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WAFER PROCESSING DEPOSITION 
SHIELDING COMPONENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit of U.S. Provisional 
Patent Application Ser. No. 61/045,556, filed Apr. 16, 2008, 
and U.S. Provisional Patent Application Ser. No. 61/049,334, 
filed Apr. 30, 2008, both of which are herein incorporated by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003 Embodiments described herein generally relate to 
components for a semiconductor processing chamber, a pro 
cess kit for a semiconductor processing chamber, and a semi 
conductor processing chamber having a process kit. More 
specifically, embodiments described herein relate to a process 
kit that includes a ring assembly and multiple shields Suitable 
for use in a physical vapor deposition chamber. 
0004 2. Description of the Related Art 
0005. In the manufacture of integrated circuits and dis 
plays, a Substrate Such as a semiconductor wafer or display 
panel, is placed in a Substrate processing chamber and pro 
cessing conditions are set in the chamber to deposit or etch 
material on the Substrate. A typical process chamber com 
prises chamber components that include an enclosure wall 
that encloses a process Zone, a gas Supply to provide a process 
gas in the chamber, a gas energizer to energize the process gas 
to process the Substrate, a gas exhaust to remove spent gas and 
maintain a gas pressure in the chamber, and a substrate Sup 
port to hold the substrate. Such chambers can include, for 
example, sputtering (PVD), chemical vapor deposition 
(CVD), and etching chambers. In PVD chambers, a target is 
sputtered by energized gas to Sputter target material which 
then deposits on the Substrate facing the target. 
0006. In sputtering processes, the material sputtered from 
the target also deposits on the edges of chamber components 
Surrounding the target which is undesirable. The peripheral 
target regions have a dark-space region in which sputtered 
material redeposit as a result of ion scattering in this area. 
Accumulation and build-up of the sputtered material in this 
region is undesirable as such accumulated deposits require 
disassembly and cleaning or replacement of the target and 
Surrounding components, can result in plasma shorting, and 
can cause arcing between the target and the chamber wall. 
These deposits also often debond and flake off due to thermal 
stresses to fall inside and contaminate the chamber and its 
components. 
0007. A process kit comprising a shield, cover ring and 
deposition ring arranged about the Substrate Support and 
chamber sidewalls, is often used to receive the excess sput 
tered material to protect and prevent deposition on the cham 
ber walls and other component surfaces. Periodically, the 
process kit components are dismantled and removed from the 
chamber for cleaning off accumulated deposits. Thus it is 
desirable to have process kit components which are designed 
to receive and tolerate ever larger amounts of accumulated 
deposits without sticking to each other or to the Substrate, or 
resulting in flaking off of the deposits between process clean 
cycles. It is further desirable to have a process kit comprising 
fewer parts or components, as well as having components that 
are shaped and arranged in relationship to one another to 

Oct. 22, 2009 

reduce the amounts of sputtered deposits formed on the inter 
nal Surfaces of the process chamber. 
0008 Another problem arises when the chamber liners 
and shields heat up to excessively high temperatures due to 
exposure to the Sputtering plasma in the chamber and poor 
thermal conductivity between the shield and chamber com 
ponents. For example, it is difficult to control the temperature 
of shields made of low thermal conductivity material. The 
thermal resistances at contact interfaces with Supporting 
components, such as adapters, also affect shield tempera 
tures. Low clamping forces between the shield and adapter 
can also give rise to heating up of the shield. Without thermal 
control, the temperature of the shields cycles between idle 
room-temperature conditions and high temperatures during 
sequential Substrate processing. When process deposits of 
high-stress metal are deposited onto the shields and Subjected 
to large temperature Swings, the adhesion of the film to the 
shield as well as the cohesion of the film to itself, can decrease 
dramatically due to, for example, a mismatch of the coeffi 
cients of thermal expansion between the film and the under 
lying shield. It is desirable to reduce the temperatures of 
shields and liners during Substrate processing to reduce flak 
ing of accumulated deposits from the shield Surfaces. 
0009. Another problem with conventional substrate pro 
cessing chamber and PVD processes arises due to poor gas 
conductance from the chamber. A high-conductance gas flow 
pathway is needed to both Supply the necessary process gas 
ses to the process cavity and to properly exhaust spent process 
gas. However, the shields and other chamber components of 
the process kit that line the chamber walls can substantially 
reduce gas conductance flows. Placing apertures in these 
components while increasing gas conductance therethrough, 
also allow line-of-sight sputtering deposits to exit the process 
Zone through the gas conductance holes to deposit on the 
chamber walls. Such holes can also cause plasma leakage 
from within the processing cavity to Surrounding chamber 
regions. Also, chamber components that incorporate Such 
holes have other shortcomings including, but not limited to, 
requirement of additional parts, their relative flimsiness, tol 
erance stack-ups of multiple parts, and poor thermal conduc 
tivity at interfaces. 
0010 Thus it is desirable to have process kit components 
that increase thermal conductivity while reducing the flaking 
of process deposits from component Surfaces. It is further 
desirable to control the temperature of the shields and liners 
so that they do not cycle between excessively high and low 
temperatures during plasma processing. It is also desirable to 
increase overall gas conductance while preventing line-of 
sight deposition outside the process Zone and reduce plasma 
leakage. 

SUMMARY OF THE INVENTION 

0011 Embodiments described herein generally relate to 
components for a semiconductor processing chamber, a pro 
cess kit for a semiconductor processing chamber, and a semi 
conductor processing chamber having a process kit. In one 
embodiment a lower shield for encircling a sputtering target 
and a substrate support is provided. The lower shield com 
prises a cylindrical outer band having a first diameter dimen 
Sioned to encircle the Sputtering Surface of the Sputtering 
target and the Substrate Support, the cylindrical band compris 
ing a top wall that Surrounds a sputtering Surface of a sput 
tering target and a bottom wall that Surrounds the Substrate 
Support, a Support ledge comprising a resting Surface and 
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extending radially outward from the cylindrical outer band, a 
base plate extending radially inward from the bottom wall of 
the cylindrical band, and a cylindrical inner band coupled 
with the base plate and partially Surrounding a peripheral 
edge of the Substrate Support. 
0012. In another embodiment, a deposition ring for encir 
cling a peripheral wall of a Substrate Support in a processing 
chamber is provided. The deposition ring comprises an annu 
lar band for surrounding the peripheral wall of the substrate 
Support, the annular band comprising an inner lip which 
extends transversely from the annular band and is Substan 
tially parallel to the peripheral wall of the substrate support, 
wherein the inner lip defines an inner perimeter of the depo 
sition ring which Surrounds the periphery of the Substrate and 
Substrate Support to protect regions of the Support that are not 
covered by the Substrate during processing to reduce or even 
entirely preclude deposition of Sputtering deposits on the 
peripheral wall, and a V-shaped protuberance that extends 
along a central portion of the band with a first radially inward 
recess adjacent to the inner lip and a second radially inward 
recess on either side of the V-shaped protuberance. 
0013. In yet another embodiment, a cover ring for encir 
cling and at least partially shadowing a deposition ring from 
sputtering deposits is provided. The deposition ring com 
prises an annular wedge comprising a top surface, an inclined 
top surface sloped radially inward and coupled with the top 
Surface having an inner periphery and an outer periphery, a 
bottom Surface to rest upon a ledge of a deposition ring, 
wherein the top surface is substantially parallel to the bottom 
Surface, and a projecting brim coupled with the top Surface by 
the inclined top surface in cooperation with the projecting 
brim block line-of-sight deposition from exiting the interior 
Volume and entering the chamber body cavity, and an inner 
cylindrical band extending downward from the annular 
wedge, the inner cylindrical band having a smaller height than 
the outer cylindrical band. 
0014. In yet another embodiment a process kit for a semi 
conductor processing chamber is provided. The process kit 
comprises a lower shield, a middle shield, and a ring assembly 
positioned about a substrate Support in a processing chamber 
to reduce deposition of process deposits on the internal cham 
ber components and an overhanging edge of the Substrate is 
provided. The lower shield comprises an outer cylindrical 
band having a top wall that Surrounds a sputtering target and 
a bottom wall that Surrounds the Substrate Support, a Support 
ledge, and an inner cylindrical band Surrounding the Substrate 
Support. The ring assembly comprises a deposition ring and a 
cover ring. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 So that the manner in which the above recited fea 
tures of the present invention can be understood in detail, a 
more particular description of the invention, briefly Summa 
rized above, may be had by reference to embodiments, some 
of which are illustrated in the appended drawings. It is to be 
noted, however, that the appended drawings 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. 1 is a simplified sectional view of a semicon 
ductor processing system having one embodiment of a pro 
cess kit described herein; 
0017 FIG. 2 is a partial sectional view of a process kit 
interfaced with a target and adapter of FIG. 1; 
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0018 FIG. 3A is a cross-sectional view of a lower shield 
according to one embodiment described herein; 
(0019 FIG. 3B is a partial sectional view of the lower 
shield of FIG. 3A; 
(0020 FIG.3C is a top view of the lower shield of FIG.3A: 
0021 FIG. 4A is a cross-sectional view of a deposition 
ring according to one embodiment described herein; 
0022 FIG. 4B is a partial sectional view of the deposition 
ring according to one embodiment described herein; 
0023 FIG. 4C is a top view of the deposition ring of FIG. 
4A; 
0024 FIG. 5A is a partial section view of a middle shield 
according to one embodiment described herein; 
(0025 FIG. 5B is a top view of the middle shield of FIG. 
5A: 
0026 FIGS. 6A is a partial sectional view of a cover ring 
according to one embodiment described herein; 
0027 FIG. 6B is a cross-sectional view of the cover ring of 
FIG. 6A, and 
(0028 FIG. 6C is a top view of the cover ring of FIG. 6A. 

DETAILED DESCRIPTION 

0029 Embodiments described herein generally provide a 
process kit for use in a physical deposition chamber (PVD) 
chamber. The process kit has advantageously provided a 
reduction in RF harmonics and stray plasma outside the pro 
cess cavity, which promotes greater process uniformity and 
repeatability along with longer chamber component service 
life. 
0030 FIG. 1 depicts an exemplary semiconductor pro 
cessing chamber 100 having one embodiment of a process kit 
150 capable of processing a substrate 105. The process kit 150 
includes a one-piece lower shield 160, an interleaving cover 
ring 170, a deposition ring 180, and a middle shield 190. In the 
embodiment shown, the processing chamber 100 comprises a 
sputtering chamber, also called a physical deposition or PVD 
chamber, capable of depositing titanium, aluminum oxide, 
aluminum, copper, tantalum, tantalum nitride, tungsten, or 
tungsten nitride on a substrate. Examples of suitable PVD 
chambers include the ALPSR) Plus and SIP ENCORER) PVD 
processing chambers, both commercially available from 
Applied Materials, Inc., Santa Clara, of Calif. It is contem 
plated that processing chambers available from other manu 
factures may also be utilized to perform the embodiments 
described herein. 
0031. The processing chamber 100 includes a chamber 
body 101 having enclosure walls 102 and sidewalls 104, a 
bottom wall 106, and a lid assembly 108 that enclose an 
interior volume 110 or plasma Zone. The chamber body 101 is 
typically fabricated from welded plates of stainless steel or a 
unitary block of aluminum. The sidewalls 104 generally con 
tain a slit valve (not shown) to provide for entry and egress of 
a substrate 105 from the processing chamber 100. A pumping 
port 120 disposed in the sidewalls 104 is coupled to a pump 
ing system 122 that exhausts and controls the pressure of the 
interior volume 110. The lid assembly 108 of the processing 
chamber 100 works in cooperation with the lower shield 160 
that interleaves with the coverring 170, the middle shield 190, 
and an upper shield 195 to confine a plasma formed in the 
interior volume 110 to the region above the substrate. 
0032. A pedestal assembly 124 is supported from the bot 
tom wall 106 of the chamber 100. The pedestal assembly 124 
supports the deposition ring 180 along with the substrate 105 
during processing. The pedestal assembly 124 is coupled to 
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the bottom wall 106 of the chamber 100 by a lift mechanism 
126 that is configured to move the pedestal assembly 124 
between an upper and lower position. Additionally, in the 
lower position, lift pins may be moved through the pedestal 
assembly 124 to space the substrate 105 from the pedestal 
assembly 124 to facilitate exchange of the substrate 105 with 
a wafer transfer mechanism disposed exterior to the process 
ing chamber 100, such as a single blade robot (not shown). A 
bellows 129 is typically disposed between the pedestal 
assembly 124 and the chamber bottom wall 106 to isolate the 
interior volume 110 of the chamber body 101 from the inte 
rior of the pedestal assembly 124 and the exterior of the 
chamber. 
0033. The pedestal assembly 124 generally includes a sub 
strate Support 128 sealingly coupled to a platform housing 
130. The platform housing 130 is typically fabricated from a 
metallic material Such as stainless Steel or aluminum. A cool 
ing plate (not shown) is generally disposed within the plat 
form housing 130 to thermally regulate the substrate support 
128. One pedestal assembly 124 that may be adapted to 
benefit from the invention is described in U.S. Pat. No. 5,507, 
499, issued Apr. 16, 1996 to Davenport et al., which is incor 
porated herein by reference in its entirety. 
0034. The substrate support 128 may be comprised of 
aluminum or ceramic. The Substrate Support 128 has a Sub 
strate receiving surface 132 that receives and supports the 
Substrate 105 during processing, the Substrate receiving Sur 
face 132 having a plane Substantially parallel to a sputtering 
surface 134 of a sputtering target 136. The support 128 also 
has a peripheral wall 138 that terminates before an overhang 
ing edge 107 of the substrate 105. The substrate support 128 
may be an electrostatic chuck, a ceramic body, a heater or a 
combination thereof. In one embodiment, the Substrate Sup 
port 128 is an electrostatic chuck that includes a dielectric 
body having a conductive layer embedded therein. The 
dielectric body is typically fabricated from a high thermal 
conductivity dielectric material Such as pyrolytic boron 
nitride, aluminum nitride, silicon nitride, alumina or an 
equivalent material. 
0035. The lid assembly 108 generally includes the target 
136 and a magnetron 140. The lid assembly 108 is supported 
by the sidewalls 104 when in a closed position, as shown in 
FIG. 1. An isolator ring 142 is disposed between the target 
136 and the upper shield 195 to prevent vacuum leakage 
therebetween and reduce electrical shorts between the cham 
ber walls and the target 136. In one embodiment the upper 
shield 195 comprises a material such as aluminum or stainless 
steel. 
0036. The target 136 is coupled to the lid assembly 108 
and exposed to the interior volume 110 of the processing 
chamber 100. The target 136 provides material which is 
deposited on the substrate during a PVD process. The isolator 
ring 142 is disposed between the target 136 and chamber body 
101 to electrically isolate the target 136 from the chamber 
body 101. In one embodiment, the isolator ring 142 com 
prises a ceramic material. 
0037. The target 136 and pedestal assembly 124 are biased 
relative to each other by a power source 144. A gas, Such as 
argon, is Supplied to the interior Volume 110 from a gas source 
146 via conduits 148. The gas source 146 may comprise a 
non-reactive gas such as argon or Xenon, which is capable of 
energetically impinging upon and sputtering material from 
the target 136. The gas source 146 may also include a reactive 
gas, such as one or more of an oxygen-containing gas and a 
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nitrogen-containing gas, that are capable of reacting with the 
sputtering material to form a layer on a Substrate. Spent 
process gas and byproducts are exhausted from the chamber 
100 through pumping port 120 that receive spent process gas 
and pass the spent process gas to an exhaust conduit 121 
having a throttle valve to control the pressure of the gas in the 
chamber 100. The exhaust conduit 148 is connected to the 
pumping system 122. Typically, the pressure of the Sputtering 
gas in the chamber 100 is set to sub-atmospheric levels, such 
as a vacuum environment, for example, gas pressures of 1 
mTorr to 400 mTorr. Plasma is formed between the substrate 
105 and the target 136 from the gas. Ions within the plasma 
are accelerated toward the target 136 and cause material to 
become dislodged from the target 136. The dislodged target 
material is deposited on the substrate 105. 
0038. The magnetron 140 is coupled to the lid assembly 
108 on the exterior of the processing chamber 100. The mag 
netron 140 includes at least one rotating magnet assembly 
(not shown) that promotes uniform consumption of the target 
136 during the PVD process. One magnetron which may be 
utilized is described in U.S. Pat. No. 5,953,827, issued Sep. 
21, 1999 to Or et al., which is hereby incorporated by refer 
ence in its entirety. 
0039. The chamber 100 is controlled by a controller 196 
that comprises program code having instruction sets to oper 
ate components of the chamber 100 to process substrates in 
the chamber 100. For example, the controller 196 can com 
prise program code that includes a Substrate positioning 
instruction set to operate the substrate support 128; a gas flow 
control instruction set to operate gas flow control valves to set 
a flow of sputtering gas to the chamber 100; a gas pressure 
control instruction set to operate a throttle valve to maintain a 
pressure in the chamber 100; a temperature control instruc 
tion set to control a temperature control system (not shown) in 
the support 128 or sidewall 104 to set temperatures of the 
Substrate or sidewalls 104, respectively; and a process moni 
toring instruction set to monitor the process in the chamber 
1OO. 

0040. A collimator 197 is coupled with the lower shield 
160, thereby grounding the collimator. In one embodiment, 
the collimator may be a metal ring and includes an outer 
tubular section and at least one inner concentric tubular sec 
tion, for example, three concentric tubular sections linked by 
StrutS. 

0041. The chamber 100 also contains a process kit 150 
which comprises various components that can be easily 
removed from the chamber 100, for example, to clean sput 
tering deposits off the component Surfaces, replace or repair 
eroded components, or to adapt the chamber 100 for other 
processes. In one embodiment, the process kit 150 comprises 
a lower shield 160, a middle shield 190, and a ring assembly 
202 for placement about a peripheral wall 138 of the substrate 
support 128 that terminates before an overhanging edge 107 
of the substrate 105. As shown in FIG. 2, the ring assembly 
202 comprises the deposition ring 180 and the cover ring 170. 
The deposition ring 180 comprises an annular band 402 sur 
rounding the support 128. The cover ring 170 at least partially 
covers the deposition ring 180. The deposition ring 180 and 
the cover ring 170 cooperate with one another to reduce 
formation of sputter deposits on the peripheral wall 138 of the 
support 128 and the overhanging edge 107 of the substrate 
105. 

0042. The lower shield 160 encircles the sputtering sur 
face 134 of the sputtering target 136 that faces the substrate 



US 2009/0260982 A1 

support 128 and the peripheral wall 138 of the substrate 
support 128. The lower shield 160 covers and shadows the 
sidewalls 104 of the chamber 100 to reduce deposition of 
sputtering deposits originating from the Sputtering Surface 
134 of the sputtering target 136 onto the components and 
surfaces behind the lower shield 160. For example, the lower 
shield 160 can protect the surfaces of the support 128, the 
overhanging edge 107 of the substrate 105, sidewalls 104 and 
bottom wall 106 of the chamber 100. 

0043 FIGS. 3A and 3B are partial sectional views of a 
lower shield according to one embodiment described herein. 
FIG.3C is atop view of the lower shield of FIG.3A. As shown 
in FIG. 1 and FIGS.3A-3C, the lower shield 160 is of unitary 
construction and comprises a cylindrical outer band 310 hav 
ing a diameter dimensioned to encircle the Sputtering Surface 
134 of the sputtering target 136 and the substrate support 128. 
The cylindrical outer band 310 has a top wall 312 that sur 
rounds the sputtering surface 134 of the sputtering target 136. 
A support ledge 313 extends radially outward from the top 
wall 312 of the cylindrical outer band 310. The support ledge 
313 comprises a resting surface 314 to rest upon a first annular 
adapter 172 surrounding the sidewalls 104 of the chamber 
100. The resting surface 314 may have a plurality of slots 
shaped to receive a pinto align the lower shield 160 to the first 
annular adapter 172. 
0044 As shown in FIG.3B, the top wall 312 comprises an 
inner periphery 326 and an outer periphery 328. The outer 
periphery 328 extends to form a sloped step 330. The sloped 
step 330 is angled radially outward between about 5 degrees 
and about 10 degrees from vertical, for example, about 8 
degrees from Vertical. In one embodiment, the inner periph 
ery 326 is angled radially inward between about 2 degrees and 
about 5 degrees, for example, about 3.5 degrees from vertical. 
0045. The first annular adapter 172 supports the lower 
shield 160 and can serve as a heat exchanger about the side 
wall 104 of the substrate processing chamber 100. The first 
annular adapter 172 and shield 160 form an assembly that 
allows for better heat transfer from the shield 160 to the 
adapter 172 and which reduces thermal expansion stresses on 
the material deposited on the shield. Portions of the shield 160 
can become excessively heated by exposure to the plasma 
formed in the Substrate processing chamber, resulting in ther 
mal expansion of the shield and causing Sputtering deposits 
formed on the shield to flake off from the shield and fall upon 
and contaminate the substrate 105. The first adapter 172 has a 
contact surface 174 that contacts the resting surface 314 of the 
lower shield 160 to allow good thermal conductivity between 
the shield 160 and the adapter 172. In one embodiment, the 
resting surface 314 of the shield 160 and the contact surface 
174 of the first adapter 172 each have a surface roughness of 
from about 10 to about 80 microinches, or even from about 16 
to about 63 microinches, or in one embodiment an average 
Surface roughness of about 32 microinches. In one embodi 
ment, the first adapter 172 further comprises conduits for 
flowing a heat transfer fluid therethrough to control the tem 
perature of the first adapter 172. 
0046 Below the support ledge 313 of the lower shield 160 

is a bottom wall 316 that surrounds the substrate support 128. 
A base plate 318 extends radially inward from the bottom 
wall 316 of the cylindrical outer band 310. A cylindrical inner 
band 320 is coupled with the base plate 318 and at least 
partially surrounding the peripheral wall 138 of the substrate 
support 128. The cylindrical inner band 320, the base plate 
318, and the cylindrical outer band 310 form a U-shaped 
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channel. The cylindrical inner band 320 comprises a height 
that is less than the height of the cylindrical outer band 310. In 
one embodiment, the height of the inner band 320 is about one 
fifth of the height of the cylindrical outer band 310. In one 
embodiment, the bottom wall 316 has a notch 322. In one 
embodiment, the cylindrical outer band 310 has a series of gas 
holes 324. 

0047. The cylindrical outer band 310, the top wall 312, the 
support ledge 313, the bottom wall 316, and the inner cylin 
drical band 320 comprise a unitary structure. For example, in 
one embodiment, the entire lower shield 160 can be made 
from 300 series stainless steel, or in another embodiment, 
aluminum. A unitary lower shield 160 is advantageous over 
prior shields which included multiple components, often two 
or three separate pieces to make up the complete lower shield. 
For example, a single piece shield is more thermally uniform 
than a multiple-component shield, in both heating and cool 
ing processes. For example, the single piece lower shield 160 
has only one thermal interface to the first adapter 172, allow 
ing for more control over the heat exchange between the 
shield 160 and the first adapter 172. A shield 160 with mul 
tiple components makes it more difficult and laborious to 
remove the shield for cleaning. The single piece shield 160 
has a continuous Surface exposed to the Sputtering deposits 
without interfaces or corners that are more difficult to clean 
out. The single piece shield 160 also more effectively shields 
the sidewalls 104 from sputter deposition during process 
cycles. 
0048. In one embodiment, the exposed surfaces of the 
lower shield 160 are treated with CLEANCOATTM, which is 
commercially available from Applied Materials, Santa Clara, 
Calif. CLEANCOATTM is a twin-wire aluminum arc spray 
coating that is applied to Substrate processing chamber com 
ponents, such as the lower shield 160, to reduce particle 
shedding of deposits on the lower shield 160 and thus prevent 
contamination of a substrate 105 in the chamber 100. In one 
embodiment, the twin-wire aluminum arc spray coating on 
the lower shield 160 has a surface roughness of from about 
600 to about 2300 microinches. 

0049. The lower shield 160 has exposed surfaces facing 
the interior volume 110 in the chamber 100. In one embodi 
ment, the exposed Surfaces are bead blasted to have a Surface 
roughness of 175+75 microinches. The texturized bead 
blasted Surfaces serve to reduce particle shedding and prevent 
contamination within the chamber 100. The surface rough 
ness average is the mean of the absolute values of the dis 
placements from the mean line of the peaks and Valleys of the 
roughness features along the exposed surface. The roughness 
average, skewness, or other properties may be determined by 
a profilometer that passes a needle over the exposed Surface 
and generates a trace of the fluctuations of the height of the 
asperities on the Surface, or by a scanning electron micro 
scope that uses an electronbeam reflected from the surface to 
generate an image of the Surface. 
0050. With reference to FIGS. 4A-4C, the deposition ring 
180 comprises an annular band 402 that extends about and 
surrounds the peripheral wall 138 of the support 128 as shown 
in FIG. 2. The annular band 402 comprises an inner lip 404 
which extends transversely from the band 402 and is substan 
tially parallel to the peripheral wall 138 of the support 128. 
The inner lip 404 terminates immediately below the over 
hanging edge 107 of the substrate 105. The inner lip 404 
defines an inner perimeter of the deposition ring 180 which 
surrounds the periphery of the substrate 105 and substrate 
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support 128 to protect regions of the support 128 that are not 
covered by the substrate 105 during processing. For example, 
the inner lip 404 surrounds and at least partially covers the 
peripheral wall 138 of the support 128 that would otherwise 
be exposed to the processing environment, to reduce or even 
entirely preclude deposition of Sputtering deposits on the 
peripheral wall 138. Advantageously, the deposition ring 180 
can be easily removed to clean sputtering deposits from the 
exposed surfaces of the ring 180 so that the support 128 does 
not have to be dismantled to be cleaned. The deposition ring 
180 can also serve to protect the exposed side surfaces of the 
support 128 to reduce their erosion by the energized plasma 
species. 
0051. In the embodiment shown in FIG. 2, the annular 
band 402 of the deposition ring 180 has a V-shaped protuber 
ance 406 that extends along the central portion of the band 
402 with a first radially inward recess 408a and a second 
radially inward recess 408b on either side of the V-shaped 
protuberance 406. In one embodiment, the opposing Surfaces 
of the V-shaped protuberance 406 form an angle “C.”. In one 
embodiment, the angle “C” is between about 25° and about 
30°. In another embodiment, the angle “C” is between about 
27° and about 28°. The first radially inward recess 408a is 
located in a horizontal plane slightly below the horizontal 
plane of the second radially inward recess 408b. In one 
embodiment, the second radially inward recess 408b has a 
width between about 0.8 inches and about 0.9 inches. In 
another embodiment, the second radially inward recess 408b 
has a width between about 0.83 inches and about 0.84 inches. 
In one embodiment, the first radially inward recess 408a and 
the second radially inward recess 408b are substantially par 
allel to a bottom surface 420 of the deposition ring 180. The 
second radially inward recess 408b is spaced apart from the 
cover ring 170 to form an arc-shaped channel 410 therebe 
tween which acts as a labyrinth to reduce penetration of 
plasma species into the arc-shaped channel 410, as shown in 
FIG. 2. An open inner channel 412 lies between the inner lip 
404 and the V-shaped protuberance 406. The open inner chan 
nel 412 extends radially inward to terminate at least partially 
below the overhanging edge 107 of the substrate 105. The 
open inner channel 412 facilitates the removal of Sputtering 
deposits from these portions during cleaning of the deposition 
ring 180. The deposition ring 180 also has a ledge 414 which 
extends outward and is located radially outward of the 
V-shaped protuberance 406. The ledge 414 serves to support 
the cover ring 170. The bottom surface 420 of the annular 
band 402 has a notch 422 which extends from the inner lip 404 
under the V-shaped protuberance 406. In one embodiment, 
the notch has a width between about 0.6 inches and about 0.75 
inches. In another embodiment, the notch has a width 
between about 0.65 inches and about 0.69 inches. In one 
embodiment, the notch has a height between about 0.020 
inches and 0.030 inches. In another embodiment, the notch 
has a height between about 0.023 inches and about 0.026 
inches. 

0052. In one embodiment, the second radially inward 
recess 408b has an outer diameter shown by arrows 'A'. In 
one embodiment, the diameter “A” of the second radially 
inward recess 408b may be between about 13 inches and 
about 13.5 inches. In another embodiment, the diameter 'A' 
of the second radially inward recess 408b may be between 
about 13.1 inches and about 13.2 inches. In one embodiment, 
the second radially inward recess 408b has an inner diameter 
shown by arrows “E”. In one embodiment, the diameter “E” 
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of the second radially inward recess 408b may be between 
about 12 inches and about 12.5 inches. In another embodi 
ment, the diameter “E” may be between about 12.2 inches and 
12.3 inches. 
0053. In one embodiment, the annular band 402 has a 
diameter as shown by arrows “D’. In one embodiment, the 
diameter "D' of the annular band 402 may be between about 
11 inches and about 12 inches. In another embodiment, the 
diameter "D' of the annular band 402 may be between about 
11.25 inches and about 11.75 inches. In yet another embodi 
ment, the diameter "D' of the annular band 402 may be 
between about 11.40 inches and about 11.60 inches. In one 
embodiment, the annular band 402 has an outer diameter as 
shown by arrows “F”. In one embodiment, the diameter“F” of 
the annular band 402 may be between about 13 inches and 
about 14 inches. In another embodiment, the diameter “F” of 
the annular band 402 may be between about 13.25 inches and 
about 13.75 inches. In yet another embodiment, the diameter 
“F” may be between 13.40 inches and about 13.60 inches. 
0054. In one embodiment the top of the V-shaped protu 
berance has a diameter shown by arrows “B”. In one embodi 
ment, the diameter “B” may be between about 12 inches and 
about 12.3 inches. In another embodiment, the diameter'B' 
may be between about 12.1 inches and about 12.2 inches. 
0055. In one embodiment, the inner lip 404 has an outer 
diameter shown by arrows “C”. In one embodiment, the 
diameter “C” may be between about 11 inches and about 12 
inches. In another embodiment, the diameter “C” may be 
between about 11.5 inches and about 11.9 inches. In yet 
another embodiment, the diameter “C” may be between about 
11.7 inches and about 11.8 inches. 
0056. The deposition ring 180 can be made by shaping and 
machining a ceramic material. Such as aluminum oxide. Pref 
erably, the aluminum oxide has a purity of at least about 99.5 
percent to reduce contamination of the chamber 100 by unde 
sirable elements such as iron. The ceramic material is molded 
and sintered using conventional techniques such as isostatic 
pressing, followed by machining of the molded sintered pre 
form using suitable machining methods to achieve the shape 
and dimensions required. 
0057 The annular band 402 of the deposition ring 180 
may comprise an exposed Surface that is grit blasted. Grit 
blasting is performed with a grit size suitable to achieve the 
predefined surface roughness. In one embodiment, a Surface 
of the deposition ring 180 is treated with a twin-wire alumi 
num arc-spray coating, such as, for example, CLEAN 
COATTM, to reduce particle shedding and contamination. 
0058 FIG. 5A is a partial section view of a middle shield 
190 according to one embodiment described herein. The 
middle shield 190 encircles the sputtering surface 134 of the 
sputtering target 136 that faces the substrate support 128. The 
middle shield 190 covers and shadows the top wall 312 of the 
lower shield 160 and the sidewalls 104 of the chamber 100 to 
reduce deposition of sputtering deposits originating from the 
sputtering surface 134 of the sputtering target 136 onto the 
components and surfaces behind the middle shield 160. 
0059. As shown in FIG. 1 and FIG.5A, the middle shield 
160 is of unitary construction and comprises a cylindrical 
band 510 having a first diameter D1 dimensioned to encircle 
the upper shield 195. The cylindrical outer band 310 has a top 
wall 512 that surrounds the upper shield 195, a middle wall 
517, and a bottom wall 518. A mounting flange 514 extends 
radially outward from the top wall 512 of the cylindrical band 
510. The mounting flange 514 comprises a resting surface 



US 2009/0260982 A1 

516 to rest upon a second annular adapter 176 surrounding the 
sidewalls 104 of the chamber 100. The resting surface may 
comprise a plurality of slots shaped to receive a pin to align 
the middle shield 190 to the adapter 176. 
0060. The middle wall 517 is an extension of the top wall 
512. The middle wall 517 is sloped radially inward from the 
top wall 512 beginning at a transition point between the top 
wall 512 and the middle wall 517. In one embodiment the 
middle wall 517 is angled between about 5° and about 10° 
from vertical, for example, about 7 from vertical. The middle 
wall 517 of the cylindrical band forms a second diameter D2. 
The second diameter D2 is dimensioned to fit within the 
sloped portion of the top wall 312 of the lower shield 160. 
0061. The bottom wall 518 is an extension of the middle 
wall 517. The bottom wall 518 is sloped radially outward 
relative to the middle wall 517 beginning at a transition point 
between the middle wall 517 and the bottom wall 518. In one 
embodiment the bottom wall 518 is angled between about 1° 
and about 5° from vertical, for example, about 4° from verti 
cal. 

0062. The top wall 512, the middle wall 517, the bottom 
wall 518, and the mounting flange 514 comprise a unitary 
structure. For example, in one embodiment, the entire middle 
shield 190 can be made from 300 series stainless steel, or in 
another embodiment, aluminum. 
0063. With reference to FIGS. 1, 2, 6A, 6B, and 6C, the 
cover ring 170 encircles and at least partially covers the 
deposition ring 180 to receive, and thus, shadow the deposi 
tion ring 180 from the bulk of the sputtering deposits. The 
cover ring 170 is fabricated from a material that can resist 
erosion by the Sputtering plasma, for example, a metallic 
material Such as stainless steel, titanium or aluminum, or a 
ceramic material. Such as aluminum oxide. In one embodi 
ment, the cover ring 170 is composed of titanium having a 
purity of at least about 99.9 percent. In one embodiment, a 
surface of the cover ring 170 is treated with a twin-wire 
aluminum arc-spray coating, such as, for example, CLEAN 
COATTM, to reduce particle shedding from the surface of the 
coverring 170. The coverring has an outer diameter shown by 
arrows 'H'. In one embodiment, the diameter'H' is between 
about 14.5 inches and about 15 inches. In another embodi 
ment, the diameter “H” is between about 14.8 inches and 
about 14.9 inches. The cover ring has an inner diameter 
shown by arrows “I”. In one embodiment, the diameter “I” is 
between about 11.5 inches and about 12.5 inches. In another 
embodiment, the diameter 'I' is between about 11.8 inches 
and about 12.2 inches. In yet another embodiment, the diam 
eter 'I' is between about 11.9 inches and about 12.0 inches. 
0064. The cover ring 170 comprises an annular wedge 
602. The annular wedge comprises a top surface 603 and a 
bottom surface 604 to rest upon the ledge 414 of the deposi 
tion ring 180. The top surface 603 is substantially parallel to 
the bottom surface 604. An inclined top surface 603 couples 
the top surface 603 with a projecting brim 610. The inclined 
top surface 605 is sloped radially inwards and encircles the 
substrate support 128. The inclined top surface 605 of the 
annular wedge 602 has an inner and outer periphery 606, 608. 
The inner periphery 606 comprises the projecting brim 610 
which overlies the second radially inward recess 408b of the 
deposition ring 180 forming an arc shaped channel 410 of the 
deposition ring 180. The projecting brim 610 reduces depo 
sition of sputtering deposits on the arc shaped channel 410 of 
the deposition ring 180. Advantageously, the projecting brim 
610 projects a distance corresponding to at least about half the 
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width of the open inner channel 412 formed with the deposi 
tion ring 180. The projecting brim 610 is sized, shaped, and 
positioned to cooperate with and complement the arc-shaped 
channel 410 and open inner channel 412 to form a convoluted 
and constricted flow path between the cover ring 170 and 
deposition ring 180 that inhibits the flow of process deposits 
onto the peripheral wall 138. The constricted flow path of the 
arc-shaped channel 410 restricts the build-up of low-energy 
sputter deposits on the mating Surfaces of the deposition ring 
180 and the cover ring 170, which would otherwise cause 
them to stick to one another or to the peripheral overhanging 
edge of the substrate 105. The open inner channel 412 of the 
deposition ring 180 which extends underneath the overhang 
ing edge 107 of the substrate 105 is designed in conjunction 
with shadowing from the projecting brim 610 of the cover 
ring 170 to collect, for example, aluminum sputter deposits in 
an aluminum sputtering chamber, while reducing or even 
Substantially precluding sputter deposition on the mating Sur 
faces of the two rings 170, 180. 
0065. The inclined top surface 605, in cooperation with 
the projecting brim 610, block line-of-sight deposition from 
exiting the interior volume 110 and entering the chamber 
body cavity. The inclined top surface 605 may be slanted at an 
angle relative to the top surface 603 as shown by angle “B”. In 
one embodiment, the angle “B” may be between about 5 
degrees and about 15 degrees. In another embodiment, the 
angle “B” is between about 9 degrees and about 11 degrees. In 
one embodiment, the angle “B” is about 10 degrees. The angle 
of the inclined top surface 605 of the cover ring 170 is 
designed, for example, to minimize the buildup of sputter 
deposits nearest to the overhanging edge 107 of the substrate 
105, which would otherwise negatively impact the deposition 
uniformity obtained across the substrate 105. 
0066. The cover ring 170 further comprises a sloped step 
612 located below the inclined top surface 605 of the annular 
wedge 602. The sloped step 612 couples the projecting brim 
610 with the bottom surface 604. The sloped step 612 extends 
downwardly from the annular wedge 602 and radially out 
ward from the inner periphery 606. The sloped step 612 may 
be slanted at an angle relative to the bottom Surface as shown 
by angle “Y”. In one embodiment, angle “y” may be between 
about 40 degrees and about 50 degrees. In another embodi 
ment, angle “y” may be between about 42 degrees and about 
48 degrees. In yet another embodiment, angle “y” may be 
between about 44 degrees and about 46 degrees. 
0067. The sloped step has an inner diameter shown by 
arrows “J”. In one embodiment, the diameter “J” of the sloped 
step 612 is between about 12 inches and about 13 inches. In 
another embodiment, the diameter “J” of the sloped step 612 
is between about 12.2 and about 12.5 inches. In yet another 
embodiment, the diameter “J” of the sloped step 612 is 
between about 12.3 inches and about 12.4 inches. The sloped 
step 612 also has a diameter shown by arrows “K”. In one 
embodiment, the diameter “K” of the sloped step 612 is 
between about 12.5 and about 13 inches. In another embodi 
ment, the diameter “K” of the sloped step 612 is between 
about 12.7 inches and about 12.8 inches. In one embodiment, 
the diameter “K” of the sloped step 612 functions as the inner 
diameter of the bottom surface 604. 

0068. The bottom surface has an outer diameter shown by 
arrows 'L'. In one embodiment, the diameter “L” of the 
bottom surface is between about 13.5 and about 13.8 inches. 
In another embodiment, the diameter "L' is between about 
13.4 inches and about 13.5 inches. 
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0069. The cover ring 170 further comprises an inner cylin 
drical band 614a and an outer cylindrical band 614b that 
extend downwardly from the annular wedge 602, with a gap 
616 therebetween. In one embodiment, the gap 616 has a 
width between 0.5 inches and about 1 inch. In another 
embodiment, the gap 616 has a width between about 0.7 
inches and about 0.8 inches. In one embodiment, the inner 
and outer cylindrical bands 614a, 614b are substantially ver 
tical. The cylindrical bands 614a, 614b are located radially 
outward of the sloped step 612 of the wedge 602. An inner 
periphery 618 of the inner cylindrical band 614a is coupled 
with the bottom surface 604. In one embodiment, the inner 
periphery 618 of the inner cylindrical band 614a may be 
slanted at an angle “p' from vertical. In one embodiment, the 
angle “p' is between about 10 degrees and about 20 degrees. 
In another embodiment, the angle “p' is between about 14 
degrees and about 16 degrees. 
0070 The inner cylindrical band 614a has a height that is 
smaller than the outer cylindrical band 614b. Typically, the 
height of the outer cylindrical band 614b is at least about 2 
times the height of the inner cylindrical band 614a. In one 
embodiment, the height of the outer cylindrical band 614b is 
between about 0.4 inches and about 1 inch. In another 
embodiment, the height of the outer cylindrical band 614b is 
between 0.6 inches and 0.7 inches. In one embodiment, the 
height of the inner cylindrical band 614a is between about 0.2 
inches and 0.6 inches. In another embodiment, the height of 
the inner cylindrical band 614a is between about 0.3 inches 
and 0.4 inches. 

(0071. In one embodiment, the outer diameter “L” of the 
bottom surface functions as the inner diameter of the inner 
cylindrical band 614a. The inner cylindrical band 614a has an 
outer diameter shown by arrows “M”. In one embodiment, the 
diameter “M” of the inner cylindrical band 614a is between 
about 13.5 inches and about 14.2 inches. In another embodi 
ment, the diameter “M” of the inner cylindrical band 614a is 
between about 13.7 and 14 inches. In yet another embodi 
ment, the diameter “M” of the inner cylindrical band is 
between about 13.8 inches and about 13.9 inches. 

0072. In one embodiment, the outer cylindrical band 614b 
has an inner diameter as shown by arrows “N'. In one 
embodiment, the diameter 'N' is between about 14 inches 
and about 15 inches. In another embodiment, the diameter 
“N' of the outer cylindrical band 614b is between about 14.2 
inches and about 14.8 inches. In another embodiment, the 
diameter “N' of the outer cylindrical band 614b is between 
about 14.5 inches and about 14.6 inches. In one embodiment, 
the diameter “H” of the cover ring functions as the outer 
diameter of the outer cylindrical band “H”. 
0073. In one embodiment, the cover ring 170 is adjustable 
and effectively shields conductance holes in the lower shield 
160 at a range of different heights. For example, the coverring 
170 is capable of being raised and lowered to adjust the height 
of the cover ring 170 in relationship to the substrate support 
128 in the chamber 100. 

0074 The space or gap between the lower shield 160 and 
cover ring 170 forms a convoluted S-shaped pathway or laby 
rinth for plasma to travel. The shape of the pathway is advan 
tageous, for example, because it hinders and impedes ingress 
of plasma species into this region, reducing undesirable depo 
sition of Sputtered material. 
0075 While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
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invention may be devised without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that follow. 

1. A lower shield for encircling a sputtering target and a 
Substrate Supportina Substrate processing chamber, compris 
1ng: 

a cylindrical outer band having a first diameter dimen 
sioned to encircle the Sputtering Surface of the Sputtering 
target and the Substrate Support, the cylindrical band 
comprising: 
a top wall that Surrounds a sputtering Surface of the 

sputtering target; and 
a bottom wall that surrounds the substrate support; 

a Support ledge comprising a resting Surface and extending 
radially outward from the cylindrical outer band; 

a base plate extending radially inward from the bottom wall 
of the cylindrical band; and 

a cylindrical inner band coupled with the base plate and 
partially surrounding a peripheral edge of the Substrate 
Support. 

2. The lower shield of claim 1, wherein the top wall com 
prises: 

an inner periphery; and 
an outer periphery, wherein the outer periphery extends to 

form a sloped step. 
3. The lower shield of claim 2, wherein the sloped step is 

angled radially outward between about 5 degrees and about 
10 degrees from vertical. 

4. The lower shield of claim3, wherein the inner periphery 
is angled radially inward between about 2 degrees and about 
5 degrees from vertical. 

5. The lower shield of claim 1, wherein the cylindrical inner 
band, the base plate, and the cylindrical outer band form a 
U-shaped channel. 

6. The lower shield of claim 5, wherein the cylindrical inner 
band comprises a height that is less than the height of the 
cylindrical outer band. 

7. The shield of claim 6, wherein the height of the cylin 
drical inner band is about one fifth of the height of the cylin 
drical outer band. 

8. The lower shield of claim 1, wherein the bottom wall has 
a notch. 

9. The lower shield of claim 1, wherein the cylindrical outer 
band, the top wall, the support ledge, the bottom wall, and the 
inner cylindrical band comprise a unitary structure. 

10. The lower shield of claim 1, wherein exposed surfaces 
of the lower shield are bead blasted to have a surface rough 
ness of 175+75 microinches. 

11. The lower shield of claim 1, further comprising a twin 
wire aluminum arc spray coating on a surface of the lower 
shield wherein the twin-wire aluminum arc spray coating 
comprise a surface roughness from about 600 to about 2300 
microinches. 

12. A deposition ring for encircling a peripheral wall of a 
Substrate Support in a processing chamber, comprising: 

an annular band for surrounding the peripheral wall of the 
Substrate Support, the annular band comprising: 
an inner lip which extends transversely from the annular 
band and is substantially parallel to the peripheral 
wall of the substrate support, wherein the inner lip 
defines an inner perimeter of the deposition ring 
which surrounds the periphery of the substrate and 
Substrate Support to protect regions of the Support that 
are not covered by the Substrate during processing to 
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reduce or even entirely preclude deposition of sput 
tering deposits on the peripheral wall; and 

a V-shaped protuberance that extends along a central por 
tion of the band with a first radially inward recess adja 
cent to the inner lip and a second radially inward recess 
on either side of the V-shaped protuberance. 

13. The deposition ring of claim 12, wherein opposing 
Surfaces of the V-shaped protuberance forman angle between 
about 25° and about 30°. 

14. The deposition ring of claim 12, wherein the first radi 
ally inward recess is located in a horizontal plane slightly 
below a horizontal plane of the second radially inward recess. 

15. The deposition ring of claim 14, wherein the first radi 
ally inward recess and the second radially inward recess are 
substantially parallel to a bottom surface of the deposition 
r1ng. 

16. The deposition ring of claim 12, further comprising a 
ledge extending outward from the V-shaped protuberance. 

17. The deposition ring of claim 12, wherein a bottom 
surface of the annular band has a notch which extends under 
the V-shaped protuberance and the inner lip, wherein the 
notch has a width between about 0.6 inches and about 0.75 
inches and a height between about 0.020 inches and 0.030 
inches. 

18. The deposition ring of claim 12, wherein the second 
radially inward recess has an outer diameter between about 13 
inches and about 13.5 inches and an inner diameter between 
about 12 inches and about 12.5 inches, wherein an apex of the 
V-shaped protuberance has a diameter between about 12 
inches and about 12.3 inches, and wherein the inner lip has an 
outer diameter between about 11 inches and about 12 inches. 

19. A cover ring for encircling and at least partially shad 
owing a deposition ring from Sputtering deposits, comprising: 

an annular wedge, comprising: 
a top surface; 
an inclined top Surface sloped radially inward and 

coupled with the top surface having an inner periph 
ery and an outer periphery; and 
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a bottom surface to rest upon a ledge of a deposition ring, 
wherein the top surface is substantially parallel to the 
bottom surface; 

a projecting brim coupled with the top Surface by the 
inclined top surface, wherein the inclined top surface 
in cooperation with the projecting brim, block line 
of-sight deposition from exiting the interior Volume 
and entering the chamber body cavity; and 

an inner cylindrical band and an outer cylindrical band 
extending downward from the annular wedge, the inner 
cylindrical band having a smaller height than the outer 
cylindrical band. 

20. The cover ring of claim 19, further comprising a sloped 
step located below the inclined top surface of the annular 
wedge and coupling the projecting brim with the bottom 
Surface. 

21. The cover ring of claim 20, wherein the sloped step 
extends downwardly from the annular wedge and radially 
outward from the inner periphery. 

22. The cover ring of claim 21, wherein the sloped step is 
slanted at an angle relative to the bottom surface between 
about 40 degrees and about 50 degrees. 

23. The cover ring of claim 19, wherein the cover ring is 
fabricated from a material selected from the group compris 
ing stainless steel, titanium, aluminum, aluminum oxide, and 
combinations thereof. 

24. The cover ring of claim 19, wherein a surface of the 
cover ring is treated with a twin-wire aluminum arc-spray 
coating. 

25. The cover ring of claim 19, wherein the cover ring has 
an outer diameter between about 14.5 inches and about 15 
inches and an inner diameter between about 11.5 inches and 
about 12.5 inches and wherein the inclined top surface is 
slanted at an angle relative to the top surface between about 5 
degrees and about 15 degrees. 

c c c c c 


