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APPARATUS AND METHOD FOR IMPROVED
DARKSPACE GAP DESIGN IN RF
SPUTTERING CHAMBER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional under 35 U.S.C.
§121 of U.S. application Ser. No. 12/723,187, filed Mar. 12,
2010, the disclosure of which is hereby incorporated by ref-
erence in its entirety.

FIELD OF THE INVENTION

[0002] Embodiments of the present invention generally
pertain to the field of physical vapor deposition. More spe-
cifically, embodiments of the invention relate to a method and
apparatus for providing a target design with improved control
of' darkspace gap within a physical vapor deposition chamber.

BACKGROUND

[0003] Sputtering is a physical vapor deposition (PVD)
process in which high-energy ions impact and erode a solid
target and deposit the target material on the surface of a
substrate such as a semiconductor substrate, a specific
example being a silicon wafer. In semiconductor fabrication,
the sputtering process is usually accomplished within a semi-
conductor fabrication chamber also known as a PVD process
chamber or a sputtering chamber.

[0004] A typical semiconductor fabrication chamber has a
target assembly including disc-shaped target of solid metal or
other material supported by a backing plate that holds the
target. Material sputtered from the edges of the target may
contribute to a non-uniform deposition of the material on the
surface of a substrate within the PVD chamber. To promote
uniform deposition, the PVD chamber may have an annular
concentric metallic ring circumferentially surrounding the
disc-shaped target, which is often called a darkspace shield.
The gap between the inner surface of the darkspace shield and
the circumferential surface of the target is typically referred to
as the darkspace gap.

[0005] In many applications, it is preferred that the dark-
space gap be kept large enough to inhibit or prevent electrical
arcing between the target and the darkspace shield, which are
often at different electrical potentials. On the other hand, it is
often preferred that the darkspace gap be kept small enoughto
prevent PVD plasma ignition within the gap and also to
reduce the amount of sputtered material entering the dark-
space gap and depositing onto the circumferential surface of
the target. Such depositions on the target edge may cause
particle contamination on processed semiconductor wafers or
other workpieces. To provide a suitable darkspace gap around
the complete periphery of the target, proper alignment of the
target and the darkspace shield is often needed. In prior sput-
tering chambers, the target and the darkspace shield are typi-
cally each aligned to the chamber body in which the target and
darkspace shield are installed.

[0006] FIGS. 1 and 2 illustrate a prior art arrangement of a
darkspace shield and a target assembly. FIG. 1 is a schematic,
cross-sectional illustration of a prior art a semiconductor
fabrication chamber 100 comprising a chamber body 102 and
a substrate 104 supported by a substrate support 106 within
the chamber body 102. A target assembly 111 includes a
target 112 supported by a backing plate or backing plate 114.
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The target includes a face or sputterable area 120 of disposed
in a spaced relationship with respect to the substrate support
106.

[0007] As shown in FIGS. 1 and 2, a darkspace shield 108
comprising a generally annular shaped metal ring extends
circumferentially around the target 112 and defines a dark-
space gap 116 between the darkspace shield 108 and the edge
of'the target 112. The darkspace shield 108 is held in place in
the chamber by a darkspace shield support 110. In addition to
the vertical darkspace gap 116, a horizontal darkspace gap
118 is defined between the darkspace shield 108 and the
backing plate 114.

[0008] While various solutions have been proposed to
improve alignment of components and control of the dark-
space gap, for example the design described in U.S. Pat. No.
7,097,744, there is still a need for methods and apparatus for
improving control of the darkspace gap in PVD chambers.

SUMMARY

[0009] Accordingly, one or more embodiments of the
invention are directed to apparatus for energizing a plasma by
RF power within a semiconductor fabrication system by to
sputter material from a target onto a substrate, the apparatus
comprising a semiconductor fabrication chamber having a
wall, a target assembly including a backing plate having a
back surface and an outer peripheral front face defining an
inner peripheral edge and a target joined to the backing plate,
the target having a sputterable target surface, the backing
plate having a recessed area bounded by the inner peripheral
edge and the target disposed in the recessed area so that the
backing plate outer peripheral front face and sputterable tar-
get surface are substantially coplanar; an RF power source
coupled to the target assembly; and a conductive darkspace
shield positioned adjacent and vertically spaced from said
target assembly defining a darkspace gap between the target
assembly and the darkspace shield.

[0010] In a specific embodiment, the darkspace gap com-
prises a horizontal gap between the darkspace sheet and the
sputterable target surface. In another specific embodiment,
the target has an outer peripheral edge and the darkspace gap
comprises a vertical space between the inner peripheral edge
of the backing plate and the outer peripheral edge of the
target. In one or more embodiments, the darkspace gap does
not include a vertical gap.

[0011] In one or more embodiments, the vertical space is
defined prior to installation of the target assembly in the
chamber. In specific embodiments, the vertical gap does not
change upon installation of the target assembly in the cham-
ber.

[0012] Another embodiment o the invention pertains to a
target assembly for use in an RF sputtering chamber compris-
ing a backing plate having a back surface and an outer periph-
eral face and a target joined to the backing plate, the target
having a sputterable target surface, the backing plate having a
recessed area bounded by the outer peripheral front face and
the target disposed in the recessed area so that the backing
plate outer peripheral front face and sputterable target surface
are substantially coplanar. In specific embodiments, the target
has an outer peripheral edge and the recessed area is bounded
an inner peripheral edge of the backing plate, and a vertical
space between the inner peripheral edge of the backing plate
and the outer peripheral edge of the target. In one or more
embodiments, there is substantially no gap between the target
and the recessed area. According to one embodiment, the
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vertical space is defined prior to installation of the target
assembly in an RF sputtering chamber.

[0013] Another aspect of the invention pertains to a method
for manufacturing a target assembly for use in an RF sputter-
ing chamber comprising providing a backing plate having a
back surface, a front peripheral face defining an inner periph-
eral edge and a recessed area having a shape bounded by the
inner peripheral edge; providing a target having substantially
the same shape as the recessed area, the target having an inner
surface, a sputterable target surface and an outer peripheral
edge; and joining the inner surface of the target to the inner
peripheral face of the backing plate so that the sputterable
target surface is substantially coplanar with the outer periph-
eral face.

[0014] In one or embodiments of the method, a space is
provided between the outer peripheral edge of the target and
inner peripheral edge of the backing plate to define a gap. In
specific embodiments, no space is provided between the outer
peripheral edge of the target and inner peripheral edge of the
backing plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A more particular description of the invention,
briefly summarized above, may be had by reference to the
embodiments thereof that are illustrated in the appended
drawings. It is to be noted, however, that the appended draw-
ings illustrate only typical embodiments of this invention and
are therefore not to be considered limiting of its scope, for the
invention may admit to other equally effective embodiments.
[0016] FIG.1is aschematic cross-sectional view of a prior
art semiconductor fabrication chamber;

[0017] FIG. 2 is a partial, enlarged schematic cross-sec-
tional view of a portion of a prior art semiconductor fabrica-
tion chamber;

[0018] FIG. 3 isaschematic cross-sectional view ofa semi-
conductor fabrication chamber in accordance with a first
embodiment; and

[0019] FIG. 4 a schematic cross-sectional view of a semi-
conductor fabrication chamber in accordance with a second
embodiment.

DETAILED DESCRIPTION

[0020] Before describing several exemplary embodiments
of'the invention, it is to be understood that the invention is not
limited to the details of construction or process steps set forth
in the following description. The invention is capable of other
embodiments and of being practiced or being carried out in
various ways.

[0021] Asbestseenin FIG. 2, lack of control of the width of
the darkspace gap 116 in prior art target and shield designs
can allow plasma 122 to penetrate into the darkspace gap,
causing sputtering of backing plate 114 and/or darkspace
shield 108 materials. This is believed to be less of a problem
with DC PVD of conductors, since proper magnet design can
limit plasma penetration into the gap. For radio frequency
(RF) PVD, however, it is much more difficult to control the
plasma penetration with a magnetic field. This penetration
and sputtering of the backing plate and darkspace shield can
lead to unacceptable contamination amounts in films, espe-
cially for metal gate applications. Reducing the size of the
darkspace gap is difficult, because due to manufacturing tol-
erances, a larger gap size facilitates easy assembly and
replacement of the target and darkspace shield.
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[0022] Inaccordance with one aspect of the present inven-
tion, a chamber with an improved darkspace shield and a
target assembly arrangement is provided. FIG. 3 is a sche-
matic, cross-sectional illustration of a semiconductor fabri-
cation chamber 200 according to a first embodiment, com-
prising a chamber body 202 and a substrate 204 supported by
a substrate support 206 within the chamber body 202. A target
assembly 211 includes a target 212 supported by a backing
plate 214. The target includes sputterable area 220 of dis-
posed in a spaced relationship with respect to the substrate
support 206.

[0023] Itwill be appreciated from FIG. 3 that backing plate
214 includes a recessed area defined by an outer peripheral
front face 226 surrounding inner peripheral face 224. Specifi-
cally, the recessed area is bounded by an inner peripheral edge
215 of the backing plate. Thus, the thickness of the backing
plate 214 is greater at the outer peripheral front face than at the
inner peripheral face. In one or more embodiments, the
recessed area will typically have the same shape as the target
212, and the target 212 is fitted into the recessed area. Thus,
contrary to prior art designs, the sputterable area or face 220
of'the target 212 lie in the same plane as the portion of the face
of the backing plate, which is the outer peripheral front face
226, adjacent to the darkspace shield 208. Thus, the sputter-
able area or face of target 220 does not extend past the outer
peripheral front face 226 of the backing plate 214. In other
words, the area of the sputterable area 220 or face of the target
212 and the outer peripheral front face 226 of the backing
plate are substantially flush or coplanar in the region adjacent
darkspace shield 208.

[0024] Still referring to FIG. 3, the darkspace shield 208
comprises a generally annular shaped metal ring that extends
circumferentially around the outer periphery of the face or
sputterable area 220 of the target 212. However, since the
target 212 is installed in the recess of the backing plate 214, so
that the front face of the backing plate 214, and the sputterable
area or front face 220 of the target 212 lie in the same plane.
A vertical darkspace gap 216 is defined by a vertical space
between the outer peripheral edge 221 of the target 212 mate-
rial and the recess inner peripheral edge of the backing plate
214. This vertical backspace gap 216 represents the vertical
portion ofthe darkspace. Since the vertical darkspace gap 216
is defined during target 212 and backing plate 214 manufac-
turing, tolerances can be kept much smaller than ifthe vertical
darkspace gap is defined by the target and shield during
installation as with current designs. Thus, the vertical dark-
space gap 216 is defined prior to installation of the target
assembly in the chamber, and the vertical gap does not change
orremains constant upon installation of the target assembly in
the chamber. In addition, the horizontal darkspace gap 218 of
the darkspace is still defined by the target/shield gap, but in
the new design, tolerances can be kept smaller, thus reducing
the overall darkspace gap distance.

[0025] Reference is now made to FIG. 4, which is a sche-
matic, cross-sectional illustration of a semiconductor fabri-
cation chamber 200 according to a second embodiment, com-
prising a chamber body 202 and a substrate 204 supported by
a substrate support 206 within the chamber body 202. A target
assembly 211 includes a target 212 supported by a backing
plate or backing plate 214. The target includes sputterable
area 220 of disposed in a spaced relationship with respect to
the substrate support 206.

[0026] Like the embodiment shown in FIG. 3, the dark-
space shield 208 comprises a generally annular shaped metal
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ring that extends circumferentially around the outer periphery
of'the face or sputterable area 220 of the target 212. However,
since the target 212 is installed in the recess of the backing
plate 214, so that the front face of the backing plate 214, and
the sputterable area or front face 220 of the target 212 lie in the
same plane. However, in the embodiment shown in FI1G. 4, the
vertical darkspace has been substantially eliminated, as the
target 212 and backing plate 214 recesses are manufactured to
a tolerance such that the target 212 snugly fits within the
recess. Since the vertical darkspace gap 216 is eliminated, the
problems mentioned above with respect to prior art designs
are substantially reduced or eliminated. The horizontal dark-
space gap 218 of the darkspace is still defined by the target/
shield gap, but in the new design, tolerances can be kept
smaller, thus reducing the overall darkspace gap distance.
[0027] Thus, by better controlling and/or eliminating the
vertical darkspace gap, better control of full face erosion can
be achieved. In the case of a film which does not suffer from
stress related flaking, it would be possible to employ the
design depicted in FIG. 4. The vertical gap shown in FIG. 3
can be utilized with a shield and magnet, to accurately define
the radial extent of erosion. Thus, the darkspace gap can be
made small enough to inhibit PVD plasma ignition within the
darkspace gap to reduce the amount of sputtered material
entering the darkspace gap.

[0028] Itwill be appreciated that the target is usually joined
to the backing plate by welding, brazing, mechanical fasten-
ers or other suitable joining techniques. The backing plate can
be fabricated from a high strength, electrically conductive
metal in electrical contact with the target. The target backing
plate may also be formed together as a unitary or integral
structure.

[0029] During operation of the semiconductor fabrication
chamber the target and the backing plate 114 are often both
electrically biased by a radio frequency (RF) power source at
a high negative voltage to attract ions to the target sputter
surface 220 to sputter material from the target 212. These ions
impact the surface 220 of the target and eject the material of
the target 212, atom by atom or in clusters of target material
atoms. The sputtered metal deposits on the substrate 204 and
forms a solid layer of metal. This layer may be patterned and
etched or followed by bulk metal deposition to form intercon-
necting layers in a semiconductor wafer

[0030] In contrast to the target 212, the darkspace shield
208 may be at earth potential, may be floating electrically or
may be biased to a relatively small voltage. Therefore, there is
typically a large potential difference between the target 212
and the darkspace shield 208. Consequently, the target 212
and backing plate 214 are usually electrically isolated from
the darkspace shield 208 such that a direct electrical connec-
tion between darkspace shield and either the target or the
backing plate through the chamber walls is often avoided.
Such isolation may be provided by the shield support 210
which can electrically isolate the shield 208 from the chamber
walls. Other isolators can be provided between the backing
plate 214 and the chamber walls.

[0031] Reference throughout this specification to “one
embodiment,” “certain embodiments,” “one or more embodi-
ments” or “an embodiment” means that a particular feature,
structure, material, or characteristic described in connection
with the embodiment is included in at least one embodiment
of'the invention. Thus, the appearances of the phrases such as
“in one or more embodiments,” ““in certain embodiments,” “in
one embodiment” or “in an embodiment” in various places

Jun. 4, 2015

throughout this specification are not necessarily referring to
the same embodiment of the invention. Furthermore, the par-
ticular features, structures, materials, or characteristics may
be combined in any suitable manner in one or more embodi-
ments.

[0032] Although the invention herein has been described
with reference to particular embodiments, it is to be under-
stood that these embodiments are merely illustrative of the
principles and applications of the present invention. It will be
apparent to those skilled in the art that various modifications
and variations can be made to the method and apparatus of the
present invention without departing from the spirit and scope
of'the invention. Thus, itis intended that the present invention
include modifications and variations that are within the scope
of'the appended claims and their equivalents.

What is claimed is:

1. A method for manufacturing a target assembly for use in
an RF sputtering chamber comprising:

providing a backing plate having a back surface, a front

peripheral face defining an inner peripheral edge and a
recessed area having a shape bounded by the inner
peripheral edge;

providing a target having substantially the same shape as

the recessed area, the target having an inner surface, a
sputterable target surface and an outer peripheral edge;
and

joining the inner surface of the target to the inner peripheral

face of the backing plate so that the sputterable target
surface is substantially coplanar with the outer periph-
eral face.

2. The method of claim 1, wherein a space is provided
between the outer peripheral edge of the target and inner
peripheral edge of the backing plate to define a gap.

3. The method of claim 1, wherein no space is provided
between the outer peripheral edge of the target and inner
peripheral edge of the backing plate.

4. A method for manufacturing a target assembly for use in
an RF sputtering chamber comprising:

installing a target comprising a sputterable target surface, a

top surface, and an outer peripheral edge into a recess of
a backing plate, wherein the backing plate comprises an
outer peripheral front face, an inner peripheral face, an
inner peripheral edge, and a top surface, wherein the
recessed area is bounded by the inner peripheral edge
and the inner peripheral face, and wherein the sputter-
able target surface and the outer peripheral front face lie
in the same plane when installed.

5. The method of claim 4, which further comprises joining
the outer peripheral edge of the target to the inner peripheral
face of the backing plate by welding, brazing, mechanical
fastening, or a combination thereof.

6. The method of claim 4, wherein the target fits snugly into
the recess, such that a vertical darkspace gap is eliminated.

7. The method of claim 4, wherein the recess of the backing
plate completely surrounds the top surface and the outer
peripheral edge of the target except for the sputterable target
surface.

8. The method of claim 4, wherein the backing plate is
fabricated from an electrically-conductive metal.

9. The method of claim 4, wherein the target has a shape
substantially the same as a shape of the recessed area.

10. A method for manufacturing a target assembly for use
in an RF sputtering chamber comprising:
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fabricating a unitary backing plate comprising an outer
peripheral front face and a recessed area, wherein the
recessed area is bounded by an inner peripheral edge and
an inner peripheral face;

installation of a target comprising a sputterable target sur-

face, a top surface, and an outer peripheral edge into the
recessed area of the baking plate, wherein the target has
a shape substantially the same as a shape of the recessed
area; and

joining the outer peripheral edge of the target to the inner

peripheral face of the backing plate by welding, brazing,
mechanical fastening, or a combination thereof.

11. The method of claim 10, wherein the target fits snugly
into the recessed area, such that a vertical darkspace gap is
eliminated, and the sputterable target surface and the outer
peripheral front face lie in the same plane.

#* #* #* #* #*
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