
METHOD FOR TREATING SEMICONDUCTOR PROCESSING
COMPONENTS AND COMPONENTS FORMED THEREBY TECHNICAL
FIELD The present invention is generally related to
methods for treating semiconductor processing
components for use in a semiconductor fabrication
environment, as well as semiconductor processing
components formed thereby. BACKGROUND ART In the art
of semiconductor processing, typically integrated
circuit devices are formed through various wafer
processing techniques, in which semiconductor
(principally silicon) wafers are processed through
various stations or tools. Processing operations
include, for example, high temperature diffusion,
thermal processing, ion implant, annealing,
photolithography, polishing, deposition, etc. As new
generation semiconductor devices are developed, demand
continues to exist in the industry to achieve better
purity levels during such processing operations. In
addition, there continues to be a driving force to
transition to larger semiconductor wafers. The desire
for superior purity levels and larger wafers
introduces further integration challenges for next
generation processing. Despite improvements in the
industry to address next generation purity concerns as
well as handling issues associated with larger-sized
semiconductor wafers, a need continues to exist in the
art for further improved semiconductor processing
components, methods for forming such components, and
methods for processing semiconductor wafers.
DISCLOSURE OF INVENTION According to one embodiment, a
semiconductor processing component includes a
component having an outer surface portion containing
silicon carbide, the outer surface portion having a
skin impurity level and a bulk impurity level. The
skin impurity level is average impurity level from 0
nm (outer surface) to 100 nm of depth into the outer
surface portion, the bulk impurity level is measured
at a depth of not less than 3.0 microns into the outer
surface portion, and the skin impurity level is not
greater than 80% of the bulk impurity level. According
to another embodiment, a method of denuding a
semiconductor processing component includes providing
a semiconductor processing component having an outer
surface portion formed by chemical vapor deposition of
SiC, and removing a target portion of the outer
surface portion. The outer surface portion has a skin
impurity level and a bulk impurity level, wherein the
skin impurity level is average impurity level from 0
nm (outer surface) to 100 nm of depth into the outer
surface portion, and the bulk impurity level is
measured at a depth of not less than 3.0 micronsinto
the outer surface portion. Further, heat treating is
carried out to the component to diffuse 



impurities from the surface of the outer surface
portion, whereby the skin impurity level is not
greater than 80% of the bulk impurity level. BRIEF
DESCRIPTION OF THE DRAWINGS The present invention may
be better understood, and its numerous features and
advantages made apparent to those skilled in the art
by referencing the accompanying drawings. FIG. 1
illustrates an embodiment of the present invention,
namely a wafer boat or carrier. FIGS. 2 and 3
illustrate the impurity depth profile of CVD-SiC films
formed in two different commercially available
deposition apparatuses. FIG. 4 illustrates the
impurity depth profile of CVD-SiC, formed utilizing
reactant gases at higher contaminant levels. FIG. 5
illustrates the impurity depth profile of a CVD-SiC
layer before and after an initial cleaning step. FIG.
6 illustrates a depth profile resulting from two
cleaning cycles of another sample, having a relatively
low-purity CVD-SiC layer. FIG. 7 illustrates depth
profiles comparing surface Fe concentration after two
cleaning and four cleaning cycles of the sample with a
relatively low-purity CVD-SiC layer. FIG. 8
illustrates depth profile of a relatively low-purity
CVD-SiC layer after complete removal of Fe-enriched
surface layer. FIG. 9 compares purity levels of a
CVD-SiC layer in three states, as-deposited, after
being subjected to six cleaning cycles, and after
subsequent heat treatment to form a denuded skin
portion according to an embodiment. FIG. 10 compares
purity levels of a CVD-SiC layer in two states,
as-deposited, and after subsequent heat treatment to
form a denuded skin portion according to an
embodiment. The use of the same reference symbols in
different drawings indicates similar or identical
items. DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
According to aspects of the present invention, a
semiconductor processing component and a method for
treating a semiconductor processing component are
provided. The semiconductor processing component
generally is formed at least partially of SiC,
including an outer surface portion that has a
controlled impurity content. The outer surface portion
is typically formed by chemicalvapor deposition (CVD),
and has an skin impurity level that is not greater
than 80% a bulk impurity level. The outer surface
portion may be defined as an identifiable SiC layer
formed by CVD, or an outer thickness of a SiC
component formed principally by CVD, as in the case of
free-standing CVDSiC components, described in more
detail below. U.S. Patent 6,093,644 discloses a
process in which an oxidation step is carried out,
followed by 



oxide layer removal. However, the techniques disclosed
therein do not adequately address certain
contamination issues, and appear to focus on global
impurity levels of the component, and not impurity
levels along critical portions of the component.
Further, the technology appears limited to restoring
pre-machined purity levels to the component in the
post-machined state. Further work in the area of high
purity processing components has lead to development
of process flows derived from more rigorous study of
contamination sources and characterization of impurity
profiles extending through an outer surface portion of
components. One such process flow is described in US
10/824,329, filed April 14, 2004. According to one
aspect, the present inventors have recognized that
as-deposited CVD-SiC has a spike in impurity levels at
the outer surface thereof, typically within the first
0.5 mm, such as within the first 0.25 mm, or the first
0.10 mm of the outer depth of the component. While, in
contrast, the impurity level through the bulk of the
outer surface portion stabilizes at a relatively low
level, oftentimes one, two, or even three orders of
magnitude lower than an impurity level at the very
outer surface of the component. The bulk impurity
level is generally that impurity level which
represents the constant or nominal impurity level as a
function of depth, and is further described
hereinbelow. Impurity levels are generally based on
one of Cr, Fe, andNi concentrations, between the outer
surface and the bulk portion of the outer surface
portion. According to an embodiment, the impurity
levels are based on one Fe alone. In this respect,
while Fe is measured according to embodiments herein,
Cr and Ni concentrations can follow the same
concentration trends, although at lower concentration
levels. In this context, according to an embodiment of
the present invention, a semiconductor processing
component having an outer surface portion formed by
chemical vapor deposition of SiC is provided, and
processing begins with removal of a target portion of
the outer surface portion, such that a skin impurity
level of the outer surface portion is not greater than
about ten times the bulk impurity level of the outer
surface portion. While a maximum 1OX difference in
impurity levels between the bulk and the surface is
generally desired, further embodiments have a surface
impurity level that is not greater than about five
times, such as not greater than about two times the
bulk impurity level. Indeed, certain embodiments have
a surface impurity level that is not greater than the
bulk impurity level. Processing then typically
continues with further impurity reduction to form an
impurity denuded zone along a skin portion of the
outer surface portion, described in more detail
below.The semiconductor processing component according
to embodiments herein may be chosen from one of
various geometric configurations for different
processing operations, and may be configured for
receiving various sized wafers, whether 150mm, 200mm,
or newer generation 300mm 



wafers, for example. Particular processing components
include semiconductor wafer paddles, process tubes,
wafer boats, liners, pedestals, long boats, cantilever
rods, wafer carriers, vertical process chambers, and
even dummy wafers. Of the foregoing, several of the
semiconductor processing components may be those that
are configured for direct contact with and for
receiving semiconductor wafers such as horizontal or
vertical wafer boats, long boats, and wafer
susceptors. In addition, the processing component may
be configured for single wafer processing and may be
used for chambers, focus rings, suspension rings,
susceptors, pedestals, etc. The semiconductor
processing component may be fabricated by various
techniques. For example, according to one embodiment,
the processing component is formed by provision of a
substrate that is generally coated with a SiC layer by
CVD. The CVD-SiC layer may advantageously function to
attenuate auto-doping of the underlying silicon, as
well as prevent migration of impurities from the bulk
of the substrate to an outer surface of the component,
which may lead to contamination during semiconductor
wafer processing. The substrate typically functions to
provide mechanical support and structural integrity,
and may be formed of various materials, such as
recrystallized SiC, and by various processing
pathways. In one technique, the substrate, primarily
composed of SiC, is formed by slip casting or by
pressing. In the case of slip casting, the slip-cast
body is dried and heat treated, followed optionally by
impregnation to reduce porosity. Advantageously,
impregnation may be carried out by infiltration with
molten silicon. Other specialized fabrication
techniques may also be used, such as by utilizing a
conversion process in which a carbon preform is
converted into a silicon carbide core, or by
subtractive process in which the core is removed
following infiltration, such as by chemical vapor
infiltration. Alternatively, the semiconductor
processing component may be formed of stand-alone
silicon carbide, formed of one of various processes
such as by CVD of silicon carbide. This particular
process technique enables formation of a processing
component that is of relatively high purity throughout
substantially the entire bulk or interior portion of
the component. An embodiment of a wafer processing
component is shown in FIG. 1. Wafer boat 1 illustrated
in FIG. 1has a plurality of grooves 16, each of which
extends along the same radius of curvature. Each
groove has an individual groove segment 18, 20 and 22,
which are desirably machined following fabrication of
the wafer boat proper. For example, the wafer boat may
be fabricated according to one of the techniques
described above, such as by impregnating a silicon
carbide core with molten elemental silicon, then
executing CVD to form a deposited silicon carbide
layer. Following formation of the silicon carbide
layer, machining may be carried out. In particular,
the grooves may be formed and fine dimensional control
may be executed by a machining operation, such 



as by utilizing a diamond-based machining tool.
Noteworthy, while FIG. 1 illustrates a horizontalwafer
boat, it is to be understood that vertical wafer boats
or wafer carriers may be utilized as well, as well as
other semiconductor processing components as already
mentioned. Following formation of the processing
component, the processing component is subjected to a
treatment process. Namely, the outer portion of the
component formed of CVD-SiC is manipulated to improve
purity, and particularly, the impurity of the skin
portion that terminates at and defines the outer
surface of the component. In one embodiment, a target
portion of the outer surface portion is removed,
leaving behind an outer surface that has an impurity
content that is not greater than ten times that of a
bulk impurity content of the outer surface portion.
Removal of the target portion may be carried out by
any one of several techniques. According to one
technique, the outer surface portion is removed by an
oxidation-stripping process. During oxidation, the
component may be exposed to a reactant species, such
as a halogen gas, to further improve purity. The
reactant species generally functions to complex or
react with existing impurities, and volatilize during
high temperature treatment. Oxidation-stripping may
also reduce particle count along the outer surface,
particularly beneficial in the context of
semiconductor processing operations. In more detail,
oxidation of the semiconductor processing component is
generally carried out to form an oxide layer by
chemical reaction to form a conversion layer, as
opposed to a deposited oxide layer. According to the
oxidation treatment, an oxide layer consumes a target
portion of the component, namely a portion of the
CVD-SiC material. The oxide layer may be formed by
oxidation of the component in an oxidizing
environment, such as by oxidizing the component in an
oxygen containing environment at an elevated
temperature, such as within a range of 950 to about
1300 degrees C, and more specifically in a range of
about 1000 to about 1250 degrees C. Oxidation may be
carried out in a dry or wet ambient, and is typically
carried out at atmospheric pressure. A wet ambient can
be generated by introducing steam, and functions to
increase the rate of oxidation. The oxide layer is
generally silicon oxide, typically SiO2. The silicon
oxide layer may be in direct contact with the silicon
carbide of the component, as in the case of
free-standing SiC or substrates coated with silicon
carbide, such as by CVD. The oxide layer may cause
residual silicon carbide particulates to be converted
to silicon oxide, in addition to formation of an oxide
layer along the body proper. In the case of
particulate conversion, oxidation may enable later
stage particulate removal. In addition, formation of
an oxide coating by a conversion process, rather than
a deposition process, helps trap residual impurities,
such as metallic impurities, within the oxide layer,
for removal along with stripping of the oxide layer.
The oxide layer may be stripped by exposure of the
processing component to a solution that is capable of
solubilizing (dissolving) the oxide layer. In one
embodiment, the solution is an acid which 



contains fluorine. Typically, the pH of the solution
is less than about 3.5, most typically less than about
3.0, with some embodiments being even more acidic,
having a pH less than about 2.5. Alternatively, the
solution may be basic, and exposed to the layer in
conjunction with elevatedtemperatures (greater than
room temp, but below H2O boiling point).
Alternatively, high temperature and H2 gas, such as
above 100O0C, may also be used. During oxidation, the
semiconductor processing component may be exposed to a
reactive species, such as a halogen gas, that forms a
reaction product with contaminants present at the
outer surface of the outer surface portion. Generally,
both the exposure to a reactive species and oxidizing
are carried out simultaneously, although alternatively
the steps may be carried out separately. In this
regard, use of the term simultaneously does not
require that the exposure and oxidation steps to be
carried out so as to be completely coextensive, but
rather, the steps may overlap each other partially.
The term "halogen gas" denotes use of any halogen
group elements provided in gaseous form, typically
combined with a cation. Examples of common halogen
gases that may be employed according to embodiments of
the present invention includes HCl and Cl2. Other
gasses include those that contain fluorine, for
example. Typically, the elevated temperature at which
the semiconductor processing component is exposed to
the halogen gas is sufficient to enable a reaction
between the halogen gas and impurities contained along
an outer surface portion of the semiconductor
processing component, including along the exposed
outer surface of the semiconductor processing
component. For example, the elevated temperature may
be within a range of about 950 C to about 1300 C.
Further, the concentration of the halogen gas may
vary, and may be present in the heated environment
(e.g., a furnace processing chamber) within a range of
about 0.01 to about 10% of the total pressure.
Typically, the lower limit of the partial pressure is
somewhat higher, such as about 0.05, or about 0.10%.
While the foregoing has focused halogen gases, other
reactive anion-containing reactants may be utilized,
provided that the reactant is chosen so as to form a
reaction product with expected metallic impurities,
and that the reaction product has a higher volatility
than that of the metallic impurity itself. Typically,
the impurity with which the halogen gas reacts along
an outer surface portion of the semiconductor
processing component is a metal impurity. Metal
impurities may take on the form of elemental metal, or
metal alloys, and may be aluminum-based, iron-based,
or chromium-based, for example. The use of a halogen
gas such as HCl causes the formation of a reaction
product with such metal impurities. The reaction
product typically has a higher volatilization than the
impurities, such that during the exposure of the
processing component to the elevated temperature, the
reaction product volatilizes and is thus removed from
the processing component. While the above disclosure
has focused on removal of a portion of the component
by reacting, 



notably by oxidation-stripping, other techniques for
removing the target portion may be utilized. For
example, the target portion may be reacted by an
etching operation, by introducing an etchant species
at an elevated temperature to form an etchant product
that volatilizes to wholly or partly remove the target
portion. For example, the etchant species may be a
chlorine -containing gas, forming SiClx etchant
product that volatilizes. The Cl-containing gas may be
HCl, Cl2, and others. In some cases, carbon may be
left behind as a by-product of the etching operation.
This carbon may be removed bya high temperature
burn-out treatment. It is noted that sometimes etching
is referred to as graphitization, describing the
carbon in the form of graphite left behind on the
surface of the component. It is also generally
desirable that the etchant used complexes with the
impurities present along the outer surface portion,
forming volatilized species such as FeCl, TiCl, etc.
Further, as described above, to the extent that
oxidation and oxide stripping are utilized to remove
the target portion, the contaminants may be reacted to
form a reaction product, such as by introducing a
halogen gas as already described above in detail.
While the foregoing has focused on one cycle,
processing steps such as oxidation-steps (with
optional halogen gas treatment) may be repeated, and
is generally repeated, several times to achieve the
desired level of purity through removal of the target
portion. Prior to removal of the target portion, the
component may be subjected to a machining operation,
to remove, for example 10 to 100 microns of outer
material of the component. While the as-deposited
impurity profile is generally altered by material
removal from machining operations, machining tends to
nevertheless leave a spike in impurities at the outer
surface of the component (i.e., the as-machined
surface), as similarly observed in as-deposited CVD
SiC. It has been found that the surface impurity level
may extend into the outer surface portion, such as on
the order of 1-3 microns, before reaching the bulk
impurity level. Accordingly, in embodiments that have
been subjected to machining, oftentimes the target
portion to be removed has a thickness at the higher
end of the above noted range of up to about 20
microns, with actual thicknesses removed on the order
of 3 to 5 microns. Accordingly, to the extent that the
CVD-SiC surface of the component is subjected to a
mechanical abrasion or machining process such as
grinding, lapping or polishing, prior to removal of
the target portion, further removal would generally be
effected due to elevated contamination levels present
in the post-machined surface. Removal of the target
portion may be executed with oxidationstrip cycles or
etching cycles, for example, carried out enough times
to effect high purity. According to a variant,
additional processing steps may be incorporated prior
to target portion removal, with an aim to further
reduce impurity levels. For example, the component may
be rinsed, such as with deionized (DI) water, prior to
exposure to halogen gas and subsequent processing.
Agitation may be carried out during rinsing, such as
with an ultrasonic mixer/agitator, to further 



supplement contaminant removal. Further, the rinsing
solution may be acidic solution to aid in stripping
the contaminants. Alternatively, or in addition to
rinsing, the component may be immersed in an acidic
stripping solution prior to halogen species exposure,
such as an acidic solution, to further aid in impurity
removal. The rinsing and/or immersion steps may be
repeated any number of times prior to further
processing. Due to the observed depth profiling as
described in more detail below, typically the target
portion has a thickness of at least about 0.25
microns, such as 0.38 microns, 0.50 microns, and even
higher. Indeed, the target portion most generally has
a thickness of at least 1.0 microns, andpreferably at
least about 2, such as about 2-10 microns microns, but
generally less than 20 microns. Typically the CVD-SiC
layer has a thickness with a range of about 10 to 1000
mm, and certain embodiments have a thickness up to
about 800 mm, 600 mm, 400 mm, or up to about 200 mm.
The thickness of the target portion corresponding to
the depth of removal of the outer surface portion of
the component is generally chosen to ensure the
desired surface impurity reduction, such as driving
the impurity content down from 1,000 X of bulk to on
the order of 10 X of bulk, or even lower. Indeed, the
surface impurity level is generally reduced by at
least one order of magnitude if not two orders of
magnitude as a result of the removal of the target
portion. Additionally, as should be clear, embodiments
described above achieve a maximum impurity level from
the outer surface of the component to the bulk
impurity content, which is well controlled such that
the spike or enriched zone is partially or even
completely removed. Typically, the maximum impurity
level along the initial depth of the outer surface
portion extending from the outer surface to the bulk
impurity content is not greater than 1.5X that of the
bulk, such as not greater than 1.3X that of the bulk,
and often about the same ( 1.0X) that of the bulk.
According to a particular embodiment, following
reduction of surface impurity levels of the outer
surface portion by removal of a target portion as
described above, further processing is carried out to
create a localized skin portion of the outer surface
portion that has a further reduced impurity level.
This enhanced purity level at the skin portion, which
terminates at and defines the outer surface of the
component, is referred to herein as a "denuded" region
or zone. Denudation is typically carried out by high
temperature treatment generally in the presence of a
deposited or grown layer overlying the outer surface
of the component. In one particular embodiment, a
relatively thick sacrificial layer, typically at least
1.0 um in thickness, generally at least 5.0 urn in
thickness, is present. Such a sacrificial layer can be
in the form of a deposited polycrystalline silicon or
as deposited silicon oxide layer. Alternatively, a
grown thermal silicon oxide is formed prior to
elevated temperature treatment. Such use of an
overlying layer functions to "getter" impurities
present along a skin portion of the 



outer surface portion, the skin portion typically
extending from the outer surface of the outer surface
portion to a depth of at least 100 nm. During heat
treatment to drive impurities into the overlying
layer, which may be referred to herein as a gettering
layer, impurities migrate from the CVD-SiC outer
surface portion into the gettering layer due to high
solubility of impurities in the gettering layer at
high temperatures. Those temperatures at typically not
less than 11500C, oftentimes not less than 12000C,
such as 12500C and higher. Heat treatment may further
extend up to 13000C and higher as well. With respect
to the above-noted solubility of impurities in the
gettering layer, diffusion coefficients of Fe are of
notable significance due to the relatively common Fe
contamination in SiC-based semiconductor processing
components. Diffusion coefficients of Fe in
polycrystalline silicon are a factor of 109 higher
than that in CVD-SiC, making it a particular suitable
material for the denudation process. Silicon oxide,
including thermal grown silicon oxide, has a Fe
diffusion coefficient of 10 12 cm2/s, making it 102
higher than Fe in CVD-SiC.Heat treating is typically
carried out in an inert atmosphere, optionally
containing a halogen gas, as defined above. Particular
halogen gases include HCl and CI2. Alternatively, the
inert gas may be combined with H2 to improve the
diffusion coefficients of impurities such as Fe in the
gettering layer, particularly in the case of silicon
oxide. In an alternative denudation approach, an
overlying layer is grown in-situ, during heat
treatment. In this particular embodiment, denudation
is carried out based upon a reaction at the SiC
surface with a defined amount of halide gases, which
function as the metal getter for gettering the
impurities such as Fe and other transition metals. The
halide gases are provided at relatively low partial
pressures within a generally inert atmosphere such as
Ar or N2. Again, the halide gases that may be present
are as described above, particularly including Cl and
HCl due to the lower boiling points/higher vapor
pressures of the thus formed metallic chlorides
compared with metallic fluoride salts. The metal
fluoride salts formed through the reaction with the
gettering halide gases include salts such as FeCl3,
FeCl2, CrCl3 and NiCl2. As noted above, the foregoing
denudation approach relies upon an in-situ formed
layer or passivating layer, generally a silicon oxide
layer. This layer is formed in-situ by a slight
bleeding of oxygen-containing gas such as air into the
heat treatment environment, forming a silicon oxide
film on the order of 100 A to 5000 A in thickness, and
in one embodiment, 500 to 1500 A in thickness. Air
bleeding may be carried out on the level of 1 to 50
mL/min, for example. Similarly to the denudation
process described above, denudation accompanied by an
air bleed to form an in-situ layer may be carried out
at elevated temperatures, for example, at a
temperature not less than 11500C, not less than
12000C, or even not less than 12500C in line with the
above process flow. Similarly, heat 



treatment may be carried out for at least 4 hours,
such as at least 5 hours, with typical heat treatment
durations on the order of 10 to 12 hours. It is noted
that the content of halides is typically minimized,
generally the flow rate and attendant partial pressure
of the halogen gases are set to minimize carbonization
of the surface while still permitting reaction with
the metal contaminants diffusing to the outer surface
of the component. To further minimize graphitization,
gases such as SiClx gases may be added to the reactant
gases or wholly conducted in SiClx. The thin in-situ
formed oxide layer advantageously functions to
passivate the outer surface of the component during
denudation treatment. In this role, the layer can help
prevent unwanted reaction with the underlying SiC
material, including carbonization. Typically,
denudation processing is applied to the component
after removal of the target portion of the outer
surface portion as discussed above. The preceeding
target portion removal steps are carried out enough
times to stabilize the skin impurity level to be
approximately the same as that of the bulk. That is,
the skin impurity level prior to denudation generally
has 90 to 120% of the bulk impurity level, which is
measured at a point deeper into the outer surface
portion, generally at least 3 microns. By conducting a
denudation process flow as described above, the skin
portion may be preferentially denuded of impurities,
notably reducing impurities levels to be below that of
the bulk.Quantitatively, denudation is effective to
reduce the impurity level to be not greater than 80%
of the bulk impurity level, typically not greater than
70%, 60%, 50%, and in certain embodiments, not greater
than 40% or even lower than the bulk impurity level.
In certain embodiments, the skin impurity level can be
at least a full order of magnitude lower than that of
the bulk impurity level. Turning to specific data
points, testing has demonstrated reducing the skin
impurity level to 100 ppb atoms Fe, typically even
lower, such as not greater than 50 ppb atoms Fe, or
even not greater than 35 ppb atoms Fe. Indeed,
next-generation ultra pure components have been shown
to be achievable; having Fe levels less than 20 ppb,
and even less than 10 ppb. The foregoing denudation
approaches exploit the nature of iron suicides and
transition metal suicides in the form of impurities to
melt and thereby diffuse quickly along defects such as
screw locations and/or grain boundaries of the
SiC-containing component. The preferential diffusion
towards the free surface can be accomplished by the
above-described solid-phase gettering approach, or
gaseous-phase gettering approach. In either approach,
gettering is effective to create a concentration
gradient of the various species of impurities, and
continue the driving force for diffusion to the outer
surface. According to one feature, removal of the
target portion and subsequent denudation treatment can
be carried out prior to use of the processing
component in a semiconductor fabrication environment.
As such, the foregoing steps may be carried out
off-site, separate from the 



semiconductor fabrication environment, such as by the
manufacturer of the processing component rather than
the end user (e.g., the semiconductor component
manufacturer/wafer processor). The processing
component may be fully treated, then packaged in a
hermetic shipping container for direct and immediate
use in a fabrication environment. With respect to the
particular measurement techniques for characterizing
pre- and post-treated CVD-SiC components, particular
use is made of Secondary Ion Mass Spectroscopy (SIMS).
Other techniques include GDMS, for example. As used
herein, the bulk impurity level corresponds to the
impurity level at a depth within the outer surface
portion at which the purity level first stabilizes,
that is, is the depth at which impurity levels become
generally constant further into the depth of the outer
surface portion. The foregoing bulk impurity level
should not be confused with deeper impurity levels
that may be associated with a 'dirty' underlying
component or substrate; accordingly bulk impurity
level is associated with the first occurrence of
impurity levels reaching a constant, low point, from
the outer surface (0 nm) position. It is noted that
impurity detection usually entails some degree of
variance, represented by swings in measured impurity
levels as a function of depth. Unless otherwise noted
herein, while raw data is reported, specific impurity
level data points, and particularly the bulk impurity
level, are based upon a trend of the impurity contents
according to the data, that is, smoothed data.
According to characterization studies reported herein,
it was found that typically the bulk impurity level is
typically reached by a depth of 3 microns.
Accordingly, the bulk impurity level may be taken at a
depth within a range of about 3 to 10 mm, such as
within a range of 3 to 5 mm, for example. Given
natural impurity concentration variation as a function
of distance, bulk impuritylevels, such as those
reported hereinbelow, are taken from smoothed data
curves as noted above, that is, are taken from the
best fit curve representation of raw data, according
to standard smoothing. The particular depth value at
which the bulk impurity level is reached, however, may
be dependent on processing conditions of the
particular CVD process utilized to form the outer
surface portion, including particular tool used, gases
used, temperature, pressure, and other processing
parameters. The data and following discussion focus on
characterization studies done on several asdeposited
CVD-SiC samples as well as on post-treated CVD-SiC
samples. EXAMPLES Example 1. Si:SiC coupons of size 25
mm x 75 mm x 6 mm were prepared using standard
processing. The coupons were ultrasonically cleaned in
dilute acid, DI water rinsed, and dried. The cleaned
coupons were loaded into the CVD reactor and a CVD
film between 50-75 microns in thickness was deposited
on the surface of the Si:SiC coupons. Multiple coating
runs were performed using two different coating
systems (Apparatus A and Apparatus B) to further
understand equipment effects on coating purity. 



The impurity level on the surface of the CVD coated
Si:SiC coupons was analyzed by Secondary Ion Mass
Spectroscopy (SIMS). The SIMS analysis was conducted
with O2 + plasma using a Cameca 3f instrument in a
depth profile mode. The instrument was calibrated
using ion implanted SiC standards for accurate
impurity determination. The analysis was focused on Fe
and Cr alone to enable a good detection limit, viz.
IeI 5 atoms/cc for Fe and Iel4 atoms/cc for Cr. A few
runs were also conducted using a SIMS instrument with
a higher sensitivity and a lower Fe detection limit of
1 el4 atoms/cc. Unless otherwise noted, the results
described hereinafter represent as-deposited or
asremoved CVD-SiC, with no intermediate machining
operations. The SIMS analysis of the CVD-SiC layer of
a sample processed by Apparatus A, indicates a high
surface contamination of both Fe and Cr that is
500-1000 times higher than the bulk value as shown in
FIG. 2. The Fe concentration in the bulk is <lel5
atoms/cc and the Cr concentration is <lel4 atoms/cc,
which is typical for CVD-SiC coatings. A similar high
surface impurity concentration was also observed on
the CVD-SiC layer deposited using Apparatus B, as
shown in FIG. 3. The surface Fe concentration is >lel8
atoms/cc and drops to the bulk value of <lel5 atoms/cc
within 0.5 microns depth into the CVD-SiC coating for
the particular samples under characterization. To
verify the universality of high impurity concentration
on the surface of as-deposited coatings, a third test
was conducted on a CVD-SiC coating with higher
impurities in the reactant gases used to form the CVD
film. Impurity enrichment was also observed on
coatings with higher impurity levels as shown in FIG.
4. The Fe concentration at the surface is >5el7
atoms/cc, and drops over 0.6-0.7 microns to the bulk
Fe concentration of 4 el6 atoms/cc.Mechanisms for
impurity enrichment at the surface are not well
understood at the present but may relate to impurity
migration from the surface of the Si:SiC substrate
during the CVD-SiC deposition process or Fe
segregation from the interior of the film to the
surface during cooling. Two different types of CVD-SiC
coatings were produced with Apparatus A, a standard
coating and a lower-purity coating, were selected for
cleaning processing. The coupons were loaded onto a
CVD coated cantilever paddle and placed into a
diffusion furnace equipped with a SiC process tube and
cleaned quartz baffles. The coupons were oxidized at
950-13500C for 6-14 hours in flowing 0 2 with up to
10% HCl gas. The thermal treatment conditions were
selected to enable the growth of a thick thermal oxide
on the CVD-SiC surface through consumption of a target
portion of the CVD-SiC corresponding to about
0.45-0.60, nominally 0.5 times the thickness of the
oxide. The oxidation process helps to concentrate the
transition metal impurities such as Fe into the oxide
layer on the CVD-SiC. While the 



HCl gas helps to volatilize the impurities on the
surface of the growing oxide, HCl treatment is not
believed to significantly remove metal trapped within
the growing oxide layer. The overall process consumes
the contaminated target portion of the CVD-SiC layer
through the reaction, SiC + 3/2 0 2 (g) = SiO2 + CO(g)
to form SiO2. To remove the bulk impurities within the
oxide layer, the oxide layer was stripped in an acid
bath using a HF-HCl mixture ( 1:1 acid mixture). The
resulting impurity concentration at the surface is
shown in FIG. 5. SIMS analysis indicates that the
surface Fe concentration decreases from >5el7 atoms/cc
on the initial CVD-SiC coupon to <5el6 atoms/cc on the
cleaned coupon, a 10 fold improvement due to cleaning.
The bulk impurity concentration remained constant at
<lel5 atoms/cc. While the cleaning cycle decreased
surface impurity concentration, the surface impurity
concentration was still a factor of 50 higher than the
bulk. Thus, an additional cleaning cycle was conducted
to further decrease the Fe concentration at the
surface. The effect of the 2n cleaning cycle could not
be quantified using SIMS due to detection limit issues
and noise in the analysis. Accordingly the cleaning
cycles were repeated using the CVD-SiC sample with
higher impurities (shown in FIG. 4) to help discern
minor differences between the surface and bulk
impurity levels. The lower purity CVD-SiC sample was
cleaned similar to the standard CVD-SiC sample. The
coupons were first oxidized at 950-13500C for 6-14
hours in flowing 0 2 with up to 10% HCl gas to grow an
oxide layer that was subsequently stripped by the
HF-HCl solution. The cleaning cycle was repeated a
second time to remove material deeper into the CVD-SiC
surface and thereby remove the Fe-enriched surface
layer. SIMS analysis of coupons after two cleaning
cycles is shown in FIG. 6. The double cleaning cycle
was effective to completely remove the contaminated
surface layer, and the surface impurity concentration
is similar to the bulk impurity concentration.Still
further, as demonstrated by FIG. 7, the techniques
described herein may be carried out to reduce the
impurity level of the surface to be not greater than
the bulk impurity level, that is, about equal to or
less than the bulk impurity level. For example, an
additional 2 cleaning cycles were conducted with no
further purity improvements after the initial two
cleaning cycles as shown in FIG. 7. EXAMPLE 2. Si:SiC
coupons of size 6 mm x 18 mm x 3 mm were machined to
provide a smooth surface and then prepared using
standard processing. The coupons were ultrasonic ally
cleaned in dilute acid, DI water rinsed, and dried.
The cleaned coupons were loaded into the CVD reactor
and a CVD film between 25-35 microns in thickness was
deposited on the surface of the Si:SiC coupons. The
CVD 



coated samples were re-coated with a CVD film 20-35
microns in thickness to fully seal any thin coating
near areas where the coupons are held in the CVD
reactor. Coupons with CVD-SiC films of regular Fe
concentration of 20 ppb and high Fe concentration of
500 - 900 ppb were prepared for cleaning trials. The
coupons were loaded onto a CVD coated cantilever
paddle and placed into a diffusion furnace equipped
with a SiC process tube and cleaned quartz baffles.
The coupons were first oxidized at 950-13500C for 6-14
hours in flowing 0 2 with up to 10% HCl gas to grow an
oxide layer that was subsequently stripped by the
HF-HCl solution. The cleaning cycle was repeated six
times to ensure complete removal of the Fe-enriched
surface layer and the removal of the Fe-enriched layer
was confirmed by SIMS analysis, as shown in FIG. 8.
The cleaned coupons were loaded onto a CVD coated
cantilever paddle and placed into a diffusion furnace
equipped with a SiC process tube and cleaned quartz
baffles. The coupons were thermally annealed in at
1000-1300C for 6 to 14 h in Ar flowing at 5-10 SLPM
with up to 10 vol% HCl. Denudation relies on the
diffusion of metal impurities to the surface where
they are subsequently removed by reacting with HCl to
form metal halides. The treatment conditions were
selected to ensure an adequate chlorine atmosphere for
vaporizing transition metal and transition metal
suicides into gaseous metal chlorides without
decomposing the CVD-SiC film. In addition, long anneal
times are required to achieve a minimum denudation
depth of 200-250 nm due to the low diffusion
coefficient of Fe (10 14 cm2/s). A small amount of air
was also bled into the atmosphere to further limit HCl
attack of CVD-SiC, by formation of a thin passivating
layer on the coupon in the form of an oxide layer.
While the addition of air is beneficial for SiC
stability, excessive air flow can cause too thick of
an oxide layer, inhibiting diffusion of impurities and
lowering denudation effectiveness. Thus the oxide
layer thickness was controlled to be between 500- 1500
A on the CVD-SiC surface.SIMS analysis of the cleaned
sample after the treatment in Ar and HCl gases is
shown in FIG. 9. The Fe concentration decreases by a
factor -100X from 3 E14 atoms/cc at the surface to 2.2
E16 atoms/cc in the bulk. The low Fe surface region
extends from the surface to a depth of up to 215 nm.
The low Fe surface is referred as the "denuded zone".
The regular Fe purity sample was also cleaned using a
similar process as described for the low Fe purity
sample. The Fe concentration in the sample after the
initial cleaning steps of oxidation in HCl followed by
HF acid cleaning is below the detection limit of the
instrument. Thus, the denuded zone at the surface
could not be detected by SIMS analysis. However, the
regular Fe purity sample can be expected to have a
similar "denuded zone" at the surface with a Fe
concentration lower than the bulk. 



EXAMPLE 3 (comparative example). Si:SiC coupons of
size 6 mm x 18 mm x 3 mm were machined to provide a
smooth surface and then prepared using standard
processing. The coupons were ultrasonic ally cleaned
in dilute acid, DI water rinsed, and dried. The
cleaned coupons were loaded into the CVD reactor and a
double coated with a CVD film of 25-35 microns in
thickness for each coat. Coupons with CVD-SiC films of
high Fe concentration of 500 - 900 ppb were prepared
for cleaning trials. The coupons were loaded onto a
CVD coated cantilever paddle and placed into a
diffusion furnace equipped with a SiC process tube and
cleaned quartz baffles. The coupons were thermally
annealed in at 1000-1300C for 6 to 14 h in Ar flowing
at 5-10 SLPM with up to 10 vol% HCl and cooled in
flowing gas of the same atmosphere. A small amount of
air was also bled into the atmosphere to further limit
HCl attack of CVD-SiC, by formation of a thin
passivating layer on the coupon in the form of an
oxide layer. SIMS analysis of the cleaned sample after
the treatment in Ar and HCl gases is shown in figure
10. The near surface Fe concentration decreases from 2
E18 atoms/cc in as-deposited CVD to less than 1 E17
atoms/cc in the sample treated in Ar and HCl gases. In
addition, the maximum Fe concentration also decreases
by a factor of two. Thus, a thin denuded zone is
formed for a depth of 200 nm after which the Fe
concentration increases. The Fe concentration
eventually declines to the bulk impurity level of less
than 5 E16 in the bulk of the material. Because of the
slow metal diffusion kinetics, the penetration depth
within CVD-SiC is <0.4 micron and the direct thermal
annealing in Ar and HCl is effective in cleaning the
first 200 nm of the CVD-SiC film. Thus, for effective
denudation treatments, it is important to remove the
Fe-enriched impurity profile prior to denudation
treatments. The regular Fe purity sample was also
cleaned using a similar process as described for the
low Fe purity sample. The Fe concentration in the
sample after the initial cleaning steps of oxidation
in HCl followed by HF acid cleaning is below the
detection limit of the instrument. Thus, the denuded
zone at the surface could not be detected by SIMS
analysis. However, the regular Fe purity samplecan be
expected to have a similar "denuded zone" at the
surface with a Fe concentration lower than the bulk.
As should be clear based upon the foregoing,
particular embodiments rely upon a process flow that
incorporates removal of a target portion that has the
capability of reducing the outer surface impurity
levels, and particularly, the skin impurity level to
be on the order of that of the bulk. Subsequent
denudation processing is then effective to create a
localized regime of the outer surface of the component
that has notably reduced impurity levels. The
foregoing denudation approaches typically rely upon a
solid-phase gettering mechanism or a gaseous-phase
gettering mechanism, approaches effective to create an
impurity level concentration gradient to drive
impurities to the 



surface of the component. Examples above describe
denudation zones extending from the outer surface of
the component to a depth on the order of 200 nm.
Further extended denudation can be accomplished, such
as to depths of 300 nm, 400 nm, or 500 nm, for
example, by extending high temperature anneal dwell
periods. For example, extending annealing to 24 hours
is expected to achieve a denudation zone extending to
250 nm or greater. Extended denudation zones can also
be accomplished though increased anneal temperatures,
such as up to 1300 0C, which should achieve a
denudation depth of 350 nm or greater. Additionally,
extended denudation zones can also be accomplished
though increased HCl gas flow. In such cases, the
above-described skin impurity level extends beyond 100
nm, and can extend to not less than 200 nm, or in
other embodiments, not less than 300 nm and not less
than 400 nm. It is noted that there have been prior
attempts at reducing impurity levels of
semiconductorgrade components, such as the process
described in US 6,277,194. There, a gettering layer is
deposited onto a component which may be formed of
silicon carbide. However, the process described in US
' 194 is not effective to create a denudation region
that is achieved by embodiments of the present
invention. The generalized process flow of US ' 194
may be sufficient for general reduction in impurity
levels, but cannot achieve the notable and
quantifiable denuded region according to embodiments
herein, which notably have impurity levels of CVD-SiC
materials that are lower than bulk impurity levels
according to embodiments described above. Likewise,
cleaning cycles, even those repeated multiple times,
are ineffective to form a denuded zone and do not
alone achieve enhanced impurity reduction as described
above in accordance with various embodiments. The
above-disclosed subject matter is to be construed as
illustrative and not restrictive, and the appended
claims are intended to cover all such modifications,
enhancements, and other embodiments that fall within
the scope of the present invention. Thus, to the
maximum extent allowed by law, the scope of the
present invention is to be determined by the broadest
permissible interpretation of the following claims and
their equivalents and shall not be restricted or
limited by the foregoing detailed description.WHAT IS
CLAIMED IS: 1. A semiconductor processing component,
the component having an outer surface portion
comprising silicon carbide, the outer surface portion
having a skin impurity level and a bulk impurity
level, wherein the skin impurity level is an average
impurity level from 0 nm to 100 nm of depth into the
outer surface portion, the bulk impurity level is
measured at a depth of not less than 3.0 microns into
the outer surface portion, and wherein the skin
impurity level is not greater than 80% of the bulk
impurity level, the skin bulk impurity levels being
based on 



concentration of one of Fe, Cr, and Ni. 2. The
component of claim 2, wherein the skin impurity level
is not greater than 70% of the bulk impurity level. 3.
The component of claim 3, wherein the skin impurity
level is not greater than 60% of the bulk impurity
level. 4. The component of claim 1, wherein the skin
and bulk impurity levels are based on Fe
concentration, the skin impurity level being not
greater than 100 ppb atoms Fe. 5. The component of
claim 4, wherein the skin impurity level is not
greater than 50 ppb atoms Fe. 6. The component of
claim 1, wherein the outer surface portion is entirely
formed of CVDSiC. 7. The component of claim 6, wherein
the CVD-SiC is deposited over a substrate comprising
SiC. 8. The component of claim 7, wherein the
substrate comprises SiC impregnated with elemental
silicon. 9. The component of claim 7, wherein the
CVD-SiC layer has a thickness within a range of about
10 to about 1000 mm. 10. The component of claim 6,
wherein the component is a free-standing CVD-SiC
component. 11. The component of claim 1, wherein the
surface impurity and bulk impurity levels are based on
at least one of Cr, Fe, Cu, Ni Al, Ca, Na, Zn, and Ti
concentrations12. The component of claim 11, wherein
the surface impurity and bulk impurity levels are
based on Fe concentration. 13. The component of claim
1, wherein the semiconductor processing component
comprises a component from the group consisting of
semiconductor wafer paddles, process tubes, wafer
boats, liners, pedestals, long boats, cantilever rods,
wafer carriers, process chambers, dummy wafers, wafer
susceptors, focus rings, suspension rings. 14. The
component of claim 13, wherein the component is a
wafer boat. 15. A method of denuding a semiconductor
processing component comprising: providing a
semiconductor processing component having an outer
surface portion formed by chemical vapor deposition of
SiC; removing a target portion of the outer surface
portion, the outer surface portion having a skin
impurity level and a bulk impurity level, wherein the
skin impurity level is an average impurity level from
0 nm to 100 nm of depth into the outer surface
portion, the bulk impurity level is measured at a
depth of not less than 3.0 microns into the outer
surface portion; and 



heat treating the component to diffuse impurities from
the surface of the outer surface portion, whereby the
skin impurity level is not greater than 80% of the
bulk impurity level. 16. The method of claim 15,
further comprising forming a getter layer overlying
the outer surface portion such impurities are driven
into the getter layer during heat treating. 17. The
method of claim 16, wherein the getter layer has an
impurity diffusion coefficient at least 102 times
greater than an impurity diffusion coefficient of the
outer surface portion. 18. The method of claim 16,
wherein the getter layer comprises silicon oxide
formed by oxidation of the outer surface portion, or
comprises polycrystalline silicon formed by
deposition. 19. The method of claim 15, wherein heat
treatment is carried out at a temperature not less
than 115O0C for a period of not less than 5 hours. 20.
The method of claim 15, wherein heat treatment is
carried out in the presence of a halide gas. 2 1. The
method of claim 15, wherein the skin impurity level is
not greater than 70% of the bulk impurity level.22.
The method of claim 15, wherein the skin impurity
level is not greater than 100 ppb atoms Fe. 


