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Description

[0001] The present invention relates to an electric
double layer capacitor having a large capacity used for
power devices or electronic circuits. In particularly, the
present invention relates to a device comprising an elec-
tric double layer capacitor used as a unit capacitor for
forming an assembled cell structure by connecting a plu-
rality of unit capacitors in series by means of outer lead
wires and an assembled cell type power source device
for outputting a voltage of 8 V or more, which is formed
by connecting a plurality of the unit capacitors in series.
[0002] From the standpoint of utilizing effectively en-
ergy, unit capacitors having a large capacity for power
devices have widely been applied to, for example, a hy-
brid automobile mounting thereon a power source sys-
tem constituted by a gasoline engine/electric double lay-
er capacitor, an electric automobile, a power source sys-
tem of a solar cell unit capacitor. Further, needs for a
power source for electronic devices using the unit ca-
pacitor has also been increasing. As the unit capacitor
having a large capacity for power devices, there have
been developed one which employs an aqueous solu-
tion type electrolyte and one which employs an organic
solvent type electrolyte. Since the unit capacitor of low
resistance and large capacity which employs an organic
electrolyte can increase the working voltage, it can in-
crease energy density in comparison with the electric
double layer capacitor employing an aqueous solution
type electrolyte.
[0003] In the unit capacitor employing an organic
electrolyte, a capacitor element is formed by rolling a
pair of opposing electrodes interposing a separator ther-
ebetween wherein each of the electrodes comprises a
metallic current collector foil on which a thin film polari-
zation electrode composed mainly of activated carbon
powder is attached. The capacitor element which is im-
pregnated with an organic electrolyte is put in a bot-
tomed cylindrical casing made of metal. The opening of
the metallic casing is sealed with a sealing material such
as a sealing rubber, gasket, a Bakelite plate lined with
rubber or a lamination plate of phenol resin and rubber
to prevent the electrolyte from evaporation. Further,
there has recently been proposed to use a polymer elec-
trolyte gel.
[0004] Besides of the unit capacitor of so-called the
electrode foil rolling type, Japanese Unexamined Patent
Publication JP-A-4-154106 proposes an electric double
layer capacitor of large current and capacity in which a
lamination type capacitor element is installed, which is
formed by stacking a large number of electrodes and
separators in a flat plate shape. The proposed capacitor
has a large capacitance and is durable to a large current.
[0005] The lamination type electric double layer ca-
pacitor is formed as follows. The unit capacitor or ca-
pacitor element is formed by stacking a large number of
rectangular polarization electrodes and rectangular
separators wherein the separators are alternately in-

serted between the polarization electrodes. A positive
electrode and a negative electrode are connected re-
spectively with a lead wire for the positive electrode and
a lead wire for the negative electrode at each end portion
by crimping operations. The unit capacitor with the lead
wires is put in a bottomed polygonal tubular casing
made of aluminum. An organic electrolyte is impregnat-
ed into the unit capacitor. Then, the opening of the alu-
minum casing is sealed with a cover plate of aluminum.
[0006] For the electrodes, either of the positive elec-
trode or the negative electrode for the electric double
layer capacitor is composed mainly of activated carbon
or polyacene having a large specific surface area. Re-
cently, the electric double layer capacitor for power de-
vices as a unit cell having an electrostatic capacitance
of 10-10,000 F and a working voltage of 2.3-3 V has
been developed. In a case of using the electric double
layer capacitors for power devices, a plurality of, e.g., a
4 to 160 number of unit capacitors are connected in se-
ries by means of outer lead wires to obtain a predeter-
mined power source voltage, such as d.c. 8 V to 380 V.
[0007] The electric double layer capacitor formed by
connecting a plurality of unit capacitors in series had the
problem as follows. When a voltage is applied to the
electric double layer capacitor, the voltage was not uni-
formly applied to the unit capacitors due to a scatter in
leakage current in the unit capacitors and a voltage be-
yond the working voltage is applied to some unit capac-
itors, with the result that there took place deterioration
in the capacitors which invited the deterioration of the
entire unit capacitors connected in series.
[0008] For example, when a voltage which is 0.15 V
or more higher than the working voltage is applied to a
unit capacitor for a long term, the deterioration of the
capacitor is remarkable. Accordingly, it is necessary to
determine the upper limit of a voltage applied to each
unit capacitor in an assembled cell structure, specifical-
ly, it is necessary to determine the upper limit of voltage
in a manner that 0.15 V, preferably 0.10 V is added to
the working voltage.
[0009] Further, since the working voltage of the unit
capacitor employing an aqueous solution type electro-
lyte is 0.8-1 V, a laminated capacitor having a rated volt-
age of 8-200 V is formed by stacking 10-200 unit ele-
ments. However, such lamination type capacitor also
has a problem of scattering in voltage in the same man-
ner as above mentioned.
[0010] In order to eliminate such problem, there has
been known a method of connecting resistors each hav-
ing the same resistance in parallel to the serially con-
nected unit capacitors to thereby reduce a scattering in
voltage in each of the serially connected unit capacitors
(first conventional technique). Further, Japanese Unex-
amined Patent Publication JP-A-6-302474 proposes a
method wherein in a lamination type electric double lay-
er capacitor in which a plurality of unit capacitors are
directly stacked without using an outer lead wire, a pro-
tective circuit comprising a serial connection of a Zener
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diode and a resistor is connected in parallel to each of
the unit capacitors (second conventional technique).
[0011] However, in the first conventional technique
wherein the resistor is connected in parallel to each of
the unit capacitors, an amount of leakage current in-
creases to 5-10 times due to the resistors connected in
parallel whereby an amount of self-discharging be-
comes large, and the voltage holding characteristics is
remarkably reduced.
[0012] In the second conventional technique wherein
the Zener diode and the resistor are used, there was
found a certain effect in a unit capacitor employing an
aqueous solution type electrolyte wherein the electro-
static capacitance of the element was small as about
several farads. However, when the electrostatic capac-
itor of the unit capacitor was large as several tens farads
and the number of stacked unit elements was large as
10-300 layers, a scatter in voltage in the unit capacitors
became large.
[0013] Further, in the electric double layer capacitor
employing an organic type electrolyte wherein the ca-
pacitance was large as several tens farads or more, little
effect could be expected in equalization of voltage, and
further, it was difficult to assure a sealing function at the
side surface of the stacked unit capacitors. Further, the
working voltage of the capacitors was decreased due to
permeation of water from the outside.
[0014] Description is made with reference to Figure 5
showing the operational characteristic diagram of Zener
diode. In the conventional technique, a Zener diode was
used in a portion Eb where a current in the Zener diode
rised. On the other hand, the inventors of this application
have noted a portion where a current in the Zener diode
sharply rises, and have extensively studied on a method
capable of reducing a scattering in an applied voltage
while occurrence of short circuit in an over voltage is
suppressed. As a result, they have found to reduce sub-
stantially a scattering of applied voltage by combining a
specified Zener diode characteristic with a capacitor
characteristic. Further, they have succeeded to sup-
press a scattering of voltage by arranging Zener diodes
and fuses while safety in a protective circuit is improved
without deteriorating the voltage holding characteristics.
[0015] It is the object of the invention to reduce sub-
stantially a scattering in an applied voltage while occur-
rence of short circuit in an over voltage is suppressed.
[0016] This object is fulfilled by a device having the
features disclosed in claims 1, 2 or 8. Preferred embod-
iments are defined in the dependent subclaims.
[0017] Thus, the unit capacitor of the present inven-
tion may be either of a single layer type comprising a
pair of polarization electrode sheets which are opposed
by interposing a separator therebetween or a roll type
wherein a plurality of the single layer type capacitors
which are stacked in a lamination form or a strip form
are wound in a spiral form.
[0018] For Zener diodes, there is found a fair amount
of scattering in the Zener resistance even in the same

lot, which of course, depends on the kinds. In the meas-
urement of the Zener resistance of Zener diodes of cer-
tain lots, the ratio of the minimum value to the maximum
value was 2.5-5.
[0019] In choosing Zener diodes to be attached to the
unit capacitors in the present invention, it is preferable
that the ratio of the minimum value to the maximum val-
ue of the Zener resistance is 1.5 or less. When the ratio
exceeds 1.5, an amount of scattering in voltage in each
of the unit capacitors is large. In particular, it is prefera-
ble to use a ratio of 1.2 or less.
[0020] For the unit capacitor used for power devices,
one having an electrostatic capacitance of 10 F or more
can perform the effect of the present invention. An elec-
trostatic capacitance of 30 F or more is especially pref-
erable. Although the upper limit of the electrostatic ca-
pacitance is not determined, an electrostatic capaci-
tance of 3,000-10,000 F is generally produced for tests.
[0021] In view of the above, it is preferable that when
the electrostatic capacitance of a unit capacitor is 30 F
or more, the ratio of the insulation resistance of the unit
capacitor to the Zener resistance of a Zener diode at the
average operation voltage of the capacitor is 3:1-1:4.
[0022] The protective circuit is composed basically of
a Zener diode. However, it is desirable to connect a fuse
in series to the Zener diode. In such case, it is preferable
to form a one-piece body of a serial connection of the
Zener diode and the fuse on an insulation plate of syn-
thetic resin and to connect the one-piece body between
the positive electrode terminal and the negative elec-
trode terminal.
[0023] In the formation of the capacitor blocks, the
number of the capacitors in each of the blocks is pref-
erably 3-10. In a case of using two capacitors, the
number of blocks is increased, and an amount of scat-
tering in voltage in each of the blocks is apt to be large.
Further, when the number exceeds 10, an amount of
scattering in voltage in each of the unit capacitors in a
block is apt to be large. Accordingly, a number of 4-8 is
preferable.
[0024] The number of the unit capacitors in each of
the blocks may be same or different. Further, when the
insulation resistance value of the unit capacitors in ca-
pacitor blocks is equal to each other, the number of the
unit capacitors in the capacitor blocks can be increased.
However, when an amount of scattering in the insulation
resistance values is large, the number of the unit capac-
itors should be reduced in order to reduce an amount of
scattering in voltage.
[0025] Further, when the number of the unit capaci-
tors to be connected in series is large, Zener diodes
should be connected in parallel so as to bridge 3 to 10
blocks, if necessary, so that a voltage in each of the unit
capacitors which constitutes an assembled cell type
power source circuit can be equalized.
[0026] In the assembled cell type power source de-
vice, when the electrostatic capacitance of the unit ca-
pacitors is 30 F or more, it is desirable that the ratio of
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the insulation resistance of the capacitor block to the
Zener resistance of the Zener diode at the rated voltage
of a capacitor block is 3:1-1:4. Further, it is preferable
that the ratio of the minimum value to the maximum val-
ue of the Zener resistance of the Zener diode for capac-
itor block is 1.5 or less.
[0027] Further, the Zener diode having an operation
resistance of 20-150 Ω at the average operation voltage
of the unit capacitor can be connected in parallel to each
of the unit capacitors in the capacitor blocks. In this
case, it is preferable that the ratio of the operation re-
sistance of the Zener diode for unit capacitor to the op-
eration resistance of the Zener diode for capacitor block
is 1:1.2-1:5. Further, it desirable to connect a fuse in se-
ries to each of the Zener diodes for capacitor block.
[0028] In the present invention, a plurality of unit ca-
pacitors can be connected in series by means of lead
wires. Alternatively, a plurality of unit capacitors may be
stacked directly as described in Japanese Unexamined
Patent Publication JP-A-6-302474. In this case, it is de-
sirable to connect the Zener diode in parallel to each of
the capacitor blocks by using electric conductive plates
such as terminals composed of a metallic plate, an elec-
tric conductive rubber sheet, a glassy carbon plate or
the like, for each of the capacitor blocks.
[0029] In the present invention, the average operation
voltage Eav of the unit capacitor means the average
voltage for each of the unit capacitors in a case that an
n number of unit capacitors are connected in series to
form an assembled cell structure in which the rated volt-
age V of the assembled cell is applied from the outside,
namely, Eav=V/n . The average operation voltage Eav
should be the rated voltage of the unit capacitor or a
voltage lower than the rated voltage. The rated voltage
Eb of the capacitor block is a voltage obtained by mul-
tiplying the rated voltage of the unit capacitor by the
number of unit capacitors connected in series in the ca-
pacitor block.
[0030] In Figure 5 showing the operation characteris-
tics of the Zener diode, the operation resistance Z of the
Zener diode means a resistance obtained by dividing a
small change of voltage by a small change of current at
the average operation voltage Eav of the unit capacitor
or the rated voltage Eb of the capacitor block, i.e.,
Z=∆Vz/∆Iz . The formula is obtainable from a gradient
of the tangent line at Eav or Eb.
[0031] The Zener resistance Rz is a resistance
wherein a Zener current Iz flows in the Zener diode when
the voltage of the Zener diode is the average operation
voltage Eav or the rated voltage Eb, which is obtainable
from Rz=Eav/Iz or Rz=Eb/Iz.
[0032] The insulation resistance value Rc of the unit
capacitor can be obtained by a leakage current value
when the rated voltage is continuously applied for 100
hours at 25°C. The rated voltage of the unit capacitor
implies an allowable voltage wherein a rate of change
in the electrostatic capacitance in a case that a d.c. volt-
age is continuously applied to the unit capacitor for

1,000 hours at 700°C, is within 30%.
[0033] Further, the insulation resistance value Rb of
a capacitor block is obtainable from a leakage current
value when the rated voltage is continuously applied to
the capacitor block for 100 hours at 25°C.
[0034] As described above, for the Zener diode (the
Zener diode for unit capacitor) to be connected to each
of the unit capacitors, one having an operation resist-
ance Z of 10-150 Ω, more preferably, 30-100 Ω at the
average operation voltage Eav of the unit capacitor is
preferably employable. When the operation resistance
Z exceeds 150 Ω, an voltage equalizing effect becomes
insufficient. On the other hand, when the operation re-
sistance Z is less than 10 Ω, there causes a scattering
in the initial capacitance of the capacitor, and a large
current beyond the allowable current value is apt to flow
in the Zener diode of the protective circuit when there is
fluctuation in the load. As a result, there occur problems
such as the break-down of the Zener diode, the break-
age of the fuse and so.
[0035] In the assembled cell type power source de-
vice in which the Zener diode (the Zener diode for ca-
pacitor blocks) is connected to each of the capacitor
blocks, the Zener diode having an operation resistance
Z of 10-150 Ω at the rated voltage of the capacitor block
is employable. However, in order to control effectively
an amount of scattering of voltage in all the unit capac-
itors, it is necessary to reduce a scattering of voltage
between the capacitor blocks rather than the scattering
of voltage in each of the capacitor blocks. In the present
invention, accordingly, the ratio of the operation resist-
ance of the Zener diode for capacitor block to the oper-
ation resistance of the Zener diode for unit capacitor
block is determined to be 1:1.2-1:5. Specifically, it is
preferable to use the Zener diode for capacitor block
which has an operation resistance of 10-120 Ω which is
smaller than the operation resistance of the Zener diode
for unit capacitor. More preferably, the operation resist-
ance is 15-70 Ω.
[0036] When the operation resistance Z of the Zener
diode for capacitor block is less than 10 Ω, there causes
a scattering in electrostatic capacitance at an early
stage of the capacitor block and a large current is apt to
flow in the protective circuit when there is fluctuation in
the load. In this case, the resulted current exceeds the
allowable current value of the Zener diode. Accordingly,
problems such as the break-down of the Zener diode
and the breakage of the fuse occur. When the operation
resistance Z of the Zener diode for capacitor block ex-
ceeds 150 Ω, an amount of scattering in voltage be-
tween the capacitor blocks becomes large.
[0037] The Zener diode for unit capacitor wherein the
ratio of the insulation resistance Rc of the unit capacitor
to the Zener resistance Rz at the average operation volt-
age Eav of the unit capacitor in a case that the electro-
static capacitance of the unit capacitor is 30 F, is 3:1-1:
4, preferably 2:1-1:3, is employed. When the Zener re-
sistance Rz is beyond 3:1 in the above-mentioned ratio,
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an amount of scattering of voltage becomes large. On
the other hand, when the ratio is less than 1:4, a leakage
current in the circuit becomes large.
[0038] For the assembled cell type power source de-
vice, the Zener diode for capacitor block wherein the ra-
tio of the insulation resistance Rb of the capacitor block
to the Zener resistance Rz at the rated voltage Ev is 3:
1-1:4, is employed. When the Zener resistance Rz is
larger than the above-mentioned value, a scattering of
voltage becomes large. On the other hand, when the
ratio is smaller than the value, a leakage current of the
circuit becomes large. Preferably, the ratio in a range of
2:1-1:3 is employed.
[0039] The break-down of the Zener diode sometimes
occurs when an overvoltage is applied to the Zener di-
ode connected to each of the unit capacitors or each of
the capacitor blocks in an assembled cell type power
source device. In order to prevent such disadvantage,
it is preferable to connect a fuse in series to the Zener
diode. A desirable fuse is such one having a low resist-
ance value, for example, 10 Ω or less. When the resist-
ance value of the fuse exceeds 10 Ω, a voltage balanc-
ing effect for the protective circuit is reduced. The fusing
current value of the fuse is determined in consideration
of the allowable current value of the Zener diode.
[0040] For the Zener diode for unit capacitor and the
Zener diode for capacitor block, it is desirable to use
Zener diodes of uniform characteristics. In particular,
Zener diodes having uniform operation resistance Z and
uniform Zener resistance Rz at the average operation
voltage Eav of the unit capacitor or the rated voltage Eb
of the capacitor block are used, wherein the Zener di-
odes are selected from those manufactured in the same
lot. In consideration of the above, standard is deter-
mined in the selection of Zener diodes in the same lot
in the present invention. Namely, the ratio of the mini-
mum value to the maximum value of the Zener resist-
ance is to be 1.5 or less.
[0041] The upper limit of the rated voltage of the as-
sembled cell type power source device in which an n
number of unit capacitors are connected in series, is
preferably to be an n times of the rated voltage value of
each of the unit capacitors. In the present invention,
since the assembled cell power source device operable
at a high voltage can be formed by using a smaller
number of unit capacitors, it is in particular preferable to
use, as unit capacitors or electric double layer capaci-
tors of large capacitance in which an organic electrolyte
is impregnated.
[0042] In the present invention, the rated voltage of
each of the capacitor blocks is preferably to be 8-50 V.
A voltage equalization effect is remarkable by forming a
power source device having a rated voltage of 16-400
V by connecting these capacitor blocks in series. In par-
ticular, a substantial voltage equalization effect is ob-
tainable by determining the rated voltage of the capac-
itor blocks to be 10-25 V. When the rated voltage of the
capacitor blocks is lower than 8 V, the construction of

the power source circuit becomes complicated. On the
other hand, when the rated voltage exceeds 50 V, the
voltage equalization effect can not be expected.
[0043] A power source device having a power source
voltage of 20 V or more can be formed by connecting 8
or more unit capacitors in series even when the electro-
static capacitance of the unit capacitors is 1-10 F. Even
in this case, an amount of scattering of voltage of the
unit capacitors can be suppressed. Such power source
device is useful as a small-sized power source for elec-
tronic circuits.
[0044] Generally, a power source for power devices
is required to have an elongated energy reserving effect.
Accordingly, it is required for the power source circuit in
which capacitors are connected in series, to have an ef-
ficient voltage reserving effect. In a conventional power
source employing a voltage balancing circuit in which
resistors are connected in parallel, there was a serial
drawback that the voltage reserving effect was substan-
tially reduced.
[0045] In use of the voltage balancing protective cir-
cuit of the present invention, the voltage reserving effect
slightly reduces due to an small amount of leakage cur-
rent in the vicinity of the rated voltage. However, as seen
in Figure 5, the Zener current sharply reduces in a region
where the voltage reduces by 5-10% from the rated volt-
age whereby the leakage current is reduced in the as-
sembled cell type power source device. As a result, sub-
stantially the same voltage reserving effect as in the ca-
pacitor itself can be obtained. Practically, a sufficient
voltage reserving effect is obtainable.
[0046] In the present invention, an assembled cell
structure formed by connecting a plurality of unit capac-
itors in series can reduce a scattering of voltage in each
unit capacitor during the application of voltage for a long
time or after charging/discharging cycles. In this case,
it is preferable to suppress a scattering of capacitance
in the capacitors to be within +/- 10%, in particular, within
+/- 5% to prevent a scattering of initial voltage in each
of the unit capacitors.
[0047] In a preferred embodiment of the polarization
electrode used for the unit capacitor of the present in-
vention, it is formed by coating a carbon material having
a high specific surface area on an electric collecting foil
made of metal to form a sheet-like electrode. The sheet-
like electrode and a separator are alternately stacked to
form a stacked product. Or, the stacked product is roled
to form a roled product. The stacked product or the roled
product is impregnated with an electrolyte, and is re-
ceived in a hermetic container. The opening of the con-
tainer is closed with a sealing member provided with a
positive electrode terminal and a negative electrode ter-
minal. Thus, a unit capacitor is formed. In this case, use
of an organic electrolyte is preferable since it provides
a higher energy density than an aqueous solution type
electrolyte. In particular, a carbonate type solvent or a
sulforane type solvent is desirable as solvent for the
electrolyte because it is chemically and electrochemi-
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cally stable, high in electric conductivity and excellent in
low temperature characteristics. Further, a capacitor
employing a polymer electrolyte will be effective in the
present invention.
[0048] In the present invention, a remarkable effect is
obtainable to equalize voltage in a case of connecting
an electrochemical element in series wherein at least
one electrode between the positive electrode and the
negative electrode is a polarization electrode.
[0049] In drawings,

Figure 1 is a circuit diagram showing an embodi-
ment of the assembled cell structure of the present
invention wherein three unit capacitors each provid-
ed with a protective circuit are connected in series;
Figure 2 is a plane view of an embodiment of the
assembled cell structure of the present invention
wherein 6 electric double layer capacitors each hav-
ing a rectangular configuration and provided with a
protective circuit are connected in series;
Figure 3 is a circuit diagram showing another em-
bodiment of the assembled cell type power source
device with protective circuits;
Figure 4 is a circuit diagram showing another em-
bodiment of the assembled cell type power source
device with protective circuits; and
Figure 5 is a characteristic diagram of a Zener di-
ode.

[0050] Preferred embodiments of the present inven-
tion will be described with reference to the drawings.
[0051] Figure 1 shows an embodiment of an assem-
bled cell type power source device of the present inven-
tion wherein the assembled cell type power source de-
vice is formed by connecting 3 unit capacitors in series
by means of outer lead wires (not shown) in which each
of the unit capacitors is composed of an electric double
layer capacitor 1 which employs an organic electrolyte,
and a d.c. power source E is connected to the assem-
bled cell type power source device.
[0052] In Figure 1, a protective circuit 4 comprising a
serial connection of a Zener diode 2 and a fuse 3 is con-
nected between the positive electrode terminal and the
negative electrode terminal of each of the unit capaci-
tors 1 (electric double layer capacitors). The Zener di-
ode 2 has an operation resistance Z of 10-150 Ω at the
average operation voltage Eav of the unit capacitor 1 as
described before.
[0053] When the electrostatic capacitance of the unit
capacitors 1 is 30 F or more, the ratio of the insulation
resistance Rc of the unit capacitors 1 to the Zener re-
sistance Rz of the Zener diode 2 at the average opera-
tion voltage Eav should be 3:1-1:4.
[0054] In this embodiment, the fuse 3 is to prevent the
break-down of the Zener diode 2 due to an overvoltage.
The resistance value of the fuse is preferably deter-
mined to be 10 Ω or less, for instance, so as not to re-
duce the voltage balancing effect by the protective cir-

cuit 4. The fusing current value of the fuse is determined
in consideration of the allowable current value of the
Zener diode.
[0055] The basic structure of the electric double layer
unit capacitor 1 of the present invention may be a single-
layered structure, a rectangular structure or a cylindrical
structure in which a pair of polarization electrode sheets
are disposed in an opposing relation between which a
separator is inserted. In any of these structures, it is
preferable that the positive electrode terminal and the
negative electrode terminal are arranged in the same
plane in order to connect effectively the protective cir-
cuits 4 to the unit capacitors which are connected in se-
ries.
[0056] Figure 2 shows an embodiment of the assem-
bled cell type power source device in which 6 unit ca-
pacitors 1 having a rectangular structure are connected
in series by means of outer lead wires 5. The unit ca-
pacitors 1 disposed at both ends are connected with
power source lead wires 6 connected to a d.c. charging
power source E.
[0057] Figure 2 is a view from the top of the device,
and the inside structure is not shown. Each of the unit
capacitors 1 having a rectangular structure is formed as
follows. A polarization electrode sheet and a separator
formed in a rectangular shape respectively are alter-
nately stacked to form a capacitor element. A positive
electrode lead and a negative electrode lead are con-
nected respectively end portions of the positive elec-
trode and the negative electrode of the capacitor ele-
ment by means of crimping. The capacitor element with
positive and negative electrode leads is put in a bot-
tomed rectangular casing made of a material such as
aluminum. An organic electrolyte is impregnated into the
capacitor element, and then, the opening of the casing
is sealed with a cover plate 7.
[0058] In the unit capacitors 1 having rectangular
structure, the opening of the rectangular casing is
sealed with the cover plate 7 of a material such as alu-
minum whose shape is the same as the opening. The
cover plate 7 is provided with the positive electrode ter-
minal and the negative electrode terminal which pene-
trate the cover plate 7 by interposing an electric insulat-
ing resin or the like, and the positive and negative elec-
trode terminals are respective connected to the positive
lead and the negative lead extended from the capacitor
element in the casing. In Figure 2, the positive electrode
terminal and the negative electrode terminal are respec-
tive indicated by symbols "+" and "-". Generally, these
terminals are provided with nuts for fixing the outer lead
wires 5.
[0059] In the present invention, the protective circuit
4 is connected between the positive electrode terminal
"+" and the negative electrode terminal "-" provided on
the cover plate 7. In this case, it is preferable to form a
one-piece body of a serial connection of the Zener diode
2 and the fuse 3 fixed onto an insulating plate 8. With
this, an efficient assembling operation for the protective
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circuit is obtainable by connecting the protective circuit
4 between the positive and negative electrode terminals
by only fastening operations of nuts. Further, the one-
piece body prevents the Zener diode 2 and the fuse 3
from swinging due to vibrations or an outer stress ap-
plied thereto and prevents an unexpected breaking or
the contact of the Zener diode 2 or the fuse 3 to the outer
lead wire 5 or another activated part.
[0060] Figure 3 shows another embodiment of the as-
sembled cell type power source device of the present
invention in which 12 unit capacitors 1 are connected in
series. In more detail, the 12 unit capacitors 1 are divid-
ed into 3 capacitor blocks B1-B3 each of which is con-
stituted by 4 units capacitors 1, and a protective circuit
4a is connected in parallel to each of the capacitor
blocks B1-B3.
[0061] In this embodiment, each of the protective cir-
cuits 4a comprises a Zener diode 2a and a fuse 3a con-
nected in series wherein the operation resistance Z of
the Zener diode 2a is 10-150 Ω at the rated voltage Eb
of the capacitor block B. The fuse 3a having a resistance
value of 10 Ω or less is used in order not to impair the
voltage balancing effect of the protective circuits 4a.
[0062] When the electrostatic capacitance of each of
the unit capacitors 1 is 30 F or more, the ratio of the
insulation resistance Rb of the capacitor block B to the
Zener resistance Rz of the Zener diode at the rated volt-
age Eb of the capacitor block B should be 3:1-1:4.
[0063] Figure 4 shows another embodiment of the as-
sembled cell type power source device. In this embod-
iment, a plurality of unit capacitors 1 are divided into a
plurality of capacitor blocks B. A protective circuit 4a is
connected in parallel to each of the capacitor blocks B.
Further, a protective circuit 4 is connected in parallel to
each of the unit capacitors 1 in each of the capacitor
blocks B. The protective circuit 4 may be the same as
that shown in Figure 1. Namely, the operation resistance
Z of the Zener diode at the average operation voltage
Eav of the unit capacitors 1 is 10-150 Ω.
[0064] Now, the present invention will be described in
detail with reference to Examples. However, it should
be understood that the present invention is by no means
restricted by such specific Examples.

EXAMPLE 1

[0065] 4 Unit capacitors of rectangular shape (organic
electrolyte type electric double layer capacitors having
an electrostatic capacitance of 1,300 F and a rated volt-
age of 2.5 V and having dimensions of 15 cm high, 7 cm
wide and 2.2 cm thick) in which the insulation resistanc-
es Rc were respectively 930 Ω, 810 Ω, 400 Ω, and 340
Ω, were connected in series to thereby forming an as-
sembled cell type power source having a rated voltage
of 10 V. A Zener diode having an operation resistance
Z of 63 Ω at an Eav (average operation voltage) of 2.5
V and a Zener resistance Rz of 320 Ω in average at the
same Eav of 2.5 V and a fuse of 0.2 A were connected

in series between the positive electrode terminal and the
negative electrode terminal of each of the unit capaci-
tors. The assembled device was charged by applying a
voltage of 10.00 V at room temperature for 100 hours.
In the measurement of the voltage of each of the capac-
itors, an amount of scattering of voltage was 2.42-2.57
V. Further, after 100 hours, there was found no change
in the amount of scattering of voltage. The ratio of the
Zener resistance to the smallest insulation resistance
value was 1.06:1. The ratio of the minimum value to the
maximum value of the Zener resistance was 1.04:1. The
resistance of the fuse was 2.5 Ω.

EXAMPLE 2

[0066] 4 Unit capacitors were connected in series to
form an assembled cell type power source having a rat-
ed voltage of 10 V in the same manner as in Example
1. A Zener diode having an operation resistance Z of 64
Ω at an Eav of 2.5 V and a Zener resistance Rz of 900
Ω in average at the same Eav of 2.5 V and a fuse of 0.2
A were connected in series between the positive elec-
trode terminal and the negative electrode terminal of
each of the unit capacitors. The assembled device was
charged by applying a voltage of 10.00 V at room tem-
perature for 100 hours. In the measurement of the volt-
age of each of the unit capacitors, an amount of scat-
tering of voltage was 2.40-2.58 V. Further, after 100
hours, there was found no change in the amount of scat-
tering of voltage. The ratio of the Zener resistance to the
smallest insulation resistance value was 1:2.6. The ratio
of the minimum value to the maximum value of the Zener
resistance was 1.03:1.

EXAMPLE 3

[0067] 4 Unit capacitors having the same rectangular
structure as in Example 1 in which the insulation resist-
ances Rc are respectively 960 Ω, 470 Ω, 330 Ω and 210
Ω were connected in series to thereby form an assem-
bled cell type power source having a rated voltage of 10
V. A Zener diode having an operation resistance Z of 63
Ω at an Eav of 2.5 V and a Zener resistance Rz of 320
Ω in average at the Eav of 2.5 V and a fuse of 0.2 A were
connected in series between the positive electrode ter-
minal and the negative electrode terminal of each of the
unit capacitors. The assembled device was charged by
applying a voltage of 10.00 V at room temperature for
100 hours. In the measurement of the voltage of each
of the unit capacitors, an amount of scattering of voltage
was 2.35-2.60 V. Further, after 100 hours, there was
found no change in the amount of scattering of voltage.
The ratio of the Zener resistance to the smallest insula-
tion resistance value was 1:1.5. The ratio of the mini-
mum value to the maximum value of the Zener resist-
ance was 1.04:1.
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EXAMPLE 4

[0068] 4 Unit capacitors having the same rectangular
structure as in Example 1 in which the insulation resist-
ances Rc are respectively 12,000 Ω, 11,000 Ω, 2,800 Ω
and 960 Ω were connected in series to thereby form an
assembled cell type power source having a rated volt-
age of 10 V. A Zener diode having an operation resist-
ance Z of 63 Ω at an Eav of 2.5 V and a Zener resistance
Rz of 900 Ω in average at the Eav of 2.5 V and a fuse
of 0.2 A were connected in series between the positive
electrode terminal and the negative electrode terminal
of each of the unit capacitors. The assembled device
was charged by applying a voltage of 10.00 V at room
temperature for 100 hours. In the measurement of the
voltage of each of the unit capacitors, an amount of scat-
tering of voltage was 2.41-2.55 V. After 100 hours, there
was found no change in the amount of scattering of volt-
age. The ratio of the Zener resistance to the smallest
insulation resistance value was 1.06:1. The ratio of the
minimum value to the maximum value of the Zener re-
sistance was 1.03:1.

EXAMPLE 5

[0069] 4 Unit capacitors having a cylindrical structure
(organic electrolyte type electric double layer capacitors
having an electrostatic capacitance of 800 F and a rated
voltage of 2.5 V and having dimensions of 5 cm in di-
ameter and 12 cm high) in which the insulation resist-
ances Rc are respectively 650 Ω, 500 Ω, 400 Ω and 300
Ω, were connected in series to thereby form an assem-
bled cell type power source having a rated voltage of 10
V. A Zener diode having an operation resistance Z of 63
Ω at an Eav of 2.5 V and a Zener resistance Rz of 320
Ω in average at the Eav of 2.5 V and a fuse of 0.2 A were
connected in series between the positive electrode ter-
minal and the negative electrode terminal of each of the
unit capacitors. The assembled device was charged by
applying a voltage of 10.00 V at room temperature for
100 hours. In the measurement of the voltage of each
of the unit capacitors, an amount of scattering was
2.42-2.53 V. Further, after 100 hours, there is found no
change in the amount of scattering of voltage. The ratio
of the Zener resistance to the smallest insulation resist-
ance value was 1:1.06. The ratio of the minimum value
to the maximum value of the Zener resistance was 1.04:
1.

EXAMPLE 6

[0070] 4 Unit capacitors having the same structure as
in Example 1 were connected in series to thereby form
an assembled cell type power source having a rated
voltage of 10 V. A Zener diode having an operation re-
sistance Z of 135 Ω at an Eav of 2.5 V and a Zener re-
sistance Rz of 900 Ω in average at the Eav of 2.5 V and
a fuse of 0.2 A were connected in series between the

positive electrode terminal and the negative electrode
terminal of each of the unit capacitors. The assembled
device was charged by applying a voltage of 10.00 V at
room temperature for 100 hours. In the measurement of
the voltage of each of the unit capacitors, an amount of
scattering of voltage was 2.35-2.65 V. Further, after 100
hours, there was found no change in the amount of scat-
tering of voltage. The ratio of the Zener resistance to the
smallest insulation resistance value was 1:2.6. The ratio
of the minimum value to the maximum value of the Zener
resistance was 1.04:1.

EXAMPLE 7

[0071] 4 Unit capacitors having the same structure as
in Example 1 were connected in series to thereby form
an assembled cell type power source having a rated
voltage of 10 V. A Zener diode having an operation re-
sistance Z of 63 Ω at an Eav of 2.5 V and a Zener re-
sistance Rz of 480 Ω in average at the Eav of 2.5 V and
a fuse of 0.2 A were connected in series between the
positive electrode terminal and the negative electrode
terminal of each of the unit capacitors. The assembled
device was charged by applying a voltage of 10.00 V at
room temperature for 100 hours. In the measurement of
the voltage of each of the unit capacitors, an amount of
scattering of voltage was 2.34-2.63 V. Further, after 100
hours, there was found no change in the amount of scat-
tering of voltage. The ratio of the Zener resistance to the
smallest insulation resistance value was 1.06:1. The ra-
tio of the minimum value to the maximum value of the
Zener resistance was 2.23:1.

EXAMPLE 8

[0072] 4 Unit capacitors having the same structure as
in Example 1 were connected in series to thereby form
an assembled cell type power source having a rated
voltage of 10 V. A Zener diode having an operation re-
sistance Z of 63 Ω at an Eav of 2.5 V and a Zener re-
sistance Rz of 600 Ω in average at the Eav of 2.5 V and
a fuse of 0.2 A were connected in series between the
positive electrode terminal and the negative electrode
terminal of each of the unit capacitors. The assembled
device was charged by applying a voltage of 10.00 V at
room temperature for 100 hours. In the measurement of
the voltage of each of the unit capacitors, an amount of
scattering of voltage was 2.40-2.61 V. Further, after 100
hours, there was found no change in the amount of scat-
tering of voltage. The ratio of the Zener resistance to the
smallest insulation resistance value was 1.06:1. The ra-
tio of the minimum value to the maximum value of the
Zener resistance was 1.2:1.

COMPARATIVE EXAMPLE 1

[0073] 4 Unit capacitors having the same structure as
in Example 1 were connected in series to thereby form
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an assembled cell type power source having a rated
voltage of 10 V. Without connecting the protective circuit
composed of the Zener diode and the fuse to each of
the unit capacitors, the assembled device was charged
by applying a voltage of 10.00 V at room temperature
for 100 hours. In the measurement of the voltage of each
of the unit capacitors, an amount of scattering was
2.19-2.75 V. Further, after 100 hours, the amount of
scattering of voltage was increased.

COMPARATIVE EXAMPLE 2

[0074] 4 Unit capacitors having the same structure as
in Example 3 were connected in series to thereby form
an assembled cell type power source having a rated
voltage of 10 V. Without connecting the protective circuit
composed of the Zener diode and the fuse to each of
the unit capacitors, the assembled device was charged
by applying a voltage of 10.00 V at room temperature
for 100 hours. In the measurement of the voltage of each
of the unit capacitors, an amount of scattering was
2.03-2.90 V. Further, after 100 hours, the scattering of
voltage was increased.

COMPARATIVE EXAMPLE 3

[0075] 4 Unit capacitors having the same structure as
in Example 4 were connected in series to thereby form
an assembled cell type power source having a rated
voltage of 10 V. Without connecting the protective circuit
composed of the Zener diode and the fuse to each of
the unit capacitors, the assembled device was charged
by applying a voltage of 10.00 V at room temperature
for 100 hours. In the measurement of the voltage of each
of the unit capacitors, an amount of scattering of voltage
was 2.20-2.70 V. Further, after 100 hours, the scattering
of voltage was increased.

COMPARATIVE EXAMPLE 4

[0076] 4 Unit capacitors having the same structure as
in Example 1 were connected in series to thereby form
an assembled cell type power source having a rated
voltage of 10 V. A Zener diode having an operation re-
sistance Z of 225 Ω at an Eav of 2.5 V and a Zener re-
sistance Rz of 1,600 Ω in average at the Eav of 2.5 V
and a fuse of 0.2 A were connected in series between
the positive electrode terminal and the negative elec-
trode terminal of each of the unit capacitors. The assem-
bled device was charged by applying a voltage of 10.00
V at room temperature for 100 hours. In the measure-
ment of the voltage of each of the unit capacitors, an
amount of scattering was 2.26-2.71 V. The ratio of the
Zener resistance to the smallest insulation resistance
value was 1:4.7. After 100 hours, the scattering of volt-
age was increased. The ratio of the minimum value to
the maximum value of the Zener resistance was 1.04:1.

COMPARATIVE EXAMPLE 5

[0077] 4 Unit capacitors having the same structure as
in Example 1 were connected in series to thereby form
an assembled cell type power source having a rated
voltage of 10 V. A Zener diode having an operation re-
sistance Z of 64 Ω at an Eav of 2.5 V and a Zener re-
sistance Rz of 900 Ω in average at the Eav of 2.5 V and
a resistor of 10.00 Ω were connected in series between
the positive electrode terminal and the negative elec-
trode terminal of each of the unit capacitors. The assem-
bled device was charged by applying a voltage of 10.00
V at room temperature for 100 hours. In the measure-
ment of the voltage of each of the unit capacitors, an
amount of scattering was 2.19-2.75 V. The ratio of the
Zener resistance to the smallest insulation resistance
value was 1:2.6. After 100 hours, the scattering of volt-
age was increased. The ratio of the minimum value to
the maximum value of the Zener resistance was 1.04:1.

COMPARATIVE EXAMPLE 6

[0078] 4 Unit capacitors having the same structure as
in Example 2 were connected in series to thereby form
an assembled cell type power source having a rated
voltage of 10 V. A Zener diode having an operation re-
sistance Z of 64 Ω at an Eav of 2.5 V and a Zener re-
sistance Rz of 900 Ω in average at the Eav of 2.5 V and
a resistor of 90 Ω were connected in series between the
positive electrode terminal and the negative electrode
terminal of each of the unit capacitors. The assembled
device was charged by applying a voltage of 10.00 V at
room temperature for 100 hours. In the measurement of
the voltage of each of the capacitors, an amount of scat-
tering was 2.28-2.70 V. The ratio of the Zener resistance
to the smallest insulation resistance value was 1:2.6. Af-
ter 100 hours, the scattering of voltage was increased.
The ratio of the minimum value to the maximum value
of the Zener resistance was 1.04:1.

EXAMPLE 9

[0079] 16 Unit capacitors having a rectangular struc-
ture, each having an insulation resistance Rc of 11,000
Ω - 190 Ω, a rated voltage of 2.5 V and an electrostatic
capacitance of 1,300 F were connected in series to
thereby form an assembled cell type power source de-
vice. An amount of scattering of the voltage of each of
the unit capacitors was within +/- 3.4%. Thus, an assem-
bled cell type power source device having a rated volt-
age of 40 V was formed by connecting 4 capacitor
blocks each having a rated voltage Eb of 10 V in series
wherein each of the blocks was formed by connecting
4 unit capacitors in series. As the Zener diode for unit
capacitors, a Zener diode having an operation resist-
ance Z of 63 Ω at an Eav of 2.5 V and a Zener resistance
Rz of 370 Ω in average at the Eav of 2.5 V and a fuse
of 0.2 A were connected in series between the positive
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electrode terminal and the negative electrode terminal
of each of the unit capacitors. The insulation resistance
Rb of each of the capacitor blocks in the state that the
Zener diode and the fuse were connected to the unit ca-
pacitors was 1,070 Ω - 590 Ω.
[0080] A serial circuit comprising a Zener diode for the
capacitor blocks, having an operation resistance Z of 20
Ω at the rated voltage Eb of the capacitor block of 10 V
and a Zener resistance Rz of 670 Ω in average at the
same Eb of 10 V and a fuse of 0.2 A were connected in
parallel to each of the capacitor blocks.
[0081] The assembled cell type power source device
was charged by applying a voltage of 40 V at room tem-
perature for 100 hours. In the measurement of the volt-
age, an amount of scattering of the voltage of the 16 unit
capacitors was 2.39-2.57 V. After 100 hours, there was
found no change in the amount of scattering of voltage.
The resistance of the fuse was 2.5 Ω. The ratio of the
Zener resistance of the capacitor blocks to the smallest
insulation resistance value of the capacitor blocks was
1:1.4. The ratio of the minimum value to the maximum
value of the Zener diode for the units capacitors, which
was connected in parallel to the unit capacitors in the
capacitor blocks was 1.3:1. Further, the ratio of the min-
imum value to the maximum value of the Zener diode
for the capacitor blocks, which was connected in parallel
to each of the capacitor blocks was 1.04:1.

EXAMPLE 10

[0082] 16 Unit capacitors having a rectangular struc-
ture each having an insulation resistance Rc of 11,000
Ω - 190 Ω, a rated voltage of 2.5 V and an electrostatic
capacitance of 1,300 F were connected in series to
thereby form an assembled cell type power source de-
vice in the same manner as Example 9. Namely, an as-
sembled cell type power source device having a rated
voltage of 40 V was formed by connecting 4 capacitor
blocks each having a rated voltage Eb of 10 V in series
wherein each of the capacitor blocks was formed by
connecting 4 unit capacitors in series.
[0083] A Zener diode for the unit capacitors having an
operation resistance Z of Ω at an Eav of 2.5 V and a
Zener resistance of Ω in average at the Eav of 2.5 V and
a fuse of 0.2 A were connected in series between the
positive electrode terminal and the negative electrode
terminal of each of the unit capacitors. The ratio of the
minimum value to the maximum value of the Zener di-
ode for the unit capacitors, which was connected in par-
allel to the unit capacitors in each of the capacitor blocks
was 1.3:1.
[0084] Without connecting a serial circuit composed
of a Zener diode and a fuse in parallel to each of the
capacitor blocks, the assembled cell type power source
device was charged by applying a voltage of 40 V at
room temperature for 100 hours. In the measurement of
the voltage of the unit capacitors, an amount of scatter-
ing of the voltage of the 16 unit capacitors was 2.21-2.67

V. After 100 hours, there was found no change of the
amount of scattering of voltage.

COMPARATIVE EXAMPLE 7

[0085] 16 Unit capacitors having a rectangular struc-
ture each having an insulation resistance Rc of 11,000
Ω - 190 Ω, a rated voltage of 2.5 V and an electrostatic
capacitance of 1,300 F were connected in series to
thereby form an assembled cell type power source de-
vice in the same manner as Example 9. Thus, an as-
sembled cell type power source device having a rated
voltage of 40 V was formed by connecting 4 capacitor
blocks each having a rated voltage Eb of 10 V in series
wherein each of the capacitor blocks was formed by
connecting 4 unit capacitors in series.
[0086] A serial circuit comprising a Zener diode, as a
Zener diode for unit capacitor, having an operation re-
sistance Z of 63 Ω at an Eav of 2.5 V and a Zener re-
sistance of 370 Ω in average at the Eav of 2.5 V and a
resistor having a resistance of 90 Ω was connected in
parallel between the positive electrode terminal and the
negative electrode terminal of each of the unit capaci-
tors. The ratio of the minimum value to the maximum
value of the Zener diode for the unit capacitors, which
was connected in parallel to the unit capacitors in each
of the capacitor blocks was 1.3:1.
[0087] Without connecting a serial circuit composed
of a Zener diode and a fuse in parallel to each of the
capacitor blocks, the assembled cell type power source
device was charged by applying a voltage of 40 V at
room temperature for 19 hours. In the measurement of
the voltage of the 16 unit capacitors, an amount of scat-
tering of the voltage was 2.15-2.78 V. After 19 hours,
the scattering of the voltage was further increased.
[0088] As described above, according to the present
invention, an amount of scattering of the voltage of the
unit capacitors or the capacitor blocks in an assembled
cell structure formed by connecting a plurality of unit ca-
pacitors in series can effectively suppressed when the
assembled cell structure is charged. Further, an in-
crease of a current flowing in the protective circuit can
be prevented unlike a conventional technique wherein
a protective resistor is connected in parallel to the unit
capacitors. Accordingly, an excellent voltage holding ef-
fect can be obtained, and there is little possibility of
causing a short circuit in the circuits of the assembled
structure even when any of the unit capacitors becomes
fault.
[0089] Further, it is easy to connect the protective cir-
cuit between the positive and negative electrode termi-
nals of the unit capacitors by forming the protective cir-
cuit in a one-piece body comprising a serial connection
of a Zener diode and a fuse on an insulation plate. Fur-
ther, the insulation plate functions as an insulation mem-
ber for a cover plate provided with the positive and neg-
ative electrode terminals when the cover plate is made
of metal. Further, the number of constituting parts and
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labor in the assembling work can be reduced.

Claims

1. Device comprising a unit capacitor (1), which is an
electric double layer capacitor, for forming an as-
sembled cell type power source device by connect-
ing a plurality of unit capacitors (1) in series, where-
in each of the unit capacitors (1) is formed by im-
pregnating an electrolyte in at least one pair of po-
larization electrode sheets between which a sepa-
rator is inserted,
the device being characterized by a protective cir-
cuit (4) in which a Zener diode (2) having an oper-
ation resistance (Z) of 10-150 Ω at the average op-
eration voltage (Eav) of the unit capacitor (1) is con-
nected in parallel to each of the unit capacitor (1).

2. Device comprising a unit capacitor (1) for forming
an assembled cell type power source device by
connecting a plurality of unit capacitors (1) through
outer lead wires (5), wherein each of the unit capac-
itors (1) is formed by impregnating an electrolyte in
polarization electrode sheets which are stacked or
roled by interposing a separator therebetween; the
stacked or roled unit capacitor (1) is received in a
bottomed cylindrical sealed container and the open-
ing of the sealed container is closed with a sealing
member provided with a positive electrode terminal
and a negative electrode terminal,
the device being characterized by comprising a
protective circuit (4) in which a Zener diode (2) hav-
ing an operation resistance (Z) of 20-150 Ω at the
average operation voltage (Eav) of the unit capac-
itor (1) is connected between the positive electrode
terminal and the negative electrode terminal.

3. Device according to Claim 1, wherein the ratio of
the minimum value of Zener resistance (Rz) of the
Zener diode (2) to the maximum value of Zener re-
sistance (Rz) of the Zener diode (2) is 1.5 or less.

4. Device according to Claim 1, wherein the electro-
static capacitance of the unit capacitor (1) is 30 far-
ads or more, and the ratio of the insulation resist-
ance (Rc) of the unit capacitor (1) to the Zener re-
sistance (Rz) of the Zener diode (2) at the average
operation voltage (Eav) of the unit capacitor (1, B,
B1-B3) is 3:1 - 1:4.

5. Device according to Claim 1, wherein a fuse (3) is
connected in series to the Zener diode (2) in the pro-
tective circuit (4).

6. Device according to Claim 2, wherein a fuse (3) is
connected in series to the Zener diode (2) on an
insulating board of synthetic resin in a one-piece

state, and a serial connection of the fuse (3) and the
Zener diode (2) is interposed between the positive
electrode terminal and the negative electrode ter-
minal.

7. Device according to claim 5, wherein the resistance
of the fuse (3) is 10 Ω or less.

8. Assembled cell type power source device compris-
ing a serial connection of a plurality of unit capaci-
tors (1) wherein each of the unit capacitors (1) is
formed by impregnating an electrolyte in at least
one pair of polarization electrode sheets between
which a separator is inserted,
the assembled cell type power source device being
characterized by comprising a plurality of capaci-
tor blocks (B, B1-B3) each including a predeter-
mined number of unit capacitors (1) and protective
circuits (4a) each including a Zener diode (2a) for a
capacitor block (B, B1-B3), the Zener diode having
an operation resistance(Z) of 10-150 Ω at the rated
voltage (Eb) of the capacitor block (B, B1-B3)
wherein each of the protective circuits (4a) is con-
nected in parallel to each of the capacitor blocks (B,
B1-B3).

9. Assembled cell type power source device according
to Claim 8, wherein the ratio of the minimum value
of Zener resistance (Rz) of the Zener diode (2a) for
the capacitor block (B, B1-B3) to the maximum val-
ue of Zener resistance (Rz) of the Zener diode (2a)
for the capacitor block (B, B1-B3) is 1.5 or less.

10. Assembled cell type power source device according
to Claim 8, wherein the electrostatic capacitance of
the unit capacitor (1) is 30 farads of more, and the
ratio of the insulation resistance (Rc) of the capac-
itor block (B, B1-B3) to the Zener resistance (Rz) of
the Zener diode (2a) for capacitor block (B, B1-B3)
at the rated voltage (Eb) of the capacitor block (B,
B1-B3) is 3:1 - 1:4.

11. Assembled cell type power source device according
to Claim 8, wherein a protective circuit (4) including
a Zener diode (2) having an operation resistance
(Z) of 20-150 Ω at the average operation voltage
(Eav) of the unit capacitor (1) is connected in par-
allel to each of the unit capacitors (1) in each of the
capacitor blocks (B, B1-B3).

12. Assembled cell type power source device according
to Claim 11, wherein the ratio of the operation re-
sistance (Z) of the Zener diode (2) for unit capacitor
(1) to the operation resistance (Z) of the Zener diode
(2a) for capacitor block (B, B1-B3) is 1:1.2 - 1:5.

13. Assembled cell type power source device according
to Claim 8, wherein the rated voltage (Eb) of the ca-
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pacitor blocks (B, B1-B3) is 8-50 V.

14. Assembled cell type power source device according
to Claim 8, wherein a fuse (3a) is connected in se-
ries to the Zener diode (2a) for the capacitor block
(B, B1-B3).

Patentansprüche

1. Vorrichtung, umfassend einen Einheits-Kondensa-
tor (1), welcher ein elektrischer Doppelschichtkon-
densator ist, zum Ausbilden einer Zellanordnungs-
typ(-spezifischen) Energieversorgungseinrichtung
bzw. Energieversorgungseinrichtung des Typs mit
zusammengebauter Zelle durch Verbinden einer
Mehrzahl von Einheits-Kondensatoren (1) in Serie,
worin jeder dieser Einheits-Kondensatoren (1)
durch ein Imprägnieren eines Elektrolyten in wenig-
stens ein Paar von Polarisations-Elektrodenblät-
tern bzw. -ebenen, zwischen welche ein Separator
bzw. eine Trenneinrichtung eingesetzt ist, ausgebil-
det ist,
wobei die Vorrichtung gekennzeichnet ist durch
eine Schutzschaltung (4), in welche eine Zenerdio-
de (2), welche einen Betriebs- bzw. Betätigungswi-
derstand (Z) von 10 - 150 Ω bei der mittleren Be-
triebs- bzw. Arbeitsspannung (Eav) des Einheits-
Kondensators (1) aufweist, parallel zu jedem der
Einheits-Kondensatoren verbunden bzw. ange-
schlossen ist.

2. Vorrichtung, umfassend einen Einheits-Kondensa-
tor (1) zum Ausbilden einer Zellanordnungstyp(-
spezifischen) Energieversorgungseinrichtung
durch Verbinden einer Mehrzahl von Einheits-Kon-
densatoren (1) über äußere Anschlußdrähte (5),
worin jeder der Einheits-Kondensatoren (1) durch
ein Imprägnieren eines Elektrolyten in Polarisati-
ons-Elektrodenblätter bzw. -ebenen, welche durch
Zwischenlagern eines Separators dazwischen ge-
stapelt oder gerollt sind, ausgebildet ist; wobei der
gestapelte oder gerollte Einheits-Kondensator (1)
in einem mit einem Boden ausgebildeten, zylindri-
schen, abgedichteten Behälter aufgenommen ist
und die Öffnung des abgedichteten Behälters mit
einem Dichtglied abgeschlossen ist, welches mit ei-
nem positiven Elektrodenanschluß bzw. -kontakt
und einem negativen Elektrodenanschluß bzw.
-kontakt versehen ist,
wobei die Vorrichtung gekennzeichnet ist durch
Umfassen einer Schutzschaltung (4), in weicher ei-
ne Zenerdiode (2), welche einen Betriebs- bzw. Be-
tätigungswiderstand (Z) von 20 bis 150 Ω bei der
mittleren Betriebs- bzw. Arbeitsspannung (Eav) des
Einheits-Kondensators (1) aufweist, zwischen dem
positiven Elektrodenanschluß und dem negativen
Elektrodenanschluß verbunden bzw. angeschlos-

sen ist.

3. Vorrichtung nach Anspruch 1, worin das Verhältnis
des Minimalwerts des Zener-Widerstands (Rz) der
Zenerdiode (2) zu dem Maximalwert des Zener-Wi-
derstands (Rz) der Zenerdiode (2) 1,5 oder weniger
beträgt.

4. Vorrichtung nach Anspruch 1, worin die elektrosta-
tische Kapazität des Einheits-Kondensators (1) 30
Farad oder mehr beträgt und das Verhältnis des
Isolationswiderstands (Rc) des Einheits-Konden-
sators (1) zu dem Zener-Widerstand (Rz) der Ze-
nerdiode (2) bei der mittleren Arbeitsspannung
(Eav) des Einheits-Kondensators (1, B, B1 - B3) 3:
1 - 1:4 ist.

5. Vorrichtung nach Anspruch 1, worin eine Sicherung
(3) in Serie mit der Zenerdiode (2) in der Schutz-
schaltung (4) verbunden ist.

6. Vorrichtung nach Anspruch 2, worin eine Sicherung
(3) in Serie mit der Zenerdiode (2) auf einer Isolati-
onsplatte aus synthetischem Harz in einem einstük-
kigen Zustand verbunden ist und eine serielle Ver-
bindung der Sicherung (3) und der Zenerdiode (2)
zwischen dem positiven Elektrodenanschluß und
dem negativen Elektrodenanschluß zwischengela-
gert ist.

7. Vorrichtung nach Anspruch 5, worin der Widerstand
der Sicherung (3) 10 Ω oder weniger beträgt.

8. Zellanordnungstyp(-spezifische) Energieversor-
gungseinrichtung bzw. Energieversorgungseinrich-
tung des Typs mit zusammengebauter Zelle, um-
fassend eine serielle Verbindung einer Mehrzahl
von Einheits-Kondensatoren (1), worin jeder der
Einheits-Kondensatoren (1) durch ein Imprägnie-
ren eines Elektrolyten in wenigstens ein Paar von
Polarisations-Elektrodenblättern bzw. -ebenen,
zwischen welchen ein Separator eingesetzt ist,
ausgebildet ist,
wobei die Zellanordnungstyp(-spezifische) Ener-
gieversorgungseinrichtung gekennzeichnet ist
durch ein Umfassen einer Mehrzahl von Konden-
satorblöcken (B, B1 - B3), welche jeweils eine vor-
bestimmte Anzahl von Einheits-Kondensatoren (1)
und Schutzschaltungen (4a) umfassen, welche je-
weils eine Zenerdiode (2a) für einen Kondensator-
block (B, B1 - B3) umfassen, wobei die Zenerdiode
einen Arbeitswiderstand (Z) von 10 - 150 Ω bei der
Nennspannung (Eb) des Kondensatorblocks (B, B1
- B3) aufweist, worin jede der Schutzschaltungen
(4a) parallel mit jedem der Kondensatorblöcke (B,
B1 - B3) verbunden ist.

9. Zellanordnungstyp(-spezifische) Energieversor-
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gungseinrichtung nach Anspruch 8, worin das Ver-
hältnis des Minimalwerts des Zener-Widerstands
(Rz) der Zenerdiode (2a) für den Kondensatorblock
(B, B1 - B3) zu dem Maximalwert des Zener-Wider-
stands (Rz) der Zenerdiode (2a) für den Kondensa-
torblock (B, B1 - B3) 1,5 oder weniger beträgt.

10. Zellanordnungstyp(-spezifische) Energieversor-
gungseinrichtung nach Anspruch 8, worin die elek-
trostatische Kapazität des Einheits-Kondensators
(1) 30 Farad oder mehr beträgt und das Verhältnis
des Isolationswiderstands (Rc) des Kondensator-
blocks (B, B1 - B3) zu dem Zener-Widerstand (Rz)
der Zenerdiode (2a) für den Kondensatorblock (B,
B1 - B3) bei der Nennspannung (Eb) des Konden-
satorblocks (B, B1 - B3) 3:1 - 1:4 ist.

11. Zellanordnungstyp(-spezifische) Energieversor-
gungseinrichtung nach Anspruch 8, worin eine
Schutzschaltung (4), beinhaltend eine Zenerdiode
(2), die einen Arbeitswiderstand (Z) von 20 - 150 Ω
bei der mittleren Arbeitsspannung (Eav) des Ein-
heits-Kondensators (1) aufweist, parallel mit jedem
der Einheits-Kondensatoren (1) in jedem der Kon-
densatorblöcke (B, B1 - B3) verbunden ist.

12. Zellanordnungstyp(-spezifische) Energieversor-
gungseinrichtung nach Anspruch 11, worin das Ver-
hältnis des Arbeitswiderstands (Z) der Zenerdiode
(2) für den Einheits-Kondensator (1) zu dem Ar-
beitswiderstand (Z) der Zenerdiode (2a) für den
Kondensatorblock (B, B1 - B3) 1:1,2 - 1:5 ist.

13. Zellanordnungstyp(-spezifische) Energieversor-
gungseinrichtung nach Anspruch 8, worin die
Nennspannung (Eb) der Kondensatorblöcke (B, B1
- B3) 8 bis 50 V beträgt.

14. Zellanordnungstyp(-spezifische) Energieversor-
gungseinrichtung nach Anspruch 8, worin eine Si-
cherung (3a) in Serie mit der Zenerdiode (2a) für
den Kondensatorblock (B, B1 - B3) verbunden ist.

Revendications

1. Dispositif comprenant un condensateur unitaire (1),
qui est un condensateur électrique à deux couches,
pour former un dispositif de source de puissance de
type à cellules assemblées en connectant une plu-
ralité de condensateurs unitaires (1) en série, dans
lequel chacun des condensateurs unitaires (1) est
formé en imprégnant d'un électrolyte au moins deux
feuilles d'électrode de polarisation entre lesquelles
un séparateur est inséré,
le dispositif étant caractérisé par un circuit de pro-
tection (4) dans lequel une diode Zener (2) ayant
une résistance de fonctionnement (Z) de 10 à 150

Ω à la tension de fonctionnement moyenne (Eav)
du condensateur unitaire (1) est connectée en pa-
rallèle avec chacun des condensateurs unitaires
(1).

2. Dispositif comprenant un condensateur unitaire (1)
pour former un dispositif de source de puissance de
type à cellules assemblées en connectant une plu-
ralité de condensateurs unitaires (1) par des fils
conducteurs extérieurs (5), dans lequel chacun des
condensateurs unitaires (1) est formé en impré-
gnant d'un électrolyte des feuilles d'électrode de po-
larisation qui sont empilées ou enroulées en inter-
posant un séparateur entre elles ; le condensateur
unitaire empilé ou enroulé (1) est reçu dans un ré-
cipient cylindrique à fond scellé et l'ouverture du ré-
cipient scellé est fermée par un élément d'étanchéi-
té pourvu d'une borne d'électrode positive et d'une
borne d'électrode négative,
le dispositif étant caractérisé en ce qu'il comprend
un circuit de protection (4) dans lequel une diode
Zener (2) ayant une résistance de fonctionnement
(Z) de 20 à 150 Ω à la tension de fonctionnement
moyenne (Eav) du condensateur unitaire (1) est
connectée entre la borne d'électrode positive et la
borne d'électrode négative.

3. Dispositif selon la revendication 1, dans lequel le
rapport entre la valeur minimum de la résistance
Zener (Rz) de la diode Zener (2) et la valeur maxi-
mum de la résistance Zener (Rz) de la diode Zener
(2) est de 1,5 ou moins.

4. Dispositif selon la revendication 1, dans lequel la
capacitance électrostatique du condensateur uni-
taire (1) est de 30 farads ou plus, et le rapport entre
la résistance d'isolement (Rc) du condensateur uni-
taire (1) et la résistance Zener (Rz) de la diode Ze-
ner (2) à la tension de fonctionnement moyenne
(Eav) du condensateur unitaire (1, B, B1-B3) est de
3:1 à 1:4.

5. Dispositif selon la revendication 1, dans lequel un
fusible (3) est connecté en série avec la diode Zener
(2) dans le circuit de protection (4).

6. Dispositif selon la revendication 2, dans lequel un
fusible (3) est connecté en série avec la diode Zener
(2) sur un panneau isolant en résine synthétique en
une pièce, et une connexion série du fusible (3) et
de la diode Zener (2) est interposée entre la borne
d'électrode positive et la borne d'électrode négati-
ve.

7. Dispositif selon la revendication 5, dans lequel la
résistance du fusible (3) est de 10 Ω ou moins.

8. Dispositif de source de puissance du type à cellules
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assemblées comprenant une connexion série d'une
pluralité de condensateurs unitaires (1), dans le-
quel chacun des condensateurs unitaires (1) est
formé en imprégnant d'un électrolyte au moins deux
feuilles d'électrode de polarisation entre lesquelles
un séparateur est inséré,
le dispositif de source de puissance du type à cel-
lules assemblées étant caractérisé en ce qu'il
comprend une pluralité de blocs de condensateurs
(B, B1-B3) comprenant chacun un nombre prédé-
terminé de condensateurs unitaires (1) et de circuits
de protection (4a) comprenant chacun une diode
Zener (2a) pour un bloc de condensateurs (B,
B1-B3), la diode Zener ayant une résistance de
fonctionnement (Z) de 10 à 150 Ω à la tension no-
minale (Eb) du bloc de condensateur (B, B1-B3),
dans lequel chacun des circuits de protection (4a)
est connecté en parallèle avec chacun des blocs de
condensateurs (B, B1-B3).

9. Dispositif de source de puissance du type à cellules
assemblées selon la revendication 8, dans lequel
le rapport entre la valeur minimum de la résistance
Zener (Rz) de la diode Zener (2a) pour le bloc de
condensateurs (B, B1-B3) et la valeur maximum de
la résistance Zener (Rz) de la diode Zener (2a) du
bloc de condensateurs (B, B1-B3) est de 1,5 ou
moins.

10. Dispositif de source de puissance du type à cellules
assemblées selon la revendication 8, dans lequel
la capacitance électrostatique du condensateur
unitaire (1) est de 30 farads ou plus, et le rapport
entre la résistance d'isolement (Rc) du bloc de con-
densateurs (B, B1-B3) et la résistance Zener (Rz)
de la diode Zener (2a) pour le bloc de condensa-
teurs (B, B1-B3) à la tension nominale (Eb) du bloc
de condensateurs (B, B1-B3) est de 3:1 à 1:4.

11. Dispositif de source de puissance du type à cellules
assemblées selon la revendication 8, dans lequel
un circuit de protection (4) comprenant une diode
Zener (2) ayant une résistance de fonctionnement
(Z) de 20 à 150 Ω à la tension de fonctionnement
moyenne (Eav) du condensateur unitaire (1) est
connecté en parallèle avec chacun des condensa-
teurs unitaires (1) dans chacun des blocs de con-
densateurs (B, B1-B3).

12. Dispositif de source de puissance du type à cellules
assemblées selon la revendication 11, dans lequel
le rapport entre la résistance de fonctionnement (Z)
de la diode Zener (2) pour le condensateur unitaire
(1) et la résistance de fonctionnement (Z) de la dio-
de Zener (2a) pour le bloc de condensateurs (B,
B1-B3) est de 1:1,2 à 1:5.

13. Dispositif de source de puissance du type à cellules

assemblées selon la revendication 8, dans lequel
la tension nominale (Eb) des blocs de condensa-
teurs (B, B1-B3) est de 8 à 50 V.

14. Dispositif de source de puissance du type à cellules
assemblées selon la revendication 8, dans lequel
un fusible (3a) est connecté en série avec la diode
Zener (2a) pour le bloc de condensateurs (B,
B1-B3).
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