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BACKGROUND OF THE INVENTION
The present invention relates to semiconductor processing. More
specifically, the invention relates to a method and apparatus for forming dielectric
30 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

of the present invention are particularly useful to deposit doped dielectric films,
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devices is forming a dielectric layer on a semiconductor substrate. As is well

known, such a dielectric layer can be deposited by chemical vapor depositicn
(CVD). In a conventional thermal CVD process, reactive gases are supplied to the
substrate surface where heat-induced chemical reactions (homogeneous or

IS  heterogeneous) take place to produce a desired film. In a conventional plasma
process, a controlled plasma is formed to decompose and/or energize reactive
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.

20 Semiconductor device geometries have dramatically decreased in size
since such devices were first introduced several decades ago. Since then, integrated
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

25 and even 0.35 pm feature size devices, and tomorrow’s plants soon will be
producing devices having even smaller feature sizes. As device feature sizes
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

30  than about 3:1 or 4:1) aspect ratios. (Aspect ratio is defined as the height-to-
spacing ratio of two adjacent steps.)

Increasingly stringent requirements for processes in fabricating these
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steps do not cause voids to open up in the deposited film. However, conventional
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-
10 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
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
15 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,
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
20  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
characteristics of low moisture, high density, low shrinkage, good high aspect ratio
gap-filling capability.
In addition to meeting these stringent requirements, substrate
25 processing systems must be able to meet the higher demands for forming ultra-
shallow doped regions, which are necessary for high integration deviées with
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
30  trench isolation, etc. For example, MOS devices with channel lengths of less than
0.8 um often require source/drain junctions having depths less than about

250 nanometers (nm) for adequate device performance. For transistors separated
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great er concembambhidefait relatively highesticegyslewels have a tendency to tunnel or channel
15 through the semiconductor material and cause damage such as point defects. These
point defects, which may lead to irregular and nonuniform junction depths, may be
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
20  approach like gaseous diffusion, controlling dopant distribution and junction depth is
difficult to control in forming ultra-shallow doped regions. As technology
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.
25 In forming ultra-shallow doped regions, one alternative approach to
the current approaches of ion implantation and gaseous diffusion is the use of a
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
30 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

a different chamber, such as an annealing furnace, to perform the dopant diffusion
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film with even dopant uniformity can provide a more controlled diffusion of dopants
from the film into the substrate. As is well known, moisture in doped dielectric

10 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 tc.) 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

15 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 conventional 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

20 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 the 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.

25 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 fiim when
using conventional deposition systems is of particular concern for two primary
reasons. First, the inability to adequately control thickness and uniformity of the

30 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
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performance. choibid bARSHIMLEShed SRALALIE Films with thicknesses on the order of thousands
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

15 thickness of the deposited film. With thicker films deposited conventionally, some
dopants may take longer to diffuse into the substrate, since they have greater
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

20  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
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 (lesé than about 500 A
thick at +0.2 weight percentage dopant variation across the wafer) that is used as a

25  dopant diffusion source.

Another problem with using doped dielectric films as dopant diffusion
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 -

30 substrate to form ultra-shallow junctions. However, moisture absorption and
outgassing are two problems relating to adequate dopant availability. Doped

dielectric films, especially those with high dopant concentrations, tend to absorb
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also may occur in subsequent heating steps. These dopants diffuse out of the film
away from the substrate, resulting in fewer dopants available to be diffused into the
substrate to form ultra-shallow doped regions.
Even if adequate dopants are available for diffusion, the problem of
15 native oxides remains an important consideration when using doped dielectric films
as diffusion sources. Native oxides existing on the substrate surface where ultra-
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
20  using conventional techniques such as wet etching using liquid etchants, and dry
etching using an jn situ plasma. However, using liquid etchants is often difficult to
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
25 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
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
30 without damaging the substrate surface so dopants may diffuse into the substrate

uniformly for ultra-shallow doped regions.

In addition to providing dense, low moisture dielectric films having
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cont ent important for saving both time and money. During CVD processing, reactive gases
released inside the processing chamber form layers such as silicon oxides or nitrides
10  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
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
15 often results in degraded, unreliable processes and defective substrates. Without
frequent cleaning procedures, impurities from the residue built up in the CVD
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
20  for the smooth operation of substrate p'rocessing, as well as resulting in improved
device yield and better product performance.
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
25 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
(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
30  chamber cleanings. Often, performing the necessary preventive maintenance
chamber cleanings involves opening the chamber lid and any other chamber parts

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



of the doped dielectric filmis inportant in efficiently form ng

ul tra-shal | ow doped junctions in the sem conductor material.
Specifically, controlling the thickness and uniformty of the
deposited doped dielectric filmprovides sone control over the 5 anount

of dopants available for diffusion. Limfgang the thickness of doped
dielectric filnms used as diffusion sources also helps to increase wafer

t hr oughput ormal produ&s ﬂgcggiﬂg_si tion (and subsequent etching) tine.
Moreover, a uniformy deposited filmw th even dopant uniformty can
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the substrate fromt.he do l.el.ectric .fi.l n substrate s aces
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advant ages of using doped dielectric filnms as dopant di ffusion

sources to fofhighlqualitys pificientv iigh tainpesauendeposition pnd bffientf gantle rodeaninghb| e
15 In particular, these systems and methods should be designed to be compatible with

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.
25 Embodiments of the present invention include systems, methods and apparatus
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,
30 substantially reduces moisture content in deposited films, and minimizes device
damage due to metal contamination or process residue contamination.

In particular, the present invention provides high temperature



to control thickness and uniformty of the deposited doped dielectric film
when ~using conventional deposition systens is of particular concern
for two primary reasons. First, the inability to adequately control
thi ckness and uniformty of the 30 deposi ted doped dielectric filmusing
conventional methods and apparatus iundesirably results in a

di m ni shed ability to control the dopant uniformty and junction

depth of the dipbgidors tthlinwaato pETRtidne gle@fling Fonfoimirzadiclexteionilms Haning
7 conventional sequential CVD chanber, a substrate rests on a belt
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t hi ckness of the deposited doped
films used as premetal dielectric (PMD) layers, intermetal dielectric (IMD) layers,
or other dielectric layers. Further embodiments of the present invention may
10  further be used to deposit undoped dielectric films used as shallow trench isolation
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

15  about 500°C. The substrate may be heated for a variety of purposes, such as
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

20  temperatures less than 500°C and then heating the film on the wafer after the film
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

25  advantageously reduce outgassing of dopants from the doped film and lower
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.

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



10 dielectric film even for very thin filns, is desirable for overal
efficiency and I ncreased waf er throughput. However, conventi onal
approaches have only been capabl e of form ng doped dielectric filns
wi th thicknesses on the order of thousands of Angstrons (A). Al so, it
may be difficult to maintain the thicknesg of the deposited film as
thin as possible using systens relying on belt speed to control 15
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system provides a remote plasma and preferably fluorine radicals from the plasma
15 are able to enter the chamber, which is at high temperatures, and provide a gentle,
 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
20  processed wafer. In the thermal cleaning process using the remote plasma system,
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 plasina system is that
native oxides can be efficiently removed from the wafer to effectively ensure
25  effective and uniform dopant diffusion from the doped dielectric layer without
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
30  microwave plasma system configured to produce and deliver a select species (such
as fluorine, chlorine or other radicals) to the processing chamber. The remote

plasma system energizes gases by microwave radiation to create a plasma with



8 noi sture shortly after a wafer is exposed to anbient noisture in a

clean room (e.qg. when the wafer is transferred fromthe deposition
chanber after deposition of the doped dielectric filmto a different
processi ng chanber for the next processing step ina multiple-step

process). The absorbed noisture (Herr]Og3then reacts with the 5
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whi ch a¢0 as a diffusi fmadmahariaspect of the invention, the remote plasma system includes

an endpoint detection system for indicating when the chamber cleaning has
concluded. The lack of plasma in the chamber can make it difficult, using
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

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

20  determine the endpoint of the cleaning process by detecting changes in light
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

25  walls. According to the present invention, a first cleaning gas containing fluorine is
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

30  cleaning gas and the interior surfaces of the processing chamber. Removing or
gettering the cleaning residue from the chamber provides a number of advantages.

For example, in a preferred embodiment of the present invention, fluorine radicals



| ayer to the dopants, need to be renoved. Renoving native oxi des has been
done 20 usi ng 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 control and may result in
overetching the substrate. Substrates thgjy have native oxi des

cl eaned by conventional nethods such as wet etching have shelf |ives of
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low metal thin film of oxide onto the chamber to trap any adsorbed fluorine and prevent
contamination of the subsequently deposited films.

10 The present invention also provides various heat-resistant and
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 fo about 500-

15 800°C. The pedestal preferably comprises a material that is substantially resistant
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

20  fluorine radicals introduced into the chamber during cleaning. In an exemplary
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

25  the necessary electrical connections thereto. The support shaft preferably comprises
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

30 corrosion from the process and clean gases within the chamber. In addition,
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.



contam nation, inproved quality and overall efficiency in fabricating

I nt egrated circuit devices is also inportant. An inportant way to

i nprove quality and overall efficiency in fabricating devices is to
cl ean the chanber effectively and 5 economcally. Wth grow ng pressures
on manufacturers to i nprove processing 15 quality and overall
efficiency, elimnating the total down-tine in a nultiple-step

process without conproninsstilparoieer gsgect bf thefinvdmtionpd ehanberdidee ¢opm@vided
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In addition trithpraslenige asemdbal i 9918943?%5&5%@6& 225 quigine lasko o box)
cl eani ngg;s 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.



(which are done wi t hout breaking the vacuum seal ), preventive naintenance
chanber cl eanings (where the vacuum seal is broken by opening the chanber

lidto physi cally w pe down the chanber) are perforned between

mul ti ple periodic 30 chanber cleanings. Oten, perform ng the necessary
preventive mai ntenance chanber cl esni ngs i nvol ves opening the
chanber |Iid and any ot her chanber parts that m ght obstruct the lid,
which is a tine-consun ndhgsecndchiher enttadimeriteof tieqaessht mvention, as well as

10 normal, pr.oducti rocessj ng. ) . . .Inlight of the
above, inpr 0\'/'t§&dx&%eﬁﬁndgn%{‘)@ﬁsarﬁrﬁiascgi?ﬁgr‘%t"ﬂge Setail in conjupgtiomawith gre text

depositing depRv and@¥itdRES FighRsdi el ectric films with uniform thicknesses
and high aspect ratio gap-frliling capabilities. Optimally, these inproved
met hods 5 and apparatus will also provide a chanber clean with | ow
nmetal contam nation. | mproved net hods and apparatus are al so needed
for form“ng doped dielectric filns as dopant diffusion sources for

Cobag 7% o el vy, JBuser pEORSETION OF THR SROSMANGS S0\ P
uni f orm dopant di f f usi drigf tAris alvertital edosdisedtintal viewl afyreCVID hpparitucausi ng
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 gas 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;
Figs. 7A and 7B are side cross-sectional views and bottom views,

respectively, of a chamber liner, in accordance with an embodiment of the



10 significant surface danmage to the silicon wafer. Further, for sone
applications it is desirable to provide nultiple deposition and

cl eaning capabilities in a single chanber with a sinplified design to
mnimze the tinme consuned for different types of cleanings. Wat is
needed, therefore, are systens and nethod% that are capable of high
quality, efficient, high tenperature deposition and efficient, gentle
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10 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;

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

15  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;

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

20  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;

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

25 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;

Figs. 20A-20G are simplified cross-sectional views of another
exemplary application of the method and apparatus of the present invention for

30  ultra-shallow trench isolation;

Fig. 21 illustrates the relationship between NF, flow and microwave

saturation power that gives optimal cleaning rates provided with remote microwave



In particular, the present invention provides high tenperature
deposition, heating and efficient cleaning for formng dielectric filns

havi ng relatively thin filmthicknesses. Enbodi nents of the present
i nvention are particularly useful to deposit doped dielectric filns,
such as borophosphosilicate glass (BBRSG) filmnms, borosilicate gl ass

(BSG films, or phosphosilicate glass (PSG 5 films, and to forman
ul tra- shal | oplasropeystere giSan aoserdanck ovittex apavlific embodinmencef e drdsent
junctions or.as channel stop diffusions in shallow trench isolation. In
addi tion, mventiifhodi nents of the present invention may al so be used to

deposit doped dielectri 7R .8 i )
| ayers, internetal di eFe?géi %%j(\: 28 P&éﬁr@gﬁg@a%ggﬁéﬁh%ﬁ%f Sﬁ‘ﬁ%lsg%‘é,ﬁgg
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dielectric filnms by CVI Shﬁgﬁ?é Sz{rgé?%}hkgﬁ%étfégégum C gg%éer%hﬁ’;bvlirnsgu“as
pressure shovdiag wee domhopiofildantbéhet Ofesistiving oh e hilrg shdiiewsiuasiomt e to a

tenperature %r?naetdeursh}ghc%?ferent capped BSG films according to another embodiment of the
present invention;

10 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;

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

15 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
gap fill capabilities of TEQS/O, USG films deposited at about 400°C and about
550°C, respectively, after heating at about 1050°C and a subsequent wet etch

20  processing, in accordance with a specific embodiment of the present invention;

Fig.27 is a pliotomicrograph demonstrating the gép fill capability of
a USG film deposited at about 550°C after heating at about 1000°C and a
subsequent wet etch processing, in accordance with a specific embodiment of the
present invention; and

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

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

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS
30 1. CVD Reactor System
A. Overview of CYD Reactor

Embodiments of the present invention are systems, methods and




15 about 500[err]C. The substrate may be heated for a variety of

pur poses, such as performng reflow of deposited dielectric |ayers
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 filmign the wafer at tenperatures
greater than 500[err]C, or in nultiple steps (e.g., depositing the filmon
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S deposited at tenperatures greater an about err]C onto the
subst r at ¥ angldnasigatibn; or for driving in dopants from a dep051ted 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 |
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
15  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,
advantageously increases the dopant retention in the deposited dielectric layer. In
addition, performing multiple process steps in a single chamber saves time, which
20  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
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

25 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
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

30 in Fig. 1A. A center board (not shown) includes sensors for providing information
on the position of the wafer. As discussed in detail below, heater 25 includes

resistively-heated components enclosed in a ceramic, preferably aluminum nitride.



12 hi gher tenperatures, usually greater than 600[err]C and
preferably greater than about 700[err]C, to diffuse dopants fromthe
dielectric layer to the underlying substrate. Perform ng the
deposition and heating steps in the sane chanber provides better

control of the thickness, uniformty, andagoi sture content of the doped
dielectric 5 film Inproving the noisture content of the filmincreases
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I n contrast, Use’ of  an T st tu putte
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contam nation in the 20 processed wafer. In the thermal cleaning process
using the remote pl asmaReyaliveand carrier gaggs rg$upRlied thiqugh supply hing 43niato a
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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

15 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
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

20  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
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

25  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
through exhaust line 60 at a rate controlled by a throttle valve system 63.

In the representative embodiment, the chemical vapor deposition

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

process, often referred to as sub-atmospheric CVD (SACVD). As discussed earlier,

thermal CVD processes supply reactive gases to the substrate surface where heat-



exterior to the chanber. Another advantage of the renote plasm systemis

t hat native oxides can be efficiently renoved fromthe wafer to
effectively ensure 25 ef fective and uniform dopant diffusion fromthe
doped dielectric |layer wthout causing significant surface damage to
the silicon wafer. A further advantage of g§he renote plasma system
Is that the system may al so be configured for use to deposit films by

usi ng di f f er einfju¢edpshenica$ eSaclisns@R@RPeneous or heterogeneous) take plakd t@ pRIdAELAT ed
enbodi ment, the renpte plasna cleaning systemis a 30 m crowave pl asma
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with ~about 400-800°C. Such heat distribution provides uniform, rapid thdrénal heating of
etching radicals. Specifically, mcrowaves are created by a magnetron or

ot her 5 stherwfeefarrifegiing denossioanteflow and/etdeiva-th gleabingasndiof de system

to an applica . ;ng re_a.pla ' r. e i\ gases are
then fed int oget%%%mna%ﬁlﬁﬁt ca osfrtepmﬁ a ??lﬁlgieea%%p{eoﬁg%glﬁ%ggq%ﬁ%ﬁ%rnl1%(§r owave
ener gy, Wwhi chAsgfiativel§, & REntr6lBdzAisn@may bk férmed adjacent to the wafer by RF

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

10  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
components of vapor deposition apparatus 10 would have to be modified to
accommodate the RF energy, as discussed below.

15 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
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

20  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 microwave plasma system 55 also may
be adapted to deposit plasma enhanced CVD films by inputting deposition reactive
gases into system 55 via input line 57. Generally, remote microwave plasma

25 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
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.

30 Motors and optical sensors (not shown) are used to move and
determine the position of movable mechanical assemblies such as throttle valve

system 63 and heater 25. The heater/lift assembly 30, motors, gate valve 280,



5 ignited plasma to produce a flow of radicals into the processing
chanber. For cleaning, the radicals interact with residue fornmed on
the chanmber walls to form react ant gases that are suitably discharged
formthe chanber by an exhaust system The m crowave plasma system
may al so be adapted to deposit plasma enl28nced CvD filns by
delivering deposition reactive gases into the processing chanmber. 10

I n anot her athseitle vgkvetsmsemrﬁzemcmouq mmmmrmasmapdyasmafsmﬂMGmytwﬂeS

an endpoi nt detection s em f I ndi cat when t r cl eani ng has
conol uded. | THEPTSTERS GRS FiEled By RRCEstataatbarer CaRHIIES P B PRGN dsi ng
convent i onal s@pelpRi dhbweet ection systens, to pinpoint the t| me at which the
cl eani ng has been conpleted (i.e., when the |ast process gas residue

in the chanber has 15 Pracessor &0 cmmlrcbistaﬂeafahceamm@seifaﬂmﬁwmmatmﬁe. it can be
di schar ged fro t he .chanbe because conventional endpoint

detectio syéf: 4 9’& SéatFW-)OPEPUC rPr?‘i‘FéSOIES{D gecutes system cAmLol BfyaTgi n t he
chamber to chaih iS7 oaipaRs p?é%?ﬂi‘ntﬁ@reﬂrin%'xﬁé&nw fad to roce%% [ &pm ne the
S i nventi on, 0

end of the cl eaning proces n the present i nt
det ecti on asBeaftrably semwup(76dnayobe hélagiaélsbtdnlve,t busfof tchms@nmgﬂogna)haaber

to 20 dete m th end Oi the cleapi r ess by detectin
changes in If Emdso EW&‘PRHPSM gé@‘t" ® &8s drimerye/ B CMQnt by
t he eXhaUSteﬁ*p;ﬁkﬂ@d“l@%ar?é‘éﬁ@&‘taﬁlbodunem incRideda 3R @EE%ESHW and sard

In yet anot her aspect of the present 1 nvention, prOV|
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15 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
below. The card rack contains a single-bbard 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)
20 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
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
25  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
75 which contains and provides 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
30  Precision 5000™ and the Centura 5200™ systems from Applied Materials, Inc. of
Santa Clara, California. The multichamber system has the capability to transfer a

wafer between its chambers without breaking the vacuum and without having to



30 cl eaning gas and the interior surfaces of the processing chanber.
Renovi ng or gettering the cleaning residue fromthe chanber provides
a nunber of advantages. For exanple, in a preferred enbodi nent of

t he present invention, fluorine radicals

14 are delivered into the processi 3 chanber to renove residue, such
as silicon oxide, by formng a silicon-fluoride gas product which is
punped away f expase hzmwater to moisturafor ethervonfaminantneutside the mhktichanbarl eani ng
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10 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
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

15  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
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

20  of or in addition to light pen 73b to allow the user to communicate with processor
50.

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

25 inputs from supply line 43 and conduit 47, and remote microwave plasma system 55
with input line 57. As mentioned above, ga§ mixing box 273 is for mixing and
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 535 is integrally located and mounted below chamber 15 with conduit 47

30  coming up alongside chamber 15 to gate valve 280 and gas mixing box 273, located
above chamber 15. Similarly, gas supply line 43, which comes up alongside

chamber 15 to gas mixing box 273, is provided with reactive gases via lines 83 and



assenbly housing a processing chanber. The apparatus includes a heating

assenbl y havi ng a pedestal /heater for heating the wafer to
tenperatures up to about 500- 15 800[err] C. The pedestal preferably
conprises a material that is substantially resistant to reactions

with the process gases and to deposition 4y the process gases at
tenperatures of at |east about 400[err]C, and preferably at tenperatures up
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the shaft.  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

15  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
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

20  silicon source, and one or more gaseous oxygen sources, such as oxygen (O,) or
ozone (0O,), may be formed with gas mixing system 93. The TEPO and TEOS are
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

25  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,
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

30  process gas line 83 to gas supply line 43 or along clean gas line 57 to remote
microwave plasma system 55. When processor 50 causes switching valve 95 to

send the clean gas with N, via input line 57 to plasma system 355, a plasma remote



15 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 chanber |iner includes
an inner portion conprised of a material such as ceramc that is

resistant to high tenperatures and to depgsition/clean reactions, 5 and

an outer portion conprised of a material resistant to cracking. The inner
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i nvention by | owi,ng the apparatus to quickly and efficiently swtch
bet ween instructions from the system software computer program, to select either the clean
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U

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

15 110 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
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

20  multiple remote microwave plasma systems 55, multiple ozonators 115 and multiple
power supplies 110 may be provided.

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

25 written in any conventional computer réadable programming language such as, for
example, 68000 assembly language, C, C+ +, Pascal, Fortran, or other language.
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-

30 level language, the code is compiled, and the resultant compiler code is then linked
with an object code of precompiled Windows library routines. To execute the

linked compiled object code, the system user invokes the object code, causing the



processing and cl eani ng, which increases the throughput of the system
In an exenplary enbodi nent, the |id assenbly further includes a base
pl ate having a gas inlet for receiving one or nore gases and a gas

di stribution plate including a plurality of holes for dispersing the
gases into the processi ng chanber. 25 26he lid assenbly includes one or
nore bypass passages in the base plate that offer | ess resistance to

fluid fl ow t bemputhesysten th klad ithecaderin udnecry, Do which tha MPRYrealioand
exanpl e, at |east ortion of the clea es will pass through the
?ﬁpasls _ eXQGHIES CET’ fi tﬁgsgé eﬁtﬁ%‘%ﬁf@rf}(}?“g‘i ease thée slt%eed of
e cl eani ng process, D iRBYat
chanber. The apparat us efe#aégfy 30a %&lqcs%lg aa @fontg\rmhraxlgmsétafe)nollﬁsﬁch as a
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These and ot hgmperierhHRas Ththbé Runite® $0Ba n%ﬂ%!&@%él@&or fibrétide B3 in its
advant ages and features, are described in detail 1 n conjunction with
t he text resphedectey mmWsaJ:tsan;hmlderlgmdecm 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
10 153 identifies (i) the desired process chamber, and (ii) the desired set of process
parameters needed to operate the process chamber for performing the desired
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
15 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),
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
20  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
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

25 controlling the process are output on the analog output board and digital output
board of CVD system 10.

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

30 chambers. Multiple users can enter process set numbers and process chamber
numbers, or a single user can enter multiple process set numbers and process

chamber numbers, so sequencer subroutine 155 operates to schedule the selected



5 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1Ais a vertical, cross-sectional view of a CVD appar at us

according to the present invention; Fig. IBis a

sinplified diagram of the system nonitor and CVD 10 apparatus 10 in a
mul ti chanber system 27Fig. 1Cillustrates a general
overvi ew of CVD apparatus 10 in relation to a gas supply panel 80
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di stributi on sy pfceess: chamber being used in comparison with the desired process conditions

10 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
scheduling priorities.

Once sequencer subroutine 155 determines which process chamber
and process set combination is going to be executed next, the sequencer subroutine

15 155 initiates execution of the process set by passing the particular process set
parameters to a chamber manager subroutine 157a-c which controls multiple
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

20  process chamber 15. Chamber manager subroutine 157 also controls execution of
various chamber component subroutines which control operation of the chamber
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,

25  plasma control subroutine 170, endpoint detect control subroutine 159, and gettering
control subroutine 169. Depending on the specific configuration of the CVD
chamber, some embodiments inciude 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

30  be included depending on what processes are to be performed in process chamber
15. In operation, chamber manager subroutine 157a selectively schedules or calls

the process component subroutines in accordance with the particular process set



Figs. 6B and 6Cillustrate a front cross-section and a top view,
respectively, of an alternative lid assenbly for CVD apparatus 10,

i ncorporating a 30 bypass conduit for cleaning gases; :

Figs. 7A and 7B are side cross-sectional views and bottom vi ews,
respectively, of a chanber liner, in acc®8ance with an enbodi nent of the
17 I nventi on; Fig. 8 is a partially schemati c,
cross- sect i oheing\eixesutesf. Ehgmb&@ matager subroutine! Mg schedates 8h@prdckdsust r at i ng

t he ing channel and the gas.flo attern_in {he exhaust system of
t he gjlgp;pgapgpagn%s rogiu&sqgchshkevge uencer subrout&ne 155 the@lqsswl&ick;@n{qe@sm
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according to an enbodi the invention; 10
i s an enl ar gevbrontiss 1 Sacin¢lodesl stafsenf ménitringtthe vagoust thambef cémygonents,
heater/|li 11 is a side

Cross- seéI |t 0 g‘%%yn})r’lé%/g %L‘CEI%BEBE?%T Pefeiode Qperatpd bagsd Ofll ‘gg PEQRBFSPYAMEEE o,
according t o fgruhR ek to BE ekbitdd)URAiAiAMing execution of a chamber component
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
10  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
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.
15  In operation, substrate positioning subroutine 160 controls movement of heater 25 in
response to process set parameters related to the support height that are transferred
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
20  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
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
25 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
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
30  unsafe rates, and activating the safety shut-off valves when an unsafe condition is
detected. Process gas control subroutine 163 also controls the gas composition and

flow rates for clean gases as well as for deposition gases, depending on the desired



Fig. 12 is a bottomview of the pedestal/heater, illustrating a heater

coil; Fig. 13 is an exploded view of the heater/lift
assenbly of Fig. 9; Fig. 14 is an enl arged view of one
of the electrical connections 15 wi thin the pedestal/heater of Fig. 10;

Figs. 15A and 15B illustrate a hole withipgthe pedestal/heater for
recei ving a thernocouple and the thernocouple, respectively;

Fig. 16 is a pioogssi(tleaslorliepmsizion of othebeniat B stlecle@WaAIGerAtAR Ein0dRh et
for cleaning the wafer and/or the process chanber, in accordance with an 20
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10 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
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

15 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
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 |

20 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
necessary values are obtained, ‘the delivery gas flow rate, bubbler pressure and
bubbler temperature are monitored, compared to the necessary values and adjusted
accordingly.

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

30 point pressure for the exhaust system. When pressure control subroutine 165 is
invoked, the desired or target pressure level is received as a parameter from

chamber manager subroutine 157a. The pressure control subroutine 165 measures



18 pl asma system 55 in accordance with a specific enbodi nent of the
pr esent I nventi on; Figs. 22A-22C are graphs
illustrating experinmental results show ng t he dopant profile of the
ultra-shall ow junctions forned using capped BSG filns 5 pr oduced
according to an enbodi nent of the present 3pnvention;

Figs. 23A-23F are graphs illustrating further experinmental results
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the temperature of a heater element 473 used to resistively heat heater 25 (and any

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

15 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
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

20  error. The temperature error, denoted Err,,,, is determined by the equation
ErTemp(K) =Tye-T(K).

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

25  control subroutine will select a temperature regulator algorithm (steps 586 and 538).
' This algorithm precisely controls the temperature at the desired temperature, T,.
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
30  approach the desired temperature, Ty, i.e., it controls the rate at which the
temperature changes.

The temperature regulator algorithm (steps 586 and 588) uses



550[err] C, respectively, after heating at about 1050[err]C and a subsequent

wet etch 20 processing, in accordance with a specific enbodi nent of the
present invention; Fig. 27 is a photom crograph
denonstrating the gap fill capability of a USG fil mdeposited at
about 550[err]C after heating at about 1090[err]C and a subsequent

wet etch processing, in accordance with a specific enbodi nent of the

present i nveritddback amidfeBdforward control to update theip@we? QeliveratSlor @k egadidpe FTI R
spectra of a USG film deposited at about =~ _ 550[err] C under exenplary
process condictsmsas emieddsddndigates 2 seRe dp maintaingbe cwment temperature, T(k), as
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A. Overview resent
i nvention ar engyat ehpowdraicaedaryadmaintain the desired temperature given the amount

19 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
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

10 routines seek to control the temperature ramp rate, they will define a time-varying
Tqe(k) and then employ the PID controller described above to track this desired
temperature trajectory.

In the present invention, heater control subroutine 167 preferably
employs the temperature ramp control algorithm (steps 590) to control power to

15 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
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

20  control algorithm uses feedforward and Proportional feedback control to control
T’ (k) to a predetermined desired ramp rate function, T’;(T). The desired ramp
rate is mainly a funetion 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

25 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
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.

30 Controllers that attempt to regulate ramp rate by tracking a timed
temperature trajectory at best can 6n1y guarantee that a desired temperature, T, (K),

will be achieved at some time K in the future. The average ramp rate over the time



apparatus used for depositing dielectric filnms at tenperatures greater than

about 500[err]C. In particular, such systens, nethods and apparatus
may be used to deposit ~undoped dielectric filns and doped dielectric
films. Such filns may be used to form ul tra-shal |l ow doped regi ons,
prenmetal dielectric layers, internmetal dizelectric |layers, 5 cappi ng
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¢s(T(K)), based on the current value of T(k), and the error in ramp rate,
15 Erf e =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

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

20 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,
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

25  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
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

30  numerical differentiation technique that may be used, but other techniques that may
be more sophisticated also can be used in other embodiments. In other

embodiments, other sample rates also may be used.



25 on a vertically novable heater 25 (also referred to as a wafer

support pedestal or susceptor). CVD apparatus 10 further includes a
heater/lift assenbly 30 for heating t he waf er supported on heater 25.
Heater/lift assenbly 30 also can be controllably noved between a

| ower | oadi ng/off-1oading position and an3@pper processing position

I ndi cated by dotted line 13 which is closely adjacent to plate 20, as shown
30 in Fig. 1A A cenflerclboatel ofistep Si6owun exemplhndemiot fismtisnfused jr thei di ng
i nformation osition of the wafer di scussed in detail

bel ow, heaterSpfﬁlfcn"dWRfﬁ?Qm is givepdy; tQ‘E’r}?/lé‘?"?mﬁé'?ﬁ‘t‘aé’(ﬁl‘“corrponents enclosed in a

ceramc, preferably al pymnipt ri T (T)] + K *[T". (TX)-T
20 In an exenpl ?rnf/ e?rnbodi“"dn%[qﬁf) ‘T( gu)?]f ac [Tf“(hgé) er(gl\i exposed to

vacuum chanbewhere k is the cmnenrranie sp :«mdde* his dlennkteuunalstepsuEakm islthemi num
oxi de (A1203 or alég' n or . %Ilu inumnitride. When %ea 25 and the
waf er are>in BPY&e b SheRlisA tq gne heater at ghenext time§ien- o Enaddd U0y a chamber

liner 35 al ongt gﬂkb)g'swﬁﬁgwgwfﬁ clibn ¥ RPEEIRY tamd Gare andmsbaédq&ng&aﬂ}r@r

punpi ng channel® or e anber I ner 35 ahd a top i on ‘of
chanber 15. As shinscmedeldd mppmtehmtionbxf [thenedebsarys powearcte give ahanmberatel ofner
SDPrarerably (0 o0y st a femiperanire T(D: K, i'a contfol gaih constant G O 2 U™ U™
Watts/(°C/second)) that is user-defined and multiplied with the ramp rate error
10 Errgp... 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
resistive heater with large thermal mass of the present invention. The control
function is then approximated by the following equations:
Pk+1) = P(k) + K¥[T"4(T())-T'(k)]
15 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
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

20  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
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

25  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
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
reach a constant, steady-state value. Because all real systems undergo small

30  disturbances, there will also be a small steady-state error.

The value of Kp determines the size of the overshoot and the

steady-state error. If K, is large, the system will be more oscillatory, but



whi ch serves to |lower the tenperature gradi ent between resistively-heated
heat er 25 (high tenperature) and chanber walls 17, which are at a
much | ower tenperature 10 relative to heater 25.

Reactive and carrier gases are supplied through supply line 43 into a

gas m xing box (or gas m xing block) 273 g5kig. 5), where they are
preferably m xed together and delivered to plate 20. Gas m xi ng box
273 i s pref ersedally-seutedderabr wilDE small. If K% Elﬁalb'tﬂ@'épﬁ&‘it@'i@guéol%r RafByEeRS 9as
supply line 43 and to a cleaning gas conduit 15 ge di sclssed
in detail belG®, ealali&ed?sé%%rDemapV@ﬁ@rtwcyn @emsqdouol @mp)/the systeménomsmrss,

gate val ve 280, ( ose. i ch e two al ternate sources of
gases are seﬁt trgaxg:r:aq@er gmf%]‘r% it ?%||§ afl¥|ts B HE R beIEd‘&‘}ﬁotlYl't‘ SIngy
receives Integ 8 @5nfrol0 Bud thié RnYtRIncreas®bferiios! MPYRilRtidAKRd 3y St em 55,
whi ch has_an inlet 57 for receiving input gases. During deposition

processi ny, gusfesabippryeided in piseantmd algorifon. Invintasd, dereatise tcbnirNax[s ot

surface (as i e r

di stri buE ed rzR'g yqég’ l% {eﬁll%e M@%ﬁﬁ&g&tm@ﬁﬁ ?&?W@d‘?rhvaé“’? é’ﬁriﬂi%r f1ow.
Purgi ng gas n@yp aauﬁlel IBeemé thé signfiaHeae rifo bf wwoeb@me @@h&l Erlo&'UlR?
(not shown) t hrough the bottomwall of enclosure assenbly 200

purgi ng gas fieeans derivative gampet beacalcuiated ealiably. a"ﬁhtrcf@r@rthapmtrarmmmpnng

channel 40. m_ 2 n exha t he as i nd ted by
arrows 22) .ﬁ#s%ﬁ%@%&ﬁ F&ﬁ?ﬁﬁgﬁaﬂﬁ Eaﬁam%ra asatur%orgﬁw g’ﬂ?éﬁ%ggﬁ exhaust
line 60 by a waeatlor @&musy%bﬁ%l(ta%m@e@mas séﬁmyﬁdnse The sg@%ﬁﬁmand

resi dues. areufgreferabl rel eased from annul ar punpi ng channel

t hr ough exhaugnctione{fegively sshedules the gaind() sugh blgatex,,txmmfctsleb' mpomomylstoem 63.

In th t h |
brocess. por  OFaanp (EeTERR, Eifeae L Hire 08 Repfen iRon HEBE ey isspanse,
pressure whell 6868 Sre Mrg@NardedRishooh ¢ qus Uhe atfémvBRam & s, (RACVD) .

As di scussed earlier, thermal CVD processes supply reactive gases to
the substrat esteadyfstae eirers arhemall, so the effective K, is large.
15 The exemplary saturation function used to dampen system response is

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

20  function is as follows:

if | Pk+1)-PK) | >P
then P,(k+1)=P(k)-P’,,, for P(k+1)>P(k)
and P,(k+1)=P()-P’ ., for P(k+1) <P(k)
else P,(k+1)=P(k+1)

25 A new term K,(k) can now be defined as the effective gain of the
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
the equation: P(k+1) = PuoalTK), T’ (T + K¥[T"o(T(k)-T(k)]. The term

30 K,e(k) is as follows:

P s = KoKV *ETrgae(K);
Koet(K) =P’/ ErTrpa (K).



21 I nduced chem cal reactions (honbgeneous or heterogeneous) take

pl ace to produce a desired film In CVD apparatus 10, heat is
di stributed by resistively-heated heater 25, as discussed in detail
bel ow, that is capable of reaching tenperatures as high as about

400-800[ err] C. Such heat distribution progsdes uniform rapid thernmal
heating of 5 the wafer for effecting deposition, reflow and/or drive-in,

cl eani ng, andBlemakmg the sffastivel fuit gmbll e¥tieRGhs tARS rdtd eofMi! hige! BvekEsbtRL@CESS
in situ in chanper. Al ternatively, a controlled plasnma may be

formed adj ace‘PFFmtaBOTt‘ Néﬂ\ﬁaﬁeﬂ?onﬁ? amlmmedwﬁwa&ﬁﬁlm@mﬁ@r@a@hﬁ|rs¢ilr06but i on

plate 20 fro r I e |

Pudl ¢ onal |y BEKEMAR W aabHBEY bl i poop ramp rod e G ARl Tngly.
suppl y ei t herthsiragp eohtreicalgoriimRbT ReatdT coh@oPhudiGutidl 167 dainpesk Eh&%ﬂ&t@rﬂ%/ RF
power to plate 20 and the |lower RF el ectrode to enhance theé

deconposi #i onfesPonse Jen Jarge ramp raigrTass oFgiry BWiRby desuiing irmeresefficleatber 15.

In a plasma p of the conponent s of vapor deposition
apparatus 10 &ﬁﬁ?ﬁahgéﬁﬁ?J be nodified to acconmodat e the RF energy,

as discussed bel ow. 15 A plasma control subroutiffe I'T0 Eorfiprise® PEILar B BoSKBHM 55
integrally provided in CVD
the magnetron power levels and mode (CW or pulsed). In alternative embodiments
having RF plasma systems, plasma control subroutine 170 aiso could include
10  program code for setting low- and high-frequency RF power levels applied 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
15 subroutines, plasma control subroutine 170 is invoked by chamber manager
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
20  include program code for setting low- and high-frequency RF power levels applied
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
25  component subroutines, plasma control subroutine 170 is invoked by chamber
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.
Alternatively, the system software may have a separate gate valve control subroutine
30 in embodiments having gate valve 280.
An endpoint detect control subroutine 159 includes program code for

managing endpoint detection by controlling a light source and a light detector,



apparatus 10 is preferably adapted for perform ng periodic cleaning of
undesi red deposition residue fromvarious conponents of chanber 15,
including walls 17 as wel | as other conponents. Further, renote

m crowave plasma system 55 can al so perform cl eani ng or etching of
native oxides or residues fromthe surfacggof the 20 waf er, dependi ng on
the desired application. Although gases input via line 57 into pl asma
system 55 ar ereceimugidae fromathe highpdeectorf for usé @Rtdmghring NlgAs iMedstty RhaNede
fluorine, chltori n%, gr ot her radicals, renote mcrowave plasma system 55

al so may IOHADIFRBIE 20 ORuPRAlY 1SIOpPing e lerning dsocevufan desedsingi mput ti ng

deposition re | : : eS| Y, 53 .Vvia.input, |ine 57.
Generally, re ?éetgﬁmg?%\lkg\l}gﬁ%ﬂ%?)n%%%& ‘%Essﬁ’g %ﬂf‘%g%ﬂceag‘& }t()kéeserﬁlgg@é ofiithe i nput
l'ine 57, whi ctleaing proeegyi ZEslipoint Mie@EOYEUD] subroutine’ VI A4d ARy He ifVE@RHD A
plasma with etching radicals which are then sent via conduit 47 f
di spersi ottt h¥OEPRT B1aRageTr SubRoyting Asifer Endpoimtyistact rentrnd subrouting 159 issna

system 55 : ' | S | .oy, enbodi, ment s, of
appar atus 10 Irlrlﬁl)}ldé# Ec%)r t65ed | %@%E%& rqgéd?@%f) ?‘g&ﬁtgﬁg'@ YRER %?Sﬁgb&d system
to provide inbelowu Ipisaovgrizedahil éribodiments not having an endpoint dMREQ@SS s

optical sensors (not shown) are used to nove and determ ne 1 he

( . .
position of nBQWH Ot ReedhionissAr have endnairtdetagt poniepl sehroutineel 3l ve

Zggt em 63 and heater ZSOpJ&ﬁllp,thg@ﬁéxjﬂg Lorftdf ?ﬁg}l)ytin%ol’@nrgg)p b8 inddlea 3 ve

or

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

15 The CVD system description presented above is mainly for general
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

20 understood, however, that although certain features of the invention are shown and
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

25 variations in design, heater design, location of RF power connections, software
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
(ECR) plasma CVD devices, induction coupled RF high density plasma CVD

30  devices, or the like may be employed. The dielectric layers and methods for
forming such layers for use in the present invention should not necessarily be

limited to any specific apparatus or to any specific plasma excitation method.



22 throttle val ve system 63, renote m crowave plasma system 55, and

ot her system conponents are controlled by processor 50 over control
| i nes 65, of which only some are shown. Processor
50 controls all of the activities of the CVD nmachine. 5 Acting as the

system control | er, processor 50 executes system control software,
which is a conputer programstored in a nenory 70 coupled to processor 50.
Preferably, nenory 70 rm)sshewa ih&ighs. @ aid 3ir CV® apgparana§ 10 getesatlyninondys 210 may

merory 707 comoh aSbpBETR ks Pl B s Sl el o
f1oppy disk d%\héé@pt@f)dzsafo?%ﬁgqo}gn a s@xﬁk‘czon\é’\%&&ﬁ@ﬁ% wifhiPR G4 ?r?cl'rh?ﬂ?egfltshe

control of the systemcontr twar e I ncl udes sets
i nstructi ons Phedesdgasies) eret dediveredi ing, chraimbienrlé tofpeg‘amsranmisaddpesmon and

S S0t R i SRy e ey, 8 A P st 205 (ERHS. o EPIgS oGy s
such as those process %a%Eé)frgﬂl SR Bhires QWF%VIC)Wt&gi ggafexI Qhd gﬁge{im%}glt \s/ist%&rx()ppy

di sk or other "conpute program pro i nser I'na

ot her appr opr i2a0€Figsi 2-d) disalyargéssihe Ipeocess gasel sead otler m&iuatfeom rchmsaors 50.

System control ftware e dis uss et ai l | ow. The card
rack contains @ aﬂ@?rémﬁglgrgﬂ“g?fn‘ﬁﬁlf‘ gs a ﬁ%fF’gB RSl PQ &F 1gs 1A 9-15) that

i nput / out put tms&g 1heét@¥ 95 ff&c&aaﬂgmswam ad EfBPﬁftmEQ&é)(vafe? %;%déﬁfmbyaf ds.

Vari ous parts of CVD apparatus 10 conformto the Vers
Eur opean {OVMEpr@&@ssing posametawithinihambdefl b neAn ntegrdl reamtedmicrgeaveapldsmannect or

di mensi ons and t Jhe tandard al defi nes bus, st ructure
having a 16- bisyst%rg%i éﬁ%daxﬁldflq\g 1§ a so provided, in, LVI), apparatus 56‘ ?or periodic
The interface chﬁhs@%eﬁl@%afmeaﬁﬁg%oéﬁng Steyé.2a @ ORT noni tor

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
15  to cool these components during the high temperature processing. Liquid cooling
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
20 (not shown) for delivering coolant to the gas distribution system 205 (discussed
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.

25 A. Enclosure Assembly

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
delivering process and clean gases through an inlet tube 43 to an inner lid assembly

30 230 within assembly 200. Inner lid assembly 230 functions to disperse the gases
throughout chamber 15 onto a wafer (not shown) supported on heater 25. As

shown in Fig. 2, a lid cover 233 provides access to the components on the top of



73a and |ight pen 73b, shown in Fig. IB which is a sinplified diagram of
the 25 system nonitor and CVD apparatus 10, illustrated as one of the
chanbers in a mul ti chanmber system CVD apparatus 10 is preferably
attached to a mainfrane unit 75 whi ch contains and provi des

el ectrical, plunbing and other support faBctions for t he apparat us
10. Exenplary mainfranme units conpatible with the illustrative

embodi nent ofncteFErCAsHRIRRIY 290 XD e aroutes didr assembly cdmandcshigldsythe opetatdal feoms t he

30 Precisj r nd.the.Centura 5200[err] s from Appl. | ed
Materials, | %@%s‘gr? 10 b Je@%ﬁ%%’ Y 4Fie %Fﬁ“f 8??%%9“'Tﬁ8y%ﬁ%ﬁ% Hé‘??ﬁ%gFAgs%t em
has the capagdvet 033 peeféraBRShelude a cutout 295 R alleR) ¥eRandel for HAAMRRFSIW t hout
br eaki ng t he vacuum and w t hout having to

23 exihab ensiFfegatdnearityooine shambeerol6. oLitkeovso 38 2 ge pearilys remaing cesadhe

mul ti chagber 4 . i t. |.ti.chanbe st IS that
differ en?bc h%%r‘glegr gm;s:trﬁ éﬁeg} Séﬂs %é%%egﬁgﬁ%e rlgg)yg‘?e mf%vaglgi%zé@e%é%n a

di fferent pu?m&ﬁﬁeimihl!&ﬁarﬁstchixﬁbé}r&@a%ﬁ%, titeby breakin@ ¥ PAcumOdiy chanber
may be used tor deposition of oxides, another nmay be used 5 for rapid

t her mal pr ocbEBging theathamper topsioropphierigmyessureys Adid binge 239 énchideanilocking he
process may phaGeadohid 341 Whededt hi'il L& 534 kLG AlIRg st em thereby

As shown in Fig. 2, enclosure assembly 200 defines a vacuum lock

10 door (not shown) and a slit valve opening 243 through which a wafer loading
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

15 in commonly assigned U.S. Patent No. 4,951,601 to Maydan, the complete
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 champer 15 is covered with a chamber liner 250, which rests
on a shelf 252 of enclosure assembly 200. Chamber liner 250 serves to inhibit

20  process gases from flowing to the back side of the wafer. In addition, since heater
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

25 aluminum walls of enclosure assembly 200 and the edge of the wafer on heater 25,
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
chamber walls (e.g., about 60°C). Without liner 250, the heat effects at the edge

30  of the wafer may adversely affect temperature uniformity across the wafer and lead
to non-uniform deposition. Liner 250 preferably comprises an inner portion 253

formed of a process-compatible material that is well suited for high temperature



preventing contam nation of wafers that often occurs when transferring

waf ers bet ween various separate individual chanbers (not in a
mul ti chanmber systen) for different parts of a process. 10
In the preferred enbodi ment two nonitors 73a are used, one nounted in

the clean roomwall for the operators andgg he other behind the wall for the
service technicians. Both nonitors 73a sinultaneously display the sane

i nf or mati on, pmcbssentngorgeedterghnn pbout 580°Cx Prefdrhisld, inhBepbiitioRt2SBRNT 1i3P
detectsllgh emtted by CRT display with a |ight sensor in the tip
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on the pen 7gjb. @ﬂ;{a%?@e@s ?‘getg“g@%‘ﬁal Inner p%ﬁ |gh |g %‘%EYE%Y%P, or a
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i ght pen and the display screen, O course, other devices, such as a
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conmuni cate wt processor

illustrates @ogﬁmeﬁﬁl rests @n\whelV 262 of\éinclapurarasdetilyl Gint includes anraﬁahalfat %ip to a
gas supply panel 80 located in a clean rgom_As discussed above, CvD
appar at us 10 2DH dPLBPHORMEHBRAT POStioR 253 REEPY2595, I aParicuiasly mrefereds with 25
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system 55 I nput ove box 273

is for riioxi ngean:dl struts 257 maedefmﬁguxdepm|gtap921593ms(eest)weamoh50dhewn lgasgsas) or
ot her gas(es)7 thro h |nI et tube 43 to the processi ng chanber 15. As
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temperature, which is cool relative to the heater and wafer temperature). In

15  addition, air gaps 259 provide thickness to liner 250 so that it can bridge the gap
between the outer chamber walls and heater 25 while minimizing the cracking or
other thermal damage that may occur with a thicker liner 250. Quter 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

20 gap 259 thickness of about 0.6 to 0.9 inch. An annular cover 261 is positioned on
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.

25 In an alternative embodiment (not shown), liner 250 only comprises
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 255
and the inside wall of enclosure assembly. The air gap insulates the high

30  temperature wafer from the cooler walls of the enclosure assembly, and it provides

thickness to liner 250 to bridge the gap between the chamber walls and heater 25.



chanber 15 to gas m xing box 273, is provided with reactive gases via |lines
83 and . . 24 85
fromgas supply panel 80. Gas supply panel 80 includes |ines to gas or
l'iquid supply sources 90, containing gases or |iquids that may vary
dependi ng on the desired processes yged for a particular application.
Gas supply panel 80 has a m xi ng system 93 whi ch receives the

deposi tion process and BarGaseDisgiraden Sgstem _ vapgrl ZS(;Bl i qui ds) f r?)_m -
sources 90 for mxing sendi to, gas_m xin 0X via line
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cleaning and/or process gases to box 273 without a gate valve. As shown in Fig. 4,

10 gas mixing box 273, clean gas manifold 277 and gate valve 280 are preferably
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,

15 or the like, and outlets (not shown) in communication with a mixing area 93 within
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

20  enable the application of high voltage RF power to the gas box without gas
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

25  receiving gas(es) from inlet 290, and directing these gas(es) through a fluid passage
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
manually operated by actuating handle 281, or gate valve 280 may be controlled by

30  processor 50. During cleaning (discussed below), gate valve 280 is configured to
allow the clean gases from plasma system 55 to pass into box 273, where they are

directed through inlet tube 43 into chamber 15 to etch the wafer or the inner



15 supplied to gas m xing system93 is also controlled by liquid or gas
mass fl ow controllers (MCs) (not shown) and/or by val ves (not
shown). In sone enbodi ments, gas m xi ng system 93 includes a |iquid

i njection system for vapori zing reactant |iquids such as TECS and
TEPO. According to these enbodi nent4l, a m xture including TEPO as the
phosphorus source, TECS as the 20 silicon source, and one or nore
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send the clean gas with via input litne 57 to plasma system 55, a plasna

renote 10  entering from an applicator tube 292. Liner 291 also prevents rccombination of

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

15  200. The location of system 55 at the bottom of apparatus 10 facilitates servicing
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

20  system 55 is discussed in further detail below. As shown in Figs. 3 and 4, inlet
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

25 surface of base plate 265, receives coolant fluid, such as water or a glycol\water
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
convectively and conductively remove heat from plate 265 and the components of
inner lid assembly 230 during processing (discussed in further detail below).

30 As shown in Figs. 2 and 5, inner lid assembly 230 generally includes
base plate 265, a blocker or gas dispersion plate 301 and a showerhead or gas

distribution plate 20 for dispersing process and clean gases into chamber 15.
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and cl eani ng radi cal s are produced for transfer to gas conduit 47.
Processor 50 can al so cause anot her valve 96 to send ozone through
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mul tiple rem)t e m crowave yst e 55, multiple ozonators 115 and

nul tiple aof §§.?pE}P§De%S51‘ﬂ§h AU HtRtbregded mounting screws 303, 305, The
processes f Orre‘éiﬁd%ﬂ?él&.' NWohthg dckdWs BES, 5 BrBGide a G BAVely #fk, 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
| 15  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
20 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 dispersihg the process gas
uniformly through a plurality of gas distribution holes 315 onto a semiconductor
25 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.
The size and arrangement of gas distribution holes 315 will vary
depending on the process characteristics. For example, the holes 315 may be
30  uniformly spaced to provide a uniform distribution of gases onto the wafer. On the
other hand, holes 315 may be non-uniformly spaced and arranged, if desired. Holes

315 will usually have a diameter in the range of about 5-100 mil and preferably in



performng reflow or drive-in steps can be inplenmented using a conputer
program product that is executed by processor 50. The conputer
program code can be 25 witten in any conventional conputer readable
progranmm ng | anguage such as, for exanpl e, 68000 assenbly | anguage,
C, C++, Pascal, Fortran, or other |anguaget3 Sui t abl e program code is
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light pen int %ﬁfa@grﬁ’rinags ‘{%ﬁé-t&%ﬁ rsgac%ng%f gr%easpsﬁrosx?rtnately equal, and the hole-to-hole
spécing within each ring is approximately equal. A more complete description of a

10 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

15 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

20  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

25 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
mount the entire inner lid assembly 230 to the mainframe unit of the processing
chamber. In RF plasma processes, inner lid assembly 230 will also include an

30 isolator (not shown) that electrically insulates the chamber lid from ground and
isolates the chamber body from the RF gas box (not shown). An exémplary lid

assembly for use with RF plasma processes is described in U.S. Patent No.



nunber and process chanber nunber into a process selector subroutine 153 in
response to nenus or screens displayed on the CRT nonitor. The process

set s, whi ch are predeterm ned sets of process paraneters necessary to
carry out specified processes, are identified by predefined set
nunbers. Process sel ector subroutine 10 4453 identifies (i) the desired
process chanber, and (ii) the desired set of process paraneters
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15  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
20  previously been incorporated by reference.
Referring to Fig. S5, 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,
25  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
in the upper surface of base plate 265, thereby decreasing the cost and complexity
of manufacturing plate.
30 Referring now to Figs. 6B and 6C, an alternative embodiment of

inner lid assembly 230’ will now be described. Similar to the previous

embodiment, lid assembly 230’ includes a base plate 265, a gas dispersion plate 301



nunbers, or a single user can enter nultiple process set nunbers and

process chanber nunbers, so sequencer subroutine 155 operates to
schedul e the sel ected

27 processes in the desired sequence. Preferably, sequencer
subrouti ne 155 incl udes program cofi® to performthe steps of (i)
nmonitoring the operation of the process . chambers to determne if the
chanmbers ar e2§ed gf igiipution pbat%%qpéqrrﬁlmewwess and clggp@asessiaty eliamtisei ng
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request, or any. . other relevant factor a system programmer desires to
i ncl ude for spmediptsly above gas dispersion gd gas distriugien holes 325, 315.

Once sequencer subrout {pg, 133 Afi% PG GRIMC pRERES 3F bf PRI BEsages 510

extending from chamber 320 between base plate 265 and gas dispersion plate 301 to

10 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 spéced circumferentially around base plate 265 to

15  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 15.

20 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

25 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.
This increases the speed and efficiency of the cleaning process, which reduces the
down time of apparatus 10. Of course, it will be recognized that process gases may

30  also be delivered through bypass passages 510, if desired.

C. The Exhaust System




and process set conmbination is going to be executed next, the sequencer
subroutine 15 155 initiates execution of the process set by passing the
particul ar process set paranmeters to a chanber manager subrouti ne
157a-c which controls nultiple processing tasks in a process chanber
15 according to the process set determ nedsby sequencer subroutine
155. For exanple, the chanber nmanager subroutine 157a conpri ses
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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).

15 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 holes. To accommodate the relative

20  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-

25  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.

Referring to Figs. 2 and 3, a valve assembly (throttle valve system)

369 includes an isolation valve 371 and a throttle valve 373 disposed along

30  discharge line 60 for controlling the flow rate of the gases through pumping channel
40. The pressure within processing chamber 15 is monitored with capacitance

manometers 381, 383 (see Fig. 2) and controlled by varying the flow cross-sectional
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gas flow rat gomfleRCESSo2E 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
15  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.
20  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
25 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
outset, it should be noted that heater/lift assembly 30 may be modified for use, or
directly placed into, a variety of processing chambers other than the exemplary

30 SACVD chamber described and shown herein. For example, heater/lift assembly
40 may be used in a similar CVD chamber that generates plasma with RF or

microwave power, a metal CVD (MCVD) chamber, or other conventional or non-



control subroutine 163 is invoked by the chanmber manager subroutine 157a,

as are all chanber conponent subroutines, and receives subroutine
process paraneters related to the desired gas flow rates fromthe
chanber manager. Typically, process 25 gas control subroutine 163
operates by opening the gas supply lines a8 repeatedly (1) reading

the necessary mass flow controllers, (ii) conmparing the readings to the
desired fl ow renvestipeal semadndpaton priocesbisg thamhger subroutine 157a, and (iii)
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with slot 243 in enclosure assembly 200 and an upper processing position beneath

10 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

15  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.

20 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

25  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
excellent tolerance of thermal shock. Thus, in a particularly preferred embodiment,
the entire outer surface of heater 25 comprises aluminum nitride. Aluminum nitride

30  has high temperature capabilities and high resistance to fluorine and ozone

chemistries used in chamber 15. Use of aluminum nitride, as compared to stainless

steel or aluminum materials, for heater 25 also has less backside metal
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15  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.

20 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 (Al,O, in its ceramic or alumina form). Flange 422 and strike

25 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,
loaded between flange 422 and strike plate 420 to prevent or at least inhibit rattling
of the strike plate 420.

30 As shown in Figs. 4 and 13, a plurality of wafer-support/lift fingers
430, usually at least two and preferably four, are slidably mounted within guide

studs 432 spaced about the periphery of heater 25. Fingers 430 extend downward



30 poi nt pressure for the exhaust system When pressure control
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

30 t he pressure in chanber 15 by resmdi ng one or nore conventi onal
pressure nanoneters connected to the chanber, conpares the neasure
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fingers 430 have a relatively thick diameter of about 100-200 mil, preferably about
10 150 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

15  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

20  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

25  (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
onto, as well as attack by chemistries used in chamber 15 of, the electrodes and
electrical connections within shaft 391 that might otherwise occur if the aluminum

30 nitride were not present. Shaft 391 is preferably diffusion-bonded to heater 25 to
provide a gas-tight seal between heater 25 and shaft 391 such that the hollow core

445 of shaft 391 is at ambient temperature and pressure (preferably atmospheric



control subroutine 167 neasures the current tenperature of heater 25 by

nmeasuri ng vol tage output of a thernocouple located in heater 25. The
current tenperature is 15 denoted T(k), where k is the current tine step
of heater control subroutine 167. The control |l er obtains the
tenperature T(k) fromthe thernocoupl e vol §hge by | ooki ng up the

corresponding tenperature in a stored conversion table or by
cal cul ati ng t ipeessemepeeat M0etoursomb amn). olir dtheroerbodimenty, toiodl cork @48Mmay be
r, control subroutine 167 in step 584
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control s the rgbguAtis MisGholdeg heater tenperature will 30 approach the

desired tenperature, T[err], 1.e., it controls the rate at which the

t enper at ut@ changes. Refemng to Figs. 9 and 10, Tuppet appertahaft 89t egizhds dirough

al gorithm (st eap Y 586 ga 1%8{%% l&\?eerssurface 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

15  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

20  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,

25  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
(not shown) that supports heater 25 and extends through the lower opening 453 in
enclosure assembly 200. In this alternative embodiment, sealing members 457

30 would not be used.

Heater coil assembly 440 is configured to provide a temperature of at

least about 200-800°C in chamber 15 at a rate of about 20°C/min. Referring to



31 f eedback and feedforward control to update the power delivered to
t he heati ng el enrent enbedded in heater 25 so as to nmaintain the
current tenperature, T(k), as close to T[err] as possible. The
feedforward control in this algorithmestimates the anount of power
necessary to maintain the desired tenperafdre given the anmount 5 and

type of gas flow and RF power supplied to the chanber. The feedback control
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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

15  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

20  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.,

25  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
tolerate high temperatures so as to withstand casting of the aluminum nitride heater
body.

30 Referring to Figs. 9, 15A and 15B, heater/lift assembly 30 includes
at least one thermocouple 491 for determining the temperature of heating coil 471.

Thermocouple 491 includes an elongate tube 493 having a sensor 495 (Fig. 9)



T (k) to a predetermined desired ranp rate function, T[err](T). The desired
ranp rate is mainly a function of the tenperature of the heater and

i s based on the t hermal shock resistance of the heater 25 at various
tenperatures. Thus, the desired ranp rate may continuously change
based on the current neasured tenperature of 25 the heater, or it may be
set at a constant based on a mninumrate $hat is | ow enough to avoid
thermal shock within the range of tenperatures of a particular
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t enper at ur e t @referahiyndispased én & ovells¥Pewhichds utatmwkpheriprésews, 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
10 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
15 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
20 432 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
25  Dase 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
20 (see Figs. 4 and 5). Preferably, the gas is uniformly distributed through gas
distribution holes 315 onto the semiconductor wafer (not shown).
The temperature of the wafer on heater 25 is typically held above a
30 minimum deposition temperature by heater coil assembly 440 so that the process
gases will react together at the wafer surface and deposit a layer thereon.

Specifically, an electric current is directed through conductor wires 457 to resistive



than K. The controller will then attenpt to as quickly as possible "catch
up" to the 5 desired trajectory T[err] (k). The ranp rate for the tine

i nterval during which the controller is catching up will be greater
than T[err]. That scenario could result in t hermal shock fracture. By
controlling the ranp rate directly, the @4 rent invention avoids this
potential scenario. Referring to Fig. 1E, an exenplary
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15  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.

20 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
plasma remote from processing chamber 15 for use in efficiently etching or cleaning

25  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
ignition system (described below); a microwave waveguide system (described
below); optimizing elements including an impedance matching system 701 which
may include an optional phase detector 703 for embodiments requiring feedback for

30  automatic impedance matching, and a circulator 705 with a load 707; and a
magnetron 711.

Magnetron 711 is a typical magnetron source capable of operating



in the specific enbodi nent (step 594). The above enbodi nent is an exanple

of one 30 nunerical differentiation technique that may be used, but

ot her techni ques that may be nore sophisticated al so can be used in
ot her enbodi nents. In other enbodi ments, other sanple rates al so may
be used. 55 33

To el aborate on step 596, an exenplary control function used in the
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sl ow systens such as the
are optimizing elements that work to provide low loss, maximum microwave
transmission with minimized reflection losses and to protect the magnetron from
10  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.
Circulator 705 allows only forward microwave transmission from magnetron 711
15  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 damage from reflected power. Circulator 705 connects to waveguide section
715 that is connected to phase detector 703 connected to another waveguide section
20 715. 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
721 to 50 Q, the characteristic impedance of the waveguides. Tuning system 701
25  may provide fixed tuning, manual tuning, or automated tuning, according to specific
embodiments. For embodiments using automated tuning, phase detector 703 is a 3-
diode array which detects the phase of microwaves transmitted for feedback to
matching system 701, which intelligently and dynamically matches the load
appropriately. In the specific embodiment, waveguide sections have rectangular
30  cross-sections, but other types of waveguide also may be used.

As seen in Fig. 16, microwaves directed through the optimized

waveguide system are transmitted from output waveguide section 721 to applicator



resistive heater with large thermal mass of the present invention. The

control function is then approxi mated by the foll ow ng equations:
P(k+1) = P(k) + Kp*[T' [err](T(k))-T (k)] 15

P(k+1) - P(k) = Klerr]*[T [err](T(k))-T' (k)]. Because
the response of the heater is slow, therggis a | ag between the tinme

power is adjusted and the tine when the adjustnent produces the desired
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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
292 may have a metal exterior and an interior made of a composite or ceramic

15  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 plasma may be ignited by plasma

ignition system which includes an ultraviolet (UV) lamp 731 and a UV power

20 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.
Microwave energy then sustains the jonization of the ignited plasma to produce the

25 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
reactive gases within tube 292, use of matching system 701 optimizes the
microwave energy coupling for efficiency. In preferred embodiments, matching
system 701 includes at least one stub tuner under the control of processor 50 or a

30  controller unit for automated tuning. As mentioned above, other conventional
tuning elements also may be used in matching system 701.

As discussed above, applicator tube 292 is mounted from and



34 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 system s response, i.e. reduce
overshoot and oscillation. Steady-state error can be reduced by using
Integral control, but this tends to i ncre&dge overshoot and oscillation and
is 5 preferably avoided in this control algorithm In this case,
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uses a large Klerr] to reduce steady-state error and a saturation function
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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
enclosure assembly 200, plasma radicals flow into conduit 47 in clean gas manifold
15 270 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
mentioned above for liner 291) which are resistant to the particular chemistry
20  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
steps. In the closed position, gate valve 280 prevents particles in conduit 47 used

25  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
deposition at pressures of between about 200-760 torr occurs with gate valve. 280
open, deposition may be caused in applicator tube 292, leading to contamination of
the cleaning processes. Gate valve 280 is preferably made of PTFE (or similar

30  materials such as those discussed above for liner 291 and manifold 270) to minimize
damage to or deposition onto the closed valve 280 due to the reactive chemistries

from conduit 47. In a preferred embodiment, gate valve 280 is a particle-grade gate



i f [err] P(k+l)-P(k) [err] >P [err]

then Plerr] (k+1)=P(k)-P [err] for P(k+1)>P(k)

and Plerr](k+ 1) =P(k)-P [err] for P(k+ 1) < P(k)

el se Plerr] (k+1)=P(k+1) 25 A new termK[err] (k) can now
be defined as the effective gain of the 58 controller at tinme step k.
Clearly, if Plerr](k+1)=P(k+1) the effective gain at tine k equal s
the gai n K[ er vhive Buh enfbotieersatsingighenvaluer280i, onlyi shapgaimder 1Kieugel(fo} ai s
defi ned by ubstitutin%P (k+. 1) for PLerr](k+ 1) in the equations
above and conﬁ"iaﬁﬁrrf}%n% 16 phWhen a chainber elgapipg #yperfopgad dges=gate valve 280
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Klerr](k) is a

Klerr] (k) *Err péB,rz}s( depn in Fig. 3. As mentioned above, in some embddiments lghte=valve 280
P [err]/Err[err](
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this saturation functpon. ces mege to

the heater fr oaripmopartseofichamiber ¢Hnte tlus chanal. dRegiyes and used cleaning gases are
then exhausted from chamber 15 with the exhaust system discussed above. The
cleaning process of chamber 15 and the cleaning of wafer surfaces are discussed in

10 detail below.

F. Endpoint Detection System

Figs. 17A-17D illustrate a cleaning endpoint detection system 800 for

microwave plasma system 55 according to another aspect of the present invention.

15  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
reactions, in contrast to using in situ plasma processes where physical sputtering

20  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
fluorine radicals, is directed into the chamber where the gentle thermal clean

25  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
wafer in chamber 15 and/or components of chamber 15 (discussed above), the lack
of plasma in the chamber can make it difficult, using conventional endpoint
detection systems, to pinpoint the time at which the cleaning has been completed,

30  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. Conventional endpoint

detection systems typically rely on the use of a plasma within the chamber and



the ranp control algorithm of heater control subroutine 167 danpens the
systems 5 response when large ranp rate errors occur, thereby resulting
in nmore efficient tenperature control. A plasm
control subroutine 170 conprises program code for setting t he
magnetron power |evels and node (CWor pulssed). In alternative enbodi nents
havi ng RF pl asma systens, plasnma control subroutine 170 al so coul d include
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below, endpoint detection system 800 of the present invention determines the
15 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
valve 371 and throttle valve 373. Of course, gas detector 802 may be positioned in

20 other locations within the exhaust system of apparatus 10. For example, detector
802 may be positioned downstream of throttle valve 373, as shown 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
embodiment, bypass line 804 may include a control valve 806 to vary the amount of

25 flow passing through line 804, or to completely cease gas flow along bypass line
804, for example, during gas p;ocessing of a wafer within the chamber.

Referring to Fig. 17D, a preferred embodiment of gas detector 802
will now be described. As shown, detector 802 includes a housing 804 defining a
through-hole 806 in communication with conduit 60 for allowing the gases and other

30 residue from chamber 15 to pass therethrough. A pair of flanges 808, 810
preferably attach housing 804 to conduit 60. The side walls of housing 804 include

a pair of infrared (IR) windows 812, 813 that are configured to allow far-IR light to



Alternatively, the systemsoftware may have a separate gate valve contro
subrouti ne 30 I n enbodi nents having 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

det ect or, 60 _ _ 36 :
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germanium, calcium fluoride, or the like.

10 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
detect the far-IR light passing through window 813. Preferably, far-IR lamp 814

15  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
813, where it is received by detector 816. As the light passes through the clean gas

20  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)
indicating that the concentration of SiF, passing through conduit 60 has substantially

25  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
close gate valve 280 and to prévent further etchant gas from entering chamber. In
the above exemplary clean process, endpoint detection system 880 utilizes source
814 to provide, and detector 816 to detect, far-IR wavelengths that can be absorbed

30 by clean gas reactants SiF,, which absorb light with a wavelength of about 10 um,
and fluorine, which absorbs light with a wavelength of about 5-6 um. In other

embodiments, source 814 and detector 816 can provide light at different
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gettering control subroutine 169 can invoke specified software built into

the cl ean recipe to facilitate gettering control in conbination with
the cl ean recipe used. 15 The CVD system description
presented above is mainly for general illustrative purposes and
shoul d not be considered as limting the sgope of the pr esent
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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
approaching. The controller continuously monitors I/I, until this value approaches
15 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
chambers or the like. Therefore, the above description and illustrations should not

20  be taken as limiting the scope of the przsent 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
simultaneously processes a plurality of wafers. In addition, the invention would be

25 suitable for use in a multiple wafer chamber that sequentially performs individual

processing steps on each of the wafers.

II. High Temperature Multiple-Step Processes Using the CVD Reactor System
A. Exemplary Structures and Applications

30 Fig. 18 illustrates a simplified cross-sectional view of an integrated
circuit 900 according to the present invention. As shown, integrated circuit 900
includes NMOS and PMOS transistors 903 and 906, which are separated and
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37 As shown in Figs. 2 and 3, CVD apparatus 10

general ly includes an encl osure assenbly 200 having 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 15 to p& form various deposition and 5
etching steps on the wafer. A gas distribution system 205 (Figs. 2-6)
distributes electriggliydeaiated fwaseach othegdy & Galdamsdedrgioni B0 thEhed by dodade

gases and ot naRTALd o SHEDETL OCOR G Qud eialy iyl ciansbiars PoRer
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As shown in Fi9d5 aad aCyde: agyaen 918)s 10 further includes a Iiquid
cooling system 215 for delivering coolant to various conponents of the

chamber 15 15 to cool Apseetdoheiesida(BMIrlayey Qﬁisepé@hsuaﬁﬁfuﬁm 90¥and
processi ng. Liggui ' System 215 .acts to decrease e
t enperature ofg% hfgosrfeiqg#él&g%? 95‘8%@%%%“5(:?95“ between metal jayer and theq

deposi ti on ontAniibRsemAGTBYREMESs 92 MethiNBydH 91D & VP bt Setal layers 940
processes. Liquid cooling system 215 includes a pair of water connections

217, 219 10 9421844.andp74p, ensduded dn intesrated ieirouig 1900 h Eabke atetal/ 1hydrt 9405 9621 v
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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
15 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 exarhple of a use of CVD apparatus 10 described above is
forming ultra-shallow source and drain regions 912 and 915 shown in exemplary
20  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
25 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
already been formed on material 1004. In the present example, material 1004 may
be an N type substrate or an N well formed in a substrate. Field oxide regions
30 1006 also have been formed by a method such as local oxidation of silicon |
(LOCOS). The regions where ultra-shallow doped junctions are desired may be

defined using a mask. In the present example, the regions are source/drain regions



bel ow). A waterflow detector 220 detects the waterflow from a heat
exchanger (not shown) to encl osure assenbly 200. Preferred

enbodi ments of the individual systens of apparatus 10 will be
described in further detail bel ow 25 A. Encl osure
Assenbl y Referring t@3Figs. 2 and 6, enclosure assenbly
200 is preferably an I ntegral housing nmade from a process-conpatibl e
mat eri al , suthOaandal®igi buhobeourse the ragion meyi baldefinetuim foEmdightiyrdeped senbl y
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t hroughout chamber 15 onto a wafer (not shown) ed on 25. As
shown i n Fi gsouz¢e/drafn obgmewmaﬁdpiﬂcb?nod@swafec%sng ontrtmtwelypﬂa&ﬂtmamm t he

top of 38
encl osur@ asé&nbl y 200 (i.e., outer lid assenbly 32), and shields the
operator from eXp%m@farﬁnﬁg BbpedIERAL HyRF 1608 b dyRERMAPer ati on.

For SACVD processes, lid
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

10 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

15 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

20 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

25 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
15 is heated to between about 500-650°C, preferably 600°C, and maintained at a
pressure of between about 60-760 torr, preferably 400 torr, while heater 25 is

30  spaced between about 150-900 mil, preferably about 600 mil, from plate 20. Thus,
the surfaces of source/drain regions 1010 and 1012 can be cleaned of any native

oxide barrier.



cover 233 preferably includes a cutout 235 to allow clearance for lid

cl anps 237 that ensure gas integrity of the chanber 16. Lid cover 233
generally remains closed 5 during nost process steps unl ess the chanber
i s opened, for exanple, to performa preventive mai ntenance chanber

cl eaning, thereby breaking the vacuum andgy bringing the chanber to
atmospheric pressure. A lid hinge 239 includes a |ocking rat chet
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| oss from t hed¢rgntseirom doped dielectric layer into N type material 1004. Doped dielectric
15 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 dopants from doped dielectric layer
20 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.
25 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
remote microwave plasma system 55 with the appropriate etching chemistry. For
this dielectric removal step, gate valve 280 would be opened to allow the remote
30  plasma to etch the layer 1008 until removal is completed, whereupon gate valve 280
is closed. The removal step may be performed in situ without transferring the

wafer from heater 25 in chamber 15. Alternatively, the removal step may be



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

sur roundi ng chanber walls (e.g., about 60[err]C). Wthout |iner 250,
the heat effects at the edge 30 of the wafer may adversely affect
tenperature uniformty across the wafer and | ead to non-uniform

deposition. Liner 250 preferably conprisegsan i nner portion 253
formed of a process-conpatible material that is well suited for high
t enper at ure performed in another chamber, dedicated to dielectric removal, within the same9

processes (e.g...greater than ut 500[err] Q.. Preferably, inner portion
253 of |iner ‘%“hmﬂ‘“? e SR ?Sség' aRP@Faé‘L% E(S’r?éi%”é}t‘ akP 2veids KXBSuEs dhibaum

nitride, alumpgr Qhd é}ﬁiujggjﬁgmml ?utside tl'i@: {/a@wﬁh%tﬂ@nﬁﬁicﬂ%al %}eﬂﬂ{eﬁ{e [ed

material. lnner portion 2 usua ave a KHESS of “Babout
0.1 to 1 inchl2@dlystratestizbpartialyo uémple@dtRMOS3tramtor 1080 after removal of doped

Li ner 250_preferably, co i.se outer paortion 255 that conprises a
mlat erial Iﬁat d?&CV}%@Y&f%’éptﬁ@g ?%BEF(H(E]@OQQHQIH% g3ty @ﬁﬁt&dggll@@% agd
| um Qut gf: [ : . nbl vy,
Snd i el udes Sjacent squrbfifaed gl HRG AN R \lck-sttow’h FHCUAMEnARRETDL Y

| iner 250. | nTherpafitdri cethaining probestepdfor the completeh oPthe, devitkafiayoee ti on 255
I ncl udes a pl u‘%g(l?i ty of ci ra%um‘ erentially spaced 10 vertical struts 257
that define i PP OMEWSY ( her ebet ween, as shown in Figs.

After every wafer (or several wafers) have been processed in
10 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
15  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 ovérlying doped dielectric

20 layer 1008, preferably in an in situ process within chamber 15. During the
deposition of layer 1008, gate valve 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

25  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 muitichamber system to
which chamber 15 (where doped dielectric layer 1008 and capping layer 1030 were
deposited) is a part. As seen in Fig. 19E, dopants from the doped dielectric layer

30 1008 with overlying cap layer 1030 have diffused into semiconductor material 1004
to form ultra-shallow source and drain junctions 1020. The cap layer 1030 and

doped dielectric layer 1008 are then etched away as discussed above to provide



7A and 7B. Air gaps 259 facilitate insulation of the inner portion 253 of
l'i ner 250 fromthe outer chanber walls to increase wafer tenperature
uniformty (otherw se the outer edge of the wafer could cool down due
to the surroundi ng chanber wal l tenperature, which is cool relative
to the heater and wafer tenperature). In 16 addition, air gaps 259
provi de thickness to liner 250 so that it can bridge the gap bet ween
the outer champpeialleompleietiPEAY &rnggonkdlle apishow i Fig. t18€, ceadykiong or

th th | | 250. t. ti
Sbncor o e AR08 R B or il fnedul Be ke AR ai SRR oRos | O
with an air gagrezPfoms fomhm%m&hﬁkné@%ﬁwe@n 2bb8 11)052(70”& RSSped @ﬂﬂa

preferably about .9 to 1.1 inch with an air gap 259 thickness of
about 0.6 to GJSGiffiwief betwesmraboat 105Q0 Aced nesulpasuatwoamm depth ranging frem

channel a0 Sl Bont A B8 upE R gt o i Aceas R ‘o5 e sPABYFRERnDF i ses

a ceram c nat giN{@s. transistors.SUCh as al um num oxi de or al um num nitri de, to
shield the al um num outer portion 255 of |iner 250 from process gases
and the heat within pun’p@ﬁgpucmmnel‘ﬂw tragistor 1000 includes gate ele¢troden1002

| t ti nbqdi t .sh 2 i
ceran o porti dRizeuelstngeid S snd B8z vete & b BB oosrions A o
cover 261 for rfen@rhé® iPet @ WpefisemittRtindocharbigl 1603 usidy 4 BbSeedLREir ¥ ilm

out er portion 255 is réplaced with an air gap (not shown) between
ceram ¢ pltti dP0858ch as a PSnfilm lee an prsedis-doped smaterﬁasafumezsahsdnpaxy The

ol 980, L noul heset KoMl G LETRERRNH' S UE ke DS, 5 RoR miBHHS
bri dge the gapobginiepe hirerypbanhierate/sd 4 P WA fdiRRESH a%abstrate. 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
15 semiconductor material that ranges from between about 0.05 pm to about 0.1 pum,
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
junctions depending on the application.
Another example of a use of the present invention is forming an
20  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
25 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
a P type substrate or a P well formed in a substrate. A mask 1104 may be used to
define the channel stop region in the shallow trench isolation. Using process
30 recipes discussed in detail below, a doped dielectric layer 1106 is formed over
trench 1102 using mask 1104. Doped dielectric layer 1106 provides a source of

dopant atoms to diffuse and form a channel-stop doping region used to prevent a



40 B. Gas Distribution System
Referring to Figs. 2 and 6, outer lid assenbly 225 generally includes
alid or base plate 265, a coolant manifold (not shown), a clean gas

mani fol d 270 that includes conduit 47, gas m xing box 273 for m xing
and injecting process. 5 gas(es) and clegani ng gas(es) through inlet tube
43 to the processing chanber 15, and a gate valve 280 for

sel ecti vel y dctmlﬁu:ttblgtpantg frole forimng betdeen dpvicgseissegioadudtor gatkrial 1100. M xi ng
box 273. dlg e it shouL] be cle E}é understood that gate valve 280 is
optional, an EYRePateripl 1095 dapgs) ‘?13 gicclaperpbl Oggmayt Pea Slp as they Bl y

distri bute ﬁ%ﬁ@gﬁﬁg and/or process gases to box 273 without a gate

val ve. As sh gas m xi ng box 273, clean gas manifold 277
and gate val ve 280 are Bne:fmrﬁ:lnﬂnmg doped didlestietsdr 1e0@overktednced102,0hehe top
surface of base_plate 265. First and second gas passages 83 85 are
mount ed to t hSTEKE Of tigRCiHE 1 () ey bsedeangd, gf é&X 8#8 oxifleprgiasive oxXide th?fhmﬁl)hg box

273. Gas passag

90 of gas (see %sod t%é suc lg@@%%ﬁlea,gﬁé%%ﬁlrﬁé ﬁﬁuﬁ%ﬁ%ﬂ(ﬁ (r}gélg%§ '8l ean
gas, 15 or #hembtelptasmanformed heihg réacdve gharanjch s N@grmsrﬂxm&sedrbeww h a

m xing area 93 within box 273 for B‘dxm the gases prior to

delivering th H‘P&%@}ﬁ% 8iED gaie valye2§0 ds ppen to allow flyorine radipalitedinyy v

230. CLFH@ sses, CVWD
apparatus 10 S\rnoﬂ conduit 47f urt ﬁﬁ%lwrﬁc af‘gﬁs%éigsetﬁ‘f d{doi;ﬁl}dg{] 525%& shovvn)
housi ng d@s pdsségesn hte 26. tHeaRQ 25 'enhlnh&awafee tiogpedn sabwmdoﬁtofu pdsitual t age

RF power to t box wi t hout S. )
P I{:lor tge cleaning so that the %uorme 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
15 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
20 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
25  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
thereon is moved into the processing position and heated to high temperatures
(about 500-700°C) for deposition of layer 1106.
After deposition of doped dielectric layer 1106, the wafer remains in
30  chamber 15 for the drive-in step. Gate valve 280 remains closed, and heater 25 is
heated to a higher temperature (about 800°C). The heating occurs for a specified

time that depends on the desired junction depth needed for the diffusion.



_breakdown, and wi thout gas deposition in the gas distribution system A
descri ption of an exenpl ary gas feed-through box can be found in U S.
Pat ent No. 4,872,947 to Wang, the conpl ete disclosure of which is

i ncor porated herein by reference. As shown in Fig. 6A,
cl ean gas manifold 70 includes conduit 4768 or 25 recei ving gas(es) from
i nlet 290, and directing these gas(es) through a fluid passage 293
into gas m xiAltprivsively73he @afee mayl then B8Crahsfetred] esamanmalieg flrugre(arat raphdwn)

seated wt hi assage 293 for selectivel |l owi.ng Qr preventing the gases
from pgg'%f’ﬁg P?%FWF,“%%@#{E&)‘; Wi“ﬁ%’o‘%é%ulﬁ%“ﬁﬁr BEem)79 drddgt e val ve
280 may be ; ;act ' lien 2 My val ve
280 may be coSPYAT o bpedaRAEatEaRt 165 Btk il 1180 ool idefle .3

bel ow), gat e lay@r\id0@80used asanP itgper dopahodiffusion salidcodort the resubthng @Waaaialldwem

hr ough i GENERISL 6B TFAIB LLBrBeroNs ing e 415t RiraskdlovoFhanhel emesgion
52 o 1o IO L SR, PR plmppn s 10,
the top part of encl osukieratiffesibhyddped didlecayiptayat UH06LR, reinovdd bpmaui t 47
having an etching techniques or other removal technique from P type material 1100.
Preferably, the wafer remains in chamber 15 so that gate valve 280 may be opened
10 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 illustrate; the partially completed shallow trench
isolation structure after removal of doped dielectric layer 1106. As seen in Fig.
20D, trench 1102 is then filled with an oxide 1110 to form the shallow trench
15 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
ultra-shallow channel-stop region 1108, devices 1112 and 1114 separated by shallow
20  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
system. After the wafer is transferred from chamber 15, a chamber clean may be
25 performed using remote microwave plasma system 55 with resistively-heated heater
25 adjusted to a cleaning position and gate valve 280 being open, as already
described above in connection with Figs. 19A-E.
In an alternative embodiment, steps shown in Figs. 20F-20G are
performed after steps shown in Fig. 20A. After doped dielectric layer 1106 is
30  formed over trench 1102 and mask 1104 as seen in Fig. 20A, a capping layer 1110
such as USG is formed overlying doped dielectric layer 1106 in chamber 15 in an in

situ process. During the deposition of capping layer 1110, gate valve 280 is closed.



appropriate bend or curve fromthe top toward the side of chanber 15.
Conduit 47 5 of manifold 270 has an opening into a passage integrally
formed within a side wall 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 equi pped W tRgan internal |iner 291 that
serves to protect the inner surfaces of the passage in encl osure

assenbl y 200 Thenmbeaubssiton watdah el ng chamBRr i5eror uesht A8%e IR dCatSsid) |
entering froman applicator tube 292. Liner 291 al so prevents recombl hat i on

of r adi ekfiepanis frea capeasn dgpes! dicleetis lgyerek! Ofrintoi samicpddueer inatepial

Gabes’ in appl TR AL st nve B PR 28, Anorgivebaie een e romasain
magnet ron i n plofs efnthes 18 fobBanstti 6l Mnealin m%%\g@'a} RARPUR all R6ads§d toward
y .

the bottom of chanber 15 in enclosure assent% z The 1'ocat1 on of
syst em 557at 936top dpreaTRY wihim et multichamberisybtem) o diffusiom bfidopants fromf

hanb f T | eani irs, N
partioul ar, - canBel e e BN RP TF06. S RGn R8SateF Risserat 1 TDG ap afpussed
preventive naabgverfon®eg. 20B. ASkQANNIEE. 26GEaS A FGHH e &(‘gﬂ?ﬁ%iél?&;ric layer

bottom nounted renote m crowave plasma __'system 55 I's not cat
top of the |i§16fF withswedying cap layrf 4t Uhvbans ¢iffasadain®R0semicadattermiterias 1100

di d i | | ow. .As_sh ' igs. 3 d 4, inlet
tube 43 pref el TarnALy SRS REE100 oo et M shimipes ficss
gases i ntlo outgasshgn&edop&ﬁtg ggﬂfdrdaﬂoﬁtﬂcﬁkd dReIEeHi@ fayBASHRY fhettfy feBultin

conmmuni cation with passage . i for directing’cleaning gases i n%ént he
chanber. more dopants diffusing dywa igteche substrate matetial 1¥#90c A ferythb diffesserened

to the top or_gsi sur.f fonbase pl.ate 265, receive ol ant f]uid,
such as vvgters%é (iis:pé-?g,rénoep‘ &é‘f 3’%’6%80 lgﬁ??(&&r ﬁmgbmetcﬁg?%éﬁli‘ie@ﬁaw The
coolant is di glefdchit) Reler 1108 hiletheA@tched away usindBenbR! HickdWALPlash SRR ar

cool ant channel 93 (Figs. 4 and 5) in base plate 265 to convectively

and conduct i véP yithetaprepriateetchans eherhistry to @Bovidel partielly corppleted tshaltdw trench
15 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
operating the plasma system 55 with gate valve 280 opened.
For shallow trench isolation between NMOS transistors in a P type
20 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
silicate glass film. For smaller device geometries such as less than 0.35 um having
a trench 1102 with a depth of about 0.5 um, channel stop region 1108 of about 0.1
25  um junction depth may be formed using a BSG film 1106 about 200 A thick and a
USG capping about 200 A thick, according to preferred embodiments of the present
invention.
It should be understood that simplified integrated circuit 900 is for
illustrative purposes only. One of ordinary skill in the art could implement the
30 present method for fabrication of other integrated circuits such as microprocessors,
application specific integrated circuits (ASICS), memory devices, and the like.
Further, the present invention may be applied to PMOS, NMOS, CMOS, bipolar,



inner lid assenbly 230 during processing (discussed in further detai

bel ow). 30 As shown in Figs. 2 and 5, inner lid assenbly
230 general ly includes base plate 265, a bl ocker or gas dispersion
pl ate 301 and a showerhead or gas distribution plate 20 for

di spersing process and cl ean gases into clygnber 15.

42 Plates 301, 20 are preferably forned froma process-conpatibl e
mat eri al that of §iCMOS decyiaqmbIA%thmhglvmrthssmndivrwui‘deghamquom dn® upraocesses.
For exanpl e, nprise a ceranic material such as

3
al um num oxi déh aﬁfﬁ}?ﬁdéﬂiﬁ“m%npaéaﬂom are @&F‘F@fe Bovs, HistRIFsens inypntipn also
al um num or '&%eﬁ'xﬁ‘%@ﬁﬂﬁlf LR AR an | Zegaﬁ sﬁfo@?dorﬁid reg1§9 45 dt.%?red

COI’TpI’I Se a mat , SucC num or ano

gas deposi ti oTherpréshrt inverftisaassoahaypbaussl 29 forrRidg uhdolﬁedpmiddsmlslv@dﬂ a/s
preferred enbaqdi nent, gas di spersion plate 301 conprises anodi zed
al uni num and ggeed oxides fQF yse FHYATIONR layieas B Desad cireikdetiers MghidingaBMD,

di stribution q@wgrﬁ%égdr@ﬁe&sd ascene g%lgt es 301, 20 are each directly

fastened to a ate o ase e 265. 10 Preferably, gas
di stribution and di sper ﬁxmphba%&r%&anﬂ@l depasitid, iaxe dhimbdr @lehing

surface of base plat ? 265 with a plurality of  threaded mpunting screws 303,
305, processes or in situ or individual operation within chamber 15 are further described
below, in accordance to various embodiments of the present invention.
10
B. Cleaning Native Oxides Prior to Deposition
In accordance with a specific embodiment of the present invention,
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
15 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
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
20  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.
In a specific embodiment, chamber 15 is maintained at the deposition
temperature, a temperature ranging between about 300-650°C, and preferably at
25  about 550-600°C, for the entire cleaning process. Chamber 15 is maintained at a
pressure ranging between about 1-2 torr, preferably at about 1.5 torr, while
maintaining the temperature. Heater 25 is moved to a position about 600 mil from
gas distribution plate 20, while gate valve 280 is opened and the clean gas NF; is
introduced into applicator tube 292 at a rate of about 600 sccm. The clean gas is
30  introduced into applicator tube 292 and the pressure is permitted to stabilize for
about 3 seconds before microwave energy is applied to the NF; in applicator tube

292. Microwave power of between about 500-2500 Watts, preferably between



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 15 exchange

t her ebet ween (di scussed in greater detail7bel ow). The mounting screws

303, 305 conprise pr s-caonpati ble material, such _an nickel,
Hast el oy[err ]’J‘I,i’Out I&O-ﬁ%ﬁgg{s@ﬁﬂm Fragpeigon ikl operating in CW mode is then applied

Referring to g . g ' ' i ' tantially
flat plate 31f§f Egﬁtﬁgﬁg%c%%séﬁﬁd}g%{éwg% a\?mgttﬁh%hgﬁeégglﬁ?{‘% g?)#%ﬁ’oms 315 for
recei ving 20 throughuln wagegaiiceind opfiniting gyashde eargagpiitatdr robe 292etheéquphact
surface of plate 20 with | ower surface_of base plate 265. Base plate

265 i ncl udes 8% “aodasy. a3 sitsrssed abaed- BV lamp 731 igpefes Higireagsive gse§da

di stri but4 on Sy - of 0, :
chanber 317 (Bpatfortiog 2871 2 bl:aiR " Wit A5 izRior iR b Ehyiformys
process gas energy éféringy applicitbr mibgl292 aplthy @lidow. of THeaadidals tfdnb tel \idtrbahes

315 onto a sem conductor 25 ~ wafer. Alternatively, gas distribution plate
20 may conpriMes®a frewd dmaprlisaige fkea292 are outpintto SleBiimjo indari2?g. Ahsandicals| y

di sposed cavi | ' |,
The size and %ér(vg g%{el#gﬁ}eq}éﬁ‘eaé%gsgg? ﬁ%#%ﬁ%ﬂl%%sg%ﬁgsz@lg’ %%W?\“k \‘;'?irof; clean
dependi ng on misifgid Qee stxoaginthecipeniddsgite valve@80aandiplotoutdintiat passaded29mmy be

30 uniformy spaced to g)rovi e a uniformdistribution of gases onto the
waf er. Ot heto enter chagbereld pacheleampative axades iy theewafsh- Hsed slean gasisaetadtsand

arranged, if %%;@;q%%rersnﬂﬁég%g then ?xha{i%?c)i/ W!J!n !)f mekMSW%eaopgh%&ﬁei n the

range of abou prefera
valve. The present description is for chamber 15 which has a total volume of about

[oV)

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

15 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,
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

20  where fluorine species are not rapidly removad, 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,
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

25  much as the optimal chamber pressure. When different applicator tubes are used
with different flow rates, the optimal chamber pressure will vary. Of course, any
pressure may be used when applicator tube 292 is used without microwaves being
applied.

Since the plasma is formed upstream of the wafer, only the reactive

30 fluorine radicals in the plasma are able to reach the wafer to clean the native oxides
from the wafer. As mentioned above, the cleaning step preferably is done for about

5-10 seconds for a typical native oxide of thickness of about 90 A. The above



43 the range of about 10-50 m . Preferably, gas distribution holes

315 are designed to pronote uniformty of deposition on the

sem conductor wafer. The holes (as well as the mani fold tenperature,
di scussed above) are al so designed to avoid the formati on of deposits
on the manifold outer (botton) surface an® in particular, to 5 pr event

t he depositiop of soft deposits on that surface which could flake off and
drop onto thé& e\ﬂ/&’f“@rswc?u"r‘&??@ N3HYF aritey atd meeeEaAbRYt 2| pmbninyiee nPf equyse, the
enbodi nent, : ; ' i c.rings of
hol es 315. Ttrtléggldfuglte gﬁ&{&%&@ééﬁy dkﬁengg%ggjr]%ceg\@e% é\%@g?’?ﬁqﬁgf# 8%}(%% e
spaci ngs) ar eleapgt off itmawefey. &¥itiakremats dnicttavdvelptasima-syses 55 of pres&paci ng
within each ring is approximtely equal. A nore conplete description of a
10  sui t abl eN¥EYIQRGRAHYAOX{dSS OF REICH Q¥1dgs FayiusRichisd and pdasmasdagage ito thed i n
comonly 5 wafePRShAREY U S Patent No. 4,872,947 to Wang, the conplete
di scl osure of mﬁlch as previ ously been incorporated by reference.
Gas di spersion plate 301Altisoughgienstionk |wafer cleatlifg pebiceds 3aditioRehedi ng a
plurality of gas dispersion holes 325 for dispersing the gas therethrough
into the 15 cXe@plgh&r the presentampbodimneiepthen cenditians maayodlso Ba esedndThas

di stribution ; . | Y~d . second,
i nner stand- (?? F %%gs%ﬂgtrxons%xg%uls%gaﬁﬁs,%&Eﬁi %Saglr%{a?ﬁ?%ﬁgtagﬁg?lwg%n@%e pl at e
265 and for alyktemi avgilgts fpas Applied Macupls fiaakfor 200-mmphate, 2680 tige di sper se

into a c?)anber 320 ése,e, Fig. 4). forned between stand-off 318 and
pl ate 300 A@EPHSOFRASIPN c%é‘"srlpﬂlio%é?lgi"’on}lﬁwa‘(f’é’ gter HHYTiRR-¢QNRHNIAZ A8cess ( not

chlorine-containing gases, such as NF; and N,, NF; and argon, NF; and O,, a dilute

F,, CF,, CFs, CFg, SFg or Cly, etc., may be used as well.

C. Exemplary Silicate Glass Depositions

15 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 othef layers may be formed using any of several different processes. The
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

20 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
processes may be performed in CVD apparatus 10, which is a closed, single-wafer,
SACVD system in preferred embodiments.

25 CVD apparatus 10 also may be adapted with different and/or
additional input gas supply sources to deposit BPSG, arsenic doped silicate glass
(AsSG), or other dielectric layers as well. Of course, those of ordinary skill in the
art will understand that other process recipes and other reaction systems like plasma
enhanced CVD (PECVD) may also be used to deposit the dielectric films.

30 Examples of boron sources include TEB, trimethylborate (TMB), diborane (B,Hy),
and other similar compounds. Examples of phosphorus sources include
triethylphosphate (TEPQO), triethylphosphite (TEP}), trimethylphosphate (TMOP),



20 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 nmay be included in preferred enbodi nents of the
i nventi on. However, the process gases may T passed directly from

base plate 265 into chanber 317 of gas distribution plate 20, in other 25
enbodi ments. trimethylphosphite (TMP), andothesunilsrcomppyndy; khedditionntosBS@lait e 265

or ocess gas( oG BV E Ges gpicsF o R iffrd AR (ASERIRHEEC

inner |id assefpbsited IQingOfdrhkamBleNarajied thlirte itht dhearfer@e eGApdIGd or an
chanber. In RF plasm processes, inner |lid assenbly 230 will al so include

an 30 i sol atagsenimgas dikusdnin argen, aslesemples.alBxpmipiesuafailicontspercen inebide | i d
(1 om 8 0uns e 50, RSSO IRON RO S s P01
'42 descri bid8;g3,g%fi§r%“§ﬁsﬁﬁﬁerﬁit@% eatoc?i]ic olxygen (O),for \At/}rlf lilﬁe.hln the desc_:riptiolns below,
i ncor por at ea b@éw rates fqrelfqg?démeqes are:S gro?/?duerdeinomilligrlax%s pen(tjl ?nixrl)\{tg \(/rln(g)rlis u)l/hil?eegeag
flow rates are provided in standard cubic centimeters per minute (sccm). In these
descriptions, liquid sources are vaporized using a Precision Liquid Injection System,
10 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
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
15 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
layer with high aspect ratio gap-fill, low shrinkage, low metal contamination, and

low fluorine incorporation.

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

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
25 layer formed as a doped dielectrie layer used as a dopant diffusion source could
similarly be formed using the recipe below and appropriately substituting the dopant
source gas employed.
The exemplary BSG bulk film is deposited by heating the wafer and
heater 25 to a temperature of between about 200-650°C, preferably to a temperature
30 within the range of about 400-650°C and most preferably to about 500°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.



As shown in Fig. 8, base plate 265 has a | ower surface 321 that
defines an annul ar punping channel 40 for exhausting the deposition gases 5
(di scussed 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 m xed process gases ¥4om gas m xi ng box 273. Hole 327
Is also in comrunication with recess 311 of gas dispersion plate 301

for di sper siBrgferabdy othe paespure ds pragntaingd within the rangehof dwus480-68swrphnat e 265

furth defi t. 93 .havi i.nl et 331 10. tlet
555 coup! ed TON PREERDb iy REJLATR 2ot bOGGHE . et 2307 ahtuondd ghodt *''
t hrough portﬂsm%m&mrﬁ&ﬁ%al a&rmﬁ@ﬂ@vﬁsub\éﬁhx? ﬁfb‘i’éré&?%ﬁi_ti%é& hins 28H plate

265. Pref erably, coolant passage 93 is formed Wthin portions of base
pl ate 265 t hmil frone plate 20. rel atively close to nounting screws 303, 305. This

facilitates conductive,coolin . . thr h contact surfac f di spersion
and di s?ﬁi bution pl at €8 PERFESS g:@s ’&ﬁ@d}r’@wﬁ%\% the gqy!rcfea%tzbog%, ﬁﬁoga?é E)Fat e
265. A nore Gargal & &ides Ghd B, 1a9n %%Eec%%ﬂ@x‘c@ro\f oAGSdrBR Formed. Bf:ilag éfq‘ﬁ?&s‘?‘nt

passage 93 can be found in comonly assigned, cO-pending app t1on
Serial No. Oh¢GEB 80P TEOS sedroéprard vapdrizddend (hantcombinedDeitken indot carfidel) , the

conpl ete discl osure of  whi i.s iphcorporated herejn by . reference, and in
Comonly B4 sk g ReRAy dhepiRuitar PO S99 OY BVARE ALt o
di scl osure Oﬁas‘_’mb&%k BRRnP 93, WRER PO YerPReN cofir? 0P A QemP b relceignce.

Referring to Fig. 5, "base plate 265 fur% her defines an annul ar recess

343 sur 10undiiqgd dstnéduatd.hdhe fIdY7raznof TRBas batween abput34B5 ) mpgmsdapendinfi n

recess 343 fastened to base plate 265 a%Oé cool ant, gassage 93.
Preferably, @mHIf 3gsired gopans concentrations, while ghe LE grﬂcrw 1% ASPEWEsN BRAK pl at e

265 to proviger fndd gﬁzﬂ 2 fegtryel v
preventi ng c%@? g(r)](?d ﬁlggkag r]p ?gﬁl%ggégéﬁg@égénwﬁe \{@P?&@d’?‘E@gcagng’il‘%%r ation,
passage 93 i gastothendare aliréd with\a Ielliosecdrieggss flidwing iabutraterofdetveen 3000-

di spersion plates 20, 301. In additjon, passage 93 is fabricated by formng
a groove 6000 sccm, preferably at a rate of about 4000 sccm. Oxygen in the form of O is

15 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
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

20  film.

The above conditions can result in a BSG film depoéited at a rate of
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

25  thickness of the BSG film deposited may thus be easily controlled. Preferably, the
wt % of boron in the resulting BSG film ranges between about 2-8 wt % and

preferably is about 6 wt %.

2. Exemplary PSG Film Deposition
30 As merely 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 bé varied depending on the particular use for and desired



i n the upper surface of base plate 265, thereby decreasing the cost and

conpl exity of manufacturing plate. 30 Referring now
to Figs. 6B and 6C, an alternative enbodi nent of inner |id assenbly
230" will now be described. Simlar to the previous enbodi nent, lid
assenbly 230" includes a base plate 265,79 gas dispersion plate 301

45 and a gas distribution plate 20 for dispersing process and clean
gases into GQHAFRKIof the PSG]1§yer| ro@,g{d UbpNdicRASR 1R R4 ﬁeg@é P’S@ e $n be
annul ar cool’ant channel receiving a coolant Iiquid, ch as

wat er, to castd mEMQ)laeztEs I%Bmgwﬁmlhm retipesr to the reciprobgiowemti sappfOpIrladaly
assenbly 230'. In.this enbod| nent e 265 further 5 I ncl udes an
addi ti onal éH?ﬁﬁﬁ“&fngftbﬁfiapﬂﬁ(gH’fé’Irc%éﬁs eesiteng‘?yﬁﬂ around central hole 295
above gas di spersion pﬂkﬁte?(el%gljarf pEcEMAR 3N RUePSAEd tﬂzaa,g%etm%% fePOn@’ base

pl ate 265 i mmedi at el y above gas di spersion an gas stribution holes
325, 3153  heater 25 to a temperature of heterech mUoméEl@rﬁiDy’CZ@fEfemmgltudaetmqaerﬂtlmreal ity

265 And gas WRBRERTABRe Br sbee R PG hnd R GO NARGOPU S Byde |
passages 51Q,aff6lindtiOWRlpet e TaAEC trbihbhiitd de{a@éﬂlon. 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
10  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
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
15  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
TEPOQ 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
20 véporized 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.
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
25  gas 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 result in a PSG film deposited at a rate of about
1780 A/minute. By controlling the deposition time, the thickness of the PSG film
deposited may thus be easily controlled. Preferably, the wt % of phosphorus in the
30  resulting PSG film ranges between about 2-8 wt % and preferably is about 4 wt %.

3. Exemplary BPSG Film Deposition




than gas dispersion and gas distribution holes 325, 315. Accordingly, a

| ar ge portion of the gas flowng into chanber 320 will pass through
bypass passages 520 directly into the vacuum chanber 15. In an
exenpl ary enbodi nent,, bypass passages 510 are preferably spaced
circunferentially around base plate 265 tjg 15 uniformy deliver gases
into the chanber 15 (see Fig. 6E). In a preferred use of this

enbodi ment, cl eani ng gAs eferelyWdhexamph¥;[tBé BPSGPRISS dépdsRiot asipe Hesh#fdeand
t hr ough gas di sa(%ery on and %as di stribution holes 325, 315

respect i vel ybelpw isgapabieoef, fogming a BPSEx filno thab maythe usefudas aPdBskeyenadf

t hrough bypass._passages 510 direct I nt.0 chamber 15 to facilitate
e dal i vor yeaoe HEE el ey O 28084 Hepdltfhe oniop FRATLRG use Tor dnd &iren' ¢ | |
this enbodi NGiHlitiey 3P eHe BRSGY4jerOn apparatus 10 will preferably

I nclude a control system such as a valve coupled to a controller (not

shown) fbr pr evéhe exemplory BPSGaugk filmhis Beposied) by heatingfthowalersaidg

t hrough bypass ges 510. For .exa rin rocessin it is
Lyp ool 1y eleiBars Ao tomerispiscelshery Lot 100 0o . prp i 5 g deferabire

di stributionyamsh fheS éb%oﬂf’hﬁ%sﬁfﬂ artd thok ﬂéfh‘ritﬂ{"i‘é gmﬁh%@@ﬁé?aﬂd‘t 0 25
the wafer. Thus, the lve will be closed to prevent the process gases from
passi ng maidthinmgghishtymparatusa sagg dhronghout \the deptosion h Witk rgatesvalve aked,

e val ve L BE coampe 190 BRSG L S BRle eht Bhh SEShe ACHAA G,
bk 12 o) SAThRBLR. Skl SRR oo 150 . e o
al so be del i werseprefdrablyghishypintasnedaat aboets2(81t0rT. | Healers15 &dpositioned about
C. The EXhaui%O-%%atrgﬁnfrom 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
15 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
by 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
20  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
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
25  of about 6000 sccm. Oxygen in the form of O, is introduced at a flow rate of
between about 2000-5000 sccm and is preferably introduced at a flow rate of about
4000 sccm. The ozone mixture contains between about 5-16 wt % oxygen. The
gas mixture is introduced into chamber 15 from gas distribution plate 20 to supply
reactive gases to the substrate surface where heat-induced chemical reactions take
30  place to produce the desired film.
The above conditions result in a BPSG film deposited at a rate of

between 3500-5500 A/minute. By controlling the deposition time, the thickness of



46 Referring to Figs. 2-4, a punp (not shown)

di sposed exterior to CVD apparatus 10 provi des vacuum pressure to
draw both the process and purge gases, as well as residues, out of
chanber 15 and through annul ar punpi ng channel 40, where they are

di scharged from apparatus 10 al ong a di sefarge conduit 60. As 5 shown in
Fig. 8, the deposition and clean gases are exhausted radially outward over

t he waf er Wﬁﬁmﬁﬂmadeﬁgyi&d%ﬁé}) tHul bR el i1 P BoritdMieh 2rTHe! ﬁ&mﬁﬂg‘l@@@@m@' ce

355 surroundi ng the chanber 15 and i nto punpi ng channel
annul ar sl ot hashaperdn concentragipn fléved oBb'awanm 2ehwn feland @ mnosphmrrm‘ erably

defined by the betme t.he top chanber's cyllndrlcal si de
wal | 17 (i ncF‘?RPgﬁga F‘H‘n’@ W%?Fnz%g °t he chanber |iner 250, see
Figs. 3 and 4) and the-ig Qs

channel 40, the gases fT?i %@ﬁcunﬁ?@nﬁ@%%@%ﬁ%ﬂéﬁe&% ghxgv\tnb\e by
arrows 5 b&low) USdemwsmsgshoaldjmmmmmodtxsiexedﬂmdnggo dgesclpiassaBer 361, past

a vacuum shut of f val ve 363 (whose bod Preferablfé’@l ntegrated with
the | ower chswlebgaygreseghawemon lslarlﬁocap@ils %ﬁcg@ iehaxide fRms Wapeth Wabnnect s

to an exter n%h%%ﬁg@m F}ag(eéj% @ﬁm% g’e‘rl‘uc As another exe}mgle ﬁ’lntf%\p%taiu\ég Ly,

CVD appar at us a séparat’e punp ot~ shown
having a pl udiscidsyd Qﬁompﬁy)f(ﬁ& tHanibeel bﬁﬁ'ﬁteh)fopmmum oafes Phaaess differ

ChamDer 15 W ertding on the type of Size of the chamber used. ORE of ordinzy Sell i the art. ©
10  can also use other chemicals, chamber parameters, and conditions to produce
similar films.

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

15  control dopant diffusion from these doped dielectric films into the semiconductor
material were investigated. Each method described may be performed on a doped
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 (o.r PSG) film, the methods

20  are equally applicable to any doped silicon oxide film.

4. Exemplary USG Film Depositions
a. Oxide Filling Material Or Insulating Layer
According to one embodiment of the present invention, an undoped
25 silicate glass (USG) layer can be deposited in CVD apparatus 10 for use, for
example, as an oxide filling material for filling a shallow trench used for shallow
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 sufvive annealing at temperatures
30  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



circunferentially spaced around the central opening of the chanber to

facilitate the uni form di scharge of process gas through the holes. To
accomopdate the relative 20 positions of inlets and outlets, gas hol es
may extend in a radially outward direction frominlets to outlets

rel ative to central opening. This radial 78rientation of holes al so
contributes to a substantially uniformdischarge of the process and purge
gases e ebliead8beliiny. edsoderasendnesnshemucal mogsdamir potivainp dCMB). A nore
conpl ete

descripti f . this type.of I.n I can be found in
comonl y assﬂlﬁnﬁgg"%oc?- &%&R °§’8Pﬁ gr@ %%pﬁ@sa?ﬂio%ggﬁﬁg? Q}eaﬁgG 08/ 606, 880, filed
February 26, 1996 (AttDHeifer and hedldOCEShrd\NReatdl/B)a tehl}RrAeMaPY RhiA tHe $Hlgesur e
of which is incorporated herein by ref erence.

Ref erring t offbgst 200-63 (3 bua prefesablyabatwedst gbout APGHH0 &C varid/Bes yaaintajned

369 includes I.sol ation..val ve 1 and.a throttle.val ve .37 | sposed al on
30 di SEhar s B EanE e Rustrn ‘%@%‘ﬁ%“-f Hsiier 256 BPSIRRE it t hr ough ’
punpi ng chamsel400 mil avHy: fra_rﬁega@rd@s?ﬁWt%nViﬂlﬁtQ'2@85‘?1'8(}%2%?&%)9 aC P850 kRill S

nonitored w th capacitance manoneters 381, (see Fig. 2) and
control | ed bWithogaya wajve B8O tlased,che peesspe tin ehathber 15 is maintained at a level of

ar between about 10-760 torr, preferably about 600 torr.
A process gas comprising oxygen and silicon sources is introduced
10 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
sources such as O,, H,0, N,O, microwave-generated atomic oxygen, and similar
sources and mixtures of the same also can be employed. When TEOS is used as a
15 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 1s preferably between about 2-6:1.
The optimal total flow of the gaseous reactants will vary according
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
20  of between about 500-2500 mgm and is preferably introduced at = flow rate of about
2000 mgm. O, (between about 5-16 wt % oxygen) is introduced at a flow rate of
between about 2000-10000 sccm, preferably about 5000 scem. Helium or 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
25  the deposition chamber will vary between about 5000-20000 sccm, preferably about
15000 sccm. Under the above conditions, deposition rates of about 1450 A/minute
or greater are attainable. The flow values above are for a 200-mm wafer chamber

and will vary depending on size of chamber used and size of wafer.

30 b. Capping Laver

According to another embodiment of the present invention, the

deposited BSG (or PSG) layer may be capped with a thin, separate USG layer. The



area of conduit 60 with throttle valve 373. Preferably, processor 50
receives from manonet ers 381, 383 signals that indicate the chanber
pressure. Processor 50 conpares the nmeasured pressure value with
set-point pressure val ues entered by operators (not shown), and
determ nes the necessary adjustnent of tAPottle valve 5 333 that is
required to naintain the desired pressure within chanber 15. Processor
50 rel ays arU%@JCGBmlﬁﬁMyeé|1-‘gﬁétlabl€tfplﬁué1ﬁt gogsonfit rreadilyrabged meoisgurelr i Rhas mbieor

(not ottle valve 373 t ting
cor r espondi Z‘E P%lélg 15 3 Vé Spaof%c{roﬁkﬁoé’écs PHELacg O foP Ogﬁﬁ? %ﬁp(eo{ ﬁ%g{)t l e
val ves for qﬁpervmwprw@wmssaﬂ& pré¥eeiinl B8 ambient fAINE bEIRE GAbsABEY iflo @MONl Yy
assi gned, co-pendi n I ication Serial No. 08/672,891 10 entitled

"1 npr oved é@uB %tﬁm@gnﬂ@ﬁc GenUS6l cappimgHryRres @ tekusintlgrdense film
Pressur e/
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t he vacuum punp to mnimze the reduction of chanber pressure dueto the 15

punpi ng act |@wmﬁarﬂhetopherpﬁmlcsnd\atoranatemlve%mmn tho Jé$G enpping bayehr somtd e

val ve 373, mﬁ\%ax | so be u to ca(%llbratetF}Ba mass f ow controllers
(not shown) o nt atoms, ;3 upgvard gway from, c%ggcé%“ UFfq AT fopant s
are vapori Ze&hru%ﬁ'xetshﬁféqgéﬂt'aﬁﬁéa?@r rapid thdrifaPpRICEGE B FEEe o &lppig Wi th
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rate of 19 he lgaer mmbrqm ® tdmpahm the diffusien aridhiib gunctidn @pth Ty biShglayer
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t | 71 t th
fLow G i Sened,in & gt ProRasie st o BsnS o EbbRer, 0%
(E)hag:{ er1/5L| Ifﬁgl' Agfse(raablY is dGHe! ds! dnAh&Prul\frbcesin BRARBe? 15 where deposition of the

BSG (or PSG) layer also occurred. Of course, many processes for forming a
capping layer are possible.

15 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
underlying doped dielectric layer.

The wafer and heater 25 are heated to a temperature within the range

20  of about 200-600°C, but preferably about 560°C, and then maintained at this
temperature throughout the deposition. Heater 25 is positioned about 250-350 mit
away from gas distribution plate 20 and preferably at about 300 mil. With gate
valve 280 closed, the pressure in chamber 15 is maintained at a level of between
about 50-760 torr, and is preferably at a pressure of between about 200-600 torr,

25 most preferably about 400 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 silane, TMCT or similar sources, and other

30 oxygen sources such as O,, H,O, N,O 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



25 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 outset, it should be

noted that heater/lift assenbly 30 nay b8 nodified for use, or
directly placed into, a variety of processing chanbers other than the
exenpl ary 3Q-17: BASUDs prefetably bdweern kmmht dn@ 1shown herein. For exanpl e,

heater/lift assenbly 40 us in a simlar CVD chanber .that
generates plasma with @eﬁptma%¥algﬁé¥ B%egaﬁ?ﬁ)dérr?a%a%f’vé]l Ve RIS
chamber, or 9tiefe RN 8N & thBBposition chamber, The gas flow also can be

48 conventional” sem conduct or processi ng chanbers.
Ref erri ng t ovafiedjso cOntavldhd 8epdsemnemntel | Typiaabe MEQS Fingedecedl dtya flow rate

i ncl udes. a resistively-h waf er suppor destal or heater 25 attached
to upper © betytgen 2t g@(ﬁ@g‘?ﬂ gt S ngftf{a%gggztr upedk 3¢ 3 (B 36!

ci rcunscri bi 1 9 r 5 and a
drive assenb 9"%8&%% 1%2?@a®??' ngﬁhleé‘%?ﬁle%q%q%ﬁ%gf%grs%?) s%haf ts 200,
201 and | i f tinfrodieed QR avilgvinkne ohdadeeen 1bout 29000419006 seudh,i preferably abledtal000

bel ow, heater 25 (and the wafer supported thereon) can, be controll ably
moved 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 scem. Usually, the total
10 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
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
15 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
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

20  thickness can be employed depending on ihe specific application and device
geometry size. Depending on the application and gap sizes in which the deposited
film is used, it may be preferable, although not essential, that the capping and
doped dielectric layers be relatively thin. For thin layers, the time to deposit and
the time to etch away are reduced compared to thicker layers. The USG capping

25 layer is deposited, and both the USG layer and the doped dielectric layer are etched
back. It is also recognized that different capping layers such as other similar stable
oxide films may be utilized to cap the doped dielectric layer. Further, the USG cap
layer may be formed over doped dielectric films deposited by APCVD, PECVD, or
LPCVD, in place of SACVD. As discussed above, use of chamber 15 for in situ

30  performance of multiple process steps is most preferred, with use of a multichamber

system in which vacuum is not broken during transfer of substrates between various



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
processing position beneath 10 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 $éd perimeter fl ange 405 so

that the wafer is accurately |ocated during processing. Wafer support
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15 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
USG cap which prevents occurrence of the previously described moisture absorption

20  and outgassing phenomenon.

The in situ deposition of the USG cap formed on the doped dielectric
layer results in improved stability and immunity to moisture absorption, and
contributes to improved control of the diffusion that forms ultra-shallow doped
regions.

25 Instead of or in addition to the use of a USG capping laver, a plasma
treatment of the doped dielectric layer also may be used to reduce moisture
absorption and improve stability in the doped dielectric layer. In those
embodiments equipped with a RF plasma system, this plasma densification treatment
may be used where plasma damage to the device is not a significant concern. In

30 soxﬁe embodiments, the deposition at temperatures greater than about 500°C may be
sufficient to provide a dense dielectric film. The improved stability of the plasma-

treated doped dielectric layer contributes to improved control of the diffusion that



49 contam nation in the processed wafer, resulting in nore reliable

devices. In addition, alumnumtends to react with the fluorine
cont ai ni ng conpounds typically used in cleaning gases to forma | ayer
of an al um num fl uoride conpound that na eventual ly buil d-up and

flake off into the chamber or onto the wd#er, resulting in 5
contam nation (discussed in further detail below). Constructing the heater
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The plasma serves to passivate the surface of the doped dielectric layer, which may
10 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-shaliow

junctions.

15 D. Heating Processes For In Situ Deposition And/Or For Reflow
CVD apparatus 10 has high temperature capabilities aliowing an in

situ heating step following a deposition process on the same wafer for a two-step
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

20 - PMD layer formed over high aspect ratio transistors or isolation trenches an
undoped or doped dielectric film, such as PSG, often requires planarization which is
important in forming integrated. circuit devices. Planarization of a doped dielectric
layer may be performed by reflowing the layer at high temperatures. Performing
reflow also contributes to improving gap-fill of the deposited film, especially for

25  high aspect ratio features on the wafer. Of course, heating steps for other purposes
and applications also may be performed in CVD apparatus 10. The following
heating procedure discussed below serves merely as an exemplary heating step
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.

30 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



the heater 25 are substantially parallel during processing.
Referring to Figs. 4, 9 and 13, lift 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
processi ng chanber 15. 20 Lift tube 3983usually conprises an al um num
shaft 418, an annular strike plate 420 resting on the upper surface
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extend domWMer, for a multiple-step deposition/reflow process, the temperature may be

10  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
particular application being performed and on the particular layer being formed.

According to another specific embodiment, a one-step

15  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
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

20  750-850°C, in chamber 15, for simultaneous deposition and reflow processing to
occur. Of course, the time and temperature for the deposition/reflow step may
differ depending on the particular layer being formed.

As discussed above, keeping the wafer within the same chamber 15
for multiple in situ processes prevents exposure of the wafer to the environment,

25  where moisture may be absorbed, and contamination by impurities. Further,
deposition of dielectric films at temperatures greater than about 550°C can provide
dense and high quality films which do not form voids when heated. Deposition of
the deposited films at these temperatures also reduces shrinkage.

30 E. Chamber Cléaning/Seasoning /Gettering Processes
After the processing step or multiple processing steps, such as the

exemplary steps discussed above, have been performed on the wafer in chamber 15,



50 bel ow heater 25 so that strike plate 420 may engage fingers 430

and lift them above the upper surface of heater 25 for |oading and
unl oadi ng wafers. Lift fingers 430 are preferably made of a ceramc
material, such as al um num oxi de, and generally have a doubl e

truncated cone shaped head (not shown) Th&4four lift finger guide 5
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heat er 25 andcleanisg prdvedure adiscassed below may be performed after processing of every
wafer or every several wafers.

15 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
F atoms into chamber 15. Using a fluorine chemistry with remote microwave
plasma system 55 of the present invention advantageously has low kinetic energy

20 and does not have physical sputtering effects or formation of charging species in the
subsequently deposited film, compared to in situ plasma processes. Furthermore,
consistent with environmental requirements to reduce global warming effects, the
use of NF; does not generate any long-lived perflouro-carbon (PFC) products.

To ensure the best clean efficiency, the F flux as well as its cleaning

25 uniformity should be optimized. At a certain NF, gas flow, there is a threshold
microwave power setting, above which the generation of F atoms are compensated
by their recombination. Fig. 21 shows the relationship between NF, flow and
microwave saturation power that gives the highest clean rate without any excessive
hardware costs, in accordance with a specific embodiment of the present invention.

30 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



electrical connections to the heater coil assenbly 440 within a hollow core
445 25 (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 wl| be fabricated from
di ffusi on-bonded al um num nitride, which ® events deposition onto, as
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* In an exemplary chamber cleaning process, chamber 15 is maintained

10 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
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

15  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.
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.

20 Then, pressure and clean gas flow are optimally stabilized before the
clean is performed. During the pre-clean stabilization step, chamber 15 optimally
should be maintained at pressure levels, which are also used during the clean step,
where fluorine species are not rapidly removed and recombination does not occur.

In the pre-clean stabilization step, chamber 15 is brought to a pressure between

25  about 1-2 torr, preferably about 1.5 torr, with gate valve 280 is open. With
chamber 15 maintained at pressures lower than about 1-2 torr, rapid removal of
fluorine species occurred, resulting in poor chamber cleaning results. At chamber
pressures higher than about 1-2 torr, recombination may occur due to collision
losses, as well as causing overheating and damage to applicator tube 292. Heater

30 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



pressure mnimzes arcing fromthe RF power source through hollow core 445
to power | eads or the alum numshaft. This arcing that m ght

ot herwi se occur in a vacuum is thus avoided. 10

Referring to Figs. 9 and 10, upper support shaft 391 extends through

an opening 453 in the |l ower surface of en&%osure assenbly 200, and is
coupled to a base 455 that provides gas seal between shaft 391 and
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During the chamber clean step, fluorine radicals from the plasma

15  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
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

20  cleaned of deposition process residues while minimizing direct plasma damage to
the chamber 15. The chamber clean lasts between about 30 seconds to about 10
minutes, preferably between about 60-200 seconds, and most preferably for about
160 seconds. Of course, the chamber clean time may vary depending on the
thickness and type of oxide residue _in chamber 15. As mentioned above, it is

25  recognized that flow values may differ depending on the size and type of the
chamber, as well as the dimensions and material of the applicator tube, used in
other embodiments. The above-described clean process also reduces backside
undesired residue deposition behind both the blocker and gas distribution plates.

After the chamber clean, additional post-clean steps may be

30 performed. During the post-clean steps, chamber 15 is preferably maintained 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



| east about 200-800[err]C in chanber 15 at a rate of about 20[err]C/ m n.
Referring to 52

Figs. 11 and 12, heater coil assenbly 440 includes a heater coil 471

enbedded into the ceramic heater 25. The routing of the heater coil
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removed from chamber 15.

10 After the fluorine-based chamber cleaning procedure, there may be
some adsorption of active fluorine species on the surface of the chamber walls,
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

15 manifests itself as a rough surface, which may be problematic with the tolerances
required by high integration devices, resulting in device malfunctions. The present
invention provides the ability to getter any adsorbed fluorine from the surface of
chamber walls by several methods discussed below.

After the post-clean pumping step, a seasoning may be performed to

20  recombine all free F species by either chemical reaction or trapping the F to the
chamber walls through silicon oxide (Si0,) deposition. The post-clean pumping and
seasoning steps are performed for reducing both particle formation and F content
inside subsequently deposited films.

Optimally, between the post-clean pumping step and seasoning step is

25 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
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

30 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 conductor |ead wires 475 which extend through shaft 341 to a suitable
el ectrical energy source. Mesh ground plane elenent 473 is a

nol ybdenum nesh el ectrode whi ch provides the ground path and pl asna
resi stance in enbodi nents where plasm processes are used. Lead wires
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relatively high process tenperatures, such as nickel, copper or the 20
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coil 471. Ther nocoupl e 491 includes an el ongate tube 493 having a
sensor 495 ( Fp¥ygen)source to begin deposition of the seasoning oxide onto chamber 15. In the
10 thermal seasoning step, ozone is introduced at the flow rate used for the particular
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
15 experimental USG deposition process having about 12.5 wt % oxygen, or the
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.
Seasoning chamber 15 thereby can trap fluorine atoms that may have been adsorbed
20 onto the surfaces of chamber 15.

Following the thermal seasoning step discussed above, final
stabilization and pumping steps may be performed. Optimally, these final steps are
also performed at the deposition temperatures discussed above. In the final
stabilization step, the throttle valve is opened periodically to allow the chamber

25 pressure to adjust to atmosphere, while gate valve 280 remains closed. Heater 25 is
moved to a position of between about 800-1000 mil, preferably about 999 mil, from
gas distribution plate 20. TEOS flow is stopped, while helium and ozone flows
remain the same as in the seasoning step. The final stabilization step is performed
for a time period of between about 5-20 seconds, preferably about 10 seconds,

30 before the final pumping step i)egins. In the final pumping step, gate valve 280
remains closed and heater 25 is not moved. All gas flows are stopped and the

throttle valve is opened. The final pumping step lasts between about 5-20 seconds,



53 inserted and held in contact with the underside of heater 25 at
a di stance of about 0.25 inch fromthe bottomof the wafer. To that
end, heater 25 includes a t her nocoupl e gui de 501 (Fig. 15A) brazed
to heater el ement 473 for connecting sensor 495 of thernocouple 491
to el ement 473. The thernocouple 491 is ggld in 5 pl ace by a slight
spring force froma conpression spring 503 (Fig. 15B), and provi des
a control sigedratilpabéiie Ot REPRIsabefote &RAREOVARYE i MBodsdeaiito: chafibePn 5495 is
preferably disposed in a well 505 which is at atnospheric pressure, whi ch
enhances WthhtthOWe!aild}’t foanksf pextislepowidon prosedse &catng, of mﬁartcleamwtdp the

t her nocoupl e 491 to accurate readi n The ature
cont rol Ier 14 arschErized thet OB a5 EaRaf 3RS R S Fon G55 S e BRA R
(PID) cont roilhﬁlrzlrlyi’fh'sﬁ‘v.'ﬁﬂtﬂ)&bﬁﬁt:@lﬁr E&%oﬁxﬁg's&? o?taﬁi%ﬁanve etterYi‘lI}' ﬁéb are about
to occur and alters the response characteris of the eate

mai nt ai nSa uexamples desopssedibelow) peleftede. A vacuum seal and ground connection

Chart 303 (not snoum  TPERBoRARk AR oS, Hsoiled MpvPedE it it and
t he t her nocoupbigiz{tiRest ds@itstd®dtBve tay fu%gﬁuﬁtudéwgfg' g@ggﬂq@wwm&

When the present invention iIs in use, "a robot
transfers thpowerf ﬁomta)lotmgnarbwatnepoﬂ& withe finhkbclbandparatitig leseliof mizsowaven

opposite slit 243 (or actu 9’ bel ow. sl.it, 243). The heater 25
and waf er BOWF‘f’taeIBW?’W’t e-tciﬁgns il aB{’%E Qﬁsﬁﬁeﬁﬁglmﬁﬂ’fvabﬁ PlpSMge assenbl y
400 and ft Ee‘i‘&lﬁfns 3 Qit@nﬁﬂb?&nﬁ&dﬁ%ng%e rétdéan’ zfglghfhtfb%asttﬁ
so t hat the |te onto support s rface th

annul ar fl angfscm&i mtiovlaem)ebe abs(ifategiswith thOfailvavidd) pre-Reacassliganas, such as
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

15  profile on applicator tube 292 upon NF, plasma generation, in accordance with a

- 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
300 Watts (or some other power level between 0 and the final clean operating

20  power level) during the stabilization step, and then to 2100 Watts in the clean step,
to provide a more gradual, optimal stabilization process. Specifically, after the
heating step, heater 25 is moved to a position about 600 mil from gas distribution
plate 20 and N, is introduced at a flow of between about 100-400 sccm, preferably
about 300 sccm, into applicator tube 292, while the throttle valve remains open and

25 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
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

30 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-



TECS and 03, are directed through gas passages 83, 85 and mixed together in
m xi ng area 93 of gas m xing box 273 (see Figs. 3 and 6). The m xed gas is
t hen del i vered through i nner passage 295 of inlet tube 43 and through
central hole 327 of 25 base plate 265 into chanber 320 above gas

di spersion plate 301, where it disperses outward and flows through
hol es 325 into chanber 317 above gas distrbbution pl at e 20 (see Figs.
4 and 5). Preferably, the gas is uniforn1§fdistributed t hrough gas

The. t enper at u DOGEeTnBraRRR 4R SRS Connfrh i doar 3B o 30
m ni mum deposmidrowaveefpadratiy] @s Bampraatiio el finad aRedhlaye ﬁé\gersﬁeérhéﬁdprﬁtﬂ%,

process gases Wi l| react together at the wafer surface and deposit a
| ayer t her eonlevel of abogp2ii0r Waks.| ﬂ%eanNelﬂ@m isistoppad raed plasmads rgentadckd hyisugh

AL T 1 A ——
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enbodi ment, the tenperature is controlled by a feedback contro
syst em ( descrihgabioghdiseussest alternative ectrodiroents bbthopressnee drfil7)lasma genethiiin
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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
10 allotted an appropriate slice of time from the time period. Accordingly, pressure
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
15 ramp-up, other embodiments may have multiple-step ramp-ups (for example, from 0
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
other embodimen:s. Of course, the ramping may be continuous, 2 series of discrete
20  steps, or a combination thereof. For CVD systems which have a RF plasma
system, ramp-up and/or ramp-down of RF power levels may be performed for pre-
clean stabilization steps where an in situ plasma chamber clean is used, in
accordance with further embodiments. Although specific times are discussed above
for each part of the stabilization, in other embodiments, the specific times may be
25  varied and parts of the stabilization may be combined or eliminated to reduce time.
As an alternative to the thermal chamber seasoning discussed above,
a chamber seasoning may be employed which uses TEOS and O,. Vaporized TEOS
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
30 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



5 During this process, inner |lid assenbly 230 receives heat from various
sour ces I ncl udi ng the gases passing therethrough, the heated

sem conductor wafer, and the waf er heating source. To maintain the
conponents of |id assenbly 230 bel ow t he m ni mrum deposi tion
tenperature and thereby avoid gas reacti08§ and deposition on t hese
conponents, a coolant liquid is introduced into cool ant channel 93 to
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enbodi ment of the present invention. Mcrowave plasnma system 55 produces a

pl asma r enot eRFreshinsed cbambergseassamiter 15 for use in efficiently etching or

posarbly For use n-  Rs LRI R ARIRRENE & G URE RRerns 0 e
appl i cat or tuﬂ@orﬁ&%toﬁs Ftons enamber surfa6édl, Sl may bk FIowed 95 & rhisst tephea) . a
Bl ow

m crowave wavegui deﬁ@ést em (descri bed gtl m zing el enents
i ncl udi ng an aboye 861208 saemc prefgrably abeut qum omo cham er 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
15 280, via other purge inlets to chamber 15 with closed gate valve 280, or via
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,
preferably between about 550-600°C, with gate valve 280 closed. Purging chamber
20 15 absorbs the F atoms and results in the formation of SiF, gas, which is then
pumped out of chamber 15 via the exhaust system. The endpoint detection system,
as described above in detail, then allows the system to determine when the chamber
cleaning process is completely done.
As a further alternative to seasoning or to purging chamber 15 with
25 silane, as described above, gettering may be achieved by providing active hydrogen
into chamber 15. Hydrogen (e.g. H, or other hydrogen source) would be used as
the "clean gas" supply source 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 operated at CW mode at a power
30 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



may include an optional phase detector 703 for enbodi nents requiring
f eedback for 30 automati c i npedance matching, and a circulator 705 with a

| oad 707; and a magnetron 711. Magnetron 711 is
a typical nmagnetron source capabl e of operating

55 bet ween about 500-2500 Watts fog2conti nuous wave (CW or pul sed
out put of m crowaves of about 2.45 G gahertz (GHz) frequency.
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magnet r ons e/ CoEseth PF F}Eé?dnsa%’h’&élallso 1%@?%%5\/@35153 systeTem hysireenraey pa1 are
t tted
R e I S

curve wavegui trons
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Gescr i pt i on TRTBN ComrsREthfnydl FRAS spy 8ob o il 866 S8e D ope e, om
nmagnet ron 71getive WeaEbgeR Rédcaw Rl theldBorbe fluorine to produce 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

10 to detect changes in light intensity due to absorbance by HF, may also be used.

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

15  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 ammonia from the plasma in applicator 292 would
then flow through the lined passage in enclosure assembly 200 and into conduit 47

20 -~ for use in chamber 15. During the gettering procedure, chamber 15 is maintained
at a pressure of about 1-2 torr and, optimally, at the deposition temperature of
between about 300-650°C, preferably between about 550-600°C with gate valve 280
open. The ammonia reacts with the adsorbed fluorine to produce an ammonium’
fluoride compound and HF vapor which may then be pumped out of chamber 15.

25 Of course, for systems which also include RF plasma systems, ammonia may be
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
similar principles as the endpoint system described above but detecting light
intensity changes due to absorbance by ammonium fluoride and HF, may also be

30 used.

Although the cleaning process conditions described above are

exemplary for the present embodiment, other conditions may also be used. The



In a specific enbodi nent, m crowave plasma system 55 has magnet r on
711 connected to circulator 705 with load 707, as shown in Fig. 16.
Circulator 705 allows only forward m crowave transm ssion from magnetron
711 15 toward applicator tube 292. Load 707 absorbs any power that m ght
be reflected back fromthe wavegui dg3system toward magnetron 711.
Circulator 705 and | oad 707 thereby direct mcrowaves in the forward
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As seen in Fig. 16, mcrowaves directed through the optimzed

wavegui de syﬁmeﬂ@ setpslnotacedr 4t prafesedpemperatzepi(foreexample,cabour 3560
appl i cat or

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
15  embodiments may combine, add, or eliminate some portions of the cleaning,

gettering, and seasoning steps described above.

III. Test Results And Measurements

A. Ultra-shallow Doped Junctions
20 To demons:rate the operation of the apparatus and method according

to embodiments of the present invention, experiments were performed measuring
the sheet resistivity and junction depths of ultra-shallow junctions formed using as
examples BSG films manufactured without a USG capping layer and formed using
BSG films with a USG capping layer. The uncapped BSG films were about 150 A
25  thick, while the capped BSG films were about 150 A thick with about a 200 A USG
cap. Both capped and uncapped BSG films were deposited on a low-resistivity N-
type silicon wafer. Sheet resistivity and junction depths of ultra-shallow junctions
formed using the uncapped and capped BSG films were measured. For films
deposited in chamber 15 of CVD apparatus 10, described in detail above, gate valve
30 280 is closed during the film deposition steps according to a specific embodiment.
Actual process conditions used in the experiments are as follows. Specifically, the

BSG films were deposited at a temperature of about 500°C and at a pressure of



56 tube 292, where a plasma is created. Applicator tube 292 has an

I nput feed |Iine 57 that receives reactive gases that are energized by
m crowaves from magnetron 711 via the wavegui de system and ot her
optim zing el enents. Applicator tube 292 is a circular (or other
cross-section) tube nmade of a conposite @y ceramc material, 5

preferably alum na, or other material resistant to etching by radicals in

the plasma, about 60REEL" Spidnd Betdvesd @i §usec;ﬁ6ibm fefitold whstabBusS FRL il
enbodi ment, applicator tube 292 has | engt h of about 18-24 inches
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end of wavegui de section 721 to reactive gases I nsi de applicator tube
292, whi &h iarate of abort£NOPacemt to ni crowaves. course, other materials

such as sapphire al so or .t erior, lic t ube
292. In other enbodi neﬁéag’)oé’ﬁrﬂopé’é‘toﬁ r‘ESHIJE‘E BgG @gk t?ﬁ{a%ap ?2&5
exterior and e [ | and
m cr ovaves. | Al SO GRS BRCHIRE RSN Rk SF AR 2362* fFbRced
exterior of ampqucabbmrliadoendSQZ to the exposed interior of tube 292 to
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t he s ific
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i ncludegpan yht Févled! i tan i\ lpRdBess’ Rdmafidiedy MYerRB¥BhIk BSG layer was

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

15 positioned about 300 mil from the gas distribution manifold. TEOS, ozone and
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
film deposited at a rate of about 700 A/minute. A USG film had a thickness of
about 200 A for a process time of about 15 seconds.

20 Diffusion of dopants from the uncapped and capped BSG films is
achieved by heating the film using annealing or a rapid thermal process. For
example, a rapid thermal process for 60 seconds in a nitrogen (N,) ambient may
result in a junction depth of about 500-1000 A depending on the temperature, time
and dopant concentration.

25 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
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

30 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

subsequent diffusion step.



20 supply 733, which may optionally be nounted on the netal wall of
wavegui de section 721. O course, WV power supply 733 nmay be nounted
i n various other | ocations besides on the netal wall. Powered by W
power supply 733, WV | anp 731 provides the initial ionization of the
pl asma wit hin applicator tube 292. 94 crowave energy then sustains the
i oni zation of the ignited plasnma to produce the 25 fl ow of radicals that
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By preventing outgassing, the USG cap also provides the ability to control the
10 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
15 using BSG films having about a 150 A thickness and 2 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
dopant source for a subsequent diffusion step. Sheet resistivity and junction depth
of the ultra-shallow junctions formed using uncapped and capped BSG films were
20  measured. These experiments show that subjecting the BSG film to a 1 minute
rapid thermal process at about 1050°C provides the capability to control the sheet
resistivity and junction depth of ultra-shallow junctions formed with either the BSG
film alone or with the BSG film with USG cap.
Figs. 22A-22C provide information about the effect of the USG cap
25 on the junction depth and dopant uniformity of the diffused regions. Measurements
for Figs. 22A and 22C were performed using solid state measurement equipment for
the spreading resistance profiles, as is well known to those skilled in the art.
Carrier concentration is shown as a function of depth. A "p" represents the
measured concentration of boron at a depth measured from the silicon substrate
30 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

is defined as the position where the dopant concentration equals the substrate



Radi cal s are input through inlet 290 into the passage in enclosure assenbly
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P27 L SAS SRR 9 i 4 oL g8 ) Aok s, =
deposi tion. 1850°C. Thel8SGsard URGdHlimsvess ultersstrippddeiverelingb il se2dGn Hag. t orr
oceurs \iMSt h a}\’e m\el:%le;/u?th%gsgmction 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

was measured to be about 685 Q/cm?. The 4pp sheet resistance was measured to be

about 222 Q/cm®, with the summation of dose ions in the P type layer measured

20  (Zp) being 1.6x10' carriers/cm?.

Fig. 228 illustrates the dopant depth profile as measured by SIMS for
an ultra-shallow junction described in Fig. 22A. From the surface of the silicon
substrate to a depth of about 100 A from the surface, the concentration of boron
ranges between about 2x10"® carriers/cm® to about 1x10?' carriers/cm®. Between

25 about 100 A to about 300 A from the surface of the silicon substrate, the
concentration of boron ranges between about 1x10% carriers/cm® to about 3x10%
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

30  incorporation possible according to an embodiment of the present invention.

Fig. 22C is a graph showing the dopant profile of an ultra-shallow
Jjunction formed without the heating step using a 6.131 wt % BSG layer having a



open, deposition may be caused in applicator tube 292, l|eading to

contam nati on of the cl eaning processes. Gate valve 280 is preferably
made of PTFE (or simlar 30 materials such as those discussed above for

liner 291 and manifold 270) to mnimze damage to or deposition onto

the cl osed valve 280 due to the reactive £hem stries fromconduit 47.
In a preferred enbodi nent, gate valve 280 is a particle-grade gate
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and the cl easibsyrasf eveafeithautafteatisg driee-iH sepls T0@ rhaxirhGm coRediiatioRQJFoW.
boron is about 7x10" 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
10 layer (Ip) 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

15 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
resistivity, respectively. Figs. 23E and 23F show the effect of the time of the
heating step on junction depth and sheet resistivity, respectively. The spreading

20 = resistance profiles and sheet resistivity measurements of Figs. 23A-23F were
performed using solid state equipment and four-point probe measurements.

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. The BSG film was about 150 A thick and the USG capping layer deposited

25  ontop 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
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

30 resistance of the resuiting junction was measured to be about 145 Q/cm?, with the
summation of dose ions (Zp) being 7.9x10™ carriers/cm?. The 4pp sheet resistance

was measured to be about 96 Q/cm?.



F. Endpoint Detection System Figs. 17A-17D illustrate

a cl eani ng endpoi nt detection system 800 for m crowave plasma system
55 according to another aspect of the present invention. 15 As di scussed
above, apparatus 10 preferably enploys a thermal cleaning technique

using remote mcrowave technology, insteaggof a conventional in situ plasma
process, to lower netal contam nation. In the present invention, the gentle

cl eani ng t echni qRig UZ3BghovaBE @ofif MRUEIKE oPHAS TBctNS FSiMedwithid | zes
only chem cal reactions, in contrast to using’in situ plasna

processes wh8FEINEnieR BHng diftarertrionep 20 % BSEF layersJimparticwac. 13l twt %hend
al umnumin %%4C¥bﬁ%tﬁ{av lﬂ]§ga(*‘%§?ié§ﬁgyetrso. éH‘nleJ @S?Bumms were er;atl %L@lﬁelqg éani ng

contam nation'in e’‘processe

process usi nehicleand ehePUSGEpBInStIRyerS Gepdshied Bh T8 ihe BSG filmPWR'e
renotely from chanber 15 sugﬁmtghgethep et chant "gas, preferagl y rmés??'l y of

f 1 uori ne Sr adirbets200; A thick e ckhscheating step @edfhamdsewasni eaped meﬁngbﬁtdﬁgsstﬂm?r mal

cl ean 25 Qgcur but , t he,pl J-emai ns exteri to the chanber (i.e.,
wi thin appli gé?}b{rsﬁ $fy@nds i abgﬁé@ﬁséen&c‘ Fen1B) .lg'V%rﬁ’éh? Ff'?sé‘lt}é\gdlé@@/sorhas a
nunber of ad I [ ; i or
conponent s o?‘degt?]lg%ggrlé ?‘?%&?2@%@%3‘”5‘6@33@&%6 lag(r:rﬁﬁﬁ”ﬁ@%e é"?"@i{ﬂgsm in the

chanber can penctiontdegthf for ¢hd 6.13Usvtr® RSGividmt i onal endpoi nt det ecti on

systens, to pinpoint t ti at Lch the cleaning has been conpl eted, 30
iYe., when tE\e Fast pr%é% %ndr&i#&{f'eg‘iaﬁhst FOWIRS HiseTerhal heatidg e t h t he

Convent onal “SoEaleaston BephilPhofifes BRT SISt MRt e % SRR Rise of
a plasma wi t BSEG fitres bhving &ISGinapping 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
15 Fig. 23C, the junction formed after the heating step at 1000°C is about 0.1 pm,
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
180 Q/cm? for the heating step at 1000°C, and about 600 /cm? for the heating step
at 975°C, as seen in Fig. 23D. A higher temperature heating step (beyond 950°C)
20 results in a deeper diffusion depth for the shallow junction formed.

Figs. 23E and 23F are graphs showing the effect of heating step time
on dopant profiles and sheet resistivity, respectively, for 6.131 wt % BSG film
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

25  heating step was performed using a rapid thermal process at about 1000°C for about
40 seconds and for about 60 seconds. As shown in Fig. 23E, the junction formed
after about a 40-second heating step is about 0.06 um, while the junction formed
after a 60-second heating step is abut 0.1 ym. The sheet resistivity of the 6.131 wt
% BSG films was about 230 Q/cm? after the 40 second heating step and about 150

30 Q/cm? after the 60 second heat'ing step. Accordingly, it is seen that the length of

time of the heating step may determine the diffusion depth in forming ultra-shallow

junctions.



59 check em ssions fromthe in situ plasma to determne the end of a
cl eani ng process The endpoi nt detection system of the
present invention, however, may be used with either an in situ plasna
or a renote plasma, such as provided by m crowave plasma system 55.
For exanple, in one exenplary process, flggrine- 5 based gas is used to
react wwth Si 2 powder residue in the chanber to forma SiF4 gas,

which is d f ' jigh |
ich is drawn out of ciaiRve bpaMidhe BPBSM@M&H&E'&;‘S m%%’%}a@&éh% sy

all of the SIQ2 in the chanber has been consuned, t uori ne-
cannot fomaasionvdre ipresapte&in@ely asfexampis Fd illustrateempects bthel presenne- based

gas may begin to. ontam pate the chapber 15 or to react with, for
exanpl e, t he BYSHHPRARY \Rg?‘fqé DGt gqeonsu{]qxigcf &h g thg seenerpidhe RIessPthum
fluoride comgigionConsequently, it is i nportant to determne the

approxi mate endpoint or the point at which the last SIiQ2 resi due has
reacted fith the fluorine gas so that gate valve 280 can be closed to

]E)revent further fluori Fﬁ rggi i;_,al g IE?m ?nt ering chanmber 15. As discussed
urt her bel ow, endpet system 800 of the present invention
e e, Pnar ofOfhaSincod G PIRe B, i FER IR EORTRS |
exhaust ed cl earengaelimens bftesprasent irventior; 4xperiments were performed to dep&sis hown
'n Fig. 174, Igsl(? %Trin??oregxczjx?n(yler:tasdaeﬁﬁl% ila(glgr.s ?itm??g ?h?:odeposition of PSG film as the

10 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.

15 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
recognized that pre-deposition steps may be varied from the below description
(which is merely an exemplary specific embodiment), as is optimal for different

20  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
closed. Heater 25 is heated up to the processing temperature of about 600°C,

25  which is maintained throughout the pre-deposition steps, the deposition step and the
post-deposition steps.

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

30 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.



I ncludes a gas detector 802 positioned al ong di scharge conduit 60 between

I sol ati on valve 371 and throttle valve 373. O course, gas detector
802 may be positioned in 20 ot her locations within the exhaust system of
apparatus 10. For exanple, detector 802 may be positioned downstream
of throttle valve 373, as shown in Fig. 108B. In anot her enbodi nent,
detector 802 is positioned along a bypass |ine 804 that recei ves a
sanpl e stream of gas findm ooalipte-&Position stepywhe thrdtilg valid & clbsed fridsthe

enbodi ment, bypass |ine 804 may include a control valve 806 to vary t he

amount of 2FIESSuTe|igEhapbe lrﬁgEtlﬁ?rseﬁojﬁ tpthi deRpsitiog Pressuigo e bsr)d PeEse gas
fl I f
[Pt 2,070, PR LlPiass avout SPhcohdl ot AR Eng 08, ARFuPERCSRTLAD OF @

preferred erflmothateesvimesthapavune tiecdssire@d@position presdute, HO\Maleizéaﬁmhhﬂaedr As
shown, detector_ 802 includes a housing 804 definjng hr ough- hol e
806 in conmiri cAeate? %St‘ﬁol‘,"@n‘&}h? PEAFCEIRE BPIIGOR ﬁ@a‘i%%%%kff&ﬁdg@t her 30

st e, 11 O EURINGTAS PaBESH DEEHORIg? PaL T, Of 1) anges 08, a0

i ncl :Jlde - RaI palh r mfme tHirdagre diepdsRionvstep OwherB the, présbaret inathadiber ¢8MHak gur ed
to allow far- | t to
60 passéab@lmeé dQ e drposifipn pregrire i Abt 232G gt Higid TEORgs drtredised a0

[errIm TR vidPWshitization of TEOS and helium flow. With the TEOS flow rate at about

10 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.

15  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
the inert carrier gas helinm. This mixture is introduced into chamber 15 from gas
distribution plate 20 to supply reactive gases to the wafer surface where heat-

20  induced chemical reactions teke place to produce the desired PSG film. The above
conditions result in a PSG film deposited at a rate of about 1780 A/minute. By
controlling the deposition time, a PSG film having a thickness of about 5300 Ais
formed at the process conditions described above in about 404 seconds. The wt %
of phosphorus in the resulting PSG film is about 4 wt %.

25 After deposition, a termination step is performed that is optimizes the
stability of the deposited PSG film to provide moisture and crystallization
resistance, In the termination step, which lasts for about 3 seconds, the deposition
conditions are maintained while TEPO flow is terminated. The termination step
therefore deposits a USG capping layer in an in situ manner in chamber 15, by the

30  gas termination method discussed above. The USG layer is very thin compared to
the thickness of the bulk PSG film.

After the PSG deposition and USG deposition steps, post-deposition



812, 813 are spaced by a length L and preferably conprise a materi al
substantially transparent to far-1R light such that zero or
substantially little of the light is absorbed by wi ndows 812, 813. In
addition, the IR wi ndow 812, 813 nmaterial 5 shoul d be
process-conpatible, inert with respect {@ the process and clean gas

chem stry, and the material should not contamnate the film In enbodi nents

wher e tdsURE ufie é@w@@k@a{erﬁ@sigam hen el hndows
812 and 813s aése R resi st ant etg | uor i nrg..o Prﬁ#‘%?:ﬂé%g?r}gtée?‘?ﬁg%gn%? IR

wi ndows 812gas&h8t-offc|Bydadjusting the eressure amd gaalshutenfi, ftheipodtdieposiniort kiepd i ke. 10
As schematically. shown.in_Fig. 17D, .detectoor 802 further includes a
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and & mtting this light through wi ndows 812, 813 so that the

| i ght passes t hrough- hol e 806. An IR detector 816 is coupled to
housi ng5804 i n posi ti bma speaifec embediaedt, three postedepesition kteps aerel Reli dlint
passi ng thrqu wi ndow 813. Preferahl r-lR lanp 814 15 . may be a
Paingst an | aths st peSE epasicia pgphrpaiatly, tofomins oF bove iermination Sep,
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t hr ough- hol e_806_ and w ndow 813, where it is received by detector
816. As t he2ll9WKhapbarsuressur; ugRdyally rempdpvyndunng the figstpesi-deposiiions, t hese

. A e b : el .
whtoh i0quc ef; phfiady sdf 1% SRS 18 BOLpOR pldpRin gl stk Wbus
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Intensity detected increases . up to a_reference value, detector 816
sends a si gAeRositiongsteHithe BRMBING (StH). amkrliwm flow into ghamperaty igterminatedry
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appropriate signal to processor 50 to
15  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.
The above experimental conditions for the deposition of PSG suitable
for being used as a PMD layer are optimal to provide the best film quality with
20  high throughput. By enhancing surface diffusion at increased surface temperature,
the thermal PSG film deposited using the TEOS/O, chemistry at temperatures of
about 600°C exhibited excellent step coverage, more cross-linked structure, and
more stable oxidization structure for P and Si, which yielded excellent film quality.
The deposited PSG film was high quality in terms of flow-like step coverage, high
25 moisture resistance, high breakdown voltage, smooth surface, no surface damage
(i.e., plasma damage), and no fixed charge. The deposited PSG film exhibited
good film thickness uniformity. Specifically, film thickness uniformity (49 pt., 10)
at about 1.2 um thickness of the deposited PSG film was measured to be less than
about 1.5.
30 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. In particular, the PSG film deposited at



cl ose gate val ve 280 and to prevent further etchant gas fromentering

chanber. In t he above exenplary clean process, endpoint detection
system 880 utilizes source 814 to provide, and detector 816 to
detect, far-IR wavel engths that can be absorbed 30 by cl ean gas

reactants Si F4, which absorb |ight w thiG wavel ength of about 10 [err]m
and fluorine, which absorbs Iight with a wavel ength of about 5-6 [err]m In

ot her 6008GHweN shewmso bscapaide 81 Aillargihightaspeco ratdi gapsanavimgow height (hyht  at
di fferent

wavel engt hs and 7 Spaging (&) SAthoRbthe; TgAPatiansof, vidt s sheh iFigr 2éey cg‘gofzgg;h’é
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form high aspect ratio gaps with h of about 0.35 um and w of about 0.08 zm 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

10 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

15 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
spectroscopy (FTIR) techniques, as are well known to one of ordinary skill in the
art. Fig. 25 illustrates the FTIR spectra of a PSG film deposited at about 600°C

20 - under the following exemplary process conditions. According to a specific
embodiment, the exemplary process conditions include TEOS flow of about 1000
mgm, TEPO flow of about 24 mgm, helium flow of about 6000 sccm, and ozone
(about 12 wt % oxygen) flow of about 4000 sccm, at a pressure of about 400 torr
and spacing of about 330 mil between heater 25 and gas distribution plate 20. The

25  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
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.

30 As demonstrated by Fig. 25, the deposited PSG film is dense,
resistant to absorbing moisture. Deposition of a PSG film at high temperatures, for

example at about 600°C, tends to drive out any moisture that might be absorbed



[/1[err] = exp (-X*L*C) 10 where X is the extinction coefficient of IR
w ndows 812, 813 or a filter (not shown), L is the | ength between

wi ndows 812, 813 (see Fig. 17D) and Cis the concentration of SiF4
passi ng through detector 802. As I/I1[err] approaches the value 1, t he
Si F4 concentration is dimnishing, whichigeans that the cleaning endpoint
S approaching. The controller continuously nonitors I/I[err] until

this val ue appr tedies rdfulting in a dbtselfilimdiAc at desisd figh, theePSG Giami deposirdpi nt
has arrived. VWil e the description above is in terns
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| i ke. Ther ef esmgpatibleefozhny as deRMD nyetxovﬂhﬁhctan Ibk Widna fizddogithes YUl shbzequerd
be taken_as lim¢ting the scope of the present invention as defined by the
appended®  annegl &j migmperatdisgreaiehhangped 10987 Ct pepreirrablyityna CMRstepti ni t ed

el omea ar ol hflion s oL HBtorfRor RARLEE 1,8 BREN Higtiok S s
i nvention coténthebRuied 5é atblls&@l préVi@e Boddfikh titlaRRetnifdimity, as wensdsrgdoaagagousl y

processes a plurality of wafers. In addition, the i nvent| on would
sui tabl e f or fillswithawt Sommationysif evoidsfasr weskebms thais gan suge shbsegueng dpélctor ms

i ndi vi dual ro ste 0 of the
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A. Exempbar ht%irbﬂﬁ&ygé‘&i pisipheral liscbpRRfor3®etween about 2-8 wt % pho'§bl§bru§)8
illustrates a 'si i ed cross-sectional view of an integrated
circuit 900 ammmmngott@nttﬂoe gptteringner trappéng nobile ivns siahws, saditm gNattgdons
circuit 900 . hi r{ﬁl udes NMOS aHd P transugt rs 903 and 906, which
are separat othat mjght 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
15 example, as a PMD layer. However, the description should not be considered as

limiting the scope of the invention.

C. USG For Oxide Filling Layer In Shallow Trench Isolation

To demonstrate the operation of the apparatus and method according
20 to embodiments of the present invention, experiments were performed to deposit a
USG film, for example, as a high quality oxide filling layer for shallow trench
isolation. Prior to the deposition of USG film as the high quality oxide filling
layer, the wafer has typically been subjected to multiple processing steps to form,
for example, gate electrodes, oxide sidewalls, isolation trenches, etc. In the
25  experiments, the USG 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.
In the experiments, pre-deposition steps were performed to bring
chamber 15 to the desired deposition pressure and to stabilize the gas/liquid flows
30  before depositing the USG ﬁlrﬁ as a filling layer on a wafer. Of course, it is
recognized that pre-deposition steps may be varied from the below description

(which is merely an exemplary specific embodiment), as is optimal for different



62 electrically isolated fromeach other by a field oxide region 920

formed by I ocal oxi dation of silicon (LOCOS), or other technique.
Al ternatively, transistors 903 and 906 may be separated and
electrically isolated fromeach other by a shall ow trench isol ation

(not shown) when transistors 903 and 9061& e both NMOS or both 5 PMOS.
Each transistor 903 and 906 conprises a source region 912, a drain region
915 and a gateposiven taei@s 8. The pre-deposition steps reduce pnpecessatyadepdsidbrenri ¢ ( PVD)

| ayer 921 separates fransistaors 903 and ... .. 906, from net |.ayer 940

wi th connect§ erbg'la&feéﬁdsﬁé?ﬁPr_“I@VéerVdﬁldW‘PWém depth progfeéﬁjgf Rrs made by
contacts 9244e,Nateal fifhfRY eBefBtOarySpRepBlitibR WepSBEA, & NARIrSs 97139 a 1P 942,
944, and 946, 'included in integrated circuit 900. Each neta ieayer 940,

942, @tdumahdmbdi61 snwdmratea t25dthf ougin thel jvaomnt-lock tdabr, | vehiel $s thyn
respecti§e i nter.- ielectric layers 927, 928, and_929. Adjacent

t al ]
metal | aYer scg§es- Eﬁ?ﬁ?@&%& }éF@‘egé%PbE& Processing Espperipie ¢yabpnin$Sss .
R/ ' _ | . TGS DYV
590" oV auy EhicHEE HaiABHEs pRAGBLP it FRRchOSo ABS, VB 4Bsition step drBVRES |

PVMD | ayer 92gost-ibfdsitinesteps927, 928 and 929, or passivation layer 930. CVD
apparatus 10 also My B fs pre-deposiiion step, fieater 25 at 2 positioh about 600 mit O
from gas distribution plate 20. With the throttle valve open for about 5 seconds,

10 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

15  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
chamber 15. Heater 25 is moved to the processing position of about 350 mil from
gas distribution plate 20 during the second pre-deposition step.

20 In the third pre-deposition step, when the pressure in chamber 15 has
stabilized to the deposition pressure of about 600 torr, liquid TEOS is introduced to
allow stabilization of TEOS and helium (or nitrogen) flow. With the TEOS flow
rate at about 2000 mgm, the vaporized TEOS gas mixes with the helium (or
nitrogen) carrier gas for about 5 seconds during the third pre-deposition step, prior

25  to 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
while O, (about 12.5 wt % oxygen) is introduced at a rate of about 5000 sccm.

30  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

chamber 15 from gas distribution plate 20 to supply reactive gases to the wafer



‘isolation structures used in place of LOCOS field oxide region 920.

Anot her exanple of a use of CVD apparatus 10 descri bed above is

form ng ultra-shall ow source and drain regions 912 and 915 shown in

exenpl ary 20 integrated circuit 900 of Fig. 18. Application of the
present nethod for form ng ul tra-gpsl | ow doped junctions in formng
the source/drain regions for a MOS transistor is discussed, as an
exanpl e, Wi §ifdece geherd Béetlifiduced chemical reactions take placdtdiprod@A ths dasigddpl i fied
cross-sectional view of a partially conpleted IV%S transistor. Merely
as an exanplsGC fike. Nibs aboyp sprdtitensreedt insa 3§68 258posited ahsirstenf. abopt

1000, dopb LERuREe By ey Re e odF ol TR g s TR PAE SThiskeesy pe

dopant  of gkt A600NA BEBAnédathhe prd@4s condifd® Rb@fel a86vel FRY N4 Yi ng
gate oxi de 1003 has al ready been fornmed on material 1004. In the
pr esent Sexafgsfioads.mat eri al 1004 may be an N type substrate or an N

I R L R Ll L R R S g
regi ons wheg@bifity b E"@posRddoes il o0 e MbuaefsiBdcdBYn bR purge

defined using a mask. In the present exanple, the regions are source/drain
r egi ons step, which lasts for about 3 seconds, the deposition conditions are maintai68d while

TEOS flow is terminated.

10 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.

15 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.
Heater 25 is moved into a position about 600 mil from gas distribution plate 20, as
the throttle valve is opened periodically to gradually ramp down chamber pressure

20  during the first post-deposition step, which lasts about 15 seconds. In the second
post-deposition step, the throttle valve is opened periodically to continue ramping
down chamber pressure, and Oy flow into chamber 15 is continued. Heater 25 is

also moved lower to a position about 600 mil from plate 20 during the second post

deposition step, which lasts about 15 seconds. In the third post-deposition step,
25  which lasts about 3 seconds, the throttle valve is opened and O, flow irto chamber
15 is terminated by pumping it through a final valve.

The above experimental conditions for the deposition of USG suitable
for being used as a high quality oxide filling layer for shallow trench isolation are
optimal to provide the best film quality with high throughput. In shallow trench

30  isolation applications, the deposited USG film should be capable of void-free gap
fill (typically at 2 nominal angle of about 85°), in addition to being a very dense

and uniform film. The deposited USG film exhibited good film thickness



1010 and 1012, but of course the regions nmay be defined to formlightly

doped drain (LDD) regions. Using the CVD reactor system descri bed
above with process reci pes discussed in detail below, a doped
dielectric layer 1008 is formed over source/drain regions 1010 and

1012 on a wafer resting on resistively-hd#6ed heater 5 25.
Prior to form ng doped dielectric |layer 1008 over source/drain
regi ons 1010 umfdrrﬂmﬂ.ZSpemﬁcaﬂlyr fameahokness undefditpi(40 pegl ona abBU:05G0dA 1012

may be cl eaned t de or native oxide that may_ exi st

ei ther by usith§ k%FS@P&MPOSl%% ‘3%@:@&1 Bgs PEARTF épaég“éé HaBAROIS INF3 £ rom
renote m crowave pl as DS, i :

t hermal NF3 vapor. Du;r?:ngyt e c e%f?}i?ﬁée %T?nglgl(ﬁ %qPﬁsb rgg%t?yg\/gﬁévlgggg%
woul d be operag filbcaabidities bHTEOSEOy BHC Ailmss depusitecher de8t pOGIEhand about

ent er chanber 15 to clean the oxides that exi st an the surface of
sour ce/ drai n ? §C TSRERLYRY » RESOTEAIRY alprbsut gﬁhl@ a8 Relsbuffsredexidg|atdins a

nore consi st r 1008
that is for nee@b}"i\’}élrhy g%:tlﬂ){r:!jgg%?"éﬁhna %9@%&49&9%4@&@939&58{}3@%&%6%' uori ne
radi cal s fromparticulare Rig. em aBﬁﬁamy tfaachls&dcmﬂ: ledvéxipnabout O. 35ryﬁhmrxeﬂpmd1les

fromthe wafer in_chanber In the cleaning procedure, heater

may be adj ustagut 8.7§ ﬁﬁ@&?pmdab%@r bagnset faﬁlecaapﬁéﬂqhamﬁemgéamréhw angd Py

abl e 1o ¢l eangiy depashliPaCibPsodict bRt HATROADANSOAPLL CRiBEAIBNRT o
referably, t AL Ve oxi rmval/ eanl ng step e

deposi ti b of lathepesiddinethe depasited 418G ﬁhﬁp&d@afaﬂng(ﬁhat mwlsﬂoﬁmdepomemet same
chanmber in an in situ manner. Use of the above descri bed

appar at us 10 2heyt A0 issaal Veradense gnd GAPEHYS {hbavfelesn pr@nerf@éhﬂnléagfeacﬁmﬂ of
hamb
chamber 15 is,qiQt, Féh%zgaa:@ﬂl g Rah &eé u?(ib%@‘;tfom ?Iﬁtc&’nh@%lf? U?E’gmm y

Al ternatively, QS et doxl geg nay eane
breaki ng downtoNome/épét, the $$G Lﬁhnvuapbsxtéal 4 the tepipeadtiinécof a‘bbumwe fsagbtcal s

are very dense and does not survive the high temperature anneal or a subsequent wet
15  etch processing without opening up voids. In comparison, Fig. 26B shows a trench
structure having about 0.18 um width and about 0.45 pum depth (about 2.5:1 aspect
ratio gap) with a void-free filling layer that is a USG film deposited at about 550°C -
after a reflow at about 1050°C and a subsequent wet etch processing. The USG
film deposited at about 550°C is capable of filling high aspect ratio gaps without the
20  formation of voids after reflow, unlike USG films deposited at 400°C, as seen from
Figs. 26A and 26B. After etch processes at very uniform etch rates, USG films
deposited at about 550°C retain their superior step coverage without opening up
voids.
As further evidence of the high aspect ratio gap filling capability of
25 USG films deposited at about 550°C, Fig. 27 is a photomicrograph demonstrating.
the gap fill capability of the deposited USG film after an anneal at about 1000°C
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 um depth (about 3:1 aspect ratio gap) with a filling layer that is a
30 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

structures shown in Figs. 26A and 26B, illustrating the superior gap filling



25 produced in situ in chanber 15 by introduci ng NF3 between about

200- 1500 standard cubic centinmeters per mnute (sccnm, preferably
about 500 sccm and optionally JQerr] at about 0-1000 sccminto
chanmber 15. At the same tinme, chamnber 15 is heated to between about
500-650[err]C, preferably 600[err]C, and pi ntained at a pressure of
bet ween about 60-760 torr, preferably 400 torr, while heater 25 is 30

spaced bet weeapaiytofith® VB fitkl depiyieli af abbt Bhegt 600 mi |, from plate 20.
Thus, the surfaces of source/drain regions 1010 and 1012 can be

cl eaned of any native Inadditiogxpdavisgrexicelient gap fill capability for high aspect

64 . ' After.th I ' st.ep, gate valye 280 in sone
enbodi ment s WLy USC films lslggé:sll%ggﬁgtfcg‘?gh@%: 38?’43“52?'%%0\@%5{? %f'é’s@ggf@é thated in
t he doped di %Ixﬁﬁiitrﬁigh lr&iince @0 @9disthRMabsorption. AMBRRSS aosro%ﬂo‘?xn&egl\g{}ﬁaaggd

depositing onto surfaces in conduit 47. Heater 25 als e
nmoved i nto t HéSG@dpmogaposites waomessiretyuging conventiomd FER ttechniques heFigp2gi f i ed

orocese Tect dusirad hEFHRAR b £ AR Ry b0t ol a6l ¢ et i gn
t enper at ur es fbﬂbﬂ\t}\-{gtéc‘éﬂlpﬁ??[p%dekgonditions, adc@rc}iﬁgtc@/ BhRRARAEAbMmET:. 2S

descri bed bel ow. Wthout an native oxide barrier,
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

10 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

15  in the USG film was seen over about 160 hours after deposition, indicating the
stability of the USG film over extended periods.

Accordingly, as supported by Fig. 28, the deposited USG film is
dense, resistant to absorbing moisture. Deposition of a USG film at high
temperatures, for example at about 550°C, tends to drive out most moisture that

20 ° might be absorbed into the film, resulting in a dense film. As a dense film, the
USG film deposited at high temperatures of at least about 550°C has the advantage
of being less prone to shrinkage that might result in void formation after an
annealing step and a subsequent wet etch processing, compared to USG films
deposited at lower temperatures. The dense nature of the deposited USG film

25 makes it compatible for use as a high quality oz@a layer for filling trenches used in
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

30 present USG film deposited at high temperatures provides excellent high aspect ratio

gap fill without formation of voids or weak seams that can cause subsequent device

problems.



dopants fromthe doped dielectric |ayer 1008 fornmed on the wafer may nore
easily and uniformy be driven into the substrate to form
ultra-shal |l ow source/drain 10 regions 1010 and 1012.

After deposition of doped dielectric |ayer 1008, the wafer remains in
chanber 15. The resistively-heated heatdf825 and wafer thereon are then
heated to a higher tenperature (about 800[err]C) for a _specified
time. The heating steph &Fn&raks high presgyse ShlEQS %515@&1”’&’@%@%@%‘%&9@

62 S RIS A R e

junctions 1@820beecassesh @i probléing withObhevek degusitis, arg alogsenad wWith2Bgheemai ns
cl osed during this drive-in _step. As an_alternative to being heated

in situ, th&s(EHQP rags. Advantageouslydepesitian of §)Sn fiimnaahigh demperamees or a

rapi d ther 0 I t Qo . Ly At hin th l.t i chanber
system I?’t o”g‘#ci'h\[/){es- ?lﬁﬁg%(t)ggﬂﬁsﬁf’or gﬁﬁr“g‘%‘g‘_{éﬁg&"éf&%ﬁ r?%b‘é; }R/%ﬁdeﬁ& acl9¥%os, ~whi ch
acts as a dapafiatedddpbsision tae®UAreordiidly Uk @/ TEOP @itPbNMBYGOMin aQ Rk 14

or a rapid thermal process. Preferably, the diffusion is perforned using a

rapi d at highnremppragaess is 1owdess shaseationt Stir tatpbp elininating anyrpsétest ar e
referably bR SO HEs o Mbgold RIS GlaRR L ens, SbtRRiece,
ermbodi ment s .ete2Pis high for USG films depoéitededt migH fewspepitureslOmeenAl @) 9d lﬁﬂgﬁm| ayer

1008 is renoved by dry or wet etching techniques or other val
t echni oife f density ofitbesenkigh t¢raperawozdeposition YSH fumpaplasmas daGifimayionl so be

ol asm syst BRSO Plef® Diklecispf Afnal ety UATRRY weigioe pf st (nig
30 Pl s B B e B B e Lpon
gate val ve 2B reduces possibilio ofi mew eontaminegion siné poteatialishopingf aff deyites in si t u
m t Q?z;t It \r/gln é %{a?é.nrg(e‘%)fgs%ﬁtd 49 é%vmﬁ%ggesét{ugemthgrergzgle(%é %hlng, %R&:Hbo?{enlrgqmre a
15  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
exhibit excellent gap fill capability, minimal shrinkage, and uniform film density,
and low metal contamination, without plasma damage, in accordance with the
present invention.
20 The above description of experiments demonstrates the suitability of
the deposited USG film for use, by way of example, as a high quality oxide layer
for filling high aspect ratio trenches for shallow trench isolation. The same CVD
apparatus also may be used to deposit USG films at temperatures lower than 500°C
for IMD applications. Of course, the above description should not be considered as
25  limiting the scope of the invention.
It is to be understood that the above description is intended to be
illustrative and not restrictive.‘ Many embodiments will be apparent to those of skill
in the art upon reviewing the above description. By way of example, the inventions
herein have been illustrated primarily with regard to a USG, BSG, PSG, and BPSG
30 process recipes, but they are not so limited. For example, the dielectric film
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



65 performed in another chanber, dedicated to dielectric renoval,
within the sane mul ti chanber system as CVD apparatus 10, which al so
avoi ds exposure of the wafer to the environnent outside the vacuum of
the nul ti chanber system Fig. 19C illustrates the partially conpleted
PMOS transistor 1000 after renoval of daged 5 dielectric |ayer 1008.
PMOS transi stor 1000 includes gate el ectrode 1002 and adj acent

sour ce/ dr ai peeredesoribedl 098¢ whiirizh gas euohl dsrtleelmbg | Huowther tytpier dageedikieangdn ons.
Thereafter, renaining process ste;i)s for the conpletion of the device may be
per f or med oPTIREOZRRS HFY be used as well. As a further ofamptle, SelesHinaAgvsrs haie kegher al

et e) RSB PRRRad: ke it e BRGPRAL D, .

conpl et ed wilhydrs) 0B Tixrs, léxidd figin ﬁ;&rrs,i@pprn%nsfm,ra@l Of coursehitawgh sl ot
243 which s then vacuum | ocked. te valve 280 may then be opened to

al | ow t he chaeasmized |thaithe saee VI epprsatye dissussed abevergay berpses 19 dapesiay e

P 3o S SRR Te o RRTRE AR o B PR it
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
or alternative methods of depositing the dielectric layer while remaining within the

10  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.



In an alternative enbodi nent, steps shown in Figs. 19D 19E are

perf descri bed for Fig. 19A After doped dielectric |ayer
1008 Hﬂi”[mu Hlm'aml)ver source/drain regions 1010 and 1012 and gate

el ect nass seen in Fig. 19A, a capping |ayer 1030 such as USG
I's formed overlying doped dielectric 20 ik@yer 1008, preferably in an in

situ process within chanber 15. During the deposition of |ayer 1008,
gate val ve 28WHWTII8 CEAMMEBICISi3sed. Then the substrate may be heat ed

for diffusion of dopants from doped dielectric |ayer 1008 into
sem conductor material 1004 as discussed above for Fig. 19B.

pernatiyely, the valer ey be el OCIRIRS Sohghhgro e Lo o0

anneallng furnace or rapid rocess®
dopants fzom doped di ehggbdessing @N@ﬁbelrogeﬂd@%dés I?Jm%eabﬁm@dmgranﬁ g.
19B. Preferably, the substrate undergoes a rapid thermal process in

the same #ul t PdpAbeelldypyingra passage therefirpugh Fpmobotions of whidreategngowll to a

par s SeontFroa ohgieat BB Re oREls BRI ATER onening o SRR YekPH aibe

1008 wi t h5ovesdcwht @pedBbg labyAd tdf)30 have diffused into sem conductor

mat eri al 1004 to formultra-shall ow source and drain junctions 1020.
The cap | fiyer 1030 and aciapewn gy sem configured ye mainaig aselectddepressuctied
anay as d17$cu‘sv§t%9n ?a%) \f)?ocessupg ghamdo

8 a gas delivery system configured to deliver selected reactive

9  gases to said processing chamber, said gas delivery system including a deposition
10 supply system and a dual input box having a first input and a second input, said gas
11 delivery system configured to introduce said selected reactive gases into said
12 processing chamber via a selected input of said dual input box at a selected time,
13 and said deposition supply system configured to deliver first reactive gases from
14 said first input to said processing chamber when said first reactive gases are said
15 selected reactive gases;

16 a remote microwave plasma system configured to produce and
17 deliver second reactive gases from said second input to said processing chamber
18 when said second reactive gases are said selected reactive gases, said remote

19 microwave plasma system mounted to said bottom of said external wall to provide
20 said second reactive gases through said passage to said second input;

21 a heating system, said heating system including a heater for
22 placement of a substrate, said heater comprised of a ceramic exterior and said

23 heater capable of heating up to at least about 500°C;

24 a controller configured to control said gas delivery system,
25 said remote microwave plasma system, said heating system, and said vacuum

26 system; and

27 a memory, coupled to said controller, comprising a

28  computer-readable medium having a computer-readable program embodied therein

29  for directing operation of said substrate processing system.



66 partially conpleted PMOXS transistor 1000, as shown in Fig. 19C
ceomee o | I ARREIRI I P o5cs S S oreror s 8RSt vt ckess between

about 100-2006 A-cappel with a USG fil mof between about 100-200 A and
results in a junction depth ranging fromi3 between about 0.05 [err]mto
about 0.1 [err]m according to preferred enbodi nents for PMOS

transi stlors. 2 TheGlubstrate pegcessing\bSE N LA RIS 0Whd 200

i ncl udes, gate, el ectrode %8&?52 .and source/drain regions 1010 and 1012
where N % ypéid GURRETep PiRgEaT dprdudesy be formed in the P type
sem condyuctor material 1004 usi i P LLe ; . such
as a PSG filmor an arseni c-dop;%ﬁgﬁtS?E%?cg%gq%gegg%thﬁ%gggsfgtr#gngggé%?sglds
source, 4according to ogdseieliesrhaiernosinbdidedingr esaie gawefromosaid Britype
mat eri al 1004 may be a P t¥pe substrate or .a P well forned in a
substrat®. For about ainputdiring a firgt dime paripd inkesaid srasessing ehapher 19| m

t hi ckness bet ween abou - 1) : . i | about
100- 200 i results in aae(?é%?ﬁ%g%e%ﬁgé ﬁg’rﬁ}gg&‘ﬁ s\fnednﬁlgrtlt&(g)El @ﬁ%}\?@@?ﬁr

sem condpct or mat eri al inktradtioh@igdsdesr om bet ween about 0.05 [err] mto about
0.1 [err]m according to preferred enbodi nents. O course, it is
recogni z&d that other doped si | 2 fisstsubsen of compwisr ipgtrugiongder t o

provide the N type or P type ul té&’i{ﬁ’@?@ ol} Vacuuweiféﬁgﬁ{ {ooﬂxﬁingaqu?t‘g[}g%&greon t he

appl i cation. er exanp a use present
inventign is formng an 20  ul topbawadl ahvud apFd0tegiwithinsaid proedsiek- st op
in a shallow trench isolation structure bet ween devi ces. Application
of the ptesent nethod for forni nghamberi anda- shal | ow channel - st op
o 20Mis a simplified cross. sectiohareoor EiPeF SRSimpFL IS et e

13 controlling said heating system to heat said heater to a

14 . selected temperature of between about 200-650°C

15 during said first time period;

16 and a second set of computer instructions for

17 controlling said gas delivery system to introduce said second reactive

18 gases from said second input during a second time period into said

19 processing chamber, wherein said second set of computer instructions

20 includes:

21 a third subset of computer instructions for

22 controlling said remote microwave plasma system to

23 provide said second reactive gases into said processing

24 chamber during said second time period; and

25 a fourth subset of computer instructions for

26 controlling said vacuum system to maintain a pressure

27 between a predetermined pressure range within said

28 processing chamber during said second time period.

1 3. The substrate processing system of claim 1 wherein:
2 said passage has a liner capable of preventing undesired

3 deposition or attack by chemistry from said second reactive gases, and said remote



shal l ow trench | Sﬂ!ﬂt ion structure forned in sem conductor material 1100.

m \“‘ H 20A, a trench 1102 is formed in seniconductor materi al
110&‘“ |

i sotropic etching techniques including reactive ion

et chi*ng® pt asma et chi ng, or ot her techniques. In the present
exanpl e, the sem conductor material 11001g®y be a P type substrate
or a Pwell fornmed in a substrate. A nmask 1104 may be used to defi ne

the chanfel siapwaegplasmanyttte is hauplcﬂ/ma saath Cinsti apehiag iof said Ymssage pn ezidss 30
reci pes glscussed i n_detail z&t@ @ d dielectric II?%/O 1106 is forned
over PROSRSSINE Ft55! EP‘PFE‘ s9ei i‘%?& Iffﬁ’}é‘de &P PaTS tipoughysaid naperse

provi desga Sgif Gffo Qhid dual mgufjﬁ’cﬁag'f s @8 adifvey Gk vingdid HeBhd oflaRpe! - stop

dopi ng region used to

conducti ng pat h fromform ng between devices in sem conductor
material 1100. For P type materl al 1100, doped dielectric |layer 1106
may be alBSG filmas the P 4 Thgsubd %gfamocgﬁmgcséswm of claim 3 wheréin

Pri or to, for%ﬁgﬁ%ggagivglggggsg*ggggég 1JIQ.OG over trench 1102, the 5

surface oOf t any gate oxide or native oxide

t hat may exi st by using renote m crowave plasma system 55 to provide
a fluorine radicals in ) ) .
5. The substrate processing system of claim 4 wherein

2  said flourine is from NF; decomposed by microwaves in said remote microwave

3 plasma system.

6. The substrate processing system of claim 4 wherein

2  said liner is comprised of fluorinated material.

7. The substrate processing system of claim 4 wherein

2 said liner is comprised of PTFE.

8. The substrate processing system of claim 4 wherein

2 said liner is comprised of PFA.

9. The substrate processing system of claim 4 wherein

2 said liner is comprised of TFE..

1 10.  The substrate processing system of claim 1 wherein
2  said second reactive gases are used to etch undesired oxides from a surface of the
3  substrate on said heater in said processing chamber, and said second time period
4  occurring before said first time period.

1 11.  The substrate processing system of claim 10 wherein

2 said second reactive gases include fluorine.

1 12.  The substrate processing system of claim 11 wherein



a renote plasma forned using reactive gases such as NF3, as di scussed

bel ow. \ i |ﬁac|eaning step, gate valve 280 is open to allow

fl uon‘i!u!ew‘m\s“mm ow fromconduit 47 through outer annul ar

- passag and*i nto thanber. 15 via 10 distribution plate 20. Heater 25
with the wafer thereon is |owered intojgposition for the cleaning so
that the fluorine radicals can clear the wafer of the unwanted oxi des
that may esdidtflooring efromy NAC decdinpos@nby sdid QZmude oo ttiw 208 PAgSngsyishegn.
substrate. Cl eani ng these oxides allows a nore consistent drive-in of
dopants from doped dielectric layer 1106 that is formed over trench
1102. The cleaning step and the 15 deposition of doped dielectric |ayer
1106 are performed in chanmber 15 in an in situ process. In
alternative enbodi nents, the cleaning step may be done by thernmally

breaking dowmn NF3 in situ, as discussed above, The fluorine radicals from
the NFferr] pl asma @8- vagoe subdiatecprogessinsyssngdciaimmt wheyeiaxi st on

t he suiface, .of 110 t he | ati nhaodi_nents, a
separ a{z e c%ﬁﬁ%‘%{ng%% F‘htééné Fefsi %_ﬁé’ﬁ%de{rz) ‘Féljg/z{sq ge]arlé Eg)cgghjg’swgg %@of«?ré? may be
used far tkéconglR@NpetodéRBrring i Al Sistitifieaesioapt i on by ~the wafer
i s avoi ded by not breaking the vacuum of chanber 15 (or alternatively of

the nul ti chanber system), the surface of trench 1102 is free of native

oxi de barriers. After t cleaning step is perforned te .val ve 280
i's cloded. Wt hout 1tﬁhe is%}ﬁ&% ﬁ‘é’cﬁséﬁgi%ﬁf,gm pA# 13 M8 ed

di el ecty i ¢ shiaykeEontlRactiRYgaI8Y BcRas flubridd® and uniformy be driven into
the substrate to formultra-shallow junctions used as a channel - st op

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

thereon is noved into the processin sition.and heat fo high .

terper dtures (about!3500-TEGHErPE PG Sar fiarigt 1f ayreinsop.
After depospianenrimd isdﬂ&ﬁ(NIj; &éc@ﬁlbbéc% ﬂﬁéé?d rebddé mi&z‘%ﬁra%@ﬁ%&mﬁ%ﬁbﬂﬁ. In 30
chanber 15 for the drive-in step. Gaté valve 280 renai nS cl oséd, and heater
25 is heated to a higher tenperature (about 800[err]C). The heating
oceurs lfor a specified 16.  The substrate processing system of claim 1 wherein

2 said processing chamber is part of a multichamber system.

1 17.  The substrate processing system of claim 1 wherein

2 said predetermined pressure range is about 1-2 torr.

18.  The substrate processing system of claim 1 wherein
said remote microwave plasma system includes a magnetron, a waveguide system
coupled to said magnetron, an applicator tube, and a tuning system coupled to
waveguide system to optimize microwave power from said magnetron to said

applicator tube, wherein said applicator tube is coupled to said first opening at said

[« NV, - I

bottom. '

19.  The substrate processing system of claim 18 wherein
said tuning system includes a phase detector system and is coupled to said

controller, said controller also configured to control said tuning system

UL

automatically.



tlne t hat depends on the desired junction depth needed for the diffusion.
lellmlllfmﬁﬂlll/“a"“ the wafer may then be transferred to an annealing
furnac t hermal process reactor (preferably within the
mul ti chdnbér %y§1e to drive dopants from doped dielectric |ayer
into P type material 1100. Doped di el ect dil¢ | ayer 1106 is used as a P
type dopant diffusion source for the resulting ultra-shallow 5
channel -$top regi on 1108, a20.shoWkhe subskiaty. p@O&singl systamsdfadlaionl 8 kdrenah - st op
regi on %%1 IS at %égﬁ %f on formed in P type material 1100.
After di £fusPaih NTHRE SR Ficlides @ {ROFT-1106 is renoved by wet
et chi ng techni ques or other renoval technlque fromP type material 1100.
Preferably, the wafer remains in chanber 15 so that gate val ve 280 may be
opened 10 and radicals fromrenote m crowave plasm system 55 may etch
away | ayer 1106. O course, reactive gases input to plasma system 55
depend on the type of doped dielectric layer 1106. Fig. 20C
illustrates the partially conpleted shallow trench i sol ation
structure after renoval of doped dielectric |ayer 1106. As seen in Fig.

20D, trench 1102 is then filled with an oxide 1110 to formthe shall ow
trench



15 isolation structure. In a preferred enbodi ment, a high quality USG

filmdeposited at high tenperature may be used as oxide 1110 to fill
hi gh aspect ratio trenches. Oxi de 1110 al so nay be formed using other
deposi tion techni ques. After conpleting shallow trench
i solation structure having ul tra-shgld ow channel -stop regi on 1108,

devices 1112 and 1114 separated by shall ow 20 trench isol atl on structure

rmy beformeal a5 S gl W
e ude 3 et ol eq LA Sl o

may be performed by transferring the wafer to anot her chanber,
preferably in nultichanber system After the wafer is transferred

from chamber 15, a chanber clABSTRARZTOOF2PHE DPSCE OSTRME USi ng remot e
m crowave plasma system 55 with resistively-heated heater 25 adj usted

to a cleaning position Hifdpigsans invghtien Eﬂﬁlldmmmgemp,emf:tmds ahd epyshyatus for

o ternati ve. diEbennRrla: s gt 06800 43 broipssing ot spmiconductonuptess moa
after steps shMystethstntethod94nd Apphus OPSk glle‘?érﬁqge'nﬁoégﬂg&l r&&lggle B agqsgy or

formed over trench 1102 and nask 104 as se cappin
1110 SL$(§¢PSetQ bbsrériosrnéd)mmﬂ! omvtbe Isymaghalmpadtodneexhcecn‘otal proceyseiig Hife6 in
chanmber 15 in rocess. During the deposition of capping
| ayer 1110, to\Féqu}'g hngqﬁxéu}é ngg@gmg for high aspect ratio devices. Performing
10 multiple process steps in the same chamber also increases the control of the process

parameters and reduces device damage. In particular, the present invention can
provide high temperature deposition, heating and efficient cleaning for forming
dielectric films having thickness uniformity, good gap fill capability, high density,
low moisture, and other desired characteristics.

15
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69 Then the substrate is heated in situ in chanber 15 for dopant
drive-in for diffusion of dopants from capped, doped dielectric |ayer
1106 into sem conductor nateri al 1100 as di scussed above for Fig.
20B. Alternatively, the wafer may be renoved from chanber 15 for
transfer to an annealing futnace or rapid thermal process 5 react or
(preferably within the nmul tijchanber system for diffusion of dopants from
capped, doped dielectric layer 1106 into sem conductor material 1100 as

di scussed above fror /Fijg. 20B. As seen in Fig. 20G dopants fromthe
doped dielectric |gyer b © 1106 with overlying cap |ayer 1110 have
di ffused into sem c¢onductor  naterial 1100 \\ to formultra-shall ow

channel - st op reglon\iiﬁg“‘tap-fayer 1110 ridimi zes the 10 out gassi ng of
dopants upward from doped di el ectric |ayer 110§ thereby resulting in

nore dopants diffusing. dawt into!the substrgre mater 00- ter the
di f f usi o TStep is perfnt d, gate val e’ 280 is'qpened 4nd both the
cap | aye 10 gnd dopedd = rTElelectrlxg [ ayer ray theén/gtched away
usi ng repote m drowave Fasma €yt em S 581With apmroprla e.et chant
chem stry-tp provide partiial [y conpl et ed | tenc ion as
shown inj& . 20C, ready' or;the remai nijnyg. i gs.
20D- 20E. | §hen thk waf er traggferreg ) : 1al ve 280 is
in = he C|bsed\POSI e chamd g afh #r rhen be
performed b - per the pl as 3 i 3
opened. | For 2neh i gan NMOS
transi stons in Ptyp < i y’ln11106 may
be a BSG-~+ m> Hor shaIIOM/tLegcQ i ‘ e X stors
in an N {ype substrate Sy MaS ! 2} . _ci i t he dgped
dielectr|g 1106 D i f _ i
vl
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silicate glass film For snaller device geonetries such as |ess than 0.35

[ err] m having a trench 1102 with a depth of about 0.5 [err]m
channel stop region 1108 of about 0.1 25 [err]mjunction depth nay be
formed using a BSG film 1106 about 200 A thick and a USG cappi ng
about 200 A thick, according to preferred enbodi nents of the present

i nventi on. It should be understood that sinplified
integrated circuit 900 is for illustrative purposes only. One of
ordinary skill in the art could inplenent the 30 present mnethod for

fabrication of other integrated circuits such as m croprocessors,
application specific integrated circuits (ASICS), nenory devices, and the
like. Further, the present invention nay be applied to PMOS, NMOS,
CMOS, bi pol ar, 70

or Bi CMOS devi ces. Al though ultra-shallow source/drain junctions and ultra-
shal l ow trench isolation applications are di scussed above, the present

i nvention al so 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 form ng undoped-oxides-as well as 5 doped oxi des for use as

various |ayers in integrat@dﬂgﬁgggﬁ?”devices, incIuPing PND,
‘ LaHTEEN
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| MD, passivation, and damascene | ayers. Exenpl ary waf er

cl eani ng, deposition, and chanber cl eaning processes for in situ or
i ndi vi dual operation within chanber 15 are further described bel ow,
i n accordance to various enbodi nents of the present invention. 10

B. G eaning Native Oxides Prior to Deposition In

accordance with a specific enbodi nent of the present invention,
native oxides that may exist on the silicon substrate or regi on where an
ultra- shal | ow doped junction is desired nay be cleaned prior to
deposition of the doped 15 dielectric layer that may be used, for
exanpl e, as a dopant diffusion source or as a PMD | ayer. In these
enbodi ments, the matiTve oxides can be cireaned by UsSINg TTUori ne
radicals froma plasnma formed with reactive clean gases |i ke NF3:by renote
m crowave plasma system 55. Use@f in situ pégcesses in one chanmber or
a

alternately in chanbers of the s@re nultich er systempernit enhanced
quality in 20 tthe ultra- sh%ﬂag(ﬁjunctlons d in accordance {with these
speci fic enbodi nents Il as prov@ﬁnng for dielectric|layers
havi ng | ow noi st ure conteny“énd,gg sBj nkdge.
In a specific enbodi nent, Frev R 30 t the deposi tji on

d

temperature, a tdnperaturé ngi ng et@mer abkut -650[err] C,,and
preferably at 25 about -600[ e r]d; flor thejentlire cleani process.

Chanber 15 is mai|ntained 4 priesqur e| rapgi ng bet ween aut 1-2
torr, preferably fat about toyr, |whijl e maifnt ai ni ng t

tenperature. Heatier 25 is ed o pgsi tji on abput 600 mi | fream gas
di stribution platie 20, whi gate valvg 280 is openegd and the cl gan gas NF3
IS i ntroduced into i chto tube |292] at ja rjate of about {600 sccm
The clean gas is 30 intr cedjinfo applficaior{tube 292 and the pressure

is pernmitted to stabilize

b

I

|
1
|
|
|
|

|
|

|

|
|C
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about 3 seconds before m crowave energy is applied to the NF3 in applicator {7 -

t ube

appl i ed

magnetron 711

radi cal s
conduit 47 of clean
and into outer

val ve.

of about

3
about 1000-1500 Watts, from magnetron 711 operating in CWrode is thenl {\3
for about 5-10 seconds. The microwaves are transmtted from
t hrough the wavegui de and optim zing systemto enter £
applicator tube 292 through the w ndow, as discussed |above— UVgl anp £!
731 ignites the reactive gases in 5 applicator tube 292 (to ﬂq;q1a@: iQE;
pl asma, with ionization sustained by the m crowave ener gy <enteri ng
applicator tube 292 at the window The radicals fromthe u strééﬁﬂ ;
plasma formed in applicator tube 292 are output to flow intro E?% 290.; Thez—;
fl ow through the |ined passage in encl osure jass ggly 200{ tp = k
mani f ol d 270 through the opened gate j\@live 28D | & |
annul ar passage 2 10 to enter chanber 15 and®tliean b
native oxides off the wafer. Used—cl ean gas reactants and oxi de < 1
residues are then exhausted out of\ chanber 15 via the opengd throttle ! &
The present description is fgrchanber 15 which has ja total vol P
6 liters. It is recoqgized that flow val ues {may jdi fif er, 3
depending on the size and type = § —
3 = ;%
fagy S S
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= 3 5
. 3
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_ 292. M crowave power of between about 500-2500 Watts,
pref erably between
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of chanber used in other enbodinents. 15 In a specific
enbodi nent, with chanber 15 naintained at pressures | ower than about
1-2 torr, rapid renoval of fluorine species occuggged, resulting in

poor cleaning results. At chanber pressures higher than aboutig¥-2 torr,

reconbi nati on may occur due to collision,lqssﬁs, as well as gausing

over heating and damage t o Ve 2€¥e%t ube 292. Chanbef 15 shoul d be
mai ntai ned at pressure |evels 20 TeMPRRBYRT®Y uori ne speci are not rapidly
renoved, reconbi nati on does not—eectt—anrt—— applic®or tube 292 does
not break. In sone enbodi nents, the chanber pressgye may be limted
by the physical dinensions and ateriad of applicator tube 292, when
m crowave power is being appli éd'ML&u% SRh&R fiic enbodi ment, the pressure in

applicator tube 292, when mcr pplied, may be about 3 tines
as 25  much as the opti nal chgﬁ%ﬁyggﬁgégﬁfe. When di fferent applicator
tubes are used Wt lxgdi ff erenmt—fTow rares, the optinmal chanber
pressure will vary. O course, any ' pressu%é may be used when
appl i cat or t+ube—292—+s—t5ed w t hout msLowaves- ﬁng appl i ed.

Since the plasma i s formed upstreampof the_wafer, only the reactive 30

f1 uorine radiEeﬁﬂ‘%er?tHret he o GealileenioNeach the wafer to clean the
native oxides [egulaton ., ‘ sttt | gled above, the cl eaning step
preferably |is 08RE"Por an 6nds for a typical native oxide
of thicknegs of about 90

i 592
_ 588 . YES :

h 4 h 4
Determine Desired and
Measured Ramp Rates
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| 594

h 4 / \

Determine !
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Rate Error

| i‘,
' 596

Apply Power P(k+1)
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590

Determine Power P(k+1)
Using A Control
Function, If P(k+1) - P(k)
Is Within Saturation
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| C 598 |

k 4 ~

i Dampen System /
! Response to Adjust !
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FIG. 1E

een Replaced

T



72 cl eaning step etches native oxides at a rate of about 2

[err]mM mnute. OF course; I me of the cleaning step depends
on the thickness of;,th articular oxjde to cleared off the wafer
Wth renote nicrowg e as system of prese i nvention, native
oxi des or other oxides hay be etched and plasna danage to the 5 wafer is
avoi ded. N Al t ho t he above wafer cleaning process

conditions are e%e pl ary—tor~the p nt, other conditions

may al so be used. The above desveiption di selisges| NF3, nerely as an
exanple, in a Gga FiI#TEﬁ%lméfntura system av iﬂ ble from Applied
*00- 10 1Ay

Materials fitted for wafers, as. do t _ | ous deposition

descri ptions bel ow. wever , i ot-her fluorine<tontarni ng or

chl orine-cont ai ni ng gases, such as.NF3 : N%>/NF3 and argon, NF3 and

Jerr], adilute @ek%ﬂ Cr4, | ]rr]:[eqr]; C3F8, SF[err] or dfJerr],

etc., may be used a SN P o C. Exenplary Silicate
3 NG

G ass Deppsitions qbo 'ing tp the process of the

present invention, dielectric |ayets sed ﬁéfth dopant source, PMD

| ayer, IMD |ayer, oxide filling |ayer; caiﬁ%ng" | ajwer, or other |ayers
P

may be fornmed using any of several differe tJéfgcesses. he process
recipes of a BSGfilm a PSGfilnms, a BPSEffi¥m and a USG filmare set

forth bel pw as exanpl es of doped and undoje dilé%yric | ayers used in the
present 20 I nvention.. O course, duringitfe ow descri hped deposition of
various dielectric

- 27% | 22,5

ZIUQ

R

N
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films, gate valve 280 remains closed (unless renpte plasma system55 is

bei ng used for deposition, in accordance with an alternative
enbodi ment). The exenpl ary processes may be perforned in CVD
apparatus 10, which is a {qsed, si ngl e-waf er, SACVD systemin
preferred enbodi nents. (J CVD appar-ettls 10-al so nay be
adapted with different and/ r addi tional input gas supply sources to
deposit BPSG arsenic doped silicate gl ass '~ (As$G, or qther
dielectric layers as well. & course, those of @rdi nary SKIt1Hin the
art will understand that other process recipes ard pt her reactii on systens
i ke pl asna enhanced YD (F@C\/D) Ry atso b ﬁsed to deposit the

cl ude TEB,

dielectric fidynms. 30 ExarrpIeS~QQ‘2 n smces |
trimet hyl bor ale (TMB) i b&ﬁme (Eﬁ H6) /7

Exanpl es of phosphorus dources inc] ude’ ,'” tri et hyl phosphte (TEPO),
triethyl phosphl\t\é 7

73 Y i et = ard ex AN emma

addi tion t edBSG ___defilmé, arseni c d\p%d oxi des or ar sgs
silicate gldss G & BY_oe; SRR X a
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arsenic gas diluted in argon, as exanples. Exanples of silicon sources

I ncl ude 5 silane (SiH4), TEGCS, or a simlar silicon source, and oxygen
sources include Jerr], gerr] ,,Y\m' crowaveNgener at ed atonic oxygen
(O, or the like. In the descriptionsggbel ow, Q flowrates for liquid
sources are provided in mlligrans peg; mnute (NPw) while gas fl ow

rates are provided in standard cubic cehineters p"g}' mnute (sccm. In
t hese descri ptions, I[}qui

ui vaporized using a Precision
Liquid Injection System 10 q\JB\I ' a\u;\-# flpw ra eé\IQf \be converted
to gas flow rates in Stcm by \ Iy\bl\i\ i'd MI'Q \rq;t(qsf by a
factor of about 1. 923\30&t Hat A Lkhw-r att I N\ N salchil-ated
accordingly. Preferably, stj’gf?-@c\-s@p\e;\q I ei{x\i\})\i ((be fwogned

using the TEOS/ 03 chemi stry ¥1 aKGACVENHT OCPSES d: =T ee,

uni formy doped gl tra- shal il ow |j [iopg—tn s@#\l odi is i n ot her
enbodi nents, a |l ow 15 ~ ~Tpsiur e _dop Ipi eQéct \\c N or agd usi ng
TEOS/ 03 chenistry with'a £ es B TUN et D\

to provide a planarizeg in$g e V| alBr” wijth high chiratio

Ve

gap-fill, Iowshrinkag&; ) am nati opd and V| f1 uori ne
I ncor poration. 20 ™ 1. Exenpl parly BSG Fi |l m bsition
As merely an exanpl e, Xt he | pSi ti-on-redi describ bel ow
I s capabl e of forrringga-BSQ Al . f Ul al dop telectric
e :

. (OF cou

ar>duse/f

a&a dop

R CEE:

ne dopant
8

| ayer used as a dopant’ di f1
vari ed de(egndi ng oM
the BSG | ayer. AQ_SG 25\
a dopant diffusioq sourge ¢
bel ow and appr opr &; el ywsuy
\
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The exenplary BSG bulk filmis deposited by heating the wafer and

heater 25 to a tenperature of between about 200-650[err]C, preferably to a
tenperature 30 wi thin the range of about 400-650[err]C and nost
preferably to about 500[err]C, and mai ntaining this tenperature
range throughout the deposition. Wth gate val ve 280 cl osed, chanber
15 is nmaintained at a pressure within a range of about 10-760 torr.

74 Preferably, the pressure is nmaintained within the range of about
400-600 torr, and nost preferably it is nmaintained at about 600 torr.

Heater 25 is positioned about frqﬂ¥pas distribution plate
romplate 20. 5

Joron, TECS as the

» g7 of oxygen is forned. Being
|'i quids, the TEB and “vaporized and then conbi ned
wth an inert carrier The Iiquids are vapori zed
either by liquid injection sy@?em1%¥ 5339as m xi ng systém 93, which
eaxiflant 10 i quid introduced.

The flow rate of TEB |s.;étmeen/aro - q-nldependlng

source of silicon, and 03 &

s Sheet Has Been Replaced
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on the desired dopant concentrations, while the TECS flow rate is between
about 300- 1000 nmgm and preferably about 500 ngm The vaporized TEGCS
and TEB gases then are mxed with a heliumcarrier gas flowing at a
rate of between 3000- 6000 sccm preferably at a rate of about 4000
sccm Oxygen in the formof 03 is 15 introduced at a flow rate of between
about 3000- 6000 sccmand is preferably introduced at a flow rate of
about 5000 sccm The ozone m xture contains between about 5-16 wei ght
percentage (W 9% oxygen. The gas m xture is introduced into chanber
15 fromthe distribution plate 20 to supply reactive gases to the substrate
surface where heat-induced chem cal reactions take place to produce the
desired 20 film The above_conditions can result in
a BSG fil mdeposited at a rate of bet ween-5p84- 1000 A/ mi nute. By
controlling the deposition tinme, BSG filns having|: . a thickness

bet ween about 50-500 A and preferably between abolij 100-300 A may be

formed at the process conditions descri bed aboyve about 10-60 secands.
The 25  thickness of the/BSG film deposi may\]
Preferably, the % of “\ho n the resutt

us -be easily]ggﬁfrolled.
bet ween about 2-8 wt %Wand . preferably is

¥ BSG fil myanges

6wt %y
nerely an exanpl e,
Zﬁgégble of forning
cQurse, the recipe

2. Exenplary PSG Fi | §®epo n 30
the PSG fil m depositi re ‘descr
a PSG filmthat may be ogef ufF as _

may be varied dependi ng pn the

/

x-+3
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75 qualities of the PSG | ayer. O her doped dielectric |ayers besides
PSG fil ms may be used as PMD | ayers by using simlar recipes to the
reci pe bel ow and appropriately substituting the dopant(s) source
gas(es) enpl oyed. The exenplary PSG bulk filmis
deposited by heating the wafer and 5 heater 25 to a tenperature of

bet ween about 200-650[err]C, preferably to a tenperature within the
range of about 400-650[err]C and nost preferably to about 600[err]C, and
mai ntaining this tenperature range throughout the deposition. Wth gate

val ve 280 cl osed, chanber 15 is maintained at a pressure within a
range of about 10-760 torr. Preferably, the pressure is maintained
wi thin the range of about 400-600 torr, and 10 nost preferably it is

mai nt ai ned at about 450 torr. Heater 15 is positioned about 250- 350
ml| fromgas distribution plate 20 and is preferably positioned about 330
ml fromplate 20. A process gas including TEPO as the
source of phosphorus, TECS as the source of silicon, and 03 as a
gaseous source of oxygen is formed. Being 15 | i qui ds, the TEPO and TEGCS
sources are vaporized by the liquid injection system and t hen

conbined with an inert carrier gas such as helium_The flow rate of
TEPO i s between about 10-100 ngm preferably Aefsken about 5- 30 mgm nost

5.0 7'@5\ r"/"i //Zi/
2w/ ) 1
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5 \20
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preferably about 24 ngm depending on the desired dopant concentration,
whil e the TECS flow rate i s between about 500-1500 ngm preferably
about 1000 nmgm The 20 vapori zed TEOCS and TEPO gases then are m xed with
a heliumcarrier gas flow ng at a rate of between 2000-6000 sccm
preferably at a rate of about 4000 sccm Oxygen in the formof 03
(havi ng between about 5-16 w ' duced at a flowrate
of between about 2500-6008_scc EZELQEL\\' troduced at a
flow rate of about 4000 scc & IS~ duced_into chanber 15
from25 gas dlstrlbutlog e > -¥e~gases'to t he
substrate surface where h'atf/¢ reagti gns take pl ace
to produce the desired 41 \ £~ condi tions
result in a PSG film de }’ed at a rate of about 80 [err]/mnute.
iyon time, the thickness of t film
% of phosphorus
and preferably

i ;y controlled. Preferably,
"In1De§§§1q{§n

deposited may thus be ;
in the 30 resultlngf S¢
is about 4 wt %57
76

il mranges between about 2-85

(Am—

2507

1‘5’(7
< .
ke V| N /.’
42
257 Fio 78 4

Sheet Has Been Replaced

T



As merely an exanple, the BPSG fil m deposition reci pe described bel ow
is capable of formng a BPSG fil mthat may be useful as a PMD | ayer. O
course, the recipe my be varied depending on the particular use for and
desired gqualities of the BPSG | ayer. 5 The exenpl ary
BPSG bul k filmis deposited by heating the wafer and heater 25 to a

t enperature of between about 100-800[err]C, preferably to a tenperature

wi thin the range of about 400-650[err]C and nost preferably to about

480[err] C, and mai ntai ning this tenperature range throughout the
deposition. Wth gate val ve 280 cl osed, chamber 15 is nmaintained at a
pressure within a range of about 10-760 torr. 10 Preferably, the pressure
is maintained within the range of about 150-600 torr, and nost
preferably it is maintained at about 200 torr. Heater 15 is positioned
about 150400 m | fromgas distribution plate 20 and is preferably
posi ti oned about 300 ml fromplate 20. A process

gas including TEB as the source of boron, TEPO as the 15 source of
phosphorus, TEGCS as the source of sveron and Jerr] as_a gaseous source

of oxygen is forned. Being I|qQ%ﬂs, the TEB, TEP@Znd TEOS sources
are vapori zed by the liquid i njection systenland}then conbi ned with
an inert carrier gas such as et om—of—course Tt TS Tecogid $ed t hat
ot her sources of boron, phosphorus, il sand oxygen so may be

used. The flow rate of TEB i —arefer,- y bHKM*H\ pas about 1505200 .ngm
The flow rate of TEPO is bet ] prefer
bet ween about 35-75 ngny 3| ab y_abouL.24 O dependi ng ¢n
t he desired dopant concen while t he TECS'Y#QM/ Qe N s bet ween about
300- 700 mg%The K ed/’I'EOS\TEB and TEPO gages\the larezfed
with a hel i gyas A1 ow ngtat a rate of th e\ 2000- 8000

sccm preferabl y—a
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25 of about 6000 sccm Oxygen in the formof 03 is introduced at a flow

rate of bet ween about 2000-5000 sccmand is preferably introduced at
a flowrate of about 4000 sccm The ozone m xture contains between
about 5-16 wt % oxygen. The gas mxture is introduced into chanber
15 fromgas distribution plate 20 to supply reactive gases to the
substrate surface where heat-indueed chenmical reactions take 30 place to
producesthe desired film The above conditions result
in a BPSG filmdeposited. af—a rate Ofv‘ g $étveen 3500- 5500 A/ minute. By
control | Fig the depositiof tine, the %i ckness of 402
77 the BPSG fi l dep05| teq may us be easi I y contlrol | ed. Thez-g

= 6f Cat: — en 2-6 w

resulting BPSG film ! :
% and a phosphor us N\ nohc‘aﬁ&r Y

The paraneters in the above BSoSHo BRSO =sses—and- bel ow
USG processes shoul d not be consgd€ified | iyt i ' iy ",_I;gr
exanmpl e, the present inventipn IsOapdli-<able | JA Il i con ‘oxide filnms
doped with ot her dopants I n d\ Himon| &3 Ne)Aarsenic. As anot her
exanpl e, the flow val ues f - T
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di scussed above apply for a chanber outfitted for 200-mm wafers, but may

differ dependi ng on t he-tiyshe or SLZ? of the chanber used. One of
ordinary skill in the art 10 icap also us€ other g¢henicals, chanber
paranmeters, and conditions to- uce simlaf/filns.

It is believed that filmstabitity be a Vactor in the availability of
dopant atons in the doped dielnctrl fil s fﬁr/d’ffu3| into the

sem conduct or fShateriaIf/Sbver I thodK/to improve=filmstability and

i nprove the abilityto 15 q6hmrol dopajpt drﬁfu3|on f r=on t he§e/doped
dielectric filnms i AEQ the—Qgﬁ(rondu toﬁ 5 rial e investi gat ed.

Each net hod descri fed naﬁkbevﬁerfor dio afd ﬂ% ctric layer,
after the |ayer i s Q@Jteﬂfuélng recifp -| s on f the

exenpl ary depogiti -"ﬁchpeé described atove "W er re, al t hough net hods
descri bed belou 3 lﬁ\{~ rt 10 [ﬁeatlcuLL_ frrtuﬁggifﬁgi f|In1 t he
met hods 20 Ly i cable To any e \\

4. Exedpl ar /équ - ’ @ e
: e r « i / a.
Filling Mater}/ Ir : ? ording to one
enbodi nent of , ass (USQ
| ayer can be d i ; exanpl e, as
an oxide filling ed for shall ow
trench isol ation. d as an I MD | ayer,
an I nsul ati USG r eci pe
di scussed begl ow filmwhich can
survi ve anneal i ng at 3 . Oferr]Cwth
m ni mal shrinkage. guSGiti ' N cel | gat3gap fill
capability for hi ecg;?%ﬂ 1 d ¢an i;gyw
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several etch processes at very uniformetch rate w thout opening up any
voids in the 78
USG The USG film also can endure chem cal nechani cal polishing (CVP)
pl anarization w thout gpenhing up any voids or creases in the USG

The wafer and heater 25-are heated to_a,tenperature within the range

of about 200-650[err]C,\but preferabﬁiabetmeen about 550-650[err]C, and

t hen mai ntai ned 5 at this tenperature throughout the deposition. Heater
25 is positioned abo 250> 400 T t—anay O g arSt T butTonptate
ﬁ{%//ﬂ/' ' ) g Lﬁkgﬂ/ t he
. e’ ; . >
10-760 torr, prefd? o+ i
conpri sing oxgé:n an %
deposi ti on chanber.

20 and preferably at
TECS and the oxygen source is 03, but t

pressure in chanber

recogni ze that addi tional silicf® Sourdeb su 1-as Si H4, T/ or
simlar sources, and other oxygen sourgss such as Jerr], H2O, N2O
m crowave- generated atom c oxygen, and siml - sources and m xtures
of the sanme also can be enpl oyed. Wien 88 T|s| used as a

Flre. !/
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15 silicon source, a carrier gas such as heliumor nitrogen is enpl oyed.
The ratio of 03 to TECS may range from about 2-17:1, but is

pref erably between about 2-6: 1. The optinmal total flow
of the gaseous r actants wi |l vary according to the geonetry and

desi gis ditet HaEPIh N a %ion chanber. The gas flow al so can be varied to
contr g8l on rate. Typically, TECS is injroduced at a flowrate
20 t 500-2500 mgm and i s pr_efeyré‘bfl'ﬁ i ntroduced at a flow
rate of about 2000 ngm 03 (between afout 5-16 wt % oxygen) is

i ntroduced at a flow rate of bet ween gbout 2000- 10000 sccm
preferably about 5000 sccm Heliumor nitrogen ) may be used as a
carrier gas that is introduced at a flow rate c’ﬁ3 between 2000~ 10000
sccm and preferably about 7000 sccm. Usual - he/tL al flow of gases into
25 the deposition chanber w | £y _between abgit 5000- 20003 sccm

pref erably about 15000 s-cmgove conditiong, deposition
rates of about 1450 [err]/ m nut: = or Yrearer are attainable. The flow
val ues above are for a 200-mm 7

efer Tcharber ~
on size of chanber used and size o , -
Cappi ng Layer

present invention, the
with a thin, separate USG | ayef:

and wi || Vﬁll‘y dependi ng
b

37/ . :
anot her enbodijment of the
PSG | ayer nay be capped

S
N
o




79 USG capping layer is a stable filmthat does not readily absorb
noi sture. Thus, the USG cappi ng | ayer provides a hydrophobic surface
on top of the BSG (or PSQG | ayer that prevents noisture present in

t he anbi ent from being absorbed into the BSG (or PSG film
Furthernore, the USG capping layer is a relatively dense film5 t hat

i npedes boron (or phosphorus) evolution. The USG cappi ng | ayer thereby
facilitates controlled diffusion of nore dopant atons in the doped
dielectric | ayer downward into the sem conductor material. Wthout

t he USG capping | ayer, sone of the dopant atons may diffuse upward
away fromthe sem conductor nateri al during the subsequent anneal or
rapid thermal process. Thus, the use of a capping 10 | ayer contributes to
controlling the diffusion and the junction depth. The USG | ayer can
be deposited in a separate pr ocesl*_ hanber fromthe 5855;( or PSG | ayer,
but preferably is done as an in si qupocess i n chamber? I5-where deposition
of the BSG (or PSQ Iayer al sq occurred. O course, many processes

for formng a cappkng 1 ayek ,._155 _____ The
foll owing process for f fh?%d‘a #y?r descrised és an exanpl e.

An undoped silicate gla 3 Fayer S —not thy % a cappi ng
\?}E&“\\\D{%
N |

X

| ayer, as descri bed beI_mL‘Qut 8 |eléctklb Mayer wi t hout

use of an ungféj i AN N The
waf er and heater 2 r f h{h the\range 20 of

d thdn maintai ned at
this t enperature i
about 250-350 m |

':'77
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away from gas distribution plate 20 and preferably at about 300 ml. Wth
gate val ve 280 closed, the pressure in c¢hanber 15 is maintained at a
| evel of between abaod erabl y at a pressure
of between about 200-600 torr, 25 - Feterably—about 400 torT.

A process gas conprising oxygen and silicon sources is ntroduced

into the deposition chanber> In a preferred embodi ment, the silicon source

is TECS and the oxygen source is 03, —but-those skillled in the art

wi |l recognize that ditional sili rj sources such as silane, TMCT
or sinilar sources, 4w 6ther 30 oxygen (s urces such as Jerr], H20, N20
and simlar sources and m xtures of the sa ~ also can be errpl oyed.
When TECS is used as a sili con source, a.cqr q er- gas §uch\) as helium
or nitrogen is enployed. The rati.o of 03 t¢ TECS. may \rang,e f rom about

80 2-17:1, but is preferably.bet Jout 2~ 6: 1>

The optinmal tot aI fl ow of the mﬂt& AN var\/'\ accordi ng
to the geonetry and design of the depod pnber—Tthe~gas flow al so can

be varied to control the depositig# pgc@ld‘y, TECS i s
introduced at a flow rate

505
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5 of between about 500-1500 ngm and is preferably introduced at a fl ow

rate of bet ween about 1000- 1250 ngm 03 (between about 5-16 wt %
oxygen) is introduced at a flow rate of between about 2000- 10000
sccm _preferably about 7000 sccm Heliumor nitrogen may be used as a
carri\; gas that is introduced at a flow rate of between 2000- 6000
sccm and preferably about 4000 sccm Usually, the total 10 fl ow of gases
into the deposition chanber will vary between about 5000- 20000 sccm

preferabPy about 15000 sccm Under the above conditions, deposition rates
of between about 500 and 1500 [err]/m nute are attai nable. At such

depositionates, a USG | ayer of about 100-200 A can be deposited in
approxi mately 20 seconds. The fl ow val ues above are for a 200-nm
waf er chanber and will vary dependi ng on size 15 of chanber used and si ze
of wafer. The foll ow ng processes for formng a USG
cappi ng | ayer ar®e, described as exanples. Preferred applications wll
have USG cap | ayéPs of between about 50-500 A, and preferably between
about 100 and 300 A, A person of .  —erdinary—ski+t in the art,_however,
will realize that c¥pping fayers of different 20 ~thickness can be

enpl oyed dependimmg—om—the specific applicati onfanddevi ce geonetry
si ze. Dependi ng/ on tRe|appl i on ap.sjzes in which the deposited
filmis used, it may<p¢ preferabfres—at t hough| not essential, that the
cappi ng and dopéd dielecti¢ layers bp rielatively thin. For thin

| ayers, the tine to depesHt and
conpared to thigcker lLayers. The WS
both the USG | ayer and |t he dopedjdi
It is also recogmzed—that diff

to etch away are reduced

| ayer is deposited, and
layer atre etthed back.
pEng | ayers suctr as other si'mlar

cappi ng
T

stabl e oxi de filinms may be i zed“To cap t doped dielectric
| ayer. Further,|the USEG cap | f over doped
dielectric filngs_deposited biqAP' , ) PCVD, in place of

SACVD. As di scussed—abopve, u%% of chanper 15 for }jin

114
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30 performance of multiple process steps is nost preferred, wth use of a

mul ti chanber systemin which vacuumis not broken during transfer of
substrates between various
81 chanbers in the nultichanber systemis also preferred.

Accordi ng tojanot her enbodi nent of the present invention, an in situ
USG or sim | & cap layer is formed on a doped dielectric filmby turning

off the z Iboron source or the phosphorus source just before conpletion
of deposiu on of the 5 doped layer. In this enbodinent, the initial doped
di ehgctrl C\I*ayer such as BSG (or PSG is forned as descri bed above.

FI ow\of —the~depart source into chamber 15 then is stopped while the

t her mal™} reacti on dontl nues for an additional period of bet ween 1-30
seconds ngr&f erably, t he . ontinues for about 3-10

seconds o hgsls nbocﬁrre t ihe zfopant source is)stopped by closing a

val ve on 0 = 2h;e]sourc ' he thermal reaction is

mai nt ai heet vt hely a dopa econds.
O course, ,st pPpihg t he d coordinated with
the tinBd g t kesthe H the valve to the gas
m xi ng D
~ I/'
-.:\ /
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system 93 and then through the faceplate of plate 20. In nost CVD machi nes
15 several seconds is required for gas to flow fromthe injection valve

to the deposition chanber, so the valve should be closed sufficiently
in advance to allow for these del ays. Thus, if TEB is the boron

sour ce, cloagng the valve on the TEB supply line several seconds

bef ore conphetion of deposition of the BSG | ayer results in a thin

USG cap whwsh prevents occurrence of the previously described noisture
20

absorptlan and out gassi ng phenonenon. The in
si tu depositipn of the USG cap formed on the doped dielectric | ayer
results-LnJLnELnyed stability and immunity to noisture absorption, and

contriButes. to |qproved control of the diffusion that fornms ultra-shall ow
doped i < regions. ZR Instead of or in addition to the
use of a%USE;gapjlngEanﬁx a pl gsma treatment of the doped

dleIeCUrlc I al so duCe'nnls ure absorption and
i npr ov &ff.aZbliut '
enbodi

treat may be t the device is not a
signific . eposition at

t enper at ur eH]Crmyb sufficient to
provige a he i nproved s blllty of the pl asna-

s to i oved control of the

treat ib
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82 forms the ultra-shall ow doped regions. Chanber 15 is naintained
at between about 1-5 torr during the plasnma densification treatnent.
Wth gate valve 280 cl osed, a pl asma formed using a reactive gas such
as, for exanple, nitrogen (N2), amoni a (NH3), or argon, is

i ntroduced nEto chanber 15. As nerely one exanple of the 5 pl asma
treatnent that may be used, a reactive gas such as N2 is introduced in gas
m Xxi ng sxstéﬁTQS at a rate of about 1000 sccm m xed with heliumat 1000
sccm o pl asma systemis operated, for exanple, at a power |evel of
aboUt 450‘Vﬁtns at a RF frequency of about 350 Megahertz (MHz) to
create a—ptassa—~i-n chanber 15. The plasna serves to passivate the
surfac® of the doped dielectric layer, which may 10 have sone
nltrldatlon\on ictis surface—Jhe—plasna treatnment thus densifies the doped
dlelectrle 5IKH1 NbréEdobant$ wn/the densified ddped dielectric film which

is [e3|st§n to\ﬁu' ailable for formng the
ul tra-shadl ews=w juncti D. Heating Processes
For In ition And/ CVD appar at us
10 has %ikg erature ¢ i@Q situ heating step
follow n epQsi tion pr for a two-step
deposi tionfr gff oy Pr QeSS step concurrent to a
deposiMdio process one step deposition/reflow
procegg se as a 20§ { hi gh aspect ratio
transis ion

“%s | £ | \ N
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undoped or doped dielectric film such as PSG often requires planarization
which is inportant in formng integrated circuit devices.

Pl anari zati on of a doped dielectric | ayer may be performed by
reflowing the [ayer at high tenperatures. Performng refl ow al so
contributes to inproving gap-fill of the deposited film especially for 25
hi gh aspect ratio features on the wafer. O course, heating steps for other
pur poses and applications also may be performed in CVD apparatus 10.
The foll ow ng heati ng procedure di scussed bel ow serves nerely as an
exenpl ary heating step whi ch may be used for reflow, but other
heating steps for dopant drive-in in sone applications or for other
pur poses al so can be done. 30 According to a specific
enbodi ment, two-step deposition/reflow process i s described bel ow.
Wth gate val ve 280 cl osed, chanber 15 may be mai ntai ned at a
pressure of about 200-760 torr. Wth the wafer and heater 25 in Phg 7

83 processi ng position between about 200-400 m |, preferaﬁiy bet ween
about 330-350 ml, fromdistribution plate 20, the wafer apd heater 25
are heated to a high t enperature of between about 500-800Fetr] C,
preferably between about 556{650IQLKLC in

’\\/
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chanber 15, for deposition processing. Stopping reactive gas flows, the
wafer may 5 then be heated at between about 750-950[err]C, preferably

bet ween about 750-850[err]C for about 5-30 m nutes, preferably about
15-20 minutes, in order to reflow the dielectric layer, according to
a specific enbodinment. The refl ow tenperature my be the sane as or

hi gher than the deposition tenperature in the two-step process.
Further, for a nmultiple-step deposition/reflow process, the tenperature nmay
be 10 ranped fromthe deposition tenperature to an internediate

tenperature (or internedi ate tenperatures) before being ranped to the
refl ow tenperature. O course, the tine and tenperature for the
heati ng steps may differ depending on the particul ar application

bei ng performed and on the particular | ayer being forned.

According to another specific enbodi ment, a one-step 15 deposition/refl ow
process is described. Wth gate val ve 280 cl osed, chanber 15 may be
mai nt ai ned at a pressure of about 200-760 torr. Wth the wafer and heater
25 in the processing position between about 200-400 m |, preferably between

about 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 20 750-850[err] C, in chanber 15,
for sinultaneous deposition and reflow processing to occur. O

course, the tine and tenperature for the deposition/reflow step may
differ depending on the particular |ayer being forned.

As di scussed above, keeping the wafer within the sanme chanber 15 for
multiple in situ processes prevents exposure of the wafer to the

envi ronment, 25 where noisture nmay be absorbed, and contam nation by Q00
inmpurities. Further -‘dqﬁﬁ6+%+ﬂﬁ+—0?—ﬂPe#Q9L++fr+ﬁ4ﬂﬁ?—a%—+1ﬁﬁﬁﬁP&F pé/’
greater than about SSQEﬁjifﬁkcan provi de € _an Tgh_qualrty

films which do not form véas phen heated  Neposit igGr—of t-h
deposited filnms at these tenperatur&i al so{rleduces shrinkagg$6
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30 E. Chanber C eani ng/ Seasoni ng/ Gettering Processes
After the processing step or nultiple processing steps, such as the
exenpl ary steps di scussed above, have been perforned on the wafer in

chanmber 15, 84

the wafer is transferred out of chanber 15 fpgsosubsequent process steps as
needed. When the vacuum | ock door is closed, sealing chanber 15

wi t hout a wafer on heater 25, chawber 15 may undergo a chanber

cl eaning process to elimnate Aeposition process residues such as
undesi red oxides and/or nitrides frgmportiogs 5 of chanber 15,

i ncl udi ng the unlined chanber swal {® in t he NYower portion of chanber

15, the bottom of heater 25,§£%-WEIICQS of her ghember conponents. To ensure
edt
ng

reliable wafer-to-wafer rep abith@, éhe qpénber cl ean renoves any

resi dues built u f 0Si ¥1 gn—pr ocesses. These resi dues can
be cl eaned from chanber using fluorine radicals, for
exanple, froma plasna;bor actddfe cl ean gases by renote

m crowave plasma system557 Due tI%oiSts hi g

cor nt
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reactivity with F atons, residue silicon oxide can be renoved by the

formation of a Si F4 gas product which may be punped away out of
chanber 15. The chanber cl eani ng procedure di scussed bel ow may be
performed after processing of every waf er or every several wafers. 15

In a preferred enbodi nent of the present iQ®ention, NF3 is used as

the clean gas to provide the fluorine radi-cals. The present invention

pref erably uses renot e nicro%@ve,plasna system 55 to deconpose NF3
gas and generate a fl ow of fratons,®nto chanbge 15. Using a fluorine
chem stry with renote m crowave .~ p?asnapsystéﬁ§55 of the present

i nventi on advant ageously has v Kkifetic eﬁ%rgy-zo and does not have
physi cal sputtering effect onrd et i o of charging species in the
subsequent |y deposited film np I it she._proggsses.

Furt her nor e, consi st ' g-rements to reduce

gl obal warm ng effects, th not generate any

| ong-1ived perfl ouro-carbo FC) products. \\;i:i To ensure

the best clean efficiency, the F fludCas4mel |l asNits cleaning 25

uniformty shoul d be optinmized. 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 théFd(QBCﬁrgtgﬁéion. Fig. 21 shows the

rel ati onship between NF3 fl ow and ) r ve saturation power that

gi ves the highest clean rate without any excessive har dware costs, in

accordance with a specific enbodi nent of the present invention. 30 As

shown in Fig. 21, the mcrowave saturation power ranges from between about

1300- 2100 Watts for corresponding NF3 fl ows of between about 500-950 sccm

according to the specific e?ﬁgﬁinent. For a preferred enbodi nent discussed
A
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85 bel ow, the m crowave saturation power is about 2100 Watts for a

NF3 fl ow of about 950 sccm The clean uniformty can be controlled by
chanber pressure as well as heat er spaci ng, both of which can adjust
the nean free path of the gas species and punpi ng profile. As

di scussed earlier, since the highest pras$stre that can be 5 tol erated by
t he above-di scussed enbodi nent of applicator tube 292 is about 2 torr,
spaci ng was used to optim zg clean Mniforni?&r I n ot her enbodi nents using
di fferent enbodi ments oflaﬁﬁlicater tube 292, both pressure and spaci ng may
be used in the cleamuniformty optiization. I n
an exenpl ary chanber_cléani ng™prqegess; chanber 15 is naintained 10 at a

t enperature rangi ng between abgup 300-650[err]C, nore preferably at about

550- 600C t hroughout the:cleaniing procedure, in preferred
enbodi nents. Most pr ef er abty, Chanber 15 is maintained at the sane
tenperature at which the particul ar process is being run in chanber

15. For exanple, chanber clean s o Processes would be run at 600[err]Cin
t hose chanbers used, as an exangLe—discussed 15 above, for depositing PSG
filnms at 600[err]C. Wth the throttle val ve opened and gate val ve 280
cl osed, heater 25 is positiofefgabo®t®»IN0-250 mil, preferably about 150

ml, fromgas distribution plate 20 so that gas distribution plate 20 is
heat ed up. Heating up gas distribution plate 20 allows a faster clean
to occur. This heating

(100 This Sheet Has Been Replaced
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step may be done for between about 3-10 seconds, preferably about 5

seconds. 20 Then, pressure and clean gas flow are
optimally stabilized before the clean is performed. During the
pre-clean stabilization step, chanber 15 optimally shoul d be

mai nt ai ned at pressure |levels, which anqoaLso used during the clean step,
where fluorine species are not rapidl-y renmoved and reconbi nati on does not
occur. In the pre-clean stabi M zation step, chanber 15 is brought to
a pressure between 25 about 1-2 torr, preferably about 1.5 torr, with
gate valve 280 is open. Wth chaib¥r 15 maintai ned at pressures |ower
t han about 1-2 torr, _[_Qpi d renmpval /n’f fluorine species occurred,
resulting in poor chanber cleaning/result At chanber pressures

hi gher than about 1-2 torr, recbnbination|my occur due to collision

| osses, as well as causing overiyeating amgd danage to applicator tube 292.

Heater 30 25 is noved away fr' - tribution plate 20 to a di stance
of between about 450- 700 m |, pke{ﬁggbly about 600 m|. The cl ean
gas, NF3, is also introduced at a rate of between about 600-1100
sccm preferably about 950 sccm intgepplicator tube
86 -
Fig. 200D
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292. This pre-clean stabilization step |asts between about 2-6 seconds,
preferably about 3 seconds before m crowave power is applied during
t he chanber cl ean step. .~2-. I n the chanmber clean step, the
pre-clean stabilization conditions in-\'Y" chanber 15 are nmintained at a
pressure rangi ng between about 1-% torr, preferably 5 at about 2 torr.
When the cl eani ng procedure is)pérforned, m crowave power of bet ween
about 500-2500 Watt oFé appl i ed to\gpﬁlicator tubq\zgi. Pref erably,
magnetron 711 provides about_ 2. 45 GHz njicrowaves ‘and is operated in CW node
at about 2100 Watts for. theZpref@rred £l gan—gas—flow of about 950 sccm The
m crowaves are transuitted—f+om:nagnet ron- rough the wavegui de and 10
optim zing systemto enter applijiicator}tube 292 through the w ndow, as
di scussed above. UV lanp | 31.LgL es the reactive gases in applicator
tube 292 to forma pl asme, Wi I oni zation sustained by the m crowave
energy entering applicator tube 292 at the w ndow.
During the chanber clean step, flUd@®e radicals fromthe plasma 15
formed in applicator tube 292 to which microwaves are applied may then flow
t hrough opened gate val ve 280cﬁmg?in§9 nber 15 to clean surfaces of
undesi red oxi de residues. Sihce e plasma is fornmed upstream of
chanber 15, only the reactive fluorine radicals in the plasm are
able to reach and renove the residue built-up portions of chamber 15.
Therefore, various portions of chanmber 1§ are 20 cl eaned of deposition
process residues while m nim zing dirgﬁ? pl as damage to t he
chanber 15. The chanber clean |asts bet nyabout 30 seconds to about 10
m nutes, preferably beyﬁﬁen about 60-2Q /;ﬁggnds, ﬁud(nnst preferably for

a

about 160 secohds. O cewrse, the nber,clean tinme may vary
dependi ng on the t hirckmess Nand +de residue in chanber 15.
As nentioned above, it 1;L¥21_J_rdcbgniz

: 6w val ues may differ
dependi ng on the size and type f\ﬁhe
\
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chanber, as well as the dinensions and material of the applicator tube,

used in ot her enbodi nents.

reduces backsi de
bl ocker and gas distribution plates.
cl ean, additional
post - cl ean steps, chanber
t enperatures di scussed for the above
end of the chanber clean step, clean

post-cl ean steps may be 30
15 is preferably nmaintained at the

The above-described cl ean process al so
undesi red resi due deposition behind both the

After the chanber

performed. During the

above
deposition and clean processes. At the
gas flow is stopped and m crowave

87

power is
no | onger supplied. Chanber 15 is punped to renove nost of the F residue
at ons. During thpgpopast-cl ean punping step, heater 25 is noved to a
posi ti on of between .aQﬁut'15oq-2200 preferably about 2000 mil, from
gas distribution plate 20pwhiifEwavec & PARETL | e val ve i s-‘'opeped and gate
val ve 280 remains openijhe pubprhg step 5 | ast s between gbout 5-20
seconds, preferably bo&@‘labsepsgﬂﬁmndepending on the .-~ ampunt of
cl ean gas reactantstand r{asipug:g ted out of charfber 15.aC ean
endpoi nt detection %&stenlalso may be utilized to-@ssist-n determning the
stop tine £ 1800 L o ]
g [ -
q > - -
5| e
3 1400[ o a ]
4 L '/ J
1000 - _' i ol . ] : -
400 500 600 700 800 900 1000
NF; Flow (sccm)
FIG. 21
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for the post-clean punping until substantially all deposition process

resi dues are renmoved from chanber 15. 10 After the
fl uori ne-based chanber cl eani ng procedure, there may be some
adsorption of active fluorine species on the surface of the chanber walls,
close to where the wafer woul d be | ocated when the next deposition process

occurs. In the next deposition process, the fluorine night t hen
interact or be incorporated into the deposited film causing film o
sensitivity at the 'surface. This filmsensitivity 15 mani fests itself as

a rough surface,, which may be problematic with the tol erances
requi red by hhgh Imtegrati on devi Ces, Tesurting in devi ce naltunctlons The

pr esent invention:provides the ability to getter any adsorbed. SIS
fluorine frontthg sy face of . chanber- wal | s by several nethods: 'i"jj!
di scussed bel ow. ” : . After the post-clean punpi ng step,i_,,_{
seasoni ng nay be perﬁbrned to 20 recombine all free F species by either
chemical reaction of 't appi-ng the F to the - chanber. wal | s through

silicon oxide (gjijO2) ep05|t|on The post,clean punplng and ; ; i
seasoni ng step® are—perl ) T , e: fron. and . F, .-~ -
cont ent |n51de'sugsequently dep05|ted fllnE Sl -~---L-~--ﬂ

Optimally, betweem the post- clean punplng step and seasonlng step s 25

. Pt

. . | I

i ‘ .
[ S G S

to nove heater 25 |nto pOSItIOﬂ fori the seaso |ng st ep. In thls
stabilization step, 'gate vy ve | ‘ 280 i s closed Ind chamber 15 s -
mai ntai ned at a,pressyre of betmeen dbout 20 70I ! torr preferably 50

torr. Heater 28’ I s-ar - -
ml, preferably about~500 ml: frontgas dlstrlbutlon plate 20. In a:

specific 30 enbodi-nent, t@e seasoning step presently descri bed usee::',,__g
ozone and TECS wiith_ | . . heliumas ithe carrier gasito season. chanber,ﬁi,,\.'
for subsequent sill'i con oxi de ep05|t|on ’CI cburse' other gaees y
be used in the sgasoniing and perSeasonlng‘ i |
' : l i
10" — .UI._U
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88 stabilization steps, depending on the type of silicon oxide

deposition desired. In the pre-seasoni ng stabilization step, liquid
TECS at a flow rate of between about 200- 400 ngm preferably about
300 mgm is vaporized and transported with a helium carrier gas

flowng at a rate of between about 4000-8000 sccm preferably at about 5
6000 sccm into chanber 15. Gas flows may be introduced into chanber 15 via

t he normal inlets used for dep05|t|on or via appllcator t ube 292
wi t hout appli<€ationof mrerowaves—This—stabitrzattomrstep—tasts
bet ween about B-25 seconds, preferably about 15 seconds, before tihe
seasoni ng stepjbegins with the introdugctizom af -the oxygen source jto
begi n depositipn of the seasoni ng oxi de onto chanber 15. In the 10
t hermal season| ng step ozone-9-s-i-ntroduced at the flow rate used for LQ@&
particul ar "‘Tﬂﬂﬂnﬂﬂnﬂm+1yuy;aysvused\(§ g., about 5000 sccmfor thg*
experlnentaI.UDG deposi tion process at 550[err] C di scussed above,} or
about 4000 $8%i for the experinental PSG \ deposition process at
600[ err] C di sclissed above) for between about‘'10-20 seconds, 1
preferably aboyt 15 seconds to deposit a thlP | ayer of SI|ICOﬂ oxi de
(e.g., the A\ - iion oTuntEl ;
dind
l "'.“‘
— (n20t |
- w : ]10
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15
t he

experi nment al
experi nent al

onto surfaces in

chanber

USG deposition process having about 12.5 w
PSG deposi ti on process having about 8 w
15. During the seasoning step,
flowis optimally consistent with

any fluctuation in ozone flow and concentration.

thereby can trap fluorine atons that may have been adsorbed 20

surfaces of chanber

15.

seasoni ng step di scussed above,
may be perforna%zogpLLgaLLxl these final steps are

t he deposition tenperatures di scussed above.

% oxygen, or
% oxygen)
t he ozone

t he deposition process to mninmze

Seasoni ng chanber 15
onto the

Fol | owi ng the thernal

final

In the f

stabilization and punpi ng steps

al so perforned at

stabilization step, the throttle valve is opened periodically to aIIOM/thé'

chanber 25

remai ns cl osed. Heater

25 is

pressure to adjust to atnosphere, while gate valve 280"

noved to a position of between about

800- 1000 m I,

preferably about 999 m |,

from

gas distribution plate

20. TECS flow is stopped, while helium and ozone flows
sanme as in the s@asoning step. The final
for atine peri%hgof bet ween about 5-20 seconds, :preferably about 10 -
seconds,

st ep,

stabilization step is perforned

remai n the

30 befiore the final
gate valve 280 !

punpi ng step begins.

. remai ns cl osed ahd heater 25 is not noved.. Al
gas flows are stogped and the

throttlée valve is

5-20 secon{ls,
|

n the final punpi:ng

.opened. The final.

i
5
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89 preferably about 10 seconds, before another wafer is introduced
i nto chanber 15, which is now ready for the next deposition process,
heati ng, or wafer cleaning step. It is recognized that final
stabilization and punping steps also may be nodified and simlarly
used with the particular seasoning step or alternative gettering step 5
(exanpl es di scussed bel ow) sel ected. I n enbodi nent s
alternative to those di scussed above, the pre-clean stabilization
step di scussed abog%?nay further include a ranping of the m crowave

power from a Iow ? ower _to the final clean operating. level of

m cr onwave pomer “aFfowpn g pre-clean stabilization of pressure and

m crowave plasma 10 gener at In a preferred alternative enbodi nent,
the pre-clean stabilization step di scussed above nmay be substltuted
with the foll ow ng pre-clean- stabﬁ i zation. Al'l owiing
for sinultaneous stabilization of Pressure and m crowave power, .t he
step of ranping up the mcrowave power to generate a N2 (or other inert
gas, dependi ng q1twhe clean gas usedp plasma provides a | ower pressure
shock 15 profiTe on:applicator tiube_ 292 upon NF3 plasma géeneration, iin:

accordance with a §-~~-'speC|f|c enboalnent M crowave: power |evels applled;;_;
to magnetron 711 from..!.. .microwave power suppl y 110 may be adjusted

under the control of prdcessor 50.: © For: exanpl e, the m crowave power -

may be ranped from|zerolto .a level of about 300 Vﬂtts (or sone ather

power | evel betmeed 0 add the final clean operating 20 power Ievel)
during the stabijjigation step, and then 40 2100 Watts !
to provide a nore gradual:;- optinmal: stabilization process. SpeC|f|caIIy,-'-g§{;
after the heati-ng step, heater 25 is noved to a p05|t|on about {600 -

m!| fromgas distributi.dn. ... : : : . A

. . P f ; = |
I ; i . . : : .
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plate 20 and N err] is introduced at a flow of between about 100-400 sccm
preferably about 300 sccm into applicator tube 292, while the
throttle val ve renmai ns open and 25 gate valve 280 remains closed. After
about 5 seconds, the throttle valve is closed and gate valve 280 is
opened, allowi ng pressure to stabilize for the next 5 seconds as
chanber 15 is brought to the clean process pressure, about 1.5 torr in a
specific enbodi ment. Then, an internediate | evel of mcrowave power
bet ween about 200- 400 watts, preferably about 300 Watts, is applied
to applicator tube 292 to forma 30 N2 plasma during the next 5 seconds.
For the next 5 seconds, NF3 is also i ntroduced into applicator tube
292 while the m crowave power level is ranped to the clean | evel.
Specifically, NF3 nmay be introduced at a rate between about 600-

90 1100 sccm preferably about 950 sccm into applicator tube 292,
whil e the m crowave power level is ranped up to the final m crowave
power clean operating | evel of about 2100 Watts. Then, N2 flowis

st opped and pl as gener at ed using only NF3, allow ng for
stabilization ofn?ﬂkﬁNFS pl asma generatioh stabilization for .

12001 B wi%=6.131

h ’ . )
900 . / N .
A / \\ )
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5 about 5 seconds. Fromthis point, the clean may proceed, as di scussed

above. In t he above di scussed alternative enbodi nent, both pressure
and plasma generation are stabilized prior to perform ng the cleaning
step with the NF3 cl eani ng pl asna. This alternative pre-clean
pressure/ plasma stabilization may |last for a total tinme peri od

preferably between about 20-30 seconds with each power |evel ranmp-up 10
allotted an appropriate slice of time fromthe tinme period. Accordingly,

pressure shocks from an i nmedi ate, one-step application of high

m crowave power (for exanple, fromO to 2100 Watts) on applicator
tube 292 are thus m nim zed, resulting in an enhanced |ifespan for
applicator tube 292. Al t hough t he above descri bed
enbodi ment is a two-step power |evel 15 ranmp-up, other enbodi nents nmay
have nul tipl e-step ranp-ups (for exanple, fromO to 300 to 1200 to
2100 Watts). Further, a m crowave power ranp-down step optionally may

be perforned bet ween2tde_above described clean step and the post-
cl ean punping step. Twotstep or rglltl pl e-st'ep ranp-downs al so aje possible

for ot her enbodi nents. O comks\e the ranping may be contjy nuous, a
series of discrete 2000[steps, or a cor ation thereof. For systens
whi ch have a RF sna system ranp-u d/ or ranp-down RF power
| evel s may be perfornmed;for pre- cl ean stabiljzation steps where an
in situ plasm chawbé¢s) €l ean is used, in accor dnce with further
enbodi nents. Al thangh specific times are di scussed above'’ or each

part of the stabi El zatien, in other enbodi nents, the specific tjnes nay be
25 vari ed and @ar 1680 f the stabilization may be conbined or elimnated

to reduce tine. & As an alternative to the thernal
chanber seasoni ng & Bi scussed above, a chanber seasoning may be
enpl oyed whi ch us@s TEDB and derr]. Vaporized TECS may i ntroduced
into chanber 15 via inlet 43uand gag m Xi ng box 273 or using t he
bypass passage in the |id. The CIerr] is sent through applicat tube 292
for 0 — Y —_— .
30 40 50 60 70
RTP time
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30 - radiation (for exanple, between about 500-2100 Watts, preferably 2100

Watts) by m crowaves from magnetron 711 of m crowave plasma system
55, to produce atom ¢ oxygen. (err] may be introduced into
applicator tube 292 at a flow rate of

91 bet ween about 50-200 sccm preferably about 100 sccm while gate
val ve 280 is opened and chanber 15 is naintained at a pressure of

bet ween about 1-2 torr, preferably about 1.5 torr, and a tenperature
of between about 300- 650[6PF]C pref erably betmeen about

550-600[err] C. The atonic oxygen is abl&lto react with the 5 TECS in
chanber 15 to provide agm crowave- enhanced. chanber seasoni ng.
Al ternatively, for enbodlnentS\haV|ng a RF'plasma system able to provide an

in situ plasma, vaporized TECS may be introduced into chamber 15
where the RF pl asma system can create‘a plasma with which the atomc
oxygen nmay react for a ni ng. 10

As anot her alternative to hanber'seasonlng’to prOV|de gettering of
fnmmneaumsfrmndemrsw{gﬁ§*§HHHﬂ may be fllowed at a rate of

bet ween - G//‘_E\N\\\\\__//'
=0 BN {
- z
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about 50-200 sccm preferably about 100 sccm into chanber 15 to purge
chanber 15. Silane may flow into chanber 15 via line 85 into chanber
15 from one of the ot her supply sources 90 (Fig. 1C) to gas m xing
system 93 with cl osed gate val ve 15 280, via other purge inlets to
chanmber 15 with cl osed%ate*val*ve-%e———crr—vra*——”—"ap‘m—rca‘tor t ube 292
with or wthout applicati omisire AbsomposevesTaed W th opened gate val ve

280. During the silane purge py, Se& &, chanber 15 is!naintjained at a
pressure of about 1- 5 %?r 8 %{8 e OF ture of between abaut

300-650[err] C, e preﬁerabl y bet ween about 550- 600['err] G with gate

val ve 280 cl osed. P{ .8 chanber 20 w--45 absorbs the F ations and results
in the formation of i F4 ga§ which is t hen purrged out of chanber 15
via the exhaust sysf‘Sem hemendpm nt \(:Let ection system! t as descri bed
above in detail, th@ (BJEO\A@ t he systemt~a det erm ne V\hen tjhe chanber

cl eani ng process is conp et eFy-eone. ' a further

alternative to seasoningt or "t o™puligifig “‘f:hefﬁber 15 V\Mh /251 sil ane, as
descri bed above, gettedd “di ng act |ve hydr ogen
into chanmber 15. Hydrogep_ (e, d. H2 or other. hydr ogen spurqé) woul d be used
as t he "cl ean gadS00 s¢)fl pS®obdek ZH00 a 2000ow Skt B00f B@t ween about

50- 200 sccm preferably abouty, Mﬁmﬁ% ({Bn )‘;\nd sent via switching val ve
105 into applicator tube 292 via 1nlet 57 (Fig. 1C). Mgnetron 711
Is operated at CWnode at a power 30 | evel of between about 500-2500
Watts, preferably about 1000 WattsEFR@G. ﬁzgw de m crowave energy to
applicator tube 292, thereby producing a plasma therein. The active
hydrogen fromthe pI asma in applicator 292 would then flow t hrough the

FIG. 26A
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.92 | i ned passage in enclosure assenbly 200 and into conduit 47 for
use in chanber 15. O course, for systens which also include RF

pl asma systens, hydrogen may be i ntroduced into chanmber 15 and RF
the gettering pr sure of
about 1-2 torr a about
300-650[err]C, p val ve 280
open. The _ ne to
produce hydrogen fl¢ punped out of
chanber 15. An endj ‘simlar

principles as th _ e 0 det ect
changes in light. ity iZitste 5 e used.

Yet another altel g g 'si | ane,

or using active | Iy o o 15. Ammoni a

( NH3) woul i o , . e oy b ‘gas panel 80
at a flowrate o s ; bout 100
sccm and sent e 292 via

at a power
000 watts to
produci ng a

inlet 57 (Fig.
| evel of between:
provi de m crowa
pl asma t herein.

then flow througj nd into
conduit 47
FIG. 27
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20 for use in chanber 15. During the géttering procedure, chanmlgtz1b.is

mai nt ai ned at a pressure of about 1-2 torr and, optimally, at the
deposition tenperature of bet ween about 300- 650[err]C preferabl y
bet ween about 550-600[err]C with gate val ve 280 open. The ammoni a
reacts with the adsorbed fluorine to produce an anmoni um fluoride

conpound and HF vapor which nmay then be punped out of chanmber 15. 25 o
course, for systenms which also include RF plasma systens, ammonia may be
i ntroduced into chanber 15 and RF ener gyoﬁlgipl ied in chanber 15 to provide

t he anmoni um f | uori de conpound an F. An endpoi nt detection system
operating on tem descri bed
above but detectin wi"ﬁﬁbﬁ@ gm MddMance by
amoni um fl uori de B MeM QUNTHED: & PLASMA SYSTEM

Al t hough the cl eani ng process conditions descrlbed above are
exenpl ary for the present enbodi nent, other conditions nay also be used.
The

above
description di scusses NF3, mre’%/R%gTagFg(%pI?IégCIrgng& ga F| l1[err]
Centura chamber  apiei gradeng ifvention provides! spdwdins, méthods drideshph@itus2Re- nm

waf ers and having 6
high temperature (at least about 500-800°C) processing of semiconductor wafers.
The systems, methods and apparatus of the present invention allow multiple process
steps to be performed in situ in the same chamber to reduce total processing time
and to ensure high quality processing for high aspect ratio devices. Performing
multiple process steps in the same chamber also increases the control of the process
parameters and reduces device damage. In particular, the present invention can
provide high temperature deposition, heating and efficient cleaning'for forming
dielectric films baving thickness uniformity, good gap fill capability, high density,

low moisture, and other desired characteristics.:

Fig.3 -
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liters total volume, as do the various deposi tion descriptions bel ow.

However , ot her fluorine-containing or gM&Wh
as NF3 and argon, NF3 5 and N2, NF3 and ( érr] RERFACEMENTt SHEETSox y $én
generated by mi crowave pl asma syst em 5%, OdDesgriptio; p:CEd ... GBRMAgESEL, |
C2F6, C[err], etc., may be used as well. O hell Claim(s) gaspaetesitdepngedhose
descri bed above al so may be used for the getted Dgwingieedpaged Ao paghl $HH-
pre-seasoning stabilization steps wiU4R vary |dgipsabdiazog on dgbe .NAL! papud ar.
type of seasoning/gettering process seliected from t%e various
alternatives to the above 10 di scussed the "%Aﬁﬁoﬂﬁ'ﬁ%lﬁhe ﬁbbvég
descriptions for cleaning, gettering, and - ‘
occur at preferred tenperatures (for exanple, about 550- 600[err]CQ),
but it is noted that, nost preferably, chanber 15 is naintained at the sane
" tenperature at which the particular process is being run in chanber 15. O
cour se, different tenperatures al W may be used im0ot her enbodi nents.
Further, sonme 15 enbodi m er—da HQQ{ elfl m nate sone portions
S ep

of the cleaning, get | erRROGESSOR § ni escri bed above.
[11. Test Results And Measi st A. Utra-shall ow
Doped Junctions 20 & oeéem)nstrate t he operation of the
apparatus and net hod QTHER, 'Sng t o _enbodimest-s—of—the present

i nvention, experi mefQOMPOREMSyETTOr fed neasuri ng theq sheet resistivity
and junction depths of ultra-shalldw junctions fornmed usijng as
exanpl es BSG fil ns manufactured w tjhout a lJSG cappi ng | ay ésf or nmed
usi ng l0\BSG films with a USG ¢ 'ng_z er.T? nc BBEG f§1 ns were
about 150 A thi ck, whilegq3qe SG.fil r t hi ck
wi th about, a 200 A USG : nd unc S wer e
deposited on a | owresistivisr | PLASMA
280 SYSTEM
/22- 2042 /18
/ Ziw %
ooyons
AQ) o °,§°°°? N AN\ P
“\'i ——-. 13
- ; — | B
63 NE
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type silicon wafer. Sheet resistivity and junction depths of ultra-shallow

junctions formed using the uncapped and capped BSG fil ns were
measured. For filns deposited in chanber 15 of CVD apparatus 10,
described in detail above, gate valve 30 280 is closed during the film
deposition steps according to a specific enbodi nent. Actual process

conditions used in the experinents are as follows. Specifically, the

BSG filns were deposited at a tenperaturd4® about 500[err]C and at a
pressure of 94

about 600 torr. Spacing between the susceptor and manifold was about 300
mi. Gas flows in the experinments included introducing TEB into the
chanber at a rate of about 200 ngm introducing TECS at a rate of
about 500 ngm introducing oxygen (03) at a rate of about 5000 sccm
and introducing the heliumcagrier ga? at 5 a rate of about 8000 sccm
The above conditions resulteﬁ§§§.; % %qn1deposited at a rate of 700

Al m nute. The deposited ' a thickness of about 150 A for a
process time of abg H A . I n experinents
where a USG cap was useo N { ng | ayer

FIG. 8.
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10 was fornmed in an in situ process imediately after the bul k BSG | ayer
was deposited. The preferred enbodi nents use a chanber that is a

cl osed system whi ch m nim zes noi sture available to react with the
BSG fil m before deposition of the USG capping film The susceptor was
heated to a tenperature of about 500[err]C, the chanber was

mai ntai ned at a pressure of about 600 gg;r and the susceptor was 15
positioned about 300 m| fromthe gas <#€i buti on nani fol d. TECS, ozone
and hel i um were introduced into the deposition chanber at flow rates
of about 500 nmgm 5000 and 5000 sccm respectively. The above
conditions resulted in a USG filmdeposited at a rate of about 700
Almnute. A USG filmhad a thickness of abhout 200 A for a process
time of about 15 deconds. 20 D ffusion of dopant$ fromthe
uncapped and cappgqd BSG filns is achi eved by heating the filfm using
annealing or a rapgid thermal process. For exanple, a rapid thernal
process for 60 seqonds in a nitrogen (N err]) anbient may résult in a
junction depth of jabout 500- 1000 A depending on the tenperature, finme

and dopant concent{ration. &5 The¥paraneters used|in the
experinments using |BSG fil ne\should not be I\mting to the ¢lains as
descri bed herein. |One of oddinary|skill | Fn the]ar{ c al s use

ot her chem cal s, ghanber pdrangetets, {dopant|s, Bnd{conditions to produce
BSG filns or other| filnms sychk fas PSG| As[SG| anfl of herfs. w
Experi ments were donduct ed |8 jhg dncappep HSG fi l of about 20&30 A
t hi ckness havi ng gbout 6 wt f Boran. [Thelse gxpgrgnents iIIusﬁE&te t he
ability to [form ul trjdshal low|j ungtijons| using BSG films & |the

dopant source for [a febsequent| di ffusi op st

(nW
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TEPO AND/OR !
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95

uncapped BSG
500[err] C tended to becone unstable
As mentioned above, crystallization reduces the

avai lable for diffusion into the silicon substrate.
at tenperatures greater than about 550ggng2C are believed to pr,

uncapped BSG filns with boron concentration of nor

applications where boron concentrations greater than 6 w
it _a LS

needed, BSG filns may be optimally capped

At boron concentrations exceeding 6 w

Deposition

e than 6 wt ¢
% bor

g

% bor

films deposited at tenperatures | ess than about
and to crystallize within hours.
amount of boron atons
5

on,

of BSG
st abl e

crystallization. By preventing outgassing, qul vi des
the ability to control the 10 direction of t ad at ons
into the silicon substrate. The USG cap t  ent bor on
atons frombeing |lost so that nore boron atons avail abl e for
diffusion that may be directed nore easily into sibstrate.
To denponstrate the further advantages of using Y& rovef
t he doped dielectric |ayer for sonme application peYjitent were
conducted 15 usi ng BSG fi l havi ng about a ckness [dtd a} 6. 131
wt % boron, with about a2200 A USG cap de the BSS Film
These further experinents \illustrate the O
ul tra-shal l ow junctions using |cgpppd BSG fil ns gg
=] =t =
= = =
= — L
= =
2 & =
(o=} =)
= 5 &
< 18 =
==
(=~
i3 = g Q
. [= =4 .
\ H - En"'é S \-
- S (o :
g,)g E% = «
w = == S L)
<o ud = ™~
23 =5 = LTy
v a8~ g
< =2 &
ro E o a.
w o=
\ = 2
=_ & N3
x2S =2 et
| -
SlSc, & = =
qug: [ a- (e
S|P DVi=wia ] €
oGRS <« Qa @
HAlailud B = = (7]
wixEoa v = e
OI=C O X W < S LLs
g Q. — Q. Q. =
Q.
o
©
N
e
=3
| U)p_:
3=




dopant source for a subsequent diffusion step. Sheet resistivity and
junction depth of the ultra-shallow junctions formed using uncapped
and capped BSG filns were 20 nmeasured. These experinents show t hat
subjecting the BSGfilmto a 1 mnute rapid thermal process at about
1050[ err] C provides the capability to control the sheet resistivity
and junction depth of ultra-shallow jufet4@dns formed with either the BSG
filmalone or with the BSG filmw th USG cap. Fi gs.

22A-22C provide information about the effect of the USG cegp 25 on the
junction depth and dopant uniformty of @ kg&e@[re I ons. Measurenents
for Figs. 22A and 22C were perfornmeg usi 0 asure

equi pnent for the spreading fesi st (EBA RﬁlT dess, |as |squ known to

those skilled in the art. Cal ls shown as a
function of depth. A "p" represents measured concentration of
boron at a depth neasured fromthe /58$urface, and an
"N' represents the neasured concent atl Type silicon

substrat e ata—depth—reastrea—i+orm{ h “ﬂg{% rat ¢ surface. The

junction depth I's defined as the ;E RATUR { he dopant
concentrati on equal s the substrate

96 7586 J\/ 584

DIFFERENGE
TEMPERAT URE N0 _~BETWEEN DESIRED
D CURRENT TEMPERA-
ALGORITHM TURES EXCEEDS A PRE-
| DETERMINED BOUNDARY VALUE?
[ Tss 592 |
APPLY DETERMINE DESIRED AND
POWER P(k+l) [™ 1 | MEASURED RAMP RATES
(T'des(k) &T'(k))
l 7994
DETERNINE
TEMPERATURE RANP
RATE ERROR
i -596
DETERMINE POWER P(k +1) (590

USING A GONTROL FUNCTION,
IF P{k+1)-P(k) IS WITHIN
| SATURATION LIMITS

I ' 998
DAMPEN SYSTEM RESPONSE
T0 ADJUST P(k+1) USING A
SATURATION FUNCTION IF
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SATURATION LIMITS
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concentrati
substrate
resistivity

on.

of the diffused

In the present experinents,
concentration of about 1.6x 10[err] carriers/cnjerr].
regi ons shown in Figs

the silicon substrate used had a

Sheet

22A _and. 22C was .
measur ed using four-point probe (4pp) t echni ques, | F] ar@ el T damawn
to those skilled in the art. Fig. 22B iglazérates the § tetaiapari-ty
profile of the wafer of Fig. 22A as nea Gr by the norie jel aborate ;
nmet hod of secondary-ion-nasszspectroscopy (SIMS) whichiisg UL Gt it frgro P
provi di ng pr eci si on 491 ot ure ts in high-lcdncentration of !
shaIIOMFjuq%tion di f f233i , af[ s wel ™Nkpown to {those skilled in the
art. pecifically, Fig. 22 a greaph-showkng -t-he..
dopant proffile of an 10 -sh junction fo d after a heating
step usingla 6.131 w % BSG | ayér : appi ng layer. The BSG
filmwas ahout 150 A thi and the USG C I ayer deposited on top
of the BSG{fil mwas about] 2 A thick. The h in step was perforned
by a rapid Jthermal procegs for out 60 sechnds ut 1050[err] C
The BSG and USG fil ms wengpN heh sim™NppedAAly |e ing. As seen in Fig. 15
22A, the rgsulting junctio a At o out 0.06 [err]min the silicon
substrat e, and t pghdopa of i|l g pgars fairly uniform The maxi num
concentratijon of boron is out| gx err] carriersf\cnferr]. The sheet
resi stance jof the resulting junctio s neasured tpo be about 685
[err]/cnerfr]. The 4pp sheet resistance 38lured to b about 222
[err]/cmerr], with the summati on of dose s in the P tlype | ayer neasured

20 ([err]
Fig. 22B il
an ultra-sh
silicon

concentrati
carriers/cn
100 A to af

10 S

substrate to a d

p) being 1.6x10[err] carriers/
| ustrates the dopant depth profi
all ow junction described in Fi

22280 From

abpTty100

217

FlG. 2.

e as neasured| by SIMs for

t hel surface of the

5fron1t e surface, the

on of boron ranggs [jbet w apeut™v2x10[ ey r]
ferr] to about 1x10[err er s| gpd-er+rd, Bet @%25 about
out 3?2:\ fromthe surf ;;l subsk r , the
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concentration of boron ranges between about 1x10[err] carriers/cnferr] to

about 3x10[err] carriers/cnferr]. Below about 300 A fromthe surface
of the silicon substrate, the concentration of boron, silicon, and
oxygen di m nishes rapidly indicating the bulk substrate. The steep

shal l ow junction shown in Fig. 22B denonstrates the dopant 30
i ncor porati on possible according to an/A®odi ment the present invention.
Fig. 22C is a graph showi ng the dopant profile of fn n- shal | ow

junction formed w thout :bh-&l heati ng step usi ng a 6] 131 w | % BSG | ayer
havi ng a T2 97

USG cappi ng | ayer. The BSG %i | mwas about 150 \Q tthi ck and {he USG cappi ng
h

| ayer deposited on top of e BSG fil mwas about |200 A thi ¢k. No heating

step was perfornmed. Th& BSG and._.USG films re stripped by an etching
techni que. As o sesn in Fig. @ZCNt agpear s with a depth of
about 0. 025 [eu]mhas‘"forrred 59 de pite™Mt he | ack of a lpeating step.
Apparently, the\j. hi ghjdopan
concentration of ' :
substrate eweri?n ut itingldrive-in ' tration
of bokd b er, 7l 2T, st ance of
the resul&gn | /
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was neasured to be about 55 [err]/cnferr],
in the P type 10

| ayer

% BSG |

ayer

| ayer. Fig. 23B is a graph conparing:pheBQQQant pr

f or ned

a USG cappi ng 15
in order to
junction depth.
of the heating step on \ufc
respectively. Figs.
heating step on junction

| ayer,

spreadi ng 20
Fi gs.

23A- 23F were

four-poi nt probe neasure
showi ng t he dopant prof$®

using an 8.084 w

fil mwas about 150 A thic
of the BSG fil mwas abofg

a rapid thernal

UsG

an ul tra-shal | owtQ

formed with good
boron i s about 1x28[er
resulting juncti

summati on of
sheet resista

s o
e
oot s

|

havi ng a
files of

wi th the summation of dose ions
([err]p) being 4.9x10[err] carriers/cnferr].
Fig. 23A is a graph showi ng the dopant profile of the junction

with a heating step using an 8.084 wt

f ormed
USG cappi ng
the junctions

)

V¥ 77 72 2727

with the same heating sfepusing a 6. 3\ wt % BSG | ayer having
| ayer andcg ' USG cappi ng
o ]S efiieC entration on
Fi gs. °23C S tRpe tenperature
ind resigtivity,
23E a 43R 1R tRe X he
h h t IRFSTHNOW RN X E &ly. The
resi stange orAfi| es shpgt e NSH N ir'¥ent s of
d ' and
Al SRR 507 N~ o ¥ s a graph
hgﬂ;tpr <~ fornpd w n heating step
% BS W h. USG-8pdi ng I . The BSG
: 5-cappi ng |l r pepos 25 on top
il { ep| was d using
process §ﬂ/séq§ndcu t ut| 100 BSG and
films were sty aeé ctHEhg gc Fig. 23A
| THifc a/yﬁ; a dept ] '@was
opantssurM ve// i The. | cocAY LaA oy of
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junctions fornmed with a
| ayers (in particular 6.131 w % and 8.084 wt
| ayers. The BSG films were each about 150 A
| ayers deposited on top of the BSG filnms were each 5
The heating step perforned was a rapid thernal

seconds at about 1000[err]C. As seen IQ%E%?
depth for the 8.084 wt % BSG filmis al t

junction depth for the 6.131 wt % BSG film
and 23D are graphs showi ng the effect of heating step 10

23B,
Wi ce as nuch

dopant profiles and sheet re pectively, for §.
BSG filns having USG cappi pg | a g BSS filggwere al
and t he USG capping 3 op of the B

about 200 A thick.

t hermal process for about
900[ err]C, 950[err]C, 975]
the junction fornmed after
[err]m conpared tg
heating step at the | oy®

AA| t enper at ur es
S—atte—io "érr]C As shown
th@shdﬁﬂ'ng st 883 at’ 1000[err]C i
2l mjunction f

—1

A T A PR RA T A LA R s
B

& AT R 1 W S AT B R,

Fig. 23B shows the dopant profiles of the
heating step using different boron w

% BSG

% having USG cappi ng
t hi ck and the USG cappi ng
about 200 A thick.
process for

about 60

the resulting junction

as the resulting
Figs. 23C
t enperature on
131 wt %
out 150 A thick
BSG filns were
using a rapid
of about
in 15 Fig. 23C
s about 0.1
orned after the

r230
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tenperature 975C. The sheet resistivity of the 6.131 wt % BSG fil m was
about 180 [err]/cnferr] for the heating step at 1000[err]C, and about
600 [err]/cnferr] for the heating step at 975[err]C, as seen in Fig.
23D. A higher tenperature heating step (beyond 950[err]C) 20 results in a
deeper diffusion depth for the shallow junction formed.

Figs. 23E and 23F are graphs show ng the effect of heating step tine

on dopant profiles and sheet resistivit@/4pespectively, for 6.131 w % BSG

film havi ng USG cappi ng | ayers. The BSG fil ns were about 150 A thick
and the USG capping |l ayers deposited on top of the BSGfilns were
about 200 A thick. The 25 heating step was perfornmed using a rapid
t hermal process at about 1000[err]C for about 40 seconds and for
about 60 seconds. As shown in Fig. 23E, the | l ion forned after
about a 40-second heating step is about 0.06 ]m while the junction
for med after a 60-second heating step i glfjabut 0.1 [err]m The sheet
resistivity of the 6.131 w % BSG fil ns s about 230 [err]/cnferr]
after the 40 second heaj\ng step and abou 30 [err]/cn{err] after the
60 second heating step/ %Acgordi ngl 1S sée th% t he Ien?éé}bof
time of the heating gbep nma €rm ne the di f ldepth/ rm ng
ultra-shal | ow 5] uncLEQns. .
99 . .
@ 280
213
270
— 240
41

285

FIG. 6A




The above experinments of BSG used for ultra-shall ow doped junction
formation are presented nerely as exanples to illustrate aspects of the

pr esent i nvention and should not be considered as Iimting the scope
of the present invention. 5 B. PSG For PMD | ayer
To denonstrate the operation of the apparatus and net hod accordi ng to
enbodi nents of the present invention, experinents were perforned to deposit
a PSG film for exanple, as a PND ljjgygp. Prior to the deposition of
PSG filmas the 10 PMD | ayer, the wafer has typically been subjected to
mul tiple processing steps to form for exanple, gate el ectrodes,

oxi de sidewalls, isolation trenches, etc. In the experinments, the PSG
films were deposited in a resistively-heated Gga Fill[err] Centura
chanber (a cl osed system having a total volunme of about 6 liters and
outfitted for 200-nm wafers) manufactured by Appliggh Materials, Inc. 15

In the experinents, pre-deposition steps wer to bring .
chanber 15 to the desired depd)« orggy-essurfe and\ to stlabiLggg th 230
gas/liquid flows before depositing thg PSG {ilmds PMD | dyer on a
wafer. OF course, it is 3 } § steps may be
varied fromthe bel ow de I N I Gry

speci fic enbodi 4 (L I I . tiq@mrecipes.
The pre-depositi p anber
wal s and also ¢ ' i ' DR e

U U yrv u:ul }
deposited filns. Before %5éjbre-depositiog§steps occur, a wafer is |oaded
in vacuum chanber onto heater 25~through the vacuum| ock door
which is then cl osed. Heater 25 is heated up to the processing

tenperature of about 600[err]C, /:71; 65,




25 whi ch is maintained throughout the pre-deposition steps, the
deposition step and the post - deposi ti on steps.

In a first pre-deposition step, heater 25 is at a position about 600 m |
fromgas distribution plate 20. Wth the throttle val ve open for about 5
seconds, heliumat a flow rate of about 4000 sccm and Jerr] at a
flow rate of about 2900 sccm 30 are introduced into chanber 15. The
neutral gases, heliumand Jerr], are ijptagpluced first into chanber
15 for their flowrates to stabilize. These flow rates of helium and
Jerr] are maintai ned throughout the pre-deposition steps.

100 In the ar-e—deposition step, the throttle
valve is closed and the ’ 15 is increased to the
depositi on pressure. Thes3 step lasts about 30
seconds and allows the pre fluctuate

P

"z

sonewhat around the desir epsSi i n chanber 5
15. Heater 25 is noved t ml| from gas
distribution plate 20 i In
the third pre-depositig 15\has
259
243
250 o
261
- gy a4
j=—243
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stabilized to the deposition pressure of about 450 torr, liquid TECS is
i ntroduced to allow stabilization of TECS and heliumflow. Wth the
TECS flow rate at about 10 1000 mgm the vaporized TECS gas nmixes with
the hel'iumcarrier gas for about 3 seconds during the third
pre-deposition step, before the deposition step. Havi ng
stabilized the chanber pressure, tenperature, and TEQS/ hel i um gas
fl ows, and adjusted the position of heats/4 , deposition processi ng
can begin. At the onset of the dep05|t| p, Jerr] flowis term nated.
15 Liquid TEPO is introduced at a rate of about 24 ngm and 03 (about 8
w % oxygen) is introduced at a rate of about 4000 sccm Being
| i qui ds, the TEPO and TECS sources are vaporized by the liquid
i njection systemand then conbined with the inert carrier gas helium
This m xture is introduced into chanber 15 from gas di stribution
plate 20 to supply reactive gases to the V\%@r surface where heat- 20
i nduced chem cal reactions take place to uce the desired PSG film The
above - conditions result in a PSG #il mdepositegdft a rate of about
1780 [err]/m nute. By controlling the deposityon tinme, a PSG film
havi ng a thickness of about 53 Ais formed/at the p cesi 6
condi ti ons described above in gbout 40 ~ w % ?
phosphorus in the resulting fi Ls ab w 5
After deposition, a term nayio s perforne at optim zgs the
stability of the depos3} PSG/Ti | 't o \pt-OVi e~ B[St crystallization
resistance. In the term nati syep,“which lasts foNab seconds, the
deposi tion Igpqdi t/ ong gr malntal\ned whi | g TEPOf I'qw _r_riﬁted.
The term nation ep t er ore deppsits USG cap\pl ayel |5 an in
situ manner in cjhanbef 15, 30 gas ter/m nation Ng di §cussed
above. The USG ljayer s véry/ft npar ed t hi%
bul k PSG film }) mANer t\he/PSG .d-e‘p£|et ion
deposition steps, = o] it{on -~ [ .
~ ~. r —¥W
-~ ~ ,J""‘
=" 1\ <)

es$ of the
USG
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101

steps are utilized to control

pressure and to control

gas shut-off,

In a specific enbodi nent,
the first post-deposition step innediatiLy follow ng the above term nation
4% 4 25 is noved into a

st ep,

TECS flow is term nated whi
fromgas distribution plate 20. Al so,

position about 600 ml
throttle valve is opened periodically to

gradual ly ranp down during the first post- deposition 10

t he post-deposition steps
formati'on which otherw se can cause wafer contam nation and
t hree post-deposition steps were used.

gas shut-off.

@at er

al | ow chanber

t he ranpi ng down of chanber
By adjusting the pressure and
hel p reduce particle

damage. 5
In

t he
pressure to
step, which lasts

about 15 secondgy. In the sed@fd pos e tion the th tle
valve is opened p odlcaMFv to Pan%g31 pqgs ?4 ressure/’ t he thi é
post - deposition st ' chanber
15 is termnated by | R 5is.
al so noved lower to a position 11t e 20 during the
second’ post - deposi tion step, mﬁéi__ 15 [l adout J5(1eE6hosd2d n the
third post-deposition step, whi I 3| N
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the throttle valve is opened and JQerr] flow into chanber

by punpi ng

experimental conditi

used as a PMD

it through a final
ons for the deposition of PSG suitable
| ayer are opti mal

val ve.

15 is term nated

The above
for being

to provide the best filmquality with 20

hi gh t hroughput. By enhanci ng surface dififpgpon at increased surface

t enper at ur e, t he ther meft93 Tfim ggposi ted using the TEGS/ 03
chem stry at tenperatures of b O egn] C gyhibited excel | ent
step coverage, nore cross-linked ryc nore.st abl e
oxi di zation structure P and &t ch el excel l e filmaquality.
The deposited PSG fi l s high L ifit | i n] fler of flow e step
coverage, high 25 tur, t dnfie, gh own t age}j] snoot h
surface, no surface damgge i Jlefl, pl #s e), o fixed
charge. The deposited ' bi|t g¢d fil m3=hi ckness
uni formty. Specifi ﬂi Kk s uplif or 49 | [err])
at about 1.2 [err m sured to be
| ess t han 5 /. 1
photonicrograﬁw - Adbilities
of PSG filns depo¢i e afclmdanke S I C
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102 600[ err] C was shown to be capable of filling high aspect ratio

gaps having a height (h) and a spacing (W) w thout the formation of
voids, as seen in Fig. 24A. Fig. 24B is a sinplified 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 5
structures, specifically electrodes 122[6A#2h tungsten silicide (Wsi) caps
1240, formed£ ereon. An oxide layer 1260 is deposited onto stacked
gate structures to B3~ form hi gHi7fdspect ratio gaps with h of about 0.35

[err]mand w of ab O S r-shewh by . dotted ljipnes, _as seen in

Figs. 24A-24B. Fi o, Hepef off o/ dehAsia aies ap oxeaplAary cture

wi th high aspect riéd o 443, gaps At Ar e’ f 1 1d DOy P33 film

1280, whi ch 2§ s dg/ge Pt Dépebidoglatd Aoy’ 6007 e f] 2 b the
" A h

P T oot org s

whi cR ,Ls often Niconsi St ent
850

preferred reci pe d s€ysgsed ADg DBCATY
aspect ratio Wlm'--wm
typically done at about 750-800[ enk}.L,
with increasingly tight thernal bL?(?Lets. h addition
to having excellent gap fill capability fokghigh aspect 15 rati os, PSG
films deposited at about 600[err]C advgg$ agqously are dense filns that

exhi bit high resistance to noisture ab ptifon. Mi sture absorption of the
deposited. . _...RSG.filmdeposited was neasured using conventional Fourier
Tr ansf,ormhaf BT ET | spect roscopy ( jﬁ t ihni ques, as are well known
to ion'ke;:c;ilié«r—iéi«ﬁa-ﬁywls ill in the AL j.25 illustrates the FTIR
spectyra_of ,,a.PSG fijl m deposited at about 600[err]C 20 under the follow ng
exepp| ary* priocéss qoddi tions. According to a specific enbodi nent ,

t he! ekenpl ary.-process conditions include TECS flow of about 1000

ny TEPO fl ow of about 24 ngm helium ow of about 6000 sccm and ozone

torr




and spacing of about 330 m | between heater 25 and gas distribution plate
20. The 25 PSG deposition tinme was about 600 seconds. As seen in Fig. 25,

the FTIR spectra of the PSG filmdeposited at about 600[err]C
denonstrated no water spikes indicating noi sture absorption, and no
measur abl e change in noi sture absorption was seen over about 155
hours after deposition, illustrating thg/B3G filmstability over

ext ended periods. 30 As denonstrated by Fig. 25, the
deposited PSG filmis dense, si&iant to absogbi ng noisture.
Deposition of a PSGfilmat high te r res, for exanpl e at about
600[err]C, tends to drive out any ngigzure t hat m ght |be absorbed

103 into the film resulting i 8ense film As a dense film the
PSG fil m deposited at AN tenpexat uig has the ddvant age of not

requiring an additional st¢g ot {1 densifijcation of the film
The dense nature of the de;osk;ed SG T4 m nakes it conpatible for
use as a PMD | ayer which cag~e_pla -‘uﬂed either by g subsequent 5

anneal at a tenperature greg.gillﬂﬂﬂ' ggt 1000[err] C} or preferably by a
CWVP st ep. In addition tg 41 bsorption redi stance, the present
PSG fil m deposited at high

g ——
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tenperatures is able to provide good filmthickness uniformty,

good gap fill
subsequent device
particul arly useful

i ncorporation (between about 2-8 wt

%
for gettering or trapping nobile ionsl

sphorus),

a

as well as

wi thout formation of voids or weak seans that can cause

probl enms. The high tenperature PSG filmis
as a PVMD | ayer as 10

Bis

t provides good phosphorus
whi ch is inportant
s sodi um (Na+) ions t hat

m ght otherwi se mgrate and cause shorting in the device.
The above description of experinents depositing and neasuring
characteristics of the deposited PSG fil mdenonstrates its suitability for

use, for 15 exanpl e,
be- consi dered as

C. USG For Oxide Filling Layer
To denonstrate the operation of the apparatus and net hod accordi ng 20
i nventi on,
USG film for exanple,

i sol ation.

enbodi nents of the present
a
shal | ow trench
high quality oxide fillin

el ectrodes, oxide sidewal l
experinments,

t he USG fj
Fill[err] CentLﬂdg
about 6 liters and
Applied Materials, Inc.

pre-deposition steps were
desired deposition pressyd®

NS NN

subjected to nultiple pro Q§S|ng‘ Ny

Pri or

(Y

as a PMD | ayer.
limting the scope of the invention.
In Shall ow Trench Isol ation

However ,

the description should not

to

experinments were perforned to deposit

13

n of USGfilmas the

as47:171\i gh quality oxit’d/e 473 1ing layer for
0

to the deposi
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recogni zed that pre-deposition steps may be varied fromthe bel ow

descri ption (which is nerely an exenpl ary specific enbodi nent), as
is optimal for different

104 deposition reci pes. The pre-deposition steps reduce unnecessary
deposition on chanmber walls and al so contribute to yielding uniform
depth profiles for the deposited|9r§@s. Before any pre-deposition
steps occur, a wafer is loaded in vacuum chanber 15 onto heater 25

t hrough the vacuum| ock door, which is then 5 cl osed. Heater 25 is
heated up to the processing tenperature of about 550[err]C, which is
mai nt ai ned t hroughout t = 17 steps—the—gleposi ti o@dstep and the
post - deposition steps. | (\: N\ l\L\- = Ph—ofFrqt preAleposition step,
heater 25 at a position||baut 6@0 nq\\\ N \\ \f‘rerga.s‘di stribution plate 20.
Wth the throttle val ve \open\fqr\ébm\t NG e@on\d , \$0 heliumat a flow
rate of about 7000 sccm\ wny Qe.rr{\at\ l\ow\ra e Ok} about 2900 sccm

are introduced intod4g N 18, JTke rl\ey 2 gagds, hel i um and Jerr], are
i ntroduced first info ‘(shan%el’\ﬁﬁ flof t\g‘e{kr\ Naw\rates to stabilize.
These flow rates of heliupR >N \a}}d\q \j\a\e \m;;i‘nt i ned t hroughout the
pr e- deposition steps. NNV VY \ N\ N\
\ \\ NN N N\ \ N\ \
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In the second pre-deposition step, the throttle valve is closed and the 15
pressure in chanber 15 is increased to the deposition pressure. The second

pre- deposition step lasts | ess than about 40 seconds and all ows the
pressure, which may cinitially fluctuate somewhat around the deSIred
deposition pressure, to stabilize in chanmber 15. Heat.er--

to the processing position of about 35@@QVKZrom k;xrﬁ,gaS"tj'j ’IrLLL
plate 20 during the second pre-deposition step. 20 §HNEEE owwes
third pre-deposition step, when the pressure in cha ér 15 hﬁ%, -----
dT

stabilized to e deposition pressure of about 600 t

i ntroduced to =~ all ow stabilization of TECS angﬁh tﬂanLQw nerogpn)
flow Wth the {EOCS fl ow rate at about 2000 m  the vaporized..TECS
gas mxes with the helium (or nitrogen) carri dr._gas-~er-~atout 5
seconds during the third pre-deposition step, prior 25 to the deposition
st ep. Havi ng stabilized the chanber pressure,
t enperature, and TEOCS/ helium gas flows, and adjusted the position of
heat er 25, depn5|t|on processi ng can begln At the onset of the
deposi tion steg; Jerr] flowis term nated while 03 (about 12.5 Wt %
oxygen) is intrpduced™at~a"Tat e of about —50060—stcm —36- — -Bet mg—t+rqui d, the
TECS source is porilzed the liquid injection systemand then |
conmbi ned w tgr—tire—tndrt cedrier gas helium This mxture is introdyced into
chanber 15 ffromgas|qistri T |ate 20 tq_supply reactive gases to the
w
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105 surface where heat-induced chem cal reactions take place to
produce the desired USG film The above conditions result in a USG
filmdeposited at a rate of about 1450 [err]/m nute. By controlling
t he deposition tine, a USG fil m having a thickness of about 10000 A
is formed at the process conditions described above in about 414 5
seconds. After USGalgmBition, a purge step is
performed that is optimzes the stability of the deposited USG fil m
to provide noisture resistance. In the purge step, which lasts for
about 3 seconds, the deposition conditions are maintained while TECS
flowis termnated. 10 After the USG deposition step and
purge step, post-deposition steps are Utiléﬁid to control the,§8nping
down of chanber pressure and to contr % gas 4 h?socﬂf.-{ﬁhfﬁﬁﬁﬂgbin
the pressure and gas shut-off, the po depposi ti o 4L3q57helpREMOTE rle e
particle formati on which otherw se cgp ffause f e[ qopram atmmmvsl

i [ t e

damage. 15 In a speci €I| t [t

post - deposition steps were used. In t% rpt post-depo§§$ﬁé@ st ep
i mredi ately foll ow ng the above term natign Y , | the C das
flowinto chanber 15 is term nated by punging it {hrough bypass va
Heater 25 is noved into a position about 600 ml_from gas distribution

pl ate 20, as the throttle valve is openpd periodically to ggaﬂhally
ranp down chanber pressure 20 22 dur position‘step,
whi ch | asts about 15 sed gy st ep,
the throttle valg?lis o[

]
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d'oWn chanber pressure, and 03 flow into chanber 15 is continued. Heater 25

i's al so noved |lower to a position about 600 m| fromplate 20 during
t he second post - deposition step, which | asts about 15 seconds. In
the third post-deposition step, 25 whi ch | 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. 22/42 The above
experinmental conditions for the deposition of USG suitable for being
used as a high quality oxide filling layer for shallow trench isolation are

optimal to provide the best filmaquality with high throughput. In shallow
trench 30 i solation applications, the deposited USG film should b

capabl e of void-free gap fill (typicallygg a nom nal angl e/o about
85[err]), in addition to being a very dense [ gpi form il m Tﬁﬁ
deposited USG fil m exhi bited good fil ckness ( REMOTE

106 uni formty. Specificallyfhl mithpokngss dni f or MI;GROWEp A
1[err]) at about 5000 [err] thic nessyiy N(,the dgposi t ed PIASMAI | n was
measured to be | ess than about 1.5. Fi gssysq'gﬁ ahd 26B .
are phot om crographs denonstrating the reIaﬁHQﬁg gap fill capabllities
of TEQS/ 03 USG fil ns deposited at about 4(00[err] ¢ and about
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5 550[err] C, respectively, after reflow at about 1050[err]C and a 6:1

buf fered oxi de etch " (BOE), in accordance with a specific enbodi nent

of the present invention. In particular, Fig. 26A illustrates a
trench structure having about 0.35 [err]mw dth and about 0.70 [err]m
depth (about 2:1 aspect ratio gap) wth a filling layer that is a USG
filmdeposited at about 400[err]C afterp3d/gefl ow at about 1050[err]C. Fig.
26A shows 10 | arge voids in the deposited USG film indicating that the

USG fil m deposited at about 400[err]Cis not very dense and appears
to have been prone to shrinkage. Even after a reflow at a
t enper at ure above about 1000[err] C, which can densify a USG film to
sone extent, the USG fil m deposited at the teny@r‘(ature of about 40?![5érr]c
i S not very dense and does notj3sur yve q'prr] e\r@hare a
or a subsequent wet 15 etch processi M t hout n
conpari son, Fig. 26B shows a trenctr™ sgAsHCtlur haVI ny MOROWAVE. L8 -
[err]mwidth and about 0.45 [err]mdepth {aQR Std aspe¢t PLASMA fatio
gap) with a void-free filling |ayer that m:aﬁsc; film deppsigY§UEmt pbout
550[err] C after a reflow at about [ er]] C and a &ubsequent) wet
etch processing. The USG filmdepogited atf about 550[err]Cis
capable of filling high aspect ratio gaps*-wt t he 20 formati 26:
voids after reflow unlike USGH4il deppsited at 400[er]C, as sgen from
Fi gs. 26A and 26B. Afte I h rates, USG
films deposi ted t A ep
coverage wi t hout3peni n 80 b8 poobooo further
evi dence of the hi xS t=Latio gap filNing cla b| | ~lr—of USG fil ns
deposited at 1C. _Filg- 27 7S & pnotoMitroygrs Z@S) Q rating
the gap fill t he deaosMecQSdSGlﬁ | m after |an—ammew]] at about
1000[err] C bs&quen wet _etch processing} |in ccc\hance with
a speci figpe == jthe p ent inr?fhtlon. Fi g.9R7KhshRpws a
trench strud 0.{16 [er m w dt I gnd abo\a 48
[err] mdepth (J’_até ap) vm'thaf[ﬂ_lin l{a ﬂ\Qat is a
—I1
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36 USG fil mdeposited at about 550[err]C after a reflow at about

1000[err] C. The trench structure of Fig. 27 has a smaller spacing
and a higher aspect ratio than the trench structures shown in Figs.
26A and 26B, illustrating the superior gap filling

107 capability of the USG fil m deposited at about 550[err]C.

In addition to having excellent gap fil24ggpability for high aspect

ratios, USG filns deposited at about 550[ err]C advant ageously are dense
films that exhi bit high resistance to noisture absorption. Misture
absorption of the deposited 5 USG fil m deposited was neasured using
conventional FTIR techniques. Fig. 28 illustrates the FTIR spectra of
a USG fil mdeposited at about 550[err] C under the foll ow ng exenpl ary
process conditions, according to a specific enbodi nent. According to
the specific enbodi ment, the exenplary process conditions includegp?

TECS fl ow of about 2000 ngm helium flow of about 7000 sccm a ozone
(about 10 12.5 wt % oxygen) f|OM/Of about 5000 sccm at a pressure of
about 600 torr and spaci ] peen heater 25 and gas
di stribution plate 20. As see ATIR spectra of the
USG fil m deposited at about 550[err]C
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denonstrated | ow noi sture absorption (less than about 1 wt % noi sture).
Furt her, Fig. 28 also illustrates that a noisture increase of |ess

t han about 0.5 wt % noisture 15 in the USG fil mwas seen over about 160
hours after deposition, indicating the stability of the USG fil m over
ext ended peri ods. Accordingly, as supported by Fig.
28, the deposited USGfilmis dens5/gesi stant to absor bi ng noi sture.
Deposition of a USG filmat high tenperatures, for exanple at about
550[err]C, tends to drive out nost noisture that 20 m ght be absor bed
into the film resulting in a dense film As a dense film the USG
filmdeposited 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 anneal ing step and a subsequent wet etch
processing, conpared to USG fil ns deposited at | ower tenperatures.
The dense nature of the deposited USG film 25 makes it conpatible for
use as a high quality oxide layer for filling trenches used in
shal l ow trench isolation applications. Due to its high density, USG fil ns
deposi ted at high tenperatures and used as oxide filling |ayers can
be pl anarized by either a subsequent anneal or a CWP step, with

m nim zed |ikelihood of opening up voids. In addition to noisture
absorption resistance and good filmthickness uniformty, the 30 pr esent
USG fil mdeposited at high tenperatures provides excellent high aspect
ratio gap fill w thout formation of voids or weak seans that 0

cause subsequent deg%&%:::, DI ODIENE. .~
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108 In general, high pressure (Qerr]/ TECS USG fil ns

may exhibit pattern or surface sensitivity effects, resulting in
uneven deposition, which is undesirable. It has been seen that
probl ens with uneven deposition are worsened w th higher Jerr]/ TECS

rati os. Advant ageously, deposition of USG filnms at high tenperatures 5
such as at |east about 550[err]C requil&¥@@se of nore TECS in order to

achi eve adequat e deposition rates. Accordingly, the Jerr]/ TECS ratio
of USG fil ns deposited at high tenpe;aummes is low (less than about
5:1), thereby elimnating any pattern or surface sensitivity effects.

Moreover, the filmaquality (e.g., density, shrinkage, etc.) is high
for USG fil ms deposited at high tenpebﬁtures.dggfause of the high 10
density of these high tenperaturmqgfd 1 1002n | films, plasm

or xVé' caps 40@6 not needed, thereby
| ack of a plasma from

densification treatne
avoi di ng any pl asna .

¢%Zr cesfppssi bility of netal
I ting Vi ces~{_n t he wafer.

such treatnents in the cha
her mal USdoﬁ | ms, whicCh often require a 15

contam nation and potentia
pl asma densification treatnment or plasngpgxide cap and may shrink to open

Conpared to | ow tenperatur

voi ds after an anneal, thermal US&filns deposited at tenperatures of
about 550[err]C exhi bit excell / apw capability, mnimal
shrinkage, and uniforn1fi|n1densityJEn¢;? Ow netal contam nation,

w t hout plasna damage, in accordance with the present invention. 20
The above description of experinments denonstrates the suitability of
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the deposited USG filmfor use, by way of exanple, as a high quality oxide
| ayer for filling high aspect ratio trenches for shallow trench

i sol ation. The same CVD apparatus al so may be used to deposit USG
films at tenperatures |lower than 500[err]C for IMD applications. O
course, the above description should not be considered as 25 limting the
scope of the invention. 27/492 1t is to be understood that

t he above description is intended to be illustrative and not
restrictive. Many enbodi ments will be apparent to those of skill in
the art upon review ng the above description. By way of exanple, the

i nventi ons herein have been illustrated primarily with regard to a
USG BSG PSG and BPSG 30 process recipes, but they are not so limted.
For exanple, the dielectric film formed according to ot her

enbodi mrents nmay be an arsenic doped silicon oxide film or ot her
doped film As anot her exanpl e, the dep05|t“@n of dielectric filnms has

109 been described using carrier ch as helium but other
carrier gases |ike argon or nitrogeh, may be used as well. As a

further exanple, dielectric |ayers elaﬁﬁa irlbed for particular
1062 }’ﬁﬁ

applications, including doped juggcfion
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Iéyers; I MD | ayers, oxide filling | ayers, capping |layers, etc. O course,

it is b recogni zed that the same CVD apparatus di scussed above may be
used to deposit dielectric layers at tenperatures |ower than about
400[err]C, as well as tenperatures above 500[err] C. Additionally,
vari ous aspects of the present invention may al so be used for other

applications. Those skilled in the art 28ykaecogni ze ot her equi val ent
or alternative nmethods of depositing the dielectric |ayer while remaining

within the 10 scope of the clainms of the pr@ ent invention. The scope of
the invention shoul d, therefore, be g?(é ined not with reference to
the above description, but shoul d 04 i nfead be gejpgrnined with
reference to the appended cl ai IT5; gwtht scope of
equi val ents to which such clains”ar i VWHAT | S

CLAI MED | S: 1

1145 A“SubStrate processing
processi ng chanber, said
processi ng chanber including an

system conprising: 2

102
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1100
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3 external wall having a passage therethrough froma bottom of said
external wall to a 4 top of said external wall, said passage having a
first opening at said bottomand a 5 second opening at said top; 6

a vacuum system configured to maintain a selected pressure 7 within said
processi ng chanber; 8 a gas delivery system
configured to deliver selected reacti vi29/42 gases to said processing
chanber, said gas delivery systemincluding a deposition 10 supply system
and a dual input box having a first input and a second input, said gas 11
delivery systemconfigured to introduce said selected reactive gases into
said 12 processi ng chanber via a selected input of said dual input box
at a selected tine, 13 and said deposition supply system configured to
deliver first reactive gases from14 said first input to said processing
chanber when said first reactive gases are ﬁ@kd 15 sel ected reactive

gases; 16 a reno crowave plasma system
configured to produce and 17 del i ver s®econd reactive gases fromsaid
second input to said processing chanber 18 when said second reactive

0 renpte 19 m crowave pl asma
to provide 20 sai d
said second input; 21

g a heater for 22

d of a ceramc exterior and

gases are said selected reactive gases,
system nounted to said bot i
second reactive gases through saidlpassage t
a heating system said heating systlém i ncl udi
pl acenent of a substrate, said heatld I

said 23 heat er capabl e of heatin | east about 500[err]C, 24
a controller configured to control said gaS (il ivery system 25 sai d
renmote mcrowave plasma system said hegting system and said vacuum 26
system and 27 menory, coupled to said

controller, conprising a

F16. 200D.
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28 conput er -r eadabl e medi um havi ng a conput er-readabl e program enbodi ed
therein 29. for directing operation of said substrate processing system
111 1 2. The substrate processing system of
claim1 wherein 2 sai d comput er-readabl e program i ncl udes: 3

a first set of conputer instructions for controlling said 4

gas delivery systemto introduce first readQAg2gases fromsaid first 5
input during a first tine period into said processing chanber to 6

deposit a dielectric |layer, wherein said first set of conputer 7
instructions includes: 8 a first
subset of conputer instructions for 9

controlling said vacuum systemto naintain a pressure 10

of between about 10-760 torr within said processing 11

chanber; and 12 a second subset of
conputer instructions for 13 ' 10 controlling
said heating systemto heat said heater to q;f' 2
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14 sel ected tenperature of between about

200-650[ err] C 15 . during said first tine
period; 16 and a second set of conputer
instructions for 17 ) controlling said gas delivery system
to introduce said second reactive 18 - gases fromsaid

second input during a second tine periogjsqpo said 19

processi ng chanber, wherein said second set of conputer instructions 20
i ncl udes: 21 a third subset of
conmputer instructions for 22 control ling
said renote m crowave plasm systemto 23

provi de said second reactive gases into said processing 24

chanber during said secqmmmr4na4MM44uLrﬁwmhzérr*~q—rf*~q—rvquﬂ
a fourth subset of conputerfi .

| ! rmcnmwsoomam PAONITOR
controlling said vacuum sysfe ntain a pressure 27 "
between a predeterm ngd >su? e wthin said 28 P ]
processi ng chanber durt r@@al d©s 0 566M period. 1 )
3. The substrate pEbcessi ng.sm@,qnuggce jai m 1 whesi ]
sai d passage has a |i&r capable &f preventing u ' depgosi tion or
attack by chem stry f?inﬂ&ﬂﬂ'd second reactive nd said re%ote
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112 4 m crowave plasma systemis coupled to said first opening of said

passage in said 5 processi ng chanber such that said second reactive
gases pass through said passage 6

and into said dual input box of said
gas delivery systemvia said second openi ng. 1 4,
The substrate processing systemof claim3 wherein 2 sai d second
reactive gases include fluorine. 1 §2/42 5. The
substrate processing systemof claimd4 wherein 2 said flourine is from

NF3 deconposed by microwaves in said renote m crowave 3

pl asma system
1 6. The substrate processing systemof claim4
wherein 2 sai d | FrrerTrs—qonprysedyof—Httorrnated—ryt-ertat— J T
7. The substrat e} progessijng system of jclaim4 pwhergin 2 ﬁaid lingr is
conpri sed of PTW%O
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1 8. The substrate processing systemof claim4

wherein 2 said liner-is conprised of PFA 1 _ 9.
The substrate processing systemof claim4 wherein: Z ngéahq, anrfr$
conprised of TFE 1 10. Théfsuber atel
processi ng system of claim1 wherein 2 sai d secqnq reactlve gas siare

used to etch undesired oxides froma sWbdAE8 of t he % " slib8tivat e oﬁ said
heater in said processing chanmber, and said second tlne perlod 4 i

occurring before said first tine perlod 1 111,
The substrate processing systemof claim10 mherelnA;m“M”saJd second-
reactive gases include fluorine. 1 12. The
substrate proqg§sing system of claim 11 wherein
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113 2 said flourine is fromNF[err] deconposed by said renote m crowave

pl asma system 1 13. The substrate
processi ng systemof claim1l 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 tinme perlod 14.
The substrate processing system of claﬁﬁ4132Mhere|n 2 said second
reactive gases include fluorine. 1 15. The
substrate processing systemof claim14 wherein 2 saidflourine is from
NF3 deconposed by said renote m crowave plasnma system
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1 16. The substrate processing systemof claiml

wherein 2 sai d processing chanber is part of a multichanber system 1
17. The substrate processing systemof claiml wherein 2 sai d
predeterm ned pressure range is about 1-2 torr. 1

18. The substrate processing systemof claim1l wherein 2 said renote

m crowave plasma systemincludes a magnédb642 a wavegui de system 3

coupl ed to said nagnetron, an applicator tube, and a tuning system coupl ed
to 4 wavegui de systemto optim ze mcrowave power from said magnetron to
said 5 applicator tube, wherein said applicator tube is coupled to said

kot it o | Tlho-
Ot

first opening at sai de6- o 1 19~ fhe
substrate processing pystém of| cl alm 14 whefei n|2 sai g tuning |systjem
I ncl udes a phase d gl systlem ahd i q coupledi{to daid B gontriol | gr,
said control l er all8%’ ¢ toteontirot—sardrtuning—systenr=
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114 1 20. The substrate processing system of

claim 18 wherein 2 said tuning systemincludes a stub tuner.
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