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1
SPUTTERING APPARATUS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Reissue application is a reissue of application Ser.
No. 13/344,871, filed Jan. 6, 2012, which claims the benefit

of U.S. Provisional Patent Application Ser. No. 61/430,361,
filed Jan. 6, 2011, both of which [is] are hereby incorporated

herein by reference.

TECHNICAL FIELD

This description generally relates to rotating-cathode
magnetron sputtering. In particular, 1t deals with certain
problems encountered when the target matenial 1s increased
beyond the point where standard magnetron assemblies can
supply adequate magnetic flux suitable for magnetron sput-
tering. Additionally, some embodiments of the present
invention improve process conditions for the deposition of
such materials as transparent conductive oxides (1TCO).

BACKGROUND

Magnetron sputtering of rotating targets 1s well known in
the art and 1s used extensively for producing a wide variety
of thin films on a wide variety of substrates. A reasonable
over-view of sputtering with rotating cathodes can be found
in U.S. Pat. No. 5,096,562 (which 1s hereby incorporated by
reference herein), as one example.

In the most basic form of rotating-target magnetron sput-
tering, the matenal to be sputtered 1s either formed in the
shape of a tube or 1s adhered to the outer surface of a support
tube made of rigid material. A magnetron assembly 1s
disposed within the tube and supplies magnetic flux which
permeates the target such that there 1s adequate magnetic
flux at the outer surface of the target. The magnetic field 1s
designed 1n a way such that 1t retains electrons emitted from
the target so as to increase the probability that they will have
ionizing collisions with the working gas, hence enhancing
the efliciency of the sputtering process.

Fabrication cost for targets of some materials, 1n particu-
lar ceramic TCO materials, are relatively high in comparison
to the cost of the raw materials. To improve the economy of
these targets, it 1s desirable to increase the thickness of the
target material. In this way, the target will have significantly
more usable material while adding only minimally to the
overall cost of the target. This 1s because the fabrication cost
does not change significantly. The only significant increase
1s due to the additional raw matenal used. Thicker targets
should have the added benefit of allowing longer production
campaigns between target changes.

As mentioned, increasing the target thickness too much
can result 1n inadequate magnetic flux at the target surface
when using standard magnetron assemblies. The need for a
magnetron design with higher magnetic flux 1s clear.

However, the eflort to increase magnetic flux will usually
create a new problem wherein the width of the turn-around
1s broadened. This, in turn, results in an increased relative
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erosion rate at the target ends and, therefore, a shortened
target life due to target “burn-through™. This 1s contrary to
the purpose of increasing the target thickness.

SUMMARY

The typical magnetron assembly 100 (shown 1n FIG. 1A0
for rotating cathodes comprises three substantially parallel
rows 102 of magnets attached to a yoke 104 of magnetically
conductive material, such as steel, that helps complete the
magnetic circuit. The direction of magnetization of the
magnets will be radial with respect to the major axis of the
sputtering target. The center row 106 will have the opposite
polarity of the two outer rows 108. (see FIG. 1B) Additional
description of this type of magnetron can be found in U.S.
Pat. No. 5,047,131 (which 1s hereby incorporated by refer-
ence herein). Magnetic flux of the inner and outer rows 106
and 108 of magnets 1s linked through the magnetically
conductive yoke 104, on one side of the magnets. On the
other side of the magnets, opposite the yoke 104, the
magnetic tlux 1s not contained in a magnetically conductive
material; hence, 1t permeates substantially ummpeded
through the target which i1s substantially non-magnetic.
Thus, two arc-shaped magnetic fields are provided at and
above the working surface of the target. This field retains the
electrons and causes them to drift 1n a direction perpendicu-
lar to the magnetic field lines, which 1s parallel to the rows
102 of magnets. This 1s known as the ExB drift and 1s
described 1n any basic plasma physics text book. In an
ordinary arrangement, this drift path 1s also parallel to the
major axis of the target.

Additionally, the outer rows 108 are slightly longer that
the mner row 106 and additional magnets 110 (shown in
FIG. 1B), of the same polarity as the outer rows 108, are
placed at the ends of the assembly between the two outer
rows 108 creating the so-called “turn-around™ areas of the
drift path. This has the effect of connecting the two drift
paths, hence forming one continuous ovular “racetrack”™ drift
path. This optimizes the retention of the electrons and
therefore optimizes the efliciency of the sputtering process.

The intuitive route to increasing the field strength 1s
simply to increase the size or the strength of the magnets.
Increasing the magnetic strength 1s limited by availability of
stronger magnets. Very high strength magnets are also very
expensive, and diflicult to work with. Furthermore, stronger
magnets could also be applied to any superior design for
added benefit such as those of the embodiments of the
present 1nvention.

Problems arise when considering magnets of larger cross-
section. Increasing the dimension in the radial direction
doesn’t give a proportional increase in flux at the target
surface. As such, this 1s a self-limiting approach. Increasing
the dimension 1n the direction tangent to the target surface
1s also self limiting 1n that the geometry requires moving the
bulk of the magnetic material further from the target surtace,
which serves to weaken the field at the target surface. This
1s contrary to achieving the desired eflect. (see FIG. 2 for
one example of such a design)

Another detrimental effect to the approach of increasing
the magnet size 1s that the racetrack 1s widened. That 1s to
say, the two long portions of the racetrack are separated
further from each other. This broadens the turn-around
portions of the racetrack leading to an increased relative
erosion rate at the ends of the targets. Consequently, these
portions of the target are spent before using the greater bulk
of the target material. Hence, the target must be taken out of
service before fully using the target material.
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To understand the increased erosion rate at the ends, one
can consider two points on the rotating target surface. One
point rotates through the two legs (long portions) of the
racetrack. The other point rotates through the turn-around. It
will be seen that the pomnt going through the turn-around
spends much more time in the racetrack, hence i1s more
heavily eroded. Further discussion of this topic can be found
in U.S. Pat. No. 5,364,518 (which 1s hereby incorporated by
reference herein).

The problems described above can be overcome by using
four (or more) rows or other independent linear arrays of
magnets, instead of the usual 3 rows. This allows the
problem of oversized magnets as previously discussed to be
overcome. More importantly, though, 1t allows for a unique
modification to the turn-around that mimimizes the excessive
erosion at the ends of the target without negatively impact-
ing (or at least reducing the negative impact) to the retention
ol electrons.

DRAWINGS

FIG. 1A 1s a diagram of a typical magnetron assembly for
rotating cathodes.

FIG. 1B 1illustrates the direction of magnetization of the
magnets 1n the magnetron assembly of FIG. 2A.

FIG. 2 1s a diagram of an alternative design of a magne-
tron assembly for rotating cathodes.

FIG. 3A 1s a diagram of one exemplary embodiment of a
magnetron assembly.

FIG. 3B 1s a diagram of one exemplary embodiment of a
yoke used 1n the magnetron assembly of FIG. 3A.

FIG. 4 illustrates one exemplary magnet arrangement
suitable for use in the magnetron assembly of FIG. 3A.

FIG. 3 illustrates another exemplary magnet arrangement
suitable for use in the magnetron assembly of FIG. 3A.

FIG. 6 illustrates yet another exemplary magnet arrange-
ment 600 suitable for use 1n the magnetron assembly of FIG.
3A.

FIG. 7 1s a diagram of another exemplary embodiment of
a magnetron assembly.

FIG. 8 1s a diagram of one exemplary embodiment of a

sputtering system in which the magnetron assemblies of
FIG. 3A and FIG. 7 can be used.

DETAILED DESCRIPTION

Referring to FIG. 3A, 1n one exemplary embodiment of
the present mvention, a magnetron assembly 300 comprises
a plurality of magnets 302 and a yoke 304 configured to hold
the plurality of magnets 304 in at least four independent
linear arrays 306. In the exemplary embodiment shown 1n
FIG. 3A, the magnetron assembly 300 comprises four inde-
pendent linear arrays 306 of magnets 304 that are arranged
in four rows 306.

In this exemplary embodiment, the magnet rows 306
comprise two 1nner rows 308 of one polarity and two outer
rows 310 of the opposite polarity. The rows 306 of magnets
302 are attached to the yoke 304. The yoke 304 1s made of
magnetically conductive matenal, such as steel or magnetic
stainless steel. This configuration allows additional mag-
netic mass while allowing the magnets 302 to remain at the
closest position relative to the target surface as i1s feasible.
Thus, full advantage 1s taken of the extra magnetic mass.

As shown 1n FIG. 3B, 1in one embodiment, the yoke 304
comprises a plurality of slits or channels 312, one for each
of the rows 306 of magnets 302. (It 1s noted that, for the sake
of simplicity, the details regarding the particular magnet
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4

arrangement 1s not shown in FIG. 3B and, instead, are
discussed 1n more detail below in connection with FIGS.
4-6.) The channels 312 are sized so that a portion of the
corresponding magnets 302 can be inserted into the channels
312 1n order to form the rows 306 of magnets 302 described
and shown here. The magnets 302 can be held 1n place 1n
several ways including, without limitation, using magnet
force, friction fit, or adhesives. The use of such channels 312
to form the magnet patterns described here enables the
overall magnetron assembly 300 to be reconfigurable.

In the preferred embodiment, the inner rows and outer
rows 308 and 310 of magnets 302 have the same strength
and the same cross-sectional dimensions such that the
assembly 1s a “balanced magnetron”. However, one may
optionally place dissimilar magnets 1n the inner and outer
rows 308 and 310 to make “unbalanced” magnetrons.

FIG. 4 1llustrates one exemplary magnet arrangement 400
suitable for use in the magnetron assembly 300 of FIG. 3A.
In this exemplary magnet arrangement 400, as with the
standard three-row design, the outer rows 410 are longer
than inner rows 408 thus providing space for the end
magnets 414 used to create the turn-around portions of the
racetrack. As depicted, the turn-around-forming magnets
414 are of the same cross section dimensions as that of the
magnets of the inner rows 408 and are displaced collinearly
with the inner rows 408. The turn-around-forming magnets
414 are, however, of the same polarity as the outer rows 410.
This design lends 1tself to easy modifications of the turn-
around areas which will result 1n more preferred embodi-
ments.

FIG. 5 illustrates another exemplary magnet arrangement
500 1n which the rows 506 of magnets 502 are laterally offset
from each other. This results 1n a stepped turn-around
wherein the actual turn-around 1s reduced in radius to that of
a standard three-row magnetron design. Hence, the target-
end erosion rate 1s not increased beyond that of the standard
design, as would be the case of a three-row design with
larger magnets. As with the turn-around, the residual step 1n
the drift path, created by this configuration, will produce
another area of elevated erosion rate. However, since this
area 1s oflset from the turn-around and will not erode any
faster than the turn-around area, it will not contribute to
premature target burn-through.

Although FIG. 5 shows one preferred exemplary arrange-
ment, 1t should be clear that the design lends itself to any
number of permeations that may be useful 1 other circum-
stances. For example, magnets having differing magnet
strengths, shapes, geometries, sizes and differing gap spac-
ing between the rows can also be implemented. One such
exemplary magnet arrangement 600 1s shown in FIG. 6,
though it 1s to be understood that other arrangements are
possible.

Moreover, in the embodiments shown 1n FIGS. 3A, 3B,
and 4-6, cach row of magnets 1s mserted into a diflierent,
respective channel that 1s formed in the yoke. However, 1n
other embodiments, more than one row (or other 1ndepen-
dent linear array) of magnets can be housed within a single
channel. One example of such an embodiment 1s shown 1n
FIG. 7. In the example shown 1n FIG. 7, both of two 1nner
rows 708 of magnets 702 are housed within a common,
single channel 712, while each of two outer rows 710 of
magnets 702 are housed within separate, respective channels
712.

Although embodiments of the present invention are
intended to improve target economics by allowing thicker
target material, 1t can be beneficial to targets of more
ordinary material thickness. Because the magnetic field
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strength 1s increased, the 1oni1zation potential of the electrons
1s increased by decreasing the electrons radu of gyration and
allowing larger electron density in the plasma, which
improves electron retention. This results 1n lower target
voltage, which 1s advantageous when depositing some mate-
rials such as TCO. It 1s well known 1n the art that lower
target voltage 1n TCO sputter deposition processes results in
improved performance of the deposited film.

Another four-row magnetron design 1s disclosed i U.S.
Pat. No. 5,364,518. However, the intent with the design 1n
the *518 patent 1s to allow easier manipulation of the
turn-around in another style. In the 518 patent, the intent
was to modily the turn-around by wideming the magnetic
field relative to the major legs of the racetrack by increasing

the distance between magnets. It 1s not clear 1f the mnvention
disclosed 1n U.S. Pat. No. 5,364,518 1s feasible, or 1f 1t has

ever been assembled and tested 1n the real world. In U.S. Pat.
No. 6,375,814 (which 1s hereby incorporated by reference
herein) 1t 1s suggested that the invention of the 518 patent
will lead to instability 1n the sputtering process.

U.S. Pat. No. 6,375,814 also refers to a four-row design.
However, as depicted, the two inner rows replace a single
center row only as a convenience which helps separate the
two major legs of the racetrack for the purpose of forming
an elliptical shaped turn-around or for manipulating sput-
tering direction. In practical terms, the 814 patent design
can use a single row of magnets for a majority of the length
of the assembly.

Embodiments of the present invention have the further
advantage over the 814 patent 1n that 1t can be completely
assembled from different lengths of magnets with the same
simple rectangular geometry and a very simple yolk design.
Whereas the elliptical assembly of the 814 patent requires
a complicated yolk and, in the preferred embodiment, spe-
cially designed and manufactured magnets. Furthermore,
once assembled, the design of at least some embodiments of
the present invention can be easily modified, but the design
of the 814 patent 1s fixed and cannot be modified without
complete remanufacturing.

U.S. Pat. No. 6,264,803 (which 1s hereby incorporated by
reference herein) discloses a magnetron with five parallel
rows of magnets that form two complete, parallel racetracks.
It does not have the benefit of the stronger magnetic field of
embodiments of the present mvention. However, the 803
patent invention offsets the two racetracks to achieve a
similar advantage of the stepped turn-around as with
embodiments of the present invention.

The single, continuous race-track of embodiments of the
present invention has important advantages over the dual
racetrack design of the 803 patent. In the dual racetrack
design the space between the outer-most legs are spaced
tarther apart from each other around, the circumierence of
the target, as compared to a single racetrack design. This
changes the relative angle between the effluxes of sputtered
material to plane of the substrate. This increases the average
angle of incidence of material being deposited on the
substrate. This aflects the structure of the deposited film,
such as by reducing molecular density, often to an unac-
ceptable degree. In the case of TCO films, density 1s of great
importance.

Another unfortunate result of the design 1n the 803 patent
1s that a substantially larger portion of the sputtered material
1s deposited on the walls of the process chamber and, hence,
less of the material 1s used 1n making the desired film. This
can be reduced or eliminated with some embodiments of the
present mvention.
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Whereas the angle between outer legs of the racetrack of
the 803 patent design 1s about three times that of a standard
three row design, the angle between the legs of the design of
some embodiments of the present invention 1s less than
twice that of the standard design.

FIG. 8 illustrates one exemplary embodiment of a sput-
tering system 800 in which the magnetron assemblies 300
and 700 described above can be used. The exemplary
embodiment of a sputtering system 800 shown 1n FIG. 8 1s
substantially similar to the sputtering system shown 1n FIG.
1. of U.S. Pat. No. 5,096,562 (which 1s hereby incorporated
herein by reference) and described 1n column 2, line
S5——column 4, line 23 of the *562 patent, with the main
difference being the use of a magnetron assembly 18 of the
type described above in which at least four rows (other
independent linear arrays) ol magnets are attached to or
otherwise held 1n a yoke.

A plasma 1s formed within an enclosed reaction chamber
10, 1n which a vacuum 1s maintained, for the purpose of
depositing a thin film of material on a substrate 12 as 1t
moves through the chamber 10. The substrate 12 can be most
anything that will accept the film to be deposited on 1t, and
1s usually some vacuum compatible material, such as metal,
glass, and some plastics. The film can also be deposited over
other films or coatings that have previously been formed on
a substrate surface.

A cathode assembly 14 comprises generally an elongated
rotatable cylindrical tube 16, mounted 1n the reaction cham-
ber 10, and having a target surface 20. A magnetron assem-
bly 18 of the type described above 1s carried within a lower
portion of the tube 16 and does not rotate with 1t. The mside
of the tube 16 1s typically water cooled, as described later,
in order to allow the system to operate at high electrical
power levels. The tube 16 i1s supported i a horizontal
position and is rotated by a drive system 22 at a constant
speed about its longitudinal axis.

The tube 16 may be constructed in one of many different
forms, depending upon the nature and composition of the
target material to be exposed on the outside cylindrical
surface 20. One structure has walls made substantially
entirely of solid target material. Another structure 1s formed
of a core of suitable nonmagnetic material such as, for
example, brass or stainless steel, and 1s of a diameter, wall
thickness and length required for a particular operation to be
performed. Applied to the outer surface of the core 1s a layer
of a selected target material 20 to be deposited onto the
substrate 12 being coated. In either case, the tube 16 and
layer of target material 20 constitute a tubular target or
sputtering source in place of a more conventional planar
target.

A cathode potential sutlicient to cause sputtering to occur
1s supplied to the rotating cathode 14 from a power source
30 through a power line 32 having sliding contact 34 with
the tube 16 by a conventional electrical brush. The power
source 30 1s of a direct current type 1n the example being
described but alternating current power sources can also be
used 1 such structures. The enclosure of the reaction
chamber 10 1s conductive and electrically grounded. It
serves as an anode in the sputtering process. A separate
anode may be optionally employed and maintained at a
small positive voltage.

In order to obtain the low pressure necessary for the
coating operation to be performed, the reaction chamber 10
1s provided with an outlet tube 36 communicating with a
vacuum pump 38.

In order to provide the chamber 10 with the gases nec-
essary for the coating operation, a gas supply system 1s
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included. A first gas supply tube 40 extends into the coating
chamber 10 from a source 42 of an inert gas. Nozzles 44
connected to inlet tube 40 distribute the 1nert gas in a region
above the rotating cathode 14. It 1s the nert gas that breaks
down 1nto electrically charged 1ons under the mfluence of an
clectric field established between the target surface 20 and
the grounded chamber enclosure 10. The positive 1ons are
attracted to and bombard the target surface 20 1n an area to
which they are confined by the magnetic field, primarily in
two parallel strips, one between each of the opposing
magnetic poles, along the length of the cylinder 16 at its
bottom, opposite the magnet assembly 18.

A second gas supply tube 46 extends 1nto the chamber 10
from a reactive gas source 48. Nozzles 50 connected to inlet
tube 46 distribute the reactant gas in a region close to and
across the width of the substrate 12 being coated. Molecules
of the reactive gas combine with molecules sputtered from
the target surface, as a result of 1on bombardment, to form
the desired molecules that are deposited on the top surface
of the substrate 12.

Many variations in the gas supply system shown are
practical as well. The inert and reactive gases from the
sources 42 and 48 can be combined and delivered into the
chamber 10 through a common tube and set of nozzles.
When this 1s done, the delivery tube 1s preferably positioned
along a side of the rotating target tube 16 and parallel with
its longitudinal axis. Two such tubes can be used, one on
cach side of the target tube 16 and parallel with its longi-
tudinal axis, each delivering the same combination of inert
and reactive gases. Also, more than one reactive gas can be
simultaneously supplied, depending upon the film being
deposited.

A number of embodiments have been described. Never-
theless, 1t will be understood that various modifications to
the described embodiments may be made without departing,
from the spirit and scope of the claamed mvention.

What 1s claimed 1s:

1. A magnetron assembly comprising:

a plurality of magnets; and

a yoke configured to hold all of the plurality of magnets

within four straight, parallel, and mdependent linear
arrays, the linear arrays comprising two outer linear
arrays and two iner linear arrays;

wherein the plurality of magnets 1s arranged 1n the voke

so as to form a pattern comprising an outer portion and
an ner portion, wherein the outer portion substantially
surrounds the perimeter of the mner portion;

wherein the magnets used to form the outer portion are

ortented to utilize a first polarity and the magnets used
to form the 1nner portion are oriented to utilize a second
polarity;

wherein the outer portion of the pattern comprises:

the outer linear arrays of the first polarity; and

magnets at the ends of the inner linear arrays, the
magnets at the ends of the imner linear arrays having
the first polanty and the magnets that make up the
majority of the inner linear arrays having the second
polarity; and

wherein magnets of the two mner linear arrays having the

second polarity are laterally offset from each other so as
to form a magnetic step.

2. The magnetron assembly of claim 1, wherein magnets
at the ends of the two inner linear arrays having the first
polarity are laterally oflset from each other so as to maintain
the magnetic step.

3. The magnetron assembly of claim 1, wherein magnets
of the two 1mner linear arrays having the second polarity are
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laterally offset from each other so as to form a respective
magnetic step at each end of the pattern.
4. The magnetron assembly of claim 1, wherein at least

one of the plurality of magnets has a geometry, size, or
magnetic strength that differs from at least one of the other
magnets.

5. The magnetron assembly of claim 1, wherein at least
one of the plurality of magnets has a tapered shape that alters
a direction of an associated plasma drift pattern, wherein the
direction of the taper 1s evident 1n a radial projection of the
assembly and 1s not evident 1n a cross-sectional view of the
assembly.

6. The magnetron assembly of claim 1, wherein at least
some of the magnets from the two inner linear arrays that are
laterally oflset from each other have lengths that differ from

one another 1n order to form the magnetic step.

7. The magnetron assembly of claim 1, wherein the yoke
1s configured so that the pattern formed by the plurality of
magnets can be re-configured without modifying the yoke
and by doing at least one of: changing the polarity of at least
some ol the magnets held by the yoke and changing the
length of at least some of the magnets held by the yoke.

8. The magnetron assembly of claim 1, wherein at least
some of the magnets are at least partially held in place within
the yoke using magnetic force.

9. The magnetron assembly of claim 1, wherein the yoke
comprises at least one channel into which at least one of the
plurality of magnets 1s inserted.

10. The magnetron assembly of claim 9, wherein the yoke
comprises at least four channels, wherein each of the 1nde-
pendent linear arrays 1s held 1n the yoke within a respective
one of the channels.

11. The magnetron assembly of claim 9, wherein at least
two of the independent linear arrays are held in the yoke
within a single channel.

12. A sputtering system comprising:

a chamber through which a substrate moves;

a cathode assembly comprising:

an elongated rotatable cylindrical tube mounted in the
chamber and having a target surtace;

a magnetron assembly positioned within the elongated
rotatable cylindrical tube, the magnetron assembly
comprising:

a plurality of magnets; and

a yoke configured to hold all of the plurality of magnets
within four straight, parallel, and independent linear
arrays, the linear arrays comprising two outer linear
arrays and two inner linear arrays;

wherein the plurality of magnets 1s arranged in the yoke

so as to form a pattern comprising an outer portion and

an mner portion, wherein the outer portion substantially
surrounds the perimeter of the mner portion;

wherein the magnets used to form the outer portion are

oriented to utilize a first polarity and the magnets used

to form the 1nner portion are oriented to utilize a second
polarity;

wherein the outer portion of the pattern comprises:

the outer linear arrays of the first polarity; and

magnets at the ends of the mmner linear arrays, the
magnets at the ends of the mner linear arrays having
the first polarity and the magnets that make up the
majority of the inner linear arrays having the second
polarity; and

wherein magnets of the two inner linear arrays having the

second polarity are laterally oflset from each other so as

to form a magnetic step.
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13. The system of claim 12, further comprising a drive
system to support and rotate the elongated rotatable cylin-
drical tube.

14. The system of claam 12, wherein the system 1s
configured to form a plasma within the chamber 1n connec-
tion with depositing a film on the substrate as 1t moves
through the chamber.

15. The system of claim 12, wherein magnets at the ends
of the two 1nner linear arrays having the first polarity are
laterally oflset from each other so as to maintain the mag-
netic step.

16. The system of claim 12, wherein magnets of the two
inner linear arrays having the second polarity are laterally
oflset from each other so as to form a respective magnetic
step at each end of the pattern.

17. The system of claim 12, wherein at least one of the
plurality of magnets has a geometry, size, or magnetic
strength that differs from at least one of the other magnets.

18. The system of claim 12, wherein at least one of the
plurality of magnets has a tapered shape.

19. The system of claim 12, wherein each of the magnets
comprises a square cross section.

20. The system of claim 12, wherein at least some of the
magnets from the two inner linear arrays that are laterally
offset from each other have lengths that differ from one
another 1n order to form the magnetic step.

21. The system of claim 12, wherein the yoke 1s config-
ured so that the pattern formed by the plurality of magnets
can be re-configured without moditying the yoke and by
doing at least one of: changing the polarity of at least some
of the magnets held by the yoke and changing the length of
at least some of the magnets held by the yoke.

22. The system of claim 12, wherein at least some of the
magnets are at least partially held 1 place within the yoke
using magnetic force.

23. The system of claim 12, wherein the yoke comprises
at least one channel 1into which at least one of the plurality
of magnets 1s 1nserted.

24. The system of claim 23, wherein the yoke comprises
at least four channels, wherein each of the independent
linear arrays 1s held 1n the yoke within a respective one of
the channels.

25. The system of claim 23, wherein at least two of the
independent linear arrays are held 1n the yoke within a single
channel.

26. A magnetvon assembly comprising:

a plurality of magnets; and

a voke configured to hold the plurality of magnets;

wherein the plurality of magnets is arranged to form a

pattern comprising an outer portion and an inner
portion, wherein the outer portion substantially sur-
rounds a perimeter of the inner portion;

whevrein the magnets of the inner portion arve oviented to

utilize a first polarity and the magnets of the outer
portion are each oviented to utilize a respective polarity
other than the first polarity;

wherein the pattern comprises a respective turnaround

portion at each end of the pattern;

wherein the magnets of at least one turnaround portion

are in at least four straight, parallel, and independent
linear arrays, the linear arrays comprising at least two

inner linear arrays that include some of the magnets of

the inner portion of the pattern and some of the
magnets of the outer portion of the pattern,; and
whevrein some of the magnets in the inner linear arvays arve
oriented to have laterally offset polarities so as to form
a magnetic step in the at least one turnarvound portion.
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27. The magnetron assembly of claim 26, wherein mag-
nets at the ends of the two inner linear arrays arve laterally
offset from each other so as to maintain the magnetic step.

28. The magnetron assembly of claim 26, wherein mag-
nets of the two inner linear arrays arve laterally offset from
each other so as to form a rvespective magnetic step at each
end of the pattern.

29. The magnetron assembly of claim 26, wherein at least
one of the plurality of magnets has a geometry, size, or
magnetic strength that differs from at least one of the other
magneis.

30. The magnetron assembly of claim 26, wherein at least
one of the plurality of magnets has a taperved shape that
alters a direction of an associated plasma drift pattern,
wherein the divection of the taper is evident in a radial
projection of the assembly and is not evident in a cross-
sectional view of the assembly.

31. The magnetron assembly of claim 26, wherein at least
some of the magnets from the inner linear arrays have
lengths that differ from one another in ovder to form the
magnetic step.

32. The magnetron assembly of claim 26, wherein the yoke
is configured so that the pattern formed by the plurality of
magnets can be rve-configured without modifving the yoke
and by doing at least one of: changing the polarity of at least
some of the magnets held by the voke, and changing the
length of at least some of the magnets held by the voke.

33. The magnetron assembly of claim 26, wherein at least
some of the magnets are at least partially held in place
within the voke using magnetic force.

34. The magnetron assembly of claim 26, wherein the yoke
comprises at least one channel into which at least one of the
plurality of magnets is inserted.

35. The magnetron assembly of claim 26, wherein the yoke
comprises at least four channels, wherein each of the
independent linear arrays is held in the voke within a
respective one of the channels.

36. The magnetron assembly of claim 26, wherein at least
two of the independent linear arvays ave held in the yoke
within a single channel.

37. A sputtering system comprising:

a chamber through which a substrate moves; and

a cathode assembly comprising:

an elongated rotatable cylindrical tube mounted in the
chamber and having a target surface;

a magnetron assembly positioned within the elongated
rotatable cylindrvical tube, the magnetron assembly
COmMprising:

a plurality of magnets; and
a voke configured to hold the plurality of magnets;

whevrein the plurality of magnets is arranged to form a
pattern comprising an outer portion and an inner
portion, wherein the outer portion substantially sur-
rounds a pervimeter of the inner portion;

wherein the magnets of the inner portion are oriented
to utilize a first polarity and the magnets of the outer
portion are each oriented to utilize a rvespective
polarity other than the first polarity;

whevrein the pattern comprises a vespective turnaround
portion at each end of the pattern,

whevrein the magnets of at least one turnaround portion
are in at least four straight, parallel, and indepen-
dent linear arrays, the linear arrays comprising at
least two inner linear arrays that include some of the
magnets of the inner portion of the pattern and some
of the magnets of the outer portion of the pattern;
and
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wherein some of the magnets in the inner linear arrays
are oriented to have laterally offset polarities so as
to form a magnetic step in the at least one turn-
around portion.

38. The system of claim 37, further comprising a drive
system to support and rotate the elongated votatable cylin-
drical tube.

39. The system of claim 37, wherein the system is con-
figured to form a plasma within the chamber in connection
with depositing a film on the substrate as it moves through
the chamber.

40. The system of claim 37, wherein magnets at the ends
of the two inner linear arrays ave laterally offset from each
other so as to maintain the magnetic step.

41. The system of claim 37, wherein magnets of the two
inner linear arrays arve laterally offset from each other so as
to form a respective magnetic step at each end of the pattern.

42. The system of claim 37, wherein at least one of the
plurality of magnets has a geometry, size, or magnetic
strength that differs from at least one of the other magnets.

43. The system of claim 37, wherein at least one of the
plurality of magnets has a taperved shape.

44. The system of claim 37, wherein each of the magnets
comprises a square cross section.

45. The system of claim 37, wherein at least some of the
magnets from the two inner linear arrays have lengths that
differ from one another in ovder to form the magnetic step.
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