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BATTERY MONITORING SYSTEM AND
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation application of a prior appli-
cation Ser. No. 17/355,975, filed on Jun. 23, 2021, allowed,
which is a continuation application of a prior application Ser.
No. 16/684,626, issued on Jul. 27, 2021 as U.S. Pat. No.
11,073,569, which is a continuation application of a prior
application Ser. No. 15/397,830, issued on Dec. 10, 2019 as
U.S. Pat. No. 10,502,795, which is a continuation applica-
tion of a prior application Ser. No. 13/939,280, issued on
Feb. 21, 2017 as U.S. Pat. No. 9,575,129.

BACKGROUND OF THE INVENTION AND
RELATED ART STATEMENT

[0002] The present invention relates to a battery monitor-
ing system and a semiconductor device. More specifically,
the present invention relates to a battery monitoring system
and a semiconductor device suitable for monitoring a plu-
rality of batteries connected in series.

[0003] In general, a high capacity and high output battery
has been used for driving a motor of a hybrid automobile or
an electric automobile, and the like. The high capacity and
high output battery may be formed of a battery unit (for
example, a lithium-ion battery unit), in which a plurality of
batteries (battery cells) is connected in series. A conven-
tional battery monitoring system has been developed for
monitoring a voltage of the batteries of the battery unit.
[0004] As the conventional battery monitoring system,
there has been known a configuration thereof, in which a
highest potential (a potential at the highest level) of the
batteries connected in series is supplied to a semiconductor
device as a drive power source of an internal circuit of the
semiconductor device having a battery monitoring circuit (a
battery measurement circuit).

[0005] Patent Reference No. 1 has disclosed the conven-
tional battery monitoring system. The conventional battery
monitoring system disclosed in Patent Reference No. 1 is
provided with a battery cell controller, in which a voltage of
the highest potential of the battery cells supplied through a
VCC terminal is used for driving the internal circuit thereof.
In the battery cell controller of the conventional battery
monitoring system disclosed in Patent Reference No. 1, a
main constant voltage power source (a regulator) is provided
for converting the voltage of the highest potential of the
battery cells to a voltage for driving the internal circuit and
the like.

[0006] Patent Reference No. 1: Japanese Patent Publica-
tion No. 2010-16928

[0007] Patent Reference No. 2 has disclosed a conven-
tional technology, in which an electro-static charge protec-
tion circuit is provided in a semiconductor device for
preventing damage on the internal circuit of the semicon-
ductor device caused by electro-static charge. In the con-
ventional technology disclosed in Patent Reference No. 2,
the semiconductor device includes an ESD (Electro-Static
Discharge) protection diode for discharging a high voltage
noise due to the electro-static charge to a power source
terminal.

[0008] Patent Reference No. 2: Japanese Patent Publica-
tion No. 2011-96897
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[0009] FIG. 5 is a schematic diagram showing a configu-
ration of a conventional battery monitoring system 100
having the electro-static charge protection circuit. In the
conventional battery monitoring system 100 shown in FIG.
5, the electro-static charge protection circuit disclosed in
Patent Reference No. 2 is disposed in the semiconductor
device of the conventional battery monitoring system (refer
to Patent Reference No. 1), so that it is possible to prevent
damage caused by the electro-static charge on the internal
circuit of the semiconductor device of the conventional
battery monitoring system.

[0010] As shown in FIG. 5, the conventional battery
monitoring system 100 includes a battery cell unit 112, in
which a plurality of battery cells C (C1 to Cn) is connected
in series, and a semiconductor device 120 connected to the
battery cell unit 112 through low pass filters LPF (LPF1 to
LPFn, and LPFvcc). Further, the semiconductor device 120
includes a battery cell voltage measurement circuit 122. The
battery cell voltage measurement circuit 122 includes a
regulator for converting a power source voltage Vcc sup-
plied to the battery cell voltage measurement circuit 112 to
a drive voltage, and an electrical current driven type circuit
such as an internal processing circuit to be driven with the
drive voltage converted with the regulator.

[0011] In the conventional battery monitoring system 100
as shown in FIG. 5, the power source terminal Vcc of the
semiconductor device 120 is connected to a battery cell
input signal line Ln through the low pass filter LPFvcce, and
the battery cell input signal line Ln is connected to a high
potential side of the battery cell Cn of the battery cell unit
112 on the highest potential level. Accordingly, the power
source voltage Vcc is supplied to the semiconductor device
120 (the power source terminal Vec) through the battery cell
input signal line Ln.

[0012] In the conventional battery monitoring system 100,
the power source terminal Vss of the semiconductor device
120 is connected to a battery cell input signal line [0, and
the battery cell input signal line L0 is connected to a low
potential side of the battery cell C1 of the battery cell unit
112 at the lowest potential level. Further, the power source
line Vce connected to the power source terminal Vee and the
power source line Vss connected to the power source
terminal Vss are connected to an inter-power source ESD
protection circuit 124.

[0013] In the conventional battery monitoring system 100,
cell input terminals V (V1 to Vn) of the semiconductor
device 120 are connected to cell input signal lines L (L1 to
Ln) that are connected to the high potential side of each of
the battery cells C1 to Cn through the low pass filters LPF
(LPF1 to LPFn), respectively. Further, the cell input termi-
nals V (V1 to Vn) of the battery cells C1 to Cn are connected
to the battery cell voltage measurement circuit 122 through
the cell input signal lines L. (L1 to Ln) that are connected to
ESD protection diodes ESD (ESD1 to ESDn), respectively.
[0014] In the conventional battery monitoring system 100,
the low pass filters LPF (LPF1 to LPFn) have a function of
removing an external turbulent noise contained in the cell
voltage input thereto. Further, the low pass filter LPFvcc has
a function of preventing a potential from generating between
the power source terminal Vcc and the cell input terminals
V (V1 to Vn) due to a phase difference upon passing through
the low pass filters LPF (LPF1 to LPFn), and has a charac-
teristic similar to that of the low pass filters LPF (LPF1 to
LPFn).
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[0015] In the conventional battery monitoring system 100,
the ESD protection diodes ESD (ESD1 to ESDn) have a
function of discharging a high voltage noise due to the
electro-static charge and the like to the power source termi-
nal Vce or the power source terminal Vss (the inter-power
source ESD protection circuit 124).

[0016] In the conventional battery monitoring system 100
having the configuration described above, during the normal
operation (that is, when the voltage of the battery cells C is
measured, and the like), an electrical current Icc flows into
the power source line Vcec (the battery cell voltage measure-
ment circuit 122, the regulator, and the like) through the
power source terminal Vce. More specifically, the power
source line Vcc is connected to the circuit of the electric
current driven type such as the battery cell voltage measure-
ment circuit 122, the regulator, and the like. Accordingly, the
electrical current Icc (the power consumption current Icc)
flows into the power source line Vce for driving the circuit
of the electric current driven type.

[0017] When the electrical current Icc flows into the
power source line Vcc, a voltage drop occurs due to a
resistor Rvee of the low pass filter LPFVcec. If the voltage
drop exceeds a diode forward direction voltage of the ESD
protection diode ESDn, even during the normal operation,
an electrical current may flow into the power source terminal
Vee (the inter-power source ESD protection circuit 124)
from the battery cell Cn through the ESD protection diode
ESDn. When such an electrical current flows into the power
source terminal Vce, the voltage of the cell input terminals
V (V1 to Vn) decreases. As a result, the voltage drop at the
cell input terminals V (V1 to Vn) causes a measurement
error of the battery voltage of the battery cells C (C1 to Cn)
in the battery cell voltage measurement circuit 122.

[0018] In order to prevent the voltage drop caused by the
resistor Rvce of the low pass filter LPFVcec, the conventional
battery monitoring system 100 may be configured such that
the cell input signal line Ln is directly connected to the
power source terminal Vce without passing through the low
pass filter LPFvcc. When the cell input signal line Ln is
directly connected to the power source terminal Vcc, it is
possible to prevent the voltage drop caused by the resistor
Rvce of the low pass filter LPFVcc. In this case, however,
the following problems may occur.

[0019] As described above, in the conventional battery
monitoring system 100, the battery cell unit 112 is config-
ured to supply the voltage to the device (for example, a
motor and the like) to drive the device. When a noise is
generated in the device due to driving of the device (for
example, a startup power and the like), the voltage of the
battery cell unit 112 as a whole may be fluctuated. When the
cell input signal line Ln is directly connected to the power
source terminal Vce without passing through the low pass
filter LPFvcc, the potential of the power source terminal Vee
may become lower than the potential of the cell input
terminals V (V1 to Vn) due to an influence of the noise.
When the potential of the power source terminal Vec
becomes lower than the potential of the cell input terminals
V (V1 to Vn), the electrical current flows from the battery
cells C (C1 to Cn) to the power source terminal Vce (the
inter-power source ESD protection circuit 124) through the
ESD protection diodes ESD (ESD1 to ESDn).

[0020] As described above, in the conventional battery
monitoring system 100, even in the normal operation, the
electrical current may flow from the battery cells C (C1 to
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Cn) to the power source terminal Vcc (the inter-power
source ESD protection circuit 124) through the ESD pro-
tection diodes ESD (ESD1 to ESDn).

[0021] Inview of the problems described above, an object
of the present invention is to provide a battery monitoring
system capable and a semiconductor device of solving the
problems of the conventional battery monitoring system. In
the present invention, in the normal operation, it is possible
to prevent an electrical current from flowing to a discharge
circuit from a battery cell through an electro-static charge
protection circuit.

[0022] Further objects and advantages of the invention
will be apparent from the following description of the
invention.

SUMMARY OF THE INVENTION

[0023] In order to attain the objects described above,
according to a first aspect of the present invention, a battery
monitoring system includes a plurality of battery cells
connected in series and including a first battery cell at a
highest potential; a discharge circuit connected to a high
potential side of the first battery cell through a first line; a
circuit connected to the high potential side of the first battery
cell through a second line; and a plurality of electro-static
protection circuits each including one end portion connected
to at least one of a high potential side and a low potential
side of each of the battery cells, and another end portion
connected to the first power source line.

[0024] According to a second aspect of the present inven-
tion, a battery monitoring system includes a plurality of
battery cells connected in series and including a first battery
cell at a highest potential; and a semiconductor device
capable of measuring a voltage of the battery cells.

[0025] According to the second aspect of the present
invention, the semiconductor device includes a first terminal
connected to a high potential side of the first battery cell
through a first filter; a second terminal electrically connected
to the high potential side of the first battery cell through a
second filter; and a plurality of third terminals each con-
nected to at least one of a high potential side and a low
potential side of each of the battery cells. The semiconductor
device further includes a discharge circuit connected to the
first terminal; a circuit connected to the second terminal; and
a plurality of electro-static protection circuits each including
one end portion connected to each of the third terminals, and
another end portion connected to the discharge circuit.
[0026] According to a third aspect of the present inven-
tion, a semiconductor device is capable of measuring a
voltage of a plurality of battery cells connected in series.
[0027] According to the third aspect of the present inven-
tion, the semiconductor device includes a first terminal
connected to a high potential side of the first battery cell
through a first filter; a second terminal connected to the high
potential side of the first battery cell through a second filter;
and a plurality of third terminals each connected to at least
one of a high potential side and a low potential side of each
of the battery cells. The semiconductor device further
includes a discharge circuit connected to the first terminal;
a circuit connected to the second terminal; and a plurality of
electro-static protection circuits each including one end
portion connected to each of the third terminals, and another
end portion connected to the discharge circuit.

[0028] According to the present invention, it is possible to
prevent an electric current from flowing to the discharge
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circuit from the battery cells through the electro-static
protection circuit in a normal operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a schematic diagram showing a configu-
ration of a battery monitoring system according to a first
embodiment of the present invention;

[0030] FIG. 2 is a schematic diagram showing a battery
cell unit and a semiconductor device of the battery moni-
toring system according to the first embodiment of the
present invention;

[0031] FIG. 3 is a schematic diagram showing a battery
cell unit and a semiconductor device of a battery monitoring
system according to a second embodiment of the present
invention;

[0032] FIG. 4 is a schematic diagram showing a configu-
ration of a battery monitoring system according to a third
embodiment of the present invention; and

[0033] FIG. 5 is a schematic diagram showing a configu-
ration of a conventional battery monitoring system.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0034] Hereunder, preferred embodiments of the present
invention will be explained with reference to the accompa-
nying drawings.

First Embodiment

[0035] A first embodiment of the present invention will be
explained. First, a configuration of a battery monitoring
system 10 according to the first embodiment of the present
invention will be explained. FIG. 1 is a schematic diagram
showing the configuration of the battery monitoring system
10 according to the first embodiment of the present inven-
tion.

[0036] As shown in FIG. 1, the battery monitoring system
10 includes a battery cell unit 12 including a plurality of
battery cells and a semiconductor device 20 for measuring a
voltage of each of the battery cells of the battery cell unit 12.
[0037] In the first embodiment, the battery cell unit 12 is
connected to the semiconductor device 20 through a low
pass filter (LPF) unit 14 for eliminating an external turbulent
noise. More specifically, the battery cell unit 12 is connected
to the semiconductor device 20 through the LPF unit 14 and
no low pass filter (LPF) is connected to a power source line
Vss, so that each of low pass filters (LPFs) of the low pass
filter (LPF) unit 14 is configured to bypass the external
turbulent noise to the power source line Vss.

[0038] As described above, in the first embodiment, no
low pass filter (LPF) is connected to the power source line
Vss. Alternatively, the power source line Vss may be con-
nected to the semiconductor device 20 through a low pass
filter (LPF). When no low pass filter (LPF) is connected to
the power source line Vss, it is possible to prevent a circuit
scale of the battery monitoring system 10 from excessively
increasing.

[0039] In the first embodiment, the semiconductor device
20 includes a cell voltage measurement circuit 22 and an
inter-power source ESD (Electro-Static Discharge) protec-
tion circuit 24. The cell voltage measurement circuit 22
includes a regulator 26 and an internal processing circuit 28.
The internal processing circuit 28 is a processing circuit for
measuring the voltage of the battery cell C (C1 to Cn, refer
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to FIG. 2). It should be noted that the internal processing
circuit 28 may be formed of a plurality of circuits.

[0040] In the first embodiment, the regulator 26 has a
function of converting a power source voltage Vee supplied
from the battery cell unit 12 through a power source terminal
Vee to a voltage for driving the internal processing circuit
28. The regulator 26 is formed of an electrical current driven
type circuit. It may be configured such that the voltage
converted by the regulator 26 is supplied to other internal
circuit of the semiconductor device 20 as a drive voltage
thereof. It should be noted that the regulator 26 may be
disposed outside the cell voltage measurement circuit 22.

[0041] In the first embodiment, at least in the normal
operation, the battery monitoring system 10 is configured
such that the power source voltage Vcc is constantly sup-
plied to the cell voltage measurement circuit 22 (the regu-
lator 26) from the high potential side of the battery cells Cn
through the power source terminal Vec with a cell input
signal line Ln. Accordingly, an electrical current Icc flows
into the cell voltage measurement circuit 22 (the regulator
26).

[0042] In the first embodiment, the inter-power source
ESD protection circuit 24 has a function of discharging a
discharge current from ESD (Electro-Static Discharge) pro-
tection diodes (ESD1 to ESDn). The inter-power source
ESD protection circuit 24 is connected between a terminal
Vee_vn and the power source terminal Vss. Further, the
inter-power source ESD protection circuit 24 is connected to
a power source line Vcc_vn different from the power source
line Vec connected to the electrical current driven type
circuit such as the regulator 26 and the like. It should be
noted that the power source line that is connected to the
inter-power source ESD protection circuit 24 is not limited
to the power source line Vee_vn, and may be any power
source line as far as the power source line is not connected
to the electrical current driven type circuit.

[0043] A connection configuration of the battery cell unit
12 and the semiconductor device 20 in the battery monitor-
ing system 10 will be explained next. FIG. 2 is a schematic
diagram showing the battery cell unit 12 and the semicon-
ductor device 20 of the battery monitoring system 10
according to the first embodiment of the present invention.
As shown in FIG. 2, the battery cell unit 12 is formed of the
battery cells C (C1 to Cn) connected in series. It should be
noted that the battery cell unit 12 includes the battery cell Cn
on the highest potential side and the battery cell C1 on the
lowest potential side.

[0044] In the first embodiment, the low pass filters LPF
(LPF1 to LPFn) have a function of suppressing a rapid
voltage variance generated in each of the battery cells C (C1
to Cn) of the battery cell unit 12 through cutting a high
frequency component. The low pass filters LPF (LPF1 to
LPFn) are connected to the cell input signal lines L. (L1 to
Ln) of the battery cells C (C1 to Cn) on the high potential
side. It should be noted that the low pass filters LPF (LPF1
to LPFn) are formed of a filter having an identical charac-
teristic, so that a variance in the cell voltage is not generated
due to a potential difference caused by a phase difference
upon passing through the low pass filters LPF (LPF1 to
LPFn).

[0045] In the first embodiment, the low pass filters LPF
(LPF1 to LPFn) are connected to the cell voltage measure-
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ment circuit 22 of the semiconductor device 20 through the
cell input terminals V (V1 to Vn) with the cell input signal
lines V (V1 to Vn).

[0046] In the first embodiment, the cell input signal lines
V (V1 to Vn) are connected to the ESD (Electro-Static
Discharge) protection diodes (ESD1 to ESDn), respectively.
The ESD (Electro-Static Discharge) protection diodes
(ESD1 to ESDn) have a function of preventing the cell
voltage measurement circuit 22 from being damaged
through discharging the high voltage noise due to the
electro-static discharge and the like to the terminal Vce_vn
or the power source terminal Vss (the inter-power source
ESD protection circuit 24 through the terminal Vce_vn or
the power source terminal Vss).

[0047] Inthe first embodiment, each of the ESD protection
diodes (ESD1 to ESDn) is formed of a p-channel type clamp
MOS transistor and an n-channel type clamp MOS transis-
tor, of which a gate electrode is connected to a source
electrode. The p-channel type clamp MOS transistor has a
source connected to the terminal Vec_cn and a drain con-
nected to the cell input signal line Vn. The n-channel type
clamp MOS transistor has a source connected to the power
source terminal Vss and a drain connected to the cell input
signal line Vn. It should be noted that the ESD protection
diodes (ESD1 to ESDn) is not limited to the configuration
described above, and may be formed of a MOS with a diode
connection.

[0048] As described above, in the battery monitoring
system 10 in the first embodiment of the present invention,
the cell input terminals V (V1 to Vn) are connected to the
terminal Vec_vn and the power source terminal Vss (the
inter-power source ESD protection circuit 24 through the
terminal Vcc_vn and the power source terminal Vss)
through the ESD protection diodes (ESD1 to ESDn), respec-
tively.

[0049] As described above, in the first embodiment, the
ESD protection diodes (ESD1 to ESDn) are provided for
protecting the cell voltage measurement circuit 22 from the
electro-static charge. The present invention is not limited to
the ESD protection diodes (ESD1 to ESDn), and may
include other type of protection circuit and the like.
[0050] In the first embodiment, the cell voltage measure-
ment circuit 22 is connected to the battery cell C1 of the
battery cell unit 12 on the lowest potential side through the
power source terminal Vss with the power source line Vss
and the cell input signal line L0. It should be noted that, in
the cell voltage measurement circuit 22, the power source
voltage Vss supplied through the power source terminal Vss
functions as ground of the internal processing circuit 28 of
the cell voltage measurement circuit 22.

[0051] In the first embodiment, the power source terminal
Vee of the semiconductor device 20 is connected to the high
potential side of the battery cell Cn of the battery cell unit
12 on the highest potential side through the low pass filter
LPFvcc. Further, the power source voltage Vcc is supplied
to the cell voltage measurement circuit 22 from the high
potential side of the battery cell Cn through the low pass
filter LPFvce with the power source terminal Vec.

[0052] In the first embodiment, the terminal Vce_vn of the
semiconductor device 20 is connected to the high potential
side of the battery cell Cn of the battery cell unit 12 through
the low pass filter LPFvcc_vn.

[0053] In the first embodiment, the inter-power source
ESD protection circuit 24 has the function of discharging the
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discharge current from the ESD protection diodes (ESD1 to
ESDn) to the terminal Vec_vn and the power source termi-
nal Vss. It should be noted that as far as the discharge circuit,
the configuration of the inter-power source ESD protection
circuit 24 is not limited thereto.

[0054] In the first embodiment, the cell voltage measure-
ment circuit 22 is not connected to the terminal Vec_vn.
Accordingly, when the discharge current is generated, the
discharge current flows through the terminal Vec_vn. On the
other hand, the cell voltage measurement circuit 22 is
connected to the power source terminal Vcc. Accordingly,
the electrical current constantly flows through the power
source terminal Vcc (at least the normal operation when the
voltage of the battery cell unit 12 is measured).

[0055] In the first embodiment, the low pass filter LPFvce
and the low pass filter LPFvce_vn have identical character-
istics (an identical filter resistivity value and an identical
filter capacitance value) to those of the low pass filters LPF
(LPF1 to LPFn). Accordingly, a variance in the cell voltage
is not generated in the power source terminal Vcc, the
terminal Vce_vn, and the cell input terminals V (V1 to Vn)
due to a potential difference caused by a phase difference
upon passing through the low pass filters LPF (LPF1 to
LPFn).

[0056] An operation of the battery monitoring system 10
will be explained next.

[0057] As described above, the power source terminal Vee
of the semiconductor device 20 is connected to the cell
voltage measurement circuit 22 (the regulator 26). Accord-
ingly, in the normal operation, the electrical current flows
through the power source terminal Vcc. When the electrical
current flows through the power source terminal Vcc, the
voltage drop occurs due to the filter resistor Rn of the low
pass filter LPFvcc. As a result, the voltage of the power
source terminal Vec decreases by the voltage drop.

[0058] On the other hand, the cell voltage measurement
circuit 22 (the regulator 26) as the electrical current driven
type circuit is not connected to the terminal Vee_vn.
[0059] Accordingly, the electrical current does not con-
stantly flow through the terminal Vcc_vn. Accordingly, the
voltage drop due to the low pass filter LPF does not occur
as explained above. As a result, the voltage of the terminal
Vce-vn is maintained.

[0060] In the first embodiment, when the voltage of the
terminal Vce-vn is maintained, the voltage of the terminal
Vee-vn does not become smaller than that of the cell input
terminal Vn, and does not exceed the forward direction
voltage of the ESD protection diode ESDn. As a result, it is
possible to prevent the electrical current from flowing from
the high potential side of the battery cell Cn to the terminal
Vee_vn through the ESD protection diode ESDn (the inter-
power source ESD protection circuit 24 through the terminal
Vee_vn).

[0061] As a comparison to the battery monitoring system
10 in the first embodiment of the present invention, an
operation of the conventional battery monitoring system 100
(refer to FIG. 5) will be explained next.

[0062] As shown in FIG. 5, in the conventional battery
monitoring system 100, different from the battery monitor-
ing system 10 in the first embodiment of the present inven-
tion, the power source terminal Vce of the semiconductor
device 120 is connected to the high potential side of the
battery cell Cn through the low pass filter LPFvcc. Further,
the power source terminal Vcc is connected to the battery
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cell voltage measurement circuit 122 (the regulator in the
battery cell voltage measurement circuit 122) and the inter-
power source ESD protection circuit 124. Further, in the
conventional battery monitoring system 100, the cell input
terminals V (V1 to Vn) are connected to the power source
terminal Vcc and the power source terminal Vss (the inter-
power source ESD protection circuit 124 through the power
source terminal Vce and the power source terminal Vss)
through the ESD protection diodes ESD (ESD1 to ESDn),
respectively.

[0063] In the conventional battery monitoring system 100,
the battery cell voltage measurement circuit 122 is con-
nected to the power source terminal Vee, so that the elec-
trical current constantly flows through the power source
terminal Vce. When the electrical current flows through the
power source terminal Vce, the voltage drop occurs due to
the filter resistor Rn of the low pass filter LPFvcc. As a
result, the voltage of the power source terminal Vcc
decreases by the voltage drop. When the voltage drop
exceeds the forward direction voltage of the ESD protection
diode ESDn, the electrical current starts flowing from the
high potential side of the battery cell Cn to the power source
terminal Vcc through the ESD protection diode ESDn (the
inter-power source ESD protection circuit 124 through the
power source terminal Vcc).

[0064] As described above, in the conventional battery
monitoring system 100, the electrical current flows into the
power source terminal Vcc in the normal operation. In order
to prevent the electrical current from flowing into the power
source terminal Vcc, it is necessary to minimize the resis-
tivity value of the filter resistor Rvce of the low pass filter
LPFvcce, so that the voltage drop thus generated due to the
electrical current does not exceed the forward direction
voltage of the ESD protection diode ESDn.

[0065] In general, when the low pass filter LPF has a large
time constant, the resistivity value of the filter resistor Rvce
of the low pass filter LPFvcc is limited. Accordingly, it is
necessary to increase the capacitance value of the capacitor
(the filter capacitance) Cvee. However, due to the restriction
in the voltage resistance, the component size, and the like,
the capacitance value of the capacitor (the filter capacitance)
Cvcce has a limit. Accordingly, the time constant of the low
pass filter LPFvcc is restricted. As described above, the low
pass filter LPFvcc has the identical characteristics to those of
the low pass filters LPF (LPF1 to LPFn), so that the variance
in the cell voltage is not generated due to the potential
difference caused by the phase difference upon passing
through the low pass filters LPF (LPF1 to LPFn). Therefore,
the time constant of the low pass filters LPF (LPF1 to LPFn)
is consequently restricted.

[0066] As described above, in the battery monitoring
system 10 in the first embodiment of the present invention,
the electrical current does not constantly flow. Accordingly,
the voltage drop due to the filter resistor Rvce vn of the low
pass filter LPFvce-vn does not occur. Therefore, it is pos-
sible to increase the resistivity value of the filter resistor
Rvce vn without the restriction. As a result, the time constant
of the low pass filter LPFvcc_vn is not restricted. Conse-
quently, in the battery monitoring system 10 in the first
embodiment of the present invention, the time constant of
the low pass filters LPF (LPF1 to LPFn) is not restricted.
[0067] As described above, in the first embodiment of the
present invention, in the battery monitoring system 10
having the semiconductor device 20, the cell voltage mea-
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surement circuit 22 is connected to the high potential side of
each of the battery cells C (C1 to Cn) of the battery cell unit
12 through the low pass filters LPF (LPF1 to LPFn) and the
cell input terminals V (V1 to Vn). Further, the high potential
side of the battery cell Cn on the highest potential side is
connected to the terminal Vcc_vn through the low pass filter
LPFvce_vn, and is connected to the power source terminal
Vee through the low pass filter LPFvee.

[0068] Further, in the battery monitoring system 10 in the
first embodiment, the cell voltage measurement circuit 22 is
connected to the power source terminal Vcc, and is not
connected to the terminal Vec_vn. The low potential side of
the battery cell Cn of the battery cell unit 12 on the lowest
potential side is connected to the power source terminal Vss.
Further, the inter-power source ESD protection circuit 24 is
connected between the terminal Vcc_vn and the power
source terminal Vss. The ESD protection diodes ESD (ESD1
to ESDn) are configured to discharge the high voltage noise
due to the electro-static charge and the like to the terminal
Vece_vn or the power source terminal Vss (the inter-power
source ESD protection circuit 24 through the terminal Vee_
vn or the power source terminal Vss).

[0069] As described above, in the first embodiment of the
present invention, the inter-power source ESD protection
circuit 24 is connected to the power source line Vec_vn
different from the power source line Vcc connected to the
electrical current driven type circuit such as the cell voltage
measurement circuit 22. In other words, the cell voltage
measurement circuit 22 as the electrical current driven type
circuit is not connected to the power source line Vec_vn (the
terminal Vcc_vn) that is connected to the inter-power source
ESD protection circuit 24. Accordingly, the electrical current
does not constantly flow through the terminal Vcc_vn.
Accordingly, the voltage drop due to the filter resistor Rvce
vn of the low pass filter LPF does not occur, and the voltage
of the terminal Vcc_vn does not decrease. Therefore, the
difference between the voltage of the terminal Vcc-vn and
the potential of the cell input terminal Vn does not exceed
the forward direction voltage of the ESD protection diode
ESDn. As a result, it is possible to prevent the electrical
current from flowing from the high potential side of the
battery cell Cn to the terminal Vcc_vn through the ESD
protection diode ESDn (the inter-power source ESD protec-
tion circuit 24 through the terminal Vec_vn).

[0070] Accordingly, in the first embodiment of the present
invention, the time constant of the low pass filters LPF
(LPF1 to LPFn) is not restricted by the time constant of the
low pass filter LPFvce and the time constant of the low pass
filter LPFvce_vn.

[0071] As described above, in the first embodiment of the
present invention, the inter-power source ESD protection
circuit 24 is connected to the power source line Vec_vn. The
present invention is not limited to the configuration, and the
inter-power source ESD protection circuit 24 may be con-
nected to any power source line as far as the power source
line is not connected to the electrical current driven type
circuit.

[0072] As described above, in the first embodiment of the
present invention, the regulator 26 of the cell voltage mea-
surement circuit 22 is connected to the power source termi-
nal Vce of the semiconductor device 20. The present inven-
tion is not limited to the configuration, and other circuit (for
example, a processing circuit as a front stage of the regulator
26) may be connected between the power source terminal
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Vee and the regulator 26. Further, it is not limited to the
regulator 26, and the power source terminal Vecc of the
semiconductor device 20 may be connected to any circuit as
far as the circuit is the electrical current driven type circuit.

Second Embodiment

[0073] A second embodiment of the present invention will
be explained next with reference to FIG. 3. FIG. 3 is a
schematic diagram showing the battery cell unit 12 and the
semiconductor device 20 of the battery monitoring system
10 according to the second embodiment of the present
invention.

[0074] In the first embodiment, the high potential side of
the battery cell Cn is connected to the power source terminal
Vee through the low pass filter LPFvec. In the second
embodiment, as shown in FIG. 3, the high potential side of
the battery cell Cn is connected to the power source terminal
Vee without the low pass filter LPFvcc.

[0075] Inthe second embodiment, in the normal operation,
it is possible to suppress the electrical current from flowing
from the battery cell to the terminal Vee_vn (the inter-power
source ESD protection circuit 24) through the ESD protec-
tion diodes ESD. However, a phase difference may be
generated between the voltage input to the power source
terminal Vce and the voltage input to the cell input terminals
V (V1 to Vn). In such a case, it is preferred that the high
potential side of the battery cell Cn is connected to the power
source terminal Vec through the low pass filter LPFvcc.

Third Embodiment

[0076] A third embodiment of the present invention will
be explained next with reference to FIG. 4. FIG. 4 is a
schematic diagram showing a plurality of the battery cell
units 121 to 12m and a plurality of the semiconductor
devices 201 to 20m of the battery monitoring system 10
according to the third embodiment of the present invention.
[0077] In the first embodiment, the battery monitoring
system 10 includes one semiconductor device 20. The
present invention is not limited to the configuration, and may
include a plurality of semiconductor devices and a plurality
of battery cell units.
[0078] In the third embodiment, as shown in FIG. 4, the
battery monitoring system 10 includes a plurality of the
battery cell units 121 to 12m and a plurality of the semi-
conductor devices 201 to 20m.
[0079] In the first to third embodiment, the battery moni-
toring system 10, the semiconductor device 20 and the cell
voltage measurement circuit 22 have the specific configu-
rations and perform the specific operations as an example.
The present invention is not limited thereto, and may be
modified within the scope thereof.
[0080] The disclosure of Japanese Patent Application No.
2012-159958, filed on Jul. 18, 2012, is incorporated in the
application by reference.
[0081] While the invention has been explained with ref-
erence to the specific embodiments of the invention, the
explanation is illustrative and the invention is limited only
by the appended claims.

What is claimed is:

1. A battery monitoring system comprising:

a first group of a plurality of battery cells connected in

series and including a first battery cell at a highest
potential and a second battery cell at a lowest potential;
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a second group of a plurality of battery cells connected in
series and including a third battery cell at a highest
potential and a fourth battery cell at a lowest potential,
the second group of the battery cells being connected to
the first group of the battery cells in series; and

first and second semiconductor devices capable of mea-
suring a voltage of the first group of the battery cells
and a voltage of the second group of the battery cells,
respectively,

wherein the first semiconductor device includes:

a first terminal connected to a high potential side of the
first battery cell through a first filter, the first filter being
connected to a low potential side of the second battery
cell;

a second terminal connected to the high potential side of
the first battery cell through a second filter, the second
filter being connected to the low potential side of the
second battery cell; a first discharge circuit connected
to the first terminal; and

a first circuit connected to the second terminal, and

wherein the second semiconductor device includes:

a third terminal connected to a high potential side of the
third battery cell through a third filter, the third filter
being connected to a low potential side of the fourth
battery cell;

a fourth terminal connected to the high potential side of
the third battery cell through a fourth filter, the fourth
filter being connected to the low potential side of the
fourth battery cell;

a second discharge circuit connected to the third terminal;
and

a second circuit connected to the fourth terminal.

2. The battery monitoring system according to claim 1,
wherein the first semiconductor device further includes:

a plurality of fifth terminals each connected to at least one
of a high potential side and a low potential side of each
of the first group of the battery cells; and

a plurality of first electro-static protection circuits that
each includes one end portion connected to each of the
fifth terminals, and another end portion connected to
the first discharge circuit, and

wherein the
includes:

aplurality of sixth terminals each connected to at least one
of a high potential side and a low potential side of each
of the second group of the battery cells; and

a plurality of second electro-static protection circuits that
each includes one end portion connected to each of the
sixth terminals, and another end portion connected to
the second discharge circuit.

3. The battery monitoring system according to claim 2,
wherein the first and second discharge circuits discharge the
first and second electro-static protection circuits, respec-
tively.

4. The battery monitoring system according to claim 1,
wherein each of the first to fourth filters is a low pass filter
formed of a resistor and a capacitor.

5. The battery monitoring system according to claim 1,
wherein each of the first electro-static protection circuits
includes a plurality of diodes arranged so that a direction
toward the first terminal becomes a forward direction
thereof, and

second semiconductor device further
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wherein each of the second electro-static protection cir-
cuits includes a plurality of diodes arranged so that a
direction toward the third terminal becomes a forward
direction thereof.
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