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(57) ABSTRACT 
An electric storage battery and method of manufacture 
thereof characterized by a feedthrough pin Which is inter 
nally directly physically and electrically connected to an 
inner end of a positive electrode substrate. A C-shaped 
mandrel extends around the pin and substrate end enabling 
the pin/mandrel to be used during the manufacturing process 
as an arbor to facilitate Winding layers of a spiral jellyroll 
electrode assembly. The pin additionally extends from the 
battery case and in the ?nal product constitutes one of the 
battery terminals With the battery case comprising the other 
terminal. Active material is removed from both sides of the 
outer end of the negative electrode in the jellyroll to alloW 
room for adhesive tape to secure the jellyroll. The electrolyte 
is injected through the open end of the case after the endcap 
is Welded to the negative electrode but before sealing the 
endcap to the case. The electrolyte is preferably injected 
through the C-shaped mandrel to facilitate and speed ?lling. 
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ELECTRIC STORAGE BATTERY CONSTRUCTION 
AND METHOD OF MANUFACTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/348,665, ?led Jan. 15, 2002. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to electric storage 
batteries and more particularly to a battery construction, and 
method of manufacture thereof, suitable for use in implant 
able medical devices. 

BACKGROUND OF THE INVENTION 

[0003] Rechargeable electric storage batteries are com 
mercially available in a Wide range of siZes for use in a 
variety of applications. As battery technology continues to 
improve, batteries ?nd neW applications Which impose 
increasingly stringent speci?cations relating to physical siZe 
and performance. Thus, neW technologies have yielded 
smaller and lighter Weight batteries having longer storage 
lives and higher energy output capabilities enabling them to 
be used in an increasing range of applications, including 
medical applications, Where, for example, the battery can be 
used in a medical device Which is implanted in a patient’s 
body. Such medical devices can be used to monitor and/or 
treat various medical conditions. 

[0004] Batteries for implantable medical devices are sub 
ject to very demanding requirements, including long useful 
life, high poWer output, loW self-discharge rates, compact 
siZe, high reliability over a long time period, compatibility 
With the patient’s internal body chemistry, etc. Although 
various battery chemistries have been tried, lithium ion 
technology is generally accepted as the preferred chemistry 
for medical implant applications. 

[0005] Such electric storage batteries are generally com 
prised of a tubular metal case enveloping an interior cavity 
Which contains an electrode assembly surrounded by a 
suitable electrolyte. The electrode assembly generally com 
prises a plurality of positive electrode, negative electrode, 
and separator layers Which are typically stacked and/or 
spirally Wound to form a jellyroll. The positive electrode is 
generally formed of a metal substrate having positive active 
material coated on both faces of the substrate. Similarly, the 
negative electrode is formed of a metal substrate having 
negative active material coated on both faces of the sub 
strate. In forming an electrode assembly, separator layers are 
interleaved betWeen the positive and negative electrode 
layers to provide electrical isolation. 

SUMMARY OF THE INVENTION 

[0006] The present invention is directed to an electric 
storage battery incorporating one or more aspects described 
herein for enhancing battery reliability While minimiZing 
battery siZe. In addition, the invention is directed to a 
method for ef?ciently manufacturing the battery at a rela 
tively loW cost. 

[0007] In accordance With a ?rst signi?cant aspect of the 
invention, a feedthrough pin is provided Which is directly 
physically and electrically connected to the inner end of an 
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electrode substrate (e.g., positive), as by Welding. The pin is 
used during the manufacturing process as an arbor to facili 
tate Winding the layers to form an electrode assembly 
jellyroll. Additionally, in the fully manufactured battery, the 
pin extends through a battery case endcap and functions as 
one of the battery terminals. The battery case itself generally 
functions as the other battery terminal. 

[0008] More particularly, in accordance With an exem 
plary preferred embodiment, the inner end of the positive 
electrode substrate is spot Welded to the feedthrough pin to 
form an electrical connection. The substrate, e. g., aluminum, 
can be very thin, e.g., 0.02 mm, making it dif?cult to form 
a strong mechanical connection to the pin, Which is prefer 
ably constructed of a loW electrical resistance, highly cor 
rosion resistant material, e.g., platinum iridium, and can 
have a diameter on the order of 0.40 mm. In order to 
mechanically reinforce the pin and secure the pin/substrate 
connection, a slotted C-shaped mandrel is provided. The 
mandrel is formed of electrically conductive material, e.g., 
titanium-6Al-4V, and is ?tted around the pin, overlaying the 
pin/substrate connection. The mandrel is then preferably 
Welded to both the pin and substrate. The mandrel slot 
de?nes a keyWay for accommodating a drive key Which can 
be driven to rotate the mandrel and pin to Wind the electrode 
assembly layers to form the spiral jellyroll. 

[0009] In accordance With a further signi?cant aspect of 
the invention, the outer layer of the jellyroll is particularly 
con?gured to minimiZe the siZe, i.e., outer radius dimension, 
of the jellyroll. More particularly, in the exemplary preferred 
embodiment, the active material is removed from both faces 
of the negative electrode substrate adjacent its outer end. 
The thickness of each active material coat can be about 0.04 
mm and the thickness of the negative substrate can be about 
0.005 mm. By baring the outer end of the negative electrode 
substrate, it can be adhered directly, e.g., by an appropriate 
adhesive tape, to the next inner layer to close the jellyroll to 
While minimiZing the roll outer radius dimension. 

[0010] A battery case in accordance With the invention is 
comprised of a tubular case body having open ?rst and 
second ends. The feedthrough pin preferably carries a ?rst 
endcap physically secured to, but electrically insulated from, 
the pin. This ?rst endcap is preferably secured to the case 
body, as by laser Welding, to close the open ?rst end and 
form a leak free seal. With the jellyroll mounted in the case 
and the ?rst endcap sealed, the interior cavity can thereafter 
be ?lled With electrolyte from the open second end. 

[0011] In accordance With a still further aspect of the 
invention, the jellyroll assembly is formed With a ?exible 
electrically conductive tab extending from the negative 
electrode substrate for electrical connection to the battery 
case. In accordance With a preferred embodiment, the tab is 
Welded to a second endcap Which is in turn Welded to the 
case. The tab is suf?ciently ?exible to enable the second 
endcap to close the case body second end after the interior 
cavity is ?lled With electrolyte via the open second end. In 
accordance With an exemplary preferred embodiment, the 
tab is Welded to the inner face of the second endcap such that 
When the jellyroll is placed in the body, the tab locates the 
second endcap proximate to the body Without obstructing 
the open second end. After electrolyte ?lling, the case body 
is sealed by bending the tab to position the second endcap 
across the body second end and then laser Welding the 
endcap to the case body. 
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BRIEF DESCRIPTION OF THE FIGURES 

[0012] FIG. 1 is a side vieW of a feedthrough pin subas 
sembly in accordance With the invention; 

[0013] FIG. 2 is a longitudinal sectional vieW through the 
subassembly of FIG. 1; 

[0014] FIG. 3 is a plan vieW of a positive electrode strip 
utilized in the exemplary preferred electrode assembly in 
accordance With the invention; 

[0015] FIG. 4 is a side vieW of the positive electrode strip 
of FIG. 3; 

[0016] FIG. 5 is an enlarged sectional vieW of the area A 
of FIG. 4 shoWing the inner end of the positive electrode 
strip of FIGS. 3 and 4; 

[0017] FIG. 6 is an isometric vieW shoWing the bared 
inner end of the positive electrode substrate spot Welded to 
the feedthrough pin and con?gured to receive a C-shaped 
mandrel thereon; 

[0018] FIG. 7 is an end vieW shoWing the C-shaped 
mandrel being crimped to the pin and electrode; 

[0019] FIG. 8 is an end vieW shoWing the C-shaped 
mandrel mounted on the pin and capturing the positive 
electrode substrate therebetWeen; 

[0020] FIG. 9 is an isometric vieW depicting a drive key 
accommodated in the slot of the C-shaped mandrel; 

[0021] FIG. 10 is a plan vieW shoWing the drive key 
coupled to a drive motor for rotating the C-shaped mandrel; 

[0022] FIG. 11 is a schematic end vieW depicting hoW 
rotation of the C-shaped mandrel and pin can Wind positive 
electrode, negative electrode, and separator strips to form a 
spiral jellyroll electrode assembly; 

[0023] FIG. 12 is a plan vieW of a negative electrode strip 
utiliZed in the exemplary preferred electrode assembly in 
accordance With the invention; 

[0024] FIG. 13 is a side vieW of the negative electrode 
strip of FIG. 12; 

[0025] FIG. 14 is an enlarged sectional vieW of the areaA 
of FIG. 13 shoWing the inner end of the negative electrode 
strip of FIGS. 12 and 13; 

[0026] FIG. 15 is an enlarged sectional vieW of the area B 
of FIG. 13 shoWing the outer end of the negative electrode 
strip of FIGS. 11 and 12; 

[0027] FIG. 16 is an isometric vieW shoWing that the 
layers of a spirally Wound electrode assembly, i.e., jellyroll; 

[0028] FIG. 17 is a plan vieW of the negative electrode 
strip shoWing the attachment of a ?exible electrically con 
ductive tab to the bared outer end of the negative electrode 
substrate; 
[0029] FIG. 18 is an enlarged sectional vieW shoWing hoW 
the outer turn of the negative electrode strip is taped to the 
next inner layer to close the jellyroll to minimize its outer 
radius dimension; 

[0030] FIG. 19 is an isometric vieW depicting the jellyroll 
electrode assembly being inserted into a cylindrical battery 
case body; 
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[0031] FIG. 20 is an isometric vieW shoWing a battery 
case body With the negative electrode tab extending from the 
open case body; 

[0032] FIG. 21 is an isometric vieW shoWing hoW the 
negative electrode tab is mechanically and electrically con 
nected to an endcap for sealing the case body second end; 

[0033] FIG. 22 is a side vieW shoWing hoW the negative 
electrode tab holds the second endcap proximate to the case 
body second end Without obstructing the open second end; 

[0034] FIG. 23 is a front vieW shoWing the Weld position 
and the relationship betWeen the various components; and 

[0035] FIG. 24 is an enlarged sectional vieW of the second 
end of the battery case shoWing the endcap in sealed 
position. 

DETAILED DESCRIPTION 

[0036] Attention is initially directed to FIGS. 1 and 2 
Which illustrate a preferred feedthrough pin subassembly 10 
utiliZed in accordance With the present invention. The sub 
assembly 10 is comprised of an elongate pin 12, preferably 
formed of a solid electrically conductive material, having 
loW electrical resistance and high corrosion resistance such 
as platinum iridium, preferably 90Pt/10Ir. The pin 12 
extends through, and is hermetically sealed to a header 14. 
The header 14 is comprised of dielectric disks, e. g., ceramic, 
16 and 18 Which sandWich a glass holloW cylinder 20 
therebetWeen. The glass holloW cylinder is hermetically 
sealed to the pin 12. The outer surface of the glass holloW 
cylinder 20 is sealed to the inner surface of an electrically 
conductive holloW member 22, e.g., titanium-6Al-4V. As 
Will be seen hereinafter, the conductive holloW material 22 
functions as a battery case endcap in the ?nal product to be 
described hereinafter. 

[0037] Attention is noW directed to FIGS. 3,4, and 5 
Which illustrate a preferred positive electrode strip 30 Which 
is utiliZed in the fabrication of a preferred spirally Wound 
jellyroll electrode assembly in accordance With the present 
invention. The positive electrode strip 30 is comprised of a 
metal substrate 32 formed, for example, of aluminum. 
Positive electrode active material 34, 36 is deposited, 
respectively on the upper and loWer faces 38 and 40 of the 
substrate 32. Note in FIGS. 3,4, and 5 that the right end of 
the substrate 32 is bare, i.e. devoid of positive active 
material on both the upper and loWer faces 38, 40. 

[0038] It is to be pointed out that exemplary dimensions 
are depicted in FIGS. 1-5 and other ?gures herein. These 
exemplary dimensions are provided primarily to convey an 
order of magnitude to the reader to facilitate an understand 
ing of the text and draWings. Although the indicated dimen 
sions accurately re?ect one exemplary embodiment of the 
invention, it should be appreciated that the invention can be 
practiced utiliZing components having signi?cantly different 
dimensions. 

[0039] FIG. 6 depicts an early process step for manufac 
turing a battery in accordance With the invention utiliZing 
the pin subassembly 10 (FIGS. 1,2) and the positive elec 
trode strip 30 (FIGS. 3-5). Atopside electrode insulator (not 
shoWn), Which may comprise a thin disk of DuPont Kap 
ton® polyimide ?lm, is slipped onto the pin 12 adjacent the 
header 14. In accordance With the present invention, the bare 
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end of the electrode strip substrate 32 is electrically con 
nected to the pin 12 preferably by resistance spot Welding, 
shown at 44. Alternatively, substrate 32 may be ultrasoni 
cally Welded to the pin 12. The thinness, e.g. point 0.02 mm 
of the substrate 32, makes it very dif?cult to form a strong 
mechanical connection betWeen the substrate and the pin 12. 
Accordingly, in accordance With a signi?cant aspect of the 
present invention, an elongate C-shaped mandrel 48 is 
provided to mechanically reinforce the pin 12 and secure the 
substrate 32 thereto. 

[0040] The mandrel 48 preferably comprises an elongate 
titanium or titanium alloy such as Ti-6Al-4V tube 50 having 
a longitudinal slot 52 extending along the length thereof. 
The arroW 54 in FIG. 6 depicts hoW the mandrel 48 is slid 
over the pin 12 and substrate 32, preferably overlaying the 
line of spot Welds 44. The mandrel 48, pin 12, and substrate 
32 are then preferably Welded together, such as by resistance 
spot Welding or by ultrasonic Welding. Alternatively, the 
mandrel 48 may be crimped onto the pin 12 at least partially 
closing the “C” to create a strong mechanical connection. In 
the case of forming only a mechanical connection and not 
necessarily a gas-tight electrical connection betWeen the 
mandrel 48 and the pin and substrate, the mandrel material 
is preferably made of a material that Will not lead to 
electrolysis. When used With electrolytes that tend to contain 
hydro?uoric acid, the mandrel is preferably made of 304, 
314, or 316 stainless steels or aluminum or an alloy thereof 
chosen for its compatibility With the other materials. FIG. 7 
is an end vieW shoWing the step of crimping the mandrel 48 
to the pin 12 and substrate 32. Supporting die 126 is used to 
support the mandrel 48 and crimping dies 124 and 125 are 
used to deform the edges of the mandrel 48 to bring them 
closer together and mechanically connect the mandrel 48 to 
the pin 12 and substrate 32. By crimping in the direction of 
arroWs 127 and 128, a strong connection is formed Without 
damaging the thin electrode or disturbing the electrical 
connection betWeen the pin and the electrode. 

[0041] FIG. 8 is an end vieW shoWing the slotted mandrel 
48 on the pin 12 With the substrate 32 extending tangentially 
to the pin 12 and terminating adjacent the interior surface of 
the mandrel tube 50. The tube 50 is preferably suf?ciently 
long so as to extend beyond the free end of the pin 12. As 
depicted in FIG. 9, this enables a drive key 56 to extend into 
the mandrel slot 52. 

[0042] FIG. 10 schematically depicts a drive motor 60 for 
driving the drive key 56 extending into mandrel slot 52. 
With the pin subassembly header 14 supported for rotation 
(not shoWn), energiZation of the motor 60 Will orbit the key 
drive 56 to rotate the mandrel 48 and subassembly 10 around 
their common longitudinal axes. The rotation of the mandrel 
48 and subassembly 10 is employed to form a jellyroll 
electrode assembly in accordance With the present invention. 

[0043] More particularly, FIG. 11 depicts hoW a jellyroll 
electrode assembly is formed in accordance With the present 
invention. The bare end of the substrate 32 of the positive 
electrode strip 30 is electrically connected to the pin 12 as 
previously described. The conductive mandrel 48 contains 
the pin 12 and bare substrate end, being Welded to both as 
previously described. Astrip of insulating separator material 
64 extending from opposite directions is introduced betWeen 
the mandrel 48 and positive electrode substrate 32, as 
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shoWn. A negative electrode strip 70 is then introduced 
betWeen the portions of the separator material extending 
outWardly from mandrel 48. 

[0044] The preferred exemplary negative electrode strip 
70 is depicted in FIGS. 12-15. The negative electrode strip 
70 is comprised of a substrate 72, eg titanium, having 
negative active material formed on respective faces of the 
substrate. More particularly, note in FIG. 14 that negative 
active material 74 is deposited on the substrate upper surface 
76 and negative active material 78 is deposited on the 
substrate loWer surface 80. FIG. 14 depicts the preferred 
con?guration of the inner end 82 of the negative electrode 
strip 70 shoWn at the left of FIGS. 12 and 13. FIG. 15 
depicts the con?guration of the outer end 83 of the negative 
electrode strip 70 shoWn at the right side of FIGS. 12 and 
13. 

[0045] Note in FIG. 14 that one face of the substrate inner 
end 82 is bared. This con?guration can also be noted in FIG. 
11 Which shoWs hoW the negative substrate inner end 82 is 
inserted betWeen turns of the separator strip 64. After the 
strip 70 has been inserted as depicted in FIG. 11, the 
aforementioned drive motor 60 is energiZed to rotate pin 12 
and mandrel 48, via drive key 56, in a counterclockWise 
direction, as vieWed in FIG. 11. Rotation of pin 12 and 
mandrel 48 functions to Wind positive electrode strip 30, 
separator strip 64, and negative electrode strip 70, into the 
spiral jellyroll assembly 84, depicted in FIG. 16. The 
assembly 84 is comprised of multiple layers of strip material 
so that a cross section through the assembly 84 Would reveal 
a sequence of layers in the form pos/sep/neg/sep/pos/sep/ 
neg/ . . . , etc. 

[0046] FIG. 15 depicts a preferred con?guration of the 
outer end 83 of the negative electrode strip 70. Note that the 
outer end 88 of the substrate 72 is bared on both its top and 
bottom faces. Additionally, as shoWn in FIG. 17, a ?exible 
metal tab 90 is Welded crossWise to the substrate 72 so as to 
extend beyond edge 92. More particularly, note that portion 
94 of tab 90 is cantilevered beyond edge 92 of negative 
electrode strip 70. This tab portion, as Will be described 
hereinafter, is utiliZed to mechanically and electrically con 
nect to an endcap for closing a battery case. 

[0047] Attention is noW called to FIG. 18, Which illus 
trates a preferred technique for closing the jellyroll assembly 
84. That is, the bared end 88 of the negative electrode 
substrate 72 extending beyond the negative active material 
coat 78 is draped over the next inner layer of the jellyroll 
assembly 84. The end 88 can then be secured to the next 
inner layer, e.g., by appropriate adhesive tape 96. One such 
suitable adhesive tape is DuPont Kapton® polyimide tape. It 
is important to note that the outer end con?guration 88 of the 
negative electrode strip 70 enables the outer radius dimen 
sion of the jellyroll assembly 84 to be minimiZed as shoWn 
in FIG. 18. More particularly, by baring the substrate 72 
beyond the active material 78, the tape 96 is able to secure 
the substrate end Without adding any radial dimension to the 
jellyroll assembly. In other Words, if the outer end of the 
substrate Were not sufficiently bared, then the tape 96 Would 
need to extend over the active material and thus add to the 
outer radius dimension of the jellyroll 84. Furthermore, the 
bare substrate 72 is more ?exible than the substrate coated 
With active material 78 and conforms more readily to the 
jellyroll assembly 84, making it easier to adhere it to the 
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surface of the jellyroll. These space savings, although seem 
ingly small, can be clinically important in certain medical 
applications. It should be noted that the electrode need only 
be bared at an end portion long enough to accommodate the 
tape 96, as shoWn in FIG. 18. Because the uncoated sub 
strate does not function as an electrode, it Would Waste space 
in the battery to bare any more than necessary to accom 
modate the tape. In a preferred embodiment, the length of 
uncoated substrate is betWeen 1 and 8 mm, and more 
preferably about 2 mm. 

[0048] FIG. 19 depicts the completed jellyroll assembly 
84 and shoWs the cantilevered tab portion 94 prior to 
insertion into a battery case body 100. The case body 100 is 
depicted as comprising a cylindrical metal tube 101 having 
an open ?rst end 104 and open second end 106. ArroW 107 
represents hoW the jellyroll assembly 84 is inserted into the 
cylindrical tube 101. FIG. 20 depicts the jellyroll assembly 
84 Within the tube 101 With the cantilevered negative 
electrode tab 94 extending from the case open second end 
106. The case open ?rst end 104 is closed by the aforemen 
tioned header 14 of the pin subassembly 10 shoWn in FIGS. 
1 and 2. More particularly, note that the metal holloW 
member 22 is con?gured to de?ne a reduced diameter 
portion 108 and shoulder 110. The reduced diameter portion 
108 is dimensioned to ?t into the open end 104 of the 
cylindrical tube 101 essentially contiguous With the tube’s 
inner Wall surface. The shoulder 110 of the holloW member 
22 engages the end of the case tube 101. This enables the 
surfaces of the reduced diameter portion 108 and shoulder 
110 to be laser Welded to the end of the case 100 to achieve 
a hermetic seal. 

[0049] Attention is noW directed to FIGS. 21-24, Which 
depict the tab 94 extending from the second open end 106 of 
the case tube 101. Note that the tab 94 extends longitudinally 
from the body close to the case tube adjacent to tube’s inner 
Wall surface. In accordance With a preferred embodiment of 
the invention, the tab 94 is Welded at 110 to the inner face 
112 of a circular second endcap 114. In accordance With a 
preferred embodiment, the tab 94 is suf?ciently long to 
locate the Weld 110 beyond the center point of the circular 
endcap 114. More particularly, note in FIGS. 21-24 that by 
locating the Weld 110 displaced from the center of the cap 
114, the tab 94 can conveniently support the endcap 114 in 
a vertical orientation as depicted in FIG. 22 misaligned With 
respect to the open end 106. This end cap position approxi 
mately perpendicular to the end 122 of the case 100 is a ?rst 
bias position Wherein the end cap advantageously tends to 
remain in that orientation With the case end open prior to 
?lling. To further describe the relationship betWeen the Weld 
location and the various components, FIG. 23 shoWs a front 
vieW With various dimensions. L represents the length from 
the Weld 110 to the top of the case 100 as measured parallel 
to the edge of the case. R is the radius of the end cap 114. 
For the preferred geometry, L§2R. Weld 110 is preferably 
made above the center point 111 of the end cap 114. 
Preferably, the end cap 114 overlaps the case 100 by 
approximately R/2. By con?guring the tab 94 and Weld 110 
as indicated, the endcap 114 can be supported so that it does 
not obstruct the open end 106, thereby facilitating electro 
lyte ?lling of the case interior cavity via open end 106. A 
?lling needle or noZZle can be placed through open end 106 
to ?ll the case. This obviates the need for a separate 
electrolyte ?ll port, thereby reducing the number of com 
ponents and number of seals to be made, thus reducing cost 

Mar. 18, 2004 

and improving reliability. Furthermore, for small medical 
batteries, the end caps Would be very small to have ?ll ports 
therein. In a preferred embodiment in Which the case Wall is 

very thin, for example, 0.002 inches, providing a ?ll port in 
the side Wall of the case Would be impractical. Even in the 
case of larger devices Where space is less critical and the 
Wall is more substantial, providing a ?ll port in the side of 
the case Would mean the electrolyte Would have a very long 
path length to Wet the jellyroll. Note that While the case 
could be ?lled With electrolyte prior to Welding tab 94 to 
endcap 114, it Would be difficult and messy to do so. 
Therefore, it is advantageous to con?gure the tab 94 and 
Weld 110 as described to alloW the Weld to be made prior to 
?lling. 

[0050] Preferably before ?lling, a bottomside electrode 
insulator (not shoWn), Which may comprise a thin disk of 
DuPont Kapton® polyimide ?lm, is installed into the case 
betWeen the rolled electrode assembly and the still open end 
of the battery case. 

[0051] In a preferred ?ling method, there is a channel of 
air betWeen the pin and the crimped or Welded C-shaped 
mandrel, Which is used as a conduit for quickly delivering 
the electrolyte to the far end of the battery and to the inside 
edges of the electrodes Within the jellyroll. Filling from the 
far end of the battery prevents pockets of air from being 
trapped, Which could form a barrier to further ?lling. This 
facilitates and speeds the ?lling process, ensuring that elec 
trolyte Wets the entire battery. 

[0052] Thereafter, the ?exible tab 94 can be bent to the 
con?guration depicted in FIG. 24. Note that the endcap 114 
is con?gured similarly to header holloW member 22 and 
includes a reduced diameter portion 118 and a shoulder 120. 
The reduced diameter portion snugly ?ts against the inner 
surface of the Wall of tube 101 With the endcap shoulder 120 
bearing against the end 122 of the cylindrical case 100. The 
relatively long length of the tab 94 extending beyond the 
center point of the endcap surface 112 minimiZes any axial 
force Which might be exerted by the tab portion 94 tending 
to longitudinally displace the endcap 114. The end cap 
position covering the end 122 of the case 100 is a second 
bias position Wherein the end cap advantageously tends to 
remain in that orientation prior to Welding. With the endcap 
in place, it can then be readily Welded to the case Wall 101 
to hermetically seal the battery. With tab 90 Welded to 
negative substrate 72 and With the negative electrode strip 
70 as the outermost layer of the jellyroll, the endcap 114 
becomes negative. In turn, Welding the endcap 114 to the 
case 100 renders the case negative. 

[0053] From the foregoing, it should noW be appreciated 
that an electric storage battery construction and method of 
manufacture have been described herein particularly suited 
for manufacturing very small, highly reliable batteries suit 
able for use in implantable medical devices. Although a 
particular preferred embodiment has been described herein 
and exemplary dimensions have been mentioned, it should 
be understood that many variations and modi?cations may 
occur to those skilled in the art falling Within the spirit of the 
invention and the intended scope of the appended claims. 
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We claim: 
1. An electric storage battery including: 

a case comprising a peripheral Wall de?ning an interior 
volume; and 

an electrode assembly mounted in said interior volume, 
said electrode assembly including: 

an electrically conductive elongate pin; and 

?rst and second opposite polarity electrode strips 
Wound together to form a spiral roll, each electrode 
strip having inner and outer ends, Wherein said ?rst 
electrode strip is electrically coupled to said pin at 
said inner end; and 

a holloW elongate mandrel closely ?tted around said 
pin for mechanically reinforcing said pin. 

2. The battery of claim 1 Wherein said pin extends 
exteriorly of said case peripheral Wall to function as a ?rst 
battery terminal. 

3. The battery of claim 1 Wherein said mandrel is elec 
trically coupled to said pin. 

4. The battery of claim 1 Wherein said ?rst electrode strip 
inner end is directly connected to said pin by at least one 
Weld. 

5. The battery of claim 1 Wherein said pin consists of a 
PtIr alloy. 

6. The battery of claim 1 further comprising a ?rst end cap 
mounted on said pin, said ?rst end cap including an elec 
trical insulator; and Wherein said pin extends through and is 
hermetically sealed to said end cap electrical insulator. 

7. The battery of claim 1 Wherein said mandrel de?nes an 
elongate slot; and Wherein 

said ?rst electrode strip extends through said mandrel slot. 
8. The battery of claim A1 Wherein said mandrel is Welded 

to said pin. 
9. The battery of claim A1 Wherein said mandrel com 

prises titanium or an alloy thereof. 
10. An electric storage battery made by the steps of: 

providing an electrically conductive elongate pin having 
inner and outer ends; 

providing a ?rst polarity electrode strip; 

providing a second polarity electrode strip; 

electrically connecting a ?rst end of the ?rst polarity 
electrode strip to the pin proximate to the pin inner end; 

mounting a reinforcing mandrel on the pin; and 

Winding together the ?rst polarity electrode strip and the 
second polarity electrode strip to form a spiral roll 
having at least a portion of the pin Within the spiral roll. 

11. The battery of claim 10 Wherein said steps further 
include the step of mounting the spiral roll in a case With the 
pin outer end extending exteriorly of the case to form a ?rst 
battery terminal. 

13. The battery of claim 10 Wherein said steps further 
includ the step of electrically coupling the reinforcing man 
drel to the pin. 

14. The battery of claim 10 Wherein said step of Winding 
together the ?rst polarity electrode strip and the second 
polarity electrode strip comprises rotating the pin. 

15. The battery of claim 10 Wherein said step of providing 
an electrically conductive elongate pin includes a step of: 
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forming an end cap including an insulating member on the 
pin hermetically sealed thereto and positioned proxi 
mate to but spaced from the pin outer end. 

16. The battery of claim 3 Wherein said steps further 
include a step of mounting a conductive member around the 
insulating member; and 

electrically connecting the conductive member to the 
case. 

17. The battery of claim 1 Wherein said steps further 
include a step of Welding the reinforcing mandrel to the pin. 

18. The battery of claim 1 Wherein the mandrel comprises 
a tube having a slot therein and Wherein said Winding step 
further includes the steps of: 

inserting a drive key into the slot; and 

orbiting the drive key to rotate the mandrel and pin. 
19. The battery of claim 1 Wherein the mounted mandrel 

comprises a channel and Wherein said steps further include 
a step of injecting electrolyte through the channel. 

20. A method of constructing an electric storage battery 
including: 

providing an electrically conductive elongate pin having 
inner and outer ends; 

providing a ?rst polarity electrode strip; 

providing a second polarity electrode strip; 

electrically connecting a ?rst end of said ?rst polarity 
electrode strip to said pin proximate to said pin inner 
end; 

mounting a reinforcing mandrel on the pin; 

Winding together said ?rst polarity electrode strip and said 
second polarity electrode strip to form a spiral roll 
having at least a portion of the pin Within the spiral roll. 

21. The method of claim 20 and further including the step 
of: 

mounting said spiral roll in a case With said pin outer end 
extending exteriorly of said case to form a ?rst battery 
terminal. 

22. The method of claim 20 and further including the step 
of: 

electrically coupling the reinforcing mandrel to the pin. 
23. The method of claim 20 Wherein said step of Winding 

together the ?rst polarity electrode strip and the second 
polarity electrode strip comprises rotating the pin. 

24. The method of claim 20 Wherein said step of providing 
said electrically conductive elongate pin includes a step of: 

forming an end cap including an insulating member on 
said pin hermetically sealed thereto and positioned 
proximate to but spaced from said pin outer end. 

25. The method of claim 24 including the further step of 
mounting a conductive member around said insulating mem 
ber; and 

electrically connecting said conductive member to said 
case. 

26. The method of claim 20 including a further step of 
Welding the reinforcing mandrel to the pin. 

27. The method of claim 20 said step of mounting a 
reinforcing mandrel comprises mounting a mandrel com 
prising a tube having a slot therein; and Wherein said 
Winding step further includes the steps of: 
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inserting a drive key into the slot; and 

orbiting the drive key to rotate the mandrel and pin. 
28. The method of claim 20 Wherein the said step of 

mounting a reinforcing mandrel comprises providing a chan 
nel and Wherein said steps further include a step of injecting 
electrolyte through the channel. 

29. An electrode assembly including: 

an electrically conductive, elongate pin; 

an elongate reinforcing mandrel mounted on at least a 
portion of said pin; and 

a spiral roll comprising ?rst and second opposite polarity 
electrode strips and at least one separator strip sepa 
rating said electrode strips mounted on said pin, 
Wherein one of said electrode strips is electrically 
coupled to said pin. 

30. The electrode assembly of claim 29 Wherein said 
mandrel is C-shaped and de?nes a longitudinal slot; and 
Wherein 

an inner end of said ?rst electrode strip extends through 
said mandrel slotand is electrically connected to said 
pm. 

31. The electrode assembly of claim 29 Wherein said pin 
comprises a portion extending beyond said spiral roll to 
form a battery terminal. 

32. The electrode assembly of claim 29 Wherein said 
mandrel is crimped onto said pin. 

33. The electrode assembly of claim 29 Wherein the 
mounted mandrel has a channel through Which electrolyte 
can be injected. 

34. An electrode assembly made by the steps of: 

providing an electrically conductive, elongate pin; 

providing a ?rst polarity electrode strip; 

providing a second polarity electrode strip; 

electrically connecting a ?rst end of the ?rst polarity 
electrode strip to the pin; 

mounting a reinforcing mandrel on the pin; and 

Winding together the ?rst polarity electrode strip and the 
second polarity electrode strip to form a spiral roll 
having at least a portion of the pin and the mandrel 
interior to the spiral roll. 

35. The assembly of claim 34 Wherein said steps further 
include a step of crimping the reinforcing mandrel to the pin. 

36. The assembly of claim 34 Wherein said steps further 
include a step of Welding the reinforcing mandrel to the pin. 

37. The assembly of claim 34 Wherein said step of 
Winding together the ?rst polarity electrode strip and the 
second polarity electrode strip comprises rotating the pin 
and the mandrel. 

38. The assembly of claim 34 Wherein said step of 
Winding together the ?rst polarity electrode strip and the 
second polarity electrode strip to form a spiral roll comprises 
leaving a portion of the pin extending beyond the spiral roll 
to form a battery terminal. 

39. A method of constructing an electric storage battery 
including: 

providing an electrically conductive, elongate pin; 

providing a ?rst polarity electrode strip; 
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providing a second polarity electrode strip; 

electrically connecting a ?rst end of said ?rst polarity 
electrode strip to said pin; 

mounting a reinforcing mandrel on said pin; and 

Winding together the ?rst polarity electrode strip and the 
second polarity electrode strip to form a spiral roll. 

40. The method of claim 39 including the further step of 
crimping the reinforcing mandrel to the pin. 

41. The method of claim 39 including the further step of 
Welding the reinforcing mandrel to the pin. 

42. The method of claim 39 Wherein said step of Winding 
together the ?rst polarity electrode strip and the second 
polarity electrode strip comprises rotating the pin and the 
mandrel. 

42. The method of claim 39 Wherein said step of Winding 
together the ?rst polarity electrode strip and the second 
polarity electrode strip to form a spiral roll comprises 
leaving a portion of the pin extending beyond the spiral roll 
to form a battery terminal. 

43. An electric storage battery comprising: 

an electrically conductive case sealed by ?rst and second 
end caps; 

an electrically conductive terminal pin extending through 
said ?rst end cap and electrically insulated from said 
case; 

an electrode assembly disposed Within said case and 
comprising ?rst and second opposite polarity elec 
trodes separated by separators Wherein said ?rst elec 
trode is electrically coupled to said pin; 

a ?exible conductive tab electrically coupled to said 
second electrode proximate a ?rst location at the seal 
formed betWeen said second end cap and said case; 

Wherein said second end cap has a center and Wherein said 
second end cap has a Width from said ?rst location to 
a second location at the seal formed betWeen said 
second end cap and said case measured along a line 
through said center; and 

said tab electrically connected to said second end cap at 
a third location betWeen said second location and said 
center of said second end cap. 

44. The battery of claim 43 Wherein said case has no 
separate ?ll hole. 

45. The battery of claim 43 Wherein said second end cap 
is Welded to said tab ?at against an inner face of said second 
end cap. 

46. The battery of claim 43 Wherein said second end cap 
is circular and Wherein said Width is a diameter. 

47. An electric storage battery made by the steps of: 

providing a case comprising a peripheral Wall of electri 
cally conductive material de?ning an interior volume 
and having ?rst and second Wall openings communi 
cating With the interior volume; 

providing an electrically conductive terminal pin extend 
ing through a ?rst end cap and electrically insulated 
from the case 

providing an electrode assembly comprising ?rst and 
second opposite polarity electrodes 

electrically connecting the ?rst electrode to the pin; 
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forming a ?exible conductive tab extending beyond a 
second edge of the electrode assembly and electrically 
connected to the second electrode; 

mounting the electrode assembly in the interior volume 
With the pin extending out through the ?rst Wall open 
ing and the tab extending out through the second Wall 
opening; 

mounting the ?rst end cap to seal the ?rst Wall opening; 

providing a second end cap of electrically conductive 
material; and 

fastening the second end cap to the tab in a manner to 
provide an electrical connection therebetWeen. 

48. The electric storage battery of claim 47 Wherein said 
steps further include a further step of depositing electrolyte 
into the case through the second Wall opening folloWing said 
step of fastening the second end cap to the tab. 

49. The electric storage battery of claim 47 Wherein said 
step of fastening the second end cap to the tab includes 
Welding the tab ?at against an inner face of the second end 
cap. 

50. The electric storage battery of claim 49 including the 
further step of mounting the end cap in the second Wall 
opening to seal the second Wall opening. 

51. A method of constructing an electric storage battery 
including: 

providing a case comprising a peripheral Wall of electri 
cally conductive material de?ning an interior volume 
and having ?rst and second Wall openings communi 
cating With the interior volume; 

providing an electrically conductive terminal pin extend 
ing through a ?rst end cap and electrically insulated 
from the case 

providing an electrode assembly comprising ?rst and 
second opposite polarity electrodes Wherein the ?rst 
electrode is electrically connected to the pin; 

forming a ?exible conductive tab extending beyond a 
second edge of the electrode assembly and electrically 
connected to the second electrode; 

mounting the electrode assembly in the interior volume 
With the pin extending out through the ?rst Wall open 
ing and the tab extending out through the second Wall 
opening; 

mounting the ?rst end cap to seal the ?rst Wall opening; 

providing a second end cap of electrically conductive 
material; and 

fastening the second end cap to the tab in a manner to 
provide a mechanical and electrical connection ther 
ebetWeen. 

52. The method of claim 51 including a further step of 
depositing electrolyte into the case through the second Wall 
opening after said step of fastening the second end cap to the 
tab. 

53. The method of claim 51 Wherein said step of fastening 
the second end cap to the tab includes Welding the tab ?at 
against an inner face of the second end cap. 

54. The method of claim 53 including the further step of 
mounting the end cap in the second Wall opening to seal the 
second Wall opening. 
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55. An electric storage battery comprising: 

an electrically conductive case hermetically sealed by ?rst 
and second end caps, Wherein said case has no separate 
?ll holes and Wherein said ?rst and second end caps 
have no separate ?ll holes; 

an electrically conductive terminal pin extending through 
said ?rst end cap and electrically insulated from said 
case; 

an electrode assembly disposed Within said case and 
comprising ?rst and second opposite polarity elec 
trodes separated by separators Wherein said ?rst elec 
trode is electrically coupled to said pin; and 

a ?exible conductive tab electrically coupled to said 
second electrode and to said second end cap. 

56. An electric storage battery made by the steps of: 

providing a case comprising a peripheral Wall of electri 
cally conductive material de?ning an interior volume 
and having ?rst and second Wall openings communi 
cating With the interior volume; 

providing an electrically conductive terminal pin extend 
ing through the ?rst end cap and electrically insulated 
from the case; 

providing an electrode assembly comprising ?rst and 
second opposite polarity electrodes 

electrically coupling the ?rst electrode to the pin; 

mounting the electrode assembly in the interior volume 
With the pin extending out through the ?rst Wall open 
ing; 

mounting the ?rst end cap to seal the ?rst Wall opening; 

providing a second end cap of electrically conductive 
material; and 

electrically coupling the second electrode to the second 
end cap; 

depositing electrolyte into the case through the second 
Wall opening; and 

mounting the end cap in the second Wall opening to seal 
the second Wall opening. 

57. The electric storage battery of claim 56 Wherein the 
step of electrically coupling the second electrode to the 
second end cap precedes the step of depositing electrolyte 
into the case through the second Wall opening. 

58. A method of constructing an electric storage battery 
including: 

providing a case comprising a peripheral Wall of electri 
cally conductive material de?ning an interior volume 
and having ?rst and second Wall openings communi 
cating With the interior volume; 

providing an electrically conductive terminal pin extend 
ing through the ?rst end cap and electrically insulated 
from the case; 

providing an electrode assembly comprising ?rst and 
second opposite polarity electrodes 

electrically coupling the ?rst electrode to the pin; 
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mounting the electrode assembly in the interior volume 
With the pin extending out through the ?rst Wall open 
ing; 

mounting the ?rst end cap to seal the ?rst Wall opening; 

providing a second end cap of electrically conductive 
material; and 

electrically coupling the second electrode to the second 
end cap; 

depositing electrolyte into the case through the second 
Wall opening; and 

mounting the end cap in the second Wall opening to seal 
the second Wall opening. 

59. The method of claim 58 Wherein the step of electri 
cally coupling the second electrode to the second end cap 
precedes the step of depositing electrolyte into the case 
through the-second Wall opening. 

60. A herrnetically sealable electric storage battery corn 
prising: 

a case having an open end; 

a ?rst electrically conductive terrninal electrically insu 
lated from said case; 

an electrode assembly disposed Within said case and 
comprising ?rst and second opposite polarity elec 
trodes separated by separators Wherein said ?rst elec 
trode is electrically coupled to said ?rst terrninal; 
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a ?exible conductive tab electrically coupled to said 
second electrode proXirnate a ?rst location at said case 

open end; 

said tab electrically connected to said end cap at a second 
location Whereby said end cap has a ?rst bias position 
tending to keep said case open end open and a second 
bias position tending to close said case open end. 

61. The battery of claim 60 Wherein said ?rst bias position 
orients said end cap approXirnately perpendicular to said 
open end. 

62. The battery of claim 60 Wherein said second end cap 
is Welded to said tab ?at against an inner face of said second 
end cap. 

63. The battery of claim 60 Wherein: 

said end cap is circular and has a radius R; 

the distance from said second location to said case open 
end is a length L; and 

LEZR. 

64. The battery of claim 63 Wherein said second location 
is above the center of said end cap in said ?rst bias position. 

65. The battery of claim 63 Wherein said end cap overlaps 
the case by approximately R/2 in said second bias position. 


