacity of the battery 10. The reference end-of-charge
voltage and the first reference end-of-discharge voltage may correspond to the use range of the first voltage. The second
reference end-of-discharge voltage may be lower than the first end-of-discharge voltage.
[0100] Equations 1 and 2 described above will be explained using specific examples below.
[0101] The use range of the first voltage refers to the use range of the voltage during the initial-use period, and thus,
the voltage level of the reference end-of-charge voltage in the present exemplary embodiment corresponds to the voltage
level EOC51. Further, the first reference end-of-discharge voltage corresponds to the voltage level EOD51. For example,
the reference end-of-charge voltage may be 4.2 V and the first reference end-of-discharge voltage may be 3.4 V. The
second reference end-of-discharge voltage may be 3.0 V. The second reference end-of-discharge voltage may be
determined with the end-of-discharge voltage based on a battery pack.
[0102] Referring to the exemplary embodiment of FIG. 2, the negative electrode threshold potential may be approxi-
mately 0.05 V. The first full-charge voltage of the battery 10 may be 4.35 V. The deterioration condition may be 80 %.
The capacity reduction rate may be measured based on a 5 % capacity reduction, for example, 5 %, 10 %, and 15 %.
[0103] When the 5 % capacity reduction occurs at the time point of t51, according to Equations 1 and 2, the voltage
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level EOC52 of the increased end-of-charge voltage 521 is 4.225 V and the voltage level EOD52 of the reduced end-
of-discharge voltage 522 is 3.3 V.
[0104] When the 10 % capacity reduction occurs at the time point of t52, according to Equations 1 and 2, the voltage
level EOC53 of the increased end-of-charge voltage 521 is 4.25 V and the voltage level EOD53 of the reduced end-of-
discharge voltage 522 is 3.2 V.
[0105] When the 15 % capacity reduction occurs at the time point of t53, according to Equations 1 and 2, the voltage
level EOC54 of the increased end-of-charge voltage 521 is 4.275 V and the voltage level EOD54 of the reduced end-
of-discharge voltage 522 is 3.1 V.
[0106] According to the methods for controlling charging and discharging described above, the user may experience
that the capacity of the battery 10 is consistent even if a substantial reduction in the capacity of the battery 10 occurs.
[0107] According to an exemplary embodiment, to prevent a rapid decrease of the discharge capacity with regard to
the period after the time point of t53, the deterioration may be controlled to be suppressed by fixing the end-of-charge
voltage 521 and the end-of-discharge voltage 522.
[0108] Equations 1 and 2 described above are simply an embodiment for implementing the exemplary embodiment
of FIG. 5, and the present exemplary embodiment is not limited by these equations.
[0109] FIG. 6A is a drawing illustrating the voltage range of a battery according to the temperature increase according
to an exemplary embodiment.
[0110] Referring to FIG. 6A, a graph 60 has a voltage axis and a temperature axis in the vertical axis and has a time
axis in the horizontal axis. The period from the time point of t60 to the time point t61 is the initial-use period, and the
period after the time point t61 is the intermediate-use period. The definitions of the initial-use period and the intermediate-
use period and the distinction between the two periods are the same as described in the exemplary embodiment of FIG. 4.
[0111] *In the exemplary embodiment of FIG. 6A, during the initial-use period the battery 10 is charged and discharged
in the use range of the first voltage, VR61, whereas during the intermediate-use period the battery 10 is charged and
discharged in the use range of the second voltage, VR62a and VR62b. The use range of the first voltage, VR61, is
determined according to the voltage level EOC61 and the voltage level EOD61; the use range of the second voltage,
VR62a, is determined according to the voltage level EOC62 and the voltage level EOD62; and the use range of the
second voltage, VR62b, is determined according to the voltage level EOC63 and the voltage level EOD63.
[0112] The use range of the first voltage, VR61, and the use range of the second voltage, VR62a, are the use ranges
of the battery 10 when a temperature 630 corresponds to the reference temperature range (RT), whereas the use range
of the second voltage, VR62b, is the use range of the battery 10 when the temperature 630 is higher than the reference
temperature range (RT). The reference temperature range (RT) may be a range of room temperature (ordinary temper-
ature), and the range of room temperature may be determined to be in the range of approximately 15 degrees to 35
degrees Celsius.
[0113] At the time point of t62 when the temperature 630 becomes higher than the reference temperature range (RT),
the discharge capacity of the battery 10 increases relative to that at room temperature. Therefore, an end-of-charge
voltage 621 may be lowered from the voltage level EOC62 to the voltage level EOC63 and an end-of-discharge voltage
622 may be increased from the voltage level EOD62 to the voltage level EOD63. Accordingly, the battery 10 is charged
and discharged in the use range of the second voltage, VR62b, where the voltage is reduced compared to the use range
of the second voltage, VR62a. Accordingly, the side reaction rate of the internal active material can be reduced thereby
being able to obtain an effect of increasing the cycle-life of the battery.
[0114] Although not shown, the same principle may apply even when the temperature 630 becomes higher than the
reference temperature range (RT) during the initial-use period. That is, the use range of the first voltage, VR61, may be
reduced compared to that of room temperature.
[0115] According to an exemplary embodiment, when the temperature 630 becomes higher than the reference tem-
perature range (RT), the altered voltage level EOD63 of the end-of-discharge voltage 622 during the intermediate-use
period may be lower than the voltage level EOD61 of the end-of-discharge voltage 622 during the initial-use period.
Additionally, when the temperature 630 becomes higher than the reference temperature range (RT), the altered voltage
level EOD63 of the end-of-charge voltage 621 during the intermediate-use period may be higher than the end-of-charge
voltage 621 during the initial-use period. That is, the use ranges of the second voltage, VR62a and VR62b, during the
intermediate-use period may be controlled to always be larger than the use range of the first voltage, VR61, during the
initial-use period, regardless of the change in temperature. By doing so, the effect of the exemplary embodiment according
to FIG. 4 can be obtained while being capable of controlling the use range of the second voltage in response to the
change in temperature according to the exemplary embodiment of FIG. 6A.
[0116] FIG. 6B is a drawing illustrating the voltage range of a battery according to the temperature decrease according
to an exemplary embodiment.
[0117] Comparing FIG. 6B with FIG. 6A, the temperature 630 is lower than the reference temperature range (RT) at
the time point of t62. When the temperature 630 is lower than the reference temperature range (RT), the discharge
capacity of the battery 10 is reduced compared to that of room temperature, and to compensate the reduction, the use
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range of the voltage may be increased.
[0118] Accordingly, the end-of-charge voltage 621 may be increased from the voltage level EOC62 to the voltage level
EOC64 and the end-of-discharge voltage 622 may be decreased from the voltage level EOD62 to the voltage level
EOD64. Accordingly, the battery 10 is charged and discharged in the use range of the second voltage, VR62c, where
the voltage is increased compared to the use range of the second voltage, VR62a.
[0119] Although not shown, the same principle may apply even when the temperature 630 becomes lower than the
reference temperature range (RT) during the initial-use period. That is, the use range of the first voltage, VR61, may be
increased compared to that of room temperature.
[0120] The detailed description of the invention described in the drawings and described above is merely illustrative
of the present invention, and it is used only for the purpose of describing the present invention and not for restricting the
meanings or limiting the scope of the present invention described in the claims. It will therefore be apparent to those
skilled in the art that numerous variations and equivalents of other embodiments are possible. Therefore, the true technical
protection scope of the present invention should be determined by the technical concepts of the accompanying claims.

Claims

1. A battery charge and discharge control device, comprising:

a voltage sensor for measuring the voltage of a battery; and
a controller, which charges the battery with a constant current in a constant current mode, and is converted to
a constant voltage mode when the voltage of the battery measured through the voltage sensor corresponds to
an end-of-charge voltage, thereby charging the battery with a constant voltage,
wherein the end-of-charge voltage is set as a first end-of-charge voltage minus a negative electrode threshold
potential from the full-charge voltage of the battery, and
the negative electrode threshold potential is a potential value of the negative electrode where a negative electrode
active material contained in the battery causes a phase change.

2. The battery charge and discharge control device of claim 1, wherein:

the control unit measures or calculates a state of charge of the battery, and resets the end-of-charge voltage
to the end-of-charge voltage of a second charge when the state of charge is greater than a reference state of
charge; and
the end-of-charge voltage of the second charge is lower than the end-of-charge voltage of the first charge.

3. The battery charge and discharge control device of claim 1, wherein the control unit sets a cut-off current in the
constant voltage mode to be higher than a default value when the size of the constant current in the constant current
mode exceeds the size of a reference current.

4. The battery charge and discharge control device of claim 2, wherein:

the control unit, during the discharge period of the battery, stops discharge of the battery when the measured
voltage of the battery corresponds to a discharge end voltage; and
the end-of-discharge voltage is a voltage at a time when the slope of the measured voltage exceeds a threshold
slope.

5. A battery charge and discharge control device, comprising:

a voltage sensor for measuring the voltage of a battery; and
a control unit, which controls charge and discharge of the battery to ensure that the measured voltage of the
battery is within a use range of the voltage corresponding to the use period of the battery,
wherein the control unit controls the charge and discharge of the battery by setting the use range of the voltage
to be within the use range of a first voltage during the initial-use period, and setting the use range of the voltage
to be within the use range of a second voltage during an intermediate-use period;
the use range of the voltage corresponds to a voltage difference between an end-of-charge voltage and an end-
of-discharge voltage; and
the use range of the second voltage is greater than the use range of the first voltage.
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6. The battery charge and discharge control device of claim 5, wherein:

the control unit charges and discharges the battery by setting the use range of the voltage to be within a use
range of a third voltage during a late-use period; and
the use range of the third voltage is greater than the use range of the second voltage.

7. The battery charge and discharge control device of claim 6, wherein the use range of the third voltage is greater
than the use range of the first voltage.

8. The battery charge and discharge control device of claim 6, wherein the intermediate-use period starts when the
number of charge and discharge cycles of the battery exceeds a certain number of charge and discharge cycles.

9.  The battery charge and discharge control device of claim 8, wherein the late-use period starts when a measured
maximum capacity of the battery becomes a certain ratio of a first maximum capacity of the battery.

10. The battery charge and discharge control device of claim 5, wherein the control unit sequentially increases the end-
of-charge voltage and sequentially reduces the end-of-discharge voltage during the intermediate-use period.

11. The battery charge and discharge control device of claim 10, wherein:

when a first full-charge voltage of the battery is FCV, a negative electrode threshold potential is NECV, a
deterioration condition is AC, a capacity reduction rate is CRR, a reference end-of-charge voltage is REOC, a
first reference end-of-discharge voltage is REOD1, and a second end-of-discharge voltage is REOD2,
the end-of-charge voltage (EOC) is determined according to the equation 

the end-of-discharge voltage (EOD) is determined according to the equation 

the negative electrode threshold potential is a potential value of a negative electrode where a negative electrode
active material contained in the battery causes a phase change;
the deterioration condition is a percentage value corresponding to a certain discharge capacity that is reduced
relative to an initial discharge capacity of the battery;
the capacity reduction rate is a percentage value corresponding to a difference between the initial discharge
capacity and a present discharge capacity of the battery;
the reference end-of-charge voltage and the first reference end-of-discharge voltage correspond to the use
range of the first voltage; and
the second reference end-of-discharge voltage is lower than the first end-of-discharge voltage.

12. The battery charge and discharge control device of claim 5, wherein:

the use range of the first voltage and the use range of the second voltage are use ranges of the battery voltage
when the temperature corresponds to a reference temperature range; and
the control unit increases at least one of the ranges of the first and second voltages used when the temperature
is lower than the reference temperature range, and reduces at least one of the ranges of the first and second
voltages used when the temperature is higher than the reference temperature range.

13. A method for controlling charge and discharge of a battery, comprising:

setting an end-of-charge voltage of a battery;
measuring a voltage of the battery during a constant current mode where the battery is charged with a constant
current; and
converting the battery to a constant voltage mode where the battery is charged with a constant voltage when
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the measured voltage of the battery corresponds to the end-of-charge voltage, and
in setting the end-of-charge voltage, the end-of-charge voltage is set as a first end-of-charge voltage minus a
negative electrode threshold potential from the full-charge voltage of the battery, and
the negative electrode threshold potential is a potential value of the negative electrode where a negative electrode
active material contained in the battery causes a phase change.

14. The method for controlling charge and discharge of a battery of claim 13, further comprising:

measuring or calculating a state of charge of the battery; and
resetting the end-of-charge voltage to the end-of-charge voltage of a second charge when the state of charge
is greater than a reference state of charge,
wherein the end-of-charge voltage of the second charge is lower than the end-of-charge voltage of the first
charge.

15. The method for controlling charge and discharge of a battery of claim 13, further comprising: resetting a cut-off
current in the constant voltage mode to be higher than a default value when a size of the constant current in the
constant current mode exceeds a size of the reference current.

16. The method for controlling charge and discharge of a battery of claim 14, further comprising:

measuring the voltage of the battery during a discharge period of the battery; and
stopping the discharge of the battery when the voltage of the battery corresponds to an end-of-discharge voltage,
wherein the end-of-discharge voltage is a voltage at a time point when a slope of the measured voltage relative
to time exceeds a threshold slope.

17. A method for controlling charge and discharge of a battery, comprising:

charging and discharging a battery by having a voltage range of the battery used as a use range of a first voltage,
during an initial-use period; and
charging and discharging the battery by having the voltage range of the battery used as a use range of a second
voltage, during an intermediate-use period,
wherein the voltage range used corresponds to a voltage difference between an end-of-charge voltage and an
end-of-discharge voltage, and
the use range of the second voltage is greater than the use range of the first voltage.

18.  The method for controlling charge and discharge of a battery of claim 17, further comprising
charging and discharging the battery by having the voltage range of the battery used as a use range of a third voltage,
wherein the use range of the third voltage is greater than the use range of the second voltage.

19. The method for controlling charge and discharge of a battery of claim 18, wherein the use range of the third voltage
is greater than the use range of the first voltage.

20. The method for controlling charge and discharge of a battery of claim 18, wherein the intermediate-use period starts
when the number of charge and discharge cycles of the battery exceeds a certain number of charge and discharge
cycles.

21. The method for controlling charge and discharge of a battery of claim 20, wherein the late-use period starts when
a measured maximum capacity of the battery becomes a certain ratio of the first maximum capacity of the battery.

22. The method for controlling charge and discharge of a battery of claim 17, wherein the charging and discharging a
battery during the initial-use period comprises:

sequentially increasing the end-of-charge voltage and sequentially reduces the end-of-discharge voltage; and
sequentially reducing the end-of-discharge voltage.

23. The method for controlling charge and discharge of a battery of claim 22, wherein, when a first full-charge voltage
of the battery is FCV, a negative electrode threshold potential is NECV, a deterioration condition is AC, a capacity
reduction rate is CRR, a reference end-of-charge voltage is REOC, a first reference end-of-discharge voltage is



EP 3 444 917 A1

14

5

10

15

20

25

30

35

40

45

50

55

REOD1, and a second end-of-discharge voltage is REOD2,
the end-of-charge voltage (EOC) is determined according to the equation 

the end-of-discharge voltage (EOD) is determined according to the equation 

the negative electrode threshold potential is a potential value of the negative electrode where a negative electrode
active material contained in the battery causes a phase change;
the deterioration condition is a percentage value corresponding to the certain discharge capacity that is reduced
relative to the initial discharge capacity of the battery;
the capacity reduction rate is a percentage value corresponding to the difference between the initial discharge
capacity and the present discharge capacity of the battery;
the reference end-of-charge voltage and the first reference end-of-discharge voltage correspond to the use range
of the first voltage; and
the second reference end-of-discharge voltage is lower than the first end-of-discharge voltage.

24. The method for controlling charge and discharge of a battery of claim 17, wherein the use range of the first voltage
and the use range of the second voltage are use ranges of the battery voltage when the temperature corresponds
to a reference temperature range, and the method further comprises:

increasing at least one of the ranges of the first and second voltages used when the temperature is lower than
the reference temperature range; and
reducing at least one of the ranges of the first and second voltages used when the temperature is higher than
the reference temperature range.

25. The method for controlling charge and discharge of a battery of claim 24, wherein, when the temperature is higher
than the reference temperature range, the end-of-discharge voltage during the intermediate-use period is lower than
the end-of-discharge voltage during the initial-use period.
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