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CROSS-REFERENCE TO RELATED APPLICATIONS
This application is related to concurrently filed and commonly

assigned patent application entitled "HEATER/LIFT ASSEMBLY FOR HIGH

10 TEMPERATURE PROCESSING CHAMBER," having Jonathan Frankel, Hari
Ponnekanti, Inna Shmurun, and Visweswaren Sivaramakrishnan listed as
co-inventors; and to concurrently filed and commonly assigned patent application
entitled "CHAMBER LINER FOR HIGH TEMPERATURE PROCESSING
CHAMBER," having Jonathan Frankel and Visweswaren Sivaramakrishnan listed as

15 co-inventors; and to concurrently filed and commonly assigned patent application
entitled "SUBSTRATE PROCESSING APPARATUS WITH BOTTOM-MOUNTED
REMOTE PLASMA SYSTEM," having Gary Fong and Irwin Silvestre listed as
co-inventors; and to concurrently filed and commonly assigned patent application
entitled "LIFT ASSEMBLY FOR HIGH TEMPERATURE PROCESSING

20 CHAMBER," having Jonathan Frankel listed as inventor; and to concurrently filed
and commonly assigned patent application entitled "SYSTEMS AND METHODS
FOR DETECTING END OF CHAMBER CLEAN IN A THERMAL (NON-
PLASMA) PROCESS," having Visweswaren Sivaramakrishnan and Gary Fong
listed as co-inventors; and to concurrently filed and commonly assigned patent

25 application entitled "LID ASSEMBLY FOR HIGH TEMPERATURE
PROCESSING CHAMBER, " having Jonathan Frankel, Inna Shmurun,
Visweswaren Sivaramakrishnan, and Eugene Fukshanski listed as co-inventors; and
to concurrently filed and commonly assigned patent application entitled
"METHODS AND APPARATUS FOR CLEANING SURFACES IN A

30  SUBSTRATE PROCESSING SYSTEM," having Gary Fong, Li-Qun Xia, Srinivas
Nemani, and Ellie Yieh listed as co-inventors; and to concurrently filed and

commonly assigned patent application entitled "METHODS AND APPARATUS
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APPARATUS and Srinivas Nemani listed as co-inventors; and to concurrently filed and commonly
assigned patent application entitled "METHODS AND APPARATUS FOR
SHALLOW TRENCH ISOLATION," having Ellie Yieh, Li-Qun Xia, and Srinivas

10  Nemani listed as co-inventors; and to concurrently filed and commonly assigned
patent application entitled "SYSTEMS AND METHODS FOR CONTROLLING
THE TEMPERATURE OF A VAPOR DEPOSITION APPARATUS," having
Jonathan Frankel listed as inventor; and to concurrently filed and commonly
assigned patent application entitled "METHODS AND APPARATUS FOR PRE-

15 STABILIZED PLASMA GENERATION FOR MICROWAVE CLEAN
APPLICATIONS," having Gary Fong, Fong Chang, and Long Nguyen listed as
co-inventors; and to concurrently filed and commonly assigned patent application
entitled "METHOD AND APPARATUS FOR FORMING ULTRA-SHALLOW
DOPED REGIONS USING DOPED SILICON OXIDE FILMS," having Ellie Yieh,

20  Li-Qun Xia, Paul Gee, and Bang Nguyen listed as co-inventors. Each of the above

referenced applications are assigned to Applied Materials Inc., the assignee of the
present invention, and each of the above referenced applications are hereby

incorporated by reference.

25 BACKGROUND OF THE INVENTION
The present invention relates to semiconductor processing. More
specifically, the invention relates to a method and apparatus for forming dielectric
films over high aspect ratio features at temperatures greater than about 500°C, with
the dielectric films having low moisture content and low shrinkage. Embodiments
30  of the present invention are particularly useful to deposit doped dielectric films,
such as borophosphosilicate glass (BPSG) films, borosilicate glass (BSG) films, or
phosphosilicate glass (PSG) films, and to form uitra-shallow doped regions used, for
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i ncor por 40ed knpwne Sechen dislectric layer can be deposited by chemical vapor deposition
(CVD). In a conventional thermal CVD process, reactive gases are supplied to the

substrate surface where heat-induced chemical reactions (homogeneous or
heterogeneous) take place to produce a desired film. In a conventional plasma
process, a controlled plasma is formed to decompose and/or energize reactive

15  species to produce the desired film. In general, reaction rates in thermal and
plasma processes may be controlled by controlling one or more of the following:
temperature, pressure, and reactant gas flow rate.

Semiconductor device geometries have dramatically decreased in size

since such devices were first introduced several decades ago. Since then, integrated

20  circuits have generally followed the two-year/half-size rule (often called "Moore’s
Law") which means that the number of devices which will fit on a chip doubles
every two years. Today’s wafer fabrication plants are routinely producing 0.5 pm
and even 0.35 um feature size devices, and tomorrow’s plants soon will be
producing devices having even smaller feature sizes. As device feature sizes

25  become smaller and integration density increases, issues not previously considered
crucial by the industry are becoming of greater concern. In particular, devices with
increasingly high integration density have features with high (for example, greater
than about 3:1 or 4:1) aspect ratios. (Aspect ratio is defined as the height-to-
spacing ratio of two adjacent steps.)

30 Increasingly stringent requirements for processes in fabricating these
high integration devices are needed in order to produce high quality devices, and

conventional substrate processing systems are becoming inadequate to meeting these
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substrate processing systems that typically deposit dielectric films at temperatures
less than about 450°C are unable to produce low moisture films having good gap-
filling capabilities without opening substantial voids in subsequent heating and/or
wet etching steps. As is well known, these gaps or voids may contribute to device

10  performance unreliability and other problems. Dielectric films used, for example,
as PMD or IMD layers in such devices need good high aspect ratio gap-fill
capability to avoid problems caused by these gaps or voids. A further requirement
is that metal contamination into the wafer during the processing steps be minimized
to avoid short circuits and other problems in the devices. As is well known,

15  conventional substrate processing systems using in situ plasma during processing
experience physical sputtering of ions which attack chamber surfaces, such as
aluminum walls, resulting in metal contamination of the substrate. Use of in situ
plasma is therefore undesirable. An improved substrate processing system, which
does not use in situ plasma, is needed to provide dielectric films with the desired

20  characteristics of low moisture, high density, low shrinkage, good high aspect ratio
gap-filling capability.

In addition to meeting these stringent requirements, substrate
processing systems must be able to meet the higher demands for forming ultra-
shallow doped regions, which are necessary for high integration devices with

25 shrinking device geometries. With the advent of smaller device geometries,
ultra-shallow doped regions in semiconductors are needed for various applications
including, for example, source/drain junctions, channel stop diffusions for shallow
trench isolation, etc. For example, MOS devices with channel lengths of less than
0.8 pm often require source/drain junctions having depths less than about

30 250 nanometers (nm) for adequate device performance. For transistors separated
by trench isolation structures of about 0.35 um depth, ultra-shallow channel stop

regions having a depth on the order of hundreds of nm are usually required. For
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for processes in fabricating t
fixed by annealing the implanted semiconductor material at high temperatures

(greater than about 900°C). Annealing the implanted semiconductor material,
however, may further increase the junction depth beyond that desired. With an
approach like gaseous diffusion, controlling dopant distribution and junction depth is
difficult to control in forming ultra-shallow doped regions. As technology

20  progresses to even smaller geometry devices, an alternative approach that is able to
control the dopant uniformity and junction depth in ultra-shallow doped regions is
needed.

In forming ultra-shallow doped regions, one alternative approach to

the current approaches of ion implantation and gaseous diffusion is the use of a

25  doped dielectric film as a dopant diffusion source. In this alternative approach, a
doped dielectric film is deposited onto a substrate and used as a source of dopants
which are diffused into the substrate to form ultra-shallow doped regions. For
example, doped dielectric films are deposited at temperatures less than 500°C in a
deposition chamber, and subsequently heated at temperatures greater than 500°C in

30  adifferent chamber, such as an annealing furnace, to perform the dopant diffusion
to form the doped region. Controlling thickness, uniformity, and moisture content

of the doped dielectric film is important in efficiently forming ultra-shallow doped
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fioed ghe-filh intd tHeahbdtRes!I ASHPRE]l known, moisture in doped dielectric
films reacts with dopants to bind them in a crystal structure, resulting in fewer
dopants available for diffusion into the substrate to form doped regions. It is
desirable to use doped dielectric films having a low moisture content, since these
films have more dopants available for use in the diffusion.

Several problems are encountered with conventional substrate

processing systems when using a doped dielectric film as a dopant diffusion source.

One problem is that it is difficult to obtain a high degree of control over film
thickness and uniformity when using convegtional systems to deposit the doped
dielectric film. Another problem is that it is often difficult to ensure that adequate
amounts of dopants in the doped dielectric film are available for diffusion into the
substrate to form the ultra-shallow doped regions. A further problem is the
existence of native oxides, which act as a barrier layer preventing dopants from
diffusing into thé substrate from the doped dielectric film, on substrate surfaces
where the ultra-shallow doped regions are to be formed. These problems are
discussed in further detail below.

Despite the advantages of using doped dielectric films as dopant
diffusion sources to form ultra-shallow doped regions, the problem of being unable
to control thickness and uniformity of the deposited doped dielectric film when
using conventional deposition systems is of particular concern for two primary
reasons. First, the inability to adequately control thickness and uniformity of the
deposited doped dielectric film using conventional methods and apparatus
undesirably results in a diminished ability to control the dopant uniformity and
junction depth of the ultra-shallow doped region formed. For example, in a
conventional sequential CVD chamber, a substrate rests on a belt and travels

through various portions of the chamber. In each portion of the chamber, a layer



Is that nmetal contam nation into the wafer during the processing steps be
mnimzed to avoid short circuits and ot her problens in the devices.
As is well known, 15 conventional substrate processing systenms using in
situ plasma during processing experience physical sputtering of ions
whi ch attack chanber surfaces, such as alumnumwal | s, resulting in
metal contami nation of the substrate. Use of in situ pl asma is

t herefore undesirable. An inproved substrate processing system which

does not use ifavitigldicdHa@ts fHicknkss MALBE defositdd. O\I‘hﬁﬁn&s of @l ddpesited! filfa by h t he
desired 20 characterlstlcs of | ow noisture, gh den5|tX | ow shrinkage,
good hi gh aspéwtcangrolled by changingthe jbeit isprede arlbpgb, prpyxges limited control. Further,

I n addltlonto r

o ocoasi o sy RS G dhe BRdenpds'4o WoBhocIRET BE 1 IBMAEPERES op difreren:

ul E r a- t dsxhﬁfe}sqwdﬁ:‘iﬁmg ;wheg aﬁmpnngfmcddmnaolemnedamt syaxfdodophm%h ; :
in egra |0n evices w snri evi one | es e adven
of smaller devqoeeerwaﬁwméé’eh speed. Kf?rﬂ?e éﬂ‘quﬁ?sﬁ%ﬁé@“’rd@?%‘ﬁg fﬂfﬂ

sem conduct or SgiftRANGRREImhP chan r%?&ﬁétﬂﬁ&'ﬁ g to wafer A6 wasirng, for

exanpl e, source a| n junct on stop d 5| ons for shall ow
trench i sol at i unxeliability. E&com&mgablel\mmnoll the shicknelss ohté)nrdeposlltedmgpmﬂ of

depths | oss ¢ iFiSae i Ve tos S B Rl SESGHRD B Ol il gy

per f or mance. ﬁefeageaamlsmwghpﬂpanawmr, conventltinal ip;iﬁ@dthesshdvatdnmbeen

structures _of about [err] m dept ul tra-shal | ow channel (%
regi ons ha0i ng‘”&aﬂéﬁf ﬁO‘HHnS ﬁ@PeGr‘H’élPCtHF fikop s dhickpesses of e l%% qfythousands; eq.
For of Angstroms (A). Also, it may be difficult to maintain the thickness of the

deposited film as thin as possible using systems relying on belt speed to control
thickness of the deposited film. With thicker films deposited conventionally, some
dopants may take longer to diffuse into the substrate, since they have greater

15  distances to travel before reaching the semiconductor material. Also, removal of
such a thick film used as a dopant diffusion source by etching or other technique
often increases the total time to process the wafer. With growing pressures on
manufacturers to improve efficiency, it is desirable to form the doped dielectric film
as thin as possible in order to decrease the time needed to deposit and then remove

20  the film. It is desirable to have a method and apparatus that can easily control the
thickness and dopant uniformity of a doped dielectric film (less than about 500 A
thick at +0.2 weight percentage dopant variation across the wafer) that is used as a
dopant diffusion source.

Another problem with using doped dielectric films as dopant diffusion

25 sources for ultra-shallow doped regions is that adequate amounts of dopants must be
available for diffusion into the substrate. Films with high dopant concentration are
often needed to provide adequate amounts of dopants for uniform diffusion into the
substrate to form ultra-shallow junctions. However, moisture absorption and
outgassing are two problems relating to adequate dopant availability. Doped

30  dielectric films, especially those with high dopant concentrations, tend to absorb
moisture shortly after a wafer is exposed to ambient moisture in a clean room (e.g.

when the wafer is transferred from the deposition chamber after deposition of the
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depth in ultra-shal | ow dBysadf adeguateglopants are available for diffusion, the problem of
native oxides remains an important consideration when using doped dielectric films

as diffusion sources. Native oxides existing on the substrate surface where ultra-
15  shallow doped regions are to be formed prevent effective and uniform dopant
diffusion into the silicon. Therefore, native oxides, which act as a diffusion barrier
layer to the dopants, need to be removed. Removing native oxides has been done
using conventional techniques such as wet etching using liquid etchants, and dry
etching using an in situ plasma. However, using liquid etchants is often difficult to
20  control and may result in overetching the substrate. Substrates that have native
oxides cleaned by conventional methods such as wet etching have shelf lives of less
than about one week before native oxides begin to form again, making it desirable
to process the wafers shortly after the native oxides have been removed. Using dry
etching to remove native oxides with an in situ plasma results in plasma damage to
25 the surface of the substrate. In addition to causing surface plasma damage, in situ
plasma dry etching may undesirably result in more metal contamination, as
discussed earlier. Accordingly, it is important to efficiently remove native oxides
without damaging the substrate surface so dopants may diffuse into the substrate
uniformly for ultra-shallow doped regions.
30 In addition to providing dense, low moisture dielectric films having
uniform thickness and high aspect ratio gap-filling capability with low metal

contamination, improved quality and overall efficiency in fabricating integrated
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released inside the processing chamber form layers such as silicon oxides or nitrides
on the surface of a substrate being processed. Undesirable oxide deposition occurs
elsewhere in the CVD apparatus, such as in the area between the gas mixing box

10  and gas distribution manifold. Undesired oxide residues also may be deposited in
or around the exhaust channel and the walls of the processing chamber during such
CVD processes. Over time, failure to clean the residue from the CVD apparatus
often results in degraded, unreliable processes and defective substrates. Without
frequent cleaning procedures, impurities from the residue built up in the CVD

15  apparatus can migrate onto the substrate. The problem of impurities causing
damage to the devices on the substrate is of particular concern with today’s
increasingly small device dimensions. Thus, CVD system maintenance is important
for the smooth operation of substrate processing, as well as resulting in improved
device yield and better product performance.

20 Frequently, periodic chamber cleanings between processing of every
N wafers is needed to improve CVD system performance in producing high quality
devices. Providing an efficient, non-damaging clean of the chamber and/or
substrate is often able to enhance performance and quality of the devices produced.
In addition to improving the quality of the above-discussed chamber cleanings

25 (which are done without breaking the vacuum seal), preventive maintenance
chamber cleanings (where the vacuum seal is broken by opening the chamber lid to
physically wipe down the chamber) are performed between multiple periodic
chamber cleanings. Often, performing the necessary preventive maintenance
chamber cleanings involves opening the chamber lid and any other chamber parts

30  that might obstruct the lid, which is a time-consuming procedure that interferes with

normal production processing.



dielectric filnms used as diffusion sources also helps to increase wafer

t hroughput by 5 savi ng deposition (and subsequent etching) tine.
Moreover, a uniformy deposited filmw th even dopant uniformty can
provide a nore controlled diffusion of dopants fromthe filminto the
substrate. As is well known, noisture in doped dielectric films

reacts with dopants to bind themin a crysE@I structure, resulting in fewer
dopants available for diffusion into the substrate to form doped regi ons.
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15  processing requirements for forming devices with high aspect ratio features, and for

forming ultra-shallow doped regions.

20
SUMMARY OF THE INVENTION
The present invention provides systems, methods and apparatus for
high temperature (at least about 500-800°C) processing of semiconductor wafers.
Embodiments of the present invention include systems, methods and apparatus
25  which enable multiple process steps to be performed in situ in the same chamber to
reduce total processing time and to ensure high quality processing to produce high
integration devices having high aspect ratio features. Performing multiple process
steps in the same chamber also increases the control over process parameters,
substantially reduces moisture content in deposited films, and minimizes device
30  damage due to metal contamination or process residue contamination.
In particular, the present invention provides high temperature

deposition, heating and efficient cleaning for forming dielectric films having



30 junction depth of the ultra-shallow doped region formed. For exanple,
in a conventional sequential CVD chanber, a substrate rests on a belt
and travels t hrough various portions of the chanber. In each portion
of the chanber, a |ayer

7 having a certain thickness may be deposited. Thickness of the
deposited film may be controlled bylghanging the belt speed, which
provides limted control. Further, control over the thickness and
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t he films used as premetal dielectric (PMD) layers, intermetal dielectric (IMD) layers,
or other dielectric layers. Further embodiments of the present invention may
further be used to deposit undoped dielectric films used as shallow trench isolation
10 filling oxides, insulating layers, capping layers, or other layers.

Methods according to the present invention include depositing
dielectric films by CVD on a substrate in a vacuum chamber having a pressure
between about 10-760 torr, and heating the substrate to a temperature greater than
about 500°C. The substrate may be heated for a variety of purposes, such as

15  performing reflow of deposited dielectric layers for planarization, or for driving in
dopants from a deposited doped dielectric layer. The process may be carried out in
a single step (e.g., depositing and reflowing the film on the wafer at temperatures
greater than 500°C), or in multiple steps (e.g., depositing the film on the wafer at
temperatures less than 500°C and then heating the film on the wafer after the film

20  has been deposited). In either case, high temperature processing is accomplished
without removing the wafer from the vacuum chamber, which advantageously
reduces moisture absorption in the dielectric film. The high temperature processing
also enables in situ deposition of doped dielectric films with capping layers to
advantageously reduce outgassing of dopants froni the doped film and lower

25  moisture content. In a specific embodiment, reactive gases are delivered to the
substrate surface, where heat-induced chemical reactions take place to produce the
dielectric film. Additionally or alternatively, a controlled plasma may be formed to
facilitate the decomposition of the reactive species.

In an exemplary embodiment, the dielectric film is a thin doped film

30  used as a dopant diffusion source for an ultra-shallow junction. The film is
deposited at temperatures greater than about 500°C onto the substrate and heated to

higher temperatures, usually greater than 600°C and preferably greater than about



deposited filmas thin as possible using systens relying on belt speed to
control t hi ckness of the deposited film Wth thicker filns deposited
conventional ly, sone dopants may take longer to diffuse into the
substrate, since they have greater 15 di stances to travel before reaching
t he sem conductor material. Also, renoval of such a thick filmused
as a dopant diffusion source by etching or;pther technique of ten
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situ plasma process to lower metal contamination. For example, the remote plasma
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system provides a remote plasma and preferably fluorine radicals from the plasma
are able to enter the chamber, which is at high temperatures, and provide a gentle,
15  thermal cleaning of the chamber. With the remote plasma system, only chemical
reactions are utilized and the problem of physical sputtering effects are eliminated.
In contrast, with the use of an in situ plasma system, sputtering effects attack
aluminum chamber walls, which may then lead to metal contamination in the
processed wafer. In the thermal cleaning process using the remote plasma system,
20  the radicals directed into the chamber can effectively clean unwanted deposits and
residues from the surfaces in the chamber while the plasma remains remote or
exterior to the chamber. Another advantage of the remote plasma system is that
native oxides can be efficiently removed from the wafer to effectively ensure
effective and uniform dopant diffusion from the doped dielectric layer without
25 causing significant surface damage to the silicon wafer. A further advantage of the
remote plasma system is that the system may also be configured for use to deposit
films by using different input gases as needed.
In a preferred embodiment, the remote plasma cleaning system is a
microwave plasma system configured to produce and deliver a select species (such
30  as fluorine, chlorine or other ra&icals) to the processing chamber. The remote
plasma system energizes gases by microwave radiation to create a plasma with

etching radicals. Specificaily, microwaves are created by a magnetron or other



8 doped dielectric filmto a different processing chanber for the

next processing step in a multiple-step process). The absorbed
noi sture (Herr]O then reacts with the dopants in the dielectric
film causing the filmto crystallize. Due to the crystal structure

bi ndi ng the dopants within the film these dopants becone unavail able for
5 diffusion into the substrate, even afl3er a subsequent heating of the
waf er by rapid, t hermal processing or annealing in another chanber.
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conventional endpoint detection systems, to pinpoint the time at which the cleaning

has been completed (i.e., when the last process gas residue in the chamber has

reacted with the cleaning etchant so that it can be discharged from the chamber).

15  This is because conventional endpoint detection systems typically rely on the use of
a plasma within the chamber to check emissions from the in situ plasma to
determine the end of the cleaning process. In the present invention, an endpoint
detection assembly is coupled to the gas outlet of the processing chamber to
determine the endpoint of the cleaning process by detecting changes in light

20  intensity that occur due to absorbance of light by the exhausted clean gas reactants,
such as SiF,.

In yet another aspect of the present invention, a method provides
gettering of any adsorbed clean gases, such as fluorine, from the surface of chamber
walls. According to the present invention, a first cleaning gas containing fluorine is

25  introduced into the processing chamber to clean the processing chamber of
deposition residue. A second cleaning gas is then introduced into the processing
chamber after the residue has been removed with the first cleaning gas. The second
cleaning gas removes cleaning residue formed by the reaction between the first
cleaning gas and the interior surfaces of the processing chamber. Removing or

30  gettering the cleaning residue from the chamber provides a number of advantages.
For example, in a preferred embodiment of the present invention, fluorine radicals

are delivered into the processing chamber to remove residue, such as silicon oxide,



oxi des cl eaned by conventional nethods such as wet etching have shelf |ives

of less t han about one week before native oxides begin to form again,
making it desirable to process the wafers shortly after the native
oxi des have been renoved. Using dry etching to renove native oxides

with an in situ plasma results in plasma damage to 25 the surface of the
substrate. In addition to causing surface 104 asma danmage, in situ
pl asma dry etching may undesirably result Tnh nore nmetal contam nation, as
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thin film of oxide onto the chamber to trap any adsorbed fluorine and prevent

contamination of the subsequently deposited films.
The present invention also provides various heat-resistant and

10  process-compatible components for high temperature processing. The system of the
present invention includes a vapor deposition apparatus having an enclosure
assembly housing a processing chamber. The apparatus includes a heating assembly
having a pedestal/heater for heating the wafer to temperatures up to about 500-
800°C. The pedestal preferably comprises a material that is substantially resistant

15  to reactions with the process gases and to deposition by the process gases at
temperatures of at least about 400°C, and preferably at temperatures up to about
500-800°C. In addition, the pedestal preferably comprises a material that is
substantially resistant to etching at high temperatures (i.e., 500-800°C) by the
fluorine radicals introduced into the chamber during cleaning. In an exemplary

20  embodiment, the pedestal/heater comprises a resistive heating element imbedded in
a ceramic material, such as aluminum oxide or preferably aluminum nitride.

The heating assembly of the present invention further includes a
support shaft for supporting the pedestal/heater within the chamber and for housing
the necessary electrical connections thereto. The support shaft preferably comprises

25  a ceramic material that is diffusion-bonded to the pedestal/heater to provide a
vacuum seal within the shaft. This vacuum seal allows the hollow interior of the
shaft to be maintained at ambient temperature and pressure during high temperature
processing, which protects the electrodes and other electrical connections from
corrosion from the process and clean gases within the chamber. In addition,

30  providing ambient pressure within the shaft minimizes arcing from the power source

through the hollow core of the shaft to power leads or the outer walls of the shaft.



economcally. Wth grow ng pressures on manufacturers to inprove processing
quality and overall efficiency, elimnating the total down-tine in a
mul tiple-step 5 process wi thout conprom sing the quality of the wafers

has becone increasingly i nportant for saving both time and noney.
During CVD processing, reactive gases rel eased inside the processing
chanber form/layers such as silicon oxides or nitrides on the surface

of a substrate being processed. Undesi rabl® oxi de deposition occurs
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15  coupled to one or more clean gas passages and one Or more process gas passages

for receiving process and clean gases and for delivering these gases into the
chamber. One or more valves are provided on either the clean gas passages or the
process gas passages to selectively allow gas to flow through to the gas mixing
block. This embodiment facilitates the in situ cleaning method of the present

20  invention by allowing the apparatus to quickly and efficiently switch between
processing and cleaning, which increases the throughput of the system.

In an exemplary embodiment, the lid assembly further includes a base
plate having a gas inlet for receiving one or more gases and a gas distribution plate
including a plurality of holes for dispersing the gases into the processing chamber.

25  The lid assembly includes one or more bypass passages in the base plate that offer
less resistance to fluid flow than the gas distribution holes. During cleaning, for
example, at least a portion of the cleaning gases will pass through the bypass
passages directly into the chamber to increase the speed of the cleaning process,
thereby decreasing the down time of the chamber. The apparatus preferably

30 includes a control system, such as a valve and a controller, for partially or
completely closing the bypass passages to control the gas flow through the gas

distribution holes.



chanber cl eani ngs involves opening the chanber [id and any ot her chanber
parts 30 that m ght obstruct the lid, which is a tinme-consunm ng procedure
that interferes with nor mal production processing.

10 In light of the above, inproved nethods, systens
and apparatus are needed for depositing dense, |ow noisture
dielectric films with uni formthicknesses 16 and hi gh aspect ratio
gap-filling capabilities. Optimally, these inproved nethods and
apparatus will al so provi Thesa aath athiee embbdiments dfithé presemtiavencont asnveihas on.
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junctions. Thespwkidatehéfgures,. aPparatus shoul d be capabl e of
efficiently renmoving native Oxides to ensure effective and uniform

dopant diffusion fromthe doped dielectric |ayer w thout causing
significarg surface danmage to the silicon wafer. Further, for sone
applications it is 10 desirable to provide nultiple deposition and

cl eaning capabilities in BRIEDNDESCRIPTIONOF-THE DRAWENGS! i fied design to
mnimze the time consuned for different types .
Fig. 1A is a vertical, cross-sectional view of a CVD apparatus
according to the present invention;
Fig. 1B is a simplified diagram of the system monitor and CVD
10  apparatus 10 in a multichamber system;
Fig. 1C illustrates a general overview of CVD apparatus 10 in
relation to a gas supply panel 80 located in a clean room;
Fig. 1D is an illustrative block diagram of the hierarchical control
structure of the system control software, computer program 150, according to a
15  specific embodiment;
Fig. 1E is a block diagram of an exemplary heater control
subroutine;
Fig. 2 is an exploded view of a preferred embodiment of CVD
apparatus 10 according to the present invention;
20 Fig. 3 is a vertical cross-section, partly in schematic, taken along
line 3-3 in Fig. 2;
Fig. 4 is an enlarged cross-section of a semiconductor processing
chamber of the apparatus of Fig. 2;
Fig. 5 is an exploded view of a ga§ distribution system for the
25  apparatus of Fig. 2;
Fig. 6A is a top, partially cut-away view of a lid assembly of CVD
apparatus 10, illustrating portions of the gas distribution systems;
Figs. 6B and 6C illustrate a front cross-section and a top view,
respectively, of an alternative lid assembly for CVD apparatus 10, incorporating a

30  bypass conduit for cleaning gases;



of cleanings. Wiat is needed, therefore, are systens and nethods that are
capabl e of high quality, efficient, high tenperature deposition and
efficient, gentle cleaning. In particular, these systens and net hods
shoul d be designed to be conpatible with 15 processi ng requirenents for
form ng devices with high aspect ratio features, and for form ng

ul tra-shal | ow doped regi ons. 20 17 SUMVARY
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Fig. 10 is an enlarged cross-sectional view of a bottom portion of the

10  heater/lift assembly of Fig. 9;

Fig. 11 is a side cross-sectional view of a pedestal/heater of the
assembly of Fig. 9, according to an embodiment of the invention;

Fig. 12 is a bottom view of the pedestal/heater, illustrating a heater
coil;

15 Fig. 13 is an exploded view of the heater/lift assembly of Fig. 9;

Fig. 14 is an enlarged view of one of the electrical connections
within the pedestal/heater of Fig. 10;

Figs. 15A and 15B illustrate a hole within the pedestal/heater for
receiving a thermocouple and the thermocouple, respectively;

20 Fig. 16 is a simplified diagram of a remote microwave plasma system
for cleaning the wafer and/or the process chamber, in accordance with an
embodiment of the present invention;

Figs. 17A-17D are schematic diagrams of a cleaning endpoint
detection system in accordance with an embodiment of the present invention;

25 Fig. 18 is a simplified cross-sectional view of a semiconductor device
manufactured according to an embodiment of the present invention;

Figs. 19A-19E are simplified cross-sectional views of an exemplary
application of the method and apparatus of the present invention for an ultra-shallow
source/drain junction;

30 Figs. 20A-20G are simplified cross-sectional views of another
exemplary application of the method and apparatus of the present invention for
ultra-shallow trench isolation;



relatively thin filmthi cknesses. Enbodi nents of the present invention are
particularly useful to deposit doped dielectric filnms, such as

bor ophosphosilicate glass (BPSG filns, borosilicate glass (BSG
films, or phosphosilicate glass (PSG films, and to form an
ultra-shal |l ow doped region used, for exanple, as source/drain 5 junctions
or as channel stop diffusions in shallow tygnch isolation. In addition,
enbodi ments of the present invention may al so be used to deposit doped
dielectric fil s uBigd2Rsllystraws tidl refitichsdey betvebPNP), flowyfidSmickdwaenet al
dielectric (IMD) |ayers, . or other dielectric |ayers. Further

enbodi nent s of SafuFatiqs pavesttthat gj¥asiapimahglpaning rates provided Wit [GEISle MISTORPES| t
undoped di el eclibdrf Lystelf? 5555 decdRaanbR iR JpeBRE i Qinfént 8F kreseht | ! 1 N9

oxi des, insulating [Ffayers, cappl ng layers, or other [ayers.

Met hods accor dinvention; t he present invention include depositing

dielectric.filnms by CVD gn u rate i vacuum chanber. havi ng a.
pressure ° bet ween a‘g‘éﬁrfz%-g%éret gﬁapl?s @Hﬁfrﬁ%ﬁxﬂﬁr“f‘m‘a%ﬂ'ﬁ&srsﬁ?gmﬁo a

t enper at ure gr@atdepart profile of the @BR halRINO judtlidds. fofh&d 841k Edppb® BSBYfil® heat ed
for a variety of purposes, such as 15 perform ng refl ow of deposited

di el ectric | ayRfpdugedraceprdmgrtp Antemhediment pb therresent ipvertion; dopants from a
deposi ted doped diel ectrig. | sye e [of carrle t ] a
single step (e.g., deposil'T ?'n%y%gy%$%émﬁnlgﬁﬁﬁgﬁéifp§nh%r .%’g’gﬁﬁ#‘e’#@%‘

tenperatures showing the dopant profile and sheet resistivity of the ultra-shallow junctions

10 formed using different capped BSG films according to another embodiment of the
present invention;

Fig. 24A is a photomicrograph demonstrating the as-deposited gap fill
capabilities of PSG films deposited at 600°C in accordance with a specific
embodiment of the present invention;

15 Fig. 24B is a simplified diagram of a section of the structure shown
in Fig. 24A;

Fig. 25 illustrates the FTIR spectra of a PSG film deposited at about
600°C under exemplary process conditions, according to a specific embodiment;

Figs. 26A and 26B are photomicrographs demonstrating the relative

20  gap fill capabilities of TEOS/O; USG films deposited at about 400°C and about
550°C, respectively, after heating at about 1050°C and a subsequent wet etch
processing, in accordance with a specific embodiment of the present invention;

Fig. 27 is a photomicrograph demonstrating the gap fill capability of
a USG film deposited at about 550°C after heating at about 1000°C and a

25  subsequent wet etch processing, in accordance with a specific embodiment of the
present invention; and

Fig. 28 illustrates the FTIR spectra of a USG film deposited at about

550°C under exemplary process conditions, according to a specific embodiment.

30
DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS
I. CVD Reactor System



greater than 500[err]C), or in nmultiple steps (e.g., depositing the filmon
the wafer at tenperatures | ess than 500[err]C and then heating the
filmon the wafer after the film 20 has been deposited). In either case,
hi gh tenperature processing is acconplished wi t hout renoving the

waf er fromthe vacuum chanmber, whi ch advant ageously reduces noi sture
absorption in the dielectric film The hi t enper at ure processi ng

al so enables in situ deposition of doped dielectric filnms with capping

| ayers to advant age QuaEryiew SFUOED Rh&de S Ng of dopants from t he doped
filmand | ower 25 nmoi sture content. ITn a specific enbodi nent, reactive
gases are delivered to Embodiments of thespresentinyertiorcare syisiems metheds anduced

i § onal | y PR BEE FR @pGiitfk BeREMEbN Sy romperalel' 0 arl 10

facilitate thso0de€compsasticular) swh sybems emethodCarkpgsparitus may be used to deposit
In an exepplary enbodinent, the dielectric filmis a_thin doped film 30

used as a’ dod&ﬂPP?ﬂ dielestrisfilms and doped diglecizicfilms s fugh Glms mav-be geed torfermi | m
'S depQﬁgg-gIti'aelgﬁvt H@ﬂm%g’ﬂ)ﬁ, hexﬂét?la&i%c&i@%c?@q{i&nﬁ [ &Eiedific gélyet ,Lhe

substrate and 0 er tenperatures, usually great an
600[ er r] C anccapping dayeind, \oxidecilliag layersn onlother layers. Fig. 1A is a vertical, cross-
12

sectional view of one embodiment of a CVD apparatus 10 according to a specific

embodiment. In addition to being capable of depositing dielectric layers, the

10  apparatus according to the present invention has high temperature heating
capabilities useful for performing reflow of deposited dielectric layers for
planarization, or for driving in dopants from a deposited doped dielectric layer
when forming ultra-shallow doped regions. Further, the apparatus can provide
efficient cleaning of various CVD chamber components and cleaning of wafer

15  surfaces. CVD apparatus 10 provides these multiple capabilities in situ in a single
vacuum chamber 15. Accordingly, multiple process steps may be performed in a
single chamber without having the wafer transferred out of that chamber into other
external chambers. This results in a lower moisture content on the wafers by
eliminating opportunities to absorb moisture from the ambient air and,

20  advantageously increases the dopant retention in the deposited dielectric layer. In
addition, performing multiple process steps in a single chamber saves time, which
increases the overall throughput of the process.

Referring to Fig. 1A, CVD apparatus 10 includes an enclosure
assembly 200 housing a vacuum chamber 15 with a gas reaction area 16. A gas

25  distribution plate 20 is provided above the gas reaction area 16 for dispersing
reactive gases through perforated holes in plate 20 to a wafer (not shown) that rests
on a vertically movable heater 25 (also referred to as a wafer support pedestal or
susceptor). CVD apparatus 10 further includes a heater/lift assembly 30 for heating
the wafer supported on heater 25. Heater/lift assembly 30 also can be controllably

30  moved between a lower loading/off-loading position and an upper processing
position indicated by dotted line 13 which is closely adjacent to plate 20, as shown

in Fig. 1A. A center board (not shown) includes sensors for providing information



700[err]C, to diffuse dopants fromthe dielectric |layer to the underlying

substrate. Perform ng the deposition and heating steps in the sane
chanber provi des better control of the thickness, uniformty, and
noi sture content of the doped dielectric film Inproving the noisture

content of the filmincreases the anounts of available 5 dopants in the
film which is particularly advantageous hgr formng ultra-shallow
junctions in high integration devices. I n anot her

aspect of t heohmepdsitivh ofahé WaEEre A$ anORsdly it dail Below, heatd?' I5Vinciadesf Or
etching undesired deposits on the inner walls of the vacuum chanber

and conponent ?swlvelméleatsﬁap@pmemmmﬂ i3 eefAMify Preferably Yuminuan pigddeot her
residue 10 &é}ﬁpﬁ&nérﬁ%aﬂﬂaﬁoﬁu 4ks Bf hfter! 55 & 58&%%'03 urf cHEHbdre

cl eani ng technlque sing a renote energy source 1s preferably
enpl oyed i nst éadreomade obm‘carammnmtenah such as alsmhnum IoaslmiAhOgoeahuﬂm)lmwer

t al t E | | . syst d
Moot o pl o ABRISR i o Gha feer S 4nddhe. geler AFe i progesging Shgton 13, oy
able to enter tﬂe@%r@?ﬁ'?&ﬁfdedW'a@hain‘beﬂméi'ﬁ"hlé:%@ﬁﬁilwQﬁlzls gnef Qﬁpamﬂkem

gentle, 15 thermal cleaning of the chanber he renote plasma
system only @&nkhy@alannuiar purpping chanmel 40,dormed by ebpmbed linpr33 parthh éop of

physi cal SPUt GoIAGRbLARS1 T Re IR e pelow, 1k GOALL BPLagalet finke Use

of an in situ asma sys sput S attac
chanber wal | sss\ﬂmfehblyagom;hms he&dnﬁ@mi&h'ﬁl sacin b alunrna omalusirdufre nitride,

Gy ot am o™ Pieh Sayesd MR Bt <P ArMUSTPEREER AMVER BB BRPT Boan

unwant ed depoghipf teMisbrature) and S8dnktBee Swallls AM Wﬁﬁ:hsil‘é hag efuchNowdieembaraiige Wil e
the plasma remains renote or exterior to the chamber. Anot her

advant age of te¢lativedtodieatepRisna systemis that native oxides can be

efficiently renoved fro fect e eff
and uni f or m dopant di ffl@g‘f‘%q’e;ﬁ?%%gg %Hpg} ée(d ﬁ'?&icghl %9%‘?’ lv“vll oﬁ‘fo
causi ng si gni gacmidting 66X ferezad MRHG Bleck) Izea $Figl Snrwiwaé eiey afe proférably rmxed

advant age, of the
15  together and delivered to plate 20. Gas mixing box 273 is preferably a dual input

mixing block coupled to a process gas supply line 43 and to a cleaning gas conduit
47. As will be discussed in detail below, a processor 50 preferably controllably
operates a gate valve 280 (Fig. 5) to choose which of these two alternate sources of
gases are sent to plate 20 for dispersing into chamber 15. Conduit 47 receives

20  gases from an integral remote microwave plasma system 55, which has an inlet 57
for receiving input gases. During deposition processing, gas supplied to plate 20 is
vented toward the wafer surface (as indicated by arrows 21), where it may be
uniformly distributed radially across the wafer surface, typically in a laminar flow.
Purging gas may be delivered into chamber 15 from an inlet port or tube (not

25 shown) through the bottom wall of enclosure assembly 200. The purging gas flows
upward past heater 25 and to an annular pumping channel 40. An exhaust system
then exhausts the gas (as indicated by arrows 22) into the annular pumping channel
40 and through an exhaust line 60 by a vacuum pump system (not shown). Exhaust
gases and residues are preferably released from annular pumping channel 40

30  through exhaust line 60 at a rate controlled by a throttle valve system 63.

In the representative embodiment, the chemical vapor deposition

process performed in CVD apparatus 10 is a thermal, sub-atmospheric pressure



renote plasma systemis that the systemmy al so be configured for use to
deposi t films by using different input gases as needed.

In a preferred enbodi nent, the renote plasma cl eaning systemis a

m crowave plasma system configured to produce and deliver a sel ect species
(such 30 as fluorine, chlorine or other radicals) to the processing
chanber. The renote pl asma systen1e?§rgizes gases by m crowave
radiation to create a plasna with efthing radicals. Specifically,

m crowaves ar ﬁ%ogésg?sﬁgn péfer?e%%%hﬁ%ﬂ‘a&?&%é]gr\/}%FSACVD)- As discussed earlier,

13 Sui ener gy source an cte ough a wavegui de systemto
an appl i cat or thermal CVDbsroceskesrsapply reasine gases ¢o et subistrdie swfice evheas beatar e

then fed into, the applicator |, t ube and energi zed t he m crowave
ener gy, whi chinduesdghemical geactions (homggenspus prcheterogenepyis) it%%ﬁ@opnﬁeatg rpéo‘)(‘\%e a

produce a fl opesiled FAH. CHI évm;{i)aﬁahﬁfm RERSS dRerik@be fesistiGély-heated BeR&Ni NQ,

the radicals interact wth residue formed on the chanber walls to form
react ant dased5: sadiscussedsinidetail| belatw,shatqis gapableopinseadhing: wAPSEAtUIBS ax RigB @ aust

S S ODSORIEY S BN G IR S, 6 e
into the proceaeswirer fdtasfieeting deposition, reflow and/or drive-in, cleaning, and/or
seasoning/gettering steps in a multiple-step process in situ in chamber 15.
Alternatively, a controlled plasma may be formed adjacent to the wafer by RF
10  energy applied to gas distribution plate 20 from an RF power supply (not shown).
In embodiments additionally having a lower RF electrode, the RF power supply can
supply either single frequency RF power to plate 20 or mixed frequency RF power
to plate 20 and the lower RF electrode to enhance the decomposition of reactive
species introduced into process chamber 15. In a plasma process, some of the
15  components of vapor deposition apparatus 10 would have to be modified to
accommodate the RF energy, as discussed below.

Remote microwave plasma system 55 integrally provided in CVD
apparatus 10 is preferably adapted for performing periodic cleaning of undesired
deposition residue from various components of chamber 15, including walls 17 as

20  well as other components. Further, remote microwave plasma system 55 can also
perform cleaning or etching of native oxides or residues from the surface of the
wafer, depending on the desired application. Although gases input via line 57 into
plasma system 55 are reactive cleaning gases for creating a plasma to provide
fluorine, chlorine, or other radicals, remote micrdwave plasma system 55 also may

25  be adapted to deposit plasma enhanced CVD films by inputting deposition reactive
gases into system 55 via input line 57. Generally, remote microwave plasma
system 55 receives gases via input line 57, which are energized by microwave
radiation to create a plasma with etching radicals which are then sent via conduit 47
for dispersion through plate 20 to chamber 15. Specific details of plasma system 55

30  will be discussed further below. Some embodiments of apparatus 10 may also

include a radio frequency (RF) plasma system to provide in situ plasma capability.



I n anot her aspect of the invention, the renote plasma systemincl udes 10
an endpoi nt detection systemfor indicating when the chanber cleaning has
concluded. The lack of plasnma in the chanber can nake it difficult, using
conventional endpoint detection systens, to pinpoint the tinme at which the
cl eani ng has been conpleted (i.e., when the |ast process gas residue
I n the chanber has reacted with the ¢l eaning etchant so that it can
be di scharged fromthe chamber). 15 Thi s %s because conventi onal endpoi nt
detection systens typicalyl e n. 1.he use of a plasma within the
chanber to check eni ssi orll\ggtf)gsoéﬁ\ét%émélns’%g‘pﬁj(l}ﬂtég%n)t%e uSedto 'H%‘fee?ﬁi ne the

end of the cl ealetenginerthe @ssitior 6f mbeatlé aeChinidal ¥EBIbREL sueh as AgBRle Valve
detection assenbly is coupled to the gas outlet of the processing chanber

gas .
to ~det er fYHiEmG3candhieaist 38. ofhe heaterlift-assamply 39c Bwtorny gate valve 280
changes in |i ghirodfd valde} | dnfh || by
t he exhausted cl 8an ‘g’gaas r}ggﬁ g%’tlrse?ﬂe a&?&{s’ﬂ%ﬁ%s %ﬁeﬁr ??%ﬁ o?ﬁer S%{Q&l
In yet another campenentoiretdostrpllassenprocessems0 over contrel limes 65¢ of wtith only
gettering of any adsor.bed cl ean gases, such as fluorine, fromthe surface
of chanber AT §l?°w&:cordi ng to the present invention, a first
cl eani ng gas contai ni ng fHrekion 0! conetbls alll GFithe tRAks dFiRe EVD RaPBRSS| NY
chanmber to clean the processi ng chanmber of deSositﬁ on rg{sala‘éﬁ%. A
second cl eani ndAiBg as she sistem eentiplien quioessos S0rrxeguteceysteimepntrol softwdrether

after the resi | dhe f[irst i as. The second
cl eani ng gas r%@ﬂggs&cmtﬁ?ygé@dﬁﬁp dl& Eerﬂ&%@t%ogéoﬁ'ﬁgggg@gmﬁﬁ%ggn t he
first 10 c| Pxefierahlygasemory Z0hmay bé @rhand disk dfiee,clut @f cbise B 90 ky be
chanmber. Renovi t 30 ettering.the cleanjng residue fromthe chanmber
provi des a num?g%r%fndgd\fé?&q%‘ﬁ!s.l_n a%d“wnli‘bﬁ‘_ei’é;f’aﬂ‘gk 8rive fe-g. sreapery /0y CVD
embodi ment of taparigI06'h al fR¥RAEd eMboliéal indRdéLS OB disk drive 2h& a,ql,g}d vered
into the processing chanber to renove residue, such ds silicon oxide,

rack. "Processor 50 operates under the control of the system control software, which

includes sets of instructions that dictate the timing, mixture of gases, chamber

15 pressure, chamber temperature, microwave power levels, susceptor position, and
other parameters of a particular process. Other computer programs such as those
stored on other memory including, for example, a floppy disk or other computer
program product inserted in a disk drive or other appropriate drive, may also be
used to operate processor 50. System control software will be discussed in detail

20  below. The card rack_contains a single-board computer, analog and digital
input/output boards, interface boards and stepper motor controller boards. Various
parts of CVD apparatus 10 conform to the Versa Modular European (VME)
standard which defines board, card cage, and connector dimensions and types. The
VME standard also defines the bus structure having a 16-bit data bus and 24-bit

25  address bus.

The interface between a user and processor 50 is via a CRT monitor
73a and light pen 73b, shown in Fig. 1B which is a simplified diagram of the
system monitor and CVD apparatus 10, illustrated as one of the chambers in a
multichamber system. CVD apparatus 10 is preferably attached to a mainframe unit

30 75 which contains and providés electrical, plumbing and other support functions for
the apparatus 10. Exemplary mainframe units compatible with the illustrative

embodiment of CVD apparatus 10 are currently commercially available as the



14 by formng a silicon-fluoride gas product which is punped away
from chanber. After the fluorine-based chanber cleaning procedure,
any adsorbed fluorine on the surface of the chanmber walls which m ght
otherwi se interact wth, or be i ncorporated into, the deposited film
on the next wafer to be processed is gettered. 5 In an alternative
enbodi nent, the gettering may be perfornmed by seasoning the chanber
usi ng m crowave- generated atoni c oxygen am a silicon source to deposit a

thin film of I de. L he.ch er_t Lap_any.adsqr be uorj ne an
prevent O%‘SHE‘&H,%&’QE gpd gqea{’r;c s '§§%Qéq ﬁgﬁﬁ?q’%/l fr&gbggﬁgegdﬁpﬁepﬂfg,‘ T3

The present i nsuii CRifa,aCAFomiV THE futtithh@bér syeRhr RRXhe tapabiligneb tkhsfer a
process-conpati bl e conponents for high tenperature processing. The system

of the pWafse hetweeR, ith chammbery withet breaking e vaepiss rid SHbaFIRVBUS havi ng
an encl osure aynoee ﬁé%@r?r‘gﬂ % ﬁ&k‘ﬁf&"ﬁr StnéY Qntind 8{2&;@@% mi'i{efc ratus
g assenbly avi ng a pedesta e or

I ncl udes a heatrn ater eating the
waf er to t&npesyateon. eAnwadvamagebafuhe S@iltichamber sy8@fCs thitalifferdasthambersanahabl y

conprises a material that is substantially. resistant .1 t o reactioigs W th
t he process ga@gfém Der SY g JuaY %Hsegﬁ{ ﬂ%fefﬁ“bggg’gsﬁdggge gfjuire process. For
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up to about

for rapid thermal processing, and yet another may be used for oxide cleaning. The
process may proceed uninterrupted within the muitichamber system, thereby

10  preventing contamination of wafers that often occurs when transferring wafers
between various separate individual chambers (not in a multichamber system) for
different parts of a process.

In the preferred embodiment two monitors 73a are used, one mounted

in the clean room wall for the operators and the other behind the wall for the

15  service technicians. Both monitors 73a simultaneously display the same
information, but only one light pen 73b is enabled. The light pen 73b detects light
emitted by CRT display with a light sensor in the tip of the pen. To select a
particular screen or function, the operator touches a designated area of the display
screen and pushes the button on the pen 73b. The touched area changes its

20  highlighted color, or a new menu or screen is displayed, confirming communication
between the light pen and the display screen. Of course, other devices, such as a
keyboard, mouse, or other pointing or communication device, may be used instead
of or in addition to light pen 73b to allow the user to communicate with processor
50.

25 Fig. 1C illustrates a general overview of CVD apparatus 10 in
relation to a gas supply panel 80 located in a clean room. As discussed above,
CVD apparatus 10 includes chamber 15 with heater 25, gas mixing box 273 with
inputs from supply line 43 and conduit 47, and remote microwave plasma system 55
with input line 57. As mentioned above, gas mixing box 273 is for mixing and

30 injecting deposition gas(es) and clean gas(es) or other gas(es) through inlet tube 43
to the processing chamber 15. As seen in Fig. 1C, remote microwave plasma

system 55 is integrally located and mounted beilow chamber 15 with conduit 47



500-800[err]C. In addition, the pedestal preferably conprises a materi al

that is substantially resistant to etching at high tenperatures
(i.e., 500-800[err]C by the fluorine radicals introduced into the
chanber during cleaning. In an exenplary 20 enbodi nment, the
pedestal / heater conprises a resistive heating el enent inbedded in a

ceramic material, such as alum num oxide @4 preferably alum numnitride.
The heating assenbly of the present invention further includes a
support shaf t comingsimhplongsidegchamben &3l é% gate vabya 280 and igas mixihg box aAdelocaed f or

housi n y i cal nnections. thereto. The .support
shaft gr ef er ag%%c%ﬁpﬁlﬁ’?é ng' § ?hﬁﬁ)é %%SP "éég?}f: ﬂﬁ%%%’r ngﬁ‘:}'tcﬂglfs PR alongsxae
di f f usi on- bondkainbey Iishe gasaeising|boR@IBLLs proviféd Witleresttive gases WaL 1ALY §36a1d

ithin th haft. This vacuum | allows the haollowinterior of the
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el ectrical connections from corrosion fi 1 11 ess ean
gases Wit hi n desirediransesses used fradi particular3pplicasiooy | Gasnsypplylpaselt 8Qohasss ur e

AR I e T
15 vaporized liquids) from sources 90 for mixing and sending to gas mixing box 273
via line 85 to supply line 43. Generally, supply lines for each of the process gases
10 include (i) shut-off valves 95 that can be used to automatically or manually shut off
the flow of process gas into line 85 or line 57, and (ii) mass flow controllers 100
that measure the flow of gas or liquid through the supply lines. When toxic gases
(for example, ozone and the clean gas) are used in the process, the several shut-off
valves 95 may be positioned on each gas supply line in conventional configurations.
15  The rate at which the deposition and carrier gases including, for example,
tetraethylorthosilane (TEOS), helium (He), and nitrogen (N,), and optionally
triethylphosphate (TEPO), triethylborate (TEB), and/or other dopant sources, are
supplied to gas mixing system 93 is also controlled by liquid or gas mass flow
controllers (MFCs) (not shown) and/or by valves (not shown). In some
20  embodiments, gas mixing system 93 includes a liquid injection system for
vaporizing reactant liquids such as TEOS and TEPO. According to these
embodiments, a mixture including TEPO as the phosphorus source, TEOS as the
silicon source, and one or more gaseous oxygen sources, such as oxygen (0O,) or
ozone (O,), may be formed with gas mixing system 93. The TEPO and TEOS are
25  all liquid sources that also may be vaporized by conventional boiler-type or bubbler-
type hot boxes in other embodiments. A liquid injection system is preferred as it
provides greater control of the volume of reactant liquid introduced into the gas
mixing system. The vaporized gases are then mixed in the gas mixing system with
a carrier gas, such as helium, before being delivered to heated line 85. Of course,
30 it is recognized that other sources of dopants, silicon, and oxygen also may be used.
Additionally, gas supply panel 80 includes switching valve 95, which

under the control of processor 50, can selectively send the clean gas with N, along



In still another aspect of the invention, a chanber liner is provided
around the pedestal/heater to insulate the chanber walls fromthe heater
Preferably, the chamber |iner includes an inner portion conprised of a

mat eri al such as ceramc that is resistant to high tenperatures and
to deposition/clean reactions, 5 and an outer portion conprised of a
materi al resistant to cracking. The inner portion of the I|iner

i nsul ates the chanber walls to reduce the Wafer edge cooling effects
whi ch m ght ot herw : ' ' e ) JThe outer
portion of t he&? 3%& e? ﬁﬁ??\g?@lhgs g%ggflgl}\e?fglals?}h?% f%&%gﬁjﬁ%{?{ Eaeltei}hr? rtleer
portion to brimsipgrowave plasrhesyytem b2t Weéken priveessexf M) causes switshing vatve 9hiol e

m ni m zi ng cracki ich m 10 . otherw se occur withe.a sjnale
el a1 vely ¢ ekl BRpE 2nd R N: Vi ngSLUREB1 T piSSSH Syaldm 357 Blaa Femare o1
portion of thefrbin'éhambet I §lGformbd d@ RSapplichtiil SfasRrdvive energy and $idadingOn
provi ded b% the liner. In still a further aspect of
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or nore clean gas passages and one or re process passages
recei vi ng pr ocdeposizion and earrieg gases frontl gdsomixing system 83 throwgiehetesicdline 8 w t he
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cl eaning nethod of the present 20 i nvention by al'lowing the apparatus to
qui ckl 'y arl@ ef switshing valve 193 (et Seawmerlocated at prpoit £iasp 0 et Y| andryemgte whi ch
I ncreases the o] pPuL.. Qf S : .
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pl ate including a plurality of | es for dispersing the gaseg into
the processi ngR Wb"g?‘?mﬂems’ gPFFqu?Y"dQ&s@é F§°F‘ﬁ%lre§ol§sprgﬁeés%r @‘ bypass
passages in thgshasfong it te e doRware computer program, to select either the clean

15  gases or the deposition gases to flow into chamber 15.

Located remote from the clean room where chamber 15 of apparatus
10 is located are a microwave power supply 110 and ozonator 115. Power supply
110 provides power to the magnetron in remote plasma system 55. Ozonator 115,
applies power to oxygen (O,) which is used as input to provide ozone (O,) as output

20 for use as at least one of the sources 90. In other embodiments, power supply 110
and ozonator 115 may be located in the clean room rather than being remotely
located. Further, in multichamber systems requiring multiple ozone sources and/or
multiple remote microwave plasma systems 55, multiple ozonators 115 and multiple
power supplies 110 may be provided.

25 The processes for depositing the film, performing a clean, and
performing reflow or drive-in steps can be implemented using a computer program
product that is executed by processor 50. The computer program code can be
written in any conventional computer readable programming language such as, for
example, 68000 assembly language, C, C++, Pascal, Fortran, or other language.

30  Suitable program code is entered into a single file, or multiple files, using a
conventional text editor and is stored or embodied in a computer-usable medium,

such as a memory system of the computer. If the entered code text is in a high-
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cl eaning, for exanpl e, at least a portion of the cleaning gases wll
pass through the bypass passages directly into the chanber to

i ncrease the speed of the cleaning process, t her eby decreasing the
down time of the chanber. The apparatus preferably 30 I ncl udes a contr ol

system such as a valve and a controller, 2{Sor partially or

conpletely

cl osirng the bypass passages to control thé& gas flow through the gas

di stribution
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computer system to load the code in memory, from which the CPU reads and

5  executes the code to perform the tasks identified in the program.

Fig. 1D is an illustrative block diagram of the hierarchical control

structure of the system control software, computer program 150, according to a

specific embodiment. Using a light pen interface, a user enters a process set

number and process chamber number into a process selector subroutine 153 in

10  response to menus or screens displayed on the CRT monitor. The process sets,

which are predetermined sets of process parameters necessary to carry out specified

processes, are identified by predefined set numbers. Process selector subroutine

153 identifies (i) the desired process chamber, and (ii) the desired set of process

parameters needed to operate the process chamber for performing the desired

15  process. The process parameters for performing a specific process relate to process

conditions such as, for example, process gas composition and flow rates,

temperature, pressure, plasma conditions such as magnetron power levels (and

alternatively to or in addition to high- and low-frequency RF power levels and the

low-frequency RF frequency, for embodiments equipped with RF plasma systems),

20  cooling gas pressure, and chamber wall temperature. Process selector subroutine

153 controls what type of process (deposition, wafer cleaning, chamber cleaning,

chamber gettering, reflowing) is performed at a certain time in chamber 15. In

some embodiments, there may be more than one process selector subroutine. The

process parameters are provided to the user in the form of a recipe and may be

25 entered utilizing the light pen/CRT monitor interface.

The signals for monitoring the process are provided by the analog

input board and digital input board of the system controller, and the signals for

controlling the process are output on the analog output board and digital output

board of CVD system 10.

30 A process sequencer subroutine 155 comprises program code for

accepting the identified process chamber and set of process parameters from process

selector subroutine 153, and for controlling operation of the various process
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0  used, such as polling. When scheduling which process is to be executed, sequencer

subroutine 155 can be designed to take into consideration the present condition of
the process chamber being used in comparison with the desired process conditions
for a selected process, or the "age" of each particular user-entered request, or any
other relevant factor a system programmer desires to include for determining

15  scheduling priorities.

Once sequencer subroutine 155 determines which process chamber

and process set combination is going to be executed next, the sequencer subroutine
155 initiates execution of the process set by passing the particular process set
parameters to a chamber manager subroutine 157a-c which controls multiple

20  processing tasks in a process chamber 15 according to the process set determined by
sequencer subroutine 155. For example, the chamber manager subroutine 157a
comprises program code for controlling CVD and cleaning process operations in
process chamber 15. Chamber manager subroutine 157 also controls execution of
various chamber component subroutines which control operation of the chamber

25 components necessary to carry out the selected process set. Examples of chamber
component subroutines are substrate positioning subroutine 160, process gas control
subroutine 163, pressure control subroutine 165, heater control subroutine 167,
plasma control subroutine 170, endpoint detect control subroutine 159, and gettering
control subroutine 169. Depending on the specific configuration of the CVD

30 chamber, some embodiments include all of the above subroutines, while other
embodiments may include only some of the subroutines. Those having ordinary

skill in the art would readily recognize that other chamber control subroutines can



17 Figs. 7A and 7B are side cross-sectional views

and bottom vi ews, respectively, of a chanber liner, in accordance

wi th an enbodi nent of the i nventi on; Fig. 8is
a partially schematic, cross-sectional view of Fig. 3 taken 5 al ong
lines 8-8, illustrating the punping channel and the gas flow pattern in the

exhaust system of the CVD apparatus 10 of i g. 2;
Fig. 9 is a vertical cross-sectional view, partially schematic, of a

heater/lift asgeanillded depefdiflg BH vt procRBOs B M Rifohh& | ; Qfty
Fig. 10 is an enl arged@?foss%sect [ ogal view of a rfbeotot om po I?F%?\Qg?m?qﬁe 10
heater/lift asSenis gpegAtion; ghanther manager subroutine 157a selectivély schedules oncallsde

Cross-section | .heater of the. assenbly of Fig. 9,
according to Eaﬂrlle élh)g%gé%fr?e © R%?%%@ul"ﬂe\?éﬂtaf?ﬁ?ame Wwith the particuiar prockss Sekig. 12

is a bottom vibeimgadxetihed. pSiember mheageesubrodting ST 6EHRGuIRs BRI rBEess coil;
15 I's an_expl oded view of the heater/lift

ass énbl y ot Ficgmpgnent Elllt?rbutjfx%s much like sequencgr; gybroming 4 53 schedulgs ydirhvprocessf
one of the el eeihbé&als HRPYBELss ¥Sare to be executed next. Typically, chamber manager
subroutine 157a includes steps of monitoring the various chamber components,
determining which components need to be operated based on the process parameters
for the process set to be executed, and initiating execution of a chamber component
10 subroutine responsive to the monitoring and determining steps.
Operation of particular chamber component subroutines will now be
described with reference to Fig. 1D. Substrate positioning subroutine 160
comprises program code for controlling chamber components that are used to load
the substrate onto heater 25 and, optionally, to lift the substrate to a desired height
15  in chamber 15 to control the spacing between the substrate and gas distribution
manifold 20. When a substrate is loaded into process chamber 15, heater 25 is
lowered to receive the substrate and then heater 25 is raised to the desired height.
In operation, substrate positioning subroutine 160 controls movement of heater 25 in
Iesponse to process set parameters related to the support height that are transferred
20  from chamber manager subroutine 157a.
Process gas control subroutine 163 has program code for controlling
process gas composition and flow rates. Process gas control subroutine 163
controls the open/close position of the safety shut-off valves, and also ramps
up/down the mass flow controllers to obtain the desired gas flow rate. Process gas
25  control subroutine 163 is invoked by the chamber manager subroutine 157a, as are
all chamber component subroutines, and receives subroutine process parameters
related to the desired gas flow rates from the chamber manager. Typically, process
gas control subroutine 163 operates by opening the gas supply lines and repeatedly
(i) reading the necessary mass flow controllers, (ii) comparing the readings to the
30  desired flow rates received from chamber manager subroutine 157a, and (iii)
adjusting the flow rates of the gas supply lines as necessary. Furthermore, process

gas control subroutine 163 includes steps for monitoring the gas flow rates for
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In some processes, an inert gas such as nitrogen or argon is flowed
into chamber 15 to stabilize the pressure in the chamber before reactive process
gases are introduced. For these processes, process gas control subroutine 163 is

10 programmed to include steps for flowing the inert gas into chamber 15 for an
amount of time necessary to stabilize the pressure in the chamber, and then the
steps described above would be carried out. Additionally, when a process gas is to
be vaporized from a liquid precursor, for example TEOS, process gas control
subroutine 163 would be written to include steps for bubbling a delivery gas such as

15 helium through the liquid precursor in a bubbler assembly, or introducing a carrier
gas such as helium to a liquid injection system. When a bubbler is used for this
type of process, process gas control subroutine 163 regulates the flow of the
delivery gas, the pressure in the bubbler, and the bubbler temperature in order to
obtain the desired process gas flow rates. As discussed above, the desired process

20 gas flow rates are transferred to process gas control subroutine 163 as process
parameters. Furthermore, process gas control subroutine 163 includes steps for
obtaining the necessary delivery gas flow rate, bubbler pressure, and bubbler
temperature for the desired process gas flow rate by accessing a stored table
containing the necessary values for a given process gas flow rate. Once the

25 necessary values are obtained, the delivery gas flow rate, bubbler pressure and
bubbler temperature are monitored, compared to the necessary values and adjusted
accordingly.

The pressure control subroutine 165 comprises program code for
controlling the pressure in the chamber 15 by regulating the aperture size of the

30  throttle valve in the exhaust system of the chamber. The aperture size of the
throttle valve is set to control the chamber pressure at a desired level in relation to

the total process gas flow, the size of the process chamber, and the pumping set-
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fl ow and m crowave saturation power that gives optimal cleaning rates
provided with renpote m crowave pl asma system 55 in accordance with a
speci fic enbodi nent of the present i nvention; 5

Figs. 22A-22C are graphs illustrating experinental results show ng

the dopant profile of the ultra-shallow juggtions forned using capped BSG
filns produced according to an enbodi nent of the present invention;
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about 550[err]C after heating at about 1 err
the temperature of a heater element 473 used to resistively heat heater 25 (and any

substrate thereon). Referring to Fig. 1E, heater control subroutine 167, which is
also invoked by chamber manager subroutine 157a, receives a desired target/set-

15  point temperature parameter, T,, as an input (step 580). In step 582, heater
control subroutine 167 measures the current temperature of heater 25 by measuring
voltage output of a thermocouple located in heater 25. The current temperature is
denoted T(k), where k is the current time step of heater control subroutine 167.
The controller obtains the temperature T(k) from the thermocouple voltage by

20  looking up the corresponding temperature in a stored conversion table or by
calculating the temperature using a fourth-order polynomial. In an exemplary
embodiment, heater control subroutine 167 in step 584 calculates the temperature
error. The temperature error, denoted Err,,,, is determined by the equation
EITmp(K) = Tyes-T(K).

25 In step 584, heater control subroutine 167 will select one of two
control algorithms based on the absolute value of Err,,,,(k). If the absolute value of
the temperature error is smaller than a predetermined boundary error, the heater
control subroutine will select a temperature regulator algorithm (steps 586 and 588).
This algorithm precisely controls the temperature at the desired temperature, T,.

30  If the absolute value of the temperature error is greater than the boundary error,
heater control subroutine 167 will select a temperature ramp control algorithm (step

590). This algorithm controls the rate at which the heater temperature will



25 subsequent wet etch processing, in accordance with a specific _
enbodi nent of the present invention; and Fig. 28
illustrates the FTIR spectra of a USG fil m deposited at about o

550[ err] C under exenplary process conditions, according to a specific

enbodi nent . 30 DETAI LED DESCRI PTI ON OF THE SPECI FI C

EVBODI MENTS . CVD Reactor System

19 A. Overview of O Reactor

Enbodi ment s of, r e ;Sys

appar at us used g%?)é%}%rfé\g |Hrg{c}t r%r'ﬁ félll }rtrg:gg OI?%#;%?C ?takylgghg}eeater t han
about 5(Iel[n§cmm changpsarti cul ar, such systens, nethods and apparatus
may be used to deposit undo ed dielectric filnms and doped dielectric

fiims. Such filnms may b JERPEL3 5Fqgulator algorithm (steps 586 and 388) uses

feedback and feedforward control to update the power delivered to the heating
5 element embedded in heater 25 so as to maintain the current temperature, T(k), as

close to T, as possible. The feedforward control in this algorithm estimates the
amount of power necessary to maintain the desired temperature given the amount
and type of gas flow and RF power supplied to the chamber. The feedback control
uses standard Proportional-Integral-Derivative (PID) control terms to adjust the

10 estimated feedforward power based on the dynamic behavior of the temperature
error, Err,,(k). PID control is the type of algorithm used in conventional heater
control systems without regard to the value of the temperature error. If these
routines seek to control the temperature ramp rate, they will define a time-varying
Ty(k) and then employ the PID controller described above to track this desired

15  temperature trajectory.

In the present invention, heater control subroutine 167 preferably
employs the temperature ramp control algorithm (steps 590) to control power to
heater 25 when the absolute value of temperature error is greater than the boundary
error. This algorithm controls T’(k), which is the rate of change of the

20  temperature, T(k), at time step k. The rate of change of temperature should be
controlled because the heater 25 can be made of a ceramic material, which may
fracture from thermal shock if the temperature changes too quickly. The ramp
control algorithm uses feedforward and Proportional feedback control to control
T’(k) to a predetermined desired ramp rate function, T’ (T). The desired ramp

25  rate is mainly a function of the temperature of the heater and is based on the
thermal shock resistance of the heater 25 at various temperatures. Thus, the desired
ramp rate may continuously change based on the current measured temperature of
the heater, or it may be set at a constant based on a minimum rate that is low
enough to avoid thermal shock within the range of temperatures of a particular

30 process. The control algorithm also employs a saturation function on the rate of
change of power supplied to the heater to damp the system response, which reduces

oscillations in ramp rate.
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numerical differentiation technique. It also determines the desired ramp rate,
T’ 4(T(k)), based on the current value of T(k), and the error in ramp rate,
BT =T 4 (T(k))-T" (k) (steps 592 and 594). The actual ramp rate T'(k) is
calculated from measured temperature T(k) over a range of temperature
20  measurement samples. In general, T",(T(k)) may be any continuous function of
temperature in various embodiments. In the specific embodiment, T’ (T(k)) is set
to be a predetermined constant value. The calculated ramp rate T’(k) is determined
by sampling (i.e., measuring) the temperature at a predetermined sample rate (e.g.,
10 times in a power update period, 1 second, in the specific embodiment). Then,
25 an average of the 10 samples is calculated and compared to the average of the
previous 10 samples. The difference between the averages of the first 10 measured
temperatures and the previous 10 measured temperatures is then divided by the
power update period to obtain an average measured temperature. The derivative of
the average measured temperature is then calculated to arrive at the calculated ramp
30  rate T'(k). The ramp rate error Errgg,. may then determined by taking the
difference between the constant-valued T’ ,(T(k)) and the calculated ramp rate T’(k)

in the specific embodiment (step 594). The above embodiment is an example of one



in Fig. 1A. A center board (not shown) includes sensors for providing

I nformation 20

on the position of the wafer. As discussed in detail bel ow, heater 25

i ncl udes resi stively-heated conponents enclosed in a ceramic,
preferably alum numnitride. In an exenpl ary enbodi nent, all surfaces
of heater 25 exposed to vacuum chanber 3 15 are made of a ceramc

mat erial, such as al um num oxide (Al [err] (ierr] or alumna) or 5

| um nitri : . A, .t end ' [t on
T MM hyaiert AR ALRon e BE M 6 S bl bBEARRE Y P
17 of appar at the m@re sophisticated diso can terused dn othenpinbodimientsndh oftigr f or ned by

chanmber |iner 3 nd t ortion of chanber 15. As discussed in
detail bel ow, _Wf?@ggﬁ?&acog%&sa@ﬁlﬁr@'ﬁ aispﬁ%ary be UseC- 35 preferably conprises a
ceram c material, such & @hbuFaednQtep2$967an eRemplary Ehtrol functivh sl inqhy/eS tO
| ower the tenperature gradi ent between resistively-heated heater 25

(hi gh tenper atseeafic smeodimenbisgivem ysthe follewing kqeationat a nuch | over
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box (or gas mwheng kil dekjuritnBtifneistep dmfl, k whéy the tnegrytime stepl cH(R#-dplsythei xed
power that will be supplied to the heater at the next time step. P, ..[T(k),
T’ 4s(T(k))], which is a function of the desired ramp rate and measured temperature,
10 is some modeled approximation of the necessary power to give a ramp rate of
T’ 4(T(k)) at a temperature T(k). K, is a control gain constant (in
Watts/(°C/second)) that is user-defined and multiplied with the ramp rate error
Errpeae. In the specific embodiment, P ,[T(k),T’:(T(k))] can be approximated
as P(k). This approximation is particularly true for slow systems such as the
15  resistive heater with large thermal mass of the present invention. The control
function is then approximated by the following equations:
P(k+1) = P(k) + KT o(T(k))-T" (k)]
P(k+1) - P(k) = K*[T’ 4(T(K))-T" (K)].
Because the response of the heater is slow, there is a lag between the
20  time power is adjusted and the time when the adjustment produces the desired
result. For example, if the temperature of the heater is stable and the desired ramp
rate is positive, the control will increase power to the heater. The temperature will
not, however, immediately rise according to the desired ramp rate. The control will
then at the next time step further increase power. It will continue to increase power
25  until the desired ramp rate is met. By that time, however, the supplied power could
be much greater than that needed to maintain the desired ramp rate. The ramp rate
will continue to increase beyond its desired value. This is called overshoot. The
controller will react by reducing power, and slowly the ramp rate will decrease.
Once again, the controller can act faster than the heater, so it will reduce power too
30 much and the ramp rate will decrease beyond its desired value. This is oscillation.

Over time, the magnitude of the oscillations will decrease and the ramp rate will



15 together and delivered to plate 20. Gas m xing box 273 is preferably a

dual i nput m xi ng bl ock coupled to a process gas supply line 43 and
to a cl eaning gas conduit 47. As will be discussed in detail below a
processor 50 preferably controllably operates a gate valve 280 (Fig.
5) to choose which of these two alternate sources of gases are sent

to plate 20 for dispersing into chanber 154 Conduit 47 receives 20 gases
froman integral renote m crowave plasma system 55, which has an inlet 57
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t hen exhaugst s Sferqu'égge g Wﬂﬁ%?ﬂ‘@g%ﬁs '%Oﬂpﬁf‘& Fﬁgleaﬁﬁm‘%\ﬁypmi ng
channel caf) bangkgt heeiisd DRAvAIRAbhtrol ¢ancbeOibed Yo Aap EhHEIEHSRED rpsiseM
(not shown). Exhaust gases and residues are preferably rel eased from

annul ar punpi rigt- cediisn Oversho@@nd oseillgsiogh $eddycstate ermep cEDbe reducedabyeusing
Co Lo S, Y 4B 4B T, g o o s 7 L1,
performed in (veferbpaavdide] ihGhiscontroladgorithm. Slalthixtoases plesivative WoaG61Ls Sot
10 available. It would require nﬁmerically calculating the second derivative of the
temperature. Because the signal-to-noise ratio of the thermocouple signal is low, its
second derivative can not be calculated reliably. Therefore, the present invention
uses a large K to reduce steady-state error and a saturation function (step 598)
instead of derivative control to dampen the system response. The saturation
15  function effectively schedules the gain K, such that K|, is inversely proportional to
the ramp rate error, Errgg,.. During the transient portion of the system response,
when errors are larger and overshoot can occur, the effective gain is small. In
steady-state, errors are small, so the effective K, is large.
The exemplary saturation function used to dampen system response is
20  given by the following equations (step 598). For these equations, P(k+1) refers to
the power defined by the control equation given above. P,(k+1) is the actual
power supplied to the heater. P’_,, is the predetermined maximum allowable
change in supplied power from one time step to the next. The exemplary saturation
function is as follows:
25 if | Pk+1)-P(k) | >P’ .,
then P,(k+1)=P(k)-P’ ., for P(k+1)>P(k)
and P,(k+1)=P(k)-P’ ., for P(k+1) <P(k)
else Py(k+1)=Pk+1)
A new term K, «(k) can now be defined as the effective gain of the
30  controller at time step k. Clearly, if P;(k+1)=P(k+1) the effective gain at time k
equals the gain K. But if the saturation function is applied, K,.«(k) is defined by
substituting P(k+1) for P,(k+1) in the equations above and combining them with



21 process, often referred to as sub-atnospheric CVD (SACVD). As

di scussed earlier, thermal CVD processes supply reactive gases to the
substrate surface where heat - i nduced chem cal reactions (honobgeneous
or heterogeneous) take place to produce a desired film In CVD
apparatus 10, heat is distributed by resistively-heated heater 5 25, as
di scussed in detail below, that is capabl reachi ng tenperatures as high
as about 400-800[err]C. Such heat di trlbutlon prOV|des uni form

rapid thermal :Hé‘@@aﬁgn"fp k+)) = b bhe,[’fﬁiﬁ‘ gé?gkpﬁl ng§“=(9 ?ﬁ@g‘?‘s({( 10 The’ zS’xfrﬁ ow

and/ or drive-in eani n ps Tn

mul tipl e-step Krgkeisas |f0l1csavstu I n chanber 15. Alternatively, a
control l ed plasma nay be forngd adj cent to the wafer by RF 10 ener gy
applied to gas distribution ;ﬁ? Frreau{ KRF power supply (not shown).
I n enbodi nents additionally |7€¢V Bep I/? @E el ectrode, the RF power
supply can supply eithefsingl & cy RF power to plate 20 or
m xed frequendy makingwhe effective gain spiadt whezahamatnp lnate leorne ris RFges lowershand @nd o

Chanber 15, | roBRan LR et ilfijzed RS Ruor BRBRE s Jeht °°°°°

deposi ti on apphé¢ &ikelthod ofdbinagd@vifie heat&xefromddor e4mp @ate control ACAEUSTAIAEY € t he
RF energy, as discussed bel ow. mot e mi crowave pl asma

syst em 55 i nt £B¢ FAME conter} jalgogithm ofhepter controhmbaw&mslﬁioiwem BesyHems
adapted for p on
resi due from \%; | ousag%ﬁpﬁg%@%@ ﬁ# %ﬁb%ggﬁrlg}q?ﬁc euc}mr%m\/\%f)fkg%?iegfs 20
wel | as olber tempgromesncentrdfurt her, rem)te m crowave pl asma system 55 can
al so perform cl ear}&\rﬁg‘sor etc of ni% ve oxi des or ﬁ gues ro
the surface of the p COpf est‘f RYMpREE rpé‘ﬁgrgﬂpﬁo ¢ ng
Al t hough gaseshé ﬂﬁghetiﬂﬁlﬁdedi‘Qe\QYS rldt Mode (CW or pulsed). In alternative embodiments

having RF plasma systems, plasma control subroutine 170 also could include

program code for setting low- and high-frequency RF power levels applied to the
15  process electrodes in chamber 15, and for setting the low-frequency RF frequency
employed. Of course, some embodiments may have one plasma control subroutine
170 used for microwave power levels and another plasma control subroutine 170
used for RF power levels. Like the previously described chamber component
subroutines, plasma control subroutine 170 is invoked by chamber manager
20  subroutine 157a.

A plasma control subroutine 170 comprises program code for setting
and adjusting the magnetron power levels and mode (CW or pulsed). In alternative
embodiments having RF plasma systems, plasma control subroutine 170 also could
include program code for setting low- and high-frequency RF power levels applied

25  to the process electrodes in chamber 15, and for setting the low-frequency RF
frequency employed. Of course, some embodiments may have one plasma control
subroutine 170 used for microwave power levels and another plasma control
subroutine 170 used for RF power levels. Like the previously described chamber
component subroutines, plasma control subroutine 170 is invoked by chamber

30  manager subroutine 157a. In embodiments having gate valve 280, plasma control
subroutine 170 also includes program code for opening and closing of gate valve

280 to coordinate with the setting/adjusting of microwave power levels.



pl asma system 55 are reactive cleaning gases for creating a plasma to

provi de fluorine, chlorine, or other radicals, renbte m crowave

pl asma system 55 al so may 25 be adapted to deposit plasma enhanced CVD
films by inputting deposition reactive gases into system 55 via input
line 57. Generally, renote m crowave pl asma system 55 receives gases
via input line 57, which are energi zed by gxcrowave radi ation to
create a plasma with etching radicals which are then sent via conduit 47
for dispersi onAlfefatigé t soRWERAMRE havk™ s A€ v

system55 30 wll beygfhgcsgsst%gd further bel oweﬁagdﬁéeéeﬁbgﬁ%%gé\ég%%%aﬁém
apparatus 10 iy erabediments having gagovalve 28di o frequency (RF) plasna systemto

grzow de fn situ plasm Ca%ba‘ltg‘gb‘!"w%"&“&ﬁ?m&°&|s“2'é’8%"r 159 H’Sl“dg%mgfa‘%f:%d%@éd to
nove and madsging ehdpoiritfietepricn by oontullingDy fiphtesouRe mdiaChght deeewh)| | es

such as throttle valv system 63 and heater 25. The eater/lift

assenbly 30, nRCENINE Gt fropyihg digbkdetector for us j GRTERAEnG JighEiniSRSIn: Shanges
remte m cr OV BuDUABHAnSY S8 BoAShalS MRl SUaAATpritess GRATANEHLE 07"

controll ed by processor 50 ov con I'nes
predetermined light intensity level or raising a flag indicating the endpoint of the

cleaning process. Endpoint detect control subroutine 159 also may be invoked by
chamber manager subroutine 157a. Endpoint detect control subroutine 159 is

10 included for those embodiments using the endpoint detection system described
below. Itis recogniz_ed that embodiments not having an endpoint detection system
would not need to use or have endpoint detect control subroutine 159.

Optionally, a gettering control subroutine 169 may be included that

can be invoked by chamber manager subroutine 157a. Gettering control subroutine

15 169 includes program code for controlling gettering processes that may be used for
chamber seasoning, post-clean fluorine gettering, etc. In some embodiments,
gettering control subroutine 169 can invoke specified software built into the clean
recipe to facilitate gettering control in combination with the clean recipe used.

The CVD system description presented above is mainly for general

20  illustrative purposes and should not be considered as limiting the scope of the
present invention. The exemplary CVD system 10 is a single-wafer vacuum
chamber system. However, other CVD systems that are multiple-wafer chamber
systems may be used in other embodiments of the invention. It should be
understood, however, that although certain featurés of the invention are shown and

25 described as part of a CVD chamber in a multichamber processing system, the
invention is not necessarily intended to be limited in this manner. That is, the
invention can be used in a variety of processing chambers, such as etch chambers,
diffusion chambers or the like. Variations of the above described system such as
variations in design, heater design, location of RF power connections, software

30  operation and structure, specific algorithms used in some software subroutines,
configuration of gas inlet lines and valves, and other modifications are possible.

Additionally, other plasma CVD equipment such as electron cyclotron resonance



sonme are shown. Processor 50 controls all of the
activities of the CVD nmachi ne. Acting as the systemcontroller,
processor 50 executes system control software, which is a conputer
program stored in a nenory 70 coupled to processor 50. 10 Preferably,
menory 70 may be a hard disk drive, but of course nmenory 70 may be

ot her kinds of nmenory. In addition to a hapd disk drive (e.g., nenory 70),
CvD apparatus 10 in a preferred enbodi nent includes a floppy disk
drive and a C@EOR) plasma QWD kievib¥so émiustion SupigdeRBthigh dendity plabrea € r ol  of

the system control software, which - inc¢cludes sets qQf i és}{sructions
that dictate @fEces AT Hif, like ey Pe employede Ihe dipleRtds .laysrs aﬂﬁﬂ%@@ dOT chanmber
tenperature, 'i’&rﬁ{iﬂg"?%% IPQ&’? Forl ¥ Gh the Cg?és"e%? RivehridiPshohldOfbe né&gsaril)(] be Other
parameters of a particular process. her conputer prograns such as those
stored on ot héimiwdnoayy specificdappgranfscor teraayspesifiaplsop pyciatiok mgthodt her
conput er program product .i nserted.i,n I sk dri

appropri ate dri ve, may s§_ oyR 1 %?gs.. E&gg&,i[(%/lgagpgglgs é?&g{e‘%rgﬁﬁ?%&deﬁ%t em
control sof t Wah@ostiré hssebHi 20LIaE vertichdlyahdvaBle heatee|(wafer Siipoetapedestai ot
contains a single-board conputer, analog and digital, | n%‘/zqorut ut

boar ds, i nt er SBsePBDAEOT SHPPOsting P semigpRACtas JaferoVithin a yacuym c

parts of CVD CON. . é]@% : )
standard whi c?@%&?éﬁézesigﬁer%{hﬁlg%?]dﬁtga%g@b%ﬁ?@ nect gsfarigliﬁng SI or?é\%{ﬁd
types. The etching\§tepstannitia whifexl sA gde tistritmtibh aydters 265 (Higs u2-6) Histributesa
16-bit da bus and 24-bit 25 add . _bus. Th

nt or f acel Ger e eases Fom g spuees o ifigo [ CLonp e, walfer. fpsAn gyhaust Sem
and |ight pen 2{gQFigs 2y disBhdr &-mégrdﬁbss%hséssm sthéfresifine frosh @iafmder 0f. t he
system noni tor and CVD apparatus 10, illustrated as one of the chanbers in

a mul t i ¢F\Rtapparaps 18 furiyDnelpdnsracheasrAift asserpblyrid Gigsy 14s OakNdbplt o a
mai nframe uni ti?c:i&)des .hZi‘teWg% r?&- ﬁe%ﬁﬁf‘klﬁswﬁ&darﬁr @ugﬁq@ ﬁalgxpvngrfr%ﬂl \gﬁa’rdsoin ing and

ot her support Tunctions e appara y mainframne
units conpati Iprecesdingposition withintchamberel5. An integral remote microwave plasma

15  system 55 (Figs. 1A and 16) is also provided in CVD apparatus 10 for periodic

chamber cleaning, wafer cleaning, or depositing steps.
As shown in Fig. 2, CVD apparatus 10 further includes a liquid
cooling system 215 for delivering coolant to various components of the chamber 15
to cool these components during the high temperature processing. Liquid cooling
20 system 215 acts to decrease the temperature of these chamber components to
minimize undesired deposition onto these components due to the high temperature
processes. Liquid cooling system 215 includes a pair of water connections 217, 219
that supply cooling water through the heater/lift assembly 30 and a coolant manifold
(not shown) for delivering coolant to the gas distribution system 205 (discussed
25  below). A waterflow detector 220 detects the waterflow from a heat exchanger (not
shown) to enclosure assembly 200. Preferred embodiments of the individual systems

of apparatus 10 will be described in further detail below.

A. Enclosure Assembly
30 Referring to Figs. 2 and 6, enclosure assembly 200 is preferably an

integral housing made from a process-compatible material, such as aluminum or

anodized aluminum. Enclosure assembly 200 includes an outer lid assembly 225 for



enbodi mrent of CVD apparatus 10 are currently commercially available as the
23 Preci sion 5000[err] and the Centura 5200[err] systens from
Applied Materials, Inc. of Santa Clara, California. The nultichanber
system has the capability to transfer a waf er between its chanbers

wi t hout breaking the vacuum and w thout having to expose the wafer to
noi sture or other contam nants outside the3 | ti chanber 5 system An
advant age of the multichanber systemis that different chanbers in the

mul ti charber Sdéﬁbé'ﬂiﬂg@ﬁbc%%‘é‘ and @ftah Bsegglfrufoﬁglgﬁﬁgirﬁé’trtgﬂégg ru's i E) rp&ta'ksfe ly

process. For exanple, one c%anb e used ositron o
oxi des, anot hed30nwishinassgmbly 200. Inneplid msssmbly 230 fmictipmsaoatispersg thagatey et

anot her may be, us for oxide cleaning., Th rogess, na roceed
uni nt er r upt ede!wotuﬁﬁ%mtch@“ﬁﬁl fsl %Wgﬁb‘gé}g%%’f g‘?ﬂ“"?ﬁ@?&ﬁvﬁﬂ? heai%@Se % ng
cont am nat i on shbwnah @ig. 2,helid 0bvee 238 peovides\ecets ité aitsdomipgonitts WA ®p of
bet ween various separate individual chanbers fnot in a multichanber system

for i f redelopyre pasembly, 200, (if- opwtss lid assembly 32), and shields the) gperater from
pr ef erred e”bclﬁbaﬁl'?é td ﬂ%h@ﬂﬁér%?egd%‘i’ingrs?stéﬁ%?)eraﬂgﬂ. R EARAD processes, lid

cover 233 preferably includes a cutout 235 to allow clearance for lid clamps 237
that ensure gas integrity of the Ehamber 16. Lid cover 233 generally remains closed
during most process steps unless the chamber is opened, for example, to perform a

10  preventive maintenance chamber cleaning, thereby breaking the vacuum and
bringing the chamber to atmospheric pressure. A lid hinge 239 includes a locking
ratchet mechanism 241 to prevent the lid cover 233 from falling closed.

As shown in Fig. 2, enclosure assembly 200 defines a vacuum lock
door (not shown) and a slit valve opening 243 through which a wafer loading

15  assembly (not shown) transports a wafer W into process chamber 16 and loads
wafer W onto heater 25. The wafer loading assembly is preferably a conventional
robotic mechanism disposed within a transfer chamber (not shown) of the
multichamber processing system. A suitable robotic transfer assembly is described
in commonly assigned U.S. Patent No. 4,951,601 to Maydan, the complete

20  disclosure of which is incorporated herein by reference.

Referring to Figs. 3, 4, 7A and 7B, the inside wall 245 of enclosure
assembly 200 around chamber 15 is covered with a chamber liner 250, which rests
on a shelf 252 of enclosure assembly 200. Chamber liner 250 serves to inhibit
process gases from flowing to the back side of the wafer. In addition, since heater

25 25 has a smaller diameter than enclosure assembly 200, liner 250 inhibits the flow
of process gases below heater 25 to the lower portion of chamber 15. Accordingly,
undesired deposition onto the bottom of heater 25 and the lower portion of chamber
15 is minimized. Further, liner 250 provides thermal insulation between the
aluminum walls of enclosure assembly 200 and the edge of the wafer on heater 25,

30  in order to prevent wafer edge cooling during high temperature processing. During
high temperature processing, liner 250 prevents excessive heat loss from the hotter

edges of the wafer on heater 25 (e.g., about 550-600°C) to the cooler surrounding



in the clean roomwall for the operators and the other behind the wall for
the 15 service technicians. Both nonitors 73a sinultaneously display the
same i nformati on, but only one light pen 73b is enabled. The |ight
pen 73b detects |ight emtted by CRT display with a light sensor in
the tip of the pen. To select a particul ar screen or function, the
operator touches a designated area of thesgisplay screen and pushes
the button on the pen 73b. The touched area changes its 20 hi ghl i ght ed

color, or a nelanitenvalls (8.&! Sdul 60°@)s PWale, lineP D50, the heat@efetisat dretddge
between t he I| ht pen and the display screen. & course, other_ devi ces
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may be used i Fbsﬁ&i”‘f}mfo%d Fﬁgm% 'Lriné’?%btﬂr%r&g/ LdriitiseP &R irfneP pbRiof 3 w the

user to conmuni cate w rocessor 1C
i 'lustrates afaeedradla proeess-cempaifbléhiateziapthanisuselll Suited for high tempﬁammn to a

gas supply. panel 80 located in.a cle I, scussed abo . CvD
appar at us 510 PFREFIER (-8 ANFLST than 5%? gﬂ(&gﬁerprf m%é%( INRET AT 'bg% 9FHNgE; ¢ 1y

i nputs from sepelymbHNS Lckranid HREGH! suchas alitfiniA MirRieMaRME \0? the ARdIB
system 55 with input |line 57. As mentioned above, gas m xi ng box 273

is for mixing vaml@mna heingetbe ipreferedh materiabnInpgs pedipn 233 vallaspallyalaves or
ot her gas(es) unu &iiﬂ&f“b lttubleméﬁ and Hxéeferta&y alﬁguto(? qu?? {h chanber 15. As

seen in Fig. , renote n crowave |S|ntegrally
| ocated and nmount ed bel Qinee Ilaﬂipeeferkﬁlyvuotﬂpmmﬁuomeﬂﬁomon 255 that comprises a

10  material that is less susceptible to cracking than ceramic, such as aluminum. Outer

portion 255 rests on shelf 252 of enclosure assembly, and includes an annular lip
254 for supporting inner portion 253 of liner 250. In a particularly preferred
embodiment, outer portion 255 includes a plurality of circumferentially spaced
vertical struts 257 that define inner air gaps 259 therebetween, as shown in Figs.

15 7A and 7B. Air gaps 259 facilitate insulation of the inner portion 253 of liner 250
from the outer chamber walls to increase wafer temperature uniformity (otherwise
the outer edge of the wafer could cool down due to the surrounding chamber wall
temperature, which is cool relative to the heater and wafer temperature). In
addition, air gaps 259 provide thickness to liner 250 so that it can bridge the gap

20  between the outer chamber walls and heater 25 while minimizing the cracking or
other thermal damage that may occur with a thicker liner 250. Outer portion 255 of
liner 250 usually has a thickness of about 0.5 to 2 inches with an air gap 259
thickness of about 0.2 to 1.5 inches,, and preferably about .9 to 1.1 inch with an air
gap 259 thickness of about 0.6 to 0.9 inch. An annular cover 261 is positioned on

25 the upper surface of outer liner 255 to form the lower wall of a pumping channel 40
(discussed below). Annular cover 262 preferably comprises a ceramic material,
such as aluminum oxide or aluminum nitride, to shield the aluminum outer portion
255 of liner 250 from process gases and the heat within pumping channel 40.

In an alternative embodiment (not shown), liner 250 only comprises

30 inner ceramic portion 255 resting on shelf 252 of enclosure assembly and annular
cover 261 forming the bottom of pumping channel 40. In this embodiment, outer

portion 255 is replaced with an air gap (not shown) between ceramic portion 235



24 com ng up al ongsi de chanber 15 to gate val ve 280 and gas m xi ng

box 273, | ocated above chanber 15. Simlarly, gas supply line 43,
whi ch conmes up al ongsi de chanber 15 to gas m xing box 273, is
provided with reactive gases via |lines 83 and 85 from gas supply

panel 80. Gas supply panel 80 includes lines to gas or liquid 5 supply
sources 90, containing gases or liquids thagy may vary dependi ng on the
desired processes used for a particular application. Gas supply panel 80
has a mand the insidd wail 98 endiosule assemblye sThehair gep asulatesnhephighess and

carrier gases (or vaporized |iquids rom.sour ces for .mxi| and
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gas mixing box 273, clean gas manifold 277 and gate valve 280 are preferably

15  fastened, e.g., bolted, to the top surface of base plate 265. First and second gas
passages 83, 85 are mounted to the exterior of plate 265, and extend into gas
mixing box 273. Gas passages 83, 85 each have inlets suitably coupled to sources
90 of gas (see Fig. 1C), such as ozone, TEOS, TEPO, helium, nitrogen, clean gas,
or the like, and outlets (not shown) in communication with a mixing area 93 within

20  box 273 for mixing the gases prior to delivering them through inlet tube 43 into the
inner lid assembly 230.

It should be noted that for plasma processes, CVD apparatus 10 will
further include a gas feed-through box (not shown) housing gas passages 83, 85 to
enable the application of high voltage RF power to the gas box without gas

25  breakdown, and without gas deposition in the gas distribution system. A description
of an exemplary gas feed-through box can be found in U.S. Patent No. 4,872,947
to Wang, the complete disclosure of which is incorporated herein by reference.

As shown in Fig. 6A, clean gas manifold 70 includes conduit 47 for
receiving gas(es) from inlet 290, and directing these gas(es) through a fluid passage

30 293 into gas mixing box 273. Gate valve 280 includes a valve plug (not shown)
seated within passage 293 for selectively allowing or preventing the gases from

passing through conduit 47 into gas mixing box 273. Gate valve 280 may be



ozone (03), may be formed with gas m xing system 93. The TEPO and TECS are

25 all liquid sources that also may be vaporized by conventi onal

boi | er-type or bubbler- type hot boxes in other enbodinents. A liquid
i njection systemis preferred as it provi des greater control of the
vol une of reactant liquid introduced into the gas m xi ng system The
vapori zed gases are then mxed in the gasd4lm xi ng systemw th a

carrier gas, such as helium before being delivered to heated line 85 O
course, 30 imanitally epeoaged by dcusting handler2&8oor gate vaiveRS9anaysbe eontiodled by and

oxygen al so may_ be uggd. . . . ddi.1 i .

panel 80 i ncl Hgo&ssg(lﬁﬁ.c tﬁwg\/cé?a\%ngg@}scvﬁf% Helo“/f} éytéukggé?b?(zg %@ﬁg‘?ﬂgﬁ%g
processor 50, a@ thetiest gases Fromeplasnidsystene 85 1@ pass\intolbok[ 2761 Jvhedeathey are

25 process line 83 to gas supply_ Line 43 or Iggg_fec_l ean gas |line

as I
57 to renote directed Hhreyghniales e Adviatoschamber 45 to gich the, vg BACTcauses
Sw tching gval y rt\Pﬂlls and thé GRer E&ﬁpdhteﬁi?%fg rXi’u'n%'iO.Nz via input line 57 to
a p rom cha

pl asma system b5, asnma renote er 15 is forned due to
appl i cation of nicrowavéseshewnyn &igl 3 |cleanigag manifold2k70ds censtmeted insegraki® f or
transfer to g?.l'?e t%%ri%' cgf elrllzlosdarg %%s%?n%?yr 2&9 of gp%a?a'n?sol(ia\%lx Y conduit 47 having an
appropriate bend or curve from the top toward the side of chamber 15. Conduit 47
of manifold 270 has an opening into a passage integrally formed within a side wall
10  of enclosure assembly 200 of apparatus 10, which may become heated due to the
high temperatures at which heater 25 operates. This passage is equipped with an
internal liner 291 that serves to protect the inner surfaces of the passage in
enclosure assembly 200 from corrosion and etching from the clean gas radicals
entering from an applicator tube 292. Liner 291 also prevents recombination of
15 radicals in the clean gas. Clean gases are introduced into applicator tube 292 from
an inlet 57. Radicals are created from clean gases in applicator tube 292 by
microwave energy radiated from a magnetron in plasma system 55, which is
advantageously located toward the bottom of chamber 15 in enclosure assembly
200. The location of system 55 at the bottom of apparatus 10 facilitates servicing
20  of chamber 15 for preventive maintenance cleanings, repairs, etc. In particular,
opening the lid of apparatus 10 in order to perform preventive maintenance
cleanings is easily done, since the bottom-mounted remote microwave plasma
system 55 is not located on top of the lid of apparatus 10. Microwave plasma
system 55 is discussed in further detail below. As shown in Figs. 3 and 4, inlet
25  tube 43 preferably includes an inner passage 295 for delivering process gases into
chamber 15, and an outer, annular passage 297 in communication with passage 293
for directing cleaning gases into the chamber.
The coolant manifold, which may be fastened to the top or side
surface of base plate 265, receives coolant fluid, such as water or a glycol\water
30 mixture, from the heat exchanger. The coolant is distributed from the coolant

manifold through an annular coolant channel 93 (Figs. 4 and 5) in base plate 265 to



anot her valve 96 to send ozone through line 83 to gas supply line 43 and to

send the deposition and carrier gases fromgas m xing system 93
through heated line 85 to gas supply line 43. In alternative
enbodi nents, valve 95 is connected at its out put only to line 97 and

selectively allows clean gas and N2 to pass through line 97 to a 10

swi tching val ve 105 (not shown). Located agza point close to inlet 57 and
renot e system 55, switching valve 105 in these enbodi nents woul d be
connect ed t o i comyectively andboontiactivelyotemove heavieom piats 265mahd therudmplosents of | | ne
83 leading to jnlet 43. . speci fi.c embodi nent ate.val ve 280 may
be controll ed Werp{‘%é%sgz@bpy &P dygin roce?ssmgiﬁlfgqqsggfmotﬁgh r‘iﬂﬁﬂt brlow) st em
sof tware conputer progragy shewidfl Bigs. £ahd'S! idnBr1ig a6RmbhP230 SRy dhclbilld
deposition gases to flow into chanber 15. Locat ed

renote from t hbasgpdaie 262.0arblankaroor gas dispersios plate 30 andashowerhead qrogass

| ocated arq a 0 S AN t . rysupply
110 provi dgs pg?\ﬁ/%{bgp@ﬂﬁ hage ?r% e#&%hﬂgé&&gﬁ%ﬁgéfg&ggﬁgkgﬂt?e%ﬁ’@@% onat or
115, appPlages 300y\20 ateoprefey @iy féraledrftdm avptbeess-tompatible matcriaptiht isO

provi de ozone (OS% as, out ?t, Zos,bmfor use agwgt I?aastp%ne of the _sources
90. In other efAn3blefithstanding high ismpgrature processes., F9r 63ynple oplates 30hw30 he

located in t herxtﬁ#’ %@&ngmcéﬁﬁﬂ@fnﬁel?ﬁps&ﬁia@gﬁ\{d?igﬁﬁﬁe&ﬂde or alumifhhifiide

Further, in nu chanber systens requiring nmultiple ozone sources and/ or
mul ti pl e renot AIN)copaanetalpbuchres ahysinemsor#apdized aluplirum.z Freferably, tHesplates

mul tiple supplies 110 e provided... 2 . P The
processes 1Po_r é@s\@r?%ﬁg&? em?tﬂ% Iwcr%équ%%oraaqﬂdggaalmum to MINMIZE, i ng
reflow or drivgad depssifes ofidhe fefacEPbEHRES 301, UH. Nt A pAGCHIHFP preTféed am

product that is executed by processor 50. The conputer program code can be

written in anycEbediBens, @anfispessipn tlate 2@k eemprisep apefizadalvginuanendgas such as,

for exa . 1} , - or
ot her | anguagrer.H is%uﬁgggﬁtgg?gs% %sgerg Z‘T '(':'g%g' i('s‘;‘sedn; tﬁrblé'g&llsn ogaglifg{ptﬁgsféeh file,
or multiple fiphtes 303] 20 are each directhynfastehédotoad lotwex surfabiet afrbaseplates265t or ed or

embodi ed '3 2 brettra 1‘;{ -ggss 1Et|ri utrlrc‘?tfI Iaxlljc{T;llispersion plates 20, 301 are affixed to lower

surface of base plate 265 with a plurality of threaded mounting screws 303, 305,
respectively. Mounting screws 303, 305 provide a relatively tight, surface-to-
surface contact between contact surfaces of gas distribution and dispersion plates 20,
301, respectively, and lower surface of base plate 265 to facilitate conductive heat

20  exchange therebetween (discussed in greater detail below). The mounting screws
303, 305 comprise a process-compatible material, such an nickel, Hasteloy™,
Haynes™ or the like.

Referring to Figs. 4 and 5, gas distribution plate 20 is a substantially

flat plate 311 having an outer flange 313 with a plurality of holes 315 for receiving

25  mounting screws 305 to provide engagement of the contact surface of plate 20 with
lower surface of base plate 265. Base plate 265 includes an outer annular stand-off
316 that spaces gas distribution plate 20 from the bottom surface of 265 and forms a
chamber 317 (see Fig. 4) between these two plates for dispersing the process gas
uniformly through a plurality of gas distribution holes 315 onto a semiconductor

30  wafer. Alternatively, gas distribution plate 20 may comprise a dish-shaped device
(not shown) having a centrally disposed cavity defined by a side wall and a base

wall.



such as a nenory systemof the conmputer. If the entered code text is in a

hi gh- 26

l evel |anguage, the code is conpiled, and the resultant conpiler code is
then |inked wi th an object code of preconpiled Wndows |ibrary
routines. To execute the | i nked conpil ed object code, the system user
I nvokes the object code, causing the conputer systemto |oad the code

in menory, fromwhich the CPU reads and 5 executes the code to perform
the tasks identified i nreng el dfAGiAfkement of gas distribution holes 31§ wilt? an
illustrative block diagramof the hrerarchical control structure of
t he syst em caolepensding of theaprocess charactexistios.odioanxarsple, thedwieasi¥1§ may be

speci fic enbqdigrent. Usina a |.i.ght n interface. a user enters a.process
set Oy oapde o oing 4 nolton by R e ke Bl it g the

subroutine 1%ghdrhah, hole£SIHMAR bk AoNRAIFETALY sPAle@QNT afiafifdddiPdesiEd.! FRIRT
noni tor. The process sets, whi ch are predeternm ned sets of process

par anet erd nedds¥idrysually bayera digmetes j therrapge of about 710@ aaik and prefesablpdmt i i ed
by predefinedys ?inlg@m%xft' IOE%(Pﬁx‘ﬁ.S SPrSFJ(ﬁﬁ%,Oéaﬁﬁi%ﬁﬁﬂwngﬁﬂes 315, are desigfb@th! f1 €S
r, a 1 e de

(i) the desired process chanber, an sired set of process
promote uniformity of deposition on the semiconductor wafer. The holes (as well

as the manifold temperature, discussed above) are also designed to avoid the
formation of deposits on the manifold outer (bottom) surface and, in particular, to

10  prevent the deposition of soft deposits on that surface which could flake off and
drop onto the wafer during and after processing. In an exemplary embodiment, the
hole array is one of generally concentric rings of holes 315. The distances between
adjacent rings (ring-to-ring spacings) are approximately equal, and the hole-to-hole
spacing within each ring is approximately equal. A more complete description of a

15  suitable arrangement for the gas distribution holes is described in commonly
assigned U.S. Patent No. 4,872,947 to Wang, the complete disclosure of which has
previously been incorporated by reference.

Gas dispersion plate 301 is a generally circular disk 321 including a

plurality of gas dispersion holes 325 for dispersing the gas therethrough into the

20  chamber 317 formed between outer stand-off 316 and gas distribution plate 20.
Base plate 265 preferably includes a second, inner stand-off 318 for spacing
dispersion plate 301 from base plate 265 and for allowing gas passing through base
plate 265 to disperse into a chamber 320 (see Fig. 4) formed between stand-off 318
and plate 301. Alternatively, gas dispersion plate 301 may define a recess (not

25  shown) for forming chamber 320 rather than stand-off 318. Dispersion holes 325
will usually have a diameter of about 0.02 - 0.04 mm. Of course, it will be
recognized by those skilled in the art that dispersion plate 301 may be included in
preferred embodiments of the invention. However, the process gases may be passed
directly from base plate 265 into chamber 317 of gas distribution plate 20, in other

30 embodiments.

As shown in Figs. 4 and 5, base plate 265 is an integral, single-piece

element that functions to deliver process gas(es) to gas dispersion plate 301 and to



paranmeters needed to operate the process chanber for performng the desired
15 process. The, process paraneters for performng a specific process

rel ate to process conditions such as, for exanple, process gas

conposition and flow rates, tenperature, pressure, plasma conditions
such as magnetron power |evels (and alternatively to or in addition
to high- and | owfrequency RF power |evel ggand the | ow-frequency RF

frequency, for enbodi nents equi pped with RF plasm systens), 20 cool i ng

gas pressure, mpiflt 6bARAY inné lid hemBly 306 the’maiiERmesaliest the psodessing | ne
153 control s what type of ﬁrocess (deposi tion, wafer cleaning, chanber

cl eani ng, chamabesrifa RE; alasmap PRR§esse finpaK: lidyassemably 23p gyilledsoinciyde ap ¢ 4
time in Cha”bf‘sfola%&- (gb{'sh[o. n) m@%@uﬁgﬁyﬂkﬁﬁfé& $he HaRIber TBMrdA® F%@ apfjan one
process sel ector subroutine. The process paranmeters are provided to
the user in t isplatesrthe chamber dwidy froantherRly gaeeb@5(not ehmvean) e dAmi exdmplanydid he

| t ght pen/.CRT nonijor interface. . . . e S) |s for
moni toring t héssﬁ‘inbb’e{g uge & “b?ﬂ?s Plasrga pYocesses i dasgriped in J%I r\%{?ﬁ%ar d and
digital input4bgyargh7ab Whis, NS EBELERE bf Mhichrhas Pevitudfy béedaddipdrated by
controlling the process are output on the anal og out put board and digital
out put mefereticesf CVD system 10. 30 A process
sequencer subroutine 15 Is r ' t he
identified process cha é%ﬂgﬁé“zﬁg'g’%g%ﬁ%‘g?ga‘{agﬁé?‘é’?’ssﬁggnggi g%gss

sel ect or subr defineseanldndulan pomping chaxntel 40 fornexhaymeing ttheodepobitivh @asear i ous
process

10 (discussed in detail below). As shown in Figs. 4 and 5, base plate 265 defines a
central hole 327 in communication with inlet tube 43 for receiving the mixed
process gases from gas mixing box 273. Hole 327 is also in communication with
recess 311 of gas dispersion plate 301 for dispersing the gas across plate 301 to
holes 315. Base plate 265 further defines a coolant passage 93 having an inlet 331

15  and an outlet 333 coupled to the cooling system 215 for directing coolant fluid
through portions of plate 215 to convectively cool these portions of plate 265.
Preferably, coolant passage 93 is formed within portions of base plate 265 that are
relatively close to mounting screws 303, 305. This facilitates conductive cooling
through contact surfaces of dispersion and distribution plates 301, 20 and lower

20 surface 326 of base plate 265. A more complete description of exemplary designs
for coolant passage 93 can be found in commonly assigned, co-pending application
Serial No. 08/631,902, filed April 16, 1996 (Attorney Docket No. 1034), the
complete disclosure of which is incorporated herein by reference, and in commonly
assigned U.S. Patent No. 4,872,947 to Wang, the complete disclosure of which has

25  previously been incorporated by reference.

Referring to Fig. 5, base plate 265 further defines an annular recess
343 surrounding central hole 327 and an annular cap 345 disposed within recess 343
fastened to base plate 265 above coolant passage 93. Preferably, annular cap 345 is
welded to upper surface of base plate 265 to provide a tight seal over passage 93,

30 thereby effectively preventing coolant leakage from passage 93. With this
configuration, passage 93 is formed relatively close to gas distribution and

dispersion plates 20, 301. In addition, passage 93 is fabricated by forming a groove



27 chanbers. Multiple users can enter process set nunbers and
process chanber nunbers, or a single user can enter nultiple process
set nunbers and process chanber nunbers, so sequencer subroutine 155
operates to schedule the sel ected processes in the desired sequence.
Preferably, sequencer subroutine 155 includes 5 program code to perform
the steps of (i) nonitoring the operation,f the process chanbers to
determne if the chanbers are being used, (ii) determ ning what

processes are; i c r el : ;
executing the 1Pﬂie%pg€§1{r¥a§g oglrﬂ%)sce sg& %géyg%?gg?ﬂéﬁg I[Hiéfc?gto?‘!ﬁg% gﬁﬁcl)écﬂé%s
chanber and t lo€ mappfacwiing platess to be carried out. Conventi onal

met hods of nonitoring the_ process chanbers be 10 .used uch

pol i ng. Wien schedul i ng“‘f@sW%“ﬁY’deﬁ%& féb at"gafg‘e aé&%%?ma e © Ba@gﬁ@e&s
subroutine 15%nmeaMidi8sefttty 23 0wilOndvr b dedttiBed O SHhilaTdith® Previvas pr esent
condi tion of the process chanber being used in conparison with_the

desired priocesmbediment,lishassembly 23ppinchidgen basecplals2de ed £as disparpian Pl 30bt

each particul 3ha 4S E'd?s%tﬁfu‘tﬁg pidid nggg ?igéer%,g%/ FOCESS. an‘atégah gragésq){%r%a{r%&t or a

system progranier Uesires to I nc rm ning schedu
priorities. 15. In addition, base plate265cinciadescacamulan fcoclant chanrded 500 dorer ni nes
whi ch process chanber .and process set co inaqthioa %s (ggisn to be

execut ed next Te4ehENE asoiartliquid,isuch,as Water, to cooy Base;Rigte 267 aud te Qther o o

the process s@bindtfSsf 1 aisbRar0’.C'th fiis BB6@ARE hse plate JBFWARR 75 (0 2

chanber nmanager subroutine 157a-c which controls multiple 20 processi ng
tasks in 0 pr desedes @naadisionalsangulen fluidchannel 5A2 eptendiog arovad cgatra helen2? by

sequencer sub ragg;['el gaes 1s51)5e'rsi(!J:nO;ralat%xffiﬁpﬂoxe lexc:tl'xrz]n'elgiﬁé1 %E’B%m{'ﬁ{éap%?ﬁor? &btga%’ tpia@g 157a

265 immediately above gas dispersion and gas distribution holes 325, 315.

Inner lid assembly 230’ includes a plurality of bypass passages 510
extending from chamber 320 between base plate 265 and gas dispersion plate 301 to

15  vacuum chamber 15. Bypass passages 510 offer a lower resistance to fluid flow
than gas dispersion and gas distribution holes 325, 315. Accordingly, a large
portion of the gas flowing into chamber 320 will pass through bypass passages 520
directly into the vacuum chamber 15. In an exemplary embodiment,, bypass
passages 510 are preferably spaced circumferentiaily around base plate 265 to

20  uniformly deliver gases into the chamber 15 (see Fig. 6E). In a preferred use of
this embodiment, cleaning gases, such as NF,, pass into chamber 320 and through
gas dispersion and gas distribution holes 325, 315, respectively. In addition, a
portion of the cleaning gases pass through bypass passages 510 directly into
chamber 15 to facilitate the delivery of the cleaning gases into chamber 135.

25 In this embodiment, vapor deposition apparatus 10 will preferably
include a control system, such as a valve coupled to a controller (not shown) for
preventing (or at least inhibiting) gases from passing through bypass passages 510.
For example, during processing, it is typically desired that the process gases pass
through gas distribution and dispersion holes 325, 315 to uniformly disperse onto

30 the wafer. Thus, the valve will be closed to prevent the process gases from passing
through bypass passages 510. When the chamber is cleaned, the valve will be

opened to quickly deliver at least a portion of the cleaning gases into the chamber.



conprises program code for controlling CVD and cl eani ng process operations
I n process chanber 15. Chanber nanager subroutine 157 al so controls
execution of vari ous chanber conponent subroutines which control
operation of the chanber 25 conponents necessary to carry out the

sel ected process set. Exanples of chanber conponent subroutines are
substrate positioning subroutine 160, procgss gas contr ol subrouti ne
163, pressure control subroutine 165, heater control subroutine 167,

pl asma cont r ol THi¢ RicRiabdsnBie 3gddd 200 LeiicHc &ﬁﬁg u t , and
gettering control sub[r?outai ne 159. y%ztggtﬁgfng Rmtcﬁ% g:glggiﬂff@%e}%
confi gur at i on dewn; tirae of/appgatus ¢ha@feoprss oitwvill tieadcognired thatqiromtss gdses nfay t he

he. subrout | ndlo v Sitvefba ebBEn pygass p3Feaces STOLIEHeRR, 1 e art woul-d readi |y
recogni ze that other chanber control subroutines can
28 hg(rarbi ncl uded d%gendi ng on what pr (ﬁC(raﬂs)ses are to bebper I or megSi?n
process c er : mﬁéhélﬁéﬁl&m chanber manager subroutine a
Sccor dance i th the par (o as % Fifse 2 ARl 0 RN SHleR o/,
manager subr owapparetus 3Pepreviliesdvacawn tpiressyre o @ssw both the process and purge gases,
as well as residues, out of chamber 15 and through annular pumping channel 40,
where they are discharged from apparatus 10 along a discharge conduit 60. As
10 shown in Fig. 8, the deposition and clean gases are exhausted radially outward over
the wafer W (shown by arrows 351) through an annular slot-shaped orifice 355
surrounding the chamber 15 and into pumping channel 40. The annular slot-shaped
orifice 355 and channel 40 are preferably defined by the gap between the top of the
chamber’s cylindrical side wall 17 (including inner portion 253 of the chamber liner
15 250, see Figs. 3 and 4) and the bottom of base plate 265. From the pumping
channel 40, the gases flow circumferentially around channel 40 (shown by arrows
357) and through a downwardly extending gas passage 361, past a vacuum shut off
valve 363 (whose body is preferably integrated with the lower chamber body), and
into discharge conduit 60 which connects to an external vacuum pump (not shown).
20 Alternatively, CVD apparatus 10 may include a separate pumping
plate (not shown) having a plurality of gas holes that directly communicate process
chamber 15 with pumping channel 40. In this embodiment, the gas holes are
circumferentially spaced around the central opening of the chamber to facilitate the
uniform discharge of process gas through the holés. To accommodate the relative
25  positions of inlets and outlets, gas holes may extend in a radially outward direction
from inlets to outlets relative to central opening. This radial orientation of holes
also contributes to a substantially uniform discharge of the process and purge gases
and exhausted residues from the processing chamber 15. A more complete
description of this type of pumping plate can be found in commonly assigned co-
30  pending application Serial No. 08/606,880, filed February 26, 1996 (Attorney
Docket No. 978), the complete disclosure of which is incorporated herein by

reference.



5 conponent subroutines much |ike sequencer subroutine 155 schedul es

whi ch process chanber 15 and process set are to be executed next.
Typi cal Iy, chanber nanager subroutine 157a includes steps of
nonitoring the various chanber conponents, determ ni ng which
conponents need to be operated based on the process paraneters for

the process set to be executed, and initiaki ng execution of a chanber
conmponent 10 subroutine responsive to the nonitoring and determ ning

st eps. Referrififp @ FigsoD aall 3parvaiveldssymbly auliesitle GAN® )
subrouti nes wi escribed with reference to Fig. 1

Ll .nqw be . d . :
Substrate posiapbd?ﬁ?\‘@sé‘ﬂtﬁ%ﬂiqnn\@l%ﬁl and a thretgeyalve 3d3 dlispgsedralengde f or
controlling c g@ﬁﬁ-@ e. te
onto heater 2f5& and,egigtg?gﬁ %@&c{ﬂg{% @?gﬂ oﬁ%ﬁs{aﬁtsh# %ggees tprgughg{e@mng% E%ﬁ[eght
15 i n chanbdp. TBhetpressure withint precessing chamtieetlfcie mdnfiterediish cagacitmoel gas

di stribution maRh f 20. W substrate is.l oad I nt 0 prqcess
chanber 15, hg&ngpetfgs ?%10;89 (sete Il:lgv\gf:%‘gi ‘Eoémf’h%‘gf’i’/é{a’fyﬁég g’ﬁﬁg’_t“f%ﬁoés‘ Honahep
heater 25 is rgdassftbonquit 60 wl@Sihiditle RAVERY3. Preferably, Proties¥or 50 Queivel Bfdm at €
positioning subroutine_160 controls novenent of heater 25 in

response to prANeEStese38, 383 hignalsghatdndicatel theochamber pressire. Rooaghsor 5Aat ar e
transferred 2 Jmnager. .su i

Procese gas coorPers Al BRI B e M valyes egiersd y
process gas copgrators (mot showin)f hndvdetetnsines fhe meessarg adjusmeint of thaottle eulivene 163
controls e l.ose position aof the safety shut-off valves, and al so

r anps id’ u%)B g % FF@“‘fﬁé o W%@%H}ﬁ‘f‘eﬁé}”ﬁw (‘}B‘lhg} ﬁ_’paf’ﬂ’ér des iFresspis
flow rate. Pr@ogsRydas adjstmeaOfiffid throtdd 2 bithiliet 885 td aldhive tiHodhot he
chanber nmanager subroutine 157a, as are al | chanber conponent
subroutines, &PRWRe ¥iicheadjusththonitle Malve 333 tx 8 ppepensesting sorresponding kathed t o

the desired gas._fi: S omut:-he: C er_.manager. Typicall .process
gas control su r@ﬁ@ }%rféeéﬁ%ﬁmf(l)‘%é g@%@%@%‘%&ﬁlmj ft%ﬁ gseggétxgﬁﬁ)mess}'qti Yeauan, 4
repeatedly  are désciibedeimciongndriy assigned seo-pendipsapplication SeriaDNbe08/671 891
conpari ng{;)tohe re |,[118‘sp to the 30 desired flow rates received from chanber
manager sitbr oGPt aqvegn%p;\a;qtqs) and Methods for Controlling Process Chamber

Pressure” (Attorney Docket Nos. 891/DCVD-II/MBE), filed June 28, 1996, the

complete disclosure of which is incorporated herein by reference.

Isolation valve 371 may be used to isolate process chamber 15 from

the vacuum pump to minimize the reduction of chamber pressure due to the

20  pumping action of the pump. Isolation valve 371, together with throttle valve 373,
may also be used to calibrate the mass flow controllers (not shown) of CVD
apparatus 10. In some processes, liquid dopants are vaporized, and then delivered
into process chamber 15 along with a carrier gas. The mass flow controllers are
used to monitor the flow rate of the gas or liquid dopants into the chamber 15.

25  During calibration of the MFCs, isolation valve 371 restricts or limits the gas flow
to throttle valve 373 to maximize the pressure increase in chamber 15, which

facilitates MFC calibration.

D. Heater/Lift Assembly
30 Referring to Figs. 9-15, heater/lift assembly 30 will now be described

in detail. The heater/lift assembly 30 functions to lift the wafer into the processing

position within vacuum chamber 15 and to heat the wafer during processing. At the



adjusting the flowrates of the gas supply |lines as necessary. Furthernore,

process gas control subroutine 163 includes steps for nonitoring the
gas flow rates for

29 unsafe rates, and activating the safety shut-off val ves when an

unsafe condition is detected. Process gas control subroutine 163

al so controls the gas conposition and 48 flow rates for clean gases as
wel | as for deposition gases, depending on the desired process

(cl ean or depmusset, |1oshom|ld b¢ heted thanheaterslifs @absemblyd 30 miay hermedified fortiseli orent s 5
could have no

e rocess s cont rol  subr o 63
subroutine 6% ecty P acecgmg«s),rq)yqrf% PIOSESINg; ({m[n\%xg ergﬁa&éss %ﬁﬁsgem fic
sets of gas I$AE€YD chamber described and shown hekdin.s Foe epiragles hexter/lfnadsembly gas

such as nitrogen or argon is flo i nto chanmber 15 to_stabilize the
pressure in t%naﬁhnwdin(aﬁmlar 63&/@ chamber thas generates plasga sath RF or

trod For th 10
or ogr ammetl ¢ GO oRE EHRET GV (FRODRRRRREE, S BRPuAioR ok wopL®, o)

an anmogonvertfonhl mimeaeﬁpmcémmgtcmmmme the pr essure in the
chanber, and then the ste escr 52 :l Ge ca |ed out .
Additional Iy, when a prRefegingda S% eate é gf”?% Ya 1i qui d

precursor, fog GIAPI&istiviPheled Wkt sgﬁp%rFﬁéHehQi or heater 25 attached to upper
and lower support shafts 391, 393, a lift tube 395 circumscribing support shafts

10 391, 393 underneath heater 25 and a drive assembly 400 for vertically moving the
heater 25, shafts 200, 201 and lift tube 202 within chamber 15. As discussed in
detail below, heater 25 (and the wafer supported thereon) can be controllably moved
between a lower loading/unloading position where they are substantially aligned
with slot 243 in enclosure assembly 200 and an upper processing position beneath

15  gas distribution plate 20 (Figs. 3 and 4). As shown in Fig. 7, heater 25 includes an
upper wafer support surface 403 surrounded by an annular raised perimeter
flange 405 so that the wafer is accurately located during processing. Wafer support
surface 403 has a diameter approximately equal to the diameter of wafer W at the
deposition temperature, e.g., at a temperature ranging from about 200-800°C. This

20  diameter will typically be about 6-8 inches (about 150-200 mm) for large size
wafers and about 3-5 inches (about 75-130 mm) for small size wafers. Of course,
other wafer sizes such as those with about 12 inch (about 300 mm) diameters would
be within the scope of the invention with appropriate modification of the chamber,
the chamber lining 250, and support heater 25.

25 Support heater 25 preferably comprises a disk made from a process-
compatible material that is capable of withstanding relatively high processing
temperatures, i.e., up to 600-800°C or higher. The material should also be resistant
to deposition from the reactive chemistries associated with the high temperature
deposition, as well as resistant to etching by the radicals in the clean gas. Suitable

30 materials for heater 25 are ceramics, such as aluminum nitride, aluminum oxide or
the like. Aluminum nitride ceramic is the preferred material for the heater 25

because it has high thermal conductivity, excellent corrosion resistance, and



subroutine 163 would be witten to include steps for bubbling a delivery

gas such as 15 hel i um t hrough the liquid precursor in a bubbler
assenbly, or introducing a carrier gas such as heliumto a liquid
i njection system Wen a bubbler is used for this type of process,

process gas control subroutine 163 regulates the flow of the
delivery gas, the pressure in the bubbler, 4gnd the bubbler tenperature in

order to ~ obtain the desired process gas flow rates. As discussed
above, the desick@lleRt Rfc@siive 2 thermdPshobk OWHIS! A% pdrficularly plefirfctbnbOdRRARESS
gas control subroutine 163 as process paraneters. Furthernore,

process gas cofie ¢ntire guiep serface of digaten &9 germprises abyninym nitride.  Alypdninh nHEde he
necessary deli . 8asf, s ols , .
tenperature f o\rﬁg{ ﬁlggc es %rg?gr%gﬁggtélgg gggl{s§§lggﬁgs?§%g 6?/ ?lggrcxgé;gxﬁng{oge stored

tabl e c ohémistries msédhin ¢tambes 85.y Usaloflaluntiftimanigide oas onspaesistogstsiniessow
rate. Once the 25 necessary val yes are gbtained, the delivery gas flow

rate, bubblder pteekeyslumipyn materialsy bl}eéy.er 2e iberhas dess bﬁ?‘@‘%ﬂﬂ?‘?‘or ed,
conpared to theoemEmsioh Yn HR! p6ces@dwaies, Yehiithg in moredefisyié idgées: In

The pressure control subroutine 165 conprises program code for _
control i ng t hadditiessalumirum tends toheeadsewithl elfjuoring wontaining ¢campoupds typicallsi ze

of the 30 throtile.,valve in he exhaust stem of fhe.ch
Sher tor osi zo 59ed frferint e fo R Y ot il hifride XA Rlng FE may
pressure at a ¢eéntisly huildelp ard flakeasff o the chamber dhentd dheawafer,oeaddng s

flow, the sjize of the praocess chanber, and the punping set-
10 contamination (discussed in further detail below). Constructing the heater 25 of

aluminum nitride effectively eliminates this problematic reaction during cleaning.

Referring again to Fig. 7, drive assembly 400 may include a variety
of driving mechanisms, including a pneumatic cylinder, controllable motor or the
like. Preferably, a stepper motor 407 coupled to the heater via a suitable gear drive

15 409 operates to vertically drive heater 25, shafts 391, 393 and lift tube 395 in
controlled increments between the loading/unloading and processing positions.
Drive assembly 400 also includes upper and lower bellows 411, 413 attached
between the end of shaft 391 and the bottom of the processing chamber to allow for
substantially free vertical movement of heater 25. In addition, bellows 411, 413

20  allow some angular movement to ensure that the gas distribution faceplate 20 and
the heater 25 are substantially parallel during processing.

Referring to Figs. 4, 9 and 13, lift tube 395 surrounds the lower
portion of upper shaft 391 and assists in insulating upper bellows 411 from thermal
energy radiating from shaft 391, heater 25 and the inside of processing chamber 15.

25 Lift tube 395 usually comprises an aluminum shaft 418, an annular strike plate 420
resting on the upper surface of shaft 418 and an annular flange 422 that mounts
plate 420 to shaft 418. Flange 422 and strike plate 420 are preferably formed from
a material capable of withstanding high temperatures, such as aluminum nitride or
aluminum oxide (ALO, in its ceramic or alumina form). Flange 422 and strike

30  plate 420 insulate the aluminum shaft 418 from the heater to minimize warping or
fusing of shaft 418 to heater shaft 391 or to the process chamber. In an exemplary

embodiment, lift tube 395 includes a spring (not shown), such as a wave spring,



30 poi nt pressure for the exhaust system When pressure contr ol
subroutine 165 is I nvoked, the desired or target pressure level is
received as a paraneter from chanber manager subroutine 157a. The
pressure control subroutine 165 neasures the pressure in chanber 15
by readi ng one or nore conventional pressure 5 nanonet ers connected to
t he chanber, conpares the neasure value(s) .to the target pressure,
obtains PID (proportional, integral, and épfferential) val ues correspondi ng

to the target I a DI u table and adjusts. the,
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blade, which is typically a thin, flat bar (not shown), around which the lift fingers
430 must lift the wafer. The bottom end of the lift fingers 430 are rounded. The
fingers 430 have a relatively thick diameter of about 100-200 mil, preferably about
15 150 mil, and a relatively short length of about 1-3 inches, preferably 2 inches, to
minimize finger binding to the heater during processing.

In use, the robot blade (not shown) transfers the wafer to the
chamber 15 when the heater 25 is in position opposite slit 243 (or actually just
below slit 243). The wafer is supported initially by lift fingers 430, which are lifted

20  above heater 25 with strike plate 420. As lift fingers 430 rise along with heater 25,
they encounter a stop (not shown). As heater 25 continues to rise to the processing
position opposite gas distribution faceplate 20, lift fingers 430 sink into guide studs
432 within heater 25 and the wafer is deposited onto wafer support surface 403
within annular flange 405. To remove the wafer from chamber 15, the above steps

25 are performed in reverse.

Referring again to Fig. 9, a resistive heater coil assembly 440 is
housed within heater 25 for transferring heat to the wafer during processing. Upper -
and lower support shafts 391, 393 support the heater 25 and house the necessary
electrical connections to the heater coil assembly 440 within a hollow core 445

30 (discussed below). Upper support shaft 391 is made of a ceramic material capable
of withstanding relatively high processing temperatures. Preferably, shaft 391 will

be fabricated from diffusion-bonded aluminum nitride, which prevents deposition



enbodi ment, heater control subroutine 167 in step 584 cal cul ates the

t enperat ure error. The tenperature error, denoted Err[err], is
determ ned by the equation Err[err](k) = T[err]-T(k). 25

In step 584, heater control subroutine 167 will select one of two
control algorithnms based on the absolute value of Err[err] (k). If the
absol ute val ue of the tenperature egfor is smaller than a .

pr edet er mi ned boundary error, the heater control subroutine wll
sel ect a tenpengy, 4§ Well%tﬂt@&l@by Bheiikiries WddSinUMEmBEO1 2B thSSketrodes and Thi S
algorithmprecisely controls the tenperature at the desired tenperature,
Tlerr]. 30  Cleftricakconssetions avithin shaftol91tthat mighp etharwise oesur df the alugiswmer
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and feedforward control to updat e the power lvered to t heat |
at a pressure of about 0.8-1.2 atm and a temperature of about 10-200°C whlle

chamber 15 may be at temperatures of at least about 400°C and pressures of about
20 mtorr to about 600 torr. This configuration helps to protect the electrodes and

10 other electrical connections from corrosion from the process and clean gases within
chamber 15. In addition, maintaining the hollow core 445 of shaft 391 at ambient
pressure minimizes arcing from the RF power source through hollow core 445 to
power leads or the aluminum shaft. This arcing that might otherwise occur in a
vacuum is thus avoided.

15 Referring to Figs. 9 and 10, upper support shaft 391 extends through
an opening 453 in the lower surface of enclosure assembly 200, and is coupled to a
base 455 that provides a gas seal between shaft 391 and chamber 15. Upper
support shaft 391 is fastened, e.g., bolted, to lower support shaft 393, which
comprises a suitable process-compatible material, such as aluminum or an aluminum

20  alloy. Lower support shaft 393 is preferably a water-cooled aluminum shaft.
However, lower support shaft 393 may also comprise a ceramic material, such as
aluminum oxide or aluminum nitride. One or more sealing members 457, e.g., O-
rings, are positioned between shafts 391, 393 to maintain the gas seal between core
445 and chamber 15. As shown in Fig. 9, lower.support shaft 393 is mounted to a

25  vertically movable support 461 on drive assembly 400 for moving the shafts 391,
393 and heater 25 between the loading and processing positions. Shaft 393 defines
an inner coolant channel 463 passing around the electrical connections to further
insulate these connections from the high temperature of the shaft. Coolant channel
463 has an inlet 464 and an outlet 466 coupled to water connections 217, 219,

30  respectively, of liquid cooling system 215. Coolant channel 463 serves to maintain
a relatively low temperature in the lower chamber area to protect sealing member(s)

457. In an alternative embodiment, heater assembly 30 comprises a single shaft



5 el ement enbedded in heater 25 so as to maintain the current
tenperature, T(k), as close to T[err] as possible. The feedforward
control in this algorithmestimtes the anount of power necessary to
mai ntain the desired tenperature given the anount and type of gas

fl ow and RF power supplied to the chanber. The feedback control uses
standard Proportional -Integral-Derivative 32PI D) control terns to adjust the
10 esti mated feedf orward power based on the dynam c behavi or of the
tenperature  (not shown) ghat suppofteheqiends aml extensistthrough shet lower ppening 433 gor i t hm
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t he tenper at urwodldmpt baied. they will define a tinme-varying T[err] (k)
and then enploy the PID controller described above to track this desi red 15
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an exemplary embodiment, heater coil 471 will have a greater power density near

the center of heater 25 to reduce the thermal gradient from heater shaft 391.
As shown in Fig. 14, heater coil assembly 440 preferably includes an

embedded RF mesh ground plane electrode 473 connected to a plurality of

20  conductor lead wires 475 which extend through shaft 341 to a suitable electrical
energy source. Mesh ground plane element 473 is a molybdenum mesh electrode
which provides the ground path and plasma resistance in embodiments where plasma
processes are used. Lead wires 475 preferably comprise a conductive material that
can withstand relatively high process temperatures, such as nickel, copper or the

25 like. In an exemplary configuration, lead wires 475 are each nickel wires coupled
to electrode 473 by a metal insert 477 that is co-sintered into electrode 473 to avoid
brazing between ceramic and metal. Inserts 477 preferably comprise a material
with a relatively close thermal expansion match ‘to aluminum nitride, such as
molybdenum. As shown, the molybdenum inserts 477 are each fastened, e.g.,

30  brazed, to a molybdenum plug 481, which is then brazed to lead wire 475. All of
the wires of the heater coil, whether primarily resistive or primarily conductive, are

sheathed in the continuous insulating coating (such as described above) which



change of power supplied to the heater to danp the systemresponse, which

r educes oscillations in ranp rate.

32 Controllers that attenpt to regulate ranp rate by
tracking a tined tenperature trajectory at best can only guarantee
that a desired tenperature, T[err](K), wi |l be achieved at sone tine
Kin the future. The average ranp rate ovep the tine I nterval of
length Kwill be T [err]. However, the instantaneous rate of change of 5
tenperature T t6lédatd highterhperdbuftl! b ad4b wWithsiahd tasting F Vi alumiinl fifidd R@rgase

I n which a di sturbance causes the tenperature to remain stable for
sonme interval befY+ine |ess than K. The controller will then attenpt
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current 0.25 inch from the bottom of the wafer. To that end, heater 25 includes a

thermocouple guide 501 (Fig. 15A) brazed to heater element 473 for connecting
sensor 495 of thermocouple 491 to element 473. The thermocouple 491 is held in

10  place by a slight spring force from a compression spring 503 (Fig. 15B), and
provides a control signal for the temperature controller (not shown). Sensor 495 is
preferably disposed in a well 505 which is at atmospheric pressure, which enhances
the heat transfer between the heating element 473 and the thermocouple 491 to
provide a more accurate reading. The temperature controller is a recipe-driven

15 proportional integral differential (PID) controller which anticipates the recipe steps
which are about to occur and alters the response characteristic of the heater to
maintain a uniform temperature profile. A vacuum seal and ground connection for
the lower support shaft 393 is made along the side surface of shaft 393 (not shown)
and connections to heater wire ends 511 and the thermocouple tube end 513 are

20  made at atmospheric conditions.

When the present invention is in use, a robot blade (not shown)

transfers the wafer to the chamber 15 when the heater 25 is in position opposite slit
243 (or actually just below slit 243). The heater 25 and wafer are lifted into the
processing position by drive assembly 400 and lift fingers 430 sink into guide studs

25 432 within heater 25 so that the wafer is deposited onto wafer support surface 430
within annular flange 405 of heater 25 (Figs. 4, 9 and 10). Process gases, such as
TEOS and O,, are directed through gas passages 83, 85 and mixed together in
mixing area 93 of gas mixing box 273 (see Figs. 3 and 6). The mixed gas is then
delivered through inner passage 295 of inlet tube 43 and through central hole 327 of

30  base plate 265 into chamber 320 above gas dispersion plate 301, where it disperses

outward and flows through holes 325 into chamber 317 above gas distribution plate



tenperature T(k) is neasured (step 582), and the tenperature error is
determ ned 15 (step 584), the ranp control algorithmcal cul ates the
actual ranmp rate T (k) using a nunerical differentiation technique.

It al so determ nes the desired ranp rate, T [err](T(k)), based on the
current value of T(k), and the error in ranp rate,

Errferr] =T [err] (T(k))-T (k) (steps 592 aggp594). The actual ranp rate

T (k) is cal cul ated from neasured t erature T(k) over a range of
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During this process, inner lid assembly 230 receives heat from various sources
including the gases passing therethrough, the heated semiconductor wafer, and the
wafer heating source. To maintain the components of lid assembly 230 below the
minimum deposition temperature and thereby avoid gas reactions and deposition on

15  these components, a coolant liquid is introduced into coolant channel 93 to remove

heat from base plate 265 and gas distribution and dispersion plates 20, 301.

During the deposition process, the vacuum pump is activated to
generate vacuum pressure within pumping channel 40, thereby drawing the process
gases and plasma residue out of processing chamber 15 through channel 40 and

20  exhaust port 361 (Figs. 4 and 8). In addition, purge gas may be directed generally
upward into processing chamber 15 through the gap between susceptor 25 and inner
portion 253 of liner 250. The purge gas minimizes leakage of process gas into the
lower portion of apparatus 10 and facilitates the removal of the process gas through
port 361.

25

E. Integral remote microwave plasma system

Fig. 16 is a simplified diagram of a remote microwave plasma system
55 for cleaning the wafer and/or the process chamber, in accordance with an
embodiment of the present invention. Microwave plasma system 55 produces a

30 plasma remote from processing chamber 15 for use in efficiently etching or cleaning
a wafer in chamber 15 and/or components of chamber 15, and possibly for use in

depositions. Microwave plasma system 55 includes applicator tube 292; a plasma



33 nunerical differentiation techni gue that may be used, but other

t echni ques that may be nore sophisticated al so can be used in other
enbodi nents. | n other enbodi ments, other sanple rates al so may be
used. To el aborate on step 596, an exenplary control
function used in the 5 specific enbodi nent is given by the follow ng
equati on: P(k+1l) = P[gEr] [T(k), T [err](T(k))] +
Klerr]*[T [err] (T(k))-T (k)] wher e is the current tinme step and k
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desired ranp from magnetron 711 are transmitted to the microwave waveguide system, which

includes various lengths of straight and curved waveguide sections 715, 717 which
may be connected together at joints 719. Interspersed within the waveguide system
are optimizing elements that work to provide low loss, maximum microwave

15 transmission with minimized reflection losses and to protect the magnetron from
damage due to reflected power. The description below follows the desired direction
of microwaves from magnetron 711 toward applicator tube 292.

In a specific embodiment, microwave plasma system 55 has
magnetron 711 connected to circulator 705 with load 707, as shown in Fig. 16.

20  Circulator 705 allows only forward microwave transmission from magnetron 711
toward applicator tube 292. Load 707 absorbs any power that might be reflected
back from the waveguide system toward magnetron 711. Circulator 705 and load
707 thereby direct microwaves in the forward direction and protect magnetron 711
from darhage from reflected power. Circulator 705 connects to waveguide section

25 715 that is connected to phase detector 703 connected to another waveguide section
715. Phase detector 703, if utilized, is coupled via curved waveguide section 717
to another waveguide section 715 having attached tuning or matching system 701.
Tuning system 701, which may use stub tuners or other tuning elements, provides
plasma microwave system 55 with the ability to match the load at waveguide section

30 721 to 50 Q, the characteristic impedance of the waveguides. Tuning system 701
may provide fixed tuning, manual tuning, or automated tuning, according to specific

embodiments. For embodiments using automated tuning, phase detector 703 is a 3-



rate is positive, the control will increase power to the heater. The

tenperature wll not, however, inmmediately rise according to the
desired ranp rate. The control wl| then at the next tine step
further increase power. It will continue to increase power 25 until the

desired ranp rate is net. By that tine, however, the supplied power could
be much greater than that needed to maint a'g the desired ranp rate. The
ranp rate will continue to increase beyond its desired value. This is

cal l ed overshogiode 4R8y which det&f thelph&de di"xhicrdvﬁﬁl@f. tradsniifteld! fdrdeddavieto and
slowy the ranp rate will decrease. Once again, the controller can
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steady-state error. If Klerr] is large, the systemwll be
oscill atory, btabe 292, where a plasma is created. Applicator tube 292 has an mput feed line 57
that receives reactive gases that are energized by microwaves from magnetron 711
via the waveguide system and other optimizing elements. Applicator tube 292 is a
10  circular (or other cross-section) tube made of a composite or ceramic material,
preferably alumina, or other material resistant to etching by radicals in the plasma,
according to a specific embodiment. In the specific embodiment, applicator tube
292 has a length of about 18-24 inches and a cross-sectional diameter of about 3-4
inches. Applicator tube 292 is disposed through waveguide section 721, which is
15  open at one end for transmitting microwaves and is terminated at the other end with
a metal wall. Microwaves are then able to be transmitted through the open end of
waveguide section 721 to reactive gases inside applicator tube 292, which is
transparent to microwaves. Of course, other materials such as sapphire also may be
used for the interior of applicator tube 292. In other embodiments, applicator tube
20 292 may have a metal exterior and an interior made of a composite or ceramic
material and microwaves in waveguide section 721 enter a window through the
exterior of applicator tube 292 to the exposed interior of tube 292 to energize the
reactive gases.
In the specific embodiment, a plaéma may be ignited by plasma
25 ignition system which includes an ultraviolet (UV) lamp 731 and a UV power
supply 733, which may optionally be mounted on the metal wall of waveguide
section 721. Of course, UV power supply 733 may be mounted in various other
locations besides on the metal wall. Powered by UV power supply 733, UV lamp
731 provides the initial ionization of the plasma within applicator tube 292.
30 Microwave energy then sustains the ionization of the ignited plasma to produce the
flow of radicals that enter inlet 290 leading to chamber 15 via gate valve 280. Due

to changes in load within applicator tube 292 from the introduction and ionization of



5 steady-state error will be small. If Klerr] is small, the opposite is

true. Typically, Klerr]- can be | arge because Derivative control can
be used to danp the systenis response, i .e. reduce overshoot and
oscillation. Steady-state error can be reduced by using | nt egral

control, but this tends to increase overshoot and oscillation and is
preferably avoided in this control algorigsnm In this case, derivative

control is not 10 avai lable. It would require nunerically cal cul ating
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the carbon-fluorine backbone of polytetrafluouroethylene resins with a perfluoro-

alkoxy side chain), fluorinated ethylene-propylene (TFE), or the like. The passage
is preferably circular in cross-section or other type of cross-section to match the
cross-section of inlet 290 and applicator tube 292. From this lined passage in

20  enclosure assembly 200, plasma radicals flow into conduit 47 in clean gas manifold
270 to gate valve 280. Clean gas manifold 270 is also constructed of PTFE. PTFE
is preferred for cleaning applications where fluorine radicals are produced in the
plasma, since PTFE is resistant to etching by fluorine radicals. Of course, both
clean gas manifold 270 and liner 291 may be made of other materials (such as those

25  mentioned above for liner 291) which are resistant to the particular chemistry
depending on the reactive gases used.

In some embodiments, gate valve 280 isolates the clean processes
from the deposition processes, as discussed above. Gate valve 280 normally
remains closed while chamber 15 is being used for deposition, reflow, or drive-in

30 steps. In the closed position, gate valve 280 prevents particles in conduit 47 used
for clean processes from contaminating the wafer during deposition processes, as

well as reducing the "dead" volume of conduit 47 and passage during deposition. If



equals the gain Klerr]. But if the saturation function is applied,

Klerr] (k) is defined by substituting P(k+ 1) for Plerr](k+ 1) in the
‘equat i ons above and conmbining themwth

35 the equation: P(k+ 1) = P[rtt][T(k), T [err](T(k))] +

Kerr]*[T [err](T(k))-T" (k)]. The term ' Klerr](k) is as follows:
Plerr]= Kerr](k)*Err[err](k); 58 Klerr] (k) =
Plerr]/Err[err](k). 5 By making the effective gain small when the ranp

rate error isdepgds@ion 4\pesssiteobf bétdeen about 206760 &t @Bcuré) witherateevdhRdNIgO ar e

m nimzed by this saturation function. This reduces . the |ikelihood of
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resul ting in materiads suchiasnhosé @iscussedrpovetfor Bnerd2fiiramd. manifold 270) to minimize
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enbodi ment's  from conduit 47. In a preferred embodiment, gate valve 280 is a particle-grade gate
| valve. In embodiments using gate valve 280, only when chamber 15 is used for a
wafer cleaning step or when a chamber cleaning is performed does gate valve 280
open, allowing plasma radicals to flow into fluid passage 293 of gas mixing box
10 273, as seen in Fig. 3. As mentioned above, in some embodiments gate valve 280
is not used at all. The plasma radicals then may flow through annular passage 295
and into chamber 15 via gas distribution plate 20. Distribution plate 20 as well as
various parts of chamber 15 are thus cleaned. Residues and used cleaning gases are
then exhausted from chamber 15 with the exhaust system discussed above. The
15  cleaning process of chamber 15 and the cleaning of wafer surfaces are discussed in
detail below.

F. Endpoint Detection System
Figs. 17A-17D illustrate a cleaning endpoint detection system 800 for

20  microwave plasma system 55 according to another aspect of the present invention.
As discussed above, apparatus 10 preferably employs a thermal cleaning technique
using remote microwave technology, instead of a conventional in situ plasma
process, to lower metal contamination. In the present invention, the gentle cleaning
technique using remote microwave plasma system 55 utilizes only chemical

25 reactions, in contrast to using in situ plasma processes where physical sputtering
effects may react with the aluminum in the chamber walls and lead to aluminum
metal contamination in the processed wafer.

In the cleaning process using remote plasma system 55, the plasma is
produced remotely from chamber 15 such that the etchant gas, preferably mostly of

30  fluorine radicals, is directed into the chamber where the gentle thermal clean
occurs, but the plasma remains exterior to the chamber (i.e., within applicator tube

292, see Fig. 16). While this process has a number of advantages for cleaning a



havi ng RF pl asma systens, plasma control subroutine 170 al so coul d include
program code for setting | ow and high-frequency RF power |evels applied to
the 15 process el ectrodes in chanber 15, and for setting the

| ow f requency RF frequency enpl oyed. O course, sone enbodi nents may
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based gas is used to react with SiO, powder residue in the chamber to form a SiF,
gas, which is drawn out of chamber 15 with the vacuum pump. When substantially
all of the SiO, in the chamber has been consumed, the fluorine-based gas cannot
react With the SiO, to form SiF,. Instead, the fluorine-based gas may begin to

15  contaminate the chamber 15 or to react with, for example, the aluminum walls of
the chamber to form an aluminum fluoride compound. Consequently, it is
important to determine the approximate endpoint or the point at which the last SiO,
residue has reacted with the fluorine gas so that gate valve 280 can be closed to
prevent further fluorine radicals from entering chamber 15: As discussed further

20  below, endpoint detection system 800 of the present invention determines the
endpoint of a cleaning process by detecting changes in light intensity that occur due
to absorbance of light by the exhausted clean gas reactants such as SiF,.

As shown in Fig. 17A, cleaning endpoint detection system 800

includes a gas detector 802 positioned along discharge conduit 60 between isolation

25  valve 371 and throttle valve 373. Of course, gas detector 802 may be positioned in
other locations within the exhaust system of apparatus 10. For example, detector
802 may be positioned downstream of throttle valve 373, as shdwn in Fig. 17B. In
another embodiment, detector 802 is positioned along a bypass line 804 that
receives a sample stream of gas from conduit 60, as shown in Fig. 17C. In this

30 embodiment, bypass line 804 may include a control valve 806 to vary the amount of
flow passing through line 804, or to completely cease gas flow along bypass line

804, for example, during gas processing of a wafer within the chamber.



36 Alternatively, the system software may have a separate gate

val ve control subroutine I n enbodi nents havi ng gate val ve 280.

An endpoi nt detect control subroutine 159 includes program code for
managi ng endpoi nt detection by controlling a |light source and a |ight
detector, 5 receiving data fromthe |ight detector for use in conparing
| ight intensity changes from absorliggnce, and optionally stopping the
cl eani ng process upon detecting a predeterm ned light intensity
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should be process-compatible, inert with respect to the process and clean gas
chemistry, and the material should not contaminate the film. In embodiments where
fluorine radicals are used for the cleaning process, windows 812 and 813 are
resistant to fluorine. Preferred materials for IR windows 812, 813 include

15  germanium, calcium fluoride, or the like.

As schematically shown in Fig. 17D, detector 802 further includes a
far-IR lamp 814 suitably coupled to housing 804 for generating far-IR light and
transmitting this light through windows 812, 813 so that the light passes through-
hole 806. An IR detector 816 is coupled to housing 804 in position to receive and

20 detect the far-IR light passing through window 813. Preferably, far-IR lamp 814
may be a tungsten lamp source with an optical notch filter.

When the present invention is in use, the clean gas reactants (e.g.,
SiF,) are directed along conduit 60 and through-hole 806 of detector 802. Far-IR
lamp 814 transmits far-IR light through window 812, through-hole 806 and window

25 813, where it is received by detector 816. As the light passes through the clean gas
- SiF, reactants, these reactants (i.e., the silicon) absorb a portion of the far-IR light,
which reduces the light intensity received by detector 816. The fluorine does not
absorb the far-IR light. Therefore, when the far-IR light intensity detected increases
up to a reference value, detector 816 sends a signal to a controller (not shown)
30  indicating that the concentration of SiF, passing through conduit 60 has substantially
diminished or completely stopped, which indicates that the cleaning endpoint has

arrived. At this point, the controller sends an appropriate signal to processor 50 to



present invention. The exenplary CVD system 10 is a single-wafer vacuum
chanber system However, other CVD systens that are nultiple-wafer chanber
systens may be used in other enbodi nents of the invention. It should be
under st ood, however, that although certain features of the invention are
shown and 25 described as part of a CVD chanber in a multichanber
processi ng system the I nvention is got necessarily intended to be
limted in this manner. That is, the i nvention can be used in a
variety of pralesssgiargvalve28fami tosprevena furdiee letchivatrgae from entering chainibes. dm

chanbers or the |Ijke. Varjiations of the above, descri bed tem such as
variations in WeabeNe excEplasy clsa pyvess, sudnoims detsriionsystam BAE uiiliss spuse

software 30  REHFrbAle M detdcitir 81690 dBRES LR FhekdérgtiiHatlaf bel dBsciBEE
sof tware subrouti nes, configuration of gas inlet” Iines and val ves,

and ot her nodityi dean gassreactantp Si¥%i Wwhish absorb lightiwithjaowayeiepgthoafiabouplGema CVD

equi.pnent guch el ectron,c . )
SO Pt uc L BSREKRE' KRR RGHBLLER, AR IROREmn o eSS, Innet,
plasma CVD  embod@méntsSsoufte S1Aant idércionB16 eareprovidedipht dhdifférent ectri c
| ayers and net hods for . . . .
wavelengths, depending on the light absorbance characteristics of the specific clean
gas reactants utilized in the clean gas process.
By way of example, I, is the intensity of the far-IR light when no
10  SiF, is flowing through conduit 60 and the detector 816 receives the full intensity
from lamp 814. As SiF, flows through through-hole 806 during cleaning, the far-IR
light is absorbed and the intensity received by detector 816 (I) is reduced, given by

the expression:

15 /I, = exp (-X*L*C)
where X is the extinction coefficient of IR windows 812, 813 or a filter (not
shown), L is the length between windows 812, 813 (see Fig. 17D) and C is the
concentration of SiF, passing through detector 802. As I/I, approaches the value 1,
the SiF, concentration is diminishing, which means that the cleaning endpoint is

20  approaching. The controller continuously monitors I/I, until this value approaches
1, which indicates that the cleaning endpoint has arrived.

While the description above is in terms of a CVD chamber for a
multichamber processing system, it would be possible to implement certain features
of the present invention with other plasma etching chambers, physical deposition

25 chambers or the like. Therefore, the above description and illustrations should not
be taken as limiting the scope of the present invention as defined by the appended
claims. It should be noted that the invention is not limited to a single wafer
chamber as described above and shown in the enclosed drawings. For example, the
-throttle valve of the present invention could be installed into a batch chamber that

30  simultaneously processes a plurality of wafers. In addition, the invention would be
suitable for use in a muitiple wafer chamber that sequentially performs individual

processing steps on each of the wafers.



form ng such layers for use in the present invention should not necessarily
be limted to any specific apparatus or to any specific plasna
excitation nmethod. 5 As shown in Figs. 2 and 3, CVD
apparatus 10 generally includes an encl osure assenbly 200 havi ng
vertically novabl e heater (wafer support pedestal or susceptor) 25
for supporting a sem conductor wafer within a vacuum chanber 15.

Process gas(es) are delivered into chanber '115 to performvarious deposition
and et chipg S_of _ i Y
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waterflow froma heat exc o0 ‘encl osure asse
200. Pref err ed 996t mmtlsla)@f 940 ovithnclimedtioas betyeere metal layer 940 anher at us 10
wll be descri %.(IlellstgrSfIlIJlg e gy cgn%c% bZ‘P ek&"t‘!ﬂ layer 940 is one of four metal layers 940,
15 942, 944, and 946, included in integrated circuit 900. Each metal layer 940, 942,
944, and 946 is separated from adjacent metal layers by respective inter-metal
dielectric layers 927, 928, and 929. Adjacent metal layers are connected at selected
openings by vias 926. Deposited over metal layer 946 are planarized passivation
layers 930. CVD apparatus 10 may be used to deposit films used, for example, as
20  PMD layer 921, IMD layers 927, 928 and 929, or passivation layer 930. CVD
apparatus 10 also may be used to deposit oxide filling layers for shallow trench
isolation structures used in place of LOCOS field oxide region 920.
Another example of a use of CVD apparatus 10 described above is
forming ultra-shallow source and drain regions 912 and 915 shown in exemplary
25  integrated circuit 900 of Fig. 18. Application of the present method for forming
ultra-shallow doped junctions in forming the source/drain regions for a MOS
transistor is discussed, as an example, with Figs. 19A-19E.
Fig. 19A is a simplified cross-sectional view of a partially completed
MOS transistor. Merely as an example, the MOS transistor 1000 is a PMOS
30 transistor. Of course, NMOS transistors also may be formed. For PMOS transistor
1000, a doped dielectric layer 1008 used may be a BSG film as the P type dopant

source. As seen in Fig. 19A, a gate electrode 1002 overlying gate oxide 1003 has



A. Encl osure Assenbly 30 Referring to Figs. 2 and 6,

encl osure assenbly 200 is preferably an I ntegral housing nmade from a
process-conpatible material, such as al uni num or anodi zed al um num
Encl osure assenbly 200 includes an outer |id assenbly 225 for

38 delivering process and clean gases through an inlet tube 43 to
an inner lid assenbly 230 within assenbly 200. Inner |id assenbly
230 functions to disperse the gases 63throughout chanber 15 onto a

waf er (not shq S ted, on_heat 5. sho i n_Fi alid
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exposure to hi 88 tenperatures during system operation. For SACVD processes,

lid coviBP6 2lsg hevebeandiormed by rumrshodasushtas decap gxidationaefl sligasy ear ance
(01 1 955! AP BERS), o okl yBOR el S0 B S SRR bl L
t he chanbeyx i defipsihesing & enasiex dnyhecpresent peaniplé,mha regions are source/drain regions
1010 and 1012, but of course the regions may be defined to form lightly doped
drain (LDD) regions. Using the CVD reactor system described above with process
recipes discussed in detail below, a doped dielectric layer 1008 is formed over
source/drain regions 1010 and 1012 on a wafer resting on resistively-heated heater
10 25
Prior to forming doped dielectric layer 1008 over source/drain
regions 1010 and 1012, the surface of source/drain regions 1010 and 1012 may be
cleaned of any gate oxide or native oxide that may exist either by using a plasma
formed by reactive gases such as NF, from remote microwave plasma system 55
15  described above or by using a thermal NF, vapor. During the cleaning procedure,
gate valve 280 would be opened to allow fluorine radicals from the NF; plasma to
enter chamber 15 to clean the oxides that may exist on the surface of source/drain
regions 1010 and 1012. Cleaning these oxides allows a more consistent drive-in of
dopants from doped dielectric layer 1008 that is formed over source/drain regions
20 1010 and 1012. The fluorine radicals from the remote plasma may be used to clean
native oxides from the wafer in chamber 15. In the cleaning procedure, heater 25
may be adjusted to a position where the fluorine radicals are optimally able to clean
the oxides without damaging the device on the wafer. Preferably, this native oxide
removal/cleaning step and the deposition of doped dielectric layer 1008 are
25 performed in the same chamber in an in situ manner. Use of the above described
CVD apparatus 10 avoids moisture absorption by the wafer, since the vacuum of
chamber 15 is not broken and the wafer is not exposed to the environment.
Alternatively, undesired oxides may be cleaned from the wafer by thermally
breaking down NF; vapor in situ. With this alternative, fluorine radicals are
30  produced in situ in chamber 15 by introducing NF; between about 200-1500
standard cubic centimeters per minute (sccm), preferably about 500 sccm, and
optionally O, at about 0-1000 sccm into chamber 15. At the same time, chamber



10 preventive mai ntenance chanber cleaning, thereby breaking the vacuum
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dopants from the doped dielectric layer 1008 formed on the wafer may more easily

and uniformly be driven into the substrate to form ultra-shallow source/drain

15  regions 1010 and 1012.

After deposition of doped dielectric layer 1008, the wafer remains in

chamber 15. The resistively-heated heater 25 and wafer thereon are then heated to
a higher temperature (about 800°C) for a specified time. The heating step drives
dopants from doped dielectric layer into N type material 1004. Doped dielectric

20 layer 1008 is used as a P type dopant diffusion source for the resulting ultra-shallow
junctions 1020, as shown in Fig. 19B. Of course, gate valve 280 remains closed
during this drive-in step. As an alternative to being heated in situ, the wafer may
be transferred to an annealing furnace or a rapid thermal process reactor (preferably
within the multichamber system) to drive-in dopé.nts from doped dielectric layer

25 1008, which acts as a dopant diffusion source. Diffusion is performed by annealing
or a rapid thermal process. Preferably, the diffusion is performed using a rapid
thermal process (due to better throughput) at a temperature between about
950-1100°C for between about 1-3 minutes, and preferably about 1000°C for about
1 minute, in these other embodiments.

30 After diffusion, doped dielectric layer 1008 is removed by dry or

wet etching techniques or other removal technique from N type material 1004.

CVD apparatus 10 may also be used to remove doped dielectric layer 1008 by using



39 chanber walls (e.g., about 60[err]C). Wthout |iner 250, the heat

effects at the edge of the wafer nmay adversely affect tenperature
uniformty across the wafer and | ead to non-uni form deposition. Liner
250 preferably conprises an inner portion 253 fornmed of a

process-conpati ble material that is well suited for high tenperature 5
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to the surroun®Chilustratedrthe pastidlly completed PMOS transistor 1000 after removal of doped

10  dielectric layer 1008. PMOS transistor 1000 includes gate electrode 1002 and

adjacent source/drain regions 1020 which are ultra-shallow P type doped junctions.

Thereafter, remaining process steps for the completion of the device may be
performed on the wafer.

After every wafer (or several wafers) have been processed in

15  chamber 15 of CVD apparatus 10, a chamber clean may be performed. After
processing of the wafer is completed within chamber 15, the wafer is transferred
through slot 243 which is then vacuum locked. Gate valve 280 may then be opened
to allow the chamber clean process to be performed using remove microwave
plasma system 55 until the chamber is cleaned to specifications, as indicated by the

20  endpoint detector system.

In an alternative embodiment, steps shown in Figs. 19D-19E are
performed after steps described for Fig. 19A. After doped dielectric layer 1008 is
formed over source/drain regions 1010 and 1012 and gate electrode 1002 as seen in
Fig. 19A, a capping layer 1030 such as USG is formed overlying doped dielectric

25  layer 1008, preferably in an in situ process within chamber 15. During the
deposition of layer 1008, gate vaive 280 would remain closed. Then the substrate
may be heated for diffusion of dopants from doped dielectric layer 1008 into
semiconductor material 1004 as discussed above for Fig. 19B.

Alternatively, the wafer may be removed from chamber 15 for transfer to an

30  annealing furnace or rapid thermal process reactor for diffusion of dopants from

doped dielectric layer 1008 as discussed above for Fig. 19B. Preferably, the

substrate undergoes a rapid thermal process in the same multichamber system to



tenperature, which is cool relative to the heater and wafer tenperature).

I n addition, air gaps 259 provide thickness to |iner 250 so that it
can bridge the gap 20 between the outer chanber walls and heater 25 while
m ni m zing the cracking or ot her thermal damage that may occur with a
t.hicker liner 250. Quter portion 255 of l'iner 250 usually has a

t hi ckness of about 0.5 to 2 inches with an air gap 259 thi ckness of
about 0.2 to 1.5 inches,, and preferably afut .9 to 1.1 inch with an air

[ .9 i h. | A 261 |
posi t1oneq on Janclf e 13 efers uoed gleRGic i THOR' B4 555058 4381 4D wesser
wal | of a punpidegositednisel pa#) As seen ﬁ@i??%,%pbﬁk% tH AU ped it YRl léggﬁr

referably conprises a ceramc materia ) such as al um num oxXI
g| umi num %i t ri 908 pithooyerlymgraap layer H03Q havsudiffusedanto ssmiconductop Statecial 100der

Fn an' al'tornat 1y g B SBO SodEe and b RoPTR' 880° TSR g 1030 angy
i nner cerarf c ploped dieleeGis lnyest1008 acntheh etched aRayphs disalssssvvass provide and
embod; ment, ouPBAly <emplelid DS aEsistor, B casclboRPLR H6 19G- T oot shown)
between ceram gergihingQtockssing steps. For about a 0.25 um device geometry, diffusion of
40 boron atoms form a BSG film thickness between about 100-200 A capped with a
USG film of between about 100-200 A and results in a junction depth ranging from
10 between about 0.05 um to about 0.1 um, according to preferred embodiments for

PMOS transistors.

Of course, an NMOS transistor 1000 includes gate electrode 1002
and source/drain regions 1010 and 1012 where N type, ultra-shallow junctions may
be formed in the P type semiconductor material 1004 using a doped dielectric film

15 1008 such as a PSG film or an arsenic-doped silicate glass film as the dopant
source, according to other embodiments of the present invention. P type material
1004 may be a P type substrate or a P well formed in a substrate. For about a 0.25
pm device geometry, a PSG film thickness between about 100-200 A and a USG
film between about 100-200 A results in a depth of phosphorus driven into the

20 semiconductor material that ranges from between about 0.05 um to about 0.1 um,
according to preferred embodiments. Of course, it is recognized that other doped
silicate glass films may be used to provide the N type or P type ultra-shallow
Jjunctions depending on the application.

Another example of a use of the present invention is forming an

25 ultra-shallow doped region as a channel-stop in a shallow trench isolation structure
between devices. Application of the present method for forming an ultra-shallow
channel-stop region is discussed with reference to Figs. 20A-20G.

Fig. 20A is a simplified cross-sectional view of a partially completed
shallow trench isolation structure formed in semiconductor material 1100. As seen

30  in Fig. 20A, a trench 1102 is formed in semiconductor material 1100 using
anisotropic etching techniques including reactive ion etching, plasma etching, or

other techniques. In the present example, the semiconductor material 1100 may be



and the inside wall of enclosure assenbly. The air gap insulates the high
tenperature wafer fromthe cooler walls of the enclosure assenbly, and it
provi des thickness to liner 250 to bridge the gap between the chanber
wal I s and heater 25. 5 B. Gas Distribution System
Referring to Figs. 2 and 6, outer lid assenbly 225 generally incl udes
alid or base plate 265, a coolant manifold (not shown), a clean gas

mani fol d 270 that includes conduit 47, gas m xi ng box 273 for m Xxing

and injecting cess cl eani ng ggs i nl.et tube
43 to the proc?igm’?gs“eﬁmg? g?’s‘(’e‘ﬁ gm aas“g%{{ag‘ 21’\(%&)2}3@1 ’gg%flﬁegtlvel y

di stributing cefiaé tieOchansb Qloplefion I tkshaBow Gregéls isolation. rstﬂgrwobm 273. O

course, it should be clearly understood that gate valve 280 is

optional, and Te¢iBes Qiﬁﬁl’éﬁedlln@eﬁﬂsl@lﬁﬂ A md@éﬂe%@c Hayer 1 1Q6qistformed everi vel y
distribute I r t ate
Valve. As. shoufrach 1EAL e bk P04 BOGAFARRSER ks 1906 plolitls f keeteOR ©,
and gate val valop&ft atoms wdaffaseahidyfohﬁ a clfaanelesmpckjopmgregldnoisedad; ptegertlae t op
surface of baseg&t ate 2 85 are

t. and
mounted to t h&OBRYLNE PR °r}‘filfr8S ag’ﬁw‘?egﬁ%g@ﬁ%emep’i‘ﬁ%dgﬁg materi ﬁm)(?r ng box

273. Gas passgaRP 8Pe riRrerdA1002dtped QlefdcEricSlayéraI0s HHLPE 8 BSGfifR S BRSP
90 of gas (see Flg 1C), such as o0zone, TEGCS, TEPO, helium nitrogen, clean
R

gas, or ypee amesomﬂd outlets (not shown) in conmunication with a

mxing area 93 w thin Z%ﬂrﬁﬁﬁ%&{@%ﬁgﬁd'ﬂﬁ}: ctlz{}%r gf@&ﬁv nbt*e%l&éSOij%é vering

them t hrough inlet tube nner asse
It shoul dibe rsatfack ofHaeénchdil0p inseynbe ¢leaneéd ©f any gﬂb’lxajemrmtme; ozlﬂe\nhdt Imay

L er 1 1cl U e aboeol iUl o ok Shour, houaL o oS RERSgEes °
Wi thout gas 23 renfiéplasiaPorniel Gsitfg restive %Q§ESC§€&P§d NFQNas! dischbied BRPow.
di stribution system A description
During the cleaning step, gate valve 280 is open to allow fluorine radicals to flow
from conduit 47 through outer annular passage 297 and into chamber 15 via
15  distribution plate 20. Heater 25 with the wafer thereon is lowered into a position
for the cleaning so that the fluorine radicals can clear the wafer of the unwanted
oxides that may exist on the surface of trench 1102 without damaging the substrate.
Cleaning these oxides allows a more consistent drive-in of dopants from doped
dielectric layer 1106 that is formed over trench 1102. The cleaning step and the
20 deposition of doped dielectric layer 1106 are performed in chamber 15 in an in situ
process. In alternative embodiments, the cleaning step may be done by thermally
breaking down NF; in situ , as discussed above. The fluorine radicals from the NF;
plasma or vapor then clear the oxides that may exist on the surface of trench 1102.
In further alternative embodiments, a separate chamber of the multichamber system
25  described above may be used for this cleaning step. Since moisture absorption by
the wafer is avoided by not breaking the vacuum of chamber 15 (or alternatively of
the multichamber system), the surface of trench 1102 is free of native oxide
barriers. After the cleaning step is performed, gate valve 280 is closed. Without
the native oxide barrier, dopants from doped dielectric layer 1106 may more easily
30  and uniformly be driven into the substrate to form ultra-shallow junctions used as a

channel-stop region to provide shallow trench isolation. Heater 25 with the wafer



of an exenplary gas feed-through box can be found in U S. Patent No.

4,872,947 to Wang, the conplete disclosure of which is incorporated
herei n by reference. As shown in Fig. 6A clean gas
mani fold 70 includes conduit 47 for receiving gas(es) frominlet 290,

and directing these gas(es) through a fluid passage 30 293 into gas
m xi ng box 273. Gate val ve 280 includes a vygl ve plug (not shown)
seated within passage 293 for selectively allow ng or preventing the gases

fzzrggm o pas 2héigor B MU RN iproctdsing pébitiaSand Heafkd t@%h%@%pex@ﬁfr@sll‘{al ve
may be .
manual 1y oper at(@epuhpO0R00%E) fog depositioa afdayerdi0@at e val ve 280 nay be

controll ed by proce r - ' l.eani n di ed below), gate
val ve 280 is configured t“?)ﬁé} deggs“éﬁj{;)fw&{%ﬁé d&?%érﬁgba& ‘eiﬁ#éf@?ﬁ ﬁ?ééﬁﬁﬁ%m
55 to pass i nt chimber2IBforvthe drivé-hiegterar Gate valve 280 fepiade dlbse@usnd heatep25tisibe

43 into chagber 15 to etch the wafer or the inner 5  chanber walls and the
ot her conp entheatgd t%a her tempegature (about 800°C). The heating oceurs for 2 specified 3,

clean gas mani fphélthdr Gefehds O Bl dési&e; hE'ttid?-Qé hékded for thk Aftalsii, Part of
enclosure assenbly 200 l5of appar at us 1161, W t e?,clgl})n%uiet 3{7 agﬁnsg an
Alternatively, the wafer may then be transferred to an annealing furnace or a rapid

thermal process reactor (preferably within the multichamber system) to drive
dopants from doped dielectric layer into P type material 1100. Doped dielectric

10  layer 1106 is used as a P type dopant diffusion source for the resulting ultra-shallow
channel-stop region 1108, as shown in Fig. 20B. Ultra-shallow channel-stop region
1108 is a P+ type region formed in P type material 1100.

After diffusion, doped dielectric layer 1106 is removed by wet
etching techniques or other removal technique from P type material 1100.

15  Preferably, the wafer remains in chamber 15 so that gate valve 280 may be opened
and radicals from remote microwave plasma system 55 may etch away layer 1106.
Of course, reactive gases input to plasma system 55 depend on the type of doped
dielectric layer 1106. Fig. 20C illustrates the partially completed shallow trench
isolation structure after removal of doped dielectric layer 1106. As seen in Fig.

20 20D, trench 1102 is then filled with an oxide 1110 to form the shallow trench
isolation structure. In a preferred embodiment, a high quality USG film deposited
at high temperature may be used as oxide 1110 to fill high aspect ratio trenches.
Oxide 1110 also may be formed using other deposition techniques.

After completing shallow trench isolation structure having

25  ultra-shallow channel-stop region 1108, devices 1112 and 1114 separated by shallow
trench isolation structure may be formed, as seen in Fig. 20E. Devices 1112 and
1114 each include a gate electrode 1116 and adjacent source/drain regions 1118 and
1120. Thereafter, remaining process steps for the completion of the device may be
performed by transferring the wafer to another chamber, preferably in multichamber

30  system. After the wafer is transferred from chamber 15, a chamber clean may be

performed using remote microwave plasma system 55 with resistively-heated heater



appropriate bend or curve fromthe top toward the side of chamber 15.
Conduit 47 of manifold 270 has an opening into a passage integrally
formed within a side wall 10 of encl osure assenbly 200 of apparatus 10,
whi ch nmay becone heated due to the hi gh tenperatures at which heater
25 operates. This passage is equipped wth an internal |iner 291 that
serves to protect the inner surfaces of the9passage in encl osure
assenbly 200 from corrosion and etching fromthe clean gas radicals _
ent ering from 2 adjupted ¢arwleaningeposition ahd gate vabe 280dwing epeantsalrexdpnbi nat i on
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di scussed in further detail below™ As shown in F|g§. 3 al : .
t ube 43 pref er abgpantsdremcapped. dopedrdiglecstia dayer 3506 into seshicorductog nuateriabs s

gases int PAET11e121s o r, e 297 in

comuni ca’f1 ioon \H Q[Oﬁ pass%eésdfgg@%r%g' %@)r' &ltr%[akép %’%‘8' %%Zgﬁgﬁﬂabégé?n?‘ﬁgo t he
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cool ant channel (Figs. 4 and 5) in base
above for Fig. 20B. As seen in Fig. 20G, dopants from the doped dielectric layer

15 1106 with overlying cap layer 1110 have diffused into semiconductor material 1100
to form ultra-shallow channel-stop region 1108. Cap layer 1110 minimizes the
outgassing of dopants upward from doped dielectric layer 1106, thereby resulting in
more dopants diffusing down into the substrate material 1100. After the diffusion
step is performed, gate valve 280 is opened and both the cap layer 1110 and doped

20  dielectric layer 1106 may then etched away using remote microwave plasma system
55 with appropriate etchant chemistry to provide partially completed shallow trench
isolation as shown in Fig. 20C, ready for the remaining processing steps of Figs.
20D-20E. When the wafer is transferred out of chamber 15, gate valve 280 is in
the closed position. A chamber clean of chamber 15 can then be performed by

25  operating the plasma system 55 with gate valve 280 opened.

For shallow trench isolation between NMOS transistors in a P type
substrate, the doped dielectric film 1106 may be a BSG film. For shallow trench
isolation between PMOS transistors in an N type substrate (or in N wells of CMOS
circuits), the doped dielectric film 1106 may be a PSG film or an arsenic-doped

30  silicate glass film. For smaller device geometries such as less than 0.35 pm having
a trench 1102 with a depth of about 0.5 um, channel stop region 1108 of about 0.1
pm junction depth may be formed using a BSG film 1106 about 200 A thick and a



42 convectively and conductively renove heat fromplate 265 and the
conponent s of inner |id assenbly 230 during processing (discussed in
further detail bel ow). As shown in Figs. 2 and 5,

inner |lid assenbly 230 generally includes base plate 265, a bl ocker
or gas dispersion plate 301 and a showerhead or gas 5 distribution plate
20 for dispersing process and cl ean gases into chanber 15. Pl at es
301, 20 are preferably formed froma proceg -conpatible material that is

S0 20 ' RO etk Mol 20T R P Rhd R Rred AR P aR e

al um num ni tri devention. (AIN), or a netal, such as al um num or anodi zed

al umi num Preferably, th | at.es 10 301, 20 conprise a netal, such as
al uni num or anodi zed al uiﬁ #Gﬁ\d heginderstqad that simplifieg-integraseds cirquitrO09nis for

surfaces of pl am@tadéblpurgSses bRiy2 Ofé bf gﬂil éi' éﬂdﬁriﬁf[ﬂé Eﬁ(égulgaixsnplemﬂﬂenem :

gas dispersion plate 301 conpri'ses anodi ze um num an
di stributich plprasentapetbeodrior fabricasion of other irfpratdd sircuitsusuchas atickogAgessors,

di sper si on 20 are .each  di tly fastened to | ower
surface of bas 3P%Eg?é€%§%lgégr%‘§?‘§ngﬁI(s,kf@s“%fné’ﬁ e 1645 Ac g Likes per si on
plates 20, 301 Fartherqfthe presknt dnve@ti®ri may be applied @FMOE, BAEOSPCMOS, Hipoiwd,t h a
plurality of thr%agﬁ%sjmuntl ng screws 303, 305, .
or Bi devices. "Although ultra-shallow source/drain junctions and ultra-
shallow trench isolation applications are discussed above, the present invention also
10 may be used in other applications where an ultra-shallow doped region is desired.
The present invention also may be used for forming undoped oxides as well as
doped oxides for use as various layers in integrated circuit devices, including PMD,
IMD, passivation, and damascene layers.
Exemplary wafer cleaning, deposition, and chamber cleaning
15 processes for in situ or individual operation within chamber 15 are further described

below, in accordance to various embodiments of the present invention.

B. Cleaning Native Oxides Prior to Deposition

In accordance with a specific embodiment of the present invention,

20  native oxides that may exist on the silicon substrate or region where an ultra-
shallow doped junction is desired may be cleaned prior to deposition of the doped
dielectric layer that may be used, for example, as a dopant diffusion source or as a
PMD layer. In these embodiments, the native oxides can be cleaned by using
fluorine radicals from a plasma formed with reactive clean gases like NF; by remote

25 microwave plasma system 55. Use of in situ processes in one chamber or
alternately in chambers of the same multichamber system permit enhanced quality in
the ultra-shallow junctions formed in accordance with these specific embodiments,
as well as providing for dielectric layers having low moisture content and low
shrinkage.

30 In a specific embodiment, chamber 15 is maintained at the deposition
temperature, a temperature ranging between about 300-650°C, and preferably at

about 550-600°C, for the entire cleaning process. Chamber 15 is maintained at a



respectively. Munting screws 303, 305 provide a relatively tight,
surface-to- surface contact between contact surfaces of gas

di stribution and dispersion plates 20, 301, respectively, and | ower
surface of base plate 265 to facilitate conductive heat 20 exchange

t her ebet ween (di scussed in greater detail below). The nobunting screws
303, 305 conprise a process-conpatible material, such an nickel,

Hastel oy[err], Haynes[err] or the |iMe.

Referring to Figs. 4 and 5, gas distrjbution_plate 20 i substanti al |
flat plate a1PTPaie goaAe Doven sboitges SIb MFEFY it fhout T ol Mtes 315 1 or
receiving 25 miiﬁﬁﬂﬁﬁg‘tﬂlﬁsl&hﬁéﬁm?@5%ﬂepﬁ9w ﬁk@v?f‘%ﬁﬁiﬁn &out BOL AfNfram!

surface of plate 20 w ower surface of base plate 265. Base plate
265 incl udes &gasdistributionpldte 20 swhilel gase fvalve 280 igopenedhand theaeean gasdNF,; is

di stributi | 20 .f th tt f f f ,
chanber 317 ( SREoReE it Bbicte e BZ A sRoF fbout By i ZHEFichh g
process ga$ introduced M6 Abplidator utE R sduhelprdsyurefis perminkédstor stabiilizeofor hol es

315 onto a sem conductor 30 wafer. Alternatiyvely, gﬁi: distrjbuti %2 pl ate
20 may conpri Aboyt %Iis‘iﬂ‘?n%hﬁf@@ HEIowaye energy 1§ ﬁBEheé‘HB\H‘B allt ?EP“&*“B%H’( ally

di sposed cavi tagrdeffiieHaRypdtvet ot eltfeh aBOE 5H03D6 Warts, preférably between
about 1000-1500 Watts, from magnetron 711 operating in CW mode is then applied
for about 5-10 seconds. The microwaves are transmitted from magnetron 711

10  through the waveguide and optimizing system to enter applicator tube 292 through
the window, as discussed above. UV lamp 731 ignites the reactive gases in
applicator tube 292 to form a plasma, with ionization sustained by the microwave
energy entering applicator tube 292 at the window. The radicals from the upstream
plasma formed in applicator tube 292 are output to flow into inlet 290. The radicals

15  flow through the lined passage in enclosure assembly 200 to conduit 47 of clean
manifold 270 through the opened gate vaive 280 and into outer annular passage 297
to enter chamber 15 and clean native oxides off the wafer. Used clean gas reactants
and oxide residues are then exhausted out of chamber 15 via the opened throttle
valve. The present description is for chamber 15 which has a total volume of about

20 6 liters. It is recognized that flow values may differ depending on the size and type
of chamber used in other embodiments.

In a specific embodiment, with chamber 15 maintained at pressures
lower than about 1-2 torr, rapid removal of fluorine species occurred, resulting in
poor cleaning results. At chamber pressures higher than about 1-2 torr,

25 recombination may occur due to collision losses, as well as causing overheating and
damage to applicator tube 292. Chamber 15 should be maintained at pressure levels
where fluorine species are not rapidly removed, recombination does not occur, and
applicator tube 292 does not break. In some embodiments, the chamber pressure
may be limited by the physical dimensions and material of applicator tube 292,

30  when microwave power is being applied. In a specific embodiment, the pressure in
applicator tube 292, when microwave power is applied, may be about 3 times as

much as the optimal chamber pressure. When different applicator tubes are used



43 The size and arrangenent of gas distribution holes
315 will vary dependi ng on the process characteristics. For exanple,
t he hol es 315 may be uniformy spaced to provide a uniform

di stribution of gases onto the wafer. On the ot her hand, holes 315
may be non-uniformy spaced and arranged, if desired. Holes 5 315 will
usual |y have a dianmeter in the range of ahput 5-100 m | and preferably in
t he range of about 10-50 m|. Preferably, gas distribution holes 315 are
desi gned to with ditfemnbﬂewuaﬁei ahcriopgimmlfcMmhespteisme milltvhq SOfrcourse] Lay or
waf er. The hol es d te ature di scyssed
above) are al 865 me%"?“t?dmp(fp?ll‘@mrnabe 5&0 8‘[“ THEHYAVES DERE he
mani f ol d out ep ;(mgttorr) surface and, in partlcul ar, to 10 prevent the

deposition of soft deposits on that surface which coul d flake off and
drop onto the wafer dur Singeheiplaimais formedeupsinagm afrthe watex coply dheyreactive

nbodi te, t
ool ent | Biin .08k 5 f BN, GPOBRTDE i e
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W thin each rin proxi mately equal. A pmore cq ete description of a
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i nner stand-off 318 for spacing di spersion pl ate 301 from base plate

265 and for aMafki®avejded-passi ng through base pl ate 265 to disperse

into a chanmber 320 (see Rg) E9b Qﬁ}\éﬁaﬁn Of and

plate 301. Alternatively, gglslé?jtlhspe?ze?gn pl at éﬁ&‘és d d?l ne s recess (not
exemplary for the present embodiment, other condmons may also be used. The

15  above description discusses NF,, merely as an example, in a Giga Fill™ Centura
system available from Applied Materials fitted for 200-mm wafers, as do the
various deposition descriptions below. However, other fluorine-containing or
chlorine-containing gases, such as NF, and N,, NF; and argon, NF; and O,, a dilute
F,, CF,, C,Fs, C,F;, SF, or Cl,, etc., may be used as well.

20

C. Exemplary Silicate Glass Depositions

According to the process of the present invention, dielectric layers
used as the dopant source, PMD layer, IMD layer, oxide filling layer, capping
layer, or other layers may be formed using any of several different processes. The

25  process recipes of a BSG film, a PSG films, a BPSG film, and a USG film are set
forth below as examples of doped and undoped dielectric layers used in the present
invention. Of course, during the below described deposition of various dielectric
films, gate valve 280 remains closed (unless remote plasma system 55 is being used
for deposition, in accordance with an alternative embodiment). The exemplary

30  processes may be performed in CVD apparatus 10, which is a closed, single-wafer,

SACVD system in preferred embodiments.



25 shown) for form ng chanber 320 rather than stand-off 318. D spersion

hol es 325 w Il usually have a dianmeter of about 0.02 - 0.04 mMmm O
course, it wll be recogni zed by those skilled in the art that

di spersion plate 301 may be included in preferred enbodi nents of the
I.nvention. However, the process gases may be passed directly from
base plate 265 into chanber 317 of gas distribution plate 20, in other 30
enbodi nent s. As showd3in Figs. 4 and 5, base plate 265

Is an integral, single-pi&ce | ement that functi to deliver
process gas(es) to gas @‘@gél’gﬁfﬁﬁs 66&@8 "3%)’1{’ ?fifpfeg Wit Qfferéad ahFor
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the processi n% I'n RF pl asna Br ocesses, inner lid assenbly
230 will al so(ARG @8 Oémr dlelecm¢ @aﬁtata@rwe(llno f gomm)thmmf asflipanyr skilh inf the

from the RF gif Acelshihe bk Ak BOSeE Kioes and olyRErelkdn e WEMELY
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V\ang, the dis Osu{es o?fbo%}xl &%mgg?nc Jd%v’ll‘éﬁj Stlrisr/ncltjhey I?orlatgc(mr %morane (B,Hy),

and other similar compounds. Examples of phosphorus sources include

triethylphosphate (TEPO), triethylphosphite (TEP,), trimethylphosphate (TMOP),

trimethylphosphite (TMP,), and other similar compounds. In addition to BSG or

10  PSG films, arsenic doped oxides or arsenic silicate glass (AsSG) also may be
deposited using, for example, a liquid source with an arsenic compound or an
arsenic gas diluted in argon, as examples. Examples of silicon sources include
silane (SiH,), TEOS, or a similar silicon source, and oxygen sources include O,,
0,, microwave-generated atomic oxygen (0), or the like. In the descriptions below,

15  flow rates for liquid sources are provided in milligrams per minute (mgm) while gas
flow rates are provided in standard cubic centimeters per minute (sccm). In these
descriptions, liquid sources are vaporized using a Precision Liquid Injection System,
and liquid flow rates in mgm may be converted to gas flow rates in sccm by
multiplying liquid flow rates by a factor of about 1.923 so that flow ratios may be

20  calculated accordingly. Preferably, stable doped dielectric films may be formed
using the TEOS/O, chemistry in a SACVD process to form damage-free, uniformly
doped ultra-shallow junctions in some embodiments. In other embodiments, a low
moisture doped dielectric film may be formed using TEOS/O, chemistry with a
SACVD process conducted in CVD apparatus 10 to provide a planarized insulating

25  layer with high aspect ratio gap-fill, low shrinkage, low metal contamination, and

low fluorine incorporation.

1. Exemplary BSG Film Deposition
As merely an example, the BSG film deposition recipe described

30  below is capable of forming a BSG film that may be useful as a doped dielectric
layer used as a dopant diffusion source. Of course, the recipe may be varied

depending on the particular use for and desired qualities of the BSG layer. A PSG



r ef er ence. As shown in Fig. 8, base plate 265 has a

| oner surface 321 that defines an annul ar punpi ng channel 40 for
exhausting the deposition gases 10 (di scussed in detail below). As shown
in Figs. 4 and 5, base plate 265 defines a central hole 327 in
comuni cation with inlet tube 43 for receiving the m xed process

gases fromgas m xi ng box 273. Hole 327 is73l so in communication wth
recess 311 of gas dispersion plate 301 for dispersing the gas across plate
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15  the TEB and TEOS sources are vaporized and then combined with an inert carrier
gas such as helium. The liquids are vaporized either by liquid injection system in
gas mixing system 93, which provides greater control of the volume of reactant
liquid introduced. The flow rate of TEB is between about 50-550 mgm depending
on the desired dopant concentrations, while the TEOS flow rate is between about

20  300-1000 mgm and preferably about 500 mgm. The vaporized TEOS and TEB
gases then are mixed with a helium carrier gas flowing at a rate of between 3000-
6000 sccm, preferably at a rate of about 4000 sccm. Oxygen in the form of O, is
introduced at a flow rate of between about 3000-6000 sccm and is preferably
introduced at a flow rate of about 5000 sccm. The ozone mixture contains between

25  about 5-16 weight percentage (wt %) oxygen. The gas mixture is introduced into
chamber 15 from the distribution plate 20 to supply reactive gases to the substrate
surface where heat-induced chemical reactions take place to produce the desired
film.

The above conditions can resuit in a BSG film deposited at a rate of

30  between 500-1000 A/minute. By controlling the deposition time, BSG films having
a thickness between about 50-500 A and preferably between about 100-300 A may

be formed at the process conditions described above in about 10-60 seconds. The



45 I n the upper surface of base plate 265, thereby decreasing the

cost and conplexity of manufacturing plate.

Referring now to Figs. 6B and 6C, an alternative enbodi nent of i nner
lid assenbly 230" will now be described. Simlar to the previous 5

enbodi nent, |id assenbly 230" includes a base plate 265, a gas dispersion
pl ate 301 and a gas distribution pla%F 20 for dispersing process and
cl ean gases into chanber I n addi‘ti on, base plate 265 includes an

annul ar cool a e u h as
water, to cool%'bg@% Fh} 5[9%-%? 5"?%‘8“6‘?213’ (?ﬁié Qge&lg ﬁﬂ%ﬂk ﬂ'ker?bfl "the
assenbly 230" .wtl % diﬂ'b(ﬁ'meiﬁf)ﬁﬂlrmmg BSG il ahges Hebwdenrabbey 2-8Gvt %i 4@l udes an
addi ti onal annulta IYUI d channel 502 extendi ng around central hole 295
above gas di sPEFETaBlY 151300wt %1 %or exchanging heat with the portion of base
pl ate 265 i mmedi at el y above gas di spersion and gas distribution hol es
325, . 315. | nner I|d assenbly 230" includes a plurality
of bypass passages 510 2. Exemplsm nd ppasitiomber 320 bet ween base pl ate

265 .and gas dispersion Fxsaxtngreﬁr an example the PSG film deposition recipe described

below is capable of forming a PSG film that may be useful as a PMD layer. Of
course, the recipe may be varied depending on the particular use for and desired
qualities of the PSG layer. Other doped dielectric layers besides PSG films may be

10 used as PMD layers by using similar recipes to the recipe below and appropriately
substituting the dopant(s) source gas(es) employed.

The exemplary PSG bulk film is deposited by heating the wafer and
heater 25 to a temperature of between about 200-650°C, preferably to a temperature
within the range of about 400-650°C and most preferably to about 600°C, and

15  maintaining this temperature range throughout the deposition. With gate valve 280
closed, chamber 15 is maintained at a pressure within a range of about 10-760 torr.
Preferably, the pressure is maintained within the range of about 400-600 torr, and
most preferably it is maintained at about 450 torr. Heater 15 is positioned about
250-350 mil from gas distribution plate 20 and is preferably positioned about 330

20  mil from plate 20.

A process gas including TEPO as the source of phosphorus, TEOS as
the source of silicon, and O, as a gaseous source of oxygen is formed. Being
liquids, the TEPO and TEOS sources are vaporized by the liquid injection system
and then combined with an inert carrier gas such as helium. The flow rate of

25 TEPO is between about 10-100 mgm, preferably between about 5-30 mgm, most
preferably about 24 mgm, depending on the desired dopant concentration, while the
TEOS flow rate is between about 500-1500 mgm, preferably about 1000 mgm. The
vaporized TEOS and TEPO gases then are mixed with a helium carrier gas flowing
at a rate of between 2000-6000 sccm, preferably at a rate of about 4000 sccm.

30  Oxygen in the form of O, (having between about 5-16 wt % oxygen) is introduced
at a flow rate of between about 2500-6000 sccm and is preferably introduced at a
flow rate of about 4000 sccm. The gas mixture is introduced into chamber 15 from



15 vacuum chanber 15. Bypass passages 510 offer a | ower resistance to

flurd flow t han gas di spersion and gas distribution holes 325, 315.
Accordingly, a large portion of the gas flowing into chanber 320 will
pass through bypass passages 520 directly into the vacuum chanber 15.
I.n an exenpl ary enbodi nent,, bypass passages 510 are preferably

spaced circunferentially around base plate g65 to 20 uni formy deliver
gases into the chanber 15 (see Fig. 6E). |ZI a preferred use of this
embodi ment, cl gANIRALERGEPlateSHED APpINTRacHNE S35l HRRE sl ugh
gas di spersi on?%nd gas di gt ributi OEP Rlcg?aé:g ggéfegg%g}ecir@spectsl vefzwﬁlmﬁ
addition, a  inducedoghemmigal afactions takeeplacenty praduce thadesitedfiimgh bypass

passages 510 directly in chanmber 15.t0 cLlitate the delivery of
the cleaning gases into ?ﬁ%%oélf C?E‘.ﬂg% fesulPin § PSG him éepOS‘F‘?‘? g ate of ablout

enbodi nent, vapr80 Aaninaiet | By conling ke déPosividn time efhe tkibknéss of the ASTFHikle a
control syste such as a val ve coupled to_a controller (not shown) for

prevent i ng> ( or deposiedmpy thwsibsicasiyggoniyalieds Preferablys shentyt fnelophpsphiprpainsthe
passages 510. resultiné PPRG filh? ERigks b&#h&dﬂ'ﬁmﬁf 9wt % ind %{f{dﬁb& ¥5Pé1t§)§t ly¥ordgsi 1 ed

t hat the process gasSes pass rough gas distri I on” an I sper Sion
hol es 325, 315 to uniformy disperse onto 30 the wafer. Thus, the valve
will be closed to preven e ocC fe fron1gassing t hr ough
bypass passages 510. Wem G; Ol t he valve will be

gﬁgzggrfo qui ckl'y del i veas aderdlpafilexampre! iHe BPSY fil epbshivh RBipd AeKTibedt O the
below is capable of forming a BPSG film that may be useful as a PMD layer. Of
course, the recipe may be varied depending on the particular use for and desired
qualities of the BPSG layer.

The exemplary BPSG bulk film is deposited by heating the wafer and
heater 25 to a temperature of between about 100-800°C, preferably to a temperature

15 within the range of about 400-650°C and most preferably to about 480°C, and
maintaining this temperature range throughout the deposition. With gate valve 280
closed, chamber 15 is maintained at a pressure within a range of about 10-760 torr.
Preferably, the pressure is maintained within the range of about 150-600 torr, and
most preferably it is maintained at about 200 torr. Heater 15 is positioned about

20  150-400 mil from gas distribution plate 20 and is preferably positioned about 300
mil from plate 20.

A process gas including TEB as the source of boron, TEPO as the
source of phosphorus, TEOS as the source of silicon, and O, as a gaseous source of
oxygen is formed. Being liquids, the TEB, TEPO and TEOS sources are vaporized

25 Dby the liquid injection system and then combined with an inert carrier gas such as
helium. Of course, it is recognized that other sources of boron, phosphorus,
silicon, and oxygen also may be used. The flow rate of TEB is preferably between
about 150-200 mgm. The flow rate of TEPO is between about 10-100 mgm,
preferably between about 35-75 mgm, most preferably about 24 mgm, depending on

30  the desired dopant concentration, while the TEOS flow rate is between about 300-
700 mgm. The vaporized TEOS, TEB, and TEPO gases then are mixed with a

helium carrier gas flowing at a rate of between 2000-8000 sccm, preferably at a rate



46 This increases the speed and efficiency of the cleaning process,

whi ch reduces the down time of apparatus 10. OF course, it will be
recogni zed that process gases nay al so be delivered through bypass
passages 510, if desired. 5 C. The Exhaust System

Referring to Figs. 2-4, a punp (not shown) disposed exterior to CVD
apparatus 10 provi des vacuum pressure to draw both the process and purge
gases, as well as residues, out of Thanber 15 and through annul ar
punpi ng channel . 40, where they are discharged from apparatus 10

al ong a di scha?fAPoRLARNG scemp. Opggenan thesfosmyofi @y iFiigtroduced atca Bewastetafon and
cl ean gases ariggadhidiie So0gRsion scbm G ORI introduced HIPAYR e S abSHOW
by arrows 351) through an annul ar sl ot-shape rifrce

surroundi ng t M008saemerThHeSozanel mixture qmeginssptwéanatelt 506 Wﬁg{% @lgg?t_i.arrgeb .
sl ot - shaped .oritic 55 .and chapne]_40 are prefera I ne y e
gap bet wgen th%astl%lﬁ&(ﬁ 1% Wﬁoguced mtoccﬁglrﬁggri%fre?l gﬁdﬂﬁtﬂé‘fmé‘i R!ée\%ﬁlq’ sypply

(i ncl udi ngsi nnesctivedakeato 20S sustratd SuFiaWhdre hesteihddead chemidal égﬁio'ﬁk 3 and

4) and the bottom of base plate 265. Fromthe punping annel 40,

t he -gases f| ovPlegertepreduce the desitgd flBund channel 40 (shown by arrows

357) and through a down endi S. p 36 t .a vacyum shut
of f val ve 363 (mvﬁegibéggé&ﬂyd&?gf%ﬁax&@fﬁ@ggpa%egag%ﬁtaﬁ e qt%ower
chanber body) ,betwekn 3500-5500 Eﬁnniihu&g BBY génteodieh ihe cﬁﬁoéﬁitbﬁihn@,%?fiﬁ&li&m&@(&%%
external vacuu ot, sho . ) ernatively, _
apparatus 10 n‘%%ﬁ& é@éd%Poéﬁ%E%‘é-‘( ghus b sasily controlledh) Jihe reingsBRY filmavi ng
a plural iy ofha8asbdiéh BsncehtBition IERE bF YefwaBRHIY 2% i @ 5R5horus chanmber 15
wi th punping channel 40. In this enbodinment, the gas es are

concentration level of between 2-9 wt %.

The parameters in the above BSG, PSG, BPSG processes and in the

below USG processes should not be considered limiting to the claims. For

example, the present invention is also applicable to silicon oxide films doped with

15 other dopants including, for example, arsenic. As another example, the flow values
discussed above apply for a chamber outfitted for 200-mm wafers, but may differ
depending on the type or size of the chamber used. One of ordinary skill in the art
can also use other chemicals, chamber parameters, and conditions to produce
similar films.

20 It is believed that film stability may be a factor in the availability of
dopant atoms in the doped dielectric films for diffusion into the semiconductor
material. Several methods to improve film stability and improve the ability to
control dopant diffusion from these doped dielectric films into the semiconductor
material were investigated. Each method described may be performed on a doped

25  dielectric layer, after the layer is deposited using a recipe such as one of the
exemplary deposition recipes described above. Furthermore, although methods
described below are with respect to treatment of a BSG (or PSG) film, the methods
are equally applicable to any doped silicon oxide film.



circunferentially spaced around the central opening of the chanber to
facilitate the uni form di scharge of process gas through the holes. To
accommodate the relative 25 positions of inlets and outlets, gas hol es
may extend in a radially outward direction frominlets to outlets
relative to central opening. This radial orientation of holes al so
contributes to a substantially uniform di §harge of the process and purge
gases and exhausted residues fromthe processing chanber 15. A nore
conpl ete description of this type of punping plate can be found in
commonl y assigned co- 30 pendi ng application Serial No. 08/606,880, filed

February 26, 1996 (Att ofndixemplary USEcKimn DeposioBy, the conpl ete disclosure

of which is incorporated hereip by ... rtef. r &0 at
47 Refdr 1ging; gdlerl Sqial) e assenbly

(throttle valve systen According t86fle bbbdifiefit GiNthé pedsariti iAvenyiohVsh dndbpedd a
throttle val ve 373 di sagsed al ong _discharge line 60 for controlling
the flow Pat esSiH¢ate glasyHdIQ) laperocagibesienpyited ie (oA apparatus 10 fapuseTfer pressure
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trench isolation. Of course, the USG film also may be used as an IMD layer, an
insulating layer, or other layer. The exemplary USG recipe discussed below
provides a very dense and uniform film which can survive annealing at temperatures

10  of greater than 800°C with minimal shrinkage. The USG film, which provides
excellent gap fill capability for high aspect ratio step coverage, can also endure
several etch processes at very uniform etch rate without opening up any voids in the
USG. The USG film, also can endure chemical mechanical polishing (CMP)
planarization without opening up any voids or creases in the USG.

15 The wafer and heater 25 are heated to a temperature within the range
of about 200-650°C, but preferably between about 550-650°C, and then maintained
at this temperature throughout the deposition. Heater 25 is positioned about
250-400 mil away from gas distribution plate 20 and preferably at about 350 mil.
With gate valve 280 closed, the pressure in chamber 15 is maintained at a level of

20  between about 10-760 torr, preferably about 600 torr.

A process gas comprising oxygen and silicon sources is introduced
into the deposition chamber. In a preferred embodiment, the silicon source is
TEOS and the oxygen source is O,, but those skilled in the art will recognize that
additional silicon sources such as SiH,, TMCT or similar sources, and other oxygen

25  sources such as O,, H,0, N,0O, microwave-generated atomic oxygen, and similar
sources and mixtures of the same also can be employed. When TEOS is used as a
silicon source, a carrier gas such as helium or nitrogen is employed. The ratio of
O, to TEOS may range from about 2-17:1, but is preferably between about 2-6:1.

The optimal total flow of the gaseous reactants will vary according

30 to the geometry and design of the deposition chamber. The gas flow also can be

varied to control the deposition rate. Typically, TEOS is introduced at a flow rate

of between about 500-2500 mgm and is preferably introduced at a flow rate of about



5 manoneters 381, 383 (see Fig. 2) and controlled by varying the flow
cross-sectional area of conduit 60 with throttle val ve 373.
Preferably, processor 50 receives from manonet ers 381, 383 signals
that indicate the chanber pressure. Processor 50 conpares the
measured pressure value with set-point pressure val ues entered by
operators (not shown), and determ nes the necessary adjustnent of throttle
val ve 10 333 that is required to mai ntai??the desired pressure within
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apparatus 10. In sone processes, liquid dopants are vaporized, and then
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i quid dopants into the chanper During calibration of the MCs,

i sol ation val ve 371 rest/4qeerding,to Wthef §“\bﬁﬁ§“’§§ of; thg\present invergiopphet ¢ | e
valve 373 to r&ﬁbiﬁbé%ﬁd‘@)fﬁ‘ﬁﬁ%‘}‘& hd}CbEEpPed Wxﬁrha{ﬁﬁ? %{gat ‘él’f%?rayer The

facilitates M=C calibration t ‘Assenbly
USG capping layer i is a stable film that does not readily absorb moisture. Thus, the
USG capping layer provides a hydrophobic surface on top of the BSG (or PSG)

15 layer that prevents moisture present in the ambient from being absorbed into the
BSG (or PSG) film. Furthermore, the USG capping layer is a relatively dense film
that impedes boron (or phosphorus) evolution. The USG capping layer thereby
facilitates controlled diffusion of more dopant atoms in the doped dielectric layer
downward into the semiconductor material. Without the USG capping layer, some

20 of the dopant atoms may diffuse upward away from the semiconductor material
during the subsequent anneal or rapid thermal process. Thus, the use of a capping
layer contributes to controlling the diffusion and the junction depth. The USG layer
can be deposited in a separate processing chamber from the BSG (or PSG) layer,
but preferably is done as an in situ process in chamber 15 where deposition of the

25 BSG (or PSG) layer also occurred. Of course, many processes for forming a
capping layer are possible.

The following process for forming a USG layer is described as an
example. An undoped silicate glass layer may also be used not only as a capping
layer, as described below, but as an insulating dielectric layer without use of an

30  underlying doped dielectric layer.

The wafer and heater 25 are heated to a temperature within the range
of about 200-600°C, but preferably about 500°C, and then maintained at this



30 Referring to Figs. 9-15, heater/lift assenbly 30 wll

now be descri bed in detail. The heater/lift assenbly 30 functions to
lift the wafer into the processing position wthin vacuum chanber 15
and to heat the wafer during processing. At the

48 outset, it should be noted that heater/lift assenbly 30 nmay be
nodi fied for use, or directly placedginto, a variety of processing
chanbers ot her than the exenpl ary SACVD chanber descri bed and shown

herei n. For ex £ y N si,m | ar
CVE) Icharrber th%ﬁ&%ﬁ%@a g@éﬁd&ékﬁsﬁ@%ﬁﬁ ﬁkaHoeF teg Zﬁg'npggr}%?/\%\?ealﬁégﬁgp,%@ ’H& al
CVD (MCVD) chaaway froor gastdistributiomvelace i20renk preferably at about 3@2?11!1\'1!16 _rvMimrgzateF_ o
I conduct roc i hanbers. . . - Referring to Figs.
and 13, heat er FAF 280 cloger e Brsswis it cijmper 15 is majfgpinggkat ailevel of between
resistively- hegbqe 50260 tort U BRP]st ?59@%%}3{ ?t'ta %Béa?@me&'éeﬂ&ﬁf Ege%b@ tdtpPer

and | ower support shafts 391, 3 e 395 circunscribling support
shafts 10 5 39mostygrefegably abasulOtterat er 25 and a drive assenbly 400 for

eI e TV S 6 SR cors b U B R i 2.
waf er support ethté ker depbsitié Shadtbe OlTh aQirefeRty efib¥@ihent, the silicon source is
TEOS and the oxygen source is O, but those skilled in the art will recognize that
additional silicon sources such as silane, TMCT or similar sources, and other
10 oxygen sources such as O,, H,0, N,0 and similar sources and mixtures of the same
also can be employed. When TEOS is used as a silicon source, a carrier gas such
as helium or nitrogen is employed. The ratio of O, to TEOS may range from about
2-17:1, but is preferably between about 2-6:1.
The optimal total flow of the gaseous reactants will vary according
15  to the geometry and design of the deposition chamber. The gas flow also can be
varied to control the deposition rate. Typically, TEOS is introduced at a flow rate
of between about 500-1500 mgm and is preferably introduced at a flow rate of
between about 1000-1250 mgm. O, (between about 5-16 wt % oxygen) is
introduced at a flow rate of between about 2000-10000 sccm, preferably about 7000
20  sccm. Helium or nitrogen may be used as a carrier gas that is introduced at a flow
rate of between 2000-6000 sccm and preferably about 4000 sccm. Usually, the total
flow of gases into the deposition chamber will vary between about 5000-20000
sccm, preferably about 15000 sccm. Under the above conditions, deposition rates
of between about 500 and 1500 A/minute are attainable. At such deposition rates, a
25  USG layer of about 100-200 A can be deposited in approximately 20 seconds. The
flow values above are for a 200-mm wafer chamber and will vary depending on size
of chamber used and size of wafer.
The following processes for forming a USG capping layer are
described as examples. Preferred applications will have USG cap layers of between
30  about 50-500 A, and preferably between about 100 and 300 A. A person of
ordinary skill in the art, however, will realize that capping layers of different

thickness can be employed depending on the specific application and device



bet ween a | ower | oadi ng/ unl oadi ng position where they are substantially

al i gned with slot 243 in enclosure assenbly 200 and an upper

processi ng position beneath 15 gas distribution plate 20 (Figs. 3 and 4).
As shown in Fig. 7, heater 25 includes an upper wafer support surface
403 surrounded by an annul ar rai sed perineter fl ange 405 so that the
wafer is accurately | ocated during processing. Wafer support surface
403 has a di ameter approximately equal to 8he dianeter of wafer Wat the
deposition tenperature, e.g., at a tenperature ranging from about
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excel | ent corrosion resistance, an ]
system in which vacuum is not broken during transfer of substrates between various

chambers in the multichamber system is also preferred.
According to another embodiment of the present invention, an in situ
USG or similar cap layer is formed on a doped dielectric film by turning off the
15  boron source or the phosphorus source just before completion of deposition of the
doped layer. In this embodiment, the initial doped dielectric layer such as BSG (or
PSG) is formed as described above. Flow of the dopant source into chamber 15
then is stopped while the thermal reaction continues for an additional period of
between 1-30 seconds. Preferably, the thermal reaction continues for about 3-10
20 seconds. In this embodiment, the dopant source is stopped by closing a valve on
the source’s supply line so that the thermal reaction is maintained without a dopant
for at least 5 seconds.
Of course, stopping the dopant gas source must be coordinated with
the time it takes the gas to travel from the point of the valve to the gas mixing
25 system 93 and then through the faceplate of plate 20. In most CVD machines
several seconds is required for gas to flow from the injection valve to the deposition
chamber, so the valve should be closed sufficiently in advance to allow for these
delays. Thus, if TEB is the boron source, closing the valve on the TEB supply line
several seconds before completion of deposition of the BSG layer results in a thin
30 USG cap which prevents occurrence of the previously described moisture absorption

and outgassing phenomenon.



49 excel l ent tolerance of thermal shock. Thus, in a particularly
preferred enbodi nent, the entire outer surface of heater 25 conprises
alumnumnitride. Alum numnitride has hi gh tenperature capabilities
and high resistance to fluorine and ozone chem stries used in chamnber
15. Use of alumnumnitride, as conpared to stainless 5 steel or
alumnum materials, for heater 25 al so hasgpess backsi de net al

contam nation in the processed wafer, resulting in nore reliable devices.
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movement to ensufﬁelenmmrbhde galensti ditlecthivtfilmn Ticaproved stabikvychf the plasma-
treated doped dielectric layer contributes to improved control of the diffusion that
forms the ultra-shallow doped regions. Chamber 15 is maintained at between about
1-5 torr during the plasma densification treatment. With gate valve 280 closed, a
15  plasma formed using a reactive gas such as, for example, nitrogen (N,), ammonia
(NH,), or argon, is introduced into chamber 15. As merely one example of the
plasma treatment that may be used, a reactive gas such as N, is introduced in gas
mixing system 93 at a rate of about 1000 sccm mixed with helium at 1000 sccm.
RF plasma system is operated, for example, at a power level of about 450 Watts at
20  a RF frequency of about 350 Megahertz (MHz) to create a plasma in chamber 15.
The plasma serves to passivate the surface of the doped dielectric layer, which may
have some nitridation on its surface. The plasma treatment thus densifies the doped
dielectric film. More dopants in the densified doped dielectric film, which is
resistant to moisture absorption, are available for forming the ultra-shallow

25  junctions.

D. Heating Processes For In Situ Deposition And/Or For Reflow
CVD apparatus 10 has high temperature capabilities allowing an in

situ heating step following a deposition process on the same wafer for a two-step
30  deposition/reflow process, or an in situ heating step concurrent to a deposition
process on the same wafer for a one-step deposition/reflow process. For use as a

PMD layer formed over high aspect ratio transistors or isolation trenches an



the heater 25 are substantially parallel during processing.
Referring to Figs. 4, 9 and 13, |ift tube 395 surrounds the |ower
portion of upper shaft 391 and assists in insulating upper bellows 411 from

t her mal energy radiating fromshaft 391, heater 25 and the inside of
processing chanber 15. 25 Lift tube 895 usually conprises an al um num
shaft 418, an annular strike plate 420 resting on the upper surface
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shaft 391 or rocess n an exenpl ary enbodi nent, lift
t ube 39% i nmighdsﬁecaramrfbatgres nmthwlvafwn)Qf w®ussh, kesting stepsdosptherpyrposes
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which may be used for reflow, but other heating steps for dopant drive-in in some
applications or for other purposes also can be done.

10 According to a specific embodiment, two-step deposition/reflow
process is described below. With gate valve 280 closed, chamber 15 may be
maintained at a pressure of about 200-760 torr. With the wafer and heater 25 in the
processing position between about 200-400 mil, preferably between about 330-350
mil, from distribution plate 20, the wafer and heater 25 are heated to a high

15  temperature of between about 500-800°C, preferably between about 550-650°C, in
chamber 15, for deposition processing. Stopping reactive gas flows, the wafer may
then be heated at between about 750-950°C, preferably between about 750-850°C
for about 5-30 minutes, preferably about 15-20 minutes, in order to reflow the
dielectric layer, according to a specific embodiment. The reflow temperature may

20  be the same as or higher than the deposition temperature in the two-step process.
Further, for a multiple-step deposition/reflow process, the temperature may be
ramped from the deposition temperature to an intermediate temperature (or
intermediate temperatures) before being ramped to the reflow temperature. Of
course, the time and temperature for the heating steps may differ depending on the

25 particular application being performed and on the particular layer being formed.

According to another specific embodiment, a one-step
deposition/reflow process is described. With gate valve 280 closed, chamber 15
may be maintained at a pressure of about 200-760 torr. With the wafer and heater
25 in the processing position between about 200-400 mil, preferably between about

30 330-350 mil, from distribution plate 20, the wafer and heater 25 are heated to a
high enough temperature of between about 750-950°C, preferably between about

750-850°C, in chamber 15, for simultaneous deposition and reflow processing to



430, usually at least two and preferably four, are slidably nmounted within
guide 5 studs 432 spaced about the periphery of heater 25. Fingers 430

extend downward bel ow heater 25 so that strike plate 420 may engage
fingers 430 and lift them above t he upper surface of heater 25 for
| oadi ng and unl oading wafers. Lift fingggs 430 are preferably nade
of a ceramic material, such as al um num oxi de, and generally have a

doubl e truncgt&d Wgﬂ%QﬁHE’QmQ%ﬁ‘djteﬁmQFauﬁQW}ie d&iRsitienfFefloi dtef mpger gui de 10

studs 432 are preferably not uniformy distributed about the heater 25, but
i nst ead diffef depending en thermgtteulaalayercpeing fomastt one side that is wider than

the width of the robot . l.ade, which is.typjcally a t.hin at bar

(not shown), around V\hf"_(s,ﬂlsftf‘féedlbqbf’f’ ’f]ﬁe?Pd%&@‘e wafer)(vdh&a}(l}e g Chambpr {éne waf er .
The bott om epgd fafitidi@f ditufprodebRS Brevet ek pRkere P tHRGRMer t& iR environment] ngers 430
have a relatively thick dianmeter of about 100-200 nil, preferably about 15
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j ust bel ow sl it 243). The wafer is supported initially by lift
fingers 430, therdeppsited &ilms atithese semperaiyysy alsheedpess shrnkage.n strike plate 420.
As |ift fingers 430 rise along with heater 25, t hey encounter a stop

(not shown). As heater 25 continues to rise to the processing

posi ti omoeopposite gas #i Lhambert Cleanid@SapbrdgGeferiniPirdceksenger s 430 sink into
gui de st uds 432 within heater 25 and the wafer is deBosit d onto
waf er support surface Adisrthe proces§ingtep oI iRYIIIRIE PFACSHYS KBS Su§hHas BRove t he
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Referring againto resi stive heater coil assenbly 4
housed wi t hi thehesferis t:absféroed dut afisfamber hyfonealisequent procesafeps ahuncedey.
pr ocessi ng. ori shafts 391, 393 s ort the
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deposition process residues such as undesired oxides and/or nitrides from portions

of chamber 15, including the unlined chamber walls in the lower portion of chamber
15, the bottom of heater 25, as well as other chamber components. To ensure
reliable wafer-to-wafer repeatability, the chamber clean removes any residues built

20  up during the deposition processes. These residues can be cleaned from chamber
components by using fluorine radicals, for example, from a plasma formed with
reactive clean gases by remote microwave plasma system 55. Due to its high
reactivity with F atoms, residue silicon oxide can be removed by the formation of a
SiF, gas product which may be pumped away out of chamber 15. The chamber

25  cleaning procedure discussed below may be performed after processing of every
wafer or every several wafers.

In a preferred embodiment of the present invention, NF; is used as
the clean gas to provide the fluorine radicals. The present invention preferably uses
remote microwave plasma system 55 to decompose NF; gas and generate a flow of

30  F atoms into chamber 15. Using a fluorine chemistry with remote microwave
plasma system 55 of the present invention advantageously has low kinetic energy

and does not have physical sputtering effects or formation of charging species in the



30 (di scussed bel ow). Upper support shaft 391 is nade of a ceramc

mat eri al capabl e of withstanding relatively high processing
tenperatures. Preferably, shaft 391 wll be fabricated from

di f f usi on-bonded al um num nitride, which prevents deposition

51 onto, as well as attack by chem stries used in chanber 15 of, the
el ectrodes and el ectrical connecti@ss within shaft 391 that m ght

ot herwi se occur if the alum num nitride were not present. Shaft 391
is preferably sdbtehusitbrrﬂdposiwdcﬁlm chmpéred t@n situ plasma prqoesses. dEuahgamré i ght
seal between heat.er sha ft@fgl such_t hat délhe Pogaieow core 445 of
shaft 391 | s ac[ongﬁsv F%Y?B@F}H‘ EEOHAMEMS IQ frduce § VAR §ffﬁ§§ oheri ¢

pressure, I.e.yse 6PQH,oks A6t éen@xtafé any' an%‘iib@d" pEHIBRA-HRBYnS(PHIY IprSickOr € 445

may be at a pr essure of abouf atm and a tenperature of about
10-200[err] C, while To ensnpentbe bestTlagn efficiensy, thenkp &luxtag well asfitseeleaningst
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connections f rmicrmveqmmn séttingy dbbee whivhahe genetativnesfF gasarsVcémpensated

chamber 15. In addjtion, ,majntajni t he holl ow core 445 of shaft 391 at
anbi ent % ¥ JEcombination j"LéS- Qfehw; the &eiations NEqflowand hr ough

hol | ow core 44:ﬁici'&vave saturation power that gives the highest clean rate without any excessive

hardware costs, in accordance with a specific embodiment of the present invention.

10  As shown in Fig. 21, the microwave saturation power ranges from between about
1300-2100 Watts for corresponding ‘NF, flows of between about 500-950 sccm,
according to the specific embodiment. For a preferred embodiment discussed
below, the microwave saturation power is about 2100 Watts for a NF, flow of about
950 sccm. The clean uniformity can be controlled by chamber pressure as well as

15 heater spacing, both of which can adjust the mean free path of the gas species and
pumping profile. As discussed earlier, since the highest pressure that can be
tolerated by the above-discussed embodiment of applicator tube 292 is about 2 torr,
spacing was used to optimize clean uniformity. In other embodiments using
different embodiments of applicator tube 292, both pressure and spacing may be

20  used in the clean uniformity optimization.

In an exemplary chamber cleaning process, chamber 15 is maintained

at a temperature ranging between about 300-650°C, more preferably at about 550-
600°C throughout the cleaning procedure, in preferred embodiments. Most
preferably, chamber 15 is maintained at the same temperature at which the

25 particular process is being run in chamber 15. For example, chamber clean
processes would be run at 600°C in those chambers used, as an example discussed
above, for depositing PSG films at 600°C. With the throttle valve opened and gate
valve 280 closed, heater 25 is positioned about 100-250 mil, preferably about 150
mil, from gas distribution plate 20 so that gas distribution plate 20 is heated up.

30 Heating up gas distribution plate 20 allows a faster clean to occur. This heating

step may be done for between about 3-10 seconds, preferably about 5 seconds.



power |eads or the alum num shaft. This arcing that m ght otherw se occur

ina vacuumis thus avoided. 15 Referring to Figs.
9 and 10, upper support shaft 391 extends through an opening 453 in
the | ower surface of enclosure assenbly 200, and is coupled to a base

455 that provides a gas seal between shaft 391 and chanber 15. Upper
support shaft 391 is fastened, e.g., bolte to | ower support shaft 393,
whi ch conprises a suitable process-c atible material, such as

al umi num or an al um num : r rably a
wat er - cool ed al um num shatts p?ésglﬂ‘x aﬁé;\%ei@gélg:i}’ﬁ%&g%e 2%%1}%3%%(1%8%@%

al so conpri se ¢edreis performied. e Dusihg tiseprie-cean stabilizadbnl stepuchaoberd &5 optimhilyri num
nitride. One or nore sealing nenbers 457, e.qgq., O- rings, .are

posi tioned bet %ol Rempintaingyat paessure devels rithiharerlsogused dusipe glé’t‘iﬂ:%’é‘rf‘%r e
445 and chambegdra fyofing 3pdks! dte Ebtgmpgéylmmﬁﬁon d%H@l?EHoEnb?lﬁﬁl bh d8&3ndt elmuUNt ed

to a 25 vertically novabl e support rive assenbly 400 for noving

t he shaft s5391In the pre-cl3®s stabitizdtioatstap, 2Bamlrrvidein brought tonal pregsuia depweenessi ng
posi tions. Shaft 393 defin an .. nner .cool ant, ¢ nel 46 ssi ng
around the el ethopf i% toﬁroﬁﬁé’g‘iapgn%bof‘bmst}f’frhé‘?& gate val?’?l?%?éft%eflhéggg
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463 has an inlet 464 and an outlet 466 coupled to water connections 217,

219, 30  respBuerinesippcienpequrtgd teseiiag impoosyhiRmAenalcaning, Bsulty. Ahekamber 463
e 0, b B Y9 b, o RRA R b Qi arter
heat er asd40nbl los8, aowpll ias eausingsoverfieatingharid damage to applicator tube 292. Heater

25 is moved away from gas distribution plate 20 to a distance of between about 450-

700 mil, preferably about 600 mil. The clean gas, NF;, is also introduced at a rate

of between about 600-1100 sccm, preferably about 950 sccm, into applicator tube

292. This pre-clean stabilization step lasts between about 2-6 seconds, preferably

15  about 3 seconds before microwave power is applied during the chamber clean step.

In the chamber clean step, the pre-clean stabilization conditions in
chamber 15 are maintained at a pressure ranging between about 1-2 torr, preferably
at about 2 torr. When the cleaning procedure is performed, microwave power of
between about 500-2500 Watts is applied to applicator tube 292. Preferably,

20  magnetron 711 provides about 2.45 GHz microwaves and is operated in CW mode
at about 2100 Watts for the preferred clean gas flow of about 950 sccm. The
microwaves are transmitted from magnetron 711 through the waveguide and
optimizing system to enter applicator tube 292 through the window, as discussed
above. UV lamp 731 ignites the reactive gases in applicator tube 292 to form a

25 plasma, with ionization sustained by the microwave energy entering applicator tube
292 at the window.

During the chamber clean step, fluorine radicals from the plasma
formed in applicator tube 292 to which microwaves are applied may then flow
through opened gate valve 280 and into chamber 15 to clean surfaces of undesired

30  oxide residues. Since the plasma is formed upstream of chamber 15, only the
reactive fluorine radicals in the plasma are able to reach and remove the residue

built-up portions of chamber 15. Therefore, various portions of chamber 15 are



52 (not shown) that supports heater 25 and extends through the | ower
opening 453 in encl osure assenbly 200. In this alternative

enbodi nent, sealing nenbers 457 woul d not be used.

Heater coil assenbly 440 is configured to provide a tenperature of at 5

| east about 200-800[err]C in chanber 15 at a rate of about 20[err]C/ mn.
Referring to Figs. 11 and 12, heater ggoil assenbly 440 includes a
heater coil 471 enbedded into the cerami c heater 25. The routing of

the heater coi kledrch Gﬁﬁt&h bfockfieteti@ids Bhile minimBALdifeet Braexh@m?ahye to

provides a single coil 471 at begins at one electrical contac
near the cent ettheoghambgr 5. Dhe chamber plean lastscbetweentabaniod)sesardsstoadowsf lheat er

25 10 t owar ds_.ji j t er. .Si t and
t hen- runs back .%%és,pp%fefﬁbﬁ?{w?%},\g&gfp@-@o@gﬁﬁogfrigoafndﬁlé%? g?gf?g&?ofgéaéoz%ond
el ectrical conuaoIs?c%ﬁés._ Pficauise,ome chamberfxMdanainie nrﬁgwaﬁ;eaeﬂ&ﬁm'gﬁmg t?@ )

mai ntain a generally unjformtenperature across the . th of .the
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As shown in Fi andésfred xR depositio bt both 4Hblotkdrend Fay distrbutios plates.
enbedded RE nesh ground pl ane el ectrode 473 connected to a plurality of 20

conduct or }&ad wires 475Afr i echambs clean. Additiognlpast-clean stgpsymay, pe api e

el ectri cal y 734 S

7ol ybdenum nes ﬁegﬁgﬁcgoggﬂﬂé e pdRE1Rad SiBpN) Anith5é1e1 o1 PrEREably Mainthifkd at the
above temperatures discussed for the above deposition and clean processes. At the

end of the chamber clean step, clean gas flow is stopped and microwave power is
no longer supplied. Chamber 15 is pumped to remove most of the F residue atoms.

15  During this post-clean pumping step, heater 25 is moved to a position of between
about 1500-2200, preferably about 2000 mil, from gas distribution plate 20 while
the throttle valve is opened and gate valve 280 remains open. The pumping step
lasts between about 5-20 seconds, preferably about 10 seconds, depending on the
amount of clean gas reactants and residue exhausted out of chamber 15. Clean

20  endpoint detection system also may be utilized to assist in determining the stop time
for the post-clean pumping until substantiaily all deposition process residues are
removed from chamber 15.

After the fluorine-based chamber cleaning procedure, there may be
some adsorption of active fluorine species on the surface of the chamber walls,

25  close to where the wafer would be located when the next deposition process occurs.
In the next deposition process, the fluorine might then interact or be incorporated
into the deposited film, causing film sensitivity at the surface. This film sensitivity
manifests itself as a rough surface, which may be problematic with the tolerances
required by high integration devices, resulting in device malfunctions. The present

30 invention provides the ability to getter any adsorbed fluorine from the surface of

chamber walls by several methods discussed below.



whi ch provides the ground path and plasma resistance in enbodi nrents where
pl asnma processes are used. Lead wires 475 preferably conprise a
conductive material that can withstand relatively high process
tenperatures, such as nickel, copper or the 25 like. I'n an exenpl ary
configuration, |lead wires 475 are each nickel wres coupled to

el ectrode 473 by a netal insert 477 that is co-sintered into el ectrode 473
to avoid brazi ng betmeen ceranic and88etal. Inserts 477 preferably
conprise a nmateri al |veI cl ose thermal expansion Hatch

at
to al uminumnitride, suchffL the POSt-Ckmwae 8$EPAE SEHOINE MAYDHBITIRTEER (on
inserts 477 ar gecdndbind #Ap fl@é‘%'dspe@iegb% eﬁﬂér ch@xhﬁ:i?ﬁacﬁdh @r ﬁinYﬂgdﬁa FoPthe'g 481,

which is then brazed to lead wire 475 wires of the heater
coi |, whether [Shambariwallsitheough silison oxide |($r’£}z) dgpowﬁduc"lﬂ\ew,ﬂ-%lﬁaél pumping and
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tol erate high ﬁmﬂntubk&quemlysdemsitddd'xhﬂst hstand casting of the al um num
nitride heater Referring t 9, 15A
and 15B, heater/lift assé?ﬁ'f’?llgob"rq’(ﬁ?’h@&§°“’°lea“ pumping step and seasgnmg step 1s

another stabilization step to stabilize chamber pressure and gas flow and to move
heater 25 into position for the seasoning step. In this stabilization step, gate valve
280 is closed and chamber 15 is maintained at a pressure of between about 20-70
10 torr, preferably 50 torr. Heater 25 is also moved to a position of between about
300-550 mil, preferably about 500 mil, from gas distribution plate 20. In a specific
embodiment, the seasoning step presently described uses ozone and TEOS with
helium as the carrier gas to season chamber 15 for subsequent silicon oxide
deposition. Of course, other gases may be used in the seasoning and pre-seasoning
15  stabilization steps, depending on the type of silicon oxide deposition desired. In the
pre-seasoning stabilization step, liquid TEOS at a flow rate of between about 200-
400 mgm, preferably about 300 mgm, is vaporized and transported with a helium
carrier gas flowing at a rate of between about 4000-8000 sccm, preferably at about
6000 sccm, into chamber 15. Gas flows may be introduced into chamber 15 via the
20  normal inlets used for deposition or via applicator tube 292 without application of
microwaves. This stabilization step lasts between about 5-25 seconds, preferably
about 15 seconds, before the seasoning step begins with the introduction of the
oxygen source to begin deposition of the seasoning oxide onto chamber 15. In the
thermal seasoning step, ozone is introduced at the flow rate used for the particular
25  deposition process used (e.g., about 5000 sccm for the experimental USG deposition
process at 550°C discussed above, or about 4000 sccm for the experimental PSG
deposition process at 600°C discussed above) for between about 10-20 seconds,
preferably about 15 seconds, to deposit a thin layer of silicon oxide (e.g., the
experimental USG deposition process having about 12.5 wt % oxygen, or the
30  experimental PSG deposition process having about 8 wt % oxygen) onto surfaces in
chamber 15. During the seasoning step, the ozone flow is optimally consistent with

the deposition process to minimize any fluctuation in ozone flow and concentration.



at | east one thernocouple 491 for determining the tenperature of heating
coil 471. 5 Ther nocoupl e 491 includes an el ongate tube 493 having a
sensor 495 (Fig. 9) i nserted and held in contact with the underside
of heater 25 at a distance of about 0.25 inch fromthe bottom of the
wafer. To that end, heater 25 includes a t her rocoupl e guide 501 (Fig.
15A) brazed to heater elenent 473 for conrgdcti ng sensor 495 of
thernocoupl e 491 to el enent 473. The thernocouple 491 is held in 10 pl ace
by a slight s&eamngorrlmmber bIntherebyrnqanasapi fiuormpratomys HAGmayihgve BéeR)adsarbed
provi des a coq) 0 E‘? nperature controller (not shown).

Sensor 495 is ‘feé ozit#@m osed in a well 505 which is at
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t he pr orfmss tmg mmutofmenmndboma B@S&Gﬁdsy piéteraBlycatlouf 10 bdcofidy, s 430
sink into gui e 432 within heater 25 so that the wafer is
deposi ted ont PYmPIg ftepbegingsoin the final pumping stepgate valved8R 405 of
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which is now ready for the next deposition process, heating, or wafer cleaning step.

It is recognized that final stabilization and pumping steps also may be modified and
similarly used with the particular seasoning step or alternative gettering step
(examples discussed below) selected.

20 In embodiments alternative to those discussed above, the pre-clean
stabilization step discussed above may further include a ramping of the microwave
power from a low microwave power to the final clean operating level of microwave
power, allowing pre-clean stabilization of pressure and microwave plasma
generation. In a preferred alternative embodiment, the pre-clean stabilization step

25 discussed above may be substituted with the following pre-clean stabilization.

Allowing for simultaneous stabilization of pressure and microwave
power, the step of ramping up the microwave power to generate a N, (or other inert
gas, depending on the clean gas used) plasma provides a lower pressure shock
profile on applicator tube 292 upon NF; plasma generation, in accordance with a

30  specific embodiment. Microwave power levels applied to magnetron 711 from
microwave power supply 110 may be adjusted under the control of processor 50.

For example, the microwave power may be ramped from zero to a level of about



30 base plate 265 into chanber 320 above gas di spersion plate 301, where
it disperses outward and flows through holes 325 into chanber 317
above gas distribution plate

54 20 (see Figs. 4 and 5). Preferably, the gas is uniformy

di stributed through gas di stribution holes 315 onto the sem conduct or
waf er (not shown). The tenperature of the wafer on
heater 25 is typically held above a 9" ninun1deposition t enperature by

heater coil as 40 so that the pr ess ases w | react together
e b ot or - SRR Wals (orcpome uetiponer S5r Sethgenf qna B ikl Sican opfating | °5,
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gate valve 280 remains closed. After about 5 seconds, the throttle valve is closed
and gate valve 280 is opened, allowing pressure to stabilize for the next 5 seconds
as chamber 15 is brought to the clean process pressure, about 1.5 torr in a specific
10  embodiment. Then, an intermediate level of microwave power between about 200-
400 Watts, preferably about 300 Watts, is applied to applicator tube 292 to form a
N, plasma during the next 5 seconds. For the next 5 seconds, NF, is also
introduced into applicator tube 292 while the microwave power level is ramped to
the clean level. Specifically, NF; may be introduced at a rate between about 600-
15 1100 sccm, preferably about 950 sccm, into applicator tube 292, while the
microwave power level is ramped up to the final microwave power clean operating
level of about 2100 Watts. Then, N, flow is stopped and plasma is generated using
only NF,, allowing for stabilization of the NF, plasma generation stabilization for
about 5 seconds. From this point, the clean may proceed, as discussed above. In
20 the above discussed alternative embodiment, both pressure and plasma generation
are stabilized prior to performing the cleaning step with the NF; cleaning plasma.
This alternative pre-clean pressure/plasma stabilization may last for a total time
period preferably between about 20-30 seconds with each power level ramp-up
allotted an appropriate slice of time from the time period. Accordingly, pressure
25 shocks from an immediate, one-step application of high microwave power (for
example, from 0 to 2100 Watts) on applicator tube 292 are thus minimized,
resulting in an enhanced lifespan for applicator tube 292.
Although the above described embodiment is a two-step power level
ramp-up, other embodiments may have multiple-step ramp-ups (for example, from O
30 to 300 to 1200 to 2100 Watts). Further, a microwave power ramp-down step
optionally may be performed between the above described clean step and the post-

clean pumping step. Two-step or multiple-step ramp-downs also are possible for



waf er heating source. To nmaintain the conponents of Iid assenbly 230 bel ow

t he m ni mum deposition tenperature and thereby avoid gas reactions
and deposition on 15 t hese conponents, a coolant liquid is introduced

i nto cool ant channel 93 to renove heat from base plate 265 and gas

di stribution and dispersion plates 20, 301. During the
deposition process, the vacuum punp is ach'vated to generate vacuum
pressure wthin punping channel 40, there 9 drawi ng the process gases
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10  may be introduced into chamber 15 via inlet 43 and gas mixing box 273 or using
the bypass passage in the lid. The O, is sent through applicator tube 292 for
radiation (for example, between about 500-2100 Watts, preferably 2100 Watts) by
microwaves from magnetron 711 of microwave plasma system 55, to produce
atomic oxygen. O, may be introduced into applicator tube 292 at a flow rate of

15  between about 50-200 sccm, preferably about 100 sccm, while gate valve 280 is
opened and chamber 15 is maintained at a pressure of between about 1-2 torr,
preferably about 1.5 torr, and a temperature of between about 300-650°C,
preferably between about 550-600°C. The atomic oxygen is able to react with the
TEOS in chamber 15 to provide a microwave-enhanced chamber seasoning.

20  Alternatively, for embodiments having a RF plasma system able to provide an in
situ plasma, vaporized TEOS may be introduced into chamber 15 where the RF
plasma system can create a plasma with which the atomic oxygen may react for a
RF-enhanced chamber seasoning.

As another alternative to chamber seasoning to provide gettering of

25  fluorine atoms from chamber surfaces, SiH, may be flowed at a rate of between
about 50-200 sccm, preferably about 100 sccm, into chamber 15 to purge chamber
15. Silane may flow into chamber 15 via line 85 into chamber 15 from one of the
other supply sources 90 (Fig. 1C) to gas mixing system 93 with closed gate valve
280, via other purge inlets to chamber 15 with closed gate valve 280, or via

30  applicator tube 292 with or without application of microwaves and with opened gate
valve 280. During the silane purge procedure, chamber 15 is maintained at a

pressure of about 1-5 torr and a temperature of between about 300-650°C,



55 ignition system (described below); a mcrowave wavegui de system

(descri bed bel ow); optim zing elenents including an inpedance
mat chi ng system 701 whi ch may include an optional phase detector 703
for enbodi nents requiring feedback for aut omati c i npedance mat chi ng,

and a circulator 705 with a load 707; and a 5 magnetron 711.

Magnetron 711 is a typical nagnetron sourgg capabl e of operating

bet ween about 500-2500 Watts for continuous wave (CW or pul sed out put of
m crowaves of paAleHbly befiect MBBHECSI02600CHZ Ivith' e e416¢ 280VBRERE. I PérginklcHamber
power ed by power supply 110 (shown in Fig. 1% whi ch may be renotely
| ocat ed from 18 absorhythetF atgnziand rexults dn thecformatkoay of n%iljngass evhichnig theme

tilized . : ' t
the. m or owave Pupss bt BhPer 15 v o SRRN D (e ol LEAIER il ©
strai ght and asideseribshateyeiin deqiicthennliowd the sydtémvdoi defermine whetbthe Rhamber

connected together at joints 719. Interspersed wthin the wavegui de system
are opti mzi nGlCANBEPFRCESS i £0 Y 880 ovi de | ow | 0ss, maxi num mi crowave 15

transm ssion with nni mA%%d?thﬁ&'ﬁ ot} It5)§ : g § q@%wbge §ggpet ron
from damage due to reflecte powgr. %ﬁe ?e]slérdl)g?‘?g% el ow %ol 'ows the
desi red di r ecsilane, as describéd aboyeogeiteeing imayrbenactiiered by praviding active hyppdgenat or

t ube 292. . I n specific e di nent i Cr ve pl asm
Gystem 65 has Mo chamber 15, Hydropéh & & ch b ondpitesl w308 B ¥ o g

707, as shownthen"didagl- gad'Csupply soutde £l A6 raté OF betweerabaut! 30-200rseemd m cr owave
transm ssjon from magnetron 711 ‘toward _applicator, tube 292. Load 707

absorbs afy paeierably-abous K} scem, apd e (viagswitching valve 105 into applicator tube
292 via inlet 57 (Fig. 1C). Magnetron 711 is operated at CW mode at a power

level of between about 500-2500 Watts, preferably about 1000 Watts, to provide

microwave energy to applicator tube 292, thereby producing a plasma therein. The
active hydrogen from the plasma in applicator 292 would then flow through the

15  lined passage in enclosure assembly 200 and into conduit 47 for use in chamber 15.
Of course, for systems which also include RF plasma systems, hydrogen may be
introduced into chamber 15 and RF energy applied in chamber 15 to provide the
active hydrogen. During the gettering procedure, chamber 15 is maintained at a
pressure of about 1-2 torr and, optimally, at the deposition temperature of about

20  300-650°C, preferably between about 550-600°C with gate valve 280 open. The
active hydrogen reacts with the adsorbed fluorine to prbduce hydrogen fluoride (HF)
vapor which may then be pumped out of chamber 15. An endpoint detection
system, operating on similar principles as the endpoint system described above but
to detect changes in light intensity due to absorbance by HF, may also be used.

25 Yet another alternative to seasoning, purging chamber 15 with silane,
or using active hydrogen, is to provide ammonia into chamber 15. Ammonia (NH,)
would be used as the "clean gas" supply source in gas panel 80 at a flow rate of
between about 50-200 sccm, preferably about 100 sccm, and sent via switching
valve 105 into applicator tube 292 via inlet 57 (Fig. 1C). Magnetron 711 is

30 operated at CW mode at a power level of between about 500-2500 Watts, preferably
about 1000 Watts to provide microwave energy to applicator tube 292, thereby

producing a plasma therein. The ammonia from the plasma in applicator 292 would



back fromthe wavegui de systemtoward nmagnetron 711. Circul ator 705 and

| oad 707 thereby direct mcrowaves in the forward direction and
protect magnetron 711 from damage fromrefl ected power. Circul ator
705 connects to wavegui de section 25 715 that is connected to phase
detector 703 connected to anot her wavegui de section 715. Phase
detector 703, if utilized, is coupled via gurved wavegui de section 717

t o anot her wavegui de section 715 having attached tuning or matching system
701. Tuntheg flopstheoughahe lined passageyineselositre assembiy 2000andoinke cortduiti4Tg

el enents, provj . I m.crowave system 55 with the ability to
mat ch t he Ioadfogﬁﬁﬁé\llgwt%éqégg‘??rm '%5 gen%rgé RIGcHlyrs. chamber, I3,1s maintained

characteri sti cad 7preine of @bout N2 way Sk i Pafally Uit (S dep6itREN téfigeratyre of MY
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introduced into chamber 15 and RF energy applied in chamber 15 to provide the
ammonium fluoride compound and HF. An endpoint detection system, operating on
10  similar principles as the endpoint system described above but detecting light
intensity changes due to absorbance by ammonium fluoride and HF, may also be
used.
Although the cleaning process conditions described above are
exemplary for the present embodiment, other conditions may also be used. The
15  above description discusses NF,, merely as an example, in a Giga Fill™ Centura
chamber available from Applied Materials fitted for 200-mm wafers and having 6
liters total volume, as do the various deposition descriptions below. However,
other fluorine-containing or chlorine-containing gases, such as NF, and argon, NF,
and N,, NF; and O,, NF; and atomic oxygen generated by microwave plasma
20 system 55, dilute F,, CF,, C,F;, SF,, C,F,, Cl, etc., may be used as well. Other
gases besides those described above also may be used for the gettering procedure.
Also, pre-seasoning stabilization steps would vary depending on the particular type
of seasoning/gettering process selected from the various alternatives to the above
discussed thermal seasoning. The above descriptions for cleaning, gettering, and
25  seasoning are stated to occur at preferred temperatures (for example, about 550-
600°C), but it is noted that, most preferably, chamber 15 is maintained at the same
temperature at which the particular process is being run in chamber 15. Of course,
different temperatures also may be used in other embodiments. Further, some
embodiments may combine, add, or eliminate some portions of the cleaning,

30  gettering, and seasoning steps described above.

II. Test Resuits And Measurements




cross-sections, but other types of wavegui de al so may be used. 5
As seen in Fig. 16, mcrowaves directed through the optim zed
wavegui de systemare transnmtted from output wavegui de section 721 to

appl i cat or tube 292, where a plasma is created. Applicator tube 292
has an input feed |line 57 that receives reactive gases that are
energi zed by m crowaves from nmagnetron 711 94 via the wavegui de system
and other optimzing elenments. Applicator tube 292 is a 10 circular (or
ot her cross-section) tube.niltra-shallswcDopmisiunetions ceranmi ¢ materi al,
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Gas flows in the experiments included introducing TEB into the chamber at a rate

of about 200 mgm, introducing TEOS at a rate of about 500 mgm, introducing
oxygen (O,) at a rate of about 5000 sccm, and introducing the helium carrier gas at
a rate of about 8000 sccm.

20 The above conditions resulted in BSG film deposited at a rate of 700
A/minute. The deposited BSG film had a thickness of about 150 A for a process
time of about 15 seconds.

In experiments where a USG cap was used, the USG capping layer
was formed in an in situ process immediately after the bulk BSG layer was

25 deposited. The preferred embodiments use a chamber that is a closed system which
minimizes moisture available to react with the BSG film before deposition of the
USG capping film. The susceptor was heated to a temperature of about 500°C, the
chamber was maintained at a pressure of about 600 torr, and the susceptor was
positioned about 300 mil from the gas distribution manifold. TEOS, ozone and

30  helium were introduced into the deposition chamber at flow rates of about 500

mgm, 5000 and 5000 sccm, respectively. The above conditions resulted in a USG



30 M crowave energy then sustains the ionization of the ignited plasm to
produce the flow of radicals that enter inlet 290 | eading to chanber
15 via gate valve 280. Due to changes in |l oad within applicator tube
292 fromthe introduction and ionization of

57 reactive gases within tube 292, use of matching system 701

optim zes the m crowave energy coupl9ng for efficiency. In preferred
enbodi ments, matching system 701 includes at |east one stub tuner
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The parameters used in the experiments using BSG films should not
be limiting to the claims as described herein. One of ordinary skill in the art can
10 also use other chemicals, chamber parameters, dopants, and conditions to produce
BSG films or other films such as PSG, AsSG, and others.
Experiments were conducted using uncapped BSG films of about 200
A thickness having about 6 wt % of boron. These experiments illustrate the ability
to form ultra-shallow junctions using BSG films as the dopant source for a
15  subsequent diffusion step.
At boron concentrations exceeding 6 wt % boron, uncapped BSG
films deposited at temperatures less than about 500°C tended to become unstable
and to crystallize within hours. As mentioned above, crystallization reduces the
amount of boron atoms available for diffusion into the silicon substrate. Deposition
20  of BSG at temperatures greater than about 550°C are believed to provide stable
uncapped BSG films with boron concentration of more than 6 wt %. For
applications where boron concentrations greater than 6 wt % boron are needed,
BSG films may be optimally capped with a USG film to prevent crystallization.
By preventing outgassing, the USG cap also provides the ability to control the
25  direction of the diffusion of dopant atoms into the silicon substrate. The USG cap
therefore prevents more boron atoms from being lost so that more boron atoms are
available for diffusion that may be directed more easily into the silicon substrate.
To demonstrate the further advantages of using a capping layer over
the doped dielectric layer for some applications, further experiments were conducted
30  using BSG films having about a 150 A thickness and a 6.131 wt % boron, with
about a 200 A USG cap deposited over the BSG film. These further experiments
illustrate the ability to form ultra-shallow junctions using capped BSG films as the



resistant to etching or deposition fromthe reactive chemstry input at

I nl et 290. Li ner 291 prevents fluorine radical reconbination in the
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measured concentration of boron at a depth measured from the silicon substrate

surface, and an "N" represents the measured concentration of the N type silicon
substrate at a depth measured from the silicon substrate surface. The junction depth
15  is defined as the position where the dopant concentration equals the substrate
concentration. In the present experiments, the silicon substrate used had a substrate
concentration of about 1.6x10" carriers/cm?®. Sheet resistivity of the diffused
regions shown in Figs. 22A and 22C was measured using four-point probe (4pp)
techniques, as are well known to those skilled in the art. Fig. 22B illustrates the
20  total impurity profile of the wafer of Fig. 22A as measured by the more elaborate
method of secondary-ion-mass-spectroscopy (SIMS) which is useful for providing
precision profile measurements in high-concentration or shallow-junction diffusions,
as is well known to those skilled in the art.
Specifically, Fig. 22A is a graph showing the dopant profile of an
25  ultra-shallow junction formed after a heating step using a 6.131 wt % BSG layer
having a USG capping layer. The BSG film was about 150 A thick and the USG
capping layer deposited on top of the BSG film was about 200 A thick. The heating
step was performed by a rapid thermal process for about 60 seconds at about
1050°C. The BSG and USG films were then stripped by etching. As seen in Fig.
30  22A, the resulting junction has a depth of about 0.06 um in the silicon substrate,
and the dopant profile appears fairly uniform. The maximum concentration of

boron is about 6x10'® carriers/cm®. The sheet resistance of the resulting junction



58 deposition at pressures of between about 200-760 torr occurs with
gate val ve 280 open, deposition may be caused in applicator tube 292,
| eadi ng to contam nation of t he cl eaning processes. Gate valve 280 is
preferably nmade of PTFE (or simlar materials such as those di scussed
‘above for liner 291 and manifold 270) to mnimze 5 damage to or
deposition onto the closed val ve 280 due 98 the reactive chem stries
fromconduit 47. In a preferred enbodi nent, gate valve 280 is a
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in Fig. 3. As nmentioned_above, in sone enbodi nents gate val ve 280
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bel ow. about 100 A to about 306 A HofiD@E rsﬁrfR%t SiCtht QilicSlY Sitithte, the
Figs. 17A-17D illustrate a cleani ng endpoi nt detection sy,st em 800 for
concentration of boron ranges etween about 1x10?! carriers/cm’® to about 3x10*

10  carriers/cm®. Below about 300 A from the surface of the silicon substrate, the
concentration of boron, silicon, and oxygen diminishes rapidly indicating the bulk
substrate. The steep shallow junction shown in Fig. 22B demonstrates the dopant
incorporation possible according to an embodiment of the presént invention.

Fig. 22C is a graph showing the dopant profile of an ultra-shallow

15  junction formed without the heating step using a 6.131 wt % BSG layer having a
USG capping layer. The BSG film was about 150 A thick and the USG capping
layer deposited on top of the BSG film was about 200 A thick. No heating step was
performed. The BSG and USG films were stripped by an etching technique. As
seen in Fig. 22C, it appears a junction with a depth of about 0.025 um has formed

20  despite the lack of a heating step. Apparently, the junction has formed due to the
high dopant concentration of boron in the BSG film diffusing into the silicon
substrate even without a heating drive-in step. The maximum concentration of
boron is about 7x10"7 carriers/cm®. The sheet resistance of the resulting junction
was measured to be about 55 Q/cm?, with the summation of dose ions in the P type

25  layer (Tp) being 4.9x10" carriers/cm?.

Fig. 23A is a graph showing the dopant profile of the junction
formed with a heating step using an 8.084 wt % BSG layer having a USG capping
layer. Fig. 23B is a graph comparing the dopant profiles of the junctions formed
with the same heating step using a 6.131 wt % BSG layer having a USG capping

30 layer and an 8.084 wt % BSG layer having a USG capping layer, in order to
illustrate the effect of dopant concentration on junction depth. Figs. 23C and 23D

show the effect of the temperature of the heating step on junction depth and on sheet



20 m crowave plasma system 55 accordi ng to another aspect of the present

I nventi on. As di scussed above, apparatus 10 preferably enploys a
t hermal cl eaning techni que using renote mcrowave technol ogy, instead
of a conventional in situ plasm process, to | ower netal

contam nation. In the present invention, the gentle cleaning
techni que using renote m crowave plasma s gtem 55 utilizes only chemcal 25
reactions, in contrast to using in situ pldsma processes where physi cal
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layer. The BSG film was about 150 A thick and the USG capping layer deposited
on top of the BSG film was about 200 A thick. A heating step was performed using
a rapid thermal process for about 60 seconds at about 1000°C. The BSG and USG

10 films were stripped by an etching technique. As seen in Fig. 23A, an ultra-shallow
junction having a depth of about 0.12 um was formed with good dopant uniformity.
The maximum concentration of boron is about 1x20%* carriers/cm®. The sheet
resistance of the resulting junction was measured to be about 145 Q/cm?, with the
summation of dose ions (Ip) being 7.9x10* carriers/cm?. The 4pp sheet resistance

15  was measured to be about 96 Q/cm’.

Fig. 23B shows the dopant profiles of the junctions formed with a

heating step using different boron wt % BSG layers (in particular 6.131 wt % and
8.084 wt %) having USG capping layers. The BSG films were each about 150 A
thick and the USG capping layers deposited on top of the BSG films were each

20  about 200 A thick. The heating step performed was a rapid thermal process for
about 60 seconds at about 1000°C. As seen in Fig. 23B, the resulting junction
depth for the 8.084 wt % BSG film is aimost twice as much as the resulting
junction depth for the 6.131 wt % BSG film.

Figs. 23C and 23D are graphs showing the effect of heating step

25 temperature on dopant profiles and sheet resistivity, respectively, for 6.131 wt %
BSG films having USG capping layers. The BSG films were about 150 A thick and
the USG capping layers deposited on top of the BSG films were about 200 A thick.
The heating steps were performed using a rapid thermal process for about 60
seconds at temperatures of about 900°C, 950°C, 975°C, and 1000°C. As shown in

30  Fig. 23C, the junction formed after the heating step at 1000°C is about 0.1 um,
compared to the about 0.06 um junction formed after the heating step at the lower
temperature 975°C. The sheet resistivity of the 6.131 wt % BSG film was about



of plasma in the chanber can make it difficult, using conventional endpoint
detection systens, to pinpoint the time at which the cl eaning has been
conpl et ed, i.e., when the | ast process gas residue in the chanber has
reacted with the cleaning 5 etchant so that it can be discharged from

t he chanber. Conventional endpoi nt detection systens typically rely
on the use of a plasma within the chanber g@gnd check em ssions from
the in situ plasma to determ ne the end of "a cl eani ng process.
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bel ow, end 0| nt detection system 800 of the present invention detern nes

the pbichabart aAQ-sesons heating sep ds abaut Qlbrem; While theniyaatian-formerh
Intensity t hat an?s Suk‘ﬁm heagn%%tg? ?f?&'i BNk, Ofnd bt reQixn%{}eA%f%E%UP}ﬁQ:

cl ean gas reac own in Fig.
17A, cl eaning %rBﬂG)ﬁhns clas abdmtdﬁOsWahém&éi‘&Be 40 second rhektmteﬂemaxgbzbodenﬁbt or

802 positioned,al on SC onduit 60 between isol ati e 371
and throttle S{HFWga ﬁ‘ éB 2’!5 %‘%Iel‘“@&?rgfnggbz“ Waﬂ?e‘bg‘abﬁ? lFT‘%ﬁé’

other locati Ortﬁné’\’of bierhehmg ﬁé@ﬁﬁ?tde&k‘xﬁhﬁr&lé’ﬁlfﬁi@%r Pu;smlfennﬁgrumcmb@,

det ect or 02 may be positioned downstream of throttle valve 373, as

shown in Bg. JWOMn

The above experiments of BSG used for ultra-shallow doped junction
formation are presented merely as examples to illustrate aspects of the present
invention and should not be considered as limiting the scope of the present
invention.

20

B. PSG For PMD layer

To demonstrate the operation of the apparatus and method according
to embodiments of the present invention, experiments were performed to deposit a
PSG film, for example, as a PMD layer. Prior to the deposition of PSG film as the

25 PMD layer, the wafer has typically been subjected to multiple processing steps to
form, for example, gate electrodes, oxide sidewalls, isolation trenches, etc. In the
experiments, the PSG films were deposited in a resistively-heated Giga Fill™
Centura chamber (a closed system having a total volume of about 6 liters and
outfitted for 200-mm wafers) manufactured by Applied Materials, Inc.

30 In the experiments, pre-deposition steps were performed to bring
chamber 15 to the desired deposition pressure and to stabilize the gas/liquid flows
before depositing the PSG film as a PMD layer on a wafer. Of course, it is



anot her enbodi nent, detector 802 is positioned along a bypass |ine 804 that
receives a sanple streamof gas fromconduit 60, as shown in Fig. 17C In
this 30 enbodi ment, bypass |line 804 may include a control valve 806 to

vary the anmount of fl ow passing through |ine 804, or to conpletely
cease gas flow al ong bypass |ine 804, for exanple, during gas
processing of a wafer within the chanber. 109

60 Referring to Fig. 17D, a preferred enbodi nent of

gas detector 8fttognized thai pre-deposition siemcmaypbel varfal fromvihe belletvedesariptin?
e S5 Sl it st BB, 5 E %t O WAL e
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preferably conpiduif ¢haffibef 15 dhtoSheatet 29tthidubl the vacuurh/186KS@r e Wwhichds tieh- | R
| ight such that zero or substantially little of the light is 10 absor bed

by wi ndows 812¢logeds. Heateraddis hegted uprie thexprgeawsing temperagrs ofabaut 689°C,
which is maintained throughout the pre-deposition steps, the deposition step and the

post-deposition steps.

10 In a first pre-deposition step, heater 25 is at a position about 600 mil
from gas distribution plate 20. With the throttle valve open for about 5 seconds,
helium at a flow rate of about 4000 sccm, and O, at a flow rate of about 2900 sccm
are introduced into chamber 15. The neutral gases, helium and O,, are introduced
first into chamber 15 for their flow rates to stabilize. These flow rates of helium

15 and O, are maintained throughout the pre-deposition steps.

In the second pre-deposition step, the throttle valve is closed and the
pressure in chamber 15 is increased to the deposition pressure. The second pre-
deposition step lasts about 30 seconds and allows the pressure, which may initially
fluctuate somewhat around the desired deposition pressure, to stabilize in chamber

20  15. Heater 25 is moved to the processing position of about 330 mil from gas
distribution plate 20 in second pre-deposition step.

In the third pre-deposition step, when the pressure in chamber 15 has
stabilized to the deposition pressure of about 450 torr, liquid TEOS is introduced to
allow stabilization of TEOS and helium flow. With the TEOS flow rate at about

25 1000 mgm, the vaporized TEOS gas mixes with the helium carrier gas for about 3
seconds during the third pre-deposition step, before the deposition step.

Having stabilized the chamber pressure, temperature, and
TEOS/helium gas flows, and adjusted the position of heater 25, deposition
processing can begin. At the onset of the deposition step, O, flow is terminated.

30 Liquid TEPO is introduced at a rate of about 24 mgm, and O, (about 8 wt %
oxygen) is introduced at a rate of about 4000 sccm. Being liquids, the TEPO and

TEOS sources are vaporized by the liquid injection system and then combined with



shoul d be process-conpatible, inert with respect to the process and cl ean

gas chem stry, and the material should not contam nate the film In
enbodi ments where fluorine radicals are used for the cleaning
process, w ndows 812 and 813 are resistant to fluorine. Preferred
‘materials for IR windows 812, 813 include 15 germani um cal cium fluoride,
or the I|ike. As scheanically shown in Fig. 17D,
detector 802 further includes a far-1 | anp 814 suitably coupled to
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these react ant §f gHosphorud [Fthé irbsuiBi3) PSP Eih Bs sbdueutwog of the far-1R light,
whi ch reduces the light intensity received by detector 816. The fluorine
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di m ni shed or conpletely siopped,, which indicates that the cleanin
endpoi nt has ¢onditions are, waintaiged; while 'FEPQ:flow termpinated, |The terapipation step

appropriate si@gfork UePbshs 5GSE cappih® layer in an in situ manner in chamber 15, by the
gas termination method discussed above. The USG layer is very thin compared to

the thickness of the bulk PSG film.
15 After the PSG deposition and USG deposition steps, post-deposition

steps are utilized to control the ramping down of chamber pressure and to control
gas shut-off. By adjusting the pressure and gas shut-off, the post-deposition steps
help reduce particle formation which otherwise can cause wafer contamination and
damage.

20 In a specific embodiment, three post-deposition steps were used. In
the first post-deposition step immediately following the above termination step,
TEOS flow is terminated while heater 25 is moved into a position about 600 mil
from gas distribution plate 20. Also, the throttle valve is opened periodically to
allow chamber pressure to gradually ramp down during the first post-deposition

25 step, which lasts about 15 seconds. In the second post-deposition step, the throttle
valve is opened periodically to ramp down chamber pressure for the third post-
deposition step (the pumping step), as helium flow into chamber 15 is terminated by
pumping it through a bypass valve. Heater 25 is also moved lower to a position
about 999 mil from plate 20 during the second posf-deposition step, which lasts

30  about 15 seconds. In the third post-deposition step, which lasts about 3 seconds,
the throttle valve is opened and O, flow into chamber 15 is terminated by pumping
it through a final valve.



61 cl ose gate valve 280 and to prevent further etchant gas from

entering chanber. In - the above exenplary cl ean process, endpoint
detection system 880 utilizes source 814 to provide, and detector 816
to detect, far-IR wavel engths that can be absorbed by cl ean gas

reactants Si F4, which absorb light with a wavel ength of about 10 [err]m 5
and fluorine, which absorbs light with a mel ength of about 5-6 [err]m In

ot her enbodi ments, source 814 and d ctor 816 can provide |ight at
di fferent wavel en S Qf'n&g i . .
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moisture resistance, high breakdown voltage, smooth surface, no surface damage

(i.e., plasma damage), and no fixed charge. The deposited PSG film exhibited

10 good film thickness uniformity. Specifically, film thickness uniformity (49 pt., 1)

at about 1.2 um thickness of the deposited PSG film was measured to be less than
about 1.5.
Fig. 24A is a photomicrograph demonstrating the as-deposited gap fill
capabilities of PSG films deposited at 600°C in accordance with a specific
15  embodiment of the present invention. In particular, the PSG film deposited at
600°C was shown to be capable of filling high aspect ratio gaps having a height (h)
and a spacing (w) without the formation of voids, as seen in Fig. 24A. Fig. 24B is
a simplified diagram (not shown to scale) of a section of the integrated circuit
structure shown in Fig. 24A. As seen in Fig. 24B, substrate 1200 has stacked gate
20  structures, specifically electrodes 1220 with tungsten silicide (WSi) caps 1240,
formed thereon. An oxide layer 1260 is deposited onto stacked gate structures to
form high aspect ratio gaps with h of about 0.35 um and w of about 0.08 um shown
by dotted lines, as seen in Figs. 24A-24B. Fig. 24A therefore demonstrates an
exemplary structure with high aspect ratio (about 4.3:1) gaps that are filled by PSG
25  film 1280, which is used as a PMD layer. Deposited at about 600°C using the
preferred recipe discussed above, PSG film 1280 exhibits excellent high aspect ratio
gap fill capability without the need for a reflow typically done at about 750-800°C,
which is often inconsistent with increasingly tight thermal budgets.
In addition to having excellent gap fill capability for high aspect
30  ratios, PSG films deposited at about 600°C advantageously are dense films that
exhibit high resistance to moisture absorption. Moisture absorption of the deposited

PSG film deposited was measured using conventional Fourier Transform Infrared



the Si F4 concentration is dimnishing, which neans that the cl eaning
endpoint is 20 approaching. The controller continuously nonitors |/I[err]
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endpoi nt has arrived. Whi |l e the description above is
in terms of a CVD chanber for a mul ti chanber processing system it
woul d be possible to inplenent certain feiaderes of the present

i nvention with other plasma etching chanber’s, physical deposition 25

chambers ot Rfectiolpy RTIRY f fhiqdel Casthif \RIABRW zgtd'trﬁ;bfgﬂ&'inﬁﬂg'tékﬂi [rPéhe ONS

shoul d not Ken as ting the scope o rese I nvention as
defi ned by t hartapBignd&dllustrates thd BETIR spectra ofia RSG fibn depasited htaabouh 600G/ ent i on

is not- limted to i.ngl.e wafer chanper as, descri bed abgve and shown
| h the encl os S e Toling SRenlany racest Fahtitions. AGPGHEE & HGEor t he
present i nvenighihddintiat thb exdiifihd! préckss Bomiidor3ahalide TROSHow BRAbORY 1000

si mul t aneously processes a urality of wafers. In addition, the invention

woul'd be 5  mgi TEBOdlqwef abaut 24 ragmaheliupt Bowenf abousH)df secmhend ozone
sequentially REEd.0% 5% AUk How of abouP4RIPRE Y 8 pFR3R D EBGR @ b1

waf ers.
I'l. H gh Tenpanaispicing\bff ibont 83Gintibetwesncirars 25'%nd @as distribvtiopiatd 20. Fhet em

PSG deposition time was about 600 seconds. As seen in Fig. 25, the FTIR spectra

of the PSG film deposited at about 600°C demonstrated no water spikes indicating
10  moisture absorption, and no measurable change in moisture absorption was seen
over about 155 hours after deposition, illustrating the PSG film stability over
extended periods.
As demonstrated by Fig. 25, the deposited PSG film is dense,
resistant to absorbing moisture. Deposition of a PSG film at high temperatures, for
15  example at about 600°C, tends to drive out any moisture that might be absorbed
into the film, resulting in a dense film. As a dense film, the PSG film deposited at
high temperature has the advantage of not requiring an additional step for further
densification of the film. The dense nature of the deposited PSG film makes it
compatible for use as a PMD layer which can be planarized either by a subsequent
20  anneal at a temperature greater than about 1000°C, or preferably by a CMP step.
In addition to moisture absorption resistance, the present PSG film deposited at high
temperatures is able to provide good film thickness uniformity, as well as good gap
fill without formation of voids or weak seams that can cause subsequent device
problems. The high temperature PSG film is particularly useful as a PMD layer as
25 it provides good phosphorus incorporation (between about 2-8 wt % phosphorus),
which is important for gettering or trapping mobile ions such as sodium (Na+) ions
that might otherwise migrate and cause shorting in the device.
The above description of experiments depositing and measuring
characteristics of the deposited PSG film demonstrates its suitability for use, for
30 example, as a PMD layer. However, the description should not be considered as

limiting the scope of the invention.



A.- Exenplary Structures and Applications Fig. 18
illustrates a sinplified cross-sectional view of an integrated

circuit 900 according to the present invention. As shown, integrated
circuit 900 5 i ncl udes NMOS and PMOS transi stors 903 and 906, which are

separated and electrically isolated fromeach other by a field oxide
regi on 920 formed by | ocal oxi dati ongopf silicon (LOCOS), or other
technique. Alternatively, transistors 903 and 906 may be separated

and el ectrically isol at gl fUSGrFenOxidetFilingtlvayer kh8hdilow Trench Isolationh
I sol ation (not shown) n transi stors 903 and 906 are bo‘i) g%g)sacor poth 10
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and 929. Adja F\F"mlﬁsl gate leptsodes coxide sidewalls, isolasiendrepehes, etc. Ingheni ngs by
|
vias 926. Dep b&ﬁﬂeﬁw Cthe rf%@'fhh?%fe &égﬂ?erdEiaQ Sk t\}e?yeﬁea?&{sé e%ait-lpan

| ayers 930. apparatus s us
exanpl e, as Zmenuwmhhmyar (agﬂdspd lsmmdmang agﬁtil veldfheafabo@og liers gaissi vat i on

| ayer 930 CVD ratus .1 na e used deposj .t oxide filling
| ayers foﬁl sha‘fqtgwdtﬁoé mmwafer f“iﬂ‘fégt dﬁ’ﬁ*egé\q ’é@s’i ir{'cpl ace of LOCOS
field oxide region 920. In the experiments, pre-deposnﬁG@Et'éﬁiw@ *med tebHag of CVD
apparatus 10 described above i's formng ultra-shal |l ow source and
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transi stor is rcognizedahat pre-depositionsepe mayi ﬁ&vﬂegsfrorﬁ%}ieﬂﬁv description
15  (which is merely an exemplary specific embodiment), as is optimal for different
deposition recipes. The pre-deposition steps reduce unnecessary deposition on
chamber walls and also contribute to yielding uniform depth profiles for the
deposited films. Before any pre-deposition steps occur, a wafer is loaded in
vacuum chamber 15 onto heater 25 through the vacuum-lock door, which is then
20  closed. Heater 25 is heated up to the processing temperature of about 550°C,
which is maintained throughout the pre-deposition steps, the deposition step and the
post-deposition steps. '
In a first pre-deposition step, heater 25 at a position about 600 mil
from gas distribution plate 20. With the throttle valve open for about 5 seconds,
25 helium at a flow rate of about 7000 sccm, and O, at a flow rate of about 2900 sccm
are introduced into chamber 15. The neutral gases, helium and O,, are introduced
first into chamber 15 for their flow rates to stabilize. These flow rates of helium
and O, are maintained throughout the pre-deposition steps.
In the second pre-deposition step, the throttle valve is closed and the
30  pressure in chamber 15 is increased to the deposition pressure. The second pre-
deposition step lasts less than about 40 seconds and allows the pressure, which may

initially fluctuate somewhat around the desired deposition pressure, to stabilize in



Fig. 19Ais a sinplified cross-sectional view of a partially conpleted

MOS transistor. Merely as an exanple, the MOS transistor 1000 is a PMOS 30
transistor. O course, NMOS transistors also may be forned. For PMOS

transi stor 1000, a doped dielectric layer 1008 used may be a BSG film
as the P type dopant source. As seen in Fig. 19A a gate el ectrode
1002 overlying gate oxide 1003 has 1

63 al ready been forned on nateri al 9604 In the present exanpl e,
material 1004 smihber 15. HBerP5\s meRed ?dJEiétﬂ sxﬁé p&di Wéﬂoui 950"Rfll #rBm?
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ultra-shal |l ow doped junctigons.are desire def i ned, usi mask.
In the present exanpl e, Cltf’hlge ﬁggqr%rﬁéég?sétl%%ﬂ%e%”a%ﬁpfeétj'err’@Ch e glf and
1012, but of csabikizedtitbehe e@o@m&n peessire ot abowtesdotierr wigid TRDS isyinfedeedd to
drain (LDD reql ons. Using the CVD reactor system descri bed above with

process low stabilization of JEOY andybelam (o5aiitsogen) flawp e Withi the JEQS Howayer
1008 i s for msdraﬂ:"ﬁrabfmt_ %Oggﬁggrhgﬂ{eqfa?b&édeﬁﬁ@§§a}9fb&s%ﬁl 2 3eLeR @ el er

resting on resistive eate
nitrogen) carrier gas for about 5 seconds during the third pre-deposition step, prior

to the deposition step.

Having stabilized the chamber pressure, temperature, and

10  TEOS/helium gas flows, and adjusted the position of heater 25, deposition
processing can begin. At the onset of the deposition step, O, ﬁow is terminated
while O; (about 12.5 wt % oxygen) is introduced at a rate of about 5000 sccm.
Being liquid, the TEOS source is vaporized by the liquid injection system and then
combined with the inert carrier gas helium. This mixture is introduced into

15 chamber 15 from gas distribution plate 20 to supply reactive gases to the wafer
surface where heat-induced chemical reactions take place to produce the desired
USG film. The above conditions result in a USG film deposited at a rate of about
1450 A/minute. By controlling the deposition time, a USG film having a thickness
of about 10000 A is formed at the process conditions described above in about 414

20  seconds.

After USG deposition, a purge step is performed that is optimizes the
stability of the deposited USG film to provide moisture resistance. In the purge
step, which lasts for about 3 seconds, the deposition conditions are maintained while
TEOS flow is terminated.

25 After the USG deposition step and purge step, post-deposition steps
are utilized to control the ramping down of chamber pressure and to control gas
shut-off. By adjusting the pressure and gas shut-off, the post-deposition steps help
reduce particle formation which otherwise can cause wafer contamination and
damage.

30 In a specific embodiment, three post-deposition steps were used. In
the first post-deposition step immediately following the above termination step, the

carrier gas flow into chamber 15 is terminated by pumping it through bypass valve.



10 25. Prior to form ng doped dielectric |layer 1008

over source/drain regions 1010 and 1012, the surface of source/drain
regions 1010 and 1012 nay be cl eaned of any gate oxide or native
oxi de that may exist either by using a plasm formed by reactive

gases such as NF3 fromrenote m crowave plasma system 55 15 descri bed
above or by using a thermal NF3 vapor. Durjng the cleaning procedure,
gate val ve 280 woul d be opened to allow fI%8rine radicals fromthe NF3

| t .chamber 15 to..cl Ldes that . ' th
DL S souPeRPhESiE VR £ b6t T8RS L 9 Bl B 200y s
al l ows a nore thenhidiendlvelis openédipétiodically to gfadailys ramipddowho pitntiér Qresirei C

| ayer 1008 that is formed over source/drain regions 20 1010 and 1012. The
f1uorine radi cawrng thgfirstRost-dergsition siepniyhichylasse abpiw 4 5 tsecande o dn the secondat i ve

oxides fromth ok t: L d r 25
may bo adj ust ot aeposiidh 4 T vifle i GochE BelOH-AA NG i AERLE |
abl e to cl éan down charhiger presiars, and O fiowdiatvadianmpet i ideontineedonHedter dhfer .

Preferably, this nati oxi de - enmoyval / ¢l eani p.angd t he

epost ¢ o’ of  HEpAMYE Ses Acpasiipn DTG0l FE81 plah.70 GBI e 1otane Rosre
chanmber in an {épositiod sfEp) Wich 165t abdut 115 Qe@dNay.e I8 AfeCthird §fdst-depositiénYSep,
apparatus 10 avoi ds noi sture absorption by the wafer, since the vacuum of

chanber 15 is Waichdpsk abpus 3cseconds. e ghroftle vadve is operesand O+ flew éwtoichambernt .
Al ternatively, %{ng I de IH%},{ mthe wafer by thermally
br eaki ng down m‘gbd@aporgfi%sﬁ@ tt%%%lglil' gq%?fi‘é{rlggt I-ve, fluorine radicals
are 30 dOoduced in sitThe aboveaxperimértallmonditbns fbrche depukitioh of ESEh switablet
200- 1500 st.andard . cubi ¢ centjnmeter er mnute (sccnm), . preferably
2bout 500 sconfOriRE used a8 g tel ARy, vl eV ion Y SObich BRTat R e
chanber 15. At optiiRalSt8 PRoviliéthe BeSefIREquality with high throughput. In shallow trench
isolation applications, the deposited USG film should be capable of void-free gap

fill (typically at a nominal angle of about 85°), in addition to being a very dense

15  and uniform film. The deposited USG film exhibited good film thickness
uniformity. Specifically, film thickness uniformity (49 pt., 1) at about 5000 A
thickness of the deposited USG film was measured to be less than about 1.5.

Figs. 26A and 26B are photomicrographs demonstrating the relative

gap fill capabilities of TEOS/Q, USG films deposited at about 400°C and about

20 550°C, respectively, after reflow at about 1050°C and a 6:1 buffered oxide etch
(BOE), in accordance with a specific embodiment of the present invention. In
particular, Fig. 26A illustrates a trench structure having about 0.35 ym width and
about 0.70 um depth (about 2:1 aspect ratio gap) with a filling layer that is a USG
film deposited at about 400°C after a reflow at about 1050°C. Fig. 26A shows

25 large voids in the deposited USG film, indicating that the USG film deposited at
about 400°C is not very dense and appears to have been prone to shrinkage. Even
after a reflow at a temperature above about 1000°C, which can densify a USG film
to some extent, the USG film deposited at the temperature of about 400°C is not
very dense and does not survive the high temperature anneal or a subsequent wet

30  etch processing without opening up voids. In comparison, Fig. 26B shows a trench
structure having about 0.18 um width and about 0.45 um depth (about 2.5:1 aspect
ratio gap) with a void-free filling layer that is a USG film deposited at about 550°C



64 15 is heated to between about 500-650[err]C, preferably

.600[err]C, and nmaintained at a - pressure of between about 60-760
torr, preferably 400 torr, while heater 25 is spaced between about
150-900 m |, preferably about 600 ml, fromplate 20. Thus, t he
surfaces of source/drain regions 1010 and 1012 can be cl eaned of any native
5 oxi de barrier. Affiogr the cl eaning step, gate val ve
280 in sone enbodi nents woul d be closed to shut out any reactive

gases used in after adeflow aliabbwrct05DeC lany arsubsequesit twepetch processifyg.oThe UG om

entering and d 1 ting, onto s es in.condujt 47. Heater, 25 al so

woul d be m)veda%h? lp"’B’r" %(L?g B@é"sgﬁnﬂgmﬁ&sﬂ APRCLIAHO Baps: wihquy the,e
specified 10 foﬁ‘ﬁﬁﬁ&f@ﬁ%x@s a&brtx’eﬁowaﬁﬂud@ USG Giias Rposied aﬁm?td'aﬁgeénf r&lﬂe
desirted process re Doped di el ectric |ayer 1008 is’t or med

at high terrperﬁ’BEur%fy{CI aah 368 56@669'@{1@1'@&:}’:@;s at very unifarm letchQ9®s »aﬁﬁﬁrﬁimss 10,
d bed b X o (i
he dope 5 or Sepitiea % aBO soBECBb Be Shiic Yot Gherags witpou SR O

and uniformy weddriven into the substrate to formultra-shall ow
source/drain 15 regi on 010 and 1012.
deposition of doped diel@t r exdence af the highaspest satior gapefillisg F?Pabﬂlty of

chamber 15. TthGeﬁ;lhﬁtdeﬁsdlﬁéd heabanl sk6et Gb’!é &,[25%8{'? g}ﬁ]b% r?%*ﬁﬁlgﬁ%g@‘%?‘? inf "

heated to a her tenperature (a
time. The heatﬁhﬁgagtf apabilitysof the deposued USG film after an anneal at about 1000°C

10 and a subsequent wet etch processing, in accordance with a specific embodiment of
the present invention. Fig. 27 shows a trench structure having about 0.16 um width
and about 0.48 pm depth (about 3:1 aspect ratio gap) with a filling layer that is a
USG film deposited at about 550°C after a reflow at about 1000°C. The trench
structure of Fig. 27 has a smaller spacing and a higher aspect ratio than the trench

15 structures shown in Figs. 26A and 26B, illustrating the superior gap filling
capability of the USG film deposited at about 550°C.

In addition to having excellent gap fill capability for high aspect
ratios, USG films deposited at about 550°C advantageously are dense films that
exhibit high resistance to moisture absorption. Moisture absorption of the deposited

20 USG film deposited was measured using conventional FTIR techniques. Fig. 28
illustrates the FTIR spectra of a USG film deposited at about 550°C under the
following exemplary process conditions, according to a specific embodiment.
According to the specific embodiment, the exemplary process conditions include
TEOS flow of about 2000 mgm, helium flow of about 7000 sccm, and ozone (about

25 12.5 wt % oxygen) flow of about 5000 sccm, at a pressure of about 600 torr and
spacing of about 350 mil between heater 25 and gas distribution plate 20. As seen
in Fig. 28, the FTIR spectra of the USG film deposited at about 550°C
demonstrated low moisture absorption (less than about 1 wt % moisture). Further,
Fig. 28 also illustrates that a moisture increase of less than about 0.5 wt % moisture

30 inthe USG film was seen over about 160 hours after deposition, indicating the
stability of the USG film over extended periods.



dopants from doped dielectric layer into N type material 1004. Doped
dielectric 20 | ayer 1008 is used as a P type dopant diffusion source for
the resulting ultra-shall ow junctions 1020, as shown in Fig. 19B. O
course, gate valve 280 remains cl osed during this drive-in step. As
an alternative to being heated in situ, the wafer may be transferred
to an annealing furnace or a rapid thernah grocess reactor (preferably

wi thin the nultichanber system to drive-iR dopants from doped dielectric

| ayer 25 1008, which agiSrdisei ' ' i N1 S
performed by annealing : o%ilégs(r)g%?gnﬁjé{r' ﬁ%"ozgf?)%é&s?%mg?e?%ggh@% t he
di ffusion is pdamsermesistantstorapserbingpimbisture. Deplosition lof arid8@ fUm(aiddght 0 bet t er

t hroughput) at,a tenperature between a 950-1100[ err].C for between
about 103 i nEBweraiREs.ph pamie 5 duo5h i gpnds o AAVG DU Bl mbisure that
mnute, in themghobabsoebRiOktBBfHm, $€bulting in a dense film. As £iéMé ikl thesi on,
doped dielectric layer 1008 is renoved b r wet et ching

d
t echni ques’or YPELIm depgsitad Qtéé%WHlPéfaW%ﬁPf\gtt l;?rfé ahetPPE hapthe advantage oD
apparatus 10 Mgyndies RsProfs 16’ shidaGiae nfi QR Gesult 6l void FdrfmaliGl Gher 08 DY

usi ng
annealing step and a subsequent wet etch processing, compared to USG films

deposited at lower temperatures. The dense nature of the deposited USG film
makes it compatible for use as a high quality oxide layer for filling trenches used in

10 shallow trench isolation applications. Due to its high density, USG films deposited
at high temperatures and used as oxide filling layers can be planarized by either a
subsequent anneal or a CMP step, with minimized likelihood of opening up voids.
In addition to moisture absorption resistance and good film thickness uniformity, the
present USG film deposited at high temperatures provides excellent high aspect ratio

15  gap fill without formation of voids or weak seams that can cause subsequent device
problems. '

In general, high pressure O,/TEOS USG films may exhibit pattern or
surface sensitivity effects, resulting in uneven deposition, which is undesirable. It
has been seen that problems with uneven deposition are worsened with higher

20  O,/TEOS ratios. Advantageou‘sly, deposition of USG films at high temperatures
such as at least about 550°C requires use of more TEOS in order to achieve
adequate deposition rates. Accordingly, the O,/TEOS ratio of USG films deposited
at high temperatures is low (less than about 5:1), thereby eliminating any pattern or
surface sensitivity effects. Moreover, the film quality (e.g., density, shrinkage,

25  etc.) is high for USG films deposited at high temperatures. Because of the high
density of these high temperature deposition USG films, plasma densification
treatments or plasma oxide caps are not needed, thereby avoiding any plasma
damage to the wafer. The lack of a plasma from such treatments in the chamber
thus reduces possibility of metal contamination and potential shorting of devices in

30 the wafer. Compared to low temperature thermal USG films, which often require a
plasma densification treatment or plasma oxide cap and may shrink to open voids

after an anneal, thermal USG films deposited at temperatures of about 550°C



renote m crowave plasma system 55 with the appropriate etching chem stry.
For this dielectric renoval step, gate valve 280 woul d be opened to
all ow the renote plasma to etch the layer 1008 until renoval is
conpl et ed, whereupon gate valve 280 S closed. The renoval step may
be perfornmed in situ wthout transferrlng t he wafer from heater 25 in
chanber 15. Alternatively, the renoval ﬁ@ho y be performed in

anot her chanber, dedicated to dielectric val , mnthin the sane

mul ti chamber of the
wafer to the %%@ll%??r’f@rre;“n&/gﬁ %éﬁattbﬂﬁy\ll'g%nd}s{gf ﬁl?"?#l%e aﬁ%{t I'C gﬁ%gésg?'ém
Fig. 19@nd 16w shetait contahtimatipas tvithout\plasanpdasiage, H%o:&iamswm die 1000

after renoval of do&gd 10 dielectric layer 1008. PMOS transistor 1000
i ncl udes gat e PEFSER% 10¥EMIONO02 and adj acent source/drain regi ons 1020

which are ultra-shal | owRetapb¢e SREEHtidNUSTCdxperients demonstifes R §tﬂfabllf BP' ni ng
process steps for the conpletion of  the device may be pert on

the wafer.5  the deposited USG film fosfuserbyeway pf mle,(asra mghe;uallltymi@rlayerhave

been processe cha nber n

e per for ned. 12 Fne nigf R Thud Frefones g6 ARG Hehen Bty SHGte V" ™
chamber 15, t hgpatafuelalsosmiy Beaded td @eposit USGifiling lag &nﬁieedmrzél%wdilm 500°Chen
vacuum | ocked. Gate val ve 280 nay then be opene to all ow the chamber

cl ean process [PHIMP applicggions.q Qf Songser @wbevwe;spemxbshould not be £opsiderpd ag m 55
until the chaqi%{m%&ecgcwgﬁﬂ{eqn%ﬁ%flcatlons as indicated by the 20
or

endpoi nt det ect yste In an alternative enbodi nent,
steps sholh in Figs. 19II! i53& baruaderstood thgt tlieccabowel description isciptendes tr bebed f or

Fi 19A. Af d diel | 1008.,. . f d .
slogr cel dr ai nt ﬁg‘bﬁ%%ﬁg gotgr%%{'&itgﬁ : H‘?’B"@@b‘t yill be gl{?ﬁnefnégovg’{gﬁ%q il
Fig. 19A, a canmhegt updierevieiaty iecdboss déASﬁpu@n { By Wy Gtaple dhpBtions

dielectric 25 | ayer 1008, preferably in an in situ process wthin_chanber
15. During t héerein V%@ﬁasilwstr@wdmwbmmssardgtatan ) BEG28§Gand BPSEai n

closed. Then th&estRzided! fut they are not so limited. For example, the dielectric film

15  formed according to other embodiments may be an arsenic doped silicon oxide film,

or other doped film. As another example, the deposition of dielectric films has
been described using carrier gas such as helium, but other carrier gases like argon
or nitrogen, may be used as well. As a further example, dielectric layers have been
described for particular applications, including doped junction formation, PMD

20 layers, IMD layers, oxide filling layers, capping layers, etc. Of course, it is
recognized that the same CVD apparatus discussed above may be used to deposit
dielectric layers at temperatures lower than about 400°C, as well as temperatures
above 500°C. Additionally, various aspects of the present invention may also be
used for other applications. Those skilled in the art will recognize other equivalent

25  or alternative methods of depositing the dielectric layer while remaining within the
scope of the claims of the present invention. The scope of the invention should,
therefore, be determined not with reference to the above description, but should
instead be determined with reference to the appended claims, along with the full

scope of equivalents to which such claims are entitled.



may be heated for diffusion of dopants from doped dielectric |ayer 1008
into sem conductor material 1004 as di scussed above for Fig. 19B.
Al ternatively, the wafer nmay be renoved from chanber 15 for transfer to an
30 anneal ing furnace or rapid thermal process react or for diffusi on of

dopants from doped dielectric |layer 1008 as di sa g.
19B. Preferably, the substrate underigges a rapl '”I ; 'EN’
the same mul ti chamber systemto m__m_' i 'K"bEU |
66 whi cWHATISeCLAIMEDd8e doped diel ectric |ayer 1008 and c¢apping
| ayer 1030 were deposited) is a part. As seen in Fig. 19E, dopants
fromthe doped dielectric |ayer 1008 with overlying cap | ayer 1030

have di fif used i nto sem conduci or rmt,ﬁerm@iol&ggessm asub§ti-?até gﬁlﬁ]ﬂéh&f{h—§ha| | ow
sour.ce and drain junctions 1020. The cap | ayer %0 and

di el ect i ¢ | aywescunmoshamber, tshidrvaguurn sham| taspfdﬁsgtﬁﬁfs‘&ﬂwmut Hyﬁﬁ‘bmfde
partiall 3y conp az&ﬁ% stegiﬂrﬁg?tﬁ%g%ﬂﬁlgpo as shown in Fig. 19C, ready for

remai ni ng proc a 0.25 [err] mdevice geonetry,
di ffusi an of boron at ojrofwping eneBsxGnbie! protdss ghses dmo aidwaewumbout
100- 200 A capped with a USG fil mof between about 100-200 A and

resultsdin a jﬁﬁi’(‘}iqe&n depth ranging from

6 depositing a dielectric layer on the substrate in said vacuum
7 chamber; and
8 heating the heater to a temperature greater than about 500°C
9 in said vacuum chamber.
1 2. The method of claim 1 wherein said heating step is
2 carried out during the depositing step.

3. The method of claim 1 wherein said heating step is
2 carried out after the depositing step.
1 4. The method of claim 1 wherein said heating step heats
2 the heater to a temperature greater than about 600°C.

5. The method of claim 1 wherein said heating step heats
2 the heater to a temperature greater than about 700°C.
1 6. The method of claim 1 wherein said heating step heats
2 the heater to a temperature greater than about 800°C.
1 7. The method of claim 1 wherein said dielectric layer is
2 deposited over the substrate wherein said substrate includes features with aspect

ratios greater than about 2.5:1.

Has Been Replaced

A "I



bet ween about 0.05 [err]mto about 0.1 [err]m according to preferred

enbodl ments f transistors. O course, an
NMOS tran5| il mgﬂlﬂ *as gate el ectrode 1002 and source/drain
regi ons 101 N type, ultra-shallow junctions may be

formed in the P type sem conductor material 1004 using a doped dielectric
film15 1008 such as a PSG fil mor an ail(s};ani c-doped silicate glass film

as t he dopant source, according to her enbodi ments of the present
inventipn. P type material \ Qr a P
well formed in a substrate. E'or ag& ﬁéﬂ{sg 05%?3"% ‘waﬁer rﬁlﬁ)a{?g\ glﬁeéc}rs‘retr
a PSG f2 | m t hiuoifoms.s bet ween about 100-200 A and a USG f| | m bet ween

about 100-200 A results in a depth of phosphorus driven into the 20

sem conductor naterial that ranges from between about 0.05 [err] mto about

0.1 [err]m accor ding 0. Pr ehe el MM PhfreinTai ALAHE siep | o

recogni zed that other doped cate gl ass ns nay

provi de2 t he Nrefjgyes said gietegric layetrra shal | ow J unctl ons dependi ng on t he

appl i cation. Anot her exanple of a use of the present

invention is formng an 25 ultra-shall ow doped regi on as a channel -stop

in a shallow trench isolationgstr¥hé Hieghod of clairiel WaerRiFQid A@ting ARP! | cation

of the present method for_ formng an ultra-shall ow channel - st op

region4s disdiffeseydopants ﬁf@ﬂé?@rfg%le‘itﬁc Haygs into gzid sobstrate.

Fig. 20Ais a sinplified cross-sectional view of a partially conpleted

shal l ow trench isolation structure fornmed in sem conductor material 1100.

As seenl 30 in Fig. 20A a 1l.encThd fethod of fctaimeld whereiresaid dietbotricdayerdiaer i al

1100 u anl Sot ro(g_?ec etching techniques including reactive ion
? pl as

etchin ot her techniques. In the present exanple,
the sem conductor materl al 1100 may be
1 12.  The method of claim 1 wherein the depositing step is a
2 thermal process carried out in the absence of plasma.
1 13.  The method of claim 1 further comprising the step of
2 etching residues from a surface in said vacuum chamber.
1 14.  The method of claim 13 wherein said etching step
2 clears said residues from said surface, said surface comprising the substrate.
1 15. The method of claim 13 wherein said etching step
2 cleans said residues from said surface, said surface comprising surfaces of said
3 vacuum chamber.
1 16.  The method of claim 13 wherein said etching step
2 occurs prior to said introducing and said depositing steps.
1 17. The method of claim 16 further comprising the step of
2 depositing a second dielectric layer on the substrate in the vacuum chamber, said

second depositing step occurring after said first depositing step.



67 a P type substrate or a P well forned in a substrate. A mask 1104
may be used to define the channel stop region in the shallow trench
|soI ati on. Uiumll n&m Illu)lme reci pes discussed in detail below, a doped
dielectric | d over trench 1102 using mask 1104.
Doped di el ectric Iayer 1106 *provi des a source of 5 dopant atons to

di ffuse and form a channel -stop dopi ng re ggon used to prevent a
conducting path fromform ng between devi¢&€s in sem conductor nateri al
1100. 4 For P type materjgl %@%etﬂ@@gpclghﬁllqgﬁerrélﬁ shﬁy\%EulﬁﬂQﬁaxﬂﬁé{' be a
BSG filmas the P t ype dopant ‘sourc Prior to
f or mi ng dopedisdi sthgle twaifer dhamber. 1106 over trench 1102, the 10 surface of
trench 1102 may be cl eaned of any gate oxide or native oxide that may

exi st by using renote mcrowave plasnma system 55 to provide a fluorine
radi calys in a renote pjgasnme hBRCfYstbedsing AGubstAdaR @ heat th &S NF3,
as di scussed bel ow. During the cleaning step, gate valve 280 is open
to al |l @w f| uovdcuemrchdinbert eomprisingyw from conduit 47 through outer
annul ar, passage 297 and into_ch

Heat er 325 wi th the wafer the%lg %F%\A@ go}%tetwe%%%édt?%’mom @h@gr@?h

cl eanigg so tmuﬁ,m,aﬁibgprl ne radi cals can clear the waf er of the unwanted
oxi des that nmay exist on the surface of trench 1102 without. dana ‘gnng t he

substrat e introducing one or more process gases into said vacu
6 chamber; and '
7 depositing a dielectric layer on the substrate in said vacuum
8 chamber, said heater heated to a temperature greater than about 500°C.

20. The method of claim 19 wherein said depositing step

2 occurs at a temperature greater than about 600°C in said vacuum chamber.

21.  The method of claim 19 wherein said depositing step

2 occurs at a temperature greater than about 700°C in said vacuum chamber.

22.  An apparatus for fabricating an integrated circuit
device comprising:

an enclosure housing a processing chamber, said processing
chamber including an inlet for flowing process gases into said processing chamber,
an outlet for exhausting used process gases from said processing chamber, a vacuum
system for maintaining said processing chamber at a selected pressure of between
about 10-760 torr, and a substrate support surface, said enclosure defining an

interior surface substantially surrounding the substrate support surface;

O 0 N v B W N

wherein said substrate support surface and at least a substantial

[y
o

portion of said internal surfaces of said enclosure are comprised of a material

5
[SY

resistant to deposition or attack from chemistry of said process gases at

—
(o8]

temperatures greater than about 500°C.



1106 that is fornmed over trench 1102. The

Cl eani ng these oxides all ﬁ@La nore consi stent drive-in of dopants from

oBoni ng st UMEMAIGY

position of doped dielectric |ayer 1106 are

performed in thanber s Tn an in situ process. In alternative

enbodi nents, the cleaning step may be done by thermally

br eaki ng down

NF[err] in situ, as discussed above. Theli3uorine radicals fromthe NF3
pl asma or vapor then clear the oxides that may exist on the surface of
trenchl 1102. In furth@d- al The apparamus ehplaim 22 hereip said substiate chamber

of the, ml ti %tlﬁgﬂzﬁguﬁng itixgc{ﬂx?e a k}gqé§9{e},g§9%@9meofrﬂaﬁ%gﬁag§gg w.lf,g,;erstme

cl eanihg step. ure absorp
not br®aki ng grémervthan abouni500t@nber 15 (or alternatively of

av0|§ed by
t he

mul ti chanber systen), the surface of trench 1102 is free of native oxide
barriers. After the cleaning step is perforned, gate valve 280 is closed.

W't houj the native oxige bﬁ"héiag?aratgﬁ’Bg@f,aﬁnfm%&'élﬂ%ﬁd%hﬁitﬁt‘éri c layer
y be

1106 may nore easily 30 and uni for

riven into the substrate to

f or m ult r a- ssupparhsurtace tincludes @shedten slement capableinfrheing-heatsd te dempaRatuEespr ovi de
shal |l oy trench i solation. er 25 with the wafer
68 oy thmth%’ﬁg%ﬁn ‘0 the processing position and heated to high

t enper at ur es

1 25.  The apparatus of claim 22 wherein said material

2 comprises ceramic.

26.  The apparatus of claim 22 wherein said at least a

2 substantial portion of said internal surfaces includes a processing chamber liner

substantially adjacent the edges of said substrate support surface.

27.  The apparatus of claim 22 further comprising a remote

2 plasma system coupled to said inlet, said remote plasma system providing process

gases comprising a cleaning gas.

28.  The apparatus of claim 27 wherein said lined passage is

2 lined with a material resistant to deposition or attack by the chemistry of said

cleaning gas.

29.  The apparatus of claim 27 wherein said cleaning gas

2 includes fluorine, said material being resistant to etching by the fluorine at a

temperature exceeding 500°C.

W N -

interior walls;

30. A substrate processing system comprising:

a processing chamber, said processing chamber including

interior walls and a ceramic liner, said ceramic liner lining at least a portion of said



(about 500-700[err]C) for deposition of layer 1106.

Af ter depomhﬂ"lu ctri c layer 1106, the wafer remains in

chanber 15 for I ”) p Gate valve 280 renmins closed, and heater
' 9

25 is heat &d to enperature (about 800[err]C). The heating
occurs for a speC|f|ed tlne t hat depends on the desired junction
depth needed for the diffusion. Altqanatlvely the wafer may then be
transferred to an annealing furnace or a rapld t hermal process

reactor 1(pref erably wi thi n 't heviiihisGHemRennpNsk 4 nabaifil & opant s
from do ed dielectric layer into P tgpe mattel I al 1180 ch? se cﬁdeplreeséltu?l c 10

| ayer 06 i s Vitkig saidl professipp chambrant di f f usi on source for the resulting

ul tra-shal | ow channel e 1108, .as

Utra- s?al | ow channel -stop r eagéagr?e{w&y syste&(fghﬁgurg m?’ﬁés"rl%‘g?%ﬁa?‘b‘ferred in
P type #ut eri agasdsl@Osaid processing chamber, sald gas &élw%i'y @sﬁé‘nﬂ%ﬂcﬁi&mﬁ@@%snwn
dlelectglc | ayer 1106 is remved by we techni ques or ot her

renoval *t echni Yaelys systgmpand, a,dual aapui bex hmoz)a first mpllﬁr@%eﬂr $¢6PRd inpwle saidfgas
remai nsgi N chagepQe 13'_}5:33) LoMuRatS itRldige ga%)s ed feal Eﬂes {ntq %%and

radi cal s fromrerme m cr owave plasma Sys maye r 1106.
O cour e, reanmccmngahunbempma stlectpd drspoeof yaid atralaﬁputetmrw a(sllet:the timepe of

doped ec .a 106, Fi 20CG il | ustr Ltes t artlally
conpl et 8d shal dtr‘i%ﬂ“"?{s“l’l’yﬁ%‘%ﬁ%ﬁga’w“?ﬁr e&v figst frgm goped

di el ectpic | aysaid ﬁﬁs@ﬁl uf\fo §aiE ProcessingthartBer whélZaidt ﬁl@f‘ﬁ’.lactﬁogaséssar& heia
fllled&&th an oxide 1110 to formthe shallow trench I sol ati on
e

st ruct | n sglegtedfreactive gasesodi ment, a hi gh qual i ty USG fil m deposited

at highitenperature nmay be u 1 : ect rat|
trenches. xi de 1110 a s@%&@%@s?% pﬁrggs%%"' %?W@P‘eaetgé’é?‘l‘ﬁ“
techni d2es.  deliver second reactive gasesﬁﬂrbmrsaﬂcnwdnﬁné itngg t?fésgildlopr?‘ﬁtldlsgggl aner{l/lfsglegt Iltigz

struct y, e havi 25. ’A‘ira shal | ow chg,@nel
and 1112 separ Eeé‘osab‘%/sescﬂ Feagive gases e saidiseleted FEACHNE 8R%CSct ure may be
formedlqas seen in Fig. 20E. OR4iiseSystedn coftpred to heatlga}égﬁﬁggéig%g@r,a

gate electrode 1116 and adj acent source/drain regions 11
1 said heating system including a heater for placement of a substrate, said heater

'l

16 comprised of a ceramic exterior and said heater capable of heating up to at least
17 about 500°C;

18 a controller configured to control said gas delivery system,
19 said remote microwave plasma system, said heating system, and said vacuum

20 system; and

21 a memory, coupled to said controller, comprising a

22 computer-readable medium having a computer-readable program embodied therein
23 for directing operation of said substrate processing system, said computer-readable
24 program including: ‘

25 a first set of computer instructions for controlling said
26 gas delivery system to introduce first reactive gases from said first
27 input during a first time period into said processing chamber to

28 deposit a dielectric layer, wherein said first set of computer

29 instructions includes:

30 a first subset of computer instructions for

31 controlling said vacuum system to maintain a pressure



1120. Thereafter, remaining process steps for the conpletion of the device
may be ransferring the wafer to another chanber,
preferably |dmimmml‘m1lﬂﬂ system After the wafer is transferred from
chanber 15, a <hanber €l ean y be performed using renote m crowave
pl asma system 55 with resistively-heated heater '
69 25 adjusted to a cleaning positijge and gate val ve 280 bei ng open,
as al ready descri bed above in connection with Figs. 19A-E

In an ahternative enbodi ment, stepRg beiweR abdutHI0IEE0 SEFwRRlE s@ideprocessing
perfornmed after steps shown in Fig. 20A. - After doped dielectric |ayer 1106
is 5 2formed over trench 1102 abamberkand04 as seen in Fig. 20A a

cappi ng,l ayer 1110 such as USG i_s VA - ctric
| ayer 1106 in chanber 15 in an in ”%‘.’q’[d[}%g?"g\é@é:é%b ;ﬁﬁgﬁ&hog:k%re
deposi t gon of capping layer 1110, contréilingkai@¢ hefthg sysehomclsbat said heaterloen t he

substrate is heated in situ in chanber 15 for dopant dri@-ﬁ%g@rﬁffusion
of dopafts from capped, doped di elSEletEs dempeyatpre QoRetyeRNAORHLF X or

materialg 10 1100 as discussed ahpyigesaid fikime PBriodd t ernatively, the
waf er may be renoved from chanber 15 for tfransfer to an _annealing
furnace7or rapid thermal process and a secondzset of comppweringiucgions fari n t he

mul ti chgnber system for fIIUSi 3id Oafs dgﬁge%]ts?st;rﬁqg]mtmduce said second reactive

controlling said g

9 gases from said second input during a second time period into said
10 processing chamber, wherein said second set of computer instructions
11 includes:
12 a third subset of computer instructions for
13 controlling said remote microwave plasma system to
14 provide said second reactive gases into said processing
15 chamber during said second time period; and
16 a fourth subset of computer instructions for
17 controlling said vacuum system to maintain a pressure
18 between a predetermined pressure range within said
19 processing chamber during said second time period.

1 31.  The substrate processing system of claim 30 said
2 computer-readable program further comprising:
3 a third set of computer instructions for controlling said
4 gas delivery system to introduce no reactive gases during a third time
5 period into said processing chamber to perform a heating step during
6 a third time period, wherein said third set of computer instructions
7 includes:
8 a fifth subset of computer instructions for
9 controlling said vacuum system to maintain a pressure
10 of between about 10-760 torr within said processing
11 chamber; and



capped, doped dielectric layer 1106 into sem conductor material 1100 as

di scussed 20B. As seen in Fig. 20G dopants fromthe
doped di el ec”\\“\“gm“ﬂ“\g““ﬂHNG with overlying cap | ayer 1110 have
di ffused into sem eonductor® material 1100 to formultra-shal |l ow
channel -stop region 1108. Cap | ayer 1110 m nim zes the out gassi ng of
dopants upward from doped dielectric layer 1106, thereby resulting in

nore dopants di ffusing down into the subst¥ate material 1100. After the

di ffusipon step is performed, gate valve 280 is opened. and both the
cap Iaylgr 1110 and doped 20  di el ectr?é‘x&h§7é|°?ﬂ'68“tﬁ58’sﬂcé'r?"§ ¥hed away
using renote m crowave pl asma systgifiolling saidReating Bysiérh i Bedtahia IRhePadh
chem stry to provide partially conpleted shallow trench isolation as
shown ih Fig. 20C, ready for the fclepigdicmperstuse of between abo 750-860%s .

20D 20 When the wafer is transfgree Of .- 15, gate valve 280 is
in & the cl osed position. A cﬁ%ﬁ%@g?a?dépé%nmg?%c Sz}{ﬁber 15 can then be

per formed by 25 operating the plasma system 55 with gate val ve 280

opened. or al l.ow trench i sol ati OEFE‘}%& en NVOS

transistors in a P type 325ubdhe sybstrate processing, syfiemm 9 %4806 nay
be a BIG fil MsifQirsSiratveviaséstiifilde TEOS dnddD2fo! RBosiesai® afdleeiiSajdransi stors
in an N type substrate (or in N wells of CMOS circuits), the doped

di el ect¥ic fi komptisieg sdicobexilePSG fil m or an arsenic-doped 30 silicate
glass film For smaller device geonetries such as less than 0.35 [err]m
havi ng a trench 1102 with a depth of about 0.5 [err]m channel stop
region 11108 of about 0.1 33. [ eTh¢ satstiaetprocessing kystemyf blirh G2 nadsbreini ng a

BSG film 1106 about 200 A thick and a L L
2 said first reactive gases also includes dopants, wherein said silicon oxide is a doped

3 silicon oxide.

34.  The substrate processing system of claim 33 wherein
2 said dopants comprise phosphorus, wherein said doped silicon oxide is PSG.
1 35.  The substrate processing system of claim 34 wherein
2 said dopants are from TEPO.
1 36.  The substrate processing system of claim 33 wherein
2 said dopants comprise boron, wherein said doped silicon oxide is BSG.

37.  The substrate processing system of claim 33 wherein
2 said dopants are from TEB.

40.  The substrate processing system of claim 33 wherein
2 said dopants comprise phosphorus and boron, wherein said doped silicon oxide is

BPSG.

1 41.  The substrate processing system of claim 40 wherein

2 some of said dopants are from TEPO.



70 USG cappi ng about 200 A thick, according to preferred enbodi nents

Under st 0od ¢ Eﬂl\lﬂl\\mllﬁmmlﬂ'grat ed circuit 900 s for

i lustrative purposes bnly. "One of ordinary skill in the art could

i mpl ement the 5 present nethod for fabrication of other integrated
circuits such as m croprocessors, ppl i cation specific integrated
circuits (ASICS), nmenory devices, and the Tike. Further, the present

i nventién may be applied to RNOS, THMBbstiatdBroctlsing!sPbtem of claim 4 wRkENOS
devi ces,, Al though ultra-shallow source/drain junclions ancf Lﬁnt ra-

shal | owAt rencI‘F"R‘?sréI"ﬁtsﬁlér‘iloﬂi!)‘tﬂi prefromiERr e di scussed above, the present

i nvention also 10 may be used in other applications where an

ul tra-shal |l ow doped region is desired. The present invention also
may be Used for forning undogdd oSheasbstatesrotessifig system of SIAB2OWhEleH T OF

use as yarious layers in integrated circuit devices, including PVD,
| MD, paSsi vat i%‘ﬁ%‘éh 6"%3%%%%%%’5‘? Yyrlyde a carrier gas selected from the groyg Apsistipe

waf er cpeani ng)flﬁﬁmyﬂd»@@n, ﬁﬂ%g&gﬁber cl eaning 15 processes for in situ
or individual operation wthin chanber 15 are further descri bed

bel ow, in accordance to various enbodi nents of the present invention.

B. C eaping Native Oxides Prior tq.Deposition . ) I n
accor dagce with a specific enmbodi %ﬁﬁ%ﬁafemg%ﬁi’“?ﬁ\?gﬁ{%rﬁo whereing 5t j ve
oxi des 2hat nesgidecerahicaxtdrioe istdprived 98 AShtérid fRvm HRIEREp Whiseingdful tra-

3 aluminum nitride and aluminum oxide.

45.  The substrate processing system of claim 30 wherein:

said processing chamber also includes an outer wall having a
passage, said passage having a first opening near the bottom of said outer wall and
a second opening at the top of said outer wall, said passage having a liner capable
of preventing undesired deposition or attack by chemistry from said second reactive
gases, and said second opening coupled to said second input;

and wherein said remote microwave plasma system is coupled

to said first opening of said passage in said processing chamber such that said

O 00~ O W A W N -

second reactive gases pass through said passage and into said dual input box of said

ot
(=]

gas delivery system via said second opening.

46.  The substrate processing system of claim 45 wherein
2 said liner is comprised of PTFE.

47.  The substrate processing system of claim 45 wherein

2 said second reactive gases include NF,; to provide fluorine.

48.  The substrate processing system of claim 30 wherein
said second reactive gases are used to etch undesired oxides from a surface of the

substrate within said processing chamber, and said second time period occurring

HOW N

before said first time period.



shal | ow doped junction is desired may be cl eaned prior
doped dielectric layer that nmay be used, for ex

to deposition of the
anpl e, as a dopant

di ffusion source or as a PMD | ayer.  In these enbodi nents, the native

oxi des can b fluorine radical
formed with ﬁMﬁwmuﬂHuﬂﬂMS% li ke NF3 by renote 25
system 55. Ust itn dité ptocesses in ongjghanber or

chanbers of the same nul ti chanber system permt enhanc

s froma plasrra
m crowave pl asma
alternately in
ed quality in

the ultna-shallow junctions f4g medrhensudffddd frieeRing sybteinGS@aifiP4% whefein

enbodi nent s, id as well as providing for dlelectrlc
noi st ur @ cont efid sa¢and seactive gases; inciudr fleringo

speci fic enbodi ment, chanber 15 is maintained at the d
tenperature, a tenperature rangi ng between about 300-6

| ayers having | ow
In a
eposi tion
50[err]C, and

preferaBly at about 55080600 Bhrer gubstrdte prackssingndystem of csim 49 wheiess.

Chanber 15 S nt ai
71 presial’fi

torr, while mai nt ai ni ng the tenperature. Heater
positiorll about 600 m| from

éecPﬁig?%ﬁBV%éﬁsﬁ%E?fnaf&iﬁF& 2 torr, preferably at about 1.5

25 is noved to a

51.  The substrate processing system of claim 30 wherein

2 said second reactive gases are used to clean said processing chamber, and said

3 second time period occurring after said first time period.

52.  The substrate processing system of claim 51 wherein

2 said second reactive gases include fluorine.
1 53.  The substrate processing system of claim 52 wherein
2 said second reactive gases comprise NF;.

54.  The substrate processing system of claim 30 wherein

2 said processing chamber is part of a multichamber system.
1 55.  The substrate processing system of claim 51 wherein
2 said predetermined pressure range is about 1-2 torr.

56.  The substrate processing system of claim 30 wherein

2 said gas delivery system further includes a gate valve before said second input, said

gate valve selectively opening and closing.



gas distribution plate 20, while gate valve 280 is opened and the cl ean gas

NF[err] is i ntroduced into applicator tube 292 at a rate of about 600
sccm The clean gas is 5 i ntroduced into applicator tube 292 and the
pressure is permtted to stabilize for about 3 seconds before

m crowave energy is applied to the NF3 in applicator tube 292.

M crowave power of between about 500-2500 M&tts, preferably between

about 1000- 1500 r e 11 ogperating . in CWnode is then

appl i ed foy\gmw&m%ém QR HGH IEMPERATURE  r om
magnetron 711 10 t hRRGCESSINGQF SEMICONDUCTOR SVAFERS ent er
applicator tube 292 through the w ndow, as discussed above. WV | anp
731 ignites the reactive gases in applicator tube 292 to forma

pl asma, with ionization sustai ' energy entering
applicator tube 292 at the w nwgﬁﬂ%@mﬂ?% upstream

plasma fSorned in applicalThe piestxe idvEAtion Providep 8ystéms,/mehodsind dpphiatus48P. The

radical s 15 L*Jggw throtlljgl the |i ned &sassaqgﬁ in enclosure assenbly 200 to
conduit 47 of dfmperature (a1 least,aboud 500-800) %) progensing, pE srzaicondugtoy pafars.280

and into outer Tﬁé‘@ﬁt}%ﬁs,ﬁﬁ&ﬁ&ﬂ%ﬂ%ﬁgﬁtgﬁ of ik é‘rgge‘?ﬁ hmmﬂlowgﬁg&éibgg&s

native oxi des off wafer. Used gas actants
resi dues are t bieps toxeaperfasthed in sitf irctharsamne chidmberao treduce patakeprotdssing ttinge

lve. Th i.0tion.is for.ch 15 whi ch h tal . vol
of about 2o B o U 1A aBilie, BrocRieiti oy i 45pesh oty deenn, Pfopming”
dependizgg on t hmitiple proesdd siepRen the samethamBeNHISs inéfSesi the RbRRII STTROPIGER! S-

In a specific enbodiment, with chanber 15 npmintained at pressures
| ower than aboBirameters and reducesidgvice damage. ofn partieHars shes presan dnvsotion eas,

resulting in : j [ gﬁa&? | r than
about 1-2 torr?roggeﬁﬁ%(t:ééﬁ I nat %lghgﬁgéﬁ’?g%uﬁ ue gire%tg‘fl-lm ﬁﬁlf@lsngig , as
wel | as causi ndieteetrichfilms hayingrtickness unifomitye good gmp fillcapabilityy highaRasity,
Chanber 15 shoyl d _be mai nt |t8ed at ‘grﬁ%sure levels where fluorine
species are no owgﬁs&pﬁ,?@% grydespred SPATAGIERiStiSH does not occur, and

appl i catsor tube 292 does not break. In sone enbodi nents, the chanber

pressure
- CLirT AR BEE-N.%
G :‘_li.,.{} !

i



may be |imted by the physical
when m crowave power

292, 30

the pressure in
may be about 3 tinmes as

di fferent applicator tubes
with different flow rates,

72

vary. O course,

any

is used w thout m crowaves Aeing

t he opti nal

di nensi ons and materi al
is being applied.

appl i ed.

chanber
chanber

of applicator tube

pressure.

In a specific enbodi nent,

applicator tube 292, when m crowave power is applied,
much as the opti nal

re used

When

pressure w ||
pressure nay be used when applicator tube 292

Si nce

only the reactive 5 fluorine

the plasma is forned upiirea¢1of t he waf er,
he wafer to clean the native

radicals in the plwsnm ahe\able to reach
oxi des: from he fer.” As nmentioned3above, the cleaning step
preferably is done fO about ‘ 5-10 sé&bnds for a typical native oxide
of thickness of about 90 A The above édeanlng step etches native

oxi des af_a rat out 2 Lerﬂ]ninlnu e. \gf,coursﬁ The total tine
of the cl\eaning |step d| pendsuon it he thigkn - Artlc r} oxide to be
10 clearefd off] the f&rz renot e na syst r155 of
present itnvent i : oxi des 6 may beletched and
pl asnma d?Eage td the A W
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warer 1s avor aea. - K”Hougﬁ The above warfer clean ng

process conditions are exenpl ary for the present enbodi nent, other
conditions may al so be used. The 15 above description di scusses NF3,
nerely as an exanple, in a Gga Fill[err] Centura system avail abl e
fromApplied Materials fitted for 200-nm wafers, as do the vari ous
deposition descriptions bel ow. However, other fluorine-containing or

chl ori ne-cont ai ni ng gases, such as NF[err] and N err], NF[err] and argon,

NF[err] and (err], a dilute Flerr], CF[err], Cerr]F[err],
Clerr]F[err], SF[err] or C[err], etc., may be used as well. 20

C. Exenplary Silicate d ass Depositions According to
the process of the present invention, dielectric |ayers used as the
dopant source, PMD |layer, INMD | ayer, oxide filling |ayer, capping

| ayer, or other layers may be forned using any of several different
processes. The 25 process recipes of a BSGfilm a PSG filns, a BPSG

film and a USG filmare set forth bel ow as exanpl es of doped and
undoped dielectric layers used in the present invention. O course,
during, the bel ow descri bed deposition of various dielectric filnms,
gate val ve 280 remai ns cl oge€ .remote plasma system 55 is being used
for deposition, in accordance nyal ternative epbodi ment). The

exenptary 30 PTOCERSES, Nay b pé?fo [fed 1 n- CVDr apparatus 10, which Is @

cl osed{—simgl exwafer; S CN§5§yﬂ.an1|n preferred enbodi ments. '

t e e re me em e o e——

SYSTEM MONITOR
AND LIGHTPEN qub

N
\?{7 ava ll
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73 CVD apparatus 10 al so may be adapted with

di fferent and/or addi tional input gas supply sources to deposit BPSG
arseni c doped silicate glass (AsSG, or other dielectric |layers as
well. O course, those of ordinary skill in the art will understand

that other process recipes and other reaction systens |ike plasma 5
enhanced CVD (PECVD) may al so be used to deposit the dielectric filmns.
Exanpl es of boron sources include TEB, trinethylborate (TMB), diborane

(B2H6) , and other simlar compounds. Exanples of phosphorus sources
i ncl ude triethyl phosphate (TEPO), triethyl phosphite (TEP[err]),
tri met hyl phosphate (TMOP), tri met hyl phosphite (TMP[err]), and other
simlar conpounds. In addition to BSG or 10 PSG fil ns, arsenic doped
oxi des or arsenic silicate glass (AsSG also may be deposi tled usi ng,
for exanple, a liquid source with-an arsenic conpound or an arsenic
gas diluted in argon, as exanpl es Exanpl es 6§ silicon sources include
silane (SiHerr]),; TECS, or a_gi ar siliconSsource, and oxygen |sources
include Jerr], i 03, 'c&?ﬁﬁ&p-generatedéh ic oxygen (O, Jjor the
like. In the descrjptions below<F flow raes for liquid sources are
provided in nmilligrans per i nut®3 ngm whi |l egas flow rates are
provi ded in standard cubic dentimete's er{mnutdg (sgcm. In these
descriptions, liqujd sourcgs dre Nappri gedjusiing |a Pfeci sion Lj did
I nj ection System and lijquid flowjrates}inijngmmay be comyerted to
gas flow rates in sccm by nul t|{plying |ijquijd f{ow rates a factor
of about 1.923 so that flow rgtios npy be 20 cdl cutated acc ingly.
Preferably, stable doped dijel gctrjc fil y {be |f or pred
)
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using the TECS/Jerr] chemstry in a SACYD process to form damage-free,

uni formy doped ultra-shallow junctions in sone enbodi nents. |In other
enbodi nents, a | ow moi sture doped dielectric filmmay be formed using__ .
TEOCS/ 03 chem stry with a SACVD process conducted in CVD apparatus 10 E
to provide a planarized insulating 25 | ayer with high as ' <
gap-fill, low shrinkage, |ow netal contam nation, and | ow fl uoriine Y
i ncor poration. 1. Exenplary BSG Fil m Depositio =
As merely an exanple, the BSG fil m deposition recipe descr|bed 30 bel ow g
I's capable of formng a BSG filmthat may be useful as a dopeqml'elﬁctri C ‘@J
| ayer used as a dopant diffusion source. O course, the regipe Eney be
varied- depending on the particular use for and desirgd ql@I’l’Ti es| of
the BSG | ayer. A PSG © !
74 _ | ayer fornmed as a doped dielectric |ayer used asja do@ant j'g
di ffusion source could 3 5 < |
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simlarly be formed using the reci pe bel ow and appropriately substituting

t he dopant

source gas enpl oyed.
BSG bulk filmis deposited by heating the wafer and 5

The exenpl ary
heater 25 to a

tenperature of between about 200-650[err]C, preferably to a tenperature
within the range of about 400-650[err]C and nosb8preferably t.o about

500[err]C, and mai nt ai ni
deposition. Wth gate valve 2
pressure within a range of ab
pressure is maintained within

nost preferably it is maintain
about 150-300 m | from
posi ti oned about 250 m

process gas including TEB as t

0 Receive SdsP&Ld,
ut Tdpeffilletral I .
he range of ak

)
ed at about 600
gas dis{ributio
| fromplate 2
he Measureeurgsnt pg

of silicon, and 03 as a gaseou

15 theg TEB and TECS sogg.ces
carrier ! gas such as

l'i quid i.njestie . Hi
greater :ccontrol

rate of TEB i <$MpemEilen

dopant con¢entFeHRGhs,

300- 1000 mym Wt er a

gases thenlare m xed wt

3000- | 6000 sccm énefe
t%fmmoneHPis,

3000- 6000 $ ferab
5000 sccm e cC
per cent age }€§y8§9 The
15 fromthe distribution platel2
surface where heatj-i nduced che
desired :

s SyRecRure (kbxy

] La VMH\JI l Lbu b

%’ﬁaermme Dﬁ#ﬁﬁ%

gas(qulsdg)t &I ﬁ?)l S

i la) sSupply r
m cal

I 6

Determine
Temperature Ramp
Rate Error

4

Determine Power P(k+1)
Using A Control
Function, If P(k+1) - P(k)
Is Within Saturation
Limits

l

=act i ons

Dampen System
Respoense to Adjust
P{k+1) Using A
Saturation Function If
P{k+1) - P(k) Exceeds
Saturation Limits

FIG. 1E

ture range thrd@ghout the

chanber 15 i mai ntai ned at a
Prefofably, the

out 400-6 torr, and 10
t é%f Heater 25 is positioned
o B2 e

20 and is preferably
A
ron, TECS as the sour ce
gen is formed. Being liquids,
nd then conbined with an inert

elium The:liquids are vaporized either by

4m 93, which provides
| iquid introduced. The fl ow
on the desired

rably at a rate ofsgbout 4000 sccm Oxygen in
introduced Y& a f)ow rate of between about

ofuced at~a flow rate of about
25 about 5-16 wei ght

i ntroduced. i nto chanmber

eactive gases to the substrate
sgke place to produce the
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film - The above conditions can result in a BSG film
deposited at a rate of 30 bet ween 500- 1000 A/m nute. By controlling the
deposition tinme, BSG fil s ' i ckness between about 50-500 A
and preferably betweensab&yt 100- A may be fornmed at the process
condi ti ons descri bed abovg I W about 10@0 secon The

75 t hi ckness of the/ BSG fil m deposited may t

controlled. Preferably, t wt ,% f boron in the™esulting BSG film
ranges between about 2-8 % @ria_y is about 6 Wt % 5

bl
2. Exenplary PSG Fil m De =7 Rs merely an exanpl e,
the PSG fil mdeposition ' be
a PSGfilmthat nmay be useful Yas a PMD | ayer. '
' ticular us

Egi red
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qualities of the PSG |ayer. O her doped dielectric |ayers besides PSG fil ns
may be 10 used as PMD |l ayers by using simlar recipes to the recipe bel ow
and appropriately substituting the dopant(s) source gas(es) enployed.
The exenpl ary PSG bul k [}}inl mis deposited by heating the wafer and

heater 25 to a tenperat f between about 200-650[err]C, preferably to a
t enperat ure W thin teqﬁ% range of about 400-650[-eTT and nost
preferably to about 600[errJC, and 15 mai ntainingithis tegperature range
t hr oughout the deposition. Wth gate val ve 280« | closed} chanber 15 is
mai ntai ned at a pressure wighin a range of abowi 10-760 TorT L
Preferably, the pressure isminfained within th@ ange of about 400-600
torr, -and nost refera\aly t} i s rai ntQ ned af about 450 torr. Heater
15 i.s positi @ed abou 250350 =yl from gas distributipn plate 20 and
i s preferabl )\ positiongd ab%ut 330 20 (" niIx{rom plate—20
A process gasNinel udi ng\TEPD as the so rce/of phosphorus, TECS as t he
source of silicoband Qe % ASe0P prqe of oxygenjlis fo d.
Bei ng | i qfrds _/“‘-——‘k———'-:s--s—-nrf:‘?&-\- XNV Tar VA y l'i quid
i nj ection Systepw” /" ..a:L-I:—f p_conbi ned wWith7an inert carrier uch as
hel ium The \LI o at L/ | PN A v s s i erably
bet ween about® 5t2; e r out 24 nmgm dependidhg on
t he desired c:nl et t e TEQS flow rate is between
about 500- 150D |ig fer The "X\ vaporized TECS and
TEPO gases tq:en ' m carr{gr MeyM ng at a rate
of Qet weenQ260]F 64100 a ccm 30
Oxyden in Lhe | ,o; en aboiff 5-16 wt % oxygen) ™
i ntdoduced “; 3T el ween aPput 2500- 6000 sccmand is :
pre?rﬁabl y | iTTOOMGE ' rate of] about g#000 scém The gas \O
mi Eﬂleis\hi t rod|JEdfl in bi f rom \ A Ut
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76 gas distribution plate 20 to supply reactive gases to the

substrate surface where heat- I nduced chem cal reactions take pl ace
to produce the desired film The above conditions
result in a PSG filmdeposited at a rate of abdlt 1780 A/ m nute. By
controlling the deposition tinme, the hi ckness Qf the PSG film 5
deposited may thus be easily controllgd. Preferdhly, the wt % of phosphorus
in the resul ting PSGin | m ranges\bet ween ab@ut 2-8 Wt % and
preferably is about 4 wt %“‘ 3. Exenplary BPSG Film

Deposition Q
deposition reci pe descwi bed 10 \b\ D

that may be useful as ¥ PMITZFER O
GRS

) Q film
dhpak e@c}é\\ BPSG film

C S€, \l he\rec may be
& 3l i ties of

vari-ed dependi ng on the pWr &
t he BPSG | ayer. N
deposited by heating the wafer 0
bet ween about 100- 800[ g +1TQr<ef cler ah
range of about 400-650] err] 'ﬁﬁ-\‘

mai ntai ning this tenpekatur “ﬂmg

val ve 280 N~ 'S /
N i A - \
N 4|;Z=‘ =
b 5% ? \ N g iy &
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cl osed, chanber

10-760 torr. Pref erably,

of about 150-600 torr, and nost preferably it
200 torr. Heater 15 is positioned about 20

pl ate 20.
boron, TEPO as the source of phosphorus,
silicon, and 03 as a gaseous source of

i njection system and then conbi neg
helium O course, it
phesphor us, silicon,
TEB i s preferably between
bet ween about 10-100 ngm

preferably about 24 ngm dep¢ '
concentration, while the TEGCH fh?M/;
mgm The vaporized TEGCS, TER '
hel i um carrier gas fl ow ng
at a rate

Bble i 33bet

150400 mi |
distribution plate 20 and is preferably positioned about 300

isS main
fr

15 is maintained at a pressure within a range of about
the pressure is nmaintained within the range

tai ned at about
om gas

ml from

A process gas including TEB as the source of

TECS as the source of

ben about 35/

)

used. The

esi red dopant

en about 30

|E-s 3Eq1 are m xed

weel); 2000- 8000 s

oxygen is formed. Being
i quids, the TEB, TEPO and TECS sources are vaporized 25
Ak n_inert carrier

sorﬁﬁé of b

Dy the liquid
ga

z such as
ron,

flow rate of
rate of TEPO i s
75 nmgm nost

D-
with a
ccm preferably

700

> 250
16, 5.
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77 of about 6000 sccm Oxygen in the formof Jerr] is introduced at

a flowrate of bet ween about 2000-5000 sccmand is preferably
introduced at a flow rate of about 4000 sccm The ozone m xture
cont ai ns between about 5-16 wt 9% oxygen. The gas mxture is

i ntroduced into chanber 15 fromgas distribution plate 20 to supply 5
reactive gases to the substrate surface where heat-induced chem ca
reactions take pl ace to produce the desired film

The above conditions result in a BPSG fil mdeposited at a rate of

bet ween 3500-5500 A/m nute. By controlling the deposition tine, the

t hi ckness of the BPSG fil m deposited may thus be easily controll ed.
The resulting BPSG film 10 has a boron concentration | evel of between 2-6
wt % and a phosphorus concentration | evel_of between 2-9 Wt %

bs and in the bel ow
o the clainms. For

The paraneters in the above BSG PSG BPSG proces
USG processes shoul d not be considered liniting
exanpl e, the present invention is also applicablig to Eilicon oxide filns
doped with 15 ot her dop s including, for_exdlpl e, arsenic. As another
exanpl e, the flow val ue di scussed—above -#plh/for a ch@hbéf
outfitted for 200-mm £rs, bw Ay differ gependi ng op the type or

size of the chanber gSed. of ordinary skillf i\ he art can al so
use ot her chem cal s, hanqéijyaraneters and cq S %p pr oduce

simlar films. 20 T 15 bahd 264 m stability may
be a factor in the availabil'ity6f 7 dopan]~ ' t he doped
dielectric films for diffusion/into Tie—seri cordudipo mat eri al .

Several nethods to inpriove fifm staBil]ty @ndNi myr o ahi 112940
control dopant diffusipn fro th- e_dqped fi elfectyri 0 t he

sem conduct or terial e nvestlg €d. Hac ri bed may
be perforned on a dopged 25 d| d tri o *qyf'r T af iiin i'&\\ s deposited
using a recipe such gds one of t 1
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exenpl ary deposition recipes described above. Furthernore, although nethods
descri bed below are with respect to treatnent of a BSG (or PSG film the
nmet hods are equally applicable to any doped silicon oxide film

78 4. Exenplary USG Fi | m Depositions

a. xide Filling Material O Insulating Layer

According to one enbodi nent of the present invention, an undoped 5
silicate glass (USG | ayer can be deposited in CVD apparatus 10 for use,
for exanple, as an oxide filling material for filling a shallow
trench used for shall ow trench isolation. O course, the USG film

al so may be used as an IMD | ayer, an i nsul ating | ayer, or other

| ayer.. The exenplary USG recipe discussed bel ow provi des a very dense
and uniformfilmwhich can survive annealing at tenperatures 10 of
greater than 800[err]C with m nimal shrinkage. The USG film which provides
excellent gap fill capability for high aspect ratio step coverage, can al so
endur e

223

500
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several etch processes at very uniformetch rate w thout opening up any
voids in the USG The USG film also can endure chem cal nechanica
pol i shing (CWVP) pl anari zation w thout opening up any voids or creases
in the USG 15 The wafer and heater 25 are heated to a
tenperature within the range of about 200-650[err]C, but preferably
bet ween about 550-650[err]C, and then mai ntai ned at this tenperature
t hroughout the deposition. Heater 25 Fost+l oned about 250-400 m |
away from gas distrilugidn pl g€ 20 andipreferabky at about 350 mil.

Wth gate val ve 280 cl osed)A he g ESSHE—R . Tha --~\&5 is maintained at a

| evel of 20 bet ween abgutl O 260 torr, pre -\QQ;\ hout 2806 torr.

A process gas conprisingZoxyeggn and silicon sourdgd i $\\ nyroduged

i'nto the deposition chajfb ,’ In a preferred embodi hNgRt ,\&he siljcon source
IS TECS and t he ,@xy, #n source is 03, but t hos&\§ki\\l ed inf the art

wi |l recognize that /faddi tional silicon sources chyas SiH err], TMCT
or simlar sources, ajghfof her oxygen 25 sour ces suc' as\\Qerr], Herr]Q
Nerr]O m crowav -.; eldted atom c oxygen, and siml & spur ces_and
m xtures of thg IsArfe d can be enpl oyed. When TECS i|g ed as gL #3

silicon source, a calriefl gas such as heliumor nitrog s e oyed. The
rati o of 03 to \TEQ®K\ may range from about 2-17:%? is preferably
bet ween about 2-6:1. . The opti 7 al flow of the
gaseous reactants w | I\\va according 30 to the gefife t/@ and desi gn of
the deposition chqpp T \\pas flow al so can be garied to contro

t he dep03|t|oa£%% hea) Ny TECS is introducedgzat # flow rate of
bet ween about 500- 2500 ng ans preferably |g' gduc®d at~a flow rate of

about

MG 74
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79 2000 ngm 03 (between about 5-16 wt % oxygen) is introduced at a

flowrate of bet ween about 2000- 10000 sccm preferably about 5000
sccm Heliumor nitrogen may be used as a carrier gas that is
introduced at a flow rate of between 2000- 10000 sccm and preferably

about 7000 sccm Usually, the total flow of gases into 5 t he deposition
chanber will vary between about 5000-20000 sccm preferably about
15000 sccm Under the above conditions, deposition rates of about 1450

[err]/mnute or greater are attainable. The flow val ues above are
for a 200- nm waf er chanber and wi |l vary dependi ng on size of
chanber used and size of wafer. 10 b. Cappi ng
Layer Accordi ng to anot her enbodi ment of the present
i nvention, the deposited BSG (or PSG | ayer may be capped with a
thin, separate USG | ayer. The USG capping layer is a stable film
t hat does not readily absorb noisture. Thus, the USG cappi ng | ayer

provi des a hydrophobic surface on top of the BSG (or PSG 15 | ayer that
prevents noisture present in the anbient from being absorbed into the
BSG (or PSG film Furthernore, the )G capping layer is a relatively dense

film that inpedes boron (or phggphorus) evol uti44¢ The USG cappi ng
| ayer thereby facilitates controlled diffusion pf nore dopant atons
in the doped dielectric |ayer gownwar d Tnto the sentcandugidod

material. Wthout the USG capg ng | ayer
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20 of the dopant atons may diffuse upward away fromthe sem conductor
mat eri al during the subsequent anneal or rapid thermal process. Thus,
the use of a capping | ayer contributes to controlling the diffusion
and the junction depth. The USG | ayer can be deposited in a separate
processi ng chanber fromthe BSG (or PSG |ayer, but preferably is
done as an in situ process in chanber 15 where deposition of the 25 BSG
(or PSG Iayer also occurred_¢g§ course, many processes for formng a
capping | ayer are possible. The follow ng process for
formzng a USG | ayer is deggrlbed as 44exanple. An undoped silicate
gl ass layer may al so b&%ged not on ? as a capping 4%2} ayer, ?-

38" an ins Iatlﬁg\gyelectrlc | ayer /wi t hout us 6? an 30

e = The and heat er

o —— o — _--q-

ngé\\ b{fébQ

descrlbed bel ow, but

25 are heated to a tthe(éiu(- %

200-600[err] C, but preferabty zmng , ned at this
80 t emrper at ure t hr ougHag $iss 2% i® positioned
about 250-350 mi| 477 AN
X 48
327/
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457
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away fromgas distribution plate 20 and preferably at about 300 ml. Wth

gate val ve 280 cl osed, the pressure in chanber 15 is maintained at a
| evel of between abo 50 760 torr and is preferably at a pressure
of between about 200-600 t /preferably about 400 torr. :
A process gas conprising oxy n“and r1icon souf¢egs is introduced

into the deposition chanber? a ferr odi ment, the silicon source
S TECS and the oxyge sour [ 6%3? thosg,skllled in the art
will recognize th ',| sourceEESuch as silane, TMCT

or simlar sourc and ot
N err] O and sim IS8k source

ources suthas @/érr], Herr]O
LT al so can be
enpl oyed. Wen Tg i s &F an%lzgas such

to TECS may range

as heliumor nit
from about \}i 7
The optimal toTa

t he geonetr n
varieqg to

flow T&L2 /e!f
at a flowr _ Z

5-16 wt % ox

ccording 15 to
73 fhow al so can be
_ i ntrdbfueed at a
1.8 prefarab)y introduced

\ bet ween about
N \bidt ween about

E7

2000- 10000 sccm e m or nitrogen may be
used as a carrie i rate of between
2000- 6000 sccm a e I the total

fl ow of gases in i ween about

5000- 20000" ( Tsﬁqf Sder RZ 5;above

condi tions, depo i 3 and#1500
[err]/mnute are ! e a USG | ayer of

I seconds. The

—+~ > 5
A——— 2

about 100-200 [e

~”
_T

fl ow val ues abov \ ﬁzl d |1 vary dependi ng on
si ze of ch St B -
N J73
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The foll ow ng processes for formng a USG cappi ng | ayer are descri bed

as exanples. Preferred applications will have USG cap | ayers of between 30
about 50-500 A, and preferably between about 100 and 300 A A person of
ordinary skill in the art, however, will realize that capping | ayers of

di fferent thickqgéﬁgcan be enployed dependi ng on the specific
application and devi ce&==

81 geonetry S|ze\ Dependi ng 4ﬁ7ghe application and gap sizes in

whi ch t he deposited

filmis uged, |t nay be preferable al t hough not
essential, that the
relatively thin. For

, eapptBg—ard—— ' : BT S, De
[ [ i F [ Ap..|t no pé(//’ t
to etch away are reou -d 1/t Iay rs T S
| ayer is depoistf S gt 2y er
are etched ba

such as other simla
doped dielectric |ayer. Further, thed£§?
over doped dielectric filns deposite

pl ace of SACVD. As di scussed above, use of cft

performance of multiple process steps i s nos
mul ti chamber 475

ne

may “oe fornmed
PRGVD, or #7/LPCVD, in
anber 15 for in situ 10
preferred, with use of a
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systemin which vacuumis not broken during transfer of substrates between
vari ous chanbers in the nmultichanber systemis also preferred.
Accordi ng to anot her enbodi nent of the present invention, an in situ

USG or simlar cap layer is forned on a doped dielectric filmby turning
off the 15 boron source or the phosphorus source just before conpletion

of deposition of the doped layer. In this enbodinent, the initial
doped dielectric layer such as BSG (or PSG is forned as descri bed
above. Flow of the dopant source into chanber QJZD then i s stopped

while the thermal reaction continues for a

bet ween 1-30 seconds. Preferably, the therngl reaction contihues for about

di tional periQE of

3-10 20 seconds. In this enbodi nent, the dopant source is 5t opped by
cl osing a val ve on t he source's sup y4-341e that the thernmal
reaction is maintai ned without a dopan forat | east seconds.
O course, stopping the dopant ource st coordi nated with

the tine it takes the gas to trave
m Xi ng 25 system 93 and then: Ch
CVD machi nes sever al 9 d for gas to fl
I njection valve to the deposition
cl osed sufficiently in advance
TEB i s the boron source, closi
several seconds before co
athin 30 USG cap which
noi sture gbsorption /

gint of the valve to the gas
20. In nost
w fromthe
shoul d be
s. Thus, if
e omyhe TEB supply|line
osi i onp\of the BSG | ayer results in
Gip t ha5pPevi ously descri bed

~ WO

.\/70
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82
the doped dielectric
immunity to noisture absor

of the diffusion that forns ultra-shall ow doped
Instead of or in addition to the use of a USG cappi ng | ayer,

The in situ deposition of the USG cap forned on

| ayer

ption, and

results in inproved stability and

contributes to inproved control

regions. 5
a plasm

treatnent of the doped dielectric |ayer also my be used to reduce noisture

absorption and inprove stability in the doped dielectric |ayer.

I n those

enbodi ments equi pped with a RF plasma system this plasma densification

t r eat ment
significant concern.

In 10

may be used where plasnma damage to the device is not a
sone enbodi nents,
tenperatures greater than about 500[err]C may be

t he deposition at
sufficient to

provi de a dense dielectric film The inproved-stability of the plasna-

treated doped dielectric |layer contributes to inproved control

di f fusi on that

mai nt ai ned at bet ween about

treat nent.

Wth gate valve 280 clos&d, a 15
14

of the

ong Chanmber 15 is

forms the ul hal | ow doped re
‘é&ﬁgstorr during theg%la%na densification

pl a fornmed using a
2);2£ﬁ;; Fa- (NH3),

reactive gas such as, for-examl-e i-rogen - or
argon, is introduced in chanber 15T1Ak npdeky\bn§~éka hﬁéof t he
plasma treatnment that Y be, ugqaq gaC such\as\ i's introduced
in gas m xi ng sysf'em,98 {a\ a rat f N 000 scem mi xed with
hel ium at 1000 sccg;g/ RE~pia EX) \gAoper Ped\ r exanple, at a
power |evel of abo 45 *matt P ncy Qﬁ~\q0ut 350
Megahertz ¢MHz) to creafe a p i apbgr ;;f\ \ O
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The plasma serves to passivate the surface of the doped dielectric |ayer,

whi ch may have sone nitridation on its surface. The plasma treatnent
t hus densifies the doped dielectric film Mre dopants in the
densiTTed doped dielectric film which is = resi st ant to moi st ure
absorption, are avail abl - w 25 -1Gnct|ons

D. Heating Processes For *1“n -Si tu Deposi t4 on--And/ O For Reflpw

CVD apparatus 10 has hlgh\tenperature capabllltles altowing an in

situ heating step followiirg a dep05|t|on process on the same wafer for a
two-step 30 dep05|t|on/reflom1process y Of aQ in situ heating step
concurrent to a depositi . proces the samne. waf er for a one-step
deposition/refl ow gﬁk SS. Fof use as.an| . RMD Iayer formed over high
aspect ratio tranS|st0Ps or\lsolatlon tr Bnches an ~ ™ _

83 undoped or doped dlelectrlc f{’f\ such as‘P§G, often requires
pl anari zation which is \\|nportanb I 'tornlng |ntegrated circuit
devices. Planarization of a goged di g o~ M)
N 504
50/ "
FlG 15A
Y 73
N
#1174
1N
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= AN
N4
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| ayer may be performed by reflowi ng the |ayer at high tenperatures.

Per form ng refl ow al so contributes to inproving gap-fill of the
deposited film especially for 5 hi gh aspect ratio features on the wafer.
O course, heating steps for other purposes and applications al so may
be perforned in CVD apparatus 10. The foll ow ng heati ng procedure

di scuesed bel ow serves nerely as an exenplary heating step whi ch may
be used for reflow, but other heating steps for dopant drive-in in sone
applications or for other purposes also can be done. 10

to a specific enbodi nent, two-step deposition/reflow

descri bed below. Wth gate val ve 280 cl osed, chanber 15 nay be
mai nt ai ne t a pressure of about 200-760 torr. Wth the wafer and heat er
25 in the processi ng position between about 200-400 m |, preferably
bet ween about 330-350 ml, fromdistribution plate 20, the wafer and
heater 25 are heated to a high 15 t enperature of between about

500-800[ err] C, @geferably bet ween about 550-650[err]C, in chanber
15, for depositis®n processing. Stopping reactive gas flows, the wafer may

t hen be heated at \pet ween_about 750-980{ err] C_—_preferably betmeen about
750-850[err] C for &out 5-30 minutes, preferably about 15-20
mnutes, in orf@&rTO ef | 'B0W t he drel e rikoy | ayer, according to a
specific enbod|{nment o The r ‘ y 20 be the sane jas or

hi gher than thg dep&gijti on tempgT he two-step process.

Further, for ajnultiphe-step depog m/process t he tenperature nmay

process i

be ranped fr.o .qp epos|f| thatlure to an internedi dte
tenperature (of - - 4ot er med] a es) before being ranped to
the reflow tenperature. O ¢ course, the tlme and-tenperature for the
heating steps fray ditter depen “N\ﬁﬂ\lﬁ@ 25,//ﬁért|c“Tar appl i cation being
performed and jon the partldular I r _bé&ing for .

Accordi ng to another specifyc exbodgilnent, a one-§
deposi ti on/ ref low-prafess i sydescribdd. VWth gat €
15 may (be nain.ained&?t‘a predsure of alout
waf er and heatler o

illve 280 cl osed, chanber
>G0- 760 torr. VVth t he

-
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25 in the processing position between about 200-400 mil, preferably between
about 30 330-350 m |, fromdistribution plate 20, the wafer and heater 25

are heated to a hi gh enough tenperature of between about
750-950[ err] C, preferably between about 750-850[ err] C, in chanber
15, for sinmultaneous deposition and refl ow processing to
84 ocﬁ;r. O course, the tinme and tenperature for the
deposition/rafl ow step nmay di ffer depending on the particular |ayer
bei ng forge . As di scussed above, keeping the wafer
wi thin thea gane chanber 15 for nultiple in situ processes prevents
expogure o he wafer to the environnent, 5 where noi sture nmay be
absor‘bg_‘, am nation by inpurities. Further, deposition of
dielectyic fdlns qlt tenperatures greater than about 550[err] C can provide
dense anhd Jigh quality fi k= ! i ds when heat ed.
Depositiof § & ; tR de os,.'i 8d filns at theseljtenperatures al so reduces
shri nka e.é z 1P ;) AN E Cnfmbe,,.r’ Cl eani ng/ Seasoni ng/ Gettering
Processds® & = /
T )
S |
o
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~
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After the processing step or nultiple processing steps, such as the

exenpl ary steps di scussed above, have been perfornmed on the wafer in
chanber 15, the wafer is transferred out of chanmber 15 for subsequent
process steps as needed. When the vacuum | ock door is closed, sealing
chanber 15 wi thout a wafer on 15 heater 25, chanber 15 may undergo a
chanber cleﬁging process to elimnate deposition process residues
such as unda&sired oxides and/or nitrides from portions of chanber 15,
i ncluding t unlined chanber walls in the | ower portion of chanber

15, the botltom of heater 25, as well as other chanber conponents. To ensure

relabl e ter-to- waf er repeatability, the chanber clean renoves any
residu up during the deposition processes. These residues can
be cIE&ned~fron1¢hanber conmponents by using fluorine radicals, for
exanpl e, fnpnga;plasna f o 1red—w reactive clean gases by renote
~ /fo its hlgh / reactivity with F atons,
.y the faorfation of a SiFlerr]

of ch er 15. The chanber 25
he_per ngg after processing of
e s. / In a
|nvent|on F[err] is used as

cleanlqg prog¢edure disc
every "= i |wafer or evje
preferre

the cl ean d ilne radical s The present invention
pr ef eRabl ;elnlcr mayg)plasna ystem 55 to deconpose
NF[ er ow of B0 ~SF atonpginto chamber 15. Using a
fluorin ' | asma system 55Quf the
pr esent _ ) I C energy E\wdoes not
have physi cal- ki T : tion of charging specie n the
B
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85 subsequent|ly deposited film conpared to in situ plasma

processes. Furthernore, consistent with environnental requirenents to
reduce gl obal warm ng effects, the use of NF3 does not generate any
| ong-1ived perfl ouro-carbon (PFC) products. To ensure

the best clean efficiency, the F flux as well as its cleaning 5

uniformty should be optim zed. At a certain NF3 gas flow, there is a

t hreshol d m crowave power setting, above which the generation of F
atons are conpensated by their reconmbination. Fig. 21 shows the

rel ati onship between NF3 fl ow and m crowave saturation power that
gives the highest clean rate w thout any excessive har dware costs, in
accordance with a specific enbodi nent of.the present invention. 10 As
shown in Fig. 21, the mcrowave saturattbn power ranges from between about
1300- 2100 Watts for corresponding NF[erE] fl ows of between about 500-950

sccm according to the spQELLLS/&QEgngggt. For a preferred
enbodi ment di scussed bel ow, e mc saturation power is about

2100 Watts for a NF3 flow of about - 950 sccm The clean uniformty
can be controll ed by chanber pressure as well as 15 heat er spacing, both
of which can adjust the nean free path of._the gas species and punpi ng

profile. As discussed earlier, sincedthe Qi ghes pressure that can be
tolerated by the above-di scussgd enfgui nme appllcator tube 292 is about
2 torr, spaci ng was usedo opki an uﬁ*fornlty I n ot her
enbodlnents usi ng differe end -p4|cator tube 292, both
pressure and spaci ng may be

2/
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20 used in the clean uniformty optimzation. In an
exenpl ary chanber cl eani ng process, chanber 15 is naintained at a

t enperature rangi ng between about 300-650[err]C, nore preferably at about
550- 600C t hroughout the cleaning procedure, in preferred

enbodi nents. Most preferably, chanmber 15 is nmaintained at the sanme
tenperature at which the 25 particul ar process is being run in chanber

15. For exanple, chanber clean processes would be run at 600[err]Cin
t hose chanbers used, as an exanpl e di scussed above, for depositing
PSG filns at 600[err]C. Wth the throttle val ve opened and gate val ve
280 cl osed, heater 25 is positioned about 100-250 m|, preferably about 150
ml, fromgas distribution plate 20 so that gas distribution plate 20 is
heat ed up. 30 Heating up gas distribution plate 20 allows a faster clean
to occur. This heating step may be done for between about 3-10
seconds, preferably about 5 seconds.

86 Then, pressure and cl ean gas fIOM/arg?ﬁﬁﬂlnally
stabilized before the clean is performed. During the pre cl ean
stabilization step, chanber 15 optinally 4&1

Fi6 170
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shoul d be maintained at pressure |levels, which are also used during the

cl ean step, where fluorine species are not rapidly renoved and
reconbi nati on does not occur. 5 In the pre-clean stabilization step,
chanber 15 is brought to a pressure between about 1-2 torr,
preferably about 1.5 torr, with gate valve 280 is open. Wth chanber
15 mai ntai ned at pressures |ower than about 1-2 torr, rapid renoval of
fluorine species occurred, resulting in poor chanber cleaning results. At

chanber pressures higher than about 1-2 torr, reconbination may occur
due to collision 10 | osses, as well as causing overheating and danmage to
applicator tube 292. Heater 25 is noved away fromgas distribution
plate 20 to a distance of between about 450- 700 m 1, preferably

about 600 m|. The clean gas, NF[err], is also introduced at a rate
of between about 600-1100 sccm preferably about 950 sccm into applicator

t ube 292. This pre-clean stabilization step | asts between about 2-6
seconds, preferably 15 about 3 seconds before m crowave power is applied
during the chanber clean step. In the chanber clean
step, the pre-clean stabilization conditions in chanber 15 are

mai ntai ned at a pressure rangi ng between about 1-2 torr, preferably
at about 2 torr. Wien the cleaning procedure is perforned, mcrowave power

of bet ween about 500-2500 Watts is applied to applicator tube 292.
Preferably, 20 magnetron 711 provi des about 2.45 GHz m crowaves and is
operated in CW node at about 2100 Watts for the preferred clean gas

fl ow of about 950 sccm The m crowaves are transmtted from magnetron
711 through the wavegui de and optim zing systemto enter applicator
tube 292 through the wi ndow, as discussed above. WV lanp 731 ignitqﬁoo
the reactive gases in appiHeator.tube 202 to forma 25 plasna,—wi-t-h

i oni zati on sustai ned 4)3/0 [rem=iT] f ] p

292 at the w ndow. \ ing th tep,
fluorine radicals fromthe pl fisnma P to

f¢rimed i n| appl i cagqr tubg |29
whi ch m crowaves are applied pay t 848 11 oy E%é '

N
9 N
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t hrough opened gate val ve 280 and into chanber 15 to cl ean surfaces of
undesired 30 oxi de residues. Since the plasma is formed upstream of

chanber 15, only the reactive fluorine radicals in the plasm are
able to reach and renove the residue built-up portions of chanber 15.
Therefore, various portions of chanber 15 are

87 cl eaned of deposition process respgyes while mnimzing direct

pl asma danage to t he chanber 15. TH@ chanber clean | asts between
about 30 seconds to about 10 m pyt es, preferably between about 60-200
seconds, and nost preferably for agﬂﬁ?u 160 seconds. O course, the

chanber clean tinme may vary depending on tha. 5 t hi ckness and type of

oxi de residue in chanber 15. As gwntioned\above, it is recogni zed
that flow values may differ pendi g% on the o%iLze and type of the

chanber, as well as the di n§iop§paannat§f al of the applicator tube,
used in ot her e i abovesdescri bed cl ean process al so
reduces backsi de epg;ition behi nd both the bl ocker
and gas distribution 0 After the chanber clean,
addi ti onal post-clean
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performed. During the post-clean steps, chanber 15 is preferably maintained
at the above tenperatures di scussed for the above deposition and

cl ean processes. At the end of the chanber clean step, clean gas flow
is stopped and m crowave power isS no | onger supplied. Chanber 15 is
punped to renove nost of the F residue atons. 15 During this post-clean
punpi ng step, heater 25 is noved to acposition of between about

1500- 2200, preferably about 2000 nikd\fron1gas distribution plate 20 while
the throttle valve is opened and gate val ve 280 renmai ns open. The punping
step - | asts between about #5- 20 seconds, beferably about 10 seconds,
dependi ng on the annuntpof,(ﬂdé n gas reactants and residue exhausted
out of chanber 15. d ean 204; e dbinbodetection system al so may be

utilized to assist in de i nifQg thé stop/tine Egr t he post-cl ean
punpi ng unti| substantia#ﬁ&?hkL,deﬁe&FLngﬁpr/’ ss1 b8 dues are

removed from chanber 157“\\\£:é//‘*‘*‘\\j::::gzg?ér t he fluorine-based
chanber cl eani ng procedgéﬁ, he&r e Limy ibe —SPTe adsorption of active
fluorine species on the ﬁg;}éce of the Eﬁanbgg;ﬁf}ls, 25 close to where
the wafer woul d be | ocat when t hgdwxt deposSktion process occurs.

In the next deposition process, the—~fr~uorine mght then interact or be

i ncor por at ed into the deposited film causing filmsensitivity at the
surface. This filmsensitivity ( nquggsts itself as a rough surface,
whi ch may be problematic with tﬁé @%lera es required by high
integration devices, resulting in device malfunctions. The present 30
invention provides the ability to getter any adsorbed fluorine fromthe
surface of chanber walls by several nethods discussed bel ow.
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88 After the post-clean punping step, a seasoning may

be perforned to reconbine all free F species by either chem cal
reaction or trapping the F to the chanber walls through silicon oxide
(Sigerr]) deposition. The post-clean punping and seasoni ng steps are
performed for reducing both particle for ion and F content 5 i nsi de
subsequently deposited fil ns. A\\O Optimally, between the
post - cl ean punpi ng step and seasoning 'step is anot her stabilization
step to stabilize chanber pessure , And gas flkow and to nove heat er 25
into position for the seagdning step. In tﬁls stabilization step, gate

val ve 280 i s cl osed-amd chanber }_maintained at a pressure of

bet ween about 20- 70.J£L__iin1;\“pr§5mr )|y 50 torr, Heater 25 is al so noved
to a position of between about 300-550 mil, preferably about 500 nil,
fromgas distribution plate 2Q.1n a jspecific enbodi nent, the
seasoning step presently descri ozone and TECS with hel i um as

the carrier gas to season chanber 15 for subsequent silicon oxide
deposition. O course, other gasgs may be used in the seasoning and
pre-seasoni ng 15 stabilization‘§Téps dependi ng on the type of silicon

oxi de deposition desired. %h Ch&re-seasoning stabilization step,
liquid TECS at a fIOM/rate of Fld¥weeh out 200- 400 ngm preferably
about 300 ngm is vaporized and transported with a helium carrier gas

flowng at a rate of between about 4000-8000 sccm preferably at about
6000 sccm into chanber 15. Gas flows may be introduced into chanber 15 via
t he

\qu,
\
] \ /
\-HOS
11 0O
Flg. 208
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20 normal inlets used for deposition or via applicator tube 292 w thout
application of m crowaves. This stabilization step | asts between

about 5-25 seconds, preferably about 15 seconds, before the seasoning
step begins with the introduction of the oxygen source to begin
deposition of the seasoning oxide onto chanber 15. In the t her mal
seasoni ng step, ozone is introduced at e flowrate used for the

particul ar 25 deposition process ad e.g., about 5000 sccmfor the
experinmental USG deposition rocess at 550[err] C di scussed above, or
about 4000 sccm for the experinental PSG deposition process at

600[ err] C di scussed above) for betmegnﬂ%bout 10- 20 seconds,

preferably about 15p_§eg)_n_<1§,_t_g_d_e_m_Lg_tﬂn_Layer of silicon oxide
(e.g., the exper1 nent al {|{USG/deposilti on process having about 12.5 wt %
oxygen, or the 30 experi mential PSG de Lsition process having about 8 wt %
oxygen) onto surfaces in \ 5. During the seasoning step, the
ozone flowis optimally consis 1h t he deposition process to

m ninmize any fluctuation in ozone flow,gpd concentration.

I
i

89 Seasoni ng chanber 15 thereby can trap fluorine atons that may
have been adsor bed lloo
Fig. 20D
1z
/\\\“’ /\
v
\\
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onto the surfaces of chanber 15. Fol | owi ng t he thernal
seasoni ng step di scussed above, final stabilization and punpi ng
steps may be perforned. Optimally, these final steps are 5 al so
performed at the deposition tenperatures.di scussed above. In the final
stabilization step, the throttle valya\pé opened periodically to allow the

chanber pressure to adjust toysatnosphere, while gate valve 280
remai ns cl osed. Heater 25 is \Db noved to a position of between about
800-1000 m |, preferably aboyt 999 \ROI, from oéas distribution plate

ne\¥lom5 10 remain the sane
on step is perforned

— preferably about 10

step begins. In the final punping
step, gate valve 280 re ed and heater 25 is not noved. Al
gas flows are stopped and the ottle valve is opened. The final
punpi ng step | asts between about 5-20 seconds, 15 pref erably about 10
seconds, before another wafer is [ foduced into chanber 15, which is
nom1ready for the next dep05|t|on process, heating, or wafer cleaning step.
It is recognized that final %fq | i za4@h and punping steps al so may be
nodi fied and simlarly used Wth the particul ar seasoning step or
alternative gettering step (exanpl es di scussed bel ow) sel ected. 20

I n enbodi nents alternative to those di scussed above, the pre-clean
stabilization step discussed above nag ﬁurther i nclude a ranping of the

m cr owave power froma | ow m cry gﬁyer to the final clean
operating | evel of mecr ve pome&’ ap

of pressure and nicrqy@ve pl asma 4 ge
alternative enbodi nent, the—Jre*Qlean j
above may be substltuted_gLL4~the\fm

mg‘pﬂ@f | ean stabilization.
Al'l owi ng for S|nultaneeue—s+abrlh \ pressure and m crowave
power, the step of ranping up t 1 ! y ve power to generate a N2 (or

20. TECS flow is stvopped, Y um
as in the seasoning step:
for a tine period of bel
seconds, before the final

ow ng _pre-clean stabilization
tlomAOIn a preferred
lzation step 25 di scussed

ot her inert

Fle. 206G
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gas, depending on the clean gas used) plasnma provides a | ower pressure

shock profile on applicator tube 292 upon NF3 plasma generation, in
accordance with a 30 speci fic enbodi mrent. M crowave power |evels applied
to magnetron 711 from m crowave power supply 110 may be adjusted
under the control of processor 50. For exanple, the m crowave power
may be ranped fromzero to a | evel of about

90 300 Watts (or sone other power |evel between O and the final

cl ean operating power level) during the stabilization step, and then
to 2100 Watts in the clean step, to provide a nore gradual, optinmal
stabilization process. Specifically, after the heating step, heater

25 is noved to a position about 600 m| fromgas distribution 5 pl ate 20
and N2 is introduced & fl ow of between about 100-400 sccm preferably
about 300 sccm into atﬁﬁ cator 'tube 292, winiTe the throtilTg val ve remains
open and gate val ve [ 2d6crowansichamber BanewtitorAf t er about & seconds, t he
throttle valve is closed - = Ng#d gate valve 280 is openeﬂ; allomnng
pressure to stabillgf the exﬁmﬁmﬁeconds q;/thﬂnber-lS i s brought
to the clean proces pres:ure,,q’a‘blw)tm% 5torr in a‘/spefmfl/c'
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g
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10 enbodi ment. Then, an internediate |evel of m crowave power between

about 200- 400 Watts, preferably about 300 Watts, is applied to
applicator tube 292 to forma N2 plasma during the next 5 seconds.
For the next 5 seconds, NF3 is al so i ntroduced into applicator tube
292 while the m crowave power |evel is ranped to the clean | evel.

Specifically, NF[err] may be introduced at a rate between about 600- 15
1100 sccm preferably about 950 sccm into applicator tube 292, while.the
m crowave power Ievel.ls ranped up tg the: flnal m crowave power clean

oper ati ng hevellof ‘about 2100 Watts. Theh, Nerr] flow is stopped| and
plasma is generq&ed using | only : NF[eJr] allomﬁng for stabilizatioh of
the NF[err] pl¥snm generatlon SstabiTrzation Tor . about 5:seconds:: fFrom
this point, the &ﬁgn nay proceéd as dlsgussed above. 'In 20 - the above: .

di scussed al terngti v enbiadi ment;,” ‘both préssure and: plasna generatjon..! . ...
are stabilized prii.ar. fa perfornlng t he cl.éani ng step with the. NF3 cl ean|ng. -

pl asma. Thijs _alternatjive pre-clean pressure/plasna stabilization. pay. .
last for a total |tine | o) peri;od preferTny bet ween about 20-30 seconfs

with each powey.ibevel ranp-lup al |l ottled am -appt opriate stice of tinme
fromthe tine erpgd;rAEcgrdlngly ‘priessune :25; : :shy cks from an:i rpedi at-€:7=-
one-step appl i cat{~er—af: h -mi-gr-owayve -power (for;; . éxanple ftom 0 to
2100 Watts) on appLLcatoré;ube 292 .arle .thys .m hi.m.zed, . .| . 4esu| ing-|-n. -
an enhanced | i f egpan--fior pl-i-cat or -tjube -292. : --'- 1~ 1A though-

t he above descri bed .enhodi.nent. .ijs .a .tjwo- stlep p met.leveL. Lramp-up,{: . .-
ot her enbodi nent s may have!hultiple-step rjanp- ups (for exanple, fromO BO
to 300 to 12001% 2100 V\Attq\ Further a:'mcrowave powet ranp-down.step |
optionally may be~pérfiormed betmeen tihe above descrlbed clean step:and:{he: |
post - cl ean. punplng step Tmn <tep or nultlple step ranp-downs. al 507 |

are possible for |- ; - P
ro— = i ! I o g
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91 ot her

series of discre
whi ch have a RF

| evel s may be pe
in situ plasm c
enbodi nents. Alt
part of the stab

enbodi mrents. O course, the ranping nmay be continuous, a
te steps, or a conbination thereof. For CVD systens
pl asma system ranp-up and/or ranp-down of RF power

rformed for pre-
hanber clean is used, in 5 accordance with furt
hough specific tinmes are di scussed above for
ilization, in other enbodi nents,

cl ean stabilization steps where an

her
each

the specific tines nay be

varied and parts of the stabilization may be conbined or elimnated to

-~

reduce tine.

As an alternative to the thernal

chanber

. . apned
seasoni ng di $8Uj

sed above, a chanber seasoni ng nmay be enploy

ed Whi ch

uses TEQS and COferr]. Vaporized TEQS 10 _may be introduced into chanbgr 15
via.inlet 43 andl gas mixi ng box 273 oyiotisi A§ £.:13!  the bypass passage iln
the lid. The Jerr] igcsent.-t hr.ough applicator tube 292 for radi ation
(for exanple, between aghout 500-2100 Watts, preferably 2100 Watts) by 31¢°
m crowaves from nmagnetron 711 of i crowaves pl asma system 55, to producé
atonm c oxygenpédf err] may be introduced intg applicator tube 292 at a f{l ow
rate of 15 “Defween about 50-200 sccm preferably about 100 sccm whille
gate valve 280 &s opened and chanber 15 is naintained at a pressyre
of between abouf 1~.2:1Qr¥,. ... preferably apout 1.5 torr, and a :
t enper ature of C 1
4
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preferably between about 550-600[err]C. The atom c oxygen is able to react

with the
seasoni ng. 20

TEGCS in chanber 15 to provide a m crowave- enhanced chanber
Al ternatively, for enbodi ments having a RF plasnma system

able to provide an in situ plasma, vaporized TECS may be introduced
into chanber 15 where the RF pl asma system can create a plasma with
whi ch the atom c oxygen nmay react for a RF- enhanced chanber

seasoni ng. As anot her alternative to chanber seasoning
to provide gettering of 25 fluorine atons from chanber surfaces, S|H[err]
may be flowed at a rate of between about 50-200 sccm preferably
about 100 sccmeo nto chanber 15 to purge chanber 15. Silane may f ow
i nto chanber via line 85 into chanber 15 from one of the ot her:

supply sources 90 (Fig. 1C) to gas mixing system93 with closed gate valve
via other purge inlets to chanber 15 with closed gate val ve 280, or

280,
via 30

92

‘LmBen about 300 650[err]C

applicator tube 292 with or w thout application of mcrowaves and
wi th opened gate; .
chanmber 15 is m
tenperature of,t9

val ve 280. During the sil ane. purge procedure,
ntained at a pressure of about 1-5 torr and a

I
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preferably between about 550-600[err]C, with gate valve 280 cl osed. Purging
chanber 15 absorbs the F atons and results in the formation of
SiF[err] gas, which is then punped out of chanber 15 via the exhaust
system The endpoint detection system as descri bed above in detail,
then allows the systemto determ ne when the chanber 5 cl eani ng process
is conpletely done. As a further alternative to
seasoning or to purging chanber 15 with : silane, as described above;
gettering may be achi eved. by provi ding active hydrogen into chanbem..

“clean gas" supp} aflowrate of between about 50-200 sccm

15 FWdrogen (e.g.,.H2 or other hydrogen source) would be used as t&e
4589&895% 1

pref erably about 100 scg &d_sent via switching valve 105 into applicafor

t ube 292 via inlet 57 fFF%p,l() Magnetron 711 is operated at CWnodé

at a power | evel of betmeeq,about 500- 2500 Watts, preferably about
1000 Watts, to provide m crowave energy to appllcator tube 292, -
t hereby producing a plasma therei-® The active -hydrogen f.rom t he

pl asma in applicator 29? woul d t he® flow through the .15 lined passage in
encl osure assenpp i

course, for systens: mhlbh al so. |ncluﬂe RF plasna systens hydrogen ﬁay be:;~j
i ntroduced into chanber{ 15 and RF energy applied in ohanber 15ito prOV|d¢~--~

t he active hydrog n. Durlng t hePBgettering procedure; chanber 15 i's
mai ntai ned at a | pressure of: abog% 1-2 torr and, opthnally, at :the
deposi tion tenperature pf-about 20 0-650[ err] C, preferiably betméen

about 550-600[err C with gate valve 280 open. The : active :hydrdgen
reactS\Mtr1thel@- , T ; T
vapor which may then\be.punped out of ‘chamber 15. An‘ endpoi nt detectiion
system operating on simlar prlnC|pIes as the endpoi'nt system-described; '
above but t o, det ect  changes in Ilght intensity due to absorbance by

HF, may also be used. 25 i Yet another. alternative to

seasoni ng, purging: chanFer 15 with 5|Iane
171 !
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or using active hydrogen, is to provide ammonia into chanber 15. Amoni a

( NH3) woul d be used as the "clean gas" supply source in gas panel 80
at a flow rate of bet ween about 50-200 sccm preferably about 100
sccm and sent via sw tching val ve 105 into applicator tube 292 via
inlet 57 (Fig. 1C). Magnetron 711 is 30 operated at CWnode at a power

| evel of between about 500-2500 Watts, preferably about 1000 Watts to
provi de m crowave energy to applicator tube 292, thereby produci ng a
pl asma therein. The ammnia fromthe plasma in applicator 292 woul d

93 then flow through the |lined passage in enclosure assenbly 200 and
into conduit 47 for use in chanber 15. During the gettering
procedure, chanber 15 is maintai ned at a pressure of about 1-2 torr
and, optimally, at the deposition tenperature of bet ween about

300-650[ err] C, preferably between about 550- 600[err]C with gate valve 280
5 open. The ammonia reacts with the adsorbed fluorine to produce an

anmoni um fluoride conmpound and HF vapor which nmay then be punped out
of chanber 15. O course, for systens which also include RF plasm
systens, ammoni a gy, be i ntroduced into chanber 15 and RF energy
applied in chanber 15 to provide the " amoni um fluori de conpound and
HF. An endpoint detection system operating on ]
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10 simlar principles as the endpoint system described above but

detecting |ight intensity changes due to absorbance by ammoni um
fluoride and HF, nmay al so be used. Al t hough the
cl eani ng process conditions descri bed above are exenplary for the

present enbodi nent, other conditions may al so be used. The 15 above
description discusses NF[err], nerely as an exanple, in a Gga Fill[err]
Centura chanber avail able from Applied Materials fitted for 200-nm
waf ers and having 6 liters total volume, as do the various
deposition descriptions bel ow. However, ot her fluorine-containing or
chl ori ne-contai ni ng gases, such as NF3 and argon, NF3 and N err],
NF[err] and Jerr], NF[err] and atom c oxygen generated by m crowave plasm
20. . system 55, dilute F[err], CFlerr], Cerr]Ferr], SFerr],

Clerr]F[err], dJerr], etc., may be used as well. O her gases

besi des those descri bed above al so may be used for the gettering procedure.
Al so, pre-seasoning stabilization steps would vary dependi ng on the
particul ar type +2n0f seasoni ng/ gettering process selected fromthe
vari ous alternatives“ég.the above’ dirscussed tnermal seasoni ng. The
above descriptions for ¢l eaning, tering, and 25 seasoni ngjare stated
to occur at preferregghenperatures (fo xanpl e, about 550-
600[err]C), but iﬁgis neted that, nost pre abl'y, chamber 15 7s nmaintained
at the sane enpefature at which the parft | ar process |s being run

in chamber 15. Of @ourgé; different tenperatur®s also nmay be used in
ot her enbodi nents.zFurther, sone enbodi nents may conbi ne] add, or
elimnate sone porxionstof the cleaning, 30 gettering, and sgasoning
steps descri bed a@@vaool [11. Test Results And Measurenents
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94 A. Utra-shall ow Doped Junctions

To denonstrate the operation of the apparatus and nethod according

to enbodi ments of the present invent%uhﬁ—éip rment s were perforned
measuring t he sheet resistivit [ Unction _depths of ultra-shall ow
junctions formed usSi Ng af SRR Bnuf actured without a
USG cappi ng | ayer and f ith a USG cappi ng

| ayer. The uncapped BSG § g thick, while the
capped BSG filns were a 200 A USG cap.
Bot h capped and uncapped] f a lowresistivity N
type silicon wafer. Sheef gcpt hs of ultra-shall ow
junctions 10 formed usg RBA5SG fil wer e

measured. For filns , B CVD apparatus 10,
described in detail abovg @| osed dyring the film
deposition steps accordi § 4 tual process
conditions used in the ej lbecific y, the

BSG fil ns were deposite =
pressure of 15 abgy -6%
was about 300 m . l B s included introduci ng
TEB i nto the chanber at & EEE_—— . 5 oM introduci ng TECS at
a rate of about 500 nOmM HiSEEEEEEEEE S : m03) at a rate of about
5000 sccm and introduci & LR SR TRE T L T

M susceptb+ and manifol d

— =
t
f\"T‘“ 2| =0
] — 3, 2 =
1 l »“i}
) Lgt«;____; S
2 .: —_ - _j_i:;;,_er - - -
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a rate of about 8000 sccm 20 The above conditions
resulted in BSG fil mdeposited at a rate of 700 Al m nute. The
deposited BSG fil mhad a thickness of about 150 A for a process time
of about 15 seconds. I n experinents where a USG cap
was used, the USG capping | ayer was formed in an in situ process

i medi ately after the b FBSG-tayer—was—25——depustted—The preferred
enbodi ments use a chanbey Mdisaire Alssortianl@selimsyst em whi ch m ni m zes

USG capping film The

nmoi sture available to Lgact L WHERLE RS E£§G filmbefore deposition of the
ha

500[err]C, the C
torr, .and the susceﬁgoog
i strl bution mani folg

Scepl qksuRsepaahed to a tenpe aturg of about
hben, was mmintained at a pressure of about 600
pas p05|“t"r"0ned about 300 nilifromthe gas

TEQS‘,'; ozgpre~and 301 heliumwetle introduced into the
deposi ti on chanber fl 3W°Pat €s$ of abqut 500 ném 5000 and 5000
sccm respectively. Fhed4abovie gonditi onS‘T‘esuI ted in/g USG
95 film deposited at aL_E_}ilLEoL_aQQJ.Lt. 700 A/ m ut‘e,\J\I 1USG filmhad a
t hi ckness of aboBh 200 A fof-ma=process tinme of aBodt {15 seconds.
D ffusion of dopants f e uncappe BSG f| I rr% S

4500 4000 3500 000 7500 2000 1500 1000 300

Wavenumber (cm'!)
FIG. 25

FIG. 26A
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achi eved by heating the filmusing annealing or a rapid thermal process.
For 5 exanple, a rapid thermal process for 60 seconds in a nitrogen
(N[err]) anbient may result in a junction depth of about 500-1000 A
dependi ng on the tenperature tinme and dopant concentratlon

The paraneters S : d not be
limting to thcs skill in the
art can 10 al e opants, and
conditions to 8 PSG AsSG and
ot hers. Mg uncapped BSG
films of about boron. These
experinments ill W j unctions
using BSG fil s i ffusion step.

At boron concen filns
deposited at te 0 becone
unst abl e above,
crystallization | abl e for

diffusion into
t emperatures gr
uncapped BSG fi
applications wh
needed, B#
crystallization al so provides
the ability to 22 ] : : 2 dopant atons
into the silico e ap erefore prevents nore boron
atons frombeing | ost so that nore boron atons are avail abl e for
diffusion that may be directed nﬁgﬁmeggyl into the silicon substrate.

To denonstrate the further advan usi ng a capping | ayer over

the doped dielectric |ayer for sonme applications, further experinents were
conducted

0.9 - e ﬂ
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30 " usi pg BSG fil ns having about a 150 A thickness andq%oﬁ-%gz'ﬁ % bor on,

witho about a 200 A USG cap deposited over the BSG film, These furt her
experlnents - lillustrate the ability to formultra- Sha|P&)IJUHCtIOHS
usi ng' capped BSG'films as the"
96 - & dopant "source fora subsequent diffusion step. Sheet resistivity
and junetion depth of.the ultra- shajjgw junctions formed using
uncapped and capped BSG fik ms -vere - measured; These experinents show

t hat subjecting S ANDMETH _ a
about 1050[err]C pro;i‘; 'S : ST.RHI
resistivity and junc _ y W |
ei ther the BSG filma
Fi gs. 22A-22C provide info
the junction depth and dop

YOS AEERS 510

-'ne or with the BSG filmw th USG cap.

ion about the effect of the USG cap on
STRACT OF THE BPISCLOSURE r egi ons.

Measur enent s for (#gs

2 22C f i d t t
easur cment equi prient 1 G RSeeat deiph aneli s ey fial fad fealBs oF, o' ©
wel I known t O K§ p‘éﬁt‘h‘b & th@@;@ﬂb—sowc) ?m%gm%smmtmy S

shown as a function of dept h.::A " p" represen
The systems, methods and apparatus of the present invention allow muitiple process
steps.to be performed m §__ in the same chamber to reduce total processing time
and to ensure lugh quahty processmg for: h:gh aspect ratio devices. Performmg
multiple process steps m' ]

parameters and reduces (

e same chamber also mcreases the control of the process
vice damage In partlcular, the present invention can
provide hrgh temperamre deposition, heaung and efﬁcrent cleaning for forming
dielectric films havmg _cimess umformrty, good gap fill capability, high density,
low moxsmre and:other deslred charactensucs a

Fig'.- 20E
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meagur'ed concentration of boron at a depth measured fro ran 0770 '6 _
stibstrate . . - surface, and an "N' represents the neasureéd entratlon _
of the N type silicon substrate at a depth measured f&?@he silicon
substrate surface. The junction depth 15 is defined as the position where
- the dopant concentration equals the substrate concentration. In the

. present experinents, the silicon substrate used had a substrate

- concentration of about 1.6x10[err] carrfi/82/cnferr]. Sheet resistivity of

" the diffused . regi ons shown in Figs. 22A and 22C was neasured using

- four-point probe (4pp) techni ques, as are well known to those skilled
inthe art. Fig. 22B illustrates the 20 total inpurity profile of the
waf er of Fig. 22A as neasured by the nore el aborate met hod of

secondary-i on- mass-spectroscopy (SIMS) which is useful for providing
precision profile neasurenents in high-concentration or shallowjunction
di f f usi ons, as is well knomtothOS@hskllledlntryir _
Specifically, Fig. 22Ais a @ ? of an 25
ul tra-.shall ow junction fornmed

R&GES_&ORec‘u m st ¥ingla 6.131 wt % BSG

| ayer havi ng a USG cappil SG 111 mwas about 150 A thick:
and the USG capplm ayer. \ on top of the BSG fil mwas about
200 A thick. -The heat @g T steg was_perfornmed by a rapid thernal
process for about 60 8%%" §t abou

1050[ err] C. Thg BSG and USG
films were then stripped by etching.|{As seen in Fig. 30 A2A, the

resul ting jlQRgction has a depth of abput 0.0§._[err]min'the silic

qr s falrly "mf"'m/%?e maxi mum

substrat e, and the dopant pr of
concentration of. boron i 3apoy err ca}( el S/REMOFE I | i sheet
resi stance of the resulting j un jj MICROWAVE ‘f]
| BAS [ PLASHA |
MIXING | —\.o80 SYSTEM
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97.-.. . was measured to be about 685 [err]/cn{err]. The 4pp sheet
resi stance was nmeasured to be about 222 [err]/cnferr], with the
sumat i on of dose ions in the P type |ayer neasured ([err]p) being
i 1.6x10[err] carriers/cnferr]. . - Fig. 22Billustrates the
. dopant depth profile as neasured by SIM5 for 5 an ultra-shall ow junction
"described in Fig. 22A. Fromthe surface of the silicon substrate to a
~depth of about 100 A fromthe surface, tBé4@oncentration of boron
“ranges between about 2x10[err] carriers/cnferr] to about 1x10[err] .
carriers/cnferr]. Between - about 100 A to about 300 A fromthe surface
of the silicon substrate, the concentration of boron ranges between
about 1x10[err] carriers/cnferr] to about 3x10[err] 10 carriers/cnierr].
Bel ow about 300 A fromthe surface of the silicon substrate, the
. concentration of boron, silicon, and ﬁxygen di m ni shes rapidly indicating

t he bul k substrate. THEN [ éﬂIOM/junction shown in Fig. 22B
. denonstrates the dopant . por ati on possi ble according to an
enbodi ment of the presen | ' Fig. 22Cis a
graph showi ng the dopant| Px ultra-shallow 15 junction forned
W thout the heating step usi.hx wt % BSG | ayer having a USG
capping layer. The BSG fi | Tapuasy , 50 A thick and the USG cappi ng
| ayer deposited on top of the:BYG fil mwas about 200 A thick. No heating
step was performed. The BY$G and USG filns were stripped by an etching
techni que. As seen intkFig. 22C it appears a jyunction with a depth of
about -0.025 | N0 has formed 20  despite the | acksON
Apparently, t R\ | O 3Ea$gforned due to the

._: - | .IO\




s

high dopant concentrati on of boron in the BSG filmdiffusing into the
silicon substrate even without a heating drive-in step. The nmaxi num
concentration of boron is about 7x10[err] carriers/cnierr]. The sheet
" resistance of the resulting junction was neasured to be about 55
[err]/cnferr], with the sunmation of dose ions in the P type 25 |ayer
([err]p) being 4.9x10[err] carriers/cnferr]. Fig. 23A
i's‘a graph showi ng the dopant profile d@/4fe junction formed with a
““heating step using an 8.084 wt % BSG | ayer having a USG cappi ng

| ayer. Fig. 23B is a graph conparing the dopant profiles of the junctions

~fornmed. with the sanme heating step using a 6.131 w % BSG | ayer havi ng
a USG cappi ng 30 | ayer and an 8.084 wt % BSG | ayer having a USG cappi ng
| ayer, in order t T1Tustrate the effect—of—dopamt——conmcent+qti on on
junction depth. Fijgs. 23C and 23D show the effect of the terperature
of the heating stgp on junction depth and on sheet
98 resistijity, respectively. Figs. 23E and 23F show t he efif ect of
- the ti-me of the heating step on junction depth and sheet registivity,
respectively. The |spreadi ng o .
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resi stance profiles and sheet resistivity neasurenents of Figs. 23A-23F .

wer e performed using solid state equi pment and four-point pr obe
maasurements 5 _ Fig. 23A is a graph show ng the dopant
~ profile of the junction formed with a heating step using an 8.084 w
. 9% BSG | ayer having a USG cappi ng | ayer. The BSG fil mwas about 150 A
» thick and the USG cappi ng | ayer deposited on top of the BSG filmwas
© about 200 A thick. A heating step was $&f43rnmed using a rapra-ther nal

- process for about 60 seconds at about 1000[err]C. The BSG and USGedQ,
filns were stripped by an etching technique. As seen in Fig. 23A &
ul tra-shal | ow © junction having a depth of apout—tt2~fenrim fd&flor med
wi th good dopant uniformty. The maxi num c i bg;gg is
about 1x20[err] carriers/cnferr]. The sheet '
resulting junction was neasured to be about 145 fh tHe
summati on of dose ions ([err]p) being 7.9x10[err ri. The 4pp
sheet resistance 15 was neasured to be about 9
" Fig. 23B shows the dopant profiles of the juncti
heating step using different boron wt % BSG | aye

]

131wt
e fe

% and 8.084 wt % having,USG cappi ng | ayerk. wgr ach
about 150 A t hi ck and tHE USG cappi ng | ayets %gaﬂf t he
BSG filns were each 20 about\200 A thick. The heating step lpet Qr d was
a rapid thermal process for . nbout 60 seconﬁ§eﬁ about 1000 eSS d As
seen in Fig. 23B, the resultlngﬁﬁu1ct|on depth iPr the 8. 0B& % BSG
filmis alnost twice as nuch dsEhp resultlng j@&nclion depf!&forf the
6.131 wt % BSG film = Figs. P3( 3D are gMdph
show ng the effect of heatlng s#ep| 25 t enper at pr ¢ o@§d pant profiles and
sheet reS|st|V|ty53respect| ery&gfpr 6.131 Wt % films having USG
capping | ayers. Thg BSG filps - we| abgf 150 A tpick @d t he USG
- capping | ayers depoMted on| t gp=Bf |t heTBSG fil ms| wey bput 200 A thi ck.
- The heating steps were perforﬁe&’q;ing}a—r&)id t per pf ocess for about 60
w a © .
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' about a 40-s

seconds at tenperatures of about 900[err]C, 950C, 975[err]C, and 1000C. As
shown:in 30 Fig. 23C, the junction fornmed after the heating step at 1000C
is about 0.1 [err]m conpared to the about 0.06 [err]mjunction
formed -after the heating step at the | ower tenperature 975C. The

- sheet resistivity of the 6.131°'w % BSG fil mwas about

99 . 180 [err]/cnferr]:for the heating step at 1000[err]C, and about

- 600 [err]/cnmerr] for the heatlng step 5742 at 975C, as seen in Fig. 23D

© A higher tenperature heating-step (beyond 950[err]C) results in a

: deeper di ffusion depth for -t shal | ow j unction forned. 8
: Figs. 23E and 23F are graphs na gtep tine. 5

. on dopant profiles and sheet tesistilvi tyREBENEdBﬁSlREUy for 6. 131 % BSG
Cfilm havi ng USG cappi'ng:| ayer §. ~about [err]

" thick and the USG capping | ay L of the BSG filns

- were about 200 A thick. The i heatlng stediwas performed using a rapid
= : A 40 Qesg@ds and for

3E, the junction.for after

out MEM E&UR'BENT\AM | e the junction
TEMPERATURE T(k)

* about 60 seconds. As shomn i

: f or med

TEMPERATURE F Eﬁ’éﬁfgﬁgﬁm
REGULATOR |me—<3ND CURRENT TEMPERA-
ALGORITHM .- - TURES: EXCEEDS A PRE-

DETERAINED BOCHDARY VALUE?
‘ 4%

DETERMINE;DESIRED AND
MEASURED RAMP RATES
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- DETERNINE
TEMPERATURE RAMP
RATE ERROR
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after -a 60-second heatlng step is abut 0.1 [err]m The sheet resistivity of

the 6.131 wt % BSG filnms was about 230 [err]/cnferr] after the 40
second heating step and about 150 [err]/cnferr] after the 60 second
- heating step. Accordingly, it is seen that the length of time of the
- heating step may deternmine the diffusion depth in formng ultra-shallow 15
“junctions. The ab&@/ed2xperiments of BSG used for
. ultra-shal | ow doped junction fornatlon are presented nerely as
exanples to illustrate aspsets~Qf t i nvention and shoul d
not be consi dered aszig n& ng t he scEﬂe of g - present . invention. 20
B. PSG For]PND | ayer S To desgnstrate the operation of
t he apparafus and net hod g i J’ﬁ' wents of the present

I nvention, |experinments
exanpl e, ag a PND | ayer.
PMD | ayer, {the wafer hasjt
steps to form for
i sol ati on tirenches, etc.
deposited ifn a resistive
cl osed systiem havi ng

_ PSG film for

SG filmas the 25
ltiple processing
j de si dewal | s,
J'e PSG filnms were

- Centura chanber (a
6 I|ters and outfitted

for 200- nmjwafers) nm ‘.terlals 30
In the expgrinents, pre-deposition - o bring
chanber 15|to the desired deposition presg ilize the

gas/ I'i qui d {f1 ows before depositing t
wafer. OF dqourse, it is )

a PMD | ayer on a-
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kS

100 recogni zed that pre-deposition steps nay be varied fromthe

bel ow description (which is nmerely an exenplary specific, enbodi nent) ,
as is optimal for different deposi tion reci pes. The pre-deposition
steps reduce unnecessary deposition on chanber wal | s. and al so
contribute to yielding unifermdepth profiles for the 5 deposited fil ns.
.Before any pre-deposition steps occur, a wafer is |oaded in vacuum
.~chamber 15 onto heater 25 through the vagtgqgr|ock door, which is then
" closed. Heater 25 is heated up to the processing te r of about
600[ err] C, whi ch is_pmj ntained throughout the e-depodi tion steps,
- the deposition step and t i} post - dep05|t|0n st e
..In a first pre-deposition step, heater 25 is at S\p sition about 600 ml
fromgas distribution plate €. Wth the throttl e&\vgl ve open fpr about 5
seconds, heliumat a fl'wgw rate of about 4000 §ccm and err] at a
~flow rate of about 2900 sccm Al € @{troduced into chanber} 15. The
neutral gases, ggeliume@d Jerr], e i r od&® ed ' rnt o chamber
15 for .their fl rates \t o stabilije. TRese ow ratep of helf um 15 and
Jerr] are nmaint . N2 ' r4- Ae o - :
In the second pr¢~ PO RO ; NN He
- pressure in g? e/ /5 [ s¢nelaase ' cond
pre- _IRposuign AT i RS ure,
% whi ch may gani N al | {' f- — _ _ _
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ftuctuate sonmewhat around the desired deposition pressure, to stabilize in

chanber 20 15. Heater 25 is noved to the processing position of about

330 mi|l from gas distribution plate 20 in second pre-deposition step.

In the third pre-deposition step, when the pressure in chanber 15 has

stabilized to the deposition pressure of about 450 torr, liquid TECS is
© introduced to al l ow stabilization of TEGS and heliumflow. Wth the
© TECS flow rate at about 25 . 1000Shgn8/d2 vapog ed TECS gas mixes with
" the heliumcarrier gas for about 3N . secondsod the third

pre-deposition step, befor N T ) .
. Having stabilized t& cha j“' e, ? , TEGS/ hel i um

gas flows, and adj uS} edeRaaN DBy of | \

processi ng can begin. £ bA QY dft tke\ NNO ep, rr] flowis

term nated. 30 Li qui s PsTodHoTRak aReNo tes24 ngm  and

Jerr] (about 8 wt % \UH i N T M|y Qbout 4000

sccm  Being quuids,ggh E O _ rized by the

liquid injection syst en ¢dgDi NBCTRNE
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the inert carrier gas helium This mxture is introduced into chanber 15

from gas distribution plate 20 to supply reactive gases to the wafer
surface where heat - i nduced chem cal reactions take place to produce
‘the desired PSG film The above conditions result in a PSG film

-;"?dep05| ted at a rate of about 1780 A/lm nute. By 5 controlling the
c-‘deposition tinme, a PSGfilm havi ng a thickness of about 5300 A is

iformed at the process conditions descri té?j gbove i n about 404 seconds. The
Wt % of phosphorus in:the resulti f4SG filmis about 4 wt %

:;After deposition, a term nation step’is perforrred that is optimzes the
:'stabl lity of the deposi ted--;_‘-PSG filmto provide noisture and crystal li zation
106 resistance. In the ter: e s~Whi ch | asts for gbout 3 seconds,

‘the deposi tion g ?ﬁg TEPO fiflow is _
‘term nated. The termination eposits 4 USG cappi ng
gas |term nation

layer in an in situ manner. \
‘met hod di scussed above. The ‘ th| n conpareq to t he
' i i After |t he PSG

- deposi tion and USG deposi ti steps are

~utilized to control the rapidd. r pressure arjd to control

:'gas shut-off. By adjustiggi -;' ’ gqgs shut-off, tjhe

© post -deposition stega | heLp=FalmE6e. e formation|which otherwi se
- can cause wafer con r’h a1t f . In a

_.specific enbodi ment, t of , p used.] In t he .
first post-deposition (3¢ AN 4 oW eJ above [term nation
step, TE%fI&W__ N TR is rmvedintoa
position about 60&6 ' - #7 on plate 2Q~ > 23R so, the
throttle valve is opened pIrl r]al | ow chanbdr pressure to

gradual |y ranp down duringl: -dép05|t|on 25 d4tep, which lasts
.about' 15 seconds. In the s«
~ valve is opened periodical:
‘post - '

step, the tjhrottle

S anb!frsmpr essure |f orﬁi&.t Ts[.d




deposition step (the punmping step), as heliumflow into chanber 15 is
termnated by punping it through a bypass valve. Heater 25 is also
noved | ower to a position about 999 m| fromplate 20 during the
second- post-deposition step, which lasts 30 about 15 seconds. In the

- third post-deposition step, which . |asts about 3 seconds, the throttle
- valve is opened and 03 flow into chanber 15 is term nated by punping

it through a final valve. . 10/42

102 The above experinental conditions for the
“deposition of PSG suitable - for being used as a PVD | ayer are opti nmal
- to provide the best f|In1quaI|ty wth hi gh t hroughput. By enhanci ng
“surface diffusion at increased surface tenperature, the thermal PSG
filmdeposited using the TEOS.(Jerr] chemstr, tenperatures of 5

about 600[err] C exhi bited excellent step cov , hore cross-1|inked
structure, and nmore stabl e oxidization sfifucture for P and Si, which
yi el ded excel lent filmquality. The depoll ted PSG fil mwas high
quality in ternms of floyalike step covera hitigh noi sture

resi stance, high breakdohi\yol t age, oth su Ce’Zé]O surfacgzgamage

280

210

=== 1) 240

47
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(-i.e.,» plasma damage), and no fixed charge. The deposited PSG film
exhibited 10 good filmthickness uniformty. Specifically, fil mthickness
uniformty (49 pt., |a) at about 1.2 [err]mthickness of the
deposited PSG fil mwas neasured to be | ess than about 1.5.
Fig. 24A is a photomicrograph denonstrating the as-deposited gap fil
capabilities of PSG filns deposited-at 600[err]C in accordance with a :
~specific 15 enbodi ment of . the present tion. In particular, the PSG
filmdeposited at 600[err] C was sﬂbaé“ o be capable of filling high
aspect ratio gaps having a héight (h) and a spacing (w) W thout the
formation of voids, as seen in Fig. 24A Fig. 24B is asinplified
di agram (not shown to scal e) of a section of the integrated circuit
structure shown in Fig. 24A. As seen in Fig. 24B, substrate 1200 has
stacked gate 20 structures; specifically el ectr ggs 1220 with tungsten
silicide (W5i) caps 1240, f or med ther-- pde Iayer

deposited onto stacked gate ‘st gaps
with h of about 0.35 [err]{w_..e by '
dotted lines, as seen inf “gT““ nDnstrates an
exenpl ary structure mnth 1320 are

filled by PSG 2 .. .1/ po%'bi:)ed at
about 600[err] Clu / g 'QAvA-Av.-A-.w_-.aur_A"uma RS AV u‘c‘r SG film
. 1280 exhibits e«u _ h-ﬁ INCRNCRINB NN NN NN NNNNCYDANN gy W t hout
¢ the need for a reflom/typr£ t1y- done at akout 750-800[err]C, which is
- often inconsistent with § singly tight=thermal budgets.

In addition to having excetf it gap fill capability for high aspect 30

ratios, PSG fil ns depositeﬂ . about rr] vant ageously are dense
.resist Jure absorption. Misture

Cfilns that exhibit hi
i absorption of the deposited PSG f|In1dep05|ted was neasured using

- conventional Fourier Transform |Infrared

u
Y



103 spectroscopy (FTIR) techniques, as are well known to one of
cordinary skill in the art. Fig. 25 illustrates the FTIR spectra of a
- PSG fil mdeposited at about 600{err]C under the follow ng exenplary

. process conditions. According to a specific ~enbodi nent, the exenplary
process conditions include TECS fl ow of about 1000 5 nmgm TEPO fl ow of
about 24 nmgm helium fl ow of about 6000 sccm and ozone (about 12 wt
% oxygen) flow of about 4000:sccm at g2pgessure of about 400 torr

and spaci ng of about 330 mil-between heater 25 and gas distribution plate

'20. The PSG deposition time was about 600 seconds. As seen in Fig.
25, the FTIR spectra ~of the PSGHi++m-deposited at about 600[err]C
denonstrated no water spikes ind pRs{ ur e absorption, and no
measur abl e change in noiQ§Y w:e7 ;,«35—:¥==5\\ over about 155

. hours after deposition, ilj
" extended peri ods. /4
- deposited PSGfilmis d 2/ resistant to abs
Deposi-tion of a PSG fil  }/5th tenperatures, for

. 600[err]C, tends to dr) 4ut- any noisture that mg
into the film resulti hi:a dense film As a dense’f
deposited at T
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ht gh tenperature has the advantage of not
densification of the film The dense nature of the deposited
conpatible for use as a PMD | ayer which can be

fdrt her
PSG fil mnakes it

pl anarized either by a subsequent 20
about 1000[err]C, or preferably by a CWP step.
noi sture absorption resistance,
tenperatures is able to provide good flugzqgéckness uniformty,
wi t hout

preblens. The high tenperature PSG filmis
- | ayer as 25

good gap fill
. subsequent device

particularly useful as a Pl
i ncor poration (between abou
for gettering or trapping:n
m ght otherw se migrate and
- The above description of ex
. characteristics of the depo

- use, for 30 exanple,
. be considered as i
- 104
35T,
361

1 e ions such as sodi um (Na+)
use shorting in the device.

‘i-ments deposiging and neasuring'
.ed PSG fnggg@hbnstrates its suitability for
as a:PND | ayer ver

g the scope of the inv

requiring an addifional step for

anneal at a tenperature greater than
In addition to

the present PSG fil m deposited at high

as well as

rrmati on of s or weak seans that can cause
it provides good phosphorus

whi ch is inportant
i ons t hat

-8 wt % phosphorus),

the d i ption should not

tion
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- C.; USG For Oxide Filling Layer In Shallow Trench Isol ation

§ To demonstrate the operati-on of the apparatus and nmet hod accordi ng to
enbodlnents of the present invention, experinents were performed to deposit
a -USG film for exanple, as a high quality oxide filling layer for
_shaIIOM/trench 5 i sol ation. Prior to the deposition.of USG firlmas the
shigh quality oxide filling .- | ayer, the wafer has typically been
subjected to nmultiple proceéSing steps (4/4g m for exanpl e, gate

"el ectrodes, oxide sidewalls;isolation trenches, etc. In the

_experiments, the USG fil ms-were deposited in a re5|st|vely heated G ga
Fill[err] Centura chanber. (a cl osed systen1haV|ng a total vol une of

‘about 6 liters d 10 outf ted fQy,,2004, ) manuf act,yred by
Applied.Nhterlaﬁg 405 493 4§gn %hé experl ﬂbé 25

~pre-deposition step mere%

desired deposition pressufg .f;fm' : f\’ W |
bef ore depositing the USGTI A5 el A RO y-a el se, it
IS - recogni zed that pre ¥l epqfindy be £ d@0t he bel ow
description 15  (which is:meret ~ ‘V{f-¥~-;.[ - odinment), as is
-optimal for different ositi ] 5 _'_. [T position steps
~reduce unnecessary deposi ti - - WAl 4o contribute to
yi el di ng uni form depth prof 395 Uil dapd d filnms. Before any
_ pre-deposition steps occu S Io Sl ni b uum chanber 15
"onto heater 25 through the: ilehy 20 cl os 0
. Heater 25 is heated up : : r 4
~which is maintained thrg\ DOHMi dh e\ | )
step and the post - dept -~ " naftirst
pré-deposition step, heater 2 i bddd 445 from gas
distribution plate 20. Wt/ _ bout 5 seconds, 25
heliumat a fil ow rate of abt ) ¢ a flowrate of
about 2900 s¢cm f?ﬂ 1 T _
- g 3. 4l
'ffﬁi Efﬁ_'ﬁ" ~ 457
I H 413
=T FREE— 39
11— HPeEs
400+ "[
464" 511
466




_are introduced into chanber 15. The neutral gases, heliumand Qerr], are

~introduced first into chanber 15 for their flowrates to stabilize.
- These flow rates of helium and Jerr] are maintained throughout the
:pre-deposition steps. - In the second pre-deposition
istep, the throttle valve is closed and th pressure in chanber 15 is
ncreased to the deposition prgg . nd pre- deposition step

“l:asts | ess than about 40 secon e I-“- 'the pres e, which may
dnitially fluctuate sonewhat :aroupd|t hajl fredi _/pd ion_pressure, to
-stabilize in ‘| "l LA _ 105
chanmber 15. Heater 25 i& aned t o 4 Position about 350 m |
from gas distrib on plate y YRd pr epoqgfion st ep.
In the third pre-deposi&Pon KeR; ' chal 15 has
stabilized to the depostli on |y #r, I€<Quid TECS is

introduced to 5 all N Tzt PATTUIRCROY it rogen)
flow Wth the TECS gy t i zed TEOS
.gas mxes with th > out 5
“seconds during 45b | 457

4'{5
P 413
445 393"
463

cae W

1 Fr6. 10



to the deposition step.
pressure, tenperature, and 10 TEQOS/ hel i um gas
position of heater 25, deposition pr ocessi
of the-deposition step,
12.5 wt % oxygen).
l'iquid,
t hen

Jerr] flowis term nated

is introduced at a rate of about 5000 sccm

the TEOS source is vaporized byjghg2liquid injection system and
conbined with the dnert carrier gas helium This mxture is

Having stabilized the chanber

fl ows, and adjusted the
ng can begin. At the onset
whil e 03 (about
Bei ng

i ntroduced into 15 40 harrber 15 frm gas d| strl but| on pI ate 20 to supply

A K

reactive gases to
reactions take pla
conditions result
Al m nut e.

of about 100
about 414 20

/7

A | ’v O . r . P S P
sec c‘

is optlnlz

step is perforned that the st
USG filmto provide noisture’resis nce I Jhe
| asts for about 3 seconds, 'he deposi tion ndi t
TECS flowis termnated. 2 - Af

and purge step, post-depos
ranpi ng down of chanber pressi
adj usting the pressure and:gas .shut-off,
- reduce particle formation ch ot her wi
- damage. 30

post - deposition steps were
. imediately follow ng the
~flowinto chanber 15 is te

hr e
ol

B I

on st eps 4715

ed. In the fi

punpi ng it

“m..,ﬁrsw ;

In a speC|f|c enbodi nment ,

ve term nation step,
nat ed by

aurge
abiljty of the dep05|ted
pur st4ﬁ5, whi ch
ions are maintai ned while
ter the USG deposition step
utilized to control the

gas shut-of f. By

-deposition steps help

se waf er contam nation and
t hree

rst post-deposition step

t he carrier gas

t hrough bypass val ve.

4



- 106 Heater 25 is noved into a position about 600 m| from gas
~distribution plate 20, as the throttle valve is opened periodically

to gradual ly ranp down chanber pressure during the first
~poest - deposi tion step, which |asts about 15 seconds. |In the second
. post -deposition step, the throttle valve is opened periodically to continue
famping 5 down chanber pressure, and ow i nto chanber 15 is
s¢ontinued. Heater 25 is al so noved Tower to a position about 600 m |l
‘from plate 20 during the second post- - deposition step, which lasts
-about 15 seconds. In the third post-dgfoéﬁﬂion step, ) which | asts

o]

‘about 3. seconds, the throttle valve i pened and 03 fllow i nto chanber
'15-is term nated by punping it throug §Pnal val ve. 10
“The above experinental conditjien Qe deposition off USG suitable

' ATy |ayer fqr shallow trench

‘for being used as a high quafid
isolation are . optimaljto e best filmqgyality with high
i on applicatijons, the deposited

throughput. 1n shall ow tren{i

N =tjgap fill |[(typically at a
nom nal angl e of about 85[err]); 13l on to being 4 very dense 15 and
‘uniformfilm The deposited/ '

"USG fil mshoul d be capable 6"
_ r" XMQi ted good fil|m thi ckness
; | pkne

[30

'FIG. /3.

383




uniformty. Specifically, filmthickness unifornity (49 pt., 1[err]) at

+ about 5000 [err] 't hi ckness of the deposited USG fil mwas neasured to
' be less than about 1.5. . Figs. 26A and 26B are
_photonlcrographs denonstrating the rel ative gap fill capabilities of

STEQCS/ 03 USG fil ns deposited at about 408%2@4 C and about 20 550[err]C,
-respectively, after reflow at about 105 C and a 6:1 buffered oxide
etch (BOE), in accordance with a specific enbodi ment of the present
“i'nvention. In ©  particular, Fig. 26A illustrates a trench structure
~having about 0.35 [err]mwi dth and about 0.70 [err]mdepth (about 2:1
aspect ratio gap) with a filling layer that is a USG filmdeposited
~at. dbout 400[err]C after a reflow at about 1050[err]C. Fig. 26A shows 25
‘large voids in the deposited USG film indicating that the USG film

~deposi ted at about 400[err]C is not very dense and appears to have
been prone to shrinkage. Even ' é? er a’reflow at a tegperature above
. ‘about 1000[err]C, which can-densify Gfiim to extent, the

- USG fil mdeposited at the t, qpe_atur ofy_about 400[err |s not very
~dense and does not survive {hg Q g e*atf?e ‘bﬁEa '5 q QJB equent wet
.30 etch processing w thouy \DPQ“k o ™ g, 26B
.shows a trench struct: é Javi u \\k s dihNaRd about
0745 [err]mdepth (aboqupt : . Xan\ h\a\v id-free

:7f1II|ng | ayer that is a USG_kaN1 Pned.

FIG. /4.




107 ' after a reflow at about 1050[err]C and a subsequent wet etch

. processing. The USG fil mdeposited at about 550[err]C is capable of
- filting high aspect ratio gaps w thout the formati on of voids after
reflow,’ unlike USG filns deposited at 400[err]C, as seen from Fi gs

“26A and 26B. After etch processes at very uniformetch rates, USGfilnms 5
:.deposited at about 550[err]C retain the{®/4@perior step coverage w t hout
~openi ng up voi ds. _ As further evidence of the

i‘gh aspect ratio gap filling capability of USG fil ns deposited at
+about- 550[err]C, Fig. 27 is a photom crograph dermnstratl ng , t he gap
“fill capability of the dePREITEIUSE : meal at a@but
“1000[err]C 10 and a suliset ~‘ ‘-ét 9 €S (— g~ N acZordance with a
~speci fic enbodi nent of NN\ rﬁ Q,\\F \\\hvb tIOﬂ\ g. 27 shows a trench
‘structure having about O{I6\[<r{|{ Q \aut 0.48 [err] mdepth
fabout 3:1 aspect ratio g)\w(h\a\ ~L| 7 &v is a USG film

_deposited at about 5 C)\ait r aB‘ou V00[ err] C. The trench
-structure of Fig. 27 has a[snhl I~er ao\oi ' nd Q‘h tme aspect ratio than
the trench 15 structures jsMoin l\n\Fi\ As\n { [ lustrating the
‘superior gap filling Q1 i\l‘kty\ } \l USG |'Lrh leposi ted at about
-_550[err] C. Q Qﬁdi t o} %'hqv* Nekcellent gap fill
capability for h| gh aspect )} R ahpose-EeS, N | s \deptisi t ed at about
550[err] C advant ageously ar e e ; ALMOY, =xv2

VAU e Al bit high

tesi stance to moisture absorption. M ST : S'Gﬂﬂgf,on of the deposited 20
USG.fil mdeposited was neasured using @onal FTI'R techniques. Fig. 28
“illustrates the FTIR spectra. of ag ngl | m deposited at about 550[err]C

;’u:n_der t he follow ng exenpl ary process conditions, according to a
“Speci fic enbodi nent. ©Accordi ngﬁp he specific enbodl ment, the
-.exenpl ary process conditions include /é T I ow of about 2000 ngm

~hel'ium fl ow of about 7000 sccm and ozone (about 25 12.5 wt % oxygen)
f _w of about 5000 sccm at a pressure of about 600 torr and
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spaci ng of about 350 m | between heater 25 and gas distribution plate 20.

1 As seen in Fig. 28, the FTIR spectra of the USG fil m deposited at
about 550[err]C denonstrated | ow noi sture absorption (|l ess than about
d_vw %'noi sture). Further, .~ Fig. 28 also illustrates that a noisture
i ncrease of less than about - 0.5 w %noisture 30 in the USG fil mwas seen
aver . about 160 hours after deposition, 204d@ting the stability of

- the USG fil mover extended peri.ods. :

108 Accordingly, as supported by Fig. 28, the
“deposited USGL Imis ~dense, resistant to absorbing noisture.
'Deposi ti on of USG fil m at:.high tenperatures, for exanple at about

650[err]C, tendg to drive out nobst noisture that . mght be absorbed
hto the film résulting ina dense film As a dense film the 5 USG

_ m deposited at high tenperatures of at |east about 550[err]C has the
~advant age of being | ess prone to shrinkage that mght result in void
" formation after an anneallng step and a subsequent wet etch

jcessing, ¢ ared to USG:fil.ns deposited at | ower tenperatures.
dense nat une of the depod ted USG film
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makes it conpati ble for use as a high quality oxide |ayer for filling
" trenches used in 10 shal l ow trench isolation applications. Due to its

_hlgh density, USG filnms deposited at high tenperatures and used as
~oxiide filling layers can be planarized by either a subsequent anneal
_or:a CWP step, with mninized |ikelihood of opening up voids. I'n
‘addition to noisture absorption resistan2t/4@& good fil mthickness

formty, the present USG fil m deposited at high tenperatures
vi des excel l ent -high aspect ratio 15 gap fill w thout formation of
‘ds or weak seams that can cause subsequent device pr obl ens.
general, high pressure Qerr]/TECS USG films may exhibit pattern or
face sensitivity effects, resulting in uneven posi tion, MhIChlfﬁﬁ

L

ndeslrable It has been seen thgt probl egt 'tfsalg gr—eepostt+ on
> “wor sened wi th higher 20 = 03/ TEOS E I §s. Advant §gequsl ), REMOTEI t i opdbf
G films ‘at high tenperatures —sU as | a5 ——
B\/ eis q =4 g A‘AEiC
4 .

‘refuires use of nore TEOS i order to a 3

‘es. Accordingly, the Jerr]/ TECS ratio §fY fli |l 8 depoqit at
jh tenperatures is low (liess than about 5: 5 Hereby elinm U afy
tern or surface senS|t|V|ty effects. Mrdgover, the TTT"HUETrty
g., density, shrinkage, "25 - etc.) is high for JUSG films deposited at

"h t enper at ures. Because of t. . enslty of these hi gh
i 1 treatfrents or

isma oxi de caps are noy/p#
the wafer. e;.}dack (0] / y
1S reduces pos 2

r.ces in 30 ¢the
¢h often require
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109 exhi bit excellent gap fill capability, mniml shrinkage, and

' unlforn1flln1den5|ty and | ow netal contam nation, mﬁthout pl asnma

danage in accordance with the present invention.

o above description of experinents denonstrates the SU|tab|I|ty of 5
~deposited USG filmfor:,
g er for fiilling hig

sol ati on. The sane CVD .
“films at tenperatiures | owe
“course, the above descript
- the 'scope of the invention
“that the above descri-ption’is intended to be 273lllustrat|ve and/

strictive. Many enbodi nents: will begappa 8 of >k|th i
art upon review ng the. above descri bri. By f_(exa 0the

Aventi ons ‘herein hav teq;mrl r‘i y wi t h MEROWAYE t[o -
G BSG PSG and BPSG = process reci tlhey are|l nfRLASMAl im ted.

exanpl e, the dlelectrfc I'm 15 fprn‘%ﬁ@@ﬁo ding to o.hQWSﬁﬂpoginents.

be an arsenic doped sidicon oxide film or ot her As
ther exanple, the deposl_foh of dielectfic fil has

e, by way of exanple, as a high quality oxide
aspect rat23/42nches for shall ow trench
capparatus al so may be used to deposit USG
‘han 500[err]C - for IMD applications. O
shoul d not be considered as limting
' It is to be understﬁgd
t

,22 20 21\1,-'

F16. 178.




been described using carrier gas such as helium but other carrier gases
+ like argon or nitrogen, may be used as well. As a further exanple,
.-dl el'ectric |ayers have been descri bed for particular applications,
icl udi'ng doped junction formation, PMD 20 | ayers, I MD | ayers, oxide
ing |ayers, capping layers, etc. OF course, it is, recogni zed t hat
sanme CVD apparatus di scussed above f?% lze used to deposit
dizelectric layers at tenperatures |ower aim about 400[err]C, as well as
terrper atures above 500 err] C. Additionally, various aspects of the
~ present invention may al so.be - used for other applications. Those
.. skilled in the art will recaogni ze other equival ent 25 or alternati
et'hods of depositing the diielectric |ayer whil eznemal ning within tﬁg
. .scope of the clainms of the: pr_esent [ nti Jhe s 28034q e | nve iog
~shoul d, therefore, he: ' with rlef ce tlo REMDTEbLO ':eﬁz?
G

=deseription, but should det i nedjw t'h rdf MICROWAVE ¢
| BiytRE [OT Leiqur vaTienpPpASMA W
g‘%% | MED | S: SYSTEM

appended clains, al ong wi th*the full
such clains are entitled.
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1. A nmet hod of processing a substrate on a heater in a vacuum chanber,
. said vacuum chanber at a pressure of between about 10-760 torr, said nethod
- conprising the steps of: i ntroduci ng one or nore process gases
-ito sdid vacuum chanber ;. heating the heater to a tenperature
“greater than about 500[err]C in said vacuum - chanber: and
depositing a dielectric layer on the sustf4fe in said vacuum chanmber. wth
“sai d heater at said tenperature of greater than about 500[err]C
2. The method of claim 1 wherein said heating step is carried out during
.the depositing step. 3. The met hod of claim 1l wherein said heating
~step is carried out after the depositing step. 4. The' met hod of cl ai m
= l=zwherein said heating step heats the heater to a tenperature
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g'reater t han about 600[err] C. 5. The nethod of claim1 wherein said
'heating step heats the heater to a tenperature greater than about

- 700[ err] C 6. The nethod of claim1 wherein said heating step heats
the heater to a tenperature greater. than about 800C. 7. The net hod of
¢laiim 1 wherein said dielectric layer is deposited over the substrate

xrei n said substrate includes features2ad2aspect ratios greater than
"’about 2.5 1. _
1111 8. The nethod of claim7 wherein said
lectric layer is 2 uni form
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1+ ' 9. The nethod of claim1 wherein said

; heatlng step 2 reflows said dielectric |ayer. 1 _
104+ The nethod of claim1 wherein said heating step 2 di f fuses
Edopants fromsaid dielectric layer into said substrate. 1

11. . “"The method of claim1 wherein said dielectric |ayer has 2 a

| ow:hoi sture content. 1 26/42 12. The net hod of
-claim 1 wherein the depositing step is az2 t hermal process carried
‘out™in the absence of plasna. 1 13. The
~rmethod of claim1 further conprising the sVﬁB of 2 et chi ng residues

m a -surface in said vacuum chanber. 14.
met hod of claim 13 wherein said etchlng step 2 clears said
dues fromsaid surface, saidgg Qm@myi ng the substrate.

_ //mos
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1; | 15. The nethod of claim 13 wherein said

- etching step 2 . cleans said residues fromsaid surface, said surface -
conpr|5|ng surfaces of said 3 vacuum chanber . 1 .
#16." The nethod of claim 13 wherein said etching step 2 occurs

jp[;or to said introducing and said dep05|t|ng st eps.
~17.°- The nmethod of claim 16 further coipf ng the step of 2
ositing a second dielectric layer on the substrate in the vacuum

hanber said 3 second depositing step occurring after said first
epositing step.
1

2112 _ 18. The nethod of claim 1 wherein said
~vacuum chanber 2 is a single wafer chamber

1010
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1. 19. A nmet hod of processing a substrate on a
" heater in a 2 . vacuum chanber conprising: 3
mai‘ntai ning a pressure of between about 10-760 torr within the 4
~vacuum'chanber; 5 i ntroduci ng one or nore
pr:ocess gases into said vacuun16 chanber; and 7
: dep05| ting a dielectric layer on the suB844Re in said vacuum 8
.chanber, said heat er heat ed to a tenperature greater than about 500[err]C
Sl - 20. The met hodpgs claim 19 wherein said
tenperarﬁre greater than about

&4 21. The

105|t|ng step 2 occurs at
600ferr]Cin said vacuunlchanber
ethod of claim 19 wherein-sai d"0 )y occurs at a
mmrmuregraﬂerthanab“n- - cuum chanber. 1
- An apparatus for fabrlcatlng an {i_bli0r ajdd circuit 2 . device
mprising: 3 : cl osure housing a processing
inber, said processing 4 L idi ng an inlet for flowng
‘process gases into said processi.ng chanber, 5 an outlet for
-exhausting used process gases from said éﬂﬁbe55|ng chanber, a vacuum 6
System for naintaining sald proceSS|ng chanber at a selected pressure of

F /6. 20A.

u5‘41
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7  about 10- 760 torr, and a substrate support surface, said enclosure

. defining an 8 interior surface substantially surrounding the
substrate support surface; 9 wherein said
~substrate support surface and.at |east a substantial 10 portion of

"%ald internal surfaces of sald encl osure are conprised of a material 11
i -r'-es-'l stant to deposition or attack from@apemdtry of said process gases at
: t enper at ures greater ‘'t han about 500[err]C.

1 R 23. The apparatus of claim22 mhereln

L d substrate 2 support surface includes a heater el enent capable

-of being heated to tenperatures 3 greater than about 500[err]C 1
4. The apparatus of claim 22 wherein said substrate 2 suppor t

ff Qrface i ncludes a heater elenent capable of being heated to tenperatures 3
reater than about 650[err}“; s

/0

_

108

100
F16. 200.

S e
F/"ZO " & r_A:ns.(uzo'

/ . 7 J \ []
B )

| \ lios.
1100

FIG ZOE.




1. 25. The apparatus of claim22 wherein said

. material 2 conprises ceramc. 1 . 26. '
© The apparatus of claim22 wherein said at |least a 2 substantlal

" portion of said internal surfaces includes a processing chamber |iner 3
~substantially adjacent the edges of said substrate support surface. 1

1 27. The apparatus of claim22 further 3f42ising a renote 2 pl asma
~system coupled to said inlet, said rempte plasma system provi ding process 3
. gases conprising a cleaning gas 1 28. The
~apparatus of claim27 wherein said |ined passage is 2 lined wth a

. material resistant to dep05|t|on or attack by the chem stry of said 3

~.cl eani ng gas. 1 29. The apparatus of claim
27 wherein said cleaning gas 2 includes fluorine, said materi al

- being resistant to etching by the fluorine at a 3 tenperature

- exceedi ng 500[err]C. 1 - 1102 30. A substrate

' processing system conpri sing: ‘ ;f’

10— - 1104

1100
FIG 20F.
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 chanber

2. a processing chanber, said proce55|ng

chanber including 3 ) interior walls and a ceramc |iner, said ceranic
liner lining at |least a portlon of said 4 interior malls
114 -1 . a vacuum system configured to naintain
" a.selected pressure 2" W thin said processing chanber; 3

. a.gas delivery system conf i gured-to del3jyeg2sel ected reactive 4
‘- gases to said processing chanber, said gas delivery systemincluding a

. deposition 5 supply systen1and a dual input box having a first
“input and a second input, said gas 6 delivery systemconfigured to
“introduce said selected reactive gases into said 7 processi ng
chanber via a selected input of said dual input box at a selected tine, 8
~and sai d deposition supgsguzg, qctive _
- gases from 9 sai d. MRIROWAVE”GHMBFR'PGMOMMESS' ng ch when said
- first reactive gases are saf; ected reactive es; 111
~a-renote mcrowave plg y ;enﬂﬁogflgured to produce a ]
 deliver second react Neﬁggé S O Nm-&ﬂoﬁﬁﬁ&cond i nput t rogessi ng

SATURATION POWER
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NF3  FLOW (SCCM) |

FIG 2.

logﬁfi

02!

- Bss B WT % AND CARRIER TYPE
% -0~ 1.901%-

= ~-5.024%-

= ~*-0.131%+

= ->-6.131% -

S —-8084%+

S -0~ 8.084% -

r

‘g ~RTP: I000°c/60 SEC

S 89 888 e 158086088 800 EPe eS80 e eyt p

Tz 'o..4 ' ‘o.s
 DEPTH (um)

Fl6. 238




13 ' when said second reactive gases are said sel ected reactive gases;

14 - a heating systemconfigured to heat said
processi ng chanber, 15 said heating systemincluding a heater for
pl acenent of a substrate, said heater 16 conprised of a ceramc
exterior and said heater capable of heating up to at |east 17 about
500[err]C, 18 - , 32/42a controller configured to
control said gas delivery system 19 . said renote m crowave pl asma

system said heating system and said vacuum 20 system and 21
a nenory, coupled to said controller, conprising a 22 : i

conput er - readabl e nj R CcOoIfput ef - r epdablfe prjogram enfjodr §d
therein 23 f pper gt i onf of paid|subgtrat ¢ prgcessi ng
system said co i progf am iincl udi ng} 25
a first set of np ons |tor ‘kcontfolling ﬂ?ld P6
gas delivery systeﬁp: firdt repctiye gases ffromsaiq firjst 2)
‘ input during a fir intq saild prpcesgi ng [chanper tjo 28§
. deposit a dielectrif | pin daid firsp seff of lcompuiter |29
| instructions includps: = : a
| first subset of Bgnaute i sgructiong for| 31
. controlling sai d vatuumjdystem t p maijntaih a presgure
: Py
108 |
10!}
. CARRIER
CONGENTRATION
(CN3)
10
! _
E " NNMNN-N“N NNNNNNNNNNNNNN NNNNNN NNNN&IN NNNNNNNY
lOM 1 - .
S0 05 | 15 2 2 3

DEPTH- M_'I'GRONS
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115 1 of between about 10-760 torr .
within said processing- 2 : chanber; and 3
.a second subset of conmputer instructions for 4
-controlling said heating systemto heat said heater to a 5
. selected tenperature of between about 200-650[err]C 6
“during said first time period; 7 33/42 : and a
.z:second set of conputer instructions for 8 controlling
‘..sai.d gas delivery systemto introduce said second reactive 9
~gases from sai d second input during a second tine period into said 10
= processing chanber, wherein said second set of conputer instructions 11
““includes: 12 : a third subset of
. conput er inqo?. toms—for—%3 ontrol ling
| /said renote ni f owave plasma systemto fi¢g GJSI . R
‘-provide said segcond reactive gases into said processing 15 - .. |
...Chanber during pai d sgcatlON COYNTSYri od; and 16 SR [}
“‘a fourth subsetfof—corpaterdnsiruciiqns for 17 . -
. control ling @gg vacuum systemto naint
~-between a pr®deferm ned pressure range
er during said second tir

00K COUNTS)_

ina pressure 18
thin said 19

-proceéssing cha peri od.
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1. ' 31. The substrate processing system of clalm

+ 30 said 2 conput er-readabl e program further conprising: 3

. of between about 10-{©60

. instructions for 3
. heating systemto heg
| sel ected tenperaturef

a third set of conputer instructions for controlling said 4

. gas delivery systemto introduce no reactive gases during a third time 5
~period into said processing chanber to performa heating step during 6
~aithird time period, wherein.said thi r d&L420f conputer instructions 7
=i ncludes: 8 E _ a fifth subset of

conputer instructions for 9¥5' control ling
sai d vacuum systemto maintain a pressure 10
'WT'TTT‘H_S“al drocessTiy— It

chanber; and
1 QZO !

116
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4

_-conprising silicon oxide.

1

during said third tine period.
32. The substrate processing systemof claim 30 wherein 2
first reactive gases include TECS and 03 to deposit said dielectric |ayer 3

"_substrate processi ng system of cIa|n132 wherein 2

- 33.

1

sai d

The

said first

eactive gases al so includes dopants, WM3AB48 said silicon oxide is a doped:

silicon oxide. 1 34. The substrate
rocessi ng systemof claim33 wherein 2 ‘sai d dopants conprise

. phosphorus, wherein said doped silicon oxide is PSG 1 _

-35. The substrate p, s$sing-sys ai--34—whe et G-
~dopants are from TEP S 34 +he qubst|r at
processi ng systen1%& whergin Sai d| dopant s ¢onpdi se |bor dn,
wher ei n said dopedl ppiiiade—-5—BSG— 11— 7.
“The substrate processfng %ystaﬁNmB cl aim 33 whef ei n
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2 ' sai d dopants are from TEB. 1 40.

. The substrate processing systemof claim33 wherein 2 sai d dopants
: conprise phosphorus and boron, wherein said doped silicon oxide is 3
'BPSG. . 1 ' 41. The substrate processing system
» of claim40 wherein 2 - sone of said dopants are from TEPO
117 1 42. By gpbstrate processing system of
- claim40 wherein 2 others of said dopants are from TEB. 1
43. The substrate processing systemof claim32 wherein
1500 —
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2 ’ said first reactive gases also include a carrier gas selected from

the group consisting 3 of helium nitrogen, and argon. 1

44, The substrate processing systemof claim30 wherein 2 said

ceram ¢ exterior is conprised of a mat eri al fromthe group consisting of 3
. alum numnitride and al uni num oxi de. : 45.

“ The substrate processing system of cl ai 1373’(513\,here| n. 2
- said processing chanber also includes an outer wall having a 3
- passage, said passage having a first opening near the bottom of said outer

“wall and 4 a second opening at the top of -said outer wall, said
~ passage having a |iner2 - of—prevemtTTgurdesTTEd dep05| tion
~or attack by chem stry frgom said nd reactive 6 _ gases} and said

~ second openi ng come&gto said second 1
~and wherein said r 8o crowave plasna sy mis coupled 8 to

~said first openi ngaf saifd passage in said. proce ng chanber sugh that
said 9 secenrd i ctive .gases pass through sarumpassage apd into
“said dual input botof id 10 gas delivery systemvia sald second

. opening. 1
: system of claim45 ﬁher
- 47. The substrat &3pr

: 46. The substrate professing
iin 2 said liner is conprised of PIFE. 1
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2- " said second reactive gases include NF3 to provide fluorine. 1

48. The substrate processing system of claim30 wherein 2 sai d
second reactive gases are used to etch undesired oxides froma surface of
the 3 - substrate within said processing chanber, and said second tine
&perlod occurring 4 before said first tinme period.
_ 49. HByMHE substrate processing system of
'ﬂcla|n148 wherein 2 sai d second reactive gases include fluorine. 1
+50. The substrate processing system of claim49 wherein 2 sai d

jsecond reactive gases conprlse NF[err].

5 40 e

FIG. zﬁ—m




*

T ’ 51. The substrate processing systemof claim

30 wherein 2 sai d second reactive gases are used to clean said

processi ng chanber, and said 3 second time period occurring after

said first tine period. 1 52. The substrate
" processing systemof claimb51 wherein 2 sai d second reactive gases
. ncl ude fluorine. 1 39/42 53. . The substrate
< processing system of claimb52 wherein 2 sai d second reactive gases
“conprise NF3. 1 54, The substrate processing
“~system of claim 30 wherein 2 sai d processing chanber is part of a
~“mul ti chanber system 1 _ _ 55. The substrate
“iprocessing systemof claimb51 wherein 2 sai d predeterm ned pressure
- range is about 1-2 torr. 1 56. The substrate
- processing systemof claim30 wherein 2 said gas delivery system
further includes a gate valve before said second input, said 3 gate
~+val ve selectively opening and cl osi ng.
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REPLACEMENT SHEET
=18 NOV 1999

WHAT IS CLAIMED. IS:

1. A method of processing a substrate on a ,er_m a vacuum chamber said vacuum

chamber at a pressure of between about 10- 760 torr said- method comprrsmg the steps of:
introducing one or more process- gas___'es-'_"i'u_tq--sard va_éuum chamber; =

heating the heater to a temperature gr er than about 500°C in said ‘vacuum
chamber: and ' - -
depositing a dielectric layer on the substrate in said '.;_' uum chamber. with said heater

at said temperature of greater than: about 500°c

2. The method of claim 1 wherein said heatmgstep is arried out during the depositing
step. -

3. The method of claim 1 wherein sa_icl;j;heatihg.-step 1s carried out after the depositing
step. s

4, The method of claim 1 wherein said heatmg step'héats the heater to a temperature

greater than about 600° C.

5. The method of claim 1 wherein sai'_d-'_ heating step he_ats-g_ the heater to a temperature
greater than about 700°C. RO S

6. The method of claim 1 wherem sa1d heatlng step heats the heater to a temperature
greater than about 800°C.
7. The method of claim 1 wherem sa1d dielectric layer i eposited over the substrate

wherein said substrate includes featur 1th aspect ratios gr terthan about 2.5:1.
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