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METHOD OF CHARGING A BATTERY 
ARRAY 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a method of charg 
ing a battery array that is a plurality of batteries connected in 
series, and in particular relates to a method that is optimal for 
charging a battery array that is a plurality of lithium ion 
rechargeable batteries connected in series. 
0003 2. Description of the Related Art 
0004. When a battery array, which is a plurality of batter 
ies connected in series, is charged, each battery is charged by 
the same charging current. Therefore, if the electrical char 
acteristics of all the batteries are identical, each battery will be 
charged to the same Voltage. However, in an actual battery 
array, the Voltage of each battery does not become the same. 
This is because the electrical characteristics of all battery cells 
cannot be made completely the same. The Voltage difference 
of each battery relative to others becomes larger with use. 
This is because the relative imbalance in degradation of each 
battery increases with use. This drawback can be eliminated 
by a method that charges each series connected battery inde 
pendently. However, a charging circuit for this method 
becomes complex, and since it is necessary to expose each 
battery connecting node externally as a terminal, there is no 
way the method can be adopted in actuality. Further, a prac 
tical battery array of this type has not been developed. As a 
result, a battery array is charged by connection of its positive 
and negative output terminals to a battery charger. Conse 
quently, Voltage differences develop due to the relative imbal 
ance of the batteries. 
0005. If the voltage of a particular battery exceeds a maxi 
mum specified Voltage during charging, degradation of that 
battery becomes significant, and safely charging the battery 
array becomes impossible. For this reason a method that 
charges a battery array while detecting the Voltage of each 
battery and Suspends charging when the Voltage of any bat 
tery exceeds a maximum specified Voltage is cited in Japanese 
Patent Application Disclosure 2001-126772 

SUMMARY OF THE INVENTION 

0006. The charging method described above can charge a 
battery array while controlling the voltage of each battery at 
or below the maximum specified voltage. However, since that 
charging method suspends charging when the Voltage of any 
one battery rises to the maximum specified Voltage, it has the 
drawback that it cannot charge the battery array to sufficient 
capacity when an imbalance develops between batteries. This 
is because charging is Suspended even though batteries, 
which have a Voltage that has not reached the maximum 
specified Voltage, are in a state that can accept further charg 
1ng. 
0007. The present invention was developed to resolve the 
drawbacks described above. Thus, it is a primary object of the 
present invention to provide a method of charging that can 
increase the charge capacity of a battery array while control 
ling the Voltage of each battery at or below a maximum 
specified Voltage. 
0008 To achieve the object describe above, the method of 
charging a battery array of the present invention is comprised 
as follows. The method of charging a battery array charges the 
plurality of series connected batteries by constant Voltage and 
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constant current charging while monitoring the Voltage of 
each battery. This charging method detects the Voltage of each 
battery cell at a prescribed sampling rate. When the voltage of 
any battery cell exceeds a previously set maximum specified 
Voltage, constant Voltage and constant current charging is 
performed by reducing the amount of power Supplied to 
charge the battery array. 
0009. The charging method described above has the char 
acteristic that battery array charge capacity can be increased 
while controlling the voltage of each battery at or below the 
maximum specified Voltage. This is because the charging 
method above detects the voltage of each battery cell at a 
prescribed sampling rate, and when the Voltage of any battery 
cell exceeds the maximum specified Voltage, it reduces the 
specified Voltage for constant Voltage charging or it reduces 
the specified current for constant current charging of the 
battery array. Furthermore, the charging method continues 
constant Voltage or constant current charging of the battery 
array with reduced power. 
0010 FIG. 4 is a graph showing the voltage and charging 
current of battery cells of a battery array that is charged by an 
embodiment of the method of charging a battery array of the 
present invention. As shown in this figure, when the Voltage of 
the high Voltage battery cell exceeds the maximum specified 
Voltage, charging is controlled to reduce charging power at 
time (t1). Since charging power is controlled lower, charging 
current is lower and battery array charging Voltage is 
decreased. Voltage of the high Voltage battery cell decreases 
as a result of lower charging current and drops lower than the 
maximum specified Voltage. In this state, the battery array is 
further charged and the high Voltage battery cell gradually 
increases in Voltage. When the high Voltage battery cell again 
exceeds the maximum specified Voltage, charging power is 
further reduced at time (t2). This charging scenario is 
repeated at times (t3, ta) and charging is completed when 
battery array charging current drops to a minimum current. In 
this manner a battery array can be charged to sufficient capac 
ity while controlling the voltage of the high voltage battery 
cell not to exceed the maximum specified Voltage. More 
precisely, the high Voltage battery cell exceeds the maximum 
specified Voltage for an extremely short time, but is Subse 
quently controlled not to exceed the maximum specified Volt 
age. In particular, the charging method of the present inven 
tion does not control the high voltage battery cell below the 
maximum specified Voltage by initially limiting charging cur 
rent to a smaller value at the start of charging. Charging power 
is controlled to a reduced level when the voltage of the high 
Voltage battery cell exceeds the maximum specified Voltage. 
Therefore, the charging method of the present invention can 
Sufficiently charge a battery array by charging with high 
current at the start while keeping the Voltage of the high 
Voltage battery cell below the maximum specified Voltage. 
Consequently, the charging method of the present invention 
realizes the characteristic that the battery array can be fully 
charged in a short period, can maintain the Voltage of the high 
Voltage battery cell below the maximum specified Voltage, 
and can increase overall charge capacity of the battery array. 
0011. The method of charging a battery array of the 
present invention detects the voltage of each battery cell at a 
prescribed sampling rate. When the voltage of any battery cell 
exceeds the pre-set maximum specified Voltage, the Voltage 
for charging the battery array or the charging current can be 
controlled to a reduced level for constant Voltage charging 
and constant current charging. 
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0012 Power supplies used for charging battery arrays are 
almost without exception Switching power Supplies. In a 
Switching power Supply, input 100V alternating current (AC) 
is converted to direct current (DC). Switched DC power is 
input to the input-side of a transformer via a Switching device. 
AC from the output-side of the transformer is rectified to 
convert it to DC for output as charging power to the battery 
array. In the Switching power Supply, output Voltage and 
current are stabilized by the on and offswitching duty cycle of 
the Switching device. To Stabilize output Voltage, a Voltage 
feedback circuit is provided to control the duty cycle of the 
Switching device. Further, to stabilize output current, a cur 
rent feedback circuit is provided to control the duty cycle of 
the Switching device. In this charging method, battery array 
charging power can be easily controlled by controlling the 
Voltage feedback circuit. In addition, battery array charging 
power can be easily controlled by controlling the current 
feedback circuit. 

0013 The charging method of the present invention 
detects the voltage of each battery cell at a prescribed sam 
pling rate. When the voltage of any battery cell exceeds the 
pre-set maximum specified Voltage, the Voltage for charging 
the battery array is reduced for constant Voltage and constant 
current charging. In this type of charging method, when the 
Voltage of the high Voltage battery cell exceeds the maximum 
specified Voltage, the Voltage for charging the battery array 
can be reduced by a prescribed ratio. Further, when the volt 
age of the high Voltage battery cell exceeds the maximum 
specified voltage, the set current for charging the battery array 
can be reduced by a prescribed ratio. In this charging method, 
each time the voltage of the high voltage battery cell exceeds 
the maximum specified Voltage, Voltage for charging the bat 
tery array is reduced by 5%, or the set current is reduced by 
20%. This charging method can charge a battery array to 
Sufficient capacity with a simple circuit configuration while 
preventing the Voltage of the high Voltage battery cell from 
becoming abnormally high. 
0014 Again, the charging method of the present invention 
detects the voltage of each battery cell at a prescribed sam 
pling rate. When the voltage of any battery cell exceeds the 
pre-set maximum specified Voltage, the Voltage for charging 
the battery array is reduced for constant Voltage and constant 
current charging. In this type of charging method, when the 
Voltage of the high Voltage battery cell exceeds the maximum 
specified Voltage, the ratio for reducing the charging Voltage 
or the set current can be determined from the voltage differ 
ence between the voltage of the high voltage battery cell and 
the maximum specified voltage. When the voltage difference 
is large, the ratio for reducing the charging Voltage or the set 
current can be made large. Once the Voltage of the high 
Voltage battery cell has exceeded the maximum specified 
Voltage, this method can charge the battery array with opti 
mum voltage and current. Consequently, the battery array can 
be charged in a short time to sufficient capacity while pre 
venting the Voltage of the high Voltage battery cell from 
becoming abnormally high. 
00.15 Again, the charging method of the present invention 
detects the voltage of each battery cell at a prescribed sam 
pling rate. When the voltage of any battery cell exceeds the 
pre-set maximum specified Voltage, the Voltage for charging 
the battery array is reduced for constant Voltage and constant 
current charging. In this type of charging method, when the 
Voltage of the high Voltage battery cell exceeds the maximum 
specified Voltage, the ratio for reducing the charging Voltage 
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or the set current can be determined from the internal resis 
tance of the battery cell that exceeded the maximum specified 
voltage. When the internal resistance of that battery cell is 
high, the ratio for reducing the charging Voltage or the set 
current can be made large. In this charging method as well, the 
battery array can be charged with optimum Voltage and cur 
rent after the voltage of the high voltage battery cell has 
exceeded the maximum specified Voltage. Consequently, the 
battery array can be charged in a short time to sufficient 
capacity while preventing the Voltage of the high Voltage 
battery cell from becoming abnormally high. 
0016. Again, the charging method of the present invention 
detects the voltage of each battery cell at a prescribed sam 
pling rate. When the voltage of any battery cell exceeds the 
pre-set maximum specified Voltage, the Voltage for charging 
the battery array is reduced for constant Voltage and constant 
current charging. In this type of charging method, when the 
Voltage of any battery cell exceeds the maximum specified 
Voltage, the Voltage for charging the battery array can be 
reduced to a battery voltage that is the sum of the voltages of 
each battery cell. 
0017. This charging method can continue charging the 
battery array while simplifying charging Voltage control and 
reliably preventing charging Voltage from becoming lower 
than the battery voltage. 
0018. The charging method of the present invention can 
change the maximum specified Voltage, which is compared 
with the Voltage of a high Voltage battery cell, depending on 
battery temperature. By this method, the battery array can be 
charged while protecting the batteries and avoiding battery 
performance degradation in low temperature or high tempera 
ture operating conditions. 
0019. The charging method of the present invention 
detects the voltage of each battery cell at a prescribed sam 
pling rate. When the voltage of any battery cell exceeds the 
pre-set maximum specified Voltage, the set current for charg 
ing the battery array is reduced for constant Voltage and 
constant current charging. The set current can be changed 
depending on battery temperature. Furthermore, in the charg 
ing method of the present invention, reduction in the set 
current can proceed in multiple stages of current settings. 
0020. The charging method above can charge a battery 
array while protecting the batteries and avoiding battery per 
formance degradation in low temperature or high temperature 
operating conditions. Further, since reduction in the set cur 
rent is by multiple stages of current settings, the charging 
method is simple and convenient, and the power Supply cir 
cuit can be simple and inexpensive. 
0021. The above and further objects of the present inven 
tion as well as the features thereof will become more apparent 
from the following detailed description to be made in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a block diagram showing an example of a 
charging circuit used in one embodiment of the method of 
charging a battery array of the present invention; 
0023 FIG. 2 is a graph showing maximum specified volt 
age versus battery temperature; 
0024 FIG. 3 is a flowchart showing one embodiment of 
the method of charging a battery array of the present inven 
tion; 
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0025 FIG. 4 is a graph showing voltage and current char 
acteristics for batteries charged according to the steps shown 
in FIG. 3; 
0026 FIG. 5 is a flowchart showing another embodiment 
of the method of charging a battery array of the present 
invention; 
0027 FIG. 6 is a graph showing voltage and current char 
acteristics for batteries charged according to the steps shown 
in FIG. 5; 
0028 FIG. 7 is a block diagram showing an example of a 
charging circuit used in another embodiment of the method of 
charging a battery array of the present invention; 
0029 FIG. 8 is a graph showing specified current versus 
battery temperature; 
0030 FIG. 9 is a flowchart showing another embodiment 
of the method of charging a battery array of the present 
invention; 
0031 FIG. 10 is a graph showing voltage and current 
characteristics for batteries charged according to the steps 
shown in FIG. 9; 
0032 FIG. 11 is a circuit diagram showing an example of 
a circuit to detect battery array over-charging and over-dis 
charging: 
0033 FIG. 12 is a block diagram showing an example of a 
battery pack that determines the temperature region for a 
given battery temperature; and 
0034 FIG. 13 is a graph showing an example of specified 
Voltage versus battery temperature. 

DESCRIPTION OF THE INVENTION 

0035. The method of charging a battery array can reduce 
the Voltage for charging the battery array by a prescribed ratio 
when the Voltage of any battery cell exceeds a maximum 
specified Voltage. 
0036 When the voltage of any battery cell exceeds the 
maximum specified Voltage, the method of charging can 
reduce the Voltage for charging the battery array, and the ratio 
for reducing the charging Voltage can be determined from the 
Voltage difference between the maximum specified Voltage 
and the voltage of the battery cell. When the voltage differ 
ence is large, the ratio for reducing the charging Voltage can 
be made large. 
0037. When the voltage of any battery cell exceeds the 
maximum specified Voltage, the method of charging can 
reduce the Voltage for charging the battery array, and the ratio 
for reducing the charging Voltage can be determined from the 
internal resistance of the battery cell that exceeded the maxi 
mum specified voltage. When the internal resistance of that 
battery cell is high, the ratio for reducing the charging Voltage 
can be made large. 
0038. The method of charging a battery array detects the 
Voltage of each battery cell at a prescribed sampling rate. 
When the voltage of any battery cell exceeds the pre-set 
maximum specified Voltage, the set current for charging the 
battery array can be reduced for constant Voltage and constant 
current charging. 
0039. The method of charging a battery array can also 
reduce the set current for charging the battery array by a 
prescribed ratio when the voltage of any battery cell exceeds 
a maximum specified Voltage. 
0040. When the voltage of any battery cell exceeds the 
maximum specified Voltage, the method of charging can 
reduce the set current for charging the battery array, and the 
ratio for reducing the set current can be determined from the 
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Voltage difference between the maximum specified Voltage 
and the voltage of the battery cell. When the voltage differ 
ence is large, the ratio for reducing the set current can be made 
large. 
0041. When the voltage of any battery cell exceeds the 
maximum specified Voltage, the method of charging can 
reduce the set current for charging the battery array, and the 
ratio for reducing the set current can be determined from the 
internal resistance of the battery cell that exceeded the maxi 
mum specified voltage. When the internal resistance of that 
battery cell is high, the ratio for reducing the set current can be 
made large. 
0042. In the method of charging a battery array, the maxi 
mum specified Voltage can be changed depending on battery 
temperature. 
0043. The following describes embodiments of the 
present invention based on the figures. FIG. 1 is a block 
diagram of a charging circuit for charging a battery array 1 
made up of a plurality of lithium ion rechargeable batteries 3. 
The charging circuit of FIG. 1 is provided with a power supply 
circuit 4 for constant current and constant Voltage charging of 
the battery array 1, a control circuit 5 to control the charging 
Voltage and set current for charging the battery array 1 with 
the power Supply circuit 4, a Voltage detection circuit 6 to 
detect the voltage of each battery 3 and output it to the control 
circuit 5, a current detection circuit 7 to detect the battery 3 
charging current, and a temperature detection circuit 8 to 
detect and output the temperature of the batteries 3. 
0044) The battery array 1 of the figure has three battery 
cells connected in series. Each battery cell 2 has two lithium 
ion rechargeable batteries 3 connected in parallel. As shown 
in this figure, a battery cell 2 can have a plurality of unit cells 
3 connected in parallel. However, a battery cell can also be 
configured as a single unit cell. Although the battery array 1 of 
the figure has three battery cells 2 connected in series, a 
battery array charged by the method of the present invention 
can have two battery cells connected in series or it can have 
four or more battery cells connected in series. 
0045. The power supply circuit 4 is a switching power 
Supply. The Switching power Supply Switches DC power 
obtained by rectifying commercial power 9, which is 100V 
AC (120VAC in the US). The DC power is switched by a 
switching device 10 for input to the primary-side of the trans 
former 11. AC output from the secondary-side of the trans 
former 11 is rectified and output as charging power for the 
battery array 1. In this Switching power Supply, output is 
controlled by the on and off duty cycle of the switching device 
10. Output is increased by lengthening the time the switching 
device 10 is on, and output is decreased by shortening the time 
the switching device 10 is on. Since the power supply circuit 
4 charges the battery array 1 with constant Voltage and con 
stant current, it has a Voltage feedback circuit 12 to control 
output Voltage to a constant maximum value and a current 
feedback circuit 13 to limit output current to a constant maxi 
mum value. Both feedback circuits are connected to the input 
circuit 14 of the switching device 10. The voltage feedback 
circuit 12 controls the duty cycle of the switching device 10 
via the input circuit 14, and controls the maximum output 
voltage to be the maximum voltage of the battery array 1. For 
example, maximum output Voltage is set to 12.6V for a power 
Supply circuit 4 that charges a battery array 1 with three 
battery cells 2 connected in series. Further, the current feed 
back circuit 13 controls the duty cycle of the switching device 
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10 via the input circuit 14, and controls the maximum output 
current to be the maximum current for charging the battery 
array 1. 
0046. The voltage detection circuit 6 detects the voltage of 
each battery cell 2 connected in series, converts the detected 
Voltage to a digital signal, and inputs that signal to the control 
circuit 5. The current detection circuit 7 detects battery array 
1 charging current, converts the detected current to a digital 
signal, and inputs that signal to the control circuit 5. In addi 
tion, the temperature detection circuit 8 detects battery 3 
Surface temperature, converts the detected temperature to a 
digital signal, and inputs that signal to the control circuit 5. 
0047. The control circuit 5 is provided with a memory 
circuit 15 that stores the maximum specified voltage of the 
battery, and a power reduction circuit 16 that compares the 
maximum specified Voltage stored in the memory circuit 15 
with the battery Voltage and controls battery array 1 charging 
Voltage and charging current. 
0048 FIG. 2 shows the maximum specified voltage stored 
in the memory circuit 15. Here, the maximum specified volt 
age is a voltage set somewhat lower than the over-charge 
protection Voltage, which is the absolute maximum Voltage 
that a charging battery should never exceed. The memory 
circuit 15, which stores the data of FIG. 2, stores a maximum 
specified Voltage for each temperature region. Temperature of 
the charging battery is separated into a low temperature 
region, a standard temperature region, and a high temperature 
region. The low temperature boundary temperature (T1) 
between the low temperature region and the standard tem 
perature region is 10°C. 
0049. However, this low temperature boundary tempera 
ture (T1) can also be from 5°C. to 15° C. The high tempera 
ture boundary temperature (T2) between the standard tem 
perature region and the high temperature region is 45° C. 
However, the high temperature boundary temperature (T2) 
can also be from 40°C. to 60°C. Attemperatures in a region 
below the low temperature region (for example, below 0°C.) 
orina region above the high temperature region (for example, 
above 60° C.), charging can be suspended. 
0050. The over-charge protection voltage, which should 
never be exceeded by a charging battery, is set depending on 
the temperature region of the battery being charged. The 
over-charge protection Voltage in the low temperature region 
and the high temperature region is set lower than the over 
charge protection Voltage in the standard temperature region. 
Further, the over-charge protection Voltage in the low tem 
perature region is set lower than the over-charge protection 
Voltage in the high temperature region. As shown in FIG. 2, 
the maximum specified Voltage in each temperature region is 
set somewhat lower, for example, from 20 mV to 100 mV 
lower, than the over-charge protection Voltage setting in each 
temperature region. Specifically, the first maximum specified 
Voltage (V1) for charging a battery in the low temperature 
region is set lower than the second maximum specified Volt 
age (V2) for charging a battery in the standard temperature 
region. The third maximum specified Voltage (V3) for charg 
ing a battery in the high temperature region is set lower than 
the second maximum specified Voltage (V2). In addition, the 
first maximum specified voltage (V1) is set lower than the 
third maximum specified voltage (V3). However, the first 
maximum specified Voltage (V1) can also be set higher than 
the third maximum specified voltage (V3). Finally, in the 
undesirable case where battery voltage exceeds the over 
charge protection Voltage, a protection measure is executed, 
Such as Switching off a charging cut-off device connected in 
series with the batteries, and charging is terminated. 
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0051. The second maximum specified voltage (V2) is set 
to an optimum value for the type of lithium ion rechargeable 
battery. For cobalt-oxide lithium-carbon based lithium ion 
rechargeable batteries, the second maximum specified Volt 
age (V2) is set 20 mV to 100 mV lower than the over-charge 
protection voltage, and is set, for example, 30 mV lower than 
4.25V at 4.22V. However, the second maximum specified 
voltage (V2) can also be set in a range from 4.20V to 4.24V 
for this type of lithium ion battery. The first maximum speci 
fied voltage (V1) is set 20 mV to 100 mV lower than the 
over-charge protection Voltage in the low temperature region, 
and is set, for example, at 4.03V. The third maximum speci 
fied voltage (V3) is set 20 mV to 100 mV lower than the 
over-charge protection Voltage in the high temperature 
region, and is set, for example, at 4.13V. 
0052. However, the first maximum specified voltage (V1) 
and the third maximum specified voltage (V3) can also be set 
based on the second maximum specified voltage (V2). For 
example, the first maximum specified Voltage (V1) can be set 
30 mV to 300 mV lower than the second maximum specified 
voltage (V2). The third maximum specified voltage (V3) can 
be set lower than the second maximum specified voltage (V2) 
and higher than the first maximum specified Voltage (V1). In 
this case, the third maximum specified voltage (V3) can be set 
to make the voltage difference between the third maximum 
specified Voltage (V3) and the second maximum specified 
voltage (V2)30% to 80% of the voltage difference between 
the first maximum specified voltage (V1) and the second 
maximum specified Voltage (V2). 
0053. The power reduction circuit 16 determines the 
maximum specified Voltage from battery 3 temperature 
detected by the temperature detection circuit 8 and from data 
stored in the memory circuit 15. For example, if battery 
temperature is 20°C., the maximum specified Voltage is set to 
a voltage lower than 4.25V, such as 4.22V. In addition, the 
power reduction circuit 16 compares the Voltage of each 
battery cell 2 detected by the voltage detection circuit 6 with 
the maximum specified voltage. When the voltage of the 
highest Voltage battery cell exceeds the maximum specified 
voltage, the power reduction circuit 16 controls the power 
Supply circuit 4, which charges the battery array 1, to reduce 
its output. The power reduction circuit 16 controls power 
output by controlling the on and off duty cycle of the switch 
ing device 10 via the voltage feedback circuit 12 or the current 
feedback circuit 13. 
0054 When the voltage of the high voltage battery cell 
exceeds the maximum specified Voltage, the power reduction 
circuit 16 reduces charging power by reducing the Voltage for 
charging the battery array 1 by a prescribed ratio, or by 
reducing the set current by a prescribed ratio. Each time the 
Voltage of the high Voltage battery cell exceeds the maximum 
specified voltage, the power reduction circuit 16 reduces 
charging powerby reducing charging Voltage, for example, to 
95% of its previous value. Otherwise, each time the voltage of 
the high Voltage battery cell exceeds the maximum specified 
Voltage, the power reduction circuit 16 reduces charging 
power by reducing the set current, for example, to 80% of its 
previous value. However, the power reduction circuit 16 can 
reduce charging Voltage or set current by any ratio from 50% 
to 99% of the previous value. 
0055. Further, when the voltage of the high voltage battery 
cell exceeds the maximum specified Voltage, the power 
reduction circuit 16 can determine the ratio for reducing the 
Voltage or set current for charging the battery array1 from the 
Voltage difference between the maximum specified Voltage 
and the battery cell voltage. Here, the maximum specified 
Voltage is the maximum specified Voltage for an individual 
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battery cell multiplied by the number of series connected 
battery cells (three for the present embodiment), and the 
battery cell voltage is the sum of the voltage of each battery 
cell. When the voltage difference is large, the proportional 
reduction in the charging Voltage or set current can be made 
large. For example, the power reduction circuit 16 can 
increase reduction in the amount of charging Voltage or set 
current in proportion to the difference between the maximum 
specified Voltage and the battery cell Voltage. 
0056 Further, when the voltage of the high voltage battery 
cell exceeds the maximum specified Voltage, the power 
reduction circuit 16 can determine the ratio for reducing the 
charging Voltage or set current from the internal resistance of 
the battery cell that exceeded the maximum specified voltage. 
When battery cell internal resistance is large, the proportional 
reduction in the charging Voltage or set current can be made 
large. The power reduction circuit 16 computes the internal 
resistance (R) of the high voltage battery cell from the charg 
ing Voltage of the high Voltage battery cell during charging 
(Ec), the charging current (I), and the open circuit Voltage 
during Suspension of charging (Eo) according to the equation 
below. The ratio for reduction of the charging voltage or set 
current is computed from the calculated internal resistance 
(R). For example, the power reduction circuit 16 can increase 
reduction in the amount of charging Voltage or set current in 
proportion to the internal resistance (R). 

0057 The charging circuit of FIG. 1 charges the battery 
array1 by the following steps based on the flowchart shown in 
FIG. 3. This flowchart shows a method of charging that 
reduces charging Voltage (Ec) for constant Voltage, constant 
current charging of the battery array1 when the Voltage of the 
high Voltage cell (Ecell) exceeds the maximum specified Volt 
age (Vmax). FIG. 4 shows the Voltage and current character 
istics for batteries charged according to this flowchart. In FIG. 
4, Solid line A shows Voltage variation for the high Voltage 
battery cell; solid line B shows voltage variation for another 
battery cell; broken line C shows variation in the charging 
Voltage (Ec) for constant Voltage, constant current charging; 
and Solid line D shows variation in the battery array charging 
current (I). Here, the charging Voltage applied to the battery 
array 1 is equal to the charging Voltage (Ec) of FIG. 4 times 
the number of series connected cells (three for the present 
embodiment). 
0058 step n=1 
The temperature detection circuit 8 detects battery tempera 
ture. 

0059 step n=2 
The maximum specified voltage (Vmax) is determined from 
the detected battery temperature. 
0060 step n=3 
Constant Voltage, constant current charging is started. 
0061 step n=4, 5 
Charging current (I) is judged whether it is Smaller than the 
minimum current (Imin). The minimum current (Imin) is set 
to the charging current of a battery array 1 in a fully charged 
state. Therefore, if battery array 1 charging current (I) drops 
below the minimum current (Imin), full charge is judged and 
charging is complete. 
0062 step n=6 
If charging current (I) has not dropped below the minimum 
current (Imin), the voltage of the high voltage battery cell 
(Ecell) is compared with the maximum specified Voltage 
(Vmax). Control loops through steps n=4 and n=6 until either 
the charging current (I) drops below the minimum current 

Aug. 30, 2012 

(Imin) or the voltage of the high voltage battery cell (Ecell) 
exceeds the maximum specified Voltage (Vmax). 
0063 step n=7| 
When the voltage of the high voltage battery cell (Ecell) 
exceeds the maximum specified Voltage (Vmax), charging 
power to the battery array 1 is reduced by reducing the charg 
ing Voltage (Ec) with which the power Supply circuit 4 
charges the battery array 1. For example, charging Voltage 
(Ec) is reduced to 95% of its previous value (for a power 
Supply circuit 4 charging at 12.6V, charging Voltage is 
reduced to approximately 12V). Control then returns to step 
3. 
0064 Subsequently, control loops through steps n=3, 4, 6, 
and 7 until charging current (I) drops below the minimum 
current (Imin). Each time the Voltage of the high Voltage 
battery cell (Ecell) exceeds the maximum specified voltage 
(Vmax), the output Voltage of the power Supply circuit 4 for 
charging the battery array 1, which is the charging Voltage 
(Ec), is reduced to 95% of its previous value. 
0065. In the case where charging voltage is reduced by a 
constant ratio, a lower limit is set for the charging Voltage 
computed by multiplying the constant ratio times the previ 
ous Voltage. This is because charging becomes impossible if 
the charging Voltage becomes lower than the battery Voltage. 
Therefore, if the charging Voltage computed by multiplying 
the constant ratio becomes lower than the battery voltage, the 
charging Voltage is set to the battery Voltage. Here, the battery 
Voltage is the sum of the Voltage of each battery cell as 
described previously. As an alternate technique, each time the 
voltage of the high voltage battery cell (Ecell) exceeds the 
maximum specified Voltage (Vmax) and charging Voltage 
(Ec) is reduced, it can be set to the battery voltage, which is 
the sum of the voltage of each battery cell. 
0066. The flowchart of FIG. 5 shows a method of charging 
that reduces the set current (Ic) for constant Voltage, constant 
current charging of the battery array1 when the Voltage of the 
high Voltage cell (Ecell) exceeds the maximum specified Volt 
age (Vmax). FIG. 6 shows the Voltage and current character 
istics for batteries charged according to this flowchart. In FIG. 
6, Solid line A shows Voltage variation for the high Voltage 
battery cell; solid line B shows voltage variation for another 
battery cell; solid line D shows variation in the battery array 
charging current (I); and broken line E shows variation in the 
set current (Ic) for constant Voltage, constant current charg 
ing. 
0067 step n=1 
The temperature detection circuit 8 detects battery tempera 
ture. 

0068 step n=2 
The maximum specified voltage (Vmax) is determined from 
the detected battery temperature. 
0069 step n=3 
Constant Voltage, constant current charging is started. 
(0070 step n=4, 5 
Charging current (I) is judged whether it is Smaller than the 
minimum current (Imin). The minimum current (Imin) is set 
to the charging current of a battery array 1 in a fully charged 
state. Therefore, if battery array 1 charging current (I) drops 
below the minimum current (Imin), full charge is judged and 
charging is complete. 
(0071 step n=6 
If charging current (I) has not dropped below the minimum 
current (Imin), the voltage of the high voltage battery cell 
(Ecell) is compared with the maximum specified Voltage 
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(Vmax). Control loops through steps n=4 and n=6 until either 
the charging current (I) drops below the minimum current 
(Imin) or the voltage of the high voltage battery cell (Ecell) 
exceeds the maximum specified Voltage (Vmax). 
0072 step n=7| 
When the voltage of the high voltage battery cell (Ecell) 
exceeds the maximum specified Voltage (Vmax), battery 
array 1 charging power is reduced by lowering the set current 
(Ic) for charging the battery array 1 with the power Supply 
circuit 4. For example, the set current (Ic) is reduced to 80% 
of its previous value, and control then returns to step 3. 
0073 Subsequently, control loops through steps n=3, 4, 6, 
and 7 until charging current (I) drops below the minimum 
current (Imin). Each time the Voltage of the high Voltage 
battery cell (Ecell) exceeds the maximum specified voltage 
(Vmax), the set current (Ic) of the power supply circuit 4 is 
reduced to 80% of its previous value to charge the battery 
array 1. 
0074. If the value of the charging current computed from 
multiplying by a constant ratio becomes lower than the cur 
rent setting for detecting full charge, fullbattery charge can be 
detected by mistake. Therefore, the current setting for detect 
ing full charge is taken as the lower limit for the computed 
charging current. 
0075. In the charging method of the present invention, 
battery temperature can be detected and the set current for 
charging the battery array can be determined from the 
detected temperature. FIG. 7 shows a charging circuit for 
implementing this. This figure shows a battery pack 100 
provided with a battery array 1, which is a plurality of lithium 
ion rechargeable batteries 3, connected to electronic equip 
ment 200. Such as a personal computer, for charging. In FIG. 
7, structural elements, which are the same as those of the 
previous embodiment shown in FIG. 1, are labeled the same 
and their detailed description is omitted. 
0076. The electronic equipment 200 of the figure is pro 
vided with a power Supply circuit 24 for constant Voltage, 
constant current charging of the battery array 1. In this elec 
tronic equipment 200, commercial power 9, which is 100V to 
240V AC, is rectified to 16V to 20V DC by an AC adapter 20 
and input to the power Supply circuit 24. The power Supply 
circuit 24 is a Switching power Supply with output controlled 
by the on and off duty cycle of switching devices 10. The 
battery pack 100 is provided with a control circuit 25 to 
control the charging Voltage and set current for the power 
Supply circuit 24 to charge the battery array 1. The tempera 
ture detection circuit 8 detects battery 3 temperature, and the 
set current for charging the battery array 1 is determined from 
the detected battery temperature and output to the electronic 
equipment-side. The control circuit 25 is provided with a 
memory circuit 35 that stores data to determine the set current 
from battery temperature, and a power reduction circuit 36 
that determines the set current from battery temperature 
detected by the temperature detection circuit 8 and data stored 
in the memory circuit 35 and outputs it to the power supply 
circuit 24. 
0077 FIG. 8 shows an example of data stored in the 
memory circuit 35. As shown in this figure, temperature of the 
battery being charged is separated into a low temperature 
region, a standard temperature region, and a high temperature 
region with a set current stored for each temperature region. 
The low temperature boundary temperature (T1) between the 
low temperature region and the standard temperature region 
is 10° C. However, this low temperature boundary tempera 
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ture (T1) can also be from 5°C. to 15° C. The high tempera 
ture boundary temperature (T2) between the standard tem 
perature region and the high temperature region is 45° C. 
However, the high temperature boundary temperature (T2) 
can also be from 40°C. to 60°C. Attemperatures in a region 
below the low temperature region (for example, below 0°C.) 
orina region above the high temperature region (for example, 
above 60° C.), charging can be suspended. 
0078. The set current for battery charging is set according 
to the battery temperature region. The set current in the low 
temperature region and in the high temperature region is set 
lower than the set current in the standard temperature region, 
and the set current in the low temperature region is set lower 
than the set current in the high temperature region. Specifi 
cally, the low temperature region set current (I1) for charging 
a battery in the low temperature region is set lower than the 
standard temperature region set current (I2) for charging a 
battery in the standard temperature region. The high tempera 
ture region set current (I3) for charging a battery in the high 
temperature region is set lower than the standard temperature 
region set current (I2). In addition, the low temperature region 
set current (I1) is set lower than the high temperature region 
set current (I3). However, the low temperature region set 
current (I1) can also be set higher than the high temperature 
region set current (I3). In FIG. 8, the set current in the stan 
dard temperature region is set to 0.7C (it can be set in a range 
from 0.5 C to 1.2 C). The set current in the low temperature 
region is set to 0.1 C (setabove the current for detection of full 
charge), and the set current in the high temperature region is 
set to 0.35 C (set to approximately half the set current in the 
standard temperature region). 
007.9 The initial value of the charging current in each 
temperature region at the start of charging can be set by two 
parameters such as temperature and remaining capacity or 
temperature and Voltage. For example, as shown in Table 1 
and Table 2 below, set current can change in each temperature 
region depending on minimum detected battery Voltage (bat 
tery Voltage corresponding to battery capacity) or remaining 
capacity computed using well-known methods by a micro 
computer housed in the battery pack (RSOC battery capac 
ity). Here, for example in Table 1. A IV can be 3.5V and B 
VI can be 4.0V. In Table 2, C96 can be 40% and D% can 
be 80%. 

TABLE 1 

Low temp. Standard temp. High temp. 
Battery voltage region region region 

Below AV O.7 C. O.7 C. O.7 C. 
At or above A IV O.35 C. O.7 C. O.7 C. 
and below BVI 
At or above BV O.1 C. O.35 C. O.35 C. 

TABLE 2 

Remaining capacity Low temp. Standard temp. High temp. 
(RSOC) region region region 

Below C (9%) O.7 C. O.7 C. O.7 C. 
At or above C 96. O.35 C. O.7 C. O.7 C. 
and below D% 
At or above D% O.1 C. O.35 C. O.35 C. 

0080. The reason for adopting this type of set current 
dependence is primarily as follows. The reason is to prevent 
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battery voltage rise above the maximum specified Voltage and 
over-charge protection voltage, which are described in FIG. 
2, due to high current when battery capacity is high and 
battery temperature is low. 
0081. The power reduction circuit 36 determines the set 
current for charging the battery array 1 from the battery 
temperature and data stored in the memory circuit 35. The 
power reduction circuit 36 determines the set current depend 
ing on the detected battery temperature to be the low tem 
perature region set current (I1), the standard temperature 
region set current (I2), or the high temperature region set 
current (I3). The power reduction circuit 36 outputs a signal 
specifying the set current to the current feedback circuit 33 of 
the power Supply circuit 24. 
0082. The power supply circuit 24 detects the signal input 
from the control circuit 25 and controls the maximum output 
current. The current feedback circuit 33 of the power supply 
circuit 24 is configured to switch the set current, which is the 
maximum output current, between three levels, which are the 
low temperature region set current (I1), the standard tempera 
ture region set current (I2), and the high temperature region 
set current (I3). Specifically, the power supply circuit 24 is 
configured to allow switching between preset multiple levels 
of set current. A power Supply circuit 24, which can Switch 
between multiple levels of set current, has a relatively simple 
structure and is inexpensive. A charging method that uses that 
power Supply circuit is also simple and convenient. The signal 
specifying the set current as either the low temperature region 
set current (I1), the standard temperature region set current 
(I2), or the high temperature region set current (I3) is input to 
the current feedback circuit 33 of the power supply circuit 24 
from the power reduction circuit 36. The current feedback 
circuit 33 controls the duty cycle of the switching devices 10 
via an activating circuit 34, and controls the maximum output 
current to be the set current for charging the battery array 1. 
Specifically, the current feedback circuit 33 of the power 
Supply circuit 24 Switches the maximum output current to 
either the low temperature region set current (I1), the standard 
temperature region set current (I2), or the high temperature 
region set current (I3) to charge the battery array. 
I0083. The control circuit 25 above detects battery tem 
perature at the start of charging, determines the set current for 
charging the battery array 1 from the detected battery tem 
perature, and outputs the result to the power Supply circuit 24. 
The power Supply circuit 24 detects the signal input from the 
control circuit 25, and charges the battery array while con 
trolling the maximum value of the output current equal to the 
determined set current. In addition, the control circuit 25 
detects battery temperature during charging of the battery 
array 1, determines the set current from the detected battery 
temperature, and outputs the result to the power Supply circuit 
24. The power Supply circuit 24 detects the signal input from 
the control circuit 25, and controls the maximum value of the 
output current equal to the determined set current. However, 
when the set current determined from the battery temperature 
at the start of charging is different than the set current deter 
mined from the battery temperature during charging, the 
lower set current is selected to continue charging. For 
example, for a battery having temperature in the standard 
temperature region at the start of charging, charging is initi 
ated with the standard temperature region set current (I2) as 
the set current. Subsequently, as charging progresses and 
battery temperature rises to the high temperature region, the 
set current is Switched to the high temperature region set 
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current (I3) and charging is continued. This is because the 
high temperature region set current (I3) is lower than the 
standard temperature region set current (I2). In contrast, for a 
battery having temperature in the low temperature region at 
the start of charging, charging is initiated with the low tem 
perature region set current (I1) as the set current. Subse 
quently, as charging progresses and battery temperature rises 
to the standard temperature region, charging is continued 
without Switching the set current to the standard temperature 
region set current (I2). This is because the low temperature 
region set current (I1) is lower than the standard temperature 
region set current (I2). In this manner, a charging method, 
which gives priority to the lower set current determined from 
the battery temperature at the start of charging and from the 
battery temperature during charging, can safely charge a bat 
tery array while reliably avoiding dangerous battery condi 
tions. 

I0084. The power reduction circuit 36 of the control circuit 
25 also controls battery array 1 charging current by compar 
ing battery Voltage with the maximum specified Voltage 
stored in the memory circuit 36. When the voltage of the high 
Voltage battery cell exceeds the maximum specified Voltage, 
the power reduction circuit 36 reduces charging power by 
reducing the set current for charging the battery array 1. When 
the Voltage of the high Voltage battery cell exceeds the maxi 
mum specified Voltage, the power reduction circuit 36 outputs 
a signal to the current feedback circuit 33 of the power supply 
circuit 24 to reduce maximum output current, which is the set 
current, by one level in set current value. For example, if the 
present set current (Ic) is the standard temperature region set 
current (I2), it is reduced to the high temperature region set 
current (I3). If the present set current (Ic) is the high tempera 
ture region set current (I3), it is reduced to the low tempera 
ture region set current (I1). Namely, the power Supply circuit 
24 is controlled by the control circuit 25 to continue charging 
the battery array 1 while reducing the set current. When the 
Voltage of the high Voltage battery cell exceeds the maximum 
specified Voltage, the set current for charging the battery array 
1 is reduced, and the reduced set current is the predetermined 
set current, which is a function of battery temperature. Spe 
cifically, the set current is the current that is preset in multiple 
levels. The set current described above has three levels of set 
current that are (I2). (I3), and (I1). However, for multiple 
levels of set current greater than three, when the voltage of the 
high Voltage battery cell exceeds the maximum specified 
Voltage for the present battery temperature, the maximum 
output current, which is the set current, can be reduced to a set 
current one level lower. 

I0085. During continued charging of the battery array 1, a 
set current is determined for the temperature region of the 
detected battery temperature during charging, and a set cur 
rent is determined for reducing charging current when the 
high Voltage battery cell exceeds the maximum specified 
voltage. In this case, the control circuit 25 gives priority to the 
lower set current and continues charging the battery array 
with that set current. 

I0086. The charging circuit of FIG. 7 charges the battery 
array1 by the following steps based on the flowchart shown in 
FIG. 9. As shown in this flowchart, when the voltage of the 
high Voltage cell (Ecell) exceeds the maximum specified Volt 
age (Vmax), the charging circuit reduces the set current (Ic) 
for constant Voltage, constant current charging of the battery 
array 1. FIG. 10 shows the voltage and current characteristics 
for batteries charged according to this flowchart. In FIG. 10, 
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Solid line A shows Voltage variation for the high Voltage 
battery cell; solid line B shows voltage variation for another 
battery cell; solid line D shows variation in the battery array 
charging current (I); and broken line E shows variation in the 
set current (Ic) for constant Voltage, constant current charg 
1ng. 
I0087 step n=1 
The temperature detection circuit 8 detects battery tempera 
ture. 

I0088 step n=2 
The control circuit 25 determines the maximum specified 
voltage (Vmax) from the detected battery temperature. 
I0089 step n=3 
The control circuit 25 determines the set current (Ic) for 
battery charging from the detected battery temperature and 
outputs it to the power supply circuit 24. The control circuit 
25 determines the set current (Ic) from battery temperature 
based on data stored in the memory circuit. As shown in FIG. 
8, the set current (Ic) is determined according to the tempera 
ture region to be the low temperature region set current (I1), 
the standard temperature region set current (I2), or the high 
temperature region set current (I3). 
0090 step n=4. 
Begin charging the battery array 1. The power Supply circuit 
24 charges the battery array 1 by constant Voltage, constant 
current charging while controlling maximum output current 
to be the set current (Ic) determined in step n=3. 
0091 step n=5, 6 
Charging current (I) is judged whether it is Smaller than the 
minimum current (Imin). The minimum current (Imin) is set 
to the charging current of a battery array 1 in a fully charged 
state. Therefore, if battery array 1 charging current (I) drops 
below the minimum current (Imin), full charge is judged and 
charging is complete. 
0092 step n=7| 
If charging current (I) has not dropped below the minimum 
current (Imin), the control circuit 25 compares the voltage of 
the high voltage battery cell (Ecell) with the maximum speci 
fied voltage (Vmax). 
0093 step n=8 
If the voltage of the high voltage battery cell (Ecell) is at or 
below the maximum specified Voltage (Vmax), the tempera 
ture detection circuit 8 detects battery temperature and the set 
current (Ic) is determined from the detected battery tempera 
ture. 

0094) step n=9| 
The control circuit 25 determines a new set current (Ic) from 
the present set current (Ic) and the set current (Ic) determined 
in step n=8. For example, if the present set current (Ic) is the 
value determined in step n=3, a new set current (Ic) is deter 
mined from the values determined in steps n=3 and n=8. If the 
present set current (Ic) and the value determined in step n=8 
are the same, the control circuit 25 outputs that value as the 
new set current (Ic) to the power supply circuit 24. If the 
present set current and the set current determined step n=8 are 
different, the control circuit 25 outputs the lower value as the 
new set current (Ic) to the power Supply circuit 24. 
0.095 step n=10 
The power Supply circuit 24 continues charging while con 
trolling maximum output current to be the new set current(Ic) 
determined in step n=9. Subsequently, control returns to step 
n=5. 
0096 step n=11 
If the voltage of the high voltage battery cell (Ecell) exceeds 
the maximum specified Voltage (Vmax), this stepjudges if the 
present set current (Ic) has dropped to the lowest set current, 
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which is the low temperature region set current (I1). If the 
present set current (Ic) is equal to the low temperature region 
set current (I1), the set current (Ic) cannot be reduced further 
and control proceeds to step n=6 where charging is complete. 
(0097 step n=12 
When the present set current (Ic) is not equal to the low 
temperature region set current (I1), set current (Ic) is judged 
to be greater than the low temperature region set current (I1), 
and its value is lowered one level. Specifically, if the present 
set current (Ic) is the standard temperature region set current 
(I2), the set current (Ic) is lowered to the high temperature 
region set current (I3). If the present set current (Ic) is the high 
temperature region set current (I3), it is lowered to the low 
temperature region set current (I1). The control circuit 25 
outputs a set current reduced by one level as the new set 
current (Ic) to the power Supply circuit 24. Subsequently, 
control proceeds to step n=10 and battery array 1 charging is 
continued. 
0098. In the embodiment described above, battery voltage 

is detected and current is reduced when battery voltage rises 
to a maximum specified Voltage. However, the current setting 
is the set current for the low temperature region, the standard 
temperature region, or the high temperature region. Since the 
current values for controlling current based on battery tem 
perature, and the current values that change as battery Voltage 
rises, interchange over the same set of values, circuit structure 
can be simple. The set current for battery charging is config 
ured to Switch among three levels depending on battery tem 
perature (in the low temperature region, the standard tem 
perature region, or the high temperature region). However, in 
the method of charging of the present invention, set current 
dependence on battery temperature can also be in two levels 
or in four or more levels. 

0099. In addition, a battery pack can control current and 
Voltage without converting battery current and Voltage to 
digital signals. As shown in the circuit diagram of FIG. 11, 
current and Voltage can be controlled by comparing a detec 
tion signal of battery current or Voltage with a reference 
voltage via a difference amplifier. To detect voltage of the 
battery 53 being charged and prevent over-charging, the bat 
tery pack of FIG. 11 is provided with a maximum voltage 
detection circuit 60, a set voltage detection circuit 70, and 
reference voltage circuits 81, 82 to supply reference voltage 
to the maximum voltage detection circuit 60 and the set 
voltage detection circuit 70. 
0100 Since the battery pack of the figure has a battery 
array 51 with two battery cells connected in series, the maxi 
mum voltage detection circuit 60 is provided with two differ 
ence amplifiers 61 to detect positive-side battery cell 53 volt 
age and negative-side battery cell Voltage. The negative-side 
difference amplifier 61B has the reference voltage from the 
reference Voltage circuit 82 input to its inverting input termi 
nal, and has its non-inverting input terminal connected to the 
negative-side battery cell 53 via a voltage divider 62. This 
negative-side difference amplifier 61B issues a maximum 
Voltage signal when the Voltage of the negative-side battery 
cell 53 exceeds the maximum voltage. The positive-side dif 
ference amplifier 61A has the reference voltage from the 
reference Voltage circuit 81 input to its non-inverting input 
terminal, and has its inverting input terminal connected to the 
positive-side battery cell 53 via a voltage divider 62. This 
positive-side difference amplifier 61A issues a maximum 
Voltage signal when the Voltage of the positive-side battery 
cell 53 exceeds the maximum voltage. For example, if the 
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battery pack has lithium ion rechargeable battery cells, the 
voltage dividers 62 and reference voltages are set for the 
difference amplifiers 61 to issue maximum Voltage signals 
when the positive-side or negative-side battery cell 53 voltage 
exceeds 4.25V. 

0101. Output from the positive-side difference amplifier 
61A and the negative-side difference amplifier 61B is input to 
an OR circuit 63. If either battery cell 53 exceeds the maxi 
mum voltage (4.25 V for lithium ion rechargeable batteries), 
the OR circuit 63 issues a maximum Voltage signal to a 
battery charger (not illustrated) and charging is stopped. In 
addition, this signal can be used to reduce charging Voltage or 
current as described previously. 
0102 The set voltage detection circuit 70 is provided with 
a set voltage detection circuit for charging 70A to detect 
battery 53 over-charging, and a set Voltage detection circuit 
for discharging 70B to detect battery 53 over-discharging. 
The set voltage detection circuit for charging 70A is provided 
with two difference amplifiers 71 to detect the set voltage of 
the positive-side battery cell 53 and the negative-side battery 
cell 53. The negative-side difference amplifier 71B has the 
reference voltage from the reference voltage circuit 82 input 
to its inverting input terminal, and has its non-inverting input 
terminal connected to the negative-side battery cell 53 via a 
variable voltage divider 72. This negative-side difference 
amplifier 71B issues a voltage signal when the voltage of the 
negative-side battery cell 53 exceeds the set voltage. The 
positive-side difference amplifier 71A has the reference volt 
age from the reference Voltage circuit 81 input to its non 
inverting input terminal, and has its inverting input terminal 
connected to the positive-side battery cell 53 via a variable 
voltage divider 72. This positive-side difference amplifier 
71A issues a Voltage signal when the Voltage of the positive 
side battery cell 53 exceeds the set voltage. 
0103) The variable voltage divider 72 can change the ratio 
of the voltage divider for reducing battery cell 53 voltage for 
input to a difference amplifier 71. Consequently, a charge 
controlling difference amplifier 71 can detect and issue a 
signal for a first set Voltage and for a second set Voltage, which 
is lower than the first set voltage. For example, the first set 
Voltage can be the maximum specified Voltage in the standard 
temperature region (4.22V in FIG. 2), and the second set 
Voltage can be the maximum specified Voltage in the high 
temperature region or in the low temperature region (4.13V or 
4.03V in FIG. 2). 
0104. The variable voltage divider 72 of FIG. 11 can 
change the Voltage divider ratio by short-circuiting a Voltage 
divider resistor 74 via a switching device 75. A variable 
voltage divider 72 of the figure has three resistors 74.A con 
nected in series, and a switching device 75 is connected in 
parallel with one of those resistors 74A. The switching device 
75 adjusts the voltage divider ratio by short-circuiting across 
the terminals of one resistor 74A. In the variable voltage 
divider 72 of the figure, the voltage divider ratio is reduced by 
turning the switching device 75 off, and the voltage divider 
ratio is increased by turning the switching device 75 on. Here, 
a higher Voltage divider ratio means more Voltage division or 
greater reduction in Voltage. Namely, the Voltage divider ratio 
for inputting battery cell 53 voltage to a difference amplifier 
71 can be changed by switching the switching device 75 on or 
off. For example, the resistance of voltage divider resistors 
74A can be set to allow a difference amplifier 71 to output a 
Voltage signal for the first set Voltage with the Switching 
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device 75 on, and allow a difference amplifier 71 to output a 
Voltage signal for the second set Voltage with the Switching 
device 75 off. 
0105 Since the set Voltage detection circuit for charging 
70A has a variable voltage divider 72 connected to its input 
side, it can detect and output a voltage signal for the first set 
voltage and for the second set voltage. Here, the first or 
second set voltage is set by the variable voltage divider 72. 
With the switching device 75 off, the set voltage detection 
circuit for charging 70A detects the lower second set voltage 
and issues a HIGH output, then with the switching device 75 
on, it detects the higher first set Voltage. 
0106 The set voltage detection circuit for charging 70A, 
which detects over-charging of the battery 53, is provided 
with a negative-side difference amplifier 71B connected to 
the negative-side of the battery 53, and a positive-side differ 
ence amplifier 71A connected to the positive-side of the bat 
tery 53. The negative-side difference amplifier 71B has the 
reference voltage from the reference voltage circuit 82 input 
to its inverting input terminal, and has its non-inverting input 
terminal connected to the negative-side battery cell 53 via a 
variable voltage divider 72. 
0107. When the voltage of the negative-side battery cell 53 
exceeds the set Voltage, the negative-side difference amplifier 
71B issues a second output signal to indicate this. Since this 
second output signal indicates battery 53 Voltage has 
exceeded the set Voltage, a charging Switching device (not 
illustrated) provided in series with the battery array 51 is shut 
off via this signal (or charging Voltage or current can be 
reduced). Since the second set Voltage is set, for example, to 
the maximum specified Voltage in the high temperature 
region or low temperature region (4.13V or 4.03V in FIG. 2), 
charging is stopped via this signal for a battery 53 being 
charged in the high or low temperature region. The second 
output signal switches on the switching device 75 and 
increases the voltage divider ratio of the variable voltage 
divider 72. This lowers the voltage at the input of the differ 
ence amplifier 71, and consequently, the difference amplifier 
71 stops issuing the second output signal. For a battery in the 
standard temperature region, charging is not stopped by the 
second output signal, charging is continued, and battery Volt 
age increases. When battery 53 voltage exceeds the first set 
voltage, the difference amplifier 71 issues a first output signal 
to indicate the first set voltage has been exceeded. Since the 
first set Voltage is set, for example, to the maximum specified 
voltage in the standard temperature region (4.22V in FIG. 2), 
charging is stopped via this signal for a battery 53 being 
charged in the standard temperature region. 
0108. The positive-side difference amplifier 71A has the 
reference voltage from the reference voltage circuit 81 input 
to its non-inverting input terminal, and has its inverting input 
terminal connected to the positive-side battery cell 53 via a 
variable voltage divider 72. This positive-side difference 
amplifier 71A controls battery 63 charging in the same man 
ner as the negative-side difference amplifier 71B. The posi 
tive-side difference amplifier 71A issues a second voltage 
signal when the voltage of the positive-side battery cell 53 
exceeds the second set Voltage, and it issues a first Voltage 
signal when the voltage of the positive-side battery cell 53 
exceeds the first set Voltage 
0109 Output from the positive-side difference amplifier 
71A and the negative-side difference amplifier 71B is input to 
an OR circuit 73. If either battery cell 53 exceeds the first set 
voltage or the second set voltage, the OR circuit 73 issues a 
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signal for controlling battery 53 charging, which indicates the 
first or second set Voltage has been exceeded. In a battery pack 
with a plurality of battery cells connected in series, charging 
is stopped if the voltage of any battery 53 exceeds the maxi 
mum specified Voltage. Consequently, if the Voltage of any 
battery 53 exceeds the first set voltage or the second set 
Voltage, charging is stopped. Specifically, a charging Switch 
ing device (not illustrated) provided in series with the battery 
array 51 is shut off via this signal and charging is stopped. 
0110. The set voltage detection circuit for discharging 
70B, which detects over-discharging of the battery 53, is 
provided with a negative-side difference amplifier 76B con 
nected to the negative-side of the battery 53, and a positive 
side difference amplifier 76A connected to the positive-side 
of the battery 53. The negative-side difference amplifier 76B 
has the reference voltage from the reference voltage circuit 82 
input to its non-inverting input terminal, and has its inverting 
input terminal connected to the negative-side battery cell 53 
via a variable voltage divider 77. The positive-side difference 
amplifier 76A has the reference voltage from the reference 
Voltage circuit 81 input to its inverting input terminal, and has 
its non-inverting input terminal connected to the positive-side 
battery cell 53 via a variable voltage divider 77. 
0111 For the set voltage detection circuit for discharging 
70B, which controls over-discharging, battery cell 53 voltage 
is also input to a difference amplifier 76 via a variable voltage 
divider 77. Consequently, the set voltage detection circuit for 
discharging 70B can also control discharging for two set 
Voltages. Further, a negative-side difference amplifier 76B for 
detecting the Voltage of the negative-side battery 53, and a 
positive-side difference amplifier 76A for detecting the volt 
age of the positive-side battery 53 are provided. Conse 
quently, the Voltage of both the negative-side battery 53 and 
the positive-side battery 53 can be compared with the set 
Voltage, and discharging can be controlled when the Voltage 
of either battery 53 is detected to drop below the set voltage. 
Specifically, a discharging Switching device (not illustrated) 
provided in series with the battery array 51 is shut off via an 
under-Voltage signal and discharging is stopped. 
0112 The battery pack 300 shown in the circuit diagram of 
FIG. 12 has positive and negative output terminals 97 and a 
communication terminal 98. A Voltage signal corresponding 
to battery 93 temperature is output from the communication 
terminal 98. This battery pack is provided with voltage detec 
tion circuits 94 to detect the voltage of each battery 93, a 
temperature sensor 95 to detect battery 93 temperature, and a 
computation circuit 96 to operate on signals input from the 
temperature sensor 95 and the voltage detection circuits 94 
and output a Voltage signal corresponding to battery 93 tem 
perature. The computation circuit 96 detects battery 93 tem 
perature from the temperature signal input from the tempera 
ture sensor 95. As shown in FIG. 13, the computation circuit 
96 determines which temperature region the detected tem 
perature is in: the temperature region below low temperature, 
the low temperature region, the standard temperature region, 
the high temperature region, or the temperature region above 
high temperature. In FIG. 13, the value of the maximum 
specified Voltage varies appropriately with temperature in the 
same manner shown in previously described FIG. 2. The 
vertical axes of FIG.13 show maximum specified voltage and 
output voltage from the communication terminal 98 for each 
temperature region. 
0113 For batteries 93 with temperature in the low tem 
perature region during charging, the computation circuit 96 
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judges whether battery 93 voltage is greater than the first 
maximum specified voltage (V1) (4.03V in FIG. 13). If bat 
tery 93 voltage is greater than the first maximum specified 
voltage (V1), the computation circuit 96 issues a voltage 
signal corresponding to the low temperature region (3V in 
FIG. 13) from the communication terminal 98. For batteries 
93 with temperature in the standard temperature region, the 
computation circuit 96 judges whether battery 93 voltage is 
greater than the second maximum specified Voltage (V2) 
(4.22V in FIG. 13). If battery 93 voltage is greater than the 
second maximum specified Voltage (V2), the computation 
circuit 96 issues a Voltage signal corresponding to the stan 
dard temperature region (5V in FIG. 13) from the communi 
cation terminal 98. For batteries 93 with temperature in the 
high temperature region, the computation circuit 96 judges 
whether battery 93 voltage is greater than the third maximum 
specified voltage (V3) (4.13V in FIG. 13). If battery 93 volt 
age is greater than the third maximum specified Voltage (V3). 
the computation circuit 96 issues a Voltage signal correspond 
ing to the high temperature region (4V in FIG. 13) from the 
communication terminal 98. If the batteries 93 have a tem 
perature below the low temperature region, the computation 
circuit 96 issues a Voltage signal corresponding to the tem 
perature region below low temperature (1V in FIG. 13) from 
the communication terminal 98. If the batteries 93 have a 
temperature above the high temperature region, the compu 
tation circuit 96 issues a Voltage signal corresponding to the 
temperature region above high temperature (2V in FIG. 13) 
from the communication terminal 98. 
0114. In addition to detecting whether the voltage of each 
battery 93 exceeds the set voltage, electronic equipment 400 
connected with the battery pack 300 can determine which 
temperature region corresponds to the battery 93 temperature 
via the Voltage signal input from a single communication 
terminal 98. Specifically, electronic equipment 400 can deter 
mine whether battery 93 temperature is in the temperature 
region below low temperature, the low temperature region, 
the standard temperature region, the high temperature region, 
or the temperature region above high temperature. When the 
Voltage of any battery cell exceeds the maximum specified 
Voltage, battery 93 charging can be stopped, charging power 
can be reduced, charging Voltage can be lowered, or the set 
charging current can be reduced. 
0.115. It should be apparent to those with an ordinary skill 
in the art that while various preferred embodiments of the 
invention have been shown and described, it is contemplated 
that the invention is not limited to the particular embodiments 
disclosed, which are deemed to be merely illustrative of the 
inventive concepts and should not be interpreted as limiting 
the scope of the invention, and which are suitable for all 
modifications and changes falling within the spirit and scope 
of the invention as defined in the appended claims. The 
present application is based on Application No. 2007-184481 
filed in Japan on Jul. 13, 2007 and No. 2008-5036 filed in 
Japan on Jan. 11, 2008, the content of which is incorporated 
herein by reference. 

1-20. (canceled) 
21. A method of charging a battery array that performs 

constant current and constant Voltage charging of a battery 
array, which is a plurality of series connected batteries, while 
detecting the Voltage of each battery, the method comprising: 

detecting a voltage of each of a plurality of battery cells of 
a battery array at a prescribed sampling rate; and 



US 2012/O2 17931 A1 

performing a constant current and constant Voltage charg 
ing of all the plurality of battery cells of the battery array 
at a same reduced charging power when a Voltage of any 
battery cell of the battery array exceeds a maximum 
specified Voltage. 

22. The method of claim 21, wherein the plurality of series 
connected batteries of the battery array are lithium ion 
rechargeable batteries. 

23. The method of claim 21, wherein the voltage of each 
battery cell of the battery array is detected at a prescribed 
sampling rate, and when the Voltage of any battery cell 
exceeds a preset maximum specified Voltage, a charging Volt 
age is reduced for performing constant current and constant 
Voltage charging of the battery array. 

24. The method of claim 23, wherein when the voltage of 
any battery cell of the battery array exceeds the maximum 
specified Voltage, a Voltage for charging the battery array is 
reduced by a prescribed ratio. 

25. The method of claim 23, wherein when the voltage of 
any battery cell of the battery array exceeds the maximum 
specified Voltage, the Voltage for charging the battery array is 
reduced, and a ratio for reducing the charging Voltage is 
determined from a voltage difference between the maximum 
specified Voltage and a Voltage of a battery cell, and when the 
Voltage difference is large, the ratio for reducing the charging 
Voltage is made large. 

26. The method of claim 23, wherein when the voltage of 
any battery cell of the battery array exceeds the maximum 
specified Voltage, the Voltage for charging the battery array is 
reduced, and a ratio for reducing the charging Voltage is 
determined from an internal resistance of a battery cell that 
exceeded a maximum specified Voltage, and when battery cell 
internal resistance is large, the ratio for reducing the charging 
Voltage is made large. 

27. The method of claim 23, wherein when the voltage of 
any battery cell of the battery array exceeds the maximum 
specified Voltage, the Voltage for charging the battery array is 
reduced to a battery Voltage, which is a Sum of the Voltages of 
each battery cell. 

28. The method of claim 21, wherein the voltage of each 
battery cell is detected at a prescribed sampling rate, when the 
voltage of any battery cell of the battery array exceeds a preset 
maximum specified Voltage, a set current is reduced for per 
forming constant current and constant Voltage charging of the 
battery array. 

29. The method of claim 28, wherein when the voltage of 
any battery cell of the battery array exceeds the maximum 
specified Voltage, the set current for charging the battery array 
is reduced by a prescribed ratio. 

30. The method of claim 28, wherein when the voltage of 
any battery cell of the battery array exceeds the maximum 
specified Voltage, the set current for charging the battery array 
is reduced, and a ratio for reducing the set current is deter 
mined from a voltage difference between the maximum 
specified Voltage and a Voltage of the battery cell, and when 
the Voltage difference is large, the ratio for reducing the set 
current is made large. 
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31. The method of claim 28, wherein when the voltage of 
any battery cell of the battery array exceeds the maximum 
specified Voltage, the set current for charging the battery array 
is reduced, and a ratio for reducing the set current is deter 
mined from an internal resistance of a battery cell that 
exceeded the maximum specified Voltage, and when battery 
cell internal resistance is large, the ratio for reducing the set 
current is made large. 

32. The method of claim 21, wherein the maximum speci 
fied voltage is set in a range from 4.20V to 4.24V. 

33. The method of claim 21, wherein the maximum speci 
fied Voltage changes with battery temperature. 

34. The method of claim 33, wherein a maximum specified 
Voltage for battery charging in a low temperature region is set 
lower than a maximum specified Voltage for battery charging 
in a standard temperature region. 

35. The method of claim 34, wherein the maximum speci 
fied voltage in the low temperature region is set from 30 mV 
to 300 mV lower than the maximum specified voltage in the 
standard temperature region. 

36. The method of claim 33, wherein a maximum specified 
Voltage for battery charging in a high temperature region is set 
lower than a maximum specified Voltage for battery charging 
in a standard temperature region. 

37. The method of claim 33, wherein a maximum specified 
Voltage in a high temperature region is set lower than a maxi 
mum specified Voltage in a standard temperature region, and 
is set higher than the maximum specified Voltage in a low 
temperature region. 

38. The method of claim 37, wherein the maximum speci 
fied Voltage in the high temperature region is set to make a 
Voltage difference between the maximum specified Voltage in 
the high temperature region and the maximum specified Volt 
age in the standard temperature region 30% to 80% of a 
Voltage difference between the maximum specified Voltage in 
the low temperature region and the maximum specified Volt 
age in the standard temperature region. 

39. The method of claim 28, wherein the set current 
changes with battery temperature. 

40. The method of claim 39, wherein reduction in set 
current is in accordance with multiple levels of a prescribed 
Set Current. 

41. The method of claim 21, wherein the charging power 
for charging the battery cells is reduced according to output 
from a difference amplifier which compares a reference volt 
age with the voltage of the battery cell. 

42. The method of claim 41, 
wherein the difference amplifier comprises a positive-side 

difference amplifier to which a positive-side battery cell 
Voltage is input, and a negative-side difference amplifier 
to which a negative-side battery cell Voltage is input, and 

wherein the charging power for charging the plurality of 
battery cells is reduced according to a signal issued by an 
OR circuit to which each output of the positive-side 
difference amplifier and the negative-side difference 
amplifier is input. 


