FEEDTHROUGH CONNECTOR FOR HERMETICALLY SEALED
ELECTRONIC DEVICES

FIELD
[0001] This disclosure relates generally to electrical connectors for electronic

devices, and more particularly to feedthrough electrical connectors for hard disk drives.

BACKGROUND

[0002] Hard disk drives are commonly used for storing and retrieving digital
information using rapidly rotating discs or platters coated with magnetic material. Digital
information is transferred between a hard disk drive and a computing device by virtue of
an electrical connector forming part of the hard disk drive. Conventional electrical
connectors include non-feedthrough connectors (e.g., P2 connectors) and feedthrough
connectors.

[0003] Feedthrough connectors are defined by a plurality of electrical connections
extending from outside the housing of an electronic device, such as a hard disk drive, to
within an interior cavity of the electronic device. The portion of the electrical
connections external to the housing are electrically coupled to a mating electrical
connector of a computing device, while the portion of the electrical connections internal
to the housing are electrically coupled to various components within the interior cavity.

[0004] Conventional feedthrough connectors are often difficult to couple to the
housing of an electronic device, especially in circumstances where the interior cavity of
the housing is sealed and maintained at a certain condition (e.g., pressure, temperature,
air composition, etc.). For example, certain hard disk drives greatly benefit from a
housing that isolates the interior cavity and the contents of the hard disk drive from the
atmosphere exterior to the housing.

[0005] Further, conventional feedthrough connectors often have a large footprint

(e.g., cross-sectional area), thus contributing to the difficulty and/or expense of achieving
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a sufficiently strong, reliable, and properly sealed connection between the connector and
the housing. Also, many of the materials used in constructing conventional feedthrough
connectors can be expensive to work with and often require complex and expensive

curing and treatment procedures.



SUMMARY

[0006] The subject matter of the present application has been developed in
response to the present state of the art, and in particular, in response to the problems and
needs associated with hard disk drives and associated electrical connectors that have not
yet been fully solved by currently available systems. Accordingly, the subject matter of
the present application has been developed to provide a feedthrough electrical connector,
and associated apparatus, systems, and methods, that overcomes at least some of the
above-discussed shortcomings of the prior art.

[0007] The present disclosure relates to an apparatus that includes a housing that
has a feedthrough aperture. Further, the apparatus includes an electrical connector that is
coupled to the housing and that extends through the feedthrough aperture. The electrical
connector includes an electrically insulating base that has multiple laminated layers of
insulating material with electrical traces extending between the multiple laminated layers.
The electrically insulating base also has a first portion disposed in the interior cavity, a
second portion disposed external to the interior cavity, and a sealing portion disposed
between the inwardly positioned portion and the outwardly positioned portion. The
sealing portion is the region that is sealed to the housing. In one embodiment, at least the
sealing portion of the electrically insulating base has a minimal cross-sectional area. The
electrical connector further includes a first plurality of electrical leads that are disposed
on the outwardly positioned portion of the electrically insulating base. The electrical
connector also includes a second plurality of electrical leads disposed on the inwardly
positioned portion of the electrically isolating base material. Each electrical lead of the
first plurality of electrical leads is electrically coupled to a respective electrical lead of the
second plurality of electrical lead via electrical traces in the electrically insulating base.

[0008] In one embodiment, a seal between the sealing portion and the housing
maintains the interior cavity as a hermetically sealed environment. For example, the

interior cavity may contain a helium-enriched environment. The seal may be made by
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using one or more of solder, adhesive, and epoxy, the epoxy having a low helium
permeability. The electrically insulating base may have a multilayered structure with
electrical traces extending between adjacent layers for electrically interconnecting the
electrical leads of the first plurality of electrical ieads with a respective electrical lead of
the second plurality of electrical leads.

[0009] The first plurality of electrical leads, according to one embodiment, may
be disposed on one or both of opposing surfaces of the outwardly positioned portion of
the electrically insulating base. The electrically insulating base may be made from a
printed circutt board material and the cross-sectional area of the electrical connector may
be less than about 200 square millimeters. In a further embodiment, the electrical
connector may be even less than about 100 square millimeters. In one embodiment,
electrical connector, at least in the sealing portion, has a cross-section of the sealing
portion that is co-planar with the cross-sectional area of the feedthrough aperture
comprises a first and second dimension, wherein the first dimension is at least 5 times the
length of the second dimension. In one implementation, the outwardly positioned portion
of the electrical connector may appear similar to a zero-insertion-force type connector.
For example, the length and height of the electrical connector may be substantially
greater than the width of the electrical connector, with the height of the electrical
connector extending in a direction transverse to the housing.

[0010] The present disclosure also relates to a hard disk drive that includes a
hermetically sealed housing substantially isolating a hard drive cavity from an exterior
atmosphere. The housing includes a feedthrough aperture through which an electrical
connector may extend. The electrical connector may be coupled to the housing to
maintain the hermetic seal. The electrical connector includes an electrically insulating
base that has an inwardly positioned portion disposed in the interior cavity, an outwardly
positioned portion protruding into the exterior atmosphere, and a sealing portion disposed

between the inwardly positioned portion and the outwardly positioned portion. The
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sealing portion is the region on the electrically insulating base that is used for coupling
the electrical connector to the housing. The electrical connector also includes a first
plurality of electrical leads disposed on at least one peripheral surface of the outwardly
positioned portion of the electrically insulating base. The electrical connector further
includes a second plurality of electrical leads disposed on the inwardly positioned portion
of the electrically insulating base. Each electrical lead of the first plurality of electrical
leads has a corresponding and interconnected electrical lead of the second plurality of
electrical leads. A length of the electrically insulating base that extends transversely
away from the aperture is longer than a width of the electrically insulating base that
extends parallel to the aperture.

[0011] According to one embodiment, the second plurality of electrical leads is
electrically connected to hard disk drive components within the interior cavity. The
interior cavity may contain a helium-enriched environment and the electrical connector
may be coupled to the housing via one or more of sbldering, adhesive, and epoxy that has
a low helium permeability. The electrically insulating base may have a muitilayered
structure with electrical traces extending between adjacent layers for interconnecting the
first and second plurality of electrical leads. The apparatus may also include a securing
mechanism that fastens the electrical connector in place. For example, the securing
mechanism may secure the engagement between the electrical connector and a mating
electrical receptacle. In one embodiment, the cross-sectional area of the electrical
connector in the feedthrough aperture is less than about 100 square millimeters.

[0012] Finally, the application relates to a hard disk drive that includes a
hermetically sealed housing substantially isolating a hard drive cavity containing a
helium enriched environment from an exterior atmosphere, the housing comprising a
feedthrough aperture. Further, an electrical connector is coupled to the housing and
extends through the feedthrough aperture. The electrical connector includes an

electrically insulating base that has an inwardly positioned portion disposed in the interior
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cavity, an outwardly positioned portion protruding into the exterior atmosphere, and a
sealing portion disposed between the inwardly positioned portion and the outwardly
positioned portion for coupling the electrical connector to the housing. The electrically
insulating base has a multilayered structure with electrical traces extending between
adjacent layers. The electrically insulating base may further include a first plurality of
electrical leads disposed on one or both opposing peripheral surfaces of the outwardly
positioned portion of the electrically insulating base. The base material may also include
a second plurality of electrical leads disposed on the inwardly positioned portion of the
electrically isolating base material, wherein each electrical lead of the first plurality of
electrical leads has a corresponding and interconnected, via the electrical traces, electrical
lead of the second plurality of electrical leads.

[0013] The described features, structures, advantages, and/or characteristics of the
subject matter of the present disclosure may be combined in any suitable manner in one
or more embodiments and/or implementations. In the fdllowing description, numerous
specific details are provided to impart a thorough understanding of embodiments of the
subject matter of the present disclosure. One skilled in the relevant art will recognize that
the subject matter of the present disclosure may be practiced without one or more of the
specific features, details, components, materials, and/or methods of a particular
embodiment or implementation. In other instances, additional features and advantages
may be recognized in certain embodiments and/or implementations that may not be
present in all embodiments or implementations. Further, in some instances, well-known
structures, materials, or operations are not shown or described in detail to avoid
obscuring aspects of the subject matter of the present disclosure. The features and
advantages of the subject matter of the present disclosure will become more fully
apparent from the following description and appended claims, or may be learned by the

practice of the subject matter as set forth hereinafter.



BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In order that the advantages of the subject matter may be more readily
understood, a more particular description of the subject matter briefly described above
will be rendered by reference to specific embodiments that are illustrated in the appended
drawings. Understanding that these drawings depict only typical embodiments of the
subject matter and are not therefore to be considered to be limiting of its scope, the
subject matter will be described and explained with additional specificity and detail
fhrough the use of the drawings, in which:

[0015] Figure 1 is a perspective view of a hard disk drive with a feedthrough
electrical connector, according to one embodiment;

[0016] Figure 2 is a cross-sectional side view of a hard disk with a feedthrough
electrical connector according to one embodiment;

[0017] Figure 3 is a magnified view of a feedthrough electrical connector on a
hard disk drive according to one embodiment; |

[0018] Figure 4 is a magnified view of a feedthrough electrical connector on a
hard disk drive according to another embodiment;

[0019] Figure 5A is a perspective view of a feedthrough electrical connector
according to one embodiment;

[0020] Figure 5B is a front view of the feedthrough electrical connector of Figure
SA;

[0021] Figure 5C is a top view of the feedthrough electrical connector of Figure
S5A;

[0022] Figure 6A is a perspective view of a feedthrough electrical connector
according to another embodiment;

[0023] Figure 6B is a side view of the feedthrough electrical connector of Figure

6A with corresponding electrical contacts according to one embodiment; and



[0024] Figure 7 is a magnified cross-sectional perspective view of a feedthrough

electrical connector according to one embodiment.



DETAILED DESCRIPTION

[0025] Reference throughout this specification to “one embodiment,” “an
embodiment,” or similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment is included in at least one
embodiment of the present disclosure. Appearances of the phrases “in one embodiment,”
“in an embodiment,” and similar language throughout this specification may, but do not
necessarily, all refer to the same embodiment. Similarly, the use of the term
“implementation” means an implementation having a particular feature, structure, or
characteristic described in connection with one or more embodiments of the present
disclosure, however, absent an express correlation to indicate otherwise, an
implementation may be associated with one or more embodiments.

[0026] Figure 1 is a perspective view of a hard disk drive 10 with a feedthrough
electrical connector 200 according to one embodiment. The hard disk drive 10 includes a
housing 100 that defines an interior cavity 110 (not depicted in Figuré 1). The interior
cavity 110 contains hard disks and other interior components 112 (not depicted in Figure
1) of the hard disk drive 10. The feedthrough electrical connector 200 includes an
electrically insulating base 210 with a plurality of electrical leads 220 disposed on at least
one peripheral surface of the electrically insulating base 210. Generally, the feedthrough
electrical connector 200 electrically connects the interior components 112 of the hard
disk drive with a computing device (not shown) while still maintaining the interior cavity
110 of the hard disk drive relatively isolated from the exterior atmosphere 120.
Additional details relating to the feedthrough electrical connector 200 are included below
with reference to Figures 2-7.

[0027] Although the illustrated embodiments described below are in relation to a
hard disk drive with an electrical connector, in other embodiments, the principles and

features of the present disclosure can be applied to other electronic devices that could



benefit from a feedthrough electrical connector, such as solid state memory devices,
semiconductor devices, general computing devices, and the like.

[0028] The housing 100 of the hard disk drive 10 houses and protects the various
internal components 112 configured to store and retrieve data and information, as well as
control the storage and retrieval of data and information. The components 112 within the
interior cavity 110 may include magnetic recording media (e.g., disks), read/write heads,
actuators (e.g., swings aris), electrical circuitry, and the like. The hard disk drive 10 can
be in electrical communication with a computing device (not shown) to transfer data for
operation of the computing device. In one embodiment, the housing 100 is configured to
hermetically seal the components 112 of the hard disk drive 10 from the exterior
environment 120. In certain implementations, the housing 100 includes two or more
sections coupled together to maintain the sealing nature of the housing. According to
some implementations, the housing 100 maintains the interior cavity 110 of the housing
of the hard disk drive 10 at a pressure below atmospheric pressure. Becaﬁse the
components of hard disk drives, according to one embodiment, are sensitive to
contaminants and pressure changes, hermetically sealing the internal components 112 of
the hard disk drive 10 from the exterior environment 120 promotes the proper operation
of the hard disk drive 10 and also extends the life of the hard disk drive 10.

[0029] The housing 100, which can be made from any of various materials (such
as hardened plastics, metal, and the like), may, in certain embodiments, include a
connector receptacle 130. The connector receptacle 130 is formed in an exterior surface
of the housing 100 about a feedthrough aperture 140, which is also formed in the
housing. The feedthrough aperture 140, in the absence of the feedthrough electrical
connector 200, is open to the interior cavity 110 of the hard disk drive 10. Generally, the
connector receptacle 130 is configured to receive the electrical connector 200. Although
shown in Figure | as tray or indentation in the housing 100 that is substantially larger

than the connector 200 and larger than the feedthrough aperture 140, in other
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embodiments, the connector receptacle 130 may be sized similar to the electrical
connector 200 in order to physically support the protruding surfaces of the electrical
connector 200. Further, the connector receptacle 130 may be useful for retaining a layer
of solder, adhesive, or other weldment agent for securing the electrical connector 200 to
the housing 100. Further details regarding coupling the connector 200 to the houéing 100
are included below.

[0030] Figure 2 is a schematic cross-sectional side view of a hard disk drive 10
with a feedthrough electrical connector 200 according to one embodiment. In the
depicted embodiment, the hard disk drive 10 includes a housing 100 that substantially
isolates the interior cavity 110 of the hard disk drive 10 from the exterior atmosphere
120. For example, the interior cavity 110 may have a helivm enriched atmosphere or the
interior cavity 110 may be maintained at a lower pressure than the pressure of the exterior
atmosphere 120. Certain hard disk drives 10 are specifically configured to have or
maintain certain conditions within the interior cavity 110 to promote the efﬁciént
operation of the hard disk drive 10. Leaks from the housing tend to disrupt the desired
conditions within the interior cavity (e.g., cause an increase in pressure or introduction of
heavier air), which can harm the efficiency and reliability of the hard disk drive 10.

[0031] The embodiment of the housing 100 depicted in Figure 2 does not include
a connector receptacle 130 (as depicted in Figure 1). The housing 100 holds the
- components 112 of the hard disk drive, such as magnetic media and read/write arms,
Also depicted schematically in the interior cavity 110 of the hard disk drive 10 are
secondary electrical connections 114 that electrically connect the components 112 of the
hard disk drive 10 to the feedthrough electrical connector 200. The secondary electrical
connections 114 may be wiring, electrical traces, connectors, controllers, control
modules, and the like. Such secondary electrical connections 114 may be configured to
connect with the feedthrough electrical connector 200 in a variety of ways. For example,

Figures 3 and 4 show different implementations for connecting the internal wiring 114 of
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the hard disk drive 10 to the feedthrough electrical connector 200. Additional details
regarding these different implementations are included below with reference to Figures 3
and 4.

[0032] The feedthrough electrical connector 200 includes an electrically
insulating base 210 and a plurality of electrical leads 220. The electrically insulating
base 210 may include multiple layers of electrically insulating material with electrical
traces extending between adjacent layers. For example, the multiple layers may extend in
a direction perpendicular to the cross-sectional area of the feedthrough aperture. The
electrically insulating base 210 also includes three different portions or sections: an
inwardly positioned portion 211, a sealing portion 212, and an outwardly positioned
portion 213. Although described and referenced throughout the disclosure as three
separate portions 211, 212, 213, it is contemplated that, according to one embodiment,
the electrically insulating base 210 may be a single, integrated structure. In other
embodiments, the electrically insulating base 210 may be modular such that each portion
211, 212, 213 is a separate material. Further, in one embodiment, the electrically
insulating base 210 may be layered (Figure 7). Additional details regarding the structure
and composition of the electrically insulating base 210 are included below with reference
to Figures 5A and 7.

[0033] The feedthrough electrical connector 200 of the present disclosure has at
least a first plurality of electrical leads 220 on the outwardly positioned portion 213. The
first plurality of electrical leads 220 may be disposed on at least one peripheral surface of
the outwardly positioned portion 213. The arrangement, material, and structure of the
leads 220 are described in greater detail below with reference to Figure SA-7. The first
plurality of electrical leads 220 are electrically connected, via electrical traces/wires not
depicted in Figure 2, to corresponding contact points on the inwardly positioned portion
211 of the electrically insulated base material 210 for connecting with the components

112 of the hard disk drive 10.
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[0034] Although described in greater detail below, the inwardly positioned
portion 211 of the electrically insulating base 210 of the feedthrough electrical connector
200 may or may not have similarly situated electrical leads (see the description of Figures
3 and 4). For example, in one embodiment, the secondary electrical connections 114 may
electrically connect to the electrical connector 200 via leads disposed on the inwardly
positioned portion 211 of the electrically insulating base 210. However, in another
embodiment, the inwardly positioned portion of the eiectrically insulating base 210 may
resemble a conventional electrical connector that has electrical contact points for
interfacing with the integrated wiring 114 and components 112 of the hard disk drive 10.

[0035] The sealing portion 212 is the portion/region of the feedthrough electrical
connector 200 that engages the feedthrough aperture 140 and couples the connector 200
to the housing 100. In one embodiment, the sealing portion 212 is electroplated with a
soldering metal or other weldment facilitator for coupling the connector 200 to the
housing 100. In another embodiment, the sealing portion 212 couples to the feedthrouéh
aperture 140 via an adhesive composition. Additional details relating to the sealing
portion 212 are included below with reference to Figure 5A.

f0036] Figure 3 is magnified view of a feedthrough electrical connector 200
coupled to the housing 100 of the hard disk drive 10 of Figure 1 according to one
embodiment. Similar to the embodiment depicted in Figure 2, the feedthrough electrical
connector 200 has a first plurality of electrical leads 220 disposed on a distal end of the
outwardly positioned portion 213 of the electrically insulating base 210. These leads 220
are configured to be inserted into a corresponding/mated receptacle. For example, the
outwardly positioned portion 213 of the connector 200 may be a zero-insertion-force type
of connector. However, Figure 3 also shows one embodiment of the inwardly positioned
portion 211 of the electrically insulating base 210 of the feedthrough electrical connector
200. The inwardly positioned portion 211 may include conventional electrical terminals

configured to electrically connect with wiring/cables 114 within the interior cavity 110 of
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the hard disk drive 10. In another embodiment, the outwardly positioned portion 213
may include conventional electrical terminals.

[0037] Figure 4 is a magnified view of a feedthrough electrical connector 200
coupled to the hard disk drive 10 of Figure 1 according to another embodiment. Similar
to the embodiments depicted in Figures 2 and 3, the feedthrough electrical connector 200
in Figure 4 has a first plurality of electrical leads 220 disposed on a distal end of the
outwardly positioned portion of the electrically insulating base 210. These leads 220 are
configured to be inserted into a corresponding/mated receptacle. However, Figure 4
shows a different embodiment of the inwardly positioned portion 211 of the electrically
insulating base 210 of the feedthrough electrical connector 200 compared to Figure 3.
For example, the inwardly positioned portion 211 may have a second plurality of
electrical leads 230 disposed on at least one peripheral surface of the inwardly positioned
portion 211 of the connector 200. Although not depicted, the inwardly positioned portion
211 may be received into a mating receptacle that has electrical terminals configured to
engage the second plurality of electrical leads 230.

[0038] Figure S5A is a perspective view of a feedthrough electrical connector 200
according to one embodiment. As described above, the feedthrough electrical connector
200 has an electrically insulating base 210 that defines the structure and overall shape of
the connector 200. The electrically insulating base 210 may be any non-conductive
material that is suited for use in an electrical device. For example, the electrically
insulating base 210 may be glass, ceramic, rubber, plastic, polymer, and the like. In one
embodiment, the electrically insulating base 210 may be constructed in the same manner
as printed circuit boards, printed wiring boards, etched wiring boards, printed circuit
board assemblies, or circuit card assemblies. Although described in greater detail below
with reference to Figure 7, the electrically insulating base 210 includes electrical traces
for conveying electric current and electrical signals between the first plurality of

electrical leads 220 and the second plurality of electrical leads 230. In one embodiment,
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the electrically insulating base 210 implemented in the connector 200 may be selected
according to the specific material’s ability to withstand the conditions present in the
interior cavity 110 of the hard disk drive 10. For example, if a helium enriched
atmosphere is maintained in the interior cavity 110, an electrically insulating base 210
may be selected that has low helium permeability, thus promoting the isolation of the
helium enriched interior cavity 110 from the exterior atmosphere 120,

[0039] The three portions 211, 212, 213 of the electrically insulating base 210 are
also depicted in Figure 5A. As described above, the three portions 211, 212, 213 may be
a single, integrated structure. In other embodiments, the electrically insulating base 210
may be modular such that each portion 211, 212, 213 is a separate material. In one
embodiment, the portions 211, 212, 213, may not be definitively marked and the portions
may not be visually or structurally distinguishable from each other. In other words, the
present disclosure distinguishes the portions 211, 212, 213 generally based on the
expected arrangement and use of the feedthrough electrical connector 200. For example,
the outwardly positioned portion 213 may be comparatively more rigid and may be
constructed of a stronger non-conductive material so as to withstand the conditions of the
exterior atmosphere and/or repeated connecting and disconnecting (depending on the
specifics of a given application). Also, the comparative lengths and relative dimensions
of the three portions 211, 212, 213 are only illustrative of one embodiment and are not
intended to restrict the scope of the disclosure. In other words, one portion may be
substantially larger, longer, and/or wider than another portion, depending on the specifics
of a given application. Also, as described below, the number, size, configuration, and
arrangement of the depicted electrical leads 220, 230 are not restrictive of the scope of
the present disclosure. In one embodiment (as depicted) the width of electrically
insulating base 210 is substantially smaller than the length and the height of the

electrically insulating base 210.
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[0040] The sealing portion 212 may simply be a medial region where the
connector 200 is coupled to the housing 100. However, in another embodiment the
external surfaces of the sealing portion 212 may be electroplated with a soldering
material. In another embodiment, the sealing portion 212 may include a prepared surface
that is capable of bonding, through the use of an adhesive or epoxy, to the feedthrough
aperture 140. In yet another embodiment, both and adhesive and solder (or other
weldment agent) may be implemented to seal the connector 200 within the feedthrough
aperture 140, thus substantially maintaining the interior cavity 110 isolated from the
exterior atmosphere 120. For example, in one embodiment, electroplating material may
be disposed along the length of the sealing portion 212 and an adhesive may be disposed
along the width of the sealing portion 212. As briefly described above, the sealing
portion 212 may not only be the region of the connector 200 that is directly engaged with
the housing 100. In one embodiment, the sealing portion 212 may extend beyond the
thickness of the feedthrough aperture 140 of the housing 100. Once again, the adhesive
and/or the solder may be selected according to its ability to withstand the expected
conditions within the interior cavity 110 or the exterior atmosphere 120 (e.g., low helium
permeability).

[0041] The electrically insulating base 210 may have a cross-sectional area, at
least at the sealing portion, that is less than about 200 square millimeters. In a further
embodiment, the cross-sectional area of the electrical connector may be less than about
100 square millimeters. In one embodiment, the electrical connector, at least in the
sealing portion, has a cross-section that is co-planar with the cross-sectional area of the
feedthrough aperture and that includes a first and second dimension. The first dimension,
according to one embodiment, is substantially longer than the second direction. For
example, the first dimension may be at least 5 times the length of the second dimensien.
In another implementation, the first dimension is at least 10 times the length of the

second dimension.
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[0042] Figure 5B is a front view of the feedthrough electrical connector 200 of
Figure 5A, according to one embodiment. As described and shown in Figures 3 and 4,
the electrical connector 200 has a first plurality of leads 220 disposed on the outwardly
positioned portion 213 and a second plurality of leads 230 disposed on the inwardly
positioned portion 211. The first 220 and second plurality of leads 230 are
interconnected via traces/wiring extending the length of the electrically insulating base
210 (see Figure 7). As described above, the first plurality of electrical leads 220 are
disposed on at least one peripheral surface of the outwardly positioned portion 213 of the
connector 200. However, the second plurality of electrical leads 230, while they may be
similar in arrangement and configuration to the first plurality of electrical leads 220 (as
depicted in Figure 4 and 5A-5C), in another embodiment may have the structure and
configuration of a conventional electrical connector (i.e., electrical terminals, electrical
contacts, wire couplings, etc.).

[0043] The leads 220, 230 may be constructed from any electrically conductive
material that is suited for use in an electrical device. For example, the electrical leads
220, 230 may be constructed of metals such as copper, aluminum, gold, zinc, nickel,
brass, bronze, iron, platinum, etc. In another embodiment, the electric_al leads 220, 230
may be constructed of other conductive materials, such as graphite and conductive
polymers. The number of leads in the first plurality of electrical leads 220 is not limited
to the number depicted in the Figures. In one embodiment, the feedthrough electrical
connector 200 may less than 20 associated electrical leads. However, in another
embodiment the feedthrough electrical connector 200 may have more than 20 associated
electrical leads (i.e., hundreds or thousands) depending on the specifics of a given
application.

[0044] Figure 5C is a top view of the feedthrough electrical connector 200 of
Figure 5A, according to one embodiment. As depicted, the first plurality of electrical

leads 220 may be disposed on opposing lateral peripheral sides 214 of the outwardly
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positioned portion 213 of the electrically insulating base 210. Additionally, the electrical
leads 220, or at least a portion of the electrical leads 220, may be exposed on the leading
edge 215 of the connector 200, thus allowing a mating connector to electrically engage
the leads 220 on the peripheral sides 214 and/or the leading edge/surface 215 of the
feedthrough connector 200. Also, the first plurality of electrical leads 220 may be
disposed on all the lateral sides 214 of the feedthrough connector 200 instead of just two
opposing sides. In another embodiment, the leads 220 may only be disposed on a single
side. Further details and embodiments relating to the shape of the connector 200 and the
arrangement of the leads 220 are included below.

[0045] Figure 0A is a perspective view of a feedthrough electrical connector 200,
according to another embodiment. The feedthrough electrical connector 200 may have a
tapered design, thus potentially making the insertion of the outwardly positioned poition
213 into a mating receptacle (not shown) easier. In another embodiment (not shown),
sealing portion 212 may be tapered so as to reduce the effective footprint (cross-sectional
area) of the connector 200, thus reducing the size of the feedthrough aperture 140 and
reducing the likelihood of leakage between the interior cavity 110 and the exterior
atmosphere 120 or rendering the sealing process more efficient/effective. In one
embodiment, the cross-sectional area of the electrical connector 200, at least at the
sealing portion 212, is less than about 200 square millimeters. In another embodiment,
the cross-sectional areal of the electrical connector 200 is less than about 100 square
millimeters. Conventional feedthrough connectors often have comparatively wider
footprints, thus increasing the likelihood of leakage and/or making the sealing process
difficult/expensive.

[0046] Figure 6B is a side view of the feedthrough electrical connector 200 of
Figure 6A with corresponding mating receptacles 300, according to one embodiment.
The mating receptacles 300 have electrical contact pads 302 that, upon inserting the

proper portion of the feedthrough electrical connector 200 into the receptacle, the leads
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220, 230 engage the electrical contact pads 302 and an electrical connection is made.
The mating receptacles 300 may be electrically coupled to other components. Although
not depicted, the mating receptacles 300 and/or the feedthrough electrical connector 200
may have a securing mechanism that fastens the connector in place. The securing
mechanism may be a latch, a clamp, a tie, a fastener, a bolt, clasp, pin, clip, etc. In
another embodiment, the connector may be held in place merely by the snug fit of the
connector 200 within the mating receptacle(s) 300.

[0047] As described above, the number, configuration, arrangement, and general
dimensions of the Jeads 220, 230 are not restricted to the embodiments depicted in the
Figures. Additionally, it is contemplated that the connector may have shapes other than
those depicted and described in the present disclosure. For example, the electrical
connector may have a generally racetrack-shaped, ellipse-shaped, or ovular-shaped outer
periphery. In other words the outer perimeter of the electrical connector 200, or at least
the outer perimeter of one of the portions 211, 212, 213 of the connector 200, may have
various shapes. For example, the outer perimeter of the connector 200 may include two
opposing sides extending substantially parallel to each other, with the sides being coupled
together by semi-circular ends. In another embodiment, the outer perimeter (i.e.,
footprint) of the connector 200 may have a circular shape. In contrast to traditional
feedthrough connectors, the connector 200 may be void of relatively sharp corners or
edges.

[0048] Figure 7 1s a magnified perspective view of a feedthrough electrical
connector 200, according to one embodiment. The electrical connector 200 includes
leads 220 disposed on peripheral surfaces of the electrically insulating base 210. As
depicted, multiple leads 220 may be spaced apart in multiple directions across the
peripheral surfaces of the electrically insulating base 210. For example, the not only can
the leads 220 be spaced apart across the width of the connector 200, the leads 220 may be

spaced apart down the length of the connector 200. The electrically insulating base 210
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may include multiple layers 210a, 210b, 210c¢, 210d, 210e, 210f formed together. In
between adjacent layers, electrical traces 240 can be electrically connected to the leads
220 and extend the length of the connector 200 to connect with corresponding
leads/contact points 230 on the opposite end (e.g., between the inwardly positioned
portion 211 to the outwardly positioned portion 213). The electrical traces 240 may be
constructed from any electrically conductive material that is suited for use in an electrical
device. For example, the electrical traces 240 may be constructed of metals such as
copper, aluminum, gold, zinc, nickel, brass, bronze, iron, platinum, etc. In another
embodiment, the electrical traces 240 may be constructed of other conductive materials,
such as graphite and conductive polymers. The number and configuration of the traces
240 and the layers 210a, 210b, 210c, 210d, 210e, 210f is not limited to the depicted
embodiment. Depending on the specifics of a given application, many layers 210a, 210b,
210c, 210d, 210e, 210f may be incorporated to properly route the traces 240,

[0049] In the above description, certain terms may be used such as "up," "down,"
"upper,” "lower," "horizontal," "vertical," "left,” "right," and the like. These terms are
used, where applicable, to provide some clarity of description when dealing with relative
relationships. But, these terms are not intended to imply absolute relationships, positions,
and/or orientations. For example, with respect to an object, an "upper" surface can
become a "lower" surface simply by turning the object over. Nevertheless, it is still the

LN T4

same object. Further, the terms “including,” “comprising,” “having,” and variations
thereof mean “including but not limited to” unless expressly specified otherwise. An
enumerated listing of items does not imply that any or all of the items are mutually
exclusive and/or mutually inclusive, unless expressly specified otherwise. The terms “a,”
“an,” and “the” also refer to “one or more™ unless expressly specified otherwise. Further,
the term “plurality” can be defined as “at least two.”

[0050] Additionally, instances in this specification where one element is

“coupled” to another element can include direct and indirect coupling. Direct coupling
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can be defined as one element coupled to and in some contact with another element.
Indirect coupling can be defined as coupling between two elements not in direct contact
with each other, but having one or more additional elements between the coupled
elements. Further, as used herein, securing one element to another element can include
direct securing and indirect securing. Additionally, as used herein, “adjacent” does not
necessarily denote contact. For example, one element can be adjacent another element
without being in contact with that element.

[0051] As used herein, the phrase “at least one of”’, when used with a list of items,
means different combinations of one or more of the listed items may be used and only
one of the items in the list may be needed. The item may be a particular object, thing, or
category. In other words, “at least one of”’ means any combination of items or number of
items may be used from the list, but not all of the items in the list may be required. For
example, “at least one of item A, item B, and item C” may mean item A; item A and item
B; item B; item A, item B, and item C; or item B and item C. In some cases, “at least one
of item A, item B, and item C” may mean, for example, without limitation, two of item
A, one of item B, and ten of item C; four of item B and seven of item C; or some other
suitable combination.

[0052] The present subject matter may be embodied in other specific forms
without departing from its spirit or essential characteristics. The described embodiments
are to be considered in all respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

[0053] What is claimed is:
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1. An apparatus, comprising:
a housing comprising a feedthrough aperture; and
an electrical connector coupled to the housing and extending through the
feedthrough aperture, the electrical connector comprising:
an electrically insulating base comprising multiple layers of
electrically insulating material with electrical traces extending between the
multiple layers, the electrically insulating base comprising an inwardly
positioned portion disposed in the interior cavity, an outwardly positioned
portion disposed external to the interior cavity, and a sealing portion
disposed between the inwardly positioned portion and the outwardly
positioned portion, the sealing portion being sealed to the housing;
a first plurality of electrical leads disposed on the outwardly
positioned portion of the electrically insulating base; and
a second plurality of electrical leads disposed on the inwardly
positioned portion of the electrically insulating base, wherein each
electrical lead of the first plurality of electrical leads is electricaily coupled
to a respective electrical lead of the second plurality of electrical leads via

the electrical traces.

2, The apparatus of claim 1, wherein a seal between the sealing portion and the

housing maintains the interior cavity as a hermetically sealed environment,

3. The apparatus of claim 2, wherein the interior cavity contains a helium-enriched
environment.
4. The apparatus of claim 3, wherein the seal comprises one or more of sclder,

adhesive, and epoxy, the epoxy having a low helium permeability.
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5. The apparatus of claim 1, wherein the multiple layers of the electrically insulating
base extend through the aperture of the housing perpendicular to a cross-section of the

aperture.

6. The apparatus of claim 1, wherein the first plurality of electrical leads are
disposed on one or both of opposing surfaces of the outwardly positioned portion of the

electrically insulating base.

7. The apparatus of claim 1, wherein the electrically insulating base comprises a

printed circuit board.

8. The apparatus of claim 1, wherein a cross-sectional area of the electrical

connector is less than about 200 square millimeters.

9. The apparatus of claim 1, wherein the cross-sectional area of the electrical

connector in the feedthrough aperture is less than about 100 square millimeters.

10.  The apparatus of claim 1, wherein the outwardly positioned portion of the

electrical connector comprises a zero-insertion-force type connector.

11.  The apparatus of claim 1, wherein a length and a height of the electrical connector
are substantially greater than a width of the electrical connector, wherein the height of the
electrical connector extends in a direction transverse to a cross-section of the feedthrough
aperture and the length and width of the electrical connector extend in directions parallel

to the cross-section of the feedthrough aperture.
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12, A hard disk drive, comprising;

a hermetically sealed housing substantially isolating a hard drive cavity from an
exterior atmosphere, the housing comprising a feedthrough aperture;

an electrical connector coupled to the housing and extending through the
feedthrough aperture, the electrical connector comprising;

an electrically insulating base comprising multiple layers of
electrically insulating material with electrical traces extending between the
multiple layers, the electrically insulating base comprising an inwardly
positioned portion disposed in the interior cavity, an outwardly positioned
portion protruding into the exterior atmosphere, and a sealing portion
disposed between the inwardly positioned portion and the outwardly
positioned portion, the sealing portion being sealed to the housing wherein
a length of the electrically insulating base extending transversely away
from the aperture is longer than a width of the electrically insulating base
extending parallel to the aperture,

a first plurality of electrical leads disposed on at least one
peripheral surface of the outwardly positioned portion of the electrically
insulating base, and

a second plurality of electrical leads disposed on the inwardly
posttioned portion of the electrically insulating base, wherein each
electrical lead of the first plurality of electrical leads is electrically coupled
to a respective electrical lead of the second plurality of clectrical leads via

the electrical traces,

13.  The hard disk drive of claim 12, wherein the second plurality of electrical leads is

electrically connected to hard disk drive components within the interior cavity.
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14.  The hard disk drive of claim 13, wherein the interior cavity contains a helium-

enriched environment.

15.  The hard disk drive of claim 14, wherein the electrical connector is coupled to the
housing via one or more of soldering, adhesive, and epoxy that has a low helium

permeability.

16.  The hard disk drive of claim 12, wherein the outwardly positioned portion of the

electrically insulating base can be inserted into a mating electrical receptacle.

17.  The hard disk drive of claim 16, further comprising a securing mechanism that
fastens the outwardly positioned portion of the electrically insulating base to the mating

electrical receptacle.

18.  The hard disk drive of claim 12, wherein the outwardly positioned portion of the
electrically insulating base has a rectangular cross-sectional shape with two long
peripheral sidewalls and two short peripheral sidewalls, wherein the first plurality of
electrical leads are disposed on the long peripheral sidewalls of the outwardly positioned

portion of the electrically insulating base.

i9. The hard disk drive of claim 12, wherein the cross-sectional area of the electrical

connector in the feedthrough aperture is less than about 100 square millimeters.

20. A hard disk drive, comprising:
a hermetically sealed housing substantially isolating a hard drive cavity
containing a helium enriched environment from an exterior atmosphere, the housing

comprising a feedthrough aperture;
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an electrical connector coupled to the housing and extending through the
feedthrough aperture, the electrical connector comprising:

an electrically insulating base comprising multiple layers of
electrically insulating material with electrical traces extending between the
multiple layers, the electrically insulating base comprising an inwardly
positioned portion disposed in the interior cavity, an outwardly positioned
portion protruding into the exterior atmosphere, and a sealing portion
disposed between the inwardly positioned portion and the outwardly
positioned portion, the sealing portion being sealed to the housing,
wherein a cross-section of the sealing portion that is co-planar with the
cross-section of the feedthrough aperture comprises a first and second
dimension, wherein the first dimension is at least 5 times the length of the
second dimension

a first plurality of electrical leads disposed on one or both opposing
peripheral surfaces of the outwardly positioned portion of the electrically
insulating base, and

a second plurality of electrical leads disposed on the inwardly
positioned portion of the electrically insulating base, wherein each
electrical lead of the first plurality of electrical leads is electrically coupled
to a respective electrical lead of the second plurality of electrical leads via

the electrical traces.
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