wo 2016/185268 A 1[I N0F V0 0000 O A0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/185268 Al

(51

eay)

24 November 2016 (24.11.2016) WIPO | PCT
International Patent Classification:
H02G 3/22 (2006.01)
International Application Number:
PCT/IB2016/000668

(22)

(25)
(26)
(30)

1

(72

31

International Filing Date:
18 May 2016 (18.05.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/164,781 21 May 2015 (21.05.2015) US

Applicant: FLISOM AG [CH/CH]; Ueberlandstrasse 129,
8600 Duebendorf (CH).

Inventors: RUEHLE, Ulfert; Flisom AG, Ueberland-
strasse 129, 8600 Duebendort (CH). RIESSLAND, Alex-
ander; St. Gallerstrasse 44, 7320 Sargans (CH). EHREN-
SPERGER, Damien; Greifenseestrasse 9, 8603
Schwerzenback (CH).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: PROBE FEEDTHROUGH DESIGN

120
162

105

L155

FIG. 1C

(57) Abstract: Embodiments of the disclosure provide methods and apparatus for a feedthrough. In one embodiment, a feedthrough
includes a gland body having an opening formed therethrough along a longitudinal axis thereof, the gland body being adapted to
mate with a threaded opening formed in a wall body at a first surface thereof, and a, seal device disposed between the gland body
and a second surface of the wall body, wherein the seal device comprises a bushing having a tapered outside diameter that contacts a
tapered surface of the gland body, a washer having a first surface that contacts a surface of the bushing, and a ring seal contacting a
second surface of the washer and an internal surface of the wall body.
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PROBE FEEDTHROUGH DESIGN

BACKGROUND

Technical Field

[0001] The present disclosure relates to the field of feedthroughs enabling passage
or installation of devices from a volume at a first atmospheric pressure to a volume at a

second atmospheric pressure, such as negative pressures or vacuum.

Description of Related Art

[0002] Feedthroughs, also known as sealing glands, are devices ordinarily enabling
the passage or installation of probes, such as cables, pipes, wires or rods, for example
thermocouples, through a wall body separating two environments. The environmenfs
may, for example, be maintained at different atmospheric pressures. For example, a
feedthrough may provide a sealed passage for a thermocouple from the inside to the

outside of a vacuum chamber.

[0003] Feedthroughs find many applications and may for example allow the passage
of cables or probes used to control and/or monitor vacuum deposition processes. A
vacuum deposition process that requires a plurality of probes, such as thermocouples,
is a process used for manufacturing thin-film photovoltaic devices. A plurality of probes
are typically needed for manufacturing of thin-films onto large substrates, for example,
within a vacuum chamber where portions of the substrate may be subjected to a
controlled range of temperatures as it is transported within the chamber during the

" material deposition process.

[0004] In a general sense, a common problem in the field of feedthrough
apparatuses relates to the establishing and preserving of a seal around the probe. For
example, maintaining the seal's sealing function around the probe installed across the

wall body and passing through the feedthrough apparatus.

{0005] One problem with feedthrough apparatuses is that a seal's sealing function
may be established under a first environmental condition, but the sealing function may
be lost when the apparatus is maintained at a second environmental condition. For
example, a seal may form a seal at a first temperature but the sealing may be lost at a

second temperature. A more common probiem is for example that the sealing function

1

CONFIRMATION COPY



WO 2016/185268 PCT/IB2016/000668

may be lost after a number of temperature variation cycles. A problem is that material
properties of components forming the seal may change as a result of the expansion and
contraction of the seal components and/or material fatigue. A related problem is a loss
of elasticity of components forming the seal, thereby allowing leaks to form as thermal
expansion and contraction modify the seal's geometry. For example, components of the
feedthrough and the probe, which may be a rod-shaped probe, may have different
thermal expansion coefficients, or be exposed to different levels of heat, and therefore
expand and contract differently, thereby causing relative movement between the

components that degrades the feedthrough's sealing function.

[0006] Another problem is that a seal ordinarily achieves a sealing function by
compressing or deforming at least one component. For example, a feedthrough
ordinarily comprises at least one O-ring that is compressed within a gland and presses
against the probe that is configured to extend through the feedthrough. A problem is
that if the probe is made of a material that is relatively soft and bendable, the probe's
cross-section shape or area at the seal may progressively be reduced or modified by
temperature cycling, thereby resulting in a loss of sealing function. A problem is that
thermocouples are ordinarily made of relatively soft and bendable material and are
therefore subject to fluctuations in cross-sectional dimensions upon thermal cycling

within a feedthrough appératus.

[0007] A further problem is that physical disturbance of the probe may result in a loss
of the feedthrough's sealing function. For example, operators of the system comprising
the feedthrough may have to adjust the shape of the probe after it has been mounted in
the feedthrough, which may displace the probe along the feedthrough's through-axis.
Such adjustment may for example be needed during the development of a vacuum
chamber used for thin-film deposition. Another cause of problematic physical
disturbance may occur when an operator cleans a vacuum chamber and the cleaning
operation results in physical contact with the probe, thereby resulting in unwanted stress
or strain on. at least one sealing element in.contact.with the probe within the feedthrough
apparatus, thereby accelerating ageing of the at least one sealing element or damaging
the sealing element. For example, a force exerted by the operator on the probe may
result in a torque or force that creates an unWanted displacement or deformation of the

probe where it is in contact with the sealing element.
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[0008] Yet another problem is that an operator may want to adjust the position of the
probe by translating the probe through the feedthrough apparatus from a first position to
a second position, so that the user can obtain a measurement at a second location
within a vacuum chamber. A problem with such an adjustment is that it ordinarily results
in a loss of sealing function. The loss of sealing function ordinarily requires the time-
consuming task of dismantling the feedthrough apparatus and replacing sealing
components therein. A further problem is that even if translation to a second position
resulted in a working sealing function, when the operator translates the probe back to
the first position, the sealing function is ordinarily difficult to obtain. A reason for this
difficulty is that the first sealing position may have caused a deformation of the probe,
due to the tightening of the seal of the probe. It may therefore be a problem to obtain

again a sealing function at the first location.

[0009] What is needed is a feedthrough device that addresses one or more of the

problems of conventional feedthroughs discussed above.

SUMMARY

[0010] The disclosure presents a solution to the problem of placing an elongated
probe, across or through a wall body and forming a seal preventing the flow of gases
from a first side to a second side of the wall body between the outer surface of the

elongated probe and the wall body.

[0011] In one embodiment, a feedthrough includes a gland body having an opening
formed therethrough along a longitudinal axis thereof, the gland body being adapted to
mate with a threaded opening formed in a wall body at a first surface thereof, and a seal
device disposed between the gland body and a second surface of the wall body,
wherein the seal device comprises a bushing having a tépered outside -diameter that
contacts a tapered surface of the gland body, a washer having a first surface that
contacts a surface of the bushing, and a ring seal contacting a second surface of the

washer and an internal surface of the wall body.

[0012] Embodiments of the disclosure may further provide a feedthrough, comprising
a gland body having an opening formed therethrough along a longitudinal axis thereof,
the gland body being adapted to mate with a threaded opening formed through a first
surface of a wall body, and a seal device disposed between the gland body and a

second side of the wall body, wherein the seal device comprises a bushing having a

3



WO 2016/185268 PCT/IB2016/000668

tapered outside diameter that is disposed over a tapered surface of the gland body, a
washer having a first surface that is disposed over a surface of the bushing, and a ring
seal that is disposed over a second surface of the washer and an internal surface of the

wall body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the manner in which the above-recited features, advantages and
objects of the present invention are attained can be understood in detail, a more
particular description of the invention, briefly summarized above, may be had by

reference to the embodiments thereof which are illustrated in the appended drawings.

[0014] Figures 1A and 1B are side cross-sectional views of one embodiment of a
feedthrough formed in a wall body having a probe disposed therein. The probe is

shown as repositioned in Figure 1B.

[0015] Figure 1C is an enlarged cross-sectional view of the seal device of Figures 1A
and 1B.

[0016] Figure 2A is an isometric view of one embodiment of a bushing that may be

used in the feedthrough of Figures 1A-1C.
[0017] Figure 2B is a top view of the bushing of Figure 2A.

{0018] Figure 2C is a cross-sectional view of the bushing along lines 2C-2C of Figure
2B.

[0019] To facilitate understanding, identical reference numerals have been used,
wherever possible, to designate identical elements that are common to the figures. Itis
contemplated that elements and/or process steps of one embodiment may be

beneficially incorporated in other embodiments without additional recitation.

DETAILED DESCRIPTION

[020] A fesdthrolgh according to embodiments disclosed herein provides a solution
to the problem of placing an elongated device, for example a rdd, wire, or tube,
hereafter called a probe, across or through a wall body and forming a seal preventing
the flow of gases from a first side to a second side of the wall body between the outer

surface of the elongated device and the wall body. While the embodiments of the
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feedthrough are exemplarily described for installation of a probe, the feedthrough may
be utilized for other applications, such as for fluid transmission, electrical or optical
transmission through a solid or tubular element, a jacketed resistive heater, and other

useful applications.

[0021] Figures 1A and 1C are a cross-sectional views of one embodiment of a
feedthrough 100 installed in a wall body 105 of a chamber (not shown). The wall body
105 may be a sidewall of the chamber, a bottom or a top of the Chamber, or a flange
that couples to a body of the chamber. However, in some embodiments, the wall body
105 m'ay include a threaded insert that is formed within or sealably affixed to a sidewall
of the chamber. In this example, the wall body 105 need not be a permanent part of a
larger chamber, and thus may be removed from the sidewall if some area of the
feedthrbugh 100 becomes damaged during use. Thé chamber may be a vacuum
chamber for performing thermal processes on a substrate (not shown) in the
manufacture of photovoltaic devices, or other electronic device fabrication processes.
For example, the chamber may be utilized for deposition processes, such as a physical
vapor deposition process, chemical vapor deposition (CVD) process or other deposition
process wherein processing cycles include variations in pressure contained within the
chamber. The pressures may include variations between a first pressure P1 (the
pressure at a first side 110 of the wall body 105) that is at or near atmospheric pressure
to a second pressure P2 that is below atmospheric pressure, such as pressures in the
Torr range. The second pressure P2 (at a second side 115 of the wall body 105) may
be a variable pressure that is equal to or near the first pressure P1 when the chamber is

opened, as well as a pressure less than the first pressure. P1 during processing.

[0022] The feedthrough 100 is shown having a probe 120 disposed in a gland body
125 from the first side 110 to the second side 115. The probe 120 may be inserted into
an aperture formed along a longitudinal axis 132 of the gland body 125. The giland
body 125 is inserted into a threaded region 130 formed in the wall body 105. In some
configurations, the threaded region 130 is concentric with an opening 175 and/or O-ring
pocket 172, or also referred to herein as a ring seal pocket, formed in a portion of the
wall body 105. The gland body 125 includes threads that interface with threads of the
threaded region 130. The gland body 125 includes a head 135 that interfaces with a
tool {not shown), such as a hex head wrench or hex socket wrench that may be utilized

to rotate the gland body 125 relative to the wall body 105.
5
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[0023] An end of the gland body 125 opposing the head 135 interfaces with a seal
device 140. The seal device 140 may include a bushing 145, a washer 150 and a ring
seal 155. The probe 120 is disposed through each of the respective elements aiong the
longitudinal axis 132 of the gland body 125 to the second side 115 of the wall body 105.

[0024] Rotation of the gland body 125 in the threaded region 130 to tighten the gland
body 125 in the threaded region 130 compresses the seal device 140 as will be
explained in greater detail below. Compression of the seal device 140 effectively seals
the threaded region 130 preventing pressure losses through the feedthrough 100.
Sealing of the seal device 140 also allows the probe 120 to be bent, as shown in Figure

1B, without pressure losses through the feedthrough 100.

[0025] Figure 1C is an enlarged cross-sectional view of the seal device 140 of
Figures 1A and 1B. The seal device 140 is at least partially made of metallic materials.
The gland body 125 may be made of stainless steel, such as grade 1.4301 stainless
steel (British Standards adopted by the European community (BS EN)) or grade 304
stainless steel (American Society for Testing and Materials (ASTM)). The gland body
125 may also be formed from other ASTM 300 or 400 series stainless steels.  The
bushing 145 may be made of aluminum, such as grade 7075 aluminum. The washer
150 may be made of a material similar to the material of the bushing 145, such as grade
7075 aluminium. The ring seal 155 may be toroidal shaped and have a material cross-
section that is round (e.g., Figures 1B-1C), oval, rectangular, c-shaped or other
desirable cross-sectional shape. The material cross-section portion of the ring seal 155
may have a longitudinal thickness that may be the diameter, the edge length or other
external dimensional length of the ring seal 155 that is parallel with the central axis of
the ring seal 155. The ring seal 155 may be an O-ring made of a polymeric material,
such as fluoropolymer elastomers, for example copolymers of hexafluoropropylene
(HFP) and vinylidene fluoride (VDF or VF2), terpolymers of tetrafluoroethylene (TFE),
vinylidene fluoride (VDF) and hexafluoropropylene (HFP) as well as
perfluoromethylvinylether (PMVE). In one embodiment, the ring seal 155 comprises an
O-ring available from DuPont Performance Elastomers L.L.C., sold under the trade
name VITON®.

{0026] In one aspect, the dissimilar metals of the seal device 140 (e.g., stainless
steel material of the gland body 125 and the aluminum material of the bushing 145)

enhances the re-usability and sealing capabilities of the seal device 140, without the
6
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need for lubricants or other similar surface preparation measures required to prevent
galling or other similar problems found with clean parts that are required for and used in
vacuum environments. For example, the aluminum material of the bushing 145, which
is softer relative to the stainless steel material of the gland body 125, may act as a

bearing surface for the gland body 125.

[0027]  The bushing 145 may be a conical tapered member that includes a tapered
outside diameter 160 that interfaces with a conical surface 162 of the gland body 125.
- One or both of the tapered outside diameter 160 and the conical surface 162 may
include an angle “a” that is acute relative to the longitudinal axis of the gland body 125.
From the longitudinal axis 132 of the gland body 125, the angle a may be about 15
degrees to about 60 degrees, for example, about 20 degrees to about 40 degrees, such

as about 28 degrees to about 32 degrees, for example, about 30 degrees.

[0028] One.or bofh of the tapered outside diameter 160 and the conical surface 162
may include a smooth surface to minimize friction therebetween. In one embodiment,
both of the tapered outside diameter 160 and the conical surface 162 may include an

average surface roughness (Ra) of about 1.6 micro meters or less.

[0029] A flat surface 164 of the bushing 145 contacts a first surface 166 of the
washer 150 when the gland body 125 compresses the tapered outside diameter 160 of
the bushing 145. A second surface 168 of the washer 150 in turn contacts the ring seal
155 when the bushing 145 is pressed against the first surface 166 of the washer 150,
due to the translation of the gland body 125 in the thread of the threaded region 130.
The longitudinal thickness of the material cross-section portion of the ring seal 155 is
thus compressed between the second surface 168 of the washer 150 and an internal
surface 170 of the wall body 105 within an o-ring pocket 172 formed in the wall body
105 below the washer 150. One or both of the first surface 166 and the second surface
168 of the washer 150 may include an average surface roughness (Ra) of about 1.6

micro meters or less.

[0030] As shown in Figure 1A, the gland body 125 may extend a first depth into the
wall body 105 indicated by a length 174 of the threaded region 130. A diameter 176 of
the washer 150 is slightly less than a diameter 178 of the threaded region 130 to allow
the washer 150 to float freely above the ring seal 155 {while not under load) without
binding in the threaded region 130. The diameter 178 of the threaded region 130 may

7
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be sized according to the size of the gland body 125 for a particular application. In
some embodiments, the diameter 178 of the threaded region 130 may be sized for a
gland body 125 having a diameter between about 2 millimeters (mm) to about 100 mm,
suéh as about 4 mm to about 10 mm, for example, about 5 mm to about 7 mm, such as

about 6 mm, in one embodiment.

[0031] As shown in Figures 1A and 1C, the o-ring pocket 172 may extend to a
second depth into the wall body 105 that is defined by the sum of the length 174 of the
threaded region 130, a thickness 182 of the washer 150, and a length 180 of the O-ring
pocket 172, which ends at the internal surface 170 of the wall body 105. The length 180
of the o-ring pocket 172 is less than a diameter of the ring seal 155 to allow the washer
150 to float freely above the ring seal top surface 171 of the wall body 105 and the ring
seal 155, when the ring seal 155 is un-compressed. The length 180 of the o-ring pocket
172 is also provided to be less than the diameter of the ring seal 1565 to prevent contact
between the second surface 168 of the washer 150 and the surface 170 during
compression. In some embodiments, the length 180 is sized to provide a desired
maximum amount of compression in the ring seal 155 and sealing force against the
probe 120 when the second surface 168 is caused to contact the top surface 171 due to
the application of a load to the ring seal 155 by the washer 150, bushing 145 and gland
body 125.

[0032] Figures 2A-2C are various views of one embodiment of the bushing 145.
Figure 2A is an isometric view of the bushing 145. Figure 2B is a top view of the
bushing 145 of Figure 2A. Figure 2C is a cross-sectional view of the bushing 145 along
lines 2C-2C of Figure 2B.

[0033] The bushing 145 includes a central opening 300 that is sized to receive a
probe (not shown), such as the probe 120 shown in Figures 1A-1C. The central
opening 300 may include a first diameter 305 and an apex 310 at a first end 315
thereof. The first diameter 305 of the central opening 300 may be the same at a second
end 325 thereof when the bushing 145 is not under load. The tapered outside diameter
160 of the bushing 145 tapers from the apex 310 to a second diameter 320 at the
second end 325 thereof. The bushing 145 may also include a height dimension 330.

[0034] In some embodiments, the percentage increase between the first diameter
305 at the first end 315 of the bushing 145 (at the apex 310) and the second diameter

8
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320 at the second end 325 is greater than about 100%. For example, if the first
diameter 305 is about 1.6 mm and the second diameter 320 at the second end 325 of
the bushing 145 is about 3.8 mm, the percentage increase is about 138%. In other
embodiments, a percentage increase between the second diameter 320 of the bushing
145 and the height dimension 330 may be about 100%. For example, if the second
diameter 320 at the second end of the bushing 145 is about 3.8 mm and the height
dimension 330 is about 1.9 mm, the percentage increase is about 99.5%. In one

embodiment, the percentage increase results in the angle “a” of the bushing 145.

[0035] The bushing 145 may also include a channel 335 formed between the first
end 315 to the second end 325. The channel 335 may be formed through the tapered
outside diameter 160 to the central opening 300, and thus be described as being c-
shaped. The channel 335 may be utilized to provide compliance and/or flexibility in the
bushing 145 by allowing the first diameter 305 and/or the second diameter 320 to
decrease when the bushing 145 is compressed by a force that is generated by the
compression of the feedthrough 100 components by the movement of the gland body
125 in the threaded region 130. The channel 335 may include a width 340 that is
variable depending on the load applied to the bushing 145. In one embodiment, the
width 340 is related to the first diameter 305. For example, a ratid of the width 340 to
the first diameter 305 is about 1:3, when it is uncompressed. As one example, if the
width 340 is about 0.5 mm and the first diameter 305 is about 1.6 mm, the ratio is about
1:3.2.

[0036] The feedthrough 100 having the seal device 140 with the bushing 145 having
the conical surface 162 clamps and seals at the same time and without damaging any
part of the seal device 140. For example, rotation of the gland body 125 presses
against the bushing 145, which presses against the washer 150 to clamp the probe 120
(e.g., by reducing the width 340 of the channel 335 of the bushing 145). The washer
150 then compresses the ring seal 155 against the O-ring pocket 172 to provide a seal
in the threaded region 130. Additionally there is a good protection of the seal device
140 from aggressive atmospheres at the second side 115 of the wall body 105 due to
the diameter of an opening 175 (shown in Figure 1B) in the second side 115 of the wall
body 105. A diameter of the opening 175 may be substantially the same as the
diameter of the probe 120 to prevent ingress of gaseé from the atmosphere at the

second side 115 of the wall body 105 when the seal device 140 is in a compressed

9
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state. Testing of the feedthrough 100 as described herein have proven the sealing
ability of the seal device 140 of the feedthrough 100. The design and material
combination of the seal device 140 reduces friction, galling and wear while providing
good reusability, reliability and leak tightness at the feedthrough 100. For high
temperature applications, for example up to about 225 degrees Celsius, and/or highly
corrosive appblications, the ring seal 155 may be replaced with an o-ring available from
DuPont Performance Elastomers L.L.C., sold under the trade name KALREZ®. For
other applications (for example, low to medium vacuum) the washer 150 and/or the
bushing 145 could be replaced by plastics which may be cheaper than the metallic
parts. The feedthrough 100 can be built in different sizes for different applications. The
feedthrough 100 for a probe such as the probe 120 may also be utilized in other
applications where a wire, a tube, or a cable having a diameter that is substantially the

same as the probe 120 may be used without modification to the feedthrough 100.

[0037] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the invention may be devised without departing from
the basic scope thereof. Therefore, the scope of the present disclosure is determined

by the claims that follow.

10
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WE CLAIM:

1. A feedthrough, comprising:

a gland body having an opening formed therethrough along a longitudinal axis
thereof, the gland body being adapted to mate with a threaded opening formed through
a first surface of a wall body; and

a seal device disposed between the gland body and a second surface of the wall
body, wherein the seal device comprises:

a bushing having a tapered outside diameter that is disposed over
a tapered surface of the gland body; ,

a washer having a first surface that is disposed over a surface of
the bushing; and

a ring seal that is disposed over a second surface of the washer

and an internal surface of the wall body.

2. The feedthrough of claim 1, wherein the bushing includes an apex having a first
diameter at a first end thereof, and that tapers from the first diameter to a second

diameter that is greater than the first diameter.

3. The feedthrough of claim 2, wherein a percentage increase between the first |

diameter and the second diameter is greater than about 100%.

4, The feedthrough of claim 2, wherein the bushing has a height dimension, and a
percentage increase between the second diameter and the height dimension is about
100%.

5. The feedthrough of claim 1, wherein the bushing has a channel.

6. The feedthrough of claim 5, wherein the'channél has a width and a ratio of the

width to the first diameter is about 1:3.

7. The feedthrough of claim 1, wherein the bushing and the washer comprise a

metallic material.

8. The feedthrough of claim 7, wherein one or both of the bushing and the washer

comprises aluminum.

11
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9. The feedthrough of claim 8, wherein the gland body comprises stainless steel.
10.  The feedthrough of claim 1,‘wherein the bushing has a C-shape.

11.  Afeedthrough, comprising:

a wall body comprising a wall opening and a threaded region that is concentric
with a central axis of the wall opening;

a gland body having a gland opening formed therethrough along a longitudinal
axis thereof, the gland body being adapted to mate with the threaded region of the wall
body; and

a seal device disposed between the gland body and a second surface of the wall
body, wherein the seal device comprises:

é bushing having a conical shaped outer surface that is configured
to be positioned against at least a portion of a tapered surface formed in
the gland body, wherein the bushing comprises a first material and the
gland body comprises a second material that is different from the first
material; 4

a washer having a first surface that is disposed against a surface of
the bushing, wherein the washer comprises a third material that is different
from the second material; and

a ring seal that is toroidal shaped and has a material cross-section,
wherein the ring seal is disposed against a second surface of the washer
and a surface of a ring seal pocket formed in the wall body, and the ring
seal pocket has a length that is less than the longitudinal thickness of the

material cross-section.

12.  The feedthrough of claim 11, wherein the bushing includes an apex having a first
diameter at a first end thereof, and that tapers from the first diameter to a second

diameter that is greater than the first diameter.

13.  The feedthrough of claim 12, wherein a percentage increase between the first

diameter and the second diameter is greater than about 100%.

14.  The feedthrough of claim 12, wherein the bushing has a height dimension, and a

percentage increase between the second diameter and the height dimension is about
12
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100%.
15.  The feedthrough of claim 11, wherein the bushing has a channel.

16.  The feedthrough of claim 15, wherein the channel has a width and a ratio of the

width to the first diameter is about 1:3.

17.  The feedthrough of claim 11, wherein the first material and the third material

comprise aluminium and the second material comprises a steel material.

18. The feedthrough of claim 11, wherein the wall body comprises the second
material, and the first material and the third material comprise aluminium and the

second material comprises a steel material.
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