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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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insulating layers, capping layers, or other layers.

10 One of the primary steps in fabricating modern semiconductor
devices is forming a dielectric layer on a semiconductor substrate. As is well
known, such a dielectric layer can be deposited by chemical vapor deposition
(CVD). In a conventional thermal CVD process, reactive gases are supplied to the
substrate surface where heat-induced chemical reactions (homogeneous or

15  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 um 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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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 devices 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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devi ces, and depth is limited, especially as the doped regions become shallower ith an

approach like ion implantation, controlling dopant distribution is made difficult due

10 to the built-up concentration of ions at the surface of the semiconductor material.
Also, ion implantation causes damage to the semiconductor surface, and methods
for repairing this substrate damage often make it more difficult to control dopant
distribution and junction depth for ultra-shallow doped regions. For example, ions
bombarded at relatively high energy levels 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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desirable to use doped dielectric films having a low moisture content, since these

films have more dopants available for use in the diffusion.
Several problems are encountered with conventional substrate

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 film when
using conventional deposition systems is of particular concern for two primary
réasons. 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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and junction different wafers may vary and be unpredictable, leading to wafer-to-wafer

unreliability. Second, being able to control the thickness of the deposited doped

10 dielectric film, even for very thin films, is desirable for overall efficiency and
increased wafer throughput. However, conventional approaches have only been
capable of forming doped dielectric 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 (less 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 in 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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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 processing, 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
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10  significant surface damage to the silicon wafer. Further, for some applications it is

desirable to provide multiple deposition and cleaning capabilities in a single

chamber with a simplified design to minimize the time consumed for different types

of cleanings. What is needed, therefore, are systems and methods that are capable

of high quality, efficient, high temperature deposition and efficient, gentle cleaning.

15 In particular, these systems and methods should be designed to be compatible with

processing requirements for forming devices with high aspect ratio features,

forming ultra-shallow doped regions.

20

SUMMARY OF THE INVENTION

and for

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



7 conventional sequential CVD chamber, a substrate rests on a belt and
travel s through various portions of the chanber. In each portion of the
chanber, a layer having a certain thickness may be deposited. Thickness of
the deposited filmnmay be controlled by changing the belt speed, which
provides limted control. Further, 5 control over the thickness and
dopant uniformty of the films deposited orldifferent wafers is difficult
when attenpting to control filmthickness and dopant concentrati on using
bel t speed. Thalepésition, heatittg akdinefScient W¢aningsfos dprating dilectrigflmnhaying er ent
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Al so, renoval SUuch m us pant diffusion sourceé
et ching or ot heyr dieehiidleptsic tdyesn Furthies 2mbedinteatst aftthe ptasems inventioneeays t he

wafer. Wth growi ng pressures on . . . .
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



20 manuf acturers to inprove efficiency, it is desirable to formthe
doped dielectric filmas thin as possible in order to decrease the tine
needed to deposit and then renove the film It is desirable to have a

met hod and apparatus that can easily control the thickness and dopant
uniformty of a doped dielectric film(less than about 500 A thick at 0.2
wei ght percentage dopant variation across tA@ wafer) that is used as a 25
dopant diffusion, source. Another problemwth using doped dielectric filns
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process). The absorbed mojsijter G of BRNnY&RiEh Sa Yirhdle bliSma system is

provided for etching undesired deposits on the inner walls of the vacuum chamber

10  and components of the apparatus, and for cleaning native oxides and other residue
from the semiconductor wafer prior to processing. A gentle cleaning technique
using a remote energy source is preferably employed instead of a conventional in
situ plasma process to lower metal contamination. For example, the remote plasma
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 plasma 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



5 dopants in the dielectric film causing the filmto crystallize. Due to
the crystal structure binding the dopants within the film these dopants
becone unavailable for diffusion into the substrate, even after a
subsequent heating of the wafer by rapid thermal processing or annealing in
anot her chamber. Mbisture absorption thus r Sluces t he amount of dopants for
dlfujsmn into the su?strate. In addition teée’the 10 noi st ure absorption
probl em outgassing of . dqopants .f.r t he doped dielectric filmalso
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been renoved. Usjh BHdpbint 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 onﬂ 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



etching to renove native oxides with an in situ plasma results in plasma
damage to the surface of the substrate. In addition to causing surface

pl asma danage, in situ plasma dry etching nay undesirably result in nore
nmetal contamination, as discussed earlier. Accordingly, it is inportant to
efficiently renove native oxi des 30 wi t hout damagi ng the substrate
surface so dopants may diffuse into the subktrate uniformy for
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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 to 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.



el sewhere in the CVD apparatus, such as in the area between the gas m xi ng
box and gas distribution manifold. Undesired oxide residues also may be
deposited in or around the exhaust channel and the walls of the processing
chanmber during such CVD processes. Over time, failure to clean the residue
fromthe CVD apparatus 15 often results in degraded, unreliable processes
and defective substrates. Wthout frequent t$eaning procedures, inpurities
fromthe residue built up in the CVD apparatus can mgrate onto the
substrate. The probl em of In stiflarothes aspegtief thg ineamtige, a chanther disert isqgovided he
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embodiment, the outer portion of the liner includes air gaps to increase the

insulation provided by the liner.

In still a further aspect of the invention, a lid assembly is provided

for the enclosure assembly. The lid assembly includes a gas mixing block (or box)

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

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

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

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

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

distribution holes.



that mght obstruct the lid, which is a time-consum ng procedure that
interferes with 10 normal production processing. In |light of the above,
i mproved net hods, systens and apparatus are needed for depositing dense,
| ow noi sture dielectric films with uniformthicknesses and hi gh aspect
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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
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waf ers. 25 Enbodi ments of the present invention include systens, nethods
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in the sane chanmber to reduce total process}ig time and to ensure high

qual ity processjng to produce high integration devices having high aspect
ratio features. B0 i ng nmultiple process steps in the sane chanber al so
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Fig. 10 is an enlarged cross-sectional view of a bottom portion of the
heater/lift assembly of Fig. 9;
Fig. 11 is a side cross-sectional view of a pedestal/heater of the

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



5 films, and to forman ultra-shall ow doped regi on used, for exanple, as
source/drain junctions or as channel stop diffusions in shallow trench

i solation. In addition, enbodi ments of the present invention may al so be
used to deposit doped dielectric filns used as prenetal dielectric (PVD)

| ayers, internetal dielectric (IMD) layers, or other dielectric |ayers.
Further enbodi ments of the present inventiod8my 10 further be used to
deposit undoped dielectric filmnms ysed as shal|low trench isolation filling
oxi des, i nsul at Pﬁ'émf’a?ygie@,ﬁc‘&ﬁﬁ??f ancgvatisa speeifin ¢rabodimens af the,preseH s
according to thewpgsent invention include depositing dielectric films by
CVD on a substrate I n a vacuum chanber having a pressure between about
10-760 torr, and heating Figs. 282ANCadre grapha illustrpengexpeamgnabtesalts soowiid

b 500 C., T b b .ed f I, f ,
uch as per f of mEHAPEM BRFLR OuRSlri Wallol dWistoR ormig aFge Fappogi SR IF | on,
or for drivisng bfbdﬂ,@&%t‘cérd‘ixig)iﬁﬁl&ﬁ%h&xﬁ%f%ﬁ%s&h?ﬁﬁﬁéﬁ;? layer. The

process may be carried out in a single step , depositing and refl ow ng
the filmon the wafer at Figsp@lAt2dFese graphs dlustrating Soberexpeinenatl rdsnlts

multiple steps (£.4.. depositing . the filman.the wafer at 20 . tenperatures
Tess. {han: 5007 eP ok BRER HEBIA G R TPRAAIS PLLRe Ciareatay juiiPRe. 11 | m
has been deposi fgithed usthgadiffbRht €&pped BEGH s WG ERE b AnBthOCARBddMehtSof the
acconpl i shed wi thout renoving the wafer fromthe vacuum chanber, which

advant ageous| y PesensdBveptipst ure absorption in the dielectric film The high
tenperaturg siti.on. of. doped di

mer atufager ocess, 19 | iy AL SybeS ot ol o BeAdetig B A
dopants from t heapdbiligids bf PEGafiléhs| depéyited 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 TEOS/O; USG films deposited at about 400°C and about
550°C, respectively, after heating at about 1050°C and a subsequent wet etch
20  processing, in accordance with a specific embodiment of the present invention;
Fig. 27 is a photomicrograph demonstrating the gap fill capability of
a USG film deposited at about 550°C after heating at about 1000°C and a
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 I. CVD Reactor System
A. Qverview of CVD Reactor

Embodiments of the present invention are systems, methods and




noi sture content. In a specific enbodi nent, reactive gases are delivered to
the substrate surface, where heat-induced chem cal reactions take place to
produce the dielectric film Additionally or alternatively, a controlled

pl asma nmay be fornmed to facilitate the deconposition of the reactive
species. 30 In an exenpl ary enbodi nent, the dielectric film
Is a thin doped fil mused as a dopant diffugfon source for an ultra-shall ow
junction. The filmis deposited at tenperatures greater than about

500[ err] C ont o tpparstubeseddaoe depuditingatielerttio films dCtehipghaares grepter dtamrabsut

usual |y greater 00[err] C and preferab reater than about 70Q0[err]C,
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Perform ng the it L4 ' I '
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i ntegration devig@gnallviewdpbheEmBsdReht & a [ANDI AppSrafs AV acBordBiFlo HledFicn
systemis provided for etching undesired deposits on the inner wall's of the

vacuum chanber embodiment. chnjsisitéon to heing ¢apablp 98 dapasitingadieledtrie laylessathag

NALEVESoXIdes agﬁba%tﬁ'se £CCIE)FdSIIi1gd K the present invention has high temperature heating
capabilities useful for performing reflow of deposited dielectric layers for

10 planarization, or for driving in dopants from a deposited doped dielectric layer
when forming ultra-shallow doped regions. Further, the apparatus can provide
efficient cleaning of various CVD chamber components and cleaning of wafer
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.



fromthe sem conductor wafer prior to processing. A gentle cleaning
technique using a renmpte energy source is preferably enployed instead of a
conventional in situ plasna process to |ower netal contam nation. For
exanple, the renote plasnma system provides a renote plasna and preferably
fluorine radicals fromthe plasma 15 are able to enter the chanber, which
Is at high tenperatures, and provide a gent?@ thermal cl eaning of the
chanmber. Wth the renote plasm_ system anly chem cal reactions are

ut i It i zed and L hin 0t exsimenriatg ferpngiment; alk purfaces phbeasr f22qxposgddo JaryHm shamber)
contrast, wt e_Uuse. o
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configured for use to deposit filnms by using different input gases as

ggeded In a préﬁgh tempeeatire)l and okamben ovalle idt whisheaserat @mgulwerstygmeﬁ#uré a
m cro ve stegrLconfigured to produce and deliver a sel ect

species (s Eelqt;v&&psl%gtergﬂ orine or other radicals) to the processing

chanber . The renote Reactive and carrier gases are supplied through supply line 43 into a

gas mixing box (or gas mixing block) 273 (Fig. 5), where they are preferably mixed
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-



pl asma system energi zes gases by mcrowave radiation to create a plasm
wth 13 etching radicals. Specifically, mcrowaves are created by a
magnetron or other suitable energy source and directed through a wavegui de
systemto an applicator tube, where a plasma is created. Reactive gases are
then fed into the applicator tube and energi zed by the mcrowave energy,

whi ch sustains the ionization of the 5 igdlited plasma to produce a flow
of radicals into the processing chanber. For cleaning, the radicals
interact with rioducgdehtmicsbteagtions {Bompgangels ardielesogeacous) fake PIace 4p Profise g

that are suitably. dischar ar. h . A
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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 535 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,



a plasma within the chanber to check em ssions fromthe in situ plasma to
determne the end of the cleaning process. In the present invention, an
endpoi nt detection assenbly is coupled to the gas outlet of the processing
chanmber to 20 determ ne the endpoint of the cleaning process by detecting
changes in light intensity that occur due to absorbance of |ight by the
exhaust ed cl ean gas reactants, such as SiF422 | n yet another aspect of the
present invention, a nethod provides gettering of any adsorbed clean gases,
such as fl uori riBrotie yahve KEsten 6B asEne MHEFAHBES Plasma syHAm 35, ARd-oHheR H§terd ¢ he

- present inventi LI st ' Wl ' ¢St
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resi due. A secqa,ﬁlecdre_an(i)\mg gas is then introduced into the processing
chanber after the residue has been renmpved with the first cleaning gas. The

second cl eani ng gas renpviecessea¥] poptrolssallobthe aethdtienof e CYRABIHER: bet ween

the first 3 i ' r | ng
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the present invention, fluorine radicals ivered intag

.. 14 are de he
processi ng chanteferatly » Bewow /@&y e 2 hagd fliskdriyey Sl'}to‘i’ltj PRrggnemory 7 may be
other kinds of memory. In addition to a hard disk drive (e.g., memory 70), CVD

apparatus 10 in a preferred embodiment includes a floppy disk drive and a card

10  rack. Processor 50 operates under the control of the system control software, which
includes sets of instructions that dictate the timing, mixture of gases, chamber
pressure, chamber temperature, microwave power levels, susceptor position, and
other parameters of a particular process. Other computer programs such as those
stored on other memory including, for example, a floppy disk or other computer

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-board computer, analog and digital
input/output boards, interface boards and stepper motor controller boards. Various
parts of CVD apparatus 10 conform to the Versa Modular European (VME)

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



by formng a silicon-fluoride gas product which is punped away from
chanber. After the fluorine-based chamber cleaning procedure, any adsorbed
fluorine on the surface of the chanber walls which mght otherw se interact
with, or be 5 i ncorporated into, the deposited filmon the next wafer to
be processed is gettered. In an alternative _enbodi nent, the gettering may
be perfornmed by seasoni ng the chanber usi ngZ3m' crowave-generated atom c

oxygen and a silicon source to deposit thin.fil f. .oxid h
chanber to traSXBes¢ the ¥3fesda MM Wgo%%f%%#smgﬁﬂpgﬁen@ﬁghg%terte he
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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, gas 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 55 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



The heating assenbly of the present invention further includes a support
shaft for supporting the pedestal/heater within the chanber and for housing
25 t he necessary el ectrical connections thereto. The support shaft
preferably conprises 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 e maintained at anbient

t enperature and pressure during high_tenperature processjng, which protects

the el ectrodes &ndom:g3s supnly pansl B9 Q%WQE{Yi RAgel %&B’ﬁ{c@és ime%ctBrg“B?F(Blﬂu om

t he process an AT} : : g | | @ianQ

anbi ent pressu%gﬁé\?%ﬁw%gfﬁg’ sha t1 %%H%%%Eg@gﬁgdﬁgm??%ﬁ Fﬁ%’“gg{\%&ﬂ ﬂ;llgurce

t hrough the holdesivedproeessés tded fehabhrticolap apicatierad Gas supiphe pane] €0 haslal s of

t he shaft. 15 In still __another as%e t of the i nventi(gn .a chanber |iner
r

i s provided ar JOFENG HECRLYR Al IRERAYS: cfgeg%gmn&rgceﬁ@n HIRER B (s from
the heater 5 P;e\;ﬁgééﬁﬁdﬁfqug&z flon? SifzEes! J0NRE rr]ﬁifaﬁnglé%%exﬁﬁ'ng s rﬁirilk!iﬂ i B9k 273

conpri sed eria uch as ceramc that I's resistant to hig
t enper at ur es anda line 85 po supply lihe 3 arGeneratlyi supply Bnes fornpathanf thepeacessogaseon

conprised of a material, resjstant crackin The inpe ortion,.of, th

liner insul at ed™¢ ng @hé‘%‘é’% véyqss%itglaq, eusg@'éo 9\5&?@?&?@62“68%}“?% shytlL ¢ o

whi ch ni ght ot Rt Wosorast¥edss ghyin®d fif B5 Qe MAs st eohd (if) Mads iffodr dontasllerSh@oout er
that measure the flow of gas or liquid through the supply lines. When toxic gases

10  (for example, ozone and the clean gas) are used in the process, the several shut-off
valves 95 may be positioned on each gas supply line in conventional configurations.
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 (O;), 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 55, a plasma remote



portion of the chanber liner is substantially thicker than the inner
portion to bridge the gap between the wafer and the walls, while mnimzing
cracki ng which mght 10 ot herwi se occur with a single, relatively thick
ceramic liner. In an exenplary enbodi ment, the outer portion of the liner
includes air gaps to increase the insulation_provided by the liner. In

sti :I a furthe:rbiaspect of the invention, a P#d assenbl y is provided for the
encl osure asse y. The lid assenbly inclydes a gas m xing bl oc or . box
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instructions from the system software computer program, to select either the clean
gases or the deposition gases to flow in_to 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 (Os) 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 readable 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



t hereby decreasing the down tinme of the chanber. The apparatus preferably
30 I ncl udes a control system such as a valve and a controller, for
partially or conpletely closing the bypass passages to control the gas flow
t hrough the gas distribution holes. 16 These and ot her enbodi nents of

t he present invention, as well as its advantages and features, are
described in nore detail in conjunction witB6the text bel ow and attached
figures. 5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1A is a vertical,

cross- sect i onal comperofystemOgDogd fercade dn meowryli fngmtwhichh hepgCRY gpadsiamdent i on;

Fig. 1B is a sipplified di.agram.of the syste ni t.or_and CvD 10
apparatus 10 i ng@c%% ﬁ}ecc}?g%g%.peg%qg}ﬁtaé%glaer?@gﬁlqlgﬁprg ®Sa gener al
overvi ew of CVD appar at USFih0 1Dis/a@l iBhdtalivé 8lo2k fran PP the HeRedhidP chRsat ed
in aclean room Fig. 1Dis an illustrative block diagram of the

hi erarchi cal cosftucsire of thecsysiem egntroh softyareeporapen progrant 1 hragcordingpataer
~program 150 aCéb%Eﬁfc@nt}oahﬁlent. Using a light pen interface, a user enters a process set

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

response to menus or screens displayed on the CRT monitor. The process sets,
which are predetermined sets of process parameters necessary to carry out specified
processes, are identified by predefined set numbers. Process selector subroutine

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



15 specific enbodinent; Fig. 1E is a block diagramof an exenplary heater
control subroutine; Fig. 2 is an expl oded view of a preferred enbodi nent of
CVD apparatus 10 according to the present invention; 20 Fi g.
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 sem conductor processing
chanber of the apparatus of Fig. 2; Fig. 5 24 an exploded vi ew of a gas

di stribution systemfor the 25 apparatus of Fig Fig. 6Ais a top

partially cut- aRH%FeiﬁF%W e dSSIF‘FddS"&E%I@ﬁbIRXC@F“"@V@%‘E&%Y&%“QEO“MC 1p$ Illlf-‘é'@(ieét i ng

portions of the I

front cross-sect Elé k(pg‘4r|:c)ﬂré\%|ﬂlegvﬂé%E speé#t): ive mﬁﬁ%?{}dﬂ)@%t Oelrdrgt%é @‘tO%F
assenbly for C,\/Ehamtpms & deterbfine ifnthe chambsers ag mx@usedbmpaﬁmmﬁﬂgjmf or

cl eani ng gases; gcg 7A and 7B are S] dﬂelecr 0ss-sectional views and bottom

views, respecti? sseg, Are-Deing, cargied Pty the chambers, being used,jand (1) exeavsias thant

of the 5  desired process based on availability of a process chamber and the type of process
to be carried out. Conventional methods of monitoring the process chambers can be
used, such as polling. When scheduling which process is to be executed, sequencer
subroutine 155 can be designed to take into consideration the present condition of
the process chamber being used in comparison with the desired process conditions

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 include all of the above subroutines, while other
embodiments may include only some of the subroutines. Those having ordinary
skill in the art would readily recognize that other chamber control subroutines can

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



17 invention; Fig. 8 is a partially schematic, cross-sectional view of Fig.
3 taken along lines 8-8, illustrating the punping channel and the gas fl ow
pattern in the exhaust system of the CVD apparatus 10 of Fig. 2; 5

Fig. 9 is a vertical cross-sectional view, partially schematic, of a
heater/lift assenbly, according to an enbodi nent of the invention; Fig. 10
is an enlarged cross-sectional view of a bo28om portion of the heater/lift
assenbly of Fig, 9; Fig. 11 js a side cross-sectional view of

a
pedest al / heat er DEiRE ekecliied.  Chambesmapagsr ssbrputioe 1§z sshadules the PAPLesThodi nent

of the inventi okl IS ] ;
illustrating a E%Igﬁar nt(:%“l%#;"ﬁp?sgm%g%lﬁ%\%tﬁwg%lso%gga@?g% %Jfl{e{“ﬁgg ﬁélé:th SPTTIF t
assenbly of Fi gchabekil§.and$procesaiset ard ar greekecutedvnett. oNypieillyl bhambes aharaged

connections 15 wi thin the pedestal /heater of Fig. 10; Fi.gs. 15A and 15B
illustrate a hof¥Proitng /g H@kaaé@papf MORitering the Yagiows champes CoRpPIetoupl e

0, 1S B UREr Liur o B b3 0 00 e
chanber, in accfordhapmcesstdet tnbeexecutednmpidinitiating ekecutien pf e shambémcozmpanent,
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



Figs. 17A-17D are schematic diagrans of a cl eaning endpoint detection
systemin accordance with an enbodi nent of the present invention; Fig. 18
is a sinplified cross-sectional view of a sem conductor device manufactured
according to an enbodi nent of the present invention; 25

Figs. 19A-19E are sinplified cross-sectional views of an exenplary
application of the nethod and apparatus of t29 present invention for an
ultra-shal |l ow source/drain junction; Figs. 20A-20G are sinplified

cross- sect i onal PHocsHs(Cpan g5 siepesitin engthen has ipselecied. oA ltemativeeembadimantand
apparatus of th | t =Sk | sl at i on;
B o 21 11 ust r SPRUTRRE IndhPYER drbrodtss Pt contiol Wtrple dTY, MBSt 81
saturation powecomtheliinga\specifiptyperf prbeesnonspetificastsuTQus tiaek. Wi th renote

m cr owave 18 plasm sy?t em 55 in accordance with a specific enbodi nent
of the present invention; MES¢EE PIOSASSOS @ngingrt ganpheh 3s|nitgegenarjasgon is flowed

experi ment als r egub tRasHhM ; fi v I
junctions for ne?uus?ng{;%\g{pjgg)d&%@lgl ﬁﬂ F%:rses@f i 1%'}1%%1%33@%2%’?8%%%8&%0& rg?#:ss
enbodi nent of t igasepaes exttodiicede nForathese processes, process gas control subroutine 163 is

programmed to include steps for flowing the inert gas into chamber 15 for an
amount of time necessary to stabilize the pressure in the chamber, and then the
steps described above would be carried out. Additionally, when a process gas is to

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 ra'te 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



Figs. 23A-23F are graphs illustrating further experinmental results show ng
the dopant profile and sheet resistivity of the ultra-shallow junctions
formed using different capped BSG fil ns according to anot her enbodi nent of
the present invention; 10 Fig. 24A is a photom crograph
denonstrating the as-deposited gap fill capabilities of PSG fil ns deposited
at 600[err]C in accordance with a specific 8bodi nent of the present
invention; Fig. 24B is a sinplifjed diagramof a section of the structure
shown in Fig. 2Wgpressure in chamber 15 by rqading ons qrjmergtcoBYensiond PresFIR spect r a
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under exenplary process conditions, according to a specific enbodi nent.
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, T,., as an input (step 580). In step 582, heater
control subroutine 167 measures the current temperature of heater 25 by measuring
voltage output of a thermocouple located in heater 25. The current temperature is

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
ErT (k) =TT (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 588).
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, T, i.€., it controls the rate at which the
temperature changes.

The temperature regulator algorithm (steps 586 and 588) uses



DETAI LED DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS 30 |. CVD Reactor System
A. Overview of CVD Reactor Enbodi nents of the present invention are

systens, nethods and 19 apparatus used for depositing dielectric filns

at tenperatures greater than about 500[err]C In particular, such systens,
nmet hods and apparatus nay be used to deposit undoped dielectric filnms and
doped dielectric films. Such films may be G%ed to formultra-shallow doped
regions, prenetal dielectric layers, internetal dielectric layers, 5
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CVD apparatus 10 provides these multiple capabilities in situin a single
estimated feedforward power based on the dynamic behavior o? 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
T, (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 function of the temperature of the heater and is based on the
thermal shock resistance of the heater 25 at various temperatures. Thus, the desired
ramp rate may continuously change based on the current measured temperature of
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 only guarantee that a desired temperature, T (XD,

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



vacuum chanber 15. Accordingly, nultiple process steps may be perforned in
a 15 singl e chanber without having the wafer transferred out of that
chanmber into other external chanbers. This results in a | ower noisture
content on the wafers by elimnating opportunities to absorb noisture from
the anmbi ent air and, advantageously increases the dopant retention in the
deposited dielectric layer. In addition, pe3Xormng nultiple process steps
in a single chanber saves tine, which 20 i ncreases the overall throughput
of the process.inRevadof length K willgbe Th,. Eawexpndheingtantagequscrigdefschange of

encl osure assenh g % m,ch .15 wit . t.Lon.area
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position indicated by dotted line 13 which is closely adjacent to plate 20,
as shown 30  ithenmaj shock fracturan (B contafling the famsp &t dieetdy, (e SUEIH JBYENLIOR

provi di ng infor Qi | ion of the wafer. As discussed in detail
bel ow, heater Zﬁlﬁﬁc t‘jg)ré%etl’aglsslggﬁ if?él y- heat ed conponents enclosed in a

ceram c, preferably al umBReafesringttoiRig. 1E, an exemplary ramp control algorithm will now

10  be described. After the desired temperature, T, is input (step 580), the current
temperature T(k) is measured (st¢p 582), and the temperature error is determined
(step 584), the ramp control algorithm calculates the actual ramp rate T’ (k) using a
numerical differentiation technique. It also determines the desired ramp rate,

T’ 4(T(k)), based on the current value of T(k), and the error in ramp rate,

15 Err, . =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(kK)) 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.



20 I'n an exenpl ary enbodi nent, all surfaces of heater 25 exposed to vacuum
chanber 15 are nmade of a ceramic material, such as al um num oxi de (A1203 or
alumna) or alumnumnitride. Wien heater 25 and the wafer are in
processing position 13, they are surrounded by a chanber liner 35 along the
inside walls 17 of apparatus 10 5 and by gg annul ar punping channel 40,
formed by chanber liner 35 and a top portio of chanber As discussed in

detail below, the surface.of,chanber r ef r| ses .a
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10  Errgga.. In the specific embodiment, P, [T(k), T’ (T(k))] can be approximated

4

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’ (T(K))-T" ()]
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 K, determines the size of the overshoot and the

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



20 vented toward the wafer surface (as indicated by arrows 21), where it
may be uniformy distributed radially across the wafer surface, typically
in a lamnar flow Purging gas nay be delivered into chanber 15 from an
inlet port or tube (not shown) through the bottomwall of enclosure
assenbly 200. The purging gas flows upward past heater 25 and to an annul ar
punpi ng channel 40. An exhaust system 25 B#hen exhausts the gas (as

i ndi cated by arrows 22) into the annul ar punpi ng channel 40 and through an
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heati ng of

uses a large K, to reduce steady-state error and a saturation function (step 598)

10 instead of derivative control to dampen the system response. The saturation
function effectively schedules the gain K, such that K, is inversely proportional to
the ramp rate error, Errgg,.. During the transient portion of the system response,
when errors are larger and overshoot can occur, the effective gain is small. In
steady-state, errors are small, so the effective K, is large.

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)-PX) | >P’paxs
then P,(k+1)=P(k)-P’ . for P(k+1) >P(k)
and P,(k+1)=P(k)-P’,, for P(k+1) <P(k)
else 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) = P [TK), T 3 (T(K))] + K¥[T’4(T())-T°(K)]. The term

30 K,k is as follows:

P’ = KooK *ErTrpae(k);
Koetd(K) =P’ 1/ ETrpa(K).



5 the wafer for effecting deposition, reflow and/or drive-in, cleaning,
and/ or seasoning/gettering steps in a nultiple-step process in situin
chanber 15. Alternatively, a controlled plasma nmay be forned adjacent to
the wafer by RF energy applied to gas distribution plate 20 froman RF
power supply (not shown). In enbodiments aggitionally having a | ower RF
el ectrode, the RF power supply can 10 supply either single frequency RF
power to plat eBianQﬁn edfebfiRagen sMalRwheAMEY ran® Rtator’ 1agd, dwesioovend RF
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I nputting depos gaseés into system55 via input line 57.

Gener al | y,10r emptegramcodevdoresefiingslow- 28d highyfeaqeency R powenleyelgapplicdviodhe nput

line 57, which are energize '
process glect odes 9n ct:gamrgeg rlg ,Wgr}élefor 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 sepérate 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,



radiation to create a plasma with etching radicals which are then sent via
conduit 47 for dispersion through plate 20 to chanber 15. Specific details

of plasma system 55 will be discussed further bel ow. Some enbodi nents of
apparatus 10 may al so include a radio frequency (RF) plasma systemto
provide in situ plasma capability. 30 Mot ors and opti cal
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would not need to use or have endpoint detect control subroutine 159.
Optionally, a gettering control subroutine 169 may be included that

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.



I ncludes sets of instructions that dictate the timng, m xture of gases,
chanber pressure, chanber tenperature, mcrowave power |evels, susceptor
position, and other parameters of a particular process. O her conputer
prograns such as those stored on other nenory including, for exanple, a

fl oppy disk or other computer 15 pr ogram groduct inserted in a disk drive
or other appropriate drive, may al so be used’to operate processor 50.
System control software will be discussed in detail below The card rack
contains a singl e-board cAfPRewR in Kigsl 3 g0 Ad CH I RpRATatis, b0 gersnelblinchdey am |
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system 55 (Figs. 1A and 16) is also provided in CVD apparatus 10 for periodic
chamber cleaning, wafer cleaning, or depositing steps.
As shown in Fig. 2, CVD apparatus 10 further includes a liquid
cooling system 215 for delivering coolant to various components of the chamber 15
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



waf er between its chanbers w thout breaking the vacuum and w t hout havi ng
to 23 expose the wafer to noisture or other contam nants outside the

mul ti chanber system An advantage of the multichanber systemis that
different chanbers in the nmultichanber system may be used for different
purposes in the entire process. For exanple, one chanber may be used for
deposition of oxides, another may be used 538 for rapid thermal processing,
oxi de cl eanin The pr.ocess may proceed
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changes its ratchet mechanism 241 to prevent the lid cover 233 from falling closed.

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 chamber 15 is covered with a chamber liner 250, which rests
on a shelf 252 of enclosure assembly 200. Chamber liner 250 serves to inhibit

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 6f 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



hi ghl i ghted color, or a new menu or screen is displayed, confirmng
communi cati on between the |ight pen and the display screen. O course,

ot her devi ces, such as a keyboard, nouse, or other pointing or

conmuni cation device, may be used instead 20 of or in addition to |ight
pen 73b to allow the user to communi cate with processor 50. Fig. 1C

Il lustrates a general overview of CVD appar¥tus 10 in relation to a gas

supply panel 80 located in a clean room As di scussed above, CVD appar at us

].:LO i ncl udles lchaprbmssekﬁ(exg.lgreateaﬂmn aboyt WASCivi Preferablyx B8 paition 253 of lingput s
rom supply i 43 and conduit 47, apd renote mcrowave plasma system 55

wi th i nput | i ned9<omRIISEER Crramicmalssel, sugleS yiminn pigds Auinal of t ke,

and injecting dgppaiuhliRNbélas tRSprefitidd Ghftérial 9 ABA&@ Por@én 25 GAll Gaifa(1§hhvé AT ough
inlet tube 43 to the procesSing chanber 15. As seen in Fig. 1C, renpte
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254 for supporting inner portion 253 of liner 250. In a particularly preferred

embodiment, outer portion 255 includes a plurality of circumferentially spaced

10 vertical struts 257 that define inner air gaps 259 therebetween, as shown in Figs.
7A and 7B. Air gaps 259 fa‘cilitate insulation of the inner portion 253 of liner 250
from the outer chamber walls to increase wafer temperature uniformity (otherwise
the outer edge of the wafer could cool down due to the surrounding chamber wall
temperature, which is cool relative to the heater and wafer temperature). In

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. Outer portion 255 of
liner 250 usually has a thickness of about 0.5 to 2 inches with an air gap 259
thickness of about 0.2 to 1.5 inches,, and preferably about .9 to 1.1 inch with an air

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.



supply sources 90, containing gases or |iquids that may vary depending on
the desired processes used for a particular application. Gas supply panel
80 has a m xing system 93 which receives the deposition process and carrier
gases (or 5 vaporized liquids) fromsources 90 for m xing and sending to
gas m xing box 273 via line 85 to supply line 43. Cenerally, supply lines
for each of the process gases include (i) HMut-off valves 95 that can be
used to automatically or manually shut off the flow of process gas into
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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
passihg 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



type hot boxes in other enbodinments. Aliquid injection systemis preferred
as it provides greater control of the volune of reactant |iquid introduced
into the gas 25 m Xi ng system The vaporized gases are then nmixed in the
gas mxing systemw th a carrier gas, such as helium before being
deli.vered to heated line 85. O course, it is recognized that other sources
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enclosure assembly 200 from corrosion and etching from the clean gas radicals

10  entering from an applicator tube 292. Liner 291 also prevents recombination 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 appératus 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.



system 55, switching valve 105 in these enmbodi ments woul d be connected to
inlet 57 to renote m crowave system 55 and also to line 83 leading to inlet
43. In 10 speci fic enbodi ments, gate valve 280 may be controlled by
processor 50, with instructions fromthe system software conputer program
to select either the clean gases or the deposition gases to flowinto
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| anguage, G, C+(l§,&n&gtg(ggﬁl,gwg(§gﬁn§%gggrgﬁo er’ @ﬁg&%‘%‘ﬁ%@% %1 %f ggg%lgﬁam codg
is entered int glaesBODI20 dreleach direontyl fusteried thial lower sisface ofi baserplantZ6bnal t ext

editor and is stored or enbodied in a_conputer- b i
10  Preferably, gas distribution and dispegs?on glratelsJ 38, g(?l arE'%dallfHJrcgd to lower

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



such as a nenory systemof the conputer. If the entered code text is in a
hi gh- 30 | evel | anguage, the code is conpiled, and the resultant conpiler
code is then linked with an object code of preconpiled Wndows |ibrary
routi nes. To execute the |inked conpiled object code, the system user

I nvokes the object code, causing the 26 conputer systemto | oad the code
i n menory, fromwhich the CPU reads and exeé@tes the code to performthe
tasks identified in the program Fi an |IIustra%|ve E%ock di a ram
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subrout i ne ntities process chanber, and (ii)
the desired setdmop quotheseafpoduring srdsafter eremssing. oheambmmpimmrmgsﬂmmber

for perform ng the desired oces The pr.ocess erformn
speci fic procesBOlf @fray ds OvF Bk &€ 1y SORef ’i‘%ﬁ‘gg%ﬁ@ %,ffo?h%g’éﬁg?%g be&y%e ss
gas conposi ti on, ARdnf 1ig¥¢ (rHig&S-ring spacings) are approximately equal, and the hole-to-hole
spacing 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 exemplary lid

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



tenperature, pressure, plasnma conditions such as nmagnetron power |evels
(and 15 alternatively to or in addition to high- and | ow frequency RF
power |evels and the |owfrequency RF frequency, for embodinents equipped
with RF plasma systens), cooling gas pressure, and chanber wall

tenperature. Process selector subroutine 153 controls what type of process
(deposition, wafer cleaning, chanmber cleani#4, chamber gettering,

reflowing) is perforned at a certain tine in chanber 15. In 20 sone
enmbodi ment's, t he822,94Y th& ang; ¢het distlosune op whish s pedviassskyrbesn incouparated byhe
process paraneters are provided to the user in the formof a recipe and may
be entered util 5™ he |ight pen/ CRT nonitor interface. The signals for
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i nput board of the systemcontroller, and the signals for 25 controlling
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operates to sch
holes 315. Base plate 265 further defines a coolant passage 93 having an inlet 331

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

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

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



27 processes in the desired sequence. Preferably, sequencer subroutine 155
I ncl udes program code to performthe steps of (i) nonitoring the operation
of the process chanbers to determine if the chanbers are being used, (ii)
determ ni ng what processes are being carried out in the chanbers being
used, and (iii) executing the 5 desired process based on availability of
a process chanber and the type of process t@5be carried out. Conventi onal
met hods of nonitoring the process chanbers can be used, such as polling.
When schedul i nganhp@as gisyéaiion piate g0 fier digpessing grocewsAnd fiean sasesriste ¢hambess
can be desi gned4to | { the oRdi. L] t he
process chanber1 ei %‘gg‘ﬁdéié ’ﬁ)ﬁgeggﬁn%gﬁsé%%ﬂ%st% %@éﬁgggﬁh?eﬁgﬁ%ggg%r
conditions 10 rdoeivifg & ebslahtelthuid, 3cks as water,! toecoORBBE phdte 265 And et dther ar
user-entered request, or any other relevant factgor a system programmer
desires to incl Gerapensntsgeftlid assembly 230he v thinempediment, base plaig 265 Sugheincer
subroutine X55 ' ahi . | I on
s going 1o be SELCEY e aadiiphil nBiiGe AR AaRiEh Sho BREhdLP SRR PEhrAl M 2
execution of thebgweqorsskispesionplatedddifogetdhenging heat widr thp poctésmsofStedse plate
paranmeters to agghanber_ manager subroutjne 157a-c which controls multiple

processi ng t ask<63 pmmegiaisbealove gandispersion and gag disgibugion heles Bdeedld- set
det erm ned by sequencer s [ . g r
y_seq e Wik a@&ngbg,gz?&qmlﬁa&@*lﬁmh 8 | gb%@ﬁislszg&@%ﬂ@

subroutine 157a conprises program c or controllin and” cl eani ng
process oper at i extsnding 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 spaced 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




20 process chanber 15. Chanber manager subroutine 157 al so controls
execution of various chanber conponent subroutines which control operation
of the chanber conponents necessary to carry out the sel ected process set.
Exanpl es of chanber conponent subroutines are substrate positioning
subroutine 160, process gas control subroutine 163, pressure control
subroutine 165, heater control subroutine M/, 25 pl asma control
subroutine 170, endpoi nt detect control subroutine 159, and gettering
control subroutine 169. [Rafemidgng Figs. 2k asmeunp {not showd)i dispostd exteridr toHEVIRVD

.chanber, sone enbodi nents include all of th b b ti , Whi | h
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157a sel ectively schedul r.calls th rocess conponent s outin in
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chamber’s cylindrical side wall 17 (including inner portion 253 of the chamber liner
10 250, see Figs. 3 and 4) and the bottom of base plate 265. From the pumping
channel 40, the gases flow circumferentially around channel 40 (shown by arrows
357) and through a downwardly extending gas passage 361, past a vacuum shut off
valve 363 (whose body is preferably integrated with the lower chamber body), and
into discharge conduit 60 which connects to an external vacuum pump (not shown).
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



5 determ ni ng whi ch conponents need to be operated based on the process
paraneters for the process set to be executed, and initiating execution of
a chanber conponent subroutine responsive to the nonitoring and determ ning
steps. Qperation of particular chanber conponent subroutines will now be
described with reference to Fig. 1D. Substrate positioning subroutine 160
10 conprises program code for controlling4hanber conponents that are
used to | oad the substrate onto heater 25 and, optionally, to lift the
substrate to a #e3iofcandnit 60 withriheottig¥alve 383.1 Breferable Prackesos SR drerivesdramen

the substrate a | Bdqr i | Is . t | oaded
I nto process chg%g‘g@afg,ﬁ%éaz’tggrgig%ls{@ﬂl%%ég%ﬁ%t%h%ggg veggﬁ?%'e@g%‘geg 0?asltoe and
t hen heater 25 tempatstd theastifed plesurcedidecwiyh et-phint préssurepelus ieatered by

substrate positionin ubroutine 160 caontrols novenent of heater 25 in
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subroutine 163 has progr r contro process gas conposition and
flow rates. Prof@saaypsn adjustmoht Sgral cthroughea ¢Giftraller 385 cmatdrive sndtbre(not

open/ cl ose position of the safe hut - o val ves, and al so ranps up/.down
Che mass 11 bw coomy Fid iRl Ve GBI o aopss SettngrPaeoning LLLe gas
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as are all chanber corponent subroutines, and receives subroutine process
par anet er s r el atrgdleserihedandommanty assigned,oso-pending dppbeationSeciabNbeP8/6EBBGdr .

TYpiCal Y, O e mpr B AR and HERH RE OB AR AbERs RhaiREP "9 he
Pressure” (Attorney Docket Nos. 861/DCVD-1I/MBE), filed June 28, 1996, the
complete disclosure of which is incorporated herein by reference.

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

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

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-



(i) reading the necessary mass flow controllers, (ii) comparing the
readings to the desired flow rates received from chanber nanager subroutine
157a, and (iii) adjusting the flow rates of the gas supply lines as
necessary. Furthernore, process gas control subroutine 163 includes steps
for monitoring the gas flow rates for 30 nsafe rates, and activating the
saf?tylshuh-off val ves m?en an unsafe condﬂgion I s detected. Process gas
control subroutine 163 also controls the s .conposition and flow rates for
cl ean gases as c%\{epu%gahsgplcag&gi TR Wsﬂﬂ%ggﬁmt%fésggndi ng on the desired 29
process (clean or deposi iRefirifg tOFRR! 9 abdlaB, héntérAlfeadsedbly/S0 genaadllyve

enbodi nents :coul d have nore than one process gas control subroutine 613,
each subrout i néndhid®s amesistively-heates wafer surpertpegestalfor heafer 38 aBached 4@ UPPY set s
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reactive pryopcess] 9eenRiRatihdatd 25amd aFdrivel 4e8b1P 1400 €615 eeticfllyonosing ks
control subroutine 163 is programred to include steps for flowi ng the inert
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ressure in '
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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



subroutine 163 would be witten to include steps for bubbling a delivery
gas such as heliumthrough the liquid precursor in a bubbler assenbly, or
introducing a carrier gas such as heliumto a liquid injection system When
a bubbler is used for this type of process, process gas control subroutine
163 regul ates the flow of the 15 delivery gas, the pressure in the

bubbl er, and the bubbler tenperature in ord® to obtain the desired process
gas flow rates. As discussed above, the desired process gas flow rates are
transferred toconiepurasiondn theaprogessedswaieh iesudng snmaee Tsiakle devises: alfet er s.
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controlled increments between the loading/unloading and processing positions.

Drive assembly 400 also includes upper and lower bellows 411, 413 attached
between the end of shaft 391 and the bottom of the processing chamber to allow for
substantially free vertical movement of heater 25. In addition, bellows 411, 413

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, 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



chanber manager subroutine 157a. The pressure control subroutine 165

nmeasur es 30 the pressure in chanber 15 by readi ng one or nore
conventional pressure nanoneters connected to the chanber, conpares the
nmeasure value(s) to the target pressure, obtains PID (proportional,
integral, and differential) values corresponding to the target pressure
froma stored pressure table, and adjusts ti9e throttle valve 5 accordi ng
to the PID val ues obtained fromthe pressure table. Alternatively, pressure
control subroubelos hdferinsobthatstiike platet 420omey) engage Ifingerst43€ anHrlidt them atmive e

t ti I t [ I h . '
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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



| ooki ng up the corresponding tenperature in a stored conversion table or by
calculating the tenperature using a fourth-order polynomal. In an

exenpl ary enbodi nent, heater control subroutine 167 in step 584 cal cul ates
the tenperature 20 error. The tenperature error, denoted Err[err], is
determ ned by the equation Err[err](k) = T[err]-T(k). In step 584, heater
control subroutine 167 will select one of t3# control algorithnms based on

t he absolute value of Err[err](k). If the absolute value of the tenperature
error i s small gresstrani.a.,pi60detrerrni atey). Howthkxrepnbediments, thoHoweate 442 may be
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f eedback and feedforward control to update the power delivered to the
heat i ng pressure minimizes arcing from the RF power source through hollow core 445 to

power leads or the aluminum shaft. This arcing that might otherwise occur in a
vacuum is thus avoided.

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

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



el ement enbedded in heater 25 so as to maintain the current tenperature,
T(k), as close to T[err] as possible. The feedforward control in this

al gorithm estinmtes the anount of power necessary to naintain the desired
tenperature given the anount 5 and type of gas flow and RF power supplied
to the chanber. The feedback control uses standard

Proportional -1ntegral -Derivative (PlD) contRol terns to adjust the

esti mated feedf orward power based on the dynam c behavi or of the
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an exemplary embodiment, heater coil 471 will have a greater power density near

the center of heater 25 to reduce the thermal gradient from heater shaft 391.
As shown in Fig. 14, heater coil assembly 440 preferably includes an
embedded RF mesh ground plane electrode 473 connected to a plurality of

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 determinihg the temperature of heating coil 471.

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



thermal 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
mninmumrate that is | ow enough to avoid thermal shock within the range of
tenperatures of a particular process. The control algorithmalso enploys a
saturation function on the rate of change ob3power supplied to the heater
to danp the systemresponse, which reduces oscillations in ranp rate. 30
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ranp rate direcjteat fifnstet Hebien! th fling R lement 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  base plate 265 into chamber 320 above gas dispersion plate 301, where it disperses
outward and flows through holes 325 into chamber 317 above gas distribution plate
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



avoids this potential scenario. Referring to Fig. 1E, an exenplary ranp
control algorithmw !l now 10 be described. After the desired

tenperature, T[err] is input (step 580), the current tenperature T(k) is
nmeasured (step 582), and the tenperature error is determ ned (step 584),
the ramp control algorithmcalculates the agyual ranp rate T (k) using a
nunerical differentiation technique. It also determ nes the desired rarrp
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bet ween the constant-valued T [err](T(k)) and the cal cul ated ranp rate

T (k) During the deposition process, the vacuum pump is activated to
generate vacuum pressure within pumping channel 40, thereby drawing the process
gases and plasma residue out of processing chamber 15 through channel 40 and
exhaust port 361 (Figs. 4 and 8). In addition, purge gas may be directed generally

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 enmbodinent (step 594). The above enbodi ment is an exanple
of one 30  nunerical differentiation technique that may be used, but
ot her techniques that may be nore sophisticated also can be used in other
enbodi nents. In other enbodi ments, other sanple rates al so may be used.
33 To el aborate on step 596, an exenplary control function used in the
SPFeCI II['(I:'( E;Tbodl[ ment is given by the follow Ay equation: P(k+l) =
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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



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, there is a lag between the time power is adjusted and the tine when
t he adj ustnment produces the desired result. For exanple, if the tenperature
of the heater is stable and the desired ra rate is positive, the control
W Il increase power to the heater. The terrpng§ature will 20 not, however,
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10  a metal wall. Microwaves are then able to be transmitted through the open end of -
waveguide section 721 to reactive gases inside applicator tube 292, which is
transparent to microwaves. Of course, other materials such as sapphire also may be
used for the interior of applicator tube 292. In other embodiments, applicator tube
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 ionization 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 snmall, the opposite is
true. Typically, K err] can be | arge because Derivative control can be used
to danp the systemls response, i.e. reduce overshoot and oscillation.
Steady-state error can be reduced by using Integral control, but this tends
to increase overshoot and oscillation and ig 5 preferably avoided in
this control algorithm In this case, derivi Ive control is not avail able.
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The exenpl Y Sk e AohGHhorine backbone of polytetrafluouroethylene resins with a perfluoro-
alkoxy side chain), fluorinated ethylene-propylene (TFE), or the like. The passage

is preferably circular in cross-section or other type of cross-section to match the
cross-section of inlet 290 and applicator tube 292. From this lined passage in
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



20 function is as follows: if | P(k+1)-P(k) | >P' [err], then

Plerr] (k+1)=P(k)-P [err] for P(k+1)>P(k) and P[err](k+ 1)=P(k)-P [err] for
P(k+ 1) < P(k) else P[err](k+1)=P(k+1) 25 A new term
K[err] (k) can now be defined as the effective gain of the controller at
time step k. Cearly, if Plerr](k+1l)=P(k+1l) the effective gain at tinme k
equals the gain Kl err]. But if the saturatith function is appli ed,

Klerr] (k) is defined,b titut.l P(k+1 Lp.
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control algorithmof heater control subroutine 167 danpens the systems

and into chamber 15 via gas distribution plate 20. Distribution plate 20 as well as
various parts of chamber 15 are thus cleaned. Residues and used cleaning gases are
then exhausted from chamber 15 with the exhaust system discussed above. The
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 53, 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



5 response when |large ranp rate errors occur, thereby resulting in nore
efficient tenperature control. A plasma control subroutine 170 conpri ses
program code for setting the nagnetron power |evels and node (CW or

pul sed). In alternative enbodi ments having RF plasma systens, plasna
control subroutine 170 al so could include program code for setting
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10  the chamber to form an aluminum fluoride compound. Consequently, it is

important to determine the approximate endpoint or the point at which the last SiO,
residue has reacted with the fluorine gas so that gate valve 280 can be closed to
prevent further fluorine radicals from entering chamber 15. As discussed further
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 processing 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



manager subroutine 157a. I n enbodi nents having gate val ve 280, plasnma
control subroutine 170 al so includes program code for opening and cl osing
of gate valve 280 to coordinate with the setting/adjusting of m crowave
power levels. Alternatively, the systemsoftware nay have a separate gate
val ve control subroutine 30 I n enbodi nents having gate val ve 280. An
endpoi nt detect control subroutine 159 incl fdes program code for managi ng
endpoi nt detection by controlling a light source and a Ii&ht det ect or,
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Optionally, a gettering, control subroutine 169 may be inc¢luded that 10
can be invoked BYPTIAABICRIS REH 354108 ther (eADINEPTRSEES, W@PY’@%#@“&(%?PB?

subroutine resistant to fluorine. Preferred materials for IR windows 812, 813 include
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 prevent 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



169 includes programcode for controlling gettering processes that may be
used for chanber seasoning, post-clean fluorine gettering, etc. In sone
enbodi ments, gettering control subroutine 169 can invoke specified software
built into the clean recipe to facilitate gettering control in conbination
with the clean recipe used. 15 The CVD system description
presented above is nmainly for general i1l usPlative pur poses and shoul d not
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systens that argasrmehdmmg ﬁnl&@‘d&htﬁ@@l@hﬁgaﬁméﬁm may be used in other
enbodi nents of the invention. It shoul be 20 under st ood, however, that
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such as 25 vakgfatm absorhed anddthe mterﬁé&tr@;elv(&ééawgdf-tecm&éﬁ.(BnIScwdedpsjm by
connecti ons, {h%\@ﬁ{é 5) gration and structure, specific algorithms used in
sone softvvare su I'ne configuration of gas inlet |lines and val ves, and
ot her nodifications are p055| ble. Additionally, other plasnma CVD equi prment
such as el ectron cyclotron r‘esonanceol(/ECR) pl ashe CVD devi ces, induction
coupl ed RF high density plasma CVD 30Vh W& E&S'L"6) the 1ike may be

FPL a0, PRk e AR OO (s ST RISUFR AT, or use
shown), L is the length between windows 812, 813 (see Fig. 17D) and C is the
concentration of SiF, passing through detector 802. As I/1, 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 present invention as defined by the appended
claims. It should be noted that the invention is not limited to a single wafer
chamber as described above and shown in the enclosed drawings. For example, the
throttle valve of the present invention could be installed into a batch chamber that
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



limted to any specific apparatus or to any specific plasnma excitation

nmet hod. 37 As shown in Figs. 2 and 3, CVD apparatus 10 generally

i ncl udes an encl osure assenbly 200 having vertically novabl e heater (wafer
support pedestal or susceptor) 25 for supporting a sem conductor wafer

W thin a vacuum chanber 15. Process gas(es) are delivered into chanber 15
to performvarious deposition and 5 et chi steps on the wafer. A gas

di stributi 205 . (Fi 2-6). di.strib f
Cour ces 00 (P o Sy st rrofe Gbn S bl 3 ol o re5 5 0 Bl ERA, 4
di scharges the pxRRESS of8FiEsn ANOCOSH ST diRsitetiidue OMAIERRARELY, %énsliéAEXB 903

apparatus 10 further includes a heater/lift assenbly 30 (Figs. , 9-15)
t hat includes haad&062mys by separatadrapdtelestrigally iscdatet! from ¢ach tothey by reshatlowr

upwards into a 10 rocessi osition within a 15. | gr al
remote nicr O\Navéreﬁ‘f:lbgsﬁgﬁgﬂ{“g%’g‘ﬁ)( W*‘Ey.ra’fﬁmiﬁgsj‘iéggg@ 3&%‘% Pg\r’}b e‘lfﬂ?oﬁh CVD
apparatus 1G5 f orPNg©Bi OElicE t&iRSIBBE 90T kAR DOA BompiieSa sohRaRtgion 992, £8RMS kddidD
steps. As shown in Fig. 2, CVD apparatus 10 further includes a |iquid

cool i ng system 216 andia gaed 1egiani H§- cool ant to various conponents of the
charber 16 15, 49 2001, e RheRRUlERe b} el b9, MAbud S PRRIER of o,
these chanber coOpdr@Rngtdldayer 940 with connections between metal layer 940 and the
transistors made by contacts 924. Metal layer 940 is one of four metal layers 940,
10 942, 944, and 946, inciuded in integrated circuit 900. Each metal layer 940, 942,
944, and 946 is separated from adjacent metal layers by respective inter-metal
dielectric layers 927, 928, and 929. Adjacent metal layers are connected at selected
openings by vias 926. Deposited over metal layer 946 are planarized passivation
layers 930. CVD apparatus 10 may be used to deposit films used, for example, as
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 example 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



m ni m ze undesired deposition onto these conponents due to the high
tenperature processes. Liquid cooling system 215 includes a pair of water
connections 217, 219 that supply cooling water through the heater/lift
assenbly 30 and a cool ant nmani fold 20 (not shown) for delivering cool ant
to the gas distribution system 205 (discuss bel ow). A waterfl ow detector
220 detects the waterflow froma heat exchahger (not shown) to encl osure
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10 will be descri
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inlet tube 43 to an 1 nner asse y I N asse nner
lid assenbl § 23B5.functions to di sperse the gases throughout chanber 15 onto
a wafer (not shown) suppogted on heater 25, As, sho in Fig. 2, alid cover

. . sh
233 provides access to thefleh HBHE§°BF@FWFCFE9pla}S¥}m10083’8’%FR}F%
assenmbly 200 ('%eﬁionsq@ﬁ@ramll 'lglfqﬁgm%e%%)sour%%rﬁﬁ?’égri]&ﬁlg?r'i@ §§@Bﬁ Pay LM

exposure to high“tenperaturés during system operat processes,
lid - 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
clanps 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 nai ntenance chanber

cl eani ng, thereby breaking the vacuum and bringing the chanber to

at nospheric pressure. Alid hinge 239 incl uBs a I ocki ng ratchet nmechani sm
241 to prevent the lid coyer 233 fromfalling closed. As sh .in Fig. 2,
encl osure assenbly 200 deﬁ%‘?&ﬁ‘eadwl?’&?% ‘iagve f@a’&rso oetm%ﬂ)tséi‘%’b‘l‘é
slit valve openp&gloddBto dhub bt anitesdiive gatdsaised Rk Mapab aRERir¢: lah@t depbanbn
transports a wafer Winto process chanber 16 and | oads wafer Wonto heater
25. The wafer | prgessgremsaieping and dppesitingatrity serfasen ieeariduit47. r deaser 25 also

hani di i thip a. f hanb .not f ot .
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the conplete disclosure of which is incorporated herein by reference.
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assenbly 200 ar InS . ' r. |l . . whi ch
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.addition, since heater 25 has a smaller_ diameter than encl osure assenbly
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| ower portiigh o . cordi ngly, undesired deposition onto the
bot t om of ﬁgat eﬁegg‘g@gﬁgﬁtaf%@ lpgfvber portion of chanber

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

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

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



15 is mnimzed. Further, liner 250 provides thermal i nsul ati on between the

25 al um numwal I s of enclosure assenbly 200 and the edge of the wafer on
heater 25, in order to prevent wafer edge cooling during high tenperature
processing. During high tenperature processing, |liner 250 prevents

excessive heat loss fromthe hotter edges of the wafer on heater 25 (e.g.,
about 550-600[err]C) to the cooler surround‘i”ﬁwg chanber walls (e.g., about
60[err]C). Wthout l|iner 250, the effects at the edge 30 of the
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preferred mat erdigketrit U IPRIOS Frandibtbs lWﬁEI‘uMesrgaaY@ﬁléct}éHecmsﬁldOf
about 0.1 to 1 inch an pre erably about 0.2 to O.
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In a particularly preferred
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 overlying 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 multichamber 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



enbodi nent, outer portion 255 includes a plurality of circunferentially
spaced 10 vertical struts 257 that define inner air gaps 259

t herebetween, as shown in Figs. 7A and 7B. Air gaps 259 facilitate

insul ation of the inner portion 253 of liner 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 wall tenperature,

which is cool relatijVv H 8¢
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0.6 to 0.9 §nchbetWeencdbout QI05GaN e akdit 0. & umoatdording do preferne emppetimsuts fface of
outer liner 255 to formthe lower wall of a punping channel 40 (discussed
blel ow) . Annyljarplt‘f&ﬁiaﬁml?@@fﬁr eferably conprises a ceranic material, such as
al um num oxi de or alumn L1k de, ] t ' hon
255 of liner 250 from pr(l;ﬂg%aggl{r%éégglsl\llg@f ?%@hsﬁh&a{m&q{lﬂe@ﬁﬁﬁﬁﬁfoﬁgﬁﬂel 40.
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bet ween ceram c portion e inside wall of enclosure assenbly. The
air gap insul at smrdehacdurding to other embodiments of the present invention. P type material

1004 may be a P type substrate or a P well formed in a substrate. For about a 0.25
pm device geometry, a PSG film thickness between about 100-200 A and a USG
film between about 100-200 A results in a depth of phosphorus driven into the

15 semiconductor material that ranges from between about 0.05 pm to about 0.1 pm,
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



30  tenperature wafer fromthe cooler walls of the enclosure assenbly, and
It provides thickness to liner 250 to bridge the gap between the chanber
wal | s and heater 25. 40 B. Gas Distribution System Referring to Figs. 2
and 6, outer lid assenbly 225 generally includes a Iid or base plate 265, a
cool ant manifold (not shown), a clean gas ggnifold 270 that includes
conduit 47, gas m xing box 273 for mxing and injecting process 5 gas(es)

and cl eani ng géérfd%&t)m% hatRYetn ifé}hﬁﬁ% batiRert e ickstii ReRicOf@~EIrNBateiaN100. 15,

and a gate valve 280 Tor selectively distributing cleaning _and/ or process
gases to gas nFai Rgypomarral 1150, dopedsdiclertricdayar] 1d 06 anay| heat BSGuiilaeas thedl
that gate valve 280 is optional, and that outer lid assenbly 225 can be
modi fied to seP@EHORYILSOWCEL ri bute cl eani ng and/or process gases to box 273

wi thout a gate valve. Aspgbpw foriidy dbped dieldttric u?& 106i hvgr rencl?TR2, eheean
gas manifold 277 and gate val ve 280 are preferably fastened, e.g., bolted,

to the top3sursurtaseoff ttsacke 1p0Zmey deleaped of aningnta exigp ar gativepade et @y g5
28 T o L ek Ml s e RS b R My
%gs (z (raet Eiagi i égémgﬁgﬂ%ﬁfofmemﬁsing E?}B'Btivél' ERe} siivhl dsUNF,, b disogsed belowan gas,
area 93 withi nDu’ring the cleanir?g ?tel(),ngz;[te ?/al?/gvg 0 Iisnoge%mﬁlog/atlldo?{;levya icr:]aléi tomﬂ)é\lfvng
from conduit 47 through outer annular passage 297 and into chamber 15 via
10 distribution plate 20. Heater 25 with the wafer thereon is lowered into a position
for the cleaning so that the fluorine radicals can clear the wafer of the unwanted
oxides that may exist on the surface of trench 1102 without damaging the substrate.
Cleaning these oxides allows a more consistent drive-in of dopants from doped
dielectric layer 1106 that is formed over trench 1102. The cleaning step and the
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.

S S S



box 273 for mxing the gases prior to delivering themthrough inlet tube 43
into the inner |id assenbly 230. It should be noted that for plasm
processes, CVD apparatus 10 will further include a gas feed-through box
(not shown) housing gas passages 83, 85 to 20 enabl e the application of
hi gh vol tage RF power to the gas box w thoui_ gas breakdown, and w thout gas
deposition in the gas distribution system description of an exenplary

donpl et e i sl sraaiebhti are HayBen b rebemet ol F petbiec fitfack 3 388w
in Fig. 6A cl Etﬁanwgrd@gy fe@btdr (Heferbly WRAINCHEE SMlillichdmbéOsysitt) todeRei Vi ng

gas(es) frominlet 290, and directing these gas(es) through a fluid passage
293 into gas nidopanss from domed disleetric dayee ima@ type madrsial 419Gy Poped diglectrest

h ted withi 293 f | i vel | i . ing th
Gases from pasrisd TAB 3R RS At PSAotan GIHEn Nofths, B b R FR ANy "
280 may be sranyphhnel 8PP 1098 Akt dhotvnis FignziB: PRia-siallogashenneistop réfionmay

be controlled by 30 rocessor 50. Duri n%l cl eani,ngldﬁgi scussed bel ow), gate
val ve 280 is cord0Bdsedt typeategion formed:ineB wyng8terial ldilpl asma system 55 to

pass into box 273, where Q&y%ﬁhgﬂgi#oﬁ%%?gl&%ﬂgg {10688 rdified by Wt ©

chanmber 15 to etch the wa
' 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 illustrates 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

performéd 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.



chanber walls and the other conponents of apparatus 10. As shown in Fig. 3,

clean gas manifold 270 is constructed integral to the top part of enclosure

assenbly 200 of apparatus 10, with conduit 47 having an appropriate bend or

curve fromthe top toward the side of chanber 15. Conduit 47 5 of

mani fol d 270 has an opening into a passage éd‘lt egrally formed within a side

wal | of encl osure assenbly 200 of apparatus 10, which nay becone heated due

to the high te [

cqui pped vt h anennt St MBLAGY PGS chinBRCT PHG oplik AR T fichiSion
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Radicals are created fromclean gases 1 n ap cator tu y*m crowave
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aseambiy 15 sopptrrigeaE Rk ey b6 Bupsemibntironmuedul T003 firurad 10
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repairs, etc. In particular, opening appar at us 0 In order  to
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i ncl udes an i nner passage 295 del i vering process gases into
more dopants diffusing down into the substrate material 1100. After the diffusion

step is performed, gate valve 280 is opened and both the cap layer 1110 and doped
dielectric layer 1106 may then etched away using remote microwave plasma system
55 with appropriate etchant chemistry to provide partially completed shallow 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 ym having
a trench 1102 with a depth of about 0.5 um, channel stop region 1108 of about 0.1
25  pm 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,



chanber 15, and an outer, annul ar passage 297 in communi cation wi th passage
293 for directing cleaning gases into the chanber. The cool ant mani fol d,
whi ch may be fastened to the top or side 25 surface of base plate 265,
recei ves coolant fluid, such as water or a glycol\water nixture, fromthe
heat exchanger. The coolant Is distributed fromthe cool ant nmanifold

t hrough an annul ar cool ant channel 93 (Figs7/04 and 5) in base plate 265 to
convectively and conductively remove heat from plate 265 and the conponents

of inner |id as¥dREIMOS sgviges- Aéthgvaib‘égrgﬁh@l%ﬁ%eré%al JugcHonsand ltgst aj |
bel ow) . 30 allo trench éﬁtlﬁgggﬁldaﬂm@o dl&ﬂ%@&i aBov 5‘ Speéregéng uﬁ%ﬁﬁ&ﬂ’él)é%ze’o

generally |ncIu ase p or gas sion plate

alnd a shower headay) ﬁe %baeii i gtheri dpplicaionp Imlbﬂ: aElDultnmfshallmm dopadnggmnos desirednd
cl ean gases intgQ chanber 15. 42 Plates 301, 20 are preferably r med
froma process-M&fqnbl%veﬁﬁ?%?‘lﬁ‘&maﬁ’ﬁ&t“%% aﬁ?é’BF’@ ‘Bﬁdogﬁdt%gﬁrﬂil PFﬁ gh
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mat eri al such as um num oxli de or numnitride ( . of a netal, such
as al um num or IMDdpassivatibnjrand damabvent dayad.y, the pl at es 5 301, 20

conprise a netal, such as al uq1 num or anqdi zed al.um m nimze gas
deposi tion on the surf aceeXHPlyY yafer geaning, ep‘l’ﬁ‘\“ﬂ’f ﬁ&?tﬂ‘%’ﬂﬁe& §ISANA%f er 1 ed

processes for 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



enbodi nent, gas dispersion plate 301 conprises anodi zed al um num and gas
distribution plate 20 conprises alum num Gas distribution and gas

di spersion plates 301, 20 are each directly fastened to a | ower surface of
base plate 265. 10 Preferably, gas distribution and di spersion plates 20,
301 are affixed to | ower surface of base plate 265 with a plurality of
threaded mounting screws 303, 305, respectl Iy Mount i ng screms 303, 305
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305 to provide gagenent o t he contact surface of gﬁ ate 2 | ower
surface of bas eeqetgt ent@iify appdicatop hube 29265 thm‘diﬂdd%’s e gydieals fremuthgupstream

stand-off 316 that space as distrib 'onpa.e ce
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di stribution holes 315 onto a sem conductor 25 wafer. Alternatively,
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and oxide residues are then exhausted out of chamber 15 via the opened throttle

valve. The present description is for chamber 15 which has a total volume of about
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 removed, recombination does not occur, and
applicator tube 292 does not break. In some embodiments, the chamber pressure
may be limited by the physical dimensions and material of applicator tube 292,
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



The 'si ze and arrangenent of gas distribution holes 315 will vary dependi ng
on the process characteristics. For exanple, the holes 315 may be 30
unifornly spaced to provide a uniformdistribution of gases onto the wafer.
On the other hand, holes 315 nay be non-uniformy spaced and arranged, if
desired. Holes 315 will usually have a dianpter in the range of about 5-100
gﬂtang FrefeLaFly i3n 43 the range of abodut 10-50 m|. Preferably, gas
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i ncor por at ed byablbeé deserip&on discusses NF,, merely as an example, in a Giga Fill™ Centura

system available from Applied Materials fitted for 200-mm wafers, as do the

10  various deposition descriptions below. However, other fluorine-containing or
chlorine-containing gases, such as NF, and N,, NF; and argon, NF; and O,, a dilute
F,, CF,, C,F,, C;F;, SF; or Cl,, 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 other 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 (TEPO), triethylphosphite (TEP)), trimethylphosphate (TMOP),



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 chanber 317 fornmed between outer stand-off 316 and gas
distribution plate 20. Base plate 265 preferably includes a second, inner
stand-of f 318 for spacing dispersion plate %gl from base plate 265 and for
al l owi ng gas passing through base plate 265/P0o di sperse into a chanmber 320

Fig. 4) f d b - '
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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 dielectric 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.



44 4,872,947 to Wang, the disclosure of which has previously been

I ncorporated by reference. As shown in Fig. 8, base plate 265 has a | ower
surface 321 that defines an annul ar punpi ng channel 40 for exhausting the
deposition gases 5 (discussed in detail below). As shown in Figs. 4 and
5, base plate 265 defines a central hole 327 in comrunication with inlet
tube 43 for receiving the nmixed process gase® fromgas m xi ng box 273. Hol e

327 is also in ¢o nicatfion with recess 311 of gas dispersigon plate 301
for dispersing 3’5 eEably. 28t Bressyse Ay mamgringd,WHRindhe nge 0@&@@1&@9@0295, and
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Preferably, cool ar g‘assag%e 93 is fornmed within portions of base plate 265
that are rel ati W %FO BeE 4% nounting screws 303, 305. This facilitates

conductive gpoling throughy pRIES as%ﬁlﬁcﬁ{gf?rEBfas%éﬁ r¢ BbaeH, FEBISTdsaHL! on
pl ates 301, 20 and | ower 15 surtace 326 of base plate 265. A nore
conpl et e descr i pouros obsilisemngida@yasde gasgows fovrcecafoixypen sfosmes Bsingdimulds,

found 1o comonl i 2e8t ol S5 RERCHR YRRk SAY b Shiak b BT B2
whi ch 'i's incorpgagtief RHeBum. PYhd BEBHE Bevapasistd dithePBFHGAM injection system in
gas mixing system 93, which provides greater control of the volume of reactant
10 liquid introduced. The flow rate of TEB is between about 50-550 mgm depending
on the desired dopant concentrations, while the TEOS flow rate is between about
300-1000 mgm and preferably about 500 mgm. The vaporized TEOS and TEB
gases then are mixed with a helium carrier gas flowing at a rate of between 3000-
6000 sccm, preferably at a rate of about 4000 sccm. Oxygen in the form of O, is
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 deposited 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 be varied depending on the particular use for and desired



assigned U.S. Patent No. 4,872,947 to Wang, the conpl ete discl osure of

whi ch has 20 previ ously been incorporated by reference. Referring to Fig.
5, base plate 265 further defines an annul ar recess 343 surroundi ng central
hol e 327 and an annul ar cap 345 di sposed within recess 343 fastened to base
pl ate 265 above cool ant passage 93. Preferaply, annular cap 345 is wel ded
to upper surface of base plate 265 to provi a tight seal over passage 93,

25 t hereby effect.ive nting .coal ant .| eakage from.pa 93. With
25, Lhereby o AGRLY S AR BILL "B B0 L RRYE o R RRIA0R D o)
di stribution angsedias PMBI1@¥erd b lusing %Qnila’ir%cipés”to&ﬂéitécﬁﬁé%el&@%ﬁ@ﬁ?px%griht'ély
fabricated by form ng a groove in the upper surface of base plate 265,

t her eby decr eastubgfitttieg theslopari(s) sourpe axs(es) esrplaygéduf act uri ng pl ate. 30

Referring nowto Figs. 6 n ti.ve enhodinment.of . inner |id
assembly 230 will now b%e%@?ﬁ%‘ggf}sg éﬂ'(gﬁmtlg%%ogﬁ%fbgﬁgﬁglge%avﬁw,
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p
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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
TEPO is between about 10-100 mgm, preferably between about 5-30 mgm, most
preferably about 24 mgm, depending on the desired dopant concentration, while the
TEOS flow rate is between about 500-1500 mgm, preferably about 1000 mgm. The
20  vaporized TEOS and TEPO gases then are mixed with a helium carrier gas flowing
at a rate of between 2000-6000 sccm, preferably at a rate of about 4000 sccm.
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



conponents of |id assenbly 230'. In this enbodi nent, base plate 265 further
5 I ncl udes an addi tional annular fluid channel 502 extending around
central hole 295 above gas dispersion plate 301 for exchanging heat with
the portion of base plate 265 i mediately above gas dispersion and gas

di stribution holes 325, 315. Inner lid assepbly 230" includes a plurality
of bypass passages 510 extending fronlchanb 320 between base plate 265

and gas dispersion plate 301 t m as.s_pass s 510
offer a | ower resistance SomF’I' ﬁ“ﬂ‘adw ?’h%ﬁ mﬁgf}@% '(S%prﬁﬂae 5 cribed
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pass throu gas I on and di spersion es 325, 315 to uniformy
di sperse ont o most preferably it is maintained at about 200 torr. Heater 15 is positioned about

150-400 mil from gas distribution plate 20 and is preferably positioned about 300
mil from plate 20.
A process gas including TEB as the source of boron, TEPO as the
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



25 the wafer. Thus, the valve will be closed to prevent the process gases
from passing through bypass passages 510. Wen the chanber is cleaned, the
valve will be opened to quickly deliver at |east a portion of the cleaning
gases into the chanber. This increases the speed and efficiency of the

cl eani ng process, which reduces the down tine of apparatus 10. O course,

it will be recognized that process gases mey/ 30 al so be delivered through

bypass passages, 510, if desired. C. The Exhaust System 46 Referring to
Figs. 2-4, a pirsBPSGtilEndrnesitedi mandwa beeasly enntiofedsydhe spwiting BPSG film
provi des vacuu ; C es, as well
as residues," 0%93@%@3@%@}3’%@@ Hﬁéﬁg’ﬁ%g%ﬁﬁg?ﬁ%@%wﬁg&? annel 40,
wher e they ar e cdncentratigelvélr afrbetpeerr 29wt 40 al ong a di scharge conduit 60.
As 5 shown in Fig. 8, the deposition and cl ean\éases are exhausted

radial |y outward over thdDfPREAMAIGTS I Higrabeye Bt B> PBSG prasessas avd ¥hivgl ar
sl ot - shaped; or iLi | A5, ' : i ng channel
30, The aniul ar~iSoPSEpRLERS iPliithd, BE SHAAEL kel P LRUBKTROED, U

defi ned by t he egapplbethegeresechhinventipnoib alsbeapplicablecto’ silicopl oxider filtes doped ewivial |
17 (including inner, portjop 253 of the chanber |iner 10 250, see Figs. 3
and 4) and t he O FaRAT IS HGEE, foR SXapis. AFieaiR 1 A APRIG TrgmPle. the flow values

discussed above apply for a chamber outfitted for 200-mm wafers, but may differ
depending on the type or size of the chamber used. One of ordinary skill in the art

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 (or 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 u.sed 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 survive 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



channel 40, the gases flow circunferentially around channel 40 (shown by
arrows 357) and through a downwardly extendi ng gas passage 361, past a
vacuum shut off val ve 363 (whose body is preferably integrated with the
| ower chanber body), and into discharge conduit 60 which connects to an
external vacuum punp (not shown). 15 Al ternatively, CVD
apparatus 10 may include a separate punplng7%late (not shown) having a
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2 and 3, a Va'V&aa&&€m&h¥105@0¢6ﬁlﬁmﬁﬁﬂﬂﬁa&Mﬂuﬁnhoﬁﬁ9 i ncl udes an lsolatlon
valve 371 and a throttle valve 373 disposed al ong 30 dlscharge I|ne 60
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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 is 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 a 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 sccm. 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 Layer
According to another embodiment of the present invention, the

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



manoneters 381, 383 (see Fig. 2) and controlled by varying the flow
cross-secti onal 47 area of conduit 60 with throttle val ve 373.
Preferably, processor 50 receives frommanoneters 381, 383 signals that

i ndi cate the chanber pressure. Processor 50 conpares the neasured pressure
value with set-point pressure values enter by operators (not shown), and
determ nes the necessary adjustnent of thradttle valve 5 333 that is

Fallays an ad] QR REPRTE RFT b Stk SR o et PSR RS0y mesliee IR eor
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during the subsequent anneal or rapid thermal process. Thus, the use of a capping

10  layer contributes to controlling the diffusion and the junction depth. The USG layer
can be deposited in a separate processing chamber from the BSG (or PSG) layer,
but preferably is done as an in situ process in chamber 15 where deposition of the
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 500°C, and then maintained at this
temperature throughout the deposition. Heater 25 is positioned about 250-350 mil
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,0, 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



apparatus 10. In sone processes, liquid dopants are vaporized, and then
delivered into process chanber 15 along with a carrier gas. The nmass fl ow
controllers are used to nonitor the flowrate of the gas or |iquid dopants
into the chanber 15. 20 During calibration of the MCs, isolation valve
371 restricts or limts the gas flowto throttle valve 373 to nmaxi m ze the
pressure increase in chanber 15, which facigptates M-C calibration. D.
Heater/Lift Assenbly 25 Referring to Figs. 9-15, heater/lift

assenbly 30 wi | 2-1gvybheisdneferibde Betiveersl ebait 2-6:The heater/lift assenbly 30
functions to lift the wafer into the processing position wthin vacuum
chanber 15 and to heat thelhgeapeimalitptal flpwyebeesEaseays reactangiewdl vargtaccording

diroct |y pl aced B BECE R Pt R Mebocte/ P, AL B ot e B 0™

exenplary 30  &aledDochanblethe degositicnadteaTysidudyn THBOSEisintréduced deuplo®, rate
heater/lift ass%ng)l 40 may _be used in a sim/]ar CVD chanber that generates
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introduced at a flow rate of between about 2000-10000 sccm, preferably about 7000
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 ébout 4000 sccm. 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 the 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



I ncludes a resistively-heated wafer support pedestal or heater 25 attached
to upper and | ower support shafts 391, 393, a lift tube 395 circunscribing
support shafts 5 391, 393 underneath heater 25 and a drive assenbly 400

for vertically noving the heater 25, shafts 200, 201 and |ift tube 202

wi thin chanber 15. As discussed in detail bghomn heater 25 (and the wafer

supported thereon) can be controllably noved-between a | ower
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Of course, stopping the dopant gas source must be coordinated with
the time it takes the gas to travel .from the point of the valve to the gas mixing
system 93 and then through the faceplate of plate 20. In most CVD machines

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 layer, 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  some 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



deposition, as well as resistant to etching by the radicals in the clean
gas. Suitable 25 materials for heater 25 are ceram cs, such as al um num
nitride, alum numoxide or the like. Alumnumnitride ceramc is the
preféerred material for the heater 25 because it has high therm
conductivity, excellent corrosion resistanc and excell ent tol erance of
thermal shock. Thus, in a particularly preferred embodi ment, the entire
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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-shallow

junctions.

15 D. Heating Processes For In Situ Deposition And/Or For Reflow

CVD apparatus 10 has high temperature capabilities allowing an in
situ heating step following a deposition process on the same wafer for a two-step
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



i ke.- Preferably, a stepper notor 407 coupled to the heater via a suitable
gear drive 10 409 operates to vertically drive heater 25, shafts 391, 393
and |lift tube 395 in controlled increnents between the | oadi ng/unl oadi ng
and processing positions. Drive assenbly 400 al so includes upper and | ower
bel |l ows 411, 413 attached between the end of_ shaft 391 and the bottom of

t he processi ng chanber to allow for subst anf? al | y free vertical novenent of

heater 25. In addition, bellows 411, 4 1 [ I t
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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 Cleaning/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,



30 - As shown in Figs. 4 and 13, a plurality of

waf er-support/lift fingers 430, usually at |least two and preferably four,
are slidably mounted within guide studs 432 spaced about the periphery of
heat er 25. Fingers 430 extend downward 50 bel ow heater 25 so that strike
pl ate 420 may engage fingers 430 and lift tgfn1above t he upper surface of
heater 25 for |oading and unl oadi ng wafers ift fingers 430 are preferably
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is in position opposite slit 243 actually just below slit 243)
waf er i s supporugduiing thealepgsitign pﬂOﬁQSStFSi nghese Tasdies wan bp cleared fromegpamber

components by using fluorine radicals, for example, from a plasma formed with

10  reactive clean gases by remote microwave plasma system 55. Due to its high
reactivity with F atoms, residue silicon oxide can be removed by the formation of a
SiF, gas product which may be pumped away out of chamber 15. The chamber
cleaning procedure discussed 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 relatibnship 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



15 -above heater 25 with strike plate 420. As |ift 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
I s deposited onto wafer support surface 403 wi thin annul ar flange 405. To
renove the wafer from chanber t he abové;5steps 20 are perforrred I n

reverse. Referring again to Fi 9, a t nbly. 440
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and house the necessary electrical connections to the heat coil assenbly
440 within a hdiehtewspoing, Hdth Fowhick dams edjestabie behn fiee paﬂnpﬁrmslgm)species land t

391 is made of a ceram ¢ mater,ial le 0 t hst andi n tiv hi gh
processi ng tenﬁgm%%%@%lq?ré?éifsﬁmsﬁggg ?tmﬁ%ﬁg e%grqs%gp%aitc& )r/om ’
di ff usi on- bpndegheghdd bt dbbvé-uf;&lssaméxﬁbomemedﬁ@ H&Q&Smbé 002 4tdut 3gome! |
as attack by chem stri‘es used in chanbe R | ectr odes and
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al um num 30 trid t ef
di f f usi on- bondé’tr’]%f?r(?htl'ne we Bg%‘ﬁ {Q’Béubgh%é gl?{lfsssg ndﬁ%??xhérr]nweaet er 25
and shaft 391 syedid htcidafinifelhityopniadd of shaft 391 is at anbient

tenperature and pressure (preferably atnospheric
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



51 pressure, i.e., 760 torr or 1 atm. In other enbodinents, hollow core
445 may be at a pressure of about 0.8-1.2 atmand a tenperature of about
10-200[ err] C, while chanber 15 may be at tenperatures of at |east about
400[ err] C and pressures of about 20 ntorr to about 600 torr. This
configuration helps to protect the el ectrodgs and 5 ot her el ectrical
connections fromcorrosion fromthe process and cl ean gases w thin chanber
15. In additi ompgomerpy Prdltlesn EtQﬁliBﬁidn%pFH&@ bétweeR bl 2L4 s&%ﬁdsé‘tpréfgﬁbgm
pressure mnimzes arcing fromthe RF power source through hollow coré 445
'to power | eads about heecaindsrbefora micadwaveTpavwerds eppligd tdusing theg¢hambeh elean step.

occur in a vacuumis thu oided. 1 ferring to.Figs. 9
and 10, upper support shiﬁﬁﬁ%ﬁ%&‘éﬁﬂgﬁqﬁrWﬁeﬁﬁaﬂﬁgﬁ}lﬁ@tl%‘s’%’qﬂquﬁgnlovver
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assenbly 400 f qptifixing@ydera 6 Rafet apgRator tube 292 through the window, as discussed

above. UV lamp 731 ignites the reactive gases in applicator tube 292 to form a

plasma, with ionization sustained by the microwave energy entering applicator tube
292 at the window.
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



393 and heater 25 between the |oading and processing positions. Shaft 393
defines an inner cool ant channel 463 passing around the electrical
connections to further insulate these connections fromthe high tenperature
of the shaft. Cool ant channel 463 has an inlet 464 and an outlet 466
coupled to water connections 217, 219, 25 respectively, of liquid cooling
system 215. Cool ant channel 463 serves to ndfntain a relatively | ow

tenperature in the | ower chanber are r ot ect I 457. |
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25. The routl ng o eater coil enbedded i n the heater base 25
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472 near the cen of  heat er runs C forth.along.one side of
neater 25 5t RIS deRETEPTRg: eRd My HUERD @ ReisDin APHEREE o HEnfime
25, and then rupg hapkst@Man pumping until substantially all deposition process residues are

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 (SiO,) 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



forth toward the center of heater 25 to a second el ectrical contact 474.
This | oop pattern provides heating to naintain a generally uniform
tenperature across the width of the plate while allow ng for heat |osses.
Preferably, heater coil 471 will provide a uniformtenperature distribution
of at |east about +/- 2[err]C at 400[err]C gnd 10 at | east about +/ -
8[err]C at 600[err]C across wafer support surface 403 of heater In an
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e wres of the heater coil, whether grlmarll
resistive or prdepasitiby poosassuused (@ g.,abeut 5000 sccm for the expenmental 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 begins. 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,



sheathed in the continuous insulating coating (such as described above)
which tolerate high tenperatures so as to withstand casting of the al um num

nitride heater body. 30 Referring to Figs. 9, 15A and 15B,

heater/lift assenbly 30 includes at |east one thernocouple 491 for

determ ning the tenperature of heating coil 471. Thernocoupl e 491 incl udes
an el ongate tube 493 having a sensor 495 (Fi%J. 9) 53 inserted and held
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heater to power from a low microwave power to the final clean operating level of microwave
power, allowing pre-clean stabilization of pressure and microwave plasma
10  generation. In a preferred alternative embodiment, the pre-clean stabilization step
discussed above may be substituted with the following pre-clean stabilization.
Allowing for simultaneous stabilization of pressure and microwave
power, the step of ramping up the microwave power to generate a N, (or other inert
gas, depending on the clean gas used) plasma provides a lower pressure shock
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-



mai ntain a uniformtenperature profile. A vacuum seal and ground connection
for the | ower support shaft 393 is made al ong the side surface of shaft 393
(not shown) and connections to heater wire ends 511 and the thernocoupl e
tube end 513 are 15 made at atnospheric conditions. Wen the present
invention is in use, a robot blade (not shown) transfers the wafer to the
chanber 15 when the heater 25 is in positioﬁﬁopposite slit 243 (or actually
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shocks from an immediate, one-step application of high microwave power (for
example, from O 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 stép
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 embodiments. Of course, the ramping may be continuous, a 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 535, to produce

atomic oxygen. O, may be introduced into applicator tube 292 at a flow rate of



54 coil 473 to heat the wafer to a tenperature of about 200-800[err]C,
according to specific enbodinents. In the preferred enbodi nent, the
tenperature is controlled by a feedback control system (described above for
heater control subroutine 167) that maintains the ranp rate based on the
current tenperature in the chanber. 5 Durigpg this process, inner lid
assenbly 230 receives heat fromvarious sources including the gases passing
theret hrough, tph&avwRerbssht S6T00RBEH Cf)feferww %outalrw scéif, waﬁ@ gafdSalveZBOSRUT Ce.
To naintain the conponents of |id assenbly 230 bel ow t he m ni mum deposi tion
t enper at ure andopdned abg chaober Ifais maeat@tm@ ata @mssm;@éémme@n abeutt lhast,@rr,
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gap between susgi@pplasma,SvapotizedMEOS padyt beointrdbicedfintol chemb&S05 wheee theR¥Fe gas
m ni mzes | eakage of process gas into the |ower portion of apparatus 10 and
facilitates thePlagppsysterBCcaR gieals, Hplasma yik ‘YIHF]@)G&I"NOHHC oxygen may react for a

RF-enhanced chamber seasoning.

10 As another alternative to chamber seasoning to provide gettering of
fluorine atoms from chamber surfaces, SiH, may be flowed at a rate of between
about 50-200 sccm, preferably about 100 sccm, into chamber 15 to purge chamber
15. Silane may ﬂlow 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



port 361. 20 E. Integral renote m crowave plasma system Fig.
16 is a sinplified diagramof a renote m crowave plasma system 55 for

cl eaning the wafer and/or the process chanber, in accordance with an

enbodi ment of the present invention. Mcrowave plasnma system 55 produces a
pl asma renote from processi ng chanber 15 fOé use in efficiently etching or
cl eaning 25 a wafer in chanber 15 and/or %nponents of chanber 15, and
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m crowaves of about 2.45 G gahertz (Giz) frequency. Magnetropn 711 is

power ed by powe?0%83HIGs praferablbeiyesmalauy 55 vkh éth E%V%‘ée #30epeay. y The

located from  ,etive hydrogen reacts with the adsorbed 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 ihclude 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



magnetron 711. OF course, other magnetrons may be utilized as well.

M cr owaves 5 fromnmagnetron 711 are transmtted to the m crowave

wavegui de system which includes various |engths of straight and curved
wavegui de sections 715, 717 which may be connected together at joints 719.
I nterspersed within the wavegui de system are optim zing el enents that work
to provide | ow | oss, maxi mum m crowave trans®i ssion with m nim zed

reflection | osses and to protect the magnetron from 10, anmag: e to
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seasoning are stated to occur at preferred temperatures (for example, about 550-

600°C), but it is noted that, most preferably, chamber 15 is maintained at the same
temperature at which the particular proces§ 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.

ITII. Test Results And Measurements

A. Ultra-shallow Doped Junctions
20 To demonstrate 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



25 may provide fixed tuning, manual tuning, or automated tuning,
according to specific enbodi nents. For enbodi nents using autonmated tuning,
phase detector 703 is a 3- diode array which detects the phase of

m crowaves transmtted for feedback to matching system 701, which
intelligently and dynam cally matches the Iggd appropriately. In the
speci fi c enbodi nent, wavegui de sections hav rectangular 30

Cross-sections her types of vequj de een in
cross; sect | one. B oSk, SyRGe ShollEy A bRl o iR HAE g S0 8H,
transnitted fro@agfomgtin W@@Btﬂﬂnﬁ&ﬁ&u@d 1Kt26ddcmgaDEB lift3ithe chambe® at Hlte292,
where a plasma is created. Applicator tube 292 has an input feed |ine 57

t hat receives rehahquy20Qmam, mﬁa«ducargeTE%rag ipzel afyabanicY B mgms intrasieing
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conposite 0B cepaneofABbO@IS0RD.scén. preferably alumna, or other nmaterial
resistant to etching by radicals in the plasnma, according to a specific

enbodi ment. In the speC| f The abaysroRditions %wtqdclatBﬁG film depapited 3t a Jatle HFOR of
Aopl i cator tubo st Tné BERSRALRSGM nl EBENGEslr BOR FspoA Tol Rises
open at one endtiﬁﬁroftarbamsm $ecomds. m crowaves and is term nated at the other
end with In experiments where a USG cap was used, the USG capping layer

10  was formed in an in situ process immediately after the bulk 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.



10 a netal wall. Mcrowaves are then able to be transnmitted through the
open end of wavegui de section 721 to reactive gases inside applicator tube
292, which is transparent to mcrowaves. O course, other materials such as
sapphire al so nmay be used for the interior of applicator tube 292. In other
enbodi ments, applicator tube 292 may have a netal exterior and an interior
made of a conposite or ceramc 15 mat eri a5 and m crowaves i n wavegui de
section 721 enter a w ndow through the exterior of applicator tube 292 to

t he exposed interior of tAtmora®2oncentatengicxeceting 6 wad bmngaaeapped BSGhe

i fi nmbodi t | te t
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d th t t f t | t t 292.
D o owave cher o HSt At BPEEvES eRater A aBRORSQ ftedeftBRe E raiog Hafles
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15 via gate valve Z280. Due to changes in |oad within applicator tube 292
fromthe int rocapptwmnametedmrmmmnmtmematqreth:gaéefé %iboromareuisede®92, use
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for automated tuning. As nentioned above, other conventi onal
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 a 6.131 wt % boron, with
about a 200 A USG cap deposited over the BSG film. These further experiments
illustrate the ability to form ultra-shallow junctions using capped BSG films as the
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



tuning elenents also may be used in matching system 701. As di scussed
above, applicator tube 292 is nounted from and 57 connected to the
bottom of the body of chanber 15 such that applicator tube 292 outputs
plasma radicals into inlet 290 of enclosure assenbly 200, as seen in Fig.
3. Radicals are input through inlet 290 intgo the passage in enclosure
assenbly 200 which is equipped with |iner 294 preferably made of

pol yt etraf | our oet hyl ene 5 PTFE) . PTEE, which is co rci al vai | abl e,
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Specifically, Fig. 22A is a graph showing the dopant profile of an
10  ultra-shallow junction formed after a heating step using a 6.131 wt % BSG layer
having a USG capping layer. The BSG film was about 150 A thick and the USG
capping layer deposited on top of the BSG film was about 200 A thick. The heating
step was performed by a rapid thermal process for about 60 seconds at about
1050°C. The BSG and USG films were then stripped by etching. As seen in Fig.
15  22A, the resulting junction has a depth of about 0.06 pm 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. 22B 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
junction formed without the heating step using a 6.131 wt % BSG layer having a



Is preferred for cleaning applications where fluorine radicals are produced
in the plasma, since PTFE is resistant to etching by fluorine radicals. O
course, both clean gas manifold 270 and |iner 291 nay be made of other
materials (such as those nentioned above for liner 291) which are resistant
to the particular chem stry 20 dependi ng ﬁn the reactive gases used. In
sone enbodi nents, gate valve 280 isolates t & clean processes fromthe
deposition proc
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particl e-grade pabe is abduB 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 o.f 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 junct{on
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 on top of the BSG film was about 200 A thick. A heating step was performed using
a rapid thermal process for about 60 seconds at about 1000°C. The BSG and USG
films were stripped by an etching technique. As seen in Fig. 23A, an ultra-shallow
junction having a depth of about 0.12 pm was formed with good dopant uniformity.
The maximum concentration of boron is about 1x20% carriers/cm®. The sheet

30  resistance of the resulting 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?.



val ve. | n enbodi nents using gate val ve 280, only when chanber 15 is used
for a wafer cleaning step or when a chanber cleaning is perforned does gate
val ve 280 open, allowing plasma radicals to flowinto fluid passage 293 of
gas m xing box 273, as seen in Fig. 3. As nmentioned above, in sone

enbodi nents gate valve 280 5 Is not used at all. The plasma radicals then
may flow through annul ar passage 295 and i ntgg chanber 15 via gas
distribution plate 20. Distribution plate 20 as well as various parts of
chanmber 15 are thus cl eanddg. 235 stdmashadopans prbfil¢éseatithe umgtismsiommed twithna
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the plasm iOS temperature on dopant profiles and sheet resistivity, respectively, for 6.131 wt %
BSG films having USG capping layers. The BSG films were about 150 A thick and
the USG capping layers deposited on top of the BSG films were about 200 A thick.
The heating steps were performed using a rapid thermal process for about 60
seconds at temperatures of about 900°C, 950°C, 975°C, and 1000°C. As shown in
15 Fig. 23C, the junction formed after the heating step at 1000°C is about 0.1 um,
compared to the about 0.06 um junction formed after the heating step at the lower
temperature ‘975°C. The sheet resistivity of the 6.131 wt % BSG film was about
180 Q/cm? for the heating step at 1000°C, and about 600 Q/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 um. 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 heating step. Accordingly, it is seen that the length of
time of the heating step may determine the diffusion depth in forming ultra-shallow

junctions.



produced renotely from chanber 15 such that the etchant gas, preferably
nostly of fluorine radicals, is directed into the chanber where the gentle
thernmal clean 25 occurs, but the plasma remains exterior to the chanber
(i.e., within applicator tube 292, see Fig. 16). Wile this process has a
nunber of advantages for cleaning a wafer in _chanber 15 and/or conponents
of chanber 15 (discussed above), the |ack oﬁgplasna I n the chanber can make

it difficult, using convenfiopal endpoint tecti syste t | ppoi nt
the time at which the cl o e Aove- BRI SK wied Tapuitra;shaliow goBed Pgerion, o
process gas resigglubiioh atd BresiitéiPRierelpss EOATIAtoWIEdratd Rpedie antHadpredcahant so
that it can be di schargedﬁl% romthe etll}ﬁanber. Convent iaonaF endpoi %’E detection
systems typi cal liyventibly amhshontd patebecdonsidgred ssdimifingithe scope ofhtheipeesenind 59
check em ssions.fromthe in situ plasma to determine the end of a cleaning
process. The enﬂfb"(?f‘ﬂ‘tm'det ection systemof the present invention, however,
may be usedguMth either an in situ plasma or a renmpte plasma, such as
provided by m crowave plasnma system 55. For exanple, in one exenplary
pr OCﬁSS, hf |ml;0rl ne- 5 baSedP§aForPMBdayero react with Si 2 powder residue
in the chanmber to forma S F4 _gas ich is.dr ut _of r |
t he vacuum punp. Wen supijtoaq?f’%élﬁtltﬁ}g@fel °p5fast{ eO%\éﬁeCf%W#uﬁ %‘{?ﬁgﬁgﬂég%%@ as
been consuned, thembbdiflenReorAS BFbséit Snertlf®! experiments were performed to deposit a
PSG film, for example, as a PMD layer. Prior to the deposition 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.



react" wth the SiJerr] to formSi F4. Instead, the fluorine-based gas may
begin to contam nate the chanber 15 or to react wth, for exanple, the

al um num wal | s of 10 t he chanber to forman al um num fl uori de conpound.

Consequently, it is inportant to determ ne the approxi mate endpoint or the
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so that gate valve 280 can be closed to pre t further fluorine radicals
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det ect or inc ous Inin
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 helium. 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 take place to produce the desired PSG film. The above
conditidns 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



t hrough-hol e 806 in comrunication with conduit 60 for allow ng the gases
and ot her 30 resi due from chanber 15 to pass therethrough. A pair of

fl anges 808, 810 preferably attach housing 804 to conduit 60. The side

wal | s of housing 804 include a pair of infrared (IR} w ndows 812, 813 that
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allow chamber pressure to gradually ramp down during the first post-deposition

10 step, which lasts about 15 seconds. In the second post-deposition step, the throttle
valve is opened periodically to ramp down chamber pressure for the third post-
deposition step (the pumping step), as helium flow into chamber 15 is terminated by
pumping it through a bypass valve. Heater 25 is also moved lower to a position
about 999 mil from plate 20 during the second post-deposition step, which lasts

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., 1o)
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



detect the far-1R Iight passing through wi ndow 813. Preferably, far-1R [ anp
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different 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



61 wavel engt hs, depending on the |ight absorbance characteristics of the
specific clean gas reactants utilized in the clean gas process. By way of
exanple, I[err] is the intensity of the far-IR light when no SiF4 is
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appended problems. The high temperature PSG film is particularly useful as a PMD layer as
10 it provides good phosphorus incorporation (between about 2-8 wt % phosphorus),

which is important for gettering or trapping mobile ions such as sodium (Na+) ions

that might otherwise migrate and cause shorting in the device.

The above description of experiments depositing and measuring

characteristics of the deposited PSG film demonstrates its suitability for use, for

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 Laver 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 film 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



cllainms. It should be noted that the invention is not limted to a single
waf er chanber as descri bed above and shown in the encl osed draw ngs. For
exanple, the throttle valve of the present invention could be installed
into a batch chanber that simnultaneously processes a plurality of wafers.
In addition, the invention would be 25 Sijtable for use in a multiple
waf er chanber that sequentially perforns individual processing steps on
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circuit 900 according to thegpresent I nvention. As shown, integrated
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transi stor 903 L3@QRitkmIpsSes a source region 912, a drain region 915
and a gate region 918.

In a first pre-deposition step, heater 25 at a position about 600 mil
from gas distribution plate 20. With the throttle valve open for about 5 seconds,

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



A prenetal dielectric (PMD) |ayer 921 separates transistors 903 and 906
fromnetal |ayer 940 with connections between netal |ayer 940 and the
transi stors nmade by contacts 924. Metal |ayer 940 is one of four netal

| ayers 940, 10 942, 944, and 946, included in integrated circuit 900.
Each netal |ayer 940, 942, 944, and 946 is separated from adjacent netal

| ayers by respective inter-netal dielectricgsayers 927, 928, and 929.
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the P type dopant source. As seen in Fig. 19A, a gate el ectrode 1002
overlying &@te oxi de 1003Afiersthe 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 O; 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 into 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 a nominal angle of about 85°), in addition to being a very dense
and uniform film. The deposited USG film exhibited good film thickness



al ready been fornmed on material 1004. In the present exanple, material 1004
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1012 on a wafer resting on resistively-heated heater 5 25. Prior to

form ng doped diel ectric Figye?6A@0d26Barc poatomisrographs degwnstrating GAO reiative
1012, the surfage sour.ce/ dr.al gi 010 and 1012 may he cl eaned of
any gate oxide %’fp ﬁgﬁ‘?ﬁg’ﬂﬁfﬁd’éw8ﬁmgﬁgﬁ eéﬁof’ﬂeéirﬁﬁéoﬁs‘?loﬁgea?nﬂlagg%
formed by react$§302Cyaspectiney) afigr Mfow GO4BoLE NBB0R Cimdr PEAVKRfREASHRS ¥eh €M 55
10 descri bed above or by using a thermal NF3 vapor. During the cleaning

procedure, gat e(BRENdn 2e01dasas ¢ithea epseifiscerabodimens Wi thepresent invantiaral En f r om
the NF3 plasma A&l {ﬁiéf‘?}éﬁbﬁ[usgr?teé ? tfelngl? Qtr&c@t?re%)élvggsab&rﬁaéS%Yn WidtR tan(? :

t he surface of source’
about 0.70 um depth (about 2:1 aspect ratio gap) with a filling layer that is a USG

film deposited at about 400°C after a reflow at about 1050°C. Fig. 26A shows
10 large voids in the deposited USG film, indicating that the USG film deposited at

about 400°C is not very dense and appears to have been prone to shrinkage. Even

after a reflow at a temperature above about 1000°C, which can densify a USG film
to some extent, the USG film deposited at the temperature of about 400°C is not
very dense and does not survive the high temperature anneal or a subsequent wet
15  etch processing without opening up voids. In comparison, Fig. 26B shows a trench
structure having about 0.18 pm 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 UéG 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



regions 1010 and 1012. C eaning these oxides allows a nore consistent
drive-in of dopants from doped dielectric |layer 1008 that is formed over
source/drain regions 15 1010 and 1012. The fluorine radicals fromthe
renote plasma may be used to clean native oxides fromthe wafer in chanber
15. In the cleaning procedure, heater 25 ma% pe adjusted to a position
where the fluorine radicals are optimally a ?e to clean the oxides w thout
damagi ng the dewice: I ' ative oxide

r ermgal ?cl eani néh@?lelg?aomﬁetpg el%%§§rtﬁ)ifsg(gr1@%{f%88%§ ,S?el ectric layer 1008 are

20 performed in the sandnatiditiveto havisgnexcellenttgap finespabilitysfor Mligh fpecbove
descri bed CVD apparatus, 10 avoi ds moisture absorption by the wafer, since
t he vacuum of ¢ }p@eb%g—)i]i}rgs depositrdox RoutPOr Geadyantageonsly ar dense Sdmsithay t he
environment. Al ; i sotal | ' : Ay, : r
by hor mal | br S o efEiekisa Eoinb e bOfRioR MBRnks SFHNIG (Yl dEpdites
fluorine radi callSGafibm Z6posited evis oxxisured ssing conventiomdh RTIR Fedimiques.r &ikicisng

b b - 1,500 dard | i met L put ,
o of or abl y. aboutusBEE By T, BecRE o RIS tifcleppoed b bt a0 N6 uBesER | nt o
chanber 15. At mmﬁagexéydl%glg[ﬁh@e@%n&éods§ altordifig! (tj& 2 shifeERbRAA

500-650[err] C, preferabl err]C, and maintained at” a pressure of
bet ween about 6@cg@dingdtorthe ppesifir ebpodimed, therexemplary prdcesstoondi2idns mcBide

spaced between 150900 g referabl y abaut 6 i |, fromplate 20.

This: “the sur i adBOY% A0St ARy on mREsE FaIfe Yot % ahtoiood scem, 1 oud et

any native 10xi dg¢213akt #e6xygen) 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 oxide 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.



64 After the cleaning step, gate valve 280 in sonme enbodi ments woul d be
closed to shut out any reactive gases used in the doped dielectric |ayer
deposition process fromentering and depositing onto surfaces in conduit
47. Heater 25 also would be noved into the appropriate processing position
and heated to the specified 5 tenperature in the vacuum of chanber 15,
according to the desired process recipe. Dogé8 dielectric |ayer 1008 is
then forned at high tenperatures (about 500-600[err]C) .in the CVD apparatus
10, as described bel ow. Wrgsgerahhigh presaire KdEQGh filmyymay §KRibi paremiRs
doped dielectric f d : - Fmr j | 3

uni formy be dr is\}l(%-%Xi@%%x%Q&ﬁg eg%gig,t rregltﬂgﬁggn ﬁ%{v%ﬁ I?P?al’/s g@ﬂﬁg}lﬁgﬁss‘%‘&%}) lgf alltn
10 regi ons 10lkhséeen téxhXhatAfrbblems eyitsudevem defositiopade dioedeaed with Higheer

1008, the wafer repgmins i.n chanber 15. The resistjVv - heated heater 25 and
waf er thereon ar®/ E}EQ RHEY eﬁﬁf’@t%geﬂ‘i‘%eqep?@ﬁ%Péb@%eﬁ’(r%‘bﬁ&}‘g%mlﬁﬂrei f or

a specified i i ' TReI8 | ric
| ayer into Nst ;rgsé“’%gt%ﬁ a ' d%%?ﬁggg‘ggﬁﬁﬁ%éﬁg@?ﬁoge 15 g‘g@% %Io%gﬁlgé used

as a P type dopadequité flemisisiongetes.c Ackadinghe the Oy TEQR])ratiot of dJSG H1lins \deposited
junctions 1020, as.shown in Fig.. 19B. coursg te val.ve 280 rennins
Li'osed duri ng i gl et Bijowess ay Ravh ) JEEEEY BligRe abL <t or
situ, the wafer gipfcdSensitivity efeétsd Méreaveratheaaid qiehlity (@S Aeityd shriikagle,

thermal process reactor (preferably ] )
etc.) is high for USG films deposited at high temperatures. Because of the high

10  density of these high temperature deposition USG films, plasma densification
treatments or plasma oxide caps are not needed, thereby avoiding any plasma
damage to the wafer. The lack of a plasma from such treatments in the chamber
thus reduces possibility of metal contamination and potential shorting of devices in
the wafer. Compared to low temperature thermal USG films, which often require 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



wi thin the nultichanber system) to drive-in dopants from doped dielectric
| ayer 20 1008, which acts as a dopant diffusion source. Diffusionis
performed by annealing or a rapid thernmal process. Preferably, the
diffusion is performed using a rapid thermal process (due to better

t hroughput) at a tenperature between about 8? -1 100[err] C for between
about 1-3 m nutes, and preferably about 100 rr]C for about 1 mnute, in
t hese ot her enbegdi . . ter. di Si,OF

dielectric | aye(rggélrgg%Eﬁgedggsm 8‘3“8& B s)}mgras V\H/é{lﬁrgt BL&I Jnt%&tdg%er{ i %Sée)sgﬁoer g Rer
renoval techni qoe nitragenNuday ve used ay well. 1004 furtBéDegqanple adiglectti 1aPers hhwobdea
used to renove doped dielectric |ayer, 1008 by using rempte m crowave pl asna
system 55 wi t h OR¥TREY foppartiswarcanphicatipns nigiuding dopedh junchen; formatiam P
removal step, ¢ v I e e -
plasma to etch t &y g{‘/dg 1%%8\68}%6 ﬁlﬁﬁ%%&g{éf g?p'tsp%cggiﬁk?rg Eetg', (?Aﬁéegr?%%pgﬁlsgat e

val ve 280 i $ cl oscegnizdd ¢hat dreosaaie CVPpappasatisalispassedrabeet may detusedvid depakit
transferring the, wafer from heater 25 in chanber éﬁ@" lternatively, the
removal step nafHMEIIC lagers L tepperaares JoweiotAR ADQUS ,, AW @dfgpergures

10, whi chal S0 S G A B e b e
vacuum of the nubed fomathieeapplmtions. TFhaepe 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.



19C illustrates the partially conpleted PMOS transistor 1000 after renoval
of doped 5 di e”m"mmm 8. PMOS transistor 1000 includes gate

el ectrode 1002 arll m’mnﬁme/drai n regions 1020 which are

ul tra-shal l ow P type ddped jenciélons. Thereafter, remaining process steps

for the conpletion of the device may be pergg@rred on the wafer. After every
waf er (or several wafers) have been process in 10 15 D

appar at us 10, a%@% be performed. AftpTHIS SHESSHAG &HiNthe
wafer is conplef Wit i " 15, the wafer is jransfgEp@adephrough sl ot

243 which is then vacuum | ocked. Gate val ve 280 may al | ow
t he chanber clean process to b‘i performed ysing renove m crowave pl asna

g
system 55 unkil the chanber is lel eafeBrogess dpedenositing g dusulatioglayer ©8tded by

the 15  endpoi Rfpdatest 2 hest¥s M n td i .St eps
shown in Figs. 19D 19E ar eeper¥or rrlégéﬁbae?’t searfi](i Eﬁgg% dggg)ér?!}%g'ﬂé ?%?s[ E{'g. 19A
After doped3dielectric |ayer lbe8ingssaidoheated toademparatuoebiiatdeast abgit&06°C G40

and 1012 and gate el ectrode 1002 as seen in Fig. 19A, a capping |ayer 1030
such as USG4 s F%‘fjr‘f’i‘amg%rl ying doped dielectric 20 |ayer 1008,

preferably isn an in situ procegg i.;zlild q&ag%ﬁg; 15 LR Bt Wt jgen
of layer 1008, gate val ve 280 Rmﬁﬂ rgn% n c ose(rad. a\“#e&n t%]be Hsa%ésé'?%gta%“n@y
be heated fdr di76@wvairpn of dopants from doped dielectric |ayer 1008 into

sen conduct material 1004 as.di scussed above for Fig. 19B. Alternatiyvely,
the wafer mdy be renoved from SHEYBERS PEYELY rsméPgt%’dgﬁ‘Mb“ t déposit 3

8  silicon oxide film on said substrate on said heater at said temperature.

1 2. The process of claim 1 wherein said temperature is at
2 least about 600°C.

1 3. The process of claim 1 wherein said temperature is at
2 least about 650°C.

1 4, The process of claim 1 wherein said temperature is at
2 least about 750°C.

1 5. The process of claim 4 wherein said substrate has at

2 least one gap having an aspect ratio of at least about 2.5:1.

6. The process of claim 5 wherein said at least one gap is

2 a shallow trench used for isolation.

7. The process of claim 6 wherein said at least one gap

2 has a depth of less than about 0.35 um.

8. The process of claim 6 wherein said silicon oxide

2  deposited in said gap is a high quality filling oxide.
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25 anneal i r rapid thermal process reactor for diffusion of
dopant s from’mwmygiﬂzﬁ ”“HEI ayer 1008 as di scussed above for Fig. 19B.
Preferably, the su ¥dler goes a rapid thermal process in the sane

mul ti chanber systemto which chanber 15 (where doped dielectric |ayer 1008
and capping |ayer 1030 were deposited) is ajpart. As seen in Fig. 19E
dopants fromthe doped dielectric |ayer 30 1008 with overlying cap | ayer
1030 have diifffused into senicogduct Ohe pRicessi oflclai@08t wherei§am wilichRogiaalis oW
source and drain junctions 1020. The cap | ayer 1030 and doped dielectric

| ayer 1008 dre 19Vemaittense densgfiimalipvingslowsshainkaasoand noovqidoafterea heatigg step at
partially c%rrpl gf)&fé 18 transi stor 1000, as shown in Fig. 19C, ready for
remai ni ng processing steps. For about a 0.25 [err] mdevice geonetry,

di ffusion of boron atons forma BSG filmthickness between about 100-200 A
capped with a USG fil mof between about 100-200 A and results in a junction
depth rangidg from5  bet weenl@bouTh®presessf cjaimwhersin said gag bas gthgspect
according tg pr r ' - : . §.St course, an NMOS
transi stor ?Oooat{ra?c(?tﬁagelgﬁga eu'???lte%xﬁr%'ieﬁ%&%ﬁ%ﬁgﬁﬁ%gﬁ;ﬁggh regi ons 1010
and 1012 where N type, ultra-shallow junctions nmay be fornmed in the P type

sem conductor material 1004 usi doped dielectric film
? lﬂg aLl'he IF))rocess of cla(l:m 7 whereln said silicon oxide is

2 deposited by introducing TEOS and O, into said chamber.

1 12.  The process of claim 6 further comprising steps of:

2 introducing oxygen, silicon, and dopants into said chamber to
3 deposit a doped silicon oxide film on said at least one gap prior to depositing said

4  silicon oxide.

1 13.  The process of claim 12 further comprising steps of:

2 removing said doped silicon oxide film from said at least one
3 gap after dopants from said doped silicon oxide film are driven into said substrate

4  and prior to depositing said silicon oxide, said dopants driven into said substrate

S5  providing a channel stop diffusion in said substrate at the surface of said at least one
6  gap.

14.  The process of claim 13 wherein said dopants are

2  comprised of boron for PMOS transistor isolation.

1 15.  The process of claim 13 wherein said dopants are

2 comprised of phosphorus for NMOS transistor isolation.

1 16.  The process of claim 14 wherein said boron is from
2 TEB.

1 17.  The process of claim 15 wherein said phosphorus is



10 1008 such as a PSG filmor an arsenic-doped silicate glass filmas the
dopant sour ¢ rding to other enbodi nents of the present invention. P
type materi ﬁ"”ﬂ@lﬂgﬂﬂ’”ﬂﬁ type substrate or a P well forned in a
substrate. For a S err] mdevice geonetry, a PSG filmthickness
bet ween about 100-200 A and a USG fil m bet about 100-200 A results in a
dept h of phosphorus driven into the 15 se onductor material that ranges
from bet ween ab%h?Eﬁé [err]mto about 0.1 [err]m according to preferred
‘enbodi ments.” OF "course, it is recognized that other doped silicate glass
films may bé used to provide ti& N Ajpstegrated dinépig fodmedeorSi sdrhievaduettizt | ons
dependi ng on the application. Another exanple of a use of the present

i nvention i ¢ fofisHgieapriddntegrated CHCUIk SPMBYSIBSped regi on as a channel - st op
in a shallow trench isol ation r | | [.on of the
present nmnet ?Iod for formng an %P[ﬂ?§§¥ﬁ§|aﬁﬁ}vsv%?%ﬁ§§}ﬁn§?§g Sréggﬁm&%&}‘%

di scussed whth reference to Figdeas?One Riefal 1dyeg forntied absveasaid sybstrhieednd

Cross-secti 8nal view of a parti 3I | y copmpl et.ed shall ow trench isol ation
structure férned in seni conducitdfashapg Hsypting tyyer jagmed betwesn said metaljlayerpa
a trench 11Q2 i gd QEdBthsiriteS S41H ' A4S ' '
et chi ng techni ques ilncl Séﬁtﬁb%{ggﬁp%&%?@ﬁpﬁ@% ﬁgh&%slglsdgn% %ltgfzaﬁlEyngP&%@g her
t echni ques. 71 n inhaidsubseatt, whemepl sid inselatirgriayencamprises awileonalxidell@gernay be
a P type sufstrate .or P well fornpged in supstrate. A mask 1104 may be
used to defPne ?PQSlgqﬁla%r?eﬁemé’f”@B"Fé’gi"?lbl?af‘tr?%f’ﬁ%? St1ow trench isol ati on.
Usi ng process 30 reci pes discussed in detail below, a doped dielectric
| ayer 1106 as formed over

19.  The integrated circuit of claim 18 wherein said at least
2 one insulating layer is a high quality oxide filling layer used for shallow trench

isolation.

20. A substrate processing system comprising:

a vacuum chamber, said vacuum chamber at a pressure
between about 10-760 torr;

a gas distribution manifold, located within said housing, for
introducing reactive gases into said vacuum chamber;

a ceramic heater for holding a wafer, said ceramic heater
heating to a temperature of at least about 500°C;

means for depositing an insulating layer comprising undoped

O 00 ~ O W bW

silicate glass (USG) at said temperature on said wafer from a reaction of silicon and

—
o

oxygen in said reactive gases introduced into said vacuum chamber from said gas

—
[S—y

distribution manifold.

21.  The system of claim 20 further comprising:

a processor for controlling a source distribution system
coupled to said gas distribution manifold, said ceramic heater, said vacuum system
and said depositing means; and

a memory coupled to said processor and storing a program for

Nt R W N

directing the operation of said system, said program including



trench 1102 usi sk 1104. Doped dielectric layer 1106 provi des a source
of dopant at mﬂnﬂ"ﬂl d forma channel -stop doping region used to
prevent a ’m” th fromform ng between devices in

semi conduct or naterial 1100+ For P type material 1100, doped dielectric

| ayer 1106 nmay be a BSG filmas the P type ant source. Prior to formng
doped dielectric |layer 1106 over trench 110 t he 5 surface of trench
1102 may be7cl eaned of any gate Ox'éjﬁrs‘?rsetrtﬂ‘tlhétﬂtc ey ceBYid h&fv by

using renmote mcrowave plasma system 55 to provi e a f uorine ra |cals in a
renote plasBa forned usi ng;asceém‘ung/eﬁgastme peridd tasleplbst saib USIGs films sadaide! ow.

During the ¢l eaning step, te v 2 al l ow fluorine |cals
to flow from conduit 47 twg%&g‘ﬁmﬁ %F %Q%P%F‘%‘b‘g@%g@@n&% asprgt F%’Poog(?ﬁi

15 via 10 1odistribution goat ¢.520. sald®BEES fild® d¥pdstti %hﬁtﬁbﬁf 06ids BeECQR | S

|l owered into a position for the cleaning so that t | uori ne radicals can
clear the Whfer of the unienchesd oxi des that may exist on the surface of
trench 1102 wi t hout damagi ng the substrate. C eaning these oxides allows a
nore consi stent drive-in of dopants from doped dielectric |ayer 1106 that

is formed over trench 1102. The cleaning step and the 15 deposition of
doped dielectric layer 1106 are perforned in chanber 15 in an in situ



process. In alternative enbodi nents, the cleaning step may be done by
thermal |y breaking down NF3 in situ, as discussed above. The fluorine

radi cals fromthe NF3 plasma or vapor then clear the oxides that may exi st
on the surface of trench 1102. In further alternative enbodi nents, a
separate chanber of the nultichanber systenl descri bed above may be
used for this cleaning step. Since noisture sorptlon by the wafer is

avoi ded by not bre v ﬂaﬁ ﬁ@@ﬂi he
mul ti chanmber syst ewmmﬁr‘;‘g@ WKS mwa'r
barriers. After the cleaning step is p te val ve 280 is cl osed.
Wt hout the native oxide barrier, dopants from doped dielectric |ayer 1106
may nore easily 25 and uniforrﬂy be driven into the substrate to form
ultra-shall ow junctions used asABSFRACTCOFSTAR PEUIOOSUREC! ovi de shal | ow
trench isolation. Heater 25 wth the wafer thereon is noved into the
processi ng §05| ti on and h&he présent iwegtion proyédea systess, (mttheds Hdappadhsrfot C)

f d t f 110 t f di.el ect |
1206 The wat or DEBEHREPIF G 16F fHonb 50030008 brikess ol B emiborifictor Seasets.
val ve 280 renui Mhe §}seHR] methsls Qﬁétaﬁﬁaratﬁs 'o$ ﬂﬁeﬁk&&ﬂt irvedtidH ARRY nfuﬁgﬁ? 2 B

(about 800[err]C). The heating occurs specified tine that S on
t he desired jun#epsod becpsrfo dim st mthc rsemqphammrdn reduce @®al processing time

and to ensure high quality processing 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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Alternatively, the wafer may then be transferred to an annealing furnace or
a rapid thermal process reactor (preferably within the nultichanber systen)
to drive dopants from doped dielectric |layer into P type material 1100.
Doped dielectric |ayer 1106 is used as a P type dopant diffusion source for
the resulting ultra-shallow 5  channel-stop region 1108, as shown in Fig.
20B. U tra-shall ow channel - sqop region 1108 is a P+ type region fornmed in P
type material 1100. After diffusion, doped dielectric |ayer 1106 is renoved
by wet etching techniqueswprpoﬁger removal technique fromP type materi al
1100. Preferably, the wafey remains in chanber 15 so that gate val ve 280
may be opened 10 d radieal g fron1rennte~nlcromave pl asma system 55 may
etch. away | ayer 1106.\O—eourse—+reactive ga%es i nput to plasma system 55
depend on the type of ped\dleleotrlc | ayer 1IQ§ Flg ZOC |IIustrates t he
partially conpleted shallomlirench i sol at .

doped diel®ctric %110%_, As seen in H
filled with an ox{de 1110 to—forﬂgthe sha
structure.| In a pteferrgdcenbddi

hi gh tenpdratlure y be
trenches. |@ilde 1110 al §& may |be formed usknb
After conpltii ng shal | ow twench Vsol at i onksi\|
channel - stid |regi on 1108, '
trench isdl atlion $trusture be forned ¢
and 1114 - i ncl ude & gafe ectrode 11f
regi ons 11?5'lg
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e
1120. Thereafter, remaining process steps for the conpletion of the device
may be perfornmed by transferring the wafer to another chanber, preferably
in multichanber system After the wafer is transferred from chanber 15, a
chanber cl ean nay be 25 performed using renote m crowave plasma system 55
with resistively-heated heater 25 adjusted to a cleaning position and gate
val ve 280 being open, as al ready descri bed above in connection with Figs.
19A-E. In an alternative enbodi nent, steps shown in Figs. 20F-20G are
perfornmed after steps shown in Fig. 20A. After doped dielectric |ayer 1106
is 30 forned over trench 1102 and nask 1104 as seen in Fig. 20A, a
capping layer 1110 such as USG is formed overlying doped dielectric |ayer
1106 in chanber 15 in an in situ process. During the deposition of capping
| ayer 1110, gate valve 280 is closed. 69 Then the substrate is heated in
situ in chanber 15 for dopant drive-in for diffusion of dopants from
capped, doped dielectric layer 1106 into sem conductor material 1100 as
di scussed above for Fig. 20B. Alternatively, the wafer may be renoved from
chanber 15 for transfer to an annealing furnace or rapid thermal process 5
reactor (preferably within the , multichanber system) for diffusion of
dopants from capped, doped dVqugﬂgﬁﬁéiayer 1106 intoTseniconductor

’

material| 1100 as_discussed . uGHTPEN

——
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above for Fig. 20B. As seen in Fig. 20G dopants fromthe doped dielectric

| ayer 1106 with overlying cap |ayer 1110 have diffused into sem conductor
material 1100 to formultra-shall ow channel -stop region 1108. Cap | ayer
1110 mi nim zes the 10 out gassi ng of dopants upward from doped diel ectric
| ayer 1106, thereby resulting in nore dopants diffusing down into the
substrate material 1100. After the diffusion step is perforned, gate val ve
280 i s opened and both the cap |ayer 1110 and doped dielectric |layer 1106
may then etched away using renote mcrowave plasma system55 with
appropriate etchant chem stry to provide partially conpleted shallow 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 chapber 15,
gate valve 280 is in the closed position. A chanber clean of chanber 115 can
t hen be perfornmed by operating the ptasma syste 5 with gate val ve 280
opened. For shallom/trench i sol ati ongetween N transistors in a Pjtype
20 substrate, the doped diel ectyicdilm1106 n@ be a BSG film Fof
shal | ow trench isol ati on between ¥ transistor £ ifi~an N type substrate
(or in Nwells of CMJS CII‘CUIt’?/)" t:hﬁ doped di ela:tr?; film 1106 may|be a
PSG fil mor an arsenijc-doped °-|-_5ul§ ass filnEFor Ismall er device
geonetries such as |éss than h.\34 [err]71th|ng Jeﬁc 1102 mnth aldepth
of about 0.5 [err]m |channel $top relgi oh 1108}of [abaut 125 qﬁk]rn
junction depth may bg forned hsirg a BSG fifl m1106 agbouf 200 A thigk|and a
USG cappi hg about 2040 A thick, agcoriding t¢ pieferregd e odlnentsagf t he
present invention. g
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It should be understood that sinplified integrated circuit 900 is for

illustrative purposes only. One of ordinary skill in the art

i npl enent the 30 present method for fabrication of other integrated

circuits such as m croprocessors, application specific integr
(ASICS), nenory devices, and the like. Further, the present

be applied to PMIS, NNCS, CMOS, bi pol ar, 70 or Bi CMOS devi
ultra-shall ow source/drain junctions and ultra- shallow trenc
applications are discussed above, the present invention al so

ot her -applications where an ultra-shall ow doped region is de5|red.ETF9—~
as

present invention also may be used for form ng undoped oxi des
doped .oxi des for use as various layers in integrated circuit

i ncl uding PMD, | MD, passivation, and damascene |ayers. Exenpl ary [wafler

cl eani ng, deposition, and chanber clganing processes for in s

tu
i ndi vi dual operation within chanber b are further described belJEérin
accordance to various enbodi ments o&nNthe present invention. 1D B.

c enbodinen[__

Native Oxides Prior to Deposition In accordance with a specif
of the present invention, N
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native oxides that nmay exist on the silicon substrate or region where an
ultra- shallow doped junction is desired may be cl eaned prior to deposition
of the doped 15 dielectric layer that may be used, for exanple, as a
dopant diffusion source or as a PMD layer. In thesgggrrbodl nents, the native

oxi des can be cl eaned by using fl -from a plasma 65 med wi t h
reactive clean gases |ike NF3 by remm Qv%é%{rc?"’a e plasma system 55. Use of
in situ processes in one chamber |or rghp&ibRHELY |i N chanber‘s,//ﬂt he sane

mul ti chanber system permit enhancled quality i n 20 t he ul gfa-shal | ow
junctions forned in accordance with these specific _enbodinents, as well as

providing for dielectric |ayers having | ow moi st ur882ont ent and | ow
Is maintained at the

shrinkage. In a specific enbodi nen
deposition tenperature, a tenper uMeasmgi:rmytb t ween about 300-650[err]C,
6 0D¢reperdti@e T{kr |t he entire cl eaning

and pref er abtyat—25——about—550*
process. Chanber 15 is maintai ned rangi ng between about 1-2
torr, preferably at about 15.8;5torr, whi | e mai ntaining the tenperature.

Heat er 25 ils moved to a poSition about 690 mil fregagas distribution plate
20, while gate valve 280 i 9 gas NF3 is introduced into
appl i cat or it upbe Té®Reraturea r g

i ntroduced i nt o &epulatamt or
stabilize for| abédigoritdmsecon

in applicator| tube 292. Mg
preferably|be efi

: 588 ves 2

Determine Desired and
Apply Power P(k+1) ¢ Measured Ramp Rates

(Taes(k) & T'(K))

=94

Determine .
Temperature Ramp :
Rate Error

596

, N, 590
Determine Power P(k+1) 4

Using A Control f
: Function, If P(k+1) - P(k) i
| Is Within Saturation
i Limits i

98 |

A 4 !

Dampen System
Response to Adjust
P(k+1) Using A //

: Saturation Function If S
i P(k+1) - P(k) Exceeds -~
‘ Saturation Limits
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71 about 1000- 1500 Watts, from magnetron 711 operating in CWnode is then

applied for about 5-10 second

magnetron 711 through the
applicator tube 292 thhl

i gnites the reactive gases ﬁy
b

with ionization sustained
292 at the wi ndow. The radi

t hrough the |ined passage

mani fold 270 through the gpene
passage 297 10 to enterichanbég

Used cl ean gas reactants an

chanber 15 via the opened ™r
chanber 15 which has a total”/v

oxi de resj
d\QttHe ESVE
_ yme {of} &
t hat flom/valges may difFér dependifg t:

in other enbodi nents. 15

chanber 15 ma| ntained at pressures | owe

of fluorine species occurred,

to collision | osses, as well

2/0< i’
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N
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The m crowaves are transmtted from

egul ptim g systemto enter
w ndow, - di scus above. WV |anp 731
applic®or tube 29 o forma pl asnms,
the mcro energy enteri

e applicator tube
ewm plasma formed in

nret290—The'r adi cal s fl ow

encl osure assenbly 200 40 candluit 47 of clean

dues
{boht
t
In

as causi ng over

L7% ﬁ

gate valve 280 a er annul ar
5 and cl ean I VE & of f the wafer.

re t hep/exhausSted out of
e.'pr nt description is for
6 ltters. It is recognized

he isi ie and type of chanber used
alzfecihig /e
any@bo 1-2 tor
resulting in po clganing re
chanber pressures higher than about 1-2 torr, |fegonbination

dinment, with
rapi d renova
lts. At
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damage to applicator tube 292. Chanber 15 should be maintai ned at pressure
| evel s 20 where fluorine species are not rapidly renoved, reconbination
does not occur, and applicator be 292 does not break. In sone

enbodi nents, the chanber pressure\nmay be limted by the physical dinensions
and material of appli‘tatof gube 292, when nicrowave power is being applied.
In a specific enbodi eht, |the pressure in applicatongkgpe 292, when
m crowave power is appli may be \about 3 tinmes as |25 much as
opti mal chanber pressufe. Wien diffgrent applicator 'tubes are usedﬁﬁnth
different flow rates, r pressure will vary. O [cglfse,

any pressure may be used = i
m crowaves bei ng applied/ SiRc e plasma is formed upstream of [tHe|wafer, |
ne ralli ca in the plasna are able t0 reach

the wafer to clean thenafiye oxidgs fromthe As nentioned abowg,
onds for a typi‘¢al

is done for about 5-10_s¢
native oxi de of thickness |of about 90 A The above |Z |72 cl eaning step
etches native oxides at alrate of anyt 2 [err] m mj&ithe~. O course, the
total tine of the cleanin tep depepds™on the thi iBess of the particul ar
oxide to be cleared off t fer. thkﬂenﬁt@ hi I
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I nvention, native oxides or other oxides may be etched and pl asma danage to
the 5 waf er is avoi ded. Although the above wafer cleaning process
conditions are exenplary for the present embodi meQt, other conditions nmay
al so be used. The above description di $ousses NF[&r], nerely as an

exanple, in a Gga Fill[err] Centura syﬁNem avallﬁ%g from Applied
Materials fitted for 200-mm wafers, as the 10 ri ous deposition
descriptions bel ow. However, iﬁher quorln cont ai ni g or

chl ori ne- cont ai ni ng gases susras| 8T |, an g ar gon,
NF[err] and @2, a dllute\F[err] aRer O e

SF[err] or CI[err] etc.y; may 4 9 \l II. . Mt cate G ass
Deposi tions 15 A1 A \th

i nvention, dielectric Iayers PSR 1 VRE

| ayer, oxide filling |ayer, clgpp 0“ ay d

L or
usi ng any of several diffReren oesse trhef
film a PSG fil ns, aBPSGfiI BT i It _ l\e
exanpl es of doped and unq1(3pe ‘ﬁg < tayers,gpdd in t nt 20

I nvention. O course, dur ng ﬁlw--mii Iscri bed positipn of fious
dielectric filnms, gate vsA\ S :, S cl osed (lif]l ess renote asnma
system 55 i s being used.for dgpEN+Rg ifn accor.daric ith an \t\ernative
enbodi nent). The exenpl eﬁs pr ¢ e e n D atatus 10,
which is a cl osed, smgl*éwa e sttemin prieffefred e | s. \Q5
CVD apparatus 10 al so may be EVaf L}'g /t/ﬁ ffgymt D \ } *
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addi tional input gas supply sources to deposit BPSG arsenic doped silicate
glass (AsSG, or other dielectric layers as well. O course, those of
ordinary skill in the art will understand that other process recipes and

ot her reaction systens |i ke plasm enhanced CVD (PECVD) nay al so be used to
deposit the dielectric filnms. 30 Exanpl es of boron sources include TEB,
trimethyl borate (TMB), diborane (B2H6), and other simlar conpounds.

Exanpl es of phosphorus sources include triethyl phosphate (TEPO,

triethyl phosphite (TEP[err]), trimethyl phosphate (TMOP), 7

trimethyl phosphite (TMP[err]), st | ar conpounds. Inyaddition to
BSG or PSG filns, arsenic doped ¢ LI/Me gl ass (AsSQ

al so .may be deposited using, foq ource with|jan arsenic
conpound or an arsenic gas dil W gdanpl es. Exanpl es of
silicon sources include 5 Si | ¥ #OS, or a similar silicon
source, and oxygen sources i ncl . 3 owave- gener ated atom c
oxygen (O, or the like. In the] de i pty flowrates{for liquid
sources are provided in mlligrg AT i Whil e gas {1l ow rates
are provided in standard cubiC « i/ e 1 e (sccm. In these
descriptions, liquid Sour cesb Preci sion Liquid
Injection System 10 348 e conyerted to gas
flowrates in sccm by

T 7S 7 1790
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/
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multiplying liquid flowrates by a factor of about 1.923 so that flow
rati os may be cal cul ated accordingly. Preferably, stable doped dielectric
films may be formed using the TEOQS/ 03 chenmistry in a SACVD process to form
damage-free, uniformy doped ultra-shallow junctions in sone enbodi nents.

I n other enbodinents, a | ow 15 noi sture doped dielectric filmmay be
formed using TEOCS/ 03 chem stry with a SACVD process conducted in CVD
apparatus 10 to provide a planarized insulating |layer with high aspect
ratio gap-fill, low shrinkage, |ow netal contam nation, and |ow fluorine

i ncorporation. 20 1. Exenplary BSG Fil m Deposition As nerely
an exanple, the BSG fil m deposition reci pe descri bed bel ow is capabl e of
formng a BSG fil mthat may be useful as a doped dielectric layer used as a
dopant diffusion source. O course, the recipe may he varied dependi ng on
the particular use for and desired qualities of the=R | ayer. A PSG 25

| ayer fornmed as a doped dielectric |ayer used as a dgpant diffusion source
could simlarly be formed using the recipe belom1ano[apprbpriately
substituting the dopant source~gas enpl oyed. The -x.tnlary BSG bul k fi n1|s
deposited by heating the wai€r?and heater 2510 a tNfperature of kil

about 200-650[err]C, prefefably to~a—tenperature 3§ Wt hin the ange of
about 400-650[err] C and sost preferably to about 5n0[ ]C an i ntaining
this tenperature range trougt he deposition. : tif gate vahve 280
cl osed, chanber 15 is mai at a_pressure W nifa r arge “of about
10-760 torr. 7 !
yA
77 279
/
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74 Preferably, the pressure is maintained within the range of about 400-600
torr, and nost preferably it is naintained at about 600 torr. Heater 25 is
positioned about 150-300 m| fromgas distribution plate 20 and is
preferably positioned about 250 m| fromplate 20. 5 A
process gas including TEB as the source of boron, TECS as the source of
silicon, and 03 as a gaseous source of oxygen is forned. Being |liquids, the
TEB and TEGCS sources are vaporized and then conbined with an inert carrier
gas such as helium The liquids are vaporized either by liquid injection
systemin gas m xing system 93, which provides greater control of the

vol une of reactant 10 liquid introduced. The flow rate of TEB i s between
about 50-550 mgm depending on the desired dopant concentrations, while the
TECS flow rate i s between about 300- 1000 ngm and preferably about 500 mgm
The vaporized TECS and TEB gases then are mxed with a heliumcarrier gas
flowng 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
bet ween about 3000-6000 sccmand is preferably introduced at a flow rate of
about 5000 sccm The ozone m xture contai ns between about 5-16 wei ght
percentage (WM 9% oxygen. The gas mxture is introduced into

275 ,
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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
filmdeposited at a rate of between 500-1000 A/m nute. By controlling the
deposition tinme, BSG filnms having a thickness between about 50-500 A and
preferably between about 100-300 A may be fornmed at the process conditions

descri bed above in about 10-60 secongs=Fhe Z5= hi ckness of the BSG film
deposited may thus be eagify contpefled. P &ferabl he wt % of boron in
the resulting BSG fil mranges }# e/.-e.e-=-——~=§ % s preferably is
about 6 wt % 2. Exenplary P j position 30X L5 5ns merely

an exanple, the PSG film de /. reci pe descri bed .. o s capahll e of
forming a PSG filmthat ma Aseful as a PMD | ayer. e, the recipe
may be varied depending o r- particul ar use for and d r &g 75
qualities of the PSG laygf. /@¢her doped dielectric | ayer §\\pe¥j des RSG fil ns
may be used as PMD | ayer § A fusing sinilar recipes to the\Wecl\pe bel ow and

appropriately subsilyt?utl 0 tl' e dopant (s) source gas(es) etpl ojed.

L5
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The exenplary PSG bulk filmis deposited by heating the wafer and 5

heater 25 to a tenperature of between about 200-650[err]C, preferably to a
tenperature within the range of about 400-650[err] C and nost preferably to
about 600[err]C, and nmaintaining this tenperature range throughout the
deposition. Wth gate valve 280 closed, chanber 15 is nmaintained at a
pressure within a range of about 10-760 torr. Preferably, the pressure is
mai ntai ned within the range of about 400-600 torr, and 10 nost preferably
it is maintained 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, TEGCS as the source of silicon, and 03 as a gaseous source of
oxygen is forned. Being 15 |i quids, the TEPO and TECS sources are
vaporized by the liquid injection systemand then conbined with an inert
carrier gas such as helium The flow rate of TEPO is between about 10-100
ngm preferably between about 5-30 ngm nost preferably about 24 ngm
depending on the desired dopant concentration, while the TECS flow rate is
bet ween about 500- 1500 nmgm preferabuyﬂabout 1000 mgm The 20 vapori zed
TEGCS and TEPO gases then are m xed witR/a heliumcarrie gas flow ng at a
rate of between 2000-6000 sccm preferably at a rate of Jabout

introduced at a flow rate of
into chanmber 15 from 35

v

76/
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25 gas distribution plate 20 to supply reactive gases to the substrate
surface where heat- induced chem cal reactions take place to produce the
desired film The above conditions result in a PSG fil mdeposited at a rate
of about 1780 A/m nute. By controlling the deposition tine, the thickness
of the PSG filmdeposited may thus be easily controlled. Preferably, the wt
% of phosphorus in the 30 resulting PSG fil mranges between about 2-8 w
% and preferably is about 4 wt %¢¢¥ Exenplary BPSG Fi| m Deposition 76
As nerel ?nn exanmpl e, the BPSG fi[m deposition reC|pe descri bed belom1|s
capabl e“of form ng a BPSG i), I—mthat maqubf useffifZas a Pl\/gé}yer

course, the/reci pe may bJByarled epend ng on the particu use for ang”
desired qualities of the BPSG |ay {\\\ / ______ The fexenpl ary BPSG
bulk filmis deposited by : . byature
of between about 100-800] , a\teﬁperatuﬁé\ L NN he
range of about 400-650[err]C anc bl 'y —torafett—480[ err[ C, and
mai ntai ning this tenperature rang tihe d€p n. KB gate
val ve 280 cl osed, chanber 154i)9 nH = wi thin a range of
about 10-760 torr. 10 Preferably, l yNtagped within the

range of about 150-600 torr, and
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nost preferably it is maintained at about 200 torr. Heater 15 is positioned
about 150-400 m | fromgas distribution plate 20 and is preferably
positi oned about 300 mil from%ﬁa?te 20. A process gas including TEB as the

source of boron, TEPO as the 15\ source” phosphgrus, TEOS as the source
of silicon, and 03 as a gaseou Mur%oxy en i s fornmed. Being |iquids,
I

the TEB, TEPO and TECS sources, gre va e the liquid injection system
and then combined with an inerj|carrfer ggas as helCmn O course, it
i s recogni zed that dFker sour geg qaf, . por onf prigsphorus, skELicomg/and oxygen
al so may be used. The>fl ow ratg"ofHTEB 1S erahl y be%en 2 about
150- 200 mgm The fl r at HPO B bet 10- preferably
bet ween about 35-75 m B pr{eﬂil}! abIY . m endi ng on the
desired dopant conc Wl]ri lig 't he: TECS = bet ween about
-300- 700 mgm The-— £ TEB, an es khe -ar€ nmixed with a
hel i um carri er _g Vi Nio\ & rate of' befwee oL referably
at a rate 25 m : Oxy in “jis inmtggdmced
at a fl dhrare ,. };r/ bl y A ntroduced
at a flowrate ween about
5-16 wt % oxygenh. | , 1{0 5 from gas
di stribution pl LYy | d\suhgtrate surface
wher e heat -i nduced i edfit ions takF 3| '\t roduce the
desired film The a I't |ns re%ul/ﬂ i;n;/a Bl ?il eposited at a
rate of ! 4 il l\ -
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bet ween 3500-5500 A/m nute. By controlling the deposition tine, the

t hi ckness of 77 the BPSG fil mdeposited may thus be easily controll ed.
The resulting BPSG fil mhas a boron concentration | evel of between 2-6 Wt %
and a phosphorus concentration |evel of between 2-9 w % The paranmeters in
t he above BSG PSG BPSGjipjdcesses and in the 5 bel ow USG pr ocesses
shoul d not be consi dered“‘l’(ﬁ‘iti ng to t%eygl ains. For exanple, the present
invention is also applicable to silicoh o%ide filns doped with other
dopant s including, for exanpl e, arseni¢. As another exanple_ the flow

val ues di scussed above pl y- f th o) f'ch;ed'f r 0- af er’s,
may differ depending o Mg (;W cHanber As .%:af
ordinary skill in t? Acan’al 80 uSe LGt her em cals hat#he
parameters, and £gndrtio 2 2 sin i ' i _
filmstability may be &% actor”i nfhe audel abi | j 9 oi<depant at/Mis 1n
doped dielectric films TOr drrrusion rntosthe segm conguctor matexial.
Several mnmethods to inprove filmstabili nd ijnprovegithe ability 15
control dopant diffusion fromthese dopgydrgi el ri ciﬂ%ms into t4he?)/

sem conductor material were investigated. Each thod descri bed may be
performed on a doped 275

Fle. 1/
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dielectric layer, after the |ayer

I s deposited using a recipe such as one
ary..Jepaesdd i on reci pes described above. Furthernore, although

of the ex

met hod&M ware with respect to treatnment of a BSG (or PSQG
film th ﬁm are equally applicable to any doped silicon oxide
film 4. Fil m Depositions a. Oxide Filling Material O

I nsul ati ng Layer According to one enbodi nent of the present invention, an
undoped 25 silicate glass (USG |ayer can be deposgfed in CVD apparatus
10 for use, for exanple, as an oxide filling effal for filling a shall ow
trench used for shallow trench isolation. O colrse, the USG fil m al so may
be used as an IMD |ayer, an insulating |ayer, or other |ayer. The exenplary

USG.reci pe di scussed bel ow provides a very dens
survive annealing at tenperatures 30
The USG film which%rovid
ratio step C

etch processes at very uniform etch rate withoyt Ogening up any
the . 78 USG The USG film also tan endure chenjftal nechani cal
(CWP) planarization w thout opening <™ or

c;?ases int

m ni mal shrinkage.

capability for high aspect

qﬂﬂZuniforn1fiI

eif——gfezi;;ﬁr/t han £00[err] C

excell ent gap fi
an “al so endure

294

m whi ch can
wth

I
sever al
oids in
pol i shi ng
he USG




\

The wafer and heater 25 are heated to a tenperature within the range of
about 200-650[err]C, but preferably between about 550-650[err]C, and then
mai nt ai ned 5 at this tenperature throughout the deposition. Heater 25 is
posi ti oned about 250-400 m | away from gas distribution plate 20 and
preferably at about 350 ml. Wth gate valve 280 closed, the pressure in
chanber 15 is maintained at a | evel of between about 10-760 torr,
preferably about 600 torr. A process gas conprising oxygen and silicon

sources is introduced 10 into the deposition chanber. In a preferred
enbodi ment, the silicon source is TEOCS and the oxygen source is 03, but
those skilled in the art wll recognize that additional silicon sources

such as SiH4, TMCT or simlar sources, and other oxygen sources such as
Jerr], Herr]O Nerr]O mcrowave-generated atom c -oxygen, and simlar
sources and m xtures of the sane al so can be enpl oyed. Wien TEGCS is used as
a 15 silicon source, a carrier gas suckH@zheliumor nitrogen is
enpl oyed. The ratio of 03 to TECS nay ran fromabout 2-17: # 7bdt is
preferably between about 2-6: jI3 {h -gpl %§| t ot al f|OMIOf/Lhe gaseous
reactants will vary according t\o the oﬁm dgsi gn&of the deposition
chanber. The gas flow al so car,be varf ),
Typically, TECS is introduced .t a fl ﬁhbk
ngm and i s preferably i ng&taged AL
(between about 516 wt % oxygen):® IS1‘ﬂ o ?w rakg of bet ween
about 2000-10000 sccm prefenahly .e»q?' 000 . =z nkbr RS gen may
be used as a carrier gas thal LS. 1("c5yﬁ? g v Rat e oi be%meen 2000-
”"\ NN

ﬁhé\depss&iwo rate.
tween aboug/ 500- 2500
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10000 sccm and preferably about 7000 sccm Usually, the total flow of gases
into 25 the deposition chanmber will vary between about 5000-20000 sccm
pref erably about 15000 sccm Under the above conditions, dep05|t[pn -rat es
of about 1450 A/m nute or gr w val ueg above are
for a 200- nm waf er chanber and wk -k vary- dependkng—on si-ze of cGHanber used
and size of wafer. 30 A - b.” Cappi ng Layfer Accordlng to
anot her enbodi nent of the present i nvention, the dep05|ted BSG (or PSG

| ayer may be capped with a thin, separ at-e’ LJI?Wayer The. ' 79 USG cappi ng
Iayer is a stable f|In1thﬁL/dQes not readi )| absaorb noistéire. Thus, the USG
cappi ng | ayer provide ‘gg ydrophoblc surfacg. on-top of t hé BSG (or PSQ

| ayer that prevents nolstufe phesent iQ the a -|ent\¢r@nTQF|ng absor bed
into the BSG (or PSG film Funthehnnreﬁ th l‘ G capping layer is a

rel atively dense film5 that\hnpedes boro/ (~or phpSthrus) evol ution. The
USG capping layer thereby facilitates ‘co PZ AN N
atons in the doped dielectric I§§§F:E§Wﬁv 4
material . Wthout the USG capping | ayer, y/Sg# p Fﬁe dgpant at oms nmay

di ffuse upward away fromthe senlconduct" at-eRial during the subsequent
anneal or rapid thermal process. Tgy§/ e use of a capping
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10 | ayer contributes to controlling the diffusion and the junction depth.
The USG | ayer can be deposited in a separate processing chanber fromthe
BSG (or PSG |ayer, but preferably is done as an in situ process in chanber
15 where deposition of the BSG (or PSG |ayer also occurred. O course,
many prqgesses for formng a capping |layer are possible. 15

The follQw ng process for formng a USG | ayer is described as an exanpl e.
An undoped silicate glass |ayer nay al so be used not only as a capping

| ayer, as scri bed below, but as an insulating dielectric |ayer w thout
use of an uRderlying doped dielectric |ayer. The wafer and heater 25 are
heated to a Nenperature within the range 20 of about 200-600[err]C, but
preferably ab®t 500[err]C, and then maintained at this tenperature

t hroughout the deposition. Heater 25 is positioned about 250-350 m| away
fromgas distribution plate 20 and preferably at about 300 ml. Wth gate
val ve 280 cl osed, the pressure in chanber 15 is maintained at a | evel of
bet ween about 50-7&f) torr, and is preferably at a pressure of between about
200-600 torr, 25 st preferably about 400 torr. A process gas conprising
oxygen and silicon s ces. i~s<i nt Feduced™ i nt© t he—deposit+on chanber., In a
preferred enbodi nent. the siK{con source i s—F+ECS ang- t he oxygen sourge is
03, but those skiH=eg==rithe art will recognrize hat 'addi ti onal silicon
sources such as sjlaneg TMCT %?ﬁﬁfﬁizéﬂfseaFges, and other 30  oxyggn
sources such as Qerr] i err]O Nlefr]O and\sinilar sources and m xtures
of the sane \ ) "
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al so can be enployed. Wien TEOCS is used as a silicon source, a carrier gas
such as heliumor nitrogen is enployed. The ratio of 03 to TEGCS nay range

f rom about 80 2-17:1, but is preferably between about 2-6:1. The opti nal
total flow of the gaseous reactants will vary according to the geonetry and
design of the deposition chanber. The gas flow al so can be varied to
control the depﬁsition rate. Typically, TEOCS is introduced at a flowrate 5
of between abou¥ 500-1500 nmgmand is preferably introduced at a flowrate

of between gbo 1000- 1250 mgm 03 (between about 5-16 wt % oxygen) is
i ntroduced at | ow rate of between about 2000-10000 sccm preferably
about 2000 sc Hel iumor nitrogen may be used as a carrier gas that is

i ntrodu rate of between 2000- 6000 sccm and preferably about
4000 sccmy Usual |y, the total 10 fl ow of gases into the deposition
chanber wiil | yvary beftween abet ef erabl y about 15000
sccm  Under he ébst C O f between about 500 and

1500 A/ m nut re &t ai nabhgl\ A oSltlon rafes, a USG | ayer of
about. 100- T |be depogite seconds. The flow
val ues abq¥e ar or a 200- vary dependi ng on si ze
15 of ch er u§§d and\§|,A
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The foll ow ng processes for formng a USG capping | ayer are described as

exanpl es. Preferred applications will have USG cap | ayers 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 | ayers of different 20

t hi ckness can be enpl oyed dependi ng on the specific application and device
geonetry size. {Depending on the application and gap sizes in which the
deposited film¥Yis used, it nmay be preferable, although not essential, that
t he cappi ngsa doped dielectric layers be relatively thin. For thin
layers, the to deposit and the tinme to etch away are reduced conpared
to thi cker A&j“eris The USG cappi ng 25 | ayer is deposited, and both the
USG | ay ped dielectric |layer are etched back. It is also
recogni z Bk@ hat different capping Iayers such as other sinilar stable oxide
filnms may! b&l:EtIJIfZédt&C a

cap | ayer .rraj/',’oeif:olrred \

ayer. Further, the USG
ojped /di el ectri-c Ail mg deposited by APCVD,
CVD| As di cus,sed ,a ove, use of chamber 15
%Iti%e otess ‘sgeps is nost preferred,
} I CR—vacHy jf s \pot broken during
charry r$tin the nmultichanber

PECVD, or \L = i place
for in situ®3 f or man
wth use a | ti chanber
transfer off subst kgt es bet

systemis al jr-éf‘erred. ;
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Accordi ng to anot her enbodi nent of the present invention, an in situ USG or
simlar cap layer is fornmed on a doped dielectric filmby turning off the
boron source or the phosphorus source just before conpletion of deposition
of the 5 doped layer. In this enbodinent, the initial doped dielectric
| ayer such as{BSG (or PSG is forned as descri bed above. Flow of the dopant
source into chanber 15 then is stopped while the thermal reaction continues
for an additignal period of between 1-30 seconds. Preferably, the thernal
reaction contfinues for about 3-10 seconds. In this enbodinent, the dopant
sourge i s stgpped by closing a valve on 10 the source's supply line so
t hat the_therlmal reaction is nmaintained without a dopant for at |east 5
seconds\yOf course, stopping the dopant gas source nust be coordinated with
the timelit tsakes the gas to travel fromthe point of the valve to the gas
m xi ng systera 93 ahd taﬁnJTh qugli Fhe Tateptareof plate 20. In most CVD
nds i .

machi nes 15:§sie\¥-,e al sec for’ gagjto flow fromthe
injectio \gialélg:'_gol/t he S}p iti t so thefval ve should be cl osed
sufficieﬁLLy_Lﬂ_ad ance td alfl e delayg‘ Thus, if TEB is the
boron sowrce, €l osing the jval: - y{ | \me several seconds
before compliet | orpf depogiti | ayerfteStllts in a thin USG cap
whi ch preve rrenge bed noi sture absorption
20 angd ou i ng phehof ion of the USG cap
formed Ton t oped di el ed results in roved stability and
i muni ty' to\mol sture absor E:j
oY~ | N
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contributes to inproved control of the diffusion that fornms ultra-shall ow
doped regions. 25 Instead of or in addition to the use of a
USG cappi nhg |layer, a plasma treatnent of the doped dielectric |ayer also
may be used to reduce noisture absorption and inprove stability in the
doped dielectric layer. In those enbodi nents equi pped with a RF plasma
system this plasnma densification treatnent may be used where plasma damage
to the device is not a significant concern. In 30 sonme enbodi nents, the
deposition at tenperatures greater than about 500[err]C nmay be sufficient
to provide a dense dielectric film The inproved stability of the plasm-
treated doped dielectric |ayer contributes to i nproved control of the

di ffusion that 82 forms the ultra-shall ow doped regions. Chanber 15 is
mai nt ai ned at between about 1-5 torr during the plasnma densification
treatment. Wth gate valve 280 cl osed, a plasma formed using a reacti ve gas
such as, for exanple, nitrogen (N2), ammonia (NH3), or argon, ﬁ?ﬂ roduced
into chanber 15. As nerely one exanple of the 5 pl asma treatne t may
be used, a reactive gas such as N2 is introduced in gas m xi ng sygtem 93 at
a rate of about 1000 sccm m xed with heliumat 1000 sccm RF pl system
is operated, for exanple, agzygpomer | evel of about 450 Watts at

cie 170
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a RF frequency of about 350 Megahertz (MHz) to create a plasma in chanber
15. The plasna serves to passivate the surface of the doped dielectric

| ayer, which nmay 10 have sone nitridation on its surface. The plasna
treatnment thus densifies the doped dielectric film Mre dopants in the
densified doped dielectric film which is resistant to noisture absorption,
are avail able for formng the ultra-shallow junctions. 15 D.
Heating Processes For In Situ Deposition And/O For Reflow CVD apparatus 10
has high tenperature capabilities allowing an in situ heating step
foll ow ng a deposition process on the sane wafer for a two-step
deposition/refl ow 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 | ayer fornmed over high aspect ratio

transi stors or isolation trenches an undoped or doped dielectric film such
as PSG often requires planarization which is inportant in formng
integrated circuit devices. Planarization of a doped dielectric |ayer may
be perforned by reflowing the layer at high tenperatures. Perform ng 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 purposes and applications also nay be perforned in CVD appar at us
10. The follow ng heating procedure di scussed bel ow serves nerely as an
exenpl ary heating step which may be used for reflow, but other heating
steps for dopant drive-in in sone applications or for other purposes also
can be done.
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30 According to a specific enbodi nent, two-step
deposition/refl ow process is described below. Wth gate val ve 280 cl osed,
chanber 15 may be nmintained at a pressure of about 200-760 torr. Wth the
waf er and heater 25 in the 83 processing position between about 200-400
ml, preferably between about 330-350 m ||, fromdistribution plate 20, the
waf er and heater 25 are heated to a high tenpet8%re of between about
500-800[ err] C, preferably between about 550:650[err]C, in chanber 15, for
deposition processing. Stopping reactiv gés flows, the wafer may 5 t hen
be heated at between about 750-950[err{C, preferably between about

750-850[ err] C for about 5-30 ninutestbreferapﬂﬁ'about 15-20 mnutes, in
order-to reflow the dielectric |ayer; aggording to, a specific enbodi ment.
The refl ow tenperature nay be uﬁe,Sane&hs of high%r than the deposition

tenperature in the tmo-stepiqgfgggilﬂqigip(ﬁkw a multiple-step
~{ N6 tefmperat U s

deposition/refl ow proces be 10 ranped fromthe
deposition tenperature to.an npergt ure (or intermediate

t enperatures) before bei ng” ed toithe refNQw tenperature. O course, the
time and tenperature for e heatinP%?eps may differ depending on the
particul ar application being perforﬂgg and on the particular |ayer being
formed. According to another specif odi nent, a one-step

Fle. 19A

This Sheet Has Been Replaced




15 deposition/refl ow process is described. Wth gate val ve 280 cl osed,
chanber 15 may be nmaintained at a pressure of about 200-760 torr. Wth the
waf er and heater 25 in the processing position between about 200-400 ml,
preferably between about 330-350 ml, fromdistribution plate 20, the wafer
and heater 25 are heated to a high enough tenperature of between about
750-950[ err] C, preferably between about @O0 750-850[err]C, in chanmber 15,
for sinultaneous deposition and reflom@brocessing to occur. O course, the
time and tenperature for the dep05|t|on/reflom15tgp may differ depending on
the particular |ayer being forneé’ As @lscussed<ﬁ ove, keeping the wafer
within the sanme chanber 15 for ﬁhlklpje |@,S|tu processes prevents exposure

of the wafer to the environnenf, m@@re noi sture may be absorbed, and
cont am nati on by |npurltles~\E£Lé§§;Eé$?pOS|tlon f dieluiric filns at
tenperatures greater than absut re\aan/ﬁ/’o Sense and hi gh

qual ity films which do nO{a?bKhﬁfﬂzgiiﬁﬁii:%ﬁjgégz%%ggOSItlOn of the
deposited films at these E@ﬁpe o r cegyshrlnkage 30

E. Chanber C eani ng/ Seaso ;gg#ﬁbtterlng Proce§3@§;;fter the processing step
or nmultiple processing stepS, such apasee exenpl steps di scussed above,
have been perfornmed on the wafer in-Thamber 15, 84

Fig., 19D
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the wafer is transferred out of chanber 15 for subsequent process steps as
needed. When the vacuum | ock door is closed, sealing chanber 15 wi thout a
waf er on heater 25, chanber 15 may undergo a chanber cl eaning process to

el im nate deposition process residues such as undesired oxides and/ or
nitrides fromportions 5 of chanber 15, ingluding the unlined chanber
wal s in the | ower portion of chanber 15, \dHe bottom of heater 25, as well
as ot her chanber conponents. To ensure reliable wafer-to-wafer
repeatability, the chanber clean renqy@s any (@sidues built up during the
deposi ti on processes. These1k®si dues#can be é_ggned from chanber conponents
by using fluorine radicals,/ Tor~exanple, froma plasma fornmed with 10
reactive clean gases by rempte aicr Qo : m55. Due to its high
reactivity with F atons, residué $+}ico oxi de can be renoved by the
formati on of a SiF4 gas product Wwhich J be punped away out of chanber 15.
The chanber cl eani ng procedure discusseddbel ow may be perforned after
.processi ng of every wafer or every several wafers. 15 In a
preferred enbodi nent of the presenf|omvention, NF3 is used as the clean gas
to provide the fluorine radicals. The present invention preferably uses
renote m crowave plasma systen1ﬁ§ é? d_co;gose NF3 gas and generate a fl ow
of F atons into chanber 15. Usi g\ £ {he chem stry with renote

m crowave plasma system 55 of the present invention advantageously has | ow
ki netic energy 20 and does not have physical sputtering effects or
formation of charging species in the subsequently deposited film conpared
to in situ plasma processes. Furthernore,
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consistent with environmental requirements to reduce gl obal warm ng
effects, the use of NF3 does not generate any long-1lived perfl ouro-carbon
(PFC) products. To ensure the best clean efficiency, the F flux as well as
its cleaning 25 uniformty should be optim zed. At a certain NF3 gas
flow, there is a threshold m crowave power setting, above which the
generation of F atons are conpensated by HBer reconbi nation. Fig. 21 shows
the rel ati onship between NF3 fl ow and Jr'dwave saturation power that gives
t he highest clean rate w thout any exgessive hardware costs, in accordance
wi th a specific enbodi nent of the present jnvention. 30 As shown in Fig.

21, the microwave saturation power ranggs'from between about 1300-2100
Watts for corresponding_bES.ians,oi-bngee 500- 950 sccm according
to the specific enbodi ment. For ¢ préferre enbodi ment di scussed 85

bel ow, the m crowave saturation power is apput 2100 Watts for a NF3 fl ow of
about 950 sccm The clean uniformity can bg controlled by chanber pressure
as well as heater spacing, both o teh—edan adj ust the nean free path of
the gas species and punping profile. As \dige@sed earlier, since the

hi ghest pressure that can be 5 tol erated by the above-di scussed

enbodi ment of applicator tube 292 is ldllp@t 2 torr, spacing was used to
optimze clean unifornity. In other énbodi ments using

Fle. 200
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di fferent enbodi nents of applicator tube 292, both pressure and spaci ng may
be used in the clean uniformty optim zation. In an exenplary chanber

cl eani ng process, chanber 15 i s naintained 10 at a tenperature ranging
bet ween about 300-650[err]C, nore preferqbb?»at about 550- 600[err]C

t hr oughout the cleaning procedure, in pfeferred enbodi nents. Mst
preferably, chanber 15 is nmaintainge # the sane tenperature at which the

particular process is bging run iy chapler 15. For exagple, chanber clean
ﬂﬂ#ﬂéL!
€

processes woul d be rynOat 6 CAvt'tThos anbersCused, as an exanpl e
di scussed 15 above, fSéngggﬁxg L ‘600[err]C. Wth the
throttle val ve opened anex akvwe 2 ater 25 is positioned
about 100-250 nil, preferably abg yT, fromgas distribution plate 20
so that gas distribution plate 2§ [ d up. Heating up gas distribution
plate 20 allows a faster clean t his heating step may be done for
bet ween about 3-10 seconds, preferabty—about 5 seconds. 20

Then, pressure and cl ean gas fIOM/aqchﬁtinally stabilized before the cl ean
is perforned. During the pre-clean stabilization step, chanber 15 optimally
shoul d be maintained at pressure, | evels, ich are also used during the

cl ean step, where fluorine specF%bGare t rapidly renoved and

reconbi nati on does not occur. In the pre-clean stabilization 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 chanber 15 nai ntai ned at
pressures | ower than about 1-2 torr, ragﬁn renmoval of fluorine species
occurred, resulting in poor chanber cle n%gg\ﬁagults. At chanber
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pressures higher than about 1-2 torr, reconbination may occur due to
collision | osses, as well as causing overheating and damage to appli cator
tube 292. Heater 30 25 is noved away fromgas distribution plate 20 to a
di stance of between about 450- 700 m |, preferably about 600 m|. The cl ean
gas, NF3, is also introduced at a rate of between about 600-1100 sccm
preferably about 950 sccm into applicator tube 86 292. This pre-clean
stabilization step | asts between about 2-6 seconds, preferably about 3
seconds before m crowave power is applied during the chanber clean step. In
t he chanber clean step, the pre-clean stabilization conditions in chanber
15 are maintained at a pressure rangi ng between about 1-2 torr, preferably
5 at about 2 torr. \Wen the cleaning procedure is perforned, m crowave
power “of between about 268 i ' i o ube 292.
Preferably, magnetron 711 progﬂfg . E}%H{bFIZP : m cr owaves #Aand i s
operated in CWnode at aboyt * 79—" tts orl%taﬁ?%referred el eanijgas flow of
about 950 sccm The nickepygve® ake transnitted from mag f_to 711 t hrough
the wavegui de and 10 & &Ppti[nm 2i Ng=$PseBm to ent er aM’t or g ulge 292

t hrough the window, a§ di squsaed\,ahwoem UV | anp 73L&i.ghites the jreactive
gases in applicator tabe 2¢ i ust ai ned by
the microwave energy ‘::e;ml@oi

8
5
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292 at the window During the chanber clean step, fluorine radicals from
the plasma 15 formed in applicator tube 292 to which m crowaves are
applied may then flow through opened gate val ve 280 and into chanber 15 to
cl ean surfaces of undesired oxide residues. Since the plasma is forned
upstream of chanber 15, only the reactive fluorine radicals in the plasm
are able to reach and renove the residue built-up portions of chanber 15.
Therefore, various pertions-of chapber 15 are 20 . cleaned of depositjon
process residues while. nlnlnlzlng dlrect pl asma danage.to t he chanber! 15, .
‘The chanber clean |asts between about 30 seconds to about 10 minutes, |
preferably betwegﬁohhnur 60- 200 _seconds, and nost preferably for about 160l
seconds. O course,:{he: chanber: clean tjnme nay vary. dependi ng on' t he IR
t hi ckness and type GEPbXJde fesi due’ i n° chanber 15' As 'ment i oned above jt:
is 25 recognlzedllhaP f1ow val ues may differ depending oni the size endq
type of the chamber |~ asgweil as the di mensi ons and materiali of the }'

applicator tube, used--n other enbbd|nents - The above-idescribed cleani --.-4- .-~
process al so reduces: bacﬁklde unde§|red resi due dep05| i behi nd both the -
bl ocker and gas g¢'$tributipr s—After the chanbe .,,“;n——add+t+ena}”_
post - cl ean steps mayhe- perfo ned Durlhg the posit - ¢l ean. steps ST
chamber 15 is prefeFé@Wfrnﬁntatne at- the a ove!l t enperat uries. di cussedﬁthn~ -
t he above depositi on—and ctegan processes: t he lend of the chanber cleanf~f -
step, clean gas roﬁTTé stoppfd and’ nlcromavl‘poWeT‘is o ; CE R
- : i i -
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87 no | onger supplied. Chanber 15 is punped to renove nost of the F residue
atons. During this post-clean punping step, heater 25 is noved to a
position of between about 1500-2200, preferably about 2000 ml, from gas

di stribution plate 20 while the throttle valve is opened and gate val ve 280
remai ns open. The punping step 5 | asts between about 5-20 seconds,
preferably about 10 seconds, depending on the anmpbunt of clean gas reactants
and residue exhausted out of chanber 15. C ean endpoi nt detection system
al so may be uti!&ged to assist in determning the stop tine for the

post - cl ean punptthgf until substantially all deposition process residues are
removed from chanber 15. 10 After the fl uori ne-based chanbegr
cl eani ng procedure;, there nay be sone ad§8rgtPon—oF active fluorine specigs
on the surface of }he chamber :wal-ks,::cl ose to where the wafer would be 5
| ocated when the n ion process occurs. In the next deposition 310
process, the fluaorine mght then interact or~e incorporated into the 1
deposi ted fllrn:gs sing filmsensitivity at thg surface. This film ]
sensitivity 15 nifests itself as a rough suyface, which may be 4
problematic with the tol erances required by high integration devices, ]
resulting in device me}f.ynctiens. The present inyention provides the ¢
ability to getter |a t he \surface of chanber walls
by several nethods| di scussed
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After the post-clean punping step, a seasoning may be performed to 20
reconbine all free F species by either chem cal reaction or trapping the F
to the chanber walls through silicon oxide (SiQ2) deposition. The
post - cl ean punpi ng and seasoni ng steps are perforned for reducing both
particle formation and F content inside subsequently deposited fil ns.
Optimally, between the post-clean punping step and seasoning step is 25
anot her stabilization step to stabilize chanmber pressure and gas flow and |
to nove heater 25 into position for the seasoning step. In this .
stabilization step, gate valve 280 is closed and chanber 15 is nmaintained :
at a pressure of jj8tween about 20-70 torr, preferably 50 torr Heater 25 is

al so noved to a position of between about 300-550 mil, preferably about 500-

ml, fromgas distribution plate 20. In a specific 30 enbodi ment, the i

seasoning step presently described uses ozone and TECS with helium as-the P

carrier gas to season chanber 15 for subsequent silicon oxide deposition
O course, other gases npy be used in the seasoning and pre-seasoning: 88 -
stabilization steps depending on the type of silicon oxide deposition -
desired. In the pg'é SRS A
rate of between abobt 200- 400 ngm preferab!y abput 300 ngn1 IS vapo*lzed N
and transported mnth a hellun1 : _ Sl "::i
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carrier gas flowing 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 the normal inlets used for deposition or via applicator tube
292 wi thout application of mcrowaves. This stabilization step lasts

bet ween about 5-25 seconds, preferably about 15 seconds, before the
seasoni ng step begins with the introduction of the oxygen source to begin
deposition of the seasoning oxide onto chanber 15. In the 10 t her nmal
seasoni ng step, ozone'i§ jhtroduced at the flow rate used for the:

particul ar depositig@ggfg%gss used (e.g., about 5000 sccmfor the
experinmental USG d8positi eRPIFDCESS: ' Ssed above, - or at SR
4000 .sccm for the experinmental ggBe deposition process at 600ferr]C :

di scussed above) for: between aboutP10-20 seconds, preferably about 15
seconds, to deposit a thip layer ofpsilicon oxide (e.g., the 15 P
experimental USG deposition process gaving about 12.5 wt 9% oxygen, or t he
experi mental PSG deposition process; having about 8 wt % oxygen) onto
surfaces in chamberfl5. Dlring the segsoning step, the ozone flow'is |
optimally consistéﬂt;mmthithe:depos;tlonsprocgss tomnimze:any : NI
fluctuation in ozone! flow and:concenti&tion. Seasoning chanmber 15:thereby: :
can trap fluorine atpps.that nmay have bgbn adsorbed 20 | onto the;surfaces’
of “chanmber 15. Fol | owi ng.the thermal. seasoning step di scussed above, final.
stabilization and pupping; steps. mayj be performed. Optinally, these final  |.
steps are also perforned at the depbsition t enper at ur es' di scussed'above. In
t he final stabili&gmion step, the throttlg valve is opened periodically to
all ow t he chanber N D . ' : o : R

ﬁ P
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25 pressure to adjust to atnosphere, while gate val ve 280 renai ns cl osed.
Heater 25 is noved to a position of between about 800-1000 m |, preferably
about 999 m |, fromgas distribution plate 20. TECS flow is stopped, while
hel i um and ozone flows remain the same as in the seasoning step. The final
stabilization step is perfornmed for a tinme period of between about 5-20
seconds, preferably about 10 seconds, 30 before the final punping step
begins. In the final punping step, gate valve 280 remains cl osed and heater
25 is not noved. All gas flows are stopped and the throttle valve is
opened. The final punping step | asts between about 5-20 seconds, 89
preferably about 10 seconds, before another wafer is introduced into
chanber 15, which is now ready for the next deposition process, heating, or
waf er “cl eaning step. It is recognized that final stabilization and punping
steps also may be nodified and simlarly used wwth the particul ar seasoni ng
step or alternative gettering step 5 (exanpl es di scussed bel ow) sel ect ed.
I n enbodi ments alternative to those di scussed above, the pre-clean
stabilization step di scussed above may further include a ranping of the

m crowave power from380 perating
| evel of m crowave powet, allow ng pre-clean stabilization of qressure and
m crowave pl asma Bwt%%=6.131 *
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10 generation. In a preferred alternative enbodi ment, the pre-clean
stabilization step di scussed above may be substituted with the follow ng
pre-clean stabilization. Allowi ng for sinultaneous stabilization of
pressure and m crowave power, the step of ranping up the m crowave power to
generate a N2 (or other inert gas, depending on the clean gas used) plasm
provides a | ower pressure shock 15 profile on applicator tube 292 upon
NF3 pl asma generation, in accordance with a specific enbodi nent. M crowave
power |evels applied to magnetron 711 from m crowave power supply 110 may
be adj usted under the control of processor 50. For exanple, the m crowave
power may be ranped fromzero to a | evel of about 300 Watts (or sone ot her
power |evel between 0 and the final clean operating 20 power | evel)
during the stabilization step, and then to 2100 Watts in the clean step, to
provi de a nore gradual, optinmal stabilization process. Specifically, after
the heating step, heater 25 is noved to a position about 600 m| from gas
distribution plate 20 and N2 is introduced at a fl ow of between about

100- 400 sccm preferabl ¥58bouwt-—300. sccm into applicator tube 292 while
the throttle val ve remai ns[open and g5 gate val ve 280 remains cljosed.
After about 5 seconds, thefthrottle va is closed and gate valvé 280 is
opened, allowi ng pressur80to stabilize for next 5 seconds as ghanber 15
is brought to the cl®an process pressure, about &5 torr in a speqific
enbodi nent. Then, anxmnterpediate |evel of mcrowave r betweer] about
200- 400 Watts, pref Hﬁ9-about 300 Watts, is applied to applicator tube
292 to forma 30 NZpl aspe during the next 5 seconds. For the ngxt 5
seconds, NF3 is also#
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I ntroduced into applicator tube 292 while the m crowave power |evel is
ranped to the clean level. Specifically, NF3 nay be introduced at a rate
bet ween about 600- 90 1100 sccm f erabfy—about 950 sccm into
appllcator tube 292, while the mcrovaye pomer | evel is ranped up to the
final mcrowave power : i 2100 Watts. Then, N2
flowis stopped and pl 3, allow ng for
stabilization of the N ition for 5 about 5
seconds. Fromthis poi 3di scussed above. In the
above di scussed altern de and pl asma generation
are stabilized prior t D Wi th the NF3 cl eaning
plasma. This alternati wat abilizati on may | ast
for a total time perio 2l 30 seconds with each
power |evel ranp-up 10 M ce of ttﬂé fromthe

ti me period. Accordingl Ehedi at €Y one- step
application of high m MomO to 8100 WAatts) on
applicator tube 292 ar . an enhéﬁ%ed l'i fespan
for applicator tube ;92 e d enb04|nent s a

t wo- step power |evé&l L1565 # My have nultiple-step

ranp-ups (for exanplé
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to 300 to 1200 to 2100 Watts). Further, a mcrowave power ranp-down step
optionally may be perforned between the above descri bed clean step and the
post- clean punping step. Two-step or nultiple-step ranp-downs al so are
possi bl e for other enbodi nents. O course, the ranping nmay be continuous, a
series of discrete 20 steps, or a conbination thereof. For CVD systens
whi ch have a RF plasma sys{' ranprdowTuf ~RFpower | evel s
may be perforned for pre- cli MxmbbdommmnTmeps where an in situ plasm
chanber clean is used, in pgcordanggeiebdichurt her embodi mpnts. Al t hough
specific times are di scussed abo_v_ayhp‘{,st@aﬁnnpart of the stabililzation, in
ot her enbodinents, the specific.tines may be 25 varied and pdrts of the
stabilization may be cordimed orl elimi nat ed~tq reduce ti As Jan

alternative to the therr_éal chantier sgasqQni ng le scussed ab ve, a chanber
seasoni ng nay be enpl oyegl whi (gh‘”‘uses TEGS-and Jerr]. Vap rizbd TEQS may be
I ntroduced i nto chanber ?:'LH)‘bra ?‘nlme‘L__43 and’ “g*as m Xi ng bgz) 2734 or using the
bypass passage in the |id. T BET i gatdr tube 292
for 30 radi ation (for e preferably
2100 Watts) by m crowaves ja system 55,
to produce atom c oxygen. L e ' leat or tube 292
at a flow rate of 91 500

Wavenumber (cm1)

FIG. 25

FIG. 26A
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y between about 50-200 sccm preferably about 100 sccm while gate valve 230

" is opened and chanber 15 is maintained at a pressure of bet weerd 46d8td 1~
torr, preferably about 1.5 torr, and a tenperature of between about Pos Ly
300-650[err] C, preferably between about 550-600[err]C. The atom c oxyég% (S
able to-react with«¢the 5 TECS in chanber 15 to provide a
nt cr onave- enhanced chanber seasoning. Alternatively, for enbodi nents having
a RF plasma systemable to provide an in situ plasm, vaporized TECS nay be
i ntroduced into chanber 15 where the RF-pI@;fa system can create a plasma
wi th which the atom c oxygen may react for RF- enhanced chanber seasoni ng.

égtteri ng of fl uommemg msmmm@ 'g? a

- rate of between about 50-200 sccm pr ekS0: TIQNut 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 other supply sources 90 (Fig. 1C) to gas m xing

system 93 with cl osed gate val S%C’?Qﬁ" THEDISEEOSORI®E inlets to
ve ,

chanber 15 with closed gate va or via applicator tube 292 with or
wi t hout apdication of niThe peesentsinsention providesesystdmg,amethuds arel dpAratisufior ng

175 Torr and o MEHBBPSRETE (r1etb AR TONICLBORSSOR of AHECORhERE Ry
between about g 's?ﬁ@&x@hhltﬁndé"&ﬁd‘aﬁﬁfaﬁxsvﬁ* the P?e%&_lt GheRBSh all &ld?@pl%?d@@% 20_

15 absorbs the F atoms and results’in the formation of SiF4 gas, chis
t hen punped outsteps tcbeptrformed injsitu tih sheosameuchambestoaeducEotab prdoessing time

- detection syst S04 to ensure high quality processing 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
pi"ovide high temperature deposition, heating and efﬁcieﬁt cleaning for forming
dielectric films having thickness uniformity, good gap Till capability, high density,
low moisture, and other_desired characteristics. L e
15

Fig. .20E
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~as~>descri bed above in detail, then allows the systemto determ neVimide-de POS
chanber cleaning process is corrpl etely done. As a further alternative to

sea§onT pEp Qf\ ghargye with 25 silane, as described above,
gettehl pr ov di ng active hydrogen into chanber 15.
g’ drogen source) woul d be used as the "cl ean

aboy Chi ng v 105 into applicator tube 292
vi a swt(Frgageﬁq ton@Rgs8tron| 711 i s operated at CWnode at a power 30
Ievell of between aboutg@?fg‘g tts, preferably about 1000 Watts, to

pr oVi ddATHE OF\RECGEIPTer. pligator tube 292, thereby producing a plasna
therern.  The actrve hydrogen tromthe plasma in applicator 292 woul d t hen
fl ow t hrough the 92 |lined passage in enclosure assenbly 200 and into
conduit 47 for use in chanber 15. O course, for systens which al so include
RF plasma systens, hydrogen may be introduced into chamber 15 and RF energy

Hydio “ r!%‘%ge t5 r f bet bout 50- 200 fer abl
gas ou g (0] etween apou - SCCm pre era y
n D wl B?%Ed'ﬁgﬂ i i i

applied in chanber 15 to prov act i y80h droqen Dur inflthe gettering
procedure, chanber 15 is main pmfgsog r eMEMORY About 1-2 torr
and, optimally, at the deposi t+er—t ure WGJ 80- 650[ err] C,
preferably between abouto.[ﬁER- 600{]ers 60 gate val ve 280 open. The
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acti've hydrogen reacts with the adsorbed fluorine to produce hydrogen
fluoride (HF) vapor which nmay then be punped out of chanber 15. An ‘endpoi nt
detection system operating on simlar principles as the endpoint system
descri bed above but 10 to detect changes in light intensity due to
absorbance by HF, may al so be used. Yet another alternative to seasoning,
purgi ng chanber 15 with silane, or using active hydrogen, is to provide
anmoni a i nto chanber 15. Ammoni a ( NH3) y be used as the "cl ean 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 val ve 105 into
applicator tube 292-via inlet 57 (Fig. 1C). Magnetron 711 is operated at CW
node at a power |evel of between about 500-2500 Watts, preferably about
1000 Watts to provide m crowave energy to applicator tube 292, thereby
producing a plasma therein. The ammonia fromthe plasma in applicator 292
woul d then flow through the |dsg e in enclosure assenbly 200 and
into conduit 47 20 for use gdoer 15. During the gettering procedure,
chanber. 15 i s naintai ned 2 iIre of about 1-2 torr and, optimally, at
about 300-650[err]C, preferably

dal ve 280 open. The ammoni a reacts

wi th the adsorbed fluorine N ogr€e an ammoni um fl uori de conmpound and HF
vapor ‘which may then be pu d out of chanber 15. 25 O course, for
systens which also include RF plpsma systens, anmoni a may be introduced
into chanber 15 -and RF energy applied in chanber 15 to provide the ammoni um
fluoride conpg 33

bet ween about 550-600[erf] C




sizm | ar “princi ples as the endpoint system descri bed above but detecting
light intensity changes due to absorbance by ammonium fl uoride and HF, may
al so be 30 used. Al though the cleaning process conditions described above
are exenplary for the present enbodi nent, other conditions may al so be
used. The 93 above description discusses NF3, nerely as an exanple, in a
Gga Fill[err] Centura chanber available fromApplied Materials fitted for
200-mm waf ers and having 6 liters t ot al ygaune, as do the various
deposition descriptions bel ow. However, other fluorine-containing or

chl ori ne-cont ai ni ng gases, such as NF3 and argon, NF3 5 and Nerr],
NF[err] and Qerr], NF[err] and atom c oxygen generated by m crowave plasm
system 55, dilute Flerr], CF[err], Cerr]F[err], SF[err], Cerr]Ferr],
Cl[err], etc., may '

. . (i bed
above al so may be jused for the gettering procedure. Al so, pre-seaspning
stabilization steps woul d vary depending on the particul ar type of
seasoni ng/ gettering process selected fromthe various alternatives|to the
above 10  discusspd thermal seasoning. The above descriptions for
cl eaning, gettering, and sggsoning are stated to qggcur at preferred :
tenperatures (for gpxanple, =gbout 550- 600C), but i£=is noted that, |nost
preferably, chanbef 15 is np-ri-a-Red-at—t-he-saR "
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tenperdture at -which the particular process is being run in chanmber 15. O
course, . different tenperatures also may be used in other enbodinents.
Further, sone 15 enbodi ments nay conbi ne, add, or elin nate sone porti-ons
of the cleaning, gettering, and seasoning steps descri bed above. I11. Test
Results And Measurenents A. U tra-shal |l ow Doped Junctions 20

To denonstrate the operation of the apparatus and nethod according to

enbodi ments of the present invention, egpgg@nments were perforned i ng
the sheet resistivity and junction depths of ultra-shallow juncti r med
using as exanples BSG fil ns manufactured w thout a USG cappi ng | d

formed using BSG filnms with a USG cappi ng | ayer.
wer e about 150 A 25 thick, while the capped BS

thick with about a 200 A USG cap. Both capped an
deposited.on a lowresistivity N type silicon
junction depths of ultra-shallow junctions forne
capped BSG fil ms were measured. For films depositjed
apparatus 10, described in detail above, gate val
during the filmdeposition steps according to a
process conditions used in the experlnents are a
the BSG fil ms were deposited ab—a t enper at ur e - of
pressure of : : a
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94> about 600 torr. Spacing between the susceptor and manifold was about 300
ml. Gas-flows in the experinents included introducing TEB into the chanber
at a rate of about 200 ngm introducing TECS at a rate of about 500 ngm

i ntroduci ng oxygen (03) at a rate of about 5000 sccm and introducing the’
heliumcarrier gas at 5 a rate of about 8000 sccm The above conditions
resulted in BSG fil mdeposited at a rat%ap 700 A/m nute. The deposited BSG
filmhad a thickness of about 150 A for ocess tinme of about 15 seconds.
I n experinments where a USG cap was used, the USG capping Iayer 10 was
formed in an in situ process inmedi aje 3 :

deposited. The preferred enbodinents use t {s a closed system
whi ch minimzes noisture available th re SG}fi | m be nﬁ
deposition of ‘the USG capping film heuted t

tenperature of about 500[err]C, the &herbe o e-m€d at a pressure of

about 600 torr, and the susceptor was 15 pos tloned about 300 m | from
the gas distribution manifold. TEGCS, o n
the deposition chanber at flow rates 500 and 5000 sccm
respectively, deposited at a
rate of aboug 700 A/m nute. A USG f| of about 200 A for.a
process tinme{of about 15 seconds. : ' . .

7988 i, 584

TEWERATRE | ) _affieel DESRED.
- D CURRENT TEMPERA-
ALGORITHM . TURES EXCEEDS A PRE-
DETERMINED BOUNDARY VALUE?

D R

b [
POWER P(k+])
Pliet) | (T'des(k) & T'(k))

‘l 2994

DETERMINE
. "TEMPERATURE RANP
RATE ERROR

1 596

DETERMINE: POWER P(k+1) | (990
USING A CONTROL FUNCTION,|
IF PCk+1)-P(k) 1S WITHIN
| SATURATION LIMITS

‘ - 598
DAMPEN SYSTEM RESPONSE
T0 ADJUST P(k-+1) USING A
SATURATION FUNCTION IF

Pk+1)-P(k) EXCEEDS
{SATURATION LIMITS

F16. /E.



20 D ffusion of dopants fromthe uncapped.and capped BSG
films is achieved by heating the fil musing annealing or a rapid thermal
process. For exanple, a rapid thermal process for 60 seconds in a nitrogen
(N2) anbient may result in a junction depth of about 500-1000 A dependi ng

on the tenperature, time and dopant co ‘%ératlon The
paraneters used in the experinents USIR§P Gfilns should not be limting
to the claifms as described herein. One of ordinary skill in the art can
al so use ot her -chem cal s, s, dopants, and conditions to
produce BSG fil s or23y 11 s sucmmgs PS SG and others. Experinents
wer e condugt ed usi ng uncafyped BSG fi of abou 00 30 A thickness
havi ng abopit 6 Wt % of bojfon. These erinents il trate the ability to
formultrajshall ow junctifonS U SG Ticks _t.h pant” source for a
subsequent | di f fusi on st 95 At bdron conce ifons exceeding 6 Wt %
boron, unchpped BSG fi l osited at tenper r fﬂ ss than about
500[err] C tended to becgme un ble and to €T \{s | wi thin hours. As
menti oned pbove, crystaljll pzatijon duces unt™6f boron atons
avail abl e for diffusion L/j he sy | n Fu rate. Deposition
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53 of BSG at tenperatures greater than about 550[err]C are believed to
provi de stabl e uncapped BSG filns -with boron concentration of nore than 6
wt % For applications where boron concentrations greater than 6 wt % boron
are needed, BSG filnms may be optimally capped with a USG filmto prevent
crystallization. By preventing outgassing, the USG cap al so provides the
ability to control the 10 direction of the diffusion of dopant atons into
the silicon substrate. The USG cap therefff42prevents nore boron atons from

being lost so that nore boron atons are avail able for {di bn that may be
directed nore easily into silicon substrate. To dgnonstrafe the further
advant ages of using a capping{layer over the dopé&d di | ayer for

sonme applications, further experinments were condug;e 15 usi §g BSG fil ns
havi ng about a 150 A thickne® and a 6.131 wt % bor*rof, with abqut a 200 A
USG cap deposited over the BSGfil m These further experinents{illustrate
the ability to formultra-shall M/Lanct§§ns ysi ng capped BSG fijl ns as the
dopant source f@ a sub&aquent difi&sio st ey Sheet TlesTstrvifty and

junction depth the ulfra-shallow juncYionstformed ysi ng unqapped and
capped BSG fil ns S A ANt ng
the BSG filmt
provi des the$ MHty = ' epth
of ultra-shal*fo ct} § h
t he BSG fi&n wht h 5 , t B\ I nfornmati on about the
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for Figs. 22A and 22C were perforned using solid state neasurenent

equi pnent 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 neasured concentration of boron at a depth neasured
fromthe silicon substrate 30 surface, and an "N' represents the neasured
concentration of the N type silicon,sugﬁ; te at a depth neasured fromthe
silicon substrate surface. The jungzge éggth iséﬁa(ined as the position

where the dopant concentrati centration. In
the present experingnts, tgp (NSOl sufd strate
concentration of abggut 1.6%1 rr ERINpsi stivity of
the diffused regi ons\s ‘ NIA2A usi ng
f our - poi nt pr obe (4;\@ B af N thost~skill ed in
the art. Fig. 22B il | usfty/at ed{ he tH t he wafer
of Fig. 22A as neasure t e no | a &K
secondary-i on- mass- sgacT ( ) 0 ovi di ng
preci sion profile neastUge in = OW-j uncti on
diffusions, as is weld e Rk A Sppci fical l'y,
Fig. 22A is a graph §gay nt pr = 10 ra-shal | ow
junction formed after - usi n@gNg M % ayer
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havi ng a USG cappi ng | ayer. The BSG fil mwas about 150 A thick and the USG
cappi ng | ayer deposited on top of the BSG fil mwas about 200 A thick. The .
heating step was perfornmed by a rapid thermal process for about 60 seconds
at about 1050[err]C The. BSG and USG filns were then stripped by etching.
As seen in Fig. 15 22A, the resulting junction has a depth of about 0.06
[err]min the silicon substrate, and the dopant profile appears fairly
uni form The maxi num concentration of bg i s about 6x10[err]
carriers/cnferr]. The sheet resistance of the resulting junction was
measured to be about 685 [err]/cnferr]. The 4pp sheet resistance was
neasured to be about 222 [err]/c T with the summati onyof dose ions in
the P type | ayer neasured 20 peig 1. 6x10[err] garriers/cnjerr].
Fig. 22Billustrates the dogant gepr—pagfil® g;zﬁﬂ&sured y SIMS for an

' 4 . romthe surface of the

N Jom the surfage, the
concentration of boron range€ (HFA10[err] carriers/cnferr] to
about 41x10[err] carriers/c T 5 about 100 AJto about 300 A
fromthe surface of the si 333 he concentrati ¢n of boron
ranges between about 1x10p%¢ 3T T 323 about 3x10[ ¢rr]
carriers/cnferr]. Belo gurface of the silicon
substrate, the conc#¥ di m ni shes
¥ 3 nction shown in
Fig. 22B denonstrates/the qppal e according to
an enbodi ment of the Hig, \ showi ng the

dopant profile ofogn Al ¥ 230

FIG. 5.




juhction formed without the heating step using a 6.131 w % BSG | ayer
havi ng a 97 USG capping layer. The BSG fil mwas about 150 A thick and

t he USG cappi ng | ayer deposited on top of the BSG fil mwas about 200 A
thick. No heating step was perfornmed. The BSG and USG filns were stripped
by an etching technique. As seen in Fig.. 22C, it appears a junction with a
depth of about 0.025 [err]mhas fornmed 5 despite the lack of a heating
step. Apparently, the junction has for € 4@e to the hi gh dopant
concentration of boron in the BSGfilmdiffusing into the silicon substrate
~even without a heating drive-in step. The maxi num concentration of .boron is
about 7x10[err] carriers/cnferr]. The sheet resistance of the resulting
junction was neasured to be about 55 [err]/cnferr], with the sumation of
dose ions in the P type 10 | ayer ([err]p) bgt 4.9x10[ err]
carriers/cnferr]. Fig. 23Ais a graph show ng e dopant profile of the
junction formed with a heating step using an 8}|§84 wt % BSG | ayer having a
USG capping layer. Fig. 23B is a graph conpari the dopant profiles of the

junctions formed with t sane heating st i a 6.131 wt @6BSG | ayer
havi ng a USG cappi ng ° er an . 084 %)Bﬁgtlayer igng a USG
‘capping layer, in ordes to i rate the eff §ct pant ntration on
junction depth. Figq 23C==Rpd 23D
- I | ' 280
213
210
240
41

22
265

FIG. 6A.



show the effect of the tenperature 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 spreadi.ng 20 resi stance profiles and sheet resistivity
measurenents of Figs. 23A-23F were perfornmed using solid state equi pnent
and four-point probe neasurenents. Fig. 23Ais a graph show ng the dopant
profile of the junction formed with a hefji/ig® step using an 8.084 wt % BSG
| ayer having a USG cappi ng | ayer. The BSG fil mwas about 150 A thick and

t he USG cappi ng | ayer deposited 25 on top of the BSG fil mwas about 200 A
thick. A heating step was perfornmed using a rapid thermal process for about
60 seconds at about 1000[err]C. The BSG and USG filns were stripped by an
etching technique. As seen in Fig. 23A, an ultra-shallow junction having a
depth of about 0.12 [err]mwas forned with good dqgﬁnt uni-formty. The

maxi mum concentration of boron is about 1x2Qfe flers/cnjerr] 3@
sheet 30 resi stance of the dﬁ@.ltlﬂﬁﬁ' [ o 95020 Qg’g
145 [err]/cnferr], with the su n i onk . belng

7.9x10[ err] carrlers/cn{€ : asuggf to be
about 96 [err]/cnfjerr S t he
junctions forne ) 301
_ L ASNSSSNNNSSSSSS 20
500) ]
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heating step using different boron wt % BSG | ayers (in particular 6.131 wt
% and 8.084 wt 9% having USG capping | ayers. The BSG fil ns were each about
150 A thick and the USG capping |ayers deposited on top of the BSG fil ns
were each 5 about 200 A thick. The heating step performed was a rapid
t hermal process for about 60 seconds at about 1000[err]C. As seen in Fig.
23B, the resulting junction depth for the 8.084 wt % BSG filmis al nost
twice as much as the resulting junctiol2fdgh for the 6.131 wt % BSG film
Figs. 23C and 23D are graphs showi ng the effect of heating step 10
tenperature on dopant profiles and sheet resistivity, respectively, for
6.131 wt % BSG fil ns havi ng USG : ' The BSG fil ns were about
150 A thick and -the USG cappl g top of the BSG fil ns
: \ped using a rapid

900[ err] G,

e junction

t hermal process for about
950[err] C, 975C, and 10%/
formed after the heating m conpar ed
to the about 0.06 [err . at the

| ower tenperature 975[ff . \.13 W % BSG
filmwas about 180 [e )

about 600 [err]/cnferfy
A hi gher tenpera?gg'
deeper diffusion dept
are graphs show ng t Hhg
sheet resistivity, reg

r the heating step at-975C, a§ F|g 23D.
ng step (beyond 950[err]C) 20 ¢ s .inh a
the shallow junction forned. JJlifro%. 43nd 23F

for 6.131 Wt % BSG fi
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havi ng USG cappi ng | ayers. The BSG filns were about 150 A thick and the USG
capping | ayers deposited on top of the BSG filnms were about 200 A thick.
The 25 heating step was performed using a rapid thermal process at about
1000C 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
[err]m while the junction forned after a 60-second heating step is abut
0.1 [err]m The sheet resistivity of th 3l wt %BSG films was about 230
[err]/cnferr] after the 40 second heating sTep and about 150 30
[err]/cnferr] after the 60 second heating step. Accordingly, it is seen
that the length of time of the heating step nay determ ne the diffusion
depth in formng ultra-shall ow junctions. 99 The above experinments of
BSG used for ultra-shall ow doped junction formation are presented nerely as
exanples to illustrate aspects of the present invention and should not be
-considered as limting the scope of the prZ nt invention. 5 B. PSG For PMD
| ayer To denonstrate the operation of thﬁ/ Bﬁaratus and net hod accordi ng

/




to enbodi nents of the present invention, experinments were perforned to
deposit a PSGfilm for exanple, as a PMD layer. 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, oxide
sidewal I's, isolation trenches, etc. In the experinents, the PSG filns were
deposited in a resistively- heated CigaGﬁa* Efrr] Centura chanber (a closed
system having a total volunme of about & s and outfitted for 200-mm

waf ers) manufactured by Applied Materials, Inc. 15 In the
experinments, pre-deposition steps were perforned t.o bring chanber 15 to the
desired dep05|t|on pressure and to stabilize the gas/liquid flows before
depositing the 393G filmas 40PMD | aygs orges waf egqp O cours 40? i s 25
recogni zed t hat phagdepos] [ h el ow
description (which is ner //
optimal for different 20 | S

reduce unnecessary deposition on i I zghe to.
yi el di hg uni f orm dept h proflleag? : epofl t fi et or
pre-deposition steps occur ' T | anber 15 onto
heater 25 through the vacuum | ock do ] I B sed Heater 25 is
heated up to the processing tenperatur utk r [ CHO25 which is
mai nt ai ned throughout the pre-depo§ys4 , eposition step and the
post-deposition steps. In a first pre-de o] - B8pter 25 is at a
position about 600 m | from gas di st r‘ﬁ9l)utIJ I {53h the thro
val ve apen for about 5 N 1 ' }
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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 Qerr], are introduced first into chanber 15 for their flow
rates to.stabilize. These flow rates of heliumand Qerr] are maintai ned

t hroughout the pre-deposition steps. - ugﬂ42n t he second pre-deposition
step, the throttle valve is cl t hga,pressure in chanber 15 is
i ncreased to the deposition pres e. co pre-3gfleposi tion step |asts
about 30 seconds and all ows the SYUilE’ | Ziniti y fluctuate
somewhat around the desi+ed depogrgi dnilior epur 0 stabilsZe in chanber 5
15. Heater 25 is noved t He pr I flg pP@iti of abou 30 mi| from gas
distribution plate 20 igesec ef§osi k [ilon 4l n t t hi 1 4i1
pre-deposition step, th elli n a f\has "Tized to the
deposition pressure of out , Wi glfiid 2} 1 nt rasuced to al |l ow
stabilization of TEQS el _ / t it h - I o e at about 10
1000 ngm the vapor h c ; has for
about 3 seconds, d@ZINF R e- ' A\ b deposition
st ep. Havi ng s@@ﬁﬁ?'yz ' es t / 3Thel i um
gas flows, and adj of hefdfier \ A
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processing can begin. At the onset of the deposition step, Jerr] flowis
termnated. 15 Liquid TEPO is introduced at a rate of about 24 ngm and
Jerr] (about 8 wt % oxygen) is introduced at a rate of about 4000 sccm
Bei ng-liquids, 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 16642gas distribution plate 20 to

supply reactive gases to the wafer surface where heat- 20 = induced
cheni cal reactions} Za.l&e pl-ace t o §fJoduce the desired PSG film The above
By controlling thpg : A
5300 A is forned
l. ’. l-l A _: a - --.- l’ aa - v-:-A

) 7 ()
25 A' CA e UOS VY i cl/ > y P CJ 2L G I/ [ V A M
opti m zes t he .&Mﬂ%ﬂ.raﬂ”mwﬂ ,i"
3 seconds, the deposition conditi®ts are npintaine Q/\hi\le TEP®H | ow i s
termnated. The term nation step thereforejdleposits a USG capping |ayer in
di scussed above. The USG | ayer is very conpared to the thickness of
the bulk PSG film After the PSG deposition.and USG deposition steps,

condi tions result A b, deposi-tpdratr3 o—pf—abpt 3
4, ¢ ¢ P ; ".. .
seconds. Th%M ds 2 : =>4 4 4
- crystallization resistance. In thg term natjon st Eﬁ whi ch | a#ls for about
an in situ manner in chanber 15, by th I gas term nati on nmet hod
in
post - deposition _ F/C\‘ /I




101 steps are utilized to control the ranping down of chanber pressure and
to control gas shut-off. By adjusting the pressure and gas shut-off, the
post - depositi on steps help reduce particle formati on which otherw se can
cause wafer contam nati on and damage. 5 ' In a specific

enbodi ment, three post-deposition steps were used. In the first

post - deposition step imrediately foIImMZ%ﬂahe above term nation step, TEGCS
flowis termnated while heater 25 is noved into a position about 600 ml
fromgas distribution plate 20. Also@tihgythrottle vae is opened .
periodically to allow chanber pressu to gradually ranp down -during the
first ‘post-deposition 10 step, whi %}I@ﬁts about 15 seconds. In the
second post-deposition step, - val ve is opened periodically to
ranp down chanber pressure ™ g@@&- depositj on step (the punping
step), as heliumflow intofcChiarree erm nated by| punping it through a
- bypass val ve. Heater 25 ist.lsg noveg I gver to a positjon about 999 m |
fromplate 20 during the sedOme-pa qda ich lasts 15

about 15 seconds. In the third -mg.ition st ep, ich [ asts about 3
seconds, the throttle valve j - d 03 flow intol chanber 15 is

term nated by punping i The abpve experi nment al
conditions for the ¢ beinE used as a PMD | ayer
are optimal to provi

250 ¢ |
{30
'FIG. 13.
31 |
N

383




20"  high throughput. By enhancing surface diffusion at increased surface
tenperature, the thermal PSG fil m deposited using the TEQS/ 03 chem stry at
tenperatures of about 600[err] C exhi bited excellent step coverage, nore
cross-linked structure, and nore stable oxidization structure for P and Si,
whi ch yi el ded excellent filmaquality. The deposited PSG fil mwas high
quality in ternms of flowlike step coved8¢g&2hi gh 25 noisture resistance,
hi gh breakdown vol tage, snmooth surface, no surface damage (i.e., plasm
damage), and no fixed charge. The deposited PSG fil mexhibited good film
.thickness uniformty. Specifically, filmthickness uniformty (49 pt.,
1[err])- at about 1.2 [err]mthickness of the deposited PSG fil mwas
neasured to be | ess than about 1.5. 30 : Fig. 24Ais a
phot om crograph denonstrating the as-deposited gap fill capabilities of PSG
films deposited at 600[err]C in accordance with a specific enbodi nent of
the present invention. In particular, the PSG film deposited at 102
600[ err] C was shown to be capabl e of§ffd!ing. hi gh aspect §13 o gaps having
a height (h) and a spacing (w) w thout tihe formation of gvoids, as seen in
“Fig. 24A. Fig. 24B is a sinpiTShededy; \ oun <t & scal-ay 90f a
section of the integrated * DV\FT\U $i\gk\246\‘ - seen in
N\ \

k=8 Ll 1} AV

EEtu g gh
Fig. 24B, substrate 1200 h K N N
N : \\ \

7

25
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5. stfuctures, specifically electrodes 1220 with tungsten silicide (W)
caps 1240, formed thereon. An oxide |layer 1260 is deposited onto stacked
gate structures to form high aspect ratio gaps with h of about 0.35 [err]m
and w of about 0.08 [err]m shown by dotted |lines, as seen in Figs. 24A-24B.
Fig. 24A therefore denonstrates an exenplary structure with high aspect
ratio (about 4.3:1) gaps that are fillqd/ PSG 10 © film 1280, which is
used as a PMD | ayer. Deposited at about 600[err]C using the preferred
reci pe di scussed above, PSG film 1280 exhi bits excellent high aspect ratio
gap fill capability w thout the need for a refIOM/typlcaIIy done at about
750-800[err] C, which isQ A singly Zﬁﬂu t her mal
budget's. In addition to{& \éXceLnéﬁligap-ﬁthb-.-=b|I|t for high
aspect 15 ratios, PSG }Ihs\dépés QS\%KiﬁBDG‘\ﬁQ@[‘Vr]C advant ageousl y

are dense filns that exHi™it hiY N O Moist™re absorption.

Moi sture absorption of t¥ d%pﬁsgt d\PQp 'Qhkuébdék?=d was neasured using
conventi onal Fourier Trawg 8 Q?1 e dd Hiks sbdbx FTIR) techniques, as
are well known to on®J i\nanyski\ N akt\ 'Kip. 25 illustrates the
FTIR spectra of a PSG fil n|depasi{ed at § N [ § 20 under the

fol |l ow ng exenplary proces .Qondxthphs\ ng to 2 Jspecific enbodi nent,
the exenpl ary -process condR s hnd*dﬂe S Nof\dout 1000 ngm TEPO

flow of about 24 mgm hel i uN<] oW OF 3
wt % oxygen) flow of about
spaci ng of about 330 m | between heat

The 25  PSG deposition tinme was abo
FTIR spectra - 50]/

FIG I5A.

/'-"-"— 400 torr and
gi stribution plate 20.
onds. As seen in Fig. 25, the

493

\

A o’ 4

Y L 20 L. d
DOOOOO

503

W W W W, W WA P T W W TR W WL W W WL W W W, W
- Iod PIOOO 00O

FIG 156.



of*'the 'PSG fil m deposited at about 600[err]C -denonstrated no water spikes

i ndi cating noi sture absorption, and no neasurabl e change in noisture
absorption was seen over about 155 hours after deposition, illustrating the
PSG fil'mstability over extended periods. 30 As denonstrat ed
by Fig. ‘25, the deposited PSGfilmis dense, resistant to absorbing

noi sture. Deposition of a PSG filmat hpgjygenperatures, for exanple at
about 600[err]C, tends to drive out any noisture that m ght be absorbed

103 into the film resulting in a dense film As a dense film the PSGfilm
deposited at high tenperature has the advantage of not requiring an
additional step-for further densification of the film The dense nature of
t he deposited G filmnmakes it conpatible for use as a PVD | ayer which can
be pl anarized ei*her by a subsequent 5 anneal at a tenperature greater

t han about 1000[err]C, or preferably by a CW step. In addition to noisture
absorption resistance, the present PSG fil m deposited at high tenperatures
is able to provide good filmthickness uniformty, as well as good gap fill
wi t hout formatipn of voids or weak seans that can cause subsequent device
probl ens. The & gh tenperature PSG filmis particularly useful as a PVMD

| ayer as 10 i{ provwrdes-goctd phesphorts— Acof poral+ A -t betweer—abput 2-8
wt @6phosphoru;&\
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which is inportant for gettering or trapping nobile ions such as sodi um
(Na+) ions that m ght otherwise mgrate and cause shorting in the device.
The above description of experinments depositing and neasuring
charact'eristics of the deposited PSG fil mdenonstrates its suitability for
use, for 15 exanple, as a PMVMD | ayer. However, the description should not
be considered as limting the scope of t@é/A&ention. C. USG For Oxide
Filling Layer In Shallow Trench Isolation To denonstrate the operation of
t he apparatus and nethod accordi ng 20 to enbodi nents of the present

i nvention, experinents were perforned to deposit a USG film for exanple,
as a hi-gh quality oxide filling layer for shallow trench isolation. Prior
to the deposition of- USG fil mas the high qualit%ggxide filling | ayep§5the
waf er has typically been subjected to‘v ltiple eszamgﬂst

for -exanpl e, gate el ectrodes, oxide sith® ory t'r gnc
the 25 ‘experinments, the USG fil EH‘ a Teyi
Gga Filllerr] Centura chanmber (a cl osed sy ot
about 6 liters and outfitted for 200-mm waf gnut act ur eg
Materials, Inc. In the experinents, pre-depods
bring chanber 15 to the desired deposition|pressurje and to s
gas/liquid flows 30 before depositing the USG fiflmas a filling | ayer on
a wafer. O course, it is recognized that pre-jJdeposition steps nmay
varied fromthe bel ow descript 88 (wleg 2ls, m
enbodi-nent), as is optinpt A
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104 deposition recipes. The pre-deposition steps reduce unnecessary
deposition on chanber walls and also contribute to yielding uniform depth
profiles for the deposited filnms. Before any pre-deposition steps occur, a
wafer i s |oaded in vacuum chanber 15 onto heater 25 through the vacuum | ock
door, which is then 5 cl osed. Heater 25 is heated up to the processing
terrperature of about 550[err]C, which. i 2#48tai ned t hroughout the
pre-depositi-on steps, the deposition step and the post-deposition steps. In
a first pre-deposition step, heater 25 at. a position about 600 nml| from gas
distribution plate 20. Wth the throttle val ve open for about 5 seconds, 10
heliumat a flow rate of about 7000 sccm and (JQerr] at a flowrate o$
about 2900 sccm are i-ntroduced i nto chamber 15. g neutral gases, 5um
and Jerr], are introduced first into anh.e_u_&or 2809i4 ow ratesl}to
stabilize. These flow rates of helium Y err] eres-ﬂai{n aifn QTEoug h r'ﬂ
the pre-deposition steps. In the seeomdApr ¢- deposifti pr] step| MIOROWAVEOH
valve is closed and the 15 pressure in CH L3 mcreaspglAsmthe
depositi on pressure. The second pre- deposift tlep lasts liesgYSTEIN dbout
40 seconds and allows the pressure, which e i tlial’'ly flu tuate sonmgwhat
around the desired deposition pressure, toj{stabilijze in
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chanber 15. Heater 25 is noved to the processing position of about 350 m |
fromgas distribution plate 20 during the second pre-deposition step. 20
In the third pre-deposition step, when the pressure in chanber 15 has
stabilized to the deposition pressure of about 600 torr, liquid TECS is
introduced to allow stabilization of TECS and helium (or nitrogen) flow.
Wth the TECS flow rate at about 2000 nmgg,/4pe vaporized TECS gas m xes
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 chanber pressure, tenperature, and TECS/ helium gas fl ows,
and adjusted the position of heater 25, deposition processing can begin. At
the onset of the deposition step, (ferr] flow isgaopern nated while ]
(about 12.5 wt % oxygen) .i s introduceq £ O 0u475 00 sccm_ o
Being |iquid, the TECS source is vapor# iy 01 nf e AEMOTE sy $t w
and then conbined with the inert cate li gim | XMIGROWAVE ~——
i ntroduced into chanber 15 fromgas distrip | Tp S MA
reactive gases to the wafer 105 surface @Eﬁ heat - i nducgd g}ﬁmca

f§lm The above condi §ions

result in a USG filmdeposited at a rate o
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1450 A/m nute. By controlling the deposition tine, a USG film having a

t hi ckness of about 10000 A is fornmed at the process conditions described
above in about 414 5 seconds. After USG deposition, a purge step is
performed that is optimzes the stability of the deposited USG filmto
provi de noi sture resistance. In the purge step, which lasts for about 3
seconds, the deposition conditions are2@di4pai ned while TECS flow is
terninated. 10 After the USG deposition step and purge step,
post-deposition steps are utilized to control the ranping down of chanber
pressure and to control gas shut-off. By adjusting the pressure and gas
shut-of f, the post-deposition steps hel p reduce particle formation which

ot herw se can cause wafer contamn nation and danmage. 15 In a
speci fic enbodi nent, three post-deposition steps were used. In the first
post - deposition step i mediately following the above termi nati on $02p, the
carrier gas flow into chanber 15 is ternm nated by punping it thf6ugh bypass
val ve. Heater 25 is noved into a p03|t|on about 600 mi| from gas
distribution plate 20, as the g¥h periodically to
gradual ly ranp down chanber priX irst post-deposition
step, which | asts about 15 seconds. | ¥} he second [dAdst - deposi ti on step, the
throttle valve is opened periodically Lp continue r i gﬁg chanber
pressure, and 03 flow into cha is al so noved
| ower to a position about 600 b second post-

,, 82 83
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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.
The above experinmental conditions for the deposition of USG suitable for
bei ng used as a high quality oxide filling layer for shallow trench
isolation are optimal to provide the best23/8® quality wth high

t hroughput. In shallow trench 30 i sol ation applications, the deposited
USG fil m shoul d be capable of void-free gap fill (typically at a nom nal
angl e of about 85[err]), in addition to being a very dense and uniform
film The deposited USG fil mexhi bited good filmthickness 106
uniformty. Specifically, filmthickness uniformty (49 pt., 1[err]) at
about 5000 A thickness of the deposited USG fil mwas nmeasured to be |ess
than about 1.5. Figs. 26A and 26B are photoni crographs denonstrating the
relative gap fill capabilities of TEOS/ 03 USG fil ms deposited at about
400[ err] C and about 5 550[err] C, respectively, after reflow at about
1050[err]C and a 6:1 buffered oxide etch (BCE), in accordance with a

speci fic 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] mdepth (about 2:1 aspect ratio gap) wi.th a filling layer that is
a USG _ : .
| L 900
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fibm deposited at about 400[err]C after a refl ow at about 1050[err]C. Fig.
26A shows 10 | arge voids in the deposited USG film indicating that the
USG fil mdeposited at about 400[err]C is not very dense and appears to have
been prione to shrinkage. Even after a reflow at a tenperature above about
1000[ err] C, which can densify a USG filmto sone extent, the USG film
deposited at the tenperature of about &B{492r]C is not very dense and does
not survive the high tenperature anneal or a subsequent wet 15 etch
processi ng wi thout opening up voids. In co?mmon, Fig. 26B shows a trench
structure having about 0.18 [err]mw dth adfl about 0.45 [err]m depth (about
2.5:1 aspect ratio gap) with a void-free filling layer that is a USG film
deposited at about 550[err]C after a refIOM/at out 1050[err]C and a
subsequent wet etch processing. TmﬁB mby;&?ﬁgsited at .about 550[err]C
is capable of filling high aspgﬂELﬂz,Lg out 1jpgg20 formation of
voi ds after reflow, unllke i ‘466ferr]c as seen from
Figs. 26A and 26B. After 8@ unlgxrn1etch rates, USG
filns dep05|ted at about 55 ér @ hei uperi or step coverage

Wi t hout opening up voids. urt her evi Q ce of t hi gh aspect ratio gap
filling capability of 25 USG filns dep hted at about 550[err]C, Fig. 27
is a photom crograph denonstrating the fill capability of the deposited
USG filmafter an anneal at abeout 1000[err]C.and a subsequent wet etch
processing, in accordance with a spem enﬁ%nt of the present
invention. 'Fig. 27 shows a trench structure having about 0.16 [err]mw dth
and about 0.48 [err]mdepth. (about 3:1 aspect ratio gap) with a filling

| ayer that is a
X > FOX

—+
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300 USG fil mdeposited at about 550[err]C after a reflow at about

1000[ err] C. The trench structure of Fig. 27 has a snaller spacing and a

hi gher aspect ratio than the trench structures shown in Figs. 26A and 26B,
illustrating the superior gap filling 107 capability of the USG film
deposited at about 550[err]C 1In additi-on to having excellent gap fill
capabi lity for high aspect ratios, USG faT#Af#2deposited at about 550[err] C
advant ageously are dense fil s that exhibit hi gh resistance to noisture
absorption. Misture absorption of the deposited 5 USG fil m deposited was
measur ed usi ng conventional FTIR techniques. Fig. 28 illustrates the FTIR
spectra of a USG fil mdeposited at about 550[err] C under the follow ng
exenpl ary process conditions, according to a specific enbodi nent. According
to the specific enbodi nment, the exenpl ary process conditions include TECS
fl ow of about 2000 mgm helium flow of about 7000 sccm and ozone (about 10
12.5 wt % oxygen) fl ow of about 5000 sccm a pressure of about 600 torr
and spaci ng of about 350 nmi| between heate and gas distribution plate
20. As seen in Fig. 28, the FTIR spectra o/t he USG fil m deposited at about
550[ err] C denonstrated | ow noi sture mgrBtlon (less than about 1 w %

noi sture). Further, Fig. 28 also il tm@z a ture increase of

| ess than about 0.5 wt % noi sture

104
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15 in the USG fil mwas seen over about 160 hours after deposition,
indicating the stability of the USG fil mover extended peri ods.
Accordingly, as supported by Fig. 28, the deposited USG filmis dense,
resistant to absorbing noisture. Deposition of a USG filmat high
tenperatures, for exanple at about 550[err]C, tends to drive out nost

noi sture that 20 m ght be absor bed i NtABYAL il m resulting in a dense
film As a dense film the USG fil m deposited at high tenperatures of at

| east about 550[err]C has the advantage of beinggl ess prone to shrinkage
that mght result in void formationa.after an annealin? step.and. a
subsequent wet etch processing, ¢ red toUSG fil 08posi ted at | ower
tenperatures. The dense nature 25 makes it
conmpati ble for use as a high I1ling trenches used
in shallow trench isolation applicatio its high density, USG
films deposited at high tenperatures a oxide filling | ayers can
be pl anarized by either a subsequent a a CVP step, with mnimzed
| i kel i hood of opening up voids. In addition to noisture absorption

resi stance and good filmthickness unifodﬂﬂgy, the 30 present USG film
deposited at high tenperatures provides excellent high aspect ratio gap

fill without formation of voids or wea ns can cause subsequent
devi ce probl ens. : Fig:l gbtA.
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108 I n general, high pressure 03/ TECS USG filnms may exhibit pattern or
surface sensitivity effects, resulting in uneven deposition, which is
undesirable. It has been seen that problens with uneven deposition are
wor sened with higher Jerr]/TEGCS ratios. Advantageously, deposition of USG
films at high tenperatures 5 such as at |east about 550[err]C requires
use of nmore TEGS in order to achieve adpguadp deposition rates.
Accordingly, the 03/ TECS ratio of USG filns deposited at high t enper at ur es
is low (less than about 5:1), thereby elimnating any pattern or surface
sensitivity effects. Moreover, the filmquality (e.g., density,. shrinkage,
etc.) is high for USG fil ms deposited at high tenperatures. Because of the
hi gh 10 density of these high tenperature deposition USG filns, plasna
densification treatnents or- pl asna oxi de caps are not needed, thereby
avoi ding any plasma damage to the wafer. The liack of a plasma from such
treatnents in the chanber thus reduces pos ﬂpslty of netal contam nation
and potential shorting of devices in the fer. Conpared to |ow tenperature
thermal USG filns, which often require a 15 pl asrma densification
treatment or plasna oxi de cap and may shtéNHOto open voids after an anneal,
S

thermal USG fil ns deposited.al tenperatur of about 550[ err] C exhi bit
excel lent gap fill capability, minikkl shrinkdge, and uniformfilmdensity,
and | ow netal contam nation, wthoutlplasm d ge, in accordance with the
present invention. 20 The aboyp description of experinents
denonstrates the suitability of
: 3 AN
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t he deposited USG filmfor use, by way of exanple, as a high quality oxide
| ayer for filling high aspect ratio trenches for shallow trench isolation.
The sane CVD apparatus al so nay be used to-deposit USG fil ns at
tenperatures | ower than 500[err]C for | MD applications. O course, the
above description should not be considered as 25 limting the scope of
the invention. It is to be understood t a0/ above description is
intended to be illustrative and not restrictive. Many enbodi nents will be
apparent to those of skill in the art upon review ng the above description.
By way of exanple, the inventions herein have been illustrated primarily _
wth regard to a USG BSG PSG and BPSG 30 process recipes, but they are
not so limted. For exanple, the dielectric filmformed according to other
enbodi ments nay be an arsenic doped silicon oxide film or other doped
film As another exanple, the deposition of dielectric filnms has 109
been descri bed using carrier gas such as hellj@? but other carrier gases

| i ke argon or nitrogen, nmay be used as well a further exanple,
dielectric layers have been described for partlcular appl i cations,

i ncluding doped junction formation, ||g§D | ayers, IMD |ayers, oxide filling

| ayers, capping |ayers, etc. O [se, it is 5 reCCﬁBHzed that the sane

CVD appar at us di scussed HDQVﬁ M to

100
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divel ectric | ayers at terrperatures | ower than about 400[err] C, as well as
tenperatures above 500[-err]C. Additionally, various aspects of the present
i nvention may al so be used for other applications. Those skilled in the art
wi |l recogni ze other equivalent or alternative nethods of depositing the
dielectric layer while remaining wwthin the 10 . scope of the clains of the
present invention. The scope of the i nvg4@n should, therefore, be

determ ned not with reference to the above description, but should instead
be determined with reference to the appended clains, along with the full
scope of equivalents to which such clains are entitled. 2110 WHAT | S
CLAIMED | S: 1. A process for depositing an insulating layer on a
substrate on a heater in a chanber, said process conprising the steps of:
.heating said heater to az2f(dperearure—granterthan-aboot~—566ferr*§in said
chanber; pressurizing said c'hmaowm ‘BHAMBERSRUMONITOR bet ween af®utq 10- 760

torr; and I ntroduci ng oxygernf an rfl Id con into said chanber
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déposit a silicon oxide filmon said substrate on said heater at said
tenperature. 2. The process .of claiml1l wherein said tenperature is at

| east about 600[err]C. 3. The process of claim 1l wherein said tenperature
is at l-east about 650[err]C. 4. The process of claim1 wherein said
tenperature is at |east about 750[err]C. 5. The process of claim4
wherein said substrate has at |east omp ggp having an aspect ratio of at

| east about 2.5:1. 6. The process of claim5 wherein said at | east one
gap is a shallow trench used for isolation. 7. The process of claimé6
wherein said at | east one gap has a depth of |less than about 0.35 [err]m

8. The process of ilbi a6 wheTer T ST T oY T uE LiepUTSi e

said gap is a high qualijty fyllimng oxi de. 111
9. The proceﬁﬁzg cl di m 8] whetein {sai d{silijcon poxidg¢ is ja
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2. low noisture, dense film having | ow shrinkage and no voids after a

heating step at 3 about 1000[err]C 1 . 10. The
process of claim6 wherein said gap has an aspect 2 ratio of at |east
about 3:1 and said silicon oxide filmhas no voids. 1

11. The process of claim7 wherein said silicon oxide is 2 deposi ted
by introducing TEGCS and 03 into said cE3/g2. 1 12.
The process of claim®6 further conprising steps of: 2

i ntroduci ng oxygen, silicon, and dopants into said chanber to 3 deposi t
a daped silicon oxide filmon said at |east one gap prior to depositing
said 4. silicon oxide. 1 13. The process of

claim112 furt
sai d doped sij{}44
from sai d doped SI|ICOﬂ oxi de f|In1are
prior to dep03|r|ng said silicon oxide,

renovi ng

er dopants
4 and
pants drlven |nto said

conprising steps of' 2

'&-Vﬁé

nto sald substrat g

substrate 5 vgg at the
surface of said SEx 1. The
process of cl |113 mhereln sald dopant are 2 conpri sed of bdron for
PMOS transisﬂ8¢ ft sol ation. 1 -15. The process of
clai m 13 wherei f said dopant s are 2 . CcoAprised of phosphorus fgr NMOS
transistor isol atg. N BOUNTS ' of claim

16. The: process|
14 wherein said .
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2 TEB. 1 | 17. The process of cIa|n115 wher ein

sai d phosphorus is 112 2 from  TEPO 1 18. An
integrated circuit forned on a sen conductor 2 substrate, said
integrated circuit conprising: 3 a plurality of
~active devices forned in said substrate,; at | east
one netal |ayer formed above said subst?’éV‘l’Zand 5
at | east one insulating |layer formed between said netal |ayer 6 and said
substrate, said insulating layer filling without voids a plurality of
trenches 7 in said substrate, wherein said insulating | ayer conpri ses a
silicon oxide |ayer 8 depopited at ph terperdture|fof gt |epst fbout
500[err]C 1 19 The ijntegfated cirguit|of ¢laim
18 wherein said 20¢ast I2 onelinsulating: layer |s alhiahlgualityloxide
filling layer used f@r shallow trdgnch B I soljatiop. 1
20. A substrate pr@cessi ng gyst-gm coppri gi ng:| 2 : a
vacuum chanber, said%vao um chanbgr at{a priessure 3 Het wepn about 10-%60
torr; §
01 }
108 |
p
: 1ot P
CARRIER ~
CONCENTRATION [
(CH3) P
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4 | ' a gés distribution manifold, |ocated within said

housing, for 5 I ntroduci ng reactive gases into said vacuum chanber; 6
a ceram c heater for holding a wafer, said ceram c heater 7 heating to a
tenperature of at |east dbout 500[err]C 8 means for

depositing an insulating | ayer conprising undoped 9 silicate glass (USG
at said tenperature on said wafer from a B4 i on of silicon and 10
oxygen in said reactive gases introduced into said vacuum chanber from said

gas 11 di stribution manifold. 1 : 21. The system
of claim20 further conprising: 2 ' a processor for
controlling a source @gstrrbutomr—system- equpteg—torsard—oas
di stribution manifol df saijd cefam q heajer, |said vacuum gystgm 4 a*d
sai d depositing neag¢ PPy S p mefpory |coup| ed §o
~sai d processor and0 0 ogrgnr o6 grrecty g e —gperaj rom[of
said system said programlincl {phPp 113 71 : "
a first set of instrugtiors tolintfloduck said rdactije 8
gases during a first ¢inejperipd td deppsit|saiq USH fil in on |sai d| 9
waf er, said wafer includirg tranche?phaving an gspect rafio gof at}leagt
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lb' about 2.5:1, said USG filmdepositing w thout voids

over said 11 trenches.
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WHAT IS CLAIMED I3:
1. A process for depositing an insulating layer on a

substrate on a heater in a chamber, said process comprising the

steps of:

heating said heater to a temperature greater than about

500°C in said chamber:

pressurizing said chamber to a pressure of between about
v/ 10-760 torr; and

introducing oxygen and silicon into said chamber to
deposit a silicon oxide film on said substrate on said.
heater at said temperature.

2. The process of claim 1 wherein said temperature is at

least about 600°C.

3. The process .of claim 1 wherein said temperature is at

least about 650°C.

4. The process of claim 1 wherein said temperature is at

least about 750°C.

5. The process of claim 4 wherein said substrate has at
least one gap having an aspect ratio of at least about 2.5:1.

6. The process of claim 5 wherein said at least one gap is
a shallow trench used for isolation. ’

7. The process of claim 6 wherein said at least one gap has
a depth of less than about 0.35 um.

- -

8. The process of claim "6 wherein said“silicpn“bxide
deposited in said gap is a high quality filling oxide.
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