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(57) ABSTRACT 
Lower order control devices-control plural battery cells 
configuring plural battery modules. An input terminal of the 
low order control device in the highest potential, an output 
terminal of the low order control device in the lowest 
potential, and a high order control device are connected by 
isolating units, photocouplers. Diodes which prevent a dis 
charge current of the battery cells in the battery modules are 
disposed between the output terminal of the low order 
control device and the battery cells in the battery module on 
the low potential side. Terminals related to input/output of a 
signal are electrically connected without isolating among the 
plural low order control devices. 
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BATTERY APPARATUS FOR CONTROLLING 
PLURAL BATTERIES AND CONTROL METHOD 

OF PLURAL BATTERIES 

BACKGROUND OF THE INVENTION 

0001) The present invention relates to a battery apparatus 
for controlling plural high energy battery cells connected in 
series and its control method, and more particularly to a 
battery apparatus which is suitable for a low order control 
device which controls a battery module having plural battery 
cells connected in series and a high order control device for 
giving instructions to plural low order control devices. 
0002 For example, Japanese Patent Laid-Open Publica 
tion No. 10-322925 describes a conventional battery appa 
ratus which is comprised of plural battery cells connected in 
series as a battery module, plural battery modules being 
connected in series, and a low order control device disposed 
for each battery module, a command being sent from a high 
order control device to the low order control device. The low 
order control devices monitor the states of the battery cells 
possessed by the corresponding battery modules. The low 
order control devices disposed in the same quantity as that 
of the battery modules are electrically connected in series 
via the battery modules, a signal is transmitted between the 
high order control device and the low order control devices 
and between the low order control devices by an isolating 
unit such as a photocoupler in a configuration that no affect 
is caused by a potential difference between the control 
devices. 

0003) The low order control device adjusts the capacity 
of the battery cells as described in Japanese Patent Laid 
Open Publication No. 2000-92732 for example. The capac 
ity adjustment means the reduction of a voltage difference 
between the battery cells by having a resistor connected in 
parallel to the battery cells via a switch, and when the battery 
cells measured by a voltage detection circuit have a high 
voltage, driving the switch to partly discharge the amount of 
electricity stored. Particularly, a lithium-ion battery, which 
has amorphous carbon with high relevancy between an 
open-circuit voltage and a remaining capacity as an anode 
active material, can effectively equalize the capacity of each 
battery cell by reducing a voltage difference between the 
battery cells. 
0004. In recent years, there has been used an ultra capaci 
tor which can store the same amount of electricity as the 
secondary battery and has less degradation in service life as 
compared with the secondary battery. The ultra capacity 
adopts a method of equalizing the voltage between the 
capacitor cells as described in Japanese Patent Laid-Open 
Publication No. 2001-37077 for example. This method 
provides a circuit which connects a Switch in parallel to the 
capacitor cells to detect the voltage of the capacitor and 
bypasses part of electricity to the switch. It is similar to the 
aforesaid Japanese Patent Laid-Open Publication No. 2000 
92732. 

0005) The low order control device detects a voltage of 
the battery cell or the capacitor cell, and when the Voltage is 
high, operates the switch to adjust the capacity. Meanwhile, 
the high order control device sends an instruction signal to 
make the low order control device to adjust the capacity. In 
Japanese Patent Laid-Open Publication No. 2000-92732, an 
open-circuit voltage of each battery cell of the battery 
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module is measured when the low order control device is 
activated, and the measured value is transmitted to the high 
order control device. The high order control device calcu 
lates a reference voltage value at the time of capacity 
adjustment from the value of open-circuit voltage obtained 
from all the low order control devices and gives instructions 
to the low order control devices again. 

SUMMARY OF THE INVENTION 

0006 Problems to be remedied by the present invention 
are following three. First, it is a cost problem. The secondary 
battery and the ultra capacitor are expected to be used for a 
battery apparatus for the electric car or the hybrid electric 
car, but it is demanded that their costs are reduced for mass 
production. For the cost reduction of the battery apparatus, 
it is necessary to reduce the cost of the battery cell or the 
capacitor cell itself and also to reduce the costs of the plural 
low order control devices. To achieve it, it is effective to 
have the low order control devices as ICs (integrated cir 
cuits). 
0007). However, even when the low order control device 
is ICed, the isolating unit such as a photocoupler used for the 
signal transmission between the high order control device 
and the low order control devices and between the low order 
control devices remains as it is. For example, when a 
lithium-ion battery is used, it is assumed that the battery cell 
has a voltage of 3.6V and 40 batteries are connected in 
series, this potential difference is 144V between the battery 
in the lowest potential and the battery in the highest poten 
tial. In this example, if four battery cells are grouped into 
each battery module, ten low order control devices are 
provided, and the respective low order control devices are 
provided with about two isolating units for input and output. 
Thus, a total of isolating units are necessary, and there is a 
disadvantage that the control devices cost high. 
0008) Second, there is a problem of reliability. There is a 
possibility that an external interference enters the instruction 
signal due to noise produced by n inverter device or the like 
which is connected as a load on the battery apparatus. 
Therefore, there is a problem that the reliability of the signal 
transmission is decreased when instructions are given from 
the high order control device to the low order control devices 
because of the external interference. 

0009. Third, there is a problem of accuracy of detecting 
a voltage. The plural low order control devices are provided 
with a voltage detection circuit and detect a voltage of the 
battery cells disposed in the corresponding battery modules, 
but the battery voltage detection needs highly accurate 
performance with merely an allowable error of several tens 
of mV. A lithium-ion battery, which uses amorphous carbon 
for the anode active material, has an obvious relation 
between the open-circuit voltage and the remaining capacity 
as compared with another battery such as a nickel metal 
hydride battery. But, it is said that even the lithium-ion 
battery has an allowable error of +50 mV or less in voltage 
equalization for the capacity adjustment. Conversion of a 
voltage of 50 mV is equivalent to about 5% of the remaining 
capacity of the lithium-ion battery. The highest voltage of 
the lithium-ion battery is about 4.2V but the aforementioned 
50 mV is 1.2% with respect to 4.2%, indicating that the 
accuracy of voltage detection is very strict. 
0010) In order to achieve the highly accurate voltage 
detection, an A/D converter often-odd bits is generally used, 
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but the accuracy of the A/D converter depends on the 
accuracy of a reference Voltage source. 
0011. Therefore, the low order control device needs a 
highly accurate reference Voltage source with an extremely 
small error (e.g., about +25 mV). Since each low order 
control device is connected to the battery module having a 
different potential, it is difficult to share the highly accurate 
reference voltage source with the plural low order control 
devices. Specifically, to achieve the highly accurate Voltage 
detection, there was a problem that the cost of the reference 
voltage sources which are respectively provided for the 
plural low order control devices became high. 
0012. A first object of the present invention is to provide 
a battery apparatus which has a quantity of isolating units 
decreased and is provided with low-cost control devices. 
0013 A second object of the invention is to provide a 
control method of a battery apparatus, which reduces the 
influence by external interferences such as noise and can 
make the signal transmission with improved reliability. 
0014) A third object of the invention is to provide an 
inexpensive battery apparatus which can achieve the highly 
accurate Voltage detection. 
00.15 (1) In order to achieve the first object, the invention 

is directed to a battery apparatus comprising plural battery 
modules connected in series which have plural battery cells 
connected in series; plural low order control devices which 
are disposed in correspondence with the plural battery 
modules and control the plural battery cells configuring the 
battery modules; and a high order control device which 
controls the plural low order control devices, wherein there 
are provided an isolating unit or a potential converting unit 
which connects the input terminal of the low order control 
device in the highest potential among the plural low order 
control devices, the output terminal of the low order control 
device in the lowest potential, and the high order control 
device; and an interruption element which is disposed 
between the output terminal of the low order control device 
and the battery cells in the battery module on a low potential 
side and prevents the discharge current of the battery cells in 
the battery module; and terminals related to the input and 
output of a signal are electrically connected in a non-isolated 
state among the plural low order control devices. 
0016. By configuring as described above, the quantity of 
the isolating units can be reduced, and the low-cost control 
device can be obtained. 

0017 (2) In the item (1) above, it is preferable that the 
input terminal of the low order control device is electrically 
connected to the battery cell on a high potential side among 
the battery cells within the battery module being controlled 
by the low order control device. 
0018 (3) In the item (2) above, it is preferable that the 
plural low order control devices, the isolating unit or the 
potential conversion unit which is disposed on the low order 
control devices in the highest and lowest potentials, and the 
high order control device are mounted on the same package, 
and power is Supplied from the outside of the package to the 
high order control device. 
0.019 (4) To achieve the first object, the invention is 
directed to a control method of battery cells which is 
provided with plural battery modules connected in series 
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which have plural battery cells connected in series; plural 
low order control devices which are disposed in correspon 
dence with the plural battery modules and control the plural 
battery cells configuring the battery modules; and a high 
order control device which controls the plural low order 
control devices, wherein the high order control device 
compares a signal transmitted to the low order control 
device in the highest potential with a signal returning from 
the low order control device in the lowest potential, and 
transmits the next instruction when it is determined to be 
normal. 

0020. The aforementioned method enables to improve 
the reliability by reducing an influence due to the external 
interference Such as noise. 

0021 (5) In the item (4), it is preferable that the low order 
control device detects the states of the plural battery cells of 
the battery module controlled by the low order control 
device, takes a logical add or a logical product of the state 
detection signal and an input signal transmitted from the low 
order control device in a high potential, and outputs the 
result to the low order control device in a low potential; and 
the high order control device determines a defect of the 
battery apparatus according to the signal returning from the 
low order control device in the lowest potential. 

0022 (6) In the item (4), it is preferable that the low order 
control device performs the capacity adjustment to discharge 
the remaining capacity of the battery cell when the Voltage 
of the battery cells in the battery module is higher than a 
reference value, and the low order control device having 
completed the capacity adjustment gets into a sleep mode. 

0023 (7) To achieve the third object, the invention is 
directed to a battery apparatus, comprising plural battery 
modules connected in series which have plural battery cells 
connected in series; plural low order control devices which 
are disposed in correspondence with the plural battery 
modules and control the plural battery cells configuring the 
battery modules; and a high order control device which 
controls the plural low order control devices, wherein there 
are provided a Voltage detecting unit which detects a voltage 
of the plural battery cells within the battery modules, and an 
error calibration terminal which calibrates an error of the 
Voltage detecting unit. 

0024. By configuring as described above, the highly 
accurate Voltage detection can be achieved, and the cost 
reduction can also be achieved. 

0.025 (8) In the item (7), it is preferable that the voltage 
detecting unit is an A/D converter, and the low order control 
device compensates an output value by previously giving a 
digital value to the error calibration terminal of the A/D 
converter. 

0026 (9) In the item (8), it is preferable that the A/D 
converter comprises an integration unit which integrates a 
unit amount of electricity according to the number of pulses; 
a comparing unit which compares the integral value of the 
integration unit with the voltage of the battery cell and stops 
the pulse; a counter unit which outputs the number of pulses 
when the pulse is stopped by the comparing unit; and a 
compensation unit which compensates output of the counter 
unit according to the digital value given to the terminal for 
calibrating the error. 
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0027 (10) In the item (9), it is preferable that the com 
pensation unit changes a counted value of the counter unit 
according to the digital value given to the error calibration 
terminal to compensate an offset of the A/D conversion and 
changes a width of the pulse to compensate again of the A/D 
conversion. 

0028. Other objects, features and advantages of the 
invention will become apparent from the following descrip 
tion of the embodiments of the invention taken in conjunc 
tion with the accompanying-drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a circuit diagram showing a general 
structure of a battery apparatus according to one embodi 
ment of the present invention; 
0030 FIG. 2 is a circuit diagram showing an internal 
structure of the low order control device used for the battery 
apparatus according to one embodiment of the invention; 
0031 FIG. 3 is a circuit diagram showing a first structure 
example of an output circuit 6 and an input circuit 4 used for 
the low order control device in the battery apparatus accord 
ing to one embodiment of the invention; 
0032 FIG. 4 is a circuit diagram showing a second 
structure example of the output circuit 6 and the input circuit 
4 used for the low order control device in the battery 
apparatus according to one embodiment of the invention; 
0033 FIG. 5 is a flow chart showing the contents of 
control of the battery apparatus according to one embodi 
ment of the invention; 
0034 FIG. 6 is a flow chart showing the contents of 
control to adjust the capacity in the battery apparatus accord 
ing to one embodiment of the invention; 
0035 FIG. 7 is a circuit diagram showing a structure of 
an A/D converter used in the battery apparatus according to 
one embodiment of the invention;. 
0036 FIGS. 8A to 8D are timing charts of the A/D 
converter used in the battery apparatus according to one 
embodiment of the invention; 
0037 FIG. 9 is a circuit diagram showing a structure of 
a first counter 9 and a second counter 10 in the A/D converter 
used in the battery apparatus according to one embodiment 
of the invention; 
0038 FIG. 10 is a truth table of the A/D converter used 
in the battery apparatus according to one embodiment of the 
invention; 
0.039 FIG. 11 is a circuit diagram showing a general 
structure of the battery apparatus according to another 
embodiment of the present invention; and 
0040 FIGS. 12A to 12D are timing charts showing the 
contents of control of the battery apparatus according to 
another embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0041. The battery apparatus and its control method 
according to one embodiment of the invention will be 
described with reference to FIG. 1 to FIG. 10. 
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0042 First, a general structure of the battery apparatus 
according to this embodiment will be described with refer 
ence to FIG. 1. 

0043 FIG. 1 is a circuit diagram showing the general 
structure of the battery apparatus according to one embodi 
ment of the invention. 

0044) Electric cells VB1, VB2, . . . , VB12 which are 
secondary batteries are divided into battery modules each of 
which has four battery cells connected in series. A secondary 
battery apparatus used for an electric car or a hybrid electric 
car may be provided with tens to twenties of battery mod 
ules. But, this embodiment always has the same structure 
even when many modules are connected in series, so that the 
example of FIG. 1 shows a structure example having three 
battery modules connected in series. 
0045. In the shown example, a first battery module in the 
highest potential consists of the battery cells VB1,..., VB4. 
Positive and negative electrodes of the respective battery 
cells VB1, ..., VB4 are connected to terminals T1, T3, T5, 
T7. T9 possessed by a first low order control device IC-1, 
respectively. A capacity adjustment circuit comprised of a 
resistor RI and a switching element S1 is provided between 
the positive and negative electrodes of the battery cell VB1. 
A control signal is input from a terminal T2 of the low order 
control device IC-1 to a gate terminal of the switching 
element S1. Similarly, capacity adjustment circuits com 
prised of a resistor R2 and a Switching element S2, a resistor 
R3 and a switching element S3, and a resistor R4 and a 
switching element S4 are provided between the positive and 
negative electrodes of the battery cell VB2, the battery cell 
VB3 and the battery cell VB4, respectively. The gate ter 
minals of the switching elements S2, S3 and S4 input a 
control signal from terminals T4, T6. T8 of the low order 
control device IC-1, respectively. 
0046) A second battery module in the middle potential is 
provided with the battery cells VB5, VB8. Similar to the first 
battery module, positive and negative electrodes of battery 
cells VB5. . . . . VB8 are respectively connected to terminals 
T1, T3, T5, T7, T9 possessed by a second low order control 
device IC-2. The battery cells VB5, . . . , VB8 are also 
provided with a capacity adjustment circuit, which has a 
resistor R5 and a switching element S5, a resistor R6 and a 
switching element S6, a resistor R7 and a switching element 
S7, and a resistor R8 and a switching element S8 connected 
in series between the positive and negative electrodes. 
0047 Similarly, a third battery module in the lowest 
potential is provided with the battery cells VB9,..., VB12. 
Positive and negative electrodes of the battery cells VB9, . 
.., VB12 are respectively connected to terminals T1, T3, T5. 
T7. T9 possessed by a third low order control device IC-3. 
The battery cells VB9, ..., VB12 are also provided with a 
capacity adjustment circuit, which has a resistor R9 and a 
switching element S9, a resistor R10 and a switching ele 
ment S10, a resistor R11 and a switching element S11, and 
a resistor R12 and a switching element S12 connected in 
series between the positive and negative electrodes. And, the 
respective switching elements are driven by the third low 
order control device IC-3. 

0048. The internal structures, functions and peripheral 
parts of the low order control devices IC-1. IC-2, IC-3 will 
be described later with reference to FIG. 2 and later figures. 
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0049. Then, connected relations of the low order 10 
control devices IC-1, IC-2, IC-3 will be described. 
0050. As the battery cell BV4 and the battery cell VB5 
are connected in series, the first low order control device 
IC-1 and the second low order control device IC-2 are 
connected in series. Similarly, the second low order control 
device IC-2 and the third low order control device IC-3 are 
connected in series. 

0051. The high order control device MPU gives a com 
mand from the first low order control device IC-1 to the third 
low order control device IC-3. A control command output 
from the high order control device MPU is isolated by 
photocouplers F1, F2, F3 and transmitted to input terminals 
In-1, In-2, In-3 of the first low order control device IC-1. 
Light receiving side transistors of the photocouplers F1, F2, 
F3 are respectively connected to resistors RF1, RF2, RF3. 
The resistors RF1, RF2, RF3 receive power from the posi 
tive electrode of the battery cell VB1. The first low order 
control device IC-1 outputs the signals transmitted to the 
input terminals In-1, In-2, In-3 from output terminals Out-1, 
Out-2. Out-3. The output terminal Out-1, the output terminal 
Out-2 and the output terminal Out-3 are connected without 
electrical isolation to input terminals In-1, In-2, In-3 pos 
sessed by the second low order control device IC-2. 
0.052 Similarly, the second low order control device IC-2 
outputs the signals transmitted to the input terminals In-1, 
In-2. In-3 from the output terminals Out-1, Out-2, Out-3. 
The output terminals Out-1, Out-2, Out-3 of the second low 
order control device IC-2 are connected without electrical 
isolation to input terminals In-1, In-2, In-3 possessed by the 
third low order control device IC-3. 

0053) The low order control device IC-3 in the lowest 
potential operates corresponding transistors Trn, Tr2, Tr3 by 
the signals output from the output terminals Out-1, Out-2, 
Out-3, and the respective transistors transmit the signals to 
the high order control device MPU via photocouplers F4. 
F5, F6 to which the second low order control device is 
connected. Here, the light emitting sides of the photocou 
plers F4, F5, F6 are connected to a reference voltage output 
terminal VDD of the low order control device IC-3 to 
receive an electric current from the reference voltage output 
terminal VDD. Resistors RF4, RF5, RF6 disposed between 
the light emitting sides of the photocouplers F4, F5, F6 and 
the transistors Tr1, Tr2. Tr3 are used to adjust an electric 
current passing to the light emitting sides of the photocou 
plers F4, F5, F6. 
0054 The internal circuit of the low order control device 
IC-1 has the negative electrode of the battery cell VB4 as a 
reference potential, and this reference potential is indicated 
by GND-1. The internal circuits of the low order control 
device IC-2 and the low order control device IC-3 have the 
negative electrodes of the battery cell VB8 and the battery 
cell VB12 as reference potentials, and these reference poten 
tials are indicated by GND-2 and GND-3. The respective 
reference potentials GND-1, . . . . GND-3 are different 
ground terminals used for the corresponding low order 
control devices IC-1, . . . . IC-3. Meanwhile, the ground in 
the whole structure shown in FIG. 1 is assumed to be the 
negative electrode of a power supply Vcc for the high order 
control device MPU. The high order control device MPU 
and the low order control devices IC-1,..., IC-3 are isolated 
by the photocouplers F1, . . . . F6, so that the negative 
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electrode of the Vcc is also isolated from the respective 
reference potentials GND-1, . . . . GND-3. 

0055. The terminals and peripheral parts of the low order 
control devices IC-1, . . . . IC-3 will be described with 
reference to FIG. 2, but differences among the respective 
control devices IC-1, . . . . IC-3 are potentials of the 
terminals A1, . . . . A3 and terminals B1, B2 provided for 
them. These terminals are to compensate an error in detect 
ing a voltage to be described with reference to FIG. 7, and 
a digital value “1” or “O'” is given from the low order control 
device IC-1 to the terminals A1, ..., A3 and the terminals 
B1, B2 according to the voltage detection error separately 
possessed by the low order control device IS-3. Here, “1” is 
a reference voltage VDD of the low order control device, 
and “O'” indicates potentials of the grounds GND-1, GND-2, 
GND-3 of the respective low order control 10 devices. The 
aforementioned Voltage detection error is different among 
the low order control devices IC-1, . . . , IC-3, so that the 
value “1” or “0” of the terminals A1, . . . , A3 and the 
terminals B1, B2 is different...among the respective low order 
control devices IC-1, . . . . IC-3 in the example of FIG. 1. 

0056. The high order control device MPU detects an 
electric current of charging and discharging passing to the 
battery module by an isolation type current detector CT. To 
detect a total voltage value of the battery modules connected 
in series, it is divided by resistors RV1, RV2. Here, the high 
order control device MPU and the respective battery mod 
ules are isolated from one another, so that the voltage 
divided by the resistors RV1, RV2 is temporarily converted 
into a pulse signal by a Voltage-frequency converter VF, and 
output of the VF is transmitted to the high order control 
device MPU via a photocoupler F7. The high order control 
device MPU reads a total voltage of the battery modules 
from the output of the voltage-frequency converter VF 
obtained from the photocoupler F7 and calculates an average 
remaining capacity of the three battery modules based on the 
obtained value and the electric current obtained from the 
current detector CT. 

0057 When the electric car or the hybrid electric car has 
tens to twenties of battery modules, a structure that the 
highest low order control device IC-1 and the lowest low 
order control device IC-3 are connected via the high order 
control device MPU and the photocouplers is the same as in 
FIG. 1. Remaining tens to twenties of the low order control 
devices which are disposed in the same number as the 
battery modules are connected without isolation with the 
output terminal of the low order control device having input 
terminals In-1, In-2. In-3 disposed for a battery module in a 
potential higher by one level and the input terminal of the 
low order control device having the output terminals Out-1, 
Out-2. Out-3 disposed for a battery module in a potential 
lower by one level in the same way as the low order control 
device IC-2 of FIG. 1. 

0058. In the illustrated example, seven photocouplers F1, 
. . . . F6, F7 are used as isolating units. A configuration 
consisting of three low order control devices IC-1,..., IC-3 
is shown in the example of FIG. 1, but even when there are 
ten low order control devices, the number of photocouplers 
as the isolating units may be seven. Meanwhile, according to 
a conventional configuration, when each battery module is 
comprised of four battery cells and provided with ten low 
order control devices, each of the low order control devices 
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is provided with about two isolating units for input and 
output. Thus, a total of 20 isolating units are necessary. 
Meanwhile, because seven photocouplers are always enough 
in this embodiment, the number of isolating units can be 
decreased to reduce the cost of the control devices. 

0059. Then, an internal structure of the low order control 
device used for the battery apparatus according to this 
embodiment will be described with reference to FIG. 2. 

0060 FIG. 2 is a circuit diagram showing the internal 
structure of the low order control device used for the battery 
apparatus according to one embodiment of the present 
invention. FIG. 2 shows the structure of the low order 
control device IC-1, and the other low order control devices 
IC-2, IC-3 have the same structure. Like reference numerals 
are used to indicate like components to those shown in FIG. 
1. 

0061 Switching element drive units Dr1, Dr2, Dr3, Drá 
are respectively connected to control terminals of capacity 
adjustment switching elements S1, S2, S3, S4 and drive the 
respective switching elements S1, S2, S3, S4. The drive 
units Dr1, Dr2, Dr3, Drá each obtain a signal from a logic 
circuit 3 within the low order control device IC-1 and drive 
the Switching elements S1, . . . , S4 separately. 

0062 One end of analog switches AS1, AS2, AS3, AS4 
is connected to the positive electrodes of the battery cells 
and the other end commonly connected to a positive termi 
nal C1P of a capacitor C1. Similarly, analog switches BS1, 
BS2, BS3, BS4 have their one end connected to the negative 
electrodes of the battery cells and the other end commonly 
connected to a negative terminal C1N of the capacitor C1. 
And, an analog Switch CS1 is connected to the positive 
terminal C1P of the capacitor C1 and the other end of the 
analog switch CS1 is connected to a positive terminal C2P 
of a second capacitor C2. Besides, an analog Switch CS2 is 
connected to the negative terminal C1N of the capacitor C2 
and the other end of the analog switch CS2 is connected to 
the negative terminal C2N of the second capacitor C2. 
0063. The analog switch AS1 and the analog switch BS1 
are paired, and also AS2 and BS2, AS3 and BS3, and AS4 
and BS4 are paired respectively and turned on or off at the 
same time. Pair (a) of the analog Switch AS1 and the analog 
switch BS1, pair (b) of the analog switch AS2 and the analog 
switch BS2, pair (c) of the analog switch AS3 and the analog 
switch BS3, and pair (c) of the analog switch AS4 and the 
analog switch BS4 operate as four multiplexer switches. 
Specifically, one of the battery cells VB1, . . . . VB4 is 
selected by the multiplexer switches of (a), ..., (d), and the 
selected battery cell is connected to the first capacitor CS1. 
Meanwhile, the analog switch CS1 and the analog switch 
CS2 are turned on or off simultaneously and, when they are 
turned on, the first capacitor CS1 and the second capacitor. 
CS2 are connected. 

0064. It is assumed that the operation mode that the 
analog switch CS1 and the analog switch CS2 are turned on 
is (e). And, for example, when the battery cell VB1 is 
measured for a Voltage, the logic circuit 3 alternately repeats 
a first mode to turn on the pair (a) of the analog switch AS1 
and the analog Switch BS1 and a second mode to turn on the 
pair (e) of the analog switch CS1 and the analog switch CS2. 
During the above operation, the multiplexer switches of (b). 
..., (d) are held off. The first mode (a) and the second mode 
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(e) are pulse repeated for hundreds of times to finally have 
the same Voltage among the battery cell VB1, the analog 
switch CS1, and the analog switch CS2. This is because 
when (a) and (b) are performed once, an electric current 
corresponding to a potential difference between the battery 
cell VB1 and the analog switch CS1 and between the analog 
switch CS1 and the analog switch CS2 flows, and a potential 
difference is reduced. 

0065. The first mode to turn on the pair (b) of the analog 
switch AS2 and the analog switch BS2 and the second mode 
to turn on the pair (e) of the analog switch CS1 and the 
analog Switch CS2 are alternately repeated, during which the 
multiplexer switches of (a), (c) and (d) are held off, and the 
first mode (b) and the second mode (e) are pulse repeated for 
hundreds of times. As a result, the battery cell VB2, the 
analog switch CS1 and the analog switch CS2 have the same 
Voltage. 
0066 Similarly, the first mode to turn on the pair (c) of 
the analog switch AS3 and the analog switch BS3 and the 
second mode to turn on the pair (e) of the analog switch CS1 
and the analog Switch CS2 are alternately repeated. As a 
result, the battery cell VB3, the analog switch CS1 and the 
analog Switch CS2 have the same Voltage. 
0067. And, the first mode to turn on the pair (d) of the 
analog switch AS4 and the analog switch BS4 and the 
second mode to turn on the pair (e) of the analog switch CS1 
and the analog Switch CS2 are alternately repeated. As a 
result, the battery cell VB4, the analog switch CS1 and the 
analog Switch CS2 have the same Voltage. 
0068. In the figure, the voltage detection circuit indicated 
by a broken line has a structure including the aforemen 
tioned multiplexer Switches, analog Switches, and first and 
second capacitors. Output of the Voltage detection circuit 1 
is a positive voltage (C2P) of the analog switch CS2. The 
positive voltage C2P is compared with the reference voltage 
corresponding to an overcharge Voltage, an overdischarge 
Voltage, a capacity adjustment level or the like by compara 
tors CMP1, CMP2, CMP3. The reference voltage is supplied 
from a reference power circuit 2. The output (C2P) of the 
Voltage detection circuit 1 is transmitted as a detected cell 
voltage Vx to input of an A/D converter 7, and the analog 
value of the positive voltage (C2P) is changed to a digital 
value by the A/D converter 7. The A/D converter 7 can 
compensate a Voltage detection error by the signal given to 
the aforementioned terminals A1, ..., A3 and the terminals 
B1, B2. 

0069. The reference power circuit 2 produces a fixed 
voltage (e.g., 5 V) from the total voltage of the battery cells 
VB1 to VB4, supplies an electric current to a reference 
voltage element VR which is disposed outside of the low 
order control device IC-1 to produce a very accurate voltage 
than the previous constant Voltage and takes the Voltage 
from a terminal Vref-1 into the low order control device 
IC-1. The voltage input from the terminal Vref-1 is divided 
into several kinds of Voltages, which are then used as the 
reference voltages according to the comparators CMP1, 
CMP2, CMP3. A clock generator 5 produces a clock by an 
oscillator CZ disposed outside of the low order control 
device IC-1 and uses it in the logic circuit 3 or the like. 
Detailed structures of an input circuit 4 and an output circuit 
6 will be described later with reference to FIG. 3 and FIG. 
4. 
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0070 Then, a first structure of the output circuit 6 and 
input circuit 4 used for the low order control device in the 
battery apparatus according to the embodiment will be 
described with reference to FIG. 3. 

0071 FIG. 3 is a circuit diagram showing the first struc 
ture of the output circuit 6 and the input circuit 4 used for the 
low order control device in the battery apparatus according 
to one embodiment of the invention. FIG. 3 shows details of 
the output circuit 6 of the low order control device IC-1 and 
the input circuit 4 of the low order control device IC-2. Like 
reference numerals are used to indicate like components to 
those shown in FIG. 1 and FIG. 2. 

0072 A transistor Q in a power circuit 2 has a base 
electric current controlled by a power control circuit 8 to 
output a fixed voltage to a terminal VDD and supplies the 
fixed voltage to the output circuit 6. 

0073. The output circuit 6 is disposed between the ter 
minal VDD and the GND-1 of the low order control device 
IC-1 and has a complementary switch comprised of P-MOS 
FET (MP1) and N-MOSFET (MN1). A resistor R14 is 
connected between the P-MOSFET (MP1) and the N-MOS 
FET (MN1). And, the P-MOSFET (MP1) is connected with 
a resistor R13 in parallel. Output of the complementary 
switch is applied to a gate terminal of P-MOSFET (MP3). 
0074. Here, when the P-MOSFET (MP1) is turned on by 
a signal output from the logic circuit 3., a short-circuit is 
caused between the gate and the source of the P-MOSFET 
(MP3) to turn off the P-MOSFET (MP3). And, when the 
N-MOSFET (MN1) is turned on, voltages which are resulted 
from the division of the voltage of the terminal VDD by the 
resistor R13 and the resistor R14, and voltages at both ends 
of the resistor R13 are applied between the gate and the 
source of the P-MOSFET (MP3). The voltages at both ends 
of the resistor R13 are set to be larger than a gate threshold 
voltage of the P-MOSFET (MP3) and turn on the P-MOS 
FET (MP3) but set to be slightly larger than a gate threshold 
voltage to suppress an output electric current of the P-MOS 
FET (MP3) (about 1 V or 2V higher than a threshold volt 
age). 

0075). As a result, the P-MOSFET (MP3) operates as a 
fixed current switch and passes the output fixed electric 
current to the input circuit 4 of the low order control device 
IC-2. An electrostatic breakdown prevention circuit which 
has a diode D1 and a resistor RE1 connected in series is 
disposed between the output terminal of the P-MOSFET 
(MP) and the terminal VDD, and when a serge voltage is 
input from the outside to the output terminal Out-1, the serge 
voltage is bypassed to the terminal VDD and a capacitor 
CV1 connected to the terminal VDD via the resistor RE1 
and the diode D1. Thus, the electrostatic breakdown 
between the gate and the source of the P-MOSFET (MP3) 
due to the serge Voltage can be prevented. And, a resistor 
RE2 and a diode D2 are also provided between the output 
terminal and GND-1 of the P-MOSFET (MP3) as measures 
for an electrostatic breakdown, and a Zener diode ZD1 is 
additionally connected in series. 
0076. As shown in the drawing, when I/O terminals of the 
two low order control devices IC-1, IC-2 are connected 
without isolating, an electric current path, which starts from 
the output terminal Out-1 and returns to GND-1 via the input 
terminal In-1 and the battery cell connected to the low order 
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control device IC-2, is formed when P-MOSFET (MP3) is 
off, and the battery cell is discharged. When the state is left 
as it is, the battery cell is overdischarged. Therefore, the 
Zener diode ZD1 having a breakdown voltage higher than 
the battery cell voltage is disposed on the above electric 
current path to interrupt the discharge current. 

0077. Then, the structure of the input circuit 4 will be 
described. The input terminal In-1 of the low order control 
device IC-2 is connected to the negative electrode of the 
battery cell VB5 through the series connection of a resistor 
RE4 and a resistor RE6. Therefore, the reference potential of 
the input terminal In-1 is a negative potential of the battery 
cell VB5 higher than GND-2. The gate terminal of N-MOS 
FET (MN2) is connected to the input terminal In-1 via a 
resistor RE3, and the source terminal of N-MOSFET (MN2) 
is also connected to the negative electrode of the battery cell 
VB5 via the resistor RE6. A diode D3 is disposed between 
the gate terminal of the N-MOSFET (MN2) and the positive 
electrode of the battery cell VB5, and a diode D4 is disposed 
between the gate terminal and the source terminal of the 
N-MOSFET (MN2) in order to prevent an electrostatic 
breakdown. By configuring in this way, the N-MOSFET 
(MN2) has a reference potential which becomes a negative 
potential of the battery cell VB5 higher than the GND-2. 

0078. A resistor RE5 is disposed between the drain 
terminal of the N-MOSFET (MN2) and the positive elec 
trode of the battery cell VB5, and voltages at both ends of 
the resistor 5 are applied between the gate and the source of 
the P-MOSFET (MP4). The drain terminal of the P-MOS 
FET (MN4) is connected to GND-2 through the series 
connection of resistors RE7, RE8. And, a Zener diode ZD2 
is disposed in parallel to the resistor RE8, and voltages at 
both ends of the resistor RE8 are transmitted to the logic 
circuit 3. 

0079 The input circuit 4 configured as described above is 
a circuit which converts a potential in the multiple steps. 
Specifically, a fixed electric current output by the P-MOS 
FET (MP3) of the low order control device IC-1 is received 
by the N-MOSFET (MN2) which has the negative electrode 
of the battery cell VB5 as the potential reference, and when 
the N-MOSFET (MN2) is turned on, the P-MOSFET (MP4) 
is turned on with a voltage produced in the resistor RE5, and 
a signal voltage is produced at both ends of the resistor RE8 
with an electric current passing through the P-MOSFET 
(MP4) and transmitted to the logic circuit. 
0080 A general circuit, particularly an integrated circuit, 
has an input terminal with the ground as the reference 
potential and an output terminal. Meanwhile, the low order 
control device of this embodiment has output connected to 
a fixed electric current and input connected to a reference 
potential higher than the ground of the circuit and converts 
the potential in the multiple steps by the output circuit. Such 
a configuration is necessary to connect the control devices 
without isolating. The prevention of the discharge of the 
battery cell by the Zener diode ZD1 was described above. 
And, when the potential standard of the input terminal In-1 
is selected at the ground GND-2, the battery cells VB5. . . 
.., VB8 constitute a route which runs to discharge from the 
output terminal Out-1 of the low order control device IC-1 
via the input terminal In-1 of the low order control device 
IC-2 while the P-MOSFET (MP3) is off. In order to interrupt 
the discharge current, it is necessary to increase a breakdown 
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Voltage of the Zener diode. And, as a Voltage between the 
source and the drain of the P-MOSFET (MP3), a total 
voltage of the battery cells VB5, ..., VB8 is applied, so that 
a voltage stress is always applied to the P-MOSFET (MP3). 
In view of the above points, it is desired that the reference 
potential of the input terminal In-1 is selected to be high and 
the breakdown voltage of the Zener diode ZD1 is set low so 
to reduce a voltage stress of the P-MOSFET (MP3). 
0081. As described above, the discharge current route is 
formed between the output terminal of the low order control 
device and the battery cells in the battery module on the low 
potential side. Specifically, between the output terminal 
Out-1 of the low order control device IC-1 and the battery 
cell VB6 in the battery module (comprised of the battery 
cells VB5, VB6, VB7, VB8) on the potential side lower than 
the low order control device IC-1, there is formed a dis 
charge current route connecting the output terminal Out-1 of 
the low order control device IC-1, input terminal In-1 of the 
low order control device IC-2, the resistor RE3, the diode 
D4, the positive electrode of the battery cell VB6, the 
negative electrode of the battery cell VB5, the positive 
electrode of the battery cell VB5, the ground GND-1 of the 
low order control device IC-1, the Zener diode ZD1, the 
diode D2, the resistor RE2, and the output terminal Out-1 of 
the low order control device IC-1. Therefore, this embodi 
ment has interception elements such as the Zener diode ZD1, 
the diodes D2, D4 and the like disposed on this discharge 
current route in order to prevent the discharge of the 
batteries. 

0082 Then, a second structure example of the output 
circuit 6 and the input circuit 4 used for the low order control 
device in the battery apparatus according to this embodiment 
will be described with reference to FIG. 4. 

0.083 FIG. 4 is a circuit diagram showing the second 
structure example of the output circuit 6 and the input circuit 
4 used for the low order control device in the battery 
apparatus according to one embodiment of the invention. 
FIG. 3 shows the details of the output circuit 6 of the low 
order control device IC-1 and the input circuit 4 of the low 
order control device IC-2. Like reference numerals are used 
to denote like components to those shown in FIG. 1, FIG. 2 
and FIG. 3. 

0084. The output circuit 6 of the low order control device 
IC-1 has the same structure as the output circuit 6 shown in 
FIG. 3. 

0085. The input circuit 4 of the low order control device 
IC-2 is different from the input circuit shown in FIG. 3 in the 
following points. Specifically, the source terminal of 
P-MOSFET (MP5) is connected to the input terminal In-1, 
the gate terminal of the P-MOSFET (MP5) is connected to 
the positive electrode of the battery cell VB5. Thus, the 
reference potential of the input terminal In-1 is selected for 
the positive electrode voltage of the battery cell VB5 having 
the same potential as the ground GND-1 of the low order 
control device IC-1. 

0086) The P-MOSFET (MP5) has zener diode ZD3 and 
resistor RE9 disposed between the source and the gate, and 
the gate voltage is applied to the P-MOSFET (MP5) with the 
fixed electric current output by the P-MOSFET (MP3) to 
turn on the P-MOSFET (MP5). The drain terminal of the 
P-MOSFET (MP5) is connected to the negative electrode of 
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the battery cell VB6 via the resistor R4 and the Zener diode 
ZD4. Both end voltages of the resistor RE4 are applied as 
gate-to-source voltages of the N-MOSFET (MN2). The 
source terminal of the N-MOSFET (MN2) is also connected 
to the negative electrode of the battery cell VB6 via the Zener 
diode ZD4. Resistor RE5 is disposed between the drain 
terminal of the N-MOSFET (MN2) and the positive elec 
trode of the battery cell VB5 to apply both end voltages of 
the resistor RE5 between the gate and the source of the 
P-MOSFET (MP4). The drain terminal of the P-MOSFET 
(MP4) is connected to the ground GND-2 through the series 
connection of the resistors RE7, RE8. Zener diode ZD2 is 
disposed in parallel to the resistor RE8 to transmit both end 
voltages of the resistor RE8 to the logic circuit 3. 
0087. According to the above configuration, there is no 
battery cell on the route running from the output terminal 
Out-1 of the low order control device IC-1 to the ground 
GND-1 via the input terminal In-1 of the low order control 
device IC-2 and the Zener diode ZD3, and there is no need 
to worry about the discharge current of the battery. There is 
also formed a route running from the input terminal In-1 of 
the low order control device IC-2 to reach the negative 
electrode of the battery cell VB6 via the drain and the source 
of the P-MOSFET (MP5) and the Zener diode ZD4 and 
returning to the ground GND-1 from the battery cell VB6 
and the battery cell VB5. When the P-MOSFET (MP3) is 
off, the P-MOSFET (MP5) is also off, and the battery cells 
VB5, VB6 do not discharge over this route. A first element 
which cuts off the discharge current is the P-MOSFET 
(MP5), and the Zener diode ZD4 is tediously used to cut off 
the discharge current, when the P-MOSFET (MP5) is defec 
tive and flows the discharge current. 
0088 As described above, by configuring as shown in 
FIG. 3 or FIG. 4, even if the input and output terminals of 
the low order control device are connected without isolating, 
the discharge current of the battery cell can be cut off, and 
the non-isolating connection can be made. In the examples 
of FIG. 3 and FIG. 4, the output circuit of the low order 
control device IC-1 and the input circuit of the low order 
control device IC-2 are shown by one channel respectively, 
but they are provided with the same structure in more than 
one for a single low order control device as shown in FIG. 
1. 

0089. Then, a method of controlling the battery apparatus 
according to this embodiment will be described with refer 
ence to FIG. 5. Here, contents of control to operate the low 
order control devices IC-1, . . . . IC3 according to the 
instruction from the high order control device MPU in the 
examples shown in FIG. 1 to FIG. 4 will be described. 
0090 FIG. 5 is a flow chart showing the contents of 
control of the battery apparatus according to one embodi 
ment of the invention. 

0091 Here, a flow to make a normal operation after the 
low order control devices IC-1,..., IC-3, which have been 
in a sleep mode, are activated by the signal from the high 
order control device MPU will be described. 

0092. In step s1, the high order control device MPU 
transmits an activation signal to the input terminal In-1 of 
the low order control device IC-1 via the photocoupler F1. 
0093. Then, the input circuit 4 of the low order control 
device IC-1 converts the potential of the signal transmitted 
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to the input terminal In-1 and transmits the signal to the 
internal power Supply circuit 2 in step s2. 
0094. Then, the internal power supply circuit 2 operates 
to control the transistor Q in step s3. It takes time before 
external capacitor CV1 of the low order control device IC-1 
is recharged with the output current of the transistor Q so to 
have a predetermined voltage VDD. 
0.095 Then, when the voltage of the capacitor CV1 
reaches a prescribed value or higher which is slightly 
smaller than the voltage VDD in step s4, the logic circuit 3 
and also each circuit shown in FIG. 2 are operated. Then, the 
voltage of CV1 is controlled to the fixed value VDD. 
0096. Then, the logic circuit 3 recognizes the activation 
signal transmitted from the high order control device MPU 
and transmits it to the low order control device IC-2 having 
a potential lower by one rank through the output circuit 6 in 
step s5. 
0097. Similarly, the low order control device IC-2 and the 
low order control device IC-3 are operated by the same flow 
as in the steps s1, . . . . s5. Besides, the low order control 
device IC-3 returns the activation signal to the high order 
control device MPU via the photocoupler F4. 
0098. Then, the high order control device MPU recog 
nizes that all the low order control devices IC-1, IC-2, IC-3 
are activated from their sleep mode and proceeds to give the 
next instructions in step S6. Specifically, the high order 
control device MPU uses photocouplers F1, . . . , F3 and 
transmits serial type control instructions to the low order 
control devices IC-1, . . . , IC-3. 
0099] Then, the low order control device IC-1 converts 
the potential of the serial signal obtained from the input 
terminals In-1,..., In-3 by the input circuit 4 and deciphers 
by the logic circuit 3 in step s7. And, the signal is tempo 
rarily stored in the register, and the same serial signal is sent 
to the next low order control device IC-2. 

0100 Subsequently, the low order control devices IC-2, 
IC-3 also operate in the same way as in the step. s7. And, the 
low order control device IC-3 uses the photocouplers F4, . 
. . . F6 to return the serial signal to the high order control 
device MPU. 

0101. In step s8, the high order control device MPU 
checks the returned serial signal and, if it is normal, sends 
the next control instructions. Meanwhile, if the serial signal 
returned to the high order control device MPU had an error, 
the number of errors related to the signal transmission is 
multiplied in step s9 and, if it is less than an allowable 
number of times, the same instruction signal is sent to the 
low order control device IC-1 to perform once again. Mean 
while, if the number of errors has reached the allowable 
number of times or more, it is determined as abnormal, and 
the high order control device MPU outputs an abnormal 
signal to the high order system in step S10. 

0102) This control flow has a time delay before the 
instruction reaches from the low order control devices IC-1 
to IC-3. However, a battery voltage change is slower than the 
operation of the control circuit Such as a microcomputer, and 
the monitoring of the battery cell condition performed by the 
low order control devices IC-1 to IC-3 may be satisfactory 
by performing about every tens of ms. Therefore, a time 
delay caused in the transmission of the signal from the low 
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order control devices IC-1 to IC-3 is not a problem if it is 
Smaller than the state monitoring cycle. Meanwhile, the high 
order control device MPU can compare the instruction 
issued to the low order control device IC-1 with the one 
returned from the low order control device IC-3 to find 
which of the low order control devices had an error. Par 
ticularly, when a signal is sent without isolating, it is worried 
that there might be an effect due to noise produced by an 
inverter or the like connected to the secondary battery. But, 
according to the aforementioned control method, the high 
order control device MPU can check that each of the 
instructions is accurately recognized by all the low order 
control devices, and the reliability of the apparatus can be 
improved. 

0103). With reference to FIG. 6, the control method for the 
capacity adjustment by the battery apparatus according to 
this embodiment will be described. 

0.104 FIG. 6 is a flow chart showing the contents of 
control to adjust the capacity of the battery apparatus 
according to one embodiment of the present invention. 
0105. The high order control device MPU instructs the 
adjustment of capacity to the low order control devices IC-1, 
IC-2, IC-3 in step s11. 
0106 Then, the low order control devices IC-1, IC-2, 
IC-3 store the instructions in the register and send the same 
instructions to a low order control device having a potential 
lower by one level in step s12. This method is the same as 
the one shown in FIG. 5. 

0107 Then, the high order control device MPU checks 
the instructions returned from the low order control device 
IC-3 in step s13 and, if they were normal, proceeds to step 
S14 but if had an error, returns to step S11 and gives the same 
instructions again. 
0.108 If they were normal in step s14, the high order 
control device MPU sends instructions to the low order 
control devices IC-1,..., IC-3 to go into sleep mode after 
the capacity adjustment. 

0109) Then, the high order control device MPU checks 
the return of the instructions and gets into the sleep mode in 
step s15. Then, the low order control devices IC-1,..., IC-3 
do not receive any instruction from the high order control 
device MPU and operate in a standalone state, respectively. 
0110 Specifically, the low order control devices IC-1, .. 

. . IC-3 sequentially detect the voltage of the battery cells 
placed in the corresponding battery module by the Voltage 
detecting circuit 1 of FIG. 2 and compare the detected value 
with a judgment level (capacity adjusting reference Voltage: 
a voltage output to the comparator CMP3 by the reference 
voltage circuit 2 of FIG. 2) in step s16. 
0.111 When the voltage of the battery cells is higher than 
the judgment level, the switching elements S1, . . . , 512 
corresponding to the respective battery cells are turned on in 
step S17, and the process of step S16 is performed again. 

0.112. When the voltage of the battery cells becomes 
lower than the judgment level, the low order control devices 
IC-1, . . . . IC-3 check that the voltage of the battery cells 
placed in the corresponding battery module is lower than the 
judgment value, turn off the internal power Supply supply 2 
disposed in the respective devices and get into the sleep 
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mode in step S18. In the standalone state, the sequence of 
falling into the sleep mode of the low order control devices 
IC-1,..., IC-3 connected in series is not decided. Therefore, 
it is configured in Such a way to prevent disadvantages that 
an excessive Voltage is applied to the fixed current Switch 
MP3 and the battery cells are locally discharged in the 
non-isolated connection of the input/output between the high 
and low order devices as shown in FIG. 3 and FIG. 4. 

0113. In the above example, the capacity adjusting 
instructions use a capacity adjusting reference Voltage which 
is previously given to the comparator CMP3 of FIG. 2. But, 
any voltage instructed by the high order control device MPU 
can be used as a capacity instruction value by using the A/D 
converter shown in FIG. 7. In this case, the judgment level 
in step S16 is any voltage instructed by the high order control 
device MPU. This point will be described later with refer 
ence to FIG. 7. 

0114. Then, a structure and operation of the A/D con 
verter used for the battery apparatus according to this 
embodiment will be described with reference to FIG. 7 to 
FIG. 10. The A/D converter in this embodiment is provided 
with a function to calibrate an error of the voltage detecting 
unit. 

0115 First, a general structure of the A/D converter used 
for the battery apparatus according to this embodiment will 
be described with reference to FIG. 7 and FIGS. 8A to 8D. 

0116 FIG. 7 is a circuit diagram showing a structure of 
the A/D converter used for the battery apparatus according 
to one embodiment of the present invention. FIG. 8A to FIG. 
8D are timing charts of the A/D converter used for the 
battery apparatus according to one embodiment of the 
invention. Like reference numerals are used to indicate like 
components parts to those shown in FIG. 1. 

0117. As shown in FIG. 1, the A/D converter 7 is pro 
vided with compensation terminals A1, . . . . A3 and 
compensation terminals B1, B2 for compensation of a 
voltage detection error. Voltage (voltage of C2P) Vx 
detected by the voltage detecting unit 1 shown in FIG. 2 is 
transmitted to the positive terminal of a comparator 14 via 
a switch unit SX3. Meanwhile, electric current i of the fixed 
current unit 16 is accumulated in a capacitor Ci via a Switch 
unit SX1 which is driven in synchronization with the switch 
unit SX3. A total voltage of the voltage of the capacitor Ci 
and an adjustment Voltage (Voffset) output by an amplifier 
15 is applied to the negative terminal of the comparator 14 
and compared with the detected voltage VX. The capacitor 
Ci, after the voltage of the battery cell is measured once, is 
discharged by a discharge circuit of a Switch unit SX2, driven 
by a logic inverter 13 and a resistor Ri. Specifically, when 
the switch unit SX3 is turned on and the detected voltage Vx 
is transmitted to the positive terminal of the comparator 14, 
the capacitor Ci has a Voltage of Zero, and the Voltage at the 
negative terminal of the comparator 14 is equal to the 
adjustment voltage (Voffset). The switch unit SX2 remains in 
the off state from the time when the switch unit SX1 and the 
switch unit SX3 are turned on. Therefore, after the time when 
the switch unit SX1 and the switch unit SX3 are turned on, 
the voltage of the capacitor Ci is integrated with the electric 
current i to increase with time. 

0118 Output of the comparator 14 changes from “1” to 
“0” when a voltage resulting from a sum of the voltage of the 
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capacitor Ci and the adjustment Voltage (Voffset) is higher 
than the voltage Vx of the electric 25: current to be detected. 
The A/D converter 7-performs integration type detection for 
measuring a duration in which the output of the comparator 
14 changes to “0” from the time when the switch unit SX1 
and the Switch unit SX3 are turned on. 

0119 Using the adjustment voltage (Voffset) depends on 
the relation between the battery remaining capacity and 
Voltage. For example, a lithium-ion battery using amorphous 
carbon has a battery cell Voltage (open-circuit Voltage) of 
about 2.9 V when the remaining capacity is 0% and an 
open-circuit Voltage is about 4.1 V when the capacity is 
100%. For example, the A/D converter 7 is demanded to be 
able to detect a voltage ranging from 2.9 V to 4.1 V 
accurately, but a voltage at a time when the remaining 
capacity is 0% or below is excluded from the measurement. 
Therefore, a Voltage (e.g., 2 V) when the remaining capacity 
is 0% or less is selected as an adjustment voltage (Voffset) 
so to enable to detect a voltage which is equal to or higher 
than the adjustment Voltage with high accuracy. Here, the 
adjustment Voltage is a Voltage which is obtained by divid 
ing the value of the reference voltage Vref shown in FIG. 2 
by resistance RX1, RX2 and multiplying the obtained value 
with the gain of the amplifier 15. 
0.120. A duration from the time when the switch unit SX1 
and the switch unit SX3 are turned on to the time when 
output of the comparator 14 becomes 0 is measured as 
follows. First, a clock pulse is frequency divided by the first 
counter 9. It is assumed that the clock pulse shown in FIG. 
8D has a frequency of 10 MHz and counted for 128 for 
example, and a signal of a half cycle shown in FIG. 8A is 
produced. The number of counts is different depending on 
whether the compensation terminals A1, ..., A3 are “1” or 
“0”, and FIG. 8A to FIG. 8D show an example that com 
pensation of +3 pulses can be made with respect to the 
standard 128 pulses. Details of the compensation will be 
described later with reference to FIG. 9. 

0.121. In FIG. 7, when output of the comparator 14 is 1, 
an AND circuit 11 transmits the pulse which is frequency 
divided by the first counter 9 to the next second counter 10. 
The second counter 10 counts the output of the first counter 
9 until the output of the comparator 14 becomes 0 as shown 
in FIG. 8C. It is assumed that the voltage of the capacitor Ci 
not containing the adjustment Voltage and falling in a range 
of 0 V. . . . , 3 V is a full scale, and the number of counts up 
to 3 V is 128 pulses. Features of the second counter 10 
include that a shift register 12 counts +1 (or 2) for the result 
of the second counter 10 depending on the state that the 
compensation terminals B1, B2 are “1” or “0” as shown in 
FIG. 8B. Output of the shift register 12 is digitally compared 
with the capacity adjustment level transmitted from the high 
order control device MPU or used in the role of transmitting 
the output of the shift register 12 to the high order control 
device MPU. 

0.122 Here, the compensation by the first counter 9 
according to the compensation terminals A1, . . . . A3 is to 
compensate the Voltage value of the capacitor Ci which is 
determined depending on the values of the constant current 
i and the capacitor Ci and corresponds to the gain compen 
sation. Compensation of the second counter 10 by the 
compensation terminals B1, B2 is to compensate the adjust 
ment voltage which is output of the amplifier 15 and 
corresponds to the offset compensation. 
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0123. When it is assumed that the clock frequency is 10 
MHz, the number of counts by the first counter 9 is 128 and 
the number of counts by the second counter is 128 in full 
scale as described above, and it takes time of about 1.1 ms 
when the battery cell has a voltage of 4 V. Therefore, the 
number of counts by the first and second counters may be 
changed depending on the desired accuracy of Voltage 
detection and measurement time. 

0.124. The compensation terminals A1, A2, A3, B1, B2 of 
the A/D converter 7 are provided to calibrate the accuracy of 
the reference voltage source which is separately provided for 
the low order control devices IC-1, . . . , IC-3 which are 
connected in series. Therefore, errors of the fixed current i, 
the capacitor C1 and the adjustment voltage (Voffset) are 
previously detected for each of the low order control devices 
IC-1,..., IC-3, and information “1” or “O'” is given to the 
terminals A1, . . . , A3 and the terminals B1, B2 to 
compensate such errors. This “1” or “0” can be set by 
connecting the respective terminals to the VDD or the 
GND-1 as described above, and a special device such as a 
laser trimmer of resistance is not required. 
0125 Then, structures and operations of the first counter 
9 and the second counter 10 in the A/D converter used for 
the battery apparatus according to this embodiment will be 
described with reference to FIG. 9 and FIG. 10. 

0126 FIG. 9 is a circuit diagram showing the structures 
of the first counter 9 and the second counter 10 in the A/D 
converter used for the battery apparatus according to one 
embodiment of the invention. FIG. 10 is a truth table of the 
A/D converter used for the battery apparatus according to 
one embodiment of the invention. Like reference numerals 
are used to indicate like component parts to those shown in 
FIG. 7. 

0127. The counters 9, 10 shown have a structure corre 
sponding to 128 counts. The first counter 9 is provided with 
flip-flops M1, . . . . M7 and inputs output of the respective 
flip-flops to a compensation logic 18. The compensation 
logic 18 can change the cycle of the frequency division by 
t3 pulses depending on the states of the compensation 
terminals A1, . . . , A3. The compensation logic 18 is the 
truth table shown in FIG. 10 which is prepared in the form 
of a logical circuit or software. The cycle that the flip-flops 
M1,..., M7 are cleared is variable depending on the output 
of the compensation logic 18, and a pulse which has the 
cycle to the clearness as a half cycle is sent to the second 
counter 10 which is comprised offlip-flops N1, ..., N7. The 
shift register 12 compensates-the output of the flip-flops N1, 
. . . . N7 by it 1 count (or 2 counts) depending on the states 
of the compensation terminals B1, B2 and outputs. 
0128. When it is assumed that a voltage range of the 
capacitor Ci, which is determined by the comparator 14, is 
0, ..., 3V (0. . . . , 5V in voltage Vx) at full scale, +1 count 
compensated by the shift register 12 corresponds to +23.4 
mV. And, a pulse width (input pulse width of the second 
counter) which is compensated by the compensation logic 
18 can be compensated by +2% if it is +3 pulses to 128 
pulses. 

0129. The low order control devices IC-1, IC-2, IC-3 
shown in FIG. 1 inspect the accuracy of the voltage detect 
ing unit before shipping of the products, and evaluate the 
Voltage detection accuracy related to the reference Voltage 
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error possessed by the respective products. And, the com 
pensation terminals A1, . . . . A3 and B1, B2 are used for 
each low order control device to calibrate so that the voltage 
detection accuracy falls in the allowable range. Thus, it is 
not necessary to provide high-cost high precision parts for 
the reference Voltage to achieve both high accuracy and 
low-cost of the device. 

0.130. As described above, the quantity of isolating units 
can be reduced, and a low-cost control device can be 
provided according to this embodiment. 
0.131. It is also possible to reduce an influence caused by 
disturbance such as noise and to make the signal transmis 
sion with improved reliability. 
0.132 Besides, the high accurate voltage detection can be 
achieved, and it is possible to make cost reduction. 
0.133 Then, the battery apparatus according to another 
embodiment of the invention will be described with refer 
ence to FIG. 11. 

0.134 FIG. 11 is a circuit diagram showing a general 
structure of the battery apparatus according to another 
embodiment of the invention. 

0.135 The battery apparatus according to this embodi 
ment has low order control devices IC-1, IC-2 and a high 
order control device housed in a charger package 100. 
Electric cells VB1 to VB4 and battery cells VB5 to VB8 
which configure battery modules are housed in a battery 
module 101 separate from the charger package 100. 
0.136 Conventionally, mobile equipment has a control 
device (equivalent to the low order control devices IC-1, 
IC-2) for detecting a trouble of batteries mounted in a battery 
module. Meanwhile, a nickel hydrogen or lithium battery 
used for hybrid electric cars is a high power type battery 
which can discharge and recharge an electric current of 
several,..., tens of times of a rated electric current in a short 
time. Such a high power type battery is expected to be 
applied for civilian use (e.g., power tools, cordless cleaners, 
etc.) other than automobiles. For example, a power tool is 
demanded to have a function to discharge an electric current 
of about ten times of a battery rating and to recharge quickly 
with an electric current of several times of a rated current. 
When an electric current of about ten times of the battery 
rating is discharged, the Voltage detecting unit of the control 
device detects a Voltage which is obtained by Synthesizing 
an open-circuit Voltage (a voltage when a load is not 
connected to the battery) related to the remaining capacity of 
the battery and a dropped portion of the voltage which is 
determined by the product of the internal resistance of the 
battery and a large current. When the synthesized voltage 
drops to an overdischarge level or less, it is determined as an 
overdischarge by the detecting circuit, and the apparatus 
stops. But, the high power type battery is free from any 
trouble in view of safety even if the synthesized voltage 
drops to the overdischarge level or less in a short time. The 
power tool is required to have a battery light-weighted and 
cost reduced. Therefore, if there is no obstacle on safety, the 
control device (such as an IC) related to the protection of the 
battery is fitted on a charger separate from the battery 
module to monitor the battery for its abnormality by only a 
simple temperature detecting unit such as a thermistor when 
the tool is being used, and if a temperature around the battery 
exceeds an allowable value, an electric current may be shut 
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off on the side of a battery load such as a motor. The above 
battery uses are taken into consideration in this embodiment. 
0137 In the example shown in FIG. 11, the battery 
module 101 accommodates eight battery cells connected in 
series. Within the charger 100, the two low order control 
devices IC-1, IC-2 shown in FIG. 2 are disposed in series. 
The peripheral equipment of the low order control devices 
IC-1, CI-2, namely a capacity adjusting Switch, a resistor, a 
clock oscillator and reference Voltage parts, have the same 
structure as those shown in FIG. 1. Voltage detection com 
pensating terminals A1, A2, A3, B1, B2 are also the same as 
in FIG. 1. 

0138 A difference from FIG. 1 is a method of connecting 
the high order control device MPU and the low order control 
devices IC-1, IC-2, and an isolating photocoupler is not used 
but a potential conversion unit using a Switching element is 
provided in this embodiment. Specifically, the potential 
conversion unit which transmits a signal from the high order 
control device MPU to the low order control device IC-1 on 
the high potential side are provided with N-MOSFET 
(MN3). (MN4), (MN5) to which a gate signal is input from 
the high order control device MPU. These switch units are 
respectively connected to a series resistor comprising the 
resistors r1 and r2, the resistors r3 and rá, and the resistors 
r5 and r(5. Here, the resistors r1, r2, r3 have one end 
connected to the positive electrode of the battery cell VB1 
in the highest potential. Voltages of the resistors r1, r2, r3 are 
connected to gates of the P-MOSFET (MP6), (MP7), (MP8), 
and when the N-MOSFET (MN3), (MN4), MN5) are turned 
on or off, the P-MOSFET (MP6), (MP7), (MP8) are also 
turned on or off accordingly. The drain terminals of the 
P-MOSFET (MP6), (MP7), (MP8) are coupled to the input 
terminals In-1, In-2, In-3 of the low order control device 
IC-1, respectively. 

0139 Similarly, a unit for potential conversion of a signal 
returning from the low order control device IC-2 on the low 
potential side to the high order control device MPU is 
provided with N-MOSFET (MN6), (MN7), (MN8) of which 
gates are respectively connected to the output terminals 
Out-1, Out-2, Out-3 of the low order control device IC-3, 
and resisters r7, r8, r9 are connected between the drain 
terminals of the N-MOSFET (MN6), (MN7), (MN8) and the 
positive electrode of a control power supply 21 (Vcc). And, 
the voltages of the resistors r7, r3, r9 return to the high order 
control device MPU. The high order control device MPU 
also sends a signal to a recharge controlling circuit. Spe 
cifically, a recharging circuit is formed of a power MOSFET 
(MN9) connected to a high voltage power supply VDC, its 
driver circuit 22, a backflow diode DF connected to the 
power MOSFET (MN9), and a choking coil LF of which one 
end is connected to the power MOSFET (MN9). And, an 
electric current passing from the high Voltage power Supply 
VDC to the battery module 101 via the power MOSFET 
(MN9) is monitored by a current sensor CT2. The high 
voltage source VDC is produced by an AC/DC converter 23 
which is connected to a commercial AC power Supply, and 
output of the VDC is used to produce the control power 
supply 21 for the high order control device MPU by a 
DC/DC converter 24. 

0140. The respective electrodes of the battery cells placed 
in the battery module 101 and the corresponding low order 
control devices IC-1, IC-2 in the charger 100 are connected 
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via terminals a, . . . . i. The positive and negative electrodes 
of the battery module 101 and the charger 100 are connected 
to pass a charging current. The charger 100 controls the 
charging current passing through the power MOSFET 
(MN9) by a signal output from the high order control device 
MPU. The low order control devices IC-1, IC-2 perform the 
capacity adjustment, which was described with reference to 
FIG. 6, during or after the battery module 101 is, recharged. 
For the capacity adjustment while recharging, when the 
battery module 101 and the charger 100 are connected, a 
voltage of each battery cell is measured by the A/D con 
verters mounted on the low order control devices IC-1, IC-2, 
and the measured values are sequentially sent to the high 
order control device MPU. The high order control device 
MPU calculates a capacity adjustment level from the voltage 
of each battery cell and transmits to the low order control 
devices IC-1, IC-2. Then, the low order control devices IC-1, 
IC-2 perform the capacity adjustment and the detection of 
overcharging while the charging current flows. It is to be 
noted that the operation to get into sleep mode after the 
adjustment described in connection with step s18 of FIG. 6 
is omitted. 

0.141. As described above, a low-cost control device can 
be achieved by decreasing a quantity of isolating units 
according to this embodiment. 
0142. The signal transmission of which reliability is 
improved can be attained by reducing the influence by the 
external interference, such as noise. 
0.143 Besides, the highly accurate voltage detection can 
be achieved, and the cost reduction can be made. 
0144. The method of controlling the battery apparatus 
according to another embodiment of the present invention 
will be described with reference to FIG. 12A to FIG. 12D. 

0145 FIGS. 12A to 12D are timing charts showing the 
contents of control in the battery apparatus according to 
another embodiment of the invention. The structure of the 
battery apparatus used in this embodiment can be either one 
shown in FIG. 1 and FIG. 11. 

0146 FIGS. 12A to 12D show a transmitting method of 
I/O data which is sent from the high order control device 
MPU to the low order control device IC-1 or among the low 
order control devices IC-1, IC-2, IC-3. 

0147 The high order control device MPU transmits the 
clock signal shown in FIG. 12A and input data (FIG. 12B) 
in synchronization with the clock signal to the low order 
control device IC-1 in the highest potential. And, data input 
from the high potential side to the low potential side is serial 
transmitted among the low order control devices IC-1, . . . 
, IC-3. In other words, the low order control device which 
has received the input clock and input data outputs the same 
signal with shifting by one clock as shown in FIGS. 12C, 
12D. 

0.148 Thus, signal delay time between the input and 
output of the signal can be shortened. In FIGS. 12B and 12D, 
OV. UV and 50% OR indicated by the broken line indicate 
overcharge, overdischarge and capacity adjustment judging 
bits. When the input data received from the high potential 
side higher by one level has information on the OV, UV and 
50% OR, it is indicated by the solid line in FIG. 12, but if 
not, it is indicated by the broken line. In the output data, 50% 



US 2008/006 1740 A1 

OR is indicated by the solid line, and it means that there was 
an battery cell exceeding the capacity adjustment level as the 
result of detecting the Voltage of the battery cells (e.g., the 
battery cells VB1, VB4) to which the low order control 
device having received the input data corresponds. Thus, the 
low order control device takes logical add (OR) of the data 
input about the overcharge, overdischarge and capacity 
adjustment judgment and the detected result of the corre 
sponding battery cells, and transmits the result to the low 
order control device. 

0149 The high order control device MPU can check that 
at least one among all the battery cells exceeds the judgment 
level if the returned data had any flag of the OV, UV, 50% 
OR stood. 

0150. By having the aforementioned serial signal, when 
the plural low order control devices are connected without 
isolating, a signal transmission delay is short, and a fail safe 
type is provided by virtue of the OR form, and reliability is 
improved. When a logical product is used instead of the 
logical add, the variation in battery voltage can be presumed 
from the analysis of a signal when recharging or discharging, 
and the capacity adjusting function can be operated accord 
ing to the detected result. 
0151. In the embodiments shown in FIG. 1 to FIGS. 12A 

to 12D, the battery cells VB1,..., VB12 are assumed to be 
the secondary batteries, but they are not limitative and may 
be an ultra capacitor. 
0152. According to the present invention, a quantity of 
isolating units is decreased, and the cost reduction of the 
control device can be made. 

0153. And, the influence by the external interference such 
as noise is reduced, and the signal transmission with reli 
ability improved can be realized. 
0154 Besides, highly accurate voltage detection can be 
achieved, and the cost reduction can be made. 
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0.155) It should be further understood by those skilled in 
the art that the foregoing description has been made on 
embodiments of the invention and that various changes and 
modifications may be made in the invention without depart 
ing from the spirit of the invention and scope of the 
appended claims. 

1. A battery apparatus, comprising: 
plural battery modules connected in series each having 

plural battery cells connected in series; 
plural low order control devices which are provided in 

correspondence with the plural battery modules, 
respectively, each of the plural low order control 
devices controlling the plural battery cells configuring 
corresponding one of the plural battery modules; 

a high order control device which controls the plural low 
order control devices; 

isolating or potential converting units which connects an 
input terminal of the low order control device at a 
highest potential among the plural low order control 
devices, an output terminal of the low order control 
device at a lowest potential among the plural low order 
control devices, and the high order control device; and 

interruption elements each of which is disposed between 
the output terminal of corresponding one of the plural 
low order control devices and the battery cell in cor 
responding one of the plural battery modules on a low 
potential side and blocks discharge current of the 
battery cells in the corresponding battery module, 
wherein 

terminals related to input and output of a signal are 
connected in an electrically non-isolated State among 
the plural low order control devices. 

2.-10. (canceled) 


