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Description

Background

[0001] There is constant pressure in the marketplace
for implantable medical devices to be physically smaller
in size. A metal injection molded titanium alloy housing
for implantable devices is explained in US 2008/0269829
A1. Similarly, a device for an active implant is described
in EP 0 800 843 A1, an integral electrochemical device
in US 2009/0181298 A1, an implantable medical device
employing integral housing for a formable flat battery in
WO 02/32503 A1 and an implantable medical device with
full metallic case in US 2002/0138114 A1. Currently,
manufacturing methods for housings of implantable med-
ical devices are machining, stamping, or super plastic
forming. Each method has limitations. With stamping, two
housing portions are formed and then joined together to
form the complete housing. It is not possible with stamp-
ing, however, to produce housing portions that include
separate cavities or features integrated into the housing
portion. Stamping also requires uniform wall thickness
throughout the part. As such, battery and capacitor as-
semblies must be built as separate items and added into
the housing portions.
[0002] Superplastic forming (SPF) also is a very chal-
lenging method of producing housing components and
also has limitations in producing housing portions that
include separate cavities or features integrated into the
housing portion. The SPF process is very slow, and has
significantly more variation in dimensions of part fea-
tures.
[0003] Another manufacturing technique used for pro-
ducing a personal fit medical implant and orthopedic sur-
gical instrument is explained in US 2001/0118243 A1.
Likewise, US 2015/0290280 A1 discloses an antimicro-
bial article produced by additive manufacturing.
[0004] For these and other reasons there is a need for
the embodiments of the present disclosure.

Brief Description of the Drawings

[0005] The accompanying drawings are included to
provide a further understanding of embodiments and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments and together with
the description serve to explain principles of embodi-
ments. Other embodiments and many of the intended
advantages of embodiments will be readily appreciated
as they become better understood by reference to the
following detailed description. The elements of the draw-
ings are not necessarily to scale relative to each other.
Like reference numerals designate corresponding similar
paths.

Figure 1 illustrate a perspective view of an implant-
able medical device in accordance with one embod-
iment.

Figure 2A illustrates a top perspective view of a hous-
ing portion in accordance with one embodiment.
Figure 2B illustrates a top perspective view of a hous-
ing portion including covers in accordance with one
embodiment.
Figure 2C illustrates a cross-sectional view, taken
alone line C-C in Figure 2B, of a first housing portion
in accordance with one embodiment.
Figure 2D illustrates a cross-sectional view, taken
alone line D-D in Figure 2B, of a first housing portion
in accordance with one embodiment.
Figure 3A illustrates a top perspective view of a hous-
ing portion in accordance with one embodiment.
Figure 3B illustrates a top perspective view of a hous-
ing portion including a cover in accordance with one
embodiment.
Figure 4A illustrates an exploded view of a housing
for an implantable medical device in accordance with
one embodiment.
Figure 4B illustrates a sectional view of a housing
for an implantable medical device in accordance with
one embodiment.
Figures 5A-5D illustrate sectional views of a housing
for an implantable medical device in accordance with
various embodiments.
Figure 6 illustrates a process for manufacturing an
implantable medical device in accordance with one
embodiment.

Detailed Description

[0006] In the following Detailed Description, reference
is made to the accompanying drawings, which form a
part hereof, and in which is shown by way of illustration
specific embodiments in which the invention may be
practiced. In this regard, directional terminology, such as
"top," "bottom," "front," "back," "leading," "trailing," etc.,
is used with reference to the orientation of the Figure(s)
being described. Because components of embodiments
can be positioned in a number of different orientations,
the directional terminology is used for purposes of illus-
tration and is in no way limiting. It is to be understood
that other embodiments may be utilized and structural or
logical changes may be made without departing from the
scope of the present invention. The following detailed
description, therefore, is not to be taken in a limiting
sense, and the scope of the present invention is defined
by the appended claims.
[0007] It is to be understood that the features of the
various exemplary embodiments described herein may
be combined with each other, unless specifically noted
otherwise.
[0008] In one embodiment, a housing for an implanta-
ble medical device includes a first housing portion of met-
al and having features integrated in the first housing por-
tion and a second housing portion also of metal. The first
and second housing portions are sealed together thereby
forming the housing with an internal space that is within
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first and second housing portions and that fully contains
the features and component cavity such that they are
hermetically sealed relative to an external space outside
the housing.
[0009] By directly integrating features into the first
housing, overall space is saved in the device, the weight
of the device is decreases, the required assembly steps
for the device decrease, stocking requirements for sep-
arate components is reduced and overall costs are re-
duced. In one embodiment, the first and second housing
portions each include walls configured about each re-
spective periphery and are configured immediately ad-
jacent each other on the housing at a connection line
such that the first and second housing portions are readily
joined along the connection line. Accordingly, the hous-
ing portions are easy to weld together, because the con-
nection line is easily accessed on the outside of the hous-
ing and can be readily welded. In one embodiment, the
features of housing include walls, ribs, component cavi-
ties, standoffs, recesses, knuckles, and back-up bands.
In one case, the features comprise ribs extending from
the first housing portion, the walls and the ribs together
defining a component cavity configured to receive com-
ponents for the medical device. Such features provide
numerous advantages, such as allowing for assembly of
device components directly into the housing portion with-
out an separate housing, increased automation of the
assembly process of implantable medical device, and
the potential of being produced as a single piece flow
assembly within a continuous flow assembly line.
[0010] In one embodiment, the component cavity sub-
stantially contains materials for at least one of a capacitor
and a battery and is characterized in that neither the ca-
pacitor nor the battery has an independent housing sep-
arate from the first housing portion. In one case, the ribs
further include a step surrounding the component cavity
that is configured to receive a lid, the ribs and step all
integrally formed with the first housing portion, and the
lid sealing the capacitor or the battery. The component
cavity without separate housing avoids duplication of
housings, thereby allowing for a smaller and lighter over-
all device. It avoids forming separate components, there-
by reducing component inventory, reducing exposure to
quality-control issues, and lowering overall product cost.
[0011] In one embodiment, the housing includes an
intermediate portion between the first and second hous-
ing portions, the intermediate portion defining a first
chamber between the first housing portion and the inter-
mediate portion and a second chamber between the sec-
ond housing portion and the intermediate portion. In one
case, the first and second housing portions and interme-
diate portion each include wall sections configured about
each respective periphery and configured immediately
adjacent each other on the housing, the wall sections of
the first housing portion and the intermediate portion
forming a first connection line and the wall sections of
the second housing portion and the intermediate portion
forming a second connection line. In one embodiment,

the portions are readily joined along the first and second
connection lines. This configuration creates separate
chambers that may be useful in separating components
of the medical device, and the materials of the compo-
nents, so that they can be kept separate. Also, the con-
nection lines allow for easy access to weld all the portions
together.
[0012] In one embodiment, the intermediate portion in-
cludes a back-up band adjacent one of the first and sec-
ond connection lines, the back-up band configured to pro-
tect components within the housing when the housing is
welded along the first or second connection lines.
[0013] In one embodiment, the first and second hous-
ing portions are Ti 6AI-4V (Grade 5 titanium), Ti 6AI-4V
ELI (Grade 23 titanium), or Ti 3AI 2.5V (Grade 9 titanium).
These materials provide advantages in some applica-
tions, because of their favorable thermal properties.
[0014] In one embodiment, a housing for an implanta-
ble medical device includes a first housing portion of met-
al, an intermediate portion of metal and having first and
second sides opposite one another and having integrated
features, and a second housing portion of metal. The first
housing portion is sealed to the first side of the interme-
diate portion and the second housing portion is sealed
to the second side of the intermediate portion thereby
forming an housing internal space within first and second
housing portions and containing the intermediate portion
and its features, such that the features are hermetically
sealed within the housing relative to an external space
that is outside the housing.
[0015] By directly integrating features into the first
housing, overall space is saved in the device, the weight
of the device is decreases, the required assembly steps
for the device decrease, stocking requirements for sep-
arate components is reduced and overall costs are re-
duced. In one embodiment, the features include walls,
ribs, component cavities, standoffs, recesses, knuckles,
or back-up bands. Such features provide numerous ad-
vantages, such as allowing for assembly of device com-
ponents directly into the housing portion without a sep-
arate housing, increased automation of the assembly
process of implantable medical device, and the potential
of being produced as a single piece flow assembly within
a continuous flow assembly line. In one embodiment, the
intermediate portion defines a first chamber between the
first housing portion and the intermediate portion and a
second chamber between the second housing portion
and the intermediate portion. The separate chambers
may be useful in separating components of the medical
device, and the materials of the components, so that they
can be kept separate.
[0016] In one embodiment, the first and second hous-
ing portions and intermediate portion each comprise wall
sections configured about each respective periphery and
configured immediately adjacent each other on the hous-
ing, the wall sections of the first housing portion and the
intermediate portion forming a first connection line and
the wall sections of the second housing portion and the
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intermediate portion forming a second connection line,
wherein the portions are readily joined along the first and
second connection lines. Accordingly, the housing por-
tions are easy to weld together, because the connection
line is easily accessed on the outside of the housing and
can be readily welded.
[0017] In one embodiment, the intermediate portion in-
cludes a back-up band adjacent one of the first and sec-
ond connection lines, the back-up band configured to pro-
tect components within the housing when the housing is
welded along the first or second connection lines.
[0018] In one embodiment, the first and second hous-
ing portions and intermediate portion are Ti 6AI-4V
(Grade 5 titanium), Ti 6AI-4V ELI (Grade 23 titanium), or
Ti 3AI 2.5V (Grade 9 titanium). These materials provide
advantages in some applications, because of their favo-
rable thermal properties.
[0019] In one embodiment, a method of fabricating a
housing for an implantable medical device, includes
forming a first housing portion comprising metal using an
additive manufacturing process such that features are
integrated into the first portion, forming a second housing
portion comprising metal, and joining the first and second
housing portions thereby sealed an internal space of the
housing within first and second portions and fully con-
taining the features such that they are hermetically
sealed relative to an external space outside the housing.
[0020] By directly integrating features into the first
housing, overall space is saved in the device, the weight
of the device is decreases, the required assembly steps
for the device decrease, stocking requirements for sep-
arate components is reduced and overall costs are re-
duced.
[0021] In one embodiment, the additive manufacturing
process includes at least one of metal injection molding
(MIM), direct metal laser sintering (DMLS), stereolithog-
raphy (SLA), and three-dimensional printing (3D print-
ing). Each of these processes advantageously allow
forming of metal portions, which include the advanta-
geous features that are contained within the housing,
without requiring any further processing of the metal
housing portions after the are formed. In one embodi-
ment, the method includes forming an intermediate por-
tion comprising metal using an additive manufacturing
process such that features are integrated into the inter-
mediate portion. In one case, joining the first and second
housing portions further includes joining the intermediate
portion between the first and second housing such that
features of the intermediate portion are contained in the
interior of the housing. The intermediate portion defines
separate chambers that may be useful in separating com-
ponents of the medical device, and the materials of the
components, so that they can be kept separate.
[0022] In one embodiment, forming the first housing
portion includes forming a component cavity configured
for holding materials of at least one component for the
medical device. In one case, materials of at least one
component for the medical device are assembled into

the component cavity and the component cavity is
sealed. The at least one component has no housing other
than the component cavity.
[0023] By directly integrating features into the first
housing, overall space is saved in the device, the weight
of the device is decreases, the required assembly steps
for the device decrease, stocking requirements for sep-
arate components is reduced and overall costs are re-
duced. Figure 1 illustrates a perspective view of implant-
able medical device 10 in accordance with one embod-
iment. Implantable medical device 10 includes housing
12 and header 14. Housing 12 includes a first housing
portion 16 and a second housing portion 18, which are
coupled together in a sealed manner along connecting
line 20.
[0024] In one embodiment, header 14 is mounted onto
housing 12 in any of a variety of means. For example,
header 14 can be adhered to housing 12 using an ap-
propriate implantable grade epoxy bonding material. In
one embodiment, header 14 is a molded elastomeric ma-
terial, molded plastic, molded urethane, or the like.
[0025] Implantable medical device 10 may be any of a
variety of therapeutic devices, including cardiac pace-
makers or defibrillators. In such devices, housing 12 is
configured with electronic circuitry that is hermetically
sealed within the interior of housing 12 relative to its ex-
terior. This electronic circuitry is coupled to bores within
header 14, which in turn correspond with one or more
connectors 22a/22b/22c. Leads (not illustrated), such as
cables, can be connected to the implantable medical de-
vice 10 via the header 14, connectors 22a/22b/22c and
bores. For example, proximal ends of the leads can re-
spectively be inserted into connectors 22a/22b/22c and
bores, while the distal ends of the leads can be coupled
to electrodes that are surgically secured to body tissue.
Signals can then be sent to and/or received from the body
tissue. Accordingly, when implantable medical device 10
is implanted within a body, such as within a human body,
electronic circuitry hermetically sealed within housing 12
can be in communication with tissue within the body
where electrodes are placed. Such electronic circuitry
can then sense signals at the tissue and/or deliver signals
to the tissue through the leads coupled within connectors
22a/22b/22c.
[0026] In one embodiment, first housing portion 16 and
second housing portion 18 each metallic and are individ-
ually formed and then secured together with a hermetic
seal along connecting line 20. For example, the first and
second housing portions 16/18 are a biocompatible met-
al, such as titanium or platinum, and are welded together,
such as via laser welding, along connecting line 20, to
both seal and attach the portions. Alternatively, the first
and second housing portions 16/18 can be adhered to
each other using an appropriate implantable grade epoxy
bonding material, for example.
[0027] With prior designs, first and second housing
portions 16/18 were stamped or superplastic formed. As
such, prior designs have relatively smooth wall surfaces
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without features. First and second housing portions 16/18
in accordance with present embodiments, however, are
formed using additive manufacturing processes, such as
metal injection molding (MIM), direct metal laser sintering
(DMLS), stereolithography (SLA), or three-dimensional
printing (3D printing). Accordingly, first and second hous-
ing portions 16/18 in accordance with present embodi-
ments are formed having a variety of features that are
integrally formed with the first and second housing por-
tions 16/18. There integral features have numerous ad-
vantages that will be fully discussed below.
[0028] Figures 2A-2D illustrate views of first housing
portion 16 in accordance with one embodiment. In the
figures, first housing portion 16 is illustrated apart from
second housing portion 18 such that inner surface 17 of
first housing portion 16 is visible in the figures. First hous-
ing portion 16 includes outer wall 30, first rib portion 32,
second rib portion 34, third rib portion 36, and fourth rib
portion 38. Each of first-fourth rib portions 32-38 extend
out from inner surface 17 such that there are fully con-
tained and hermetically sealed within housing 12 when
first and second housing portions 16/18 are sealed to-
gether. Outer wall 30 extends out from inner surface 17
about the periphery or perimeter of first housing portion
16. In one embodiment, outer wall 30 meets a mirror-
image wall on second housing portion 18 at connecting
line 20, where the two portions 16/18 are sealed together
as discussed above. First-fourth rib portions 32-38 within
outer wall 30 comprise features that are useful for im-
plantable medical device 10.
[0029] In one embodiment, first rib portion 32 extends
between two locations of outer wall 30, thereby defining
a first component cavity 40. First component cavity 40 is
bounded by surface 17 on its bottom (as first housing
portion 16 is oriented in Figure 2A), and bounded around
all sides by the combination of wall 30 and rib 32. Simi-
larly, second and third rib portions 34 and 36 extend be-
tween two locations of outer wall 30, thereby defining a
second component cavity 42 bounded by surface 17, wall
30 and ribs 34 and 36. In one embodiment, first and sec-
ond cavities 40 and 42 can be specifically configured to
contain components of implantable medical device 10,
such as batteries and capacitors. For example, outer wall
30 and first rib portion 32, which form first component
cavity 40, can be configured such that the shape of first
component cavity 40 substantially matches the shape of
a battery to be used in implantable medical device 10.
Accordingly, a battery may be readily placed within first
component cavity 40 and then easily sealed. Further-
more, as will be discussed more fully below, cavities 40
and 42 can be configured to substantially contain the
materials that make up components or devices, such as
batteries and capacitors, such that these components or
devices can be assembled in place without requiring a
separate housing.
[0030] Figure 2B illustrates a top perspective view of
first housing portion 16 with first cover 50 in place over
first component cavity 40, thereby sealing a component,

such as a battery, within first component cavity 40. In
some applications, it is useful if a battery is hermetically
sealed within first component cavity 40. As such, forming
first housing portion 16 with outer wall 30 and first rib
portion 32 such that the battery is fully contained within
first component cavity 40, allows the battery to be her-
metically sealed within first component cavity 40 by sim-
ply sealing first cover 50 in place over first component
cavity 40.
[0031] Furthermore, prior designs, where housing por-
tions are stamped or SPF and accordingly do not have
features such as ribs 32, required a that a component,
such as a battery, be a fully contained component with
its own housing that is then attached otherwise fixed with-
in the implantable housing. With first housing portion 16,
however, first component cavity 40 is specifically config-
ured such that materials of a battery can be assembled
directly into first component cavity 40, without the battery
requiring its own separate housing.
[0032] Figure 2C illustrates a cross-sectional view, tak-
en alone line C-C in Figure 2B, of first housing portion
16 illustrating first component cavity 40 fully containing
the materials of a battery in accordance with one embod-
iment. In one embodiment, cathode material 46 is placed
within first component cavity 40, then a separator mate-
rial 45 is placed over it, and an anode material 44 is placed
over the separator material 45. Once materials 44/45/46
are assembled into place, lid 50 is then welded in place
over them, thereby sealing the materials within first com-
ponent cavity 40. In one embodiment, the seal is hermet-
ic. Cathode material 46 and anode material 44 can then
be electrically coupled to electronics with implantable
medical device 10 such that the combined materials
44/45/46 within first component cavity 40 function as a
battery for implantable medical device 10.
[0033] In the illustration of Figure 2C, cathode material
46, separator material 45, and an anode material 44 are
illustrated as metallic materials, such as a lithium metal
for anode material 44 and iodine, manganese oxide, car-
bon monofluoride, and silver vanadium oxide for cathode
46. A variety of other material configurations may also
be readily assembled within first component cavity 40.
For example, thin film lithium ion battery materials having
a substrate, electrolyte, current collector, anode, cath-
ode, and a separator can also be assembled within first
component cavity 40.
[0034] Also, various other known materials, including
liquid forms thereof, are also readily contained within first
component cavity 40. Because first component cavity 40
is substantially surrounded, on its lower side by surface
17 and bounded around its entire periphery by the com-
bination of wall 30 and rib 32, it readily holds and contains
any of a variety of materials that can be combined to
function as a battery, and keep them isolated from the
remaining interior of housing 12. But, instead of requiring
that these materials be separately packaged in an inde-
pendent and separate battery housing, first housing por-
tion 16, with its features such as wall 30, and rib 32, pro-
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vides an effective housing for the battery. Accordingly,
by foregoing need for a separate battery housing, first
housing portion 16 saves space in the device 10, de-
creases weight of the device 10, decreases required as-
sembly and stocking of a separate component and re-
duces cost.
[0035] In one embodiment, outer wall 30 is further con-
figured with step 31 at its upper side and first rib portion
32 is likewise configured with step 33 at its upper side.
Steps 31 and 33 together substantially surround the pe-
rimeter of first component cavity 40 such that first cover
50 can be configured as a simple flat piece of metal with
a profile shaped to match the profile of first component
cavity 40 and fit snuggly over first component cavity 40.
First cover 50 can be placed onto steps 31 and 33 after
the battery is assembled in place, and then welded
around its periphery to hermetically seal the battery within
first component cavity 40.
[0036] Because first housing portion 16 is formed via
additive manufacturing processes, such MIM, DMLS,
SLA, or 3D printing, outer wall 30 and first rib portion 32,
including steps 31 and 33, are all integrally formed as
part of forming first housing portion 16. As such, assem-
bly of implantable medical device 10 is greatly simplified.
After first housing portion 16 is formed, the materials for
a battery are assembled into first component cavity 40,
which was formed as part of the process of forming first
housing portion 16. Next, the battery materials are sealed
by simply placing first cover 50 along steps 31 and 33,
which were also formed as part of the process of forming
first housing portion 16. Then cover 50 is welded into
place thereby hermetically sealing the battery.
[0037] When a housing portion is stamped or super-
plastic formed, any defined areas for placing and sealing
components such as materials for a battery must to add-
ed to the housing portion using post-processing tech-
niques after the housing portion has been formed. This
adds to the cost and time of the process of assembling
a medical device.
[0038] Furthermore, integrally forming features, such
as first rib portion 32, including steps 31 and 33 into first
housing portion 16 allows for increased automation of
the assembly process of implantable medical device 10.
For example, first rib portion 32 and outer wall 30 create
a well-defined periphery for first component cavity 40
such that an automated placement device can place
readily place the materials of a battery within first com-
ponent cavity 40 without a human operator intervening.
Similarly, since the combination of steps 31 and 33 cre-
ates a ridge the completely surrounds first component
cavity 40, an automated placement device can also read-
ily place first cover 50 over first component cavity 40 and
within the defined ridge without a human operator inter-
vening. This increases the speed of assembly and re-
duces the costs. Furthermore, by integrating first and
second component cavities 40 and 42 directly into the
fabrication of first and/or second housing portions 16/18,
the entire volume of implantable device 10 is reduced.

In prior designs, independent housings for holding the
materials of components such as a battery or capacitor
are required. Because these components are assembled
independently, they have their own housing so that the
components can be transferred and stored in preparation
for adding them later to a housing as it is assembled.
With such designs, a first wall of the housing portion of
the implantable medical device is required, and a second
wall is required for an independent housing that is con-
figured to hold the battery, capacitor or other component.
Because the battery and capacitor components in ac-
cordance with the present embodiment are assembled
directly into a component cavity defined by common walls
with the housing portion 16, the overall size of implantable
device 10 is reduced. Accordingly, in one embodiment
the entire implantable device 10 has the potential of being
produced as a single piece flow assembly within a con-
tinuous flow assembly line. Rather than being formed as
separate components, as in prior designs, battery and
capacitor subassemblies are formed right into compo-
nent cavities that are integral in the housing portion 16,
thereby reducing component inventory, reducing expo-
sure to quality-control issues, and lowering overall prod-
uct cost.
[0039] Additive manufacturing processes, such MIM,
DMLS, SLA, or 3D printing, also affords implantable de-
vice designers more design freedom than what is avail-
able with conventional stamping. With additive manufac-
turing of housing portions, features such as threaded em-
bossments, varying wall thicknesses, stepped edges and
ribs can all be incorporated into the design. This leads
to fewer number of components required for these types
of products and overall smaller device sizes when com-
pared to conventional stamping methods.
In addition, conventional designs of housings for implant-
able enclosures, which are produced with stamping or
SPF techniques, are typically limited to using commer-
cially pure titanium (CP Ti) (typically, Grade 1-2 titanium).
The mechanical properties of CP Ti make it conducive
for conventional manufacturing methods of stamping or
deep drawing the material to certain geometry. Also, al-
loys other than CP Ti are seldom specified for implantable
enclosures, because it is very challenging, and in some
cases impossible, to produce an enclosure with other
titanium alloys in an economical manner.
[0040] However, with additive manufacturing process-
es, such MIM, DMLS, SLA, or 3D printing, in accordance
with several embodiments, use may be made of different
titanium alloys, such as Ti 6AI-4V (Grade 5 titanium) Ti
6AI-4V ELI (Grade 23 titanium) or Ti 3AI 2.5V (Grade 9
titanium). Because Grade 5 and Grade 9 titanium has
certain thermal properties and other advantages over
Grade 1 or 2 titanium, it would be useful in some appli-
cations to employ a housing with Grades 5, 9, 23 titanium,
or other. Using technologies of additive manufacturing,
allows more design freedom for implantable device 10,
because these technologies are conducive to producing
enclosures with the different titanium alloys listed. The
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device designer would have the design freedom to even
specify CP Ti on certain sections of the device and one
of the Ti alloys on another section, depending on the type
of manufacturing method being used to produce the part.
[0041] Using additive manufacturing processes to form
first and second housing portions 16 and 18, including
various features therein, can include a variety of config-
urations in accordance with various embodiments. For
example, as illustrated in Figure 2A, the combination of
outer wall 30 and second and third rib portions 34 and
36 also define second component cavity 42. Second
component cavity 42 can be used similarly to the above-
described first component cavity 40. For example, sec-
ond cover 52 (illustrated in Figure 2B) can be welded
over second component cavity 42 in order to seal in com-
ponents of implantable medical device 10, such as a ca-
pacitor. In one embodiment, outer wall 30 and second
and third rib portions 34 and 36, which surround the pe-
riphery of second component cavity 42, are configured
with step features such as described above with respect
to first component cavity 40. In this way, second cover
52 fits readily over second component cavity 42 and is
readily welded into place.
[0042] In addition, because second and third rib por-
tions 34 and 36 are spaced apart slightly, the space be-
tween them can be used to accommodate connections
between the components within second component cav-
ity 42 and those outside it. A sealed feedthrough (as will
be discussed in additional detail below) can be located
in the space between second and third rib portions 34
and 36 to fill it in, such the electrical communication is
provided between the interior and exterior of second
component cavity 42, but also sealing off the opening so
that hemeticity is still maintained between the interior and
exterior of second component cavity 42.
[0043] Figure 2D illustrates a cross-sectional view, tak-
en alone line D-D in Figure 2B, of first housing portion
16 illustrating second component cavity 42 containing
the materials of a capacitor in accordance with one em-
bodiment. In one embodiment, first conductive plate 56
is placed within second component cavity 42, then a di-
electric material 55 is placed over it, and a second con-
ductive plate 54 is placed over the dielectric material 55.
Once plates 56 and 54 and dielectric 55 are assembled
into place, lid 52 is then welded in place over them, there-
by sealing the materials within second component cavity
42. In one embodiment, the seal is hermetic. First and
second plates 56 and 54 can then be electrically coupled
to electronics with implantable medical device 10 such
that the combined materials 54/55/56 within second com-
ponent cavity 42 function as a capacitor for implantable
medical device 10.
In the illustration of Figure 2D, first conductive plate 56,
dielectric material 55 and second conductive plate 54 are
illustrated as a simplified example of a capacitor that can
be used in implantable medical device 10. Various other
configurations and materials may be readily used as well.
Because second component cavity 42 is substantially

surrounded, on its lower side by surface 17 and bounded
around its entire periphery by the combination of wall 30
and ribs 34 and 36, it readily holds any of a variety of
materials that can be combined to function as a capacitor.
But, instead of required that these materials be separate-
ly packaged in a capacitor housing, first housing portion
16, with its features such as wall 30, and ribs 34/36, pro-
vides an effective housing for the capacitor. Accordingly,
by foregoing need for a separate capacitor housing, first
housing portion 16 saves space in the device 10, de-
creases weight of the device 10, decreases required as-
sembly and stocking of a separate component and re-
duces cost. As also illustrated in Figure 2A, added man-
ufacturing processes allow for housing portions 16 and/or
18 to have additional cavities and other defined areas
with additional features, such as fourth rib portion 38.
Furthermore, other configurations and shapes for rib por-
tions, cavities, defined sections and other features of
housing portions are possible.
[0044] For example, Figures 3A and 3B illustrate views
of housing portion 66 in accordance with one embodi-
ment. In the figures, housing portion 66 is illustrated as
a single portion apart from a complementary housing por-
tion, such as first and second housing portions 16 and
18 discussed above and illustrated in Figures 2A-2D.
Housing portion 66 includes features such as outer wall
70, first rib portion 72, second rib portion 74, and third rib
portion 76. Each of first-third rib portions 72-76 extend
from an inner surface of housing portion 66 such that
there are fully contained and hermetically sealed within
a housing once housing portion 66 is sealed against a
complementary housing portion.
[0045] As illustrated in Figures 3A and 3B, a variety of
configurations and shapes are possible for features of
housing portion 66. In one embodiment, first rib portion
72 is an L-shaped portion extending from outer wall 70
on one end to second rib portion 74 on its other end,
thereby defining component cavity 80. As is evident,
component cavity 80 has a shape on one side that follows
the L-shaped portion of first rib portion 72 and a shape
on its other side that follows the outline of wall 70. Ac-
cordingly, component cavity 80 can accommodate the
assembly of more components and/or larger compo-
nents than can first component cavity 40 described
above. Furthermore, each of outer wall 70 and first rib
portion 72 can be configured with steps substantially sur-
rounding the periphery of component cavity 80, such as
illustrated and discussed previously with respect to first
component cavity 40. Accordingly, cover 90 can be pro-
vided with a profile to match component cavity 80, as
illustrated in Figure 3B, such that cover 90 is readily
placed over component cavity 80 within the ridge formed
by the stepped portions of outer wall 70 and first rib por-
tion 72. Once in place, cover 90 can be welded around
its perimeter in order to hermetically seal component cav-
ity 80 in one embodiment.
[0046] Figures 4A-4B illustrate a housing 100 for an
implantable medical device in accordance with one em-
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bodiment. Housing 100 includes first housing portion
102, second housing portion 104 and intermediate por-
tion 106. In one embodiment, intermediate portion 106
is positioned between first and second housing portions
102 and 104, such that when first housing portion 102 is
sealed to a first intermediate portion 106 on a first side
and second housing portion 104 is sealed to a first inter-
mediate portion 106 on a second side opposite the first,
the inside of housing 100 is fully hermetically sealed rel-
ative to its outside. Furthermore, in one embodiment in-
termediate portion 106 divides housing 100 internally into
two separate chambers.
[0047] In one embodiment, first housing portion 102
includes main surface 113 and wall 112 extending there-
from, second housing portion 104 includes main surface
115 and wall 114 extending therefrom, and intermediate
portion 106 includes main surface 118 and wall 116 ex-
tending therefrom. Although Figure 4A is an exploded
view, when housing 100 is fully assembled and sealed
together, wall 112 is sealed to wall 116 along its upper
edge (as oriented in Figure 4A) and wall 114 is sealed
to wall 116 along its lower edge (as oriented in Figure
4A). This defines a first inner chamber 120 between main
surfaces 113 and 118 and a second inner chamber 122
between main surfaces 115 and 118, as illustrated in the
cross-sectional view of Figure 4B.
[0048] In one embodiment, first and second chambers
120 and 122 are separated by intermediate portion 106,
and specifically by main surface 118, such that chambers
120/122 are hermetically sealed relative to one another.
This may be useful in a variety of applications where one
of more components, or the materials of one or more
components, in one of the chambers 120/122 need to be
isolated from components in the other chamber. For ex-
ample, in one embodiment electronics can be placed in
first chamber 120, while a battery and/or a capacitor can
be assembled in second chamber 122, such that the elec-
tronics of the medical device 10 are hermetically sealed
from the battery and/or a capacitor of the device. In ad-
dition, various features, such as the ribs and steps dis-
cussed above relative to the other embodiments, can be
added to any of the main surfaces 113/115/118 in order
to further define component cavities within chambers
120/122.
[0049] Because intermediate portion 106 includes wall
116, which in one embodiment is substantially parallel
with portions of walls 112 and 114, it is readily welded
together with first and second housing portions 102 and
104 along first and second connecting lines 126 and 128.
As such, intermediate portion 106 provides an easily as-
sembled structure that both provides a hermetic seal be-
tween first and second chambers 120 and 122 and also
affords ready access to first and second connecting lines
126 and 128 thereby insuring the overall housing 100
can be welded together and maintain hermeticity be-
tween its interior and its exterior.
[0050] In one embodiment, each of first and second
housing portions 102 and 104 and intermediate portion

106 are formed using additive manufacturing processes,
such as metal injection molding (MIM), direct metal laser
sintering (DMLS), stereolithography (SLA), or three-di-
mensional printing (3D printing). In another embodiment,
intermediate portion 106 is formed using additive manu-
facturing processes, while first and second housing por-
tions 102 and 104 are formed using conventional tech-
niques, such as stamping or SPF. Even with first and
second housing portions 102 and 104 formed with con-
ventional techniques, and accordingly not including inte-
grated features, housing 100 can still be provided with
features where intermediate portion 106 is formed using
additive manufacturing processes. Because intermedi-
ate portion 106 is formed using additive manufacturing
processes, wall 116 is readily formed to mate with walls
112 and 114 of first and second housing portions 102
and 104. Similarly, ribs, such as those illustrated in 2A-
3B are readily added to either side (or both) of main sur-
face 118 of intermediate portion 106 in order to create
the component cavities, such as described and illustrated
in Figures 2A-3B.
[0051] Figures 5A-5D illustrate alternative embodi-
ments of housings 150/180/210/240 including various
features. Figures 5A-5D are cross-sectional illustrations
of housings 150/180/210/240, including first housing por-
tions 152/182/212/242, second housing portions
154/184/214/244 and intermediate portions
156/186/216/246. Housings 150/180/210/240 are similar
to housing 100 described above, and accordingly, in one
embodiment, each of first and second housing portions
152/182/212/242 and 154/184/214/244 and intermediate
portions 156/186/216/246 can be formed using additive
manufacturing processes, or intermediate portions
156/186/216/246 can be formed using additive manufac-
turing processes, while first and second housing portions
152/182/212/242 and 154/184/214/244 are formed using
conventional techniques.
As with the housing 100 above, housings
150/180/210/240 are each implantable medical devices
in which intermediate portions 156/186/216/246 are po-
sitioned between first and second housing portions
152/182/212/242 and 154/184/214/244, such that when
first housing portions 152/182/212/242 are sealed to in-
termediate portions 156/186/216/246 on a first side and
second housing portions 154/184/214/244 is sealed to
intermediate portions 156/186/216/246 on a second side
opposite the first, the inside of each of housings
150/180/210/240 is fully hermetically sealed relative to
its outside. Furthermore, in some embodiments, interme-
diate portions 156/186/216/246 divides each of housings
150/180/210/240 internally into two separate chambers.
As with housing 100, each of first portions
152/182/212/242 include walls 162/192/222/252, each
of second portions 154/184/214/244 include walls
164/194/224/254 and each of intermediate portions
156/186/216/246 include walls 166/196/226/256. Each
of walls 162/164/166, 192/194/196, 222/226/224, and
252/254/256 are readily welded to each other to seal
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housings 150/180/210/240, such that its inside is sealed
relative to its outside.
[0052] In addition, each of intermediate portions
156/186/216/246 also include further features useful in
some applications. For example, intermediate portion
156 in Figure 5A includes back-up bands 158 positioned
adjacent walls 162, 164, and 166. In order to hermetically
seal housing 150, first housing portion 152 is welded to
intermediate portion 156 and second housing portion 154
is welded to intermediate portion 156. Back-up bands
158 allow added protection within housing 150, especial-
ly for electronics and other sensitive components con-
tained within housing 150. Because the back-up bands
158 run laterally along walls 162, 164, and 166 inside
housing 150, they are between the weld source and the
housing interior and accordingly provide interference or
protection to electronics and other sensitive components
within the housing 150 as first and second housing por-
tions 152 and 154 are welded to intermediate portion 156
in the area of back-up bands 158. Similar back-up bands
217 are illustrated in Figure 5C. Also, intermediate por-
tions 186 and 246 in Figures 5B and 5D have stepped
features 189/249 located similarly that also function as
back-up bands to add some protection for internal elec-
tronics and other sensitive components.
[0053] In one embodiment, intermediate portions 156
and 216 in Figures 5A and 5C further include features
such as standoffs 159/219 and recesses 157/215, which
are useful in some applications. During assembly of
housings 150/210, standoffs 159/219 and recesses
157/215 can be useful in locating internal components,
provide support and further define component cavities.
For example, standoffs 159/219 can provide lateral sup-
port for intermediate portions 156/216 as they contact
second housing portions 154/214, thereby supporting in-
termediate portions 156/216 against the housing. Also,
standoffs 159/219 can further divide the inside of hous-
ings 150/210 into separate sections, such as further com-
ponent cavities.
Also, recess 157 of Figure 5A can be configured to accept
a component that fits uniquely into the recess 157 such
that an assembler, or a placement machine in the case
of automated assembly, can readily place the component
in the correct location within housing 150. Also, recess
215 of Figure 5C can be located uniquely to allow standoff
219 to be accurately placed by having it fit into recess
215. This will also facilitate ease in assembly and help
avoid mistakes in aligning parts during assembly. Fur-
thermore, intermediate portion 186 in Figure 5B includes
features such as recess 188 and knuckle 187, each of
which also are helpful in assembling housing 180 and
ensuring accurate placement of components within the
housing 180.
[0054] In one embodiment, one or more of the housing
portions and intermediate portions include features such
as feedthroughs 230/248/250 as illustrated in Figures 5C
and 5D. For example, feedthrough 230 is located in first
housing portion 212, and provides conductive access be-

tween the inside of housing 210 and its outside while still
maintaining hermeticity therebetween. In one embodi-
ment, feedthrough 230 includes an insulative portion 232
and conductors 234 passing through insulative portion
232. Insulative portion 232 is nonconductive and main-
tains a hermitic seal relative to the adjacent housing por-
tion 212. Conductors 234 are electrically conductive and
pass through the insulative portion 232 and also maintain
a hermitic seal relative to the adjacent insulative portion
232. Conductors 234 allow electrical connectivity be-
tween components within housing 210 to those outside
housing 210 while maintaining hermeticity therebetween.
[0055] Feedthoughs 248 and 250 are similarly config-
ured and illustrated in Figure 5D. Feedthrough 248 is
located in second housing portion 244, and provides con-
ductive access between the inside of housing 240 and
its outside while still maintaining hermeticity therebe-
tween. Feedthrough 250 is located in intermediate por-
tion 246, and provides conductive access between two
internal chambers of housing 240 on either side of inter-
mediate portion 246, while still maintaining hermeticity
therebetween.
[0056] In each case, feedthroughs 230/248/250 are
features formed as part of forming the respective portions
in which they reside, first housing portion 212, second
housing portion 244, and intermediate portion 246. With
the additive manufacturing processes used for forming
the various portions, these features are readily integrated
into the portions.
[0057] In fact, because the above-described housing
portions and intermediate portions, including the various
above-described features, such as back-up bands, re-
cesses, standoffs, feedthroughs, etc. are formed with ad-
ditive manufacturing, such MIM, DMLS, SLA, or 3D print-
ing, each of these above-describes features are integrally
formed as part of forming the housing portions or the
intermediate portions. This leads to fewer number of
components required for these types of products and
easier and faster assembly of the portions to form the
overall product, lowering errors and reducing cost.
[0058] Figure 6 illustrates a process 300 for manufac-
turing an implantable medical device, such as described
above with respect to Figures 1-5D. In one embodiment,
a first housing portion is manufactured at step 310. In
some embodiments, a first housing portion, such as first
housing portions16/102/152/182/212/242, is formed us-
ing additive manufacturing, such MIM, DMLS, SLA, or
3D printing. In such cases, forming of the first housing
portion includes integrally forming features included in
the housing portion, such as walls, ribs, component cav-
ities, standoffs, back-up bands and so forth.
[0059] For example, in the case of MIM, such features
are built into the mold parts before the metal is injecting
in, such that the features are integrally molded into the
housing portion. In the case of 3D printing, the printing
is controlled such that the features are printed with the
housing portion such that the features are integrally
formed with the housing portion. In some embodiments,
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forming the first housing portion includes forming at least
one component cavity, such as first component cavity 40
illustrated in Figures 2A and 2C integrally into first hous-
ing portion.
In some embodiments, such as where an intermediate
portion with features is used, such as illustrated in Figure
4A, the first housing portion can also be formed by con-
ventional means, such as stamping or SPF.
[0060] In one embodiment, a second housing portion
is manufactured at step 312. In some embodiments, a
second housing portion, such as second housing por-
tions 18/104/154/184/214/244, is formed using additive
manufacturing, such MIM, DMLS, SLA, or 3D printing. In
such cases, forming of the second housing portion in-
cludes integrally forming features included in the housing
portion, such as walls, ribs, component cavities, stand-
offs, back-up bands and so forth, just as described above
for the first housing portion. In other embodiments, such
as where an intermediate portion with features is used,
such as illustrated in Figure 4A, the second housing por-
tion can also be formed by conventional means, such as
stamping or SPF.
[0061] In some embodiments, an intermediate portion
is manufactured at step 314. In some embodiments, such
as illustrated in Figure 1, an intermediate portion is not
used, and in such case step 314 is optional. When the
intermediate portion is used, the intermediate portion,
such as intermediate portions 106/156/186/216/246, is
formed using additive manufacturing, such MIM, DMLS,
SLA, or 3D printing. In such cases, forming of the inter-
mediate portion includes integrally forming features as
part of the intermediate portion.
[0062] At step 316, the housing portions are assem-
bled to form an implantable device, such as implantable
medical device 10. Where only first and second housing
portions have been formed, various components are first
placed on first and/or second housing portions. Where
an intermediate portion is formed, various components
may also be place on the intermediate portion as will. In
either case, features, such as ribs, walls, component cav-
ities, standoffs, recesses, knuckles, back-up bands, etc.,
which are integrated into first and second housing por-
tions and into the intermediate portion are used to facil-
itate placement of the various components that will ulti-
mately be sealed within the housing. Components such
as electronic circuit boards, batteries and capacitors can
fit into cavities and other recesses that are formed by the
features that are integrated into the first and second hous-
ing portions and the intermediate portion. In some cases,
lids may then seal some of these components, such as
batteries and capacitors as previously discussed, into
one of the housing portions. The assembly of the com-
ponents can be by hand or with automation and place-
ment is aided by the features present in the housing por-
tions.
[0063] Next, at step 318, the housing portions are
brought together, such as illustrated in Figure 1, and then
the housing portions are sealed together to form the

housing and hermetically seal the components within the
housing. In one embodiment, in order to hermetically seal
the housing, a laser weld is used along the interface be-
tween the first and second housing portions, such as
along connecting line 20 in Figure 1.
Where a first and second housing portion and an inter-
mediate portion are formed, all three portions are con-
nected, such as illustrated in Figures 4A and 4B. For
example, first housing portion 102 is welded to interme-
diate portion 106 along second connecting line 128 and
second housing portion 104 is welded to an opposite side
of intermediate portion 106 along first connecting line 126
(as illustrated in Figure 4B). Similarly, sealing the portions
this way hermetically seals the components within the
housing relative to its exterior.
Although specific embodiments have been illustrated
and described herein, it will be appreciated by those of
ordinary skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the
specific embodiments shown and described without de-
parting from the scope of the present invention. This ap-
plication is intended to cover any adaptations or varia-
tions of the specific embodiments discussed herein.
Therefore, it is intended that this invention be limited only
by the claims.

Claims

1. A housing (150, 180, 210, 240) for an implantable
medical device (10) comprising: a first housing por-
tion (16, 102, 152, 182, 212, 242) comprising metal
and having ribs (32, 34, 36, 38. 72, 74, 76) integrated
in the first housing portion (16, 102, 152, 182, 212,
242), the ribs (32, 34, 36, 38, 72, 74, 76) and first
housing portion (16, 102, 152, 182, 212, 242) forming
a component cavity (40, 42, 80), whereby said first
housing portion (16, 102, 152, 182, 212, 242) is
formed by an additive manufacturing process, and
a second housing portion (18, 104, 154, 184, 214,
244) comprising metal, wherein the first (16, 102,
152, 182, 212, 242) and second housing portions
(18, 104, 154, 184, 214, 244) are sealed together
thereby forming the housing (150, 180, 210, 240)
with an internal space that is within first (16, 102,
152, 182, 212, 242) and second housing portions
(18, 104, 154, 184, 214, 244) and that fully contains
the ribs (32, 34, 36, 38, 72, 74, 76) and component
cavity (40, 42, 80) such that they are hermetically
sealed relative to an external space outside the
housing (150, 180, 210, 240).

2. The housing (150, 180, 210, 240) of claim 1, wherein
the first (16, 102, 152, 182, 212, 242) and second
housing portions (18, 104, 154, 184, 214, 244) each
comprise walls (30) configured about each respec-
tive periphery and configured immediately adjacent
each other on the housing (150, 180, 210, 240) at a
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connection line such that the first (16, 102, 152, 182,
212, 242) and second housing portions (18, 104,
154, 184, 214, 244) are readily joined along the con-
nection line.

3. The housing (150, 180, 210, 240) of claim 41, where-
in the component cavity (40, 42, 80) substantially
contains materials for at least one of a capacitor and
a battery and characterized in that neither the ca-
pacitor nor the battery has an independent housing
separate from the first housing portion (16, 102, 152,
182, 212, 242).

4. The housing (150, 180, 210, 240) of claim 15, where-
in the ribs (32, 34, 36, 38, 72, 74, 76) further com-
prising a step (31, 33) surrounding the component
cavity (40, 42, 80) that is configured to receive a lid
(50, 52), the ribs (32, 34, 36, 38, 72, 74, 76) and step
(31, 33) all integrally formed with the first housing
portion (16, 102, 152, 182, 212, 242), and the lid (50,
52) sealing the capacitor or the battery.

5. The housing (150, 180, 210, 240) of claim 1, wherein
the first (16, 102, 152, 182, 212, 242) and second
housing portions (18, 104, 154, 184, 214, 244) com-
prise one of Ti 6Al-4V (Grade 5 titanium), Ti 6Al-4V
ELI (Grade 23 titanium), and Ti 3Al 2.5V (Grade 9
titanium).

6. A method of fabricating a housing (150, 180, 210,
240) for an implantable medical device (10), the
method comprising: forming a first housing portion
(16, 102, 152, 182, 212, 242) comprising metal using
an additive manufacturing process such that ribs (32,
34, 36, 38, 72, 74, 76) are integrated into the first
portion (16, 102, 152. 182, 212, 242), forming a sec-
ond housing portion (18, 104, 154, 184, 214, 244)
comprising metal, the ribs (32, 34, 36, 38, 72, 74,
76) and first housing portion (16, 102, 152, 182, 212,
242) forming a component cavity (40, 42, 80), and
joining the first (16, 102, 152, 182, 212, 242) and
second housing portions (18, 104, 154, 184, 214,
244) thereby sealed an internal space of the housing
(150, 180. 210, 240) within first (16, 102, 152, 182,
212, 242) and second portions (18, 104, 154, 184,
214, 244) and fully containing the ribs (32, 34, 36,
38, 72, 74, 76) such that they are hermetically sealed
relative to an external space outside the housing
(150, 180, 210, 240).

7. The method of claim 68, wherein the additive man-
ufacturing process comprises at least one of direct
metal laser sintering (DMLS), stereolithography
(SLA), and three- dimensional printing (3D printing).

8. The method of claim 68, wherein forming the first
housing portion (16, 102, 152, 182, 212, 242) com-
prises forming a component cavity (40, 42, 80) con-

figured for holding materials of at least one compo-
nent for the medical device (10).

9. The method of claim 8, further comprising assem-
bling materials of at least one component for the
medical device (10) into the component cavity (40,
42, 80) and sealing the component cavity (40, 42,
80), characterized in that the at least one compo-
nent has no housing other than the component cavity
(40, 42, 80).

Patentansprüche

1. Ein Gehäuse (150, 180, 210, 240) für eine implan-
tierbare medizinische Vorrichtung (10), umfassend:
ein erstes Gehäuseteil (16, 102, 152, 182, 212, 242),
Metall umfassend und Rippen (32, 34, 36, 38, 72,
74, 76) aufweisend, die in das ersten Gehäuseteil
(16, 102, 152, 182, 212, 242) integriert sind, wobei
die Rippen (32, 34, 36, 38, 72, 74, 76) und das erste
Gehäuseteil (16, 102, 152, 182, 212, 242) einen
Komponentenhohlraum (40, 42, 80) bilden, wobei
das genannte erste Gehäuseteil (16, 102, 152, 182,
212, 242) durch ein additives Herstellungsverfahren
gebildet wird, und ein zweites Gehäuseteil (18, 104,
154, 184, 214, 244), Metall umfassend, wobei das
erste (16, 102, 152, 182, 212, 242) und das zweite
Gehäuseteil (18, 104, 154, 184, 214, 244) miteinan-
der gedichtet sind, wodurch das Gehäuse (150, 180,
210, 240) mit einem Innenraum gebildet wird, der
sich innerhalb des ersten (16, 102, 152, 182, 212,
242) und zweiten Gehäuseteils (18, 104, 154, 184,
214, 244) befindet und der die Rippen (32, 34, 36,
38, 72, 74, 76) und den Komponentenhohlraum (40,
42, 80) vollständig enthält, sodass sie gegenüber
einem äußeren Raum außerhalb des Gehäuses
(150, 180, 210, 240) hermetisch abgedichtet sind.

2. Das Gehäuse (150, 180, 210, 240) nach Anspruch
1, wobei das erste (16, 102, 152, 182, 212, 242) und
das zweite Gehäuseteil (18, 104, 154, 184, 214, 244)
jeweils Wände (30) umfassen, die um ihren jeweili-
gen Umfang herum angeordnet sind und unmittelbar
nebeneinander auf dem Gehäuse (150, 180, 210,
240) an einer Verbindungslinie angeordnet sind, so-
dass das erste (16, 102, 152, 182, 212, 242) und
zweiten Gehäuseteil (18, 104, 154, 184, 214, 244)
entlang der Verbindungslinie leicht miteinander ver-
bunden werden kann.

3. Das Gehäuse (150, 180, 210, 240) nach Anspruch
1, wobei der Komponentenhohlraum (40, 42, 80) im
Wesentlichen Materialien für zumindest einen Kon-
densator und/oder eine Batterie enthält und da-
durch gekennzeichnet, dass weder der Konden-
sator noch die Batterie ein vom ersten Gehäuseteil
(16, 102, 152, 182, 212, 242) getrenntes unabhän-
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giges Gehäuse aufweist.

4. Das Gehäuse (150, 180, 210, 240) nach Anspruch
1, wobei die Rippen (32, 34, 36, 38, 72, 74, 76) ferner
eine Stufe (31, 33) aufweisen, die den Komponen-
tenhohlraum (40, 42, 80) umgibt, die zur Aufnahme
eines Deckels (50, 52) konfiguriert ist, wobei die Rip-
pen (32, 34, 36, 38, 72, 74, 76) und die Stufe (31,
33) alle integral mit dem ersten Gehäuseteil (16, 102,
152, 182, 212, 242) gebildet sind, und der Deckel
(50, 52) den Kondensator oder die Batterie abdich-
tet.

5. Das Gehäuse (150, 180, 210, 240) nach Anspruch
1, wobei das erste (16, 102, 152, 182, 212, 242) und
das zweite Gehäuseteil (18, 104, 154, 184, 214, 244)
eines von Ti 6Al-4V (Titan der Güteklasse 5), Ti 6Al-
4V ELI (Titan der Güteklasse 23) und Ti 3Al 2,5V
(Titan der Güteklasse 9) umfassen.

6. Ein Verfahren zur Herstellung eines Gehäuses (150,
180, 210, 240) für eine implantierbare medizinische
Vorrichtung (10), das Verfahren umfassend: Bilden
eines ersten Gehäuseteils (16, 102, 152, 182, 212,
242), Metall umfassend, unter Verwendung eines
additiven Herstellungsverfahrens, sodass Rippen
(32, 34, 36, 38, 72, 74, 76) in das ersten Teil (16,
102, 152, 182,212, 242) integriert werden, Bilden ei-
nes zweiten Gehäuseteils (18, 104, 154, 184, 214,
244), Metall umfassend, die Rippen (32, 34, 36, 38,
72, 74, 76) und das erste Gehäuseteil (16, 102, 152,
182, 212, 242) bilden einen Komponentenhohlraum
(40, 42, 80), und Verbinden des ersten (16, 102, 152,
182, 212, 242) und zweiten Gehäuseteils (18, 104,
154, 184, 214, 244), wodurch ein Innenraum des Ge-
häuses (150, 180, 210, 240) innerhalb des ersten
(16, 102, 152, 182, 212, 242) und zweiten Teils (18,
104, 154, 184, 214, 244) abgedichtet wird, und die
Rippen (32, 34, 36, 38, 72, 74, 76) vollständig enthält,
sodass sie gegenüber einem Außenraum außerhalb
des Gehäuses (150, 180, 210, 240) hermetisch ab-
gedichtet sind.

7. Das Verfahren nach Anspruch 6, wobei der additive
Herstellungsprozess mindestens eines an direktem
Metall-Lasersintern (DMLS), Stereolithographie
(SLA) und dreidimensionalem Drucken (3D-Druck)
umfasst.

8. Das Verfahren nach Anspruch 6, wobei das Bilden
des ersten Gehäuseteils (16, 102, 152, 182, 212,
242) das Bilden eines Komponentenhohlraums (40,
42, 80) umfasst, der zur Aufnahme von Materialien
mindestens einer Komponente für die medizinische
Vorrichtung (10) konfiguriert ist.

9. Das Verfahren nach Anspruch 8, ferner umfassend
Zusammenfügen von Materialien von mindestens ei-

ner Komponente für die medizinische Vorrichtung
(10) in den Komponentenhohlraum (40, 42, 80) hin-
ein und Abdichten des Komponentenhohlraums (40,
42, 80), dadurch gekennzeichnet, dass die min-
destens eine Komponente kein anderes Gehäuse
als den Komponentenhohlraum (40, 42, 80) auf-
weist.

Revendications

1. Boîtier (150, 180, 210, 240) pour un dispositif médi-
cal implantable (10), comportant : une première par-
tie (16, 102, 152, 182, 212, 242) de boîtier compor-
tant du métal et dotée de nervures (32, 34, 36, 38,
72, 74, 76) intégrées dans la première partie (16,
102, 152, 182, 212, 242) de boîtier, les nervures (32,
34, 36, 38, 72, 74, 76) et la première partie (16, 102,
152, 182, 212, 242) de boîtier formant une cavité
(40, 42, 80) à composants ladite première partie (16,
102, 152, 182, 212, 242) de boîtier étant formée par
un processus de fabrication additive, et une seconde
partie (18, 104, 154, 184, 214, 244) de boîtier com-
portant du métal, les première (16, 102, 152, 182,
212, 242) et seconde (18, 104, 154, 184, 214, 244)
parties de boîtier étant scellées ensemble, formant
ainsi le boîtier (150, 180, 210, 240) doté d’un espace
interne qui se trouve à l’intérieur des première (16,
102, 152, 182, 212, 242) et seconde (18, 104, 154,
184, 214, 244) parties de boîtier et qui contient en-
tièrement les nervures (32, 34, 36, 38, 72, 74, 76) et
la cavité (40, 42, 80) à composants de telle façon
qu’elles soient hermétiquement scellées par rapport
à un espace externe à l’extérieur du boîtier (150,
180, 210, 240).

2. Boîtier (150, 180, 210, 240) selon la revendication
1, les première (16, 102, 152, 182, 212, 242) et se-
conde (18, 104, 154, 184, 214, 244) parties de boîtier
comportant chacune des parois (30) configurées
autour de chaque périphérie respective et configu-
rées à proximité immédiate l’une de l’autre sur le
boîtier (150, 180, 210, 240) au niveau d’une ligne de
liaison de telle façon que les première (16, 102, 152,
182, 212, 242) et seconde (18, 104, 154, 184, 214,
244) parties de boîtier soient aisément jointes le long
de la ligne de liaison.

3. Boîtier (150, 180, 210, 240) selon la revendication
1, la cavité (40, 42, 80) à composants contenant sen-
siblement des matériaux pour au moins un élément
parmi un condensateur et une batterie et caractéri-
sé en ce que ni le condensateur ni la batterie ne
possède un boîtier indépendant distinct de la pre-
mière partie (16, 102, 152, 182, 212, 242) de boîtier.

4. Boîtier (150, 180, 210, 240) selon la revendication
1, les nervures (32, 34, 36, 38, 72, 74, 76) comportant
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en outre un échelon (31, 33) entourant la cavité (40,
42, 80) à composants, qui est configuré pour recevoir
un couvercle (50, 52), les nervures (32, 34, 36, 38,
72, 74, 76) et l’échelon (31, 33) étant tous formés
d’un seul tenant avec la première partie (16, 102,
152, 182, 212, 242) de boîtier, et le couvercle (50,
52) scellant le condensateur ou la batterie.

5. Boîtier (150, 180, 210, 240) selon la revendication
1, les première (16, 102, 152, 182, 212, 242) et se-
conde (18, 104, 154, 184, 214, 244) parties de boîtier
comportant un matériau parmi Ti 6Al-4V (titane de
nuance 5), Ti 6Al-4V ELI (titane de nuance 23), et
Ti 3Al 2.5V (titane de nuance 9).

6. Procédé de réalisation d’un boîtier (150, 180, 210,
240) pour un dispositif médical implantable (10), le
procédé comportant les étapes consistant à : former
une première partie (16, 102, 152, 182, 212, 242) de
boîtier comportant du métal à l’aide d’un processus
de fabrication additive de telle façon que des nervu-
res (32, 34, 36, 38, 72, 74, 76) soient intégrées dans
la première partie (16, 102, 152, 182, 212, 242), for-
mer une seconde partie (18, 104, 154, 184, 214, 244)
de boîtier comportant du métal, les nervures (32, 34,
36, 38, 72, 74, 76) et la première partie (16, 102,
152, 182, 212, 242) de boîtier formant une cavité
(40, 42, 80) à composants et joindre les première
(16, 102, 152, 182, 212, 242) et seconde (18, 104,
154, 184, 214, 244) parties de boîtier, scellant ainsi
un espace interne du boîtier (150, 180, 210, 240) à
l’intérieur des première (16, 102, 152, 182, 212, 242)
et seconde parties (18, 104, 154, 184, 214, 244) et
contenant entièrement les nervures (32, 34, 36, 38,
72, 74, 76) de telle façon qu’elles soient hermétique-
ment scellées par rapport à un espace externe à
l’extérieur du boîtier (150, 180, 210, 240).

7. Procédé selon la revendication 6, le processus de
fabrication additive comportant au moins un proces-
sus parmi le frittage direct de métal par laser (DMLS),
la stéréolithographie (SLA), et l’impression tridimen-
sionnelle (impression 3D).

8. Procédé selon la revendication 6, la formation de la
première partie (16, 102, 152, 182, 212, 242) de boî-
tier comportant la formation d’une cavité (40, 42, 80)
à composants configurée pour renfermer des maté-
riaux d’au moins un composant destiné au dispositif
médical (10).

9. Procédé selon la revendication 8, comportant en
outre les étapes consistant à assembler des maté-
riaux d’au moins un composant destiné au dispositif
médical (10) dans la cavité (40, 42, 80) à composants
et à sceller la cavité (40, 42, 80) à composants, ca-
ractérisé en ce que le ou les composants ne pos-
sèdent aucun boîtier autre que la cavité (40, 42, 80)

à composants.
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