-1- DEPOSITION CHAMBER SURFACE ENHANCEMENT AND
RESULTING DEPOSITION CHAMBERS TECHNICAL FIELD 5 The
present invention relates generally to vapor and gas delivery systems.
More particularly, the present invention relates to deposition chambers
used for depositing thin films in the semigonductor industry.
BACKGROUND 10 As the size of semiconductor devices in the
semiconductor industry continues to decrease, improved systems and
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Conventional technolggiss uggasl & Dprdseing thinHkmgBipRIgIde chemical
vapor deposition (CVD) and plasma-enhanced chemical vapor deposition

(PECVD). 15 CVD methods are widely used in the semiconductor industry
for depositing thin films. In a conrepO@AC ¥:EpIocess, the thin films and
layers are deposited . on a substrate to a desired thickness in a sealed
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chamber is sealed, the substrate is heated, and a mixture of 20 gases is
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proceeds to deposit the desired thin film or layer of material on the
substrate, as known to those of or?igar}ésléill in the art. Although CVD has
proven to be an efficient method B 5 Rin films, the demand for
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thin films. In a conventional CVD process, the thin films and layers are deposited
on a substrate to a desired thickness in a sealed deposition chamber, which may also
be termed a “reaction chamber.” To deposit the thin film, the substrate is placed in a
deposition chamber, the chamber is sealed, the substrate is heated, and a mixture of
20  gases is introduced into the chamber. A chemical reaction in the chamber proceeds
to deposit the desired thin film or layer of material on the substrate, as known to
those of ordinary skill in the art. Although CVD has proven to be an efficient
method of depositing thin films, the demand for smaller semiconductor devices
requires even higher quality, thinner films which conventional CVD processes are
25  unable to consistently produce.

It has been recognized by the inventors herein that conventional CVD
chambers are not particularly conducive to conversion to atomic layer deposition
(ALD) methods. Accordingly, research and development has been ongoing to
provide improved deposition chambers more suitable to produce the extremely thin

30 films of ALD methods. ALD processes exhibit advantages over CVD processes,

such as being able to deposit controlled-thickness films at lower temperatures than



-2- those used to deposit films by CVD processes. Also, ALD processes
may be used to form much thinner films (i.e., films for gate oxides, cell
dielectrics, or diffusion barriers) than those formed by CVD processes, on
the order of one or a few atomic layers of the deposited material.
Furthermore, ALD may be used to deposjta range 5 of materials with
greater uniformity and better coverage than films that have been formed
by CVD processes. However, the chemical reactions used in the ALD
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ALD processes. In ALD processes, the reactant gases comprisin
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substrate surface through chemisorption.. However, the interior syrface
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chamber an inert gas may be used to purge, or pump, the water from .

e 25 rod o R EAF o B S TS SO DU AL PG R mterial t
15 onte:thepstittaca©fyipie aBy bstradaded theo eaciinioahanmbies: Amesacanihe, unlike
re%ﬁas or vawﬁr is then introduced into the reaction chamber, where .

e

thelwata SheTHE U AR RIe HRee SEASHM (SRR . Paligyed inte
theasualatm ehtimebstbsthateane deapasitiatachahb ésrihvuaten fids. ddhacedl.D
T e R e N R R S S
through a gas line or a distribution head such as a so-called “shower head” (due to
20 its physical configuration) wherein a monolayer of the first reactant gas or vapor,
such as water vapor, is adsorbed on the substrate surface through chemisorption.
However, the interior surfaces of the deposition chamber may also be coated with
the first reactant gas, e.g., water vapor. The water vapor is then evacuated from the
reaction chamber and an inert gas may be used to purge, or pump, the water from the
25  reaction chamber, wherein the inert purge gas does not adsorb onto the surface of the
substrate or the reaction chamber. A second reactant gas or vapor is then introduced
into the reaction chamber, where the water on the substrate surface and the second
reactant gas react on the surface of the substrate, or deposition chamber if water has

adhered to the interior surface, to produce a material layer having a thickness that

30  may be measured as a number of atoms. In this manner, reactant gases are “pulsed”



30 may be measured as a number of atoms. In this manner, reactant
gases are "pulsed" -3- onto the surface of the substrate inside the
deposition chamber in a sequential manner to form atomic layers of the
desired material, one layer at a time. However, since the reactant gases
used in ALD processes are very reactiveg_.when the reactant gases are
exposed to each other anywhere in the chamber in 5 addition to the
surface of the substrate, the reactant gases will likely react and, thus,

forghRAMkCIRsRESII R0 I RUHSae theYdRtash RY AR RS REuential
"sticking," to the surface by physical adsorption, chemisorption or

cortHEA B orh Ao lAYSRththeriaribeh Mg hrdaxstal ARt
gases deppsifeetRRithe varieustiniesiResuskacasa biheschambat Whickactive,

may result in unwanted chemical reactions. The unwanted 10 chemical
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CVD-type deposition processes, is deposition chamher component
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de 61(%?,&1(%638?%% BaY & 18811 Ajane hat1s lost due to cleaning incidentally deposite
reactants from the reaction chamber or the loss of components in the ALD
20  deposition chamber makes the ALD process less efficient due to cleaning downtime
or replacement of the corroded components used for the ALD deposition process.
Another problem with both ALD and CVD-type deposition processes is
deposition chamber component corrosion. For instance, a plasma enhanced
chemical vapor deposition (PECVD) process that deposits TiCly titanium or an ALD
25  process that deposits WNy using WFq and NHj3 as process gases are each corrosive
to the surfaces of the chambers exposed to the reaction, wherein the corrosion may
shorten the life of the chamber. Although conventional anodization of aluminum
has been used on the interior metal surfaces of deposition chamber components used

for traditional CVD processes with some limited success, the result has proven to be

30 inadequate.



for traditional CVD processes with some limited success, the result has
proven to be 30 inadequate. -4- Therefore, it would be desirable to
provide a deposition chamber fabricated to minimize the incidental
deposition of reactants by physical or chemisorption and to reduce
consequential chamber contamination angd component corrosion, thus
enabling the desired deposition process to take place repeatedly over
extended 5 periods of time while maximizing chamber component life and

minimizingKbR {684 yirenanbion&aanio thaevadber dasisieR R mber fabricated
operations. DISCLOSURE OF INVENTION The present invention
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buildup of material layers or contaminants (and the potential for process
contamination and component corrosion) on the surfaces of the reaction
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component surfaces, wherein the component surfaces that may pe .
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chatdveler or any other portion of the deposition apparatus. The present invention
also includes a deposition apparatus with nonreactive component surfaces, wherein
the component surfaces that may be exposed to reactant gases are passivated to
20  produce a very hard, low-friction, nonstick surface to which reactant gases used in
the deposition process will not substantially adhere.

The present invention also includes a deposition apparatus, also referred to
herein as “deposition chamber,” used to produce thin films on substrates and to
methods of fabricating the deposition chambers. In several embodiments, surfaces

25  of the deposition chamber are passivated using one or more surface treatments to
prevent any reactant gases used in the deposition process from substantially adhering
to the surfaces of the deposition chamber.

In another embodiment of the present invention, a deposition chamber
includes use of temperature regulation of interior surfaces of deposition chamber

30  components such that the reactant gases used in a deposition process are

substantially unable to adhere to the surfaces of the deposition chamber. Such



includes use of temperature regulation of interior surfaces of deposition
chamber 30 components such that the reactant gases used in a

deposition process are substantially unable to adhere to the surfaces of

the deposition chamber. Such -5- surface temperature regulation may be
effected without substantially increasing g.temperature within the reaction
chamber and, thus, without substantially interfering with an ongoing
deposition process. The present invention also includes a method of
determininene ARG Zed] 2 MRS BLEERIdE WRERIWE eRER IO AN8RIg a
more of the interior surfaces of a deposition chamber located within the
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graphgdeahiting Peysicabaghsrence of a reactant to a surface of 25 a
material; FIG. 3B is a graph depicting chemisorption of a reactant to a
surface of a material; and

15 BRIEF DESCRIPTION OF DRAWINGS

The nature of the present invention as well as other embodiments of the
present invention may be more clearly understood by reference to the following
detailed description of the invention, to the appended claims, and to the several
drawings herein, wherein:

20 FIG. 1 is a partial cross-sectional schematic view of a deposition chamber
according to the present invention;

FIG. 2 is a partial cross-sectional schematic view of the deposition chamber
of FIG. 1 with the addition of a liner;

FIG. 3A is a graph depicting physical adherence of a reactant to a surface of

25  a material;

FIG. 3B is a graph depicting chemisorption of a reactant to a surface of a
material; and

FIG. 4 is a partial cross-sectional view of a deposition chamber with a
heating element for preventing reactant materials from adhering to the surfaces of

30  the deposition chamber.



FIG. 4 is a partial cross-sectional view of a deposition chamber with a
heating element for preventing reactant materials from adhering to the
surfaces of 30 the deposition chamber. -6- BEST MODE(S) FOR
CARRYING OUT THE INVENTION Generally, the present invention
includes a deposition apparatus for formigg thin films of materials on
various substrates, including, without limitation, semiconductor
substrates, methods of fabricating such deposition apparatus, 5 methods
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apparatus, and methods for using the deposition apparatus. While the
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and may include other layers that have been fabricated thereupon. Both “wafer” and
“substrate” include doped and undoped semiconductors, epitaxial semiconductor
layers supported by a base semiconductor or insulator, as well as other
20  semiconductor structures known to those of ordinary skill in the art.

In the description that follows, the term “deposition chamber” means and
includes any deposition chamber used to deposit reactant materials as a film or layer
onto a substrate, and components thereof. Known processes that use deposition
chambers to deposit films or layers include, but are not limited to, atomic layer

25  deposition (ALD) and chemical vapor deposition (CVD), including plasma
enhanced chemical vapor deposition (PECVD), and rapid thermal chemical vapor
deposition (RTCVD). As used herein, the terms “passivation” and “passivating”
refer to the concept of making a surface harder or smoother, filling in gaps, voids, or
vugs in a surface or otherwise imparting a surface with hard, low-friction, nonstick

30  characteristics such that substances, such as reactant gases, will not substantially

adhere thereto.



deposition (RTCVD). As used herein, the terms "passivation" and
"passivating" refer to the concept of making a surface harder or
smoother, filling in gaps, voids, or vugs in a surface or otherwise
imparting a surface with hard, low-friction, nonstick 30 characteristics such
that substances, such as reactant gases,will not substantially adhere
thereto. -7- The present invention includes a deposition chamber suitable
for forming a film or layer of material from gaseous or vaporized reactants
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onto surfaces of the depasition apparatus. The interior surfaces of the
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deposition chamber. Thus, the deposition process performed in a
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PECVD, RTCVD and other deposition processes known to those of .
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in tlrllsee(? ?drl\gi%l,sb%]tai% % a%%rlécsieaged by those of ordinary skill in the art that the
deposition chamber 10 may be used for other deposition processes including, but not
20  limited to, various types of CVD (e.g., PECVD, RTCVD, etc.). It will be further
appreciated that the deposition chamber 10 is configured as a vacuum chamber, as is
well known to those of ordinary skill in the art.
The exemplary deposition chamber 10 described herein is fabricated of a
metal, as is well known to those of ordinary skill in the art. Metals that may be used
25  to fabricate the deposition chamber 10 and the various components of the deposition
chamber 10 include, but are not limited to, steel, stainless steel, nickel, aluminum,
and alloys that include one or more of these materials. Alternatively, the deposition
chamber 10 or components thereof may be constructed from ceramics or quartz.
As illustrated, the exemplary deposition chamber 10 includes a chamber
30  body 12 and a chamber lid 14. The chamber body 12 encloses a chamber cavity 16,

within which the deposition processes take place. The chamber lid 14 is removable



25 to fabricate the deposition chamber 10 and the various components of
the deposition chamber 10 include, but are not limited to, steel, stainless
steel, nickel, aluminum, and alloys that include one or more of these
materials. Alternatively, the deposition chamber 10 or components
thereof may be constructed from ceramicg or quartz. As illustrated, the
exemplary deposition chamber 10 includes a chamber 30 body 12 and a
chamber lid 14. The chamber body 12 encloses a chamber cavity 16,
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removable -8- from the chamber body 12 such that the chamber cavity 16
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cavity 16 for deposition of a material] onto a substrate 30, such as
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heating the substrate 30 during the deposition process, as is well known to those of
20  ordinary skill in the art. Optionally, the deposition chamber 10 may include a
plurality of platforms 32 for supporting a plurality of substrates 30 that has been
placed inside the deposition chamber 10. An automated substrate handling
apparatus may be provided in association with the platform 32 such that the process
of positioning one or more substrates 30 within the deposition chamber 10 and
25 removing the same subsequent to processing may be automated.
As illustrated, the deposition chamber 10 also includes an exhaust line 34 for
exhausting gases from the deposition chamber 10 using a pump (not shown). It is
apparent that although the illustrated deposition chamber 10 includes one gas

delivery path 18 and one exhaust line 34, the deposition chamber 10 may include a

30  plurality of gas delivery paths 18 and/or a plurality of exhaust lines 34 and not



apparatus may be provided in association with the platform 32 such that
the process of positioning one or more substrates 30 within the deposition
chamber 10 and 25 removing the same subsequent to processing may be
automated. As illustrated, the deposition chamber 10 also includes an
exhaust line 34 for exhausting gases fram the deposition chamber 10
using a pump (not shown). It is apparent that although the illustrated
deposition chamber 10 includes one gas delivery path 18 and one
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gas delivery paths 18 and/or a plurality of exhaust lines 34 and_not -9-
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the exposed surfaces in any manner. The passivation process may also make the

20  exposed surfaces harder and smoother such that the deposition chamber 10 will be
easier to clean if any materials do incidentally adhere to the passivated surface,
making cleaning the deposition chamber 10 a quicker and more efficient process.
Furthermore, the passivation process makes the surfaces more durable such that the
deposition chamber 10 will resist wear from tools used for maintenance, abrasives

25  used for cleaning, and also corrosion from byproduct build-up within the deposition
chamber 10. The passivation treatment of the interior surfaces will provide a
low-friction, nonstick, hard, passive surface with a low surface energy that will resist
wear and corrosion, and will not peel or flake when stressed, as by thermal cycling
of the deposition chamber 10. Further, the passivation processes described herein

30  will lengthen the life of the deposition chamber 10.



making cleaning the deposition chamber 10 a quicker and more efficient
process. Furthermore, the passivation process makes the surfaces more
durable such that the deposition chamber 10 will resist wear from tools
used for maintenance, abrasives 25 used for cleaning, and also corrosion
from byproduct build-up within the deposjtion chamber 10. The
passivation treatment of the interior surfaces will provide a low-friction,
nonstick, hard, passive surface with a low surface energy that will resist
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thermal cycling of the deposition chamber 10. Further, the passivation
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or TEFLON®-coated surfaces.
The use of some coating materials on the surfaces of a deposition
20  chamber 10 of the present invention may not be compatible with certain reactants or
purge gases and some coatings and coating materials may not be able to withstand
certain elevated temperatures or other process conditions used in the deposition
process for which a deposition chamber 10 is designed. Therefore, the selection of a
coating or coatings to be used on the surfaces of a deposition chamber 10 will
25  depend on both the reactants and the temperatures required for the deposition
process for which that deposition chamber 10 will be used. For example, in the
illustrated embodiment, the polymer used to coat a metal surface of deposition
chamber 10 for use in an ALD process should be able to withstand temperatures
commonly used for an ALD process, such as temperatures of about 150°C to about
30  200°C. Alternatively, if the deposition chamber 10 described herein is to be used for

a CVD process, the polymer should be able to withstand temperatures of about
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purge gases and some coatings and coating materials may not be able to
withstand certain elevated temperatures or other process conditions used
in the deposition process for which a deposition chamber 10 is designed.
Therefore, the selection of a coating or coatings to be used on the
surfaces of a deposition chamber 10 will{35 depend on both the reactants
and the temperatures required for the deposition process for which that
deposition chamber 10 will be used. For example, in the illustrated
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artégp%'s’it?(l)%cft)gglceeggegEcnown by those of ordinary skill in the art (e.g., electroless or
electrolytic plating processes). Once the Ni is adhered, pores in the Ni surface may
be enlarged (e.g., using an acid solution to treat the metal surface) such that a
polymer may be infused into the surface layer and bonded thereto. Suitable coating
thicknesses may range from about 1 to about 2.5 mils.

Another polymer that may be adhered to the interior exposed surfaces of the
deposition chamber 10 is a TUFRAM® brand coating, also available from General
Magnaplate Corp., of Linden, New Jersey. TUFRAM® brand coating is described
by the manufacturer as a synergistic coating. As used herein, the term “synergistic”
will be used to refer to a coating that combines the advantages of anodizing, plating
or thermal spraying with the controlled infusion of polymers, dry lubricants, or other
materials that provide a composite coating with improved protection. The
TUFRAM® brand coating may be adhered to an aluminum surface after converting

the aluminum surface to Al,O3;H,0 and replacing the H,O with the TUFRAM®



electrolytic plating processes). Once the Ni is adhered, pores in the Ni
surface may 20 be enlarged (e.g., using an acid solution to treat the metal
surface) such that a polymer may be infused into the surface layer and
bonded thereto. Suitable coating thicknesses may range from about 1 to
about 2.5 mils. Another polymer that mayze adhered to the interior
exposed surfaces of the deposition chamber 10 is a TUFRAM(r) brand
coating, also available from General 25 Magnaplate Corp., of Linden,
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salt spray test requirement of MIL-A-8625 and may even exceed a 2,200 hour salt

20  spray test. Additionally, some TUFRAM® brand coatings that may be used (i.e.,
R-66, 604, 611 and 615) are also resistant to most alkaline and acid solutions. One
TUFRAM® brand coating currently believed to be suitable for use in the present
invention is TUFRAM® 104 coating.

Yet another type of polymer that may be used to coat surfaces of metals such

25  as aluminum and which is currently believed to be suitable for use in the present
invention, is MAGNAPLATE HCR® brand coating available from General
Magnaplate, Corp. of Linden, New Jersey. MAGNAPLATE HCR® brand coating
is a synergistic coating that may be adhered to the metal at a thickness of about
0.025 mm to about 0.063 mm (about 0.001 inches to about 0.0025 inches) with a

30  tolerance of +- 0.005 mm (+/- 0.0002 inches). The growth of the MAGNAPLATE

HCR® brand coating is also approximately 50% of the thickness value, the



F and about 800 F, depending on the process used to coat the metal and
the type of metal alloy used. TUFRAM(r) brand coatings also usually
exceed the basic 336 hour salt spray test requirement of MIL-A-8625 and
may even exceed a 2,200 hour salt 20 spray test. Additionally, some
TUFRAM(r) brand coatings that may be_ysed (i.e., R-66, 604, 611 and
615) are also resistant to most alkaline and acid solutions. One
TUFRAM(r) brand coating currently believed to be suitable for use in the
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previously described herein, to fill the pores in and otherwise smooth the plated

20  metal and provide a surface hostile to contamination.

In another embodiment of the present invention, surfaces of a deposition
chamber 10 may be lined, or covered, with a removable, nonreactive liner.
Referring now to FIG. 2, there is shown a liner 31 being placed within the chamber
cavity 16 of the deposition chamber 10. The location of a substrate 30 on which a

25  thin film is to be formed when deposition chamber 10 is in operation is shown in
broken lines for reference purposes. Deposition chamber 10 illustrated in FIG. 2 is
substantially identical to the deposition chamber 10 of FIG. 1, with the exception
that the chamber lid 14 has been removed. The liner 31 has openings 33 and 35
formed therein for the placement of the shower head 28 and the exhaust line 34,

30  respectively, such that gases may enter and exit the chamber cavity 16 defined by

the liner 31. As illustrated, the liner 31 is removable such that the liner 31 may be



15 less susceptible to contamination by precursor gases and vapors and
resulting products. It will be appreciated that after the metallic coating is
applied, an additional TEFLON(r) brand coating or other polymeric
coating such as those offered by General Magnaplate, Corp. may be
applied over the plated metal, as previaygly described herein, to fill the
pores in and otherwise smooth the plated 20 metal and provide a surface
hostile to contamination. In another embodiment of the present invention,
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removable, nonreactive liner. Referrir&g now to FIG. 2, there is shown a
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to chamber lid 14, while lower 5 portion 31b of liner 31 .may be formed as .
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deposition chamber 10, the lid 14 (with attached liner portion 31a, if desired) may be
20  replaced (depicted in FIG. 1) for operation of the deposition chamber 10. It is
contemplated that different portions of multi-portion liners may, of course, be
fabricated from different materials, depending upon their intended placements.
In yet another embodiment of the invention, instead of coating or lining the
surfaces of a deposition chamber 10 or in addition to coating or lining some of the
25  interior surfaces of the deposition chamber 10, one or more of the various
components of the deposition chamber 10 may be fabricated from a material which
is substantially nonreactive to at least the deposition and purge processes to be used
in the deposition chamber 10. For example, the shower head 28 and the substrate

platform 32 may be fabricated out of quartz, such that reactant materials and purge

30  materials are not adsorbed onto these components.



known to those of ordinary skill in the art. The use of the liner 31 has the
benefit that if the liner 31 is damaged, excessively worn, or becomes
excessively 15 contaminated with byproducts, it may simply be removed
from the deposition chamber 10 and replaced. Thus, the user merely has
to replace the liner 31 and not undertakgsleaning or replacement of the
entire deposition chamber 10. As illustrated, once the liner 31 is securely
in place within the chamber cavity 16 of the deposition chamber 10, the

lid 14 (witmatirehrilings Racian sha.dévesyeraimay de Sthiaplacr®4, the
(depicted in FIG, 1) for operation of the deposition chamber 10. It is
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embodimenicohéhexprapriny ihenidaniramexpasadsyrfaoasdiodassivate an
deposition chamber. 10 may be chemijcally treated to passivate the same.
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the Lemen al allyninum or aluminum %HOIY S ({.face. Passivating the. .
adhesion layer for various materials and, irl addition to ifs use as & passivating layer,
may be used for subsequent adhesion of another (e.g., metal or polymer) passivation
20  coating to the surface, as previously described herein. Metals including, but not
limited to, aluminum, cadmium, copper, magnesium, silver, and zinc, may be
passivated by chromate conversion.
If steel, other iron-containing metal alloys, or aluminum is used to construct
the deposition chamber 10, the surface may be nitrided, wherein a hardened surface
25  of nitride is produced by heating the metal surface in a nitrogen-containing material
such that nitrogen diffuses into the surface and forms a hard case at the surface. The
nitrided metal surface may then be additionally passivated by coating the same with
a fluorinated polymer, such as a TEFLON® coating, another nonstick polymer
coating, or a liner, as previously described herein.

30 The exposed metal surfaces may also be chemically passivated by exposing

such surfaces to a passivating gas, such as nitrogen trifluoride, tungsten



surface of aluminum may be effected in any manner as previously
disclosed herein. Another exemplary chemical treatment that may be used
to passivate an exposed surface of a deposition chamber 10 is known as
"chromate conversion.” As 15 known to those of ordinary skill in the art,
chromate conversion is effected by treatipg the surface of the metal with
chromic acid in the presence of a soluble salt. The resulting thin, gel-like
film of metal oxide on the metal surface acts as a good adhesion layer for
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magnesium, silver, and zinc, may be passivated by chromate conversion.
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elelcj:(t)rst% 1\9&|:i?grilrs]9a101{1 %?f:ecrt?(i)%%lle}/nglﬁl%nri&%tmg projected against the metal surface to
passivate the metal surface. In the case of stainless steel, activated oxygen may be
20  used as a passivation agent. Furthermore, powdered metal, oxides, carbides, or
refractory materials (e.g., niobium, molybdenum, boron, silicon) may be introduced
with the plasma in conjunction with an ion source to produce refractory material
ions. The resulting refractory material ions may be projected against the metal
surface to coat and passivate the surface. It will be appreciated that passivating the
25 inside of the gas delivery path 18 or the exhaust line 34 may be difficult and there
may be limitations on the length and width of a tube that may be passivated with
plasma. Therefore, remote plasma processes may be used to passivate the interior of
such conduits. Additionally, the species from which the plasma is generated may be
sent through the conduit and subsequently activated within the conduit to passivate

30 the interior of the conduit.



10 surface in a manner well known to those of ordinary skill in the art. In
the present invention, the passivating gas may be passed through the
deposition chamber 10 as a step in the deposition process, or the
passivating gas may be sent through the system after cleaning the
deposition chamber 10, such that the impervious layer is formed prior to
the start of a deposition process. 15 Instead of using a passivating gas, a
gas plasma may also be used to passivate the metal surface. For

example, B/ 4q0tAEg R{BEIARN O6 RGO FOBRM IBRNIRERPESEmetal surfaces
through an electric are to create a mixture of hot atoms, molecules

podHtiATRE dSPRPGIRR FBHEDSAd HBH BERR BREL e SRS Hidd RMS

sufange rpassivatecthr metalisintaceednihecass &f glaiplessisiedrious
activated ox;ggﬁ(:n may be 20 used as a passivation agent. Furthermore,

poVSBRAH RidEat MBI BAFBRAE BifS rEgE ol St ene Yhetisilans
5 molyhsiandmichaner failicamn mayl Rertoadlses i WhHHa Rlasma dirface. For

conjunction with an ion source to produce refractory material . ions, The
restIABCFeffARTIN IFRITRPR SBH r%ﬁk}%‘é“ﬁ?d}?&&& URp AP dgpst some of

surfiaceut@aceabiiid passivaia thersbeface:d rwvildldpeheppaesiateehtiapossible. As
passivating the 25 inside of the gas delivery path 18 ar the exhaust ljne §4
y

may"5 B iR aRd QHURET Y bR ittt STRCBRARALIEAG A Srq wrbhed
tubg dbialemRyniepassivated witblcplagma baheeigpassigmate tplagro@rent
processes m e used to passivate the interior of such conduits.

10ag {ﬁﬁ%‘%ﬁllﬁaﬁ,&% PREFERYFYE mwﬁmﬁéoméﬁwﬁa@s r‘?% ey o odur @
thren@bttheuefapeluit and subsequently activated within the conduit to

passivate 30 the interior of the conduit..-17- In a further embodiment of
the preseAUADGETHHe &l edEP RSP LB A (Res iSRS ! surface

chamabeye o Ivhaydas ipglishsitto @. desiretk, prasiuraiderR¥MShiadder laser),
sufficient to redyce .or eliminate regctant dl'le ion thereto us'hn?% vfa#io
tecHALSA e HES A O RIS BUTONE R AR AReRe gy dinary
15 surdkitkib fieughnEhsmie pulies fpomathiec meiaplifaat do PeEoMogAs, ceramic, or
surface..For instance wn electropolishin techni%lrJhes
I

homogenou . , Kno
) B U8 T A AT OO T OB S &Y H WUBTHBI close
chanfier R rehgdiiciendapsicantn ashpassiBlendpoksibivg iiotHrofeeniof
ordgﬂ%g Sspl%igyiﬂléhrga%rg,lseol%(g%os%gIi)snhgnlgétsa gl?r?gc]g l@ﬁggig % wire, metal powder,
or pellets are fed through a high temperature oxyacetylene torch gun, melted, and
20  impinged on the metal surface in a semimolten state to provide a smooth, hard
surface. Laser polishing uses a short laser pulse to melt and resolidify a surface
layer to produce a resultant smooth layer. Chemical polishing techniques polish a
metal surface using controlled chemical reactions, as known to those of ordinary
skill in the art. For example, phosphoric acid, nitric acid, fluoride solutions, or
25  combinations thereof may be used to dissolve the high points on a metallic surface
and produce a smooth surface. Mechanical polishing may be accomplished using an
abrasive material on a polishing pad, an abrasive slurry, or a buffer element, or by
using a grit-blasting device.
The various methods of polishing metals described herein may be combined.

30  For instance, large surface areas may be polished with mechanical polishing

methods while areas not accessible to mechanical polishing may be polished using



placing the metal in a chemical electrolyte bath and passing electrical
current 10 through the bath to remove metal ions from the surface of the
metal to produce a smooth surface. As an alternative to electropolishing,
or in addition thereto, the metal surface may be polished using physical
(e.g., flame, plasma, electrodischarge orjlgser), chemical, mechanical, or
other methods of polishing known to those of ordinary 15 skill in the art.
Flame polishing may be accomplished on metal, glass, ceramic, or quartz

surfacesiusreuin(the YRGS AINAgIMEniEAbikE MIAEENt IMEREORS a surface

close surface defects by lgcalized application of heat. Flame polishing.in
thefoTRF ST PRdits Sphsyig drfalpardriseaied arahe mataisatedcaswriridhsd

a Wirevicielg! revyder, or pellets are fed through a high temperature
oxyacetylene torch gun, melted, and 20 impinged on the metal surface in

a semimolteh SEREREBREUIMS S ShBEM RETYSRARE, PEESPRRISHiRGCes of the

5 USeRpbSitioft iaarbed|se it nelthaag deslidiyin shdaee ofayRhi® Ppacisar
a resultant smooth layer. Chemical polishing techniques polish a metal
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or 25 combinations thereof may be used to d'ssolve.th(g-1 high points on a

metaftic trties S0 PrBARERD SARSSH SR L PRYSIHAAT LI AR
mashbmiaegaiopligheckusing af ralasiveamateatfacea Oalislipghpadharx-axis
abrasive slurry, or a buffer element, or by using a grit-blasti 9 device. The
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may, be coated or otherwise treated, as described previously herein. In

e e R TS Ay Aty
15 5 depasitiaroshaenirept.0Asan berheatedd@dbordiaiitaskadiatios withiea

partjcular temperature or temHerature rﬁn eto Prevent tq%a reeactant.
ga § grwgmpég)ﬁld%%g rHSgr(E)W?,se tative of the temperature at which deposition occurs

during ALD processes. Therefore, deposition chamber surface temperatures
associated with the chemisorption peak should be avoided to prevent the reactants
from being chemisorbed onto the surfaces of the deposition chamber 10 (FIG. 1).

20 As further shown in the graph of FIG. 3A, there is exhibited a trough 104
through which temperature range the amount of reactant that adsorbs to a surface is
minimized. This trough 104 lies between the physical adsorption peak 100 and the
chemisorption peak 102 and represents an optimized temperature range to which the
surfaces of the deposition chamber 10 may be heated in order to minimize reactant

25  adsorption thereto. It will be appreciated that the peaks 100 and 102 and trough 104
will vary from reactant to reactant used in the deposition process, as well as for
different deposition chamber 10 component materials. Therefore, a different
optimized surface temperature profile may exist for each deposition reaction that
will be used in a deposition chamber 10, as well as for each material used to

30  fabricate various components of a deposition chamber 10. Once the optimized

temperature or range for each surface material and the various reactants used in a



physically adsorbing to, or chemically adsorbing to the surfaces. Referring
now to FIG. 3A, there is shown a graph representing the physical
adsorption and chemisorption of an exemplary reactant gas to a surface.
On the graph, the X-axis 10 represents an increasing temperature
gradient of the surface, while the Y-axis_r@presents an increasing
concentration of the reactant gas adsorbing to the surface. As illustrated
in FIG. 3A, a reactant typically physically adsorbs to the surface at lower

tempaiaiwede g ineicpiec Qyasefistpaated A0 NR OB bMhilehtained at such
chemisorption typically occurs at higher temPeratures, as shown by a

e TSR K B UG AP DR 8 BB AT Sic fdsorption

thesfidbien GhepisalRiOn BRakiFieRIeseRtatys RidheHamperajure at
which deposition occurs during ALD processes. Therefore, deposition

chamber SITHCE nBE R ABR L0l AR ety WAt thebn ehifisty Pifofrgaakior some
5 shqul¢hbes avaiged iR eve phibr JIEAGaNSo i PRI EhEHEMISRIPas pRtQally

the surfaces of the depasition chamber 10 (FIG. 1). 20 As further shown in

the §FABR- o NG CIACHRIERE WX RfiteY A DT 152 RRrRSUYSWIHTRE usable

tenmgapRidreréatgeniperaimeunh &f taagtarhtiaitadserpsde BaSsustagenisnized, as
minimized. This trough 104 lies between the physical adsorption peak 100

AR orBior B9 A Fpt Bl BPaUHJBBE & which o

tenpigiatulreniabgeoorvubieht thid osb ida@s Bicthesdaneosiian shamietl a high
be heated jn order to minimize reactant adsorption thereto. |t will

10 e e M BEARS T ARt L SO e HRte for

reagtapiriccieactanhesestirethefepbsitien precassd asayalitRakardeposition
different deposition chamber 10 component materials. Therefore, a
dife¥&ritoptimized surface temperature profile may exist for each

depositiommeaatanitieain wliag Asgaenpaderositionmiranieand s aswiath to
as for.each material use(%?t]o 3O.fabr.icatTE\éaria<§gs com[)one ts of a h )
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deposition proc eﬁ are deterEiEnet%l, thgisur@ce may be m?intat%?%géat. .

SudHRSTHS Brud 6 PRHIR QLIS TARG RS rd S8 RAl e sorption

minvtagiagdsengiwnuedyaastanis oy qgredudisdo twedspitacebyodhtheough 104 in
deposition cqamber 10. However, it will be apparent to those of ordinar

Ski%qlﬁ‘t eA’atr etﬁ%lpp&rastBFﬁ gange at WthH’l a mlglﬁ)naleamount o? reactant a S(}/rbs to
the surface may include the temperature to which one or more surfaces of the

20  deposition chamber 10 are heated and, thus, dynamically passivated.

Referring now to FIG. 4, there is shown a deposition chamber 110 with one
or more heating elements 50 used to heat the various surfaces therewithin or
associated therewith, either collectively or individually (e.g., when it is desirable to
heat different surfaces of the deposition chamber 110 to different temperatures).

25  Heating elements 50 may comprise, for example, electrical resistance-type heating
elements which are easy to configure to various component and surface shapes. The
deposition chamber 110 of FIG. 4 may be substantially the same in construction as
the deposition chamber 10 described herein with reference to FIG. 1. However, the
deposition chamber 110 of FIG. 4 includes the added feature of one or more heating

30 elements 50. As depicted, the heating element 50 may substantially surround all

interior surfaces of the deposition chamber 110 where the reactant and purge gases



5 surfaces and reactants, the physical adsorption peak 100 may overlap,
or partially overlap, with the chemisorption peak 102 or there may be no
significant usable temperature or temperature range where reactant
adsorption may be minimized, as shown in FIG. 3B. As illustrated in FIG.
3B, the temperature range at which a mjgmal amount of reactant adsorbs
to the metal surface may occur at such a high 10 temperature, that
utilizing this embodiment of the invention may be undesirable for the

paltisilar s g ane eRsiasys thatarm takeddped o R Ractsd) | ame heating

depositi?{tj} @Jrocess. To determine an gptimized temperature or

tenFiSERaRHY ARy SR ONFALIRIEHYSEFPRSEY MHTERERY 30 Miimihg chamber

physiGey adspiietion &fpa Jepsisnbehsiameuntnd 2:afigasianthald exposed
physically adsorbs to the surface may be determined at varyi

tertpEHALBE 2R SHaH Berdat Vﬂﬁ&ﬂ)&ﬁhéfﬁe%ttﬁegéaﬁg@%ewhead 28.
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depicted by the trough 104 in FIG. 3A, the temperature range at which a
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10 are heated and, thus, dynamically passi\%ged. ReferrglgéJ\ gv to FIG. 4,
the il aRY BERIOH AR B AP T B SHHA5HR O dr M nEating

elements PReusgBdInibeahiheyarovsSertces fenewitings oasseaiaiad
therewith, either colleg ively or individually e.g.,vghen it is desirable to
o

10 1o STTHRFEBHE SARAQEES oY A& HEEMSRCRH BEFAIRP S iffdRmgFature sensors of
tenrperaiulpsy, 2ochiaatiticetementsiRbniny 60mMpriSkcidioaxamMe interior

electrical r i%L nce-t <,=,'.heaiil(r§\)l elements which are easy to configure to
B Sotm BRSNS e, L0 i et st 6
FlGficreayyhe stibBtartialya thef asaedbackaistencton ag., thprdepesitiarsmaller
chamber#(i described heﬁfi with referertmce tot FIG. 1t' Howe‘\;/er, the 57¢
de SRR LHEmBEF1 Do BHERS O TRERIGUE e R GaEY PO YF s RBSSF 57 to
15 moretieatiigh30 widineivis @ahdaappiatact dia hsptagvelgmenk SOrfaay 52, 54 or
su%%laﬁa'aué s‘grround all interi%?r surfaces of ﬂlf degositilon chagg?er 110 Lth
whebe HRPFRR e BN B S HLEBS6! RSP BSTB Chigr B! the
11 Gechipingiteectgpashieoprocess. The heating element(s) 50 may be
used 10 g IO SXROSE TSRS 22ty e SRATREY, with, or in lieu of,
heating elements 50 to regulate exposed interior surface temperatures of deposition
20  chamber 110, surface temperatures again being regulated by a feedback system 60
responsive to outputs of one or more temperature sensors 57. Accordingly, and
dependent upon the process involved and temperature range thereof, it is
contemplated that deposition chamber component surfaces may be cooled as well as
heated to maintain an optimized surface temperature condition to defeat deposition
25  of precursor materials and consequent formation of particulate contaminants.
Conventional, fluid-filled heat exchanger circuits may be used to regulate
temperature, or compact and reversible thermoelectric heat exchangers may be
employed, the type of heat exchanger selected being immaterial to implementation
of the present invention. One heat exchanger 58 is illustrated, but any number of

30  heat exchangers 58 may be used without departing from the spirit of the present

invention. Although the temperature sensors 57 are illustrated as disposed on the



cavity 16, interior exposed surfaces 54 within the exhaust line 34 and
exposed interior surfaces 56 within the gas delivery path 18, and the gas
delivery head 28. 5 Heating the interior exposed surfaces 52, 54 and 56 to
the ideal temperature(s) minimizes physical adsorption and chemisorption
of reactants or reaction products theretgyjas represented by the trough
104 previously described herein with reference to FIG. 3A, thereby
passivating the interior surfaces 52, 54 and 56. The deposition chamber

116neffGuftinay Alsanecusies g ehdndkg 100tesp PRI HRSERERNSiBY the

such as thermocouples or chip-based temperature sensors of known

typle SRR ER AP TP Frhitire BE Bsater ik IBEARBHOGH RS Sréginder or
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more efficiently controlled by way of a feedback system 60 (e.
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conignmplated dhirhdepepiivnoahambeheeppaitgst surfaces may be

cooled as well as heated to maintain an optimized surface temperature
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formatanr afpaticdlaidoeontemantihuCativestigrilcfloid-fileddad#ications that

exchanger circuits may be used to r late temperature, or.compact and.
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the present invention. Although the temperature sensors 57 are illustrated
as disposed on the -21-



interior surface 52 of the deposition chamber 110 for clarity and simplicity,
the temperature sensors 57 may also be located under the interior
surface 52 or under or collocated with the heating elements 50. In
addition to passivating the interior surfaces 52 of the deposition chamber
110 using heating elements 50 or heat 5y@xchangers 58, the interior
surfaces 52 of the deposition chamber 110 may also be chemically
treated, polished, or coated as previously described herein. The various
embodiments described herein may kgr gomined in any number of ways
to passivate the surfaces of the deposition chamber 10. For example,
surfaces of the deposition chamber 110 employing the heating element 50
mayalsqslQhadealished, chemically treated, and coated as previously
described herein to minimize incidental deposition as much as possible.
Although the present invention has been shown and described with

5 respect to] variougilippliatas RMRYATIBRYS. YR 0B aacklitions nfelelioBs at least
and modifications that are obvious to a person of ordinary skill in the art

to WS RILalG SATBS B ains, 15 even if not shown or specifically
descithrdihenaina@iRdaesines ¢ tieradthie theeseope aititinviestion as
encompassed by the following claims. -22- CLAIMS What is claimed is: 5

1. AR Y00 S 9B e O Y A A Y L e R LR AP AR M e ast
onevRuRSH &ie deprIRisingambanesiting gloambes aigireshtapieaeiva @trior
least one subpstrate therein; a plurality of conduits in communi&[%t:ion with,

10 the deposHBAGTARYSH WAEIEH AR JEHEH SASHAABRT MR HYE SRR
of conduitshesimfrisepsrdtiieriorddid su Rl exposedtteaitleashanerial on the at
reactant gas or vapqr when the deposition chamber is operative to
deposit tﬂgaﬁﬁﬁrﬁg}ﬂésgf‘ﬁ%ast one material on the at least one substrate;

at Igdshanmsuiitdes: iieatmeantresBisiant tecaceumatitaiionte tidcatleashanerial on

material ortl at least a.porti E of tthe interig su fac? the at leas on(te tment

Surface trAckAL RSB G S Ao St RS, A R e tmen

15 material selagidsifgomsiitace treatment formed from a material selected from the
group consisting of nickel, nickel-based alloys, bromine, niobium,
molybdenum, cadmium, cadmium-based alloys, magnesium, silver, zinc,
zinc-based alloys, tin, tin-based alloys, and mixtures thereof; and
wherein the at least one surface treatment on at least a portion of the interior surface

20 is selected based on the at least one reactant gas or vapor.

2. The apparatus of claim 1, wherein the plurality of conduits includes:
at least one vapor delivery head having an outlet positioned within the deposition
chamber;
25  atleast one gas delivery path in communication with the deposition chamber
through the at least one vapor delivery head; and

at least one exhaust line in communication with the deposition chamber.

3. The apparatus of claim 2, wherein the at least one surface treatment
30 lies within at least one of the at least one gas delivery path, the at least one vapor

delivery head and the deposition chamber.



group consisting of nickel, nickel-based alloys, bromine, niobium,
molybdenum, cadmium, cadmium-based alloys, magnesium, silver, zinc,
zinc-based alloys, tin, tin-based alloys, and mixtures thereof; and wherein
the at least one surface treatment on at least a portion of the interior
surface 20 is selected based on the at legst one reactant gas or vapor. 2.
The apparatus of claim 1, wherein the plurality of conduits includes: at
least one vapor delivery head having an outlet positioned within the
deposition chamber; 25 at least one gas delivery path in communication
with the deposition chamber through the at least one vapor delivery head;

and at least one E)HAPRYRHS it i IrfieibeheqmRtisig e shambr lid

chapgiraiuR d therpparaitidgfsiaivn hwiriewibeiatleastiane-sudassy be
treatment 30 lies within at least one of the at least one gas delivery path,

the°BENEELLARRADBFCChsIIOSRF HERIFHIRD (13 BB UONTISRSihBAprTass. théreof is

5 Theapppiadustet slaimrdsdurther comprising a chamber lid configured to
enclose the deposition chamber, wherein the chamber lid may be opened

to provide access to the deposition chamber and wherein a surface

thereof is 55 partTidhgpnigiioosuriasel, widre R pRasales Oddaimfdce treatment
wherein the at least one surface treatment comprises a coating. 10 6. The

apParARGSSrcFARHE: wherein the coating comprises at least one of a
polymer, a metal oxide, a nitride, a fluoride, and a bromide. 7. The

apparatus of claim 5, wherein at least one component of the coating

10 Comprise'a matl R PRBHFAE () 618 Bt e ALEA BooRoa e PRERBE SirAges one
as ol ppmed. alihetainpaeiusHokclaimnffionderein thergasds. adsorbed to
the at least a portion of the interior surface to form the coating. 20 9. The

apparatus of claim 7, wherein the gas is flowed across at least a portion
of the intefior surfaeeshiing Oefasition, oftaifdin Andhe aideasipyment of the

coating comprises a material applied to the at least a portion of the interior surface as

15 agas.

8. The apparatus of claim 7, wherein the gas is adsorbed to the at least a

portion of the interior surface to form the coating.

20 9. The apparatus of claim 7, wherein the gas is flowed across at least a
portion of the interior surface during deposition of a film on the at least one

substrate.

10. The apparatus of claim 1, wherein the at least a portion of the interior
25  surface comprises a liner removably securable over the at least the portion of the

interior surface.

11. The apparatus of claim 10, wherein the liner comprises at least one of

glass, quartz, ceramic, and metal.

30
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substrate. 10. The apparatus of claim 1, wherein the at least a portion of
the interior 25 surface comprises a liner removably securable over the at
least the portion of the interior surface. 11. The apparatus of claim 10,
wherein the liner comprises at least one of glass, quartz, ceramic, and
metal. 30 -24- 12. The apparatus of claim410, wherein the liner comprises
a plurality of portions. 13. The apparatus of claim 1, wherein the at least a
portion of the interior 5 surface is substantially free of pits, ridges, voids,

vugs and pther sprtagsptemabReshifRalbraseldn ThelmePasatps Rk dlmydiity of
wherein the at least a portion of the interior surface comprises at least

on@tERBerature-regulating element associated therewith. 10 15. The
apparatus of claim 14, wherein the at least one temperature-regulating
element comprises at least one of a heating element and a heat

exchangef>15 18 P RBRIEHLSRLSI e LmPER R B! Rt aiRgrtpfedisthe interior

oNngUAmBResI U aseNSPIeeIGHEdiand |ecaled i sensomdesigRatatiteshness
proximate the at least a portion of the interior surface. 17. The apparatus

of éF&'ﬁlHelSG, further including a feedback system 20 operably coupled to
the at least one temperature-regulating element and to the at least one

temperature sensor and configyred to regulate a temperature of the at . .
least a paition of é‘ﬂ’é’?éﬁ%lrsﬁfl‘f Elﬂy‘gﬁ%@ﬁﬁ&%ﬁé}gﬁ%ﬁ Bf”fH%na?ﬁélé%lntemr

onguifivpesaipiisckegutalingrelempot /esponsivaial leRsidit pasbimrR Si@RIwith.
from the at least one temperature sensor. 25 18. The apparatus of claim
1, wherein a body of the deposition chamber

15. The apparatus of claim 14, wherein the at least one
temperature-regulating element comprises at least one of a heating element and a

heat exchanger.

16. The apparatus of claim 14, further including at least one temperature
sensor configured and located to sense a temperature proximate the at least a portion

of the interior surface.

17. The apparatus of claim 16, further including a feedback system
operably coupled to the at least one temperature-regulating element and to the at
least one temperature sensor and configured to regulate a temperature of the at least
a portion of the interior surface by affecting operation of the at least one
temperature-regulating element responsive at least in part to a signal from the at

least one temperature sensor.

18. The apparatus of claim 1, wherein a body of the deposition chamber

comprises metal.

19.  The apparatus of claim 18, wherein the metal comprises steel,

stainless steel, nickel, aluminum, or an alloy including any of the foregoing.
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comprises metal. 19. The apparatus of claim 18, wherein the metal
comprises steel, 30 stainless steel, nickel, aluminum, or an alloy including
any of the foregoing. -25- 20. The apparatus of claim 1, wherein a body of
the deposition chamber comprises quartz. 21. The apparatus of claim 1,
wherein the at least a portion of the interjgr. 5 surface comprises a surface
treatment of the interior surface. 22. The apparatus of claim 21, wherein
the surface treatment comprises at least one of electropolishing, chemical

polishing, 1pechamecalpalishings fiame1 pelishinda slrBIGdIsChapBSition chamber
polishing, laser polishing, chemical passivation and 10 plasma

paSSRARISAS 931K method of passivating surfaces in an apparatus for
depositing a film of at least one material on at least one substrate,
comprisingi(providing an apparatus including a deposition chamber

configured to recERfeRRFEALE Al lia Lupdetain theliffa @ RpHAamlBe interior

congdHisdRGapnicaiinRherewih: dhedepasdianchanber and the
plurality of conduits comprising an interior surface exposed to at least one

reactant gas or vapor when the deposition chamber is operative to

deposit thezfilm ofibappaleast enamaterialiidhalal sledaeaRechBstti@prises
and 20 treating at least éahpo,rtion of the jnteriar. surface with at Ie,a%t one

surt At O SR B HETHSa RSB Ft RIS FRSHRARISrBRyshing, flame
conpsibting Qfenickoliniakete Pasehi adoyseDponiie g Nibbitital PRyREatHAhd
cadmium, cadmium-based alloys, magnesium, silver, zinc, zinc-based
2l A PASSHAUSH-alloys, and mixtures thereof, to render the at least a
portion of the interior surface 25 resistant to accumulation of at least one

reactant gas or v porgejs%dgn degositinﬁghgtpe film of the at Ieag%[)ﬁo e ..
material o the i BELPHHE FHSARE ST A4S ThARHO SRRS g cBcoing
23 fiherein lreaiing compddses aplyinghea Jayarat aldepsisonpe material to
the at least aIPortion of the in&erior 30 surface. : .
providing an apparatus including a deposition chamber configured to receive at least
one substrate therein and a plurality of conduits in communication therewith,
the deposition chamber and the plurality of conduits comprising an interior
surface exposed to at least one reactant gas or vapor when the deposition
chamber is operative to deposit the film of the at least one material on the at
least one substrate; and
treating at least a portion of the interior surface with at least one surface treatment
comprising a material selected from the group consisting of nickel, nickel-
based alloys, bromine, niobium, molybdenum, cadmium, cadmium-based
alloys, magnesium, silver, zinc, zinc-based alloys, tin, tin-based alloys, and
mixtures thereof, to render the at least a portion of the interior surface
resistant to accumulation of at least one reactant gas or vapor used in

depositing the film of the at least one material on the at least one substrate.

24, The method according to claim 23, wherein treating comprises
applying a layer of at least one material to the at least a portion of the interior

surface.
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-26- 25. The method according to claim 24, wherein applying comprises:
roughening the at least a portion of the interior surface; applying a primer
to the at least a portion of the interior surface; and embedding a
fluorinated polymer to the at least a portion of the interior surface. 5 26.
The method according to claim 24, whergg applying comprises: cleaning
the at least a portion of the interior surface; etching the at least a portion
of the interior surface; disposing nickel on the at least a portion of the

interior sugface; f-endaeiNg:poYEEdRIREHERE] VARG PRI R ROWIRELes:
to the at least a portion of the interior surface by introducing the polymer

int6WENERIBFJRE dras HRoriRE AidRIJBSenIa o claim 24, wherein

ap RN EOMRTISes «d haRPlyiRg A sHei @St GRatiRG {arfhe-ahiRast a
portion of the interiar surface. 28. The method according to claim 27,

wheRhRAEAHY A et Reben iy 86 stdy RREL L PhrdR BrifRsurface.

interior surface comprises applying one of a TUFRAM(r) coating and a
MAGNAPLATE HCR(r) coating. 20 29. The method according to claim 24,
wherein applying! 86SHRULAHEpBRMY S1HHBZ G HE BARMES SORRI B
theclateiior sieriatessl pbheomethrediacericingrdeeglaim 29, wherein
disposing the liner 25 comprises disposing a liner including a plurality of

portEHEESRe FhisaAmot Qo RS LRaH A Sfurther comprising

selepipogitheribiRerdranit at least-one@iioiashe Guariar cemaodc, and metal.

30 32. The method ccorcisiglg %)l?claim 23, wherein treating comprises

polf: ?ﬁ%“fﬁ@?ﬁ‘féﬁ%ﬁﬁ;?fﬁ > - 33. The method according to claim 32,
whisaii RoAiphiyeneprophisasleddeagbanms of ehedtiepoishifg:sngdnaditialing the

olishing, chemical polishing,
P g polymer fant% the erl?l%rged pores.

217. The method according to claim 24, wherein applying comprises

applying a synergistic coating to the at least a portion of the interior surface.

28. The method according to claim 27, wherein applying a synergistic
coating to the at least a portion of the interior surface comprises applying one of a

TUFRAM® coating and a MAGNAPLATE HCR® coating.

29. The method according to claim 24, wherein applying comprises

disposing a liner over the at least a portion of the interior surface.

30. The method according to claim 29, wherein disposing the liner

comprises disposing a liner including a plurality of portions.

31. The method according to claim 29, further comprising selecting the

liner from at least one of glass, quartz, ceramic, and metal.

32. The method according to claim 23, wherein treating comprises

polishing the interior surface.
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electrodischarge polishing, laser polishing and flame polishing. 5 34. The
method according to claim 23, wherein treating comprises at least one of
chemical passivation and plasma passivation. 35. The method according
to claim 23, wherein treating comprises 10 forming a metal oxide layer on
the at least a portion of the interior surfagg. 36. The method according to
claim 23, wherein treating comprises treating the at least a portion of the
interior surface with chromic acid in a soluble salt. 15 37. The method
according to claim 23, wherein treating comprises nitriding the at least a
portion of the interior surface. 38. The method according to claim 23, .
further comprising 2B FeMtAGCAHiRs ifectmaiming F55/8rRaHighing comprises at
brogmigte;yee btaiRiRteolha ainledsha P pHIRAiak RO SWwHage . 39. A
method for dynamically passivating at least one interior surface in an
apﬁ}fr‘ﬁfﬁg%gﬁréﬁé’ﬁh ngsilas s PeLinhing apd e Rlishing least one
substrate, 25 comprising: providing an apparatus including a deposition
chamber and a plurality of conduits in communication therewith, the
depositior’ thambBf HAREISHALNAR & BIRaRs WBRHPALKTAAS fgwRsises at
suriace eraoreatitiall ipashee ieadipnkgasassivanen when the
deposition chamber is operative to deposit the film of the at 30 least one
material on the at least one substrate; and -28- maintaining at least a
portion of38e intaMiemsetHagacvifim gideasin Predatesmited vmpeaiptiis
range during a deposijtion operation to render the at least a portion of the
inte PP S faiost é)l’é’[‘i% R heRIATALIEN SRR AR REGEIRE MR Gas

or vapor thereon. 5 40. The method according to claim 39, further
comprising monitQrin . . : . .
P 9én Iﬂle 1%e6tlhod according to claim 23, wherein treating comprises
treating the at least a portion of the interior surface with chromic acid in a soluble

salt.

37. The method according to claim 23, wherein treating comprises

nitriding the at least a portion of the interior surface.

38. The method according to claim 23, further comprising:
forming a fluorine-containing layer or a bromine-containing layer on at least a

portion of the interior surface.

39. A method for dynamically passivating at least one interior surface in
an apparatus for depositing a film of at least one material on at least one substrate,

comprising:

providing an apparatus including a deposition chamber and a plurality of conduits in
communication therewith, the deposition chamber and the plurality of
conduits comprising an interior surface exposed to at least one reactant gas or
vapor when the deposition chamber is operative to deposit the film of the at

least one material on the at least one substrate; and
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temperature of the at least a portion of the interior surface. 41. The
method according to claim 40, further comprising at least one of 10
adding heat to the at least a portion of the interior surface or removing
heat therefrom responsive to the monitoring. 42. A method for minimizing
an amount of at least one reactant gas oggvapor that accumulates on at
least a portion of an interior surface of an apparatus for 15 depositing a
film of at least one material on at least one substrate, comprising:

MeRSHIIAGAB AMAINL PbAIJBRFHROMISACIINFHEAS WItNARAN ARt PHsIGRIMined
adsorbs to a material proposed for use on the at least a portion of the

interior sURBPSTAM 2R %5t U RF ARFRISERTHRPSEHEE tEndFTdagahlcast a

portion of R eFRsT albliftdidnaRirFRdNeasuing abcamenabaidh@ahleast one
one reactant or a reaction product that chemisorbs to the material

proposed fSF 8L HF e RIEIG S Bortion of the interior surface at each of
a plurality of temperatures over at least a portion of the temperature
range; and determining if there is at least one temperature withjn the

temperatut® rand@ e B AHEFP EH LRI B O iR Sprpdtigagnonitoring a

reaetapédas oo el tashe poraterial inemndmizedreliee to a combination
of physical adsorption and chemisorption. -29- 43. The method according

to claim 42, further comprising determining if there is at least another

temperature. withiméhaei@oparastdm saogeanitm Mpiser Eien Si6 S bl aéa one of
of the at least one reactant gas or vapor is minimized due to a |
cortsHEiBH bRy At SR BASHER %ﬁ@‘%H‘éFﬁ’i%?Bf RS BT8P fktAbd

aceheeingiorckpivn G fuiiemoanyiiging operating the apparatus to
deposit the film of at least one material on at least one substrate using
the at least one reactant gas or vapor, the apparatus having the at least a

portion of4the intgrinstiudféeentheiraf igrmeanofithe Matesialonenidactant gas or
maintainiggtthe at least a 10 Eortion of the ir}terior syrface substantially at

th eng?é é a%&ﬁg]tl f‘ﬁﬁ)&‘g& ?gst a portion of an 1nterior surface of an apparatus for

depositing a film of at least one material on at least one substrate, comprising:

measuring an amount of at least one reactant gas or vapor that physically adsorbs to
a material proposed for use on the at least a portion of the interior surface at
each of a plurality of temperatures over at least a portion of a temperature
range;

measuring an amount of the at least one reactant or a reaction product that
chemisorbs to the material proposed for use on the at least a portion of the
interior surface at each of a plurality of temperatures over at least a portion of
the temperature range; and

determining if there is at least one temperature within the temperature range at
which an accumulation of the at least one reactant gas or vapor on the
material is minimized due to a combination of physical adsorption and

chemisorption.



45. The method according to claim 42, further comprising operating the
apparatus to deposit the film of at least one material on the at least one
substrate using the at least one reactant gas or vapor, the apparatus
having the at least a 15 portion of the interior surface thereof formed of the
material, while maintaining the at least @¢ortion of the interior surface at
substantially the at least one temperature.

43. The method according to claim 42, further comprising determining if
there is at least another temperature within the temperature range within which the
accumulation of the at least one reactant gas or vapor is minimized due to a

combination of physical adsorption and chemisorption.

44.  The method according to claim 43, further comprising operating the
apparatus to deposit the film of at least one material on at least one substrate using
the at least one reactant gas or vapor, the apparatus having the at least a portion of
the interior surface thereof formed of the material, while maintaining the at least a

portion of the interior surface substantially at the at least another temperature.

45. The method according to claim 42, further comprising operating the
apparatus to deposit the film of at least one material on the at least one substrate
using the at least one reactant gas or vapor, the apparatus having the at least a
portion of the interior surface thereof formed of the material, while maintaining the

at least a portion of the interior surface at substantially the at least one temperature.



