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(54) ELECTRICAL FEEDTHROUGH

(67) The invention relates to an electrical
feedthrough comprising a base body having a first side
and an opposed second side and at least one
through-hole extending through the base body from the
first side to the second side, an insulating material re-
ceived in the through-hole, the insulating material having
a first surface on the first side of the base body and an
opposed second surface on the second side of the base

Fig. 4

body, and an electrical conductor extending through the
insulating material, the electrical conductor having a first
diameter at the location of the first surface of the insulat-
ing material and a second diameter at the location of the
second surface of the insulating material, wherein the
first diameter of the electrical conductor is larger than the
second diameter of the electrical conductor.
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Description

[0001] The invention relates to an electrical
feedthrough comprising an outer base body with at least
one through-hole, an insulating material received in the
through-hole, and aninner electrical conductor extending
through the insulating material.

[0002] Electrical feedthroughs can be used to guide
electrical conductors into hermetically sealed environ-
ments or housings. To this end, a sealing connection
between the outer base body, the insulating material, and
the insulated inner electrical conductors is provided.
Such feedthroughs can be designed, for example, as
glass-to-metal seals (GTMS), in which case the insulat-
ing material is made from glass, and the base body and
electrical conductors are made from metal.

[0003] Electrical feedthroughs, in particular GTMS,
cover a wide range of applications, for example in elec-
tronics and electrical engineering. Some examples of ap-
plications are connectors, charging ports, e.g. for wear-
ables, consumer electronics devices, platform applica-
tions, medical devices, e.g. pace makers, but also com-
ponents for harsh environments such as oil and gas com-
ponents.

[0004] Desired sealing properties of electrical
feedthroughs, in particular GTMS, are, in particular, ef-
fective electrical insulation, hermeticity, long-term relia-
bility and/or resistance in specific environments, such as
against corrosive substances, vibrations, or temperature
fluctuations.

[0005] Achieving these properties with sufficient qual-
ity can become difficult in designs where electrical con-
ductors are desired to have relatively large diameters in
relation to the overall dimensions of the feedthrough
and/or are to be arranged in high density. In electronics
applications this may be the case, for example, if small
dimensions of the feedthrough are desired while at the
same time certain connection standards are to be met.
Another example may be charging ports in which elec-
trical conductors are desired to provide relatively large
landing areas and/or high densities.

[0006] Therefore, itis an object of the invention to pro-
vide an electrical feedthrough for electrical conductors
having relatively large diameters in relation to the dimen-
sion of the through-hole and/or the base body and/or are
arranged in high density, while at the same time sealing
properties, such as electrical insulation, hermeticity, and
long-term reliability are optimized.

[0007] To solve this object, the invention provides an
electrical feedthrough comprising a base body having a
first side and an opposed second side and at least one
through-hole extending through the base body from the
first side to the second side, an insulating material re-
ceived in the at least one through-hole, the insulating
material having a first surface on the first side of the base
body and an opposed second surface on the second side
of the base body, and an electrical conductor extending
through the insulating material, the electrical conductor
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having a first diameter at the location of the first surface
of the insulating material and a second diameter at the
location of the second surface of the insulating material,
wherein the first diameter of the electrical conductor is
larger than the second diameter of the electrical conduc-
tor.

[0008] In other words, the diameter of the electrical
conductor is larger on the first side of the base body and
smaller on the second side of the base body. This allows
to optimize the large-diameter side for desired conductor
dimensions, while the smaller-diameter side and the pro-
file of the electrical conductor between the two diameters
can be optimized for sealing properties such as insula-
tion, hermeticity, long-term reliability and/or resistance
against physical or chemical influences.

[0009] The electrical conductor may end flush with the
first surface of the insulating material on the first side of
the base body or may be offset less therefrom than 500
pm, preferably less than 250 um, particularly preferably
less than 100 wm, in particular such that the first surface
of the insulating material is grinded flush with the electri-
cal conductor or forms a meniscus which preferably tran-
sitions flush to the electrical conductor. In case of an off-
set, the electrical conductor may be either protruding or
recessed with respect to the first surface of the insulating
material.

[0010] Additionally or alternatively, the electrical con-
ductor may protrude from the second surface of the in-
sulating material on the second side of the base body,
wherein the protrusion preferably is more than 500um,
particularly preferably more than 1mm, or more than
2mm.

[0011] The electrical conductor may have one or more
distinct sections defining the profile of the electrical con-
ductor including the first diameter on the first side of the
base body, the second diameter on the second side of
the base body and/or the diameter profile between these
two diameters.

[0012] Forexample, the electrical conductor may have
afirst section comprising the location of the first diameter
and extending from the first surface of the insulating ma-
terial into the insulating material, wherein the first section
of the electrical conductor preferably has a constant di-
ameter.

[0013] Additionally or alternatively, the electrical con-
ductor may have a second section comprising the loca-
tion of the second diameter and extending from the sec-
ond surface of the insulating material into the insulating
material, wherein the second section of the electrical con-
ductor preferably has a constant diameter.

[0014] Additionally or alternatively, the electrical con-
ductor may have a tapered section between the location
of the first diameter and the location of the second diam-
eter, wherein the tapered section has a tapered diameter
and wherein the tapered section preferably is located be-
tween the first section and the section within the insulat-
ing material.

[0015] The aforementioned first, second and tapered
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sections may be present individually or in any combina-
tion. For example, the electrical conductor may have first
and second sections with a step transition, i.e. without
having a tapered section in between. In another example,
the electrical conductor may have a constant-diameter
first section which is followed by a tapered section. In yet
another example, the electrical conductor may have a
tapered section which is followed by a constant-diameter
second section, which may be referred to as a direct ta-
pered case. It is also possible that the conductor only
comprises a tapered section, which may be referred to
as a full tapered case. Preferably, due to the decreasing
diameter of the electrical conductor from the first side of
the base body to the second side of the base body, the
amount of surrounding insulating material may increase
from the first side to the second side.

[0016] The electrical conductor may have a length L
between the location of the first diameter and the location
of the second diameter, wherein the length L preferably
isinthe range of 0.2 mm to 10 mm, particularly preferably
in the range of 0.3 mm to 5 mm, even more preferably in
the range of 1 mm to 3 mm.

[0017] In what follows, relations of lengths and diam-
eters of the electrical conductor and/or sections thereof
are provided which in experiments and computer simu-
lations have been shown to be particularly suitable for
achieving the object of the invention. In particular, it is
referred to computer simulation results further below.
[0018] In case, the electrical conductor has a first
and/or a tapered section as mentioned above, the first
section of the electrical conductor may have a length L1
and/or the tapered section of the electrical conductor may
have a length L3, wherein the length L1, the length L3,
orthelength L1+ L3 is atleast 0.1 mm preferably atleast
0.3 mm, particularly preferably at least 0.6 mm.

[0019] In case, the electrical conductor has a first
and/or a tapered section as mentioned above, the first
section of the electrical conductor may have a length L1
and/or the tapered section of the electrical conductor has
a length L3, wherein the ratio L1/ L, the ratio L3 /L, or
the ratio (L1 + L3) / L is smaller than 0.7, preferably is
smaller than 0.5, particularly preferably is smaller than
0.35.

[0020] In case, the electrical conductor has a second
section as mentioned above, the second section of the
electrical conductor may have a length L2, wherein the
ratio L2 / L is larger than 0.3, preferably is larger than
0.5, particularly preferably is larger than 0.65.

[0021] In case, the electrical conductor has first and
tapered sections as mentioned above, the tapered sec-
tion of the electrical conductor may have a length L3,
wherein the ratio L3 / L1 is between 1.25 and 3.0, pref-
erably between 1.5 and 2.5, particularly preferably be-
tween 1.75 and 2.25.

[0022] The ratio of the first diameter and the second
diameter of the electrical conductor may be between 1.1
and 10, preferably between 1.25and 3.5, more preferably
between 1.5 and 3.0, particularly preferably between
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1.75 and 2.75.

[0023] The first diameter may be at least 0.8 mm, pref-
erably at least 1 mm, particularly preferably at least 1.5
mm.

[0024] The second diameter may be at most 1 mm,
preferably at most 0.8 mm, particularly preferably at most
0.5 mm.

[0025] In case, the electrical conductor has a tapered
section as mentioned above, the tapered section of the
electrical conductor may have a diameter tapering from
the first diameter to the second diameter. Additionally or
alternatively, the tapered section of the electrical conduc-
tor may be a linearly tapering diameter.

[0026] In order to increase the mechanical interlock of
the electrical conductor with the insulating material, the
electrical conductor may comprise a groove, wherein the
groove preferably is located in the second section of the
electrical conductor.

[0027] The invention further provides an electrical
feedthrough comprising a base body with at least two
through-holes extending through the base body, the base
body having a first side and an opposed second side,
wherein in each of the at least two through-holes an in-
sulating material is received, each insulating material
having a first surface on the first side of the base body
and an opposed second surface on the second side of
the base body, and wherein in each of the at least two
through-holes at least one electrical conductor extends
through the respective insulating material. Each of the
electrical conductors of the feedthrough may be designed
according to one or more of the above-mentioned fea-
tures. The electrical conductors of the feedthrough are
preferably designed identical. However, depending on
the application, the conductors may also be designed
differently.

[0028] Generally, a feedthrough may comprise at least
two electrical conductors extending through the or each
insulating material. Depending on the application, two or
more conductors may be used, for example in charging
ports or data transfer applications.

[0029] Generally, a distance between two electrical
conductors may be less than 50mm, preferably less than
10mm particularly preferably less than 5mm. Such dis-
tance may be present at the location of the second di-
ameter, preferably at the location of the first diameter.
[0030] Generally, a distance between two electrical
conductors may be more than 100 um, preferably more
than 150 pwm, particularly preferably more than 200 um.
Such distance may be present at the location of the first
diameter, preferably at the location of the second diam-
eter.

[0031] Generally, a distance between an electrical
conductor and the base body may be less than 5mm,
preferably less than 2mm, particularly preferably less
than 1mm. Such distance may be present at the location
of the second diameter, preferably at the location of the
first diameter.

[0032] Generally, a distance between an electrical
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conductor and the base body may be more than 100 pm,
preferably more than 150 pm, particularly preferably
more than 200 wm. Such distance may be present at the
location of the first diameter, preferably at the location of
the second diameter. Such distance may be beneficial
to have a gap sufficient for flow of insulation material,
e.g. glass.

[0033] In particular, the above-mentioned distances
may refer to a minimum distance between two conduc-
tors or between a conductor and the base body, in par-
ticular in cases of eccentric conductor(s), off-center con-
ductorlocation(s) and/or non-uniform through-hole diam-
eter(s).

[0034] In some embodiments, the ratio of the surface
area of the insulating material received in a trough-hole
and the surface area of the electrical conductor or con-
ductors in the respective through-hole on at least one of
the sides of the base body, for example the first side,
may be less than 15, preferably less than 10, particularly
preferably less than 5, or less than 4.

[0035] Generally, as mentioned before, the or each
electrical conductor may have a first diameter DEC1 at
the location of the first surface of the respective insulating
material and a second diameter DEC2 at the location of
the second surface of the respective insulating material,
wherein the diameter(s) of each conductor may be dif-
ferent. Further, the or each through-hole may have a di-
ameter DTH, which preferably is constant throughout the
base body, or is tapered, preferably within a range of 2°
to 10°, having a maximum diameter DTH, wherein the
diameter(s) DTH of each through-hole may be different.
[0036] Insome embodiments, the ratio DTH /DEC1 of
at least one through-hole is at most 1.5, preferably is at
most 1.3, particularly preferably is at most 1.2, or is at
most 1.11.

[0037] Insome embodiments, the ratio DTH/DEC2 of
at least one through-hole is at most 10, preferably is at
most 5, particularly preferably is at most 2.5.

[0038] It is noted that the or each through-hole may
have a tapering diameter, preferably with a tapering an-
gle in the range of 2° to 10°, wherein the tapering can be
in either direction, that is the through-hole diameter may
taper towards the second side of the base body or to-
wards the first side of the base body. Advantages of ta-
pered through-holes may in particular be higher pressure
resistance and/or improved processing, such as easier
part ejection after injection molding process.

[0039] Inthe case of more than one through-hole, each
of the at least two through-holes may have a diameter
DTH, and each of the at least two through-holes may
define a half-distance diameter DBB, the half-distance
diameter DBB being the distance ATH within the base
body between adjacent through-holes plus the diameter
DTH of the respective through-hole, wherein the ratio
DBB / DTH of at least one through-hole is smaller than
2.0 preferably is smaller than 1.8, particularly preferably
is smaller than 1.7, or is smaller than 1.6, or is smaller
than 1.5, or is smaller than 1.4, or is smaller than 1.3, or

10

15

20

25

30

35

40

45

50

55

is smaller than 1.2, or is smaller than 1.1.

[0040] In case of tapering through-holes, these afore-
mentioned diameters DTH and DBB may preferably be
measured on the first side of the base body. Alternatively,
however, they may be measured at the second side of
the base body.

[0041] The aforementioned distances, surface ratios
and diameter ratios have proven to be particularly favo-
rable for achieving the object of the invention according
to experiments and computer simulations. In particular,
itis referred to computer simulation results further below.
[0042] In addition, experiments and computer simula-
tions have been performed for the contact pressure on
the insulating material, wherein negative contact pres-
sure refers to contact tension.

[0043] In some embodiments, the insulating material
may be under a contact pressure CP2 at the location of
the second surface on the second side of the base body,
wherein CP2 is a positive contact pressure, or wherein
CP2is anegative contact pressure with an absolute value
being less than 30 MPa, preferably less 20 MPa, partic-
ularly preferably less than 10 MPa, or less than 5 MPa.
[0044] In some embodiments, the insulating material
may be under a contact pressure CP1 at the location of
the first surface on the first side of the base body, wherein
CP1isanegative contact pressure with an absolute value
being more than 1 MPa, preferably more than 5 MPa,
particularly preferably more than 10 MPa.

[0045] In some embodiments, the insulating material
is under a highest positive contact pressure with an ab-
solute value which is lower than 155 MPa, preferably is
lowerthan 70 MPa, more preferably is lower than 50 MPa,
more preferably is lower than 40 MPa, particularly pref-
erably is lower than 20 MPa.

[0046] Generally, afeedthrough’s base body may have
a thermal expansion coefficient between 5 x 10-6 K-1and
25 x 106 K-1, preferably between 5 x 106 K- and 20 x
106 K-1.

[0047] Generally, a feedthrough’s insulating material
may have a thermal expansion coefficient between 3 x
10-6 K-1 and 15 x 106 K-1, preferably between 5 x 10-6
K-Tand 12 x 106 K-1.

[0048] Generally, a feedthrough’s electrical conductor
may have a thermal expansion coefficient between 3 x
106 K-1 and 25 x 106 K-1, preferably between 5 x 10-6
K-1and 20 x 106 K-1.

[0049] The base body may comprise at least one of
the following materials: metal, austenitic stainless steel,
in particular AISI 300 series, ferritic stainless steel, in
particular AlS1400 series, titanium, inconel, duplex stain-
less steel, niobium, an alloy of one of the aforementioned
metals, e.g.titanium alloy, ceramic. In case the base body
comprises metal and the insulating material comprises
glass, the feedthrough may be referred to as glass-to-
metal seal. In case the base body comprises ceramics
and the insulation material comprises glass, the
feedthrough may be referred to as glass-to-ceramics
seal.
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[0050] The insulating material may comprise at least
one of the following materials: glass, glass ceramic, ce-
ramic.

[0051] The electrical conductor may comprise at least
one of the following materials: metal, metal alloy, stain-
less steel 300 series, stainless steel 400 series, titanium,
NiFe, NiFeCo alloy, niobium, copper, tungsten, molyb-
denum, platinum, an alloy of one of the aforementioned
metals, e.g. titanium alloy or copper alloy.

[0052] In some embodiments, the base body and the
electrical conductor may only comprise non allergic ma-
terials, wherein the base body and the electrical conduc-
tor preferably are free of nickel leaching.

[0053] In particular, the invention relates to a charging
port or medical port for electronic devices, in particular
wearables, comprising an electrical feedthrough as de-
scribed above.

[0054] The invention is explained in more detail below
with reference to the figures. It is shown in

Fig. 1 a top view of an electrical feedthrough com-
prising 4 through-holes, wherein an electri-
cal conductor extends through each trough-
hole,

2-4 side views of 3 different electrical
feedthroughs comprising 4 through-holes,
wherein an electrical conductor extends
through each trough-hole,

Fig.

Fig. 5 side views of 5 different electrical conduc-

tors,
Fig. 6 side views of 4 different electrical
feedthroughs comprising 1 through-hole,
wherein an electrical conductor extends
through the trough-hole,
Fig. 7 computer simulation results for the contact
pressure on the insulation material for the 4
different electrical feedthroughs of Fig. 6,
Fig. 8 perspective views of 2 different electrical
conductors in a trough-hole,
Fig. 9-16  computer simulation results for the level of
plastic deformation of the base body and the
contact pressure in the insulation material
for the 2 different electrical conductors of
Fig. 8 and corresponding results with differ-
ent separating wall distances,
Fig. 17 top views of 2 different electrical
feedthroughs comprising 3 electrical con-
ductors.

[0055] Referring to Fig. 1-5, an electrical feedthrough
10 with a base body 20 may comprise one or more
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through-holes 26 in which an insulating material 30 and
at least one electrical conductor 40 is received. The elec-
trical conductor may also be referred to as electrical pin.
[0056] For several practical applications, it may be de-
sired to provide feedthroughs 10 with relatively thick elec-
trical conductors 40 in relation to the diameter of the
through-hole DTH, to the distance between adjacent
through-holes ATH and/or to a half-distance diameter
DBB=DTH+ATH, while at the same time hermeticity,
electrical insulation between conductors 40 and/or the
base body 20 or other properties of the sealing should
satisfy certain quality requirements.

[0057] Multiple approaches may be considered for this
purpose. In particular, instead of using electrical conduc-
tors 40 with constantdiameter DEC1=DEC2 (Fig. 2), con-
ductors 40 with a larger diameter DEC1 on a first side 22
of the base body 20 and a smaller diameter DEC2 on a
second side 24 of the base body 20 may be employed
(Fig. 3-5).

[0058] Forexample,the first side 22 of the feedthrough
10 on which the electrical conductor 40 has a larger di-
ameter DEC1 may be facing the exterior of a device,
whereas the second side 24 of the feedthrough 10 on
which the electrical conductor 40 has a smaller diameter
DEC2 may be facing the interior of a device.

[0059] Such asymmetrical pin diameters (for example
external and internal) may increase performance and/or
optimize desired dimension ratios of the feedthrough 10.
On the one hand, a larger pin external diameter DEC1
can provide higher contact area which may be beneficial
for a mating contact area. This may be especially helpful
in case of tolerances of a mating component, which may
be pogo pins. On the other hand, a smaller internal pin
diameter DEC2 may allow relatively small flex outlines.
The internal pin end may be mated to another component
through various means, such as by soldering.

[0060] According to one embodiment, asymmetrical
pin diameters DEC1>DEC2 may be realized with a step
design (Fig. 3). In this case, the electrical conductor 40
has a first section 42 with the first diameter DEC1 ex-
tending from the first surface 32 of the insulating material
30 into the insulating material 30 and a second section
44 with the second diameter DEC2 extending from the
second surface 34 of the insulating material 30 into the
insulating material and a vertical step in between these
two sections 42, 44.

[0061] In some cases of GTMS, where the insulation
material 30 is glass, depending on the dimensions of the
components of the feedthrough 10 and processes used,
such step design may lead to situations during glass seal-
ing process whereby the glass flow is insufficient to cover
the entire cavity. In such cases bubbles or gaps may
result at certain locations which creates risks of leakage.
Also in some cases of GTMS, the sharp corners of the
step pin design, may lead to high stress areas which may
be prone to glass cracks which may also lead to risk for
leakage.

[0062] However, such problems are only expected un-
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der specific conditions and/or dimensions of the compo-
nents of the feedthrough 10 and can be solved by suitable
processes and/or materials, as detailed further below.
[0063] Alternatively or additionally, a tapered pin de-
sign may be beneficial (Fig. 4-5). In this case, the elec-
trical conductor 40 may have a first section 42 with the
first diameter DEC1 extending from the first surface 32
into the insulating material 30 and a second section 44
with the second diameter DEC2 extending from the sec-
ond surface 34 into the insulating material as well as a
tapered section 46 between these two sections 42, 44
(Fig 4, 5a, 5b).

[0064] However, the electrical conductor 40 may also
be designed to have a tapered section 46 with the first
diameter DEC1 followed by a second section 44 with the
second diameter DEC2 (Fig 5c). Conversely, the electri-
cal conductor 40 may also be designed to have a first
section 42 with the first diameter DEC1 followed by a
tapered section 46 comprising the second diameter
DEC2 (Fig 5d). Furthermore, it is also possible that the
electrical conductor 40 is tapering from the first diameter
DECH1 at the first surface 32 up to the second diameter
DEC2 at the second surface 34 of the insulating material
30 (Fig 5e). Note that in Fig 5d and 5e the second diam-
eter DEC2 may be at any position within the tapering
section 46 or at its end, depending on where the second
surface 34 of the insulating material 30 is located.
[0065] In addition, to allow for a stronger mechanical
interlock between the insulation material 30 (e.g. glass)
and the conductor 40, one or more grooves 48 can be
implemented on the conductor 40 so that insulation ma-
terial 30 can flow into the conductor to create e.g. a Velcro
interlock.

[0066] Electrical conductors 40 may be produced for
example by CNC, MIM and/or forging, in particular in the
case of tapered designs.

[0067] Generally, asymmetric pin designs have shown
toincrease GTMS performance, for example mechanical
robustness and/or hermeticity, in particular for the sol-
dering area in glass-to-metal seal systems. Tapered pin
designs may improve insulation material flow (lesser con-
striction areas) in production, and, thus, may reduce the
risk of bubbles, cracks, and/or lower the stress due to
less sharp corners, in particular for glass insulation ma-
terial (GTMS).

[0068] Referring to Fig. 6-16, itis illustrated that asym-
metric conductor designs (DEC1>DEC2), and in partic-
ular tapering designs, improve contact pressure condi-
tions on the components of the feedthrough leading to
better hermeticity and/or mechanical robustness, e.g. for
a soldering process. Contact pressure has a direct rela-
tion to mechanical robustness and seal integrity of the
feedthrough.

[0069] Four variants of pin / glass systems were con-
structed and analyzed to illustrate relationships between
pin thickness, glass thickness and the robustness of the
glass-to-metal seal system: Afirstvariantrefersto aglass
/ pin system with typical design guidelines, i.e. glass with
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nominal gap (Fig. 6a). Asecond variant refers to a system
with increased pin diameter, i.e. a thick pin and narrow
glass gap (Fig. 6b). A third variant refers to a system with
decreased pin diameter with a narrow glass gap, i.e. a
thin pin and narrow glass gap (Fig. 6¢). A fourth variant
refers to an asymmetric pin design having alarger landing
zone on the external side for contact and thinner internal
diameter for smaller soldering outline, i.e. a "nailhead"
pin design (Fig. 6d).

[0070] For these 4 variants, computer simulation re-
sults of the contact pressure on the insulation material
(glass) are illustrated in Fig. 7. Aforementioned first var-
iant (glass with nominal gap) is curve 100, second variant
(thick pin and narrow glass gap)is curve 102, third variant
(thin pin and narrow glass gap) is curve 103, and fourth
variant (nailhead design) is curve 101. The thickness L
of the feedthrough (see Fig. 4) is 2 and x-axis value of 0
corresponds to the first side 22 of the base body (e.g.
external area) and x-axis value of 2 corresponds to the
second side 24 (e.g. internal area with protrusion for sol-
dering).

[0071] Itis found that for the first variant 100, the insu-
lation material has superior contact strain at its surfaces
(x=0, x=2) as compared to the second and third variants
102, 103, where the insulation material is under negative
contact pressure (i.e. contact tension). However, for the
fourth variant 101 the insulating material has superior
contact strain as compared to the second and third var-
iants 102, 103. In particular, on the second surface (x=2),
the insulation material is under negative contact pressure
CP2 with an absolute value being lower as compared to
the second and third variants 102, 103, or is under a
positive contact pressure CP2.

[0072] Such contact pressure, in particular positive
contact pressure, on the glass indicates a more robust
glass sealing system which in turns help in the mechan-
ical robustness of the pins on the second side (e.g. sol-
dering side). This may be of particular advantage as pins
at the soldering side are subjected to heat / mechanical
stresses during the soldering process.

[0073] In the nailhead design, the pressure does not
get build up over the nail head pin system. Moreover, in
the nail head pin system, the insulating material may be
under highest positive contact pressure CP3 with an ab-
solute value which is lower than 45 MPa, or lower than
35 MPa.

[0074] To support the aforementioned findings, Fig.
8-16 show further computer simulation results for a nail-
head pin design (a) and a straight pin design (b) for the
level of plastic deformation of the base body (Fig. 9, 11,
13, 15) and the contact pressure in the insulation material
(Fig. 10, 12, 14, 16) for different separating wall distanc-
es: 2,21mm; 2,11mm; 2,01mm; and 1,81mm.

[0075] Referring to Fig. 17 an electrical feedthrough
comprising multiple electrical conductors 40 may have
an individual through-hole 26 for each conductor 40 (Fig.
17a) or may have multiple electrical conductors 40 ex-
tending through the same through-hole 26 (Fig. 17b).
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[0076] In both cases, aforementioned pin designs en-
able systems with optimized sealing properties while at
the same time distances AEC between two electrical con-
ductors and/or distances AECBB between an electrical
conductor and the base body may be decreased, in par-
ticular to allow for high density pin configurations (typi-
cally a lower pitch distance corresponds to a higher den-
sity of pins for a given area) .

[0077] Additionally or alternatively, providing
feedthroughs having decreased AEC, decreased AECBB
and/or allow for a desired electrical conductor diameter
in relation to DTH, ATH and/or DBB (Fig. 1), while at the
same time sealing properties meet high quality stand-
ards, can be achieved by material selection and/or se-
lection of thermal expansion coefficients (CTE).

[0078] For example, the selection of metal housing
may have an impact on the pin-to-pin (pitch) spacing. To
achieve high levels of corrosion resistance and reliability
performance, metals like stainless steel or Ti can be uti-
lized. For metals with high CTE, e.g. 316L, pitch spacing
may be higher compared to metals like stainless steel
400 series and Ti. For a low weight, high reliability, high
density glass-to-metal seal and/or biocompatibility, Ti
may be chosen as material for the base body and/or pins.
The base body and/or the pins may be preferably Non-
Ni materials or free of nickel leaching.

[0079] In one exemplary embodiment, the base body
may comprise SS316L and DBB/DTH may be 1.6. In an-
other exemplary embodiment the base body may com-
prise SS400series / Ti and DBB/DTH may be 1.3.
[0080] In one exemplary embodiment, the base body
may comprise SS316L and the conductor may comprise
SS316L. In another exemplary embodiment the base
body may comprise SS400 series / Ti and the conductor
may comprise SS400 series.

Claims
1. Electrical feedthrough (10) comprising:

a base body (20) having a first side (22) and an
opposed second side (24) and at least one
through-hole (26) extending through the base
body (20) from the first side (22) to the second
side (24),

an insulating material (30) received in the at
least one through-hole (26), the insulating ma-
terial (30) having a first surface (32) on the first
side (22) of the base body (20) and an opposed
second surface (34) on the second side (24) of
the base body (20), and

an electrical conductor (40) extending through
the insulating material (30), the electrical con-
ductor (40) having a first diameter (DEC1) at the
location of the first surface (32) of the insulating
material (30) and a second diameter (DEC2) at
the location of the second surface (34) of the
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insulating material (30),

wherein the first diameter (DEC1) of the electri-
cal conductor (40) is larger than the second di-
ameter (DEC2) of the electrical conductor (40).

2. Electrical feedthrough (10) according to the preced-
ing claim,

wherein the electrical conductor (40) ends flush
with the first surface (32) of the insulating mate-
rial (30) on the first side (22) of the base body
(20) oris offsetless therefrom than 500 pum, pref-
erably less than 250 pwm, particularly preferably
less than 100 wm, in particular such that the first
surface (32) of the insulating material (30) is
grinded flush with the electrical conductor (40)
orforms a meniscus which preferably transitions
flush to the electrical conductor (40), and/or
wherein the electrical conductor (40) protrudes
from the second surface (34) of the insulating
material (30) on the second side (24) of the base
body (20), the protrusion preferably being more
than 500um particularly preferably more than
Tmm.

3. Electrical feedthrough (10) according to any one of
the preceding claims,

wherein the electrical conductor (40) has a first
section (42) comprising the location of the first
diameter (DEC1) and extending from the first
surface (32) of the insulating material (30) into
theinsulating material (30), wherein the first sec-
tion (42) of the electrical conductor (40) prefer-
ably has a constant diameter, and/or

wherein the electrical conductor (40) has a sec-
ond section (44) comprising the location of the
second diameter (DEC2) and extending from
the second surface (34) of the insulating material
(30) into the insulating material (30), wherein the
second section (44) of the electrical conductor
(40) preferably has a constant diameter, and/or
wherein the electrical conductor (40) has a ta-
pered section (46) between the location of the
firstdiameter (DEC1)and the location of the sec-
ond diameter (DEC2), wherein the tapered sec-
tion has a tapered diameter and wherein the ta-
pered section (46) preferably is located between
the first section (42) and the section (44) within
the insulating material (30) .

4. Electrical feedthrough (10) according to any one of
the preceding claims,

wherein the electrical conductor (40) has a
length (L) between the location of the first diam-
eter (DEC1) and the location of the second di-
ameter (DEC2), the length L preferably being in
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the range of 0.2 mm to 10 mm, particularly pref-
erably in the range of 0.3 mm to 5 mm, even
more preferably in the range of 1 mm to 3 mm,
and/or

14

tor (40) .

Electrical feedthrough (10), preferably according to
any one of the preceding claims, comprising

wherein the first section (42) of the electrical 5
conductor (40) has a length (L1) and/or the ta- a base body (20) with at least two through-holes
pered section (46) of the electrical conductor (26) extending through the base body (20), the
(40) has a length (L3), wherein the length L1, base body having a first side (22) and an op-
the length L3, or the length L1 + L3 is at least posed second side (24),
0.1 mm preferably at least 0.3 mm, particularly 70 wherein in each of the at least two through-holes
preferably at least 0.6 mm, and/or (26) an insulating material (30) is received, each
wherein the first section (42) of the electrical insulating material (30) having a first surface
conductor (40) has a length (L1) and/or the ta- (32) on the first side (22) of the base body (20)
pered section (46) of the electrical conductor and an opposed second surface (34) on the sec-
(40) has a length (L3), wherein the ratio L1 /L, 15 ond side (24) of the base body (20), and
theratioL3/L, ortheratio (L1+L3)/L is smaller wherein in each of the at least two through-holes
than 0.7, preferably is smaller than 0.5, particu- (26) an electrical conductor (40) extends
larly preferably is smaller than 0.35, and/or through each insulating material (30).
wherein the second section (44) of the electrical
conductor (40) has a length (L2), wherein the 20 8. Electrical feedthrough (10) according to any one of
ratio L2 / L is larger than 0.3, preferably is larger the preceding claims,
than 0.5, particularly preferably is larger than
0.65, and/or wherein at least two electrical conductors (40)
wherein the tapered section (46) of the electrical extend through the or each insulating material
conductor (40) has a length (L3), wherein the 25 (30) and/or
ratio L3 /L1 is between 1.25 and 3.0, preferably wherein a distance (AEC) between two electrical
between 1.5 and 2.5, particularly preferably be- conductors (40) is less than 50mm, preferably
tween 1.75 and 2.25. less than 10mm particularly preferably less than
5mm, and/or
Electrical feedthrough (10) according to any one of 30 wherein a distance (AEC) between two electrical
the preceding claims, conductors (40)is more than 100 pwm, preferably
more than 150 um, particularly preferably more
wherein the ratio DEC1 / DEC2 of the first diam- than 200 wm, and/or
eter (DEC1) and the second diameter (DEC2) wherein a distance (AECBB) between an elec-
of the electrical conductor (40) is between 1.1 35 trical conductor (40) and the base body (20) is
and 10, preferably between 1.25 and 3.5, more less than 5mm, preferably less than 2mm, par-
preferably between 1.5 and 3.0, particularly ticularly preferably less than 1mm, and/or,
preferably between 1.75 and 2.75, and/or and/or
wherein the first diameter DEC1 is at least 0.8 wherein a distance (AECBB) between an elec-
mm, preferably at least 1 mm, particularly pref- 40 trical conductor (40) and the base body (20) is
erably at least 1.5 mm, and/or more than 100 wm, preferably more than 150
wherein the second diameter DEC2 is at most wm, particularly preferably more than 200 pm,
1 mm, preferably at most 0.8 mm, particularly and/or
preferably at most 0.5 mm, and/or wherein the ratio of the surface area of the in-
wherein the tapered section (46) of the electrical 45 sulating material (30) received in a trough-hole
conductor (40) has a diameter tapering from (26) and the surface area of the electrical con-
DEC1 to DEC2, and/or ductor or conductors (40) in the respective
wherein the tapered section (46) of the electrical through-hole (40) on at least one of the sides of
conductor (40) has a linearly tapering diameter. the base body (20) is less than 15, preferably
50

less than 10, particularly preferably less than 5,

6. Electrical feedthrough (10) according to any one of or less than 4.
the preceding claims,
9. Electrical feedthrough (10) according to any one of
wherein the electrical conductor (40) comprises the preceding claims,

a groove (48) for stronger mechanical interlock 55

with the insulating material (30),
wherein the groove (48) preferably is located in
the second section (44) of the electrical conduc-

wherein the or each electrical conductor (40) has
a first diameter (DEC1, DEC?’) at the location
of the first surface (32) of the respective insulat-
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ing material (30) and a second diameter (DEC2,
DECZ2’) atthe location of the second surface (34)

of the respective insulating material (30), and

wherein the or each through-hole (26) has a di-

ameter (DTH, DTH’), which preferably is con- %

stant throughout the base body (20), or is ta-

pered, preferably within a range of 2° to 10°, 13.
having a maximum diameter (DTH, DTH’) and

est positive contact pressure (CP3) with an absolute
value which is lower than 155 MPa, preferably is low-
er than 70 MPa, more preferably is lower than 50
MPa, more preferably is lower than 40 MPa, partic-
ularly preferably is lower than 20 MPa.

Electrical feedthrough (10) according to any one of
the preceding claims,

wherein the ratio DTH / DEC1 of at least one

through-hole is at most 1.5, preferably is at most 70 wherein the base body (20) has a thermal ex-
1.3, particularly preferably is at most 1.2, or is pansion coefficient between 5 x 10-6 K-1 and 25
at most 1.11, and/or x 106 K-1, preferably between 5 x 10-6 K-1 and
wherein the ratio DTH / DEC2 of at least one 20 x 10-6 K-1, and/or
through-hole is at most 10, preferably is at most wherein the insulating material (30) has a ther-
5, particularly preferably is at most 2.5. 15 mal expansion coefficient between 3 x 106 K-1
and 15 x 10-6 K-1, preferably between 5 x 10-6
10. Electrical feedthrough (10) according to any one of K-Tand 12 x 10-6 K-1, and/or
the preceding claims, wherein the electrical conductor (40) as a ther-
mal expansion coefficient between 3 x 106 K-1
wherein each of the at least two through-holes 20 and 25 x 106 K-1, preferably between 5 x 106
(26) has a diameter (DTH), which preferably is K-1and 20 x 108 K1, and/or
constant throughout the base body (20), and wherein the base body (20) comprises at least
wherein each of the at least two through-holes one of the following materials: metal, austenitic
(26) defines a half-distance diameter (DBB), the stainless steel, in particular AISI 300 series, fer-
half-distance diameter (DBB) being the distance 25 ritic stainless steel, in particular AISI 400 series,
(ATH) within the base body (20) between adja- titanium, inconel, duplex stainless steel, nio-
cent through-holes (26) plus the diameter (DTH) bium, an alloy of one of the aforementioned met-
of the respective through-hole (26), and als, e.g. titanium alloy, ceramic and/or
wherein the ratio DBB / DTH of at least one wherein the insulating material (30) comprises
through-hole is smaller than 2.0 preferably is 30 at least one of the following materials: glass,
smaller than 1.8, particularly preferably is small- glass ceramic, ceramic, and/or
er than 1.7, or is smaller than 1.6, or is smaller wherein the electrical conductor (40) comprises
than 1.5, oris smaller than 1.4, or is smaller than at least one of the following materials: metal,
1.3, oris smaller than 1.2, oris smaller than 1.1. metal alloy, stainless steel 300 series, stainless
35 steel 400 series, titanium, NiFe, NiFeCo alloy,
11. Electrical feedthrough (10) according to any one of niobium, copper, tungsten, molybdenum, plati-
the preceding claims, num, an alloy of one of the aforementioned met-
als, e.g. titanium alloy or copper alloy.
wherein the insulating material (30) is under a
contact pressure (CP2) atthelocation ofthesec- 40 14. Electrical feedthrough (10) according to any one of
ond surface (34) on the second side (24) of the the preceding claims,
base body (20), wherein CP2 is a positive con-
tact pressure, or wherein CP2 is a negative con- wherein the base body (20) and the electrical
tact pressure with an absolute value being less conductor (40) only comprise non allergic ma-
than 30 MPa, preferably less 20 MPa, particu- 45 terials,
larly preferably less than 10 MPa, or less than wherein the base body (20) and the electrical
5 MPa, and/or conductor (40) preferably are free of nickel
wherein the insulating material (30) is under a leaching.
contact pressure (CP1) at the location of the first
surface (32) on the first side (22) of the base 50 15. Charging port or medical port for electronic devices,
body (20), wherein CP1 is a negative contact in particular wearables, comprising an electrical
pressure with an absolute value being more than feedthrough (10) according to any one of the pre-
1 MPa, preferably more than 5 MPa, particularly ceding claims.
preferably more than 10 MPa.
55

12. Electrical feedthrough (10) according to any one of
the preceding claims,
wherein the insulating material (30) is under a high-
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Fig. 10
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Stress in Glass seal / Hole Distance 2,21mm
(DBB/DTH = 1,3)
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Fig. 14
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Stress in Glass seal / Hole Distance 2,01mm
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Stress in Glass seal / Hole Distance 1,81mm
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