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SEALED MPLANTABLE MEDICAL DEVICE 
AND METHOD OF FORMING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 62/240,339, filed on Oct. 12, 2015. 
The disclosure of the above application is incorporated 
herein by reference in its entirety. 

BACKGROUND 

0002 Various systems require electrical coupling 
between electrical devices disposed within a hermetically 
sealed enclosure and external devices. Oftentimes. Such 
electrical coupling needs to withstand various environmen 
tal factors such that a conductive pathway or pathways from 
an external Surface to within the enclosure remains stable. 
For example, implantable medical devices (IMDS), e.g., 
cardiac pacemakers, defibrillators, neurostimulators and 
drug pumps, which can include electronic circuitry and 
battery elements, require an enclosure or housing to contain 
and hermetically seal these elements within a body of a 
patient. Many of these IMDs include one or more electrical 
feedthrough assemblies to provide electrical connection 
between the elements contained within the housing and 
components of the IMD external to the housing. For 
example, one or more sensors, electrodes, and lead wires can 
be mounted on an exterior Surface of the housing and 
electrically connected to one or more elements disposed 
within the housing. Further, electrical contacts can be 
housed within a connector header that is mounted on the 
housing to provide coupling for one or more implantable 
leads, which typically carry one or more electrodes or other 
types of physiological sensors. A physiological sensor, for 
example a pressure sensor, incorporated within a body of a 
lead may also require a hermetically sealed housing to 
contain electronic circuitry of the sensor and an electrical 
feedthrough assembly to provide electrical connection 
between one or more lead wires, which extend within the 
implantable lead body, and the contained circuitry. 
0003. A feedthrough assembly typically includes one or 
more feedthrough pins that extend from an interior to an 
exterior of the housing through a ferrule. Each feedthrough 
pin is electrically isolated from the ferrule, and, for multi 
polar assemblies, from one another, by an insulator element, 
e.g., glass or ceramic, that is mounted within the ferrule and 
Surrounds the feedthrough pin(s). Glass insulators are typi 
cally sealed directly to the pin(s) and to the ferrule, e.g., by 
heating the assembly to a temperature at which the glass 
wets the pin(s) and ferrule, while ceramic insulators are 
typically sealed to the pin(s) and to the ferrule by a braze 
joint. High temperatures are typically required to join cor 
rosion-resistant conductive materials with corrosion-resis 
tant insulative materials. Such high temperatures, however, 
can alter the physical properties of the conductive and 
insulative materials. Further, feedthroughs formed in the 
housing can allow external environmental elements to leak 
into the interior of the housing. 

SUMMARY 

0004. In general, the present disclosure provides various 
embodiments of a sealed package and a method of forming 
Such package. In one or more embodiments, the sealed 
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package includes a housing extending along a housing axis 
between a first end and a second end, an electronic device 
disposed within the housing and including a device contact, 
and an external contact sealed to the housing at the first end 
of the housing. The package can also include a conductive 
member compressed between the external contact and the 
device contact such that the conductive member electrically 
couples the electronic device to the external contact. 
0005. In one aspect, the present disclosure provides a 
hermetically-sealed package that includes a housing extend 
ing along a housing axis between a first end and a second 
end, and an electronic device disposed within the housing 
that includes a device contact. The package also includes an 
external contact hermetically sealed to the housing at the 
first end of the housing, and a conductive member electri 
cally connected to the external contact and the device 
contact such that the conductive member electrically con 
nects the electronic device to the external contact. The 
conductive member is compressed between the external 
contact and the device contact. 
0006. In another aspect, the present disclosure provides a 
method of forming a hermetically-sealed package that 
includes a housing extending along a housing axis between 
a first end and a second end. The method includes disposing 
an electronic device within the housing, and electrically 
connecting a device contact of the electronic device to a 
conductive member. The method further includes compress 
ing the conductive member between an external contact and 
the device contact such that the conductive member electri 
cally connects the electronic device to the external contact, 
and hermetically sealing the external contact to the housing 
at the first end of the housing. 
0007. These and other aspects of the present disclosure 
will be apparent from the detailed description below. In no 
event, however, should the above summaries be construed as 
limitations on the claimed Subject matter, which subject 
matter is defined solely by the attached claims, as may be 
amended during prosecution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 Throughout the specification, reference is made to 
the appended drawings, where like reference numerals des 
ignate like elements, and wherein: 
0009 FIG. 1 is a schematic perspective view of one 
embodiment of a sealed package. 
0010 FIG. 2 is a schematic exploded view of the sealed 
package of FIG. 1. 
0011 FIG. 3 is a schematic exploded view of a portion of 
the sealed package of FIG. 1. 
0012 FIG. 4 is a schematic cross-section view of the 
sealed package of FIG. 1. 
0013 FIG. 5 is a schematic perspective view of another 
embodiment of a sealed package. 
0014 FIG. 6 is a schematic perspective view of another 
embodiment of a sealed package. 
0015 FIG. 7 is a schematic cross-section view of an 
implantable lead that includes the sealed package of FIG. 1. 
0016 FIG. 8 is a flowchart of one embodiment of a 
method of forming a sealed package. 

DETAILED DESCRIPTION 

0017. In general, the present disclosure provides various 
embodiments of a sealed package and a method of forming 
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Such package. In one or more embodiments, the sealed 
package includes a housing extending along a housing axis 
between a first end and a second end, an electronic device 
disposed within the housing and including a device contact, 
and an external contact sealed to the housing at the first end 
of the housing. The package can also include a conductive 
member compressed between the external contact and the 
device contact such that the conductive member electrically 
couples the electronic device to the external contact. 
0018. The various embodiments of sealed packages 
described herein can include or be utilized with any device 
or system that requires sealed conductive pathways. For 
example, one or more embodiments of sealed packages 
described herein can include an implantable medical device 
or system disposed within the sealed package. Further, in 
one or more embodiments, the sealed package can be 
electrically connected to an implantable medical device or 
other system external to the package. Nearly any implant 
able medical device or system employing leads may be used 
in conjunction with the various embodiments of sealed 
packages described herein. Representative examples of 
implantable medical devices included in or utilized with the 
various embodiments of sealed packages described herein 
include hearing implants, e.g., cochlear implants; sensing or 
monitoring devices; signal generators such as cardiac pace 
makers or defibrillators, neurostimulators (such as spinal 
cord stimulators, brain or deep brain stimulators, peripheral 
nerve stimulators, vagal nerve stimulators, occipital nerve 
stimulators, subcutaneous stimulators, etc.), gastric stimu 
lators; or the like. 
0019. One or more embodiments of sealed packages 
described herein can provide an external contact that elec 
trically connects electronic devices disposed within a sealed 
housing with, e.g., tissue of a patient, an external electronic 
device, a lead or other conductor, etc. The electronic device 
can include one or more power sources. Further, in one or 
more embodiments, the sealed package can provide this 
connection between internal devices disposed within the 
housing and external tissue or components without forming 
a feedthrough in the housing. In embodiments where the 
housing includes a material or materials that are transparent 
to a desired wavelength or range of wavelengths of electro 
magnetic radiation, one or more optical sensors can be 
disposed within the housing that are adapted to detect one or 
more environmental conditions through the housing without 
having to dispose such sensors to an external Surface of the 
housing and electrically connect the sensors to devices 
disposed within the housing. Further, one or more embodi 
ments of sealed packages described herein can more easily 
provide power transfer through the housing of the package 
utilizing, e.g., inductive, radio-frequency, or optical (e.g., 
photovoltaic) techniques. 
0020 FIGS. 1-4 are various schematic views of one 
embodiment of a sealed package 10. The sealed package 10 
can include a housing 12, one or more electronic devices 20 
disposed within the housing, and an external contact 40 
sealed to the housing at a first end 16 of the housing. In one 
or more embodiments, the sealed package 10 can also 
include a conductive member 50 electrically connected to 
the external contact 40 and a device contact 32 (FIG. 4). The 
conductive member 50 can electrically connect the elec 
tronic device 20 to the external contact 60. In one or more 
embodiments, the conductive member 50 can be compressed 
between the external contact 40 and the device contact 32 to 
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provide this electrical connection between the electronic 
device 20 and the external contact. 
0021. The housing 12 can extend along a housing axis 2 
between the first end 16 and a second end 18 of the housing. 
The housing 12 can take any suitable shape or combination 
of shapes. For example, the housing 12 can take any Suitable 
shape in a plane orthogonal to the housing axis 2. In the 
embodiment illustrated in FIGS. 1-4, the housing 12 takes a 
rectangular shape in a plane orthogonal to the housing axis 
2. Further, for example, the housing 12 can take any Suitable 
shape or combination of shapes in a plane parallel to the 
housing axis 2. In the illustrated embodiment, the housing 
12 takes a rectangular shape in a plane parallel to the 
housing axis 2. Further, the housing 12 can be a single, 
unitary housing. In one or more embodiments, the housing 
12 can include two or more sections that are connected 
together using any suitable technique or combination of 
techniques. 
0022. In general, the housing 12 can have any suitable 
dimensions, e.g., the housing can have any Suitable length as 
measured in a direction parallel to the housing axis 2. The 
housing 12 can be hollow to form a cavity 15 (FIG. 4). The 
cavity 15 can have any suitable dimensions such that one or 
more electronic devices 20 can be disposed within the 
housing. In Such embodiments, the housing 12 can have any 
suitable thickness as measured between an outer surface 13 
and an inner Surface 14. In one or more embodiments, the 
housing 12 can be solid, and the one or more electronic 
devices 20 can be encased within the housing. 
0023 The housing 12 can include any suitable material or 
combination of materials, e.g., metal, polymeric, ceramic, or 
inorganic materials. In one or more embodiments, the hous 
ing 12 can include at least one of glass, quartz, silica, 
Sapphire, silicon carbide, diamond, and gallium nitride. In 
one or more embodiments, the housing 12 can include at 
least one of copper, silver, titanium, niobium, Zirconium, 
tantalum, stainless steel, platinum, iridium. Further, in one 
or more embodiments, the housing 12 can include biocom 
patible materials such that the package 10 can be implanted 
within a patient’s body. Further, one or more coatings or 
layers can be disposed on the outer surface 13 of the housing 
12 that provide biocompatibility. In one or more embodi 
ments, the housing 12 can be electrically conductive to 
provide a ground electrode for the package 10 as is known 
in the art. In one or more embodiments, the housing 12 can 
be nonconductive. 

0024. Further, at least a portion of the housing 12 can be 
Substantially transparent at a desired wavelength or range of 
wavelengths. As used herein, the phrase “substantially trans 
parent’ means that the substrate transmits greater than 50% 
of electromagnetic radiation incident on the Substrate for a 
selected wavelength or range of wavelengths. In one or more 
embodiments, the housing 12 can be substantially transmis 
sive to electromagnetic radiation having a wavelength in a 
range of 200 nm to 10000 nm. In one or more embodiments, 
the housing 12 can be substantially transmissive to at least 
one of UV light, visible light, and IR light. In one or more 
embodiments, at least a portion of the housing 12 can be 
substantially transparent such that the electronic device 20 
can include one or more optical sensors that can be utilized 
to detect one or more preselected external conditions, e.g., 
blood oxygen levels. 
0025 Disposed within the housing 12 is the electronic 
device 20. Electronic device 20 can include any suitable 
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component or components, electronic circuitry, and one or 
more conductors that electrically connect the components 
and circuitry to each other and to one or more conductive 
members 50, 52. In the embodiment illustrated in FIGS. 1-4, 
electronic device 20 includes components 28 disposed on a 
first major Surface 24 of a Substrate 22, and a power Source 
30 disposed on a second major surface 26 of the substrate 
(FIG. 4). The components 28 can each include any suitable 
component or electronic circuitry, e.g., capacitors, transis 
tors, integrated circuits, including controllers and multiplex 
ers, sensors, etc. Although depicted as being disposed on the 
first major surface 24, the components 28 can be disposed on 
the second major Surface 26, or the components can be 
disposed on both the first and second major Surfaces. Fur 
ther, any Suitable number of components can be disposed on 
one or both of the first and second major surfaces 24, 26. In 
one or more embodiments, the electronic device 20 can be 
electrically connected to other electronic circuitry or devices 
disposed on or adjacent the substrate 22 or within the 
housing 12. 
0026. Any suitable technique or combination of tech 
niques can be utilized to dispose the components 28 on the 
Substrate 22. In one or more embodiments, the components 
28 can be formed on or in the substrate 22. In one or more 
embodiments, the components 28 can be formed separately 
and then attached to the Substrate 22 using any Suitable 
technique or combination of techniques, e.g., a bond can be 
formed between each component and the Substrate. 
0027. Further, the electronic device 20 includes power 
source 30 disposed on the second major surface 26 of the 
substrate 22. The electronic device 20 can include any 
suitable number of power sources 30. The power source 30 
can include any suitable power source or combination of 
power sources, e.g., one or more batteries, capacitors, induc 
tive-coupled energy devices, photovoltaic devices, betavol 
taic devices, alphavoltaic devices, and thermo-electric 
devices. The power source 30 can be disposed on one or both 
of the first and second major surfaces 24, 26 of the substrate 
22. The power source 30 can be disposed on the same major 
Surface as the components 28 or on a different major surface. 
In one or more embodiments, the power source 30 can be 
disposed within the housing 12 separate from substrate 22. 
0028. The power source 30 can be electrically connected 
to one or more of the components 28 using any Suitable 
technique or combination of techniques, e.g., one or more 
vias can be formed between the first major surface 24 and 
second major Surface 26 of Substrate 22, and conductive 
material can be disposed within one or more of the vias to 
provide an electrical pathway to connect the power Source 
30 to one or more of the components 28. 
0029. As mentioned herein, the electronic device 20 can 
include one or more sensors, e.g., one or more optical 
sensors. In one or more embodiments, at least a portion of 
the housing 12 can be transparent Such that an optical sensor 
disposed on the substrate 22 or within the cavity 15 of the 
housing can detect one or more external conditions, e.g., 
from a patient when the package 10 is disposed within the 
patient. For example, the electronic device 20 can include an 
infrared or near-infrared oxygen sensor that can detect 
through the housing 12 the oxygen level of the blood of the 
patient. 
0030 The electronic device 20 can also include one or 
more device contacts 32 disposed on or in one or both of the 
first major Surface 24 and second major Surface 26 of the 

Apr. 13, 2017 

substrate 22. The device contacts 32 can be electrically 
connected to one or more components 28 and the power 
Source 30 using any suitable technique or combination of 
techniques, e.g., one or more conductors can be disposed on 
one or both of the first and second major surfaces 24, 26 of 
the substrate 22 that electrically connect one or more of the 
device contacts 32 to one or more of the components 28 and 
power source 30. Each component 28 can include one or 
more component contacts (not shown) that are electrically 
connected to one or more of the device contacts 32. Simi 
larly, in one or more embodiments, the power source 30 can 
include one or more power source contacts (not shown) that 
are electrically connected to one or more of the device 
contacts 32. Further, for example, solder bumps and/or 
contact pads of one or more components 28 and power 
source 30 can be directly attached to one or more contacts 
32 using any Suitable technique or combination of tech 
niques, e.g., Soldering, welding, laser bonding, wire bond 
ing, etc. 
0031. The contacts 32 can take any suitable shape or 
combination of shapes and be disposed in any Suitable 
location on or in the substrate 22 of the electronic device 20. 
Any Suitable technique or combination of techniques can be 
utilized to form device contacts 32, e.g., chemical vapor 
deposition, plasma vapor deposition, physical vapor depo 
sition, etc., followed by photolithography, chemical etching, 
electroplating, immersion plating, etc. Further, the device 
contacts 32 can include any Suitable conductive material or 
combination of conductive materials. 

0032. The substrate 22 can include any suitable material 
or combination of materials. In one or more embodiments, 
the substrate 22 can be a non-conductive or insulative 
substrate such that the components 28, device contacts 32. 
power source 30, and any conductors or other devices 
disposed on the substrate can be electrically isolated if 
desired. In one or more embodiments, the substrate 22 can 
include at least one of glass, quartz, silica, Sapphire, silicon 
carbide, diamond, gallium nitride, and organic materials, or 
any combinations thereof. In one or more embodiments, the 
Substrate 22 can include the same material or materials as the 
housing 12. 
0033. The package 10 can also include an external con 
tact 40 and a second external contact 42. Although depicted 
as included two external contacts 40, 42, the package 10 can 
include any suitable number of external contacts, e.g., one, 
two, three, four, five, six, or more external contacts. The 
external contacts 40, 42 can take any Suitable shape or 
combination of shapes and have any suitable dimensions. In 
general, the external contacts 40, 42 can provide greater 
conductive surface area than external electrodes that may be 
included in traditional feedthrough assemblies. Further the 
external contacts 40, 42 can include any suitable material or 
combination of conductive materials, e.g., copper, silver, 
titanium, niobium, Zirconium, tantalum, stainless steel, plati 
num, iridium, or combinations thereof. In one or more 
embodiments, the external contacts 40, 42 can include two 
or more materials, e.g., bi-metals, clad laminates, etc. The 
external contact 40 can include the same material as the 
second external contact 42 or material that is different from 
a material of the second external contact. 

0034. The external contact 40 can be sealed to the hous 
ing 12 at the first end 16 of the housing. Further, the second 
external contact 42 can be sealed to the housing 12 at the 
second end 18 of the housing. In one or more embodiments, 
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one or both of the external contact 40 and the second 
external contact 42 can be hermetically sealed to the housing 
12. For example, in one or more embodiments, one or both 
of the external contacts 40, 42 can be hermetically sealed to 
the housing 12 by a bond. Any suitable technique or com 
bination of techniques can be utilized to form such bond, 
e.g., the techniques described in co-owned U.S. patent 
application Ser. No. 14/976,475 (Medtronic Reference No. 
C00008775. USU2), entitled RAPID ROOM-TEMPERA 
TURE PATTERNED TRANSPARENT MATERIAL-AB 
SORBENT OPAQUE MATERIAL SURFACE BONDING. 
For example, electromagnetic radiation (e.g., light) can be 
directed through the housing 12 from the outer surface 13 
and focused at a region between a mating Surface 17 of the 
housing and a mating Surface 45 of the external contact 40. 
Further, electromagnetic radiation can be directed through 
the housing 12 from the outer surface 13 and focused at a 
region between a second mating Surface 19 of the housing 
and a mating Surface 47 of the second external contact 42. 
Any suitable electromagnetic radiation can be utilized to 
form the bond. In one or more embodiments, the electro 
magnetic radiation can include laser light that can include 
any Suitable wavelength or range of wavelengths. In one or 
more embodiments, the laser light can include light having 
a wavelength of at least 200 nm. In one or more embodi 
ments, the laser light can include a wavelength of no greater 
than 10,000 nm. For example, laser light can include UV 
light, visible light, IR light, and combinations thereof. In one 
or more embodiments, a UV laser can be utilized to provide 
light having a wavelength of about 300 nm and a pulse width 
of 10 ns. In one or more embodiments, the materials for the 
external contacts 40, 42 and the housing 20, and the power 
level and wavelength of the light used may be selected such 
that the light may not directly damage, ablate, warp, or cut 
the external contacts and the housing, and Such that the 
external contacts and the housing retain their bulk proper 
ties. 

0035. In general, light can be provided by any suitable 
laser or laser system. For example, the laser may generate 
light having a relatively narrow set of wavelengths (e.g., a 
single wavelength). The light emitted by the laser may form 
a collimated beam that may not be focused at a particular 
point. The light emitted by the laser may be focused at a 
focal point at a region between the first major surface 13 of 
the housing 12 and one or both external contacts 40, 42 to 
generate a laser bond. One or both of the external contacts 
40, 42 can also include a recessed portion (not shown) that 
is adapted to be inserted into the housing 12 at the respective 
end, and the laser bond can be formed between the housing 
and the recessed portion of each external contact. 
0036 Although the laser may provide light that has a 
narrow range of wavelengths, in one or more embodiments, 
the laser may represent one or more devices that emit light 
having a wider range of wavelengths than a single typical 
laser. A wide variety of devices may be used to emit light 
having a narrow or wide range of wavelengths. In one or 
more embodiments, the laser may include one or more laser 
devices including diode and fiber lasers. Laser sources may 
also include, e.g., TI Sapphire, argon ion, Nd:YAG, XeF. 
HeNe, Dye, GaAs/AlGaAs, CO., Alexandrite. InGaAs, 
InGaAsP. Nd:glass, Yb:YAG, or Yb fiber lasers. The laser 
device may also include one of continuous wave, modulated, 
or pulsed modes. Accordingly, a wide variety of laser 
devices may be used in the bonding process. In one or more 
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embodiments, a power level of the laser may be set to 
approximately 1 W. distributed across the approximate 
focused beam diameter of 10 um, with a top hat or Gaussian 
spatial energy profile. 
0037. In one or more embodiments, the bond can include 
an interfacial layer between one or both of the external 
contacts 40, 42 and the housing 12. This interfacial layer can 
have any suitable thickness in a direction parallel to the 
housing axis 2. In one or more embodiments, the interfacial 
layer has a thickness in a direction parallel to the housing 
axis 2 of no greater than 50 nm, 100 nm, 150 nm, or 200 nm. 
0038. One or both of the external contacts 40, 42 can be 
utilized to electrically connect the electronic device 20 to 
any suitable device or system that are external to the package 
10. For example, one or both of the external contacts 40, 42 
can electrically connect the electronic device 20 to a lead of 
an implantable medical device as is further described herein. 
In one or more embodiments, one or both of the external 
contacts 40, 42 can electrically connect the electronic device 
20 to one or more additional power sources. Further, in one 
or more embodiments, one or both of the external contacts 
40, 42 can be therapeutic electrodes that can be utilized for 
delivering and/or receiving one or more electric signals to or 
from a patient, either while the package is external or 
internal to a patient. Any suitable technique or combination 
of techniques can be utilized to electrically connect the 
electronic device 20 to one or more devices through one or 
both of the external contacts 40, 42, e.g., Soldering, physical 
contact, Welding, etc. 
0039. The package 10 can also include an alignment 
insert 60 that extends from the first end 16 of the housing 12 
Such that the alignment insert is disposed within the housing 
and the external contact 40. Further, in one or more embodi 
ments, the package 10 can also include a second alignment 
insert 62 that extends from the second end 18 of the housing 
12 Such that the second alignment insert is disposed within 
the housing and the second external contact 42. The align 
ment inserts 60, 62 can assist in aligning the external 
contacts 40, 42 with the housing 12 such that the external 
contacts can be sealed to the housing at the first and second 
ends 16, 18 respectively. Further, the alignment inserts 60, 
62 can provide a friction-fit with the external contacts 40, 42. 
and the housing 12. The alignment inserts 60, 62 can take 
any Suitable shape or combination of shapes and dimen 
sions, e.g., the same shape and dimension as the inner 
surface 14 of the housing 12. Further, the alignment inserts 
60, 62 can include any suitable material or combination of 
materials. In one or more embodiments, the alignment insert 
60 can be attached to at least one of the external contact 40 
and the housing 10 using any Suitable technique or combi 
nation of techniques. Further, the second alignment insert 62 
can be attached to at least one of the second external contact 
42 and the housing 10 using any Suitable technique or 
combination of techniques. 
0040. One or both of the external contacts 40, 42 can be 
electrically connected to the electronic device 20 using any 
Suitable technique or combination of techniques. In one or 
more embodiments, the package 10 can include a conductive 
member 50 that is electrically connected to the external 
contact 40 and one or more device contacts 32 such that the 
conductive member electrically connects the electronic 
device 20 to the external contact. Further, in one or more 
embodiments, the package 10 can also include a second 
conductive member 52 that is electrically connected to the 



US 2017/0100597 A1 

second external contact 42 and one or more device contacts 
32 such that the second conductive member electrically 
connects the electronic device 20 to the second external 
contact. Although depicted as including two conductive 
members 50, 52, the package can include any suitable 
number of conductive members that electrically connect the 
electronic device 20 to an external contact, e.g., one, two, 
three, four, five, six, or more conductive members. 
0041. The conductive members 50, 52 can take any 
Suitable shape or combination of shapes and include any 
suitable dimensions. Further, the conductive members 50, 52 
can include any Suitable material or combination of conduc 
tive materials, e.g., copper, silver, titanium, niobium, Zirco 
nium, tantalum, stainless steel, platinum, iridium, BeCu, 
gold, nickel, brass, or combinations thereof. In one or more 
embodiments, one or both of the conductive members 50, 52 
can include an insulative or dielectric Substrate that is plated 
with a conductive material or materials. The conductive 
member 50 can include the same material as the second 
conductive member 52 or material different from a material 
of the second conductive member. In one or more embodi 
ments, one or both of the conductive member 50 and second 
conductive member 52 can include a resilient material that 
can be compressed and provide a biasing force. In one or 
more embodiments, the biasing force can be in a direction 
along the housing axis 2 away from the electronic device 20 
and toward the respective external contact 40, 42 that is 
associated with the conductive member 50, 52. 
0042. In embodiments where the conductive members 
50, 52 include a resilient material, the external contacts 40, 
42 can be electrically connected to the electronic device 20 
by pressing the contacts against the respective conductive 
member and sealing the contacts to the housing 12. The 
conductive members 50, 52 can be compressed between the 
external contacts 40, 42 and one or more device contacts 32. 
For example, the conductive member 50 can be compressed 
between an inner surface 44 of the external contact 40 and 
one or more device contacts 32 such that the conductive 
member electrically connects the external contact to the 
electronic device 20. Further, for example, the second con 
ductive member 52 can be compressed between an inner 
surface 46 of the external contact 42 and one or more device 
contacts 32 such that the second conductive member elec 
trically connects the external contact to the electronic device 
20. In one or more embodiments, a non-bonded electrical 
connection can be formed between the external contact 40 
and the electronic device 20 utilizing the conductive mem 
ber 50. As used herein, the term “non-bonded electrical 
connection” means that an electrical connection is formed 
between one or more contacts, terminals, electrodes, etc., 
that can be maintained without the use of a chemical 
bonding technique, e.g., adhering, soldering, welding, etc. 
Further, in one or more embodiments, a non-bonded elec 
trical connection can be formed between the second external 
contact 42 and the electronic device 20 utilizing the second 
conductive member 52. 

0043. The conductive members 50, 52 can be electrically 
connected to the electronic device 20 using any suitable 
technique or combination of techniques. For example, in one 
or more embodiments, conductive member 50 can be elec 
trically connected to the electronic device 20 through one or 
more device contacts 32. Further, in one or more embodi 
ments, the conductive member 52 can be electrically con 
nected to the electronic device 20 through one or more 
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device contacts 32. The conductive members 50, 52 can be 
electrically connected to one or more device contacts 32 
using any Suitable technique or combination of techniques, 
e.g., Soldering, mechanical fastening, bonding with an elec 
trical adhesive, etc. 
0044 Although not shown, the package 10 can include 
any suitable additional electronic devices, electronic cir 
cuitry, and conductors disposed on one or both of the outer 
surface 13 and the inner surface 13 of the housing 12. For 
example, FIG. 5 is a schematic perspective view of another 
embodiment of a sealed package 100. All of the design 
considerations and possibilities regarding the sealed pack 
age 10 of FIGS. 1-4 apply equally to the package 100 of FIG. 
5. The package 100 includes a housing 112 and electronic 
device (not shown) disposed within the housing. The elec 
tronic device can include one or more device contacts (e.g., 
device contacts 32 of FIGS. 1-4) that are electrically con 
nected to the electronic device. The package 100 also 
includes an external contact 140 and a second external 
contact 142. The external contacts 140, 142 can be sealed 
(e.g., hermetically sealed) to the housing 112 at first and 
second ends 116, 118 of the housing respectively. Although 
not shown, the package 100 can also include one or more 
conductive members disposed within the housing 112 that 
electrically connect one or both of the external contacts 140, 
142 to one more device contacts of the electronic device 
such that the conductive members electrically connect the 
electronic device to one or both of the external contacts. In 
one or more embodiments, these conductive members can 
be compressed between the external contacts 140, 142 and 
one or more device contacts. 

0045 One difference between package 100 and package 
10 of FIGS. 1-4 is that a conductor 170 is disposed on an 
inner surface 114 of the housing 112. The conductor 170 can 
take any Suitable shape or combination of shapes and have 
any suitable dimensions. Further, the conductor 170 can 
include any suitable conductive material or combination of 
materials, e.g., the same materials described herein regard 
ing external contacts 40, 42 of package 10 of FIGS. 1-4. 
Although shown as disposed on the inner surface 114 of 
housing 112, conductor 170 can be disposed on an outer 
surface 113 of the housing, or on both the inner surface and 
the outer surface of the housing. Further, the conductor 170 
can include any Suitable number of conductors, e.g., 1, 2, 3, 
4, or more discrete conductors. 
0046. In one or more embodiments, the conductor 170 
can be formed to provide an antenna, and the package 100 
can be wirelessly coupled to a device or system through Such 
antenna. Further, in one or more embodiments, the conduc 
tor 170 can form an inductive coil that can be utilized to 
provide inductive coupling to one or more external devices, 
e.g., one or more inductive power sources. In one or more 
embodiments, the conductor 170 can include an electromag 
netic interference shield that aids in shielding the electronic 
device disposed within the housing 112 from undesirable 
electromagnetic radiation that is incident upon the package 
1OO. 

0047. The conductor 170 can be electrically connected to 
one or more components or power sources of the electronic 
device disposed within the housing 112 of the package 100 
using any Suitable technique or combination of techniques. 
For example, if one or more conductors 170 are disposed on 
the outer surface 113 of the housing 112, a via or vias can 
be formed between the outer surface and the inner surface 
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114 of the housing. Conductive material can be disposed 
within Such via or vias that electrically connects the con 
ductor 170 to the electronic device. The conductor 170 can 
be electrically connected to the Vias using any Suitable 
technique or combination of techniques. In embodiments 
where the conductor 170 is disposed on the inner surface 114 
of the housing or on 112, the conductor can be electrically 
connected to the electronic device using any Suitable tech 
nique or combination of techniques, e.g., a lead wire or wires 
can be connected to the conductor and the electronic device. 

0048. Another difference between package 100 of FIG. 5 
and package 10 of FIGS. 1-4 is that the housing 112 takes 
an elliptical shape in a plane orthogonal to a housing axis 
102. Further, external contacts 140, 142 each take an ellip 
tical cross-sectional shape in a plane orthogonal to the 
housing axis 102 and in a plane Substantially parallel to the 
housing axis. 
0049. As mentioned herein, the various packages of the 
present disclosure can be implanted within a patient to 
provide any Suitable therapeutic treatment to the patient. 
Any Suitable technique or combination of techniques can be 
utilized to implant the package within the body such that the 
package remains in the desired location. For example, FIG. 
6 is a schematic perspective view of another embodiment of 
a package 200. All of the design considerations and possi 
bilities regarding the package 10 of FIGS. 1-4 and the 
package 100 of FIG. 5 apply equally to the package 200 of 
FIG. 6. One difference between package 200 of FIG. 6 and 
package 10 of FIGS. 1-4 is that housing 212 includes a 
transparent portion 214 that is connected to an opaque 
portion 290. In one or more embodiments, a second end 218 
of the transparent portion 214 is connected to a first end 292 
of the opaque portion 290. Any suitable technique or com 
bination of techniques can be utilized to connect the trans 
parent portion 214 to the opaque portion 290, e.g., the same 
techniques described herein for sealing the external contacts 
40, 42 to the housing 12 of sealed package 10 of FIGS. 1-4. 
0050. The transparent portion 214 of the housing 212 can 
include any suitable material or combination of materials 
that are transparent to one or more wavelengths of electro 
magnetic radiation, e.g., the same transparent materials 
described herein regarding housing 12 of package 10. The 
transparent portion 214 can take any Suitable shape or 
combination of shapes, e.g., the same shapes described 
herein regarding housing 12 of package 10. Further, the 
opaque portion 290 of housing 212 can take any suitable 
shape or combination of shapes, e.g., the same shapes 
described herein regarding housing 12 of package 10. Fur 
ther, the opaque portion 290 can include any suitable mate 
rial or combination of materials, e.g., metal, polymer, etc. 
0051. In one or more embodiments, the package 200 can 
include an external contact 240, a second external contact 
242, and a third external contact 244. The external contacts 
240, 242, 244 can be disposed in any suitable location on or 
adjacent the transparent portion 214, the opaque portion 290, 
or both the transparent portion and opaque portion of the 
housing 212. As illustrated in FIG. 6, the external contact 
240 is disposed at a first end 216 of the transparent portion 
214 of the housing 212 such that it is connected to the 
transparent portion 214. Further, the second external contact 
242 is disposed at a second end 298 of the housing 212. And 
the third external contact 244 is disposed on or in the opaque 
portion 290 of the opaque portion 290 of the housing 212. 
In one or more embodiments, the opaque portion 290 of the 
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housing 212 can provide the third external contact 244, e.g., 
the opaque portion can include conductive material to pro 
vide the third external contact. In one or more embodiments, 
the second external contact 242 can be electrically isolated 
from the third external contact 244 by an electrically insu 
lative material 296 disposed between the second external 
contact and the third external contact. The electrically insu 
lative material 296 can include any suitable material or 
combination of materials that can isolate the second external 
contact 242 from the third external contact 244. 

0.052 The package 200 can include an electronic device 
220 disposed within the housing 212 in any suitable loca 
tion. As illustrated in FIG. 6, the electronic device 220 is 
disposed at least partially within the transparent portion 214 
of the housing 212. In one or more embodiments, additional 
electronic devices can be disposed within the opaque portion 
290 of the housing 212. Further, in one or more embodi 
ments, the electronic device 220 can include a power source 
220 that is electrically connected to one or more components 
of the electronic device 220. Further, in one or more 
embodiments, the power source 230 can be electrically 
connected to one or more of the external contacts 240, 242, 
244. In one or more embodiments, the opaque portion 290 
of the housing 212 can be a power source that is formed and 
then connected to the transparent portion 214. 
0053. The electronic device 220 can be electrically con 
nected to one or more the external contacts 240, 242, 244 
using any Suitable technique or combination of techniques. 
For example, in one or more embodiments, a conductive 
member (e.g., conductive member 50 of FIGS. 1-4) can be 
disposed between the electronic device 220 and the external 
contact 240 such that the conductive member electrically 
connects the electronic device to the external contact. In one 
or more embodiments, the conductive member can provide 
a non-bonded electrical connection between the external 
contact 240 and the electronic device 220 by compressing 
the external contact against the conductive member as is 
described herein regarding conductive member 50 of FIGS. 
1-4. 

0054. In one or more embodiments, the package 200 can 
include a second conductive member (e.g., second conduc 
tive member 52 of FIGS. 1-4) can be disposed between the 
electronic device 220 and one or both of the second and third 
external contacts 242, 244 such that the conductive member 
electrically connects the electronic device to the external 
contacts. In one or more embodiments, the conductive 
member can provide a non-bonded electrical connection 
between one or both of the second and third external 
contacts 242, 244 and the electronic device 220 by com 
pressing the external contact against the conductive member 
as is described herein regarding conductive member 52 of 
FIGS. 1-4. In one or more embodiments, one or more 
conductors can be disposed between the electronic device 
220 and the second and third external contacts 242, 244 
through or on the opaque portion 290 of the housing 212 to 
electrically connect the electronic device with the external 
COntactS. 

0055. The package 200 can also include one or more tines 
280 that are disposed in any suitable location on the housing 
212. The tines 280 can be utilized to anchor the package 200 
to tissue within a patient such that the package remains in the 
desired location after implantation. The tines 280 can take 
any suitable shape or combination of shapes. Further, the 
package 200 can include any suitable number of tines 280. 
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The tines 280 can include any suitable material or combi 
nation of materials, e.g., the same materials described herein 
regarding the external contacts. In one or more embodi 
ments, the tines 280 can be electrically connected to an 
external contact, e.g., external contact 240, to provide an 
electrical signal to tissue of a patient. In Such embodiments, 
the times 280 can be electrically connected to an external 
contact using any Suitable technique or combination of 
techniques. In one or more embodiments, the tines 280 are 
integral with an external contact, e.g., external contact 240, 
i.e., the tines are not made separately and then attached to the 
external contact but instead are manufactured from the same 
starting material as the external contact. In one or more 
embodiments, the tines 280 can be attached to the external 
contact 240 using any suitable technique or combination of 
techniques. In one or more embodiments, the tines 280 can 
be electrically insulative. 
0056. The various embodiments of sealed packages 
described herein can be utilized with any system or device. 
For example, FIG. 7 is a schematic plan view of one 
embodiment of a lead 300. The lead 300 can be any suitable 
lead known in the art. Further, the lead 300 can be utilized 
with any suitable external medical device or implantable 
medical device. The lead 300 includes a lead body 302 that 
has a distal portion 304 and a proximal portion 306 that 
includes one or more discrete contacts 308. 
0057 Lead 300 also includes a sealed package, e.g., the 
sealed package 10 of FIGS. 1-4, disposed on or in the distal 
portion 304 of the lead body 302. Although the lead 300 is 
illustrated as including the sealed package 10 of FIGS. 1-4, 
any sealed package can be utilized with the lead. 
0.058. In one or more embodiments, the discrete contact 
308 of the lead 300 can be electrically coupled to the 
package 10 using any suitable technique or combination of 
techniques. In one or more embodiments, the discrete con 
tact 308 of the lead 300 can be electrically coupled to the 
package 10 through one or more conductors or filers 309 that 
are disposed on or within the lead body 302. The discrete 
contact 308 can be electrically coupled to the electronic 
device 20 of the package 10 through the filer 309 and 
external contact 40. The discrete contact 308 can be adapted 
to electrically contact the lead 300 to an external or implant 
able medical device. 

0059. In one or more embodiments, second external 
contact 42 can be a therapeutic electrode and provide one or 
more electrical signals to tissue of a patient. In one or more 
embodiments, one or more therapeutic electrodes can be 
electrically connected to the second external contact 42 to 
provide one or more electrical signals to tissue of a patient. 
Further, in one or more embodiments, one or more addi 
tional leads can be electrically connected to the second 
external contact 42 to provide one or more electrical signals 
to tissue of a patient. 
0060. The various embodiments of sealed packages 
described herein can be formed using any Suitable technique 
or combination of techniques. For example, FIG. 8 is a 
flowchart of one embodiment of a method 400 of forming a 
sealed package (e.g., package 10 of FIGS. 1-4). Although the 
method 400 will be described in reference to package 10, the 
method can be utilized to form any Suitable sealed package. 
0061. At 402, the electronic device 20 can be disposed 
within the housing 12. The electronic device 20 can be 
formed using any Suitable technique or combination of 
techniques and then disposed within the housing 12. At 404. 
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one or more of the device contacts 32 can be electrically 
connected to at least one of conductive members 50, 52 
using any Suitable technique or combination of techniques. 
In one or more embodiments, the conductive members 50, 
52 can be electrically connected to one or more of the device 
contacts 32 prior to disposing of the electronic device 20 
within the housing 12. In one or more embodiments, the 
conductive members 50, 52 can be electrically connected to 
one or more of the device contacts 32 after the electronic 
device 20 has been disposed within the housing 12. 
0062. The conductive member 50 can be compressed 
between the external contact 40 and one or more device 
contacts 32 at 406 such that the conductive member elec 
trically connects the electronic device 20 to the external 
contact. In one or more embodiments, the alignment sleeve 
60 can first be inserted into the first end 16 of the housing 
12 prior to compressing the conductive member 50 between 
the external contact 40 and the device contacts 32. Any 
Suitable technique or combination of techniques can be 
utilized to compress the conductive member 50 between the 
external contact 40 and the device contacts 32. 

0063. In one or more embodiments, the second conduc 
tive member 52 can be compressed between the second 
external contact 42 and one or more device contacts 32 using 
any suitable technique or combination of techniques. Fur 
ther, in one or more embodiments, the second alignment 
sleeve 62 can first be inserted into the second end 18 of the 
housing 12 prior to compressing the conductive member 52 
between the second external contact 42 and device contacts 
32. The second conductive member 52 can be compressed 
such that the conductive member electrically connects the 
electronic device 20 to the second external contact 42. In one 
or more embodiments, the electronic device 20 can be 
electrically connected to the second external contact 42 
using any suitable technique or combination of techniques 
that do not require compression of a conductive member 
between the device contacts 32 and the external contact 62. 

0064. At 408, the external contact 40 can be sealed to the 
housing 12 at the first end 16 of the housing using any 
Suitable technique or combination of techniques, e.g., laser 
bonding. In one or more embodiments, the external contact 
40 can be hermetically sealed to the housing 12 at the first 
end 16 of the housing. Prior to sealing the external contact 
40 to the housing 12, the mating surface 45 of the external 
contact and the mating Surface 17 of the housing at the first 
end 16 can be polished using any suitable technique or 
combination of techniques. In one or more embodiments, the 
second external contact 42 can be sealed to the housing 12 
at the second end 18 of the housing. In one or more 
embodiments, the second external contact 42 can be her 
metically sealed to the housing 12 at the second end 18 of 
the housing. In one or more embodiments, the second 
external contact 42 can be sealed to the housing 12 at the 
second end 18 of the housing using any Suitable technique 
or combination of techniques. Prior to sealing the second 
external contact 42 to the housing 12, the mating Surface 46 
of the second external contact and the mating Surface 47 of 
the housing at the second end 18 can be polished using any 
Suitable technique or combination of techniques. 
0065 All headings provided herein are for the conve 
nience of the reader and should not be used to limit the 
meaning of any text that follows the heading, unless So 
specified. 
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0066. The terms “comprises” and variations thereof do 
not have a limiting meaning where these terms appear in the 
description and claims. Such terms will be understood to 
imply the inclusion of a stated step or element or group of 
steps or elements but not the exclusion of any other step or 
element or group of steps or elements. 
0067. The words “preferred” and “preferably” refer to 
embodiments of the disclosure that may afford certain 
benefits, under certain circumstances; however, other 
embodiments may also be preferred, under the same or other 
circumstances. Furthermore, the recitation of one or more 
preferred embodiments does not imply that other embodi 
ments are not useful, and is not intended to exclude other 
embodiments from the scope of the disclosure. 
0068. In this application, terms such as “a,” “an, and 
“the are not intended to refer to only a singular entity, but 
include the general class of which a specific example may be 
used for illustration. The terms “a,” “an,” and “the are used 
interchangeably with the term “at least one.” The phrases “at 
least one of and “comprises at least one of followed by a 
list refers to any one of the items in the list and any 
combination of two or more items in the list. 
0069. The phrases “at least one of and “comprises at 
least one of followed by a list refers to any one of the items 
in the list and any combination of two or more items in the 
list. 
0070. As used herein, the term “or” is generally 
employed in its usual sense including “and/or unless the 
content clearly dictates otherwise. 
(0071. The term “and/or means one or all of the listed 
elements or a combination of any two or more of the listed 
elements. 
0072. As used herein in connection with a measured 
quantity, the term “about” refers to that variation in the 
measured quantity as would be expected by the skilled 
artisan making the measurement and exercising a level of 
care commensurate with the objective of the measurement 
and the precision of the measuring equipment used. Herein, 
“up to a number (e.g., up to 50) includes the number (e.g., 
50). 
0073. Also herein, the recitations of numerical ranges by 
endpoints include all numbers Subsumed within that range as 
well as the endpoints (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 
3.80, 4, 5, etc.). 
0074 All references and publications cited herein are 
expressly incorporated herein by reference in their entirety 
into this disclosure, except to the extent they may directly 
contradict this disclosure. Illustrative embodiments of this 
disclosure are discussed and reference has been made to 
possible variations within the scope of this disclosure. These 
and other variations and modifications in the disclosure will 
be apparent to those skilled in the art without departing from 
the scope of the disclosure, and it should be understood that 
this disclosure is not limited to the illustrative embodiments 
set forth herein. Accordingly, the disclosure is to be limited 
only by the claims provided below. 
What is claimed is: 
1. A hermetically-sealed package comprising: 
a housing extending along a housing axis between a first 

end and a second end; 
an electronic device disposed within the housing and 

comprising a device contact; 
an external contact hermetically sealed to the housing at 

the first end of the housing; and 
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a conductive member electrically connected to the exter 
nal contact and the device contact Such that the con 
ductive member electrically connects the electronic 
device to the external contact, wherein the conductive 
member is compressed between the external contact 
and the device contact. 

2. The package of claim 1, wherein the electronic device 
comprises a second device contact, wherein the package 
further comprises: 

a second external contact hermetically sealed to the 
housing at the second end of the housing; and 

a second conductive member electrically connected to the 
second external contact and the second device contact 
such that the second conductive member electrically 
connects the electronic device to the second external 
COntact. 

3. The package of claim 2, wherein the second conductive 
member is compressed between the second external contact 
and the second device contact. 

4. The package of claim 1, wherein at least a portion of the 
housing is Substantially transmissive to electromagnetic 
radiation having a wavelength in a range of 200 nm to 10000 

. 

5. The package of claim 1, wherein the housing comprises 
Sapphire. 

6. The package of claim 1, wherein the electronic device 
comprises a multiplexer. 

7. The package of claim 1, wherein the external contact 
comprises titanium. 

8. The package of claim 1, wherein the external contact is 
adapted to provide an electrical signal to tissue of a patient. 

9. The package of claim 1, wherein the external contact is 
adapted to electrically couple the electronic device to a lead. 

10. The package of claim 1, wherein the electronic device 
comprises a controller. 

11. The package of claim 1, wherein the electronic device 
comprises an implantable medical device. 

12. The package of claim 1, wherein the external contact 
is hermetically sealed to the housing by a laser bond. 

13. The package of claim 12, wherein the laser bond that 
hermetically seals the external contact to the housing com 
prises a bond line. 

14. The package of claim 13, wherein the bond line that 
hermetically seals the external contact to the housing com 
prises an interfacial layer between the external contact and 
the housing. 

15. The package of claim 1, further comprising a con 
ductor disposed on an inner Surface of the housing and 
electrically coupled to the electronic device. 

16. The package of claim 15, wherein the conductor 
comprises an antenna. 

17. The package of claim 15, wherein the conductor 
comprises an inductive coil. 

18. The package of claim 15, wherein the conductor 
comprises an electromagnetic interference shield. 

19. The package of claim 1, further comprising an align 
ment insert extending from the first end of the housing Such 
that the alignment insert is disposed within the housing and 
the external contact. 

20. The package of claim 1, wherein the electronic device 
further comprises a power source. 

21. The package of claim 1, wherein the housing com 
prises a material selected from one of glass, quartZ, silica, 
Sapphire, silicon carbide, diamond, and gallium nitride, 
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copper, silver, titanium, niobium, Zirconium, tantalum, stain 
less steel, platinum, iridium, and combinations thereof. 

22. The package of claim 1, wherein the external contact 
comprises a material selected from one of titanium, copper, 
silver, niobium, Zirconium, tantalum, stainless steel, plati 
num, iridium, and combinations thereof. 

23. An implantable medical device system comprising: 
a lead, wherein the lead comprises a lead body; and 
the hermetically-sealed package of any one of claims 1-22 

disposed in a distal portion of the lead body. 
24. The implantable medical device system of claim 23, 

wherein the external contact of the hermetically-sealed 
package is electrically coupled to a conductor of the lead. 

25. A method of forming a hermetically-sealed package 
comprising a housing extending along a housing axis 
between a first end and a second end, the method compris 
ing: 

disposing an electronic device within the housing: 
electrically connecting a device contact of the electronic 

device to a conductive member; 
compressing the conductive member between an external 

contact and the device contact such that the conductive 
member electrically connects the electronic device to 
the external contact; and 

Apr. 13, 2017 

hermetically sealing the external contact to the housing at 
the first end of the housing. 

26. The method of claim 25, wherein hermetically sealing 
the external contact to the housing comprises forming a laser 
bond between the external contact and the housing. 

27. The method of claim 25, further comprising: 
electrically connecting a second device contact of the 

electronic device to a second conductive member; and 
hermetically sealing a second external contact to the 

housing at the second end of the housing Such that the 
second conductive member is disposed between the 
second external contact and the second device contact, 
wherein the second conductive member is electrically 
connects the electronic device to the second external 
COntact. 

28. The method of claim 27, further comprising com 
pressing the second conductive member between the second 
external contact and the second device contact. 

29. The method of claim 27, wherein hermetically sealing 
the second external contact to the housing comprises form 
ing a laser bond between the second external contact and the 
housing. 


