
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

60
7 

99
1

B
1

��&������������
(11) EP 1 607 991 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
28.07.2010 Bulletin 2010/30

(21) Application number: 05019949.6

(22) Date of filing: 01.05.1998

(51) Int Cl.:
H01G 9/042 (2006.01) H01G 9/08 (2006.01)

H01G 9/10 (2006.01)

(54) Hermetically sealed capacitor

Hermetisch geschlossener Kondensator

Condensateur scellé hermétiquement

(84) Designated Contracting States: 
DE FR SE

(30) Priority: 01.05.1997 US 847948

(43) Date of publication of application: 
21.12.2005 Bulletin 2005/51

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
98303435.6 / 0 877 400

(73) Proprietor: Greatbatch Ltd.
Clarence, NY 14031 (US)

(72) Inventors:  
• Muffoletto, Barry C.

Alden
New York 14004 (US)

• Stringham, Rodney E.
Corfu
NY 14036 (US)

• Nesselbeck, Neal N.
Lockport
NY 14094 (US)

• Shah, Ashish
East Amherst
NY 14051 (US)

• Stephenson, Donald H.
deceased (US)

(74) Representative: Duckett, Anthony Joseph et al
Mathys & Squire LLP 
120 Holborn
London
EC1N 2SQ (GB)

(56) References cited:  
US-A- 3 115 596 US-A- 3 531 693
US-A- 3 803 457 US-A- 5 369 547



EP 1 607 991 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention generally relates to a ca-
pacitor, and more particularly, to a capacitor having a
substantially flat, planar geometry. Still more particularly,
the present invention relates to a metallic substrate pro-
vided with capacitive material contacted thereto and in-
corporated into a hermetically sealed casing to provide
at least one of the electrodes for the capacitor. The me-
tallic substrate can provide at least one of the casing side
walls itself or be connected to the side wall. A most pre-
ferred form of the capacitor has the conductive substrate
provided with pseudocapacitive material formed from an
ultrasonically generated aerosol.

2. Prior Art

[0002] Standard capacitor construction consists of a
cylindrically shaped case housing an anode electrode
and a cathode electrode. For example, standard wet slug
tantalum capacitors generally have a cylindrically shaped
conductive casing serving as the terminal for the cathode
electrode with the tantalum anode connected to a termi-
nal lead electrically insulated from the casing by a glass-
to-metal insulator and seal structure. The anode insulator
and seal structure is disposed either internally or exter-
nally of the casing. The opposite end of the casing is also
typically provided with an insulator structure. The cylin-
drical shape limits the internal volume inside the capac-
itor and the closing seal structures occupy volume that
detracts from the capacitor’s volumetric efficiency.
[0003] Furthermore, the capacitor of the present inven-
tion having a flat, planar shape can comprise either an
electrochemical type capacitor or an electrolytic type ca-
pacitor. The anode and/or the cathode in an electrochem-
ical capacitor or the cathode in an electrolytic capacitor
generally include a substrate of a conductive metal such
as titanium or tantalum having a capacitive material pro-
vided thereon. In that respect, the capacitive material
may be in the form of an anodized-etched foil, a sintered
active material with or without oxide, a double layer ca-
pacitive material such as a carbonaceous capacitive ma-
terial or platinum black, a pseudocapacitive material such
as a redox or under potential material, and conducting
polymers. Commonly used coating techniques include
dipping, sputtering and pressurized air atomization
spraying of a solution of the capacitive material onto the
substrate. Capacitance values for electrodes made by
these prior art techniques are lower in specific capaci-
tance than an electrode coated with an ultrasonically gen-
erated aerosol of active material according to the present
invention. Sol-gel deposition is another prior art method
of coating a substrate, and this method also provides
capacitor electrodes lower in specific capacitance than

ultrasonically generated aerosol coatings.
[0004] The capacitor known from US 3 115 596 com-
prises a casing wherein a common cathode comprising
a capacitive material is arranged between a first and sec-
ond anode connected to a first terminal electrically insu-
lated from the casing, and an electrolyte in the casing
contacts the first and second anodes and the cathode.

SUMMARY OF THE INVENTION

[0005] The present invention is defined by the features
of claim 1. It provides a hermetically sealed capacitor
housed in a casing having a generally flat, planar profile.
Additionally, the present capacitor having the flat, planar
shape provided by spaced apart side walls joined by a
surrounding intermediate wall includes an anode elec-
trode and a cathode electrode, at least one of which is
comprised of a conductive substrate having capacitive
properties itself or, a capacitive material contacted there-
to. The active material may be contacted to the substrate
in the form of an ultrasonically generated aerosol of the
active material. The conductive substrate is fabricated to
the desired shape of the casing side wall serving as one
electrode terminal with the active material in electrical
association with a counter electrode or, the conductive
substrate is electrically connected to the casing.
[0006] These and other aspects of the present inven-
tion will become more apparent to those skilled in the art
by reference to the following description and the append-
ed drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Fig. 1 is a plan, cross-sectional view of a capacitor
10 useful for understanding the present invention.
Fig. 2 is an elevational, cross-sectional view of the
capacitor 10 shown in Fig. 1. -
Fig. 3 is an elevational, cross-sectional view of the
capacitor 10 shown in Fig. 2 rotated 90 degrees.
Figs. 4 to 7 are fragmentary, cross-sectional views
of’ alternate embodiments of insulator and seal struc-
tures for a terminal lead 34 for the capacitor 10.
Fig. 8 is an elevational, cross-sectional view of an
electrode lead-to-lead construction for a capacitor
according to the present invention.
Fig. 9 is an elevational, cross-sectional view of an
alternate embodiment of a lid 104 closing the capac-
itor casing.
Figs. 10, 10A and 11 are fragmentary, cross-section-
al views of various embodiments of closure struc-
tures for the capacitor 10.
Figs. 12 to 15 are elevational, cross-sectional views
of various alternate embodiments of capacitors.
Fig. 16 is an elevational, cross-sectional view of side-
by-side capacitors according to the present invention
188 and 190 connected in parallel.
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DETAILED DESCRIPTION OF THE INVENTION

[0008] Referring now to the drawings, Figs. 1 to 3 il-
lustrate an exemplary capacitor 10 useful for understand-
ing the present invention. Capacitor 10 comprises an an-
ode 12 and a cathode 14 housed inside of a hermetically
sealed casing 16. The capacitor electrodes are activated
and operatively associated with each other by an elec-
trolyte contained inside the casing 16, as will be de-
scribed in detail hereinafter. It should be pointed out that
the capacitor 10 can be of either an electrochemical type
wherein both the anode and the cathode electrodes are
provided by conductive substrates having a capacitive
material contacted thereto according to the present in-
vention or, of an electrolytic type wherein the cathode
electrode is provided by a conductive substrate having
capacitive properties. The exemplary capacitor 10 illus-
trated in Figs. 1 to 3 is of the latter type, however, this
should not be construed as limiting.
[0009] Casing 16 includes a deep drawn can 18 having
a generally rectangular shape comprised of spaced apart
side walls 20 and 22 extending to and meeting with op-
posed end walls 24 and 26 extending from a bottom wall
28. A lid 30 is secured to the side walls 20, 22 and the
end walls 24, 26 by a weld 32 to close the casing 16.
Casing 16 is of a conductive metal and as such serves
as one terminal or contact for making electrical connec-
tion between the capacitor and its load. The weld is pro-
vided by any conventional means, however, a preferred
method is by laser welding.
The other electrical terminal or contact for the capacitor
10 is provided by a conductor or lead 34 extending from
within the capacitor 10 through casing 16 and in particular
through lid 30. Lead 34 is insulated electrically from the
metal lid 30 by an insulator and seal structure 36, which
will be described in detail presently. An electrolyte fill
opening 38 in lid 30 is closed by a closure structure 40,
in a manner which will be described in detail hereinafter.
[0010] The cathode electrode 14 is spaced from the
anode electrode 12 housed inside the casing and com-
prises an electrode active material 42 provided on a con-
ductive substrate. The active material has a thickness
from a few hundred Angstroms (1 Ångstrom = 10-10m)
to about 0.1 millimeters. The active material has a pre-
ferred thickness from about 100 Angstroms to about 0.1
millimeters. Preferably, the active material has a thick-
ness from about 150 Angstroms to 0.1 about millimeters.
More preferably, the active material has a thickness from
about 200 Angstroms to about 0.1 millimeters. When the
casing 16 serves as one terminal or contact for the ca-
pacitor, the casing, and in particular the can 18, serves
as the conductive substrate or, the conductive substrate
provided with the active material 42 is electrically con-
nected to the can 18. In either case, the conductive sub-
strate is selected from tantalum, titanium, nickel, molyb-
denum, niobium, cobalt, stainless steel, tungsten, plati-
num, palladium, gold, silver, copper, chromium, vanadi-
um, aluminum, zirconium, hafnium, zinc, iron, or mixtures

and alloys thereof. The lid 30 is also preferably of one of
the above conductive materials. Preferably the conduc-
tive substrate has a thickness of about 0.001 to 2 millim-
eter.
[0011] Preferably the substrate is cleaned of contam-
inants by lubricants from handling equipment or body oils
from hands and the like and roughened by chemical or
mechanical means to increase its surface area prior to
being contacted with the active material 42. If desired,
the electrical conductivity of the uncoated substrate can
be improved by a technique described in simultaneously
filed patent application entitled "Method of Improving
Electrical Conductivity of Metals, Metal Alloys and Metal
Oxides" (attorney docket no. 04645.0365), which is as-
signed to the assignee of the present invention.
[0012] After preparation, the active material 42 is con-
tacted to the conductive substrate preferably after but
possibly before the prepared substrate is cut, shaped or
otherwise fabricated into the desired geometry. To pro-
vide a capacitor electrode, the substrate may be of an
anodized-etched conductive material, have a sintered
active material with or without oxide contacted thereto,
be contacted with a double layer capacitive material, for
example a finely divided carbonaceous material such as
graphite or carbon or platinum black, a redox, pseudo-
capacitance or an under potential material, or an elec-
troactive conducting polymer such as polyaniline, polypy-
role, polythiophene and polyacetylene, and mixtures
thereof. As will be described in detail hereinafter, the ca-
pacitive material is preferably contacted to the conductive
substrate in the form of an ultrasonically generated aer-
osol of the conductive material. In the case of the can 18
serving as the conductive substrate, an articulating spray
head of a well known type is used to coat the interior
surfaces of the can 18 with the ultrasonically generated
aerosol of the desired material. Figs. 1 to 3 show that the
majority of side walls 20 and 22 are provided with the
electrode active material 42. Other configurations of ac-
tive material contacted to the conductive side walls are
contemplated by the scope of the present invention as
needed for a particular capacitor application.
[0013] According to one preferred aspect, the redox
active material 42 includes an oxide of a first metal, the
nitride of the first metal, the carbon nitride of the first
metal, and/or the carbide of the first metal, the oxide,
nitride, carbon nitride and carbide of the first metal having
pseudocapacitive properties. The first metal is preferably
selected from ruthenium, cobalt, manganese, molybde-
num, tungsten, tantalum, iron, niobium, iridium, titanium,
zirconium. hafnium, rhodium, vanadium, osmium, palla-
dium, platinum, nickel, or lead.
[0014] The redox active material 42 may also include
a second or more metals. The second metal is in the form
of an oxide, a nitride, a carbon nitride or a carbide, and
is not essential to the intended use of the conductive
substrate as a capacitor electrode and the like. The sec-
ond metal is different than the first metal and is selected
from one or more of
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tantalum, titanium, nickel, iridium, platinum, palladium,
gold, silver, cobalt, molybdenum, ruthenium, manganese
tungsten, iron, zirconium, hafnium, rhodium, vanadium,
osmium, or niobium. In a preferred embodiment of the
invention, the active material product 42 includes oxides
of ruthenium or ruthenium and tantalum.
[0015] In accordance with one embodiment of the
present invention, the fabricated can 18 is provided with
the active material 42 containing at least the first pseu-
docapacitive metal and possibly the second or more met-
als deposited on the side walls 20 and 22 of can 18 (Fig.
3) serving as the conductive substrate. Alternatively and
as will be described in detail hereinafter, a conductive
substrate of one of the enumerated materials is first pro-
vided with the redox active material coating and the thusly
processed substrate is then contacted to the casing side
walls (Figs. 12 to 16). As previously discussed, the proc-
essed conductive substrate can provide the anode and/or
the cathode in an electrochemical capacitor, or the cath-
ode in an electrolytic capacitor. The exemplary capacitor
shown in Figs. 1 to 3 is of the electrolytic type and the
cathode active material preferably coats the side walls
beginning at a position spaced from the bottom wall of
the casing to a distance spaced from the lid. Such a coat-
ing is accomplished by providing the conductive sub-
strate with a masking material in a known manner so that
only an intended area of the substrate is contacted with
active material. The masking material is removed from
the substrate prior to capacitor fabrication. Preferably,
the cathode active material is substantially aligned in a
face-to-face relationship with the anode major surfaces.
[0016] A preferred coating process is described in the
simultaneously filed patent application entitled "Ultrason-
ically Coated Substrate For Use In A Capacitor And Meth-
od Of Manufacture or, by the coating process described
in the simultaneously filed patent application
entitled "One Step Ultrasonically Coated Substrate For
Use In A Capacitor" These applications are both as-
signed to the assignee of the present invention. In that
manner, the ultrasonically generated active material con-
tacted to the conductive substrate has a majority of its
particles with diameters of less than about 10 microns.
This provides an internal surface area for the active ma-
terial of about 10 m2/gram to about 1,500 m2/gram.
[0017] The anode electrode 12 is typically of a metal
selected from tantalum, aluminum, titanium, niobium, zir-
conium, hafnium, tungsten, molybdenum, vanadium, sil-
icon, germanium, or mixtures thereof in the form of a
pellet. As is well known by those skilled in the art, the
anode metal in powdered form, for example tantalum
powder, is compressed into a pellet having an anode lead
34 extending therefrom, and sintered under a vacuum at
high temperatures. The porous body is then anodized in
a suitable electrolyte to fill the pore with the electrolyte
and to form a continuous dielectric oxide film on the sin-
tered body. The assembly is then reformed to a desired
voltage, as is well known by those skilled in the art to
produce an oxide layer over the terminal lead/anode lead

weld. The anode can also be of an etched aluminum or
titanium foil or, a sintered aluminum or titanium body.
[0018] A separator structure of electrically insulative
material is provided between the anode 12 and the cath-
ode 14 to prevent an internal electrical short circuit be-
tween the electrodes. The separator material also is
chemically unreactive with the anode and cathode active
materials and both chemically unreactive with and insol-
uble in the electrolyte. In addition, the separator material
has a degree of porosity sufficient to allow flow there-
through of the electrolyte during the electrochemical re-
action of the capacitor 10. Illustrative separator materials
include woven and non-woven fabrics of polyolefinic fib-
ers including polypropylene and polyethylene or fluor-
opolymeric fibers including polyvinylidene fluoride, poly-
ethylenetetrafluoroethylene, and polyethylenechlorotrif-
luoroethylene laminated or superposed with a polyolefin-
ic or fluoropolymeric microporous film, non-woven glass,
glass fiber materials and ceramic materials. Suitable mi-
croporous films include a polyethylene membrane com-
mercially available under the designation SOLUPOR
(DMS Solutech), a polytetrafluoroethylene membrane
commercially available under the designation ZITEX
(Chemplast Inc.), polypropylene membrane commercial-
ly available under the designation CELGARD (Celanese
Plastic Company, Inc.) and a membrane commercially
available under the designation DEXIGLAS (C.H. Dexter,
Div., Dexter Corp.). Cellulose based separators also typ-
ically used in capacitors are contemplated by the scope
of the present invention. Depending on the electrolyte
use, the separator can be treated to improve its wetta-
bility, as is well known by those skilled in the art.
[0019] Figs. 1 to 3 illustrate one embodiment of a sep-
arator structure wherein spaced apart sheets of 44, 46
of one of the above-referenced separator materials, for
example sheets of microporous, polyolefinic film, are
connected to a polymeric ring 48. The sheets 44 and 46
are disposed intermediate the anode 12 and the coated
side walls 20 and 22, respectively, serving as the cathode
electrode 14. The microporous structure provides for ion
flow therethrough during charge and discharge cycles
while the polymeric ring 48 frames the sheets 44, 46 to
provide structural support for them. Alternatively, the pol-
ymeric ring can be eliminated and the separator sheets
44, 46 are sealed to each other in a known manner at
their peripheries to envelope the anode 12.
[0020] As shown in enlarged detail in Fig. 4, the insu-
lator and seal structure 36 for the terminal lead 34 com-
prises a header or ferrule element 50 defining an internal
cylindrical through bore or passage 52 of constant inside
diameter. An outwardly facing step 54 is provided at the
upper end of ferrule 50 having an outer surface sized to
fit in an opening 56 (Figs. 2 and 3) in lid 30 with the upper
end of ferrule 50 secured therein by welding and the like.
The terminal lead 34 is secured and sealed within ferrule
by a series of sealing materials. A first layer is provided
by a disc or plug 58 of synthetic polymeric material having
an annular groove 60 that receives the lower end of the
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ferrule 50 seated therein. A second layer 62 is of synthetic
polymeric material such as elastomeric materials that are
capable of sealing between lead 34 and the inner surface
of ferrule 50 and which can be the same as or different
than the first layer. The second layer 62 is provided in
ferrule 50 contacting the plug 58 and a suitable material
is, for example Master-Sil 151 made by Master Bond.
Finally, a glass layer 66 provides a hermetic seal between
the inside of the ferrule 50 and the terminal lead 34. The
glass used is, for example Elan Type 88 or Mansol Type
88. The anode terminal lead 34 preferably comprises the
same material as the anode 12.
[0021] Fig. 5 shows another embodiment of an insu-
lator and seal structure 66 for terminal lead 34 useful in
the present invention wherein a cup-shaped synthetic
polymeric member 68 receives the ferrule 50 resting on
a base portion of the cup 68. A compression ring 70 is
sized to surround the annular wall of cup member 68
thereby biased in a sealing engagement with the outer
surface of ferrule 50. A second, polymeric layer 72, a
third, polymeric layer 74 and fourth, glass layer 76 are
then provided in the ferrule 50 sealing between bore 52
and lead 34 in a similar manner as previously described
with respect to the seal structure 36 shown in Fig. 4.
[0022] Fig. 6 illustrates another embodiment of an in-
sulator and seal structure 78 for terminal lead 34 useful
in the present invention including a first layer 80 of syn-
thetic polymeric material, a second, synthetic polymeric
layer 82, a third, polymeric layer 84 and a fourth, glass
layer 86 provided successively in the ferrule 50 sealing
between bore 52 and lead 34 in a manner similar to the
insulator and seal structures shown in Figs. 4 and 5.
[0023] Fig. 7 shows an alternate embodiment of an
insulator and seal structure 88 including a metal sleeve
90 fitted around and along a portion of the terminal lead
34 inside the ferrule 50. Sleeve 90 has an inner diameter
that is somewhat greater than the outer diameter of lead
34. The first and second synthetic polymeric layers 92
and 94 and a portion of a third, polymeric layer 96 seal
between lead 34 and the bore 52 of the ferrule 50. An
upper portion of the third, polymeric layer 96 and a fourth,
glass layer 98 seal between bore 52 and the outer surface
of sleeve 90. A weld 100 between sleeve 90 and lead 34
at their upper ends completes the hermetic structure. In-
sulator and seal structure 88 provides for economy of
manufacture as it can be secured in ferrule by layers
96,98 before capacitor assembly. Then, the terminal lead
34 is moved through the sleeve 90, layers 92 and 94 are
filled into the ferrule and the terminal lead 34 is welded
to the sleeve 90 at 100.
[0024] Figs. 2 and 3 show the insulator and seal struc-
ture 36 of Fig. 4 incorporated into the capacitor 10. The
anode 12 is provided with a notch forming a step 102
adjacent to end wall 26 of can 18. Step 102 provides
clearance for the insulator and seal structure 36. In that
manner, the portion of anode terminal lead 34 extending
outside the capacitor 10 for connection to the load is her-
metically sealed from the interior of the capacitor 10 and

insulated from the can 18 and lid 30-serving as the ter-
minal for the cathode electrode 14.
[0025] It will be apparent to those skilled in the art that
in addition to constructing the capacitor having the vari-
ous insulator and seal structures disposed inside the cas-
ing with the upper end of ferrule 50 slightly protruding or
flush with the lid 30, the insulator and seal structures can
also be mounted on the lid 30. For example, in the insu-
lator and seal structure 66 shown in Fig. 5, the compres-
sion ring 70 can be welded to the lid 30 surrounding the
opening 54. In the case of the insulator and seal struc-
tures 78 and 88 shown in Figs. 6 and 7, respectively, the
lower end of ferrule 50 can be welded to the upper surface
of lid 30 such that the ferrule surrounds the opening 54,
Furthermore, it should be understood that the various
synthetic polymeric materials need not necessarily be in
the exact arrangements shown. These materials can be
provided in any order desired or, they may be provided
independently as required to protect the glass layer from
the electrolyte and from voltage breakdown. Also, the
encapsulate layers used in the terminal ferrule can be
filled therein either before or after the anode 12 and lead
34 are connected together and formed to a desired volt-
age.
[0026] Fig. 8 shows an alternate embodiment of the
capacitor 10 having a terminal lead 34A provided with a
U-shaped portion 34B disposed inside the casing 18. The
lead 34A is insulated from the can 18 and lid 30 by the
insulator and seal structure 78 shown in Fig. 6. The anode
12 is provided with an anode conductor 101 connected
to U-shaped terminal lead portion 34B by a weld 103.
This lead-to-lead construction can be used in addition to
the insulator and seal structures shown in Figs. 4 to 7.
[0027] After the cathode electrode 14 is disposed in-
side the can 18, the anode electrode 12 and the lid 30
as an assembly are fitted to the upper end of the can 18
and welded in place to provide a hermetic seal between
the can and the lid. As shown in Figs. 2 and 3, the lid 30
comprises a plate member having a shape sized to fit
snugly inside the inner surface of the open end of can 18
and flush with the upper end thereof. The lid 30 is then
secured in place by weld 32. In an alternate embodiment
shown in Fig. 9, a lid 104 has a first, larger body portion
106 and a second, smaller body portion 108 which meet
at a step 110 which is sized to be received by the upper
end of a can 112. In that position, the surrounding wall
of the first lid portion 106 is flush with the outer side wall
of the can 112 and the surrounding wall of the second lid
portion is in a snug-fitting relationship with the inner sur-
face of can 112. A weld 114 hermetically secures the lid
to the can. Also can 112 is shown having a curved bottom
wall.
[0028] The anode electrode 12 and cathode electrode
14 are activated and operatively associated with each
other by an electrolyte solution filled in the casing through
the electrolyte fill opening 38. Any electrolyte that is
known to activate the particular anode and cathode active
materials selected to provide acceptable capacitive per-
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formance over a desired operating range is contemplated
by the scope of the present invention. Suitable electro-
lytes include sulfuric acid in an aqueous solution. Spe-
cifically, a 38% sulfuric acid solution has been shown to
perform well at voltages of up to about 125 volts. A 10%
to 20% phosphoric acid/water solution is known to pro-
vide an increased equivalent series resistance (ESR) and
breakdown voltage. Other suitable electrolytes are con-
templated that provide desired performance character-
istics.
[0029] Referring to Fig. 2, lid 30 is provided with the
closure structure 40 for the electrolyte fill opening 38 pref-
erably having a slightly inwardly closing taper that re-
ceives a metal ball 116 secured therein by weld 118.
Alternate embodiments of the closure structure are
shown in Figs. 10 and 11. In Fig. 10, a ring 120 having
a cylindrical opening is secured to the under surface of
lid 30 disposed coaxially with opening 38. Metal ball 116
is wedged in the opening of ring 120 to prevent out gassed
by-products as a closure plate 122 is disposed in the
opening in a snug fitted relationship and secured therein
by weld 124.
[0030] Fig. 10A shows a plug 121 having an enlarged
head 123 and a curved end 125 welded at 127. If desired,
plug -121 does not require the enlarged head 123 and/or
the curved end 125 to provide a suitable closure for the
electrolyte fill opening 38.
[0031] Fig. 11 illustrates another embodiment of the
seal structure wherein the portion of lid 30A immediately
adjacent to the fill opening 38 is deformed to have an
annularly curved portion 126 that matches the curvature
of ball 116. Ball 116 is received in the curved portion 126
and secured in place by weld 128 to complete the seal.
For a more detailed discussion of closure structures suit-
able for use with the present invention, reference is made
to U.S. Patent Application Serial No. 08/729,673, filed
October 3, 1996 and entitled "Hermetic Seal For An Elec-
trochemical Cell", which is assigned to the assignee of
the present invention.
[0032] Figs. 12 to 15 illustrate alternate embodiments
of capacitors having generally flat, planar geometries in-
cluding side walls provided with electrode active material.
Other than the various casing structures which are de-
scribed immediately below, the capacitors of Figs. 12 to
15 are similar to the capacitor 10 shown in Figs. 1 to 3.
Fig. 12 shows a capacitor 130 having side walls 132 and
134 which are welded to a ring 136 after being selectively
provided with the electrode active material 42 in a similar
manner as previously described with respect to capacitor
10.
[0033] Fig. 13 shows another embodiment of a capac-
itor 140 fabricated from an electrode active material 42
selectively contacted to a substrate provided in the shape
of a cup having an annular side wall 142 extending from
a bottom wall 144. The side wall 142 forms into an annular
rim 146 which is generally normal to the plane of side
wall 142. The rim 146 is connected to lid 148 by weld 150
to complete the enclosure.

[0034] Fig. 14 shows another embodiment of a capac-
itor 152 fabricated from an electrode active material 42
selectively contacted to a substrate provided in the shape
of tray members 154 and 156. An annular back-up ring
158 fits inside the side wall portions of the trays 154, 156
to provide support when the trays are connected together
along their respective edges by weld 160 to complete the
casing enclosure.
[0035] Fig. 15 illustrates an alternate embodiment of
a capacitor 170 fabricated from a first substrate provided
with an electrode active material 42 selectively contacted
thereto and formed to provide a side wall 172 disposed
intermediate opposed bottom and lid walls 174 and 176,
respectively. A second substrate selectively contacted
with an electrode active material 42 is formed to provide
a second side wall 178 disposed intermediate opposed
bottom wall 180 and lid 182. Second side wall 178 is
somewhat shorter in length than side wall 172 so that
bottom wall 180 and lid 182 are overlapped by bottom
wall 174 and lid wall 176 secured therein by welds 184
and 186. Again, opposed end walls (not shown) complete
the casing enclosure.
[0036] Fig. 16 shows an embodiment of side-by-side
capacitor cells 188 and 190 connected in parallel accord-
ing to the present invention. The capacitor cells are
housed in a deep drawn can 192 having the capacitive
cathode active material 42 contacted to the opposed side
walls 194 and 196. An intermediate side wall 198 extends
from a mid-point of the bottom wall 200 and is provided
with the cathode active material 42 on the opposed sides
thereof. Anode active pellets 12A and 12B are disposed
between the side wall 194 and intermediate wall 198 and
between the intermediate wall and side wall. 196, respec-
tively. The anodes 12A and 12B are enveloped in respec-
tive separators 202 and 204. Terminal lead 34 extends
from anode 12B which in turn is connected in parallel to
anode 12A via lead 206. The insulator and seal structure
78 shown in Fig. 6 isolates the terminal lead 34 from the
lid 30B connected to can 192 by a weld 208. An electrolyte
(not shown) is filled in the casing to operatively associate
and activate the capacitors. This side-by-side capacitor
cells construction provides for reduced ESR in compar-
ison to the capacitors shown in Figs. 1 to 3 and 12 to 15,
and further provides a construction by which increased
cathode active material may be housed inside of a casing.
Of course, those skilled in the art will realize that the
capacitor embodiment shown in Fig. 16 need not be lim-
ited to two side-by-side capacitor cells but that two or
more cells as desired may be connected in parallel ac-
cording to the present invention.
[0037] The present capacitor constructions having the
generally flat, planar geometry have been shown to im-
prove the volumetric efficiency of a capacitor by about
15% to about 80% over that of standard cylindrically
shaped capacitors of a comparable casing size. Further,
it has been determined that the capacitance obtained
from an electrode made from an ultrasonically generated
aerosol of active material contacted to a generally flat,
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planar geometry according to the present invention is on
the order of about 2 F/sq. in. (1 sq. in. = 6,4516 cm2) as
measured by AC impedance spectroscopy.
[0038] It is appreciated that various modifications to
the inventive concepts described herein may be apparent
to those skilled in the art without departing from the scope
of the present invention defined by the hereinafter ap-
pended claims.

Claims

1. A capacitor, which comprises:

a) a casing having a bottom wall (200), opposed
sidewalls (194, 196) and an intermediate side-
wall (198) extending from a mid-point of the bot-
tom wall (200), and disposed within the casing:
b) first and second anodes in the form of pellets
(12A, 12B) connected to a first terminal electri-
cally insulated from the casing wherein the first
and second anodes are enveloped in their own
separators (202, 204);
c) a cathode comprising a capacitive material
as a cathode active material (42) provided on
the opposed sidewalls (194, 196) and on the op-
posed sides of the intermediate sidewall (198)
positioned between the first and second anodes;
and
d) an electrolyte in the casing contacting the first
and second anodes and the cathode.

2. The capacitor of claim 1 wherein the casing serves
as a second terminal for the cathode.

3. The capacitor of claim 1 wherein the cathode active
material is provided on the opposed sidewalls and
on the opposed sides of the intermediate sidewall
as an ultrasonically generated aerosol.

4. The capacitor of claim 1 wherein the first and second
anodes are of a valve metal.

5. The capacitor of claim 1 wherein the first and second
anodes are of tantalum.

6. The capacitor of claim 1 wherein the cathode active
material is of ruthenium.

Patentansprüche

1. Ein Kondensator, welcher umfasst:

a) ein Gehäuse, welches eine untere Wand
(200), gegenüberliegende Seitenwände (194,
196) und eine mittlere Seitenwand (198), die
sich von einem Mittelpunkt der unteren Wand

(200) erstreckt und innerhalb des Gehäuses an-
geordnet ist, aufweist;
b) erste und zweite Anode in der Form von Pel-
lets (12A, 12B), die verbunden sind mit einem
vom Gehäuse elektrisch isolierten ersten An-
schluss, wobei die erste und zweite Anode von
ihren eigenen Separatoren (202, 204) umhüllt
sind;
c) eine Kathode, welche ein kapazitives Material
als ein kathodenaktives Material (42) umfasst,
welches auf den gegenüberliegenden Seiten-
wänden (194, 196) und auf den gegenüberlie-
genden Seiten der mittleren Seitenwand (198),
die zwischen der ersten und zweiten Anode an-
geordnet ist, angeordnet ist; und
d) ein Elektrolyt in dem Gehäuse, das die erste
und zweite Anode und die Kathode kontaktiert.

2. Kondensator gemäß Anspruch 1, wobei das Gehäu-
se als ein zweiter Anschluss für die Kathode dient.

3. Kondensator gemäß Anspruch 1, wobei das katho-
denaktive Material auf den gegenüberliegenden Sei-
tenwänden und auf den gegenüberliegenden Seiten
der mittleren Seitenwand als ein mittels Ultraschall
erzeugtes Aerosol angeordnet ist.

4. Kondensator gemäß Anspruch 1, wobei die erste
und die zweite Anode aus einem Ventilmetall sind.

5. Kondensator gemäß Anspruch 1, wobei die erste
und zweite Anode aus Tantal sind.

6. Kondensator gemäß Anspruch 1, wobei das katho-
denaktive Material aus Ruthenium ist.

Revendications

1. Condensateur, qui comprend :

a) un boîtier comportant une paroi de fond (200),
des parois latérales (194, 196) opposées et une
paroi latérale intermédiaire (198) s’étendant
d’un point central de la paroi de fond (200) ; et
disposés dans le boîtier :
b) des première et deuxième anodes sous la
forme de pastilles (12A, 12B) connectées à une
première borne isolée électriquement du boîtier
dans lequel les première et deuxième anodes
sont enveloppées dans leurs propres sépara-
teurs (202, 204) ;
c) une cathode comprenant un matériau capa-
citif en tant que matériau actif de cathode (42)
prévu sur les parois latérales (194, 196) oppo-
sées et sur les côtés opposés de la paroi latérale
intermédiaire (198), positionnée entre les pre-
mière et deuxième anodes ; et

11 12 



EP 1 607 991 B1

8

5

10

15

20

25

30

35

40

45

50

55

d) un électrolyte dans le boîtier en contact avec
les première et deuxième anodes et la cathode.

2. Condensateur selon la revendication 1, dans lequel
le boîtier sert en tant que deuxième borne pour la
cathode.

3. Condensateur selon la revendication 1, dans lequel
le matériau actif de cathode est prévu sur les parois
opposées et sur les côtés opposés de la paroi laté-
rale intermédiaire en tant qu’aérosol généré par ul-
trasons.

4. Condensateur selon la revendication 1, dans lequel
les première et deuxième anodes sont constituées
de métal de soupape.

5. Condensateur selon la revendication 1, dans lequel
les première et deuxième anodes sont constituées
de tantale.

6. Condensateur selon la revendication 1, dans lequel
le matériau actif de cathode consiste en du ruthé-
nium.
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