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OXYGEN-ARGON GAS MIXTURE FOR PRECLEANING IN
VACUUM PROCESSING SYSTEM

BACKGROUND OF THE INVENTION
Field of the Invention

This invention generally relates to processing substrates in a vacuum processing
system. Specifically, this invention relates to preparing a substrate for subsequent
processing by removing oxides and other materials from a surface of a substrate
through sputter cleaning.

Background of the Related Art

As integrated circuit (IC) dimensions become increasingly smaller, the need to
prevent contamination by particles of the substrates on which the IC's are constructed
becomes increasingly more difficult and, hence, more important, because the smaller
circuits can be more easily damaged by smaller particles, and the new processes
required to construct the smaller circuits are more susceptible to degradation by the
smaller particles. Thus, the need for proper cleaning of the substrates is becoming
more important.

In order to fabricate a complete IC, typically several substrate processing
systems are used, with each system performing a particular step or series of steps in the
overall fabrication process. The substrates are transferred between the systems at
ambient conditions. The ambient environment is maintained very clean to prevent
contamination of the substrates as they are transferred between systems. The substrates
may even be transferred in completely enclosed cassettes in order to further prevent
contamination thereof. A problem, however, is that it is not possible to prevent the
oxygen in the ambient air from forming oxides on the surfaces of the substrates.
Because the oxidation of the materials in an IC can seriously alter the electrical
properties of the materials, oxidized surfaces are undesirable, and the surface oxides,
primarily silicon dioxide and metal oxides, need to be removed or etched from the
surfaces of the substrates, in a pre-processing cleaning step, before the substrates are
subjected to the primary process of the system such as physical vapor deposition and
chemical vapor deposition. Particularly, substrate surface features, such as trenches,

grooves or vias into which metal conductors, such as tungsten, aluminum or copper, are
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to be deposited need to be cleaned in order to assure a very low interface resistance
between layers of deposition.

A pre-clean chamber, such as the Pre-Clean II Chamber available from Applied
Materials, Inc., Santa Clara, California, cleans the substrates by removing the undesired
layer of oxides. Typically, about 400A of oxidized material is removed from the
surface of the substrates. An example of a pre-clean chamber is shown in Figures 3a
and 3b. Generally, the pre-clean chamber 200 has a substrate support 204 disposed in a
chamber body member 202 under a quartz dome 206. The dome 206 is typically a part
of a process kit that system operators periodically replace during routine maintenance.
It is desirable that a process kit has a long useful lifetime, so that the downtime of the
system will be a small percentage of the overall processing time.

The process for cleaning a substrate 212 in the pre-clean chamber 200 involves
a sputter-etching process using the substrate 212 as the sputtering target. Generally, a
cleaning gas such as argon is flowed through the chamber 200, and a plasma is struck
in the space 224 in the chamber with a plasma power. Preferably, an RF power is
applied to the chamber to inductively couple a plasma into the chamber, and a DC bias
is applied to the substrate support 204 to accelerate the ions toward the substrate 212.
The pressure in the pre-clean chamber 200 during sputtering is typically maintained at
about 0.4mTorr to about 0.5mTorr. Under these conditions, the pre-clean chamber 200
can typically remove about 150A to about 450A of SiO, at an etch rate of about
300A/min to about 600A/min.

The primary purpose of the etch cleaning is to remove oxides that form on the
surface of the substrate typically when the substrate was subjected to ambient air
conditions while being transported to the vacuum processing system. For a silicon
substrate, most of the oxidized surface material is silicon oxide, but metal deposited on
the surface of the substrate will have formed metal oxides on the surface as well.

Generally, the prior art argon cleaning process does not completely remove the
oxide layer and merely reduces the thickness of the oxide to between about 12 A and
about 30 A because the partial pressure produced by etching the field oxide during the
etch process is so high that it reoxidizes any exposed unoxidized metal in the via holes
at a rate that is comparable to or faster than the rate of etching at that location. This
reoxidation problem occurs because of three primary reasons. First, the reaction rate or

sticking of the oxidizers within the feature aperture is greater than on the field because
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of the bouncing that occurs inside the small feature cavities. Second, the etch rate in
the bottom of the feature aperture is much smaller than the etch rate on the field. Third,
the sidewalls of the feature aperture generally consist of SiO, that serves as a source of
material to be redeposited on the bottom of the feature aperture, reducing the effective
etch rate while still contaminating the feature aperture. Thus, the pure argon
etching/cleaning process does not totally remove the oxides in the feature apertures.

During etching with argon gas, several gas species are created which contribute
to the composition of a byproduct film which is deposited on the process kit surfaces
including the dome 206. These include Si, SiO, SiO,, O, O,, O,, plus metal and metal
oxides from the feature aperture on the substrate. The type of metal atoms depends on
the process and typically includes Al from AISiCu alloy or Ti or TiN exposed in the
bottom of the feature apertures, or Si from other parts of the substrate where
unoxidized silicon may be exposed at the surface. Additionally, compounds remaining
from the etching and stripping processes may be present in some cases, including
carbon and nitrogen complexes from residual photoresist and polymers containing
carbon and/or fluorine and/or chlorine.

Because gas phase collisions predominate over collisions with the walls of the
process kit when the etch/pre-clean process is conducted at high pressures, resulting in
redeposition of the etch byproducts onto the surface of the substrate, the etch/pre-clean
process is typically conducted at a vacuum flow of about 0.5 mTorr so that the
byproduct compounds can be removed from the substrate surface with reduced
likelihood that gas phase collisions will bounce the removed byproducts back to the
substrate surface. However, the vacuum flow etch process prevents some non-
condensable etch byproduct species, such as the oxidizing compounds (O, O,, SiO and
0,), from depositing on the process kit walls, resulting in sub-stoichiometric (i.e., ratio
of Si to O is greater than %) films formed on the process kit surfaces. Furthermore,
free metal atoms are left unoxidized in this film. The combination of these effects
results in a film or layers of films having varying stoichiometry and/or composition that
is inherently unstable from a mechanical and electrical standpoint due to strength,
coefficient of thermal expansion and charge up problems.

The etched material sputters off the substrate surface and forms a film on the
process kKit, including an interior surface of the quartz dome 206. As the film forms on

the process kit surfaces, its density may change, resulting in stress on the film. This
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stress, along with differences in the coefficients of expansion of the materials in the
film, can result in delamination, or flaking, of the film from the surface of the process
kit. Thus, the film typically deposits on the surfaces of the process kit as a granular or
flaky layer. Eventually, after several hundred substrates have been cleaned, the film
becomes so thick and heavy that some of the film starts to flake off and contaminate
the substrate being processed. Because these particles can seriously damage the
substrates and/or prevent the proper performance of the primary process of the system,
the process kit is typically replaced after a certain number of substrates have been
cleaned in the system. The selected number of substrates that can be processed before
a process kit replacement generally corresponds to a permissible thickness of the film
formed on the surfaces of the process kit before flaking occurs. It is desirable that the
process kit has a long useful lifetime, so that the downtime of the system will be a
small percentage of the overall processing time.

Typically, the lifetime of a process kit is specified as a particular thickness of
total etched material. For example, 120um of total etched material, corresponding to
about 3000 substrates, is a common thickness specified for a process kit, and many
users in the industry have come to expect a process kit to have this level of
performance.

However, the actual lifetime for a process kit frequently falls short of the
desired, or specified, lifetime because material begins to delaminate from the process
kit after only 60-90um of etched material has been etched from substrates.
Occasionally, a process kit may last for only 20-30um of etched material. These short
lifetimes cause the system operator to have to service the system more often.
Additionally, an unexpectedly short useful lifetime for a process kit may result in
flakes of material falling off of the dome of the process kit and onto a substrate,
damaging many of the ICs formed on the substrate, while the system operator assumes
that the process kit is working properly. Thus, several substrates may pass through the
system before the system operator is aware that many of the devices are damaged or
contaminated.

Another problem is that the metals that are removed from the substrates and
deposited on the process kit may build up a capacitive charge, since isolated spots of

the metals may be surrounded by insulating material and free electrons from the plasma
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or other source may be attracted to these isolated metal deposits. This capacitive
charge can become so high that arcing occurs between the spots or layers, resulting in
mechanical breakdown of the byproduct film leading to a catastrophic generation of
particles.

Therefore, there exists a need for a method for pre-cleaning substrates that
prevents premature flaking of material from the film formed on the surfaces of the
process kit and prevents capacitive charge build-up in the film. It would be desirable

for the method to perform consistently over the specified lifetime of a process kit.

SUMMARY OF THE INVENTION

The invention generally provides a pre-clean chamber in a substrate
processing system to clean a substrate by sputter etching a layer of oxides from the
surface of the substrate while flowing an oxygen-argon sputtering gas mixture through
the chamber. The oxygen preferably oxidizes the etched material, and the oxidized
material deposits in a film on the process kit, including the dome of the chamber. As a
result, a thicker, more stable film can be deposited on the process kit before the
material begins to flake off.

The oxidation of the etched material, such as silicon and various metals, causes
the etched material to be stoichiometrically balanced, thereby rendering the material
relatively non-reactive, so that a stable film with minimal flaking may form on the
process kit. The stoichiometrically balanced material is stabilized because the
stoichiometry of Si/O, = 2 is maintained by adjusting the Ar/O, ratio of the etching gas
mixture so that the amount of oxygen needed to bond with the silicon is optimized. An
optimum O, content of the etch gas mixture is between about 5% and about 30% by
volume. The flow of oxygen in the etching gas mixture can be turned off for a short
time prior to the end of the cleaning process to minimize oxide formation on the
substrate, e.g., in the apertures patterned on the substrate.

Additionally, the oxygen in the process gas oxidizes any metals sputtered off
the substrate that deposit on the process kit, thereby reducing their conductive
properties. Thus, capacitive charging of isolated locations of the metals on the surfaces

of the process kit does not occur and adds to the stability of the film.
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BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features, advantages and objects
of the present invention are attained and can be understood in detail, a more particular
description of the invention, briefly summarized above, may be had by reference to the
embodiments thereof which are illustrated in the appended drawings.

It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its
scope, for the invention may admit to other equally effective embodiments.

Figure 1 is a schematic top view of a vacuum processing system.

Figure 2 is a flowchart of a pre-clean procedure.

Figure 3a is a side view of a first configuration of a pre-clean chamber.

Figure 3b is a side view of a second configuration of the pre-clean chamber.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 generally shows a schematic top view of an embodiment of a vacuum
processing system 100 of the present invention. The system 100 is an example of the
Endura™ family of systems from Applied Materials, Inc., Santa Clara, California.
Although the present invention is described with reference to this system 100, it is
understood that the present invention is not limited to this particular type of system,
and other types of processing systems are contemplated by the present invention. The
vacuum processing system 100 includes a transfer chamber 102 and a buffer chamber
106 typically mounted on a platform (not shown) and generally forming a system
monolith 101. The transfer chamber 102 as shown has four process chambers 104
mounted at facets 105 for performing the primary processes on the substrates. The
system monolith 101 has two load lock chambers 116 mounted at facets 117 for
transitioning the substrates into the vacuum environment of the system 100. An
optional mini-environment 124 is shown attached to the load lock chambers 116 to
increase the number of substrates that can be processed continually in one run of the
process. The transfer chamber 102, the buffer chamber 106 and the mini-environment
124 each have at least one substrate handler or robot 114, 112, 128, for transferring
substrates therethrough. A pre-clean chamber is used to clean the substrates before the

process chambers 104 perform the primary process of the system 100 on the substrates.
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The pre-clean chamber 108 is disposed between the transfer chamber 102 and the
buffer chamber 106. Alternatively, a separate chamber 118 attached to the buffer
chamber 106 serves as the pre-clean chamber. In another alternative embodiment, the
pre-clean chamber may be attached to the transfer chamber 102 in the position of one
of the process chambers 104. The pre-clean chamber 108, 118 cleans the substrates by
sputter etching a top layer off of the substrates with an etch gas that includes a
percentage of oxygen according to the invention. |

The process chambers 104 perform the primary process on the substrates in the
vacuum processing system 100. Process chambers 104 may be any type of process
chamber, such as a rapid thermal processing chamber for heat treating or curing a
substrate, a physical vapor deposition chamber, a chemical vapor deposition chamber
or an etch chamber. The process chambers 104 may be supported by the transfer
chamber 102 or may be supported on their own platforms depending on the
configuration of the individual process chambers 104. Slit valves (not shown) in the
facets 105 provide access and isolation between the transfer chamber 102 and the
process chambers 104. Correspondingly, the process chambers 104 have openings (not
shown) on their surfaces that align with the slit valves.

A pre-clean chamber 108 and a cool-down chamber 110 are disposed between
the transfer chamber 102 and the buffer chamber 106. Alternatively, both chambers
108, 110 may be pass-through/cool-down chambers. The pre-clean chamber 108
cleans the substrates before they enter the transfer chamber 102, and the cool-down
chamber 110 cools the substrates after they have been processed in the process
chambers 104. The pre-clean chamber 108 and the cool-down chamber 110 also
provides the transition between the vacuum levels of the transfer chamber 102 and the
buffer chamber 106. The buffer chamber 106 has two expansion chambers 118 for
performing additional processes on the substrates. Alternatively, one of the chambers
118 is a pre-clean chamber. The buffer chamber 106 further has an additional chamber
120 for additional pre-processing or post-processing of the substrates, such as
degassing or cooling, if necessary. Yet another chamber 122, such as a substrate
aligner chamber, is typically attached to the buffer chamber 106.

The load lock chambers 116 provide the transition between the ambient
environment pressure to the buffer chamber vacuum pressure for the substrate.

Openings (not shown) in facets 117 provide access and valves provide isolation
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between the load lock chambers 116 and the buffer chamber 106. Correspondingly, the
load lock chambers 116 have openings on their surfaces that align with the openings in
facets 117. The load lock chambers 116 and the mini-environment 124 have
corresponding openings (not shown) providing access therebetween, while doors (not
shown) for the openings provide isolation.

The mini-environment 124 has four pod loaders 126 attached on its front side.
Openings (not shown) with corresponding doors 125 provide access and isolation
between the mini-environment 124 and the pod loaders 126. The pod loaders 126 are
mounted on the side of the mini-environment 124 and are essentially shelves for
supporting the substrate pods (not shown) used to transport the substrates to and from
the vacuum processing system 100.

The substrate handler 114 is disposed within the transfer chamber 102 for
transferring a substrate 115 between the pre-clean chamber 108, the cool-down
chamber 110 and the process chambers 104. A similar substrate handler 112 is
disposed within the buffer chamber 106 for transferring a substrate 113 between the
load lock chambers 116, the expansion chambers 118, the cool-down chamber 120, the
substrate aligner chamber 122, the pre-clean chamber 108 and the cool-down chamber
110. Likewise, one or more substrate handlers 128 are disposed within the mini-
environment 124 for transferring the substrates between the pod loaders 126 and the
load lock chambers 116. The substrate handler 128 is typically mounted on a track so
the substrate handler 128 can move back and forth in the mini-environment 124.

Figures 3a and 3b show side views of a vacuum pre-clean chamber 200 that
may be used as the pre-clean chamber 108 above. One such chamber is the Preclean II
chamber available from Applied Materials, Inc., of Santa Clara, California. Generally,
the pre-clean chamber 200 includes a body member 202 having a substrate support 204
disposed therein below a dome 206 to hold a substrate for processing, or cleaning. The
body member 202 has sidewalls 208 which are preferably made of metallic
construction such as stainless steel, aluminum or the like. Additionally, the body
member 202 is connected to a high-vacuum pump (not shown), such as a cryopump or
turbo pump, which is used to control the gas pressure inside the chamber 200. The
dome 206 is typically constructed of quartz and forms the top of the chamber 200. The
dome 206 mates with the top circumference of the sidewalls 208 of body member 202.

Generally, the dome 206 is part of a replaceable process kit for the chamber.
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The substrate 212 is inserted into the chamber 200 from the buffer chamber 106
through slit valve opening 214 by a blade of the robot 112 (Figure 1). After the pre-
clean process has been performed, the substrate 212 is moved to the transfer chamber
102 through another slit valve opening (not shown) by a blade of the other robot 114.
Alternatively, for a pre-clean chamber that is attached as a side chamber to either the
buffer chamber 106 or the transfer chamber 102, the substrate 212 is inserted and
removed through the same slit valve opening by the same robot. A set of lift pins 216,
forming a three-point support, receives the substrate 212 when it enters the chamber
200 by lifting the substrate 212 off of the substrate blade to a position as shown in
Figure 3a. A lift mechanism 218 raises and lowers the lift pins 216 to raise and lower
the substrate 212 off of and onto the substrate blade of the robots 112, 114 and the
substrate support 204. Another lift mechanism 220 raises the substrate support 204 and
the substrate 212 thereon to a processing position as shown in Figure 3b. In the
processing position, the substrate support 204 and a cavity shield 222 effectively seal
off the lower portion of the body member 202 from the space 224 under the dome 206
wherein the plasma is generated, so that the plasma does not leak into and contaminate
the rest of the body member 202 during pre-cleaning. The cavity shield 222 typically
1s made of aluminum or the like.

A gas distribution system with a gas inlet 210 extending through the lift
mechanism 220 and the substrate support 204 delivers the process gas mixture, such as
argon and oxygen, under and around the substrate 212 and into the space 224.
Although the pre-clean procedure described herein is described with reference to this
gas distribution system, it is understood that the invention is not so limited, but
contemplates the use of other configurations of gas distribution systems, including, but
not limited to, a distribution system that includes a gas inlet disposed through a location
in the dome or through the sidewall of the chamber or between the dome and the
sidewall. The gas distribution system 210 connects to a gas mixer (not shown) which
receives the different gases through gas inlets and combines the gases in the
appropriate proportions to form the desired process gas mixture.

A high frequency RF power supply (not shown) is capacitively coupled to the
substrate support 204 and supplies a negative bias voltage thereto. This bias voltage is

coupled to the substrate via a substrate holder (not shown) such as an electrostatic
chuck.
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A helical shaped RF induction coil 226 is wound exteriorly to dome 206 and is
supported by a cover 228. The coil 226 is formed of hollow copper tubing through
which coolant water can be flowed during operation. An alternating axial
electromagnetic field is produced in the chamber 200 interiorly to the windings of the
coil 226. Generally, an RF frequency of from about 420 kHz to about 435 kHz is
employed and an RF power supply of conventional design (not shown) operating at this
frequency is coupled to the coil 226 by a matching network (not shown) to generate a
plasma in the chamber 200. The RF electromagnetic field generates a glow discharge
plasma within the space 224 which has a plasma sheath or dark space separating the
plasma from the substrate support 204 and the substrate 212. [Ions in the plasma
bombard the substrate 212 to etch away a layer of material from the surface of the
substrate.

In operation, a buffer chamber robot 112 places a substrate 113, such as a
silicon substrate, into the pre-clean chamber 108. The pre-clean chamber 108 cleans
the substrate while transitioning from the vacuum level of the buffer chamber 106 to
the vacuum level of the transfer chamber 102 according to the procedure outlined in the
flowchart shown in Figure 2, described below. After the substrate is clean and the
vacuum level of the pre-clean chamber 108 reaches the level in the transfer chamber
102, a valve between these two chambers opens, and a transfer chamber robot 114
removes the substrate from the pre-clean chamber 108 and transfers the substrate to a
process chamber 104.

Figure 2 is a flowchart outlining a pre-clean procedure. The cleaning process
performed by the pre-clean chamber 108 starts at step 300 after a substrate has been
loaded into the pre-clean chamber. The pre-clean chamber is sealed (Step 302) from
either the buffer chamber 106 or the transfer chamber 102, depending on the
configuration of the system 100. The pre-clean chamber is purged (Step 304) with a
purge gas, such as argon, for a few seconds after closing the pre-clean chamber, so any
gas that entered the chamber while the substrate was being loaded is purged from the
pre-clean chamber. The gases that comprise the cleaning gas mixture, such as argon
and oxygen, are combined (Step 306) in the desired proportions, preferably between
about 5% to about 30% oxygen by volume, and flowed (Step 308) into the pre-clean
chamber. Preferably the cleaning gas mixture is flowed between about Isccm and

about 30sccm. The pressure in the pre-ciean chamber 200 during sputter cleaning is
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typically maintained between about 0.lmTorr and about SmTorr. A plasma is
generated in the chamber (step 310) with a plasma power in the range of about W to
about 1000W. Preferably, an RF power is applied to the chamber to inductively couple
the plasma into the chamber. A DC bias of about 100V to about 600V, with a bias
power of about IW to about 1000W, is applied to the substrate 212 and accelerates the
ions toward the substrate 212. Typically, the pre-clean process removes about 150A to
about 450A of SiO, from the substrate 212 (step 312) at an etch rate of about 300A/min
to about 600A/min for about 15 seconds to about 90 seconds. In some cases, the
oxygen supply to the cleaning gas mixture is turned off for a short time (i.e., a few
seconds) prior to the end of the cleaning process to minimize the oxide formation on
the substrate, e.g., in the apertures formed on the substrate. After the etching/cleaning
process, the chamber is purged of all remaining cleaning gases (step 314), and the
chamber is opened (step 316) for transfer of the cleaned substrate to the next
processing chamber.

The addition of oxygen to the process allows the etch/byproduct materials to
deposit onto the interior surface of the kit in a stoichiometrically balanced manner
without degrading the etching/cleaning performance as compared to an etch/clean
process using argon as the cleaning gas. Oxygen is included in the gas mixture in an
amount sufficient to oxidize the etched material that redeposited on the kit surfaces so
that the films formed on the kit surfaces are stoichiometrically balanced. Typical
concentrations of oxygen in the gas mixture are between about 5% and about 30% by
volume. In some cases, the oxygen supply to the cleaning gas mixture is turned off for
a short time prior to the end of the cleaning process to minimize the oxide formation in
the feature apertures.

The invention provides a further advantage by preventing capacitive charge
build-up in the film formed on the process kit. The oxygen in the process gas oxidizes
any metals sputtered off the substrate that deposit on the process kit, thereby reducing
their conductive properties. Thus, capacitive charging of isolated locations of the
metals on the dome surface does not occur and adds to the stability of the film
deposited on the dome surface.

While the foregoing is directed to the preferred embodiment of the present

invention, other and further embodiments of the invention may be devised without
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departing from the basic scope thereof, and the scope thereof is determined by the

claims which follow.
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CLAIMS:

1. A method of removing material from a substrate comprising:
placing the substrate into a chamber;
flowing a gas mixture of oxygen and a process gas into the chamber;
striking a plasma in the chamber;

sputter etching material from the surface of the substrate.

2. The method of claim 1 further comprising:

oxidizing the etched material with the oxygen of the gas mixture.

3. The method of claim 2 further comprising:
forming the oxidized etched material into a substantially stoichiometric film on

a surface of the chamber.

4. The method of claim 3 wherein the steps are repeated on a plurality of process
objects and wherein the film is formed to a thickness of about 120um on a replaceable

process Kkit.

S. The method of claim 4 comprising:

replacing the process kit.

6. The method of claim 1 wherein the step of flowing a gas mixture of oxygen and

a process gas comprises:

1) flowing a gas mixture of oxygen and a process gas for a first
duration; and

i) flowing the process gas for a second duration.
7. A method of processing a substrate comprising:

placing the substrate into a chamber;
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flowing a gas mixture of oxygen and a process gas into the chamber;
striking a plasma in the chamber; and

bombarding the substrate with ions formed in the plasma.

8. The method of claim 7 wherein the step of bombarding the substrate removes a

layer of material from a surface of the substrate.

9. The method of claim 8 wherein the oxygen in the gas mixture oxidizes the

removed material.

10. The method of claim 9 wherein the removed material includes a metal and the

oxygen oxidizes the metal to prevent capacitive charging of the metal.

11.  The method of claim 7 wherein the removed material is stoichiometrically

deposited in a film on a surface in the chamber.

12 The method of claim 11 wherein the surface is a surface of a replaceable

process kit for the chamber.

13.  The method of claim 7 wherein the gas mixture includes oxygen between about

5% and about 30% by volume.

14.  The method of claim 13 wherein the process gas is argon.

15.  The method of claim 7 wherein the step of flowing a gas mixture of oxygen and
a process gas comprises:

i) flowing a gas mixture of oxygen and a process gas for a first
duration; and

i) flowing the process gas for a second duration.
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16. A method of processing a substrate in a processing system comprising:
placing the substrate in a first chamber;
flowing a gas mixture of oxygen and a process gas into the first chamber;
striking a plasma in the first chamber;
bombarding the substrate with ions formed in the plasma;
transferring the substrate to a second chamber; and
performing a subsequent processing step on the substrate in the second

chamber.

17.  The method of claim 16 wherein the step of bombarding the process object

removes a layer of material from the surface of the process object.

18.  The method of claim 17 wherein the removed material is stoichiometrically

deposited in a film on a surface in the first chamber.

19.  The method of claim 17 wherein the removed material is stoichiometrically

deposited in a film on a surface of a replaceable process kit.

20.  The method of claim 17 wherein the oxygen in the mixture oxidizes the

removed material.

21. The method of claim 20 wherein the removed material includes a metal and the

oxygen oxidizes the metal to prevent capacitive charging of the metal.

22, The method of claim 16 wherein the gas mixture includes oxygen, from about
5% to about 30%.

23.  The method of claim 22 wherein the process gas is argon.

24.  The method of claim 16 wherein the step of flowing a gas mixture of oxygen

and a process gas comprises:
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i) flowing a gas mixture of oxygen and a process gas for a first
duration; and
i) flowing the process gas for a second duration.

25.  An apparatus for pre-cleaning a substrate, comprising:

a) an etch chamber;

b) a cleaning gas source supplying a cleaning gas to the etch chamber;

) an oxygen gas source supplying an oxygen gas to the etch chamber; and
d) a controller regulating the cleaning gas source and the oxygen gas

source.
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