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1
BATTERY DEVICE

RELATED APPLICATIONS

This application claims priority under 35 U.S.C. § 119 to
Japanese Patent Application No. 2015-093262 filed on Apr.
30, 2015, the entire content of which is hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a battery device including
a charge/discharge control device configured to control the
charging and discharging of a secondary battery.

2. Description of the Related Art

A battery device of the related art is illustrated in a circuit
diagram of FIG. 3.

The battery device of the related art includes a secondary
battery 11, a charge/discharge control device 24, an external
positive terminal 25, and an external negative terminal 26.
The charge/discharge control device 24 includes a charge/
discharge control circuit 14, resistors 12 and 15, a capacitor
13, and an N-channel (Nch) charge/discharge control switch
23. The charge/discharge control circuit 14 includes a posi-
tive power supply terminal 18, a negative power supply
terminal 19, a discharge control signal output terminal 20, a
charge control signal output terminal 21, and an overcurrent
detection terminal 22. The Nch charge/discharge control
switch 23 includes an Nch discharge control field effect
transistor 16, and an Nch charge control field effect transis-
tor 17.

The charge/discharge control circuit 14 is configured to
monitor the voltage of the secondary battery 11 with a
voltage that is applied between the positive power supply
terminal 18 and the negative power supply terminal 19.
When the voltage of the secondary battery 11 exceeds an
overcharge detection voltage, the charge/discharge control
circuit 14 outputs a charge prohibiting signal from the
charge control signal output terminal 21 to turn the Nch
charge control field effect transistor 17 off, to thereby stop
charging. This is called an overcharge detection function.
When the battery voltage of the secondary battery 11 drops
below an overdischarge detection voltage, the charge/dis-
charge control circuit 14 outputs a discharge stopping signal
from the discharge control signal output terminal 20 to turn
the Nch discharge control field effect transistor 16 off, to
thereby stop discharging. This is called an overdischarge
detection function.

The charge/discharge control circuit 14 is also configured
to monitor a current flowing through the battery device with
the voltage of the overcurrent detection terminal 22. When
the voltage of the overcurrent detection terminal 22 exceeds
a discharge overcurrent detection voltage, the charge/dis-
charge control circuit 14 outputs a discharge stopping signal
from the discharge control signal output terminal 20 to turn
the Nch discharge control field effect transistor 16 off, to
thereby stop discharging. This is called a discharge over-
current detection function. When the voltage of the over-
current detection terminal 22 drops below a charge overcur-
rent detection voltage, the charge/discharge control circuit
14 outputs a charge prohibiting signal from the charge
control signal output terminal 21 to turn the Nch charge
control field effect transistor 17 off, to thereby stop charging.
This is called a charge overcurrent detection function.

Currently, battery devices that include two charge/dis-
charge control devices are often used as safer battery
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devices. Providing a battery device with two charge/dis-
charge control devices means that, in the event of a failure
of'a first charge/discharge control device to operate, a second
charge/discharge control device comes into operation, and
hence safety of the battery device can be enhanced.

FIG. 4 is a circuit diagram for illustrating a battery device
with enhanced safety.

The battery device of FIG. 4 includes a secondary battery
11, two charge/discharge control devices 24, an external
positive terminal 25, and an external negative terminal 26.
Providing the battery device with the two charge/discharge
control devices means that, in the event of a failure of the
first charge/discharge control device 24 to operate, the
second charge/discharge control device 26 comes into
operation, and hence safety of the battery device can be
enhanced.

However, when an overcurrent detection function with
good detection accuracy is to be realized in the related art as
illustrated in FIG. 4, the following problem arises.

The charge/discharge control circuit 14 is configured to
monitor a current flowing through the battery device with a
voltage between the negative power supply terminal 19 and
the overcurrent detection terminal 22. The accuracy of the
voltage is determined based on the accuracy of ON resis-
tances of the Nch discharge control field effect transistor 16
and the Nch charge control field effect transistor 17. In
general, manufacturing variation of ON resistances of field
effect transistors is large. Thus, there is a problem in that it
is necessary to make a selection of field effect transistors to
use only four field effect transistors having desired ON
resistances, and the manufacturing cost is increased as a
result.

SUMMARY OF THE INVENTION

In order to solve the problem of the related art, a battery
device according to one embodiment of the present inven-
tion has the following configuration.

A first charge/discharge control device is configured to
monitor a charge/discharge current with a voltage generated
across both ends of a charge/discharge control switch, and a
second charge/discharge control device is configured to
monitor the charge/discharge current with a voltage gener-
ated across both ends of a current sensing resistor. A field
effect transistor forming the charge/discharge control switch
is selected based on a desired ON resistance value. The
charge/discharge control switch of the first charge/discharge
control device includes a field effect transistor having the
desired ON resistance value, and a charge/discharge control
switch of the second charge/discharge control device
includes a field effect transistor having an ON resistance
value other than the desired ON resistance value.

According to the battery device of the present invention,
the battery device is provided, including the first charge/
discharge control device and the second charge/discharge
control device, in which the field effect transistors forming
the charge/discharge control switches are selected based on
the desired ON resistance value, the field effect transistor
having the desired ON resistance value is used for the first
charge/discharge control device, and a highly accurate cur-
rent sensing resistor is used for the second charge/discharge
control device. It is therefore possible to improve the detec-
tion accuracy of a charge/discharge current. Further, the field
effect transistor of the second charge/discharge control
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device has an ON resistance value other than the desired ON
resistance value, and hence an increase in the manufacturing
cost can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a battery device according
to an embodiment of the present invention.

FIG. 2 is a circuit diagram for illustrating another example
of the battery device according to the embodiment.

FIG. 3 is a circuit diagram of a battery device using a
charge/discharge control device.

FIG. 4 is a circuit diagram of a related-art battery device
with enhanced safety.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 is a circuit diagram of a battery device according
to an embodiment of the present invention.

The battery device according to this embodiment includes
a secondary battery 11, a first charge/discharge control
device 24, a second charge/discharge control device 44, an
external positive terminal 25, and an external negative
terminal 26.

The first charge/discharge control device 24 includes a
charge/discharge control circuit 14, a charge/discharge con-
trol switch 23, resistors 12 and 15, and a capacitor 13. The
charge/discharge control switch 23 includes an Nch dis-
charge control field effect transistor 16, and an Nch charge
control field effect transistor 17. The charge/discharge con-
trol circuit 14 includes a positive power supply terminal 18,
a negative power supply terminal 19, a discharge control
signal output terminal 20, a charge control signal output
terminal 21, and an overcurrent detection terminal 22.

The second charge/discharge control device 44 includes a
charge/discharge control circuit 34, a charge/discharge con-
trol switch 43, a current sensing resistor 49, resistors 12 and
15, and a capacitor 13. The charge/discharge control switch
43 includes an Nch discharge control field effect transistor
36, and an Nch charge control field effect transistor 37. The
charge/discharge control circuit 34 includes a positive power
supply terminal 18, a negative power supply terminal 19, a
discharge control signal output terminal 20, a charge control
signal output terminal 21, an overcurrent detection terminal
42, and an external electric potential input terminal 41.

In the battery device of this embodiment, the second
charge/discharge control device 44, the first charge/dis-
charge control device 24, and the secondary battery 11 are
connected in the stated order with respect to the external
positive terminal 25 and the external negative terminal 26.
Specifically, the external positive terminal 25, a positive
electrode of the secondary battery 11, a negative electrode of
the secondary battery 11, the charge/discharge control
switch 23, the current sensing resistor 49, the charge/
discharge control switch 43, and the external negative ter-
minal 26 are connected in the stated order.

Connection in the first charge/discharge control device 24
is made as follows.

The resistor 12 has one terminal connected to the positive
electrode of the secondary battery 11, and the other terminal
connected to one terminal of the capacitor 13 and to the
positive power supply terminal 18 of the charge/discharge
control circuit 14. The capacitor 13 has the other terminal
connected to the negative electrode of the secondary battery
11 and to the negative power supply terminal 19 of the
charge/discharge control circuit 14. The Nch discharge con-
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trol field effect transistor 16 has a source and a back gate
each connected to the negative electrode of the secondary
battery 11, a gate connected to the discharge control signal
output terminal 20 of the charge/discharge control circuit 14,
and a drain connected to a drain of the Nch charge control
field effect transistor 17. The Nch charge control field effect
transistor 17 has a gate connected to the charge control
signal output terminal 21 of the charge/discharge control
circuit 14, and a source and a back gate each connected to
one terminal of the resistor 15. The resistor 15 has the other
terminal connected to the overcurrent detection terminal 22
of the charge/discharge control circuit 14.

Connection in the second charge/discharge control device
44 is made as follows.

The resistor 12 has one terminal connected to the positive
electrode of the secondary battery 11, and the other terminal
connected to one terminal of the capacitor 13 and to the
positive power supply terminal 18 of the charge/discharge
control circuit 34. The capacitor 13 has the other terminal
connected to the one terminal of the resistor 15 of the first
charge/discharge control device 24 and to the negative
power supply terminal 19 of the charge/discharge control
circuit 34. The current sensing resistor 49 has one terminal
connected to the source and the back gate of the Nch charge
control field effect transistor 17 of the first charge/discharge
control device 24, and the other terminal connected to the
overcurrent detection terminal 42. The Nch discharge con-
trol field effect transistor 36 has a source and a back gate
each connected to the other terminal of the current sensing
resistor 49, a gate connected to the discharge control signal
output terminal 20 of the charge/discharge control circuit 34,
and a drain connected to a drain of the Nch charge control
field effect transistor 37. The Nch charge control field effect
transistor 37 has a gate connected to the charge control
signal output terminal 21 of the charge/discharge control
circuit 34, and a source and a back gate each connected to
one terminal of the resistor 15. The resistor 15 has the other
terminal connected to the external electric potential input
terminal 41 of the charge/discharge control circuit 34.

Next, discharge overcurrent detection operation of the
battery device of this embodiment is described.

The Nch discharge control field effect transistors 16 and
36 and the Nch charge control field effect transistors 17 and
37 are controlled so as to turn on when the voltage of the
secondary battery 11 is equal to or less than an overcharge
detection voltage and equal to or more than an overdischarge
detection voltage. A discharge current flows through the
current sensing resistor 49 when a load is connected between
the external positive terminal 25 and the external negative
terminal 26 under this state.

The second charge/discharge control device 44 is config-
ured to monitor a voltage generated across both ends of the
current sensing resistor 49 with the overcurrent detection
terminal 42. When a voltage of the overcurrent detection
terminal 42 exceeds a discharge overcurrent detection volt-
age V,,, the charge/discharge control circuit 34 outputs a
discharge stopping signal from the discharge control signal
output terminal 20 to turn the Nch discharge control field
effect transistor 36 off, to thereby perform discharge over-
current protection. Thus, a discharge overcurrent detection
current value 1,54, of the second charge/discharge control
device 44 is expressed by the following expression where
R, represents a resistance value of the current sensing
resistor 49.

Ipopar=VaxRao
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Further, the discharge current flows through the charge/
discharge control switch 23 of the first charge/discharge
control device 24. The first charge/discharge control device
24 is configured to monitor a voltage generated across both
ends of the charge/discharge control switch 23 with the
overcurrent detection terminal 22. When a voltage of the
overcurrent detection terminal 22 exceeds a discharge over-
current detection voltage V,,, the charge/discharge control
circuit 14 outputs a discharge stopping signal from the
discharge control signal output terminal 20 to turn the Nch
discharge control field effect transistor 16 off, to thereby
perform discharge overcurrent protection. Thus, a discharge
overcurrent detection current value I,,5,, of the first
charge/discharge control device 24 is expressed by the
following expression where R, represents an ON resistance
value of the charge/discharge control switch 23.

Ipopaa=Va2Ros

In this case, the discharge overcurrent detection current
value I, p,, depends on the ON resistance value R,; of the
charge/discharge control switch, and the discharge overcur-
rent detection current value I, ,,,, depends on the resistance
value R, of the current sensing resistor 49. That is, it is
necessary that the ON resistance value of the charge/dis-
charge control switch 23 be accurate to a desired resistance
value, but the ON resistance value of the charge/discharge
control switch 43 may be inaccurate thereto.

In view of this, the field effect transistors are selected
based on the desired resistance value of the ON resistance
value. Then, the field effect transistors are classified into two
groups of field effect transistors A and B, the field effect
transistor A having an ON resistance value close to the
desired resistance value, the field effect transistor B having
an ON resistance value not close to the desired resistance
value. A basis for the classification is set so that the field
effect transistors A occupy 50% or more, for example. Then,
the field effect transistors A are used at least for the charge/
discharge control switch 23, and the field effect transistors B
are used for the charge/discharge control switch 43. With
this configuration, inaccurate field effect transistors are not
disposed of even when a selection is made of the field effect
transistors forming the charge/discharge control switches,
thereby preventing an increase in the cost due to disposing
of transistors through the selection. Further, only one current
sensing resistor is added on a charge/discharge path, and
hence a resistance value of the charge/discharge path is not
increased. In this manner, the battery device of this embodi-
ment can improve discharge overcurrent detection current
accuracy. Further, charge overcurrent detection current
accuracy can also be improved in a similar manner.

As described above, the battery device of this embodi-
ment includes the first charge/discharge control device con-
figured to detect an overcurrent with the use of the ON
resistance of the charge/discharge control switch, and the
second charge/discharge control device configured to detect
an overcurrent with the use of the current sensing resistor,
and hence an overcurrent detection function with good
accuracy can be realized while preventing increases in the
resistance value of the charge/discharge path, and in the cost
due to the selection of the field effect transistors forming the
charge/discharge control switches.

FIG. 2 is a circuit diagram for illustrating another example
of the battery device according to this embodiment.

The battery device of FIG. 2 differs from the battery
device of FIG. 1 in that the connection positions of the first
charge/discharge control device 24 and the second charge/
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discharge control device 44 are switched. The battery device
of this embodiment can provide a similar effect also with
such a configuration.

It is obvious that the present invention can be applied also
for a case in which only a charge/discharge current, only a
discharge current, or only a charge current of a battery is
controlled.

As described above, according to the battery device of this
embodiment, the battery device includes the first charge/
discharge control device and the second charge/discharge
control device, and increases in the resistance value of the
charge/discharge path and in the manufacturing cost are
suppressed, thereby providing a battery device having high
overcurrent detection current accuracy and enhanced safety.

What is claimed is:

1. A battery device, comprising:

a secondary battery having positive and negative elec-
trodes;

positive and negative terminals connected, respectively,
to the positive and negative electrodes of the secondary
battery;

a switching line connecting between the positive electrode
of the secondary battery and the positive terminal or
between the negative electrode of the secondary battery
and the negative terminal;

a first charge/discharge control device and a second
charge/discharge control device both connected to the
secondary battery in parallel to the second battery
between the positive and negative electrodes of the
secondary battery, wherein the first charge/discharge
control device comprises a first overcurrent detection
terminal for monitoring a charge/discharge current
flowing through the secondary battery, and the second
charge/discharge control device comprises a second
overcurrent detection terminal for monitoring the
charge/discharge current;

first and second charge/discharge control switches con-
nected in series in the switching line, wherein the first
charge/discharge control switch is turned off by the first
charge/discharge control device to cut the switching
line, and the second charge/discharge switch is turned
off by the second charge/disgorge control device to cut
the switching line; and

a current sensing resistor connected in the switching line
upstream of the first charge/discharge control switch,
wherein

the first overcurrent detection terminal of the first charge/
discharge control device is connected to the switching
line between a downstream end of the current sensing
resistor and the first charge/discharge control switch so
that the first charge/discharge control device monitors
a voltage across the current sensing register to thereby
monitor the charge/discharge current flowing through
the secondary battery, and

the second overcurrent detection terminal of the second
charge/discharge control device is connected to the
switching line downstream of the second charge/dis-
charge control switch so that the second charge/dis-
charge control device monitors a voltage across the
second charge/discharge control switch to thereby
monitor the charge/discharge current flowing through
the secondary battery.

2. A battery device according to claim 1,

wherein the second charge/discharge control switch
includes a second field effect transistor selected to have
a second ON resistance value that falls within a small
variance from a desired ON resistance, and
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wherein the first charge/discharge control switch includes
a first field effect transistor selected to have a second
ON resistance value close to the desired ON resistance
value, the first field effect transistor being selected
without regard to whether or not the second ON resis-
tance value falls within the small variance from the
desired ON resistance.

3. A method for manufacturing a battery device,

the battery device comprising:

a secondary battery having positive and negative elec-
trodes;

positive and negative terminals connected, respectively,
to the positive and negative electrodes of the secondary
battery;

a switching line connecting between the positive electrode
of the secondary battery and the positive terminal or
between the negative electrode of the secondary battery
and the negative terminal;

a first charge/discharge control device and a second
charge/discharge control device both connected to the
secondary battery in parallel to the second battery
between the positive and negative electrodes of the
secondary battery, wherein the first charge/discharge
control device comprises a first overcurrent detection
terminal for monitoring a charge/discharge current
flowing through the secondary battery, and the second
charge/discharge control device comprises a second
overcurrent detection terminal for monitoring the
charge/discharge current;

first and second charge/discharge control switches con-
nected in series in the switching line, wherein the first
charge/discharge control switch is turned off by the first
charge/discharge control device to cut the switching
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line, and the second charge/discharge switch is turned
off by the second charge/disgorge control device to cut
the switching line; and

a current sensing resistor connected in the switching line
upstream of the first charge/discharge control switch,
wherein

the first overcurrent detection terminal of the first charge/
discharge control device is connected to the switching
line between a downstream end of the current sensing
resistor and the first charge/discharge control switch so
that the first charge/discharge control device monitors
a voltage across the current sensing register to thereby
monitor the charge/discharge current flowing through
the secondary battery, and

the second overcurrent detection terminal of the second
charge/discharge control device is connected to the
switching line downstream of the second charge/dis-
charge control switch so that the second charge/dis-
charge control device monitors a voltage across the
second charge/discharge control switch to thereby
monitor the charge/discharge current flowing through
the secondary battery,

the method comprising:

constructing the second charge/discharge control switch
with a second field effect transistor selected to have a
second ON resistance value that falls within a small
variance from a desired ON resistance; and

constructing the first charge/discharge control switch with
a first field effect transistor selected to have a second
ON resistance value close to the desired ON resistance
value, the first field effect transistor being selected
without regard to whether or not the second ON resis-
tance value falls within the small variance from the
desired ON resistance.
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