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SPUTTERING TARGET HAVING INCREASED LIFE
AND SPUTTERING UNIFORMITY

BACKGROUND

Embodiments of the present invention relate to a sputtering

target for sputtering process chambers.

A sputtering chamber is used to sputter deposit material onto a
substrate in the fabrication of integrated circuits and displays. Typically, the
sputtering chamber comprises an enclosure around a sputtering target facing
a substrate support, a process zone into which a process gas is introduced, a
gas energizer to energize the process gas, and an exhaust port to exhaust
and control the pressure of the process gas in the chamber. The sputtering
target is bombarded by energetic ions formed in the energized gas causing
material to be knocked off the target and deposited as a film on the substrate.
The sputtering chamber can also have a magnetic field generator that shapes
and confines a magnetic field about the target to improve sputtering of the
target material. The sputtered target material may be a metal, such as for
example aluminum, copper, tungsten, titanium, cobalt, nickel or tantalum.
Elemental materials may be sputtered with inert gases such as argon or
krypton and gases such as nitrogen or oxygen may be used to sputter
elemental materials to form compounds such as tantalum nitride, tungsten

nitride, titanium nitride or aluminum oxide.

However, in such sputtering processes, some portions of the
target can be sputtered at higher sputtering rates than other portions resulting
in the target exhibiting an uneven cross-sectional thickness or surface profile
after processing a batch of substrates. Such uneven target sputtering can
arise from variations in localized plasma density caused by the chamber
geometry, the shape of the magnetic field about the target, eddy currents
induced in the target, and other factors. Uneven sputtering can also be
caused by differences in grain size or the structure of the surface material of
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the target. For example, it has been found that uneven target sputtering can
result in the formation of concentric circular depressions at which material was
sputtered from the target at higher rates than from surrounding areas. As the
depressions get deeper, the chamber wall and backing plate behind the target
become exposed and can be sputtered away resulting in contamination of the
substrate with these materials. Also, a target having a variable non-uniform
surface profile can result in deposition of uneven thicknesses of sputtered
material across the substrate surface. Thus sputtered targets are typically
removed from the chamber before any depressions formed on the target
become too deep, wide or numerous. As a result, a large portion of the
thickness of the sputtering target remains unused because the target has to

be removed prematurely from the chamber.

It is desirable to have a sputtering target which can provide
uniform sputtering for an extended sputtering time without requiring frequent
replacement. It is also desirable to have a target which can be sputtered
without excessive risk of erosion through its thickness. It is further desirable
to have a sputtering target which provides uniform sputtering properties

throughout its life.
SUMMARY

A sputtering target for a sputtering chamber has a backing plate
and a sputtering plate mounted on the backing plate. The backing plate
comprises a circular plate having a front surface and a back surface, the front
surface comprising an annular groove. The sputtering plate comprises a disk
with a sputtering surface, and a backside surface having a circular ridge that

is shaped and sized to fit into the annular groove.

A method of extending the life of a sputtering target comprising
a sputtering plate mounted on a backing plate has steps of: providing a
backing plate comprising a first material, forming an annular groove in the
surface of the backing plate and filling the annular groove with sputtering

material.
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A sputtering target for a sputtering chamber has a backing plate,
sputtering plate and ring. The backing plate comprises a circular plate of a
first material, the circular plate having a front surface and a back surface. The
sputtering plate is mounted on the front surface of backing plate, and
comprises a disk with a sputtering surface of second material, and the disk
having a backside surface. A ring is mounted to the backside surface of the
disk and comprises a third material. The first, second, and third materials are

different materials.

A method of controlling the electromagnetic properties of a
sputtering target comprising a sputtering plate mounted on a backing plate

" has steps of: (a) providing a backing plate comprising a first material; (b)

forming an annular groove in a surface of the backing plate; and (c) filling the
annular groove with a second material having different electromagnetic

properties than the first material.

Another method of controlling the electromagnetic properties of
a sputtering target comprising a sputtering plate and a backing plate
comprising a first material, comprises mounting a ring to a back surface of the
backing plate, the ring comprising a second material that has different

electromagnetic characteristics from the first material of the backing plate.

A sputtering target for a sputtering chamber has a backing plate
comprising a circular plate composed of a first material; a sputtering plate
mounted on the backing plate, the sputtering plate comprising a disk
comprising a second material; and a ring comprising a third material within the
circular plate, wherein the first, second, and third materials are different

materials.

DRAWINGS

These features, aspects, and advantages of the present
invention will become better understood with regard to the following
description, appended claims, and accompanying drawings, which illustrate
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examples of the invention. However, it is to be understood that each of the
features can be used in the invention in general, not merely in the context of
the particular drawings, and the invention includes any combination of these
features, where:

FIG. 1A is a sectional schematic side view of an embodiment of
a sputtering target having a backing plate with an annular groove and
sputtering plate with a circular ridge that fits into the annular groove of the
backing plate;

FIG. 1B is a schematic top view of the target of FIG. 1A,
showing the sputtering surface of the sputtering plate surrounded by an
annular peripheral ledge and O-ring groove of the backing plate;

FIG. 2A is a sectional schematic side view of an embodiment of
a target having a backing plate with a plurality of annular grooves and |
sputtering plate having multiple circular ridges that each fit into one of the
annular grooves; '

FIG. 2B is a schematic top view of the front surface of the
backing plate of the target of FIG. 2A showing the plurality of annular grooves;

FIG. 3 is a sectional schematic side view of an embodiment of a
target having a plurality of rings positioned between the backing plate and the
sputtering plate;

FIG. 4 is a sectional schematic side view of an embodiment of a
target having a backing plate with a plurality of rings embedded in the backing
plate;

FIG. § is a sectional schematic side view of an embodiment of a
target having a backing plate with a band embedded in the backing plate;

FIG. 6A and 6B is a sectional schematic side view and a
sectional schematic top view of an embodiment of a target comprising a spiral
plate,
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FIG. 7A and 7B is a sectional schematic side view and a
sectional schematic top view of an embodiment of a target comprising a
plurality of nesting rings; and '

FIG. 8 is a sectional schematic side view of an embodiment of a
sputtering chamber for sputtering material onto a substrate using any one of
the sputtering targets described herein.

DESCRIPTION

An illustrative embodiment of a sputtering target 20 that is
capable of providing a longer process life, better sputtering uniformity, and
reduced contamination caused by erosion grooves, is shown in FIGS. 1A and
1B. The sputtering target 20 comprises a backing pla.te 24 which serves as a
base to support a sputtering plate 26 comprising sputtering material to be
sputtered in a sputtering chamber. The sputtering plate 26 comprises a
sputtering surface 28 that is positioned to directly face a substrate to provide
line-of-sight sputtered species to the substrate. The sputtering plate 26 can
be bonded to the backing plate 24 mechanically or by other means such as
diffusion bonding. The sputtering target 20 can be circular or rectangular
depending on the shape of the substrate that is being processed. Circular
shapes are used for circular substrates, such as-semiconductor wafers, and

rectangular shapes for rectangular substrates such as display panels.

In one version, the backing plate 24 comprises a circular plate
30 having a front surface 32 and a back surface 34. The front surface 32 of
the circular plate 30 is shaped and sized to receive the sputtering plate 26.
The back surface 34 can be shaped to form an external wall of the chamber
or to be mounted on a chamber lid or adapter. The backing plate 24 also has
a peripheral ledge 36 that extends beyond the radius of the sputtering plate
26. The peripheral ledge 36 comprises an outer footing 38 that rests on an
isolator 40 in a sputtering chamber to electrically isolates the target 20 from
chamber sidewalls. The isolator 40 is made from a ceramic material, such as

aluminum oxide. The peripheral ledge 36 contains a peripheral O-ring groove
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42 into which an O-ring 44 is placed to form a vacuum seal with an external
chamber lid/adapter. The backing plate 24 can also have a protective coating
46a,b, for example, a twin-wire arc sprayed aluminum coating, on the
backside and front of the peripheral ledge 36, respectively. In one version,
the backing plate 24 is made from a metal, such as for example, aluminum,
copper, stainless steel, or other alloys thereof, such as copper/chromium or
aluminum/copper. In one embodiment, the backing plate comprises a copper

chromium alloy, also known as a CuCr alloy.

In one version, the sputtering plate 26 is shaped as a disk 50
and mounted on the backing plate 24, the disk 50 being made of the material
to be sputtered onto the substrate. Typically, the disk 50 comprises a material
that is different from the material of the backing plate 24. For example, the
disk 50 can be composed of a metal, such as for example, aluminum, copper,
cobalt, molybdenum, nickel, palladium, platinum, tantalum, titanium, or
tungsten. The disk 50 comprises a central cylindrical mesa 52 having the
sputtering surface 54 that forms a plane that is paralilel to the blane of the
substrate 104 (FIG. 8). In this version, an inclined rim 56 surrounds the
cylindrical mesa 52, and in use, the inclined rim 56 is adjacent to a sidewall or
shield of a sputtering chamber to define an area therebetween that forms a
convoluted shaped gap which impedes the passage of sputtered plasma
species therethrough to reduce the accumulation of sputtered deposits on
peripheral chamber surfaces. The disk 50 can have a diameter that
corresponds to the diameter of the substrate. In one version, the disk 50 has
a diameter of from about 200 mm to about 320 mm; however, the disk can
have higher diameters depending on the size of the substrate.

In the version shown in FIG. 1A, the front surface 32 of the
circular plate 30 of the backing plate 24 comprises at least one annular
groove 60 that is cut into the thickness of the backing plate 24. The annular
groove 60 is cut to a depth which does not extend all the way to the backside
surface 34 of the backing plate 24. The annular groove 60 also has an axis of
symmetry 62 about the center of the circular plate 30 about which the
magnetic and electrical fields in the chamber are essentially symmetrical.

6
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However, the annular groove 60 can also be asymmetrically shaped if the
magnetic or electrical fields in the chamber are asymmetrical or because of

non-uniform or asymmetric gas density or composition.

The annular groove 60 is shaped and sized to correspond to an
observed region of higher target erosion relative to adjacent target area that is
determined experimentally or by modeling. For example, the location and
shape of the high erosion regions of a target can be previously determined by
mapping the target erosion regions for a plurality of targets (which do not have
the current features) that are run through multiple sputtering processes in a
chamber at pre-selected process conditions. The shape and size of the
annular groove 60 is selected based on the observed erosion grooves. Thus,
the shape and size of the annular groove 60 also varies depending on the
process conditions and other processing parameters used in the chamber and
the geometry of sputtering chamber in which the target 20 is to be mounted.
The configuration of the annular groove 60 can also depend upon the target
material itself, the shape and symmetry of the energy field applied to sputter
material from the target 20, and even the shape of a magnetic field applied
across the target 20 during the sputtering process. Thus, the scope of the
invention should not be limited to shapes of the annular grooves 60 of the

targets 20 shown herein for illustrative purposes.

In one version, the annular groove 60 is a circle that is
symmetric about a center of the circular plate 30 and spaced apart from the
perimeter 64 of the circular plate 30, as shown in FIG. 1A. In one example,
this annular groove 60 comprises a depth of less than about 5 cm, for
example, from about 0.3 cm to about 2 cm, such as about 0.5 cm. The width
of the annular groove 60 is from about 1 cm to about 7.5 cm. The annular
groove 60 also has inner and outer radii, and in one version, the radial
distance between the inner and outer radius is from about 1 to about 5 cm.
Such an annular groove 60 typically corresponds to and matches the shape of
the outer erosion circle formed in a target 20 which is sputtered in a
conventional PVD chamber, such as for example the Endura chamber,
available from Applied Materials, Inc, Santa Clara, California. The process
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conditions typically include process pressures within the chamber ranging
from about 0.5 to 3.5 mT of pressure from Ar or a mixture of Ar/N2 process
gasses and deposition powers from of between about 1kW and about 40 kW.

Optionally, in this version, the backside surface of the disk 50 of
the sputtering plate 26 can also have a circular ridge 76 that is shaped and
sized to fit within the annular groove 60 of the circular plate 30 of the backing
plate 24. The circular ridge 76 has an inner radius and an outer radius that
match the inner and outer radius of the annular grooves 60 in the circular
plate 30. In use, the circular ridge 76 provides excess sputtering material for
sputtering by the sputtering plasma. When the sputtering target 20 is eroded
excessively at the regions 78 overlying the circular ridges 76, the sputtering
material in the circular ridges 76 provides additional sputtering material for
sputtering in the sputtering chamber. In this manner, the circular ridges 76 of
additional sputtering material extends the lifetime of the target 20 by allowing
continued use of the target 20 even when deep grooves with depths
extending to the thickness of the backside surface of the sputtering plate 26
are formed. The circular ridges 76 effectively increase the thickness of the
sputtering plate 26 behind the grooved regions to provide excess material
which precludes the erosion groove from penetrating the sputtering plate 26 at

these regions.

The circular ridge 76 of the sputtering plate 26 can also be used
to change the electromagnetic properties of the sputtering target 20 at this
region when the circular ridges 76 are formed from a second material that is
different than the first material used to form the backing plate 24. The second
material is selected to alter the electrical or magnetic properties at these
regions to thereby also change the eddy currents at these regions.

In another version, the backing plate 24 comprises a circular
plate 30 with a front surface 32 having a plurality of annular grooves 60 which
are concentric to one another and centered about the axis 62 of the target 20,
as shown in FIGS. 2A and 2B. For example, the circular plate 30 can have

annular grooves 60 that number from about 1 to about 6. In the example
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shown, fhe circular plate 30 has a radially inner annular groove 60a and a
surrounding outer annular groove 60b. The annular grooves 60a,b are
separated by circular mesas 68a-c that extend around or are between, each
of the annular grooves 60a,b. In addition, in the version shown, the outer
annular groove 60a has a larger width than the inner annular groove 60b, as
this sputtering target 20 was designed to withstand higher wider erosion

grooves at its peripheral region 70 relative to its central region 72.

In this version, the backside surface of the disk 50 aiso
comprises a plurality of circular ridges 76a,b that each correspond to an
annular groove 60 of the circular plate 30 of the backing plate 24. The circular
ridges 76 provide additional sputtering material which extends the lifetime of
the target 20, by effectively increasing the thickness of the sputtering plate 26
at the regions 78a,b which need increased thickness. In addition, the circular
ridges 76a,b provide a second material that is different than the first material
used to form the backing plate 24 to alter the electrical or magnetic properties
at these regions thereby also changing eddy currents at these regions.

In another version, the sputtering target 20 optionally comprises
a ring 80 comprising a third material that is mounted to the backside surface
34 of the backing plate 24, as shown in FIG. 2A. The backing plate 24 is
made from a first material, the sputtering plate 26 is made of a second
material, and the ring 80 is made from a third material that is a different
material than the first and second materials. In this version, the ring 80 is
attached to the backing plate 24 by an adhesive, diffusion bond, or even
formed directly on the plate by electro-deposition. In one version, the rihg 80
is mounted to the back surface 34 of the backing plate 24 by solder-bonding
and is further sealed by an inert polymeric coating to protect the ring 80

against corrosion.

In one version, the ring 80 is provided to modify the eddy
currents passing through the backing plate 24 by selecting a material for the
ring 80 that has different electromagnetic characteristics than the material of
the backing plate 24. The ring material is chosen to control the magnitude of
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the eddy current by selecting a material based on its relative magnetic
permeability (u) and the electrical conductivity (o) of the material. Depending
on the application, the ring material can be (i) diamagnetic with a relative
permeability that is slightly less than 1 (where 1 denotes the relative
permeability of free space) such as for example, silver; (ii) paramagnetic with
a relative permeability slightly higher than 1, such as for example aluminum;
or (iv) fefromagnetic with a relative permeability that is much larger than 1,
such as nickel which has a relative magnetic permeability, p, of approximately
100; iron with a u of about 200; steel; iron-nickel-chromium alloy; and “Mu-
metal” which has a p of 20000.

In one version, the backing plate 24 comprises a first material
that is CuCr alloy, CuZn alloy, or aluminum, the sputtering plate 26 is made of
a second material such as tantalum, titanium, nickel, or aluminum; and the
ring 80 is made from a third material comprising nickel, stainless steel, or
aluminum. When the ring 80 comprises a ferromagnetic material such as
nickel or stainless steel, and the backing plate comprises a paramagnetic
material such as aluminum, the ring 80 modifies the eddy currents in the
backing plate 24 to increase the eddy current in the plate 24 and thereby
create a net lower magnetic field about the sputtering plate 26 which results in
less erosion in the region 78a of the sputtering plate 26 which is directly over
the ring 80. When the ring 80 comprises a paramagnetic material such as
aluminum, the ring 80 modifies the eddy currents in the backing plate 24 to
reduce their values, and thereby achieve higher erosion rates in the region
78a of the sputtering plate 26 which is directly over the ring 80. The
magnitude of the eddy current in the ring 80 can also be controlied by the
selecting the electrical conductivity of the ring material because eddy current

is proportional to electrical conductivity.

Another way of modifying the magnetic field about portions of
the sputtering target, such as the sputtering plate 26, is to make the ring 80 of
a material having an electrically conductivity that is different than the electrical

conductivity of the material of the backing plate 24. For example, a ring 80

10
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comprising copper (which has a conductivity of 5.95 nOhm-cm) will have a
higher conductivity, and consequently a higher eddy current, than a backing
plate 24 of aluminum (which has a conductivity of 3.7 nOhm-cm). This
generates higher eddy currents in the ring 80 (relative to a ring 80 made from
a lower conductivity material or no ring at all) which would cause a stronger
magnetic field about portions of the target 20, resulting in controllably higher

erosion rates at those portions.

In another version, as shown in FIG. 3, a plurality of rings 80a,b
comprising a third material is attached to the grooves 60a,b of the circular
plate 30 of the backing plate 24 to modify the eddy currents passing through
the backing plate 24. The rings 80a,b can rest in the annular grooves 60a,b
without being attached to the grooves or can be bonded to the annular
grooves. In one version, the rings 80a,b are attached within the annular
grooves 60a,b of the backing plate 24 by an adhesive, diffusion bond, or
electro-deposition. Removal of the rings 80a,b simply requires dissolving the
adhesive with a solvent. While a plurality of rings 80a,b are shown, it should
be understood that only a single one of the rings 80a or 80b can also be used
in this target 20. Also, in the version shown, the rings 80a,b are shown as
placed within the annular grooves 60a,b of the backing plate 24, and between
the surface of the annular grooves 60a,b and the circular ridges 76a,b of the
sputtering plate 26. However, the rings 80a,b can also be placed on a flat
front surface 32 that is without grooves, or even placed on the mesas
between the annular grooves 60a,b. The rings 80a,b reduce eddy currents
that otherwise occur in the grooves 60a,b this region of a solid conventional
backing plate 24 thereby also reducing excessive erosion of the sputtering
plate 26 at these regions. To modify the eddy currents, the rings 80a,b are
made of a different metal that the sputtering material or the backing plate
material. In one example, when the sputtering plate 26 is made from
aluminum, and the backing plate 24 is composed of aluminum, a suitable ring
80 is made from stainless steel. The ring 80 can be a circular ring with an

inner diameter that is less than about 10cm, for example, from about 10 cm to

11
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about 20 cm.

In another version, a plurality of rings 80a-d composed of a
different material than the backing plate 24 are embedded within the circular
plate 30 of the backing plate 24 as shown in FIG. 4. The rings 80a-d can also
comprise a plurality of annular layers of the same material or a different
material. In this version, the rings 80a-d are placed inside the backing plate
24 itself. In this version, the plurality of rings 80a-d are mounted in two planes
with each of the sets of rings 80a,b and 80c¢,d having a different inner
diameter, so that the sets of rings are concentric to one another. In another
version, a plurality of rings 80a-d are mounted in a single plane (not shown)
with each annular ring having a different inner diameter, so that the rings are

all concentric to one another.

In another version, the ring 80 can be shaped as a band 90 that
has a height and a thickness wherein the height of the band 90 is greater than
the thickness of the band 90, as shown in FIG. 5. The band 90 comprises a
circular structure having an inner sidewall and an outer sidewall wherein the
sidewalls are substantially vertical. The band 90 can be a monolithic structure
or can comprise one or more strands of wire that are coiled to make a band-
shaped coil. In one embodiment a groove is machined into the backing plate
and the band 90 is then embedded therein. However other configurations are
possible for example the band 90 can be partially embedded in the backing
plate 24 and partially embedded in the sputtering plate 26 or the band 90 can
be affixed to the backside surface of the backing plate 24 and extend
vertically upwards from the backside surface of the backing plate 24. The
eddy current within the band 90 is bounded by the band's geometry. Because
the band 90 provides more material at a given radius, as compared to a more
horizontal ring shape, the band 90 will have a lower resistance to current at a
given radius. Consequently, an eddy current through the band 90 results in a
magnetic field affect that is more concentrated about the radius of the band
90. This can be useful when the band 90 is used to modify a magnetic field
that has large gradients in magnetic strength across the face of the target 20.
In one version the ring 80 comprises a band 90 having a thickness of between

12
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about 0.1 cm and about 0.6 cm and a height of between about 0.5 cm and

about 2.5 cm.

The ring 80 can also comprise a spiral-shaped plate 92 that is
embedded in the backing plate 24 as shown in FIG. 6A and 6B. The spiral-
shaped plate 92 comprises a curved planar metal strip. The curved metal
strip emanates from a central point 84, getting progressively farther away as it
revolves around the point 84. In one version, described using polar
coordinates, the radius r between the central point 84 and the radially inner
edge of the metal strip can be described as a continuous monotonic function
of angle 8. In the version shown, the central point 84 is located about the
center of the backing plate 24. The spiral-shaped plate 92 can have a vertical
thickness of between about 0.2 and about 0.6 cm and can be embedded in
the backing plate 24, or partially embedded in the backing plate 24 and
partially embedded in the sputtefing plate 26 or the spiral-shaped plate 92 can
be between the sputtering plate 26 and the backing plate 24, or even mounted
to the backside surface of the backing plate 24. The spiral-shaped plate
provides an electrically conductive pathway that can be shaped to vary in total
length with respect to radius to compensate for the radially varying linear
velocity of the rotating magnets that generate the magnetic field. Note that
the linear velocity of the magnetic portion of each rotating magnet changes
with the length of the circle traveled by the rotating magnet as it rotates. In
one version the plate 92 comprises a vertical thickness of between about 0.1

cm and about 0.6 cm.

In another version the ring 80 is a composite ring 88 comprising
a plurality of nesting rings 86 that are shaped and sized to fit within one
another. For example, the plurality of nesting rings 86 can comprise three
rings 86a-c that have an external profile shaped to fit together to form a
composite ring 88, as shown for example in FIG. 7A and 7B. The outer ring
86a comprises an annular ring having a radially inward ledge 96. The middle
ring 86b comprises an annular ring having a peripheral flange 98a and a
radially inward flange 98b. The inner ring 86¢c comprises an annular ring
having a peripheral ledge 94. The peripheral ledge 94 of the inner ring 86¢

13
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contacts the radially inward flange 98b of the middle ring 86b and the
peripheral flange 98a of the middle ring 86b contacts the radially inward ledge
96 of the outer ring 86a. The rings 86a-c can be bonded to each other

mechanically or by other means such as diffusion bonding.

In one embodiment the rings additionally comprise an alignment
key 89. The alignment key 89 can comprise one or more teeth 91 and one or
more grooves 93 for seating of the teeth 91 as shown for example in FIG. 7B.
The middle ring 86b comprises an outwardly extending tooth 91a for seating
in a groove 93a of the outer ring 86a. The middle ring 86b also comprises an
inwardly extending tooth 91b for seating in an outer groove 93b of the inner
ring 86c. The alignment key 89 allows for the rings 86a-c to be assembled in
a particular orientation and prevents horizontal rotation of the rings 86 after
assembly.

In one version the nesting rings 86a-c are assembled and
bonded together to form a composite ring 88. The pre-bonded composite ring
88 can then be inserted into a groove in the backing plate 24 and fastened to
the plate 24 by bonding, clamping or bolting. A prefabricated or pre-bonded
composite ring 88 simplifies the fastening process because the composite ring
assembly can be fastened to the backing plate 24 by one method or via one
set of drilled screw holes rather than requiring independent fastening of each
ring 86. Different configurations are also possible such as for example the
nesting rings 86a-c can be partially embedded in the backing plate 24 and
partially embedded in the sputtering plate 26 or the nesting rings 86a-c can be
affixed to the backside surface of the backing plate 24 and extend vertically
upwards from the backside surface of the backing plate 24. In one version,
the composite ring 88 has a diameter of between about 20 and 30 cm and a
thickness of between about 0.5 cm and about 1 cm.

The various configurations of the sputtering target 20 described
herein control the electromagnetic properties of a sputtering target 20 by
changing eddy current or even the magnetic permeability of the target 20. In
doing so, the target 20 exhibits reduced erosion at its surface causing the
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erosion grooves that occur in conventional targets to be reduced in thickness.
In addition, the sputtering target 20 has increased thicknesses of sputtering
material at the locations of the erosion grooves, so that even if erosion
grooves are formed, the target 20 can be continued to be used for a longer
time period without sputtering through to the backing plate 24. In this manner,
the present sputtering target embodiments provide enhanced life and usage

time in sputtering chambers.

The sputtering targets 20 described herein are mounted in a
sputtering apparatus 100 comprising a sputtering chamber 102 with enclosure
walls 103. The sputtering target 20 is mounted to face a substrate 104 resting
on a substrate support 106 in a process zone 108 as shown in FIG. 8. The
chamber 100 can be a part of a multi-chamber platform (not shown) having a
cluster of interconnected chambers connected by a substrate transfer
mechanism, such as a robot arm, that transfers substrates 104 between the
chambers 100. In the version shown, the process chamber 100 comprises a
sputter deposition chamber, also known as a physical vapor deposition (PVD)
chamber, which is capable of sputter depositing material such as for example,
one or more of aluminum, copper, tantalum, titanium and tungsten or other

materials, on a substrate 104.

The substrate support 106 comprises a pedestal 110 having a
substrate receiving surface 112 with a plane substantially parallel to and
facing a the sputtering surface 54 of the overhead sputtering target 20. The
pedestal 110 may include an electrostatic chuck or a heater, such as an
electrical resistance heater or heat exchanger. In operation, a substrate 104
is introduced into the chamber 100 through a substrate loading inlet (not
shown) in the sidewall 114 of the chamber 100 and is placed on the substrate
support 130. The support 110 can be lifted or lowered by support lift bellows
and a lift finger assembly can be used to lift and lower the substrate 104 onto
the support 110 during placement of a substrate 104. The pedestal 110 can
be maintained at an electrically floating potential or grounded during plasma

operation.
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The chamber 100 further comprises a process kit 120
comprising various components that can be easily removed from the chamber
100, for example, to clean sputtering deposits off the component surfaces,
replace or repair eroded components, and/or to adapt the chamber 100 for
other processes. In one version, the process kit 120 comprises a shield 122
and a ring assembly 124. The shield 122 comprises a cylindrical band 128
having a diameter sized to encircle the sputtering surface 54 of the sputtering
target 20 and the substrate support 106. The cylindrical band 128 terminates
in a U-shaped channel 130 that surrounds the substrate support 106. The
shield 122 also comprises a support ledge 132 that extends radially outward
from the cylindrical band 214 to support the shield in the chamber 102. The
entire shield 122 can be made from conducting materials such as 300 series
stainless steel, or as in one version, aluminum. The shield can also be
electrically grounded as shown. The ring assembly 124 is placed about the
substrate support 106 and comprises a deposition ring 134 that is an annular
band surrounding the support and a cover ring 136 that at least partially
covers the deposition ring 134. The deposition ring 134 can be made from
aluminum oxide and the cover ring 134 made from a material such as
stainless steel, titanium or aluminum, or even a ceramic material, such as

aluminum oxide.

The chamber 102 can further comprise a magnetic field
generator 140 that generates a magnetic field 145 near the sputtering surface
54 of the target 20 to increase an ion density in a high-density plasma region
adjacent to the target 20 to improve the sputtering of the target material. The
magnetic field generator 140 comprises a plurality of rotatable magnets (not
shown) which are positioned about the backside surface of the backing plate
24 of the target 20. The magnetic field generator 140 comprises a motor 144
mounted on an axle 146 which rotates the magnets. The magnetic field acts
on the plasma and causes the energetic ions of the ionized gas to spiral along
the field lines. By controlling the strength and shape of the magnetic field, the
magnetic field assembly 140 can be used to control the flux of particles onto
the surface of the target, and the uniformity with which the target is eroded
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away. A magnetic field generator 140 is described, for example, in U.S.
patent no. 6,183,614 to Fu, entitled “Rotating Sputter Magnetron Assembly”;
and U.S. patent no. 6,274,008 to Gopalraja et al., entitled “Integrated Process
for Copper Via Filling,” both of which are incorporated by reference herein in

their entireties.

In operation, process gas is introduced into the chamber 102
through a gas supply 150 that includes process gas sources 152a,b, which
are connected by conduits 154a,b having gas flow control valves 156a,b, such
as mass flow controliers. The pressure in the chamber 102 is controlled by
controlling the flow of gas to the chamber using the gas flow control valves
156a,b. The conduits 154a,b feed a gas distributor 158 which has at least
one gas outlet 160 in the chamber. In one version, the gas outlet 160 is
located about a periphery of the substrate 104. Typically, the pressure of the
sputtering gas in the chamber 102 is several orderé of magnitude below

atmospheric levels.

The process gas is energized to process the substrate 104 by a
gas energizer 160 that couples energy to the process gas in the process zone
108 of the chamber 102. For example, the gas energizer 154 may comprises
process electrodes, that may be powered by a power supply to energize the
process gas. The process electrodes m‘ay include an electfode thatis orisin
a wall, such as a sidewall 103, shield 120 or support 106 of the chamber 102,
that may be capacitively coupled to another electrode, such as the target 20
above the substrate 104. The target 20 is electrically biased with respect to
the other components to energize the process gas and sputters material from
the target 20 onto the substrate 104 by a power supply 162.. The resultant
plasma formed in the zone 108 energetically impinges upon and bombards
the sputtering surface 54 of the target 20 to sputter material off the surface
onto the substrate 104.

Process gas is removed or exhausted from the chamber 102
through an exhaust system 170. The exhaust system 170 comprises an
exhaust port 172 in the chamber 102 that is connected to an exhaust conduit
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174 leading to an exhaust pump 176. In one version, the exhaust pump
comprises a cryogenic pump having a pump inlet (not shown) that is designed
to maintain a constant pumping speed for a given mass flow of process gas.

The chamber 100 is controlled by a controller 1800 that
comprises program code having instruction sets to operate components of the
chamber 100 to process substrates 104 in the chamber 100. For example,
the controller 180 can comprise program code that includes substrate
positioning instruction sets to operate the substrate support 106 and a
substrate transfer mechanism; gas flow control instruction sets to operate gas
flow control valves to set a flow of sputtering gas to the chamber 100; gas
pressure control instruction sets to maintain a pressure in the chamber 100;
gas energizer control instruction sets to operate the gas energizer 160 to set a
gas energizing power level, magnetic field generator instruction sets to
operate the magnetic field generator 140; temperature control instruction sets
to control a temperature control system in the support or wall 114 to set
temperatures of various components in the chamber 100; and process
monitoring instruction sets to monitor the process in the chamber 100 via the

process monitoring system 180.

Although exemplary embodiments of the present invention are
shown and described, those of ordinary skill in the art may devise other
embodiments which incorporate the present invention, and which are also
within the scope of the present invention. For example, the ring 80 may be
shaped and distributed differently to correspond to the magnetic field shape of
other magnet systems. The backing plate 24 may comprise other materials or
shapes than the exemplary ones described herein. For example, the
sputtering target may be square or rectangular for the fabrication of display
panels. Furthermore, relative or positional terms shown with respect to the
exemplary embodiments are interchangeable. Therefore, the appended
claims should not be limited to the descriptions of the preferred versions,

materials, or spatial arrangements described herein to illustrate the invention.
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What is claimed is:

1. A sputtering target for a sputtering chamber, the

sputtering target comprising:

(a) a backing plate comprising a circular plate having
a front surface and a back surface, the front surface comprising an annular
groove; and

(b) a sputtering plate mounted on the backing plate,
the sputtering plate comprising a disk comprising a sputtering surface and a
backside surface having a circular ridge that is shaped and sized to fit into the

annular groove.

2. A target according to claim 1 wherein the sputtering plate
comprises an annular groove that is shaped and sized to correspond to an
observed region of higher target erosion relative to an adjacent area of the
sputtering plate. |

3. A target according to claim 1 wherein the annular groove
comprises at least one of the following properties:

(i) an axis of symmetry about the center of the
circular plate of the backing plate;

(i) the annular groove is a circle that is symmetric
about a center of the circular plate and spaced apart from the perimeter of the
circular plate;

(iii) a depth of less than about 5 cm;

(iv) a depth of from about 0.3 cm to about 2 cm;

(v) a width of from about 1 cm to about 7.5 cm; and

(vi)  the annular groove has an inner radius and an
outer radius, and the difference between the inner and outer radius is from

about 1 to about 5 cm.
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4, A target according to claim 1 wherein the front surface of
the backing plate comprises a plurality of annular grooves, and the backside
surface of the sputtering plate comprises a plurality of circular ridges that are
each shaped and sized to fit into one of the annular grooves of the backing

plate.

5. A target according to claim 1 wherein the backing plate
comprises a first material, the sputtering plate comprises a second material,
and further comprising a ring comprising a third material, the first, second and
third materials being different from one another, and wherein the ring is

positioned in the annular groove.

6. A target according to claim 5 comprising at least one of
the following properties:
(i) the ring is shaped as a band or coil;
(i) the ring is attached to the backing plate by an
adhesive, diffusion bond or electro-deposition; and
(i) a plurality of rings.

7. A sputtering chamber comprising:

(i) the sputtering target of claim 1;

(i) a substrate support facing the sputtering target;

(i)  a magnetic field generator comprising a plurality of
rotatable magnets positioned about the back surface of the backing platei

(iv)  agas distributor to introduce a gas into the
sputtering chamber; and

(v) a gas exhaust port to exhaust gas from the
sputtering chamber.
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8. A method of extending the life of a sputtering target
comprising a sputtering plate mounted on a backing plate, the method
comprising:

(a) providing a backing plate' comprising a first
material,

(b)  forming an annular groove in a surface of the
backing plate; and

(c) filling the annular groove with sputtering material.

9. A method according to claim 8 comprising forming an
annular groove having at least one of the following properties:

(1) the annular groove is shaped and sized to
correspond to an observed region of higher target erosion relative to an
adjacent area of the sputtering plate; and

(i) the annular groove has an axis of symmetry about
the center of the circular plate of the backing plate; and

(i)  annular groove comprises a circle that is

symmetric about a center of the backing plate.

10. A method according to claim 8 comprising:
(i) forming a plurality of annular grooves on a front
surface of the backing plate; and ’
(i) forming on a backside surface of the sputtering
plate, a plurality of circular ridges that are each shaped and sized to fit into

one of the annular grooves of the backing plate.

11. A method according to claim 8 comprising forming the -
backing plate of a first material, the sputtering plate of a second material, and
further comprising forming a ring of a third material, the first, second and third
materials being different from one another, and comprising positioning the ring

in the annular groove.
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12. A sputtering target for a sputtering chamber, the
sputtering target comprising:

(a) a backing plate comprising a circular plate
comprising a first material, the circular plate having a front surface and a back
surface,

(b)  a sputtering plate mounted on the front surface of
backing plate, the sputtering plate comprising a disk comprising a sputtering
surface of second material, and the disk having a backside surface; and

(© a ring mounted to the backside surface of the disk,
the ring comprising a third material,

wherein the first, second, and third materials are different

materials.

13.  Atarget according to claim 12 wherein the first material
comprises at least one of copper, chromium, stainless steel, or aluminum; the
second material comprises; at least one of aluminum, copper, tungsten,
titanium, cobalt, nickel or tantalum and the third material comprises at least

one of nickel, stainless steel, or aluminum.

14. A target according to claim 12 comprising at least one of
the following:
(i) the ring is a band or coil
(i) the ring has an inner diameter of from about 10 to
about 15 cm; and |
(i) a plurality of rings.
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15. A method of controlling the electromagnetic properties of

a sputtering target comprising a sputtering plate mounted on a backing plate,
the method comprising:

(a) providing a backing plate comprising a first
material;

(b)  forming an annular groove in a surface of the
backing plate; and

(c) filling the annular groove with a second material

having different electromagnetic properties than the first material.

16. A method of controlling the electromagnetic properties of
a sputtering target comprising a sputtering plate and a backing plate
comprising a first material, the method comprising mounting a ring to a back
surface of the backing plate, the ring comprising a second material that has
different electromagnetic characteristics from the first material of the backing
plate.

17. A sputtering target for a sputtering chamber, the
sputtering target comprising:
‘ (a) a backing plate comprising a circular plate

composed of a first material;

(b) a sputtering plate mounted on the backing plate,
the sputtering plate comprising a disk comprising a second material; and

(c) a ring comprising a third material within the circular
plate,

wherein the first, second, and third materials are different materials.
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18.  Atarget according to claim 17 further comprising at least
one of the following:
(1) the ring is embedded in a thickness of the circular
plate;
(i) the ring is mounted to a back surface of the disk of
the sputtering plate; or
(i)  a plurality of rings.

19.  Atarget according to claim 17 wherein the first material
comprises at least one of copper, chromium, stainless steel, or aluminum; the
second material comprises at least one of aluminum, copper, tungsten,
titanium, cobalt, nickel or tantalum and the third material comprises at least

one of nickel, stainless steel, or aluminum.

20.  Atarget according to claim 17 wherein the ring comprises
one or more of: '
(a) a band;
(b) a spiral-shaped plate;
(c) a plurality of nesting rings;
(d) a composite ring comprising a plurality of nesting

rings that are bonded together.

21.  Atarget according to claim 20 wherein the nesting rings

comprise an alignment key.
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