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Description

This invention relates to a method for forming a cor-
rosion-resistant protective coating formed on an alumi-
num substrate.

The chamber walls of processing apparatus used
in the production of integrated circuit structures on sem-
iconductor wafers such as, for example, chemical vapor
deposition (CVD) chambers and/or etching chambers,
e.g. reactive ion etching chambers, are subject to attack
by the chemicals used in such deposition and etching
processes.

In the past, the use of aluminum chambers in sem-
iconductor wafer processing apparatus with anodized
aluminum substrates on the inner walls of the chambers
provided sufficient protection against such chemical at-
tack, while permitting the utilization of a relatively inex-
pensive metal to construct the chamber or chambers of
the processing apparatus.

However, more recently, the integrated circuit chip
industry has recognized the need for yet higher stand-
ards of purity in the processing equipment used to fab-
ricate the integrated circuit structures. It has, therefore,
been proposed, by Ohmi, in "Fluorine Passivation Tech-
nology of Metal Surface", 8th Symposium on ULSI Ultra-
clean Technology", The Proceedings, January 26-28,
1989, to replace the anodized aluminum chambers with
highly polished stainless steel pretreated in HF to re-
move oxides, passivated with a high purity F5 gas to
form a non-stoichiometric iron fluoride, and then ther-
mally treated to form an FeF, coating. While the result-
ing film withstands gaseous halogen-containing envi-
ronments, it will corrode if exposed to an aqueous envi-
ronment.

It has also been proposed by Ohmi, in "Outgas-Free
Corrosion-Resistant Surface Passivation of Stainless
Steel for Advanced ULSI Process Equipment", ECS Fall
Meeting, Chicago, October, 1988 Symposium of Auto-
mated |IC Manufacturing, to oxidize passivated highly
polished stainless steel materials in O, to form a protec-
tive oxide surface thereon. Such surfaces are said to be
capable of withstanding visible attack by concentrated
aqueous hydrochloric acid, i.e., without any visible evi-
dence of evolution of gas, for as long as 30 to 40 min-
utes.

While a coating with a resistance to corrosion for
30-40 minutes would not normally be considered suffi-
cient for industrial use, it must be pointed out that expo-
sure to aqueous concentrated mineral acids such as hy-
drochloric acid is considered to be a worst case test,
indicative of much longer resistance to corrosion by gas-
eous halogens.

Therefore, the use of such highly polished stainless
steel materials would apparently satisfy the corrosion
resistance requirements of the integrated circuit chip in-
dustry. However, the cost of the use of such materials
in the construction of processing equipment, such as
deposition and etching chambers, is prohibitive.
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For example, the substitution of an ordinary stain-
less steel material for aluminum in the construction of
an etching or deposition chamber may result in a cost
increase of about four times the cost of aluminum, while
the use of a highly polished and air oxidized stainless
steel may be as much as four times the cost of ordinary
stainless steel; i.e., the substitution of such highly pol-
ished and specially processed stainless steels for con-
ventional anodized aluminum can result in an increase
of costs of over fifteen times what the cost would be to
use aluminum.

Document US-A-4 111 762 teaches a method for
producing an anodized aluminum body having a rough-
ened surface which exhibits certain optical qualities.
The document teaches the use of vacuum drying and
hydrogen fluoride to dry and waterproof the surface of
the body, but does not teach a method for coating an
aluminum body in such a way as to resist the corrosion
effect of process halogen gases and plasmas found in
aprocessing apparatus such as is used to process sem-
iconductor materials.

It would, therefore, be desirable to provide an alu-
minum material having a corrosion-resistant protective
coating on its surface which is capable of resisting the
corrosive attack of process halogen gases and plasma
(as measured by accelerated corrosion resistance tests
using concentrated aqueous halogen acids). It would be
even more desirable to provide a high purity corrosion-
resistant protective coating which may be utilized on the
surface of aluminum parts used in vacuum process
chambers so that aluminum may continue to be utilized
in the construction of semiconductor wafer processing
equipment for the integrated circuit chip industry without
sacrificing purity standards.

It is, therefore, an object of this invention to provide,
on an aluminum substrate, a corrosion-resistant protec-
tive coating capable of withstanding corrosion attack by
process halogen gases and plasmas. This object is
solved by the method of independent claim 1. Further
advantageous features and details of the invention are
evident from the dependent claims, the description and
the drawings. The claims are intended to be understood
as a first non-limiting approach of defining the invention
in general terms.

In a particularly preferred embodiment, the inven-
tion provides a high purity protective coating formed on
an aluminum substrate by contacting a high purity alu-
minum oxide coating with one or more fluorine-contain-
ing gases to form a coated aluminum substrate capable
for use in processing apparatus used to form integrated
circuit structures on semiconductor wafers.

It is another aspect of this invention to provide, on
an aluminum substrate, a corrosion-resistant protective
coating comprising an aluminum oxide coating which
has been contacted with one or more fluorine-containing
gases to form a protective coating on the aluminum sub-
strate capable of withstanding corrosion attack by proc-
ess halogen gases and plasmas.
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It is yet another aspect of this invention to provide
an aluminum substrate having a high purity corrosion-
resistant protective coating thereon capable of with-
standing corrosion attack by process halogen gases
and plasmas.

It is still another aspect of this invention to provide
an aluminum substrate having a high purity aluminum
oxide coating thereon which has been contacted with
one or more fluorine-containing gases to form a high pu-
rity protective coating thereon capable of withstanding
corrosion attack by process halogen gases and plas-
mas.

It is a further aspect of this invention to provide an
aluminum vacuum chamber for semiconductor wafer
processing equipment having the inner aluminum sur-
faces of the chamber walls protected by a high purity
aluminum oxide coating thereon which has been react-
ed with one or more fluorine-containing gases to form a
high purity protective coating thereon capable of with-
standing corrosion attack by process halogen gases
and plasmas.

It is yet a further aspect of the invention to provide
a method for forming on an aluminum substrate a cor-
rosion-resistant protective coating of a fluorinated alu-
minum oxide capable of withstanding corrosion attack
by process halogen gases and plasmas.

It is still a further aspect of the invention to provide
a method for forming on an aluminum substrate a cor-
rosion-resistant protective coating of a fluorinated alu-
minum oxide capable of withstanding corrosion attack
by process halogen gases and plasmas which compris-
es forming an aluminum oxide coating on the aluminum
substrate and then treating the aluminum oxide coating
with one or more fluorine-containing gases to form the
corrosion-resistant protective coating.

It is another aspect of the invention to provide a
method for forming on an aluminum substrate a high pu-
rity corrosion-resistant protective coating of a fluorinat-
ed aluminum oxide capable of withstanding corrosion
attack by process halogen gases and plasmas which
comprises the steps of forming a high purity aluminum
oxide coating on the aluminum substrate and then treat-
ing the aluminum oxide coating with one or more high
purity fluorine-containing gases to form the high purity
corrosion-resistant protective coating.

These and other details of the invention will be ap-
parent from the following description and accompanying
drawings.

Figure 1 is a fragmentary cross-sectional view of an
aluminum substrate having a corrosion-resistant protec-
tive coating formed on the surface of the substrate.

Figure 2 is a fragmentary vertical cross-sectional
view of an aluminum vacuum chamber for processing
semiconductor wafers having a high purity protective
coating formed on the inner aluminum surfaces of the
chamber.

Figure 3 is a flow sheet illustrating the process of
the invention.
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The invention, in its broadest aspects, comprises
an aluminum surface, such as surface 12 on aluminum
substrate 10 shown in Figure 1, having formed thereon
a corrosion-resistant protective coating 20 capable of
withstanding corrosion attack by process halogen gases
and plasmas. The protective coating is formed on the
aluminum substrate by first forming an aluminum oxide
layer on the aluminum substrate and then contacting the
aluminum oxide layer with one or more fluorine-contain-
ing gases to form the protective coating thereon.

In a particularly preferred embodiment, the inven-
tion comprises an aluminum chamber used in the
processing of semiconductor wafers, such as aluminum
reactor chamber 30 shown in Figure 2, having its inner
surfaces 32 protected by a high purity corrosion-resist-
ant protective coating 40 formed thereon capable of
withstanding corrosion attack by the aforesaid process
halogen gases and plasmas. The high purity protective
coating is formed on the aluminum substrate by first
forming a high purity aluminum oxide layer on the alu-
minum substrate and then contacting the high purity alu-
minum oxide layer with one or more high purity fluorine-
containing gases to form the high purity protective coat-
ing of the invention thereon.

It should be noted that while the purpose of the in-
vention is to form a protective coating to withstand cor-
rosive attack by process halogen gases and plasmas,
reference will be made herein to the corrosion resist-
ance of the coating of the invention when exposed to
liquid or aqueous halogen acids because such is con-
sidered to be a harsher environment and resistance to
such an aqueous halogen environment is, therefore,
consideredtobe a worst case test, as previously alluded
to above.

The term "high purity aluminum oxide" as used
herein, is meant to define an aluminum oxide having a
purity of at least 97 wi.%, preferably greater than 99 wi.
%, and in particular having less than 3 wi.%, preferably
less than 1 wt.%, of impurities such as, for example, sul-
fur, boron, and phosphorus and any other elements, in-
cluding, in general, any other metals and metalloids (in-
cluding silicon), which could interact with processing
materials used in the formation of integrated circuit
structures on semiconductor wafers to introduce unde-
sirable impurities.

The aluminum substrate on which such a high purity
aluminum oxide is to be formed should have a purity of
at least about 99 wt.%, and preferably a purity of about
99.9 wt. %.

The term "aluminum oxide", as used herein, is in-
tendedto include both fully dehydrated aluminum oxide,
i.e., Al,Oj3 (alpha alumina), as well as hydrated forms of
aluminum oxide, e.g., Al(OH); (bayerite) or AIO(OH)
(boehmite).

The term "high purity protective coating" as used
herein, is meant to define a high purity aluminum oxide,
as defined above, which has been contacted with one
or more fluorine-containing gases to form a coating
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which contains less than about 3 wt.%, and preferably
less than about 1 wt.%, of elements other than alumi-
num, oxygen, hydrogen, and fluorine.

By use of the term "concentrated halogen acid" with
respect to the concentrated aqueous halogen acids
used to evaluate the corrosion resistance of the protec-
tive coating of the invention is meant a 35 wt.% or higher
concentration of HCl or a 48 wit.% or higher concentra-
tion of HF.

a. Formation of Corrosion-Resistant Protective Coating

In either embodiment, to form the corrosion-resist-
ant protective coating of the invention, it is necessary to
contact an aluminum oxide film previously formed on the
aluminum substrate with one or more fluorine-contain-
ing gases. The aluminum oxide film to be contacted by
the one or more fluorine-containing gases should have
a thickness of from at least about 0.1 micrometers (1000
Angstroms) up to about 20 micrometers (microns) prior
to the contacting step. Thicker oxide films or layers can
be used, but are not necessary to form the corrosion-
resistant protective coating of the invention.

Preferably, the one or more fluorine-containing gas-
es which will be used to contact the previously formed
aluminum oxide layer on the aluminum substrate will
comprise acid vapors or gases such as gaseous HE or
F,, with or without inert carrier gases such as, for exam-
ple, argon, or neon; or other carrier gases such as hy-
drogen, oxygen, air, or water vapor, e.g., steam. Exam-
ples of other fluorine-containing gases which may be
used in the practice of the invention include NF5, CFy,
CHF3, and C5Fg.

When a high purity protective coating is to be
formed, in accordance with the preferred embodiment
of the invention, the reagents used in this step must also
be of a sufficient purity so as to not introduce any impu-
rities into the high purity aluminum oxide previously
formed on the aluminum substrate. If the fluorine-con-
taining gases, and other gaseous reagents used in this
step have a purity of less than about 100 ppm impurities,
i.e., have a purity of at least about 99.99 wt.% (usually
at least semiconductor grade), the desired high purity of
the protective coating, when such high purity is desired,
will be preserved.

The contacting step is preferably carried out in an
enclosed reaction chamber, particularly when the high
purity protective coating is being formed. However, pro-
vided the reaction area is well ventilated, it is within the
scope of the invention to contact the aluminum oxide-
coated aluminum substrate with one or more fluorine-
containing gases in an open area, particularly when the
purity of the resultant protective coating is not an issue.

When the protective coating is to be a high purity
protective coating for the inner walls of reactors used in
the processing of semiconductor wafers, the aluminum
reactor may already be preassembled in which case the
oxidized aluminum substrates to be contacted may
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comprise the inner walls of the aluminum reactor. The
aluminum reactor will then additionally serve as the con-
tainment vessel for the contacting step as well as pro-
viding a high purity environment for the contacting step.

When a containment vessel is used for the contact-
ing step, the one or more fluorine-containing gases may
be introduced into the vessel and maintained therein at
a concentration ranging from 5 to 100 volume %, de-
pending upon the source of fluorine-containing gas, and
a pressure ranging from about 1.3 mbar (1 Torr) to at-
mospheric pressure.

The contacting step may be carried out for a time
period within a range of from about 30 minutes to about
120 minutes at a temperature which may range from
about 375°C to about 500°C, and preferably from about
450°C to about 475°C. The amount of contact time
needed to ensure formation of the protective coating of
the invention will vary with the temperature and the con-
centration of the fluorine-containing gas. Longer periods
of time than that specified, however, should not be used
if reducing gases (such as H,) are present in the fluo-
rine-containing gas to avoid damage to the underlying
oxide layer.

After the contact step, the coated aluminum sub-
strate may be flushed with water or other non-reactive
gases or liquids to remove any traces of the fluorine-
containing gases. When the contact step is carried out
within a closed vessel, wherein the vessel walls com-
prise oxidized aluminum which has been contacted with
the one or more fluorine-containing gases, for example,
when forming the high purity protective coating, the re-
actor vessel may be flushed with non-reactive gases to
remove the fluorine-containing gases from the reactor.

The resulting protective coating on the aluminum
substrate may then be examined by a number of ana-
lytical techniques such as, for example, Auger analysis,
SIMS, ESCA LIMS, and EDX and will be found to have
a fluorine concentration ranging from 3 to 18 wt.%,
based on total weight of the coating.

b. Formation of High Purity Aluminum Oxide Film

To form the high purity protective coating of the in-
vention on the aluminum substrate, e.g., on the inner
surfaces of the walls of a reactor used in the processing
of semiconductor wafers, a high purity aluminum oxide
film or layer must first be formed on the aluminum sub-
strate. The high purity aluminum oxide layer may be ei-
ther a thermally formed layer or an anodically formed
layer.

However, in either case, to ensure the desired pu-
rity, the reagents used in forming the oxide layer should,
preferably, be essentially free of impurities which might
otherwise be incorporated into the aluminum oxide lay-
er. Therefore, as previously defined with respect to the
high purity aluminum oxide coating itself, the reagents
used in forming the aluminum oxide coating should pref-
erably have a purity of at least about 97 wt.%, preferably
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greater than 99 wt.%. In particular, the reagents should
preferably have less than 3 wt.%, and more preferably
less than 1 wt.%, of impurities such as, for example, sul-
fur, boron, and phosphorus and any other elements, in-
cluding, in general, any other metals and metalloids (in-
cluding silicon), which may be incorporated into the high
purity coating and possibly interact with processing ma-
terials used in the formation of integrated circuit struc-
tures on semiconductor wafers to introduce undesirable
impurities.

It should be noted, however, that the use of rea-
gents which contain impurities that are introduced into
the coating may be used in the practice of the invention,
even when producing high purity coatings in accordance
with the preferred embodiment if the impurity is of a type
which may be easily removed from the surface of the
coating. For example, if sulfuric acid is used as the elec-
trolyte in forming an anodized aluminum oxide coating,
undesirable sulfur in the resultant coating may be re-
moved by thoroughly rinsing the surface with deionized
water containing a sufficient amount of nitric acid to ad-
just the pH to about 5. The nitrate ions apparently ex-
change with the sulfate ions in the coating and then, due
o the solubility of the nitrate ions, are easily removed
from the coating as well.

When a high purity thermal oxide layer is to be
formed thereon, the aluminum substrate is contacted for
a period of from about 10 to about 200 hours with an
oxidizing gas at a partial pressure ranging from about
15 wi.% to about 100 wt.% oxygen, with the balance
preferably comprising a 99.99 wt.% pure carrier gas.
heated to a temperature within a range of from about
350°C to about 500°C to form an aluminum oxide coat-
ing having a minimum thickness of at least about 1000
nm (1000 Angstroms), preferably about 300 nm (3000
Angstroms).

To form the high purity aluminum oxide layer anod-
ically, the aluminum substrate is made the anode in an
electrolytic cell wherein the electrolyte preferably com-
prises a compound which will not introduce any other
elements into the aluminum oxide coating to be formed
anodically on the aluminum substrate, as previously dis-
cussed. Preferably, the electrolyte comprises a high pu-
rity inorganic acid such as nitric acid or a high purity or-
ganic acid such as a monocarboxylic acid, for example,
formic acid (HCOOH), acetic acid (CH;COOH), propi-
onic acid (C,H;COOH), butyric acid (C4H,COOHR),
valeric acid (C4HgCOOH), palmitic acid (CHj
(CH5)14C0O0H), and stearic acid (CH3(CH»);5COO0OH);
or a dicarboxylic acid, for example, oxalic acid
(COOH),), malonic acid (CO,H(CH,5)CO,H), succinic
acid (CO,H(CH5),CO.H), glutaric acid (CO,H
(CH,)3CO,H), and adipic acid (CO,H(CH,),CO,H).

Other mineral acids such as sulfuric acid, phospho-
rus-containing acid, and boronic acid usually should be
avoided, when forming a high purity aluminum oxide,
because of their tendencies to include in the resulting
anodically formed aluminum oxide traces of the respec-
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tive elements, e.g., sulfur, phosphorus, boron, etc. from
the acid electrolyte. However, such mineral acid elec-
trolytes may be used if such impurities can be subse-
quently removed from the surface of the resulting alu-
minum oxide coating, as previously discussed.

The anodizing bath may be maintained at a temper-
ature ranging from about 0°C up to about 30°C.

Since the thickness of the anodized film is, at least
in part, dependent upon the anodizing voltage, the an-
odization should be carried out at a voltage within a
range of from at least about 15 to about 45 volts D.C. to
ensure formation of the desired minimum thickness of
anodically formed aluminum oxide, as is well known to
those skilled in the art. While conventional DC voltage
is preferred, AC voltage may, in some instances, also
be utilized.

The anodizing process should be carried out for a
time period sufficient to form the desired thickness of
aluminum oxide on the aluminum substrate. The
progress of the anodic process may be easily monitored
by the current flow in the bath. When the current drops
below about 111 to 667 A/m2 (10-60 amperes/square
foot) (indicative of the presence of the insulating alumi-
num oxide film), the voltage may be shut off and the an-
odized aluminum may be removed from the bath.

The high purity aluminum oxide coating may also
be formed on the aluminum substrate by a combination
of thermal and anodic oxide formation, for example, by
first anodically forming an oxide coating layer and then
thermally oxidizing the anodically formed oxide coating.

After formation of the high purity aluminum oxide
film on the aluminum substrate, the aluminum oxide may
be contacted, in accordance with the invention, with one
or more fluorine-containing gases, as previously de-
scribed above, to form the high purity corrosion-resist-
ant protective coating of the invention on the aluminum
substrate.

The following example will serve to further illustrate
the invention:

Example

The inner walls of an aluminum reactor suitable for
use in the processing of semiconductor wafers were in-
itially oxidized to form an aluminum oxide layer thereon
by anodizing the aluminum reactor surfaces by immers-
ing them in an electrolyte containing 15 wt.% sulfuric
acid, with the balance deionized water. The electrolyte
was maintained at a temperature of about 13°C while
the aluminum was anodized for about 35 minutes to a
final voltage of about 24 volts D.C. and a final current
density of 244 A/m?2 (22 amperes/ft.2).

Alternatively, the oxide coating may be formed
anodically using a 15 wt.% oxalic acid, balance deion-
ized water electrolyte at 13°C for 35 minutes to a final
voltage of 40 volts and a final current density of about
333 A/m2 (30 amperes/it.2); or the oxide coating may
be formed thermally in a reactor filled with O, at a pres-
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sure maintained between 667 mbar (500 Torr) and at-
mospheric pressure over a contact period of about 40
hours.

To treat the resultant oxide coating with fluorine gas,
in accordance with the invention, a gaseous mixture of
50 vol.% C,Fg and 50 vol. % O, was then introduced into
the reactor at a pressure of about 13.3 mbar (10 Torr).
The gaseous mixture remained in contact with the reac-
tor walls for about 1 hour while the reactor was main-
tained at a temperature of about 400°C. The reactor was
then flushed with argon gas.

To test the extent of the corrosion resistance of the
resulting coating, coated pieces or samples of the coat-
ed reactor surfaces were tested with drops of aqueous
concentrated (35 wt. %) hydrochloric acid and monitored
for the evolution of gas signifying attack or reaction by
the acid on the samples. No visible evolution of gas was
noted for about 40 minutes.

The reactor was then disassembled and the protec-
tive coating which had been formed on the inner walls
was examined. No visible signs of corrosion attack on
the protective surface were noted. The protective coat-
ing on the reactor wall was analyzed for impurities by
Auger analysis and found to have less than 3 wt.% of
elements other than Al, O, H, and F in the coating layer,
indicating the high purity of the protective layer.

Thus, the invention provides a corrosion-resistant
protective coating for an aluminum substrate which is
capable of protecting the aluminum substrate from cor-
rosive attack by process halogen gases and plasmas.
Furthermore, a high purity protective coating may be
formed on an aluminum reactor wall suitable for use in
the processing of semiconductor wafers in the construc-
tion of integrated circuit structures by first forming a high
purity aluminum oxide film and then contacting this film
with one or more high purity fluorine-containing gases
to form a high purity corrosion-resistant protective film
which will not introduce impurities into semiconductor
wafer processes carried out in a reactor protected by
such high purity coatings.

Claims

1. A method of forming a corrosion-resistant protec-
tive coating on an aluminum substrate which com-
prises the steps of

(a) forming on said aluminum substrate an alu-
minum oxide layer, and

(b) contacting the aluminum oxide layer with at
least one gas selected from fluorine and a flu-
orine compound at an elevated temperature of
at least 375°C,

whereby a protective layer having from 3
to 18 wit.% fluorine will be formed on said alu-
minum surface.
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2.

The method of forming a corrosion-resistant protec-
tive coating on an aluminum substrate of claim 1,
wherein the aluminum oxide layer formed in step (a)
has a thickness of at least 0.1 um, and preferably
not exceeding about 20 pm.

The method of forming a corrosion-resistant, pro-
tective coating on an aluminum substrate of claim
1 or 2, wherein step (b) is carried out for a time pe-
riod within a range of from 30 minutes to 120 min-
utes and/or at a temperature ranging from 375°C to
500°C, more preferably 450°C to 475°C, said fluo-
rine-containing gases in step (b) being preferably
selected from the class consisting of HF, F5, NFj,
CF,4, CHF4, and CoFg.

The method of forming a corrosion-resistant protec-
tive coating on an aluminum substrate of one of the
preceding claims wherein step (b) is effected at a
fluorine-containing gas concentration of from 5 to
100 volume %, and/or a pressure of from 1.333
mbar (1 Torr) to atmospheric pressure.

The method of forming a corrosion-resistant protec-
tive coating on an aluminum substrate of one of the
preceding claims, wherein the aluminum substrate
has a purity of preferably at least about 99 wt.%, the
aluminum oxide layer is formed anodically in an an-
odizing bath at a temperature in the range of from
0°C to 30°C using an anodizing voltage of from 15
to 45 volts D.C. until the current falls to below from
111 to 667 A/m2 (10 to 60 amperes/ft2).

The method of forming a corrosion-resistant protec-
tive coating on an aluminum substrate according to
one of claims 1 to 4, wherein the aluminum sub-
strate has a purity of preferably at least about 99 wi.
%, and the aluminum oxide layer is formed by con-
tacting said aluminum substrate for from 10 to 200
hours with an oxidizing gas containing from about
15to 100 wt.% oxygen and heated within a temper-
ature range of from 350°C to 500°C.

The method of forming a corrosion-resistant protec-
tive coating on an aluminum substrate according to
one of the preceding claims wherein the aluminum
oxide layer is a high purity aluminum oxide layer,
having a purity of at least 97 wt.%, preferably great-
er that 99 wt.%, the one or more fluorine-containing
gases are high purity fluorine-containing gases con-
taining less that 100 ppm impurities other than car-
rier gases and the so formed corrosion-resistant
protective coating has a high purity, i.e. it contains
less that about 3 wt.%, and preferably less than
about 1 wt.% of elements other than aluminum, ox-
ygen, hydrogen and fluorine.

A method of forming a corrosion-resistant protec-
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tive coating on an aluminum substrate according to
one of the preceding claims, whereby a protective
layer having from 3 to 18 wt.% fluorine will be
formed on said aluminum substrate.

Patentanspriiche

Verfahren zur Bildung einer korrosionsbestandigen
Schutzbeschichtung auf einem Aluminiumsubstrat
mit folgenden Schritten:

(a) Bildung einer Aluminiumoxidschicht auf
dem Aluminiumsubstrat, und

(b) Kontaktieren der Aluminiumoxidschicht mit
mindestens einem Gas ausgewdahlt aus Fluor
und einer Fluorverbindung bei einer erhéhten
Temperatur von mindestens 375°C,

wodurch eine Schutzschicht mit 3 bis 18
Gew.% Fluor auf der Aluminiumoberflache ge-
bildet wird.

Verfahren zur Bildung einer korrosionsbestandigen
Schutzbeschichtung auf einem Aluminiumsubstrat
geman Anspruch 1, bei dem die in Schritt (a) gebil-
dete Aluminiumoxidschicht eine Dicke von minde-
stens 0,1 pm und vorzugsweise nicht mehr als etwa
20 um aufweist.

Verfahren zur Bildung einer korrosionsbestandigen
Schutzbeschichtung auf einem Aluminiumsubstrat
geman Anspruch 1 oder 2, bei dem Schritt (b) Gber
einen Zeitraum im Bereich von 30 Minuten bis 120
Minuten und/oder bei einer Temperatur im Bereich
von 375°C bis 500°C, bevorzugter 450°C bis
475°C, erfolgt, wobei die fluorhaltigen Gase in
Schritt (b) vorzugsweise aus der Klasse bestehend
aus HF, F5, NF3, CF4, CHF 3 und CoF 5 ausgewahlt
sind.

Verfahren zur Bildung einer korrosionsbestandigen
Schutzbeschichtung auf einem Aluminiumsubstrat
geman einem der vorhergehenden Anspriche, bei
dem Schritt (b) bei einer Konzentration fluorhaltigen
Gases von 5 bis 100 Vol% und/oder einem Druck
von 1,333 mbar (1 Torr) bis Atmospharendruck er-
folgt.

Verfahren zur Bildung einer korrosionsbestandigen
Schutzbeschichtung auf einem Aluminiumsubstrat
geman einem der vorhergehenden Anspriche, bei
dem das Aluminiumsubstrat eine Reinheit von vor-
zugsweise mindestens etwa 99 Gew.% aufweist,
die Aluminiumoxidschicht anodisch in einem Anodi-
sierungsbad bei einer Temperatur im Bereich von
0°C bis 30°C unter Verwendung einer Anodisie-
rungsspannung von 15 bis 45 Volt Gleichspannung
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bis zum Fallen des Stroms unter 111 bis 667 A/m?2
(10 bis 60 Ampere/FuB?2) gebildet wird.

Verfahren zur Bildung einer korrosionsbesténdigen
Schutzbeschichtung auf einem Aluminiumsubstrat
geman einem der Ansprlche 1 bis 4, bei dem das
Aluminiumsubstrat eine Reinheit von vorzugsweise
mindestens etwa 99 Gew.% aufweist und die Alu-
miniumoxidschicht durch Kontaktieren des Alumini-
umsubstrats TGber 10 bis 200 Stunden mit einem
Oxidationsgas gebildet wird, welches etwa 15 bis
100 Gew.% Sauerstoff enthalt, und innerhalb eines
Temperaturbereichs von 350°C bis 500°C erwarmt
wird.

Verfahren zur Bildung einer korrosionsbesténdigen
Schutzbeschichtung auf einem Aluminiumsubstrat
geman einem der vorhergehenden Anspriche, bei
dem die Aluminiumoxidschicht eine hochreine Alu-
miniumoxidschicht mit einer Reinheit von minde-
stens 97 Gew.%, vorzugsweise mehr als 99 Gew.
% ist, das eine oder die mehreren fluorhaltigen Ga-
se hochreine fluorhaltige Gase mit weniger als 100
ppm Verunreinigungen auBer Tragergasen sind
und die so gebildete korrosionsbestandige Schutz-
beschichtung hochrein ist, d. h. weniger als etwa 3
Gew.%, und vorzugsweise weniger als etwa 1 Gew.
%, an Elementen enthalt, bei welchen es sich nicht
um Aluminium, Sauerstoff, Wasserstoff und Fluor
handelt.

Verfahren zur Bildung einer korrosionsbesténdigen
Schutzbeschichtung auf einem Aluminiumsubstrat
geman einem der vorhergehenden Anspriche, wo-
durch eine Schutzschicht mit 3 bis 18 Gew.% Fluor
auf dem Aluminiumsubstrat gebildet wird.

Revendications

Procédé de formation d'un revétement protecteur,
résistant a la corrosion, sur un substrat en alumi-
nium, comprenant les étapes consistant :

a) a former sur ledit substrat en aluminium une
couche d'oxyde d'aluminium, et

b) & mettre la couche d'oxyde d'aluminium en
contact avec au moins un gaz choisi parmi le
fluor et un composé fluoré, & une haute tempé-
rature d'au moins 375°C,

gréce a quoi une couche protectrice conte-
nant de 3 & 18% en poids de fluor sera formée sur
ladite surface en aluminium.

Procédé de formation d'un revétement protecteur,
résistant a la corrosion, sur un substrat en alumi-
nium selon la revendication 1, dans lequel la cou-
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che d'oxyde d'aluminium formée dans |'étape (a) a
une épaisseur d'au moins 0,1 pm et qui n'excéde
pas de préférence environ 20 pm.

Procédé de formation d'un revétement protecteur,
résistant a la corrosion, sur un substrat en alumi-
nium selon la revendication 1 ou 2, dans lequel I'éta-
pe (b) est mise en oeuvre pendant une période de
temps comprise entre 30 minutes et 120 minutes
et/ou & une température allant de 375°C a 500°C,
de préférence de 450°C a 475°C, lesdits gaz con-
tenant du fluor de I'étape (b) étant de préférence
choisis dans la classe consistant en HF, F5, NFj,
CF,4, CHF4, et CoFg.

Procédé de formation d'un revétement protecteur,
résistant a la corrosion, sur un substrat en alumi-
nium selon I'une des revendications précédentes,
dans lequel I'étape (b) est effectuée & une concen-
tration de gaz contenant du fluor comprise entre 5
et 100% en volume et/ou & une pression comprise
entre 1,333 mbar (1 Torr) et la pression atmosphé-
rique.

Procédé de formation d'un revétement protecteur,
résistant a la corrosion, sur un substrat en alumi-
nium selon I'une des revendications précédentes,
dans lequel le substrat en aluminium a une pureté
qui est de préférence d'au moins environ 99% en
poids, et la couche d'oxyde d'aluminium est formée
de fagon anodique, dans un bain d'anodisation, a
une température comprise entre 0°C et 30°C, en
utilisant une tension d'anodisation comprise entre
15 et 45 volts en courant continu, jusqu & ce que le
courant chute a une valeur inférieure & 111-667 A/
m2 (10 & 60 ampéres/pied?).

Procédé de formation d'un revétement protecteur,
résistant a la corrosion, sur un substrat en alumi-
nium selon l'une des revendications 1 a 4, dans le-
quel le substrat en aluminium a une pureté qui est
de préférence d'au moins environ 99% en poids, et
la couche d'oxyde d'aluminium est formée en met-
tant ledit substrat en aluminium en contact avec un
gaz oxydant, contenant d'environ 15 & 100% en
poids d'oxygéne, pendant 10 & 200 heures, puis
chauffée dans une gamme de températures qui va
de 350°C a 500°C.

Procédé de formation d'un revétement protecteur,
résistant a la corrosion, sur un substrat en alumi-
nium selon I'une des revendications précédentes,
dans lequel la couche d'oxyde d'aluminium est une
couche d'oxyde d'aluminium de haute pureté, ayant
une pureté d'au moins 97% en poids, de préférence
supérieure & 99% en poids, le ou les gaz contenant
du fluor sont des gaz contenant du fluor de haute
pureté qui contiennent moins de 100 ppm d'impu-
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retés autres que des gaz porteurs, et le revétement
protecteur résistant & la corrosion ainsi formé a une
haute pureté, c'est-a-dire qu'il contient moins d'en-
viron 3% en poids, et de préférence moins d'environ
1% en poids, d'éléments autres que de I'aluminium,
de I'oxygéne, de I'hydrogéne, et du fluor.

Procédé de formation d'un revétement protecteur,
résistant a la corrosion, sur un substrat en alumi-
nium selon I'une des revendications précédentes,
gréace auquel une couche protectrice contenant de
34 18% en poids de fluor seraformée sur ledit subs-
trat en aluminium.
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Figure2 _1_

FORMING A HIGH PURITY ALUMINUM OXIDE FILM ON
AN ALUMINUM SUBSTRATE SUCH AS THE INNER SURFACE
OF AN ALUMINUM REACTOR USED FOR PROCESSING
SEMICONDUCTOR WAFERS

1

CONTACTING THE HIGH PURITY ALUMINUM OXIDE FILM
WITH ONE OR MORE FLORINE-CONTAINING GASES AT AN
ELEVATED TEMPERATURE TO FORM A HIGH PURITY
PROTECTIVE COATING ON THE ALUMINUM SUBSTRATE

Figure 3
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