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(57) ABSTRACT 

Implantable medical devices (IMDs) and their various com 
ponents, including ?at electrolytic capacitors for same, and 
methods of making and using same, particularly an 
improved electrolytic capacitor With optimized ESR and 
anode layer surface area. An electrode stack assembly and 
electrolyte are located Within the interior case chamber of a 
hermetically sealed capacitor case. The electrode stack 
assembly comprises a plurality of capacitor layers stacked in 
registration upon one another, each capacitor layer compris 
ing a cathode layer having a cathode tab, an anode sub 
assembly comprising at least one anode layer having an 
anode tab, and a separator layer located betWeen adjacent 
anode and cathode layers, Whereby all adjacent cathode 
layers and anode layers of the stack are electrically insulated 
from one another by a separator layer. Anode terminal means 
extend through the capacitor case side Wall for electrically 
connecting a plurality of the anode tabs to one another and 
providing an anode connection terminal at the exterior of the 
case. Cathode terminal means extend through or to an 

encapsulation area of the capacitor case side Wall for elec 
trically connecting a plurality of the cathode tabs to one 
another and providing a cathode connection terminal at the 
exterior of the case. A connector assembly is electrically 
attached to the anode connection terminal for making elec 
trical connection With the anode tabs and to the cathode 
connection terminal for making electrical connection With 
the cathode tabs. The anode layers are formed of one or more 
nonthrough-etched anode sheet bearing an oxide layer and 
formed With a plurality of punctures therethrough. 
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IMPLANTABLE MEDICAL DEVICE HAVING FLAT 
ELECTROLYTIC CAPACITOR FORMED WITH 
NONTHROUGH-ETCHED AND THROUGH-HOLE 

PUNCTURED ANODE SHEETS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] Reference is hereby made to commonly assigned, 
co-pending US. patent application Ser. No. (P-7820.00) 
?led on even date herewith for IMPLANTABLE MEDICAL 
DEVICE HAVING FLAT ELECTROLYTIC CAPACITOR 
FORMED WITH PARTIALLY THROUGH-ETCHED 
AND THROUGH-HOLE PUNCTURED AN ODE SHEETS 
?led in the names of Yan et al. 

FIELD OF THE INVENTION 

[0002] This invention relates to implantable medical 
devices (IMDs) and their various components, including ?at 
electrolytic capacitors for same, and methods of making and 
using same, particularly such capacitors formed of a plural 
ity of stacked capacitor layers each having anode layers 
formed of one or a plurality of nonthrough-etched and 
through-hole punctured anode sheets. 

BACKGROUND OF THE INVENTION 

[0003] As described in commonly assigned US. Pat. No. 
6,006,133, a Wide variety of IMDs are knoWn in the art. Of 
particular interest are implantable cardioverter-de?brillators 
(ICDs) that deliver relatively high energy cardioversion 
and/or de?brillation shocks to a patient’s heart When a 
malignant tachyarrhythmia, e.g., atrial or ventricular ?bril 
lation, is detected. Current ICDs typically possess single or 
dual chamber pacing capabilities for treating speci?ed 
chronic or episodic atrial and/or ventricular bradycardia and 
tachycardia and Were referred to previously as pacemaker/ 
cardioverter/de?brillators (PCDs). Earlier developed auto 
matic implantable de?brillators (AIDs) did not have cardio 
version or pacing capabilities. For purposes of the present 
invention ICDs are understood to encompass all such IMDs 
having at least high voltage cardioversion and/or de?brilla 
tion capabilities. 

[0004] Energy, volume, thickness and mass are critical 
features in the design of ICD implantable pulse generators 
(IPGs) that are coupled to the ICD leads. The battery(s) and 
high voltage capacitor(s) used to provide and accumulate the 
energy required for the cardioversion/de?brillation shocks 
have historically been relatively bulky and expensive. Pres 
ently, ICD IPGs typically have a volume of about 40 to about 
60 cc, a thickness of about 13 mm to about 16 mm and a 
mass of approximately 100 grams. 

[0005] It is desirable to reduce the volume, thickness and 
mass of such capacitors and ICD IPGs Without reducing 
deliverable energy. Doing so is bene?cial to patient comfort 
and minimiZes complications due to erosion of tissue around 
the ICD IPG. Reductions in siZe of the capacitors may also 
alloW for the balanced addition of volume to the battery, 
thereby increasing longevity of the ICD IPG, or balanced 
addition of neW components, thereby adding functionality to 
the ICD IPG. It is also desirable to provide such ICD IPGs 
at loW cost While retaining the highest level of performance. 
At the same time, reliability of the capacitors cannot be 
compromised. 
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[0006] Various types of ?at and spiral-Wound capacitors 
are knoWn in the art, some examples of Which are described 
as folloWs and/or may be found in the patents listed in Table 
1 of the above-referenced, commonly assigned, ’133 patent. 
Typically, an electrolytic capacitor is formed With a capaci 
tor case enclosing an etched aluminum anode layer (or 
“electrode”), an aluminum cathode layer (or “electrode”), 
and a Kraft paper or fabric gauZe spacer or separator 
impregnated With a solvent based liquid electrolyte inter 
posed therebetWeen. A layer of aluminum oxide that func 
tions as a dielectric layer is formed on the etched aluminum 
anode, preferably during passage of electrical current 
through the anode layer. The electrolyte comprises an ion 
producing salt that is dissolved in a solvent and provides 
ionic electrical conductivity betWeen the cathode and the 
aluminum oxide dielectric layer. The energy of the capacitor 
is stored in the electromagnetic ?eld generated by opposing 
electrical charges separated by the aluminum oxide layer 
disposed on the surface of the anode layer and is propor 
tional to the surface area of the etched aluminum anode 
layer. Thus, to minimiZe the overall volume of the capacitor 
one must maximiZe anode surface area per unit volume 
Without increasing the capacitor’s overall (i.e., external) 
dimensions. The separator material, anode and cathode layer 
terminals, internal packaging, electrical interconnections, 
and alignment features and cathode material further increase 
the thickness and volume of a capacitor. Consequently, these 
and other components in a capacitor and the desired capaci 
tance limit the extent to Which its physical dimensions may 
be reduced. 

[0007] Some ICD IPGs employ commercial photo?ash 
capacitors similar to those described by Troup in “Implant 
able Cardioverters and De?brillators,”Current Problems in 
Cardiology Volume XIV, Number 12, December 1989, Year 
Book Medical Publishers, Chicago, and as described in US. 
Pat. No. 4,254,775. The electrodes or anode and cathodes 
are Wound into anode and cathode layers separated by 
separator layers of the spiral. Most commercial photo?ash 
capacitors contain a core of separator paper intended to 
prevent brittle, highly etched aluminum anode foils from 
fracturing during Winding of the anode, cathode and sepa 
rator layers into a coiled con?guration. The cylindrical shape 
and paper core of commercial photo?ash capacitors limits 
the volumetric packaging ef?ciency and thickness of an ICD 
IPG housing made using same. 

[0008] Flat electrolytic capacitors have also been dis 
closed in the prior art for general applications as Well as for 
use in ICDs. More recently developed ICD IPGs employ one 
or more ?at high voltage capacitor to overcome some of the 
packaging and volume disadvantages associated With cylin 
drical photo?ash capacitors. For example, US. Pat. No. 
5,131,388 discloses a ?at capacitor having a plurality of 
stacked capacitor layers each comprising an “electrode stack 
sub-assembly”. Each capacitor layer contains one or more 
anode sheet forming an anode layer having an anode tab, a 
cathode sheet or layer having a cathode tab and a separator 
for separating the anode layer from the cathode layer. In the 
’388 patent, the electrode stack assembly of stacked capaci 
tor layers is encased Within a non-conductive, polymer 
envelope that is sealed at its seams and ?tted into a chamber 
of a conductive metal, capacitor case or into a compartment 
of the ICD IPG housing, and electrical connections With the 
capacitor anode(s) and cathode(s) are made through 
feedthroughs extending through the case or compartment 
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Wall. The tabs of the anode layers and the cathode layers of 
all of the capacitor layers of the stack are electrically 
connected in parallel to form a single capacitor or grouped 
to form a plurality of capacitors. The aluminum anode layer 
tabs are gathered together and electrically connected to a 
feedthrough pin of an anode feedthrough extending through 
the case or compartment Wall. The aluminum cathode layer 
tabs are gathered together and electrically connected to a 
feedthrough pin of a cathode feedthrough extending through 
the case or compartment Wall or connected to the electrically 
conductive capacitor case Wall. 

[0009] Many improvements in the design of ?at aluminum 
electrolytic capacitors for use in ICD IPGs have been 
disclosed, e.g., those improvements described in “High 
Energy Density Capacitors for Implantable De?brillators” 
presented by P. Lunsmann and D. MacFarlane at CART S 96: 
16th Capacitor and Resistor Technology Symposium, Mar. 
11-15 1996, and at CARTS-EUROPE 96: 10th European 
Passive Components Symposium. Oct. 7-11 1996, pp. 35-39. 
Further features of ?at electrolytic capacitors for use in ICD 
IPGs are disclosed in US. Pat. Nos. 4,942,501; 5,086,374; 
5,146,391; 5,153,820; 5,562,801; 5,584,890; 5,628,801; and 
5,748,439, all issued to MacFarlane et al. 

[0010] Typically, the anode layer of each capacitor layer is 
formed using a single highly etched anode sheet or a 
plurality of such anode sheets cut from a highly etched 
metallic foil. Highly etched aluminum foil has a microscopi 
cally contoured, etched surface With a high concentration of 
pores extending part Way through the anode foil along With 
tunnels extending all the Way through the anode foil 
(through-etched or tunnel-etched) or only With a high con 
centration of pores extending part Way through the anode 
foil (nonthrough etched). In either case, such a through 
etched or nonthrough-etched anode sheet cut from such 
highly etched foil exhibit a total surface area much greater 
than its nominal (length times Width) surface area. A surface 
area coef?cient, the ratio of the microscopic true surface area 
to the macroscopic nominal area, may be as high as 100:1 
Which advantageously increases capacitance. Through 
etched or tunnel-etched anode sheets exhibit a someWhat 
loWer ratio due to the absence of a Web or barrier surface 
closing the tunnel as in nonthrough-etched anode sheets. 

[0011] After the aluminum foil is etched, the aluminum 
oxide layer on the etched surface is formed by applying 
voltage to the foil through an electrolyte such as boric acid 
or citric acid and Water or other solutions familiar to those 
skilled in the state of the art. Typically, individual anode 
sheets are punched, stamped or otherWise cut out of the foil 
in a shape to conform to the capacitor package folloWing 
formation of the aluminum oxide on the foil. The cut edges 
around the periphery of the anode sheets are carefully 
cleaned to remove particulates of anode material that can get 
caught betWeen the capacitor layers in the electrode stack 
assembly resulting in a high leakage current or capacitor 
failure. Anode layers are formed of either a single anode 
sheet or multiple anode sheets. Capacitor layers are 
assembled by stacking the anode layer, separator layers, and 
cathode layer together, and electrode stack assemblies are 
assembled by stacking a plurality of capacitor layers 
together, separated by separator layers. The cut edges of the 
anode and cathode layers and any other exposed aluminum 
are then reformed in the capacitor during the aging process 
to reduce leakage current. 
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[0012] Non-through-etched anode sheets are used When 
only one anode sheet is employed as the anode layer. In 
order to increase capacitance (and energy density), multiple 
anode sheets are stacked together to form the multiple sheet 
anode layer as described above. Through-etched or tunnel 
etched anode sheets need to be used in such multiple sheet 
anode layers to ensure that electrolyte is distributed over all 
of the aluminum oxide layers of the sandWiched inner anode 
sheets and to provide a path for ionic communication. But, 
then the gain in surface area is not as high as that Which can 
be achieved With a like number of stacked nonthrough 
etched anode sheets that have a remaining solid section in 
their center. 

[0013] For example, the ’890 patent discloses the use of an 
anode layer formed of three anode sheets comprising a 
highly etched sheet With a solid core in the center and tWo 
tunnel-etched anode sheets sandWiching the center sheet. 
This arrangement is intended to alloW the electrolyte and 
thus the conducting ions to reach the Whole surface area of 
the anode layer, even pores Which originate on the inner 
layer of the foil, yet at the same time the ions are not able 
to penetrate all the Way through the anode layer. More tunnel 
etched anode sheets can be used in the sandWiched anode 
layer depending on the desired electrical performance. 

[0014] Electrical performance of such electrolytic capaci 
tors is effected by the surface area of the anode and cathode 
layers and also by the resistance associated With the elec 
trolytic capacitor itself, called the equivalent series resis 
tance (ESR). The ESR is a “hypothetical” series resistance 
that represents all energy losses of an electrolytic capacitor 
regardless of source. The ESR results in a longer charge time 
(or larger build factor) and a loWer discharge ef?ciency. 
Therefore, it is desirable to reduce the ESR to a minimum. 

[0015] One of the elements of the ESR is the solution 
resistance inside the pores or tunnels of the anode sheets 
formed during the electrochemical etching to increase the 
anode surface area capacitance. The siZe and depth of a pore 
and the siZe of a tunnel through the anode sheet depend on 
the etching process as Well as the oxide formation process. 
To minimiZe ESR, the tunnels should be big enough for 
oxide to groW and long enough for ions to migrate through 
the anode sheets of the anode layer. In other Words, the ideal 
anode sheet should have pores or tunnels that penetrate 
through the sheet thickness and are large enough for the 
electrolyte to How therethrough. In reality, pores and tunnels 
vary in siZe. NarroW tunnels can retard ion transfer, and the 
pores that are not through-etched tunnels block the paths for 
ionic migration. 

[0016] HoWever, as noted above, through-etched tunnels 
decrease anode layer surface area and reduce the capacitance 
of a capacitor layer formed With such anode layers in 
comparison to the capacitance of an equivalent capacitor 
layer formed using a nonthrough-etched anode layer. It is 
difficult to control the etching parameters to ensure that a 
minimum number of tunnels having a sufficiently large 
cross-section to minimiZe ESR are created so as to maximiZe 

capacitance. 

[0017] High surface area is created during the electro 
chemical etching process by dissolving aluminum and form 
ing tunnels or holes. HoWever, the electrochemical tunnel 
etching is a “random” process, resulting in uncontrollable 
tunnel site distribution and various tunnel siZes and lengths. 
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As a result, the capacitance of commercial aluminum foils is 
much lower than that of an ideal foil having site-controllable 
tunnels With the same siZe and length. 

[0018] To increase anode sheet capacitance, non-through 
etched anode foils are made by increasing tunnel density on 
the sides, leaving a Web in the middle. The Web is a physical 
barrier for electrolyte communication, limiting the non 
through etched anode in a “single anode sheet con?guration” 
or only one nonthrough-etched anode in a “multiple anode 
sheet con?guration”. 

[0019] It is desirable to overcome these problems With 
providing ionic communication through anode sheets to 
minimiZe ESR and maximiZe surface area. 

SUMMARY OF THE INVENTION 

[0020] The present invention provides for anode layers of 
electrolytic capacitors that minimiZe ESR and maximiZe 
surface area Wherein such capacitors are formed of one or a 
plurality of stacked capacitor layers each having anode 
layers formed of one or a plurality of nonthrough-etched and 
through-hole punctured anode sheets. 

[0021] This invention provides paths for electrolyte trans 
fer by forming small through-holes through nonthrough 
etched anodes in order that the ESR is reduced and there are 
more paths for the ions to migrate. The number and siZe of 
these through-holes are chosen to reduce the ESR to a 
minimum While not unnecessarily reducing surface area. In 
general a minimal number and siZe of through-hole Will be 
chosen so that the ?nished capacitor still meets the appli 
cation requirements. The through-holes need not be round, 
but that is a convenient shape to use. 

[0022] In one embodiment employing multiple anode 
sheets sandWiched together forming an anode layer, the 
innermost anode sheet is nonthrough etched and not punc 
tured to form a barrier to ion migration or communication 
through the innermost anode sheet, Whereas the outer anode 
sheets are punctured to enable ion migration and electrolyte 
distribution to all anode sheet surfaces. 

[0023] In one embodiment, an exemplary electrolytic 
capacitor formed in accordance With the present invention 
comprises an electrode stack assembly and electrolyte 
located Within the interior case chamber of a hermetically 
sealed capacitor case. The electrode stack assembly com 
prises a plurality of capacitor layers stacked in registration 
upon one another, each capacitor layer comprising a cathode 
layer having a cathode tab, an anode layer comprising at 
least one anode layer having an anode tab, and a separator 
layer located betWeen adjacent anode and cathode layers, 
Whereby all adjacent cathode layers and anode sheets of the 
stack are electrically insulated from one another by a sepa 
rator layer. Anode terminal means extend through the 
capacitor case side Wall for electrically connecting a plural 
ity of the anode tabs to one another and providing an anode 
connection terminal at the exterior of the case. Cathode 
terminal means extend through or to an encapsulation area 
of the capacitor case side Wall for electrically connecting a 
plurality of the cathode tabs to one another and providing a 
cathode connection terminal at the exterior of the case. A 
connector assembly is electrically attached to the anode 
connection terminal for making electrical connection With 
the anode tabs and to the cathode connection terminal for 
making electrical connection With the cathode tabs. 
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[0024] The present invention provides a more controllable 
method, in addition to the etching method, for making 
through-hole tunnels for electrolyte communication such 
that multiple nonthrough-etched anodes can be used in a 
multiple anode sheet con?guration. 

[0025] The puncturing method generates more tunnels in 
aluminum foils used in making aluminum anode sheets for 
anode layers. HoWever, it also re removes the existing 
tunnels that are created during the electrochemical etching. 
Since the existing technology can not generate tunnels 
smaller than those created during the etching process, the net 
result is surface area reduction and thus capacitance loss. 
The degree of capacitance loss depends on the hole siZe and 
density. HoWever, since the nonthrough-etched foils have 
higher capacitance than the through-etched foils, the capaci 
tance of the punctured nonthrough-etched foils is still higher 
than the through-etched foils. 

[0026] Since the puncturing process reduces foil capaci 
tance, it should not be overdone. The hole siZe and density 
need to be controlled such that foils can be used in a 
“multiple anode sheet con?guration” but the capacitance is 
not traded off too much in favor of loWered ESR. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] These and other advantages and features of the 
present invention Will be appreciated as the same becomes 
better understood by reference to the folloWing detailed 
description of the preferred embodiment of the invention 
When considered m connection With the accompanying 
draWings, in Which like numbered reference numbers des 
ignate like parts throughout the ?gures thereof and Wherein: 

[0028] FIG. 1 illustrates the physical components of one 
exemplary embodiment of an ICD IPG and lead system in 
Which the present invention may be advantageously incor 
porated; 

[0029] FIG. 2 is a simpli?ed functional block diagram 
illustrating the interconnection of voltage conversion cir 
cuitry With the high voltage capacitors of the present inven 
tion With the primary functional components of one type of 
an ICD; 

[0030] FIGS. 3(a) -3(g) are exploded perspective vieWs of 
the manner in Which the various components of the exem 
plary ICD IPG of FIGS. 1 and 2, including the electrolytic 
capacitors of the present invention, are disposed Within the 
housing of the ICD IPG; 

[0031] FIG. 4 is an exploded vieW of one embodiment of 
a single capacitor layer of an electrolytic capacitor incorpo 
rating the present invention; 

[0032] FIG. 5 is a How chart illustrating the steps of 
forming an electrolytic capacitor in accordance With the 
invention; 

[0033] FIG. 6(a) is a side cross-section vieW of non 
through-etched anode sheet prior to puncturing in accor 
dance With the present invention; 

[0034] FIG. 6(b) is a side cross-section vieW of the 
nonthrough-etched anode sheet of FIG. 6(a) folloWing 
puncturing in accordance With the present invention for use 
in the capacitor layer of FIGS. 4 and 6(c); 
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[0035] FIG. 6(c) is a side cross-section vieW of a particu 
lar embodiment of a single capacitor layer of an electrolytic 
capacitor incorporating the nonthrough-etched anode sheet 
of FIG. 6(a) in conjunction With through-hole punctured, 
nonthrough-etched, anode sheets of FIG. 6(b); 

[0036] FIG. 7 is an exploded top perspective vieW of one 
embodiment of a series of capacitor layers incorporating the 
present invention assembled into a electrode stack assembly 
of an electrolytic capacitor; and 

[0037] FIG. 8 is an exploded top perspective vieW of the 
components of one embodiment of an electrolytic capacitor 
fabricated in accordance With the ?nal step of FIG. 5 and 
incorporating the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] FIG. 1 illustrates one embodiment of ICD IPG 10 
in Which the capacitor of the present invention is advanta 
geously incorporated, the associated ICD electrical leads 14, 
16 and 18, and their relationship to a human heart 12. The 
leads are coupled to ICD IPG 10 by means of multi-port 
connector block 20, Which contains separate connector ports 
for each of the three leads illustrated. Lead 14 is coupled to 
subcutaneous electrode 30, Which is intended to be mounted 
subcutaneously in the region of the left chest. Lead 16 is a 
coronary sinus lead employing an elongated coil electrode 
Which is located in the coronary sinus and great vein region 
of the heart. The location of the electrode is illustrated in 
broken line format at 32, and extends around the heart from 
a point Within the opening of the coronary sinus to a point 
in the vicinity of the left atrial appendage. 

[0039] Lead 18 is provided With elongated electrode coil 
28 Which is located in the right ventricle of the heart. Lead 
18 also includes stimulation electrode 34 Which takes the 
form of a helical coil Which is screWed into the myocardial 
tissue of the right ventricle. Lead 18 may also include one 
or more additional electrodes for near and far ?eld electro 
gram sensing. 

[0040] In the system illustrated, cardiac pacing pulses are 
delivered betWeen helical electrode 34 and elongated elec 
trode 28. Electrodes 28 and 34 are also employed to sense 
electrical signals indicative of ventricular contractions. As 
illustrated, it is anticipated that the right ventricular elec 
trode 28 Will serve as the common electrode during sequen 
tial and simultaneous pulse multiple electrode de?brillation 
regimens. For example, during a simultaneous pulse 
de?brillation regimen, pulses Would simultaneously be 
delivered betWeen electrode 28 and electrode 30 and 
betWeen electrode 28 and electrode 32. During sequential 
pulse de?brillation, it is envisioned that pulses Would be 
delivered sequentially betWeen subcutaneous electrode 30 
and electrode 28 and betWeen coronary sinus electrode 32 
and right ventricular electrode 28. Single pulse, tWo elec 
trode de?brillation shock regimens may be also provided, 
typically betWeen electrode 28 and coronary sinus electrode 
32. Alternatively, single pulses may be delivered betWeen 
electrodes 28 and 30. The particular interconnection of the 
electrodes to an ICD Will depend someWhat on Which 
speci?c single electrode pair de?brillation shock regimen is 
believed more likely to be employed. 

[0041] FIG. 2 is a block diagram illustrating the intercon 
nection of high voltage output circuit 40, high voltage 
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charging circuit 64 and capacitors 265 according to one 
example of the microcomputer based operating system of 
the ICD IPG of FIG. 1. As illustrated, the ICD operations are 
controlled by means of a stored program in microprocessor 
42, Which performs all necessary computational functions 
Within the ICD. Microprocessor 42 is linked to control 
circuitry 44 by means of bi-directional data/control bus 46, 
and thereby controls operation of the output circuitry 40 and 
the high voltage charging circuitry 64. Pace/sense circuitry 
78 aWakens microprocessor 42 to perform any necessary 
mathematical calculations, to perform tachycardia and ?bril 
lation detection procedures and to update the time intervals 
controlled by the timers in pace/sense circuitry 78 on 
reprogramming of the ICD operating modes or parameter 
values or on the occurrence of signals indicative of delivery 
of cardiac pacing pulses or of the occurrence of cardiac 

contractions,. 

[0042] The basic operation and particular structure or 
components of the exemplary ICD of FIGS. 1 and 2 may 
correspond to any of the systems knoWn in the art, and the 
present invention is not dependent upon any particular 
con?guration thereof. The ?at aluminum electrolytic capaci 
tor of the present invention may be employed generally in 
conjunction With the various systems illustrated in com 
monly assigned U.S. Pat. No. 4,548,209, or in conjunction 
With the various systems or components disclosed in the 
various patents listed in the above-referenced, commonly 
assigned, ’133 patent. 

[0043] Control circuitry 44 provides three signals of pri 
mary importance to output circuitry 40. Those signals 
include the ?rst and second control signals discussed above, 
labeled here as ENAB, line 48, and ENBA, line 50. Also of 
importance is DUMP line 52 Which initiates discharge of the 
output capacitors and VCAP line 54 Which provides a signal 
indicative of the voltage stored on the output capacitors C1, 
C2, to control circuitry 44. De?brillation electrodes 28, 30 
and 32 illustrated in FIG. 1, above, are shoWn coupled to 
output circuitry 40 by means of conductors 22, 24 and 26. 
For ease of understanding, those conductors are also labeled 
as “COMMON”, “HVA” and “HVB”. HoWever, other con 
?gurations are also possible. For example, subcutaneous 
electrode 30 may be coupled to HVB conductor 26, to alloW 
for a single pulse regimen to be delivered betWeen elec 
trodes 28 and 30. During a logic signal on ENAB, line 48, 
a cardioversion/de?brillation shock is delivered betWeen 
electrode 30 and electrode 28. During a logic signal on 
ENBA, line 50, a cardioversion/de?brillation shock is deliv 
ered betWeen electrode 32 and electrode 28. 

[0044] The output circuitry includes a capacitor bank, 
including capacitors C1 and C2 and diodes 121 and 123, 
used for delivering de?brillation shocks to the electrodes. 
Alternatively, the capacitor bank may include a further set of 
capacitors as depicted in the above referenced ’758 appli 
cation. In FIG. 2, capacitors 265 are illustrated in conjunc 
tion With high voltage charging circuitry 64, controlled by 
the control/timing circuitry 44 by means of CHDR line 66. 
As illustrated, capacitors 265 are charged by means of a high 
frequency, high voltage transformer 65. Proper charging 
polarities are maintained by means of the diodes 121 and 
123. VCAP line 54 provides a signal indicative of the 
voltage on the capacitor bank, and alloWs for control of the 
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high voltage charging circuitry and for termination of the 
charging function When the measured voltage equals the 
programmed charging level. 

[0045] Pace/sense circuitry 78 includes an R-Wave sense 
ampli?er and a pulse generator for generating cardiac pacing 
pulses, Which may also correspond to any knoWn cardiac 
pacemaker output circuitry and includes tiring circuitry for 
de?ning ventricular pacing intervals, refractory intervals and 
blanking intervals, under control of microprocessor 42 via 
control/data bus 80. 

[0046] Control signals triggering generation of cardiac 
pacing pulses by pace/sense circuitry 78 and signals indica 
tive of the occurrence of R-Waves, from pace/sense circuitry 
78 are communicated to control circuitry 44 by means of a 
bi-directional data bus 81. Pace/sense circuitry 78 is coupled 
to helical electrode 34 illustrated in FIG. 1 by means of a 
conductor 36. 

[0047] Pace/sense circuitry 78 is also coupled to ventricu 
lar electrode 28, illustrated in FIG. 1, by means of a 
conductor 82, alloWing for bipolar sensing of R-Waves 
betWeen electrodes 34 and 28 and for delivery of bipolar 
pacing pulses betWeen electrodes 34 and 28, as discussed 
above. 

[0048] FIGS. 3(a) through 3(g) shoW perspective vieWs of 
various components of ICD IPG 10, including one embodi 
ment of the capacitor of the present invention, as those 
components are placed successively Within the housing of 
ICD IPG 10 formed by right and left hand shields 240 and 
350. 

[0049] In FIG. 3(a), electronics module 360 is placed in 
right-hand shield 340 of ICD IPG 10. 

[0050] FIG. 3(b) shoWs ICD IPG 10 once electronics 
module 360 has been seated in right-hand shield 340. 

[0051] FIG. 3(c) shoWs a pair of capacitors 265 formed as 
described herein prior to being placed Within right-hand 
shield 340, the capacitors 265 being connected electrically 
in series by interconnections in electronics module 340. 
FIG. 3(LD shoWs ICD IPG 10 once the pair of capacitors 265 
has been placed Within right-hand shield 340. It Will be 
understood that other shapes of capacitors 265 can be 
inserted into the housing of ICD IPG 10 in the same or 
similar manner as described here. 

[0052] FIG. 3(e) shoWs insulator cup 370 prior to its 
placing atop capacitors 265 in right-hand shield 340. FIG. 
30‘) shoWs electrochemical cell or battery 380 having insu 
lator 382 disposed around battery 380 prior to placing it in 
shield 340. Battery 380 provides the electrical energy 
required to charge and re-charge capacitors 265, and also 
poWers electronics module 360. Battery 380 may take any of 
the forms employed in the prior art to provide cardioversion/ 
de?brillation energy, some of Which are identi?ed in the 
above-referenced, commonly assigned, ’133 patent. 

[0053] FIG. 3(h) shoWs ICD IPG 10 having left-hand 
shield 350 connected to right-hand shield 340 and 
feedthrough 390 projecting upWardly from both shield 
halves. Activity sensor 400 and patient alert apparatus 410 
are shoWn disposed on the side loWer portion of left-hand 
shield 350. Left-hand shield 350 and right-hand shield 340 
are subsequently closed and hermetically sealed (not shoWn 
in the ?gures). 
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[0054] FIG. 4 shoWs an exploded vieW of one embodi 
ment of an anode-cathode sub-assembly or capacitor layer 
227 of capacitor 265. The capacitor design described herein 
employs a stacked con?guration of a plurality of capacitor 
layers 227 as further described beloW With respect to FIG. 
5. Each capacitor layer 227 comprises alternating substan 
tially rectangular-shaped anode layers 170 and cathode 
layers 175, With a substantially rectangular-shaped separator 
layer 180 being interposed therebetWeen. The shapes of 
anode layers 170, cathode layers 175 and separator layers 
180 are primarily a matter of design choice, and are dictated 
largely by the shape or con?guration of case 90 Within Which 
those layers are ultimately disposed. Anode layers 170, 
cathode layers 175 and separator layers 180 may assume any 
arbitrary shape to optimiZe packaging ef?ciency. 
[0055] Exemplary anode layer 170d most preferably com 
prises a plurality of non-notched anode sheets 185 desig 
nated 185a, 185b, 185c, notched anode sheet 190 including 
anode tab notch 200, and anode tab 195 coupled to anode 
sheet 185a. It Will be understood that anode layer 170d 
shoWn in FIG. 4 is but one possible embodiment of an anode 
layer 170. Exemplary cathode layer 175d most preferably is 
formed of a single sheet of aluminum foil and has cathode 
tab 176 formed integral thereto and projecting from the 
periphery thereof. 

[0056] Individual anode sheets 185/190 are typically 
someWhat stiff and formed of high-purity aluminum pro 
cessed by etching to achieve high capacitance per unit area. 
Thin anode foils are preferred, especially if they substan 
tially maintain or increase speci?c capacitance While reduc 
ing the thickness of the electrode stack assembly 225, or 
maintain the thickness of electrode stack assembly 225 
While increasing overall capacitance. For example, it is 
contemplated that individual anode sheets 185/190 have a 
thickness of betWeen about 10 micrometers and about 500 
micrometers. 

[0057] Cathode layers 175 are preferably formed of a 
single sheet cut from high purity, ?exible, aluminum foil. 
Cathode layers 175 are most preferably formed of cathode 
foil having high surface area (i.e., highly etched cathode 
foil), high speci?c capacitance (preferably at least 200 
microfarads/cm2, and at least 250 microfarads/cm2 When 
fresh), a thickness of about 30 micrometers, a cleanliness of 
about 1.0 mg/m2 respecting projected area maximum chlo 
ride contamination, and a purity Which may be less than 
corresponding to the starting foil material from Which anode 
foil is made. The cathode foil preferably has an initial purity 
of at least 99% aluminum, and more preferably yet of about 
99.4% aluminum, a ?nal thickness of about 30 micrometers, 
and an initial speci?c capacitance of about 250 microfarads 
per square centimeter. In other embodiments, cathode foil 
has a speci?c capacitance ranging betWeen about 100 and 
about 500 microfarads/cm2, and a thickness ranging 
betWeen about 10 and about 150 micrometers. 

[0058] It is generally preferred that the speci?c capaci 
tance of the cathode foil be as high as possible, and that 
cathode layer 175 be as thin as possible. For examples, it is 
contemplated that individual cathode layers 175 have a 
speci?c capacitance of about 100-1,000 microfarads/cm2. 
Suitable cathode foils are commercially available on a 
Widespread basis. In still other embodiments, cathode foil is 
formed of materials or metals in addition to aluminum 
aluminum alloys and “pure” aluminum. 



US 2003/0056350 A1 

[0059] Separator layer sheets 180a and 180b and outer 
separator layers of the electrode stack assembly 225 (FIG. 
8) formed from a plurality of stacked capacitor layers 227 
are most preferably made from a roll or sheet of separator 
material. Separator layers 180 are preferably cut slightly 
larger than anode layers 170 and cathode layers 175 to 
accommodate misalignment during the stacking of layers, to 
prevent subsequent shorting betWeen anode and cathode 
layers, and to otherWise ensure that a physical barrier is 
disposed betWeen the anodes and the cathodes of the ?n 
ished capacitor. 

[0060] In one preferred embodiment of the capacitor layer 
227 as depicted in FIG. 4, tWo individual separator layer 
sheets 180a and 180b form the separator layer 180 that is 
disposed betWeen each anode layer 170 and cathode layer 
175. Further single separator layer sheets 180a and 180b are 
disposed against the outer surfaces of the anode sheet 185c 
and the cathode layer 175d. When the sub-assemblies are 
stacked, the outermost single separator layer sheets 180a 
and 180b bear against adjacent outermost single separator 
layer sheets 180b and 180a, respectively, of adjacent capaci 
tor layers so that tWo sheet separator layers 180 separate all 
adjacent cathode and anode layers of an electrode stack 
assembly 225. 

[0061] It is preferred that separator layer sheets 180a and 
180b and exterior separator layers betWeen the electrode 
stack assembly and the case and cover be formed of a 
material that: (a) is chemically inert; (b) is chemically 
compatible With the selected electrolyte; (c) may be impreg 
nated With the electrolyte to produce a loW resistance path 
betWeen adjoining anode and cathode layers, and (d) physi 
cally separates adjoining anode and cathode layers. In one 
preferred embodiment, separator material is a pure cellulose, 
very loW halide or chloride content Kraft paper having a 
thickness of about 0.0005 inches, a density of about 1.06 
grams/cm3, a dielectric strength of 1,400 Volts AC per 0.001 
inches thickness, and a loW number of conducting paths 
(about 0.4/ft2 or less). Separator layer sheets 180a and 180b 
and outer separator layers 165a and 165b may also be 
formed of materials other than Kraft paper, such as Manila 
paper, porous polymeric materials or fabric gauZe materials. 
In such capacitor stacks formed of a plurality of capacitor 
layers, a liquid electrolyte saturates or Wets separator layers 
180 and is disposed Within the capacitor interior case 
chamber. 

[0062] It Will be understood by those skilled in the art that 
the precise number of capacitor layers 227 selected for use 
in a electrode stack assembly 225 Will depend upon the 
energy density, volume, voltage, current, energy output and 
other requirements placed upon capacitor 265. Similarly, it 
Will be understood by those skilled in the art that the precise 
number of notched anode sheets 190 and un-notched anode 
sheets 185, anode tabs 195, anode layers 170, cathode layers 
175 and separator layers 180 selected for use in a given 
embodiment of capacitor layer 227 Will depend upon the 
energy density, volume, voltage, current, energy output and 
other requirements placed upon capacitor 265. It Will noW 
become apparent that a virtually unlimited number of com 
binations and permutations respecting the number of capaci 
tor layers 227, and the number of notched anode sheets 190 
and un-notched anode sheets 185 forming anode layer 170, 
anode layers 170, anode tabs 195, cathode layers 175 and 
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separator layers 180 disposed Within each capacitor layer 
227, may be selected according to the particular require 
ments of capacitor 265. 

[0063] FIG. 5 depicts the method of forming anode sheets 
having through holes and then using the anode sheets to 
fabricate an electrolytic capacitor. The ?rst thin aluminum 
foil of the type described above is provided in step S100, 
etched in step S102, and cut into anode sheets 185/190 
shoWn in FIG. 6(a) in step S104. The anode foil is non 
through-etched in step S102, has a high speci?c capacitance 
(at least about 0.3, at least about 0.5 or most preferably at 
least about 0.8 microfarads/cm2), has a dielectric Withstand 
parameter of at least 425 Volts DC, a thickness ranging 
betWeen about 50 and about 200 micrometers, and a clean 
liness of about 1.0 mg/m2 respecting projected area maxi 
mum chloride contamination. The anode foil preferably has 
a rated surge voltage of 390 Volts, an initial purity of about 
99.99% aluminum, a ?nal thickness of about 104 microme 
ters, plus or minus about ?ve micrometers, and a speci?c 
capacitance of about 0.8 microfarads per square centimeter. 
Suitable anode foils etched to speci?cation are commercially 
available on a Widespread basis. 

[0064] The anode and cathode sheets are most preferably 
cut to shape using dies having loW Wall-to-Wall clearance, 
Where inter-Wall spacing betWeen the substantially verti 
cally-oriented corresponding Walls of the punch and die is 
most preferably on the order of about 6 millionths of an inch 
per side. Larger or smaller inter-Wall spacings betWeen the 
substantially vertically-oriented corresponding Walls of the 
punch and cavity, such as about 2-12 millionths of an inch 
may also be employed but are less preferred. The tabs 176 
and 195 and separator layers 180 are also preferably cut 
from aluminum foil and Kraft paper, respectively, in the 
same manner. 

[0065] Such loW clearance results in smooth, burr free 
edges being formed along the peripheries of anode sheets 
185 and 190, tabs 176 and 195, cathode layers 175 and 
separator layers 180. Smooth, burr free edges on the Walls of 
the dies have been discovered to be critical respecting 
reliable performance of a capacitor. The presence of burrs 
along the peripheries of anode sheets 185 and 190, anode 
tabs 195, cathode layers 175 and separator layers 180 may 
result in short circuit and failure of the capacitor. The means 
by Which anode foil, cathode foil and separator materials are 
cut or formed may have a signi?cant impact on the lack or 
presence of burrs and other cutting debris disposed about the 
peripheries of the formed or cut members. The use of loW 
clearance dies produces an edge superior to the edge pro 
duced by other cutting methods, such as steel rule dies. The 
shape, ?exibility and speed of a loW clearance die have been 
discovered to be superior to those achieved by laser or blade 
cutting. Other methods of cutting or forming anode sheets 
185 and 190, anode tabs 195, cathode layers 175 and 
separator layers 180 include, but are not limited to, steel rule 
die cutting, laser cutting, Water jet cutting and blade cutting. 
Further details relating to preferred methods of cutting the 
anode foil to form anode sheets and sandWiching anode 
sheets together to form an anode layer 170 are set forth in the 
above-referenced, commonly assigned, ’133 patent. 

[0066] In FIG. 6(a), the nonthrough-etched anode sheet 
185/190 has opposed major anode sheet surfaces 186 and 
188 that are highly etched to form pores 192 extending part 
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Way through the thickness of anode sheet 185/190 to a sheet 
Web or core 184. The pores 192 provide enhanced surface 
area in comparison to the planar sheet surfaces 186, 188 
prior to etching. But, the absence of any tunnels through core 
184 makes it dif?cult for ion How to take place and for 
electrolyte to contact all inner major surfaces of the sand 
Wiched anode sheets, thereby increasing ESR. One approach 
taken in the past has been to employ through-etching or 
tunnel etching to form tunnels extending betWeen the 
opposed major anode sheet surfaces 186 and 188 and 
through the core 184. HoWever, such tunnel etching results 
in loss of surface area and capacitance. Overly large tunnels 
reduce surface area unnecessarily, and small tunnels fail to 
alloW ion migration and electrolyte Wetting through them, 
therefore also reducing surface area Without reducing ESR. 

[0067] A degree of through etching of the aluminum foil 
is conducted in step S102 that provides for small pores 192 
and no tunnels so that surface area and corresponding 
capacitance are maXimiZed. In accordance With step S106, a 
plurality of through-holes 202 depicted in FIG. 6(b) are then 
formed that eXtend betWeen the ?rst and second opposed 
major surfaces 186 and 188 and through the anode sheet 
thickness and core 184. Preferably, the through holes 202 are 
preferably uniformly siZed and uniformly spaced apart. The 
number per unit area and siZe of these through-holes 202 are 
chosen to reduce the ESR to a minimum While not unnec 
essarily reducing surface area. In general a minimal number, 
spacing apart, and siZe of through-hole Will be chosen so that 
the ?nished capacitor still meets the application require 
ments. 

[0068] The through-holes are preferably formed by any 
puncturing process e.g., by punching, mechanically drilling, 
laser boring, etc. The through-holes need not be round, but 
that is a convenient shape to use. 

[0069] Then, in step S108, the aluminum oXide dielectric 
layer is groWn over the pores 192, the through holes 202, and 
the anode sheet cut edges in a manner knoWn in the art. The 
anode sheets 185/190 are assembled together in step S110 to 
form anode layers 170, folloWing the process and using the 
equipment described in the above referenced, commonly 
assigned, ’133 patent. 
[0070] In one fabrication method folloWing these steps, all 
of the nonthrough-etched anode sheets 185a-185c and 190 
forming into the anode layer 170d of the capacitor layer 
227d illustrated in FIG. 4 are through-hole punctured in 
accordance With step S106. FIG. 6(c) illustrates a variation 
of a capacitor layer 227‘ formed in steps S100-S110 that 
employs through-hole punctured anode sheets 190a and 
190b illustrated in FIG. 6(b) assembled in a sandWich or 
stack on either side of a nonthrough-etched anode sheet 185‘ 
of FIG. 6(a). The nonthrough-etched anode sheet 185‘ is not 
punctured in accordance With step S106. The through-holes 
in the outer through-hole punctured anode sheets 190a and 
190b ensure that electrolyte reaches the major opposed 
surfaces of the innermost nonthrough-etched anode sheet 
185‘. 

[0071] In this illustrated eXample of FIG. 6(c), a tab (not 
shoWn) is attached to the centrally disposed nonthrough 
etched anode sheet 185‘, and the through-hole punctured 
anode sheets 190a and 190b are identi?ed as notched anode 
sheets to accommodate the tab. Other selections of tabbed 
and notched anode sheets 185/190 may be substituted for the 
illustrated selection. 
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[0072] Moreover, any number of outer through-hole punc 
tured anode sheets 185/190 of FIG. 6(b) can be stacked in 
equal or unequal numbers on either side of the centrally 
disposed nonthrough-etched anode sheet 185‘ to form an 
anode layer 170. 

[0073] FIG. 7 illustrates the formation of the electrode 
stack assembly 225 in accordance With step S112 in relation 
to a capacitor case cover 110 for a capacitor case 90 
illustrated in FIG. 8. The electrode stack assembly 225 
comprises a plurality of capacitor layers 227a-227h formed 
as described above and having anode tabs 195a-195h and 
cathode tabs 176a-176h. The voltage developed across each 
capacitor layer disposed Within electrode stack assembly 
225 most preferably ranges betWeen about 360 and about 
390 Volts DC. As described beloW, the various anode 
sub-assemblies of electrode stack assembly 225 are typically 
connected in parallel electrically, as are the various cathode 
layers of electrode stack assembly 225. Electrode stack 
assembly 225 shoWn in FIG. 7 is merely illustrative, and 
does not limit the scope of the present invention in any Way 
respecting the number or combination of anode layers 170, 
cathode layers 175, separator layers 180, anode tabs 195, 
cathode tabs 176, and so on. The number of electrode 
components is instead determined according to the total 
capacitance required, the total area of each layer, the speci?c 
capacitance of the foil employed and other factors. 

[0074] The use of the through-holes of the present inven 
tion facilitates using a multiple number of anode sheets 
185/190 employed in each anode layer 170 permitting the 
fabrication of capacitors having the same layer area but 
nearly continuously varying different and selectable total 
capacitances that a user may determine by increasing or 
decreasing the number of anode sheets 185/190 included in 
selected anode layers 170 (as opposed to adding or subtract 
ing ?ll capacitor layers 227 from electrode stack assembly 
225 to thereby change the total capacitance). 

[0075] The capacitor layers 227a 227k and the outer paper 
layers 165a and 165b are stacked, and outer Wrap 115 is 
folded over the top of electrode stack assembly 225 in step 
S112. Wrapping tape 245 is then holds outer Wrap 115 in 
place and secures the various components of electrode stack 
assembly 225 together. Outer Wrap 115 is most preferably 
die cut from separator material described above, but may be 
formed from a Wide range of other suitable materials such as 
polymeric materials, aluminum, suitable heat shrink mate 
rials, suitable rubberiZed materials and synthetic equivalents 
or derivatives thereof, and the like. Wrapping tape 245 is 
most preferably cut from a polypropylene-backed acrylic 
adhesive tape, but may also be replaced by a staple, an 
ultrasonic paper joint or Weld, suitable adhesives other than 
acrylic adhesive, suitable tape other than polypropylene 
backed tape, a hook and corresponding clasp and so on. 
Usable alternatives to outer Wrap 115 and Wrapping tape 245 
and various stacking and registration processes by Which 
electrode stack assembly 225 is most preferably made are 
not material to the present invention and are disclosed in the 
above-referenced, commonly assigned, ’133 patent. 

[0076] FIG. 8 shoWs an exploded top perspective vieW of 
one embodiment of an eXemplary, case neutral, electrolytic 
capacitor 265 employing the electrode stack assembly 225 
of FIGS. 7 therein and the electrical connections made to the 
gathered anode and cathode tabs 232 and 233. This embodi 
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ment includes anode feedthrough 120 and cathode 
feedthrough 125 most preferably having coiled basal por 
tions 121 and 126, respectively. Feedthroughs 120 and 125 
provide electrical feedthrough terminals for capacitor 265 
and gather gathered anode tabs 232 and gathered cathode 
tabs 233 Within basal portions 121 and 126 for electrical and 
mechanical interconnection. 

[0077] Feedthrough Wire is ?rst provided and trimmed to 
length for construction of feedthroughs 120 and 125. One 
end of the trimmed Wire is coiled such that its inside 
diameter or dimension is slightly larger than the diameter or 
dimension required to encircle gathered anode tabs 232 or 
gathered cathode tabs 233. Gathered anode tabs 232 are next 
gathered, or brought together in a bundle by crimping, and 
inside diameter 131 of anode feedthrough coil assembly 120 
is placed over gathered anode tabs 232 such that anode 
feedthrough pin 130 extends outWardly aWay from the base 
of gathered anode tabs 232. Similarly, gathered cathode tabs 
233 are gathered and inside diameter 136 of cathode 
feedthrough coil assembly 125 is placed over gathered 
cathode tabs 233 such that cathode feedthrough pin 135 
extends outWardly aWay from the base of cathode tab 233. 
Coiled basal portions 121 and 126 of anode and cathode 
feedthroughs 120 and 125 are then most preferably crimped 
onto anode and cathode tabs 232 and 233, folloWed by 
trimming the distal ends thereof, most preferably such that 
the crimps so formed are oriented substantially perpendicu 
lar to imaginary axes 234 and 235 of gathered anode and 
cathode tabs 232 and 233. Trimming the distal ends may 
also, but less preferably, be accomplished at other non 
perpendicular angles respecting imaginary axes 234 and 
235. 

[0078] In some preferred methods, a crimping force is 
applied to feedthrough coils 121 and 126 and tabs 232 and 
233 throughout a subsequent preferred Welding step. In one 
method, it is preferred that the crimped anode and cathode 
feedthroughs be laser or ultrasonically Welded along the top 
portion of the trimmed edge of the distal ends to anode and 
cathode tabs 232 and 233. FolloWing Welding of 
feedthroughs 120 and 125 to gathered anode tabs 232 and 
gathered cathode tabs 233, respectively, pins 130 and 135 
are bent for insertion through feedthrough holes 142 and 143 
of case 90. 

[0079] Many different embodiments of the feedthroughs 
and means for connecting the feedthrough pins to anode and 
cathode tabs exist other than those shoWn explicitly in the 
?gures and are described in the above-referenced, com 
monly assigned, ’133 patent. 

[0080] A case sub-assembly is also created from case 90, 
anode ferrule 95, cathode ferrule 100, and ?ll port ferrule 
105 are ?rst provided. In a preferred embodiment of capaci 
tor 265, the case 90 and cover 110 are formed of aluminum. 
In other embodiments, case 90 or cover 110 may be formed 
of any other suitable corrosion-resistant metal such as tita 
nium or stainless steel, or may alternatively be formed of a 
suitable plastic, polymeric material or ceramic. The anode 
ferrule 95 and cathode ferrule 100 are Welded to the alumi 
num case side Wall to ?t around anode and cathode 
feedthrough ferrule holes 142 and 143, and a ?ll port ferrule 
is Welded to the case side Wall around a ?ll port hole 139. 
The Welding steps form no part of the present invention and 
various Ways of doing so are disclosed in detail in the 
above-referenced, commonly assigned, ’133 patent. 
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[0081] Wire guides 140 and 141 ?t Within center holes of 
ferrules 95 and 100 respectively and receive, center, and 
electrically insulate anode and cathode pins 130 and 135 
from the case 90, anode ferrule 95, and cathode ferrule 100. 
The formation and assembly of the Wire guides 140, 141 
With the ferrules 95, 100 and cathode pins 130, 135 form no 
part of the present invention and examples thereof are 
disclosed in detail in the above-referenced, commonly 
assigned, ’133 patent. Similarly, the insertion of the cathode 
pins 130, 135 through the Wire guides 140, 141 and the 
seating of the electrode stack assembly 225 coupled thereto 
into the interior case chamber of case 90 form no part of the 
present invention and examples thereof are disclosed in 
detail in the above-referenced, commonly assigned, ’133 
patent. 

[0082] Then, the cover 110 is placed upon the upper edge 
92 of the case side Wall, the upper edge 92 is crimped over 
the cover edge, and the joint therebetWeen is laser Welded all 
in a manner that forms no part of the present invention. A 
connector assembly is also coupled With the exposed, out 
Wardly extending pins 130 and 135. In one preferred 
embodiment, connector block 145 is disposed atop or oth 
erWise connected to case 90 and/or cover 110, and has Wire 
harness 155 attached thereto and potting adhesive disposed 
therein. HoWever, the particular con?guration of connector 
block 145 and its method of fabrication does not play a role 
in the practice of the present invention. Examples thereof are 
disclosed in detail in the above-referenced, commonly 
assigned, ’133 patent. 

[0083] In the illustrated embodiment, pre-formed plastic 
connector block 145 is placed on anode ferrule 95 and 
cathode ferrule 100 by guiding anode feedthrough pin 130 
through connector block anode feedthrough hole 300, and 
then guiding cathode feedthrough pin 135 through connector 
block cathode feedthrough hole 305. Connector block 145 is 
next seated ?ush against the exterior surface of case 90. 
Anode feedthrough pin 130 is then inserted into anode crimp 
tube 150b of Wire harness 155. Cathode feedthrough pin 135 
is then inserted into cathode crimp tube 150a of Wire harness 
155. Crimp tubes 150a and 150b are then crimped to 
feedthrough pins 130 and 135. The distal or basal portions 
of crimp tubes 150a and 150b are crimped on insulated 
anode lead 151 and insulated cathode lead 152, respectively. 
An epoxy adhesive is then injected into voids in the con 
nector block 145 to insulate the crimped connections, seal 
the Wire guides 140 and 141, case 90 and ferrules 95 and 
100, and provide strain relief to feedthrough pins 130 and 
135 and to the feedthrough Wire crimp connections. Insu 
lated leads 151 and 152 are likeWise connected to terminal 
connector 153 that forms the female end of a slide contact 
and is adapted to be connected to electronics module 360 in 
FIG. 

[0084] The life of capacitor 265 may be appreciably 
shortened if solvent vapor or electrolyte ?uid escapes from 
the interior of capacitor 265. Moreover, if capacitor 265 
leaks electrolyte, the electrolyte may attack the circuits to 
Which capacitor 265 is connected, or may even provide a 
conductive pathWay betWeen portions of that circuit. The 
present invention provides a bene?cial means for preventing 
the escape of solvent and solvent vapor from capacitor 265. 
More particularly, capacitor 265 most preferably includes 
hermetic laser Welded seams betWeen joint case 90 and 
cover 110, and betWeen ferrules 95, 100, and 105 and case 








