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POWER-SUPPLY UNIT INCORPORATING AN 
ELECTRIC DOUBLE LAYER CAPACITOR, AND A 

METHOD OF CHARGING THE ELECTRIC 
DOUBLE LAYER CAPACITOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a poWer-supply 
unit Which incorporates an electric double layer capacitor. 
The present invention also relates to a method of charging 
the electric double layer capacitor. 

[0003] 2. Description of the Related Art 

[0004] The electric double layer capacitor is a type of 
large-capacity capacitor, and features of the electric double 
layer capacitor include: a boost charge is possible in com 
parison With a secondary battery; service life is long; and 
category temperature range is Wide. The electric double 
layer capacitor is often used as a backup poWer supply for 
an electronic device in combination With a battery. 

[0005] When the electric double layer capacitor is con 
nected in parallel to the battery, a plurality of electric double 
layer capacitors must be used and connected in series so that 
the sum of the Withstand voltages of all the electric double 
layer capacitors exceeds the terminal voltage across the 
battery since the Withstand voltage of the electric double 
layer capacitor is generally loW (1-3 volts). In addition, 
When the electric double layer capacitor is charged With a 
poWer supply (a battery voltage) Which provides voltage 
higher than the Withstand voltage of the electric double layer 
capacitor, the battery voltage must be decreased by, e.g., a 
potential transformer, to be loWer than the Withstand voltage 
of the electric double layer capacitor before being supplied 
to the electric double layer capacitor. This results in an 
increase in siZe of an electronic device Which incorporates 
the electric double layer capacitor, and also an increase in 
the cost of production of the electronic device. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide a 
poWer-supply unit Which incorporates an electric double 
layer capacitor used in combination With a battery providing 
voltage higher than the Withstand voltage of the electric 
double layer capacitor, Wherein the electric double layer 
capacitor can be easily charged With a simple system. 
Another object of the present invention is to provide a 
method of charging such an electric double layer capacitor. 

[0007] To achieve the object mentioned above, according 
to an aspect of the present invention, a poWer-supply unit is 
provided, including a plurality of cells for supplying poWer 
to a load; a capacitor connected in parallel to the plurality of 
cells; at least one voltage detector Which detects a terminal 
voltage across each of the plurality of cells; a selecting 
device for selecting a ?rst combination from predetermined 
combinations of at least one of the plurality of cells in 
accordance With the terminal voltage, Wherein the selected 
?rst combination of cells can supply a maximum voltage for 
charging the capacitor Without exceeding a Withstand volt 
age of the capacitor; and a controller for charging the electric 
double layer capacitor With the selected ?rst combination of 
cells. 
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[0008] In an embodiment, the capacitor is an electric 
double layer capacitor. 

[0009] In an embodiment the selecting device selects the 
?rst combination from the predetermined combinations of at 
least one of the plurality of cells Which are connected in 
series in order With respect to ground, so that a total voltage 
across the ?rst combination of cells connected in series 
becomes maximum Without exceeding the Withstand volt 
age. 

[0010] In an embodiment, the plurality of cells are con 
nected in series, Wherein the poWer-supply unit further 
includes a sWitch system for connecting each cell included 
in the ?rst combination of cells to the electric double layer 
capacitor in parallel. The controller controls the sWitch 
system so that each cell included in the ?rst combination of 
cells is connected in parallel to the electric double layer 
capacitor. 

[0011] In an embodiment, the selecting device determines 
a cell from the plurality of cells Which has the highest 
terminal voltage among the plurality of cells, and selects a 
second combination from the cell Which has the highest 
terminal voltage among said plurality of cells or predeter 
mined combinations of the cell Which has the highest 
terminal voltage among said plurality of cells and at least 
one of the remaining cells of the plurality of cells; Wherein 
the total voltage across the second combination of cells 
connected in series becomes maximum Without exceeding a 
Withstand voltage of the electric double layer capacitor. 

[0012] In an embodiment, the selecting device selects the 
second combination from the predetermined combinations, 
Wherein the total voltage across the second combination of 
cells connected in series becomes maximum Without 
exceeding the Withstand voltage of the electric double layer 
capacitor. 

[0013] In an embodiment, the number of cells included in 
the second combination of cells is minimal, and the cells 
included in the second combination are selected in decreas 
ing order of terminal voltage In an embodiment, the priority 
of selection of the second combination is ?rstly the closest 
combination to the Withstand voltage, and secondly, the 
minimal number of cells. 

[0014] In an embodiment, a second cell among the plu 
rality of cells is removed from the predetermined combina 
tions of cells if a voltage difference betWeen the cell Which 
has the highest terminal voltage among the plurality of cells 
and the second cell is greater than a reference value. 

[0015] In an embodiment, the poWer-supply unit further 
includes a ?rst sWitch system for connecting the plurality of 
cells in series in predetermined combinations, and a second 
sWitch system for connecting each of the predetermined 
combinations of cells to the electric double layer capacitor 
in parallel. The controller controls the ?rst sWitch system so 
that cells included in the second combination are connected 
in series, and controls the second sWitch system so that the 
cells included in the second combination Which are con 
nected in series are connected in parallel With respect to the 
electric double layer capacitor. 

[0016] In an embodiment, a step-up transformer is further 
provided Which steps up a voltage output from the selected 
?rst combination of cells connected in series to a predeter 
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mined voltage level. The controller drives the step-up trans 
former to step up the voltage output from the selected 
combination of cells connected in series to supply the 
stepped up voltage to the load When the electric double layer 
capacitor is charged. 

[0017] In an embodiment, the controller drives the step-up 
transformer to step up the voltage output from the selected 
?rst combination of cells connected in series to supply the 
stepped up voltage to the load When a total voltage of the 
plurality of cells is loWer than a predetermined threshold 
value. 

[0018] Preferably, an indicator is further provided for 
indicating various pieces of information; if a total voltage of 
the plurality of cells is loWer than a predetermined threshold 
value, the controller sends signals to the indicator to display 
an indication for informing a user that there is not suf?cient 
battery poWer to charge the electric double layer capacitor, 
and prohibits the electric double layer capacitor from being 
charged. 
[0019] Preferably, the controller sends signals to the indi 
cator to display an indication for Warning a user that a 
particular cell included in the plurality of cells needs to be 
reneWed, in the case Where the terminal voltage across the 
particular cell Which is detected via the at least one voltage 
detector is loWer than a predetermined threshold value. 

[0020] According to an aspect of the present invention, a 
poWer-supply unit is provided, including a battery chamber 
Which accommodates a plurality of cells and includes a 
plurality of pairs of contact terminals, Wherein each pair of 
contact terminals of the plurality of pairs of contact termi 
nals respectively contact positive and negative electrodes of 
a corresponding one of the plurality of cells; an electric 
double layer capacitor Which can be connected in parallel to 
the plurality of cells via the plurality of pairs of contact 
terminals; at least one voltage detector Which detects a 
terminal voltage across each of the plurality of cells via the 
plurality of pairs of contact terminals; a selecting device for 
selecting a combination from predetermined possible com 
binations of serially-connected contact terminals included in 
the plurality of pairs of contact terminals in accordance With 
the terminal voltage, Wherein a combination of cells of the 
plurality of cells Which is determined by the selected pos 
sible combination of serially-connected contact terminals 
can supply a maximum voltage for charging the electric 
double layer capacitor Without exceeding a Withstand volt 
age of the electric double layer capacitor; and a controller 
Which connects one and another terminals of the selected 
combination of serially-connected contact terminals to one 
and another terminals of the electric double layer capacitor. 

[0021] According to another aspect of the present inven 
tion, a method is provided for charging an electric double 
layer capacitor provided in a poWer-supply unit in Which at 
least tWo of a plurality of cells are connected in series to be 
connected in parallel to the electric double layer capacitor to 
supply poWer from the serially-connected at least tWo cells 
to a load. The charging method includes detecting a terminal 
voltage across each of the plurality of cells; selecting a 
combination from predetermined combinations of at least 
one of the plurality of cells in accordance With the terminal 
voltage, Wherein the selected combination of cells can 
supply a maximum voltage for charging the electric double 
layer capacitor Without exceeding a Withstand voltage of the 
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electric double layer capacitor; and connecting the selected 
combination of cells to the electric double layer capacitor in 
parallel to charge the electric double layer capacitor With the 
selected combination of cells. 

[0022] Preferably, the at least one of the plurality of cells 
are connected in series in order With respect to ground, so 
that a total voltage across the combination of cells connected 
in series becomes maximum Without exceeding the With 
stand voltage. 

[0023] In an embodiment, the charging method further 
includes determining a cell from the plurality of cells Which 
has the highest terminal voltage among the plurality of cells, 
and 

[0024] selecting a second combination from predeter 
mined combinations of the determined cell and at least 
one of the remaining cells of the plurality of cells, 
Wherein the total voltage across the second combina 
tion of cells connected in series becomes maximum 
Without exceeding a Withstand voltage of the electric 
double layer capacitor. 

[0025] The present disclosure relates to subject matter 
contained in Japanese Patent Application No.2000-103170 
(?led on Apr. 5, 2000) Which is expressly incorporated 
herein by reference in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The present invention Will be described beloW in 
detail With reference to the accompanying drawings in 
Which: 

[0027] FIG. 1 is a schematic circuit diagram of funda 
mental elements of the ?rst embodiment of a poWer-supply 
unit Which incorporates a charger for charging an electric 
double layer capacitor provided in the poWer-supply unit, 
according to the present invention; 

[0028] FIG. 2 is a How chart of a charge control process 
for the charger of the ?rst embodiment; 

[0029] FIG. 3 is a schematic circuit diagram of funda 
mental elements of the second embodiment of the poWer 
supply unit Which incorporates a charger for charging an 
electric double layer capacitor provided in the poWer-supply 
unit, according to the present invention; 

[0030] FIG. 4 is a schematic diagram of a battery chamber 
of the charger of the second embodiment shoWn in FIG. 3; 

[0031] FIG. 5 is a How chart of a part of a charge control 
process for the charger of the second embodiment; 

[0032] FIG. 6 is a How chart of the remaining part of the 
charge control process for the charger of the second embodi 
ment; and 

[0033] FIG. 7 is a How chart of a combination selection 
process performed in the charge control process for the 
charger of the second embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] FIG. 1 shoWs fundamental elements of a poWer 
supply unit 100 of the ?rst embodiment Which incorporates 
a charger for charging an electric double layer capacitor 
provided in the poWer-supply unit 100, to Which the present 
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invention is applied. The poWer-supply unit 100 is provided 
With four cells, i.e., ?rst through fourth cells (secondary cells 
or rechargeable cells) E1, E2, E3 and E4, and an electric 
double layer capacitor 20 that can be connected in parallel 
to the four cells E1 through E4. The poWer-supply unit 100 
can use the electric double layer capacitor 20 as a backup 
poWer supply for the four cells E1, E2, E3 and E4. 

[0035] The four cells E1, E2, E3 and E4 function as a 
poWer source for driving a ?rst load 61 that is connected to 
the poWer-supply unit 100 and also as a poWer source for 
charging the electric double layer capacitor 20 via a group 
of sWitches 70 (?rst through fourth sWitches SW71, SW72, 
SW73 and SW74). 

[0036] The electric double layer capacitor 20 is supplied 
With poWer from the four cells E1 through E4, Which are 
connected to the electric double layer capacitor 20 via the 
group of sWitches 70, so that the voltage on the electric 
double layer capacitor 20 is maintained to be higher than a 
predetermined voltage. The electric double layer capacitor 
20 drives a second load 63 When a sWitch 80 is ON. 

[0037] The poWer-supply unit 100 is provided With a 
microcomputer (controller/selecting device) 30 for compre 
hensively controlling the overall operations of the poWer 
supply unit 100 and for controlling a charge control process 
for the electric double layer capacitor 20. The microcom 
puter 30 incorporates an A/D converter 30a, a comparator 
30b and a RAM 30c. The RAM 30c stores various pieces of 
information. The poWer-supply unit 100 is provided With 
?rst through ?fth voltage detectors 41, 42, 43, 44 and 45, a 
DC-DC converter 51, a peripheral memory 53 and an 
operational portion 55 Which are all connected to the micro 
computer 30. 

[0038] The ?rst voltage detector 41 is connected across the 
electric double layer capacitor 20 to detect a terminal 
voltage Vc across the electric double layer capacitor 20 to 
output the detected terminal voltage to the microcomputer 
30. 

[0039] The second voltage detector 42 is connected across 
the ?rst cell E1 to detect a terminal voltage Ve1 across the 
?rst cell E1 to output the detected terminal voltage to the 
microcomputer 30. Likewise, the third voltage detector 43 is 
connected across the second cell E2 to detect a terminal 
voltage Ve2 across the second cell E2 to output the detected 
terminal voltage to the microcomputer 30. Likewise, the 
fourth voltage detector 44 is connected across the third cell 
E3 to detect a terminal voltage Ve3 across the third cell E3 
to output the detected terminal voltage to the microcomputer 
30. LikeWise, the ?fth voltage detector 45 is connected 
across the fourth cell E4 to detect a terminal voltage Ve4 
across the fourth cell E4 to output the detected terminal 
voltage to the microcomputer 30. 

[0040] The microcomputer 30 performs a charging opera 
tion for charging the electric double layer capacitor 20 When 
the terminal voltage Vc of the electric double layer capacitor 
20, Which is detected via the ?rst voltage detector 41, is 
loWer than a predetermined threshold value V1 Which is 
used as a reference value to determine Whether it is neces 
sary to charge the electric double layer capacitor 20. The 
microcomputer 30 ?rstly calculates a total voltage V-total of 
one or a combination of tWo or more of the serially 

connected cells E1 through E4 in each of four different cases 
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Where the cells E1 through E4 are connected in series in turn 
from the side of a ground GND, in accordance With the 
terminal voltages Ve1 through Ve4 that are respectively 
detected via the second through ?fth voltage detectors 42 
through 45. More speci?cally, in accordance With the ter 
minal voltages Ve1 through Ve4, the microcomputer 30 
?rstly calculates the folloWing four voltages in the folloWing 
order: the voltage of only the fourth cell E4 as the total 
voltage V-total, the sum of the voltages of the third and 
fourth cells E3 and E4 as the total voltage V-total, the sum 
of the voltages of the second, third and fourth cells E2, E3 
and E4 as the total voltage V-total, and the sum of the 
voltages of all the ?rst through fourth cells E1, E2, E3 and 
E4 as the total voltage V-total. Subsequently, the microcom 
puter 30 determines one case from the above four different 
cases in Which the total voltage V-total becomes maximum 
Without eXceeding a Withstand voltage VmaX of the electric 
double layer capacitor 20. Subsequently, the microcomputer 
30 turns ON one or more sWitches of the group of sWitches 
70 so that one or more of the four cells E1 through E4 in the 
determined case (one of the above described four cases) are 
connected in parallel to the electric double layer capacitor 20 
to charge the electric double layer capacitor 20. 

[0041] The DC-DC converter 51 converts the output volt 
age of the cells E1 through E4 into a constant voltage to 
supply the constant voltage to the microcomputer 30. The 
peripheral memory 53 stores charge control data such as the 
aforementioned threshold value V1 and the Withstand volt 
age VmaX of the electric double layer capacitor 20, and 
various reWritable parameters. The microcomputer 30 reads 
and Writes data and others from and in the peripheral 
memory 53 When necessary. The operational portion 55 is 
provided With various operational members (e.g., control 
buttons and sWitches) for operating processes and operations 
of the poWer-supply unit 100. When the operational portion 
55 is operated by the user, the microcomputer 30 operates in 
accordance With the operation by the user. 

[0042] The microcomputer 30 eXchanges signals With the 
?rst load 61 to drive the ?rst load 61 in a manner corre 
sponding to the operation of the operational portion 55. In 
addition, the microcomputer 30 sWitches an open/closed 
state of the sWitch 80, Which connects the electric double 
layer capacitor 20 With the second load 63, to turn ON and 
OFF poWer supply for the second load 63. 

[0043] With the above-described structure, the charge 
control process performed by the microcomputer 30 in the 
?rst embodiment of the poWer-supply unit 100 Will be 
hereinafter discussed in detail With reference to the How 
chart shoWn in FIG. 2. 

[0044] The charge control process starts immediately after 
the main poWer supply of the poWer-supply unit 100 is 
turned ON. All the ?rst through fourth sWitches SW71, 
SW72, SW73 and SW74 of the group of sWitches 70 are 
OFF at their defaults. Immediately after control enters the 
charge control process, the terminal voltage Vc across the 
electric double layer capacitor 20 is detected via the ?rst 
voltage detector 41 (step S11). The detected terminal voltage 
Vc is converted into a digital value via the A/D converter 
30a to be stored in the RAM 30c. Subsequently, it is 
determined Whether the detected terminal voltage Vc is 
equal to or greater than the aforementioned threshold value 
V1, Which is used as a reference value to determine Whether 
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it is necessary to charge the electric double layer capacitor 
20, via the comparator 30b (step S13). If the detected 
terminal voltage Vc is equal to or greater than the threshold 
value V1, it is unnecessary to charge the electric double 
layer capacitor 20, so that control returns to step S11 (if 
“YES” at step S13). 

[0045] If it is determined at step S13 that the detected 
terminal voltage Vc is smaller than the threshold value V1 
(if “NO” at step S13), control proceeds to step S15 to 
perform the process from step S15 to step S31 to determine 
a charge voltage V-charge for charging the electric double 
layer capacitor 20. First of all, a variable n, the total voltage 
V-total and the charge voltage V-charge are set at four, Zero 
and Zero, respectively, and these numerical values are stored 
in the RAM 30c (step S15). Subsequently, the terminal 
voltage Ven across the cell En (“n” herein is the aforemen 
tioned variable) is detected (step S17). The variable n is an 
identi?cation number for each of the four cells E1, E2, E3 
and E4 of the poWer-supply unit 100. In the illustrated 
embodiment, the variable n is greater as the position of 
connection of the associated cell is closer to ground GND. 
Similar to the terminal voltage Vc across the electric double 
layer capacitor 20, the terminal voltage Ven of the cell En is 
converted into a digital value via the A/D converter 30a to 
be stored in the RAM 30c. 

[0046] Subsequently, the sum of the terminal voltage Ven 
of the cell En and the total voltage V-total is stored as an 
adjustment voltage Vr in the RAM 30c (step S19), and it is 
determined Whether the adjustment voltage Vr is greater 
than the Withstand voltage VmaX of the electric double layer 
capacitor 20 via the comparator 30b (step S21). 

[0047] If the adjustment voltage Vr is equal to or smaller 
than the Withstand voltage VmaX (if “NO” at step S21), the 
total voltage V-total stored in the RAM 30c is replaced by 
the adjustment voltage Vr to be stored as the total voltage 
V-total in the RAM 30c (step S23). Subsequently, it is 
determined Whether this neWly set total voltage V-total is 
nearly equal to the Withstand voltage VmaX via the com 
parator 30b (step S25). 

[0048] If the neWly set total voltage V-total is Within a 
predetermined range Which is considered nearly equal to the 
Withstand voltage VmaX (if “YES” at step S25), this means 
that the total voltage V-total Which becomes maXimum 
Without eXceeding the Withstand voltage VmaX of the elec 
tric double layer capacitor 20 has been detected, so that the 
neWly set total voltage V-total is stored as the charge voltage 
V-charge in the RAM 30c (step S31). Thereafter control 
proceeds to step S33. 

[0049] If the neWly set total voltage V-total is out of the 
aforementioned predetermined range, Which is considered 
nearly equal to the Withstand voltage VmaX (if “NO” at step 
S25), the variable n is decreased by one to obtain the total 
voltage V-total Which is closer to the Withstand voltage 
VmaX (step S27), and subsequently it is determined Whether 
the variable n is equal to Zero (step S29). If the variable n is 
Zero (if “YES” at step S29), this means that the total voltage 
V-total currently stored in the RAM 30c is the total voltage 
of all the cells E1 through E4 connected in series and that a 
voltage higher than the current total voltage V-total cannot 
be supplied to the electric double layer capacitor 20. There 
fore, the total voltage V-total currently stored in the RAM 
30c is stored as the charge voltage V-charge in the RAM 30c 
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(step S31). If the variable n is not Zero (if “NO” at step S29), 
control returns to step S17 to repeat the operations from step 
S17 to step S29 until it is determined “YES” at one of the 
operations at steps S21, 25 or 29, to thereby determine the 
total voltage V-total Which becomes maXimum Without 
exceeding the Withstand voltage VmaX of the electric double 
layer capacitor 20. 

[0050] If the adjustment voltage Vr is greater than the 
Withstand voltage VmaX (if “YES” at step S21), control 
proceeds to step S31 to charge the electric double layer 
capacitor 20 With voltage loWer than the Withstand voltage 
VmaX. At step S31, the total voltage V-total stored in the 
RAM 30c is stored as the aforementioned charge voltage 
V-charge in the RAM 30c. Thereafter control proceeds to 
step S33. 

[0051] At step S33, one or more sWitches of the group of 
sWitches 70 (the ?rst through fourth sWitches SW71, SW72, 
SW73 and SW74) are selectively turned ON so that one or 
more of the four cells E1 through E4 the battery voltage of 
Which becomes equal to the determined total voltage V-total 
are connected in parallel to the electric double layer capaci 
tor 20 to start charging the electric double layer capacitor 20. 
Subsequently, the electric double layer capacitor 20 contin 
ues to be charged While the terminal voltage Vc across the 
electric double layer capacitor 20 is monitored via the ?rst 
voltage detector 41 until the terminal voltage Vc becomes 
nearly equal to the charge voltage V-charge (step S34 and if 
“NO” at step S35, or step S149 and if “NO” at step S151). 
If the terminal voltage Vc becomes nearly equal to the 
charge voltage V-charge (if “YES” at step S35), the group of 
sWitches 70 are all turned OFF to end the charging of the 
electric double layer capacitor 20 (step S37), and subse 
quently control returns to step S11. 

[0052] As can be understood from the above descriptions, 
according to the ?rst embodiment of the poWer-supply unit 
100, the electric double layer capacitor 20 is charged With 
the charge voltage V-charge Which becomes maXimum With 
out eXceeding the Withstand voltage VmaX of the electric 
double layer capacitor 20 With one cell or more than one of 
the four cells E1 through E4 Which are connected in series 
in turn from the side of ground GND. 

[0053] Therefore, even if the sum of the terminal voltages 
across the cells used in combination With the electric double 
layer capacitor 20 is greater than the Withstand voltage 
VmaX, a plurality of electric double layer capacitors do not 
have to be used and connected in series so that the sum of 
the Withstand voltages VmaX of all the electric double layer 
capacitors eXceeds the terminal voltage across the cells, and 
also the electric double layer capacitor 20 can be charged 
Without the use of a voltage converter and the like. Conse 
quently, the poWer-supply unit 100 can be made small and 
compact With a loW cost of production. This contributes to 
doWnsiZing the electronic device Which incorporates a 
poWer-supply unit 100 to Which the present invention is 
applied, and also contributes to reductions in the cost of 
production of the electronic device. 

[0054] If the sWitch 80 is turned ON to connect the second 
load 63 to the electric double layer capacitor 20, the second 
load 63 can be driven Without using a voltage converter or 
the like. Even if none of the cells E1 through E4 are 
connected to the poWer-supply unit 100 (this includes the 
case Where all the cells E1 through E4 are ?at), the second 
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load 63 can be driven. In the case Where the second load 63 
is a load requiring a backup poWer supply, the electric 
double layer capacitor 20 functions as a backup poWer 
supply, so that any eXtra backup poWer supply does not have 
to be provided. 

[0055] Furthermore, according to the ?rst embodiment of 
the poWer-supply unit 100, since the electric double layer 
capacitor 20 is charged With the charge voltage V-charge that 
is close to the Withstand voltage VmaX, the charging ef? 
ciency per charge can be improved. 

[0056] FIG. 3 shoWs fundamental elements of a poWer 
supply unit 200 of the second embodiment Which incorpo 
rates a charger for charging an electric double layer capaci 
tor provided in the poWer-supply unit 200, to Which the 
present invention is applied. The second embodiment of the 
poWer-supply unit 200 is similar to the poWer-supply unit 
100 of the ?rst embodiment in that the electric double layer 
capacitor 20 is charged With the charge voltage V-charge 
Which becomes maXimum Without exceeding the Withstand 
voltage VmaX of the electric double layer capacitor 20. 
HoWever, unlike in the poWer-supply unit 100 of the ?rst 
embodiment Wherein the electric double layer capacitor 20 
is charged With the charge voltage V-charge Which is maXi 
mum at one or more of the four cells E1 through E4 Which 
are connected in series in order With respect to ground GND, 
in the poWer-supply unit 200 of the second embodiment, the 
electric double layer capacitor 20 is charged With the charge 
voltage V-charge Which is maXimum at the terminal voltage 
Which is the highest among all the cells E1, E2, E3 or E4, 
and another one or more of the remaining three cells are 
connected in series. 

[0057] Parts or elements of the second embodiment Which 
are identical to those of the ?rst embodiment are designated 
by the same reference numerals, and accordingly Will not be 
hereinafter described in detail. The fundamental elements of 
the second embodiment of the poWer-supply unit 200 shoWn 
in FIG. 3 include a battery chamber 10, a step-up trans 
former (DC-DC converter) 57 and an indicator (e. g., an LCD 
panel) 59. These elements 10, 57 and 59 Will be hereinafter 
discussed in detail. 

[0058] The four cells E1 through E4 can be accommo 
dated in and removed from the battery chamber 10. The 
battery chamber 10 is provided With contact terminals 10a 
through 10d Which are arranged at different positions from 
contact terminals 101 through 105 Which respectively con 
tact the positive and negative electrodes of each of the four 
cells E1 through E4 (see FIG. 4). Each of the four contact 
terminals 10a through 10d connects the positive electrode of 
the corresponding cell E1, E2, E3 or E4 to the corresponding 
voltage detector 42, 43, 44 or 45. A ?rst group of sWitches 
11 (SW10 through SW18), a second group of sWitches 13 
(SW31 through SW34) and a third group of sWitches 15 
(SW51 through SW54) are connected to the four contact 
terminals 10a through 10d in a predetermined pattern. The 
?rst group of sWitches 11 can connect the four cells E1 
through E4 to one another in series in a given pattern, the 
second group of sWitches 13 can connect one or a combi 
nation of tWo or more of the four cells E1 through E4 
connected in series to the ?rst load 61, and the third group 
of sWitches 15 can connect one or a combination of tWo or 

more of the four cells E1 through E4 connected in series to 
the electric double layer capacitor 20 in parallel. 
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[0059] The second voltage detector 42 detects a voltage 
Ve1‘ across the positive electrode of the serially-connected 
four cells E1 through E4 and ground GND to output the 
detected voltage to the microcomputer 30. The third voltage 
detector 43 detects a voltage Ve2‘ across the positive elec 
trode of the serially-connected three cells E2, E3 and E4 and 
ground GND to output the detected voltage to the micro 
computer 30. The fourth voltage detector 44 detects a 
voltage Ve3‘ across the positive electrode of the serially 
connected tWo cells E3 and E4 and ground GND to output 
the detected voltage to the microcomputer 30. The ?fth 
voltage detector 45 detects a voltage Ve4‘ across the positive 
electrode of the cell E4 and ground GND to output the 
detected voltage to the microcomputer 30. The voltage Ve1‘ 
is higher than any other voltages Ve2‘, Ve3‘ and Ve4‘ since 
the voltage Ve1‘ is the voltage across the positive electrode 
of the serially-connected four cells E1 through E4 and 
ground GND, i.e., the total voltage of all the four cells E1 
through E4 connected in series. 

[0060] The microcomputer 30 performs a charging opera 
tion for charging the electric double layer capacitor 20 When 
the terminal voltage Vc of the electric double layer capacitor 
20, Which is detected via the ?rst voltage detector 41, is 
loWer than a predetermined ?rst threshold value V1 Which is 
used as a reference value to determine Whether it is neces 
sary to charge the electric double layer capacitor 20. The 
microcomputer 30 ?rstly calculates each of the terminal 
voltages Ve1, Ve2, Ve3 and Ve4 across the four cells E1, E2, 
E3 and E4 in accordance With the voltages Ve1‘, Ve2‘, Ve3‘ 
and Ve4‘ detected via the voltage detectors 42, 43, 44 and 45, 
respectively, to determine the cell Which has the highest 
terminal voltage among the four cells E1, E2 and E3 and E4. 
Subsequently, the microcomputer 30 determines a combi 
nation of the determined cell E1, E2, E3 or E4 having the 
highest terminal voltage and at least one of the remaining 
three cells, Wherein the total voltage across the combination 
of these cells connected in series becomes maXimum With 
out eXceeding the Withstand voltage VmaX of the electric 
double layer capacitor 20 on condition that the number of 
cells included in the combination is minimal and that the 
cells included in the combination are selected in decreasing 
order of terminal voltage. Subsequently, the ?rst group of 
sWitches 11 is selectively turned ON so that the cells of the 
determined combination are connected in series. Subse 
quently, the third group of sWitches 15 are selectively turned 
ON so that the serially-connected cells are connected in 
parallel to the electric double layer capacitor 20 to charge the 
electric double layer capacitor 20. In the case Where the 
aforementioned remaining three cells are all dead, the micro 
computer 30 cannot determine any combination of cells but 
selects only one cell (i.e., the cell Which has the highest 
terminal voltage among the four cells E1, E2, E3 and E4) if 
the remaining poWer of the cell is greater than a predeter 
mined value (i.e., the third threshold value V3 Which Will be 
discussed later). 
[0061] The step-up transformer 57 steps up the voltage 
output from the four cells E1 through E4, i.e., from the 
battery chamber 10. The microcomputer 30 drives the step 
up transformer 57 to make the ?rst load 61 operate With 
stability. Furthermore, if the voltage Ve1‘ across the positive 
terminal of the ?rst cell E1 and ground GND is loWer than 
a predetermined second threshold value V2 Which is used as 
a reference value to determine Whether it is necessary to 
drive the step-up transformer 57, the microcomputer 30 
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drives the step-up transformer 57 to make the ?rst load 61 
operate With stability since the remaining quantity of power 
of the battery is loW. 

[0062] If the voltage Ve1‘ across the positive electrode of 
the serially-connected four cells E1 through E4 and ground 
GND is loWer than a predetermined third threshold value V3 
Which is used as a reference value to determine Whether it is 
possible to charge the electric double layer capacitor 20, the 
microcomputer 30 sends signals to the indicator 59 to 
indicate “LoW Battery” thereon, informing the user that the 
battery is too Weak to charge the electric double layer 
capacitor 20. The indicator 59 can indicate various types of 
information. Additionally, the microcomputer 30 can send 
signals to the indicator 59 to indicate information in accor 
dance With a signal output from the ?rst load 61. The ?rst, 
second and third threshold values V1, V2 and V3 are stored 
in the peripheral memory 53. The third threshold value V3 
is set to be smaller than the second threshold value V2. 

[0063] The charge control process performed by the 
microcomputer 30 in the second embodiment of the poWer 
supply unit 200 Will be hereinafter discussed in detail With 
reference to the How chart shoWn in FIGS. 5 through 7. 

[0064] The charge control process starts immediately after 
the main poWer supply of the poWer-supply unit 200 is 
turned ON. The sWitches SW10, SW11, SW12 and SW13 of 
the ?rst group of sWitches 11, and sWitch SW31 of the 
second group of sWitches 13 are turned ON at their defaults, 
While the remaining sWitches of the ?rst, second and third 
group of sWitches 11, 13 and 15 are turned OFF at their 
defaults. 

[0065] Immediately after control enters the charge control 
process, the terminal voltage Vc across the electric double 
layer capacitor 20 is detected via the ?rst voltage detector 41 
(step S111). The detected terminal voltage Vc is converted 
into a digital value via the A/D converter 30a to be stored in 
the RAM 30c. Subsequently, it is determined Whether the 
detected terminal voltage Vc is equal to or greater than the 
aforementioned ?rst threshold value v1, Which is used as a 
reference value to determine Whether it is necessary to 
charge the electric double layer capacitor 20, via the com 
parator 30b (step S113). If the detected terminal voltage Vc 
is equal to or greater than the ?rst threshold value V1, it is 
unnecessary to charge the electric double layer capacitor 20, 
so that control returns to step S111 (if “YES” at step S113). 

[0066] If it is determined at step S113 that the detected 
terminal voltage Vc is smaller than the ?rst threshold value 
V1 (if “NO” at step S113), the aforementioned voltages 
Ve1‘, Ve2‘, Ve3‘ and Ve4‘ are detected via the voltage 
detectors 42, 43, 44 and 45, respectively, to determine the 
charge voltage V-charge for charging the electric double 
layer capacitor 20 (step S115). Similar to the detected 
terminal voltage Vc, each of the voltages Ve1‘, Ve2‘, Ve3‘ and 
Ve4‘ is converted into a digital value via the A/D converter 
30a to be stored in the RAM 30c. Subsequently, it is 
determined Whether the detected voltage Ve1‘ is equal to or 
greater than the aforementioned second threshold value V2, 
Which is used as a reference value to determine Whether it is 
necessary to drive the step-up transformer 57, via the 
comparator 30b (step S117). If the detected voltage Ve1‘ is 
equal to or greater than the second threshold value V2 (if 
“YES” at step S117), the ?rst load 61 can be made to operate 
With stability Without driving the step-up transformer 57, so 
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that a step-up ?ag is set to Zero, and control returns to step 
S129. The step-up ?ag is set to one in the case Where it is 
necessary to drive the step-up transformer 57 in a steady 
state (i.e., in a state Where the electric double layer capacitor 
20 is not charged). The default value of the step-up ?ag is 
Zero. 

[0067] If the detected voltage Ve1‘ is smaller than the 
second threshold value V2 (if “NO” at step S117), the 
step-up ?ag is set to one (step S119), and subsequently it is 
determined Whether the detected voltage Ve1‘ is equal to or 
greater than the aforementioned third threshold value V3, 
Which is used as a reference value to determine Whether it is 
possible to charge the electric double layer capacitor 20, via 
the comparator 30b (step S121). If the detected voltage Ve1‘ 
is smaller than the third threshold value V3 (if “NO” at step 
S121), the battery has become too Weak to charge the 
electric double layer capacitor 20, so that “LoW Battery” is 
indicated on the indicator 59 (step S123). Subsequently, the 
electric double layer capacitor 20 is prohibited from being 
charged (step S125) and control ends. If the detected voltage 
Ve1‘ is equal to or greater than the third threshold value V3 
(if “YES” at step S121), the remaining quantity of poWer of 
the battery is loW, though it is possible to charge the electric 
double layer capacitor 20, so that the step-up transformer 57 
is driven to make the ?rst load 61 operate With stability (step 
S127). 
[0068] The terminal voltages Ve1, Ve2, Ve3 and Ve4 
across the ?rst, second, third and fourth cells E1, E2, E3 and 
E4, respectively, are determined in accordance With the 
detected voltages Ve1‘, Ve2‘, Ve3‘ and Ve4‘, and the terminal 
voltages Ve1, Ve2, Ve3 and Ve4 are compared With one 
another to be ordered in decreasing order of voltage (step 
S129). As described above, the voltage Ve1‘ is the voltage 
across the positive electrode of the serially-connected four 
cells E1 through E4 and ground GND, the voltage Ve2‘ is the 
voltage across the positive electrode of the serially-con 
nected three cells E2 through E4 and ground GND, the 
voltage Ve3‘ is the voltage across the positive electrode of 
the serially-connected tWo cells E3 and E4 and ground 
GND, and the voltage Ve4‘ is the voltage across the positive 
electrode of the cell E4 and ground GND, the terminal 
voltage Ve1 across the ?rst cell E1, for instance, can be 
calculated by subtracting the voltage Ve2‘ from the voltage 
Ve1‘. As an eXample, supposing that the terminal voltages 
Ve1, Ve2, Ve3 and Ve4 across the ?rst, second, third and 
fourth cells E1, E2, E3 and E4 are 150V, 1.45V, 1.42V and 
1.20V, respectively, the operation at step S129 results in 
“Ve1>Ve2>Ve3>Ve4.” 

[0069] Each difference betWeen the highest terminal volt 
age and each of the remaining three terminal voltages among 
the four terminal voltages Ve1, Ve2, Ve3 and Ve4 is calcu 
lated as a voltage difference Vdef (Vdef1, Vdef2 or Vdef3) 
(step S131). In the aforementioned example, since the 
voltage Ve1‘ is the highest, the difference betWeen the 
terminal voltage Ve1 (=1.50V) and the terminal voltage Ve2 
(=1.45V) is stored as a ?rst voltage difference Vdef1 
(=0.05V), the difference betWeen the terminal voltage Ve1 
(=1.50V) and the terminal voltage Ve3 (=1.42V) is stored as 
a second voltage difference Vdef2 (=0.08V), and the differ 
ence betWeen the terminal voltage Ve1 (=1.50V) and the 
terminal voltage Ve4 (=1.20V) is stored as a third voltage 
difference Vdef3 (=0.3V). 
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[0070] Subsequently, each of the ?rst, second and third 
voltage differences Vdef1, Vdef2 and Vdef3 is compared 
With a reference value Vdef Which is a reference value to 
determine Which combination of cells is most appropriate to 
be used for charging the electric double layer capacitor 20, 
and any cell Which makes the voltage difference Vdef 
(Vdef1, Vdef2 or Vdef3) greater than the reference value 
Vdef‘ is removed from possible combinations of cells (step 
S133). If the reference value Vdef is set at 0.2V in the 
aforementioned example, the fourth cell E4 is removed from 
the possible combinations of cells since the third voltage 
difference Vdef3 (=0.3V) exceeds the reference value Vdef‘ 
though each of the ?rst and second voltage differences 
Vdef2 and Vdef3 is smaller than the reference value Vdef. 

[0071] Subsequently, the Withstand voltage Vmax is read 
out from the peripheral memory 53 (step S135), and a data 
table providing a listing of possible cells and possible 
combinations of cells Which are Within a range from the 
terminal voltage Vc as a loWer limit to the Withstand voltage 
Vmax as an upper limit is created (step S137). Table 1 beloW 
shoWs such a data table created in the aforementioned 
example. It is herein assumed in this example that the 
Withstand voltage Vmax is 5.0V and that the terminal 
voltage Vc of the electric double layer capacitor 20 detected 
at step S111 is 1.2V. 

TABLE 1 

>Vc 
No. 1: only E1 
No. 2: E1 and E2 
No. 3: E1 and E3 
No. 4: E1 and E2 and E3 

éVmax 

[0072] A selection process (“SELECTION PROCESS” 
shoWn in FIG. 7) is performed in Which a combination of 
tWo or more cells Which can supply the charge voltage 
V-charge Which becomes maximum Without exceeding the 
Withstand voltage Vmax of the electric double layer capaci 
tor 20 is selected (step S139). Subsequently, the charge 
voltage V-charge is set to the voltage (total voltage) of the 
cells included in a selection V-select (one of the four 
selections in the above data table) selected via the selection 
process (step S141), and the step-up transformer 57 is driven 
(step S143). The step-up transformer 57 is driven at this time 
in order to step up the voltage (total voltage) input to the ?rst 
load 61, Which decreases due to the charging operation of the 
electric double layer capacitor 20, to make the ?rst load 61 
operate With stability. 

[0073] Subsequently, the ON/OFF state of the ?rst group 
of sWitches 11 (the sWitches SW10 through SW19) is 
changed so that the cells included in the selection V-select 
selected via the selection process are connected to one 
another in series (step S145). Subsequently, the ON/OFF 
state of the third group of sWitches 15 (the sWitches SW51 
through SW54) is changed so that the selected cells con 
nected in series at step S145 are connected in parallel to the 
electric double layer capacitor 20, While the ON/OFF state 
of the second group of sWitches 13 (the sWitches SW31 
through SW34) is changed so that the selected cell is 
connected in series to thereby start charging the electric 
double layer capacitor 20 (step S147). 
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[0074] Subsequently, the electric double layer capacitor 20 
continues to be charged While the terminal voltage Vc across 
the electric double layer capacitor 20 is monitored via the 
?rst voltage detector 41 until the terminal voltage Vc 
becomes nearly equal to the charge voltage V-charge (step 
S149 and if “NO” at step S151). Subsequently, if it is 
determined at step S151 that the terminal voltage Vc 
becomes nearly equal to the charge voltage V-charge, the 
state of connection of the four cells E1 through E4 is 
changed back to the steady state (i.e., the state of connection 
of the four cells E1 through E4 When the electric double 
layer capacitor 20 is not charged) (step S153). Namely, the 
sWitches SW10 through SW13 of the ?rst group of sWitches 
11 are turned ON so that all the four cells E1 through E4 are 
connected in series, While the sWitch 31 of the second group 
of sWitches 13 is turned ON to connect the serially-con 
nected four cells E1 through E4 to the ?rst load 61. Subse 
quently, it is determined Whether the set-up ?ag is one (step 
S155). If the set-up ?ag is one (if “YES” at step S155), 
control returns to step S111 While continuing to drive the 
step-up transformer 57 since the step-up transformer 57 
needs to be driven even in the steady state (i.e., in a state 
Where the electric double layer capacitor 20 is not charged) 
because the remaining quantity of poWer of the battery is 
loW. If the set-up ?ag is Zero (if “NO” at step S155), the 
step-up transformer 57 is stopped (step S157), and control 
returns to step S111 since the ?rst load 61 can be driven 
stably Without driving the step-up transformer 57. 

[0075] The selection process performed at step S139 Will 
be hereinafter discussed in detail With reference to FIG. 7. 

[0076] In the selection process, one of the six selections 
(i.e., Nos. 1 through 3) in Which a combination of cells can 
supply the charge voltage V-charge Which becomes maxi 
mum Without exceeding the Withstand voltage Vmax of the 
electric double layer capacitor 20 is selected from the above 
data table on condition that the number of cells included in 
the combination is minimal and that the cells included in the 
combination are selected in decreasing order of terminal 
voltage. HoWever, in the case Where three of the four cells 
are dead, only one cell can be selected from the above data 
table rather than a combination of cells. 

[0077] In the selection process, ?rstly the number of the 
selections in the data table is stored as a variable m in the 
RAM 30c (step S201). In the particular case shoWn in Table 
1, there are four selections in total, so that the variable m is 
set at six. Subsequently, as initial data of the selection 
V-select, a selection No.m in the data table created at step 
S137, the identi?cation number or numbers of the cell or 
cells included in selection No.m, and the voltage (total 
voltage) of the cell or cells included in selection No.m are 
stored in the RAM 30c (step S203). Subsequently, the 
variable m is decreased by one (step S205), and it is 
determined Whether the variable m is Zero (step S207). If the 
variable m is not Zero (if “NO” at step S207), the operations 
from step S209 to step S219 through Which the selection 
V-select is compared With the selection No.m are performed, 
and thereafter control returns to step S205. 

[0078] At step S209 it is determined Whether the voltage 
of the cell or cells of the selection No.m is equal to or greater 
than the voltage of the selection V-select. If the voltage of 
the cell or cells of the selection No.m is smaller than the 
voltage of the selection V-select (if “NO” at step S209), 
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control returns to step S205. If the voltage of the cell or cells 
of the selection No.m is equal to or greater than the voltage 
of the selection V-select (if “YES” at step S209), it is 
determined at step S211 Whether the voltage of the cell or 
cells of the selection No.m is greater than the voltage of the 
selection V-select to select another selection Whose battery 
voltage is closer to the Withstand voltage VmaX. If the 
voltage of the cell or cells of the selection No.m is greater 
than the voltage of the selection V-select (if “YES” at step 
S211), the currently-set data of the selection V-select are 
replaced by the data of the selection m, the identi?cation 
number or numbers of the cells included in the selection 
No.m and the voltage (total voltage) of the cell or cells 
included the selection No.m are stored as neW data of the 
selection V-select (step S219), and control returns to step 
S205. 

[0079] If the voltage of the cell or cells of the selection 
No.m is equal to or greater than the voltage of the selection 
V-select (if “YES” at step S209), and further, if the voltage 
of the cell or cells of the selection No.m is not greater than 
the voltage of the selection V-select (if “NO” at step S211); 
namely, if the voltage of the cell or cells of the selection 
No.m is equal to the voltage of the selection V-select, it is 
determined Whether the number of cells included in the 
selection No.m is equal to that included in the selection 
V-select in order to select a selection including the smaller 
number of cells (step S213). 

[0080] If the number of cells included in the selection 
No.m is not equal to that included in the selection V-select 
(if “NO” at step S213), it is determined Whether the number 
of cells included in the selection No.m is smaller than that 
included in the selection V-select (step S215). If the number 
of cells included in the selection No.m is smaller that 
included in the selection V-select (if “YES” at step S215), 
the currently-set data of the selection V-select are replaced 
by the data of the selection m, the identi?cation number or 
numbers of the cells included in the selection No.m and the 
voltage (total voltage) of the cell or cells included in the 
selection No.m are stored as neW data of the selection 
V-select (step S219), and control returns to step S205. 

[0081] If the number of cells included in the selection 
No.m is equal to that included in the selection V-select (if 
“YES” at step S213), it is determined Whether the selection 
No.m includes any cell Which has a higher terminal voltage 
than of the cell or cells included in the selection V-select, in 
order to select a selection including a cell Which has a higher 
terminal voltage (step S217). If the selection No.m includes 
a cell Which has a higher terminal voltage than the cell(s) 
included in the selection V-select, i.e. if “YES” at step S217, 
the currently-set data of the selection V-select are replaced 
by the data of the selection m, the identi?cation number or 
numbers of the cell or cells included in the selection No.m 
and the voltage (total voltage) of the cell or cells included in 
the selection No.m are stored as neW data of the selection 
V-select (step S219), and control returns to step S205. If the 
selection No.m does not include a cell Which has a higher 
terminal voltage than the cell(s) included in the selection 
V-select, i.e. if “NO” at step S217, control simply returns to 
step S205. 

[0082] When the variable m becomes Zero as a result of 
repeating the operations from step S205 to step S219 (if 
“YES” at step S207), the selection V-select has been com 
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pared With all the selections (the four selections in the above 
particular example), so that control returns to step S205. At 
this time, the data of a combination of cells Which can supply 
the charge voltage V-charge Which becomes maXimum With 
out eXceeding the Withstand voltage VmaX of the electric 
double layer capacitor 20 is stored in the data of the selection 
V-select, Wherein the number of cells included in the com 
bination is minimal While the terminal voltage across the 
cells included in the combination is maXimum. 

[0083] As can be understood from the above descriptions, 
in the poWer-supply unit 200 of the second embodiment, 
since the electric double layer capacitor 20 is charged With 
the charge voltage V-charge Which becomes maXimum With 
one cell Which has the highest terminal voltage among all the 
cells E1, E2, E3 or E4 and another one or more of the 
remaining three cells being connected in series, namely, 
since the electric double layer capacitor 20 is charged With 
the charge voltage V-charge close to the Withstand voltage 
VmaX, a plurality of electric double layer capacitors do not 
have to be used and connected in series even if the sum of 
the terminal voltages across the cells used in combination 
With the electric double layer capacitor 20 is greater than the 
Withstand voltage VmaX. Furthermore, the electric double 
layer capacitor 20 can be charged Without the use of a 
voltage converter or the like. 

[0084] In the poWer-supply unit 200 of the second 
embodiment, since the electric double layer capacitor 20 is 
charged by combining a cell Which has the highest terminal 
voltage and another cell or cells so that these cells are 
selected in decreasing order of terminal voltage, cell-to-cell 
variation in the remaining quantity of poWer can be reduced 
While the efficiency of consumption of all the cells can be 
increased. Consequently, even if neW and used cells are 
miXed, the cell Which has a loW terminal voltage is not used 
and removed from possible combinations of cells in the 
operation at step S133. Furthermore, if the terminal voltage 
across the cell becomes close to the ?nal voltage level 
(safety assurance level) thereof, it is determined that the 
remaining quantity of poWer of the cell is Zero, so that the 
cell Which has a terminal voltage nearly equal to, equal to, 
or less than the ?nal voltage level can be prevented from 
being used. This makes it possible to prevent various prob 
lems such as leakage of liquid of battery, a malfunction of 
an electronic device or a breakdoWn of an electronic device 
from occurring. 

[0085] In the case Where the cells used include a cell 
Which has a loWer terminal voltage than a predetermined 
level, the cell Which has a terminal voltage nearly equal to 
or loWer than the ?nal voltage level can be prevented from 
being used if a combination of neW and used cells are used, 
Wherein signals are sent to the indicator 59 to display an 
indication to Warn the user that the old cell needs to be 
reneWed. 

[0086] In the second embodiment of the poWer-supply unit 
200, since the step-up transformer 57 is driven When the 
electric double layer capacitor 20 is charged or When the 
remaining quantity of poWer of the battery is loW, the 
voltage input to the ?rst load 61 can be prevented from 
varying to make the ?rst load 61 operate With stability. 
Furthermore, in the second embodiment of the poWer-supply 
unit 200, even if none of the cells E1 through E4 are 
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connected to the poWer-supply unit 200, the second load 63 
can be driven, similar to the poWer-supply unit 100 of the 
?rst embodiment. 

[0087] In the second embodiment of the poWer-supply unit 
200, although the poWer-supply unit 200 is provided With 
the battery chamber 10 Which can accommodate a plurality 
of cells, the battery chamber 10 can be modi?ed so that it can 
accommodate a removable battery pack. 

[0088] In each of the ?rst and second embodiments, 
although the number of cells used for the poWer-supply unit 
100 and 200 is four, the number of cells is not limited solely 
to four, While the cells used for the poWer-supply unit can be 
either the primary battery or the secondary battery. 

[0089] It is possible to use a stacked type of electric double 
layer capacitor instead of the electric double layer capacitor 
20. In this case, use of such a stacked type capacitor is 
practical since a load the poWer consumption of Which is 
greater than that of the second load 63 can be driven. 

[0090] As can be understood from the foregoing, accord 
ing to a poWer-supply unit Which incorporates an electric 
double layer capacitor to Which the present invention is 
applied, since the selected combination of cells can supply 
a maximum voltage for charging said capacitor Without 
exceeding a Withstand voltage of said capacitor, and the 
electric double layer capacitor is charged With the selected 
combination of cells, even if the sum of the terminal 
voltages across the cells used in combination With the 
electric double layer capacitor is greater than the Withstand 
voltage thereof, a plurality of electric double layer capacitors 
do not have to be used and connected in series even When the 
electric double layer capacitor is used in connection With the 
battery the terminal voltage across Which is higher than the 
Withstand voltage of the electric double layer capacitor. 
Furthermore, the electric double layer capacitor can be 
charged Without the use of a voltage converter and the like. 

[0091] Obvious changes may be made in the speci?c 
embodiments of the present invention described herein, such 
modi?cations being Within the spirit and scope of the 
invention claimed. It is indicated that all matter contained 
herein is illustrative and does not limit the scope of the 
present invention. 

What is claimed is: 
1. A poWer-supply unit comprising: 

a plurality of cells for supplying poWer to a load; 

a capacitor connected in parallel to said plurality of cells; 

at least one voltage detector Which detects a terminal 
voltage across each of said plurality of cells; 

a selecting device for selecting a ?rst combination from 
predetermined combinations of at least one of said 
plurality of cells in accordance With said terminal 
voltage, Wherein said selected ?rst combination of cells 
can supply a maximum voltage for charging said 
capacitor Without exceeding a Withstand voltage of said 
capacitor; and 

a controller for charging said electric double layer capaci 
tor With said selected ?rst combination of cells. 

2. The poWer-supply unit according to claim 1, Wherein 
said capacitor is comprised of an electric double layer 
capacitor. 
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3. The poWer-supply unit according to claim 2, Wherein 
said selecting device selects said ?rst combination from said 
predetermined combinations of at least one of said plurality 
of cells Which are connected in series in order With respect 
to ground, so that a total voltage across said ?rst combina 
tion of cells connected in series becomes maximum Without 
exceeding said Withstand voltage. 

4. The poWer-supply unit according to claim 2, Wherein 
said plurality of cells are connected in series, 

Wherein said poWer-supply unit further comprises a 
sWitch system for connecting each cell included in said 
?rst combination of cells to said electric double layer 
capacitor in parallel, and 

Wherein said controller controls said sWitch system so that 
each cell included in said ?rst combination of cells is 
connected in parallel to said electric double layer 
capacitor. 

5. The poWer-supply unit according to claim 2, Wherein 
said selecting device determines a cell from said plurality of 
cells Which has the highest terminal voltage among said 
plurality of cells, and selects a second combination from one 
of said cell Which has the highest terminal voltage among 
said plurality of cells and predetermined combinations of 
said cell Which has the highest terminal voltage among said 
plurality of cells and at least one of the remaining cells of 
said plurality of cells; Wherein the total voltage across said 
second combination of cells connected in series becomes 
maximum Without exceeding a Withstand voltage of said 
electric double layer capacitor. 

6. The poWer-supply unit according to claim 5, Wherein 
said selecting device selects said second combination from 
said predetermined combinations, Wherein said total voltage 
across said second combination of cells connected in series 
becomes maximum Without exceeding said Withstand volt 
age of said electric double layer capacitor. 

7. The poWer-supply unit according to claim 6, Wherein 
the number of cells included in said second combination of 
cells is minimal, and the cells included in said second 
combination are selected in decreasing order of terminal 
voltage 

8. The poWer-supply unit according to claim 6, Wherein 
the priority of selection of said second combination is ?rstly 
the closest combination to the Withstand voltage, and sec 
ondly, the minimal number of cells. 

9. The poWer-supply unit according to claim 5, Wherein a 
second cell among said plurality of cells is removed from 
said predetermined combinations of cells if a voltage dif 
ference betWeen said cell Which has the highest terminal 
voltage among said plurality of cells and said second cell is 
greater than a reference value. 

10. The poWer-supply unit according to claim 5, further 
comprising a ?rst sWitch system for connecting said plural 
ity of cells in series in predetermined combinations, and a 
second sWitch system for connecting each of said predeter 
mined combinations of cells to said electric double layer 
capacitor in parallel, 

Wherein said controller controls said ?rst sWitch system so 
that cells included in said second combination are 
connected in series, and controls said second sWitch 
system so that said cells included in said second 
combination Which are connected in series are con 
nected in parallel With respect to said electric double 
layer capacitor. 
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11. The poWer-supply unit according to claim 5, further 
comprising a step-up transformer Which steps up a voltage 
output from said selected ?rst combination of cells con 
nected in series to a predetermined voltage level, 

Wherein said controller drives said step-up transformer to 
step up said voltage output from said selected combi 
nation of cells connected in series to supply said 
stepped up voltage to said load When said electric 
double layer capacitor is charged. 

12. The poWer-supply unit according to claim 11, Wherein 
said controller drives said step-up transformer to step up said 
voltage output from said selected ?rst combination of cells 
connected in series to supply said stepped up voltage to said 
load When a total voltage of said plurality of cells is loWer 
than a predetermined threshold value. 

13. The poWer-supply unit according to claim 2, further 
comprising an indicator for indicating various pieces of 
information; 

Wherein, if a total voltage of said plurality of cells is loWer 
than a predetermined threshold value, said controller 
sends signals to said indicator to display an indication 
for informing a user that there is not sufficient battery 
poWer to charge said electric double layer capacitor, 
and prohibits said electric double layer capacitor from 
being charged. 

14. The poWer-supply unit according to claim 13, Wherein 
said controller sends signals to said indicator to display an 
indication for Warning a user that a particular cell included 
in said plurality of cells needs to be reneWed, in the case 
Where the terminal voltage across said particular cell Which 
is detected via said at least one voltage detector is loWer than 
a predetermined threshold value. 

15. A poWer-supply unit comprising: 

a battery chamber Which accommodates a plurality of 
cells and comprises a plurality of pairs of contact 
terminals, Wherein each pair of contact terminals of 
said plurality of pairs of contact terminals respectively 
contact positive and negative electrodes of a corre 
sponding one of said plurality of cells; 

an electric double layer capacitor Which can be connected 
in parallel to said plurality of cells via said plurality of 
pairs of contact terminals; 

at least one voltage detector Which detects a terminal 
voltage across each of said plurality of cells via said 
plurality of pairs of contact terminals; 

a selecting device for selecting a combination from pre 
determined possible combinations of serially-con 
nected contact terminals included in said plurality of 
pairs of contact terminals in accordance With said 
terminal voltage, Wherein a combination of cells of said 
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plurality of cells Which is determined by said selected 
possible combination of serially-connected contact ter 
minals can supply a maximum voltage for charging 
said electric double layer capacitor Without exceeding 
a Withstand voltage of said electric double layer capaci 
tor; and 

a controller Which connects one and another terminals of 
said selected combination of serially-connected contact 
terminals to one and another terminals of said electric 
double layer capacitor. 

16. Amethod of charging an electric double layer capaci 
tor provided in a poWer-supply unit in Which at least tWo of 
a plurality of cells are connected in series to be connected in 
parallel to said electric double layer capacitor to supply 
poWer from said serially-connected at least tWo cells to a 
load, said charging method comprising: 

detecting a terminal voltage across each of said plurality 
of cells; 

selecting a combination from predetermined combina 
tions of at least one of said plurality of cells in 
accordance With said terminal voltage, Wherein said 
selected combination of cells can supply a maximum 
voltage for charging said electric double layer capacitor 
Without exceeding a Withstand voltage of said electric 
double layer capacitor; and 

connecting said selected combination of cells to said 
electric double layer capacitor in parallel to charge said 
electric double layer capacitor With said selected com 
bination of cells. 

17. The method of charging an electric double layer 
capacitor according to claim 16, Wherein said at least one of 
said plurality of cells are connected in series in order With 
respect to ground, so that a total voltage across said com 
bination of cells connected in series becomes maximum 
Without exceeding said Withstand voltage. 

18. The charging method according to claim 14, further 
comprising: 

determining a cell from said plurality of cells Which has 
the highest terminal voltage among said plurality of 
cells, and 

selecting a second combination from predetermined com 
binations of said determined cell and at least one of the 
remaining cells of said plurality of cells, Wherein the 
total voltage across said second combination of cells 
connected in series becomes maximum Without 
exceeding a Withstand voltage of said electric double 
layer capacitor. 


