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(57) ABSTRACT 
A chamber for use in implementing a deposition process 
includes a pedestal for Supporting a semiconductor wafer. A 
silicon ring is disposed over the pedestal and Surrounds the 
semiconductor wafer. The silicon ring has a ring thickness 
that approximates a semiconductor wafer thickness. The 
silicon ring has an annular width that extends a process Zone 
defined over the semiconductor wafer to an extended pro 
cess Zone that is defined over the semiconductor wafer and 
the silicon ring. A confinement ring defined from a dielectric 
material is disposed over the pedestal and Surrounds the 
silicon ring. A showerhead having a central showerhead area 
and an extended showerhead area is also included. The 
central showerhead area is substantially disposed over the 
semiconductor wafer and the silicon ring. The extended 
showerhead area is substantially disposed over the confine 
ment ring. The annular width of the silicon ring enlarges a 
Surface area of the semiconductor wafer that is exposed and 
shifts non-uniformity effects of deposition materials over the 
semiconductor wafer from an edge of the semiconductor 
wafer to an outer edge of the silicon ring. 
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SEPARATION OF PLASMA SUPPRESSION 
AND WAFER EDGE TO IMPROVE EDGE 

FILM THCKNESS UNIFORMITY 

BACKGROUND 

0001 1. Field of the Invention 
0002 The present embodiments relate to semiconductor 
wafer processing equipment tool, and more particularly, to a 
chamber used in the deposition process. 
0003 2. Description of the Related Art 
0004 Plasma-enhanced chemical vapor deposition 
(PECVD) is a type of plasma deposition that is used to 
deposit thin films of deposition chemistry on a Substrate, 
Such as a semiconductor wafer. To enable application of 
vapor chemistry, PECVD systems include a vaporizer to 
convert a deposition chemistry in liquid form to vapor form 
in a controlled manner and deliver the vapor form of the 
deposition chemistry to a plasma chamber during deposition 
process. When applied on a Surface of the semiconductor 
wafer (or simply referred to as the “wafer'), the vapor state 
of the deposition chemistry is converted to a solid state. 
Chambers used for PECVD include wafer-receiving mecha 
nisms, such as ceramic pedestals, etc., for Supporting the 
semiconductor wafer during processing. The ceramic ped 
estals are used as they have the ability to withstand the high 
temperatures that exist within the plasma processing cham 
bers during a deposition process. 
0005 To improve per wafer yield of a semiconductor 
product defined in the wafer, uniformity of deposited films 
has to be improved. One way of improving film uniformity 
is by using an effective plasma confinement technique. Some 
examples of confinement techniques that have been known 
to effectively confine a plasma generated within the chamber 
include use of confinement rings made of dielectric mate 
rials, termination of electrodes, use of shadow rings, etc. 
Usage of Such confinement techniques has shown a detect 
able improvement in the uniformity of film in some areas of 
the wafer (e.g., areas covering the center of the wafer) while 
other areas continue to experience non-uniformity. One of 
the main areas of the wafer where non-uniformity of film 
thickness is exhibited more often is at the edge of the wafer. 
This may be attributed to the fact that the aforementioned or 
any other plasma confinement techniques used have been 
engineered so that the plasma confinement coincides with 
the wafer edge. At the wafer edge, the film thickness varies 
due to the wafer, the electrode, and other parts of the reactor 
chamber interacting with the plasma. A need therefore exists 
to address some of these drawbacks to improve film thick 
ness uniformity over the surface of the wafer, including the 
wafer edge. 
0006. It is in this context that embodiments of the inven 
tion arise. 

SUMMARY 

0007 Embodiments of the invention define a process 
chamber that employs a wafer-receiving mechanism, Such as 
a pedestal, for Supporting a semiconductor wafer during 
deposition process. In one implementation, the pedestal is 
configured to receive and hold a semiconductor wafer and a 
silicon ring. The silicon ring disposed over the pedestal 
Surrounds the semiconductor wafer, when present. A top 
Surface of the pedestal includes Support structures for Sup 
porting the wafer and the silicon ring. The silicon ring is 
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made of a material that exhibits similar electrical properties 
as the semiconductor wafer and is designed to extend a 
deposition Surface from a surface of the semiconductor 
wafer to a surface of the silicon ring. A confinement ring 
may be disposed over the pedestal to surround the silicon 
ring. The confinement ring, when present, is used to confine 
a plasma at an outer edge of the silicon ring. The silicon ring 
acts like a continuation of the semiconductor wafer Surface 
and is designed to receive the deposition. 
0008. In addition to the pedestal, the process chamber 
includes a showerhead that is sized to cover at least the 
surface of the pedestal on which the wafer and the silicon 
ring are disposed. The presence of the silicon ring adjacent 
to the semiconductor wafer and the extended upper electrode 
engineers the plasma confinement (i.e., Suppression or ter 
mination) to extend to an outer edge of the silicon ring 
instead of the semiconductor wafer edge, thereby causing 
deposition to continue beyond the wafer edge. The continu 
ation of the deposition beyond the semiconductor wafer 
edge will cause the deposited film thickness at the semicon 
ductor wafer edge to be substantially as uniform as it is in 
the center of the wafer surface and results in shifting the 
non-uniformity effects away from the semiconductor wafer 
edge to an outer edge of the silicon ring. 
0009. The silicon ring, in one embodiment, is made of the 
same material as the semiconductor wafer, e.g., silicon. 
However, it should be noted that the ring surrounding the 
semiconductor wafer may be made of other materials (e.g., 
silicon-like materials, such as Germanium, Zirconium 
toughened Alumina (ZTA), etc.) that exhibit similar electri 
cal properties as the semiconductor wafer. In some embodi 
ments, the silicon ring can also have coatings pre-deposited 
thereon (e.g., one or more coats), so that the coatings 
simulate the top material layer of the wafer, e.g., on to which 
a material is being deposited. Engineering the ring (e.g., 
silicon ring) from Such a material allows Smoothening of the 
transition from the semiconductor wafer surface to the 
silicon ring Surface. 
0010. In one embodiment, a gap separating the silicon 
ring and the semiconductor wafer is kept to a minimum so 
that the smooth transition can be effectuated. For example, 
the gap is set so that the plasma is not adversely affected by 
the gap or produce process shift changes in the electrical 
properties of the deposition Surface. Such properties may 
include one or more of impedance, power, potential, density, 
combinations thereof, etc. In one embodiment, a width of the 
silicon ring is defined so as to enlarge a Surface area of the 
semiconductor wafer and shift non-uniformity effects of the 
depositing film from an edge of the semiconductor wafer to 
an outer edge of the silicon ring. The gap between the 
semiconductor wafer edge and an inner edge of the silicon 
ring depends, in some embodiments, on number of factors, 
including the geometry of the chamber, the design of the 
upper electrode and the pedestal (acting as a lower elec 
trode), gap between the upper and the lower electrodes, 
process parameters within the chamber, Such as process 
pressure, etc., and in some cases, a Debye length of the 
plasma generated in the chamber. In one configuration, the 
gap is set to be less than a Debye length of the plasma, which 
enables extending the deposition surface beyond the wafer 
edge and allows Substantially removal of non-uniformities at 
and near the wafer edge. Shifting of the non-uniformity 
effects away from the semiconductor wafer edge provide for 
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improvements in deposited film thickness uniformity at the 
wafer edge to be substantially as uniform as it is on the wafer 
away from wafer edge. 
0011. In one configuration, the support structures may be 
provided as bumps or raised surfaces on the pedestal Surface. 
The Support structures are used to enhance a precision 
contact of an under surface of the semiconductor wafer with 
the Support structures. The edge of the Support structures 
that come in contact with the under surface of the wafer 
provide minimum contact areas (MCAs) that enable the 
wafer to be received and held in place during the deposition 
process. 
0012. In one embodiment, a chamber for processing a 
semiconductor wafer, is disclosed. The chamber includes a 
pedestal for Supporting a semiconductor wafer during a 
deposition process. A silicon ring Surrounds the semicon 
ductor wafer, when present, and is disposed over the ped 
estal. The silicon ring has a ring thickness that approximates 
a semiconductor wafer thickness. The silicon ring has an 
annular width that extends a process Zone defined over the 
semiconductor wafer to an extended process Zone that is 
defined to be over both the semiconductor wafer and the 
silicon ring. A confinement ring is disposed on the pedestal 
and Surrounds the silicon ring. The confinement ring is 
defined from a dielectric material. The chamber also 
includes a showerhead. The showerhead includes a central 
showerhead area and an extended showerhead area. The 
central showerhead area is substantially disposed over the 
semiconductor wafer and the silicon ring. The extended 
showerhead area is substantially disposed over the confine 
ment ring. The annular width of the silicon ring enlarges a 
Surface area of the semiconductor wafer that is exposed to 
the extended process Zone, and shifts the non-uniformity 
effects of deposition materials over the semiconductor wafer 
from an edge of the semiconductor wafer to an outer edge of 
the silicon ring. 
0013. In one embodiment, the semiconductor wafer has a 
diameter of about 300 mm and the silicon ring extends to a 
diameter of about 450 mm. The afore-mentioned dimensions 
are examples and should not be considered limiting. 
0014. In one embodiment, a top surface of the pedestal 
includes a first region with first minimum contact areas 
(MCAS) for Supporting the semiconductor wafer, a second 
region with second MCAS for Supporting the silicon ring, 
and a third region with third MCAS for supporting the 
confinement ring. 
0015. In one embodiment, the silicon ring exhibits elec 

trical properties that are similar to the semiconductor wafer. 
0016. In one embodiment, the silicon ring is disposed 
over the pedestal such that an inner edge of the silicon ring 
is adjacent to an outer edge of the semiconductor wafer. 
0017. In one embodiment, the pedestal is connected to a 
radio frequency power (RF) source through a match network 
and the showerhead is electrically grounded. The RF power 
Source provides power to generate a plasma within the 
chamber. 

0.018. In another embodiment, the showerhead is con 
nected to a radio frequency power (RF) source through a 
match network and the pedestal is electrically grounded. The 
RF power source provides power to generate a plasma 
within the chamber. 
0019. In one embodiment, the silicon ring disposed on 
the pedestal defines a gap between an outer edge of the 
semiconductor wafer and an inner edge of the silicon ring. 
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0020. In one embodiment, the silicon ring includes a step. 
The step is defined by a top surface, a sidewall, and a bottom 
Surface. The bottom Surface is configured to Support the 
semiconductor wafer during transition from one processing 
station to another processing station within the chamber. A 
height of the sidewall of the step approximates the semi 
conductor wafer thickness. 
0021. In one embodiment, a chamber for processing a 
semiconductor wafer, is disclosed. The chamber is used for 
performing deposition of a material over a surface of the 
semiconductor wafer. The chamber includes a carrier wafer 
that includes an annular ring Surface and a pocket defined 
thereon. The pocket is defined at a center of the carrier wafer. 
A step is defined in the pocket. The annular ring Surface is 
defined to surround the pocket and extend from an outer 
edge of the carrier wafer to a top edge of the step. A bottom 
Surface of the step is used to support the semiconductor 
wafer. A height of the step approximates a semiconductor 
wafer thickness. The carrier wafer extends a process Zone 
that is defined over the semiconductor wafer to an extended 
process Zone that is defined to be over both the annular ring 
surface and the pocket of the carrier wafer. The chamber 
includes a pedestal on which the carrier wafer is supported. 
A confinement ring defined from a dielectric material is 
disposed on the pedestal and Surrounds the carrier wafer. 
The chamber also includes a showerhead. The showerhead 
has a central showerhead area and an extended showerhead 
area. The central showerhead area is substantially disposed 
over the carrier wafer and the extended showerhead area is 
Substantially disposed over the confinement ring. The annu 
lar ring Surface of the carrier wafer enlarges a Surface area 
of the semiconductor wafer that is exposed to the extended 
process Zone and shifts non-uniformity effects of deposition 
materials over the semiconductor wafer from an edge of the 
semiconductor wafer to the outer edge of the carrier wafer. 
0022. In one embodiment, a top surface of the pedestal 
includes a first region with first minimum contact areas 
(MCAS) for Supporting the carrier wafer and a second region 
with second MCAS for Supporting the confinement ring. 
0023. In one embodiment, the bottom surface of the 
pocket includes MCAS for Supporting the semiconductor 
wafer. 
0024. Embodiments of the disclosure provide ways to 
direct the plasma Suppression away from the semiconductor 
wafer edge to an outer edge of a silicon ring. The silicon ring 
disposed adjacent to the semiconductor wafer allows the 
deposition to continue on to the Surface of the silicon ring as 
if the silicon ring is part of the semiconductor wafer. The 
composition and design of the silicon ring makes it possible 
for the plasma to see minimal change in the deposition 
surface. The showerhead is sized to extend beyond a process 
Zone defined over the wafer edge to an extended process 
Zone defined over both the semiconductor wafer and the 
silicon ring. This provides Substantial improvement in the 
film deposition uniformity at the wafer edge. 
0025. Other aspects of the invention will become appar 
ent from the following detailed description, taken in con 
junction with the accompanying drawings, illustrating by 
way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. The invention may best be understood by reference 
to the following description taken in conjunction with the 
accompanying drawings. 
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0027 FIG. 1 illustrates an example wafer processing 
system used to process a semiconductor wafer, e.g., to form 
films thereon, in one embodiment of the invention. 
0028 FIG. 2A illustrates simplified block diagram of a 
side view of a pedestal employed in the deposition chamber 
of FIG. 1, in one embodiment of the invention. 
0029 FIGS. 2B and 2C illustrate side views of a pedestal 
of FIG. 2A, in different embodiments of the invention. 
0030 FIGS. 3A-1 and 3A-2 illustrate simplified block 
diagrams of a side view of a pedestal used within a depo 
sition chamber, in alternate embodiments of the invention. 
0031 FIG. 3B illustrates a simplified block diagram of a 
side view of carrier wafer Supported on a pedestal, in one 
embodiment of the invention. 
0032 FIG. 3C illustrates an explosive view of a portion 
of the carrier wafer illustrated in FIG. 3B, in one embodi 
ment of the invention. 
0033 FIGS. 3D-3G illustrate the various configuration of 
a step defined within the carrier wafer, in various embodi 
ments of the invention. 
0034 FIGS. 4A and 4B illustrate X and Y-linear scans 
depicting the wafer-edge uniformity using the chamber 
configuration illustrated in FIGS. 1-3G, in accordance to one 
embodiment of the invention. 

DESCRIPTION 

0035 Embodiments of the disclosure define a pedestal 
and a showerhead that are used within a deposition chamber 
(e.g., reactor) for processing semiconductor wafers. In one 
implementation, the chamber includes a pedestal for Sup 
porting a semiconductor wafer and a silicon ring. The silicon 
ring Surrounds the semiconductor wafer and acts to enlarge 
a Surface area of the semiconductor wafer so as to shift 
non-uniformity effects of the deposition materials away 
from a wafer edge to an outer edge of the silicon ring. 
Optionally, the chamber includes a confinement ring. The 
confinement ring is received on the pedestal and is designed 
to Surround the silicon ring Such that an inner edge of the 
confinement ring is adjacent to an outer edge of the silicon 
ring. In one implementation, Support structures in the form 
of bumps or raised surfaces may be provided on a top 
surface of the pedestal for supporting the wafer and the 
silicon ring on the pedestal. In the embodiments where a 
confinement ring is present, the pedestal includes Support 
structures to Support the confinement ring. The process 
chamber also includes an upper electrode, in the form of a 
showerhead. The showerhead includes a central showerhead 
area that Substantially covers a region over the semiconduc 
tor wafer and the silicon ring, and in some embodiments, an 
extended showerhead area that Substantially covers a region 
over the confinement ring. The showerhead provides gas 
chemistries for generating a plasma within the chamber, and 
in specific embodiments, depositing materials. 
0036. In one example configuration, the silicon ring is 
made of same material (e.g., silicon) as the semiconductor 
wafer (or simply referred to as “wafer'), and exhibits 
substantially similar electrical properties as the wafer. It is to 
be noted that although, in this example, the silicon ring is 
used for Surrounding the wafer, the embodiments are not 
limited to the use of the silicon ring. Instead, the ring 
Surrounding the semiconductor wafer may be made of other 
silicon-like materials (e.g., Germanium (Ge), Zirconium 
toughened Alumina (ZTA). Yttria-doped (e.g., Yttrium 
oxide) Alumina, Yttria stabilized Zirconia (YSZ), Sapphire, 
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etc.). Configuring the ring of same or similar type of material 
as the semiconductor wafer allows the deposition Surface to 
extend beyond the wafer edge. Thus, when plasma is formed 
during a deposition process, the silicon ring enlarges the 
deposition Surface area beyond the semiconductor wafer 
Surface on to the silicon ring Surface and is instrumental in 
shifting the non-uniformity effects of deposition away from 
a wafer edge to an outer edge of the silicon ring. 
0037. In one embodiment, extension of the deposition 
Surface beyond the wafer edge is enabled so long as the 
plasma is not substantially disturbed by a gap defined 
between the wafer edge and the adjacent edge of the silicon 
ring. In one embodiment, a size of the gap between the 
semiconductor wafer and the silicon ring is minimized. The 
size of the gap separating the wafer and the silicon ring can 
depend on one or more factors, such as geometry of the 
chamber, geometry of the showerhead and the pedestal, gap 
between the showerhead and the pedestal, process pressure, 
resulting Debye length of the plasma generated within the 
chamber, combinations thereof, etc. 
0038. In one embodiment, the gap is less than about 1.0 
mm, and in another embodiment, it can be less than about 
0.5 mm, and in one example, the gap is about 0.25 mm. In 
still another embodiment, the gap may be less than about 
0.25 mm, so long as the deposition does not Substantially 
close the gap. 
0039. It should be understood that the aforementioned 
factors are mere examples and fewer or additional factors 
may be used to influence selection of the gap between the 
wafer and the silicon ring. 
0040. The extension of the deposition surface, by provi 
Sioning the silicon ring or a ring made with similar silicon 
like material as the wafer, assists in transitioning plasma 
non-uniformities from the wafer edge to the outer edge of 
the silicon ring. Since the silicon ring is not the target or 
intent of process, non-uniformities at the silicon ring edge 
are not relevant (e.g., the silicon ring being a replaceable 
consumable part). In one embodiment, the Surface of the 
silicon ring is configured to exhibit a same or similar 
electrical properties. Such as impedance, power, potential, 
density, etc., as the wafer. Further, in one embodiment, the 
gap between the wafer edge and the edge of the silicon ring 
is defined so as to minimize changes in electrical properties 
between the wafer and silicon ring. As a result, deposition 
continues over the silicon ring as though the silicon ring 
were part of the wafer, thereby shifting the edge effect of the 
plasma from the wafer edge to the silicon ring edge. For 
example, the Surface of the wafer edge is Subjected to 
deposition thicknesses that are similar to the surface of the 
wafer that is away from the wafer edge. Improving edge 
deposition uniformity therefore acts to improve wafer yield. 
0041. It should be appreciated that the present embodi 
ments can be implemented in numerous ways, such as a 
process, an apparatus, a system, a device, or a method. 
Several embodiments are described below. 
0042. Deposition of films is preferably implemented in a 
plasma enhanced chemical vapor deposition (PECVD) sys 
tem. The PECVD system may take many different forms. 
For example, the PECVD system includes one or more 
chambers or “reactors' (sometimes including multiple sta 
tions) that each house one or more wafers and are Suitable 
for wafer processing. The one or more chambers maintain 
the wafer in a defined position or positions (with or without 
motion within that position, e.g. rotation, vibration, or other 
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agitation). A wafer undergoing deposition may be trans 
ferred from one station to another within a reactor chamber 
during the process. The film deposition may occur entirely 
at a single station or any fraction of the film may be 
deposited at any number of Stations. Although the various 
embodiments are described with reference to the use of 
PECVD systems to implement the deposition of films, the 
embodiments are not restricted to PECVD systems but can 
be extended to atomic layer deposition (ALD) systems, or 
even etch systems. 
0043. During a deposition process, each wafer is held in 
place within a deposition chamber by a pedestal, a wafer 
chuck or other wafer-receiving mechanism disposed within 
the chamber. The wafer-receiving mechanism, e.g., pedestal, 
may include a plurality of Support structures that are dis 
tributed across a top surface. In one embodiment, the 
Support structures are bumps defined on the top surface of 
the wafer-receiving mechanism, such as the pedestal. The 
Support structures define minimal contact areas (MCAS) and 
are operative to support the wafer during deposition process 
by enhancing precision contact (especially with higher tol 
erances) of the Support structures with an underside Surface 
of the semiconductor wafer. For certain operations, the 
wafer-receiving mechanism, in some embodiments, may 
also include a heater Such as a heating plate to heat the wafer. 
0044 FIG. 1 illustrates a wafer processing system 100, 
which is used to process a wafer 101, in one embodiment. 
The system 100 includes a chamber 102 having a lower 
chamber portion 102b and an upper chamber portion 102a. 
A center column in the lower chamber portion 102b is 
configured to Support a wafer-receiving mechanism, such as 
a pedestal 140, which in one embodiment is a powered 
electrode. The pedestal 140, in this embodiment, is electri 
cally coupled to power Supply 104 (e.g., RF power Supply) 
via a match network 106. The upper chamber portion 102a 
houses a showerhead 150 which, in this embodiment, is 
electrically grounded (as will be explained with reference to 
FIG. 3A-2). In another embodiment, the wafer-receiving 
mechanism (i.e., pedestal 140) in the lower chamber portion 
102b is electrically grounded (as will be explained with 
reference to FIG. 3A-1). In this embodiment, the shower 
head 150 in the upper chamber portion 102a is electrically 
coupled to power supply 104 via the match network 106. 
The showerhead 150, as noted above, supplies gas chemis 
tries for generating a plasma. The power Supply is used to 
generate the plasma within the chamber and is controlled by 
a control module 110, e.g., a controller. The control module 
110 is configured to operate the wafer processing system 100 
by executing process input and control module 108. The 
process input and control module 108 may be used to control 
process recipes, such as power levels, timing parameters, 
process gasses, mechanical movement of the wafer 101, etc., 
for depositing or forming films over the wafer 101. 
0045. The center column in the lower chamber 102b 
includes a lifting mechanism to receive, hold and raise the 
wafer from the pedestal 140. In one embodiment, the lifting 
mechanism includes lift pins 120, which are controlled by a 
lift pin control 122. The lift pin control 122 operates to 
control the lift pins 120 to raise the wafer 101 from the 
pedestal 140 when the wafer 101 has to be removed, and to 
receive, lower and hold the wafer 101 when the wafer 101 
is moved into the process chamber 102 by an end-effector. 
A silicon ring lift and rotate control module 124 may be used 
to control the lifting of the wafer 101 from the pedestal 140 
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and moving the wafer to a different processing station within 
the same chamber or a different chamber. In one embodi 
ment, the silicon ring lift and rotate control module 124 may 
be used to manipulate a moving mechanism, Such as a fork 
lift mechanism, that is used to move the wafer from a 
pedestal 140 (i.e., wafer-receiving mechanism) of one pro 
cessing station to a wafer-receiving mechanism of a different 
processing station. 
0046. A gas supply manifold 112 connected to process 
gas Supply module 114, e.g., a gas chemistry reservoir that 
maintains the gas chemistry Supplied from a facility, is 
operatively connected to the wafer processing system 100. 
Depending on the processing being performed, the control 
module 110 is operative to control the delivery of process 
gas(es) (i.e., gas chemistries) via the gas Supply manifold 
112. The chosen gas(es) flow into the showerhead 150 and 
are distributed in a space volume defined between a face of 
the showerhead 150 that faces the semiconductor wafer 101 
and a top surface of the wafer 101 resting over the pedestal 
140. The showerhead 150 is part of the upper electrode. 
0047. When more than one process gas is used, the 
process gases may be premixed or kept distinct. When kept 
distinct, the process gases may be Supplied in a pre-defined 
sequence. Appropriate valves and mass flow control mecha 
nisms may be employed to ensure that the correct process 
gases are delivered during the deposition and plasma treat 
ment phases of the process. Process gases exit chamber via 
an outlet (not shown). A vacuum pump may be employed to 
draw process gases out of the chamber so as to maintain a 
suitable pressure within the chamber. The vacuum pump 
may be operated by a close loop controlled flow restriction 
device, such as a throttle valve or a pendulum valve (not 
shown). 
0048. In one embodiment, a surface of the pedestal 140 
disposed in the lower chamber portion 102b is designed to 
be large enough to accommodate at least the semiconductor 
wafer 101 and a silicon ring 132. The surface of the pedestal 
140, in this embodiment, includes a distinct wafer support 
region (represented by reference letter B in FIG. 1) that 
Supports the semiconductor wafer 101 during deposition 
process, and a carrier Support region (represented by refer 
ence letter A) surrounding the wafer support region (B). 
The carrier Support region (A) is defined to cover an area 
of the pedestal 140 that is immediately adjacent to and 
Surrounding the wafer Support region that is defined in the 
center. A silicon ring 132 is disposed on the carrier Support 
region of the pedestal 140 so as to encircle the semiconduc 
tor wafer 101, when present. In some embodiments, the 
silicon ring 132 is made of the same material as the 
semiconductor wafer 101 (e.g., silicon). In other embodi 
ments, the silicon ring 132 is made of silicon-like material 
(e.g., Germanium, Zirconium toughened Alumina (ZTA). 
Yttria-doped Alumina, Yttria stabilized Zirconia (YSZ), 
Sapphire, etc.). Due to the similarity in the material used in 
the silicon ring 132 and the wafer 101, the silicon ring 132 
exhibits substantially similar electrical properties as the 
wafer 101 that is disposed on the wafer support region. 
0049. In one embodiment, the silicon ring 132 (or silicon 
like ring) acts to extend the deposition beyond the edge of 
the wafer 101 and allows for a smooth transition of the 
deposition Surface, for the plasma, from the wafer Surface to 
the silicon ring Surface. In one embodiment, a gap defined 
between the wafer and the silicon ring disposed on the 
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pedestal is set so as to not substantially disturb the plasma, 
thereby enabling a smooth transition of the plasma. 
0050. In one embodiment, in addition to the wafer Sup 
port region and the carrier Support region, the pedestal 
Surface may also include a confinement region (not shown) 
on which a confinement ring (not shown) is disposed. The 
confinement region is defined to Surround the carrier Support 
region. The confinement ring received on the confinement 
region of the pedestal 140 is annular in shape and Surrounds 
the silicon ring 132 Such that an outer edge of the silicon ring 
132 received on the pedestal 140 is adjacent to an inner edge 
of the confinement ring. The confinement ring, in one 
embodiment, is made of a dielectric material. The confine 
ment ring is configured to assist in confining the plasma 
generated within the chamber 102 to about the outer edge of 
the silicon ring 132. 
0051 FIG. 2A illustrates a simplified block diagram of a 
side view of an example processing system with a chamber 
102 that is used in a deposition process, in one embodiment. 
The chamber 102 includes a pedestal 140, and a showerhead 
150 that are designed to extend the deposition surface 
beyond the semiconductor wafer Surface to a silicon ring 
surface. The structure of the pedestal 140 is similar to the 
one illustrated in FIG. 1, and includes a distinct wafer 
support region (identified by reference letter B) for receiv 
ing and holding the wafer 101 and a carrier Support region 
(identified by reference letter A) for receiving a silicon ring 
132. The wafer support region, in one embodiment, includes 
a plurality of support structures 138 that are operatively 
configured to receive and hold the wafer 101 during depo 
sition process. As noted above, the silicon ring 132 is 
annular in shape and is configured to encircle the semicon 
ductor wafer 101. The silicon ring 132 is made of a material 
that is similar to the wafer material and in one embodiment 
is designed to be about the same thickness as the wafer 101. 
In other embodiments, the silicon ring 132 may be thicker 
than the wafer or thinner than the wafer. The top surface of 
the wafer 101 and the top surface of the silicon ring 132, in 
one embodiment, are approximately coplanar. 
0052. In one embodiment, the pedestal 140 also includes 
an insulator block 134 that is made of dielectric or ceramic 
material. The insulator block 134 is disposed on the pedestal 
140 in a region below the silicon ring 132. The region is 
defined by an outer step that includes an outer step wall 136 
and the insulator block 134 is disposed adjacent to the outer 
step wall 136. The insulator block 134 may be a single block 
or may include two or more blocks. In the embodiment 
illustrated in FIG. 2A, the region includes a two-block 
insulator structure with a second insulator block 134a dis 
posed between the insulator block 134 and the silicon ring 
132. In one embodiment, insulator block 134 or insulator 
block 134a may be made of ceramic, dielectric or any other 
insulating material that is capable of withstanding process 
conditions within the chamber 102. 

0053 A showerhead 150 disposed in the chamber 102 
provides necessary process gases to generate a plasma. The 
showerhead 150 is designed, in one embodiment, to be large 
enough to cover at least the surface area of the pedestal 140 
that includes the wafer Support region and the carrier Support 
region. For example, in one embodiment, the showerhead 
150 covers an extended process region 154 that covers not 
only the process region 152 defined over the wafer 101 but 
also the region defined over the silicon ring 132. The 
showerhead 150, in the embodiment illustrated in FIG. 2A, 
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is coupled to a RF power source 104 through a match 
network 106 and the pedestal 140 is electrically grounded. 
0054 FIG. 2B illustrates a lower portion of the chamber 
102 in which a silicon ring 132 is disposed on a pedestal 140, 
in one embodiment. The structure of the pedestal 140 is 
similar to the one illustrated in FIG. 2A. The pedestal 140 is 
designed to include the plurality of support structures 138 
disposed across the wafer Support region (B) and the carrier 
Support region (A) to define the minimal contact areas for 
receiving and Supporting the wafer 101 and the silicon ring 
132, during a deposition process. For simplicity sake, an 
outer step defined by a step wall 136 has been shown without 
the insulator block 134, whereas in use the insulator block 
134 may be disposed by the side of or below the silicon ring 
in a similar fashion as illustrated and described with refer 
ence to FIG. 2A. 

0055. A gap 44 defined between the silicon ring 132 and 
the semiconductor wafer 101 is set to a minimum so as to not 
adversely affect the plasma. The thickness 45 of the silicon 
ring 132, in one embodiment, approximates the wafer 101 
thickness so that a top surface of the wafer 101 is at about 
a same level as a top surface of the silicon ring 132. 
Designing the silicon ring 132 thickness to approximate to 
the wafer 101 thickness further aids in a smooth transition of 
the plasma from the wafer Surface to the silicon ring Surface. 
In one embodiment, the thickness of the silicon ring 132 is 
about 1.75 mm. In another example, the thickness of the 
silicon ring 132 is between about 1.5 mm to about 2 mm. In 
other embodiments, the silicon ring 132 may be thinner or 
thicker, so long as the top Surface of the silicon ring 132 and 
the wafer are at least about coplanar. In this example, the gap 
is identified as gap 44. In one embodiment, the gap 44 is less 
than about 1.0 mm, and in another embodiment, it can be 
less than about 0.5 mm, and in one example, the gap is about 
0.25 mm. In still another embodiment, the gap can be less 
than about 0.25 mm, so long as the deposition does not 
Substantially close the gap. 
0056 FIG. 2C illustrates an alternate embodiment 
wherein instead of the silicon ring 132 a silicon carrier ring 
133 is disposed on the pedestal 140. The silicon carrier ring 
133 is shown to include a shelf defined by a step down. The 
step is defined by a top surface 133a, a step sidewall 133b 
and a bottom surface 133c. The pedestal 140 includes 
support structures 138 for supporting the wafer 101 as well 
as to hold the silicon carrier ring 133. The bottom surface 
133c of the step of the silicon carrier ring 133 is designed to 
support the wafer 101 when the wafer 101 is to be moved 
from one processing station to another processing station 
within the chamber 102. In one embodiment, a height 45' of 
the sidewall 133b of the step is defined such that the top 
surface 133a of the silicon carrier ring 133 is at the same 
level as a top surface of the wafer 101, when the silicon 
carrier ring 133 is in a disengaged mode. Consequently, in 
one embodiment, the bottom surface 133c of the step in the 
silicon carrier ring 133 will not be touching an underside 
surface of the wafer, when in the disengaged mode but will 
be positioned to touch the underside surface of the wafer, 
when in an engaged mode. In the disengaged mode, the 
wafer 101 is supported on the pedestal 140 by the support 
structures 138. When the silicon carrier ring 133 is in the 
engaged mode, the silicon carrier ring 133 is moved to 
support the wafer 101. The silicon carrier ring 133, in one 
embodiment, is set to the disengaged mode during deposi 
tion process. In one embodiment, a thickness of the wafer 
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101 received on the pedestal 140 is less than the height 45" 
of the sidewall 133b of the step. In this embodiment, the 
height 45' of the sidewall 133b is about 0.79 mm and the 
thickness of the wafer 101 is about 0.76 mm. 

0057. A gap 44 defined between an edge of the wafer 101 
and the edge of the silicon carrier ring 133 defined by the 
step sidewall 133b is designed to be at a minimal so that the 
plasma is not adversely affected. As noted above, several 
factors associated with different components of the chamber 
and plasma-related parameters affect a size of the gap 
Referring to FIGS. 2A-2C, in one embodiment, the surface 
of the pedestal 140 has a diameter large enough to receive 
a wafer 101 that is about 300 mm in diameter and either a 
silicon ring 132 or a silicon carrier ring 133. In this embodi 
ment, the annular width of the silicon ring 132 or the silicon 
carrier ring 133 disposed on the pedestal is about 75 mm and 
the showerhead is about 450 mm in diameter. For instance, 
the showerhead is at least large enough to overlie the wafer 
surface and either the silicon ring 132 or the silicon carrier 
ring 133. Of course, the aforementioned dimensions of the 
wafer surface, the silicon ring 132 surface or the silicon 
carrier ring 133 surface and the showerhead 150 are mere 
examples and should not be considered limiting. For 
example, in some embodiments, when wafers 101 larger or 
smaller than 300 mm are processed, the silicon ring 132 or 
silicon carrier ring 133 is selected and sized so as to increase 
a sum diameter of the semiconductor wafer 101 and either 
the silicon ring 132 or the silicon carrier ring 133 to a larger 
standard size. For example, if a 200 mm wafer is processed, 
the silicon ring 132 or the silicon carrier ring 133 can extend 
the combined diameter of the wafer and the silicon ring 132 
or silicon carrier ring 133 to 300 mm. In some embodiments, 
the sizing of the silicon ring 132 or the silicon carrier ring 
133 need not extend the combined diameter to a next 
standard size. Instead, the silicon ring 132 or silicon carrier 
ring 133 size may be defined to increase the combined 
diameter by any defined increment, so long as the edge 
effects are moved off the actual wafer 101 edge and on to the 
silicon ring 132 or the silicon carrier ring 133. 
0058 FIG. 3A-1 illustrates a simplified block diagram of 
a side view of an example pedestal 140 engaged within a 
deposition system, in one embodiment. The pedestal 140 is 
designed to receive a semiconductor wafer 101 on a wafer 
Support region (B), a silicon ring 132 over a carrier Support 
region (A) and a confinement ring 144 over a confinement 
region (represented by reference letter C). A plurality of 
support structures 138 distributed on a top surface of the 
pedestal 140 define minimal contact areas to receive the 
wafer 101, the silicon ring 132 and the confinement ring 144. 
The pedestal 140, in this embodiment, is electrically 
grounded. 
0059 A showerhead 150 is configured to provide process 
gas to generate a plasma within the chamber 102. The 
showerhead 150 is designed to cover an area over the 
pedestal 140 and is connected to a RF power source 104 
through a match network 106. The showerhead 150, in one 
embodiment, includes a central showerhead area 150-1 and 
an extended showerhead area 150-2. The central shower 
head area 150-1 extends over a process Zone 152 defined 
over the wafer 101 and an extended process Zone 154 
defined over both the wafer 101 and the silicon ring 132. The 
extended showerhead area 150-2 extends the showerhead to 
further cover a region defined over the confinement ring 144. 
A plurality of outlets are defined on a surface of the 
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showerhead 150 facing the pedestal 140 to provide process 
gas. In one embodiment, the outlets defined over the 
extended process Zone 154 may be disposed to be closer to 
one another while the outlets in the showerhead defined over 
the confinement ring region may be spread farther apart. 
This design may assist in providing a more focused plasma 
application over the extended process Zone 154 while con 
tinuing to maintain the plasma over the confinement ring 
region. In another embodiment, the outlets are evenly dis 
tributed in each area encompassing 150-1 and 150-2. 
0060. In one embodiment, a height of the confinement 
ring 144 is designed to be substantially the same as the 
height of the silicon ring 132 or the carrier wafer 142. In 
other embodiments, the confinement ring may be thicker or 
thinner than the silicon ring 132 and the carrier wafer 142, 
So long as the confinement ring Surface is disposed substan 
tially coplanar to the carrier wafer 142 surface and the wafer 
101 Surface. 

0061 FIG. 3A-2 illustrates a simplified block diagram of 
a side view of an example pedestal 140 in the deposition 
system, in an alternate embodiment. The embodiment illus 
trated in FIG. 3A-2 differs from the embodiment illustrated 
in FIG. 3A-1 in that the pedestal 140 is connected to the RF 
power source 104 through a match network 106 and the 
showerhead 150 is electrically grounded. In the embodi 
ments illustrated in FIGS. 3A-1 and 3A-2, a size of the 
pedestal 140 is large enough to accommodate the wafer 101, 
the silicon ring 132 and the confinement ring 144. 
0062 FIG. 3B depicts a simplified block diagram of a 
side view of the pedestal 140 on which a carrier wafer 142 
is disposed instead of a silicon ring 132. FIG. 3C illustrates 
a magnified view of a portion of the carrier wafer 142 
identified in FIG. 3B. As illustrated in FIG. 3B, the pedestal 
140 is configured to receive a carrier wafer 142 and a 
confinement ring 144. A top surface of the pedestal 140 
includes a plurality of support structures 138 (i.e., MCAS) 
for receiving and Supporting the carrier wafer 142 and the 
confinement ring 144. The carrier wafer 142 includes an 
annular ring surface 143 and a pocket 232 defined in the 
center to receive the wafer 101. The carrier wafer 142 is 
made of silicon or silicon-like material that exhibits similar 
electrical properties as the wafer 101. An outer step 136 is 
defined on the pedestal adjacent to an outer edge of the 
confinement ring 144. The outer step 136 may include one 
or more insulator blocks (not shown). The pedestal 140 is 
connected to a RF power source 104 through a match 
network 106. The RF power source 104 provides the nec 
essary power to generate the plasma within the chamber 102. 
0063. The confinement ring 144, in one embodiment is 
annular shaped and is designed to encircle the carrier wafer 
142. In one embodiment, the confinement ring 144 may be 
a shadow ring. In some embodiments, the confinement ring 
may be made of dielectric material or other confining 
material. In other embodiments, the confinement ring 144 
may be made out of materials such as Alumina, Yttria-doped 
Alumina, Yttria stabilized Zirconia (YSZ), Sapphire, etc. 
0064. A showerhead 150 is disposed in the chamber and 
is designed to be large enough to cover an extended process 
region 156 that covers the process region 152 defined over 
the wafer 101, the process region 154 defined over the 
carrier wafer 142 and the region defined over the confine 
ment ring 144. The showerhead 150, in this embodiment, is 
electrically grounded. In another embodiment, the shower 
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head 150 may be powered and the pedestal 140 may be 
grounded, depending on the desired process and system 
configuration. 
0065 FIG. 3C illustrates the various components of the 
pocket 232 defined in the center of the carrier wafer 142 that 
is used to receive the wafer 101. As noted earlier, the carrier 
wafer 142 includes an annular ring Surface 143 Surrounding 
the pocket 232. The pocket 232 is defined by an inner step 
242 extending down. The inner step 242 includes a top 
surface 236 (that corresponds with the annular ring surface 
143), a sidewall 234, and a bottom surface 240. A height 
(H) of the inner step 242 defining the pocket 232, in some 
embodiments, is equal to or greater than thickness of the 
wafer 101. In some embodiments, thickness 45" of the 
bottom surface of the carrier wafer is defined to be about 

0.97 mm and the height (H) of the inner step 242 is about 
0.79 mm. In some embodiments, the bottom surface 240 of 
the pocket may include a plurality of support structures 138 
for Supporting the wafer 101 during deposition process. A 
height of the support structures 138, in one embodiment, is 
defined such that when the wafer is disposed over the 
support structures 138 within the pocket 232, a top surface 
of the wafer 101 is at about a level as a top surface 236 of 
the inner step 242 defined in the carrier wafer 142. The 
annular ring Surface 143 extends from an outer edge of the 
carrier wafer 142 to a top edge 242a of the step. 
0066. The geometry and the dimension of the annular 
ring surface 143 and the pocket 232 allows for a continua 
tion of the deposition surface beyond the wafer edge to the 
annular ring surface 143 of the carrier wafer 232. The carrier 
wafer 142 is received on the pedestal 140. In one embodi 
ment, the carrier wafer 142 is made of mono-crystalline 
silicon. In other embodiments, the carrier wafer 142 is made 
of silicon-like materials, such as Germanium, ZTA, etc. In 
one embodiment, a top surface of the pedestal 140 includes 
a plurality of support structures 138 for receiving the carrier 
wafer 142 and the confinement ring 144. 
0067. In one embodiment, the carrier wafer includes an 
outside edge 238. An annular shaped confinement ring 144 
is disposed on the pedestal 140 so as to surround the carrier 
wafer 142 Such that an inner edge of the confinement ring 
144 is adjacent to the outside edge 238 of the carrier wafer 
142. A height of the confinement ring 144, in one embodi 
ment, is designed to be of about a same height as the carrier 
wafer 142 so that a top surface 144a of the confinement ring 
144, when present, is approximately coplanar with the 
annular ring surface 143 of the carrier wafer 142. In other 
embodiments, as noted above, the confinement ring 144 may 
be thicker or thinner than the carrier wafer 142 and the 
confinement ring 144 is disposed so that the Surface of the 
confinement ring 144 is Substantially coplanar with the 
carrier wafer 142 surface. The confinement ring 144 may be 
made of dielectric material or any other confining material, 
Such as Alumina, etc., and acts to confine or assist in 
confining the plasma at the outside edge 238 of the carrier 
wafer 142. 

0068 FIGS. 3D-3G illustrate the various configurations 
of a step sidewall 234 defined in a pocket 232 of a carrier 
wafer 142 that is received on a pedestal 140 disposed within 
a deposition chamber. It should be noted that the various 
configurations of the step sidewall illustrated in FIGS. 
3D-3G are mere examples and that other configuration of the 
step sidewall may be engaged within the carrier wafer 142. 
For example, in some embodiments, the sidewall 234 of the 
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inner step 242 may be extended downward in a perpendicu 
lar manner, as shown in FIG. 3D. A top edge 242a is defined 
at an intersection of the sidewall 234 and the top surface 236 
of the inner step 242. A bottom edge 242b is defined at the 
intersection of the sidewall 234 and the bottom surface 240 
of the inner step 242. In this example, the edges 242a, 242b 
may be sharp or machined edges. 
0069. A gap 44 is defined between an outer edge of the 
wafer and the sidewall 234 of the inner step 242. An outside 
edge 238 of the carrier wafer is adjacent to a confinement 
ring (not shown) disposed on the pedestal 140 (not shown). 
0070 FIG. 3E illustrates a variation of the sidewall 234 
of the pocket 232 in another embodiment, wherein the 
sidewall 234 of the inner step 242 is disposed at an angle B 
that extends outward from the vertical line (represented by 
the dashed line 247 in FIG. 3E). Similar to the embodiment 
illustrated in FIG. 3D, the top edge 242a and the bottom 
edge 242b have sharp or machined edges, although edges 
242a, 242b may also be rounded or tapered. In this embodi 
ment, a gap 44a is defined between an outer edge of the 
wafer and the top edge 242a of the inner step 242. 
(0071 FIG. 3F illustrates another variation of the sidewall 
234 of the inner step 242 defining the pocket 232 in yet 
another embodiment, wherein the sidewall 234 of the pocket 
232 is disposed at an angle 0° that extends inward from the 
vertical line 247 while the top edge 242a and the bottom 
edge 242b continue to be sharp or machined edges, although 
these edges (242a, 242b) may be rounded or tapered. In this 
embodiment, a gap 44b is defined between an outer edge of 
the wafer and the top edge 242a of the inner step 242. 
0072 FIG. 3G illustrates a variation of the top edge 242a 
and the bottom edge 242b of the inner step 242 illustrated in 
FIGS. 3B-3D. Here, the top edge 242a and the bottom edge 
242b of the inner step 242 are rounded. Although both the 
top and the bottom edges (242a, 242b) are shown to be 
rounded, variations of this embodiment may include only 
the top edge 242a being rounded or only the bottom edge 
242b being rounded. In this embodiment, a gap 44 is defined 
between an outer edge of the wafer 101 and the sidewall 234 
of the inner step 242. The variations of the sidewall 234 of 
the inner step 242 defining the pocket 232 of the carrier 
wafer 142 illustrated in FIGS. 3D-3G are examples and 
other variations of the sidewall of the inner step 242 may be 
employed. 
0073. As noted in the various embodiments, the plasma 
generated within the chamber may be extended beyond a 
wafer edge to a silicon ring edge by, (a) providing a silicon 
ring (or a silicon carrier ring or a carrier wafer) that is made 
of silicon or silicon-like material adjacent to the semicon 
ductor wafer on a pedestal (as discussed with reference to 
the various embodiments); (b) keeping a gap between an 
outer edge of the semiconductor wafer and an inner edge of 
the silicon ring (or the step wall of the silicon carrier ring or 
the carrier wafer) to a minimum to prevent the plasma 
generated within the chamber from getting adversely 
affected; (c) extending a showerhead to cover an extended 
process Zone defined over the pedestal that at least includes 
the semiconductor wafer and the silicon ring (or the silicon 
carrier ring or the carrier wafer); and optionally (d) provid 
ing a confinement ring to Surround the silicon ring (or the 
silicon carrier ring or the carrier wafer). When the confine 
ment ring is present, the showerhead may be extended to 
cover the area of the pedestal defined over the confinement 
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ring, in addition to covering the area over the semiconductor 
wafer and the silicon ring (or the silicon carrier ring or the 
carrier wafer). 
0074 The various embodiments thus enable shifting the 
non-uniformity effects of the deposited film away from the 
semiconductor wafer edge to the silicon ring edge. The 
shifting results in the film thickness uniformity at the wafer 
edge to be substantially comparable to the film thickness 
uniformity found in other areas of the wafer away from the 
wafer edge, thereby improving wafer yield. 
0075 FIGS. 4A and 4B illustrate the X and Y-linear scan 
graph identifying the effect of a film deposition using the 
embodiments of the silicon ring or the carrier wafer 
described herein. FIG. 4A illustrates the X-linear scan 404 
plotted for a deposition process that engaged a chamber 
without a carrier wafer or the silicon ring and the X-linear 
scan 402 plotted for a deposition process using a chamber 
that included a carrier wafer. As illustrated in the X-linear 
scan 404 for the chamber that did not include the carrier 
wafer or the silicon ring, the edge wings (defined by points 
404a, 404c) are more pronounced compared to the middle 
404b of the graph. The pronounced edge wings represent the 
non-uniformity effect at the wafer edge as compared to the 
middle of the wafer. On the other hand, the X-linear scan 
402 plotted for the deposition process that engaged a cham 
ber with an embodiment of a carrier wafer discussed herein, 
for example, the edge wings (represented by points 402a, 
402c) were significantly suppressed and were closer to the 
middle 402b of the graph. The suppressed edge wings 
represent substantial improvement in the uniformity of the 
deposited film at the wafer edge as compared to other areas 
of the wafer away from the wafer edge (e.g., the middle of 
the wafer). 
0076. As illustrated in FIG. 4B, the Y-linear scan graph 
414 plotted for a deposition process that engaged a chamber 
without carrier wafer or silicon ring showed similar effect 
with pronounced edge wings (represented by points 414a. 
414c) as compared to the middle 414b. This indicates the 
non-uniformity effect at the wafer edge as compared to the 
middle of the wafer. Similarly, as can be seen from the 
Y-linear Scan graph 412, for a deposition process that 
engaged an embodiment of a chamber with carrier wafer 
discussed herein, the non-uniformity effect at the wafer edge 
was significantly reduced as can be seen by the Suppressed 
edge wings (represented by points 412a, 412c) compared to 
the middle 412b in the graph 412. 
0077. In one embodiment, the showerhead employed 
within the chamber was sized to be about 450 mm in 
diameter and the wafer 101 disposed on the carrier wafer 
was about 300 mm in diameter. In another embodiment, an 
outer diameter of the carrier wafer was about 450 mm and 
an inner diameter of the carrier wafer, defining the pocket for 
receiving the wafer 101, was about 300 mm. The shower 
head, in this embodiment, was sized to cover at least the 
carrier wafer. In another embodiment, a confinement ring 
was disposed adjacent to the carrier wafer and the shower 
head was sized to overlie the carrier wafer and the confine 
ment ring. As noted earlier, the aforementioned dimensions 
are just examples and should not be considered limiting. 
Depending on the diameter of the wafer, the silicon ring is 
selected and sized so as to increase a Sum diameter of the 
wafer and the silicon ring (or a silicon carrier ring or a carrier 
wafer) to a larger standard size. In some embodiments, the 
silicon ring (or a silicon carrier ring or a carrier wafer) may 
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be sized to increase the sum diameter of the wafer and the 
silicon ring (or a silicon carrier ring or a carrier wafer) by 
any defined increment that allows the edge effects to move 
away from the wafer edge to the edge of the silicon ring (or 
a silicon carrier ring or a carrier wafer). The embodiments 
described herein allow separation of the plasma confinement 
from the wafer edge so as to substantially improve film 
thickness uniformity at the wafer edge to be as uniform as 
on the wafer away from the wafer edge. 
0078. The control module 110 illustrated in FIG. 1 is used 
to manage the generation of the plasma and maintenance of 
the deposition conditions within the chamber. For instance, 
the control module 110 may be used to control the process 
ing parameters of the deposition chamber to generate the 
plasma used in the deposition process. The control module 
110 may include a processor, memory and one or more 
interfaces. The control module 110 may, in some embodi 
ments, be employed to control one or more devices in the 
system 100 based in part on sensed values. For example, the 
control module 110 may be used to control one or more of 
valves, filter heaters, pumps, and other devices that are 
integrated in the system 100 based on the sensed values and 
other control parameters. The control module receives the 
sensed values through various sensors disposed throughout 
the chamber 102. Such as pressure manometers, flow meters, 
temperature sensors, and/or other sensors. The control mod 
ule may also be employed to control process conditions 
during delivery and deposition of the film. The control 
module will typically include one or more memory devices 
and one or more processors. 
007.9 The control module may control activities of the 
delivery system and deposition apparatus. The control mod 
ule executes computer programs including sets of instruc 
tions for controlling process timing, delivery system tem 
perature, pressure differentials across the filters, valve 
positions, mixture of gases, chamber pressure, chamber 
temperature, wafer temperature, RF power levels, wafer 
chuck or pedestal position, gap between the electrodes 
(upper and lower) and other parameters of a particular 
process. The control module may also monitor the pressure 
differential and automatically switch vapor delivery from a 
first path(s) to a second path(s). Other computer programs 
stored on memory devices associated with the control mod 
ule may be employed in Some embodiments. 
0080 Typically there will be a user interface associated 
with the control module. The user interface may include a 
display (e.g. a display screen and/or graphical software 
displays of the apparatus and/or process conditions), and 
user input devices such as pointing devices, keyboards, 
touch screens, microphones, etc. 
I0081 Computer programs for controlling delivery of 
deposition and other processes in a process sequence can be 
written in any conventional computer readable program 
ming language: for example, assembly language, C, C++, 
Pascal, Fortran or others. Compiled object code or script is 
executed by the processor to perform the tasks identified in 
the program. 
I0082. The control module parameters relate to process 
conditions such as, for example, filter pressure differentials, 
process gas composition and flow rates, temperature, pres 
Sure, plasma conditions such as RF power levels and the low 
frequency RF frequency, cooling gas pressure, and chamber 
wall temperature. 
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0083. The system software may be designed or config 
ured in many different ways. For example, various chamber 
component Subroutines or control objects may be written to 
control operation of the chamber components necessary to 
carry out the inventive deposition processes. Examples of 
programs or sections of programs for this purpose include 
wafer positioning code, process gas control code, pressure 
control code, heater control code, and plasma control code. 
0084. A wafer positioning program may include program 
code for controlling chamber components that are used to 
load the wafer onto a pedestal or chuck and to control the 
spacing between the wafer and other parts of the chamber 
Such as a gas inlet and/or target. A process gas control 
program may include code for controlling gas composition 
and flow rates and optionally for flowing gas into the 
chamber prior to deposition in order to stabilize the pressure 
in the chamber. A filter monitoring program includes code 
comparing the measured differential(s) to predetermined 
value(s) and/or code for Switching paths. A pressure control 
program may include code for controlling the pressure in the 
chamber by regulating, e.g., a throttle valve in the exhaust 
system of the chamber. A heater control program may 
include code for controlling the current to heating units for 
heating components in the delivery system, the wafer and/or 
other portions of the system. Alternatively, the heater control 
program may control delivery of a heat transfer gas such as 
helium to the wafer chuck. 

0085 Examples of sensors that may be monitored during 
deposition include, but are not limited to, mass flow control 
modules, pressure sensors such as the pressure manometers, 
and thermocouples located in delivery system, the pedestal 
or chuck (e.g. the temperature sensors). Appropriately pro 
grammed feedback and control algorithms may be used with 
data from these sensors to maintain desired process condi 
tions. The foregoing describes implementation of embodi 
ments of the invention in a single or multi-chamber semi 
conductor processing tool. 
I0086. The foregoing description of the embodiments has 
been provided for purposes of illustration and description. It 
is not intended to be exhaustive or to limit the invention. 
Individual elements or features of a particular embodiment 
are generally not limited to that particular embodiment, but, 
where applicable, are interchangeable and can be used in a 
selected embodiment, even if not specifically shown or 
described. The same may also be varied in many ways. Such 
variations are not to be regarded as a departure from the 
invention, and all Such modifications are intended to be 
included within the scope of the invention. 
0087 Although the foregoing embodiments have been 
described in some detail for purposes of clarity of under 
standing, it will be apparent that certain changes and modi 
fications can be practiced within the scope of the appended 
claims. Accordingly, the present embodiments are to be 
considered as illustrative and not restrictive, and the 
embodiments are not to be limited to the details given 
herein, but may be modified within their scope and equiva 
lents of the claims. 

What is claimed is: 

1. A chamber for processing a semiconductor wafer, the 
processing of the semiconductor wafer includes performing 
deposition of a material over a surface of the semiconductor 
wafer, the chamber comprising, 
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a pedestal for Supporting the semiconductor wafer; 
a silicon ring Surrounding the semiconductor wafer and 

disposed over the pedestal, the silicon ring having a 
ring thickness that approximates a semiconductor 
wafer thickness, the silicon ring has an annular width 
that extends a process Zone over the semiconductor 
wafer to an extended process Zone that is over the 
semiconductor wafer and the silicon ring; 

a confinement ring Surrounding the silicon ring and dis 
posed on the pedestal, the confinement ring being 
defined from a dielectric material; 

a showerhead having a central showerhead area and an 
extended showerhead area, the central showerhead area 
being Substantially disposed over the semiconductor 
wafer and the silicon ring and the extended showerhead 
area being Substantially disposed over the confinement 
ring: 

wherein the annular width of the silicon ring enlarges a 
Surface area of the semiconductor wafer that is exposed 
to the extended process Zone and shifts non-uniformity 
effects of deposition materials over the semiconductor 
wafer from an edge of the semiconductor wafer to an 
outer edge of the silicon ring. 

2. The chamber of claim 1, wherein the semiconductor 
wafer has about a 300 mm diameter, and the silicon ring 
extends to a diameter of about 450 mm. 

3. The chamber of claim 1, wherein the semiconductor 
wafer has a first standard diameter and the silicon ring 
extends the semiconductor wafer to a second standard 
diameter. 

4. The chamber of claim 1, wherein the annular width is 
about 75 mm. 

5. The chamber of claim 1, wherein the ring thickness of 
the silicon ring is between about 1.5 mm and about 2 mm. 

6. The chamber of claim 1, wherein a surface of the 
pedestal includes a first region with first minimum contact 
areas (MCAS) for Supporting the semiconductor wafer, a 
second region with second MCAS for Supporting the silicon 
ring, and a third region with third MCAS for Supporting the 
confinement ring. 

7. The chamber of claim 1, wherein the silicon ring 
exhibits electrical properties that is similar to the semicon 
ductor wafer. 

8. The chamber of claim 1, wherein the silicon ring is 
disposed over the pedestal Such that an inner edge of the 
silicon ring is adjacent to an outer edge of the semiconductor 
wafer. 

9. The chamber of claim 1, wherein the pedestal is 
connected to a radio frequency (RF) power source through 
a match network and the showerhead is electrically 
grounded, the RF power source providing power to generate 
a plasma within the chamber. 

10. The chamber of claim 1, wherein the showerhead is 
connected to a radio frequency (RF) power source through 
a match network and the pedestal is electrically grounded, 
the RF power Source providing power to generate a plasma 
within the chamber. 

11. The chamber of claim 1, wherein the silicon ring is 
disposed on the pedestal to define a gap between an outer 
edge of the semiconductor wafer and an inner edge of the 
silicon ring, the gap is between about 0.25 mm and about 1.0 

. 

12. The chamber of claim 1, wherein the silicon ring 
includes a step, the step defined by a top surface, a sidewall 
and a bottom Surface, the bottom surface configured to 
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Support the semiconductor wafer during transition from one 
processing station to another processing station within the 
chamber, a height of the sidewall approximating the semi 
conductor wafer thickness. 

13. A chamber for processing a semiconductor wafer, the 
processing of the semiconductor wafer includes performing 
deposition of a material over a surface of the semiconductor 
wafer, the chamber comprising, 

a carrier wafer including an annular ring Surface and a 
pocket, the pocket being defined in a center of the 
carrier wafer and including a step, the annular ring 
Surface is defined to Surround the pocket and extend 
from an outer edge of the carrier wafer to a top edge of 
the step, a bottom Surface of the step used to Support the 
semiconductor wafer, a height of the step approximat 
ing a thickness of the semiconductor wafer, the annular 
ring Surface of the carrier wafer extends a process Zone 
that is defined over the semiconductor wafer to an 
extended process Zone that is defined over the annular 
ring surface of the carrier wafer; 

a pedestal for Supporting the carrier wafer; 
a confinement ring Surrounding the carrier wafer and 

disposed on the pedestal, the confinement ring being 
defined from a dielectric material; and 

a showerhead having a central showerhead area and an 
extended showerhead area, the central showerhead area 
being substantially disposed over the carrier wafer and 
the extended showerhead area being substantially dis 
posed over the confinement ring; 

wherein the annular ring surface of the carrier wafer 
enlarges a surface area of the semiconductor wafer that 
is exposed to the extended process Zone and shifts 
non-uniformity effects of deposition materials over the 
semiconductor wafer from an edge of the semiconduc 
tor wafer to the outer edge of the carrier wafer. 
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14. The chamber of claim 13, wherein the semiconductor 
wafer received in the pocket has about a 300 mm diameter, 
and the annular ring Surface of the carrier wafer extends the 
carrier wafer to a diameter of about 450 mm. 

15. The chamber of claim 13, wherein the semiconductor 
wafer has a first standard diameter and the carrier wafer 
extends the semiconductor wafer to a second standard 
diameter. 

16. The chamber of claim 13, wherein the width of the 
annular ring Surface is about 75 mm. 

17. The chamber of claim 13, wherein the height of the 
step is about 0.79 mm. 

18. The chamber of claim 13, wherein a top surface of the 
pedestal includes a first region with first minimum contact 
areas (MCAS) for Supporting the carrier wafer and a second 
region with second MCAS for Supporting the confinement 
r1ng. 

19. The chamber of claim 13, wherein the bottom surface 
of the pocket includes minimum contact areas (MCAs) for 
Supporting the semiconductor wafer. 

20. The chamber of claim 13, wherein the pedestal is 
connected to a radio frequency (RF) power source through 
a match network and the showerhead is electrically 
grounded, the RF power source providing power to generate 
a plasma within the chamber. 

21. The chamber of claim 13, wherein the showerhead is 
connected to a radio frequency (RF) power source through 
a match network and the pedestal is electrically grounded, 
the RF power Source providing power to generate a plasma 
within the chamber. 

22. The chamber of claim 13, wherein a gap is defined 
between an outer edge of the semiconductor wafer and the 
top edge of the step defined in the pocket, the gap is between 
about 0.25 mm and about 1.0 mm. 
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