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OF PASSIVATING A CVD CHAMBER  This invention relates semiconductor
substrate processing by the application of titanium coatings, particularly
by plasma enhanced chemical vapor deposition (PECVD) methods. The invention
more particularly relates to the cleaning and stabilizing of CVD reactors
used in such processing and to the passivating and conditioning of such
reactors following such cleaning and to maintaining the reactors in a 5
stable state during the subsequent use of the reactors for Ti-PECVD
processing of semiconductor substrates. Background of the Invention:
Chemical vapor deposition (CVD), and particularly plasma enhanced chemical
vapor deposition (PECVD) are processes that are being increasingly used in
the application of titanium (Ti) or titanium containing films to substrates
in semiconductor manufacture One such Ti-PECVD process is at least 10
theoretically available to deposit titanium on contacts of features,
particularly high aspect ratio features, on semiconductor wafers. In
investigating contact level metallurgy in the course of arriving at the
present invention, applicants have determined that production applications
with such processes involve issues of process uniformity, process
repeatability and process stabiling that are as important as the
fundamental film properties and deposition characteristics. 15 One such
issue is the cleaning methodology for the chamber of the reactor in which
the CVD is carried out. Such reactors must be treated to remove accumulated
reactants, reaction products and reaction by-products from the reactor
surfaces. Materials that collect on these surfaces during the use of the
reactor for TI-CVD are often sources of peeling and contamination in the
chamber, leading to a high number of particles which cause contamination of
the surfaces of the wafers being processed resulting in interference 20
with critical process reactions on the wafer. Also) accumulation of this
material on the surfaces of a reactor can cause long term drifts in process
parameters leading to unstable or unpredictable process performance and
degraded process results. Furthermore) many CVD reactors that are available
for Ti-CVD are provided   W O 99l54522 PCT/US99I08193 1 0 OCT 2D02 -2 with
nickel alloy susceptors on which the wafers are supported for processing.
Silicon wafers have a greater tendency to stick to a nickel alloy susceptor
following the cleaning of the susceptor. When the conditions of surfaces in
a CVD reactor used for Ti-PECVD are changed) such as by cleaning the
reactor to remove deposits that accumulate during deposition) changes occur
in the deposition 5 processes which stabilize only after some form of
chamber conditioning. Applicants' empirical observation is that, following
such changes in reactor conditions, there is either some amount of reactor
operating time that must transpire or some number of wafers that must be
processed in a reactor before the process stabilizes. Applicants believe
that this effect is due to a change in the state of the reactor surfaces,
due in part to film deposition on the surfaces which alters thermal
emissiviry adhesive properties, electrical conductivity 10 or other
properties that directly affect the results on the processed wafers. It is
desirable to minimize the amount of time devoted to the initial
conditioning of a reactor following cleaning or other such condition
changes of the reactor before the introduction of wafers into the chamber
for processing, particularly in a manufacturing environment. Deposition
chambers are typically cleaned in one of two ways: 1 ) In situ cleaning, by
which reactor 15 surfaces are cleaned without opening the system to air,
and preferably without cooling any parts of the 



chamber, and 2) wet cleaning, which generally entails cooling the reactor
components, opening the system and wiping or scrubbing the reactor
components with water or other chemicals to remove deposits from them. For
both of these methods) applicants observe that the process must be
recovered, that is) the chamber should be reconditioned, to stable baseline
performance after the cleaning procedure has been carried out. 2~ The
Ti-PECVD process uses TiCI, and H~ in a reduction reaction conducted in a
plasma environment to form metallic Ti as the main reaction product and HCI
as the main reaction by-product. During the course of this reduction
reaction, other by-products may form, such as TiCIX, with x < 4. These
products) along with metallic Ti, may be deposited on reactor surfaces to
an extent that is strongly related to the chamber geometry and to the
temperature distribution on the reaction chamber surfaces. Hoc metallic
surfaces, such 25 as hot nickel alloy surfaces for example, when directly
exposed to TiCI" have a tendency for metal chlorides to form thereon that
may have a detrimental effect on process performance. For the PHOENIXT"'
system of applicants' assignee) for example, such reactor surfaces on which
such undesirable deposition may tend   WO 99;545?? PCT/US99/08193 1 0 OCZ
2002 -3 to occur are the face of the substrate-supporting susceptor) the
face of the process gas dispersing showerhead, and a limited region on the
reactor walls located near the plane of the wafer and below. The
composition of deposited material is related to the temperature of the
surface on which it deposits and to the concentration of various reaction
species, reactants, reaction products and reaction by-products at such
surface. 5 For example) during continuous operation of a Ti-PECVD process,
Ti bearing films accumulate on the internal surfaces of the reactor. The
composition of these films range from Ti rich on the hotter surfaces to C1
rich on the colder surfaces of the reactor. These films are intrinsically
unstable. The Ti rich films oxidize over time upon exposure to the residual
water and oxygen that are present in the chamber. Since this oxidation has,
in the prior art, been a highly uncontrolled process, it has been regarded
as undesirable. 10 During oxidation of these Ti rich films, their physical
properties change from electrically conducting to electrically insulating)
resulting in unstable and otherwise changing plasma and other
characteristics within the chamber during the performance of coating
processes. Ci rich films, on the other hand, have a relatively high vapor
pressure and result in an uncontrolled background of TiClx (x < 4) in the
chamber. These TiClx species contribute to the deposition reaction and
result in unstable process characteristics. ~ 5 The material that deposits
on the walls and other reactor surfaces during the formation of titanium is
very hygroscopic and deliquescent, reacting with residual water vapor and
O,, when present, to form a TiO; based film. The Bettering properties of
such Ti films are well known. Ti0= film has the properties of being
chemically stable and electrically non-conductive . Where a reactor having
a titanium rich coating on its internal components must be opened for
cleaning) these reactions accelerate, producing airborne reaction 20
by-products and heat) which are hazards that must be controlled. Titanium
films that are deposited onto semiconductor wafers are usually followed by
a passivation process by which a passivating layer of a stable substance
such as titanium nitride is deposited on the surface of the titanium film.
Where the Ti deposition process is one of CVD, the TiN film is formed in a
dedicated reactor by the reaction of titanium with ammonia. The formations
of the Ti and overlying TiN films is 25 carried out in a multiple reactor
tool having a Ti-CVD reactor and a TiN-CVD reactor connected to a transfer
module through which wafers are transferred from the Ti-CVD module to the
TiN-CVD module for successive processing.   ...... ................ . .. .
.. ..... . .... . .. . . .. . ..~ a 1 .w..... ...r..-3a- US b728628
disdoses a process for forming thin films on substrates by CVD in which a
passivation gas is introduced between the substrate processing steps to
passivate the surface of thin films formed on members which are adjacent
the substrates. By passivation is meant rendering inactive and this done by
means of an absorbent gas or an oxidising gas. A suitable absorbent gas is
a mixture of an inert gas and NH3 or SiHZCtz whilst a suitable oxidising
gas is a mixture of an inert gas and O2, NO or NO2 Plasma discharge may be
generated simultaneously with the introduction of the passivation gas into
the reaction chamber. DC 3709068 discloses a CVD thin film formation
process in which the inner surface of the reaction chamber is coated with a
metal nitride film by chemical vapor deposition which may be performed
using ammonia and IMrg so that W2N is deposited. The metal nitride film
prevents further metal from being deposited on the inner surface. ~~ir,~Q~D
SHEET 



WO 99154S22 PCT/US99/08193 1 0 OCT 200Z  There Busts a need to more
efficiently and effectively condition a reactor) particularly one used for
the PECVD of titanium) following the cleaning of the reactor. Summary of
the Invention: A primary objective of the present invention is to provide
stable process performance in a T1 5 PECVD apparatus. A particular
objective of the present invention is to provide a Ti-PECVD method and
apparatus which maintains the reactor in a stable condition and maintains
the stable performance of the Ti-PECVD process during continuous operation,
particularly under semiconductor manufacturing operations. Particular
objectives of the present invention are to provide for the breaking in and
stabilization of 10 a PECVD reactor for Ti-PECVD processing following
changes in reactor conditions, particularly following the changes in
conditions that are brought about by the cleaning of internal reactor
surfaces, such as by wet cleaning or by in-situ cleaning) and where the
reactor is either opened or remains closed during a cleaning operation. A
further objective of the present invention is to provide an in-situ PECVD
reactor cleaning process 15 that facilitates reactor break-in, reactor and
process recovery and process stabilization. Certain aspects of the present
invention are based in part upon the determination that chamber
stabilization by oxidation or reduction/passivation of internal reactor
surfaces, eliminates an uncontrolled source of Ti-containing species that
are volatile enough to reach the wafer surface. A particular objective of
the present invention is to more efficiently and effectively condition a 20
reactor following the cleaning thereof, particularly where such reactor is
used for the PECVD of titanium. A further objective of the present
invention is to improve the efficiency of, and reduce the equipment
required for, performance of successive Ti-CVD and Tih-CVD processes.
According to principles of the present invention, stabilized titanium
bearing film is provided in a Ti PECVD reactor as changes in reactor
conditions occur. Such changes in reactor conditions include those 25
brought about by the cleaning of internal reactor components which, for
example, remove titanium bearing deposits from the surfaces of reactor
components as well as those brought about by the use of the reactor,   WO
99I54522 PCT/US99/08193 1 0 OCT 2001 -5 



for example, to perform a Ti-PECVD process on a wafer which results in the
formation of Ti bearing film deposits on reactor components. In accordance
with certain embodiments of the invention) a controlled oxidization or
reduction/passivation of Tt bearing films is carried out in a Tt-PECVD
reactor following changes in the 5 nature or extent of Ti bearing films on
the reactor components. In certain embodiments of the invention, a
controlled deposition of reactants) reaction products, reaction by-products
or related materials is provided in the chamber following the cleaning of
the chamber. In other embodiments of the invention, a controlled presence
of one or more oxidizing or reducing agents is provided in the chamber in
the early stages of recovery following a cleaning of the chamber. Still in
further embodiments of the invention, films formed 1 0 on the surfaces of
reactor components are oxidized or reduced, or are passivated, in a
controlled way following the performance of a Ti-PECVD process in the
reactor to maintain, in a stabilized state, the film that may deposit on
the components during the performance of such process. Preferably) this
controlled oxidation or reduction and passivation is carried out after
every Ti-PECVD deposition onto a single substrate or at least after a
selected number of Ti-PECVD depositions onto a series of substrates. 15 In
one preferred embodiment of the invention, a reactor is opened to the
atmosphere and wet cleaned to remove Ti bearing films that have accumulated
on the surfaces of reactor components. The reactor is then closed and a
vacuum is restored within the reactor. The components of the reactor are
then exposed) for a time, to a plasma formed in a mixture of argon and
hydrogen gas within the chamber. Particularly, the gas introduction system)
preferably in the form of a showerhead, is exposed, for a time of, for
example, 1 to 5 20 minutes, to the H;/Ar plasma. The exposure of the
showerhead and other components to the plasma removes contaminants from the
component surfaces. Preferably) the reactor is run through the steps of a
Ti-PECVD process but without a wafer in the chamber to pre-coat reactor
components with a Ti bearing film. Where the susceptor is made of a metal
such as a nickel alloy, the formation of such a pre-coating on the surface
of the susceptor prevents the sticking of 25 silicon wafers to the hot
susceptor. Preferably, the showerhead is preheated to a temperature that,
for a Ti PECVD reactor or process, is preferably higher than approximately
425C. An effect of the heating of the   WO 99I54522 , PCTNS99/08193 1 0 OCT
2002 _g_ showerhead is to improve the adhesion of the Ti bearing film that
is deposited when this initial Ti-PECVD process is run in the reactor
immediately following the H=lAr plasma cleaning. Following the pre-coating
of the reactor components, a fast process break-in of the reactor is
accomplished by forming a H:IAr plasma in the reactor before TiCI, is
introduced into the reactor. One 5 advantage of first forming the H:/Ar
plasma is that direct exposure of hot metallic surfaces to the TiCI" gas is
prevented. In accordance with certain embodiments of the invention, a
controlled oxidizing or reducing of Ti bearing films) such as by
nitridizing or otherwise passivating the film, is carried out in a Ti-PECVD
reactor following changes in the nature or extent of Ti bearing films on
the reactor components. In certain 10 embodiments of the invention, a
controlled deposition of reactants, reaction products, reaction by-products
or related materials is provided in the chamber following the cleaning of
the chamber. In other embodiments of the invention, a controlled presence
of one or more oxidizing or reducing agents is provided in the chamber in
the early stages of recovery following a cleaning of the chamber. Still in
further embodiments of the invention, films formed on the surfaces of
reactor components are oxidized or reduced in a controlled way 15 following
the performance of a Ti-PECVD process m the reactor to stabilize the film
that may deposit on the components during the performance of such process.
Preferably, controlled oxidation or reduction and passivation is carried
out after every Ti-PECVD deposition onto a single substrate or after a
selected number of Ti-PECVD depositions onto a series of substrates. 



In another preferred embodiment of the invention, the reactor is cleaned in
situ, without being 20 opened to the atmosphere. Such a cleaning is usually
conducted by the introduction of fluorine or chlorine containing gases into
the chamber) frequently forming a plasma therewith. Examples of such gases
are nitrogen trifluoride (NF3)) trifluoro-chlorine (C1F3) or chlorine
(ClZ). The fn situ cleaning process is carried out to remove Ti bearing
films and other contaminants that have accumulated on the surfaces of
reactor components. Following such in situ cleaning, all such cleaning
gases and reaction products are removed from 25 the chamber. The cleaning
includes exposing the components of the reactor, for a time) to a plasma
formed in a mixture of argon, hydrogen and ammonia gases, for example, as
explained following the wet cleaning process discussed above. This plasma
cleaning is carried out for 1 to 10 minutes or as is necessary to remove
WO 99D4522 , PCT/US99/08193 1 0 OCT 20p2 -7 fluorine and
chlorine-containing species from the chamber. Then the reactor chamber is
pump purged at least five times. The reactor is, preferably, then run
through the steps of a Ti-PECVD process without a wafer in the chamber to
pre-coat reactor components with a Ti bearing film, as is done following
the wet cleaning process described above. Also, following the pre-coattng
of the reactor components) a fast process break-in of the reactor is
accomplished by forming a H,/Ar plasma in the reactor before TiCI, is
introduced into the reactor. One advantage of first forming the H,/Ar
plasma is that direct exposure of hot metallic surfaces to the TiCl4 gas is
prevented. In a further preferred embodiment of the invention, the Ti-PECVD
process and reactor are 10 maintained stable during the continuous
operation of the reactor and performance of the process by performing
stabilization steps following individual depositions onto wafers. Ti
bearing films that accumulate on reactor components during continuous
operation of a Ti-PECVD process that can vary in composition and can result
in constant change of reactor and process conditions are stabilized by
oxidizing or reducing the films and passivating the films, as appropriate,
in a controlled way following individual depositions onto 15 wafers in the
chamber) either following a selected number of depositions or, preferably,
following each performance of a Ti-PECVD process on a wafer and before each
entry of a new wafer into the chamber for similar Ti-PECVD processing. The
stabilization steps include the introduction of controlled quantities of
gases such as oxygen (O:) or water vapor (H=O), for example, to form an
oxidation reaction with the newly deposited films on the 20 reactor
surfaces or the introduction of controlled quantities of gases such as
hydrogen (H2), ammonia (NH3), silane (SiHd), methane (CHd) or di-borane
(B:H6), for example, to form a reduction reaction. The gas is caused to
flow in the chamber. A plasma may also be formed with the gas to enhance
tile reaction. NH, in particular is preferred for the stabilization process
and introduced into the chamber with argon energized to an RF plasma, with
the susceptor and showerhead heated. The stabilization step following each
Ti-PECVD 25 processing of a wafer may typically range from 10 to 60
seconds, depending on conditions. In a preferred embodiment of the
invention, a passivation step is performed in the reactor following each Ti
deposition. The passivation step is performed before the wafer on which the
Ti film was deposited   



WO 99I54522 PCT/US99108193 1 0 OCT 2002 _g_ has been removed from the
chamber, such that a subsequent Ti passivation step is performed on Ti film
deposited on the wafer at the same time that the passivation step is
performed on the Ti film deposited on the reactor components. Where the
passivation of the wafer by the formation of a TiN film is desired,
following the Ti deposition reaction, NH3 is introduced into the Ti-PECVD
reactor chamber and reacted to form a TiN 5 film over the Ti films on the
wafer and the reactor components) preferably in a plasma enhanced process.
Preferably also, a hydrogen-argon plasma is formed in the reactor with the
NH3 being introduced when the temperature of the reactor showerhead is at
least at 425C) with the susceptor temperature at about 630C, the wafer at
about 590C and the walls of the reactor at between 100C and 200C.
Alternative passivation gases may be used for the chamber passivation
process. Where such gases are not compatible with the processing of the
wafer) the wafer may be removed from the chamber and the passivation
carried out in the chamber without a wafer present. In such cases, where
the film accumulated in the chamber is light, passivation of the chamber
may be carried out at intervals following the Ti deposition onto a series
of several wafers. Specific process parameters that are particularly
preferred are set forth in detail in the examples and 15 specific
embodiments described below. With the stabilization of material deposited
on reactor components in the chamber carried out in a controlled manner,
the reactor surfaces reach a conditioned state in the reactor in a very
short time, much shorter than would be required otherwise, and changes in
process conditions during the performance of Ti PECVD processes are
avoided. While stabilization may occur slowly if left to itself due to
reaction with residual water vapor in the chamber, the controlled use of
oxidizing or reducing and passivating agents during the process stabilizes
the film quickly and in a repeatable manner. In particular, the time
required to form a stabilized TiCIX based coating on reactor surfaces is
controlled and significantly reduced. Further) the stabilization of the
accumulating film after each deposition during the continuous operation of
the reactor renders the process stable for the processing of thousands of
wafers. This method is preferred over methods 2~ that rely on frequent in
situ cleaning and recovery from in situ cleaning. In particular) from the
onset of deposition, such as) for example Ti-CVD) after either a wet clean
or chemical cleaning, such as by using NFL) material is deposited on the
chamber walls and oxidized or   WO 99!54522 PCT/US99108193 1 0 O C T 2002
_g_ reduced/nitridized into a fully insulating and chemically stable film
while avoiding unstable operation or, alternatively the need for a lengthy
break-in period. Typically, following reactor cleaning) stabilization
occurs over a period of time comparable to the time it takes for the CVD
processing of less than five wafers) typically 1 wafer, where previously
about 75 conditioning wafers were required before resuming commercial
manufacturing processing of wafers. Even after a long idle time, for
example after an overnight shutdown of the equipment, break-in time is
typically reduced to zero wafers. Also, without the stabilizing step of the
present invention being performed following the processing of individual
wafers, instabilities persist throughout the continuous operation of the
reactor. Such passivation of coatings deposited on reactor components
between depositions onto wafers in the commercial process 10 enhances
process and reactor stabilization. In the case of Ti-CVD, where each
deposition onto a wafer results 



in the deposition of additional metallic titanium onto reactor components,
formation of a passivating film on the titanium on the reactor components
can be carried out by a treatment of approximately 10 to 60 seconds,
typically 30 seconds) with an NHS plasma between each consecutive process
of Ti-CVD onto wafers. This maintains consistent film properties, such as
resistivity and film thickness uniformity) as well as consistent 15
deposition rate. The concepts set forth above have utility for other metal
inorganic CVD processes, particularly those used in applying reactive
boundary materials in addition to titanium) such as tantalum. These and
other objectives of the present invention will be readily apparent from the
following detailed description of the preferred embodiments of the
invention. Brief Description of the Drawings: Fig. 1 is a flow diagram of a
method embodying principles of the present invention in a wet CVD chamber
cleaning process. Fig. 2 is a flow diagram similar to Fig. 1 of a method
embodying principles of the present invention in an in situ CVD chamber
cleaning process. 2~J Fig. 3 is a flow diagram similar to Figs. 1 and 2 of
a method embodying principles of the present invention in the continuous
CVD processing and passivation of substrates.   WO 99/54522 PCT/US99/08193
1 0 OCT 2002 -10 Fig. 4 is a flow diagram illustrating in more detail a
preferred stabilization step of the processes of Figs. 1-3. Detailed
Description of the Preferred Embodiments: Preferred embodiments of the
present invention involve the processing of semiconductor wafers by 5
chemical vapor deposition (CVD), and particularly by plasma enhanced
chemical vapor deposition (PECVD)) in a CVD reactor such as that disclosed
in U.S. patent 5,370,739, expressly incorporated by reference herein. The
process of particular interest for application of the present invention
involves a reaction for the deposition of titanium (Ti) on a silicon wafer
by the reduction of TiCl4 by reaction with Hz, which produces HCl gas as a
by-product. In the performance of such a reaction in a CVD reactor, Ti will
deposit on reactor 1 O component surfaces, as will other TiCIX compounds,
where x < 4. These deposits build up on the reactor component surfaces and)
if not periodically cleaned, tend to flake off and contaminate wafers being
processed in the chambers. Cleaning of such a reactor chamber is
periodically carried out to remove accumulated reactants) reaction products
and reaction by-products from the reactor surfaces. This reactor cleaning
may be 15 accomplished either in situ) without opening the system to air
and preferably without cooling any pans of the chamber or by wet cleaning,
which is performed by cooling the reactor components, opening the system
and wiping or scrubbing the reactor components with water or other
chemicals to remove deposits from them. Cleaning changes the condition of
the surfaces in the CVD reactor by removing the deposits. This change of
condition affects deposition processes performed in the reactor causing
them to perform somewhat 20 differently immediately following the cleaning
than they had immediately preceding the cleaning. Such changes in process
performance adversely affect the consistency and quality of the coatings
performed on wafers at least until a film has been deposited on reactor
components and stabilized. With the embodiments of the invention outlined
in Figs. 1 and 3, these affects are reversed prior to the use of the
reactor for further deposition onto wafers. 2~ One preferred embodiment of
the invention depicted in Fig. 1 is a wet cleaning recovery and breakin
method 10 for a Ti-PECVD reactor. In the wet cleaning recovery process 10,
a reactor is shut down) opened and subjected to a conventional wet cleaning
process 12. Following the wet cleaning process 12, the    . .  ... . ~..
... .. .. 1 0 OCT 2002 -11 reactor is subjected to standard steps 14 by
which the reactor is closed, purged and pumped to a vacuum. Then, a miztwe
of hydrogen and ar?on gu arc introduced into the reactor and a step 16 is
carried out by which an H:IAr plasma is formed. This plasma is operated fo:
approz'tmately 1 to 5 minutes, or until any remaining contaminants are
removed from the showerhead and other nearby components and until the 5
showcrhead has been heated to at Fast 425 C by the plasma. During this
plasma craning and heating 2 ~6  6 ta- lv 1333 '~ Ll ~,.,. Z, step 16, the
pressure in the rezctor is maintained at approximately 2 to 10 Torr~ with
argon introduced at a rate of approximately 160-Q50 seem (cubic c~ntimatars
per minute if measured at standard temperature and pressure), with hydrogen
introduced at 764-6000 seen,. Tne plzsma is en~r~~zed with approximat,.iy
?50-754 watts of RF power at 450kHz. Tnc susceptor of the rcacto: , which
is typically equipped with a heating 



10 system such 2> an int~:~al resistance heat.r, is also heated to a
temperature roar would bring iu wafer support surface to approximately 590
C, which typically would require z resistance heater to be heated to
approximately 630C. The walls of fne r-..a..--tor, which are typically also
equipped with heater elcmcnu) are maintained at between approximately 10CC
to 200C. When the contaminants have been removed by the plasma and the
components have been brought 15 to the appropriate t-.mp~ratures, a
Ti-PECVD pro:~ss 18 is run in the cnambrr of the r:zctor v~nfnout 2 wafar
present on the susceptor. Tne running of this process coats, with a thin Ti
bearing film, the surface of the susceptor, tine showerh~ad, the walls of
the reactor znd other surfaces of internal reactor components. The
Qeposition is czrried out by nest initiating an ArIH= plasma before
introducing TiCh gas for the Ti deposition reaction. Tne initiation of the
plasma prevents the hot metallic surfaces) such zs z nickel alloy susceptor
if 20 present, to form det:imentzl metal chlorides. Tn~ Ti deposition
process is carried out with the pressure in (26G~(~u l0 1335'a.o~ hl/w.Z,
the reactor maintained a: approzimatcly 2 to 10 Tor-.~ wits T iCl:
introdu^,.ed at a rate of approrsmatciy 2.6-7.5 sc,.^m, with hydrogen
introduced a: a race of approximately 75C-500b seem and vntn arson
introduced at z rate of approximately l50 ;60 seem. Tne plzsmz is energized
with approximately' 250-750 watu o: P,F power at 450kHz. Tlle susceptor of
tae reactor is maintained at a temperature taat would bring its v~'afer
support 25 surface to approzimatei~~ 590 C, whici; nvicalh' would require z
resistance h,_ater to be heated to , approzimatelv 630 C. Tr.= showerhead
is maintained at a temperature of at least about 435 C, and the Falls
AMENDED ~`;`-~   .----. .  . . ; ;  . .. ... . .. ... .. .. ~ D D~.T 2002
-12 of the reactor are maintained at between approximately 100C to 200C. If
the susceptor is not made of a metal such as nickel) facilitating
deposition onto the susceptvr is not necessary. Following the Ti PECVD
pre-coating 18 of the chamber) a stabilization or passivation step 20 is
carried out on the Tt rich film that has been deposited on chamber
components. Vvith the wet cleaning and 5 break-in method 10, the rezctor
cleaning is accompanied by deposition of a stabilized titanium film through
rite coamolled reaction of dcposit~d Ti film through a controlled
introduction of an oxialzm~ or reducing agent provided into tee chamber.
Tnt stabilization process 60 of step 20 is described in more detail in
connection with tnc aiscussion of Fio. 4, below. Once the reactor has been
cleaned accorBing to method 10, continuous proccssin' of wafers may ir_
carried out in the chamber, preferably by a method as described in
connection with Fio. J b~10~'. Fig. 2 cepicu an ir. siru cleaning and
breal` in method 30 accoraing to another preferred embo 'oiment of the
invention. In the method 30) the reactor is kept sealed and in z vactmm
state and subjected, with wafers rcmovec', to z convcntiora in situ
cleaning process 32, in which a cleaning gas such as NF,, CIi'3 or Cl_ is
-mmployed, t3lpically wiin a plasma, to remove the deposited alms from the
reactor surfaces. Following the ir. siru cleaning process 32, tn_ reactor
is subjected to the step 34. of generating an 1`TIi3/FIzIAr plasma formed
for approximately 1 to 10 minor-.s to remove any remaining claniag gases
and contaminants nom the reactor. Then the reactor is subjected to a series
30 of pump purging cycles) preferably at least five in (G6c.~r fa
a~~~~c~u.nllH,.~~ numir_r, in which the reactor chamber is pressurized to
approrimately ~ to 20 Torr rof inert gas, such as argon 133 ~3a NI~..,.Z L 



Or IllffOQen, and then pttmpcd down to less than 1 Tor-~ Then, if
necessary, $,lAr plasma is used to heat 20 the showerhcad to a: halt 426C
2; in the plasma cleaning and heatin? step 16 described in connection with
Z) ~~~ . 6 a Fo I333 ~'doZ ~ ~ w the wet cleaainP process 10 above. The
pressure in the r,.a.^.tor is maintained at appro,~imately 2 to 10 Torwith
argon introduced at z rate of approzimat,-,ly 160e0 seem, with hydrogen
introduced at 750-5000 seem. i n~ pla.;ma is cn~rgized with approximately
260-760 watts of F,F power at 450kHz. Tnc susceptor of the reactor is
maintained at a temp_rature that would bring its wafer support su~-fac~ to
approximately 690C, 25 the v~alls of the reactor are maintained at between
apprortimatcly 100  C to 200  C. and the showcrhead . maintained at I-zst
abou: ;^6C. Then. th~ reactor is subjected to the Ti-PECVD process step lfi
xs ~,~IcNDED SH~L ~ d~scn~d above, wit; no wafer in the chamber) and u} a
stabili.ation process 60 of step 30 is carried out on   .. .. 1 0 OCT 2002
-13 the Ti rich film that has been deposited on chamber components. When
the reactor has been cleaned according to method 30) continuous process'tn~
of wafers may be carried out in the chamber) preferably by a method as
described in connection with Fia. 3 below. The continuous operation of a
reactor for Ti-PECVD of wafers is preferably carried out in accordance with
method 40 depicted in Fg. 3. In the continuous rovafer processing method
40) a new wafer in n~cd of proxssin~ with a Ti-PECVD pro~.ss is loaded
(step 4I) into the reacto: chamber. Such a wafer may typically b~ a silicon
semiconductor wafer having smiconductor devices paniali3 formed thereon,
usually with an upper insulating layer having a panern of small high aspect
ratio holes theretnrough which expose condodive conta"--u and which are to
be coated with a layer of titanium prior to the application of an 10 uppe:
conductive metal laye: of a material such zs tur_osten with which the
contacts are to electrically connect. Then, a Ti-PECVD process 42 is
performed on tae wafer. Tne Ti-PECVD process 42 is preferably performed
nest initiating an Hz/Ar plasma in the chamber (step 43) followed by the
introauction of TiCI, (Step 4-4) and the performance of the uranium
reduction reaction by Ti-PECVD (step ~5). The Ti-PECVD step 45 is
preferably performed under the conditions of (a~6-~4 b Ig33 ~aa NI~..Z) 1 ~
appro;,imateiy 2 to 10 Torr~ TiCI: at atroro-"imatey 2.5-7_5 s:cm, hydroeen
at appro;,iraatel3 750-5000 scan) argon at approximately 150-".50 scctn,
approzimat..ly 2~0-750 watts of RF- power at 4~Okliz to the plasma, wafer
temperature of about 590C, showerhcad temperature of at l,.ast 425C, and
reactor wall temperature at approximately 100C-200C. Vd"nen the Ti-PECVD
step 45 is complete) a s'abiiization st..p 4o is performed in the reactor
which includes both the passivatin~ of the Ti coating on the wafer and as
well as 0 stabilizing the Ti deposits on the surfaces of the reactor
components. The prefetTed passivation or stabilization step 4o is
preferably one performed with an I~lh~ plasma to form a Til~ layer over the
Ti film on the vrafer and on the reactor components, but it may include
alternative processes as described in connection with Fig. 4 below. I: v
found that the pzssivation Time needed for such a Step 20 stabilize the Ti
film on the reactor components is less than tnc passivation time required
to form a Tile' film on the wafer) 25 so that a TiN pr ocessin~ time
stuable for TiN processing of the wafer can also b_ tsed to passivate the
chamber. The pusivation step 4 A~END~~~~ ~Itm a passication process
described in connection with Fig. 4, below. When the pssi~-atior. step 4o
is complete, the entire Ti-PEC~'D process accordin; to   WO 99/5452
PCT/US99108193 1 0 OCT 2002 -14 this embodiment of the invention is
complete) and the processed wafer is removed from the chamber (step 47).
If, at this time, the chamber is not in need of cleaning) and further
wafers need to be processed by Ti-PECVD) the process 40 is repeated with a
new wafer loaded into the reactor chamber. Otherwise) reactor cleaning can
be performed according to the methods 10 or 30 of Figs. I or 2. During this
continuous 5 wafer coating operation thousands of wafers can be processed
before an in situ clean is necessary. The stabilization process 50 may be
substantially the same for either the process of stabilizing an empty
chamber after cleaning by step 20 or the process of passivating a wafer and
stabilizing the surfaces of the chamber after a deposition onto a wafer as
included in step 46. The substeps of such a stabilization process are
depicted in detail in Fig. 4 as including the step 51 of introducing, after
every deposition of 10 titanium with or without a wafer in the chamber, of
a stabilization gas, H~ gas and argon, with or without the application of a
plasma. The stabilizing gas may be an oxidizing gas or a reducing gas or a
gas which otherwise passivates the films on a wafer or on components of the
chamber. The step of 51 includes the flowing of stabilization gas in the
chamber at a flow race of about 10-1000 seem, of H, at a flow rate of
approximately S00-5000 seem, and of argon at a flow rate of about 50-500
seem. The process 50 includes 



15 the optional step 53 of employing a plasma energized at about 250-750
watts RF. The process also includes the step 54 of maintaining the
temperature of the components of the chamber at temperatures appropriate
for the reaction of the reactants involved. Finally) the process 50
includes the step of 5~ allowing the chamber to idle under these conditions
for a time sufficient for the stabilizing reactions and passivation of the
Ti films to occur. 20 The selection of stabilizing gas is dependent on the
selection of any one of several possible passivatmg reactions, which can be
either oxidation reactions or reduction reactions. Oxidation reactions may
utilize oxidizing species such as oxygen (0:) or water (H=0), and may
involve the oxidizing reactions of: TiCla + y O = TiClx05 and 25 TiClx + y
H,0 = TiOr + HC1. Reduction reactions may utilize reducing species such as
hydrogen (H2), nitrogen (N=), ammonia (NHS), silane (SiH~), methane (CH,),
and di-borane (B~H6), and may involve the reducing reactions of:   - . . .
. - -   . .  : . .. ... . .. ... .. .. 1 0 DCT 2002 -15 TiCI.~ + Hz = Ti +
HCl , Ti+Ni=TiN, TiClx + NH, = TiN + HCl (high temperature), TiCl= + y NHS
_ (TiCl,)(NH3)y. (low tcmgerature)) 5 TiC),~ + SiH~ = TiSi: + HCl , TiC!x
-',- CH~ = TiG, + HCl , and TiClz + E=H6 = TiB + HCl . in these reactions,
argon may be used as a carrier ~z:. 10 In a preferred embodiment, an NH3
stabilization gas is used ands: conditions that will produce a stabllizin~
reaction of TiCL + NH3 = TiN ;- HCl. = or such a reaction, preferred
process conditions are: oas flow substep 31: total pressure 2-10 Torr ~ ~6
6 ~ ~ ~.~. - I 3 33 ~ o'~ o'~ /`I l ~^^ Z argon flow rate 1S0-450 stem 15
nnrOaen rlow rate 0-J000 Scan ammonia flow ram SOC-5000 sc~ plasma substep
53: plasma power 25C-750 ~; atu plasma power flequency 450 kHz 20
temperature maintaining substep 51: water LcnDerature 590C susceotor
temoeraturc 630C showerhead temperature > 4?J C chamber wall t~mo~:atur=
100-?00C 2~ and, stabilization time substep: ~M~~D~D SHrCT stabili~.ation
step tia:c approz. 10-60 secon^s (degenemg on Ti-PECVD process conditions.
............ .......~~.r .. . ... ..... ...~  .. .. .. . .....1t .... ..7 0
OC1' 2Q02 -1 f Where other stabilization rGattio~as are rued, stabilization
process conditions world be such 5 10 



con3itions as are ~~r^~~able by taose stilled in tip art for the
passi<~atin~ of a titanium film on a wafer a%~th t>x se p - srab~
rta,.^yon. It a prcf,.,able) however, that the stabilization for the
chamber be a reaction that is compatible vrith the manufacture of the wale:
being proxssed. If it is not, tii.-,n fn_ stabilrzation of tl>r ChZaiber is
gerforzned in a prows that is sepaae from ire stabilization of a wafer and
without z nafer in the Ch2nlber_ Tnis im~oh~ the consecuurc gcrfo:manre of
z s.~ilization process on the chzrnb~. and in-. Irrformarice o f a
stabilisation pro=ess an tae waic:. Genrrzliy, the ~e of differ ent
stabiltzatioa TearuOn_s for the sabiiization of tae caan~: aad of inr
waf...r adeersel affe.^.ts throtr_hput to zn unacceptable a.:~ree. This mag
also ba the c2ce wee the pzssivation of the ,^.'namber v~el take too long
for the per fo.-manc. of the pzssivation pro,:.ss on a ~~~afcr ( even when
the saris process is used. For whatever reason) inhere the processes are to
be p~oaned corse..^tuivciy on tl~ w afcr or on the chamber, the process is
most praeucal v~~here the cbamb-.s n.:..ci not bo s~i~ized a.~ cven~
6aposition onao a wafex btzr ma3~ br sra:o~Zed afc~ ever~~ two, thr~ or
som.. otacr number of depositions, fo: which ~inapies of the invention can
be employed. Fray of tar invemon dscri'o~..d above czn tx; enbanr.-,d 't~~
reference to tnc follou~inS U_S. pazr.~nts 1~ and appli~tions of tnc
appli~ns' zssi~., ~fii:.h are hereb~~ expressl;~ incorporate. by reference
h~in: U.S. Partnrs Nos. 5_665,6.0) 5,667,2 3 and 5,y,511 and U.S. Pats
Application Serial Ivo. 08l'~~3,97E. A~sri~DED SHED   -   . ... . : .   :
~ : :: '  . ... . .. ... .. .. -17 CLAIMS 1 D OCT 2r2 1. A method of
operating a CVD processing chamber for the chemical vapor deposition of a
layer of a first material onto substrates when supported therein
comprising, following the chemical vapor deposition of the first material
in the chamber during which a second material is deposited onto and coats
surfaces of components in the chamber, introducing a gas into the chamber
and exposing thereto the coated surfaces of components of the chamber,
characterised in that the second material is an unstable volatile compound
of the first material and in that the gas is a stabilising gas which
stabilises the unstable volatile compound of the first material to form a
non-volatile fiilm on the components of the chamber thereby to maintain the
stability of the chamber. 2. A method as claimed in Claim 1 wherein the
stabilising gas is an oxidising or reducing gas. 3. The method of either
Claim 1 or Claim 2 wherein the step of introducing the stabilising gas into
the chamber and exposing thereto the coated surfaces of components of the
chamber performed following a deposition of the first material onto at
least one substrate in the chamber and prior to the introduction of another
substrate into the chamber for processing in the chamber. pNIENDED S'r;
~.E'f   .... .. .... .. .. .. .. .. . . . . . . . . . . . . . .... . .. . .
. .. .. 



... . .. ... .. .. 1 0 OCR 2002 _~ 8_ 4. The method of Claim 3 wherein the
step of introducing the stabilising gas into the chamber and exposing
thereto the coated surfaces of components of the chamber is pertormed
following deposition of the first material successively onto each a
plurality of substrates and prior to the introduction of the next substrate
of the plurality into the chamber for processing in the chamber. The method
of either Claim 3 or Claim 4 wherein the step of introducing the
stabilising gas into the chamber and exposing the coated surfaces thereto
is pertormed prior to the removal of the or each substrate from the chamber
so as to simultaneously passivate the material deposited on the or each
substrate and prior to the introduction of another substrate into the
chamber. :: . 8. The method of either Claim 3 or Claim 4 wherein the method
further comprises the step of passivating the or each substrate in the
chamber prior to the removal thereof. 7. The method of Claim 6 wherein the
step of passivating the substrate is performed simultaneously with the
exposing of the coated surfaces of components of the chamber to the
stabilising gas by exposing a film containing the first material on the
substrate to the same stabilising gas. AMENDED S'~E~   .... .. .. " , . . .
. , ... .. .... .. .. . . . . . . ... . . . . . . .. .. .. ... .. .. 9 0
OCT 2002 -19 8 A method as claimed in any preceding claim wherein the first
material is titanium. 9, The method of Claim 8 wherein the step of
introducing the 



stabilising gas into the chamber includes the step of introducing a gas
selected from the group consisting of NH3, H2, N2, OZ, H20, SiH4, B2H6 and
CH4. 10. The method of Claim 9 wherein the step of introducing the
stabilising gas into the chamber includes the step of introducing ammonia
gas into the chamber and exposing CVD-titanium coated surfaces thereto to
form titanium nitride on the titanium on the surfaces. 11. The method of
either Claim 8 or Claim 9 wherein the chemical vapor deposition comprises
introducing a mixture of argon and hydrogen gases into the chamber at a
vacuum pressure level, producing a plasma with the gases in the chamber and
introducing a titanium-containing reactant gas into the chamber and
chemically reducing the gas to cause the deposition of a
titanium-containing film within the chamber. 12. A method of either Claim 8
or Claim 9 wherein the chemical vapor deposition comprises introducing a
mixture of argon and hydrogen gases into the chamber, introducing TiCl4 gas
into the chamber and chemically reducing it with the hydrogen gas to cause
the deposition of titanium fiMENDEG 5~ ~c~   .... .. .... .. .. ;''~  . . .
. . ..    . . ... . . . . .  . . . . . ..  . ... . .. ... .. 7 0 O~T 2002
-20 13. The method of Claim 12 wherein the TiCl4 gas introducing step
includes the step of chemically reducing the TiCl4 gas with the hydrogen
gas to cause the deposition of titanium. 14. The method of either Claim 12
or Claim 13 wherein the step of introducing the mixture of argon and
hydrogen gases info the chamber includes the step of forming a plasma in
the mixture. 15. The method of any one of Claims 11 to 14 as dependent on
Claim 10 wherein the step of introducing the ammonia gas into the chamber
is carried out at a pressure of approximately 2 to 10 Torr (266.64 to
1333.22 NImZ) with an ammonia flow rate of approximately 500-5000 sccm and
an argon flow rate of approximately 150-450 sccm, and with a plasma power
at approximately 250-750 Watts at 450 kHz RF, and for a time of at least 10
seconds. 16. The method of either Claim 8 or Claim 9 wherein the
stabilising gas introduction step is carried out following a cleaning of
the surtaces of 



components of the chamber and prior to the introduction of a substrate info
the chamber for Ti-CVD processing and wherein the chemical vapor deposition
comprises introducing a titanium-containing reactant gas into the chamber
and chemically reducing the gas to cause the deposition of a
titanium-containing film on the components of the chamber. ~iy~=~iDt~
S'sIF~T   .... .. .~.. .. .. .. .s .. . r r w . . . . . s . . . . ... ~ . ~
. . . . . . . . . . . . . . . s . . . . r . . . ... . .s ... .. .. 1 0 OC?
2~2 -21 17. The method of Claim 16 further comprising following a cleaning
of the surfaces of components of the chamber and prior to the step of
introducing the titanium-containing reactant gas into the chamber and
chemically reducing the gas to cause the deposition of a
titanium-containing film on the components of the chamber reactor,
introducing a mixture of argon and hydrogen gases into the chamber at a
vacuum pressure level, producing a plasma adjacent surfaces of reactor
components with the gases in the chamber and raising the temperature of a
component therewith. 18. The method of any one of Claims 12 to 14 or 17,
wherein the step of introducing the stabilising gas into the chamber is
carried out at a pressure of approximately 2 to 10 Torr (266.64 to 1333.22
Nlm2) with the flow cafe of stabilising gas being approximately 10-500D
sccm, a hydrogen flow rate of approximately 500-5000 sccm, an argon flow
rate of approximately 50-500 sccm, and with a plasma power at approximately
250-750 Watts RF, and for a time of at least 10 seconds. 19. The method of
any one of Claims 8 to 18 wherein the step of introducing the stabilising
gas into the chamber and exposing the coated surfaces thereto is carried
out with a gas introducing showerhead within the chamber maintained at a
temperature of at (east 425C. .,o :F.1~ 1 ^T1 ,M"-~,r.~   s .w~ 1t rsrrsr
,,. ~~~w i w srs r . w wa . w~ rs . r.w w~ w w 



w ~ .~ ~ ~ r ~ r s. s~~ ~r  . ww  rr~ ~~. ~~ws1 0 OCT2002-22- 2a. The
method of any one of Claims 8 to 19 wherein the step of introducing the
stabilising gas into the chamber and exposing the coated surfaces thereto
is carried out with titanium bearing surfaces within the chamber maintained
at a temperature of at least 100C. 21. A method of cleaning a CUD
processing chamber of a reactor for use in the chemical vapor deposition of
a coating material onto a surface of a substrate therein comprising the
steps of cleaning the chamber to remove the su~aces of components of the
reactor previously deposited coating material that is in a state that
affierted the process conditions that existed in the chamber prior to the
deaning thereof and following such cleaning and prior to the irvtroduction
of a substrate into the chamber for Ti-CVD processing, introducing a
mixture of inert and reactant gases into the chamber at a vacuum pressure
level, producing a plasma with the gases in the chamber and raising the
temperature of a reactor component therewith, then) introducing a coating
material containing reactant gas into the chamber and chemically reacting
it to cause the deposition of a coating material 'him on the surfaces of
heated components in the chamber, and then, introducing an oxidising ar
reducing gas into the chamber and contacting therewith the coating material
film on the surfaces of the components to stabilise the deposited coai~ng
material film to restore the affe~'t on the process conditions to the state
that existed in the chamber prior to the cleaning o; the previously
deposited coating material from the surfaces of the components of the
reactor. MENDED SHEEZ A     . .... .. .. ..  ,  ... . -23 .. .... .. ..
..  . ... . . . . . . . .  ..   .. . .. ... .. 1 0 O~T 2002 22. The method
of Claim 21 wherein the cleaning step includes the step of opening and wet
cleaning components of the chamber of the reactor. 23. The method of Claim
21 wherein the cleaning step includes the step of in situ cleaning
components of the chamber of the reactor with the chamber closed and under
vacuum. 24. The method of any one of Claims 21 to 23 wherein the cleaning
step includes the step of cleaning the chamber to remove previously
deposited titanium from the surfaces of components of the reactor, the
mixture introducing step includes the step of introducing a mixture of
argon and hydrogen gases into the chamber at a vacuum pressure level, the
coating material introducing step includes the step of introducing TiCl4
gas into the chamber and chemically reducing it with the hydrogen gas to
cause the deposition of a titanium film on surfaces of components in the
chamber, and the oxidising and reducing gas introducing step inciudes the
step of introducing 



oxidising or reducing gas into the chamber and contacting therewith the
titanium film on the surtaces of the components for a period of time
sufficient to stabilise the deposited titanium film. 25. The method of
Claim 24 wherein the plasma producing step includes the step of raising the
temperature of a showerhead within the chamber to a temperature of at least
425C. J!~Nicf~DED Sr-iEET     . .... .. .... .. .. .. .. ..  . . , ~' ~
. . . ...   .... . .. ...  .. 1 0 OCT 2tfU2 -24 26. The method of any one
of Claims 23 to 25 further comprising, after the step of introducing an
oxidising or reducing gas into the chamber and contacting therewith the
film on the surfaces of the components for a period of time sufficient to
stabilise the deposited film, introducing a substrate into the chamber,
introducing TiCl4 gas into the chamber and chemically reducing it with the
hydrogen gas to cause the deposition of a titanium film onto a surface of
the substrate. 27. The method of Claim 26 further comprising, after the
substrate introducing step again introducing an oxidising or reducing gas
info the chamber and contacting therewith the film on surfaces of
components of the reactor for a period of time suffcient to stabilise the
deposited film, and before further cleaning of the chamber, introducing
another substrate into the chamber and processing the substrate by
performing a CVD process to deposit the coating material film thereon. 28.
The method of Claim 26 further comprising, after the substrate introducing
step before removing the substrate from the chamber, again introducing an
oxidising or reducing gas into the chamber and contacting therewith the
film on the surface of the substrate for a period of time sufficient to
stabilise the film deposited on the surface of the substrate. f~~s;,~i~~DE~
~`i~~ i   .. 



"     ,~   ,   . . ... ... .  .  ...... ..  . ... . . ...~.. .. , .. . . .
. . . ..  .. ..10 OCT2p0-25- 29. The method of any one of Claims 26 to 28
wherein the step of again introducing the oxidising or reducing gas
includes the step of introducing ammonia gas irate the chamber and
contacting therewith the film on the surface of the substrate for a period
of time sufFcient to stabilise the film deposited on the surface of the
substrate by forming titanium nitride thereon. ,, . ,:. ,,__r   j D flCT
2002 26 30. The method of claun 29 wherein the step of introducing the gas
into the chamber and exposing the surfaces thereto is performed following a
deposition of the material onto a substrate in the chamber ) prior 



to the removal of the substrate from the chamber so as to simultaneously
passivate the material deposited on the substrate, and prior to the
introduction of another substrate into the chamber. .As;.A&.As.A.A.Af.Ah
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