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FEEDTHROUGH ASSEMBLY AND ASSOCIATED METHOD

FIELD
The present disclosure relates generally to construction of a feedthrough assembly for
use in an implantable medical device (IMD), and more particularly, to insulating glass within

the feedthrough assembly.

BACKGROUND

This section provides background information related to the present disclosure that is
not necessarily prior art.

Numerous devices (e.g., implantable medical devices (IMDs), electrochemical cells
(e.g., batteries, capacitors, or sensors) are hermetically sealed to prevent liquid from
contacting electronic components within the device. A typical feedthrough assembly consists
of a conductive element (e.g., wires or pins), a ferrule or sleeve member, an insulating
member (e.g., glass, ceramic), and a seal. Feedthroughs include those described in U.S. Pat.
Nos. 6,855,456 and 5,175,067 and U.S. Pat. App. Pub. No. 2006/0247714, all to Taylor et al.
The ferrule or sleeve member includes an aperture configured to receive the insulating
member. A seal may be located between the ferrule or sleeve member and the insulating
member. Insulating members include those formed of Ta-23 glass and Cabal-12 glass, as
described in U.S. Pat. No. 5,306,581 to Taylor et al. An exemplary feedthrough assembly
may be inserted, for example, into a housing of a battery such that a portion of the conductive
clement extends into the housing to connect with battery elements while another portion of
the conductive element extends outside of the housing to connect with other electronic
components.

Construction of a feedthrough assembly can require the use of forming weights,
complicating production, and in some instances, limiting the minimum feedthrough size. In
addition, some insulating members are susceptible to reaction with aqueous solutions, such as
body fluids. Reaction with body fluids can erode the insulating member and diminish

performance over time. It is desirable to develop improved feedthroughs for IMDs.
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SUMMARY

This section provides a general summary of the disclosure, and is not a
comprehensive disclosure of its full scope or all of its features.

Glass insulating members and glass preforms are provided that comprise about 30%
B,03; about 30% to about 40% of a member selected from the group consisting of CaO,
MgO, SrO, and combinations thereof, with the proviso that the individual amounts of CaO
and MgO are each not greater than about 20%; about 5% La,0s; about 10% Si0»; and about
15% Al,Os, wherein all percentages are mole percentages. These insulating members and
preforms are used in feedthrough assemblies and methods of forming feedthrough
assemblies.

According to various embodiments of the present disclosure, a feedthrough assembly
includes a ferrule, an insulating structure, and a glass seal that fixedly secures the insulating
structure within the ferrule. The glass seal comprises about 30% B,Os, about 30% to about
40% of a member selected from the group consisting of CaO, MgO, SrO, and combinations
thereof, with the proviso that the individual amounts of CaO and MgO are each not greater
than about 20%, about 5% La,0z, about 10% SiO,, and about 15% Al,O3, wherein all
percentages are mole percentages.

According to various embodiments of the present disclosure, a method of
manufacturing a feedthrough assembly includes providing a ferrule and inserting an
insulating structure within the ferrule. The method further includes forming a glass seal that
fixedly secures the insulating structure within the ferrule. The glass seal comprises about
30% B,0s, about 30% to about 40% of a member selected from the group consisting of CaO,
MgQ, SrO, and combinations thereof, with the proviso that the individual amounts of CaO
and MgO are each not greater than about 20%, about 5% La,O3, about 10% SiO,, and about
15% Al,0Os, wherein all percentages are mole percentages.

According to various embodiments of the present disclosure, a feedthrough assembly
includes a ferrule, an insulating structure, at least one terminal pin and a glass seal that
fixedly secures the at least one terminal pin with the insulating structure. The insulating
structure has a top portion, a bottom portion, and an inner diameter portion. The inner

diameter portion defines at least one aperture extending from the top portion to the bottom
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portion of the insulating structure. The at least one terminal pin extends through the at least
one aperture. The glass seal comprises about 30% B,0s;, about 30% to about 40% of a
member selected from the group consisting of CaO, MgO, SrO, and combinations thereof,
with the proviso that the individual amounts of CaO and MgO are each not greater than about
20%, about 5% La,03, about 10% Si0,, and about 15% Al,O;, wherein all percentages are
mole percentages.

"A" and "an" as used herein indicate "at least one" of the item is present; a plurality
of such items may be present, when possible. "About" when applied to values indicates that
the calculation or the measurement allows some slight imprecision in the value (with some
approach to exactness in the value; approximately or reasonably close to the value; nearly).
If, for some reason, the imprecision provided by "about" is not otherwise understood in the
art with this ordinary meaning, then "about" as used herein indicates at least variations that
may arise from ordinary methods of measuring or using such parameters. In addition,
disclosure of ranges includes disclosure of all distinct values and further divided ranges
within the entire range.

Further areas of applicability will become apparent from the description provided
herein. The description and specific examples in this summary are intended for purposes of

illustration only and are not intended to limit the scope of the present disclosure.

DRAWINGS

Example embodiments will now be described more fully with reference to the
accompanying drawings.

FIG. 1 depicts a schematic view of an implantable medical device;

FIG. 2 is a schematic cut away view of a MEMS package that includes a feedthrough
assembly;

FIGS. 3 and 4 are isometric and cross-sectional views, respectively, of a unipolar
(single pin) feedthrough assembly according to various embodiments of the present
invention; and

IGS. 5-7 illustrate a method of manufacturing an exemplary feedthrough assembly

according to various embodiments of the present disclosure.
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DETAILED DESCRIPTION

One embodiment of the invention involves a feedthrough assembly in a
microelectromechanical system (MEMS) package. The conductive hermetic feedthrough
connects an interior cavity in the MEMS device to another electronic component or device
(e.g., lead interconnect) outside of the MEMSs package. The MEMS package may be
hermetic and isolated from body fluid contact more so than packages that employ an epoxy
attachment to a silicon substrate.

FIG. 1 depicts a functional unit 20 in a medical device system 10. Functional unit 20
includes a feedthrough assembly (not shown) on or in an integrated circuit (IC), a substrate
that includes electronic components (e.g., transistors, logic gates, switches), or a substrate
alone. Functional unit 20 can be used anywhere outside the medical device 12 and may be
clectrically connected to one or more conductor(s) 18. For example, functional unit 20 can
serve as a sensor (e.g., pressure sensor) that employs a feedthrough assembly.

Medical device system 10 includes a medical device housing 12 having a connector
module 14 that electrically couples various internal electrical components of medical device
housing 12 to a proximal end 15a of a medical lead 16 such as one or more conductors 18
(e.g., coil, wire) that extend to a distal end 15b of lead 16. Medical device system 10 may
comprise any of a wide variety of medical devices that include one or more medical lead(s)
16 and circuitry coupled to the medical lead(s) 16. By way of example, medical device
system 10 may take the form of an implantable cardiac pacemaker that provides therapeutic
stimulation to the heart or a neurostimulator. Alternatively, medical device system 10 may
take the form of an implantable cardioverter, an implantable defibrillator, an implantable
cardiac pacemaker-cardioverter-defibrillator (PCD), an implantable pulse generator, or an
implantable medical device that solely monitors conditions associated with the patient.

FIG. 2 illustrates one embodiment of a MEMS package 100 for medical device
system 10. MEMS package 100, in one embodiment, may be used in or for a sensor. For
example, a MEMS package 100 could be associated with a transducer, which converts a
signal into an electrical signal (i.e., voltage, current).

MEMS package 100 includes a feedthrough assembly 110, a first substrate 111, and a
second substrate 128. Feedthrough assembly 110 may be hermetically disposed in an
aperture 106 of first substrate 111, and coupled to second substrate 128. Feedthrough
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assembly 110 (e.g., glass-pin-insulator seal) comprises a conductive element 112 (e.g., pin)
hermetically housed in an insulating member 114 (also referred to as sealing glass).
Conductive element 112 may be formed of a conductive material, such as tantalum (Ta),
niobium (Nb), titanium (T1), platinum (Pt), iridium (Ir) and/or alloys thereof.

Insulating member 114 may be formed of glass. Typical glass for formation of
insulating member 114 comprises boro-alumino, boro-alumino silicate and/or boro silicate
type glasses with a wide range of thermal expansions to approximately match biostable
conductive element 112 materials such as Ta, Nb, niobium-titanium (Nb-Ti) alloy, Pt, Pt
alloys, Ti, alloys of Ti and/or other suitable materials. The element(s) and/or compounds
used to form insulating member 114 are selected in a manner to reduce tensile stresses with
conductive element 112. For example, insulating member 114, employing glass, has a CTE
value about equivalent to or within 15% of the CTE associated with conductive clement 110.

The insulating member 114 may be formed from a glass preform. For example, in
making a feedthrough assembly 110, the glass preform may be melted so that the molten
glass engages conductive element 112 and the inner walls of aperture 106 and subsequently
cooled to form insulating member 114. The glass preform has a composition comprising
about 30-40% B,0s, about 0-20% CaO, about 0-20% MgO, about 0-20% SrO, about 0-5%
La,03, about 5-10% Si0,, and about 10-20% Al,Os, where all percentages represent mole
percents. In some embodiments, the composition further comprises up to about 10% of
MnO,, and in some cases the MnO, may be about 15%. In some embodiments, all or some
of the amounts of CaO and/or MgO are replaced with a corresponding amount of SrO, where
the amount of SrO does not exceed about 40%. For example, about 10% of CaO and about
5% MgO may be replaced with about 15% SrO. However, the amounts of CaO and MgO are
not entirely replaced by SrO, and none of CaO, MgO, and SrO is above 30%. In some
embodiments, the composition includes about 30% B,0s, about 20% CaO, about 20% MgO,
about 5% La,0s, about 10% SiO,, and about 15% Al,Os.

Various components of the glass composition provide benefits in making a
feedthrough assembly 110 and provide the resulting insulating member 114 with
advantageous properties. In particular, La,Os provides for better glass flow in melting and
forming the insulating member 114, as lower temperatures may be employed compared to

glass without La,O; or with less La,O;. Lanthanum oxide also increases the coefficient of

5



10

15

20

25

30

WO 2011/031725 PCT/US2010/048086

thermal expansion (CTE) value of the glass. For example, glass with little or no lanthanum
oxide may have a CTE of about 6.5, where glass with lanthanum oxide as described herein
may have a CTE of about 8.0. The increased CTE values are closer to the CTE values for
metals, such as niobium (Nb), titanium (Ti), platinum (Pt), iridium (Ir) and/or alloys thereof.
Similar CTE values alter the resulting compressive force applied to the glass insulating
member when disposed within a ferrule (not shown) or the inner walls of aperture 106 upon
forming and cooling the feedthrough assembly 110. Excessive tensile force can be caused by
this alteration, which can cause tensile cracks in the glass insulating member 114. The
propensity for such tensile cracks may be reduced by employing the present compositions.
For example, the present compositions may provide CTE values that are about 10-15% less
than the metal of the inner walls of aperture 106 or of a ferrule.

Strontium oxide within the composition also lowers the processing temperature. For
example, as described above, all or some of the amounts of CaO and/or MgO may be
replaced with a corresponding amount of SrO. In this way, the processing temperature of the
glass composition may be adjusted, for example, in order to offset temperatures necessary to
process amounts of silicon dioxide.

The present composition also limits the amount of SiO; to about 10%, as this amount
provides long-term durability but does not substantially increase the processing temperature.
For example, SiO; in the range of 20% or more increases the temperature required for
processing the glass to the point where titanium, which can be used, for example, in
conductive element 112, as part of a ferrule, or in the first substrate 111, undergoes a phase
transition. This may cause titanium parts, or other metal parts approaching the respective
metal or alloy melting temperature, to subsequently warp or become distorted. Thus, the
present glass composition keeps the amount of silicon dioxide amount low to allow lower
processing temperatures where integrity of titanium portion(s) of the feedthrough assembly
110 are maintained.

The present glass compositions also provide advantageous bonding and sealing
between the insulating member 114 and the inner walls of aperture 106 and between the
insulating member 114 and conductive element 112. In other embodiments, described below,
the glass composition provides bonding and sealing to a ferrule. The present glass

compositions may be used to replace glass insulating members used in feedthroughs as
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described in U.S. Pat. Nos. 6,855,456, 5,306,581; 5,175,067; and 4,940,858; and in U.S. Pat.
App. Pub. No. 2006/0247714, all to Taylor et al., as well as U.S. Pat. Nos. 5,902,326 to
Lessar ct al., the disclosures of which are each incorporated herein by reference in their
entirety.

Conductive element 112 and first substrate 111 are hermetically joined by the
insulator material (¢.g., glass) of insulating member 114 flowing and engaging conductive
element 112 and the inner walls of aperture 106. The hermetic seal could be a coefficient of
thermal expansion (CTE) value match, or an approximate match (e.g., CTE within 10%) for
all MEMS package components. In another embodiment, the CTE may be within 5% for all
MEMS package components. In another embodiment, the CTE may be within 2.5% for all
MEMS package components. In yet another embodiment, first substrate 111 (e.g., housing)
possesses a CTE greater than insulating member 114 and conductor 112, thereby forming a
compression seal.

The present disclosure also provides methods of forming a feedthrough assembly 110.
A glass preform may be positioned around a portion of an electrically conductive element
112. The glass preform may comprise the compositions as described herein. At least a
portion of the glass preform may be positioned within an aperture 106 of a substrate 111 or
within a sleeve member. The glass preform may be softened or fully melted to form a glass
insulating member 114 having a sealing engagement with the electrically conductive element
112 and having a sealing engagement with the aperture 106 of the substrate 111 or the sleeve
member. In some embodiments, softening or fully melting the glass preform to form a glass
insulating member 114 having a sealing engagement with the electrically conductive element
112 and having a sealing engagement with the aperture 106 of the substrate 111 or the sleeve
member does not require the use of one or more forming weights. In some embodiments,
softening or fully melting the glass preform does not cause the electrically conductive
clement 112 to undergo a phase transition and does not cause the substrate 111 or the sleeve
member to undergo a phase transition, preventing these components from becoming warped
or distorted.

First substrate 111 includes a first surface 116a (also referred to as ceramic or glass
housing material), a second surface 116b (e.g., silicon material), length X1, width X2,

thickness X3, and an aperture 106 for receiving feedthrough assembly 110. First substrate
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111 contains the hermetic seal feedthrough assembly 110 and metallized tracings for
establishing an electrical connection to second substrate 128. In one embodiment, first
substrate 111 comprises a ceramic or glass having a coefficient thermal expansion (CTE)
value equivalent to or greater than feedthrough 110 (e.g., pin/glass assembly).

In one embodiment, first substrate 111 may be comprised of a material that has about
an cquivalent or greater CTE value than conductive element 112 and glass insulating member
114. First substrate 111 can include a ceramic such as for example, polycrystalline alumina
with a CTE of about 8.0, sapphire (e.g., single crystal alumina) with a CTE of about 8.0, and
zirconia with a CTE of about 10. In another embodiment, first substrate 111 or housing may
be made of glass instead of a ceramic, and possesses general characteristics such that (1) the
glass has a higher melting point than insulating member 114; and/or (2) the glass has about an
equivalent or greater CTE value than the sealing glass.

Second substrate 128 includes via 122, a metallized trace 120 and includes electronic
components that allow MEMS package 110 to function as a sensor substrate such as a
transducer; however, skilled artisans appreciate that the substrate may be configured to
include any type of circuitry such as switches, signal processing capability, and/or any other
suitable form of circuitry related to an implantable medical devices. Second substrate 128
possesses about the same or similar dimensions as first substrate 111. For example, thickness
X4 may be the same or about the same as X3. Wall thickness X5 forms a perimeter on the
first surface 130 of second substrate 128. The second surface (not shown) of second substrate
128 may be directly adjacent to the housing of an implantable medical device.

Feedthrough assembly 110, disposed in first substrate 111, may then be coupled
through joint 118 (e.g., a frit joint) to second substrate 128 (also referred to as a silicon
MEMS substrate). Coupling of first substrate 111 to the second substrate 128 may be
achieved by use of a glass frit, an Au-silicon eutectic material or other suitable material 118.
Second substrate 128 (silicon) material generally has a higher melting point than the glass
used to create to a glass insulating member 114. Conductive element 110 may be electrically
connected to second substrate 128 through a metal tracing 120. In one embodiment, the
metal tracing 120 may be located, for example, in second substrate 128.

Table 1, presented below, provides exemplary dimensions for components of MEMS

package 100; however, skilled artisans appreciate that other dimensions may also be used.
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Table 1—Exemplary dimensions for components of MEMS package.

Component Dimension millimeters (mm)
Conductive element 112 diameter 0.40
Glass insulating member 114 diameter 0.75
length X1 3.50
width X2 1.00
thickness X3 0.40
thickness X4 0.25
Wall X5 0.25

Skilled artisans understand other embodiments may implement the principles
described herein. For example, a functional unit 20 may be placed in a free body such as a
lead. Additionally, while MEMS package is described relative to a sensor or a sensor
component (¢.g., transducer), it is contemplated that MEMS package 100 can be used in a
varicty of ways to achieve certain functions of implantable medical devices.

FIGS. 3 and 4 are isometric and cross-sectional views, respectively, of a unipolar
(single pin) feedthrough assembly 200 having a terminal pin 202 extending therethrough. It
should be understood, however, that the teachings of the present disclosure can be applied to
feedthrough assemblies that include multiple terminal pins, as well as those that do not
include terminal pins. Feedthrough assemblies that do not include terminal pins, such as
those described in U.S. Pat. No. 5,902,326, are sometimes referred to as "optical”
feedthroughs.

Assembly 200 comprises a generally cylindrical ferrule 204 having a cavity through
which pin 202 passes. Ferrule 204 is made of an electrically conductive material (e.g.,
titanium alloy) and is configured to be fixedly coupled (e.g., welded) to the container of a
device to be hermetically sealed, such as a medical device. An insulating structure 206 is
disposed within ferrule 204 to secure pin 202 relative to ferrule 204 and to electrically isolate
pin 202 from ferrule 204. Insulating structure 206 comprises a supporting structure 208 and a
joint-insulator sub-assembly 210, both of which are disposed around terminal pin 202. In

various embodiments, supporting structure 208 may be absent from insulating structure 206.
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As will be more fully described below, joint-insulator sub-assembly 210 acts as an insulative
seal and can take the form of, for example, a braze joint or glass seal. Supporting structure
208 can be made of a non-conductive material (¢.g., polyimide) and rests on an inner ledge
212 provided within ferrule 204.

As can be seen in FIG. 4, joint-insulator sub-assembly 210 comprises three main
components: an insulator ring 214 (¢.g., made from a ceramic material) that insulates pin 202
from ferrule 204, a pin-insulator seal 216 (e.g., made from gold braze or glass seal) that
couples insulating ring 214 to pin 202, and an insulator-ferrule seal 218 (e.g., made from gold
braze or glass scal) that couples insulating ring 214 to ferrule 204. The insulator ring 214 can
include a bottom portion 215, a top portion 217 and an inner diameter portion 219. The inner
diameter portion 219 defines an aperture through which terminal pin 202 can extend.

In various embodiments of the present disclosure, one or both of the pin-insulator scal
216 and the insulator-ferrule seal 218 can be formed of the glass composition described
above. That is, the pin-insulator seal 216 and the insulator-ferrule seal 218 can be glass
having a composition comprising about 30-40% B,0s, about 0-20% CaO, about 0-20% MgO,
about 0-20% SrO, about 0-3% La,Os, about 5-10% Si0O,, and about 10-20% Al,Os, where all
percentages represent mole percents. In some embodiments, the composition further
comprises up to about 10% of MnQ,, and in some cases the MnO, may be about 15%. In
some embodiments, all or some of the amounts of CaO and/or MgO are replaced with a
corresponding amount of SrO, where the amount of SrO does not exceed about 40%. For
example, about 10% of CaO and about 5% MgO may be replaced with about 15% SrO.
However, the amounts of CaO and MgO are not entirely replaced by SrQ, and none of CaO,
MgO, and SrO is above 30%. In some embodiments, the composition includes about 30%
B;0s, about 20% CaO, about 20% MgO, about 5% La,0s, about 10% Si0,, and about 15%
AlLOs.

Joint-insulator sub-assembly 210 is exposed along the underside of ferrule 204.

When ferrule 204 is fixedly coupled to the container of a medical device, for example, the
lower portion of ferrule 204, and thus the lower portion of joint-insulator sub-assembly 210,
can be exposed to body fluids. For this reason, it is important that joint-insulator sub-
assembly 210 forms a hermetic seal between ferrule 104 and terminal pin 202. Joint-

insulator sub-assembly 210 can be leak tested. To permit this test to be performed, an

10



10

15

20

25

30

WO 2011/031725 PCT/US2010/048086

aperture 220 (FIG. 3) is provided through ferrule 204 to the inner annular cavity formed by
the outer surface of joint-insulator sub-assembly 210, the lower surface of supporting
structure 208, and the inner surface of ferrule 204. A gas is delivered through aperture 220
into the inner annular cavity, and aperture 220 is plugged. Preferably, a gas of low molecular
weight (e.g., helium or hydrogen) is chosen so that it can easily penetrate small cracks in
joint-insulator sub-assembly 210. Feedthrough 200 is then monitored for the presence of the
gas proximate joint-insulator sub-assembly 210 by way of, for example, a mass spectrometer.
If no gas is detected, it is concluded that joint-insulator sub-assembly 210 has formed a
satisfactory scal.

Referring now to FIGS. 5-7, a method of manufacturing an exemplary feedthrough
assembly according to various embodiments of the present disclosure is illustrated. A ferrule
300 can include a recessed portion 302 in which an insulating structure 310 can be inserted.
The recessed portion 302 can be bordered by wall portions 304 and further include a ledge
306 upon which an inserted insulating structure 310 can be placed such that the insulating
structure 310 abuts the ledge 306. The recessed portion 302 can also define an opening 308
through which a terminal pin 330 can extend.

Insulating structure 310 can include a top portion 312, a bottom portion 314 and an
inner diameter portion 316 that defines an aperture 318 that extends from the top portion 312
to the bottom portion 314. In various embodiments, insulating structure 310 can include an
angled portion 317 that assists with the bonding of the terminal pin 330 with insulating
structure 310, as described more fully below.

In various embodiments of the present disclosure, the insulating structure 310 is
inserted into the recessed portion 302 and the terminal pin 330 is inserted into aperture 318.
A glass preform 320 can be fitted around insulating structure 310, and a second glass preform
325 can be fitted around terminal pin 330. In various embodiments, a chamfer 305 can be
included in wall portions 304 to more securely position the glass preform 320 adjacent
insulating structure 310. Further, angled portion 317 can be included in the insulating
structure to more securely position the glass preform 325 adjacent terminal pin 330.

Upon application of heat 350, glass preform 320 will soften or partially or completely
melt and flow into the recessed portion 302 between insulating structure 310 and wall

portions 304. In this manner, glass preform 320 will form a glass seal 320A that fixedly
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secures the insulating structure 310 to ferrule 300, as illustrated in FIG. 7. Different types of
energy (e.g., radiation, microwave, magnetic) can be utilized instead of, or in addition to, heat
350, depending on the composition of the preform utilized. The same or similar method can
be utilized to create glass seal 325A between terminal pin 330 and insulating structure 310.
The use of one of glass seals 320A, 325A in combination with a gold braze or other sealing
compositions (such as, glass seal 320A utilized with a gold braze utilized to seal terminal pin
330 with insulating structure 310, or glass seal 325A utilized with a gold braze utilized to seal
ferrule 300 with insulating structure 310) is within the scope of the present disclosure.

In various embodiments of the present disclosure, the glass preforms 320, 325 and glass
seals 320A, 325A can be formed of the glass composition described above. That is, the glass
preforms 320, 325 and glass seals 320A, 325A can be glass having a composition comprising
about 30-40% B,0s3, about 0-20% CaO, about 0-20% MgQO, about 0-20% SrO, about 0-5%
La,03, about 5-10% SiO,, and about 10-20% Al,Os, where all percentages represent mole
percents. In some embodiments, the composition further comprises up to about 10% of
MnQ,, and in some cases the MnO, may be about 15%. In some embodiments, all or some
of the amounts of CaO and/or MgO are replaced with a corresponding amount of SrO, where
the amount of SrO does not exceed about 40%. For example, about 10% of CaO and about
5% MgO may be replaced with about 15% SrO. However, the amounts of CaO and MgO are
not entirely replaced by SrO, and none of CaO, MgO, and SrO is above 30%. In some
embodiments, the composition includes about 30% B,0s, about 20% CaO, about 20% MgO,
about 5% La0s, about 10% S10,, and about 15% Al,Os.

The broad teachings of the disclosure can be implemented in a variety of forms.
Therefore, while this disclosure includes particular examples, the true scope of the disclosure
should not be so limited since other modifications will become apparent upon a study of the

drawings, the specification, and the following claims.
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CLAIMS

What is claimed is:

1. A feedthrough assembly, comprising:

a ferrule;

an insulating structure; and

a glass seal fixedly securing the insulating structure within the ferrule, the glass seal
comprising:

about 30% B,0s;

about 30% to about 40% of a member selected from the group consisting of CaO, MgO, SrO,
and combinations thereof, with the proviso that the individual amounts of CaO and MgO are
each not greater than about 20%;

about 5% La,0s;

about 10% SiO,; and

about 15% Al,Os,

wherein all percentages are mole percentages.

2. The feedthrough assembly of claim 1, further comprising at least one terminal pin,
wherein the insulating structure comprises a top portion, a bottom portion, and an inner
diameter portion, wherein the inner diameter portion defines at least one aperture extending
from the top portion to the bottom portion, and wherein the at least one terminal pin extends

through the at least one aperture.

3. The feedthrough assembly of claim 2, wherein the glass seal further comprises up to

about 10% of MnQ;.

4. The feedthrough assembly of claim 2, wherein the glass seal comprises about 30%
B,0s, about 20% CaO, about 20% MgO, about 5% La,0s, about 10% Si0,, and about 15%
AL Os.

13
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5. The feedthrough assembly of claim 2, further comprising a second glass seal sealing

the at least one terminal pin with the insulating structure.

6. The feedthrough assembly of claim 2, further comprising a gold braze scaling the at

least one terminal pin with the insulating structure.

7. The feedthrough assembly of claim 1, wherein the ferrule includes a wall portion and
a ledge, the insulating structure abuts the ledge, and the glass seal fixedly secures the

insulating structure to the wall portion.

8. The feedthrough assembly of claim 1, wherein the glass seal further comprises up to

about 10% of MnQ,.

9. The feedthrough assembly of claim 1, wherein the glass seal comprises about 30%
B,03, about 20% CaO, about 20% MgO, about 5% La;0s3, about 10% SiO,, and about 15%
Al Os.

10.  The feedthrough assembly of claim 1, wherein softening or melting a glass preform

forms the glass seal.
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11. A method of manufacturing a feedthrough assembly, comprising:

providing a ferrule;

inserting an insulating structure within the ferrule; and

forming a glass seal that fixedly secures the insulating structure within the ferrule, the glass
seal comprising:

about 30% B,0s;

about 30% to about 40% of a member selected from the group consisting of CaO, MgO, SrO,
and combinations thereof, with the proviso that the individual amounts of CaO and MgO are
cach not greater than about 20%;

about 5% La,0;;

about 10% SiO,; and

about 15% Al,O3,

wherein all percentages are mole percentages.

12. The method of claim 11, further comprising inserting at least one terminal pin into at
least one aperture of the insulating structure, wherein the insulating structure comprises a top
portion, a bottom portion, and an inner diameter portion, and wherein the inner diameter
portion defines the at least one aperture that extends from the top portion to the bottom

portion.

13.  The method of claim 12, wherein the glass seal further comprises up to about 10% of

MnOz.

14.  The method of claim 12, wherein the glass seal comprises about 30% B,0s3, about
20% Ca0, about 20% MgO, about 5% La,0s, about 10% SiO,, and about 15% Al,Os.

15.  The method of claim 12, further comprising forming a second glass seal that seals the

at least onc terminal pin with the insulating structure.

15
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16.  The method of claim 12, further comprising forming a gold braze seal that seals the at

least one terminal pin with the insulating structure.

17.  The method of claim 11, wherein the ferrule includes a wall portion and a ledge, the
insulating structure abuts the ledge, and the glass seal fixedly secures the insulating structure

to the wall portion.

18.  The method of claim 11, wherein the glass seal further comprises up to about 10% of

MnOz.

19.  The method of claim 11, wherein the glass seal comprises about 30% B,0Os, about

20% Ca0, about 20% MgO, about 5% La,0s, about 10% SiO,, and about 15% Al,Os.

20.  The method of claim 11, wherein forming the glass seal that fixedly secures the

insulating structure within the ferrule comprises softening or melting a glass preform.
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