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IN-SITU SPUTTERING APPARATUS

FIELD OF THE INVENTION

[0001] The claimed invention relates to the field of in-situ
sputtering apparatus and methods of using same for cold bore
tubes, and more particularly to sputtering apparatus and
methods of coating the inner bore of stainless steel tubes.

SUMMARY OF THE INVENTION

[0002] The present disclosure relates to in-situ sputtering
apparatus and methods of using same for cold bore tubes, and
more particularly to sputtering apparatus and methods of
coating the inner bore of stainless steel tubes.

[0003] In accordance with various exemplary embodi-
ments, a sputtering apparatus includes at least a target pre-
sented as an inner surface of a confinement structure, a cath-
ode adjacent the target, wherein the cathode provides a
hollow core. Preferably, the inner surface of the confinement
structure is an internal wall of a circular tube, and the hollow
core of the cathode provides space for a magnetron disposed
within the hollow core. The sputtering apparatus further pref-
erably includes an actuator communicating with the magne-
tron, wherein a position of the magnetron within the hollow
core is altered upon activation of the actuator. In a preferred
embodiment, a carriage supporting the cathode and commu-
nicating with the target is provided to facilitate translation of
the magnetron within the cathode, and a cable bundle inter-
acting with the cathode provides power and coolant to the
cathode. Still further, the sputtering apparatus preferably
includes in the exemplary embodiment, a cable bundle take
up mechanism secured to the cable bundle on an end of the
cable bundle distal from the end of the cable bundle commu-
nicating with the cathode.

[0004] In an alternate exemplary embodiment, a sputtering
apparatus includes at least a target presented as an inner
surface of a confinement structure, a cathode adjacent the
target, wherein the cathode provides a hollow core. Prefer-
ably, the inner surface of the confinement structure is an
internal wall of a circular tube, and the hollow core of the
cathode provides space for a magnetron disposed within the
hollow core. The sputtering apparatus further preferably
includes an actuator communicating with the magnetron,
wherein a position of the magnetron within the hollow core is
altered upon activation of the actuator. In a preferred embodi-
ment, a carriage supporting the cathode and communicating
with the target is provided to facilitate translation of the
magnetron within the cathode, and a cable bundle interacting
with the cathode provides power and coolant to the cathode.
Still further, the sputtering apparatus preferably includes in
the exemplary embodiment, a cable bundle take up mecha-
nism secured to the cable bundle on an end of the cable bundle
distal from the end of the cable bundle communicating with
the cathode, and in which the magnetron includes at least a
plurality of magnets, each of the plurality of magnets having
a pair of substantially parallel external side surfaces, a main
body portion disposed between the pair of substantially par-
allel external side surfaces, the main body portion having an
external surface disposed between and substantially non-per-
pendicular to the pair of substantially parallel external sur-
faces, and wherein the actuator rotates the magnetron relative
to the cathode.

Sep. 4, 2014

[0005] These and various other features and advantages
that characterize the claimed invention will be apparent upon
reading the following detailed description and upon review of
the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The patent or application file contains at least one
drawing executed in color. Copies of this patent with color
drawing(s) will be provided by the Patent and Trademark
Office upon request and payment of necessary fee.

[0007] FIG. 1 displays an orthogonal projection of an
exemplary embodiment of a sputtering apparatus of the
claimed invention.

[0008] FIG. 2 provides an orthogonal projection of an
exemplary carriage of the sputtering apparatus of FIG. 1.
[0009] FIG. 3 shows an orthogonal projection of an exem-
plary embodiment of an in-line plurality sputtering apparatus
of the claimed invention of FIG. 1.

[0010] FIG. 4 illustrates an orthogonal projection of a pair
of exemplary carriages of the sputtering apparatus of FIG. 3.
[0011] FIG. 5 provides a side view in elevation of the sput-
tering apparatus of FIG. 1.

[0012] FIG. 6 displays an end view in elevation of the
sputtering apparatus of FIG. 5.

[0013] FIG. 7 shows across section end view in elevation of
the sputtering apparatus of FIG. 5.

[0014] FIG. 8 illustrates a cross section view in elevation of
the sputtering apparatus of FIG. 5.

[0015] FIG. 9 provides an alternate cross section view in
elevation of the sputtering apparatus of FIG. 5.

[0016] FIG. 10 displays an orthogonal projection of an
exemplary embodiment of a sputtering apparatus of FIG. 5.
[0017] FIG. 11 shows an orthogonal projection of a cable
bundle take up mechanism, configured to cooperate with the
sputtering apparatus of FIG. 3.

[0018] FIG. 12 illustrates a partial cross section in an
orthogonal projection of the exemplary embodiment of a
sputtering apparatus of FIG. 1, communicating with a target
of the claimed invention.

[0019] FIG. 13 provides a partial cross section in an
orthogonal projection of the exemplary embodiment of a
sputtering apparatus of FIG. 1, communicating with a pre-
ferred actuator of the claimed invention.

[0020] FIG. 14 displays a partial cross section in an
orthogonal projection of the exemplary embodiment of a
sputtering apparatus of FIG. 1, communicating with an alter-
nate preferred actuator of the claimed invention.

[0021] FIG. 15 shows a cross section view in an orthogonal
projection of an alternate preferred embodiment of a magne-
tron of the sputtering apparatus of FIG. 1.

[0022] FIG. 16 illustrates a cross section view in an
orthogonal projection of the alternate preferred embodiment
of the magnetron of the sputtering apparatus of FIG. 15,
communicating with an alternative preferred actuator of the
claimed invention.

DETAILED DESCRIPTION OF AN EXEMPLARY
EMBODIMENT OF THE DRAWINGS

[0023] Reference will now be made in detail to one or more
examples of various embodiments of the present invention
depicted in the figures. Each example is provided by way of
explanation of the various embodiments of the present inven-
tion, and not meant as a limitation of the invention. For
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example, features illustrated or described as part of one
embodiment may be used with another embodiment to yield
still a different embodiment. Other modifications and varia-
tions to the described embodiments are also contemplated
within the scope and spirit of the claimed invention.

[0024] Turning to the drawings, FIG. 1 displays an exem-
plary sputtering apparatus 100 which includes at least a first
cathode 102, preferably formed from copper, a second cath-
ode 104, preferably formed from graphite, an insulator 106
disposed between the graphite and copper cathodes (102,
104), and a plurality of anodes 108. In a preferred embodi-
ment, the sputtering apparatus 100 further includes an
attached drag line 110 adjacent an end anode 108, and a
carriage 112. Preferably, the carriage 112 provides a plurality
of rotational mechanisms 114, which may take the form of
crowned rollers, as shown by FIG. 2, or wheels as shown by
FIG. 4, supported by a carriage 112, and in turn supporting a
process chamber 106.

[0025] FIG. 3 shows an exemplary alternate embodiment,
which includes a plurality of cathode and anode pairs 118,
strung together in a linear fashion, a conduit bundle 120
secured to a proximal end of the plurality of cathode and
anode pairs 118, and the attached drag line 110 adjacent an
end anode 108, on the distal end of the plurality of cathode
and anode pairs 118. In a preferred embodiment, the conduit
bundle 120 (also referred to herein as cable bundle 120)
houses at least power leads 122 and coolant lines 124, which
are visibly shown disposed between each of the pairs of the
plurality of cathode and anode pairs 118. FIG. 3 further shows
a plurality of carriages 112, each adjacent the plurality of
anodes 108.

[0026] The cross-sectional, front view of the sputtering
apparatus 100 shown by FIG. 5 provides a more detailed
depiction of inlet and outlet coolant channels (125, 126)
formed between a magnet assembly 128 (of FIG. 8), and the
cathode 102, while FIG. 6 shows an end view in elevation,
delineating the power leads 122, from the coolant lines 124.
FIG. 7 provides a side view in elevation, and reference of
orientation for the section view C-C, shown by FIG. 5. FIG. 6
further provides a reference for section view A-A, of FIG. 8,
and section view B-B of FIG. 9 respectively, and FIG. 10
provides perspective view of the power leads 122, and the
coolant lines 124, relative to the anode 108.

[0027] Returning to FIG. 8, shown therein is the magnet
assembly 128, which includes at least a plurality of insulators
132, disposed between a plurality of magnets 134. Preferably,
each of the plurality of magnets 134 are arranged such that the
faces of adjacent magnets have common polarities, i.e., north
to north, and south to south, as depicted in FIG. 9, which helps
focus the magnetic flux field. FIG. 8 further shows that the
magnet assembly 128 preferably includes a front cap 136, an
end cap 138, and a draw bolt 140 extending through the
plurality of magnets 134 and the plurality of insulators 132. In
a preferred embodiment, the draw bolt 140, maintains the
faces of the adjacent magnets 134, substantially perpendicu-
lar to the cathode 102, as shown by FIG. 8, while in an
alternate preferred embodiment, the draw bolt 140, maintains
the faces of the adjacent magnets 134, substantially non-
perpendicular to the cathode 102, as shown by FIG. 15. Pref-
erably, the adjacent magnets 134, shown in both FIGS. 8 and
15, have circular face, the adjacent magnets 134 shown by
FIG. 15 are aligned such that the circular faces are non-
perpendicular relative to the draw bolt 140, and cathode 102.
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[0028] Continuing with FIGS. 9 and 11, in a preferred
embodiment, shown by FIG. 9, the anode 108 provides an
inlet coolant cavity 144 communicating with the inlet coolant
channel 125, and an outlet coolant cavity 142 communicating
with the outlet coolant channel 126. In a preferred embodi-
ment, shown by FIG. 11, the sputtering apparatus 100 further
includes at least a cable bundle take up mechanism 146,
secured to the cable bundle 120. The cable bundle take up
mechanism 146 preferably includes at least: a conduit guide
and tensioning mechanism 148, cooperating with the cable
bundle 120; a spool 150 communicating with the cable bundle
120; a motor 152 cooperating with the spool 150; a motor
controller 154 communicating with the motor 152; a cabinet
156 housing the motor 152, the motor controller 154, and the
spool 150; and an operator interface 158, including at least a
monitor 160 and keyboard 162, interfacing with the motor
controller 154.

[0029] FIG. 12 shows the sputtering apparatus 100 includes
a target 164, which preferably is an inner surface of an elon-
gated confinement structure 166 having a cylindrical shape.
Any geometric shape of the elongated confinement structure
166 is suitable for interaction with the cathode 102. For
example, the geometric shape of the elongated confinement
structure 166 may be a rectangular cylinder, a hexagonal
cylinder, a trapezoidal cylinder, a triangular cylinder, an
octagonal cylinder, or other shape. However, in a preferred
embodiment, the geometric shape of the elongated confine-
ment structure 166 is cylinder having a circular cross section.
[0030] FIGS. 13 and 14 show alternate preferred embodi-
ments of an actuator 168 and 170 respectively. The actuator
168 preferably includes at least an actuator motor 172, com-
municating with a screw drive 174, and an end eftecter 176
that is coupled to the magnet assembly 128 and the end
effecter 176. In a preferred embodiment, an activation of the
actuator motor 172, imparts a rotation of the screw drive 174.
The rotation of the screw drive 174 translated to a linear
motion of the end effecter 176, which shifts the position of the
magnet assembly 128, internal to the cathode 102. Preferably,
the actuator motor 172 is a direct current motor, but could
alternatively be a pneumatic motor, a rotary hydraulic motor,
a stepper motor, or other rotational output type of motor.
[0031] The actuator 170, of FIG. 14, preferably includes at
least a fluidic cylinder 178, preferably the fluidic cylinder 178
includes at least a cylinder barrel 180, in which a piston 182
is connected to a piston rod 184 that moves back and forth.
The cylinder barrel 180 is preferably closed on one end by the
cylinder bottom 186 (also called the cap 186) and the other
end by the cylinder head 188 (also called the gland 188)
where the piston rod 184, comes out of the cylinder barrel
180. In a preferred embodiment, the piston 182 has sliding
rings and seals. The piston 182, divides the inside of the
cylinder barrel 180 into two chambers, the bottom chamber
190 (cap 186 end) and the piston rod side chamber 192 (rod
end/cylinder head 188 end). In a preferred embodiment, the
piston rod 184, communicates with an end effecter 194 that is
coupled to the magnet assembly 128. Preferably, an activation
of the fluidic cylinder 178 imparts a linear motion on the
piston rod 184. The linear motion of the piston rod 184
translated to a linear motion of the end effecter 194, which
shifts the position of the magnet assembly 128, internal to the
cathode 102.

[0032] FIG. 16 shows an additional alternate preferred
embodiment of an actuator 196, which preferably includes at
least an actuator motor 198, communicating with a load
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adapter 200. Preferably, the load adapter 200 is disposed
between and coupled to the actuator motor 198 and the mag-
net assembly 128. In a preferred embodiment, an activation of
the actuator motor 198, imparts a rotation of the load adapter
200, which translates a rotational motion to the magnet
assembly 128 that rotates the position of the magnet assembly
128, internal to the cathode 102. Preferably, the actuator
motor 198 is a direct current motor, but could alternatively be
a pneumatic motor, a rotary hydraulic motor, a stepper motor,
or other rotational output type of motor.

[0033] It is to be understood that even though numerous
characteristics and advantages of various embodiments of the
present invention have been set forth in the foregoing descrip-
tion, together with details of the structure and function of
various embodiments of the invention, this detailed descrip-
tion is illustrative only, and changes may be made in detail,
especially in matters of structure and arrangements of parts
within the principles of the present claimed invention to the
full extent indicated by the broad general meaning of the
terms in which the appended claims are expressed. For
example, the particular elements may vary depending on the
particular application without departing from the spirit and
scope of the present claimed invention.

[0034] It will be clear that the present invention is well
adapted to attain the ends and advantages mentioned as well
as those inherent therein. While presently preferred embodi-
ments have been described for purposes of this disclosure,
numerous changes may be made which will readily suggest
themselves to those skilled in the art and

What is claimed is:

1. A sputtering apparatus comprising:

a target presented as an inner surface of a confinement

structure;

a cathode adjacent the target, the cathode providing a hol-

low core;

a magnetron disposed within the hollow core;

an actuator communicating with the magnetron, wherein a

position of the magnetron within the hollow core is
altered upon activation of the actuator;

a carriage supporting the cathode and communicating with

the target;

a cable bundle interacting with the cathode; and

a cable bundle take up mechanism secured to the cable

bundle.

2. The sputtering apparatus of claim 1, in which the con-
finement structure presents an elongated cylinder.

3. The sputtering apparatus of claim 2, in which the elon-
gated cylinder is cylindrical, having a circular cross section.

4. The sputtering apparatus of claim 1, in which the hollow
core cathode presents an elongated cylinder.

5. The sputtering apparatus of claim 4, in which the elon-
gated cylinder is cylindrical, having a circular cross section.

6. The sputtering apparatus of claim 1, in which the mag-
netron comprised a plurality of magnets.

7. The sputtering apparatus of claim 6, in which the plu-
rality of magnets having a circular cross section.

8. The sputtering apparatus of claim 7, in which the plu-
rality of magnets each have a pair of substantially parallel
external side surfaces, a main body portion disposed between
the pair of substantially parallel external side surfaces, the
main body portion having an external surface disposed
between and substantially perpendicular to the pair of sub-
stantially parallel external surfaces.
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9. The sputtering apparatus of claim 8, in which the plu-
rality of magnets each have a substantially circular cross
section.

10. The sputtering apparatus of claim 9, in which the con-
finement structure presents an elongated cylinder, and in
which the actuator is a linear actuator, the linear actuator
moves the magnetron in a linear path substantially parallel to
the elongated cylinder.

11. The sputtering apparatus of claim 1, in which the actua-
tor is a linear actuator, the linear actuator moves the magne-
tron in a linear path substantially parallel to the inner surface
of a confinement structure.

12. The sputtering apparatus of claim 11, in which the
linear actuator comprises a direct current motor attached to
the magnetron.

13. The sputtering apparatus of claim 11, in which the
linear actuator comprises a lead screw attached to the mag-
netron.

14. The sputtering apparatus of claim 11, in which the
linear actuator comprises a fluidic cylinder attached to the
magnetron.

15. The sputtering apparatus of claim 1, further comprising
a coolant channel disposed between an external surface of the
magnetron and an internal surface of the cathode.

16. The sputtering apparatus of claim 1, in which the cable
bundle comprises a coolant line adjacent power conductors,
the coolant line and power conductors enclosed by a conduit.

17. The sputtering apparatus of claim 1, in which the car-
riage comprises a rotational mechanism that supports the
cathode a predetermined distance from the target.

18. The sputtering apparatus of claim 17, in which the
predetermined distance the cathode is supported from the
target is not greater than four centimeters, and in which the
rotational mechanism is a wheel mounted on a spring suspen-
sion.

19. The sputtering apparatus of claim 16, in which the cable
bundle take up mechanism comprises:

a spool communicating with the conduit;

a motor cooperating with the spool;

a motor controller communicating with the motor;

a cabinet housing the motor and spool;

a conduit guide and tensioning mechanism interacting with

the conduit, the cabinet, and the spool; and

an operator interface including at least a monitor and key-

board interfacing with the motor controller.

20. A sputtering apparatus comprising:

a target presented as an inner surface of a confinement

structure;

a cathode adjacent the target, the cathode providing a hol-

low core;

a magnetron disposed within the hollow core;

an actuator communicating with the magnetron, wherein a

position of the magnetron within the hollow core is
altered upon activation of the actuator;

a carriage supporting the cathode and communicating with

the target;

a cable bundle interacting with the cathode; and

a cable bundle take up mechanism secured to the cable

bundle, in which the magnetron comprised a plurality of
magnets, each of the plurality of magnets have a pair of
substantially parallel external side surfaces, a main body
portion disposed between the pair of substantially par-
allel external side surfaces, the main body portion hav-
ing an external surface disposed between and substan-
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tially non-perpendicular to the pair of substantially
parallel external surfaces, and wherein the actuator
rotates the magnetron relative to the cathode.
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